03 MAY 2005 1 Title: PROCESS FOR RECOVERI NG ONI UM HYDROXI DES &F%GW " 200
SOLUTI ONS CONTAI NI NG ONI'UM COVPOQUNDS Techni cal Field This invention rel ates
to processes for regenerating onium hydroxides from solutions containing
oni um conpounds. In particular, the invention relates to processes for
recovering oni um hydroxi des from sol utions containing onium hydroxi des
and/or oniumsalts using a cation excHange material and a base. Background
of the Invention Onium hydroxides, such as quaternary amoni um hydr oxi des

i ncl udi ng tetranet hyl anmoni um hydroxi de (TMAH) and tetraet hyl amoni um

hydr oxi dEtleTEAH) , RROCESSRGROREQOMERING-ONIUM HYDROMIRES FROM f or nany
years. Quaternary éi&gﬁ |tlum hédrom des have found a variety of uses

including use in @Ng %H'M@%QH"AM FWPMP§M ure. Agueous

solutions of quaternary ammoni um hydroxi des, particularly TMAH sol utions,
have al so been used extensively as a developer for photoresists in printed
circuit board and m croel ect ronrrecﬁmcm Fialgi cation. For a variety of
reasons, it is desirable to minimze the overall anmount of devel oper used
in printed circuit h!jﬁar"mv%mwn nictates| @t protessesi fprf abgemaratiog. oBierway to

mnimze_ the over Jfﬁﬁ!/d.romde deveIo s tor tggwaste
devel opaMaraeer fom Fane pontiabs b RAeS s dhapadicidars
di sposalmpéﬁd%ﬁ PBlatdthid BroCaaks REr ré&%ﬁhgsoﬁ;whyame&d é&‘]%Hﬁj 5BRitioPI C
impurities and nonionic inpurities. loni € inpurities include various netal
cat i ons sudhinitsg audirurhydrokidesi amd/or i erdurmisakis| ysialguei oation cepydmngand
cal cium and, filnl ons, such as halides, nitrates, nitrites, carbonates,
© car boxy| BEkR¥Ial apdta base. Nonionic i npurities include photoresists,
surfactants, am nes and nunerous ot her organic nolecul es. Waste devel oper
al so contains relatively | ow concent rations of the hydroxide devel oper.
Accordingly, there remins undigfathededentionef f ectivel y recover
hydr oxi de evel oper _ip a useabl formso that it may be reused
' Onium hydromdes, such as quaternary ammonium hydroxides
including tetramethylammonium hydroxide {TMAH) and tetraethylammonium
hydroxide (TEAH), are strong organic bases that have been known for many
years. Quaternary ammonium hydroxides have found a variety of uses including
use in zeolite manufacture and polymer manufacture. Aqueous solutions of
quaternary ammonium hydroxides, particularly TMAH solutions, have also been
used extensively as a developer for photoresists in printed circuit board and
microelectronic chip fabrication. For a variety of reasons, it is desirable to
minimize the overall amount of developer used in printed circuit board and
microelectronic chip fabrication. One way to minimize the overall amount of
hydroxide developer is to reuse the waste developer. Reusing developer reduces
the amount lost and decreases disposal problems. L
Waste developer contains impurities including ionic impurities and
nonionic impurities. lonic impurities include various metal cations such as
sodium, potassium, zinc, nickel, aluminum, copper and calcium; and anions such
as halides, nitrates, nitrites, carbonates, carboxylates, sulfates. Nonioni¢
impurities include photoresists, surfactants, amines and numerous other organic
molecules. Waste developer also contains relatively low concentrations of the
hydroxide developer. Accordingly, there remains a continuing need to

| effectively recover hydroxide eveloper in a useable form so that it may be reused




03 MAR 2005 2 thereby minimze the overall anount of devel opgry ws@dsidn
printed circuit board and mcroelectronic chip fabrication. U'S. Patent
4,714,530 (Hale at al) describes an electrolytic process for preparing
hi gh purity quaternary ammoni um hydroxi des which utilizes a cel

contai ning a catholyte conpartment and an anol yte conpartnent separated by
a cation-exchange nenbrane. The process conprises chargi ng an agueous

sol ution of a quaternary ammoni um hydroxi de to the anolyte conpartnent,
addi ng water to the catholyte conpartnent, and passing a direct current

t hr ough 1:0l.¥S| |l to produce a higher puyrity quaternary

L oudh R PGt SVl SrBLBY 4E e it Eeh Sy e,

r ecover eéandfimcroeBerapid ehip floFieatiBfcri bes an i nprovenent which conpri ses

heati ng the quater nar;x_/' anmoni um hydroxi de at an el evated tenperature prior
]

to charging the hyd&e wtt%7ﬂl4€53tﬁﬂH§le&3ttalt);ﬂms_::_tibﬁlaancha_cgm\n@d:pﬁddéglsytic
1. U atent 4 ,.938 854 (Sharifian at al) also describes an .
o1 eci ol JPT BB iOR B cuRg ey BE GPRIA s hjeh oiizes atogl

' ' L\t i | | be djvi ded
i an eer e € Seiid o BaRint ST ASHER sihcifoby Saeledibl uni cn

may be a@ aatiom-exchangs invembedrRCt iThe PRIBYsEComphiSes 3hBRSIAg ! 4h tHRRiebakhol yte
conpartmanﬁ .conprises zinc, cadmum tin, |ead, copper or titanium or

al | oys t ROIEAN 0F @ quatgrngry ﬁﬁifﬂeﬁyd"%dwdgmgd%@pﬂw?ﬁmgmracompfar?e?ti).ng R

- ' ribes a od o nuf actu
ﬁ?gﬁ?)ég??g )(El %ﬁ%&lﬁqgﬁ%ﬁ%ﬁé %@Wﬁ%ﬁ&eq h ad\d%laéﬁ'f'ﬂo?y frec QUi ch i s
di vi ded ithtaughntieneRetrohai® eell 26 hradudla Nighef PARRF qullerfahf A ofitange

nmenbrane, A quaternary anmoni um hydroxi de “sol ution ‘containing inpurities
i s char gE'Mdfg?“#ﬂén thpaethehdtemampardment avhicb is subseqiently eppbiect] PThAtween

two el ect e flre er has been ¢harged tq.the cathode chanber.
Purified %ggt é?ﬁeﬁ&yl‘:’%mﬁ?ﬂ er?y&PoWB’é’_"leg%'ﬁb Ich £OMBHFeH heatine dbe
chanber . gliaterfbfy hhftfoivat AyBAIIdE BN HBVated temperature prior to charging
the hydroxide to the anolyte compartment of the electrolytic cell.
U.S. Patent 4,938,854 (Sharifian et al) alsc describes an

électrolytic process for purifying quaternary ammonium hydroxides by lowering
the latent halide content. The electrolytic cell may be divided into an anolyte
compartment and a catholyte compartment by a divider which may be an anion
or cation selective membrane. The cathode in the catholyte compartment
comprises zinc, cadmium, tin, lead, copper or titanium, or alloys thereof,
mercury or mercury amalgam.

Japanese Kokai Patent No. 60-131985 (1985) (Takahashi et al)
describes a method of manufacturing a high purity quaternary ammonium
hydroxide in an electrolysis cell which is divided into an anode chamber ana a
cathode chamber by a cation exchange membrane. A guaternary armmmonium
hydroxide solution containing impurities is charged to the anode chamber and
a direct current is supplied between two electrodes after water has been
charged to the cathode chamber. Purified quaternary ammonium hydroxide is
obtained from the cathode chamber. The purified quaternary ammonium
hydroxide contains reduced amounts of alkali metals, alkaline earth metals,
anions, etc,



hydr oxi de contains reduced amounts of alkali netals, alkaline @a}thiitetid] s,
anions, etc. 03 MAR 2005 3 U. S. Patents 5,439,564 and 5, 545,309 (Shim zu at
at) relate to nmethods of processing waste |iquid containing an organic
guat ernary anmoni um hydroxi de by contacting the waste liquid with a
cation-exchanging material, eluting organic quaternary ammoni um cations
fromthe cation-exchanging material, ahd electrolyzing the eluate in a two
chanber electrolytic cell equipped wth an anode, cathode and

cati on- exchangi ng nmenbrane. Organi c quaternary anmoni um hydroxide is

obtai ned fromthe catboeatanta®)aso0bel debB45,308 (Shintigh let 48 Blaftent

5,968,338 (Hulnme et al) describes a process for regenerating onium
hydr oxi degthods gbpradessingoyasts liguidconiaining enmsegaitic qateérnars amyaeiximies

and salts_using,a,cation exchgnge terial, .an acid to form.a salt, . and an
ol ect rocn BRI HF coBftiG: Al Srebte dou i il o GaianBneRbabing Matealor ot o
the oniu | ; SHW ko I elféTBfé‘ﬂ'oﬁeé'ﬁ sor esent
inventiorqb!astmgoﬁ ceus:s or rae oserl ngm}‘gr@gﬂ}{&m@%@gr%xi e ifromGaﬁéc?:’gt"}i’%()n
exchange wmedterialabndalectplyzingthe aluaia in a ddearHaedberraeetrolyic cail axpripped es
(A) contact,i sai d cation exchange material with an agueoys solution of a

base sel ea\filﬁﬂgw& & Rathodeans canrn-exchanging Rk r98TIE SAERIMARY f or m
fyar oxi de N TTORET RYAREHCls REGRE 1, Bs ERARRICRPRaL! DN oldefgipte™

process tell. recovering an oni um hydroxi de froma sol ution containing an
oni um conpound such as an oni um hydroxi de and/or onium salt, including

contacting the sol {-BorPateeh o6& 3% lumangt athidascibesoa trarest fEast a
portion Ofﬁ%gﬁinﬁ BhiuPR Ryl il dsHorR Lo lor TRAYAIAiIY ShidtPIRE8uRYs L08n

cation ext
as hydroxides and salts using a cation exchange material, an acid to form a sait,
and an electrochemical cell comprising at least three compartments to

regenerate the onium hydroxide.

SUMMARY OF THE INVENTION

in one embodiment the present invention is a process for recovering
an onium hydroxide from a cation exchange material having onium cations
adsorbed thereto which comprises

{A} contacting said cation exchange material with an
aqueous soluiion of a base selected from alkali metal hydroxides and ammonium
hydroxide to form an onium hydroxide, and

(B} recovering an aqueous solution of the onium
hydroxide.

In another embodiment, the present invention relates to a process
for recovering an onium hydroxide from a solution containing an onium
compound such as an onium hydroxide and/or onium salt, inciuding contacting
the solution with a cation exchange material so that at least a portion of onium

“cations from the onium compound are adsorbed by the cation exchange
material; contacting the cation exchange material having the onium cations
adsorbed thersto with an agueous solution of an inorganic base to form an

onium hydroxide; and recovering the onium hydroxide solution. The onium




material ; contacting the cation exchange material having the ol dni18&t 2i8ks
adsorbed thereto with an aqueous sol ution of .an inorganic base to form an
oni um hydr oxi de; and recovering the onium hydroxi de sol ution. The oni um 03
MAR 2005 hydroxi des that can be recovered in this manner include quaternary
ammoni um hydr oxi des, quaternary phosphoni um hydroxi des, and tertiary

sul fonium hydroxides. In another enbodénent, the present invention relates
to a process for recovering tetraal kyl ammoni um hydr oxi des from wast e

sol utions containing a tetraal kyl anmoni um conpound, including contacting

t he wast ehypdroxidesnthsit idan kb ' e | | east a
portion of\aﬂ?e t et raal kyl am%??lsfn%cpcat i oﬂ?r@g?ﬁ%‘ﬁée ?’g’f’l&%ﬁ%’r@%@mﬁm’%

conpound R¥&oxifas: bayatsrnane phespionienc eyexideser amd ; taraBiACLIFShiam

I nor gani yb'%ﬁm"’ith the cation exchange nmaterial whereby a
t et r aal kyl‘amrd m hydroxide is forned; and recovering tetraal kyl ammoni um

hydr oxi de sol uti on. r the present invention,
recycl ed soluti Onsiﬂﬁ?%ﬁﬂ%ﬁ%}%@o ro?bg':tsh%cﬁgﬁs%it @%ﬁaﬁﬂ@(ﬁeﬁﬁeﬁ/\ﬁﬂ gIprpgess
concent r dor secevatingtatiaafkylamnnanians AgdroRidascirbROwWsBE) L olBBbHE B REaiA “@2 ni um
hydr oxi desjfe& es not, only cost savings, but also environnment a? efits

royj ]
by elim rfa FF&“%Y apuRARiURY corpounsk ingludingyenniasiing tise measth gdhmicrowith .
; g - ) S dw e ,
Che  Coxi & Satidn BRenaldenfiRBRE e S IPENS TR ofhertotrankammeniar

necessar yationst froen lthe getraalyldranfiniGRe BbARotind THS a&@drgﬁﬁ ;ﬁﬁla}éll'lgic%?iog t he

concentrati Bn and purity of onium hydroxide solutions obta
present SFFEADISNTELPrIdF fcontacting are inargdnicnbaserewithstiapphiisat é:adt re,

' h ' ' ired. De | pti f the Pref
Emboal o 2 5t APt R Nef Rl e ymhidonioen s tarmetand mssvering

r ecover edefraalybarffiorMimeps Rife $8LEbR2! havi ng onium cations adsorbed
thereto which conprises (A) contacting said cation exchange material with

an aqueous sol uti oS of resuihss tiet qubedss raintted igkbberiellentishl QeLgeRdand
ammont UMssutions of onium hydroxides can be obtained in which the concentration and
purity is increased. Recycling spent solutions of onium hydroxides provides not
only cost savings, but also environmental benefits by eliminating or reducing the
need for synthesizing new hydroxide compound solutions, the associated
expensive purification processes, and the toxicity of waste solution effluents.

