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Flocculation and its applications in water treatment
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Ufjn3a1 Oxidation wav Mn uas Fe

¢ Oxidation by O,

é Oxidation by Cl,

é Oxidation by CIO,
é Oxidation by KMnO,

é Oxidation by O,
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(Contact Oxidation)
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Mechanism : Contact Oxidation




aauanauzay Mn ua: Fe Sand

Mn — Sand (greensand)

MnO, coating material FeooH coating material



MnO,.  +Cl,+ 3H,0—>2 + 2HCI



Treatment Processes for Mn Removal

by Contact Filtration
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Eormation off Hardness

Precipitation

l CO, + H,0 — H,CO3

e : MgCOg, + H,CO; — Mg(HCO,),
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Strongly acidic
cation exchange resin*




loNn-EXChange

Exchanges Na* for the hard water
cations

Hard water

Resin beads

Softened water
From Conceptual Chemistry, Second Edition by John Suchocki. Copyright © 2004 Benjamin Cummings, a division of Pearson Education.



Sodium Cation Exchanger

Softening:
 Ca || (HCO3), CaR 2 NaHCO,
Na,R  + |Mgl| SO, — MgR + Na,SO,
|Fe]| (CD, FeR 2 NaCl
Sodium cation Hardness Hardness Treated
exchanger (soluble) with resin water
(insoluble) (insoluble) (soluble)
Regeneration:
CaR CacCl,
MgR + 2 NaCl — Na,R + MgCl,
FeR Fe(Cl,
Hardness Regenerant Regenerated Waste
with resin solution bed or brine

(insoluble) (soluble) (insoluble)  (soluble)
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Cation Exchangers

WwWealk Acid

Macroporous Gel

Strong Acid

Macroporous

General Descri ptln'n

CRNPFP B8O WS S 100 wWs

SPFP 112 wWs

H Na v

Na &

lonic form, as shipped

carboxylic acid sulphonic acid

sulphonic acid

crosslinked polyvacrviate crosslinked polyvstyrens

crosslinked polystyrene

MAacroporous agelular

macroporous

 Physical and Chen | Properties

white/vellovw, opaque light brovwn, transiucent

beige, opaque

Bead size min. 90 %

0. 4—1.60 o.4—1.25

0.4—1.25

: ective size 0.53 (== 0.05) 0.55 (== 0.05) 0.55 (= 0.05)
Uniformity coefficient masx. | 1.8 1.6 TR -
‘Bulk weight (== 5 2%) s 750 850 sa0
Density : approx. g/ml. 1.19 B I 1.29 1.27
Water retention %o wit. 45— 50 s a5 asg 4550
Total cﬂpa{:@ min (&q./@ (4.'—3) @ @
Volume change approx. Yo i e 10 S —

'Staﬁiiity temp erature range Lt e ]

—2Z0 1o 120 — 10 to 120

— 20 to 120

; pPH range o—14 oO—14a oO— 14
Storability of the product min. vears I = 2 2
U temperature range e o ] — 20 to 40 —10 to 40 — 20 to 40
Operating temperature _ max. ¢ 75 120 120
Operating pH range 514 o—14 o—14a
Bed depﬂb el ,-_-_-rm-—!-.,mm)- s00 800 800
Pressure loss (15 °C) p_élr m/h _ approx. KPﬂ?Tr_{ i e e 5 i |
ressure loss Sl 250 150 T 250
Flow velocity exhaustion max. m/t ~ so 50 _ 50
hel = backwash (20 =) T/ 12—14 1a—18 14a—18
Regenerant type e  HCI H.SO, HClI H,SO, NacCl HCI Ha S0,
level 70O 20 50 _“—;30 90 55 80
_concentration 3—6 0.5—-0.8 A~ AS5—-3 B—"TIO a6 4.5 =
eneration i 5—20 el s
rinsing 5 —20 e - 3
Rinse water requirement ; _ 3.5 2.5 2.5
_ m‘gp =) per mv/h a \ =5 3.5
Freeboard B )
(as % of resin vol) 60 —80 60 —80 60 — 80
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1. Equivalent = 9y
Eqg - Wi
2. Egquivalent - Weight =  Meleculae Weight (ML)
Valency 12n %i5a ail
3. Equivalent - Weight =  Meleculae \Werght (ML)
ALaL iV alency




qan Specification AadgLs@RLlLl strong acid cation| W Na form &@a

Total exchange capacity senans =

CaCO, & Moleculae Weight 40,078 + 12.011 + (15.9994x%3)

