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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
compartment and a cathode compartment with an appropriate separator between them.
The purpose of the separator is to separate the anolyte solution and catholyte solution

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.

Electrolyzer membranes and electrodes are sensitive to impurities in the brine,
particularly multivalent metal ions. Both cell voltage and current efficiency are
sensitive to alkaline earth metals, such as calcium and magnesium. Generally,
multivalent metal cations are soluble at the relatively low pH levels on the feed side of
the membrane and are thus able to enter the membrane. The cations flow with water
and sodium ion from the anode compartment into the membrane toward the cathode.

However, because of their limited solubility at the higher pH levels that prevail inside

1



However, because of their limted solubility at the higher pH Ilevels that
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feedstock in a chlor-al kali plant. The secondary
frequently present during the interfacial polymerization of bisphenol A with phosgene.
A brine produced as a by-product from such a process may contain a substantial
amount of sodium gluconate which may in turn present special difficulties during

brine recycling in a chlor-alkali plant.

The chlor-alkali industry generally utilizes brine that does not contain chelating agents
such as sodium gluconate. For brines free of such organic chelating agents, a
relatively simple brine purification process is employed prior to membrane
electrolysis. A primary brine treatment is used to reduce brine “hardness”, meaning to
reduce the levels of calcium and magnesium ions present in the brine to the 1-2 ppm
level. A secondary brine treatment is used to further reduce “hardness” to below
about 20 ppb, a commonly employed upper specification limit for alkaline earth metal
cations in brine serving as feedstock in a chlor-alkali plant. The secondary brine
treatment step typically uses chelating ion exchange resins having a high affinity for
alkaline earth metal ions. In the absence of organic chelating agents such as sodium

gluconate, membrane-specification hardness levels are readily achieved. Further,



treatnment step typically uses chelating ion exchange resins having a high
affinity for alkaline earth netal ions. In the absence of organic
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shown that although the equilibrium resin capacity for calcium and magnesium is
independent of the brine strength, there is a small negative effect of brine strength on
the apparent capacity under packed column conditions. The adsorption kinetics of

calcium onto the resin are noted to decrease with increasing brine strength.

Commonly owned, copending application, Application No. 09/378,957, describes a
process for achieving membrane-specification hardness levels for gluconate-
containing brines. Additionally, US Patent 6,103,092 describes a process for reducing
the concentrations of multivalent metal cations in gluconate-containing brines.
Finally, US Patent 6,214,235 describes a process for removing haloalkyl
trialkylammonium salts (referred to herein as QS) from brine by passage of the brine
through an adsorbent which includes a partially pyrolyzed sulfonated polystyrene
divinyl benzene, or carbon. As disclosed in , copending application, Application No.
09/378,957, it is critical that transition metal ions such as iron be removed prior to

“hardness” removal in order to achieve the membrane specification level of hardness
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BRIEF SUMMARY OF THE INVENTION

It has been discovered that even after primary and secondary brine treatment, treated
recycle brine still demonstrates serious voltage penalties during electrolysis in
membrane electrolyzers. While not being bound by theory, it is hypothesized that
these resins, particularly in the presence of recycle brine, release low levels of
contaminants, said contaminants being referred to herein as “resin extract”. It is also
hypothesized that there are organic contaminants in the recycle brine that are not
removed by either primary brine treatment or by the ion exchange resins. We have
also discovered that by adding a polishing step downstream of these ion exchange
resins, the voltage penalty is substantially eliminated. Brine that is a by-product of an
interfacial polycarbonate manufacturing process employing a trialkylamine catalyst,
such as triethylamine, and methylene chloride solvent, frequently contains a

chloromethyl quaternary ammonium salt (QS), which must be removed from the brine



hypot hesi zed that there are organic contam nants in the recycle brine that
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brines REdO™€om salt containing no gluconate. In one aspect, the
invention relates to a nethod for renoving inpurities froma brine
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step b). In a further aspect aspect, the present invention relates to the
r egener a&olwionpf absorbent materials enployed in the polishing step.
adjusting the pH of the brine solution to a pH of from about 9 to about 11.5 and
passing the brine solution through a second functionalized resin, said second

functionalized resin having functional groups capable of removing alkaline earth

metal cations from the brine solution; and
subjecting the brine solution to a polishing step following step b).

In a further aspect aspect, the present invention relates to the regeneration of absorbent

materials employed in the polishing step.
DETAILED DESCRIPTION OF THE INVENTION

The present invention may be understood more readily by reference to the following
detailed description of preferred embodiments of the invention and the examples
included herein. In this specification and in the claims which follow, reference will be

made to a number of terms which shall be defined to have the following meanings.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention may be
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manufacturing process. Condensation manufacturing processes that may produce

a,

brine as a by-product include, but are not limited to, condensation processes that
produce polycarbonates, polyesters, polyarylates, polyamides, polyamideimides,
polyetherimides,  polyethersulfones,  polyetherketones,  polyetheretherketones,

polyarylene sulfides, polyarylene sulfidesulfones, and the like.

In a polycarbonate production process, for instance, aqueous sodium chloride arises as
a by-product when at least one bisphenol is reacted in an organic solvent with
phosgene or a carbonate precursor such as an oligomeric carbonate chloroformate in
the presence of an aqueous alkaline earth metal hydroxide, such as aqueous sodium
hydroxide to produce a polycarbonate, for example as in US Patent 4,737,573.
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.
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conpar t Béftgranspe ltatdfedmtionnpart nent with an appropriate separator
bet ween the two conpartnents to separate the anolyte solution and the
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separator between the two compartments to separate the anolyte solution and the

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

evolved at the cathode within the cell. Optionally, the separator may be at least

partially porous to water. Commonly, membrane separators are used to the separate

the anode compartment and the cathode compartment.

A membrane chlor-alkali electrolyzer has two compartments (an anode compartment
and a cathode compartment) separated by a membrane. The brine solution is
introduced into the anode compartment, and deionized water is introduced into the
cathode compartment, followed by application of electrical current across the
membrane electrolyzer. This process electrolyzes the sodium chloride from the brine
solution and yields a caustic solution as the liquid product exiting the cathode
compartment. Details of this process are given by Curlin, L. C, Bommaraju, T. V.,

and Hansson, C. B., Alkali and Chlorine Products: Chlorine and Sodium Hydroxide,
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cont am nants i ncl ude one or rmre steps of ref erred to as pri rrary and
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electrolysis. Contaminants include both those from the polymer manufacturing

process and those from make-up salt, which is often added to brine that is recycled
from the polymer manufacturing process. Typical contaminants include phenolic
species, organic catalyst and solvent residues, and metal species such as alkaline earth
and transition metal cations. Purification steps to remove contaminants include one or
more steps of referred to as primary and secondary brine treatment. Primary brine
treatment comprises the addition of carbonate and hydroxide ion to precipitate metals,
clarification, filtration, volatiles stripping, and contact with an adsorbent to remove
organic impurities. Secondary brine treatment is performed prior to feeding the brine
to a membrane electrolyzer and includes treatments such as ion exchange to reduce
the concentration of multivalent metal cations. Phenolic species present as
contaminants in recycle brine are illustrated by bisphenols such as BPA, monophenols
such as phenol and p-cumylphenol, trisphenols such as 1,1,1-tris(4-
hydroxyphenyl)ethane (THPE). Organic catalyst and solvent residues present as

contaminants in recycle brine are illustrated by free tertiary amines such as



organic inmpurities. Secondary brine treatnment is performed prior to feeding
the brine to a nenbrane el ectrolyzer and includes treatnents such as ion
exchange wo oseshste t he concentration of multival ent netalPCEAISODBESB60
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reacti onrday@drp@bllcyﬂ}l‘ﬂaawes&hémmure | RLto RL N CHZ d |1 R 0 X 1 wherein
each Rl is independently at each occurrence a Cl1-Cl0 aliphatic radical, a
C3- do cycloaliphatic radical, or a C4-Cl0 aromatic radical. Quaternary
ammonium salts (QS) | are illustrated by chloronethyl triethylamoni um

chl oride, chloronmethyl tripropylamonium chloride, chloronethyl dibutyl

nmet hyl anmoni um chl ori de, and tRé like. Alkaline earth netal cations that
are often present in the raw bri rre sol ution include
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wherein each R! is independently at each occurrence a C;-Cyg aliphatic radical, a C3-

Cyo cycloaliphatic radical, or a C4-Co aromatic radical.

Quaternary ammonium salts (QS) I are illustrated by chloromethyl triethylammonium
chloride, chloromethyl tripropylammonium chloride, chloromethyl dibutyl methyl

ammonium chloride, and the like.

Alkaline earth metal cations that are often present in the raw brine solution include
calcium and magnesium. These species are often referred to as “hardness”. The
calcium and magnesium concentrations in the raw brine solution may each
independently be in the range of about 0.005 parts per million (ppm) to about 2000
ppm, more often in the range of about 0.005 ppm to about 400 ppm, and still more
preferably in the range of about 0.005 ppm to about 10 ppm. For maximum
membrane lifetime and efficiency of electrolysis cell operation the sum of the
concentrations of both calcium and magnesium in the purified electrolyzer feed brine

solution is most preferably less than about 20 parts per billion (ppb).
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with nmultivalent nmetal cations, particularly transition netal cations.
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nitrilotriacetic acid (NTA), gluconic acid, and their sodium salts. Sodium gluconate is
a frequently encountered water soluble chelating agent present in brine solutions
which may be purified according to the method of the present invention. It is
generally preferred that the concentration of water-soluble metal chelating agent in the
brine solution prior to the purification process of the invention be less than about 2000
ppm, preferably less than about 500 ppm, and still more preferably less than about 200

ppm. Typically, the concentration of sodium gluconate in the brine solution is in a

range between about 50 and about 500 ppm.

