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Fig. 1. The pipeline for constructing high-quality datasets for materials text mining.
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Table 1.  Comparison of acquisition methods of materials scientific corpus.
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Fig. 2. The illustration of the traceability of literature data and process.
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Table 3. Comparison of entity label definitions in previous materials text mining research.
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Table 4. The definition of materials entity types in the general domain.
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film”) 1M & /2B M. Ha, NRIEMA SR Z ]
FIETER R, FIA (el) (/el)Hl (e2) (/e2) S Frik
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Table 5. The definition of materials relation types in the general domain.

o X AAEAAEIC K RIS
Cause-Effect AXBA I Pmperty'fgtorf’zté’c _CPfrTI‘j:rsti;O_IfS“““”re’
Component-Whole AZEBRIFRSY Composition-Composition, ...
Feature-Of AZEBIFHE Feature-Composition, Feature-Application, ...
Located-Of AdiflE TBALE Composition-Structure, ...
Instance-Of ASZEBIHSEH Composition-Composition, Structure-Structure, Property-Property, ...
Condition-On AR &IHEB Processing-Condition, ...
Method-Of AR EEB Property-Characterization, ...

Other ASBAFTERR LR R RIS N HAD R R

F 6 HADURRETHXT

Table 6. Comparison of common tools for text annotation.

PR LH &S5 SOARESR MEEIIAR  MESYE AAE AR =%
Label Studio ZRSE BARE JekE N i ot th labelstud.io
Brat RERIRE — & e Wr3E h % github.com/nlplab/brat
Doccano AT R e i ik 1% github.com/doccano
EasyData SR e R AR — i TH = = [ ai.baidu.com/easydata/
NASICON type materials are stable in rhombohedral sysmmetry with R3-c space group
SRR RIbRIE
Feature Property Structure Structure
(NASICON type materials) are in Ghombohedral sysmmetr;)with <R3—c space group).
BIO##I:
B-Feature I-Feature I-Feature O B-PropertyO B-Structure I-Structure O B-Structure I-Structure O
t t T t T f|| I
(NASICON type materials) are in Ghombohedral sysmmetr}D with @3 - ¢ space grou).
RALBIRE
Feature Property Structure Structure

<<el> NASICON type materials </e1>> are 6e2> stable </e29 in €e3> rhombohedral sysmmetry </e39 with <<e4>R3-c space group </e4}.

L Feature-of ((tQ.(‘l)J L Condition-on (e2,e3) j

L Component-whole (e 1.(\15)J

K3 SR SRR RS EA

Fig. 3. The process of annotation on entities and relations.

PRid g = Jo R R BRI, IFERE X R
FREETGMR T (el, e2) TX (e2, el) FRic AR/ KR
J7 .

2.4  EEMEGUSEIRR ARG E

R RIS v B 14 SCAS 325 90 8040 4R 1+ S
At R DA B8 2 B T DR 5 o~
FR/INEEAR [R) T, (HL 32 BT BB SO B Rk 1, 4
(Y,In)BaCo3ZnO7, (Lag.sSrg.2), ¢,MnO3 %5 & % 1k
RS X -ray powder diffraction (XRD)”, “bond
valence sums (BVS)"SF4i 5L 7E, SE—MHK
J3EXELL B T B SO B G s A 55 4

I, ARSCHE RS PRI RTR A S SR s
Hi5E IR (conditional data augmentation model
of incorporating materials domain knowledge, cD A-
DK), ¥ b BHas i A Bl 2 S O Tl
I O Ay ST AR U RN AR AL, AT Sl AE A
o B A SCAS B

Kl 4 /R T cDA-DK 14k B 7. cDA-DK
K I 251 5 B8 DistilRoBER Ta(Robertal?)
AT ZR IR ) LRSS e i SO e
TR B4 i D) A 1) o FH U, S EOHAEXS b
PISCAS HEA T AR PRI 22568 i A B 2331, AT 2%
AT R A R IR SL. BEAN, s B B S Ry
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The electrode conductivity decreases with increasing electric energy
2
........................
DistilRoBERTa ! 4 bonding energy
p— E “ gain boundary
o : B B :
. ! e single crystal
=’+‘ — : i I,'
= : | RS R
i . I of
: E R (AL S
= — —y
M 0 N
IRl - N
E - :7 o “\ N ) IS B martensite
:ﬁ o BRI N N supercooling
a e R L
;EZ ________________________ s splat cooling
‘
£ ¢ ¢ ¢ ¢ ¢ ¢
_______________________________________________________________________________________________________
The Mask conductivity decreases with increasing
The ionic conductivity decreases with increasing activation energy
Property Property

