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Automatic Extraction of Battery Materials properties

Using Natural Language Processing

Ji Yeon Kim

Department of Energy Resource Engineering, The Graduate School,

Pukyong National University

Abstract

Batteries play an essential role in various fields of modern society. The
duration of device usage and the speed of battery charging depend on the
battery’s capacity and performance. Particularly, the anode material, a key
component in storing lithium ions, critically affects the charging speed and
lifespan of the battery. Consequently, battery-related research is focused on
developing new anode materials that offer higher capacities and improved
performance. However, experimenting with different properties of batteries for
the development of anode materials can be costly and pose safety risks.
Additionally, the lack of systematic organization of numerous research findings
often leads to redundant experiments. While referring to academic papers to
obtain necessary property values is a solution, manual search and analysis by
individuals have limitations and risk missing crucial information. To address
these issues, this study has developed an automated model using Natural
Language Processing (NLP) technology. It automatically extracts and organizes
the names of materials and property values from a vast number of research

papers on battery anode materials. This allows researchers to quickly identify



the core topics of papers, clearly understand the content, track research trends,

and swiftly grasp key keywords.
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B 5tk webd] shol# e Selenium HolHeEE o] §8 AEBPOoR =

doleE  FHeAY. ZEH(Crawling)2>  Alo]Ee]  HTML

e

(Hypertext Markup Language) ¥ o]A& U2 7} ¢pA dioly 9 AR

A90e AFHE PPoE FH, B, AGsHE 2

rr
o

ottt A= ske

2

’

ALEZEdoE AEH(Crawler)gtal H2%FdH, AE¢ = URL(Uniform
Resource Locator)ol Al A]z}sle] Hojx & wWHE 9 tp2 sl A9l
e o Ho]A] We] stolH g AaE wef thE o] x|o dAAgt. o]
FA(Fig. 202 "2l Aod 59 #HolAE Wistd o ol #dd 7o
A ZS F 92 u7bA AlEHE N (Torkestani Akbari., 2012). &% 3}

N
2
N
>~

JolE =2 FE ZAZY robottxtel]l WAEH REES uebA

Society) S A o} 34 #d =& F3HS Y3l ‘battery anode’ =
719E 2oz HdAs e 3 Wl AgS FAH(Fig. 3). =7 H
olE #}d& AAE HTML Ede] Ag€ct(Fig. 4. o] dAE &3 F
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ACS ACS Publications CREN CAS
I

ACS PUbI icatiOﬂS battery anode n E

W Most Trusted, Mast Cited. Most Read,

FOR ORGANIZATIONS

Most Trusted. Most Cited. Most Read.

ACS Publications’ commitment to publishing high-quality content continues to attract
impactful research that addresses the world’s most important challenges.

Fig 3. Enter the keyword 'battery anode’ on the ACS publisher's website

_6_



ZEZ 023 (D) » paper_crawler » ACS » html

Al
uH

i
¥
3;!
_L'I_|

& [niPhenacenss Promising Organic Anodes for Potassium-lon Batteries.html 2022-07-. HTML Document
[ 8 [Ni{phen)3]125618529 A MNovel Three-Dimensicnal Framework Thicantimonate(ll) Templated by [Nifphen)3] Complexes.ht.. 2022-07-.

& 'Electron-Sharing” Mechanism Fromotes Co@Ce304 CNTs Compaosite as the High-Capacity Ancde Material of Lithium-lo... 2022-07-.. W

ale HTML Document

ale HTML Decument

& 2.6 Aqueous Battery with a Freely Diffusing Electren Acceptor.htm| 2022-07- Whale HTML Document
& 2D Electrides as Promising Anode Materials for Na-lon Batteries from First-Principles Study.html 2022-07-...  'Whale HTML Document
& 2D pdTe2 Thin-Film-Ceated Current Cellecters for Long-Cycling Ancde-Free Rechargeable Batteries.html 2022-07-... g HTMWL Document

