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WORRIsIGAD8 ONS [ 0001] This application clains tReT/SG2006/000165

benefit of U S. provisional application serial No.
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biodegradable organics and bacteria, to obtain cleaner water.

[0004] In a typical conventional wastewater treatment process using an
MBR, wastewater is fed to a bioreactor. The bioreactor-éontains a bioméss
such as activated sludge, which biodegrades certain biodegradable
contaminants in the wastewater. The activated sludge contains bacterial floc.
The wastewater and the biomass form a mixed liquor in the bioreactor. The
mixed liquor may include suspended materials such as a mixed liquid-solid
suspension. A filtration membrane module is used to purify the mixed liquor,
which may be submerged in the mixed liquor or placed external to the
bioreactor. The membrane in the membrane maodule has a feed side which is
in contact with the mixed liquor or the “feed”, and an opposite, permeate side
from which the permeate is collected. The membrane has pores allowing
fiquid to pass through but will block biomass material such as the bacterial
floc. When a pressure difference is established between the feed side and the
permeate side (such as by pressurization on the feed side or suction on the

permeate side), water and other fluidic materials including residual organics
1 .
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energy and higher cost to operate. [0007] Further, it
[0006F dAtempis to intprbye ableation ofpesideal arpanica havebesrdvafe

by replacing MF or UF membranes with Nanofiltration (NF) membranes,
which have smaller pore sizes. However, NF also has some drawbacks. One
problem is that a system with a submerged NF membrane produces low
permeate flux (the rate of permeate production per unit membrane area), as
compared to a system with an MF or UF membrane. While a system with an
external NF membrane may produce a higher permeate flux, it requires more

energy and higher cost to operate.

[0007] Further, it is desirable to be able to monitor membrane breakdown
without expensive and sophisticated techniques and equipments, which are

often required in conventional MBR systems for wastewater treatment.

[0008] Itis also desirable to provide treatment systems with a small

“footprint” (the floor space occupied by the system).



wi t hout expensive and sophi sticated techni ques and

equi pnents, which are often required in conventi onal
wOBRespztoens for wastewater treatnment. [0008] PCTIiS€2006/000165
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core e ok RS ol Siobhat bae
producey andwencontBfiiantSnflow; a distillation membiane located within the
reaction chamber, for distilling, by membrane distillation through the
distillation membrane, the lower contaminant inflow to produce an outflow;
and an outlet conduit in fluid communication with the distillation membrane for

extracting the outflow out of the reaction chamber.

[0012] in accordance with another aspect of the present invention, there is
provided a method of treating wastewater. The method comprises providing a
bioreactor vessel defining a reaction chamber; providing a distillation
membrane in fluid communication with the reaction chamber: biodegrading a
contaminant in the wastewater with a biomass in the reaction chamber to
produce low contaminant wastewater; and-distilling, by membrane distillation,
the low contaminant wastewater through the distillation membrane to produce

purified water.,



provided a nethod of treating wastewater. The net hod
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accoﬁip@h?ﬁ@.ﬁd%ﬁégl: DESCRI PTI ON OF THE DRAW NGS [ 0015] In
the figures, which illustrate, by way of exanple only,

enbodi ments of the present invention, [0016] FIGS. 1
{ GRIEE BESGRIRTION OF GHE DRAWINGS Vi ews of respect i ve

exenpl ary nmenbrane distillation bioreactors (MDBR);
001 | i ' ' f
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respective exenpl ary MDBR systens; 'GS. 7 and
emb@limesty efsiheqiresentyineesiiiomat i ¢ cr oss-secti onal views of
two possi bl e channel arrangenents for the nenbrane

[001éjoduf=l%-é.r11 FA garg 'schematic cross-sectional views of respective
exemplary membrane distillation bioreactors (MDBR);

[0017] FIGS. 4 to 6 are schematic diagrams of respébtive exemplary
MDBR systems;

[0018] FIGS. 7 and 8 are respectively schematic cross-sectional views of

two possible channel arrangements for the membrane module in FIG. 6;

[0019] FIG. 9 includes schematic side and cross-sectional views of the

tubular membrane module of FIG. 8;

[0020] FIG. 10 is a schematic diagram of an exemplary MDBR system with

an external membrane module;

[0021] FIG. 11 is a schematic cross-sectional view of the membrane
module of FIG. 10;



[0019] FIG 9 includes schematic side and

Woﬂs@ﬁ,,s,so%ectl onal views of the tubular nmenbrapeRWe00165
of FIG 8 ; [0020] FIG 10 is a schenmatic di agram of

an exenplary MDBR systemw th an external nenbrane
nodul e; [0021] FIG 11 is a schematic cross-sectional
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is a scherratl c d%agﬁam of another MDBR systemw th an

extegial granaprapemedre: #Bdul e; and [0023] RIGS. 13 to 16
are respectively data graphs of neasured perneate fl ux
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Sy, incl i.qQreact or for biodegradi ng one or
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distm}d%f g?‘gﬁ?:?—.ﬁﬁfné QistiPSRIre hMdirso @t}%n@aﬂf RREWChrY @@?ﬂe

erent enbodi ment suita or wast ewat
distilletieamambraneHe preducaan atdititaw.nidte canddminanieconcentnation is

lowergghg R4S o B8 &t ifneR half ndfie ErBlr R bR BRREThe, ne
inflow Rfdystritginfvesktewatdraard theeagiew mmmaﬁﬂﬁéétbﬂ Svater. In

bi ol ogi cal agent for biodegrading contanminant in the
one qMPoGTerEBC SROTBFANG BripeAPHAiIN Bre bieeeaqier wepsal-dn a

dlfferQhP&ﬁBE)@lﬂ?éjnt'sr& tFaBFe ﬁ#Wa@Féﬁé}ér trB5 | i RehiBhe does

cont'am nant ower contam hant
not need to be in the bloreactor vessel and may be located outside the

bioreactor vessel. In an inflow treatment process, the inflow is fed to the
bioreactor, which contains a biological agent for biodegrading a contaminant
in the inflow. One or more contaminants of the inflow are biodegraded in the
bioreactor, producing a lower contaminant inflow. The lower contaminant
inflow is then membrane distilled through the distillation membrane, producing

an outflow, which may have further reduced contamination.

[0025] As can be understood, a distillation membrane has a feed side and
a permeate side, and defines a permeation path between the feed side and
the permeate side for allowing a desired volatile substance to permeate
therethrough in a vapor phase but substantially blocks passage of any
substance in a liquid or solid phase. In membrane distillation, a feed is
infroduced to the feed side of the membrane. The feed includes the volatile
substance, which permeates through the distillation membrane in a vapor
phase from the feed side to the permeate side when the vapor pressure on
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inflowis then nenbrane distilled through the
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have further reduced contam nation. [0025] As can be
understood, a distillation nmenbrane has a feed side
and a perneate side, and defines a perneation path

the feed whidnistHighdrethen shel eapodpiddsures el pemhetstefside. The
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e Skilled in the art. -
[ 0026] For i nstance, in dlrect contact MD, the
[002Ter nimavacuwap MD i & vacuue madbée maintaned at theqiertheaye aide,
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t .
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[0029] In sweep-gas MD, a sweep gas may flow across the permeate side
of the membrane to carry the permeate vapor away from the membrane.

[0030] Inisothermal (or osmotic) membrane distillation, the vapor pressure
difference is achieved by using a permeate stream of high osmotic pressure
which has a lowered vapor pressure. Further processing of this stream is

necessary to recover water product.

[0031] As can be appreciated, in each of these MD techniques, a lower
permeate vapor pressure is established on the permeate side. As can be
understood, increasing the vapor pressure difference across the membrane
can increase the permeate flux (the permeate flow rate per unit area of

membrane). To increase the vapor pressure difference, the temperature at the
6



surface. [0029] In sweep-gas MD, a sweep gas nmay flow

across the perneate side of the nenbrane to carry the
woenrsatsesvapor away fromthe nenbrane. [0030] PCW/SG2006/000165

i sothermal (or osnmotic) menbrane distillation, the

vapor pressure difference is achieved by using a

stream of high osnotic pressure which has a
feedlsﬁ{ﬁem et{f‘aBBF PEssure. Further processing of this
streamis necessary to recover water product. [0031]
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d
or a geules ?‘é‘?‘; Bﬁt'ﬁl%%rrﬁﬁ@%% %Fg B 3’8%&'&3 hy%r SBRobi ¢
memBraR Adtuld dee Q%u@nié#@ekﬂ fodiierbr arside-btreamsinedtle.

nenbr ane or | ow fiber menbrane. The nenbrane nay
be |ncorporat ed |nto a menbr ane

(00385 LT borieow i padEealed s BFURE A, solgon, Theed o

I r I
oS3} Sl AR AREPTRARoP Fof oRahpihd it
may Bedidstewater cfrlal‘eeﬁltjenta eithedpretreata@bashorrpeetrediedw t o
be treated rraylnclude any fluid, solution, m xed

o0kt S P HERERR S BB Byt Mgl
manﬁ%bh{%ﬁonserhékarﬁb@ WhhabedlintowastcslateateethmatiiiBs 4]
be understood, an NDBR system
system,v@swa@éoc@amﬁs iveiip apreHiligHer o borefiec \é%‘gMﬁPQOVﬁMWm
the clRRSly 1R FBct"BRE QURY BF 568! ARBrhMnts in the mixed liquor can be
effectively removed and separated from the permeate, as long as the
contaminants have sufficiently low vapor pressure at the feed side
temperature, as compared to the water vapor pressure. This allows sufficient
time for the organic solutes in the mixed liquor to decompose in the
bioreactor. Only after these solutes have been decomposed, the decomposed
substance may become permeable through the distillation membrane. Thus,
the residence or retention time of the biodegradable organics in the bioreactor
can be very (even infinitely) long, ensuring sufficient biodegradation. Further,
an MDBR system, even with a submerged membrane module, can produce
permeate fluxes that are comparable to those of conventional MF or UF MBR

systems, and much higher than that of a conventional NF MBR system, under

similar operating conditions.

[0035] FIG. 1 illustrates an MDBR 100, exemplary of an embodiment of the
present invention. MDBR 100 includes a bioreactor vessel 102, which defines
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system residual organics in the mxed |liquor can be
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solid or liquid contanminants in the m xed |iquor can

be effectively renoved and separated fromthe

perneate, as long as the contam nants have
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of meyhbamevH myabe splegted o mmlm/mmf the feed, stuchiagher

wate}. !?fﬁﬁl)é§ [5% raf%ﬁ% %@W&(ﬁ% %Eg?xgﬁ @né@gpadn% 108

from FdddIsitie A1@StoaseriMaait: S0, 1@@@8@ ofdn\esissthRgnin of
the present invention. NMDBR 100 i ncl udes a bioreactor

mixeg @§§@1 106 liguid or salid phasefreexieerdide Adftie permaateoside
112 ,ﬁ%gﬁgtéhﬂ&%@%n quPBIo&lg@d A distillation nenbrane

as a eed srde '110 and a perneate side
112, is positioned relative to chanber 104 so that
[0036]eec819re:h§3tdli@e$sel 102 comyt be constrictet xre dny isgitable I9énner

it SRR gVt o SORAPRH Sl BB b
the pagiealdr @pphbaivie Fol@ﬁanmhhébﬁ:rég&oﬂ ﬁfa\;ﬂt@é s@lected or

permeati on path 114 fromfeed side 110 to perneate
constguqi@d dependipginrawbetes theyhiogegrasting scagtionttadeasastiad out

h
is ae®Bicorfferpbicl REbRAGICHE: BRMpORdHE fE hisfiddis o6
aerohicallylis osfedetdo mrareaelmmmblou@ctmﬂm ardort@stdrfom f eed

biodegsind e ConBRITBAS REBDIGEY 5 RoTerd: @ 2o 2 anadoBitas e
b'”"’i‘f}ggpgf‘f@“ﬁ”aﬁé )‘9)?18352%;%?%@%?@6@3@bgﬁnéél%ﬂlébmreactors may
be used in embodiments of the present invention, depending on the particular
application. The bioreactor may be a heated suspended solid aerobic
bioreactor. The bioreactor may be a bioreactor suitable for wastewater
treatment or reclamation. Bioreactor vessel 102 can be any suitable tank or
vessel for containing a fluid. The material of the tank or vessel may be
selected based the type of inflow and biomass to be contained in the tank or
vessel. When it is desirable to heat the mixed liquor in the bioreactor,
bioreactor vessel 102 may be made of materials that are suitable for high
temperature applications. Bioreactor vessel 102 may be a thermophilic
bioreactor and the biomass may be thermophilic. For example, the biomass
for the bioreactor may be cultured and acclimatized so that it is thermophilic,
as can be understood by persons skilled in the art. The materials for

constructing bioreactor vessel 102 and any piping (not shown) that is required
8 .



