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Optimal coagulant and its dosage for turbidity and total organic
dissolved carbon removal
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Abstract Three coagulants, alum sulfate(alum), poly aluminum chloride(PAC) and poly aluminum silicate chloride
(PASC), were used to remove low to high turbidity and TOC in surface and ground blended water. Laboratory
experiments and pilot plant experiments were carried out to evaluate the optimal coagulant and its dosage. To
determine the optimized coagulant and its dosage, the turbidity, TOC and pH were measured. The experimental results
showed the best removal performance using PASC. The optimal dosage of PASC between 3-20 NTU was found to
be 15 mg/L in the jar test. In the pilot test, a 15 mg/L PASC dosage was applied and resulted in the efficient removal
of turbidity and TOC between 3.6-27 NTU. The removal efficiency of PASC increased with increasing turbidity and
TOC.
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FHAE aluminum sulfate(alum), ploy aluminum chloride
(PAC), poly aluminum silicate chloride (PASC), ferric
chloride (FeCly) ©ItH2]. ol#lg SHAE] &5 Ea=
Are] =8-313H4 B0 whet depIvH3]. 4
Aol v &40 &4 AHE-S A8 74,

A= PAC, PASCS-9] Aol Z7FetaL 9= FA1
[41[5]. gadergS 4 9 st A 1’411'
SHA R 15 2 AMEEo g, oA =
714 QAE AASEH o] =2 588 EO] A
2 48A Qth6]. PAC= FeCl; o4 alum Xt} o] ¢z
94 F71ES EEA0E AAS AL doH o Ae 4
e E Bt delx QUth[7]. Poly aluminum
silicate chloride (PASC)& &+ /de §7]-& A =4
7139 2349 PAC, Alum, FeCl; ¥t} g%, Ax 9
F71% AA BdE a9E ol JoR y_ch] $1=3
[8]. Tt PASCE sharell A83to], 257, 24, COD,
TP & w48 23 PAC Bt} & §&8 Hole 32
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719081 A2 HAE Ageka olol whe Aol 7
F& A7) $18] Jar-TestE 338kl PASC, PAC,
ahim o) &3 Ao A A4 0 A% F40] B
27 $4A FUHS YA, FARFDEA A of
g Azsan
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257 Bk s
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= 914 B AR f958 S shglon, Aset
B A7 Wl Asks: B2 o 3kl Aateleh A%
T} Aaleo] =2 3184 5442 Table 19 YERSITH
o

$-H A= PASC(KG Chemical, Korea), PAC (Eyoung
Chemical, Korea), Alum(Eyoung Chemical, Korea)S A}
g3l on, 247kl EAL Table 201 YeERATL
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[Table 1] Characteristics in Raw-water

Analysis
Type | Tem e (|0 DOC Water
p pH b ¢ (mg intake
Water (C) L /L) Area
T U) /L)
ype
Surface |0 76| 387 | 162 | 125 | [ ntake
water Korea
Ground 8| 75| 1 |0z oz | BWIP
water Korea
[Table 2] Used coagulants characteristics
Cogilianit Characteristics
type
1. Aluminum oxide (<7%)
2. pH(<3) E
3. Fe(=0.3%), NH3-N vouns
Chemical,
Alum (=0.01%), As(=10ppm), South
Mn(=>25 ppm), Cd(=2 K(())lsea
ppm),Pb(=10ppm), Hg
(=0.2 ppm),Cr(=10 ppm)
1. Specific gravity(1.19)
2. Aluminum oxide(10.0712.0%)
3. Basicity(<35%)
- Eyoung
4. pH(35 ~ 55) Chemical
PAC 5. SO4(=35%), Fe(=0.01%), éout;d’
NH3-N(=0.01%), As(=5 Korez
ppm), Mn(>25 ppm), Cd a
(=2 ppm), Pb(=10ppm),
Hg(>0.2 ppm), Cr(>10 ppm)
1. Specific  gravity(1.36)
2. Aluminum oxide(17.2%)
3. Basicity (<35%) KG
4. pH(B9) Chomieal
PASC | 5. SOA(=35%), Fe(0.0005%), éout;d’
NH3-N (=0.01%), As Korez
(=5 ppm), Mn(>25 ppm), a
Cd(=2 ppm), Pb(>10 ppm),
Hg(>0.2ppm), Cr(>10 ppm)
2.2 Jar—Test
A Jar-Teste =& BEYEH & grsor
S 913l 530l ZA wHEAlE 8191, Jar-Testol

5
& 53571 A&l Pilot-Plantel A A3

o
=

A
t}. Jar-Testoll M+ Jar-tester(SF6, Misung  scientific.

co. Ltd)E AH&-3F3 e, Alum, PAC, PASCE A}-§-3)
o] Q¢ g e $HEES =4Itk Jar-Test
AF A H2E AZE-S 1,000 mL Hlo]7] 6706 500 mL
AT s HE SHAE A FHe 5 ank]
£ o]&ste] F4(120 pm) o2 18, $45(60 rpm) o2
205 5ok Wk skl on, 3087 A AlATE o)

