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cati _Ol’ls“l’d'loﬁv?gzl ne solution containing a metal chelating 9&’?&%800&&72
particular, I's invention relates to a nethod for reducing the

concentration of mul t MERQD FRRBERHCINGMETAL KMNne sol ution invol vi ng

t he use of a nmenbrane CGNEENTRATEIN INBRINE SOLSATON on i s a product of a
condensati on pol ymer manufacturing process and contains a water-soluble
chel ating agent, such as sodi um gl uconate. BACKGROUND OF THE | NVENTI ON The
manuf acture of condensati on pol yners often produces a brine solution as a
by- pr odgggr. D iosH THE: foRrine solution is produced in the manufacture of
pol ycarbonate resins through the reaction of phosgene with at | east one

bi sphenol ‘cqfpound in_an.,organi ¢ solyent.in the presence of aqueoys sodi um
hydr oxi de. Aqﬂ%owwuggaﬁﬂﬁgi €° tahén?"éa‘gt§°5nre6[f’c’8§s&?eﬁ8f'c95\'%"gﬁ Bhosgene

i n di chhl@vaéianaal Satidnb 8n B BERNESu@n 6MSRkTE & Pabae Xagdge t g Pr oduce
bi sphenol A pol ycarbonate and sodiumchloride solution. TO reduce

pr oduct Pamicelast this davensiondredates tonargmethpd for Ireduaing the sdonbertrasions of ut i ons

are oft : I o) l.or-alkali ,plant r. electrol ysis to produce

chi or i naISEEE Bl Rafofe” 4 Brg) Rt myofiing 6 i §E mighadate

el ect r oklesirslyzer] Theibfing 46lutiofilid #produkeds a WIndBRsatibh palets miarft@aBREARE an
anode conpartnent and a cathode conpartnment with an appropri at e separat or

in bet weElFessRRd(CRBlams A WateFrspiuble chelating agentcsutch s sedinmeaglucanate: i s to

separate the anolyte solution and the chlorine gas

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.



evol ved at the anode fromthe catholyte solution and 2hEebrydry2zped 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

el ect roM@9K1438% | s i ncl ude di aphragns and nenbranes. 1 23d1@dsodRsis2 2004 WO
01114252 PCT/ US00/ 20172 During menbrane el ectrolysis cell operation, the

I on exchange nenbrane separator nay gradually becone plugged by the
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n
as possPigHRcuqE rate ol prodngtsarsing fromnejeetsolysis.p qlsggingreachesdedtitivhi on
pol ynerpdiae) ; I nebot h. organi ¢ and.. norgani ¢ cont am nants.
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emt al kal'in

ol i gone ani c, cont afm nant s maéﬁi nclude multiva earth
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r..1lnox , :
and tréﬁgﬁp%rl?gﬁ%?%lmgétl gime ap possillel arly iron, calcium and magnesium
When brine solution containing one or nore such contam nants is
el ectrolyzed, both organic species and netal species may precipitate on the
surface of Buine selutions azising) Bdiy-plodaéts il LordeReHRR g))frﬂeﬁﬂhh?ﬁ‘ ggi ng. To
achi eve gmaxi mum .lifetime of a separator in an electrdlysis cell, the ,
concenttati c@%‘? both Preanic.and, irorganie sotaminantse s Qxpahicnebntammihant nn®t al
cat i ondnehigé rPgdaAad ; tq:a&jy 0 conom cal ly possible in the
f eed- bri ne sol uti on?mleﬁnbr der gt"o%%mé@‘?h%@%ﬁ@eﬂf% 6‘H§"¥64 SBFHASi ¢ and
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menbr a AQcl.r ic cells, primary apnd secondary brine treatnment are
of ten gﬁlpgﬁgég%l ﬁﬁr\ﬁnﬁﬁaﬂﬁ@%&%g‘@réﬁ@gﬁﬂqm{ pratigiprly. 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
and within an electrolysis cell separator to cause plugging. To achieve maximum

| lifetime of a separator in an electrolysis cell, the concentration of contaminating
organic species and muitivalent 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.



pHis elevated to above about 10 in the presence of azwbmae_pm:s of
carbonate ion in order to precipitate alkaline earth and transition netals
as their carbonates and/or hydroxides, followed by a filtering or settling
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functional i zed pol'ystyrene resin ese resins ar
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[ ndustr for t ment articularly AVWP resin. This
t r eat rre tﬁ?&?‘?’;‘} 3( Wdﬁi‘%ﬂt r@qu’ﬁaﬁ?e IR%H“F% E’éi“F?ﬁ & al ions
such aswﬂ&&a&w&ﬂm&%&a‘ ?kﬁchw ciffarif ein

menbrane el ectrol yzers. Typical rre rane ectro zer reqw re teKsZt t he
conbi nethag aarEi @mema!l%e nfogness uim ancmbm:aeicmlyzers he Typicale niembrames t han 20

ppb. Thi 110] ned | and sec rine treatnment procedqure may be
ef fecti v%c?gl g‘EBln%'ﬁ ‘E‘?fﬁ‘é’g P%H?@W’Wl%@c pamhe o | evel s
speci fi Bﬂnéaucngrzmbel ect roI yzers. The concentration of al kaline earth

netals is particularly™ inportant for nmenbrane el ectrol yzer operation (20
ppb conbi ned cal ciumand nagnesium. However, it has been found that when

a brine sol uttg esults . firom a,condensation pol manuf act uri ng
process, such as QHB’E‘F%BPB}%@" $rERRdaty ng® 36?188'2 E&WE'%rct Pa¥Red by

pri mar y effedivedonrdaciyg inpttyl dopsértRitions il Brin MRIHs 18 1vels Plecitielf #or NE €arth
metal catiqQns in the treated brine exceeds the tolerable [evel and the

menbr anBCERERRe Sestalyzers et eancepEatian; of plkgling) carth spetals o5 pevicubrly
important for mcmbrane electrolyzer operation (20 ppb combined calcium and

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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rapid rate, resulting in premature failure. After car23$@ebmzpe2i0dent ati on
It has been discovered that the cause of rapid nenbrane separator plugging
during electrolysis of such brine solution is the precipitation of
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to be the presence of a water-soluble chelating agen
sol ut i onthanatkaline eamh mgtad gationscipsacandary briee aieammenonhere?orel dlfing@ion 2004 WO

