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Research progress on the removal of organic contaminants from
wastewater by modified sludge-based biochar
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Environment, Hohai University, Nanjing, 210098, China; 2. Guohe Environmental Research Institute (Nanjing) Co., Ltd,
Nanjing, 210048, China)

Abstract Being one of the classes of carbon materials, sludge-based biochar with excellent
physicochemical properties and diversified functions presents great potential in the field of organic
contaminant treatment. By compounding raw sludge-based biochar and other materials, novel
functional properties could be endowed and the adsorption efficiency of biochar can be much
improved. This study reviewed the recent progress on the modification approaches of sludge-based
biochar and the efficiencies of these modified materials in the removal of organic contaminants from
wastewater were summarized. The removal mechanisms of organic contaminants by modified sludge
biochar, including pore filling, partition, ion, hydrophobic interaction, m-n EDA interaction,
electrostatic interaction and hydrogen bonding etc. have been described. The regeneration methods of
sludge-based biochar after adsorption of organic contaminants have also been discussed. Based on

the review, the authors have proposed the research direction of high-efficient biochar-based
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adsorption materials in the future, providing scientific and engineering basis for the potential
applications of sludge-based biochar in the field of wastewater treatment.

Keywords sludge, biochar, modification, organic contaminants, adsorption mechanism.
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Table 1 Modified method of sludge-based biochar materials and its properties
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Fig.1 Method for preparing sludge-based biochar materials
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3 BHEETRE A YR TEHEIE PSR LB AN (Application of modified sludge-based biochar
in the removal of typical organic pollutants)
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Table 2 Dye adsorption by modified sludge-based biochar
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éiﬁfjﬁﬁi ]gi:oltﬁ/rjlfs Modified (m*g™) Adsorp?ion Adsomtion i iﬁfz
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Bomaplex red CR-L HLEELT5 18 NaOH — 192.31 99.9 [60]
NI4T 16 SEAS Y le nZVI 640 178 — [15]
Pk i) A Fe(NOs);-9H,0 167.4 55.87 — [14]
TEELT24 AIK 5 HCI 79.65 — — [61]
TEHELT31 TR 157 TiO, 167.4 39.37 — [14]
G d AN MK 5 ZnCl, — — 90.7 [56]
SR ML Jilivi I ZnCl, — — 97.5 [56]
TP Ik 58 ZnCl, — — 94.4 [55]
iPERE 13 REGT TR AAE — — 73.4 [62]
W19 SEAL DTGl Ce0, 640 158 — [15]
WEIHRRLT 5 e Fe-Nigfi >k #4 ) 70 654.33 98.8 [63]
% B HBE FeCLyR R HiTAb 3 69.8 — 98.3 [64]
AR TS e 10%HCIH 70 — 99.9 [65]
{HETEEL31 TR 157 HNO, 188.25 39.37 — [14]
ARG 151 212K a-FOOH+RRRET 202 98.03 — [66]
it 24T A TS e F,0;, 39.84 25.06 — [67]
L AN SR &} I A nZVI 49.08 18.83 — [68]
R PERE2 e F,0; 605.2 385 — [67]
FRMHIEG BERTE e UK — — 93 [69]
RYEREG TGl FeCLIF G b3 — — 99.33 [70]
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W 3 B e A1 W — 174 — [55]
W HILHE MBI HNO, 250 — 45 [71]
R Ei A Fe,05+FeCl, — 11.78 95 [72]
DA MiB5 LIEIK(GS = DIRG b3 — 132.2 — [2]
7 AR FERh 508 KOH 23.5 23.5 — [43]
W H S RN A ZnCl, 29.2 22.4 — [43]
DA RS A5 HCI 79.65 130.69 — [61]
W SR TEGE R HNO; 605.2 345 — [73]
DIARE S P50 NaOH — 518 — [56]
DIAEE- 5 Mk iU TiO, — 29.85 — [74]
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B, DRI, I B3 T G 15 U AR ekt 2 R0 A2 G YRk i) 25 R AR
3.2 WRRMZBRA DL 2

TR U AL X i R I RN SR A AR UL A L S e, i S AL B B S A 5
TINS5 0 5 W o0 T 254, DR Ll A A 3 A ), it ) P e e ¥ e T 2 0 e T AA R0 A 3 2 g J e
TR DR A B R A R A (1 2 193 2 ) U7 A ) e 3 T ) A W B, LA WL 2R BB 45 5 A ) o 3R 1T S 1A
HEAJLFLZEAE v, DT T A 40 e g W 205 2

