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1. Background of THERPRO Database Development

» Assurance of accurate materials properties data has become an essential and an important
part of all disciplines in science and engineering.

* In the nuclear engineering and industry, fundamental understanding of thermo-physical
properties of the materials is crucial for the safety and performance of the current fleet of
NPPs and for the development of advanced reactor designs. Thus, along with the necessary
data measurements, continuous collection and systematic review/assessment of available
data is being urgently demanded.

* IAEA kicked off the first CRP (Coordinated Research Project) on ‘Establishment of Thermo-
physical Properties Data Base for LWRs and HWRS’ in late 90’s and since then two more
CRPs have been organized by IAEA during the last ten years.

» Migration of DOS-based THERSYST DB to web-based data base was carried out during
second CRP by ANM Lab. (Advanced Nuclear Materials Lab.) at Hanyang university in Korea
and then renamed ‘THERPRO’ DB.

* At the end of third CRP Agency designated the ANM Lab as the center for THERPRO data
base management with the financial support of Korean government. The CNMD (Center for
Nuclear materials Database) at Hanyang university currently collects recent data, reviews
and assesses the data, and formats them for entry into THERPRO DB.
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1. Background of THERPRO Database Development (cont)

O THERSYST DB: Inactive DOS-based Data Base:

» Developed by IKE (Institut fur Kernenerge und Energiessysteme), Germany

» Developed as a combination of a factual database for thermo-physical properties of solids
and a modular program for reactor calculation program RSYST to handle the database
contents.

 Designed for mainframe computer (VAX) due to the sensitivity and the complexity of the
properties database and later transformed to a stand-alone PC-based database since
personal computers became popular and common.

* However, since its operating system was DOS and not upgraded properly, THERSYST DB
failed to catch up the contemporary IT development and to meet the users’ demand. Thus, it
remained inactive and unserviceable even in early 90's.

1 THERPRO Database: Web-based On-line Data Base

* Web-based relational database completely re-designed and re-constructed while keeping
the standard data format used in THERSYST DB.

- Operating system : Red Hat Linux release 7.2
- Data base management system : MySQL 3.23.41-1.

)
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2. THERPRO Database: A Web-based Relational DB

* A web-based relational database currently available at
- therpro.iaea.org

It combines thermo-physical properties database and relational network DB
management system using modern information technologies. THERPRO DB
currently keeps more than 13,000 thermo-physical properties data tables of more
than 1,300 materials.

*THERPRO shows thermo-physical property data as a function of temperature
graphically and numerically.

- Three data retrieving ways: Basic, Index, Power search

- Multiple choices of data for comparison

- Each data includes complete information including source of the data

* It offers a user-friendly environment for easy data retrieve.

- GUI (Graphic User Interface) is utilized.

- Pop-up screen menu and screen buttons are provided to make data selection and
plot of the selected data very easy, removing the necessity of memorization of
many descriptors.
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2. THERPRO Database: A Web-based Relational DB (cont)

O Properties Collected in THERPRO

The following properties data are collected and stored in THERPRO, as a function of
temperature

Enthalpy

_ Specific heat capacity
Thermal Properties _ _
Linear thermal expansion

Volumetric thermal expansion

Thermal conductivity
Transport Properties Thermal diffusivity
Electrical resistivity

_ _ Density
Physical Properties
Lorenz number

Emissivity

: _ Absorptivity
Optical Properties o
Reflectivity

Transmittance

A
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3. OVERVIEW OF THERPRO

O Standard Data Format in THERPRO
Thermal Conductivity o UO2

Material Characterization

AR NN R RN

material name; uranium dioxdde
chemical formula: V02

cherical composition [mole(s]]:
U02 1.0000

O/U ratio 2.0040 oxygen/metal ratio
physical state: solid

maolecular mass; 270.0 g

Data Characterization

accuracy: 5.0 %
classification: original measuring paints

Measurement Technique

property meas. method: longitudinal heat flow, absolute
temperature " : thermocouple
sample dimensions : disc, dia:émm, l:1mm

measuring procedure: run B2




3. OVERVIEW OF THERPRO (cont)

Bibliography

author: Schmidt H.E. Richter J.,van den Berg M.
Institution: Europaeisches Institut fuer Transurane,
Karlsruhe, FRG

title: Eine neue Methode zur Messung der
Waermeleitfaehigkeit.

source: BMBW-FB K 70-01(1970),176-200

year of publ.: 1970

language: de

3.1515E+02 6.3000E-02
3.3615E+02 6.6000E-02
3.9415E+02 6.7400E-02
3.94156+02 6.9100E-02
5.1415E+02 5.5500E-02
5.1415E+02 5.5500E-02
5.9815E+02 4.2500E-02
6.0815E+02 4.3700E-02
6.5915E+02 4.8900E-02
6.3915E+02 4.6400E-02
7.4B15E+02 4.2200E-02
8.6615E+02 3.6500E-02

» This format is always kept as a standard and, once data or literature is collected, all the
relevant information is converted into this form in order to avoid input difficulties and to keep
the data base consistency.

* This bibliographical information on each data set is stored and linked to the data set file.




