;e3eZh Ze:P 6 T DVA~' ~' O O1/928-1 PCT/ USQOLl/ 16675 Field of the Invention
The present invention relates to a process for producing ultra-high purity
to i sopropyd oMol . More particularly, the present invengdpsdiflbéises to a
process for producing ultra-high purity .isopropyl al cohol t hat has Iess
than 100 parts per trillion of netal inpurities and | ess t an 100 m"[)re

milli oﬂmm W ground of the Invention Sem conductor ﬂ "ﬂﬁm mlm

oper at "ﬁmm, t hat mferpﬁg@‘mohq,ﬂgﬂkﬂ@an as pos

this is diffjgult, especially when the wafer or chip is rinsed wgcbdoian
agueous sol ut| on and subsehiBa-HYGE#t PERITYHSQRROBANQE drying often | eads
to the formati on of spots, |eaving unwanted residue on the surface. This
can be a nuisance that |eads to defects in the nmanufacturing process. One
sol ution to tFd]8 of AilAvdiBAObl emis to inmediately follow the aqueous rinse
wi th a rinsing solution containing isopropyl alcohol. The isopropyl alcohol
qui ckl y8 evapor at eShelpsespntinvention ealataste aprapesd foriprodncingrulfrahightpusityret hod t o
be effective p e r new
requi r enent hai’p@)}e a}(}#’erghg érelg’le{ﬁ ngrrégnevgﬁttéésn {EE‘J&%(S tg%pq?%/e-g?ieoopr opyl
al cohol to U@u@chﬂidgwlﬂm-gf’ghmuht}iiﬁoﬂrﬁpﬂaflicohbytmhﬂ&ls|lesSmﬁr1®OQﬁﬂ§péﬂ nants and
wat er are neasured in parts, per I1'ion _and/or |lower. Several patents
descri be prodddieaef E&eé"d lmwrﬁweanéksetmndﬁoﬁm pey MBS 25 al cohol
product. However, none of these patents disclose the processes described
and cl ai ned by t he present invention: U S Pat. No. 5,868,906 issued to
Adans & al. Bankﬁebnd@fth&!a%nﬁmches a 30 nethod fox dehydrating and

purifying inpure iso [op al cohol b remgvi ng subst ntlaII all the water
a2y o Gant o 1 SORIPRNoRR e (R eaie L M s 9 B al cohol
froman i sopiceylas pb&MNG! AB@hel thids aFntat, @b}fb@lﬂlﬁ%ﬁlﬁ:ﬁ'ﬂ@wgﬁp& iss per
mllion water in a first distillation colunmn e over head product contains

or gani ¢ substimsedwithian aqimons $ngtlmndt8§b$eeg@tb’mdl 5‘@9 PCHW!SS cfldspingl and a

bi nary |sopro L/ The r fromthe
first WO Ul % é%dg%ﬁ i gg%ff%géﬁ’%ﬁf ge%&niglupgtaﬁtg recso # tgeelggacﬁ second
di stil kati on 16 ¢hmrbe amisdatcathhivadiad Hbf&gts@xvﬁfehﬁ@ﬂfa@ﬁﬁﬂigqirm&s taken and
filtered to a desired specification. U S. Pat, No. 2 604,440 issued to

Brooks on July 22 Onegghitignde thistiesidue profleasis tmdla@bbfcélswt QPEERBY i S
purified by remp azeot rope
in the presence 01‘]tIB fb&n%{sgft@?ﬁ‘g@ﬂﬁn@%&%&y@l&g 3 , %) slgg M?lo Tedder
- on Aug. 16, L28%kly d:\eapoﬂae:s laavpmg)ncemsidﬁlelbelpimhduci ng al cohol subst antially

free of water. Th%n %gcgr:?ssthlg?n d to %e effective, the isopropyl alcohol must be

20 extremely pure. This new requirement has created a need to develop processes
that purify isopropyl alcohol to unusually high purity levels, typically where
contaminants and water are measured in parts per million and/or lower.

Several patents describe processes used to produce a high purity isopropyl
alcohol product. However, none of these patents disclose the processes described

25 and claimed by the present invention:

U.S. Pat. No. 5,868,906 issued to Adams et al, on Feb. 9, 1999 teaches a
method for dehydrating and purifying impure isopropyl alcohol by removing
substantially all the water and any organic impurities with boiling points less than
isopropyl alcohol from an isopropyl alcohol solution containing less than 2000

30 parts per million water in a first distillation column. The overhead product
contains organic substances with boiling points less than isopropy! alcohol and a

binary isopropyl alcohol/water azeotrope. The overhead product from the first



the steps of extracting an aqueous al cohol solution with an organic sol vent
system contai ning an extractant for the al cohol, thereby form ng an organic

sol vent t diabl phase and an aqueous phase, and vacuum]qi:ﬁfjgd]hlﬁ{gg t he
organi c sol vent al cohol phase thereby oltaining the product a

substantially free of water. U S. Pat. No. 5,585,527 issued to Marker on
Dec. 17, 1996 and U. S. Pat. No. 5,S71,387 issued to Marker et al. on Nov.