& 2D Space-Confined Synthesis of Few-Layer MoS2 Anchored on Carbon Manosheet for Lithium-lon Battery Anode htm| 2022-06-..  'Whale HTML Document
& 3 Cu-Al Rechargeable Battery Enabled by Highly Concentrated Aprotic Electrolyte html 2022-07-..  Whale HTML Document
& =.0V High Energy Density Symmetric Sodium-lon Battery NaZV2(PO4)31Ma3V2(PO4)3.html 2022-07--  Whale HTML Decument
& 3D Carben-Based Porous Ancde with a Pore-Size Gradient for High-Performance Lithium Metal Batteries.html 2022-07-...  Whale HTML Document
& 3D Flexible, Conductive, and Recyclable Ti3C2Tx MXene-Melamine Foam for High-Areal-Capacity and Long-Lifetime Alkal..  2022-07-. le HTML Document
€ 3D Graphene Manostructure Composad of Porous Carbon Sheets and Interconnected Manocages for High-Performance Lit..  2022-07- Whals HTML Document
& 3D Lithiophilic “Hairy* Si Manowire Arrays @ Carbon Scaffold Favor a Flexible and Stable Lithium Composite Anode html 2022-07-..  Whale HTML Document
& 3D Nanoporous Manowire Current Collectors for Thin Film Microbatteries. html 2022-07-.. W HTML Decument
& 3D Porous Copper Skeleton Supported Zinc Ancde toward High Capacity and Long Cycle Life Zinc lon Batteries.html 202207 ‘hale HTML Drocument
& 3D Porous Seli-standing Sh Foam Anode with a Conformal Indium Layer for Enhanced Sodium Storage html 2022-07-_.  Whals HTML Document
& =D Porous Silicon N-Doped Carbon Compaosite Derived from Bamboo Charcoal as High-Performance Ancde Material for .. 2022-06-.  Whale HTML Document
& 3D Printed Compressible Quasi-Solid-State Mickel-lron Battery html 2022-07-...  Whale HTML Document
& 3D Printed Lithium-Metal Full Batteries Based on a High-Performance Three-Dimensional Anode Current Collector.html 2022-07-. A HTML Documert
& 3D Printing of Porous Nitrogen-Doped Ti3C2 MXene Scaffolds for High-Performance Sodium-len Hybrid Capacitors.html 2022-07- Whals HTML Document

Fig 4. View html file data stored in the specified folder
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2.2 "oy AA¢2

Ao A 7es AHEEH7] e UA S HTML 3#dS AA
gafof vl A glE A (Parsing) ¥ EZ3H(Tokenization) ¥ 7}A] &
AZ 3P},

2.2.1 34 (Parsing)

A HA @A gAolth A (Parsing)ol & AL TS EA A
dats ARE de AS Lok oF 3 B #AE HolHE ¢
7b dske gEHy 22 WS ook B AT Bie e
HTML #ds #Astel £ 2 2=z 55 A =& 1805719

Abstract? JSON Tx€¢] A=z AT, =2 Aol =& &3

Ad ARG 5ol Abstractd]l FANC] HAES A A Kol EARS
283 A& £ 7] wjFo] Abstract¥t FRH T w3k ojE A A A

2 PAY Wud £28 2 ggel 288E Az Aoy gt
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Fig 5. Parsing code partial extract



2.2.2 EZ3}H(Tokenization)

Edst dAE AlAer] Aol A JSON &2 sl = A%d dloly
55 BT TXT 3249 fd& Agsfof sry. EZ3 A2 Fo|zl €9~
E dolHE EZ(token) T Z Uiris Zo]r] wiolth

EZS o], £, 5 Fol B F don, o AT grE f
Hell wel gepdn B AFdAE B2 7S dol(word)

F=, ©o] EZ3H(word tokenization)Z 315 tHFig 6).

oft
i)
s

ol

we productively fabricate Co@C0304/CNTs nanocomposite with excellent
conductivity through arc discharge following low - temperature oxidation in
air .

