1 ROTATI NG FLOW MEMBRANE OXI DATI ON REACTOR FOR WATER
TREATMENT FI ELD OF THE | NVENTI ON The invention
generally relates to an apparatus and nethod for

chem cal - mechani cal treatnent of fluids, and nore
particularly, to a rotating flow nmenbrane oxidation
reactor for treating water suspended with coll oi dal
particles. BACKGROUND Water {from source such as water
from| akes, rivers, streanms and reservoirs, or water
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resulting fromindustri alREATMENSesS purified to
sewage di scharge standards, usually contains
suspended solids, organic contam nants,
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water wth low 1 nmpurity [evels, tion o
glaticleal and nechani cal treatnent nethods is required.
Conventional water treatnent systens for treating
wat er suspended w th colloidal particles, consist of

BRE OUN@i n involving mainly coagul ation,
floccul ati on, sedinentation, filtration and

di si nfWatdrdrom Shuge sucbcaswaterdram dakesi dversustreéams and
separate unit s illustrated in, Figure 1. The.
JERE0PIE: ey frompwalsd heaient Plants et At pomtminged due to
dtRidftichs i ¥R disBiButibAthdtworiaRir Hate@suling Hopdl indilsridlhe
wat er by neans of a turbine 130. The purpose of the

quegessanpurifigdite sewagedlisehaige stanstasds, sisually eeriains
SBBEPAEE s Sy BB Pl B B o
wiuse8 0T hebe aee iciossiged bl golididalrentidigs wisrsaef very minute
and have negligible settling velocities. In order to reduce their concentrations
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 catried 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 particles into flocs. The water that is coagulated 130
then enters the flocculation unit 200 where it is gently stirred by means of
paddles 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
growh of the flocs to sizes that can be renoved 2 by
sedimentation and filtration. In the sedinentation
unit 300, the flocs settle and discharge as sl udge
310 | eaving behind clarified water 320. The clarified
wat er 320 then advances to the filtration unit 400.
Thereafter, the water that is filtered 410 is passed
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conprises a first vessel for clarifying the water,
tdwsfdarablemesmt of danpt argangould thus be regained tcuaccqrhmodate
hwdtoeter |ntf)thef|rst vessel and a neans for
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vessel to formclarified wat er. The apparatus al so

dbapisitises eHiciarnd @nd cosyeast i gizef | ui d communi cation with
the first vessel, conprising a filter for filtering
the clarified vvater, a nmeans for disinfecting the
clarified water, the clarified water passing through
the filter and neans for disinfecting to treat the
SEMMARY  water into purified water, and an outl et

means Aphstdlg Jf'ihé fvert¥RprovidSs Qﬁ'abptarﬁus 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.

According to another aspect of the invention, the means for inducing
flocculation and sedimentation is a cyclone mechanism configured to

produce a hydraulic rotating flow motion in the water.



apparatus. The filter is preferably a nenbrane filter.
According to another aspect of the invention, the

means for inducing flocculation and sedinentation is

a cycl one nechanismconfigured to produce a hydraulic
rotating flow notion in the water. 3 According to yet
anot her aspect, the neans for disinfecting conprises
phot ocat al ysts and a UV radi agi on source. In an aspect

of the invention, the nmeans for disinfecting further
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BRIEF DESCRIPTION OF THE DRAWINGS
These and other features, objects and advantages of embodiments of
the invention will be better understood and readily apparent to one of
ordinary skill in the art from the following written description, in conjunction
with drawings, in which:
Figure 1 shows a conventional water treatment system comprising
coagulation, 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 plan view of the apparatus in accordance with an
embodiment of the invention;
Figure 4 depicts how flocculation and sedimentation are achieved by
a cyclone mechanism in accordance with an embodiment of the

present invention;



Figure 3 shows a plan view of the apparatus in
accordance wth an enbodi nent of the invention;
Figure 4 depicts how floccul ati on and sedi nentati on
are achieved by a cyclone nechanismin accordance
w th an enbodi nrent of the present invention; 4
Figure 5 depicts nenbrane filtration and

photocatal ytic oxidation in 4he inner core of the
apparatus in accordance with an enbodi ment of the
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primary vesse second vesse
apparatus 1 has a first vessel 30 having a first wall 32 and a sloping base 34.