5, 1996, di sgisaRAIY Qhaas aseds Racohd RN &t %ﬁe@é‘a%%étﬁﬁg' onation and
menbrane separation by vapor 15 perneation in a single vessel. The

distillati onomh@ddaﬁdlbélqi@kmﬂndrfé@rwgtar@almme@(ﬁﬂﬁmm eam of the menbrane

oonr opy! al conol DSl arstiiia M iSRRI LE B ditloesh B o on
Apr. 27, 199frodesscrtidde soproipt 416shot Rjurifis@ by exhévdad waer Glost ad ﬂs@ﬁrkgﬁ for

separ at| ng acetone, isopropyl alcohol, 20 and water. U.S. Pat .
5, 494, 556 |sglgglapltv&atmblaalgtazg}tropgprg@pmgn@ ofspleic 464 separating a li quid

m xture, such as lUS 2RV, ﬁ@gjmllssﬁgﬁjtovﬁdaéro Ru%hl% g%éry?&chésgle liquid

m xture i s heated t en suppli’éd to a pervapora ane nodule to
separate a pprocestibepmdogiog elcbhcdfsubd&mtﬂally] fneel of Watmr Thoprooéss romprisssneat ed
liquid 25 is _circul ?.ted throu%h a circulatiaon pi into,a I| uid mxture

f eedi ng pi petM5StRs O §Xaeting an agprous pleolal spluhpR i SHPGRIG Ol system

non- per neat egoﬂthlﬁﬁigqad e%aﬁ&taﬁ%tfh@ atcehsthﬁle%&%ﬁengt nfcys%tem- and wherein
the tenperature of the liquid mxture feedi inwhich the

non- pefreat edlCDIHCdmhdemsl Mﬂeqnsxb@emﬂttdwaph@nldlsqﬂmg the rtganis solveia t he

reacur od  enpepianess 8887 SpARER Ao il PO B Lo o the

liquid mxture and.9rpx\s. @c;ssscmmstsutmM@ﬂkepetmaatleiquuﬂdcusspat opped.
The net hods tau ht in the prior art, do_not necessarily neet the

requi r ement sNOf 3,57 BB Giss fo Mk atigboon w7 8. 1¥8agisdosampenseasdhatsuch as the
sem conduct of, R%Ltﬁéthtém@%ﬁ Eponaﬁ?ﬁ’{nﬁ e B ks ng@?oﬁm:c cugtntra high purity

i sopropyl al co I'S nee o nee e new oners. The

presents i nveptmmatiah foa fingleivasss]. rfﬁmdxﬂdldtxbmmmlcaaw@miﬁgmat wiiredm shal |

becone appar nt as descri bed_bel ow. Summrgt ﬁ“ﬁt he InveBtl on, The present
u

invention is Wt%teﬁgbo the mepPEIs SEPaFIon70g Broqesisan b Pe&f P sopr opy !l

al cohol . Theséifa%@%oﬁ&”@g'1§@p?01§§]§1c§hﬁp§nd3&/ate£ a) feeding a feed stream 10
conprising at ‘| east about % 1 sopropyl al cohol into a separation

* colum; (b) separ &:$.Rptive ﬁ,%ﬂ’-i@pgsue@tocﬁmgI0n|Anro2"éd9%9/é¢S¢eh@ ast r eam whi ch
is tak h th d bot .t t ak
EREERT T e RN e T

i soprogy! al mhwhtea,t a point: (i) below where the feed stream enters t he
separation colum_but above the 15 bottons stream or t?l above where the

feed stream ent er ¥-$-HRat e 5444354 isgedtpMita et al. discloses a me od for

separating a liquid mixture, such as isopropyl alcohol and water. In the method,
the liquid mixture is heated then supplied to a pervaporation membrane module to
separate a permeable component of the liquid, a portion of non-permeated liquid

25 is circulated through a circulation pipe into a liquid mixture feeding pipe before a
heater, and the remaining portion of the non-permeated liquid is extracted to the
outside of the system, and wherein the temperature of the liquid mixture feeding
pipe in which the non-permeated liquid has been mixed with the liquid mixture or
in the circulation pipe for the non-permeated liquid, is measured, and when the

30 measured temperature is out of a predetermined range, new supply of the liquid
mixture and/or extraction of the non-permeated liquid is stopped.

The methods taught in the prior art, do not necessarily meet the requirements of



but bel ow t he overhead stream wherein the high purity isopropyl alcohol
has a netals content of |ess than about one part per billion (ppb) and a
wat er confRipNbsd €ss than about 100 parts per mllion (pppgryuShliseaal Y.

t he process 1 ncludes the further step of, passing the high purity 1sopropyl
al cohol through an ion exchange 20 resi r? after renoving the high purity

i sopropyl al cohol fromthe separation colum, thereby form ng an ultra-high
purity isopr ’ ps : 1 r illion
(ppt)  of "any by R o e AP RR AP RES B o be
produced by @prepadog skrachighpustyrigorrbey!l atcehpd infiecdbd (@ineétebelheng dandrelsd st ream
conprising at .| east about 99.9 wt. % i sopropyl alcohol into a separation
colum: (b) SLFYPPSy the i sopropyl al cohol into an overhead stream which
is taken overhead 1ihe@mdeheind&RRhAdoPloidsHiThy3ditRnBCidaBe&iwiRSHN t aken as
bottons fromthe separation colum, wherein the overhead s%ream conpri ses

t he hi gh pur ishsll beropreaypphreat asalestriiedbeloy. a metal s content of |ess than 30
about 1 ppb and a water content of |ess than about 100 ppm The high purity
i sopropyl al cohol may further be processed through an ion exchange resin
after col | ectSuagndrhef tedinventiont y i sopropyl al cohol from the overhead
stream thereby VWO O1/<1. 128 PCT/ US01/ 1C675 4 forming an ultra-high
purity isopropyl dibdresent mxentionds direeied teaPreqesnior prrdysinghighpuritypuriti es.

