Coagulation (%E4E)

* colloid stability

i) 1Inm < colloid < 1gm

i1) surface phenomena > mass phenomena

iii) electric chargeE Wil thHE9] surfacex= ‘-’ charge ~ repulsiond] 93 coagulation
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* coagulation theory

i) ionic layer compression ~ colloid 2] ionE©| electrostatic potentialS
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i1) adsorption and charge neutralization
- A FHol&E0] colloid surfaceo] &= o] solution charges =371t}

eX) A]2(504)3 - Z’:%oﬂ/ﬂ A1+3 s 504_2
AP +3H,0 — AKOH),+3H"

iii) entrapment in a flocculent mass

iv) interparticle bridging (with polymer)

* Jar test for optimum coagulatant dosage

i) SZdASt Bz S84 A

ii) optimum dosage AA

iii) operating variable

@ pH

@ Alkalinity

@ pollutant concentration (SS, COD, turbidity, color)
@ =

(® mixing intensity

® mixing time

iv) experimental method

@D rapid mixing for 1 ~ 3 min (coagulation step)
@ slow mixing for 15 ~ 20 min (flocculation step)

@ precipitation for 30 min (precipitation step)



* Alkalinity - coagulation relationships

theoretical reaction equation

i) aluminium sulfate

Al (SO - 18H,0 + 3Ca(HCOs)2 — 3CaCOs; + 2AICH);| + 6CO, + 18H.0O

l

Natural alkalinity
ii) Ferric chloride (¥3}3)
2FeCl; + 3Ca(HCOs); — 2Fe(OH);| + 3CaCl; + 6CO:
iii) Ferrous sulfate (32F #113)
2FeSO; - TH:O + 2Ca(HCO3)2 + 050; — 2Fe(OH)3| + 2CaSO; + 13H20
if alkalinity”} ¥<3lH ‘Line’ & T%
2FeSO4 - TH,O + 2Ca(OH); + 050; — 2Fe(OH);| + 2CaSO; + 13H0



« 3Fek g 3ol 9loiA 9] mixing

‘velocity gradient’(G)= YEFAT}

L relative velocity of two particles of fluid [ sec 1]
distance between

i1) experimental eq.

G = velocity gradient [S™']

P = power input {N - m/s]
V = volume of mixing basin [m']
1 = viscosity [kg/m * s]
ii) rapid mixing (coagulation) G = 700 ~ 1000 [sec ']
slow mixing (flocculation) G = 30 ~ 80 [sec ']
iv) flocculation tankell 41 2] input power calculation

P - DUP 777777 @

P : power input [N x m/s]
D : drag force on paddles [N]

vp : paddle velocity [m/s]
2

D = CDA A) V2P 777777 @

Cp : drag coefficient, 1.8, for flat blades [-]
Ap : area of paddle blades [m’]
p : water density [keg/m’]

2
from @ @ P = LSDVP ,,,,,, @
7l
3
form @ @ ¢ = (Codmvey



4 -7
* stabilization
1) Complete removal of hardness cannot be accomplished by chemical precipitation.

i1) after water treatment
CaCOs 40 mg/ ¢

Mg(OH); 10 mg/ ¢
O. led CaCO, 1g3% CaCO, 50
10 o MOE, [ g e oo o
=17 mg/ ¢ (as CaCOs)

i) 323 CaCOs;, Mg(OH)»7} A ato] ol #olt),
v) o] 21kAA stabilizationo] &3t}

~AFel A Ca”, Mg 3187150l A71el 7hs3s e
@ HzSO4

2CaC0O; + H:S0s — 2Ca + 2(HCO3) + SO/

Mg(OH); + H,SO, — Mg + SO + 2H0
© CO (this process is 'recarbonation’)

CaCO; + CO, + H:0 — Ca” + 2(HCOs3)

Mg(OH); + 2C0, — Mg* + 2(HCO;3)
v) =2 pH (pH 105 ~ 1DlA Mg'" 74 AA 3 thg stabilization A17]7] Aol 3}
°] OH & 3212 Z87} vk, — pH 85 714
@ H.SO4 (53}

Ca” + 20H + H.80, — Ca”~ + SO/ + 2H0

2Na" + 20H + H,SO, — 2Na  + SO/ + 2H.0
© CO; (=3}

Ca” + 20H + CO, — CaCO3| + H0

2Na" + 20H + CO, — 2Na + COs + H0




ex) 4-7 Lime - soda ash process®] 93+ Ca" hardness #|7#

(CaO)  (NaxCO3) Mg"" FA))
1.0 5.0 6.0 8.0
meaq/L .
cd Md * Na"
CO2
HCOs SO#~
3.5 8.0
<assumption>
i) Mg'" 7% negligible

ii) A5 40 mg/ ¢ CaCOz7} &3] Slrh.

