REVERSE OSMOSI S COVWPOSI TE MEMBRANES FOR BORON REMOVAL BACKGROUND [ 0001]
Reverse osnosis (RO nenbrane desalination uses nenbrane technology to

t ransf or mveeananRes7and bracki sh water into fresh water fPor/useenlonrvgs
irrigation, and industrial applications. Such processes require
substantially | ess energy than do thernmal desalination processes such as
mul ti-stage flash, and so, reverse osnosis nenbrane technology is
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[ 0002] Reverse osnpsis is the process of forcing a solvent froma region of
hi gh sol ute concentration through a nmenbrane to a region of |ow solute
concentration by applying a pressure in excess of the osnotic pressure.
This is the reverse of an osnobsis process, which is the natural novenent of
sol vent fBORF&GRQYMEE of | ow solute concentration, through a nenbrane, to an
area of high solute concentrati on when no external pressure is applied. The
menbr ane P@b R%vé%%%Bﬁ@?ﬂ?b?meﬁ%@éHd%s‘aﬁna@rbh%@s mBRmbRARSEaH RIgyss! vent
but not of so ute he menbranes used for reverse osnosis have a dense
barri er | Hgesfoim S@ﬂ‘i’éatﬁbia@drérachﬁh ryaternintr Bestowates doradrinkingn irpaaiipns andhe
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whil e preventin passage of sol utes such as sal The reverse osnosis
process r&?ﬁﬂ?'e‘gesﬁwéﬁt'oa HﬁP@jﬁS%‘r gddype "HEi-giree flash. andi ke revegse esmeEnt rati on
side of theRay l%@ﬁmolé%ﬂ@lnlidregs Beed (3%odR@ Rsdn) whteF frbmestAwad Jpr acki sh
wat er, and 40-70 bar psr for seawater, which has around 24 bar
(350 pSI)bWﬁk'ﬁiﬁwat%SﬁDtl c pressure which nmust be overcone. [0003] Over the
years, better nmenbrane technol ogi es and energy recovery devi ces have nade
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not been ver fective in the renoval of neutral contam nants such as
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mai nly present as undi ssoci ated boric acid, Reverse osnpsis nenbrane is
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ions, making the renoval of boron_signif ly more difficult than sodium
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nmenbr anes aid &oLyPivarl(600-a000 Ps8doPkedWitet, WS Bbs RR6GRL 24 HaNqB40 ?@I’)es
having radii of about 1-3 A and aggregate pores, having radii about

3. 5- 4. 5A. e PEAPUEPTES iR MBS BEOVEICABed (2. 75 A) is close to that of
t he network pores and substantially |ess than that of the aggregated pores.
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steps lead to reduced boron concentration, they increase costs
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design to nmeet a boron specification-af-<0.3 ng/L. US 7,279,097, assigned
to Toray Industries Inc., discloses a nmethod of treating reverse 0sSnosis
menbranes with aliphatic am nes and aliphatic acid halide for inproving
boron rejection of the nenbranes. Aliphatic acid halides disclosed include
"met hanesul fonyl chloride, acetyl chloride, propionyl chloride, butyryl
chloride, oxalyl chloride, malonic acid dichloride, succinic acid
dichloride naleic acrd dichloride
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[0013] The term "conposite nmenbrane” refers to thin filmconposite (TFC)
sem per neabl e nenbranes conposed of a separating functional |ayer fornmed on
a porous wobstwvas@7fi |l m The separating functional | ayePCiraseéno4iond or der
to maxi m ze nmenbrane flux performance, and is formed on a porous support or
base nenbrane to provide nechanical strength. Exanples of TFC nenbranes
that nay be used in the nethods of the present invention include, but are
not |imtpldnt growmtte\deleericusraffects ineuds anssve wapdsmdged, peematliseanpehéng,
separatin er formed on a porous pol ysul fone support,
nanofiltr ??%ﬁﬁ%%%%%BHmﬁy and other thin filmconposite nenbrane. [0014]
The conposite nenbranes for use in the reverse osnosis nmethods of the
present i [B0EA} inoaquemys tnaevimrewp@rrtsadatta;ciqmamd peeta! mEhtboodn & MEQyreesrmdne,
particularly i i t ide, a
het er oar oba BB BT e Ty REIBEE pitbrls RPAGRAE b bl f Pinclifb .
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may be us ci ng boron concentration. An organic

