WO 2009/134996PCT/US2009/042300 METHOD OF CONDITIONING A MIXED LIQUOR
CONTAINING NONIONIC POLYSACCHARIDES AND/OR NONIONIC ORGANIC MOLECULES

FIELD OF THE INVENJION 5This invention pertains to a method of con 'EQH}Q%(%@E rane

biological reactor (MBR) mixed liquor containing one or more nonionic polysaccharides and/or
nonMnic organic molecules. BACKGROUND OF THE INVENTION 10Biological treatment of

wastewater for re{\?g;f O(H 81‘«53 lv q ICS | I El)mown and is widely practiced in both municipal
and industrial plants. sfggﬁggﬁ@ O&%‘é@&fg@i@%ﬁﬁ?@ﬂ%ed sludge”
process in which microorganisms consume the organic compounds thro % growth. The process
necessarily includes sedimentation of the microorganisms or "biomass" to separate it from the water
and thus the final effluent with 15reducBtFBRd ?E%? B8mand (BOD) and TSS (Total

Suspengled Solids)lis ostatvegeiiiessedineiatio tosteisdy picatydans dbadsladfigsunit. Thus, the
biological pr, | [ uce hiomass that has good settling. properties.
These condm§%%§$§§a%%%%%ﬁ“?§§%ﬁ%§%%ﬂ‘r‘“ir?& intermi fie%rsltageﬂ%% &or Ciaf%afgﬁgahic loading
and the app‘@ﬁzfiiﬁ{?éf of contaminants that are toxic to the biomass. 20Membranes coupled with
biological reactors (MBRs) for the BeatEROUNIasETReNTENWENKNOWN, but are not widely practiced
yet In these systems, ultrafiltration (UF), microfiltration (MF) or nanofiltration (NF) membranes replace
sedimentation of biomass for solids-liquid separation. The membrane can be installed in the bioreactor

tank otth an adjadépleEtkirHB@tRE riteEE Ry (Rsrea ewh ahdiowdiphummpid fomil tebicshctor tank

and back 25psadugingeatiaarsotithumushllowerdaiabspisnended splige tlovaldpisaly;less than 5
mg/L, compared t to Q/L fro clarifier. More importantly, these MBRs de-couple the
biological p%cess&‘f%gr%%gegr%eac%%%%%ut & Blomass. gérlﬁ}l%l% céoé%%?ﬁlﬁgg SUPHPRIGR H6thithe water is
achieved by PHERIBFE e oTehi gl 610 bp dlstiyacetshectsioldyitalydrs cedimentatimuifidies that would be

untenable imeofpdantiaRalBYSRRT BelEnE ididiohMe2Stacierr Badinglat 410-30 g/L, 2)
e S el e, L en e, LRSI e

sedimentation step is typically done in a clarifier unit. Thus, the biclogical process is constrained
by the need to produce biomass that has good settling properties. These conditions are especially
difficult to maintain during intermittent periods of high organic loading and the appearance of
contaminants that are toxic to the biomass. |

20 Membranes coupled with biological reactors (MBRs) fbr the treatment of wastewater are
well known, but ate not widely practiced yet. In these systems, ultrafiltration (UF),
microfiltration (MF) or nanofiltration (NF) membranes replace sedimentation of biomass for
solids-liquid separation. The membrane can be installed in the bioreactor tank or in an adjacent
tank where the mixed liquor is continuously pumped from the bioreactor tank and back

25  producing effluent with much lower total suspended solids (TSS), typically less than 5 mg/L,
compared 10 20 to 50 mg/L from a clarifier. More importantly, these MBRs de-couple the
biological process from the need to settle the biomass, since the biomass separation from the
water is achieved by membrane. This allows operation of the biological process at conditions
that would be untenable in a conventional system including: 1) high MLSS (bacteria loading) of

30 10-30 g/L, 2) extended sludge retention time, and 3) short hydraulic retention time. Ina
conventional system, such conditions could lead to sludge bulking and poor settleability.

The benefits of the MBR operation include low sludge production, almost complete solids

removal from the effluent, effluent disinfection, combined COD, solids and nutrient removal in a
single unit, high loading rate capability, no problems with sludge bulking, and small footprint.

35  Disadvantages include aeration limitations, membrane fouling, and membrane costs.



The benefits of the MBR operation include low sludge production, almost complete solids removal from
the effluent, effluent disinfection, combined COD, solids and nutrient removal in a single unit, high

loading rate\capahility,499 problems with sludge bulking, and small footprinty 3R Risadyamtages include
aeration limitations, membrane fouling, and membrane costs. WO 2009/134996PCT/US2009/042300

Membrane costs are directly related to the membrane area needed for a given volumetric flow through

the membrane, or "flux.” Flux is exgxrres§ed as liters/m2/hour (LMI—I? oy gallons/ft2 / qa% (é;FD). Typical
) Fialioai e

flux rates in MBRy\?gflg/r%Irlgrcﬁ’ %Lsp?)rFoxma ely [RAET P EB50 e &k rAtES Hre relatively

lower compépectiotish e oissdrent in dhinking)witermpptidatibosSCE0L M itbalimiftranes having

similar poreqgiz@-20g CRemIsHIRSaLhRSeIRW L INCIAISE8EeMaNY dngiie, talingoainfie membranes,
and are the main ﬁ%ason for slower growth of MB stenés for wastewater treatm The MBR

S [ nt .
o brane e A A AT S TGRS, TG0 SR P At SHIRBIE <orics such
as protéins,(phsdEpvatidesnbusgdnday solits surehizsodbbidasted Topmreutalieete s,

aggregates pf:hacigria aniflect nisehasetianRIRieRoR ANV RS Slissplvee matabelites and cell

components. In operation, the colloidal and particulate solids and dissolved organics deposit on the
surface of i RHBrIASCESTSET S ticles form a layer on the surface of the membrane called a
"cake layer." Cak€'laydBRommatione snespess alivhprodaiiah Sticad MBR'S wigehatednpdid Sdead end” mode
where there,jg 0061055 HoMal GrelloVpbREANEANNAL RS mepphianeReRendingiRRsERg,ROTOStY Of

the cake layer, hydraulic resistance increases and flux declines.  In addition to the cake formation

on the ¥henibFHRE2EMAIPHR AERESUEHOPRAGUFR PhelltbTae Bz Rt cBN disHthat may not be
reversible. @nmlyadetktahalicanué ntibnahpotirate thsipgigepribeesdyiflaic @ astitlelr sizetids pportedly

much smallgr.in typigal MBR S 20.SiRee MBR: MEmIAne RRLS 78 HaUER oM ahayt 0.04 to

