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 E RS . BRAE T E TS VR B vk WAL S LR IR EE T A A AL A
TREER A R B A & 8 B S s R Bk B8 A6 [m) 1. A SC UL F AR ol R4 1 — i ml PR 9E
VE—— AR R NIRRT, DL I e A0 3 PRI IE 4 & 36 = W 3 &l fb g el v ik, R A IEROE R R,
Tl 75— FR A L Aaf 25 B2 (CD) A [A] 1 BH 23 it AR BT 2R BE 37 (LN-CD). LA R S Al RS T 5 K AL 313
VSIRNBFFERS, ME T G5 IR 4 & 5] LN-CD W H S IR DE & /K 2 (FCMC). 7578 LLBH (SRF), E4
WK I IE] (CST) FE 48 R4 (s), REEHEET LN-CD J5RTHIIIERE; 45 S T5 R RS H . RUFRmEH
Fys U AN R A (BPS) ARITEAS B il or & & 550 AR s 00, PEAAHE T LN-CD TR EE R 1975 Je it
ARHLEL. 545 R FE W, LN-CD B BRI A5 R B ARE , CD /25201 LN-CD /K PERE M Z R &,
CD = 75 e B /K sk Sl f, Hh & CD#& & A9 LN-CD1 B )5, FCMC, SRF. CST il s 533l 4 .
68.91%. 0.89x10% m-kg'. 15.0s & 0.81; HIRM A5 RE MR F B Res5lf hE%, SkRPAFRE
A EPS & A AT S SR 4 I %0 N . 0% T LN-CD 353 i i L ORGS0 VA RO 4R TS
JeSRL, X EPS &5H38 BUBIR, B AS Gk BEAh, ARIBTZEAR GR35 L5 F A AU AT F FH LRI 25
FARRAE A 36} S AR A R TG IR VT i vk, BsRILIR B EME, R FLBR /K Pk B W 5 i 7K
Zi 5 VRS EPS B K i Be 8 & U4 EPS, ik — 25 4 5 e K M fg. 28 LTk, LN-CD il
g, S, SIRIEEMEREL R, HAEG Vel K i B B R T S

KW TR RIRESR, A, TSIRBUKMERE, MANREY, BiKBLH.
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Sludge dewatering performance of a cationically
modified lignin coagulant
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Abstract Coagulation conditioning is a sludge pretreatment method with the characteristics of low
cost and simple operation. However, the traditional inorganic salt coagulants and synthetic organic
polymeric coagulants may have some serious potentials in health risks and cause some environmental

problems due to their residues of metal ions and toxic organic monomers in practical applications.
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Lignin is a kind of renewable resources widely available in nature. In this paper, a series of
cationically modified lignin-based coagulants (LN-CD) with different charge density (CD) were
prepared by grafting copolymerization using lignin as raw material while acrylamide and
methacryloxyethyl trimethyl ammonium chloride as co-monomers. The activated sludge obtained
from a municipal sewage plant at Xianlin of Nanjing was used as the target. The filter cake moisture
content (FCMC), specific resistance of filtration (SRF), time to filter (CST) and compression
coefficient (s) of sludge after conditioned by various LN-CD coagulants were determined. The
dewatering mechanisms of LN-CD were discussed in detail by combination of the apparent
dewatering performance and the changes in the contents and distributions of the extracellular
polymeric substance (EPS) fractions and components, sludge flocs, and microstructures of sludge
cakes. The results show that LN-CD has a good dewatering performance, and the CD is an important
structural factor of this lignin-based coagulant. Generally, the higher the CD is, the better the sludge
dewatering performance is obtained. After the conditioning of LN-CD1 with the highest CD in this
series of lignin-based coagulants, FCMC, SRF, CST and s reach to 68.91%, 0.89x10” m'kg', 15.0 s
and 0.81, respectively; the obtained sludge floc also showed the largest size and the most compact
structure; and the contents of different EPS fractions and their components including protein and
polysaccharide in sludge were effectively reduced also. These findings are ascribed to that LN-CD
can effectively aggregate sludge particles through charge neutralization and bridging effects,
compress and destroy EPS structure, and thus release the bound water. In addition, the unique
aromatic ring structure of lignin can play the role of skeleton builder due to its rigid structural
characteristics, which is conducive to the improved compressibility and permeability of sludge cakes;
besides, its partially hydrophobic property can combine the hydrophobic fragments in EPS and
effectively compress EPS through the hydrophobic association, further improving the dewatering
performance. In summary, LN-CD has the advantages of simple preparation, environmental
friendliness, good sludge dewatering performance, and thus exhibits a good application prospects in
sludge treatment.

