1 ROTATI NG FLOW MEMBRANE OXI DATI ON REACTOR FOR WATER
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to levels suitable for reverse osmosis, activated carbon absorption, ion
exchange, or processes which require water with low impurity levels, a
combination of chemical and mechanical treatment methods is required.

Conventional water treatment systems for treating water suspended
with colloidal particles, consist of a process train involving mainly
coagulation, flocculation, sedimentation, filtration and disinfection.

These processes are carried out in separate units as illustrated in
Figure 1. The coagulation unit 100 is normally a mixing tank 110 where a
coagulant 120 is rapidly assimilated into the water by means of a turbine 130.
The purpose of the coagulant 120 is to induce agglomeration of the
suspended colloidal particies into flocs. The water that is coagulated 130
then enters the flocculation unit 200 where it is gently stirred by means of
paddies 210. The gentle stirring action facilitates inter-particle contact and

promotes agglomeration and growth of the flocs to sizes that can be removed



paddl es 210. The gentle stirring action facilitates
inter-particle contact and pronotes aggl oneration
and grow h of the flocs to sizes that can be renoved
2 by sedinentation and filtration. In the

sedi mentation unit 300, the flocs settle and
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means for the purified water to exit the apparatus.

There 1s disclosed an apparatus for purifying water with colloidal particles
entrained therein. The apparatus comprises a first vessel for clarifying the water, the first
vessel comprising an inlet means for the fluid to enter into the first vessel and a means for
inducing flocculation and sedimentation of the colloidal particles in the water within the
first vessel to form clarified water. The apparatus also comprises a second vessel in fluid
communication with the first vessel, comprising a filter for filtering the clarified water, a
means for disinfecting the clarified water, the clarified water passing through the filter
and means for disinfecting to treat the clarified water into purified water, and an outlet
means for the purified water to exit the apparatus. The filter is preferably a membrane
filter.

In one embodiment, there is disciosed the means for inducing flocculation and

sedimentation is a cyclone mechanism configured to produce a hydraulic rotating flow
motion in the water.



entrai ned therein. The apparatus conprises a first

vessel for clarifying the water, the first vesse
conprising an inlet neans ¥Jor the fluid to enter into
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Figure 1 shows a conventional water treatment system comprising

coaguiation, flocculation, sedimentation, filtration and disinfection
units;

- Figure 2 shows a cross-sectional view of an apparatus for treating
water in accordance with an embodiment of the invention:
Figure 3 shows a pian view of the apparatus in accordance with an
embodiment of the invention;
Figure 4 depicts how flocculation and sedimentation are achievad by
a cyclone mechamsm in accordance with an embodiment of the

present inveniion;



sedimentation to formclarified water. The nethod
further conprises filtering the clarified water to
forma filtrate. The nethod al so further conprises
di sinfecting and polishing the filtrate to form
purified water. BRI EF DESCRI PTI ON OF THE DRAW NGS
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enbodi ments of the invention will be better
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reference to Figures 4 and 5, provides an apparatus 1
¥§f"Phe treatment of water to renove col | oi dal

part i gliSefdiEhcafo FiiReS9athd 3, an apparatus 1 for treating water, in
particular water suspended with colloidal pariicles or micro-sized solids. The
- apparatus 1 has a first vessel 30 having a first wall 32 and a sioping base 34.
Connected to the first Wal't 32 is an inlet means 20 which comprises a
coagulant inlet 24 and a water inlet 22, both connected to an inlet duct 26.
Water 10 from the water inlet 22 is mixed with adequate amountis of
coagulant 11 from the coagulant inlet 24 to form a coagulated fluid 12 prior fo
entry into the outer core 2. The coagulated fluid 12 enters the outer core 2
via the inlet duct 26. Installed o the sloping base 34, is means for siudge
removal which can be a sludge dispensing channel and valve system 62.

