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Abstrsetz The present review deseribes the seost recent palents and outlines the progress made over the last decade m the
feeld af wastewaler ireatment fecusing o the spplicstion of CoagulatwcsFlocculation (C0F) process, which s mainly used
as primary ireaiment for the effective removal of codlowdsl pariicles ond crganie matter. Various matenials/chemaoal rea-
wents hve been developed morecent yean as comgulmtion/Tlocculation sgents. Amoag them sre inceganic-hised coagus
laits, ofganie-hised Aocoslaite, as well os Byhrid satenals, or tesin-hised polysens coagulsnts. Fanhemaore, & rece
patent application for resting wastewmler 45 usang sanopariicles of cley & mionw coapulant agent In sy sensitive
ewichment arem, the effecine removal of phosphoms s also required. Sevenal alteramtive precesses, methods and wrest-
mbent ayitems have been provided @ recent patents for lowermg the concentratson of plcsphorus in wisiewalers, aoliag
that the comventional wse of alum or feric chloride for phospharons removal is mather problematse due to sidity of congu-
lants, being added o the wislewater. A coagulabon-sedimentaten lus is [ d do treal waler sl

ligher males and & more recent patent diseloses & system For constinwons optmmization of the relev am wislewater reatsmenl.
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L INTRODUCTION

Extensive research activity has been directed on the
wastewnber treatment field over the past few vears, meludmg
lbe publication of several related palents focusimg on the
application of Coagulation/Floooulabon (C/F) process.

C'F process 15 considered as a typical physico-chemical
treatment for contaminated wabers, or mdustnal wasiewalers.
This techmalogy 15 mamly used as pnmary trentment for the
oftfective removal of porbculate and'or organec matter.
Knowing thewr specilic differences can lead to a better under-
standing of clarification and dewatenmg operations of the
‘waslewnber trealment [1].

Coagquiation 15 the destabilzation of collods (001-
| Opm} by neutralizing the electrical forces that keep them
apart. Flocoalation is the acton usually of (organic) poly-
mers, {otherwise named 2 polyelectralytes) to form bridges
hetween the flocs and bind the parbcles into larger agglom-
erates, or clumps. Once the suspended collmdal parbcles are
Hocculated mio larger particles, they can be easily removed
from the solution by sedimentivon, provided that o sutficsent
denmty ddterence exisis between the suspended matler and

the ligquid [2. 3]
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In many sensitive catchment areas, supplementary phos-
phorus removal 15 also required (as tertiary wastewater treat-
ment process) and this 15 performed by the sddition of
appropriate chemical reagents. The benelits of sequemtial
chemical addibon for coagulation operations have been
shown on several occasions. A commoa case 15 phosphorus
precipitation [2]. Many countries set Imgl and 2mg’l. as
the limit for total phesphorus concentrabions m discharges of
waslewaler trealment plants. One of the reasons for this low
limit is thot P comcentrations below 0.5mg’l. have boen
shown o ke the limiting valae for algal grewth [4], e at P
cancentralions below 0.5mgl. algal growth in a natural,
Ireshowater enviromment is essentally inhibited or blocked .

L PATENTED COAGULATIONPFLOCCULATION
{(C'F) PORCESS FOR WABTEWATER TREATMENT

Im a patent appeared an July 1983, Larry [5] mdicated a
process for ireating waslewaler containing an andesirable
level of crgamic matter, wherem the congulated sohids are
Heccalated by treatment with a pon-polymenc, cationis Hoc-
culatimg agent, comprising a salt of a fatty ocsd (aminoalkyl
alkanolamede), followed by treatmemt wath am amionic po-
Iymeric flocculating agent, while the use of the cobonic
agent alone 15 meffective in providing acceplable floccula-
tion, and an amianic Hocculating agent muast alse be added 1o
fally Hocculate the precapitated, coagualated solsds. The cati-
anic Hocculating agent is used in the process inan effective
amount which ramges from about 50 1o 800mg/ L. Commer-

2004 Bentbam Scivmce Pablinhors



152 Rocert Patorts on Maternals Scaance 2014, Vol 7 No 7

gially avadable anonic polymers meclude Hydraid 771 sup-
plied by Calgon Co. and Hercufloc 1031 supplied by Hercu-
les, Imc. The amwnic palymer is added m amounts up to
ahout 100 mga/l., preferably from 10 to 60 mg/l.. Farthermone
oa, the mventon relates 1o a process for treabing wastewater,
abtuned m comnecbon with polymermabes processes and
chemical compounding, with an organic noa-polymernc cab-
oaic flocoulabing agent

Large amaounts of wasbewater are generated m connecton
with the running of chemacal plants where for example,
chemical compounding and latex polymernzabon processes,
are carmed oot on a daily bass. Such wastewnter = loaded
wilh suspemded and dissolved org m | lud
mixed pahbymer lalex wastes and alse mcluding various ionic
and mon-;mic organic surfaclants atl solxls concentrations
tyvpacally mnging from 0.05 up o 5 (% weaght). Based om
eoslogical conswderations, dispesal of sach untreated waste-
water by downstream dumpimg, or dramemg m beach fields, 1s
undesirable and aften restricied or prohabated by stabate.

It is well known that treatment of turbid waters and rele-
vant wastewnters as aborementioned, invalves the applcaton
of precipatation and coagulabon with subseqaent Hoooula-
tron, wherehy the ultra-fine particbes and particles in colloa-
dal form are coalesced imBo varmows dimensioned Hocks,
which are thereafter can be sepamted by flotalon, precipito-
on or sedimentation. A variety of processes are known for
e pnmary treatment of such wastewaters. A represenlative
pracess comprses the precipatation, coagalation and fleccu-
lation of the solids therein by chemical means and thereafter,
by subpecting the wastewaber 4 o subsequent separation step
of dissolved air floaton, so as o float the sladge formed of
the coagulated particles up io the surface.

The shudge 15 separated from the ligued by mechanical
maeans and is thereafter properly bared. or disposed, whereas
e rented waslewater can be alternatvely disposed of by
spray irrigabon in slow rate land treatment of leach fields.
Commonly, the Hecoulated sludge can be separated from the
wastewaber by the application of known settling procedures.
[t 15 nofticed that many wastewnter treatment processes ulilze
palymens locculants, comprising of cationic, amionic or
nan-ionec polymers, which are ofien added durmg the pn-
mary Ireatment of wastewater to further aid im the Hoooula-
tron of solds by lowering the charge of conlamimant parb-
cles, as well as by causmg mierparbcle bndgmg, therehy
increasing the size of paricle npgregates. Typecally, a cah-
oaic polymer s added o a wastewaler in concentrations
from about 50 1o B00me/L., followed by the addimon of an
anpnic polymer from about 10 % 100me/L [5].