about 0.4 p.m, particles smaller than this can cause pore plugging. Pore plugging inCreases resistance
for permeatBhtHfESH Hranimbarmy sHtedrcrassaLu ke IRy edammsian HreeeBiVsical fouling
mechanismgsdiiensaitibl8Bbly sprekatides (feBiopalymeey hdsdshoadhellmernbrdioe surface as

well as on the pore wals andiiorm ®slimyAPiaver s corkibUling,signifisaniy.Lailhe fotal resistance

for water permeation. It is known in the literature that extra-cellular polysaccharides secreted by
bacteria inciitiE2s5tPPA ABHIEES: atonic acids) as well as nonionic oligo and polysaccharides (e.g.
hexoses and pentnses)titGandit omke dothatrixediicpenvih: catinhiartampheierng te zwitterionic
polymers resulii cRIRISAIRR, ALotteeRAtRY RelvEacahatides, I nonioniG lggiRplysaccharides
still form a 30slimy layer on the membrane surface, resulting in increased resistance for permeation.
Therefore, tHaPe RS HgsPRIGeVEG FRfisiOVER iMERERdBrEshammisy tricahdeR gdsr in MBR
systems to gise-aderessibedopingcavsed Byharaninokgaipalysaceharideassandier aapionic organic
molecules, %rlld increase the flux. of tge membranes. . .
s can cause pore plugging. Pore plugging mcreases resistance for permeation through
membrane and decreases flux.
In addition to these physical fouling mechanisms, the soluble polysaccharides (from
“Biopolymer”} adsorb on the membrane surface as well as on the pore walls and form a slimy
25  layer, thus contributing significantly to the total resistance for water permeation. It is known in

the literature that extra-cellular polysaccharides secreted by bacteria include both anionic (e.g.

uromic acids) as well as nonionic oligo and polysaccharides (e.g. hexoses and pentoses).

Conditioning the mixed liquor with cationic, amphoteric or zwitterionic polymers results in

complexation of only charged polysaccharides. The nonionic olige/polysaccharides still form a

30 slimy layer on the membrane surface, resulting in increased resistance for permeation.
Therefore, there is 2 need to develop improved methods of conditioning the mixed liquor
in MBR systems to also address the fouling caused by nonionic oligo/polysaccharides and/or

nonionic organic molecules, and increase the flux of the membranes.



FIGURES/DRAWINGS  Figure 1 shows the effect of sequential addition of PGA (polygalacturanic
acid) and Product A in Pilot MBR mixed liguor on suction pressure increase for a 24 hr period.

Figure 2 shows the effect of sequential afc}q&"l 5" Product A in Pilot MBR mixed liquor on
suction pressure increase for a period of 5 days.  Figure 3 shows the effect of sequential addition of
PGA and Produgt.A in [ lant mixed. liqu uction pressure.increase for a 24 hr
period. SUMMACI%FMe Tﬁ%gitsgg%%%{le‘%%r %ﬁé%éﬁ%ﬁﬁgg(%? g%?‘? %g%ﬁ%cr%céﬁﬁgane biological
reactor mixaeEhefb CBHEHHG R Garb RS FshmmEHsly Jeretrariaes 24 kriode or more organic

molecules that areJnaTiQRiE-SaMpPHgH & £ahstlackingionsroEmen arienicpelymensdhat have the
ability to corgplc% or associé;lte with one or mare noniocpi??&ll saccharides and/or one or more organic

UOT O7) SUCLIOT RIOSSUTe INCTSAse 10T 8 7100 O 8, . .
molecules That ar NoNIonic; agglng a compoﬁﬁon containing one or more water soluble anionic
polymers selectetigvog ey (@ dithcohsbauaniglisidifipmofc) Gél dingPoriaw rnovéestradr $oluble
amphoterig aatime A% HeHRI G R Mets - AnRIRALON iﬁ%%&fdlo the mixed liquor after
performing step b.  This disclosure also pertains to a method of conditioning a membrane biological
reactor mixed liquor containing one or more nonionic polysaccharides and/or one or more organic
molecules that are nonionic comprisidlNe#selecting one or more anionic polymers that have the
ability to complex or associate with one or more nonionic polysaccharides and/or one or more organic
molectiles that gie.nonjonic: (b) adding one,or mote water soluble amphateric, cationic or zwitterionic
polymers, or combination th&redrto the mlxedfﬁquor, anﬁa(g) adding a cémposition containing one or
more watehgoiulietamiamocspolymersseteciedyiorhsiép (ajte the onined tiguok: moledala; first aspect,
there is pr?i‘!égﬁg&@&E‘E%M&%@'&%&%@n&%@@%& Q{g&g@%%{}%gg%r ixed liguor containing one
or more nonionic polysaccharides and amines, alcohols, glycerols, and gfycoTs comprllglng: a. selecting
one or morEBABNTE 58MHHE & ThaRer AR AP Th BRI RO TBFApIELE FBYEH ETALE WRTE #782Bifie or more
nonionic pelyzacebarides asmival; 4s) withnthe cannnsisoaleohoisnolyeeiotmand:glyealss thereby
preventing 0 i ials.from fouling,t mbrane, the anionic polymer
being a synt %}%%ﬁ%gﬁ%ﬁ?%ﬂaé%%@; %%é%%gﬁ‘%‘ﬁ%é’%% ?ﬁiar%ggﬁgﬁgro?n&%?ree water soluble
anionic pofyfi g‘t‘ﬁé’ﬁ REIPPREpZTTRYTERE PRIXEE TqserabiaeEoa tieing ondonkrdiéawater soluble
cationic palysieesttenibe saixed liquor after perfo;ming step b. In a second aspect, there is
provided a metjﬂ}?‘d(?f g)onditilonin a membr%ng biological_reactor mixed. liquor containing one or more
nonionic polysactharides aAd diines, atesisl OGRoREIBIBg AT GRIBRS RSItBFRiG Hselecting one or
more anioME*pbRAREILTRFRATES PRSI RYTITEONIedrassosidle withrthewregarimore nonionic
polysacchasislesias melasonithithe-asmines, alceholn alicerals-andalysalsnihenichyRiayenting the
complexeda}%éigrssc%%iat grrcpaterial%fm@ foulin}g the membrali]e the apionic polymer being a synthetic

: ‘b r o7 associate with one or OBIGIIS T30 c Ié%st%}l%% Pﬁ&gdnl%ﬁ or and

1§ i :
polysacchari Adding Gne of more water soluble catioRie gl
organic molecules that are nonionic; (b} adding one or more water soluble amphoteric, cationic

or zwitterionic polymers, or combination thereof to the mixed liquor; and {¢) adding 2
composition containing one or more water soluble anionic polymers selected from step (a) to the
mixed lguorn;

