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QIek? B3], o7 9 B4 gule] ANEE B tlX d F AR Ausleln] 47 28T 5 ol W
o Aeo] a4 Hole/t FESHEA T FaNe W S Belshs L9 o] 1lasit, w3,
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3} 2AH S Aofole] WAR SH 71%50) 24 ATSo| ARF o AL glo] ol B §)
S Bohfs BAoletn & 4 Glck. webdl, el aheelw Al Alole”

IS olgste] Ao TaA BT AAH B 2 ATelAE nAlede] ofst 24 MA ke 7

23 o] Aloishs B4 doleel S A0 4 8ak] 91 b o] AR AT Polg o] 42

% dolEe] ARRAIS T 4 Qlrkel, 2 do] A, o) W o) B2 AAS St sl of
B9 7H07 27 ok Alolek, A FFh Qs 714 BEBR= 24 dlofe] 719 of3iE FAska
v A go] O3 27 A LRSS olef3 ke 3 dole ] el rela 7] delee] uelE

A 7He A4S F BolFa 9let? Aohe e fnidtt, HlojEe LRHA S 2 HoE
DA JESE 2 valedol ot A A B 7IfES} ST HolE e Ao FAEY. A& &
Q32Ae FourkE tfEFe] 4 £ 24 Hlole  {'hardness™58}" QI Hlo]E]2] $- “hardness™7} b
£ SHEahe Zlojeh” oj2et dlofEj7t EAIEH] gko. olf 7]YE=oln 582 oo Pl HlojEfolth, o]
B opre] EEe HAlR Y sEeRE AP 7 A HlolEes 328 AU F5l H 2 hardness”
EHET I dzolch FA =i 24 A El 2 7IH=E ARSI, “hardness ™l s

o[El= i AN ARl Afskar i, = olHY B (o] dollAlz 422]) 2 T (o] AellA=
T R4 9 23 Fofl Hole7t 3UlElE 5 Hy, HIAL A=) of et AA] dlolE 58 Hyv'7F 4
of W2 otk At} 27} R&D ARl Aol o] w Aol E5HE 7|Y=E ALl 21 F g
TARY HALA, =7 18A 55 55 ©es] w7kt ofEERke] R uA A AR HMEL HE
8}714 A R AJH]) A (National Science & Technology 2 4= Q17| o] 7|Y = 9] E3}= dolg o] &g
Information Service; NTIS)o| G-&58k=dl LA QL & fl8f vf$- 583k onlE Zh=t}, (]} o1F]+= 7]
< dojg 7|5 Aol 88 4= = x23E YE of3E Yuigith) HE 24 dHolH o] #=
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2) LSZ, 5|12A| 0IZAM|7], O, “HIHI0|E 2t ARHHT", AXHT [EEIAI2017, p.589, 2017.12, St=AHZE HLA

3 st ASE, "USKIS 7[Hh AXEA ATSE, M=0KE 33, 50 (2020).

4) 0{7|M ejofst= %’é!o clolele] A=l &2 OfL[2} ClO|Ef7T Hilz{dol| 2EE 4+~ U= ez FRSIEA=XIE 2ot

5) QEM, Z4F, HIXIY, 0|57, YIS, DA STL0IE EHE TSAY M7 & 7 B, 2019415, 287 |2 H2E
e

6) 2 ST0IM AX HE 013l 25 FE22 HOSINUCE CIOIE 7|8t AX HAQ| 4F oF= 7+Et HI0|EQ| F20i ofE
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g Zo|ct, £S5 BE odl= 222 UX[6H| 2o TRBAL 2ols 25 ARKIE ALESIRICE HI0[E] 0I5 O3] olE &H
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AFs} International Materials Resource Registries
Working Group” 9] k=82 & 4= Qit}, o] Y718
2920179 7Y %7] BA 4229] “materials registry
vocabulary™ @] 29+ ¥hatst v} Qlct TILt, I o]
0] Z17-E wi-- Tl Aefjolet, 2 A-9] o3 AR
SO R 7|0 = A 23} 5 FEsto] 4
A glolg wAEEL 24E UEE H 7S
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ARGl Ofgh 24 A= A9 A5 lolElet
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A glo ]Ei% metadata@r materials, laljl system
2 A A A G A o]
9] “ﬂﬂtﬂo]ﬂ (metadata) G oI}, o] FHelA=
3 glo]E19] WA (data name), HloJE] 2L HH
(contributor), HloJE] 24 ALY (data generation
date), 18] 1L gl|o]Eje] thgt BolAR} (note on data)

