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ABSTRACT

A Study on the Municipal Wastewater Treatment
Using Alum Sludge

Written by Chang-Wha, No
Advised by professor Dae-Yewn, Shin Ph. D.
Department of Environmental Bioengineering

Graduate school of Chosun University

Result that achieve study about chemical processing of municipal waste water
that use alum sludge is as following.

When calculated most suitable amount of each coagulant through Jar Test,

1. Quality of water was CODwmn 23.1mg/ ¢, CODcy 34.7mg/ ¢, SS 4.1mg/ ¢ /T-N
54.3 mg/and T-P 0.98 ¢ mg/ ¢ that optimum condition of chemical processing of
municipal waste water pours ammonium alum 60mg/ ¢, polymer coagulant 0.5mg/
¢ or alum 60mg/ ¢, quicklime 0.4mg/ ¢ .

2. The efficiency of chemical treatment of municipal waste water was COD
47.9~67.9%, SS 55.8~96.4%, T-N 18.8~26.4% and T-P 52.4~92.39%.

3. Municipal waste water processing optimum condition that use H military
administration PAC sludge was sludge 20m¢/ ¢, alum 40mg/ ¢ and quicklime 0.6
g/ ¢ . Could reduce coagulant dosage 30% reutilizing sludge. Quality of water
appeared by CODwmn 35.20mg/ ¢, CODcr 42.2mg/ ¢, SS 35.8mg/ ¢, T-N 51.36mg/ 2

and T-P 2.846mg/ ¢ under optimum condition.

_vi_



4. At a laboratory, pours quicklime 0.2g//¢, alum 40mg/#¢ in water supply
source and made proper alum sludge. It was optimum condition when it is alum
sludge 7.5ml/ ¢, alum 20mg/# treat municipal waste water by this sludge and is
proper alum sludge case of use raw sludge coagulant expenditure about 67%
reduce. Processing quality of water is CODmn 22.0mg/ ¢, CODc¢r 26.4mg/ ¢, SS
239mg/ ¢, T-N 48.636mg/ ¢ and T-P 511mg/ 2 .

- vii -
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Alx(SO4)3 + 3Ca(HCO3)2 = 2A1(OH)3 | + 3CaSO4 + 6CO2 1 (3)
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Table 1. Sludge conversion factor by each chemical agent

Chemical agent Chemical formation Conversion factor Remark
Alum sulfate Al(SOy4)3 + 16H20(SAS) 0.248(K1)
Al2(SOy4)3 - 51H-0(LAS) 0.164(K2) Sg : 0.32
PCA" [Al,(OH)n * Cls-nJm 0.184(K3) Sg 1 1.19
Lime Ca(OH)2 1.0
PAC? 1.0

1) polychloride aluminium
2) powdered activated carbon
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SEvEtE dFE ddF 2 AFAFE AFUoz AMgsta JE d, sdHF
2 HFeo] A5 28R FolE Si027F 32~50%, AlOs7b 22~31%A % Fi-H
o i, AFAFE FAFsted AT £YA Fole SiO7F 15~23%, AlOs7t 3
~36% 8% TfrEol Utk AFAFE AT S2A Fol SiOFEFe] waA A
2 v AL Y Juidoez @2 FHAN 28FHERE ALOZF v WA W
< HlF& AA s vt

© 2%V ko]l EekE ol v I Wl v EESEo]l K0, MgO, NaO, CaO, TiOs,

SO0z, P205 59 Atst=2A HEHL oy I F7F2 6~7%°| .

Table 2. Chemical compound of alum sludge betw een river and reservoir

ontents(%)
. SiO2 (Al:03) Fe:03 Remainder
Site

River 43.0 27 5.2 6.9

reservoir 32.2 30.1 1.9 5.3
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3. A AT A7
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AAE=H 2= A F 8%7HA A2 xFT 5 oy BE 2%AE=

it

FHaT 44 A ARIA A T Fed ARFE A9 BEE O
o

(anoxic)J Bl ol Al H]AE Axd F5H 9

Al” + (3-x)H,0 + xH-PO, — AIOH); - x(HoPOs) + (3-x)H'
Al(OH)g + xH-PO4 — Al(OH)gX(HzPO4)4 + xOH
3Fe’ + 3H,0 — (FeOH)3(PO4), + 3H'

+

3Fe” + 2P0O4" — Fey(PO4), + 2H'

