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X5 e 22K EPS R M A i e AR S 2 IR VE . B SCHl AFN AR SE T Fett 5 S, 02 B LE XIS
VWA A5, &I Fe® M S, 02 M e AR B I BE IR Lo 101, X BB B 5% 1 R W] Fe® 1 b 4o i R 45
PEBE AT B TG Ve A BRSO o SR, TS VR B AR S A R R A, o R R g T e
K fite K AR SE ML G DTRATE AR 4 1

T, AFRCRHERE T F) WG R, ot Vil s e . SRR . S i [A]
F1 pH X5 Je K R B2, HERIE T AS [R) R B 4% hn i 2% 8 R is e A R A9 (EPS, F %
L5 TR A UM 288 A ES I F I SCOD Wy Atk il s 3T T S ER 41 M HEL V5 R WL, A
15 Ve B Ak 1 K K g R A A R IR R 555
1 #MR5E%
1.1 LIEHR

Pl A5 PE B A PG 2T 58 =I5 K AR BT v i, 1K) RO AR BRBLARE A 5x10* m*-d, SRR R Y
MR A AV IR IE A A T2 . FIRTGIEFEAFHE . F7K# 97.3%, pH 8.01~8.07, i [ 14 %
262¢gL', COD4738.7mg-L", B%& 88mgL", 18 7mgL",
1.2 FEMNSFESKA

FNHIR A BERERS (JJ-4, BN I B CER TE A BRA FD ), 5840-71 W4 5% B 1 (DR5000, 5 [
WA Adl); A K (CP213, B AFRAF); 1506 LhBHI & 3 & (TG-250, L [E) R
IR R A

L HERE (K,S,00). LKA 2 (FeSO, 7TH,0). A AL (NaOH), K (C H,0). Wil
(H,S0,). FERIRAP (K,Cr,0,) ¥ K43t 4l
1.3 MESHHFEE

SR A FC e =1 320 0 V5 8 HOBE s SR A R A R T N S U A KOR s SR P A i R A 1 R
fiff 55 A1 43 o o B I B Yy R P A R T A B R B o e o B TR I BB RAHBIERY
Folin-Lowry " 1 &R -t 8 32 U7 I 52 75 e 8 BR T 5 EPS i 8& H BT M 2 B ik 2 A8 4k s R A E K
FR A 92 U8 72 SCOD ¥k i A8 4k .

EPS JE2 I A W e — 22 20 T 40 W FARSMNE — 2o &5 43 T RA WU, He o3 A B 20T 43 R %5 g 7 EPS
(SL-EPS). #AH{ EPS(LB-EPS) 1'% % %I EPS(TB-EPS)*” ., EPS A4 # BUR FH AR Bk,

FIFH SPSS 24.0 i F 347 Pearson AH &M 20 #T,  F 5% o i BR 49 N W] 48 o 2 B 5 R BV O |3 R
1 SCOD & A R o P<0.001 F/m Fda [l B F AH G, P<0.01 F/m Fd 7] B & A ¢, P<0.05
FER B AR G
14 LWESHEH

B 100 mL SE5 R FHedheh, BmZsRlE, & TN Ry Db s e oK g ot . ARA
TP LR SRS B ED MR L E sy, BRI SHNE 1 iR,

z1 BB

Table 1 Experimental parameters

LIRS L ERERS/(mmol-L™)  Fe?*/(mmol-L™) pH PR VA [B] /min 4845 BRI ] /min
1" 9-21 0 8 10 0
2* 9~21 18 8 10 20
3* 15 15~27 8 10 20
4* 15 18 3~9 10 20
5* 15 18 8 10 5~60

TE: A SEIRAE20 CHRAF T T IAK,S, O 5 RS INAFe™ 518 s
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Ao B PR BRSO A Fe? 375 e & K R A5 Je U B A S R 45 R A0l 1 P . i 1 af DL, Bl
&R BRSO B RGN, 758 L BT U8 E K S SR BN SRR RS T A P RO B
el A TR B R BRI A T YR KRR, s 5 AR BN Bk B 1 e R B Y T D 1 K R (97.30%) Fili e
FUBH (451107 m-kg ) AHEL, s BRERER PR 1598 &K M5 LUBEL, NIk 75 Jembi K ek .
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Fig. 1 Effect of potassium persulfate on sludge moisture content and sludge specific resistance