K4 JET cDA-DK BB R SCA 3 38

Fig. 4. Materials textual data

Ab PP A a4, 30— 2 B o] AR 1) S P
SR I AR R R I 1 o A A AR TR A SR i
73, ASCGE S AR KRR ARTE LU AR
Sl i) B LA S AR AT AR A DistilRoBERTa
R ELAAC L, A6 A A Rl AT ] S o B A3
HAELET DistilRoBERTa fYJR A 1AL, IPKA
FEAE T A B MR R i3 o SR A7 “add tokens”
TEBMA R LY Rl . JEF ik, il “re-
size token embeddings” J5 i A #E LI 4 5
O TRV A [ 48 52 F i A T 6 58 o 28 ) A ) )
AT, H I R AT AR 40U R 5 1Y
DistilRoBER Ta f .

SAE ARG IR BT 55 R AR 55, DAAPRL SO
ks AKX ATEAE 5 F 11 DistilRoBER Ta A5 %Y
JRIFTCIB N L, S SCAREAR IG5 AT 55 1L
VA, FERLIYBE, cDA-DK A4 #8 AN 25t B4 50k
BT R R, HMASs AR B T R RNE AYiE
58, WD TR B 75 AL BR ) SCAR P 8 B, bk f
PR OARCE.

I, M HME )5 ) DistilRoBER Ta 15 # 4fj

augmentation based on ¢cDA-DK.

MERATE IR R SCHE X, SEA B PR SO Y
Bl 78 FARHL, DATRIS 5 0 SO B S HX 1
bR 245 SR i A B, DistilRoBERTa Bl
s N B A T B S TR SR A S Y S WS TR
HENT IR SRR Z R R OC 2R, AL A i U
IR ] 1 DURAE AR (5 L. 7RI LAl |-
IR A 1) 2 T A G A5 AR A T LA 2 ol
I SRIANLCER, IR iR 5 JRUR T bR B
SRR BRI S B SR S 1) SO . (AR
02, 385 K dls 58 e MO T 0 DistilRoBERTa
AU Fifr 2 ] A hE: SRR, X AT DA S50k k2 g
FERHE A

cDA-DK i P4 fX A% W 55 5 1 7R . Digain =
{(@1,91), (@2,92) -+, (xn,yn)}ﬁ}ﬁﬁﬁﬁﬁﬁ, H
Hoa = {t1, b, b} RANKE R niya]F, v =
{I1,lg, -+ L R A R RS AR I  AR 215
PoistiiroBERTa 28 7R T 2515 F 1A DistilRoBERTa,
FpistilRoBERTa ﬁﬂ?ﬁﬁ]ﬁﬂ"]ﬁﬁzﬁ; C ={w,wa,...,wn}
PRI m BB RIS IR - Doyninenic M3 53
Je IR R SCOR B 2.
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Bkl BUEHR )75 cDA-DK
fﬁ/\ ﬁﬁﬁﬁﬁj% Digin = {(xl,y1) :(x27y2) PR ,(xn,yn)}

TR H AR PoigiiRoBERTa

PRI C = {w1, w2, ..., wm}
ﬁﬁ I'IH igﬁﬁf@% Dsymhetic
1: JFR
2: for w; € C do
?L:]E— w; FIAZE PDistilRoBERTa AR 2 I TN Gk He 1 4 1)
Bz
4: 1E N W55 SRR 58 A0 PoisiiroBERTa 193]