Ferguson®} KingT ortho-P¢Y ZF¥F %7} Img/¢ d w7b=] Al P7F 1.49 19
g R AAGYG R was

A ow Qo AAEELE pH B HUbste 55 F o & 92 =
del A Atk Fe &2 Al9S = & Fd6td F3pgbgo] w27 o] i

o] 22 AI(OH); &2 Fe(OH)zoll &2 - Al A Ael(elly)d S50l #AET

o

Mo
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a o4 A7z 4§ ol

S4e satd Ade ¥ b4 gl delA o 44 FAY wokl AgH L

g2 % s Aege AAIGAY AT A FANIE AA B3, /1E AYA A

HRs gEd S AeFAe 2A AR F don, Aa L AL FA AAL
A% Erxe] Awe wdEE 34Y 5 Uk ® SAZA0 FHH HAAFE A
Jote] EHEAS AART FHFL F2AY £ dov, ¢do] nFER FHE A5

b. k=2 3}5tA A2 Abe
(1) =24 0°] A%
w2dlole FAVIZE Adu A v]o] vrobx AEehH Aol AlFde] 917
mtel stgrel Bl - shehA Aesh dubsise] glow, s 87 3
FHow Agsta vk @A =2 ol M= ko] 67%7F =2 - St o R A

Y, 24%= 12 =94 HHer AYHy, 1% A= AedH o AdEa

Hd

9

o& 2o VEASHFA DA a8 A B/e dedt 2o F, w2 ol
A 3 Fek ol daAw FARNARL, A2 Axel g FAS A@gel a
A% AAZ A ANsEs) ALz AX7 BAGAALG 2% VEASH Y
Ao 2 B E ol AR glolA BAY Fro] gPomw sE9 oy
Aol WA 152 Hekd Ao 3ol Agsa, 4565 Ans/aas FH0l A

/12 A B¢ 145 $AAS Agam, Au/BARIYY) FUL Ak

(2) »=9 5%
BaE AP g 19609 B E 1905 on/day S 13 24 AW R A
3 stk 1988\ @A vt weEt AWA RN ZEedAeHA vAHer A
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Aol HE7t eSS Fdstd o, pilot AdolME jar testd} TLEF AyE A
sozH & HHAWHe T A o] AA - 7hE A

(3) Td= 29 2E stAHA

ZPd=o aOG2E 5 EAFE 13%ton/day TEOIH 12 EEF AHPo=E
A st Aok WHRF FAVIFo] ZAsdd mE FRVES HFAI)A X
HE S AEdof & Ao FolA AL

Zepx WEALel os 1A} stetA AeleAoer A5t 7hs Fol At
A Al o} &= 2

2o el Ao} st S A els o] 12¥Hton/day gl Hl, 7ol 224
ton/day o & =7}
ko] Al

KemrhoneAt 258 384 dAAgHes =9ste] A sHS 22%ton/day= w7}t

.- )
2
ot
4z
it
4z
4
>
.
o
N
Ak
o
ot
fllo
i
3o
o
i
B
oft
ot
4z
o,
)
{0
o

stol ZhEsbal gtk o] AMde] FAMES ZEFREHATAS =YY AS
17,000,000 USDo] o}, 3tdta Aoz Aoz 25000 USD7F 225 3
=

(5) CEPT Z2AE

CEPT(chemical enhanced precipitating treatment)Z 2 A E X ¢l F7} ZW3 A

qolM BAH= st G oer AHesr] AT AFAYelH, d AAHeR
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B. 23 A X

1. Jar tester

Jar test: jar tester(model : DYS9303)E A}-g 3} o).

2. Pilot A58 & A

4 sdxEAe Agstel YA
2o ol

FEE oJRRR T4

o}, Jar-testZ2 3 R A
TFEE o 735}t

O B+E (€ Air compressor

@S5I @ STHFE33

@25E8 @ pHEEX

®EAxE B Helex
@ Pressfilter & Cade

=0 5y

@ waSEE% SOYEH FE332

G ALFS Q DFAETH FUA3

1

Fig. 3. Schematic diagram of Pilot plant for Water treatment.
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AdeAds alumEdAE AYistr]l fste] FFFAA G AT FUFE Y
o AAstdon, WA jar testE AAlste] HHF Az

A5AYAAE oot A5t

N

a5 2% ) pilot

a. ¥ 59 jar test

FrdTe jar teste AIEE 124 A volA 6710 dZdA, SHEEZA 2
SAAE FYT F 280rpme 2 283 F5uE A, 40rpm o E 1583 g& gt