3. OVERVIEW OF THERPRO (cont)

O Structure of THERPRO DB

Element
Level

Periodic Table

El

E2

E3

Compound
Level

Property
Level

Author
Level

Bibliography
Level

c1
PI|P| P P
123 1
AllA A A
123 1
R||R||R R
123 1
B||B| B B
123 1

w >

w 0

w @

........................... \

C 2 c1 c2
P P PI/P||P [Pl P| P PP | P
2|3 123 123 1]2/]|3
AllA Al|A||A| |A||lA||A AllAllA
2|3 123 123 1]2/]|3
R||R RI|R|IR| |R||R||R RI|R| R
2|3 123 123 123
B | B B|/B||B| |B| B| B B||B| B
2|3 123 1/]2]|3 1]2/]|3

g
International Atomic Energy Agency ‘\’:‘%

\\‘Q/
1V
N\ Ll«/
e



3. OVERVIEW OF THERPRO: DATA RETRIEVAL

 Three distinct access for data retrieve

Basic search

Index search

Power search

)

=)

Basic search begins by clicking and selecting the
major element of the compound in the periodic
table of elements

Index search begins by clicking and selecting the
major element or material name of the
compound in the Symbol of Compound in Index
after Index pop-up window is entered

Power search can be easily done by typing the
compound name or formula of interest, property
of interest, author’'s name, and/or year of
publication in the upper middle area
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3. OVERVIEW OF THERPRO: DATA RETRIEVAL (cont)

Index Basic Power
Search Search Search L
T Periodic Table
v 1
Element E1 E2 E3
Level

Fig 2. Data retrieve of THERPRO




3. OVERVIEW OF THERPRO: DATA RETRIEVAL (cont)

: -
Basic search Search
Periodic Table
-
Basic Table search that made hierarchical — '
structure begins by clicking and selecting the ;
major element of the compound in the periodic
table Of e|ementS ...................................... / ..............................
You can search thermo-physical materials data
. . Compound
of THERPRO easily using GUI, Pop-up oo $ESe
window menu and screen button.
Ex: Author’s (B.C. AAA) work on thermal rroperty — N specito
Conductivity of UO2 conductivity SRR diffusivity heat
1) CIICk “U” In Element Ievel ............................. l ............. l .............. l .............. l ......

2) Select and click “U0O,” in Compound level _ _ _
Fukushima Fink Bonnerot Gibby

3) Select and click “Thermal conductivity” in

Property level l ............. l .............. l .............. l ......
4) Select “Author” in Author level ot
Lo ES000769  ES0D040  ESOOTeds  E000227
5) Select “E5000775” in Report number listed
in Reportlevel l ............. l .............. l .............. l ......
6) You can be retrieve if authorized about canbe o be canbe conbe
. . . . . Bibliograph ) . ] . ] ; ; :
Bibliography data in Bibliography level i e L U el
. &
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3. OVERVIEW OF THERPRO: DATA RETRIEVAL (cont)

Index
Index search Search
Periodic Table

Index search begins by clicking and selecting —
the major element or material name of the Level
compound in the Symbol of Compound in

Index after Index pop-up window is entered e / """ \ """""""

U

You can see the element and compund list
. ompound
contained THERPRO DB and you can search vo (UPWO,
the data of THERPRO DB easily using this ™77 | = \ ................ /\ .......
retrieve if you know material name and
Chemlcal formUIa Property Thermal hal Thermal Specific
Level conductivity S diffusivity heat
Ex: Author's (B.C. AAA) work onthermal
conductivity of UO, ' '
1) Type “UO,” and select “thermal conductivity, Fukushima Fink Bonnerot Gibby
Author”
2) Select “Author” in Author level g e AR [
3) _Select “E5000775" in Report number listed Sosedael | =20000% ooz | | oo
in Report level
4) You can be retrieve if authorized about T T Ty T R L
Bibliography data in Bibliography level canb canb canb can
SeIEEY ret?igveeif ret?igveeif retfligveeif ret?igveeif

Level authorized authorized authorized authorized




Power search

Power search can be easily done by typing ——

3. OVERVIEW OF THERPRO: DATA RETRIEVAL (cont)
Search
Periodic Table
the compound name or formula of interest, Level
property of interest, author’'s name, and/or
year Of pUblication in the upper middle area ...................................... / ..... \ ..............

You can search data of THERPRO
conveniently if you know author's name by A LPUO: uo,

using this retrieve T / \ .............. / \ ......

Ex: Author’s (B.C. AAA) work on thermal -
Property Thermal Specific Thermal

conductivity of UO, Level diffusivit heat conductivity  E"TalPY

1) CIle “Index” and Select “UC)2 P .. .....................