Additionally, it is not necessary to store farge amounts of chemicals. Thé
relatively high concentration and purity of onium hydroxide solutions obtainable
via the present invention can effectively be used in numerous applications where

onium hydroxide solutions are required.

Description: of the Preferred Embodiments

In one embodiment of the invention, onium hydroxides are
recovered from a cation exchange material having onium cations adsorbed
thereto which comprises

(A) contacting said cation exchange material with an
aqueous solution of a base selected from alkali metal hydroxides and ammonium
hydroxide to form an onium hydroxide, and

(B) recovering an aqueous solution of the onium
hydroxide.

.




hydr oxi de to form an oni um hydroxi de, and (B) recovering an aqudbusMAR 2005
solution of the onium hydroxide. 0 3 MAR 2005 5 This process is described
in nmore detail below. In another enbodi nent of the present invention, onium
hydroxi des are regenerated (produced, purified or recycled) fromsolutions
contai ning an onium conpound such as oni um hydroxi des and/or onium sal ts.
In one enbodinent, the solution contaithing an oni um conpound i s a waste
solution of an onium hydroxide after it has been used in a process, such
as a devel oping processes associated with printed circuit board and

m croel ectighrécédy i déstberidhi ABre G8tall h&sW.t of .such processes,
i mpurities enter and contam nate the solution. In other words, the

sol ution cont ai ni nghamasherembodiroentoihthe fresert inpentionjastiemdnidrbkidesof an
oni um hydr oxi de. 11[33 ggot hcfr enbodj ment, the dsol ution containing an oni um
cormpound & rgoRAgAted SP{RTUsEdo PULHiesh Pl feigled) Tzpmesolutionasopsaipingad in a

orocess et b ATIIHASLE SR ARIASORALE ofLAF sofdTPoNTSp SUcT

as the inpurities descri e an elow T ht oni um

conpoundsmbodiments the ealLtidni contaitheg daeiurmidofnpdiihdisecRasteéollifisnfesent
I nvention are, m xtures, preferably solutions, containing an oxidizable

liquid arfl PR Aysnexide aftey, it hagheran veed by rreress, ssich: as agievelopiogpound

d, i ) desirabl g i iti.es, f
et o HrBkbdsesy Hakb B AT ofinedCefhuit iF - BAE KGR afeot T g™ "
nitrate, fablitation. Bsta resUf B AN MoSes46d) iMpuffBitebiteriahl dbHtAGifaRGhand

cal cium sodium potassiumand sonme neutral species such as photoresists,
et hanol ,Sodufigfes In @ther wesdaxthei selufion| ¢apiaitingsn meiwat @mpound maebeof

Al conol <. et AR selon afcan. ARV Bytdst s MhARotTRE arRedientosbe
o el coatapaDan LAt cor RoRhARk P IRBHH Ll 5 B GLAPafer o
el sewher effer it has bpeviusieddn iageroaass.c Thiersnjutidreor wagte soldtibatrhay kontdia may
be other compounds, such as the impurities described above and below.
The solutions containing onium compounds which are treated in
accordance with the process of the present invention are mixtures, preferably
solutions, containing an oxidizable liquid and from about 0.01% to about 50%
by weight of the onium compound and, generally, varying amounts of one or
more undesirable impurities, for example, anions such as halide, carbonate,
formate, acetate, nitrite, nitrate, sulfate, etc., some cations such as metals
including zinc and calcium, sodium, potassium and some neutral species such
as photoresists, methanol, amines, etc. The oxidizable liquid may be water,q
mixtures of water and an organic liquid, or an organic liquid. Organic liquids
include alcohols, such as methanol and ethanol, glycols and the fike. In 'one
embodiment, the solutions treated in accordance with this invention contain
from about 0.01 to about 10% by weight of the onium compound. Here and
elsewhere in the specification and claims, the range and ratio limits may be
combined.
| In one embodiment, the process of the present invention is
effective in reducing the amount of both ionic and nonionic impurities present
in solutions of onium compounds, while vielding onium hydroxides of high

purity. In a further embodiment, the process of the present invention results in




conbi ned. In one enbodi nent, the process of the present inventidbﬁigﬂk 250
effective in reducing the anount of both ionic and nonionic inpurities
present in solutions of onium conpounds, while yielding onium hydroxides
of high purity. In a further enbodi nent, the process of the present

i nvention results in 6 a reduction of netal ion inpurities as well as
organic inpurities in a solution of oni um conpound, while yielding

oni um hydr oxi des of high purity. In another enbodi nent the process of the
present invention is useful in preparing purified onium hydroxides such as

guat er na nmoni hydr.oxi.des,. guat er nar hosphoni um hydr oxj des and
Rort 1 ar v LR o A RS s s ab arBaRerIE s rtipe b palitipn, 8F
char act egd . i h ER: ' nd X
o an | et ol Whits fleeiig opfutn WY@l oot g by ThdrttRel ™ e
ammoni unegbodipseniptiesplosess of ghe ppsserdridverstidrf snissfubiropreparing muréfied
enbodi nent,, the oni uym hydr oxi de should be sufficiently soluble in a

sol uti orP¥HEh WLFRXIGES, SHEBORB| GWFtERRAY, agganium| hydioxidesy, AHAIETDAEY
t her eof Oﬁéﬁs’osgﬁ?ﬁﬁm%*@rﬁkwesrmﬁﬂﬁﬂf Qﬁ!?on'an'?hggs gy ammoni um

hydr oxi quat ernary phosphonrum hydrOX| Y "be characterized by
the formula r R21 Fhe dnibith Rydebgides mAyi gederally’ B8 eshdtacthinsghpyushat om
R1, R2, R3 and R4 are each independently alkyl groups containing from1l to
about 20forgwia to about 10 carbon atoms, hydroxyal kyl or al koxyal kyl

groups containing from2 to about 20, or 2 to about 10 carbon atons, aryl
groups or hydroxyaryl groups, or RlL and R2 together with A may form a

het er ocyclic group provided that if;yUﬁﬂDeterocyclic grougycontains a C =A
group, R3 is the second bond. The alkyl groups Rl to R4 nmay be l|inear or’
branched, and specific

L

wherein A is an onium group and x is an integer equal to the valence of A.
Examples of onium groups include ammonium groups, phosphonium groups, and
sulfonium groups. In one embodiment, the onium hydroxide should be
sufficiently soluble in a solution such as water, alcohol or other organic liquid,
or mixtures thereof to permit a useful recovery rate.

The quaternary ammonium hydroxides and quaternary phosphonium
hydroxides may be characterized by the formula ‘

RLA-R*| OH (n

wherein A is a nitrogen or 'phosphorus atom, R', R%, R® and R* are each
independently alkyl groups containing from 1 to about 20, or 1 to about 10
carbon atoms, hydroxyalkyl or alkoxyalkyl groups containing from 2 to about 20,
or 2 to about 10 carbon atoms, aryl groups or hydroxyaryl groups, or R' and R?
together with A may form a heterocyclic group provided that if the heterocyclic
group contains a C=A group, R® is the second bond. |

| The alkyl groups R’ to R* may be Iiﬁear or branched, and specific
examples of alkyl gro'ups containing frorh 1 to 20 carbon atoms include methyl,




exanpl es of al kyl groups containing from1 to 20 carbon atons inBludé:t 2%k
met hyl, 03 MAR 2005 7 ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,

i sooctyl, nonyl, decyl, isodecyl, dodecyl, tridecyl, isotridecyl,

hexadecyl and octadecyl groups. R, R2, R3 and R4 also may be hydroxyal kyl
groups containing from2 to 5 carbon atons such as hydroxyethyl and the
various isoners of hydroxypropyl, hydrpxybutyl, hydroxypentyl, etc. In one
enbodi nent, R, R2, R3 and R4 are ind€pendently alkyl groups containing 1
to about 4 or 5 carbon atons and/or hydroxyal kyl groups containing from
two to th eF carbog atons. Specific exanples of al koxyal kyl groups include

et hoxy et§HVE PEOPWX PHEYIHPED XAIokeRtyl, aatyl, isaoetyipnesybdegyl isedeeyly| and

hvd ; val Wher ei
benene Sadecl Mol desBRRIE oD tho e ST SRR O RS A The
quat er naRYalesiray talh\&irMVﬂhgpgbe@% édrftatrﬁﬁti- fronR QG Saapon WidistdiRHPr esent
I nvention are characterized by the Formula lll R2 X'" (II1) y wherein A,

R, Rz, a%hydoxvethyk and dee i viripus isumetd @f| hydrexypeopyl, dvidsoxybutyh, aci d,
el tde TArRTRRIECER i abs ertPofifins; WoRaReandRs i satomdentBs,
el T in 1o L0 SR o 1 Gl IR IS BRAF Ry o e
present droupatcéantainimy fhemr byoeterthezt loarbiarr atdras) VSpezific ekaMplbls RF X'
(v a'ﬁ?o:'{ya?{kyl groups include ethoxyethyl, butoxymethyl, butoxybutyl, etc.
Examples of various aryl and hydroxyary! groups include phenyl, benzyl, and
equivalent groups wherein benzene rings have been substituted with one or
more hydroxy groups.
The quaternary onium salts which can be treated in accordance

with the present invention are characterized by the Formula il

r RZ +

l
R*-A-R® XY HE
Rt

wherein A, R', R% R® and R* are as defined in Formula Il, X" is an anion of an
acid, and y is a number equal to the valence of X. Examples of anions of acids
include bicarbonates, halides, nitrates, formates, acetates, sulfates, carbonates,
phosphates, etc.