Table 3o A28 9 jar test
7 AE Ca0 2g/¢ 2 33A SHA 4m/ ¢, =7 B+ CaO 05g/#¢ 2 alum
5mg/ ¢, =71 CE CaO 1g/¢ % alum 40mg/ ¢, =71 Dx CaO 1lg/#¢, alum 40mg/
¢ 2D FEE 1g/¢, 274 EE CaO lg/#¢, alum 40mg/ ¢ 2 A9 05g/¢ & Z+7t
Yot A2 B-Folth

Table 3. Condition of jar test for making drinking water

A B C D E
¢ Ca0 1g/ ¢ ¢ Ca0 1g/ ¢

¢ Ca0 2g/ 7 * Ca0O 05g/¢ | CaO 1g/?
o Alum 40mg/ ¢ | Alum 40mg/ ¢
¢ Polymer 4ml/ ¢ | o Alum 5mg/ ¢ | ® Alum 40mg/ ¢

¢ Diatom 1g o 9 05g/#

b. &

A

A
Pilot A gdAel o AdolM AsAde HHY SHxdoez =AE #ke
Zol, CaO 1g/#, alum 40mg/¢ = TtxE 1g//& FYstel &8 - A0 F

A2 QAste] w840 3ed el A de] Abgskgd o)
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2. 2 A8t 9] jar test

H
o
_1
o
S
=
-
D
15}
128
i
>
Ll
—
~
o
:Nﬁ
Ho

alo] 7 6700 Gzt FHAE

gt & 280rpmoE 2% 5NNy, 1A SHAE ¥ 40rpmoE 153

ol

-

dZdgA Fho WE LHd=d AAENIS BF F A 2o g2 HAASA T

WA CaO& 02~12g// W2 WHF FY33, alumS 60mg/ 2 543+ jar test
E At LHEELY AALES ZAFSA T

sl Ca0E 02~12g//HH=Z W} FYstar, alum 60mg/ ¢ 2L T EA 3
HA 05mg/ ¢ E TR jar testE At SHEH] AATLES ZASHA T

2) $RA FYel W2 2FG9EZR AALE XA

Alum< 40~90mg/ ¢ HA = WF FHotaL, 22 SHAE 05mg/ ¢ FHsHH

jar test& AA|sle] S HEAY AAZTES ZASA L

b. PAC €38AE °| &% stAd

(1) PACEEA F9 & 2952 AAZLE A

PACEH A& 10~3bm/ /= W FPstaL

&
Shis
>
oo
N,
2
=
o
=
o
~
f\
N
jincs

3t jar test® AA|ste] LHAEAHY AALES ZAS A

(2) &ZA Fdol @& 2

o2
d
i)
2
A}
FO{I
o
N
>

Ca0E 01~06g// Y2 W FUJsta, PACEH A 20ml/ ¢, alum 60mg/ ¢

R

A S-A 05 mg/ 2 E FYUH jar testE HAAT ] LHYEHY AATES =
Eias
(3) PACEYA % alum Yol & SFdE2 AAZE A

>~

el
of

ok

PACEY A& 10~35m/ ¢ 9= W& F9YstiL, alum 40mg/ ¢, CaO 0.5g/¢ 2 il
A A 05mg/¢ B FAAY jar testd AN LAEA) AAELE 24
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c. Alum €8 AE o] &3 s+Ag

AmEeAE o] g3l =AFHEY A AY A5HS PEID A4 34
y

2A¢ =A%) A AP~

(1) Alum< & A FYo
Alum<H A= 25m/ ¢ ~20ml/

2 —
e
o
fet
g
of
N
iR
_0|L
=

lo,
2
o
fols
o
fllo
BN
>
ol
2
ful

FYsH jar test® A Al S HdEH
(2)AlumEHA 2 alumTYdel 2 289EZ AARLE A}
_Z,__ A<

=
Alum< 5~30mg/ ¢ WY E WA= FUS L, alumeH A 75m/ ¢, CaO 05g/¢ =

El

T A 05mg/ 25 FHSHH jar testE HAAst] LHAEHY AAZES £

3t

>~
i

oft
=

>0
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950 $AEA L pH, SS, CODe, CODyi, T-N, 2 T-Polu], By
#4909 FAANYY 2 v EPAS Standard Methodol #3ke] 2@ 3 gich

