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Preparation of biochar-based composites and their adsorption
performances for characteristic contaminants in wastewater
WANG Jingyi, WANG Li*, ZHANG Wenlong, LYU Wei, YAN Wei, LI Shanshan, FENG Jiangtao

(School of Energy and Power Engineering, Xi'an Jiaotong University, Xi’an 710049, Shaanxi, China)
Abstract: The removal of major contaminants in different industries, such as heavy metals, PPCPs,
ammonia nitrogen, phosphate and fluoride has become one research focus in the field of water
decontamination. Adsorption is widely used in the removal of water pollutants due to its advantages
such as simple operation and cost-effectiveness. Compared with traditional adsorbents, biochar
exceeds in its superiorities such as abundant raw materials, large surface area and low cost, but the
abundance of its surface functional groups is limited. The active absorption sites of biochar can be
improved via appropriate modification, thereby enhancing its adsorption performance. According to
the types of modifying agent, the synthesis methods and sequences, this review methodically

elucidated biochar modifications and the physicochemical properties of biochar-based composites.
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Combined with the latest research reports, the adsorption of biochar-based composites for heavy

metals, PPCPs and other aqueous pollutants were summarized in terms of synthesis method,

adsorption performance and mechanism. Finally, the review concluded and proposed some

suggestions with aspects remaining to be improved in biochar-based adsorbent optimization and

applications.
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YIS KHCO; IREEHR,E YR T 0-FeOOH 9Ktk Cu(ll) 71.9% (4 BC,a-FeOOH  FM%K4&. EfLiEIR [36]
I i B R e A S A T K A R M2 HALAH (ERREFD 7 29.6%,65.2%)
Y 5 W OFh 3 W W CulAl-LDHs-BC (SIFRZF4E) cu(ln) 99.6% G| AN RSN [63]
C[Cu*V[AR]=2) KR RRE G PCARAE
110°C/K# 3 12h
AWk 5 Fe(acac)s180T R4S ZnS YKL AR A Ph(11) 367.65mglg / [59]
fEke (100C) , J55 ZnCl, WL w (FE7E) CBLRETE BC #2110 £5)
RV SRR RE SR & (180°C)
AR Y Fett FeX IR IR R IR WEPEAE IR (FEF2) Pb(I1) 129mgPb/g SRERER & BRG] Ts [15]
I 28K A E K u(v1) 118mgU/g WERZ G RIDVLTE
20%H,0, B AR ES Fe, WEIE_ZE (DA BittE cd(n) 197.96mg/g EIE- SN (LGN [37]
Fe?* % W St i vE (% 5 oA M ChRiELF4E) R
TSA,EC,IDA 54 HLIE D
HEWFRIE S FesOy AL PREDRefe s AL 3¢ Ph(11) 188.18mg/g EE-SSNE iGN [64]
A CGRJE N TSAEC S A HLEHD CRFARLT 48D BT 38
JE IR % NaOH60 C il v i #i
HEYIFRIRETT KMnO, I8 G KMnO, Bt Th R LA ok Pb(I1) 153.1mgPb/g EREAER . LR [65]
WD AR CLEZHEAD Cu(ll 34.2mgCulg (T MnOx & &
ca(in 28.1mgCd/g ZEHRAD
AR5 RV OR T A A AR TE FelZn X4: @15 4 A=) 3 Cu(lny; WK 2R ZREA SRR R A [42]
JaT IR KRB VUSAZE  Rmax N 92.1%,95.7%,89% [N
WO WM RO R S BBREMEAER %) Sb(V) 18.92mglg (45K WERSE & A Hr [13]



Fe?* Fe®*,LaCls ¥k 2= 3L yiie

KMnO, A5 (500°C #fif) BRER R U AN K AR
5 FeSO, B F M 54T (pH10) (MnFe,0,-BC)  (F54)

HIAE HsPO, & BTG — 1 i I L) REA AR
(250 C A5 HD ChlF B

ARG EHEBERE G 180°CAK A SR gk S Ak et R e
R 10h RB AT 3EARD
10%H,0, R IZ A AP H,0, A 5
CE2808)

VR CMC (ILIE B RHIRFERNE (CMO) il

BN ], LD 1SR

AR EAHIE IR B (NaBH,) il 52 b nZV1 15 8 AR

Fe-BC,BC [1) 3.90,8.52

CIPANE WuSE

i

Sh(lln 237.53mgSh/g BHELERT. 4. [47]

cd(i) 181.49mgCd/g Sh (D Atk

Ag(l) 137.4mgAglg Kinssa. w577, [66]

