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Abstract: This invention relates to a nethod for renoving inpurities froma
brine solution, the brine solution conprising a water soluble chel ating

agent, od conprising the steps of: a) adjusting t e brine
sol uti ow%ﬂ%E%H of from about 2 to about 4: assing Fﬁ'gﬁgro%(gggol ution

b)
through a first functiMiAHOBFORREPUCINGMETAL IONt i onal i zed resin havi ng
functional groups cap@RCENTRATIONINBRINESOEUTION al cations fromthe

brine solution; c) adjusting the pH of the brine solution to a pH of from
about 9 to about 11.5; and d) passing the brine solution through a second
functionalized resin; the second funtionalized resin having functional

groups epEBIoF PHEMREYNPEOR! kal i ne earth netal cations fromthe brine

sol uti on.
This invention relates to a method for reducing the concentration of

multivalent metal cations in a brine solution containing a metal chelating agent. In -
particular, this invention relates to a method for reducing the concentration of
muitivalent metal cations in a brine solution involving the use of a membrane
electrolyzer. The brine solution is a product of a condensation polymer manufacturing

process and contains a water-soluble chelating agent, such as sodium gluconate.
BACKGROUND OF THE INVENTION

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
common example is the reaction of bisphenol A with phosgene in dichloromethane in
the presence of agueous sodium hydroxide to producc- bisphenol A polycarbonate and

sodium chloride solution.

To reduce production costs and avoid environmental pollution, such brine
solutions are often recycled to a chlor-alkali 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 coinpanment and a cathode
comparument with an appropriate separator in between the two compartments. The
purpose of the separator is to separate the anolyte solution and the chlorine gas
evalved 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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monorpcr and low molecular weight oligomer. Inorganic contaminants may inclade
multivalent alkaline earth and transition metal cations, particularly iron, calcium, and
magnesium. When brine solution containing one or more such contaminants is
electrolyzed, both organic species and metal species may precipitate on the surface of
gnd within an electrolysis cell separator .to cause plugging. To achieve maximum
| lifetime of a gpara,tor in an electrolysis cell, the concentration of contaminating
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
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 jon 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. Tlns is ’
followed by acidification and stripping of the brine to remove carbonate jon as well as
organic contaminants such as organic solvents and dissolved ‘car,alysts. 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
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
membrane separator plugging during electrolysis of such brine solution is the
precipitation of alkaline 'car_th 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. Analysié has revealed that there is still a very
low concentration of alkaline earth metal cations present in electrolyzer feed brine
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
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rom product. With iron (), for example, gluconate anion forms an iron-gluconate

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
iron (I} 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,
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
MCnt. When brine Vcdnta'ining metal-gluconate complexes such as an alkaline
earth metai-gluconate complex enters a membrane elcc&olytic cell, the gluconate is
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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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 a porous asbestos or
polytetraflucrocthylene.  In contrast, membranc 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.

There is thus a need for a method which will substantially reduce the
. concentration of multivalent metal cations, particularly alkaline earth metal cations, in

5
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brine solution obtained as a by-product of a condensation polymer manufacturing

process, said brine solution comprising trivalent metal cations and alkaline earth
metal cations, the brine solution further comprising a water soluble metal chelating
agent, the method comprising the steps of: |

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

b) passing the brine solution through a first functionalized resin having functional
groups capable of removing trivalent metal cations from the brine solution,
thereby reducing the concentration of trivalent metal cations in the brine solution;

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

d) passing the brine solution through a second functionalized resin having functional
groups capable of removing alkaline earth metal cations from the brine solution,
thereby reducing the concentration of alkaline earth metal cations in the brine
solution, wherein steps a) and b) must occur before steps ¢) and d).
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In the specification and claims which follow, reference will be made to a
number of terms which shall be defined to have the following meanings:

The singular forms “a”, “an™ and “the” include plural refc;'cnts unless the
context clearly dictates otherwise.

A “brine solution” is herein defined as an agueous solution of an alkali metal

halide, including but not limited to, sodium chloride, potassium chloride or a mixture
thereof. '

A “rgw brine solution™ is a bririe solution which has not been treated or
purified. |



process, said brine solution conprising trival ent net2s Febduan004nd
al kaline earth netal cations, the brine solution further conprising a
wat er sol uble netal chelating agent, the nethod conprising the steps of.

a) adj uybigagedshe pH of the brine solution to a pH of fro?&,ﬁého 0173)
passing the brine solution through a first functionalized resin Raving

functional R a@rabepsionally e meansn ghatrthe subsdquerdy desoribed Rvefiy’ 640 t he
brine siuti [ I cing .t concentratigon of trivalent netal :
cations Int ‘g“‘ffr‘.t“ﬁg"ggﬁfﬂ%g ;“—'&?"Q&ﬁﬁg‘?‘Fﬁgscfwg%ppfﬂ?gqsﬁgstch\qyt@m ution to
a pH of thereenbodcarslandbinsianées WheRPft doddndthe brine sol ution through a second

functionalized resin having functional groups capable of renoving al kal i ne

earth nmetal cations fromthe brine solution, thereby reducing the
sol uti on,

concentratio f in rth netal tians,in the Qrine
wher ei n st gpg'hg)m?ng’?ﬂgi’ s?r’ﬁ@fonoescﬁpmﬁﬁpgﬁiﬁaé?éﬁlg E!'?seé'hd“\lfﬁ“.u% gy hehr uar y
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increase the lifetime of a nenbrane separator in an electrol’ysis cell for
el ect r oPRPIRGMISINg process.. Copdensatiommanufgcmringprocess that may predude brinel at i ng

P oat oy 2153 goBaER e, 1 BRSO o YonensRpR preiooen bt sroduee ©
i nventi pdywboﬁmes;ndepdyﬁmis,norpolyﬂgmtésy bwﬁrﬁasﬂce %aggrfﬁag%ﬁg%%om ng
v

det ai | ed Ide cr.iption of preferred enbodi nents of the i t he
exanpl eROWFEF t hePelypthersgifones, + hpolyetbedatonast hqubdyesherettierkeionssd and

descri hienke Sulfiy ' ﬁ%ﬁq hitehest Sk pygntion is not limted to
speci fibgdg%‘?hods ore%)’gm ar- %’ECL 'ardcrsorrm ajf?‘}dz'ﬁg, 5 such may, of . course,
vary. It is also to be understood that the term nol ogy used herein is for

t he purpose ﬁ{] defc%igg payticul ar embodi ments only and is not intended
to be [im t1h§POI¥FaiDRRatE proquetien Progess fer inswnes aghes sodiumwehloridé er ence

¥V|0: : . \tI)VI fhhrgﬁﬁrlrgsa% iﬁﬁ‘gquliém&n o le4s? OHE bidPhéiibl K 13hdedfhn Q]e‘f”lgg%g shivehVn ' e
~ phosgenc or a carbonate precursor such as an oligomeric carbonate chloroformate in
the presence of an agueous 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
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

