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8 E CNWIS Fe¥Fe,C@CS I & T — Fi R L (PMS) ¥ HXHIE 1 y5 e i K M s i, SR BA IR P ik 1
T R AR U R R AR TS5 RN REY EPS) T ALY & E I AR, S5REH: Y
Fe'/Fe,C@CS 5 PMS & Jill & 43 %1~ 35.9 mg-g ' (LA TSS 1) #1 0.43 g-g '(LA TSS 1) B, 15 IR M UE & /KR TR =
69.45%; TR B AR X5 IR B %M % (TB-EPS) 5 #A UM %5 )2 (LB-EPS) A B il /E 1, %843 20 F1 2 11 B i 78 &8 35 i
B, W2 EMEARN SN 012gg™. 29mgeg” R E0.15¢g g™, 7.75mg g JEFH IR M 20
AH B B ZE TB-EPS #1 LB-EPS ', H v TB-EPS JE/HIR &t 1.51 mgg' L & 3.09 mg-g's L4, )G LB-
EPS 1 TB-EPS H (¥ % 2 R A1 G A 4 W) 7= 4 o % g s a2 B = 26 W2, V5 U8 EPS i % S ok & f 3 38 | 19
760.26x107 AU-nm® P& A% 28 98 B (19 38.43x107 AU-nm?, F:r, LB-EPS (9 855 0GR E 4 £ 0.344 2107 AU nm?, H
FIF 5 Ye K PR AR A = o RIS 45 R ML) 2 60 B o5 L AR ORI R Y 5 B, iAW
RIP= Wi &5 LR B . Fe¥/Fe,C@CS 4 & PMS T BIL T A5 504 i 16 11 35 U8 i I K 1k R .

KR WEMEVSIR; JSIRTEH; Fe¥ Fe,C@CS; it —WilkEh (PMS); I5IRBIKIE; MM 4 (EPS)

Rt A T A R AR B, RERTT S K N i, Tsle i K . 82 2013 4F
WS, FE IS Y AR 7 IR B 3.5%107 ¢ (LA 3 KR 80% )M, 2016 AR T, 4 I T G K R A A
7.1x107 t, V577 Ik 4x107 t (LA 7K 3R 80% 11); TUE 2] 2020 45, Fo V5 e 7= 58 5 ) 6x107 71,
LU G TG U 7 o S e R b B AL B Rl IR, TS e R b AR 1S T E L 2015 4R,
TEWAR N OKIBERBIGTshITR ) P, TSR PRALE , XFi5 K Ab #7241 TS
W ER T EA . BEtl . TEMAMTERAAEAE . Hrh, 5000k & b2 k17 5 2 Ab #
AR, T ¥ U6 I8 B 0I5 7K 2 S0 B RO i A 1Y S BB R

TR R BT R A RS L Ak L AR FEfRSE T, BRI AR H B 3 (SO; ) MR
A Ak 72 (SR-AOP) A H: i % A7 &5 b F A A ALY I 52 B 8Ok 8 2 19 i . ZHOU &P 48 i, SO 1Y
A AL HL AL H -OH B/ . ANIPSITAKIS %5 HUANG %7 (U BF 58 ¥ & 3, SO, -HEHS A %50 2 4 4% Fh 24
U ) [ 75 G . SO, -l H H Z8 i TR AL i — SRR R (PMS) sl R R (PDS) /=4 o RSl &N
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EHREVV R, SO,-n] A K15 e M4 B 59 (extracellular polymeric substances, EPS) 544 , Bk
MK . KIM 00 HU S0 B BFSEHE SO, AT DL B 25 FEAIRT5 U8 EPS 8 )2 AR 80 B
&2 (LB-EPS) () & 1, 1 HA SO BIR T %% W& )2 (TB-EPS). LI %" F ] ZVI Uk o i 1R #5
(PDS) =4 S0, -F1-OH, % Bix e § i L FEAR T IR A Ai5 e & i for, S EEIN RS (EPS)
RO TR R0 B P 4 B R B, O TR A B kg ;T L, SO AHAR T -OH XI5 U K M fig
()42 R A 2. VOLPE %1 GHANBARI %" F| F Fe® #1% PMS >k 3k1%S0;,-, WF5E4s H PMS i F
HE B RE A T A5 25, H PDS 4 5 LRI TG 1k

