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Research Progress in Biochar-based Advanced Oxidation Processes to

Remove Chemical Emerging Contaminants in Water
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Abstract Diverse chemical emerging contaminants (CECs) are the main target pollutants in the governance
of emerging contaminants ( ECs) , which pose serious risks to the natural ecological environment and human health.
Due to the limited removal capacity of ECs in conventional water treatment processes, how to develop green,
economic, efficient, safe and stable water purification technology has become a vital topic for the control of ECs.
Biochar has excellent adsorption and catalytic capacity because of its rich surface structure and functional
properties, and in recent years, many researchers have carried out researches on the efficiency and mechanism of
advanced oxidation processes ( AOPs) based on biochar to remove ECs. Focused on major CECs, this paper
analyzed the relationship between the structure of biochar and its function to remove ECs, and summarized the
application of biochar in photocatalytic oxidation, Fenton-like oxidation and persulfate catalytic oxidation in recent
years. The influence of water environmental conditions such as pH, anions and organic matters on the reaction
system was discussed. In the end, the issues worthy of attention and in-depth exploration in the future related
research were summarized and prospected.
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Tab.1 The removal efficiency and mechanism of AOPs based on biochar for some CECs

ot s 9 o F Rk .
AOPs H W R R (ST e L] SV A %/ KBEHLE SCHk
2% /0,
Bi/Bi, 0;-BC IR -10. 4pmol /L UV-Vis, [ catalyst] = 1g/L,t=60min 94.90 -OH [46]
Yefifk,  CoFe,0,/Ag;P0O,-BC W A-20mg/L visible light (VL) ,¢=60min 91.12 h*.-0; [47]
£ 4 H,-Ti0,-BC BT 2 -3, 6mg/L UV, [ catalyst] =0. 1g/L,t= 180min 95. 60 -0, .-OH [48]
MoS,-BC HHTE-10mg/L VL, [ catalyst] =0. 2g/L,t=90min 92.01 h* .*OH -0, [49]
Sch ite-BC B P I — 10mg/ L pH=3.0, [ catalyst] = 1g/L, 100 Surface -OH 50
chwertmannite- e 17 HH mg, [H202] = 2mmol/L . 1= 60min urface -+ [50]
N . CuFe0. -BC P2 2 1 pH=6.27,[ catalyst] =598. 63mg/L, 2 ol |
e Hret AR ~20mg [H,0,]=57. 63mmol/L,¢=300min 89. ) [51]
fe H=6.0,[ catalyst] =0. 25¢/L
. . pH=6.0, | catalyst | =0. 25g/L, _
LaFe0,-BC SRR - . .
o AR 2 - 30me/L [H,0,] =45mmol/L,t=75min 95.60 OH.h".-0; [52]
ZnCl, modifed BC Ay A 4E-20mg/L pH=3.0,potential =-0. 7V, 1= 30min 100 -OH [53]
H=6.76,[ catalyst] =0. 1g/L,[ PMS] = ,
Fe/N-BC WU A-10mg/L P - [eatalyst] g/L, [PMS] ~97  -OH.-S0;.'0, [45]
0. 5mmol/L,t =60min
g F hyrin-BC PFOA-50mg/L pH=2.89, [catalyst] = 1g/L,[PMS]= ¢ o S0; .-OH [54]
LB eporphyrn” me 24. 15mmol/L, ¢ = 30min : PHan
At H=9.0 1 0.1g/L,[ PMS
X2 C0,0,/8n0,-BC M e - S0mg/L T » [eatalyst] =0. & [PMST= o ‘o, [55]
Immol/L,t=5min
. i - pH=2~10,[ catalyst] =0. 5g/L,
Sludge BC i i WE 18 — 20 mg/ . 100 56
uaee R me [PMS] =10mmol/L,t=90min BTHE [56]
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Ki L, HEGE T MoS, Y A IR HL 25 /U Y &
B AR TE 1T AL RS PR ) R B AT T
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1 G5 2505 AL 2= A Fe™ B0 H,0, 2V A ik
5 S AR T - O, AT S B X V5 Y W) 114 81 I it | L
A i 2% e AR A R AR AR s, HIZE H,0,
FIHRAL T EAE RS T84T H 5 57 4 & 8k
SR AN TE (SR ERAR TS P TN P2 [ AN =
PR TT 7 Ak B e 4 A ) R A S S 2 SR
AL T Tz N B AR G T UKL 43 1, 98/
R R 8 4 IR B T S R B O 4
& 1) AL A SR B A