= O
=

= ‘%‘iﬁﬂ %‘ﬁ% a2 78 A<l HlolE g9l
o}, o] JFL 7 AA HE materials n 22 FA|5}
+ Hlold &5 w9714 nd nHA 24 Hlo|
B 18 QlEa WB R 448 Rojgc a4 A
£ YT el AU A Sold 25

};{1 2~ 0) 1:]— 14 _J_UH /\]/\EJIO oﬂ E—Eq

materials 1 B8] g+ S0 Aol gt HjofE,
materials 2 Hlo|8 L5 GAA] gt glolE, 1
2|31 materials_3 Hlo|E] 152 ZX1&E4 0| tfjgt o

[ metadata

data name
contributor

note on data

data generation date

OJE|E ZH=t} 7k &A) glolE 8L EAFR o & A}

BE= 229 o5 (name)} 3}3HA 2497} 29
w3k 3fek4 Xéi (chemical information), 222} gt

d 54 AE (process), °]22] A17-9] HlolElgtd o]
£ A3t = 29 (model), 22|31 AR 9] E2] 38t
2 5/ B (property) = 3=k,

Al 1A el 27 AJAF (system) 2 3
a2 Al&do gt golHEe 2t
9] A9 (description) dl©]Eo] ©]o], materials
FAoNA BYgH 2AQERZ ol Fox ALH
o 7/ (configuration) HoJ€7} AlgHtt, o]
‘configuration’ H|o|E]E Faf AlAHof| A 2}A]8}
= 2t &A1) gdo] A ojHt, ojojA] AIAFIS A%
37 o8 (process)2t 224 Al2€9] A5 w0
(performance) & A€ 2] H|o]E] 7} 5/ Frt,

9 2% 19 19 Hlof F2E REgRt 24 T
O S & TAH R HojF= T-olnt 7t
28] A7 K ZH2e) Ao sl Ao Tl &

A 28]

] &8 Glo/Eef 4o ofEfGfolE Y

; LT MAGZ AL pAY A 2T O/ T
[ materials_n ] N 23 Bk ASE B2 Matenials n* 22 indexing

name

process
model
property

e o & e .

[ system

description
configuration
process
performance

e e e e

chemical information
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| Materials Data |

thermal property

Metadata Materials System
material_1
material_2
configuration
| chemical information
-
S T
crystallography
..... -
e .
BEE
i structural property
— mechanical property
electrical property

magnetic property
property

electrochemical

optical property

T3 2, AX Ho[E Q] 72

Co;0O;y ™ Ball milling

Carbon Black

Polyvinylidene fluoride

(PVDF) Mixing —> Co,0, Slurry
—_— ——
I-methyl-l—pyrrohdone Cu foil - Coatingfdry
Lithium Coin cell Co;0, Cu foil
hexafluorophosphate \L /
EC Mixing —)-> Assembly
DEC
Half-cell

33 3. Co0, OIAFHR| 25 AFE @

HE2 BHT S Yok 7Pgekn, ©9) 359
o} FRRAL W AYES e ol 24 A
el oA 2 A gste] A AlAEIS FESH
L3 HRE ABHES S 2 aTels e
T A AR A B B doleE thE

72 (0

ron

FATH SE=2 of

o o -85kt Bl Kol A A= 7
A} A AIAE HEE PO B9 FHEE F
AT = Q17] iolok, 17 32 Li 22} A2 9] anode
24| Co,0, 25 Aot 99 24 4 &0|
t}, o] A& 7}AAL &2 lolE] FRo|A T #d