=N K0]0)
CaCo, & Valency - 2
SNSRI Equivalenw-\Weightt = 100 - 50
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Exampile

Total Hardness

A mg/lfas CaCo;,

= A g/m=as CaCo;

Raw water Elow: rate - B /el
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i Raw water Elow! rate

a0 Wsaaia 1 Al pRdlglsai = Ab15
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A B

E IoNn :[Volume Resin = X Liter/hr
quat O 100 efficiency
Where :

A = Total Hardness (mg/l as CaCQ,)

B = Raw water Flow rate (m3/hr)

Efficiency 50 to 70%



R RN 9 e R S
IR I T TR LJ'J'&M"A’]UUI}J 151555074
lotal Hardness — 1200 mgy/l asi CaCO,
= 120 g/meas CaCo,
Raw water Flow rater = 50  m~/hr
Qﬁ.o
SIEVId
: _ . A B o
Equatlon * Volume Resin = X ——— Liter/hr
100 efficiency

VVolume Resin

120(mg /1 as CaCO,) x50 (m°/hr) | jio0/r

100 x 0.60

100



- A5 OPErate ssui 10 aalse/an

- pIaNnAs FEgENENate L5y 15 /iP5

", SeEElaRANAS AINANRNSEUNHARVISUNAAUEN N5 regenerate

— 10 x 15 %JQT&I\‘I
= 150 o) EX
30 Volume Resin = A5/ I

\olume Resin NIaNnIsiesviamn. = 100/ 150 able;



| (n) End of Service Run End of Cation-exchanger Regeneration
Cation Exchanger Anion Exchanger (v) Cocurrent () Countercurrent
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D><t
nd Filter

@%

i

B/unit

><

teel with epoxy lining

80Cx150Chx6t ©

Selected Sand & Gravel 2500 ./uni
Manual Backwash

GGSP M 37

><

CAREON FILTER

Qty.: 1

Capacity 30 m3/uni
Materia Mild Steel with e

Manual B

Lagic control

edia 2000 /uni

ckwash

Logic control

GGSP M 37 :

GRRP M 3"
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Jszinnves membrane sunsoutseon lagal

1. Microfiltration (MF)

2. Ultrafiltration (UF)

3. Nanofiltration (NF) and
4. Reverse Osmosis (RO)

based on membrane’s pore size, these membranes process which is
used pressure to drive water across the membrane can be used iIn
water treatment, wastewater treatment and pure water plants.



The Filtration Spectrum

| | T B E—
5T Microscope Scanning Electron Microscope Optical Microscope ~ ¥isible to Naked Eye
| = E'-I' = e Ly 10l B1L: = = | I {
Micrometers - —
(Lo Scaie) %001 80|
1] [11]
e
1?:53&15:.‘3»@.; oo 1% 1160 200 500000
1
| [ Albumin Protein ﬂ |
e R e
Afoenic { Endotoxin/Pyrogen | ] Baclena
Radius I ~F =
| | | Sugar | | Vinis | A.C. Fing Test Dust
Relative F
I quhﬂ In:ml Synthatic | Tobacco Smoka -
Size of | Dye I —_—
g MILISOn
Common | : _
Materials ( Pusticida | | Colloidal Ssica | :

| =)

i

'REVERSE OSMOS
Process For EIIZTETED

Separation | NANGFILTRATION

Lr

ULTRAFILTRATION

Mote: | Micron {1x10* Moters) = 4x 10" inches (0.00004 Inches)
I Angserom Unic = 107 Mewers = 10 Micrometers (Micrens)







Filtration Comparison

Conventional Filtration

_ Coagulant
Particle ~@-—

e
g @ Q

Membrane Filtration
Particle

O o ﬁQFeed
ba O

Membrane

Filtrate
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"ll@!!ﬂﬂﬂ]x‘]ﬁ%‘ﬁi]Nfﬂﬁﬂﬁ’(’)ﬂ‘i’lﬁ1ﬂﬂ‘ﬂﬂ1§ﬂﬁ®ﬁiﬂ£ﬂ‘lﬂ Membrane

msnseanae(Sand Filter)

msnsesuuy Membrane

Filtration rate = 120 — 250 m/d

Membrane filtration flux = 0.5 -

1 m/d per membrane pressure
difference(98.1 kpa)

Filtration Area

Practically < 100 m?

