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BLESTILERWT, KT OFRyhEILIZTERT 55t #% 5 E& (Post-Irradiation
Experiments, PIE)IHB &, £2—1TRY . HELGLFFMICBELTIX. QST LD £,
RET B

#£2—1 PIEIERB&ERKER

PIEIEH AkHER!
BARERE EARBRE (OM) Be P, Bel2V P, Be D, Li2TiO3 P

Be P, Bel2V P, Be D, Bel2Ti D, BeTiV D,

B

Li2TiO3 P

Be P, Bel2V P, Be D, Bel2Ti D, BeTiV D,
KAKOWEEER SEM D - HE

Li2TiO3 P
TEM %4 L R Be D, Bel2TiD
XRD 347 Be P, Bel2V P, Be D, Li2TiO3 P
[EfesiR (RT. =R Bel2Ti C, BeTiV C
bUF LR ER Be P, Bel2V P, Be D, Be12Ti D, BeTiV D
Li2TiO3 P

D:Disk, C: Cylinder, P: Pebble
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F2—2 BEHABRARHYVTIL

i3
ERYUTIIL | HE (BBERSH) | o F Lk
EUR
In-situ (ZD15) M) FH LKEEHEBRA YT IL (NP ~DEE)
Li 2353y L Tio, 120 & 13671 #9 ¢ 1mm f/NBR
(F)F o LIEFEA ) 95 EE% 6Li =TI ERIFIL
Bt ABRARSHKERA Y7L (SCKCEN ~DjiX)
L 9 0 1mm f/INEk
: Li, TiOs 90¢g 102.53 )
Li 53wy 95 EE% 6Li =TI ERIFIL
(FUFo LI8TER F) 770 00 g 10253 9  1mm fUNER
95 =% 6Li j=HE 20wt% Lip,ZrOs iR S Li B F AR F0 L

Be 40¢g 12.66 0 Tmm HUDNBK

Be1,V 80¢g 25.32 #9 0 1mm /R

Be 9 2.84 £ ¢ Tmm X t1.4mm T4 AR
AU LERREIEEY Bey, TiV 40 % 15.41 # ¢ Tmm X t1.4mm T4 AR
(RIEFBEH) Be:,Ti 40 2 15.41 # ¢ Tmm X t1.4mm T4 AR

Be:, TiV 62 12 4.38 @ 22mmxt2.6mm AR

Be,Ti 180 #4 12.72 0 2.2mm X t2.6mm ) FRLIK
Total 42.0g + 331 4% | 437.51

KARDMAEHEICEBE SN TSI (L, BiBIR EMIEHE (DDP Amaty) TH D, ZIE X EHARMETOER. MXBOEREZRET L, 46, AEHABRAYTILO

W, REEHEDGVEABRETHD,
KARETHBRAY LT IVIE QST HNERHFHBREITILOICRETIHRTEIDTHS,

KIn-situ(ZDI5) NJF D LBERERRAY T ILIE INP O WWR-K TORBEHKEREZERZ-R.INP [CBVWTHERELXTOHETHS, BHEHABRARSNHABRAY T

JLIE, SCK-CEN () BR2 T BB ERZ IR 1-1&. BEEHABREITI/-

ORAYD KIT BFZE AT (Karlsruhe Institutes of Technology) IZEIEZ{TOETEI TH D,
X—E L, BEFEOER(CKY . BHRABREEHELEWVTGUTILNHIEE. BRI UTILEIUREBHEYUTILIE, ETKIT [ZEXETBHE,




Pall A

& A—1 PifE (BEH)

Be Bel2v Bel2Ti Bel12Ti01V09
bulk pebblee bed bulk pebblee bed bulk pebblee bed
1 |{EE=R Be Be Bel2v Bel2V Bel2Ti Be12Ti0.1V0.9
2 ({eZ4ERE (at.%) Be-100at% Be-92.3, V-7.7(at%) Be-92.3, Ti-7.7(at%) Be-92.3, Ti-0.8, V-6.9(at%)
9Be:100% 9Be:100% 9Be:100% 46 z:i;;ogf’% ::I;f‘::;‘%
3 | EfRrEHE R 50V:0.25% 47Ti:7.44% 48 P e
51V:99.75% 49Ti:5.41% 50 50V:0.25% 51V:99.75%
4 (#ERE hexagonal close-packed tetragonal tetragonal tetragonal
5 (BREM Table 4.11[1] stable[2] similar to Be12V similar to Be12V
Beryllium b Body-centered cubic (BCC, beta phase) structure at about 1250 oC while Be is mainly HCP
6 |48 e e e e e (BCC betaphase ) etucturclatiabou ot while Be Is mainly I. ohnuma et al., Be-V binary phase diagram [5] H. Okamoto, Be-Ti binary phase diagram [6] J.H. Kim, Be-Ti-V ternary phase diagram [7]

structure (alpha phase) at most of temperature range [4]