‘thc most ecfficient operation of the cell. The sodium chloride concentration, for

~ instance, may be incredsed 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
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 chloride at a
given temperature. Preferably, the sodium chloride concentration ranges from about



The singular fornms "a", "an" and "the" include plural 23 Eémnuent200dnl ess t he
context clearly dictates otherwise. A "brine solution" is herein defined as
an aqueous solution of an alkali metal halide, including but not limted
to, sodi WAYAMTZ de, potassiumchloride or a mixture ther BET/USR20Zy bri ne

sol uti onjod fo bRk B %‘?3‘@?515%5 ' S n.ireated or urified 7 23
February 2004 WO O%? 3@?{3@6@“&8@7%?&%‘&35 gp 3%8}5&18(92'&*9“‘ nmeans
t hat t he3btupmegyeniitey ofieslatioled event or circumstance may or may not
occur, and that the description includes instances where the event occurs
and instances where it does not. The raw brine solution as contenplated in
the present i TysihllythEBinkSsoldtflPbyStodin: ; 8{, domnuract urin
process, such as a’gohdensat ioon poPgﬁer Frg%g%’é’g{‘g‘??%" %88@““"“

Condens apéipmernpraduat and,i after pratious trettydnt nsgps o CiflcieasedhieebncatratioRYofPr oduct
I ncl ude, mted to, condensation processes that produce

are not |j
pol ycar b%@%s‘ih?%&yﬂ 19 Emoye contgminants, is seqygled fosan glscyolysia aieliwes,
pol yet heprodnéte Thicpik y oditink ige! %ﬁ@; k;gdlo .
pol yet hglrset her Igetones,gésbgs(r)l yary engmggl%lclﬂ es, po @g‘?’yﬁ%eﬂ%m fslué%glﬁl f ones,
and t he ¢legteolysis, cellsomiay comiprisatan ancsie impanmeno aad s cthodd Serhpdtfifientaqueous
sodi um Cm&rahdagn m}ﬁﬁges as a%:oro uct when at | east one bi sphenol -is
reacted M an Srgamie SBMHALN PRVESD Moo cprapytments 19 semimte the analyteor such

as an ol sobaival drel e R Bas NI 8B uRodd iroh!1Fe BAESHAE 1 Hlorb Ay OUS

al kal i ne earth netal ga/droxi de, such as aqueous sodi y o]
M

pr oduce, Bysiregsn,gas evelied at threpthode mithin the qedll \Qptidnalip,ithe atphratpoiyy Be bonat e

copoly spch a process include, but are not limted
o bl sphacist B oS itk SCmaBolly REpbutn: epabaes gve iR t the
pol ycar trepartte; the addeTohipattaichoiidiie caiboab Bmpartmb@l ycar bonate, and mi xtures

thereof. Before recycling to an electrolysis cell, the concentration of the
al kali metal halide in the brine solution, for instance sodi um chl ori de,

may be increagefibkdtie Whaatbrs may comprise an ion exchange resin which selectively

. passes alkali metal cations, but not anions, from the anolyte solution to .thc catholyte

solution and which substantially retards back-migration of hydroxide anions from the
 catholyte solution to the anolyte solution.

During operation of a membrane electrolysis cell, solid species may gradualiy
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 |
DuPont, “Effect of Impurities on Membrane for Chloralkali Production”, James T.
Keating, EL 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 Chemical Technology, fourth _edition, vol. 1, pp. 938-1025
(1991).
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the nost efficient operation of the cell. The sodi um 28Ifebniade2004
concentration, for instance, may be increased by the addition of make-up
salt. Make-up salt is sodium chloride obtained, for exanple, fromnatural.
ground wemeauiss or from evaporation of sea water. In thedpsRagruti ON

uhioh 1S SUbTEGhli MbhbinE it @he hlRATBAY oOheSAMUTLIF Bpltititic | "

solution ranges froma concentration of about per
sol ut i cthe hrineaslution thefore whentnolysist isosubiectedhito hpurifieation stepstoi mamae ur at ed

i th sodi hlor i t, i ven t ture. Preferably, the sodi :
ohi or | FONBBENS, Snemipdy ducpe, otk dhpses fiom the, rolymer) penvipgugag 14252
PCT/ US &dd theQ frémaiskt-up 38, OWRIH iP Vftchiddatd ﬂf biifit mg? %Sl ﬂtere&

‘preferably from about 180 to ‘about 315 grans per liter |on.-
© Typi cal frgm theepalymee mashfactusingbprogessdudiypics! septaminiaats inchudet plenoliedensat i on

| duct d ft . t t st to.li th
G oncent ey, Prigric Earafben ane s ilenfisidns® dpd acral e, s s aieine eath ecy ol ed
to an edrdatneitivairetaFdatioh? PRHRAHGR siph B fedfodontabBfidtnolide Qhb OF.

solution, and-hydrogen gas. Suitable electrolysis cells nmay conprise an
anode dBafastepsnef tign cef (rethonaisnpad t hydroxidei fon ton pregipitese | memlssepar at or

bet wee . t arate t anol,yt sol ution d the

ol or 1 rebuafcati, T8, IHlRs g SR aH Eh 3 GbieBens 3P HPBHE BAE e

hydr ogesrg@is itﬁgﬂﬁﬁésdaﬁ trédtiReMs sliclles ivhlcRtherip8 Qo fiube tHetbh dhidativn of NE
separator_may be at |east partially porous to water. Commonly, nenbrane
separ atBrkivaleat metacatipnsie  separate the anode conpartnent and the cat hode
conpartnment. Menbrane separators may conprise an ion exchange.resin which
selectively passes alkali netal cations, but not anions, fromthe anolyte

sol ution to Alkalineielh yrietal cadbng thad ape fted) ipedsenUidStha Tawbirine §dthd@drS
back- m, ion of hydroxide anjons fromthe catholyte solution to the

anol yt 3pe ERghm MREREERafhe falsium apd FransEu eancewrafions indhd | sol i d
SPeci iRl i dhay 264t iMdbGhicAlly bn Wt FARE dFapBiobbs Blls bl

menbrane. This causes a genera pertT or mance I'Tne,; i n
ef fici gnillionigpprae @bowt12000 ppmc pieferablytin ge: range ofdtaat0.008 ppin toraloin
! ncreas&ﬁ pop(l)t\:/\,e aﬂxd(ﬁqgrglf)%ﬂag@ ik the }Jarﬂg}c o?h ut 0,003 {Jp%jltjg Eﬂlagurg'lﬂ ppm. For

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

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

~ Multivalent cations, such as ﬁansition 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
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
g:fﬁc_iency of electrolysis cell operation and -in order to achieve membrane
specification levels of alkali metal cation levels in the membrane electrolyzer feed
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
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The -effects of inpurities on nenbrane cells are docu®htdaryr2084r eport
published by DuPont, "Effect of Inpurities on Menbrane for Chloral kali

