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Effect of Grain Size on the High Temperature Creep
Properties of 17Cr-14Ni Steel

Yoshihiro KONDO, Takashi MATsSUO,

(late) Takayuki SHINODA, and Ryokei TANAKA

Synopsis:

The effect of grain size, ranged from 22 to 404um, on the creep behavior of carbon free 17Cr-14Ni
steel was studied at the temperature of 850 and 900°C.

The creep properties, mainly steady state-or minimum-creep rate, strongly depend on the grain size,
that is, 1] steady state creep rate, &;, is independent of grain size for the grain sizes from 100 to 200
pm, where &g reaches the minimum, 2] below about 100pm, &; increases with the decrease of grain
size, whereas, 3] above about 200um, & increases with the increase of that.

From the measurement of internal stress (o;) and the observation of the microstructures, it was
concluded that under the constant applied stress the increase in &; with the decrease of grain size is
attributable to the increase of effective stress, ¢,=¢,— 0, where ¢, is the applied stress.

On the other hand, the recrystallization at the grain boundary triple points between large grains in-
duced by the stress concentration seems to increase &; with the increase of grain size above 200pm.

il

1. #

SBABOBER 7 V — TEE OfS BN EERFE R AN
FHRBEIL IR E TWL OhZET bh b0 13, Bk
S LRI ORI oW THR—I e R B Hh
TEHY, LdioTE, MEHRLHEAE& EER 7Y
— TR X ORE SR EREMED 7 ) — T BT B LTS
LEDISBEEL, FOL KRR I OTETSD
DDy, W F IR D

ST, 5F CHEBRUAEE THEIRCER 27 Y
— PR O SR E RGBT o ERER A EE T
L, DTFoxsreis.

i) MRS DR EBHE 7 Y — T EERAN D99,

i) MKOLDBREERE 7Y — 7TEEIZ/NI D13,

i) @WH sV - TEREYRN THREMNE (Thi
L Ly EFES) DL, ZORER LD LR B\
AR R 2 V) — T EERHEIN T 50010,

ThboMRTAEROFERE LTIE, KOZ E1FEL
bhb.

a) BRFac ekl oM d R BRI 0B <, HDRZA
BB\ IR T OO R BTN TS,

b) BRI ABIE D DRIABE~ L BT T 51E
B, ECT (Equi-Cohesive Temperature) 375 CitlR
T T 5.

Pl EofBEE 28T 5 by, SRR R EERR Y
B CHRE L, ¥/, RREEY ECT & s
D EWGIRERICHES S EARETHD.

=77, BERE S 13, R % 60~350 pm O
BHCZ (b &% 7: HastelloyX % fi\s, 800~1000°C ¢
ABRET, HNOb DB EER 7V — 7EER/PHIE L
CEEHLML, ThAREBORNCE s 5 R
OVTHBREDERICERTEZELRB L. ZDX5
2, B2V - 7REOHEMMEREMED, BE LTHR
bWl L ORBTH OB LELOT, L oHE#ELTS

* jEFn 53 £ 4 BEALBEAKICTCHEE B 53 £ 10 A 17 g% (Received Oct. 17, 1978)

kg T KRS KFEE (Graduate School, Tokyo Institute of Technology, 2-12-1 Ookayama Meguro-ku

152)
sk EET Tk T (Tokyo Institute of Technology)
*ekk iR LEARY¥ T (Formerly Tokyo Institute of Technology)

— 174 —



17Cr-14Ni O EE 7 V — T C RS T 5 5B E o B 897

ZELHEZLNADT, Tl OE Clowbba HvT
ERRT BT LN E L.

= TAFRClL, GArROFALO 5O 371~704°C T
DBERCEE 7 ) — THEZ RN TS Ly OFHEY
s LM & H U, P04 Uk REERINO
17Cr-14Ni §i% 0, By CHECHE LT
850 1900°C T 7 V) — TR IROER 7 ) — 7 &
ErRiE TN EoREYH O3 5. —F, &
£, NI IoEesx 7Y —TIGHL, 79 — ik
DIFPHERED RN &L & TWBW®, 22T
WiLLiams BOFEIO X 5 BN OREEL AL, F
T, BRI AEE 7V - TEREOEE DB %
BEL, ffeCER 2 ) —7HRTD 7 ) — FHlid O
B X A EBBEEBEY 1TV, RIS R OMME
BoBENDEFE 7 Y — TREORKRNERFEORHE
COWTHEBFTH & & L.

