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BER M A LR B W N A T i5 U8 3, LEE 259 BKSE b2 B T — R AR 8 8ER, LY
FOH R R BRI Y 2 50, 2 &5 BKMEREAT 2 s WEI' 280 34 2-F N 5L = W 5L b W
(CTA) HEAL BN VEN LR T 6 PRI R A B A VE R SL 2R BER, 8BRS U8 J5 & B Ha faf 28 2 i vy 11 22 05
751 ElL v R R I R AR B i, K AR T A

SR, ANFAEEREAES ARBLE . CHLLER BRMEMEE, (RS FEIS IR
T, PR R A R S A TR A B ELBE K P RE A2 pH S MR K s A L ZLEE R A L O AL
L AR EHREU Y, REREMM LB NN M E A LER, RS S TR b AEE
FER RER 1) W B 2R A DI BE , 32 pHsZ /N o RS AR R . ELBIF 9 TIE BH 5 Ak R FH 0 /K TR 5 A 38 B AR
U, FEVSKARER D TR RAF R RIS EU A S e A S 2R R R TS U8 M K T 1
FERZ I,

ARHIFGE LA GE R GA -+ /K BRI ER R JRA R, 3l 2o 2 R NI AR T PASS e DA T T R AUTE 7K
I HRIATS P NI G, T T TR PASS #5505 YR K R RE S I, 4045 SRF A1 CST; [,
W5 T AR5 T i5 78 EPS R 1 22810, 45675 U 10 B K 508 . IR A0 T 5% 35 U Ji 7k
FIHE .
1 MB5RF*®
1.1 IEER

TR SN JLK LB ) (Na,Si0;-9H,0) Al PAC ¥ R SCi 4l 2 T 72 G250, # &M (C.H,,0,) .
K (CHO0) A+ /KBRS (AL(SO,),- 18H,0) ¥ Mor#rali; 2F & A bR A ; HiMR (H,S0,)
St st
1.2 SRKIERMR

S0 R ) T P Y U B 1 R T T KA BT R AR At S e . TS YR B TS K AR BT EREL S, WA A
KB AT R, FRTGIET 4°CARRIRAE, IFE7d NS, WItRTS TR & e b5 N3k 1.

*1 RiEREMMR
Table'1 Properties of raw sludge

EIKE % SRF/(x102 m-kg ™) pH TSS/(g'L™)  CST/s TOC/(mg-L™")
94.3120.025 0.958+0.06 7714002  56.95£025 95493 2336+14

1.3 XWHE

1) PASS il % . PASS #45 MA S5 iy ikl 25 . BB ER I BFE TS, S R 47 mL
() 0.5 mol-L™" ik BRAH 7 ¥ L 0.2 mL-min" A9 3 8 V£ G 37F 20% A9 B 2 v W b, MR & 7 TR pH 3k
3.5, KA AIR A I E R TG O h MBI R EE R IA W . RS AERE IR AT, B IS LA
0.2 mL-min" #Y# ZK 0.5 mol- L™ BT /\ UK B FR GRS W LARE AR LU 101 1 122 A9 i 248 T AT b
MR EERR IR, IRA R NERE R T 24 h, SRIG AR b 65 C M= fH &, #4529 [ Ak
AR I8 B A A A5 I S AN

2) 75 P VH B G i . B 200 mL 5 98 F 300 mL BEAR R, B T HLEhHERE S (HD2004W, _E i)
R B, migle R A — 2 B E N 300 gmLT' 1Y PASS DL PAC ¥R, 7E 250 r-min' PR I P
3min, ELEERFTIRE], KRG F 80 rmin' 124 30 min, & A 2REE N . ZREELS RS BUS e kR
i HEAT IS AR AR I E .
1.4 SWFEE

1) PASS BYZ5 M R AE . >R A8 B nh 21 4) (FTIR, Spectrum Two, PerkinElmer, 3¢ [&) EfiE PASS #Y
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Oy FEERE LT ANETE B IR TG Bl 2 000~400 em !, FAFEEE N 4 em ™, FAHE 3 EESY, BUYME.