Pr oduct i @n" s T. Keating, El DuPont de Nenours and Cipé)iga ;

Wl m ngtﬁrg’,m’b%%ge\_/var e, USA. Details of the chloralkali pr ocessgﬁa‘lpgl?&i ven by
L. C. Curparts pefhillionHppbjarlajparticatat, it.viis folriad g0 thei preseAbd of iron hdltheltead | ne

Product g:. Chl orj ne and Sodi um Hydroxidg!', Kirk- Ohnmer Encycl opedi a of
Chemi calﬁmpgc?fﬁﬁllug'@%/ acr}?‘?)ﬂflg HheraPtans nspegijcation lsyels wigalkabne eantiygmetal 9 23

Febr uar \-a@6in VR Sidied 35 a.cRET S0 10k of MomBRsk i edifiiplene | fetime and
efficiency of el eg"tHr ol ysis cell operaﬁgg%, ?‘Hgaérl ne so | % bef ore
electrolysis is subjected to purification steps to renove contam nants.

Cont am nant s 'n%l uqe.both t hose Lﬁro .t he pol yner manufacturing rocess and
t hose from CUPPRETGS, a3 fPRiRmplated (n, %d’ﬁ"e%mt BVEREQR GOMAIn jaswateEy c| ed

from t heolubley Hidtalmehelbity WebMd Wi S8y oM GterSORS 'sm@é%ésn%h de
phenolic species, organic catalyst and solvent residues, ‘and netal species
such as myltivalentanetal eations dparticulariy trensitien wietal xeiionss Typical tateasolablest eps t 0

; ' i . t f additi f bonat d
nyar oxi Saciil " 3Bk, PEET JORENG v eDleheiamioe Brrafietiv; |2t (BT ANG] at || o6
strippi mitriloeiadetictacd (NTAD, licEHibeRid,! shd aNCfeheR | tidiuf ARSI CSodimsy’ | ti es,

and treatnents-such as ion exchange to reduce the concentration o
mul t i valBEHFORHEL 14| Paskiqulashi preferredcn ithe buinet solntiens| of shis omyentiont & of t en

present 4 fr&? LS g i d | ci um and, magnesi um The

cal ci umpgér%-c mﬁ%@?@%@o%@%# 'Lé@pglﬁsg’?kytcﬁgﬁﬁ'%\?ﬁ?}ilﬂ %i%ﬁ’"ﬁﬂy each

i ndepengeint Lo theepuirificttien prooes off thaievEntidn(9 In B fatig® OF abbid 10 fpm(BPM tO
about 2080 Br eferably in the range of  about 0.005 ppmto about 400
ppm an %P e & mare preéerred gancentration is ithg yen aboutHbppm10 ppm
For naxémqmn? e lifetime and efficiency of electrolysis cell
operation the sumo the concentrations of both cal cium and magnesiumin
the purified electrolyzer-feed brine solution is nost preferably in the
range of |es thaé\{?ﬁbout 20 Mul tival ent cations, such as transition

b. .
metal cations} &f Aé‘?“é“‘l&ﬁ‘eggmaqm FROTE HEBFILYF P FRAAINgRIsothapnc| ude
iron, cldiaphiagm sepadtons. Clipuritit! WhictPifect MeNBrB cAlkformance and which

may be present in the brine from a condensation polymerization process include, but

are not limited -to, calcium, magnesium, strontium, barium, nickel, mercury,
aluminum, iron, and silica.

Impurities have different effects on the membrane and different :uﬁounts 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

membrane as hydroxidéé. 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 result in a
decline in the efficiency of the cell.

- 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 fermic,
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ni ckel concentrations in the brine solution prior to 2hEepuaif200dti on
process of the invention may each independently be in the range of about
0.001 ppmto 100 ppm preferably in the range of about 0.001 ppmto about

10 ppmwenthdeie preferably in the range of about 0.001 pEddEpaBout 2
ppm For maxi mum nmenbrane [ifetine and efficiency of electrolysis cell

oper at | GATOREM. and alyminum ipnsc and \ee modadiraffivity Spe divalenaicatons, eiel a5 of

al kali g® i S i rane electrolyzer feed brine, the
concent r.a%lm(%%g'?j | rgngs\g'%' ct#oé#’gﬁg?%’f Ifg"tﬂflcff'?’gﬁ‘ thsauensy, ffam ar e nost
pr ef er aglucorate bontathdypestatant tayst] thetdfore, 80&BoME thiB Putbrali@P1 ppm to about 0.1
ppm “and the concentration of nickel in the purified brine is nost

preferably bel ow about 10 10 23 February 2004 WO 01/ 14252 PCTI US00120172

parts per bild, sTel )R rii [,,.]t was .found that the presence of

iron in the nggﬁe’grl ne %#%8?%%@@%%?3&%%”&%@% PP@a{)qcéW | evel s

of al katliaheosainshmnitivalent fretdl dosis isticH BE idnrof EASURL | rme@&i,[ﬁmzﬁmf Oﬁl i ng
ated In the

of menbranes i elg trolyzers. Brine solutions, as contenp

pr esent SIF?REz%PﬁS‘FFF g’&rﬂl%lpﬁl af the: brine selutione Fastexamples | the iivog-glgmmatewhi ch may
f or m waiférm&fintia! ; . | ent. netal, cationg, particularly
transi t?gf] rretni:;:g ‘?Qf%gmgrp%é#ﬂv{g% éé'idé@%&@mﬁﬁg ﬁfﬁﬁ??b“ g@'@ﬁf’gsi ncl ude
NN N, PtsoNRQH: saliiam. ndidvwevenadse ierasich GERElivelyniybdl b fGgki ¢ aci d
(NTA), gluconic acid, arfd rall__of their-sodium.salts. Sodium gluconate is
parti cuF¥FYPns ) Eptframple. at B 455, FathesJhan ibsing eemplexed witheglucamate, The

pr ef er r gshut Q0% UTth&irbP Existh , QTérﬁ‘éliHPl e netal chelating agent in the brine
solution prior to the purification process of the invention is in the

range of about 10 ppmto about 2000 ppm and the nore preferred

concentrati IS Lnh the ran f about 50 m to about 1200 m In

general nenb all?fgs ?%%‘aﬂ!ﬂ’%‘f‘é&gﬂgﬂngremgé EP?@ woaéwahaimmeggmnan

di aphr aproeesepnienibaire. spetHidhtion Sevetd bf MBITHE artP AR o %ﬁn'%gﬁ:fzag% mance and
sat |

which ay be present 'in the brine froma conc n po ion
pr oces PYPFRIuGHe of gendensationo polymerization t manoficuiring opegitiens Ulay Sbé ont i um

bariumach |, , . al um nu i ron nd.silica. lmpurities have
di f f er ent ceF?ec%@‘ oni&pi’e“n%ﬁb Hre BV‘EfF?f‘EF’eﬁf rapsiieR Jnefals; gre first
- removed, the ion exchange process for alkaline carth metal removal is able to achieve

membrane specification levels of alkaline metal concentration in the brine.,

| 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 Srine
treatment helps to minimize the impurities in the brine solution before secondary brine
treatment.

