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Preparation of modified sludge—derived biochar and the
adsorption characteristics of Cd**
XTAO Lurui,LIANG Cheng,SANG Wenjing " ,XU Shihong, LI Dengxin
( Textile Pollution Controlling Engineering Center of Ministry of Environmental Protection ,College of
Environmental Science and Engineering , Donghua University , Shanghai 201620, China )

Abstract ; To improve the removal efficiency of Cd** during wastewater treatment and obtain a kind of
adsorbent with low cost and high efficiency, biochar ( BC300 and BC500) were prepared by oxygen-—
limited pyrolysis at 300 C and 500 °C using municipal sludge as raw material ,and modified by NaOH
(NC300 and NC500). The sludge—derived biochar was characterized by elemental analysis, scanning e-
lectron microscopy(SEM) and fourier transform infrared spectroscopy ( FTIR). The adsorption charac-
teristics of Cd** on the sludge—derived biochar before and after modification were studied by adsorption
kinetics and adsorption isotherm. The results showed that compared with the unmodified sludge—derived
biochar,the modified sludge —derived biochar shows lower polarity and higher hydrophobicity. There
were more—CH,—,C=0 and C-O functional groups on the surface of alkali—modified biochar, which
was conducive to the adsorption of Cd** in water. The adsorption process of Cd** on four kinds of sludge
—derived biochar fitted the pseudo—second—order kinetic equation and Freundlich isothermal adsorption
model. After modification , the maximum equilibrium adsorption capacity of NC300 and NC500 for Cd**
increased by 2 times and 1.1 times,respectively.

Key Words : Sludge—derived biochar; Alkali modification ; Adsorption ; Cadmium
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il B A5 B 0 — 2R e D5 A AL R B v 1 1 A
P SR R AR T 5 T8 50% L L iR
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JEUREFE 800 °C FAfift il 45 A= W e Xt 7K v Cd™ 11 i f
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W B, 3 X LR AT et eetE Sy S LU Y
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i 42 % 4 @ A 2k bR AR 0 Rk B T
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ML 3 3 3 T DT TE A FL 7 B T AL 3% 1
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FT, BB 1 AN B A

BT I, AR . (1) 7 300 C
F1500 °C 4514 BR AR5 U6 ] 48 15 Ve 34 o
I NaOH FEA7ekct ; (2) BF5E T eletk i a5 e
AWt K A Cd™ 1 W B 3 g 2 R0 B A R
285 (3) X RCHERT R 1975 Ve kA W et AT 4 A L
(SEM) FI{# HLI-21 48 3% ( FTIR ) 45 A 434, IF
XoF W BREAIL AR R AT HR 5T, LA Ry Tl B80T 8 % 5 4 Y
PP AR K b Cd> il b B4R AL R A AR
FES

1 #REFE

1.1 SEIg#rat

SN YR B L A VL X V5 K Ab B i
WK IR, # K F K 80% , SLEAFI L% CdCl, .
NaNO, \NaOH F1 HCL, 3124 43 #r 4l | W 19 5] 245 4 14
iR A BR A w256 K A D 3t A 4l K 2%
( Direct—Q UV)%’J%’E@E?@ﬂ(( HFH%R & 18.25 M
- cm)

1.2 4¥mBE&

BrisIRrE A AR T IT SR E R Ti5 R (&
KL N 5% ) Krwgt 60 i, BUE k05
e lFR B A RSl FEs B, Bk
S LA T L/min i A N, 20 min, 5245 C/
min FF 2 2 IR JE (300 °C F1 500 C), FEBEE
FOTRLE R B 2 h 58 2 5, O i o AR
N, B3N 10 mL/min, FERE A A5 AF S i
B IR AF . ARAS 0 [ 27 4 43 9 id i BC300
1 BC500,

