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IR BT . B 1 SR 7 R [E B & 8 1AL
R T T 8 SR S K3 . Purevsuren ZEU77E 2003
ERRTHE—REVTORNIL L, ZFERIJEN, X
WF TG B R HI38 0, 2007 FEA 2008 F3910FH 4 FatH %
SCHRs TTE 2010 SELLE, AEVIFURTT SRR R, ®
SCHUCERIRE RGN, Y 2019 SR SCERECERIAE] 1 741
Fs o i 2003—2020 4[] AR 4 5T R A3k R R SC
22.65%, EWIFORIE T O ON 2 R A BRFH R A
Mo B BRI K Cao ZEF 2009 4F Kk R E N R
VR RIT TR SR, BN 3 1R SCRIBAEIE N, 2019
AR T 897 RESCHR, (HiEFURSCEBM UL, &
B ] P 25 38 0 A2 0 T 5 TRTRFE 0 B SR 1) DT R AS 7 388 o
Fl 2 Wil A LR T 2000 4F LLS R REN 5 TR A E
HEZzMPRR, HBRALEUNEGELERG (D .
MAZHAFALE AT LT, 2020 4E AT E R SR
225 2 000 FSAT 1 100 B . sEbr b, #uEZE 2020 4E 9
H 5 H, AP EPSERECEC S MIEE] 1 476 A
917 fi o
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HAFR I EE PP FE AR, B 91 SR 3R B 18 SCAE AR
FATR IR A A AR A A bR . AR 2 \T O,
2009 2R KR WSCER T HeE AR, FR S AR

Mo HEN 2010 2 )5, AR SHGIKEENK, &
42 8 a (AT FHBUESAE 15000 YRLAL, AR 2014 F1 5
BBk B, NI 22345 K. R R SCI R 51K
I ILAE 2014 FFE 2 5, Hodt 2016 4EH1 2017 4F ()4
SIBRR I 10 000 K. MWRIIHE SR H&, 2009 4
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Fig.1 Number and growth trend of papers published on biochar
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Fig.2 Citations of biochar research papers in the world and China
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Table 1 Top 10 countries in number of papers
BT BT

o mE SR s g Avemee  HIEHC
Rank Country of papers Percentage/% .ToFal citations H-index
citations  per paper
1 China 3608 4694 79882 2214 118
2 USA 1503 1955 61765 41.09 119
3 Australia 543 7.06 25 890 47.68 75
4 Korea 438 570 15 404 35.17 61
5 Pakistan 336 437 8082 24.05 43
6 Canada 335 436 9094 27.15 48
7 Germany 333 433 12 846 38.58 56
8  India 320 4.16 8165 25.52 41
9 Spain 257 3.34 9065 35.27 48
10 Ttaly 247 321 7038 28.49 41

N T B0 BEARAN[F] [ 5 2 678 A2 40 5 R T 7 45
METERR, fHH VOSviewer T HNH R CE AT 14t
DI N 7 HT ROSCRARAART 30 IR (90D [
SCELR 2R AR TR EASEEE 2 MR LS
BT IR Z I b R R RIVRTH A 3 2R S
IR RN EE . EBDEERIECR W, R
IR SR iR, R TP [ AR ORIt T s A K
EAERAM . EMBURDT T S FE VIR HEA AT 10 19
e RV M EIEE S ES NI S S U A1 AN S EE B XN

S [E-mhE A -0 N S - VD R R R A T
EAERF VN E K ROAER . AR, &HE. 2
FWE ., SR, fEE. B, EE. EERIR K
AL, R E S B AR UR K SCE K2 BT R TR E
PIEEDTTE, X5 aRpE R B, Wbk
IR — KR ENEEEFEZMISS5E
BACEYL R E TR S A, XA BT EANA
VISR T K IR E R SR, BT SRR A
2.4 SEANXHHEEESE