The quaternary ammonium compounds (hydroxides and salts)
which-can be treated in accordance with the process of the present invention
may be represented by Formula 1V,

R'-N-R® XY {Iv)




8 wherein Rl, R2, R3, R4, and y are as defined in Fornula |11, afd3X*AfsifEs
hydr oxi de anion or an anion of an acid. In one enbodinent, R- R4 are

al kyl groups <containing from1l to about 4 carbon atons and hydroxyal kyl
groups containing 2 or 3 carbon atons. Specific exanples of amoni um

hydr oxi des i nclude tetranethyl ammoni um hydroxi de (TMAH),

t et raet hyl anmoni um hydr oxi de (TEAH), t&trapropyl anmoni um hydr oxi de,

t et rabut yl ammoni um hydr oxi de, tetra- n-octyl ammoni um hydr oxi de,

met hyl tri et hyl ammoni um hydr oxi de, di et hyl di met hyl ammoni um hydr oxi de,

met hyl t T wherah RITRA] R S ireky dfe as WRIRKA i FBHIGIAMTRRUC IO XKL Ife
cetyl trinmet hyl ammoni um hydr oxi de, trinethyl hydroxyef hyl ammoni u ydroxi de,
t ri met hylaniomoxyanhgnieanmehiaonacidhy th axiedembdidiraehy;| B1-hRf reve vtk yly besapeni um

hyl ammoni um hydr oxi de,

hydr oxi de thyl Lri hydroxy- e
henyl &1 SastRy Aot wh Gorbas e ARd oAtk araspa gentsining

benzyl tri | i dra ce. e - -
di et by (oS JERBER, B CISpadie eXBRfIz: ok iRmBiyrTriv Bk iRel
di i sopr optgtiamethaytdrnmioniny dyaitodite NTRAN], PxtbtrdbtHylamysHion deydtkide | N

one enbodinent, the quaternary ammoni um hydroxides treated in accordance
with t hi dTEAMIntetsaprapylapvmaniung hydmxiderrigtrgbutyeammonianhydraxideatetsa-

a |V im | b [
nyr oxi dde AT o PRVt EcRac. by tiriethulrmisatin ! Svdtedidre, o
sul fate dsidinfethPlPrindRian PRdrekigar %@ﬁ{rﬁgﬁﬁgﬁﬁanﬂnﬁﬂf ylt Qxﬁf}ﬂﬁ&e a

phosphate ion, etc. For exanplé, the salt et ranet ni-um
chl ori de,methetirdoveylaphmoniurunbydiokides ( getyli2imethgtamneiniyhanhpdiaxide,
brom de, L hyl -, 2- bu I m dazol i um hexafl uor ophosphate, n-butyl,

v at i SN E s asnEicB B by e, USRI ReRyeihy mEMe um
salts re ti L0 A= A n
accor dan%ﬁ'ﬁ\ﬁaﬁ%f hgﬁB%thé‘?@Wﬁ’aﬁe#iv'\éﬁ@égWP nﬁn\l}gﬂﬁyﬁ&l ﬁﬁm’mﬁ&g‘

t et r anet reghyplaoapboiunu hydrekide,iphenylttinistaglamthphien hparoxild) yheayitdethyl-

t et rapropyl phosphoni ym hydroxi de, tetrabutyl phosphoni um hydr oxi de,
tri me!to hy%&ﬂg@ﬂh fﬁﬁﬁéprhﬁwymlmhﬂgmgglu?n hyﬁroxi«;le, begzyltriethy!am-
di-met hy ! GAONRHP X K5dPykiBBOS BRREINABYFSRERIIHE ryTRb iYLt T Icllﬂ}/\?a’chylpipericlinit.lm

hydroxide, diisopropylimidazolinium hydroxide, N-alkylpyridinium hydroxide, etc.

In one embodiment, the quaternary ammonium hydroxides treated in accordance
with this invention are TMAH and TEAH. The quaternary ammonium salts
represented by Formula IV may be similar to the above quaternary ammonium
hydroxides except that the hydroxide anion is replaced by, for example, a sulfate
anion, a chloride anion, a carbonate anion, a formate anion, a phosphate fon,
etc. For example, the salt may be tetramethylammonium chioride,
tetramethylammonium sulfate (y = 2}, tetramethylammonium bromide, 1 methyl-
2-butyl imidazolium hexafluorophosphate, n-butyl pyridinium
hexafluorophosphate, etc.

Examples of quaternary phosphonium salts representative of
Formula Il wherein A=P whicﬁ can be treated in accordance with the process
of the present invention include tetramethylphosphonium hydroxide,
tetraethylphosphonium hydroxide, tetrapropylphosphonium hydroxide,
tetrabutylphosphonium hydroxide, trimethylhydroxyethylphosphonium hydroxide,
dimethyldihydroxyethylphosphonium hydroxide, methyltrihy-
droxyethylphosphonium hydroxide, phenyitrirnethylphosphoniurh hydroxide,




dr oxyet hyl phosphoni um hydr oxi de, phenyl trimet hyl phosphoni um hydr gxg dej 5 08
MAY 2005 9 phenyl tri et hyl phosphoni um hydr oxi de and
benzyl tri nmet hyl phosphoni um hydroxi de, etc, and the correspondi ng halides,
sul f at es, carbonates, phosphates, etc. In another enbodinent, the tertiary
sul foni um hydroxi des and salts which can be recycled or purified in
accordance with this invention nmay be 9represented by the fornmula (V)
wherein R, R2 and R3, X- and y are as“defined in Fornmula Ill. Exanpl es of
the tertiary sul foni um conpounds represented by Fornula V include

hydr oxi de, triethy]sul foni um hydroxide,

trimethyl sul foni ym | )

tripr opyPE‘ﬁPVEH?ﬂTM'H esRigniEm cthydraxide; handor Penpyidmeihyahegphonivms t he
hal i des, . ' t ' hyd id

Commer o) BV RE Stophd B ConEIAARS RFNd, Suitols, Frbbtefed, Phasphdiss: ea

from t heee@rrespondi ng oniumsalts such as the correspondi ng oni um

hal i des, carbonates, formtes, s‘ulfat es an(;l the like. Various nethods; of
preparation are dedeangtheriemaodinent:ihettertinry suifesium hgdemidesandisalés ) and

5, 286, 354 .(.Bard at _al i,ch are.,hereby ingorporated by, ref.erence. There
is no paﬁﬁ'?ﬁl%ﬂ f)? rﬁe%:y'\é@dt e HUW‘Pﬁe‘"o%?‘EHFﬁﬂ?@‘? (W('Flaléhl% InyspHPRIAaY e
pr epar edreftebertetion eRé 36imilat N @ cation exchange material, the solutions
cont ai ni ng the- oni'um hydroxi de and/or oniumsalts and/or inpurities nay be
optionally concentrated or ot hervvir_se pretreated. That is, the concentration
of the onium hydroxide and/or onfumsalk in the solution may be increased
prior to contact with the cation exdhanpe material and/or various
inpurities may be renoved fromthe dni um conpound sol ution. 03 MAY 2005
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wherein R', R? and R®, X and y are as defined in Formula ill.

Examples of the tertiary sulfonium compounds represented by
Formula V include trimethylsulfonium hydroxide, triethylsulfonium hydroxide,
tripropylsulfonium hydroxide, ete, and the corresponding salts such as the
| halides, sulfates, nitrates, carbonates, etc. |

Onidm hydroxides are commercially available. Additionalﬁr, onium
hydroxides can be prepared from the corresponding onium salts such as the
¢orresponding onium halides, carbonates, formates, sulfates and the like.
Various methods, 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 limit as to how the onium hydroxide is obtained
or prepared. |

Prior to contact with a cation exchange rhéferial, the solutions
containing the onium hydroxide and/or onium salts and/or impurities may be
optionally cohcentrate_d or otherwise pretreated. That is, the concentration of
the onium hydroxide and_lor onium salt in the solution may be increased prior to
contact with the cation exchange material and/or various impurities may be

removed from the onium compound solution.




10 In some enbodi ments, it is useful to concentrate the sol utiom S)f;-,g}:.‘(b\legggﬁ

oni um-hydroxi de and/or oniumsalt prior to contact wth the cati‘on exchange
material. Concentration procedures are known to those skilled in the art
and include evaporation, distillation, nanofiltration and reverse osnosis
anong others. In other enbodi nents, i1t I's useful to pretreat the solution
of the onium conpound with sone formoq filtration prior to contact with
the cation exchange material in accordance with the invention. Various
types of filtrati og can be g_rforrre_d,i ncluding gravity filtration,
mcrofiltration suchS3§e %?HB ety it isusefubipscanaentiate thesolutionaxdrthei dge
filtrati gg; %;u%(' Melp N i ced. filtration. Related
strai ni ngﬂélun screeméngﬁgédé%éa ?rsearll éﬁrgnﬁayé %&“ggél‘ow%#'?%f‘ﬁﬁaﬂ excnapge

nmenbr anesnatariabe Gutbentiatioropmd cediifss aleSknGRhUlo tse SANGE # kg a?P'ahds from
“Tiquids |ncluding plastics such as PTFE, PVDF, PET, nylons, polyethyl ene

and poly énapratipyy sligillationat rancfitrationsandi revatss osnegsis earabag -
cel | ul OSSth#]’Et rocel | ul ose, paper including ashless paper, various fibers
i ncludi ng glrass fibers, and various particul ates including activated

carbon, silica, s Is r Lol
contacting the sol 3?%&2%&?&“&%@3%ygoﬁ%%%gBmﬂg?gﬁtpgﬁgldgamﬁ Pgﬁpgt e

mat er i al onivcormpophd with isoateetbri af Fibinatiow prioatto @RACE WitFOtHd Bh@snar e
adsorbed_and_thus renoved fromsolutjion by the particulate material. In
some enbSEFMAIAS MatHal inpGrordRngs, Withthe ipkentions Viariousttypes of filtration
pretreat gRRt yegan or; egch:di | & Welglels nent nmay renove a
di fferent speci egggfo%%%uriﬁglgqﬂ@ora@%g I#él?'%ftir??‘(ﬁnlle}nﬁhéﬁ@i[aﬁ‘gﬂt % as
filtratipanofiitedticrat crast<flow dilpatiba) waekridgedfiit£tidr)Peddung Silfation and

~substantially or partially,  renoved by gravity filtration and netal
i npur i t i BESEHER gﬁ&qeﬂntalktaﬂﬂp- dielptad stanining ardsoreeniyg aretrésmersanay
Tt al s AePThotBbhy i SRl RN Weeig) knolih FetdRaRgisRI ok | on |
(and t husepaatingt gonus)ffrctmeﬁqma@!inmuair@pﬁras%h- sidh GshPTFEMRRAHEERET, 1t 1S
preferable to pretreat the solution of the

nylons, polyethylene and polypropylene, cellulose acetate, cellulose nitrate,

' regenerated cellulose, nitrocellulose, paper including ashless paper, various fibers
including glass fibers, and various particulates including activated carbon, silica,
sand, etc. Alternatively, pretreatment can involve contacting the solution of the
onium compound with various particulate materials, for ‘example éctivated
carbon, so that organic impurities are adsorbed and thus removed from solution
by the particulate material.

" In some embodiments, more than éne type (or pass) of a filtration
preireatment can be performed as each filtration pretreatment may remove a
different species of impurity. For example, in one embodiment two filtration
pretreatments are performed: organic impurities are substantially or partially
removed by gravity filtration and metal impurities are substantially or partially
removed by another pass of gravity filtration after increasing the pH of the
solution causing certain metals to form insoluble hydroxide salts thereby

'facilitating filtration (and thus separation of the insoluble species).

| in other embodiments, itis preferable to pretreat the solution of the
onium compound with some form of metal treatment prior to contact with the

cation exchange material in accordance with the invention. A metal




oni um conpound with some formof netal treatment prior to contacty itk thes
cation exchange material in accordance with the invention. A netal 11 ;
pretreatment renoves excess nmetal inpurities fromthe solution of the onium
conpound. In one enbodi nent, netal pretreatnent.involves contacting a
solution of the oniumconpound with a prelimnary ion exchange material for
metal renoval. The prelimnary ion exdflange material is preferably a
prelimnary cation exchange nmaterial which can selectively discrimnate
between netal cations and oniumcations so that at |east a portion of

met al | opratrgaimenit @smoves fexcessinéiad implritibe fam the colpiem af ithe agigmbed by
the prelimnary ion excha% material. For exanple, a prelimnary ion
exchangeCH@petnd | In aneamiedientmmetal pagtregtrent: involvas sentaatinga a

| . i um.f he.  sol. ut i f th i
ComaoundabfghTiine oYM Wit 8 Brblfinaty idh oRinghes FaRat By yance
Wi th t hemiefislaBirioval. THe PRINIIRErEIBRASHdHRINGe nAleRkl B PRETRABITR relifiRANES

contacting a solution of the onium conpound with a netal "conplexin
conpoundcatign gxchgngs|reatenial cuhichucas sefisctively biisudinioate debiveen etaldi nat e,
chel ate.or.. otherwi se engage at, | east a portjon of the netal .ion inpurities
' the SSTIRISANQ NI SatoRs a6 thrRast HEPRISN GTdneval iRy INeHRRS brthe

cont act yhildiohHF G bRy ﬁ?ﬁ'f‘ | i C i t.n

inventio%v_’ Egarrpl es of nmet%g é@?p%ﬁ%ﬁ%#&ﬁ%ﬂeﬂﬁﬁﬁﬁqﬁo@r%)\EA%}F‘ae eer S,

cr ypt andmaterialc hedragxangplec argrelimiisarydoanaxehange inketediah tfos wisith)soditimy et

anot her enbodi g‘;ed%tﬁy netal pretreatnent involves contacting a solution of
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prior tmacaﬁ‘élantac\obtdartdeamﬁatﬁh@rineggﬁ@mge material in accordance with the

