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20 Membranes coupled with biological reactors (MBRs) for the treatment of wastewater are

well kllOWl’l, 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 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 to 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 acration limitations, membrane fouling, and membrane costs.
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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.
uronic 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 oligo/polysaccharides still form a
30  slimy layer on the membrane surface, resulting in increased resistance for permeation.
Therefore, there is a 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.
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20 This invention 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 comprising: (a) 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 molecules that are nonionic; (b) adding one or more water soluble amphoteric, cationic

25  or zwitterionic polymers, or combination thereof to the mixed liquor; and (¢) adding a

composition containing one or more water soluble anionic polymers selected from step (a) to the

mixed liquor;

DETAILED DESCRIPTION OF THE INVENTION
30 Throughout this patent application the following terms have the indicated meanings.
“MBR” means membrane biological reactor.
“Amphoteric polymer” means a polymer derived from both cationic monomers and
anionic monomers, and, possibly, other non-ionic monomer(s). Amphoteric polymers can have a

net positive or negative charge. The amphoteric polymer may also be derived from zwitterionic
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having a net neutral charge. For exanple, a polysaccharide that is a
Bni epepish-reiuatarmrerticki gad/ar viste mespcisedr cglidprglebris. Mixed liquor can also

contain colloidal and particulate material (i.e. biomass / biosolids) and/ or soluble molecules or

non- i

biopolymers (i.e. neutral and charged oligo/polysaccharides, proteins, etc.);
MLSS : Mixed Liquor Suspended 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 a net neutral 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 associate with one
or more types of nonionic polymers and/or organic molecules that are nomionic.
One of ordinary skill in the art would understand what the word associate means. For

example, association of a target molecule(s), e.g. nonionic polysaccharides and/or other nonionic
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heteropolysaccharides.
In another embodiment, the anionic polymers 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 anionic 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 solids. 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 other nonionic organic molecules.
The nonionic polysaccharides may be of various types. Depending on the mixed liquor
that is being conditioned by the polymers, 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: thamnose, pyranose, galactose, mannose, dextrans 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.
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In another embodiment, the amphoteric polymers have a cationic charge equivalent to
anionic charge equivalent ratio of about 0.2:9.8 to about 9.8:0.2.

20 In another embodiment, the amphoteric polymer is a 70 mole %/30 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 acrylamide and one or
more cationic monomers selected from the group consisting of: diallyldimethylammonium

25  chloride; dimethylaminoethylacrylate methyl chloride quaternary salt;
dimethylaminoethylmethacrylate methyl chloride quaternary salt; and
dimethylaminoethylacrylate benzyl chloride quaternary salt.

In another embodiment, the cationic polymers have a cationic charge of at least about 5
mole percent.

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

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



I n anot her enbodi nent, the cationic polyner is a copolynmer of acrylam de
and one or nore cationic nononers selected fromthe group consisting of:

di al I yl diwet2bgd/iameveni um chl ori de; di net hyl am noet hyl acr yCatus200eok28h0
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salt. In anot her enbodi nent, the cationic pol ygg Fﬁﬁve a cationic charge
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| - (3-sul fopropyl)-2-vnyl pyr|d| ni um bet ai ne. I n another enbodi nent, the
wat er soPelpine zwitterionic polymer is composed of about 1 to about 99 nole

percent of N, fdimetdawoahhetE taashotsainbid QRttRAYAic PbilBesiy béBRIsQPY abo@ NI UM
20  about 99 mole percent of N,N-dimethyl-N-methacrylamidopropyl-N-(3-sulfopropyl)}-ammonium

betaine and about 99 to about I mole percent of one or more nonionic monomers.

In another embodiment, the water soluble zwitterionic polymers 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 1,600

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; microfiliration membranes; nanofiltration membranes;

30  and reverse osmosis membranes.

The conditioning protocol can be applied to various types of treatment facilities.

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

wastewater.



bet ai ne and about 99 to about 1 nole percent of one or nore nonionic
nononers. | n another enbodinent, the water soluble zwitterionic polyners
have a nowecodsus4aei ght from about 5,000 daltons to abo®CTASA@O/001300
daltons. I n another enbodi ment, the anionic polynmers have a nol ecul ar

wei ght from about 1,000 daltons to about 2,000,000 daltons. The

condi tioning nethod may be a part of broader net.hod of purification. In one
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nlcroflIﬁmawﬁ@ﬁn%%m%ﬁ%ﬁ@gﬂnﬂﬁﬁﬁﬁﬁgh®§¥|on menbr anes; and reverse 0sSnosi s

menbr anes. 9&15 S sREPE R GRANtGSR: 1BRirapP! i ed to various types of

t r eat ment fac |t| In one enbodi nent, the mxed liquor is froma

menbr &ne bi ol ogi cal reactor for treatlng muni ci pal, institutional (e.g.

