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pagoi ally porous to water. The types of separators used in electrolysis
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: The manufacture of condensation polymers often produces a brine solution as

a by-product. For example, a brine solution is produced in the manufacture of
polycarbonate resins through the reaction of phosgene with at least one bisphenol
compound in an organic solvent in the presence of aqueous sodium hydroxide. A
15 common example is the reaction of bisphenol A with phosgene in dichloromethane in
the presence of aqueous sodium hydroxide to produce bisphenol A polycarbonate and

sodium chioride solution.

To reduce production costs and avoid environmental pollution, such brine

20 solutions are often recycled to a chlor-aikali_ plant for electrolysis to produce chlorine

gas, sodium hydroxide solution, and hydrogen gas. The electrolysis cells in such

chlor-alkali plants frequently comprise an anode compartment and a cathode

compartment with an appropriate sepai'ator in between the two compartments. The

purpose of the separator is to separate the anolyte solution and the chlorine gas

25 evolved at the anode from the catholyte solution and the hydrogen gas evolved at the

cathode, within the electrolysis cell. The separator may be at least partially porous to

water. The types of separators used in electrolysis cells include .diaphragms and
membranes. '
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' electrolyzed, both organic species and metal species may precipitate on the surface of

and within an electrolysis cell separator to cause plugging. To achieve maximum
lifetime of a separator in an electrolysis cell, the concentration of contaminating

20 organic species and multivalent metal cations must be reduced to as low a level as
economically possible in the feed-brine solution.

In order to lower the concentrations of organic and inorganic contaminants to

levels suitable for feeding the brine to membrane electrolytic cells, primary and

25 secondary brine treatment are often employed. In primary brine treatment, the brine
pH is elevated to above about 10 in the presence of a molar excess of carbonate ion in

order to precipitate alkaline earth and transition metals as their carbonates and/or
hydroxides, followed by a filtering or settling process such as clarification. This is
followed by acidification and stripping of the brine to remove carbonate ion as well as

30 organic contaminants such as organic solvents and dissoived catalysts. Additional
treatment such as adsorption may be utilized as necessary to remove organic species

such as monomer and low molecular weight oligomer from the brine.
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magnesium). However, it has been found that when a brine solution which results
from a condensation polymer manufacturing process, such as a polycarbonate
manufacturing process, is treated by primary and secondary brine treatment, the

20 concentration of alkaline earth metal cations in the treated brine exceeds the tolerable
level and the membrane electrolyzer separator becomes plugged at an unexpectedly
rapid rate, resulting in premature failure.

After careful experimentation it has been discovered that the cause of rapid

25 membrane separator plugging during electrolysis of such brine solution is the
precipitation of alkaline earth metal hydroxide species, primarily derived from
residual calcium and magnesium in the feed-brine, on the surface of and within the
electrolysis cell membrane separator. Analysis has revealed that there is still a very

low concentration of alkaline earth metal cations present in electrolyzer feed brine

30 even after primary and secondary brine treatment. Without being bound by any
theory, the cause of this problem is believed to be the presence of a water-soluble

chelating agent in the brine solution. The chelating agent apparently retains some

than 20

T
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nmore strongly bound to
complex, thereby solubilizing iron in the brine solution so that the polymer product is
produced substantially free of iron contamination. However, when the brine solution
undergoes primary brine treatment, the fraction of a transition metal species such as
20 iron (II) that exists as a gluconate complex remains strongly chelated and thus
remains in solution through the end of primary brine treatment. These transition metal
gluconate complexes such as iron (II) gluconate are much more strongly bound to
both AMP and IDA resins than are alkaline earth metal cations. Therefore, when
brine that contains iron (III) gluconate enters a bed of chelating ion exchange resin,
25 alkaline earth metal cations are displaced from the resin and are dissolved in the brine,

typically as gluconate complexes. Under these conditions, it is not possible to achieve

the 20 ppb alkaline earth metal cation specification for brine leaving secondary brine
treatment. When brine containing metal-gluconate complexes such as an alkaline
earth metal-gluconate complex enters a membrane electrolytic cell, the gluconate is
30 substantially destroyed by oxidation by chlorine, and at least a portion of the alkaline

earth metals precipitates on the surface of and inside the membrane. The precipitated
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agent. 20 Conmon]y owned copendi ng application 09/177,588 discloses a
met hod f<#fions in brine solutions dernived from a condensation polymer manufacturing process

and containing a water-soluble metal chelating agent.

20 Commonly owned copending application 09/177,588 discloses a method for
increasing the life-time of a preferably diaphragm separator in an electrolysis cell for
electrolyzing brine solution containing a water-soluble metal chelating agent.

Diaphragm separators are often composed substantially of 2 porous asbestos or -
25 polytetrafiuoroethylene. In contrast, membrane separators often comprise a
substantially non-porous polymeric film ion exchange resin which selectively passes
alkali metal cations such as sodium, but not anions, from the anolyte solution to the
catholyte solution, and which substantially retards back-migration of hydroxide anions
from the catholyte solution to the anolyte solution.
30
There is thus a need for a method which will substantially reduce the
concentration of multivalent metal cations, particularly alkaline earth metal cations, in
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In one aspect, the invention relates to a method for removing impurities from a
brine solution, the brine solution comprising a water soluble chelating agent, the
method comprising the steps of:

20

a) adjusting the pH of the brine solution to a pH of from about 2 to about 4;

b) passing the brine solution through a first functionalized resin; the first
functionalized resin having functional groups capable of removing
25 multivalent metal cations from the brine solution;

c) adjusting the pH of the brine solution to a pH of from about 9 to about
11.5; and

30 d) passing the brine solution through a second functionalized resin, the
second functionalized resin having functional groups capable of removing

alkaline earth metal cations from the brine solution.



brine solution, the brine solution conprising a water sol uble chel ating
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pretreat the brine solutionina 5 primary brine treatnent stage. DETAILED

DESCRI PTI DETAH EDDESCRIRTION ORTHE B$VENTIONent i on may be under st ood nore
readily by reference to the 10 follow ng detailed description of preferred

enbodi nents of the invention and the exanples included therein. Before the
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parti cul ﬁ%%d?ﬂ%ﬁ*% and is not intended to be linmting. In the
specification and clainms which follow, reference will be made to a 20

nunber of terns which shall be defined to have the foll ow ng neanings:
Before the present methods are disclosed and described, it is to be understood

that this invention is not limited to specific methods or to particular formulations, as

15 such may, of course, vary. It is also to be understood that the terminology used herein
is for the purpose of describing particular embodiments only and is not intended to be
limiting.

