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Biochar-based materials for aqueous pollutant removal: a review

Gu Pengcheng!2, Yuan Menghan'2, Xia Dichen'?, Gu Cancan'?, Zhang Zhen'?
(1. Key Laboratory of Agricultural Ecology and Green Development, Anhui Agricultural University, Hefei 230036, China;
2. School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China)

Abstract: [Significance] The rapid development of industry and manufacturing has led to the release of mas-
sive amounts of pollutants into the environment, posing a significant threat to human health. The effective removal
of aqueous pollutants is therefore a critical scientific challenge for achieving sustainable and green development.
[Progress| Biochar-based materials have recently garnered considerable attention for water pollutant remediation
due to their wide availability, rich functional groups, and tunable structure. This review comprehensively summa-
rizes recent research progress on biochar for water treatment, covering preparation techniques, modification meth-
ods, and the underlying removal mechanisms for various pollutants. [Prospect] Based on the summarized progress,
this review further discusses the challenges and future opportunities in areas such as practical application in real
water bodies, balancing adsorption efficiency with selectivity, and the deep integration of artificial intelligence for
intelligent material design. The goal is to provide a scientific basis for developing high-efficiency, low- environ-
mental-risk biochar materials for water treatment.

Keywords: biochar; water pollution remediation; improvement methods; mechanisms; heavy metal ions; or-
ganic pollutants; radioactive nuclides
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Figure 1  Adsorption of various pollutants in water by biochar
materials
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Figure 2 Biochar activation modification method
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Figure 3  Hypothetical mechanism of interaction between

biochar and organic pollutants

B LG LIS et hbh, AN 2 5 b AL ) R
(PFAS) 54 (CHFEKEE. MEEMEIEE PFAS)
CL R A BRI Bl A T DGR E . Sun 28 BT[R5
RIR,  REHEA 5 R HE K IR A B A R
IR ERF AN AR EY (PFCs), Tk K i5 /K4
BRI RR M, E2I5 94 PFOA. PFOS Hi#
EERNE, MR B SRR E S, M EE
IKAE A H R, BB R A K PR B A = XU o
TEQLIERE |, 155 PFAS R 302 BBk 4 52 60 -
Zhang ZEBSIF BEALIE (PPy) 40K 45 K914 2 oo i
Tk (PPy@P-BC) W] = 2 25 B 7K v B A i ik
PFAS: #AMRME R A E R DNREM PC
FUCRLIEPE IR (1) 38 fiF+ 5 % ShAFENNR & B K
EBRE>953%, MhRetiw, HAlfA. HIK



738 %G

[ A N -

2026 F

FIHLHI N PPy iRJZ2EFE ((NH-) 5EH T PFAS &
HL 5] S LB TE . AR, Xu R0 KOH et
HER R % AR (MBC), W7 A D% %
LA AR, MR 2 LR R (AL
i 43 5 A R FUAR S b R T T AR 1K) PFOA H
IRVERE, KW EIL 1702.12 mg-g ' BEAl, Yang
S5O I ik AR TR B E SRR AR R
BC-ZVI, Al ZVI 4, RE5TIXT PFOA
W B B AREE 7. 240 °CR 6 h KEEFIE 99%, Hil
G4 % ZV1 B 5L RAWRMEET . Militao 551
FH A o K - 8 A i/ (R - TR B

PFOS (K##) 1 PFBS C(JHEE) HEATWLEY, AWK
ERAt PFOS ZBRFiL 99% (<16 h); Ml — 4otk
AR RS PFBS LBRZIT 40% (<48 h), MRT%
HOR SR B 711) o W Bt LR K AR FH A, Bt pH X NOM
T, UESLZ AV R EE M BRI PFAS 12535 771

IRFE AR, MBI R S A R . A
PRAZ e AN B 9K, QiR S A T A4 L
PASIARAL TR RIS S 45 A 1ERESE . IXEERE N
KA A 35 Y Z AR AL T — R B R S )
REAL AR KL AS[F)JERE P Bl 45 i TR
B S5 AR St BE LU LR 16

® 1 TRIEMEYIRIEIETE. WHFEE &R

Table 1

Comparison of preparation methods, adsorption conditions, and performance of biochar derived from different raw materials