iii) CaCOs32] solubility:= 15 mg/ ¢ CaCOs

@D chemical requirement in milli equivalent/ ¢

i)

Ca0-, NaCOs

l

- 5.0 CaCOs

ries

ﬂ_

— 1.5 CaCOs |

raw rapid : settling
water mixing basin
ii) 1.0 CO, + 1.0 CaO — 1.0 CaCOs}
25 (Ca*" + CO3) + 25 Ca0
G FEE mol 3EE
15 (Ca® + SOf) + 25 CaO

@ Lime = 1.0 + 25 = 35 m equivalent/ ¥
© Soda ash = 1.5 m eq/ ¢

recarbonation

+

+

CO2

5.0 H:0

1.5 (2Na’

+

S05)



iii) recarbonation ~ supersaturated CaCOs& CO.E FIH st ionfk

CaCO;millieaquivalent ]
CaCOy 50mg

40 - 15 = 25 mg/ ¢ CaCOs; [

=05 mg/¢ CaCOs
05 CaCO; + 05 CO; + 05 H0O — 05 (Ca” + 2HCO;)
© CO2 = 0.5 meq/ ¥
@ produced solid (meg/ #)

CaCO, meq
CaCO;s = (10 + 50 + 15) mea/¢ ~ 40 n&/ ¢ [~ 00" 50, )
=75 -08
= 6.7 (meq/#)

® bar diagram for g%

i) gaslo] 9 CaCOs 5 Ca™ COs” = 15mg/ 4 = 0.3meq/ ?
ii) recarbonation®. @ A4 : Ca, HCO; = 0.5meq/#

iii) Ma™, SO, ” &

iv) Na' = 20 + 1.5 = 35 meq/ ¥

1.8 5.3
meq/L 0.8

ca” Mg Na"

COs HCOs SO~

0.3 0.8 5.3
@ #HF frEF = 25000 m/d A W FEANEH & AN 1P EE
(& Ca09 £=% 90%, NaxCO39 =% 85%)

Ca0=—35 =718 — 980/ imeq

Na,CO,= 2(23)+122+3(16) = b3mg/ meq

Co,= 12%2(16) = 22ug/ meq



OFE A& o

A Ca0 = (7f§) 28 [ 1] (3.5meq/¢) x 25,000w/d = 202%ke/d

© M, CO, = (gz)(3.5meql¢) * 25.000m/d = 2338ke/d
© €0, = (2ng/meq)0.5meq/¢) x 25,000m/d = 275ks/d

Y 1P

CaCOy _ (5, ymeq)(6.Tmeq/ ¢) x 25,000m'/d = 8375ke/d



* Softening operation

split treatment -~ Mg A%=7} =

tlo

o
Chy

i) Mg™ %7} =& 4% influent 9325 bypass

e ii) exess Lime2 & 1x}o] Al Mg™" AA
o i) F3A 71 talel 2xtel A Ca™ A7

Car- iv) bypass #1¢] Mg~ & WA g

Mg" " — bypass fractione raw water?] initial Mg' (Mg,) 5 = <}
9-95 10.5 —51%‘ Mg“(Mgr)%Eoﬂ 94?}1—1:]—_
pH
Ca0, NaCOs
CO2
influent —» —>
Qx
Mg ,— Mg .

Q. = 7]@: — ]%gll Qy : bypass fraction

Mg; : 3 &5 % 40~50 mg/ ¢ (as CaCOs)

Mg, : raw water?] ¥ %

Mg; : 12 HE]% 9 5% 10 mg/ ¢ Mg(OH); (as CaCOs)

ex) 4-9 split treatment W chemical & 7% K? (meq/ 4 )

0.6 4.0 7.0 8.0

meq/L .
cd Md* Ne

COe

HCQCs SO#”

5.5 8.0

i) Mg : 40~50 mg/ ¢ (as CaCOs3) = 0.8~1 meq/? = 0.9 meq/ ¢
Mg; : 10 mg/ ¢ (as CaCO3z) = 0.2 meq/?
Mg, : 3.0 meq/?