resorts, apartment conplexes, hotelgyaf® ? gl's), or industrial

wast ewat er. There nay be various anounts of nonionic polysaccharides in the

m xed liquor. In one enbodinent, there is at |east 10% of noniont

polysacc total anount of noniont species in the m xed
quor . ?hkﬁgﬁﬁpgaﬁﬁngggﬂ%%gg are not meant to be limting. EXAMPLES A

EXPERINENTAL PROTOCOL Si nce polygalacturonlc acid (PGA) is one of the
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cel l IBanh@h&meanel ngs EMﬂ&ﬁﬂﬁHE@ﬁtg‘f@Bﬁﬁer&sﬁoﬁwBR%aﬁh in control and

treatment), % addltlon of Na salt of PGA (referred hereafter as PGA) at
vari ous conce ??%Tﬁﬁﬁﬁmﬂﬁﬂﬁ%ElFW@&?%%%F’@ﬁﬁﬁsﬁﬂﬁmﬁﬁX|ng for 10 m nutes

under aeration (§0,ahitibRbf #xRA liquor in the flow-through cell tanks containing cleaned

membranes (7.5 L each in control and treatment),

2) addition of Na salt of PGA (referred hereafter as PGA) at various concentrations
20 in the treatment tank and mixing for 10 minutes under aeration (10 Liter/min),
3) addition of 250 ppm-active product A and mixing for 10 minutes under acration,
and
4) permeate suction at 36 LMH and 10 lit/min membrane aeration (flat plate
membrane with active area of 0.1 m?) , 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 liquor obtained from a pilot MBR that was operated using a synthetic wastewater.
Higher the suction pressure, higher the membrane fouling. MBR plants typically clean the
membranes after the suction pressure reaches 7-8 psi. It is apparent from Figure 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+



3) addition of 250 ppmactive product A and m xing for 10 m nutes under
aeration, and 4) perneate suction at 36 LIVH and 10 lit/m n nenbrane

aer ati on WOl2aa9/13k@6e nenbrane with active area of 0.1 nPLT/US2409/0€2300

noni toring the suction pressure B. RESULTS Figure 1 shows the effect of
addition of PGA at various concentrations, followed by product-A for m xed
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respectively). Therefore PGA and Product-A concentrations were chosen to be
figies g

20 ppm a both as active solids, respectively. The results for a
24 hours expeThuseihé sanentiahdhamicahadditign hettdd réshBediie fi@fling rebctehfachish @fix
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i quors. Also, the COD renpval was about 90% and thus not affected by the
nmet hod of this invention. CLAIMS W claim L A nethod of conditioning a
menbr ane bi ol ogi cal reactor m xed |iquor containing one or nore nonionic
pol ysacchari des and/ or one or nore organic nol ecul es that are nonionic
conpri si ng:



a. selecting one or nore anionic polyners that have the ability to conpl ex
or associate with one or nore nonionic polysaccharides and/ or one or nore
or gani ¢ nwbeocmBg99shat are nonionic ; b. addi ng a conpo®CTiuse0OMI3as Ni Ng
one or nore water soluble anionic polyners selected fromstep (a) to the

m xed |iquor; and c. adding one or nore water soluble anphoteric, cationic
or zwitterionic polyners, or conbination thereof to the m xed |iquor after
perfornming step b. 2. The nethod of €4iM& 1 wherein said anionic polymer is
pol ygal actaronic acid 3. The nethod of claim 1 wherein said anphoteric
polymer is a DVAEA. MCQ Acrylic acid copolynmer with net positive charge. 4.
The met hd& @4imel ai m 1 wherein the anount of anionic polyners added to the
m xed liquor is fromabout 10 ppmto about 200 ppm based upon active
solids. 5. The method of claim 1 wherein 1000 ppm as active solids of
anmphoferi ¢ Ipohymdhodiof cordigtisning@ mdvebrariesbédogi¢al traptor mkxed Bilyor senteiniagpholter i ¢
polynmer is i o8- AGHY.I | i Jml. e j th net
positive chgr\%e egy%%;%%g%%?&%ﬂﬁ h%%loq%r%é%%lgglﬁ%ﬁ lgsftﬁg[%%)yuﬁgoﬁg ng the
condi ti oned mongutisingquor by further processing the mxed |iquor through one
or nore nenbranes selected fromthe. gr Lsting.of . ul iltration
mermbr anes; m cr 8fif P8R Oﬂ%l%raglﬁgg%oﬁﬁﬁgﬁﬁﬁ%%t I %%Olﬁ%rr%%?oéﬁn‘ggdrr everse
osnDsi s nmenbr anes;assnidteavidosmeion alorearnionerpebfacciaridéhandrine bhodk odre otganim 1,
wher?'bn t he anphoteric R | yners .ar.e sel ected fromthe group consisting of:
acryltPc aci d/ DVMAEARESSE égﬁ%f“ﬁﬂﬁ?l?mbADNAC/ acrylic acid copol yner;