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, folloered by
a filtering andlor setlling process such as clarification. This is followed by

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

organic contaminants such as organic solvents and dissolved catalysts. Additional

12



various inmpurities may be present before the system i3 Februed 2004 i nst ance,
cal cium and nmagnesi um at about 20 parts per billion (ppb) will begin
preci pi twoigng4isp the nenbrane as hydroxides. Strontium aty SHoreld? ppb
wi |l begi a cqﬁisP{:}} ati(?% i.n the menprane. Barium at about part per
mllion pp% Wit T Bgt UL IgY barytliged s nesessamibremeve Sxgdhiorspacibs at e at
concent r atcloassmohomiicind 14Q ' ' ecline in the

et whf2hy PRk e

- efficiency of the cell. As nentione Fne Solut i conprises a water
solubl e netal chelating agent, such as sodium gluconate. Water sol uble

metal chel ati -such as.  sqdi um gl uconate, exhibit a strong
affinity for ?1? i vgﬁ egne[%t (’:Ié‘{éi“gﬂg', the &8}1’53@"‘% rthe pHite preduceisoos fieeogic WO

01/ 14252 T4 WHADRUAHET Printdty Ofhé Meaiitthe 2 Y 'Og}ﬁgo }f}% modest af finity
for divalent catigns, ?uch as cal ciuman @nrg‘glﬁggiu A0S GeEsavalent;

renoves. PRACISSVRIZHES &tage énmecessany to enpble suaessfeorhmival OdIvALARHIKNMS! |

t her ef or ' 1S d ction, .Co ex netal -gluconate equilibria
det er m ng t gﬁ%%ﬁ%{sp #lo%ngegé&g&gﬁ %W%@H%m&nmnmxfm@mcvmt al ions

such as of alkaline earthanetats id tRWRirRWhidhrbveré foulinb 4P Q! Lected by the pH
of the brine solution. For exanple, tﬁ{a iron-éﬂlﬁégﬁg{!gﬂ?{r’\?ﬁ?‘action s very
strong under all alkaline conditions, froma pH of about 8 up to 35 W%
NaOH sol uti ongy weak under acidic

P - N ction. is rel.ativel
, condi tions. For eﬁaﬁe‘?ﬁ{ﬁ%H&% SPET PIPCESH 4 © G4 Breferably cafier t h
gl uconat primaryihyine tg0tmert. tThe fisosnagy ithé y ki EODg: s_been
di scove;ﬁg ‘;éh t b m)?if I ng the sgééondg_??/éfbt?l}e%gm%?’é%?%ﬁgdj%@s%,
menbr anet 5p cﬁ?’incél?q“& |‘%\P.§‘8§t Bt 2ns] kel brige esoluthonnist passed thropgin@sfishat ar e
by pr oducfusctidnaligfiDRemati hzak Lon nuf act uri ng operations may be
achi eved. cSp;ci fi c_algiiﬁilmeicﬁﬂ-sﬁg% ee:irllﬁglli ?%&,gg‘aag °F4] goupsapabinofiet al s
are firdSemovisggpslgivaichemietal casicis induding Gesis cidns 2FbA th% r‘E’Pi? t al
removal 1hs aPRLf & A hi eﬁeﬁéﬁ;rbran specification |evel srgl? a gﬁi ne net al
concent raigl on In “?%é&bcr? & HRe sQuiion isiadinsted tp 8 pHoofdmom aboutrieta 1 eat ment
pr ocess,abast thf uadHetirafé doluti a6k | | t he raw brjne sol ution,
froma condensati on_pol yner iuzd;?iggn rgg}&“kg\rﬁ’g%ﬁrmf‘ﬂ%@%{%d B bly
under goéﬁc"ﬁ‘si iBryonslized resin having tfunGionahgyouysi eapable of removing alkaline

earth metal cations from the brine solution.

A In the first ;tage 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
dcsxred range include dddition 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. "

Followipg adjustment of the pH, the brine solution is then mtimately contacted
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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treatment helps to minimze the inpurities in the bri2®Fsiuaty 2004 bef ore
secondary brine treatnent. As nentioned, in primary brine treatnent, the
brine pHis elevated to above about 10 in the presence of a nolar excess
of car ¥O20084359n in order to precipitate al kaline earth mrwusco@osizt i on
metal s as their carbonates and/ or hydroxides, followed by a filtering
and/ or settling process such as clarification. This is followed by

aci di i cat | onorteschahpé it Suilbid B o FRE FhoRTRNA 681 BRNALE 1972 Ve

as volatile _organic contamnants s as organic's
cat al yshet limited ttp shelating iorgexahiange resiti0 08haliny] foh/XeRarfe et iBOMat Qe 2

treatne yche as adsor pt,i.o y -be utilized as necessary to_renove organic
speci esg{-fg bvﬁt}gg “%%Wﬁ?ﬁdﬂgluggwwﬁﬂd;@ﬁ%mﬂépwmmsm aite brine.

In the Br@sRREthYIN\GBBEMHIRIc a@’“ﬂ% : o pt, S free

ferric _iron i;syu;ﬁihl_i-ﬁzﬁggmafz{&g primary Ebtrl%aé{z?(?e% né‘nt.%ggﬁ’erm of iron

and ot hnctienalized resin dpe gibout 20%ambre fron sapgrityi tham dDAS HAlY abiut E3ag) €

success% t[?%%)égkhco.f diféﬁlﬁ‘?nt alkaline _earth netal cations in a second

stage and 1 Hug Cias ghte FESITL 5t Reepverel Siring rgengration. nEorear t h

net al s Msfdﬁﬁ:lbﬂbﬂeﬁln&ﬁﬁlﬁhzéﬂﬁ‘éﬁi&%”%ﬂ%wr}egg of the menbrane. In the present
oyed,

I nvention, a two stage process 1S e preferably after primary brine
treatment. In a first stage, the pH of the brine solution is adjusted to a

H of froma aho a t he .brine_ sol utjon._i assed through a
1? irst funct ?‘é#é?%g%@yr @gﬁﬁt’?‘? hgg‘?‘i &Ny L.W?ﬁglm&ﬁsm&?% "
f unct i omahufycwrgdsbye Rohbl & Paas C%E%Yimmim(ﬁnhgmfa@{m&p&%’%ﬂ'i ncl udi ng
n e

iron cations, fromthe brine solution. In a second stage, of the

bri ne sPRYPrysed in the firsy functionalizedien exchiangemesinched. 9 to  about 11.5 and the
brine solution is passed through a second functionalized resin, the second
functionalized resin having functional groups capable of renoving al kaline

earth netal The fion Fuficrivmalized $kind Prefefably Rive .'Jnrioﬁféﬁcfi.-ingétcaﬁéc G L he
of 't the pH of the gl ucohate-contalning brine

process present [ nventjion, ! Lhne ]
sol ut | oFPae 6;3] &'ﬁ&ﬂ“ﬁ tof imgtel dpnppen gnidliliter oof fresim taababout 23t o about

4, nor emiliedSvabhY of Euﬂw% D€ e. preferabl out 2.5.
The i ni ti_eglEﬂi pH is tyglﬁt%‘ F°y"55ﬁ’§ y F ké;fl li%ﬁ%l,' %@ipﬁ@b&mﬁf’@nwﬁmn for
bri ne milliequivalents of metal ion per milliliter of resin to about 1.5 milliequivalents of

metal ion per milliliter of resin.

