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Effect of different molecular weight and ionic strength of CPAM on
sludge dewaterability

ZHENG Yuyi"? ,JIANG Juan"?, SUN Qiyuan"?, LIU Changqing” "

1. College of Environmental Science and Engineering, Fujian Normal University, Fuzhou 350007

2. Institute of Environment Science, Fujian Normal University, Fuzhou 350007

3. College of Geographical Science, Fujian Normal University, Fuzhou 350007

Received 4 March 2016; received in revised form 27 April 2016; accepted 14 May 2016

Abstract: Cationic polyacrylamide (CPAM) has been widely used to improve the dewatering of municipal sludge with its superior flocculation effect.
However, because of the diversity of the molecular weight and ionic degree for CPAM, its dewatering mechanism remains unclear. In this study, the
dewatering mechanism was discussed through a series of experimental design on CPAMs with 12 combinations with 4 molecular weights and 3 ionic
degrees. The studied indicators included the supernatant turbidity, the specific resistance of sludge, the Zeta potential, and extracellular polymer. The
results showed that absorption and bridge may be the dominant dewatering mechanism for CPAM with low molecular weight ( <6x10°) or ionic degree (<
40%). For CPAM high molecular weight and ionic degree, on the other hand, the synergistic effect between adsorption-bridging and electrical
neutralization may be the dominant process. The decrease in nucleic acid content in extracellular polymer with the increasing ionic degree may weaken the
hydrophilicity of sludge.
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1 5|F (Introduction)

T KA B e B 2 7 A KR TS U, X e
R EACRAR m, H K PERE 22, i K34 i T )5
SEANFRIAT () UL R, 7R XS YR SR TG AL A
U AL Z B2 T ek i A A B B RRAI T U8 Y 5 K
K (Colin et al.,1995; KM AL5,2009) . th THI 475
YR RURE 2 [ 441 7 L A7, SRR PSR, oK T4 S
e B L, AT K Z 0, — T e A2
B IR B A ok 3t i K M BB S, O BB IR AT AILARBE /K
(BERAE4E,2013) . PHE T RN M B (CPAM) 7K %
PEGF HEAT IE FLRT , AR o R A 2R I R A5 1
55 e R AH 25 A (&7 R A5, 2013 )5 410 4,
2007; Lin et al.,2001 ; FPAFLEF,2008) , i ¥5 U (1 5%
TRAERI R ma /s (SR AR A5, 2013) , bh At 22 5E 71
BRI WO A S PR A e gl Tz A

SR = 8801 CPAM A By 52, i 455 U i /K it
PR Ry 75 K Ak B )38 4T BUAS B 19 B YT ( Bruus
et al.,1992; Friedler et al.,2006) , 1% PR35 () 24 57 2%
WL 515K BT A 30% ~ 60% (2= 1 B4
2012) . KL, 3% FH A 1& 19 CPAM 275 Y8 = 85U 7Kk A
FAARR AL B AR (10 SRR B 2 M I, T SO A A 4 42 [l 4%
AR TS UK BAS (K T2 58 AR BF5T, F 8 4R
TS A 25T VR A WL O HLIR B 7RI A A
S5 LN, 2R 2 4 (2012) BFST R, ALk S5
CPAM K & 1A B v] $2 55 75 U W 7K 85028 2248 4%
(2010) iz FI ¥ filHe AR LA Ak 27 TR B8 570 65 e iE 47
PRI . AL — LB 5E K1 CPAM X5 e B AL P
SR IN | T2 BLAE X 2 70 o, 2R A (2012) R 5T
T CPAM #2575 I8 B Ak % J5= 04 5% Wi, i 1 %ot
CPAM {75 Y& JBE 7K (%) ML B AF 55 1R 20, 4% 51 &
CPAM W2 [t 22 477 55 # v X 15 U8 i 7K 1) B3 ] 4
FH,CPAM ZHEMEY 43 7 5 A1 B X 1 3 1 ol
PLER R FER 52, LA K CPAM X5 e B 7K A 5
N F—H S B A W ( Extracellular Polymeric
Substance , EPS) B2 | i 2 WLAR N B4

