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Strain Measurement by Intra-granular Distortion Analysis in Creep of 2.25Cr-1Mo Steel

Hiroki Yosuizawa, Masashi Nagasuiro, Shigemitsu Kmara and Yukiya Naxkacawa

Synopsis :

Intra-granular creep distortion of 2.25Cr-1Mo steel deformed at 843K and 106MPa has been investigated by transmis-

sion electron microscopy (TEM). Intra-granular distortion detected by Kikuchi pattern shifting was observed quite
early (<19 strain) before sub-grain structure is developed. Average misorientation change was proportional to the
distance between measurement points in the grain. In order to determine average internal distortion es, mean values
of tilt angle/distance from certain point were calculated in several grains. Internal distortion es showed good correlation
with creep strain ec under the test condition and preparaed a method of creep strain measurement.
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Table 1. Chemical composition(wt%).

Fe C Si Mn P S Cr Mo
bal. 0.11 0.26 0.45 0.022 0.013 2.1 0.92

Isothermal annealed
Heat treatment: 1203K, 1h

1203K-993K, 1h

Table 2. Summary of creep test at 843K and 106 MPa.

Test Piece No. Load time(h) Strain (%)
U-1 261.5 0.8
U-2 522.7 1.7
U-3 709.2 2.6
U-4 1634.2 30.0
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Fig. 1. TEM micrographs of 2.25Cr-1Mo steel after creep at 843K and 106MPa.
a) as received; b) e.=2.6%; c) e.=30%.
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Fig. 2. Misorientation distribution between refer-
ence point and measurement point. Refer-
ence point was placed near the middle of
grain. a) as received, b) 2.6% strain, c) 30%
strain.
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Fig. 3. Ratios of grains containing sub-grain struc-
ture in total grains. Observation was done
on twenty grains larger than 15 gm in diame-
ter in TEM.
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Fig. 4. Sub-grain development.
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Fig. 5. Internal distortion and distribution. a) as

received, b) 2.694 strain, c) 3095 strain.
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6. Distribution of intra-granular distortion in a
grain. Measurement values are shown in the
normal probability paper.

Fig.

99.99
99.9

T
L

©
©
T

~

(=]
T T T T
) S T T OO I o |

Probability

]

A+ .

.01 . TR S e

0 005 01 0145 02 025
Tilt angle / Distance  deg./um

7. Distribution of intra-granular distortion in
ten grains. Measurement values are shown
in the normal probability paper.

Fig.

0.12 v S
L
01 | i
£
=
5, 0.08F :
_§, 923K,53MPa
(different heat)
kel
5 \\
=
o
= 90% confidence interval,
o 4 grains (24 points) measurement
g at843K and 110MPa

P R B

N | A SRR B
0 1 2 3 4 5 6

Creep strain %

Fig. 8. Relation between creep strain e. and internal
distortion e,.

ZEbhhrolr, WA, IORBEEPMEBHEDOSMAT D
D, 2= PRLSTHRLUTATHEROLDL
RELT, BUERBRE DG 4FEMRL (2484 » ) BIE®
35 2 1 5 1A D0 %S TEIX [ 25Kk wius, 0.140.02 (deg./
um) PEEINE, 22T, ZOEERBE2MHEHT N,
Fig. 8 \omLcd dii=erulkr ) —FOTHLIITER
Lice i3 Fa it RO D2 b DO LHF 2 NS, EER
e rulz ) =0T he DEHM L EELMBECL

145 I



B 146 & & $AVol 81(1995)No. 2

2%, Ak 2z ) — iR L BRBRIE LI U T AR
EFEP LI, = 2z2u U0 TAQREEWRY 20 3
TV, 3610, EBROGFHEOMEH mEFZ LT, A
BT A O EER R FYI YL TRIC & 54 4 5
BTHIERIT-> 2L 25, HIEMIZHRTIED80% & k- 72,
EPLBRBONTHEERLZ LDOD, BIEBREDOPIZABL I L
D6, ZOREOFHECIZBE A & 5 BEEZED
b wtFL b, ZORBE, BER¥Y—ELRA FHOD
WEVEE D ) T, ~NoX—0D &5 LBRGEHELSEA
TH, RKRFIMERHTS2 2L #wRLIZbDEFHF L LNS,
27, EBROWED GAEL 2 ARE R FERBRE (Bl
DEFEIZL BFHERDECDS) 2 I THRNLL I CHIE
MEDS e FHNE, B LW TE 5,
5.3 FFEOEME
2.25Cr-IMoffiDO A A =KX= v PRWHEINTEH LT,
BAEELHE T 5 BRI AHTH 5, a-i D0 TOH
B L UL, 0.5 TmEl EDO&EIE TR AR & 2 B
WY PO T AT 5 2 LIVRINT L 519,
2.25Cr-1Mo$iI RIS »T 4 — 54 FCosfb 8 1, RiFIE 9 1%
ECIZS o T w32, KN b Cr, Mo, CTH&{La L&
BLO6k-TkY, EHGHTITTOREAI=R2%
WraEd a2 ERTahe, RERIZLEBHD 7 ) — 7Kk
WROATHY, dst, B4 XH5MG2ELS R
BAEVEBRLLUNER G v, b L, MNEE» ERSR
BFTHHEEL T2 L0, EHEHETTD 2 ) —7%
DT AREISHT S 5, & LI I57R O FER
UTADRERIB I ko1 25, AROERSERY LM
B3 s, BANCE T, 0.8-1.2%EE»RZ I TV52 L
PEREINI, Lo T, ERKRMTTHLRANEENE
BERAHA=ZZA LI 5TV DI LRESCHBGETS, HH
LHABWDOIFRCLRY S B2 EPb»d, WX, 6
Fudxrya PETERRO 2 ) — s H T
UL, Eb U RBHOHERLIILL S, 212, 1, 2,
3R TOEHRIZB B 2 Y —FRFH L IBHOBMRLE
LNTIFH, 39.2MPaT it 1 BERXB%RFwmeRT L
FFEaNTC39, 202 L, AR THERLICZ ) —F
KRBV HRAGHECEETHE I L Z2RLT 3, 40
IS IERBRCERY 0 2 2 o 1007, EEMBCKE, £
Rl 2 ) — 7 C O R AR o s 2 F 5 R L,
FAFEOFIEXERT s REFH B EHLLNE, F 12,
—HEEER TR LI e — MEHOBERNAL 2L, ATE
PIOVEEEDODHZ O DLET B LV ELHEL B,