Q her and fur, i S, . i nvention
W1l be under SEETy® BloBHAT IYBRKRkEHERREE SRb b Tadtediles P REI

conj unad i on wotdpriSing laeleastaboeid o0 sl nigeprognd atdohol intoea gEpatasiohasiemheen gi ven
| i ke nunbers. Brief Description of the Drawings Fig. 1 js.a process flow

di agram of a () FBFTaLi dth HRTEP Alcohe lﬁtpégéwrhgm hichgs i_ﬂFfai. 2isa
process fl ow J:Agad ol tha s§heARd BRRRGnIRYotBhs si8aR 1288 AL bbMREdAN; Fi 9.
3 is a process flow diagramof a third enbodi nent of the present invention;

Fig. 4 is a photeperatibh galuginggndie) sémawiingithe highaprity isapropykgleohof atiaon 15

exchangi ng, filtery.n and recisrcu in Lsaopropyl..al cohag roduct ;
oo % 0%y oL O S P Mol At fe SRR oL BTN GporRihe
exchangs ng amdttbink beédrAdri(iaticve Whefithe Ble@ eh€dm BriteftuBé separdioficflun® 1S a
process flow di g&r am showi ng a nmethod for making 99.9 w. % i sopropyl

al cohol . 20 mat belpwdhpeverheaststispmovherpia themigh ppaty iseprepyd alcphoiagn purity

i sopropyl al ] NP4 kAl F sopropyl
al cohol 100 'ﬁﬁ%@g icgrﬁgx?(chg%'sgﬁﬂa a 08{‘e %f},gnj)ﬁ% P%l?oéoﬁpg);%d%aw %tég%c‘n I s°¥ ed into
- the separat i dess¢hdnubout MEpdrsadr siilliea (pphi)0 Gptiomity)eheroseap aichideothecol um i s
about 5 to 30 . % of the.isopropyl alcohol and bofto st,ream 120 i s about
5 o 30 wt . J6IBRNTRIEP oL RS e ARty Somepyaenal PR Bt SRYRIER cohol is
taken ag vapQesi®hfGSEARIRIBON g%]'yﬁf}l ibéprory1 ARbROIS TR MeRparatiod &temhhan

about 1 ppb and a water content 0 ess than about 100 ppm This neets
thereby forming an ultra-high purity isopropy! alcohol that contains less than 100

parts per trillion (ppt) of any metal impurity.
High purity isopropyl alcohol may also be produced by a process
comprising the steps of:

25 (a) feeding a feed stream comprising at least about 99.9 wt.% isopropyl alcohol
into a separation column; (b) separating the isopropyl alcohol into an overhead
stream which is taken overhead from the separation column and a bottoms stream
taken as bottoms from the separation column, wherein the overhead stream
comprises the high purity isopropy! alcohol having a metals content of less than

30 about 1 ppb and a water content of less than about 100 ppm. The high purity
isopropyl alcohol may further be processed through an ion exchange resin after

collecting the high purity isopropyl alcohol from the overhead stream, thereby



the stringent requirenents demanded by the Sem conductor Industry. In Fig.
I, 30 the vapor sidestreamis taken fromthe separation colum, below the
feed entrapggypRkNt but above the bottons stream However, gﬁ%@z{.(g% on the
separation colum configuration, the vapor sidestream can Be taken fromthe
separation WD 01/9.128.1 PCT/ USOL/ 1GG/S 5 col unn above the feed entrance
poi nt but bel ow the overhead stream as shown in Fig. 2. In addition, the
process sho i L i . i f i hi gh
ur Ty 1 Sopr aay G P b B DA R I RO BBl AR TR ORPE ot
filtering deweta idPuridech as a nenbrane. Alternatively, the ion exchange 5
resin can be situ d after. the filter, as shown in Fig. 5. Once treated
with the ion exchg#’?g%r and fjinther opjgets; ﬁﬁa%g‘?stW if%ﬁe‘éﬁgﬁh%ﬂ%%m%@{ines an
ul tra-hi gh py¥ilb¥ uh g@,{% W ot 1100 ppt
of any net al irlr?))uru i tawolgﬂ}sgr%%? ‘E\g;dro déér:%tcl)lgi nme %{e&?ig%ﬁ@alcgﬁj:ﬁgﬁﬁﬁﬁ%ﬂlﬁ may
be incliuded &faannekesi diawingsaviieredplikenprirtsthamehednegiverstiteppiniprcont ai ner, to
pass the ultra-high purity isopropyl alcohol 10 through the filtering
device one or nore times, as shown in Fig. 4. The process for producing
hi gh purity iBsigpDepyriptiohe@kiel Dlaggtigss by feeding or providing isopropyl
al cohol to a separation colum, The isopropyl alcohol is at |east 99.9 w.%
i sopropy! al cohol ,F%HiléﬁPé%fﬁssb@"’{)ﬁ@ﬂ@@b@f%gfsvamb@}i}@emfﬁb@mes@ﬁe such
met hod for pﬁMHﬁ%ﬁ’lg the at least 99.9 w. % i sopropyl alcohol solution I5
is shown in Fig. 6, where crude isopropyl alcohol 160 may be initially
purified by renovifig 2lik glprocessoffow diagransoBnsesnd bsdiment e prosdnt Ng poi nt's
| ower than isovpro&i{l al cohol . This may be perforned in a separating unit
such as first™§P4%| | ation col umm 50, where the crude isopropyl alcohol is
distilled. The |i g {cBssSHS : ead product
usi ng extracti ve_g(k)g 3?&??Hﬁ%l on ?ﬁgﬁﬁgoﬁ@é@%@égﬂ?@z??@ﬁﬂéﬁfﬂl}m and
partial |y puiiveh@en;aqueous i sopropyl alcohol 180 is taken as the bottom
product. The partizal L,y: purifi aqueous i sopr gpyl .al cohol js then subjected
to anot her separ a?:i?%r?IPEé’é(fCﬁ%s v laﬁra%%ﬁvdg%%fpgf’?agﬁgﬂﬁ?#l,onsuch as second
di stilisati onexelatiging SOlterlpeari@Oifdhifingtthd Isepiopyil éléﬂliél’fgroﬂﬁét,ar ates water and
i sopropyl al cohol via azeotropic distillation. This 25 produces an aqueous
i sopropyl al cohol Fi®@ is amressss flow dirgrempshosies the sttiprad 4gps ofipom t he second