01/ 1425 S 17 fraction of the transifion netal cations as

wat er - sg?’g"g%eég cg.grré)tﬁ%%agseg?}‘ ab"f‘ﬁégfé‘"n&% e% i Ykaling earglpmetal

preci pi tediofls fronbthetién dxetaRfe Risin it the biife 619&6A{T9ﬁ eTcﬁfé;lgcedC Lexed
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transition nmetal cations are nore strongly boun n ex
than al Keartinmetal qatonethen exit thendon exelenga ceolymbrwitke the deineeaid caieref or e,

during i : e trea nt (secondary brine treatnent) they displace
al kal i nd ealpm metggl an (lllgﬁcgﬁ:ge Fﬁ&ﬁa@'ﬁ‘e* c‘ﬂah’@e‘ peEolytic (el + Adebr i ne
sol ut i orchelating agetitiptypivally a kg aBR sueRab Bld¥BhaAk afifdhi ONs then exit the ion
exchange colum with the brine and cause  precipitation on an inside the

menbr ane separator in the electrolytic cell. The chelating agent is

typically a I d.suUG | u ate anign. Gucopate gnion is often

added in the %?Erw%? %(l)équd% gﬁﬂgoar@?@ " Eo?ﬂf%s‘?ﬁjﬁ?fﬂ“ﬂb! Weqoate in

manuf actcondensatisropeiymesmhsufbQufindptdtesss 1o fhgn Wim_?lsﬁfﬁﬁ?:l ﬁ:ﬁ;ﬁlex@s ‘E’I"FCt i on of
, e

t he mul tiyal ent tt{lansition metal cations such as iron nic (rry,
and chr“o'\i‘/i?‘ﬁ‘r?f‘(qfl § multyglenttransiion metal crtions sughiss iar@iD), mickel (pandet al

sal ts f ichfimiRbP Q. t ot L.0: 1 h tur uioment _and from :

cont.am nating the pola?/%gekéﬁotgd&gwm lﬂxﬁ%é%g(%%‘mﬁ& “é")@mﬁ?lés Byconat e

ani on. f preatpitatingrinrthg lmannfertering equipment b TRi eatanlthaddd ik g&?ﬁm}.n t he

bri ne s%%‘gélgnwsgl t.hat e pol yner product is produced substantially free

of ironPCENEYmM4t 'SR, efXampley, elyconate; auiosofamms oan 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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aﬁﬁr%s gchiewng membrane electrolyzer  specification levels of alkaline earth
metal catlans in brine solutions derived from a condensation po!ymér manufactufing
process and containing a water-soluble metal chelating agent.

-

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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contai ni ng chel ati ng agents such as al kanol am nes. Un23 Félsruhityd2004
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pol ynmer manufacturing proces
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I nsi d(fotmvexemdfts%h bﬁﬁartglgfg %l?da. eparator lifetine. It would
further be desirable to replace as estos I'aphragns with nmenbrane

separators. Asbestos poses health and environnental issues. Further, the
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r';' one aspec% e mven?oh rel es?oametngg ?or remoell%g impurities from a

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).



savings fromlower electrical usage and.l onger di aphr agrebiutg: 2088t abl i shi ng
a process that purifies condensation polynmer manufacturing brine that

cont ai nswap@ilse chel ating agents to nenbrane el ectrol yzey E&o‘hﬁﬂﬁat i ons
enabl es use of nenbrane el ectrolyzers for conversion of suc rrnes to

chl orine and caustic soda. SUMVARY OF THE | NVENTI ON I n one aspect, the

I nvention rel gheSinkén ; Vi ' ritl froma. bripe

sol uti on obtai ned as t?"ﬁ%?%d&ﬁ"‘%f&”g con %dr;rggt ilntglr'lé%ollégmlfému gé‘t uring
pr ocess, MERbERNSSeprsatoninan clectolypisicell figr ¢lecuulyzing briné edluGed Comsinet

al kal i ne 1 |y gations, the brine solution further conprising a
wat er sorﬁ%ﬁé&%@%‘g}%ﬂ%g@g%ﬁ P’i"ﬁ"é‘ {0 BEeteeahihe bringgolutiondn@ps of .
a) adj uspwmemmem@&geyi ne solution to a pH of from2 to 4; b)
passing the brine solutionthrough a first functionalized resin having

functional groups capable of renobving trivalent netal cations fromthe

bri ne SObE‘I'QﬁﬂE é?é | tration of trivalent netal
cations 110 the rf?ne m@%qwmt he pH of the brine solution to
a pHof from9 to 11.5; and d) passing the brine solution through a second

functionali ze,gkresi n having functional groups capable of renoving al kaline
earth metal caR§ BreSeRtigrentnn maynke yodersiood, mortehreadily by aefureme fohde

concent r g ' It a ations in the, brine _ solution,
wher ei n @?‘g’g’?’ggé"%%ﬁgﬁﬁﬁgg Bo@cﬁ%*%ﬁ?@hga’@@%?%% Ippentign 2adrther yar y
2004 WO exbtplaitciRiEd thg@i. 20172 The invention further provides a nethod to

i ncrease the lifetime of a nenbrane separator in an electrolysis cell for
el ectrolyzing brine solution containing a water-soluble nmetal chelating

agent. It is memfeqha t”q f | solution in . a primary brine
treat ment stage. DETEH%EBO‘BE%‘% E’% wqmt&vﬁﬁe HFE?’E‘HP"
i nvent i dhatrthis ipventiouds sovkinhitedte sperifli myethyds' 6t 8 ERASRLA FokRlatibm, hPW ng
det ai | eqmgﬁﬁﬁgr'cﬂi i on of r?f.er ed %cnbogl nents of - the invention and the
. , Of course, var? t 1s also to be understood that the terminology used herein
is for the purpose of describing particular cmbodiments only and is not intended to be
limiting.

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. |



exanpl es included therein. Before the present nethods?2aFebmiagc20pded and
described, it is to be understood that this inventionis not limted to
specific methods or to particular formulations, as such may, of course,
vary. Iwolginadsso to be understood that the term nol ogy “giftdr/ﬁfdoﬁbf’l is for
the purpose of describing particular enbodi nents only and I's not 1ntended
to be |imti‘GPptiopal”t ore epsionally’t meann thatcthe | sabsauedniy edopibkd wvesieber ence

will be ﬂ'@lﬂﬁs terns i C hal ] be . defined to have the
fol | owi Rg n'ea‘%ﬁ%cg??mégg'%& inﬁ’gﬂ?cé'f’_ q“&r% tli'laii?scngﬁon udss|jastagces wheee pl ur al
r ef er entlee evehessutswnd igSBahc whehei do¥s adiCct at es ot herwi se. A "brine
solution” is herein defined as an aqueous solution of an al kali netal

hal i de, including but not Iimted to, sodiumchloride, potassiumchloride
s a brine solution which has

i xt h A ' Lyt ion
ot “been 1 carsaraer orie Yol ¥ SaeBRilta ¥ spe prbust imennion mexhosCo 20175
" Opt | onebaimed daghy. prodbén AmanTatiiihg phResy BSAMCN bidicASI Rhl gy ot OF
ude

ci rcumstanaﬁénay or “may not occur, and that the description i'n 'S
i nst ancB@DHREREINg: pracess-c fondensesion magufageiring procesh that may modicertaine The raw

brine s | : d_in. resent ipvention be :obtained as

a by- pr§dgtg§9§(}?€§ctﬁgﬂh dc ugtrafen'ﬁ ‘B‘?‘%@g‘%g' ?&@?f‘s o1, PEosRes Luatispdugs| yner

manuf acpolycarbopates; es Spolyitds; n's apol9arylaey f aq;d)fd'rﬁg‘,g)r ocs&ga&l@@ﬁmq?% produce
ondensafl’o

brine as, a,by-product Jinclude, but are not i m t ed to, n

pr ocessBUYEH duckolygfbesselioncsnat pelyetherkpwnesr s, polystherethéckeones,

pol yam Rk %AIFddE 1 o ' &% | n&gie ol yet her sul f ones,

pol yet hgézgonesmﬁygﬁ@aeher %et?%ﬁgéé,s, 0@3&7 1ene sul fides, polyarylene
sul fidesul fones, and the |ike. In a polycarbonate production process, for

I nstance, aqgeous sgl%i um chl ori de .
: a polycarbonate production process, for instance, agueous sodium chloride

arises as a by-product when at least one bisphénol is reacted in an organic solvent with
phosgene or a carbonate precursor such as an oligomeric carbonate chloroformate in
the presence of an agueous alkaline earth metal hydroxide, such as ﬁqucous 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 thcfeof.