PR ASBFFE R B 12 B[R] 23 S B 1)
CPAM X 4315 I HEA TR EE I 52 35 J¢ FUBEL 35 08 -
THIRIRE Zeta BLOL MAMR G, 456 =90
OIMTRETBLARSE CPAM 4 i 5 5 1 B X5 Je i
IR BB 5 M ATLEE , LA Sk ¥ 7K A B ) 35 60 1Y
CPAM #-5 Fisll - & T35 T WK 19 5558 CPAM
Pt 5%

2 #P57HE (Materials and methods)

2.1 R M A
2.1.1 FRKRIFE  SERTE UREL A AR N FE RS K Ak
PR i R Ay T R RSG5 VB £ 560 hm?,
A5 K AL BAE J7 9% 10* m*d™", 2 [ PR LR
FHEA B RBRBE A0 T2 FH] [ A5 30 i 17 B
15K AL PRI .

xR JF G A3 T5 U8 B ACRAR B (20 99.8%)
HCHS BT B 065 e 2 F iR TORE, R Je U 2k
A5 VAR S G YRR (R A S ,2008) S g rh
F 75 IR SRR S HANE 1 k.

®1 SRHOERER

Table 1  The characteristics of the sludge for experimen

AT R LR VR Zeta  T5IRILFH/

FEECEEST TNy dmfeV (meke)

1.49% 17.4 8.1 -2.913 2.01x10"
2.1.2  ZER BEEHRIN 12 FORE S F 5 M

FEB) CPAM, A1 A i 25 UL 3 2. H 4l 7KK CPAM
VA AR JE 0 LR 2 S 300 mg - L7 MO T T I5 081
LS, IR B CPAM B L g i5 e 115 e
T 0.3%400.

*2 MHBFERABRNIE
Table 2 The indices of CPAM

i TR ETE| RS rFE BT
CPAM-1 6x10° 40% || CPAM-7  10x10° 40%
CPAM-2  6x10° 50% | CPAM-8  10x10° 50%
CPAM-3 6x10° 60% || CPAM-9  10x10° 60%
CPAM-4  8x10° 40% | CPAM-10  12x10° 40%
CPAM-5 8x10° 50% || CPAM-11  12x10° 50%
CPAM-6  8x10° 60% || CPAM-12  12x10° 60%

22 REF#E
15 U8 FL B 2 BROK TS Ye s il TRESEE0 ) (B

PEAE,2003) "R RE J5 3k s HUBER L WGZ-2B 2
WAL (AT B AR AT PR 7)) A 5 Zeta HA,
{37 K H] Zetasizer Nano-ZS ( Malvern Instruments Ltd.)
M RE 5 75 U8 1Y i 4h 2 & W) ( Extracellular Polymeric
Substance , EPS) SR IR UL (Li et al.,2007) 4
W, BT AR B DA TP 50 mL SEER TG,
4000 r-min~" B0 5 min J5E 5 _LIEWR, MA 15 mL
19 0.05% NaCl ¥ HEATH A, # BN E] 70 °C
¥ 0.05% NaCl ¥R BE 2 50 mL( AT 75 Je AR IF
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SEBIGRE] 50 C A4, LR IR FGYLIE D 5 min
J2 4000 r+min”" F L 10 min J5, BEE F3E R
B AT R RSN B AP (1B) s 7E4:
LB Z 3R B A 15 IR r B LA A 0.05% NaCl
VAW E BRFRE Z 50 mL, B A 60 °C /KB H i
% 30 min, -4 4000 remin” ' FE.0 15 min 59 I
HWRE NG SMINREY (TB) . EPS T2 i EiE
VBT B T L 2 R R A R R AE, Hoh B
R FH % T 3 5 W VA T () ZE 4245, 2006) , £
R FH AT L 2,300 7 ( BRI HE 5, 2008 ), B TR F 4%
AT RE I E (8 HAR 45, 2009) .