Pb(I1) 88.7mgPh/g Ag (D BJ5. FIEmk
FRATITIE

Pb(I1) 307.68mgPb/g T . SR A 671

Cu(l1) 211.48mgCulg AR B B AL

cd(I) 188.20mgCd/g

Pb(I1) 169.57mgPb/g &4 )R- %A Pb- [21]

Cu(ln) 71.39mgCulg TRIR 5L/ BER Eh U TIE

Zn(ll) 42.21mgZnlg

Cd(Il) 82.95mgCd/g

(22,16,1.7,15 &)

Ph(I1) 210mgPb/g (<60min) IS5y [68]

Hg(ll) 594.17mgHg/g

Cr(VI) Cré+:90%,Pb?*:82% Bt s e, AL R [23]

Ph(Il) (<30min) RMPTIE

2.2 PPCPs W& Mt

AR HE T A MR PPCPs (15 B o5z 5 1K 5%
n-n EDA M EAF AN S 4 ] (6045 CAHB) SEHL,
XF TR HOR TR B < Jes e 7 5K, 4
15 PPCPs A HUIA HURF 28 A /), Horb R et
GIT MUK ZARE UL, 398 2 SR LE
RIFACLEE =P & i, M g-MoS,-BC “E4)
RINR B GV BARAT B 245K, AER R SRR
VR (TCO WAL, AR 2 HAF A R3L
FZ5; FT-IR WP AT ERAEE R A L0R2,  HEDIR
BEFERE TC HIRFEE 116 = pH>4 IR R RS
pH T i B, HHEMIE R PRI B AERR LR 77, .
RE pH 2fE TC PHE 75 1 B i A= o i
ARG )1 9-MoS,-BC NI E BT 2RI TC

T4 EMIREMRIOE R RS PPCPs BN

O3 TN IS IR IAIE 45 772 mem HERUVE 5 R S-H
F O-H HR B e 1) B e SE W i R A I 2 5, )
B 5 A AL R k2 DU 2 B BSR4 B A FLBR I 7R . K
I, #HT. men IRHERN . ABRASLRRIE R A 2
HIEFKIENE g-MoS2-BC X TC [ bt & 52 i
HA£EPS, EAMIER S (R s EY R
W PR e S (SMIXD , EEMREER RS AR
REAME N B REARMEAL AL, 5 SMX TR RS B A il )
25t () CAHB, K& MARE TS, MERM
S B R ER>, BUEIRE S () CAHB fE
FURFHO. JING A5 5 fry H I vis A et 7 AR
RIMPEEL AL B AR, DLt &
F n-m EDA AH FLAF A SR DY PR 25 B

(RBARFARES A N REIRRAMR)

B T R CEPDBR LD

PPCPs 37!

Bk (%Rmax) / B AL =%




R R (Qm) Sk
AR SEER (40:1) BREEI: AN R A 4§ (CB2) 62.7mgCBZ/g; / [70]
YR BBF 7 &5 Iz (TO) 94.2mgTClg
AW (450-500° CHUHRVA) B WS R (7 UEZS #2 BC #fE 45.6% n-n EDA AH HAE [54]
AbIR S5, R R R BE AL M. A5
AWI5 PEG10000 A MoS;  g-MoS, 1814 M s ik ghk FAIAUES S 249.45mglg BRI, Bl [56]
K P B IR, BAR T RN 4 R GaRS 5171, A8t nen
180T K4 K 24h Feh
SRR (0.1M, 0.075M)  ZALALKEAEI 7344 TR 73.0mg/lg (0.IMWHC) = NN S Y|
1) CeCly W S5 HEMITRBHRE G w (PR R 14.2mg/g (0.075MWLC) (WLC) . i
600C Hfift (WHCWLC 7p s #8& (WHC)
WIR AT 9.46 Il 1.84 £5)
A (300°CHAE 15min £45)) NaOH T (b AE R UWEZS S 274.8mglg n-n EDA M EAE  [35]
T 4M NaOH Z I TR /5, # (R RIERAAD H. a4
TR ZURHMR (800°C2h)
EMIRB TR GENY , JBIF M gk 4 E N 5.39mg/g BKMER. #em [71]
BN\ Fe(NOs)s, NaOH 2 1k 60h # CRRAAD 5101, S8t M
HTH
EDA FHE1EH
MR (A00CHVE 2h 53D T ThEgtbeletkAEMR A ik fz T e STZ>SMX>CP>SMT S RIS | [72]
HsPO, VA WIR 15t )5 B i 600°C —Ik (SMT) (pH4.0-4.25) P 40 0 S
Pfi# 2h il fle P S0 e (CAHB, it
(SMX) CP) \ n-m fEH
Tifflc g (STZ)
HEHE CP)
AEMITUR BT & b AR CNT-AEMRE G flzitnE (SPY) RmaxSPY86%,Pb71% - MEAEH B [73]
By (SDBS) 43 B 7 1 Bk 44 K 5 (CNT-SDBS-HC, Pb(Il) (CNT-SDBS-HC) KIER (SPY) ;
(CNT) BT, TJJF 600°CHiE CNT-SDBS-BC) RmaxSPY56%,Pb53% KM E B
IAZHEA (HCD e 5k (CNT-SDBS-BC) TALH (Pb)
(BO)
N 049 13,68 tEMBIRIUSY  HEEELY (GO B T fi g IE Qm J& BC 1) 2.14 f - MEAEAL [57]
# (PySA) Ja, EMRS GO Bl  HMIRINKE &Y (B WS, PR T
TR EZASE 600°CHE 1h e, Sk #
#5171
EVIRIMNGERBEM Z BB, FERB AR A Bk 2N >76mglg (Ql60mg/L)  m-m MIEAEM.Z  [55]
FROHHEHE S N NaOH J31% 24h OB LN (]
H3PO4 & B R H3PO, B HEFEFT (RCA) / UEZS RCA552.0mg/g; S -n U EAE [31]
&L (SCA) Ak SCA365.4mg/g A #El