SUN %I F 58 & B, Fe® 76 RN h il PR AN, B, R FH 400 oK 25 A0 4k 40 28 78 Tl oK 901 ik 3R
(Fe'@CS) ", K #iE PMS LSO, -« (HAKE M AR AE MR M 2 F T ISFEMR B, HAUKE A MR
TR PR B 22 . WANG &5 U SR I A7 7K 38Rk Ak 32 i 2 17 — B r 280 14 M 5 60 B 40 0K Fe'/Fe,C
(Fe"/Fe;,C@CS), Wik PMS KB MK 281 o 5458 0 LATI A Ak P8 T T W0ME 38 5 ok ] 4% 97 28 A 44
K Fe® A MR I7 VAR EE 3 BT 2 A K B ) A o AR T B, ELBUAAIRRR . i R i T AR
Fe,C, {if5fT A B A0 1 M 5k F0 22 ) 44 K Fe/Fe,C AL 77 B e 2 1k L Fe'@CS T o 76 Ab B35 S 1 1%
IKEE, BT ER L, v LUE MR A A R AE K, S9RFEMBAE L, 8T 5 PMS 1%
BERCR . FF HAEAE YA PMS 36 Ak i B2 b AAL P2 42 805 -, 38 7] L A4 BoA 3 A Ak PR -OH, X It
Fe"/Fe,C@CS ¥ & PMS 7] LA AR A B — [ 2 1 4% G 24 A0 250 S i o

SR Fe'/Fe,C@CS ¥ & PMS 7= F th ZL 7K i ML I A B A O T A e AR R34, (R 7
VEAE 5 U0 IR HE O TR RS B . ASBIFSE LATS K AR BRI V5 PR R E SR N 4, o ek Y
KA K Fe'/Fe,C@CS, A Fe"/Fe,C@CS i fk PMS i3 15 Je A i K M BE , 38 ik B0 R R AR ey
FE R B e AR 2 0, A T R B AT JS TS VR K R RE 0 22 5 LA KI5 U BPS H SR A ALY 43 A R R
(AR LR AIE
1 MRER*%
1.1 XS EER

Fie AL R s KA ER T R iE TS e, ARFRTT R AO T, HAMHIKEIR 1x10°m’, {578
BEh FSRULME 2 h, Fik RS, K D0TE AT U838 i FL4E o 0.18 em AY M b 473 08, AR Ik
(75 I B T (4.050.5) C VKR P-AF . N T G5 e tE A As L, BT SC7E 5d INSE . ARBFFT R
£ 2 JILYS YR B S EAT A R B BESE G o AR A5 T AR PE R L SR 1. BT AR SL R 2 A, 15 RFE S T
AR EER.

F1 RBEMSIRAE LM R

Table 1 Physicochemical properties of raw activated sludge

NERIeEiin/ FIKEE /% pH TSS/(g'L™") H2 % /(mS-cm ™) CST/s ZetaHi{i/mV
1 97.4740.012  7.08+0.01 25.6+0.18 1.39£0.02 38.6+1.28 —8.37+0.28
2 97.2240.006  6.93+0.01 22.3+0.07 1.49+0.03 23.5+0.7 -9.13+0.59

1.2 Fe'/Fe,C@CS # £l ayH F

K T A K BB Ak v B i BAT ®EME Y Fe®/Fe,C@CS #1E. K+ 0.02 mol Ay = B FUH A1 0.02 mol fY
D- 45 W VA i A6 50 mL B4tk d, SR 5K 0.02 mol Y FeCly-6H,0 #1 0.01 mol Y FeCl,-4H,0 ¥ f# £ |-
WIERCP, BEEE L he BEPEATRIAT, 7€ 40 mL-min™' A9 &S T L 0.5 mL-min™ 9 3 2R3k Il 28% A9 &
KW, EVW pH A E) 100 RJ5, HIRG MR 2] 120 mL AR 22, JFAE 180 °C A4k
P AbFE 18 he HARRHE WG, K15 2000 2 0 BP0 U8 S REOK TR 3 . SR K i v
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YITE 80 °C MY HLAE T 5 7638 A N, 145 0 e ) 550 °C TR E— 25 b ¥ 4 h, 15 3] Fe’/Fe,C@CS
kL
1.3 Fe'/Fe,C@CS # & PMS 25k