2) Select “Author” in Author level Author _ : _
Level Bonnerot Gibby Fukushima Fink

3) Select and click “Thermal conductivity” in
Property level

4) SeIeCt AUthor In AUthor Ievel E5001932 E5000170 E5000775 E5000069
i Level E5001933 E5000227 E5000789 E5000490

5) Select “E5000775” in Report number
listed in Reportlevel

A A

6) You can be retrieve if authorized about combe or b o onbe
ibliography

A

Bibliography data in Bibliography level bzl aiorsd | aunorsed | (RSN | JGo




DEMONSTRATION

Basic search
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1) Periodic Table search (Example: Author’s (B.C. AAA) work on thermal conductivity of UO,)

AEA THERPRO - Thermo-Physical Materials Prop: 5 Database Windows Internet Explorer

~ | &] hitp://therpro,hanyang, ac kr/ v ‘_r ; Live Search Fa
- )X

i1 14EA THERPRQ - Therma-Physical Materi. - B - [ HOIRE) - -7
W & |g bty = - [ HOR) - £ E340)

Home | Search | Index | Link | BBS | DB Library | Help | Contact Us

\ .: n =
?‘ IAEA TH ERPRO [User Stat.] [Data Upload System] [ WorkGroup Member Forum ] [ WG-Mail ]

Thermo-Physical Materials Properties Database

Manager m Level : Administrator

Resources for : Home » Search

Compound Property
-- Select Property -~

1714 18 / VIIL A

Hydrogen
100734

Berylium Carbon_ | Mitmgen | Onygen

{20107 | 1400674 | 159934

Aluminum Silicon Chloring

3/I0B 4/IvVB S/WB &/VIE 7/VIIE §/VIIE 3/VIIE 10/ VIIE 11 B [26.981538 | 26.0855 - : 54527

] 22 23 24 25 26 27 28 29 30 31

Seandium | Tianium | Yansdium | Chromium Iron Cobslt | Mickel | Copper | Zinc Gallium | Germanium| _Arsenic

44955910 | 47887 | 50,9415 | 519 54938049 | 55,8457 (58933200 | R.6934 | 63546 | 6939 | 69723 | 726l | 7492160
50

g 2 g g v s P s g 1«

Sodium
22585770

24,3050

=
.
5

Calium
40,073

Potas sium
39,0933

Rubidium Yewium | Zircanium | Miobium | Mol Tech um | Ruthenium | Rhodium | Balladim | Silver | Cadmiura | Indium Tin | Antimony | Tellurium
25,4578 8290585 | 91224 | 9290538 | 9594 10107 | 10230950 10642 | 1078882 | 112411 | 114818 | 118710 | 121,760 | 127.60
7z 73 74 75 76 77 78 79 20 81 82 83 84
Lsnthanum| Hafiur | Tantslum | Tungsen | Rhenium | Osmium | Tridium | Elatinum old | Mercury | Thallium Lesd | Bismuth Polamum Astatine
1389055 | 17849 | 1809479 | 13984 | 126,207 | 1902F | 192,217 | 199078 | 19676655| 20059 | 204.3833 | 207.2 | 20898038 (z110)
104 105 106 107 108 108 110 111 112 113 114 115 117 113
a9 ""'|Rf|** Db " Sg " Bh Mt n ™ Uuu Uut *** Uug Uuoj
Francium wtherfordum  Cubrium | Seborgium | Bohriom | Hassium | Meimerium | Ununnifm | Unununium | Unun bium L d Ununhleum Ununumum
(223 (z62) (263) (262) (265) (265) (269) (272 =77 (239)
57 s8 59 &0 61 62 63 o4 5 66 67 68 69 70 71
a e P d d D D 0 D
* i Lanth: [Prazead 5 E, Gadl Terbium | Dt Hal Etby Thyl figarbi Lt
Lanthanides e G Prskogpeeeed i e R St S, S | Sl Ben | e | s
R A - E Bl . B 94 95 9 97 98 a9 100 101 102 103
*Actinides | Adiniwn | Thorum | Protactniofl| Ursniom i | Plupnium | Amgricion | Curiun | Bekelym | Calfomim | Einsteinion | Femoium  |Mendelevium| Mobeliom | Laurencium
(227 | 2320361 | 2310350 z80zes | 3T (244) (243) (247) (247) (251) (52) (57 (256) (25) (262)
tSolid A :Gas | :lquid A : Sunthetic o is [0 kel
e N CI|ck Here
—_—
(gi) IAEA Designated Center for Nuclear ( i ies Database
ToR
A - € Internet | W% -

Fig 3. Homepage of THERPRO (Element level for Periodic Table retrieve)
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1) Periodic Table search (Example: Author’s (B.C. AAA) work on thermal conductivity of UO,) cont.

AEA THERPRO - Thermo-Physical Materials Properties Databas ndows Internet Explorer

G“ﬁ_\ﬁ - |ﬂ http://therpro.hanyang, ac.kr/
w & [g i IAEA THERPRO - Thermo-Physical Materi.., I_I D r ag H e r e