[ 0036] Bioreactor vessel 102 may be constructed in any

wo »b/i:akse manner with suitable materials, angdciRG0RYRo165
a conventional structure, depending on t he parti cul ar

appl i cation. For exanple, the bioreactor may be
sel ected or constructed dependi ng on whet her the

for thd eg@atiafiofths systbiromaly hded 163 fibtamtitoitiolagicabi ¢ or
anaerobic, A bioreactor for biodegrading the

attachgirninionaisrebiabeigestian and to wealeaciddrhssestiackseas bro
be ”E%%{Sg% %Pg}&n’g &dl%dggﬁ*@r for bi odegrading the

S "anaer o s referred to as an
anaerfbbi ¢ bioreactor. As can be understood, either
[003ZFr oMembrana 08 miaydbeba cﬁlaeaméeﬂrmemyar’me assstobwm) or may

mb t f th t t th
be of ATt PlPAS a0 SHAPS, BhaViD e LEBELASTAP oAb SO oat od
Me %@69%@@& th ﬁ’%i%'%cof% R\'éﬁﬂfréﬁé mddifie B @hRaHLPS R

e a broredctor suitable for wastewater treatnent or
two sheetsanlayers oBhemdaane mayelss #icludizi. dde rhemdmgns tiddaild e

s W e P L R A e T
appllbé‘ﬁdrPWMemb?Hﬁé %ddhléﬁ"ntﬁ%”é af 8y sLifaBlB tydéHuchlas

vessel. Wien it is desirable to heat the m xed |i quor
doublenfacediasisbeet dlab shed erssatie ospirad vesind] bibuery haliowrdiber,

terials that are suitable for high tenperature
°rth§B'§Hcat| ons. Bioreactor vessel 102 nay be a
t hermophi l i c bioreactor and the bi omass may be
[0038]her Mepibrbhe .10Banag bambde of ay kuitasle snateriatl. Tde wall of

i oreact or bhe cul tur and ccllrratlzed so, t
mempBarie Lt iy 14 FIorRBOIS. | Be THUBPESL Aol 36 Biephobic
propeﬁi‘iéé' eor iHstddte, Qﬁé suﬁﬁé‘eé@ﬁ rﬁéhﬂiréné D8 CABRIN r@&é ﬂﬁher

bi oreactor vessel 102 and any pi ping (not shown)
pore pyrfaezfuimayibe hydraphebis. &ior exaoiple,lbe syfaces nayam@éte t 0

pore §iaéRy S0 helRedteChidd 192imaY bE TR QI W L B8 Bhe e

side surfiiesiagbehydpepisetis os kiytkopmhilicn VW heh et mehﬂﬁaﬁ'é
Menbrane 108 a flat sheet nmenbrane, as sh

mategal 'ﬁ!ﬁ‘}’dwr@@‘%ﬁ%*? ?P%jr sngg,slug‘gp@ ”ﬂ%@e GPeg‘T’%'@( or@yﬁjqally

t he
mOdl}?@d BHfr%Qf‘erd & %gﬁle?gﬁt\;dul e of un| @%ﬁgﬁe&?@ﬁ ﬂ%ﬁor‘né‘
skilled firethesarhr Thayeembodnarevdy zamadeyoflzepolpoien amienéﬂhe

. anbr?ne nPdl%Ie. . gt . .
Suitablé matenials for torming a distillation membrane includes microporous,
hydrophobic, and polymeric materials such as polypropylene (PP),

polyvinylidene fluoride (PVDF), polytetrafluoroethylene (PTFE), and the like.

[0039] The material and pore structure of the membrane are selected so
that gases such as water vapor or vapors of other volatile components can
permeate through the membrane wall, but liquid and solid matters are
prevented from passing through the pores. It may be advantageous if the
internal surfaces of the pores are hydrophobic so that the pore surfaces will
stay dry during operation. As can be understood, complete blockage of liquid
and solid matter into the pores may not be possible or necessary. Some
wetting of the pores or passage of liquid or solid material may be tolerable,

but it may be advantageous to minimize or reduce such wetting and passage.
9 -



may al so have various structures, shapes and si zes,
dependi ng on the application. The nenbrane nodul e may
woeowmf13zsoy suitabl e type, such as doubl e-face PC@SG2006/000165
sheet, flat sheet cassette, spiral wound, tubular,
hoIIom;fiber or the like. [0038] Menbrane 108 may be

made n u |aI The wal | f
For FRampl, ib S5mrt e bR he B ntR g S maEBR it
rand®/6f @. pbol@o G ralopoe Bhtl dse WelllthicRAESE ARy Bé‘lk‘n therrbage sf 005

menbrane 108, including its inner pore surfacfe o
mm . 1Hy o P MeMBranedRayhRYS PoresyLIR e EaNamo! Ship PH%.
por e faces near, perneate side 112 nmay be

E: % .

[oo@gdr 0 gn%ﬁré(ﬂﬁyrﬁ?ttggﬁ ﬁég%% ?'%eé %%oggﬁggﬁsaﬁaerl al

chariagter cophptoperueaede‘mdmg otet@a;bpimtma;arkﬂeas can be

h [ d t t ed t hat
undgretaagt By BbEESie SKIPAIE tad A BOG REAPBles By Bne sk |1 ed
advérﬂa%@@uf‘ff&tgu' t agf@'?@é@f?cﬁ@ﬁlc Poﬁﬁg%diﬁal%ﬁ@@ké’ B

materi al s formng a
comgorentsl aftthe inflosvbr ane i ncl udes m Croporous,
hydrophobic and polynmeric materials such as

rood}F) Y RAORE FOHE il wie Bkaole- ey CERANCHE 14freelfbis,

propEh @p@?d’[@"nl ahichdrepastesRinrifolr sirgplititytdrel charityrreagomns.e
sel ected so that gases such as water vapor or vagors
Thoss sksliedin (het &t FRE TeaMbAIATS a8 SRRV EIednRP BEGRSSHNY
or offfHH B0fhpielts. Stmo bEcSo TR ickfs B deSqRolou in
the aﬂﬂaﬂtoigﬁloerseﬂe‘mplhwembedmmntsurfaces of the pores are
hydr ophobi ¢ so that the pore surfaces wll stay dry

ro04g . 8 sBBEH R, B Ineeup b REFICAS s 476 ABBRRLL may
charfiBér $64. M%)@nﬁ)léfthéetﬂﬁéé@’édm tyveidy inglude d biemass
pores or passage of qui d or so id material may be

such as apgetivateg plugge ﬁﬁ?n I@é‘aﬁ PiogR$s to ninimze or
reduce such wetting-and passage. For exanple, in sone

[004%;1’08%@@%% séfdheasawgégg%t&%E?nﬁ?(f@cew[(d)auérnbé.hm Fryze

m cron thi ckness nmay be in
example, trenipflowfmay @iclude orgahicwasiewrier, sunb cerdyentigstawater,
reS|dDentla?wa¥tevpatctarh eagrn%G anagPewa(ferg %llothe like. The inflow
contains one or more contaminants, such as organic contaminants, bacteria
or the like, that can be biodegraded ‘by the biodegrading agent(s). The inflow
also contains a volatile feed, such as water. The inflow may contain certain
solid or fluid components that are to be removed and separated from the
water. For example, wastewater may include one or more contaminants
including solid contaminants, which need to be removed so that the treated
water can be re-used. The inflow may contain suspended solid particulates or

colloidal dispersions.

[0044] The biodegrading agent may include biomass and may be capable
of biodegrading the contaminant aerobically or anaerobically, depending on

the application.
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[ 0040] The nenbrane material may have ot her optional

or necessary characteristics or properties, depending
wonodcs7sappl i cati on and as can be under st ood byCpSGI®aN00165

skilled in the art. For exanple, it may be

advant ageous if the material resists chem cal or

| t f th f
1004335, 77 Rk 68 i blerBh Ry Bee St mieryo raATer 104
to fareomixedidudr 106s Wké@ﬁ(ﬁu&%ﬁhb?'bonm S B [Rhd-SGRyn

for sinplicity and clarity reasons. ose skilled In
suspensiof.tMixad ligban 0§ nisdeoniaimal salvenbsmh de wattersand may

conff SRS SlteRP L SO MONTTIS. SRIBHhORERy opthe.,

like. Migem quuar 06 othynaigd Tontdhe dHerltie ARRNA HiiEral8 '?sﬁcl‘? 'es
gn |odegrad|ng agents are di sposed i n chanbe 04.
powggted-a¢tiyated carbe gFesin pgwagbrarshedile; orca ng@bmatlon

o A o R B
maténels edcte ad RAC emdhaeimqmivﬂdbflrtcalﬁ@ds@tﬁmﬁdgmlc shBstanté®uhd
ewater, such as

can REIAs A for Pati el A At Rl atin
¢ Byiically, theyfreatimentmpterials
are SUEpLAUBY M thePI"n|>Eet3)ell(iddf’ealth-a1 H égﬁé"é’uggeﬁc?édqﬁla‘?&?alé’fn

nore contam nants, such as rgam ¢ “cont am han
charpben H14 mayrsetiie duiike freatraentoamoperatior dathea deateigls that

e RS Eh T O BEEAG bc obBLth BhR SRR
polyraer (lﬂd:ll‘.ldﬁf@ Cfbcdy@thyfdn@ obrs‘eptﬁeqmenl\sodfr@ﬁqgaéo%ﬁ\e fop

renoved se arate fromthe water or exa

adJu%waﬁzﬂhé wawfuth@ Imjyed daeoronaybesadsdsst iata eham er 104,
Matef 3l S B B8 adUce! HEMIANN 104 MR Ebd BEfds e iR,

matenial/thabist ased susyrerdédnaldVBR guplicatiohsit es or col | oi dall
di spersions. [0044] The bi odegradi ng agent may i ncl ude

i 0 S abl e of blode radi n
tooagl VR FEH PR WERBH osmBrans Ghriaie 3 volkischmRRnas
to betdmleaﬂe@ 06t b8 WAteR4Te fE@G nhéy lr@Wlo%néh)F hedrasesadidg
ents are m xed in chanb
is su1ta le for producing the desired permeate by membrane distillation. The

feed may also include more than one volatile component.

[0047]  For ease of description and illustration purposes, it is assumed
below that the inflow is wastewater, and the volatile component of interest is
water. However, it should be understood that other types of volatile
components may also be collected, as can be understood by persons skilled
in the art. It is also assumed that mixed liquor 106 contains activated sludge.