In the specification and claims which follow, reference will be made to a
20 number of terms which shall be defined to have the following meanings:

The singular forms “a”, “an” and “the” include plural referents unless the
context clearly dictates otherwise.

25 A “brine solution” is herein defined as an aqueous solution of an alkali metal
halide, including but not limited to, sodium chloride, potassium chloride or a mixture
thereof.

A “raw brine solution” is a brine solution which has not been treated or
30 purified.
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al kaline earth nmetal hydroxide, such as aqueous sodi eto
produce a Rsdyapyeneuvfides, polyaylene sulfidesndfopes, podithediket e and™ pol ycar bonat e

copolynmers that can be nade by such a process include, but are not Ilimted
to, bisphenol A polycarbonate; 3,3 ,5,5 -tetranethyl bisphenol A 20

pol ycar bonat e; I,a3polfcabboriaty probuctivh procdab.cfop instaniee) aquebiOsidiin chltfidel Xt ur es
thereof. Before recycli ng,wto an electrolysis cell, the concentration of

the al kal i arfe$ 33 byraioduet Whenat deast- onecbispheneliis Feactedrin am srganiscsolvsat with
chlogsde, gHR¥gdhe driCeapboifatt préctfrulh as an oligomeric carbonate chloroformate in

the presence of an aqueous alkaline earth metal hydroxide, such as aqueous sodium
hydroxide to produce a polycarbonate.  Representative polycarbonate and
polycarbonate copolymers that can be made by such a process include, but are not
limited to, bisphenol A polycarbonate; 3,3°,5,5’-tetramethyl bisphenol A
20 polycarbonate; 3,3°,5,5"-tetrabromo bisphenol A polycarbonate, and mixtures thereof,

Before recycling to an electrolysis cell, the concentration of the alkali metal
halide in the brine solution, for instance sodium chloride, may be increased to obtain
the most efficient operation of the cell. The sodium chloride concentration, for

25 instance, may be increased by the addition of make-up salt. Make-up salt is sodium
chloride obtained, for example, from natural ground deposits or from evaporation of
sea water.

In the brine solution which is subjected to purification, the amount of sodium

30 chloride in solution ranges from a concentration of about 50 grams per liter of solution
to about that concentration at which the solution is saturated with sodium chioride at a

given temperature. Preferably, the sodium chloride concentration ranges from about
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varﬁ)us ?B] at ment s?tégg W%@?@%gg‘?‘ﬁ% co gg?\tur?%'ga%&nﬁeim g?ﬂ?ﬂe Ior| de

ami to reodivm ddoqldtrmnm‘h (Igmsemge cmm?imdtsmsgatﬁahec:br@l Médtﬁ:ly;s@d t:el%) lib produce

chl orine sodi um roxj de ut.ion, and hydrogen gas uita

el ectrol 9&%@%@%&1 X%oﬂ’a‘ !5#0’8%059 Wiomp And nhyrdrogang gas.c aSuitable

conpar t mgfektrolyh &Qeﬂf‘nﬁlg r‘% aﬁpﬁ tVafd t&ﬁlotd@%o eh{TENt S Lo
SO utlon and t
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_th surface mand wi thin the rrerrbrane This causes a general performance-
Pine, in whlembrang.separatary Mmayrqomprisa an ign exebangs resinl which ssi¢ctivelyl t age

passes alkali metal cations, but not anions, from the anolyte solution to the catholyte
solution and which substantially retards back-migration of hydroxide anions from the
catholyte solution to the anolyte solution.

20 During operation of a membrane electrolysis cell, solid species may gradually
accumulate on the surface of and within the membrane. This causes a general
performance decline, in which the current efficiency decreases and the cell voltage
increases, resulting in increased power consumption per unit chlorine production.
The effects of impurities on membrane cells are documented in a report published by

25 DuPont, “Effect of Impurities on Membrane for Chloralkali Production”, James T.
Keating, EI DuPont de Nemours and Company, Wilmington, Delaware, USA.
Details of the chloralkali process are given by L.C. Curlin, T.V. Bommaraju, and C.B.
Hansson in "Alkali and Chlorine Products: Chlorine and Sodium Hydroxide", Kirk-

Othmer Encyclopedia of Chermcal Technology, fourth edition, vol. 1, pp. 938-1025
30 (1991).




I ncreases, resulting in increased power consunption per unit chlorine
production. The effects of inpurities on nmenbrane cells are docunented in
a report published by 25 DuPont, "Effect of Inpurities on Menbrane for
Chl or al kWO 0Ft4280cti on", Janes T. Keating, E. L DuPont de RERAIS06/20172
Conpany, WI mmrmunﬂelmmbmne lifetime Bad afficiencly dfMeutﬂmlyusatdﬂadaperwomess are

b Cur | Al kal d
o or v 1 Giing: St tie SETEOLBI t MRjere o SRR ot Fomove "
Encycl op%ma@emoﬁami{ﬂﬁmeémw boflPhése Akt RN polifter rhamFBerudRB- 1025

30 (1991). 1s 9 1is 1s WO 01/14252 PCTIUS00/ 20172 “TO maxi m ze menbr ane
lifetime msefanddhmcfyomfmdtee@ sajt, ywehich de oftem pdded toobrinet that kx feaycled ut i on

cont dri neliit e RGeS HGtE AR JropRer, Thiea! PRbiRas, Belie phenolic
manuf act UgpeBids, gaﬁ@saaxga%mamni feemuealaﬁd%taasb&mmcﬁ%maﬂﬁé garpdded to

brine that is recycl ed fromthe polymer manufacturing process. Typical

cont am namdstramxﬂondnetplmnons Mmbeswpmmmwe@amnmmmdludo breot

resi dues, t al s, al k < nd _tranpsition netal
cations. Fg’ﬁt?f QBS q’@ﬁﬁ eaﬁ gﬁ i 1fc PEeap ﬁi’e tals Stror e
steps of ﬂdﬂﬁéatibﬁ mmﬁbmaﬁms stippltigs! emaavmantaas&wmmm ol S,
clarification, fi Itratlon vol atiles stripping, contact with an adsor bent
to A@nov eommnpnnmsfgm eatmenisisucheas ioneachange tormduee the concestration ef change
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raw brine solution may each mdependently be in the range of about 0.005 parts per
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million (ppm) to about 2000 ppm, preferably in the range of about 0.005 ppm to about

400 ppm, and more preferably in the range of about 0.005 ppm to about 10 ppm. For

maximum membrane lifetime and efficiency of electrolysis cell operation the sum of

the concentrations of both calcium and magnesium in the purified electrolyzer feed
20 brine solution is most preferably in the range of less than about 20 ppb.