In a first aspect, there is provided a method of conditioning a membrane hiological
reactor mixed liquor containing one or more nonionic polysaccharides and amines, alcohols,
ghycerols, and glycols comprising:

& selecting one or more anionic polymers that have the ability to complex or
associate with the one or more nonionic polysaccharides as well as with the
amines, alcohols, glycerols, and glycols, thereby preventing the complexed or

associated materials from fouling the membrane, the anionic polymer being a
synthetic pelysaccharide;

b. adding a composition containing cne or more water soluble anionic polymers
selected from step (a) to the mixed liquor; and

c. adding one or more water sojuble cationic polymers to the mixed liquor after
performing step b.



c. adding a composition containing one or more water soluble anionic polymers selected from step (a)
to the mixed liquor. DETAILED DESCRIPTION OF THE INVENTION Throughout this patent
application the following terms have the indicated meanings. "TYLER" means membrane biological
reactor.  "Amphotéyie $FeRARerreredriscapiyTHEd denvtudrofiebutiiaatippimemdnemdislagickhnionic
monomers, anghRASHIRG BRF RERARE MRNAMAHSINABRROLBICRANMELS LANAMNE afsiRositive
or negative charge. The amphoteric polymer may also be derived from zwitterionic WO
2009/134996Ig%gef@%g%ﬁ%(ﬁ@‘%ﬁ%ers and cationic or anionic monomers and possibly nonionic
monomers. The ampheterit palymer isowaieharlphiemers YCGatiRRIC polymear’ meansdpelymer having
an overall positive charge:iFhevtatibniorpotymers obthisiinyentiarimayebesprepared iy polymerizing
one or more cationic rromemers;Heys Setopolipedzitg dndiorenp e aeniogichmenopitars @and one or
more cationic monomas¥ciyedondierising epithire e ahtee diheineor polyamiheis tondensing
ethylenedichloride andvaHitHoRRYS#FAHdidehyde and an amine salt. The cationic polymer is water
soluble. "Zwitterignic pgélymer" means ag)olyrq r.com osed from zwitterionic monomers and, possibly,
other non-ionic mBNoREr(E) T FWIIEHORIE BORMSSHAIF REBRITHIR FERHITE SAbPF 388 gments within
those chains are figorgygly ed'%%H@lg@élxoae&%n%@egﬁéocx%%tk@g@nL%ieall%/ DNERICRIGRRN 2 subset of

m
amphoteric polymers, ecessarily maintaining.chargg peutrality across a pé ymer chains and
segments because both anionic charge and cationic charge are introduced within the same

zwitterionic monomer. The zwitterionic polymer is water-soluble. "Anionic polymer" means a polymer
having an overall negative charge. It also means, in 15 addition to the negative charge, the anionic
polymer has functionalities a@%@fﬂ@%P%@@%?ﬁ@ﬁ@ﬁﬁﬁ&M%ﬁ%ﬁic oligo/polysaccharide
and/or other non-idniagrgarticspresetinibe mirabicnonotMBR tlt may:Re pafuralor synthetic. The
anionic polymer isMerﬁisegl{g I%mbmﬁél\éio Dd.LJgrléocr;Ogr "sludge" means a mixture of wastewater,
microorganisms used to degrade organic materials in the wastewater, organic-containing material
derived from cellGfFpiRFaCRsSBalunsasy- BromsdeEre drowdsis provicteyomesiluldr debris. Mixed
liquor can algereomtaimesi|cittahanshparicyiaie- Mmatenaldhe blomassibiosalids)andiar.soluble

molecules g Ry sl el A g Ol P S A eI i)

3a



MLSS : Mixed Liquor Suspended Solid (ing L-1 or ppm) means the concentration of biomass which is
treating organic material, in the mixed liquor. 25DMAE.MCQ means
dlrnethylamlal%eztg%ﬁggglﬁate.methylchlorlde guaternary salt. Nonionic" means havm% a net neutral

charge. For exampl€, a"polysaccharide that is a non-ionic polysaccharidepﬁgg%z%'g Yeltal charge.

"Polysaccharide/polysaccharides” include polysaccharide(s) and/or oligosaccharide(s). 30
PREFERRED EMBODIMENTS  As stated above, the anionic polymers selected must have the
ability to asSSEREETHAIN SHHSHF R GRE R RS SPE B RCS BRREHO A HIBR B AN LF HGIBERIREE that are

nonionic. pofpmer &f wedinabybdkKill in the art would understand what the word associate means. For

example, associaugﬁig&gga%n}gég%g%@}m%%%gim ﬁ&gﬁg&%ﬁ%@%ﬂggg af%%lggtﬁ%rln‘:er nonionic WO

2009/134996PCT/US2009/042300 organic mo th anionic polymer may occur by one or more
of the follovAMTAEHETE B BRI HEPSEHdH § O MORFEHBRERR GT BXVRRSHPHO MRS B dination
bonding; angpéamelsivy amisripkee fonionic haaivissehoas fixed iguaisabiticpilytemperature and
presence oftihenduisaing. R TRAUIAS SUGNBR MRS May.sohance oL inniBl asagition.  In
one embodiment, the association between anionic 50 ymers and NoN-iomic pofysaccﬁandes in the

mixed liquoP¥oeHig GG FPrmadshais gorHe aniemitoT KrieHteinpymst(s)aiaseltbithe system depends on
the type of mixed figwofe:kRko gnermpedinepiiihe anignicpalmaditdopriygabasiranaic acid. In

another embodié"pen the anionic Qg%mgrs re sgllgected frpm the %r@ugo?onsrigﬁi{] of:dglucuronic acid;
[