Connected to the first wall 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 adeguate amounts of
coagulant 11 from the coagulant inlet 24 to form a coagulated fluid 12 prior to
entry into the outer core 2. The coagulated fluid 12 enters the outer core 2
via the inlet duct 26. Instalied to the sloping base 34, is means for sludge
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 filter 46 with a cavity 45, a porous support
48 within the cavity 45 having a hollow core 47, photocatalysts coated onto
the porous support 48, and a tubular UV lamp 49 within the hollow core 47 of
the porous support 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.



havi ng a second wall. The second vessel 40 houses a
menbrane photocatal ytic oxidation reactor 42. The
menbr ane photocatal ytic oxidation reactor 42 consists
of a nenbrane filter 46 with a cavity 45, a porous
support 48 wthin the cavity 45 having a hollow core
47, photocatal ysts coated onto the porous support 48,
and a tubular U lanp 49 withgn the holl ow core 47 of

t he porous support 48. An outlet neans 60 is connected
to the . I
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inter-particle contact and o promote agglomeration of particles into flocs 13
of sizes that can be removed by sedimentation and filtration. This process is
flocculation. 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
56 and expelling 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 to introduce the water in a spiral direction along the first wall 32 of

the outer vessel 30.



flocculation. The gentle stirring action can be

provi ded by inducing a hydraulic |lam nar flow notion
in the water. This is achieved by nmeans of the

cycl one nmechani sm 50 of the invention. The cycl one
mechani sm 50 creates the rotating [ am nar flow
pattern by drawing in water through the suction unit
56 and expelling the water irga spiral direction along
the first wall 32 of the first vessel 30 through the
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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 fluid 15 is passed through the membrane filter 46 by means of a
suction pressure applied at the outlet means 60. This constitutes membrane
filtration. Fluid resulting from the filtration process is known as a filtrate 16.

Membrane filters 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 filter 46 will

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



accordance with an enbodi nent of the invention. The
clarified fluid 15 overflows fromthe 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 nenbrane
phot ocat al yti c oxi dation reactor 42 through a nenbrane
filter 46. The <clarified fluyd 15 is passed through

the nenbrane filter 46 by neans of a suction pressure
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Oréhdﬁéifﬁﬁning a suspension of particulate photocatalysts in a fluid medium
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 completion of the photocatalytic oxidation reaction, a resulting
treated water 18 exits via the outlet means 680 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.



degradati on of organic contam nants and m cro-organi sm
species that are present in the filtrate into CQ2,
H20 and mi neral acids. This process is known as
phot ocat al yti c oxidation. Most | aboratory reactions

i nvol vi ng photocatal ytic oxidation reactions require
form ng a suspension of particul ate photocatal ysts in
a fluid medium containing organic pollutants.

However, this procedure is inpracticable for
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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 COQO,, H,O and mineral acids. In comparison, the
conventional method of disinfection such as chlorination results in the
generation of sludge as a by-product which is expensive to treat.

It wil 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.



carbon absorption, ion exchange and processes which
require water with low inpurity levels. To
accommodat.e a | arger treatnment capacity, the apparatus
1 can be scaled up in size or a few apparatus 1 can
be arranged in series or on top of one another. An
advant age of an enbodi nent of the invention is that it
integrates the water treatnmemt processes of
coagulation floccul ation, sedinentation, nenbrane
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H: Sludge discharge point of the inner core and outer core. {(manual or

electronically controlied.)

I Optionally, mesh netting or similar device to enable improved
flocculation and faster settlement of the floc particles. 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 hydraulic flow velocity that Device C imparts.