2) {5 e tL BN % . SRF >R CAO 46UV i i i 19 77 1 o B 50 mL 75 U2 T8 JE AR (Amicon8400,
Millipore, 3&[E) H17E 0.2 MPa SIS T il 38, i FHHE F K °F (AX523ZH, OHAUS, 3 [H) f:F%
10 s ic el JERTIE M A, R REmIFH . SRF @S (1) HH5H,

2PA%b
Hw

K. PRI IR, Pa; A N uEmAL, m?; b i uERt oV A VARG R A RER, Horb s ki
JERFIE], s, VoA R B R R At uE MR, mL; p AUEMRE B, PaS; o NI UEA T b LA AR
T 5 e, kgm™,

3) 756 CST ¥ . CST %1578 CST il 51X (304M, Triton, e [E) &,

4) 15 R R E S KRB . R HEIEM Millipore, 38 [H) ¥ 5 R R IR UES , K I 285
BB MHE R DB AL R ) X TG Je AT K, B BT A8 U8 DFACA 105 °C L4 (PH-030A, Lk —
LED Y (1o V= =N B U I 42 11D = 10 s UL W Y e A

5) 15 le REDESA I . JHHE M5 IR R IR TS, WA BT B U8R (JSM7401F, JEDL,
H A WA Y5 e 3% 1 i TE 50 .

6) 15 e EPS $2Ht . 5k EPS $L 2= % ZHANG % 1) 73510, B 50 mL A #5  T 5 .08
il 5O HLFE 3 000 romin™' T 2500 10 min, 45 IE WA SEPS; 1] &0 8 H A 0.05% NaCl i 2
23| 50 mL, R AHWERIED 4% (Vortex-Genie 2, - Scientific industries, € [E) {R2JFEN, H# A T 20 kHz
THEA 10 min, FJ5E THEK 150 rpm #%4) 10 min, F-#5 3 min, H&/5 T 5000 g F &0 10 min, $2
B E W LBEPS; 4K %5 7] B 045 P A 0.05% NaCLIE I E 25 %) 50 mL, i FH e IR 7 %% (Vortex-
Genie 2, Scientific industries, 3 [H) JRAJFEM, JCT 20 kHz F#E7~ 3 min, RJ5AKIBHLH T 60 C
K% 30 min, PP 5000 g T &30 10 min, 35 W E) TBEPS. 42805 19 EPS SR 0.45 pum J8 B &
Ji A S5 SR

7) 75 e EPS A . 38 ik 4o BE L N AR BUS EPS M 2 S B A S R . DUAR LT E A bR
B, SR S ss i G-250 Wil 45 070 IA w5 M AR R, el B IR R 1 0 2 Y
2 #HR5iTE
2.1 PASS BIEHIRAE

1k PASS ) FTIR % &, 1050 cm™' &b (R AR IE 2T A AL-O-Si £ 1 {0 4 IR 51 1), s B Rk IR
AP R AT 8 A5 974 em™ kb iy W ig 6

SRF =

M

FR M ALLOH-AL R WK 19 1A 35 2129, 605 SUAITE E
cm™ &b IR I R A 1 =X AL-OH (1 45 3% 5h 215
454 cm™ Ab B9 AR 2 Si-O, H-O % Y 25 il Si/AI=1:2

Pk 21 P, SUALEE JR H A 1:1 19 PASS 7£ 605,
454 e Ab A L0 AR IR v T 12 B, A B
i PASS H 7= A 38 £ 11 Si-O, H-O L} Al-OH
LU, LI AR AR ROR v BB A AT s T AE 974 cm!
b B SI/ALBE SR F R 11 K PASS ZT A1 1 iz e A%

1050

2000 1800 1600 1400 1200 1000 800 600 400

T SUALEE/R H Ry 1:2 (1 PASS, BB Si/Al FE/R /e
FLoh 1:2 (1) PASS B B £ 1) AI-OH-AL#, 1Y B 1 PASS A& FTIR it [E

A FL R R FH AT R A0t Fig. 1 FTIR spectra of PASS
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2.2 PASS BYRR 7K &E