Keywords  Cationically modified lignin coagulant, charge density, sludge dewatering

performance, extracellular polymeric substance, dewatering mechanism.
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IR Al B, ME L s 8 R O AU 98 42 5 B, 7 20 T YR BEAT AL B R0,
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JRE . JEbr, AP4ER | T ST RMEAE USRI B SR (3R (R A5 H BURRAIE A9 AR v 0 TR BRI 2 A
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FARBES, JF ke B B 8 1 A B R BE R 55 3R & S AL BRI & (8 R A% 52 B K vh ol (8 75 P Rt
93% By EBRR. HAh, i A REF IR AR 5 [2-(F NI A L) 38 ] = W S AR A S g A
JSA Tt 2R AP TR B 7R ), HLA YR 5 g e B R T L B el 3R ([2- (RN SR AR ) L ] =P 3k
FACH:) BN A R B A, R PR R R BER TS e IR B R AT S HRGE e AN 250 01 HL, RIRER
ALY BRI DT PR A A AN U] AL 3R SCEE AR T, A T B0 D8 B Rl A PR, RS H ) i i
K-S VERS EPS ik & i Be4h & A RUEAE EPS, Ml i — 2048 5 Hi5 Y K PR B iHeAh, Btk A
B ER 7 BA TG IE BRI RESL, I T4 e K 5 15 e RO R ERY. TR BUR A5 e B A B
(O EL, 75 B8R AL B MR b 5 AR R 75 T e S b R e A W T 0 m] 7= A B A B AR TR, O A AR B R
15 U8 IR B BA T A N A A

ASCUAARSCZ A A, L AM I P 963 T 4 £ — F RS A B (DMC) R il B AR, SR P e A 3
REOR, il 5 — 250 H 11 55 B (CD) AN [ Y B B - 2P AR B 3R B850 (LN-CD) . LR U Al AR S 7 B s K
AbBRTHE LTS D A RETEXT G, REE% 56 LN-CD 5 U8 I BRI R, BAARKI 175 Y 8BS A 98 D 25 /K 5
(FCMC) , 158 FLBL(SRF) | B2 K I ] (CST) Fl T4 40 (o) 555 25515 I 2R ARSE 1 | e ViR mE
1 EPS A [FJE S B i 1 540 2 AU DL, TEANTHE T LN-CD 1R EE 1975 Y LK HLEL. S st A
JRERARBET AT ke B HAE 15 P K Hh ) R A it — 5 i BEE 2 25 T 506 S k.

1 i%\%ﬁﬁj\(]ﬂxperimental section)

1.1 SEEeAP R

SERRA: BB AT E (AR . AM(A.R.) . DMC(A.R.) FIZ Z W& Hi FR 41 (PVSK, A.R.) 4 T 3 [ i
FrTAAL R IMTEE A (AR . % DL G-250(AR.) . #iZiHE (AR, . EEI(AR.) . &b ket
E (AR AT 2K 5 O(TBO, A.R.) I F [ 25 48 1 4k 24 700 45 BR A |15 TN (ALR.) | 38 i iR 4% ( APS,
AR)FIZEE(AR) T 15 WAk 2738500 A7 PR 7.

SO T S U6 AT PR 4t A 1S PR TS Y (WAS), % R AN 17 oy K AR B, BT 36 75
PTE 4 C VKA A7, S K AR BT AR o 5 d. H5 U8 SEPRIR B R (15.040.6) g- L', pH iy 7.06+0.20,
VERVEBTIEW 5 M ETE Y (TSS) HAE M 43.0%£1.0%, ¥ tEL % 75 A 44—78 mg- L7, L 3%,
(1.07+0.01) ms-cm™; %5 3 BUJe B (1] S S 55 A0 45 22 5%, R AIE IR T VR 1k BT A3 AN (], Ay i 2 ok Js 523
FETG YRR RCR B2 A, 5250 i 48— 15 U8 1 % AR IR Y 2 98.50%. Hbah, A/ 2 i iR 2%, FRdl S0
H R IR —HE v 5 Y8 .

SEE AR : TA6-1 FEAETR EE S S H A (RDUE IS B A PR A F]) - ZK82) HL #2544 (15K
BAYAST ) . F3 B 5% ( L1 Mettler-Toledo A FR/ZA 7)) . DF-101SA 8 $aE  fin #4 g ) e 48 (R
SURHRA RS 7)) | Delta320pH 3 (i - Mettler-Toledo 23 & ) . F-7000 %¢ 3643 0606 B 3 (H A< A 7.4
7)) . 400 mL #HE IERR (LU ZR TR AR W R 28 1) . Multi N/C 3100 54 HLER /3 Hr A% (3% [E OI Analytical 2
Al ), LC-10N-80A & I T AL ( 1 JRAX#R BL 4 45 BR 23 F] ) . Nano-Z Zeta Hi 0 I 22 % (3 ] Malvern 2
F)) . XTL-3400 Y24 s ( B2 REA PR/ F]) . Quanta 250 4 HL T B fl8% (3€ [ FEL A F]).