Filtration Area

100 — 300 m?/ #iudidaga 1 m?

-Filtration Mechanism

-Filtration Mechanism
-Concentration Polarization

@nu Microfiltration(MF))




Pressure Driven Membrane Processes

OPERATING RECOVERY PRIMARY
PRESSURES ARBLICATION

PSIG PERCENT
PSIG PERCENT NOM REMOVAL
PSIG PERCENT NOM REMOVAL
5TO 15 80 TO 95 SWTR
:






Hollow Fiber Module : Hydracap for UF (Hydranautics)

Hydrophilic Polyethersulfgne

S



Software Design
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My Computer WS _RTR.FPro IMSdesign Y " '
/ R
¢ B n
Recycle Bin W5 FTP Pro. Meng ™ i -
Exploret  on 17z =8 Hydranautics RO Projection Program - [RO Design]

File

e 2 1

Inkerriet Ecoatch mer

Help

- w E“"&* ﬂmmmauwcs

Analysis

Explorer
A
[] L
W 21 |
- 7
ACDSes 6.0 Autodesk Al

Learnin, .. 17201E

B Z | HM%@%%D@N

ol sl INTEGRATED MEMBRANE SOLUTIONS ™

INWhere Technology Flows

Windows Media ssigiudiona
Plawer Al




HYDRANAUTICS
High Performmancas W e Prod
A Nr770 DENKO CORPORATION

Hydranautics Design Limits

The Following System Design Limits should be observed when designing a Reverse
Osmosis system.

Average flux rates and expected % decrease in flux per vear:

Water Tvpe SDl Flux % Flux Decline/vear
Surface water (SDI1 2 -4) 8- 14 GFD . 7.3 - 9.9
Vwell water (SDI =< 2) 14 - 18 GFD 4.4 - 7.3
RO Permeate (SDI = 1) 20 - 30 GFD 2.3 -4.49
Expected % Salt Passage Increase per year:
MembraneTvpe Abbreviation Yo SP Increase/vear
Cellulosic membrane CAB1, CABZ2, CAB3 17 - 33
Composite Membrane
Brackish, Low Pressure ESPA1, ESPAZ, ESPAZ3 33— 17
Brackish, High Rejection CPAZ, CPA3, CPA4 33— 17
Low Fouling LG . LG22 3 —17
Seawater SwWC1i1, sSwocz2, Swaoc3 3—-—17
Softening, PolyVinyl Deriv. PVD1, ESNA1, ESNAZ2 3 —-17
Maximum Feed Flow and Minimum Concentrate Flow Rates per Vessel:
Membrane Diameter (in) Max (GPM) Max (m>/hr) Min (GP M) Min (m>/hr)
< 16 3.6 3 & JF .4
s 30 8.8 e 1.6
8 s 17.0 12 =
8.5 85 19.3 14 B2
Saturation Limits for Sparingly Scoluble Salts in the Concentrate:
Salt Saturation %
CasoO, 230
SrsOy, 800
BasoOoO, 6000
SO 100

Limits of Saturation Indices (Langelier and Stiff & Davis Saturation Indices):

Condition™® LSI Value
LSI and SDSI without scale inhibitor = -0.2
LS| & SDSI1 with SHMP 0.5
LSI & SDSI1 withh organic scale inhibitor 1.8

