1 REMOVAL OF METAL | ONS FROM ONI UM HYDROXI DES AND ONI UM SALT SOLUTIONS 5
Technical Field The present invention relates to renoval of trace anounts
of netal ions such as al um num from oni um hydroxi de and/or onium salt
solutions. 10 Background Onium hydroxides, such as tetranethyl amoni um
hydr oxi de, are used in sem conductor processes. Such oni um hydroxi des are
required to be of extrenely high purity. For exanple, the SEM C46-0699
specification for alum numion requires that the alum num content be |ess
than 10 part per billion (ppb) in 25%tetranet hyl ammoni um 15 hydroxi de.
Envi ronnent al andRE¥ENG OF BETAL IONSHRAM QNIEVIHYDROXIRES AMXc| e nateri al s,
i ncl udi ng mat er i aDMYMEALTSSOKHETIONSUM hydr oxi des used in sem conduct or
prodesses. Materials such as oni um hydroxi des and oniumsalts are the
subj ect of rather stringent environnmental regulations. The production of
new oni um hydroxi des and oniumsalts is 20 nore expensive than is the
recycling of used oni um hydr oxi deshnical Fdeldum salts. However, use of

materials su onj um hydroxi des i n. seni I Lhevitably
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met al i oglgmindri frem vaitmvialdroddenamdior opitiml saiteolstionsncl udi ng al um num down to
Iev%ls inthe part per mllion %ER% ragoe has been known, it has proven
qui1te difficult to renove netals ¥R%s al uminumto Ievels near and

bel ow | ppb. Gniureriterodidespsath tdsi etrapethyfaimadiiion, hydroxideasarbeesedgémer al | y
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r echpocl edhyamxide. hydr oxi de and salt sol utions has been a | ong-standing

probl em and e At "Bld SodBhic® SHieRB! 8o | desPBS TSR, MfdaRS ORI UM
ydroxi des and salts are to be successtully and econom cally recycled for
use in tihduding matefiatmagings theptniwahydmxides usdd Bssemicandation pEEIHS.
processi Ivlgterigié such as onium hydroxides and onium salts are the subject of rather stringent
environmental requlations. The production of new onium hydroxides and onium salts is
20 more expensive than is the recycling of used onium hydroxides and onium salts.
However, use of materials such as onium hydroxides in semiconductor processing
inevitably contaminates the onium hydroxides 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
- 25 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 fo recycle materials such as the onium hydroxides
used in semiconductor processing for re-use in semiconductor processing. Removal of
30 meftals such as aluminum from recycled onium hydroxide and salt solutions has been a
| long-standing prablem, and a need remains for such methods, if materials such as onium
hydroxides and salts are to be successfully and economically recycied for use in the most

demanding applications, such as in semiconductor processing.
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- 2 Summary The present invention provides a solution to the probl em of
recycling onium hydroxide solutions while attaining netal lon contents
acceptable for re-use of the recovered onium hydroxide or salt solutions
in the nost demandi ng applications. 5 In accordance with one enbodi nent of
the present invention, there is provided a process for renovi hg dissol ved
netal ions from an oni um hydroxi de and/ or salt solution, conprising:

provi ding a weak acid ion exchange nmedium providing a solution conprising
magnesi umions; 10 form ng a rragnes'ﬂnjd,ﬂ% oaded ion exchange nedi um by
contacting the ion exchange nedi um w the solution conprising magnesi um
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the present invention, there is provided 20 a process for recycling a

r ecover eI Whet hyl amoni um hydr oxi de sol uti on contai ning dissolved
metal ions, qoovidinga mgak peididndixoigargewessiiinaci d | on exchange nedi um

providing a sol ut.ion @ rising ggg '.Hm' ns; form ng a magnesi um | oaded
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tetramet roxide an sal on, whereirn t col l ected
sol ut i onpation of the dissslved meta) icnstdre yeradvedifosuthecanivre hudroxids end/aabaler t han

t hel 5f b Sgolution; and
collecting the onium hydroxide and/or salt solution after the contacting, wherein the
solution collected contains a second quantity of dissolved metal ions smaller than the first
quantity.
in accordance with another embodiment of the presentinvention, there is provided
20 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
25 medium with the solution comprising magnesium ions;
contacting the magnesium-loaded ion exchange medium with a recovered
tetramethylammonium hydroxide and/or salf 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
30 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.




gquantity. 3 In accordance with another enbodi nent of the present

I nvention, there |Is provided a process for recycling a recovered

t et ramet hyl anmonl um hydr oxi de and/ or salt solution containing dissolved
metal ions, conprising: providing a carboxylate weak acid ion exchange

medi um and | oading"the ion 5 exchange nediumonto a colum; providing a

sol ution conprising magnesiumions; form ng a nagnesi um| oaded i on exchange
medi um by contacting the ion exchanges nediumw th the solution conprising
magnesi um i on, wherein the solution conprising nagnesiumions passes
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demandi NG HS0R such as sem conduct or processing. 30 Brief Description of

the Draw ngs
15 contacting the rinsed magnesium-loaded ion exchange medium with the recovered

tetramethylammonium hydroxide and/or salt solution, wherein the recovered
tetramethylammonium hydroxide and/or salf solution passes through the column in the
second direction, wherein atleast a portion of the dissolved metal ions are retained on the
ion exchange medium; and

20 collecting the tetramethylammonium hydroxide andfor 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 iess than about 1 ppb can be obtained in recycled onium

25 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.

30 Brief Description of the Drawings

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

process in accordance with the invention.




Fig. | is a schematic flow diagramillustrating steps of various

enbodi nents of a process in accordance with the invention. 4 It should be
appreci ated that the process steps and structures descri bed herein nay not
provide a conplete systemor process flow for carrying out a recycling
process for onium hydroxi de and/or salt solutions, such as would be used
in arecycling facility for such materials. The present invention nay be
practiced in conjunction with techndques 5 and apparatus currently used in
the art, and only so nuch of the commonly practiced nmaterials, apparatus
and process steps are included as are necessary for an understandl ng of
the present ltishoeldbeappreDiated thatthepswespsteohanmbstistuses d@ﬁ’ﬁéb%’r eJei i nvention
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as well as in ccmmonly assigned U.S. Patent Nos. 6,787,021; 6,217,743, 6,207,039;
20 5,068,338; 5,951,845; 5,910,237; 5,868,916, 5,853,555; and 5,833,832, the disclosure of
” each of which is incorporated herein by reference for the 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
25 hydroxide and/or onium salt solutions, and in particular to reducing the metal ion content
ofthe 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 semiconductorindustry. In one embodiment, the presentinvention
is applicable to mixtures of onium hydroxides and salts in a solution, thus the reference
30 to onium hydroxide "and/or" salt, in this disclosure.




30 to onium hydroxide "and/or" salt, in this disclosure. 5 Oganic Onium
Hydr oxi des and Onium Salts I n one enbodi nent, the oni um hydroxi de and/ or
salt solution nay conprise an organic oni um hydroxi de and/ or organic onium
salt. Suitable organic onium hydroxides and salts for the present

i nvention include organi c oni um hydroxi des such as quaternary 5 ammoni um
hydr oxi des, quaternary phosphoni um hydroxi des, tertiary sul fonium

hydr oxi des, tertiary sul foxoni um hydrpxi des and i m dazol i um hydr oxi des, and
the corresponding salts. Herein, any reference to "oni um hydroxi de and/or
salt" refers to either or both of organic onium hydroxi de and/or organic
oni um salgy anjﬁlmﬁm(t-lyﬁw)tig!es armpOnium Salks y linmted to one or the other. 1
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enbodi memnon tsh@n asra haidewtoere wildhes siegle give i fweaﬁb aelﬁa,raa@twénerezfél sp t he

is formed from a singly charged onium ion and a doubly charged anion, such as a sulfate,
S0,, there will be two onium ions for each doubly charged anion.

20 Suitable anions for the onium salts include anions of commeon acids. Such anions
include, for example, a halide ion, a sulfate, hydrogen suifate or alkylsulfate anion, a
carboxylate anion, a nitrate anion, a carbonate, bicarbonate or alkyl carbonate anion, a
phosphate, hydrogen phosphate or dihydrogen phosphate anion, a sulfonate anion, an
alkylsulfonate anion, etc. Most often the anion will be a halide, and more often, chloride.

25 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 embadiment, the number of onium moieties can be
selected to balance an integral number of "X" groups as needed to obtain a balanced,
neutral salt.

30 In one embediment, the onium hydroxides may generally be characterized by the
formula i:

A(OH), 0




formula I: A(OH)x (I) 6 wherein Als an oniumgroup and xi s an integer
equal to the valence of A Exanples of oniumgroups include amoni um
groups, phosphoni um groups, sul fonium sul foxonium and im dazolium groups.
As noted above, a suitable anion may be substituted for the 5 hydroxide, to
formthe corresponding oniumsalt. In one enbodi ment, the quaternary
anmmoni um hydroxi des and salts and quaternary phosphoni um hydr oxi des and
salts may be characterized by the forfula Il: R2Z + R A RBOH (I1) R4
wherein Ais a nitrogen or phosphorus atom R, R2, R3 and R4 are each

i ndependently al kyl groups containing from1l to about 20, or 1 to about 10
carbon atons, hydroxyal kyl 10 or al koxyal kyl groups containing from2 to

about 20, refAt@aﬁBmuhgif&dﬁa{d%eam r?@é?n&}thévaaa%e%w%mést&ed aryl

groups or roxyaryl grioups contal ni to 18 rin on atons, or
R and R@ﬂiﬂm FrQURigeltde AMoNIITYOreRnas, PWW@'%Q@%&W@F‘WW%WQWN'&W ded

that 11 1ah8 IRLAIARYGiblifs. IAOHBIG B8R, B Sufbtfie ik A beZibbutbdorsigond bond.
As noted above he case of the oniumsalt group is replaced
withSa sdhyéawde, tamrahthepsrfwn@mymiur@rs@lﬁps R to R4 rray be |inear or
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carbon atons | ncI u , heptyl
octyl, i sleglemary phﬂsﬁwnlurﬁéwomd@%mw mau@g@bgzrlac’tefmddydw forlinylat!l i decyl,
hexadecyl and octadecyl groups. R, R2, R3 and R4 al so may be hydr oxyal kyl
groups containing from 2 to carRi’on &t ons such as hydroxyethyl and the