FEF A W e 1 AR S8R 25 A b R 3l RO B
B W B AR R AR S Ak R A MR,
Yang %0 ¥ R R W 5 R R E
B R R AN HE T 0 P A A B R R
BT =Fe’ /= Fe™ (15 Ak 3 JFUAE 1 1 fith i
e (SMX ) (1 W2 B, B4 8 AT T 60min N 98 4 X BR
10mg/L 1) SMX, Hr 3R H - OH & T W FHEN,
Sk B T A TR0 0 A T T T RN RS o, R AR A A
JLER £ 0 4 & HEAL F, Xin 20V Hl & 1Y CuFeO, -
BC EMAETE =Fe® /=Fe™ Fl = Cu™ /= Cu’ WA
R385 A8 B, % AT B ) i Ak H,0, 7 AR K -
OH , 7EAH A R LA 254 T, WU PR R (20mg/L) Fl
TOC 192 B 50 51 49 89. 123% F1 58. 5% , 1fij 2k 5
TR B T R R B A R 0.02 AT 0.0246
mg/ L, 3% B4R E A AR G 0 41 Ak 06 M RRS i 1

BEF A e ) 6 IF L — e e 5 R Y
MZSWARZS A, Bl 60T &, H,0, A vl 42
fe AR L T B A R AR AR R T E O AR

LT T {2 0 42 Jm A S AL AR R G 2R . Chen %67 %
A RALVE T LaFeO, B9 558 1 AR AT
UL e N7 R g AW BEERE T, A R R T - 0T
Xof (P AR RN B DL e HL,0, BYTE AR, PR AR T KR
-OH h"#1-0,Z 54 W 2 (OFX) W%, i +
75min N R 95. 6% () OFX (30 mg/L) , T/
Yy i 14 B S50 38 K A ) e FHAE B AR B B} Luo
SRS R R & T BBk 2L R,
MOBHELA i b 3R T RURLOE B R AT A
#H,0, MR A RS Fe® B9 FFAE , AT F 30min P
564 2Bk 20me/L (1 XL A (4B 2K — R g
SMX A HLIG 4 ¥, B 4L R IE 90min N & ik
83% ~100% ,

M IR BIESE AT LU 2 T A W e 1) 2 O il
A AL X EDCs ML AR 23 B 845 19 25 Br e
J1o BT C—F i AR H 845> PFASs fik s
A SR AT DB R B RO R A 5 A A R
[ - OH o ¥k LK H e IR 4K i7 - OH AT LA HiAth A
%L (40 HOO- .- 0;) UrFl F% /% PFASs, HARZETY
i 48 Ak 75 XF PFASs 19 25 BR A 58 H 1T i b (H i
AL H,0, 1S A4 R (IR A
AL OB AR SR ) BE T, A AT BB S L PFASs (1)
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3.3 ImBREELEN
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o mA A mE SRR e, S
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Xu 25 il 8 1 B A I B A R IR B B I L R
AT BRI = ) 2 1T R 38 A Bk R R e TRD 4
A RO TS PMS A i Z Flt ROS, pH = 3. 08 I} AJ
F 60min N 5 4= £ BR 10mg/L 59 X By A, It i
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(14 A fire 3 R i ol R I AT BT R AIK  He 2504 FE )
MR R T B Rk R ek 6 2 20 AR e b DL
At e AL AR, A2 W ke SR DY PFRs A4 0B 0k B3
s —#R R (PDS) 7 A= 1 K& - SO, - OH
(RU#F R E) . FEPUIR MR B 4 B T, 77 F 30min
PR 75. 9% 1K) PFOA (50mg/L) , [ fif % bt 25 )
B8] Y ZE 4 AT 35 5] 90. 88% .,

wOLIEAE A ARG 0, FAL M TR
BAlsl. 5 A B EE AR AL 0, R it
22 B0 R R T R A B R R AR AR, R PTE ) [
SLEGAL A PMS A [ 40 i SN AR . Liu 50
FIFHFE E RS FF (RS) il % T Co,0,-Sn0,/RSBC
F G4k PMS [ fig ok e 57 WE Wk (S1Z) , MR AT T
5min N JLF 58 B R 50mg/L #Y SIZ , I W AR &
il i i ROS EE R0, HIE T YR C=0.
CoBZenlBmEMER Co( ) Al Sn( 1) %5 1% 1
fini 5 PMS WA EAEH . B FHEBHLENE 46 4
Yo WL I PS T B Fa S 2 T 4% A W, 3 3 2F L
15 Y W) 43 - rP I L T S R S 1 BIL R 2 4
V14 B, T2 B 1 1 ROGE T G 3y 1) I R i T o A
PRAT B SV O Chen %5 U0 ) 4% (10 75 U8 4R
Yok LR MR A S bR v R R AT A
b HL P 5 A HIL T R A G E e (STZ) , 7E pH =
2~10,[PDS] =10mmol/L f# L5 B 0. 5¢/L Y
T, TF 90min N 5¢ 4 [ f# 20mg/L 1) STZ,
X LAY B 7 (C17  NO; (H,PO, ) FIJE 5 R (HA)
¥ EA R A i b fE