CODc¢r= Standard Methodoll =3kl A3 o™, CODwmne 100T, A L2 o

2 Agad. dFAFA TN, T-Pe A4 3=l oelo] 243 3r)

Table 4. Analytical Methods for searching water quality

Parameters Methods
CODwm Closed Reflux Titrimetric Method (KMnOQOy)
CODc¢r Closed Reflux Method(K2Cr207)
SS Gravimetric(Glass fiber, Dried at 105~1107C)
T-N Ultraviolet Spectrophotometric Method
T-P Ultraviolet Spectrophotometric Method(Ascorbic Acid Reduction)
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1v.

jihd

3} o

Kl
3

A. Alum €8 A A4S 43 ASF-A9

Table 5 alumEe A& @7 et BAFAgE AAT F FAFY 45 9
= 74713 vlasto] e AT
CaO 1g/ 2, alum 40mg/ ¢ % FZXE 1lg/¢/ = AHgs D 2749 Ao F=Ho

e

% 360me/ ¢, LA %= S6me/ ¢, Al 467ng/ ¢, pH 86, A% 16%, B% 0.05NTU
&y AEAY TEo HE FL A0E Uy

T3 D 20w AFEFAS W U5 1204 alumE el A 20~25m7F A A=A

24, Mzt g

=8
il
~N
HN
o
fru

B AgelA A4E alimz A AE s159) oA Aol ApEagl

Table 5. The water quality of supernatant after jar test

Criteria pH Hardness | Alkalinity Al Color | Turbidity
of drinking
water 5.8~85 | 300mg/ ¢ mg/ 4 0.2mg/ ¢ 5% 0.5NTU
Raw-water 7.2 27 25 0.24 155 2.85
A 8.8 1,125 45 2251 24.2 5.83
B 8.9 170 45 4.73 4.2 0.58
C 9.6 110 57 8.10 2.3 0.1
D 8.4 360 56 4.67 16 0.05
E 7.7 375 47 1.31 2.7 0.52
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B. Alum<

Age] AHe

55.0mg/ ¢, T-N 70.21mg/ ¢

1.

Table 6 % Fig. 49 CaOZ 02~12g/¢ ¥ Yol A

3]

o] @

FBA FQol BE o

=

2 T-P 828mg/ ¢ ©]

I

E

A

=
__./K(-)]

=
Al A

wEg T

5t

alum 60mg/ ¢

CODwmn 67.0mg/ ¢, CODc: 152.0mg/ ¢, SS

g F5e A48 Hedez AL AWNE YA,
CaO FYd&Fol T71del wel LAd=4de AAZE] FHJAoH, 1.0g/2 o1
FTUE A L4249 AAEELS A9 MAHA FAY 251 AotE .
Aelae] #4L2 CaO 08g/4 = FUskAE W CODmn 22.6mg/ ¢, CODcr 37.5mg/
24, SS 15.0mg/ ¢, T-N 52.0mg/ ¢ 2 T-P 0.24mg/ ¢ =4 71 Sz stA ot
2= AT UEe EATE g om HYT o alum 60mg/ ¢ T Hol & st
Ca09 F+Y &2 0.8g/¢7F A9ttt st
Table 6. Variation of concentration with CaO dosage (Unit : mg/2¢)
Cao
dosage CODun CODcr SS T-N T-P
Rawwater 67.0 152.0 55.0 70.21 8.28
02g/2 124.0](64.2)|39.8[(73.8)] 25.0 |(54.5)|53.66| (23.6) | 0.56 | (93.3)
04g/ ¢ [22.6((66.3)|37.5((75.3)] 15.0 |(72.7)| 52.0 | (25.8) | 0.24 | (97.1)
- Alum 0.6g/ ¢ [23.4((65.1)39.0|(74.3)] 20.0 |(63.6)|53.12] (24.3) | 0.27 | (96.7)
60mg/ ¢ 0.8g/¢ ]23.0](65.7)|38.2[(74.9)] 29.0 [(47.3)|53.91| (23.2) | 0.34 | (95.1)
1.0g/¢ |23.5((64.9)139.0((74.3)| 22.0 [(60.0)|53.42|(23.9) | 0.42 | (94.9)
1.2g/¢ |23.8((64.5)[39.5[(74.0)| 16.0 [(70.9)|52.11|(25.8) | 0.62 | (92.5)
¥ () Removal rate, %
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80

[=2]
o

S
o

Conc.(mg/2)

20

Ca0 dosage (0/! )

Fig. 4. Variation of supernatant water quality according
to CaO dosage.