[0048]  An activated sludge may, for instance, include micro-organisms for
digesting contaminants in the wastewater. The sludge may include biologically
activated microbial solid and may contain a mixture of flocs of microorganisms
of bacteria and fungi. The sludge may be obtained in any suitable manner.
For instance, it may be obtained by high temperature acclimatization of
activated sludge taken from a room temperature wastewater treatment

process. Alternatively, the sludge may be obtained by culturing pure
11 .



to formm xed |liquor 106. M xed |iquor 106 may contain

a mxed liquid-solid suspension. Mxed |Iiquor 106 may
woanieaid3?sos sol vent such as water and nmay cont aPQT/SG2006/000165

vari ous solutes, suspended particul ates, coll oi dal

di spersion, or the like. Mxed ”~iquor 106 may al so

i t eri.als s
th ac[ |ﬁll{éet%d§§'? A ﬁ?ﬂﬁr&lteﬁé’q@ lﬁég\ﬁgtfureoqnq Hgg}dm?(téze dr
mmuwnbpummennbbhmebhcte‘h& AaNabiiaed SlLRlgeTrbm ™ o Of
nano- si zed adsor bi ng powder materials such as PAC and
tem%%rawrs BWate{ %ﬁ%@eﬂt BI§@RBc substances and can

providg sites for bacteria attachnent. Typically, the
0049323t MY infBlvahhRbe ' or,
L al { hough lQom&* sugpen n?nﬁ%?@??@f%té%@%ﬁ%?@%@%
settle during treatnment or operation. Qther materials
[00504t Mith bmqmsamcmtammﬁsnn tt@inflowl ardebipdegraded by the

ooffBsS 1 MR Sesi R e SOtk o0 dabmentani o

buoaebmvem [ 962 piicepidnsinght r
bi added |ntg charrbgr 104n m@g?lb?%qsgﬁgﬂag’%gr:n asg@al()jleto

@ﬂéﬁ%é@a@@msmwgﬂwqaednmlwngnyewonam bnqmuean adidation

1oy PERHCs PO LER, AR B e o

chenmlmnw@pmmmmntanweb@rqurdr@%@wd PVeStndsntV\f Bl likEhe
i ncl ude an%/ fluid of interest that Is

Thes%? ﬁeag%sr mayaesynat tenperaties oy 18 de 98LCe The
ten’!ﬂi@?@cﬁ?é‘ 8f fF'fethbJe'd"J}fduBF ma}hﬁsf) %FSB%%@@&E th {nggrlaogg 8% 20

han one volatile conporie
to 9@ 66 Agpearohe apprediated: adigher tempprstass af thei feed Sidensithe
tile

the inflow is wastewater d the vol
dis Bt ietibrs sarbiodliop & WaferPenato 2. prd sy ausibe
adventigreslis afl sbimatappliatios/pes of vol atile conponents may
al so be collecte as can be understood by persons

illed in the art is al so assuned that m xed
[Ooﬂjquolln tngdneanimem SH lpl%véaorsmr@églere difforegicesn

estaibh¥y@befbss! di&ﬂl%PHHYne%BFaHenfd@QS Fhat! W&ljet’ ggpor pe[meates

m Cr O0- or gani sns di gest 1 ng cont ami nan

through resmbeane 106 M\Melvgm hayspcrrtbﬂdney bubd;tagceai bYiquid or
tain a m xture of

d bj
sol@%é{@ﬂﬁoﬁ%ﬁﬁp raneg m}ﬂ IS s%lrl])stan?%lly inhibited. Even water in
the liquid phase is substantially blocked by membrane 108. Therefore, the

permeate 116 permeated through membrane 108 has reduced contamination.

[0052] Permeate 116 is condensed and collected as an outflow, in a
manner dependent on the MD technique used in any particular embodiment.
The outflow may then be directed to a desired designation. For example, a
carrying fluid or cool distillate (not shown) may be caused to flow by permeate
side 112 to carry permeate 116 away from membrane 108.

[0053]  To increase the permeate flux, the temperature difference between
feed side 110 and permeate side 112 may be increased. For example, for
treating wastewater the temperature difference may be in the range of 5 to 70
°C. Mixed liquor 106 may be heated. The permeate side 112 of membrane

12



of bacteria and fungi. The sludge may be obtained in

any suitable manner. For instance, it may be obtained
woyodsiighsogs enper at ure acclimati zati on of acti varew/sG2006/000165

sl udge taken froma room tenperature wastewater

treatnment process. Alternatively, the sludge may be

108 @Q? PeNedIdY, /& ybbiwollagtiny 6EAES (FRRshbivk) bemt e peovided on

her alternative is to culture and accli

permﬁnat(aiJI side 162 fou cendensing paf icoledling e @fﬂmﬁ? %::tﬁg%?'&ftmg
oo 870b Sed S STRRCEA BB R 1 SR o

carrylr@tﬂhl@l(ﬁcbt@fdvﬂ’f) VErestempiature AfEREnol shomldrha suffigiently
contaminants in the inflow are bi odegraded b

largeipopigper opemtianeidhe mempbene Ci'étﬂlatlpﬁﬁ 05?%%3%@' &&;O'at&\"bw
the d%ég P:%c?ﬁ]bnan%te' il th fgﬁgg)g& ﬁgégr‘? nY S a";%lcaﬁon and the

any suitable
typesbmfdhﬂ@)vmaﬂtﬂd\zea'me oiveed Baucin 186 atﬁee@ sidevd1 & imay have a

o B bt oo S A O . o
tempéréeiﬂrléj o n% riRIS side! P @) %Z HRNA tREPASYe bf 816 Berecanth

nvest e or the I1ke. These reactions nmay occur at
autommmmemhﬂefmmleysteﬂw roechaniemt (@epehewi} ®aytbe he

v Bl e TBho i 5p B B of e A

the nicthmanat ure at the feed side of the di stlllation
menbr ane can produce a higher perneate flux, and may
s be advant ageous in sone agpl i cations 0051

[0054]hg Arbgatechanagrobig kiprgasiar Nay se %ﬁr@&‘ﬁﬂ%’”&i% At 'ﬁ‘ce
certafn aﬁﬁ‘cgﬁ%érﬁﬂ éi(% S, il éﬂi Bbi%rblmftﬂfnﬁeﬂﬂ%?\eﬁﬁay be

er vapor p rneat es through nenbrane
prod ufkedeasaa resulbofthertiodsgradgtionupeicass ewhichamay mﬁmb@;r

has nbr 08 t I
comhuﬁ%oﬁﬁ Fatoralreh dids PR ey MGG DHBRLRRL ils ¥
contrSMRE R tdrapbatireas iesi rixedRifitrayos, 108. Therefore, the
. perneate 116 perneated through nenbrane 108 has

reduced contamination. [0052] Perrreate 116 i s

[OOSSJona\é/@@&jsma@was&;ﬁleagﬁgn%)hb%@@rm gally Ar goREMRuSlyY
remoEpSEHE g el 164 T RIS REBRGe b onel | o
aeratdd svitheal gde sugh atsi ain AiFar amothepgas may be supplied to mlxed
liquor 106, such as by a gas injector or another aeration device (not shown)
placed at the bottom of chamber 104. Aeration may serve one or more
purposes such as providing oxygen to the micro-organism, fouling control, or

other purposes.

[0056] FIG. 2 shows another exemplary MDBR 100’, a variation of MDBR
100. Instead of a simple flat sheet membrane, a double-faced flat sheet
membrane module 117 is used. The membrane module defines an internal
channel 118. Membrane module 117 has two flat sheet membranes 108A and
108B in parallel arrangement. The feed side 110 of each membrane faces
outward and the permeate side 112 faces internal channel 118. Membrane
module 117 is submerged in mixed liquor 106 of bioreactor vessel 102.
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carrying fluid or cool distillate (not shown) may be

wo %aé/seshst 0 fl ow by perneate side 112 to carr piRdWweEI®165
116 away from nenbrane 108. [0053] To increase the

pernmeate flux, the tenperature difference between feed
side 110 and perneate side 112 may be increased. For

a f . t
10057 ¢RI fto: Adizbe Sl SRty S MnSERR H feyer, 2
largel ntinbraketsurtatebmal et @tbosél @o Peiks fieos1 0@ inlVDBER 1007
menbr anel08 rragabe cooled. A cool collecti ng surface

than (mMDBsﬁ%dm) sadatie lgseen perereain figer mauibe ehtaded: 2heor
perm%%f%jﬂ‘é 'nsngol?e%‘i‘ecf Abheg eé lwﬁe?sur ﬁé&ronTmhéng ?l’ﬁ% {9

ace na provi ace of I'ng
will bplfatther( dl@écr&l@dvhfélowr Chanaelr‘tyli&in@aﬁ/lfutm tel pdrhof a slumed)fluid

e ure dlf e should he sufficientl
c1rcuqt,aqsgwﬁlg% %lﬂ'h}%(gesgg BP@H" &% CPR¥eNg gollect perméate
116, di stillation 'process and to obtain the desired -

perneate flux, but may vary depending on the
application and the types of inflow outflow. The m xed
[0058]i quibkG.Didlustrateseapessieie vVadiatian ofi MIRBR 10 pEheiMBBRI n

100" 588 & fiEfarinemiyerie Mol 1 it BabP s ie3BRle waaf Tt
Tubulz2M@§mBfarie odafe 9B déinédian irtbirtal CRAREE[EINE’ ands |
system or nechani sm (not shown) nay be provided to

tubulgUmeprane s tafR s Up 40T I oRrteck uith rideg IHLOTAA08 fad a
pormBhfY §3E42 8 WRRHTERES11509 e deriefyanzer obi c

oreactor may vant ageously use
interrep phacae i 1183.. Tﬁermevrrbmriee;,n memrdonane awchibe d198iomealttves

volatl§ Sliinagen oorPIRE dom ReEvieal Ot iolrenoe HZLPRHSN,

the pg,(m@étﬁ)trp fpaf14 0 conveni ent | y heat the bioreactor,
t hus control ling the tenperature in the m xed |iquor

106. 50055] Waste such as waste sl ud
[0059 er | DG ddis|a/sefieraalif VIﬁWcﬁfﬁwexeenﬁlaé\dﬁffD%%saﬁmézﬂ 104.

MDBH!SY8fkrh 1383hoit 85 HhiGRAERE Vo104 1Y cAifaREiFh b idihr2

as nm

106 mm:hamhbbr qoor Amémbwwmslukwlzz g;a&bmqangedon nmxedahqmdner
06 aeration device (not shown) placed at the bottom of
106. chanber 104. Aeration nmay serve one or nore

[0060] Membrane module 122 is similar to module 117. The internal
channel 118 is elongate and extends along a central, longitudinal axis 124,
which is horizontally oriented. The membrane is thus horizontally oriented.

[0061] A fluid circuit 126 is provided for condensing and collecting the
permeate from internal channel 118 of membrane module 122. Fluid circuit
126 includes fluid pipes 128 and 130, which are connected to respective
ends of internal channel 118 to provide a fluid flow path therethrough, and a
fluid reservoir 132. Pipe 128 defines an outlet conduit for extracting the
distillate outflow out of chamber 104 therethrough and guiding fluid flow from
channel 118 tfo fluid reservoir 132. Pipe 130 guides fluid flow from reservoir
132 back to channel 118. A fluid pipe 134 connected to reservoir 132 guides
the outflow from reservoir 132 to a desired destination (not shown). A fluid
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pur poses such as providing oxygen to the

WO {39343r gani sm fouling control, or other p §06/000165
2[a‘bé(\% FIG 2 shows anot her exerrpl ary MDBR 100

vari at| on of MDBR 100. Instead of a sinple flat sheet
menbr ane, a doubl e-faced flat sheet menbrane nodul e

pum& Y356 rﬁay‘ §8‘8br0\7 inedn® w@eikase Fﬁﬂtﬂ&v ﬁ?ﬁu;ﬂ Qﬁrcam 126t Ardtaling

hannel mbr ane nodu as two flat sheet

unit mmmpmmchmqmw fluidflavéng é ﬂandrcamglérﬂ&ﬁt Forhe

exanyie o GOUPG it o 7 e SPRLRTpE IR ML PORH RIS, o

ﬂOWIﬁ@%{-ch]:éJ s subnerged in mxed |iquor 106 of
|ore’actor vessel 102.[0057] MDBR 100' may be

iml,arly operated as VMDBR 100. However, a larg
[006239 b Ba&agops anesaRd pihes components may e ‘FQQﬁﬁ'&&Ctefb'eS'ﬂﬂ

any St e tera! B ahy sitsbieyfendr pfnafondlé R e HgRAR

otherf ¢mﬂp@ﬂi@rﬁema;&ﬁ6se@mﬁectdébmdm@nndhetdpphp@memse will
. be further described bel ow. Channel 118 may form a
discyssed aBPVe: closed fluid circuit, as will be further

descri bed below, to conveniently collect perneate 116.