Multivalent cations, such as transition metal cations, that are often present in
the raw brine solution include iron, chromium, and nickel. The iron, chromium, and
nickel concentrations in the brine solution prior to the purification process of the

25 invention may each independently be in the range of about 0.001 ppm to 100 ppm,
preferably in the range of about 0.001 ppm to about 10 ppm, and more preferably in
the range of about 0.001 ppm to about 2 ppm. For maximum membrane lifetime and
efficiency of electrolysis cell operation and in order to achieve membrane
specification levels of alkali metal cation levels in the membrane electrolyzer feed

30 brine, the concentration of iron and chromium in the purified brine solution are most
preferably each independently in the range of about 0.001 ppm to about 0.1 ppm and
the concentration of nickel in the purified brine is most preferably below about 10

10
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conpl exes_wi L\ t ' . | C ition netal
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N, N, N, N-abotity2000¢5pis dnd thet mibre peefeired concestration T¥4n the rarige iof abduit30¢iphc aci d
(NTA), gluconic acid, and all of their sodiumsalts. Sodium 10 gl uconate
is parti dQ12BP¥tI2008PBk red in the brine solutions of this invention. The
prefjerred concentration of water-soluble nmetal chelating agent in the brine
solution prior to the purification process of the invention is in the
range of aboutlnlgenerah membrabe SepEOOEs RpanMare dsensitiverde ccaptamipants than

cONCent r sl iladsd slghrdbiS. PG B et Saddibfine' urYePHimARd SullWich
may be present in the brine from a condensation polymerization process include, but

are not limited to, calcium, magnesium, strontium, barium, nickel, mercury,

20 aluminum, iron, and silica.

Impurities have different effects on the membrane and different amounts of the
various impurities may be present before the system is fouled. For instance, calcium
and magnesium at about 20 parts per billion (ppb) will begin precipitating in the

25 membrane as hydroxid.eé. Strontium at about 500 ppb will begin precipitating in the
membrane. Barium at about 1 part per million (ppm) will begin precipitating in the
membrane. Sodium sulfate at concentrations of about 10 grams/liter resuit in a
decline in the efficiency of the cell.

30 As mentioned, the brine solution comprises a water soluble metal chelating

agent, such as sodium gluconate. Water soluble metal chelating agents, such as

sodium gluconate, exhibit a strong affinity for trivalent cations, such as ferric,

11
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process iwolowa4gszbut are not linited to, calcium: magnesi BGTUNPANTZ um

barium ni l,rQn |, i ur|t s have
di fferent c&hﬁgﬁﬁgu{lﬁmﬂéﬁﬁ%he gr?dn}"&dFﬁ #@ﬁ@&ﬁ%ﬁﬂ’%@“&% Bous

i npuri ti esaltiym bandd mespmesiume f OAeg £03€s5S Wit Citnioves QrlkiValeliO lcaliols! #oRt a

cal ci um and magnesi um at about 20 parts per billion (ppb) will begin
preci pi t at8lPRNAL CORRIMINE FHEGAB? EVSE thereforn: oxergeme this jnseraction. at about 500 ppb
wi Il begin precipitating in the menbrane. Barium at about 1 part per
mllion (ppm w Il begin precipitating in the menbrane. Sodium sulfate at

concemt r ati ons Gdmplen uhetdbglgconaee equitibria aletdrininenthe cotngdsition bf at sh@am
nenti oned, the brine solution conprlses a

f f f th
ﬁiat la?l gglcy ? é@%ﬂc?@m&m fRetal 108 (SUck 3¢ irons ok aleigm. g Thesenequilibrias arsr
sol ubl e hgl?hﬁf@fe'd %f thé' b né‘%o utidd! %rw(}% i@ég}@émat% strong

affinity for i val ent “cati such as errlc
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di val ent tq; such, as | ci um and magnesi.um A process that renoves
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the conposition of a contarns nu net a Uch as

i ron or caﬂboulﬂﬁ%vﬁﬁsermcmmuﬁm&mmntrongl y affected by the pH of the
brine solution. For exanple, the iron-gluconate interaction is very strong
under all alkaline conditions, froma pH of about 8 up to 35 wt % NaOH

sol utions. Howeveias beef diséciend! ttﬁi‘ by ﬂdﬁxﬁiﬂ%%&’s&&ﬁ ”ﬂﬁex("ﬁaﬂh&hlo

condi tions. For exanple, at _pH 2.5, rather n being c
gl uconat e, pm@a%ume@b%nwppwﬁcamleeﬂsswfsalkwm eastlt metals in dmﬂes thatsarbeen

di sceyer echyphiifuckY of Pebrddthdiioh "BolyenRaftyY RidutSridd SRMtions may be

achieved. Specifically, it has been discovered that if transition metals are first
removed, the ion exchange process for alkaline earth metal removal is able to achieve

membrane specification levels of alkaline metal concentration in the brine.

20 Prior to the modified secondary brine treatment process, as contemplated in
the instant invention, the raw brine solution, from a condensation polymerization
reaction, for instance, preferably undergoes primary brine treatment. Primary brine
treatment helps to minimize the impurities in the brine solution before secondary brine
treatment.

25

As mentioned, in primary brine treatment, the brine pH is elevated to above
about 10 in the presence of a molar excess of carbonate ion in order to precipitate
alkaline earth and transition metals as their carbonates and/or hydroxides, followed by
a filtering and/or settling process such as clarification. This is followed by

30 acidification and stripping of the brine to remove carbonate ion as well as volatile

organic contaminants such as organic solvents and dissolved catalysts. Additional

12



process, nenbrane specification levels of alkaline earth metals in brines
that are 15 byproducts of condensation polynerizati on manufacturing '
operations may be achi eved. Specifically, it has been discovered that if
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reaction, for instance, preferably undergoes primary brine treatnment.