= 4k % % Ot . ok ] HITACHI  F4600
(HITACHI, HA) 55643 6 6 B T | 3 & G IR
FERAT, B & WK AL, = 200 ~ 420 nm, K %K
A =250~500 nm, WA HEE FE BN 10.0 nm, KA
PeaETiE R 5.0 nm,fﬂ%ﬁﬁj’ﬂ 12000 nm+min"" 6
T T #E FL Solutions _E3EFT. = 4E5e 6 i 25 5 LU
JXK R R ) ARER R S K AR
RWA T ARE SR R Tx K (0 = HEE |, 5%
RT3 05 1 (LG 25, 2012) XHE BB = 446 14
PEATARBE AT T P | v A N = ARG R - & G
SIS T 3 AS L T TR A SRR A

3 ZHR51Fi8 (Results and discussion)

3.1 B CPAM {35 Je it A M 6k o % v

15 U6 LU BEH FR LG BELT , 2 R AE 75 e I K M fig 1)
—T0 5 B A A 38 H TS R LU B | F R H K
REAHXT 34T, RIERZE 5 B 7K | 2 22 U e e e 7K . A i
WF5E v o A [5] CPAM 8 315 15 Y8 19 e B HT
ZE5 R CPAM 143 F 1 5 8 F B X 2R BEUR
FA ).

BT A SR (a5 Je Tle i iy 0.3%)
1928 2 v 12 PO [E CPAM 38 315 (1975 U8 L B UE
AAEAE S P LA 00 CPAM B A% 75 U HLRH.,
AT 5 B K P . S 86 & B, 40% . 50% F 60% 3
FIES ¥R CPAM B % 43 m 4 K, FLR3 s /s
e FUBH AR ¥ 52 B85 o B 3 I AR, Y o T ik 3
10x10°HF , 15U Fu BB FAaE , R I X A si Ve A
B IEANE K B, BT FE A 50% %) CPAM [ BRI
W BAR T B 7R 40% 1 60% 1) CPAM , 3t B 11K
BT R CPAM ] 4t ) 1F H fap A A FR, Sf
HFITRE ) AN 2 1152 ) 224 5 o v S - B U s il
15 U 244 R L R i o 3k 22 it S G R AR ) PR

AV T JC 125 B b 2R 5 (20545, 2012)

25
20F
TQD
=
Fosk
2
ek
S0k
= —B— T 40% SN
i o BT 50% A
051 -A- BT 60% L \\.\ .\l
NG S
N 7Y
0 | ] | ] ] 1 |
0 2X106 4X10° 6X10° 8X10° 10X10° 12X10°
STR
El 1 [E CPAM X753 bk PRI SN
Fig.1 Influence of different CPAM on the specific resistance of
sludge

3.2 F[E CPAM Xt ¥ %t 57 e EH MR WY w

CPAM F 75 I 9 Joi 5 7K 2 Fb w0 5 % o S A7
CEAE M R R R LR R VR, B CPAM
HEHF B)—CO0— ,—CONH,— —NH—%5 J5 1 %&
[N N S | A5 AN T VAR S 1 A - B B 9 1
T OB CPAM X5 e 1Y W B TR e A

AT FE A, 15 Y8 78 B T2 A 0 P %) 22 571
R S BB EARS XS IRHY Zeta AL A5
Wi ( Lin et al.,2001; Hou et al.,2003; Leland et al.,
1997 ; X1 4§ £ 45 , 2000 ; Bob et al., 2001 ; 25 Jk 411 4
1997) , LI Zeta HL A A5 AL 1T Ji ke 75 8 22 ¢ 0t
PR RIRR S