\ Periodic Table retrieve) I==E
g\; |AEA TH ERP RO [User Stat.] [Data Upload System] [ WorkGroup Member Forum | [ WG-Mail |
Therme-Physical Materials Properties Database
¢ Manager m Level: Administrator
Resources for : Home » Search » Material - Uranium
U uranium
92/228.029
Naturally occurringisotopes: 238 235 234 2 Compound List
Density: 19.04 (298.15K) gicm® {PuU)C (1}
Welting point; 1132.3£0.8°C ThU)02(33)
Boiling point: 3818°C (ThU)s(3)
Latent heat of fusion: 65.08 Jig {U,Am)02 (6)
Specific heat: 0.1162 J/g/K (at room temp.) {U,Am,Np)02(2)
Coefficient of lineal thermal expansion: 1.34E-05 cm/cm/K (at room temp.) {U,Am,Np)O3(1)
Thermal conductivity: 2.75E-01 W/cm/K (at room temp.} {uCe)C(5)
Electrical resisfivity: 2.70E-05 ohm-cm (at room temp.) {UEu)02(12)
lonization potential (1st): 6.05eV (U,Gd)02(22) | |
Electronic work function ®: 3.63 (U,Nd)O2(12)
Oxidation potentials: U U3 +3e=1789V (U,Np)O2(7)
Chemical valence:34 56 (U,Pu)C (45)
Electrochemical equivalents: 1.4201 glamp-hr {U,Pu)N (9}
lonic radius: 0.52 (UG+) angstrom {U,Pu)02(316)
Valence electron potential (-eV): 170 {U,Pu)02,Mo (5)
Principal quantum number: 7 {U,PuCelCi(5)
Principal electron shells: {U,Pu,Eu)02(8)
Electronic configuration: 15222 2p6 352 3p6 3d10 452 4p6 4d10 4114 552 5p6 5d10 513 652 6p6 6d1 (U, Pu,Mo)C (10)
Ts2 {U,Pu,Nd)O2 (4)
Valence electrons: 5f3 6d1 7s2 {U,PuTi)C(5)
Crystal form: Orthorhombic {U,Pu,Ti)O2 (1)
Halflife: 4.51E9 years (U,PuZr)C(11)
Cross sectiono: 7.595+0.070 bamns {U,Sm)02(12)
Vapor :1.19E-06 Pa(at il i {U,Th)02 (10}
{U,Th)S (2)
{U,Th)Se(4)
{UTi)O2(1)
{uy)o2(12)
{UZnC 1)
235U (5)
238U (4)
239U (1)
ALU(E)
AIBU2)
Be13U (2}
FeU,CrX(2)
Na3uo4(7)
Nb,U(6)
ThU(1)
u(151) |

A - € Internet | W% -

Fig 4. Compound level for Periodic Table retrieve for UO,




1) Periodic Table search (Example: Author’s (B.C. AAA) work on thermal conductivity of UO,) cont.

{= :: IAEA THERPRO - Thermo-Physical Materials Properties Database :: - Windows Internet Explorer

o v | hitipef therpro,hanyang.ac. ky/ 9 [#2] (%] [Live G2arch Rl
L Ll

9% g | @ 1884 THERPRO - Thermo-Physical Materi... I_l - & - [ HOAER) - G EHD -

u2c3(14) ﬂ
U2N3 (6)
U308(34)
U3P4(2)
U3si(2)
U409(4)
UAI2(1)
UAs (1)
uc(174)
Uc,c(2)
uc,u(2)
uc,ucz(3)
UC,WC(3)
ucz(21)
ucI3(2)
uci4(2)
uco(2)
UF4(1)
UMoC2 i4)
UN(79)
Un,u02 (14)

UO2(OH)AH20 (4]

Uo2,Mo(19)
U02,Nb205 (1
U02,Nd205 (9)
U02,Pu02 (4)
U02,5¢203 (1)
uo2,Tioz2 (1)
Uo2,w(14)
uozXi14)
Uo2.01(2)
uo3(7)
UP(23)

UPt3 (3)
usizs)
Usbi1)
Use(3) .
usi2(2)

v Click Here
Ux0yCz(12)

2wt (Periodic Table retrieve)

Zr,5n(1)

@ |AEA Designated Center for Nuclear ials Properties Database Manag Q‘f)

Top

Fl

| @ Intermet | W% -

Fig 5. Compound level for Periodic Table retrieve for UO,




1) Periodic Table search (Example: Author’s (B.C. AAA) work on thermal conductivity of UO,) cont.

{= :: IAEA THERPRO - Thermo-Physical Materials Properties Database :: - Windows Internet Explorer

G‘fﬁ_\ﬂ - |ﬂ http://therpro.hanyang, ac.kr/ VHE‘ ‘X| |Live Search HEE‘
96 40 (83 1EA THERPRO - Thermo-Physicel Matei.. | | - & - [ O - G & - T

Home | Search | Index | Link | BBS | DB Library | Help | Contact Us

W ; P
Y !
e ;"\; |AEA THERPRO 3 [User Stat.] [Data Upload System] [ WorkGroup Member Forum | [ WG-Mail |

2 &Y thermo-Physical Materials Propetties Database

4 Manager m Level : Administrator

Resources for: Home + Compound 2 U02
Uuo:
- Classification: oxide @ Thermal Property List
- Molecular Weight: 270.028 g/mole
@ Thermal Conductivi e 194)
- Density: 10.96 gfcm® o Therm ity Wiem K] (184)
- Melting Temperature: 2878 + 20°C Emissivity (62)
Boiing Temperature: B Electrical Resistance [ohm cm] (57)
- Properties: brown-black @ Specific Heat Capacity [J/mol K] (27)
- Crystal Form: rhombic or cubic Enthalpy [J/mol] (14)
- Index of Refraction: B Linear Thermal Expansion [%] (10) CI | © k H ere
- Sublimes: Differential Linear Expansion [1.E-6/
- - Density [glem*3] (5) 1 d 1 b I 1
color:drk rown e (Periodic Table retrieve
Enthalpy [J/kg] (1)
8 Specific Heat [Jkg K](1)
@ |AEA Designated Center for Nuclear ials Properties Database Manag @
ToR
] A - € Internet | ®100% - -

Fig 6. Property level for Periodic Table retrieve for UO,




1) Periodic Table search (Example: Author’s (B.C. AAA) work on thermal conductivity of UO,) cont.

