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REMOVAL OF METAL | ONS FROM ONI UM HYDROXI DES AND ONI UM

SALT SCLUTI ONS Technical Field The present invention
woeb@iezseo renoval of trace anpbunts of netal PODAIS206/33621

as al um num from oni um hydr oxi de and/ or oni um salt

sol utions. Background Oni um hydroxi des, such as

t et ranet hyl ammoni um hydr oxi de, are used in

sem conduct or. processes. Such oni um hydroxi des_ar

equi r RENMOVAL OF METALONS FRAMANUH AEBROXHES anp

t he SERNIOM SAMIOSOIAEFIONS:t i on for al unmi numion

requi res that the alum num content be |less than 10

part per billion (ppb) in 25%tetranet hyl anmmoni um

hydr oxi de. Envi ronnental and econom c concerns drive

the desire to recycl e MRlHHi@ISField'C! uding materials

such as the oni um hydroxi des used I n sem conduct or

piTbequesant iMaertioratetates dh ramoval afitragedamolidtssofametal ions such as

oniumsalts are, the subject .of rather.stringent
alumigjon {oRRHEY MYgKASANSHE o GRIITBh of new oni um
hydr oxi des and oni um salggcldgrotf¥ce expensive than is

the recycling of used oni um™ydroxi des and onium _
s&niem Hydenxidss, usechofasmdesameathylamotonigmohpdioxide, are used in

sermigi B P eb SR SRR Oh b BB A el £ B eptrpmel hich
purity& F ctlexaimple) the S EVhe 4 610808 speeifRatidi Fdraallimimimordkequires that the
nost netal 1ons, including alum num down to levels in

alumingen pantenyde lgps ithayn 10 peahlierMm@bd ée 7 S5kn taframethylammonium
J] proven quite difficult to renove netals such as

hydr iy
aluminumto | evels near and below 1 ppb. In order to

mEetvirbhimensaleand ielﬁﬂhbnﬂc doh_cbﬁ& deea tgerwaéaﬂg o0 _redcycle materials,
_ necessary to sinply start w new oni um [ oxi de
includigg dpaterialss suefe aﬁt%ﬁa%“'ﬁ@ehyqsrﬁ’ﬁ@%i Yigd tnosamicandugigs processes.

Mateti’%’l éu%ﬁeésso@ihnﬁrﬁ?@r]toxka%g Hd‘oﬁigﬁ’?élﬁsd?lién{h%@r i St firdther stringent

utions. Thus, I as been I Cu ycle
enviromneniah reguatitnsasThé praxhiction lof dievxdnism bydrdxidas and onium salts is

moreSRRGRRLLh a8 BE el 2 S Bk R RSP lorum st
Howe\RFY 656 hfopatedly dueki € onilemsdrogideyt inosemitwhdledr @rocessing
| ong- st andi ng problem and a need remains for such
inevitablyretitamiratesitheronum hydexides with materials such as aluminum and other
metal ions. While removal of most metal ions, including aluminum, down to levels in the
part per million (ppm) range has been known, it has proven quite difficult to remove metals
such as aluminum to levels near and below 1 ppb. In order to meet this specification, it
has been generally necessary to simply start with new onium hydroxide material, since it
has been impossible to attain such low levels of metal ions in recycled onium hydroxide
solutions. Thus, it has been difficult to recycle materials such as the onium hydroxides
used in semiconductor processing for re-use in semiconductor processing. Removal of
metals such as aluminum from recycled onium hydroxide and salt solutions has been a
long-standing problem, and a need remains for such methods, if materials such as onium
hydroxides and salts are to be successfully and economically recycled for use in the most

demanding applications, such as in semiconductor processing.
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hydr oxi des and salts are to be successfully and

economcally recycled for use in the nbost demandi ng
wa@ppliozmt: ons, such as in sem conductor PCT/US2006/033621

processi ng. Summary The preselt invention provides a

solution to the problem of recycling onium hydroxide

solutions while attaining netal ion contents

acceptabl e for re-use of gl@nmfgyovered oni um hydroxi de

or salt solutions in the nost demandi ng applications. )

| Ahacrresaahdwention providesbadiokdian &3 the.aorpgl@mmf recycling onium

nyeroyRES BB oI Ardird e oS AckeatlR oL e-voe of the

recoveféd omiahvhydroxidecdisdissdigtiorsy in\the inigst alengakding bPpiicdtions.
exchange nedi um providing a solution conprisi n% _ )
niyAeerdancewith ane embgdimnent ¢f d3e oraseshinv@ntien, there is provided a

proce%é?ﬁﬂ[éﬁgo\é@jg tégbméd Qf?é‘lra?ﬁ)wsg%rﬁ gﬁ dn?ur}nqﬁ/gig@?gg a8 43t solution,

on compri st ng rmagnesi um |
compgieinigact i ng the magnesi um | oaded i on exchange nedi um
roxi de and/or salt sol ution

wi th_an oni um hydr,
CBFRVA(ﬂHQ ﬁd"’%ar?f ?ggtloa%ﬁh?@% gediiBsol ved netal i ons,

ki t @%ﬂ o he dissol ved netal ions
\gpgd\&déﬁ%%escﬁ | romcgﬁgﬂélhp%%edﬁﬁ%@ilggéand/or salt
s fdratinga magne stwhdleadadign ekehangeumediydr mxéatdactimgy/toe ion exchange
salt. . solution after the contactin wherein the

medigBI Wit B SWHQILCUaPESRENAENEEWBIBNY quant ity of
dssRkieg tHEabnbSiten-RiERket %6n EX@andenbiis) witd %ﬂtdn‘iqm hydroxide

I n accordance Wi th another enbodi ment of the present.
and/ar salsolusion adméaisingsa firshwuastity=0fsligsodead metalriers,ovherginaat least a

portiog S HE! fver id ERFLL I RCTR el BNt MR SRy bidlorage gpaor sai

solutienv@@k acid i on exchange nedi um providing a solution
conprising magnesi umijons; formng a magnesi um | oaded

i 60 Qé‘otleaah@@ni#aahmfptsgde@cs\d{%r@la_itﬁg?qtm gften thseatagiing, wherein the
sout 5 ADHELAH 5ol AGLUI A SARPE! S0 SRARASIUR LBRGr nan e frt
quantityt h a recovered

In accordance with another embodiment of the present invention, there is provided
a process for recycling a recovered tetramethylammonium hydroxide solution containing
dissolved metal ions, comprising:

providing a weak acid ion exchange medium;

providing a solution comprising magnesium ions;

forming a magnesium-loaded ion exchange medium by contacting the ion exchange
medium with the solution comprising magnesium ions;

contacting the magnesium-loaded ion exchange medium with a recovered
tetramethylammonium hydroxide and/or salt solution containing a first quantity of dissolved
metal ions, wherein at least a portion of the dissolved metal ions are removed from the
tetramethylammonium hydroxide and/or salt solution; and

collecting a tetramethylammonium hydroxide and/or salt solution, wherein the
collected solution contains a second quantity of dissolved metal ions smaller than the first

quantity.



10

15

20

25

30

t et ramet hyl ammoni um hydr oxi de and/ or salt sol ution

containing a first quantity of dissolved netal ions,
wob@reemesat | east a portion of the dissol ved neCHUSI0061633621

are renoved fromthe tetramethyl anmoni um hydr oxi de

and/or salt solution; and collecting a

t et ranmet hyl anmoni um hydrOX| dé and/or salt solution,

wherein the collected solution contains a second

quantity of dissolved netal ions snmaller than the

f im accaydamea wigh bnother embadiraent cbfrllhetpc&slee\t invehtion rthete is provided

a profess IOEERYEI SRR Fatprh ey BRuT AP LR rdior Sat solution
conta'“lMHé Eﬁséﬁle@rlﬁéi%ﬂ o, Cofif) rl's‘,t\?‘m contai ni ng di ssol ved
I ons, conprising: providing a car boxyl ate weak

aoer/IdIUg aazartmq«y@tﬁmahmanddldnoamha@gehmedmm exchloaging the ion

medi um coI . providing a solution conprising
eXCh?%en@?dﬁﬁ%Bﬁ% ng a magnesi um | oaded ion

epeaAdiag aneslitih bdmﬁﬂﬁhg%a@ﬁbéuﬁm ibeg} exchange medi um

W th the solution conprising magnesiumion, wherein

t Fymiog ama;gmeéwwcraﬂasigo oamading bya:s:@taﬁtmrtm@n exchange
medlﬁrtﬁe\ﬁ‘fl‘?ltFr@Qo foft %Jrﬁﬁ‘ﬁsn &%He%ﬂhm |3r>r@5\}vﬂgretnl? I ogglugon comprlsmg

exchange rre rum cont nesi um

magn@sﬂlmm Mearthmugh the&jdﬂﬂhﬁl’ﬁ aair$t>d|ramah free
t et r amet hyl ammonj um hydr oxi de and/ or salt sol ut i on,
mﬁ@?'@gnth%@%lﬁa@haﬂ% anegiupptky cppiasting the magnesitim-loaded ion

exchérgié rﬂ@ﬁfu}fﬁ oﬁfgﬁ‘%tﬂ R%nﬁ%ﬁ%%ié? Sred8f 8 ﬁf}}llémﬁ@d{ﬁ mMYdroxide and/or

ses t € COo N5 second diFec
salt solppos,iwhaere'm tha eubi;ﬁasutlaw metalifiee; tettamettoi amodriemhydsedde and/or

nesi um | o exchange nediumw th the . ,
sait SE0RTG PERSTLINIRHENTIeARBITL R fy SPURIITaR TS orpgsite to the firs
directfsf{:-uti on, wherein the recovered tetranethyl anmmoni um

hydr oxi de and/or salt solution passes through the
c epbotastingtherrinsedooagnesivmdoaded lqnlmbangamedwmwmn the recovered

tetrarﬁ%@wagﬁn&@ﬁqg é&dﬁé@zﬁi ved ngfpt&als(ﬂlﬁ n%quﬁe [ ﬁ\&ﬁ‘ere n recovered

tetram@my@mﬁhbmuwmmdxm&aﬂd/@x seR s@mﬂlbﬁrpé?@bb tARJugihl 8 column in the
after the contacting, wherein the solution collected

secondh@ifestion, wheeln @U@aqt@ﬁ@ftw abthesdisseved metakians aeetained on the
ion exchange medium; and

collecting the tetramethylammonium hydroxide and/or salt solution after the
contacting, wherein the solution collected contains a reduced quantity of dissolved metal
ions.

In accordance with the foregoing embodiments of the processes of the present
invention, metal ion contents less than about 1 ppb can be obtained in recycled onium
hydroxide and/or salt solutions.

Thus, the present invention addresses the problem of recycling onium hydroxide
and salt solutions to provide recycled high purity onium hydroxide and salt solutions
containing levels of metals such as aluminum at concentrations acceptable for use of the
recycled materials in demanding uses, such as semiconductor processing.

Brief Description of the Drawings

Fig. 1 is a schematic flow diagram illustrating steps of various embodiments of a

process in accordance with the invention.
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In accordance with the foregoing enbodi nents of the
processes of the present invention, netal ion contents
wo e®g/ortlesn about 1 ppb can be obtained in recyRPtBUS2006/033621
oni um hydroxi de and/or salt solutions. Thus, the
present invention addresses the problemof recycling
oni um hydr oxi de and sal't sol4itions to provi de recycl ed
hi gh purity oni um hydroxi de and salt sol utions
containing levels of nmetals such as al um num at
ctrahould heiappsecisiedpthabthe process steps ana structpcee described herein

terials in depandi,ng uses, sugh seni.conductor .
may it prawide;a,comPplels Syieth PppiogaSS fiopiar BTy gLt & gevdling process
for onigmay8eRed@bn§/of baNsaluBeRaBuchldési6 @t ibedistldans r@_f:¥cling facility for
various enbodi nents of a process in accordance with

such mederials e fihediresentdnventipromaydysr preicticedin eenjupelion with techniques

and ipBFARS AR ERHRRYhIHF A GhFaE ol R he Rfmhfl procticad

materdals, appeeataki agdpprvess s@psoareninbludedx agdeapndiddtessary for an
salt solutions, such as would be used in a recycling
undersignding ¢f ther Pregent inkeeliom| s. The present invention may

be practiced in conj mg%"?&ln%tgplgtrtﬁqpm ques and

apparatus currently us and only so nuch
oAst hetedprthe rprgsentainivention melates dadbsa progessafarspariying an onium
st eps arl‘ta§i ngl uded as are necess

hydrogrw%%e@f/%ew g #alt ltion.Achin pariewar.dar rqaéiﬁéﬁ{go{b&arﬂetal content of

oniunpﬁg&rrokﬂfé /&Ssél%c?lgtioﬁg? eTRE BRRM ng&%ﬁ‘(ﬂfé dé’dH/BPJ/)ﬁibﬁ?sélPsolutions
a process for purifying an oni um hydroxi de and/or

applieghtautinespriesesioprotess magnak recqvared framae,g.f semichdeictay processing

t he tal content.of. oni.um hydroxi de and/or. salt .
and figf; offies RtoceRRes BRIHPAYHP 535 He® O g GRS F/or st solutions.
In oné ehiHddaienefid prRGehPinvBatitH licRbRABhiliYhyRPoxide solutions. In

recovered from e.g., sem conductor processing and

one embediowandr ther pesest ivigntien is mpplierble e andémosalbaplytions. In one

oA L by 88 Hhtle B SIRRBHAEE e tre omie
hydrosielest pwified by peoeessebddionenta thdse oF sieiemni the aent Sashicdnversion
licable to oniumsalt solutions. .| n one _enbodi nen

procepRes il ee SISARPESEN o PEFam SPBIGHILSH Sy MAGRHINS, 6,508,940,
os weltl 1R YL DS PRI, PROSF TP 6.207,005
5,968p338; 653584 i3, 8 tie, 28R p5s,868|H 6, 658363,555; ahd 5p83%882, the disclosure of
each &P \R/Hcﬁqg }r{csérp%rgtedp r?‘érS{H beroe'fer6e’ngg §6r9tﬁg’teachings relating to conversion
of onium salts into onium hydroxides and to purification of the onium hydroxides by various
methods. While those processes and disclosures relate to conversion and purification of
onium hydroxides, the present invention primarily relates to recycling such onium
hydroxide and/or onium salt solutions, and in particular to reducing the metal ion content
of the recycled onium hydroxide and/or onium salt solutions to levels acceptable for re-use
of the recycled onium hydroxide and/or onium salt solutions in the most demanding
industries, such as the semiconductor industry. In one embodiment, the presentinvention
is applicable to mixtures of onium hydroxides and salts in a solution, thus the reference

to onium hydroxide "and/or" salt, in this disclosure.
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as well as in commonly assigned U S. Patent Nos.
6, 787,021 ; 6,217,743; 6,207,039; 5,968,338; 5,951
w0 330255081 0, 237; 5,868,91 6; 5,853,555; and PCT/US2006/033621