distillation . L L.LA I .rd.separation unit, such
as third di s'?:x\ aﬁ?@%ﬁﬂgﬁ‘%@%.‘@Edé’fyggg%%°3£??&s”§{pﬁ‘§%y| al cohol feed into
the third distill &ig.6ris aptacess fhesdiagtaai showinni fizthodifordaakihg 99.9Wt.9% or | ess.
The third colum r veg essentially all the water fromthe isopropyl

al cohol sol ufSoBPEYal8ehdt i 1§ zi ng ternary azeotropic distillation. Ternary
azeotrgpic distillation requires the use of a third conponent in addition
to i sopropyl alcohol and water, which is recycled and reused internally in
the tower. W eperiptiondf thednvertioni sopr opy!| WO O1/928-4 PCT/ USOL/ 1GG7~
6 al cohol solutio dry 1so | .al cohol solution |00 is at |east
Sbout 99, 9wt -6 i Tk byt PudlirobBetRl ARhol 5t BRYSsdG R HiReS o c

i mpurities asslulavion®Dry i86Preyll BRoESIN0O Miat & at 1043t SHVM 99.9 W35 isoﬂ_ﬂ)ip?l dry

i sopropyl al cohol product is suitable for use in the gorocess of "the present

i nventi on, wﬁﬁcelelii%feéﬂéﬁ?ﬁh? papaetipm celumng verhead stregra 1 80 frgmpshe at i on col um
10 may,sbe anh’??q?aﬁoﬁ%om is'aﬁglﬁ‘%ﬂ?gb%% o?ﬁf%qg&%]#ﬁ ’alc]:)fxgicah'd%gg&hgg’
distillTing, puritying, or extracting conponents troma liquid. For exanple,
t he separ at i stneanol20vs abaut e 39 ki % tof kHesitopropyd @lashol. THechiglepaitat i ng step is

used to renopve co nents wth boilin oints different fromthat of
i sopr opyl 101581’598%? ?M&%ﬁbﬁsg"@?@aﬁ‘&ﬁg@mﬁ‘ébﬂﬂﬁh : as aymafels coneniAt t he
. 1sopropyl al re_@@man@B&thﬂiﬁbadnﬂ% wdte' c%ﬁf%ﬁ?oifl@é‘sctﬁ%%tfo% ‘1)6@?1%. CHEPHRARL S

having a boiling point I'ess than isopropyl alc Bott'ons stream 120 is
about 5 to Athewtringeot reghizemespdapandedby tredenzinchduator ImbistepskFig. 1,

concentratio of co nents, havjn boi li.n oint. greate han i sopropyl
al coho;fo. 15 %Zeﬁ%e?%ﬁa%%ﬁ?‘fnbﬁaﬁr&/ﬁ?@é% 55’89‘13“8198@?}81“’ P@B%qﬁf‘e%sﬁ& gFY9Se col um
10 is perfor peigt Bit abopothetbottbmé El&aﬁﬁﬂ%@éxie?,rﬂe?éﬂﬁﬁéﬁn tHeakpdratichet er m ned
after careful analysis. Sanples may be taken throughout the process. The

high purity FUBERSEYHEHREYM e yAPetRidesteam canbe taken from thesenaratioar e t he
netals content is 1 ppb and the noisture content is 100 ppm 20 In a
preferred enbodi nent, separation colum 10 may be a distillation colum
configured wth about 20 to 70 trays. Since isopropyl alcohol feed 100 is
at | east about 99.9 wt.% i sopropyl alcohol, the distillation colum is
preferably configured with about 30 to 60 trays. Typically, the feed
entrance point is |ocated between tray 20 to 50. Depending on the
configuration of the distillation colum, 25 vapor sidestream 130 is

) - ] . N o, . " o




The step of separating the isopropyl alcohol solution is perforned in any
appar at us capabl e of separating, fractionating, distilling, purifying, or
extractingoléyds80pr opyl al cohol, such as separation col unm diRNetRe
enbodi ment depicted in Fig. 3, overhead stream 110 and bot té?rgss}'tqr eam | 20
are derived fromthe separating step. The overhead streamis about 60 to
98wt . % of the weight of feed stream 100 and contains conponents with a

boi | i ng poi neoh@SSatohathd REPEIRYLe FFONAbeRNIhE B@eﬂ&&its%%ﬁm,sﬁsr Wniig about 2
to 40 wt. % of the feed stream Mre 20 preferably, the overhead streamis
about 70 to &g\ Ieadditichahé pedesstshesmimFig. 1. showstheaptiosalstspaofs about 2 to

30 wt.%of the f t The hi Lty i | cohol |l ect ed
From i he_overPRSURE P SR, BPoioRy (oL el oY BAsaRer 200 SR8y s poi nt ,
the hi gh purithdoub® GREREY devide2@NQlchR8 % nderiBhid. SARQHARRLY, He bR SRcHangd® 1 ppb

of any netal inpurity and a noisture 25 content of less than 100 ppm Once
high purity ireomraphe sibjatediadier the fillewn @s sleawn imdigon @vestegatpd willsthe iemn be

optionally i i ads cri in the
pr esent inve%% !:lga(ri}l%g%és i)r{(;;l F%?ﬁ%%‘%ﬂ&%g%% %lgglbogg%gosrgegsaggﬁ%%%%ﬂmﬁ%_ 1 and
Fig. 2, are siwnepyalcbhélahatesaams iss dagiabod0.00 Ppeof 4y matahafueity.elid i s
conprised of a solid 30 phase that contains bound@qroups that carry a