23 RHESRMUEH

A R ik 55 G R X U R A T ML S T TR
B IR SR 2 A AN FOAH TR ISR B, R 8 e
PR3, RmRMMEBEEL A, FXET
TEH R RIEM G . 0T 2K A B R 2 Ak
(LDH-BC) M kK be /K a5 & 1k
(CLDH-BC) &5UME}, $liJZ 45 0= R B & 1 H
AR E RIS, SRR . AR AR A5 B8 I
BEBTRIRI )z . [EEF, DA AN A AR I Lk
YEAEYIRRBENIRER 2, FEAET BA N RIE
SEMAT, BEAE N LaPOs Z5yiiE, et E B A
ok SR I (R W B 7 Tt PR B AR R PR R . B

®5 EMREMRMERRMEESRIBNA

MF B2 R A F L 5 RS e B A, SRl
TSR T I e O BT

XFF4ekl. EDCs F1 POPs 2 H B HLi5 Y,
HAZE S PPCPs AL, W i 3 5 It £ N -
EDA HEAEM . B FHIEM, WRAR
B . A AN T RE AR I E R
HERRNFEE OCHE2SHERED , aH
I bl R TR I ol I LB RN 1 03 3 A S 25 A
PEo dE IS AR ) R IR T IR S 1 PH 5 1 3R v 1
7 CTAB, HAN ZEU4b1 15 381 (148 & 2 R 43I0 BA
TG TEREY, KR5Sl H S0 H
TR B . X T EDCs. POPS &5 /K 4457 2475 el
W PN 2 4153 TR), e HORN 4 B 25 e 2R A5 e
[ 14 3 ) PR A 3 7 18 %2

GRBRARFAIRE A N FE 1SR AR

R (%Rma) 5%
etk T E REEWR ) R ERD V54 e P LB
WA (Qm) Sk
PikheetE R AR (1D % 288(Zn/Al, Mg/Al, NilFe) P 152.1mglg ZAE T [75]
YR () 5EHEREBE K4 LDH HBEAMRE &k (B-Zn/AI-LDH) (1) . Ril%E
fk, &30 600°CHBAE 1h (CEARFEFD
ARG Fe, La BiEE0T La (OH) settEmEtEAEmR (3 P 101.16mglg UUE G170 [76]
I L 259) (BC 1y 28 %) IS /N
WERZ &
N Mg?*, Fe VAR pH  MgFe O, 3. J5 2R i A E5C: A 4 3¢ P 80.4%;163.02mgP/g WNERZE & [14]
#)10, 60°CF/HRA 4h GEUL RIS GERAD (BC,MgFe,0, #1135
W) JETERIT 800°CHE 1h 3765
AW Fe?*, Fe¥* Rl LaCls BB AR AP P La/Fe-BC:20.5mg/g WERZE A HrE [48]
B CeCls VA HUR &, WNa /K3t %) (Ce/Fe-BC,Fe-BC ) 51
UE 1.6,2.9 f&5)
AR La (NO3) 5 b33k BSEAEYIR CRETF RO F 19.86mgF/g LG NN [771
DU a
YIRS MgCly, IR AR MgO 4K v E &AMk P 835mgN/g (#fZ5) ; / [16]
Pk CRISE, HREE, AR AR JEAE NOs-N 95mgN/g (1E45%)
7) (BC 711 )
AWm (NERR) 5 FeCly  a-Fe,0s/FesO, HETEE IR Gilg NOs-N 15mgN/g; Frdigl s, Ak [78]