various isoners of hydroxypro , 120 ydr g}ﬁ% hydr oxypentyl, etc. In
.one enbodinent, R, R2, R3 an Pa'rB i nﬁ)g{; tly alkyl and/or
hydr oxyal kyl groups containin abjout carbon atons. Specific exanples

of al koxyal kyl groups include eth@&ye hyl , butoxynethyl, but oxybutyl, etc.
Exanpl es of various aryl and hydroxyaryl groups include phenyl, benzyl,
and equi val ent groups wherein benzene rings, have been substituted with one

or rore WKL 57 Alggen ehehospharusatons Ry Bxgadt BT argesah indeagndsatly
substit UER? gmddé,coﬁta@‘ung fQJm @20 aBduit ¥b, cﬂHCtbl RBoutNBThrRh tatims, Ryd:bﬁyalm ar e
| ower al k h as net A%DFbé bove, P SUItab|% a?lonﬁﬁﬂé
sub5tituP a'k‘”fy@ vk W@”‘Pﬁ/ﬁ?‘ﬁﬂ'ﬂ'ﬂ% f‘bf“?ﬁqt KE: Bo? t abR dorereaR al t .
substituted or unsubstituted aryl groups or hydroxyaryl groups containing from 6 to 18 ring
carbon atoms, or R" and R? or R? fogether with A may form a heterocyclic group provided
that if the heterocyclic group contains a C=A grbup, R?® is the second bond. As noted
above, in the case of the onium salts, the OH™ group is replaced with a sultable anion.
15 The alkyl groups R* to R* may be linear or branched, and specific examples of alkyl
groups containing from 1 to 20 carbon atoms include mefhyi, 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 b carbon atoms such as hydroxyethyl and the various isomers of hydroxypropyl,
20 hydroxybutyl, hydroxypentyl, etc. Inone embodiment, R, R% R and R* are independently
alkyt andfor 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
25 hydroxyaryl groups may be substituted with, e.9., C;-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.




7 In one enbodi nent, the quaternary anmoni um hydroxi des and salts which
can be treated in accordance with the process of the present invention nmay
be represented by Formula Ill: Rl + R- 1J-R3 O+ (l1ll1) R4 wherein R

R2, R3, R and y are as defined in Formula Il. In one enbodinent, R - Vare
5 al kyl and/ or hydroxyal kyl groups containing from1l to about 5 carbon
atons. Thus, in one enbodinent, the amoni um hydroxi de and/or salt
conprises a tetraal kyl anmoni um hydrd&ide. Speci fi c exanpl es of amoni um
hydr oxi des i ncl ude tetranet hyl anmoni um hydroxi de (TMAH),

tetraethyl a ni um hydr oxi de (TEAH), tetrapropyl ammonium hydroxide,
tetrabutylagE@ﬁWEﬁFWé&F@%L&QQ Eﬁﬁ%ﬁ?@ﬁ@??ﬁﬁﬁﬁ%ﬁéﬁﬁ? tBWWéBFaﬂée

met hyl t r itejatedlin aeoordanas Wit Hexpreess F BlerbstiniAVENtoA By Helraplayalited bye,

met hyl tri pro ¥hﬁggnn|un1hydrOX|de, met hyl t ri but yl ammoni um hydr oxi de,
cetyltriﬁ%ﬂﬂ@ ni um hydr oxi de, trimethyl hydroxyet hyl amoni um hydr oxi de,
tri met hyl met hoxyet hyl ammoni um hydr oxi de, di net hyl di hydr oxyet hyl anmoni um
hydroxi de, methyltrihydroxyefhyl ggmoijitum hydr oxi de,

phenyl tri met hyl anmoni um hydro idel 15 [phenyl tri et hyl ammoni um hydr oxi de,
benzyl t ri met hyl anmoni um hydr okRten— p¥nzOHf ri éithyl anmoni um hydr oxi de,

di met hyl pyrol i di ni um hydroxi dg, djmethyl pi peridinium hydroxide,

di i sopropyl i nmi dazol i ni um hydr pxi dg# al kyl pyri di ni um hydroxi de, etc. In
one enbodi nent, the quaternary ammoni um hydr oxi des used in accordance wth

subst 1 ¢ urDarR. & B W ine o5 detneran Faria " 665 pBLHUMEING e um sal &
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met hyl t r hixroxidey etetrgbytiiaapinamira mhiyydxids| destrapbhettylkinfriomkinny hpdvesidaoni um

e, RN RGP S BB Ehoniam mycronide,
methyltripropylammonium hydroxide, methyltributylammonium hydroxide,
cetyltrimethylammonium hydroxide, trimethylhydroxyethylammonium hydroxide,
trimethylmethoxyethylammonium hydroxide, dimethyldihydroxyethylammonium hydroxide,
methyitrihydroxyethylammonium  hydroxide, phenyltrimethylammonium  hydroxide,

15 phenyltriethylammonium hydroxide, benzyltrimethylammonium hydroxide,
benzyitriethylammonium hydroxide, dimethyipyrolidinium hydroxide, dimethylpiperidinium
hydroxide, diisopropylimidazolinium hydroxide, N-alkylpyridinium hydroxide, etc. In one
embodiment, the quaternary ammonium hydroxides used in accordance with this invention
are TMAH and TEAH. As noted above, a suitable anion may be substituted for the

20 hydroxide, to form the corresponding ammonium sait.

Examples of quaternary phosphonium hydroxides and salts representative of

Formula lll wherein A=P which can be employed in accordance with the present invention

include tetramethylphosphonium hydroxide, tetraethylphosphonium hydroxide,
tetrapropyiphosphonium  hydroxide, tetrabutylphosphonium hydroxide, trimethylhy-

25 droxyethylphosphonium hydroxide, dimethyldihydroxyethylphosphonium hydroxide,
methyltrihydroxyethylphosphonium hydroxide, phenyitrimethylphosphonium hydroxide,
phenyltriethylphosphonium hydroxide and benzyltrimethylphosphonium hydroxide, etc.




As noted above, a suitable anion may be substituted for the hydroxide, to
formthe correspondi ng phosphoniumsalt. In another enbodi nent, the
tertiary sul foni um hydroxi des and salts which can be enployed in
accordance with the present invention maybe represented by the fornmula IV
R2 + R SO0l -1- R35 wherein R, R2 and R3 are as defined in Fornula I1.
Exanpl es of the tertiary sul fonium conpounds represented by Fornmula IV

i nclude trinethylsulfoni um hydroxi dé, triethylsulfonium hydroxide,
tripropyl sul foni um hydroxide, etc. As noted above, a suitable anion may be
substituted for the hydroxide, to formthe corresponding sulfoniumsalt.
10 | n andsmetedeatinydi aswitable lapionanay he pubsiituted fvi thenhigioxidei welormribesal t s

whi ch can i rdance with the present invention may be
represen?%gﬁggﬁﬁﬁbg%§EWﬂﬂgﬁ%§@ R + R-S=0 OH (V) 3 wherein R, R2 and R3
are as defi ndolanothétamnphgddiment, th&ieatingy sulfoolum hysraxedesiand pakawvifiotx oan ben

hydr oxi d : . I I QPR Um
hydroxidgap@ g@ﬁ%@#@%ﬂ?g%gﬁﬁﬁﬁﬁ%ﬁﬂﬁg%ﬁgg?m?¥P%@%%%Fgﬁbpﬁgﬁﬁéun1 ﬂ@droxide,
etc. As noted above, a suitable anion may be substituted for the hydroxide,
to formthe correspondi ng gul fgxonqem salt. I n another enbodi nent, the

i m dazol i um hydr oxi des whi ch calt be jenpl oyed in accordance wth the
present invention may be repgesgnted b@Hthe{lMprmula VI: R+ V/ O+ W) 20
| 9 wherein R1L and R3 are hs de¢fingd in Formula Il. As noted above, a
suitabl e anion may be subs}iturgd ffor the hydroxide, to formthe
correspondi ng i mdazoliumsalt. Onitm hydroxi des and oniumsalts are

comger ci gl b .3y akd ﬁ“ar@‘%gidtehl‘ge{aﬁh\%mﬁé"il.um hydr oxi des can be prepared

fromthe corresponding oniums S such as the
Examples of the tertiary suifonium compounds represented by Formula IV include

trimethylsulfonium hydroxide, triethylsulfonium hydroxide, tripropylsulfonium hydroxide,
etc. As noted above, a suitable anion may be substituted for the hydroxide, to form the
corresponding sulfonium salt.

10 Inanother embodiment, the tertiary sulfoxonium hydroxides and salts which can be

employed in accordance with the present invention may be represented by the formula V:

wherein R, R? and R? are as defined in Formula Il.
Examples of the tertiary sulfoxonium hydroxides represented by Formuta V include
15 trimethylsulfoxonium hydroxide, tristhylsulfoxonium 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

20 A TR




5 correspondi ng onium hal i des, carbonates, formates, sulfates and the |iKke.
Vari ous nethods of preparation are described in U S. Patents 4,917,781
(Sharifian et al) and 5,286,354 (Bard et al) which are hereby incorporated
by reference. There is no particular |imt as to how the oni um hydroxi de
or salt is obtained or prepared. In one enbodi nent, the organic onium

hydr oxi de conpri ses one or nore of 10 tetranethyl anmoni um hydr oxi de,

t et r aet hyl ammoni um hydr oxi de, tetrap?opylannoniurn hydr oxi de,

t et rabut yl ammoni um hydr oxi de, net hyitri phenyl amoni um hydr oxi de,

phenyl tri met hyl anmoni um hydr oxi de, benzyl tri pet hyl anmoni um hydr oxi de,
ety t rWBRER PR NP AR sOdR iR LASHR SN HBRNR AR TP Ede .
met hyl t rémﬁtﬂbéhﬁ&%@h@abm@,twﬁ;hﬁmei@nebpddamgydntdarzdmdmatl phosphoni um
hydroxi de, 15 tributyltetradecyl phosphoni unh drOﬁ