sol ution ?ﬁCPHJ?ﬁﬁgﬁﬂ@B%@é%ngﬂhl|de is contacted under interfacial

pol yneri zation conditions, on a surface of a porous base menbrane, with an
aqueous sBI006] dhini fiws L anessdinged yaaeratis palydroide RO poéybrande anetnicatie. The
organic s it | S u ,gﬁy r omatic
sul f onyl E rﬁf)éaﬁ%’a (fz)i sul @Peé o U % ngﬂvzﬁsék S H a}adﬂadf %%ghﬁﬁjgy?ﬁﬂal ide; a
phosphor yngfagata@or%s baws@mmwf ahamtn 3e-4.54. pﬁhrsrﬂdiumf ungharded baric acid

thi ophospgp bsaé:lb@to 1%8 W(%Q%Leshg’rld Qﬁ)étﬁﬂal'lyslggé'%ﬁttﬁat & Héea, a
cyanate, an mat1 c car ony an epoxi or a m xture thereof,
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three to e@rgmtr@tmnbtmym%we dosts seteataplialy2- net hyl capr ol acone,

caprol actone, val erol actone, butyrol actone, diketene, and propiol actone; or
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car bonat e but anedi ol carbonat e , 2- penanedi ol car o te, .
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pol yet her ket one, and pol yet her et her ket one variety of suitable
por ous babatisnbr amelsl ar e dighiaige, avalqhéﬂﬁ@%“f@bﬂﬂ‘iﬁtldl al | ghlerideray b@ngr epar ed
usi ng techni ques known to those of ordinhary skill in the art. In one

enbodi ment, a porous base nmenbrane which is a polysulfone filmis used. In
anot her enbodi nent, the porous base nenbrane is a porous pol yet hersul fone
film [0019] Interfacial polynerization includes contacting an agueous

sol ution of one or nore polyam ne nononers onto a porous support nenbrane;
foll owed by coating an organic solution, generally in an aliphatic solvent,
contalnlng one or nore ponaC|d hallde NDNONers. At the |nterface of the
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N,N-dimethylaminocarbonyl chloride”. However, there remains a need for even
better methods for making new seawater and brackish membrane products with high

boron rejection and salt rejection performance.

BRIEF DESCRIPTION

[0008] The present invention relates to improved methods for reducing boron
concentration and improving flow performance of polyamide reverse osmosis (RO)
membranes, while simultaneously maintaining or improving the salt rejection of

membrane

[0009] Briefly, in one aspect, the present invention relates to reverse osmosis
methods for reducing boron concentration in water containing boron, the method
comprising contacting the water with a composite membrane comprising moieties
derived from an aromatic sulfonyl halide, a heteroaromatic sulfonyl halide, a sulfinyl
halide; a sulfenyl halide; a sulfuryl halide; a phosphoryl halide; a phosphonyl halide; a
phosphinyl halide; a thiophosphoryl halide; a thiophosphonyl halide, an isocyanate, a

urea, a cyanate, an aromatic carbonyl halide, an epoxide or a mixture thereof.

[0010] In another aspect, the present invention relates to reverse osmosis methods
for preparing a composite membrane by contacting under interfacial polymerization
conditions an organic solution comprising a polyacid halide with an aqueous solution
that includes a polyamine to form a polyamide membrane. The contacting step is
carried out on a surface of a porous base membrane, and the organic solution further
includes an aryl sulfonyl halide. The composite membranes so prepared may be
used for reducing boron concentration, and typically display good boron rejection

performance.

DETAILED DESCRIPTION

[0011] The present invention relates to reverse osmosis methods for reducing boron
concentration in seawater or brackish water containing at least 5 ppm boron, in a
single step, by at least 90%, preferably by at least 95% in a single step, and more
preferably by at least 96% in a single step. pH of the water is typically less than or

equal to about 8.5 . Reverse osmosis processes are typically operated at pressures
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ranging from 2-17 bar (30-250 psi) for fresh and brackish water, and 40-70 bar
(600-1000 psi) for seawater.

