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hMFRE S VI AT UOMEIOSREREES S & UGB ES)
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PHEFRFZ DTATUOMMOBRERRLEDS JURSERIEYREES
High temperature oxidation of neutron-irradiated tungsten materials and radioisotope release by oxide
sublimation
AR HPS !, B MR, KRR S, Mk BYORR WA, BH RS
VEIRTE, ALK, R, CBEAEERTTERT, RS, 07 A Z AR ESIATSERT

BEBENELEER L OE R TEREE LW, PHEFRESNTZZ V72T (W) DB LIEE R LD
AR OREAIEERE, 2O ZIUTED N U F U A LA O R E 25~ 5. AR TE
RENDHL =T ARe)DEBICERT L. ZhbHICLY, BEEIEOBEZEIRELRFIZI T 522 mIC
RA[R T — 2 _R— 2 DTN FH 5T 5.

F—D—F: 2727, Wb, BAEESHT
1. ¥E

EmEIF D77 X< et Ch o W ITBRE Y 7 A~ B L OE =R VX —fiE ol 2510, b
UFULERD AT & HITHEMET 5. BEEERFERPEZ 2 L ERO W EIEREH D WITKERDK
IGDME L D03, W RBREHARM Th 5 Re DIEEMITE WEKIELFF D720, BLIZEWEGHED I
FOVN U F 7 LRI D2IEDH H[1,2]. % 2 TH KW FRONTIER G TiX, 7 A 7R ESCFFEHT
(CEAE BT EES SOV R TEREEARE L, TR W OB LIEE R X O EER ) O
R 2 R TW D, AR TIE, &l L EREEOME L WOk 2®mET 5.

2. RE

EN\E 5 E (Thermogravimetric analysis TGANZ X B EERUERTRL TGA-50 Z i3 % . FRPASK T A 1% Ar-20 %02
L, —HiOER TITEIREEOZKEGR 3 kPa)DKZKK[ 2NN 5. &l 70 mL/min FE 2 HE L T
D03, BAL R B L OVKAROEGIZ L > THIES LD Z RN S MEHFHET 5. NI W B X
O*W-10 %Re GBDT 4 A7 (96 mmxt0.5 mm)Z T 5. i W Bt O—EIZIZKEA—27 VU » P ESHE
FTO#FFELF HFIR C RB-19] % v 72 /L %2 FHWCHIME RS 2 520 L TV 53], BRI 873 K~1173 K
LT 5.

BHEBITERCIEXN 1 oZELH, L& FEROM W 35 X W-10 %Re G@7 « A7 B2 HT 5.
FALIREEIL 873 K, 1073K & L, HAJiEIX TGA FEBROFERICESEIRET S.

FHHEFIZ OV TIIREY B RET D, - Heater -,

TC 1

Humidity
measuremen

Oxidizer

%#IW Water bubbler 1

| HRBITERERE
[1] S.C. Cifuentes et al., Corrosion Science 57 (2012) 114-121. X PIRBRH
[2] T. Otsuka et al., Nuclear Materials and Energy 25 (2020) 100791.

[B] FHERL, 77X+ - FREE TS 96(2020) 129.
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Development of Tungsten Boride Cermet for Radiation Shielding Material in Fusion Reactor
A WERE L ke dFZ . BESS EEE & ¥R IR AT AFHE EK!
VAR R
2%

KRS I O BB & L TR S T o R v by 7 A7 > (WB) &, BEREREME - (R EVS8E - (Al
BEEIVED -0, WEEM & LT LICK WRIEDR & 5, Cu ZIRIN L7z WB-Cu $r— A v NI, ka3
TI DM, BEREME - BV - BRI O YGE R STz,

F—TJ—F : R, Rolby o727, SRR
X

ERIR M~ 2713, OIS ® DIBIRE A V% IR O BT 2 78 O & 5% E 9 2 IR S D
RIEN D D[1], AL v 7 2T (WB). $EIZ WaBs IZEEFEDBERA T, ey BRI ERE AN =
[21Z &6, BRIR b~ 27 DR & LTI SN TWa, UL, WB IT@EmWEus & gAML v B
FEMENE L | BB R BERSIR 2SS 72 0I2iE, 2000°CUL ETOR v MV ANRKEIZ/R D3], £7-. WB D=
B A EEEIE IR\ 2, HEERM L LTI 27201003, 2RO OWENLETH H, ARFFETIE, 1Kk
S MR SEMEREE T B D Cu ZBEREBIA & L CIRIN L7 WB-Cu %h— A » & {ERL L, WB OilEfigPERE,
BEREVE, AR, REEEIE~DORBEE LMY D,