. poss1lLY, OLIeT non-1onic =1 n THSTIONE PO ers, 4 & an
mannuromc?au ;ypyruwc acld, a}ﬁ]lnlc al I&; sa?tvgt ereof?a cémbina omﬁereo . In another

embodifherfeghentiiiahie ety sharaswieigoamiitstrohion sisrdskbhErmistee smisitikage type between the
MONOMers pseBeleeiedsent ol FuBipHTemeRIRadifBMet) e-0niaRK PRlYIMArS: 3M8RoReaRalysaccharides or

hete roF)oWSa%%c?sQaaiﬂ%gﬁfmer chains and segments because both anionic charge and cationic charge are
introduced within the same zwitterionic monomer. The zwitterionic polymer is water-soluble.
“Anionic polymer” means a poiymer having an overall negative charge. It also means, in
15  addition to the negative charge, the anionic polymer has functionalities and ability for association
with neutral/non-ionic oligo/polysaccharide and/or other non-ionic organics present in the mixed
liquor of MBR. [t may be natural or synthetic. The anionic polymer is water-solubie.
“Mixed Liquor” or “sludge™ means a mixture of wastewater, microorganisms used to
degrade organic materials in the wastewater, organic-containing material derived from cellular
20 species, celiular by-products and/or waste products, or cellylar debris. Mixed liguor can also
contain colloidal and particulate material (i.e. biomass / biosolids) and/ or soluble molecules or
biopolymers (i.e. neutral and charged oligo/polysaccharides, proteins, ete.);
MLSS : Mixed Liguor Suspendsd Solid { mg L or ppm) means the concentration of
biomass which is treating organic material, in the mixed liquor. |
25 _ DMAE.MCQ means dimethylaminoethylacrylate. methylchloride quaternary salt.
“Nonionic” means having a net neutral charge. For example, a polysaccharide that is a
non-ionic polysaccharide has s net neutral charge.

“Polysaccharide/polysaccharides” include polysaccharide(s) and/or oligosaccharide(s).

36 PREFERRED EMBODIMENTS
As stated above, the anionic polymers selected must have the ability to associate with one
or more types of nonionic polymers and/or organic molecules that are nonionic.
One of ordinary skill in the art would understand what the word associaie means. For

example, association of a target molecule(s}, .g. nonionic polysaccharides and/or other nonionic



In another embodiment, the anionic polymers could be branched or linear. In another embodiment, the
anionic polymers may be selected from those containing 20carboxylic acid, sulfonic acid or phosphoric
acid functio%%t)xoﬂg}d ; -bonding groups such as - OH, -NH and/or -SR. Various amounts of anionic
polymers may be adlaedq(fo the mixed liquor.  In another embodiment, the AmBtiRt &5 hionic polymer
added to the mixed liquor is from about 5 ppm to about 10,000 ppm based upon active solids. In a
further embodiment, the amount of anionic polymer added to the mixed liquor is from about 10 ppm to
about 200 ppeatRBelttsAvih aeivpic seliae: mayers by erspenias Mihsdd emipriepettinérs include

neutral/nonigRiciRAYSAGERAREEBNRORLAIND G SrdeB BYRIy: QH.rRURS: BHHiAE GteyAQrionic organic
molecules. T,he nonionic polysaccharides may be of various types. Depending on the mixed liquor

that is being &ériditoned by the polymers, the types of nonionic polysaccharides may vary from
30system to systdifriors st pereinst ddivrcntinge nib e o yod cotsarides Hreoséleetlsidrom the

group consigipghfdsRANAOS RUPRNIE. ORI RGIeResamrase, dextrans and glucans.  Those skilled
in the art would kriow thaLtEthde non-jonic %sa%charides. cquld Pe other ;%l/t?es of hexoses and
11 T1 ¢

pentoses, than thos& MR A 6B A gy c?rtflée%nn’?ﬁlé}&?ﬁ%’mﬁéaﬁlg I6?11?(131[‘330Iysaccharides could
be homopolssirectiridesiothhatdraholyssis dhranged - Hendingther embodiment, the non-ionic
polysaccharides caidgdhg ianchatQbineaE) arother SMBadRant shenaptianisgganic molecules

from mixedzlj uor that are 5Stargeted for association by the anionic polymers are selected from the
group considy Oé‘ of: amines; alcohols; glycerols; glycols; and a combination thereof.  After
perforriing the adbiittoncoftrbostalp thf adelingaliionic pebngeksiwdie aviked liquor, including, but not

necessarily, subseguetdeMs Ao OfANR NN RANNE SIQRS BLIHISWARLAkhIEamMPphoteric,
cationic, or zwittericmic polymers, or @, combinatign thereof are added to the 10mixed liquor. In one

embodimen%}%%mﬂ&p RETR AT AR BTG A IR AHE FFOR B TE s R BPmagRnic

acid/DMAEA&I®E copolymer, DADMAC/acrylic acid copolymer, DADMAC/acrylic acid/acrylamide
terpolymer, and a GOMRIRALIARIRRIER he anionlPRAADE R ROHIRGRIN hEREAReIRHERRIymers have a

molecular w%i&ht from about
15 linKage type between the monomers are selected.

In ancther embodiment, the anionic polymers are homopolysaccharides or
heteropolysaccharides.
In another embodiment, the anionic poiymérs could be branched or linear.
In another embodiment, the anionic polymers may be selected from those containing
20 carboxylic acid, sulfonic acid or phosphoric acid functionality and H-bonding groups such as —
OH, -NH and/or ~SH. Various amounts of amionic polymers may be added to the mixed liquor.
In another embodiment, the amount of anionic polymer added to the mixed liquor is from
about 5 ppm to about 10,000 ppm based upon active golids. In a further embodiment, the amount
of anionic polymer added to the mixed liquor is from about 10 ppm to about 200 ppm based upon
25  active solids.
The target species for said anionic polymers include neutral/nonionic polysaccharides,
containing e.g. several ~OH groups, and/or ether nonionic organic molecules.
The nonionic polysaccharides may be of various types. Depending on the mixed liquor
that is being conditioned by the polymess, the types of nonionic polysaccharides may vary from
30 system to system.
In one embodiment, the non-ionic polysaccharides are selected from the group consisting
of: tharnnose, pyranose, galactose, mannose, dexirans and glucans,
Those skilled in the art would know that the non-ionic polysaccharides could be other

types of hexoses and pentoses, than those mentioned above.