SHFILH 1 610 FHMFFRE T EY TR A S
o RILELE 100 FLAEMVAE 17 K, 25kE T
(10 %) « E£H 45 . #wHE (2 %) MEEHE (1
F) (2 . HoppERFEFR TR 639 5, AR
MRS 8.31%, HEA A RN = 1 A 3 E AR
(243 O M EBFER Y (215 B o dah, HE
WL R m Rt R W ER B PadR MR
KL E R RERN KRS, B E KA
T OK2E R SCREMAHZE 100 UL E, FHIhEBF5T
WLAE B AR TE AL R AH ST 78 L T 2D WS I, I R S
R, EAEVIFRIRFCE SE RN . HER
2efE L R BLIA ML K2 RGUR i B BLIA K 24 5 ST ) A
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Table 2 Institutions with more than 100 in number of papers

i FIIX T IR SN

HeA B JivJe 5 ROCE: ST X - H 53
Rank Institution Country Number of papers Total citations WIFhOI.H self Average citations H-index
citations per paper
1 Chinese Academy of Sciences " China 639 17923 ' 16 403 ' 28.05 ' 68
2 United States Department of Agriculture USA 243 11424 10 800 47.01 54
3 University of Chinese Academy of China 215 5338 5579 2715 37
Sciences
4 Zhejiang University China 205 5373 5063 26.21 38
5 State University System of Florida USA 194 13434 12 556 69.25 55
6 Nanjing Agricultural University China 182 6272 5602 34.46 40
7 University of Florida USA 180 13101 12 245 72.78 54
8  Chinese Academy of Agricultural Sciences China 163 2 680 2 500 16.44 28
9 Northwest A&F University China 159 4171 3884 26.23 33
10 Korea University Korea 137 3499 3175 25.54 35
11 Hunan University China 122 5085 4726 41.68 39
12 University of California System USA 116 5977 5799 51.53 32
13 China Agricultural University China 111 1861 1755 16.77 20
14 Shanghai Jiao Tong University China 107 5523 5234 51.62 32
15 University of Agriculture Faisalabad Pakistan 106 2169 1985 20.46 22
16 Hong Kong Polytechnic University China 105 3261 2813 31.06 32
17 Kangwon National University Korea 100 8119 7709 81.19 44

B 15700 245 E NEVIBUR BT T T ot
k. EASCEARANT 20 M, hELL 8 4 LEL
XS, REMERGIHRA 3 4, #HE 24, WAH
W MR BT RAMEESE 14 (R 3) . KA
[El K% %) Ok Yong Sik LA 187 f i SCZEZE 4l 4Bk K 3¢
R E AL, HOR SR A R LR R SR 40% L .

% BIA K% Gao Bin FIF& M T K241 Tsang
Daniel CW 7351 B 105 F1 96 F (1R SCEHAESS 2 FI%E 3
i - Ok Yong Sik Fl Gao Bin & 3L & 51 55k it 5] 45
RISz T AR S, T AT 5 12 AT 1 B A % 2
FHvE. NENERE, HRACE KO, il
K2 ¥ 0 R e K 2 6 B I Rk SC & 4y i HELE R
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Table 3 Top 20 authors in number of papers

L . - IR RSk IR %
Hr & HLE an%e%of AL “4/%11/11 Zc\lf Avﬁa f)i?altiii(}s\ o H ok
Rank Author Institution Total citations o g P H-index
papers citations paper
1 Ok Yong Sik Korea University (Korea) 187 981 889 52.79 T os1
2 Gao Bin University of Florida (USA) 105 9 196 8509 87.58 44
3 Tsang Daniel CW Hong Kong Polytechnic University (China) 96 3241 2802 33.76 32
4 Cao Xinde Shanghai Jiao Tong University (China) 62 4910 4683 79.19 29
5 Wang Hailong Foshan University (China) 62 2700 2 446 43.55 24
6 Zeng Guangming Hunan University (China) 61 3455 3319 56.64 32
7 Joseph Stephen University of New South Wales Sydney (Australia) 60 3337 3177 55.62 26
8  Rizwan Muhammad Government Cmé;iigt‘;;v)“s“y Faisalabad 54 1072 905 19.85 17
9 Pan Genxing Nanjing Agricultural University (China) 53 2907 2659 54.85 28
10 Zhang Zengqiang Northwest A& F University (China) 50 1401 1270 28.02 21
11 Li Lianqing Nanjing Agricultural University (China) 48 3094 2 866 64.46 28
12 Cornelissen Gerard Norwegian University of Life Sciences (Norway) 46 1569 1444 34.11 21
13 Lehmann Johannes Cornell University (USA) 46 7244 7137 157.48 30
14 Vithanage Meththika Univ Sri Jayewardenepura (Sri Lanka) 42 3202 3077 76.24 21
15 Meng Jun Shenyang Agricultural University (China) 38 633 614 16.66 14
16 Rinklebe Joerg University of Wuppertal (Germany) 37 1228 1124 33.19 17
17 Ali Shafagat Government COlgii i[SJtr;;v)ersny Faisalabad 35 744 643 2126 1
18 Kwon Eilhann E Sejong University (Korea) 33 893 852 27.06 16
19  Zimmerman Andrew R University of Florida (USA) 33 4506 4426 136.55 20
20 Hussain Qaiser Arid Agriculture University (Pakistan) 33 1307 1273 39.61 12