Pk fil%& pH 1594 YA W BHAEEAY W 5%
bintica wE Sk
BRTETE 450°C 2 RISRZT (CRD 90 mg-L! Langmuir #5975 CR (82.6%) Dastidar £42
THE (MB) Freundlich (ff$) MB (92.6%)
Temkin f#7
KOH-##3  800°C — THE (MB) 500mg- L' Langmuir {57 964.5 mg-g! Wang 25141
P
AIRVNER  —— 616 PilEALE (MG)  656mg L Langmuir 57 97.1% Kulaksiz %+
P
FeCl3 8} 700°C 4~12  PHLERZ MG 100 mg-L™! PA—Fii 7121% Wang 1]
NaOH 5  900°C iy
CaCO;s-FEEE Elovich f&%4
MnFeOs-RAHREE 550°C 6.1  WHLERZ (MG) 200 mg-L! - 89.3% Chen 25144
KOH 8¢ Zn/Fe- 400°C 7 HEVE (CPX) 1.5mg L BC-PSF Z%; PCM (88.2%) Peer %7
SR A S00°C Tl (SMZ) CPX (80.8%)
600°C Xt A (PCM) SMZ (64.1%)
NaOH-{5JE  400°C 3~94 WHIE (MB) 20 mg-L! — MB (91.1%) Zhang 2541
600°C FIELH (MO) MO (86%)
800°C /6 (PhOH) PhOH (80.6%)
KOH-#H  350°C —— Pz (TC) 20 mmol-L! Yy ity s | 128 mg-g! Choi 2449
550°C Freundlich 75
750 °C
FeCls-22)il54% 800°C 4 SEMAYAERRE: 0.1 mmol' L Freundlich A7) Esiok (100%) Gou &30
(PMS) ELI (81%)
TERAHE HE (85%)
HCI flTHF-FAK 500°C 6 iy P 4 e 10mgL'  Freundlich /% 40% Xie 2534
(SM2)
Fe:O-HIEE 200 C 7 AHECEEIRES 200mgL!  Langmuir f7 12044 mg-g! Hassan £5151
(PFOS) Freundlich %4
Loy i
KOH-FZM . 300°C 425 4%l (PFOA) 100 mg-L™! Py =iy 1702.12 mg-g™ Xu 239
Freundlich 75

N RSB ), Tang S50 BRER A ek
PR & T I5 IR AE R ly-Fe 05, U1 4A. 4B Ft
7~y 3 IR T fE Ak (MS-800 A1 SNMS-800)
FE S iR . SNMS-800 & &4k HAE KL

LM (202.52 m?-g) . EIA &R FLAE A (0.26
cem’-g ), a1 T IR AL, SNMS-800 X #1744
FIUHRRRIBMN 7 LBREET), 318 K& T
ZBRPERE AT IL 286.91 mgg . HE—IRAIE, -
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F# 1. Zhang ZEB@ N X FeCls AbHLT i AE 4 il
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« Ferric chloride
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Figure 4 (A,B,C): SEM and TEM images of SNMS-800. Magnetic separation capacity of SNMS-800 for tetracycline (TC) (L: initial
tetracycline solution; R: same tetracycline solution treated with SNMS-800) 52, D Preparation strategy of biochar/y-Fe2O3

composite®]. E. Adsorption and magnetic separation of methylene blue on biochar/y-Fe>O3

22 EERET

AR F KR T ) 4 R S Tl S R
Wenl. BT VBRI, RIS A DT
Z pH A REM S5 2 Mo BAE H 456 3084, #3
HFWRmAA K, GG, BiedFEE, EVRM
FIZ T A S %) 4 W B 5

VIR B TA SR E R E A (S8
R M Un-COOH. —OH), ItAbh, Ei G Eie T
FIANEZMEMGEENERA, SESRE TN
ARG B A RIS A S HAEH K
LR BF55-561 - 3k ke AT 5 ok WG P T S5 AR IR
BE A AL N DABRAERT) . Chen Z55715% H) KMnO4 1%
T ARARIE I T SRR, FHoXF Cd (TD Pb (1D
Cu (ID A Zn (D EFRIMHEAERREES], &
K B 78 B0 5N 1,66+ 2,88 1.31 A1 2.09 mmol-g!
(298.15 KD W7k, Wi 2@l B 12
e, B AR KGRN85 2 LI RS2 .
Yang &SRB o, BEE AR E A S
(BC500-BC900), 7KAGA=k H 1) g Wi e e 2 A

[53]

SEERR (-OH. C=0) EE b ek 7%
FIRG, Bellaka TRt 5EREKBR_ET
AL, BC500. BC700 A1 BC900 £ Cu. Zn.
Cd. Pb [f] DTPA ARESED ML 72.87%-
69.45%- 48.09%F1 15.89%, H EH 4 @A 115 %
TP ER TR DR Pb (11D BOFIR I 5
AR Cd (D /Pb (1D SR, i &
BN L BRI o

AR P HE R TR 2 FLE5 R4S it S it B
22 W AT R FEAR TS S HOR 3 5 56 4 R PRI
BBE S0 bl LA 2H S B AE W P H RS OGS VE F
Hu ZEOURF TR, T RAEF 5/ INEREAT AL 5t
Pb. Hg. Cd MW RE )22 57 32 BER T R RN 2 A
HFr&m Cos . POS SN MU 7y RAMTK
P, 3 FplEEL AR, FRIAZE) =LA
VIR EHFE K COs>Fl POS, XEEH M E
BTSN AT A, A BT AR 4 S 1 =R
BEBE J7. ZEZAEMRAT Cu B PRt A 2518045 163,
Peng S04 HY , AL PR AR IR A R X As (IR
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