B. £

KOFEEHMBE L L THER3 1 52.25Cr-1Mofii & %

58

643K-106MPaT 27 V) —7&RER 2 1T VRN O FADHIE ¥ 35
ok, BREFHEBMTEES L HHMBOER N>
MBI L D, 2 ) —7HEBRE RS SR D
OFTAPHEL, ~2nlk 2V —2UTALOBERF~N
I2EER, LT o3y 8o iz,
(1) Z:RE FUEME P O HARBIE I & - TR IC B
SNRBUN RO T AR TS 5,
(2)RINIZEES N3 O T AOERMAI A dBIis & 5 T
AL 00, tNFNOFBNATERTG Y RT.
121085 SR D HIZE S AR & LA 2R L, PHfie iz & b
7Y=L =20 0TABYRYTEETD 5,
()OI MERBROMER, 2, 3% 2V —7FT5 L3_T
DG e HER AR B S B »%, ZRLIEIT b8
MZRSI NI OTAPRET S, MRS CBIME L R
WOT AR 2 Y 70T A LEEBEY D 5,
(HAFEZELPHCE I ETAETHERNTRET D - 128
BL 7V —7EREBYERT 5 2 EO5WERIC Y, 414,
AL S WAL DR TRHAEEL 1 5,

X B

1) D.Lonsdale and P.E.].Flewitt : Mater. Sci. Eng., 39 (1979),
p.217

2) F.Masuyama, N.Nishimura and T.Yokoyama: Micro-
structures and Mechanical Properties of Aging Materials,
The Minerals, Metals & Materials Society, (1993), p.149

3) A.Afrouz, M.J.Collins and R.Pilkington: Metals Technol-
ogy, 10 (1983), p.461

4) C.Castani, D.D’angelo and V. Regis: Fourth Int. Conf. Pres-
sure Vessel Technology, 2 (1980), p.329

5) M.C.Murphy and G.D.Brance: J.Iron and Steel Inst., 209
(1971), p.546

6) R.G.Baker and J. Nutting : J. Iron and Steel Inst., 192 (1959),
p.257

7) W.J.Jones and J.A.Van den avyle: Metal. Trans., 11A
(1980), p.1275

8) J.Pilling and H. Ridley : Metal. Trans., 13A (1982), p.557

9) ATIRIER, FEHAIE © 8L, 59 (1973), p.1114

10) K.Maruyama, C. Tanaka and H.Oikawa : Trans. ASME, J..
Pressure Vessel Technology, 41 (1990), p.92

11) K.F.Hale: Physical Metallurgy of Reactor Fuel Elements,
The Metals Society, London, (1974), p.193

12) ¥ LR—, KREEX, PRIEL, dUisEd @ BISEESEH, 31
(1991), p.353

13) s, JIWFRER, WEpES, /NP WD gkL 8, 65 (1979),
p.861

14) A.Orlova, M. Pahutov4 and J.Cadek : Phil. Mag., 25 (1972),
.865 ,

15) A.Orlova, Z. Tobolovéa and J.Cadek : Phil. Mag., 26 (1972),
p.1263

16) B, WAL, RIFEX, B 1IFEh | H RSB R IERE,
113 (1993), p.463

M. Von. Heimendahl, W. Bell and G. Thomas : J. Apple. Phys.,
35 (1964), p.3614

M. F. Ashby : Acta. Metall., 20 (1972), p.887
BBATEHE AT SRR S S 2, 2 V) — 75— & o — b+ DIEK3),
(1993), p.43

B=E—, KK BE. gL, 65 (1979), p.869

17)

18)
19)

20)



