A SR IR Jun. 20, 2025, 52(6): 2867-2882

Microbiology China CSTR: 32113.14.j.MC.240819
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.240819
http://journals.im.ac.cn/wswxtbcn Copyright ©2025 Microbiology China All Rights Reserved

RIBE 5 316

ET BT EZSHNEDZRENR S EHFENE
%t
BAE L, REE, A, B, R, BET

1 22MAgE K AW SH28 TR, Bl 2290 730070
2 Hl& BEERAIIE B B2 T Az o, Bl 2240 730050

JiEAEmG, BRANE, XA, WEWTYE, BRL, FEMEY. BT SO AT A R A BRI VR [D]. e
i, 2025, 52(6): 2867-2882

XI Yanpeng, LI Mengjiao, LIU Yali, LIN Yanyan, MAO Aihong, TANG Deping. Bibliometric analysis of hot topics and frontiers
in bioleaching[J]. Microbiology China, 2025, 52(6): 2867-2882.

M OE: [FX) HAENZERREEST . RFAF L. Keufos . AR A 20z EFK; 48
BRTEGzEER, REARIELRIF. WAL, AeEegFwms. [B6] BEKTHREYD
BB EAKTUE NG RE LR FF RKYn, FHIARARAHATHR TG, FRMAXHAT, TH
ZARIR AR X H9iRA. [ %) A F Web of Science 4 4~ & 3038 B 2t 2011-2023 A B A M2
o) Lkt AT R Ao, [ER] FE IR TRAEN R B ARG RHER T T, HH3]
KRR L, RT XRAFOR BN, 7N EZREFRAEARARIBFRETLGTAE. &
AR 80 MNE K @45 1 546 M TF R R, XKL SSOA T L. FE. F81. FPEAEK
FIEHSTT KREWNHR, ERTEE2IE. TEAFALSF. RFIEZFRANREKRE LA HKEY
FELZEH, RESWHAZT 42T HIG A4 RAF . BAABK. TLEFZE, XA
HRARRBET I &, (48] BT BRADZHEOARIZEFEL N EK, WARSE
W5 B A by R A it Z AR R R R KT .

EHEIR: kit EF; MANRE; AXIEY, RE 0, RAEEZA

VEIE . B R 3 RBE R 4:(32160025); HIilE BRI 4 (20TR10RA224); H i A i S 210 ) 37 3L 42 (2020A-041)
This work was supported by the National Natural Science Foundation of China (32160025), the Natural Science Foundation of
Gansu Province (20JR10RA224), and the Higher Education Institutions Innovation Fund of Gansu Province (2020A-041).
*Corresponding author. E-mail: tangdp@mail.lzjtu.cn

Received: 2024-09-19; Accepted: 2024-12-04; Published online: 2025-01-13



2868 (YIS Gk Microbiol. China

Bibliometric analysis of hot topics and frontiers in bioleaching

XI Yanpeng', LI Mengjiao', LIU Yali', LIN Yanyan', MAO Aihong?, TANG Deping"!

1 School of Biological and Pharmaceutical Engineering, Lanzhou Jiaotong University, Lanzhou 730070,
Gansu, China

2 Medical Molecular Biology Research Center, Gansu Provincial Academic Institute for Medical Research,
Lanzhou 730050, Gansu, China

Abstract: [Background] Bioleaching is an effective leaching method for treating tailings, waste
ore, low-grade ore, refractory ore. Compared with traditional leaching technologies, bioleaching
has the advantages of environmental friendliness, high returns, and high efficiency. [Objective]
To gain insights into the research trends and the academic influences of bioleaching on a global
scale, and to assist researchers in identifying research directions, conducting relevant studies,
and understanding the most pertinent topics in this field. [Methods] The articles about
bioleaching were retrieved from the Web of Science Core Collection within the period spanning
2011 to 2023 and systematically analyzed. [Results] A decline presented in the number of
annual publications in the field of bioleaching in recent years. The analysis of highly cited
articles indicated that in addition to the intrinsic quality of the literature, a substantial
contributing factor in attaining this status was the accessibility of national policy support and
funding resources. A total of 80 countries conducted research in this field, involving 1 546
institutions, with the articles being published in 580 journals. A substantial corpus of research
has been undertaken in China, Iran, India, and Australia, involving multiple disciplines such as
metallurgical engineering, environmental science and ecology, mining engineering and
biotechnology, and applied microbiology. A cluster analysis identified four keywords that
appeared frequently, which were chalcopyrite, printed circuit boards, heavy metals, and
leaching. The presence of these keywords offers new avenues for researchers to pursue in their
search for knowledge in this field. [Conclusion] The current research on bioleaching mainly
focuses on single strains, and the adsorption of mixed strains on minerals and the tolerance
mechanisms of mixed strains to metal ions are the future research directions.

