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Coagulating effects of several eco—friendly coagulant materials
favorable for vermicomposting sewage sludge
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ABSTRACT

ORIGINAL PAPER

Coagulating effects of eco—friendly coagulant materials such as zeolite, kaolinite, loess and
chitosan upon sewage sludge were evaluated, And coagulating effects of the mixtures of those
materials and polymer (polyacrylamide) were also investigated, Coagulating efficiency of loess
was higher than that of kaolinite and zeolite at the treatment levels of 2,500~50,000mg/L.
Coagulating efficiencies of zeolite, kaolinite and loess at the treatment level of 20,000mg/L were
lower than that of 1,000 mg/L of polymer, which meant that single application of those materials
in real plant were not feasible, At the treatment level of 1,000 mg/L, coagulating efficiency of
Chitosan was much lower than that of polymer, which also meant that single use of chitosan in
real plant could be unrealistic because of its high price, However, the application of the mixture
of 'polymer 80mg/L + kaolinite or loess 500 mg/L + chitosn 10mg/L' or the mixture of 'polymer
80mg/L + kaolinite or loess 500mg/L" was promising way for coagulating sewage sludge.
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3.1. 2 SEEE =0 st SE=E2
20,000 mg/Le] Hw& Ao)E ALefo|E, 11

HE, FE A JHEL 27 64.2, 55,0, 61.7

DR Aol EoA ] WA ES| tha w2 A0 &
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& 7471 50.8, 66.7, 32.5 % Ee o] SR a}
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[Table 1] Coagulating effect of several materials on the secondary sludge of sewage treatment

plant in Jar test

Treated Height of coagulated Precipitation
Material concentration precipitation in beaker rate*
(mg/L) (cm) (%)
Zedlite 20,000 43 64.2
Kaolinite 20,000 54 55.0
Loess 20,000 4.6 61.7
Chitosan 1,000 59 50.8
Polymer 1,000 4.0 66.7
Alum 1,000 81 325

O Jar testing process : (D High speed agitation by 150rpm for 5 minutes @ Low speed agitation by 65rpm for

15 minutes @ Stationary stage for 60 minutes

* Precipitation rate(%) : (Height (12cm) of introduced sewage effluent in beaker —

Height of precipitation in

beaker)/Height (12cm) of introduced sewage effluent in beaker X 100
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[Table 2] Coagulating effect of zeolite, kaolinite and loess on the secondary sludge of sewage
treatment plant in Jar test

Treated concentration Precip;?t)isn rate Precipz’g’/ﬁt)ign rate Precipé?t)ign rate
(ma/L) Sl sikedlie o
2500 133 n7 483
5,000 16.7 19.2 55.0
10,000 225 25.0 59.2
20,000 34.2 292 62.5
30,000 36.7 30.8 65.0
50,000 40.8 358 65.0

T Jar testing process : (D High speed agitation by 150rpm for 5 minutes @ Low speed agitation by 65rpm for
15 minutes @ Stationary stage for 60 minutes
* Precipitation rate(%) : (Height (12cm) of introduced sewage effluent in beaker — Height of precipitation in
beaker)/Height (12cm) of introduced sewage effluent in beaker X100

20 705 gt Table 2] 33 Z2lnet 28E STSN xsl| 02

3 20,000 me/L Aol H[Table 112} 27 sulEg
£7} [Table 219 #4Fe] tad tehd 2e  AjolA Algelols, M, e, 7|=Ak)
7 A A AR LAY olsleky A Aol B2 SUATE gkl 1, ofS
o] W] uEel Ao Az SHAE A shsela] g Ao Bz o
10~100 mg/Le)] 5 WM IRARS 2| Abg 591 Bejuiol fARE SREolA BUT S
SIS o HEL 225~35.8 %R AelsEsk  AE vehd 4 glor] nlebd )5 S} &
FOMISE SHATE YUHOR Sol o oS S| e 4 gl 2o B 45 ghe
= UetidrHTable 3], & ok 4 9giek. e} olF BAL Aol of
3 SAJo] 9] gl uhlo] Eejuli: BAS

[Table 3] Coagulating effect of chitosan on the secondary sludge of sewage treatment plant in

Jar test
Treated concentration Height of precipitation in beaker Precipitation rate

(mg/L) (cm) (%)