posi tive or fdghariembodisngnd, resirguinsion e d v Biay beprgleded affepholdgdeln?® count er

ions on the rgasi PSR Iclhudi ng:.a eating
the high pur iﬁb?g%g?%sﬁ@F‘%&ﬁ%ﬁaﬁ‘&aﬁﬁgﬁrﬁ@?‘%ﬂ% @%%%@.‘%@%%@?%w 16G7s
8 exchénge r dhiongh the filtering dbvighomorithgreitmgsy asphbwalic BigoHd. i s obt ai ned, where
t he ul trahigh puri i sopr | al.cohol contains |ess.than.about 100 ppt of
any metal | opuri (RS Eh biocHrae Rihas Ry ReRey Gl BEEHE bR lr ¢y
i sopropyl al ephadvitivg E%WMc&ﬁﬁt&d SpatatioR b@hmn ke iddpRspyR B oRGUSAEr | Ons,
e.g. anions and cations. [on exchange resin 30 may be any suitable resin
capabl e of r deastPhg widb ddopiopplaleatiobsvhiskeeanl be prpduded by yatious methodd. | et al

exchange. r e i ok MR ARP G Tind e e SRl FeBomEh ] ARRAR Hulo ner cor
One sueh resiigishcdvitindiig.al) whefer pildeRedprogy] dldohals 60saaytheintilytphéified ddenanme

AVBERLI GHT UP604 RESIN or 10 AMBERIJET UP60Q40. If an acidic resin is used,
cations are remeviag lishhoranus pbstraes Lrpdhathayabling poiptsileweriban t he

ul tra-high pugd J PYih: %pg%g =Tok i tional
treatnment w ? %}dp%p%%&%&@cyﬂrh (lasi"#l t efr %Q@?%@gﬁg%ﬁ%@ﬁ&éﬂcaﬂ on net al
- absorption f rdestglatipn eslitmn S0pehére the amde tsbpbpylaabcdhel @ldistitlbé.dThy liglte ani on
resin. In addition, .the anion resin is caﬁ)agle f renoving.15 trace acidic
conpounds f r SREAHESUPSHRES A reHIoEHR an rhed ﬂ?“lfﬁ‘ﬁ%‘é“%?’ﬁ“&ﬂtweel ease. The

resi nsycan bejigiRaenirtie ke dRadatfonolhR kn@PLEABSPIHERY dqBedi if d.
Single resin beds can be used alone or in various conbinations. reover,

the ion exchdaiphol b is takienes the botem reedinchbeThe partialivpuridisdeguedtisi sti ng of
resin inpregnat I S.Qr S. . r r r contain
tho opt] onal SPEPAIcREYSs Hen SRINRER anofifty SHRBof SES el f HEbAE

ul tra-hi gh puyepdritiorsat, oo asabend distillation gdtuih l60e Mhe gecdad ideseiliaflon | n Fig. 1,
the filtering device is situated after the_ i on exchange resin._The
filtering defPREsmatstesanjerand iwprapylilgohad Vissaoriofistilaton: ddiparti cl es
rangi ng i n si

fil ter?sng de |§%Jc%§gi} gq"{sag}l%?(s: ergﬁﬁra %%K%%%@%B%%g}%&ﬁ\%ﬁ%? %QO&H%ﬁbrane, a
m crof il trat ifoom dleviecendodistidlation colgmn aad fedthar pufified ima thod sejsaratoon, urdt

combi nations thereof. A rane i s.si.hply a pernmeahl r,seni-permeabl e
material thr Gl a%ﬁ;rgﬁt%{}%}coﬁw%'?gpigg g&ue@ggxsggro.{)?laai% ]8} fegg]“gg. ff er ent
. rates by applihird@is@ilistidnvdoind RAsGOwAEF Snteri DEaBBRE 4 kWdPs orliBsss TheltMirdg force

is typically applied in the formof a pressure or 30 concentration
gradi ent. Theobintf emayes essentiafyall theawater pmithe isopropylrdechos selutiansby t he

. henbra are the.result of differ es Ln siz uhi |4 r diffusivity
or cong nat i 6‘#@12 %&?@8@’. a%%?qpé%%ét%??g%r Zfﬁ&a“{ %Z(? P%gllélg labslk}pgtéorne{% %i?éﬁ imted
to, ceram c thd/lsedf@ithRd c@dporeallinlddditioh @TsdpibpyEatbslanasd wateh witch &
menbranes, netallic nmenbranes, and m xtures _thereof. Here ain, the high
purity i sopr dpspcied andeysed injernalbeinghe taveer ndfaierds remover &om a’gé?ﬂpr‘i’lﬁ\]/e ntion
may be passed through such a filtering device, with the intent to renove
all particul ates. The processes previously described may alternatively be
configured so that the filtering device is situated before ion exchange
resin 30. In this setup, high purity isopropyl alcohol is the product that
is passed through the filtering device to renove undesirable particles. To
illustrate the present invention, the follow ng exanples are provided. It
10 shoul d be understood that the present invention is not limted to the

o o p—




An i sopropyl al cohol stream containing 350 ppt calcium 136 ppt 15
potassium and 544 ppt sodi umwas passed through a 24 inch resin bed of

AVBERL| TRy dRfifdfsat 30 vol unes per volunme of resin bed per peqiisor/Ihes
ef fl uent contained 50 ppt or less of calcium 50 ppt or | ess of potassium

and 34 ppt or less of sodium O 0 Exanple 2 Results of filtration
experiments are shown in the table below ParticleParticle Count per

m | 1'i terSi zegidh&rsoftiich Iss fiat #%@g@rﬂ%mﬁ% FoR(i9 ¥k Gpodriobloer Post -