The patent of Flidea &t @1 [6] in 1988, discloses o method
of producmng coagulated colloidal paricles with  close-
packed structure which comprises the following steps:

13 Adding a coagalant o aqueous collosdal particles at a
temperature kewer than the sollening temperature of col-
lowdal particles amd under such comditions that the co-
agulant will be present m discrele units m ibe disperswon,
betore 1t will be broaght mto solubon by diffusian;
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). Allowing the molecules of coagulmnt o gradunlly dif-
fuse from the coagalant unis meo the surroandimg dis-
persian, thereby coagulating the collmdal parbicles on
the surface of each coagulant umil, causmg the coagu-
lated particles to grow from imside o oabsede of each
umit, and producing coagulated particles of desired size
with regularly packed stnacture,

). Separating the coagulated particles thus formed from the
daspersion; and

4). Drvimg, or bealmgz m an aqueous phase, the coagulated
particles separabed above at a temperatwre lower, than
the softening poant of these collmdal particles.

A specilic objective of this invenBoa has 1o provide a
method of producing high-panty polyvmer particles contam-
mg bess ampants of water-solable and ol-soluble impuntes
(e morganec salts, orpamic additives or residual mono-
mers). A larther objective was to provide a methed of pro-
duang polymer particles, which can be rapudly dissolved or
dispersed m waber, or m an organic selvent to form a clear
solution, or a homogeneous dispersion of fine particles.

Anather object of this invenbon was o provide a method
af producing polymer particles, which undergo Littke change
m state, have high bulk densaty and form no fine powder and
hence, which are easy to handle and transport and are freec
from bleckimg amd creatimg trowbles during storage. Also
anpther ohjective has o provide a metbod of producimg
polymer particles wath give homogensous moldings amd
which can be directly subject to mjection-malded, i.e. with-
aut prior pelletceation. The method of this mventon is base-
cally different from the conventsonal coagulabon processes,
although there seems o be no substaneal difference m acbaal
aperalin. The fundamental duference 15 that the coagulated
particles m the comvemtional processes are aggregates in
which primary lalex-like particles are randomly packed.

Conventonal processes may be roaghly classitied mio
three types, each of which 15 descnibed below with emphasis
placed on actaal eperations.

11 The birst method s o smply mix a lalex-like parbcle
and a coagulant together.

Smce the rate of coagulabion 15 very high. the following
steps lake place saccessively:

a). Formation of congubam the moment that the coagu-
lamt comes mio comtact with the lafex;

b} Fragmenilation of this coagalam by external force
{for example by stimmg); and

). Mrpung of the coagulant molecules released by
fragmentabion wath the latex, ultimately resulimg m
bulk ceagulation of the whole latex system. The co-
agulated particles oo thus be oblnmed as a nearly
Bomogenous slurry.

d}. The random coagulum ohtained by this methiod con-
lains ensuagh waler, 15 thixolropic in nature, and do
not behave ns a liqued, even at a concentration as
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kw as 20%. Therelore, 1l requires dilubion with wa-
ter before coagulation.

2). The second methad is %o add a latex-like particle o an
acquecus coagulant solubon in the form of discrete drop-

lets, or n the form of a continuows How (lmear or zonal)
e.g. through a nozzle.

This method is mtended to produce coapualated paricles
just m the shape of the discrete droplets, or o break down
the linear or zomal coagulum formed e the latex mio part-
cles.

Thus, the particles ohtmned by the aforementioned meth-
ads (1) and (2} give an amorphous powder of a hroad para-
cle spee disiribuaticn.

33 The third methed = o spray the lakex into a coagulator
comditian.

al  Figh-panty particles wath water- mnd oil-soluble
impunbes (e.g. inorganic salts, residual monomers
and crganic solvents) will be readily removed.

bl Easy dispersion and solution m solvents.

cp  Excellent properties and characienstics of particles
[6]-

Another relevant patent mvolved with methods for treat-
ing wastewater was held by Wood and Vascoacellos and
pablished m 1995 [7]. This invenbon relates to reatment of
mly  wastewater by utileming water soluble block co-
palvmers, comtaining water soluble and water nsoluble
manomers. These polymers provide effective floccualation,
specifically for induced-air Homtion and dissolved-air floia-
bon processes.

Water soluble block co-polymers, containing water solu-
ble and waler msoluble monomers, proved wseful as floccu-
lanis for oy wastewaber treatment. There = an moreasmg
usage of water soluble polymers and co-polymers in waste-
walter freatment mdustries. These compounds have shown
desirable use for the purpose of flocculating contammants
trom different contnmmated waters.

The efficacies of the polymers or co-polymers used wll
vary depending upan the type of momomers selected 1o form
e palymer or co-polymer, the moleoalar weaght of synthe-
sized molecule and in the case of a co-palymer, the place-
ment of selected monomers oa the backbone of co-polymer,
Ik Latter charactenshic is the specilic focus of thas invemtion.

Co-polymers may be synthesized without attention o the
dastributian of two base monomers along 1 backbone result-
ing | a randem distmbabon of these monomers. Synthesis
may be controlled however, o ferm o copolymer having
long sequences of monomers, e.g. & and B, as follows:

=& AAA--BHHB--AAAAA--BBBE--

This formation resulls i compounds referred 1o as block
co=potvmers, which exhibil anique properties and as a result
are more desimble than mndom co-pelymers, or a blend of the
two homopohymers synibesioed from the respectve mono-
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mers. The indusmal importance of block co-polymers hes
mereased markedly m recent vears for these reasons [T].

Wery recently, Coste, Bucaille and Logette, 1ssued an
mieresimg patent [B], disclosing a method for treating waber
chorged with collmdal impantes, either dissolved or sus-
pended, m a treatment plant, wherein said method comprises:
the siep of contacting sard wader, in an advanced oxdation
area, with hydrogen peroxide in the presence of at least ane
transitin-metal salt: a Hocculation step thal comprises con-
tactng =said waber, in a flocculalon area, wilh al least ane
Hoecculatzon additive and with at beast one ballast comprising
al least ane non-soluble granalar material denser tham waber
and used as a biomass camer: the slep of feedng the waber
and floc mixiure thus obinmed mie a setiling ares; the step of
separalmg the treated water ab the upper portion of s set-
ling area from a mixbare of sledge and ballast resulting from
the settling of said flocs; the step of eximeting the sludge and
ballast mixture at the lower porbon of said settling area: and
the step of recycling at least a porison of the sludge inte sad
advanced oxwdation area.