In general, membrane separators are more sensitive to contaminants than diaphragm
separators. Impurities which affect membrane cell 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.
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Primary brine treatnent helps’to mnimze the inpurities in the brine
sol ut i onmbemizesthg itnpuvitied &y thethrineesolytiat pradorte s “sesendirs buoe dgatynedt’’, ne
treatment . conpri Si the steps of.th rese Lnvention...ln primary brine
treat rren%a,“f?%gn(%alr}' Egnﬁge?’t?egqocé)wgglgte%ggﬁ%@(«gfttg%%etsenfbmfeﬂn?rhe presence of a
nol ar excess of carbonate ion in order to precipitate alkaline earth and
t ransi t i Brprifi®y drihie akatnheit,lthe brilopHtie sleaumed o abvwd mbxutd@dn thioprlesaved by a
filtering and/or settli n% process auch as.clari Li cati og. ghi s i.s foll owed
by aci di 9% £ EOIBF&598 OS CRPBPAIRIPION ATAY L0 BFiHRI A GalkaliRs ATEAPY S98TECR on as
wel | as lﬁeﬂa&t hd e A re %&»@%pm&ﬁaea%ho%d %%ﬁlt&mgsa{d/@rrge&nﬁ%d
di ssol ved catal ysts. Additional treatnment such as adsorption may be

process such as clarification. This is followed by acidification and stripping of the

brine to remove carbonate ion as well as volatile organic contaminants such as organic

solvents and dissolved catalysts. Additional treatment such as adsorption may be

utilized as necessary to remove organic species such as monomer and low molecular

weight oligomers from the brine. Experimental details for carrying out primary brine

treatment in this manner are described in US Patent 6, 103, 092.

In the secondary brine treatment phase, it was earlier discovered that that if transition
metals were removed first from the brine undergoing treatment, the ion exchange
process for alkaline earth metal removal was observed to occur with greater efficiency
and membrane specification levels (i.e. less than 20 parts per billion (ppb)) of alkaline
metal ions in the brine were achievable. It has now been discovered that the
incorporation of a brine “polishing” step into this secondary brine treatment following
ion exchange removal of alkaline earth metal cations significantly reduces the voltage

penalty observed when recycle brines are employed in membrane electrolyzers.
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described by the instant invention.

In the first stage (step (a)) of the process of the present invention, the pH of a
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
after primary brine treatment. Typical means of adjusting the pH to the desired range
include addition to the brine solution of a sufficient amount of at least one mineral
acid. Hydrochloric acid is particularly preferred in the application of the present

invention.

Following adjustment of the pH, the brine solution is then intimately contacted with at
least one resin bed comprising a first functionalized resin. The first functionalized

resin may be any resin capable of removing transition metal cations, including but not
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referred to as the first, second, and third "stages" of the brine
purification process described by the instant invention. In the first
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Al t hough AMP functionalized resin has about 20% nore iron capacity than

| DA, onl godhetHialldvhRablé POUtresindath 4sheVIBERLITBAHEd7 8D hnAMBtuFiShyn i s
recovered during'regeneration. For this reason, |DA functionalized resins
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may be used T n 1onal'i zed i on exchange resin bed. The first
functionalized resins preferably have an ion exchange capacity from about
0.1 m | | Tiegfitsy filretibsalirkd medisd pictmatdehaved & idn exhande capscity fromatbout 3 nil | i
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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 ion per milliliter

of resin.

Contacting a 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
vessel, such as a column, containing a bed of the first functionalized ion exchange
resin. Passage of brine through the resin bed may continue until the metal ion
complexing capacity of the resin bed is substantially exhausted as shown by an
increase in the concentration of contaminating metal ions in brine solution exiting the
vessel containing the resin bed. When the metal ion complexing capacity of a resin
bed is exhausted, then a fresh resin bed is employed for treatment of further brine
solution. Exhausted ion exchange resin beds may be regenerated according to
methods known in the art. These include, for example, acid treatment to strip cations
from the resin bed followed by base treatment to return the resin to the sodium form

prior to being placed back into service. Ion exchange processes are described by C.
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metal ion per mlliliter of resin to about 1.5 m|liequival ents of netal
ion per mlliliter of resin. Contacting a brine solution in the first
functi onaWDa8@s98081 exchange resin bed may be perforned bycCmatShosiséknown in
the art, such as batch, continuous, or sem - continuous nethods. In a
preferred nethod, the brine solution is passed th gh.,a v such as a

|,
col urm, Diskedi Wi gnabrdangy’ Kik-@thmer Epyelop awé%ﬁe%ﬁl ﬁgﬁéﬁ@%” resin.
Passage ﬁ)furtﬂreidﬂﬁntl%p?@?ﬁ?%ﬁﬁ?h? d may continue until the netal ion
e resin be

conpl exi ng capacity o ‘is substantially exhausted as shown by
an increase in the concentration of contam nating netal ions in brine

sol ut i onlrettiet finsgstape the bsiselis coimatelyi cogtacted witlsithe et funitionalided inet al i on
conpl exi ng.capacity aof. a resin bed is exhausted, thep a fresh resin bed is
enpl oy edTBRTES ESTRSAngt CATTLART O R MBI et ARSEBE Ok change
resin begse FRYriRANFRYR MR RERaGERNHiffeh hibut TaEHABE] koRWMEsiplr h\g tart . These
i nclude, for exanple, acid treatnment to strip cations fromthe resin bed

f ol | owedatipyt BA sesin basarakemes pe howt. uPiefar#dy thesflaw raje ithe cardigiugws PI6Es prior to

25 V0 ROEaRE BbEe bl Rl i ea B P06 B AT 8380 el FRGHRTC, ™Y ©
Encycl oppéli rowf Aheasddcial thEgabueat agpntiod, euflow retti &Npoessed/ad 10 kdsin fped 760- 770

(1995). In the first stage, the brine is intipately contacted with the
first fuklBmshdier 2eyr i“@fhcat%&cfg’éﬁéémplés ithpt po g2 ?flsaogél?ﬁ Bﬁﬂ%&g ugipn 1s

sem - conti nuaLs VHPP% alldyPIoFad |C_3hefa|ﬂﬁ%fi|oﬁ"\éxcﬁu§ﬁ§e odsiPriependubr ough the

resin bed ranges from about 1 resin bed volunes per hour to about 30 resin
bed vol uteepepture foucontRtiagehabtige sdletién vivhrthe éon exchangemesinlsdgangescess s

Vol umes. Bpe B AU Coe Dbl praersbladiies by Y i oea P, e pr cosed

as 10 resgj I r ur indicates, for exanple, that 5 gallons of
the bri né}eg%gﬁgﬁ%%ﬂisg%g%n géféé)'d with 0.5 gallons of a chelating ion

exchange resin per hour. The tenperature for contacting the brine solution
wi t h t heThebriexghatigerec@sral had treamgss withrtoefissb fwicti@ddizedicatexohangd C,
preferably. from about .40.? to abo&Jt gOC, and .nore pr ef.er abl Y, about 55 to
about @5EESin contams a sigmficantly reduced “concentration of transition ~metal “cafion

contaminants. The amount of transition metal and other multivalent cations, (e.g.

AI™), that is removed depends, among other factors, upon the initial metal cation

contaminant concentrations, the pH to which the brine solution is adjusted, the

temperature of the brine as it passes through the ion exchange resin bed, and the space

velocity (i.e. the number of resin bed volumes of brine per hour) at which the brine

contacts the first functionalized ion exchange resin.

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. Iﬂ
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-soluble gluconate

complex.
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The brine solution recovered fromtreatnent with the first functionalized
i on exchange resin contains a significantly reduced concentration of
transi ti owormsdsigati on contam nants. The anmount of tran®criusn2/sss@l and
other multivalent cations, (e.g. A}3), that is rennved depends, anong

ot her facgt.or on t itial a ti nant. concentrati ons,
Che pH ¢ &\ Thh PRREEL P s 1o r e e Gt SPede gl e apses RELSEUST ¢ he
brine as bhﬁe @@ﬁﬁ&&streargaméu W@pH%n?@@ﬁM@ troed‘-Uoﬂt bﬁg T80 af ReaRRACE
velocity .e. the nu resin bed volunmes of brine“per hour) at which

the brine Jus;tmﬁ et pH tthesaid; range fingledd onalor nede isteps extctdditipa toethierhrin®€y pi cal |y,
t he conc f chr nickel cati.ons ar ach .reduced
to bel ow g(phel roﬁ%? %@Cfegl%gﬁnlbﬁ%ltt()foqn eldg%‘}é Eﬁl eMRB SB?‘P it \%?ﬁén (t,%nt act

w t h t hehfdroside. functi onal i zed i on exchange resin. This is surprising in
view of the strong interaction between the nmetal cations and gl uconate.
Because i rong interactiaon, a fractign of nultival ent netal cation

f, t
cont am n I S%{)éaetfﬂr EPRPORRdE HuCch may: Requsse treadiigs thepBs@ntheiliinehe f orm
of water sﬁﬁﬁl&plll?cl&fé”mu?)& ¥t Gihifd "R a.sbcéﬂlﬁle hgﬁﬂoQﬂiea ﬁ'é31uﬂ1nhyd?@>f1{i1é cular, a

substantial fraction of the iron rendve conta nant fromthé thus
treat ed bthiwe hydiowideon awsistiraitereant] Poginasigrtoxide isipeefbwedn of a wat er - sol ubl e
gl uconate conplex. 14 WO 03/059818 PCT/ US02/ 36860 After the passage of

Sor uti ont RO ERARG A Eehlr EBHLE SRR B RS Tromh il 918 S eal “roans

of  adj upteiferably h;@ abdtitt10, gl ineapg@ihaelyudataera with fénd tfemsionkliRddi tion to
the brine solution of a sufficient anbunt of an al kali metal conpound,

such as W @okange jesinded myy batehdeontigypusor semi- R@ntinuﬁ@% arocessnsuiies whi ch
b t t
may be uggg lrsagé d%lr)#.% gﬁ&%hgﬂge rBsih H8q BEA rg}:ﬁyfr HE aHI)ﬁtOf' hg@@o]ﬁlﬁﬁ &re no

limted to, pot assi u X1 de, um B%i de or
m xt ure hMrte(aboutSOdemmbb@/dmlumesipen Ioup(ief era guice ded:lqvwfrfg)m labouatdj tust ment of

the bri H, of . f bout - 9. t bout 11.5, bly t
about | 100 a0 B el P R e oGRS AR e 8Pt ScsRA el ELFRal | 20

i og ?)ﬁc hp&deou &t bBed1 5 Resth Bad GBlunf et RHAUSTHObrRE M pBREBIPYRALRIPr OCess
an e

through the second functionalized ion exchange resin bed at a temperature of from

about 20°C to about 90°C, preferably from about 40°C to about 70°C, and more

preferably from about 55°C to about 65°C.

The second functionalized ion exchange resin acts to remove the “hardness” from the
brine solution. As used herein, “hardness” refers to alkaline earth metal cations,
including but not limited to cations of calcium, magnesium, barium, strontium or
mixtures thereof. The second functionalized resin may be any resin capable of
removing 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.