S Y o33 At} Anode 2719 A B7HE bl
gl 2] half—cell-& YHE0] =33, ©17]4+= half—
cello] 222 A|&glo] H 4= Qlrt, o] &) AlAjle
A= LA A= A2 A 289 ‘configuration’
oA BoE = LAfERE AR 3 oz ALE
‘configuration’ol| A 5=2=41} Hafd vha g ot
b, materials 12 Co,0, =2-=4, materials 2
L electrolyte® A 2J=lth o|u materials 12] 37
2 Co,0, 9] ball milling®|™, materials 22| &
A8 1i hexafluorophosphate, EC Z18]3 DECY]
mixing®] T 302 JETh FHA, A4 Al2H]
o] ¥4 AH= D Co,0, &% (materials 1)7} A=A
S HRRIEE 410f Co,0, slurryE TH57] $17F mixing
24, @ Cu foil ol¢] & A%, @ coin cell S o] &
519 electrolyte (materials 2) 2} half—cell2 ZH3}
= A 7He 9] S o' e 4 Qi

AR AAEQ] ‘configuration” AR = oJH A7}
A" Yol A ot 25 7HA| AL of wRk 3k )
A5 Aofgttt, A AR AT Y B
AFAR (7], B8 5) EX% ‘configuration’]] =
Ft}, webA, ‘configuration’ FE = AJAF Hlo]
o} 2 dloly g9 dAre] S 5,
Atel] whef A3 719 s e 7RI &, &
H Al2~5 9] configuration ¥} E R} = Al F 2]
‘configuration’, &322 A|A8Q] ‘configuration’
0] A& thE &8 2olellA 1L 54 B &
b8 Az v 435 sHA "ok 19 39 dofA
half cell A|AE19] ‘configuration’ 4 = anode E&
At sl 2ol siFsle a2, BEH ] T, anode
A AgFt FA|, half—cell®] 279} o] HHE
7He Ao}, gHH, Bkt A A|AF ) Aol
‘configuration” X7} 73s Ao} jESAZ ALRE]
© 2AE Aolstar A 9| o 5= 2T Aol

t}, 24 Al2819] performance®® A2 8mjc} H7}5}

B @ ol orfr

L o tf=u g AA8 MR EsjEr) Materials
dloTe] B9 property:= 7§18 A4 AA| €} Al =4
ooy A A A|AE0) O]&FHA] k= dHEA] o] EAJo

W 21w
A9k, system H|o1E] G99 performances 301 %
system $H3 Slof| A £ 2 0 & B El= s A

Aoleki & 4 itk

& Aol =3k A dlolE EEofF] AR
a5 18] 24 Hlofg| A|A| st A AM-EE 7|H=
o] 722} ol siFst= HlolE ] 54& "L itk
20219 109 @A 24 glofg] #Ezo]9] ARl 24
ofel 5719f oI Rftit 4] HlojE £H 2 -4 E o]
AT

[t rlo

il

- fefe]| o] ] 0|2 (metadata vocabulary)

2R EF9F]H (materials common
vocabulary)

« A A AE B0 (system specific
vocabulary)

« 27 B4 FE0]3]5 (common vocabulary for
analysis method)

« 27 34 35013]7E (common vocabulary for
materials process)

« 22| glo]g #& (numeric data expression)

ol 714 HEtE| o8] FEo I, A EEOIFIL,
S A28 ORI 42 oF oA 7]adt A
dlol8 |9 sig=e olFee
DA 24 FEOIRIE, A A SR &
A 22 el o] 34 HHY ofFlES A9
1L e, o] RS2 He AL 24 AL 5
202 ARG = QlojM o] FFolR o 4

SHAT. Al 24 HlolHE 448 mofl= Bagt

S

’

o N

o ofm
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ol F5o1Rwe Y 7IHEE Aol ARSS)

<t ol 24 dlolE fE& o] oA REgeitt.

27 dlole Wol B 54 W AL HlofEl= YA
Ao g T HlolEE e 4 2 AL 2e B9
‘measurement’ H|O|E|2} §HA AE ), ofuff AREE
= A /AR B ol o] tigt B #ol 9=
AR} 2xAf] A] 501 $ltol W 2 Ao o] 9l

o}, wheba], A7) glo]E] We] ‘measurement’

AR 54 FFolFFol BT Y FEL ALY
of AR AMSRE 27 32 A Who] thol
2 7o) B by HolHES Yool aATE

dgtch 19 49 dolg djofjA Ao AR H

H 2= lattice parameter H|°|E+ XRD2} TEM= &

3 =03, FAF ] &4 242 XRD ¢ TEM
e}

object Ulofl A7 o] a2 Hol Fot

v crystallography {3}

Bravis lattice : Cubic
v lattice parameter {1}
a : 3.897
v measurement {2}
» X-ray diffraction {2}