Im 2013, a relative patent emtitled “Meibod for Treating
Water by Ballasted Flocculation Implementmg a Mabaral
Flecoalent™ [9], that has been published by Leveeqg and Sau-
vignel, dscloses alse a methed for treating water by bal-
lasted flocculatson compnsng a step for mjechng e sad
water at beast a flocculent, a step for injectmg mio said waber
at lenst ane partculabe material that is demser than water, and
a step for retrieving treated water, characterized im that sad
ballasied flocculabon and is performed under agitalmg at a
mean speed gradient between 100 and 140405 and in that
said Hocculent comsisted of at least oae natural carbobydrate
polymer having an anwnic charge density between -500 and
= 40muey's.

3. PREPARATION OF SEVERAL APPLIED COAGLU-
LANT AGENTS

3.1 Hybrid Materials Used in OF Prooess

The intraduction of comman morganic coagulants, sach
I based suh es, plays n mapor role i

as ar
meutralhizng the surface charge of suspended parbicles or cal-
leadal systems and faclitabes the parbcle aggregabon and
subsoquent grvity sciilmg [10]. The flocculation proooss
mvolves the addiboa of appropnate {loc-formmg chemical
reagent, performed wsually afier coagulation, 1o agglomerate
the nom-seittable or slow-settling colleidal solids and it plays
a major rale im the Eate and transport of conlammants
squatc enviromments by brnidgmg the aggrepated flocs o
form larger agglomerntes, usually m the presence of techmi-
cal or natural polvmerc materinls [11, 12].

Warious materials have been developed in recent vears
for coagulabon and'or Hocoalabon purposes. Amang them 1s
the use of incrganic-based coagulants, of organic-based Hoc-
culants, as well as bybrid materials [13, 14]. Hybnd materi-
als used m coagulation/Hocculation of wastewalers are mabe-
nals oblamed from the addition of elfective components mnio
the ongmnal matersal 1o enhanoce the aggregating power.
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Tabke 1.  Classkfeation of Hybidd Materials Used o C/F Process |15).
Hslbrid Maluriab Dhexcriptaan
Incrgani:-mergani: by b Integanic Polymeric Cosgulants (IFCs), sefereed an pre-hydrolyzed cosgulants, auch i polyal chilerids (FAL),

pulyfe=ra: cloride (FRC) and pedyferic saline (FFE), which we prepaeed by pastial neutalseation of inorpanic st
2§ Al FeCl imd Fe 804k and by costroling he hasicty

Inorgima-pganic hybeid

Oirganic Fuly=esic Flaceulants such 1 polyserplaside [PAM) snd poly-dimethy |-l barsonion chloride
(FOBMDAAT), which i introdesed in T

lints and O3

Irvorgiems-nitueal pody mer
hybeid

Clhatiraan {(uminee-polyanccharide prodesed by deacetylation of chilin b hybrid malerials Bave reeeived diverss

have been =il

sodilations, where scveral
e Mocculition of weslewalzsr

Esorganic-bao-polyeer by beid

Clonsisting ol bao-palyse BBFEAT smd Pullulin) e incrgiese substumce (PAT) whers e bapelymer is associ-
ated with inarganic cosgulant o furm sew byhrad ssersb

| i enhinee The pesfinmince dusing cosguli-

Organic-crpima: hybeid

I eurrmists of ten different organic groups. Specifi tem, auch i copol Ned-paly=es and b It
=adified polymer e used L sepreeent the organic-organic bybeid, and ussd W address this groep of ssersib

Oeganic-natiral polyme Bybiid | Theas wral gul

¥ can be sy
of sateral palymer, &5 SAG-g-FAMEyhrid

3 by gralling c=tin proportan of onganic group i the main chais

The hybrd maienals, which are wsed for congalaton
and’or flooculabon purposes, can be classified mio the fol-
lowmg groaps, using combinabions amoag each other: mor-
ganic, organic, nabaral polymer and bic-palymer., as shown
i Table I [15].

The coagulation process presemts wsually high removal
etticiency of different pollation control parameters, mainly
of chemical oxygen demand (CO0Y) and suspended soluds
{88). The process is based on the use of AN or Fe(IIl)
salts alone, or in combimation with caloiam salts and the use
of polymers as flocculants [16-18]. Altlernative alammum-
hased coagulants, such as polyaluminum chloride [18]. paly-
alumimum silica chlorde and polvalummum ferric chlonde
[ 19, 20, and polymer addition [21] were studied 1o improve
coagulation efficsency [22].

The preparabion, charncterization and application of such
composile coagulants are ander intemsive mvestigation dar-
ing the last decade. The bams for their production 15 com-
maaly a known and widely used pre-polymerseed morganic
coagulant, ve. i the case of alumisum, the polyalammam
chlorde {PACT). The generally applied concept s the mniro-
ducton of vanous addibves im the structure of a pre-
polymenzed coagulant, m order 1o produoce 2 homogenous,
stable im time product with higher Molecular Weight (KW
and mmproved coagulabos-flocculation performance. than the
initial reagent {i.e. PACI). The challenge to confroat is the
desimble combinabon of hegher  efficaency  and  cost-
aftectivemess, which are the basic prerequisites for the devel-
apment of new products. Various additives are being exam-
ined. which can be classified mio two main cabegories: mors
ganic and organic. In the case of inorganic additives, silica in
tbe form of polysilicates 15 usually applied, whereas as or-
ganic additives, several polymers can be used, eg. anioac,
nan-ionic ar cationic polvelectralytes. 11 is expected that the
addition of megabvely charged pobysilicales, or of anionic

poebydectrobyies wall reduce ot o cerloin extent the charge
meutralization ability of the composite coagulants, e.g. when
compared 1o FACL a reductics which will be compensated
by the enhancement of the respective aggregation abilibes,
thas implymg mproved Hecculatson properties. The same
behavior = expected m the case of noo-wme polylelectro-
htes (PE) addinon. In the case of cabomic polyelectralytes,
both the charge newtraliznbon and the focoulabon abalibes
are expected 1o imcrease im the composibe coagulants [23,
24]. It should be mentioned that the fendency in the coapula-
tion field nowadays is the production of modified composate
coagalants, by the introduction of several additives 1o pro-
duce the so called pre-polymenzed coagulants, m order 1o
mmprave their efficiency and 1© make them equal, or even
mare etficient, than the commonly applied organic polvmers
[19, 20, 25-36].