RbtE IR R
AR LaCls WS /0 1R
BTS2 IR ## (300,

400, 500, 600°C)  0.5h

AR SRR BRI
B G, T 550 Tk 1h

EYV R TS AL IS, 4
5 2B (AA) FISAbE (AC)
TR S U g (450°C
15min)

ZnCl 5 CMC RIAEMIR I &
REREWE NaBH, iE 5 Gtk
295

FEIIR S B BT (21,
3:1, 41 EHJE, W NaOH

(pH 10) HE=FBTE

CaCly 2B M0 # it

A= 4197% (400-500°C #4f# 0.5h)
KOH B (b3t T35 683°C
FAfiR 53min

YRR TR TR K HoR A

(200°C3h) | AW TR
KGR (200°C3h) |, Fi
REOR A KR A (R
S PT AEIK R RRED)

WA SFEREBRIRE (11D
180°C /K #R 1k 16h, 747 H Ji
B, HIRAAEIRE KOH
Wi

43 BIFE 400, 600, 800C Hfi
JG5 FeFe it G
)

AW (A00°CHVIR) BT

H3PO, Jf 600°C #A i1k 2h

RHAAS)

TSR R RREEARD

MgO & AR

CH BRI

LIRER RSB A
(PAB-AA/ PAB-AC)

(3D

BHELA4ER (CMC) el
YK ZnOIHEMHRE AW
(nZORc¢/BC)  (FTF)

Mg/AI-LDH/BC 541

CHED

95 8 e A
CUHZBR I R 7D
IR I [ R A

(B0%ZEJ, 25% el Akt 3%, 15%

KBRS Z AT

KOH St St A/ VIR gk

“Y (FEre)

TENE A W IR A K TR

CHIEED

H3PO, V&L R
CREREA A RS

NH;*-N

NOsz-N

2}
NH4*-N

JEFERRER (HMD

R4 18

W (MB)

W (MB)

FRIEE 74,
TETEYE 4
X 2RI
(APAP)
W HEEE (MB)
NIZRZ (CR)

2-25M (NP)

17p-1f -/ (E2)
170- LR HEME — g

(EE2)

17B-ME — A%

MR (ED

17p-ME— % (E2)

9mgF/g
10.1mgN/g,
100.0mgN/g,
142.7mgN/g
(2.9,12.255 )
20Wt%Mg fi fE:
398mgP/g
22mgN/g
247TmgHM/g

BC [ 2.41,2.18 %

17.01g/kg

(A& CMC (1 20 £

406.47mgMB/g

BC 1 3 f5 LA L

RmaxMB99.9%,

RmaxAPAP63.7%

90.51mgCRI/g

72.93mgNP/g

138mgE2/g

69mgEE2/g

(KOH Jii & Lt 19%0)

50.24mg/g (400°C)

41.71mg/g (800°C)

34.06mg/g (800°C)
Rmax94-100%

E1>E2=

e 2 R AT

BIEAVUE. #
#5177 mem AH L
M

- A HAER AL
BRIETE . B 5
RRERAEH L i
5101, Akt
FHgI . BT
i

S

FrHLg 70, R
%E
GKAER . R

%

FiKMER . -
AEAER. &

510, Akt

BiKIER . n-n
MEAEH

HL A B B

(CAHB) . 4
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LB S GO Bk AR B JR A SR SE A

Hummers 721l 45) 2785 E (RGO) HA&ME

£ J5 600°CH#E 1h CERAEFD

M=/ (E3) EE2>BPA>MBP>E3 i n-n # E{EH
17a- CHHEHE —F

(EE2)
X A (BPA)

4T HR )

