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W OE UE TG KA TS Y K PERE L SR RIS TS Ve A W e A S BUE R, 5 FeCly — & X5 I i
FPECA B . LATS JR = 38 TG U6 b BE RN U8 W 35 7K SREF 5 U B K 1k B 5 0t V5 U8 Zeta ML L R LS
EDS FIJE Y o] FE 465 M R B iZ T AL [FEE, S X5 RN R A& . EEE UKL BA TR, B8
FE AR BES YR PR KU . DA B0IZ 7 i 0 T ocs 15 e K MERE R AT AT . 45 SRR, 7 500 C R il £ k&
M V5 e A= W 5 (30%) N FeCly(12.82%) 1k & 1A B, 75 VR B /K B R R e £E 5 5 U FeCl,(12.82%) i 3 1) 75 U2 AH
Fo, 15UH RIS T 73.38% . 15 e HLBHIEMR T 68.75% . JEW & K RIEAR T 9.03%. 10 m T il 45 1 gk s
Wits e B, HALBRAEME Kk o REPIOTR SR E; 5 FeCLELG MBS Jent, WAS KA LR, N
MR B BERE T M, FEHRE AT, SR MA . EE: & RS ELs G M R EY
(4 B e YA TR AR s V5 VR IR E TR 4208 (Cdy Cr. Cu. Pb. Zn) B WAGSE, VEURH AR A =4 A EE A =4 vh s
AL, WEAESKEE AN, SRHABAEMTS I A Y AR R BhER, w5 ek Ege, 3 5 SLhr i H
¥ 77 .

KR SUREIAK; BTG R A R, & LEk; TSIRIERL; BhuEA

15 USRI T IS AL B AL AL B K R = 0, Hodh & R dw . e AL, i
TR BB A S ESR M AR ER A FEYRY; BEKER, ik 9%, iTAE
K, MEHEGARAELT B R 2, BEZ AR e AR B ARG, 5 U A0 A BE AL )R H $E
2 M,

EN G IR E S AR . R BERE AR SR X SE 5 AL 5 e Ak B =2 ek
Wi R IR TR o TAER, E AR OO 9T A0 AR i ) PR B AU . W R AR R R v TS e Ak 3
AE B R AR Hodr ) 5 R Z BN A R ENHEARZ — 5RAEEEREAET, K5
WFEAR YA Y. KAV R IEEAR . 2R FZE =Y A A, aT/E N6
PEAE R HE A Y ——i5 A e, EA F 5 9 nT i s FOR & A PUE BE B DL & iE 1Y
iR B EA: 2020-11-25; R HE: 2021-04-23

EeWB: EXARRELLSEIH (51808089, 31670467); P #H Al 2 AR W5 % B H (KIZD-K201801202); Ik = %
2 BERF o8 L BB %8 Bh 35 H (YISKY 1908)
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FUBRZE R U 8 o P AR W30 A S B R3] . A TANG 25120085 18 il s I A i 1k s e A o T 26
BRI KA HLTE 4% ; MENDEZ 4:13 5T 1 15 Ye Az 4 ¢ A8 b rb v - 38 vt s XA 4 4 R A
AR . WU SR R B, V5 A8 o fe IR TS D TR DR A & K i, ELAT A g ¥ 0 8 B G 7K 7 v B
YEF AT ST

AT, 4275 K ab 31 ) 2R3/ LB W H s 0, LUR RIS IR K PERE s SR, 150878
R R R R 4k, PR T R — 2R K I RE T o B USSR B I A REREAR TS YRR DR R AT R AR E, A
35 245 55 95 PR K PERE A B AYUST, ASHFSE BE ] FeCly B8 3T 1Y & BRI5 DR IR DR EAT #0U#% , IF X
P BT 0, AR BB M5 D A= i s B BB M6 15 VR AL W R VE M BhIS SR, 5 FeCl BK G
PG, BRI BRAS M T Ve A W e X e B K 1 R 1 s e K FEHLEE o IR B IR A R B TS T i Ak
SR, BT O TS TR K PR RE I AT AT
1 #MRl5RE*%

