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Current status and prospects of research on MICP: a bibliometric
analysis

MA Guohui', ZHOU Yuguo', LI Xiaoliang', SONG Yifei', YUAN Mingliang’, WANG Xue?,
LIU Miao®, LI Wei>*, YU Longjiang>*"

1 Three Gorges Jinsha River Yunchuan Hydropower Development Co., Ltd., Kunming, Yunnan, China

2 Institute of Resource Biology and Biotechnology, Department of Biotechnology, College of Life Science and
Technology, Huazhong University of Science and Technology, Wuhan, Hubei, China

3 School of Civil and Hydraulic Engineering, Huazhong University of Science and Technology, Wuhan, Hubei, China

4 Key Laboratory of Molecular Biophysics, Ministry of Education, Wuhan, Hubei, China

Abstract: [Objective] This study systematically reviews the research trends in microbially induced
calcium carbonate precipitation (MICP) over the past 25 years. Through bibliometric analysis, we
aim to elucidate the developmental trajectory, research hotspots, and academic impact distribution
of MICP, offering data-driven insights for researchers and proposing strategic priorities for future
studies. [Methods] A comprehensive dataset of 1 947 publications was extracted from the Web of
Science Core Collection (1999-2024). Bibliometric analysis and CiteSpace visualization tools were
employed to quantify publication volume, authorship patterns, country/institutional contributions,
and keywords dynamics. Time-series analysis and network mapping were integrated to decode the
evolutionary pathways and interdisciplinary frontiers of the field. [Results] Annual MICP
publications exhibit sustained growth, with China emerging as the dominant contributor,
accounting for 47.71% of global output. Leading institutions such as Nanyang Technological
University, Chinese Academy of Sciences, Southeast University, and Chongqing University
demonstrate strong academic influence through high publication output and citation frequency. The
research hotspots are primarily concentrated in soil improvement, self-healing concrete, and
bioremediation. Keywords clustering analysis reveals emerging interdisciplinary frontiers at the
intersection of environmental geotechnics and biomaterials applications. [Conclusion] MICP
research has entered a phase of rapid multidisciplinary integration, with China leading global
advancements. Future efforts should prioritize fundamental studies on bio-mineral interaction
mechanisms, accelerate MICP applications in environmental remediation and smart materials, and
develop green, sustainable processes to enhance its role in carbon neutrality and ecological
engineering.

Keywords: microbially induced calcium carbonate precipitation (MICP); crack repair; biocement;
bibliometric analysis
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W AR AE F A = A kR PO MICP fY
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BRI 50, (RRE R RRAS I DiTE . Hifad
FEALFE LU JUA A BR (AR R K F# R 18] o
(1) IREIK A (OFR . EERIAnE K
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AR PR 2K i A L (NH) B AR B (CO,),, ]
A 2 RS A ) pH
CO(NH, ), + 2H,0 — 2NH; + CO, (1)
(2) BRER MR B A B . K M A Bl B 1
(NH,)FIEEMR B T(OH ), #—MEdk CO, %%
b M BRFRAR B 7 (CO5* ), X MmA@3)
iV
NH;+H,O—NH, +OH - )
CO,+OH —HCO; —CO3*" (3)
(3) FRERESILIE . FE45 B F(Ca* ) EAE TG I
T, RERIRE T 545 7454, BRBRIRES UL
VE, WMARSFTR.
Ca**+C0O5*> —CaCO0; | 4)
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R ARG — o 8 IR AL PR 2K A SR
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B RGBT R Sc . IR ERTD R DL
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I3 AT SR RS SCHR T A B R 240
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sk A A R . W, AREFSE A A
CiteSpace., VOSviewer 55 # {4 X} 1999 -2024 4F
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1.1 BIEKIR
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webofscience. clarivate. cn/wos/woscc/basic-search)
e, SR RINEE, WA RSN TS=
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Microbial* NEAR/4 Calcite Precipitation OR Bio-
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S (article) M1 ZE iR SC & (review article), 9 [A] i
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Figure 1  Global publication volume in the field of
MICP from 1999 to 2024.
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RICEZRIE 2L, AFRET R FREIR 264.00
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ITAFSR MICP £ AR5 8] T 7z ki, JLHETE
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Figure 2  Statistics of the top 15 countries and
regions by publication volume in the field of MICP

from 1999 to 2024.
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Figure 3  Annual publication volume of the top 5
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Table 1 Top 10 research institutions by publication volume in the field of MICP worldwide from 1999 to 2024
He44 WFFEHLA P R B F o e
Rank Research institution Country Number of publications  Percentage (%)
1 FETEHE T R iy Singapore 88 4.52