5, 833,832, the disclosure of each of which is

i ncorporated herein by reference for the teachings

relating to conversion of oMdumsalts into onium

hydr oxi des and to purification of the oni um hydroxi des

by various nethods. While those processes and
OrgadicsOhimnr}éyadnoadldusaand Quinne Sailtsn and purification of

I b Stediueti e il g TS o5 relb Salfip ek camprise an
organ‘i‘@bﬁmﬁ?hz&ﬂo&l&% arfiiér br"gﬁlﬁﬂf 6h|8H1 s'%gt t Suft@ﬂé%r@&wlb%lum hydroxides

content of the recyc oni um hydr oxi d
and saltslfarrthe presant idvientioh indludhes organicerilim Iayxtreptdaslsuch@s quaternary

amm it SaipkBRe AT arhoPhRRReRY TBRSERH . R, suffonium
hydro&metsheteﬁ@wcgmax@hmIﬁ\ﬂ#éhﬂés &Rd qﬁﬁd@i&mﬁn ﬂWHromHB@ and the

resent |nvent|on|saP|ca e to m xtures oni um
corremmctm gelis.aibreinl, @ayiraterenes e i"onium hM@romke a@ﬂ/@.r salie refers to

either B BRI T AR eNiBkoardid e SPalt Snivm, salh wipss clearly,

specificitlydinbiesti 1edtie ot the gtherm hydr oxi de and/ or sal t
sol ution may conprise an organl C oni um hydr oxi de

alfuther follpyiia dossiptian Shjexemplany afiemdigipxides gndranium salts, the
specmé’ gﬁfﬂfﬁdﬂﬁén@%ﬁﬁl 66?0\&%(!’8&#& n{j’cgr%)ctﬁféts 'Itni¥ ?@Bb%d’e?&w&‘ﬁwat in the

ani c ontum es suc uat ern

follomm)gzldmlaﬂ;ese Lqﬂms%psmfjcaupdmmtw\ﬁdmmbydhydmﬁﬂes the correspondmg
iary, sulf i des, .tertiary sulfox

onium SHle,SIeiBEILgRE: THERR PEPIATR AR the Bretuh Hnpistand Rat the onium
salt nﬁﬁf 5@%@%}% B%éé on"fﬁbet%lébloﬁmé r%%ftiﬁgecﬁc{ﬁeto?mﬂﬂgwd%mdes, with

dr oxi d or sal ers to elrtheér or
appro:pngaenadJLmtmentshfxbdrtlamchergaendndhem"gamf@mung dine mlium salt. That is,

where iS5t s f8RRe gt avaing¥ Rbaloed, ST g el and Scsinghncharged

amonhy@érpé@, gdeslidedher wilhbed sifigletdtfurbiee fdricach BBH, BRE twhere the salt
shown bel ow are the hydroxides. It is to be understood

is formed fronha singly ehareed i N adia doublyickasgesharipni $dh as a sulfate,
1 : .
S0, ’s@ﬂé el Bé’tv%‘ ioH@n’i‘Yo‘HF%F QS&? dbﬂgl n@{ér&é{?ﬁf&'npg fﬂ'e“?r .

s are ed.” Those o

V\BUItabllecwﬂ@iSif@d tHehahiubhsalizrinclode alntonsayf doenrreh echisnh&lich anions
on the djsclosure relating to the

'”C|Uq?yé?b§¥%i@§|e i Palag e B ?l&f%eaa}'@ré{gﬁ@rﬁ@%ﬁ%ror t3eylsulfate anion, a
carboRRISnGR, ARl LB BN ARY orbpto anion.
phosphate( hy,adroget)l papdplmateiargliyydrbgeg@tiosphate anion, a sulfonate anion, an
alkylsulfonate anion, etc. Most often the anion will be a halide, and more often, chioride.
Thus, in one embodiment, in the following structures, the OH group can be replaced with
an "X" group, where the X represents the anion, and "x" is may be a non-integral value,
such as 1/2 or 1/3. In another embodiment, the number of onium moieties can be
selected to balance an integral number of "X" groups as needed to obtain a balanced,
neutral salt.

In one embodiment, the onium hydroxides may generally be characterized by the
formula I:

A(OH), ()
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anion, such as a halide, there wll be a single onium
ion for each anion, and where the salt is formed from
wa@2@ingley2 char ged oni umion and a doubl y char geci/as10061033621

such as a sulfate, SO4 =, there will be two oniumions

for each doubly charged aniog. Sui tabl e anions for the

onium salts include anions of comobn acids. Such

ani ons include, for exanple, a halide ion, a sulfate,

hydrogen sul fate or al kyl sul fate anion, a carboxyl ate

anion, a nitrate anion, a carbonate, bicarbonate or

h

W“efﬁhwish%Pﬁg@ﬁbﬁ’h@%"h";’é 1P fSEORS Qi Y HORAGEY PR B mplesof
oniunagkguEsuintlbidetameenim geups, ldbs‘spmnlem gmepa,rﬁubf@nwm,l sulfoxonium

be,a halide and, mo chl. Thus, ,in_o

and ifffratfi, OfounR AL RP R RS R, LRBINE Bnich iy 1 sibgityted for the

hydroXife, b6 férap e estradgdndiy omunrgééwp, where the X
represents the anion, and "x" is may be a non-integral

i wene sthOddmentz the qu@ernaWaammmnur@rrﬂiwdrm@ﬁs ange salts and

R P S A

bal anced, neutral s . Ino enbodi nent, the onium
hydr oxi des may generaIIyR)% characterized by the

formula I: A(CH x (I ereln g)é_?n owumgroup and x
is an integer equal R-+He—Ri en of Exanpl es of

oni um groups i ncl udel ammdni um|gr oups, phosphoni um
groups, sul fonium sl f oR$hi ufn and i ni dazol i um groups.
As not ed above, a surtable anion may be substituted
for the hydroxide, to formthe correspondi ng oni um

wher&ﬁ'A is & MitfSereaPRbSPHYrus hitfin IRATERT 'P'\ﬁréhoaﬁméfé E8¢h independently

hydr oxi des “and salts and quaternary phosphoni um
alky! gnpdipscioméainingdrenal t to atmut 28, ohartacbeut ﬁ@d;ablyort atoms, hydroxyalkyl

or all{;}%ﬁ%ﬂﬁb&g o%ﬁm@%gfgn Aﬁﬂmaéet atdtr&q?ﬁe#bd eﬁ o%@ {jﬁk%rbon atoms,

substiudis Lmeobgmtntdwarmrran sbph)ﬁi?@ @Fgroeps dohtRirAk@iomlSto 18 ring
carbon at ons, II%dro or al koxyal ky roups

carbogPRISA PR PSR 2 RS temﬁi er with Agnay fc@rm aﬂs@lﬁromcltsagf@@n provided
that |ﬁfh%”ﬁete§6’<5l§ i l&;g%%g cglgtre IS% ?%tgAb l.fﬁj ttjgrs%léﬁéd g)g)pgo As noted
abovea,tmrilse case Bithmdm% saltsRthéd @@‘Etgrwp\m téplé’cemiwth@f $uitable anion.

hgﬁ] )X glrolu%s ICr)rﬁaoyvtl)e linear or branched, and specific examples of alkyl
groups containing from 1 to 20 carbon atoms include methyl, ethyl, propyl, butyl, pentyl,
hexyl, heptyl, octyl, isooctyl, nonyl, decyl, isodecyl, dodecyl, tridecyl, isotridecyl, hexadecyl
and octadecyl groups. R', R%, R®*and R* also may be hydroxyalkyl groups containing from
2 to 5 carbon atoms such as hydroxyethyl and the various isomers of hydroxypropyl,
hydroxybutyl, hydroxypentyl, etc. Inone embodiment, R', R?, R®and R* are independently
alkyl and/or hydroxyalkyl groups containing 1 to about 5 carbon atoms. Specific examples
of alkoxyalkyl groups include ethoxyethyl, butoxymethyl, butoxybutyl, etc. Examples of
various aryl and hydroxyaryl groups include phenyl, benzyl, and equivalent groups wherein
benzene rings have been substituted with one or more hydroxy groups. The aryl or
hydroxyaryl groups may be substituted with, e.g., C4-C,, alkyl groups. Most often, R to
R* are lower alkyl, such as methyl. As noted above, a suitable anion may be substituted
for the hydroxide, to form the corresponding onium salt.
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that if the heterocyclic group contains a C=A group,
R3 is the second bond. As noted above, in the case of

wa b@7oziesan salts, the OH group is replaced w tPCEHUS2006/033621
sui tabl e anion. The al kyl groups Rlto R4 may be |inear
or branched, and specific exanples of alkyl groups
containing from1l to 20 carbon atons incl ude nethyl,
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,

5885 R L6 o9 SEE e A et S i cam e

treatdBineactdrdanes WitAabe @?oééé‘érdﬁbiéldﬁé{éelﬁri%ﬁwﬁ%b?'b@' r@Eresented by
from2 to 5 carbon atonms such as hydroxyet hyl and

Formila llbus i soners of hydroxypropyl, hydroxybutyl,

hydr oxypentyl, etc. In one enbodlnent, R1, R2,R3and R4
are independently al yI agd/ +hydroxyal kyl groups
cont ai ni ng 1t o about bon|at ons. Specific exanpl es
of al koxyal kyl group n | ude| et yet

but oxynet hyl , butoxyHﬁLy % Qﬁ of various
aryl and hydroxyaryl groi S | clude phenyl benzyl ,
and equi val ent grou whéy'ei n| benzene rings have been
substituted with one or nore hydroxy groups. The aryl

! bstituted with, e g., .
whergh RSB O ardy g8 Sndaiingd inrorrmulally ?pe@wa;eénm%\ent, R™-R*are
o S Ly, AR 984 B, . non
embadiment rthespmmiinigmohydroxidel and/or eab cmmpmbemeattetr‘abkylammomum
nyareiEE, PR RBF o BRRRRISH R Moo o e G Ees iatide, Eharaguiammonium
hydrdxi’d(ae WWHWYe@@eth?I@hﬁﬁ@rﬁihﬁﬁ @dr&ﬂﬂ&“'(ﬁEAH‘) t&?&ﬁr‘%‘p?lammomum

R4, and are as fined in Fofmula
hydr@qn«ée,errtﬁiaﬁlbtﬁmammnwm anyirakidel atatmm-onmammium hydrOX|de

o GPUBISHIREIIAD ORI, D R0 T Fronie.
methtyttmmropglﬂmmmilumil chamrtcre umietiyfixibdeylab@ehiu®  hydroxide,

es of .ammoni um hydroxi des i ncl ude
cety'tflmn%f@mmrawwonhmﬁowép odiimethytingapxyethylammonium  hydroxide,
tnmeﬂwiﬁﬁ&ﬁb%t W%d%rﬂmgmﬁe xfﬁﬁ({"}jgg/d{qye%ammomum hydroxide,

t rapr opylanmoni um hy
methylydrydmmthylammmmumt plydmmml urphwrtnmedwlammomum hydroxide,

phengﬁ {%bylﬂeth %@ﬂ?@gox&gggyltrimethylammonium hydroxide,

benzﬁﬁieﬂWléMhRirﬂtﬁhﬁ'Wél @Hrﬁé!tﬂ&l@)&kﬁi@imum hydroxide, dimethylpiperidinium
met hyl tri butgmammnl um hydr Oxi d

hydrog@ieﬂduscppfgpm Kiazolinium Ihwﬂo)gdedﬁ alkylpyridinium hydroxide, etc. In one

em bottdﬁrjlngr@i {%“I (ﬂ{é@%ﬁéﬁ%rﬂiﬁoﬁ ﬁy@rﬁx%%{u%éb ﬂgaccordance with this invention

are TiMARtaNd TEMHIT oxy abied aBewRY) iz Buitatsle Grigk® .may be substituted for the
hydroxide, to form the corresponding ammonium salt.