» TEM {2}

O 4 AX o
O[Ef2] of

OlEfe] TR

w process [3]

vy @ {1}

» solvothermal {8}
v 1 {1}

» heat treatment {10}
v 2 {1}

» centrifugation {5}

T3 5, =R IHe| el SY2Z 0|0 A S

O[Ef2] of

74 (0

oJoj o

o 1

ol

—

> g

MHE = lattice parameter O

18] 2004 = viel o] Al At HlolE A A
9] "process’ Hlo|E AL T process®] sequence
T HdErt process’ HloE 9ol ¥ HH= A
Al 549 Ao B array® AAEH 18 5=
solvothermal ‘process = ¢3St F heat treatment
S AA centrifugation®]| 28] Y=ol A= AA9] &
4 QEO| dAJolr}, 7t 7 27 HloEfof AMEEl=
719 E FFolf= A 34 FEolsT ol Ao
of qltt,

2] glog 4 (numerical data expression) ©f|

+ = A HlolEl 42k x—y HolE HlolE
78 YA ES Fofotal vk &3 WA

=
% (uncertainty) & 2-=th, ©1714] ‘uncertainty' ©} o
A= 422] glolE ‘value'?] ©H9jo} FUsic), 19 6&
o %] glo]E €] of| 2A] temperature?] ‘value'?}
‘uncertainty & H 1 Qlr},

S, 3t 29] oo} Zol Hloj5& ol = 42| H|
o|E]+ independent parameter x 4f%] 2Ju]e} T
£ x_definition’ objectoll Al A oJs}aL, s 5=2] o]

v temperature {2}
value : 158

uncertainty : 0.802

T2 6. £t 4X| H|0|E] temperature?| O] (temperature®| &t
= HEIAFEOIA Holsict)

¥ 2. array 2=X| H|0[E{9] of

X x_uncertainty ‘ value ‘value_uncertainty

130 0.5 0.8 0.001
180 0.5 1.3 0.001
240 0.5 2.2 0.001

o



A AFOOEHS =X H

{9 AFX 1

[HH

v x_definition [2]
@ : temperature
1 :K
v value_array [3]
v 0 {4}
ks 1138
X_uncertainty : 8.5
value : 8.8
value_uncertainty : 8.001
» 1 {4}
» 2 {4}

21 7. 7 29| £X| H|0|E{ array2| H|O|E] L=

E|E Hlo]£2] 31 =4 ‘value array®l &AHH 02 A
e R B A R e
3EO) 3] AR 2t o) 9= ohaat 22 5719 &

28 7423 9l

1. eng definition : 7| Y& o]3]e] & A

2. var_name . 24 glo]gjHo] A oA AME-E|=
o]%]o] M1y

3. alias | 7| = 0] $|2} -5 U7 o] 2 ARG-E= 80

4. data_type : 3 HlolE|2] FH] (o 3] Hlo]
E], 9IAE floE] 5)

5. data_unit : Blo]E BFQJo] =] gloJE <l 7
tf|o]E| 2] T

6. data_example : 3|5 Hlo]€] <] of|A]

13 8 2 A U] 0]3]9) 3t o] 2 4] materials o]
] 999 property H|°|¥] 5 thermal property -
e HolFaL i}, o] 9 o]%] Aol thermal
property2] A& A9l (eng definition) &} H4
W (var name), 50| (alias)7} Z 2= o] gt}
thermal property+= G|oE]9] AFF F22A 1 2}
A 2= golEE 2] oM data type, data_

w thermal property {6}

eng_definition : physical properties that a material exhibits
upon the application of thermal forces

var_name : ThermodynamicProperty

alias

<

thermal conductivity {6}

eng_definition : quantity of heat that passes in unit time
through unit area of a substance

var_name : ThermalConductivity

alias :

«

value {5}
eng_definition : data value
var_name : DataValue
data_type : numeric
data_unit : W/(m.K) (watts per meter-kelvin)
data_example : 12.3
¥ uncertainty {4}
eng_definition : uncertainty of the value
var_name - Uncertainty
data_type : numeric
data_unit : same as value
v measurement {4}
eng_definition : mesurement method
var_name : Measurement
alias : characterization teools, analysis method
» (analysis) {2}

