5y Fas SER N 22

%53 %5 5 e L N = - Vol. 53, No.5

2025 % 5 A JOURNAL OF THE CHINESE CERAMIC SOCIETY May, 2025
http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20240594

G & T

ARFEEIK JEHEAS BB % e FL B H

FRX, xR B RS BERS #54l ZxRYL ok kx4

(1. PEEFMEREA TS GEARAT, SGOEFMEZESRE =, Jb5 100024; 2. KRR HEARAH,
IRV G SR ORI AR s B s, A8 230051; 3. HEREEGGIFE TR AT, MRS TR 4 E E A=,
b5 1001905 4. 7 REGERIFEERAE], Jb5 1000245 5. Hrd K2, IIARE ISR e HHEORE SASLIR=, HF 250022)

W OE: OB E T 5N TR RIS T, KR IERRHR G HEAT MRRR Ay 2 H AR B AR Y, T ST K
SRR E P A K AR R 1 AT 55 . AER SRR AR AR KRS, AR AN TR e T7 SN AT B s AR A B . A SCER
BT REE KUE. TREEL . BRI KRR R IUIR, AN 1 BUA Bl PR B S . R TT L B TE

At f=

EER AT T SCIRBUR 248 45 N T8 B RRTE K YR A RSO 18 4 15 B0 P 2 4 o ) 2 I 53¢

et T B Bl A AR

HARIRPEAG . BARIHEAE 4. B0 I BEE E A S| S M, R T HARRKIETT 17

KA JKVEHEM L B¥RE; BuRiZE; N TREE
hESES: TU528; TP311.13  XHMFERD: A
[ 4% B AR AT [E]: 2025-01-08

I VRS R R AT ML B I A R
Z . 2023 4%, EPKIErmE A 20.23 14 1, %8
FE KR BRI L 600 kg TH &, RE 2023 4K IR
TN 1212 ¢ UL LR TR E R R R,
B FE AT K AL T IR e e e 2], KV 3
AR B AR 5 SR ATY K A Ak HE S . 2 R XL
BB IZ 0 BR R, 7K YR AR T b ) B A4 B ok
HEFTE R, ARBRAKYE TR R Z T A 7K e
FPN I R —

TR 7K PEHEA B R ASESE N T, BFR RR
18, MEEIHEEE R K. 7E KRBT &
HFR T, 2500t & 0 200 DL A2 H 28 08 B HE
R, AKIRAT R T T R s BRI R G G
KEHE S5 N TR 10 S RPRERE, Tt
HSZIT 3 429t ChatGPT 5 A BEAL S, LIKL
B2 N O I N TR BE R AR IZ 0 B T3 R R
S, IEMEEL At EP O gl
R R RS T SRt , SEl 7 3 TR HAR
HMEWIER o« KUEEAM B LT IR ekt 5 e
H AT EF R 7 EHxt ik pe ™, gispiiet® M,

Wk H#: 2024-09-13, BT HE: 2024-10-24.

FEWH b E MR R E QBRI BRI AT % “OKUEEE
PRI R TH (2021YCIS01).

B YFOC(1992—), W, it

WBEEE: krAa9e9—), T, i, #HiR.

XEHS: 0454-5648(2025)05-1328-11

[=] i =]

TRBRAT R 215 2 80 B AR BCT O BERT R, F 34
SRR T R 5 SRR LA T AT 7T

FERATT R, a2 BBt EL RS #) A Y
HHERTE, EEERIUN A 1R 22 2 B A R A
MR 2], PR R DAl i R A0 T S
M SE MR (K2 AL RE T o X T AN TR R YR A s
HHRE L IR 22 3 i AR TR U B A5 AR
FERIBETE, SR I R 2R SR A, PR
R o HER e o B ) 80 P /B SRR BT
HDES T IR U2 (N P Rich =y 3L S Tk C A
B, IR E S AR, et Bt
ARAETRPESER R A RN o PRIE, i
Hys e B SO KPS B R 2

L ARREEATR 238 BUR

TR A RS P s 1) B AL AR R =
P S RERR A5 Y oK e e, TREE L IR
KA, VLROKTRFEM BHKA = 055 . K Je SR
B e — RS = #IEE. ez W5 E
XA RG FP Al P R AT R AR A vy 1A

Received date: 2024-09-13. Revised date: 2024-10-24.