FpistiRoBERTa

5: WAL Dyynthetic = {}

6: for {x;,yi} € Diyin do

7: (Zi, i) = FbistilroBERTa (T4, ys) // A HUHTRIREA

8: Dsymhetic = Dsymhetic U (55\27 {U\z) // ﬁibjﬁﬁézkj]ﬂ/\l%ﬁgi
G/
9: 5

3 X5

3.1 NASICON BB AEZHRHEBEBEDN
HMEST %

B B TR (NASCION) b1} 2 2 1
TSR, BA R AR E TR L
LU AT B 5 T AR, A U 2
fifp Jot / FELRR A BHIE S 32 332 ST Bl RS
NASICON 7 [f] 5 Fit fift ISt bR SCAS 241 AT 55 91
BUE R 7 1 A R

3.1.1 HBEHEME

BT W OB SO SR B s AR A e A
=AU L AL R AL IR T 55 5 NASIC-
ON 7 [i] 75 H it S A S R A RERR 27 SCiR, 35 L )
1fil 1] NASICON {4 & i 52 4R 5C R HU B 4. a0
27 A, S A ) A T B 4 CoNLL-2004
FH L, NASICON SE4A 5¢ & B4 4R 7E b 28 25 51 |
o, AT R U T A B R RE B
48 B bR, b, NASICON HCHE 4 i bR s M A 5
CoNLL-2004 AHY, MFEAL L F 254 1 —1f.
AT FEAR I R P B 2 A R, A

# 7 NASICON k56 R H ¥ % 5 CoNLL-

2004 BHRAERIXS L
Table 7.  Comparison of the NASICON dataset
with the CoNLL-2004 dataset.

BRsE  REARKD SRR ST SCREM CRM
CoNLL-2004 1,441 4
NASICON 2,434 8

5, 347 5 2, 020
4, 857 8 2, 297

SOREX IR M BAE A SOREARTS AP ER 7T i %o B
2 2] J5 AR T WA X B G AR A T E U B R

OYBIRRIE ARG (W36 S1 M S2), M TRkE Sk
SRR N e el S P ey A=/ o v oy =
AR KA —1 22 R OE R 3 4 ) . IEAh,
XA 5 NASICON Fl CoNLL-2004 FREEA &
R IR BORE AR B o ARt ol n] LUk B, #
BESCA T BYTE R — A (Bt 20 A~ HRda]), H A
TR SR RN E 2% (it —2F DL REA
H=ZJCHAKRT 234, FEAR R EIAZEHIES
AT BRI, X EHIE T A EHE
R B 2.

500
452 [ CoNLL-2004 (a)
[ NASICON#i a4
400 A 367
iy 209 264
£
200 4 203
159
135
102
100 A
—‘ 68 51
17 25 18
0 Y e O e e P
1 2 3 4 5 6 7 =8
=N
900
so7 [] CoNLL-2004 (b)
800 1 775 [ NASICON#dhtk
700
600
?é'ﬂ 500
404] 411
SH- i
& 400 33 329
300
200 L7451 168173
100 7273
o1 L PP 2 a0
AN gD D D D D A

ST @@ BT @ Y
1B

5  PIREARAE MR LT E BT L
SITRMEBL; (b) TH AT BE A 1 1L

Fig. 5. Comparison of sample statistics of two datasets: (a)
The distribution of numbers of triplets; (b) the distribution

of length of sentence.

(a) = oA %

¥B/EET A

AN HTF cDA-DK Jrik X} NASICON SZ{R %
ZRRAE AT IR, DLSe A W B A i g A
B R R 72, B4 1 J5 A B X e an 2 8 Bl
Zt B R S, AR SR TR AS i | SEAR AT R

3.1.2
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8 NASICON SRS K A A M 9 i J ) B 19 %) 1L
Table 8. Comparison of samples before and after augmentation of NASICON dataset.
g AL SRR REE il

%’ . The (O) ionic (B-Property) conductivity (I-Property) decreases (O) with (O)
2 :
DRI B 2434 4857 2201 increasing (O) activation (B-Property) energy (I-Property) . (O)
cDA-DK The (O) electrode (B-Property) conductivity (I-Property) decreases (O) with

v B 1846 orid 4504 (O) increasing (O) electric (B-Property) energy (I-Property) . (O)
®O SEEERER R
Table 9. The details of experimental datasets.
Hnte s x N FH 4%, H A4 FEAS &= HRHILRE e
Dataset 1 2, 434 55 SCHk I T HARE
NASICON NASICON T
SRR 00 A L Dataset 2 2, 434 — B tang
Dataset 3 305 35 3Lk IS N INL e
Dataset 4 5, 459 80017 ik 2 ST FARE
Matscholar!!! ToHLAT R "
Dataset 5 5, 459 — g b