Table 79 CaO& 02~1.2g/2¢ WHolA W=F FY3HaL, alum 60mg/ ¢ L LA
S3A 05mg/ ¢S FYHA st E dFH o Ay AAE e AT

CaO FY o] T7rdel wet 2 HEA AMATE] FAEA Y, 0.8g/4 o4
FUE Aol= T-PE AT U FAd5] AAZE] 2358 #ste At
CODcr9] AAEE] vt 7oA Bt =/ Ydeygon, o dRANFLAER
tsjo] AAHE Aoz Atz H
A4l F4L CaOF 06g/¢ F9T W CODmn 23.1mg/ ¢, CODcr 34.7mg/ 2,

(

o] CaO°l &

_l

SS 4.1mg/ ¢, T-N 54.3mg/ ¢ 2 T-P 0.98mg/ ¢ &4 7} S5 3sAT}.

B oAFRAY =ASSE gt oz Agd u alum 60mg/ /s 2 uEA SH
Al 0.5mg/ ¢ Fdel th&st= CaO® FUFS 0.6g/¢7F AFetrkar AdH
A F A AR ARE vusd, 22 A 05mg/ 4 E FATFLEHR Ca0
P&s 02g/¢4%F + i, T-PE Age d 59 Fdo] /MAsdon,

E3] SS9 AAZTE] o 20% FAH AT
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Table 7. Variation of concentration with CaO dosage

(Unit : mg/¥¢)

Cao

dosae CODyn | CODgr SS T-N T-P

Rawwater| 67.0 152.0 55.0 70.21 8.28
0.2g/¢ |23.1](655)[34.7((77.2)| 4.1 |(92.5)]54.30((22.5)| 0.98 | (88.2)
. Alum 0.4g/ ¢ |22.8((66.0)[34.2((77.5)| 3.7 |(93.3)|54.15((22.9)| 0.50 | (93.9)
60me/ ¢ 0.6g/¢ |21.5((67.9)[32.3|(78.8)| 3.1 |(94.4)|50.49((28.1)| 0.39 | (95.3)
- Polymer | 0.8g/¢ [21.9](67.3)|32.9((78.4)| 3.4 |(93.8)[53.66|(23.6)| 0.16 | (98.0)
0.5mg/ £ 1.0g/ ¢ |22.1[(67.0)|33.2](78.2)| 3.3 | (93.8)[54.04((23.0)| 0.85 | (89.8)
12g/¢ |22.4[(66.6)|33.6|(77.9)] 3.2 |(94.2)|54.29((22.7)| 1.04 |(87.4)

¥ () : Removal rate, %

Conc.(mg/8)

80

60

40

20

1.0
CaO dosage(g/t)

Fig. 5. Variation of supernatant water quality according
to CaO dosage.
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2. SRA Fhol BnE 2d=2 AA

Table 8 % Fig. 6°] alume 40~90mg/ ¢ HA = WF FJshaL, it
0.5mg/ ¢ & FHYst] st+E sty o=z Hgs A34E e Ao

AlumF Y Fol F7Hgtel wel e ded o) AAREo] FFHJASY, T0ng/ £ o]
73

A %4

A

TUE AFoles F2F5 AARE] A MAHAA FAY L81d AstE A
CaOE FHYotA ¥ S} 124 SHANE 3T dFol= 559 AAR

&2 AT, COD¢Y AAEZEL 441~551%=2 A YES T
A F2L alum 60mg/ 2 & FHUsERS W CODmn 23.0mg/ 2, CODc: 88.4mg
/2, SS 3.0mg/ ¢, T-N 5540mg/ ¢ 31 T-P 0.29mg/ ¢ =4 7} 4%
AT EAStFE A AE FHSA ¥ o AT A4S
+ alum 60mg/¢ % AFA SH{A 05mg/ ¢S FHst= Aol AAsivha doE
=3

oAy

jasid

23 dZYAS FYskA @ AgFezH COD B SSAAE] A

¥ ™, 53] CODcol A7

FOI‘
3
[\)
o
]
X
i
2
ob
i
o
&2
4
x2
32
i)

Table 8. Variation of concentration with Alum dosage (Unit : mg/ 2 )