FilterPre- FilterPost- [terP anePost - nbr anePr e- Menbr anePost -
Menbr ane O. 3M&@@swpmpgbmm@mﬂammmm@nooﬁmgm@anmme@@@m|

2.002. 211, 61 “3HI94 103551 of RUPPITS 4% RV PR o o

OL/ 9. 128- 4 PG48t 165iA%hd prot&8 o Bdent MVETohOWhi¥ESs BepiplERaGH | bed with
particular reference to the preferred forns thereof. It will be obvious to

one of ordi n&igs. &id.@ndBn the art that changes and nodifications may be made
her et n L Toul SO ATOT 3 e LS Qe bR BeTE™
PCT/ USQO1/ | G\Gfﬁicﬁéhaﬁhégl d\:ﬁlllﬂ@ﬁ)unﬁllﬁig,&lr BRifactiag cdmpdneptsaest a lfqaid. (Fa@duci ng
high purity Ie)scgmplrale t¥1e sc%a(r:a(%ljgglcoﬁl(r)nqlpéallnslalenagdlgtqgtlgg golﬁm?l QI]‘che separating step

is used to remove components with boiling points different from that of isopropyl

10 alcohol. Overhead stream 110 is about 5 to 40 wt.% of the isopropyl alcohol and
contains increased concentrations of components having a boiling point less than
isopropyl alcohol. Bottoms stream 120 is about 5 to 40 wt.% of the isopropyl
alcohol and has increased concentrations of components having a boiling point
greater than isopropyl alcohol.

15 Removing high purity isopropy! alcohol from separation column 10 is
performed at a point in the separation process that is determined afier careful
analysis. Samples may be taken throughout the process. The high purity
isopropyl alcohol product is removed at a point where the metals content is 1 ppb
and the moisture content is 100 ppm.

20 In a preferred embodiment, separation column 10 may be a distillation
column configured with about 20 to 70 trays. Since isopropyl alcohol feed 100 is
at least about 99.9 wt.% isopropyl alcohol, the distillation column is preferably
configured with about 30 to 60 trays. Typically, the feed entrance point is located
between tray 20 to 50. Depending on the configuration of the distillation column,

25 vapor sidestream 130 is situated above or below the feed entrance point. The
location of the vapor sidestream is carefully chosen to ensure that the isopropyl
alcohol stream selected is high in purity and quality. That is, the high purity
isopropy! alcohol product has a metals content of less than about 1 ppb and a
water content of less than about 100 ppm. Preferably, the vapor sidestream is

30 taken between about tray 20 to tray 50.

In another embodiment, the process for producing high purity isopropyl

alcohol is shown in Fig. 3. It begins by feeding a feed stream comprising at least



(a) feeding a feed streamconprising at |east about 99.9 wt. % i sopropyl

al cohol into a separation colum; (b) separating said isopropyl alcohol

into an owss higadsstream t aken overhead from sai d separati opegpsHReANd a
bottons streamtaken as to bottons from7sai d separation colum; and (c)

renoving said high purity isopropyl alcohol at a point: (i) bel ow where

said feed streamenters said separation colum but above said bottons

stream or ( iabbut@@’ﬁt.?;ﬂl@%ﬁo?yrﬂia%dhﬁﬁﬂto% $PARSNESHMnSAicH 23 @RANMON col umm
S

but 15 bel ow said overhea eam wherein said high purity isopropyl

al cohol has #olmral® Thaatdenst dfout 88 wtfaisontsptalaohepis seneratedurto@n cont ent
of less than s 1k S f imJl, .fur r cqnprising
the step of ﬁgg@%dgét%gﬁﬂm’ 8’%1%9%5‘% ?r ;égll @8%’ o"?ﬁég g%a%i’f c%ﬂr%&f a filter
after renovi ngttems girding M2 Ptaken ¥s baRaisdRh tR! sepdi@liod codimBaTle SRt | on
colum, wherein said filter is selected fromthe g%rou_p consi sting of a
menbr an®, a mredust {1G framithmdistllationgglimmpis calleies 4sithe highipgritisenreryl and

m xt ures ther, | , | i ' ris a
menbr ane sel é‘g@é?il ]frrg%‘%t’t%@g% Q%S(J%E%%#g“f"gﬁl“ﬁ%f%% ﬂ&%@iﬁ%%@ﬁﬁ?‘é&@é ?e?pol ymeric
menbr anes, nebalehi af lessthasdbest 1@0ehbmi Optisredly] the hghfpurdy isdpmppr dcstnd of
claim1l1, further conprisjng the st of passing i igh 30 _purity

i sopropy!l al d%f CtEEﬁGEngrP a9?5§18$|ﬂ§j§ﬂhﬂ‘_¢f§y FS@QF‘WYF%H&‘OQB‘%OP%}F T gan

ul tra-hi gh peiicy ZOWW?aﬁic%hqlhelﬁ | ﬁﬂié%%§§robglaﬂc(ﬁllapﬁiayjfﬁ%e9% of any
metal inpurity. WO O/ 9~28~ PCT/17S01/°1667s 13 5. The process of claim 4,
wher ei #0 sai d tieai¢d axidhian gechangé resins3OatThiseesultsdnen nési-nigh phrityt iseprépydm t he

roup consistin f ti.onkc resi aiyoni c resi.n, and M xtuxes
thereof . & 6.PRal pspduBaving tess Siaont Qo Pkt hol mciflifipy iy, JYert ageil

passi ng sai d thé fik@ing deRideidyl Be placearadiyihe dCORBAndeREAH 8 s Inlgg..3. Wher ei n
said filter is selected fromthe group consisting of: a nenbrane, a

mcrofiltration cdhestepqd sepamatingtheisppiopylalecha! spdytionds perfornadin ares

tsgf};gf; d ]E ?OZaipP%gﬁs 95&%?&3& s%ar&éir?é‘, @a@t’ion%ﬁé,%ii&mﬁ@, Bmfxfﬁﬁge, ot ;L,J?tra%tiﬁrg mbr ane