2 JE R R iR SRF Al CST Bl PASS & PAC #% in i A A8 (b A% Ol o 3 Fh 4 L8 B 5 75 T /1Y)
SRF F1 CST #Fifi 3 4% fin &t 9 3G 0B i g/ o X2 Ry, V5 IR R A AT, S A IE L far i 2
BERN BTG IR i, A%mﬁﬁ$@¢ﬁ&ﬁ AR5 T AR R AR, BEHOTS U b (i R aiK s [R]
i PASS Y4 25 1 23 1 — 20 JEA AR 0 35 e AT T 0B K 2244, $2 s im e i ok g vERe . RIS
Jé ) SRF 5 CST. 4 Sl/AlE}”‘:‘/J\ oA 101 B, PASS #8385 ¥5 U2 9 SRF [ 6.15x10" mkg™ FFEE] T
2.91x10" mkg™", CST Hi 954.1s FF#%| T 601.1s; PAC W H 575781 SRE /1 6.15x10" m-kg™' T [ %)
T 3.39x10" mkg", CSTHi 954.1s FF&EH T 638s, fm T HIH . XM, SUAIEE/R N 1:1 B (1)
PASS f4JE FERL R 5 F PAC, MUAF Si/ALFE/R EL Ry 1:2 i), PASS & J5 758 i SRF 5 CST #B kb E /R
Pk 101 By, X2 R Y S/AL BER FEEIRES, BT APT3Sin R8EE R AL L, B AiGe
Ao, W R ARA RE 55 PN, W] BESE I R Y SI/AL BER L EIRI), PASS MU SR A A AL B,
M 24 SVALBEIR Fas@E it ARG 28 AL O PASS 1Y 23K 432,

6.5 1000
6.0 —m—[:1PASS 950 —m— [:IPASS
sl —0—1:2PASS 900 —o—1:22PA SS
o~ 2 —A—PAC l} % —A—PAC
o -
2 5ol — A 850 §
g - 800
= 451 & %
S 8750 b
= 40f i N
5 — 700 +
& I
35F \2 650 L
3.0 i 600 f \é
2'5 1 1 1 1 1 1 550 1 1 1 1 1 J
0 40 80 120 160 200 0 40 80 120 160 200
$ehit/(mg - gTSS™) $ehit/(mg - gTSS™)
(a) SRF (b) CST

2 T [E SVAVEE/REEHY PASS F1 PAC I8 53558 SRF #1 CST AIZE 1L
Fig. 2 Effect of different dosage of PASS and PAC on sludge filtering performance CST
2.3 PASS R & KRS
Kl 3 R DF & K Ak % PAC FIAS [|] SI/ALEJR L PASS #% & (148 4k . >4 SVALFEJR Ll 1:1 B,
PASS 1 PAC B & (19 U8 B 75 /K R AR Bl 25 B I3 0 588/ NG 38 K . 24 PASS (9454 100 mg-g !
TSS B, Yo PF & K%k #d A, O 61.21%, o -

PAC £ 40 mg'g ''TSS it 53 /M 63.68%, H N R 4}
FIr A Bk T PAC BB G & K i T SVALEE —A—PAC 4}/%\‘}/

JREE S 150 B PASS, U6 B SIALFE K [ 1:1 661

it , PASS V5 U8 /K 43 9 2 R AR B A, X 2 T %Ki%%\
64 | \ *\%

Ve k2%

Ko PASS ANAA HL AR, i A WL SR B

YEH . 1 PAC UL R AR o 200, 1 Y 63|
SY/ALEE /R H 2 1:2 1F, PASS 7E 200 mg-g' TSS ol é\
SRR, N 61.72%, H 4#H Rk, o1 L , , , , ,
R YE & KRBT SUALEE/R H g 1:1 i PASS o ﬁﬁf&g‘g;szs‘{l) 160- 200
PTG e . BRI B, T5 e ok

WA R, WA R oM PASS R PACITRA A ARMEM

- . Fig. 3 Effect of different dosage of PASS and PAC on
B, J5Ie Rz B ELHEF 71, SRR moisture content of sludge
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w4y, M ARAPLE K 50%~90%, H. EPS Fh R F A WL J 3EK M &
XL SRR W 0t 55K 43 B A5 A N TS A T T 18 A K g P,
PASS f PAC #3575 ¢ EPS &5 H 2B/ AL . 24 SVALEE/R LR 1:1 B, BifiE PASS A% h= (1)
SEPS # [ M Z W5k B 56 - F+5 T B, LBEPS & 1 FI 2 Bk %