2.5 SR

AR R 7 R SCRRT 10 FUHATIEA & ST 100 G DA
by 10 MNMHTIRSCE R R 30% A0 (R4) o H
i Science of the Total Environment DA 480 Ji ) & SC & ik
NEKBZEDFR KRR R EZ T ikl
Bioresource Technology 1 Chemosphere. M54k L
%, Bioresource Technology . 4% 51 Ak Fil i 3540k 51 4

45324 20 113 A1 50.28, 17 Chemosphere 1X P Tl 45 b
119 14 186 Fl 44.19, $hyimiem THAMBAT], R
2 TR R A o R Wt 9 g EL 5 ) g 1R B S T
MR 4 v] 5, REREDFORT AT E T R RS
FRY 5 M) R AN 22 RS2 e 7 BB 26 Q1 AT Q2 JHT], 9 J
B H A AR AR ) Jo e iE AT A AR IR R 2 5 TR AR o0
J7 RN R

x4 EXERF 10 BIEAT

Table 4 Top 10 journals in number of papers

H4 Hik T RICH att gk ST
Rank Journal Influencing factors Number of papers Percentage/% Total citations per paper H-index
1 Science of the Total Environment (Netherlands) 6.551(Q1) 480 6.24 9288 19.35 50
2 Bioresource Technology (Netherlands) 7.539(Q1) 400 5.20 20113 50.28 75
3 Chemosphere (UK) 5.778(Q1) 321 4.18 14 186 44.19 56
4 Environmental Science and Pollution Research (Germany) 3.056(Q2) 292 3.80 3741 12.81 27
5 Journal of Environmental Management (UK) 5.647(Q1) 162 2.11 4257 26.28 36
6  Journal of Hazardous Materials (Netherlands) 9.038(Q1) 152 1.98 4552 29.25 32
7  Chemical Engineering Journal (Switzerland) 10.652(Q1) 150 1.95 4995 33.30 37
8 Journal of Cleaner Production (USA) 7.246(Q1) 134 1.74 2 064 15.40 25
9  Environmental Pollution (UK) 6.792(Q1) 128 1.67 4052 31.66 32
10 Journal of Soils and Sediments (Germany) 2.763(Q2) 119 1.55 2254 18.94 25

E: Q1M Q2 43 WAL K T 6L T1% 24 2019 FHEA AT 25%F1>25%~50% 131 T .
Note: Q1 and Q2 represent the influencing factors of journals rank the top 25% and >25%-50% in the given subject in 2019, respectively.
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1. KREFEEFESR/RKFH Lehmann £5T 2011 R F
HI%5d “Biochar effects on soil biota-A review” #% 5| ik
B, BF) T 1825 IRe AEE MWAEV R L B 1
SR AL 3 AR s AR P R RS DL R 8 A ) 5
R R L XU 55 TUAN J7 TH AR 5 R 5 - 33 HE D IR %
AT T ATE A HETE B A () 6 [ [ VTR
K1) Ahmad %6 T 2014 K1) “Biochar as a sorbent
for contaminant management in soil and water: A review” ,
BEDIBIRN 1485 IR, %R SCERIR T A5t A i B 71
2 HIEAUKA R YR &R I sk R, S
XA K1 Keiluweit 55K 3£ “ Dynamic molecular
structure of plant biomass-derived black carbon (Biochar)”
LA 1258 FOLE 8 ST HRE 256 = A MBI T8 ST 4, AR