1.1 IR

HETE Y8R [ BT T M XOB B AR5 K AL BR TS Rk it s %) 1 H AR RS 3000 mP-d
PEETE P FEATE T R . {5 Ue E AR MR R 8.08~15.05 g' L' 15 I 7% 7K % (moisture content of sludge cake,
MC) 4 98.48%~99.16% . {5eltBH (sludge specific resistance tofiltration, SRF) & 1.85x10'~5.20x10"”m kg ',
15 R %= 3 (net sludge solids yield, ¥y) S 1.79~2.99 kg-(m*-h) ',

1.2 K HE

1) BRAB i 5 U A o B il 4% o % FeCly-6H,0 L B 10 g L™ Y FeCly W, LA 12.82% [ F% i i
(K5 128.2 g FeCl, M BTG R T H M 1 kg (ARG VR ) Sb B L5 08, s SR K G 2R T i &
s BRI YET 105 C UL =M E, M 10 B, HTHRPES L#, S HKE
By RIE, BETSIRWd, 298300, 4000 500 C ##2h, HERTERASHR P PR, b
W HEE WA, PR ES A IS, 3K 3 FoRiAR /T 180 H Mk AB MG 15 e 25 W o ks, AR 8 $A4 i 1R
43 45 44} SB-300. SB-400. SB-500.

2) 75 U6 W BESL I o KR8 i TS lle A2 ) ok UKL (SB-300. SB-400. SB-500)(#% il R 0~90%) 5
FeCl, I (BN R 12.82%), MR MAG e b 4783, L Y A EZEH8FR, LL SRF A1 MC 4§ Bl
FeAn, VEMI5 e I B K PEBE 5 K FeCly(12.82%) 5k o B () V5 U6 iC /E FeCl, i5 e, i i H FeCl,
(12.82%) 5 3 P4 A& i 5 I8 A= 49 i Uk (SB-300, SB-400. SB-500) BX A& V& HLET, 45 H () FfHEH =
Jo . B B A R R B AY 3R 35 U8 4 B0 /E FeClL+SB-300 5 J8 . FeCl+SB-400 i5 J8 . FeCl,+SB-
500 58 . Bt X5 e Zeta BLA . TS URVRDF A TR LS K . EDS AR U AT 45 1 28 B AY 2 B R 5T
BAB M V5 Je AW e R BEIS Je (L TR R, O I 2 75 JE 9 B A 3R 5 W (extracellular polymeric
substances, EPS) 5 #H 4 J& (Cd. Cr, Cu, Pb, Zn) Bm MIEA . B&A S, W HHBEE AT
REAF 75 PR S5 KU
1.3 ok

15 U8 L BH (SRF) 2 F- M ¥ U8 /K 1k BE 09 F HIH8 AR, B 100 mL 5 e FF it (81 A EL A 951 516 ¥ W i)
0.45 um JEACHY 9 em AR UEAN KU 3k v s SRS, BINMEE Y 0.03 MPa .25 R ), i 2 AR, &%
KF) 6 min, CREIEWART; MRAE R Z SRR AT SRE. M A BhEF], T U [E A0 B
KRG, BIA Y VAL TSR B K P AR, Y, 2 B B i TR BRI BT B ) 5t 0 ) ¥ U8 [ 44
i, IR AR 1) RITHE

2P0 1)
YN=F~(—(;)~§) (1)
ll.
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A PRSRIET, Nm?; o2 i 500 AFR 98 W7 8 Bt b AR A9 1R B, kgrm s
p R UE W SN IR, Nesem?y ¢ 2 adh Uy v AR AR 21035 e AR AR Y 50% B s BTl 5 R 215
FERL, mkg™s FRKIENT, @A Q) kitH.

