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Osaka University

Sustainable Energy and Environmental Engineering
Afiqa Mohamad

My work on [Thermal and
Mechanical Properties of UsSia] was
awarded the Nuclear Fuel Committee Award
2017. This work focused on the
“Enhancement for Accident Tolerant Fuel
(ATF)” program. After the Fukushima
Nuclear Power Plant, 1F, accident,
performance enhancement of the next
generation light water reactor (LWR) fuels
attracted attention in the nuclear research

field. The motivation of exploring the

potential development of ATF in LWR not only focuses on the enhanced cladding materials
but also on the alternative cladding and nuclear fuel materials.

U metals have been chosen as the candidates for the nuclear fuels ATF due to their
favorable characteristics compared to the current UO:z fuels. Uranium silicide (UsSi2 and
UsSi), uranium nitride, and uranium carbide have higher thermal conductivity and uranium
density compared with that UOs. If the alternative advanced cladding materials such as SiC,
Mo, etc., are to be used in the future, a higher fuel uranium density is necessary to
compensate for the high neutron absorption of advanced cladding materials. In addition, a
high thermal conductivity could decrease the fuel centerline temperature with an increase in
fuel enrichment.

Therefore, in the present study, we evaluated the basic properties of UsSiz2, one of the
candidates of ATF. We discovered that UsSi2 possesses higher thermal conductivity and
hardness compared to those of the current UOz fuel. From this result, it is assumed that the
pellet cracking in the silicide fuels resulted from thermal stress is vastly smaller than that in
oxide fuels, because of the higher fracture toughness and thermal conductivity of UsSis
compared to those of UOz.

In the future, more evaluations are necessary for the UsSiz-based design-basis.
Others materials such as UC, UN, and UsSi also need to be studied.
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10. BEKIFBRELD PCMI O~ F~—7 3§ 5 OECD/NEA BF5 24 (G. Rossiter : UK NNL)
OECD/NEA ® WPRS (I A7 AOFRFRFREIZE T2V —% 7 /3—F 1) OTFIZ
R STV D BREMEREIZ BT 2 B FE A EGRFP OiF#Eho—Ek & L C, PCMI O HfE & £
TV ITORBEZHEE LT, MR ERROBEToALVT U IFETa =7 FO
IFA-118 36 L O IFA-629.4 sBR T — Z Ot 2 i, 13 77 [H 18 #4Bd4 L O TAEA N E 0 2
BEREIR SN, XLy bV OREFGIN T T v 7 O v b —gEEEMIREEOET )
7 EOWENFHRAERICKREREBE L2 D2 L7 ERbo72, 2018 4E 6 HIZ NEA LAR—
k& T E
11. LOCA FFDOBRELZEENC T 5 N F~—27 FUMAC O#if5 (P. van Uffelen : EC JRC)
FUMAC (Fuel Modelling in Accident Condition) 1%, LOCA R BRE}ZEENZ B3 2 fifhT =
— FOUR LT —Z =2 (IFPE) ~DOflAiAZ7a Lz HEYE LT, 2014~2017 £ 4 4EfH]
2o o> THE# LT & 72 TAEA Ot /172> =2 kb (CRP : Cordinated Research
Program) To %, i L7238k T —# 12, NRC-Studsvik LOCA #i#i% . QUENCH L1,
CORA 15, T U7 m Y =2 b IFA 650.9-11 % CToh 5, Aiid JAEA TECDOC H5 LTt
TOPFUEL2018 [EfR &I SN D FETH D,
12. 77 23 LU OECD/NEA (Z31F %5 ATF B % (T. Forgeron: {4\ CEA,D. Costa: OECD/NEA)

77 v ATIX, EdF, CEA, Framatome L2317 /) L T Cr-coated M5 #¢#%& & 7 1 X 7k
MU02 DA% ATF & L CEFEH, SiC-SiC EAMITREMIMERLA & LT 5, 4 E DOE
D ATF 7'v 75 M H B,

OECD/NEA TIZATF (ZB9 2 BFE A EGATFL % i+ /1R 7R B 2 NSC O FIZERE
SRR Z B R U7oRerkl (k. #2858 . dilils, BWR F v o RLR v 7 Z5F) @Fﬁ%\é
Wiz &0 £ LoliEEL 2018 FFIZH T TIE,

13. MJERE /KT PHWR OBREHC BT 5 i (L. Alvarez : 7/ B F 2 CNEA)

RANIEANL > TR N IMER EAK S PHWR BT 2 26 0#HE, BifE, PHWR Z&FH
THENE, & (19K), TABrFr B, v—~v=7 Q2K), #®E 4. PE (2
), AR A8K), ~F2Zy (1K) THH, METIE, MU U LRECERBERE L &
FEOWFZEB T OB AT Sdv, TR ) - @R BEE O PHWR BRELOEHEME ] (2B 5
2013 4-~2018 “EOWIFE /)7 m =7 b (CRP) 1Z#EV T, 2019 42> 2020 4£iC PHWR #&
B JetE AR S & BREMERICET 2 BG4 < 2 MRS,