Examples of quaternary phosphonium hydroxides and salts representative of
Formula Ill wherein A=P which can be employed in accordance with the present invention
include tetramethylphosphonium hydroxide, tetraethylphosphonium hydroxide,
tetrapropylphosphonium hydroxide, tetrabutylphosphonium hydroxide, trimethylhy-
droxyethylphosphonium hydroxide, dimethyldihydroxyethylphosphonium hydroxide,
methyltrihydroxyethylphosphonium hydroxide, phenyltrimethylphosphonium hydroxide,
phenyltriethylphosphonium hydroxide and benzyltrimethylphosphonium hydroxide, etc.
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met hyl tri hydr oxyet hyl anmoni um hydr oxi de,
phenyl t ri nmet hyl ammoni um hydr oxi de,

W@ b@nptiesi et hyl ammoni um hydr oxi de, PCT/US2006/033621
benzyl tri met hyl ammoni um hydr oxi de,
benzyl tri et hyl ammoni um hydr c§<i de, di nethyl pyrolidinium
hydr oxi de, di net hyl pi peri di ni um hydr oxi de,
di i sopropyl i m dazol i ni um hydroxi de, N al kyl pyridinium

hydroxi de, etc. In gne enbodi nent, .the quaternar
As nofaduinaye Ry avishlaanion ey G Rd dofuen TyRr&Ade, to form the
Correésqul\f@g}iq gﬂ%ﬁﬂ%nﬁg\pﬁ% pd TEAH. As noted above, a

I'on nmay be substituted for the hydroxide,
t I drwothet émbodimerstp tredientiprgsutionium bydroxidessansl saltsokhich can be

uat.er nar hos ni um hydr oxi des and salts .

emplqlgai egtiaR i the PrRselt VN (TErE) beiBpihentar hufhegermula Iv:

enpl oyed in accordance with the present invention

i ncl ude tetramet hyl phospho 'Hnwhydroxide,

tetraethylphosphoriunh$ dr oixi de,

t et rapr opyl phosphgni unl hydr pxi de,.

tetrabutylphosphoerﬁ+®ydro iégﬁ (IV)

tri met hyl hydr oxyet/hyl phosphpni um hydr oxi de,

dinethyldihydroxyethylﬁﬁosp oni um hydr oxi de,

nmet hyl t ri hydr oxyethyl phosphoni um hydr oxi de,

yhbLj 0 j i de,
wher%ﬁgyh %bgﬁﬁﬂsgbésp oni u%rphd)}mé:ﬁde and
bERaMblas atehdyériansaiioniumcbimbooxnds espresentdsl yoE@thula IV include
a suitabl e anion may stjtuted fo

b , | g b h .
trimeﬁy@‘ﬁﬁ&miae@ hY@'OKmmt‘ﬂ%Byl@H\f‘P’é@E‘bﬁu rﬁgjld&h%ﬁﬁewrﬁuﬁ?rﬁam hydroxide,

t ' ; t i :
etc. "I&ﬁ% 36&91 %Zévei%&@f{éwﬁgﬁai gfna ég@%ﬁtu% f&ﬁh? n'f’\‘ydrOXIde, to form the

r oxi e enpl oye
corregparmintpacléoniumhsdlhe present invention nmay be

represented by th ormula 1V wherein, RL., R2 and, R3 .

L REA SRS nadinentcBratay sulouRBpr hBrceR 2r ARt dHyeh oan be
empl&ydd iR BCEAIGARE Withdh e DPEESHE fVeRtoR dybd it Redehtbd By e formula V:

tri met hyl sul f oni um hydr oxi de, trietRyl sulfonium

hydr oxi de, tripropyl sul foni um hydroxi de, etc. As noted

above, a suitable anipn rrﬁ% beqsubstituted for the

hydroxi de, to formthg corirespdqndi ng sul foniumsalt.

I n anot her enbodi ment | th L@Lti apHsul {gxoni um

hydr oxi des and salts i cly can |be enpl oyed in

accordance with the pfeserz i nyenti on nmay be -

represented by the foLnmula'V: erein Rl, R2 and R3

are as defined in Fornmula |Il1. Exanples of the tertiary

wherg &0 R S ReA AR Tt B o e o o
t EkahipyesofithedratyaurpsomuhAfdroxites espresshteedyFoiMula V include

trimethylsulfoxonium hydroxide, triethylsulfoxonium hydroxide, tripropylsulfoxonium

hydroxide, etc. As noted above, a suitable anion may be substituted for the hydroxide, to
form the corresponding sulfoxonium salt.

In another embodiment, the imidazolium hydroxides which can be employed in
accordance with the present invention may be represented by the formula VI:

R, |*

@ OH (VI)
/
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hydr oxi de, etc. As noted above, a suitable anion may

be substituted for the hydroxide, to formthe
weenrespendi ng sul foxonium salt. I n another enboOOUS®NE/033621

t he i m dazol i um hydroxi des which can be enployed in

accordance with the presentanvention may be

represented by the fornula :wherein RL and R3 are as

defined in Formula Il. As noted above, a suitable

wher§RE B B% S @trddh Enintla f0&s PO Ah e, AmtutaPlelanion may be

subsiR0E&dofor tHB Rydroside! ® ﬁﬂmme%@iésboaumgl i &zolium salt.
Addi tional Iy, onium hydroxi des can prepared from

ﬁbﬂl@r@ﬂ'\yégp@ﬁﬁ angl @rmumﬁagt@arg\, cgmusmergglly awailable. Additionally, onium

hydmiiﬁ%s:?%@”%g%{%@éw o ofie, SEMRBRANER PRI s syeh s the
corre@p@nd:lﬂgcdmlhﬂdhall‘déd %arﬁ’@ﬁéiéésfcﬂfrr%leg glﬁilaté§f§ﬁd theaumket Various
and 5, 286, 354 (Bard et alé whi ch are here

metho@% of pEeRaratiomare é#eépeh@é in ¥hey Eat@tﬁ& b, ?B&L(éa.anflan et al) and
5,28(5(5%?351 anéarg e I‘?éVeBV‘I trpgfﬁf@la%ice Shere i js no particular

or prepared I'n"one e or gani
limit amnfoumovin Yok omudehydmmd&s@ssabhe odutamed er ptepared.

tetraneth nmoni droxi de, t raet | anmoni um
hyH R Gl o @cﬁ%\tp&lg%# gﬁﬂ@npr&lH{rh gg%l comprlses one or more of
t I
tetrarﬁgﬁpmﬁhﬁm%@@“ fgtﬁdé‘t@ﬁ%mﬂnyﬂﬁywd@ﬁ@é tSFERdpY Emmonium
hydraxésteg y | tetrabutylayhmomiom umyﬂpm««hegl dmgthyltriphenylammonium  hydroxide,

phen&ﬁ%%hyhrﬁﬁ%@ﬁ%@ &bﬁ%gé 3))§ndz(§/ltrimethylammonium hydroxide,

meth'?ﬁh@!héﬁbll@'h@ﬁﬁdrﬁﬁﬁﬁphﬂmrémd"é’drfé‘ti’é'@uc}/lphosphomum hydroxide,
tri hexyl tetradecyl phosphoni um hydr oxi

methyliriphenyiphespherivi phydisniste, urtrihgxitietiadecylphosphonium  hydroxide,

tnbut{q@%@_ %W%@%%&jﬁp&ﬁ@y LCHOH)CH,N(CH,)12* [OH T, 1-

butyl-BLmﬁﬂiyﬂmldaﬂdTmm hyarbyide Ot)ﬁm&hyléulfcn‘ﬁlﬁrh)HyﬂkM @ efnetRysdfoxonium

roxide, trinmeth 2 ,3- d ihyd roxyBHopyI anmon i um
hydrayid e oxitameth am%)éﬁdzmyémsypﬂ@pw (@marp piNpcHhydroxide,

[(CSI&W{?%%@@%@% (GiHg)3CHaGH(OH)CH,N(CH;),CH,-
CH(QH)CHNESERRCH B HFORDH T,Cehd [<cr@w®H5@H®H¢@H9@H [OH'], and

nexaElRANH! v PxRon: Uik 19 oZMRSITRASThotha. A, ydioxide is
benz;ﬂ#inﬁélh&l@nﬁﬁbﬂﬂwﬂ%d‘?&qéé‘ bstast wokeH félfovbhea hbaBld dion may be

formthe correspondi ng oniumsalt.
subst&uiedefnt the hygroxidet toefosm mqwmspwndmgmumrsaéfal t in

PO PR Do B R Pt A resent
invention may range up to about 25 wt% or in some cases, higher, of the recycled
composition. In one embodiment, the onium hydroxide and/or salt concentration is in a
range from about 10 wt% to about 20 wt%, and in another embodiment, the onium
hydroxide and/or salt concentration is in a range from about 12 wt% to about 17 wt%, all
concentrations based on the total weight of the recycled composition.

Weak Acid lon Exchange Resin

Suitable weak acid ion exchange resins are commercially available. The present
invention is not limited to any particular weak acid ion exchange resin. In general, weak
acid ion exchange resins are carboxylate-type resins, in which the "active" sites are

carboxyl groups. Experiments suggest that, in general, strong acid ion exchange resins,
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conposition. In one enbodi nent, the onium hydroxi de

and/ or salt concentration is in a range from about 10
wovdpgreabout 20 wt % and i n anot her enbodi mMeENPCT/UR®06/033621

oni um hydroxi de and/or salt concentration is in a

range from about 12 wt%to qpout 17 wt% al |

concentrations based on the total weight of the

recycl ed conposition. Wak Acid |on Exchange Resin

Sui tabl e weak acid i on exchange resins are . .

such 38reHIORI A ERRINS, JBIRY DS ROT sialey 19T i e jRuesigpt invention.

Howel&fMitnFs), bOpsEsibIBE &é@gls%npfgeia i85 bilchaycrssianiRer the appropriate
resin. In general, weak ac I on exchange resins are
conditbardhoxyl at e-type resins, in which the "active" sites

R v R R o A b ot o
or anf%ﬂé{/IQBMC Hoid reRhnas M@nab//lioWr sthiabAit aadid®r MaRy iddmmercially

_ présent invention. However, it may be possible to ]
available wesk r 8aig den dexelange higsins regsnprisgndritherh@olyacrylic acid or

polyn Rl S o BRash b BEon HraOf sl S Ynkst Rk Efifipyienzene.
oCoAiméclallyagvailable d@ialt, asitcibnasxdeihbacmgtiec irmlude, for example,
et hacrﬁll?l c aci d. l\/an/égcomrerm al |y avail abl e weak

\ d .
LEWABRGGHRS0IVS o5 GNPILE raeie baped eakbiasidle pefien sxpbange resins
availaje RAmeIEIe AR O brdf Clefficdls IRCD PURQBTEEL 193E, ANEakly acidic
ion ex@hanpelrhedivasavailabie from Ehe Famglite iBainpanyic DIMMEON®INVK10, WK11,

I L T T CNP 80 W5, NP/ LF, [ d
WK1Q%2W§83§; %cbafqrr%nm@@g arﬂj‘édlgregp Qn a%ﬁ;hacr eelr%p %Sebased on
polyn*%@lYé‘érKIlﬁc‘Qéid,SX : W@%iﬁﬁkssa weakly: a&%fiaﬁé&&@%ﬁgia based

a weakly acidic 1on exchange nedrum avail able from

on poBacoylictacidaveilalle frniMikgubishiiCGhemicak@om.; axd IHWEX® MAC-3, a

W01S,, whi ch ar.e weakly acidjc catio xch e~ned . )
weak SELEROLHONER RIS L DPTes TiAiim e ReT O i o, DR Gfteical Co.
and ANIBERY IPE ™| RCES Wik £46 tanes e&@ﬁéﬁ?@@éﬁﬁ #vailable from Rohm and

pol yacrylic acid, available from M tsubi shi Chem cal

Haas Cdihg. fpr%gmnm%am_pmqusléi%éu;t@wede geidrign pychange media
wnion o) 82 R AR b R ot R S gl o be

limitinget®i theascaipkadfl taefineentideh nAdditiohalisn eXehahge egediagnay e suitably
exanpl es of possibly sujtable weak acid i on exchange
selecieddpathare af ofeipapeskib Btherdrhccor dance with the present

Magﬂe@Y&ﬂtlbﬁ'§%M are not intended to be Iimting to the

scope O e I nvention. Additional ion exchange nedi a
nhy dme smboalhgnt, the magnesium ion source is any magnesium salt or

magnesium hydroxide, and in one embodiment, it is Mg(OH),, magnesium hydroxide. In
another embodiment, the source of magnesium ions is MgO, magnesium oxide, which
when dissolved in water, forms magnesium hydroxide. Magnesium hydroxide, magnesium
oxide and other magnesium compounds are readily commercially available.
lon Exchange Column