Nanyang Technological University
2 BB 1= China 74 3.80
Chinese Academy of Sciences
3 7R K27 Southeast University " [E China 68 3.49
4 R F T 2 B P India 60 3.08
Indian Institutes of Technology
K K% Chongging University rF[E China 58 2.98
Jbi31E K2 Hokkaido University H 7< Japan 54 2.77
A JE R [ USA 53 272
University of California
RIFEF 2 Curtin University K F. Australia 44 2.26
9 P 5L K2% Nanjing University /1 [# China 44 2.26
10 ¥R K2 Hohai University H1[E China 42 2.16

w2 1999-2024FMICPGUHTE F [E % X EHER B0 I 5449
Table 2 Top 10 research institutions by publication volume in the field of MICP in China from 1999 to 2024

Hi4 WAL R S E
Rank Research institution Number of publications Percentage (%)
1 /1 [EB}2# B¢ Chinese Academy of Sciences 74 3.80

2 4 K2# Southeast University 68 3.49

3 T PR K2% Chongging University 58 2.98

4 B4 5K # Nanjing University 44 2.26

5 {3 K27 Hohai University 42 2.16

6 WV K2% Zhejiang University 39 2.00

7 F [ 4l 5 k2% China University of Geosciences 38 1.95

8 VLR K2 Jiangsu University 36 1.85

9 L Z B K 2% Shandong University of Science and Technology 30 1.54

10 [R5 K2 Tongji University 24 1.23

R 48.76%, Ho, PEBEERE . KRR
R KR FAINE =, PRI T X S HLAE i 451 %
Hif .

TE Web of Science (WOS)E(IE ), W&
TEREIRESAT 1767 243 4, T4k 543 20(F8] 4). 7T
HHFH, FEEPE T K (Nanyang Technological
University), ' [ B} 2% B (Chinese Academy of
Sciences)F1 4 F K2 (Southeast University) 2440

>4 actamicro@im.ac.cn, 7 010-64807516

R EE A R SCHN, Hoh, M T R¥E
88 e, MHEBMFEBE AL 74 R, AR KFLE
368 F s KE I B A H RN T
0.1, RKZEHMZBNEERD, By
I4C5E, IR ESE F ;. VR TR
Ao tEs 0.36, HERERE A 0.20, ZREE
KR 0.11, FUEEHEHTRE . PREBER M
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TCE s S R 5 AE AR R T B AR T A DT
L, BT R ] A GRS B i R S T
e TP L S ER AR RS KT, 4
RN PR ZR R K- T e TP AR M, BRIR
PHUTIE EE AR R Rz, S ERA
PREGEW A KT TR T0 - 3R 1w, DRk 2 %5 7
Wb+ Hp AT 4] . Choi MR MICP
ARXHP I B HEE T AT T IEAMATRATIE, 45
SRR T P52 Pl 244K T B CaCO;
PUVE = G I G hn . HH B o, UTEm
T R 815 W e DA 3K A AN i 2 FiOB X7
K HHE 4 0y 2 db i B K 42 1Y Satoru
Kawasaki, HAF57 75 ) 0464k S L hb 5 it (A
TAE. @5, iRk, A TR, M TR
Rk AR g s 5 | SCHRA 4 T MICP 44
AR A B LT B (Pararhodobacter sp.) ¥ #515 Yt

R"3 1999-2024FMICPGUH & M E A £ TREEA R0/ FE
Table 3 Top 10 authors by publication volume in the field of MICP worldwide from 1999 to 2024

4 e PG ikt K CIE G AL GRS
Rank Author Research institution Percentage  Publication  Citations  Average citations
(%) volume per paper
1 Chu Jian FVER TR 3.08 60 3813 63.55
Nanyang Technological University
2 Satoru Kawasaki A8 K2 Hokkaido University 2.47 48 1381 28.77
Cheng Liang VLI K2 Jiangsu University 2.36 46 3189 69.33
4 Varenyam Achal TR LA BT 2B 1.85 36 3076 85.44
Guangdong Technion-Israel
Institute of Technology
5 Kazunori Al PN 1.80 35 961 27.46
Nakashima Hokkaido University
6 Jason T. DeJong TN I 2B A i o e 1.69 33 5336 161.70
University of California, Davis
7 Liu Hanlong T PR K2 Chongqing University 1.69 33 1582 47.94
Abhijit Mukherjee ~ F}HE K2 Curtin University 1.59 31 2242 72.32
9 M. Sudhakara BEMA/R R 1.59 31 1 895 61.13
Reddy Thapar Institute of Engineering
and Technology
10 Brina Montoya bR B 3y M ST K2 1.54 30 2176 72.53

