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Abstract : Synthetic organic polyelectrolytes can be used to condition sludges to enhance their dewaterability. When
conditioning biological sludges, the charge on the polymer has a significant impact on the effectiveness of the polymer as a
conditioner. The objectives of this investigation were to determine the most effective type and dosage of polymer for
conditioning digested sludge prior to dewatering, and to investigate the relationship between dewaterability and particle size. 3
types of digested sludge were used under the different digestion processes like anaerobic digestion, aerobic digestion and
intermittent aerobic digestion. CST(capillary suction time), TTF(time-to-filter) and SRF(specific resistance to filtration) were
tested as a dewaterability index and the number of particle distribution was analyzed using particle size analyzer. The results
indicate that cationic polymer appears to be required for effective conditioning of these 3 types digested sludge and the optimal
polymer dosage is about 0.6% of SS. CST and TTF are well correlated with mean particle diameter of which the dimension
orderis 1.7.
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Table 1. Characteristics of sludges used in this experiments
(mg/L except pH)

intermittent

raw sludge  aerobic . anaerobic
Constituents (before digestion 8:81‘0])'10 digestion
digestion) sludge digestion sludge
sludge
pH 6.0 49 6.8 73
Alkalinity
(as CaCOy) 295 10 30 2,270
TS 9,800 10,800 10,400 14,400
V8 7,300 7,900 7,300 8,900
TSS 9,400 9,300 9,800 13,600
VSS 7,000 7,100 7,000 7,800
SCOD 1,700 420 220 860

A 7 3 FAEE HotEly] A5 FolA, oA,
&olAlY 3FRY SHAE YA A FAHE
Table 29} ¥ A5}

€A FYE FTHAe HYFLER B LA
1,000mg/LE Azt ALgdPed, $3A FYFL &
g1x)e] SS 71EF T %2 Vehlith 2] AR2A
CST(Capillary suction time), TTF(Time-to-Filter), SRF
(Specific resistance to filtration)e] 371XE& ZA3Hrh
CST2} TTF+ Standard Methods(APHA, AWWA and
WEF, 1992)e]] wigkon, zt A g9 disled CST= 58 =
3 F HduY FA4E AT oA 349 pE e
Bastga, TTFe 33 &% & Me3Idgs 3
SRFE Lawler 5(1986)8] Wyel wgten, % 9eme
Buchner funnel®} Whatman No. 1 Fo]UHE AM-SIH,
F9hEe 38emHgolUth A FHo weE @A
€82 AT JHBAE EHEY] A3 dxEHE 4
A8t e.H, Particle Sizing SystemsA}e] ACCUSIZER 780
& AMEEETE YEEAL 0.5m~400um HANA 1285
de AMslgEd, 4 AdY £& log 99 SHFL
Z38qeng e 4 FEe Ad Fo] FuHL:
0.03m) & A FEL Ad Fol AAFN 173m) TE
=AU

3. &t ¥ ¥

HdeeAdt 3 FRY agEAE WesE HAE 3
A FFHE AR A8 Fol2A, vlolRA, Sol
A FAAE FUT F CST 59 €54 ARE FAHA
th 2N, e AspEeAd hEle] 3FFe TE

Table 2. Basic properties of the polymers used in sludge conditioning

Charge Charge Visc.osity Apparent Mole:cular
Polymer . (centipose) pH specific weight
wpe density 0.2% weight (miltion)
C-410P cationic strong 170~220 4~7 0.6~0.8 5
N-100P nonionic 40~ 80 6~8 0.6~08 12
A-331P anionic strong 200~270 6~8 0.7~0.9 15
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E FURE de @540 843 NAHe RE ¢ F
Ack. vHlo]2AY gol2A A7 238 eSO
A7]a, FeleA A o] Aol AdsHE oyF
A4 A& 3714 €A, g4 A 0A 2%
ey 48 AF L 43 e g FHAEF $3AY
FHE Aot A JEhdTh ole AgEHAe ulRE
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(Mikkelsen and Keiding, 2002; Lee and Liu, 2000) & %0]
7] WEd] Hlo]2A £ FojA $HAE FUshd A
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A7 2 UdgoE 1892 E HYth IR LA
117224 744 22 CST #S HH|ch CSTgro) HAr}
He 3 34 FUEL S8R ERYE Y Ho]
7t Ided, BERY] AgEHAE 04%, 48R4
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o A3 23 IAAE FYHA B EY TIFE ¢
£2A9t 3 FFH9 AslEyA BT 1AL oo
oS- ZA eI 423 04l AHEEHANE AN
th ol2A nRALHA T e dEeiAe} 28E
2 2e] TTF #3E Fig. 3o 7 BASEY $3A F
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Fig. 1. CST changes with polymer dose for the condi-
tioning of digested sludge from intermittent aerobic
digestion.
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Fig. 2. CST changes with cationic polymer dose for the
conditioning of digested sludge from different diges-
tion processes.
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Fig. 3. TTF changes with cationic polymer dose for the
conditioning of digested sludge from different diges-
tion processes.

e #IFAE DEASHA A7 A9 Ho] o
& WR)7] WZolgtn ST

Fol A S3A Fdoll WE &8 A)9] SRFEHS Table 3
o BAEEAS &AE FYNMA e F$9 SRFEL
A&dA A 355%10" mkgo g 71 =ZA Jehdz, 7t



2piw0| 28eax|o] N S5 KMol B vlm AT 373

gxr1& AN 920x10"° mkges 73 &AA bt
t;. Foled SAAE FUYe wel SRFgHe 22 74
o, Mo LA FYE& =M= SRFE Al4HE
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Table 3. SRF test results

SRF (10" m/ke)
Cationic polymer . intermittent .
addition rate raw sludge aerobic b anaerobic
(%) .(beﬁ?re digestion digestion digestion
digestion)  sludge ks sludge
0.0 355 184 92.0 144
02 102 6.34 5.83 18.4
04 - 2.01 - -
0.6 - = = -
0.8 5 - 5 =
1.0 1.93 1.12 - 2.12
12 1.93 461 0.612 2.63

SRF A4H4le o2 4 (1)3} gctHLawler 5, 1986).

