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Research Progress of Concrete Microbial Self-healing Material

XU Jianmiao, PAN Jiajia, CHENG Feng, WANG Yuanshan, JIA Dongxu, LIU Zhigiang
(College of Biotechnology and Bioengineering, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: Concrete cracks will affect the building appearance and the structural safety. A novel type of concrete microbial
self-healing material with the unique mineralization metabolic mechanism of bio-mineralizing bacteria can be used to repair concrete
cracks intelligently and obtain the self-awareness and self-healing of concrete materials. This novel concrete microbial self-healing
material can replace the conventional concrete with some disadvantages like poor repairing effect, high cost and even heavy
environmental pressure. Recent development on the overall evolution, frontier hotspots and applications of this environment-friendly
material by CiteSpace and knowledge map technology was represented.
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Table 1 Frequency ranking of keywords in the field of
concrete healing

Keyword Year Frequence" Centrality”
Concrete 2010 467 0.01
Self-healing 2010 334 0.04
Permeability 2010 170 0.03
Crack 2010 169 0.10
Bacteria 2010 130 0.16
Behavior 2012 124 0.00
Composite 2010 113 0.05
Cementitious

material 2011 99 0.01

Note: 1) represents research fever; 2) means the keyword is on the center of

the clustered field.
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Top 36 Keywords with the Strongest Citation Bursts

Keywords
Pl‘tl‘lpllal]oﬂ

Year Strength Begin End 2010 - 2019
2010 273732010 2012 .

Carbonation 2010 307722010 2015 pmm—

Induction heating 2010 2.6630 2010 2014
Chemical 2010 54001 2010 20 18
Healing 2010 3.0007 2010 2013

Porous asphalt concrete 2010 32034 2010 2013
Crack widh 2010 28597 2011 2013
Release 2010 65945 2011 2015 s
Crackes concrete 2010 30986 2011 2014
Fatigue 2010 24362011 2013 e
Toughened cpoxy composite 2010 36163 2011 2014 _ s
Fatigue crack 2010 32882 2011 2015 _
Adhesive 2010 328822011 2015
Retardation 2010 361632011 2014
Praece 2010 24984 2011 2012 g
System 2010 326262012 2014

Water permeability 2010 447372012 2015

Steel wool 2010 240872012 2013

Further hydration 2010 240872012 2013

Asphalt concrete 2010 323442013 2014

Repair 2010 2.8908 2013 2015

High volume 2010 29292013 2014

Cementation 2010 26496 2014 2015

Diffusion 2010 298732014 2016

Autogenous healing 2010 373672014 2016

2010
2010
2010
2010
2010

259192015 2016
2.5855 2015 2017
25011 2015 2016
3.0249 2015 2016
345822015 2016

Growth
Simulation
Calcite
Polyurethane

Continued hydration

Efficiency 2010 3.1436 2016 2017
Biomineralization 2010 253862017 2019
Capsule 2010 25972017 2019
Mixture 2010 2.6548 2017 2019
Binder 2010 35542017 2019

Crack healing 2010 284542017 2019
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Table 2 Disciplinary distributions in the intersection of
biomineralization and concrete

Frequence”  Centrality” Category
46 0.15 Material Science
45 0.84 Engineering
31 0.00 Construction & Building Technology
13 0.21 Environmental Sciences
11 0.00 Biotechnology & Applied Microbiology
5 0.05 Chemistry

Note: 1) represents research fever; 2) means the keyword is on the center of
the clustered field.
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Table 3 Different microorganisms of inducing calcium carbonate precipitation and their metabolic mechanisms

Mechanism of precipitation

Autotrophic pathways Non-methylotrophic

methanogenesis
Photosynthesis Chlorella vulgaris™*™"
Heterotrophic ~ Assimilation ~Ammonification Myxococcus xan thus840
pathways

Ureolysis Sporosarcina ginsengisoli
Bacillus cereus'™®!
Bacillus sphaericus™**)

Dissimilation Denitrification

Microorganism

Methanogenic archaea

Pseudomonas denitrificans

Metabolic mechanism

351 CO,+4H,—CH4+2H,0

CH,+S0,> —HCO; +HS+H,0

Ca**+2HCO; —CaCO5+CO,+H,0

CO,+H,0 __Oxygenic Photosynthesis (CH,0)+0,
CO,+2H,S+H,0 —Amoeenic Potosynthesis |y ) 125+2H,0
2HCO; —CO5> +CO,+H,0

CO;* +H,0—HCO; +OH"

Amino acid+O,—NH;3+CO,+H,0
NH3+H,0—NH,"+OH"

OH +CO,—HCO5”

HCO, — e, o oy

Ca>"+C0;> —CaCO;

CO(NH,),+H,0 Microorganism 1y cOOH-+NH;
NH,COOH+H,0—NH;3+H,CO5
2NH;3+2H,0—2NH, +20H"

20H +H,C03;—CO5* +2H,0
Ca®*+Cell—Cell-Ca**

Cell-Ca*"+C0O;* —Cell-CaCO;

Organic compound+aNO; +HH"

[41-42]

LenITrTcanon
[46]

Diaphorobacter nitroreducens'™” cCO,+dH,0+eN,

Sulfate reduction

Bacterial Pseudomonas™

metabolic conversion  Bacillus pumilus*

L . |
of organic acid Micrococcus sp.*V

Respiration

microbe!**%

Desulfovibrio sp.1**!

50]

Carbonate-mineralization

CO,+20H —CO5* +H,0

Ca>"+C0;> —CaCO;
CaSO4+2(CH,0)—CaS+2C0,+2H,0
CaCO;+2H,0—Ca(OH),+H,S

CO,+H,0—H,CO;

Ca(OH),+2H,C0;—CaCO5+2H,0

CaCgH g0 +60, _Metabolism Conversion | CaCO3+5CO,+5H,0

Organic matter+0,+H,0 _ Enzyme CO,+H,0+Energy
C02+H20—>H2CO3
Ca(OH),+2H,CO3—CaCO3+2H,0

R4 YT UERRLRXGUEREIRATUHR

Table 4 Ranking of keywords in the intersection of
biomineralization and concrete
Keyword Year Frequency” Centrality”
Concrete 2011 42 0.35
Mineralization 2011 21 0.20
Calcium carbonate 2011 15 0.20
Durability 2012 15 0.14
Biomineralization 2012 15 0.16
Bacteria 2011 14 0.21

Note:1) represents research fever;2) means the keyword is on the center of

the clustered field.
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