[ ( CH3) 3NCH2 Clqnén) kydeavidesanaaniumepits are commeggially avel %@??-i&qq“i‘?f'alé’ziﬁﬁ“}"ﬁ?m
hydr oxi dgdrdidedB 4l Ib8U bfepaiedMirbnd tfx icBRespohiingt sl ubdiex eudhuas  they dr oxi de,
trimethyl” (2, 3-di hydroxypropyl ) annmonium héﬂﬁ
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CH( OH) CHINLGHE b2 srERAS R Ak Atk sbriBdnlid U. 8. eateAtE M1 VG ShigiBidh @Ha0Hind [ OH-],
and 20 hexanet honi um di hydroxi de. |In one gg}t()%gl ment,_ the onqu%wﬁﬂ droxide is

benzyl t r§.:388 884 Bareust all whiey areiiarehy ingEpgiaie grghce. Thelqis ag fon may be

subst i t UiRidad BMholiRe BidmMidRide bP 4106 BblalMed ePprepardndi ng oni um sal t. The
concentration of the oni um hydroxi de _and‘ or ’ﬂfflﬁzt in.the solutions, of the
XIS 5GP

present i nv@hpﬂ%ﬁmﬂ’ﬁﬁﬁm‘*&ﬁd@g&ﬁng puT: ! PiSRS QPR dBRESCT hi gher |
and o e R e Tt o about 10, 4t 26 {0 bt 20 at %
and in anEpdde, eFﬁS’GE‘i’W@H‘{'}O“ﬁ’F’\‘é Mfﬁghyﬁ%@r@?“&f?mqﬂ%? ﬁw?%r )%g%‘nt rati onQ
is in a gdffrietipiaRabhivk? Wdtokieaboehzyifinvéthyiamntoniwondedrexde.ons based
Resi 1 SOMSHIABIrEnAsmaBIE | GHOBKEHangBrRLp A o B B EEual o .
The pr es@BihyltriphERyMtiosphdnfunn O hydrbxiiié, e dritiexyitatyadpayigitiospticiurme bjdrexite, i on
c oy apetapeepuBpRgIoR i s e CEROERATIER Bl 11 g1 oups.
Exper i megtg-3snig@igbiiddzoidm hydroxde) elnadthylautforing hadﬂodidé,dmne&l}th'_df@geniﬂﬂélsi ns, 10
L R A L O T o
resi n urgegH, feH 20T BPY,ICH A H(OH)CH,N(CH3),CH,CH(OH)CHoN(CHz) 2 CH -
CH(OH)CH,N(CH,),CH,(CgHg)** [OH 14, and [(CH3)NCH,CH(OH)CH,OH]' [OH], and
20 hexamethonium dihydroxide. In one embodiment, the onium hydroxide is
benzyltrimethylamfnonium hydroxide. As nofed above, a suitable anion may be
substituted for the hydroxide, to form the corresponding onium salt.
The concentration of the onium hydroxide and/or salt in the solutions of the present
invention may range up to about 25 wt% or in some cases, higher, of the recycled
25 compbsition. In one embodiment, the onium hydroxide and/or sait concentration is in a
range from about 10 wt% to about 20 wit%, and in another embodiment, the onium
hydroxide and/or salt concentration is in a range from about 12 wi% to about 17 wit%, all
concentrations based on the total weight of the recycled composition.
Weak Acid lon Exchange Resin
30 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,




conditions. In one enbodi nent, the weak acid ion exchange resin is a

pol ymer of acrylic acid 5 or an al kylacrylic acid, such as nethacrylic or
ethacrylic acid. Many commercially available weak acid i on exchange resins
conprise either polyacrylic acid or polynethacrylic acid or a conbination
thereof, and are crosslinked w th divinyl benzene. Commercial I'y avail abl e
weak acid ion exchange nedia include, for exanple, LEWATIT(r) CNP 80 W5 or
CNP/ LF, acrylic based weakly acidic cﬁ&ion exchange resins 10 avail able
from Bayer AG or Sybron Chenicals, Inc. PURCLITE(r)C—104E aweakl yaci di ¢ ion

exchange nedi um avajl abl e from The Purolite Conpany; DI Al O\I(r)V\KlO VK11,
VK100, WMok asystilfenicacid (Rsig) waactreun@t w@blarforese%ah@@ RFESAN imeEstan.on

pol ymet hagg JVé\feF itglfﬂy‘ﬂ;e ag%léf%‘l@e Valq@%@%ﬁa@@feﬁﬁumewﬁ%gﬁ@n%change

medi a base yacrylic aC| e from Mt subi m cal Corp.;
and DOVWEXONYitiemec- 3, a 15 weak aci d pol yacrylic cation exchange nedi um

avai | abl e frOdebeeu%mrEE}ﬁfﬂw&%a@csd ion EhaﬁH@I%SH@EBM_FhBGg Whiglciaci d

cation exchange resin avallable from Rohm and or €goi. nlg are
Y

exanpl es Afanpelkdadyip aid.t suere agumahaceli or Gihaspiinaaide Maay sommerddlymay be
used in %w@rw&akwaaﬂa 'adhe PERSRAL rédheeRhirBise e RIVAId HRNdzd to be

limting to the scope of the invention. Additional ion‘exthange media may

be sui t atojymetacadic aelfl o aispmpingtien heregh ang awr@sllmheduwhtwymzeMg nesi um

| on Sour ce | NComfeRiEINhvaRitle welR a!EthﬁséxHﬁBriger}nécﬁ#"ﬁ&udes f&r%? esium
salt or nesi um h dI‘OXI de, and in one enbodi nent, it My( OH) 21

magnesi u Ha F1d%i che? (P WS arfeRiEF, @%‘6&??ﬂgdﬁeakfyt?é’dmﬂ@ée’éﬁhaﬁiﬁg'ﬁé@ﬁu m i ons

is MO @Ql%fe'fkﬂﬁl BXeARG o‘f‘@jltfrbn EReass, IR, SRORGBTERT- W@éweﬁﬂ&ﬁ&dﬁﬁgn%l um
hydr oxi de. %ne3| um _hydr oxi d f&?ﬂ?ﬁneSI um _oxi de and ot her ma nesi um

conpoundOPENARGEIMPYUBFyatatls S\l PemPatyn RAGNRYK :1n one

enbodi rrewmmewmsewmang@el s:eguay rddidic Qddtion neyéhﬁﬁﬁeurﬁi‘edlé rbawaucant he weak
e medium.i s onto a suitable colum, as is well known

oo SRS TS U Bk #20P 7008, St ol el urm 35 el K
al | ow f oronm@g@agﬁc &did, aWvailabRsirorf MieubisHI Chemival Cérp2kfd Umvw:m MA®-3cql um by
St WANAERT R SE MR A T GRS
f or ex arrphe AMBERINTE ®aARC76 veeaklaeid datibe eidmahgd\mslmwaeam@tramrmﬂmwnar avity
al one, OrHa%éL The foregoing are examples of possibly suitable weak acid ion exchange media
which may be used in accordance with the present invention, and are not intended to be
limiting to the scope of the invention. Additional ion exchange media may be suitably
20 selected by those of ordinary skill in the art.
Magnesium lon Source
In one embodiment, 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
25 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.
30 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 u.pwardly flowing
column, for example, to increase the flow rate that would be obtained by gravity alons, or



for other reasons. As also will be understood, If the colum is vertically

oriented, to obtain countercurrent flow, i.e., to have the liquid flow
upward t hrough the colum, a punp or other nmeans may be used. Such ot her
means may include, for exanple, a reservoir of liquid nmaterial held at a

posi tion above the colum, so that gravity can be used as the 5 driving
force for the countercurrent flow of the liquid material up through the
colum. Any suitable Iiquid transfet! means known in the art may be used.

I n one enbodi ment, the colum is fornmed of a relatively inert or chemcally

unreactive terial. Th | t he col abri cat ed
of a gl af¥ OH;gFre?FPrb?n&S “@ﬂ’@d@ﬁﬁ’@%gg tﬂg"‘?'wﬂﬁﬁvﬁﬁi"@@ Oﬂﬁp?ﬁéf;’ obigfor i nat ed
pol yner s chadcdierebente. 18 hé@esﬂhémqmaﬁowpwamltﬂ kaigh HeVddintn, ansLinghe cal s,

i ncl udi ng_organi c sol vents anh@'aﬁ ong bases e used. Exanpl es
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fluorinated ethyl ene propyl ene pol yt etrafl uor oet hyl ene (PTFE), and

per f3 uoréﬁw&fsaspe fordhg prumnteresmeant %ﬁi '@tlﬁé?%eﬂawwghé!mmm efMal  may be

sel ect edsur&bleﬂﬁﬁnd%n&f@?meél% IGRWH Ithe AR rﬁw Ee tlﬂs%dr ecogni zed, it is not
necessary for the colum to be oriented in artlcul ar direction or

orientation. IrieeeINRAdeREy thecakmmn iscfi’lrme%(S’flazEﬁ'ﬁ“é’t ly inest peghegpical¥ anged in

any sui t ghreScti8 YnatéHaRVTKIRAN bRdémbddifiant, he obmaﬂerﬁlawﬁet fabﬁéaﬁed & @zsshange
medi um and that the appropriate |I%UI ds can be q%assed t
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pregent j3Kents RVafi@lsdoR8nts andchriaRSH clligihg HigaRN boltentcindefbgshseBl al i ons

froman oni um hydr oxi de and/ o sol utjon c di ssol ved
metal i ot M bSHsed, aampleﬁ@cuﬂe%ﬁpr@.@vam@cﬁ%mvl SR BB o
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corrprl Si PEyMEYPER), LHmorgnathdrl @ny buitablee matstialnay berseledigd Jommgnas them | oaded
exchange nedi um bycontacting the ion exchange nediumw th the sol ution
Elérl Si gnesiumions (Fig. 1, step 8103); 30 contacting the
nragnesi um | oadedll beneegnlzadgeis met necaseary Horthe aoluam oyter orienttal incargy/ or  sal t

i ssol verpriaa dHelihe o By od "F gl =y e, il ot e onar "
sol uti ortar('éﬁggd lri. any suitable way, provided that it can be loaded with the ion exchange
medium and that the appropriate liquids can be passed through if.
20 Process for Removal of Metal lons Such as Aluminum
In one embodiment, the present invention relates to a process for removing
dissoived metal ions from an onium hydroxide and/or salt salution containing 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
25 present invention, includes steps of:
providing a weak acid lon exchange medium (Fig. 1, step $101);
providing a solution comprising magnesium ions (Fig. 1, step $102);
forming a magnesium-loaded ion exchange medium by contactin"g theion exchange
medium with the solution comprising magnesium ions (Fig. 1, step S103);
30 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 S104} by this contacting; and




step 8104) by this contacting; and 12 collecting the oni um hydroxi de
and/or salt solution after the contacting. (Fig. 1, step S105). In one
enbodi ment, the onlum hydroxi de and/or salt solution which contacts the
magnesi um | oaded i on exchange nmedi um contains a first quantityofdi ssol ved
metal ions. “5 In one enbodi ment, the oni um hydroxi de and/or salt sol ution
collected afterthe contacting contalns a second quantity of dissolved netal
i ons, and the second quantity is les®than the first quantity. In one
enbodlnent t he second quantity is |less than about 10 ppb, and in another
enbodi nent, the second quantity is | ess than about | ppb, and in

anot her enb&alierting thetoﬁtyn*siyémeau%{ﬁﬁait;solu@ormﬁermetce@t@cawgdﬂgld> atep one

enbodi ne q the weak acid ion exchange nediumis |oaded onto a col um
(Fig. 1, gp S106). As noted, the orientation, shape and configuration of
the col urm i 4n 0m9mbp¢1mﬁetdthe|thtﬂhEvc%%féﬁjamtsaittsﬁ@mrbwmhgoréact{s nmagnesi um

i ons ont ﬁ,a%,,h@,mlogaad o exél'éﬁié rﬁéﬁlunﬁb&%a:ﬁ& Q% ﬁfti;]&’ﬁﬁlgﬁf dﬁssoWQ& Fr%'?éf ions.