Primary brine . hel, 0, g.ni.mze e thpurities in fhe brine
sol ution bef orlgtg‘gg’g%gg%vvﬂl gﬁlléhetéﬂé%%'h Qfllggpﬁ%rﬂgﬂ HeSome fﬁ’??fﬁm%ary
bring trembwisnitilized after primantbrire tedabiviérit® THeGead0NIeof iAtCatd difler t(RvilBs:

presence of a nolar excess of carbonate ion in order to precipitate
al kal i ne PEFIEH i AJIrst stags; isineressay 4p snabje suesessfubremaval of divalénvalkatimdr oxi des,

f ol | owed i LB r t 1L ss_such as ar.ificagion.
This is fo ol\%g %%ﬁ%qgé‘% il csé%g oahha{%% @‘f‘&%m{ﬂg‘a‘r"‘ f%%wp%iﬁvgfsr enove
car bonat eof alkaline earth netals itnthe brihe, wiiclgprivents foilingiof & membfaheas Or gani c
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ferric GSprimany tirinetteatrentd Imftfirst stagentheypHbof the brineasolmrion. is Ajasteg@yal of
i ron and her.trival species i,n.a first stage is necessary to enable
successf Lﬂ%r‘gn@%I atlﬂ"?&’t %Iagﬂ‘ft §|af99| th brine, sqlution. is, passed i throygh & firtecond
stage an algdd . bdd WA | arth

ge andfubBrithaifdd RYif; HRTRSCRRcRALLLd reih lﬁg?mhﬁﬁéte %gﬁﬁéfgﬂ@‘%ﬂ? of

metals in the brine, whi ch prevents foul i ng n the
present |TsmoNingopultivalent metad gationso inchuding ironeatigns; from diecbrine solwticner

pri gary & cdiNedy fdEst stage the pH of _the_brine solution is-

adj tﬁEt ed to a &E)cfﬁ%#@ ?’ﬁe&#é’ég‘tﬁ brﬁ“t%ﬁ"é&?@d? a&'“ﬁﬁa tp ﬁé’*&??ﬂ'@’"s%?ﬂf gé‘h is |

passed t haboughl.5 ahd tise brine solution is passed through a second functionalized resin, the '
second fqnctionalized resin having functional groups capable of removing - alkaline

earth metal cations from the brine solution.

20 In the first stage of the process of the present invention, the pH of the
gluconate-containing brine solution is adjusted from its initial pH to a pH of from
about 2 to about 4, more preferably about 2.5 to about 3.5, even more preferably about
2.5. The initial pH is typically weakly alkaline, pH 8-10, which is common for brine
storage after primary brine treatment. Typical means of adjusting the pH to the

25 desired range include addition to the brine solution of a sufficient amount of at least
one mineral acid. Hydrochloric acid is particularly preferred in the application of the
present invention.

Foliowing adjustment of the pH, the brine solution is then intimately contacted
30 with at least one resin bed comprising a first functionalized resin. The first
functionalized resin may be any resin capable of removing multivalent metal cations,

including but not limited to, iron, nickel, aluminum or mixtures thereof.
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functionalized resin; the first functionalized resin having functional
groups capable of renoving nmultivalent nmetal cations, including iron
cations, fromthe brine solution. 15 In a second stage, /{j Hm bri ne
sol ut i onWoNALKR2Zusted to a pH of fromabout 9 to about 11"%"p ﬁﬁﬂp & brine
solution is passed through a second functionalized resin, the second
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earth metal cdbneachdngeresihe siitableas diwﬁi‘solﬁuncﬁﬁnﬂmeﬂhesxhimslud&tlagemf t he
process of the pr ez:g‘ghl nyentiqn, thelJ Eelt he uc nat e- cont a| ni ng brine
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cont act edthis&éasnhtmmﬁmoaanﬂlmdeemmptﬁemﬂmprl sing a first functionalized

resin. The first functionalized resin nay be any resin capable of renoving
mul tival ent nmetal cations, including but not Iimted to, iron, nickel,

al upgnum or M EhmbRFciAIe! Saflabik3 R Ofesitd253cPCH URRMARERATAE Iren.7e¥change

resins suitable as the first functionalized resin include, but are not
limted tmanufacturedry RoMe&dimg@ormLEWAm‘emvhgmmﬁamdamgBaml ns

that are ective fo n.r i ncl ude i mi podi acetic acid
functi onaF’P%&ﬁ“? e Jp the %‘ist)éﬁmté?ﬂfﬂg‘?%%Smgﬁﬁmbﬁ%‘gphoni c acid (AWP)
functionalized resins. Al though AWP functionalized resin has about 20% nore

iron capacity than I DA only about 13 to about 25% of the |ron Ioaded onto
AVP resin is r&BofiEst fenctionalized resiamprefarably have an iomexchangeseap

Such’as AMSCR e lBsdi el b b, BRI boA Eloatw %iz@%es' "

TP207, namilfiequivalenis »f merglefon per milliliter of resin, and preferably from about 0.5
‘ milliequivalents of metal ion per milliliter of resin to about 1.5 milliequivalents of

metal jon per milliliter of resin.

20 Contact of the gluconate-containing brine solution in the first functionalized
ion exchange resin bed may be performed by methods known in the art, such as batch,
continuous, or semi-continuous methods. In a preferred method, the brine solution is
passed through a column containing a bed of the first functionalized ion exchange
resin. Passage of brine through the column may continue until the metal ion

25 complexing capacity of the resin bed is substantially exhausted as shown by an
increase in the concentration of contaminating metal ions in brine solution exiting the
column. When the metal ion complexing capacity of a resin bed is exhausted, then a
fresh resin bed is employed for treatment of further brine solution. Exhausted ion
exchange resin beds may be regenerated according to methods known in the art.

30 These include, for example, acid treatment to strip cations from the resin bed followed
by base treatment to return the resin to the sodium form prior to being placed back

into service. Ion exchange processes are described by C. Dickert in “Ton Exchange”
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may be used in the first functionalized ion exchange resin bed. The first
functionalized resins preferably have an ion exchange capacity from 15
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e 0L 1 O e o S b R PR P e e lonigd 7 oy
contgnue iéﬂte'xl:hzin?@ réShi aéd {8 comirfiielp of Xémibcohtingsnd Prodéssiafa theBbw raed i S
substanti al | austed as shown by an increase in the concentration of

cont ani naef btgiemaﬂle mbcdmrangqsmom@bmtr losesivbied ivolpmasdper bountemabouni30n t he

fesin bedehd BefyPliey FEB Rt MBir.etebbIf. B¢ ol YafE iHa hithans Foketitus oo
ion  exchpnHe rdngs bﬂamss:eamﬂea voRffesgen hogr REbOLERS tesintbddbvdlmies perown in -

the art. 30 These include, for exanple, acid treatment to strip cations
from t he hasgi Aspised ingthe present inyensignea ﬂpwaramm@apdraét 19 mesinthed velimest o t he

PO B B e BBy T B VB Y A ..