WA E CPAM & BLS 75 Je b3 W nd B &
Zeta HLOL, FFISEFRAF CPAM B o 15 W% B 4205 1
X5 B BTS2, A B o AR o T
BT A 2L R AR .
3.2.1 FFF CPAM X 7FREZ BN RN P ™ 2
S 12 Ff CPAM P E 5 )6 LI r) AR b 25 2R
MR LIE H BT CPAM 1975 8 13 ok
KR REA, X2 B T 75 U 2 07 25 Bl 40 ks 78
CPAM 9 HE R 55 2R 0 W BFEVE T B R i Ak, s
Je it L BETTIERCR R IR T (25 B BESE 2012) 5550
KX T TR 60%1) CPAM , 1385 i B Fifi 7
TR AR, (52453 F 5 > 8 x 10° i), 3l B AN [
RT; 3% R BB T R AR F CPAM A S5
J&eFF (Zhang et al.,2010) . T 28 &E 50 G 75 56 2= i g
e KA PR BRI BE 25 5 i 7 5 2R B ARCR B B AR OG,
WOTE G LR MR E T, CPAM 43 14 5t — 5 3 [l
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B, S0 7 R I 66 9 A A2 B T 4 22 8 T A BV TR
SO R (SR AF, 2013 Xia et al.,
2008 ; Salehizadeh et al.,2001) , WA T 1 T b 5 00 T
ZUEESUR AT R TR 40% () CPAM, |38 Wik Ji
oy TR 6xX10° B IRAIK, 2 J5 Bl 47 i 3, A Bk
WM B R L | B T X T R
I T B CPAM PR H oy 25 B 45 /0N, I P o B2 A1
XA, B R RITRE ) 855, 15 Ve A B AR 1 2 4G A
70 R B AR SR 7 DR B TR BRSO 22 4 1) i v
R T et v R ER R & A H e R R TR L,
HUR 22 40 1 kL AT 2 77 AE B35 W ( Prasertsan
et al.,2006; 437 % ,2012) . XF T & F R 50% )
CPAM, = ¥ ¥ B il - et B T AR A1, 522 0 2119
Lok O R ] UL 5 B LA SBUR BEE CPAML 1 I
BMEVE T BB AR TS 4 ) CPAM &7 B Al 4T 1
HEIT, P X R EESAG A AR Y R R .

9~
g —m— BT 40%
AN -0 BT 50%
7L \‘\:\ el %%E 60%
6F
D
zZsp
=
BAr
3+
2+
1F
0 1 1 1 1 L 1 1

10° 6X10° 8X10° 10X10° 12X10°
SFE

l 1 1
0 2X10° 4X%

El2 F[E CPAM X Lk & #3500
Fig.2 Influence of different CPAM on turbidity of supernatant

3.2.2 A [F CPAM xt L& iR Zeta BALHY B 12
Filt CPAM 28E 51508 L IE R Zeta LA ASAL AN 3
FIR AR 1 AT R 2 CPAM JEBR 5 IR i
AR 8.1 NTU, Zeta LA A -2.913 mV, £ H 1§
WAL T HE RS AR A Rt i) S0k 4 R 454 171 R
T A EHE R, B 7 AE L W JC VR UVE R ok B
CPAM 4 B 5, 9% W Zeta W3 A7 1 7 %5 1E, 5 W]
CPAM Bi7AR T J50hr 4y 35 11 1) F A At e 4 A7 Bt
Fa it X5 U B Zeta H A 46 X (4 FH DG 1 43
TR B, P 2 3 A DC (p<0.01,r= —0.829) , 1)
B e ) 2 A2 A R SR AR B 7 1 ¥ 18 JURE 22 8 1t
K, 15 e B K R BEAS 242 5.

m & 3 A, M CPAM By B 1 B ff1 BE )

18
16
14
12
10

B BT 40%
@ BT 50%
—A— BT JE 60%

Zeta HIfif /mV
[ IS I e

(=1

rrrrrrrrrrrrrrrrrrrr1rr1rrr1?