TERENN Fe* 8 i, 3 B AR A0 55 A 9 mmol- L™ #4/1 %] 15 mmol- L™, ¥5 I8 & /K K i 84.36%
R H] 82.87%, 158 HEBHMT 1.06x10% m-kg " F&MK#] 0.83 x102 m-kg™'; Wi BRERAN AN M 15 mmol-L™
Hama] 21 mmol- L™, 5 ARG Ve LBHI & A #a . X v B o AR R 48 i & & 15 mmol- L™
i, T5Ue M KBRS fE . R Fe B+ 1975 Jé & /K Z 175 U8 bb FHLAS fb #a 35 5 380 Fe* SR — 3,
HAR RS 15 08 3 7K S8R5 U6 L BHLAE 0 25 = T4 Fe 45 5 . X BEHH Fe?" 85 4 x5 e i 7K
EEEHAE . TEBIN Fe B 0, XA [] aoh Bk 2 B0 500 T ¥ U8 7 7K 3R AE AR X ) Ry 95% 25 1F
AT B E T, 18 P=0.012<0.05, R T ARZMETERENAEEMNZS . FiRT, Wk
() Fi7s, Fe g 1 6.S,02 77 4 S0;-, SO, Ri5 IR L R &5y, MR iEi5 MK SR pH K
3~5F, WA Q) s, it s i Fet' e 550, & HIRIHBR R, THFESO, 2k iSO, B&AIK 16 1k

FEWISO; - Fr ik, MRS e B KRR
Fe’* +5,02” — Fe** +S0; - +S07,K =2.0x 10 mol - (L -s)™" (1)
SO; - +Fe** — Fe** +S0;", K =4.6x 10°mol - (L-s)™' )

22 EERERFIEAISIRARKEENEN
AN TR 8 T R B3 i 25 TR 5 VR 5 K AN 5 U U B A o0 A 5 R LR 20 PRI 2 WO, A R I 2k
PN 675 U K 3 B LG BHA B R S e o Bl A R ST A AR I A i HE I, T U8 % K R T e L BH
B AR S B A A, 7EFnER Dl 18 mmol-L' BH5 I8 & AK RANS U8 L BH A, 5 U6 i /K 3508
oA, B WA & 15 mmol-L 54 i %) 18 mmol-L™ i, & /K R F1¥5 I8 kb BELAE 43 51 i 79.06%
F10.62x10" m-kg ™' FEAKZE 78.89% F1 0.30x10" m-kg ' 447 AR 2K HH 18 mmol-L™" 4 Ji1 27 mmol-L™'
BF, V508 & K FE AT e LU BHZ s hn , TSR K URAE 25 . Fe' 5 8,0 A4 in b s 17 B R AR B H
FEM AR, S i X TE e AR B A AL B . RS I PO AT, IS, 0 ik
iR BN FERCR , A4 = 75 R K B2 . 24 S,03 vk B 18 mmol-L™', Fe” & >4 15 mmol-L™" (R
Fe’ 58,04 In bk 1.2:1) B, &K A5 U6 LBHBEAG, 7Tk 2B M KRCR,, 4R 5 RFE
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2V R AL A B S 2 RIA 82 = PR —v- T5UR LR 08
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Bl Fe, AR WA AL, B 5 el fos
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S5 AR AR EE A, 5 U H LN &5 AR o\

M Ak, RRAR B AT BRIE O WA 3 a2 1"
B, KI5 IR KRR R 80.00% £ A R, it 15 18 | 2
MR HE TR DEMLIEAT VR EE LK, DR V5 U8 5 7K 3R % ﬁmmmmMMLw
2 53.80%, 3 b 1R R R AT IS e Ak B2 FEGRERIL XN E AT SIRBK R
IR 36.85%. M, ASHFIE &S B AE 52 hr T Fig. 2 .Sludgedewatermgperformanceat
B op LA 5 I PV different ferrous sulfate dosage
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Fig. 3 Sludge dewatering performance at

1SR E K%

15U LLE/A10" m - kg™)