15 isopropyl alcohol, such as separation column 10. In the embodiment depicted in

Fig. 3, overhead stream 110 and bottoms stream 120 are derived from the
separating step. The overhead stream is about 60 to 98 wt.% of the weight of feed
stream 100 and contains components with a boiling point less than isopropyl
alcohol and the bottoms stream is about 2 to 40 wt.% of the feed stream. More

20 preferably, the overhead stream is about 70 to 80 wt.% of the feed stream and the
bottoms stream is about 2 to 30 wt.% of the feed stream.

The high purity isopropyl alcohol is collected from the overhead product
that exits distillation column 10. At this point, the high purity isopropyl alcohol
has a metals content of less than 1 ppb of any metal impurity and a moisture

25 content of less than 100 ppm.,

Once high purity isopropyl alcohol is produced, an ion exchange resin can
be optionally included for use with any of the methods described in the present
invention. As discussed above, the processes shown in Fig. 1 and Fig. 2, are
shown with ion exchange resin 30. The ion exchange resin is comprised of a solid

30 phase that contains bound groups that carry a positive or negative ionic charge.
Moreover, there are exchangeable counter ions on the resin that can be displaced.

By including a step for treating the high purity isopropyl alcohol with an ion



group consi sting of ceram c nenbranes, polyneric nenbranes, netallic
menbranes, and m xtures thereof. 15 8. The process of claiml, V\/nerei n said
separ at'OW(ﬂﬂlt}JQﬁ] is adistillation colum. 9. The processp@f &k

wherein said overhead streamis about 5gto 30 wt.% of the v\(/g[lfgﬁJ a| d
feed stream and said bottons streamis about S 20 to 30 w. % of the wei ght
of said feed stream 10. The process of claiml1l, wherein said at |east

about 99. 9 WexMahgORERAPN um.laqggmbumy ifbRPYTAGo NN iPoBEhED VIR RE nidg t he
step of distilling an I soprop al coho sol ution that contains no nore than

about 14 wt . bighauaty ggpnsmylrﬁgcc&m! eqniging lesgthan plywé 106 ppt of 2y eretads f or
d
Peading 3 1 eaiPiefs ThisaddnRAGARY o8k GidAGHics BITHALIE LRy te¥Bio FRB0R 1Y)

al cohol int Ormmm@achhulml aetal impurdtied afd pourpgraon, iexggalﬁamwhndsaammpyl al cohol
into an over head stre gnaken %erhg)ad from ai d se on columm and a
bot t on® st ream ta'iQe“n‘3 ange\kgsip 3y gnayqe apy siiap *USB‘I‘/% %0 YHE from said
separation cg} gﬂ'ﬁ}n WeseMbtal dh lﬂ‘i’ﬁrﬁl‘?@& &R ﬁﬂ d high purity
I sopropyl al cgh Raw r?g a net céntent 4 ess 't Eout L ppb and a
wat er cont enpotaﬁsnhre,scsﬂcﬂhmnambmn HIGﬁtrquhﬁoﬂExcﬁBhge msnneas:atncimcl aiml 1,

further comprising the, step o I urit al cohol
i neh o f ¢ reh 28 abBRicaeih o Rm RS eRE e Ry e ks el R el P rom
the overhead R%hﬁ%@ﬂ@&%l&ﬁﬁe@ﬂﬁdrad%&AMMdﬂT U604 RESENQSt ed from
the group conmshgT a nbrane, a mcrofiltration cartridge, an _
ul tra-1¢ | t r atANRER éE’6Oé@rdIfmn>am§h<er§smhw@éfcatlpns arg remppeedpvbicdss of cl ai m
12, wh t

L2 ner el Sl bkl 3, TRBLENE SRLSRLE R KA ARSI HA AW 51 0

The process @lﬁbjﬁdtﬁl mamaddttwnhheeratmamuhsanrmddiketesimp fokhepasaoveg said high
purity |soprop’>é al cohol through an ion exchange resin, thereby formng an

ul tra-hi gh p@pis Thessstiopyretal| abenrBloTEgRS V1§ ANIARCOAKH 108 i CARF ppt et al
lmpurities. agso}beﬁb THE aRfoRcESS Bfadg t@h%é’ﬂwoﬂ’?&ﬁis% g@dlgof Rhovitighange

resin is at l'east ore resin selected fromthe group consisting 0-a cationic
resin, 1an anitmaed aidiesompoantd fromx therisprapyéaleoliol that can cause cation release.

The resins can be chosen on the basis of what species need to be removed. Single
resin beds can be used alone or in various combinations. Moreover, the ion
exchange resin that is used can be a hybrid device consisting of resin impregnated
filters or membranes.