[oosﬁgo?ﬂla cah®e éhdiér%tqw Bh8orndIRTRIIP LBnitSI dothSrts R
100'. The NMDBR 100

{ - " has_a tubul ar nmenbrane nodul e 119
be pronideddoecotrefing fuitdiavw uare MOBR systaim ar ohexaspplaeflow

ot B B A SRR 8 GLBRSBe Y e B34,

operdtiorest the @ystend.06 and a perneate side 112' from which
perrreate 116 can be collected through internal channel
al | ows

menbr ane e nodule 119 o
10061 iy 0RETalb 2 FREEMTGABRTHE SUPR G ARSI 110 ¢ o
introd R | ?ﬂo AShakdier 404, oHinkIb® RSy Beaﬁmsny f?ééﬂédjiﬂl‘bhamber
0059] FIG 4 is a schematic view of "an exenpl ary R
104, sy siesnnitie@Dab®M@BR syst em 120 i ncl udes a bi or eact or
vessel 102 containing m xed |liquor 106 in chanber 104.

[OOG@O?R%%%%MH ls%cl]i%% Wate? mﬁﬁfaﬂﬁ Br&ﬁd&h ¥erbdehfbici 32
and pumped through pipes 128 and 130 to maintain a fluid flow in channel
118. The fluid flow may be driven by pump 136 so that the fluid is withdrawn
from reservoir 132, flown through pipe 130, channel 118, pipe 128, and then
returned to reservoir 132. The fluid path thus forms a loop. The reservoir 132
may initially contain clean water or treated water. The carrying fluid in fluid

circuit 126 is cooled by cooling unit 138.

[0066] Mixed liqguor 106 may be heated, as discussed above. Thus, there
is a temperature difference between mixed liquor 106 and the carrying fluid in
internal channel 118. The temperature difference may be as discussed above
with reference to the operation of MDBR 100. As a result, the permeate is
condensed in internal channel 118, as discussed above with reference to the
operation of MDBR 100°, forming distilled, and purified, water.

[0067] Distilled water in channel 118 is carried away from membrane

module 122 by the carrying fluid, through pipe 128 into reservoir 132.
15



[ 0060] Menbrane nodule 122 is simlar to nodule 117.

The internal channel 118 is el ongate and extends al ong
we 2e@nirsaB, | ongi tudinal axis 124, which is PCT/SG2006/000165

hori zontally oriented. The nmenbrane is thus

hori zontally oriented. [0061] A fluid circuit 126 is

[0068] OViTHED frfledSRatEEimsiclBndN SDEde gtradted psrotitve
frominternal channel 118 of nenbrane nodul

122.
throughupige diddcand transpariest iode desired deﬁgpaﬁo@f&lcgrﬂf ‘%ﬁﬁ{ﬁh@f
t tWhi ﬁh are connected to respective ends of internal
realticin REfeY$% t o provide a fluid flow path therethrough,

and & fluid reservoir 132. Pipe 128 defines an outl et
[oossﬁndur'fhta dusflowe xiaaled exyatied frbins reseraoie 182tdantinuously of at
o

104 th h h d i di fluid fl f
intervala e 258 reghip eIV Ls GBI ey siap efipgd "
depefpldmggm{\) Ikﬁg%va@m bERAH vcegumb%ae@m kede?v6inaBein . A

connected to reservoir 132 guides the
embaoditfdntyestiramtiones eutfiow nmegbagin wheedhediidisstesaaroirotB2

reachoa ik baie] i FRIT R 1T Tuidg BL8EBERH, 3 iffrf
level138 may be provided to cool the fluid flowing in fluid

circuit 126. For exanple, the cooling unit may be

coupled to pipe 130 for cooling the fluid flowing .
0079106 Zhe tempestiEssnhEEba @4 hawRl d1BiTEY heyered

to coffiBple fbfifation P1Sceadt bt dB ol MstiMbe the |
tempepatpen diffesemteymag becledated atlmtenvalsiy alow aeertain
N g L T e
coue%drthﬁaugg%ewraﬁ@ Aol g, fluid flow in an MDBR

Sy stem or

exanple, flowrate neters or gauges and

control valves may be provided for controllj r\}y t he
[007bper Apiinereane thrpeyreaim fiuxposa pr mprepd the fjlpwing steps

R ittt JeSin dugmed

e B TACHR A B i AT R B o pspint
liquot 106 haapBe stiféd, suchdeswithlzestiredro teeprdridteSrbalerrfloy aid

fluid such as water Ls initiall X gr ovi ded 'bn LE§ %S voi r
eddyjeygrent therein. Air or gas bubbles, or air sparging, may be used 10
induce shear stress at the membrane surface, or to prorhote turbulence in
mixed liquor 106. The viscosity of mixed liquor 106 may be reduced by
promoting attachment of micro-organisms to a bio-media support. Vibration of
the membrane surface and molecules in mixed liquor 106 may be induced
with ultrasonic sound waves, to prevent fouling of the membrane surfaces and
to promote evaporation of water on the membrane surfaces. Other suitable

steps may also be taken.

[0072] Various variations or modifications to MDBR system 120 are
possible. For example, FIG. 5 schematically illustrates a variation of MDBR
system 120. The MDBR system 140, which is only partially shown, has similar
components as in MDBR system 120, including bioreactor vessel 102 that
holds mixed liquor 106 and the fluid circuit (not entirely shown) for circulating
the carrying fluid through the internal channel(s) in membrane module 142,
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and punped through pipes 128 and 130 to naintain a

fluid flow in channel 118. The fluid fl ow may be
wdanrooes7dey punp 136 so that the fluid i s w thdpawmsGRoosmnoies

reservoir 132, flown through pipe 130, channel 118,

pi pe 128, and then returned to reservoir 132. The

Membrang moRyiccb# B A JoHBSnaga0 Gat Sho BaTA R B I Rmiar

d
o meEFHReAL T ol g s et

vertidafigtisstead of Hoszoisiabyl l@ndhe loﬁg;lwmanaea%oi thednternal

di ff d
chanp R KRB a1 RO eEal- Rt cbifie 1 18"
prow&&fj‘ﬂﬁﬁi%h W= Slidport Bearit %ﬁéehﬂeﬁﬂarﬂhé@ esedufDP4Z antl ichn

ence to the operation of 100. As a result
facilitatesbplebledimve thys cesifingsiadmprovert bﬁr@ﬂ%ﬁ@iﬁﬂé’l\afﬂ@ﬂsﬁgs

sclecpbi TSR S MApE o B ol o s ae

posntfo@s@@@t k% Bbitbhest M@te%tbtdrrch@hﬂfmeIIOZ%S pmdtmng am dbuhblmﬁ
from menbrane nodul e 122 by the carry

148 inmised ligpppe08.2Bhe sbert aagmsva¢lpa@tiﬂe[®yg§]few of the
bubbgq]s[' rm%d?%ﬁ{)ﬂ' An n’ﬁﬁ%ﬁﬁhr &%@gr 180 isQsroGietias Hedt fixed

pI pe transported to a desired
liquogle@é.gnat i on, such as for further treatnent or re-use.
[0069] The outflow may be extracted fromreservoir 132

Ny R AN L g e
the velRRaNg H&ni&ht&hﬂr@mh ﬁhﬁa}oﬁotf bhe!hecassauTins dt should be
reservolr . I'n one enbodi nent, extraction of

undetsiod matrﬂagz plblé@sﬁh ‘axiested yesticaly” ori‘arieried hasizpnigdly” is
he
used BT ERR et O e g5 ORTucsl 8f nefifortalifedtrne!

chanber 104 and channel 118 may be varied to control
[o074]he HIG!6 isbl@cfemahcq:uyammmanoﬂmer parlalmm déhe IMRBRmyistem

i nstance, the t erat i ff ence t
160, pics s & tubar (upalontiterf el Enfancate o2 S5 00
in md«StF Fguorl 'fbé)KP&S?é‘éc%r WassE] 0219|Rd leibateR! Nevizntaly.

cted throu nbr ane nodul e 122.
Sensors 164 and 166 are provnded to monitor the temperatures at different

points in the circulating fluid path. Each sensor may be a thermometer.

[0075] Membrane module 162 may include membrane tubes (or hollow
fibers) arranged in parallel. The cross-sectional arrangement of the internal
channels may be in any suitable pattern. For example, as shown in FIGS. 7
and 8, the channels 168 may be arranged in a diamond-square pattern (FIG.
7) or an octagonal pattern (FIG. 8), where the arrows indicate the air bubble

flow direction.

[0076] An octagonal layout with more space at the center for tubular

membrane distribution may be advantageous. For example, the octagonal

layout may be more compatible with the overall internal fluid circulation in the

mixed liquor, may produce more turbulence generated by bubbling flows from

the air diffusers, may be more suitable for additional air sparging, and may be
17



[0071] To increase the perneate flux, one or nore of

wo Jheishek! owi ng steps may be taken. The tenpempgiiicodsMooies
m xed |iquor 106 may be increased. M xed |iquor 106
may be stirred, such as with a stirrer, to pronote
turbulent flow and eddy current therein. Air or gas

coan{'H%m forputh eP ﬂb rﬂuﬁ:ﬁﬁé\g' B ect Bty %ﬁ)ﬁ'gﬂﬁfﬁla\g n@%i&‘ﬁwec‘cpﬁ'%fde

ress rane surfac
a membrané amrﬁ.nle r1 62i widhdah iogtayondl pattding agiisdioaiedybyotheni xed

armoug 90 ng“ezéeb P 6 HRTRCS TN AN PR Argra
side b8 IRER RAS/ISNIF e Rl oW Pt 8 BBreRAl | 1 quor 106

may be |n ced with rasoni ¢ sound waves, to prevent
foul iing of the nenbrane surfaces and to pronote
[007Evap\64+@ln|a;heafermcbrasmheatmgmmrblsamnmedmﬁm mitater

iauof; SobiEE) B G B llooialats san Restha P4 56 dee

micradfs Flobs @anRicumtage! ¢h thel Heat h}%gaﬂl% g@ta‘cbbﬂked" To
illustrates a vari ati on of R system 120. The MDBR

reducs,@i Rigveaiiouling ctlaem@lldnaxybp@laan@d| fyorsigg fo Hme, such par
tor
withicf QRRRAIE Bret b EANRET. R BBt il AQimUiiRR, Al BhpRfcS
may loé ditected todhe gntnherﬁd/ﬁmhwvféh cd annd chler ﬁc:,]uldtnelﬁ(g tlgeh_eon
carryi uid through the internal channel (s) in
S”ﬁa‘ﬁ%ﬁﬁg’eﬁqg"%ﬁﬂﬂr@ d142. Menbrane nodule 142 is a
doubl e-faced fl at sheet nenmbrane nodule, simlar to

[0078E MK RaR08$RY sbévle7 thé@ﬁ@ﬁsﬁaneﬁﬁaéﬁ@nﬁ MWB@Q éﬂﬁehﬁ

oriented verti cal éflnstea ori zont al y, 1. e
may alem getlechtad extams! fthethioreaciornan exampiels ibestrated in

ith baf 144
FiGs T3 he YRR Sl E Bolotiona belfaunfyrel 162
with amasdieamss and amextemal 4istidatbre aienh iirainkl rhed@lebrrzbheluid
thus resulting in inproved hydrodynamn c
Comff&m%@nwﬂkpl%ga%ww nIé-the menbr ane surface. Gas

injectors such as air diffusers- 46 are positioned at

[0079ghe N hbRARLIncBLRS $2E 104 skIRATRS m Ja%’dmﬁf MRRAFHAS REbRIIE

les 148 i1n mxed |iquor 106. The short arrows
172 maychave @ crons-seadiandis destratad in FiGe1 bubbsbewdumemprane

modu%oﬁé%ﬁ%g g Jg@qlfbg{%ﬁa%% 'pl%aé Milar ’ltso tha% sPsE)\(/)v\ﬁI ||Q||?=qG 9, heat
However, in the embodiment as shown, the permeation direction along the
permeation path 114 is reversed — the feed side 110" faces inward and the
permeate side 112” faces outward. The feed, instead of the condensed
permeate, is flown through the central, internal channel 118’. The permeate
116 is collected in the outer collection channel 118”. In a different
embodiment, the permeation direction along path 114 may be as shown in
Fig. 3, in which case the feed is fed to the outer channel and the permeate is

collected from the central channel.