» thermal diffusivity {6}

» thermal expansion {6}

O3 8 AX{ ¢t HI0|E EEE AR 7IXH=l U= of
3]9| of: materials HI0|E{ HH2| property HO|E| & thermal
property 2 0{E|S0| || Q= B2

v chemical synthesis {7}
eng_definition : The artificial execution of one or more chemical
reactions in order toobtain one or more
products. In modern laboratory contexts,

specific chemical syntheses are both reliable
and reproducible.

var_name : ChemicalSynthesis
alias : chemical procsss
v precursor_(n) {5}
eng_definition : nth precursor for synthesis
var_name : Precursor_n
alias : Precuror_materl
v name {5}
eng_definition : Name of precursor n
var_name : Precursorame
alias : precur_name_materl
data_type : string

data_example : PtCl4

O™ 9. AXH A7 H|O|E EEE] ARFO| 7|RIE|0] = 0E
9| 0fl: chemical synthesis AXHEX H|0|E{2] 0{8]S0| Ho|%|
o1

ol HH
M T
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o2z ’ category 1 ’ category 2 ’ category 3
data name
, name
contributor —
metadata vocabulary affiliation

data generation date

note on data

name
composition
chemical information crystallography
SMILES
process (process_n)
elements
phase
model box dimension

materials common . periodic boundary condition
materials_(n) -
vocabulary structure file

structural property

mechanical property

electrical property

magnetic property

property thermodynamic property
thermal property
optical property
corrosion property
description
active material
amount of active material
configuration promotor
system_catalyst amount of promotor
support materials
system specitic process (process_n)
vocabulary electrochemical
performance
thermal
description
. . framework_(n)
) configuration .
system_porous_materials inserted molecule
process (process_n)
performance gas adsorption
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category 1 category 2 category 3

description

electrode_1
buffer_1
configuration active layer_(n)
buffer_2
electrode_2
process (process_n)
system_memristive current
endurance
mechanism
operating speed
resistance
retention
selectivity
voltage

system specitic
vocabulary

performance

creep test

DFT

electrochemical activity

empirical MD

fatigue test

gas adsorption/desorption isotherm
gas chromatography

hardness test

common vocabulary ~ impact test

for analysis method infrared spectroscopy
memristive activity

nuclear magnetic resonance
optical microscopy

TEM

tensile test

thermal activity
thermogravimetric

x-ray diffraction
centrifugation

chemical mechanical polishing
common vocabulary ~ chemical synthesis

for materials process  Czochralski growth method
drying

electrochemical deposition

A35H AL, 20225 19 ) e
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category 1

epitaxy

category 2 category 3

exfoliation

thermomechanical process

hydrothermal growth method

ion intercalation

Kyropoulos growth method

lithography_electron—-beam
lithography_photon
microwave—assited method
molecular beam epitaxy

polishing

common vocabulary

for materials process pulsed laser deposition

rinsing

self-assembly

sintering

skull crucible growth method

sol-gel synthesis

sonochemical synthesis

solvothermal process

sonication

sputter deposition

Verneuil growth method

wet etching

numeric data single numeric data

expression array numeric data

unit, data_example> g |5}x] Y=t} AlA| o]
El= thermal property?] 3}5 ©|©]E]Q] thermal
conductivity, thermal diffusivity, thermal
expansion ol AT}, 17 89 o)A thermal
conductivity = T 2] H|oJE|2A] “6, $A]Hlo]H
387 A o= value?t uncertainty 7|Y =S 2=
o}, A4 2] glo]El= value?} uncertainty & -4
HER o]F 7| =ofl= sl tlolE o] Fejet Tzt
gojElo] Stk 54€ 54 tlolEol= S48 5%
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A7} measurement ¢ of] B4 vl HZ A
T}, Measurement %9 9] (analysis) 32 “AA)
SO oA Sl EARIS o] 5o = thA|EH,
St AT O] 3 ol A8-5to] ARt 19

= WS $13t 818k (chemical syntehsis) 2] El
oJ¥] 7|¢/= F precursor -t EOFIL QlHf, 7]
A precursor (n)2] nameS A (string) HloEE
IR BE o] o]3Flof|= data typed} data exampleFt
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