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

N: -Point where the water flow under device A

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



hydraulic nmeans. C. Device B outlet that is configured
to inpart a outlet water trajectory that will cause a .
circular hydraulic fluid flowin the outer core D:

Poi nt where water to be treated is introduced E Point
where chem cals for pH adjustnent and coagul ati on

(Alum Iron Sul phate, Line) is added F. Point where
pol ynmers are added to aid in1goagul ati on and
flocculation G Mdifications to the inner core.
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floc particles. This device is placed at the region
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is fast J: Also optionally, the U/ | anp and
phoBockioblifpbf systéme(Spitdhane ndisnkmtiedleid dattupdatvd t h

some ofiffeferftsiAiohpechBy)f or s the role of further
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| nt egr st Pokstingm to take over entire water treatnent
process.

7. The system can be configured to use different kinds of membranes.



(coagul ation, rapid m xing, slow m xing, flocculation,
sedi nentation and disinfection) 2. Smaller area
requi renent and reduce civil works requirenent 3.
Mobility of system (System can be dismantled and set
up at a different l[ocation speedily) 4. The system
repl aces nechanical mxing with hydraulic m xing (Iess
costly and | ess maintenance) 4. Circular hydraulic
flow in outer core increases the travel tine of the
fé@?ﬂg articles conpared to conventional rectangul ar
tation tank of nuch larger size. 6. The system

can beAg @pbheitns toripkifyiihd ﬁ@t@morﬁr;bMﬁg of wat er
di sinfection and polishin he system can be

conf i @ﬂfSéaeﬁﬁﬁ!&@reciarlfwmgrtéﬁtwaaten dke drstiverse! oarprising:
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a first VBEsse yIng the wa

vessel caameasisior indating I‘ﬁlbet:ulﬁﬂalm Snﬂ edirmentatidie of the
enter into the first vessel; an uci ng

f1 occul atGRIdEhRadiclgsa thawaler whm e fi ?E%Me%w 4p form

parti cl ezcléﬁléchﬁafé‘?' gWthin the first vessel to form
clarified water a second vessel in fluid

commuan seadricovesset m filie cOmmstnivatssewith doarfirst sessel, camprising:
filter for_filtering t rified water; a nmeans for

di si nf ectd ﬂ'gertf%’["tﬁf&'rg tgpgiar Watefihe clarified water
passi ng thpfaal féms.hrédt iRl tﬁ@@ld}ﬁ@awtef tﬁé elanfiga vidier

to treat the clarif ter into purif wat er; and
an out | etpammgsthf@rgl't the fiter ehd evicans mr dtsmnfegﬁmg tchiseat the

appar at us ratu. rdin to claim1,
o et aRP B0 Bhlified REpH6r and

an outlet means for the purified water to exit the apparatus.

2. An apparatus according to claim 1, wherein the means for inducing
flocculation and sedimentation comprises a cyclone mechanism configured to

produce a hydraulic rotating flow motion in the water.

3. An apparatus according to claim 1 or 2, wherein the filter comprises a

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

4, 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.

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

the means for disinfecting further comprises a porous support.



floccul ation and sedi mentati on conprises a cycl one
mechani sm configured to produce a hydraulic rotating
flow notion in the water. 3. An apparatus according to
claiml1 or 2, wherein the filter conprises a cavity
and the neans for disinfecting is arranged within the
cavity. 4. The apparatus according to any one of the
preceding clains, wherein the nmeans for disinfecting
conprises: a photocatal yst; and a UV radi ati on source,

subj ecting the water through photpgcatal yti.c xi dat on.
TRt heABAREEHILS GPSCR i St BFF PhiEH oo sAmG; whREn
pire! MeRiah eémBrhelflRr UV radi ation source. An
apparatus according to any one of the preceding