Although hardness is primarily removed in the second ion exchange resin treatment
stage, the first stage, comprising adjustment of the pH to from about 2 to about 4 and

passage of the brine solution through a first functionalized resin, serves to protect the
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flowrate of brine through the resin bed ranges from about 1 resin bed
vol ume per hour to about 30 resin bed volunmes per hour (i.e. at a space
vel oci ty wb oBosasuebout 1 to about 30 bed vol unmes per houPLT/Us02/86860
preferably between about 5 resin bed volunes per hour and about 15 resin

bed vol Th fer thro d
Funct | orak e, 51 GRLire dnganyBEich” BEtoah o BRBUAY e BF oD B Mhout 200

t o aboutre§QC, preferably from about 40C to about 70C, and nore preferably
from about 55C to about 65C. The second functionalized i on exchange resin
acts to renove the "hardness" fromthe_ brine solution. As used herein,

" har dnessontagraf the pangpaluliomwith she reagne fincsignalizied ion exeblangs reginbuey not

| O G0 QB0 0l ARl M BRSOk Wiy SLERRLILUT B el X1 U €5

t hereof . The secon uncti |zed resih any resin
r enovi ngpolnt-inuMBsmetth nin m&fyﬁreq)m}mmmha:b@m sblfitivicis pizadd teshighAVP) i on

exchange resins are e ed Su abl.e AMP resins include_ DUOLI TE 467,
manuf act\FF¥d cBjte Wbtfﬁﬁﬁ)éﬁ‘ij g-\‘i‘;“/ %Zimﬂx?ﬁ%ef%@ Passags aft ured by

Bayer. AlrdeougBudipnkinesssel smﬁ)f ' dgﬁﬁhﬁé/ whBMNe ¢al eﬂ:ﬂkh &f ﬁé: B¢ | B gxchange

resin treatment stage, the first stage, conpr j ustnent of the pHto
f r om aboubstantiadlyssbutsted @thWpévS'Siagecrcﬁsetlmthemoncmltlst)bnubf cmtdrhinetiigh a fir st

f / / /
AP 1 oo R Pl RGP BRn® G Clipt A%iime doe Sl WRPH Sheriabor ai bly

to AVP ibesdompl &g aapacap she MREiNBed & ekhaBew tHent Rer@BCeREE héngd i onal i zed
ion exchang{e resin may performed by net hods known in the art, such as

bat ch, CHMRIPYRIOEE tle%ﬂ?negbwﬁ furhenbrinrsnliationet Brdwusted ipraexshegsesn badst hod, t he
bri ne S%ﬁ Ze% obrierREPS Qr&xﬁg&%ﬁ&hads%%%%tﬁfﬁ aining a bed of the second

function I on exchange’ resin ssage 0 brine through the vessel may
continue until the capacity of the resin bed is substantially exhausted as
shown bylhenthindcsteges@nipriseh entoaticly rontecting thof b traextiowd y ngatedilnka}hei ne earth

el SO LRl PR SO XIS LIS Yessel, Mien thomeral o
pleferred that the brine be contacted with the carbonaceous adsorbent by passing the
brine through a fixed bed of said carbonaceous adsorbent. The contact may be carried
out in a continuous or semi-continuous mode. Typically, the brine is passed through a
fixed bed of the carbonaceous adsorbent at a flow rate of brine through the resin bed
in a range from about 1 resin bed volumes per hour to about 30 resin bed volumes per
hour (i.e. a space velocity of from about 1 to about 30 bed volumes per hour).
Preferably the flow rate in a continuous process is in the range of about 8 resin bed
volumes per hour to about 25 resin bed volumes per hour. The temperature for
contacting the brine solution with the carbonaceous adsorbent ranges from about 20°C
to about 90°C, preferably from about 40°C to about 70°C, and more preferably about
55 to about 65°C.

Although pyrolyzed sulfonated polystyrene divinylbenzene, for example
AMBERSORB 572 (Rohm and Haas Co.), has been found to be most effective for
brine polishing, a wide variety of carbonaceous materials may be used. These
carbonaceous materials are illustrated by activated carbons such as activated carbons,

and unfunctionalized polystyrene resins. Activated carbons are illustrated by
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enpl oyed for treatnment of further brine solution. Exhausted ion exchange
resin beds nay be regenerated according to nmethods known in the art. The
third st awe osomsis ses intimtely contacting the brine, pre¢irasel/gsse eat ed
inthe first and second stages of the process, with a carbonaceous

adsorbent. Cenerally it is referred that the brine be csﬁgij%cted with the
car bonadedgORNSBLyat C&QG@E EJLTRA MR Bydspidentsy andgiocanyty B&edof sai d

car bonaceals ARBAIARN! wm‘éﬁ@faﬁ&@ﬁgwgg?&% 36 188 il Rtk 3ganl nuous or

sem - cont nuous no pli ca ne 1s passed through a fixed bed
of the ¢Rohorwaddéinas Cadsorbent at a flow rate of brine through the resin bed
in a range fromabout 1 resin bed volunmes per hour to about 30 resin bed

vol unmes r . hour (j..e, a space velocity.of fromabout .1,t.0 .about, 30 bed
Vol ties Hen Wat Jorthisr Bp ey mer R BHIFRE SR ROGIRAHS Briess o in
the rangg pf nRBRNoENE ?l%béi‘lt BRAntiMPIsWREoBLED P mel®ramRictrdlysisesil,n bed

vol umes per hour. The tenperature for contacting the brine solution with

t he car bnadkerkibislsoviguhicantsnedused vohrgeralativedo the yolgsabsaned o5 ef er abl y
N Do, O, 8 2eitb s e ARGVl She R Yo RBihenid kR 2BRLY 05C

Al 't hougﬁ3 yrene di'viny Zéne, exanpl e
AVBERSOREdé2 voRagynastldinkldasn G drind1pslishagnstbp ibelieved eo nessit fedrhect i ve for

brine polishing, a wide varjety of_ carbonaceous mterials be used.
These defustiapdBdhe lewst of walt%geapeélallmpawpf&fré%ﬁ%ymé@ﬁp t@&%%}% such as

acti vat car, , ' bZe€ \/ L8 dliSas HGHiavat ed
car bons‘%gl?1 ggitﬁfab}t erXac'?I g‘%e%?épg 1%%%1\1/%8%% %Sggﬁgé)éﬁcild/ %‘%8@ ??g?éégl aSCALGC%\I CPG and
CALGON FEMTRABGRBthad bondbemtsninants sedcasrl,- Fhalditiae theven exdunpostepsdsor bent s.

Unfunctiqgnal i zed pol ystyreng resins are illugstrated b D-4..(Rohm and
Haas Co. .t?lﬁ\h%rﬁcﬁgisr‘?\é"es@ 15?‘1%8?1%}3? d%P%SItb%rf Yite en%f?f;%c(ﬁuxﬁna'lt{}%é s ( a
recycl e REhh@he keRaitee of RYlid Becidt ipie®ffronh @ombRERALg NME M1 Mmétsl
el ectrolyzed in a nenbrane electrolysis cell, the cell exhibits, a

si gni f i catiensyotheriiseslresest indfe briae selptien. t Ip napéiculas| @ mgBbssSeRaseor By

el ectrol ys] . Lne: W I; t & : | ol i shing
ctop. Tiid Sl RG] AR el IR v Ba bEREC] |

bel i evednéthod esfultlie fgresenta invention, particularly when operating with gluconate-

containing recycle brine.

An important function of step (c) of the method of the present invention is the
removal of quaternary ammonium salt (QS) which may be present in the recycle brine
before purification. As a brine containing QS is treated in step (c) the carbonaceous
adsorbent gradually becomes saturated with QS. This results in QS “breakthrough”
leading to an unacceptably high level of QS in the treated brine. At this point fresh
carbonaceous adsorbent must be employed. As has been mentioned, the first and
second ion exchange resins employed according to the method of the present
invention may be regenerated for reuse using known techniques. It would be highly
desirable that the carbonaceous material employed in the brine polishing step be
capable of being regenerated for reuse. Because the carbonaceous adsorbent
employed in the brine polishing step does not function as ion exchange resin, means
other than those used for the regeneration of the first and second ion exchange resins
are required for its regeneration. In one aspect then, the present invention provides, in

addition to a brine purification method comprising a brine polishing step, a method for
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reduction in the level of voltage penalizing contam nants introduced into
the brine during the ion exchange steps of the process, step (a) and step
(b) as weWboassfstom a reduction in other brine contanm namCs/tsowbsses QS, I n
addition, the ion exchange steps of the process serve to reduce the
deposition on the surface of and within the menbrane separ t%r., of solid
speci esthgelre'gzr@dégfqnomd:(ﬁmsarﬁfn@@i%&%F%Wé!dé?rﬂ’e%?laploy i1 5];% Btherwi se
present _i.n.the brine solution. In particular, a nmenbrane separator in an
el ect r oPYEPPESN exhibits a significantly longer |ifetine Esi ng brine
treated by the nethod of the present invention, particularly when

oper at i By onk tdintglduaertathe- pregent dhvintign rigoyidee abmiethed fm tegprsratidg af unct i on

of step (c f th t hod ,of 't o [ [
QUat or nEFGTRRGH THPDETY SasatFrE roRRy e opr Qs arte ot R FRETRE Ly ne
before RhlohhiR ShRd. saffnRiRA Qi fRRIANRY N6 B cofitabiRaliRdearbbrat@ps(C) t he

car bonaceous 1so bent g(adqal.l y beconmes saturated with Q5 This results
in QS " bdseaehhmothghtegeh@aihmigauid anregsaeredpn Havid indefngdetset ligHdds in the

treated brine.. At this point. fresh car g
enpl oyeW?llcﬁssaﬁkgu%%?ryr%{??%%cﬁﬁtlsn%ppf%le(?%fwgﬁlgﬂﬁ's ﬁ%&’%ﬁ’%@h@gge resins
f refgleﬁxe/ ?g{tiggfé?ﬁﬁhﬁﬁhé Quét%afyﬁi{ﬁlﬁk Qniﬁi:n %Ee_s poleslend at thaeetent ofat deapt Gé
Oor reuse usin nown techni ques. _It d be hi ghl desi
ot hociantbpreiu gt Mt AR YAt BT Aeles TR Dep be

capabl @ oG N NIBIRAET AR diBlet LA {BECANRRaldRs GAsEBARCARUEadsOr bent

enpl oye&'ef rine polishing ste es not function as ion exchange
resin, pE@nsation lguidtihamritd osefonagdribdof titme sufipient taellom ableastisemei r st and

second i gn exchange resins, are requi f it 1100 .
Sony CRawseny BrobSh B Erer A S Pttt A RRIF BR8P P, °
purifi CT%geg%%%ﬁhl i §OMAME SiBGod Rifhee Relpiski ngsepept separtidgodaitior 17 WO