In one embodiment, the ion exchange is carried out in a column, in which the weak
acid ion exchange medium is loaded onto a suitable column, as is well known in the art.
In one embodiment, the column is vertically oriented to allow for passage of at least some
liquid materials through the column by gravity. As will be understood by those of ordinary
skill in the art, a pump may also be used in either a downwardly or dpwardly flowing

column, for example, to increase the flow rate that would be obtained by gravity alone, or
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sel ected by those of ordinary skill in the art.
Magnesi um | on Source I n one enbodi nent, the nmagnesi um
WO o078z e i S any magnesi um salt or magnesi unPCT/US2006/033621
hydr oxi de, and in one enbodinent, it is My(COH) 2,
magnesi um hydroxi de. In anotfjer enbodi nent, the source
of magnesiumions is MJO magnesi um oxi de, which when
d| ssolved in water, forns magnesi um hydr oxi de.

for ot %ggpﬁd?mn 'g%ﬁ{? @Ee HnagFSS%%C?J ni;ﬁ alg flsawoq} aIIy oriented, to obtain

count@v@irtéiilfow, li @n texklvenae |§9td1fraswlupma tﬁ@@ﬁ'tﬁ@rﬁdumhea pump or
i on exchange i's carried out in a colum, in which

otherypagnaimay benses.c faahotheroneans mawaab@eofﬁrcemmple a reserv0|r of

iauialeh BefiP ot §bosBPnbaE ettt fo bidtftbldy bl Bhfuspo as the
driving $6rcede st@ecaintércutreaisiovs ofbiel ligaid shat@izg up ahughitiee 86lumn. Any
the columm by gravity. As will be understood by those

suitakje ligyig tﬁmgfeemelanaknovvﬁénéfa@ artamayikpg Use¢- al so be used
h |
;&a?ﬁﬁ%e,gﬁlb%dﬂﬂ%ég %@pf%ﬁrg{e\ﬁ {)t%%é’igtl\fe@ Wk drO%hemically

unreauiitzainnate ribly 'Gmfs/nntqneadambedlma&ritotheod:dmmnrraay OBsfabﬂsated of a glass
vert i cal

|1 d ood the co
orin mqtgﬁw%@boggngﬂt eh U@é‘ﬁﬁfeéI E‘E’VW@ﬁt ?qd Rolymegs héy/%excellent
reSIsttaHﬁ e td Vit dhs sbR¥n grﬁlfé‘él‘égfﬁcﬁ.{j&% am& soﬁ/eﬂ dtrong bases,
e e use t

I means nay uch o ans nay nc u
and nfiay bexaeg! &Examplesinciudier Tefforl®,fiatrel@ polidhylideng fatoriae (PVDF),

THY RS0l tetpiaaRcr dowistrh ot nBSub dibege Hoc 15, 38" oyneon)
fluorindted btlﬂ'lérfé ﬂf@bﬂéhé‘tFE@) bBFyﬁétEdTlubP@etﬁ?le@TPTF‘E)/ and perftl)uoroalkoxy

suitabl’'e liquid transfer means known in the art
polymeyeFA)n aprangeatheds. méwty, suiteble onaiatial mavdrewéqle@teda or use as the
colunﬂrﬁl atively inert or chemcally unreactive material.
us in one enbodi nent, the colum nay be fabricated

OfAsale @é%ﬁgnlndantokhﬁit RseeaAEftr the dllimbabi Bebgignted in any
ymer.. Fluorinated polynmers have excel | ent

partl%%n direglioa erooventatiar. sﬂn%ﬁ{tgmamamb@w%p@l horizontal, coiled or

p S

arranggﬁ dggédﬂgﬁglgﬁn%?gga)?ﬁ&r?ﬁgkaﬁgp it %érftﬁg A!\?g iy ﬁ?%é“?@fn exchange
medupnlgnd timalt theappobriatea ldbpiidPv@i-pe pELYed through it.

Fl h Paul M nn.
Procg%éj SE{OUVIF)@ ngt%b&géo%cr‘ﬁ%wrﬂ'&‘% et hi/l ene

e f RI'G n

Bgff@ﬁbﬁ@g%é?%mpgﬁé ﬁég%@nghg% Eéi gt%"fté p'l%ces% fbr removing

dissoledtrabtad ionst emaan mynbby@ek'eietanﬂ/bosalhseluhen t:batalnmg unwanted

dissolved metal ions. Referring to Fig. 1, in one embodiment, the process for removing

dissolved metal ions from an onium hydroxide and/or salt solution in accordance with the
present invention, includes steps of:

providing a weak acid ion exchange medium (Fig. 1, step S101);

providing a solution comprising magnesium ions (Fig. 1, step $S102);

forming a magnesium-loaded ion exchange medium by contacting the ion exchange
medium with the solution comprising magnesium ions (Fig. 1, step S103);

contacting the magnesium-loaded ion exchange medium with an onium hydroxide
and/or salt solution containing dissolved metal ions, wherein at least a portion of the
dissolved metal ions are removed from the onium hydroxide and/or salt solution (Fig. 1,
step $104) by this contacting; and
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colum. As will be recognized, it is not necessary for

the columm to be oriented in any particular direction
wW@eooan2®wat at i on. The col um may be vertical, PCT/US2006/033621

hori zontal, coiled or arranged in any suitable way,

provided that it can be loaded with the ion exchange

medi um and that the appropriate |iquids can be passed

through it. Process for Renoval of Metal Ions Such as

r b lhtiGS o e SR e orst s G ier i Foaing i 1, step
S105).rom an oni um hydroxi de and/or salt solution

contai ning unwant ed di ssolved netal ions. Referring to
Figong embodimengrthe diniemthydroxide madés saltsolutiarowhich contacts the

magn%igffrﬁg%q?cfﬁd‘%h ael?(ﬁli]%omns Hgaﬁgig%%h\%{g{hg%gcﬁ@ﬁﬁfoﬁ djlgs/o?\yed metal ions.
In oné 8ipbHireant, tHed Hgihydk@ige MMd/oPEAIVSSIUieh eolkRbdd aférdhe contacting
i on exchange nmedium (Fig. 1, step S101 ); providing a

containg aspeend arpniityioiglisaebiedanetal ianss apritige secord gpantity is less than

the fst Sanit 0 pRUCRAREE, oG R e LD ppb, and
in ansthkbpebodirnent, tisd sSecamfesitiynsilessthan g@bout.1 EdkERINd in yet another
S103 contacting the magnesi um | oaded i on exchange

emqule%@ntw §ﬁCW GHﬁmjﬁfVFﬁ/G@Qﬁ&té@taﬂﬁj/ or salt solution
CHGAL @hglg)cﬁhéﬁ? !tN@Q/egE%@Hng{JQ l%ichém&é fHedith id I%%ﬁ{acrj %rrﬁto a column

por ti on e di ssolve ONS are renove
(Fig. t hetepr8108)h Xl naﬁedetrwmﬁelﬂa&m,tsrmpbmricbmrglﬁugatim ofsthepcolumn is
.S10 by this contacting: andcaqllecting the,onium .
not Jeitod HBC EEPORMSAT thegpading ot 41 Blacnbs bR, oMipghe column s
subsh Bl Jeidhaly 42 Sher ) AR BARA) PG i ABgRUTMtes on e o

exchanggesdivm lasadedupiod byxoagmessumednsim cont ai ns a first
guantity of .di ssol.ved netal ions. In one odj nent.
C HE b sy meB 2T I Fisne s i pBdradet Pl THg fon exchange
medi@ht &hie hegse¥iliMmabhaed GOMtexcRandge T864I0F W dished With a metal-free
di ssol ved netal ions, and the second quantity is | ess

solutipp ghoRiven hydrexidgrnelonsalt, bypasringtisouptatitee sohiiondbmugh or over
i rBURBAA LS9 ABARROETH PR, P98 1 06 g7 K washing wou
remoyphany ercessmughesiontibas (anboshdinthe ibh exsitnyetmedium) or particles
of un%%]sas%}vietdy rniasgnrcl,cs),ltungI %y%%x?c% %nd would condition the column to the onium
hydroxide and/or salt solution to be treated subsequently. Thus, in one embodiment, the
process further includes passing a substantially metal ion-free onium hydroxide and/or salt
solution over the ion exchange medium after the step of passing the solution comprising
magnesium ions through the ion exchange medium and prior to the step of passing the
onium hydroxide and/or salt solution through the ion exchange medium. In one
embodiment, the substantially metal-free onium hydroxide and/or salt solution contains
about 1 part per billion or less of metal ion. In one embodiment, the substantially metal-
free onium hydroxide and/or salt solution contains about 0.1 part per billion or less of
metal ion. In one embodiment, the substantially metal-free onium hydroxide and/or salt
solution contains a quantity of metal ion that is not detectable by standard chemical
analysis. In one embodiment, the onium concentration of the substantially metal-free
onium hydroxide and/or salt solution is at about the same onium concentration as is the

onium hydroxide and/or salt solution to be treated in the process of the present invention.
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In one enbodi nent, the weak acid i on exchange nedi um
is | oaded onto a columm (Fig. 1, step S106). As noted,
w0 b@7ozieent at i on, shape and configuration of tPEr/vs1006083621

is not limted. In one enbodi nent, the | oading of the
magnesi umions onto the col IS substantially

stoichionetric, whereby substantially all of the weak
acid sites on the ion exchange nedi um are occupi ed by

e, enbodi nent., after the

B aaaE, b fsird, Dot o BehaleR, el ey be rrashed With other
soluhBﬁQﬁ@ﬂ'ePé'ﬁﬂlﬁéﬂjB? th@@ P‘d%&a%ﬁ@ tﬁ%@dﬂ'ﬁdrﬁal‘()@%ﬂ% I’Naﬁliﬂ)eg:arried out

metal -free sol ution onlumh droxi de and/ or “sal y _
any op&sei mgre lof (apetherf OEbO'dTDIDﬂ!Qﬁ f@norc subkrepuent tothe Ioaobng of the ion
magnesium | aaded | on excha

exchaBteaih WA TR My IRS G, Tt S 105)d0) bt @fbath prior to or

subsécgmt {aHHeowashihg of itee icPe>@raRge aeedTB/ With nistaPRéé k6lugisn (Fig. 1,
ndi ssol ved magbmey um hydr oxi de and woul d condi tion

step BAG7E U@ eitber s anih Lnﬂolﬁ)t@ rasxsuRsegHentbto dhe passingtefolive onium

v g P RS B BB, B SRRAUATER g oxhanss

mediurat(Rlg. 1ostdp 8€04HNi um hydr oxi de and/or salt sol ution
over the ion exchange nediumafter the step of passin

t A& "@Eﬁ‘ij?b@Yﬁ ébﬁﬁvmwm@ﬁem&yrhq Brevidesh serra vardety g sources,
two oﬁ%ﬁf&ﬂ I\gg@fq’):z' sa? Hfb%cﬁingﬂ e Q%%Sdfﬁﬂmhaﬁlg a solution

oni um tion hr ou
compesmganggnemdmuans compnises dissdivirenthe Mg@ am;dUst Mo O&)} in water. In

one GBSt MABNSEHIT i SOOI B e Eemb of L slyy, due to the

relativel low Qol%ﬁtﬁﬁﬁ?ﬂgﬁﬁéﬁhm foRansdist antial Iy metal free

ont um hydroxi de and/or salt solution contains about _
0lrl oparempedintént] tha noagriesisn aon rasiution encir¢ulaiedethrough the ion

T T T ——
to that®i which@Re dhimiHydR®id &l ah&ek 8Bt SoRitiohtcumiainfhgCd1S$8I¢ed metal ions

anal ysis. In one enbodi nent, the onium concentratl on
will b@foatssmd Huedghthe ian 9xqmnaem$<@unbnhnmm§mb@ﬂira@ntamﬁ gagnesium

ions e?‘argl 6r0\§’ ?h&tbg ﬁ'hc@é s@fﬂ? ﬁﬁj? %nﬂnlégbgg ﬂﬁ?f&bg%@%@h the ion

I oxi

exchéﬁ@tr@dhum lhfmflthHMOnfartdﬁmepoﬁmemhydmm Iatmd/drrsalt solution is
itio desired, the .ion, exchange nedi um ma

pass%m@ag&thﬁ i8R RChapG IMeHEMhY Bet nEEP PNt o0sis to the first
dlrect“rlﬁ\e MR emBOGinidHtih %F@htther@ﬂ Gt g’ég'BQEan% lGQdéd &ﬂo a column,

any one or nore o oth prior
the rmagheslqcremstaremewdedbyrpgzssmgtawssolubtnn eROHIS gy thednagnesmm ions

throuﬁfé,:tﬁe ggﬁ;gﬁr? 'lngrgofjr%{] %lrggtllc% arlxd tﬁ’é %ién%%%m)gig?a aeridt/gresralp Solution is
passed through the column in a second direction opposite to the first direction. Although
not to be bound by theory, the counter-current procedure for loading the magnesium ions
onto the ion exchange medium may avoid loading particulate magnesium oxide or
hydroxide on the column, since the subsequent passing of other liquids, e.g., the onium
hydroxide and/or salt solution, through the ion exchange medium would remove any
particulate magnesium oxide or hydroxide at the effluent end of the ion exchange medium.