PCT/ US00/ @.8 kéBons!of ralehﬁlatiﬂg ionexchiaigepresin peﬂiouﬁh The mixpeTanfcrrok catactingur t h
edition, vol. 14, pp. 760- 770 (1995). In the first stage, the brine is

i ntimat el vxechmpaeku@anmtmthen@nremlsmy gesin besh manges fromsabayh 203 ke abrutr esi n
bed in a I nUous Or. se n ro and the flo f brine
over the i T9FE Prefers B@ g%?‘oa% ngw'io g%‘g‘\(iﬁa by 'Bﬂ?sprﬁgﬂhﬁ:%ﬁ?o o about
30 resingigd volunes per hour. Mre preferably, the flowrate in a
continuous process is in the range of about 8 resin bed vol unes per hour
to dBout 25 resin bed volumes per hour. As used in the present invention,
a flowrate e gﬁgg srﬁlsmoltp rercg\sréred l?rod Oalmlﬁem with the first functionalized ion
exchange resin contains a significantly reduced concentration of multivalent metal
cation contaminants. The amount of multivalent metal cations that is removed
depends, among other factors, upon the initial metal cation concentrations, the pH to
20 which the brine solution is adjusted, and the volume of first functionalized ion

exchange resin with which the brine solution comes into contact.

Typically, the concentrations of iron, chromium, and nickel cations are each
reduced to below their detection limits in the brine solution following contact with the

25 first functionalized ion exchange resin. This is surprising in view of the strong
interaction between the metal cations and gluconate. Because of this strong
interaction, a fraction of multivalent metal cation contaminants removed from the thus
treated brine was present in the form of water-soluble complexes with a metal
chelating agent. In particular, a substantial fraction of the iron removed as a
30 contaminant from the thus treated brine solution was initially present in the form of a

water-soluble gluconate complex.
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10 per hour indicates, for exanple, that 5 gallons of the brine solutionis
contacted with 0.5 gallons of a chelating ion exchange resin per hour. The
tenperature for contacting the brine solution with the ion exchange resin
bed rangagobi/esabout 20C to about 90C, nore preferably fPERUSBMMMTZOC to
about 70C, even nore preferably about 60C 15 The brine solutjon recovered
f rom t r eat nentAfigr the ppssags P%ﬂ’eﬁ’mﬂétﬁ%éhq firstifynstionalized zesi the-pHof ¢t ai ns a

signific y t [ I A atr mikAt 4

cont am nane s B rARRSER K O, O Bl b i6° a6 [1E5 P ypidl e of
depends, aljusrigg ohdpH tbahe said rangecinchuide oneior imdre istepalof @ddition to dhecbride at i ons,
the pHto 20, which tfge. brine sol uti%is aqdj usted, ,and the vql une of first
funct i onayojution of A,sufficiept ameunt ofian h CAmpAund, such as an afkalmetabes i nt o
contact. wﬁ Iy, the concentrations of iron, chrom um and nickel

cations are eac reduced to below their detection |imts in the brine
solution following contact wwth the 25 first functionalized i on exchange

recal cat ons S0l dlkel el QomBcuRds wichpmay S8 g 10 Alust e plo 0 the
fraction ginddaldionahQile, tat ﬁletrﬁ)git d €8 Noaitin? Adroxide potERiving ggagaiaagt hus

treated brine was present In orm of water-sol uble conpl S Wth a :
met al  chlithium hydrexidator amixpue themof -Sodium hytroxidet is prefémredct i on of the iron
remt? ed as a 30 contam nant fromthe thus treated brine solution was
initFally present in the formof a water-soluble gluconate conplex. 15 WO

01/14252 PCTI UsgifdwAfg le a&fu&@t(i)efni g tﬁ@%ﬁﬂ@%oﬁ{lioh!’tﬁ DPHNSE fromTaBdue of to” St

functionalized resin, the pH the brine solution is readjusted to a pH of

from 9 t oabewddd.51 preferablypiocatioutrd Qnthedbrineais intimately cnatacted (with Resecoridd r ange

sufticr eniosfinalpled idd SRchaghe b el £ bRl Bbdifhous bt McilechinBons o 5
hﬁd_r gxnt ﬁgpro&dstanblme flowatate 6fbrihe Gveriliel Pekin bod ¢dhges frone absitd feginalidust t he
PPIS

volume per hour to about 25 resin bed volumes per hour, more preferably between
about 5 resin bed volumes per hour and about 15 resin bed volumes per hour. The
brine is preferably passed through the second functionalized ion exchange resin bed at
a temperature of from about 20°C to about 90°C, preferably from about 40°C to about
70°C, even more preferably about 60° C.
20
The second functionalized ion exchange resin functions to remove the
“hardness” from the brine solution. As used herein, “hardness” refers to alkaline
earth metal cations, including but not limited to cations of calcium, magnesium,
barium, strontium or mixtures thereof. The second functionalized resin may be any
25 resin capable of removiﬁg hardness. Amino methyl phosphonic acid functionalized
(AMP) ion exchange resins are preferred. Suitable AMP resins include DUOLITE
467, manufactured by Rohm and Haas company and LEWATIT OC 1060,
manufactured by Bayer. It is necessary to remove trivalent metal cations from the

gluconate-containing brine prior to introduction of the brine to the second
30 functionalized resin.
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brine solution include, but are not limted to, sodium hydroxi de, potassium
hydroxi de, lithium hydroxide or a m xture thereof. Sodium hydroxide is
preferred. 10 Foll owi ng the adjustnent of the brine solution to a pH of
from abowbo®n42s2 about 11.5, preferably to about 10, the BCTAIS00/20172

intimately contacted wih a, seconq. functignalized i on exchapnge resin bed
in a batch, dﬂﬁ?"i‘}%d‘?{ $S iscpRimanily; femoygd in ‘bé’é%@daﬁ‘ﬁﬁetﬁg firsp Staget e of

c
bri ne OV%gmtpH?in?ﬁaajodg Volo?%ﬁgﬁﬁ tb M U2 tb Jb%ﬁ#@aﬂgfﬁﬁ%%’%gﬁ%@gguhour |

to about 25°res unmes” per hour, nore prefera t 5
resi n bedolntibn throughea firss funciodalized wesin,Serves topiotett thel ANMPsregiarframiron The

brine is preferably passed thr. h the.second functionglized io change
Cesin bedoREmIBANon; asion i cssegtially BrRver iy Prifn kchangsd opaAME L 'y Tt om
aboyy 40Gedip about 70C, even nore preferably about 60 C. 20 The second
functionalized i on exchange resin functions to renove the "hardness" from
the brine solution. As used herein, "hardness" refers to alkaline wearth
metal cations,~including but not limted t ations_of. calciu nagnesi um
bari um stron_tqq.??ﬁcgpflh Ol _é‘r’é‘(r)a’? sqt;?@astﬁgm ’Ppcfﬁﬁh“?@d’eﬁugja‘i n may
be any Z%a%agnb& gedOby BRMVIs MaoWa! i NBs art, Such)as BRERYéonBReSRNePi C aci d
functionalize (AMP) ion exchange resins are preferred. Suitable AW

resins i semirgentipuons methods7In pae tmethed, the bangselution-is passed ithrongh and