W5 Ao AES A3l AN SR S H g

A
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TOC, DOC, pHE &7d3+91, S3A19 F%+ 10ppm,
15ppm, 20ppm, 25ppm, 30ppm, 35ppm, 40 ppm o= 7
sl

2.3 Pilot—Test

23d B. 447 1 Pilot- PlantA A 22U AR
8L/min, A8} 2L/min & % 10L/minS.= &}F 8A|
A A steon, Ao E3/53/2Hd AEE
€%, pH, 183 TOCE Wl Z43F4Tt.
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A Fde 20® Y T 25U A3S Fete] A
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[Table 3] Coagulation and sedimentation process in
pilot plant

Unit  Process Design Schematic  diagram
Coagulation/ Size:  total
Flocculation 7291 (rapid
mixing
tank:45L, b
two  slow H
mixing |
tanks: 342L
each).
Velocity:
Rapid
mixing (120rp
m), slow
mixing
(60rpm)
Coagulant
dose: PASC
15 mg/L

1150

1243

Clarifier Size!
2.0m3
Contact
time: 2

hours - -I—‘E

1.1.4 8 i

Jar-Test @ Pilot-Plant 24 3& E3lo] ¢4

S
olo
X,

=24 A

= AEF g%, TOC, pHE SA43I5T g%
Jar-Test o4& HachAle %= ZA7](DR-2100,
Germany)E AHE-3191 21, Pilot-Testoll 4= Yokogawa
Abe] 22191 B =S4 7|(TB4R0, Japan)E A3l A
&3 ck pH 574 Al Jar-Test ol443= HANNA InstrumentAF]
pH meter (HI 98129, USA)E AF&-3}31.2 1, Pilot-Test

o -] Thermo ScientificAte] 22+<1 pH =4 7](Alpha
pH 200, USA)E A8 TE TOCE A4 H S o] &
3} ShimadzuAbe] TOC &4 7](V-series, Japan) = 4

a5l om, TOC AAES oFdf A& o]&3te] Ataad

=3
-
Removal (%) = x 100
o
C0 : %7] DOC, TOC ¥ Turbidity &%
C:ad % 5w
3. ME U Az
3.1 =& SEA ¥ £ MY Jar test
=57 ¥ A (Alum, PAC, PASO)E 10 ppm, 15 ppm,
20 ppm, 25 ppm, 30 ppmy, 36 ppmy, 40 ppm 2 SE 4]
sto] F&/gudt Jd 34 F TOC, 9%, 18
pHE 5435tk ol & nlge g R EYE vl 2 &
Ate] HAY S-A A B YRS AAstaux} o)
Gt 949 g% = 3-20 NTU He = AYEES 0] }
of 1Mo T 23t 530l ZX1 Jar-Test] ¥

TOC(20NTU)

mg/ll

s
o v

o 10 20 30 40 50
Coagulant dose (mgL)
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Turbidity (20NTU)

NTU

Coagulant dose (mg/L)

TOC(15NTU)

Coagulant dose (mg/L)

Turbidity(15NTU)

Coagulant dose (mg/L)

TOC(10NTU)

Coagulant dose (mg/L)

Turbidity(10NTU)

B

o 10 20 30 40 50
Coagulant dose (mg/L)

TOC(5NTU)

Coagulant dose (mg/L)

Turbidity(5NTU)

Coagulant dose (mg/L)
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10
e Aum
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o
P o4
P
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e NSt
—$=g
o
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Coagulant dose (mg/L)
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Coagulant dose (mg/L)

[Fig. 1] Coagulation analysis based on TOC, Turbidity and pH in jar test
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a4 a+

A4 BE 20 NTU Z7olM Alumel 3 £
+ 25 mg/LelH, BE A7 80%, TOC #AE&
69%2 139tk PACS] 4 F9%5 5% 20 mg/L ©l
o, Bl A A&-& 81%, TOC A7 &S 91%= 2elsksd
th PASCY A #4 FYFEE 15 mg/lLolH, =
AL 8%, TOC AAEE BBE 44 H= 20
NTU 27914 PACS 15 mg/L. #E& FY3I30S
SF ago] M e AL AT 4 Aotk

A4 % 15 NTU Z404 Alumel =
= 25 mg/LelH, 8% AAES 5%, TOC AAES
7%= 18tk PACS] &4 #9555+ 20 mg/L ©
v, g% AAEE 5%, TOC AAEL 710%= 41515
th PASCY A4 #4 FYFEE 15 mg/lLolH, 3=
AAE-E 80%, TOC AAEL 39%= skt A

1

= ==
A F9s

2

a

o) 2=
E5= 20 NTU =404 9k 2o] PACS 15 mg/l 52
FHFAE v Alumo]u} PACHY &5 &89 }%} 3
S AL AT 5 d9ih

A Hx 10 NTU 2704 Alum®] #4 F9Y
20 mg/Lelw, e AAES
81%= glsaitt PACS] &4 F9le == 20 mg/L ©]
W, 8% AAEL 69%, TOC #AHE&2 8% 3
th PASCe] 75 4 %%‘%+E 15 mg/Lol™, &=

s

A& 73%, TOC AAEE 82%= lstirt 3
A e B Tocxﬂﬂgﬂr HH FAgE st
ul 2% 2212 PASC 15mg/L 9 24d°] SHE80]
M e A AT 5 Al