ML EXY 58 T A8 A, X H T R mT
cDA-DK 7= A= B3 5t il {AE AR L AR R
X5 R SURIAI PR — 2, HAE SRR X
FIR IR A58 LA AT S AR U L SN AL FE I,
SEEL T Hh /NIRRT AR B R o i AR A2
JEEHEEERY T,

3.2 cDA-DK B3N SEL8

it — A g i R AR Y B, AT LI
i 24 SR IR BT 55, 7 NASICON %dls
BRI TT IR R RR S b R TT X LS,
PAPFA, cDA-DK HYA RE ZHAEA R R RHA R T
AL HE ST

3.2.1 REBHE

SEREAERIR T 3.1 A EIE TR NASIC-
ON SZAR A EELE DL K Weston 5 M A TF A& A
1Y SE AR s 8 Matscholar, TE4H{E B a2 9
g, Horp, AR S0K 3.1.1 1A E A NASICON Ji
REHESEIC N Dataset 1, ¥ ¢cDA-DK 7EiZ 554
Ay 3R R/ A Dataset 2; 2420, Matschol-
ar IR AAEHEIC A Dataset 4, HE55E5500 A Dat-
aset 5. ILAh, AT AR T 35 F NASICON A%
SCiik, DME R /INEEAR SRR SE Dataset 3. {H
FHERE R, Dataset 3 J& H AEBRHIUHEAT 5T & 7F
LRI T w b, W& MR E T
Dataset 1.

3.2.2 RBiXE
cDA-DK 55 AR R () SIS 15 B AR - FENLIEHE

i ATERITY 3 H); FIFIROERY DistilRoBERTa
R A B 5 4 BT AR Y 5 i ke HfL 3]
T AR AR S 5 R B TR A AL de K
)i 3 BRIV Ry 3 s S

BEX Ui 44 SCARTEUNAE 55, SR PRS2 3 1A
P2 3 T 22 208 SCRFAE Rl B A R ) S AR TR B A5
%I MatBERT-BiLSTM-CRFB3! #F Jy 3Lk | LIPEAY
SRS AR TE BT 55 O PERE B, BAY () 5258
SR E AN S3 A, R R A iy 8:1:1.
AL, A SCR ARG %2 (Precision) . A 1% (Rec-
all) F1 F1 {H (F1l-score) > PF-fili 155 Y 1) 13 4G .
Hor F1AEAE ORG24 R 2 0 A 8, 78
PEREPAR Pl = AR,