EEX

{= :: IAEA THERPRO - Thermo-Physical Materials Properties Database :: - Windows Internet Explorer

% - |g| http://therpro.hanyang, ac.kr/ VHE‘ ‘X| |Live Search HEE‘
0 & v [ HOAE - G ER -

96 40 (83 1EA THERPRO - Thermo-Physicel Matei.. | |

IJ":} !ﬁmﬁﬁyalﬂiﬁuﬂgrgm Database S el e Ct H e r e

4 Manager » M INFO » Logout Level : Administrator & a H Dra Here
- e (Periodic Table retrieve) A— g e :
S e v (Periodic Table retrieve)

Home | Search | Index | Link | BBS | DB Library | Help | Contact Us

Resources for : Home r

jo 2 Thermal Conductivity of uranium dioxide
Author Document List Bibliographical Information B
SchmitHE. <[l [ Select Al 5
E5000775 Wlaterial Characterization
E5000739 D
Laskiewicz R.A ES000821 material name: uranium dioxide
Asamoto FLR, chemical formula: V02
Craynest van J.C.
> chemical campasition [molefs)):
Uz 1.0000
QiU ratio 2.0000 oxygenimetal ratio
physical state: solid
micrastructure: palyerystalline - single phase
crystal structure: cubic (face centered)
Tasman H.A. notes: lattice parameter. 5.47044 J -
*Click the Author Name and Document Number.
/ e

(k) IAEA Designated Center for NucleﬂrMaIerih

(Periodic Table retrieve)

Select Here
(Periodic Table retrieve)

Top

A - € Internet | wI0% v

Fig 7. Author, Report, Bibliography level for Periodic Table retrieve for UO,




1) Periodic Table search (Example: Author’s (B.C. AAA) work on thermal conductivity of UO,) cont.

AEA THERPRO - Thermo-Physical Materials Properties Database :: - Windows Internet Explorer

Gw‘ﬁ_;; - |ﬂ http://therpro.hanyang, ac.kr/ VHE‘ ‘X| |Live Search HEE‘
96 40 (83 1EA THERPRO - Thermo-Physicel Matei.. | | - & - [ O - G & - T

Home | Search | Index | Link | BBS | DB Library | Help | Contact Us

. - . =
Y J
3\;" IA EA TH ER P RO 3 [User Stat.] [Data Upload System] [ WorkGroup Member Forum ] [ WG-Mail ]

Thermo-Physical Materials Properties Database

4 Manager m Level : Administrator

Thermal Conductivity of UO2
0,06 T T T
Fukushina S. E5800775 - ,
Fukushina S, E5860789 @ Bibliographic Info.
- Fukushina S, E5800821 o ES000775
N o E5000789
@ E5000821
0.85
<
£
1
8
Z 0,845
Ed
Z
Bl
5
Z e.04
®
H
k-l
&
g
S
~ 0.835
"
£
&
o
=
=]
0.83
0,025
0.62 L L . . . . L
608 308 16068 12608 1400 1668 1808 26008 2260
Tenperature LK1
(gi) |AEA Designated Center for Nuclear ials Properties Database Manag G_))
-~
ToF
B A - € Internet | W% -

Fig 8. UO, thermal conductivity plot based on the Fukushima’'s work




2) Index search (Example: Author’s (B.C. AAA) work on thermal conductivity of UO,)

|AEA THERPRO - Thermo-Physical Mate es Database Windows Internet Explorer X
G:ﬁ_; - |ﬂ hitp://therpro.hanyang. ac kr/ "Hﬁ‘ ‘il |Live Search H‘g "
96 40 (83 1EA THERPRO - Thermo-Physicel Matei.. | | - & - [ O - G & - T

Home | Search Index | ink | BBS | DB Library | Help | Contact Us

W : h

Y J
'E\f IAEA TH ERPRO [User Stat.] [Data Upload Syst. ] [ WorkGroup Member Forum ] [ WG-Mail ]
&

Therma-Phy: Mat es Database
Manager m Level : Administrator

Resources for : Home » Search

Compound Property
-- Select Property -~

Click Here
(Index retrieve)