1.2 LN-CD 145

PRI 2.0 g WEAs A ot R 1A il 7E 40 mL 2818 /K b, TS 14 19 NaOH I WHF pH 5 bk, RpR
J5 S8 A TR I B DU SRS, KW INAAE] 70 °C IR ARWIBE L, B 8 AU/ HER 2 S5, o
5mL BT 73500 4 % B9 APS I RAE M 51 &K, PRl & 10 min J5, 38 88 18 20 W0 =F A 5440
k1 80 % YA FRLR AM I DMC 1R A /KA. H 8 RN 58 220, SR L JC/K R = M 0 vE o0 5 I Uk ik
ffifl, e JE7E 60 °C T H 2S5 148 48 hy, LM B J5 153 B B 8 7= ) AR SE G B B A Jo 28 A0 PR TR 6857 S 48
AR, B 5 P BT, 785 IR 5 B TR S R AR AE. P AM Il DMC B JR B 52 9 0.06mol, 18 5 14
W EERAR LN 0.5 1 5.5 BN E 4 0 2 (F= 1), JeilAF 5 A [ BT R MR EER, IR ARSE AM I
DMC EEIRBOBH /N EIK (0.5 0 5.5—4 = 2) 4Kk fim 45 5 LN-CD1—LN-CD5( 5% 1). LN-CD ffill % 2 )i
XS ILE 1.
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|1 LN-CD BRG] % 4 0F | 250 S R N B 26 1R R IR RORANS P 2R

Table 1 Preparation conditions and structural characteristics of various LN-CD coagulants, and their dewatering performance
and flocs properties under the optimal dosages

KU i 1
HE —— .
= B4R AR AR . 133
Lo mh L i SOk JERREC ey vami
S AM:  HLfrE R/ o et b FfE)/s  Compressi s Two-
TREE N (mgegt 0 (x10")/ ; mV BAZ/um .
Coasulant DMC  (mmol-g") TSS) BRI % (ke ) Time to on Zeta Average dimensional
& BEIR L CD . FCMC & filter coefficient . verag fractal
Optimal SRF potential  particle size .. .
d CST s dimension
osage D,
e — — —  98.50+0.25 2.56+0.10 28.10£0.50 1.24+0.02 -8.85+0.42 44.72+£1.32 1.73+0.03
LN-CD1 0.5:5.5 2.69 28 69.51+0.26  0.79+0.12 15.00+0.25 0.81+£0.02  -0.34+0.02 128.59+0.17 1.92+0.01
LN-CD2 1:5 2.32 30 70.87+0.73  0.92+0.06 15.40+0.12 0.82+0.01  -0.31+0.03 114.48+1.14 1.91+0.02
LN-CD3 2:4 2.27 40 71.32+1.12  1.11+0.16 16.20+0.31 0.90+0.03  -1.05+£0.08 104.06+0.38 1.89+0.01
LN-CD4 3:3 2.07 45 71.83£0.68 1.17+0.03 16.70+0.42 0.89+0.02 -0.96+0.04 82.12+0.04  1.88+0.02
LN-CD5 4:2 1.61 50 72.05+0.54 1.21+0.11 17.70+0.14 0.97+0.03  -1.19+£0.08 80.37+0.62  1.87+0.01
OCH, OCH,
"
IV\J‘CHZ % N‘JCHZ ‘{ ZC CH _C
C —O I$=O m
OCH3 (6] CH}
b, g CH
Lignin LN-CD —C _T cr 3

CH;
B 1 LN-CD JREEFI il £ 5 g =
Fig.1 Preparation process of LN-CD coagulant
1.3 LN-CD HIZ5 6 FAF
Xf LN-CD #4578 B it 2T 735 (FTIR ) Mo i 4R 033 ("H NMR) I , A i 4 4548 214
GG B E AT L 500—4000 em™'; BERE R AR 710 D,0, 2EHRTZ A 500 MHz. 2R I A% 2 1200
7E LN-CD F AR & HLfif 25 B2, T 2 77 PVSK, F878 7 TBO!L
1.4 LN-CD ffi Kk fE
FEIR R R TA6-1 Ba IR BE SC 505 PG 715 PR IR BE VR PR 5G, 78 250 mL HEARH A 100 mL 75
VeI, Bl 4 P A P A TR AR LN-CD 09 (MR 15.0 ¢ L) I A TS YR b o, 76 250 r-min™
FHREFE 1.0 min, 85 7E 50 rmin! NS HPE 5.0 min, £S5 EHE 10.0 min, ALK EE 3K, &
LG R AP HE, SEEARXT IR ZE BN T 4%.
P8BS 75 U AT B K PEREARS TN, €045 FCMC. SRF. CST M s, iR S B BP0 i5 YR ik 7 fig
() E S H> 3, Horf, FCMC I i A8 542 K 385 1975 Ve B 0.45 um £L4% PVDF B/ &
YEM R, SE LB E A RS, T E S E 0.4 MPa, 78 SRR E 5 T AR T, B Z AN 8.0 min = e
PR A IE. BURTEDE, 78 105 C MHLFE rht T 2 E EL ARG A X (D) 1153 FCMC, Hirdr mg S35 5% 5T
i, my 5 my 3R IE S e R ?%JI[LF%E