3.23 SRR HEHH

1) cDA-DK FRIERESGIE

AR5 T J R B A A aR i AR b i T
44 S PUIRRL, USIE cDA-DK FLHLX A1k}
SCARIZ IR BRI SR R R, 2% 10 JBUR T SRR
SV AR T AN [] 52 35 B304 4R U1 25 I A0 AH R 4
AT S R L IR A SR . o, 7E Dataset 2 &
Dataset 5 345 Ha4E I, SCAR A F1{H
S35 AT IR 0.70 F100.77. 3% R BIAL ph 3 s AR A I 25
JIT A BN ) 28 B LA v A T 2 DR L Sk o
AR SRR B R 2 WA T 7 ik
T RbRFEEARE LR, HRrE IR SRAE T,
2 F1 5 3 1 5y Hhc A0 A ) ek R b S N T T S
4 cDA-DK F3774. AN, 7F s ampe AR b
AR EFEAS LA M B 5 (Dataset 2+3) I,
S A ) AR B ) F0I0ORS BE A AT Dataset 148
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Table 10.  The results of NER model on various materials datasets.
Bt L5 A Precision Recall Fl-score
Dataset 1 2,434 0.78 0.83 0.80
NASICON
Dataset 2 2,434 0.68 0.72 0.70
P [ 785 P fie o ’
Dataset 2+3 2,739 0.83 0.85 0.84
Dataset 4 X " 5, 459 0.86 0.90 0.88
TEHL R
Dataset 5 5, 459 0.75 0.78 0.77
() Application 128 0 12 4 8 0 o0 o0 27 P Application 121 2 4 10 8 0 2 1 18
Characterization 0 1365 3 70 0 26 0 1 18  Characterization 1 1078 7 90 0 16 0 1 52 4000
Composition 7 22 214 9 0 0 10 5 14 Composition 5 17 170 16 O 4 14 4 35
3000
o) Condition 4 41 12 895 1 3 0 48 55 Condition 1 46 13 730 1 2 0 52 106
Q
<
- Feature 7 2 0 2 102 O 0 7 13 Feature 17 2 0 3 66 0 5 12 16
] 2000
; Processing 0 129 0 3 0 336 1 32 24 Processing 1 126 2 3 1 232 0 48 39
Property 0 0 2 1 6 6 95 8 7 Property 2 0 9 1 6 11 68 16 8 1000
Structure 0 4 0 26 3 47 13 559 31 Structure 3 9 5 92 2 44 7 428 61
Other 13 37 30 89 13 26 20 58 Other 30 52 27 142 16 24 18 73 0
> S D <. e o P S S I e o
0((},‘)\0 (b{b,\)\o %_\\'\o &x“‘o @‘9’& 66%\0% e‘d\\;ﬁ& &° cj‘;‘)\o (b(bpo 9 6_\00 ejb“& e%%&doq‘agd\,o"& &
S © 7 93O0% k& P © < 7 03O0% xS
?’QQ @9@ QO"‘\Q S % ?»QQ g@d& Qo‘{xQ ce AR
o® o
Predicted label Predicted label
6 SERIRUIA AR R [ B R 4R B R IRE RS (a) Dataset 1 ARG JEEE; (b) Dataset 2 FITR V8 5 M5

Fig. 6. Confusion matrix of NER model on various datasets: (a) The confusion matrix of Dataset 1; (b) the confusion matrix of

Dataset 2.

THT 5%, i AR S 5 & JLT-H 2. X
F WAL AL D i I R A B AT 38 3 AR SR 4R
FEAR BT () WIS FE, i — D EIE T cDA-
DK X SCA B 48 5 1 350k, REAE 7 43
B RE SCAS 32 18 B S r A B AR . R B, A
NASICON #3 [# 25 Ha fife oz F TS AL R A~ AS [ 25
B ER s REW], cDA-DK HA&—E R
M RER

2) cDA-DK Az iU i it 35 ik

Sy it — B AIE ¢cDA-DK AE B0 i, A
5 LA NASICON #4541, 3 i 44 e S AR TR ]
FHIZE Dataset 1 Fl Dataset 2 [ IR IEFEFE, PF
FETEREA SRR T s A 5 IR AR A 1) o i
2580, B 6 MIRIE RS R, MR R E R R AT
R SRS I T Ry 81 b 2 SRS T Ak, T
X £ 28 0 2% D) 3¢ R Bl B R0 T s N A . e T
A, T N TARERR I & cDA-DKH 58 5l ,
SR RILE 8 AN SEARIS ] b A A T30 o5 L
PIh , iX B cDA-DK 7= A= fit 130 8 Hi it o
5 GUR L GBI B 1 T A S ) A AR

N ThR R T 255 (% R00RS B 3 3k A8 134
SRECPEAE, X SRR EE . A Dataset 1 JEHZ
2 BRI T GBI VEAT I R S 1 s S A R, T
cDA-DK 7EA43 SRR 3G 5 5 A v 25 32 Bk LAkt
G BR8N 3850 L S Mg s 500 25 [ A8 ) 5 i
SECHXHR A I ) AL FRRE F1 T B (AR
J&, cDA-DK 7EJCT A TARERIE LT 7= 28 1) SCAR
B B OO PR 0 AR A . A, SC
PR R 3 50t _E X “Other” 288 S ) 1E
BT e LT 5€ 42— 3, EDIE T cDA-DK X}
TR B T s R RE A PSRRI M fE.