[0080] A fluid circuit for circulating mixed liquor from bioreactor vessel 102
to and through membrane module 172 and back to bioreactor vessel 102 is
provided, which includes a fluid pump 174 for driving the fluid flow, outgoing
pipe 176, and return pipe 178. As in other systems described above, a fluid
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[0073] As can be appreciated, strict alignnent of the

| ongi tudinal axis with the vertical or horizontal
wdai2o@ei3798 may not be necessary. Thus, it shoulPdTis€2006/000165

understood that the phrase "oriented vertically" or

"oriented horizontally" is used herein to nean

_ , , ot
ciro g o e e tAE Dl RehBB el B AT bueigh T e
pipeari@Braend Y30, sioiage, tahk d 3RPBRY Skt GUimp636. whi ch has a

tubul ar (or hollow fiber) nenbrane nodule 162

roos3}3" 5 BBt i rb i it 106 shestad ane b °rraé§ds e
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points in the circulating f sensor may
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memohing PR RE2 0 0 B8Ere, Ao dRroubh st apadre TP or "

membirdres naidmémmleA@eméatéevapbrwésswéto@@ér%nemé Sf,tabliéggd

exanpl e, as shown in FIGS. and 8, the channe

acrO%V\eU@emhram@ &d that waler é{ﬁﬁde@mfzates ;ﬂanugh wathFi G4 fipm
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contd] oyl B uBFEREEITES, et Mo (oBoR kAR and

conecteﬂagmabon permdatevsblution) i £p2eRefbintike t6 €hé BrodelEes

d t ub ﬁr ﬁge ne d| strl butl on may be advantageous. For

ISCL@%% gves d theguoly mﬁﬁ;brﬁee fndiie digds i bl e

recycidd Baél@ﬁ) B RS br végs%i 162 vid rét {1&5 é& Yegtion in the

m xed |1 quor, may produce nore ul'ence generated by
bubbling flows fromthe air diffusers, may be nore
[0082],; tAp cantherapntetiatash dhe fad mpgiogintain béordasmynaterial that

can b%%ﬁ%&rpn Bﬁtre%c%b‘zf%%é ﬂgafl ulq Mglcgwhg%{sgrﬁtgo%ﬁpga%z

pargi ng nmay

MBR\mrd>dfe$esotma@maéasﬂ®t pEtion oaﬁhe Pidntdsad cittulaled REMOWS
e a front view of the nodule is shown

biorezglor yessel04da B misfiode oy rdar i
bloreéiﬁgifl{/@sée‘f 1§§ OP’{"BC%IG b? ﬁwe.bﬂib 8gg ladﬁ‘ﬁgﬁ]goase Uan

such heat | | nrerse
be unldeqij@@d bﬁ/cnelwcn’gs MEBCbmbeanh the outer surface of the
heating coil because microbial floes can accunul ate on

o052 A5 S0l 725h oGP G Fics 19, KB KiGelavien
180 it sindlar taisystem 170 except that a sedimentation tank 182 is disposed
between the bioreactor vessel 102 and the membrane module 172, and that
heater 150 is removed but a heater 184 is disposed just upstream of
membrane module 172 to heat the feed stream going into membrane module
172. The construction and function of sedimentation tank 182 are similar to
those used in conventional wastewater treatment plants. Specifically, mixed
liquor extracted from bioreactor vessel 102 may contain a lot of suspended
solid. After the mixed suspension is stored in sedimentation tank 182 for a
period of time, certain suspended materials such as sludge floc may settle to
the bottom of the tank, which can then be recycled back to bioreactor vessel
102. The feed extracted from sedimentation tank 182 and pumped through
membrane module 172 contains reduced suspended material and may be

either discharged or recycled back to sedimentation tank 182.
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within short tine intervals. Further, to prevent floe

wo G RYsat i on, air bubbl es may be directed t@dd®:2006/000165
i mrersed coil surface and the liquid near the coil

surface may also be stirred. [0078] As discussed
above, the nenbrane nodule in an MDBR system may al so

| ! .
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172 may have a cross-section as illustrated in
memipage medulascashbasYemBie Dompast and May regidresevainiesar

enerdy BB, DRl fibh tudha shSeT AR oh e

mainteh8RAge thstsper neati on path 114 is reversed - the feed
side 110" faces inward and the perneate side 112"

S A

i : ' iddle t h
submERFRTEN, ich audft pREERRsTnal bel modle L ASdRo e
processingditepnAn MBEBRpravessinway be pedoiroad alithoyt paing 114
sopnFB5 s RaLReh I end sobesie oS Bi by ol bt
is notfﬁe‘é%léé}?_ t@%bfs?ﬁph‘i%}i;@@fé@ and 8Q8éHsive fristiuthetits aHbt for

circulating mxed |iquor from bioreactor vessel 102 to
technigigstin moenjiortbeimemeransdategrityy suctnas bhekbreakdpwneas e

ouid Y5855 W fd Sel e Sfiert GlhRT LB ohtrhdomier
liquid I;Je?slsm% @!nﬂheiéé? sitie, wlfnlentthe nn@nbtarmondgﬁfthsérb@de bookean,
.., a ui dci r cul o collecting condens er neat I S
iauid Satey oGt T rofh erPaTEARI e acto 158 e SR, The

‘ ﬁ‘iﬁ l . . o I . | ‘!!!ﬁ ! »
back @%\gr at | o?ﬂé&m '3(1%1 Iln?{qiggl%téjiosg afgjaﬁjep;%gﬁerand %ihg%l'ggp'gged
could ibe ¢nsily sietecied valkerobtivaly. if Biedieed st paroigaie pressuies arse

simiaf hALE ol SRl LRl & A5p8084 8P6IRed et bithe
can be detected by measuring conductivity. As can be understood,

conductivity may be monitored continuously.

[0086] As can be appreciated, if the permeate pressure exceeds the feed
pressure under normal operating conditions, even when the membrane is
broken, the back flow would prevent contamination of the permeate received

in the permeate storage such as reservoir 132,

[0087] Further, as a large portion of the dissolved residual organics in the
feed is blocked by the distillation membrane, the resulting permeate or outflow
can have less organic contaminants. In comparison, in a conventional MF/UF-
MBR process, the permeate can contain substantial fluid contaminants such
as residual organics, particularly when the membrane breaks down.

[0088] With an MDBR system, all or aimost all of salt, non-volatile organic

20



menbrane nodul e 172 via pipe 176, and through central
channel 118" of nenbrane nodul e 172. A perneate vapor

wonemsiarsesdi f f erence i s established across theprogisbe@a®00165
so that water vapor perneates through path 114 from
central channel 118 to outer channel 118". The

com%bg.{n'a%?atr@ Mfcr6 Yrgamsefs ARy _blé‘%lelp%?étéﬂ ffym ahe petmpatenthate

ution, in a manner simlar to the processe
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I n"bi'oreactor vessel 102, as is typicall q P n
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advant ageous, as can understood, b ersons skill ed
as obtainerdraim @ cqryestipnal '@%ﬁ RICCBPS 8‘?”%‘@%@7%\’?@9%0\/\/11
osmt&%ﬁ% 12. The MDBR system 180 is simlar to system
exCept that a sedinentation tank 182 is di sposed
bet ween the bioreactor vessel 102 and the nenbrane
[0089pdufa MDBR prodess san psadiae 1859 costanaipatasioufipwaat a flux

compsabledo 1hs mefmiain o eb el IRPLLERIM W EPLR B o

procé®@dl € 172. The construction and function of
sedi nentation tank 182 are simlar to those used in
conventi onal wast ewat er %\%eat nt]s

n | ant s.
[0098), e cARIMBBR/systeweaN dlgahave g P§{:§€?‘Et"f'ﬁ’ gmeoi or eact or
vessel 102 may contain a | ot of suspended solid. After
e i | ' i inflioP & RAYiiHN t ank
[0091@2 {Ho&g/l%%?%%orﬁ’ntth:eg?é@g?tg tae:mgos us péerg%)egl) rlrat erials

indepardenasf tleutyiratiioeteniostine (HRT, 8nd cBBtieYRYAORG &S it

. ank, ich n r I ' r

s onlygEiandnbon A8 reddr8 TSI e okl SeiErEbRlin g

convéBRorl MBRMBASAICY eargbe lostividtnbenetrieatd fdidcantd tierQRT
reduced suspended material and may be either

is theipawrastbe R Trecycl ed back to sedinentation tank
182.[0084] As can be understood, system 170 may be

[0093f'V2RLAREL YH MBBR system, particularly one with a submerged
membrane module, may have a smaller “footprint”, and thus require less land

or physical space, as compared to conventional MBR systems combined with
RO.

[0093] As the pipes and tanks used in an MDBR systems may be operated
at low pressures, such as around one atmosphere, they may be made at a

lower cost than those required for conventional MBR systems combined with
RO.

[0094] Various energy sources may be used for operating an MDBR
system, which may include waste heat, solar energy, geothermal energy, and
the like. The MDBR process does not require a lot of electrical energy, as it is

a thermal process and can operate using low grade heat for latent heat.
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conpared to system 180, because | ess equi pnment and

| ess physical space are required. Further, system 170
woaywstpesr e | ess energy consunption. In this pegscdds/000165

it may be appreciated that an MDBR systemw th a

subrrerged rrenbrane jtj nodul e can be even nore conpact

toog]5, (RN 5816t e BT R PEa Rt et compared

to somenifenasorvarttiingl waetiteFtehinednt sitemas, be
appreciated, in an MDBR process with a subnerged DM
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|gher than the liquid pressure on the feed side, when
he nmenbrane or its fibers are broken, liquid water
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ior 1 e BBk s b o

speed!aﬁmabﬁtﬂnatﬂaheh e theredophilid baAdisriA Qﬁﬁlcﬁfdﬂnﬂﬁ! tilat e
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constigHag {litbp Sioraagiarisyererated sitiody arsomndampesiube
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ooggpde S5
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and grhall pelatiRadrganRe If eSteriat dtiér. REENEIRhTaSkOofRISefttdle as
ervoir 132. [0087] Further, as a |large portion of

may E)ﬁzwah%rstfﬁaﬁ@@ to gamavasueh yalatitesby-pradusts.dar examplecxed
L

0wty el ) PRG0S

volatiggoapmposents from déhe ootflemt.i onal MF/ UFMBR

[0099]  When the inflow contains inorganic salts, salt accumulation at the
feed side of the membrane may occur. In such a case, a limited amount of
sludge waste may be removed from the bioreactor to reduce salt
accumulation, as well as for other purposes including those accomplished by

sludge waste removal in conventional MBR systems.