10 9.3 225

20 9.0 25.0

40 88 26.7

60 84 30.0

80 8.2 317

100 77 358

O Jar testing process : M High speed agitation by 150rpm for 5 minutes @ Low speed agitation by 65rpm for
15 minutes @ Stationary stage for 60 minutes
* Precipitation rate(%) : (Height (12cm) of introduced sewage effluent in Beaker — Height of precipitation in
beaker)/Height (12cm) of infroduced sewage effluent in beaker X100

J. of KORRA, Vol, 23, No.1 2015



56 Mj2erH, B

[Table 4] Coagulating effects of the mixtures of polymer and other materials on the secondary

sludge of sewage treatment plant in Jar test ()

; Height of o
Sﬁg.al Treatment SS/L SSrartin(wg/i\)/al precip?tation in Predpéiit)lf n raie
Beaker (cm)
1 Polymer 80mg/L. + Chitosan 200mg/L 1,760 77 6.7 442
2 Polymer 80mg/L + Chitosan 100mg/L 1776 77 6.6 450
3 Polymer 80mg/L + Kaolinite 5,000mg/L 1676 78 6.0 50.0
4 Polymer 80mg/L+ Kaolinite 1,000mg/L. 1.664 79 6.2 483
5 Polymer 80mg/L+ Loess 5,000mg/L 1.856 76 47 60.8
6 Polymer 80mg/L+ Loess 1,000mg/L 2.392 69 6.1 492
7/ The secondary sludge 1772 — 12.0 —

O Jar testing process @ M High speed agitation by 150rpm for 5 minutes @ Low speed agitation by 65rpm for

30 minutes @ Stationary stage for 60 minutes

* Precipitation rate(%) : (Height (12cm) of infroduced sewage effluent in beaker —

beaker)/Height (12cm) of introduced sewage effluent in beaker X100
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Algt= o] Ztd B a7} Sl
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100 E= 200 mg/L, I HE, SFEES 1000 F=
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[Table 5] SS removing effects(%) of the mixtures of polymer and other materials on the
secondary sludge of sewage treatment plant in Jar test

Serial Testing Date
Treatment Average
No. June 31, 2013 Aug. 3, 2013 Aug. 7, 2013
Polymer 80mg/L
1 + Loess 1,000mg/L 844 770 80.9 80.8
Polymer 80mg/L
2 + Loess 500mg/L 86.6 76.0 84.4 g4
Polymer 80mg/L.
3 + Loess 250mg/L 915 749 86.2 84.2
Polymer 40mg/LL
4 + Loess 1,000mg/L 91.2 674 680 755
Polymer 40mg/L.
> + Loess 500mg/L 95.1 66.9 848 823
Polymer 40mg/L
6 + Loess 250mg/L 929 738 912 86.0
7 Loess 1,000mg/L 90.0 738 76.7 80.2
Polymer 80mg/L.
8 + Kaolinite 1,000mg/L 9.9 756 85.0 858
Polymer 80mg/L
0 + Kaolinite 500mg/L 98.2 729 89.3 86,8
Polymer 80mg/L.
10 + Kaolintte 250mg/L 971 76.0 79.4 842
Polymer 40mg/LL
! + Kaolinite 1,000mg/L 976 728 827 84.4
Polymer 40mg/LL
12 + Kaolinite 500mg/L 96.7 719 726 80.4
Polymer 40mg/L.
13 + Kaolinite 250mg/L 926 751 744 807
14 Kaolinite 1,000mg/L 90.9 736 732 792
15 Polymer 80mg/L 947 70.7 68.6 78.0
16 Polymer 40mg/L. 93.7 755 736 80.9
17 The secondary sludge - - _ _

O Jar testing process @ M High speed agitation by 150rpm for 5 minutes @ Low speed agitation by 65rpm for
15 minutes @ Stationary stage for 60 minutes

[Table 6] Coagulating effects of the mixtures of polymer and other materials on the secondary
sludge of sewage treatment plant in Jar test(ll)

i Height of precipitation in Beaker(cm) L
Serial Treatment — - — Mean | Precipitation rate
No. First trial Second trial Third trial (cm) (%)*

(July 31, 2013) | (Aug. 3, 2013) |(Aug. 7, 2013)

Polymer 80mg/L.