TR FE R 75 108 S5 A 9 i W B 2 B A LI S 0 A S 0F 9 L 36 3. Martin 2809 1) FH 2B 90 75 1 S5 A 0 o
e KBRAETEETGI T D AR B, % 30 AE 4 ¢ 55 1 b 0 M o %) W 2 BB — 38, O ELZE 2R I ) B vk 3
100 mg- L™ B, LA TS5 U6 53 A 9 e il 2R 1 1 25 B 8 DA 58.0% $i& =1 3] 98.7%, H 5 el ik 5 & IF A 52
M) G X 2% P 1 O o 8 1 U7 R, I T T e 5 R 3R AR TR AE 550 °C TR A A5 1 0k A A k¢ R
UBC-x, .38 F T BRK I W 0 2R 3 AR A A5 I 205 Ye P i L bR UL ml I, 15 U8 A W e 2R 1 = 5 19
3 FH il A5 R EY B Aol 15 A 4 0 o 1 28 R B ) IR S R AR

R3O RS VA W WM 2 R A B 2
Table 3 Organic phenol adsorption by modified sludge-based biochar

T LY ES a7/l Btk Ak R HERY/(m? g™ W i 1 % BRI % E= BTN

Contaminant Biomass  Modified method Surface area Adsorption capacity  Adsorption efficiency Reference
AXFEARE  WEOER APERR+ZnCl, 792.4 2.9 mmol-g” — [26]
AN IR Fi5ie CO, 1800 3.21 mmol-g™' 85 [79]
4-X FAR ARER/A =5 1800 2.37 mmol-g™! — [79]
4-X R B RRERA KOHiAk 3 1800 2.82 mmol-g”! — [79]
YPREEEOREY  TTBOSIR FeCLIFMTTALEL 69.8 — 97 [64]
EN MBS  FrER+ZnCl, 792.4 2.1 mmol g — [26]
ENL} BTGl NaOH 121 96.15 mg-g™! — [80]
Ky MBI ZnCl, — — 98.7 [16]
EN pis ek JRE — — 96 [78]
ENi) e e — — — 98.7 [16]
WA M5 JRE — — 90 [78]

SRTIT, AR A AT AL Al 27 v () A 75 e [RD R H 23 2R 1, AN 4 BE-5-08 R 25-2,7- TR | 2- 0K
FFEME (MBT) 255 A 57 G A 2 1 8 HIAR 22 3800), 15 DR B AR W ok A 0 X S I ) 2= BRI S 0, A
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AL,
3.3 W2 BR 25 WIS ) o

VSR ALY R e/ (SSE IR PR L7/ IS N G R B &S T et Y= D iate SUNTTPAN LN i 92 2 12D
TETE U, TP 5 U 5T A W) ¢ TR SE m-m EDA. H, -1 FH AT USRS 300 245 355 14 00 Jo 1 R o 2 .

SO T U T3 A ) T S 25 55k 245 0 35 R ) B R R S IE S L3R 4. TS SR I, A5 e B AR W ik S 4 T
SE AW /4 T A R ORE 45 5, X8 25 W 6 P R ) R B AR R I B BRACR = . i T E, 15
Jo A 0 1 2 T BB I FRL 1~ BE 0 B v, A M T I 2 0 1R 0 o b A b R R R L R AR DG L AT, AT 84
9 L FBRACR . KK T S50 5 il T AR A A SR Rl v s e B AR W ik GO-SBC, HoXT 4% 98 A2 1Y) i R Wz o
PN 137.51 mg-g', FEBAR 1) B¢ ) W BAE A A R T 40.32%. AT UL, T TR /el 1 < Je e ) O Xl 4
e 5 e o A W A AR T PPCPs A7 HILIA AR S R 538 M 7, DA T i v LA o

R4 RS VR A 5 B 2 R 2 3 P
Table 4 Pharmacoactive substance adsorption by modified sludge-based biochar