XEFAY R AR R, A MR A W
P A2 A AR L AF TN AR R, Fan %519 il £
TR B T %4k PMS, AT F 60min N 2B
94. 5% [ X A (0. lmmol/L) , H i 3 2 4E 1]
(0 Je i A 5B N FIIERE N i S PMS JB i Y 55 1 4%
AW, -0H M C=0 ¥ PMS 7= 4 (1) H i 3
WCEAE . H B R A Z& o () B RS DU s B
0, , FHAS B WK 2 P R B A I A — 2 [R) B R AR
F, Sun 217 £ T MoS,-BC H T-1% 1k PMS F%
fift PFOA , 1A & Hh [A] 4G 1 - SO, - OH F1'0, 5
ALRE N0, IFAS 5 PFOA WRER, B
SR R SRR AL RE R R B i 2R AR
TEREIE 0T B 2% 1 IR 8 A5 1 B A R AT I HE L g
F1o R4 T AR Y S B N H BE 0, BHIEA B3
W4 3 I 2 b R Ok R K R A B AR, Ye SET B
SEIESE T A s A B 28 A AR A i 5L A
TR RE T .

A1 DL 5E AT LA Y 3 AR 0k 1 2 B R
L A AL X PFASs [EDCs Fdi A R HA R
U (1 ZEBRBE T AEA R (9 H bR i5 G W) kB K £
B — JU IRV Z AL OCTE K 4 PFASs 1 Z
WA % PFASs 19 5Bk, BLAh, = Xt op 8] 7= 9 i
RS AT %08 5 B PE VAR B 5, 0 fof 9 48 7 15 %
YR fg i) A el SR AR AR [ SRR AR A Rk —

4 JRINGE ST R R B B R0

4.1 7k#8 pH B9& My

JKAH pH AT DA SCAR A ) Sk 1) 2% T L A £ S
ey ol A AL R [ A4 F B R A, T
5 AR ) ke 5 T g ) sAE Ab R TRD A I B R
Chen %52 il £ 1 A= W) e 4 pH = 6 B LA Fe A0k
HEALTEPE 24 pH FEARET, A4 5¢ 5 T 1L A9 OFX
AL HE R BELEF OFX 25 Wy e W BH AR I8 A%
Ouyang %5 Bf 58 % P14 pH =3 It 4= ¥y ¢ & 1
WIEH M, SBE PR AN PMS fA7Ef RS 11,
AR PMS 54 Wk i) Bz fil 5 76 Ak

XFFAR A ROS E AL 5 Y ¥ K &, pH 1] LA
SN ROS 19 42 LS 6 Ak, 38 43 A8 359 40 25 0 i 1k
TR 2 B S 1 VR R 4 B B - (I Fe) R
HEAE 1,0, R4 R FiZad B k470 1
FEAR pH 254 F ,H 0 7524 - OH M35 bR 717 i
FERCE pH B, - OH AR ALIE SR AE 1) 23 MK, H, 0,
WAL RN 0, F H,0 | 1 Wk ali i B i 45 1
WATREFZ W Fe( ) /Fe( 1) MY LA JRAEFR , A
A& - OH YA 07 Xt T B R £h 1A & | R
PEZAEA R T o 6 B8 £ 15 1k A2 B2 - SO, B % pH
B K, - SO, AT LLEE AL R - OH' ™ Bk 45 14 B
Fo, WA, X Y pH>pK ,(9.4) I, PMS F
ZLL SO, I XA, it —2 5 PMS J i
A0,
4.2 FABFHRENYERMm