i nvention. According to the present invention, a solution containing an
oni um conpound i sinc#ither embgdiment.fmetal pretreaimentcinunlyssmarsacting o t hat
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exchangecdraphixiey d¢@vpdenddladsorb, bond to, complex, coordinate, chelate or
otherwise engage at least a portion of the metal ion impurities in the solution of
the onium compound thereby removing them prior to contact with the cation
exchange material in accordance with the invention. Examples of metal
complexing compounds include crown ethers, cryptands and chelating
compounds {diamines, diketonates, etc).
In yet another embodiment, metal pretreatment involves contacting |
a solution of the onium compound with an acid or salt capable of forming an
insoluble precipitate (at ieast partially insoluble} with a metal cation thereby
enabling easy removal of the precipitate and thus the metal from solution prior
to contact with the cation exchange material in accordance with the invention.
According to the present invention, a solution containing an onium
compound is contacted with a first cation exchange material so that the cation
exchange material adsorbs onium cations from the solution (cations derived from
onium hydroxide and/or onium sait). The cation exchange material may be any
ion exchange'material which efficiently adsorbs onium cations derived from
onium compounds. The cation exchangé material may be either a weakly acidic

cation exchange material or a strongly acidic cation exchange material. The




I on exchange material which efficiently adsorbs onium cations dé!rfﬂ%&,ﬁjfff@@gn
oni um conpounds. The cation exchange material may be either a weakly aci‘dv c
cation exchange material or a.strongly acidic cation exchange material. The
03 MAY 2005 12 base of the cation exchange material may be either an
organi c cation exchange material such as a cation exchange resin or an

i norgani c cation exchange nmaterial sibh as zeolite, silica gel or the

| i ke. The cation exchange nmaterial nmay be in the formof a powder,

pellets, granules, filnms and/or fibrous materials. Two or nore cation
exchange basatod thalcationyexvhangeimakedial frary Bx eithérean asganic cationabichange a
weakl y aci dic , cat Lon exchange terial and a strongly acidic cation
exchange r'F)%FPE‘F" - aascﬂ)l?é‘itlﬁgt Pg“ﬂ‘weafﬁﬁ“ﬂo‘?rgéﬁi 'é‘%&'ﬁﬁnca}m 3Rfeeri al
and'_ an o H(él g@éﬂ %Q'zel%%& gg‘t&r{ quea.i conbi natmi‘ or‘llofmtv\p or nore

cat-i on exchange naterial's 'eac nadfréerent form- such-as a powder and a

fi-ber, depending. umhe bifon igkeRbhiy rmatdrial &Y becih e FOEN UT &PedaguUnd
solution. Gven the handability, “econom cal aspects and ion-exchange
capaci t y pefletshgrantlesnfitne landf fibrous ingterialser Efver orcnhoze eatjonraxchangeak| y

- acidic cation exchange resi.ns,and/ or strongl acidic cagion change
Fesins.  PHRRER AU ERTIBSE: B SOMRIRCAS o HaIEHon &f f WeslY RARGN um
ion (H ﬂ:aﬁ%”éﬁéﬁa Phptelal Pnﬁ@ St tacidi¥ e exgﬁ%ﬁ%@'rﬁété?fal,uﬁef ul
cation exchange materials 1 nclude gell or porously-shaped cati on exchange
resi ns prothlindtitny dfnam ddogjanic satibnrexchangd mgtaighsaml anasriganid icetieni d
groups into, a &ojl ynmer agr copol yner base of, for exanple, styrenic polyners

or copol $¥ehangs dhatgtiahon wonphibakoR Rl twie ariTegre catipp) exchandeneratetsls
| ¥ . . e
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and the like, or into a nodified polyner or copolyner base to be prepared

by nodi f geagomteal aspeats andioncaishiapge capagithobthegadion exahiangedgatarialeich as
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' acidic cation exchange resins. In one embodiment, cation ion exchange
materials in the hydronium ion {H +) form are employed in the present invention.
Examples of useful cation exchange materials include gelled or
porously-shaped cation exchange resins produced by introducing sulfonic acid
groups or carboxylic acid groups into a polymer or copolymer base of, for
example, styrenic polymers or copoiymersr such as polystyrene and the like,
acrylic poiymers or copolymers such as polyacrylic resins and the like,
“methacrylic polymers and copolymers such as polymethacrylic resins and the
like and tetrafluorethylenic polymers or copolymers such as
polytetrafluoroethylene and the like, or into a modified polymer or copolymer
base to be prepared by modifying the polymers or copolymers with a
crosslinking agent such as divinylbenzene or the like. The cation exchange
materials further include phosphoric and phosphorous acid resins as W s
inorganic cation exchange materials such as zeolite, silica gel and the like.
Specific exampies include cation exchange resins sold under the
trade designations AMBERLITE® and DOWEX® from Rohm & Haas Co. and Dow
Chemical Co., respectively. More specific examples includeﬁ exchange resins
under the trade designation AMBERLITE, such as IR-100, IR-105, IR-105 G, IR-




i norgani ¢ cation exchange materials such as zeolite, silica gel dng ithe »up
| i ke. Specific exanples include cation exchange resins sold under the

trade designati ons AMBERLI TE(r) and DOWNEX(r) from Rohm & Haas Co. and Dow
Chem cal Co., respectively. Mire specific exanples include: exchange resins
‘under the trade designation AMBERLITE, such as IR-1 00, IR-1 05, IR105 G
IR 03 MAR 2005 13 112, IR-120, IR 122,1BR 124, IRC-50, IRC-76, and

| RC-84SP; resins under the trade desi gnation DUOLI TE, such as C- 280,

C- 291, C-433 and C-464 from Rohm & Haas Co.; C-464 from Sum tonp Chem cal

Co. ; resin$2UIRgR20, WR-1ZB0R-1 2285 IRDBO, QRCD%\EKnd IRCIBEBP;HERIWE uhidr-the
HGRW2, MAC-1, 50WK2, 50WK4, and 50V\X8 and resins under the trade

desi gnat | tAde/OGERERD DUOEXE, such as (2280, ©280, hd3%50df oAb bdvom
Chemi cal ; 267 .f t h
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VK10, WK11, and VK100 from'M tsubishi Kase€i Corp; and Lewatit
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accordancé wt hé cation e change material, for
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with the cation exchanlg_[_l material. For instance, a colum system nay be
[
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into contact with the former by stirri ng, and thereafter the mxture is

filtered RoiHassl Co-1 iNONDSRIpERE D&WEM&MA &P X cigh debp@t romal Dowt h t he

adsorbed apl um GaLLONSKh a1, PK212 and WK40 from Mitsubishi Kasei Corp and

Lewatit CNP80 from Bayer.

Any known method may be employed, in accordance with the
identity and form of the cation exchange material, for contacting the solution
‘containing an onium hydroxide and/or an onium salt with the cation exchange
material. For instance, a column system may be employed where the solution
containing the onium compound is passed through a column filled with a cation
exchange material. Alternatively a batch system may be utilized where a cation
exchange material is added to the solution containing the onium compound so
that the latter is brought into contact with the former by stirring, and thereafter
the mixture is filtered for solid-liquid separation. |

The cation exchange material with the adsorbed onium cations is
then contacted with a solution of an inorganic base such as an alkali metal
hydroxide or ammonium hydroxide whereby the adsorbed onium cations are
eluted and removed therefrom forming a solution of the desired onium
hydroxide. In embodiments where a column system is employed, the base may
be added to the column in a co-current or countercurrent fashion.

The basic aqueous solutions useful in this invention may be a

solution of an inorganic base. In one embodiment the inorganic base is an aikali




then contacted with a solution of an inorganic base such as an g} Ralipnptal
hydr oxi de or ammoni um hydr oxi de whereby the adsorbed onium cations are

el uted and renoved therefromform ng a solution of the desired onium

hydr oxi de. I n enbodi nents where a colum systemis enpl oyed, the base may
be added to the colum in a co-current or countercurrent fashion. The basic
aqueous solutions useful in this inve?hion may be a solution of an )
i norgani ¢ base. In one enbodi nent the inorganic base is an alkali 14 netal
hydr oxi de or anmoni um hydr oxi de. I n another enbodi ment, the base is a

strong base of an al kali netal sel ected from spdi umhydroxide, potassium
nyr o dBSTEl PVET g A ARAHE PHATEXElon B RSHRPE R He badie PRES o

Sa it orf Shiold Bs0df, dRatdt Rlotd SgEreHoAEM SBARRAIRIBAAY, ifadlfP S |
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12% When the oni um hydroxide is eluted fromthe cation ion exchange
mat er i al SASHRRIMAY: Y afheVEhAuwidearangss and generalbs theypadesws seltiansewithe

anount o kal i ni Y&k 0XJ ol le | S ssible to
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sol. ut i onerAB&dinight, A8 CAINceAtiafiondf thechdeasie fEaHAt AUt 16 ottt D%. exchange
material. When ion exchange columms are used, desirable flow rates and

concentrations varWhetefenaniwgn bydidxide iseaiutad from theecation inn exehangg
material a || _as the_ identity .of the base, Flow.ates an concentgation
Tevel s CHATHIA GEPERRINELNS AL Fatibhs 1 s AoSpLie, 5 EVBRER B AOHa G ¢ one
of the agVaNHRGARF B arinhdhiah hyPdkigs iMBEfed: Ol It T8 posdible BPRSRIEE! thét bat ch
process, Is that the process can be conducted as a sem - continuous process
wher eby amgurmeaf hasacollgckl bheasohgtheflovwordtaiafithg bidsic soluitiom dnditlexi de
and/or salt is punped through the |on exchange colum, and . t ef {1 uent
can be cﬁﬂﬂ%@'%‘sog Hoe baspsoptagting theeatian exeghangs amateral. Q?*F%é?ﬂ can

be divi ' h | " £S5t ' iy | ' , |
amount s STPRgEoRETmAS Fre lIged.' BRstatiE fIOhT bR sl cofBRbRN Lry ST
rel ati vedependiiy onrthendentityosf the datenaxchany tnateridbas aell dshihet identity

fraction (tail) . .
of the base. Flow rates an concentration levels can be determined in each
instance by those skilled in the art.

One of the advantages of uiilizing ion exchange columns, as
opposed to a batch process, is that the process can be conducted as a semi-
continuous process whereby a given quantity of the solution containing the
onium hydroxide and/or salt is pumped through the ion exchange column, and
the effluent can be collected as two or more fractions. For example, the
effluent can be divided in three fractions: the first fraction will contain only
small amounts of the onium hydroxide; the second fraction will contain a
relatively high concentration of the onium hydroxide; and the third fraction {tail)
will contain a lesser amount of the onium hydroxide. The first and third
fractions can be discarded as waste or reused as described elsewhere in the
specification. For example, the first and third fraction can be reused as a source
of the inorganic base.