14, .)”J'JT/T I (Country Report) Oo#Tic B4 53ém (H. Druenne : iEE)

BEORBINDL, HKEORBICBEWL TWAER] L AR— bk (Country Report) M3
fik/)b\f%iaﬁ DERENHINTEYD ., ZNETICW L DO SERESCEM A H ST
Lo BEOERIVAR— MTIX, R DR EX AR, EEROL, R %R 72 SRR %
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BRI, BABHEICBIT DR ENEEND, T HIIEHAITIER S TO W E#RS
IEA Ot 7T —2 LEET L2606 H L0, AARBEROEEN TN D, BEHHEDO T — 20
AT D IERIC OV TIIEERR - 53470 |, JAEA O LA — R E72oTnd, Z0H
ENS OBk LT, »2EMEZREICH L THANCRIEZED CTEERVB O LTI b0 %
BEORETHEm T D, LWV o B0 I,

15. RO O (M. Veshchunov : TAEA)

M9t /17 e =7 + (Coordinated Research Project: CRP). #iFt% (Consultancy
Meeting: CM) . #ili2=4 (Technical Meeting: TM). ¥&F| (Publication) I & O3S
(In-cooperation Meeting) 72 & OIEFENRIUIZ OV THE 7=,
CRPs :
« FUel Modelling in Accident Conditions (FUMAC) (2014~2018)
+ Analysis of Options and Experimental Examination of Fuels with Increased Accident
Tolerance (ACTOF) (2015~2018)
+ Reliability of High Power, Extended Burnup and Advanced PHWR Fuels (2013~2018)
- Accelerator Simulation and Theoretical Modelling of Radiation Effects (SMoRE-2) (2016
~2019)
» Fuel Materials for Fast Reactors ($242)
¥ Z D CRP IZ2WWTIE, 6/18~20 (2R (JRC) 1A H KEEREHIND 6 4 DFZE A D T
RNz, AR DITEREFENE Lz, Eaofif, S8 O @mdlE ofF
DR (BB JRIREL) ORST — 2 2Fb %0 . BBt 2 — RO F~
— 7 & FfiT DA T CRP DIRENE & £ o7, 4%, FEOBRKEICK L TEEE
ROFER LUK L ZIMEHOBELFZ2T 5 TE, 2019 FOMGE BIET,
CMs and TMs :
+ CM on “Pellet-Cladding Interaction-Stress Corrosion Cracking in water cooled reactor
fuels”, 17-19 April, 2018 in Vienna.
+ 2nd TM on “Beyond 5% Enrichment Limit for LWR: Perspectives and Problems”, 27-30
August, 2018 in Moscow.
+ A CM to finalize the TECDOC on “Beyond 5% Enrichment Limit for LWR: Perspectives
and Problems”, planned in 2018 (Tentatively Q4, Vienna). fit

Publications :

+ NE Series Report: “Review of Fuel Failures in Water-Cooled Power Reactors in
2006-2015": Draft was approved by the DCT in March 2018 for Publications Committee
submission.

« IAEA Zr book: Content of the book is fully completed and updated.

In-cooperation Meeting (2017 4f) :

+ 12th International Conference on WWER Fuel Performance, Modelling and Experimental
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Support (Varna, Bulgaria).
+ 23rd International Quench Workshop (Karlsruhe, Germany);
- HOTLAB-2017 (Japan).
- Water Reactor Fuel Performance Meeting (WRFPM) (Korea).
« Physics Driving Innovation across the Nuclear Industry Conference (Manchester, UK).
In-cooperation Meeting (2018 4F) :
+ HOTLAB-2018 (Helsinki, Finland).
+ TopFuel 2018 (Praha, Czech Republic).
- NuMat 2018 (Seattle, USA).
+ 24th International QUENCH Workshop (Karlsruhe, Germany).
16. WEID T ER L

TAEA 3D 2V I T 2 EHRESHICET 255G A b - L F T & L OF AN
HEh, 5%1F, FERCEBEEHEHRHIC TWGFPT 24 Tl LTIEL Z 2 2B545 2
SN irotn, Eio. EHHPEREHZET % CRP (ACTOF) OEHIZHOWTHELTHS -
» ACTOF DR T 5 Peng Xu K CKE WH ) % &kEO TWGFPT £ &IZHFFT5 2 &
27257z, Z oM, &IEO TWGFPT &4 Tk, 774, HlE, BAR, EC 25K EOBEHF
JEBRFE DRI ZABITT D Z LIl 5T,

