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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 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.
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Fig. 3. The process of annotation on entities and relations.
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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.
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CoNLL-2004 1,441 4
NASICON 2,434 8

5, 347 5 2, 020
4, 857 8 2, 297
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Fig. 5. Comparison of sample statistics of two datasets: (a)
The distribution of numbers of triplets; (b) the distribution

of length of sentence.
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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,
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it — A g i R AR Y B, AT LI
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AL HE ST
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1Y SE AR s 8 Matscholar, TE4H{E B a2 9
g, Horp, AR S0K 3.1.1 1A E A NASICON Ji
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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.
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SRS AR TE BT 55 O PERE B, BAY () 5258
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3.23 SRR HEHH
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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
e}
<
- 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
(05)\0 {b\)\o X O &00 (b@* 6%&% Q}:‘S o\,\&‘ R (b\,\o (bx)\o .@\0 6"\'\0 &,\)‘ %%&do Qs’d 0&0‘ X
NG e{\‘l) Qo% o &% Q‘O o NG e{-\q) Qoe S ge o® Q‘O &
»° o o ¢ N »° o o ¢ N °
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
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Fig. 7. The training and validation loss function of MatBERT-BiLSTM-CRF on various datasets: (a) The loss function on Dataset

1; (b) the loss function on Dataset 2; (c) the loss function on Dataset 4; (d) the loss function on Dataset 5.
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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

PACS: 07.05.Hd, 07.05.Mh, 88.80.ff, 82.47.Jk DOI: 10.7498/aps.72.20222316

* Project supported by the National Key Research and Development Program of China (Grant No. 2021YFB3802101), and the
National Natural Science Foundation of China (Grant Nos. 92270124, 52073169, 52102313).

1 Corresponding author. E-mail: sqshi@shu.edu.cn

070701-14