As noted above, in one embodiment, the ion exchange medium used in accordance
with the present invention is a weak acid ion exchange resin. As is known in the art and
discussed above, in general, weak acid ion exchange resins include carboxyl groups,

-COOH, as the active ion exchanging moiety. A given ion exchange medium contains a
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subsequent to the washing of the ion exchange nedi um

wth netal -free solution (Fig. 1, step S107); or (c)
w@Raonee7662 both prior to or subsequent to the PEEBEE2906/033621

of the onium hydroxi de and/or salt solution containing

di ssol ved netal ions through,the ion exchange nedi um

(Fig. 1, step S104). As noted above, the magnesi um

ions may be provided froma variety of sources, two of

st R0 AR BN G2 b R SRR PR carpory
groupks My bé fSrefietSe! a4 AhihbbR %QQSRBQ,/@F id)'@é)lgﬁ)a%gieﬂ wat er .

n one enbodi nent, the nmagnesiumion solution is in
t Incorievembotlinaerst, arquantitiuef magnesiumeionsilaadad ool the ion exchange

.sol.ubi |i 0 nesi um.ion,in r. | ne .
mediR 8 dt-patantly SEAESREETS i A ¢ sREF aputng lap exchange
mediurR! PHANs LiRBnE@InBYERRAY N BESStHAIAIY 2 sfevet e Wroups, the H ion

direction, that is, in a direction substantially .
has beep seplaced with samapgnesititiont Mdorerganractly daewilklee grnopized, since a

salt solutio Y I SSOl\ved by | | : :
magn b, I ot S0 EPBLE SRR M dr TS H RBReSh tho Hoignboring
-Comanslipsent repla€edBy aeRAGWRSIAN oA Ehul, tivé drchangeraastiorowould be

_a solution conprising the magnesi umions through the

writtep @§: exchange mediumin a first direction and the oni um

hydr oxi de and/or salt solution is passed through the

i on exchange nediumin a second direction opposite to

t p¢- COCH) HiMEEt Po-COO JnMeythoaRmENt in which the ion

exchange nediumis | oaded onto a columm, the nmagnesi um

and, WSS tRE %@*Wésdﬁ%v%qg&f ﬁ/ig@gg%?ﬁé Wl I iBHdeﬁJ 88mbhe with the

nagnesrunyi ons roug m 1n a first direction
2 OHangtotpetooformn2 hyslecxles ef aadéro H,Oal Thuss) It iovearallsexchmngd reaction
. t hrough the colum in_a second .direction,o o§itet? ,
in prepAENg Hhe NGPrRBNs MOl 4fe N4 Brasens Sligatigy would be written
as: theory, the counter-current procedure for |oading the

magnesi umions onto the ion exchange nmedi um nmay avoid

| oadi ng particul ate magnesi um oxi de or hydroxi de on

| BacEOORT: oM 01 GT ol B ERG0 "calt

solution, through the ion exchange nmedi umwould remove
It is nateyd thah, even ifadgOninysed aathesouree of maghesiund éons, Whigs this is mixed

i A5 S e PR BB RABSH B g e

samel ékch@fge daasiforvivolld tkePpIase M Iddtied the magnesiivhabn onto the ion
acid ion exchange resin. As is known in the art and

exchange medium. :

In one embodiment, the metal ions to be removed include aluminum. In one
embodiment, the metal ions to be removed include aluminum, iron and zinc, and alloys
or mixtures of any two or more of these. In another embodiment, the metal ions to be
removed include aluminum, barium, bismuth, boron, cadmium, calcium, cerium, copper,
germanium, hafnium, iron, lanthanum, lead, nickel, niobium, scandium, silicon, strontium,
titanium, tungsten, yttrium, zinc, zirconium, and alloys or mixtures of any two or more of
these. In one embodiment, the metal ions to be removed include any of the metals
commonly used in semiconductor processing and devices.

The exact mechanism by which the magnesium-loaded ion exchange medium
removes the metal ions from the recycled onium hydroxide and/or salt solution is not fully

known. Although not to be bound by theory, it is believed that it is not a simple ion



10

15

20

25

30

di scussed above, in general, weak acid ion exchange
resins include carboxyl groups, -COCH, as the active

WO ew7exwshangi ng noiety. A given ion exchange nRCi/U82006/033621
contains acertain quantity of such carboxyl groups per
unit of weight or vol une. T gse car boxyl groups may be
referred to as avail able acid sites, for ion exchange.
In one enbodi nent, a quantity of magnesiumions | oaded

exchs e RS TP Bl el S B35 BL et rlgased rom the

ion eXhER8E $ediBmM leB th@r@ﬁuﬂn%yd'ré‘)q&@%n@lﬂ%@ﬂ%ﬁlﬂon‘ Bbmg ﬁurlﬂed (if this

substantially al - COOH groups, the H+
was ﬂheeaaseerihacr@summghomurragnémxme and/ormaiteselutmecwwld sifll contain

unwamﬁc{ |pp€) %@tﬁgﬂgfggoﬁgﬁ' @gfnm%gﬁgﬁgr@%n martineg’né c\e'\ﬁbodlment
the meed Sbrdissélve FPH B riuRshyRIr6xi e @Inam%ahssomtrmgf@%wa@mplex with
ion. Thus, the exchange reaction would be witten as:

the magnesiogHjons oy the forcexshangemgedium gsHhemumMrgxndaeand/or salt

solutibf 5 A el LB B e Sostiptop shRAbH s HgrdtBEntR Wih the present

invenlaher, H2O Thus, the overall exchange reaction in
preparing the ion exchange nmediumfor use in the

%Msﬁﬂ@@ﬁh? @ﬁcmmpad SeClpn.is{aifasd; Previoustydpwn processes for
recycl %%%I) hydfoxide r"" dalt sgluf'gro% hbvé RolBEES ablAlo at amﬁééﬁ fhe desired

e source magnesi um i ons,
purltyt land in panticubalt havtehnawam able toidttaibthesdesitethtérabVal of metal ions.

ted t nesi u r oxi so, t hat e
In SoBg REsEkwaHg e CORET AT MUK sl Ralugons COBiEIR Mipthlsdn excess
of 10@BQH§§mellll&ﬁ‘E@Eﬁr§ IhR® @ Basas AR i@ ha gt b'e@n%l?@med Thus, in

nbodi ment ions to be renoved i ncl ude
one eathodiment, thexoninm bydromdmrtd/oxt Jadt scéw’aﬂn todrestreateddn the process of

e BB 5P S 850 RRYR Pt o
prior ®RAFBIAGERE sollinTREcIgh thBSor exdfarig@aE8itink.NRI a¥tsther embodiment,

al'um num barium bismuth, boron, cadm um cal cium
the opigim lhwﬂrcvm@nd/qjesa#amluﬁ@n Hafbe trepted ihthe @mmmmﬁ the present

mventlgﬁ‘éonfylr%(%m o(m 1%5{&@%%'16' éﬁﬂr} of Hétgpgns ?JHBP{H {hlé%eatment In

tanium- tungs
other @&nhisydimentsyité maal @intanynfaweoromroe I‘Kb@héme'slﬁ:s If@r exemple, the

oniu %Wé’%ﬁ’gém/gr salt s solultloln(%g Sbet tcr)eabtgd rrr?g)? Xglgjtalmngln uen?ﬁountygreater than
allowed by the specifications required for metal content, e.g., greater than about 1 ppb of
aluminum. It is noted that, in some embodiments, it is more efficient to employ other
standard recycling processes to remove the bulk of the metal ions prior to use of the
process of the present invention to remove the metal ions to attain the low levels
obtainable herein. In one embodiment, the onium hydroxide and/or salt solution to be
treated in the present process is pre-treated to remove metal ions and metal-containing
particles down to a content in the range from about 0.1 to about 100 ppm.

As noted, in one embodiment, the present invention can attain a substantial
reduction in the metal ion content of the subject onium hydroxide and/or salt solutions.
Thus, in one embodiment, the onium hydroxide and/or salt solution collected in the
process of the present invention comprises about 1 part per billion or less of metal ions.
In one embodiment, the onium hydroxide and/or salt solution collected comprises about

0.1 part per billion or less of metal ions. In one embodiment, metal ions are not detectable
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commonly used in sem conductor processing and devi ces.
The exact nechani sm by which the magnesi um | oaded i on

wez@harmgs2 medi um renoves the nmetal ions from t PEr/US2006/033621
recycl ed oni um hydroxi de and/or salt solution is not
ful'ly known. Al though not tggbe bound by theory, it is
believed that it is not a sinple ionexchange process,
because the magnesi umions are substantially not

o e oGO oo b Ppeor o
solutlcYﬁiﬁolF ?\'—f&ﬁ’éﬁr th%%oé@@bﬂh@%r@ﬁéhﬂh%’rﬂf&%' de and/ or

ut1 on woul stil contai n unwant ed i ons
Antdneugmbodimerd, the anurmmwcmde@nﬁ{or galt @lmtmuf@rhe traated by the
di ment ons

presep{priiens SORMaE CaaPERIE PArTL I BRipElTD L BpsiBsd particles o

metalwohtmﬁlhg s GEL mmusqns:r@rembmnmwm@mmtmntuﬁnassnot for the
he oni Um hydr oxi de and/or salt solution i s passe

purposamﬁugmqvm suspandedpryticlesdewm tuibigity siugatock ewpﬁﬁlql%of metal

oideQ8E3F e S ncES LRSI} BESAAYon cam emove

such tUEsINEY,IbWg it prirmakilydo pthiedsurposié of ré?ﬁé\tlng dlssblvedsnh@ans down to
not been able to attain the desired purity; and in

the ingigataddlevels. have not been able to attain the desired

AR éa% @%nt' oﬁlpnfqg’ar&@aésanﬂﬁfyﬁlfdsﬁunrﬁdﬁncomprises

hydroxi /" or sa ns contain netals
tetranmth@ammdnilifD hparokisl ep@iviAt) IarmTMﬁijalt amd §ooveczmbediment, the

AN T T A TR ——
hydroi(lﬁe%o%r?eﬂte fjndtrb W §ud§H aR %‘h%&flm"eh? tRE BRRIM hi/aieitdd &Md/or salt in

contal ns from abdut to about 100 part pef mllion
the orofimrwtdaoxide redforisait stodutmsls itefgamisthydarnomandsm thydsaxdde and/or salt,

st R AR5, s sBOPb i BRREEE P frqins.

presehh TNPARGEGAI N us&finthe sefticomiidd industonsah nesist deneloper and as
about 1 to about 10 ppmof netal ions prior to the

an alkalisgetehant. | n ot her enbodi ments, the nmetal content may

Qy%XI dgﬁ)% %ﬁ}lk{%ﬁ@a n%”?)LI"St ef sg%ﬁmg/%ﬁ iofh h? é)gabé’ég is provided for

rea

recyclﬂ@é aecovasted MM s@h&@h&forﬁdﬂamgadhbmlmd metalhiens, comprising:
specifications required for netal content, e.g.,
gp@é{!CB'ﬁgﬁH’&?ﬁka%@Qt'orleb‘m?’lﬁe BEdMBum 1t is noted

ﬁp a%?ﬂﬁ] ?ﬁ’@ﬁ $na ﬁes'uﬁn'?@rﬁse efficient to

ther st anda cycling processes to renove
t fwnmg aannehmmmaanedumnexqmange mediurndysdntacting thedes exchange
ent i nvent.ion enmpve the netal ions to

medi@%m&?@h@@%t&n ¢UYRIiSINg magnesmm Ions;

contacting the magnesium-loaded ion exchange medium with a recovered
tetramethylammonium hydroxide and/or salt solution containing a first quantity of dissolved
metal ions, wherein at least a portion of the dissolved metal ions are removed from the
tetramethylammonium hydroxide and/or salt solution; and

collecting a tetramethylammonium hydroxide and/or salt solution, wherein the
collected solution contains a second quantity of dissolved metal ions smaller than the first
guantity. As described, in this embodiment, the cycled onium hydroxide and/or salt is a
TMAH or TMA salt solution. The TMAH or TMA salt solution initially provided for
processing contains a first quantity of dissolved metal ions and, as a result of the process
of this embodiment, the first quantity is reduced to a second, lower quantity, and in one
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obt ai nabl e herein. In one enbodi nent, the onium

hydr oxi de and/or salt solution to be treated in the
WEe@3OLM6SPr ocess is pre-treated to renove net aPCT/O806/033621

and netal -containing particles down to a content in

the range fromabout 0.1 toqabout 100 ppm As not ed,

i n one enbodi nent, the present invention can attain a

substantial reduction in the netal ion content of the

e bR S Pl A BBragtctorincustry

specificttidns 3or Gi@'sbl%ﬂ@ﬁetbncéd’t@npfocess of the present
i nvention conprises about 1 part per billion or |ess

ofn ere ambiogingent, theee exphargerBirdiumpizlosdiedantg acelunae and in the

formlrgd;%e%rthé%g qt‘%ﬂ %%ﬁ% rii Hagiﬂe Mﬁﬁ%ﬂ%?ﬁf%@ gﬂbugh the columnin a

first diesdtivh drehin theebractingthexeeovared @@tfmbﬂﬁ/lla?hmoﬁimn ﬂydldmde and/or
currently avail able analytical techniques in the oniu
salt splipBxs daserd) through fhe splumibin éoﬁqf@@ge@rqcﬂ@ﬁw aosite to the first
directRjrocess of the present invention. In one enbodi nent,
% oni um hydr oxi de and/or salt solution to be treat ed

bjn bhe gmisdintenty theesdumonisainsednoy passiagadedubstantially metal-free

totrarf e BRI ORWe S Clrs e SRl SNy S HIE BR8N dRgR medium after

oo YAc R R Dlch MO Ao i ol U B8Ry g ons anc

prior fd the pamtacting withf theeeadvered detrametioylaramondural hydroxide and/or salt
compounds. In one embodi ment, the present invention

solutiQfl " eppve such turbidity, but it is primarily for the

PHI PosifotRér I esRdbMighetitsSahyedpriRiesl | (IS @ooyRiihg tAe recovered
i ndi cated | evels. I n one enbodi nent, the oni'um

tetranngtiylexmmeniuna ydraxdde agld{q;majhsgkgﬁpn.m@ammg dissolved metal ions
mcIuote t ramet hyl ammoni um hydr oxi de (TMAH) or a TMA salt,
d in one enbodi nent, the onium hydroxi de and/ or salt