WES AL, 2019 4F 4 H 9~11 BIZ IAEA RESCHME S D,

Uk
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IV. BSEBACRERR R T E —

(April, 2018~)

No. |1 [ | =akdh. PAMELGFT, NASE Gt A
1 8-11 International Congress on | http://icapp. ans. org/
April Advances in Nuclear Power
2018 Plants (ICAPP’ 18)
Charlotte, NC, USA
2 17-21 | 2018 ANS Annual Meeting http://ansannual. org/
June
2018 Philadelphia, PA, USA
3 22-26 ICONE26 https://www. asme. org/eve
July nts/icone
2018 London, England
4 9-14 Plutonium Futures — The Science | http://pu. ans. org/
Sep. 2018
2018
San Diego, CA, USA
5 16-20 | HotLab 2018 https://www. vtt. fi/sites
Sep. /hot1ab2018/
2018 Helsinki, Finland
6 17-20 | E-MRS 2018 Fall Meeting https://www. european—mrs
Sep. . com/meetings/2018-fall-
2018 Warsaw, Poland meeting
7 30 Sep. | TOPFUEL 2018 https://euronuclear. org/ | ©
-4 Oct. events/topfuel /topfuel20
2018 Prague, Czech 18/
8 30 Sep. | Pacific Basin Nuclear Conference — | http://pbne. ans. org/
-b Oct. | 2018 PBNC
2018
San Francisco, CA, USA
9 14-18 | NuMat 2018 https://www. elsevier. com
Oct. /events/conferences/the—
2018 Seattle, WA, USA nuclear-materials-confer
ence
10 30-31 Fuel Safety Research Meeting 2018 | fsrm2018@jaea. go. jp
Oct. (FSRM2018)
2018
Mito, Japan
11 11-15 | 2018 ANS Winter Meeting and | http://answinter.org/
Nov. Nuclear Technology Expo
2018
Orlando, FL, USA
12 12-15 2019 International Congress on
May Advances in Nuclear Power Plants
2019 (ICAPP ' 19)
Juan les Pins — French Riviera




13 19-24 ICONE27 http://www. icone27. org/
May
2019 Tsukuba  International Congress
Center, Tsukuba, Ibaraki, Japan
14 9-13 2019 ANS Annual Meeting
June
2019 Minneapolis, MN, USA
15 22-27 Global/Top Fuel 2019
Sep.
2019 Seattle, WA, USA
16 17-21 2019 ANS Winter Meeting and Nuclear
Nov. Technology Expo
2019
Washington, DC, USA
I, O a3t
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V. B I F—E0
2018 £F 25 4 [B] F/KIPRAE - 18- K(EE Bt —BIEEN

TECOERETER 4 [B] BEKIFRRL- 18- MEF B SF —2RME Ve LET . =FHIC—EREssaREIT—%
18U, HHE(ICEHEDR\=EFSOFERIECBIL (R ZRDDECE(C. BPEEREDFREERD COVEITEVERL)
FI . BEFRAFEDINO TTSHIKIZE,

=[:= : 20188 A 6~8H (#HER) .8HFRIRFS
PR : BRRERN T BHIJSO ATV (http://www.kakegawagh.com/index.html )

(T —=5%T]
8 A6 B (A) 12BdhABICTrzr—=i5a
(RF¥FR]

PRI RRRF OREFIRF S
BT 5> RTINS/ NATHEED, [5BICF NalE RS mE e R FE FE

(FEE]
vI—-E8 : 150 &
BEATE 1 40 %
(ERAHTTE]

ERAZ (3K SRS —LR—2  (http://wchem.sakura.ne.jp/) £DIHEILTrA)VES>0- R, HFE
TINKEIERE BAMHRERN CRIFES IR F—SZATLAXRR)D 4 ZFEICTEF T, SHEHHLING
6 A 27 HOK)ESBTUVZEET, 86, EEICEUREMDUISETUVREGEBIEVET,

(T=r—-Sh&E)
- R KMEFEBRE 1 7,500 3 (CRERRR)
- FEERELUNOFRE 112,500 (ReF#R)

- FHERE : 3,000 1 (75%5%)
- 3ERB 17,500 1 (FHA)
- FHERE : 3,000 1 (F6A)
(7FAMK, BBREE] FARE. FHEIRREEEN
FEAME : 2,500 1 (F6A)
TRE (8/7) : 5,000 1 (F8A)
(f&RICDLT]