North Carolina State University
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(3) BLEY o SRR (ARl PR PR AT
J5)J2 MICP i 72 Hr iR R B5 8 L) BEAS JsURL . ik
IR (— P8R DR 3R Ve 52 i w5 PR TC ML (B — 4
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ELHS W TS SR ORI, I e B R R B
B B T B — 7 THT 2 5 W) 200 R S DR 2R A TR
sk e )y, WAl RERUEME BB, bn]
REDN AR B A i AR wE e S —Jra, it
e P 52 7 40 e 38 B8 S5 7 3k A ] R 5 OB TR 5
PTEAE AR AR P E LU U 52 1 Tl Ab A o

(4) A3 BB A% AL s B AZ B o A )
4] i % THT S2 3 1) i A0 2R A ) (extracellular
polymeric substances, EPS) A i i £5 it 4 114 it
PR T RURAL R, SR R AR O A AR R R
BRTR S I At B (N7 A . 3R AT A A B 2
%3 pH, BT SEFBUEYI RSN, AR
A LA A 2 B R R A ) A PR RE RS E
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T 1 R B 0 e P AT A 2 At G Y 4 A
o MRMEEIE MICP i F& v 1b IR 2% K Al i) G 5
By, UG PE EEDRGE TR IR ES I AR R
R 975 4 ) s A P RE A% W 4 e MIICP A%
5 B IR R TR B IO VE 1Y 6 Bl oy, VR B T 4
S Bl 1R 85 1) A B AR AT S . 38 Y 5
TR ZRERS AE FE K S AR IR ES T0TE , T = Y
W ] e B IAE B A A UL R AT 1
FEAIR

HHT, & E MICP GUSIFE A 5t R Z L
THEOSE, sk PMEeSE. R, F—
GUR A VE B R Z B A S 1EA S 5%, WF5T
AR 5% K B B — 3l ) — B 4 i 7
B Z B PR S 25 HTBARYBIFZE 07 ) A [R] H.
L EAZ, FE BN Z 8] B 0] 52 b
HAF5E ) f B g o e 3K — 2 B AT A% SRy i
il i B AL DM AT BE 8, ARG 27
FHEH . A E PR BIEr 19 2R G AL 58 3 415G 5
GEM T ATBA A B A RS EXHE i MICP B

5 BA RGN, RRA 2 sE A Rl AL
Fiz3 2 Al A VEAC T o

W SC I Bk | et Al et A 9 o SR o i
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4 1999-2024FMICPEI #E 5% TRk = 55 % 2 17)
Table 4 High-frequency keywords in MICP-related
literature from 1999 to 2024

He#4 K] Y BARR
Rank Keywords Occurrence
frequency

1 PP SRR ER D LIE MICP 475

2 BRERERITTE 434
Carbonate precipitation

3 44 Bacteria 375

4 45 Cementation 374

5 + Soil 327

6 X K Improvement 320

7 Y14k Biomineralization 305

8 b Sand 296

9 IR ULRE 279
Induced calcite precipitation

10 i i Strength 243

11 VLUE Precipitation 225

12 417K J¢ Biocementation 217

13 JI%H#§ Urease 207

14 + A&k K Soil improvement 192

15 R5E 1+ Concrete 187

16 1545 Calcium-carbonate 150

17 Jift4q Calcite 143

18 1 fE Behavior 142

19 (L @RIV RIR S 142
Microbial carbonate precipitation

20 B %1 Permeability 137

2.7 KBHAIRES

AW FE 7 FH X BALSR A 7% (log-likelihood
ratio, LLR)X] SCHER AT RIS b . FER KRS
Hr, R (modularity, Q)H K T 0.3 FRE
R 3, T4 58 JE (silhouette, S)fH K T
0.7 FAFBRFERA A BIVE . B GRS H 07 1)
RFZ BT B SCERIF T £, B K
A5 38 350K 2R 1) SCHR AR A T R KB 5
159 A, ATIAL S R (E 8) R, 0=
0.468 2 (>0.3), $=0.8112 (>0.7), KHIBHKEE
HE5RA%. B8 BaRT 9 /I i RIepih

=BG “HO B R 45 (calcium carbonate)” “#1 +
R 2 K (soil improvement)” “#2 H 1& & (self-
healing)” “#3 ‘£ ¥ 1& & (bioremediation)” “#4
) %" 1k (biomineralization)” “#5 J7 fi# £ (calcite)”
“#6 45 B T £ R (Ca* removal)” “#7 B Y A
(microbialites)” “#8 Mk (ureases) 55 9 I~ i,