E. Ishitsuka 0 to 700 oC [10]

D. M Dalle 0 to 650 oC, 63% packing factor [11]

M. Makamichi, 25 to 600 oC [13]

M. Nakamichi, 0 to 1000 oC, 60.5% packing

L. Chen, 25 to 600 oC [14]

7 | AHRMEAE factor [12] similar to Be12V
k=(1.85E-04)xT2 - (2.77E-01)x T + 1.89E+02 k=2.499+2.07 x103 x Ti k= (9E-06)xT2 - (0.0089)xT + 30.509 k = (-2E-05)xT2 + 0.0317xT + 35.817
{ IxT2- IXT+ 1BSE+ +2:0703 xTm (SE-06)xT2 - (0.0089)xT + k= (6.51E-07)T2 + (9.13E-04)xT + 1.34E+00 (260512 + X
:::;:::;:“:E rEzzlt,rzl:‘g:':::!ei::ie;:E Ciibepaliconduct Mty Ther degradation of thermal conductivity by
k= (L.83E osy)x'rz (2.49E-03)xT +'1 72E400 neutron irradiation was confirmed. And it was
8 ([ENBOMEME B . B No data similar to Be12Ti material No data not recovered by annealing with heating up to |similar to Be12V or Be12Ti
600 oC, but d by heatil to 1000 oC
D. N. Syslov, [37], slight decrease was confirmed [36]0 Ut recovered by heating up to °
Kk=(0.0005)xTA2-(0.2306)xT+150.0376
@Fig.4.14 RT-900d  y(/°C) = -7E-12x(°C) A2 + 1E-08x(°C) + 1E-05 @Fig.2 RT-700d y(/°C) = -2E-11x(°C)"2 + 2E-  |Fig.8 RT-1200K y(/K) = -4E-12x(K)"2 + 1E-08x(K) Fig.8 RT-1200K y(/K) = -3E-12x(K)"2 + 1E-08x(K)
K - + 9E-06 + 1E-05
o |mmammE [21!BERYLLIUM CHEMISTRY AND PROCESSING 08x(°C) + 1E-05 ; . ) ) No data : ) ) ) No data
@Fig.8 RT-1200K y(/K) = -1E-13x(K)A2 + 8E-09x(K) + 1E-05 [23]Fusion Engineering and Design 27 (199)  |[22]Fusion Engineering and Design [22]Fusion Engineering and Design
[22]Fusion Engineering and Design 124(2017)805-808 263-268 124(2017)805-808 124(2017)805-808
@Fig.5 Be-316LN up to 800°C Fig.5 Be12Ti-316LN up to 800°C
[26]Journal of Nuclear Materials 320-333 (2004) 112-118 ggy:)“ﬁ‘:' f:;““"“’ RERaE S-EED
@Fig.3 Be-SUS up to 750°C _ - - - - — —
. Be12V has similar stability to Be12Ti or is more [Be12V has similar stability to Be12Ti or is Fig.7 Be12Ti-SUS316L 800°C1000h .
10 i o H Similar to Be block . . lar to Be12V
LSl R [.2210711;nals:fs;l:::e:ol'olylg::zg:‘s 191-194 (1952) 163-167 imilar to Be bloc stable than Be12Ti more stable than Bel2Ti [28]Journal of Nuclear Materials 307-311 similar to Be
B.7e ! (2002) 638-642
. a . Tsuchiya, compatibility between Be-Ti
[281Journal of Nuclear Materials 307-311 (2002) 638-642 [33] K. Tsuchiy: patibility b Be-Ti
pesaiiorEame F] alloy and SS316LN at 600, 700, 800 oC
Fig.6 Be12Ti-Air
A a Fig.7 Be12Ti-H20
(EBEC= R . N . N [26)Journal of Nuclear Materials 329-333 . N
T, He. H20, H2RE| TI=HH [26])Journal of Nuclear Materials 329-333 (2004) 112-118 @Fig.6 H2 generation rate 15%H20/Ar Fig.6 Be12V-H2 generation rate 15%H20/Ar (2004) 112-118 Fig.6 H2 generation rate-water vapor
BiEA 22]Fusion Engineering and Design similar to Be: pebble usion Engineering and Design uion Engineering and Design 109-
1| nes N = imil; Bel2V pebbl. [22]Fusion Engi i d Desij [30]Fuion Engil i d Design 109:

See reference [39]
similar to Be pebble

124(2017)805-808

124(2017)805-808

Fig.2 Be12Ti Air
[29]Fusion Engineering and Design 84 (2009)
319-322

111(2016)1764-1768




& A—2 PiEfE (BIEH . 1BEH)