B 250 mL i 4b B 5975 e B T 250 mL AR AR R, 5 U 4O — % & /9 Fe'/Fe,C@CS Fll
PMS. tR#lE WANG %5 By 52 b Bir e 8 in Lo Je Wi 20 5255, 25/ % 185 e i Je Se b B e 2 3 I &
¥ Fe’/Fe;,C@CS 5 PMS W4 245 LB N 1:12; BJE, L 300 rrmin™' B985 S A FE 10 min, 285 R4
HURHES, MGl CST. H2as g5 Ve Uk &k U7, JFIE V57 EPS h 20 . B E . R
L K R HL) B 2 RORD 5 B . 15 U8 EPS 2R T B L -8 A kU8 R AT R
14 SRBAMERS

5 U8 5 KR AN K R R B i vk U R T I 2 5 V5 e B 41 W /K i) [H] (capillary suction time, CST)
K FH B 40 W K Bst 1] 0 52 {3 (304M #4 . Triton Electronics)” il & .
1.5 SR EPS A

PS 1 Z## (polysaccharide, PS) 7 e K 41 A7 ik - 20 i 72: 1 #E 4700 &, 2K 195 (protein, PN) i
% (humic acid, HA) i HEAKHE Folin-fh i P2 470 & . EPS 1 L ARG HLA) R H EEM 98 G i
FIH 4> F 96614 (F-7000, Hitachi, HAS) #EA7ME , K41 K2 K 220~600 nm, E2UCHE Ky
200~400 nm, LA 5 nm 93830, SR 26 K IR A (FRI) 3R 20 7 983155 484> EEM X 88k T (19 44
FURLA B3 e Sema I, 4 H o
2 FBR5TE
2.1 Fe'/Fe,C@CS #1 PMS % I E I E

K18 PMS &k 0.43 g g (LA TSS 1) B, K [A] Fe'/Fe,C@CS 5 hin &t X} 75 Jé CST {EL /Y 52
mpiZ. B 1 B, BEERIME T, 1578 CST H Ak I 5 IS AR S s fm ia 3, (H1 1 s iR
) CST . P BB R IR AT e, T 48 AW e, 15 IRk i fe B3 ok, — 51
150 AR /INAFIF K o 515 P ok 43 B85 2 55— J5 15 Ye i A 5 LB R AR N, (A5 7K 4w L)
P N REAR TS5 R A B RE, B OK TSR AY CSTMH o 24 Fe'/Fe,C@CS # Jil i 4 8.97
mg-g ' I, V58 CST (HE B AR R 25.2s, (HAKSK LRV CST AR 1.7 so 24 Fe'/Fe,C@CS N
HRT 269 mg-g' BF, V578 CST {E G H I 38 I i H 2k 7k o 18] 2 R AS [l 48 Jonn 4 X6 35 2 i 9 25 7K
R L . B2 AT, LS TS U8 B E K R B Fe®/Fe,C@CS i & 34 fin 3445 N [6) # JE 1)

40 90

—=— JHHS R —n— JEHLG
361 —e— [R5 g5 L —o— JERT5 IR
§ 80fe-0— 90— o o o o
w 32F i
= % L
Z PR \/i\./
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£ 0t —
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Fig. 1 Effect of Fe’/Fe,C@CS dosage on Fig. 2 Effect of Fe’/Fe,C@CS dosage on the filtered moisture

the CST value of activated sludge content of activated sludge
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A, 24 Fe®/Fe,C@CS RYFINT N 35.9 mg-g (LA TSS i) i}, 5 U Al uE & /K R B MK F B 2 fe (R 1
69.45%, X UL BLEIG e i K OB LA K 1, B2l H, BARAEE JIVER N5 ery CST H T+
AP UEPEREREAR, BAEREIETT , SUR AR DL 5 AR By T e 8 i T R A s M e S R Y
sem, T E AT LR RIS Je KSR . BRIk, SR LTS R R ER A S v, B X PMS il
0.43 g-g”' i}, Fe'/Fe,C@CS MMM H 359 mg-g ',
2.2 AEHIE EPS A MUK

