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wasewater tredment processes in
’

ound the vorld. The mostammonly used

IS thephysi®-chemial processthat employs @agulants

.

and focculants.
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@ Overview of coagulaion and
flocculation

Coaguldion and focculaion are two very distindive pats of the physico-chemical teatment
of wasewater.

Coaguldion is the step where alloidal particles (similar to sphekes of a diameér of less
than 1 micometer) are destabilized.

111. Basic prciple of ®aqguldion:

Coaguldion comes fom the lain word C oagulae E which mans Cd agglomeate E.
In weter treatment, caguldion is the esult of the addition of chemicaleagents o weter
suspensions wherthe dispersed wlloidal patticles ae asembled in lager aggegaes called
flocs or micoflocs.
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Coaguldion is an inermediary sep, but it is esential to the physico-chemical teatment
process of water and vasiewater. This is the first sp in the elimingéon of colloidal patticles
and its main funtton is to destabilize the pdicles. This destabiliz®n is esentially the
neutraliztion of the eledrical chage present on the suface of the paticle thus f&acilitating
the agglomesation of the colloids.

COAGULATION - FLOCCULATION

11.2 ®lloidal patticles:

Colloids ae in®luble paticles suspended in aer. Their small size (legthan 1 mian)
males the paticles extemely stable. Thecan hae different origins :

| Mineral: silt, clays, silica, hgroxydes and metallicalts...
| Organic:humic and fulvic acids otor, sufadantsE

Note :
Micro-organismssuch as baeria, plankon, algae, vires ae al® consideed as olloids.

113. ©aguldion mechanism:

The stability and ensequently the instability of suspended parles is a &dcor of different
attraction and epulsion brces :

| Van der V\als brces
| Eledrostéic forces

| Universal atradion

| Brownian notion

Coaguldion is both a phgical and a chemical pcess. The eadions between paticles and
coagulant will allav the formaion of aggegdes and their suequent ®dimentaion.
Cdionic coagulants neutalize the negdive chage of wlloids and orm a spong mas
called micoflocs.

The oaguldion mechanism can be summartkin two steps :

1- Chage neutralization : this corresponds b the lowering of the eledrical charges tha
have a epulsion effect on the colloids.

2- Agegdion of the particles.

114. @agqgulants:

There ae two major @agulant types in wstoday:
a - Minerl coagulants:

Thee ae mainly basd onlron salts (ReCE, Fe(SD4), E) orAluminium salts (RC, Alum, E).

They ar the mest frequently uged magulants.
The céionic chage is bought by the metallic ionsfe* or Al**that will form lron hydroxydes
Fe(OHj) or Aluminium hygroxydes Al(OH) on ontact with water.

The main adantages of such @agulants & their universal range of applicaion and low price.
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COAGULATION - FLOC

b - Omganic magulants:

The céionic chaige is bought by a quarenary ammonium furtion fixed on a long polymer chain.

r N\ A
POLYAMINES POLYDADMAC
Cr —+tcn— CH ChH— cht
cr
@ —CI—L\ /CH2 Cw\ /cw
CH T & cr
O n /N
© CH CH ,
" J —

Four main oganic oagulant milies ae present on the markt today :
| Polyamines(FIOQUAT? FL 1,FIOQUATRFL 28 P2...)

| Polydadmac(FIOQUAT? FL 45 CFIOQUAT? FL 45 CL, ...)

| Dicyandiamide esins(FIOQUAT? DEC 50,...)

I Melamine-formaldehyde resins(HHOQUAT? FL 2, FIOQUAT? FL 61)

The main adantages ae a laver dosage and a laver volume of sludg produced (no hgroxydes).
Also these magulants do not affct the pH or the Titetion for Hadnes (TH).

Cc - Blends of mineal and olganic @agulants:

The® blends bring, in a singl®ramercial poduc, the adwantages of both oganic and
mineral coagulants. The b frequent mineal magulant ued in the blends is &C.

CULATION

Flocculation is the step where destabilized olloidal particles (or the particles formed during
the coaguldion step) are asembled into aggegées.

1.21. Basic prciple of focculation:

The focculaion step can only opeate on a veter/ wastwater whee the paticles ae
already destabilized It is the logical sp following maguldion.

Destabilized olloids AN % §+
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COAGULATION - FLOCCULATION

1.22. Destbilized paticles:

The origin of destabilized ptcles is arious and depends mainly on the origin of theter
to be treated. Thg can ome from an initial ®aguldion step.

