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Research trend of the environmental functional material Schwertmannite based on
bibliometrics analysis

TONG Lizhi', PENG Xiangqin', LI Sicheng®, SHI Pixing’, WANG Wei', LIU Xiaowen'
(1. South China Institute of Environmental Sciences, Ministry of Ecology and Environment, Guangzhou 510655, China; 2. School
of Environment and Energy, South China University of Technology, Guangzhou 510006, China; 3. School of Environmental
Science and Engineering, Southern University of Science and Technology, Shenzhen 518055, China)

Abstract: Based on the bibliometrics analysis method, the literatures on Schwertmannite from 1990 to 2021 were reviewed
and summarized using the Web of Science core collection database and the China National Knowledge Network (CKNI) database.
By analyzing databases such as publication volume, countries, authors, research institutions, and keywords, the keywords frequency
density map and the emergent map were drawn to review the research history of Schwertmannite and identify research hotspots and
trends. The results showed that publication volume related to Schwertmannite had steadily increased since their initial report in the
early 1990s with more than 60 publications per year currently. In the early stage, the focus of the research on Schwertmannite was on
the analysis of its structure and properties, while the current research hotpots included their application in the fields of heavy metal
adsorption, soil remediation, and photocatalysis. It is suggested to study the environmental stability and the phase transformation
process of Schwertmannite in complex environmental systems to promote the further development of these environmentally friendly
functional materials in the field of the ecological restoration.

Keywords: Schwertmannite; environmental remediation; research trends; bibliometrics analysis

CLC number: X506

i S 9 ( Schwertmannite ) /& —Fh ¥ A= 85 (Fe ) - PEATILHEAK D PRYEMIRER 135S I, DL R H M
IR L), HAh S Ss  HeaRm AR, B e B UE RV W5 TR TR R )

WIS YR RS 2]z el HP A YR A 6 R VR — P BB AU i BRI A B, Tt FC i 4
i HER: 2022 - 08 - 01 FHBEHA: 2022-09-09

E€WB: FEFREAHEITE RS (2018YFC1801303 ) ; H S 44\ 25 P BB BT FE A BB 55 % 5T (PM-2x097-202104-
072); HBABERE AN PO F A4 (hx_202109_002)

TEZEY: Bk (1988—), B, Wit WFoErm: A S5 Mis g g @ v £5 248 2 . E-mail: tonglizhi@scies.org

BEEE: XIne(1967—), H, Wit W5 m: LIRS YpiiaHoR SBOR . E-mail: liuxiaowen@scies.org

SIAMER: o7k, &SR, 2EN, 5. T SR8 IR ) RE A Rl FC ™ 9 O BIFIE ka3 Bt (30, SRBE A4 B 2%, 2023,
49(5): 31 — 40.



32 IREE LR R

549 3

Tl ) LT 285 480 T S 38 48k BB A L X 7K A )
TCHLTE Gy HAT R4 i W B 6B 7, o et t), 75
BV ERANYS S TRl it FC AT T DL i e A
. T A e L R A o2 e T i R )
U0 FILRRU S LS YY) . HRA S )
IBIFTEIE SCIZR T 22, it ) LB BUIR AN A7 A 11
M)A T R GER 53T, LASIHE St (S P4 15 43R
PRI AT FNFH

SCHRT I 208 Bl T ST R AR AT N B
U WEFEHLAL , K2F | Bh2F R A A R A e
Bl 2B AR5 U SR A A S i MR R
B2 ST ) B &R, AT DA 8 S B A A
), D TAEAIE 5 7 1) B 2 A i R e SR
SRRV WBERT . AR, SCERIT AT E 24
BR2# 845 )72 N, A AR RSl fn ] RR4k
KW S ARG A AREAE o
B R R E AL F AR SRy KRS BT 45, X it
—HUE S TIZ T T BAG SCHR TR 3 5 B () T B

SR T G b R B G A A AR L PN A A
SR, ARBFSEREUT 1990—2021 4E3] ] Web of
Science (WoS) #%.Ur 5 SR 22 AT [ %0 1% (CNKI)
B RIS SR e LGB A DA SR8 3, 4B T STk
B, kRTY . BN (E K . B FER) L
R SRR AR S5 D, A6 OB i) e B o 245 151
S ) 2 TR PR S5 AR R (] B bt 40 00 ) B A
REREBS @ RGN 30 FK S
SERA VPRI G R T AR IR 15 Y3t B AT A F 5 K
W, BT T iR T Re A RIS I Bk R, AT
R TG WA R AT 25 5% .