Contact qf 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 cxéhange

. resin. Passage of brine through the column may continue until the metal jon’
'complcxing capacity of the resin bed is substantizﬂly exhausted as shown by an
increase in the concentration of contaminating metal jons in brine solution exiting the

. column. When the metal jon complexing capacity of a resin bed is exhausted, then a
fresh resin bed is employed for treatment of ﬁnhcr brine solution. Exhausted ion
exchange resin beds may be regenerated according to methods known in the ar.
These include, for example, acid treatment to strip cations from the resin bed followed
by base treatment to retumn the resin to the sodium form prior to being placed back

into service. Jon exchange processes are described by C. Dickent in "Ton Exchange"
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storage after primary brine treatnent. Typical neans 24 Féshast200g the pH to
the desired range include addition to the brine solution of a sufficient
anount of at |least one mneral acid. Hydrochloric acid is particularly
preferred in the application of the present invention. Follow n

adj ust NBIL01GKH2%2he pH, the brine solution is then intimat el’?’”@&’ﬂ’ﬁ’é?’ed with

at | east,.ong resih bed conpLisin irst, functional.ized,resin. e first
functi O#A%-ég@e’re@\cp{c ‘Bé& %m?@ifﬁc%%od% Zo%r]:h F@hﬁ’{'/‘i vﬁoé %qul‘ \-/’ga'ent net al
cationsgy7g{((9@sydi ng but not limted to, iron, nickel, alumnumor mxtures

t hereof. 13 23 February 2004 WO 01/ 14252 PCT/ USQOQ 20172 | on exchange resins
suitable as the first functionalized resin include, but are not limted to

chelating io xchange resins. el.at | | e | NS: re
effective fo:i" ?l?eo = %ﬁ%‘?}zﬁe ?WFI %@llﬁélﬁﬁéﬁ%ﬁy@y g fﬁ?&‘{kruo&r?gﬁ%@d resins
(1 DA)  agsh exdHaf@REiNbediAQSEdnRiRueuel stniiAddRlinbowcproossaland ele O41 fage

Al t hough AMP functional.ized resin has about 20% nore iron capacity than

| DA, onp{bep®averthe tesin bedganges foomebauid fesip bed yaipmmesPRr Boynip apaus 30 | s

e pr oo B VshRRPAG More et} B ARSI io bl Y, 107715
nmanuf acinRdahye 60iHBuES Ifesis béd volunes [PéAhddr (bRBOUL 25resinf ek volemebpeBayer

may be used in the first functiqnal iéed i on excgq%n e resi BPBed The first .
funct i oRQNE. ZA8 usedsin the Pressns inysnLion, A HOW Tate SADEESsedA A0 rEesip ReAkPlumesm  about

0.1 m L] i+ | ¢l i d bl hider . ' 3

mlli qu’lL' %/g er{%‘gilc%?g’stngfgf%% :Bg{r)?ﬁ?ﬁﬁ? |ﬂtﬂ<!aﬂf: 0 @rsggxfur?fn?éa%@m%@e Eﬁ ably from
about 00 galldnk ofquhslatisgion erthangt atsin per hpmur. The kérhperatnredfor cestactiigp about
1.5 mlliequivalents of netal ion per mlliliter of resin. Contact of the

gl uconathe bane seluvion withi the ierxahange rosin hed rangss froghahqus 297C Ae @bottbn
exchange,kgesin bed erfor ne ds known in the .art, such as
bat ch, Sgoﬁ‘t W[Foﬁ?fquﬁyﬁWQ-%ﬂ?ﬁ@g:o@s/a%{t [?gdé “Ysi lgoﬁr%?gﬁ’?@ﬁ Pelhod, the
brine sggegion is passed through a colum containing a bed of the first
functional i zed i on exchange

The brine solution recovered from treatment with the first functionalized ion
exchange resin contains a significantly reduced concentration of multivalent metal
cation contaminants. Thé amount of multivalent metal cations that is removed
depends, among other factors, upon the initial metal cation concentrations, the pH to
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
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
contaminant from the thus treated brine solution was initially present in the form of a

water-sojuble giuconate complex.
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resin. Passage- of brine through the colum nmay ' cont2hHebruatyi200the net al
ion conplexing capacity of the resin bed is substantially exhausted as
shown by an increase in the concentration of cont amnating netal ions in

brine s@ldi EQ% ,exiting the colum. Wien the netal ion co%ex g capaC|ty

of.a resin is exhausted, then a fresh resin bed is e

treat ment of Afiar tHegpasiige Wlﬁ@ﬂ)xﬁﬂdﬁ&n tﬁé%%ﬁ‘%{h@gﬁﬁ‘?éﬁﬁh%@*ﬁﬁi n beds may

be regeperat ed according to nethods kno de for

exanpl ePNBg SefUtioR 45 readiusted do ra pHcaf ifoms & tombbhe 1056 i Typhed thelnsqped by
base tr t es o the sodiumfo rior to bein | aced
back &?ﬁgﬁgrt\% E’tégér&gzﬁﬁ Bﬁdf?c‘g?s%smaﬁeﬂﬂé"seé %%ﬁ@orb;o the ‘mnckgr!to in
" on Exsdtngeaf aéuleﬁemmaﬁwoﬁﬁpﬂkmpn%ﬂ R, é&éﬁ@&oﬁé 15%"{1‘; 681 hmer

Encycl dgl a.,of Chemnical Technology, fourth edition, vol
770(198@5 oXiffe-t he first stage, the brine is intimtely contacted with the

first functionalized ion exchange resin-bed in a continuous or
sem -conti nuous process and the flowrate of brine over the resin bed

_ranges from Siible dlkalé sierzln@poRhdd WhidEmaP B uded tabﬂjﬁs bed
referably, theflowrate in. tﬁ Pnuo%s f)rocess S

vol
Yﬁ ;J g h‘ﬁ'ﬁg’g “8'%5&5 ‘[rlceé’gif gingt b@ﬂcdm,lmbymme potasdmmthyaﬁ;xﬁ@sl n bed
vol umqlmhhm%dfé?amré@’ﬁ}ggf%ﬁ@ﬁ'ﬂ%‘é@nv‘}%ﬂt | % fI ow rate expressed

as 10 resin bed volunes per that 5 gallons of
the brine solution is contacted W|th 0.5 gallons of a chel ating ion