[00100] To further illustrate, some specific examples and test resuilts are

described below.
EXAMPLE |

[00101] The first example MDBR system was a system for wastewater
treatment, with a layout similar to system 120 illustrated in FIG. 4. In this
example system, the membrane module used was a double-faced flat sheet
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process, the perneate can contain substantial fluid

contam nants such as residual organics, particularly
wohers/3ses menbr ane breaks down. [0088] Wt h anptDBR2006/000165

system all or alnost all of salt, non-volatile

or gani cconpounds and m cro-organi sns may be separat ed

modﬁl‘"eo Wheh&nRBE MdhBranB\Ra® WddeYoraDRUThe taverdgd pere size of
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lit t b
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a T be
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abOLﬁQ@b@ned with reverse osnosis (RO. [0089] An MDBR

process can produce |ess contam nated outflow, at a

100108k e inaonaat Ao b o sniealglBh Pisheriisgsolic
(ML%)%R%E%%%&"II%@QNQ&@ 33/ adle c‘He%baW;fg'eﬁQierﬁ&Q?(ld)OU)

e organic retention tinme (ORT)
was quimpeﬁﬁm‘«sysiémt\ms npelraéen! similaslyean descr theﬁ'eafIQMRTTheand

e very, long, as it y dependent on the
CODr%&E?lp@ﬁ@ %Fﬁ/‘ﬂ?g '%‘ﬁe"t‘i'i@“o%%’ﬁr In conparison, in a
conventional MBR, organics can be lost with the
[00108T NeatEnhd buirdesadiuxheasbriterddor Sdndayss Dleeg Hfﬁa’flrst 6

[0092] Further, an MDBR sy %tem partj cul ahﬁ% %\n
daysaais iblegerofiaen AKX @SKHIAN dd Nok pCRYR beme il surtace!
: | b&torR Y Bt6@ th
At G818 izc I 58S b8 3o BP0t ook
memboarine Belcﬂamth RO. [0093] As the pipes and tanks used
in an MDBR systems may be operated at Iow pressures

m“ﬁ%ﬁgr aC 5 O 8&%8%%%%&@0[‘ conventl ong:l% %a

seenS i ﬁéﬁneﬁ@tﬂm&ﬂd Wot Becrease significantly over the 11-day period.
In fact, when the membrane surface was scoured with bubbles, the permeate
flux increased by about 30%. The average permeate flux was 0.71  0.09

kg/m*h during bubble scouring.
EXAMPLE ll.

[00105] in this example, permeate flux was monitored for different types
of membrane modules. The bioreactor used had a chamber volume of 48
liters. A thermostat circulator was used to control the temperatures and to
provide internal circulations in the mixed liquor. In different tests, both flat-
sheet and tubular membrane modules were used. The particulars of the

membranes and membrane modules tested are listed in Tables 1 and Il

respectively.

[00106] The inflow wastewater used was artificially composed. The
chemical composition of the inflow wastewater used is listed in Table lll. The
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RO, [0094] Various energy sources may be used for
operating an MDBR system which may include waste

woeads/13%08ar ener gy, geothernal energy, and theciiske0s/000165
The NMDBR process does not require a |lot of electrical
energy, as it is a thermal process and can operate
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af pqLé)f 8Y et he a@g}hm a.ca QJA’ thelper Bg oAyl be
further treated to renmove such vol atile by-products.
For exanpl e, a bubble colum unit- may be provided to
renove sofsbierll.aViembrancmodutassisestinibe destse
conponents fromthe outflow. [0099] Wen the inflow
Font almggulenor gami ¢ salts, [salt apcurrul tion at the

eed siﬁg-e of The RO RNe | MY REGH SUCRp@aCase| a

AT P R I ARl vablfo:;“?xnm oo he
‘mgﬁéb‘ﬁ{?éﬁg’l | f-‘uwoq §ﬁu t dLU[(I)IIHSﬁ.l.—I O as OV)HSI or

%, T TCt T um Nyt hose acconptishted by studpge

Wastecf,ﬁmaya i cdiaBht i pnal-SWBR(BY st ¢ns 2.6 mm (ID)

Number of
membranes 24 R 24
double-faced | Tubes in diamond- Tubes in
Other feature with baffle square pattern octagonal pattern
Table Il Wastewater composition
Chemicals Concentration
Glucose 125 g/LL
Peptone 6.25 g/LL
NaHCO, 0.218 g/L,
MgSO, 0.156 g/L
KH,PO, 0.812 g/LL
K,HPO, 1.219 g/L,
CaCl, 0.156 g/LL
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[00100] To further illustrate,
results are descri bed bel ow. EXAMPLE I
wpQObkT80Fhe first exanpl e MDBR system was a SPersGr606/000165
with a layout simlar to system

and test

wast ewat er treat nent,

120 il lustrat

ed in FIG 4.

some speci

In this exanpl

fic exanples

e system the

menbr ane nodul e used was a doubl e-faced fl at
wherei n the nenbrane was nade of PVDF.
The average pore size of the nmenbrane is about 0.22
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when the menbrane surface was scoured w th
the perneate flux increased by about 30%

e VeSS by

The

Ksdd2h during

In this exanple,

=
u1|lcl LTTL

l

Materials in fouling layer Membrane | Membrane Il
Soluble 168.10 332.53
Protein (mg/L) Non-soluble 181.38 383.98
Total 349.48 716.51
Soluble 552.75 553.68
P°'ys(a°°,hLa)”des Non-soluble 491.99 40553
m
° Total 1044.74 959.21
Extracellular Soluble 720.85 886.21
polymeric Non-soluble 673.37 789.51
substance (EPS)
(mg/L) Total 1394.22 1675.72
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of menbrane nodul es. The bi oreactor used had a chamber

volume of 48 liters. A thernostat circul ator was used
woQomastsoel the tenperatures and to provi de i nPerisalo06/000165

circulations in the mxed liquor. In different tests,

both fl atsheet and tubul ar nenbrane nodul es were used.

The particulars of the nenbranes and nenbrane nodul es

[00 t ed $+|st ed in Tables | and Il respectively.
f 106] I'nfl ow wastewat er used was artificially

conposed. The chem cal conposition of the inflow

[OOMt ewatreesslethe sefupsiféde MDBRystdrlwaBhsighilaf & thait
fl ow wastewat er for different

shogidh EIGTE. The Fambrans TobalIp ectiis s barhran o eomicdl
Was.%“u%bmr%'PQdTﬁm@ 1%& o\“andm?%b@qulrferﬁ%]ﬁwe dodhge!

ane use t e tests st ewat er
gapg befyeasnt il”@rmbutaﬂ)(mmbﬂémﬂsemm abtag Bamat.er
characteristics Table V. Fouling on nmenbrane

100" VoA pRfbsrlaiok sty vha idiasohfiSeE o

refr@@@tmm @&@omgi gbig wﬁeﬁwé?at@@émr)éf&u@%é endritoréd at

% in the mxed |iquor and horizontally
the Iakat @ﬁfi éwtle pktheeertsage prodide weieg digital theumemeters.

menbr anes were about 3 mm [00109] The perneate side

[001‘!9\‘Tper ak @té[@% dlgfﬂl‘lé thég e %éﬁ {ﬂjgoﬁ’t?‘dl e ?ermeate flow

ri gera a coo
rate eeP@o ailimie wﬂsarmmnaspoadlng_tReymldmherhben of 841 .| Bie MLSS

nbr d I th 001
concefralBa s i thaasnde o § I De/ladbe ol ToEEbR i Wake
mfmil@@(tﬁ&ﬁat wab IevsIidde waist Omé fritket Wtidt ias EFREPARE ItRE

Reynol ds nunmber of 347.” The MLSS concentration was in
totaltaeeatiomigie wias11245.L/mircogP 26 Lrmén per MLSRueitvDbime. i it

L T N A

actnvftiésSAhbthdﬁ 205 LimigGait streampedis iMidsted lmh‘der/ﬂieulﬁ’ﬂnerb@)n
air sfedtgpthe m xed |iquor froma

heatar én fqglé(rtg RreveHidaregpe due to the formation of microbial Floc cakes

resulting from accumulations of microbial floc on the heating coils.

[00111] The mixed liquor temperature was at abobﬂt 46 °C. The permeate
temperature was alternatively set at 25 °C or 15 °C, with a continued duration
of approximately 3 days at each temperature. The measured permeate flux
was dependent on the permeate temperature, as shown in Fig. 14. The
permeate flux was essentially constant at each temperature, but changed
significantly when the temperature was lowered or raised, due to the change
in partial vapor pressure difference. The average permeate flux was
approximately 20% higher at 15 °C (about 2.6 L/m?h) than at 25 °C (about 2
L/m?h). The permeate flux was rather stable over the 16.8 days of operation.
It appeared that fouling did not occur in the system at this level of permeate
flux and bioreactor temperature. The TOC in the permeate was found to be
lower than 0.7 ppm, and the COD of the permeate was lower than 0.5 ppm.

[00112] After about 16.8 days, the membrane module was removed from
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activities. Another 2.5 L/mn air streamwas injected

under the imersion heater directly to prevent damage
wdueost1ie7doRe formati on of mcrobial floe cakes Pes8GRINEH0165

fromaccunul ati ons of microbial floe on the heating

coils. [001 11] The m xed |iquor tenperature was at

the Blreactéh THe m%@ﬁén‘ﬁadtﬂetv@d@i%ééété@ f9B&ny deposition of
alternatlvelﬁ set at 25 0Cor 15 C, with a conti nued

fouling/cakedayers. HpprerPsaiver jhat thayswas necakelfontieg laver e.
depggﬁedTBﬁﬁH(% gt?ropl.g?r; rﬁﬁ%‘ﬁeﬁa% légﬁfv‘%f tﬂ.ﬁpﬁ%ﬁgeeg}{@ﬂ wgg flocs were

deppeltede t thef Sitiess mﬁmeemeﬂfﬁraﬁé tubecpoisihg basat. 'Eﬁl@hsuggested i)
tenperature, but chan SI gnificantly when th

the prsqdllacetdodhe nosing Q?r hachthedeporgs atd;mﬁlu@ar@rcénged
poot Heé’@éﬁd ﬂqs\éqpﬁ{sfé’rr &ﬁél@h%t félf%églg&gmeg ROBR ni#tfijle, and

perneate fluUx was appr oxl
i) moad depositién lof MILLSS 1ﬂbam abthedb pos(tiinsuiould bé by ctetiag

s rather stable over the 16.8 days of
h'g%ﬁm&ﬂnc?@ r%%fﬂ?ared that fouling did not occur in
the systemat this |evel of perneate flux and

[00fAi3pr eactrgist gnper ature. The TOC in the perneate was
found to be Iovver than 0.7 ppm and the COD of the

per neat e was | ower than [00112] After about
[0011¢] 8 dalisTestb the setumer th@ddiggmte@m gimitas e Heat

d
shol 1 ERG1 8" ToBEe RN R 485 o RREPYHE ol

ment thane uﬂmeaalsasrheonmea evqﬁouwlaa &t laamﬁrpe#@meé bf 88066 HE.
t ubul ar nenbrane surface, but some snmall M.SS fl oes
The peraeaississinasatyres abthg inlet apd quilet abihsrmembrane module

wer@@bhtte&mﬁﬁ& it e 81£hhd ind gs%@ggjpﬁgﬁegg&”; Lo

es had the poores

tempmaturdae\ﬂis Iearpi crms’sarit aa25f°€r Addi§itali paristaltic putipewas used to
ii nore deposition of MSS

ii)
Contfqlfg&p 'Em%f@sf@vbb%tﬁtaf 3@9 re'émlrUWtsla C@Rrﬁéé@'é‘@!natRWr@lf@r
num%r%cf SAX Y K/FP_tSSJ e[rwﬁ%%ka -EEiﬁ-lihé 'ran%[;é)gf1 Il 1'¢%/[93t
, the setup of emvvas ar to
The §Rd'v\was mflﬁﬂ(e, The ahh@ermhntn Mmsqaerﬁﬂmw sisdldriyas iofTesype
I with different menbrane materials. The m xed |iquor

[001‘1‘@]S at fhd RS r?fhlérﬁerﬂ{ea"flg t ggng to be lower than 0.4 ppm,

and the COD of the permeate was almost zero.