3) cDA-DK X} T i BN 2R 3 R 52 e

K 7 &R T MatBERT-BiLSTM-CRF 7 A
ThRE B H s G B A 1 U1 2 A0 5 A v 4 2
PREL (loss function) {E M AZfL T £2&. H1 &l 7(a)
Bl 7(c) nlA, AEN TAREERAE I, SIS 726
14 WIS 12 Wil gk A B sl Mkl 7(b) il
] 7(d) BTN, T R 4 3 s B R 4 T AR
BIAESE 11 M 9 I ZRak A R rh i B, B
RUAE 38 5 K8 45 F 09 I R DI S50k A BT 4 T
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X JE T cDA-DK I A B 4% JH B Il 2k Distil-
RoBERTa AT ARG 08, 20 o Al 5 A1kt
TRk ) AR SR TR A TR0 A i
H, MORHRER AR AN 23 o3 i g ack B 438, DA T 98
ANT TR USRI R AL BRI A, R T TR
TR AL I ZRRCR. Ak, Tl ARSI HTR AN
A DO 5 A A S R, 30 BB T g M A AR
RHIURNC BT AL B R SGE UE B, s AR
SCAKICE ) A B B E SR

3.3 MNA#R
AL NASICON 2 [ 285 Ha, £ 5 A4 B} 10 0T

1800 F
1600
1400 |
1200 F o
1000 f
800 |
600 |
400 }
200 }

(a) —e— Training loss
--- Validation loss

Loss function

9 -9--0--0--0--0--0--0--0

0 2 4 6 8 10 12 14
Epochs

1200 (c) —e— Training loss

--»-- Validation loss
1000
800
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Loss function

400
200

0 2 4 6 8 10 12
Epochs

7  MatBERT-BiLSTM-CRF 7£ A [f) £ 415 4 I+ /9 Il 5 J% %6 UE Loss 22 1k h 28

REAIRIOC RIS A BRI IR R T i e s 2 i v
TEME. BRHL, HEMHEET NAISOCN Skt
F 05 2 I 25 r A5 199 S AR 1) A B DA 1808
NASICON A RFRE23CHk AP HU 106896 /> id
FRSLAAR, Hk, DRSBTS e 500 Sk B B A Hp i 26
408 > i P M RE IR S IR A et =S T
6 AN A B AR 27 2T BT B br Ja 1 30E Be R T
T, G Hp e I T RS AR ) e g R (R?) Wl ik
96% (1 WL S4)33. A STtk — 20 43 A 1 F50 00 A5 Y
rh X 25 SR e A B ER A R AT, ST A B Y
TS BB B B A RHA 200G R B8 Sl an & 8 i
/N, LL“Temperature” A i i) Condition 28 44 |

1800 (b) —e— Training loss
1600 --s-- Validation loss
1400 +
1200 -
1000 -
800
600 -
400
200 +

Loss function

Epochs
1400

(d) —e— Training loss
1200 | --e-- Validation loss

1000
800
600

Loss function

400

200

Epochs

(a) Dataset 1 I Loss ZEfL i £k ; (b) Dataset

2 1Y Loss Z2 1L 28 (c) Dataset 4 1) Loss Z8fb i 2k ; (d) Dataset 5 1211 Loss A5 fb i £&
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Abstract

Numerous data and knowledge generated and stored as text in peer-reviewed scientific literature are
important for materials research and development. Although text mining can automatically explore this
information, the barriers of acquiring high-quality textual data prevent its general application in materials
science. Herein, we systematically analyze the issues of textual DATA QUALITY and related research from the
perspectives of data quality and quantity. Following this, we propose a pipeline to construct high-quality
datasets for text mining in materials science. In this pipeline, we utilize the traceable automatic acquisition
scheme of literature to ensure the traceability of textual data. Then, a data processing method driven by
downstream tasks is used to generate high-quality pre-annotated corpora conditioned on the characteristics of
material texts. On this basis, we define a general annotation scheme derived from materials science tetrahedron
to complete high-quality annotation. Finally, a conditional data augmentation model incorporating material
domain knowledge (¢cDA-DK) is constructed to augment the data quantity. Experimental results on datasets
with various material systems demonstrate that our method can effectively improve the accuracy of downstream
models and the Fl-score towards the named entity recognition task in NASICON-type solid electrolyte material
reaches 84%. This study provides an important insight into the general application of text mining in materials
science, and is expected to advance the material design and discovery driven by data and knowledge
bidirectionally.

Keywords: text mining in materials science, data augmentation, data quality
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