S5 QS ) JR S RT3 (18] 8) FT I 7] 2k &1 3%
(] 9)s3 T, ZEIZATIS BT T 0 (19992010 4F),
RN GRS B AR R . Y B e
AP E S T, Ho, CBER £ (soil)”
“4fi T (bacteria)” #1“ 4= ¥4 1k (biomineralization)”
MR 2023 AR QR AR B, e K,
VLI B B A TR R B Be, BFSE A LR B H 2R
W i — S AL R R 8 15 = Ak B R 45
YERIRO 41y, MM T MICP R . 7Ei%
SR BFSE 120112018 4F), HIRBCR . 1%
A=Y B AR EE A B A SRR R A E A
Hirdr <5 B (strength)” “13 % M (permeability)” Fll
“VE RE (behavior) ™ Iy 33X — W 3 1) g 495G B 1]
FHFE N A FF IR SN G MICP B )i [ 5k
B AR, REBIR AR P in [ 5548 52 S 1 58 5 A
BimESE . JEARREREIN(2019 SE R4, Ei
o B 1R) A2 45 [ 52 £k (immobilization) . 7= Ik il &
(urease producing bacteria) & KT i (Escherichia
coli), JWE IS N DGR S AN R R 1 72 DK
BT E Yy, Sl A ) 2 T B T ) 1]
TE LB A A e IR 7

& T “#8 JIKMfF(ureases)”#% ) 72 i T MICP
A, Li SFPOVK B, fE G B R I B (carbonic
anhydrase, CA) I FI YO, Ca*" AYULTEE
AR CA A 0 B BEpRe 3% B 40 R 7= A Y
CA T]BeVER —FPE U 75 A UITE R B R, ifF—
ST T WA SR . AR CA MR JE KR
pH XA CA 5 Sk FR 5 DLTE ML IR S B 52
M, 25 RITE—u N, RIREE R Ca>'/CA
il A5 R T Bk A T R, I W BE Y Ca™'/CA
g A R T 7 A B B W06 pHL (R 8 = A
AT AT CA i T 0k IR 5 1) £ 7). Baidya
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Top 25 Keywords with the strongest citation bursts

Sand 2012 3.89 2016 2018
Tests 2017 4.70 2017 2019
Reinforcement 2018 5.36 2018 2020
Microstructure 2021 3.64 2021 2024

Keywords Year Strength Begin End 1999-2024
Calcite 1999 5.34 1999 2013 p——
Nucleation 1999 3.80 1999 2018 px————————____
Calcification 2001 3.81 2001 2018 o ——
Lithified micritic laminae 2004 4.03 2004 2012 o ———
Calcium carbonate 2006 11.84 2006 2016 e ——
Bacteria 1999 5.18 2009 2017 ————
Limestone 2010 7.27 2010 2014 e S —
Transport 2010 5.38 2010 2017 e ————
Conservation 2010 3.66 2010 2014 e ——
Microbial carbonate precipitation 2007 14.64 2011 2017 e — —
Carbonate precipitation 2011 8.67 2011 2014 —
Groundwater 2011 7.44 2011 2020 e ———
Urea hydrolysis 2011 5.28 2011 2013 —
Soil improvement 2007 7.36 2012 2018 e ——
Contaminated soil 2013 3.98 2013 2016 —
Bacterial carbonate precipitation 2013 3.19 2013 2015 —
Calcite precipitation 1999 9.34 2014 2018 -
Surface treatment 2014 8.96 2014 2017 —
Biomineralization 2001 6.91 2014 2018 a—
Improvement 2013 333 2015 2017 pr—
Microorganisms 2010 8.89 2016 2021 —

—

——
—
—

E7 KEIARIE
Figure 7 Keywords burst detection map.

o GO g 35 PR T AR AR DR R T I R 2R AL AT B
‘#5"ca".="e' ; (Bacillus cereus) GLRT202 1) CA FE/R1E K FTF
' EAN T, A —Fh CA 24ufufEfbsn, fef

i HAilT AR CO WIRCR, IF HIX Al CA 4 4i i i

#8 Ures — i' e 5 5 . N . \ NS
o T N 2 2 IS R S e
#0 Calcium carbonate ~ . - ; «
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Figure 8 Keywords cluster map. BRI SEHE
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-> #0 Calcium carbonate

E9 EiRATE L E T
Figure 9 Keywords timeline map.
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