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15 e 3 = W ¢ (sludge-derived carbons, SC) f&— i LAk 117 15 U8 b JFURHG & 1 s S ik i, BA
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1.1 LEHR

SEH S YR H A bRt A FAE KK TSR, BT 105 C SR T A, M EEE,
SRIGWEES B, i 100 B, fRAF T T oK 4K i, BT 4 CRKE.
SURPERR IS . A WL & i 54%, R 11.64 m> g, L2 0.060 m* g, FIFL4R 20.69 nm.

1.2 XLWFHE

1) 75 Pt B il 25 o 15 U8 B e B OR T R A S (B IR R A R R A R H], OTF-
1200X), Bt Tt i 5508 10 g, B Ti5 A AR S, FVE B ok & S a3 48, Bkl S8
MoBHR . BB 1 Lomin [a] KP4 30 P9l A RS 20 min, FELRL 10 °Comin”' T2 T A2 A9 I
¥ (400, 500, 600, 700 Al 800 °C). FEWEM SANMRERSE T, 4 HH# 30 minJ5, BHEZE
H, Al REPASRENO0S Lmin, BRANESSHAR, AEANERANEZE. FHEME
HWE, L 100 H I % B4 4E . B7E 400, 500, 600, 700 F1 800 °C il £ Y75 Jé e £k ¥y 5 73 )
T SC400, SC500, SC600. SC700 Al SC800, KI5 iic M SC.

2) AR R SRR . B — E R AN TR AR TR R RS TR B K (0.075 @) ITASEA 150 mL Uit
15K B 250 mL 0P, W HE FHEBRGA P, 140 rmin' #2488 8 h, NG AL M 0.45 um 38
FEE, 00 W 5 e Ak VA R ) COD B = 4w

3) W Bff 3 124528 . AE 500 mL #ETE L P A 250 mL 0I5 K, A 0.1 g 5 R AL Sy . 7E
20815 K fHIR &M T, WL B FEasHidE, JF7E 10, 20, 30, 45, 60, 120, 240, 360, 480 min
B, i 0.45 pm BEAE, I W BT S A A W) COD B = 4w .
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Fig. 1 Elemental composition and content of sludge and

FIR) W2 WA e B I 9558 o L RE =600 °C I, T5 e biochar prepared at different pyrolysis temperatures
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B ATE R, C— N O—C=0%4 #1 ClsXPSHABIANKRAERAENEE
MG RIS, c—omCc—OoR% S (ﬁﬁﬁﬂﬁﬁ&; -

= e N able elative contents of functional groups in Cls
H 1 e B 5 e AR /N R T B R T 3 0 XPS fitting (percent of total peak area) %

SC400 F1 SC800 1 Cls i XPS i &, 1A 753
4 sk, Rt EABR 284.5eV). FRILEL

Hmak  c—c C—OH/C—OR C—N O0—C=0

o o e 21.11 18.76 10.15 5.94
ik 5L e ] E/‘ﬂ)% (286-? eV). HAEH fEH SC400  18.22 2234 5.76 2.26
) % (285.5 eV). Bk Bl I L E fig A g g SC500 22.02 16.15 2 -
(287.3 V)™l i 3 HTLLA M, SC800 A He T SC600 1975 17.38 43 2.45
SC400, C—C AR & IR LTb, C—H LA SC700 2137 15.48 5.63 24

BRI, X EVEBIIRE FHANTEE o e oo o ans
5 TR R, R T R P SRR S
AT, IR B T A S SR AR (UM RS ). 5 YR AR T 10 A L A T AR Y
V5 U O B U HLA A S e B8 5 1 95 R T