FCMC = ———x100% (D

ny —my
SRF S 2 R BE 7] 4 B 5 19 75 2 78 0.05 MPa [E ) MBI E A 0.45 pwm Gk A0 A [ I < b o
PEAT I PO, B D5 v o K IE P A3 8 OB T — > 100 mL 68 v, TF ARl g T, 4% 5 s
I — YR A P, H RNV DF A BN ] 2 6.0 min 2 1k, SRF A A INA(2),
srF = 25t 2)
MW

Horh, PON-m??) il 1 715 S, (m®) S F Tl i g 4R T AR e (NCsom72) B A0 8l 1 B 55 b(s-m )y
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Ve ARBUVE L h R R o (kg m™) by B A FR I8 TP 46 A 1 [ A o i

fifi FHHE [E Triton Electronics 304m %4 CST {M iz 75 ¢ CST, CST J& [ W i5 I i 8 1 e ) 28 4l
AN, IR AR (3), ZEARRIAYIE 1 464 F (0.02, 0.03, 0.04, 0.05 MPa) #7598 HLBH, 515 Ve 545 &
B, VTR AT 4 B

SRF, _ (5 )
SRF, P,

Hovr, SRF, I SRF, 43 il & il i€ & 14 Py AN P, B T 4535 U EL BELAEL, P, [ 2 15 3 4 0.02 MPa, P,
0.03. 0.04. 0.05 MPa, s M35 H 1975 e e 40 R 5K

1.5 15U RRH T

E—2 0 2 15 P R AR R, AR I ER R SE (D) M e TR 4E 50 (D,) , IAFFE AL B V5 8 2443
W5 Fa A5 A1, A [ 2 O ECT, FAE 454 62 M Y Pentax K-m RIS ARBLIT S U6 2R HEF T4
R 1R WY e B AE K, 2 378 122 0 AR R D A I e v a1 o B U S e PR 0 T A A
(Image pro® Plus 6.0) & {5 e 24 | R HA(A4), i A (4) 15 5] D,.

Ao [P 4)

BEAk, 7E—60 C T ¥ 11 72 h, SR 5 FH A L o (e 4 LR A6 V5 U8 R 28 S [R) TR 9 57 7 B
J 5 YR 2R AR LA R T 11 3 T AR 56 g 20,

1.6 EPS [ $R EUFIAS

EPS T %3 N Al %% EPS(S-EPS) | #A #4541 EPS(LB-EPS) I % % 4% 4 /1 EPS(TB-EPS) '), 2%
FHEAC R (8788 P i A O 64T EPS SR 5. 48E a0 s i 54 10 mL V5 PR 7251048 T LA 3000 r min™
250 10.0 min, 28 J5 $ B L VS WOIF I o 0.45 pm P8 B L 08, 15 2] S-EPS; K 4 75 U6 H i Bk
0.05% K NaCl ¥ W 57 € 25 2 10 mL, 2R J5 L 20 kHz #8 75 4b 3 2 min, 7235 K #7 2L 150 r'min”' 2%
10.0 min, F-LA 20 kHz B A AL FR 2.0 min, 357614 5000 r-min™' .0 10.0 min, $2HE3ER IR T 0.45 um
UERR L U8, 15 3 LB-EPS; &, K 3 a3 15 e FH B i 43 80K 0.05%NaCl i i H8T E 725 2 10 mL, $R /5 DU
20 kHz #7540 3 3.0 min, 60°C K F N 30.0 min, 125 76384 # 2L 8000 r-min' 5.0 10.0 min, $2HX
IEROTE R 0.45 pm JE L YE, 7535 TB-EPS.