F= Coriginal @)

Coriginal T Ceonditioner

K Coigina B FTF AR T, gL Copngioner 22 N A S5 T35 8 P (1 R BRI A & ) gL'

V5V Zeta L7 H Zeta HL A (ZEN3690, Jef=) il 5 75 Ve Ve Uk B9 7T R 4614 & 2o4s 15 e e vf
2 HL R AR AR FUE (R, MR AR QU AETT i iR i 7 vk I g O 1T 5 TS IR VB (4 TOML 25 44 R R 26
B4 0 55 (ESEM)(Quanta200, 32 [E) #EAT 005 5 75 e A= W) e 3R 1l ke &= & 5 R T R 1% (X (EDS)
(EDAX genesisxm-2, 3 [E) 170 ; 15N REE Y (EPS) >R FHHAb PR L -4 2 S, B =
VR RSN RS 9 (S-EPS). PAHLES & B LA R & W) (LB-EPS) FllE %5 4545 B 41 2R 5 %) (TB-EPS),
il 20 VR O R R U, e 20 R A - TR L€ v e P R TR Pk
Lowry 3 & 1 & 8 2 300 & (. LabAide) I & ®Y; H4rJ@ (Cd. Cr. Cu. Pb, Zn)JE & RH
Tessier To A5 $2 UL P, ¥ Hox A Al A2 i 8 (EXC). IR $h 45 548 (CA). Bhih B bW 45 5 45 (Fe-
Mn), AHLEE AR (OM), FRED (RES); 15V 48 o 5B >k FH Rl 18 #% 1% (Speedwave Xpert,
) RIS, R R A A TR R BB (Optima7000DV,. 35 ) #4700 % s 4@ AR S KUK
PEA 2R FH RAC(Risk Assessment Code) 11235 [ A H (1) 5 G0 R e A0 3% % 725 (GB/T 30729-2014),
2 #BR518
2.1 BRI REYRIT ISR KRR

K1 B T 8B 5 U8 A= e 3 im B x5 e K MERE A9 s2m . i I 1m0, 3 41586, SB-
500 5 FeCl,(12.82%) B & VPR {5 Je 09 Y (i =, SRF Al MC {Hix k. Hibwl %1, SB-500 5 FeCl,
B VR BTG PR K M e SEAE . i HL, BEEEAEMG TS Je Ak Y R B R ARk, 3 4 SEE Y. SRF Al
MC ({5 AR — 5, BEE BB 15 e AW B 3, Y BB it s, Mmaik s
30% B Yy iR BB KAE, ZJG Yy XM/ NIf# TF52; SRF ARk %5 vy FEAM R, MC{EFE
R i A o B B B BEITOR B o BB L) T RATESE T L& EI RN 9.97 ¢ LT Y
FeCl, Bt FH A4 35 e i K e, PR B &y 91.84 g, 1M H1 SB-500(30%) F1 FeCl(12.82%) Bk 45 4 B
TG K G , JePRE & 70.60 g HIL, N ABBEMERAEY &G, Jedta e FRE, Fge
b PE AR FEAR . 45 LTk, SB-500(30%) FiI FeCly(12.82%) 1k 4 ¥ B i5 U8 i /K R B fe i, H 54U
FeCl,(12.82%) JABRAGTS JEAHEL , Yy FHiE T 73.38% . SRF F#MK T 68.75% . MC &K T 9.03%.

35, 20 ¢ 90
P —s=— SB-300 —=— SB-300 —s=— SB-300
i ——SB-400 = —o— SB-400 i —o— SB-400
= ——SB-500 0 —e— SB-500 g7 —— SB-500
o 30Ff - 15t IS
£ = Q
. 2 \2’ 84 |
o S 3
SAVERS = 10t %
?+ 2 &l
h = =
& 20 D 5t =
ﬂé 4 ]]g 78
3 ®
15 1 1 1 1 1 1 1 1 I 0 1 1 1 1 1 1 1 1 I 75 1 1 1 1 1 1 1 1 I
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
PRI /% W RAR N/ % RPN %
(a) T5UIT=3RY, (b) V59 LLFASRF (c) WPFEKFEMC