Composite Coagulants Devaloped

Extensive studies an polysilicate coagulant combined
with fermc salt and alummam salt have been conducted by
several researchers all over the world [20-27]. Zouboulis and
Tasupanos [29, 11}, systematically exommed several silica-
based polyvaluminum chlonde derrvatives, leading 1o the de-
velopment of the most effective pohyvaluminum silicate chip-
nde [(FASIC) and Zouboulis and Moussas [2B] examined
several slica-based polyiernc sulphate denvatives, such as
polybernc silicate sulphate (FFSiS).

Today, there 15 2 prompt need for the development of
mew PAC-hased coagulants such as poly-aluminume-berrc-
silicate-chlonde (made of alammum, fermc and =lkcae) 1o
mpraove the coagulation performance. The fernic salls can
generate thicker and heavier flocs than aluminum salis, bat
thear strang tendency 1o hydrolysis and polymernz=aton may
result in flocs imsiability and corrosion problems. Neverthe-
less, the combinatien of aluminum and terric salts [37] may
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improve the hydrolysis process, the stabilny of hydrobyoed
ternc salts, and the formation of larger flocs. Kecently, sev-
cral mvestigators [35-42)] have siwdied the simultmeous ad-
disen of Al (11T, Fe (1) and polysilcic aced selution (p3i),
so that the polymenzamon of p%1 and the hydroxylaton of
melal wns woukl be synchronized and the coagulaon effi-
ciency aof poly-aluminum-ferric-silicate-chlonde 15 mainly
attected by the ALFe'St mho and the respectve preparabon
lechnigaes.

3I Fatented Preparation of Ceagulants'Flocculants
Reagents

There are several patents dealing wilh the preparation of
such materials that are wsed for CF purposes. In 1999 Dulko
issued a patent [43), and continued m 2000 [43] wath an ad-
ditsonal ome, that describes a process for the producteon of
palvalummum chlondes and polyalummum chlorosaliaies,
usetul as coagualants m owater freatmentl. Compared with
ather marganic punficatton agents, these compounds gener-
alty wark more efficiently, produce less by-product shidge,
wark better 1n cold water, setile faster and chmnge (reduce)
ke pil of water o a lesser extent. The compounds are also
used in the production of paper, foods and pharmacmaticals.

Those inventions are directed o a process, which avosds
many of the problems, aseciated with the previoushy afore-
mentioned methods. It can be used o produce compounds
with bamcities greater tham 70%% using as starfing material,
hasic alammum chlorides and basic aliminum chlrozaliales
of low basicaty (25% ar less) The produced polyalammam

hlondes and polyal chloresulfates remam Huid, 1e.
ey do nat coalesoe mie a gel, and the formation of caloium
sulfate preciprintes con be avoided . Further an, they can be
praduced without the addibon of beal, thus avoudmg the
formation of undesirable by-products. As o result, the proc-
s 15 parbcularly well-suited to large-scale mdustnal appli-
cabons. In addition, this process permits the formabon of
praducts with unique properbes that are also part of the in-
venom. Polvaluminum chlorosulfates can be produced,
which have greater than 75 3% basicity and prepamtions of
greater thon T0%% basicity can be produced, without substan-
tal amounts of calcium carbonate. In addibon, concentrated
preparations of high bazicity polyaluminum chlorides and
palvalummum chlorosulfobes can be oblnmed which contain
Alps, ve. the form of alummum generlly believed o be the
mast efticaent for removing impurties from waler.

o - Chiarii

Polyalummam chlandes are products of alammum chlo-
ride Bydroxsde, AICHOH), AICLIOH), and ALCIOH),. A
represen intive formala 1s: AlCls, (OHY,, wheren = 2.7 10 5
for products formed vaa the process descnbed m the follow-
ing. It 15 thought that when these products are diluted, po-
lvmeric species. such as Al Oy 00Dz H20)7 are formed.
Polyaiuminum Chiorosulfates

These compounds can be best descnbed by the formula:
AL{OH)Cly oy, (30, )y whereinn = 2.7 1o 5 and k 15 greater
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than  and less than 43, The main didference behwveen basic
aluminum chlsrosulfates and polyaluminum chlorosulbates is
the amount of hydroxyl substiluben; where n s less than or
equal o 1.5 for the former and between 2.7 and 5 for the
latter. The polymenc species formed upon dilation may be
expressed as AL, OO, (FLO, .

Basic Alumimum Chiorides

These are compounds having the general Formula
Al{OHEC e, where n 15 grealer than zero and less than, or
equal o 1.5, It is believed that solutions of these compounds
cantam ANHe: AOHAH:Os: and AKOH ) HAD..

Basic Aluvminum Chiorosulfates

These are oompeands of the general  formala
ALOHC g g0 300 . wherein n is greater than @ero and
less than or egual 1o 1.5, and wherem k is greater than zero,
but bess than 005 It 1s believed that solutions of these com-
pounds contam all of the compounds present m basic alumi-
mum chloride, as well as: AN and A02000 ) H200g [43-
47].

Anather recent patent application was published m 2008
by Kojima £t 3l [44]. In n wastewater ireatment p ac-
carding ko this invenbom, at least ome of a coagulation-
sedimentation treatments and & pressure flotation treatment
are conducted. by using a polysalicat-ron coagalant [44).

Earlier m 1995 Clarke and Newlon 1ssued an interesting
patent [40], disclosimg a process for the production of floccu-
lant agent from acdee aqueous lgwor, containing dissolved
salts of alumisum and'or iron such as a waste liquor from the
acad activation of o moatmonllomile clay mmenl, by con-
tacting thas ligaor with a basic material, such as magnesite,
capable of reactmg with the dissolved salls o precipitabe
aluminum and'or irom values, and separating the precipitate
m the form of a cake. or slurry from the remammg liquor
them treating the cake ar slurry with HCl 1o redssalve alume-
mum and'or ron values, preferably introducing into the di-
gestion liquor metnllic alommum and'or srom (tbe case where
the solubon coatams ferrous iron is preferable) and contact-
mg the seluton with an oxidizing agent to comvert aroa (11
o i feemic form (1), and fmally separating suspended solid
matter from the resuling solution. The flocculant product,
whach may comprise a soluboa of bassc poly- (aluminum
amd'or won) halde, gives a sufliceently Jow reswdual alumi-
mum concenirnbion, when used o treal water. A novel mag-

mmmg poly- {al m'ron) halde product is
also provided. This invention relates to flocculant agenls, ns
well as o a process for manuinctaneng them from waste
acadic liguors and b o process lor the trestment of water,
aqqueaus effluents, sach as sewage effluents, or other aguesas
liquuds by using the prepared Nocoulanis [45].