15U B K%

V58 HEBH/A(10™2 m - kg™)

Ve ML N A LY R 25 By S A B 1) B i R different reaction time

;l;ﬁ*&ﬁ 20 min Ji7, 75 B K IR FEA LR . e o e SR .
HE i ‘

R pH Z A F 15 2 5 7K 50175 U8 H B 9 i i -

SYAEIE LA 4 iR . i 4TI, pH X5 U o 82f 2
FACRRITG R LB WER, REAIE TR 8 :
E ARG Ve LB, 15 e K ROR B4k, = ool =
SRR BRSSO B, M pH K 3~ 7 =

7.5 0F L V5 U A K R RIS U L B BT R -

s fE pH N 7.5 I, 35 U8 A KRS T LB i S oy

BEIRLIE. HH0 80.33% F10.6810% mkg U e

M pH KT 7.5 I, 5 U 5 7K SR 175 18 LB 5 B B4 pH SRR RR

EIHES . SR EAE pH KT R H Fig. 4 Effect of pH on sludge dewatering performance
T 2E e AN, BEAHLEE RIS % 5 (3)~K

(7, TEMRVEZRAET, AR 2 s B i B B8 i, il [l SR R i, & Rk AR BRI
B, SECSIGIRMEE A R ERN, MERERNEGEA L . ZdESE X (2~ (), MR
pH MR, A i AR s BE AR, P R B RR B F B BRAGMR VS L, AR iy Al 2R T
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PG, BORTSUERIREEM s 2 pH B R BB L 25 0, T Fer'2x 5 OH AR IS S AL YT T TE Y,
SRR At AL RE I FRAR, XTSI R AR BIRBE I8N, OB (6). UL, Fe'{fifk
1 B R B A4 e A SOV pH R 7.5

S,0F +H" — HS,0; 3)

HS,0; — H" +SO; + S0} “)

SO, +S0; — S,02",K =4.0x 10° mol - (L-s)”" Q)
SO; - +8,0% — SO +8,04-,K = 6.1 x 10°mol - (L -s)™" (©)
Fe* +20H" — Fe(OH), ™

2.3 WRRERRIRNEXT SCOD F1 EPS A [E14H 43 AU &2 M

I BRERER . BRER AR . BN B [E) T pH X5 6 B K RO R e 2 B o R R B e Y G
HLI Rk ) Fe™ 85 5 i B R B 1 BE R L, BRORBRIRAR B b 00 s AR e, DLak 842 &5 e it
KBRB B . Rt — BRI AR A AR R 515 R R IR WA B e R, IR T i
B 2 B 4% i £ XF SCOD M5 e EPS 4 4 1y 5% i, 45 S an & 5 MTEL 6 /s o 2 i R 29 4% Jn &2 %
SCOD & B sZ 25 &l 5 s . m B S UL, B35 o B B B 30 &= 0 38 i, SCOD 5 2 4% i 4
hine B 5(a) 4N Fe* B 1B SCOD A4k 1% i . SCOD & & 5 1 A7 BR £ #5435 1B AH R R R
(=0.964, P=0.01), 7&id a7 B E0 R KB, SCOD & n ik B E(E . & 5(b) J& R B Fe? &
T-HF SCOD Wy AR bR &L . S8 Fe* 8 FAHEL , RN Fe™ 8 71} SCOD & i 248 fb#a A IL A A ]
H5 S mmR N 2 B EAHXE LR (=0.972, P=0.01), HEFE N, T5Ue 00K F b 57 i 4 4
A AR A 75 Ue 40 it B B2 AR RS PR IR, S ECELIR R) 9 A AL RN A0 T PN B HL A R R
SCOD Wy 7 &34 /it . SCOD B Al H F FRAE 15 U6 224 i il S1 A2 B2 Fnigs th 2™, SCOD & &35, #
W5 Je SR, MNP REH, AR T4A KRB, MIMRRERTE e & KR