(i 44 ot SOER <ol Al e sl hncbndided ST R Gialed. " pafidl Bt
i ntroductbring ikoughether tolmino malecontiane cuntid (thé Ucuphcion df | the dresiasbed isl6 WO

01114252 PCTI USQQ 20172 ~ Al t hough hardness i s primarily renoved in the
second stsHpwantially exhaustedas shewn by AP incEase e cORGRDFFation of ¢pntasinating [ om

about 2 e ehrtf 0 RAGS T P Yridte Wiiloh Mitiiht bt "WHHS thembiaf ST

functionallzed resin, serves to protect the resin fromiron

cont am ndon womplexing capacity ecfse rresin| bed isr exhanstedbthenaa Sfreshentsinr bedis

excpsamged orfto AtJVP . . . .
employed for treatment of further brine solution. Exhausted ion exchange resin beds

may be regenerated according to methods known in the art.

)

C

When brine solution from a polymer manufacturing process treated by the

method of the present invention is electrolyzed in an electrolysis cell, the separator in

20 such a cell exhibits a significantly longer lifetime. The increased lifetime is due to the

decreased deposition on the surface of and within the separator of solid species

derived from contaminating multivalent metal cations in the brine solution. In

particular, a membrane separator in an electrolysis cell exhibits a significantly longer
lifetime using brine treated by the method of the present invention.

25
This invention has been described in detail with particular reference to
preferred embodiments thereof, but it will be understood that variations and
modifications can be effected within the spirit and scope of the invention. In
particular, although the invention has been described in reference to a membrane
30 electrolyzer, the process as described may also be used in other processes, for instance

those utilizing a diaphragm for separation.
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5 resin. Contact of the brine solution in the second functionalized ion
exchangé resin bed may be perforned by nethods known in the art, such as
bat ch, continuous, or sem -continuous nethods. In a preferred nethod, the
bri ne sowg #sd282s passed through 10 a col um contai ni ng a BEHUSIARE second
functionalized i on exchange. Passage of brine through the colum may
continue until the capacity of the resi'rn bed is substantially exhausted as
shown by EXAMPLESise in the concentration of contam nating alkaline earth
metal cations in the brine solution exiting the colum. Wen the netal ion
conpl exi ng capacity of a resin bed is exhausted, then a fresh resin bed is

15 enpl oyed f 3 ' s LA . eXxchange
resin beds naog;h @ﬁ?g{;ﬁggﬁ%%y% g? wg%f“ﬁﬁ?ﬁ%gg%%&ﬁ%ﬁ?’hﬁﬁgf When
bring sol heiagtrwith aromphae diselosureratidadescription off sove the ¢ompdsitibnb of niatterret hod

of the present invention is electrolyzed in a gllagctrol ysis cell, the

separ at or andymetheds glaymed herein ang, made an eé’F-G‘ﬂ!‘Bi {ps, 1 rto it there. The
i ncreaseded| [ [ tr%?'aéd O Sphield e of
and withisn‘Jo g’tfs‘ggaéra g‘#ﬁgﬁ&%o gggéﬁgzmggﬁﬁv%&?&;%okﬁm na ?oﬁg

mul ti val eimsureescedracyawithirespent toheurhbers €e.g.0 kmbunts, temperatares, etcl) dut somerenbr ane

el g br i FERSAEXANBYs HRBIERE ARreuBed o UNEs dpdlcurd Slereite, BB oty
:op\é g“iﬁ@@%%ﬁn@ﬁ?@fﬁe@eo I,oplggﬁlt fut()hvm%& e u%h@?@??gﬁ"’%f&\g@%ﬂons

and nodi tmlesststnedotherwibs; tisd pressueelis\a binear aimospheric.t and 'scope of the.
invention. In particular, although the invention has been described in
reference to a nmenbrane 30 el ectrolyzer, the process as described may al so
be used igxgpuptsgrocesses, for instance those utilizing a diaphragmfor
separation. Is: 17 WO 01/14252 PCT/ US00/ 20172 EXAMPLES The fol | owi ng

exargl es are Pyfink OLLd 1R8iedSin! Bwd" el Go' Atisve lneRitThdt? elbctiybdr biihe
specification levels of hardness and heavy metals. In the first stage, the brine was

treated at low pH by an iminodiacetic acid-functionalized chelating ion exchange resin
(IDA resin) to remove heavy metals. In the second stage, the brine was treated at
elevated pH with an aminomethyl phosphonic acid-functionalized chelating ion

20 exchange resin (AMP resin) to remove hardness. The details of the two steps are
given in Table Il. The brine contained 300 grams per liter (gpl) NaCl and 80 ppm
sodium giuconate. The crude and purified production brine compositions are shown in
Table L