20PA% m
W

-
714 P = FALH; (Pa)
A = Whatman #1 3% ®&; (cm?
¢ = HAE; (Pa - sec)
w = o S49H3F F dEFolae nFE
% (g/cm?)
r = 8]A%; (m/kg)elth

bt sec/em®e] TS 7HAW, ojzte] Hu(V)e} A}
NZH 0)E 2Fdd Vel a/vel BAA H¥E Yehy
= 779 71272 Foldg. add fEF A o
3 &7l & =D g5l A AHE Bl
o3 AlZhel] AulE|sle Hajefo] FrlEALt o] W 4/V
g} Vol 7127124 ALEE bk 022 AEHA =Hu
2 (el et v A A 002 ANEA "ok oA
olx] 2 Eo| Qe L AR @54 AEE dE o
9} e Asjo|ch

714 AstEeiR|o] vloleA A SoleA 33
AE 04% HlEZ FUF Z9$Y SRF g EF 1.96X%
10" mkge 2 JYeh} SAAE 790814 @k mje] SRF
Z+ 1.44%x 10" m/kgH o} o Eich

SAAE FUSA & FS L3 HE E54E
waj B, CSTEe 43kd &ejx|t 714 Asl&seiA7}
Aol Hl=g ez 71 FA Jehgxm, 5714 2disd
2, HEx7] 23&8A) o)tk TTFY SRF 9A] 43
olHMolu} 7|4 A& Aol vls BU|H T2 PR

A28l A7t EA AU g, EAE L8
ZH g5A4Le s, gurEgl ¥4 a3Rg 239
F71448g DEErAV g4 sldedle o &9
e & F Aok 2Y AA HHFdME $HA FH
59 oz £8AE MFF F g3t Ho| HEo|
oz 23R A9 €54 vlne 29 & gue
g1& Aoltk ol AFE uiel Zo] HF A F4
ZFe 23wz oty Aole AUtk Y HEH F
9le] =AM E CSTE 30~38%, TTF= 24~41% AL
22X & Aole gtk

DEEINEHAE ez ol 3A F<do o
£ JAcHsE Yolny] 3 d=ENE A 1 3
IE Fig. 40] EAISIQT Fig. 48 2A IAE FU3
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Fig. 4. Particle distribution changes with cationic polymer
dose for the conditioning of digested sludge from
intermittent aerobic digestion.
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= N'

= N0D1°Di

D= (Length-wt. mean) 3)
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ND? - D;
DA = ‘gﬁ;—ﬁ (Area-wt. mean) O]
= N' "
N; i " D,‘
DV= 'Z;L (Volume-wt. mean) (%)
2D

D¥ = number weighted mean particle diameter
D* = length weighted mean particle diameter
) 4

= area weighted mean particle diameter

v

o]

= volume weighted mean particle diameter

n = nuber of channels (n = 128 in this experiments)
N; = number of particles in channel i with diameter D;
D; = diameter of channel i (use geometrical average

channel diameter)

a2y 9ok 2L o7 7iAe] HEdA, g54e] A
EF Q) CSTY A#BAE FRd AHAF( A3
o] EF 0.5 ol3l2A ulg BA dehgdch B dFdMe
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AR k A9 JEHEAARE S 7HEE A (6 2ol
AMEA k9] W3le] b 7EHEUARY CSTE AR
A&ta, Al 7HF ZA He kE =29 k9
Hslo] W AYASUS e Fig 59 2ok F, 23
AFgel Hui7l He ke 1.68Y wo|n, o] wje] AAA
& 0.8900] ok e WHo=Z In(TTF)St k2] w3}
wg FFAEe] FALMA FAATRE FIEE 2
A7 Aozl S ke 1719 do]x o] o) AFASFE
0.9520]t}.

(k-th order mean) (6)

D* = k-th order mean particle diameter
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o BN, 715 TFLdA CSTe B4 2 7158 ad
A3 TTFe] #AE Fig. 79 A3 HEYAS &3
AE FURA e ASde ¢ 10m FBE)AT A
FUFe] 0.6%Y 7R F713t o 100m7} =9, o] B
o FFo) e 233 BEURPL Ak =3,
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=

Dimension order (k)

-
o
T

£

Determination coeff. (r’)
= =3
S o

0.2 r

0

Fig. 5. Determination coefﬂcient(rz) when the dimension
order(k) changes from 1.0 to 4.0(regression between
weighted mean and CST, weighted mean and In
(TTF)).
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Fig. 6. Mean particle diameter according to cationic poly-
mer dosage (when the dimension order is 1.7).
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Fig. 7. Relationship between 1.7 order mean particle dia-
meter and CST, TTF.
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