KRB R UL A SR AE B T AL HE CL O NO;
SOy \HCO; \H,PO; % BT E 2l it [ i 353 bk
RIUNE 45 1 S Y i R 0T e e AR R
Hr, CIT R AT BB S 2O 46 A A1 5 HI 85 HOt
AT PETS B vk BE (19 NO; AT 7EE IR A - OH
TEHESCRE AR IR MR IT R B, €1 Al i
7R 2RI S T AR TS Y W 1 i AR AR
E R A v M A SO T AT 3 A FEAIG - SO, 19 Ak



http://www. hxtb. org

fbm e 2023 4F 3 86 & 5 7 14 - 813 -

WL 5 PMS 56 4 W B0 a5 400 o A7
HCO; I i FEOE W pH TH , 1l 55 4 1k 7] 5 Ak
FNBT5 Y W ) L 51 F7 0 A mT Al B 5 A
P AR PE PMS B4 A0 O, iR H,PO;, W]
A 1 B A T 2 T A 5 T S, TS e W Y
it 22 B0 T R A R AR

ALY (W EE R ) S H AR TS )
T AT R PR R BT L A I A R e T
il 3 BE A PR WO R TS Y )k A5 7 R
ke A e (B A BF ST K B, A L AT fE
S AR VR 0T 78 YO A Ak R PR AR A SR ) ROS
AR A H bRis ety

5 RES5RE

s pim e MR B 2 B LU R
R R BT 0 B0 A 1 A A R R XU
GG B EE G EX S, BT, HNAT
12 RIEMAR S 2 TG e W) AL 45 PFASs (EDCs Al
BrA R, B TR A S 00 W B RN A A PR fE
PO AR R 8 Tt i Ak 40 Ak | 28 25 i 4 1k
3 B R R A Ak S AL %5 AOPs, 7E 25 Bk R Bris e
Yo7 S T — %8 19 BRI, X AR W e SR A R R &
BB s e g ML EE | SE bR R g ) AR AT T R
T

B2, XT3 5 g5 3 & AT 0058 1 Y 036 B AT
BT R TE 2 BR A SRS e Dy T
TEE W 1) i G AE AL B R IR TR 2 (A8 06 1 LR
ANIRE B (1) AW 5 b4 RE— R AR 7R
Pl o B v, AT RE AR AE S AR RIS
P JOT B A O 45 ) R, ] i 8 B R A 2 A M AR
E 3G A8 0l USCORT P A BB T = N B B T Il 5 (2)
KB 5T 5 B B IK R i B — o A o 35 e
Wray LB AT X 52 PR K IR 5 b 22 RS L g )
FBR MBI IE AT B =, AR R AR Wk R 2
H A5 15 G W 03 ) v 280 26 B 0 R R M OF 32 7+ Rt
XoF S BRIK B BE 5% A R B T4 fE 015 (3) & X BT TG
YWy 2 R R A ASBE TR HR )P 4 A
M R PR PEAG BF 9 1B =, 1 22 W 9% (G 0ot SE
FNZRAE 25 R HE D AT 68 A 25 BR HLBR, 1M Bk = 5% 1 1Y
PG Z o A MBS T35 (4) AL T EDCs Flit
HF L EW AT PFASs 19 25 B F 58 48 v 1 B ifii
Bl = A AL B i DT 5T, ALAE SR-AOPs A3 Jir i
IV S/ R /P (O Y Y =R A =23 T = R F AN
27 S A 3B AL BOR v i B P BB (5) 7

JEMEAL A AL UK, VF 2 BF 500 A6 58 A e A T
A7, IO 3 5 2R W) ¢ B AR AT UL G IXC % W) Rz E 7 LA
B B A 51 RERICR 5 (6) 12 I3 i 48 A U, 17
kLI SE40 5E pH 1S 25 H,0, R SR A
S A AL A B R A TR) R T IR ABIESE 5 (7) 18
1 B IR A A S A ST, B T A9 5T A AS TR
ROS FHL 5% 7 HIL i X B 75 H W B At 64 B AR 5T
KRR AT 4% A R S AR AR A b BE R A
£ % X W

[ 1] Petrovic M, Gonzalez S, Barcelo D. Trends Anal. Chem. ,
2003, 22(10) ; 685~696.

(2] e NRICRIE[E 55 e, 2022, (16) @ 34~39.

(3] ZBFH, ZHRHE, SR, 55 FHAESE, 2022, 4: 111

~115.
(4] ZBkde, Bor, ®WEE, % FERY, 2021, 49; 11
~17.

[ 5] Rogowska J, Cieszynska-Semenowicz M, Ratajezyk W, et al.
Ambio, 2020, 49(2): 487~503.

[6] SuC, CuiY, LiuD, etal. Sci. Total Environ. , 2020, 720
137652.