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



ari ses as a by-product when at |east one bisphenol -i23Felaraasyd2G0d an
organi c solvent with phosgene or a carbonate precursor such as an

ol igoneric carbonate chloroformate in the presence of an aqueous al kal i ne
earth meW&9fhZoxi de, such as aqueous sodi um hydroxi de tBCHISHIET2 a

pol ycarb | 0 car bonat e copol yners
Phat - oan o angie Bo6 BRkhir e LRGN HAE rilTpran BB R0 PlcFia b
bi sphenoB1¥greois\penlittowéiselntidn.3' , 5, 5' -t et ramet hyl bi sphenol A

pol ycarbonate; 3,3',5,5 -tetrabrono bi sphenol A polycarbonate, and m xtures
thereof. Before recycling to an electrolysis cell, the concentration of the

al kal | motal TBce i Hibe S BOlHSARR s (Blark B8 RIS SnS eS0T | de.

may be increased to obtain € nos | ci.ent® opeéra The
sodi um - pAlymer peodsiohendst afteri varipus ereatmerstsa}sen intyeadtcthensdnRamtdiodYoft he

addi ti onsq%s%ﬁ]aﬁlx‘i-# saH . _Make-up salt is sodium chloride obtained, for
exanpl e, \aldi o E)‘?B"(m?l"ed Opiamnanty, is regycled doom elestolysis ceaowat er .
In the bprodaces ehlsrineNgathi soldinin® KyeRbAAk & ld hGael gdshe sygpunt  of
sodi um bl(s:hl oride in S(g)| ution ra]?éggﬁ?%o%lge%ngﬁ%dgn &glttoggﬁ 8 a 0 grans
per | it etlegsrolyss gelisomay tasmyivise tant arside coomupartrnenit iand atathbdec Bothpgufig@leut i on i s

Sodi um oI BER AeBRHR febalidy el s FomBRL b Frasrain e STIEVD

01/ 1425 2scfition iidCthe Chibd &mth ' on, nore
preferably from about 138%°%‘6ﬁ?%i§38‘?%ﬁ5 pe?eﬁéfgﬁee%}l%ocﬂsﬁﬁﬁ. '

Typi cal |5ydregsa 836 prelvedpithe sathode prithinthe cedl. Lpinally,thé separitbemapbgensat i on

pol ymer gr , riols treatnent .steps to increase the _
concent rzgtlig%gi)o? g&’&%‘%sne%h %ﬁ'dg’%&?‘fﬂmﬂ& Membane SRR 3 Usedite thecycl ed
to an elsepamtl the hsodecompattment A/t cathodk cBMpaRdents 0di UM hydr oxi de

sol ution, and hydrogen gas. Suitable electrolysis cells may conprise an

anode conpartnent and a cathode conpartment with an appropriate separator
between the tNemb ] rate the apol vte . salution and the
chl orine gas evol ve %?@ﬁ?gﬁgﬁmf%@hlgncat %ﬂ%t"gslgo\%'fﬁéﬁﬂ%ﬁqif he
hydr ogerPagses a&t;ﬂbl metdl cationbebur atoh adions frbin'th heol§R) dolutidif icothe chitholyidre
t . . . '
separal Qhndifds aAd 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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at least partially porous to water. Commonly, nenbrang3§epamat 208t are used
to the separate the anode conpartnent and the cathode conpartnent.
Menbrane separators nmay conprise an ion exchange.resin which selectively
passes wolalidzspet al cations, but not anions, fromthe angiofigsdpbiski on to

the cathol ytgg rﬁ:%ﬂﬁie%cﬁﬂfkn\é‘lif&ﬁkné%ate@ﬁéxhﬁé ¥ GiEleigis Pafepés%% tion of

hydroxi de anions fromthe - catholyte solutiorf to t "I on.
Duri ng tbpehratcl splutién d)cfmntnlmlxsisem snbjygcé toejmnﬁcandm dwppam rmovey

gr adual a.ccurrul te an the urf 0 W t he menbr ane., This -
causes %f%&’é?i'g ‘%’ P%c'g J’P o ?WQWrW“ WrBEgency
deCfea?&c&ﬁ%ﬁhﬁoﬁeﬁbm%hﬁ@ﬁ&?salt,%hi%ﬁﬁ?%ﬁcﬁeﬁ%d ?d‘ﬂnh@ﬂla?‘i 1 Efdg Pover

‘consunption per unit chlorine production The -effects rities on
© menbr arfEomethe spelymer suantfactusingi progesse pdiypicpl lcbnnhmdmby mclmiéoplne,noth fect of

I t Menb f al k duc T.. { , El
Dubont | SPEEREMIRFL AR M seiVel st aph et sefies suchis &53@' 3? the
chl or al dﬁﬂ'ti'an@ftmfiﬁ&aladaﬁoﬂd VRitifitatibn StepSio fdﬂbvc-ﬁoi{muﬁﬁiﬂ@fngldde one

Hansson in "Alkali and Chlorine Pr oducts Chl orine and Sodi um Hy I‘OXI de
Ki rk- @ﬁf@euswes\cq&|adé@enaobfcathwmecandmt¢rmﬁogsop to predipicasé tinotals, vol . 1,

pp. 938y 1 | USD0120172 To
nexi ni ze%%?éh@ﬁf&%‘t Pﬁé“gﬁg‘*@wgc @éf?‘ﬁ??? p Ierogye ration,
t he bridtgario inpiritiesh aidieatabas siel xsios clxéhﬁigblt@ﬁ!d%@c fte daHédnirafidh bpn St eps
to renove contam nants. Contam nants include both those fromthe pol yner

manuf acmukwnlgntw €4ipnsnd t hose from make-up salt, which is often added to
brine that is recycled fromthe polynmer manufacturing process. Typical
contam nants include phenolic species, organic catalyst and sol vent

resi dues, andlikafihelearsip i cationd) thas afd sAth Peeseit inhthe awt trgdesSidihdeh et al
steps to_yemove contaninants include one or nore

t f t
St elpgngf' Qgﬂlpelicﬁﬁﬂé% SreRoHne The sakinm ﬂd%ﬁwwqammmmt al s,
clarif Iﬁaturma leﬁtliJnrﬁ b @8kh génggaysa tregﬂrﬁe%‘?%@&t Ionpgxgsorbe“t

to renove pol ar organ c I mpur nts su change to
r educe railiorc(ppodito abenit 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 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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mul tival ent netal cations. . Alkaline earth netal cat2®dRebrub@t208de often
present in the raw brine solution include calciumand nagnesium The

cal ci um esi um concentrations in the raw brine solyt each
independ@g’ﬁly %_g_i n the range of about 0.005 parts per m#ﬁ’g%bo p%’r%) to
about 2@@@s pembillne(ppbladinyparticuldreit vanfeund thalb chtt présefod op jron iiothiatresd 400