NaOH 24 ¥ A 9 o i O % Be il 1 L/
0.5 mol/L 1Y NaOH ¥ #5 H] o 43 5IFRHC S g it
#H BC300 A BC500 & T 20 mL 0.5 mol/L NaOH
VWD BN 12 h ST g, hok s R
i LB FKREERERE pH=7, 8t T )5
it 60 Hifii, B A BB 4erh i T TR R Ar 45
o & /e Pk A ook 4 B S NC300
H1 NC500,
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AT R, T5 U A W e 1 R THRRAE SR P i T
LIS (SEM) (S—4800, H A ) 5z, #F 5 1Y 2 18
‘B HE M 3 A R A 5L i 21 46O % 4 (FTIR)
(Nicolet 6700, 3 [ ) W , $1 4 5 B0 15 Bl A 400
-4 000 cm ™',
1.4 A3t Cd™ By R LIE
1.4.1 RW3hHFEE
WERIFRIR 0.16 ¢ 1Y BC300 ., BC500 ,NC300 F
NC500 43 %1 F 100 mL 9308 H, A 80 mL
30 mg/L 1 CA> ¥ W, 75 55 HL A BT 1 NaNoO, Y ¥
4 0.01 mol/L., F 0.1 mol/L HCl (% NaOH
T pH (EN 6.0, FIRAMEF (25 C) i E 3
BEFEIRAIAXL b, Lh 150 v/min FO%: 343 R 0.
0.083.0.25.0.5.1.4 .8 12 .24 .36 1 48 h J5 HUkE
ahuE . HHEGRE A 55 B KOG X ( Prodigy -
ICP, ) M E e Cd™ AR
WE—sh J2e iR (X ((1)) EZ B e
TR (K (2)) 75T B
In(Q, -Q)=m(Q, -Q) -Kzt (1)
t 1 t
0. Koo )
c, - C.
= v

m

q. (3)

K (1) .(2).(3) 1 Q, R AT, mg/ g5
Q4 t BEZI AW e o) 4 T ) e i o, me/ g3 KoM
HE— 23 I35 07 BRI SO R b K, o
RN ST R, ¢/ (mg + h) ;€0
WIkh Cd* 0 0T & e B, me/L; €,k W it P £
CA R FHRE  mg/L; V iy CA™ AR, mL;m A
T B A= 9 ¢ ) o B, mg
1.42 5 BRWER%

WERH AR 0.16 ¢ BC300, BC500, NC300 F
NC500 F* 100 mL FY .0, 705l inA 80 mL 1Y
R N 2.5.10,20.30 .40 .60 .80 100 mg/L
) Cd™ ¥ W, 75 5 M BT NaNO, 1Y ¥k B2 o
0.01 mol/L,H 0.1 mol/L HCI {3 NaOH 477 &
W% pH=6.0, JE T 25 °C 150 r/min HIHERIR
S RN 48 h J5 kg, T E PE W CdT
WL

SR FH A5 i W B A 78 400 S 55 45 9, Langmuir
J (K (4) (5)) F Freundlich 772 ((6) ) 2371
W
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ZQ’F‘Q
Q|Q
8
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=]

R 3P FE3MEEIH
1

R = 1 +K,C, (3)

InQ, = InK, + ilnCc (6)
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() 48 A B B, me/g; Ko L K 1/n 43 5l Ry
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A A O S 5 o AR K, RGP

2 ZERESWH

2.1 HE¥REELER
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JE S RIBRE T SR AT, (A5 5 e B A Wy e s T
ARG B pH AE T &, BebE s YA Yok i L R T
BB 61%F1 50% , X 52t F A et i rp
NaOH ¥ 102 ) e BA B i JE T/ Y, S 8oL
RESRAR | 815 vk ¥ U8 3 2 W ok Y e 3% v AR
ANUST e O R H AR T2 S ] A,
Wi I A ¥ U8 B AR W e 6 TRk - OH R R,
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O T I 15 108 3 A ) i I 2 Ao 1 ) 386 T e £
FREETE R, Bkt s (5 A 0 e A A0 P R AT i
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R1 BHENEEYRMEBUFER