substantially al e weak acid sites on exchang jum are
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medi um i s washed tal-free solution e and/or salt,
by passi ¥g fitshauandyalln eneembasimentdhe sesopd guardity isless thaﬂﬁ ouhigmbi and | oaded

ion exc hﬁ%ﬁﬁﬂ?@?&hwﬂlrﬁgﬁt%e %eco%ﬁ‘agalﬁlhpiaessm‘dnsa%ﬁ?hbﬁg ah@I ydt afGtRBV e any

excess magnesi umions (unbound i on exchange medi un)” or particles 20

of undi s%b%ﬁeﬂfa@ﬁﬁmqwmﬁbﬁlf@éd%iﬂ@a%ul d condition the colum to the
oni{gm hydrom&lﬁe’iﬁ%’o%erﬁ%éwéﬂlé&d .eﬁemahgeﬁq@%ﬁﬁé[oéms%m Thus, in

one enbodi mant the process further includes passing a substantlally met al

i on- f r eelFighil LﬁWP\%‘P@Xl’\ﬁé‘%ﬁﬁ’dﬂ'@ﬂé‘&W@t'or’sémﬂﬁaﬂﬁ' coplguratios of 81 eokbRBMge medi um

after thet ﬁﬂhﬁ&i ofy d?@%?ﬁﬁbﬂlrﬁé?@ HOIHEIhG Bf ;8 TRAGnSNM .oﬁ@&ﬁ@ﬁiet&amrﬁrm& through
the ion exch ana%e medi um and prior to the step of passing the 25 onium

hydr oxi dPgiARYay stoighioragiric,whsrpby ﬁp%ﬂ«aﬁ'a{%éﬂ p e&@@héﬁ'& %0 ¢ 19hn one
enmbodi medxbharige %@mﬁfaﬂﬂﬁdcabka by{ﬁbgﬁgsﬁd’n@%ngnl um hydr oxi de and/or salt
BB ment « | FYRIEURE AT e R P RCR) BF G en BRI 0osal ¢
sol uti onn@mmathesm@mstunmoad&ﬁroh eaehartgbl mediimOk WaRHEd §fith dThickI-fie@n. | n one
col ut 1 ool Aronb e aryes PRy ease g - 1S s Braghstperny
y
st andar dhehraghestidm-loaded ion exchange medium (Fig. 1, step $107). This washing would
remove any excess magnesium ions (unbound to the ion exchange medium) or particles
20 of undissolved magnesium hydroxide and 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 exchahge medium after the step of passing the solution comprising
magnesium ions through the ion exchange medium and prior to the step of passing the
25 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
30 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 s 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.




anal ysis. In one enbodi ment, the onium concentration of the substantially
netal -free onium hydroxide and/or salt solution is at about the sane onium
concentration as is the onium hydroxide and/or salt solution to be treated
in the process of the present invention. 13 1In addition, if desired, the

i on exchange nedi um may be washed with other solutions as determ ned by the
operator, and this additional mashin% may be carried out any one or nore
of (a) either or both prior to or su ?equent to the | oading of the lon
exchange nmedi umwi th magnesiumions (Fig. 1, step S103); (b) either or both

rior to or ue e washi.ng of t e i on excha redi mwith
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directi on, i on exchange nediumis | oaded onto

c
a col um," %wgq%aﬂggwn?pgﬁges&%]oa% %&d by passing a sol ution conprising
t he magnesi unini amesembddimenth tiehmagrmesiunmidnnsautibhris cirdilated throwghatie: bhe oni um

i 1811 o a8 e kot heRy e e St SuSEi gbiestetina oy
t heory, ﬁdnthablotwhiobrthe;umumrl‘lyd@vcdeaddv’nesaﬂtcaofdtloadomglntnbeiissdgerbmietﬁﬁdnens ont o
hyar oxi dHERD fsged BRUU RElonhldhgs ARG, Ak iRk IR ARGHARIAH 3.
e.g., thémsrireprovidgd by raskinganshiwion sampriging theineagnesiimoorgthrobgh thenioaxchange
medi um ""%%r%nb@ WR¥Ufn? il a first direction and the onium hydroxide and/or salt solution is
20 passed through the ion exchange medium in a second direction opposite to the first
- direction. In an embodiment in which the ion exchange medium is loaded onto a column,
the magnesium ions are provided by passing a solution comprising the magnesium ions
through the column in a first direction and the onium hydroxide and/or salt solution is
passed through the column in a second direction opposite fo the first direction. Although
25 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.
30 Asnoted above, in one embodiment, the ion exchange medium usedin 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



particul at e magnesi um oxi de or hydroxi de atthe effluent end of the ion
exchange nedium 30 As noted above, in one enbodi nent, the ion exchange
medi um used in accordance wth the present invention is a weak acid ion
exchange resin. As is known in the art and discussed above, in general,
weak acid i'on exchange resins include carboxyl groups, -COON, as the
active ion exchanging noiety. A given ion exchange nediumcontains a 14
certain quantity of such carboxyl ngUps per unit of weight or vol une.
These carboxyl groups may be referred to as available acid sites, for ion

exchange. |n one enbodi nent uantit s loa onto the
| on excheanign quastly ehsuah %B@ngfgi‘%ﬁ P&y Lélt BF E’ﬁ'ﬂgﬂg Sﬁ&ﬁ&?’ggl e acid
sites o th‘s %Fb@?@féﬁé@ﬂ@ as availRdielW®ld skbgforiion exmaﬂ%w errbodl rrent in
substan ps, t he | on has g ed with a
magnesi um i o Oﬂﬁtﬁ'@b%ﬂ?@c@ gyanttgfsof\mqueqygn,lcglé&%qﬁiﬁggaot ¢ e gne5| um

ion carriequhVe sBesthitialg stdichidastrid Wi hvailable ddid kiRsRSord thel 0@ elxefm‘igborl ng

- COON groups are replaced by a magnesi um [ 051 huc;0 he eg&&eaﬂge reaction
wouBd bemedipmy Feafl%wonf@n‘é)%im@@msubstﬁﬁ y gl &5 5 %QLQPP Rd, where

t he Ng++hé/¥30%eﬁrréﬁféc.@8%tﬁ% rNerfé’s-m%aoﬁ hﬂorb\%@rrbt‘tl lﬁwnmewdégm@émemeewth the 2

OH - groups to form 2 nol ecul es of water overal exchange
react i onMAAWS|UM [PNSRFHGSHYOL W@“W@ﬁh%’ﬂﬁﬁﬁ‘ﬂ%e) ﬁ%ﬂjﬁ?"fsbi’" G‘%‘é neighbaring,r esent
i nvent i oo @eH| %dﬁ@awreﬁlbgéht?@%n gl’neémm"ﬁ hiis, Wi §lchande-rédtion Waulipe++ + 2 H20
20 It 1s not eg that, even i is used as the source of nmagnesium i ons,
when thiwrtesas xed with vvater itwill be substantially converted to
nmaggesi um hydroxi de, MJ(OH) 2, so thatthe sanme exchange reaction would take
pl ace in | oadi Eg t he magpesi um i Qné‘&g,nodé g ion exchange nmedium In one

rdfibv ef

embodi ment , QARHAF Mdbns™ (F8€ ncl ude aluminum In one 25
enbodi nent, the meta|, ions to be removed inclyde alum num, iron and zinc,
and al | (W!;i whererhaMar exasatrodesd asMda@H)miedws ionsigould ¢p '3} thenbodi ment ,
the ety rﬁ% 18 form! £ARIERHeS BEVAEE HROUThi e Mrfai%ﬂch&h@rméétmnbor on,
cadm um ca cerium copper, gerimanium hafnium irg thanum

| edd, nllﬂl{@éﬂpaﬂm tsiiemexchangrimemymden yse dnthePressht 'PWH"O“HOP'QRQQLWH €lungst en,
yttriumasgl nc, zirconium and alloys or m xtures of any two or nore of

2 (-COOH) + Mg(OH), = (-GOO "), Mg™" +2 Hy0

20 It is noted that, even if MgO is used as the source of magnesium ions, when this is mixed

with water, it will be substantially converted to magnesium hydroxide, Mg(OH),, so that the

- same exchange reaction would take place in loading the magnesium ion onto the ion

exchange medium.