Keywords: bibliometrics; bioleaching; publication trends; cluster analysis; hot topics
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Figure 1 Annual publication volume of bioleaching
in the WOS core collection from 2011 to 2023.
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Figure 2 Top 10 countries for publication from 2011 to 2023.
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F*1 WOS #LEETHSWSISCE
Table 1 Highly cited literature in the WOS core collection

s e i 44 WITRIEGIIX)  BgIE 4R Ffy ZH 0k
No.  Author Title Source journal ~ Number #%5]  Year Reference
(Division) of citation Average
annual
citation
1 HOREH NB, Bioleaching of valuable metals Journal of Power 272 38.86 2016 [20]
MOUSAVI SM, from spent lithium-ion mobile Sources (Q1)

SHOJAOSADATI SA phone batteries using
Aspergillus niger

2 XIN YY, GUO XM, Bioleaching of valuable metals Li, Journal of 223 31.86 2016 [21]
CHEN S, WANG J, Co, Ni and Mn from spent electric Cleaner
WU F, XIN BP vehicle Li-ion batteries for the Production (Q1)
purpose of recovery
3 FALAGAN C, New approaches for extracting Minerals 203 33.83 2017 [22]
GRAIL BM, and recovering metals from mine  Engineering (Q2)
JOHNSON DB tailings
4 QUY, LIAN B Bioleaching of rare earth and Bioresource 194 19.40 2013 [23]

radioactive elements from red mud Technology (Q1)
using Penicilliumtricolor RM-10

5 SCHIPPERS A, Biomining: metal recovery from  Geobiotechnology 171 19.00 2014 [24]
HEDRICH S, ores with microorganisms |: metal-related
VASTERS J, DROBE M, issues (Q3)
SAND W, WILLSCHER S

6 ZHU NW, XIANG Y, Bioleaching of metal concentrates Journal of 170 14.17 2011 [25]
ZHANG T, WU PX, of waste printed circuit boards by Hazardous
DANG Z,LIP, WU JH mixed culture of acidophilic Materials (Q1)

bacteria

7 BAHALOO-HOREH N, Enhanced recovery of valuable Waste 164 27.33 2017 [26]

MOUSAVI SM metals from spent lithium-ion Management (Q1)

batteries through optimization of
organic acids produced by
Aspergillus niger

8 ISILDAR A, van de Two-step bioleaching of copper ~ \aste 155 22.14 2016 [27]
VOSSENBERG J, and gold from discarded printed Management (Q1)
RENE ER, van circuit boards (PCB)
HULLEBUSCH ED,
LENS NNL
9 ZENG GS, DENG XR, A copper-catalyzed bioleaching ~ Journal of 143 13.00 2012 [28]
LUO SL, LUO XB, process for enhancement of cobalt Hazardous
ZOoU JP dissolution from spent materials (Q1)
lithium-ion batteries
10  YANG ZH, ZHANG Z, Bioleaching remediation of heavy Journal of 137 19.57 2016 [29]
CHAILY, WANGYY, metal-contaminated soils using Hazardous
LIUY, XIAO RY Burkholderia sp. Z-90 Materials (Q1)
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) & Hydrometallurgy , 5 & & & 1Y
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Table 2 Top 10 journals with the highest number of entries in the WOS core collection

PS5 RIEINIT g di ke KA Hh R B 23 X EE
No.  Source journal Records Proportion Composite Division of Chinese H index
(%) influencing factor Academy of Sciences

1 Hydrometallurgy 225 10.37 4.8 Q2 95

2 Minerals Engineering 165 7.60 4.9 Q2 88

3 Minerals 81 3.73 2.2 Q4 21

4 Bioresource Technology 69 3.18 9.7 Ql 251

5 Transactions of Nonferrous Metals 62 2.86 4.7 Ql 54
Society of China

6 Frontiersin Microbiology 49 2.26 4.0 Q2 88

7 Journal of Environmental 48 2.21 8.0 Q2 146
Management
Chemosphere 42 1.94 8.1 Q2 212
Journal of Cleaner Production 42 1.94 9.7 Q1 150