Fig 6. Tokenization Examples

A5

rok

st NLTK(Natural Language Toolkit) z}o]B.2| 2ol A A3}
+ Word_tokenizeolH, Folxl HIZEZS -y o]z Qi Axe

Hoj2k7]7h Hnt
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2.3 "oy A Z3

2.3.1 Doc2Vec

AlZbsh ek7]o] kA, BAE HolE o] nad S4S A om A
HE W3str] 93] Doc2Vec HAIE 7Hxlth HZE HolH &= AA 40w
21 & "olE7F ol 7] wiEell AZF3E fIe dadEs A

t}. Doc2Vec (3= Paragraph Vector):= ©o] Al 2o o

X
ofo
ol
ol
~
2
rt

st 1A Aol EA WHE skl 7lEolthH(Mikolov et al, 2013). ©]
7148 Word2Vec 7l S4ddted /AT HAHKIm et al, 2019).
Doc2Vec Hl2ES aapdol A A apd o] A&l My 2 Waks)

Doc2Vecoll &= A F 7FA ®WHo] bk A HA = Distributed Memory
(DM) Ao 2, wA9 &3 37 dolEs dS5ste WMotk (Le et
al, 2014). & WA= Distributed Bag of Words (DBOW) HM2 o & A
el doje5s dSetdA £A49 #HET gt WA o th(le et al,
2014). & AT e= A W dolo =AM E agstal, ZF dojet £
A arejste]l EA e MEE o5t DM WA S AHS A tH(Fig 7).

Doc2Vec ®&S StFAl7]aL, stgd S ARESte] 7} 45 HE R

FA% 5 ‘KMeans' 345 AH&ste] &4 #HEstd 535 7|vto g
FAFSE EAES +H- 3t Fig 8). KMeans® sklearn #holH 2] ¢
T A 3 (clustering) dag]Zo|tt, 3= #= HolEHE oy a1Fow
Ure As B8 ow gty o714 AHEd KMeanst™ k-Hv ¢alg 5ol
g o, Zb e FAE Fol o T4l 7P Tk HolE %S
EES e sl wAo® F2sth(Ikotun et al, 2023). ©] &

>
Ll
>
>,
ofo [
jad
o
HU I
X,
)
o,
)
1o,
M
1%

3} A7E7E o olsl A,



Classifier

on

Average/Concatenate I

Paragraph Matrix----- > W W w

| | 1
Paragraph the cat sat

id

Fig 7. PV-DM method
(ZX: Christou Despina, Feature extraction using Latent Dirichlet
Allocation and Neural Networks: A case study on movie synopses,
(2016))
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Fig 8. Clustering with 'KMeans' function

_‘]3_



2.3.2 t-SNE<} PCA

2 Ao A = dole AZtEtE 913 t-SNE(t-Distributed  Stochastic

Neighbor Embedding)®} PCA(Principal Component Analysis) ¥+ 7}A

WS AFESFATE t-SNESF PCAE & v 1ak9l dlojEHE Aoz A
1

B
WA FE gmd] gl Aolol

op

Ztalst AL FAaskE 7)ol AN,

L PCA(FAEE 24 AFA% ez oy 4k Hdstel= F

ZE5S 2o} HolHE E=43%tH(Salem et al, 2019). o= A dolH

o
i
=
B

At = o THS T (Salem et al, 2019). Fd->

Fig 9. Partial Excerpt from PCA visualization Code
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2. t-SNE: Bl g2 Ao dolE 2JAE 3o FARE A BE
el st, = dolge] FHAHY T2y dEe Aldststs g AL
Sdv. 32 t-SNE+= dolg e 533 vAdd dAe 2828 +x25
Z =y doly el si"oly aF3E AldHeR T

WS o] = tH(Fig 10)(Zhou, et al, 2018).