In one embodiment, the metal ions to be removed include aluminum. In one

25 embodiment, the metal ions to be removed include aluminum, iron and zine, and alloys

or mixtures of any two or more of these. In another embodiment, the metal ions to be

removed include aluminurn, barium, bismuth, boron, cadmium, calcium, cerium, copper,

germanium, hafnium, iron, lanthanum, lead, nickel, niobium, scandium, silicon, stronfium,

titanium, tungsten, yitrium, zinc, zirconium, and alloys or mixtures of any two or more of

30 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




30 these. In one enbodiment, the netal ions to be renoved include any of
the metals commonly used in sem conductor processing and devices. The
exact mechani sm by which the nagnesi um | oaded i on exchange medi um renoves
the netal ions fromthe recycled oni um hydroxi de andfor salt solution is
not fully - "known. "Al t hough not to be bound by theory, it is believed that
it is not a sinple ion 15 exchange process, because the nagnesiumions are
substantially not rel eased fromthel®ion exchange nedi uminto the onium
hydr oxi de and/or salt solution being purified (if this was the case, the
resul ting oni um hydroxi de and/or salt solutio | d,still contain
unwant e @x¢hangs prosgsshbRRFHSH he r@@ﬂ”ﬁé‘“lﬂ&ﬂ?@’%%ﬁ?ﬁ”&ﬁ%& nof rqliesasgtp]ﬁ‘glaﬁﬁ‘? hat in one
embodi Mgt exofiarddSndtRirlntd P8 Bkl RRboARA aha/or bt ItLGME paNied(fddsl/ or - sal

np

solution forma conplex wth the rragne3|ftlm|?ns n the |q@ exchange nmedi um
as the wasdhe lspen, dite crsulting/anium Jydroxide apgiop salf Solytian, wauld, st Rtalh e ™ o

exchange,aeabiiBhin ARG HBHE Be Wbl HyRtedRy, R BtRéught MegRbhesmbddimdntscussed i n
the background section, standard, previously kn?vvn groces{{s{g{a for. 10
redycl i the melaliensgisrober dethgeajus hsrddeandlpr sahsolytion forma comrlex Wil e t o

attain e g@%sﬁﬁﬂ'ong%itﬁé’ iondxEhadrgeRddidrk 4 e bikif Hyaloxideendablaltt o attain
Go7e 1 of net al

the desire enova lons.” |In sonme cases, regzl, I&d oni uEn hydr oxi de
and/ or selutions isl paskeshthreugit the fomeXchARgS He@UMJE accyranGs 'f?&a ELHE " i 11 on
(pPpM - kRe cases, |lower |evels have been attained. Thus, in one

enbodi ment,  the oni um hydr oxi de and/ or Srat sol utioB to be treafted in the
process of s dispsyadin bigbackarundisgriongHiandard PRVIGHE KRN 9SS Rhout 100

Pajd  Peledibiing! AUNOhydi®d arldiitSalt B6ILRINs havd At Hedy ablb o atdinitheatestred ough t he
i on exchar{ge medi um | n anot hﬁr en‘qofl mtfh he oni umih dr %ﬂlide and/ or
salt solUfiyoand i pagickirphaveNat Reehablp %%Eé'é Griepies ML MEHVER i on
cont ai N§, §drdTtA8 Ubcykiddbrite® iidrddP@itvsrisaltreslations @bstaiprmetals iroetdess t r eat nent .
In other enbodi nents, the Tst al cont eint may g]e I gwer ’ ere&i qu@%I Thus, for
exanpl e of 10pars PSRMIliPNKORIA b IR SRME FRFESOWR IfvVelsdiaye PEF MBS P83 d may
cont ai n ;a8 eAFBYIMHenGhTnRIM hytiRdkideadndneslt soyutibh e tspteitdd inditd mosessefjui red for
nmetal content, e.qg., greater. than t of | um ...S noted
Chik, | Agree RsgueRaAr arsiem Soibrs erra R et e il By heebiohd {2 dar o
recycl i peofs pasHRfRe sQutictrinoagh te idndxchafgeninsliunet llanbwesepbodmento use of
the process of the present {nvention I ' attain
the | ow'MS%0R¥E Iygrogggaqqqzog|sg|tﬁgﬁ§%?0 P‘%]?fgﬁ%@ﬁ%%%’é’%%‘f B‘Iit}l?lgcﬁggsléﬁq hydr oxi de
and/ or  sdkhticicdontdinsrironpatizeit 1 tie eladutd0 ppmtof metal Ese priorde Juetseatngntpie- t r eat ed
tor em)\é errrgaw%gdih%qt%, %g%ggltc%hfeﬁp l%a?bg \oWer or higher. Thus, for example, the
20 onium hydroxide and/or salt solution to be treated may contain an amount greater than

aflowed by the specifications required for metal content, e.g., greater than about 1ppbof

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
25 obtainable herein. In one embodiment, the onium hydroxide and/or sait 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.
30 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



particles down to a content in the range fromabout 0.1 to about 100 ppm
As noted, in one enbodinent, the present invention can attain a substanti al
reduction in the nmetal ion content of the subject onium hydroxi de and/ or
salt solutions. 30 Thus, in one enbodinent, the oni um hydroxi de and/ or
salt solution collected in the process of the present invention conprises

about | part per billion or less of netal ions. |In one enbodi nent, the
oni um hydr oxi de and/ or salt sol uti on'&ol | ect ed conprises about 0.1 part
per billion or less of netal ions. In one enbodi nent, netal ions are not

detectable 16 by standard, currently avail able agnalytical techni,gues in
t he oni ubbfﬁ?‘%ﬂﬂﬁ%i%l@'e'aﬂwg“ab@a%a'ﬁ'ﬁ%ItQ\:thGHe%@I ey ?'l??@?ﬁ@gféf Bﬁlgss of the

pr esent édﬁﬁ%@tcb%ed ﬁbdﬁg% I?%yggbmgtp;esbhﬁn@mgﬁn hydr oxi de and/or salt
y

solution to be treate e resent process, confains no s nded
particles, iinengembediment g %Wgﬂﬁqme%&ﬂh’é?‘%??‘&lon t%g%ﬁ?%tﬁgigﬁ'?eai ni ng

mat eri al @sﬁﬁl@ceéﬁoﬂ%ﬁmﬂ?éﬁﬁ% partifl6s, I @foitar, id\eassdnaBd bartioles of or t he
purpose of renoving suspended particles, e.g., turbll It'P/ due %FEOS fine

par 3 c| emetgl-corsaiaing mefgralss Thys, mansenhegige g?ﬁ%ﬁ?ﬁ% Vo RN FBHE ment, the
present b@ggﬁ%@?ﬁﬁﬁg? rsﬁgq&»ﬁs%d §é&ﬁ!5||e§,_tbf.@.! iridity duiét tol finel parilds @i mbtal f or the

pur pose 0 ssolved netal ions down to the indicated | evels. 10

g . r
I n one eoxidRsiaTBWer melebcamnoundseRsErakodimentdhe present SYETNANGRNERTAPBYE ses
t et ranet ych iRy, B ihi&%ﬁ:éhlgﬁarlihﬂ‘ﬁ%ll)oserof RmbVihgStsbivedimetal Bnoaewe tpodi nent ,

the oni um'hh/’_drom de and/or salt 'solution consists essentially of
t et r aret gl lgygls-hydr oxi de and/or salt; that is, in such an enbodi nent,

t hggoni um hy gy asred@nadint, SRkt ohin R0 WRARY KX s6latichn GbRiprises t
solution is tetranethyl amoni um hxlg{]é)mge and/or, salt, 1? | t hough t he
oni um hylgkemPRYABTAGI Birexde (WA ony MAGTl PRk iRisemPodinenh IR s. A

present , oriiihHhyidoxitied Bhdor S8IE| sbidtidrh Qossists GRBehtialyo bf itsteinsdthylaramoniuresi st
devel oper an al kalinpe etchan

bl G WL N RO M 2y T A
sol ut i onhe @Rl MidRskidl siRIRresitsoitionlis fetramethglampiontinniydr@ideamy/orsaty a weak
R D e . s
exchangepres@] TNARsiIdéleseaion thieisemicondyutar ridustryragmesistidevielipsr arcbant act i ng
t he mg”&ﬁédﬂéﬁnh%ﬁ;‘ﬁ%ﬁt_ I on exchange nediumw th a recovered
Thus, in one embodiment of the present invention, a process is provided for
recycling a recovered TMAH solution containing dissolved metal ions, comprising:
20 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 jon exchange medium with a recovered
25 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 andfor salt solution, wherein the
collected solution contains a second quantity of dissolved metal ions smaller than the first
30 quantity. 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 guantity, and in one




25 tetranet hyl ammoni umhydr oxi de and/or salt solution containing a first
quantity of dissolved netal ions, wherein at |east a portion of the

di ssolved netal ions are renoved fromthe tetramethyl amoni um hydroxi de
and/or salt solution; and collecting a tetranmethyl ammoni um hydroxi de and/ or
salt soluti'on, whérein the collected solution contains a second quantity

of dissolved netal ions smaller than,the first 30 quantity. As descri bed,

in this enbodi nent, the cycled oni um' ydroxi de and/or salt is a TMAH or TMA

salt solution. The TMAH or TMA salt solution initially provided for
processin nt aj ns i rst _quan ved i . as a
resul t OP%PH@ {9@‘8%(’0@[’0"%% rﬁ'hﬁ%%‘lf%éeﬂ'ﬂy%?ﬁ ?'Pp’g?}“g%%@@ﬂ?‘gw educed to
a SeCOﬂdspécﬁmﬂorQlﬂ@mlsﬁoWQdMIlcmteme 17 errbodl rrent t he second | ower
quantity 1s suffici wto sapisfy sem cqn

speci ficati o W%?f“ﬁ?‘i'g%w I%ﬁng‘a'&?,{? mi5 ?f"' @%‘%’ﬂ-ﬁiﬁ%{d B i on
ex?: hange foimiig$tapi the bélatitrcboniprising maghesiom &md (ljS piaﬁbéltthrrldmﬂrhhm@?lmham & he

sol ution_c nesi i,ons |s sse r t he .col,umm

Frret o Retieslinang it B pRRac B e oo e AR SRR TR o
hydr oxi dgalegshitivnh is pabseziohhttiughihé eolpmasned stebmwgikedtub@ oppdsitatto mne firssecond
directi oa %ﬁgom te to the first direction. In one enbodi nent, the colum

is rinse 'hassing a substantially netal-free tetranethyl anmoni um
hydr oxi de andh @he a&iHodeutth@aommans tileedi mmmb@gmstmdallymeﬁatkee 10 the

i on exch Lumi.s Wi t e sol i,on nesi um

i ons andgﬁgmﬁgwqwrﬁgﬁ ﬂ{g”%s?'ﬂ"ﬁ ’8”%‘?{ \Pé? 8"&%& 'H%q ﬂ(}\ ni um
hy droxi dgeddit@hargR! rhediaf istohtanted Iwnth dnoddhdion eotpidsimeEmagnesinen |pn@ams s for
recycling.a,recovere t rarreth a ni_u dr oxi d nd/, ol ution
cont ai ni ﬁ'ﬂf’raﬁ) o‘fqpéiﬂgﬂ%f”i theoﬁago %AT?[@WSH? o ﬁy%axugg 3@5?@?& e weak
aci d i onsetihange nedi um and | oading the ion exchange nedi um ont 0 a