Manatechnodogy = an extremely broad technology area.
mchiding and co-ordiating many separate disciplmes, with
the potemtial for application m a hroad range of emviron-
mental products, in addibon o applications being appomied
m the biomedical, electronics, sensors and cther mdustmes.
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Manoscale research = important in mamy envirenmental
areas, including molecalar studies of mineral surfaces, the
imnsporiation of ultrafme collowdal particles and aerosols. By
using namoscale research, it 15 expected that specitic benelits
will be gained, mcluding better understandmg of malecul

Toilow and Foutioulis

and polymeric nanospheres | 1-50nm) that can be desipmed
with various surface chemistries and then blended 1o provide
a wile mnge of coagulant sarface chemisines for contanmi-
mant removal. Albematively, nanocapsules having specafic
k ies cam he made that can be used % remove specific

pracesses in the envircament, development of manafocturmg
processes that reduce pollation, creation of new waler purifi-
caton bechmig improved p fior the composibion of
arificial photosymthetic processes for clean energy, devel-
opment of environmental brotechnology, and betler under-
standing of the role of sarface microbiola in regulabmg
chemical exchanges between mmeral surfaces and water or
air.

The integration of manotechmolopy o a biological
Ireatment plamt may allow beth nanoparticle adsorption and
enhanced microbial depradation I mke place on the
nanopariicle sarface and mmable the recyeling of the nanapar-
tecles. In the wastewater ireatment mdustry, impaortant hene-
fits of the use of nanolechnology concepts may include the
mavement of tbe boundary between the efficacy of physical
{primary and of hclogcal (secondary) treatment. For exam-
ple, 1t may he posshle io develop nanoiecknological ad-
vances that remove contaminants by charge, complexabion ar
adsorpica, that convenbonal polymer chemistry canmot re-
mavve and that currently require the design, capital expends-
wre and mstallabos of o secondary heologeeal treatment
plant.

This 15 the subjpect of the patent applicabios published o
2008 by Mitchell and Emgstrom [46], which relates o a
process For treating wastewaler, by usmg clay nanoparticles.
The nanoparbiculate clay (benloare or bectortle) compnses
also an anionic coagulant. This patent provedes for a blend of
nanoparficles that operate via a different mechanism, tham
current mdustrial lechnigaes and iberefore, allow for the
elimination ar the reduction in size of secondary brological
Ireatment.

This mvention combmes the processes of cozgulation and
adsorpiica o accomplish the removal of caboenic, anionic
and nomonke contaminonis. By using notural products, such
as clay, the present mventon 15 also applicable for use m the
food mdustry apphcation. The combinabon of anionic
nanoparticle coagulamt clay and contaminant bridges be-
tween the clays creales the opportunity for synergies with
convenbional coagulants. In parbcular, blends or mixires of
Ibe anioaw mamoparticle coagulant clay and comventional
coagulanis can be exploited 1o remove a brosder ammay of
conmminants, than is possible when using eitber coagulant
individuanlly. These synergies will create o layered adsorpbon
aata the cationic manoparticles of anione contammants. This
invention also mcludes processes for recovermg spent co-
agulants and recycling them. The recovery process may be
sooomplished through any of o number of known technigaes,
including desarpteon [43].

Delomination of the bentoaile particles is essential in the

present mven zon m order for the caionic contaminants o be
adsorbed and brdge gaps between the clay particles. There i1s

additional podential for the use of polymeric manoparbicles

contammants. By usimg coagulant naonatechnology of the
presemt mvention, the scope and performance of physical
prmary freatmnt is greatly enhanced and the need for sec-
andary biological treatment may be greatly reduced or elina-
mated. This 15 particularly tae for cerlam tecknologies, oo
protein recovery m kill Facilines, metal recovery in plating
wasles. Synergies between conventional congulants and the
manocoagulants of the present mventon provide significant
apportunies for the removal of a broad spectram of con-
tnminates, becanse the chemstries have a different opemting
mechanism [43].

Fmally, tannin-based environmentally frnendly polymenc
coagulants are disclosed m a patent appeared on June 2008,
by Shyadligen and Madbavan [40]; these are co-polyvmers of
matarally occurnag tmnnins, dialdehyde and diamines. In a
prefermed embodiment. the dialdehyde 15 glyvoxal and the
diamine 15 damethylammo propylamine. The presemt mven-
tion relates o a process for clanfving wastewater, and i
parbicular the aily waste water from the production of phar-
maceaticals, food and beverages. The amnin compement can
be ohtamned from various wood amd vegelation materials
found throughout the world. Tannms are a large group af
water-soluble complex organic compounds. Almast every
tree or shrub that grows conlams some tlannms im the leaves,
twigs, barks, wood ar fnait

The resulting palymernc coagulanis are able 1o be used
for clarification of vanous wasbkewater sireams, for instonce
they can be used to treat wastewater m the food and beverage
mdustries, o1l refineries and steel mdusiry. Actual dosage
ramges for thess reagents are mamly depemded wpon the
characteristics of the wastewater o be treated. These com-
pounds can be also used m conpumction with addiboaal flec-
culants o improve the overall treatment efficiency of wasbe-
water [45].

4. PHOSPORUS REMOVAL FROM WASTEWATER
4. L. Sources of Phosphorus in Wastewater

Domestic and mdustrial wastewaler can be relatively nch
m phosphorous, mitrogen, and carbonaceous comtaminmmis
that are essemtinl muotrients for ke growth of organisms
FPhosphorus bans or lmmitabeas m synthebc detergemis or
chonges m detergent formulas by the manutacharers hove
served o reduce the levels of phospborous m domestc
waslewaler. However, several industrial and food process
wasle sireams are mberently high m phosphorous conlent,
eg. those produced from a polate processing lacility. The
discharge of a phosphorous-rich wastewater mio a receiving
stream may stimulate accelerated algal growth, which can
result in oxygen depletion and siream eutrophacation.