=X M, WoBs OFECTER L7 WB BRI Cu MRZRINL, VL A@ERERE (PECS), 1300 ~
1500 °C, 15 min OFEFRESAME T, WB-10wt.%Cu Hh— A v M & ER L7, SHEEE LT Cu Bl Lo
WB HHREHE, &y R 7 L2 (HP), 1900 °C, 50 MPa, 3 h ORERESGMECERIL7Z, SO AR ED
A (0 10mm, EE 2mm) 22V T, BEE T AF AT AL, BYLHEREY Xe 77 v ¥ 2B CTHIE LT,
By I — A SRR CRA LR REHORAES LT /A 0T 0T —v a3 L5 LiIABRRMER ) B
HEEIEEOR A Ue, BURBERMERE X, B k3 = — N PHITS & H U CTRERT L 72,

X #REHT (XRD) &EF 7 r—T~A 2707 FZ7A4Y% (EPMA) 2KV P —A v MIiE WBH, Cutfids &
ORISD B MPFAET D 2 LB oTo, FXHEEIL 92.4%, BUEHBERIL 16.2 W-k/m, BEEIVET 10.5
MPa-m'2 T V) | Cu BIFIRNZ: L OFUBHI e ~FEXH 8 | BRHCE  BEEMMEI X2 24 1.03 £, 1.17 fi5,
1.46 f5izm E LTz, —2 v MBI X 25 X, WB RIRIZ Cu ARSI L= 72 O[5][6] T
bbHEEBEZOLND, —J, PHITS IZ K HFPHEFMERENG JES % 50em & L7z & & WB-10wt.%Cu h— A > b D
HERMERE X Cu BOAIRIN 2 L OFUEHI R, 0.84 f5ITIR T2 2 L2307z, Cu iRINIC & 2 kMR DX
T EMBEEEDM B N L — AT OBRICH D7, EMIMEEEERZ B[ LI BEREA ATRE L 72D L 9
W2, Cu INIEAKAFMEICOWTHE S B LN T 2 M0ER D D,

SE X

[1]Y. Ono, et al., J. Plasma Fusion Res. 80 (11) (2004) 919-920.

[2] Y. Ogino, et al. 21th. ICFRM. (2023).

[3] M. S. Koval’chenko, et al., Poder Metall Met Ceram. 14(6)(1975) 469-473.
[4] A. Yang et al., App, Phys A. (2022).

[5] T. Maruyama, et al., Jour Nucl Sci Tech. 36(4)(1999) 380-385.

[6] H. Kitahara, et al., J. Japan Inst. Metals. 66(11)(2002) 1116-1121.
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Mechanical properties and Microstructure of Gas-atomized CuYZr-WQj; towards the
Overcoming of Trade-off between Strength and Conductivity
*7imo Gao'?, Diancheng Geng!?, Hao Yu!, Yasuyuki Ogino!, Sosuke Kondo!, Ryuta Kasada!
nstitute of Material Research, Tohoku University
’Department of Quantum Science and Energy Engineering, Graduate School of Engineering, Tohoku
University
Abstract :

ODS-Cu was recognized as candidate of heat sink materials for divertor in fusion reactor. This research fabricated the
CuYZr-WO3 ODS-Cu alloy by mechanical alloying, showed great mechanical properties and thermal diffusivity
simultaneously. The WO; addition for ODS-Cu dramatically enhance the production rate as a process control agent (PCA)
and decomposed in MA process led to the formation of Y-Zr-O complex oxide and tungsten particles in ODS-Cu.
Keywords: Heat sink material, ODS-Cu, thermal diffusivity, oxide particles
1. Introduction

Copper alloys are good candidate for heat sink materials in fusion reactors due to their excellent thermal conductivity.
Nonetheless, further improvements on mechanical properties and irradiation resistance were expected. Cu-Y,Os3 type
ODS-Cu made by mechanical alloying showed excellent mechanical properties and irradiation resistance[ 1 |. Furthermore,
Zr addition into the ODS-Cu can improved the mechanical properties by the formation of complex oxide such as
Y2Zr,07[2] and YSZ[3]. However, the coarsening of powders in MA process due to the high ductility of Cu is a critical
issue towards their mass-production. In this research, WO3 was chosen as a PCA in the MA process of ODS-Cu powder
as well as an excess oxygen supplement in order to improve the coarsening of powder and overcome the trade-off between
mechanical properties and thermal conductivity in Cu alloys.