S S

exchange reﬁ._l @Q@er Ié&u The te rature for contacting the brine solution

with the ior® adjustmentaf gréaescplunpaugm pHOG frombbout 9 8)C, nor e
pref er abbit f1.9Mh@R n referaply about 60C
The brine sol uﬁo%céegrbég‘ fd)on%tbr;%gt W ?ﬁ'@“ﬁ’ﬁ M?E?ﬁ‘bnal i zed
~ion )fléllif-awg@lmcds on oshaxgensesin bed)in fa baoh, h‘oﬁtﬂﬂbﬁ@doﬁg&ﬁﬁé’ﬁ ‘ﬁ‘ .?sn |

a met a

mul tiv cation .gont amn nts., The amount of [t1v

cat i on?k% ﬁlr eI sae of g?ﬁyﬁé ﬁﬂgaﬁzﬁbﬂsabmpdnmimbW| tial

met al walumunpaqmﬁrtb raBbhioPs r lution is
resid“ﬁedi’?ﬁnct | %I I z€ ofd bmg%ﬁ EVeShsin with

adj ust ed, d the vqurre of first I'on

whi ch fesin besl valumes ponbauriandaboant Satsin bed volumes per hour. The
brine is preferably passed through the second functionalized ion exchange resin bed at
2 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.

The second functionalized jon exchange resin functions to remove the
“hardness” from the brine solution. As used herein, "hardl;ess” refers to alkaline
carth metal cations, including but not limited to cations of calcium, magnesium,
barium, strontium or mlxtures thereof. The second functionalized resin may be any
resin capable of rcmovmg hardness. Amino methyl phosphomc acid functionalized
(AMP) ion exchangc 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
functionatized resin. |
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Typically, the concentrations of iron, chromum and 93 Ekbluageldoans are
each reduced to belowtheir-detection limts in the brine solution

fol |l ow ct with the first functionalized ion excr}tﬁ(fn]‘gﬁ i;. This

i's sur pﬁ?’sﬁﬁgﬁ?n view of the strong interaction between _ Srf‘vg&g*ﬁcat I ons

and gl uconat ealtBasphUsRdstss i pfimaklP fdnoved #f deldepfnd Stabé, Akt iR& é?ﬁ%e,d o
eat e ri ne

mul tival ent petal cation contam nants renoved fromthe thus tr
was pr e<Omprising siusisens offthepteto-fsomabout 2 prpbetekand passagernfithe brintel at i ng

agent. | td r, 5 r | e renpyved. as a

cont am nsg}\ ?‘ r%lf.ﬁ“%ﬁg f@u@”@é&ﬁ‘?f’%ﬁ%‘hg&%ﬁq&pﬁéﬁgﬁg ﬁuﬂ?t“ 'sélﬁr?%ent in
t he f or rooatanginatietf, @s irén imk@fﬁ]]ﬁ GeevirsibaiRoded of Jorlexcharipied dno AN VWO

01/ 14252 PCT/ USQQ 20172 After the passage of the brine fromthe first

- functi od&¥Pzed resin, the pH of the brine solution is readjusted to a pH
of from9 to about 11.5. Typical neans of adjusting the pHto the said
range i nclude one or nore steps of addition to the brine solution of a
suf fici ent anemactalf thebrinek solutio i thecseepnd) RehctivtializedSom Bxétakige resitet al

hydr oxi de., Suitabl e al kali nmetal conpounds which may be used to adjust the

pH i n t hed BRY ke reHearsd Ry meshadscknayn imthe a; sychras; atch, sontimusnor

hydr oxi dgmiks %ﬁ%‘i:&' Oo¥d L3 hydnoxi ) er eof .
Sodi um hyglrloxfl e isﬂ})re er ye%ﬁr%%ﬁ%ﬁeﬁgadf e a Je&?}%gﬁswgﬁgﬁﬁne
sol uti ora columnpddntdinihg anbezboflitheOsecond dtwmtionalized, ionr efchangel YP4ssa. t 10,
the brine,is.intimat contacted with a,second functionalized ion

el
exchang®gs fhroyghy i CAUBER ZHY E%‘PH‘?‘WUBE%I, the capagity: gh the, sesin begr scess and
the f10WubathRidy cREiRRAON Shold by shThireBEn A 66Rochi ARG Uhtamit bed

vol unme per hour "to about 25 re vol unes per , hore pre ably
bet ween alkdlipe cagh metal cathers in chesbeise pelntitroexiting dhexbalutnnl Whesihe mheaal vol unes
per hour., The .brine_is.preferably ssed, t hroygh the .second functionalized
i on excﬁg%gcgqpé%w S8Ry ggaat%ﬁ'ﬂepgtfd? é’xB?“sI“’rcgrﬁhﬁBcﬁu ety B 9o0C,

pref er abhg;léyddrl’oﬁb%cﬂ@& fufthédbrie solfon. CERRad¥RdioR R ERINBO kakipBadst 60 C.
n

The second functionalized ion exchange resin functions to renove the
may be regenerated according to methods known in the art.

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
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 significanty longer
lifetime using brine treated by the method of the present invention.

- This invention has been described in detail with particular reference to

preferred embodiments thereof, but it will be understood that varations 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

electrolyzer, the process as described may also be used in other processes, for instance
those utilizing a diaphragm for separation. |

17



"hardness" fromthe brine solution. As used herein, "&aFebrass/200¢fers to
al kaline earth netal cations, including but not limted to cations -of

cal cium magnesium barium strontiumor mxtures thereof. The second
functioqﬁébﬁ.ﬁgﬂr esin may be any resin capable. of renovi n% har dness. Anm no
met hyl phosphoni ¢ acid functionalized (AWP) ion exchange Na&y§(8/20872
preferred. Suitable AMP resins include DUOLTTE 467, manufactured by Rohm
and Haa and LEWATTT OC 1060, manufactured by Bayer. It is
necessamve trivalent netal cations fromthe gl uconate-containing
brine prior to introduction of the brine to the second functionalized
resin. 16 23 February 2004 WO 01/14252 PCr/USOQ 20172 Al though hardness is
primarily renbhefbliowisgexaeples dresiagerth sdas fo ﬁrﬁ&idﬁ&%@of%%%%@qn _

adj ust malﬂ%ﬁgfw heé:%Hpﬁo from about 2 tq about 4 and passage o e brine
sol uti on 't AFotgh 2 £oMpide disg #nd deseppyiens phhow dhe cempasiionst afahattdpe  AVP
resin frgm inedbds € ' : i ' ntially icreversibly
adsorbed or ion ex%ﬁ%ngg&%?ge R@eriggrcrfaﬁﬁéﬂ{l not 1%/%8&%1%1%&9'[ ion in
the secdaps ahahabithe invedtars negard hartheir invention D SEFf6RY hife BES] RIaHE T, OY