MG OOV TIISIIERANCTER VEEET, BTS2 RTILOED . BITFOTIL—T0mT)VECFIRKE
&0\, Fe, TFHIDBRCHN— =T —SI0EEHIE WVIXEI I - THRIENERINET .
- BTSRRIV : http://www.kakegawagh.com/index.html
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- BNIIRT—232KRF)  : htip://www.kuretake-inn.com/kkgw-sth/
- NrlF AN . http://www.kuretake-inn.com/kkgw/
BB, BETRTIUIEBENIRESN TENFT , AT T -SSR0 IUDOWTEZFIFE TS,
- EAEINN HHIBRFEMFEO https://www.toyoko-inn.com/search/detail/00222
- BUIA-ZFHILRTIV : http://www.kakegawa-terminalhotel.com/
- RT3 B : http://www.hotel-gen.co.jp/kakegawa/

Vi)

HEETIRIC, 8/6 RISIAZFMEVLFT . SHIEE 6,000 (FHA) ERDFT,

(=529
FEEEIRIC, 8/7 DEEALZFALLET . A=EMIE 1,080 (Bad) LBDET, ERAIIEE TEEMRT
2L,

(R —tw23>]
EHESSFEOFETREROC 10 HHEETFEL (VEYT ., FEREBORKEIt&E e bl ET,
RRA—v2 A BNDRUAHE, T —BHUAHIITIILDRIS — MEICOKESEIEZSEAD L. BBUIAHFENETD,
—HE#CERL T VLE_HEREREI771 LAELET,
RZH—(E A0 HA X 1 BT TTHEERCIZELN,

(R¥=
8/8PM (T PR BECHRMIT MRFITVET . SHIEEE 3000 3 (/K #EK H8A) T,
11:00 (BN 195> RRTIVATR VRIS THFLE T, 1BERCOVTE/\ATISEIL.. 16 BRERY | IBRATCARA B3 FE
TY, HENBZEF. EHATA—AICTEHRHUAFIKIZS,
BE. EECELXREERHISE TR EEIEVET,

(BT
SHE. TR E . RESBE(FHIRF TS, FEEORECHIRATZEV, TRAFERNISHIECTHREOLUED,
FEIDE 7 B 27 BERDEY,

o S5 THSEMER TFHis I %%
- WISHEETREE (IREZ30ORE)
- [525-85 : 10960-06980071], EEEE | XAV ThAhFEF—

o RITHEOIRWEEINS. DI5LENRASNZIHS
- #RITR L DS5ERT
- JES  ONWVE (E0+27)\F)
- TERIER  SETEE
- [EEEES @ 0698007
- OEEZER : XhAVT A h+es—
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(RIS E5E- BAHRHSE]
BRI K EF: BRI -B55
RZIINF—SATLX (#R) LLASH— : seijil.yamamoto(at)toshiba.co.jp
=A%E— : junichi2.takagi(at)toshiba.co.jp
BHE¥E : hiromi.aoi(at)toshiba.co.jp
SELLFEN © yusuke.horayama(at)toshiba.co.jp
(X e-mail KEDBR L (at) 2 @ICEEL TLZELY)
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VI etz ae

BREHRESHME 53— 25 (AR 2L8B0EEIcBEIELET, FIHEL Y BITHE
NTLEVHLRRIZWEREA,

BEEZED T 2 121%,. THEOBBEOICH L THRELZGE L CHEE, LX) EEH L T
F9, £, BEMOY FHEUEAHOIERIZH-V, NED ZHERETCIHHEEELE
KALFIER S DERECHER /N EREEOEEICOXELTCHLI0BRE2BMEEY LTEHILE L
FiFES,

ARIOMEWTIE, AiFIcs & ERHRERERL 0 [RELOMERE & HifficBE+ 27—
X7 N—7] (TWGFPDOBMMEZTEVTIY £4, £7-. Frk 29 FEEREHTS
B (FoEEE) #ZE L4402 0ZHEEL, 2018 FHEOFELORMHYE v a v
DFLHF L LTI ET T 7 o7 v MO RERYZE) ) HEHEMEZERXOWRETLHFR,
B I F—0R MR 2HBSETHENTBY 7, WTFh b KEBRKEOCHAEL 2o
TEBYETOT, HOMFERICH Z—@BHEITEE BnET,

AEIDOFETEZLHELT, MEBAY LTSI LITRY T, MIWEY L LT
MEBLRVRLHOTeNERNETE, BRGTLVRPRIXBEL IS 2HE, EF
IMEMERTTHILBTEELE, 4%, TERRPEBRLBIZVELLL, B2
AR F T ERTHT VT ERICFECE T,

20 1 7HERS®RIEY
WEESH K RFAAE RARERE KR BERER
A—)LT KL A : ooyal6l21@yonden.co.jp
EiEHES:087—-821—-5061 (fk#)
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