Me,— ]‘@1
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1) 1st stageol] A2l chemical

06 CO, + 06 CaO — 06 CaCOsl

34(Ca™ + 2HCO;) + 34 CaO — 68 CaCO3;| + 68 H:0

(1-0.25) 15 (Mg” + 2HCO;) + (1-0.25) 3.0CaO
—  113Mg(OH),| + 2.25CaCOs]
(1.0-0.25) 1.5 (Mg” + SO/) + (1-0.25) 1.5Ca0
—  1.13Mg(OH), | + 1.13(Ca® + SO
1.13(Ca*" + SO4) + 1.13NaxCO;
—  1.13CaC0s;| + 1.13(Na' + SO/)
@ Lime = 0.6+3.4+(1-0.25)(3.0+1.5) = 7.38 meq/ ¢
© Soda ash = 1.13 meq/ ¢
iii) 2nd stage recarbonation
05CaCOs + 05CO, + 05H.0 — 05(Ca* + 2HCO3)
0.75 x 02Mg(OH); + 03C0, — 0.15(Mg* + 2HCO;)
© COz = 05 + 0.3 = 0.8 meq/



* Recarbonation by COs
1) pH reduction
(Ca™ + 20H) + CO. — CaCOs| + HO
(2Na"" + 20H) + CO, — 2Na + CO;° + HO
ii) stabilization ~ pipe W52 IHE =7 skl Hxst B CaCOs; Mg(OH).E
ionft,
i) COz &+
@ natural gas® ¥4 CH; + 20, — CO, + HO

© Large water—treatment plant

AA sludge, CaCO3 — @ + CO2
heat

recycle

* Jon exchange

o] 23} energy (E) ~ 4A 1mololl Al A A 1molS wlo] HE=d X33 energy
i) El &55 AAE o] ¥l (cation)e] =7] Hrh.

i) 22 F7]A4 9xs ] 55 E= 1 g

e
ex) 35 7] Na<Mg<AI<Si<P<S

i) &S oA YxWs T d4-=E Ex= | I
7] =

iv) A% ion (Ca”", Mg )< A7A37] 98] Na'-Reging A&

o] 23} E : Na<Ca<Mg
v ) ion exchage

(Ca'', Mg'")-[anion] + 2Na-Resin — (Ca'’, Mg )-Resin + 2Na'" - [anion]
vi) regeneration ~ strong NaCl overrides the selectivity of the adsorption site

(Ca"", Mg")-Resin + 2NaCl (excess) — (Ca’", Mg™) - 2Cl + 2Na - Resin






<batch system>
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* Jon exchange (softening H)

capacity and efficiency of ion-exchange
i) type of solid medium ex) resin, zeolite
i1) type of exchange medium used for coating ex) H, Na'
iii) quantity of regeneration material

iv) regeneration contact time

i) 2~10 mequir/g °]=n 35X
i1) regeneration 80~160 kg NaCl/m’ resin
— 5~20% NaCl solution®] flow rate 404 /min - m’

-2
7h A

@ chemical precipitation .t} softening

© lime-soda process E.T} A& sludge

© physical & mechanical X+ smaller and simpler

v, e

@ filter €22 plugging E 2 Z turbidity A}d AA B &

© medium®] adsorbent @& =Z organic & 93 coating

© oxidation®] doiyH Fe, Mn I Ao 28] medium &% fouling
- 7] 33 A &= aeration Aol ZA] ion—exchange

- surface waters= AFA ol necessary treatmentE R+ 33k}



SCED L
(1) FRED oz

- precoat filtration

- PR R dol n¥Eo] Agste] vl Aol cakes A

(2) M Aled ¥} (microstrainer)
- &4 seramic LM Ev FAFA, 55, A AT
- 3d =9 FHE A% A The
- ofzek 7+4 23~35um

e
(3) ¢k& 2o (slow sand filter) 60% | —
- f& 2 =Z7] 0.2m ‘
* biofilme] 2-wa] Aol @4 on
- 012~032 m/h ¥ 43 £&=
- W52 A7 94 Do o

9

4) 5% Z¥ 937 (Rapid sand filter)
- 06~075m Zole FAEZ
- F&37] 045~055 m
- 25~50 m/he] wWE o3 &L=

- . 10%
P EDIEE

D60
D, effective
size

~ uniform coefficient 1.65 (



* A% (chlorine disinfection)

i) AFEEE e PH Ca(OCl)s,
;(]-0}03/\)\ L‘/E?

i) <¥hg> Cl, + HO = HOC + H

HOCI = H + 0OCl

Na(OCl)y,

Apobe) mAbEF

Sfo] Lol AAF o] &
HOCI, OCI" : 8] &-f9 4 (free available chlorine)

100 0
(@)
HOCI 20C
(%)
0 100
4
pH
HOCI12] 2HiF2lo] OCl Bt} 40~80u) =7] wjio] wrS-A1Z w) AAZ
i) 9xe FF9 F71E543% ghgato] o A=ES weh
E35] ot yo}(NH3) ¢ ¥F$-3le] — chloramine A4
NH; + HOCI = NH:Cl (monochloramine) + H50
NH.Cl + HOCI <= NHCL (dichloramine) + H-0
NHCl;, + HOClI <= NCl3 (nitrogen trichloride) + Hs0

NH2Cl, NHCI2, NCI3 : 233594 (combined chlorine residual)