For the sake of brevity, the discussion which follows will relate to
the situation where three fractions are collected as described above, and the

middie fraction which contains a high concentration of the onium hydroxide




Wi Il contain a | esser anount of the onium hydroxide. The first a@ﬂ%thRq$nr
fractions can be discarded as waste or reused as described el sewhere in
specification. For exanple, the first and third fraction can be reused as a
source of the inorganic base. For the sake of brevity, the discussion

which follows will relate to the situgtion where three fractions are
col |l ected as described above, and the 1 ddl e fraction which contains a

hi gh concentration of the oniunthydroxide 4 03 MAR 2005 15 (e.g., from8 to
about 15 or 20 percent by weight) is considered the product of the

process. (@bt frem 8deaahaiiel %pr 2Regsrerichy weighthés persidered hedodyst o€ t hat
t he procgﬁé as é:lescrl bed above results in the formation and recovery of an
oni um hy B e I‘'rectly. In some of the prior art processes as described
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are treat ed with an acid thus producing an oniumsalt which nust then be
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Che " pr e ETUTIEPRER Syt d° Safia RRNE B of Rit ProRescha o deicr bR ftet s

- because e E‘da‘tl%h’?&ﬁ?an‘g'%em fals WHERNPLYE a?jtsSPoéd‘oﬁi'ﬁ% ?’u@ﬁs ROtk | n
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colum) nmay contain unwanted inpurities and/or an insufficient
concent r ZXPGASHYR 8P lBrﬂ”‘Grﬁfth?fgﬁ‘F%f@S The level of inpurities may.be
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cation exchange resin in accordance with the above process of the present
invention contains some of the base material as an impurity, and the
conceniration of the onium hydroxide in the aqueous solution may not be at an
acceptable level for all applications. In accordance with one embodiment of the
present invention, the onium hydroxide which is recovered from the above
process (e.g., from the first ion exchange column} may contain unwanted
impurities and/or an insufficient concentration of the onium hydroxide. The level
of impurities may be reduced and the concentration of the onium hydroxide
increased by contacting the solution obtained from the above process (first
column} with a second cation exchange material which is in the corresponding
onium cation form. That is, if the onium hydroxide being purified by contact
with a second cation exchange material is TMAH, the cation exchange resin in
the purification step should be in the TMA cation form. The cation exchange
resin in the TMA cation form can be preﬁared by contacting a cation exchange
material with aqueous solution containing TMAH. The solution containing
TMAH utilized for this purpose may be a waste stream containing TMAH, or an
‘aqueous solution of' TMAH containing a higher concentration of TMAH. The
source of TMAH could also be one of the first or third fractions of the effluent

from the first cation exchange column. As should be apparent, the second




" forned in

colum) with a second cation exchange material which is in the {J3 MAR 2005
corresponding oniumcation form That is, if the onium hydroxi de being
purified by contact wth a second cation exchange material is TMAH, the
cation exchange resin in the purification step should be in the TMA cation
form The cation exchange resin in thg TMA cation formcan be prepared by
contacting a cation exchange material w th aqueous sol ution containing
TMAH. The solution containing TMAH utilized for this purpose may be a

waste stream co Iai.ng TNAH or, an aqueous solutian of TMAH containing a
n ghor cSRURE SRS G Fhnian dFEEREe ikl 2UlNh AHEBSLEIHIED ¢ he
first or thbidoth, thAdd Rtmedlinthe saild MaRker 44 M8 fil2e cfatibateﬁ%hgrg cBirhRNge
colum. As should be apparent, the second 03 MAR 2005 16 colu cont ai ni ng
cation eléNingenium catiahs adsarbedrihereonat Thorss imdae ebsabditresrt ethe pragticbe
same.mamne{‘__i as thg a{;if(r?'i,t cation exchange ‘col unm having oni um

cations é’(ﬁtsiggﬂ’éﬁe‘fw EBH'I HiQgged; 8%&ibodi ment, the practice of the
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containing a cation exchange resin in roni orm o

aqueous sakchtnge resintinihyidagnians fa; anount (e.g., 0.5 w9 of TMAH with the
cation exchange resin in hydroniumformcontained _in the first colum; 3)
the effluent is di SardEPntagiengipoussohsinncenisiving ¢ seraltamountis.gn
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sol uti onijs ene firsd 8elufAH i s added to colum 2 until the resin capacity of
the resin contained in colum 2 is exhausted whereupon the flow of the
aqueous sol ution coHt ai thagffivent is distiavded,eahd wheoaherrasip. capaictymfabess i s
repeat ed | ﬁgcol umm

2Pt e oofof bind e 5hFin i 5 SR S St RSBl
TVAH sol iiigOfolliam Ra8Refthifiéd dnb iderdhd t6cBimAY;u™. an aqueous

4) the aqueous solution containing TMAH is added to column
2 until the resin capacity of the resin contained in column 2 is exhausted
whereupon the flow of the aqueous solution containing TMAH is diverted to
column 3. This process is repeated in column 4, etc. until the aqueous solution
is depleated;

5) when the resin capacity in column 1 has been exhausted and
the aqueous TMAH solution has been diverted to a different column, an aqueous
base solution as described above is then added to column 1 to elute the TMAH
from the resin and to form an aqueous solution of TMAH which contains fewer

impurities and a higher concentration of TMAH than the initial solution.

The TMAH solution {or fraction thereof) which is collected as effluent of the first
column can then be further purified and concentrated by contacting the solution
with the cation exchange resin in column 2 which now contains TMA cations
adsorbed thereto. In this step, the second column becomes a purification
column. Sodium cations present in the TMAH solution recovered from column
1 are adsorbed onto the resin in exchange for TMA cations forming additional
TMAH. The TMAH solution recovered from the second column (i.e., the

purification column) has significantly reduced levels of sodium and other cation




base solution as described above is then added to colum 1 to elqutevife, .
TMAH fromthe resin and to form an aqueous sol ution of TMAH which cont &iRs
fewer inpurities and a higher concentration of TMAH than the initial
solution. The TMAH solution (or fraction thereof) which is collected as
effluent of the first columm can then be further purified and concentrated
by contacting the solution wth the qgtion exchange resin in colum 2

whi ch now contains TMA cations adsorbed thereto. In this step, the second
col um becones a purification colum. Sodium cations present in the TMAH

| uti . . . i i n.
For A IDBSHHEL.C kRN, o BhelsoPSHRIP A Sthdt Keftoh 1Tl TR ard YEHAE"T 00
t he secohdndadsnaf hartsper billion pivge, abdtthmaedrignyilnasestidégdctficdtion

reduced | evel s of sodium and other cation 4 03 MAR 2005 17 inpurities.
Gener al | $or sp@e ggiss obTMAH. unThm eobeeriratan i afn TMANristingteased imthee

epect 11 o DB e3eP8taciraln fle SROGHTARPLinA W nBcEredieo b aPothiRth: ¥
increased in the $9bHEePibddiffRe0P4hé E%@&ﬁ%@&%}ﬁ thEleHillentfradGoRxanml e,

to about 15%w. In one enbodiment of the present invention, the effluent
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been adsebheentdatd {50 %asodiim tepdrbRides camberddied tbhtheadfifluehy cbltdisipgver and
utilize the basic sol utions
to 4% sodium hydroxide to provide a desired concentration of, for example,
- about 10% sodium hydroxide, for use as the base solution for eluting the TMAH
from a column wherein TMA cations have been adsorbed by the cation
- ~exchange material. The ability to recover and utilize the basic solutions
containing 3 to 5% sodium hydroxide results. in a significant reduction in
disposal problems, reduces the waste of sodium hydroxide, and reduces the cosit
~and amount of sodium hydroxide required for the overall process.

Also, since metal or ammonium ions from the base replace the
onium ions on the cation exchange material, the cation exchange material can
be regenerated li.e., returned to hydronium or proton form) easily for reuse by
contacting with an acid. The acid used to regenerate the cation exchange

- material may be selected from inorganic acids such as hydrochloric acid,
hydrobromic acid, nitric acid, sulfuric acid, carbonic acid, phosphoric acid,
phosphorous acid and the like, and organic acids such as acetic acid, formic
acid, oxalic acid and the like. In one embodiment, the acid has a pK, of less
than about 5, and preferably a pK, of less than about 4. The concentration of
the acid may vary broadly, and it may be selected from a broad range form
above about 0.01% to above about 20%. In one embodiment, the acid is

preferably an inorganic acid. Particular examples of useful acids include carbonic



containing 3 to 5% sodi um hydroxi de results. in a significant regugtﬁoqm'n
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cost and anmount of sodi um hydroxide required for the overall process.

Al so, since netal or ammoniumions fromthe base replace the oniumions on
t he cation exchange material, the cation exchange material can be
regenerated (i.e., returned to hydronft8m or proton form easily for reuse
by contacting with an acid. The acid used to regenerate the cation
exchange material may be selected frominorganic acids such as
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onium hydroxide for particular electronic applications. It may be desired, for
example, to remove metal ion impurities {e.g., Na*). In order to further purify
the onium hydroxide solution so that it will be usable in ultra pure applications
such as in semi conductor fabrications, the solution may be contacted with an
anion exchange material in hydroxide ion form and/or a third cation exchange
material in onium ion form. Alternatively, in lieu of or in addition to the third
cation ion exchange material, the onium hydroxide solution can be contacted
with a metal ion scavenger which may comprise at least one of a chelating
compound, a nanoporous material, and a magnetically assisted chemical
separation (MACS) material. This process and the metal ion scavengers useful
in the process are described in detail in copending U.S. Appiication Serial No.
09/370,682 (Moulton et al}). Alternatively, metal ions can be removed by
contacting the recovered onium hydroxide solution with an acid or salt capable
of forming an insoluble precipitate (at least partially insoluble) with a metal
. cation thereby enabling easy removal of the precipitate and thus the metai
cations from the onium hydroxide solution product. These additional purification

steps are referred to herein as "ultrapurification”.




exanple, to renpve netal ion inpurities (e.g., Na+). In order td BuibReinns
purify the onium hydroxide solution so that it will be usable in ultra
pure applications such as in sem conductor fabrications, the solution may
be contacted with an anion exchange material in hydroxide ion form and/or
a third cation exchange material in opnfumion form Alternatively, in lieu
of or in addition to the third cation'?on exchange material, the onium
hydr oxi de sol ution can be contacted wth a netal ion scavenger which may
conprise at |east one of a chelating conpound, a nanoporous nmaterial, and
a magnetical l y assiWhet bsitbof @anlanisre pachangeresh@s) amationiexchange segin ocess
and the netal ion scavengers useful . in the. process are described i.n detail
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one of the anion and cation exchange resins, when lowered in ion exchange capacity
or deteriorated through long-time service, can conveniently be easiiy replaced
with the virgin one.
Examples of the anion exchange material that may be used in the
present invention include commerdcially available anion exchange resins such as
the styrene, acrylic or like type anion exchange resins which may be in a fibrous,
granular or like form. The anion exchange materials may be used either alone
or in the form of a mixture or a stratified structure of a plurality thereof at an
arbitrary proportion. Styrene iype anion exchange resins are especially useful
in removing photoresists. Acrylic type anion exchange resins are those obtained
by crosslinking {methlacrylic acid and an ester{s) thereof with divinylbenzene
{DVB) or the like. Strongly basic anion exchange resins also are useful in
removing photoresists, but weakly basic anion exchange resins also exert a
photoresist-removing effect particularly on the neutrai or acidic side. Thus, a
plurality of strongly and weakly basic anion exchange resins may also be used
in the form of either a mixture or a stratified structure at an arbitrary proportion.
Although the counter ions of an anion exchange resin may be either OH-, or CI-

or the like, use of an anion exchange resin in the OH form, which has OH- ions




of the anion and cation exchange resins, when lowered in ion exchqueﬂﬁ& 2005
capacity or deteriorated through long-tine service, can conveniently be
easily replaced with the virgin one. Exanples of the anion exchange
material that may be used in the present invention include comrercially
avai | abl e ani on exchange resins such the styrene, acrylic or like type
ani on exchange resins which may be in fibrous, granular or like form

The ani on exchange nmaterials may be used either alone or in the formof a
m xture or a stratified structure of a plurality thereof at an arbitrary
propor t | 8% th&cpuaker iofse ispredarresichbisge sockeepisgrusecehanianiary exehange in
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20 as the counter ions, is Fr.ef erred. This is so because use of an_anion
exchange resin i nEXAEWRLPS of the ¢atiquershangednatesial 0 thedd ion Reonisima iey t he
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i ncl ude prshorfibhon exchange materials described above and which nmay be
either weakly acidic or strongly acidic. They may be used either al one or
in the form Commercially available cation exchange materials are usually in the

H form or in the sodium ion form {Na form). Such a cation exchange resin
(preferably converted into the H form if originally in the Na forrﬁ) may
preliminarily be converted into the onium form before service thereof to prevent
occurrence of a phenomenon that onium cation is adsorbed on the cation
exchange resin in the initial stage of solution passage ‘through the cation
exchange resin to lower the onium concentration of the resultant treated
solution. More specifically, use of a cation exchange resin, after converted into
the onium cation form, is preferred though it can be used in the H form as it is.
However, the cation exchange resin not completely in the onium form but
partially in the H form may also be used, or both of a cation exchange resin in
the H form and a cation exchange resin in the onium form may further
alternatively be used in the form of either a mixture or a stratified structure at .
an arbitrary proportidn.