Alum 1 on 1 coDe ss T-N T-P
dosage
Rawwater|  67.0 152.0 55.0 7021 8.28

40 26.8 1(60.0){93.1|(44.1)| 15.0 |(72.7)|53.31|(24.1)| 0.87 |(89.5)
50 26.0 |(61.2)]92.4|(46.3)| 16.0 | (70.9)(55.42|(21.0)| 0.76 | (90.8)
* Polymer 60 23.0 |(65.7)|88.4{(55.1)| 3.0 [(94.5)(55.40|(18.8)| 0.29 |(96.5)
0.5mg/ ¢ 70 24.2 1(63.9)|87.5|(564.3)| 6.0 [(89.1)]54.96|(21.7)| 0.46 |(94.5)
80 23.2 1(65.4)|87.1|(51.6)| 2.0 [(96.4)|55.24|(21.3)| 0.24 |(97.2)
90 22.2 1(66.9)(86.0|(48.7)| 4.0 1(92.7)|55.44|(21.0)| 1.04 |(87.4)

¥ () : Removal rate, %
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Alum dosage(mg/£)

Fig. 6. Variation of supernatant water quality according
to Alum dosage.
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Table 9 ¥ Fig. 7ol PACEHAZ 10~35mA Yol W= FYdstn, vea &
JA 05 mg/¢E FUstA -5 sgAHoR A A%E e A
PACE & Ao F9]7Fo] F7hgel wet A5 AALE] P4
me/ ¢ o] F13 AAZE] AL MAERA LAY 93]
A 8t =] A o

Ao 4L PACEHAE 20m/¢ +4389S wW CODwmn 37.6mg/ ¢, CODcr

et
o,
o
2
rle
-
i)
oot
Bjie
lo

68.2mg/ ¢, SS 39.0mg/ ¢, T-N 51.67mg/ ¢ 2 T-P 3.62mg/ ¢ =+ 7} F&3st3

2 AT =ASEE PACEYAE ol&dte sidtHor AT A4,
PACE# A 9 Add F+d&FL 20m/ 2 2 FAE At
o alume FYste] Mg 42 (CaO 0.6g/¢, alum 60mg

/0 8 A S AA 05mg/ 2 )9k valetd, A Al dEe] AA AL AsE

el
y
A=)
i
1o

AL 53] CODwmn°l 24%, SS+& 65.3% % T-Pt 38.9% AdtH At ol 4
< PACEYA7ZE 2 AAHE ¢ MAHAY] WEolt. ole1g #xelA PAC

A5 AR Aoldetr] Held= w5 SHA AFALEE @A FAD

rr

F et o] gAY o Buw
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Table 9. Variation of concentration with sludge dosage (Unit : mg/¥¢)

PAC sludge
CODwmn CODcr SS T-N T-P
dosage
Rawwater 67.0 152.0 55.0 70.21 8.28

10me/ ¢ |47.2((29.6)|85.0(85.0)|48.0|(12.7)|55.22|(21.3) | 4.09 | (50.7)

15me/ ¢ |44.8((33.1)|81.6|(81.6)|43.0|(21.8)54.06|(23.0)|3.78 | (54.5)

- Polymer| 20m/¢ |37.6[(43.9)]68.2|(68.2)|39.0(29.1)|51.67|(26.4)|3.62 | (56.4)

0.5mg/ ¢ 25me/ ¢ |38.6(42.4)[69.5|(69.5)[41.0](25.5)|53.37|(24.0)| 3.68 | (55.7)

30me/ ¢ |39.2{(41.5)|73.5[(73.5)]40.0 [(27.3)|53.15|(24.3)| 3.78 | (54.5)

35me/ ¢ |41.6| (3.9) | 78.0((78.0)]40.0 [(27.3)|51.49|(26.7)| 3.89 | (53.1)

¥ () Removal rate, %

80

60

40

Conc.(mg/8,

20

15
20 25

30
Sludge dosage(mt/¢)

Fig. 7. Variation of supernatant water quality according
to sludge dosage.
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2. ABAA FPol BE 0

Table 10 2 Fig. 8 CaO& 0.1~06g/ ¢ A= ®

ml/ 2,

gd Az e,
CaO Fd ol 05g/¢
T-N 55.10mg/ ¢ % T-P 1.71mg/ ¢ =+ 7}4
o 7 oj 4]
Ao 4

A2l

24, SS 33.4me,

e

&+ g

A & & O

alum 60mg/ ¢ %

P
T

i=1}

4%, CaO9] A4dg +Y

PACE# A= A2 g 459 H

At &

T A&

CODwmn 2.4%, CODcr

=]

d=4

A 0.5 mg/

£ PACE21A 20m

A A

oft

E zo];