2T R,

XN TBEPS - ZZ LBEPS [__]SEPS

s

140 200
&m/(mg gTSS™)
(b) 1:2 PASS &
[ S TBEPS
Y/ LBEPS
[ JSEPS
0 100 140 200
Tﬁﬂ/(mg gTSS™)
(d) 1:1 PASS £
i Y TBEPS
Y77 LBEPS
|:|5EPS

i
n
%

& 4 N A Bl SYALEE IR HE Y

1Mi TBEPS M2 I

i

/(g - gTSS™)
(f) PACZHi

Bl 4 A[E Si/Al EE/REE PASS & PAC i35 EPS & H M % HE K B AR
Fig. 4 Effects of PASS with different Si/Al molar ratio and PAC on the concentration of EPS protein and
polysaccharide in sludge
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FrJa F R, XA PASS JE45 T 15 6 &Y EPS, f# 45 LBEPS #8432 1 #11 £ B [7] TBEPS #% # 1,
SEPS £ [1 28 56 I T 9 J DXL ] e J2 0 46 Bk 22058 350 i AT 108 T s 4 595 U LBEPS 1 2 1122 M
JE45 LBEPS By 45K, S30—#B4> & 4 # 3| SEPS, [F W) Bt LBEPS HL 19454 7K, %5 WANG 45
FIWFTE— 20, BG4k SR8 i, LBEPS 2509 22 8E R R 4a ik 3K, 228850 T 46 1 45 TBEPS 1 &
F 20, SUALEE R H b 1:2 B ) PASS 5 PAC 3 ¥ J5 75 {8 SEPS il LBEPS & (1 £ B () 251k 5

Si/AL BEJR HE R 101 BFARAL, {H 2 Si/AlEEJR ol 1:2 BF TBEPS & 6 & 56 R B Ja B T,

PAC 3

J5i 1975 U8 TBEPS 5 FH e JE B Wik /N . X AT REZ I hy, Si/AlEE/R He oM 1:2 ) 19 PASS & PAC H IR

A& AL N B, SLEZREE T FTRE TR
T AR ARE 11, X EPS By JE 45 g 1 B0 .
25 EPSEHBEZHESIKMEREHERXMESH

& 5 Sy AS ) 22 %k 57 I8 B S 75 98 EPS 19 85 (A
Z Wi 515 Je K48 45 SRE. CST File vf &
KR Z B AR . 20t 3 Ah B BER A B
SRF fil CST #45 SEPS il LBEPS & [ £ fi#f 7 it
SEHIEA M, H SRF F1 CST 5 LBEPS % [
LA B AR O E X T B SR Y5 U2 EPS
TR R 20 SRR I B, EPS Hh AR 1 26
P14 6 A1 K 25 5 T8 B4 2 KPR FTORG PR ARG, 3R
TG R K PEREE P SR = R b AL E B S
15 )¢ TBEPS & 11 2§55 = Fi i 7K 8 #r 19 AH G
PEEIARTE . 24 PASS B Si/AlBEJR Ll 1: LI,
TBEPS £ i 5 SRF F CST % Bl Ny 1 4 5%,
Si/Al FE/R I 1:2 I PASS H1 PAC 35 TBEPS
Z M5 SRF. CST LA B YW 57K S840 3 1F A ¢
KF; MY SUALEE R L 1:2 ), TBEPS £ [
5 SRF. CST FIif &K R Gidi%, PAC
P J5 TBEPS # [1 5 SRF fil CST & ¥ 1E A ¢
P, TR AT B A F PAC, PASS A 5% 1)
W MR MR RE J1 ., H SUALFESR IR 1:2 I PASS
B E R AL FH 5 T Si/ALBEJR FE R 121,
2.6 SIRENGH

&l 6 Sk A~ v 22 53] o P S B 75 U6 SEMIA .
JRUEH A R AR, R T, LR
D S BB AK R YE . T 285 PASS Al PAC i B
Z a5 R AR AR H 2 AL, B T80
SEM, XA B T HUBUE 4 B O K A 25 BREY
M P2 Bl 40 mgg ' TSS I, SI/ALFE R L Ky
1:1 /4 PASS Jir & B (1% 75 J¢ 26 1 A9 FL B DL B K
LEEMALB T S el 2, HALRb K,
PAC & L J5 19 75 U 2 I 1) FL B 852, Si/Al
JBE SR HE R 1:2 I Y PASS 3R B A 75 18 25 1 LB

1.0
0.8
SRF 0.6
0.4 oy
0.2 ﬁ
CST Y 0 2
-02 =
04
FCWC \ -0.6
08
S e e o e 0
S & & & &
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02 g
“#ONIID,::
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S~ & & o o o -1
F & & ¥
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0.8
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CST o 3
K
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Es5 5REKIERS EPS EA S EMMEXMHE

Fig. 5 Correlation diagram between sludge dewatering index

and EPS protein and polysaccharide
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l_‘L.‘.
(d) 40 mg - g TSS PASS(Si/Al=1:1)
: el