Disposed vertically within the primary vessel 30, is a second vessel 40
having a second wall. The second vessel 40 houses a membrane
photocatalytic oxidation reactor 42. The membrane photocatalytic oxidation
reactor 42 consists of a membrane filier 46 with a cavity 45, a porous support
48 within the cavity 45 having a hollow core 47, photocatalysts coated conto
the porous support 48, and a tubular UV lamp 49 within the holiow core 47 of
the porous sup‘port 48. An outlet means 60 is connected to the second

vessel 40 and a cover 36 is placed on top of the first vessel 30.



solids, organic matter, mcro-organisns, bacteria and
viruses entrained therein. Wth reference to Figures
2 and 3, an apparatus 1 for treating water, in
particul ar water suspended with colloidal particles
or mcro-sized solids. The apparatus 1 has a first
vessel 30 having a first wall 32 and a sl opi ng base
34. Connected to the first wall 32 is an inlet neans
20 which conprises a coagularft inlet 24 and a water
inlet 22, both connected to an inlet duct 26. Water
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aadeooyead) merma@ﬂated fluid 12 has fo be gentiy starred to encourage
inter-particle contact and to promote agglomeration of particies into fiocs 13
of sizes that can be removed by sedimentation and filtration. This process is
fiocculation. The gentle stirring action can be provided by inducing a
hydraulic laminar flow motion in the water. This is achieved by means of the
cyclone mechanism 50 of the invention. The cyclone mechanism 50 creates
the rotating laminar flow pattern by drawing in water through the suction unit
96 and expeliing the water in a spiral direction along the first wall 32 of the
first vessel 30 through the expulsion unit 54. The suction and expulsion
actions of the units are powered by the pump unit 52.

The hydraulic rotating flow can also be created by means of an inlet
configured 1o introduce the water in a spiral direction along the first wall 32 of

the outer vessel 30.



A cycl one nmechani sm 50 conprising a punp unit 52, a
suction unit 56 and an expulsion unit 54 is fixed
onto the first wall 32 of the first vessel 30. In
operation, with reference to Figure 4, floccul ation
and sedinentation occurring in the outer core 2 are
shown in accordance with an enbodi nent of the
invention. Prior to flocculation and sedi mentation
processes in outer core 2, the water 10 is nixed
with a coagul ant 11. The coagul ant 11 chem cally

modi fTies potiien obfikiaral &ir thardycnemeciesasth Sistiae limited to
wat er 10 and destabilises them This results in the

tharfirslovall Sdand G bryfised @ﬂ?kﬁ'@;ﬁq(‘@nﬁwlb‘_b"a%oﬂ“@m@ﬁﬁwf the
R RO Safeldine Sob Bl pfe-oss

coag ullnaac&ditlcbm wo dadltatiag floochiatigentieycytions etbchanism 50 also
enc? i.nt er- art Ie con gctl_pand to _pronpte

§qequweg;at grq Pé‘goqsn g dydraliic getating dlow motion
|h89ée§%@f R ERIMIEE thdhapadh BN bAleD aai?ﬂ"téi Withahh Witermost

his process is flocculation. The gentle stirring
raidtusom camadioviflr thei faedwbl} 32naht &n dgnrermostiradits @ contact with

fl t t.h ter s achi
thE e b E o e AR A elas et o RO 4 Ganiffugal
fORR GYFdHOfieedt8 e fbssM 3G aeiRRtt8 She e rAditls of the vortex
| am nar flow pattern by drawing in water. through the

whene bRy gedimesangrcaxpeple ag studgeia alrthesiepispbaae 34.
vesod AL SIS oy Blnet 5l TnanbS Sor e otuce

dispemsing cBhfel arel Vo spte 82 UFILIG tdt PRy .ﬁcth@yauter core
the punp unit 52. The hydraulic rotating flow.c

ey asimentaticsds WOW@a%% cswifigd fiui db. Efamf:egmfwttf@rce also
RUR Sy BB g PG 2oul < AheRRgBP it of ne

\mmmnathfarﬂsxmemecdrMWehéztcycl one nechanism50 is
and_can be fixed

ont o 1hepSELioRd Wl I*FIeBS denER\Far £ TeymprAse. fivation and
FRAAERS, BB, botahrr L B4 BSR4 e i
ddogedancs with antémebadioiert of thecimarantion.50 aI Yo

The clarified fluid 15 overflows from the outer core 2 into the inner
core 4 via the second wall 44 of the second vessel 40, which acts as an
overflow panel. Here, the clarified fluid 15 will enter the membrane
photocatalytic oxidation reactor 42 through a membrane filter 46. The
clarified fiuid 15 is passed through the membrane filter 46 by means of a
suction pressure applied at the outlet means 80. This constitutes membrane
filtration. Fluid resulting from the filtration process is known as a filtrate 16.