(7] x4, sk &, BHifh, % &Kok, 2022, 58: 26
~34.

[ 87 X S EkmRE 55 e W B 70 5 fh IR BE 26 Bk — 9 th ok o
FHRPRIRTTE. W R Tl K 8122 1R 30, 2018,

[ 9] RoutP R, Zhang T C, Bhunia P, et al. Sci. Total Environ. ,
2021, 753 141990.

[10] BKAR, BESCH, BTSCHR, 5. BERMESHOR, 2021, 41:
144~151.

[11] Bermtdez L A, Pascual J] M, Martinez M D, et al. Water,
2021, 13(15): 2094.

[12] Hussain S, Aneggi E, Goi D. Environ. Chem. Lett. , 2021,
19(3) : 2405~2424.

[13] Yuan X, Zhang X X, Sun L, et al. Particl. Fibre Toxicol. ,

2019, 16; 18.

[14] Zhang R, Li Y, Wang Z, et al. Water Res., 2020,
177, 115809.

[15] Yi H, Huang D, Qin L, et al. Appl. Catal. B, 2018, 239;
408 ~424.

[16] LiuB H, Guo W Q, Wang H Z, et al. Chem. Eng. J.,
2020, 396, 125119.

[17] Wang J, Wang S. J. Clean. Prod., 2019, 227. 1002
~1022.

[18] Faheem, Du J, Kim S H, et al. Environ. Sci. Pollut. Res. ,
2020, 27(30) : 37286 ~37312.

[19] Buck R C, Franklin J, Berger U, et al. Integrat. Environ.
Assess. Manage. , 2011, 7(4): 513~541.

[20] Zhang Y, Zhou Y, Zhang A, et al. Ecotoxicol. Environ.
Safety, 2021, 218: 112289.

[21] Pan Y, Zhang H, Cui Q, et al. Environ. Sci. Technol. ,
2018, 52(14) ; 7621 ~7629.

[22] Nakayama S F, Yoshikane M, Onoda Y, et al. Trends Anal.
Chem. , 2019, 121, 115410.

[23] Fenton S E, Ducatman A, Boobis A, et al. Environ.