03/ 0598 S027 36860 the regeneration and reuse of the carbgnaceous
adsor bemegeeenatioy eliquidh ¢dmeprisigndissplakd stHiaFrynay e?ﬁlmloﬁiuahéagng%li $89t the

present invention praovide t . [
Bsor beATDUBa A ATk LBk SR R o o Rary
amoni URqsRl 5 whieH thegih@darg camumbsiung sithas tappreofableostiatnlityngay He

car bonaceous
continuous or batchwise. In a continuous regeneration process the regeneration liquid
may be continuously passed through a bed of the carbonaceous adsorbent.
Alternately, the regeneration may be carried out as a batch or semi-batch process in
which the liquid is decanted or filtered away from the carbonaceous adsorbent.
Further, continuous regeneration may be conducted in such a way that only fresh
regeneration liquid is passed through the bed of carbonaceous adsorbent being
regenerated. A fresh regeneration liquid is defined as a regeneration liquid which
contains no QS. Alternatively, regeneration may be conducted in such a way that a
batch of regeneration liquid is recirculated through the bed of carbonaceous adsorbent
being regenerated. This recirculation technique may be repeated with a fresh charge

of regeneration liquid until the concentration of QS in the regeneration liquid achieves

a desirable level.

Suitable agents which may serve as the regeneration liquid are illustrated by solvents
such as water, acetone, and methanol, and mixtures of solvents such as acetone and

methanol with water. For example, aqueous methanol and aqueous acetone wherein
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adsorbent with a regeneration liquid. A regeneration liquid is defined as a
liquid in which said quaternary amoniumsalt is appreciably soluble. By
appreci abwposobasid e it is neant that the quaternary amoRCEMS8abd86o S
soluble to at the extent of at least 0.1 percent, preferably at Ieast 1
percent and still nore preferably at |east 10 percent by weig

equi | | brfﬁa PIIT HAARETHE A Bl e SARRREH 1 E 0P sdh 4 o APOUL 8L peisent bbém?l&me
regeneragi@n liquidis carried out for a period of tine sufficient to allow
at least some of quaternary ammoniumsalt present in the carbonaceous
adsorbent to dissolve in the regeneration |liquid. The nethod further

conpri sel ens empodiimest pte apibogacais admg@né:mtg mgemrafnd ds @ongstivatedg

di ssol ved uat rnar niumsalt forom carb adsorhent. The
top of ol AR e e T e GRIRREERYT rRRRNR ciy { he
quat er nagiloradeyand th 1kalkd iskaserappr eci abl e sol ubility may be continuous or
batchwi se. I n a continuous regeneration process the regeneration liquid

may be contlnuously passed t hrough a bed of the carbgnaceous adsorbent.
Al t er nat Bl 3rotheseembagdiment ati prﬁayntb@vaﬁm 2 BY©lzed sudonpigd ROIFPLYESEEI - bat ch

t d t
process d0inyWahethe! Hesh! B i HRAAMEMAEY (i BRCdopiiRamARe

car bonaceou sorb urt cont i nuous regeneration

i n such anmayivtthahloowlky if rrwheratedgby\erwtmm Wlt]qlwa:ten er pasthed aqlhn'omsugh t he

bed of carbonaceous adsor bent bei n%Ot gﬁ)e erated. A fresh regeneration
P

i qui d i BUdwe;ahaderareraiurefdran 4P H 10T And %Bﬁt%flf%n AP UG to

Al t er nat j) n bat ch of
regenera% :6§{n¥ qw% ?[g\%?};émr at eé&%ﬁ H%etﬂ AP?WEHEJB carb %%&%%ﬁs

adsor benacetolnelan@;meﬁmnbaratmrxmr&"mﬁwatenwrthahmpqm sobehtsi que may be repeat ed
with a fresh charge of regeneration liquid until the concentration of S

in the regenerati ach e a desirable.lev Swtam gents
whi o g R dredetBiny b3 e REPLENER in Ty L RCPRO fy R sorci ) “b8eBant s
such as MBikr@ilatidCehed, TR ebno@ tHiae”, regaféraﬁbﬁtmks@as ﬂius&ﬁﬂe&@i?tpﬁséiig@h as
acetone and nethanol with water. For exanple, aqueous nethanol and aqueous

acet one ¢¥hé&eg pegepgrajign d%%ﬁ%@@b%@ﬁ/@wwh%@ pdsopRenpquédiie” neans
conpri si el A ROUSndhefed APPMN Fht RS RERE BY MEIGHEL, MRREK rate of

regeneration liquid may be from about 0.1 to about 40 bed volumes per hour.
Regeneration by “batch recirculation” is illustrated by simple recirculation of the
regeneration liquid through the carbonaceous adsorbent. This recirculation of the
regeneration liquid through the carbonaceous material undergoing regeneration may
be continued over any time interval (e.g. from 1 hour to 24 hours) and at flow rates of
from about 1 bed volume/hr to about 40 bed volumes/hr until a desired level of

regeneration has been achieved

In one embodiment the present invention is a method for regenerating a carbonaceous
adsorbent comprising one or more adsorbed quaternary ammonium salts, said method
comprising the step of contacting the carbonaceous adsorbent with a liquid in which
said quaternary ammonium is appreciably soluble, allowing at least some of the
adsorbed quaternary ammonium salt to dissolve in the liquid, and separating said
liquid comprising dissolved quaternary ammonium salt from said carbonaceous

adsorbent.
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I n one enbodi nent, the carbonaceous adsorbent being regenerated is an
activated carbon, the adsorbed quaternary amoniumsalt is

chl or ometwologosassisyl ammoni um chloride, and the |iquid i CRALSE2/36860
anot her enbodi nent of the present invention a pyrolyzed sul fonated

| yst i Vi nyl b in, that had b turated with
Cohl or oo heb R e S5, IR P oo s Py Rt Pivectrepybriedtirent wi th
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about 100C and a pH of fromabout 1 to about 10. Alternatively, the resin
coul d be&apPadenerat @Wthgrt #5ppel af theopraseitsinyantioradt hat deemdoam thettdanol and
m Xt ur es;; 9fif Wt | 0 t he regeneration may be
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"once- t hreatngdnit withgen evatrj mild moidgor spalhd sobtehasiet hsthaassage of fresh
regeneration liquid through a bed of brine polishing adsorbent. If the

regener aty j onducted on resin that is packed in a colum, the flow
rate of aé*‘glg/gr%‘lsgti on liquid my be fromabout 0.1 to about 40 bed vol unes

per hour. Regeneration by "batch recirculation” is illustrated by sinple
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adsorbent. This recirculation of the regeneration’liquid through the
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time in r . r. to rs nd at flow rates of from
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r egener dlles ihdsatbethetrid, pueslark by gt MoReARRE idinecpr esent invention is a
nmet hod for regenerating a carbonaceous adSorbent conprising one or nore

adsor be uaternary ammniumsalts, said nethod conprising the step of
cont act IFHCSARPLS sR AEEBes by the rathord offbe presentiigvention andwieshihes &idd

guatern peTpsnsel h’ L ' A N iLng..at | east sope of the
adsor beg(; g&at er Ear y fgﬁnﬁﬁﬁ%ﬁﬁglﬁ% V’E/%é?{:j :ﬂ}s%s(gﬁ t\(/)géalhl(r%)\ﬁif3 Hglt?%eqrﬁ?aﬁ?regheﬁggepar ating
sai d | iwgné dnadsnprlibsi laborisy aherebrage el @tiohizyr @onprikedas aEC30or anddeai d

i scover GBI R ngat BUTRSE 80 ads brEEHY ih i chavéh BebRPeRposed o
NAFION membrane. The cell current was 3.5 KA/m®. The brine feed was a 300 gpl
(gram per liter) sodium chloride solution. The brine feed rate to the anode
compartment was adjusted to yield 200 gpl NaCl anolyte product. The deionized
water flow rate to the cathode compartment was adjusted to yield 33 wt% NaOH

caustic product. The cell was operated at 90°C.

Cell voltage was measured for the membrane electrolyzer after the introduction of the
respective solutions in the anode and cathode compartments, followed by application
of electric current across the membrane electrolyzer. In Step (A) of each experimental
run, an imino diacetic acid (IDA) functionalized ion exchange resin, IRC 748 (Rohm
and Haas), was used for transition metal cation removal: In Step (b), an éminomethyl
phosphonic acid (AMP) functionalized polystyrene resin ion exchange resin,
DUOLITE C467 (Rohm and Haas), was used for “hardness removal”. In Step (c) a
partially pyrolyzed polystyrene resin, AMBERSORB 572 (Rohm and Haas), was used
for brine polishing which comprised removal of QS, “resin extract”, and other organic
contaminants. “Resin extract” is believed to consist of contaminants introduced into

the brine by contact with the ion exchange resin. While the effect of these
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phenol i cs, such as bi sphenol A (BPA), show significant reductions in QS
adsorption capacity. In another aspect of the present invention it has
been foumaotohasosas significant fraction of the carbonaceokrsTaAsDSdBeMt QS
capacity may be restored by treatnent with hot water, mld acid, or a

pol ar sol vent. such net hanol . LES The follow ng exanples are set forth
to provi ﬁ@%ﬁrﬂ%’étso@e%l? .cﬁxﬂéftyargf?’%gr i%gatnﬁ‘é%&PF %nf&llf“&antée’csa’(qab&n@léécri ption
of how t hanif@tdioMShé haltdRGbAHLIRALE if el db8chce Wi a?&ﬁslﬁﬂ%‘%ﬂ#@t féitherand are

not intended to limt the scope of what the inventors re as their
i nvent i othe exegi|chemidahdityes erd-opedndrtipnseof thesetcontamendmys ingirepively kroper at ure i s

and ver e EhERNRd e (TRt b iy BF M d oaEo) Do elayS o Gt 4"

anode- t odsatibwidselow) t age neasurenents were nade. The | aboratory nenbrane
el ectrol yzer conprised an EC300 anode (Eltech Corporation) and a nickel
cat hode. . The cgelé) was fitted with a DuPont NAFI ON menbr ane. The cel |l
current GadedCls prapespere fisatef in e PrEaE Ware Heatoniy step hegora beparused ¢ er )

sodi um c i RTeTp') ' r rtment was
adj ust edmt"g‘rd;‘?%(’z@%%&% of@%ﬁ%&%ﬂg y‘{egﬁ%}'o ut?f tpﬁ?%ag}? bel on?aé%lg&rgp ter flow
rate to thhérimatfibdes cavptad ttoehoutvidsoradjous pEldurtits iyithé gre3éhoatofoaNaGldr causti ¢
product. The | I, was .operat.ed _at 9QC. |l voltage was .neasured for the
menbr aneexechescOﬁ%Sfti??@ﬁe l?fffne?rd%t@ Pﬁ?ﬁﬁl@a‘hg{%ﬂ&w Bt taﬂ‘g rapIURLECARIOBY] ut i ons
in the apaterapdosatdaRoCRRPMidREMISwWel Ol meids BY cRBBLAAL iHis waf el ectric
current across the nenbrane el ectrolyzer. In Step (A) of each experinental
run, an foHpwed by aeidificatiar ped gtripping of thethringdp ramene earbasgisiameewekes n, | RC

