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Oxide-dispersion-strengthened (ODS) ferritic steels are considered to be promising can-
didates for cladding tubes in the advanced fast reactors, due to their excellent radiation resis-
tance and better creep strength. During the manufacturing of ODS cladding tubes, processes
containing multiple cold rolling and intermediate annealing are usually adopted, during which
the microstrucfure of the materials are severely affected and different types of texture are pro-
duced. Analyses of the changes of microstructure and texture during cold rolling and anneal-
ing are essential for optimizing the fabrication procedure in order to obtain the materials with
high performances.

-Unlike the abundant research data in conventional ferritic steels, studies on recrystalliza-
tion in cold rolled ODS ferritic steels have seldom been reported. Therefore, in this thesis,
cold rolling and recrystallization behaviors in mechanical alloyed 15Cr-4A1-0.35Y,0; ODS
ferritic steels were systematically investigated, focusing on evolution of both the microstruc-
ture and texture. 15Cr-4Al ODS ferritic steels with different oxide particle sizes were sub-
jected to two different processing routes: a. single cold rolling + annealing; b. 1st cold
rolling + intermediate annealing + 2nd cold rolling + final annealing. Besides, the above ex-
periments were also repeated in an 12Cr-0.3Ti-0.23Y, 05 ODS ferritic steel for comparison.
Finally, effects of the oxide particle size were studied.

In the fine oxide particle 15Cr-4Al specimens after single 88% cold rolling, annealing
at 1000°C generates a structure consisting of coarse grains with {110}<112> texture, while

annealing at 1200°C produce fine grains with {111}<112> texture. This was ascribed to the
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extensively existing of {100}<110> deformed grains after high rolling reduction, which had
low stored energy and limited growth of nuclei. Also it is found that a recovery annealing
at 900°C prior to recrystallization annealing will retard recrystallization, which results in
a structure of coarse grains with {110}<112> texture even after the following annealing at
1200°C. |

The fine oxide particle 15Cr-4Al specimens underwent two times 70% cold rolling. The
recrystallization temperature of intermediate annealing is 950°C and the recrystallization tex-
ture is {111}<112>. On the other hand, in the final annealing, the recrystallization temper-
ature increases to 1100°C, and the recrystallization texture changes to {111}<110>. These
changes were ascribed to the different routes of crystalline rotation during 1st and 2nd cold
rolling, which produced different cold rolling texture. Higher {100}<110> content induced
by 2nd cold rolling after intermediate recrystallization which has low stored energy increases
the recrystallization temperature. And the difference in texture intensity along vy fibre after
1st and 2nd cold rolling results in different recrystallization texture.

On the contrary, in the coarse particle 15Cr-4Al specimens, both unique behaviors of
two recrystallization texture after high rolling reduction and increasing of recrystallization
‘temperature by 2nd cold rolling were not observed. Thermal dynamical calculations on stored
strain energy and particle pinning force were applied to explain the phenomenon.

Based on the results of this study listed above, it was clarified that the nature of unique
recrystallization behaviors in cold rolled ODS ferritic steels was the exisfence of both finely
dispersed oxide particles and low stored energy {100}<110> deformed texture. Fine ox-
ide particles induce severe Zener pinning thus lower the driving force for recrystallization.
Therefore, the effect of orientational hindering by {100}<110> deformed grains becomes sig-

nificant and determined the recrystallization process.
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BiRTEE L RS ICEBN 2B LY 2 BER(ER (ODS) 7 x T4 bRt & v
FOMEESHE L LTH/HINTVWS, BMNEELRALHEZRORERL THEINS
ODS 7z 54 MAFESRIERNCERESERTEAT NS ). HEEOIMIHAL
HYEESESERO D DEGHBHENEE L LS, @EDT7 2514 FEDKBBIE
IE-FEESEHE TN, BRUEERE LTIEMICLERIEEhTVS, —
A T /YA XBAEWRIF O D BURBICKRE U THE SN EMHICEILT 5 ODS 7 x
T4 MRTIR. BHESHNIEORDOESHEHEICEDL I RENEMERERE2Tbh
TV, T TAHRTIE 15C4A1 N—ZAD ODS 7 = 54 FZFRLIC. INTEL
BAMOREILENSC L ZENE LT, ODS 7 154 MADAMEET-SHa%sss
BHESFRZEICEE U TERNESD OMRIZIICGTHME L 2EREZBR TS, LUTICAHR
N TERLNZMREZENT 5,

B1REIESTHY, AFROTE LMENMNIT. BRERL

H2ETIE. ODS 7251 MADKHEIEE THEA T N3 ESHEGETME L /&R %
~NJzo ODS 7 254 FHADKHM L LT, BWEEEIC XD (100} FAEZLR T (110) HAIH
FERE A5 I B> TARB TRV F— DEFABDER TR TV L EZBALMI LTV S,

H3BTW, ODS 7251 MAZEBHEZ L 2 EOBETHERI NS BHGAEAHE
BB LT RZBRT WS, EEESKPIC (110} mm (112) Ahi e {111} i (112) FH{i
ZETAHEBEREDNT TIEEL. ThoMEERNMEDIZE b o (100} T (110) HhI0
EHRHMANOEBT AN F—EREHHL LTRE - IKMET R Lic X BESSETT
%, {110} @ (112) AfL L (111} [ (112) A0 25 5 OEERSHIZRMCEET B0
X, FE DD (100} & (110) FAIOERK L DAMAE L BECKET 2HABEE TR
5, {110}/ (112) AU ZE T 53HMERRVRET S ESICar b a—)LT3T L TH
mm DKL HEENEZER TER T LEZRLTWS,

FA4ETR, EEOHBEME /0L A 2R L T, BESMICHESNMELZZHL .
FOHBORINIBIC X 2 BFEREB 2 L 7B R2 BNz, BED7 251 FHITIZED
BLBERZT> TLEEREBERELLZWD, ODS 7254 FITIE 2 MBOEK
REEIRI1IEEXD 150 CERLE. ChiZBEAMESHEET S LEIRILVF—D
&Y {100} i (110) HRIOEBRHD L D XEM LD, BEIANMET L THESHKORE
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DS ENB B THB T LEBELMILTVS, Hic, {111} & (112) SLEET 3
BREREN 5. BRIFLC X 2 2EETEEAM TS S {100} & (110) AHIAERE O
BE AN EEL— FEEEL TN,

BS5ETIE. T/ YA XK F ORI FEFEA 200nm & 300nm O 2 FEXHD ODS
T4 FREERL, BILYRITH ODS 7251 MAOESSEIC RIFTHERT
LR RN TV S, B PRI OB AL, BHESIEED 200 CRRE LR
TR LLBIC, BRENZERESECEBIIB LY TERNEVEE L IZBEE T LR
RLT. COWEIR, F/ BIERTOC YIS HOHERERAOBINER L5 L
JT LICEET BT LEERBNICALMIZ LTS,

HEOETIE, 7/ Bt F% & DBEICHEME ¥z 12CrODS 7 = 51 FEDWME
E-FREEEHZITML., 55 ETRNHENRZY TH S T L BRI LT LB
hTna,

BT1ETRhOORBELBIELTV S,

ChEET I, EERIRHREEEMFREHEEOREM THS ODS 7251 +
FOREEMTHNIERTTS L CEEAHNALRBIRLDOTHD . MRTEOREICHM
TRLTARRDZLDONS B, Ko TEEIR. JLBEALEL (T2 O%HEBEEN
BERDBHDEEDLRD D,
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