] CODwm 39.2

l

Fo (05g/l 2 ZALE
g o CaO %
6.7% # 3} =

i

O

OO]: :('2‘_

!

h=d)]

mg/ ¢, CODcr 48.1mg/
HA e T

D alum 60mg/ ¢ & FYste] 3}shA

alums F7Igo=

i, 5SS+ 10%, T-P= 23%

Table 10. Variation of concentration with CaO dosage (Unit : mg/¥¢)
CaO
CODwn CODcr SS T-N T-P
dosage
Rawwater 67.0 152.0 55.0 70.21 8.28
0.1g/ ¢ [44.2](34.0)|56.7((56.7)| 34.1 [(38.0)|55.10[(21.5)| 3.09 | (62.8)
- PAC 0.2g/ ¢ [43.1](35.7)|53.1((53.1)] 34.0 [(38.2)|54.20|(22.8)| 3.04 | (63.3)
sludge | 35/, [41.2((385)] 484 |(48.4)| 365 |(33.6)|54.02](23.0)| 2.65 | (68.0)
20me/ ¢
. Alum 0.4g/ ¢ 144.0](34.3)]150.4 (50.4)| 33.6 [(38.9)|54.21](22.8)| 1.73 | (68.0)
40mg/ ¢ 0.5g/ ¢ [39.2|(415)|48.1((48.4)| 33.4 ((39.3)|55.10((21.5)| 1.71 |(79.4)
0.6g/ ¢ [43.2](35.5)|49.7((48.1)] 35.4 [(35.6)|55.94](20.3)| 1.63 | (80.3)

¥ % : Removal rate
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Fig. 8. Variation of supernatant water quality according
to CaO dosage.

3. PAC €8AY Alum =83 &2 2952 AA

l

Table 11 % Fig. 9o PACEZAE 10~35m/ ¢ A= W FYsta, alum 40
mg/ ¢, CaO 05g/¢ % 32 &HJA 05mg/¢ & FYdste] st-s A= A
23 A3Es YEry A

Ao F2L PACEHA 20mE FYUFAS W CODwmn 35.2mg/ ¢, CODcr
42.2mg/ ¢, SS 35.8mg/ ¢, T-N 51.36mg/ ¢ 2 T-P 2.84mg/ ¢ &4 7} %5389

£

B oAy ide] ZAFFE alum 40mg/ ¢ L CaO 05g/¢ 5 FPste] stgd o=
(o3}

Ay d A5, PACE A9 44T FAF2 20m/ 0 =2 A A
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Table 11. Variation of concentration with sludge dosage (Unit : mg/ ¢ )

PAC Sludge

dosage CODn CODc¢ SS T-N T-P

Rawwater 67.0 152.0 55.0 70.21 8.28
10me/ ¢ 37.51(44.0)| 45.0|(70.4)| 37.2{(32.4)|54.12{ (22.9) | 2.95|(64.5)
. Alum 15me/ ¢ 36.81(45.1)| 44.2(70.9)| 36.2 | (34.2)|53.28| (24.1) | 2.88 | (65.3)
AOme/ ¢ | 20me/ 2 35.2] (4.5) | 42.2((72.2)| 35.8((34.9)|51.36|(26.8) | 2.84 | (65.8)
- Ca0 25ml/ 2 37.61(43.9)|45.1 |(70.3)| 35.6 | (35.3)|54.24| (22.7) | 2.42|(70.9)
05¢/ £ 30me/ 2 38.6((42.4)| 46.3(69.5)| 36.4((33.8)|55.44|(21.0) | 2.66 | (68.0)
35me/ ¢ 38.41(42.7)| 46.1 |(69.7)| 36.1 | (34.4)|55.20{ (21.4) | 2.69 | (67.6)

¥ () Removal rate, %

Conc.(mg/2)

80

60

40

20

10 15

30

Sludge dosage(ml/¢)

35

Fig. 9. Variation of supernatant water quality according

to sludge dosage.
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D. Alum €38 A&