o WA R (g ) IR %

‘Fii:’é%ﬁ%’@ éE%)ﬁ Ej;‘riﬁiz HAHRY (m*g") 0 dsorption Adsorption E =P

Contaminant Biomass Modified method Surface area capacity efficiency Reference
1-EAIE-2-ZE W -4-R OS5 R Fe;0, 585 117.8 — [83]
24-THORAHTR RPELETR FIEERR 380 212 — [84]
2-Z5 ) 5 TiO, 321 111.9 — [85]
Diazothiophene MG e KMnO, 629 55.5 — [86]
ES AtkiE e TRAIAAE 624 369 — [87]
IR 5 FrER+ZnCl, 792.4 3.49 mmol-g”' — [26]
P DiEESERA ZV1 — 30 — [26]
FH R FRENTEUR NaOH — 113.6 91.6 (88]
HLHm TG YK AR 940 8.88 93 [81]
FARAN R KI5 KOH 115 191.6 — [89]
TG i ST NaOH 60 136.6 — [89]
FRENNE 5l ZnCl, 592 28.4 — [89]
GiFS DiEESERA FHEEIR 117 0.32 — [90]
LIS [ e ZnCl, 57.7 0.43 — [90]
R 5 e FrEERR+ZnCl, 869.5 0.83 — [90]
GiFS DiEESERA Bi(NO;);.5H,0 990 350 — [90]
Rk TB5 Y TSR 67 5.2 — [91]
i) TG e HNO; 757 113 — [92]
ANURE TR ZVI — 309.9 — [92]
T M i eERE KMnO, — 640 — [93]
FALH B THE5 R TR — 150 — [93]
Kb AL TB5R AAf B — 137.51 — [82]
SRR THEE R A1 H M — 2.72 — [42]
APk MRS JE NaCl 53.8 405 — [94]
PUERER Bl S AbATTAL — — 93.4 [95]
UEZS-S THEE R FeCl;.6H,0 139 672 67 [96]
THFEAR WG Frskedt = F IRk i — 40.6 — [97]
AL EY Y Ab LS R TH R 89.5 — 66.71 [98]

R, IR pH (EL S SRS 08 J5T A ) 5 oF 24 ) T35 A1 00 Joi 189 WK R, 52 A 100 29 39 T e FEL TR R ) 52
253 P 2 R T IR pH (B A2 AR T 5 A0 B B R30I 38, DATT)™ A A TR ) I8 15
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oL, WPYER R S AT WFTE SR, B VARG E T R, 15 08 B AR M) 5 X R T U 2R I R ek U, ot
B, VAR B AL 5 (A L PR 45 ) 2 82 ey X 24 00 005 P 0 i 0 R 2 R AR U0, DAL E B 5
TGV STUEE W 5 X 245 355 P ) T ) R B P 3 o7 S T T S 6 2% P X JH A R 52

4 BHEBETRAAYREEA T (Regeneration methods of modified sludge—based biochar)
AR AR AT 5 D8 B A W ok 25 5, K23 BT IR B A0 TS e A I, DRI, 5 200 A W o
A TR, AW e i A SR A DR IR A R BE Al b, G ek W S Al 2 5 v W B BT AE ) i 1 R
TET 3 o ol 5, K S L MY BE 7, 2 l A2 R . AR B8 A T dA A0 A BGFRAR K | 95T
A | IR S 1 A I PR A A G (32 5).
RS TGV IR A 7 VR T R B I kS HE AL

Table 5 Comparison of the scope of application and advantages and disadvantages of regeneration methods

FEITIE &G T B S
Regeneration method Scope of application Advantages Disadvantages Reference
AR Y \ 2l IS X, o e .
AL FRBILN T ek REHILECS R e stiaien po
T LR, (A N
L l;l Fy -y /\l;l %:
R KMBIAT T ORI E Tk, g SRR,y
it A A DTS R 0 B U
PO P (U TR B P L, 53 TR U 2, WA [104]
BRI BRI A
BIGRAAIA  (UETIORENE BRI B ey e EIERRAER
BB i

4.1 MPFAE

A A )12 B — R A ok B AR vk, EERBUK TR AL, T4k R 4 MRS
B AR IR ZR A M TERR  RBER AR . CO, A 700—1000 °C., 1A WG BFH 578 i i T B AL 431,
8 1L AR W e A LA /N G B SRR Y, DATTR 52 2 0 e ) I R B 0. B o A0 X ek M v
Jo A e T A R RE R AT AR 5 B 2 B2 TR L PR R 3R R N A R RN A R YA R,
T E 5 A Ry B . 7R R AR VR 550 °C . PR IIA] 60 min, THEHE 10 °C-min” BT, EWIR A%
UKW B 5 BH S F 35 X-GRRL 4 BE 0 B 5 43 5l A 408.22 mg-g™! [% % 343.78 mg g, A 3 R ¥ AE
80% LA I, BRI FTA 0 Z R LIS Y Wy #0 B — 2 R 85 VR, (AR AR VR K 1817 4%
P74 s HXT T DU IR 2 A0 B S AT ALY, T AR R OR A 2, AR A e o A B 1 O A T AR
He g £ B YRS Yo,