Bl 1 $kimEREEMRRMEXISIREK TN
Fig. 1 Effect of iron-modified sludge biochar dosage on sludge dewaterability
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2.2 BRIEIRISREYIRITITIR Zeta EEALAI ST

T RAAFEWE S KT I5IEN Zeta AL, HIZRATHAL, 5575 Je 1 FeCly Hh i #1915 e 2
Zeta A7 AH HE, FeCl, 43 %55 SB-300. SB-400. SB-500 B4 43515 IR (1) Zeta oo 7 3 T, H
i1, FeCl, Fil SB-500 Bk & I8 3 5 (075 U6 Zeta AR HEIE TF . XRW, WG RRARE, I50e
WU 2 8] B W 5| D7 B 2 T HE TR T, T e URL A3 OB i IR T B A 5 R R, IR ERBTE AR, X
— R G 2.1 WA ARG

R1 FEREEAX TSR Zeta BB{L
Table 1 Zeta potential of sludge under different conditioning methods mV

JRIE R FeCl, 757 FeCl,+SB-300751¢ FeCl,+SB-40075 ¢ FeCl,+SB-50075 ¢

—10.80+0.54  —1.31+0.07 1.19+0.06 1.04+0.05 0.89+0.04

2.3 RIEIHIS IR A YR 3T R G N 45 4 B9 2 i

1) BRAE TS e A=W A ) OW Z5 /8 . 161 2 W7, 7E SB-300. SB-400, ‘SB-500 2 [ 447 B I 75 B
Gkt , (HA AT 0I5 JeRAAE R i iy 22 5 . i, SB-500 R M LA i 2, H At m i
B, 3K T AR TR N 1 T 18 U I R 2R A DA TS R K PR RE 0 [RIEE, WnER 2 FrR, SB-
500 RMEPICER &, HILE SB-500 B nElym iR )5, fEFSMIMERT, S5 IRPk E A5 &
AR SR EIE T A 2.1 TR A A R .

(a) SB-300 (b) SB-400 (c) SB-500
& 2 %i&imiTREYRMMER

Fig.2 Microstructure of iron-modified sludge biochar

2) FRAB N 15 e A= Wy X 45 e U UL 45 x2 SREVRREASTERESH
A R .3 FIR 96 v JE v R VR Table 2 Surfac(:ie F; .elelrlnent content of .
1 SN N sludge biochar o
i A B, FeCly 18 21 1 75 U6 e Df Hh 3 /1 24
. R SB-300 SB-400 SB-500
Z&, MBI SB-500 2 T e UF 2w BT R 6 s a

Z W ok s, WKl 40 A1, FeCl, Al SB-

(a) JRUi5 I Je bt (b) FeCL {57y (¢) FeClL+SB-50075 2 I 1

3 ARENEAEA A TERRHMHREH

Fig. 3 Microstructure of sludge cakes under different conditioning methods
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500 BX & V8 FE A9 75 P Ve UF i) s 4n 1k R B ), Lir
R WA SB-500 J5 , & PF A AT IR 4 Y f o} g
ANE G KA, AU K, gRe&imis e \?i 5
W R ARG Je K BE PR B 2 AR, AT § 09 5 g
fEVR PE R il B B e, #2575 U B9 i K E 08
PERE =
=
24 HEWESREVRITSRAEFEM RS 0.7} ]
1) A& 15 U A W) s X 15 e EPS F 52

o N . 0.6 L— ' ' ' '
S-EPS T W P AL FliF S RA, EFELTHE I 1 | v v
— ST R RIRIB R, AN PE TS \(f ;—E‘iig;ba:151(;5603:111-F6C13+SB-300;1V- FeCl,+SB-400;
U8 B 40 B & 45 i BOD Fl COD i 3 55 of 529, R 4
M S TTA, 5 FeCl, B i B i 75 Y8 M L B4 ARAEAR T EREHIATESREME R

