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Elucidation of Irradiation Behavior of Materials with Complex Component for Creation of
Novel Materials
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Abstract

When Fe ions and He ions were simultaneously irradiated onto austenitic steel at 300°C, causing 1 dpa of dislocation
damage and introducing fine dislocation loops by injecting 10 appm of He ions, followed by aging treatment, the number
density of interstitial dislocation loops decreased and their average size increased. Additionally, when approximately 5000
appm of He ions were injected into boron carbide at room temperature and aged, cavity formation/growth was observed.
The microstructural changes under the applied aging conditions were significant, suggesting that the microstructures
introduced by irradiation damage are likely to undergo substantial changes during accident-induced heating. This suggests
that insights into the temperature at the time of the accident can be obtained from the microstructure of small components
mixed in nuclear fuel debris. As a result of a preliminary investigation of high-temperature deformation behavior for high-
temperature forging of Ti-15-3 alloy, VIF melt material using a yttria crucible was found to contain a large amount of
oxygen and yttria particles, but there were no problems with workability and no significant decrease in strength. At high
strain rates during high-temperature deformation, the B phase formed fine subgrains, and a large number of o phase
particles precipitated at the boundaries. When the strain rate was slow, the subgrains were large, and the subboundaries
were unclear. At reduction ratios of 50% and 75%, the proportion of o phase decreased with increasing strain rate. At a
reduction ratio of 25%, the proportion of a phase was not significantly affected by the strain rate. When the strain rate was
slow (generally < 0.1/s), the proportion of o phase increased with increasing compression time. We are developing an iron-
based low-activation alloy (Fe-Mn-Cr-Al-V-C) for application in structural materials for nuclear reactors. This alloy
system does not contain elements such as Ni, Co, Mo, and Nb, which cause activation problems when used in high radiation
fields, and is designed with high-entropy alloying in mind. This alloy is a two-phase solid solution primarily composed of
BCC and FCC phases, exhibiting superior strength and ductility compared to conventional ferritic steels. The irradiation
hardening at 300°C and 6 dpa is equivalent to or superior to that of fusion structural materials and pressure vessel steels.
Further improvements in strength and irradiation resistance are expected through optimization of the ratio of BCC and
FCC phases and processing heat treatment.

Keyword: Low activation alloy, Radiation hardening, Nanoindentation

L LIz 2[2023202013]) DRRREO—EHTH 27, FEHAA
RFRIF LTI, TR T 1 (202 IO ORREEICIC S o fefed,
AP E D, ZOX D REM TIX, FkED AR AL E’fi“ﬁﬁa?ﬁfiiﬁf%f%éﬁ B e
FOMBENS L | RECREMS o, iy PARC === P JHBICSY 2 KB
B LA U D, o T, s ol DMEEOE—AE (#9150 mm e O RN O
) N 2N yn .. - AN A A S N
D L R DB . R T, BUETIOALY & (64 86) Th o,
RS AEN B O NG TRt sy, 2ok TRECIOMEREO S (Rl 208
S BRHOBRMEM SN TS, ok aFy  NTND EOLD, AT IAD LT TOS
DA A AT, A AR RS o bk = DY/ BIICRI T e A0 Tk
Feit ks B BC) . Ak Sr o (31 AT BIEDICIE 64 BRI D B RO
) 1 BRI 4 . B o e BT D, ABETIR, BRE D OSATHIS Y
e et g e AR S A S5 | Te15V-3Cr
DA BRI £ 5 . S oR Iz OSWBALAE (Ti153 &4) &, ke — LB
CoNTHET 5, B, BFRRTAGE L —> RO & LTLEAT, Ti15-3 &4 O MR
DEMHNT (K& &%) OBME ORI o e  EFEETISRCL. £ ABORELITHE 5
DR BIT 5. b, ABENAL, WRECHs 0 2oL & AMIC, Tirl53 & &0 iR LTy D
MR KPR IR 25 0D = G IRF TR B B JREHHE T2 L2 1) U 7= R &@%%&m%%gohfﬁﬁiéfm Lo e
B R AL — BRI S — & < — A g O R EROLR IR, - T



2024 G AOKIFEFFIRTERR SN - BB AR JE PR JEAAR e AL RIRFZE

[2024202018]

B, HRRE S 70 & D4y B CHERY 2 B O B ZERH
ENED SN TND, FFlo, WIERET Y 2T A
UNE Y o — VIR AR, @il %) . J-PARC
DT FNNF—INEER Y —7 v bV AT LTI,
X EtERE (R, MW/ &) TSR %
E BN MRS 2 3 2 R M BT N A
AMVKRD BN TWDE, ZOfEeH, T hab—
A4 (HEA) 13X, @\OGREE & B 2 PR RE S8
IRMEEE LTEI DAL, BRix 2 B~ OISR S
NTWb, HEA OF T 52BN IRt 42 3Bl S 5 o
ZELTC Hl2Za b, =L, ) TT
INT =G NI ERFTFTOENDD, b OILFEITK
BRI K o TIEMEAL S 002 BRSO B v et
TLEDERSND 720 (FiFESHE) . R 23R
LTCHEWHREZ#ERF L, AR L U O R ED
L7l EEOMFEIENEEIC /D 8 B
MR T COBEANREERIGERH DL Z b, £
DX IR EMIIE MBI RO NS, F
7= HPET-RRET R TlE. FCC b St 2 5 O 8o/ pf
BHEIZ UV —THEIC K& e B 5 2 . H N Kig
KT 52 ENmbnTW5, £ 2T, hEist
RENRFICIIBE E 2D e a2 & £, LSS
Z BCC & T 58 LW HEA ofIflAZ HiE L Tw
%, ZZ T, HEA {ED 7= DO HIHEIMGTEE S &
725, H LWERKESHE &4 0B O BLRIZ >V
THET 5,