Xt T4 EUS 1975 98 BPS, i LA HLAK (TOC) 434X, SR FH 28 180375 I 22 45 EPS 1) TOC 5 . fifi H]
F-7000 %563 G EE T, Ml i EPS 4143 1) = 4E%¢ 5% (3D-EEM) Jtiii. EPS 2R )5t (PN) 2R 175 1 B 2
W TR A AT, A I35 25 A bR AR bR eI 2R, I A S S 32 s 2 (IR0, 7F 595 nm P K R HE
R IE 153 PN . SR FH O LE €35 Rzl 43 A7 EPS h Z2 08 (PS) Bt SR FH 4 26 B s oA V5 T 222
PR 2, T T A BRI, 76 625 nm 5K R LI e RO, 11 PS &

1.7 FHXHES BT

fifi H IBM SPSS Statistics 22.0 § "1 11 Pearson A 5¢ 22 BT 8 0F, X8R HEAT A OC o0 M, B2

%% FCMC 5% SRF {H 57508 EPS HAS [ 4 43 [R] A AH L™, 2545 43 BT LN-CD R EEF 15 Ve i K HLEL.

2 5B 5308 (Results and discussion)

(3

2.1 LN-CD fil & 525 ¥ R AE

PIAFRZ MIEAT, MR 4E A 1, i@ 1R AM Al DMC P fh 3 R AR s R B0k (36 1), JEd145 5 R
[) 2l P A B R IR EE ). AR S LN-CD ZRFAE 5 1 FTIR F1'H NMR 3% & UL & 2. AR PR 1] 22, S5 AKRJTE
STAMEIERE L, LN-CD ZR AN EESLTE 1720, 1667, 1480, 957 cm™ AbH PR T8 AR AE 4. £E 1720 ecm ™ 3R
1) 5 47 AIE I 2 DMC il %% e 56 C=0 114 f 4 4l 2 M IS 04 B%), 7 1480 em ™' 1 957 em ™ YRR 1T & T
DMC ¥.{& F—N(CH;) 4 Fil C—H 8P £ 1667 cm™ AbAYI4 7 AM _|—CONH, | i FEAFAE I H, 15 B
AM I DMC ¥ E Ik 2R R Z /90 T H 248 b 76K 2b i, FIAR T Z 'H NMR 3% E A 1, LN-CD &
B KE i TE Ak 2 2 A5 S 3.20 ppm 22 A5 Ak B BT B9 R AR 0%, T )R T DMC 2 4% 3 A 1 ARG H O3 R
TP AE 4.60—4.80 ppm H BT AR I R B9 IR T4 AR 6. DMC 2 P 18 21 A0 B A% Tl R Ak e 0 i 3% i
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DMC i (32 DI hnmisgse (K 2), N, 2090 R REFRAE SRR B AM Ml DMC 2 B4 3]
ARBTER b i T 5 B A Bt AR BT R IR B 7 314 >90%, AM Fl1 DMC P 58 AR 4 2 H A 3 R 5
FOor Tk b, WIRR R A BB IR B — 2, 51 & R APS FH R AHSE, AT LUGERIAH 5 Ff LN-CD £ f 2
A AR ) A B B LA R e B 43 A 09, {H CD (AN IR], MRS 1, H CD (EBEH FH &5 154k DMC J i
LRI PN

(a) (b)
Lignin "
1720 cm™ /W\ Mkﬁ
C=0m Q{ \ ’U 1480 cm™!
H on —N(CH
LN-CD5 — /C on -N(CHj);
- : ! 957 cm™!

LN-CD4 ¥ 7C—H on -N(CH,),

LN-CD3 #“’\\\\///w///—’*——xﬂ-v/*“ V \‘ N\\\ /V e~ *N+(CH3)3\
LN-CD2 'l
i LN-CD5 A {\k
I i LN-CD4
LN-CDI1 e 5 LN-CD3 .
MW LN-CD2 J\=
1667 cm™ i ! IN-CD1 ) J
C (6] 011 CONHZ : : Lignin
4000 3500 3000 2500 2000 1500 1000 500 5 4 3
Wavenumber/cm ™! Chemical shift

B2 AKRITEMLN-CD RINEEEAY () [ EHZLAMEIE B SR (b) B GRS
Fig.2 (a) FTIR and (b) "H NMR spectra of lignin and various LN-CD coagulants
2.2 LN-CD 5K fE
221 FhnE XK Tk 50
# LN-CD i 1 Fi5 Je 2, 18 3 4 A [ LN-CD # 5 3 J5 V5 J& FCMC. SRF, CST Fl % &
zeta FELS7 BETE G870 £5 I 15 09 A2 ke 34 051

—#-N-CDl e LN-CD2 —A— LN-CD3 —v—- LN-CD4 —— LN-CD5
- 15
1001 (a [ o

O
O
T

10

FCMC/%
g & 8

Zeta potential/mV
\

~3
=
T

~
<
T

N
wn

10 20 30 40 50 60 0 10 20 30 40 50 60
Dose of LN-CD/(mg-g™' TSS) Dose of LN-CD/(mg-g™! TSS)