ClO,
ol 43k 2

o &7t Utk



iv) o] Hrol = Oéﬁ:—: ojg] E& 3 ¥k3-3lt}. (— chlorinated hydrocation compound)
D Fe”, Mn" IS, #7188 S Zo] 4/ igse Bdu S50 7 g
@ phenol + Clo —  chlorophenol

@ humic acid (&&F F3 F%E) + C12 —  Trihalomethane (THM)
v) AFALAH = FEdFALAY » AN FALT
vi) 94 7% (chlorine demand) = FY3 4% - AFAL %

)
F=o 9 BEZo 95ty stAH ALY HElE = I

21- 0
vii) 7] 943} (breakpoint chlorination)

322}l 2%
i) K5
=it yo\ﬁ:/
B /)A&& A
S
5 0/& Sp|&E= 2
%0 78 TT oo
\%
2
7 Ci (breakpoint)
2R
A
O y

my
=]

;

<
>

09 rho tob
B> [{0 09 to
o

Z2A

0

] Z\U ]
010

EZctBl2 NClIs
N20, N2 &tatgl
o I EON &=
A0l AT



* Chloramine®| 743l o]+
NH,Cl + NHCl; + HOCI — 4HCI
INHC1 + 3Cl; + H:O — N2 + NO + 10HCI
2NHC1 + NOCI — N; + HO + 3HCI
NH,Cl + NHCl; — N + 3HCI



v At BE e o] &
@O AtAeL HEZAIZE
<batch system>

1) "Chick eq” (A3tel] 93 nAE A £27F 13 )
N AN —— KN (N : v
WPCERS =0, N=No
N t=t, N=N,
N,
t dN t
—==— | Kdt
. dN/dt N N .
' at t:O, N()
tft, NL
N,
1 Wo =—Kt
In N;= InN,— Kt
/In No
In Nk
— »slopeZ BH &K E R UL

slope K
ktazol wel et

* Chlorine concentration and contact time 37
C' = k t,  time required for given % kill
1

log C= Y logz,

log C

—1/n\

log tp




HOCI = H + OClI

ke LHIOCIT 1y e o

[ HOCH]
i) pH <33
100 0
HOCI
0 100

pH

1) =% 93 (pH const)
HOCI distribution

[ HOCI _ 1 _ 1
[HOCh+[OCI] — 1+[0oCI 1/LHOCI ~— K H']

Tt &42 KT 322 HOCl % | [0CI]11

100 0

HOCI OocCl

0 100
pH



4 - 10 DS removal
Inorganic material
* Jon exchange
i) Na' - Resin
- no net decrease in DS
at softeningoll 4] Na' ¢} (Ca'", Mg'")¢] w3t
- regeneration -+ excess NaCl
ii) H - Resin, OH - Re
- dissolved cation, anion A7 (DS%4r)
- pH 9 (finally H:.O & A)

- regeneration --- acid, base



Organic Material
* Adsorption
i) adsorbent & ZHA]
adsorbate & 23
ii) GAC - PAC
granular  powdered
iii) GAC column
fixed --- backwashing
moving system
@ spent carbon bottleol| 4] =] A
© new carbon topoll A HZF
iv) PAC
@ head loss W&l fixed bed® AF&3F 4= it}
© open vesseloll 4] suspension A E| = 28
- contact time Z &
- solid removal process”’} Z &
© regeneration®] ©] ¥t}
ex) solid waste®] Activated carbon©. 2 | &8 <A+



* chemical oxidation

i) refractory organic component®] A7 -+ &2
ii) 723k oxidantoll 2]3] A &=}t
(03, Cl2)

iii) ¥7F4 Advantage
- ammonia removal
- inorganic &3 ( ex> Fe, Mn)2| oxidation
- disinfection
iv) O3
- Europe
- taste, odor, color-producing organicsS ozonation
- oxidation¥} disinfection®] & A]oll Ao},
v ) process 9 X

- 2nd treatment A 2] 7} more cost-effective



* Zeta potential (2)

_ 4mnu _ 4 EM
5= a e

[mV]
exX

q
Voit — —Joule
coul
v = particle velocity
e = mediume] #FEEH (dielectric constant) [coul?/ N - m']
n = viscosity [g/cm - sec]

x = potential / cell length [Volt /length]

EM = electrophoretic mobility (=%)
AT

1) 45+ zeta-potential ionE°] ®9]A+= fixed layere] potential

i1) solution component®] 2]3] zeta—potential> W3t} — not repeatable measurement

* Particle aggregation
1) diffuse electric layer 74~ — zeta potential 72~
i1) surface charge neutralization

iii) Addition of long chained organic molecule — bridging

< Experiment >
i) 27 : Temperatureo] e} viscosity, #4d &
i1) Voltage / cell 49|

— electrophoretic grid division A2 =7 (using microscope)