+ Loess 1,000mg/L 72 58 65 65 458

J. of KORRA, Vol, 23, No.1 2015
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: Height of precipitation in Beaker(cm) -
sz Treatment o . — Mean | Precipitation rate
First trial Second trial Third trial o \¥
No. (cm) (%)
(July 31, 2013) | (Aug. 3, 2013) | (Aug. 7, 2013)
Polymer 80mg/L
2 + Loess 500mg/L 75 6.2 71 69 422
Polymer 80mg/LL
S + Loess 250mg/L 7.7 6.6 74 72 397
Polymer 40mg/L
4 + Loess 1,000mg/L 6.9 76 98 81 25
Polymer 40mg/L.
° + Loess 500mg/L /1 [ 73 74 386
Polymer 40mg/L.
6 + Loess 250mg/L 73 74 76 74 381
7 Loess 1,000mg/L. 71 10.2 95 89 25.6
Polymer 80mg/L.
8 + Kaolinite 1,000mg/L 82 75 56 71 408
Polymer 80mg/L
0 + Kaolinite 500mgy/L 6 85 63 75 378
Polymer 80mg/L
10 + Kaolinite 250mg/L 74 86 71 77 358
Polymer 40mg/LL
| 4 Keolinte 1000mg/L 7.0 68 64 67 439
Polymer 40mg/L
2 + Kaolinte 500mg/L /1 69 67 69 05
Polymer 40mg/L.
13 + Keolinite 250mg/L 75 7.0 76 74 386
14 Kaolinite 1,000mg/L. 6.8 9.6 95 86 281
15 Polymer 80mg/L. 77 84 6.1 74 383
16 Polymer 40mg/L. 75 87 84 82 317
17 The secondary sludge 120 120 120 120 -

O Jar testing process : (D High speed agitation by 150rpm for 5 minutes @ Low speed agitation by 65rpm for

15 minutes @ Stationary stage for 60 minutes

* Precipitation rate(%) : (Height (12cm) of introduced sewage effluent in beaker — Height of precipitation in
beaker)/Height (12cm) of introduced sewage effluent in beaker X100

[Table 71& =)W 20, 30, 40, 80 mg/L, 1L
FE 500 mg/L, 7|EA 10, 20 mg/Lo] HE =
g 7pA] 23 Adstls o, SS AAE, WAE,
A AelF E ok A S U
Ef Aotk
IR E 500 mg/LA2]2] SS A AE©] 73.5 %°|
d A(LHRE 18)0] Bhsto] Eejwet 23} A
o2 e #g)o) SS AAES 76,7~89.7
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D PE Ao AETt =9kth TLeuh Eejm
=AY, ECu+ilgE, FYm+ilgE+ V&R
AR AE] Zholl= 54T AR Zoks 4 flola,
Ae] 29k 7k, Aese 7k 2ol e A ookt
SHENE Ued= JAE oA Ed
M 40 mg/L + 7|EAF 20 mg/L’ Aol 52.5
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[Table 7] Coagulating effects of the mixtures of polymer and other materials on the secondary

sludge of sewage treatment plant in Jar test (lll)

Sﬁgél Treatment removaslsrate (%) Precipitation rate (%)* Wa;i: d(;oent((;st e
1 Poymer 80mg/L + Kaolinite 500mg/L 828 45.0 876
2 Poymer 40mg/L + Kaolinite 500mg/L 822 392 895
3 Poymer 30mg/L + Kaolinite 500mg/L 80.6 392 894
4 Poymer 20mg/L. + Kaolinite 500mg/L 85.0 283 90.6
5 Poymer 80mg/L 85.2 433 89.8
6 Poymer 40mg/LL 81.2 40.0 a7
7 Poymer 30mg/L 848 40.0 888
8 Poymer 20mg/L 84.6 39.2 90.1
9 Poymer AOrgﬁi{gs;K?gmgif)OOmg/L + 795 467 884
0 Poymer 3Orggh{t%;;nk<?8rl|nnét/eL5OOmg/L + 814 400 895
1 Poymer ZOrE%ESJ;nK?SFIgZ5OOmg/L + 801 383 894
12 Poymer 40mg/L + Chitosan 20mg/L 76.7 525 89.0
13 Poymer 40mg/L + Chitosan 10mg/L 825 45.0 89.1
14 Poymer 30mg/L + Chitosan 20mg/L 80.0 458 89.2
15 Poymer 30mg/L + Chitosan 10mg/L 89.7 442 899
16 Polymer 20mg/L + Chitosan 20mg/L 83.2 433 90.1
17 Poymer 20mg/L + Chitosan 10mg/L 79.4 342 91.0
18 Kaolinite 500mg/L 735 15.0 90.8
19 The secondary sludge — — 931