Spfd:lﬂidlﬁg a:@aﬂocs@mt@%@an beidl pnoéxdreinganmicliunaramenloading the ion
hydr oxi de and/or salt; that is, in such an enbodi nent,

exchqr}g@ Hedium epte 8ePMBind/ or salt in the onium hydr oxi de

a R Y ﬁ,gn‘mnl um hydr oxi de

aﬁgé\}g(;mégl qléfgc}qjﬁ%@ghélﬁﬂt'ﬁé%l umrﬂyélr oxi de and/or salt

sforotinga magnesmmﬂd:amadoon exchargeadedintrsby deintactimgeihe ion exchange
used in the seniconduct ustr

. TMAH, i i del . ..
mediyBepth b salusBrCamRrSias HredioRu e st e solitdf fmerising

magn@8Ring THadh A8y tﬁf-odg‘ﬁechéfc%ﬁﬁﬁﬁ id B\RStdiRdbtioR; Process is
provi ded T or rec%;c Ing a recovered TMAH sol uti on

cnsiagnthey ien wxehange rreedilumt dns cootaeting siheg magnesium-loaded ion
exchange medium with a substantially metal-free tetramethylammonium hydroxide and/or

salt solution, wherein the substantially metal-free tetramethylammonium hydroxide and/or
salt solution passes through the column in a second direction opposite to the first
direction;

contacting the rinsed magnesium-loaded ion exchange medium with the recovered
tetramethylammonium hydroxide and/or salt solution, wherein the recovered
tetramethylammonium hydroxide and/or salt solution passes through the column in the
second direction, wherein at least a portion of the dissolved metal ions are retained on the
ion exchange medium; and

collecting the tetramethylammonium hydroxide and/or salt solution after the
contacting, wherein the solution collected contains a reduced quantity of dissolved metal
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provi ding a weak acid ion exchange nmedi um providing a

sol ution conprising nagnesiumions; formng a
wore@nesicsan | oaded i on exchange nedi um by cont apCT/Is2o0é1e33621

i on exchange nmediumw th the solution conprising

magnesi um i ons; contacting qge magnesi um | oaded i on

exchange nediumw th a recovered tetranethyl ammoni um

hydr oxi de and/or salt solution containing afirst

IR RSO A
or TI\/FSN‘OE%IE ?gﬁlﬁﬁﬁ.t Myth & FRAY Wi TV AT it étﬂu%ﬁ“rgfm&vided for processing

and col l'ecting a tetramet hyl um .
contaimpda first dpizatity of disablved ohetel tons amdras a result of the pregess of this

emboihe, e B! B8 RRRL e, b, JoRRE L dulE gt i ome
emboFSiﬁ?t%%b%ﬁioggé%ﬁﬂ@i@%fﬂ&bhm Mb%ii%s@ﬁﬂé&{ductorindustry

salt 1s aT salt solution. The TMAH or TMA
specifications dorudissolvedinetal ¢gntentovi ded f or processi ng

t.ai first . tit . di [ .
SBO4:08ef 5% LGP At Slr i S Bl Ammoniam
hydrokidesdndioBalt splution cshegiag fiobn absat onidio hbvE! 10D paEt et million of
and i n oneenbodi nent, the second | ower quantit

IS
metals upfigrci tht the | diaatmeat.i sand séhi SORRICEM Qdm@g{spy the collected

e B AR5 T ARk T8 porctoncr
less of phatanioasdandirt sEmé@mbodiments) léssethanl At ippb afonptal Einsg

magnesi umions i s passed through the colum in a first
ExemplaycPresedii8: i n the contacting the recovered

¢ _ i . ) . .
S0 R A BroEess 1 B oo ibarhent of e
preseappwsntien,tand isgrbvidsd fdi exerhplary, nom-loniking fuopdsesnt |,

the columm is rinsed by passing a substantially
nmetal -free tetranet hyl ammoni um hydr oxi de and/ or salt

Resin®0! uti pNFger thgalenaexchange nedium after the ion
exchange nediumis contacted with the sol ution

Colursminpr i EFAcateigpne vedicallyyaderiad prior to the contacting
with the recovered tetranet hyl amoni um hydroxi de
and/ or gagp?teg.of.‘gtqrgn_ I n anot her enbodi nent, the
procesgeaqqeigm;:ym tg a recovered tetranet hyl ammoni um
hydr oxi de and/or salt ,sol ution containing dissol ved
net al Beggd/olume: 245 cm

Magnesium hydroxide:

32 g. Mg(OH), is added to 2 liters of water and mixed with magnetic stirrer, forming
a slurry of magnesium hydroxide. The slurry is circulated through a filter into the column
in an upflow at 30-50 ml/minute until the slurry becomes clear.

Pure TMAH wash:

Following the deposition of magnesium hydroxide on the column, 500 ml of a 15%
solution of pure, metal-free TMAH is passed through the column in an upflow direction at
2 ml/min to wash the column and condition it for the recycled TMAH which is to be treated.
Metal Removal Examples:

Aliquots from several different solutions of recovered (recycled) TMAH are treated
by passing each through a weak acid ion exchange column, prepared as above, at a flow
rate of about 125 ml/hour (about 2 mi/min), which is about 0.5 SV (specific volume of the

column) per hour. Two columns are prepared as described above. The same column
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i ncl udes: providing a carboxylate weak acid ion

exchange nedi um and | oadi ng the ion exchange nedi um
W@ni0o/02r66D1 umm; provi di ng a sol uti on conpri si NBCT/US2006/033621

magnesi um ions; form ng a nmagnesi um | oaded ion

exchange medi um by contacting the ion exchange medi um

Wi th the solution conprising nagnesiumion, wherein

the solution conprising magnesi umions passes through

was sgfBhat T emRias et mLeqaiuot e tHAGHae ot ArsuliSdutow gp Tables 1
and 22%§tha00R JERAIMBNbhétvednSiRebadive abhﬁplémmaéaér{ ﬁ%pective set.

t et ramet hyl ammoni um hydr oxi de and/ or salt so I on,
Resuiserein the substantially metal -free

tet thyl a ni um.hydr oxi de _and/or _salt sol,utjion

S TBbRIT: RS h A Y R °s8C oo “FedudRpchbSve, the sample
identiflefsH, tee Véluindeoffdachisadhple fitiolliced dtbasé cHRINMM ehé thisehtive total

magnesi um | oaded i on exchange nediumw th the

volunieeificgaghesptialseainies prased Hiroughihe exiuaw, dhel THIAK sissay, the metal

conogifiath? RerdiSHrE) dcn kR L BT YT SV Boparent,the

methedbfthe presdriinveetion éffitisiiiremoveshsatalisirarh thegbvered or recycled
ortion of the dissolved netal ions are retained on

TMAR h8okBAN®x 40 aREYIde R LRINaed EMARbCYSGRDIE hin, ©.0., processing of
_ . : o

semiddidBtoFs URIMRIY BAINAEHt 0 RefRiURs, Mgt iR kiR
chablel 2showsedoc edsegmnd colynof sdi spohy eldsopbead iabose, e sample

iR A SRR Riod 8 A ot oo ot
r
volume'® dadhE&rof EMhRas ba§§’élsz¥Hr8g%h tHd bé!bl—?h, g&?gm éfsgéy, the metal

pr OC.eSSI ng contalns a ] rst antity o )
conceniradions rerahd aftergpassing thragh the golomes Awis déarty apparent, the

embodi nent . .the f.irst.quantity is reduced t.0 a secon
metnGB AR Fiientinyenkinh BinckiAb kinbyf meials Tt e BgR e or recyced
TMAH ogBILtiERaNtot Yrovids VAT ipalifed | YMAMM aséaBlesi, e.g., processing of

.sem conductor industry specifications for dissolved
semigandactassriubstantially giasiviaierd do aswy eure, imetairee TMAH.

enbodi nents, the recovered tetranethyl anmoni um

hydr oxi de and/or salt solution contains fromabout 0.1

to about 100 part per mllion of netal prior to the

treatnent, and in sonme enbodi nents, the collected



t et ramet hyl ammoni um hydr oxi de and/ or salt sol ution
conprises about 1 part per billion or |ess of netal

woanw/02a63d i n sone enbodi nents, |ess than 0.1 pp/usk006/033621
netal ions. Exenplary Procedure: The following is an
exenpl ary process for carrying out an enbodi ment of

t he presert—hventi-er—ahRg—S—PT gedrfor exenpl ary,
nontliimitijng punpases. Regin: CNP- B0| Bayer AG Col umm:
PFAjcolgunt], vertiqallly aorilented D aneker: 2.5 cm Bed
Hei gkt : (50 cm| Bed Mol urpe:| 245 cpB| Magnesi um
hydr &xi de:| 32]/g.] My(|OH) 2 ijs |added to|2|lilters of water
and @xed with magnetic|stjirirer,|fpormmngla slurry of
magn€siymhydroxi de.| The gl urrly | s|cieguljated through
a figten ilnto|the |cal um iln |an upf|oywnat |30-50
m / mgnutje juntil [tHe sl unry beclones|clear.| Pure TMAH
was h® Fgtowr g [t he [depasition of pagnesijum hydr oxi de
on {fe¢ dollum, 504 ni ofl & 15% spl ution af pure,
et aB- frleq TV |8 D@ sed (DS 18eSgollum in an
upf I @w di riectijon dt 2 nm|/nqin to wash|the|col utm and
condiztign it fod tihel reaydled TFMAHLwieh-i s to be
treaed.| Netalf Renovial Exanpl es: | Ali quats from several
di f 1 &1 e |$01 Y| @1 0f riedeviet pal| ¢ fecehad) TMAH are
treat e?ﬁy Yasdi|Ag Edth [Fhrogi g~ weak |&ci d i on
exchangg col umm,| prepared |as| aboye] at |a |fl ow rate of
abouit (125 |m / hoyr |(about| 2 ni /m p) ilch is about 0.5
SV (spegqi flii c_vollunme jof tlkg clol upnh qur. Two
col urrE% &Y€ Bl endr | BE | &ase b?gﬂj‘)" i% ‘c?e% The sane
col upnwgs used flor| al | tlheg sjanpl n {i n each of
t he sets—of resutts thegtow 1 and 2,
W t h&ut |regener gtijon between| suc Sanmples in
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agy of the weak acid ion exchange
glei ther strong acid ion exchange
&Xchange nedia. Strong Acid
Resin: DIAION(r) SK1 B

38"

50% 3

Acol umm, vertically oriented
ights 40 cm Bed Volune: 125.7

(=g
@

Fe

70

73

60

52

57
100
260

500
>330
2000

>3000
4400

830
40

TMAH

wt. %

12.43
13.33
14.54
13.25
15.14
15.08

20.99

Volume, ml

Cumulative

550

1422
2392
3447
5017

6307
7207

Sample

550
872
970
1055
1570
1190
1000

Sample

MPR P1

MPR P2
MPR P3

MPR P4
MPR P5
MPR P&
SCR 3-3

* "<5 * " reflects that the samples were diluted for analysis, so the detection limit is high
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Magnesi um hydroxi de: 400 m of 5% MSH4 . 7 H2O in
water is charged into the colum at SV=2, which is
weouwreziesnt to 250 ml / hour. After washi ng w t hPEI/ps20e6/033621

netal -free 15% sol ution of TMAH as descri bed above, a

15% sol uti on of TMAH cont aivg'%ng 10 ppm alum numis

charged to the colum at SV=1 . The following results

are obtained: Fraction Volune Al, ppm1l 275 m 5 2 275

m 6 3275 m 7 4275 mM 55275 m 7 (Note that the
Comparative &EX@MR}eSon is in ppm not ppb). Chel ate Resin

1 . ) I . .