0
CTS/s

SRF(X10'%)/(m-kg™)

._.
=]
T

=4

n
—_
%)

0 10 20 30 2030 60 0 0 20 30 20 50
Dose of LN-CD/(mg-g~! TSS) Dose of LN-CD/(mg-g ™' TSS)
B 3 LN-CD ARl % 15 Je K 1 B 5
(a)FCMC, (b)zate, (c)SRF, (d)CST
Fig.3 Effects of different dosage of LN-CD on sludge dewatering performance

bifi 25 F R B4 0, LN-CD A i 8B 5 7502 19 SRE, CST 1 FCMC 2552 30 S el T 16655 B ARl

Ja BTGk S, TS TR B L A, WS L. AR LN-CD i 857 S A5 i Sz 4444
N FCMC, SRF, CST 5 zeta B A EHI% T3 1 . #RIEFE 1, & CD {HH K LN-CD1 il LN-CD2 7
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JE 15 FCMC., SRF il CST T K& TE B, i s AR i H) &Ik, 290 30 mg-g ' TSS A7, iX /& i
F LN-CD I & K BH B 756, 5 3R 1wy £ el 1 i 75 e Joks & A= v rp AR B2, R 38005 T8 BURL I AR
A%, Jf H LN-CD K43+ K BE 4514 A 3d b R 45 280 15 T i — 208 5 Je W 9 2R SR 4, B FCMIC,
SRF il CST Bk T F&CY. Ak, AR R B W55 SR g5 i e 1) 7 5 RHE R, [ IR 0F 0038 S 20 A
BB AR 3, IR EERI MBS, 15 U8 B TE WY zeta H A5 Fif T B A B0 01 T BA R T A f A
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Fig.4 Effects of different dosages of LN-CD on the properties of sludge flocs

(a) average particles size and (b) two-dimensional fractal dimension

W S A BN T A [A) LN-CD 38 25 0 %E 19 [ &% D, 51 F 2% 1 b R3S % 1, A [a] #a fr % LN-
CD KEM A L, CD MUK, S BN &4 T, 15 D, k. Hirb CD % K LN-CD1 BER AT, 15
Dy B K, 40500 128 pm B 1.92. iR 2 St — 43 W] LN-CD H A RITE 8 ML E 75 e e K o A4 22
YEF. BEAh, 383 SEM BLE: MK LN-CD 8 T 5 Y & R Fe o i 2 i 35 (1] 5), TR 22444
FARSHIC, 2 100 A7 A6 A /NFLIR (] Sa), 1 28 1R B 7] (43991 LA CD i = Al I 9 LN-CD1 #1 LN-CD5 J 1Y,
) VI E ARG A 75 e LR N 52 (8] 5b & Sc), A A TR FEIE R EE. & 5d 88 IR JE B it
T, A W FLIE, /392 LN-CD1 Fl LN-CD5 143U 1) e 0 2 i MRS 22 4L, ol g # A A1 T IR JEHE
K (& Se B 56). 0 T i —2 % 5 DF A T 45 M, 76 LN-CD e AR i F I 5 1o 46 2 8, 9151 T
F 1 PLRIEE 1, VRS R AU LN-CD HL 77 25 B 3 KO B, T R 4 M A5 LA G, JIE I 38 iR



1726 B78 5% 1t 2 43 %

BEH] CD A T Bt Je f ] JRAa 1, 3% — 25 530 5 B AR B R L5 PR MK PR RE— 2. e A, Bk 1
FIAEHT, LN-CD IREE A 5 28 B W55 SRR VR S B ek, T 7 Bt A s 4 B P R iR s ik am i
P& PR DFAY A B P, DT BE— 204 i 75 e B K P RER

o ) %

CD1 } (¢)LN-CD5 #1215 220K; (d) I Pf . 439114 (e) LN-CD1 K (f) LN-CD5 Jfi B J5 Jé b
Fig.5 SEM images of raw sludge flocs and sludge cakes conditioned by various LN-CDs under optimal dosages: (a) raw
sludge flocs, flocs obtained by (b) LN-CD1 and (¢) LN-CD5; (d) raw sludge cakes, sludge cakes by (e¢) LN-CD1 and
(f) LN-CD5

2.3 EPS KSR BT
2.3.1 EPS ARPEZ K29384k

EPS & 521 {5 Y i K B3 1) R R 2 — 1084 A — 2% ¢ TR [6] CD 19 LN-CD iR B¢ 78
# H AR T (S 0% D750 35, 4 EPS A [FJE 4 (S-EPS, LB-EPS & TB-EPS) ' TOC,
PN 5 PS) & it AL I SE 0, MR AR 141 6a, 5 URAHH LL, Z2A8[A] LN-CD & 25, I5J¢ S-EPS Hl LB-EPS
(¥) TOC 7 i35 i R, i TB-EPS 220 A .