2. Experimental

In this research, gas atomized Cu-Y-Zr powder and WO;3; powder were mechanically alloyed by water-cooling ball
milling machine at a rotation speed of 500 rpm in Argon atmosphere. The MAed powder was filtered by the mesh of
500um and sintered at 880 °C with a load of 50 MPa.
3.Results

The WOj3 addition significantly refined the size of MAed powder, achieving an average size of 270 um, and increase
the production rate of MAed up to almost 100%. As for X-ray diffraction results, the WO; peaks disappear in the MAed
powder and existed as pure tungsten peak and Y-Zr oxide peak in the as-sintered sample. The as-sintered CuYZr-WO3
sample achieved the Vickers hardness of 286 HV0.1 and thermal diffusivity of 70.2 mm?s™! at room temperature. TEM
observations revealed that the nanosized Y-Zr complex oxide and pure tungsten particles dispersed inside the grain and
pinning on the grain boundary.
4.Conclusion

WOs; addition into ODS-Cu can effectively refined the MAed powder and improved their production rate. WO3;
decomposed during MA process was precipitated as pure tungsten particle and gave excess oxygen in as-sintered sample,
leading to the formation of Y-Zr complex oxide and contributing to the mechanical properties of ODS-Cu.

References
[1] Liu, Yuchen, et al. Nuclear Materials and Energy 26 (2021): 100903.
[2] Gao, Zimo, et al. Journal of Alloys and Compounds 899 (2022): 163328.

[3] Saito, Toshiki, et al. Journal of Alloys and Compounds 983 (2024): 173852.
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ODS-Cu DHHEEFEIZHNT S YSZ FINDEE

The effect of YSZ addition on material properties of ODS-Cu
rERE FEEE Y, A ¥, & 152!, Kim Gibum?, Park JongHyeon?, Lee Seongbeen?, Oda Takuji?,
MEHE !

'HIER:, ?Seoul National University

BRaR 2 A N—2 e — b ZRHEEMELE LT, B P ZEMEICEN D BRI 1% Cu FEFEHITHK
A S E B b 3 BOBR SRS &3 EH ST\ D, AFETIL, ZiO, R b DA » b U TLET IV
a=7 (YSZ) WM L7z Cu-YSZ Z1ER L. Z OB EHEEIC KT T B2 3 L 7=,

F—IJ—F: B4R —=2E—+> Uy, HES. ODSHHES

1. #E
JFRUF IO A 4 A N—Z b — b o 7 /@M B LT, B RA L2 @I EN - B (LR 1 % 1%

M- BRI Cu RIS S, Cu RO BMmENE & | EiRsREE IR E 2 Fi7o 5 2 & & L2
b5y 8k s A4 (ODS-Cu) 23EH STV 5, Cu-Y20;55% ODS-Cu (2 Zr Z RN L 7= Cu-Y,05-Zr [1]H T
%, D ODS @ TIIMED R TeBIbTh o4 v M T ZENT VA =T (YSZ) OWHIKLF D3 E K
LTHY ., YSZ 7 ODS-Cu DA HR & L CAHH TH D lREMENRIZ S L7 [2], & 2 TR TIL,
YSZ 43k ODS-Cu (Cu-YSZ) Z#/ERL L. MEHFIEIC T2 YSZ IO B A AT 52 2B E LT,
2. ERFIEK

KRERAR— VI NEEBIZED CuyRE YSZMKEZA D= LT aA T (MA) L, Cu-YSZ G&MmE%E
R L7, (ERLEGEMmERICONWT, BET 7 A~ Bif & AW CREILEE LTz, BERERi2 O Cu-YSZ 122
WTC X BREHTEIE (XRD) ZATV, E7BERROBIIHERNE, vy — A SR, MR EIE 217 -
7o, Mg E LT, ITER & A =% b — o 7 HEMELOfAiiss & S 417z Glideop® Al-15 (Glideop) (20
WTHEEBRIE & By 7 — Al SRR Z1T > 7,
3. BREER