m and nmore preferghly in the range of about Q. 005 mto apout 10 m
Eor o ErE ENArS AT YiPE PHEDING. SeFilicBRE et G celRhloRs $agh dapl ~ |1
operat i Qﬂtiéxﬁﬁinihl’.‘fftxl 4 nﬁfﬁedtﬁiﬁle%ﬁaﬁﬁﬁeﬁ%ﬁlﬂlsgg?ﬂﬁeﬁiefahescﬁu' dddtflyARd magnesiumin

the purified e rolyzer feed brine utron 1s nost preferably in the
range of |ess than about 20 ppb. . Miltivalent cations, such as transition

nmet al cation .t}ehat are often glrffs?ejﬂt [ the raw brine solution include
i ron, chrom GIRRCaPHUGADS & CORpmpIated, in the HreseRy IMYRRLion COREAIn doWateHt r at i ons

in the Roiubk SRdeall chelatigd £t0 witiéh P& | frdt | AHis : l:pvention
may each independentl§/ bgeqlrgﬁ t he raﬂgeyo{‘.&%b(ﬁ&r%%m ;%ﬁ?%%o&l%pm

pr ef er atMiltivalentyaetabeniions fpagtioslarlyouraitigrometa cationst Typicabwateasolubler e

prefera j: Ja f . 00 mto about .2 p E Xi mum
membr angh%(lla#l& i %g&é‘hdﬂl%&d?i J?—Bﬁ@ty”gf‘?‘gﬁag&ﬁm‘%ﬁemw d‘%g‘}r a nd - in
order t mitilduigceticr®iD(ONTR), sleenit | 2¢d,| &1 hBVS teR{sodided! dalsBt §ddia@t | on

| evel s i(gﬂqthe menbrane el ectrol yzer feed brine, the concentration of iron
and chr GHCORIE nist prsticilarlyr peedermd i the | huincosplutiensnof this pinvéngionb| \Theach

i ndepen ' n R 01 to_abqut. 0.1l ppm'and the
concent ?’g{*‘l&ﬁd g‘?hctﬁmoﬁ %ﬁw%g?@ﬁﬁcf ‘?’5%9 SPE'%}W asefhde "B? Mgéﬂ‘ﬁ'oﬂel ow
about  1@ribdtthermbvification PRGEss\WP B2 idvehvionRET URORAZE 6T dboward ppmarp i |11 on
(ppb) . | rtjcular, it was faound that the presence of iron 1'n the feed
brine pFEe‘F‘ PREV s gnare prsierrrd eqneentration is imthe sengesofabout $Qppme ear t h
metal  ¢RbBRD 32000 I?],ﬂe purified brine and causes fouling of nenbranes in

el ectrol yzers. Br? e solutions, as contenplated in the present invention,

contain a water- soluble metal chelating agent which may form water-sol uble

conplexes with nultival.ent netal cations, particularly transition netal
gen than

cations. Typ : éqcmp%parﬁtﬁg 29 MPEGERILVE (0| eRpsaminants
N, N, N, Hiaphiay Spedions]i Bipuiries 3256H iffe® TntrEtE @I performance 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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nitrilotriacetic acid (NTA), gluconic acid, and all o0#3Fbsuars2iidum salts.
Sodi um gluconate is particularly, preferred in the brine solutions of this
i nvention. The preferred concentration of water-soluble netal chelating

agent ivaololres2es i ne solution prior to the purification pregeessegiisahe .
inventiogris_ in the range of about 10 ppmto about 2000 ppm andlthe nor e

pr ef er r SATERYREe F0H Aluminum; igns, and a megestoiffiatiy for Bbvafamincationsalsoei as 200 ppm
I n gene : a atofs_are re sensitive to contam nants than

di aphr a%kgﬁ%t ors. mhriéi%%%a?@é’?s naRlivaleat <cafipns, dfoamrarance and
whi ch  giucobaie portaitig suraiYBusy| ihefefbre) BVerc6mB dRIS SMbiallio0! YTer i zati on

process include, but are not limted -to, calcium nagnesium strontium
barium nickel, nmercury, alumnum iron, and silica. Inpurities have

di fferent ef ape . | ffecrent, anpunts.of the various

i npurities rrg%ﬁgge’g?%%%%ﬁ%%r e&"ﬁgg%?g{emes ot fTERPSHAD Phat iFFa®  cal ci um
and magtesicontains mbhivaleA0 meed tionP stctb s lidoRNor £ABMM h*he&egcﬁ[ﬁmﬁf lPi'tating
in the nergfxrg%ﬁ.e ai hydroxi des. Strontium at_about 500 ppb*w egin

preci pi $%1 feted by the pHl ahthe brine selution.adtnrtexampls, ithp éronsglbdanate ( ppi)

w1 begidta@idaCis R | ' [ . Sodium sy fate ag congentrations
of abou?ﬂtlo g@gﬁsﬁjemoﬁi rﬂg@ﬁ%??ﬂlﬁgﬂpé@{gﬁ?% S 1190 ﬂ@%‘?’ﬁlﬂ‘éh&'ytﬁg the cell.

As ment WiffketfaObheolutiomse:  Fdwevien theo imeras@en ds Welafivel§Olvedl and&!t &ligiehe! at i ng

agent, such.as Sﬁdi‘ungngal’[uconaﬁe. WAt er- sol ubl e netal chel ating agents, such
as Sodfﬂﬁk&?“ﬁto OF exanmiple,; 34 pH 2.3 ratheg then jbeing comoplexed witheglucerats,ons, such
as ferrakout 36%%T thehsy '¥ts%9ﬁ§ %@%&4252 PCT/ USOQ/ 20172 chrom um and

al um numions, and a nodest a ?I nity tor divalent cations, such as calcium

and magnesium A process that renoves nultivalent cations froma gluconate

cont ai ni Ng S§r ynust,, - therefore. overcone this interaction. Conplex
net al - gl uconiztat edtin %F??'ﬁgt'gﬂnpﬁmmgnﬂﬁsﬁqoéﬂﬂﬁf bang ttregtmant t hat

cont ai nprotesk,! mealtese Hicaii&i‘%@@'&faaﬁdg | 4 egui libria
are strongly affect e?kby_ the pH of the f?llenrbéa?{go uﬁ%%ﬁnﬁpgzﬁﬁrﬁ%ﬁe, t he
i ron-gl ts of condensation polymerization manufacturing operations may be
achieved. Specifically, it has been discovered that if transition metals are 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
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Interaction is very strong under all al kaline conditi2hBEebruagy20@4pH of
about 8 up to 35 w % NaCH sol utions. However, the interaction is .
rel ati vewp oagadszunder acidic ,conditions. For exanple, at FPHuooBerh At her
t han bei riﬁa{h?é@ls éle)d V\étpgtcg%\tjcon te,.. about 30% of the iron exists as flee
ferric ion as- beef™8 RAY periyilized \as meeessatyrig remeve oranitaspycity | ne

t r eat mentsuclpasanencmer@dlba 1Bol i ' fral kaline earth netals
- in brines that are byproduct s&g%%g%gghgg?+§ynﬁ%ol ?’r%rr“fezation manuf act uri ng
operations may be achieved. Specifically, it has been discovered that if