Membrane filiers can be ceramic or polymeric type membranes.
Depending on the required effluent quality, membranes can be fabricated to
the required pore sizes to achieve the desired degree of particle separation.
The ceramic membrane is preferred for easy maintenance and handling.

After some time, it is inevitable that the membrane fitter 46 will

encounter fouling and has to be back-washed before they can be used again.



accel erates sedinentation of the flocs 13. The
hydraulic rotating flow notion induced by the

cycl one nmechani sm 50 creates a vortex with an
outernost radius in contact with the first wall 32
and an innernost radius in contact wwth the second
wal | 44. Sedinentation is accelerated by neans of a
centrifugal force which directs the flocs 13
radially to the outernost radius of the vortex where
they sedi nent and accunul ate as sludge 14 at the
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containing organic pollutants. However, this procedure is impracticable for
commercial purification of water as the catalysts would have to be removed
before the water can be used. The photocatalyst are extremely small in size
and would either be impossible or prohibitively expensive to remove. This
problem is addressed in an embodiment by firmly bonding the photocatalyst
onto a support which can also double up as an absorbent for organic and
inorganic pollutants.

Upon compietion of the photocatalytic oxidation reaction, a resulting
treated water 18 exits via the outlet means 60 and into a storage tank (not
shown in the figures) where it is stored for future use.

The treatment of water can be carried out in a continuous, semi-
continuous or batch mode, depending on the specifics of the waste water

being treated.



The nmenbrane photocatal ytic oxidation reactor 42 is

desi gned such that the nenbranes can be di smantl ed

and taken out of the inner core 4 and replaced.

After nmenbrane filtration, the filtrate 16 undergoes

a final stage of treatnent which is photocatal ytic

oxidation in the presence of photocatal ysts and W

radi ati on. Photocatal ysts are bonded onto a porous

support 48 nmde of porous b8ise materials such as

iron oxide, silica or zinc oxide. The catalyst can
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Another advantage of an embodiment of the invention is that it
shortens the time spent on treating waste water by enabling flocculation and
sedimentation to occur concurrently.

Yet another advantage of an embodiment of this process is that the
photocatalytic process does not generate sludge but only harmless by-
products such as CO; HO and mineral acids. In comparison, the
conventional method of disinfection such as chiorination results in the
generation of siudge as a by-product which is expensive to treat.

it will be appreciated that the invention is not limited to the
embodiments described herein and additional embodiments or various
modifications may be derived from the application of the invention by a

person skilled in the art without departing from the scope of the invention.



The treatnment of water can be carried out in a

conti nuous, sem - continuous or batch node, depending
on the specifics of the waste water being treated. 8
Anot her enbodi nent of the present invention is
depicted in Figure 6. A plurality of menbrane

oxi dation reactors 42 is housed in the second vesse
44. The nunber of nenbrane oxidation reactors 42 that
- the second vessel can house¥is in the range of 3 to
8. The apparatus 1 of the enbodi nents of the :
ThevbasresY toel0 Uiscissedhédoliowihg: t reat nent of wat er
fromsource such as water from | akes, rivers,

At r eaDBculal R8RS UBedahi® theaﬂﬁeﬂ\@drértofiél?méﬁttﬁé flow path of
tr eatigBAiP! ants that are contam nated eto
conditions in the distribution network. It can al so

é)e tjsﬁ I&é‘féﬂﬁe% odﬁd't%ﬂt&%tep 085% J treatment
wast ewa rﬁ '?,‘W g

car bt CTHGAR L 5 e {C gg%ﬁ% a%%\gg&é&

r equi FEWRED dhe Water o q, 3micals by
accorfn¥ia¢lic mepRpger t r eat ment capacity, the

apparatus 1 can be scaled up in size or a few
Gpparldevies B euitetibbatds canfedreditodempiadsa outietrwatep trafectory
one dhat wilrcaube adiveuiangglratiiafividniovdimibet outbr the
invention is that it integrates the water treatnent

[Pr oc eBGiRBwAErECRaH t8heOfeatbl 0§ Hitarucen.
sedi ment at| on menbrane filtrati on and

hot gsgha cihilald 7 R'*F% Ha@trﬁéﬁ}%ﬁﬂf&@ﬂaﬁé& um, Iron

reacté)Lr! E @v P ar ea requ
Anot her a van an enbodi nrent of the invention

shortensthet t on treatin ste
ot o1o0p WhatH PTers s PAHEE0 BRin CRgLIR RN AT b sation

occur concurrentléI Yet anot her advantage of an
ep

O’D“

GnbodViadificaiigns 1§ PoRece| Siapinpg bagreto aid in the settlement

phot cuut disghargeprfdbe shidgedbahist prgesmtiattbe snnetgoréut

only harm ess by- products such as €02, H20 and

Hi nerSilidges dikthatge poimpaf treoinnet bére and outer core. (manual or
electronically controlied.)