Use of either the anion exchange resin or the cation exchange resin
alternately treated with an aqueous alkali solution and an aqueous acid solution

and then well washed with {ultra)pure water is preferred in order to make it free
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of a mxture or a stratified structure of a plurality thereof at abh 3 DAR
arbitrary proportion. Commercially avail able cation exchange materials are
usually in the Hformor in the sodiumion form (Na form. Such a cation
exchange resin (preferably converted into the Hformif originally in the
Na form may prelimnarily be convertgﬂ into the onium form before service
thereof to prevent occurrence of a phé&nonenon that oniumcation is
adsorbed on the cation exchange resin in the initial stage of solution
passage through the cation exchange resin to |ower the onium concentration
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solution. In the case where the rejuvenated onium hydroxide solution is

used as aredyand be qalienexchangpresinare slesireblyf esed.exanpl e, el ectronic
parts such as sem c devj liguid crystal displays, and printed
boards as descri bed?ﬁ g@gﬁ%g&e@gﬁ%pﬁ& ﬂl'ifzg?r %et?'gnPB‘?‘F%cﬁ e H’%gt?'?it and
the cati oinventibANdEnleesidtharwisdantiicaBdd in'#9é examples, and elsewhere in the

specification and claims, all parts and percentages are by weight, temperatures

are in degrees centigrade, and pressure is at or near atmosphetric,
Example 1

A commercial cation exchange resin made by Bayer AG, identified
as CNP-80 is used to fill a 2.2 centimeter diameter column to a resin height of
about 53 cm. The cation exchange material is in the regenerated {hydronium
fon) form. Fourteen liters of a waste agueous solution with a concentration of
0.5 w% tetramethylammonium hydroxide {TMAH) is passed through the resin
column at a flow rate of 800 ml./hour. The TMA cation in the aqueous solution
is adsorbed onto the cation exchange resin. Because the resin is specific to
cations, anions and organic impurities contained in the dilute waste stream pass
~through the‘resin, and the effluent containing a higher concentration of such
impurities can be discarded. The TMA cation is then eluted from the cation
exchange resin using 800 ml. of an aqueous 10 w% sodium hydroxide solution
which is pumped through the column at a flow rate of about 200 ml./hour. The
sodium hydroxide solution is followed with 600 ml. of deionized water at a flow
rate of 200 ml./hour. The solution emerging from the cation exchange column

as effluent separated into 3 separate fractions. The first 200 ml. of effluent is




The follow ng exanples illustrate the process of the present i'&@e%ﬁo?ﬁ@b
Unl ess otherwi se indicated in the exanples, and el sewhere in the
specification and clainms, all parts and percentages are by weight,
tenperatures are in degrees centigrade, and pressure is at or near
atnospheric. Exanple 1 A commercial cgig on exchange resin nade by Bayer AG
identified as CNP-80 is used to fill a 2.2 centineter dianeter colum to a
resin height of about 53 cm The cation exchange rrateri al is in the

regenera r I MRy

solgut [ onts\/\ﬁ ?%Q%Qggﬁbgﬁrg ’gt‘& f%%é'ﬁf nﬁhaggﬁmﬁ/g ?'%tc!;'c’h%ﬁ‘ Iﬂﬁ%ﬁﬁc%ﬁﬂg%ﬁg

(TMAH) | §3ppesed pehrisitioh 1We dfesbdiunt GndMo. @twf%ffmmaéan e $9Qséﬂ drhour
The TMA cation in the aqueous solution is adsorbed onto the cation

__exchange diessrded Beywasie. tThe next 600 anis péefﬂumt le cml&ctemsepammmmaﬂm
organi c rt s contai ned i |yt e tre ough the
oo, aRRCOT eEfdoriatt tonname o-rgvee Apgren NakORe g bAT bk, TS

t t
i mpur i '?ﬁac%ﬂ .Q%h@&éswgﬁ%%luﬂgﬁowwm Bhally Wg/o Fhe %‘k'e‘,to%ﬂ lrefrge forfid i on

exchange resin usin an aqueous I um hydr oxi tion
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0.4 W TMAH can be reused or discarded as waste. The next 600 nml. of
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dilute fraction can be reused (for exanple as a source of sodium

hydr oxi d#yasie. di scarded as waste. The cation exchange resin colum utilized
in this exanple can be prepared ch L1 e2by passing 700 m . of 6.7 W%
sul furic acid at a flow rate of €

) This example illustrates the process of the present invention
wherein the TMAH solution recovered in Example 1 as product {second fraction)
‘is further burified by contacting the product solution with a secopd cation
exchange resin column wherein the resin is in the TMA ion form. The second
cation exchange resin column wherein the resin is in the TMA cation form can
be prepared by passing a TMAH solution through a cation exchange resin
column by the procedure such as described in Example 1.

Accordingly, the 600 ml. solution recovered as the second effluent

- in Example 1 and which contains 1% by weight of sodium hydroxide and 10%

by weight of TMAH is passed through the second cation exchange resin column

wherein the resin is CNP-80 and is in TMA cation form. The TMAH passes

through the column whereas sodium ions and other cation impurities are

adsorbed by the resin in the second column thereby removing impurities from
the solution.

The first 200 mi. of solution exiting the second ion exchange resin

column is collected as the first effluent and this effluent has a composition of

26 ppm sodium hydroxide and 0.4% by weight TMAH. This dilute fraction can




1500 m ./ hour followed by 600 nml. of deionized water. The sol utchglik 2005
collected fromthis step contain 200 parts per mllion (w) TMAH and can be
di scarded as waste. Exanple 2 This exanple illustrates the process of the
present invention wherein the TMAH solution recovered in Exanple 1 as
product (second fraction) is further pyrified by contacting the product
solution with a second cation exchange resin colum wherein the resin is
in the TMA ion form The second cation exchange resin columm wherein the

resin is,j TMAR i form cana, be pr ed b ssing a, MAH, sol ution
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~ second i amasbechange resin columm is collected as the first effluent and
this effluent has a_conposition of 26 ppm sodi um hydroxi de and 0. 4% by

wei ght TMAH. Thi s dihegation exehangedssiroeolymn ispreparsd for seusedewipassingst e.
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The catiogn exchange resin colum is prepared for reuse b assin 600 ;
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used colum at a flow rate of 1400 pygphhigus. The solutions collected from

This example utilizes cation exchange resin CNP-80 in a 2.0
centimeter diameter column with a resin height of 20 cm. The resin is in the
regenerated hydronium ion form. Five liters of a waste solution with a
concentration of 0.5 w% tetrasthylammonium hydroxide {TEAH) are passed
through the resin column. The TEA cation in the aqueous solution is adsorbed
onto the cation exchange resin. The TEAH then is eluted from the resin using
an aqueous solution containing 10 w% of sodium hydroxide which is pumped
through the column at a flow rate of 100 to 150 ml/hour. The sodium
hydroxide solution is followed with deionized water at a flow rate of 100to 150
ml./hour.

The solution emerging from the ion exchange column as effluent
is collected in three separate fractions. The first 100 ml. of effluent is separated

- as the first effluent, and this fraction contains 5 parts per billion by weight of
sodium and 0.05 w% of TEAH. The next 300 ml. of effluent is collected as
produc;c and this effluent contains 0.6 w% sodium hydroxide and 8% TEAH.
The next 200 ml. of effluent from the column is collected and this fraction is
found to contain 2.3 w% sodium hydroxide and 1 w% TEAH. This dilute

fraction can be reused or discarded as waste. -




this step contain |l ess than 10 parts per mllion by weight of TM@-Bam,d{-gcg&ag
be discarded as waste. Exanple 3 This exanple utilizes cation exchange "~
resin CNP-80 in a 2.0 centinmeter dianeter colum with a resin height of 20
cm The resirn is in the regenerated hydroniumion form Five liters of a
waste solution with a concentration @4 0.5 w¥% tetraethyl anmoni um hydr oxi de
(TEAH) are passed through the resin colum. The TEA cation in the aqueous
solution is adsorbed onto the cation exchange resin. The TEAH then is
eluted fromthe resin using an aqggakpie@ ution containing 10 we of sodi um
hydr oxi de which is punped through the colum at a flowrate of 100 to 150
m ./ hour. The sodi Imthigpaamplels eation exchargef robteriat domimbarddyoavaitablewat er

t fl f..100 tq 1 ./ h : | uti ' f, the i
 axchangel 08T DHEGRISRY uhflen e dEsianatbn WK ise da ghed o dBMESRE . The
first 1 it f [ d f f - and '
Fracti on SamrarHa e (4R belhTPPR e Tty hphbndo rateRl il

TEAH. Thregeegrtat@dChydronafmdé foent Asvastel spicotisaplutiewu6l7 Hrdts) Wiith
effluent contains 0.6 W% sodioum hydr oxi de and 8% TEAR. The next 200 m.. of
ef f | uent@ £PBRERNWALIER  AnB-48 Wo TWAH Is saasachtiyoughdhparelurn. f ShedTMa

i Y i [ TEAR.. Thi | f i b
s ad (atihnt e 0o YELBKAE BN Bft Aadbby o e edtion kRonaAdE ke, o2,
cati on €Kisdreafter MAHls Wﬁﬁrﬁrbﬁzﬁ ke Gesin! BP'@ssfﬁth'Vh&ﬁ%Mss%ld’tm?r the

designation WK-40 is used in a 2.2 cmdianeter colum w'th a resin height
of 53 criontatnigt]biv¥xpatassiimdiysiroxideithrought the cobyenerta ddvhyaireoaf um i on

o0 s 208 LB TRhHeaed Hob SSalmoh 8 sl SR SR B, ©
oSt et BN i bAL 4 KTSSEN R i i, W 1
collected in 3 separate fractions. The first 200 ml. of effluent is separated as
the first effluent, and this fraction is found to contain 0.30 w% TMAH. This
dilute fraction can be reused or discarded as waste. The next 600 ml. of
effluent is colilected as the product, and this fraction contains 0.7 w9%
potassium hydroxide and 11.9 w% TMAH. The next 500 mi. of effluent is
collected, and this fraction is found to contain 7.08% potassium hydroxide and
1.1 w% TMAH. This dilute fraction can be reused or discarded as waste.
Example b

In this example, the cation exchange material which is utilized is
WK-40 in the regenerated hydronium ion form, and the exchange resin is
contained in a 2.2 cm diameter column with a resin height of 53 cm. Sixteen
liters of a waste aqueous solution with a concentration of 0.5 w% TMAH is
passed through the resin column, and the TMA cations are adsorbed onto the
cation exchange resin. Thereafter, TMAH is eluted from the resin using an
agueous solution contai_ning 6.0 w% lithium hydroxide which is pumped through
the column at a flow rate of 200 ml./hour. The lithium hydroxide solution is
followed with deionized water. The solution emerging from the ion exchange
column as effluent is collected in 3 separate fractions. The first 200 ml. of
effluent is separated as the first effluent, and this fraction has a concentration

of 0.16 w% TMAH. The next 600 ml. of effiuent is collected as the product,




cont ai ni ng 14 w pot assi um hydroxi de through the colum at a flqy@rpmg e
200 m ./hour. The potassium hydroxide solution is followed wth ‘déi ohi' z&d
wat er. The solution emerging fromthe ion exchange colum as effluent is
collected in 3 separate fractions. The first 200 m . of effluent is
separated as the first effluent, and this fraction is found to contain
0.30 W TMAH. This dilute fraction cansge reused or discarded as waste.
The next 600 m. of -effluent is collected as the product, and this
fraction contains 0.7 w% potassium hydroxide and 11.9 w2 TMAH. The next

7. 08% pot o208 ¥ AR osE a0 0% Bl bl Bl €1 PUR AL e

reused or ehifd HadGdnAE UNSEEd aff dBYafded.! N this exanple, the cation

“exchange material which is utilized is W40 in the regenerated hydroni um

.

-~ iron-form- and t he exdWailgthe isientios hasolear aeplainedainXebatiom th #sgireferced urm

with a resin, hei.ght of, 33 ¢ Si xt een iters of a waste aqueous sal utjion
with a conﬁmdﬁ?a?'o'ft 5w o"'frkf‘iﬂrls’f"é)‘; PR ¥arieys @@%%'Fﬁﬂo?%s‘fﬂﬁméﬁl With,

.and the TMhe£@hbORSpAreht Sﬁ&%dsﬂﬂé@ it e Eﬁt% %ﬁéfiﬁggﬂ'ier gg{aﬁ%‘ifzgﬁion.

Thereafter, TMAH I's elute omthe resin usin aquéous s

cont ai ni ngThefefoké,lit ishtabe yderstbdd thai tHe inveptiopelisdibsalbbreint Reint@hdedh at
a flowrate of 200 nml./hgur.. The |ithium hydroxide solution is followed
wi th dei ont®E8VaREYsh modifications as falinyithinghe ssaperd therarpesdad@aims| um
as effluent is collected in 3 separate fractions. The first 200 m . of
effluent is separated as the first effluent, and this fraction has a

~concentration of 0.16 Wb TMAH. The next 600 m. of effluent is collected

~as the .product, , 25 and the product contains 0.03 W% | ithium hydroxide and

11.3 W TMAH. The third fraction is collected and discarded. Wile the

i nvention has been explained in relation to its preferred enbodinents, it
is to be understood that various nodifications thereof will becone
apparent to those skilled'in the art upon reading the specification.