748 (Roh u ¢ jLion. ion remval: In Ste
(b), (an %lﬁg%& 3? hang%%é%h%ﬁ?r ag{g:i %I%P%}K?@hsgg B’géné:%t?lfﬁﬁ p@l‘%ﬂﬁ ene resi P\
i on ex;:hsilrimﬁ'ng essfipnyz/as Blufed Bht @fkﬁldvﬂmmltﬂ@d(rjgdaﬁls)sucﬂ\/@s? solsedt ff@n t};\él\]/glrEdR g(C%]S? SB
removal ". | t.e c) a .parti . yrolyze ol ystyrene resin,

572 (Ro hWF%f_Eﬁj Plags‘)n,d) Wlst}ge%‘l Pef“%i%g E’Pi“ﬁ &0 p?onifgﬁ‘il r‘i‘_@w%@@hpf@ﬁﬁ% AS@ renoval
of @5, "thRsigh @XLbRE "In 38ErAL BRY teRIpERARLE fopgﬁhﬁ?}'f RERE %reaﬁiﬁ%%'ig' mprtract” is

believed to consist of contamnants introduced into the brine by contact
Wi t h t hecritival, ekehanfpered esnperatWeirhezetib froaf fbeat 40°F tb hbsw 120€F.

“Ultrapure” brine was prepared from Morton CULINOX 999 food grade salt that had
been purified by “hardness removal ion exchange” at pH 9-11 at 2 bed volumes/hr,

using ion exchange resin that had been regenerated at least once.

All test cells were conditioned by continuous operation with ultrapure brine until
stable voltage readings were obtained. After conditioning, and without interrupting
feeds to the cell, the brine source was switched from ultrapure brine to a test brine.
The “cell voltage increase rate” was determined for each test brine by subtracting the
voltage obtained with ultrapure brine from the voltage obtained after operating with

the test brine, and dividing by the duration (hours) of the test.

Three brine purification sequences were utilized. The conditions for each sequence

are given below:
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WO 03/ 059818 PCT/ US02/ 36860 contam nants (resin extract and other organic
brine contamnants) is real and is manifested in the voltage penalty
observed wo oBlssasence of a polishing step, neither thePerash2/aisem cal
nature or concentrations of these contam nants is precisely known. The
resultse@rﬁlgagmri zed in the Table 1 below. The details of each test are
descri bett® w. All recycle brines were treated in a "primary brine
treatment” step before being used according to the nethod of the present
i nvent i ogMBERSORBILIBHY. £ e volgds/ENt step, the brine pH was el evated
to about 10 or above pH units in the presence of a nolar excess of
carbonate ion in order to precipitate alkaline earth and transition netals
i ons asltapgiien Mata Eradion RearmyablipHh srokdddesduymesdh) owed by filtering or
clarification. This was followed by acidification and stripping of the
brine t J organi ¢ contam nants such as

or gani c%%@%ﬁ&eﬁlﬁp@ﬁ&hﬁ%@%%@z The brine stripping step was
carried out to renove volatile organics such as solvent fromthe recycle
brine, and consisted of feeding brine to a packed tower and passing air up
through the tower In general, the tenperature for primary brine treatnent
i's not {'htid%a,l, The preferred tenperature range is from about 40F to
about 1 I't rapure” brine was prepared from Morton CULI NOX 999 food
grade salt that had been purified by "hardness renoval ion exchange" at pH
9-11 at AMBERSORBHIS/(PH 3.5, 2hedgoldiest¥change resin that had been
regenerated at | east once. Al test cells were conditioned by continuous

operation w.th trapure brine until stable voltage readi ngs were
obt ai nedfraﬁlil%? K’t?&@ipafl%ﬁieﬁ{j’ya]a(ﬁg 3 tARRdtvalEpeYRipti ng feeds to the cell,

the brine source was switched fromultrapure brine to a test brine. The

"cel | voliiag&s RelRas@H £0.8, 2 vasvoleh&yup ned for each test brine by
subtracting the voltage obtained with ultrapure brine fromthe voltage

obt ai ned after o eratiﬂgﬁ with the test brine, and dividing by the duration
(hour s) SMBERSQRB5721pd8.42ibsé vplupieshodat i on sequences were utilized. The

conditions for each sequence are given below 21 W 03/059818
PCT/ US02/ 36860

Method 3:

Transition Metal Cation Removal (pH 3.5, 2 bed volumes/hr)
Hardness Removal (pH 10.4, 2 bed volumes/hr)
AMBERSORB 572 (pH 3.5, 2 bed volumes/hr)

The results from Examples 1-4 are summarized in the Table 1 below.
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Met hod 1: AMBERSORB 572 (pH 3.5, 2 bed volunmes/hr) Transition Metal Cation
Removal (pH 3.5, 2 bed volunmes/hr) Hardness Removal (pH 10.4, 2 bed

vol unes/ hwp osesdsexl 2: AVBERSORB 572 (pH 3.5, 2 bed vol une®CRrgSo¥s@nei ti on
Metal Cation Renmoval (pH 3.5, 2 bed volunes/hr) Hardness Renoval (pH 10. 4,
2 bed vo hr) AMBERSORB 572 (pH 10.4, 2 bed volunmes/hr) Method 3:
Transiti ongﬁg Cation Renoval (pH 3.5, 2 bed volunes/hr) Hardness
Renoval (pH 10.4, 2 bed vol unmes/hr) AVMBERSORB 572 (pH 3.5, 2 bed

vol unmesy hy he| pesults fro les [1-4 are, sum |zed In the Table 1
bel ow. Woﬁ"}ﬁ‘%@sw rnégé"z;‘qs)aseso THBICBY  Ex AntABEBIICHRESSpm Sddi um
Tr eat nent Vol t age increasg i?R\Hgonate Rate 1 Ut Ire 0O Method 1{4 nV/ hr
1 Utrapure 0 Method 2 1 H{W Recydl e 350 Metho 18 mv/iday 2 :?ecggloe
350 Methpd 2 4.6 A Recycl e 25 d1l6 r 3A Recycle
Met hod 1p'22 m// IFJHM{P%&/M@M e 250 Met %Q@B% v/ h?ilgg/@‘gRecvcl e 250 Met hod
2 0.05 mv/ hr 4 Regyghee 109 Method 3 0.)3y0n3q 5V hr | 14,P8gycl e 100 Method 3
0. 2-0. 3L hr xahple 1

2 Recycle 350 Method 1 18 mV/day

2 Recycle 350 Method 2 4.6 mV/day

3A Recycle 250 : Method 1 64 mV/hr

3A Recycle 250 Method 1 38 mV/hr

3A Recycle 250 Method 1 15 mV/hr

3B Recycle 250 Method 2 0.05 mV/hr

4 Recycle 100 Method 3 0.2-0.3 mV/hr

4 Recycle 100 Method 3 0.2-0.3 mV/hr

Example 1.

Gluconate-free, “clean” brine was prepared from Morton CULINOX 999 food grade
salt and dionized water. Brine which is free of gluconate ions and is made from food
grade salt and deionized water is referred to as “clean” brine. This brine was
subjected to brine purification Method 1 using fresh ion exchange resins to yield a
purified brine. The purified brine was then fed to a laboratory membrane electrolyzer
that had been previously conditioned by operation with ultrapure brine. The cell
voltage was 3.400 volts just prior to switching from ultrapure brine to the purified
brine. After 23 hours of operation with the purified brine, the voltage had increased
by 83 mV (4 mV/hr). The laboratory membrane electrolyzer cell was then switched to
a feed of the purified brine which had been further subjected to treatment by passage
through a bed of AMBERSORB 572 resin at pH 10.4 and a rate of 2 bed volumes/hr
to give a “polished” brine. The purification and polishing steps used here constitute

brine purification Method 2 which is said to afford a “polished” brine. The cell
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G uconate-free, "clean" brine was prepared from Morton CULI NOX 999 food
grade salt and dionized water. Brine which is free of gluconate ions and

i s made fwormshsmsds grade salt and deionized water is refePCeE@SOD3@s0 " cl ean”
brine. This brine was subjected to brine purification Method 1 using fresh

i on exchange resins_.to,yield.a rified brine. Th urified brine was then
fed to. alioiEs FEaF Bring b eide afithed 4 Freased Gompsdp Dudis e oedt y

condi t i oxfed 20%o@REN VAR, Wi th ultrapure brine. The cell voltage was 3.400
volts just prior to switching fromultrapure brine to the purified brine.