E: Optionally, mesh netting or similar device 1o enable improved
flocculation and faster settlement of the floc particies. This device is
placed at the region of the outer core where the rotating hydraulic flow
is fast

J: Also optionally, the UV lamp and photocatalyst in the membrane can
be substituted with some other media that performs the role of further
polishing the water. (ie. Activated carbon, ion exchange resins etc..)

K: The UV/photocatalyst can also optionally be placed as a separate unit
or attached at the side of the outer core.

L: L shows the circular hydrauiic flow velocity that Device C imparis.

M: The circular hydraulic flow velocity reduces as the water travels
downward

N: Point where the water flow under device A

O: Water overflows into the inner core where the membrane is located



conventional nethod of disinfection such as
chlorination results in the generation of sludge as
a by-product which is expensive to treat. It will be
appreciated that the invention is not limted to the
enbodi nents descri bed herein and additi onal

enbodi nents or various nodifications my be derived
fromthe application of the invention by a person
skilled in the art w thout d?e%arti ng fromthe scope
of the invention. 9 The figures 7 to 10 disclose the
Advaotages over @nventienak{Rigure 1ptleetrdentit o t he outer
core to lengthen the flow path of the fluid B:

Devi. cntégratdcheystatrtoduke iodr ehtinahgler treabfieht Sdlce8s.

and t fiwauRAbAERIpId ﬁhﬁiﬁ‘gcéﬂoﬁv mbifg FDEcERtiBhS Sedimentation
per f og,q@dyslﬁe&ﬁg of turbul'ent mXing between the

vvater to be treat'ed and the treatnment chem cal s by

& St RRR reskire RN e deBllke Shiviike sEaiements

WI|| aC|rcuI dr aul luid flow in the
outler ﬁ@’gﬁ'gy ?é\ﬁgé b? «:L%ng%thdr and sgt yr at a

i nt r ogifeEnt @Caﬁ@ﬂrﬁpaﬂ%% chem cal s for pH adj ust ment
and coagul ation (Alum Iron Sul phate, Line) is added
F: 4Pol he svsterergpidoasemecharicatiohddng withi iydiraulic mixing (less
coagutedtiyaandaleds hhainmmamcepn G Modifications to the

i nner core. Sloping base to aid in the settlenment

andg. dCﬁétﬁléf @it Aewsihusiger é&%ﬁnbﬁea@é@ %ﬁ@ﬁrabéﬁ B8 of the

'02?2”' %h %"gﬁof;*ﬁ%fﬁé“‘%% FOREG prgentation

contr ally, mesh netting or S|mlar

de to na royed ocg, aon .an
Sobt - B ArSER oa bR ReRYGtrad tof St Shi EnaS ol watrdivintection
pl ace? P°¥ $-egion of the outer core where the

rotating hydraulic flow is fast
7. The system can be configured to use different kinds of membranes.



J: Also optionally, the UV | anp and photocatal yst in
~the nmenbrane can be substituted with sone other
nmedia that perforns the role of further polishing
the water. (ie. Activated carbon, ion exchange resins
etc..) K The UV/ photocatal ygt can also optionally be
pl aced as a separate unit or attached at the side of
the outer core. L: L shows the circular hydraulic
CLfAIIMW vel oci ty that Device Cinparts. M The circul ar
ydr,aul i g%v ocit L reduces _as the water travels
Maﬁrﬁ us W'fyv{}ge‘?’%eﬁ%oén%{n@r fl ow under device A
O a fWat vesssa Yarrcldribyiveg tha tvaterhibe ifirsh eessebecenpaisitige t he
ms er. conventional. .
n‘gﬁ %&11318?&5%?%%%31% toﬁgﬁ%bggg v3¥ e[l a %taon}eg[}%?or inducing
oveﬂomutatlore anvhsaglimenrteticmafite mllotdelsrmrt!clqsclo dipvater within the first
rap .
se dl\lgss'gl )Bylnrg:l#cﬁﬁ r@é.,hg ota{ lllgo @bﬁ&@?ﬂ& hgrwaé?r to form clarified
r equelesAangt and reduce civil works requirenent :
N%écbﬁarv@afseﬁmﬁ% G5 wmw%ﬁr&'vé@wgao%naﬂ set
up at_a ferent | ocation spee he sys
repF‘éﬁgécoh’@f@ﬁ%ﬂ@&'arﬁ?&m@fw th hydr auI ic mxing