[0012] In the reverse osmosis methods of the present invention, the seawater or
brackish water is treated, by contacting it with a composite membrane comprising
moieties derived from an aromatic sulfonyl halide, a heteroaromatic sulfonyl halide, a
sulfinyl halide; a sulfenyl halide; a sulfuryl halide; a phosphoryl halide; a phosphonyl
halide; a phosphinyl halide; a thiophosphoryl halide; a thiophosphonyl halide, an
isocyanate, a urea, a cyanate, an aromatic carbonyl halide, an epoxide or a mixture
thereof. In some embodiments, the moieties are derived from an aromatic sulfonyl
halide, particularly 4-nitrobenzenesulfonyl chloride, 1,3-benzenedisulfonyl chloride, or
4-cyano benzenesulfonyl chloride. The composite membrane may additionally
include an additional layer of cross-linked hydrophilic polymer such as polyvinyl

alcohol (PVA) coated on the separating layer.

[0013] The term “composite membrane” refers to thin film composite (TFC)
semipermeable membranes composed of a separating functional layer formed on a
porous substrate film. The separating functional layer is thin in order to maximize
membrane flux performance, and is formed on a porous support or base membrane
to provide mechanical strength. Examples of TFC membranes that may be used in
the methods of the present invention include, but are not limited to, reverse osmosis
membranes composed of a polyamide separating functional layer formed on a
porous polysulfone support, nanofiltration membranes, and other thin film composite

membrane.

[0014] The composite membranes for use in the reverse osmosis methods of the
present invention may be prepared by post-treatment of a TFC membrane,
particularly a polyamide TFC membrane with an aromatic sulfonyl halide, a
heteroaromatic sulfonyl halide, a sulfinyl halide; a sulfenyl halide; a sulfuryl halide; a
phosphoryl halide; a phosphonyl halide; a phosphinyl halide; a thiophosphoryl halide;
a thiophosphonyl halide, an isocyanate, a urea, a cyanate, an aromatic carbonyl

halide, and/or an epoxide.

[0015] Alternately, the composite membranes may be prepared by in-situ reaction of
the same compounds during fabrication of the membrane by interfacial

polymerization. Accordingly, in another aspect, the present invention relates to
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reverse osmosis methods for preparing a composite membrane that may be used in
methods for reducing boron concentration. An organic solution including a polyacid
halide is contacted under interfacial polymerization conditions, on a surface of a
porous base membrane, with an aqueous solution including a polyamine to form a
polyamide membrane. The organic solution further includes an aryl sulfonyl halide,
heteroaromatic sulfonyl halide, a sulfinyl halide; a sulfenyl halide; a sulfuryl halide; a
phosphoryl halide; a phosphonyl halide; a phosphinyl halide; a thiophosphoryl halide;
a thiophosphonyl halide, an isocyanate, a urea, a cyanate, an aromatic carbonyl
halide, an epoxide, or a mixture thereof, preferably an aryl sulfonyl halide, more
preferably 1,3-benzenedisulfonyl chloride or 1,3,6-naphthalenetrisulfonyl chloride.
The aryl sulfonyl halide may be present in an amount ranging from about 0.01% to

about 2% by weight.

[0016] The organic solution may additionally include a Cs3-Cg cyclic carbonyl
compound. The C3-Cg cyclic carbonyl compound may be a cyclic ketone having from
three to eight carbon atoms for example cyclooctanone, cycloheptanone,
2-methylcyclohexanone, cyclohexanone, cyclohexene-3-one, cyclopentanone,
cyclobutanone, 3-ketotetrahydrofuran, 3-ketotetrahydrothiophene, and 3-ketoxetane;
a cyclic ester having from three to eight carbon atoms, for example 2-methyl
caprolacone, caprolactone, valerolactone, butyrolactone, diketene, and
propiolactone; or a C;-Cg cyclic carbonate, for example ethylene carbonate,
propylene carbonate, 1,2-butanediol carbonate, 1,2-penanediol carbonate,
1,2-hexanediol carbonate, and 1,2-heptanediol carbonate. In one embodiment, the

cyclic carbonyl compound is cyclohexanone.

[0017] The Cs-Cs cyclic carbonyl compound may be present in an amount
corresponding to from about 0.1 to about 3.5 weight percent of the total weight of the
organic solution. In another embodiment, the Cs-Cs cyclic carbonyl compound is
present in an amount corresponding to from about 0.5 to about 2.5 weight percent of
the total weight of the organic solution. In yet another embodiment, the organic
solution comprises the C3-Cg cyclic carbonyl compound in an amount corresponding

to from about 1 to about 1.5 weight percent of the total weight of the organic solution.