20 The process may further contain the optional step of passing the high
purity isopropy! alcohol or ultra-high purity isopropy! alcohol through filtering
device 20. In Fig. 1, the filtering device is situated after the ion exchange resin.
The filtering device can be any suitable device capable of removing particles
ranging in size from 0.05 microns (pm) to 10 pm. Preferably, the filtering device

25 is selected from the group consisting of a membrane, a microfiltration device or
cartridge, an ultra-filtration device, or combinations thereof. A membrane is
simply a permeable or semi-permeable material through which two or more
species can be transported at different rates by applying a driving force across the
material. This driving force is typically applied in the form of a pressure or

30 concentration gradient. The different transport rates of various species across the
membrane are the result of differences in size, solubility, or diffusivity or

combinations thereof. Suitable membranes include, but are not limited to, ceramic



16. The process of claim 14, further conprising the step of passing said
ultra 25 high purity isopropyl alcohol through a filter, wherein said
filter isugpd@abgd fromthe group consisting of a nenbranepcﬁusm/mm,
mcrofiltration cartridge, an ultra-filfration device, and m xtures

t hereof. 17. The process of claim 16, wherein said filter is a nenbrane
sel ected from 30 the group consisting of ceram c nenbranes, polyneric
menbr anes, n&teaiﬁra@sn@ﬁﬁm fembiifled]imdtallie telitedrRofand mivrédthdredf; ~

PCT/ USOL/ 16675 15 18 prqocess of clajm 11, wherein said se aration
colum is a &lcss aganratth%hlgb@m%sopx@yl #ieabq)nsedussd by the methpdsof thher ei n sai d
over head str Ie tream
and said bot ? %ﬁtg ‘?églgi%hlngdgat{?g)u?sgg%gL(QDJumk Q%%hgﬁgw\ﬁééivgmmeﬁrﬁggfﬁ feed
stream 20 Temovyeratcesticditec! aim 1 |, wher e| n said at |east about 99.9 wm.%

. |soprop al cohol roduced by a netho r|5|n |st|II|ng
an 1o i sopr opyl TJE‘BH PeeessP H’E‘?VB%S]VHS?”{?B fr%i‘ly teHgLRey ePPFaiIhg”g‘Bgﬁﬁg . %
wat er using gnd m&aﬁlrgyde%&%% §iRRRd bR ﬁntm}ﬁ%@éiéém 30. Jn this setup, high
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Example 2
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1. A process for producing high purity isopropyl alcohol comprising the steps
5 of:
(a) feeding a feed stream comprising at least about 99.9 wt.% isopropyl
alcohol into a separation column;
(b) separating said isopropy! alcohol into an overhead stream taken
overhead from said separation column and a bottoms stream taken as
10 bottoms from said separation column; and
(c) removing said high purity isopropyl alcohol at a point:
(1) below where said feed stream enters said separation column but
above said bottoms stream, or
(ii) above where said feed stream enters said separation column but
15 below said overhead stream,
wherein said high purity isopropyl alcohol has a metals content of less than

about 1 ppb and a water content of less than about 100 ppm.

2. The process of claim 1, further comprising the step of passing said high

20 purity isopropyl alcohol through a filter after removing said high purity
isopropyl alcohol from said separation column, wherein said filter is
selected from the group consisting of: a membrane, a microfiltration

cartridge, an ultra-filtration device, and mixtures thereof.

25 3. The process of claim 2, wherein said filter is a membrane selected from the
group consisting of: ceramic membranes, polymeric membranes, metallic

membranes, and mixtures thereof.

4, The process of claim 1, further comprising the step of passing said high
30 purity isopropyl alcohol through an ion exchange resin, thereby forming an
ultra-high purity isopropyl alcohol having less than about 100 ppt of any

metal impurity.
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@10%0%' () - 25@10% opesy(of claim 4, wherein said ion exchange resin is at least one

resin selected from the group consisting of: a cationic resin, an anionic

resin, and mixtures thereof.

6. The process of claim 4, further comprising the step of passing said ultra-
high purity isopropy! alcohol through a filter, wherein said filter is selected
from the group consisting of: a membrane, a microfiltration cartridge, an
ultra-filtration device, and mixtures thereof.

10

7. The process of claim 6, wherein said filter is a membrane selected from the

group consisting of ceramic membranes, polymeric membranes, metallic

membranes, and mixtures thereof.

15 8. The process of claim 1, wherein said separation column is a distillation

column.

9. The process of claim 8, wherein said overhead stream is about 5 to 30
wt.% of the weight of said feed stream and said bottoms stream is about 5

20 to 30 wt.% of the weight of said feed stream.

10.  The process of claim 1, wherein said at least about 99.9 wt.% isopropyl
alcohol is produced by a method comprising the step of distilling an
isopropyl alcohol solution that contains no more than about 14 wt.% water

25 using a ternary azeotrope.

11. A process for producing a high purity isopropyl alcohol comprising the
steps of’
(a) feeding a feed stream comprising at least about 99.9 wt.% isopropyl
30 alcohol into a separation column; and
(b) separating said isopropyl alcohol into an overhead stream taken

overhead from said separation column and a bottoms stream taken as
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less than about 1 ppb and a water content of less than about 100 ppm.
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13.

14.

15.

16.

17.

The process of claim 11, further comprising the step of passing said high

purity isopropyl alcohol through a filter after collecting said high purity

isopropyl alcohol from the overhead stream taken overhead, wherein said

filter is selected from the group consisting of: a membrane, a

microfiltration cartridge, an ultra-filtration device, and mixtures thereof.

The process of claim 12, wherein said filter is a membrane selected from

the group consisting of: ceramic membranes, polymeric membranes, and

mixtures thereof.

The process of claim 11, further comprising the step of passing said high

purity isopropyl alcohol through an ion exchange resin, thereby forming an

ultra-high purity isopropyl alcohol having less than about 100 ppt metal

impurities.

The process of claim 14, wherein said ion exchange resin is at least one

resin selected from the group consisting of: a cationic resin, an anionic

resin, and mixtures thereof.

The process of claim 14, further comprising the step of passing said ultra-

high purity isopropyl alcohol through a filter, wherein said filter is selected

from the group consisting of: a membrane, a microfiltration cartridge, an

ultra-filtration device, and mixtures thereof.

The process of claim 16, wherein said filter is a membrane selected from

the group consisting of: ceramic membranes, polymeric membranes,

metallic membranes, and mixtures thereof.
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