(1 eésmeéiﬁsfbll Mlsﬁ;ﬂﬂ:t hE B ABHTLSRRBE e Slarifidd \%}ﬂeﬁ‘bassmg through
hydraullc flow in- quter core increases the travel

ti nieofiter nd meS(i% forafisinfacting o dipat dep F@”ﬁ%\)"@l‘ﬂfl iBtea purified
r echharkgeh@r sedinmentation tank of much | arger size.

6. The stem onfl ured f r di fferent kinds
ot e & Ao BToa it

of fRPuyet & Py ‘?@ppafat”‘"?he syst em
can be configured to use different kinds of
2. e rn%lpparatus accc%la%gl\{os claim 1, wherein the hydraulic rotating flow motion in

the water is induced by a cyclone mechanism.

3. An apparatus according to claim 2, wherein the hydraulic rotating flow motion in
the water is in laminar flow.

4. An apparatus according to any one of the preceding claims, wherein the filter

comprises a cavity and the means for disinfecting is arranged within the cavity.

5. The apparatus_according to any one of the preceding claims, wherein the means
for disinfecting comprises: '
a photocatalyst; and
a UV radiation source, subjecting the water through photocatalytic oxidation in the
presence of UV radiation in the presence of the photocatalyst and the UV radiation

source.

6. An apparatus according to any one of the preceding claims, wherein the means
for disinfecting further comprises a porous support.



1. An apparatus for purifying water conprising: a
first vessel for clarifying the water, the first
vessel conprising: an inlet neans for the water to
enter the first vessel; and a neans for inducing
floccul ati on and sedi nentatjpn of the coll oi da
particles in the water within the first vessel, by
i nducing a hydraulic rotating flow notion in the
7. vvat An apparbtusmccdrding fto @ty ovdfans pebeting ssieRndh¥essBe fiter is a
#e conmunication with the first vesse
é h afilter for filtering the cIarified
wat er; a nmeans for- disinfecting the clarified water,

t he ,¢l f||
5 rmand Porl ol AN RN SHRing i) WhERRTRS outet
meians burfher ¢dnpriges muqronammpdn fagilitdte flowretihs water withe the
apPAth Liki ed water to exit ‘the apparatus. 2. An apparatus
according to claim1, wherein the hydraulic rotating
flow notion in the water is induced by a cycl one
9. TECAANR R atcd: agger&iboai ahy8nd6F ﬂfedbrggeotn% Eafhdvherein the inlet
wherein_the hydraulic rotatin ow notl on in B
meggs EPMPHSes § Waieh iplah and Q)Wag!!'ani%iﬁbhppar atus accor d| ng
to any one of the preceding clains, wherein the
filter conprises a cavity_and the neans for
104i sPAfaAPETAHS ?%COQ"P%F%Q'&“”‘WG MihRreim thecmgmpianesfilterjrea ceramic
meiPaicat us. accordi ng to any one of the preceding
clainms, wherein the neans for disinfecting
conprises: a photocatal yst; and a UV radi ation

{1soupnn eappswmsegdcbnﬂwg Reclaiat of whbebugh valet meataal the @oagulant
radi ation in the

g S Scetsr & a0 B BERET 53t RVER W T adi at on

source. 6. An apparatus according to any one of the

120" e?\ﬁdé;pﬂgraﬁjsaécggrdinyig c% R é reér?p'is &Jégifrs gl.iif)sploa\dse cizntadg gFrom a

fur conpri of ous™ supp
Pompp daae nwteret eeldited filoo theygrowe cofsidtihg op ires extideg silica and zinc
oxigbai ms, wherein the filter is a

13, " An apparatus according to claim 5, wherein the UV radiation source is a tubular
UV lamp.

