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Abstract: In order to solve the problem of low dissolution rate of heavy metals when using
traditional chemical leaching method to treat sewage sludge, contrastive tests of two enhanced chemical
leaching methods were designed, and effects of enhanced chemical leaching on comprehensive properties
of the treated sludge were explored through determination of heavy metal speciation distribution, sludge
organic matters and phosphorus release and sludge solids content. The combined treatment of dilute
sulfuric acid and ferric chloride ( method 1) had no obvious effect on Cu and Cr dissolution, however,

the addition of NaNO, ( method 2) could enhance the Cu dissolution rate from 7% to 82% and the Zn
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dissolution rate from 79% to 88% . Meanwhile, both methods increased the release of organic matters and

phosphorus in sludge, and the phosphorus contents decreased from 23.2 mg/g to 12.3 mg/g and 10.7

mg/ g, respectively. Compared with the raw sludge, dewaterability of the enhanced leaching sludge was

also improved obviously, and solid contents of the sludge increased by 52% and 61% , respectively.

Key words: sludge;

HIF{s KGR & FE RA PR ZRwE, I
SRFLREE D MR el 3 ok BRI A O A,
SOMCRVELERIEIR T o A B RE i 75 R 5
ZAE, SCRE IS e I FR

TGP A R E SR EEERRS T i59e/ 1
R, D HAF AR 5 3 80t T 75 DR iy L3 vp ™
AR 2R RS

H T AR B R BEA SR I &R, e &
I ARG AT A7 35 D FORY BRI 1) SR Al 1 4 40
A BIETE A TN A R T DA AR A TS
Je A # A R LB RS Cu R Zn (IR 56
AR A Ptk I8 5 Fenton S AR & 0] LA %
BrRisUer i E 4R . kg R 2 S 305
JerbiE IR BRI, JU R B, WA Al A 1 R
tho WIRRY], T8 mUIREL 2% G VR IE 1572
MRAL BTSRRI, SR AL AL 2 T
PORE/ R0 R ERVINDIE AN =b A IR P rk e cE 2R [
P AR 51 (NaNO, ) LA FeCly 5 4k A 5 K 8 4%
AR FHEE T I Pe b E 4 R £ BR LSO BILITOA B R T
WU, RIS IEBIFSE 1 9t A A~ R 0 X 7 e I K
FRI S
1 ATk
1.1 SRt

I B TS PRI A T M T e K Ak T 4
M, {5 e FEPERINE 1 PR,

x1 FROEEER
Tab.1 Main properties of sludge
i H pygl:l
MR (TS) /(g L7 34.1+0.3
R (VS) /(g L") 19.4 0.2
pH 7.1£0.5
AL R HL A/ mV -136 +12
MEE(TP) /(g - kg™") 23.4+0.3
Cu/(mg - kg™") 1291 +31
Zn/(mg - kg™") 1138 £36
Cr/(mg - kg™") 135+ 11
Ni/(mg - kg™") 60 +7

dissolution of heavy metals;

phosphorus release; dewaterability
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Fig. 1 pH and ORP after enhanced chemical leaching
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Fig.2 Chemical speciation distribution of Cu,Zn,Cr and
Ni after enhanced chemical leaching

WE 2(a) s 4 F G Cu, A LR
FRIE A &7 e 29k 88% F1 10% s IR/ FeCl,
AEFE R 1 AN T % TR + LA ERER + FeCl,
LA AL B Cu 75 H 3R IE N 28 82% , AH 1 Hh 45 fk
BIERZE 1% . & 2 (b) Fios, 4 F 5 e v
In, A SCHRA/ BRIRER A G Tl 34% A4S 5
L2k 36% o TRINER/ FeCly Ab3S Zn By¥s 2N
79% ISR + W ASTR £ + FeCly (W41 & AL Bl Zn
Ve RN 2 88% , M L AL SRR E L 4% .

WE 2(e) frzs, % F IS I 1 Cr, EALES
BRI A4 BT (5 ik 61% Fi138% . R/ FeCl, )
LEFEFNR + WAHIRER + FeCly B ALFRAE Cr 75 1
R B FE A (29 11% ) o s 2(d) Fros, X
FIRT5 IR Ni, 7] 32 $ 45/ Bk R Eh 45 A S A A Ak
BHTE 14350 51% F129% o B3 iR/ FeCly 4b
S Ni 9y RN 76% , MR + W.ASER L + FeCl,
(LA AL Ni %5 H 335 0 2 79% , #H 7 b 5% s
o7 2% 8% 3.9%

F2 ML TR R IEE £ )8 CuZn,
Cr FI Ni (%5 2R, i R R b P 2 48 HLA B3 1Y)
Cu ¥R, XTF Zn F0 Ni, PiFP R AL Ak 307 11 &
BERTHA R HE R POR 22 75N, PR
R IR AL BT 20 F Cr 3 AL T AH R, 39208
25 11%