B oW FrbEptdih oS bio IR (LSt the effcacy of
the wedkeasad iin exchalgs medig As distincbiromfeithedstrongacidrion exchange media

containing 10g. MJ(OH)2 is mxed with 65 m of the
or chelatezgr exghange g\%"%’ xed in a rotary evaporator until

he..: i 0 surry/ sol uti on becones al nost
Stronbl@%‘?%%ghtgé(ﬁg%ﬁggq?éélhn and slurry/solution is
Resinchar geD|AION® Sk Bool uditsuatrighir i nsed with a pure,

et al -%Eﬁe 5% TMAL slg(l utign,as descri bed above. A
Columyy| ut i AN YSTHCAYRMAMEH and 1000 ppb (1 ppm) of

al um ngmh&epagged into the colum at Sv=1 . The

followmng results are obtained: Fracti on Vol une A, ppb

1 252 Bed Hetght2 497@nm | 350 3 250 m| 240 4 275 m|

300 Beq volume: 125.7 cm®
Magnesium hydroxide:

400 ml of 5% MgS0O, .7 H,0 in water is charged into the column at SV=2, which
is equivalent to 250 ml/hour. After washing with a pure, metal-free 15% solution of TMAH
as described above, a 15% solution of TMAH containing 10 ppm aluminum is charged to
the column at SV=1. The following results are obtained:

Fraction Volume Al, ppm
1 275 mi 5
2 275 ml 6
3 275 ml 7
4 275 mi 5
5 275 ml 7

(Note that the Al concentration is in ppm, not ppb).

Chelate Resin

Resin: AMBERLITE® IRC747 Rohm & Haas

Column: PFA column, vertically oriented
Diameter: 2 cm

Preparation:

A slurry/solution of 500 ml water containing 10 g. Mg(OH), is mixed with 65 ml of
the IRC747 resin, and mixed in a rotary evaporator until the turbidity of the slurry/solution
becomes almost clear. The combined resin and slurry/solution is charged into the column
and rinsed with a pure, metal-free 15% TMAH solution as described above.

A solution containing 15% TMAH and 1000 ppb (1 ppm) of aluminum is charged
into the column at SV=1. The following results are obtained:
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5155 ml 900 6 270 mI| 730 7 175 m| 560 8 250 m| 60
9 97 ml 160 10 152 ml 330 1 1 190 m| 490 Wak Acid

wo ov7xsbange Resin (according to the present PCT/US2006/033621
i nvention) Resin: CNP-80 Bayer AG Colum: PFA col um,
vertically oriented D anet e?s 2.2 cm Bed Vol une: about
74 cnB Preparation: 74 m of "the resin is charged into
the columm. A slurry/solution of 1000 m water

containing 14 g. My( 2 s passed through the colum
uRkactioppe té?lb'ﬂ'&ﬁty %P'tpﬂb sl urry/ sol uti on becones

al mst cl ea25%;lme comppded resin and slurry/sol ution
is rinsed wmth a pure, netal-free 15% TMAH sol uti on as
des@ri bed aBi¥enl ElevddOliters of a solution

conbai ni ng %ﬁ&) TMAH 1000 ppb ( 1 ppm of alum num

i s ¢tharged Pthe ¢ m at SV=1 . The al um num
congentratigps gfl the ghhl uent is |less than 10 ppb for
the 11 liters. A further 10 liters of recovered 18.5%
TMAE sol ut i 885 8iint ai nP®@ 520 ppb of alumi numis passed
t hrgugh the mm at =1. The al um num concentration
of the effl%@ﬂﬁiis Ieé@than 2 ppb for the 10 liters.
Medizum Regenes aili on | Bg@ne enbodi nent, the weak acid
i on exchange nmediumis regenerated as needed. In one
emb&di ment , 25@ & neede®® is deternined by the
"br k-thrmg?n?"q poi nt netal ions, that is, when the
tregtaed oni um {/droxi agéand/ or salt solution obtained
as tlideef f | ueb2 nilr om t B8O col umm begi ns to show an
[ ncr1e1ase [ n1é61$nlmet al 4b8n content, the "break

Weak Acid lon Exchange Resin (according to the present invention)

Resin: CNP-80 Bayer AG

Column: PFA column, vertically oriented

Diameter: 2.2 cm
Bed Volume: about 74 cm®

Preparation:

74 ml of the resin is charged into the column. A slurry/solution of 1000 ml water
containing 14 g. Mg(OH), is passed through the column until the turbidity of the
slurry/solution becomes almost clear. The combined resin and slurry/solution is rinsed
with a pure, metal-free 15% TMAH solution as described above.

Eleven liters of a solution containing 15% TMAH and 1000 ppb (1 ppm) of
aluminum is charged into the column at SV=1. The aluminum concentration of the effluent
is less than 10 ppb for the 11 liters.

A further 10 liters of recovered 18.5% TMAH solution containing 520 ppb of
aluminum is passed through the column at SV=1. The aluminum concentration of the

effluent is less than 2 ppb for the 10 liters.

Medium Regeneration
In one embodiment, the weak acid ion exchange medium is regenerated as
needed. In one embodiment, "as needed" is determined by the "break-through" point of

metal ions, that is, when the treated onium hydroxide and/or salt solution obtained as the



10

15

20

25

30

t hrough" point has been reached and the colum is
regenerated. In other enbodi nents, the tinme at which

wo b@7memk2 aci d | on exchange medi um i s regener aPE€HUSR06/033621
determ ned based on other criteria determ ned by the
operator, such as by cal Cu|2£l on of the total quantity
of nmetal theoretically depoSited onto the columm by
repeated treat rrents of oni um hydroxi de and/or salt
sol uti ons havi ng §0§ or estimated { oadi

f "
effiuch fapIive BONBYHPSIBALD Paowan bwBass I {NG TR Mieantahfhe "breal-
througil'lqg)o\ﬂﬁ%s%‘ée reQEh@d(SH@Wc&E M@“ré?eﬁ&gﬁé’berlﬁt(ﬁﬁelbé’mbodlments

atnent w sui tabl e acid solution. The acid
the tlns@étwrnlohtheagealeaatim exchangeunediby is eegariengtedds determined based

oot S B IS0 e KL LA B o cuary
of metANtHEET W? AESHSHE! Snfo B 2bRINGS B?/B/réﬁe%ﬂédifﬁféatmetnke df onium

solutio one or nore of hydrochloric acid, sulfuric
hydrogidedndéuiséthsolotians baviegkhowh or eslinategheqgings pidisgalvedbmetal ions
nitric acid. In one enbodinent, the acid is
to be [RP¥Rhi oric acid. In one embodi nent, the acid

ClpneR8tErAbbAMEMANERS WeakMh &l Oigh éxdren?eonrtedmnnernegeherated by
by vol une, and in another enbodinent from about 3 to

treatnmmumﬂsarﬁuteblﬁ agigl saduiiore. Theeadiehsolttion reganeraigs dhe golumn by

oo RS SRR 87 g LD AR5 AER coan.

In onevérakoditiaht the ivesak aetd ”bh@xcbémgmmedrmln |9Tegeaerated by treatment with
enbodi nent, from about 1.5 to about 2 tine

a solutign@iione< regia olmeheckigrk agtd Uyt arif. SHTam agif Hffonic acid,
phospﬁlﬂc dci of Hﬁn@gagng neaé}h?o&iﬁﬁéki’\t'tﬁe%%ﬁc?fs“ﬁfhnfgcméﬁsgmd In one

the cal cula unber o aci d groups based on
embodrmemtytlrfe aoid cqueetitratipnaainges fronpatukisd toratxdw16qnemmnt by volume,
t he ;acid ,solutian used for

and i Qi eP SoGR iRG! Bem ik B herESt linloB. Thegmountof

acid dé%dttQ e rfe tR¥Tolurih SR@netdmbadRiert AlapgesTonP abyser5 to about
the efficiency of the regeneration nay

be
4 tlmeedwee@almiateeheeWenhmak telsisl wenterdcold therp@btr@ﬁarag@ in one

ool AT SRS b R Gk o comon

of theSsHIQRNNENHat id, Hiee \WRRUrRGTddid s &K [ deteaminedi basedson the calculated
regener at ed subsequent to its use in accordance w't

numbeh &f wealeaeid; erpeRsi Rasedoan thettype and dleaflite it nesin chked in the
columgé EEP{ gefeg(e%:eﬁgc[%n s %ggf]gapﬁg@ leeal‘?&l AR ratH B be passed
through the column at rates up to SV=4 or SV 5 H|gher or lower rates may be used,
although the efficiency of the regeneration may be reduced.

In one embodiment, the weak acid ion exchange medium is simply discarded
subsequent to its use in accordance with the present invention. In another embodiment,
the weak acid ion exchange medium is regenerated subsequent fo its use in accordance
with the present invention, but after the regeneration is used for other, less demanding,
applications than as described in the present invention.

While the invention has been explained in relation to certain of its exemplary
embodiments, it is to be understood that various modifications thereof will become
apparent to those skilled in the art upon reading the specification. Therefore, it is to be
understood that the invention disclosed herein is intended to cover such modifications as
fall within the scope of the appended claims.
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While the invention has been explained in relation to
certain of its exenplary enbodinents, it is to be
wapaenstesnd t hat various nodifications thereof Pa@u/U52006/033621

beconme apparent to those skilled in the art upon
readi ng the specification. refore, it is to be
understood that the inventi di scl osed herein is
i ntended to cover such nodifications as fall wthin
the scope of the appended clajns. CLAIMS What is
clainmed is: 1. A process vi ng di ssol ved netal
i .an oni um hydroxi de and/or salt sol ution,

What 'gr%%r"lfns%?n%g providing a weak acid ion exchange medi um
priovi diApgocessdbritenwvingdissolyed gnetaljorsiram anordyum hydroxide and/or
formn nesi um | oaded i on exchange nedi um by

salt S@EWPH;S@’HB”?'E@ i on exchange mediumwith the solution
ngmldlﬁg%givéﬁgﬁéﬂ' idAexen n & Addhshi ng the

gnesi oaded i on exchange nmediumw th an oni um
hpd]:\mhng@ soldtian cemptisinglrnagresicmions:ni ng a first

o datiing  eons g ieges i RN SR G Petioeithfn exchange
med|&m%.ﬂntnéwwcwébm@n@m@/rﬁégﬁ@é.amsaahsrtI on; and
| ecti ngu;he oni um hydr oxi de and/ or sal t sol ution

afcoaiaCth magnesigm- w@eiledmnn ekehangeunpdivne with @arerdum hydroxide

and/ogﬁ%ﬁt%gqﬁ[q%acﬁa‘?ﬁ%gﬂﬁqa ilfgt d:ﬁjéqﬁ yt@‘l ﬁ%ﬁi %%gnﬁ?%@ég% (WI?ereln atleast a

portiotl &f Meldigsdibed rmeEPions ae tepasiicaofrbmethieodniant hydregide and/or salt
medi um onto a colum. 3. The process of claiml

solutigRed@d n t he step of providing a sol ution corrprl si ng

Fﬁg\qg{tg\p%%%%ﬁﬂ okﬁ%sargi{&sﬁqlt\é'o ioNRe R &5 Werelnthe

I OCess mhereln a qua
solutioh coligeted icontainsa secarttbquantity of dissolead meiblaogsasmﬂemﬂmn the first
S substantially stoichiometric with available acid
quanéyt es on the ion exchange nmedium 5. The process of

glglalutrr: gl' R‘é"iﬁé@éé& SridmiAN PnBY E6a%Hsiag ForHiRg tHeAbh exchange medium
onto a column.

3. The process of claim 1 wherein the step of providing a solution comprising
magnesium ions comprises dissolving MgO and/or Mg(OH), in water.

4. The process of claim 1 wherein a quantity of magnesium ions loaded onto
the ion exchange medium is substantially stoichiometric with available acid sites on the
ion exchange medium.

5. The process of claim 1 wherein the onium hydroxide and/or salt solution
comprises from about 0.1 to about 100 parts per million of metal ions prior to contacting
the magnesium-loaded ion exchange medium with the onium hydroxide and/or salt
solution.

6. The process of claim 1 wherein the collected onium hydroxide and/or salt
solution comprises about 1 part per billion or less of metal ions.

7. The process of claim 1 wherein the onium hydroxide and/or salt solution
comprises an ammonium hydroxide and/or salt.

8. The process of claim 7 wherein the ammonium hydroxide and/or salt
comprises a tetraalkylammonium hydroxide and/or salt.