[0018] Suitable porous base membranes include those composed of polysulfone,
polyethersulfone, polyester, polyphenyleneoxide, polyphenylenesulfide, polyvinyl

chloride, polyacrylonitrile, polyvinylidine fluoride, polytetrafluoroethylene,
-5-
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polycarbonate, polyimide, polyetherimide, polyetherketone, and polyetherether-
ketone. A wide variety of suitable porous base membranes are either available
commercially or may be prepared using techniques known to those of ordinary skill in
the art. In one embodiment, a porous base membrane which is a polysulfone film is
used. In another embodiment, the porous base membrane is a porous

polyethersulfone film.

[0019] Interfacial polymerization includes contacting an agueous solution of one or
more polyamine monomers onto a porous support membrane; followed by coating an
organic solution, generally in an aliphatic solvent, containing one or more polyacid
halide monomers. At the interface of the two solution layers, which lies near the
surface of the porous support, a thin film polymer is formed from condensation of the
electrophilic and nucleophilic monomers and is adherent to the porous support. The
rate of thin film formation may be accelerated by heating or addition of catalysts. The
polyacid halide monomer on contact with the polyamine monomer reacts on the
surface of the porous base membrane to afford a polyamide disposed on the surface
of the porous support membrane. Suitable polyacid chlorides include trimesoyl
chloride, terephthaloyl chloride, isophthaloyl chloride, succinic acid diacid chloride,
glutaric acid diacid chloride, adipic acid diacid chloride, trans-cyclohexane-
1,4-dicarboxylic acid diacid chloride, cis-cyclohexane-1,4-diarboxylic acid diacid
chloride, the triacid chloride of Kemp’s triacid, and mixtures comprising two or more
of these polyacid chlorides. Suitable polyamines include para-phenylene diamine
(ppd), meta-phenylene diamine (mpd), 4,4’-diaminobiphenyl, ethylene diamine,
1,3-propane diamine, 1,6-hexanediamine, 1,10-decanediamine, 4,4’-diaminodiphenyl
sulfone, 1,3,5-triaminobenzene, piperazine, cis-1,3,5-cyclohexanetriamine, and
mixtures comprising two or more of these polyamines. Suitable organic solvents
include hydrocarbon solvents, alcohol solvents, ketone solvents, ester solvents, ether
solvents, amide solvents, and mixtures thereof. The interfacial polymerization
reaction may be carried out at a temperature ranging from about 5°C to about 60°C,
preferably from about 10°C to about 40°C.

[0020] In order to improve permeability and/or salt rejection, the polyamide
membrane may be post-treated with an oxidizing solution, such as a sodium
hypochlorite solution. The concentration of sodium hypochlorite in the solution may

range from about 10 ppm to about 4000 ppm.
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Exanpl es 12-16 Post-treatnment with Ot her Agents [0025] RO nenbranes were
treated with 1, 3-benzenedi sul fonyl chloride (BDSC), 4- cyano
benzenesuwbanuylozsdarori de (cyano BSC), and net hanesul f onpCTalisk@wiog®94 The
menbr anes showed i ncreased boron rejection conpared to the control
menbranes. Exanples 17-31 In-situ Treatnment with Benzenedi sul f onyl

Chl ori de Exanples 17-22: Procedure for Menbrane Fabrication Using Handfrane
Coati ng AppAMRRLES [ 0026] Conposite nmenbranes were al so prepared using a
handf rane coating apparatus consisting of a matched pair of frames in which
the porou r fi coated with a

pol yanmi deéé%@@lg%gqggr%dr%?ts@%me%@b &mﬁ%ﬁ%?gn%gpgﬁ%wgoépound and a Cl-C8
am de conpound. The follow ng procedure was used. The porous base nenbrane
was fir st [0984k Bdlyamidge Réhinembrane evertorutaintd daxt2” 39zeriandt ten Thepagt por ous

base nenb f] e y}fﬁ?a 1 @@& i s and
kept cove?%&wﬁﬁovﬁﬁmuﬁn% ﬁgﬁd Srgglgg?gtgdé es g Oﬁﬁ@ ér?e \%/g noved
fromthe pbe cuemiyase wasntinsedewihavaterefos @bbuic €0 secaerids, mﬂnotu@atb@\s’ﬂthnenbr ane