42 WERIEAEE

VAR T A R A 0 e« R BRI AN 590 =2 T A — DR 28, 3 e e AR 5 50 A R B pHL 26 45
AR AT T2 O RS-, DA TR PR B i DA A 00 e 3 T O R ke, (75 A e P A . 3850 P A T A R R B P A
PRI B AR

P Bl P T S 4 JC LR (R 2 . B iR ) sl (S S A M ) A8 A2 1 391 Ofe 2 R A I G ) 4R
B VR A VR B o A R I 1) A S e, T K A 0 e v S I A B ) T X IO, R i v
() TEAILIR A AR, PR A TR, R B R, P AR 508 — /N T 80%1 %), A5 #ILIA 791 A6 v S 1)
. TR R P A AL T A B BT 00 I A A i R A R R SR i B A 60% 1 T D T S R P B AR 41
UL W ¢, FLARIRR0R R 52%; T 6T W B85 5 Gl A= e, T (8 40% S P9 BEAE S i 5, it
RN 54%1.

VSTV v I PR R AP, AR R A R 5 /0, TR LG T i ) R o i e e v e v i
VR EE | AR S A L AT, (0 5 e B R 2R B 2 eV e B LA — e i RIE. Hh 5 e
AR IS RGO B, IR RETE 4 25 BR15 YW, AF7E G 05 G i n] REE.

43 TR HR R R
T PR A T2 AR AR 75 15 U0 o A 0 e e W SR A PR A0 i 43— 7 A A iR Ak, rRL G R
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e R FARE, A5 A W i AL IR b A BILTS G 34 50 32 JAMT A W sl #1055 A5 8 AT A L, 0
HETL BRAE T A b AR AF A Wy ok i) 2 AL 54, H 5 THs Gt . FRAE T[]k, X1 REREAE . AR ks e R
Izt EL A U S AR VR X B a8 B R A, ELAT AL 8 o i A 2 5 7 A Al e ) 7 0 1 AS B A
4.4 I F AR

TR I S S A P A 2 ) P e R AR A S A BB, 8 9 e g DA AR s T A A B R
gy, IR B4y B H . H AT B I S iAOe a8k, 205 RN B ks . S i in 2 34
JF RN 2 E IR ) R R I AU AR P A BT B R L BRI AR AR R IV RAR SO A, IF
H BEFEAN U A= 1 o B AR JoT A% 0 X601 G kA7 M. S5 LS 3R A A L, DL = A4 Fruk
Sk AR B RIS AR TR AN A A VS 00T G PR A ) 0051 {2y T R B T 58, A AR i, H RIS 1

5 %55 RHE (Conclusion and prospect)

St VeI 0TS U B AR W ik B R B R AR | s fLBR A 0 H RE M, i FLBREE 5 L )
FCAE L B KA . - EDA L ri I B FH R 0B S5 SO R RFAIL o S [P L, SR A WL e iy 285
BRI T A B TE PR 5, W BRI 0 5 e S5 A ) et T S e R A U R AR L TR A
R R I S A A IR R S I R R 7 % LA 08 A U 88 A ) ¢ o s R HC IR R 7, 30 7 S 56 T
IR LA J5

(1) il 28 5 88 15 Je B AR W o 52 B kR B RTXT A= 9 0 52 G bR BIF I F2 B4R vh TR AILR AN
BRANANTEL, T LEY) 5 5 AR RO R 5, Q05 BREERRL . GRBRALY) . 9K R 70T R RS H A Y
AR FE R . HLAZ SRR R 58 22 Jm BR T S92 36 28 X6 05 e ) B BRASCR B X LE, e = A= 0 B R o 541 )
o5 IMA ST BT A i A PR

(2) A=Wy fe 52 B BRI AT HILTS G 00 25 BR AT AT th Z2 PP L B[RV . H TR0 58 22 DAE PR 1 32
ST FALE PR, s S AR 5 AR R BILTS Ge D AR R HLI A /D A I T LU 22 A 9 L3R
T, A PEABLE ORI BEREA K.

(3) HBITAIFFE JE 4 22 D 3, A 3306 15 A 8 £ W o 22 A TRl m] B2 52 T A5 BILY S 2 ) 60 IR R 28R
A5 I 227 EIE KIS . A, 15 98 B AR W SR S FERER R AR AR W R 52 0 (i 2R W) 21 ) oA i
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