Fig 10. Partial Excerpt from t=SNE visualization Code
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2.4 do]lg E 7

07 39S EA 873 BIO B F 9AR A gl

i

2.4.1 &2} Bl 4 (Part-Of-Speech tagging)
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agset(Table. 1)& A}-&3}
919-]]1, EH%]: 367]'Z]9/] /\ﬂlﬂ%%‘/\]-7]- 2}1_’]_7_ 7_]]— %./\]_JE_ Xé_sﬂ;ﬂ Cl],:X]—E E/\]%

th BIO B ol FAF B @AE 7kx o]+ BIO Bid& & o FA}
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Table 1. Penn TreeBank POS Tagset

Tag Description Tag Description Tag Description
CC Coordinating conjunction NNS Noun, plural TO to
CD Cardinal number NNP Proper noun, singular UH Interjection
DT Determiner NNPS Proper noun, plural VB Verb, base form
EX Existential there PDT Predeterminer VBD Verb, past tense
, ) ) Verb, gerund or present
FW Foreign word POS Possessive ending VBG -
participle
Preposition or subordinating o
IN ) , PRP Personal pronoun VBN Verb, past participle
conjunction
- ) Verb, non-3rd person
JJ Adjective PRPS$ Possessive pronoun VBP ,
singular present
o ) Verb, 3rd person singular
JJR Adjective, comparative RB Adverb VBZ
present
JJS Adjective, superlative RBR Adverb, comparative WDT Wh-determiner
LS List item marker RBS Adverb, superlative WP Wh-pronoun
MD Modal RP Particle WP$ Possessive wh-pronoun
NN Noun, singular or mass SYM Symbol WRB Wh-adverb
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AEE (e IE o] F, A, 2 o]F)E Avom A
st EHeteE 2P /iAl™ <12](Named-Entity Recognition)o] 2 3kt
(Shelar et al, 2020). ol&g 7/HA™E A2 93] AHEHE= WH F & 7}
A& BIO 4ol g, ol d2E Yo /MAES o|F= 7k 28 w
ol ‘B, T, ‘O & sty Bl1& AAQste= A4S wdrh o714 B
Begin, I+= Inside, O+ Ouside®] ¢FAlo|th(Zhang et al, 2006). ©] &3 BIO
HAds Sl 7[Ae H2EoA JAEW, A, A FF ol dPete

Fao] FoldA gofst=s ARE E= F IA doh

p—

, 0 Zt "l Hol= F40o] g =4, o] 452 A AA3 &
o] ofxlolr}, B Ao M= Anode name, Capacity, Current density,
Cycle & 471x9] EXES HAASIA L, FAo] H+= 72 EFY xR+

Table. 25 &8 & 5 Avh. 4= At v Table. 33 22 H
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Table 2. B-1-O Tagging

name Tag name Tag
Anode Name B-AN Cycle B-CY
I-AN I-CY
Capacity B-CP etc. O
I-CP
Current Density B-CD
I-CD

Table 3. B-I-O Tagging T+

No Case Example Apply

Si(B-AN) anode(I-AN)

1 | Anode/Cathode Name Si anode
—Cathode¥ 49 B-CA/[-CA

2 | Capacit 1548mAk/g 1548(B-CP) mAh/g(I-CP)
apaci _ m _
pacty (£ mAh g-1) :
. 311 mA/g (& mA
3 | Current Density e 311(B-CD) mA/g(I-CD)
-
4 | Cycle 219 cycles 219(B-CY) cycles(I-CY)
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2.5 AdoiA g 2d

B4F doleE Agstel AAW A4 @Al Soizith AAF 14

g, 24 olF, 944, dA, A7 5T Adstn BRes Adel A 2
Holth(Li et al, 2020). ¥ AgelA= HAE AAE 9l& =3 AE 7]
Wb 2 o] g mdl BiLSTM(Bidirectional Long Short-Term Memory)
¥} BiLSTM-CRF(Conditional Random  Field), E@&#X~¥w 7]}
BERT (Bidirectional Encoder Representations from Transformers, BERT)