U B 5 NTU 200l Alume] 34 F9s=e

15 mg/LolH, g% AAEL 36%, TOC AHES 4%
2 Rlsisith PACY HA FY¥E= 15 mg/L olH,
iz AAES 4%, TOC AAEL 53%= A5t
PASCe] 2% 24 F94% =+ 15 mg/LolH, g% AA
&2 46%, TOC AAEE 52%= &<latrt. ¢4 &3
2 BA89S u A& FY% 15mg/LolA e PACS7H
= 2 TOCY Hul AALS HolF3ith
)14 Bl 3 NTU 2494 Alume] 4 Fsr=
15 mg/Lol™, B A A &2 3%, TOC AA &2 34%=
SR18kA T PACS] #HA F9%EE 10 mg/L o, &
T AAEL 16%, TOC AAEE 51%=2 B8k
PASC9] 7% #4 F4% =+ 10 mg/Lolw, BH= )7
£-2 23%, TOC AAES 9% Felatgdt H4 &3
A 2 Folgke PACS 10mg/LE &Holdk &= Sl

o, I‘ﬂ

2325

A4 pHE 761 o199 2™ Alum 9 Al 10mg/L(pH
7.43), 15 mg/L(pH 7.32), 20 mg/L(pH 7.22), 25 mg/L(pH
), 30 mg/L(pH 7.00), 35 mg/L(pH 6.9), 40 mg/L(pH
680) olgon, B E £47]F4 pH 58-85 Alol&
W=tk PACE AHS 319& o 10 mg/L(pH 7.32),
15 mg/L(pH 7.24), 20 mg/L(pH 7.21), 25 mg/L(pH 6.52),
30 mg/L(pH 6.5), 30 mg/L(pH 6.5), 40 mg/L(pH 5.8) 2
SHAE FYell whet pH7F GASHA s ew 40
mg/L o]’ ZHeAE e & 5 7SS UEA71A
Hahdtt. PASCE 10 mg/L(pH 7.1),15 mg/L(pH 6.9),
20 mg/L(pH 6.5), 25 mg/L(pH 6.2), 30 mg/L(pH 6.0), 35
mg/L(pH 5.6), 40mg/L(pH 51)1.2™, 30 mg/L o)<
pH 60 °oJ3t® W& & 4 7|&S HEA71A] %315

o,

£9 2489l PASCE] $HE R0l 14 g o
Qe 5 qlglow], $hA Yol me HEs TOC A
A, pH W52 1elehel2 ul, PACS 15 mg/Le 74
she 7ol 2% 71912 Selshglon, ol Piot-Plant

2
.—E

3.2 Jar test B2 ¢Ist Pilot test

B oo A 9] Pilot-Test= Jar-Testol| A e] A8 2
5 vpEe R slo] 2531t AFS st PilotfPlantgl
oA 27L& A¥F 8 L/min, X85 2 L/min 2 % 10

L/min® 2 313 8AIZH 4 sl on A5t S5 A
Zl4=9] % pH, TOCE M| =439t} Figure 2 o

A ARRbel w2 g, pH, TOC ¥8HH4S Yehf2
ok
Pilot-Plantel A 477+ 288 53 819 ) 9 &
B 362 NTUMSI 2 #slal9on], PASC 15mg/L
Fate u Aazol M 2-829 WY AN S
B, TOCE! B9 0-8% W91l AAEE ol
041:]_ 51_ 7ﬂﬂ]_v_ H}El—oi ._zlxﬂ/] E 5o
7b mobel whet 12 885 Kol 73‘?"%}% LR
o gro A9 BNTUNA Hol $HEE(2%)S
glakiaL, TOCS 45 856mg/LoA Hdl AA &
(88%)& 2lst%
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[Fig. 2] Coagulation analysis based on TOC, Turbidity

and pH in pilot plant

4. A8

B Ay BaAoR wol ARgale SIS
sulfate, poly aluminum chloride, poly aluminum silicate
chlorideE AF&3}e] Jar-Test$} Pilot-TestE ©]-8-3}¢]
23 58S Wrletan 48 FAEATY,

1) Jar-Testoll A AF&3F Alume] 29 A 3349

Eolge Bmg/L 2 golaglon, BE AT

2 Hd 1%H e, TOC AAETELS A 5%
ol PACY] 4 FY=FS 0mg/L= g5t e
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2) Pilot-Test+= Jar-Test®] A¥olA A4 €

H 80%, TOC] AALES At 89%= &1ls}
At

-3

%1 PASCE ©]& 4 #4321 15mg/L 2712
Y3te] o5 H5317] 9130 Pilot-Plantoll A A3
Atk A FHd wE g AAEL
22-82%, TOC AAEE 0-88% HY= <l
o} S3A FY Al pHE ﬂéﬁ 7002 H= &
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