"Therefore, it i_s to be understood that the invention disclosed herein is

i nt ended




to cover such nodifications as fall wthin the ‘scope of the apﬁéhd@ﬁ?zgm
clains. 03 MAR 2005 26 15 20 25 Clains 1. A process for recovering an
oni um hydroxi de froma cation exchange material having onium cations
adsorbed thereto which conprises (A) contacting said cation exchange
material with an aqueous solution of an inorganic hydroxide to form an
oni um hydroxi de, and (B) recovering an eous solution of the onium

hydr oxi de. 2. The process of claim 1l whefein the oniumcation is a

guat ernary ammoni um cation, a quaternary phosphonium cation, or a tertiary
sul fonium cation. 3. The process of clai.m1l wherein the oniumcation is a
quaternary ammonium cation. 4. The pr of claim3 wherein the

quat ernary ammnj um Rl rc% sSor %K/Eﬁﬁgéh%ﬁ*ﬁlﬂh F&(lcﬁ@frﬁkﬂ Qc‘éﬁl@ﬁe' n RL, R2,
R3 and R4 are each |ndepen ently al kyl™ groups c ntalnlng roml to about
10 car bon a»@hangayoaterglhawng oniua raabmaa agsorhed tipsretrowhithrdampriseso about

10 carbon atons, roxyar r oups are al k
groups whi ch toget her""\BXnthcotnttu%cl :%lad%éﬂt § qrg%r%w&tﬁ?ﬁ%@g@% non-
argmatic h%w&ﬂamﬁd@mew&m@d@ fdRmidn bﬁﬁnhﬁfzcﬁbﬁ@écbhé group cont al ns
a -CN, iIs the second bond. 0 3 MAR 2005 27 . A process for
recovering a quat er ndBy amnvermgwwaquems S@Itjmiaofﬂ}ﬂomunbhyﬁmﬁ@é mat eri al
havi ng quat ernary ammoni um cati ons adsorbed thereto

2. The process of claim 1 wherein the onium cation is a quaternary
ammonium cation, a quaternary phosphonium cation, or a tertiary sulfonium
10 cation.
3. The process of claim 1 wherein the onium cation is a quaternary

ammonium cation.

15 4. The process of claim 3 wherein the quaternary ammonium cation is
characterized by the formula

R +
20 R'—N—R?

R4

wherein R', R?, R® and R* are each independently aikyl groups containing from 1
25 to about 10 carbon atoms, hydroxyalkyl bf alkoxyalkyl groups containing 2 to
about 10 carbon atoms, or aryl or hydroxyaryl groups, or R' and R? are alkyl
groups which together with the nitrogen atom may form an aromatic or non-
- aromatic heterocyclic ring provided that if the heterocyclic group contains a
-C=N-, R?is the second bond.




whi ch conprises (A) contacting said cation exchange naterial wtf RMAR 2005
aqueous solution of an alkali nmetal hydroxide to elute a quaternary o
anmoni um hydroxi de, and (B) recovering an aqgueous solution of the
guat er nary anmoni um hydroxi de. 6. The process of claimb5 wherein the

guat ernary ammoni um cations adsorbed to the cation exchange material is
characterized by the fornula R2 15 20 2530 wherein R, R2, R3 and R are
each independently al kyl groups containing from1l to about 10 carbon

at ons, hydroxyalkyl or al koxyal kyl groups containing 2 to about 10 carbon

Cogether with ¢t n o oierskabiaieing A dietdPonaerii o i ¥
~ heterocycl i gatiohngkchaayé @he@tehamaw _I%E]hétéﬁﬁé@ra?ﬁmghlmn ghtiolis adsvrbbdshereto
-C=N-, R3 is the second bond e process of claim6 wherein Rl, R2, R3

and R4 are \MWIZDICOQ?FH% cont a| ni ng from1l to 5 carbon atons. 8. The
Do o hm? 290, bRt edf 8 BP0 pf6EBAL 1 79 2
thg al kali dgoMitadn bﬁ/éiﬁ aHiatlenétal hydroxide to elute a quaternary ammonlum hydroxide,
~and
(B) recovering an aqueous solution of the quaternary ammonium
hydroxide.

0 6. The process of claim 5 wherein the quaternary ammonium cations

adsorbed to the cation exchange material is characterized by the formula

B RZ T +
|
15 RI—N—R?

|

R4

L.

wherein R, R?, R® and R* are each independently alkyl groups containing from 1
20 to about 10 carbon atoms, hydroxyalkyl or alkoxyalkyl groups containing 2 to
about 10 carbon atoms, or aryl or hydroxyaryl groups, or R" and R? are alkyl
| groups which together with the nitrogen atom may form an aromatic or non-
aromatic heterocyclic ring provided that if the heterocyclic group contains a
~-C=N-, R%is the second bond.
25 | |
' 7. The process of claim 6 wherein R', R?, R® and R* are alkyl groups
containing from 1 to 5 carbon atoms.

8. The process of claim 6 wherein R, R?, R® and R* are élkyl groups
30 ‘containing 1 or 2 carbon atoms. |




sel ected from sodi um hydr oxi de, potassi um hydroxi de and Iithiun1mygrggﬁdg}
10. A process for recovering onium hydroxi des froma solution containing
an oni um conpound conprising (A) contacting the solution containing an

oni um conpound which conprises an onium cation and an anion with a cation
exchange material in the hydrogen formwhereby at |east a portion of the
onium cati ons are adsorbed on the catiog%exchange material; (B) contacting
t he cation exchange material containing e adsorbed oniumcation with an
aqueous solution of an inorganic hydroxide to elute an onium hydroxide;

and (C) recoveripg the el uted oni ym hydroxi,de sol ut.ion. 11, The .process of
claim 10 wherei ngt heh-gh‘? Qm‘@@ﬁﬁ’gﬁhﬂrﬁi}g“@@@ﬁ té%a'hai'@h&@h%mfpﬁ 8r'dxi des and
oni um sal tSse!é&ed?Ftﬁn%bﬂgﬁﬁﬁyﬂFox AlpBtaskilth Hy8tdkidd 8n@ TR IR/drSxidé
selected from the bicarbonates alides, nitrates, formates,” acetates,
sul fates, carbonates and phosphates. 13. The process of claim 10 wherein

t he oni um conpou is,a uaternary anmoniumsalt. 14 The pracess of claim
10 wher e n_¢he.ofdum ArpgiRior EteveRiy Sa hfkdr s lrem s dubifoni um
hygroxi de, @ty BAonilth @8RHRILE BosHsiig de. or a tertiary sul fonium
hydr oxi de. 15. Thrg; process of claim1 \Asﬁacgei n the onium conpound is a

quat er nary anmmoni um c@poucrhtadingithe stihwiqir cadsining ar oaium tomgosindiwhiche
guat ernary ammoni um cor{})oung S haracteri.%‘ed by the fornmula R2 + ?‘

R -N R3 X YCQMRrises gn onium cation and an anion with a catlon exchange material in the

hydrogen form whereby at least a portion of the onium cations are adsorbed on

i)

. the cation exchange material;

10 (B) contacting the cation exchange material containing the
adsorbed onium cation with an aqueous solution of an inorganic hydroxide to
elute an onium hydroxide; and

(C) recovering the eluted onium hydroxide solution.

15 11, The process of claim 10 wherein the onium compound is selected
_from onium hydroxides and onium salts.

12.  The process of claim 11 wherein the onium salits are selected from
the bicarbonates, halides, nitrates, formates, acetates, sulfates, carbonates and
20 phosphates.

13.  The process of claim 10 wherein the onium compound is a

quaternary ammonium salit.

25 14.  The process of claim 10 wherein the onium compound is selected
from a quaternary ammonium hydroxide, a quaternary phosphonium hydroxide,
or a tertiary sulfonium hydroxide.

15.  The process of claim 1G wherein the onium compound is a
30 quaternary ammonium compound.




Y wherein R, R2, R3 and R4 are each independently al kyl groupg % ;@Lalng
froml to about 10 carbon atons, hydroxyal kyl or al koxyal kyl 0 bl
containing 2 to r0 about 10 carbon atons, or aryl or hydroxyaryl groups, or
R and R2 are al kyl groups which together with the nitrogen atom may form
an aromatic or non- aromatic heterocyclic ring provided that if the
heterocyclic group contains a -C=N-, R324s the second bond; X' is a

hydr oxi de anion or an anion of an acid; and vy is a nunmber equal to the

val ence of X. 15 17. The process of claim 16 wherein X is a hal i de,

hydr oxi de, sul fat I s of claim
16 wherein X- is 6: hyﬁwémté%f’g iﬁ@ﬁ@ﬂb%{@%{@%@%ﬁh%qgﬁr@oﬁ@ﬁ wher ei n
R, R2, R3 aump (Enncarsec[rmra(gtlenge@b?sthewmam ng 1 to about 4 carbon atons or
a hydroxyal kyl group containin rom 5 carbon atons. 25 20. The
process of ciaim 16 wherein thd al kaR | met oF hydroxide is selected from
sodi um hydr oxi de, - pot assi um hydr oxi ﬁf and| | it hi um hydroxi de. 21. A process
for recovering a quaternary a ni um hydr oki de from an aqueous sol ution
cofit ai ning a quaternary ammoni ynRtoApouRd fonprising B3 MAR 2005 30 5 10 15
(A) contacting the solution cortaining the}quaternary amoni um conpound
with a cation exchange material{ in hL/drogen formwhereby at |east a
portion of the quaternary amoni um cgti ons ay.e adsorbed by the cation
exchange material; (B) contactiing the catron’ exchange material containing
the adsor bﬂhlemraRé,rR R? amthBharereach independenthaalksiqgreaps centainingfrood 1an

al kal i

to about 10 carbon atoms, hydroxyalky! or alkoxyalkyl groups containing 2 to

i0 ~about 10 carbon atoms, or aryl or hydroxyaryl groups, or R' and R? are alkyl
groups which together with the nitrogen atom may form an aromatic or non-
aromatic heterocyclic ring provided that if the heterocyclic group contains a
-C=N-, R®is the second bond; X" is a hydroxide anion or an anion of an acid; and
y is a number equal to the valence of X.

15
17.  The process of claim 16 wherein X is a halide, hydroxide, sulfate,
phosphate or carbonate anion.
18.  The process of claim 16 wherein X is a hydroxyl anion.
20
19.  The process of claim 16 wherein R’, R?, R® and R* are alkyl groups
comprising 1 to about 4 carbon atoms or a hydroxyalkyl group containing from 2
to 5 carbon atoms.
25 20.  The process of claim 16 wherein the alkali metal hydroxide is

selected from sodium hydroxide, potassuum hydroxide, and lithium hydroxide.

21. A process for recovering a quaternary ammonium hydroxide from
an aqueous solution containing a quaternary ammonium compound comprising




nmet al hydroxide sel ected from sodi um hydroxide, potassium hydroxifdg BAd =an-
lithium hydroxide to elute a quaternary ammoni um hydroxi de sol ution; and<“¥¥
(C recovering the eluted quaternary anmoni um hydroxi de sol ution which
contains a quantity of the alkali netal hydroxide. 22. The process of claim
21 wherein the quaternary anmmoni um conpound is characterized by the
formula R X-Y y 20 25 3Q wherein R, R230R3 and R4 are each i ndependently
al kyl groups containing froml to about 10 carbon atons, hydroxyal kyl or

al koxyal kyl groups containing 2 to about 10 carbon atons, aryl or
hydroxyaryl groups, OARR aftablingifrie Sdilitidn B6mtHRng 1Y GlatbRERY RimBh ¢ he
nitrogen atommay form'an aromatic or non-aronmati C eterocycfic ring

provi ded t heemppundwithea eatimy ex¢hangeoupteriahirdydrogen @w whBBebiysat lehst second
bond; X is hydr oxi de anion or an anion.of an acid. gnd i s,.a nunber
cqual to + nEoRRRatthe BpBRRa rfiniit2aushs At Adscibed it stitn. s a
hal i de, hydemHshge hltdral;e. phosphate, formate, acetate, or carbonate

ani.on. 24. The process of claim22 wherein X- is a hydroxyl anion. 03 MAR
2005 31 5 40 15 20 (By 30contacting the cation exchange material containing the

adsorbed quaternary ammonium cations with an aqueous solution of an alkali
~metal hydroxide selected from sodium hydroxide, potassium hydroxide and
Iithium hydroxide to elute a quaternary ammonium hydroxide solution; and
(C)  recovering the eluted quaternary ammonium hydroxide
10 solution which contains a quantity of the alkali metal hydroxide.