Cls

A,

294 292 290 288 286 284 282 280 294 292 290 288 286 284 282 280
LifrhleV Lifrhig/eV
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3 SC400 F1 SC800 A C1s HY XPS i [&
Fig. 3 XPS spectra of Cls for SC400 and SC800
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B3 KA FLE5H, RIS TR IR BE R 2k A5 05 e e LA AN R I FLBR &5 4 fn &l o P L A2 4 A3 vl
A, V5T AR EZLL 20 nm 2 A FLN E, BEEMEEE W TR, BB T AL, BRELE
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AR, R R A LA PR T
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JCRA A FLB, B S AR AR R A BORDRL AR ARG, ORI R 2 iR S DY, JC B B R RSOk
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Fig. 4 Pore size distributions and adsorption/desorption curve of sludge and biochar prepared at
different pyrolysis temperatures
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Fig. 5 SEM images of sludge and biochar prepared at different pyrolysis temperatures
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1) S 7] 44 6L BE R 1995 8 % b COD Wiz i 100 e Luso
PERE . &1 6 AN [m] #4 A Uk B2 T A o 2 b L X ~ 80t Lo ©
COD WM AE (et bl . FTRAF th, BEFHEE 5 | e ?
BERO TR, MR B AWOR COD B ENE, 2 B
W W 7 TR T v . AR TR BE SR A 400 C T S {100 £
% 800 °C Bf, 5YRMR A COD FERRFH T 1 46.20% 0r I I l 50
J:ﬂi 75.31%’ I& wg% Hﬂ 182.5 mg.g_l J:ﬁ SC400 SC500 SC600 SC700 SC800 0
22975 mgg o BT BLA AR IR BT A9 o REAREETHSRER COD HRH
. 15 YRR ARG K, 1~2 nm BLAL EE B T Fig. 6 Adsorption of COD on biochar prepared at different
L, 3nm AWML Z, [ 55 Y5516 pyrolysis temperatures
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Fig. 7 Three-dimensional fluorescence spectra of sewage adsorbed by biochar at different pyrolysis temperatures
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3) W hgh Ty st g . d i 8 al, REE
B Fof E) B9 S, COD W B BT BT h. S T
S M 1A LA AE T U8 5 W B i N 1] ) A2
AE DL, AT R I E—Gsh J 5 ik sl

*3 TEAMBEETSRRRMEHENDRALRE
Table 3 Fluorescence intensity of organic matter
adsorbed by biochar preparedat different

pyrolysis temperatures
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HE— Sl y 5 r e LAl @), e SC400 853.3 2697
2R WA (3), Bk NP O R LA 4). SC500 s189 699
“kir=In(Q. = Q) =InQ. 2) SC600 306.6 196.1
r_ 11 SC700 134.8 163.2
0 ko 0. © SC800 164.6 177.9

0, =kt +C 4)

A O W&, mgg's O MR PN &, mggs k AUHE—ZL 8 T 2F 0 7 #2
BRF 3R SR Bk, A UE 2 B ) A W R O R R R R e RS N BT O R B ¢ SR W B

[E], min,

350 6 [H
300 F 51 y==0.011 83x+5.146 26
= 8 R*=0.910 07
~ 250 4+
» 200 3
2 S
ﬂﬁ 150 %2“ 2
£ 00t £t
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50 oF
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R=0.998 91 300
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250 + /
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o S
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orf 50
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Fig. 8 Adsorption kinetics experimental results and kinetics fitting curve
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T 71.12%. 120~240 min Ji5 912 W B ok 72, 76 360 min B W FFF 258 AS 38 21 S A . 0 B O AR R b
N 18R 2 AN BER RS, FR R TS IR AR Y e 3% DTG M A I S 1) Bk 7 T AR A 1 AR .
A 120 min, AEW) 0 b WG BHE FH 2 22 % AR AE e T, B G 2 100 6 M S O I ARRD L 3283 e I R R 3%
R A ZAFLAGLAL P, AL T BN . WM 2l 14 A S5 0L 3% 4, 3 Fhal ) 2# B R i 28 UL A 8.
LA HH 2R B A O R BT AL, oE s J1 2 T FE AR H U — S v 2L T i LA (R™=0.998 9),
LM — G 7 RS 1) - A 8 B 5 552 o O o P o A 22 A, T A R I R Y A O o
{E 55 SE BRI B SR AR W A o 3O T B ) A R R R ST L A R BT A B RV R Y, T
W B A AR A A S S AR K R 2R T B A AL L, W O B R A R, AR AN Y. R
AT W 6 R ORE N B A5, A A BB T A b A s T R ATLBRSS, SIS 25 SR, v g Bl ) 2R A A
FE A0 B - M A AR T BFE S R, TIE I 2 AR A A2 R B R

x4 PHEUELER
Table 4 Kinetics fitting results

) WE— 2% A8 T 2 AR R TSURL N B O Y
FERAFE  O.op/(mg-g ) - -

O./mg-g’) Kk R Q. /mgegh) K R k, c r
SC800 282.5 171.79  0.0118 0.9101 302.11  0.00012 0.9989 10.304 94.41 0.7818