10 Journal of Hazardous Materials 41 1.89 12.2 Q1 235
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5B R W U R R B 2 R R SRR TR
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BTk E K, Abdollahi, Hadi 5i#k 25 55, KT
B B A TR 46 sk i L A 2
3.6 EXREEDH
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80 MEIF KK T HULEY R S 0 AH STk, ¥
e 1546 ZZHUAE 72 WOS $idfa % T 4551 3C SCIE
T SOARR A 2 SCER, 1217 R-Studio T AY
Bibliometrix R-package, £ B AN 3 G 1ER R
K, ChrB AR H S 71 NER G
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Table 3 The main distribution of Chinese literature in the WOS core collection

e L P e sg di bt FEARE (RS

No.  Affiliated institution Country Record  Proportion (%) Main author (number of reference)

1 LN SRS 293 13.50 QIU Guanzhou (122), LIU Xueduan (55),
Central South University China YIN Huaqun (45)

2 b R B ] 125 5.76 XIA Jinlan (25)
Chinese Academy of China
Sciences

3 HEW h 110 5.07 ZENG WEIMING (23), ZHAO HONGBO (22),
Ministry of Education China LIANG YILI; WANG JUN (20), SHEN LI (17)

4 WIRFRRLF TS MAFITE 80 3.69 KAKSONEN, ANNA HENRIIKKA;
Commonwealth Scientific ~ Australia CHEN MIAO (26),

and Industrial Research
Organisation (CRISO)
5 B L BT AR 5 3k M R 2 aREl 75

Tabiatmodalus University  Iran

6 B SHEs! 50
University of Science and  China
Technology Beijing

7 T R ZElE 46
University of Cape Town South

Africa

8 B B 43
University of Chile Chile

9 N Al 43
Tehran University Iran

10 EIERMETFRZE R HIE 42
Indian Council for India

Scientific and Industrial
Research

ZENG WEIMING (20),
ZHANG WENXIAO (13)

3.46 MOUSAVI, MOHAMMAD (65),

POURHOSSEIN, FATEMEH (12),
SHOJAOSADATI, SEYED ABBAS (11)

2.30 YIN SHENGHUA (15),

DONG YINGBO; LIN HAI (14),
WU AIXIANG (12)

2.12 HARRISON, SUE THERESE (33),
PETERSEN, JOCHEN (12), BRYAN,
CHRISTOPHER (10)

1.98 MAASS, ALEJANDRO E; ORELLANA,
OMAR (10)

1.98 ABDOLLAHI, HADI (25),

NOAPARAST, MOHAMMAD (13)

1.94 PRADHAN, NILOTPALA (14),

SUKLA, LALA BEHARI BEHARI (13),
PANDA, SANDEEP (12),
MISHRA, BARADA KANTA (10)
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Figure 3 A map of national and regional cooperative relations in microbial leaching.
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PE— N8R, A H DR 0.1 B SRR
KB AP [ SB BN A R B O EEE 1Y
JEFHE O . H R —A T SRS R R RN
SR B SRR X N, B S ] B R R4
BRI R B ARy o R IR T 2011 A4 0
PEHES 56—y B2 R4 dhagemilie, e
FEy 0.12, HIBL 317 Y. BEHH [l ix — G i
AL T E A AL, IF 5 HAD O IR 2 0] A
ELHE R0 & RAFAE . HAh OGO R 26
#0 HRACARE”, HUD Y 011, BT 255 I
R Z5#0 Y <Acidithiobacillus ferrooxidans”,
HLOEEN 0.10, ZOCHHR I BLIRECH 348 K.
A. ferrooxidans AR B KA A48 s IR )
Hm 2B PR RSP T e Tolk Bl
i A. ferrooxidans #1 A. thiooxidans & 3= % )iz
WMER, FFHELEBM ., M. %2R, R
i AR 1 & (Acidithiobacillus) % A iy 218 5
R BB AR O I, MR X,

R O IR R iR R LR R AR e T A
T8 N R B G BRI LAl . 14N Brierley S5MURT
R, E AR nEk B AR R B R B A
BRI . it . TSl . TRV R
L, Uk 1HH A (printed circuit board, PCB) Al
J5 Rl A5 3 3 T E iR B R A VAR R
R, ZIREOR . BN A A2 IR R
TSP A F A RS e 2R
T, EE2EPRT M EES LT A, JUHE
BEXT 4 L A DL o TR TR R [ P
SEERENBE RS, WTRRE AR
&R, FEEZEAPR TS LT A,
PRL I DA it o [T A i 2 4 i HL A 4 i PR35 0
%, [ ATt pEFR AL BB Tr . ST AT
XTI PCB 453X 24 @ W )i i v RIS i 2%
MRESAE WA WS, A G g ok e A Y 4=
HAET, PR e B HAA | filidE .
[, BEGEAIEIES) BAR Tl A YA &
T2 MBS LY g s R AR D, (Hid A
A SIS SRRt A, Flina P 1T 4
TR S, DURE KR NG le b E AR
AT o B R A R B 32 A R A
21 i 2 1T R B B L PN BRI Zhang SEUIEE
A. ferrooxidans HA #BT FACHIA S0 (AN 4
J& A LI D B AL T 1 o 32X AR A Y )
ol ) A 25 S5 R P45 3 07 i AL TR P LA
371 ZEMNNIHR