Thecharge (+ or -) bought by the flocculant will be gleced acording © the ndure of
destabilized paticles in the vater. In gneal the ®lecion follows the patern belov :

| Anionic flocculant (-) br mineral patticles

| Caionic flocculant (+) ér organicpatrticles

1.23. Floculation mechanism:

Flocculants, with their ery high molecular wights (long monomer chain ) and their afjar
content, fix the destabilized paicles and aggrgdes along the polymer chain. Tleefol-
lows, during théelocculation step, anincrease in the size of the paticles present in the
water phag resulting in the érmation of flocs.

The type of bonds beteen the destabilized péicles and the focculant ae mainlyionic
bondsandhydrogen bonds

1.24. Floculants:

Amongst the 800 diferent flocculants of the FOPAM? Rang, two main céegories of
flocculants can be distinguished:

1 - Anionic and Non-loniddcculants that bring negdive (-) chages
the media.

ANIONIC AND NON-IONIC PO ACRYLAMIDES
Copolymers of acrylamide and acrylic acid

nCH=CH + mCHCH + NaOH——> .- €HCH CH—-CH
| | | |
c0 0 c0 c0
| | | |
NH, OH NH, |, O\Qé m

anionic chage (-)

Acrylamide Acrylic Acid Caustic Anioniapoliamide

Note : if m = 0, the po#crylamide is non-ionic

Different commerial forms ae available :
| Solid orm : FORAM® AN 900 Series
[ Emulsiondrm : FOPAM? EM 3 Series

2 - Caionic flocculants tha bring positive (+) chages to the media.

CATIONIC POYACRYLAMIDES
Copolymers of acrylamide and a chimmethylaed monomer

R R
nCH=CH + mcHe — T ercidF oHo—— i
co co co o
llIH2 (0] ! CH NH, In (0] Cll-l;
(lin—CHrNéCH;,CI@ CH_CFLJN:ECH,G(;
CllH; | CH I_ m
cationic chage(+)
Acrylamide Chdemethylated monomer tiGaic poly acrylamide

Note : if R = H—>  AM ( dimetlylaminoethyle acrylae )
if R = Ck—> MADAM ( dimetlylaminoettyle methacrylae )

- v

Different commercial forms exist :
| Solid orm : FORAMP FO 4000 Series
[ Emulsiondrm : FORAMR EM 4 Series
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 COAGULATION - FLOCCULATION

® Physico-chemical water treatment

Procesxkes

The® processes ae chaaderized ly:

| The us of chemicalreagents © destabilize and ineas the size of the pdicles tha
form the pollution.

| Followed by aphysical sepaation of the slids from the liquid phas. This spation is
usually achieed by decantaion, flotation or filtr ation.

ORCANIC COAGULANT
(polyamine, polyDADMAC) >
MINERAL COAGULANT
(AI*, Fe®) FLOCQULANT

R
A / Decantation
W
W —-
A
U Hottation
= Coagulation Hocculation
R tank tank \
(flash mixing) (dow mixing)
—-
Fit ration

The @mmon eagents ae : mineal and/or organic oagulants,lbcculaion additives adivated
silica, talcum, atvated carbon,E), anionic or ti@nic flocculants and pH antrol reagents
such as acids or bes.

Certain heavy metal chelting agnts can als be added during thecaguldion step.

Iohysico—chemical P rocesses

2.21. ©Gagulaion and focculaion tanks:

This sép in the pocess, whee olloids and/or destabilized paticles react with the reagents,
takes plae in basins or tanks of many shapes and sizey.dametimes included in the
settling tank

Certain rules must bedllowed:

| Thevolume of the basin is funiion of the input flow.

| Theinjection points of each eagent ae determined in elation to the reagent® chaac-
teristics. Br example, a oagulant will alveys be injeted bebre a focculant.

| Thestirring devices (size and speed) will beeleded acording o the reagents ugd.
Stirring must be high during th@aguldion step (lash mixing with aacommended speed
gradient aound 1000s) and laver for flocculaion (speed gadient apund 100s).

2.22. Sdiing tanks:

Thee ae different types of gttling tanks. The must allav the spertion of the slids
from the water phag by settling. Their design is bad on asetiling speed of the paticles.
The mest common ae:

| Scraped «ttling tank: The infow is in the entre and the eerflow of the treated weter
is all abund the peripheal chuk. A sraping gstem prevents the acumuldion of the sludeg
on the slopes of the tank and pushesdinards the undeflow extraction.