First author: XU Chengwen (1992-), male, Ph.D.

E-mail: isaac1964620@126.com

Correspondent author: ZHANG Wensheng (1969-), male, Ph.D., Professor.
E-mail: wensheng_zhang01@163.com



HS3ESE S

VFRSC 55

SRR A Y R R G A B A

- 1329 -

Hode e Ja 6 WD I AR 55 2 5 80l J= A8 Bt AT A e
AHIREKIL, WE 1 Pos. ERdRET, BT A

Force field (FF)

Cementitious
system

HC,S

2) CH

3) C-S-H

4) ...

Result

+ Name 1) FFX
* Description 2) FFY -
* Version  3)FFZ * Lattice parameters

* Elastic properties
* Surface energies
* Interfacial properties

* References 4)...

FF implementation

+ Format LAMMPS
* Description 2) FFY * System-Description
« Version DL_POLY * Code-Simulation type
* Files 3) FFX * Parameters-Setup
Forcite * Input files
4y .. .

RIS S R 2 Ak, — ROE R 5 - 2
PR SRR 55 2 S B K

Implementation:

| Web interface

Experiment/Ab initio

» Description
» References
* Files

') Web
. frameworka:
Compare sets of Flask, Wiki..
results
« Description { 1
* Accuracy
Database engine:

v sqlite, PostgresSQL

[ J

1 K UBHEPP BRI 22 B AHEZ2 (LA cemff 23 2y f51]) ')

Fig. 1 Basic framework of the cementitious materials database (using the cemff database as an example)
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Table 1 Current databases containing crystallographic data of clinker minerals

[32-37]

No. Database name

Introduction

Data quantity

1 Cambridge Structural Database(CSD)

A structural database of small molecule and metal organic molecule Over 1.29 million crystal data, but no

crystals based on X-ray and neutron diffraction experiments relevant data on cement clinker

provided by Cambridge Crystal Data Center, which essentially minerals has been included yet.

includes all published data on organic and metal organic compound

crystals with atomic numbers (including hydrogen atoms) up to 500.
2 Inorganic Crystal Structure Database(ICSD) Edited jointly by Fachinformationzentrum Karlsruhe and The Gmelin More than 120 000 crystal data,

Institute from Germany, this database collects and provides including over 200 data related to

information on the crystal structures of all inorganic substances, cement  clinker

excluding metals and alloys,

minerals  and

that have been experimentally hydration products.

determined to date and do not contain C—H bonds.

3 Springer Materials

A comprehensive database covering multiple material categories, More than 270 000 crystal data, over

performance types, and applications, providing visual data display, 1.17 million structural performance

material search, and other functions. The data is sourced from the data, and over 40 000 phase diagrams,

Landolt-Bornstein collection, MSI Eureka, Linus Pauling Files, including over 200 data related to

Polymer Thermodynamics

4 Crystallography Open Database(COD)

compounds, and mineral crystal structures.

Database (ATHANS),

Separation Technology Database, etc.

Dortmund cement  clinker  minerals and

hydration products.

An open-source database containing organic, inorganic, metal organic More than 510 000 crystal data,

including over 100 data related to
cement  clinker minerals and

hydration products.

5 American Mineralogist Crystal Structure A database includes all crystal structures published in American 4292 minerals, with over 8000 data,

Database(AMCSD)

Mineralogist, The Canadian Mineralogist, European Journal of including more than 1700 pieces of

Mineralogy, and Physics and Chemistry of Minerals, as well as data related to cement clinker

selected data from other journals. This database is maintained by the minerals and hydration products.

American Mineralogical Society and the Canadian Mineralogical

Association, and is funded by the National Science Foundation of

the United States.