(f) 40 mg - g"! TSS PASS(Si/Al=1:2)

nm x20.0k SE{TUL}

(b) 40 mg - g”' TSS PAC

(g) 100 mg - g TSS PASS(SI/Al=1:2)

& 6 [ Si/Al EE/REL B PASS & PAC i Fi5RHEE
Fig. 6 SEM of sludge conditioned by PAC and PASS with different Si/Al molar ratios
ZAHKALAE D, BEWT SYALEE/REL R 1:1 B PASS ¥ BE 5 /935 Y i Kl a8 £, 5 B0H K 830 %
Uf o T2 SR B TS 100 mgrg ' TSS B, Si/AIEER HM 1:1 B9 PASS LA K PAC JHHE 475 e %

Tl LB SR /D, AL R [ 5 ¥5 78 2 i i /K
WD, AR SR BT, I SIALEE IR
Eb A 1:2 i) PASS 9 i 35 Je 2% i fL AR 3 K,
FLBRFILACAAR, V5K EEY K, SR
BEEK R T X 5P E KRN —E
27 ZF%E

% 2 M il 7 PASS Fr 75 B9 Tl 2% 245 557 DL %
Tk %% PAC H ks . B3R 3R AT R4S, 7
AN FE PR T FE R TR R, R [F SYAL
JEE /R It PASS MM k& 1% 8. G A 1t SI/AL EE R
Fboh 1:1 89 PASS K2y 75 % 1 98870, 1 1t
Si/Al BEJR H A 1:2 B PASS AYS LN KEAE 1 814
JCZE A, T Tl 9% PAC By 4%l 2 400 Tt
T 2 FF SU/ALEEJR FE i PASS,  HBE KM BE HE
Si/AL EEJR FE ol 1:1 B PASS 2%, 3% 16 B fr il 44

=2 #HIFPASS FREHI T I KR AFIHI RM

Table 2 The unit price of the industrial-grade agent required to

prepare PASS
27 s/ (ot
L 1200
JUKEERR A 2000
QARG 800
REAE 2400

R 3 [E SAl EE/RELEY PASS BN IS4 H
Table 3 Price calculation of PASS with ~ Jo-t' (LAl 451 t

different Si/Al molar ratio PASSiT)
LB Bz FUKTEmRAN +/UKBiRRE:
1:1 PASS 133 1262 593
1:2 PASS 93 888 833

T AREIEHUARATE T HFE
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BHET5 P e K J7 T B AT SEBR 5 X
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JZ F B 2R T RE . B BT PASS 5 PAC LA & B, SY/ALEE/RELA 1:1 B, PASS 1A HEE 15 e
) SRF 5 CST Lt PAC ik, Mi/KH:GE Lk PAC 4f
2) ME TG IRIEYE A KRG L5 PACHI L, SVAIEE/R LN 1:1 i PASS I BIAC R4y, HAE
RFIR BT, SUALBE/R LA 1:1 B PASS HITEBRCR A 1L 1:2 I
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Abstract Two Si/Al molar ratios PASS flocculants were prepared by copolymerization reaction with silicate
and aluminium salts. The sludge specific resistance (SRF), capillary suction time (CST) and moisture content of
sludge cake after flocculating” with PAC and PASS were compared, and the changes of protein and
polysaccharide of extracellular polymers (EPS) was analyzed. The results showed that PASS could effectively
reduce SRF,CST and moisture content of sludge cake, and the best dewatering effect was achieved when the
Si/Al molar ratio was 1:1. The contents of protein and polysaccharide in soluble EPS (SEPS) and loosely bound
layer EPS(LBEPS) reduced after PASS and PAC flocculation. The contents in tightly bound EPS (TBEPS) also
decreased after PAC conditioning, but after PASS conditioning, the contents exerted an increasing trend. The
sludge scanning electron microscope (SEM) image revealed that the sludge floc changed from smooth and
uniform distribution to rough and porous, and the porosity and pore size reached the maximum at Si/Al molar
ratio of 1:1. Additionally, correlation analysis concluded that protein and polysaccharide in SEPS and LBEPS
were positively correlated with CST and SRF. Finally, as to economic evaluation, it is found that the cost of
PASS without power and equipment considerations was lower than that of PAC, which laid the engineering
significance for the application of PASS for sludge dewatering.

Keywords PASS; EPS; sludge dewatering; dewatering performance; correlation analysis
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