T A W R R ) R A o 2 L R RORE P T RIORE X T B COD 1480 5
B AT 0. B 8(b) iTLAE Y, Y HLEI I i 3 BeA i, 55 1 BB, 0~60 min, W BfF S
JEARBR . e FZ YRR RT , WS B AR 3 A% 95 e AR i i R T, X — o A O R
it 5 2 BeAes 3 Be By e TR N HOS R, 2 2 BRI W RZE RALIN Y BT RL, o
3 BEA R W B A R AL AL N BT R 5 e e A T IS PR RO B, SR A A R R AR
Jai , ANREME BT A B A HLA 23 o T I RORH S AR N ORE A 3R T AE R M R B VR R 25 O HfE Sl A
FITR 15 D83 k5 Ak SE W BT L 20 1o B3 W0 B ISF 1) S 80, 9R0AR 3 % v 0 R it e 38 7 %
Wi, IR BRI XU, AR 0~60 min B, 8 RIS AR s ) 2 R O URE Y 9 B RL, 7E 60 min
PUR , B BORMUBURL N 5 B R 4 4
23 SREEYIR MRS AR

15 e 5 Ak B 03T I B W B e A T A S I 2 S DRI, 9 8 R SR T R RE AT SR
BB T E A, WS IR R REMI R k2

BE, B0TS U A PIPERE IR . A SR Ao s

REBS K pH N 7.67, T5UERMFRANLSAT, w2 TCI;

NG pH T 547, 15 b 5 26 T 9 o f NPT ES
Ko B, T U85 WA AR AR (R 0=C  OH O g I 80)

iR 55) Jo kA sl ad # 51 J1/E T (electrostatic
interaction) W fff A AR H (1K) JE 5 R . & R A
ML, SR R R T B R R AR
FILE R S5 AR L N BT AL AU, B
TRAE W BRH , BRIE T 5B R 4> F L5 IR I '
DA PR T P A B 5 98 S v g B mEXRHNEE

"’r._‘f (Al

SEER LR A TS R . Fig. 9 Adsorption mechanism of biochar
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D)t R X G T B RS S L0 MBS I o A, AR BE DA 400 C TS5 & 800 C,
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Effect of pyrolysis temperature on the surface properties and adsorption
performance of sludge biochar
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Abstract Biochar was derived from municipal sewage sludge at five different temperatures (400, 500, 600,
700 and 800 °C) in an anaerobic environment, which was characterized by using BET, SEM, XPS and FT-IR.
The adsorption effect and kinetics of organic matter in sewage on sludge biochar at different pyrolysis
temperatures were studied. The matching mechanism of organic matter adsorption in actual water on micro-
controlled biochar by pyrolysis temperature was also discussed. The results showed that with the increase of the
pyrolysis temperature, the ratios of C—H, C—C decreased, while the ratios of C=C, C—O==C increased, the
aromatization degree, specific surface area, pore volume, surface roughness and micro-pore ratio of 1~2 nm
increased, the transformation trend from meso-pores to micro-pores was gradually obvious. The adsorption
capability of organics in the effluent of secondary tank on sludge biochar prepared at pyrolysis temperature of
800 °C was better than that prepared at other temperatures.The corresponding maximum adsorption capacity was
282.5 mg-g ' at adsorption temperature of 298.15 K, and the adsorption kinetics conformed to the quasi-second-
order adsorption kinetics equation model. Biochar had strong adsorption efficiency towards humic acid and
fulvic acid in water. The main reason was the hydrogen bonds, chemical bond association and ©-n conjugation
functions occurred between the abundant oxygen-containing functional groups, aromatic bonds on the surface of
sludge biochar and humic acid or fulvic acid. Meanwhile, the developed pore structure and large specific surface
area of sludge biochar provided lots of active binding sites and promoted the adsorption of pollutants.

Keywords sludge biochar; pyrolysis temperature; adsorption; organic matter
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