25 This example shows that the process of this invention may be used to achieve

membrane electrolyzer specification brine impurity levels for hardness and heavy
metals in the presence of 80 ppm sodium gluconate,
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5 the art with a conpl ete disclosure and description of how the
conpositions of matter and nethods cl ai ned herein are nmade and eval uat ed,
and not intended to limt the scope of what the inventors regard as their
i nventi onwolgi/igst s have been nade to insure accuracy w t hpCEUSE02201720
nunbers (e.g., anmounts, tenperatures, etc.) but some error and deviations
shoul d be accounted for. Unless indicated otherw se, parts are by 10

wei ght, t i '@t i roomtenperature. In the processes
descri bedfmgz&eé@ﬁg ?3" ﬁé‘?@lﬁ%@mt he pressure is at or near

at nospheric. EXAMPLE 1 15 Brine was treated in tw stages to achi eve

menbr ane el ect rumﬁmwr_m_ws and heavy

netals. In the ﬁqﬂéﬂon%‘age ey i pButified Brine at nﬁp@sﬁqaampH by an

i m nodi aceti c g@=fumncti 17) ot Ty T Ot gerestin (1 DA resin)
o B P e coqd BPage. ¢ ne| FIT

to renmove heavy| netals. Ip't ecof t he was trfeat ed at

el evated pH wi tjiMgn am nofeRippm phosFippbi C aC| d- fa3@pponal i zgd chel ati ng
ion 20 exchange resin (A resi n\ td renmpve hardhess The detlails of the
two steps are |§Bven in T+943EPPE The0®7ippm cont H-A®BMB00 grdns per liter
(gpl) Nad and 80—pprmm—sudrunrgrocorate—The—crutde—amd—pur+f+ed production
brine conpositions are shown in Table L 25 This exanple shows that the
proc®ss dlableIE BrineParificationyCosaditionsl t 0 achi eve nenbrane el ectrol yzer
specification brine inpurity levels for hardness and heavy netals in the
presence of 80 ppm sodi um gl uconate. 18 WD 01/ 14252 PCT/ US00/ 20172 Table

| . Producti off BrtTie COMpOSTT 'Sfé FOTTpOTTETTt HdWWPUT‘I‘h‘E’d“&'l ne
Specificatiop _Ca 0.6 ppm 11 CatMy My 0.2 ppm 7 ppb <30 pph Fe 0.3 ppm
<0. 07 ppm O. pRegimType Tabl e I—.IDIar-quBnalizfedcat iAMPTFundtionadiaed St ejp | Step ||
Polystyrene Polystyrene
(AMBERLITE IRC- | (DUOLITE C-467)
718)
Bed Volumes/hr 10 10
Feed pH 2535 >11
Temperature 60°C 60°C
Example 2
10 This example shows that the process of this invention may be used to

achieve membrane specification brine impurity levels for hardness and heavy metals
in the presence of 350 ppm sodium gluconate.
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Resin Type | DA-Functionalized AMP-Functionalized Polystyrene Polystyrene
(AMBERLTTE | RCG- (DUOLI TE C-467) 718) Bed Vol unes/hr 10 10 Feed pH 2.5-3.5
>11 Tenperature 60'C 60'C Exanple 2 10 This exanpl e sho&%@g&o M],g
process WD 0WA#BS2i nventi on may be used to achi eve nenbran A cation
brine inpurity levels for hardness and heavy netals in the presence of 350
ppm sodi um gl uconate. 19 WO 01/ 14252 PCT/ US00/ 20172 Table M Production

Bri ne CoTablkei Il ®rodactiepBrine Cormpositiom sodi um gl uconate 5 Conponent Crude

Brine Pu %i el&ga%ll ne Specification Ca 2.8 ppm6 ppb Ca+My My 10.2 ppm 0. 4
ppb <30 é &p 0.3 ppm <0 05 ppm 0.5 ppm Table IV. Brine Purification

Condi ti og _goap,f) W% | Step Il Resin Type | DA-Functionalized
AMP- Funct | I ze yst yrene Pol ystyrene (AMBERLI TE | RC-718) (DUCLI TE
C-467) Space Velocity 10 10 (Bed Vol une/ hr)

Component | Crude Brine | Purified Brine | Specification
Ca 2.8 ppm 6 ppb Ca+Mg
Mg 10.2 ppm 0.4 ppb <30 ppb
Fe =03ppm |<0.05 ppm 0.5 ppm

Table IV. Brine Purification Conditions

300 gpl NaCl
Step I Step I
Resin Type IDA-Functionalized AMP-Functionalized
Polystyrene Polystyrene
(AMBERLITE IRC-718) | (DUOLITE C-467)
Space Velocity 10 10
(Bed Volume/hr)
Feed pH 2.53.5 9-10
Temperature 60°C 60°C
10
Comparative Example 3
This example shows the necessity of removing iron before removing hardness
in gluconate-containing brines.
15

The feed brine contained 0.32 ppm iron, 2.0 ppm Ca, 0.81 ppm Mg, and 390
ppm sodium gluconate. The brine contained 300 gpl NaCl.
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Feed pH 2.5-3.5 9-10 Tenperature 60'C 60'C 10 Conparative Exanple 3 This
exanpl e shows the necessity of renoving iron before renoving hardness in
gl uconat e-containing brines. 15 The feed brine contained 0.32 ppmiron, 2.0
ppm Ca, Gv@éwpmse My, and 390 ppm sodi um gl uconate. The brRGRUSWRO2ned 300
gpl NaCd . 20 WO 01/14252 PCTI USO0/ 20172 Feed pH 9-10 Feed Rate 3.3 bed

vol umes/ hr  Tenperature 60C 5 In this case, only a single ion exchange step
was performedl;ggdé brine. Agj1oAMP V& resin was used to treat the brine
for hardness renoval wi thout renoving the iron and other heavy netals
first. The pr FeedRatear dness |28 bkd wolmmeshrppm My and 50 ppb Ca, which is
above the nmenbrane el ectrol yzer specification for calcium 10 Wthout being
bound by any ti¢apeqature; s bebd°6ved that the presence of iron in the feed
(as dron gluconate conplex) interfered with the ion exchange process for
cal ctum by continuously displacing calciumfromthe ion exchange resin.

Conpar ative BEjanik cast, oy dSingledumexdangdistep wak perforrned oh Yheobrinec i ng i ron
bef ore renovi ng hardness _in gluconate-containing brines. Feed Brine
Conposi t iAMP typeresipovasised tareatiihy brns:for hardness remmoval without removing the

iron and other heavy metals first. The product hardness level was <10 ppm Mg and
50 ppb Ca, which is above the membrane electrolyzer specification for calcium.
10 Without being bound by any theory, it is believed that the presence of iron in the feed
(as iron gluconate complex) interfered with the ion exchange process for calcium by

continuously displacing calcium from the ion exchange resin.

Comparative Example 4
15
This example shows the necessity of removing iron before removing hardness

in gluconate-containing brines.