2. HEHMRURRAE

BN C D B R EEEIMO 17Cr-14Ni T EZEEE
i€ Skg o #@BEE BHL, hieHEBHLT
13mm fAlEL L, DTOERHE L. Mo
#Apk % Table 1 oR3. 75~404pm OFEHPREE L2
Akhy Table 2 () WRTHEECHEME L THEL,
BELSHEERE 30 mm, SEFTHEE 6mm OHEZ Y — TR
EaR-L Lo, %o, 22~164 pm 0fESRE%Y §ORE
13 Table 2 (b) iiRT X 5K, 1200°C ©1lh DEHE
{LBALE Y LUctg, 70% oOwHEERZT., BE
1000~1 200°C CHE MEBME YT O CTRE L, &R
RIEEEE 30 mm, F4TEO0E 4mm, EX 1.8mm O
Koy —7RBFCMT L. 2hbrX it 7 K#ED
R E L oRBRA R EM L. ok, FREEOW
BB PR BV, 300~500 {0k sk >uTfT
.

7Y — FEREREE Y ECT L ETh 5 850 Kot 900°C
ZBOYSINEL 3.0 Bt 3.5kg/mm? L LA, 7Y =7
HEREH 7 vARRACTHOY ABIRE I D
M BFEA &0l WEIGEIERER 7 ) — iR T
ERENCR L, EXBOHLIL LD 5 TOBRREN
B3R B IO % T,

T LICATIG & TERER: - OBER Y RF T 51
z, 7V —7 rhigdt X v RS L7 S oW C InEE
E, 150 Bt 200KV ToOBBEEHEZ X ITo k. &
B, 7V —7hEHIEE 2 Y —- FEETAS kW)
LTHBzHE IRV,

Table 1. Chemical composition of 17Cr-14Ni
steel studied (wt2;).

¢ | Si |Mn | P | s | Ni Cr

0.007) 0.38 | 1.29 | 0.003| 0.009 | 14.06 | 17.87

Table 2. The conditions of solid solution treat-
ment to change the grain size of
17Cr-14Ni steel.

a) Rod type specimen for creep test.

The condition of solid solution Grain size (um)

treatment
1200°C x60h 404
1200°C X 5 h 260
1100°C x10h 106
1100°C X 1h 75

b) Plate type specimen for creep test.

The condition of solid solution Grain size(ym)

treatment

1200°C x1 h|1200°C X 1h 164
1100°C x1/20h 57

—709%C.R.—|1000°C x1/20h 22

All specimens were quenched in water.
C.R. : Cold rolling
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Photo. 1. Microstructures of the specimens with
grain sizes from 22 to 404um after
solution treatment.
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Fig. 1. Representative time-strain curves for the
specimens with grain sizes of 22, 260 and
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Fig. 2. Steady state creep rate-stress curves for
the specimens with grain sizes of 22, 260
and 404pm.
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Fig. 3. Variation of steady state creep rate with
grain size at 850 and 900°C.
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Fig. 4. Changes in n value (a) and Q¢ (b) with
grain size.
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Table 3. Grain size power law for steady state
creep rate.

m value
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Fig. 5. Schematic diagrams of strain dip test to
determine the effecive stress.
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Photo. 2. Microstructures showing intergranular
fracture of the specimens ruptured at
850°C under the stress, ¢ =3.5kg/mm?2.

Tensile axis is horizontal.
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Fig. 9. Changes in frequency of crack iitiation
with the angle between tensile direction
and grain boundary cracked, for the spe-
cimens with various grain size at 850°C,
3.5 kg / mm2.
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a), b), c¢) 4.0kg/mm? d) 2.5kg/mm?
Photo. 3. Microstructures of the specimens with the grain size of 404um after creep rupture
test at 900°C under the stress of 4.0 and 2.5 kg/ mm?2.
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WAL, 404 pm ORKI TR 8 ICEELLD. b
D 404 pm O PRI OWT v [HO IHIKEEY
900°C TN L = A, 6,=3.0kg/mm? [T DOERES
JC n=4 TH B2, ST n=8 iz h,