[00116] The permeate fluxes for different membrane materials (PVDF or
PTFE) were measured and shown in Fig. 15. The PTFE membrane used had
a thickness of about 70 micron and pore sizes of about 0.45 micron. The
PVDF membrane used had a thickness of about 125 micron and pore sizes of
about 0.22 micron. As shown, the fluxes declined for both PVDF and PTFE
types of membrane materials. The permeate fluxes for the PVDF flat sheet
membrane decreased from 12.7 L/im?h to 1.9 L/im?h in 7 days. Further flux
reduction may be possible. The permeate fluxes for the PTFE flat sheet
membrane decreased from 20.1 L/m*h to 3.6 L/m?h in 10 days. The flux
appeared to have stabilized at the latter value. The flux decay appeared

worse for PVDF than for PTFE. Cakelfouling layers were found on the
27



The perneate tenperatures at the inlet and outlet of

t he menbrane nodul e were nonitored with digital
wohersnsm@ser s and the average perneate tenper aPaTSGAES/000165

kept constant at 25 0OC. A digital peristaltic punp was

used to control the perneate flowrate at 700 mM/mn

mebiatsr RS 00 REH SYBR S RIEE Rt shgef MembaReS The
comP3itioRsofithé Ic@kéﬂeulﬂ@ﬂa?éﬂs Bad Qhé%e&\%té?ﬁfsf&f prBtin,

simlarly as in Test |. [00115 e TOCC in
polysaeeharide, aad W@mllular be ynmmsuumc@ (zEFb‘q‘amormemrahms

e BRI o e PP h61e SRR T SRR AR v

proWded’éFE@hew%frﬁi MBS stabie pofinSdte\Mux theHotal pkbteirl BRd BEFE-

used had a thickness of about 70 m cron and

depprifien entag Fif-Eaalghast membines wamhsushbigherihen teat

STV 53 M, 000 BB
depaositwas éxvéroon the RTPEDRL fshdeﬂﬁéﬁnhmneﬁ thﬁgvgn[; ltﬂfmlr R?E)Fh t
e at shee

merp i AaPa LA Ses UL SGBaaS fhet POY SEERRIIdas ATObaDhAYSRaT
lmpcg'ge}fﬁnégltﬁgﬁﬁi\ﬂrng’6Mﬁerrﬁﬁﬁeﬁﬁfgirr%gsqfféét it gggmnrgﬁg prEE&s It
maydecexqestet] thas fodihglis imoeHikely @nderithefésti aonﬁﬂlamswf TeshH
(et 5B Bl BT o Aot e B
(at 4G2C50f el uof 1h BN AW B8 ol aneﬁaﬁﬁl%%ffﬁ&es

More: aefabiontdrdm pocﬁvadwleydraklmémm:l corgiltjc&;se 0§ amnlanallwebbcbth,

may 8 el M i b P et Sk Iiarae fsiar megrbrans

moduesyikedj are shown in Table V. Al though PTFE fl at
sheet nenbranes provided a, hi gher and nore stable
erneate flux, the total protein and EPS deposition on

[0015)7119 PTAEESTAH: sheet menbranes was nuch hi gher than
that found on PVDF flat sheet nenbranes. The

001 11T B0 o ARG Gt SR B AR "
FIG. Geirbe anembrane mode@Useckwgngbtahm mpduieskic ahd wade s
subnpr-arrgclgz)él kﬁ% thed }n"fl e%dliqaunor. The mixed liquor temperature was about 56
°C. The test conditions were as listed in Table IV. The SRT was 137 days.
The permeate temperature at the permeate side was controlled fo be at about

25 °C.

[00119] The membrane module was air sparged as illustrated in FIG. 9.
The two air streams, as indicated by the arrows in FIG. 9, were injected near
the potting bases at the center of the membrane tube bundie. Each air stream
had an air flow rate of 2.5 L/min. These two air sparging streams were used to
promote a turbulent flow regime in the membrane tube bundle and to enhance
the permeate fluxes. The permeate temperatures at inlet and outlet of the
membrane module were monitored using digital thermometers. A digital
peristaltic pump was used to control the permeate flow rate, which was at
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inmportant role in fouling of the nmenbrane surfaces in

the MDBR process. It may be expected that fouling is
wouo®/I37doel y under the test conditions of Test ptir/SGawne/000165

56 OC of m xed liquor tenperature) than under the test

conditions of test | (at 46 C of m xed |iquor

abolSPRB APt &Gt SeiohBi i REOSSL hufsaraTaT Tt

| on or yham c conditions, or
aerafiof eateiwe 10,5 ldf'nmmlﬁ) SGmymhqaeeﬂ\meSSwm@Jm@; 10 L/min

i s e i TR .
mixi@oﬂﬂﬂ %qi%ﬁ”ﬂ/v@ t#&érﬁé Bilm'irpeé&ﬁ)twéll‘@mctéd insfde

rane nodul e use was nmenbrane nodule |11
the ragshby@se lsurtey gsdlacussérbahomdﬁxnothabalr streamyvite @ flow

ar t t 6 _0C
rate ghad /i eesdnis o 1Rder a8 Mioatg oot ol e jfitgion heater,
t frohe latien oF fi
o R g PR [Rokysmmped raca poeacamaston of e

on theelhdatingecailbdul e was air sparged as illustrated in FIG
9. The two air streanms, as indicated by the arrows in

e T e T
FIG.N®& B pbiméateviluxavas aimd@stTohstan ov@hasié-daptesting period.
The pegNEEoH VRSSO FoS I a B ot 5 Ot A5 It BB e
averQﬁ%@ERn‘éeoffé %@_ﬁﬁﬂ'he perneate tenperatures at inlet

utlet o e nenbrane nodul e were nonitored using
digital thernmoneters. A digital peristaltic p '{/\TB a
[00123Fd toTrm@nnpr@Iveﬂr;@rpj@aimﬁ%siralbdw mavebe dHe i Inpgreve

hyd aaﬁqt;%ﬁl oq%?’g!% h‘ef ddladoreid %@%@Wﬁﬁb%mnels

aeralonr mn or
0.36 L/ mn per I\/LSS volune. 10 L/m n aeration was fed

[00122] f ourTie perhéhieseas of high quatityowithg OO vajue igwer than
activities and mxb q"\?i’,é ixed liquor. Two air

0.2 pprp @addhe £GP Va6, %ggh") 7eeran ected inside the
menbr ane bundl e, as 'di scussed above. Another air

[0012% eam *néétf‘re@uﬁé SMOWEd thatfsitide prodiuBtivmn & hieeatdded
er heating coil of the i mrersion heat%

bloreactor was relatively Iow but TOC in the bioreactor was constant. It

appeared that the endogenous respiration for thermophilic bacteria was

relatively low.

[00124] The results showed that a submerged MDBR process may
provide acceptable permeate flow rates with high permeate quality. The
permeate flux obtained from a submerged MDBR at approximately 5.16 L/m*h
was 123 times higher than in a reported submerged nanofiltration (NF)-MBR

and the permeate TOC was lower than 0.3 ppm.

[00125] Other features, benefits and advantages of the embodiments
described herein not expressly mentioned above can be understood from this
description and the drawings by those skilled in the art.

[00126] The contents of each reference cited above are hereby
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to prevent damage to the mcrobial cake formed from
accunul ation of floes on the heating coil. [00120] The
woenrseatrsesf | ux was nonitored and the results arPeTsteeud 000165

in FIG 16. The perneate flux was al nost constant over
a 15-day testing period. The perneate flux varied

: i1 by I f 5.01 - 5.46 L/n2h, with an

'"C%égég%ﬂ\?g‘%]ﬁg%%@.gﬁci&L/ m2h. [00121] The i nproved
perneate flux stability may be due to inproved

[00137ir ody Gindourseyritietabone desdribéd emttoaiioeats areyini@ndetl to be

., the nmenbrane, channels.. .[00122] The rneat g was of

ilusiagye gg& S0 QWY IFHENG.o The deseEPeq RAIPQSIDCRR1Eng

. vl . !T@ﬁﬁ e
suséﬁ?\b\e t@wgpﬁg'ggﬁéﬁoduct [@hé?ﬁn%&ﬁé?g %?%rc{eegﬂél oérﬁd
ordevsf aparatiordlhe inventinn, ratber, is intanded ¢o encowpasmell such
nstant. It appeared .that the endogenous respiration

mod RO B S EPRats deNaehby HERR S ery 1 o [ 00124]
The results showed that a submerged MDBR process may
provi de acceptable perneate flow rates with high
pernmeate quality. The perneate flux obtained froma
subnerged MDBR at approximately 5.16 L/n2h was 123
times higher than in a reported subnerged
nanofiltration (NF)-MBR and the perneate TOC was | ower
than 0.3 ppm [00125] O her features, benefits and
advant ages of the enbodi nents descri bed herein not
expressly nentioned above can be understood fromthis
description and the drawi ngs by those skilled in the
art. [00126] The contents of each reference cited
above are herebyi ncorporated herein by reference.
[00127] O course, the above descri bed enbodi nents are
intended to be illustrative dnly and in no way
limting. The descri bed enbodi nents are susceptible to
many nodifications of form arrangenment of parts,
details and order of operation. The invention, rather,
is intended to enconpass all such
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nodi fication within its scope, as defined by the

clainms. WHAT IS CLAIMED I S: 1. A nethod of treating a
woandcastsoat ed i nfl ow, conprising: providing a PCT/SG2006/000165

bi oreactor vessel defining a reaction chanber;

providing a distillation nenbrane |ocated within said

reacti on chanber and h fluid communication with an

I bi ol I t d id
WHEHISBIAIPED 18: Pon | n°sai o react | on chanber o
% a .cont anm ant id contaminated inflow
. D PREE o s 2anERkated Ffiad. GBbTSMS o | over

contam nant inflow, distilling, by menbrane

di sproviding ajoreacthrivesss! definingna neadtionrdhiasbertr ough

said djstillation nenbrane to produce an outflow and

extpradidintga sistilation iembrant loéated iwithie sald eactiomchamber

throrlggh said outlet condujt. 2. The rre&hod of claim 1,
i Tig gogwmwnRisRiiRn Wﬁhlaﬁ‘fm-mﬁtéaﬂﬁw ISes wast ewat er

and said outfl ow conprises water. 3. The nethod of
cI Alasing ér bielogiaal 2gefhand FaldEiniaminated inflow @gﬁﬂﬁ reaction

f
TR AU hor IR DP SRR P B PR o
COfﬁaﬁd bifogitall s, thus p@édLdJlrﬁg?anwemt@ﬂIBrrhﬁbntanﬂovgap
MD, sweepi ng-gas MD, vacuum MD, and i sot her nal

( ofidtilirty, bynembrdhe drsalissh, @bicBwe? tBnffmidkat Mo t O
4, conprising heating said | ower contam nant inflow.