Ot Jar testing process @ (D High speed agitation by 200rpm for 5 minutes @ Low speed agitation by 65rpm for

15 minutes @ Stationary stage for 60 minutes

* Precipitation rate(%) : (Height (12cm) of introduced sewage effluent in beaker —

Height of precipitation in

beaker)/Height (12cm) of introduced sewage effluent in beaker X 100
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[Table 8] 2] 20, 80, 160 mg/L, AlHE
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[Table 8] Coagulating effects of the mixtures of polymer and other materials on the secondary

sludge of sewage treatment plant in Jar test (V)

Serial Treatment SS Precipitation rate | Water content of

No. removal rate (%) (%)* sludge (%)
1 Polymer 160mg/L + Kaolinite 500mg/L missed 542 90.4

2 Polymer 80mg/L + Kaolinite 500mg/L 94.3 40.8 90.6

3 Polymer 20mg/L + Kaolinite 500mg/L 90.3 36.7 90.4

4 Polymer 160mg/L + Chitosan 40mg/L 85.7 40.0 920

5 Polymer 80mg/L + Chitosan 40mg/L 86.2 342 R6

6 Polymer 20mg/L + Chitosan 40mg/L 85.8 333 91.2

7 Polymer 160mg/L 90.0 50.8 914

8 Polymer 80mg/L. 94.4 383 91.0

9 Polymer 20mg/L 80.8 35.0 91.9

10 Kaolinite 500mg/L. 84.8 225 859

1 Chitosan 40mg/LL 855 375 90.5

12 The second sludge - - 915

O Jar testing process : (M High speed agitation by 200rpm for 5 minutes @ Low speed agitation by 65rpm for

15 minutes @ Stationary stage for 60 minutes

* Precipitating rate(%) : (Height (12cm) of introduced sewage effluent in Beaker — Height of precipitation in
beaker)/Height (12cm) of introduced sewage effluent in Beaker X100

T gy ks A9 g vER Aol

Z2 20 mg/L(EHHE 9), AHE 500
mg/L(YHAHS 10) A 2ol|A 9] SSHAES th&
Aelgieh WA velgtou, 22l 7k ou|g)
= Aol YEh A= ottt

E21 160 mg/L7t 5017 HelS(YHHD 1,
4, DollA SHEIN(HHAE) = E21M7F 80 mg/L
ofsl sk Ao Arrt 2 AOR YERITE
1o 21 9] =7} 160 mg/L oJAFOE A
H Aol 1RRE AE skesa At A
ol A HAE FH13)3H € AolnE FAF o
& 283 4= gliz wwolnt. o] A% Femrt 7t

-
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(1) 250~50,000 mg/L FEo|A FEZ} 15
&, A&etol BNt shpEeAof tigh &
Hagol okt

(2) 7)EARS 10~1000 mg/L A5 wol|lA]
L7b SVl skEe A of gk SR A
LS RARSICRE R A il )

(3) Al&etelE, NHE, §E s g2 |
& shelA) gedt o] ARgShe Eef et
T2 SHaE 7 4= §loit,

(4) “Z2]9 160 mg/L +I1HE 500 mg/L %3}
Aelo] A a7} Eew 80 mg/L +1Lg
E 500 mg/L'2gA 9] Ay =
ek,

(5) ‘“Zg]y 80 mg/L +11HE 500 mg/L'%
shxeje}b “ZEelw 80 mg/L +i1HE 500
mg/L + 7|EAF 20 mg/L %A 27t &
Havko] zol= ¢lolt,

(6) ‘Z]™ 80 mg/L +11HE 23 A ]9} 3
™ 80 mg/L +E" 235+ A2tk &
¥ko] Zpol= §lolct,

(7) olgollAl sk=&ef Aol thgh A|&folx e
85 fJeiA faldh A 25 Ee
1 80mg/L +11HE ¥= FE 500 mg/L
+ 7|EAF 20 mg/L’ ZgFo g ke o}
2.0 Za 80 mg/L + ILHE &= 3
& 500 mg/L’ #3}o & wehE )

&

5. &n
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