1. Alum €8 A +

o] &% 35
Aol e o AE

J{m

3

A A

Table 12 ¥ Fig. 100] alum<# A =S 25~20m/ ¢ W2 W FHea, vz
™A 05mg/ ¢ 5 FUst] stFE st o ALt AAdE el A
AlumE A o] Fd ol 71l met L dEd AARE] AF FHHJS
v, 10me/ 2 o] F+94F A% CODwmn, CODer, SS % T-N A AEELS A9 /Ay
A FUAY 238 A shE A
A g 4L alumsHAE 7om/¢ FUE W CODwmn 34.4mg/ ¢, CODc
51.6mg/ ¢, SS 24.3mg/ ¢, T-N 52.62mg/ ¢ % T-P 589mg/ ¢ =A] A4 o= o
Aol At
AlumE A S Fddte] mAstFE AT 4F, alumsd A9 FYFLS 7.5m/
07 ARevn B,
Table 12. Variation of concentration with sludge dosage (Unit : mg/ 2 )
Alum Sludge
dosage CODwn CODc¢; SS T-N T-P
Rawwater 67.0 152.0 55.0 70.21 8.28
2.5me/ ¢ 40.1 [(40.1)|60.2|(60.4)| 26.5 | (51.8)|57.30 | (18.4)| 5.91 | (28.8)
5.0me/ ¢ 36.5 [(45.4)|54.8((64.0)| 25.4 |(53.8) | B5.77 | (20.6)| 5.94 | (28.4)
- Polymer| 7.5mt/ ¢ 34.4 1(487))51.6((66.1)| 24.3 |(55.8)[52.62 | (25.0)| 5.89 | (29.0)
05 mg/L | 10m/¢ |35.2|(475)|52.8((653)| 24.1 |(56.2)]53.82(23.3)| 4.32 | (48.0)
15me/ ¢ 40.0 [(40.3)164.0|(57.9)| 25.8 [(53.1)[54.00 | (23.1)| 3.95 | (52.4)
20me/ ¢ 41.2 [(385)|65.9((56.6)| 27.6 [(49.8)|55.92 | (20.3)| 4.25 | (48.8)
¥ () @ Removal rate, %
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2. Alum €8 A% Alum FU4ZFo @& 2F9=2 AA

Table 13 2 Fig. 119 alum< 5~30mg/ /¢ HY=E HEF FJtx, alum <A
75m/ ¢, CaO 0.5g/¢ 2 1A FHA 05mg/ ¢ & FH3 -5 sy o=
A 235 e T

Alum FY9 o] S7kgel wet QdEA AALEC] FAFHAL Y, 25m/ ¢ ©]

4 FHE Arolle FRFF AARE] A MAHA Y 23y A

Ao F4L alums 20mg/ ¢ F9Z W CODwmn 22.0mg/ ¢, CODcr 26.4mg/ 4,
SS 23.9mg/ ¢, T-N 4863mg/ ¢ 2 T-P 51lmg/¢ 24 743 F5 a0,

Alum €214 % alum< AF&sto] =Algt4E sed o A2 44, alum?
FUHFL 20mg/ ¢ 7k At gdd
H e, alumS H7bsle] A gdozn Ao A

AEEo] AdtH o2 F7tEow, 53 CODwne 185%, CODer 16.5%, T-P+=
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Table 13. Variation of concentration with alum sludge

and alum dosage

(Unit : mg/2)

Alum
CODmn | CODer SS T-N T-P
dosage
Rawwater| 67.0 152.0 55.0 7021 8.28
+ Cao 5 mg/ ¢ |34.1((49.1)]40.9((73.1)]28.3 | (51.8)|53.48| (18.4)6.62] (20.2)
058/ 4 | 10 e/ ¢ |33.7((49.7)] 0.4 |(73.4) 27.0 | (53.8)|53.00| (20.6)|6.48| (21.9)
. Al
1? 15 me/ ¢ |32.0|(52.2)|38.4 [(74.7)] 26.6 | (55.8)50.96| (25.0) |6.42| (22.6)
sludge
Je, |20 me/ 2 |220/(67.2)|26.4|(82:6)| 239 | (56.2)|4863| (23.3) .11 (385)
O
- Polymer| 25 18/ ¢ |39.0|(41.8)|46.8|(69.2) 2438 | (53.1)|55.23| (23.1) 298| (64.1)
05me/ ¢ | 30 me/ ¢ | 395 |(41.0)|47.4 |(68.8)|26.2 | (49.8)|55.62| (20.3) [5.34| (35.7)

¥ () : Removal rate,

Conc.(mg/2)

80

60

40

20

%

0.5 1.0

15 .0
Alum dosage(mg/2)

T-N
CODMnN

Fig. 11. Variation of supernatant water quality according

to

Alum dosage.
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