2 Ahgsteoh

2.5.1 BILSTM &4

okurar Adr] wWRg REBILSTM)S Ao #wxg 2d(Long
Short-Term Memory, LSTM)S 4o = g3t wdo|th(Fig 11). ¥
7ol Aruks nEste] AA HHE o Fdte LSTMo = 28, BILSTM
2 A9 AHE9 wPe AHRE A uHITE ool 9

(Siami-Namini et al, 2019). ZF Al HolA F 7l wWxa] AL A&},

shuis HA ARE ALt o2 sy v HARE ALt o
Het Fx gFo| BILSTM2 Tzl Alde] #us gipgdo s ywshy
grEo ouE ¢ AHEsA AT = vk 53], Ado A elA &4

o oug sotal A AAE QA A BA So 2ol aRHOow A}

4 ¥t (Hameed et al, 2020).
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B-CP I-CP B-CD 0O
 § T . .
B-CP 0.7 0.02 | 0.02 0.0
I-CP | 0.12 0.6 | 0.01 0'02.
B-CD | 0.08 0.12 | - 0.78 | 0.06
I-CD | 0.04 0.08 | 0.05 | 0.01 |
O | 0.06 0.18 | 0.14 - 0.9 |
 § ) 1t 1
Bi-LSTM Bi-LSTM Bi-LSTM Bi-LSTM
< — e — S e l—
1 1 ] ! |
Word1 Word2 Word3 Word4

Fig 11. BiLSTM 2
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2.5.2 BILSTM-CRF &2

Fig 125 2¥ & F gl%¢], 7]¥& BILSTMel CRFZ°¢] F7}d 30
th. BILSTM# BILSTM-CRF®] ztol& Z7Adt= CRFv =05 A9 2
=g =g, 489 FEEo] AR Udd FHY AlE ol (Y
2~E do]g)e] tigt ghas o] 9l
32 CRF #olojol ¥FHY, CRFe AA AEAE adse] 39

N

rob

¥ Edoltt.  BILSTME

i

gl Al A AE o =3 (Huang et al, 2015). &4 W zF wojo] o3k =
ok 9 ARE AFete BILSTMO A3, AlA2~9 7} FEo figh
HA ol gy e AAS7] 98 AA AA2E 1y sE CRFY FHo] 2

stulo] Hoju A %S Kt (Wei et al, 2019).
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253 BERT =¥

BERT E&& £4& F8FoR ¢lof £HS dofshs BILSTMI = &
2] Transformereti= 725 ARE&Ste] &4 Wl ZE do] 3o #AES &
Aol shebgth(Fig 13). BERT R2& ol 7o F(layer) o2 -4 ¥ o]
dem, 7t S 'Multi-head Self-Attention’ WAYF# 'Feed Forward
Neural Network (FFNN)'® o]F#ojx gt} 7z =9 =¥& 'Add &
Norm' ©AIE AAH thg Fo=2 ALETH(Rizk et al, 2022). ]2 3,
g gat

o

Folzl wolup BT/ 1 B el A of| oz sgtA o

i

o
A olsfst 4= gltk. MLM(Masked Language Model) %4 & A}-&3}o]
St} (Devlin

oy

o2 71 "olE £Fo A TS vy e R o =35k st
et al, 2018). W3k &4 Zo] Ao Jortx] ¢k tiefdk Zojo] HAE

£ BdAHoE AYT 5 AUk
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Fig 13. BERT Z&!
(ZX: Devlin Jacob. Chang Ming-Wei, Lee Kenton, Toutanova Kristina,
BERT: Pre-training of Deep Bidirectional Transformers for Language
Understanding, /Submitted on 11 Oct 2018 1), last revised 24 May 2019 (this
version, v2))
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https://arxiv.org/abs/1810.04805v1

3. &+ 2%

3.1 dlolg ®Hd 23

B-1-O0 H4 < A8 uf, Azviet =3 244 2eld3 4% 99 =%
Al A o]l g Aol A Abdel B A S Allsol = B Il A
oJHwe AU olE dMAs] Sl FHHoE AEE rHRS Al
& ¢ s tH(Table 4).