Ui 250l R ( FNA, Bl HNO, ) J& — Fh nl B4 A
RBA L2259, AT AT SR i i e
ARWFFEH, SR/ FeCly AHAH EL , 38 52 in A A BR AN
SRACALIE, T LA Cu ¥ 3815 20 A0 R kst , HL
RIENL)T5 N E A . Cu R Al )53 K F
TE FNA fFTE T AW S &R B. Aink
B3, FINA AT 5 4 M A1 2R G 0 0 it A R e 55, (HL

. 68 -



www. cnww1985. com ILHE, ¥

FBACAL IR X T R T AR 5 B R B 6 Wk

%37 % %#5H

o 40 BT SR B R AR
®2 BUSRUFMHEESBIRHE

Tab.2  Dissolution rates of heavy metals after enhanced

chemical leaching %o
m H Cu Zn Cr Ni
5 0.7+0.1|34.0+0.5| 0.9+0.1|50.8+0.8
AbPE 1 6.7+0.4|79.2+1.9|11.2+0.4|76.4+1.9
AbFE2  [81.7+1.9(87.9£2.2|10.6+0.3|79.1 1.7
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Fig.3  Organic matters and TP released in sludge during
enhanced chemical leaching
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Fig.4 Change of solids content in sludge during enhanced
chemical leaching

3 4k

TEALGEAL A IS i S At b 78 0 S A 2k I A R
I TR, A5 R AR, IR S AL BRI G A FI X
Cu FI Cr O ORI 2, {H2 I A il BR M J5
AL Cu (3 258, XS Cre (3 R O TC
o RN, AR Ak fh 22 k0 ik B s 1 s e v
A BT R R, 5 fb Ak PR S B V5 U8 I K Pt 15
2T B ek

SE

[1] ABELLEIRA-PERAIRA J M, PEREZ-ELVIRA S I,
SANCHEZ-ONETO J, et al. Enhancement of methane

anaerobic of

by

hydrolysis pretreatment[ J]. Water Research,2015,71;

330 - 340.

DAI X H, DUAN N N, DONG B, et al. High-solids

production in  mesophilic digestion

secondary sewage sludge advanced  thermal

(2]
anaerobic co-digestion of sewage sludge and food waste
in comparison with mono digestions: stability and
performance[ J ]. Waste Management, 2013,33 (2) .
308 -316.

[ 3] TARAYRE C,CLERCQ L, CHARLIER R,et al. New

- 69 -



%374 #5H P 2 K HE K www. cnww1985. com

(4]

(5]

[6]

(7]

[8]

(9]

perspectives for the design of sustainable bioprocesses
for phosphorus recovery from waste [ J ]. Bioresource
Technology ,2016,206 :264 —274.

SMITH S R. A critical review of the bioavailability and
impacts of heavy metals in municipal solid waste
composts compared to sewage sludge[ J]. Environment
International ,2009 ,35(1) :142 - 156.

STYLIANOU M A,KOLLIA D, HARALAMBOUS K ],
et al. Effect of acid treatment on the removal of heavy
metals from sewage sludge[ J|. Desalination,2007,215
(172/3) .73 - 8l1.

DU F Z,FREGUIA S,YUAN Z G,et al. Enhancing toxic
metal removal from acidified sludge with nitrite addition
[J]. Environmental Science & Technology,2015,49;
6257 - 6263.

ZHU Y,ZENG G M,ZHANG P Y, et al. Feasibility of
bioleaching combined with Fenton-like reaction to
remove heavy metals from sewage sludge [ J ].
Bioresource Technology,2013,142.530 - 534.

LATIF A, MEHTA C M, BATSTONE D J. Low pH
anaerobic digestion of waste activated sludge for
enhanced phosphorous release [ J ]. Water Research,
2015,81:288 —293.

DEVLIN D C,ESTEVES S R, DINSDALE R M, et al.
The effect of acid pretreatment on the anaerobic digestion

and dewatering of waste activated sludge [ J .

FhEERRE

[10]

(1]

(12]

[13]

Bioresource Technology,2011,102(5) :4076 —4082.
ZHANG L G, DUAN H R, YE L, et al. Increasing
capacity of an anaerobic sludge digester through FNA
pre-treatment of thickened waste activated sludge[ J].
Water Research,2019,149.406 —413.

WU J W,YANG Q,LUO W, et al. Role of free nitrous
acid in the pretreatment of waste activated sludge:
extracellular polymeric substances disruption or cells
lysis? [J]. Chemical Engineering Journal,2018,336;
28 -37.

LIU F W, ZHOU J, WANG D Z, et al. Enhancing
sewage sludge dewaterability by bioleaching approach
with comparison to other physical and chemical
conditioning methods [ J ]. Journal of Environmental
Sciences ,2012,24(8) :1403 - 1410.

MOWLA D,TRAN H N, GRANT A D. A review of the
properties of biosludge and its relevance to enhanced

dewatering processes [ J ]. Biomass and Bioenergy,

2013,58:365 - 378.

ERlFtEE

70 -

EFRE N DR (1993 - ), 2, W5k S5 A, i 1
WFFELE , TR 5 Y v R 5 7K 15 e B¢
UEACBARBISE

E - mail: 969884916 @ qq. com

W75 H #9:2019 - 05 - 05

& [51 5 #3:2020 - 03 - 06

(i fLELF)

%