KT E EBZ AR OCHR, Lt 2 X
43T (multiple correspondence analysis, MCA)it
FPBUE, 2 Bl R B AR 25 T
iEa k] b AP NEI PTRER S e W S ID R TN
HA ML RS S & A 582 8] 1 8K .
K6 o 50 N REEA AL S IK,, MCA &
TR U S | IR BUR 2 10 5 3C
FHOCHI R, AaREHHE . WEIR,
5 R RI CHR RS I £, FF R A AH A
HWEZ, gERRLHFE . LR, DY
MR, B . k. B A A )E A
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Figure 5 Keyword analysis. A: Keyword clustering diagram; B: Keyword timeline chart.
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KME ST, RS5O BREEMT, L
afifh . RAWSFE. Bk&EE. &, 8. 5%
W5 EMART . BRIk, SEREHRTIR
e, WORBEMRBEYR TR
RS AR B EREM THE LR, JF5H
R, VIR, WFIEFRY . B
HHL AR R B AR S g an], TRl A . R TE T
AR R, R R ) SCRR 9T A FR .
A, MCA HIRISHR S 5A HYFRREE LM
&l 5B %) S Fa ) B ) e LR G o 25 |, TR
2 BRI T8 A v 4 s B 19 Ik
IR, 8 i 31 Al [ 1A 2% 5740 Hh 4
JE RIS B, aEle . R IHE AR . KA
KRS, DASEE A IR A R A
3.7.2 XA OMELEEDE

Kl 7 "] LIFEF| Thiobacillus ferrooxidans.,

sulfur, ferrous iron J& - #5237 & S TE Y 1A
XTI B Z, B R, R
WA S B  RBER T RR LT K
TAE. Hofmann 28O\ E[EE JE 75 IV H10K 3t 43
BRI R R A AR, W LITES H pH B2
M%7 % . Khaleque SEPUSETRPRATIZ . T hHr
PEVE T 5%, BB TR TIAE W) 0 PR 5 48— 22 1Y
B, WA FMAEYRE . Yu S5EPE
N EPS PUAETE R Bk -2 B R i
FINE, Yi ZPAR I Acidithiobacillus 784 Fisk
BN B 8 “cell-EPS-mineral” & S 4510 B IG, M
A2 SF 200 8 A 5 AN 0% Ak . Diaz S0P e ki
71 Tk 3 5 22 % 12 IN T (acyl-homoserine-lactone,
AHL)IE 8% pel ZE[H, JZ5 A. thiooxidans
MLAh Z WA 06 B 5y F N4 . Yue SEDPOfRAIE
T T E SRR, Fe'l

Keywords Year Strength  Begin End 2011-2024
Thiobacillus ferrooxidans 2011 12.40 2011 2012
Part 2011 11.43 2011 2015 S ———
Sulfides 2011 9.90 2011 2015 S —
Ferrous iron 2011 9.05 2011 2014 e e——
Sulfur 2011 7.41 2011 2012 e——
Expression 2012 6.99 2012 2013 i e——
Pure 2013 6.76 2013 2014 e e—
Sulfide 2014 6.71 2014 2017 o ——
Mixed cultures 2015 6.75 2019 2020 -
Valuable metals 2019 12.12 2020 2024 ————T—
Adsorption 2020 10.81 2020 2024 ——
Resistance 2020 7.85 2020 2024 ——
Community 2020 6.73 2020 2022 ——m
Rare earth elements 2018 9.25 2021 2024
Recovery 2011 8.23 2022 2024

7 WOS #ZUKBIARMAH  Year FniZOCHEIN 1 W BLH4EM), Begin A1 End 3R/81Z G HE
VRN RS IR FNZE 1L ARy, Strength 8 B R BLIR I o £1 R A AUFRIZOCHETR O 22 AR TS
AR BB, EOR AR ISR B, ORISR ST IR L.

Figure 7 Analysis of core keyword emergence in CNKI and WOS. Year indicates the year when the
keyword first appeared, Begin and End represent the starting and ending years when the keyword was at the
forefront, and Strength indicates the emergent strength. The red lines represent the specific historical stage

when the keyword became a hot topic in academic research. The light gray indicates that the node has not yet
emerged, and the dark green indicates that the node has begun to emerge.
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