clainms, wherein the nmeans for disinfecting further

conpri t t .
Lcor drigrRa S rdtRRe o amins Bt 8PETRE s whsrein
t the dutlet edeadrs farthendsrapAsdd & lsattiory pudp t8FaciitatdBow of the
according to any one of the preceding clains, wherein

t wateswitran thesapRaratst her conpri ses a suction punp to
facilitate flow of the water within the apparatus. 8.
An apparatus according to any one of the preceding

c8ai nsAnwippaeatos atberding et anyeams of thepreseding cl@itne| wherein
i@]l et ?nd a coagulant inlet. 9. An appa[atu accor di ng

t ednigt mean RiseShwalRs iRiehARd @ ¢qaguiand et cer ani ¢
menbrane. 10. An apparatus according to claimS8,

wherein the water inlet and the coagulant inlet are
cdnnechncpparatusraccording toatlainx 6 dwherdimthef inestbraes fider is a

11. An a a%at us according to claim5, wherein the
p‘b‘?r@UECE{%B € s nmade from a porous base materi al
selected fromthe group consisting of iron oxide,

silica and zinc oxide. 12. An apparatus according to
c1@i m An apperatiis aceerding toadlaim Bowhetnin the weter inlet and the

coagulant inlet are connected to a main duct affixed to the first vessel.

11.  An apparatus according to claim 5, wherein the porous support is
made from a porous base material selected from the group consisting of iron

oxide, silica and zinc oxide.

12.  An apparatus according to claim 4, wherein the UV radiation source is

a tubular UV lamp.

13.  An apparatus according to claim 4 or 12, wherein the photocatalyst is

a semiconductor photocatalyst.

14.  An apparatus according to claim 4, 12 or 13, wherein the photocatalyst
is CdS.

15.  An apparatus according to claim 4, 12 or 13, wherein the photocatalyst
is TiO,. '



a tubular WV lanp. 13. An apparatus according to claim
4 or 12, wherein the photocatalyst is a sem conductor
phot ocat al yst. 14. An apparatus according to claim4,
12 or 13, wherein the photocatalyst is CdS. 15. An
apparatus according to claim4, 12 or 13, wherein the
phot ocatalyst is T02 13 15. Photocatal yst as
described in SG patent appliggtion 200406822-7 16. A
nmet hod for treating water suspended with coll oida
particles, conprising: mxing a coagulant wth the
wat er; and inducing a hydraulic rotating flow notion

| 15, i taitalyst datessribeeria tft@tpgtbnt&a?pn@étio@]mmosszz-?
floccul ation and sedinmentation to formclarified
water. 17. A method according to claim 16, further

(IEr £ ol o Stafthgiier SherdeBiifbBloidd aphighe
fagnypréingonpri sing disinfecting the filtrate to form

purified water 19. A nmethod according to any one of
cl ai AMXBGHCceagulanbwith the waterhand aul ic rotating f1 ow

not i heSh i
ool iy SHRR R RN aR B R B2 oy gl P
i nvoltyeshigvad®icoglatibe andsteslimaniation o éarghclarifiedriaaiere
filter. 21. A nmethod according to claim 18, wherein

di sinfecting the water involves subjecting the waste

vt er A haaned aBERRAlA N §60MkHaE ESRpFiSRAGItRRNg tHE
the presence of phot'ocatal ysts and UV radiation.™22.
riariflesk water ta farnya diftratat er can be achi eved by

adsorption and i on- exchange using different nedia.

18. A method according to claim 16 or 17, further comprising disinfecting

the filtrate to form purified water

19. A method according to any one of claim 16 to 18, wherein the

hydraulic rotating flow motion is induced by a cyclone mechanism.

20. A method according to claim 17, wherein filtering the water involves

passing the waste water through a membrane filter.

21. A method according to claim 18, wherein disinfecting the water
involves subjecting the waste water through photocatalytic oxidation reaction

in the presence of photocatalysts and UV radiation.

22.  Further polishing of water can be achieved by adéorption and ion-

exchange using different media.