=
=



Design Limits - Metric

Hydranautics' Industrial RO Design Guidelines

Metric
Raw Water source RO Brackish Brackish Sea Sea Waste
Perm Well Surface Well Surface Tertiary
Feedwater Parameters
Recommended Maximum:
SDI @ 15 minutes 1 2 - 3 4 4
Turbidity as NTU 0.1 0.2 0.4 0.3 0.4 0.4
TOC ppmas C 1 3 5 3 10
BOD ppm as 02 (est. as TOC x 2.6) 3 8 13 8 26
COD ppm as 02 (est. as TOC x 3.6) 4 11 18 11 1 36
L/m2.hr
System Average Flu 39.1 306 20.4 17 14.45 17
Lead Element Flux (in LMH) 51 459 30.6 40.8 34 255
% Flux Decline (per year) 5 T 7 1 7 15
% Salt Passage Increase (per year) 5 10 10 10 10 10
Beta (individual element) 1.40 1.20 1.20 1.20 1.20 1.20
Feed m3/hr (maximum per vessel)
4" 36 3.6 3.6 3.6 3.6 3.6
8" 17.0 17.0 17.0 17.0 17.0 17.0
Reject m3/hr (minimum per vessel)
4" 0.5 0.7 0.7 0.7 0.7 0.7
8" 1.8 27 27 2.7 2.7 27
Pressure Drop (per vessel, in bar) 272 2.38 2.38 2.38 272 272
Pressure Drop (per element, in bar) 0.68 0.68 0.68 0.68 0.68 0.68
Feedwater Temperature (in C) 01to45 0.1t045 0.1t0 45 0.1t045 0.1t045 0.1t0 45
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Hl=lE = LI} %
u. Welcome! @
Cieate & New Project i Welcome to ROS5A 5.4
~| |[From this window you may choose to create
Create a Database | |8 new reverse osmosis system design,
= create a database file. select a database
file, load a project or import an existing
Select a Database design from a ROSA 4.3 ROD file.
3 Please make your choice by clicking one of
Open a Project the buttons at the left.
Import a ROD File | n. 2546
™ Check here if you don’t want to see this screen on startup
. s Start TR E G & B3 Microsoft PowerPaint ... EROSA




File

FEEENENGE

s, ROSA System Selection and Data Entry

COptions  Calculation  Help

Case Number: !1 v!

Project Name: IPDR_NSAK

Add

| Remove |

Svstem Perm Flow: ] .20 gpm
System Feed Flow: 1.33 gpm

Overall Recovery: i 1500 %

Pruject Enfo

Feed

Scaling

“mE G ®

LT ol R O Permeate SDI < 1 -

~Jonic Analysis

[~ Specify individual solutes

Ions

mgl

ppm
CaCO3

meq/1

Total
Cong.

TDS: 2.000 g1

Feed Temp.: 250 €

0.00

0.00

0.00

0.00

Feed pH: 7.6

Potassium (K)

0.00

|0.00

0.00

0.00

Feed: 133 gpm

Sodium (Na)

786.75

1711.07

34.22

786.75

Magnesium (Mg)

0.00

10.00

0.00

0.00

Calcium (Ca)

0.00

0.00

0.00

0.00

Strontium (Sr)

0.00

10.00

0.00

0.00

Barium (Ba)

0.00

0.00

0.00

0.00

Carbonate (CO3)

0.00

10.00

0.00

0.00

Bicarbonate (HCO3)

0.00

0.00

0.00

Nitrate (NO3)

0.00
0.00

|0.00

0.00

0.00

Chloride (CTy

1711.07

34.22

1213.25

Fluoride (F)

1213.25
0.00

10.00

0.00

0.00

Sulfate (504)

0.00

0.00

0.00

0.00

Boron (B)

0.00

B8 |

1.

IL.4a.

Silica (5i02)

0.00

n.a.

n.a.

0.00

Unit set used: opIn (Flu?v}?:g (pressure)

"W




amilymfinuluszuuwamiild membrane

Membrane Blocking

anAicnou

Biological Fouling
- Bacteria

- Algae

- Fungi

ANAZNIU
|
Suspended Particle - CaCOq,
-Colloidal - CaSO,
-Organic Material - BaSO,
- Silica or Silicate




msunluilarin Scaling wae Fouling

1. #szuvdSulysnamwiiniedy suy Reverse Osmosis

a d
g159UNIE + A1TA319NZNOU
Membrane
Filtration

Z a d
!‘I’iﬁﬂﬂ%ﬁﬂfﬂﬂ + ’GTTi@ﬂﬂ"lfvlﬂ“lf

Treated
= \Nater

Yalasiaudalia + arseendlaa

Particle
Removal

a d
a1sdszneudunsd + PAC
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¥~ Chlorine(Cl,) and Chlorine compounds

B Ca(OCl), : Calcium Hypochlorite (white granule )

¥ NaoCl :andualaldeaatse ( yellowish-green liquid )
¥~ Chlorine Dioxide (CIO,)
¥~ Ozone (0;)

‘" Hydrogen peroxide (H,0,)