JSTIDE NI X2 Th 7 ) — FHEETE U Hhn
TR ERBERLTCVS. ThbOBEEVRET S &,
BB BN CHA=SE A & ORI st
k&< kY, T IDOTEE 7Y — THENE
LR L DEEZDBIS.
CDEEEND DD, 7Y — T R OB
DWW, T RASEAC EFEE LT XEEC X HEE
#1707, Photo. 3 X5 MBEENY 404 pm DFK
% 900°C T2y — 7 Wkt LR o RS cH 5.
Photo. 3 (a) iZjni) 4.0 kg/mm? TOPFRIRATEOH
Wa R, 404 pm OHRITH DL DLT, Mg
DN TefERRIAERD bh, (b)) OEEIER X 4 lmm
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W65 & (1979) %7 =

HEh iR T, R CHBER 04 (Ledge) 23389
bh, FRRA=ZEEAC, NABB LD, —HiE
DH LI X 5 7ty (Fold®) $@obhsd. b,
(b) LEBOFEYIZBEBH/RCHELE L (¢) TIHHA=
EEwe Fold BUOEEANSAHER ShS, LrL, X
BRI D 2.5kg/mm? DAL, Ledge 3% D
LRALDD, HEBRITIZEEAERD b, F
7z, Ledge XOBHEEMIIER 7 V — SR TodlHf
ThHHRE I NIz, 7ok, Photo. 3 (¢) THLME LS
1, PHREECII=y 7€y PO Ui WEERA D
bhA., 22T, =y F¥y FOFENEMDSDICE
FTBHEELRIL TO=y FE, OO WEEBRILA
DER & HANTELOBD iz Ll y, [EEE
TLTWA b0 LRI NS. Tihhbh, NASESKR
ETRH bhic Ledge ROTHEARIX, MEEMZ T
7YV —=TDIREDEEDREROBMPEBEAIRN, BT
BRI TS b, FoCiEEIMES R
THERDEZ VT 2T LDl E L bh
5.

D EOKBRFEROHER» L, HNACcOEE 7Y —
7B ORI, M SRR LR A=
HS TR R ERITE{ELREC L, = omITiE b
DI X H RSB ST Ledge B OVEASSLBLAS
T, TIETEOR BRI TS MM Th 5,
fRA LRI, ZOWMHBRELOTREEERET,
7Y —FTHEEAYBRKIELLDLERINS.

4. £

B2 Tl bR Y 22~404 pm DA WEEIIC I
DT Lo REBBERMO 17Cr-14Ni iz o\,
850~900°C Twm 7 V) — FHE, FREW 7 Y~ THE
DOFE R E R 2 TN, ToRRE W THEEL,
T otz B,

) 7y — I HEERE RIS ke 100~200 pm D
BACTHEELRD, ZhIvfNds\ xR s &
7 ) — 7R E L T B '

) EH sV — S EEDBD &I R Ly DM
wL, ohd 100~200 pm ORIFCH D, Lu XY
FoehoTh, FBHBCHOTHER 2 Y — VHE I
WA 5.

3)  FEERIRAINE TS EREIS IR L, BHL
TN 5. BREEANS DT S uA v
b T kEL D, AN TOBLOFE LI 3
5. ZAGAEIST OB EXIG LT 5.

4) HBRTCOEE 7 Y — T EEOEIMLERILTI O

WTIEgHETxs. 2hi 3) DfERELLHET,
BROWMACEE S EE 7 v — FEEDOHIME, + DX
PEEREAOFETHITE D 2 LeW LK Lic.
5) fESRERN 200m TFCIR, ©E Y - TEE
DIETHER n 13K 5 THBHH, 200 pm B LR C

2= BN R Ry 2.2 72 R

k&L ey, 404 pm ORKTIXEIGIMT n X

8 I MEIZ T 5.

6) WM RS bhsEE, EHE Db DI ETE
FEER U TEE T WER T D bR,

7y CHEURIM (404pm) OFESIIM (3.5kg/mm?) TO
Abhcit, MAEH Ledge RUHEHHAHAEZD bh
7o,

8) 3),5),6), 7 oFRLY, HNATINA=E
B ECORBIIG IR X Y IMTELRE L&
b, OISR OER L EREEEL
OCHEHELEE D, OGRS & FekE
HROFTHREELRLT, BEZ7 Y - EERENIES
HEELOLDEEZBRS.

R, KEBRICHNIINWICHEREBTHERSE
RRARE (B EMIE ) BIESLET.
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