BAR TR BUR O A k) S5 R AL S IR AR )
TP AT VAL I R o 518 SO A 2
LA AR AR PR B2t LR NE I REM = ). %
il EARAG . BRI R AE LA T . A E R B
M a LTI R &R 2011 SEREN “The forms of
alkalis in the biochar produced from crop residues at
different temperatures” S AME—1E AN Top10 B 13,
PL 756 (PRSI IR FER 5 10 AL R SCUAAFRIRIEY)
FEFT N IERE, AEA RN BT AR AE A B R, 4 T
TR PRI TEAS . R RE BRI kA, AF 4
T ] P 2 N B8 — A3 BV SCHE N 5T 30 44
A, VERRSCERZME S, HE AR R TR 9
WK T BB 9 SO 5 A M R 9 5 [
M E2EE, B R AL R R .
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Table 5 Top 10 most cited papers

4 el SRR B A SR e
Rank Title Paper type First author Journal Total citations ~ Time
1 Biochar effects on soil biota-A review!"”! Review Lehmann J Sm_l Blology and 1825 2011
(USA) Biochemistry
5 Biochar as a sorbent for coytammgnt [rzr(l)lanagement in soil and Review Ahmad M Chemosphere 1485 2014
water: A review (Korea)
Dynamic molecular structure of plant biomass-derived black . Keiluweit M Environmental Science
3 carbon (Biochar)®?!) Article (USA) and Technology 1258 2010
Potential mechanisms for achieving agricultural benefits from . Atkinson CJ .
4 biochar application to temperate soils: A review!??! Review (UK) Plant and Soil 974 2010
. . . . . +1[23] . Sohi S P .
5 A review of biochar and its use and function in soil Review (UK) Advances in Agronomy 928 2010
6 Sustainable biochar to mitigate global climate change!®*! Article Wo(([)jl;l)) A Nature Communications 924 2010
A quantitative review of the effects of biochar application to soils . Jeffery S Agriculture Ecosystems
7 - . - Article . 919 2011
on crop productivity using meta-analysis (UK) and Environment
Organic and inorganic contaminants removal from water with Mohan D
8 biochar, a renewable, low cost and sustainable adsorbent-A Review (India) Bioresource Technology 915 2014
critical review!”®!
9 Effects of blochar' from slow pyrolysis qf pap@ljrn;zl£]waste on Article Van Zw1et§n L Plant and Soil 308 2010
agronomic performance and soil fertility’ (Australia)
The forms of alkalis in the biochar produced from crop residues at . YuanJ .
10 different temperatures! Article (China) Bioresource Technology 756 2011

2.7 AXHERAE

% Web of Science ZRAIX Fr A SCHRAEATIA2K, Sit&
SRR RS, R SCERT 10 FEERT MW 6 B
e BRI, LEERLE . BEURMARL. TREEE. b2
TR EWHAR LN RAMAED S WS SER, RS
2y Al TR RIZK TR 2 A AR W o R i 9 SCEEHIT 10 1)
SERITI, XEMWEEY R E T 2 R 5T A
o, FEERETT RIS SRR 3233 /. HERSCET
42%. AEN—FHT RS TR AT RL, AP AL R (1)
IRES A AN CL 8 O IR R U0 F 2 IS ez il U7
I FRRE 72 FA R 29200 e Ab, AR R AE A% b TR A )
RICE BN 506 5, BRSS9 AIER] 47.02,
TEE L
2.8 WRHBRSH
2.8.1 FHIAALEE AT

TR A B 1] 43 T R DS e - IR N AR R R

w6 AXER 10 MAARFAM
Table 6 Top 10 research directions in number of papers

B e ataons T
Rank Research direction papers er pape H-index
I 1 I Environmental Sciences I 3233 I 25.81 I 123 I
2 Soil Science 1013 40.87 99
3 Energy Fuels 1008 37.63 96
4 Engineering Environmental 963 32.17 88
5 Engineering Chemical 824 21.08 66
6 Bi"t‘;\‘j[l;;";g?oyl (gp“ed 616 45.93 85
7  Chemistry Multidisciplinary 584 9.3 36
8 Agronomy 554 33.25 65
9 Agricultural Engineering 506 47.02 80
10 Water Resources 389 16.13 39
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Table 7 Top 10 of high frequency keywords of biochar papers in
the world, and main countries