155,000 daltons to about 2,000,000 daltons.  In another embodiment, the amphoteric polymers have
a molecular weight from about 1,000,000 daltons to about 2,000,000 daltons.  In another
embodimenk{v%?%ﬂg%gggteric polymers have a cationic charge equivalent to anionic charge equivalent

ratio of abou 6 About 9.8:0.2. 20In another embodiment, the amgﬁgfgﬁ%g%%ﬁﬁ%r is a 70 mole

%130 mole % blend of DMAEA.MCQ and acrylic acid. This is a preferred amphoteric polymer because
it consistently exhibits good flux enhancement. In another embodiment, the cationic polymer is a

copolymer of acryfaRRfE SREFBIE: S murdorisrbearbAsiFTa Kele SR rIRSATBRERSEPT consisting of:
diallyldimethylaopaigntsharid& chloride; dimethylaminoethylacrylate methyl chloride quaternary salt;

dimethylaminoethylgisihaciiate.fosthi shiorde uaternanssalt.and dimeibylamipgethyiacn/ate

benzyl chloride quaternary salt. ~ In another em ment, the cationic polymers have a cationic

charge of at leastB58¢HS fERIBETEe e BTN CHsst emplsthistdmmExed isrte Baigiers have a
cationicschasgeed 1QQssolaipetgent aniodt prloEhes embRdireninthe gatipinpalymers have a

molecular weight of from abo 0 0_daltons,to about 5,000,000 daltons. WO
2(109/13493%%%‘[7&%%%%%%%%5 é_g_ghﬁ gﬁcﬁ%%%%%%%%ﬁ%ﬁt, the cationic polymer is selected from
the group consistit§ePepBranapRRAdEng RIS e dinsraoniorpbmpre eiamecp dgesiamine;
polyepiaming:Giesg| sisad: Withsammeaianeihylew adiamins condonsation, palysnebRf water

ethylenedichlporide a mmonia; condensation polymer of triethanalamine and t il fatty acid;
5po|y(dimet??§/) %%f%r}(ﬂ%%ﬂ%g ﬁgléir%’/l?ftgwslﬁs u??éczi%? sgﬁ’)?%%%fﬂﬁlgwfgﬁ%e rﬁé&ﬂ%ﬁ%@y‘ﬁa@%lme methyl
chlorid¥ quateaddiguealt).  In another embodiment, the amphoteric polymers are selected from the

group consisting e GineeitdRmeH Ry AeRIRISMatyhehinsia gealen aRupatiasmbicacid
ety 10 S R R A eSS LB AR e R betaine
copolymer; et ainimpelirmerhyidN-eaetiedigtdhsideipropyl-N-(3-sulfopropyl)-ammonium betaine
copolymer and DIAEAGMGEMAGRNE the amphoteric polymers have a molecular weight from about
acid/Nllgl-dirg]géH%k mhrglt%tgb%%rtyﬁ%%[?%%%gsﬁl(3-su|fopropyl)-am monium betaine terpolymer.
I another embodiment, the amphoteric polymers have a molecular weight from about
1,000,000 daltons to about 2,000,000 daltons.
In another embodiment, the amphoferic polymers have a cationic charge equivalent to
anionic charge equivalent ratio of about 0.2:9.8 to sbout 9.8:0.2.

20 In another embodiment, the amphoteric polymer i3 a 70 mole %/30 mole % blend of
DMAEAMCQ and acrylic acid. This is a preferred amphoteric polymer because it consistently
exhibits good flux enhancement.

In another embodiment, the cationic polymer is a copolymer of acrylamide and one or
more cationic monomers selected from the group consisting of: diallyldimethylammonium

25  chiloride; dimethylamineethylacrylate methy! chioride quaternary salf;
dimethylaminoethylmethacrylate methyl chloride quaternary salt; and
dimethyiaminoethylacrylate benzyl chlonide guaternary salf.

In another embodiment, the cationic polymers have a cationic charge of at least about 3
mole percent.

30 In another embodiment, the cationic polymers have a cationic charge of 100 mole
percent.

In another embediment, the cationic polymers have a molecular weight of from about 7
2,000,000 daltons to about 5,000,000 daltons.



In another embodiment, the zwitterionic polymers are selected from the group consisting 15 of: N,
N-dimethyl-N-(2-acryloyloxyethyl)-N-(3-sulfopropyl) ammonium bctaine; copolymer of acrylamide and

N, N-dimeth%ﬂ\&-@@%{éggyloxyethyl)-N-(3-sulfopropyl) ammonium betaing%@e[@ﬁmgym?r of

acrylarnide, N-vin pyrrolidone; and 1-(3-sulfopropyl)-2-vinylpyridinium nc. In another
embodiment, the water soluble zwitterionic polymer is composed of about 1 to 20 about 99 mole
percent of N,N-dimethyl-N-methacrylarnidopropyl-N-(3-sulfopropyl)-ammanium betaine and about 99

to about | mole perceAtsr SRR S E BN eigHIPHBRB SR ected P BRRPERBSEHEAL the water
soluble zwitieranis/Pakamhersriarenms ohhdedet aciyeaisghhéianna bolytB800:dadtgasateiabout 2,000,000

daltons. i ianic ight.f about
1 000 2sdal S B B L e

method of HRREEGICensrHpmBobABLY e keotlanine tdda A BIR 8Ribrises: purifying the conditioned

mixed liuopdiydundien pracrasingthe mixesiiguoiddatyhene ldnekhemnbrages-gatected from the
group consirgtiﬁl%%ﬁé%t(@fi‘lltg%tri@ r&eﬁrjnbranes; microfiltration membranes; nano-filtration membranes;
br

30 and reverse 0smosis hembranes’ The conditioning protocol can be applied to various types of

treatment facilitied? IpEAseERNsHamRichie FHENSRISP RIS ¢ SHlsAehErRbRS BB TeE AP eactor for
treating ipakfinstistignai(egy ! esoTi% apasirEsicomperns, hntrislisebaals)opmitdustrial wastewater.

WO 2009/134996PCT/US2009/042300 There may he various. amounts of nhagnionic, polysaccharides in
the mixed RSN Sy am ey a3 B e

upon the totalaifomiteindmohit- Npeeiesiranisionirad-ThforuimersibimayErahpicare not meant to
be limiting, SFXAMPAFESic acid/N N-dimethyl-N-methacrylamidopropyl-N-(3-sulfopropyl)-ammonitm
betaine copolymer and DMAEA-MCQ/Acrylic acid/N,N-dimethyl-N-methacrylamidopropyl-N-
{3-sulfopropyl}-ammonium betaine terpolymer.
In another embodiment, the zwitterionic polymers are selected from the group consisting
15  of N, N-dimeihyl-N-(2-acryloyloxyethyl}-N-(3-sulfopropyl) ammonium betaine; copolymer of
acrylamide and N, N-dimethyl-N-(2-acryloyloxyethyl)-N-(3-sulfopropyl} ammonium betaine;
and terpolymer of acrylamide, N-vinyl-2-pyrrolidone; and 1-(3-sulfopropyl})-2-vinylpyridiniom
betaing.

Inn another embodiment, the water soluble zwitterionic polymer is composed of about 1 to

20 about 99 mole percent of N,N-dimethyl-N-methacrylamidopropyi-N-(3-sulfopropyl)-ammoniom
betaine and about 99 1o abowut 1 mole percent of onc or more nonionic monomers.