- 814 - (b2l 2023 4F 56 86 45 55 7 http ://www. hxtb. org
Toxicol. Chem. , 2021, 40(3) : 606 ~630. 2022, 280; 119751.
[24] Rand A A, Mabury S A. Toxicology, 2017, 375 28 ~36. [53] LuoZ, Liu M, Tang D, et al. Appl. Catal. B, 2022, 315.
[25] Kumar M, Sarma D K, Shubham S, et al. Front. Public 121523.
Health, 2020, 8: 553850. [54] He W, Zhu Y, Zeng G, et al. Chem. Eng. J., 2020, 392,
[26] Ojoghoro J O, Scrimshaw M D, Sumpter J P. Sci. Total 123640.
Environ. , 2021, 792 148306. [55] Liu L, Li Y N, Li W, et al. Environ. Res., 2020,
[27] Z4&o, WENT, XHAE 5. A, 2020, 39. 2637 187 109665.
~2653. [56] Chen Y D, Duan X G, Zhang C F, et al. Chem. Eng. J.,
[28] IZmimd, MR, TEIR, & EXFHEEEMR, 2022, 17, 2020, 384. 123244,
245-~253. [57] Ahmaruzzaman M. Mater. Res. Bull. , 2021, 140; 111262.
[29] Pop A, Drugan T, Gutleb A C, et al. J. Appl. Toxicol. , [58] LiuF Q, Guan X H, Xiao F. J. Hazard. Mater. , 2022,
2018, 38(7) : 944~957. 439, 129580.
[30] Yang C, Song G, Lim W. Environ. Pollut., 2020, [59] RUBEE. AW AR a4 2k 5 3525 19 A0 B i 48 500D 5 ToF
263 114505. 8. KEH T K2, 2020.
[31] BEXCWE, SK-RAY, FHEL, . RS, 2021, 41: 2525 [60] TuYT, Peng Z P, Huang J C, et al. Ind. Eng. Chem.
~2535. Res. , 2020, 59(5) ; 1809 ~1821.
[32] Kovalakova P, Cizmas L, Mcdonald T I, et al [61] Vermas$S, Varma R S, Nadagouda M N. Sci. Total Environ. ,
Chemosphere, 2020, 251 126351. 2021, 794, 148987.
[33] Yang Q, Gao Y, Ke J, et al. Bioengineered, 2021, 12(1) : [62] WangJ L, Wang S Z. Chem. Eng. J.. 2018, 334: 1502
7376 ~7416. ~1517.
[34] ﬁz@f’ BRI, SR, SR B, 2020, 39; 3271 [63] DulL, Xu W, Liu S, et al. J. Colloid Interf. Sci., 2020,
’ 577, 419~430.
[35] ;‘""tanii‘aln OV’ A;;Z‘;"ylr(y;‘;‘ Ci%r())emp“y E, et al [64] Zhu'S, Huang X, Ma F, et al. Environ. Sci. Technol.
terobrotogylipen, ’ P eiet 2018, 52(15) ; 8649 ~8658.
[36] i(})jll) Y429’ :1;“8; Z, iX D, etal ] Hazard. Mater. [65] Fan X, Lin H, Zhao J, et al. Sep. Purif. Technol. , 2021,
o ' . ) 272 118909.
[37] Ig;‘ﬁn’ e, BB, % ARETRE, 2021, 39: 91 [66] Sun C, Yu M, Li Y, et al. Colloid. Surf. A, 2022,
[38] Shi W, Wang H, Yan J L, et al. Sep. Purif. Technol. , 642; 128670.
2022, 289, 120796, [67] YeS]J, Zeng G M, Tan X F, et al. Appl. Catal. B, 2020,
[39] Hassan M, Liu Y J, Naidu R, et al. Environ. Technol. 269 118850.
Innov. . 2020, 19: 100816. [68] Ouyang D, Chen Y, Yan ] C, et al. Chem. Eng. J., 2019,
[40] BRI, KHZE, WRBE, . RSB TR, 2022, 29; 370; 614~624.
178 - 186, [69] Zhu XX, LiJF, Xie B, et al. Chem. Eng. J. , 2020, 391,
[41] Paunovic O, Pap S, Maletic S, et al. J. Colloid Interf. 123605.
Sci. . 2019, 547 350~ 360. [70] Zhang Y C, Zhao L, Yang Y K, et al. Int. J. Environ. Res.
42]  BEMEFR, BAR, . LEERE, 2022, 34, 9921010, Pub. Health, 2020, 17(4) ; 1324.
43] Wang M J, Xu H, Li S, et al. J. Environ. Chem. Eng. . [71] LiL, LiuS Y, Cheng M, et al. J. Hazard. Mater. , 2021,
2021, 9(6) : 106485. 406 124333.
[44] Huang) Q. Li Z L. Zhang J B. et al. Chem. Eng. J.. [72] LiuGF, Zhang Y Y, Yu H L, et al. J. Hazard. Mater.
2020, 397: 125528. 2020, 397. 122783.
[45] Xul, Fu B R, Sun Y, et al. Chem. Eng. J., 2020, [73] HeJ, Tang J C, Zhang Z, et al. Chem. Eng. J., 2021,
400 125870. 404, 126997.
[46] Zhu N, Li C, Bu L, et al. J. Hazard. Mater., 2020, [74] WangS Z, Wang J L. Chem. Eng. J., 2019, 356: 350
384 121258. ~358.
[47] Zhai Y, Dai Y, Guo I, et al. J. Colloid Interf. Sci. , 2020, [75] Song H C, Li Q, Ye Y X, et al. Sep. Purif. Technol. ,
560: 111~121. 2021, 272. 118971.
[48] ShiJ, Huang W Y, Zhu H X, et al. ACS Omega, 2022, 7 [76] LiS, WangZ R, Xie X Y, et al. J. Hazard. Mater. , 2020,
(14) . 12158 ~12170. 391: 121407.
[49] Huang W, Li Y F, Fu Q M, et al. Mater. Res. Bull. [77] LiS, Wang Z W, Zhao X T, et al. Chem. Eng. J., 2019,
2022, 147 111650. 360 600~611.
[50] YangZ S, Zhu P, Yan C M, et al. Chemosphere, 2021, 78] Han Y, Gan L, Gong H, et al. Biochar, 2022, 4(1) . 35.
266 129175. [79] Ghanbari F, Hassani A, Waclawek S, et al. Sep. Purif.
[51] XinSS, LiuG C, Ma X H, et al. Appl. Catal. B, 2021, Technol. , 2021, 266 118533.
280 119386. [80] Grilla E, Vakros J, Konstantinou I, et al. J. Chem.
[52] Chen X, Zhang M, Qin H W, et al. Sep. Purif. Technol. , Technol. Biotechnol. , 2020, 95(9) ; 2348 ~2358.