e MR Gl EE WO #E EHEE
Rank  Word China USA Australia Korea Pakistan
r T T T T T T 1
1 Biochar ~ Biochar  Biochar  Biochar  Biochar Biochar
. . . Black .
2 Adsorption Adsorption Adsorption Adsorption Heavy metals
carbon
3 Carbon  Removal Black Pyrolysis Water Soil
carbon
4 Pyrolysis  Sorption Soil Carbon  Sorption Cadmium
5 Soil Carbon  Sorption Soil Removal  Black carbon
. . . Black .
6  Sorption Water Pyrolysis  Adsorption carbon Yield
7  Removal Soil Carbon  Charcoal Activated Bioavailability
carbon
8 Black  Activated Charcoal Organic- Biomass  Adsorption
carbon carbon matter
Activated . Pyrolysis
9 carbon Pyrolysis  Removal temperature Charcoal Charcoal
10 Water Aqueous- - Activated Sorption Soil Growth

solution carbon

2.8.2 RAEERENSM

FIF VOSviewer B A4%F HEEE 100 Yk BL_E () 5 B i) 3¢
PR, HWEa L S LA 3. 122 Ak
BN 4 MRS, B (L) Wl RZIM 53 Do
W, AR B, BR. KR, B, B MR A
BUR . K. 5. AR BRIC. AR
% OBERL RIEARSD . MRS RANEREEEAE
YR AE A ML AU T N T T, KT 7L SR AR R A
YIS R O IR AR R, R A AR IR, 1
AR AE P R, [ Je s e SR [ 5 SR 3 in -
MR, MR, B2 () 30
AT, TEAEMER . W, R, BRI, RK.
KWW BEAR S BUELS B 70% . ARt ARt 75
e, FER. N e, TR REIES. XEoES TA

WIS AT g e RO B 7 Ak B o BT ST I S B A
EMIF IGEIT BRI . FEEAER . BT AR
R AN 22 T SEAE L L B K I E S Jw . A LR
R KGRI A T B R EYIBURIE TR N
10 7P < R A 7 £ 28 A 2 P K RS e (AR AL
Befidt. B3 CHEME) 20 M KEE, AFESRE. &
IR EE S nt s N NI S NI TN 2 NI 27525 NI 3 TN
A, FEMN. BahtE. EWARE. FEtE ROKSE, X
M ocH ] R LIREE A G, WIR A UR 2
%P S e H AL AR LLAE, BLRAMI A
JROR AR -3 P B e R B B R R A e,
DA D ERAVE R R B BEK 4 G B FE 194K
P, GREEAVE. PRIREE. PUEAE. BEAE. S
ey RBERAL . VIR RFE. TS KM RS,
FEATEE, X E R T A FUR A 75 1 %8R, R
VIR (26 AR S RIS, W
JROR IIVE BT 52 B R AW IEOR il % T ZMEAR S 4%
(RIS o

gggggg

‘‘‘‘‘‘‘‘‘‘‘‘

B3 AR R AR 69 3 IR 45T AL 3%
Fig.3 Co-occurrence network visualization map of keywords
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K§EiA
Table 8 Keywords with increased frequency in biochar
research from 2003 to 2020

S . 2003—2010 2011—2015 2016—2020 .
Keywords H4 Sk Hem Bk HER O B
Rank Times Rank Times Rank Times
I Adsorption I 9 I 10 6 I 254 2 I 1361 I
Sorption 21 6 7 224 5 800
Removal 67 2 15 108 3 862
Water 39 3 17 102 9 663
Heavy-metals 39 3 24 79 10 549
Aqueous-solution - 0 40 52 12 522
Pyrolysis temperature 0 28 69 13 502
Impact 0 18 100 16 363
Bioavailability 39 3 14 119 21 335
Waste-water 133 1 65 38 15 417
Amendment 27 5 20 83 18 365

9T R B R IR B BB A AT B 25 R DTk
SBER] , B0 4 T b 43 AT 2B 9 5 R BT S AU I A SRR
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Table 9 Bursts keywords in biochar research from 2009 to 2020