(2] Scraped ®ttling

@ tank
@ Inflow ( wastewater ) @ Sudee pit
@ Underflow ( stdge ) @ Clarified water chute
@ Settling zone ﬁ Rotating bridge
@ Efluent distribution @ Sudge sraper
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| Conical cylinder settling tank (vertical flow): In
such sttling tank there ae no sraping gstems
andit is the slope of the one tha guidesthe sludg
towards the extadion point. The infow is in the
centre and the @erflow of the treated weter is all
around the peripheal chue.

Lamellae gttling tank

@

——
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Conical gylinder settling tank

—
Clarifiec
water

)

Sudge extraction

Lamellae gttling tank: Thes ale composed of

piled elementary sttling tank whae individual

@ Rav vater inflow @ Lamelar settiing zone horizontal surfaces ae added up. Slaat slas allow
9 Clarified water outflow @ Sudge concentration the SlUdQE to be gHVIty fed to the bottom of the
g Focculation e Sudge exraction $ttlmg tank

@ Hocculated water distribution zone

| Horizontal flow settling tank: Al® called longitudinal sttling tank, they are chaaderized

by the horiontal flow of the weter to be treated.

Inflow

Horizontal flow
settling tank

—

Clarified
water

Iohysico—chemical p rocesses

2.23. Flaation units:

Contrary to stlling tanks, thedlid/liquid s epation is done ly floating solids to the surface.
The fotation can be ntural (vhen the density of the paicles is laver than 1) or asied
(by fixing mico-bubbles b the paticles). The sludgextadion will be done athe surface
of the unit.

Dissloved Air Flotaion unit (D.A.F)

Sudge
Micro bubbles Clarified water
that fix on : .
the particles { Water recirculaion

~—

Air
Exparsion Pressire

Flocculated effluent 1 Air/ Water mix vesel

In order to asist fotation, the ceation of micro-bubbles is doneybpressurizing the \ater
to be treated (Diect Flotation) , or ly injeding auxiliary veter tha has been mviously
saturated under adw bars pessue (Indiect Flotation).

2.24. Filers:

Filtration is the process of flowing a ®lid-liquid blend through a popus media in oder
to retain the wlids and let the liquid through.
Filtering is a¢chnolog tha is well adaped to low concentration effluents or as a finishingest.

The mat common filters ae : .

| Sand filters. Sand filter
| Belt filters or sck filters.
| Rolling paper filers.
[
[

Sudion filt ers (Disk or Pta)
Ultrafiltration/ Membranes.

9 Sand @ Back blower

g Concrete floor @ Backwashwater input andfiltered water evacuation
@ Fiter nozde e Sudge evacuation

e Inflow

s AUy d
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FLOCCULATION

® Labormatory tests

Several paameters must be tadn into acount when pe-sleding the magulants and the
flocculants in the labatory as vell as in the final industrialetection.

_ | Water quality (pH, S DS, ®lor, Turbidity, COD,E) —
I Suspe_ndedcslds | Average and peak flows D
| Turbidity INFLUENCE OF THE MOLEBRIWEIGHT | Quality ariaions
| Color ON THE SETTLING SPEED AND THARIELCAION .
| Equipment usd )
| COD High & 4 High | Future investments in pocess and/or equipment.
—
As vell .
chﬁtﬂ?% < 3 31.2 Sampling of the polymers: "
speed equired : 5 &
= = It is not ne@ssary to test all the &ailable poducts, a primary &eening will do.
O ) | For coagulants a ample flom each family can be ésted: polyamines (FRQUAT? FL 1)
polydadmac (FRQUAT® FL 45 C), diandiamide esin (FOQUAT? DEC 50), metallicat
(FAC).
| For flocculants, fled the ionic chage by testing a ange of products with the ame
How Lo molecular veight: FORAM? AN 900 SH Seriesof the anionic pevders and FDRAMP
— High> FO 4000 SHdr caionic powders.

