mEx ES5EEIS  (1892%)

238

BT & B EE SRR A LD B EI SR

NN E—, Al

B OAER  SeREIRRITI

* 8 3L E - PR T

Tl TR

Dynamic observation of the changes in the orientation distribution of
crystal grains using synchrotron radiation

Koichi Kawasaki and Hiroshi Iwasaki’

Advanced Materials & Technology Research Laboratories, Nippon Steel Corporation

"Photon Factory, National Laberatory for High Energy Physics

Taking advantage of the high brightness of synchrotron radiation, a method for the rapid
measurement of the changes in the orientation distribution of crystal grains was developed.

A polycrystalline sample in the high temperature fumace is rotated, while a two-dimensional
x-ray detector, Imaging Plate, is doing a translational motion and receives Bragg reflection

from a specific crystallographic plane. It 1akes 40 sec to record a pole distribution over an
angle range of 10° on the surface of the sphere of poles. The method was applied to observe
changes in the microstructure of silicon steel sheets in the secondary recrystallization process
at 1233 K, and it was shown that {110}<001> oriented grains grew, after a certain
incubation period, at a burst and occupied most of the sample volume preferentially. When

tensile strain was applied to the sample, growth of the grains was remarkably suppressed.
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Fig.1 {111} pole figure of cold rolled aluminum sheet.
RD: rolling direction and TD: traverse direction?.
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Fig.2 Schematic layout showing the principle of the
two-dimensional recording of the pole figure.
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Fig.3 (a) Two-dimensional pattern of the orientation
distribution, {111} poles, of crystal grains of
cold rolled aluminum sheet, obtained using
synchrotron radiation and Imaging Plate. (b)
Part of the pole figure corresponding to the
scanned area in (a).

241

D, EwaldERASER U2 BB OB S XD IR TR
HELREEXND, BYROZLTiEH 50, B
[ tDO5SH%IEKE LICizE T 5D Th 50 Sk
REDEIZOTHANEAINS L, [EEREEOK
INZ & > TEEAICE T 2RO REIZAN
DENS, UL LIS RAERROBRICAE
WS HREABA S 2 bDTIRE L, BEXHNL
BRI IEEHE L CO A O I W BRI
952 LIFFRETH B,

3(a)id B b I Nl (& 0.06nm )
EAFHRE U, ZIRouiRHER & U TE W RE
EREOAA=V VT T U=’ EHOTEEE
XORBLAETLI =Y LAMEZER (B
Imm) DOREEX (F45Y) THD, EwaldERD[EER
FEERIL 40° TH B, ZORERBNVTEREL
TR OEE AR 3 (b) IR Y, JtEED 2
DHNEROE —7 L Z2DFT ST AHIRD 5EHH
HOHBICHE S X 5N TW5S, Ewald BRO[EELH
FEEHIFHA K & < TUSR 3 (b) DFEDOEHIEL 12
3L, AUy MAOFORZXZKE L TIEEE
DIENDBREL 185, B3(a)D/3F — %155
DIZELBEIZ 20 EVWSEETH D, HKEHE
OEMEEWN VDA BEINT VS, bH—
SOFlE LTREICT LI =0 LOFEEREKIZD
WTHRIE LB (8743) %2R, EALHE

Fig.4 Two-dimensional pattern of the orientation
distribution, {111} poles, of crystal grains of
recrystallized aluminum sheet. The scanned
area is the same as that in Fig.3 (a).
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Fig.5 Optical micrographs of silicon steel sheet, (a)
before heating and (b) after heating, showing
an appreciable growth of crystal grains by
secondary recrystallization.
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Fig.6 {100} pole figures of silicon steel sheet, (a)
before heating and (b) after heating, showing
the formation of sharp peaks due to secondary
recrystallization.
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Fig.7 The structure of the high temperature furnace equipped with a tensile
device employed for the dynamic measurement. The windows are

removed.
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Fig.8 Schematic layout of the experimental setup for
the measurement of the time change in the
pole figure,

Fig.9 A photograph of the experimental setup for the
measurement of the time change in the pole
figure. At the beamline BL-3A at the Photon
Factory.
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Fig.10 Scanned area shown hatched in the {100}
pole figure of the silicon steel sheet, (a)
around the North Pole, {b) near the Equator.
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Time change in the distribution of the {100}
poles of the silicon steel sheet during the
secondary recrystallization at 1233 K. Each
arc shaped pattern shows the distribution over
an angle range of 10° around the North Pole
of the sphere of poles. Time required to

record one pattern was 40 s while the time
interval between the pattern was 80 s.
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Fig.12 Time change in the distribution of the {100}
poles of the silicon steel sheet during the
secondary recrystallization at 1233 K. Each
arc shaped pattern shows the distribution over
an angle range of 10° near the equator of the
sphere of poles. Time required to record one
pattern was 40 s while the time interval
between the pattern was 80 s.

(R10(a)) (Rt U cksE AR A ROERER L
TWT, ML > TEFCITEBEPE LN
LARLTO S, RO 120 ERBHRD/ 5 — 2T
LEHTH S, UL, 240BHITIZZERBL L
RN AN OEFIEL, S E— 7 0K
INTVWEIENRONE, ZOE—7 KR
BiHE Ebicz0mIEE LTV (ITREE
BEOKIMDIHIZIDI ENNy F) ERES
NTOIRN) . RIZHFEEBEDO BRI DOZEAL.DE:
MEFERZR 12107, HBAID/5 — V&R
BGOSR (B10(b)) &S L THUERED

247

720s

480s

240s

Tensile Strained

“ Holding
start

Fig.13 Same as Fig.12, expect that tensile strain was
applied for the first 300 s of the holding.
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Fig.14 A series of magnified image of the arc shaped pattern showing the
change in the distribution of the Bragg spots. White arrows indicate the
spots which increased in size and/or blackening during the incubation
period and black arrows indicate the spots which decreased in size

and/or blackening.
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Fig.15 A series of topographic images of silicon steel sheet obtained by
catching one of the Laue spots from the Goss grains using the
SATICON TV camera, showing inhomogeneous and discontinuous
migration of the recrystallization front.
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Fig.16 Three different models for the secondary
recrystallization process of silicon steel sheet.
1. oriented nucleation (Goss grains exist
before heating), 2: oriented nucleation {(Goss
grains are formed during the incubation
period), 3: preferential growth (Goss grains
have higher growth rate).
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