FeCL. 1 SB-500 I 2 i 3 /= (4 7 J& S-EPS W] & Fig. 4 Coefficient of compressibility of sludge cakes under
3 - = Y = HY, - NIA

BAK . XATRESEF A, SB-500 L KR 4544 e &

different conditioning methods

W
v
(=]

is, HIbH R R K, REA R Mg " %%ﬂgs
W7 25 B4 S-EPS, MM AT BAR 75 8 318 W e 22 1) Ab 2 TB-EPS

A

LB-EPS Z5 t#h i, HA WM, &xig
Ye 22 HE . DUREFBLK SEPERE ™ A= B2 W 5 I
TB-EPS M| 5 21 ffl e 25 & BB A 5y B . %5
e 22 A M 0T A5 i AR G 38 /NP, 5 FeCly Bl
PHFL R V5 Ve A H ., FeCl, F SB-500 1k 4 4 315
f975 Y LB-EPS., TB-EPS 47 B W (i P& A% . iX I I m

200 |

N
n
f=)

[9%)
f=}
T

TS YIS A IEPS [ttt e B /(g »mL7")
3

(=]

Al peJ& A, SB-500 MK B iAW H RS S-EPS )5, ¥ ¢ 1-JE059 ; T1-FeCl_ ; T-FeCl +SB-500..
fieff LB-EPS . TB-EPS #fif: [Aliy, *f LB-EPS. Es TREBESR TSR EPS RERE
TB-EPS 0. A7 — & Wy W B AE T, AT BRI 1775 Fig. 5 EPS concentration of sludge under different
Je 1 LB-EPS. TB-EPS ik, 5 Tk conditioning methods

(R e K PERE

2) PAB M5 Ve A= W e x5 Ye e U b 4 TR RS2 o 1] 6 s AN R B 7 R V5 e e op i E
&)@ i, BRI U E &R B SO R RS IS e dl AR E ) (GB 4284-
2018) H A BRAE < "SB-500-41 /) Cd. Cr. Cu. Pb. Zn 95 & 43 FOH X RI5 Je Je vEa Fr i n . X vl #g
JE R TS IR A DL B i K T E &R 192> &P, {H SB-500 H Cd, Cr. Cu. Pb,
Zn (A RAC W /N F RIS 98 . X6, SB-500 & 4@ A Fa e, HOB L 2 3R 85 v i XU o
ik I 6 BN FH M, 1E FeCl, £ SB-500 B & I 5 (75 Je ¥f i, Cd. Cr. Cu, Pb. Zn { it
SHECSIETGVEAR L, B TR, (H3SIEA/N; M H, Cd. Cr. Cu. Pb. Zn [ RAC HAHH 15
Ve A%, HIEE AT AT, £ FeCl, il SB-500 B A R H V5 U 5, 8 4 Jd 10 A SR/

