IR T FRBFZER - (F)EFETEBA

(20043 99 209 A<, 2004@ 129 289 A=)

Thickening and Dewatering of Municipal Wastewater Sludge : Separate and Combined
Treatment of Primary and Secondary Sludge
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ABSTRACT : Comparative thickening and dewatering characteristics of municipal wastewater sludge were investigated in terms of
separated and combined treatment of primary and secondary BNR sludge. Also, various conditioning methods such as cation polymer
addition, steam and ultrasonication treatment were examined to improve dewaterability of sludge. The dewaterability was measured by
using specific resistant test, wedge zone simulator and centrifuge. The result of the studge thickening test revealed that separated
thickening was better in terms of solids recovery and supernatant quality. Particularly, the thickening of primary sludge with high solids
(about 3.5% TS) showed very poor solid separation. The addition of cation polymer showed better conditioning characteristic for
dewatering and the optimal polymer dosage was 0.26% for primary sludge, 0.43% for secondary sludge and 0.38% for combined sludge.
Contrary to the result of the thickening, the dewatering test revealed that dewatering of the combined sludge is better than that of
separated sludge, representing better solids separation and filtrate quality. The polymer addition was essential to improve dewaterability in
filter (belt) press type dewatering but it was inefficient for the dewatering of secondary sludge only. The centrifuge type dewatering
showed better performance and the dewaterability was slightly improved when the polymer was added. Based on the results of this
research a sustainable sludge treatment process, particularly in terms of the recycle water quality and solids recovery, was proposed.
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Table 1. Characteristics of municipal sludge for this experi-
ment

Soluble

COD|TSS| VSS | TS | VS | TKN |NHs+-N| T-P p

TPe | /1) (o] (@) kgL @L /L) (meL) | (mg/L)

(mg/L)
Primary | ) 21314] 168 [34.8]186| 826 | 50 | 238 | 10
sludge
Secondary) ) 514211273 46202070 53 | 5 | 13 | 11
sludge




EASEEHAY 557 g5 149} 245 A Y v 2 ERAASHIL 95

22. sE=CiX|9 ek

%%%iﬂ A9 gFE4EI dA A Y AZE 7t
g dEHA AFHY F b 2EA F9 FULH
JJr A &AW TS(bound wate)E AAZ F 3
& FHoZ vuF FHIo TAHY o] FHA
37179 4 289 A= P& 44 J&s590. 44
Yo W B Y wEeuAY @549k &
A duidde gz A AFES ARIAT LEA
ZHHE o] & A QM E Jar test AFEF 4HH
7 8z FRE HF FYFE VELE AL,
olgf AHgR Eve dFEY AN A
BE 3&8FA9 cationAl | wE AMESRoH, I
T &84 zﬂz&%%}ﬂ 0—-0.6% FAEZ 243N
49 2 0~20ﬁ71} 3718 TS, &%
0~120% (700 W, 60 Hz)o}ow A
171 & ZAbetA 71 HA 2
A3t €AW 5 AAEFY 4
7He o] A VLR Sy

i)

32

=X
=
L
vy
9

s}

o r &

oo
1o
oX.

rﬁﬂ o

4

3 nﬁ&

EY _Z

r\(

Mo nfy v L 4N ¥
ol
N
Sl
hia

SVip = V; /Vy
A714, SV : AW g AA wE AF &9

A2 271E4H dd {2y

Vi : AAAZH) 308 £ AF £8X9 £33 (ml)

Vo : 27 AF £3A9 €4 (200 mL)

23. SEENXIS H

£HAY 2FEPYE FFFE7] A8 2 QTN FE
@ Yozt AT B9 MARAS W 9=
a2 o] Wedge zone simulator (WZS) 18|11 94 &%)
25U g AMSSEch vARAF AN AZTE=

(GAST Mode):= 1/3 HP (15 in Hg) 8202 J2¢He
AF &R al, Whatman No.402] o Fx1¢} 50 mLe] AEH

& 712o2 £PHYE Wedge zone simulator(WZS)E o]
£ PAFANAE 2 kglom’9) FHFH 100 mLe) A EF
& 71Fom FPoen, 448y 2FAFdAAE 4utyd
A7 A4 2eE 5539 ALY Es5t 2,900 G-force
2 AFSE 140 mL &F9 ABRYS V|EoR JAFLE
SAEET] (mega 21 R)E o1 &3ty AR AT €3A 9
grAge gdesyxy SFER2 7 354 AAsta 2
BAAE dE 232 Yepf ot

3. 21 A uF

31 XY 5=

gAY sHAPANE sHANEAA B €39
A AWAZEE 373 A5G 52EEAY 5450
ZA5 e, Fig 1ol Alzk] @2 84 AUAZ=Z