Cu-YSZ TliE, Cu-Y203-Zr &l L THEMARSH A LIZWVMEIZS R S v 7z, BERIAT TIX, YSZ @
A "9 5 XRD B — 27 AR B, EBYEHEEIX, Cu-Y,05-Zr LV 1A B L7z, BWEEERR EOFIRE L
T EEFORMPITLHRED Cu-Y,05-Zr &l U Tl LIz m[REMER S 5, — 7T, By 7 — A X% Cu-Y20s-
Zr X V&< Glideop & [A% Tdb > 77, Cu-YSZ THEDE LA LR 0o 7B & LT BEREOBUELH
REGTHDLARRENREZ BND,
4. LB

AMFFEIZ LD, Cu & YSZ D MA TiE, @@ RPHERELICS S, H—iohiksng LR ani, %
72 Cu-Y205-Zr LV HEGLBEENYGE L CTUe, YSZ IINAY ODS-Cu DFREIZ G 2 2 58I DWW T, BEfEH
BEASE L ECHFHEZAT O LEND D,
SE X
[1] Z. Gao et al., J Alloys Compd 899 (2022) 163328.
[2] T. Saito et al., J Alloys Compd 983 (2024) 173852.
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Evaluation of strength for F§2H by Micro-tensile testing
ek EC!, B !
VBRI T IR B JEAE AR

MRS 2 %2 (7 72 F82H S DAL EDRREZAL (BM) T200ziET 5700y — e LT, Zh
FCRUR IS I8 - U SEHfi 2 0 TE TV D, AHE TIIEAE A A RIS She F82H Mo > 7 v
Tay ARG, oy TN RRER D DR T~ A 7 o IR R O W TR E 21T O,
F—D—F ARBEHE T = T M, A A TRETEERR, @HUNG IR

1. #&
BEEFRYFE 7 Z o o MEEM B OGN & U TRBHME Y = 74 MEOBRREZ#ED T\ 5, e
FETFTIE, AU UL KM REDR G & 52, BURZE ORI+ T3, BEOINEE 2 Az
A AV BREEBRTIL, A T R ORECTH 2B LI OB A L BB~ Y U7 LD AR E H/ RIS
BT 5 2 EMTELRRERT D00, FMEARRENIEFIT/NE <, 2R E CEICE T HEMETBEIC X 2R A
RAZ Y > 7O, o S35 (EfEstR) 12 K2 BEs L EOFMEICRE T, AR TIE, &
WS IERBIEIC L D, ~ A 7 2 I ORENTEREE O R & 3 A 72, ~15um

. —~ ~10pm s

2. RERAE T o .Lj:<—“'z—'_ 3
= Z

F82H IEA b — M & XI5, 10.5MeV @ Fe¥' A 4 & 1.05MeV g 3 Eﬁ g
= >

O He' A AN X DR EBRE T 572, T 2T /WA 4 (FetHe) S )

FESCIE, He &ITH 15appm/dpa & Uiz, FRFHEES I3RS (L 23

B2 72 300°CHHE & L, FSHELIER K 80dpa & L=, MRS, 1y FASIRREUT
F2H SO v I VT a7 ZRIT, WA A B —2a (FIB) MLEEEZ AT, @BHg | ERE 2 £
L7z, MRSTHEIL COMMrRE ORI Z T2 5 L 212, K1 DXk 57 v FAEsvgl B 2sHMA L. o
OWEWTERTOR KIS N2~ A 7 2 iEWHEE & L CER L,

3. BREER S 2::: E:iggéﬁg-mdpa 0appm : %
2 15, A A B L7 F82H #0> 300°C, 80dpa % T LA bl |
BoR3IBERER D BRI HRE DR R T D, ~ Y ¥ LD ﬁi:; L i§
(22 597, 300°C THAST L7z F82H Tk, B 72 FUHME(L %moi 3 s !
MAL BB, <A 2 B EHRE L 20dpa ({15 E T, RIS B | S 0 SO
RIS DRER L 7 oT, SHICERS R (>40dpa) Tl. kT o b . . @300% Sdp viotapem
BRI & & b BN 2 AT B o 7, SRR TR ORKHE ° EHE dpa .
RS, KOERED DRV & 72 DA H - T2, o W b RIS & 0 RIS

AU T AEIIRB EOR KL & HIZHNT 55, 300°C, 80dpa
T a7 OVIRET F2H ICB W T RE DI 62X & LV BHE L R A MRNBE LT,
4. $5R
AFIEICLY . A A REH F82H SOMWHRE DR, & HITHWHRED ERITI~ 4 7 nEk TOLER
LIZK E&BRTELEZONDZ LG, BIRRICETAH - REE L LRI TE 2257,
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