H R mA
W pH (- 1) WGy 7 % C 0 N H/C 0/C  (0+N)/C
m g
BC300 7.28 10.672 50.49 33.06 38.64 8.26 431 1.41 0.19 0.30
BC500 7.36 40.054 54.30 24.49 27.27 16.33 3.47 0.69 0.50 0.62
NC300 8.52 4.163 48.65 38.64 5.42 3.28 1.25 0.11 0.18
NC500 8.71 20.045 63.77 27.27 3.05 3.51 1.06 0.08 0.19

1 SiREEPAR(BC300(a) BC500(b) ) FABEiT R E & ¥k (NC300(c) (NC500(d) ) B SEM

(0 B AT U5 R T i 2 R ko SR ek
Wy 2 A7 AE B SRR W) 0t 5 5% B4 (1) NaOH
FASE BT S 1 A 0 23 AR AR A5 TN A AR
KALI 1 2 10 IR 1t 1 /N IURL S5 44, FL T8 W P T
PEIETR e HDORDRE T2 B I 0 4G K i = i Tkt
R T AR i
2.3 OAMRIES

FIA FTIR X 801 117 e 75 U 35 Az ) o 19 2% T
ERERIIEAT 0T, 5 R E 2 FioR, 1E 3 650 ~
3200 em™ JEEIN HEHE O-H 46 4% 3h 1) FF
TRV AT IR F B 28 | B2 R LR 28 02 5 A7
FERY EEARE L Wb S TS YR Sk A W R AE
3436 cm™ BT AR A W S SE I 0T 5 A 1) R i e
UG R A AE Y A W] 1) O-H JEE ek,
AT KA F 2SR B> 7E 2 925 em ™ AbIK
Wi A A S CH, Xt BRI i diR o>, 54 |
MR T 5 CH, LA 20, CH, M 4a R 5 2
BB @, 1£2 928 em™ BTEE P, NC500 )
Wi B W £ T BC500, 7E 1 700 em™'

BC300 e 600
: [ i '
NC300 (3436 | P i
. i ; i i
S| Ngg oo dy
32 [BC500 7 ! i i |
- 3433 A
NCS00 | : - Dl olgssi
1735 i
! 2928 e
33 1 i 1090
O-H H>- Cc=0 Cc-0
4000 3000 2000 1 000

WeHt/em™
B2 BEHEEMRINDINER
1 636 ecm™ BHEAYIEA-COOH 1 C=0 M4 iR
g NC500 4 1 i 5 8¢ BCS00 BE 4R 43, 26 W 7
500 C FEtEG C=0 L 55 M Cd™ kA%
HAERPY, 81500~ 1 400 em™ P, 52 95
W C=C MgadRsh5 R0, UhBH APy e B B
75 F AR E M, 76 1 300~1 000 em™ Y
FoR C-0 WM sh, stk fF C-0 [y {1
T BEE IR R TS 600 em ™ AR C-H ZEFR
A VR 1 o7 T R 58 B T R A T AR Ak X R B i
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HiRERTE S REAEY RS R C-H 450
AFETE S M kA Tl A, Chen™ 45 A HY
5T K AR by v —F R 19 05 B 2540 5 1 W b 1Y
CA* A BH B+ - M BCEAE A T Cd™ 1Y
W R
24 WRMKIREER
241 BMHAHF

B 3 s T R E T U6 A ) e R Cd*
(N TPl M4, B 3 v, SRR TS TR
S Wy W B 0 A R AR — 3, et S
(5 YR SE A MR T Cd™ R W Bt 7 Ty 400 L 3
N2 J5 B 2%, 76 10 h J5 A 2 3k 3 0% it
A, Bt G R T, X SR ELEL A B ST
V5V IEAE Y e W B Cd™* P B[] 58 e, A ) 3R
XS CA™ R B A v A TR B ) B R e
PHARE 5 Cd* FEAK RN A= 1 PR AR 1 e 5 22 5
AR A2 ST B 2 7 1A= 30 Joe 3 T ) W BFF s 5 A G
TR R 5, A% BT 3l 1 K, A= ) ok 3% T 6 VR
PSS ERR Z, 8RN EY KR
THT S 8¢ e 1O B R AT S e o T DA A R 1
FrIR R P Cao 25 5t & B 1T W
BT 4 B 1 LB A — S Ve . BE A I R] Y