Hellum
13/ 114 14/ WAA 15/WVA 16/ VIA 17 /I 4| 4002602

Hydrogen
100734

Berylium

Carbon Onygen | Fluorine Naon
10,811 | (20107 15,5934 (183984032 20,1797

13
Sodium Aluminum Silicon Chloring
22539770) 243030 |3/ B 4fIVE  S/WEB &/VIB 7/VIIE B/VIIB 9/ VIIE 10/ VIIE 11/IB 12/ 11e|26961338 | 280835 3 354527
] 22 23 24 25 26 27 28 29 30 31
Potassium | Calcium | Scandium | Tianium | Wanadiom | Chromium Iron Cobslt | Mickel | Copper | Zinc Gallium | Germanium| _Arsenic
320953 | 40078 | 44955910| 47867 | 503415 | 919961 | 54938049 | 55,9457 (58933200 | DR.EP | Ead6 | 6939 | &9.723 7482160

0
=

39 \_40 I_u 42}]_43 \TAM 45 I_qe 47 \_48 I_w\_

50
‘rrium | Zircanium | Hiobium I Technetium | Ruthenium | Rhedium | Palladium | Silver | Cadmium | Indium Tin | Antimony | Tellurium
8390585 | 9L224 | 9290838 93 10107 | 10290550 10642 | 1078632 | 112411 | 114818 | 118710 | 121,760 | 12760

7z |_73 \_74 \_75 \_75 \_77 |_7s 73 \H_su |_31 8z \_33 \_94 oy =

Lanthanum| Hasfiur | Taneslum | Tungsten | Rhenium | Qzmium | Iridium | Platinum Gl Mercury | Thallium Lead Bismuth |Polonium | Astating
1389055 | 17849 | 10,9479 | 193,84 | 186207 | 1902% | 192217 | 195078 | 19696655 20059 | 2043833 | 2072 |20893038| (2

(20%)
104 105 106 107 108 108 110 111 112 113 114 115 116 11
¥4 Rf *** Db *** Sq *" Bh Mt *luun ** Uuy Uug
wtherfordum  Cubrium | Seborgium | Bohriom | Hassium | Meimerium | Ununnifm | Unununium | Unun bium Ununheium
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2) Index search (Example: Author’s (B.C. AAA) work on thermal conductivity of UO,) cont.

AEA THERFPRO - Thermo-Physical Materials Properties Databast Windows Internet Explorer

G- [Entosemoanymg.c iy 4 [4) ¢] [Live Search |28
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2 Thermo-Physical Materials Properties Database \

4 Manager m Level: Administrator

Resources for : Home » Index » Compound CI i C k H er e
Symbol T Author o
e A (Index retrieve)
Total 1889 compounds Listed in THERPRO DB /
[AII‘ [Categorvl [Elements]
© SiC-fiber/SiC-metrix composite (1)  (uranium-10%niobium)-25%zircaloy 2 (12)
c 01911 aloy (1) o 08 KP cteel (4)
= OCr13SRAIRNDTisteel (2) = 0Cr3SiAlNDTisteel (2)
© OKh16M36V3T steel (1) = OKh16N36V3T steel (F1855) (1)
© OKh1BN1OT steel (1) @ OKh18N10T steel (1.4541) (2)
© 0Kh20NGOB aloy (2) © OKh21N78T aloy (E1435) (2)
©10CrMo910(1.7380) (2) ©10CrMo 910 steel (2)
©10CrSiMoV 7 (1) = 10CrSiMov 7 (1.8075) (2)
=10 CrSiMoV 7 steel (1) 10 MnAl4 steel (1)
©10Ni14 steel (1) © 1020 low carbon steel (1)
= 10G2F steel (3) ©11NMnCrMo 55 (1)
11 NiMnCrMo 55 (1.6919) (2) © 11R3AMF2 steel (1)
©12CMo 195 (1) ©120M0195(1.7362) (3)
©12 Ni19steal (1) © 1201 alloy (1)
= 12Kh18N10T steel (3) © 12Kh18N10T steel (1.4541) (2)
©12Kh18NOT steel (4) © 12Kh1MF steel (3)
©13CrMo4 4 (1.7335) (4) 213 CMo4 4 steel (3)
©13G2AF steel (3) ©13V-11Cr-3Alaloy (1)
©14 MoV 63(1.7715) (2) ©14 MoV 63 steel (2)
= 14Kh17N2 steel (3) “15MnNie3 (1)
©15MnNi6 3 (1.6210) (2) “15M03 (2)
©15M03(1.5415) (4) ©15Mo 3steel (1)
©15 NiCuMoNb 5 (1.6368) (2) “ 15 NiCuMoNb 5 stesl (2)
©16MnCr5steel (1) “16Mo5 (1)
©16M05(1.5423) (2) ©17 MoV 10 (1)
©17 CrMoV 10(1.7766) (2) “17Mn4 (1)
©17Mn4(1.0481) (2) “17MnMoV 64 (1)
©17 MnMoV 6.4 (1.8817) (2) “174PH (2)
©17-4PH (1.4342) (1) “17-7PH (2)
©17-7PH steel (1.4568) (1) ©17615U steel (2)
©17G15U steel,Fe,MnX (1) ©184-1 steel (1)
= 18KN2N4MA steel (1) = 18Kh2N4MA steel (1.2764) (2) #P
O chn e 250 o oMt e i 20m) (71 =
http://therpro.hanyana.ac. ki/thersyst/compoundeomp_list=Ni,Cr.Fe, Xacname=0Kh20NG0B alloy jrai] @ Internet ®I0% ~