22.  The process of claim 21 wherein the quaternary ammonium
compound is characterized by the formula

15 R? +
I
R'—N—R? xX¥
f
R* y
20 -7

- wherein R', R?, R® and R* are each independently alkyl groups containing from 1
to about 10 carbon atoms, hydroxyalkyl or alkoxyalkyl groups containing 2 to
about 10 carbon atoms, aryl or hydroxyaryl groups, or R' and R? are alkyl groups
which together with the nitrogen atom may form an aromatic or non-aromatic

25 heterocyclic ring provided that if the heterocyclic group contains a ~-C=N-, R® is

the second bond; X is a hydroxide anion or an anion of an acid; and y is a

number equal to the valence of X.

23. . The process of claim 22 wherein X is a halide, hydroxide, sulfate,
30 phosphate, formate, acetate, or carbonate anion.

24. - The process of claim 22 wherein X is a hydroxy! anion.



25. The process of claim?22 wherein Rl, R2, R3 and R4 are al ky, GROWPS .
containing from1 to about 4 carbon atoms or a hydroxyal kyl grioup’'*" ¢&39
containing from2 to 5 carbon atons. 26. The process of claim 21 wherein
the al kali nmetal hydroxide is selected from sodi um hydroxi de, potassium
hydroxi de and |ithium hydroxi de. 27. A process for recovering an onium
hydroxide froma cation exchange materig{ having onium cations adsorbed
thereto which conprises (A) contacting sald cation exchange material with
an aqueous solution of an inorganic hydroxide to form an oni um hydroxi de,

(B) 'recover i ng af acuAgusralU Akyflad cll K R FSUIR: ord Glo@Blpet i 19

t he aqueous sol on recbvere c'at'i’on ‘exchange

havi ng adsagdreaining fasmciato alssutwhcarbonratorid er seingiresyaliyh grags comtaindnty or bed
on the catioon exchange material used in step (A whereby at |east a
portion of ff®B %P EALKaOAS. i nor gani ¢ hydroxi de contai ned in the

solution are adsorbed by the cation exchange material, and (D) recovering
an oni um hydroxi de solution containing a reduced anount of inorganic

hyfir oxi de. 28. T prieepsoceks of glaim2A wherah the aikald meatah Hyddoxide de sol ution

recovered in IS further rified b E) contacting . the oni,um hydroxi de
sol ution re%é@%@érqnh S?ﬁ)}’"@/\hﬁ&ox@ﬁ- Hﬁt%‘ﬁﬁggl@ﬁ%@%%‘gm%&{m%ﬁd@ﬁ?%xyl form
and a cation exchange material in oniumformwherein the oniumcation is

the sane as the onium cation adsorbed on the cation exchange material in
(A), separately df i M gnycassder recovedsg anmnidmrhydr@dde Kopr acatisnf or

having quatTENGS SBHPURGY PomeY satiedsarien BrerolmhEh CciRaRSes 03 VAR
2005 325 ~ (A) contacting said cation exchange material with an aqueous
solution of an inorganic hydroxide to form an onium hydroxide,
(B) recovering an agueous solution of the onium hydroxide,
(C) contacting the aqueous solution recovered in (B) with a
_ cation exchange material having adsorbed onium cations which are the same as
15 the cations adsorbed on the cation exchange material used in step (A) whereby
at least a portion of the cations of the inorganic hydroxide contained in the
solution are adsorbed by the cation exchange material, and
(D)  recovering an onium hydroxide solution containing a reduced
- amount of inorganic hydroxide.
20
28.  The process of claim 27 wherein the onium hydroxide solution
recovered in (D) is further purified by
(E)  contacting the onium hydroxide solution recovered in (D) with
an anion exchange material in hydroxyl form and a cation exchange material in
25 onium form wherein the onium cation is the same as the onium cation adsorbed
on the cation exchange material in (A), separately or in any order, or as a
mixture.

29. A process for recovering a quaternary ammonium hydroxide from a
30 cation exchange material having quaternary ammonium cations adsorbed thereto
which comprises




10 15 20 25 30 (A) contacting said cation exchange material w th gn3ageieois.
solution of an alkali metal hydroxide to elute a quaternary ammonium cied
hydr oxi de, (B) recovering an aqueous solution of the quaternary amoni um
hydroxi de, (C) contacting the solution recovered in (B) with a cation
exchange material having adsorbed quaternary amoni um cati ons which are the
sane as the cations adsorbed on the ca'ti@z\ exchange material used in (A
whereby at |east a portion of the alkali nmetal cations contained in the
solution are adsorbed by the cation exchange material, and (D) recovering

a quaternary anmoni u ydr oxi.de. so i | J : C of

al kali nmetal. 30. Thgcﬁgroc‘g&sﬂstg@fn%c%é;{j &8%’1 &géﬁ%.lgﬁ}l &%&é}%%réﬁg?gun%n@mni um
hydr oxi de ssdlutioroof ageikatimagtal hydBkidestofalitelequateridri edniyniuk) hpdrokilet,i ng

t he quat ernary ammoni um hydroxi de solution recovered in (D) with an_anion
exchange material in {)dr oREPVEHIGRRRGUEOESBPIHON S% HfafaterRan Anamoniym
quat ernary @W{ahgm formwherein the quaternary ammoniumcation is the
sane as the quaterhary amoni um cati on adsorbed on the cation exchange
maberial in (A), sepafGit el goracting theysolutiter recoverasd ia (B} withreecatdh A process

for recovering oni um hydroxi.des froma solution contalning an _oni um
conmpound co‘??ﬁ?ﬂaé‘ﬁﬁg’"%ﬁ'a(s%‘{'%@ﬂﬁ@f H&%?f@?%ﬁméfdﬁﬂ"dﬁnrﬁﬂ#@%&%mﬁfﬂ kg the

conpound ' I ' | Of: ' it ; hon
exchange Vrrv;ﬁ%ﬁ?a qlnﬁ ct'aﬁgﬁs ﬁg%%gn%’f@%n%?@r ecggggghﬁgﬁéla&gg’rlﬁ?& of the
oni um cat i onberaby atdeast Bepbrtion of bee alkeli ovetakedtimngecombdined i the R)luti@meext i ng

t he cation exchan terjal containing the dsorbed oniumcation with an
“aqueous sol BSAROAPYIRe FRlivy sRF ARG AL ansT
- 10 (D) recovering a quaternary ammonium hydroxide solution
containing a reduced amount of alkali metal.

30. The process of claim 29 wherein the quaternary ammonium
hydroxide soluﬁon recovered in (D} is further purified by
15 (E)  contacting the quaternary ammonium hydroxide solution
recovered in (D) with an anion exchange material in hydroxyl form and a cation
exchange material in guaternary ammonium form wherein the quaternary
ammonium cation is the same as the quaternary ammonium cation adsorbed on
the cation exchange material in (A), separately or in any order, or as a mixture.
20
31. A process for recovering onium hydroxides from a solution
containing an onium compound comprising

(A)  contacting the sofution containing an onium compound which
comprises an onium cation and an anion with a cation exchange material in the

25 hydrogen form whereby at least a portion of the onium cations are adsorbed on
the cation exchange material;

(B)  contacting the cation exchange material containing the
adsorbed onium cation with an aqueous solution of an inorganic hydroxide to
elute an onium hydroxide;

30 | (.} contacting the solution recovered in (B) with a cation
exchange material having absorbed onium cations whereby at least a portion of
the alkali metat cations are adsorbed by the cation exchange material, and




el ute an oni um hydroxi de; (c) contacting the solution recoveregkgnﬁr@ﬁ)?mgth

a cation exchange material having absorbed onium cations wheréby at |east

a portion of the alkali netal cations are adsorbed by the cation exchange
material, and 93 MAR 2085 33 5 i0 15 20 25 30 (b) recovering an onium

hydr oxi de sol ution containing a reduced anount of alkali netal ions. 32.
The process of claim 31 wherein the oni ugg hydroxi de solution recovered in
step (D) is further purified by (E) contacting the onium hydroxi de sol ution
recovered in (D) with an anion exchange material in the hydroxyl form and

a cation exchange mat@ﬁi all'ecwel‘h'[bg?f?@bQ{N\mhgé&'@emﬂﬁrﬁwmam ndf ﬁ§§@|¥céﬁ der,

or as a mxture. 33. e process ereirn thée oniu ox1 de

sol uti on i samoont fcdlleali mictdl iddee ani on exchange nmaterial in hydroxyl form
and thereafter contacted with the cation exchange resin in oniumform 34.
A process for recovering a quaternary amoni um hydroxi de from an aqueous

O L ion Contail ning AriiBlErAgY CARIRY WLEATRROR APARI B on

contacting the sol'ution Contarning the quaternary a conpound with a
cabi on excheogeenedtiestep (D s fyrtiergrmifiedrby whereby at |east a portion of

t he quaternary amoni um cati ons,  are adsorhed by the cation exchange .
material ; (B) contactlEdg aRntegtinad emﬂg@wﬁ@wﬂaﬁoe&@%%@ wm%éwth

adsor bed g nar i til ' j kal i
Tetal hydr o Ao R iR BB RO Sl B R A L
in the onium form, separately and in any order, or as a mixture.

0 33.  The process of claim 32 wherein the onium hydroxide solution is
contacted with the anion exchange material in hydroxyl form and thereafter
contacted with the cation exchange resin in onium form.

34. A process for recovering a quaternary ammonium hydroxide from
15 an aqueous solution containing a quaternary ammonium compound comprising

(A) contacting the solution containing the quaternary ammonium
compound with a cation exchange material in hydrogen form whereby at least a
portion of the quaternary ammonium cations are adsorbed by the cation
exchange material; _

20 | (B)  contacting the cation exchange material containing the
| _adsorbed quaternary ammonium cations with an aqueous solution of an alkali
metal hydroxide selected from sodium hydroxide, potassium hydroxide and
lithium hydroxide to elute a quaternary ammonium hydroxide solution;
(C) recovering the eluted quaternary ammonium hydroxide
25 solution which contains a quantity of the alkali metal hydroxide;

(D) contacting the solution recovered in (C) with a cation
exchange material in the quaternary ammanium form whereby at least a portion
of the alkali metal cations in the solution are adsorbed by the cation exchange
material; and

30 (E) recovering the quaternary ammonium hydroxide solution
containing a reduced quantity of the alkali metal.




| i thium hydroxide to elute a quaternary ammoni um hydroxi de sol ufj enii€ Qni5
recovering the eluted quaternary amoni um hydroxi de solution which
contains a quantity of the alkali netal hydroxide; (D) contacting the
solution recovered in (C) with a cation exchange material in the

guat ernary anmmoni um f orm whereby at |east a portion of the alkali netal
cations in the solution are adsorbed by 44he cation exchange nmaterial; and
(E) recovering the quaternary anmoni um hydroxi de solution containing a
reduced quantity of the alkali netal. 03 34 5 35. The process of claim 34
wherei n quatern a i i el I is: further
purified by (F) a‘l;(’:&/(')nt m@%ﬁ%gfqg%ﬁ?’#a‘?@é%m%téﬁ%g@m@réo %lf[o?%cfnéj

recover ed gdth(dﬁ)renbvd;reann@E) Brfugtkehpodfiedyeri al in hydroxyl formand a
cationic exchange material 1 n quaternary anmoni um form separately or in
any order, or adFd Ropfantiag the qURIRINBNRBEWNIHMAYErexide saivdipairacq\esed

axchange. il T Wi En dH6h SXLAMECeR i) RydiefFoRAtand 4 BaliGfc eRdhe
exBhange r enaterishinqyegtemaay pranomionuformi separately or in any order, or as a
mixture.

36. The process of claim 35 wherein the quaternary ammonium
| hydroxide solution is contacted with the anion exchange material in hydroxyl form
0 and thereafter contacted with a cation exchange resin in quaternary ammonium

form.