DADVAC/ acryl i ¢ acisddiag b yb@pasttoniceiitpialng R or racd watee estivhle adioiiopsliraecof . 8.
The met hod of cl ai m 1, wherein the anmphoteric polymers have a nol ecul ar

wei ght from about 5§98 BﬁlsfeBﬁ@t?gieggﬁﬁhq?% 1 000 daltons. 9. The method
of claim1, whegeijddiponasihiet Qhaictsddedly B tdie )@ tieni ot A irihicRLyats, f r om
about 1, 000, 000 daltons to about 2,000,000 daltons,10. The, nethod of claim
1, wherein the anph&PEbinaioeshsreat et mperddiqueralishpealoaRng §&P Byui val ent to

ani onkc char genEgithdPd QMmN alteiPfaiPhtitic fhind iSpdifafbRnicaci 0. 2. 11. The
met hod of claim11, wherein the anphoteric ,poIIyrrer,s are a 70% 30% bl end of
DVAEA. MCQ andTaeopsthedofelaing | wiereinspid argphetsaic gplympnis mDMAGAMERM I €1k i oni ¢

pol ymers are GRBRIMPRIE nQipoghtedatde and

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

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

6. The method of claim 1 further comprising purifying the conditioned mixed liquor by
further processing the mixed liquor through one or more membranes selected from the

25 group consisting of* ultrafiltration membranes; microfiltration membranes; nanofiltration
membranes; reverse osmosis membranes; and a combination thereof.

7. The method of claim 1, wherein the amphoteric polymers are selected from the group
consisting of: acrylic acid/DMAEA-MCQ copolymer; DADMAC/acrylic acid copolymer;
DADMAC/acrylic acid/acrylamide terpolymer; and a combination thereof.

30 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 from
about 1,000,000 daltons to about 2,000,000 daltons.

10



one or nore cationic nmononers selected fromthe group consisting of:

di al I yl di menyl ammoni um chl ori de; di net hyl am noet hyl acryl ate net hyl chloride
guat er narwyoad% 13496 et hyl am noet hyl met hacryl at e nmet hyl ehkirarseee/odqesat er nary
salt; and di net hyl am noet hyl acryl ate benzyl chloride quaternary salt. 13.
The nethod of claim1, wherein the cationic polynmer has a cationic charge

of at |east _ahout .percent.. 14. The .nethod of claj.m.1,. wherein the
cationic p&oyﬁléerm?fg@“éjcg’é'{p‘ﬁoﬁﬁ?m%}?r% 8T BYYHEP Bavﬁé’rcg‘h i€ ChpEXe " The et hod
of claiml1, whphgiditfohgicsRichapt eupaleifitio bbdon 0MnY.eeahtmut MeDGht from about
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pol ymér of 1@ Hya eeiberl @lirlaimil deharng herateniapoluBeia ancaRigReTH 1 3rmdsmige and

triethanol am ge RAnthrd @kibni®onbdbt ¥e1@&%dddom the group consisting of:
pol y(di net hyl am noet hyl net hacryl ate sul furic acid sal t%; and

pol y(di met hy| éislyldieehylaaemapiun ehlerdendimetrlapinogtyligadats nebyl oBlordy . 17, The
met hod of cl a%ﬁegtterlmrm@ﬁ Ginfd ety DS AR Rh &hdcH I ROMUNET chitcRids §hRGh&Y s{If; @

di met hyl ar ni no acrylate nethyl chloride quaternary salt acrylic acid
copol yner; di dimethytimvecethylagmiatnbanaylchioods aatesrysaltc aci d copol yner;

di met,Ryl am no o chl.or h - £ at least

ol TR N i Pot o PerRER b, PR CALONL imerar g guionic charee afatleast

bet ai ne copol shwet ; makrpgiced. aci d/ N N di net hyl - N- et hacr yl am dopr opyl - N-
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terpol ymer. 1fiercehhe nmet hod of claim 1, wherein the zwitterionic polyners

are sel ect omith Qup consd sting of: .

N G et por R TS oo RS e PoRE pimer o o oleslarweigh fom about
cololgllyrrer Iof a,omqu)(mrﬁaﬁmsaﬂ_dbcﬁ[\B,di)O]mohﬁalte_lli*d: (2- ac][yl oyl Ioxy_et hyl ) - N-( 3-

Su opr opy nyu tal.ne; an t er.po I Q Cr m de,

Nt oot OB e RIS 1S perfl e DB U e s TR B bt ai ne. 16,
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about t o about .nol e ercen 0 . . . .
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20 fatty acid; poly(dimethylaminoethylmethacrylate sulfuric acid salt); and

poly(dimethylaminoethylacrylate methyl chloride quaternary salt).

