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Extent of Research Areas in the Knowledge Map of Uranium Silicide

S. A. Allahyari **, Z. Ghasemi?, M. Najafi!

1. Nuclear Fuel Research School, Nuclear Science & Technology Research Institute, P.O. Box 11365-8486, Tehran,
Iran.
2. Library of Atomic energy organization of Iran, Tehran, Iran

Abstract:

Research and development of the safety and performance of the fuel in light Water Reactors is one of the world's top
research programs. Therefore, research in the manufacturing the accident-resistant fuels (ATF), and the development of
related fuel cycles (FCRD), is of great importance. Therefore, research has been conducted in the field of new uranium
based fuels manufacturing such as carbide, nitride and silicide fuels. In terms of advantages such as high density uranium
and excellent thermal conductivity, silicide fuels are considered as a reliable fuel in nuclear for energy production, as well
as resistant to various accidents. Uranium silicides are referred as non-metallic fuels or sometimes considered as an
intermetallic. Such fuels are used in modern MTR reactors as nuclear fuel, so in this study, the knowledge map of such
compounds has been investigated. So, with the aid of summary of all the researches done, a strategy can be formulated,
major decisions can be made and a roadmap for the development of nuclear fuel in the country, can be drawn.

Keywords: Nuclear fuel, Uranium silicide, Knowledge map.

Email: sammari@aeoi.org.ir

Laccident Tolerant Fuel

2 Fuel Cycle Research and Development
3 Materials Test Reactor



A §
R Q" et 5 S
by ol ol ldiwd il JaiS

(&30) i (owso,8 olRasls 1A wawl VF I

oo .

@)l s Slles d9ge Holaeds S935 slaglosles 5 25 (g0 0500 (215 Ca e 5l 6550 40 RPN skt 4 baglesle 51 (5 ks 059 54l
«Baa cpl 4 S gz W8S o g, SleMbl g Gl (655 15 g oS 50 plesz; byl 4 Soglhe Y game g Sless
Copde (697 pedlie alox 31 il 4l aiies (Lils Co pae pb 4 Copae 3l slae Sew (6,5, 4wl bl
5 oo s 5 Tisied RIS (dmy (IS g5 99 0 a olited WS (e et 1) (IS S e & (s o5 e (S
5 Lol G bLII 23l lajls cplejlo (o3l mlie Jelowi g auio il ol ST L el (2l 425 s 5 Sl (5 Segee
b e See losles LSS 5 ke sl o b by oSl Gl )|

g 0 W (conilygl i g anngi 3 1) oS B &S cesilygl drailin SlacS g s A2 (pgas pol> IS 0
i sla 5151, 5l slodes ao s 5 004 ylaz 0 (Bas slatud Cigw 5 glote (UO2) auilygl apnST e gus .l 428 5
Jlosss Eo g (b g cnl loolaul a5 oo il 4 azgi b 15-1] QS oo ooliiwl Galizes slap,d 4y St g ol 5l 08

5 Sl e gliord ((So3d syl VL TOT (s il 8,54 (g )lo 0 Glowily Sl jslateds 039 50l ciitls walys-
Ol JBlas 4y (rizren o S g i plgs g Sl Sl 4 cglaien (98T, )0 (65 A plie )0 g (Sealudge
sl 0 Slgitiy w0 sewilysl G g 6,655 4 (HLW) Vi zhaos loailony 5 gt Sleales Sl oy Sy,
5 oo (ATF) &isl> s 45 sglie claccgus clos s claiud o y5lid oi s 5la )5S 15T drgi 3 saioes gloanli s 4S5 gboas
Slbles sloslas; ply joeanl 0 4z 5 yol> Jlo 0z 1) Sew O slay 9351, ol atilys oo Lo g ol aSTy2 Cansl 00
IVT ste 480y (5580 s golatdl s 5l 5 aiiS (i M sb slie (slsle ol 5 A b (glie wsly> ¥ oad i iy
o,L3l (U3Si2) ol gl dmalins 5 (UN) oyl 0 555 4y 0l o0 e Joloin oilysl (g0 slocd s (0500 SlaS 5 (o ot )
5 UGN g &0 0 el @2 5l @ 4z b o Lo anlf (b jo (HISe b s i slats g a5 Ll 5l Logad
Wilise 59y 5 meilisl GLE (00 Vb 5l 5 S 5e YL iz gl mhu (GewlanST 4 Cod Gl Caglie Grizren
olaa o plp 0 LIl ies 9 UsSiz 10 28U 6138 ,L 7Y (il 4 am g5 b sl ooy dgame 9357, 50 ba)] (6 5 S
2 oo Slidss Il o eonlpls JAD sg8 oo sbl @isls Lals 1o Cdguw 3l 5V syl ail> U002 & cos T 55>
5 ORI gl e 5 Jolis a5 2l a2 slojgmme 4 azr gl b laied S g (lgiedr puil gl Sl RIS 425 oS ol ()l
O Rtngsy gl S 4y gy Ll 4 gl el Sy ol dily 50 95 2905 w098 n G215 5T o 5
S Aliie (6lo,9aS (Slatud Aolip (o) g 4 G g 00D LIS USS (Sloj (slmo 90 SIS (reizren g cilits Slange