W RSP NC300 T NC500 %t T+ Cd>* 14 % bt
SRR A B T 2 5 1L £

HE—HAUAE K Bh 1= UG S8k 2 fr
TR WE—Z N B 72 AR, S R o ot A L 4 L
PHCH 3, WE G Bl 7 2 A R A S I B o
FLFE AR 40 W B B AR A Ak 2% W B
FE DU YG Y I A W AR G e gk 3h ) 2E T AR
LA FHOC R AL RP IR T HE— R 1
R®, [l o sl 2 7 B E 3 B Cd™ g 3
Y- U8 Ot B 0 T S o - A R A PRI, o
T A RO A RIS U SR A R
W B i R DA Ak 2 B R 32 s D IR R
SRV A o G Eh 15 R T AN R
IR 2 T VAR AR F PR S 145 i o 4 e
A AR, BEAS 4 Y S WS YR A W R T Cd™
(AR B 30 1 AL

W2 b /(mg - g™

S 0% B 5 i B LR R 25, G 93] "BC300  ANC300 —HE= gl
N o NN ® BC500 v - - W B S
HE IR AR B AT BB 48 K, R A I, X ol ? 5.0 NS00 . o jo’” 0
N N N 1 20 5
B 40 352 T 320 3 5 0 B 57 58 0 ] B ™ 8 -
P F A PR R B 1) o 2 28 U TR P e T 3 MR Gl RM ) EHR
K2 WHEIEEYRITAR CAHZhHFERMBEBESH
WE—%zh Ji2 R W zh iR
WILRH L/
HE)E i - 0./ K,/
(mg- L") Q./(mg-g!) K,/h R? R?
(mg-g) (mg-g'-h")
BC-300 30 6.432 1.837 0.575 6.701 0.419 0.679
ca BC-500 30 9.885 1.156 0.775 10.327 0.228 0.861
NC-300 30 13.081 1.893 0.748 13.641 0.211 0.842
NC-500 30 11.211 1.575 0.806 11.840 0.176 0.877
242 BIEBLE s

P 4 5 UL ) 5ot T Cd™ I R i BE I
Wirh Cd* ik B AR 2, PUFR S Yk A=)
BN C™* %M B i il 3 P 2 9 3% o
FEIEH TR R Cd™ YR EE R I, 56 2
5 e il ARG N, 55— 5 T, A WA T
RSN LR eV F 2 AL 25, D 2 )2
W RRF2E A, B Y Cd™ e BE 2™ HE BE R RISl
B3R CA* BEAEY 5 TR RE J112 | TR I W B
S, MW AT LU K T30 mg/L

[
T

W it /(mg - g7)

— Langmuir% 754

— Freundlich%%7 2k v NC500
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B, Bl Vs e B AR A X T Cd™ W B RCR BE A

R EEESE IR Langmiur J7
TR Freundlich 77 PRSI BERLA . (0 LLA PR AP 7 12
UG PIA S EL R AT LIS 2 Freundlich 77 F# GBS
ST AR PR TS 5 YR B AR W A T Cd™ By
B, 3 5 0 T 4 A5 MR 25 A — B, T
A5 IR et CA A I Sy A 34 5 2 T

HIZ)JZW B, Freundlich A58 Hp i) n (B AT 4E R A=
Yy %) 4 T B IR B L BB S 48 AR, 47 1/n
<1 FrRIZW AT R — PR e e S IR B, AR
W5 n (H B9 YE B2 1.363 ~2.088, 1/n [ {H1E
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"R K 0,/ K,/ Ky/(mg'™ -
R? n 1/n R
(mg-g™)  (L-mgh) gl L)
BC-300 14.060 0.164 0.885 2.445 2.088 0.479 0.901
s BC-500 24.659 0.039 0.941 1.272 1.432 0.698 0.921
Cd**
NC-300 31.367 0.026 0.897 1.293 1.427 0.701 0.921
NC-500 35.474 0.033 0.974 1.536 1.363 0.734 0.949
s [5] LibraJ A, RoKS, Kammann C, et al. Hydrothermal carbon-
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