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Two-Dimensional Observation of Grain Boundary Sliding of ODS Ferritic Steel

in High Temperature Tension
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High-temperature tensile deformation was performed using ODS ferritic steel, which has grain structure largely elongated
and aligned in one direction, in the direction perpendicular to the grain axis. In the superplastic region II, two—dimensional grain
boundary sliding (GBS) was achieved, in which the material did not shrink in the grain—-axis direction and grain—boundary steps
appeared only in the surface perpendicular to the grain axis. In this condition, a classical grain switching event was observed.
Using kernel average misorientation maps drawn with SEM/EBSD, dominant deformation mechanisms and accommodation
processes for GBS were examined in the different regions. Cooperative grain boundary sliding, in which only some of grain boun-

daries slide, was also observed. [doi:10.2320/jinstmet.J2014061 ]
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Table 1 Chemical composition of the ODS ferritic steel used in

this study. (mass%)
Fe Cr C w Al Zr Ti Y503
Bal. 15 0.03 2 3.8 0.32 0.12 0.35
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Fig. 1 Inverse—pole—figure (IPF) maps of the ODS ferritic steel recrystallized at 1423 K: (a) in the ND plane, and (b) in the RD

plane.



Fig. 2 Schematic of a tensile test specimen. The tensile direc-
tion is perpendicular to the rolling direction (RD).
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Fig. 3 (a) Engineering stress—strain curves of four tensile
tests. (b) Creep curve with a stress of 27 MPa and the strain
rate is estimated to be 9.2x10-8s~! from the average rate
between 40 and 120 x 103 s.
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Fig. 4 Logarithm plots of the stress and the strain rate. At 1.0
x1075s~1, the strain-rate sensitivity index m reached the
maximum value of 0.35.

m=49log o/dlog é (1)

ZCZTC, o 3EWLT), FEEEFTTNTNET. KBS

T, mEBR 035 IFEL AT &0, BUEEORE R THE

N5 H, Region MICHT 55 RMUIEH 8KICHE - T

%D,Aﬂm&tﬁiﬁv BRI ol COEBICD
TIIRIFEEZER T

Rt

Fig. 5 Tix, ZHOHiKIC T %A OE A S (ND)
LIRS A (RD) OB B, BMETELZ L1 k- TR
E1BIITHINT AENCBREL CORY. EHEE 1.0x104

3.2 EFO



290

s~1 DL EOfEL (Region MICHHY) Tk, EAHR, EHH
O EFVFNLEIRMO OB X% 1/2 &, 5lENICE
B2 ROEMO RSV NS ot —T7, EHEE 1.0 %
10551 LI F O (Region ILICHHY) T A ORA

<08 . | |
3 Thickness
go06F s
C

X

©

S 04r .
o ’/. _________________

5

el " Width (RD) ]
> -

°© o :

Y 1

X 0 L _

10°  10° 10
Strain rate, &/ s

Fig. 5 Reductions of thickness (ND) and width (RD)
between before and after deformation at different strain rates
normalized to a tensile strain of 1%.
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Fig. 6 Surface profiles measured using a laser microscope after deformation at 1.0 x 10-5s~1in (a) the RD surface and (b) the ND
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Fig. 10 Magnified views of the marked squares of Figs. 9 (a) and (b), respectively. Grain A touched B before deformation,
whereas grain C touched D after deformation, which shows a grain neighbor switching event as a result from GBS.
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v 7 (Fig. 11(b), () EHHWA T & THEMNESICHZET
E7-. BT, Fig. 11(0) TR KAM Oa vV F S5 ARk T
PH & 7o iR 2 AR TR L 728, RERIC R & 7o fEIR 2
Et%%%ﬁﬁth%&ut#%ﬁﬁ 5N fm

B, WK D ICRIF SRR OME L FHin T 5
tbm,MMK;O%ﬁT%RM%iT®%NEﬁﬁk
LRz OREDFEEPBE L /2. ZORR, SRR
IR DR 0 IRE D, L BE I N - 7228, MBI
EENLRIERAOEN G L, KRR OHEIZ O\WTIiE
T BEREN T E o 7.
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Region Il (1.0x 10758~ 1) TR A=V ICHBEL T, $&A7
Tl <, BB TICELER SRV A ) = X ABENT
W5 bl X7z, Region TIZ B\ TEEA. DTGB A $AL9 % HE
RITBEOREASD L L —FKL, FHLIIIDODANZA
LEINEIC AW EBENZ S FHL TWD. SRS HICH
M7aEmZ Yy Rl 52 & ORI SEOWEBB O
WrBETELTHHO EEZ TS, T, b —A
AR RO IS 0 R T & (Fig. 11(e)), ZDOEMR
EICE W CAEELREM AN ALTH AT LR 5.

Region [ IZ oW\ Tid, REFMERARIC X 250EE~D X
A—=VMWKEL, BHEHEIMEON TV, REBRF
EOURTESHEDOI LR AT ET 5.

5. #&

il

—HICKE MR LESRNHEBKEZHFT50DS 725
A FENTH L, R o7 (RD) & 5B 7 I &R |
REW G252 L THEL S kiR iz D OBEBEBIZ
A T-7. FIBIZXODIEBL/-FR~A 787Uy Fik
U"EBSD T X O ERR L 72 KAM ~ v 7 OE## 3, F#
HEILUICEW AN A LEEEL, T OEmE .

(1) 5[5 (TD) & EE 7 ND 15 LU RD OZEHIE, &E
HRECIIEIEZE AT - 7275, Region I O w5k
ICRBWTIRBEE R %7R L, RD HANZHuEZT 5%

(2) Region I CiIR Fi= DI 5¢, EHITEM D=
DN L DD DTH - /e

(3) Region -1 DOER L ClI AR Az D PBIE X
N, iz o TR FUE B TOIRERIIRALIC X D BRS e,

(4) Region I TIXHRMOTEE AL L, & 5EFICRHAT
Tt w U SR WAL D A T = X L% - 718
WA BB N/, COMNBERSIIINEIC X A WEBE)

579 &

ThrETHEINS.
(5) Region I IZ 33\»C Ashby—Verrall 2 & — %k Tt 75 55
BRLAA v F /T IBEE SN,

KA BT HICH- THAL /2 FIB &L, U
BIRAREFEES /57 /0y =TSy P Ty —A(FEY
w7 FES 12024046) DA Z T /b DTHH Z & HEL
L, CRICHELETS.
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