Bgd g0 A1 5 sdmndiw S g (6,554

g5y Bl 4 ol ygl sl (sl Al dgd 09 Y

Sl pSams g oyl Ldsg daools 2ol 9529 b i 00uligy (69,8 e j9pel Lrools Ldoxi g ools wle cad90 Coonl
O opl 5o el tagh Sledbl ol slassls dayy] Judow 5 bosls glgil s bate 5l (o 4T 098 oo Cgutme pio (ol
ol ooy oolazwl VOSviewer 338l o 5 5l simghy blod ay il gl ancdiws (iils 4l o905 (6l o Slaiow

48,5 & yg0 SCOPUS ol oL 51 505 5,50 (slaosls (5,910,5 .l oo soliiw]  miwple Loy, 5l ol (50,15 Limgh 5o
oloys LL B Y allie 1A+ ¥ Joli iogh dxel> .ol oo VOSVIEWET 158l 6 5 5, San 5 cadb po sloaSiils s 15l 5
el YoV B YADF Slejojl j0 4 1VAQ

4 Tacit Knowledge

5 Explicit Knowledge

5 Burn up

! Anticipated operational occurrences
8 Design basis events

9 Beyond design basis events



> .' « b
o’v/»ﬁ»

Ol 91 Slawd il a5

(&30) i (owso,8 olRasls 1A wawl VF I

S
ONOAAD § )

bosls Jdxi g s Y

0 pe Dlegdge (n i 5 byl (5 Jld o gale ladgs ol Ws; ez LTSS 58 £y 5 Jol mls i ol e
Sloals sols QL......; YU JlS.M.»‘ 30y A VeV --VA0F Jls )1 QS'L") o}l.g o ﬁy‘)j‘ Selews 059>

Year Document
2011 56
2012 53
2013 77
2014 77
2015 70
2016 95
2017 118
2018 120
2019 127
2020 113
Country Document
United State 454
China 195
United 150
Kingdom
Germany 109
France 102
Italy 100
Japan 74
Canada 65
India 61
Australia 54
Subject Document
Medicine 629
Physics and Astronomy 427
Material Science 421
Engineering 399
Energy 396
Chemistry 129

\

Documents by year Scopus

150

125
100
75
50
25
0

1855 1870 1885 1900 1915 1930 1945 1960 1975 1990 2005 2020 2
Year

Documents

Copyright © 2020 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

VoY o) A08 Jlo 5l powilysl Sl 0355 1 sale Slags w, iy, ) S5

Documents by country or territory Scopus

Compare the document counts for up to 15 countries/territories.

united states |

cnina |

cermany [N

France [N
ety |

sopan [

Canada _
incia |

=

Australia

o

50 100 150 200 250 300 350 400 450 500

Documents
Copyright © 2020 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

VoY V08 Jlo 5l powilysl s b alal, 45 aysS oy 5 Jlad LY S

Documents by subject area Scopus

Other (15.6%)

/" Medi 3
/ Medicine (18.8%)

Computer Scienc... (2.7%)

Environmental S... (2.9%)

Biochemistry, G... (3.5%)

[ Physics and Ast... (12.8%)
Social Sciences... (3.6%)
Chemistry (3.9%)
Energy (11.8%) Materials Scien... (12.6%)

Engineering (11.9%)
Copyright © 2020 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

VoY eo1808 Lo 5 el 03gs BLi,L0 T b peilysl sl 45 legdge o ity Y U5




R 3 e
% o s it g5

(&30) i (owso,8 olRasls 1A wawl VF I

ot ks 5 gl F
L g S a4y il y g Smamndns (i1 aiiits 1.¥

Qs pgaz 15 a3 o Giuled (YoV+ U VA0: slaJls (b)) pul sl dcdiss dey jo Jled slojgiS 0,08 F S
SLBS G yiden wj oo Sl Wilosls plonil ol gl Sl ain 5o 1) Slidodd o i (Gl 59 5535 (oo 5l Gl el
O 5o el ails a9 G ol sla i8S L Lyl egar ol o cunlay 4l S jshailes o .ol alils ouge a4 |
s 5 Ol ez ol L g ools ploxil pailygl i £9050 555 2 ) skt Sulled 3 (3lle bl (slajsiS
Lol 4l S i codled (] o b 09 K5 90 Judo ) ISG el b s gume

Tidonesia talgan

czech ragubhc

"02 pakian P
ausna ge‘“y

switagrland china

potand
ran
nonekong
russian fderatian canada
brazil
“united
“splin 5
austrelia
southikorea
gonc
LLirkey
g nalaysia
beigy - - .
czech rapublic 138 india
(r& e Uvaghs
pakistan
v EEBOY
switaerland china
pomnd
nongkong
russian f@derarion cagada
braeil
states
australia
: southikorea
ooy
2000 2005 2mn 2015

(<)

e Jls o b (@) YoY+ B 1A0+ Jlo 51 () splygl b aie 45 Jlad lo 58S 0 S P S



A i
D QLTS ] 5
(&30) i (owso,8 olRasls 1A wawl VF I

o) 1090 S 4y il gl s il aidis Y.