6  International Centre for Diffraction An International Diffraction Data Centre database based on powder More than 760 000 material data,

Data(ICDD)

crystal names, chemical compositions, experimental conditions, cement  clinker

diffraction d-I/11 values, etc.

diffraction data of crystal materials in published literature, covering including over 5900 data related to

minerals  and

hydration products.

7 China Building Materials Academy A database established by China Academy of Building Materials More than 300 cement clinker data,

Cement  Clinker  Mineral

Database(CBMA-CCMPD)

Phase Science and Technology Co., Ltd., including crystallographic data, including over 100 crystallographic

thermodynamic data, cementitious activity data, and carbon data.

emission data of cement clinker obtained through literature

collection and laboratory testing.
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Extended Abstract

In light of the policy of ‘carbon peaking and carbon neutrality’ and the advent of artificial intelligence, there is an urgent need for
research and development in the field of cementitious materials to advance low-carbon alternatives. Given the lengthy research
periods associated with traditional experimental methods, digital research and development has recently emerged as a dominant trend
in the field. Currently, digital models are being developed for purposes such as performance prediction, composition optimization, and
low-carbon innovation, with a primary focus on algorithm optimization. However, the success of these models relies heavily on the
availability of accurate, high-quality databases, which serve as the foundation for model implementation. Utilizing such databases can
significantly simplify model construction and reduce the need for extensive optimization procedures. Consequently, building
comprehensive databases for cementitious materials research and development has become a key objective in this field.

This paper reviews the current status of databases for cementitious materials, including those related to clinker, cement, concrete,
mineral admixtures, and construction mortar. The types of data, application methods, and scope of application encompassed by these
databases are summarized. Databases for clinker were among the earliest to be developed, primarily cataloging diverse mineral
properties, including hydration products. They include crystallographic data, thermodynamic data, and force field data, with some
databases integrating models for analyzing cement hydration. Cement databases, while recording thermodynamic properties, cement
types, and characteristics, have largely been focused on production control in cement plants. Moreover, the construction of databases
for concrete and related materials has often been driven by specific research objectives, such as studying chemical composition,
strength, and durability. Some researchers have also conducted property predictions based on their collected datasets.

Despite the existence of numerous databases on cementitious materials, a significant volume of relevant data within scientific
literature remains underutilized. The advancement of artificial intelligence in natural language processing has enabled the adaptation
of data extraction algorithms across various domains, including metals, medicine, and biology. Named entity recognition and textual
relationship extraction—two critical components of literature data mining—can be implemented through Al algorithms such as
ChemDataExtractor and BERT. ChemDataExtractor and related algorithms have demonstrated accurate chemical data extraction from
compounds and semi-supervised relationship extraction. Similarly, BERT, like ChatGPT, is a state-of-the-art language model
developed using the Transformer architecture and has been successfully applied in automated text data extraction. However, the
complex mineralogical and chemical composition, multi-scale particle characteristics, and hydration processes of cementitious
materials pose challenges to the direct application of these algorithms.

Summary and prospects The construction of comprehensive databases represents the cornerstone of the digital transformation of
low-carbon cementitious material research and development. Although existing databases contain extensive datasets on cementitious
materials, several challenges persist, such as non-standardized database structures, insufficiently considered data categories, and
incomplete material coverage. To address these issues, future database development should prioritize unifying data formats and
linking upstream and downstream processes to create a cohesive and interconnected database. Such a unified database would enable
the establishment of a fully connected data chain for cementitious materials, enhancing the accuracy of predictions, supporting reverse
design processes, and saving time on data cleaning.

Particular emphasis should also be placed on refining databases for related materials, such as mineral admixtures. These refined
databases would provide critical data for improving the durability of cementitious materials and reducing their carbon emissions.
Furthermore, combining artificial intelligence algorithms, such as ChemDataExtractor and BERT, with domain expert knowledge
holds significant potential for advancing literature mining techniques tailored to cementitious materials. This process could begin by
focusing on individual performance attributes and gradually expand to encompass the comprehensive extraction of data for all
cementitious materials.

The future of cementitious materials database development is promising, with the potential to drive innovations in low-carbon
materials research and development, ultimately contributing to achieving global carbon neutrality goals.
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