2. ERFE

2.1 BiC KT 316 DA A FaGH 14 BEdlIZ X D 0%k
k2 b

B.C 1, MEHHICEIRE OZZ M He AR SILD
LHEShDED, A VBEICEY, IMeV @ He'
Y — 7 EE T, 5000appm FLE £ T, B THe' {4 4
VOAMV) ZVEA L, T B AA SIS T 1473K 1T
T 10000s £ TO#IPH THESL L FIBIC TYERL L 7= TEM
MBI ZBIER LT, A— AT F A F(316 ) IO
TiZ. 10MeV O Fe* % IMeV @ He™ & [RIRFIZ 573K TH
L7z, o —27 S ToME H LBAEEIX
Ldpa B2 . Z O T He A JE A 10appmHe/dpa
BELAA LT LT, He AT, MMEICEEND
B 72 E0 b OEWARIZH IS L2 DO TH D (He
HEABROZETMS TE), BEsliiX, 673K 75 1023K
F TOHiPH (<10000s) TITV, FIB (2T TEM &Rk % 1E
L, BAV— T 70 E ORESIIC X 5 R ZE 0 & R
L7z, MA T, BB T CORRAMNL— T 5540 D
REF R Z L ORI b i 5,
2.2 Ti-15-3 A4 % V7= RSP 3 B B - ek

R — LD

JFELD—>Th D F X 0L, TORGIEEET
WL CTay 7k E Lz, FBORMRIZ. 5 k
g 1 JE I B ZE A s i e i #E FEE (VT M)

—ARILFENTIE SRR

T, ZHEA Y P TETI v s 2BOHE (TE
P (k) &) ZHWTITo7=, £0%., a2 7=
VEPARIZTT 90C (BHEfEEK) T1 500
RILALER (ST) ZhEL, ZEmLic, STEEMED
EASMmM., B 1 2mmd M ERaE 2 85 HER
L, RmAFEEZ f LC, 20 T BB o
X o EiREMERBRICHE L7z, BBRIEEIZ 7 9 0°C,
REBEHEKIZL 0 *PafBEOREZEL L, ELHHE
IE—=3/"s~1/s., EFFE25%~75%T., £
NENTEAMERBR 2T -T2, £l2. @SIREMERERAT%
DYy H—AWIRER FFPLIALMEL1 kg ), #
HoOMBIZ, SEMBIZ, EDX4#H., EBSD
TR ATV, 1IN &R & ORI Z TN
7o HIZ, Ti—15—3/8480EERMEDE WA
ERTEME AT BN G- 2 DB A5, T i
— 15— 38&0FEM () =~ra) IZEERE
EGVBR A i U, RO S C iR R ER 21T o 7,

23 mxTry bbb —{bE B L7728 LW ERIEK AL
A4 D%

AREAOFEBFEHL, gk, ~ o, 7 i )
VUL, TAI=UL RFTHY ., FEHBHEDN
HrlicRi@E L o) 750, aX)L b, =y Ve
BEERV, BERFHITHRAMET) FEE Y 7 b
7x7Thermo—Cal c&HAWVe, FEEHI,
5 k g 518 M 2S5 R i # T N EVE 2 v
TIAfR - $5iAHEA AT T, $58L%A 1 2 0 O C T
BT RNREE T — VFIE 2TV, &/ S AT THRY
14mmAOERIZEEL, 1200°CT1HH
BULERZIZ KRG LTz (FFEM), TEMEZEY R ES
WO L, 700°C~1000CTENEN 1R
DESLFEZ KM U, MEHREMEREAG A O34 (F
FMETe) & L7z, Mk L, XRDENT, ED
X, SEMBIE, vy h— A S Bk, =i
R0 BREBRAE 21TV, FHER & BRI MEE & o FEARHY 72
RAGRICOW TR =, F72. BESEM G o —BR
LT, 300~500CT#AA%83dpa
FCHRH L. BEFIHOT S 02k X v i
{LIZ %3 B BREHE R FE 2 0~ 7=,

3. RBHRRUER

3.1 B,C KU 316 S A ARG BESLIC K 2 T
k2
He A A v B&t (¥°— 2 ¢ 5000appm) L 7= B4C @ TEM
Ba2X 1 ((a)- ()T, KoL HIT, BESRFRHEIC
HAT, Y7 4 —OpE & RITHEENET L
7= (B O FRAFUT T, FEARE—T; g=<110>), M
HEFORE T, BT ARy MZEDDA Y —
IR BN, S ISR Sk o THhH B,
316 Sl Cix, & T, ElIo, BRI L — 7
(2 N7 A NopAn CREm) 238 A S dv, INEVRFRZ
WZIE, BV — T OB R &, K& Z M



2024 fEE HAJRF A WTTEBATEREAS « BRI TEBA SRR SRR I3k I—Jlﬂbu

[2024202018]

Fig. 1 TEM Images of (a) as-irradiated B4C, (b) B4C
heat-treated at 1273 K for 10° s after irradiation and
(c) B4C heat-treated at 1473 K for 10* s after
irradiation.
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Fig. 2 Changes of dislocation loops in 316 SS
annealed at variety of heat treatment conditions.
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Fig. 3 Strain rate dependence of maximum stress in
Ti-15-3 alloy compression tested at 1063 K.
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Fig. 4 Strain rate dependence of a phase ratio in Ti-
15-3 alloy compression-tested at 1063 K.
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Fig. 5 (a) X-ray diffraction pattern and (b) EBSD
phase map in Fe-Mn-Cr-Al-V-C alloy.
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