Z BRI (1 275 U8 EPS Hh i AL 400 AP R B, 15U R B R A R TS e A A
BERE J1 . ASHFSEINE T 8 € 24 Fe'/Fe,C@CS 5 PMS A% Nt 5 Jy 35.9 g-g ™ #10.43 g g i, B
1 J5 75 U8 EPS AN [a) 41 43 vh Z2 0% (8] 3(a)). 2 5 (8 3(b)) 5 & iR (&1 3(c)) 1Y & & o 4N [&l 3(a) Fir
N, TSRS R G W 200 SR AR RS B, JREERT, 5 EW)Z . LB-EPS. TB-EPS i 24k
TN 012, 0.14, 0.61gg'; VAT, FiMZ A LB-EPS th 2 HE S a i m, H, LB-EPS £
WS N 1.47 gog”', 10 TB-EPS " 1) 20 & g A FEAL, H 7% LB-EPS i E B LB 1B .
ZhE a0 R R 0] B TS e 2R AR B R SR AR, i s A A i
AR TEABRKE: . & 30) /T8, S BB, 7598 EPS i 1 5 s & i BT 19 30.84
mgg ' FEINE 1747 mgg's Hrb, FZHEARTEMN 29 mgg ' JH& % 7.75 mgg', LB-EPS,
TB-EPS & A& E AL, IR Ui, B frh, —F 0| A kR AR ; [RIRk, LB-EPS
M TB-EPS i — &R A i i B ERZ . v 0L, A W8 M b 22 % /4 78 TB-EPS, X
5 KIM PR g R — 5. AR - RMIER R TEAKREEPS P RETE . WE
3(c) Fizn, PG 75 )6 EPS H S FE R 1) M B A 7.83 mg-g ' BRI & 6.09 mg-g', 1M TB-EPS 1 ) & &
M 1.51 mg-g ' HEAN A 3.09 mg g, ZHIKJZ 5 LB-EPS A4 78 R & A% . X 10 W %6 7 )2 F1 LB-EPS
) J 5 T o SR P R A, ELE LB-EPS Hhpl KA (9 S B R B 22, T TB-EPS H 8 78 iR 1 & 1 384 hn ] B
S T 8% EPS 4025 35 19 40 A P 59 ) Bk B ik 2 EPS rPPY il FIRGE AT, Fe'/Fe,C@CS % PMS
5T — E W REESOR, BHXF T 576 EPS h &M . B A . JEAIR 3 A R A I Y
R . BEAR SR AN

[ Ews ~ 3l 23 Bz ot T
~ |'¢ | ELB-EPS b el E=LB-EPS w ESLB-EPS
o 4 | EBTB-EPS 2 14l B TB-EPS o > B TB-EPS
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JEhaiEle P B Ye
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Fig. 3 Distribution and migration of polysaccharides, proteins and humic acids in EPS

23 FEAIGE EPS ZH T NRIE S

X BT 15 e 4% )2 BPS BEAT = 4EFOLOLIE I, L bbb B, #3355 (15 4).
K 4(a)~I&l 4(c) AT, I8 BEAT Y5 U8 EPS 4% JZ= b 25 A B IR AR Wy ) 2 AR s, T L TB-
EPS (1 fre o JH BUR V5 U2 EPS A ML AP IR3E N, F2 25 A R L T 2R A B G TR
K. o, BERMBAEYRY EEFAETHBRIZ. dE 4d)~FE 400 rTA, WBS {5088
TBUZ TP 00 T 2 TR AR AR B I 7 ) e BE T i, X R RE R R TN R EPS R LY BT B s AL
BeAh, P B SRR s B T I SE MR Y . A PR LB-EPS 5 TB-EPS Y HiL A #1149 vk JEE

[«



5571 B4, Fe/Fe,C@CSI L PMSTRIBI X 1 15 YR I K 1 B8 Ay 52 ) 1919

BB RRAR, X5 L1250 f i se 45 5 —%k . 7578 LB-EPS 5 TB-EPS 15 1 §ij J= 4 S 75 A5 ML 4 ok 3 75
RS AL A B IS AR R i R e A S5 ARRBUE YR = 00 B I e, RIS BT R 3R 5 R 2 ) I
(0 C 506 D, 30 52 10 B T 220 IR A0 G024 0 i) 7= 0 2 ) L e R vl g o2 i Sy L b I 78 19 v ) 7= 4
T ERWZE . ZHEN 552 (U HF 58 % B, 15 U8 EPS v s &0 IR vk 5 38 i £ 5 8075 U i K 1k AR
25, T UL U8 R R T 0 K M o AR IR S W TR I R B R R R 1 T U P S A0 R %) 1 fe AN R
11 EPS 45 22 v J65 51l R v 1 A8 1h 5 P 3 &85 S AS [) A D IR mT 6 I Fh 7 68 9 A 0 A 00y v AR Tl i S 30
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Fig. 4 EEM fluorescence spectra of EPS in raw and conditioned activated sludge