Phosphorus m the wastewater comes from milet wastes
a5 well as bath, lmndry, and kichen wastewnter. Taotlet
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Tabkl. Ik die Vy asiy Plegsphiorus Centribution by Different Sources ina Heuselald |49].
Source of Flasphorus Contribtion, Grams Per Porsan Por Day Contriltsstion, Pereentage of Tatal
Rarkage digpaaal (Kitchen) ol ]
Toilet 16 2%
Eith, sinks, and applisnces 10 iT%
Tetal phioghose 7

wasites coniribube 30%-70% of P in the form of nucleic acxds
and adenosine in-phosphate excreted im feces. Detergents
{laundry) amd dish soaps (kichen and sinks) used m the
household contribate another 301%=70% of P Houschold prod-
ucts (e.g. soaps, cleaners, and persomal care products) and
foand that F' was detectable i 7% of |56 products and that
much of this P can make 15 way mio houschold wastewater.
The U5 EPA (2002} estimales that sach person in the
United States contributes 2. 7grams of iotal F o wastewater
each day Table 2. O4 this total P, roulet wastewater contrib-
utes the highest amount (59%4), fellowed by baths, sinks, and
applances (37%). md garbage disposals (%) [49].

4.1, Phosphorus Remeval from Wastewater

FPhosphomous is most etficiently removed from wastewa-
ler, when it is m the form of orbophosphates, as many or-
Ibaphosphale salts are nol soluble n water. Althoagh organic
phesphonates and polymenc phosphates forms can be read-
ily comverted mto orthophosphates, by ireating them wath
strong, hol oxsdizing acid condibons, this 15 not practical on
large scale wastewater treatment plants. Forlunately, micm-
hiodogical processes can perform the comverston of orgmnic
or polymerc phosphates forms b orthophosphates.

Phasphomas does nat exast m elemental form m the nate-
ral envircmment because elemental P ois extremely reactive
mnd readily combines with cocvgen () to form phosphate
(PO, In wastewater, P exists ns one of several possible
phosphate compoands includmg crthophosphate. polyphos-
phates, and organic phosphate [50). Phosphorus fooms im
sephic tank cfflwent are broadly drvided mio the followmg
e calegones:

1) Inorganic Phosphate is coatributed by detergents and
bBouschold cleaning products sach as scaps. These are
present as the following:

= Orthophosphate is also referred 1o as “avalable or
reaciive P and may be present in several dssolved
Forms. These meclude HiPOy, HaPOY, 'IiI'D.q:'. and
POy

=  Paolyphosphate is orthophesphate molecules linked
Iogether m “chams” and = derived from detergents
and ather cleaners; they are also knows as con-
densed phosphates. These mchide pyrophosphate
{P40.%) and eriphosphate (0" Polyphosphotes

m water are unstable and evenbaally convert 1o or-
thophosphate.

I). Organic Fhosphate s contmbuated by human excreta
{feces) and bood residues. Crrganic phosphates are pre-
sent in sugars, phosphalipads, and nuclectides.

Giodd and Sams (Z001) [51] reporied that B5% of the P m
seplic tank effluent (e, waslewater that has passed through
the septic tank but has not entered the drum Lield) is i the
form of orthophosphate. The remammg 15% exists m or-
ganic or marganic forms in saspended solids. Most of the
margansc P im sephic tanks origmates from detergents and
soaps. In addibon, a small amoust of inorganic P is released
when organic material 1s decomposed by microbes.

Tradibemal methods o remove solids, sach as setiling,
filiratien and centnfugmg, will remove the mojordy of all
msoluble phospharous species with the solid fracion as
shown m Fig (1). However, the removal of remaming solu-
ble phosphorous species can be performed, by using the fal-
lowing maotbhods: removal by phosphate-occumulatmg mi-
croorganisms, precipitabon by a metal wn and precepilation
as sinuvibe.

Zaluble phosphorous cam be removed by aerobac or facul-
tatve microorganisms that can incomporate the phosphorus
mio thewr cell mass. Once mosporated withm the biomass,
the phospharous can be removed from the system as waste
activated sludge [52].

Most oflen, phosphorous =5 removed from wastewniers
by chemical precipilation, using salts of mulbvalent meial
ws, commonly calciam, alummam or rros. Caloium is con-
ventionally applied m the form of lme {as caloum hydrox-
ule), alammum m the form of alum (alumisum sulphaie),
and ron m the form of ferne chlonde. In addition to usng a
sparce of multvalent metal soms, polymers are also some-
times sdded to aid in the farmatian of appropriate locs sie.
The precipitaboa/flocculation process is generally followed
by the removal of the precipitabed Hocculated phosphorous,
=g mechanical means, such as by sedmentation or filtra-
tion. Maore recently, polymerc aluminum producis such as
PASS (polyaluminum slicate-sulphate), PASIC (aliminum-
silicate polymer compaosite), and PAC (bydrosylated poly-
alummuam chlonde) have also bem patented (PASS), or
tested (PASIC and FAC) in tull-scale applhcations (PASS)
and i laboratory expenments (PASIC and PAC) The PASS
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METHODS OF PHOSPHORUS REMOVAL FROM SEWAGE

Fysies with of
Iningratod Thigh eficiancy
CHEMICAL b~~~y BIOLOGICAL
« indiad at mechansal
: prenptaton Purification methods with B use of bactenal
e ainalel phosphons (in uhh rratabolic nesds ) N
il g it ikl L al B form ol polyphosphats sl variable oxypen

"t fral part o the cttvmtid Shadge macior
finall precipiation

PRECIPITATING AGENTS:
Salts of trivalent metals: Fe and A

Fagl 300k, Farlly, AlplS0y)y 14H,0, Cad

Fig. (1) Methods of Phesphores resoval from wistewaters [47].

foemula s an example 15 defined in S5 149400 (1991) by
Hanse af 8l [53] as:
AL O SO 1 B0 HL O
Where
= AislD
=  Branges from (.75 to 2.0
= Cranges from 0.3 10 1.12
= Dranges from 0.0035 to 0.1
= X is greater than 2.0, bat less than or egual 1o 4.0, such
as 3=B+2C+2I X-2) and
= Eis larger than 4, when the product is m aquesus form.

The use of thess coagulans/flocoulants is generally fol-
lowed by the removal of resultng precapitale, eg. by sedi-
meniabon or faltration.