POS tagging?} BIO taggingg #vtxi U¥, Fig 149 22
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Table 4. Tagging SHAIIA O HEH A

No. Case Example Apply
2z Z=7 = =0 1 7) ]
1|5 sel ws17h w2 oA ge =X FONE and & 710 £ A2 whE
(F$¥+= mA/g 5 YY) —%22H(B-CP) and %#HB-CP)mAh/g(I-CP)
$% Hol and ¥ FFo] & F andE 7|Fo 27tz wg gy
2 | T ° 7 57} and (24) 2xmAb/g o ¢
o5 TR A4 —522HB-CP) and (¥7%) $2HB-CP)mAh/g(I-CP)
3 | o5& Heoll Anode’} HlIE A %S o] 2 as the anode ol &% B A
4 | Capacity @97} & ¥4 mAh/cm, mAh cm-2 mAh/g¢t 5434l B-CP= e A
mA/cm2, mA cm-2
5 | Current Density &7} tt& &4 mA/get 5434 B-CDZ 7
Wh/kg, Wh/g
6 | Current Density &9 ¢} A} W/kg, W/g 22 A8ds 9. CD7} ofd
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Fig 14. Finished POS tagging and BIO tagging
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3.2 "oy A z+3 A3

1. PCA

2nd PC

1st PC

Fig 15. PCA Visualization Results
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2. t-SNE

t-SNE component 1

T
-60 -40 -20 0 20 40 60
t-SNE component O

Fig 16. t-SNE Visualization Results

Doc2Vec @2 wWE3 3 129 HolHE A 4 7|E t-SNE9
PCAZ Al Zt3} 81918 weo ZAye ve3 Zoh(Fig 15)(Fig 16).
PCAZYZE B, SHEo] g & w2 Holx H3l HEo] EAs}

= 7

Ae 2 5 Q. 4

T ATk d]le Heshy] flsl o FolA wHomNH W

Golzl H 5/E At 255 BRI H(Fig 17).
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2nd PC

1st PC
Fig 17. 5 points away from cluster in PCA graph

Table 5. #2257 E HOZ b7ie]l H =5 4
No. Abstract
1 gE ol WY A=
2 Aafdoll A A2 vi=stolol o] 2F3t &3
3 gg ol WEy d=8 dEd
4 32 gF ol WHYY He FY
5 Bha ooz A -z stolHE = A x
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o= geld We "oln AEL A9me Baye] "ol e

‘battery anode’] H-3ats TASo] A FHHALS VAT
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3.3 Ao Az =d g5 d3

Fl— score = 2 % recall X precz:szion "
recall + precision

Fd do]Hdl tisia BILSTMe Fl-scorex= 96%, BiLSTM-CRF¢
Fl-score= 94%, BERT®] Fl-scoret™ 4% = A 71+ 2& B5F =2 A
T Bolth AN FEsjof & 2 HE H2E do]Holth BILSTM
vl BILSTM CRF 2Ee HAE HoHoAt oAt 56%, 64%%
1

o
ofY
ot

€

olr

WaE mAT ol mdol Fd dolHd HHF HUSS

>

| A}
95%2] Fl-score At A37F ygkth, Al 714 24 5 71 =& H

T

rok

o} ¥k BERT 222 & HolHoA 94%, HAE tHlo]H oA

dol8 A%g Bl AL BB, ¥ dolHg /Mg A AL A5
Bt} o]= BERTY A4 Fd¥ A~ 7|dF ¥3o] g 24 &
s E3He B33 Aol Bl o= vij$ G3H Y-S AJALE

+
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F1-score

BILSTM vs BILSTM-CRF vs BERT

96% 94% 94%
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0% . .

BILSTM BiLSTM-CRF BERT

Etrain 96% 94% 94%

mtest 56% 64% 95%

model

mtrain mtest

Fig 18. BILSTM vs BILSTM-CRF vs BERT
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