2.31. The dffient chaacerstics:

2.33. Theeasults b be achieed:

Molecular weight of the flocculant

Iohysico—chemical P rocesses

Labostory testing is esential. @nsidering the gry wide ange of products available (moe
than 800), labcatory tests ae designedd:

Bebre any labostory test, a epresntative sample of the effuent must be takn. In oder
to complete the appopriate tests a god knowledge of the piocess inwlved is neessary:

Q)
: g‘: mater ontent (g/l) | Seled¢ the best adaped product(s) b be tested industrially
I Iorxllic demand g | Povide an estimte of the peformane achiaed : Suspended SolidsQO, TurbidityE o
| Mineral/ oraanic gio | Give an estimton of the dosages equired.
| E g | Optimise the industrial opegting conditions : Injetion Roints, StirringE o
i . .. Note : Labatory tests ae not exad enough b extrapolae acurate industrial peformane. "
2.3.2 The wrking onditions: by
| Flash mixing capability —
| Injedion points ')
| Mixing @nditions
| Contact time —
| Setling time .
| E 311. Sampling of theaier to be teaed: -




| The mixing of the eagent in the effluent:

after injedion, a mixing phasis neessary

_ to distribute the eagent throughout the
effluent. Thee mixing phass mg vary in
time and in speed.df example :

The mat common appaatus ued to test physic-chemical pocesses is the jarést. It For a magulant : 250 rprof 2 mn then 40
allows a strit control on the stirring of everal beakers & the same time (gnemlly 6) and rpm for 15 mn.
2 permits the omparison of the efficieny of sveral produdts or of the different dosages or For a focculant : 250 rpmdr 10 s then 40
the same podud. rpm for 5 mn.
+ The small equipment nessary is: gringes, pipetes,E and a sp watch to measue the —
mixing times.
“u | Flocs Setling : Onee the flocs ae Q
Q formed, the sttling pha® stats with o
an aerage time of 20 mn ér coagulants
— and 10 mndr flocculants. o
—
>N Q)
- —+
@ Autométic jar-test Manaat jar-t ‘®)
= =
O Note : See the lochure CPeparation of Organic BlymersEfor the methods of oagulant .
and focculant disolution. The main pameters © control during lab ests ae : <
— | Reaction time
| Size of focs
O | Settling time —+
| Clarification
— | Mixing (D
_ S ) _ | Floc stength
© The aim of this ection is not to impose a esting pocedure but to describe the key ele- n
] mentsthat are esential and ommon  all the existing ppcedures. Any labatory testing Thes pammetrs can be antrolled visually or with equipment such as the 6ape turbi =
procedure has the purpsge of representing the industrial enditions enountered and ctering dimeter developed by SNF ¢ measue cntinuously the turbidity of a jarst trial.
2]

for the wishes of the opetions managr. llows the® criteria, ech st will be specific.

| The injedion of reagents: w00 |
after preparing the diférent - "““’-m I
solutions of reagents to be 20
compaied, their injetion must 10 -
H M‘\—.
be simultaneous andt prede- s o o= pT——
R 00:00:00 00:0100 00:02:00 00:0300 00:04:00 00:0500 00:06:00 00:07:00 00:08:00 00:09:00 00:10:00
termined deages. TIME ()
All these dda are plotted ! 2 $
H 1: Coagulant injetion and fash mixing
in order to analye the lesults. 2+ Sow mixing(Foo swe gouth)
3: Settling
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® Industrial trials

Industrial trials should be abl®tconfirm the lab resulis obtained.

During the trial period, the quality andoiw of the effluent must be as cke to average as
possible. The making up of theagents must be thasugh. The @encentration of the reagents,
the injedion points,E must beedected bagd on the lab esults.

The main pameters © follow depend on the esults tageted. Nevertheless the mat
frequents ae:

Reagent flow (I/h, kg/h, E)
Effluent flow (m¥h)

Concentration of the eff luent (g/l)
Injection point

Clarification

Thickening

To analye the® results, it is usful to compile all the daa in a speadsheet in ader to
calculae the eagent consumption etes per wlume treated and ly dry madter weight.

® Troubleshooting

Unexpeted results in the lab mabe due b:

| A bad blending of the eagent: the high visosity of organic focculants mg male it
difficult to mix them in.

| An overdosing At eertain dosages, the ionic chaes (+) or (-) thaare indued in the
effluent are too high and will hee a epulsion efect on the paticles.

When a eagent dosage problem occurs, it is ery impottant to check ech and geryone of

the points.
WATER TRETMENT DCGAGE
Does the dsing pump NO > Check the mobr, the valves,
work ? YES; the injection pipe, ...
; Check the pH and theemperature

Is the effluent quali

the same ? < t):(E NO > Adjust the dosage to the new

S; conditions after lab testing.
NO > make-up equipment, the polymer

concentr ation, pH, past-dilution ...

correctly ? YES1

Check the effuent/ polymer

Isr(t)htzrpl)olr))/mer ued NO > blend, mixing conditions,
propery YES; injection points , ...

Is the polymer adaped to NO > Lab test a @mplete range of
the effluent ? polymers.
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