Li2Tio3 Li2TiO3-20wt%Li2ZrO3 F82H
bulk pebblee bed bulk pebblee bed bulk
1 ek Li2Tio3 Li2Tio3 Li2TiO3-20wt%Li2ZrO3 Li2TiO3-20wt%Li2Zr0O3 Fe-8Cr-2W-V-Ta
2 LMK (at.%) Li-33.3, Ti-16.7, 0-50.0(at%) Li-33.3, Ti-13.3, Zr-3.3 0-50.0(at%) Fe-89.25, Cr-8.71, W-0.62, V-1.11, Ta-0.31(at%)
4Fe:5.84! Fe:91.754% 7Fe:2.119Y
6Li:00% 7Li:10% - . ] i : 54Fe:5.845% 56Fe:9 SDA 57Fe 9%
46Ti:8.25% 47Ti:7.48% 6Li:90% 7Li:10% 46Ti:8.25% 47Ti:7.44% 58Fe:0.282% 50Cr:4.345% 2Cr:83.789%
s |mekER h 8Ti'7'3 P (ET 5 '4 e 48Ti:73.72%  49Ti:5.41%  50Ti:5.18%  160:99.757% 53Cr:9.501% 54Cr:2.365%  180W:0.12%
b 173, :5.
H S0Ti:5.18% 160:99.757% 170:0.038% 180:0.205% 90Zr:51.45% 91Zr:11.22% 182W:26.5% 183W:14.31% 184W:30.64%
170'.0.0389’ 180:0 2'05% N 927Zr:17.15%  94Zr:17.38% 96Zr:2.8% 186W:28.43% 50V:0.25% 51V:99.75%
TEEEA - 180m1Ta:0.012% 181Ta:99.988%
4 RaEE monoclinic monoclinic cubic
5 |WMREM stable[3] similar to Li2TiO2
6 [{AE Li20- TiO2 binary phase diagram [8] similar to Li2TiO2 [9]Fe-Cr phase diagram
T. Hoshino, 0 to 700 oC, 95Li2TiO3, 86.3% T.D. . . o
e A.S. Ali, 50 to 500 oC, packing factor 61% [16] | MP— 20t 600 °C[17,18,19]
7 |ERRERE (151 k = (1E-06)xT2 - (0.0017)xT + 1.4669 Similagiollzio2 SIEADTAE k = 27.69 + (7.84 x 10-3)xT — (9 x 10-6)xT2
k = (2E-06)XT2 - (0.0053)xT + 5.0246 = : . STD S WP =PaiC
H. Kawamura, 450 to 600 oC under irradiation
[20], mentioning no change of thermal
conductivity up to 1 x1024 n/m2. Owing to too
_ short temperature range, approximationisso | . . - . S
| Li2Ti | Li2Ti
8 |BHtkOBMCME rough. This will be just reference for similar to Li2TiO3 similar to Li2TiO3 no data
comparison for before and after irradiation.
This value is diffusivity of Li2TiO3 pebble bed.
k = (2E-05)xT2 - (0.0309)x + 11.248
Fig.5 RT-600d y(/°C) = -4E-11x(°C)"2 + 4E- N
o Fig.3-4RT-1000K 1.31[10-5/K](constant) 20 to 600 °C [17,18,19]
9 |MBEERSK 08x(°C) + 1E-05 ) [25]Fusion Engineering and Design 82 (2007)  |similar to Li2TiO3 similar to Li2TiO3 Formula 4-1-1: y(/°C) = 10.55 + (3.37 x 10A-3)x T +
[24)Journal of Nuclear Materials 367-370 2259-2263 (6.0 x 107-8)x TA2
(2007) 1052-1056
K. Mukai, demostrated that compatibility
between Eurofer (similar to F82H) Li2TiO3 at
" 550 and 800 oC for long times, indicating . . L - . [
10 |HEHEEDOTIIE I s el b IS similar to bulk material similar to Li2TiO3 similar to Li2TiO3
on diffusion coefiicient and activation energy
[35]
Li2Ti ith Li le BET,
Fig2-3 Li2TiO3 powder vaporization behavior vIquI:Z :(V:D ::Zzsrswla‘t’::)\ll)afmr pore
<&+ |D2,020 f ) - - - - Corrosion rate and weight loss for RAFM steels i
11 T, He, H20, H2SRES T I=351 [32]Nuclear Materials and Energy 9 (2016) 242- |similar to Li2TiO3 similar to Li2TiO3 orrosion rate and welght loss for steelsin

SMEE

[31]Journal of Nuclear Materials 248 (1997)
111-115

246

pressurized water at 523 K [34]
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