Fig 11. Compound list in Index retrieve for UO,




2) Index search (Example: Author’s (B.C. AAA) work on thermal conductivity of UO,) cont.
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Thermo-Physical Materials Properties Database

4 Manager m Level: Administrator

Resources for : Home » Index » Compound

Symbol Comunund Author

B Total 12 Category Listed in THERPRO DB
[All] [Category] [Elements]

» Fuel Material + UOxide » uranium dioxide

Category List Compound List

e —————— = R
Engineering Gas (4)

O Engineering Gas () U()2

© Engineering Intermetal (27)

- Classification: oxide

- Molecular Weight: 270.028 g/mole

© Engineering Material (227)

© Fuel Material (16)
- Density: 10.96 g/cm®

O pu Alloy
O pu Carbide - Melting Temperature: 2878 + 20°C - Boiling Temperature:
O Pu Element - Properties: brown-black
8 Pu ":‘:':d"mal - Crystal Form: thombic or cubic

Pu Nitride

& - Index of Refraction: =

O Pu Oxide C I k
D ) ick Here

B s e (Index retrieve)

82:’? & Thermal Property List
bt  pem—
b Thermal Conductivity [Wicm K]

O U cermat
O UElement 2 Thermal Diffusivity [cm*2 /sec]
O vhiitride Emissivity
© U Oxide(1) Electrical Resistance [ohm cm]
© uranium dioxide(447 ) 4 Specific Heat Capacity [J/mol K]
@ Structure Material (5) = @ Enthalpy [J/mol]
| | [ q | LH ]
A
TOP j
i @ Intemet w00 -

Fig 12. Compound list in Index retrieve for UO,




2) Index search (Example: Author’s (B.C. AAA) work on thermal conductivity of UO,) cont.

/= IAEA THERFRO - Thermo-Physical Materials Properties Database - Windows Internet Explorer

& | http:/Aherpro,hanyang, ac, krthersyst/property Yprop=THC &symbaol=U02&cname=uraniurn dioxidedpath=categary b

U 0 2 Thermal Conductivity of uranium dioxide

Author DocumentList Bibliographical Information

Harding J.H. j Select All raterial narme: uranium dioxide -

Hetzler F.J. chermical formula: Lo2

Laskiewicz R A ES0007745

Asamoto R.R. chemical composition [molels)]:

Craynest van J.C. ES0007Ed 02 1.0000 " : “

Fink J.K. ESO00S21 Oi ratio 2.0000 oxygenimetal ratio

Fukushirma 5.

Karmimoto b, physical state: solid

Hirai k. microstructure: polverystalline - single phase

Hyland G..J. crystal structure: cubic (face centered)

kartin D.G. notes: lattice parameter; 547044

Hohorst J.K. sinterad

Tasman H. A

Otter C, molecular mass: 270049

Preston 5.0, hulk density: 10,460 glem®?

Lili Z. -] : -
Click Here

*Click the Author Hame and Document Number., / (lndeX retrieve)

(CFict ) [ ciose |

Q_} IAEA Designated Center for Nuclear Materials Properties Database Management t_}

( s

2tz € Internet #1008 -

Fig 13. Author, Report, Bibliography level for Compound list retrieve for UO,
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2) Index search (Example: Author’s (B.C. AAA) work on thermal conductivity of UO,) cont.

{= 18EA THERPBO - Thermo-Physical Materials Properties Database - Windows Internet Explorer z
A

& http:/stherpro, hanyang, ac, krfhersyst/plot, hirnl
Thermal Conductivity of UO2
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Fukushina 5. ES080775 - )
Fukushina S, E5000759 @ Bibliographic Info.
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Fig 14. UO, thermal conductivity plot based on the Fukushima’s work
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2) Index search (Example: Author’s (B.C. AAA) work on thermal conductivity of UO,) cont.
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4 Manager m Level: Administrator