- 9_
sp @ gL ©®
£, 7_
»n 20 ~ 6k
w2 )
s 2 sSr
'90 - 4L
& 10 e 31
s g 2k
=i =
12 s
% Lok 5 04
: =
° 08 803
QO Q
o 06 Z 02}
=04 ~
0
Raw sludge L.

._.
)
_
G
<

S-EPS

(I TB-EPS

PS content/(mg- g~ TSS)

Ra

6 LN-CD I AEB 4 7, RIA] EPS 4143+ TOC(a) . PN(b) ., PS(c) f it
(a) TOC. (b) PN Fi(c) PS
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FRAJE S-EPS, B LN-CD HLfa %5 B 980, H TOC &8 F RO 3. X — 25 Ui, iZ & 7
K S5 25 VR B 00 0 3 v, oP R R A R RS U P EPS, B BIE S-EPS, M T 45 5 HE 5 U6 K 2R AU
& 6b K 6¢ H iR A EIJEZS EPS i E 84 PN 5 PSI 2 K [] LN-CD 35, H& 8728k 5 AR
A EPS ' TOC & = 28 fh a4 Kk /& — %%, S-EPS 1 LB-EPS 1 PN 5 PS & & AH b T B8, 214 FF K K%,
I TB-EPS 1 PN 55 PS & A8 fb IR 8 3, H A L. 33X nl B2 1 PH B 1 AR i R IR BE R 0 A
[JE 4% EPS i #EHh, #6743 S-EPS i1 LB-EPS %4k~ TB-EPS™. gt 4b, Fiksh i LN-CD 3 i i
Hmik5 e S-EPS #1 LB-EPS, f£ #E 15 e i /K.
232 EPS Ay =4E5 6615 Hr

Fr T PN 5 PS, EPS it & A8 it . & HLR AF A A AL 4012 94 Sy T 3 — B4R P AR EPS 4
O3 FE IR EE R BE R ) AR AR B, X2 ANTR] LN-CD S AR5 &2 F 4 B 5 5 U8 R [DJE & EPS #£47 3D-
EEM SGCREARG I, An&l 7 frz. M4 SCHRY 9, y598 EPS ) 3D-EEM JGig% ] KRE 7y 5 X (K 7a), 43
5 55 75 7E PN(Loyier= 230/340 nm, W5 A) . 4 %2 5 PN(Aeyen= 280/350 nm, U B) | & B R (Aeyjon™
240/420 nm, g C) LA S JE T T T (Aexjem= 350/440 nm 1 270/450 nm, 1§ D F1E).
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Fig.7 (a) Three-dimensional fluorescence spectrum of EPS and characteristic peak signal intensity of different EPS
components: (b) S-EPS, (¢) LB-EPS, and (d) TB-EPS

A& b, 7c K 7d, 4 LN-CD ¥ 5, S-EPS il LB-EPS ) 5 > 2H 73 X I R AIF 16 50 58 240 4 FiF
K, HREBEE LN-CD Hi, 17 25 B2 3G 0000 W 5 AiE 4 04 5 R [ 88 W] 5 TB-EPS H (9 AN [ 48 43 % 1o 4
TIF 58 B AR AL IR AN B 3, B s A T, 25 R 51 6 AR [HIIE A EPS H TOC & PN 5 PS & 48 fb—
o, ORFEDEAS EPS H 05 B i PN(IE A) BAS ] i faf % B LN-CD R 57 98 25 28 b o W] &, LN-
CD L ff 2 B B, UG (AR AT R 38 o (i 38, 3 nT g2 TR T A PR A1, LN-CD R B (1905
NG 55 05 T 15 PN AEAE A S5 R ARAUME , A R JHUH i g K 46 6 VR FH 25 6 JF 4T EPS A 280 il iX —45
F5E 6b HANFEIEZ EPS H1 PN F gt A8 fb— 20, HLXH I TR 358500 18 B 75 T 10 e Kk P e (&1 3), 2k
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— AR EPS 1 PN & i 5 52 PRi5 R Bk PEREAH DG ;B HLRR (1§ C) LA R JE Bl B2 ) ot (1% D A1 E)
B B LN-CD H,faf 25 28 AL A B S, 1500 EPS i 5 5 2400 o Xof 375 31 A K A2 RE S i AS R B2,