After 23_hours of operation with the purified brine, the voltage had
i ncr eas efixanle d shayys thatpyvem frpatnentof adoglacenaje panttinmgened-meyclobyiner cel |

was t he ' - f rified bri which h b further
subj ect guﬁgogr?{r%gltrﬁrr%ﬁ 1%%@%§1 glalbeg&?etdﬁ}#gﬁ{ggﬁ%gcaﬂ{ev qgaﬁem%lgge resin at
pH 10. 4 eedfdreshtien ekclanpe desitsl thromghdit. The @iltdge ncr@ed wabetbniffahfle. The
purification anl? p@llgi shi n%éﬁ_t eps used here constitute brine purification
Met hod 2efpfcdnvien g ame Pumdicatiop Methad) inglydert ther brine potishingestep using Wo

03/ 05981 S\ ERIIRB/ 36800in (o 395! Pletroh P! N L@ge@h&qhas@ggvrﬂﬁﬁgé;gé 2

increased from 3.400 volts to 3.428 volt ter ours
Exanpl e ncrsgsvie doe it metednl thakiatentrattedfromathe dHestc mmatxehampotresing inngst of

non-recyg].e brine Si brine.purification Method 1 resulted in a

signi fi C‘gﬂllll h Harrgye }nn@gggg‘é?&ﬂi%’%stt?'the use of fresh ion exchange resins
t hroughout. The voltage increase was significantly reduced when the brine
puri fi caixaniplét hod i ncl uded the brine polishing step using AMBERSORB 572
resin (Step D of Method 2). It is believed that the voltage increase is
due to ngterial is.extracted fromthe fresh i on exchange resin, nost

t hat !
of  whi cHR¥I &Pd\?gdcqfﬁtfﬂ?lﬁg 1l RETp &R Byonatp wasx iRpPe wing heegcl e
brine" capiRhiidUeARd PRI £ H%@aﬁ%ﬂ%r%ﬂéd&%@z@pcé{? 'éfél%r\g)ﬁtbgeg . cell

purification Method 1 and fed to a oratory nenbrane e
The vol tiagreaseiwasr288geVvedisr 2D0ays\wfatll eperdtiordayise wmie afotditagpiicahiowas The rat e

of volt I hCrease ) bout 20.nV per day. The recycle brine s then
"pol i shtaa%suebg&gg\zéaaeéeaY'hr@lfgﬁcyéﬁﬁEﬁ%&% tg?’}zl P‘élésﬁ‘ﬁé t gyé’lafségﬂ thiougly| i shed
recycl e AMBEXRSORB&S7RatiA e AffoRTY Chlished recycle brine”. The polished recycle

brine was fed to a laboratory membrane electrolyzer cell that had previously been

exposed only to ultra-pure brine. The voltage increase after 11 days of cell operation

with the polished recycle brine was only 51 mV.
Example 3:
(a) Cell Performance Using Method 1

Recycle brine containing 250 ppm sodium gluconate was treated using brine
purification Method 1 to provide a purified recycle brine. Fresh resins were used in
each ion exchange step. Both jon exchange resins employed were regenerated once
prior to being placed into service for this test. The recycle brine purified by Method 1
was introduced into a laboratory membrane electrolyzer cell. The cell voltage was
initially 3.311 volts. After 1.55 hours of operation with the purified recycle brine, the
voltage had sharply increased to 3.410 volts (64 mV/hr). The cell was then returned
to operation with ultrapure brine for 2.7 hours, whereupon the cell voltage decreased
and stabilized at 3.380 volts. The feed was again switched and the purified recycle
24



brine was fed to a | aboratory nenbrane el ectrolyzer cell that had
previously been exposed only to ultra-pure brine. The voltage increase
after 11 wayws/ossigel | operation wth the polished recycl eCivrisnz3ases only
51 mV. Exanple 3: (a) Cell Performance Using Method 1 Recycle brine

cont ai ni 250 m sodi ym,gl u te . was treated using brine purification
Met hod 1Dt s o e i f%eé?gg@v{ﬂoé OBF‘IiaH@?aﬁ@rV Ukes et #8/Rwolés Bed i n
each i oningeafappeostan. (Brilv/he arehRNofad BN ferGRBY Q¥ eheliRbR wRgener at ed
once prior to being placed into service for this test. The recycle brine

puri fi edulbgpuvettisg for a3 honrs; slyviog avhich dinze Hboslhvottygenderieaaerk and
el ectrol . cel |, e.cell, vol initially 3,311 volts.. After 1.55
hours of Q{%bggzregtétg#‘lv%h \fCHPSt F;ILehepS?é ?%gti‘a\é%ié”g?é &P RSV S&tc\/@letpﬁﬂ “%ad

sharply teoplebsed Aded] 2HoumptHesvoltade W hud4 vatie(38ahV/MRSThRERestiBE Urned  to
operation with ultrapure brine for 2.7 hours, whereupon the cell voltage

decr eas .eﬁl_owaﬁli’at theagtsll] Ydlages eorsistenlyvinereased mrens iseys] gneghiifedswiinghed and
the purl R REKGbEMAthd DAIOPRAE LIE TR FABSR 1 A 1BBaNRS gD to the

cell. After 1 ours of operation the’voltage
i ncr easesigifi@é®® nv (15 nmv/ hr). The cell was then returned to operation with
ultrapure brine for 51.7 hours, during which tinme the cell voltage

decr ease n abi lized at, 3.449 volts. The feed to the cell was again
Was swi t@?m?&ﬂt"sﬁ%’ﬂ%afﬁﬁﬁsmgg%e&ﬁf’g cle brine. After 1.2 hours, the voltage
was 3.494 volts (38 mvV/hr). These results show that the cell voltages

consi st emid yell RaipRaEAdinMBRBmPRC ¥ () Gabotié ReasPtheh f ieRndds it DpelfibMByith
purification Method 1 was fed to the cell, and that these voltage increases
vere si YHRYTE Brne 1pH90 beprs, phereypembeecellsyoligenbesensed amf stabdized @hpl oyed i n

Exanpl e 3§ gllggverh\é/a]ﬁmtﬂ% i | t re brine for
66 hours, ﬁu‘a}r eupon the cgﬁegﬁ%ﬁ)ggg f@glc?gglég% g(rr%%:lwsa% ggft#%rzté%%gtgy 3. 358
vol ts. Tieesagarthfougll artedyd] AMBERSORB 072 ExsamiRehiB (aa)l Haes Canifangy att4 eat ed by
passage th bed o ERSORB 572 resin ohm a Haas any) at a
feed pH %?é E}g%«gdg aé‘graaﬁa% %ﬁb@&umﬁ Rﬁ‘r%‘gmbté’ra(fgc?;gﬁ pp g’(ffier‘Py&l%gbl lished
recycl e Pid B&mbination of the steps of brine purification Method 1 with an additional

following step of passage through AMBERSORB 572 constitutes brine purification

Method 2. The polished recycle brine was fed to the cell. The voltage increased only

1 mV after 21 hours of operation to 3.359 volts. This demonstrated that “polishing”

the purified recycle brine by treatment with AMBERSORB 572, eliminates the

voltage increase observed when the recycle brine is purified by Method 1.
Example 4
Cell Performance Using Method 3

Test 1: Recycle brine containing 100 ppm sodium gluconate was purified by “primary
brine treatment” followed by treatment using brine purification Method 3 to afford a
polished recycle brine. The primary brine treatment was carried out as described in
US Patent 6,103, 092. In a first test, ultrapure brine was fed to a laboratory membrane
electrolyzer cell until the voltage reading was at a minimum and was stable. The
polished recycle brine was then introduced into the cell. The voltage increased from

3.600 to 3.615 volts over a period of 2 days (0.3 mV/hr) (Cell I) Polished recycle
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The conbi nation of the steps of brine purification Method 1 with an
additional follow ng step of passage through AMBERSORB 572 constitutes
brine purwbiosasisohh Method 2. The polished recycl e brine wag/uSez3dseo t he
cell. The voltage increased only 1 nV after 21 hours of operation to 3.359

volts. This denonstrated that, "polishing" the purified recycle brine by
treat ment i PR ﬂq@aﬁ%&ﬁg‘cs& Z?t_oe!ai ﬂ‘iﬁ%’fﬂlég’uf Héent’x%ﬁ?( a“@éggﬁ‘@ii e‘é@@ a¥hser ved
when t heme@Beyuak Slbdtiohfel SceHUfGeéfl]b?ﬂ Wicetdaogeeh pli:e(%aﬂgiafn sgbg{glﬁké Wig{ f or mance

Usi ng Method 3 Test 1! Recyc rine containing um gl uconat e
was pur i fliregirepringr Hees; yhe altage readingt fran tCellflbicocaset] fgmt 3.65k toehd5Usi ng

brine puyifi h On 0 tog afford a .polished recycle, brine. The

pri mary OrlelcS r?glg{ ?gjgyslr\r/&é] “?C/bé@r)c caiprclo @010?}?3% QYT BLYOi ‘f?y te BiF¥h 6, 103,
092. In @elf [ beihg fe&ishltrapihre Ibaipe sBowéd 0o de€@adeq(-Gni VAL BRALTEN YI BERPr ane
el ectrolyzer cell until the voltage reading was at a m ni rum and was

stabl e. feAgliragaretymeshpwed ae ghange peveltaget hen i ntroduced into the cell. The
voltage increased from 3.600 to 3.615 volts over a period of 2 days (0.3

) (SRl Pl b Rt o AR 9H0SRRLRNRGILHEDRIRARR., bri ne vas

al so introduced into a different but y CO aboratory
menbr anereeycichnins yrzpared ebdve( Gdiel volthye intteasedniaan Besid tpr3edalowdt pvatabi | i zed

with ultrapur rine. .. the valta readi fr Cell ILIl.]ncreased
from 3. 551° (S’f%. @@@Qségrﬁmgfoyrﬂ%%‘g%PQEM%?SYCPGI Iteolﬁt(ljl%‘ L eXberi ment s,
over a t@&l daye t\«io[fﬁ%é ficedav@l fronlC8hB7 ko BEI18G IR DV} tEARIME pRiddN®. Fhovwed a
vol t age decrease (- and Cell 11 being fed ultrapure brine showed no

change iHV{5) igeeration: with pelished [reeyigle bringuerla tonteldl dxpdriments aysinge bri ne

and sub i sh Le brin repar b he voltage
i ncreas 23%@3%%?@4 elﬁgﬂ @g%he‘%ﬁ%g&é%grmaregsﬁgf) ?%am@?z ﬁ‘“g)égoso%go?% nv/ hr)
of oper ai.2mWhi) hespedtivehesher edyday @etdsd.ne in Cell 1. In Cell Il the voltage
i ncreased from 3.287 to 3.316 volts over the sane period (0.30 nW hr) of

o1 apur e ERATE O Bt Rl AR S Rk LS A BRG RN S o

(0.093 amEkI®@. 22 mV/ hr) respectively over a 4 day peri od.

Examples 5-7

A polishing column was prepared as follows. A glass column having a 1 inch inner
diameter was packed with 50 gm Rohm and Haas AMBERSORB 572 resin. The bed
volume was 116 mL. Brine (23 wt% NaCl) containing QS was fed to the column at a
constant flow rate. After the polishing column was saturated with QS, the brine
stream was discontinued and a regenerant stream was fed to the column. The amount

of QS recovered from the resin during regeneration was then measured.