transition nme rst . removed, the ion exchange process for alkaline
earth netal rgﬁrmh.\'jeaﬁ% |§r:srli é'b\fégtl?% tﬁ%ﬁﬁ%ﬁ“emﬁﬂg toreduce samedreel ferriel s of

al kal i ne irontightilizedcfity Heint} btifle tleSuint. The ks ta.the | fi ed secondary
brine treatpent p ocesslp?l_ as’ cont enpl atne_dq;hﬁ é@ﬁgﬂi%sl{ognqngfﬂ(ﬁﬁ{‘?@mt the raw
bri ne sofRRCISAD ¥ RShflage narosssary tmepeble swocegsinl emovaleeCdivaent dIRdtink NSt ance,

pref er abp ' LAl ine treatment. Primary brine treatnent
hel ps to ﬁ%ﬁgg t esglhr?p%ﬁ;?ﬂpé%g‘f ﬂ“ci ﬁ’é’stﬁc € Jppbrane spesification kwelsndary

brine t obalkatineteartAsneraloin tHedtine] Whithi piBventdfd the brine pHis
el evated to above about 10 in the prelggfﬂce %%dﬁggtﬁgﬁg&ﬂéﬁ%@% of carbonate
ion in order to precipitate alkaline earth and transition netals as their
carbonates ang/ g sho&iion’ 8l duoived by a filtering and/or settling
process such as i garé%n?égt on. %h‘!"‘g} PREF QPSR dS I5yrPloyed o preferahly mfiennd.

stri ppi nefiBarytinzeltréatmento Inanfirestage, iBO pHEof ME b"i"ﬁxcgﬁiukibﬁ‘% —_@},&A{?e organic
cont am g@?toi uch asu&\g anic solvents and di ssolved catalysts. d? ti onal
12 23 Febru r§°’§‘06‘2? /2bays4 awdrthosbrne Gsohgiont isepasseh througt 2arst

adsor pt i fuRcrighalibal tékint taSts : o, renoye orggni c species such as
mononer and | ow nol ecul ar V\gﬁ%‘ﬁ?&%ﬁlﬁg‘%k bevne Bg?ir%‘?“ﬂsrﬁ?%pfesent

i nvent i dAMOVINg muitivalent metad fcations, fittlading riesh eRiciR o' @8 Hrife sofutioh! ©N | S

utilizedy,af | [ treatnent. The renoval of 1ron and other

trival e(r??ad srs'?g‘{’e'%:duOge‘}s‘égu'i51'}/‘”'af’b‘%I Hr‘l 3’9“’ é’f‘%‘g&%@%&@w@ ta & pHreftfrem sihoutel: &Y Ul

renoval abbutd] M5 lasd thecbrki) ddﬁﬁiou%ﬂiaﬁkaﬂﬁxﬂugﬁ%tgeggfd hlhcBoratz ol Gt e and
eve - *

t hus achi ev Hle;lnbran_e specification
Second functionalized resin having functional groups capable 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.

13



of alkaline earth netals in the brine, which prevent s23 pabruagy 2004t he
menbrane. In the present invention, a two stage process is enpl oyed,
preferably after primary brine treatnment. In a first stage, the pH of the
bri ne SWDWINS2i s adjusted to a pH of fromabout 2 to abecguseeorhat he
brine solution is passed through a first functionalized resin; the first
functionalized resin having functional- groups capable of renoving

mul tival ent &4 ekchanbe f e brlne sol ution.
In a second stage, E Q‘%msoklnﬁJb %pglnéeﬁ%g u |8ﬁ£i?zc‘j ’gﬁ]“dg thﬁ' &DH of

f r om ab®at limited to &bdatmg_mzsemmgmesm nEhe ading mnrt)dcﬁa?%&%ﬁds ity Qpoh a

second tiqnalized re t.he .. second functionaljz resi n having
functi ofﬁgn&&eggf)g R IpIprY ’B?l“p% m%%awﬂrfenct@aah#m@s (B2) les from

the bri amisdthéthylo rphok_ﬁhohﬂ.e :Icid Sémgﬁngﬁoﬁﬁﬁe@r&%% S 0141:[19@1“

i nvention, the pH gl uconat e-contal ning briné so djusted
fromit &mcnpmlwedgpsmdma qbaubﬂ(l%rmre abnwapﬂzxtyahﬂdi)fiDtA 4nlyTalicut 3efoer abl y

about 2 eferabl y about .2.5. The initial pHis
typi cal &@2&%;&%%5‘?‘? PP@E‘“B mﬁ"tﬁ W‘@mﬁmgowgmn SFarr age
after pthlﬂﬁa!oﬂ@ﬂefuhélﬁﬁfaﬂﬁéﬁmsﬁ%ﬁgk dfe@s Of adjusting the pHto the
desired range include addition to t BI’I ne solution of a sufficient. anount

of at least one mineral acid. Hydrochloric acid is particularly preferred
in the appligg Fol | owi_ng _adj ust mant of the

t he res I nventi on.
pH, the bri ne s %gﬁ a¥a‘! ﬁﬂ@‘ FEPLEY ySUChn 25 (AMB . one
resin bmincfamrecsbﬁﬂomﬂ &Haai Tt lor QAW anaﬂﬂfacm

functional iized resin_nmay be ‘any resin capabl e of ' renovi ng mﬂ't |a3’all"ent nmet al
cat i ons™May; ew’dmrfgeﬁmtﬁpwon jdn exchangeresintbedkel , al umi num or mi xtures

t hereof. 13 23 February 2004 WO 01/ 14252 PCT/ USOO 20172 1on exchange resins
suitable as the first functionalized resin include, but are not limted to

chel ating i o'ﬁheﬁmmaheﬁzddsms@@kﬁ&aﬂ@ hae :ﬁﬁ@ﬂ%ﬂéﬁan?@%héﬁ tklfﬁ:fmar €
effectl#g)foqlllr .repoyal include imnodiacetic acid functio zed resins
(1DA) & "}\;’I%’swfo@ etaladpa  penvprilliliter t ofo mesin z 6xl abesi 3.
Al t houdhilibtivalents of metal ion 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.

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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functionalized resin has about 20% nore iron capacity23 B&sruaipyR00anl y about
13 to about 25%of the iron | oaded onto AMP resin is recovered during
regeneration. For this reason, |IDA functionalized resins are preferred.
Commercially available I DA resins such as AMBERLI TE | RC-718, nanufactured
by RohnWe \A#252Co. or LEWATTT TP207, nanufactured by BayePCTURMPZMUE ysed in

e L R G PR R B TSR R i Pl e Br 1 2

mllieqggyyedo®sys of netal ion per milliliter of resin to about 3 :
mlliequivalents of netal ion per mlliliter of resin, and preferably from
about 0.5 mlliequivalents of netal ion per mlliliter of resin to about

exchanggod e&han@eftsiitbedia Pedntintsiobseniieddntidaoksprotess and ke oty ragdich as
batch, continuous, or sem -conti nuous met hhods. | referred nethod, the

na
brine sof bringaverghe yesinched ranges drgm abows| 1 sesin bsd ﬂf&lqwqﬁ@gah%df’@bmr@ first
functiopakl ' e ' < [ . . col um
¢ ORI BEE vOiBheS BECRIY MOrE Hrbrerab R 10 o tue 1 Sntili B0t 0, (O,
subst anin tHel rengxbfatwiued réxin B volukyes per homcoesboat 2hrdsincbedovalemes pér on of

contam nating netal jons in_brine solution exitin ;l‘lg’gq:,cl m,. Wen the
metal | BAUE o PEed Inghe BiSEERNt iRVCHHOR, & ewa'iséapr%é‘»% @aﬁéegwelmaes fresh
resin bede hSurSHBICAES Fof Qfanntéé/lg.aﬁﬁ?f'gaﬂénsfW@Q%u@rsgmﬁoﬁ?i bbdidited RAfiUSt ed