J T ERSE EPS X V5 e i K Pk BE A B2 M K2 LN-CD JRBE 15 e B K AL, % FCJ 3 5 s2bris
MoK fE (LA FCMC 1 SRF SRR, K] 3a Fl 3¢) 5 %5 b EPS AR S 4 B 7 i (18] 6 &1 7) it 47
Pearson AH I HE /M ET, 45 B 51 T 36 2. A4 2, S-EPS 4143t TOC 2 PN & & (f45 5 & PN K (0%
225 PN) 575 U8 A4 B K Pk BEAEAE 5 8038 TEAH M (P < 0.05), TB-EPS BYAN [R) 443 & 2 ) 45 Jid A 1k i
TAHOCPE, 4533 — 203 W] EPS ' S-EPS, ##illJ& PN 4143 & &, 515 R I /K Pk BE%% DI AR DG4,

F2 T5WRBUKMERES PNL PS #1 TOC & sl A ] EPS 413 rh 25 Fh = 4 58 61555 (38 )3 2Z 8] (1) Pearson #H 2 E 5
Table 2 Pearson correlation between the sludge dewaterability and the PN, PS and TOC contents or the intensities of
various 3D fluorescent signals in different EPS fractions

15U LEBH PPFERR
EPS#/) EPSHUSY SRF FCMC
EPS fractions EPS components R » " R » "
TOC 0.894° 0.041 5 0.929 0.022 5
PS -0.528 0.361 5 —0.447 0.450 5
PN 0.905 0.035 5 0.880° 0.049 5
230/340 0.986™ 0.002 5 0.984™ 0.002 5
S-EPS
280/350 0.965™ 0.008 5 0.9917 0.001 5
Aextem 240/420 0.855 0.065 5 0.953" 0.012 5
350/440 0.978" 0.004 5 0.930 0.022 5
270/450 0.912" 0.031 5 0.890 0.043 5
TOC 0.564 0.322 5 0.592 0.293 5
PS -0.546 0.341 5 -0.453 0.443 5
PN 0.785 0.016 5 0.909" 0.032 5
230/340 0.904 0.035 5 0.865 0.058 5
LB-EPS
280/350 0.866 0.058 5 0.828 0.083 5
exsem 240/420 0.942° 0.017 5 0.937° 0.019 5
350/440 0.769 0.129 5 0.788 0.114 5
270/450 0.983" 0.003 5 0.924 0.025 5
TOC -0.735 0.157 5 -0.801 0.104 5
PS -0.919" 0.027 5 -0.969" 0.007 5
PN —0.869 0.056 5 -0.803 0.102 5
230/340 -0.667 0.218 5 -0.703 0.185 5
TB-EPS
280/350 —0.746 0.147 5 —0.785 0.116 5
Aexiem 240/420 -0.657 0.228 5 -0.667 0.219 5
350/440 -0.858 0.063 5 -0.922° 0.026 5
270/450 -0.831 0.081 5 -0.891" 0.042 5

* Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).

3 %512 (Conclusion)

AR SCHIFGY A R HA 47 5 J3E 2 5 0 LN-CD V5 Je JIi 7K Pk BE Y G S 25 4 288, 7E AR TAERFSE I N,
CD i A it 7K %5 5 M 4R, HirP 45 CD f% 5 i LN-CD1 7E e A #% i F 8 B )5, 75 98 FCMC. SRF,
CST Fil s 535 A 98.50%. 2.56x10"> m-kg ™', 28.10s & 1.24, FF&H: 68.91%. 0.89x10"> m-kg™, 15.00 s [
0.81; HARAF 5 I 2R R e K (10 128 pum) S5t i b B % (D, i 1.92) 5 K b H AVE 2 LN-
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CD {5 e W /K (1 2R FIALEE. teAh, i TR B AR B R 18557 IR A5 F AN (3] 21 ) SCPEAE A A
THCEIEF AT TR, 1o Y DFE B, R s K PEfE ik nl it gk 45 5 15 55 EPS HhsiK 7B
(4557 & 5% PN) 456 A RUK4SR EPS; I HAR B KA IR0 T 45 M B T LN-CD JREE K45 FRG 45 28
PR BEME T, 7 IR ROV SRR R, BE— 4R g s e K PERE. AR x5 Je e B B2 v, EPS AW
T B oy & 5 o A R A DL 2 A, LN-CD REA M il S-EPS Hll LB-EPS; Pearson A3 Hr &t 2R
FW], S-EPS 443t TOC K PN & izt (G065 A i PN Mt 222 PN) 515 U8 1 /K 1 Be A7 76 5 1 AH
KM (P <0.05), T TB-EPS FY A [] 41 73 & kW 55 Jid /K P4 BE A (AR OGP, 1 AR 45 SR ik — 25 32 B EPS
S-EPS, ¢ 5l 2 PN 4173 & &, JE R 5 K PERE A 2 3R BT = 2, /248 LN-CD {5 R it /K 1 fE
LR RO 34 75 2k — 28 H O R BT 5T 5 4R, (il T 3 5 (O = B R, AR 75 YR I /K iz
FHRTS) .
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