was treat r i i 89N

met a- phenfﬁjd %@%Fgﬁgﬂg Wﬁ% af/nibﬁ%gr%ﬁﬁ ) Ogﬂd%rsggm+§§n%ni%%han0|

canphor subélgfici as (ﬁ@kﬁsﬂybleﬁ%b%w@'ﬂeﬁ tineh épelipersr 3P and i99rsesbnddietf r ane
confining, 0 QN c f nbr ane.
Arer a ot ARRuRL KA IR el IR IS R o O ROl BB BT e
sur f ace offf e Meorwanre ﬁa@ethﬁmmeamn@ythtat lttwasgadmigisteseeniihg neenipenei ng t he
frame and K S ntd | i s of the
aqueous. SPar on Asa) ' puEBaBRIRGRAESE Y mAREY, JAM NS EniaR® T
base nenbteameratliee and sterestin suefrigetatoramtif tgstingeon a cwas-ddwiigstiogphescre to a
gentle streamof air to renove isolated drops of the aqueous solution. The
treated suLhRAGR0E E;(B@r‘nq)&{tg)ql% base nmenbrane was then contacted with 150
grans of an organic solution conprising trimesoyl chloride (0.20% by

wei ght) nesitylene (1.5% by weight), cycl ohexanone (6% by wei ght) and
benzenedi Bl@ﬁ?ﬁﬁyntr@rﬁ%m@@brem yﬁte)/@r%a@ﬁcﬁﬁrﬂqsﬁ”bl%@@@ BYGEHIIO POR- | sobar G
sol vent. Rxg@Rwht RREBGKSGm=Al ution was then removed by tilting a corner of
the frame and collecting the excess organic solution in a suitable
collection vessel._The treated assenbly was then placed in a drying oven
and mai nt Breied! her TestiBasoniod FQ Msmizaess kot W%&%%O@f\naﬁ’@mew'% nut es

after which the conposite nenbrane was tested. 9 - Table 2 Hand Frane
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BDSC 21: 1Q%ge¥€ lahd litsS8erndstivity | regssure 6 8&5@ taa[@%r@f@hdn ind%emsahy| ene +
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machi ne C@Mﬁ;ﬁﬂrﬁfr@é chilRAhé NUDPwAr) 125 \WsHgt ;_wmb, foPG(DﬁfrﬂJﬂ@s bags thenileane was
fed throu an g%f‘eous coat i ngé:gath co ose@ 9 wt % MPD_and ﬁog wt %
TEACSA in RVaSItSEL Wi "}‘?é‘?fbfP 16430d a@ﬁ'”otF@t Wi &40R0¢ he
aqueous sprtNafm sb@ﬁorpaﬁ&ﬂbsﬁ Bfmlg:hfcﬁ rREUPEThE bornicitd Whs bGaih @BItEEXCESS
fluid. The c%at ed porous base nmenbrane was then fed through an or ani c

coating b4PINESANGSIEICHAUSIYBFASUFRA KL PHIFE K16 SPUNEISCHO 81 ARGTBPTRAF | de, and

the or ganpsmagdility. VEse péd-chlenatidnnsahdikLwdre 4196 bﬁawm RaFagedddivaygh the
organi c coating solution, the rous base msw was p ssed throu h a
dryer to F p?é‘i“@e’ﬁ?%ﬁ%?%?@% 8" BrYUstaRethe MRt 86?%&‘? 'an
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No. Or gani Addl ve :10% cycl + 1.5% nesitylene + 0% BDSC 11% cycl + 1. 5%

mesi t yl engP&CRR pogster e %}@Pre? Al es| tyl ene + 0.18% BDSC ; 1% cycl + 1.5%
mesitylene + 0.36% BDSC i 1% cycl + 1.5% nesitylene + 0.71% BDSC 1% cycl +
1.5% nesitylene + 0% BDSC , 1% cycl + 1.5% nesitylene + 0.18% BDSC ; 1% cycl
+ 1.5% nesityl ene + 0. 36% BDSC ;



311% cycl + 1.5% nesitylene + 0.71% BDSC The nenbranes were tested using
the protocol described for Exanples 1-11. Results are displayed in Table 4.
Tabl e 4: wespimgsd@ondi ti ons and Results for Exanpl es 18P82/US2010/042994
Pre-Chl orination Post-Chlorination Ex. No. R nse Pressure (psig) Chlori-
nation Pressure (psig) Test Pres- sure (psig) NaCl (ppm Perne- ability (A-
val ue) Passage (% Pernme- ability (A- val ue)

[0024] Results are shown in Table 1. Without any nosyl chloride post-treatment, the

control RO membrane had a boron rejection of 86.6% to 88.6% and salt passage of

99.3 to 99.4%. However, after the nosyl treatment, boron rejection increased to

91-97% and salt rejection increased to 99.6-99.9%.