Ao] e} ek

@ Primary sludge (3.5%TS)
@ Secondary sludge (0.5% TS)
A Mixed sludge (PS:8S=1:2,1.2% TS)

1.2
1.0 e 00 e o ®
Q
L
L 08 Vo-us = 14.7 crhr
e
2 08
8 ay
A
5 04 4 A A
=
™
02 B wm mEmm g
Vo-ss = 102.0 cm/hr
0.0
0 5 10 15 20

Time (hr)
Fig. 1. Interface level vs. thickening time.
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Table 2. Comparative performance of combined and separated
thickening

Primary | Secondary | Mixed

Unit Sludge Sludge | Sludge
(%) 3.5 0.5 12
Influent TS (ke/day)| 3438 46 | 130
. . (cm/hr) n.a. 102.0 14.7
Settling velocity
Time for stable interface () na 3 10
Thickened sludge TS %) 46 28 3.2
(kg/day)| 346 43 11.6
Effluent mass per unit
TS loading
COD/TS (kg/kg) | 0.0037 0.0065 | 0.0192
TKN/TS (kg/kg) | 0.0007 0.0020 | 0.0082
T-P/TS (kgkg) | 0.0001 0.0013 | 0.0015
TS/TS (kg/kg) | 0.0055 0.0632 | 0.0315
TSS/TS (kg/kg) | 0.0011 0.0044 | 0.0115
Thickener supernatant
SS/COD (g/g) 0.308 0.667 0.602
N/COD (g/g) 0.185 0.300 0.428
P/COD (g/2) 0.038 0.200 0.076

Note : mass balance based on unit flow rate (1 CMD)
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Fig. 2. Settling volume ratio of thickened sludge according
to various conditioning methods.
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Table 3. Comparative performance of dewatering
(a) Belt press type (by WZS)

1 Acz weEn. oud¥ e
A% AR e gl
gg 9 SS/COD, N/COD

Unit Primary | Secondary | Mixed
Sludge Sludge | Sludge
Thickened sludge TS (%) 4.6 2.8 32
(kg/day)| 455 28.1 31.5
Dewatered Cake TS (%) 7.7 6.4 7.7
(kg/day)| 45.0 162 309
Filtrate mass per unit TS
loading
COD/TS (ke/kg) | 0.0090 | 0.3060 | 0.0054
TKN/TS (kg/kg) | 0.0026 0.0075 | 0.0003
T-P/TS (kg/kg) | 0.0003 0.0045 | 0.0010
TS/TS (kg/kg) | 0.0101 03875 | 0.0197
TSS/TS (kg/kg) | 0.0081 0.3267 | 0.0124
Dewatering filtrate
SS/COD (g/g) 0.902 1.067 2.294
N/COD (g/2) 0.293 0.024 0.065
P/COD (g/g) 0.034 0.015 0.176
Note : mass balance based on unit flow rate (1 CMD)
(b) Centrifuge type
Unit Primary | Secondary | Mixed
Sludge Sludge | Sludge
Thickened sludge TS %) 4.6 2.8 32
(kg/day); 455 28.1 315
Dewatered Cake TS (%) 19.4 13.7 17.2
(kg/day)| 45.0 27.5 30.8
Filtrate mass per unit TS
loading
COD/TS (kgkg) | 0.0103 | 0.0060 | 0.0063
TKN/TS (kg’kg) | 0.0022 0.0014 | 0.0016
T-P/TS (kg/kg) | 0.0003 0.0021 | 0.0005
TS/TS (kg/kg) | 0.0103 0.0235 | 0.0225
TSS/TS (kg/kg) | 0.0029 0.0036 | 0.0029
Dewatering filtrate
SS/COD (g/e) 0.277 0.588 0.450
N/COD (g/e) 0.213 0.235 0.250
P/COD (g | 0.026 0.353 0.080
Note : mass balance based on unit flow rate (1 CMD)
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| Recygcle water
| Secondary Siudge Q 2.75CMD
- TS05% 2CMD ) "| cop 103mgrL
Supernatant N 28 mg/L
Q 1.72CMD P 11mgh.
COD 38mgl 88  &3mglL
Thickened N 12mgit
Sludge P 8mglL
0.28 CMD 88  26mgh
8.6 kg TS/d Filtrate
Q 1.03 CMD|
| cOD 2tamgL
] N 54 mg/t.
. ! 1.28 CMD S8 99mol.
. 43.6 kg TS/d
+ Waste
. Sludge Sludge Cake
......... 0.25 CMD, 43.0 kg TS/d
: Fe!menmionl ' TS 17% wia polymer addtion
R Nutrient REREEERS {TS 21% w polymer)

Recovery - 1o BNR process
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