col um; prOV|d|n sol uti o npL,l si n um.| or

magnesi um | o oﬁﬁ’ Xt °r9n diﬂ{?m @%Cg%t g%'Jtl nFQchﬁé |°{')n exc ange 20
medi um vxieh*hmbth@la&mharﬁurmr!nymmpe iagdfog salb goletidrucontaning Wissolkeed mata isnd ut i on
corrpjri Si ﬁ%udéragnem um i ons passes through the colum in a first direction;

ri nsi ng i"on exchange medi um by contacting the nagnesi um | oaded i on
providing a carboxylate weak acid ion exchange medium and loading the ion

exchange medium onto a column;
providing a solution comprising magnesium ions;
forming a magnesium-loaded ion exchange medium by contacting the ion exchange
20 medium with the solution comprising magnesium ion, wherein the solution comprising
magnesium ions passes through the column in a first direction;
rinsing the ion exchange medium by contacting the 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
25 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
30 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 sait solution after the
contacting, wherein the solution collected contains a reduced quantity of dissolved metal




exchange nmediumwith a substantially netal -free tetranet hyl anmoni um

hydr oxi de and/or salt solution, wherein the substantially netal -free

t et ramet hyl anmoni um hydr oxi de and/ or 25 salt solution passes through the
colum in a second direction opposite to the first direction; contacting
the rinsed magnesi unt | oaded i on exchange nediumw th -the recovered

t et ranet hyl ammoni um hydr oxi de and/ or salt solution, wherein the recovered

t et r anet hyl ammoni um hydr oxi de and/ or #halt sol ution passes through the
colum in the 30 second direction, wherein at |east a portion of the

di ssolved netal ions are retained on the ion exchange nedi um _and

col | ect i nipns.has destritedeinliyis emhedinant thy eycisd ofimahydraxidesandior saitige ThAtaf t er t he
contactin L ' | ity of

i ssol veddhDHAREE sBufdE FRs AR or AR it ELAERThRINBIAAS K BB )

odi um hydeantaiosea dirstl quantisy bt dissohed Tvtal long artvias satesult of e ipsacess REtMVAH or
TMA salt . "l bl klal ' p, S i L] St
quant; ty” SROREH YR isf bty ¥ hetRed 8 aD¥cGR gy Qﬁﬂ*ewmﬁé@?e@s%% this
enbodi menembodimert; the seapre tawer guandityissutficieotiy low to satisfy aenicoramstor indudiny ty, and
In one 5 ' rquantityis sufficiently low to satisfy
sem condu%ﬁ%tﬁgg rr@gggggwgé@%hs for dissolved netal content. As

di scussed abovis discussedmboesrirominessmbodiments, fhegecayerad telamethgampoaidmoni um

por 1+ BRGHEY agbftioeh ol f BorifHt o HlO 3 8tkut lod ghit b RHtlort & DA

col | ect edmétl t gtiorantet Hhe arireatmanty hardr dxi deman cyraodiments,s dheit iCQ’llﬁQtQﬁrrpri, ses
b | st _ T . . ; is.

" essl0, hahEloBfighinidrh ottt Ehion bfigiscd Aol BB GG o0 S,

exenpl ar yleps ofoeets! ibrs, and i sarmgenbadinenta dessdharchi ppb of metal p&sent i nventi on,

and is pr@érﬁ@%ﬂj_ﬂrﬁﬁgé@gpl ary, non-limting purposes. 15 Resin: CNP-80

Bayer AG cofum, vertically oriented D aneter. 2.5 cm Bed
Hei ght: 50 cmThe Z@loBég Wairuexemplary paaegss for carrying out an embodiment of the

present invention, and is provided for exemplary, non-limiting purposes.
156
Resin: CNP-80 Bayer AG
Column: PFA column, vertically oriented
Diameter: 2.5 cm
Bed Height: 50 cm.

20 Bed Volume: 245 cm®
Magnesium hydroxide:

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

25 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 mifmin to wash the column and condition it for the recycled TMAH which is to be treated.
Metal Removal Examples:

30 Aliguots 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
columny) per hour, Two columns are prepared as described above. The same column



Magnesi um hydroxide: 32 g. Mg(OH)2 is added to 2 liters of water and m xed
with magnetic stirrer, formng a slurry of magnesi um hydroxi de. The slurry
is circulated through a filter into the columm in an upflow at 30-50
m/mnute until the slurry becomes clear. 25 Pure TMAH wash: Fol | owi ng the
deposi tion -of nagnesi um hydroxi de on the colum, 500 M of a 15% sol ution
of pure, netal-free TMAH i s passed fhrough the colum in an upflow
direction at 2 m/mn to wash the €olum and condition it forthe recycled
TMAH which is to be treated. Metal Renoval Exanples: 30 Aliquots from
several different solutions of recaove : ated by
passi ngwé%tﬁ??dtfﬂ"r%kfé?ls%{“ﬂlﬁﬁﬁh% g €88 0@5%%%9?@{{?%%%&@?&@? 0 ggs above, at

a flow and avithbuta rakidR batwden sucdeativaisanpled ihreaoh) respedtivdiséts about 0.5 SV
(specific volune of the columm) per hour. Two columms are prepared as
descri bBesWisve. The sane columm 19 was used for all the sanples shown in

each of the tigpR $ahsws] fores fitst cohmiroveti up Eablisssrited ababe? thenisamplét

regenerati on between successive sanplges in ch.res Resul ts:
Ta%l e |idgpfifigation; the va*um%?a%bﬁampf? 'E@?‘ﬁﬁ%& ‘Q?qﬁ%g%?’f‘ﬁ'gﬁec 5591 ot\j‘:;\aet,ﬁ’g:t tal sanple 5
i dent i f{@@hé Beachd6t FRakPRsYassathroagirhecoluntrr, drulMAH ansay, theenetel umm, t he
cunul ative total volune in each set ?{)l sarrlgl es gascggagwtagp%gptﬁehe col um,
the TMAFPNESRtERions prfoteand)afteppansidraygiihg cplumg, A5 &, %67 padsi ng t hrough
the col gathod HBthk Bre@btfveptichRamidly renidves metld fah the redoeerpd emediicléchvent i on
efficiently rempves netal s, from¢t vered ,or. recycl NMAH_sol uti ons,
to prov-irUé}f‘a splybons, 48 pigIdey 8e BB @%i Eﬁig’ §'sea? oPe s ‘h(ﬁ g(fesg-'g@ of
?ei[gi: Cogéérﬁib&mctoﬁs,ﬂa%swﬁiaw dquiveint toalean purepmetare@iMAH. net al - free TMVAH.
able 2 shows

for a second col set _up b sanpl e

i denti ficat G % AROWS IR 58?0'5};@“@%&%‘1 h %%t(fr%g el £t ‘r’m‘?’g‘ﬂ%%g"‘foml unm, the
cumul at jqegtificatiat, thewelubigif bacreamiplsiatrodubed mtrpihe solpmp sthel curwlatiMgtiotehe col um,
the TMAH assay, the netal concentrations f HRAsSsizaNg t hrough
the col Ygiyme }Sgeqc‘s" sgf &Eé;ﬂ"}ple&r%’g? foughg'gl?mﬁfﬁergﬁ%df@gi_it Sgés{o,r( esent. invention
ef fi ci epdrcentrstiony Beforednal aftef passingtierongitibe eplacnorAsrigelparlyeappareaii® ol ut i ons,
to provid rified. TMAH usea ' I NEreQbr reedidgonduct or s,
st anfreleRsTERBrepETaNE o Sk g rioveEmBisls RURERTR e Gr retFee

TMAH solutions, to provide a purified TMAH useable in, e.g., processing of

semiconductors, substantially equivalent fo new, pure, metal-free TMAH.
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22 KKQ KCLaaaaaUto v in o 22 Conparative Exanples The

fol |l owi ng conparative exanples are provided to denonstrate the efficacy of
the weak acid ion exchange nedia as distinct fromeither strong acid ion
exchange media or chelate ion exchalRge media. 5 Strong Acid Cation
Exchange Resin Resin: DI AION(r)SKiB M tsubishi Col um: PFA col um,
vertically oriented D aneter: 2 cm Bed Height: 40 cm 10 Bed Vol une: 125.7
cnB  MagGepiparativedExamiples

The following comparative examples are provided to demonstrate the efficacy of
the weak acid ion exchange media as distinct from either strong acid ion exchange media
or chelate ion exchange media.

5 Strong Acid Cation Exchange Resin
Resin: DIAION® SK1B Mitsubishi
Column: PFA column, vertically oriented

Diameter: 2 cm
Bed Height: 40 cm.
10 Bed Volume: 125.7 cm®
- Magnesium hydroxide:

400 m! of 5% MgS0, .7 H,0 in water is charged into the column at SV=2, which
is equivalent to 2560 mi/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

15 the column at 8V=1. The following results are obtained:
Fraction Volume Al, ppm
1 275 mi 5
2 275 ml 8
3 275 mi 7
20 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
25 Column: PFA column, vertically ariented
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

- 30 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 obfained:




400 M of 5% MgSH.7 H20 in water is charged into the colum at SV=2, which
is equivalent to 250 m /hour. Afterwashing with a pure, netal-free 15%
solution of TMAH as descri bed above, a 15% sol uti on of TMAH cont ai ni ng 10
ppm al um numis charged to 15 the colum at SV=1. The following results
are obtained: Fraction Volunme Al, ppm 1 275 mM 52275 mM 6 3275 m 7

20 4 275 M 55 275 mM 7 (Note that e Al concentration is in ppm not
ppb). Chelate Resin Resin: AVBERLI TE(r) | RC747 Rohm & Haas 25 Colum: PFA
colum, vertically oriented D aneter: 2 cmPreparation: A slurry/solution
of 500 m wat cont ai Pl 10 g OH)2 is mxed with 65 m of the |IRC747
resin, and m Fea(fﬁ?rh a p{))! %Fy ev%lb rator until the turbidity of the
slurry/sol ution130 bec®sfwt al no240 cl ear. The conbi ned resin and
slurry/solution,is cha? ﬂl i nto3§8he colum and rinsed with a pure,

metal -free 15% "FNAH sol'ution as descri bed above. A solution containing 15%
TMAH and 1000 ppb (1 ppsmbf al24® numis charged into the colum at Sv=1.
The gol lowi ng results g.éserm)bt ai : 23 Fraction Volune A, ppb 1 252 m

220 2 270 M 350 3 2 240 4275 mM 300 5 155 m 900 6 270 m 730
7 175 m 560 85250 m 1&0ml 900
6 270 ml 730
7 175 mi 560
8 250 ml 60
10 9 97 mi 160
10 152 mi 330
11 190 mi 490
Weak Acid lon Exchange Resin (according to the present invention)
Resin: CNP-80 Bayer AG
15 Column: PFA coiumn, 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

20 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

25 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.