Table 1: Membrane permeability, salt passage, and boron rejection performance

(boron results characterized by ICP method)

Ex. Mo, | Post-treatment | Reaction | PVA | Permeability | % Salt Boron
Solution time Rej. rejection
Composition
(Wt%)
Nosyl TEA (sec) | wt% | (A-value) Yo Vs
1 1 0.1 60 1 1.1 99.6 92.8
2 1 0.3 30 1 1.1 99.8 95.6
3 1 0.3 90 1 1.2 99.7 92.3
& 1 0.3 90 3 0.9 99.9 94.4
5 1 0.5 30 2 1.1 99.7 92.6
5 1 0.5 90 2 1.2 99.6 94.2
7 1 0.3 60 2 0.9 99.8 95.4
8 1 0.3 60 2 1.2 99.9 91.3
4 2 0.5 60 2 0.8 99.8 95.2
14 2 0.3 60 1 0.9 99.5 96.2
11 2 0.3 60 3 0.7 99.9 97.1
comp - - - 1 1.7 99.4 88.3
B, 1
Comp - - - 2 1.8 99.3 88.6
Ex, 2
Comp - - - 3 1.8 99.4 86.6
Ex. 3

Examples 12-16 Post-treatment with Other Agents

[0025] RO membranes were treated with 1,3-benzenedisulfonyl chloride (BDSC), 4-

cyano benzenesulfonyl chloride (cyano BSC), and methanesulfonyl chloride. The

membranes showed increased boron rejection compared to the control membranes.
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Examples 17-31 In-situ Treatment with Benzenedisulfonyl Chloride

Examples 17-22: Procedure for Membrane Fabrication Using Handframe Coating

Apparatus

[0026] Composite membranes were also prepared using a handframe coating
apparatus consisting of a matched pair of frames in which the porous base
membrane could be fixed and subsequently coated with a polyamide coating
comprising a C3-C8 cyclic carbonyl compound and a C1-C8 amide compound. The
following procedure was used. The porous base membrane was first soaked in
deionized water for at least 30 minutes. The wet porous base membrane was fixed
between two 8 inch by 11 inch plastic frames and kept covered with water until
further processed. Excess water was removed from the porous base membrane and
one surface of the porous base membrane was treated with 80 grams of an aqueous
solution comprising meta-phenylenediamine (MPD) (2% by weight) and
triethylammonium camphorsulfonate (TEACSA) (6% by weight), the upper portion of
the frame confining the aqueous solution to the surface of the porous base
membrane. After a period of 120 seconds, the agueous solution was removed from
the surface of the porous base membrane by tilting the assembly comprising the
frame and the treated porous base membrane until only isolated drops of the
agueous solution could be observed on the surface of the treated porous base
membrane. The treated surface was further treated by exposure to a gentle stream
of air to remove isolated drops of the aqueous solution. The treated surface of the
porous base membrane was then contacted with 150 grams of an organic solution
comprising trimesoyl chloride (0.20% by weight) mesitylene (1.5% by weight),
cyclohexanone (6% by weight) and benzenedisulfonyl chloride (weight% as shown in
Table 2 below), in Isopar G solvent. Excess organic solution was then removed by
tilting a corner of the frame and collecting the excess organic solution in a suitable
collection vessel. The treated assembly was then placed in a drying oven and
maintained at a temperature of 60°C for a period of about 10 minutes after which the

composite membrane was tested.
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Table 2 Hand Frame Organic Coating Solutions

:Example No. Organic Additve
1w 6% cycl+ 1.5% mesitylene+0%BDSC ¢
e 6% cycl+ 1.5% mesitylene + 0.05%BDSC
9 6% cycl + 1.5% mesitylene + 0.10%BDSC
2 6% cycl +1.5% mesitylene + 0.20%BDSC
21 0% cycl+ 1.5% mesitylene + 0% BDSC
22 6% cycl+ 1.5% mesitylene + 0.2%BDSC ¢

Examples 23-31: Procedure for Membrane Fabrication Using Pilot Coater

[0027] The handframe procedure was duplicated using a pilot coating machine
capable of coating a 12-inch wide web. A porous base membrane was fed through
an aqueous coating bath composed of 2.9 wt% MPD and 6.6 wt% TEACSA in water.
The porous base membrane coated on one side with the aqueous solution was
passed through a rubber nip roller to remove excess fluid. The coated porous base
membrane was then fed through an organic coating bath composed of a water-
immiscible solvent, a polyacid halide, and the organic additives, as shown in Table 3.
Following passage through the organic coating solution, the porous base membrane
was passed through a dryer to remove solvent and water to provide the product

composite membrane.