After regeneration, the resin of the polishing column was placed back into QS
adsorption service for another cycle. Table 2 shows the detailed operating conditions
for several cycles. Weight percentages refer to weights of QS relative to the weight of

dry resin.

26



REGNERATI ON OF QUATERNARY AMMVONI UM SALT (QS) ADSCORPTI ON RESINS Exanpl es
5-7 A polishing colum was prepared as follows. A glass colum having a 1

i nch i nnewoO odiosases er was packed with 50 gm Rohm and Haas ARVBERSIRB6G72
resin. The bed volunme was 116 nL. Brine (23 wt% NaCl) contai ning QS was
fed to tlggaﬁﬁr?rm at a constant flowrate. After the polishing colum was
saturate the brine streamwas discontinued and a regenerant
streamwas fed to the colum. The anobunt of QS recovered fromthe resin
during rQEeUBS@RPTTONGND IREGPRBRUMEON (¥ CEES TRIRNERANE col hmiesi n of the
pol i shing col um was placed back into QS adsorption service for another
cycle. Fable 2 shous th_d_e_t_al_l_ed operating conditions_for several cycles.

Vi ght |enephd aggde r 6{[(}3}]@1 ORI ReBdnet I °R€één‘§atibﬁs %egﬁ@éc%%reﬁf dry

resin. (26 WO 03/ 0598 /ng,gg 36860 TABL )

REGENERATI ON GYCLES I N PQUI 3k NG COLUMN  Exanvplde Cycle %

Regenerlant Reggener atfi on % l{u%ﬁomred ppm Loaded i n Regenerationjonto

Mbde (Columm 5 2 15./00 3, oom Tenp A 74% O0.IN HC b 4 23.73 3.9 60C
(e

Water By 85% [7OC WAtgy oo |3.80. 29| R0y a er Bb 81% C Water a
Conti nuous flow 5.9 [bed val per hp ENI% %t al bed vo?zu(prsres b
Recirculation jof 1 gal (32 bed v urres water for 24 hours;
Recirculgation of 2nd gajz water for These col upn, tests of |Exanpl es
5-7 of [Table 2 denonstrate that b (ﬁ: ter a]%d 0.1 N 83%

70°C Water

7 5 30.29 | 4.0 60°C Water | B 81%
75°C Water

* Continuous flow 5.9 bed vol per hour, 29.5 total bed volumes ° Recirculation of 1

gal (32 bed volumes) of water for 24 hours; Recirculation of 2™ gal water for 24 hours

These column tests of Examples 5-7 of Table 2 demonstrate that both water and 0.1 N

HCI are effective for removing QS from a pyrolyzed polystyrene resin such as
AMBERSORB 572.

Example 8: Batch Cycle Test

A single batch of resin was cycled multiple times through adsorption and desorption at
60°C. Thus, 260 gm brine (23 wt% NaCl and 44 ppm QS) and 260 mg of
AMBERSORB 572 were placed in a 500 mL Erlenmeyer flask and agitated on an
orbital shaker for 24 hours. The brine was then filtered from the resin and was found
to contain 14.5 ppm residual QS. The resin thus adsorbed 3.1 wt% QS. Then the
resin and 250 gm water were placed in an Erlenmeyer flask and agitated for 24 hours.
The water was analyzed and found to contain 31.1 ppm QS (3.0 Wt% vs resin). This
cycle was repeated 17 times. On the 17™ adsorption cycle, the brine QS level was
reduced from 44 ppm to 18.1 ppm, which represents 2.6 wt% QS adsorption onto the

resin. On the desorption cycle, 269 gm DI water was added to the resin. The DI water
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HCl are effective for renoving QS froma pyrolyzed pol ystyrene resin such
as AMBERSORB 572. Exanple 8: Batch Cycle Test A single batch of resin was
cycl ed mwOioplososis nes t hrough adsorpti on and desorption afPCTAB®/36Bhus, 260
gm brine (23 wt% NaCl and 44 ppm QS) and 260 ng of AMBERSORB 572 were

| d 50 Er | | ask .agit d bital shak f
D hour s SR 24 or SRR 24 PRy whieh o f S G0 Wit YT to o
contai n ekirbisHPRCH &S fod UahltERR: cy-a'é@ orf‘Q;S Eﬂst)léﬁfﬁ)naéﬂﬁocfeg@x? ign jas*g%f &&-asThen the

ri

resin and 250 gm water were placed in an enneyer ask agltat ed for
24 hour s the regraeigtips megéismanal yzed and found to contain 31.1 ppm Q5 (3.0 wt %
vs resin). This cycle was repeated 17 tines. On the 17th adsorption cycle,

the brin eyl MRS 44 ppmto 18.1 ppm which represents
2.6 M%%&?}é}sgggﬁl on at%%%gﬁﬁgatrogﬁ& 1%83 t he desorption cycle, 269 gin DI

wat er was added to the resin. The DI water 27 WD 03/059818 PCT/ US02/ 36860
cont ai ned 24.of ANBERSCORB 672 R4s boposed toMrinehwhish eepthivied 64165 gps BPA iwt % QS

Thus, the effectiv or nul tiple ¢ycles of sorption and

desor pti 8(?1(1{]1 h’gzélvg? é’Pnth ?Iéée@ﬁ’é"r%tﬁii &% hEdmRle @x%rfﬁlbélée‘@ d1hptAl t er nat e

Regener agpan 5@6}@1@ Eﬁ‘@ﬁa@ ich

cogt ai ned 5- 35 fpm %%%dﬁﬁ%lgggdl tion %ﬁ%@&%gﬁ%&%ﬁg}ﬁ‘ﬁﬁé g(ge erated as
q

i n Exanpf@aeity 1af AMBERSOR mat Fanmzvmg sagcmrgﬂlgn heingd waerAMBERSORB 572

i f It f. Al SOR 72.
Ir:gIS: gwazpeg%ﬁ;etgr%#greg@%\gh%gsnn Ww% é?ln e%‘p?%g to é’gl%ncé’ E??I?IB%%BERHPIH%FE@ resin
was agai mde2pa9eshrh QPHNIntie tHO Mésih a3 dsalrdtdd RAIMA BRA T&iédregﬁ was B Q5 unti |

the resin was é(fturated WthrAr%S The resin was again regenerated as in
Exanpl e BE3tet ayingiireample §otsr &ﬁuﬁhédiﬂ’&t&ﬂp%nd sgyptipesycleshtherrediin  showed

10 Sapaciioc o BRI PRald 0O IrbRrinkl THe AL AR R B EL Bk L ©

several types of atments to restore sorpt|on Vi U
t enper at types obrireatrhents rte a:temem Q& rdsa@afierc iattivitye s t BhenaanGuten Ifcﬁ-s slinot ed
ot herwi se. . In each test of contam nated resin and 100 gi n of

regener atrsabments 48 &ag,gg}t}é tq’sﬁawg%go Couvnlessgrpted otherwise. In each test, 250 mg

of contaminated resin and 100 gm of regeneration liquid were charged to a 250 mL
Erlenmeyer flask. The flask was agitated on an orbital shaker for 4 hours, after which
the resin was filtered from the treatment liquid and tested for QS capacity according to
the method of Example 8. Table 3 below shows that hot water, mild acid, and
methanol treatments are effective for restoring a significant fraction of the original
resin QS capacity. It is noted that the mild caustic treatment is only slightly effective

for restoring QS capacity.
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Erl enneyer flask. The flask was agitated on an orbital shaker for 4 hours,
after which the resin was filtered fromthe treatnent |liquid and tested
for QS cawesswysarcording to the nethod of Exanple 8. TalpCe/uBobadseav shows
that hot water, mld acid, and nethanol treatnments are effective for
restori ng %}Lﬁggni ficant fraction of the original resin QS capacity. It is
noted th fA e mld caustic treatnent is only slightly effective for
restoring QS capacity. 28 WD 03/059818 PCT/ US02/ 36860 TABLE 3 RESTORI NG (S
CAPACI TY RESTGIANGHQES' CREANTEXPOSEBPTRISBINEHENASIA BxgppkepNoro Resi n
Treat ment._wt % Capacity After Treatnment CE- Control (New Resin) 3.53
Exanpl e SIYHEN®Le (1000 1.65 Exanple 10 0.5 M NaOH 0.53 Exanple 11 0.5
MHCL 1.66 Exanple 12 Acetone 1.16 Exanple 13 10% Acetone in Water 0.52

Exanpl e[ 14 NVethanot I.5§ The data T Tabte3—htustrate—that—the—+esin
enpl oyedEx#mplsdNogs r enpydesnbrepimant  pol i shi ngd wiepQiaapacityestfered usi ng
in any pf the "resin treatments” indicated. |ntleadstenngly, treatment wth

hot wat er_i's anong the st—effective means of restortng—the——+esi. The
i nvent i plrBhas been descridsairol (NereRasin) wi t h par|t3.&ul ar reference to
preferreg eﬂq‘o diments fhereof, but it w tt bejunderstood by those|skilled
in the pFFAENEY vari at i| dFd Veater O8TC)i cati ons qdddhe effected within the

spirit papd sclo% of the| invention. 29 WO 03705
€

xamp. 0.5 M NaOH 0.53
Example 11 0.5 M HCI 1.66
Example 12 Acetone 1.16
Example 13 10% Acetone in Water 0.52
Example 14 Methanol 1.58

The data in Table 3 illustrate that the resin employed in the QS removal and brine
polishing step may be restored using in any of the “resin treatments” indicated.