Several patents have been issued, which are directed to
lbe removal of phosphorus from wastewater. The maost rele-
vant patents are considered to be the following:

LISLGR16T5 (1991) by Handy Chemicals Inc. [53]. which

described waler reatment methods using a polymenc basc

alumimum =licate sulfate. The respecthive trealment condi-

ns were:

13 E-5°C at a pil of 6.65 to 6.93 and a concentraton of 3-
Emgl AL,

23 25°C and at a pH of 7.14-7.38 a1 a concentration of 3-
Emgl AlzOs

and US61653659 (2000) by General Chemical Corporation
|54). which presents a water treatment method that mcludes
the use of polyalummuam silicate salfale m conjunction wilk
finely-divided, acid-insaluble sold particles.

Accordimg o commonly applied procedures. a flocculemt
agent can be added © the wastewater, whaile it 15 in the bio-
legical reactor. Im cerlam cases the addmon of flocculent
accurs, when the wastewater has been partinlly, bat not fully
treated | a biological reactor, e.g. as the third siage of a
lour-stage Rowlting Biological Contacior {RBC). Because
the baplogecal reactions wsing aerobic baciera must be car-
ned-out at a pH level aroand 6.8 or higher, the coagu-
lmt'flocoalent agent accordmg 1o this procedure is miro-
duced imto wastewater, which bas been properly adjusted by
wsng anather chemical, m order o have a pH of arcand 6.8
w16

Thuas, m the existing systems a porisea of the phosphorus
present m wastewaler is expected 1o be used for microbaal
metabalism and another portion of 1t precipitates-out amd
Torms flocs m the biological reactor. This precipitate in some
sysbems 15 removed from the lost slage of hlogcal reacior
and retumed 1o the pnmary setiling tamk where i1 15 allvwed
1o accumulate. This 15 done in order 1o mmimize the amount
af precipilnie that 15 fed o the next slage of waskewaber
treatment process [55].

Kelevant processes. methods and systems are provaded m
recent palents appeared on Moy 2007 [55], and on Jaly 2009
|55] by Bolduc for lowenng the concentraion of phosphorus
m wastewater. The process mcludes the addition of a sutable
amount of am aluminum-bosed coagulantfocculent to the
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wastewnter, for example a2 alummum-silicate  coagw-
lantHocculent product, while mamtammg the pH of the
wastewnter at between 4.5 and 6.7, This step provides am
ovental efflaent stream of precipiimted alommumebased,
phosphorus-containing  Hocs dispersed i the wastewater.
The next step mvolves the phy=cal removal, e.g. by filtration,
lbe precpitated alimmum-bhased, phosphoms-coninining
Hocs, which 15 dispersed m the wastewniter. These steps are
able to provide a wastewaler elfluemt containing less tham
ahout 0.03mg of total phosphomnsL of wastewater [55].

Ancther recent patent regarding the reduction of phos-
phorous-contniming  compoands, s that by Kelley and
Handley published m 2011 [52. 56]. Methods and composa-
s wtilizmg aluminum, magnesiom, and calciam-based
additives for the treatment and neutralizabon of wastewaters
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the overflow water. As a result of decreasing, the pll. micro-
bial activity in the digester (aerobic or amaerohic), or m the
secondary treatment process will be diminished [52].

Kegarding the phosphates removal efficiency, all PARIC
samples [2%] with molar ratio ALVSy 10 were tested by Zoub-
aulis and Teoupanos and compared to the commercanlly
available PACELE, PACEL4 and alum coagulants. The
aqueaus sumple o be treated was biologically pre-treated
urban wastewater, collecked from the exit of a full-scale
waslewater treatment plant (Thessaloniki, Greece). The main
characterisbcs were mibal concentration of morgamc phos-
phates 10 Img/'L {(measured as orthe-phosphates). Figure 2a
illustrales the results of phosphates removal for mibal coagu-
lant caoncentraticns 10-50mg/l.. 1t can be seen that the less
effective coagulamt was PACE14 (having basicity B0%,

are described for removing several oo inanis, ludmz
phosphorous-contunmg  compounds, iotal suspended solids
{T58), hclogical oxygen demand (BOD). fals, oils, and
preases {FOGD and tstal Kjedahl nitrogen (TKN). Methods
and compasitions ko coatral pll, salfur and sodiam loads
present in wastewaters and precipimied solids are alse de-
seothed.

Alummum bydroxyphosphate s formed from the alum
treatment of orthophosphaie-contmming wastewnter. Alum
{alumimum salfale) reacts with water and arthophesphate o
form the msoluble alummem hydrosy phosphate. The pEl for
successful phosphabe removal by alum treatment lees i a
very marrow range (around ) and two maolecules of alam are
requaired for every one of phosphate removed. At pHl below 5
ar ahave 7, the removal of phosphate 5 either mcomplete, or
a fime sold 15 forming, which has poor seitlng effciency.

Irom, im the form of ferrous or Fernic salis, has been used
1o precipiiate the oribophosphates a5 tbe msoluble sroa hy-
droxyphosphate. Soluble ron ons combme with alkalmity
and phosphiate 1o form the msoluble fernc hvdroxyphosphate
and the Hoc fermc hydroxade, which helps to increase the rate
of settlmg. The weal wastewater pH for this io ooor is
arpund 6. Moest of sludge from this remaval is moved into an
mnaerobac digester. A common iron =it for ks purpose is
terric chlomde.

In principle. release of phosphorus (ond other com-
poundsy can be done m two ways: asing acid or base. The
pomitive feature of using acids s high recovery gmde. From
e other hand, a lot of otber metals inclading Beavy metals
are also released cansmg separation problems and mereasmg
complexily of process technology. Leachmg wilh base has
up o 50% lower mecovery efficiency however metal leachmg
15 also redoced. Another point that should be taken mio ac-
count while usimg base leaching is thal cakoium presented i
sludge will more likely bmd phosphorus mie calcium phos-
phate [57].

Tho wse of alaum or ferric chloride for phosphorous re-
maval has a smprificant drawback. relatimg to tbe acudity of
tbe coagulmis that are being added o the waslewnter. Since
bhath alammum sulfate aad fernc chloride are acdes, they
will provaoke a decreased pil to both the sedbed solids and

which comresponds o OH/AL rate 2.4 and relatively high
degres of polvmermzabion ), whereas the most effectrve were
FPACE 18 (having basicity 407, comespondmg to OHIAL ra-
tio 1.2 and relabvely low degree of polymenzation, as well
as alum and FASIC samples with OH/AL L and 1.5, Wik the
latter coagulants the dose needed for limibng the concentra-
tion of phesphates under 1mg/'l. {acconding 1o the respective
Jegaslation limit for ecologically sensitive areas) is about 20-
30mp/L. whereas with the rest coagulants the respective con-
centration {dose) needed 15 more than 40mg/L. In Fig. (2
the percentage of phosphates removal, regarding the OHA
ratio m the PASIC samples. is presenbed.