K FRI J7 %5 EEMs 35 BEEAT 0 K3 A e A9 209 Onm B R L St 25588 5 i .t &l 5(a)
AL, RS e 45 )2 EPS (19 EEM 35 B Y &8 DX SRR E AR R @1, B /N B R 26 W )2 . LB-EPS,
TB-EPS. WU, V51 EPS 45 )2 BLRUAT HLY) 70 A Wk FE i N2 2 N2 2 83 hn . )8 385 75 )8 EPS
S I AR HEAR TR T 760.26x107 AU-nm? 38 /0 % 38.43x107 AU-nm?, AARZEGIREF B R, Hd,
LB-EPS Fl1 TB-EPS H #5 ¥ it 19 %< S o BE R AIG, 11 26 % )2 W 28 6o BEmg A3 T & o ks, TS
EEM % [ 1) &8 X S bm HE AR R &, e /N EPS 43 )2 B B2 78 2 LB-EPS,  HUE 28 Y658 FE O 0.344 2x
107 AU-nm’, PR, W] LU EPS Hh i) B0 760 #1400 £ o8 Bl b g B A A A Ak, R B 75 8 b 938
Sy SRV ALY M LB-EPS, TB-EPS i 22, H MBI X LB-EPS B4 WLy Wi 8 Fl i {5
M e Ko YANG %55 (fF 52Uk, LB-EPS W& it SR A K S | 2 IE L OCHR; WU P WEM, 15
Je 1) CST {E A LB-EPS Ay & &2 & IEMIOC, Ik LB-EPS & A9 RRAK AT LAHE =75 U8 i B /K 1 66 .

P, RAR L X3R5 B 0 5 L, HARfR RN E S(b) iR . WTLVE W, )2 EPS T AR
(1 X)) fE 35 /9 2 6o B2 oy Lu s, i 2R (11 IX) 90 m 8 5 e AT AR . W
BRI T (T IX) 98058 B ARG )2 T i o5 LK, 7€ LB-EPS A1 TB-EPS Wiy (5 Lb3g . % )20
AR = (VX)) S0 B 7 b AE PR 385 B REAR, BT WL Y5 U8 R 38 ATk EPS Hf A4 B A W I g
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Fig. 5 Fluorescence intensities and FRI distributions of EPS in raw and conditioned activated sludge
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3 g

1) Fe’/Fe,C@CS ¥ & PMS I 1 75 Je 7] LA 24 = 15 P i i K PERE , o T 455 % 18IS IR 1Y Ja 4L
AbEE S 2T IN R, R R AR 1k B E Fe'/Fe,C@CS & PMS I BRI 1 5 Je A s AE #2518
359mg-g f043gg’s
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Effect of conditioning with Fe'/Fe,C@CS activating PMS on activated sludge
dewaterability
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Abstract In order to study the effect of conditioning with Fe’/Fe,C@CS activating persulfate (PMS) on the
dewaterability of activated sludge, the single factor test was used to determine the optimum dosage of
conditioning, and the changes of organic matter concentration and distribution in extracellular polymeric
substances (EPS) before and after conditioning. The results showed that at Fe”/Fe,C@CS dosage of 35.9 mg-g™'
(TSS) and PMS dosage of 0.43 g-g™' (TSS), the filtered water content of activated sludge decreased to 69.45%.
Due to the disruption effect of the conditioning process on the tightly bound EPS (TB-EPS) and loosely bound
EPS (LB-EPS), some polysaccharides and proteins migrated to slime layer of EPS, their contents in slime
increased from 0.12 g-g' and 2.9 mg-g™' to 0.15 g-g"' and 7.75 mg-g ', respectively. Humic acid released from
the cell phase into TB-EPS and LB-EPS, and humic acid content in TB-EPS increased from 1.51 mg-g ' to 3.09
mg-g . In addition, after sludge conditioning, tyrosine and soluble microbial byproduct-like materials in LB-
EPS and TB-EPS were degraded or migrated to slime layer, the total fluorescence intensity of EPS decreased
from 760.26x10’” AU-nm* before conditioning to 38.43x10" AU'nm’ after conditioning. Of which the total
fluorescence intensity of LB-EPS decreased to 0.344 2x10” AU-nm?, which was beneficial to sludge
dewaterability improvement. The percent fluorescence response of each typical organic substance after
conditioning showed different variations, the percent fluorescence response of tyrosine increased, while the
percent fluorescence response of soluble microbial byproduct-like materials decreased. Conditioning with
Fe"/Fe,C@CS activating persulfate (PMS) could effectively improve the dewaterability of activated sludge.
Keywords activated sludge; sludge conditioning; Fe/Fe,C@CS; peroxymonosulfate (PMS); sludge
dewaterability; extracellular polymeric substances (EPS)
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