6. tmrwghe&ar@dls@lfla%@wnwraﬂe@ Brefce @@05 tflove @pei si ng

aerating said reaction chanber with a 7. The
rreterxtracbmg aaig autdowfoutlofipaid reactiorecham EéthTOBQh gaid outlet
di stlll tion nmenbrane has a feed side in contact with

sai? P r contam nant inflow and a perneate side from
which said outflowis collected.8. The nethod of claim

2. The mrihed of skl divhiareinaaié gonanpnates inBowenrises i n
\i’lgét%m}a?e\ﬁﬁéné SE‘dadUtP&n oHHr'sgyWater

3. The method of claim 1 or claim 2, wherein said biological agent comprises

a biomass.

4. The method of any one of claims 1 to 3, wherein said membrane
distillation (MD) comprises at least one of direct contact MD, air-gap MD,

sweeping-gas MD, vacuum MD, and isothermal (osmotic) MD.

5. The method of any one of claims 1 to 4, comprising heating said lower

contaminant inflow.

6. The method of any one of claims 1 to 5, comprising aerating said reaction

chamber with a gas.

7. The method of any one of claims 1 to 6, wherein said distillation
membrane has a feed side in contact with said lower contaminant inflow

and a permeate side from which said outflow is collected.
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9. The nmethod of claim7 or claim8, wherein said feed

side is at a first tenperature, said perneate side is
wabko@/1seswend tenperature, and said first tenpeParTise2006/000165

hi gher than said second tenperature by 5 to 70 0C. 10.

The nethod of claim9, wherein said first tenperature

8. Theinfethbe of ale® DiwHdlelnsHY dRillafdl niethbrad@d8Rdbmerged
tenperature is in the range of 5 to 30 0C. 11.The

inesaid ipwer canjamiandinflovai ns 1 to 10, wherein said
di stillation nmenbrane i s porous, having an average

o 988 ol Bt 5208 & el SOl A0
engiarbtuae| said penaeatecsitiads at & Becting semperdtive, aad gaidfirst

0. 05 19.1.5 13, The method of any on f clains
tpiRpral: is,pigtied; AR 5P 97CONG IBEARA R A 5oy h il
hydr ophobi ¢ properties. 14. A systemfor treating a

10. g@mwbﬁé«airﬁ d, WHerGiATGAA i gemg?lbcié%qe% e Vﬁ;@%%f 10

efining a reaction cha , r odegradi ng s
todit Yo angt saldisecbod/tempststdreris die theorangeaofifeto 30 PG. a
bi ol ogi cal agent to produce a | ower contam nant

1. 148 ithod ofiah bbe B R R Syt e fsiflafort ™' ©
rdesibraneéls guroub/ ey afialefdgs pbileadiz@in thRNizingesf 0566 t 5
| ower contam nant inflow to produce an outflow, and an

BEPRet conduit in fluid conmmunication with said
distillation nmenbrane for extracting said outflow out

12. Ve MRtthd GAS1Y Oe B BERAS 1 téﬁ-1,m%ré%§£ghggiggﬂi jm 14,

wherein s distillation nenbrane r ophobi c
rsembsare hasa thicknessindhesange af hob4mon tacll & mmil.5,
wherein said distillation nenbrane conprises at | east

1. 1RRTBing) o1l SNEREPERES 138 By FRERGRAR. 57
neérabrancldas hydrophobierpropesiesd di still ation nenbrane
conprises a material selected from pol ypropyl ene,

14.A system for treating a contaminated inflow, comprising:

a bioreactor vessel defining a reaction chamber, for biodegrading said
contaminated inflow in said reaction chamber with a biological agent to
produce a lower contaminant inflow;

a distillation membrane located within said reaction chamber, for
distilling, by membrane distillation through said distillation membrane,

said lower contaminant inflow to produce an outflow; and

an outlet conduit in fluid communication with said distillation membrane

for extracting said outflow out of said reaction chamber.

15.The system of claim 14, wherein said distillation membrane has a

hydrophobic surface.

16. The system of claim 14 or claim 15, wherein said distillation membrane
comprises at least one of a flat-sheet membrane, a tubular membrane,

and a hollow fiber membrane.
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pol yvi nyl i dene fluoride, and pol ytetrafl uoroethyl ene.
18. The system of any one of clains 14 to 17, wherein
weaiw/seseBr ane distillation (MD) conprises at PeasG2@a®00165
of direct contact MD, air-gap MD, sweepi ng-gas MD,
vacuum MD, and i sot her mal (osrmtic) MD . 19. The
stemof clains 14 to rising a gas

SR SRR & <8 17 & dacvberaasan disilaton
aﬁémbma é@heng@@stm@t@nshéére%d%@%% yléle, The

system of any one of clalns e|n 'sai d gas
@@Wn d@nalfuorl(ie,laﬂdwQob'tataflmoorﬁethwpnene of clains 14

to 20,/ conprising a heater for heating said | ower
10300 G Ry T G e

tlistilatitsn EVID)Coptiphiges lat lehst @né%‘f@’reé%&wtﬁé’lt D0 Wi
fromsaid distillation nmenbrane. . stem©
EVgPRiINgzgag MikbrvastHg MDs o Ia@thewab(@sﬁmﬂ KML[DI- ng‘sai d
carrying fluid. 24. The systemof claim22 or claim

f [ [ oop
10-FRe SIS adfolte o tidin 1685 1o, REMUAITG 1 Bes HleBtgror
aoypled éo shidchiareaxtdriveisselfbr avhuting shid aésctibinséHarhibér With a
nenbrane i s porous and has an average pore size in the

g%ﬁge of 0.05 to 5 mcron. 26. The system of any one
of clains 14 to 25, wherein said distillation nenbrane

20. e sgstehi 6Kagpent bf bféﬁ'né 61'21&6 5] m%é?éln@;é& Bad cgrrlHHseg%ur

The system of  any one of clainms 14 conprising
nmbrane npdul e selected from a doubl e-faced
he syslpaLel W@'ﬁ%ﬁé claips |14, 1o 20; camptising a bastestforcheating

g‘%@é}ecqmg nt@fidypul ar menbrane nodul e, hol | ow
nodu sai d

a spi ral wound nenbrane nodul e,
nenbrane nDduIe conprising said distillation nenbrane.
22. By sy&i@n‘styfsamrm otclaims 2% to @ ecemprisinigch freiatoio for

f[H?AﬂHJ; % ca“?rymée fuidto carry said outflow away from said distillation
membrane.

23.The system of claim 22, comprising a cooling device for cooling said

carrying fluid.

24.The system of claim 22 or claim 23, wherein said fluid circuit comprises a

fluid loop for recycling said carrying fluid.

25.The system of any one of claims 14 to 24, wherein said distillation
membrane is porous and has an average pore size in the range of 0.05 to

5 micron.

26.The system of any one of claims 14 to 25, wherein said distillation
membrane has a thickness in the range of 0.05 mm to 1.5 mm.

27.The system of any one of claims 14 to 26, comprising a membrane module
selected from a double-faced flat-sheet membrane module, a flat sheet

cassette membrane module, a tubular membrane module, hollow fiber
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internal fluid channel for receiving said outflow

per neat ed through said distillation nenbrane, said
worndsriames nodul e positioned to be subnerged i nPe®iSA2006/000165

| ower contam nant inflow 29. The system of any one of

clainms 14 to 28, conprising a baffle supporting said

distjll i \ [119] 30. A thod of.t i -
fadieats SPiREBHER et hinel BpAde, ShichhERibrafe modui
angﬁnﬂ%ﬁéiﬁ@saidrcﬁgﬁnam fAbMBPake. Providing a distillation

rane in fluid commnication with said reaction
chanber; bi odegrading a contam nant in sai gﬁﬁ\g\ast ewat er

28.Tha sysiemi ofralaie 2R, Wheigin saidtmembsanemadule dgliRRR 2R | ow

. I ” [, shd | L

GRS AT PhatRaEEReEing Rt Blo PEReali BRSPS,
distildtioh shémbedrieysatemenirane meduld positipned fto be subnesrged
3 1, The nmethod of c¢|aim30, wherein said bionmass is
inseid/lgwed coptamirRBt BEPWed of claim 3 1, wherein said
activated biomass conprises activated sludge. 33. The

29. THd g\?ﬁerﬂfoffér%%ﬂe’)’gf clafnes ?hgo 98 Qoﬁ%bﬁg.m@rélﬁéﬂlﬁlsuplp?rﬁng

“conprises bi gradi ng said contam nant” aerobically or
saihdistibaticdl ngmi®aneThe net hod of any one of clains 30
to 33, conprising heating said | ow contam nat ed

30. A T ephT It aRoE TR of “any one of

clains 30 to 34, wherein said distillation nenbrane is
| opeaviding @t kipeacter essebieliing a. reactiomen#BPRGd of
claim 35, wherein at |east a portion of said bionmass

i spmviding at distilfatiom reainbraneindiuid comragrisatierwihisaid
distillation nmenbrane and then back to said bioreactor
velRAGoNEPARNNEl st em for treating wast ewat er,

gggﬂgilgz}ancg@g %kﬁb%g%@l A e%&) h’bg%a S\A(/eallstg\%{er}lvﬂﬁx 4 onerr?é%s' Aaid
reaction chamber to produce low contaminant wastewater; and

distilling, by membrane distillation, said low contaminant wastewater

through said distillation membrane to prodt)ce purified water.

31.The method of claim 30, wherein said biomass is activated.

32.The method of claim 31, wherein said activated biomass comprises

activated sludge.

33.The method of claim 30, wherein said biodegrading comprises

biodegrading said contaminant aerobically or anaerobically.

34.The method of any one of claims 30 to 33, comprising heating said low
contaminated wastewater, wherein said biomass comprises thermophilic

bacteria.

35.The method of any one of claims 30 to 34, wherein said distillation

membrane is located outside said bioreactor.
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contam nant in said wastewater with a biomass in said
reacti on chanber to produce | ow contam nant

woasicasesoer ; and a distillation nenbrane in fl BCET/SG2006/000165
comuni cation with said bioreactor vessel, for
distilling, by nmenbrane distillation through said

36. Whé hridthéd bPolaim B Wmeiﬁéﬁt‘l’%ésé{\é{ T;E&ﬂbﬁfaf RARL bivRHs8YaAL er
. e

to produce purified water. system of claim 37,
Girrevated from gasi ateastoryvessel toasaid distifatiomeenylsiasmanid

etk So Bl AT orREl oy 2t em of “claim 7, wher el n

said fiomass is capabl e of biodegrading said

37.Aepsten foamteating svastelvbier, éorﬂ;gﬁmgfsyst em of clai m 37,
wher ejin sai d biomass is capabl e of biodegrading said

copt.am r ol " : . one
of JAeREtts YR8 R o Yoadop cHaEYE ISP hiBHe Rt BT
satcontahinardtdh said wasteWateswih abiofaskan Bakreavtiei-ei n
sai d bj onass con‘gri ses thernophilic bacteria. 44. The
syE'P%!HJP%'fth‘PWdHﬁ I centamigagywastenatei@tei n sai d
distillation menbrane is |ocated outside said reaction
c hastisdillatians memnraggedn diyicheommuinigation witle saidrbiareactarst

e 8 R0 o 0 B S Shoh By faon

t hmenttarake ! nid dowl coatahinant whstebester to produce purified water.

38. The system of claim 37, wherein said biomass is activated.

39. The system of claim 38, wherein said activated biomass comprises
activated sludge.

40. The system of claim 37, wherein said biomass is capable of biodegrading

said contaminant aerobically.

41.The system of claim 37, wherein said biomass is capable of biodegrading
said contaminant anaerobically.

42.The system of any one of claims 37 to 41, comprising a heater for heating
said bioreactor.

43.The system of claim 42, wherein said biomass comprises thermophilic
bacteria.

44. The system of any one of claims 37 to 43, wherein said distillation
membrane is located outside said reaction chamber.

45. The system of claim 44, wherein at least a portion of said biomass is
circulated from said reaction chamber to said distillation membrane and

then back to said reaction chamber.
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