-2
-4
-6

1 L 1 1 1 1 1 L 1 1 1 1 1 |
0 2X10%  4X10° 6X10° 8X10° 10X10° 12X 10°
HTE

B3 A[E CPAM Xt L& Zeta RAIHIRM
Fig.3 Influence of different CPAM on Zeta potential of supernatant

M, % F 17— B 7 BE B CPAM T8 35 75 R I 75 i
Zeta LA BRI R i (AR S M, H A 71
IR BT, Zeta FLALTHE 550 F &3 KA AHC
PERE H R EUE 0.854(p<0.01) . X AT RER i T
AHIF] S BERY CPAM 25 53 F SR 3G 00, SRE 45 40
S A% BT W IR RE g | B 2 A L A B 3 AT A
AR FAL A UKL )t gl B T, AT A5 V5 WY Zeta
HLAZ IE (AR K TN CPAM AY43—F 1 Ff BE 434, i
AGFFHH 6x10°( 3 F CPAM ( CPAM-1~ CPAM-
3), LIS Zeta HLOAEEANELH I IX& T 3 F
SRR/ CPAM IR G SR E ST, B+
JEE X 2R R B NE ) 5 M A /)N | 2 R AL 3 DA o A7
F. B FH CPAM 4 F it & K (i A CPAM-4 ~
CPAM-12) ,Zeta HL{5 FH A (E AR A IEAE, AR fb 10 3 10
B CPAM 1) BH B ¥ H i 0 JF 4 95 W b b R 44 Wl oo
FVE R, DT A0 AR B AR R e i L M X T B R
50%F1 60%11) CPAM, 53 F 4 10x10°( CPAM-8 5
CPAM-9) 1 12x10°( CPAM-11 5 CPAM-12) [ Zeta
HL A AR AR /N 2B E AR CPAM Y 23 T ok, 28
R B A7 P i I PR T3 1) 9 A A L P i 3
Z—ERE ST IRBHRS CPAM 4> 758 2 1E i ( Th (&
F555,2013) , 1l CPAM [5G 45 X DL 52 2 3T JF
(Zhang et al.,2010) , 2 i ZE 45 W [FF 4 FH A5 21 #00
il , T BEL L 5% 45 44 I 1 H i 7 0F — 25 B B i, il
5 IS Zeta LTS FEIE K.
3.3 IR CPAM Xf 53K & 4 0 % vl

5 AN R G (EPS) 2 G 5 X
WA W RESMEY, FEREAT
R M. & B SUZZ5H8 . A2 AL & EPS
(Loosely Bound EPS,LB) Z5##A 6L, oAl B 7, B
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F R 92 B KT EPS( Tightly Bound EPS,TB) Kl 4b Y PEEIE (A /Ay, =280 nm/360 nm) N {4
S i A AN RS A B A RS (Li et al.,  RR,WEYE TAREAY IR, K&k BE T8 M3E
2007 ; FLLREE,2003) . L, AR SCGES X AHR F5 A8 PIBTEY 2 0. [RI B, AR 4 X5 LB\ TB & & 43 A7 (1 45
A, PR 285871 CPAM I IMAXTHESNR G W= (3R 3) AEIZSEE 5 IR EPS h 205 & i (LT
A AT RESC IR, LAFE 7R CPAM ¥5 8 3 B Al LB, B BAIR, 7NN R 475 e i EPS iR T,

XHEIBFEIR LB TB # B 10 (55 79500 Rk X L 22 8E I 7K 5% Wil fe K, ORI 9% v i BB
i, F [} 3DEEM-PARAFAC 5B ER, HIE BB EBRX W48 bn ki — D878 CPAM 1Y &+
W I T R SR O (& 4) b B 4 BE e K PERE IR .
HYHE G (A /Ay, =280 nm/270 nm) A4 AR,

450 450

400

Apm/Nm

350

300 300

Component 1 Component 2

250 1 1 1 1 1 I 1 I 250 1 L 1
200 220 240 260 280 300 320 340 360 380 400 420 200 250 300 350 400
Agy/nm Agy/nm

E4 REIMRSWHI=HRAEKIE

Fig.4 3-dimensional fluorescence spectrum of extracellular polymeric substance

#3 ZWSRAEPS ERAN TR CPAM HYFFAE 2l LB A 1 B & B ] SRR, 7503
Table 3 The main components of the EPS of the experiment of sludgeﬁ %%*ﬁlﬁl E,(J CPAM ﬁ%}E_F 1B EP% E)ﬁﬁ%%%%
bl ep A AR S 1 U HBELAG S AR A —