30 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, thatis, when the treated onium hydroxide and/or salt solution obtained as the



10 9 97 m 160 10 152 m 330 11 190 m 490 Weak Acid |on Exchange Resin
(according to the present invention) Resin: CNP-80 Bayer AG 15 Columm: PFA
colum, vertically oriented D aneter. 2.2 cm Bed Vol une: about 74 cnB
Preparation: 74 ml of the resin is charged into the colum. A
slurry/solution of 1000 m water 20 containing 14 g. My(OH) 2 i s passed

t hrough the colum until the turbidiyty of the slurry/solution becones

al nost clear. The conbined resin and slurry/solution is rinsed with a
pure, netal-free 15% TMAH sol uti on as descri bed above. Eleven liters of a

sol ution_contai ning ,15% TNA : Of ' s charged
into t hefuet lﬁrﬁ‘ﬁ'ﬂ‘h? Mﬂ%ﬁe%%ﬁﬁwﬁ%&é%ﬁgé@?%hd?‘o?"t?ér?’gmeéfq,?fefgnt 25 1is
| ess t hedloukh~ it ifae bebmmatted ariddhe colmi isregrnerates. | In pthes embodidedifer ed 18. 5%

TMAH sol utjion, containing 520 p f ' ' SRtk he col um
at Sv=1thetie aéwﬁﬁﬁ\?ﬁﬁeégﬁﬁ‘éﬁ{“r"%&r%'ﬁeg% hftdﬁleigllégﬁ%a%ﬁt 'S rfn(li;'gag%tgﬁgdn 2 ppb for
the 10 bjb@eeritdth ddieiminedRegiheepatatarnsuch as by calnWatiimesibe tot qUaRiik aci d i on
exchange nmediumi s, r nerated as, n e ' . needed"
s ot oFfAl HgProlean BPaSRed (L i ooy opoEq BRI o onip el el

t he trepj@ehdsunianersattioriodshaving/knowsadestirsated toadingstfidissnived metal ines 24
effluent fromthe colum begins to show an increase In the netal ion

cont ent 10 RHEMMBLAK. t hr ough” poi nt has been reached and the colum is
r egener at ed.in |gheOérhisodimentiothienwerks acid tibre exdhangameiine lis regeneratad BY:i d i on

dot o i HEAsY 01 5 pEAHle gpe Do o e GEPEfipR FERerddsh MORBLETbL T 2 1)
- of |gTet akerhdvaryraétaidand, inclieimgshd megmesium bheusssl tariniialy prepgesihe golimdat ment s of
o AR AR RN R Ry oo
exchanga somébruol dne dor egenef latdesthloyic acid, sulfuric acid, sulfamic acid, suifonic acid,
phosphoric acid or nitric acid. In one embodiment, the acid is hydrochloric acid. In one
embodiment, the acid concentration ranges from about 1 to about 10 percent by volume,
15 and in another embodiment from about 3 to about 5 percent by volume. The amount of
acid used to regenerate the column, in one embodiment, ranges from about 1.5 to about
4 times the calculated equivalent weak acid content of the column, and in one
embodiment, from about 1.5 to about 2 times the calculated equivalent weak acid content
of the column. That is, the amount of acid used is determined based on the calculated
20 number of weak acid groups based on the type and quantity of resin packed in the
column. For regeneration, the acid solution used for the regeneration may be passed
through the column at rates up to SV=4 or SV=5. Higher 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
25 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
30 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.




treatment with a suitable acid solution. The acid solution regenerates the
colum by 10 renoving netal ions, including the nagnesiumions used to
initially prepare the colum. In one enbodinent, the weak acid i on exchange
mediumis regenerated by treatment wit®5 a solution of one or nore of
hydrochl oric acid, sulfuric acid, sulfamc acid, sulfonic acid, phosphoric
acid or nitric acid. In one enbodinent, the acid is hydrochloric acid. In
one enboWhatid clairhed &:i d concentration ranges from about 1 to about 10
percent by volume, 15 and in another enbodi ment from about 3 to about 5
percent by volume. The amount of acid used to regenerate the colum, in

caui val enl RE SR TEP Ranb @b Hirethyeb ekl 18tk #h bBITEY RGN 7 o

about 1. 5salbsalbbon, mprissgt he cal cul ated equi val ent weak acid content of

the cal um. That | t he gmount, of acid used. is determ ned based on the
cal culPat ed 20 NOMHIY IWERGRCIG PR CEFRNEE MEEBENON the type and quantity of

resin packed iprolffing @¥oiidN gﬁﬁ?ﬁ%gﬁgﬁéﬁéSﬂ% ibhe acid solution used for

the regeneration may be passed e coluni at rates up to SV=4 or
SV=5. Hi gher oiormingsa magresiunmlodded badexchahgb onediutrhiey ebhiacting the ioh t he

t] be .reduced. |n one embodiment, th k acid i h
redi um 1 <PRMATEY EQLEr WS he sBLPRE STREE Maoeate! TaSaccor dance i th Che
present i nventwﬂacﬂrg; magheﬁm@aﬁa@a%n ekéreantRAheafrd v&imﬂaﬁﬁﬁ{&ﬁ{gge

medi umis regenerated subsequent to its use in accordance wt present
i nventdi orydsaxidafansion sait selyiercantaining e fustaytandity of tiesolved ssetdbionadi ng,

vent  onRre T A0eE8: ARBFAOTEFnetubalfy Ol FRiiab{ A iOred Masti oy 30
enbodi mendrdumi tiydrexitle drel/omskdr sdlotieh tdmat vari ous nodifications thereof wll

become apparent tqQ those skilled in the art upon reading the
speci fi cat i on.ColgEHRY Sreonjum hydroxidesandipgealt selgtion péer thecontaeting, on

di scl ose | fhd Shlliff | L L&t -of |, within
t he SCOp?lﬁ)’fﬁeﬂ@éﬁ%%@ﬁﬁﬂ%&é&%ﬁﬂﬁ{s %g?orﬁﬂgag%gﬁgéé%%pﬂ%d rh% ocess for
r enoMiSng idns solalledtheet thie firsingudntibyn an oni um hydr oxi de and/or salt

solution, conprising: 5 providing a weak acid i on exchange medi um
provi ding a solution conprising magnesi umions; form ng a magnesi um | oaded

I on exchangmemdichss BY it okiihe chRPrisRY loading the ion exchange medium
onto a column.

20 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

25  the ion exchange medium.

9. 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

30 hydroxide and/or salt solution.




exchange nmediumw th the solution conprising nmagnesiumions; contacting the
magnesi um | oaded i on exchange nediumw th an onium 10 hydroxi de and/ or

salt solution containing a first quantity of dissolved netal ions, wherein
at least a portion of the dissolved neg@l ions are renmoved fromthe onium
hydr oxi de and/or salt solution; and collecting the oni um hydroxi de and/ or
salt solution after the contacting, wherein the solution collected
contains 8. PR pRébessamidldivn olviremah¥edigibalonidi HyRRSGGTBLR dafian the
first quantity. 2. The process of claim 1 turther conprising loading the

i on exchad@utiaRgpmpriseatabout & parhper Hitios orfees pirroekdsonst claim 1 wherein
the step of providing a solution conprising nmagnesiumions conprises

di ssolving MJO and/or Mg(OH)2 in water. 4. The process of claim1l wherein a

quantity of Thegresissrofictin 1 aadesinant @niute hyt AiXi®x SRARY SRS M S
substantially .stoichionetric with available acid sites on 25 the ion

exchange FYAPURSS 8N apHBOp UG Bydraxide-ang/ar sakiher ei n t he oni um hydr oxi de
and/or salt solution conprises fromabout 0.1 to about 100 parts per
mllion of netal ions prior to contacting the magnesi um | oaded ion
exchange 8ebhepradesh df otaion? wineddiniid moxhdeiuantydroxisie! Andyet silt on. 26 6.
The process_of. claim erein the Ccﬁ'l | ect ed, oni ym hydroxi de and/or salt

1 [
sol uti on TYHBFPERR t%%%ﬂ%f”m??wﬁb?v Prideandder salss of netal ions. 7. The

process of claim1 wherein the onium hydroxi de and/or salt solution 5
conpri ses an ammoni um hydroxi de and/or salt. 8. The process of claim?7
wher elith t%eTfmmme@mqwéiw8 wheseid/tbe alial groupsmunisise mettatl gaalgey| anmoni um
hydr oxi de and/or salt. 10 9. The process of claim8 wherein the alkyl
groups conprise nethyl groups. 10. The process of claim1 wherein the ion

exchange tRdihepictekaf @AMt Whareif dhe!h dthahBetheqilial @18%&@8@% ution

conpri sing magnesiumions is Eassed_ through the colum in a firs
di r ect i oncWaNiana indhedatraiogithg sohiopraanmprisjng maghesiLdn sont ismpasakd sol uti on

ij;sr ggf?gﬁk%&f%@ SHEmnTh Wkt Hir@ct?o‘?\cé)ﬁ]odindtjh{aec%tnité)crfin(g);ptﬂgsointluem ﬁy%rcht?gef rst
15 and/or salt solution is passed through the column in a second direction opposite

to the first direction.

11. The process of claim 10 further comprising passing a substantially metal-
free onium hydroxide and/or salt solution over the ion exchange medium after
20  the solution comprising magnesium ions is passed through the ion exchange

medium and prior to the contacting with the onium hydroxide and/or salt solution.

12. The process of claim 11 wherein the substantially metal-free onium

hydroxide and/or salt contains about 1 part per billion or less of metal.
25

13. The process of claim 1 wherein the ion exchange resin comprises

carboxylate groups as active ion exchange moieties.