1t can be noted that the removal efficiency increases s
the ratio DAl decreases, corresponding also to the de
crease of polvmerceation degree, unlike the aforemenboned
results ablamed with the contammated tap waler samples and
that the most cfficient reagent i this case was PASIC with
the least OFLA] molar rate (Le. OHAL = 1) The relevan:
explanabon relies in the respective mechanism of phosphate
remaval through the addion of coagulants. Jiang and Gra
ham [58] reported that the removal of phesphates by the ap-
phcabon of congulabon'Hocoulabon process mvolves the
followimg two major mechmnisms: (a) the mieraction of
phosphates with the soluble aluminmam forms (chemical
complexatbon), or with the non-soluble (charge newiraliza-
tion) complexes, producmg compounds with generic formu-
lae ANNOH ) a POy )y, which con either adsedh anio the pose
tively charged AN bydrolyss species, or may act as cores
for the precipitabes of AN hydrolysis products, (b) The
direct adsorphon of phosphates onto aluminum hydralysis
products, manly referred to precipataton wath msohible
AOE s (sweep focculatian ).

Based upon the oblained experimental results and the
alorementoned pesmble mechanisms, 1t is suggested that the
dominant mechanism during phesphates removal 15 sweep
fecculation, as the most efficent coagulant was the PASIC
with the mlerior bascity. This suggeston 15 also supporied
by considerimg the pll values of the aqueous sample to be
treated. as for ke pH values kigher tham 7, the formabion of
AOH s 15 fovored. Also, m thas pH region the most domie
mant phosphabe species are Ho POy and HPOL™, and the latbe-



160 Rocert Patonts on Materals Scaance 2014, Vol 7 No. 2

[CI .

conc. (mgh)
gy

Tolkow and Fouboulis

—u—initial phosphates conc.
~w— PASIC 110

—a—PASIC 1.510
~w—PASIC 210

PASIC 2510

—d— glwm

—r—PACT4

—w— PACIE

{bh
1100 -

EEE OHIA) 2.5

Phosphates Removal (%)

Fig. (2} Comparable evalostion of the effeet of several congulanis oo phosphates removal (initiel concentrates 100/, pH 3k (a) Cosme
pscm of PASIC samples with ALSG rotic 10 ssd OHCAL rstio 12,3 wath alum, PAC14 aed PACLE, Corgalant doses expressed o mg (Al
+ 5L for PASIC samples and as mg AVL for alum and PACL {b) % percestage removal for all PASSC samples [29)

15 assumed o have higher affmity for the ANOH): Hoc at
hagher pll values.

S.PATENTED APPARATUS FOR C/F FROCESS

A recent patent entitled “Coagulation-sedimentation ap-
paratus” [56] that has been published by Kosanda o all in
2007, describes o Hocoulating device for sewage that has o
separating, ank im which the How velecity of ascending flow
of treated waler, flowing from wpper and lower chambers o
Ibeir respective outlets, is equal o floc senling speed. With
lbis desigm the nppamius 15 enabling io treal wadter at a higher
rate.

Figure 3 shows the solid-liquid seporation tank (26, oc-
cording © this mvenbon. The coagulation sedimemtabon
apparnms includes o soparaton tank body (607, drvided into
an upper (G61) and a kower chamber (62) by an appropriate

partbes (643 The tank hody has a raw water inlet pape (66)
that introduces raw waler into the upper chamber, and a wa-
tor distributing passage that introduces a part of the water
from the upper chamber o the levwer chamber. The upper
chomber has a first treated water outlet {76). and the lower
chamber has a secomd treated water cutlet {T8) The fow
velocity of upwards How of the water toward the first treated
water outlet {76} in the upper chamber and the How velocity
af upwards How of the waler oward the second treated waber
autlet {78} in the lower chamber can be controlled so that
Hecs mthe upwards flow can setile.

The flow wvelocity of upward flow of the water lowards
the first treated water outlet in the upper chamber and a How
velocity of upward How of the water wward the secomd
treated water catlet in the lower chamber con be contralled
i appropriate velocrives ot which flocs i the npwards flows
can shll setile.
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Fig. (3. An exnmple of the solid-liqusd separmtion tnk scoondng
1o Bosanda & &5 2007 [3&]

The aim of this mvention was 1o provide an mproved
coagulation sedimentabon apparabas 1o meet the aloremen-
troved recuiremients, so as io be capable of carrymg out sam-
plified treatment of polluled water, even more efficienthy and
at an meoreased speed.

Inorganic
coagulamt
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Fuarther oa, by usimg a coagulant mixing tank having a
sinuous Hlow path stracture, the coagulants can be efficiently
muxed with the water to be treated. Thus, the coagulants can
be used more effectively. Addibonally, danng a ramiall
evenl, an appropnate amount of coagalant can be added,
according io the water quality of the row water (anireated ).
Im this regard also, the coagulants can be used more effec-
tivaly.

The conventwaal apparatus, shown in Fig. (4) and the
apparatus sccordmg o the imvemtion of Kosanda™s patent
shaown im Fig. (5] were tested by using sewage flowing in
cluring o raintall event os water o he treated and wsing ferric
chlaride as an imorganic coagulant and an anioax polymeric
Hecculant.

The ternc chlonde was added m the first compartment,
canstibating the morganic coagulant mixing tank (22, The
amionic polymenc ococagulanl was added at the downstream
end of the foarth compartment defining the upstream end of
the crganic coagulant mixmg tank. A coaventional solid-
hicusl separator was comnecled i the subseguent stage 1o
carry out the respective process [56].

A more recent patent due 1o Bowers [3] discloses a sys-
twem for continuous optimizabos of wasiewaler reatment.
Specifically, 15 disclosed a system for controdlng the injec-
tion of wastewater treatment chemicals mio o wastewaber
treatment siream that inchades a boldmg tank for collecting
and keopmg wastewater being treabed, o camern posiboaed

Organic polymeric
MNocculant

I |

-ﬁ—-& L]

Fig. (4).C ieial congulat d dnlios apparsies [36).
Inorgamic Organic polymeric
coagulant focenlant

A

!

I
I

separation tank 26

1 | I

’] l s
I

Fig. (5). Coagulation-sedimentation sppaal

- apcording to Kosanda's patent [56].
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