9. The process of claim 8 wherein the alkyl groups comprise methyl groups.
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conprises fromabout 0.1 to about 100 parts per

mllion of nmetal ions prior to contacting the
wore@nesiesan | oaded i on exchange nmedi um wi t h t hePORUS2U06/033621

hydr oxi de and/ or salt solution. 6. The process of

claim1 wherein the coll ectgéi oni um hydr oxi de and/ or

salt solution conprises abo 1 part per billion or

| ess of metal ions. 7. The process of claim1l wherein

the oni. um hydroxi de,  and/ or saJt .solutjon co ise
Hiron L BRess Sfisleimd) wherein he 18 oxaRanS MRS lo3ded onto a

I I
conmBiiTh g R ISR B8R pabded troush the
columa in H‘f&spdloerﬂm arfd ivl therooBitadiimgehe oniwmdiykdyoxide enf:léor salt solution

s pass U Tproh o Polreh B8 5o TSR CoTRR s hE iPy irocton
cpj ummy ngko'cesé BfclAift 10 f‘tﬁthbh&rﬁghéihg pasmga suBstagtially metal-free

magnesi umions Is passed throu the colum in a first
onlurrdhyctroklderamﬁdr palt Bbblfloom\/@dftthﬁhg)ﬁ ﬁécfmngmmwimrmf@é the solution

comploaipciieett it i ggoesd BTORGY e PR EEEhaie SR o fiorto the
contadtifty R GRS enidin BYdioMdEOakd/bF S&IE selatdi Si ng passi ng a
substantially netal -free oni um hydroxi de and/ or sa

sb2.ut i Bie quecesheofi @ﬁlf@xtha\M@@r%dhgn’ﬁWQt@Pt'QWe metal-free onium

nyarofflg righdt SRt TR FRict B S oF 1SS el 01 9"
W3.h tTiee Ofviodas yeir ehirie 1 aWWeOélnS’eHd is| exdhange 1 Besil heomprises

process of claim 11l wherein the substantiall y
Carbo?ﬁé‘ﬂtﬁ gPoHBs agrAGliNe Y E¥haNgeMAIalieSsal t cont ai ns about

Jpar tTIﬁ’@E %ésls'd?%@@e)i I@@%réﬂc’\ tﬁgh?étal ibA-indll8e® BRARIBEM, iron and

‘cl aim erein exchange resin conprises
zinc, a:m bloyd catmlmjresmﬁamytwotor\morieomf tbgsdnange rmi eties.

T A T I ——
bismdﬂ? ’ﬁo%ﬁ Tafnigmy cél%n?rceﬁﬁﬁlec@épér@éﬁ\arﬁ@m H&miurh d&RE Ranthanum,

claim1 wherein the netal ion includes alum num
lead, méckielinniobiusnuseandiomersilicond rtiontiuakl t#aDMM,cBinagkgn, yttrium, zinc,

aoorfBEER SRtk o Berd SRR | °20
t 1§ ani Nprodasdst resyclirigid ieddverzdietrarettsdarnbmoniwmtiydroxide and/or
all oys or m xtures of any two or npre of these.
salt solution containing dissolved metal ions, comprising:
providing a weak acid ion exchange medium;
providing a solution comprising magnesium ions;
forming a magnesium-loaded ion exchange medium by contacting the ion exchange
medium with the solution comprising magnesium ions;
contacting the magnesium-loaded ion exchange medium with a recovered
tetramethylammonium hydroxide and/or salt solution containing a first quantity of dissolved
metal ions, wherein at least a portion of the dissolved metal ions are removed from the
tetramethylammonium hydroxide and/or salt solution; and
collecting a tetramethylammonium hydroxide and/or salt solution, wherein the
collected solution contains a second quantity of dissolved metal ions smaller than the first
quantity.
17.  The process of claim 16 further comprising loading the ion exchange
medium onto a column.
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16. A process for recycling a recovered

t et ranet hyl ammoni um hydr oxi de and/or salt sol ution
weonwaresng di ssol ved netal ions, conprising: PCDUSII0EIEE3621

a weak acid ion exchange nedium providing a solution

conpri si ng magnesi um i ons; rrri ng a nmagnesi um | oaded

i on exchange medi um by cont ctl ng the ion exchange

mediumwi th the solution conprising magnesi um i ons;

O P gt ne, RGeS M LoSod LR SERANNS JE0 A comprising
magnéﬁtjrtn iSRS UbhipR 89'&55@0‘1}1@@6 hhé&for W@H)%Yn Qlatéh ssol ved

1 ons, ere n at ortlon
d1$so|'ﬁkm1lprmea$ of clan ABavh@em\aequantttyrof n@gnesmm ions loaded onto

t o SueBReLeARR & E LR SRS Ol e AL A gtes on e
ion exﬁﬁéﬁ gltlﬁdrﬁn wherein the coll ected sol ution contains

a se quantity of dissolved netal ions snmaller than
¥4t flThﬂ PHOGEES ofy claim. 16 heheretic e regovarad retrgmethylammonium

nyarogle hGlarcrean St sor@B R GLERR ot &X 020G, T8 A4 per milion of
metal EFlSPto%nEHdﬂﬁgdhél ﬁwa@n@@luﬁtudmle@mexmmwdmgdﬂm with thenecovered

onpri ses di ssol ving MO and/ or I\/g(()—|) 2 in water. 19.
tetrammbylpwrm@ygmﬁydrp&dmamlwfeﬁw Pyuantity of

;‘%‘ng Zﬂf%n 6{1"88384[ o S‘ﬁ%&*ﬁgﬁ?.‘“@%' Emgsgﬁllﬁ@’{f)% g H’r@fﬁ*lémmonlum

hydrositiet éllﬁid/bﬁ)FSaﬂxsblatigﬂ afmﬂpluses zbouﬂ' He partopers:bllbcbn airaiess of metal

16 wherein the recover t et th moni u dr oxi de
subseRHENHIO RASSING 10 20 BHOT RN G K6 N AKCRABES MPEdiURy anout

1%) pafl’ie 5%5 cEJf HimC{6 EPéln lﬂ’ﬁé Rn é)@:h%ﬁ@b%ﬁédilﬂﬁl fsh6aded onto

magnesi u I Oon exc ange medium w t h
a colunerc anélirethe mrnmgathmcﬂummncmmpngldganagme&wmn@ns isgpassed through

ol utio 1. f I 16._wh
tho clgphon satieamhenty B35S 2 SrefO B TR ASaVariTlifpyiammonium
hyd roﬁiﬁla‘étnki%‘r SERIBIUIDAs pasIdd tﬁrd@@hﬁh@ eblubhn inipsecehdldivestion opposite
subsequent to passing the solution through the

totheﬁtliﬂtd;ﬁﬁﬂ@hge medi um 22. The process of claim 16

Whgr el fp L e 168 FYRNANETURRE! Bhbiisihg 3988ing 3 LBstantially metal-free

tetramethylammonium hydroxide and/or salt solution over the ion exchange medium after
the solution comprising magnesium ions is passed through the ion exchange medium and
prior to the contacting with the recovered tetramethylammonium hydroxide and/or salt
solution. :

24. The process of claim 23 wherein the substantially metal-free
tetramethylammonium hydroxide and/or salt contains about 1 part per billion or less of
metal.

25. The process of claim 16 wherein the ion exchange resin comprises
carboxylate groups as active ion exchange moieties.

26. The process of claim 16 wherein the metal ion includes aluminum, iron and
zinc, and alloys or mixtures of any two or more of these.

27. The process of claim 16 wherein the metal ion includes aluminum, barium,
bismuth, boron, cadmium, calcium, cerium, copper, germanium, hafnium, iron, lanthanum,
lead, nickel, niobium, scandium, silicon, strontium, titanium, tungsten, yttrium, zinc,

zirconium, and alloys or mixtures of any two or more of these.
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a colum and in the form ng the solution conprising
magnesi umions i s passed through the colum in a first
waleoogorieon and in the contacting the recover edPCT/US2006/033621

t et ramet hyl ammoni um hydr oxi de and/ or salt solution is
passed through the colum ign a second direction
opposite to the first direction. 23. The process of
claim 16 further conprising passing substantially

netal -free tetranet hyl anmoni hyd ' d/. .

28 ut POFOGeES fqrﬁf@cwcgﬁg BRERYRD wantsihepERshin ftlbxide andor
salt soﬁﬁ|ol|’féd?ﬂaiﬁﬂ‘[g&ib§blogg W&Bﬁ%gg,r%drﬁﬁﬁsihgz passed through

the ion éxcltange nedi umand prior to the contacting

wirovidirtee ar earburylat: weak zanid fign exebangenmhgdivoxpad loading the ion
and/or .salt solution. 24. The process of claim23

exchapge MUl A QUMY al |y metal -free
gﬁbﬁ@ﬁ?‘é‘%b%‘ﬁﬁﬁ@oﬁﬁ}rw MegAesiantiops; sal t cont ai ns

out part per billion or less of metal. 25. The.
fooviegs roagnesium-lvaded innexshange medium by spgiactingthg ion exchange

o 5T B SoSHIEH S HRAP A P, HFE6n compran
magnd&&itiRl iohs Pakses teagRtNNESIUMN inrefirstditeetion;, and al | oys

or mxtures of any two or nore of these. 27. The . .
insings 4he 1051 aXeHANGeWRUNR Y CARLPEINg dhé | Raglssiym-loaded ion

x4 40 bR AR PTEAL e anr

salt sdlgtRh, whisedia the sulsdtantiallyseetakireertetsrhethylammonivm hydroxide and/or
titanium tungsten, yttrium, zinc, zirconium and. .
salt sgluligy sasoes SNOHGRR toF MRV Broakend JrectibsabBasiteto the firs
directiBhocess for recycling a recovered tetranethyl anmoni um
ytroxi de and/or salt solution containing dissolved
nedrahctingrthe rinsep magnegiuneadeti ing exclhangsongdinnawis e recovered

crrtha R BT ITRY, S8R B g TR ecovera

tetranﬁ‘@tﬁﬂl@?ﬂd#&hihﬁf‘ﬁydrfo%d@ Ad/ar RYBeBItibAtgaeade throagh the column in the
exchange nedi um by contacti n]g the i on exchange nedi

secondi directine, woerein ateasirporipngr ineghesalved F@@,’OWﬁgﬁﬁw‘ed onthe
on o HEngE M, SEPY 51", mmgnestum fons passes ¢hr ougt

collecting the tetramethylammonium hydroxide and/or salt solution after the
contacting, wherein the collected tetramethylammonium hydroxide and/or salt solution
contains a reduced quantity of dissolved metal ions.

29.  The process of claim 28 wherein a quantity of magnesium ions loaded onto
the ion exchange medium is substantially stoichiometric with available carboxylate sites
on the ion exchange medium.

30. The process of claim 28 wherein the recovered tetramethylammonium
hydroxide and/or salt solution comprises from about 0.1 to about 100 part per million of
metal prior to contacting the magnesium-loaded ion exchange medium with the recovered
tetramethylammonium hydroxide and/or salt solution.

31. The process of claim 28 wherein the collected tetramethylammonium
hydroxide and/or salt solution comprises about 1 part per billion or less of metal.

32. The process of claim 28 wherein the metal ion includes aluminum, iron and

zinc, and alloys or mixtures of any two or more of these.



rinsing the ion exchange nedi um by contacting the
magnesi um | oaded i on exchange nediumw th a

waadwsnzamsst al |y nmetal -free tetranet hyl anmoni um PTUS2006€33621
and/or salt solution, wherein the substantially
netal -free tetranethylannnné%nwhydroxide and/ or salt
sol ution passes through the®Columm in a second
direction opposite to the first direction; contacting

the rinsed nagnesi um | gaded |{on exchange, diumw t h .

{3 1 Gy prasas of PITE MRS IG RPN GR g @ GFinim, barium,
. ol ut] ' . , .
wismeEbbrS oAbl A B0, RS, BRRY ey hapy. ron fanthanum,

lead, BRE&E Snibbiuangcarittummplsilizonj strohtume ditaniudi, rieagsten, yitrium, zinc,

] wherein at |east a portion of the dissolved netal ions

zirconiie, ans alwEOITRHES BN WAL OISRl BiRFS-and
col l ecting the tetranethyl anmoni um hydr oxi de and/ or
salt solution after the contacting, wherein the
col l ected tetranet hyl ammoni um hydr oxi de and/ or salt
sol ution contains a reduced quantity of dissolved
nmetal ions. 29. The process of claim28 wherein a
quantity of magnesiumions | oaded onto the ion
exchange nmediumis substantially stoichionmetric with
avai | abl e carboxylate sites on the ion exchange
medi um 30. The process of claim28 wherein the
recovered tetranet hyl anmoni um hydr oxi de and/ or salt
solution conprises fromabout 0.1 to about 100 part
per mllion of netal prior to contacting the
magnesi um | oaded i on exchange nmediumw th the
recovered tetranet hyl anmoni um hydr oxi de and/ or salt
solution. 3 1. The process of claim28 wherein the
coll ected tetranet hyl anmoni um hydr oxi de and/ or salt
sol ution conprises about 1 part per billion or |ess of
nmetal. 32. The process of claim 28 wherein the netal
ion includes alumnum iron and zinc, and alloys or
m xtures of any two or nore of these.33. The process
of claim28 wherein the nmetal ion includes al um num
barium bi snuth, boron, cadm um calcium cerium
copper, germani um hafnium iron, |anthanum | ead,
ni ckel , niobium scandium silicon, strontium
titanium tungsten, yttrium zinc, zirconium and
all oys or mxtures of any two or nore of these.