=140+ (5;L°}°)5‘>M)'>|) ...\35) u.u‘dfw‘ wu)m‘uu))qf)owl)jlww))o ULQ.A.Q?D 4.!.»49) J59) e r 6‘1.1
45,553 gloj o3l jo ool Cowds slaaBl .05 1,3 aalllas 890 ld,giS K& a4 Yoo V=Y Y g Yeeo)AYE 1AVD
el 00 BLIY B O sla JSKo 0 by, g SSW

pll pilyol S aio jo I, saliee Slidss e ;9aS Ve 5l S VAD--VAVO sl Loy 05d 0 0030 aS jghailen
39S Yo 5l o @ eSS B Y e o) Sy osl 4o g 55iS VO 5l i 4 NVAVE-Y e e e e gloj o5l y0 Wg,y cpl ilesls o
009 o, S cde 4 alite Slpa 5l il gl dedis LS 5 Al jo ieghy 4S wed e lad el ol cal ansls )8l

.J.S‘o.))g‘ S99y ).a‘

(azn)
(]
(e

([}é VOSviewer

VR0 1AYD loj ojb 1o paslys) b a5 Sl (sl 98 0,28 B S



' -
h W Cnoiiss § !
i Ol 2l slawd il oS

(&30) i (owso,8 olRasls 1A wawl VF I

greece
palend
portugal
ingia gelg@sny
beigium
switzerland
fr“e
czech tepublic
netherlands
ign

egypt

unit‘ates austria indly

russian @@leration  unitedigingdom

southafrica

auswalia
mexico
southigkorea
romenia
taiwan
&VOSviewer
VAVE-Y o v Sloj oh 30 sl sl ki die jo Jlad (glo j5iS 0,08 8 S
tutkey
ghana
hasend
nepal
unite*dom ameria
i brazil
Qunited states =
hongkong
mexico ireland
«souttijkorea saudi erabla
“spain Sighl
swggn b \
netharlands switzerland i
@B croatia
egypt
rdssian federation- ja@8n ~pvi -
o china \
sl , A
frﬁe N
"‘"“"‘”lia
poland
porgygal .
;rgnnna
&VOSviewer

Yood-Yeve by ozl )0 pailysl sl a5 Jlid (sla )5iS 0,05 Y S



A b
u\\) *‘ RO g
ko ol (Sl ity

(&30) i (owso,8 olRasls 1A wawl VF I

Sy Az 0

Slez 5l GlaS 5 ol a5 was oo (LaS el cpl el (ililay gy sl ()8 o (o 50 eulygl s LS 5 0590 50 Slidiog
ol 4y aliSes (sla sl aiied 4z g5 390 Caxko g (5,9l le (sTUT Slaojsx ,o Lol e pdio S e 4 Gl

Q.ILM u.:‘ 45 .;.\5‘00)5—‘ S99y I”"”‘)B‘ J...m...l...w ULHS)J 095.»49 )o W 9 G.w....ac\.o.u “5......%5).' )15 L \JP ula)gl,..o 9 Lmém‘y

Sl LA (e )‘ o [y ok SlOCS g drgd &) axg5 & jg 50 xlﬁscs“

&l f
[1] A. Algora et al, http://www.ne.anl.gov/capabilities/nd/AFC-Apr11/
[2] H.S. Lee et al. Evaluation of thermo-mechanical behaviors of UO2-5 vol% Mo nuclear fuel pellets with
sandwiched configuration, J. Nucl. Mater. 539, 152295 (2020).
[3] L.N Larson, https://fas.org/sgp/crs/nuke/R45753.pdf
[4] Nuclear Fuel Cycle Objectives in IAEA Nuclear Energy Series, (IAEA, Vienna, 2013, ISSN 1995-7807 ;
no. NF-0)

OYYE 5 il ool 65580 olejles) cgldind Cdgus prand g, o g 4l55 -, [B]
[6] Nuclear Fuel Cycle and Reactor Strategies: Adjusting to New Realities Proceedings of an International
Conference, (IAEA, Vienna, Austria, 2-6 June 1997)

[7] S.A. Maloy et al, https://www.energy.gov/ne/fuel-cycle-technologies/fuel-cycle-research-development
[8] B.A. Lindley et al. Reactor physics modelling of accident tolerant fuel for LWRs using ANSWERS codes,

EPJ. Nuclear. Sci. Technol. 2, 14 (2016).



http://www.ne.anl.gov/capabilities/nd/AFC-Apr11/
https://www.energy.gov/ne/fuel-cycle-technologies/fuel-cycle-research-development