14. The process of claim 1 wherein the metal ion includes aluminum, iron and

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




11. The process of claim 10 further conprising passing a substantially
netal - free onium hydroxi de and/or salt solution over the ion exchange
medi um after 20 the solution conprising magnesiumions is passed through
the i on exchange nediumand prior to tHé contacting with the onium

hydr oxi de and/or salt solution. 12. The process of claim 1l wherein the
substantially netal -free onium hydroxi de and/or salt contains about 1 part

per billi o5 e pRstesefof BRiiM 1 wherdia thd Reetal iBASSSUSEs aludhiRlih, WAGUAI N the ion
exchange resin conprises carboxylate groups as active 1on exchange

noi et i es. bigmutirkorgnosadiyiusm, ealeiim, tetkdey. sppPehgervaniun drafiive, lites

al um num 4l 0.:Z1 J4C . @F r..4m res..of .two or nore of
t hese. 27Iah5%h@ﬂ’ge%$’o%'é!§§’ BP%ér}ﬂgfén%%rﬁr %'F%&ﬁ%' %RBPEH* z%Ip%ﬂurinncl udes

al um num tupastemmyttribims zind) zirberiom, anddifioysior efkitire8of S8 PG or BRPEDF .
germani u haf nium iron, |anthanum | ead, nickel, niobium scandi um
silicon, n@‘@?@nti um titanium tungsten, yttrium zinc, zirconium and
all oys or m xtures of any two or nore of 5 these. 16. A process for
recycling a recovered tetranethyl amoni um hydroxi de and/or salt solution

cont ai ni ntf.dh psatessdoneacycling asecoweTpd itsiramethylavirtinign dydeatda@and/dron
exchange i . 10 ovi din spol ution conprising magnesi umions; form ng
a nagnesi%hﬁf?(gﬁ CPE '@Q%ﬁ&%&@%‘ﬁ@@ﬁ IHYE: CBAPAGHIN%g the i on  exchange

nedi um wi th t herosRiing bl HOABHIISH Blc Sledilrhons; contacting the

magnesi um | oaded i on exchange mediumwth a recovered tetramethyl ammoni um
hydr o de and/Riovishing assilutidnoeproprisind magpesidmrisns; 15 quantity of di ssol ved

netal ions, L t_least a portion of . the dissolved netal igns, are

r enoved from%tﬁi'&gmqﬁﬁ' T %?%W&Pas%@mb%a?@t%ﬁ% § ¥R and
col | ect i ngkchahgerasBLRY WERBE Bt Somp i AtHgPEseA lors0! ution, wherein
the collected solution contains a second quantity of dissolved netal ions

smal | er 20 t IRANtaging thesmagoesivm-lpaded iomrschangsemedisim stithian 16 f urt her
conpri si %ch@r@Hr}gtrEH?etﬁﬂQm%&maﬂﬁ?ydroxide and/or salt solution containing a first

15 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

20 than the first quantity.

17. The process of claim 16 further comprising loading the ion exchange

medium onto a column.

25  18. The process of claim 16 wherein the step of providing a solution comprising

magnesium ions comprises dissolving MgO and/or Mg(OH), in water.

19. The process of claim 16 wherein a quantity of magnesium ions loaded onto
the ion exchange medium is substantially stoichiometric with available acid sites

30 on the ion exchange medium.




medi umonto a colum. 25 18. The process of claim 16 wherein the step of
providing a solution conprising magnesiumions conprises dissolving MO
and/or Mg(OH)2 in water. 19. The process of claim 16 wherein a quantity of
magnesi um i ons | oaded onto the ion exéhange nediumis substantially
stoichionetric with available acid sites 30 on the ion exchange medium 28
20. The process of claim 16 wherein the recovered tetranethyl amoni um

hydr oxi de2enthepreedss sf@laitr 06 wiHemini tHE Seddvei@stiimBthlidrindhalt 100 part
per mlljon of ms@le{/gri or to contacting th nesi um | oaded 1 on exchange

medi um  wVEroxgle a ?%éOMPHmmwﬁﬁfgﬁmiagﬁﬂnﬁsdrf@@tuwtém/mﬂ el t
| ution. 5 i : o | | ect.ed .
Cot ranet e of eS8 cBlading it HedRiGh ordh B8] pRHeBEe metitmy par

per billi eithdhe ress/eréd tetrarhethyleramgnamn hiydraxides and/or Balt selutiohon t hr ough

the i on exchange nedium 10 22. The process of claim 16 wherein the ion
exchange mediumis | oaded onto a colum and in the form ng the sol ution

CONPr i Si NG1 "RGE BRddeBsi A aibrS1 H AhERstn thd LOMSed ?&r&ﬂém@ﬁoﬁﬂw St

direction and in the contacting the recovered tetra anmoni um
hydr oxi dehygi@xisie arud/or salt aciutian icompaissedbht ®yegint pérebillionlariess of raeggcond

direction osite.to the first direction., 15 23. The process of claim16
further c%‘Eﬁ‘?"éﬁeﬂgt"pB@%?'ﬂ% ﬂ%%ﬁglt“ﬁﬂrﬂ ?*HPHQH&%? éﬂ”—?’F‘g’@ngPéT‘?aWﬁ-hyl anmoni um
hydr oxi de and/or salt solution over the ion exchange nedium after the

sol ution conprising magnesi umions is passed through the ion exchange
nedi ul and2 pthepracessmd claim He wiheteinithe ianhexahengeenediupois loaded onto a

tetrameth ' ' salt solution. 24. .The. process of

ol ai m 23 S i RPN EN Mont b et et g imRames

hydr oxi dethaoulftothesedltmeointzafitss drbetitn dndar thesdntddting ®@ reeovdegs of netal .
25 25. The process of claim 16 wherein the ion exchange resin conprises

car boxy| at€&apeiyanyecnitim hydroxidecsndiansalt selutien isspassed through the

column in a second direction opposite to the first direction.

15
23. The process of claim 16 further comprising passing substantially 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

20 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
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

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




26. The process of claim 16 wherein the netal ion includes alum num iron
and 30 zinc, and alloys or m xtures of any two or nore of these. 29 27.
The process of claim 16 wherein the netal ion includes alum num barium

bi smut h, boron, cadmi um calcium ceri2m copper, germanium hafnium iron,
| ant hanum | ead, nickel, niobium scandium silicon, strontium titanium
tungsten, yttrium zinc, zirconium and alloys or m xtures of any two or

nmore of 27 'he$Sprocd8s of\ cRIMCRSWhERSIN RIRS WEthINEn ndl 84SV SIBHInum, barjum.
t et r amet hyl anmoni um hydr oxi de and/or salt solution contalning o|| ssol ved

net al i onRiSMEdarenngadpiust.i ¢aleidma ceHHmo 29 PRR e gREMRNAINN chafpineitinange

medi um a i e.. L ORn. exC I nto..a colum: providing a
sol uti onqg(q{rrr%%ﬂgﬁi‘ﬂaé(?m@ﬁ%%i h%@ﬁs@%ﬂﬁ%@%&ﬁ@%‘mﬂ%@d i on exchange
medi um bytuagsten; itrigmy Binc eincorsehangallapsob Mixtuids bMensBVMIbI Bidré @FPr i si ng
magnesi um i ons, wherein the solution conprising nmagnesiumions passes

t hrough t!H&S8olurm in a first 15 direction: rinsing the ion exchange medi um
by contacting the nagnesiuml oaded ion exchange nediumwth a
substantially netal -free tetranethylamoni um hydroxi de and/ or salt

sol uti on,2&hepeigessier sadyslimnairatdyersd tetrarhethylarheioniure thydlaoa® ahafor
hydr oxi de d/ 0{. salt, sal utlon\P sses through the colum 20 in a second

di recti or® SR "?’_éc?'&tafrH@gfjﬁsé"! @m@@'@'m, CEBISKS ng the rinsed
magnesi um | oadg@yvidiiy §64 BB A lidh b?@ar{g%cﬁ’u\éw]&ﬁ’ and Ipading the

t et ramet hyl ammoni um™hydr oxi de and/ or salt sol ution, erein t recovered

t et r dffet Heh&xgbangenmsdivioxdnde saeauion; sal t sol uti on passes through the

colum in the second direction, wherein at lLeast a portion of the dissolved
ol

25 netal ions HPEYH g RRSIBE MAFIESHIE 9R%i um and col | ecting t he
tetranet hyl anmforhing A ysignesilemasadead ioﬁ?éichéﬂgétrhéﬂ!uﬁ{ Eﬁéonﬂaﬁﬁng‘fiﬂﬁﬁ RAt i Ng,

wherein the collected tetranet héul ammoni um hydroxi de and/or salt solution
cont ai ns &xchapgedaegjuanwith yhe solition slopdising magneaisim pms2whemia the ocess of

s e G oG ol BRE BB P24 R ERin d i o exchane
15 direction;
rinsing the ion exchange medium by contacting the magnesium-loaded
fon 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
20  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
25 metal ions are rétained on the ion exchange medium; and
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.

30 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.




carboxylate sites on the ion exchange nedium 30 30. The process of claim
28 wherein the recovered tetranethyl anmoni um hydroxi de and/ or salt

sol ution conprises fromabout 0.1 to about 100 part per mllion of netal
prior to contacting the magnesi um| oad&¥l i on exchange nedium wth the
recovered tetramet hyl ammoni um hydr oxi de and/ or salt solution. 5 31. The
process of claim 28 wherein the collected tetranethyl ammoni um hydroxi de

and/ or sagd. FRd pidceRs P RRINSESwhABRIA tHe @ddve%tet@idnhétﬁglgmmbﬁmﬁa of metal.
32. The process of claim?28 wherein the nmetal 1on 1 ncludes alumnum iron

and 10 zZhyiroxideanad/onsalt selutipx campsises franyabowt G tembeudfl 00 pasteper33. The
¢l ai - . ion includ | uni bar |
b1 ot n, AR bttt % BohiRR G e plrbes i etes e o B i ¢ on,

| ant hanunwith ¢eelredoiveked tetrrmdthymmenieh Hydroxide Mor Salf 8ofutigA) titani um

15 tungsten, yttrium zinc, zirconium and alloys or m xtures of any two or
nor e t hese.

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

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

33. The process of claim 28 wherein the metal ion includes aluminum, barium,
bismuth, boron, cadmium, calcium, cerium, copper, germanium, hafnium, iron,
lanthanum, lead, nickel, niobium, scandium, silicon, strontium, titanium,

15 tungsten, yttrium, zinc, zirconium, and alloys or mixtures of any two or more of

these.