1 MRS

1.1 HERIESiE®

R B AR A AT SR, AHIF g B R
J8T WoS %0 S84 Al CNKIT £ 48 /5, f R
KRR 2021 4F 11 A 1 H., Hodp, 383
SCCERAT A LA “ Schwertmannite” F11“ i FCH™ 417 4
R, B R AERT R B ol 1990—2021 4F il it
A b8 AR SO R 2, 1 — 2D e th A 5 22
SRR SCRITH SCSCRR A3 3R 872 11 88 o
1.2 SHAE

ABFSE FE LR T PR I AT A B A T
SCHRGE A M9, Bl VOSviewer(1.6.17 A ) Al

CiteSpace(5.8.R3 JfiiA<) . HiAr, VOSviewer H %
HlEE G 1E . LA G AR OCHE R L B K], CiteSpace
i T2 R 2 BRK]
1.3 #ELE

M WoS O & EHE PEAR TS B, LA txt 4%
LT 4 a0 St CiteSpace 17408, LU R4 43
B SC A% 205 Al sk it VOSviewer #4743 #r;
M\ CNKI 4 23815 i B4l , DL Refworks % 20
H, it CiteSpace il VOSviewer #E4743#7. [RIH f
Bh T Office 4t 1411 Excel 2016 F13C#RAS HLHK 1
EndNote 2020 X £t 1" —LE b FF1 347 o

2 EREHSH

21 BNERREEHSH
it FAy PRI K S TIPS AR A, DL 1,

1000 E%?gﬁk i
L +y% ML S,

a2 =t mﬁk%m&///_m

800 | \f / 150
,“’ \ \ /‘f ﬂ]ﬁ
& A . {408
B 000 nmimsbp B N X
¥ / 30%
pac) N #
400+ | A

A J“‘ 120

200 // ' 7\/\ 110

0 ’ 0

1995 2000 2005 2010 2015 2020
t/a

B 1 HERTYHEEHAREXENEFTEL
Fig. 1 Time series changes of the number of
publications related to Schwertmannite

1 RI%T, 1990—2021 4F WoS #4045 B
JEE T CKINT £ 2 el 53 5 it [ 4 AH OC i 58
WAL 960 e o Horhr, TSR & H 90.83%, I
SCHR S EE 9.17% . IHPEESC R R SR KR, it
[CH M58 A RE> A 2 AW B w03 A8 iy B Al
P & e B W1 AP B B (1993—2005 4F) &
SCHEBRAR MR U, SCHR AR 8 SC HAR Y RSO
A 10 5. H 2006 4L, i P A58 E AR
R R B B, TR SRR Y R SO TR 60 B LA L.
Bt A BRTW LL R HE K IR 5 Y 3h B A R KSR
SRR AR &2 A AR, HU0F AR it EC B 4 Y
WFFE SOk B S FF L
22 FEMEERBEXZR

LT WoS $¥i 1 & SCHEA HT 10 MEE S
I, W3 1.



555 39 FALE A JETOCHOHR AP REA RLIE [ W) AT S A b 33

x1 BRVYHARRIE

RENFE (F110)

Table 1 The research scholar with the largest number of published papers on Schwertmannite (top 10)

SCHREY Bl R

i HH % Gk B sk Bk B

1 ZHOUL X (JASr#E) i AR R 55 1060 20.78 20

2 NIETOJ [LEEI¥A FHIR LR 37 1564 4227 21

3 BUTTONE WRFNE.  mTFERY 37 1579 42.68 20

4  AYORAC PUBET WAy 1 g - AT SR A i BRI 5 e 28 1274 45.50 19

5  DANGZ (%) i R T R 26 386 14.85 10

6 LUGN (fkET) i ERHE T R 25 384 17.45 10

7  SULLIVANL 1L DR I35 S T 25 1311 52.44 15

8§  BUSHR WRFIE. BT FERYE 24 1371 57.13 16

9  JOHNSTON S WRFN.  mTFERY 23 980 42.61 15

10  PEIFFER S (lE| FED R 23 928 40.35 10
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Fig. 2 Cooperative network of the research team
engaged in the study of Schwertmannite
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Table 2 The research institution with the largest number of publications on Schwertmannite (top 10)