Resources for : Home » Index » Author CI i C k H er e
oo (Index retrieve
Index retrieve)
8 Total 779 listed in THERPRO.
tu [Aohabetical ) ||
© Bibli h © Abdusal ML, © AbelesB © AbelesB.
© Adler P © Affortit C. © Aivazov M.L © Aloander CA. © Alexas A,
© Amasovich E.S. ° Amato L © Amitin E.B. © Ammar V.M, © Andon R.J.L.
= Andrew 1.5, © Andrianova V.G, = ANL Al Y. © Argjs 5.
* Arbeitskreis © Arbeitskreis Thermophysk © ArendtsF.]. © ArgentB.B. © Arbyurmov AV,
= Arkhipov V.A. © Arthur.S. © Arutyunov ALV, © Asamoto R.R. © AsnoK.
© Ashley T.S. © Atroshenko E.S. © Babbitt.D. = Backlund N.G. * Balley L.C.
© Bairamashvil LA, © Baker D.E. © Baker R.D. © Balankin 5.4, ¢ Baleva M.I
©Ball.G. © Banchi 5.1, © Barabanova L.G. ¢ Barnard B.R. @ BamesB.T.
© Basak . © Bataln G.I © Batalis AP, © Bates].C. © Bates].L.
© Bauhofer W. © Baxter W.G. © Beauvy M. = Beile 3. * Belskaya E.A.
© BelenkiG.L. © Bell LP. © Balyaev RLA. © Benbachir K. *© Bendick W.
© Benedict U. © Bentsen L.D. © Berlincourt T.G. © Berton A, © Bethoux 0.
© Bhatt H. © Bhide V.G. © Bidwell C.C ©Bing G.  Binkele L.
© Biran de A, © Bird B.L. © Bischof 1. = BMI © Bober M.
© Bocker S. © Bode K.H. © BoehmR. © Bogaard R. © Bogaard R.H.
© Bollenrath F. © Bonnerot J.M. © Botrous el Badramany N.M. © Boyarski 5.V. © Boysel R.M.
© Brandon 1.R. © Brandt M.B. © Brandt R. @ Brandt van der B. © BraunerJ.
© Brennan 1.J. © Brett N.H. © Brooks C.R. @ Brophy 1.H. © Brown W.B.
© Bruet M. © Bryant C.A. © Bungardt W. ©BunnelL.R. © Buntebarth G.
= Buravoi S.E. © Buravoy S.E. © ButeraR.A. © Butler C.P. *© Byron Brown W.
© CabannesF. © Calaway W.F. © Calza-Bini A. © CappelettiR.L. © Camigla S.C.
© Casey D.N. © Cate 1.T. © Cezairiyan A. © Challs LJ. © Chang Y.A.
© Charles 1. © Chasanov M.G. © Chekhovski V. Ya. © Chekhovskoi V. Yz, © Chelkowski A,
©Chen Y. © Chereau P. © Chevrier 1. © ChiottiP. © Chirigos J.N.
©ChoH.K. © Chubb W.F. © Chupina L.I © Chyung K. * Cifton D.G
© Collins 1.G. © Collacott 5., o Colin R.V. © Connely D.L. © Conway J.B.
* Cook M. © Cordaro 1.F. © Cordfunke EH.P. “CoteP.). © Counsell 1F.
© Cranel. o Crangle J. © Craynestvan J.C. © CubertH o CubertH.V.
© Czochralski 1. © D.LMarkin © D,M.Baiey = Danan 1. © Danigl J.L.
“Dannal. ©Dao JN. © Dauchier M. * Dauchier M.N. © Daudin B.
© Davey P.0. © Davis T.H. © de Baranda P.S. © De ConinckR. © De Novion C.H. =
# N Crmak A 7 A Vlirrar A A NaCrareanka M A # Nafrareanta M A # Naarn U WAL j
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Fig 15. Author list in Index retrieve for UO,




2) Index search (Example: Author’s (B.C. AAA) work on thermal conductivity of UO,) cont.
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Thermo-Physical Materials Properties Database

4 Manager m Level: Administrator

Resources for : Home » Index » Author

B 24 listed in THERPRO.
[AN] [Alphabetical]

A.B.C.D.E.F.G.H.IJ.K.LMN.O.P.QRS.TUV.WXY.Z

Author List Symbol List
& FTANUs K. (2] ﬂ
© Frederickson D.R. (2) UOZ
© Frederikse H.P.R. (1)

- Classification: oxide
© Fredrickson D.R. (1)

- Molecular Weight: 270.028 g/mole

Fritsch 6. (7
: ush v - Density: 10.96 g/cm®
F ima 5 (2
hushima $ 1) - Melting Temperature: 2878 + 20°C - Boiling Temperature:
© Fukastimas. 116) - Properties: brown-black
o u,Puci1) ) o
o v2(6) D - Crystal Form: rhombic or cubic
o (U,Y)02(12) - Index of Refraction:
o (u,6d)02(12) - Sublimes:
© Puo2(:) - Color: dark brown
0 (Pu,Nd)02(15)
o (Pu,Y)02(16) .
o (u,nd)02(12) & Thermal Property List
0 (u,Sm)02(12)
o (U,Eu)02(12) Thermal Conductivity [Wicm K]
© (u,Pu,Nd)02(+) Thermal Diffusivity [cm*2 isec]
© (u,Pu,Eu)02(8)
© (U,Pu,Zr)c(1)
© rulkerson W. (5)
© Furuya H. (1) = =
| | B
O j
1 A €D Internet fQI00% -

Fig 16. Author list in Index retrieve for UO,




3) Power Search
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Power Search

Chemical Formula: l:l
Compound Name: l:|

Property: --SELECT--

Year of Publication:
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4. THERPRO UPCOMING ACTIVITIES

0 System Upgrade

» Supported by Korean government
* Includes:

- Hardware and software
- DB management and operating system
- Index Search system: Author index search system

- DB system protection and user support system
- Materials re-categorization

- Advisory work group forum modification

O Creation of an Advisory Group to supervise the quality of the data included

O Data Update & Addition of WCR new data

O Expanding the THERPRO DB to include materials from other reactor types

» Fast Reactors, Gas Cooled Reactors, etc

 The THERPRO infrastructure would be made available to other groups interested in creating
DBs for their data