¥~ Chloramines
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Cl,+ H,0O — HOCI + HCI

HOCl <& HY + ocl~

aaasulusd ClI, HOCI OCI - 3undn Free Residual Chlorine

UfAsaAutau e

NH; + HOCI —> NH,CI + H,O Monochloramine

NH,Cl + HOCI —> NHCI, + H,0 Dichloramine

NHCI, + HOC| el NCl; + H,0 Trichloramine

Mono Di Tri Chroramine 5an?1 Combined Res Chlorine
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NaOCl + H,0 — HOCI + NaOH

=
=
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3
Q
=
<
o
=
a
=
0]
0
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ca(oCl), + H,0 —> 2HOCI + Ca(OH),

NaOCI _ o 11-
ocCl pH ~ 11-12

Ca(0Cl)2

¢, —— Cl, ,HOCI pH~2-3
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1. pH
2. Temperature

3. NH; and Organics substances



Effect of pH & Temp on Cl.effectiveness -

| 4
100

o
20 10
80 20
70 0
& /[
§ . m m g
ar » -
aD o0
0 70
20 a0
]
|
10 B . 20
|
]
o A 100
a s ! S ? a8 -] 10 "
pH

The following is a tabulation from the above graph
at_ 20 degrees C. '

TASLE 2 pH . xXHOC1 xOCi TOTAL %

4 200 o 200

\ 6 96.8 3.2 J00

7 75.2 24.8 100

7.5 49.1 50.8 " 100

| —_—) g 23.2 76.8 - 200

. 9 2.9 97.2 2100

12 o 00 100

sjuejajuisia
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Free Residual Chlorine not less than 0.5 mg/L
Contact time 30 min.

pH must be lower than 8

Water Turbidity must be less than 1 NTU

AR UAARDTUAILLIRAA TUSZUUINAUN

Normal Circumstance : Free Residual Cl, 0.2 - 0.5 mg/L

Outbreak : Free Residual Cl, must be higher than 0.5 mg/L
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Chlorine Dioxide
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ClO, Solution
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@80, Concentrate




ADA1sAAAS Ul aan12AuR

Chlorite / Chlorine (gas)
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NaClO, + %2 Cl, =——p C|O,+ NaCl + Excess Cl,

Chlorite / Acid

5NaClO, + 4HC| ==mp 4CIO, + 2H,0 + 5NaCl + Excess Acid

Chlorite / Chlorine (solution) / Acid

2NaClO, + HOCI + HC| ==p 2CIO, + 2NaCl + H,O + Excess Chlorine
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1. didszansnnlunisariam Poliovirus I
aNINANATUY

2. fddsza@ansnaanlunisvinana Spore aav
LUANSUANINAIDIUY

3. vinaauiia Protozoa Giardia sp

and Cryptosporidium sp. \sanin
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adhesive disc.

nuclens

ventral groove

median body

& anterior

posterior

caudal

flagella

Giardia famblia

sjuelosjulsia

trophozoite

{by P.W. Pappas and 5.M. Wardrop)

Giardia lamblia

Giardia lambfia

Ry -
cyst

cyst (by P.W. Pappas and 5.M. Wardrop

{by P.W. Pappas and S.M. Wardrop)




Disinfectants

FITC Staining
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4. irianauluiindeiinannais Geosamin
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5. Tumiudfasanausins Phenol vinTliiluiaa
chlorophenol duiflugnsnvintiitainnau
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&3 THMs uar HAAS
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7. asd1sdaunasituvnmiugisavauaay

THMs uwar HAAS

8. i u'laaTuaie pH A

9. iU NNITLRITAIR A TS AV

10. A23a biofilm 1gagvduszansnn



Measured Reswdual - ppm

SELECTIVITY OF Cl,vs CIO,

CIo,

HEAVILY POLLUTED

Dose & Residual wagumlasiiessnn

10

20 30 40
Cxidant Added - ppm
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funsan1iaiiia Protozoa Giardia sp

waz Cryptosporidium sp.
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Inorganic Halogenated organic Haloacetic acid
byproducts byproducts (THMs) byproducts (HAAS)
Bromate ion Chloroform Monochloroacetic acid
Chlorite ion Bromodichloromethane Dichloroacetic acid

Dibromochloromethane

Trichloroacetic acid
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(Automatic Rinsing Machine)