Feed Brine Composition:
20
300 ppm sodium gluconate

0.72 ppm Mg
5.8 ppm Ca
25 1.90 ppm Iron (Fef

Feed pH 10.3
60 degrees C
50 gm resin (AMP resin)
30 14 gm/min brine feed rate (12.6 bed volumes/hr)

21
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0.72 ppm My 5.8 ppm Ca 25 1.90 ppmlron (Fe) Feed pH 10.3 60 degrees C 50
gmresin (AW resin) 30 14 gmimn brine feed rate (12.6 bed volunes/hr) 21
WO 01/ 14252 PCTI US00/ 20172 The effluent conposition is shown in Table V.
Thi s showe oifias2t he i on exchange resin is unable to rem)vd’O'MﬂS!lﬂléwzto

| | i f nb I t bot h
| Fon and g ucd R0 EORRREIORts FREBHR 5 AR, Vi r JAHNE S03WS B Deriong. Ca
(vs CO”pé:chHah%/ € r&HP P hfable td FerRbled hﬁ%é& wlewﬁ e thraiﬂgfr IneMBlanfceil” ON 1N

this exa vs conparative exanple 3). This exa urther shows that
t he i r onoperatiom|if/ theirbring! tontaigsihothl ivond@ndt glosenatesndi The rhigheT adfflaeny Hour s

F 42 0.14 60 48 0.,64.Q.14 40 .72 0.90 0. 25
wo (58" cipbebiRifin 8P voBPMs add) o5 Hstipestive, ataple 3 i jatiibired ) (e
111'51111 highkt rebemﬂdﬁﬁ%z ei&aplweeé cmﬁp&hew@émpse 3)V Phid exdinple rlxditkr | OF

renoving inpurities froma brine solution, the brine soluti’on conprising a
wat er soShowsthaethe iropiwsszaniypartigilnremaved underttbeseconditioss.ng the 5 steps of :

a) adjusting the pH of the brine solution to a pH of fromabout 2 to about

Table V

Hours Fe(ppm) Ca(ppm) Mg (ppb)

24 042 0.14 60
48 0.64 0.14 40
72 0.90 0.25 40
96 1.09 043 35

120 0.674 42.4
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4; 10 b) passing the brine solution through a first functionalized resin;
the first functionalized resin having functional groups capabl e of

renovi ng nuwd% I%t netal cations fromthe biine-solution; c) adj ust i ng
r ‘%

the pH of t I'Mé solution to a mjuymm,mm t9| éga?ngtgcr élgoé]&oﬁ%eand

d) passing _the brine solution thr
second funcVhetiaF sesin havi ng funct iron4l igro*ups capabl e of renoving
al kaline earth nmetal cations fromthe brine solution. 20 2. The method of
claim1l1, further conprising the step of pretreating the brine solution in
a primary brine LreatAemethod £ge removing itmpuritiep fdin aSbrinehsolutidd) atle ding! ai M
1, wherein tgmof' rst functional |é§d resin e,m)ves 5 iron, nickel

chromi um SPIOREAMPFiSIRg.a Wateg sql F&ﬂmc@ea‘i‘%a g methed campnisinggher ei n
the segond ddyagki onalized resin renoves cal cium magnesium barium
strontium or m xtures thereof. 30 5. The nmethod of claim1, further
conprising the step of e) recoveri ng the brine solution. This Sheet Has

Been Replaced ~I[11UL1]l llIIII AN [Tl LIISI

1111 WO 01/ 14258 M PZ%?? "‘H‘? %t‘ﬂéd’%?&?’&l%ﬂ \Wh@?"é‘in t he
first functionalg,zed re5| n i's an amino diacetic acid functionalized ion
exchange resin. 7. The nethod of claim 1, wherein the second functionalized

resin is an 5 am no methyl phosphonic acid functionalized ion exchange
resin,,8. The hod of .cl erein the b in ste S
pasself througﬁ he %ﬁ%%ﬁs\gﬂﬁﬁ S fﬁfsgﬁm %@E@Vé‘%&"t from

about 1 to aboutfunctionalized resin having funcuonal groups capable of removing mulnvalent

metal cations from the brine solution;

) adjusting the pH of the brine solution to a pH of from about 9 to about
15 11.5; and

d) passing the brine solution through a second functionalized resin; the
second functionalized resin having functional groups capable of removing
alkaline earth metal cations from the brine solution.

20
2. The method of claim 1, further comprising the step of pretreating the
brine solution in a primary brine treatment stage, prior to step a).
3. The method of claim 1, wherein the first functionalized resin removes
25 iron, nickel, chromium, aluminum or mixtures thereof.
4, The method of claim 1, wherein the second functionalized resin
removes calcium, magnesium, barium, strontium or mixtures thereof.
30 5. The method of claim 1, further comprising the step of e) recovering the

brine solution.

This Sheet Has Been Replaced
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15: bed vol unes per hour. 10 9. The nethod of claim8, wherein the
tenperature of the brine sol ug““‘““ﬂl“sul‘ﬁrmjﬁmt 20C to about 90C. 10. The
nmet hod of claim 1, wherein th n step b) is passed 15

t hrough tWe o142 functionalizel resin & 4 space vel oci t y pefrrdsoomppout 1

to about 30 bed volunes per hour. 11. The nethod of claim9, wherein the
t enper at ure of6.t he TFhé meethod of iclaimi &, whersin sheofirst fowtionalizad fesgois a0 12,

The met hod .of e e r re of the brine solution is
about 60@?’“&%‘1“’?%% &%,98?&%3?%T°%%%‘ﬁ the brine solution in step b)
i s passed 25 through the first functionalized resin at a space velocity of
fromabout 1 to about 15 bed vol unmes per hour, and the hrine solution in

step d) is pas®ed tm@mﬁhqm@f@lmddwhpmthmm%mwe@lmawm
(e o ol A il Mg T et s

8. The method of claim 1, wherein the brine solution in step d) is passed
through the second functionalized resin at a space velocity of from about 1 to about
15 bed volumes per hour.
10
9. The method of claim 8, wherein the temperature of the brine solution is
from about 20°C to about 90°C.

10.  The method of claim 1, wherein the brine solution in step b) is passed
15 through the first functionalized resin at a space velocity of from about 1 to about 30

bed volumes per hour.

11.  The method of claim 9, wherein the temperature of the brine solution is
from about 20°C to about 80°C.
20
12.  The method of claim 10, wherein the temperature of the brine solution
is about 60°C, |

13.  The method of claim 1, wherein the brine solution in step b) is passed

25 through the first functionalized resin at a space velocity of from about 1 to about 15
bed volumes per hour, and the brine solution in step d) is passed through the second
functionalized resin at a space velocity of from about 4 to about 8 bed volumes per

hour.

Sheet Has Been Replaced
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