net hods ; ' he.art, such as, batch, continuous, or ~sem -contl nuous
met hods.’hi n acap%{r} e e\”f‘@ae#?&f‘h'd’d'}“ﬂp!’ﬂs K6-Em @MOYPLs; femmperatureasete buhsamgh a

col unn, ek 3nddbdiagoi ot B iecherAl ol WIALLSAALLES Bulolh,xeliange, Passage

of brine through the colum nay continue un resin
bed is -weight tempesdtine isxh A oets asroehowinperatak. | BCHB3R6cdstest dSei; |
cations m% brine

concentration of ntam pating alkaline earth netal
sol uti or%‘mireﬁf%}?ﬁa O%I%éw&?f TCSSHESS @her nrar aimospberic; onpl exi ng capacity of a
resin bed is exhausted, then a fresh resin bed is enployed for treatnent

of further brine solution. Exhausted i on exchange resin beds nay be
r egener ZXAMEPEEC) di ng to methods known in the art. Wen brine solution from
a pol ymer manufacturing process treated by the nethod of the present

e e e i ki iRl B
. ) * _C
separ at ereaed a6RW $H BYSh ifinodiacetic acid-functionalized chelating ion exchange resin
- (IDA resin) to remove heavy metals. In the second stage, the brine was rreau:d at
elevated pH with an aminomethyl phosphonic acid-functionalized chelating ion
‘exchangc 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 gluconate. The crude and purified production brine compositions are shown in
Table L. - : . '

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 sedium gluconate.,
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So as to
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of what the
to insure
s, etc.) but
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heavy netalls. In the first SEQQe the brine ﬁu@lltreated at |qM/pH by an
i m nodi acefREagwunctt—¢ Cu chelat-ag *ehah residin (| DA
resin) to e%%ggwﬁgavy ﬂEtiP%A "ﬂc? onmﬁgggdf °¥?ﬁﬁi ne pwas treated
at elevate¢d pHwth an anlnayagﬁmb phosphoipg] functionalji zed
chel ating fon exchange resg AVMP resin) te renbve hardness. {The details
of the twoisteps are glve1( | L PUMITEG-46Ped 3d0 grams per
liter (gpl). NaCl and 80 ppfy gaodiunlglucona1e. The crude and gurified
productionjhbrine connositlans are shown in {Table L . !

Bed Volumes/hr 110 ' 10

Feed pH 25-35 >11

Temperature 60°C 60°C

- Example 2

This example shows that the process of this invention may be used to
achieve membrane specification brine i impurity levels for hardness and heavy metals
in the presence of 350 ppm sodium gluconate. |
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Thi s exanpl e shows that the process of this invention2¥3Bghraaryi208d t o

achi eve nenbrane el ectrolyzer specification brine impurity levels for

har dness and heavy netals in the presence of 80 ppm sodi um gl uconate. 18
23 Febrwanndts4 WO 01/ 14252 Table |. Production Brine Comgasuidoot7z

PCT/ USOWD172 Conponent Raw Bri nePurified BrineSpecification Ca0.6 ppnil |
ppbCa+My My0. 2 ppnv ppb<30 ppb Fe0.3 ppm<0.07 ppnD.5 ppm Table IIl. Brine
Purifi C%bm &Ii BehfPCom hgpﬁ EBl DA- Functi onal i zed AMP-Functionali zed
Resi n &gPoI ystyrene Polystyre RUBERLI TE | RC- (DUCLI TE C-467) 718) Bed
Vol umesBW@ gpliNaCleed pH2. 5- 35>11 Tenper at ur e606060' C Exanpl e 2 This exanpl e
shows tggépt he roc s of this invention may be used to - achi eve nmenbrane

speci fi ﬁ‘fﬂﬂ"fty | evel s for hardness and heavy netals in the
presence of 350 ppm sodi um gl uconate. 19 23 February 2004 WO 01/ 14252
Component | Crude Brine |Purified Brine | Specification
Ca 2.8 ppm 6 ppb Ca+Mg
Mg | 10.2 ppm O4ppb <30 ppb
Fe =0.3 ppm <0.05 ppm 0.5 ppm

Table IV. Brine Purification Condltlons

300 gpl NaCl
. {Step1 Step Tl
Resin Type | IDA-Functionalized AMP-Functionalized
' Polystyrene Polystyrene
(AMBERLITE IRC-718) | (DUOLITE C-467)

Space Velocity 10 10
(Bed Volume/hr)

| Feed pH 2.5-3.5 9-10
Temperature 60°C 60°C

- Comparative Example 3

This example shows the necessity of removing iron before removing hardness
in gluconate-containing brines.

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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Table M Production Brine Conposition 300 gpl NaCl 329 Fppimasa@tioam

gl uconat e PCT/ US00I 20172 Conponent Crude BrinePurified BrineSpecification
Ca2. 8 ppn6 ppbCa+My My10. 2 ppnD. 4 ppb<30 ppb 0.3 ppnx0.05 ppnD.5 ppm Tabl e
V. Brine, Purification Conditions 300 gpl NaCl Step ISt

| DA- Furl¥@05H2F? zed AMP Functional i zed Resin TypePol yst yre‘ir?\(g”%qoilzg%?rene
(AMBERLTTE | RC-718) (DUOLTTE C-467) Space Velocity 1010 (Bed Vol une/ hr) Feed
pH2. 5- 3. 59- 10 Tenper at ur e60C60C Conpar ati ve Exanple 3 This exanpl e shows

t he necessi tEeedfpH enovi ng i Bal@ bef ore renoving hardness in -

gl uconat e-cqnt gini ng brines, The feed byine contained 0.32. ppmiron, 2.0
ppm Ca, O. 8%%58# and 398-3 tﬁfﬂrﬂ“i‘é‘ﬂf’ﬁ{ﬁ gl uconate. The brine contained 300

gpl Nad . Zq%frﬁgl’teuary 20Qfe MO 01/ 14252 Feed pH 9-10 Feed Rate 3.3 bed
vol unes/ hr

~ In this case, only a single ion exchange step was performed on the brine. An
AMP type resin was used to treat the brine for hardness removal 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.
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

This example shows the necessity of removing iron before removing hardness

in gluconate-containing brines.
Feed Brine Composition:
300 ppm sodium gluconate
0.72 ppm Mg
5.8 ppm Ca
1.90 ppm Iron (Fe)'
Feed pH 10.3
60 degrees C