In another embodiment, the water soluble Zwitterionic polvmers have a molecular weight
from about 5,000 daltons to about 2,000,000 daltons.

In another embodiment, the anionic polymers have a molecular weight from about 1,000

25 daltons to about 2,000,000 daltons.

The conditioning method may be a part of broader method of purification.

In one embodiment, the method further comprises: purifying the conditioned mixed liquor
by further processing the mixed liquor through one or more membranes selected from the group
consisting of: ultrafiltration membranes; microfiltration membranes; nanofiliration membranes;

30  and reverse osmosis membranes.

The conditioning protocol can be applied o various fypes of treatment facilities.

Ir one embodiment, the mixed liquor is from a membrane biolegical reactor for treating
municipal, institutional {e.g. resorts, apartment complexes, hotels, schools), or industrial

wastewaler,



A. EXPERIMENTAL PROTOCOL 10Since polygalacturonic acid (PGA) is one of the anionic
polysaccharides found in extra- cellular polysaccharides, it was chosen for testing. Product A (an

amphoteric D AEA.MCQ (70 mole%)-Acrylic acid (30 mole%) copolymer with net?[{)ositive charge)

was used fo?vse%%}%séifqé)p after conditioning the mixed liquor with PGA. Cliﬁ‘?éﬁﬁ‘)(f &R plants

typically mu at 12-25 LMH due to severe fouling at higher fluxes. Therefore, fouling control for longer
period at 15higher flux of e.g. 36 DM would be of great interest to MBR users. The experimental
protocol involved eSS jasBEtRHeEs yianaigel pilrsiedtidisor emeadlistrough cell tanks

containing cleanethmershtatReEAY Sk &N Canirel @adHie aiRaRbharides based nasidiionwf Na salt of
PGA (referred he{% fter. as PGA% at yarious concentrations 20in the treatment tank and mixing for 10

minutes under’aeration 1(“%0 P&t min ',%Tgadlf%ur%f 250 ppm-active product A and mixing for 10

minutes under aerBWoRleg cxamirsrreeersatiorPatiBsinaIH and 10 liymin membrane aeration (flat
plate membrane with active area of 0.1 m2) , while monitoring the suction pressure 25 B. RESULTS

Figure 1 shows the effect of addition of PGA %ﬁlﬂ&ﬁz oncentrations, followed by product-A for
mixed liquor conditioning on the suction pressure of membrane at 36 LMH flux 30 with a mixed liquor
obtained from a pilot MBR that was operated using a synthetic wastewater. Higher the suction

pressure, higheythe: membraneriouliaeyMBR plants typically clean the membranes after the suction
pressure reaches 7-8 psi. It is apparent from Figure | that the suction pressure for control reached 12

psi within 30 minutes, whereas at the end of the 24 hours, the suction pressures decreased from 10
psi withdProduct --Hingéqreds;eriasnpsiniv bl EHINsREGAE h@int0 991 34SheRETIUSDB0S164 2300
250ppm'acﬁ¥&§£9964§§a€t@?ﬁéé? RRouErd sl With A0 @r@&@t@?@h@ﬁﬁhﬁt&@ﬂ%ﬁmpmd UCt-A.
The next eﬁ%éni%was ond%Wd ti_lg/\ﬁjaluatle the S%Stalnabll,l% f above resuAatf for longer period
with 200pp e BAcf‘E{B%%% ReIroaL EER th Sl AP EiERt 2Rt reathant®ery 24
hours. As shiswatisr Eigditeringhies sargdivtint addiftonrdésuhadirits WEBBpBsegsclyinerease up to only

3 psi after 5;das Qg AU QYSORGIAEA M migher MR SIRAL Ok IR INYeOHAN WaRFeLesed with mixed
liquor obtained from Western US full-scale municipal MBR plant. This mixed liquor had lower MLSS

(0.97%) and"8BR SHE A &5 LY PRBISHRS RFRBLIEESS BiRERBE hentioned above (1.25-1.5% and
50-70 ppm, respeittivekprrifivets foeoPbhrahddiedulbivingoapentrations were chosen to be 20 ppm
and 1) addition of mixed higuor in the flow-through cell tanks containing cleaned
membranes (7.5 L each in control and freatment),
2y addition of Na salt of PGA (referred hereafter as PGGA) at various concentrations
20 in the treatment tank and mixing for 10 mirutes under aeration (10 Liter/min),
3) addition 0f250 ppm-active product A and mixing for 10 minutes under agyation,
and
4) permeate suction at 36 1L.MH and 10 lit/min membrane aeration (flat plate
memnibrane with active area 0of 0.1 nf) » while monitoring the suction pressure
25

B. RESULTS

Figure 1 shows the effect of addition of PGA at various concentrations, followed by
product-A for mixed liquor conditioning on the suction pressure of membrane at 36 LMH flux
30  with a mixed lquor obtained from a pilot MBR that was operated using a synthetic wastewater.
Higher the suction pressure, higher the membrane fouling. MBR plants typicaily clean the
membranes afier the suction pressurs reaches 7-8 psi. It is apparent from Figore 1 that the
suction pressure for control reached 12 psi within 30 minutes, whereas at the end of the 24 hours,

the suction pressures decreased from 10 psi with Product -A alone, to 8 psi with 50 ppm PGA+



1025 ppm, both as active solids, respectively. The results for a 24 hours experiment are shown in
Figure 3. The beneficial effect of sequential addition is apparent with this low fouling mixed liquor as

well. T Uﬁ sefyential chemical addition method resulted in foull 1 high flux of
36 LMH, Witmzt‘#l ?g%%ouling and low fouling mixed liquors. Also, the C {‘z%%géﬁ%ﬁ% 15about