3) B AB i 15 e 2B 1 e 6 T e b U B A AR R . R 3 M EE AR T, il R
() A3 B . T ASBIFSE B 35 U S A A, PRI Ok ok o A e B S R 8 A A EAT A B, mT LA
] B R S PT REAT SR 1) R SR IR R . 28 3 AT, 5PN FeCly TS IR IBUEAH L, A SB-500 4+
15U T B R AT A ORI . X TRk, SB-500 HE— 4 TG R AR ERE, — B4
AR K 53 WG 5 1 in A SB-500 (1) 8 1 B A 151 A 7 42 I [E1AH 7 4 (22 0) B G0 Bt 0 B9
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2.0 250 RAC—0.26% 200
200 | 0 =1.21%
1T RAC=7931% RAC=5452% =~ | pcs s60n RAC=0.84% = 130 1 RACZ4.85% R
N 2150t - 2
21,01 & & 100
§ £ 100 %
o o) O
0.5 sol 50 |
0 o= = . 0 | == =
I 1l I I 1l | I 1l I
(a) Cd (b) Cr (¢) Cu
CJRES CJOM [ Fe-Mn CRES CZIOM [EH Fe-Mn
EECA EE EXC EECA EE EXC
100 RAC=0.4% 1250
RAC=1.19%
75| RAC=3.5% RAC=1.03% 1000
Ey 2 550 [RAC=24.04% RAC=2.11%
@ 50 &
% \i’ 500
(== N
2 250+ l -
0 0
I 1l | I 1l I
(d) Pb (e) Zn
TE : I-J53592 ; II- SB-500; ITI- FeC1,+SB-500.,
6 AENABAXTSREENFHNESRERESTH
Fig. 6 Heavy metals concentration of sludge cakes under different conditioning methods
I T 500 FeCly J5 75 8 8 . PRIk, A SB- #3 FERARENRENK
500 2S5, GBS T ER S B SE A T A . Table 3 Total chlorine content of dry sludge %
3 i RERA =S v P [E AR
A 4 JE5 7 0.21 0.12
1) 78 500 °C F il £ 19 8R4 1 15 U A W o -
o — FeCl,157¢ 1.16 0.65
(SB-500)(30%) F1 FeCl,(12.82%) k& JHEE R, 15 .
N, N SN FeCl,+SB-500751¢ 1.02 0.53
U8 B 7K 8 R 5 A . SB-500 BB AN, V5 I -
[) Zeta LA BV T 2, 1SRRG KA 2% SB-500 XML HE & w i, JHHEGE e vk fLI 25

Wik, HAETS PN K R b BE A 15 Je e D (RAF R AF BB 1k, M4 3 95 Y i) e /K P RE

2) SB-500 F £, [EAK T i5 08 S-EPS. LB-EPS. TB-EPS I & & ;
In LS NFa R . B E N EE T X B

A
£ % X W

B
o

HiYH Ccd. Cr. Cu. Pb,
M %% FeCl, PR BRE A B[R4l , H AL B
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Iron-modified sludge biochar as a filter aid to improve sludge dewaterability
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Abstract Iron-modified sludge biochar was used as a filter aid to synergistically improve FeCl, sludge in
municipal sewage treatment plants conditioning and dewatering. Sludge dewaterability was evaluated by net
sludge solid yield, sludge specific resistance to filtration and moisture content of sludge cakes. The conditioning
mechanism was studied by the analysis of Zeta potential, scanning electron microscope, EDS and coefficient of
compressibility of sludge cakes. At the same time, the environmental risk of conditioned sludge was studied
through the analysis of extracellular polymeric substances, heavy metals and total chlorine content of sludge, to
confirm the feasibility of improving sludge dewaterability with iron-modified sludge biochar. The results
showed that the synergetic sludge conditioning with iron-modified sludge biochar(30%)prepared at 500 °C and
FeCl,(12.82%)presented the best sludge dewaterability, and the net sludge solid yield increased by 73.38%, the
sludge specific resistance to filtration decreased by 68.75%, and the moisture content of sludge cake decreased
by 9.03%, compared with the sludge conditioning with FeCl,(12.82%)alone. The pore structure of iron-modified
sludge biochar prepared at higher temperature was richer, and its surface iron content was higher. When it was
used for sludge conditioning combined with FeCl,, leaded to easier sludge particle flocculation and better
permeability of sludge cake. Moreover, with the synergetic sludge conditioning, the content of soluble, loosely
bound- and tightly bound- extracellular polymeric substances reduced, the heavy metals (Cd, Cr, Cu, Pb, Zn) in
sludge cakes were more stable, and the total chlorine content in solid and non-solid pyrolysis products of sludge
cake reduced, therefore, the environmental ecological risk was lower. Iron-modified sludge biochar as a filter aid
to improve sludge dewaterability had the potential of practical application.

Keywords sludge dewatering; iron-modified sludge biochar; ferric chloride; sludge conditioning; filter aid
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