50 gm resin (AMP resin)
14 gm/min brine feed rate (12.6 bed volumes/hr)
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Tenperature 60C PCT/ USO0I 20172 In this case, only a skafkebruapn2t®dchange
step was perforned on the brine. An AMP type resin was used to treat the
brine for hardness renoval w thout renmoving the iron and other heavy

nmet al s Wg @fiq42sehe product hardness | evel was <10 ppm My a IE

whi ch is abo the menbrane el ectrolyzer specification for calci um

Wt hout bei néﬁﬁ ﬁmeay camposmeorxy showrni in dableeVed THi@shbWe tRECBRN§H, of iron

in the r con ex terfered with the ion exchange
proc essfﬂfﬁ g%ngél?%ﬁlt rhgglf% teéot(r%’t Olfr%d{ﬁ% PQEY‘F‘@ w%fﬁrfmsmbm dedin
e bt chﬂtaﬁisa it ﬁi uconate conta&g %ﬁﬂﬁstheg °

renDV|ng |ron befor renDV|n hardness inTg
Feed Br RS ibﬁﬁumpwormmpﬂb 3;2 i peeritiitedSoBthepm Ca

é m?O pplﬂéh&PRv&l (g)mﬁ“ﬁ.%; é&gﬁ, d“’é&PEe r e; )egggg F sl n (AIVP resi n) 14

mn brine

03/ 14252@@11!:&8@6)5@@3 onf partiafly veHibvaiSHARS ek Borlditi W“ I n Tab' e V. This
shows that the ion exchange resin is unable to renbve hardness to | evels

required for menbrane cell operation if the brine contains both iron and
gl uconate. The hi thgg ¢f fluent concentration of both My and Ca (vs
conparati ve exanpl e 3 is attributed to the higher level of ironinthis
exanpl e. (vs conparative exanple 3). This exanple further shows that the
iron vvaﬁo&gly palg.ttpal I)y r(e:am)ved under these conditions. Table V

Mg (pp )
.24 042 0.14 60
48 0.64 0.14 40
72 090 025 40
96 1.09 0.43 35
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HoursFe (ppm Ca (ppm My (ppb) .240.420. 1460 480. 640. 123'Pebrd@ry0042540
961. 090. 4335 -1200.67442. 4 23 February 2004 WD 01/14252 What is claimed is:
PC17USO¥RMMAZ2s2. A method for removing inpurities froma BrrRReshys | N
obtai ned as a by-product of a condensation polynmer manufacturing process,
sai d brypg jselaithé®i: conprising trivalent netal cations and alkaline earth
netal cations, the brine solution further conprising a water sol uble netal
chel ating agent, the neth d conprising the steps of: a) adjusting the pH - -
of the brine solution to a pH of from2 to 4; b) passing the brine solution
t hr ough . fA method fac temvitg imguirities fromrabiineg soltionodtitsined ag adyRsodupabl e of
r emovi ng°f A eaRdersation tnelynuat memsfadtudmg prasebs,i siid Seihatsolion colprisihy r educi ng
t he concUivalest mstel srations wnd calkaline tadrthcmbtab nativns, ttike bihé Relution fiurthen; C)
adj ust i n§eMpEsiiHa Waterrroluiié metal ahetatiogi agenta thpHmetholireempiising tHd steps and d) .
passi ng fhe brine solution through a second functionalized resin having
functional gr 8lidivsling s eH of thedwipeisolytiah kb pHef Gant tost al cations fromthe
~ brine sol utibBhpassieg dbsy hringuselulipn fougincefitst drhclivnakized! kesin haviegr t h net al
cati ons fuictionsl groups eapabla.ef repovingdrielentsnetpbcatipns frdmithe brisd selakon, bef or e

st eps c)th&FFtPYgg'{%g tinh songantrgtionef tovalemtinetal cativhein the byie sdlutipnt he st ep of
pretreating tAkadysting thepphlof e bring seluien feea pHIof froe 9 toeHitSrand st age prior to
step a), . saj ddbPassingytherbrine seletionnibneught ageconh fipnclisnaligeda dsirs haviggt he pH to
above 10Munatiangk gpups capablefof zemoving alkalivs arth metal lbatatsefranvthe bithé er i ng or
set t | i ngSQlufions harehyoreduaing rtbespnaentration cirakeliae eartbrmetl catioms rirtthed of
.cl ai m 1, bRgsssakition; waerginrstepsta)randit) must eecir beforerstepsoyasd d)r on,  chr oni um
al um num or mxtures thereof. 4. The nethod of claim1, - wherein the
second f#n&be Byeadalglajrad; further comprising the step of pretreating the brine solution

in a primary brine treatment stage prior to step a), said primary brine treatment stage

comprising adjusting the pH to above 10 in the presence of a molar excess of

carbonate ion, filtering or setfling the solution and removing the carbonate ion.

3. Ti:ae method of claim 1, wherein the first functionalized resin removes iron,
chromium, aluminum or mixtures thereof.

4.  The method of claim 1,” wherein the second functionalized resin
removes calciu_m, magnesium, barjium, strontium or mixtures thereof.

s. The method of claim 1, further comprising the step of ) recovering the
brine solution.
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renoves cal ci um rmagnesium barium strontium or m xt@8€sbuber208. 5. The
nmet hod of claim 1. further conprising the step of e) recovering the brine
solution. 23 23 February 2004 6. The nethod of claim1, whrein the first
functionalized resinis an imno diacetic acid functionalized ion exchange
resin. 7. The nethod of claim1, wherein the second functionalized resinis

an am no net hyl phosphonjc aci d functionalized ion exchange resin. 8. The
met hod of cl® m 1! hq/m@mdrpftcﬁffémb1r,w’fﬁe@dhaﬁlr%ﬁunqﬂogaieﬁddwnss BAIEEY t hr ough

the second fuagdicatah iiRilohBLd icH eforiaP@Egesif] ol Ly of fromd to 15 bed
vol unmes per hour. 9. The nethod of 8, wherein the tenperature of the

brine solution is from 20C to 90C. 10 The nethod of claim1l, wherein the

at' o space vl oot T SPTRHSIRIERRCH Shepaf Rl Eeiubbiotau ol R PR 0 o5

of claim9, amhiapenethyhshdsphpeicacid fenctiortatiredionrexchahgd resin.is from 20C to
80C. 12. The nethod of claim 10, wherein the tenperature of the brine
solution is 60C. 13. The nmethod of claim1, wherein the brine solution in
step b) is rmssedhetrhemgmfbmﬁi Weierdit it bamabolaesh inasemdpis passpace
velocity of from1l to 15 bed . vol umes per hour, and tr(gébrine solutjion in

step d) is phgh t%‘ﬁﬁ%@f@j}ﬁ’ fupgtionalize s AL? SeRLa Yeriyial diom Ao 15heske
velocity of \ongmestpéongurbed vol unes per hour. 24

S. The method of claim 8, wherein the temperature of the brine solution is
from 20°C to 90°C.

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

volumes per hour.

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

12.  The method of claim 10, wherein the temperature of the brine solution
is 60°C.

~13.  The method of claim 1, wherein the brine solution in step b) is passed
through the first functionalized resin at a space velocity of from 1 to 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 4 to 8 bed volumes per

hour.
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