90% and thus not affected by the method of this invention. CLAIMS We claim: A method of
conditioning a membrane biological reactor mixed ”Cﬁ}jor containin% one 50r more nonionic

polysacchad@ By TR FsLc i BHUR 2T PSS Eh P HRFAE i PPEsREtiRg one or more
anionic polymens:thatihavesthembilitptto congiexcd kassbciathyvitktiebdite drhooseasdnidnic

polysacchaﬁ&%a%%rmgmﬁ %ﬁgﬁﬁ%@Kﬂﬂﬁﬁ?ﬁlﬁ%&@%@ﬁfﬂl%wié{k(ﬂugé%‘}gﬁac@ﬁéﬁ%ﬂeVemi”9 the

complexed or 10associated materials from fou Iﬁ??the membrane, the anionic_polymer being a
synthetic pdfy&EREHEFIE2H PG LLBHPESHTT R EERIr SrddintralidiarEsiible anionic
polymes salrsted frormsiap ta)ily thaeintiees diguof,catithcoadghingtione or more water soluble cationic

polymers to the e R Rl RERATING e TummENed el B A Suher sapprising adding

polygalacturomc acid. 3. The method of claim | wherein sai oteric polymer is a

DMAEA. MCH-Réryeiicspblfhieriinth Het posiligenbpgdower MLESTHEATHIAAA of claim 1 wherein
the amount gfipaieniciqobu €Ty asyiadntivadpied/ 2 giatiisdd apalors 10 ppmdteoamout 200 ppm
based upon active soliolsI '?5 Jljpe etp gf E@&M@?@r gn 000 ppm.a Qgti %d of amphoteric
polymer is é’é’aléée?Beﬁ?‘é’enX xe ?feyoé?, v% e(neifr?sail ampf‘?oft%%tlc Bo%)ymer %_Dﬁ%e%%&\.l\/%Qago
mole%CAcHAAiERER @"(@@%ﬁ%"/ﬁ? W?‘ﬂﬁth%f’%gﬁ% %%%@5 experiment are shown in

Figure 3. The beneficial effect of sequential addition is apparent with this low fouling mixed

liquor as weil.

Thus, the sequential chemical addition method resulted in fouling reduction at high flux
of 36 LMH, with both high fouling and low fouling mixed liguors. Also, the COD removal was

15  about 90% and thus not affected by the method of this invention.



6. The method of claim | further comprising purifying the conditioned mixed liquor by further processing
the mixed liquor through one or more membranes selected from the group consisting of: ultrafiltration
membranes; microfiltration membranes; nanofiltration membranes; reverse osmosis membranes; and
a combination thereof 7. The method of claim I, wherein the amphoteric polymers are selected from
the group consisting of acrylic acid/DMAEAMCQ;copglymer; DADMAC/acrylic acid 30copolymer;
DADMAC/acrylic acid/acryiamide terpolymer; and a combination thereof 8. The method of claim I,
wherein the amphoteric polymers have a molecular weight from about 5,000 daltons to about
2,000.000 daltons. 9. The method of claim I, wherein the amphoteric polymers have a molecular
weight 35from&belaird:;, 000,000 daltons to about 2,000,000 daltons. 10./The method of claim 1,
wherein the amphoteric polymers have a cationic charge equivalent to anionic charge equivalent ratio
of about 0.2:9.8 t¢*dBEitOo8 2 R MEFeipEiiyY SiCraisrirewtu@inethboamphomrie polymers are a
70%/36% blend of DVREATIENS iy sterProdicid g 19mRe ralsthiol: o bRsivisL, Wheslitpthe cationic
polymers are copSiHersd'df acrylamide and one or more cationic monomers selected from the group
consisting of: dia'Ly'dim?émxlg,@%%névm&b'%ig&%}W%Ma{@ai- &&Q){L%ngl'&ti@etow ghigride
quaternary salt; dimethylpinoeinymethacy/ aie.melmyl chionds qualenary sat.afd we
dimethylaminoethylacrylatechenzyiahlonds auateranyssalt, 4043, Lhe methe &f&@e&a & Wherein the
cationig polymer has a gatieisichakgriofakleashabouta-Mele.narcamtols. shhg.methed of claim 1,
wherein the cationic polymesthasigseatianie;charge of 100 mole percent. 15. The method of claim

1, wherein the cationic polymer has a molecular weight from about 152,000,000 daltons to about
5,000,000 daltons adding a composition containing one or more water soluble anionic polymers
selected from step (a) to the mixed liquor; and

c. adding one or more water soluble cationic polymers to the mixed liquor after
15 performing step b.

[ ]

The method of claim 1 further comprising adding polygalacturonic acid.

3. The method of claim 1 wherein said amphoteric polymer is a DMAEA.MCQ-Acrylic
acid copolymer with net positive charge.

4, The method of claim 1 wherein the amount of anionic polymers added to the mixed
20 liquor is from about 10 ppm to about 200 ppm based upon active solids.

5. The method of claim 1 wherein 1000 ppm as active solids of amphoteric potymer is
added to the mixed hquor, wherein said amphoteric polymer is DMAEA MCQ (70
mole%)-Acrylic acid (30 mole%) copolymer with net positive charge.

6. The method of claim I further comprising purifying the conditioned mixed liquor by

25 further processing the mixed liquor through one or more membranes selected from

the group consisting of: ultrafiltration membranes; microfiltration membranes;
nanofiliration membranes; reverse osmosis membranes; and a combination thereof.

7. The method of claimm 1, wherein the amphoteric polymers are selected from the group

consisting of: acrylic acid/DMAEA-MCQ copolymer, DADMAC/acrylic acid

30 copoiymer; DADMAC/acrylic  acid/acrylamide terpolymer; and a combination
thereof.

8. The method of claim 1, wherein the amphoteric polymers have a molecular weight
from about 5,000 daltons to about 2,000,000 daltons.

9. The method of claim 1, wherein the amphoteric polymers have a molecular weight
35 from about 1,000,000 daltons to about 2,000,000 daltons,



16. The method of claim 1, wherein the cationic polymer is selected from the group consisting of:
polydiallyldimethylammonium chloride; polyethyleneimine; polyepiamine; polyepiamine crosslinked
" with ammonia or ethylenediarnine; condensation polymer of ethylenedichloride and ammonia;
condensatioWB&Wé‘%%riethanolamine and tall oil 20fatty acid; poly(dint&tH{EMHEEH ) Imethacrylate
sulfuric acid salt); and poly(dimethylaminoethylacrylate methyl chloride quaternary salt). 17. The
method of claim 1, wherein the amphoteric polymer is selected from dimethylaminoethyl acrylate
methy| chloride e rfagdsdlelaienylicasieicdp anyphelerdinnlams davylarstvairighrenloride/acrylic acid
copolymer; dimethylavaingeshykacs viakgLomelt eilottout 0.2:9.8 to about 9.8:0.2.

salt/N,N-dimethyl-N-methacrylamidopropyl-N: (3-sulfopro - ammonj efaine copolymer, acrylic
- acid/N,N-dimet ¥y|- ?rﬁgﬁwoac%aé% ég%géﬂ%%ﬂgh%tg%%%aeﬁ%%%%ééé?’rﬁn%g%%lymer; and