17. The method of claim 1, wherein the amphoteric polymer is selecied from
dimethylaminocthyl acrylate methyl chloride quaternary salt/acrylic acid copolymer;
diallyldimethylammonium chloride/acrylic acid copolymer; dimethylaminoethyl acrylate

25 methyl chloride salt/N,N-dimethyl-N-methacrylamidopropyl-N-(3-sulfopropyl)-
ammonium betaine copolymer, acrylic acid/N,N-dimethyl-N-methacrylamidopropyl-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 selected 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-acryloyloxyethyl)-N-(3-
sulfopropyl) ammonium betaine; and terpolymer of acrylamide, N—\rinyl¥2 -pyrrolidone,
and 1-(3-sulfopropyl)-2-vinylpyridinium betaine.

11



nmononers. 20. The nethod of claim1, wherein the zwitterionic polyner has a
nol ecul ar wei ght from about 5,000 daltons to about 2,000,000 daltons. 2 1.
The net howloahosisadom 1 wherei n t he ani oni c pol yner has aPpooluscevman23nei ght
from about 1,000, daltons to about 2,000,000 daltons. 22. The met hod of
claim1l1, wherein the association between anionic polynmers and a nonionic

pol ysaccharides in the mxed liquar is through Hpondin . The t hod of
claim1, wi8rBremethed ofislagnil cWisssiy His 2 UEraNE SP YRR C‘P‘PB??%‘? Hé"’?f’@}“olutﬁ about

consi sting ofg 81 € NAE Highe tHRRNOME@ R Fladidbstop RIN-BLfopbel)- al gi nic
acid, salts t%ge@glg%%and con%i r?g??on thﬁeurr%of. é21[41.3§quh(E:BLrne\t ﬁ%ﬁﬂ%f_ claim1,
wherei n t he nspmpriwn beipiie paheheoniald teabous i galepeateprf ong BTANPREHPHEp

consi sting ofmoﬁ(}mﬂose, pyranose, gal actose, mannose, dextrans, gl ucans,
and a conbi.nation thereof. 25. The method of claim1, wherein the non-ionic
or ganbc nol28cTheasethednficlim d dwhdrejn die anitarionic @olymegkasadndlesulas ¥sight @M on by

the anionic pgly 60?)&thnss[§;l Gt £6od 6dMaf:hiR. 9r oup consisting of: am nes,
al cohol s, glycerol’s,” glycol's, and & conbination thereof. 26. The nethod of
clai m 1 whereThe mé¢thodwiiokdn [livthemin the afipwapelymentss amoldsiior wefgltdion akost or f or

treating muni fb(ﬂf‘ldaltoinn%taib'éﬁ'tti(ﬁ)ﬂ%bo dﬁfonL ndustrial wastewater. 27. A method
of conditionirg a nenbrane brologlcal reactor mxed |iquor containing one

or nore nor2ofhamgthdd/sfataihdr whiesin drdbaciabmebayweamanenispgbmices amdlaaicnd es t hat

are ni oni ¢ conprijsing...a.. select one, or ] nj oni ¢ pol yners that
haveqﬁ he abi | PPy PP S%’Sﬁa&dgyngl?e %lgg%@g“é)f ésq%o%%hrﬁgrr?gn‘%?é'mr e noni onic
pol ysacchardese aatddss obit@ 10wherein cheamipaiti polymprece beds:tadfam the eronpni oni c; b.

addi ng one or nore vve%:t r sol.ubl g anphot.er ii , c%tci Qnj Pl z%gi L8l ieper&% c

pol yners, or CORBTHAL éﬁcuf?’l’é"ra%fmtaggir C Qié’a“‘l f cf‘ﬁ@r?' siRicfod sy oS
conposi ti on cgatcainbinagoromecet nore water sol ubl e anionic polyners sel ected
from step (2%? Tlgeomgt}qu grt]' C)l(a%’gl ll, \ivﬁelilﬂgiil the non-ionic polysaccharides are selected from the

15 group consisting of: thamnose, pyranose, galactose, mannose, dextrans, glucans, and a

combination thereof.

25. The method of claim 1, wherein the non-ionic organic molecules from mixed liquor 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/or one or more organic molecules that are nonionic
comprising:

25 a. 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
molecules that are nonionic; -

b. adding one or more water soluble amphoteric, cationic or zwitterionic polymers,
or combination thereof to the mixed liquor; and

30 c. adding a composition containing one or more water soluble anionic polymers

selected from step (a) to the mixed liquor.
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