2. Lﬂ?‘@ﬂﬂﬁﬁﬂﬁ’]ﬁﬂﬁﬂium (Automatic Filling Machine)

3. insasAne-Uneuuvehwanaanuyuinas
(Automatic Capping Machine)

4. LATRIRLAYIHN (Cap Feeding Machine)

5. LATAINNW INK JET

6. LASAIUANANARUIA (Cap seal shrink)

7. \ATRIUBTINUIAALNAND A LUND
(Automatic shrink film wrapping machine)



UANNITRANULULSLULLSTIUIUIA

o QU ) gj J Q'J o % a gj
. MAUADATININANI(QNINANNAT/FI IN) FIMTUTTVUHAAUN
. MUUATLILIAINTNNUNET T/ T
. Mruanaintaznagydsvazinulszna 2 92 Tuy

Aa vAa a Y Y

. 32821811 1TRNUT UB 2 au Vo 3

9) a oA a d' o'/ 1 (Y]
- laszeznanlqiaausind lueneiu

o ¥ Y v Y (= o A A MY w
e 1 amalede 5 9z ladTuasihinga laneiu

o a A A Y 9 Yo A A 1T @
. ﬂ’lﬁ‘l!ﬂﬂﬁll"l@]’i/ﬂl’)ﬂ“ﬂNﬂ@]ﬂﬂ!ﬂ’)ﬁﬂlﬁ] 6 %z”lmmmmwwammu

QU

A A A~ ~ < A A Y
ARNIAIBNUITIINY GlﬂﬂTi‘]J’i’ii]“’U’JﬂVIﬂ’NllLﬁ’J(GlJ’Jﬂ/qu)VIGl@QﬂTi



AIBLINNITATUINABNLATRIUTTIUIUIADA LUNS

o QU a gj J Q'J o % =) gj
1. ﬂ"l‘lﬁiuﬂ@ﬁ’ﬂﬂ"lﬁNﬁ@HW(QﬂUWﬁﬂLNﬁi/%’JTN\‘I) NIV VUUANANUN

o Y] a 2/ J Q'J

NMUUADATINTHANLT = 2 ANUIANIUAT/F 119
2. DHMUATZEZIANITNNUNE TN/ IU

NHUATLIZIAINTN U = 8 ¥ 119/

3. Muuananuaznaguasvazivlszne 2 ¥ Iy

Aa wva Aa 9 9
4. §$EJ$!>’J’QT]J£]‘]_IS§N"IH%'§\‘1 YD 2 AU UD 3

seeznanlinanuasy = §—2 = 6 SR RETR

5. ldszeznanlinanuaie = 6 2 1u9a0 U



AIDLNNITATUIULABNLATRIUSTTIUNUINDA LUNA(F)

9 ]
=

o 9 Y 9 Y a a Y1 o
6. H1U0 1 AUAIYUD 5 fﬂzllﬂﬂﬁNW]’iuW]Naﬁllﬂ@@Du

Y Jd 1
Ysuassihnnaalaseiy =  2X6 ANLIANUATAD I

Jd 1 W
. ) Qﬂlﬂf”fﬂmﬁﬁﬁﬂﬁu

o A A A Yy 9 Yo A A 1w
7. ﬂ"l‘lﬁil!ﬂﬂﬁll"l@ﬁ/“ll’)ﬂﬂNﬁ@ﬂﬂ!ﬂ’)fﬂl@ 6 %"lﬂmmumwwammu

= 9 A A gl A
ﬁ?JﬂgﬁLﬂ@ﬂi%ﬂl?ﬂﬂJHM 600 HHENANUIAY
)

SIUINVIANKAA LaNIriNe = 12X1000
0.6

20,000 VIN/6 B TU

- 56 VIA/UIN

(%4

A A A ~ 3 =
8. ONAIBNUIIYINY G]ﬂﬂTi‘]JiifqﬁU’Jﬂ‘lﬂﬂ’ﬂﬂJ!ﬁ’J(“U’Jﬂ/uWﬂ)



	Formation of Hardness
	Ion-Exchange �Exchanges Na+ for the hard water cations
	Filtration Comparison
	RO
	การแก้ไขปัญหา Scaling และ Fouling
	Siam - a crustaceae� Chacherngsao province (Thailand)
	ProMinent Ozone Generator in Zoo  