I on exchange resin beds be regenerated according to ne own in

t he art 0.5 gdikeme of Bchelaing Jonrexchangp resin per kburr &ht nermperdtoresfior contactirigons from
the resin bed foll owed by base treatnent to return the resin to the sodi um
f or m pr f biiee slptien iithctbel iemexchange rrsibbed Eanges Siomealavh29eCp sbedLes are

describ y C. Dickernt in "lo nge'" 3_Februar Q Q1/ 14252
PCT! USSP ¥ormare Ryefacacy i sbAtk A9 G REious 0ec. el bR ey ook 1
editionggu@l . 14, pp. 760- 770(1995). In the first stage, the brine is
intimately contacted with the first functionalized

g uconat oot By A 8 b, ke Roieptd S lhe 5P e, 11

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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I on exchange resin-bed in a continuous or sem -conti n2®Hsbmpay@®®4 and t he
flowrate of brine over the resin bed ranges from about 1 resin bed

vol unmes per hour to about 30 resin bed volunmes per hour. Mre preferably,
the flowddhgsn @ continuous process is in the range of_about 8 resin bed
vol umes per hour to about 25 resin bed vol unes per hour.m%yuﬁgoé’(fl?zn t he

present i nveAfiepthe gasidge\uflid ﬁi@(ﬁéﬁ&ﬁ@ﬁ{ﬁ?ﬁé&y’rﬂ?ﬁ%&% g‘?@f p%#%f al{9per hour

i ndi cates, for exanple, that 5 gallons o nt act ed
with oPBRespluiag isreadiusied 4o ianpHi of fenns 9ty aboes 1.5 eTyphelirme e Cof

t emper LS {PRE] e. brine solution with the ion exchange resin
bed rara%dgsﬁjfn%gh? gggut Ed%%trghgeo%[uc‘g%’ﬁo’rmf’@ $ieRsy @F adsitjon ppthedingt 40C t o
about 7dihtievefna sufficicnt enEnAOGancARME Mm@ Conlitfnh! | Ol 51k 2R fegover ed
fromtre@trre t with the first.functionali zeod Ilhzglrrll ’%xc %nédg&!‘g%iw%gontai ns a
signif i BYdeXide.r equced concentration of multivalent metal cation

contam nants. The anount of nultivalent nmetal cations that is renoved
depends, anong other factors, upon the initial netal cation concentrations,

the pH to wSiitble hkalbmios @mpsuhed whicefiay BeSiked G [ first
functi ci)nal i zed, iqn @(‘i’hange rpgsi n wth wh?ch thqusaldﬁ%?s%?hﬁr%ntgﬁones into

cont act HRRSBIRLoR inclugs, but e aoh limited dovssodiuny hydroxider potassismydroxidece!
cat i ongithfieh ByEOxide B ¥ fE St PmReb P ¥ Lhel gtection Jinits in the brine
sol ution folli%ggvi ng ?gﬁt act wit Jf‘#é)d'kl‘}r??)g&ml"fff?c'ﬂ’ ed ion exchange
resin. This is surprising in view of the strong interaction between the
metal cati or}sr?ali%n%gl uco&’lat e. Because of this strong interaction, a
fraction of ‘HUCHR& M 2dipment ehtheobring selation data pHeab froth Bbaun g ke t hus
treat ecbbii PES VSR KT &5 labb of vaterssol ubl e .conpl exes with a
metal chelati \Q@%_agen?.- I'n %a??ﬁg%ﬁ’;@c BH ovg{cgﬁff’%‘l&'ﬁ‘#a"{{ﬂpéﬁcﬁf’"‘% he iron
' renoveé“%loaﬂl@gnmmmh gfef resim ?étbiﬁ mbaﬁh.eﬁt?lﬁgxlubﬁi,lnﬁr S&hiltdritihu
initia t in the rmof a_water-soluble gluconate conplex. 15 23
Febr ua%&i %f%eﬂgjﬁgff%#&mg bed mnges fropnsbawyel resint bed bri ne
from t velume pér hourQb iaBBad 25 eid Bed %l&ﬁk@ ! ar, Gre 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 jon exchange resin bed ar

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
~resig capable of rbmoving 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
functionatized resin. |
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brine solution is readjusted to a pH of from9 to abogs réBrugry Z0pgi cal neans
of adjusting the pHto the said range include one or nore steps of

addi ti tq. t brine solution of a sufficient amount of ., metal
conmpoun pogﬂg%?as an alkali nmetal hydroxide. Suitable al&%ﬂﬁé@éjﬁ
conpounds whi gfthéGph Reduseds pAmARTY EméVR ifthesebffd stafe,NBe TSR]

i nclude, but_are not limted to, sodium gédrom de, potassium hydroxi de,
i t hi umeemRrsigRdjestmantafithe pH torfspraaboutsy & abeutytiardkpassageofthebane ed.

Fol | owi ' t . 1 h ' ' f_fremabout 9 to
about 1%%13“6 g'r e\(‘ egg%@&tﬁdﬁéﬁéﬁﬁz %Q@ngaiﬁ%ﬂﬁg’r}?@ﬁ‘ﬁﬁ@f&v@8mm ed with
a seconcontantiniion)as irag ik dssuntialg hiaeaesibhsidsotbed or forfexthingded cafRPAMPIOUS, O
sem -continuous process and the flow rate of brine over the resin bed

~ ranges fTE¥HP about | resin bed volune per hour to about 25 resin bed
vol unes per hour, nore preferably between about 5 resin bed vol unes per
hour and about 15 resin bed volunes per hour. The brine is preferably

passed t hr ougBerthe of ebobrind sulatiom irathezsedond furkxiohslivgd 6@ ekchahgdiradin @
20C to about ,90C, preferably from about 40C to

t enperatur.e of from abo

about ER?é,méY/?ﬁ Penﬁf Er Sesthads knaywn ins thecart, Tsichsaschteh, conéayaysaor zed i on
- exchang hide; ' t - ha " . | ol ution.
ho Useq g SORAYLE bicARRs, th § PR R OO RETEAT sl RS Bfseil hfya

i ncl udi rgediumnnexintdining tacbed: of et seoond dhinativhalized iomeexthaigem Paskfiel oM
stronti ym or m xtures thereof. The,secongd functionalized resin may be any
resin capu BUBeh e, solign, may, continug Pl the Kppaciboeh tmiresinched 1s
functio LegRehl | IqOR : | |t al VP
Fesi ns. eyl ANl B B R BES e dn e cenabi i br ol D
LEWATTT alicling @arth megal ¢atiarsun ¢t byindsglation £xiting thecalamar When the matsl
trivale netal, cations.fr t he. | yconat e- cont ai ni n rine prior to

i nt rodurci{"ll Somplexing, capacify %gatrﬁgnsgﬁ%ﬂﬁ c‘ﬁ’ﬁ‘f?&‘ﬁo Piazg'a’s dEIR beggls) 3