[0028] Table 3: Pilot Coater Organic Coating Solutions

1% cycl + 1.5% mesitylene + 0.18% BDSC

1% cycl + 1.5% mesitylene + 0.36% BDSC

1% cycl+ 1.5% mesitylene + 0% BDSC

1% cycl + 1.5% mesitylene + 0.18% BDSC

The membranes were tested using the protocol described for Examples 1-11.

Results are displayed in Table 4.

-10-
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Table 4: Testing Conditions and Results for Examples 18-32

Pre-Chlorination |Post-Chlorination
Ex. Rinse Chilori- Test NaCl | Perme- | Passage | Perme- | Passage
No. | Pressure | nation Pres- | (ppm) | ability (%) ability (%)
(psig) | Pressure | sure (A- (A-
(psig) (psig) value) value)
17 225 225 225 2000 6.8 0.99 6.1 0.35
18 225 225 225 2000 6.4 0.63 5.8 0.25
19 225 225 223 2000 5.3 0.43 5.3 0.21
20 225 225 225 2000 2.8 0.31 43 0.21
21 225 225 300 |32000| 2.2 0.82 4.0 0.57
22 225 225 800 |[32000| 2.1 0.30 3.8 0.30
23 115 115 115 500 2.1 0.30 12.3 0.87
24 115 115 115 500 24.4 2.91 25.3 1.27
25 115 115 115 500 14.6 0.91 26.2 0.85
26 115 115 115 500 3.9 0.78 27.4 1.26
27 115 115 113 500 6.7 0.81 27.8 0.94
28 115 115 115 500 14.1 0.37 14.3 0.69
29 115 115 115 500 7.3 1.15 16.5 0.86
30 115 115 115 500 6.3 0.72 19.3 0.69
31 115 115 115 500 5.6 1.42 23 0.94

A dramatic and simultaneous increase in % rejection and A-value after chlorination

was seen in many cases when BDSC was present.

[0029] While only certain features of the invention have been illustrated and

described herein, many modifications and changes will occur to those skilled in the

art. Itis, therefore, to be understood that the appended claims are intended to cover

all such modifications and changes as fall within the true spirit of the invention.

-11 -
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CLAIMS:

1. A reverse osmosis method for reducing boron concentration in water
containing boron, said reverse osmosis method comprising contacting the water with
a composite membrane comprising moieties derived from an aromatic sulfonyl
halide, a heteroaromatic sulfonyl halide, a sulfinyl halide; a sulfenyl halide; a sulfuryl
halide; a phosphoryl halide; a phosphonyl halide; a phosphinyl halide; a
thiophosphoryl halide; a thiophosphonyl halide, an isocyanate, a urea, a cyanate, an

aromatic carbonyl halide, an epoxide or a mixture thereof.

2. A reverse osmosis method according to claim 1, wherein the moieties are

derived from an aromatic sulfonyl halide.

3. A reverse osmosis method according to claim 1, wherein the moieties are

derived from 4-nitrobenzenesulfonyl chloride.

4. A reverse osmosis method according to claim 1, wherein the moieties are

derived from 1,3-benzenedisulfonyl chloride.

5. A reverse osmosis method according to claim 1, wherein the moieties are

derived from 4-cyano benzenesulfonyl chloride.

6. A reverse osmosis method according to claim 1, wherein the composite

membrane additionally comprises a cross-linked hydrophilic polymer.

7. A reverse osmosis method according to claim 6, wherein the cross-linked

hydrophilic polymer is polyvinyl alcohol.

8. A method for preparing a composite membrane comprising contacting under
interfacial polymerization conditions an organic solution comprising a polyacid halide
with an aqueous solution comprising a polyamine to form a polyamide membrane,
said contacting being carried out on a surface of a porous base membrane, said

organic solution further comprising an aryl sulfonyl halide.

9. A method according to claim 8, wherein the organic solution additionally

comprises a C3-Cg cyclic carbonyl compound.

-12-
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