400 i 360

1=10.631x+128.37 1=7.846x+165.92 {
=0.964 1=0.972
o 3sor ! S0t { {
o0 * en
£ E
3 a8
S 300 S ]
2 Q 280 f
250 L ;
[ 240w
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9 12 15 18 21 24 9 12 15 18 21 24
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B 5 IHERHIRMES SCOD 57 K F T
Fig. 5 Influence of potassium persulfate dosage on SCOD distribution
Ao B R A 5 Xk EPS A [R] 20 73 73 Al B S i 25 SR NP 6 Bz o R IA 6 T UL, i A R B AR
Xt EPS AN[R] 453 & 43 A A B RS o 8] 6(a) FIET 6(c) 23 IS #5 N Fe™ I, 2 11 5T A 20 M 5 4 19 78
PGB o A o A IR B 50 A 39N, SL-EPS 1 LB-EPS Hh 8 11 J5t F 22 4 ¥k 2 44 12 SE T )5 B AIR
AR Ak #a B, 8 15 mmol-L™" i 35 B i KAH ; 11 TB-EPS v 4 1 57 Fl 2 W vk JE 42 B St 3, 7
15 mmol-L™" i 35 2 fi/ME . & 6(b) F1IET 6(d) 7301 I A 500 Fe I 2 11 J5i A 22 9 5 (9 A2 AR AT 20
S8 F B A, KRB Fe™ 5 F 0, EPS AN[F 450 & i B H R BOHF . BTk iR R &5
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Fig. 6 Influence of potassium persulfate dosage on EPS distribution

TR, FIMERAL, ARFEZEA EPS A [F 45 i & w490 . A BF5ePY B, SL-EPS Al LB-
EPS HF R R M A & S5 R B K YERE R IEA GO &R 5 MR, TB-EPS H 2R I J5 A 22 0 25 2 1 3
JnX s Pe M K B0 I 4E H . TB-EPS H & A 8B 45 5K, (HHXTIE IR 2R . AW an i UL K 455
KEABKFM A EER, SEQSRBUKEMER, RERR [ LR A L TB-EPS, MIili5f#
TSURSEJT;  [R]B( AS B A W A i A, RIS VR AR T R B KRR, SR BT VR B K
HHY. %4585 MO %0 gy —3% .
3 Zip

1) Fe? T Ak 323 B0 R 440 3 B0 4% V5 U8 nT 858 38 A0 V5 VR K PE BB o K,S,0, M Fe? B F I . 2 if
B[R] 55 pH 359 %6 3k A7 I 40 4 35 75 R K 1 B LA 3 5

2) V5 Ve Wi 7K M B8 B A N A% 1 R pH=T7.5, i R B Fer % m & 43 51 4 15 mmol L7 Al
18 mmol-L™" I}, TEfe S A5 4F T & 7K 30 78.89% . 15 e FLBHAE 2 3.04%10" mkg ™',
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Improvement of sludge dewatering performance by Fe(II)-activated persulfate
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Abstract Aimed at the difficult dewatering of excess sludge in sewage treatment plants, the dewatering
performance of excess sludge was improved by the advanced oxidation method of Fe*"-activated potassium
persulfate in this study, and the sludge dewatering effect before/after conditioning were characterized by sludge
moisture content and sludge specific resistance to filtration (SRF). The effects of potassium persulfate dosage,
Fe*" dosage, pH and reaction time on sludge conditioning performance were studied. The changes of dissolved
organic matter and extracellular polymers during the persulfate conditioning process were investigated. The
experimental results showed that the optimal reaction conditions for potassium persulfate conditioning were
following: pH=7.5, the reaction time of 20 min, potassium persulfate dosage of 15 mmol- L™ and Fe*" dosage of
18 mmol- L™'. Under this condition, the sludge moisture content and sludge specific resistance to filtration could
reach 78.89% and 0.3x10'> m-kg™', respectively. The changes in sludge water content and specific resistance
may be related to the change of flocs structure and morphology after sludge conditioning. For the conditioned
sludge, there was a significant positive correlation between the content of soluble organic matter in the
supernatant and the amount of potassium persulfate, the content of protein and polysaccharide in EPS decreased
after Fe*" addition, indicating that the intracellular substance and part of the bound water in the sludge flocs were
released. The sulfate radicals produced by Fe*'-activated potassium persulfate can greatly improve the sludge
dewaterbility.

Keywords sludge dewatering; advanced oxidation; potassium persulfate; activation by Fe’'; extracellular
polymeric substance
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