Febr uar \emfloyedVibr tiéatintabaf fofhériNd Sdldden. Bhhiiuahion2xe3e rdsn BEds@ 1 1Y

renoved in the second stage, the first stage,
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. |
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conprising adjustnment of the pHto fromabout 2 to ab2dredruary@00dssage of
the .brine solution through a first functionalized resin, serves to ‘protect
the AMP resin fromiron contamination, as iron is essentially irreversibly
adsor be@v@ﬁy‘l-ﬁ& exchanged onto AMP resin. Contact of the brine solution in
the .second functionalized ion exchange resin bed may be J&TUFOR2H7Ry

met hods known in the art, such as batch, continuous, or sem -continuous
nmet hods. ferred nethod, the brine solution is passed through a

col um c%#@?%ﬁg a bed of the second functionalized i on exchange. Passage
of brine through the colum may continue until the capacity of the resin
bed i's substantially exhausted as shown by an increase in the '
concent r at i onTlesf follomtingrexemples arecqpuit btk so Mdﬁoﬁiﬂ&%hos@@fioﬂﬂﬁai@kﬂﬂ brine
solutio gxiti@ﬂ t he olltérm "When the netal _ion conplexing capacity of a
resi n bed iy BN A FOMplete disclpsurg andsdescrption pEhow dhe comppasjtiohsf afrmitrezat nent

i
of furthsd Meihd8s SRliMbe "péh@%’ﬁ?g 50, resin beds ..may_be
regener ated accordi nlgé? E)ﬁe'r.rcllet hods n(;da'\;\'llklI ‘?’r‘%ﬁi%ﬁéea?gﬁ&.n%é‘ﬁn Rclimgithei on from
a pol ymecopmAfiwhet the inyeptovs esgard rasaheiel ibwentibn. BEbHROUa®d bbb rBRETEN
[ nv-entqu dr?a@éu?&%yr ol[¥2'ed i.n an eéeggtrol ysis cell, the separator in such a
cel | exhiDIt S-AT4YoRIt TEspaes 1P RiyR (¢-g4 amoyats, temperaturesaeted biut forhé ne i s
due to teer afi@deviageit HORROHA § d -within the
separator of solid species dﬁﬁﬁd?ﬁﬂ%ﬁ%ﬁ%? THI3F BAFS 3B4RY et al
- cat i onsvaight; tesperatuee isdh A0 onis atroopntcmiperdiate, B m@'ﬂ?&@%&sm@hgr in an
el ectrolysis cell Xhi‘bir.LqSe a significantly Ionger I'ifetime usrng brine
treated sff‘%tcﬂﬁlfﬁﬂ'%f HECSSHESSIS @t oF neap atmpaspherikhi s i nventi on has been

described in detail with particular reference to preferred enbodi nents
thereof ,_but it will be understood that variations and nodifications can

be ef f eEAMRBLEN n the spirit and scope of the invention. In particular,
al t hough the invention has been described in reference to a nmenbrane

el ectrol yzer Brinkewns Qesatedl & @S Gfabbe o %!iic%Sﬂcﬁﬁrﬂ%?&&@qﬁ}%?@gocesses,

for i nst.ancte z hqse utilizing a diaphragmfor separati On. ruary
2004 WOBFFGRYBD levels of hardness and heavy metals. In the first stage, the brine was

treated at low pH by an iminediacetic 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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EXAMPLES FCT/ US00120172 The foll owi ng exanpl es are pug3 fFebiubryszotds to

provi de those of ordinary skill. in the all with a conplete disclosure and
descrip how t he conpositions of matter and net hod i med_herein
are rradyogﬁgq%‘val uat ed, and not intended to limt the S{(ng 1020 % t he
inventors regard as their invention. Efforts have been made to insure
accurac* Wth respect to nunbers (e.g., anounts, tenperatures, etc.) but
sone able L Rgodustion Brine Giupositiore accounted for. Unl ess indi cat ed

ot herwi se, parts are by .weight, tenperature is in Cor is at room
tenperature. In.the processes described, unless stated otherw se, the

pressure is aj Cempbgeait Al R&6 BigE! C| PaificlER SEBRRS (] atibn | stages to
achi eve nenbrhne electrolyvzer hrink specificat g fm:ve s off hardness and

heavy netal's.|®a the fi rsQﬁﬁpmge - heppb i ne was| Ca+Mgt ed at || ow pH by an
i m nodi acetic ro=fumct ..a..Lw chel-at+-rg— ange rgsin (IDA
resin) to rem)% heavy rrqu t% C‘%econ_d sﬁﬁ@xﬂg’ne brine was treated
at -elevated e wWth an qmpﬁget hy <POPEPRONT C _Ep unctional i zed

chel ating i onl—exchange kesin (AVA resih) to r ardness. The details
- of the two steps are given |n Table IL The bri ne cont ai ned 300 grans per

liter (4 nggﬁﬁ@o EB um gl uconate. The crude and purified

productl on br| ne Bhown in Table L . This exanpl e shows

that the process of this |nvent|on may be used to achieve nenbrane
el ectrol yz cification bhrine jnpurity leyvels for hardness and heavy

metals in fhe presence of Step[lm SOdI um gl u¢Srepl®. 18 23 Febrdary 2004 WO
01/14252 T roductTP ..c wu ostHHaRCH-USAVPpI-2—-Cdnponent Raw
Bri nePuri f | Br'l: eSpeci fi Q?ﬁ’f %‘F WZ fgpnv ppb<30
ppb : Polystyrcne Polystyrene
(AMBERLITE IRC- | (DUOLITE C467)

: 718) : ‘

Bed Volumeshr |10 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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Fe0. 3 ppnk0.07 ppnD.5 ppm Table I11. Brine Purificati2hFé&sngiytd00ds Step

| Step | E | DA- Functional i zed AMP-Functi onalized Resi m TypePol ystyrene

Pol ystyrene (AMBERLI TE | RCG- (DUOLI TE C-467) 718) Bed Vol unes/ hr1010 Feed
pH2. 5- 3erdldi/ikeszper at ur e606060' C Exanpl e 2 This exanpl e shauSriisahoizie
process of this invention may be used to achieve nenbrane specification
brine inpurity levels for hardness and heavy netals in the presence of 350
ppm sod 2004 WO 01/ 14252 Table M Production
Brine “B!)glgl on hgsgl}gﬁﬁ%l\g@%%%ﬁ'pm sodi um gl uconat e PCT/ USOOIl 20172

Conponed @i nePurified BrineSpecification Ca2.8 ppnb ppbCa+My My10. 2
Eorr:gl fl gﬁ@?’gé tgmgméc%are n<0. 05 ppnD. 5 ppm:l'abl e |V. Brine, Purifi ca.t I on
Component | Crude Brine |Purified Brine | Specification
Ca 2.8 ppm 6 ppb Ca+Mg
Mg | 10.2 ppm O4ppb <30 ppb
Fe =03ppm |<0.05ppm 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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Step IStep Il |1 DA-Functionalized AMP Functionalized Re3Fsabrhigpefdodystyrene
Pol ystyrene (AMBERLTTE | RC-718) (DUOLTTE C-467) Space Velocity 1010 (Bed