Interestingly, treatment with hot water is among the most effective means of restoring

the resin,

The invention has been described in detail with particular reference to preferred
embodiments thereof, but it will be understood by those skilled in the art that
variations and modifications can be effected within the spirit and scope of the

invention.
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WHAT IS CLAIMED IS: 1. A method for renmoving inpurities froma brine
solution, said brine solution conprising a water soluble chelating agent,

t he net howomsnmsisi ng the steps of: a) adjusting the pH ofPCrhusobsdsne
solution to a pH of fromabout 2 to about 4 and passing the brine solution

t hr ough %\/ItL'{X"ISIé (.TtLWrigl ized resin; said first functionalized resin

havi ng functi ona ‘capabl e of renmoving transition netal cations from
the brine solution; b) adjusting the pH of the brine solution to a pH of

from abolt A methabiofet réhobingnichpupitiesifReh ek sa18tieR! Wid BRnt %R:Fieﬂ a second
functionalized resin, sajd second functionalized resin having functional

groups cSYEPTENSE WalkHsupls chpleting pgenb dhe methad comprsing Sressténsarfy t he bri ne
solution; and c) subjecting the brine solution to a polishing step

fol | ow ng) s{geRtRkg - THemealH - ol ai , r rising the step of
subj ect i g)g t etdg% iﬂ}legp Iélo(:ﬁﬁtthl on %?Sr?ma{m%rt?rfg?%ll %fwélﬁéh‘}eoro gg? ggna{bogttgﬁ?gpri or to
step a).pBsinglike indwedutomn thraighalfirsifuect&inalizddere§ing siid fitsd Eliictibadlizé@d resin
renoves jfer'sf)r}évni ci%el ghrom’ urgfg‘%l %Ic}l numions or mxtures thereof. 4. The
met hod o dvietunglional grpupp Sanable gl Femariog twaition seetaleafigng Bmie cal ci um
magnesi URindlutloay strontiumions or m xtures thereof 5. The nethod of
claim1, wherein the polishing step followi ng step b) conprises treatnent

of the bé)inne, solution with a partially pyrolyzed sul fonated pol ystyrene

di vi nyl bBh28RetiRetiepH of theruinestobsiondd acpHiofiom abraxt & ta abhat blo§ ashi ng st ep
foll ow L EPHE) h I t he.bri.ne, sol.utian with in a
car bon B%g?ﬁlg. th‘%hgﬁﬁé\;}t%ﬁg%%gf ﬂ%f“g@mqﬁ ?écfogjrltﬁgral%n ?q Py Pﬂg s5eapd of

recover i figctionaliped nesin devingi dincti@Al WD/ QDA o fPCHIVERLAREBRD cath The
nmet hod of cLai e.fi rsé< functionalized resin is an imno

m1 rei.n t
mei fa(ﬁ‘oflﬂﬁi?%gﬁgiﬂfl%% U9k 8% change resin. 9. The nethod of claim 1,

di acetic
wherein the second functionalized resin is an am no net hyl

¢) subjecting the brine solution to a polishing step following step b).

2. The method of claim 1, further comprising the step of subjecting the brine solution

in a primary brine treatment step, prior to step a).

3. The method of claim 1, wherein the first functionalized resin removes iron, nickel,

chromium, aluminum ions or mixtures thereof,

4. The method of claim 1, wherein the second functionalized resin removes calcium,

magnesium, barium, strontium ions or mixtures thereof

5. The method of claim 1, wherein the polishing step following step b) comprises
treatment of the brine solution with a partially pyrolyzed sulfonated polystyrene

divinylbenzene resin.

6. The method of claim 1, wherein the polishing step following step c) comprises

treatment of the brine solution with in a carbon bed.

7. The method of claim 1, further comprising the step of recovering the brine

solution.
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phosphoni ¢ acid functionalized ion exchange resin. 10. The method of claim
1, wherein the brine solution in step c) is passed through the second
functi onaWD28@598¢%i N at a space velocity of from about 1 teTAalsous6880 bed
vol umes per hour. 11. The nmethod of claim 10, wherein the tenperature of

the brin lution is.fro bout . 20C to about 90C. 12. The nethod of claim
1, wher e?‘n S@ﬁ én"éﬁ?%%fs%‘mﬂ Wﬁerﬁﬂl the dstfynetionalized agsin iy s grinordaceiecond
functi ongdill ZeRtib@3izBd f&ln & ch geygl ocity of from about 1 to about 30 bed

vol umes per hour. 13. The nmethod of claim 12, wherein the tenperature of

the brine solution is in a range between about 20C and about 90C. 14. A
met hod f &r Themsthod @ficlaiarl, whessirf theseeond finmionadizet iresin issmiathibe reehysol ut i on

conpri si j: Um: nd chl oraonethyltri ethyl ammoni um chl ori de,
the net Ogﬁ@@%@@hﬁ%ﬁpﬁ%&gﬁo&exg AESY*AYj usting the pH of the brine

solution to a pH of fromabout 2 to about 4 and passing the brine solution

t hrough ¥.f Themethodof tlaimlli whcreirethiebring séldtidr insdterf &N basRERIHr &M thé esi n
mpvi ng transition netal cations from

havi ng functjanal. groups capable of r
t he bri%?&"‘%dof?‘iff’[‘#1 hizgq Tesip 3 ﬁ@a%h‘@?wwag from #hauhd orbeytol) bed a pH of

from aboudluBed gerabgut 11.5 and passing the brine solution through a second
functionalized resin, said second functionalized resin having functional
groups capabl e of renpving al kaline earth netal cations fromthe brine

sol ut i ont1-akle eyethpdnleadeinn §0.t vikerbini the teopearatianof the dripel sohitiongs Sitoap

foll ow n oﬁ{fdlcb%;'a E‘@O\gﬁ 03/ 059818 PCT/ US02/ 36860 15. The nethod of claim
14, further ‘cornp ig?lh tHe step of subjecting the brine solutionin a
primary brine treatnment step, prior to step a). 16. The nethod of claim 15,

wher ei n 1heTHd method UNEhin® Nakh&eid theBiie SRS stepY) is pddb&d@lonch LM um
al um numions _or mxtures thereof. 17. The net hoe(li:i)q}'cj)?slcj:l alm loél,g \%é;r ein the

second ARG Smstipnaliged aesim af @nsnass velocity of from about 1 to about 30 bed
volumes per hour.

13. The method of claim 12, wherein the temperature of the brine solution is in a

range between about 20°C and about 90°C.

14. A method for removing impurities from a brine solution, said brine solution
comprising sodium gluconate and chloromethyltriethyl ammonium chloride, the

method comprising the steps of:

a) adjusting the pH of the brine solution to a pH of from about 2 to about 4 and
passing the brine solution through a first functionalized resin; said first functionalized
resin having functional groups capable of removing transition metal cations from the

brine solution;

b) adjusting the pH of the brine solution to a pH of from about 9 to about 11.5 and
passing the brine solution through a second functionalized resin, said second
functionalized resin having functional groups capable of removing alkaline earth

metal cations from the brine solution; and

¢) subjecting the brine solution to a polishing step following step b).
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cal cium magnesium barium strontiumions or mxtures thereof 18. The

nmet hod of claim 17, wherein the polishing step c) followi ng step b)

conpri sesworgasasesit of the brine solution with a parti al | yCpyusot/yesed

sul fonated polystyrene resin. 19. The nethod of claim 17, wherein the
polishing_step c) following step b) conprises treatnment of the brine

sol ut i 0n9 tﬁ“"i Iﬁeté}og&fb%nbéaz firther TRepHsing dle stepcofasvhiacingfthe tee

conpri si E : j nr i olution. 21. The nethod of
claim 145@%%1?3%??%@]})?1?«3%%%&9# rig)rll%{eogﬁ?‘pe@i nis an imno diacetic acid
functionalized ion exchange resin. 22. The nethod of claim 14, wherein the
second f Unctlibermatthed @f redaiimn 15, swheremnihe dirsinfitnbtidonadized pédm iremavdsdiron,

functi onailc' ed ion _ex hange resin,. %3. &ge get hod of claim 14, wherein the
brine solutT oA Ak SIS OB ALBH YIRS BGHRY t he second functi onal i zed
resin at a space velocity of fromabout 1 to about 30 bed volunes per
hour. 2417.ThEheTeictted of chiidi 16,23hereheliRi Sochie HRRARRIA Rsif rdifebr | NE
solution is from about 20C to about 90C. 25. The nethod of claim 14,

wher ei n Uy AgneSHINY DRGRAM; fraptiag igns psmpdwisetherenfough  the first
functionalized resin at a space velocity of fromabout 1 to about 30 bed
vol unes r 0598 T/ : 2 nethod,of claim
25, vvhergffn ?%éh}teg?r%e)r‘gc% ??’ %ﬁgggitﬁgégﬁgffgaep i if%iibgmggaﬁngebget ween
about 20ccarptiseh drertn@@C. of2the Arinetsobdiohowith eganetizlyi pgrobyzedr adoasiedus

adsor bent c risi.ng one or nore adsorbed quaternary amoniumsalts, said
nmet hod c%orlr%sgﬁgl?er@s}flhe step of contacting the carbonaceous adsorbent with a
liquid in which said quaternary anmoniumis appreciably soluble, allow ng
at | east1%orEheoethiodt 6f Ry BMMWhERM SRl bolishish $&9! VP follfwihpetdy gyi d, and
separating said liquid conprisi ng%_ di ssol ved quaternary ammoni um Salt from
sai d car®opsEeLeetEa e Hagprine solution with in a carbon bed.

20. The method of claim 14, further comprising the step of recovering the brine

solution.

21. The method of claim 14, wherein the first functionalized resin is an imino diacetic

acid functionalized ion exchange resin.

22. The method of claim 14, wherein the second functionalized resin is an amino

methyl phosphonic acid functionalized ion exchange resin.

23. The method of claim 14, wherein the brine solution in step b) is passed through
the second functionalized resin at a space velocity of from about 1 to about 30 bed

volumes per hour.

24. The method of claim 23, wherein the temperature of the brine solution is from

about 20°C to about 90°C.

25. The method of claim 14, wherein the brine solution in step a) is passed through
the first functionalized resin at a space velocity of from about 1 to about 30 bed

volumes per hour.
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28. A method according to claim27 wherein said liquidis selected fromthe
group consisting of selected fromthe group consisting of water, aqueous
nmet hanol ,wagaemsss acetone, acetone, and nethanol. 29. A methwsd2/aseor di ng
to claim 27 wherein said quaternary ammoniumsalt is chloromethyltri ethyl

anmon un’bg.hl,ﬁlrel nqgthog of claim 25, wherein the temperature of the brine solution is in a

range between about 20 and about 90°C.

27. A method for regenerating a carbonaceous adsorbent comprising one or more
adsorbed quaternary ammonium salts, said method comprising the step of contacting
the carbonaceous adsorbent with a liquid in which said quaternary ammonium is
appreciably soluble, allowing at least some of quaternary ammonium salt to dissolve
in the liquid, and separating said liquid comprising dissolved quaternary ammonium

salt from said carbonaceous adsorbent.

28. A method according to claim 27 wherein said liquid is selected from the group
consisting of selected from the group consisting of water, aqueous methanol, aqueous

acetone, acetone, and methanol.

29. A method according to claim 27 wherein said quaternary ammonium salt is

chloroniethyltriethyl ammonium chloride.

33