Pl Ph (1D

(4tBP)
26.10mgPb/g LB, e [58]
67.55mglg (atrazine) 5l /1. JliE. n-n

MIEAE

3 RMAEEEFTRMAF A

W B A ARk A 3 AR 5 I PR L 2 T B
MBS TACHRAER, A J5 AT 2 DR BE — 5 W B4k
REo AEVIRBESE SRR OB MR A, Bt
FHRf35 NaOH. KOH A1 NaCOs &%, i Jlid Bt v £
& HCI H1 HoS04 55, HIKJE —fAE 0.5-3M Ju [l A
2B W T A AR I AE 7S IR B B S 560 S A7 mT R B
60% L (IR B 25 5, A bR IR PR A
TR B R S R B M R v, DAL
W PR35 22 IR P AR G R BEAR SRR L 5| ) S AR e A
FAYEFE L — e TR PR . [RIR, — SR AR Bk
TGN P ) TR Bt B AR I L 70 25 . FelZn X4 &
B2 IIAE AW BAERT Cu) AT 2 1) 7 R
W, WK IR AR S R B 243 92.1%
95.7%71 89%°%, IDA F LI A RE AT 4T 4t 2L
WY, TEXT CA(I)F TR MGt B 478 2 I WO it £ A7 £
BT 82.18%, EEAKEE A RFLL IR HLE] SR B 12
el RO, [RIREXTERRE LT SR Mok, DARZRILDTE
VARG PO(ITY, L VR Rt B ARG A I W B 45

SR/NT 20%, A B AR L G| 70 AR R T R B
FH[QO] .

UbAh, FELeys Y 2R M A TR, AT B
FF A A, 32 B A A S TR e R A
PR LIEA MR, @ YR E S, &
REXF PRI 5 37 SR IR 7K 5 A R YR A R AR
btfE, WEBHFIEEBARERE, B, Dk
B3 1) Mg(OH)2 A1 MgO A= AE W B J it T 1338,
SRR ARIG A AR L, R IR B 7 T (g it A
TR, EH AR AW 2 RN S R
HEERE T FeCl, fl MgClL iR R #AL G, i
WALAZEIT MO il 25 47 3 Xot ol MR B 2300 V3%
UAAZ 0 67 28 TR B 7t - AT 2R SR, WA
(I i AT AR i B RE A AR I A K (B B)R8, it
AHRIELL CaO-MgO VR G 7k 5G4V BTl R 5 L IR
HIFHTIFECES B ks, Xu 20U
FE BRI IN 3= KA R FEARMAE AT AA, S8R
B REE(600°C), #3201 MgO Ak
TR AR R, Horh = A B3 TiiE 2 &
BRI PRALEE . DA 30X — SRR A RL A T 2 R s
50, AR E (R ORI B BRI A K



K 3 HEEL K AN L

4 HE

FHECAEYI IR, AEVIRIEE SRR ] B E SR
IS HETS G B PR o o R e 1 7] (R b 2K
B IRITVE A BRI SRR X A= 1) e e
HALRHERET T RG R S9N T AEYIREER
BRI E 48 PPCPs. %V s A1 4kt L % EDCs
SEKARRFIETS e P e BB . — R T
S Ja8 LT XS T B 4 e R R U B S A R AL
A S FN D BE AR} SR T PPCPs 8 G A5 A4 11
W B B A o R T AR W) R B A AR R I B
F, AR EE 58 AT 5 TH A o)

(1) fEANF S EFIER TS 2R RE &
RATIAFAE —LE R D5 o 00 5O A 0 e TE W R 1
B 5 52 A7 25T (As 5X Sh) 152 m, BRI R} R 55
YRR BE A Rt SRESIEAE ISR S
PRAEANIE pH 7K PR IS b ] B b I 77 S5 55
SR, AR RIS R AR . R LKA E
MRS VPAG AR 22 2 FasE Mo IR, A SR b 77
Z pH BIFZIE R R 7S B AR A OB, X T AR
FEKARA [E R B FE T PRI B3 I 1A R N 5 o

(2) VR PR 7P A P e — M 2 52 3 o ke e 1k
W B PR T2, e (5 A R 5L 4 IR B B R P T
[FJEY S 22 Rt B ATE AR I A7 O B A X R 5 PR R
BRRANTE . 34b, HEMBIRESBAA LGS
YIRS 5 B R AR B I . T S TS e,
R FHR Ty i IR A B K, BT AR

FUBEI P 5 IR AR R A,
Yot SEIL B I A

(3) AW ¢ 3 52 A W B 771 A4 I P 3 Ak P 4t
ML TR B RSB f B, HL 22 5 e i
PRI, T HEREDL A AR R R SEIR HUAE, K
HN T 2 0is R SAE SRR BRI, DLYPAS A4 R
TRESEERIATATVE . BAHLNE %) 70 B 5 Th RERFPE A
FOBE, A B e TR I AR ALE S D RE 4 S5
A 2tk

(4) LW IE R E MBI KRR AL TS B (1
WRBREATLERBIE TEATS AN WA, B 03 22 AT 2 A HEDI
BrBL WA RS NI N A Y (RSM) L IEAZ S
ST RN IS UL LB HEDN ) & B

R A 5 R
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