Vol une/ hr) Feed pH2.5-3.59-10 Tenperat ure60C60C Conparative Exanple 3 This
exanpl e shows the necessity of renoving iron before renovj [ Ss in
gl ucon¥@IWERFHi ni ng brines. The feed brine contained 0. Mé@ﬁq%n, 2.0
ppm Ca, 0.81 ppm My, and 390 ppm sodi um gl uconate. The brine contai ned 300
gpl Nadl. 20 23 February 2004 WO 01/ 14252 Feed pH 9-10 Feed Rate 3.3 bed
vol umes/ hr Feedpdf at ure 60C9HQTI/ USO0I 20172 In this case, only a single-ion
exchange st s perforned the brine. An AMP type resin was used to
treat the bﬁ%‘?&%ﬁ har dnes$- q&ﬁ’o‘(?é‘f‘mﬁgl‘%out removing the iron and other
heavy net al W The pro%&é har dness | evel was <10 ppm My and 50 ppb
Ca, which is a vemﬁe menbrane el ectrol yzer specification for cal cium

W t hout being bound by any theory, it is believed that the presence of iron

in the feed (as iron gluconate conplex) interfered with the ion exchange
process for laghisicass. ply & singleniosexchangesssermvian gefaraed an theobrineneAnon

exc hangm@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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Conpar ative Exanple 4 This exanpl e shows the necessit ¢3é&ebmanp2d0dg iron
before renovi ng hardness in gluconate-containing brines. Feed Brine
Conposition: 300 ppm.sodi um gluconate 0.72 ppm My 5.8 ppmCa 1.90 ppmIron

(Fe) Fewb@ladfd. 3 60 degrees C 50 gmresin (AMP resin) 1%%@@09& ne
feed rate (1%.2‘6 bed vol umes/hr) 21 23 February 2004 WO 03/'1
PCT/ USOQ 201 7%¢ qitleat compesitionrip odiowmin Tabkh®on This FhbWE Har fld forShOWS

t hat t h@e inis unable to renove hardness to | evels required
f or nerr%f%l%gg%e“ qgg‘é‘%g@i @nk?-'?ovfﬁéa’g?‘fsﬁéo ¥elsirpavirg; forj membeane eglliconat e.

The hi gleperatéri lificthe brine centaimt beth HonLahd éy?c Ca ara@ative
exanple .3) is attrihuted to the higher level o fronﬂ%bﬁﬁgg Eﬁ'ﬂ}l e.(vs

conpar afPRAEDERURR, 0 both Mg andhiatps comprrative exatmpie 3) ligtartibatedr @ gaas onl y
tial . ditions.. Table V F Ca
by - SR S I e SRS s tiive 250eple Do biowbble Sorer a2 423

Febr uar $havaOthanibe Grohwi@56hly partially removed under these conditions.

Table V

Hours Fe (ppm) Ca(ppm) Mg (Pbb)

24 0.42 0.14 60
48 0.64 0.14 40
72 090 025 40
96 1.09 0.43 35
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What is clained is: PCL7USQOR0172 |. A nethod for renesyFéegruairoodt i es from
a brine solution obtained as a by-product of a condensation pol yner

manuf acwWortil1g2ser ocess, said brine solution conprising trj al
cations and al Kaline earth netal cations, the brine sol ut %‘ﬁh{?g%@

conpri sirRg i@ ci@hed issol ubl e metal chel ating agent, the meth d conprising the
steps of: a) adjusting the pH of the brine solution to a pHof from2 to
4; b) passing the brine solution through a first functionalized resin
having functional groups capable of renoving trivalent netal cations from
t he bri nd. Somethagifor remmyinguimpueitiescfrom d bene salotont stadined ah Hytpruddatnt net al
cations Phat¢padpnsaien pelymerananufctardng ptocegs,t sxad rinefsolutien Rbmpisiag! ution to
a pH of -irivalenb megal catisns and aRaling assthnmetdh eatisris) ¢he b islitibhfatigh a second
f unct i onEPMPREING aatersohibly mettal mhielatingilaggnty tesmethied ompiking e giepy al kal i ne
earth nefhl cations fromthe brine solution, thereby reducing the

concent r at i onabidisting theneH ehthetbrinetsalutionts apll 6f froti@to 4r i ne sol uti on,

~ wherein st epsbhyassiag the rhrige seldlion Mubugte = fieg shndtioralized) resih. havieg met hod of
cl ai m 1, unglianabgroypsrpapableef reptevingdrivaléntpnetat eibhs Gromithe brineeola®onyt i on i n
a pri mar frembyifedydingtheeancentration pi trivalentonetakgatiels inthé trips solation; br i ne

treat nent st agkadivaing thesphh of thejbrise isolytiomte pHiobfratncte 15;iandt he presence of
a nol ar exces9). Bassingathedbrinecsalefion throughy a regcond fetctivnaliged hesirs bhwvihg on and

r enovi ngfuPationgh giyRatE@Pakla of Jeniagralkaliod esirthcinataincationsHieoneitiie bHee f i r st
funct i ongRlitiody thesehy, redasing dtbe | qopaentratinn wfi akgline |eanthetabcativns tinrtks  t her eof .
4. The n@ingowhioncyagrainsteps ajanddi) must oceus befete Steps ©) ambd)i zed resin

renoves cal ci um magnesium barium strontiumor mxtures thereof. 5. The
met hod of- Eheymethpd of glaim d; fudtbapedraprising the stepeyf peétrealing thediieeisolptioe  br i ne
sol ut i onil 2BIMAy bgpe Hﬁ??%@'@gepﬁlﬁh@ step hp daidfprimiany brife tredtmentstage fi r st

f unct i onéAMBSiNgr adiustingsthanpil o rabovdi 2 én ithe poésenteinttd onddri oedss of exchange
resin. carbonate ion, filtering or settling 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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7. The nethod of claim 1, wherein the second functi on28 Febmlarye®l04 i s an
am no net hyl phosphonic acid functionalized ion exchange resin. 8. The
met hod of claim 1, wherein the brine solution in step d) is passed through
the second functionalized resin at a space velocity of from1l to 15 bed
vol umes per hour. 9. The method of claim@8, wherein the tenperature of the
brine solution is_ from20C to 90C. 10. The nmethod of claim 1, wherein the
brine sol uti®n i nTha B§ted ofclaimsls shreinthe figt fynetionalized resinds ABMAING ed r esi n

at a space V@Awiéa@a@fuﬁcf.&ﬁm&ea%rﬁgxé?ﬁﬂ cY&4iymes. per hour. 11. The met hod
of claim9, wherein the tenperature of tghe brine solutionis from20Cto

80C. 12. The nethod of claim 10, wherein the tenperature of the brine

sol uti on i s 60Cranohe dRIdIAC WnchlifiiR el Abibralifed idciifisig] ut i on in

step b) is passed throug resrn a space
vel ocity of dmioomraethyl prﬁasbhdnlcmldmaehqrmhzénbimn,emhdngehmsm.| ne solution in
step d) is passed through the second functionalized resin at a space
velocity of from4 to 8 bed volumes per hour. 24

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 1 to 15 bed

volumes per hour.

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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