BRI B R

He# IR EEPR oy % 31k

1 UNIVERSIDAD DE HUELVA (F/REK3¥) (iR 53 1933 36.47
NSE PERIOR DE INVESTIGACIONES CIENTIFICAS CSI

,  CONSEJO SUPERIO STIGACIONES C CAS CSIC YT 5 > 043 1855

(PHBEA = SR R 25 )
3 NANJING AGRICULTURAL UNIVERSITY ( m5tqel k) h 51 1087 20.90
CSIC CENTRO DE INVESTIGACION Y DESARROLLO PASCUAL VILA
CID CSIC ( P§¥EF &R R S 5 & )

CSIC INSTITUTO DE DIAGNOSTICO AMBIENTAL Y ESTUDIOS DEL
AGUA IDAEA ( IREEiZ2WibiF o8 r FLB AR 5T ol )

6 SOUTHERN CROSS UNIVERSITY (BB K) BARFE 35 1526 43.60
CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE CNRS

PEEEF 46 1935 42.07

PEIESF 36 1243 34.53

7 . e LTI e 1 33 1458 44.18
(L E R B2 L)

8  UNITED STATES DEPARTMENT OF THE INTERIOR ( 2 [ Py BB ) B 28 1613 57.61

9  UNITED STATES GEOLOGICAL SURVEY ( Z&[E#h R IH A Fr ) EH 28 1613 57.61

10 UNIVERSITY OF BAYREUTH (FE% k) e3Es| 27 939 34.78

®3 WRERTYHARLEIRSHAT (87 10)

Table 3 The journal with the largest collection of Schwertmannite research papers (top 10)

HE2 TR RICES BIHBR KRICRAM X AT (2020 a)
1 APPLIED GEOCHEMISTRY 76 4589 Q2 3.524
2 GEOCHIMICA ET COSMOCHIMICA ACTA 53 4206 Q1 5.010
3 ENVIRONMENTAL SCIENCE & TECHNOLOGY 49 3059 Ql 9.028
4  CHEMICAL GEOLOGY 44 1651 Q1 4.015
5  JOURNAL OF HAZARDOUS MATERIALS 31 1119 Q1 10.588
6 SCIENCE OF THE TOTAL ENVIRONMENT 28 801 Ql 7.963
7 CHEMOSPHERE 28 560 Q1 7.086
8  JOURNAL OF GEOCHEMICAL EXPLORATION 22 1260 Q1 3.746
9  ENVIRONMENTAL SCIENCE AND POLLUTION RESEARCH 20 274 Q2 4223
10 MINERALS 19 256 QI 2.644

x4 WERESHERY WAARCE (87 10)
Table 4 The most frequently cited research papers on Schwertmannite (top 10)

He Sk R TR TER B EE R AT W/?k'ﬁ
Sch i d the chemical deli BIGHAM {&Zﬁk GEOCHIMICA ET
chwertmannite and the chemical mode mg 1996 J\I‘lj % 831

of iron in acid sulfate waters J Jos COSMOCHIMICA ACTA
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Top 25 Keywords with the strongest citation bursts

Year Strength Begin End

Keywords 1994—2021

water 1994 6.14 1995 2004

aluminum 1994 4.66 1995 2008

envirnoment 1994 3.68 1998 2007

deposit 1994 3.44 1999 2006 ——————

Fe” 1994 3.73 2004 2006 —

chemistry 1994 5.05 2005 2014

pollution 1994 3.35 2008 2011 —_—

tailing 1994 3.6 2009 2009 —

metal 1994 3.31 2011 2017

natural attenuation 1994 3.8 2012 2013 —

fe 1994 3.89 2013 2015 ——
diversity 1994 3.24 2014 2018 PR
acid sulfate soil 1994 3.19 2014 2018 —
natural water 1994 4.21 2015 2018 —_——
low ph 1994 3.72 2015 2018 _
pH 1994 3.66 20152018 PR
aqueous solution 1994 3.29 2015 2021

remediation 1994 4.9 2016 2021 —_——
Fe™ catalyzed trans formation 1994 3.4 2016 2021 PE——
removal 1994 3.27 2016 2017 —
heavy metal 1994 3.18 2016 2019 —
secondary mineral 1994 3.56 2018 2021 —
stability 1994 4.59 2019 2021 —
phase transformation 1994 3.84 2019 2021 —
degradation 1994 4.99 2020 2021 —

E 6 HERTHARXERARIE (825)

Fig. 6 Keywords with the strongest citation bursts on Schwertmannite research (top 25)
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Table 5 Comparison of different synthesis methods of Schwertmannite
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Fig. 7 Structural model of Schwertmannite
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