KR TR RIVEG
Keywords Strength Bursts year
Sequestration 78.090 2009—2012
Black carbon 11.957 2009—2015
Chemical property 38.270 2009—2017
Manure 13.237 2009—2015
Char 31.910 2009—2016
Emission 30.124 2010—2015
Dynamics 13.913 2010—2014
Ferralsol 11.367 2010—2012
Sediment 14.226 2010—2013
Fast pyrolysis 14.449 2010—2014
decomposition 18.201 2010—2014
N,O emission 17.129 2010—2014
Oxidation 5.573 2010—2014
Increase 14.528 2010—2012
Residue 6.312 2010—2012
Gasification 5.681 2010—2012
Matter 12.728 2011—2013
N,O 7.876 2011—2013
Mineralization 39.257 2012—2016
Nitrate 18.203 2012—2014
Stability 12.964 2014—2016
Compost 25.411 2015—2018
Carbon sequestration 19.712 2015—2017
PAHs 15.432 2016—2018
Productivity 17.971 2017—2018
Methylene blue 22.512 2018—2020
Composite 23.310 2018—2020
Magnetic biochar 18.025 2019—2020
Phosphorus 9.851 2019—2020
Zero valent iron 31.772 2019—2020
Nanoparticle 35.063 2019—2020
Microbial community 7.859 2019—2020
Organic carbon 10.897 2019—2020
Adsorbent 8.600 2019—2020
Performance 16.367 2019—2020
Equilibrium 23.951 2019—2020
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Research progress of biochar in the world based on bibliometrics analysis

Xiao Pengfei, An Lu, Wu Dedong
(College of Forestry, Northeast Forestry University, Harbin 150040, China)

Abstract: In order to understand in depth the status and future development trend of biochar research in the world, and to
reflect scientific capabilities and influences of relevant countries, institutions and individuals objectively, a bibliometric
analysis was applied to assess the literature regarding biochar research from the Web of Science database during the period of
2003 to 2020. Since 2010, the number of papers on biochar research in the world is increasing rapidly, and in 2019 alone, the
number of papers has reached 1 741. The results of polynomial trend line simulation show that in 2020, the number of papers
in the world will exceed 2 000. China, USA and Australia rank in the top three in the number of papers on biochar research,
among which 3 608 biochar papers was published by China, accounting for 46.94% of the total. However, the average citations
per paper in China is only about half of that of the USA, Australia and UK. China has 10 institutions in the global top 17
institutions, among which the Chinese Academy of Sciences are on global top of the list in number of papers, total citations
and H-index. China and the USA were most active in publications collaboration. Among individuals, Ok Yong Sik of the
Korea University is in the lead in number of papers, total citations and in H-index in the world. China has 8 scholars in the top
20 in the number of papers, showing a strong overall strength. Cao Xinde, from Shanghai Jiaotong University, ranked first in
terms of the number of papers and average citations per paper. Among the top 10 most cited papers, only one was by Chinese
authors, ranking 10", Although published papers from China increased dramatically in recent years, the research ability, the
quality and innovation of biochar research in China need to be further improved. “Science of the Total Environment” was the
journal which published most of the biochar papers, while “Bioresource Technology” is the journal with the highest citations
and H-index. The research topics were diversified, which were mainly divided into “Environmental Sciences”, “Soil Sciences”
and “Energy Fuels”. Based on the results of high frequency keywords by VOSviewer visual analysis, the biochar researches
was mostly classified into four clusters: the application of biochar in the soil improvement and agricultural production,
wastewater treatment, remediation of polluted soil, and the preparation method and process of biochar, and the top 10
keywords in biochar researches was biochar, adsorption, carbon, pyrolysis, soil, sorption, removal, black carbon, activated
carbon and water. The comparison of high-frequency keywords in different countries shows that China pays more attention to
the biochar research in the treatment of environmental pollution. Additionally, CiteSpace software was further applied to
analyze the focus and frontier in biochar research, and magnetic biochar, zero valent iron, nanoparticles, microbial community,
organic carbon, performance and balance was the bursts keywords in the papers published from 2018 to 2020, reflecting that
the preparation of new functional biochar composite materials and the application of biochar in new fields may become the
research focus at present and in the future, which also means that biochar research has expanded to a broader field. These
results can provide insight into the research progress regarding biochar.

Keywords: biochar; cluster analysis; bibliometrics; Web of Science; number of papers; bursts keywords
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