DNLAEA.MCQ/AGPMaREMINaHaetip addnethacrylamidopropyl-N-(3-sulfopropy1)-ammonium
betaine gerpolymernd &ehbe snetiad ofkdaimds wherRipothagniticriphicelinersiaasalected from the
group 30consisting of: N, N-dimethyl-N-(2-acryloyloxyet ‘I%N- 3-sulfapropyl) ammonium betaine;
copolymer of acry%?n%lgigﬁaa %W—%‘lomn% e{ﬁ-ﬁ-e(%g%ér%%y 0 oe“(éwf/ﬁ’?f%gg %%Ifopropyl) ammonium
betaine; and terpoliptiddistasiymeeiemnbionddinisidonesthyland@e st ehpyride2-viny Ipyridinium
betaine. 19. The pgthas-plataimdnherHneAniierRnic RIS fampesediohabout 1 to about

99 mole percent o .Il}ll,%—?im.eth%—ﬁ-mﬁgg%c%?%gg goggltlé}gé 3-SH"Ifopropyl)- ammonium betaine and
ore noni

about 99 to aboutI' o eaf)né?gf’én}/o(f’%ne i iC-monders. 520. The method of claim 1,

whereitfthe zwitteFisniepobrhdrimas wiremie d artvaigheifoen lxb o vt H800datorfstsabout 2,000,000
daltons. 21. The mgshosQficlaimdiwherein the anionic polymer has a molecular weight from about
1,000, daltons out 2,000,000 daltgns.. 22. The method of claim |, wherein the association
between anioniic(;2 polyfiers é;%%]ﬁﬂr?ohﬂoﬁﬁﬁgﬁ(?ﬁ}?%c&%m%% s B8 AmEIEn 8F 19%R8ligh
H-bonding. 23. Theewesthod of claim 1, wherein the anionic polymers are selected from the group

consisting of: gjycureniesReIdr MAANUARICANE cPYSHYIGRRIZ: B9 NIcACSRlgtherephand
combination thereof 24, The method of claim 1, wherein the non-ionic polysaccharides are selected

from the 15group %ﬂ%@?ﬂ‘ﬁ%@ﬁ%ﬁﬁﬂ%‘é@?%?gﬂgglé?@alactose, mannose, dextrans, &cans, and a
combination théfetlis2beToe ohietmd ofistaimtis vehereipoimaronsitmicdoiigartie: grodgcules from mixed

liquor that are targated for AS3eGIaloN 4% G ARINHGR OMERRES s ARIRGLEAIO M NGGIAW consisting
of: amines, alcohols, glycerols, glycols, and'a combination thereof )
polyepiamine crosslinked with ammeonia or ethylenediamine; condensation polymer of

ethylenedichloride and ammonia; condensation polymer of triethanolamine and tall oil
20 fatty acid; poly{dimethylaminoethylmethacrylate sulfuric acid salt); and
poly(dimethylaminoethylacrylate methyl chioride quatemary salt).

17. The method of claim 1, whgrein the amphoteric polymer is selected from
dimsthylaminoethyl acrylate methyl chloride quaternary salt/acrylic acid copolymer;
diallyldimethylammonium chiloride/acrylic acid copolymer; dimethylaminocethyl acrylate

25 methyl chloride saltN,N-dimethyl-N-methacrylamidopropyl-N-(3-sulfopropyl)-
ammonium betaine copolymer, acrylic acid/N,N-dimethyl-N-methacrylamidopropyi-N-
(3-sulfopropyl}-ammonium betaine copolymer; and DMAEA-MCQ/Acrylic acid/N,N-
dimethyl-N-methacrylamidopropyl-N-(3-sulfopropyl}-ammonium betaine terpolymer.

18. The method of claim 1, wherein the zwitterionic polymers are selecied from the group

30 consisting of: N, N-dimethyl-N-(2-acryloyloxyethyl}-N-(3-sulfopropyl) ammonium
betaine; copolymer of acrylamide and N, N-dimethyl-N~2-acryloyioxyethyl)-N-(3-
sulfopropyl) ammonium betaine; and terpolymer of acrylamide, N‘vinyl'-Z—pyrrolidone,

and 1-(3-sulfopropyD)-2-vinylpyridinium betaine.

13



2026 The method of claim 1 wherein the mixed liquor is from a membrane biological reactor for
treating municipal, institutional, or industrial wastewater. 27 A method of conditioning a membrane
biological reactor mixed liquor containing one or more nonionic polysaccharides and amines, alcohols,
glycerols, and glycols comprising: 75a.selecting one or more anionic polymers that have the ability to
complex or asgpcigtewithdhe 9ne o mereinaricnicpysasshardesampelias withitheamines,
alcohols, glycerolg,@anchohsolsrtbareby prauaeatingihaLiompiexaibaopaswe@tedopaterinls from fouling
the membrane, the,apioimc padirneandelog @Syntiietic polyéapehanide’, 38boadadingronexr more water
soluble cationic palymretssto the mixed liquor; and c.adding a composition containing one or more

water soluble anionic polymers selected from step (a) to the mixed liquor.
5 20. The method of claim 1, wherein the zwitterionic polymer has a molecuiar weight

from about 5,000 daltons to about 2,000,000 daltons.

21. The method of claim 1 wherein the anionic polymer has a molecular weight from
about 1,000, daltons to about 2,000,000 daitons.

22. The method of claim 1, wherein the association between anionic polymers and a non-
10 ionic polysaccharides in the mixed liquor is through H-bonding.

23. The method of claim 1, wherein the anionic polymers are selected from the group
consisting of: glucuronic acid, mannuronic acid, pyruvic acid, alginic acid, salts
thereof, and combination thereof.

24. The method of claim 1, wherein the non-ionic poiysaccharides are selected from the
15 group consisting of: thamnose, pyranose, galactose, mannose, dextrans, glucans, and
a combination thereof,

25. The method of elaim 1, wherein the non-ionic organic molecules from mixed hiquor
that are targeted for association by the anionic polymers are selected from the group
consisting of: amines, alcohols, glycerols, glycols, and a combination thereof.

20 26. The method of claim 1 wherein the mixed liquor is from a membrane biological
reactor for treating municipal, institutional, or industrial wastewater.

27. A method of conditioning a membrane biological reactor mixed liquor containing one

or more nonionic polysaccharides and amines, alcohols, glycerols, and glycols
comprising:

25 a. selecting one or more anionic polymers that have the ability to complex or
associate with the one or more nonionic polysaccharides as well as with the
amines, alcohols, giyeerols, and glycols, thereby preventing the compiexed or
associated materials from fouling the membrane, the anionic polymer being a
synthetic polysaccharide;

30 b.  adding one or more water soluble cationic poiymers to the mixed liquor; and

c. adding a compesition containing one or more water soiuble anionic polymers
selected from step {&) to the mixed liquor.
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