EPS R iR Lk " s ot . S
= . 19* o > 2, UL LB X5 U8 LU A R A e TB 3% (Li
B 15.00 23,49 012 et al.,2007 ;Eél.litﬁgrf ,2003). [F] Ff ,LB o

ALY CPAM 73 T HAFTE I & Y AU OCOC &R (p<
331 A CPAM # EPS & & Eth %y &5 0.01,r=-0.877) , Vi BHEM R & F & F, InA B
12 F CPAM JHES 15 VRIS R A h B ATy CPAM 3 TR, Y5 LB iy & 1 s b i
S RATGRE A REAEY RS, B A CPAM JE{5I Y LB $iR M 1 BTA il REREE 1L
SEAKIE. SEREE R R RTE CPAM 4 T B 0 TBWHTRE CPAM R34 AE R B IR, ml LA
FE 4% EPS hEE R E AR, B/ e AR HABRGEN S TR S FEAS, AR
(6x10° 8x10°) ) CPAM £ 40% .50% &5 T-HE T, 2 HWHEIRAR 5, AT g (IR ¥ Y Y 1K P

PRSI AR AS (BB FREA S 60% B, i 3.3.2 B CPAM X EPS # # By % K6 h
R S T 12x10°H) CPAM 7E 40% 55 1 12 Ff CPAM 13 5 X 75 e MU /M 3 5 W B 1R 1) 3
T A A SR TS IR, (BAE 50% 60%  WHLSEERZS R BN, CPAM 2l EPS AR L, B
SLH e B FRE I L R W e T, R TBES0% JrFA 10x10°H) CPAM X EPS HUZERIK
CPAM(ARIEII 4> T4 8 THEALG) XI5 IR MR SO, X 5% CPAM fEHI 75 IR Y LU B A
AU R E RS AR, Xt — i AMEBCEA T S TS TR AN RS W A%
TOYTRE B TS U S BEBUK O E IALEIOR e PR R STV LR | TR R Y B Y IR R OG
RSE M, T H A L NE 5 TTRIE L, RAR(ETIGREEL:p<0.01,r=0.723; 5 _EiFRME .
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Fig.5 Influence of different CPAM on Content of protein in the Extracellular Polymeric Substance
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16f 1 1 1 f ) e 1
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STE
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Influence of different CPAM on Content of nucleic acid in the EPS
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p<0.01,r=0.828) , Ui AHAZ IR & & kA B T4 5
15U R BETTVEROR | 23t 15 e K PR BE. TRl 4%
R S it 5 CPAM 1Y &5 B 22 [ I A7 78 A G OC &R
(p<0.05,r=-0.77) : 24 CPAM 5 F AR}, 15
ISP SR Wy v B A IR 5 25 W 5 8 1% T o T
V. 358 B BH 5 F S U 0 28 ¥ e AR 2 T PR 7Y
[F) Fsf Lol A% R 43 728 1 | 2R T B T U0 24K T [
A, SR S A, 25 A 3.3.1 AT LLE
TR RIE ST B 52 56 Y RN AR X TS U8 L BRI
ST TR B

4 25i% (Conclusions)

1) % CPAM V8385 V5 e 1) 135 Wi B 5575 1
FUBH 2 B IEAHSE V5 e FUBHS VBT Zeta HI(V 52
IEPS

2) LI5W Zeta LA AR LS CPAM 43 F & 1) ik
FAEAHRRI], 70 F 88K A T CPAM 1
HRRIEH.

3)EPS %R & m AR U] T CPAM 3 3
iSRG IR G WK R L EMUE EPS B E T
R RIS T 15 U SR K

4) 5P LEBH | I WM EE | Zeta HL A7 S EPS )
A2 LRI, CPAM X 15 e JBd 7K P B 14 52 i) AS J2:
PGB TR TR S A PR IR R R 4
S AH B B3 R4 A8 DGR AR it 22 | A8 S (8] (4 A ELA
HE S WA GBS TR CPAM T ERR S
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