14. An apparatus according to claim 5 or 13, wherein the photocatalyst is a
semiconductor photocatalyst. -

156.  -An apparatus according to claim 5, 13 or 14, wherein the photocatalyst is CdS.

16. An apparatus according to claim 5, 13 or 14, wherein the photocatalyst is TiO..



menbrane filter. 8. An apparatus according to any one
of the preceding clains, wherein the outlet neans
further conprises a suction punp to facilitate flow
of the water within the apparatus. 9. An apparatus
according to any one of the preceding clains, wherein
the inlet means conprises'3a water inlet and a
coagul ant inlet. 10. An apparatus according to claim
7, wherein the nenbrane filter is a ceramc
menbrane. 11. An apparatus according to claim9,
vvherei n the water inlet and the coagulant inlet are
nect e n ffi .he first vessel.

17 R"Eﬁhoqdfﬁapéq Hglévgtgg?%%ﬁ%'%do%gg}?}p%o , Wherein the
poﬁcmcslasmg)po!t‘mdal sanmibs preeentawitpo vatsr bitee anfistivesde! while
se n [ [

{nﬁﬁén g a‘u'ﬂ@ r%{agHQ qog&‘srhgﬁdn %a‘r%ﬁa uvgé%grcg%rg&eby cause
cI sadm@ntamcfeﬁmcuta@d Waricias atthe rboﬁwm rof ¢aidsvegsel Lﬁmdl czbarrlﬁed
appar at us according to claim5 or 13,
V\hg%%lpﬁre{ Ovﬁgt ocatalyst is a sem conductor
: phmww%@rfewat%ﬁroa*pfﬁaﬁlaﬁ ygssgtiedpeipargnd vessehi m 5,

135iRfind the Mme@'m%térh?tr@%Eme%lséﬂsénd s CdS. 16. An
apparatus according to claim5, 13 or 14, wherein the

pheiegiesting V@tC‘&]"@eq' Y"@ﬁ’f intge sggondxeRsel faRioduse pb‘[i?'?“#‘ﬂi?tﬁ"g
vvat er conprising the steps of: flocculating coll oi dal
article resent within ter thin g first vesse
RS abierige o AUPHE of Bt by WiRgER e iR GroienS fow
motlbth%mmfc@ﬁ bl @ dybieneheckaise sedi ment ati on of
flocculated particles in the bottom of said vessel

and clarified water thereabove; passing said
18. cl Arméthed amairanngfw efmirh e, ivhesdn filksisglthd datiffed B&eOOamMprises

|Iter|n h rifl in the second
the %ﬁ%bs fgtfassrg%cp o aésli%g'e 5 %rgu%%héeﬁ]cﬁjar Yr\‘%tfﬁ%r water in the
second vessel to produce purified water.
20, A method according fo claim 18, wherein disinfecting the cdlarified water
comprises the step of subjecting the clarified water through photocataiytic oxidation

reaction in the presence of at least one of photocatalysts and UV radiation.

21.‘ A method according to claim 17, further comprising the step of poiishing the

purified water by at least one of adsorption and ion-exchange.



18. A nmethod according to any one of claim17,
wherein the hydraulic rotating flow notion is
i nduced by a cycl one nmechanism 19. A nethod '
according to claim 18, wherein filtering the
clarified water conprises the step of passing the
waste water through a nenbrane filter. 20. A nethod
according to claim19, wherein disinfecting the
clarified water conprises tHe step of subjecting the
clarified water through photocatal ytic oxidation
reaction in the presence of at |east one of
phot ocat al ysts and UV radi ation. 21. A method
according to claim 17, further conprising the step of
polishing the purified water by at |east one of
adsor ption and i on-exchange. ROTATI NG FLOW MEMBRANE
OXI DATI ON REACTOR FOR WATER TREATMENT ABSTRACT An
apparatus(1l) devel oped for purifying water(10)
suspended with colloidal particles, which conbines
rg@??@ﬁﬁeohév? lﬁB‘RKNE@)%@R‘TRﬁN@EEACTOR FOR WATER
ment at i on I'l'tration and photocatal ytic
oxi dation, into a singl dREARMENDne reactor(1).
Fi gure 2

ABSTRACT

An apparatus(1) developed for purifying water(10) suspended with
colioidal particles, which combines processes of coagulation, flocculation,
sedimentation, filtration and photocatalytic oxidation, into a single stand alone

reactor(1).

Figure 2



