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PURI TY | SOPROPANOL Field of the Invention 5 The present invention-®r ' ‘
a process for producing ultra-high purity isopropyl alcohol. Mre
particularly, the present invention relates to a process for producing
ul tra- hi ghwoumiotag4i sopropyl al cohol that has | ess than HGapaiissrsper
trillion of metal inpurities and | ess tthan 100 parts per mllion water. 10
Background of the Invention Sem conductor nanufacturing operations require
that wafer surfaces be as clean as possible. At tinmes this is difficult,
especially when the wafer or PROGESSFORBRR@DUGING an aqueous sol ution and
subsequently dried. The C i |L.eads to the formation of
spots, |eaving unwanted ﬁ@@ngégﬂ@ﬁ{gh%“@%ﬂ?@%biﬁfgﬁghis can be a nui sance
that | eads to defects in the manufacturing process. One solution to this
residue problemijs to immrediately follow the aqueous rinse with a rinsing
sol uti on conta¥ yl al cohol. The isopropyl alcohol quickly
evapor atses, | eavi | Log. t eeShi to be
of fect i ve. the |Som peslé’ﬁz‘?vg%lﬁgﬁa?rﬁgﬁ ahBbelf BF5roting g pﬁ‘ggi"mﬁi s new
requi r enent higeprepyd alcelpl aMasguiriicolade.tkd prpseptiovmtiserslatdsiias praessfor | sopr opyl
al cohol to un |. | gh, purity | evels, .typicall e contam nants and
water are neaé%#%&‘ll Ql %lmp'gﬁl §%%%SX%° l\fﬁia&fﬁh%{ﬁ%a/? h?sq?%ws@g%rpﬁf patents
descri be procesikesofused idmurifiesaad Gss thah il @hpapy pertvillicae@teepy!  al cohol 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 Adans et
al . on feb. QBmﬁgﬂﬂgﬂsﬁ@&EﬁaﬁonnEthOd for dehydrating and purifying inpure
i sopropyl al cohol by renmoving substantially all the water and any organic
i npurities wth bolmisgdustnr meguipetaring apsrationsgerpuits hat walee Bifsresthedsn an
| sopropyl alc I | : Hal! : s:per mllion
wator Th e f1 e P R e I R O iR ehiD

rinsed with an aqueous solution and subsequently dried. The process of drying

often leads to the formation of spots, leaving unwanted residue on the surface.
15 This can be a nuisance that leads to defects in the manufacturing process.

One solution to this residue problem is to immediately follow the aqueous ‘
rinse with a rinsing solution containing isopropyl alcohol. The isopropyl alcohol 1
quickly evaporates, leaving no residue behind.

In order for this method to be 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 miltion 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 }
isopropy] alcohol from an isopropyl alcohol solution containing léss than 2000

30 parts per million water int a first distillation column. The overhead product
contains organic substances with boiling points less than isopropyl alcohol and a |

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



cont ai ns organi c substances with boiling points |ess than isopropé/iI al,& hai )
and a binary isopropyl alcohol/water azeotrope. The overhead pro (gtl‘ifv o] 0
the first 3 0 NOV 2C94 WD 01/94284 PCT/US01/ 16675 2 distillation colum
feeds a second distillation colum, where a |ow boiling overhead product is
taken and wioloiesed to a desired specification. U S Pat .pciiasoiZisé@4, 440
i ssued to Brooks on July 22, 1952 dischoses a process where isopropyl
al cohol is purified by renoving water from an isopropyl 5 al cohol-water
bi nary azeotrope in the presence of sulfuric acid. U S. Pat. No. 4,399, 000
i ssued to Tedisillabon dohgnn £6ds als8&Rd disé Hativa solamnpwioces owf iliggr oduci ng al cohol
substantially free, of ter. Th rocess, _conprises. the steps of extracting
an aqueous aloé’SWB‘I‘d%@fb%Af?fsgﬂ‘eﬁﬂcﬁm eﬁe‘%PagFﬁungW&igmonsystem cont ai ni ng an
extractant for thaJglrehNy. 2,60h8080xed @BIO6E 0a ulPRYAISE dBslbsent 10 al cohol
phase and an aqueous phase, and vacuumdistilljing the organic sol vent-
al cohol phas&reesey whsre ispprapylialsghal iepupfiedibiiemaying water Eomen i9P10aYll y free of
water. (U S p Is or ons Dec. 17, 1996 and U. S.
Pat. No. 5, 57‘*{),&%‘317‘“;‘7‘3‘3"3%"39?%"5@3Fk“iﬁl“"i’%sir??Wﬁ‘“ﬁ‘”ﬁ@’v. 5 1996, di scl ose
processes that i AkBIRed Nti. 4809,00kissued toylclidenon iAupalti B183ateathaembr ane
separation by _vapogr 15 .perneation.in.a.single vessel. The distillation zone
can be posit iptg?lceegi {?ﬁgliofhg%?ﬁn%?&hoc%mu?u a%rrﬁa 0 “faﬁeé' ﬁ@crﬁf ésﬁsecogﬁ’ﬁéﬁsat i on zone.
The process absistye ofseithctiog asapecua hleokwll sodiittn, with 4. orgasfepbEptlsysdngohol , and
water. U. S. Pat., No. 5,897, 7qu isa?u§o{ é}o Eefo%g,on r. 27, 1999 describes a
met hod t hat (foBinINg nexfrpgiant fyr thejalqokiel; Wereby,forraing ap areanis solv¥one, i sopr opyl
al coholyy 20 a@dwongﬁhfbssandhhsquee‘@tphadspanﬁa&% distfilidghd8gati@sdieha et al .

or

di scl oses a netho separ at.i n% ali qui d m xture, such as isopropyl
¢ G

al cohol and vigtobpl phase thereb produgt algabad sisteptinlly fies ofwateed t hen
supplied to a per‘(ﬁ@.@a@%o?@jﬁ@f@ﬁ%ﬁ&%ﬁ%k& oﬁ‘i)ec.sﬁPfo%taﬁng?%ﬁmabl e

conponent of the |1 qui d a portion of non- perneated liquid 25 1s circul ated

through a ci M7l 87 physd t¢ Markeretjal. quNgv.rf, X996 distlesegrovgespi e before a

heater, and ey SRIRGLLPRIcibRRoRind R BEHIRALG dajd: U d 15 extracted
15 permeation in a single vessel. The distillation zone can be positioned upstream or

downstream of the membrane separation zone. The process can be used to
separate alcohol, e.g. isopropyl alcohol, and water.

U.S. Pat. No. 5,897,750 issued to Berg on Apr. 27, 1999 describes a
method that uses extractive distillation for separating acetone, isopropyl alcohol,

20 and water.

U.S. Pat. No. 5,494,556 issued to Mita et al. discloses a method 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—permeatéd liquid is stopped.

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




outside of the system and wherein the tenperature of the liquid n%:gt MCY 7004
feeding pipe in which the non-perneated |iquid has been m xed with the
liquid mxture or in the circulation pipe for the non-perneated liquid, is
nmeasured, and when the 30 neasured tenperature is out of a predeterm ned
range, newwsup@igsof the liquid mxture and/ or extractirrashyisks
non-perneated liquid is stopped. The ngthods taught in the prior art, do not
necessarily neet the requirenments of 3 U NOV 2004 WD 01194284 PCT/ US01/ 16675
3 today's custoners, such as the sem conductor industry. As such, a process
for prepari ntpdan’s eustomegh syshias the sersiopndogtyt indilstrph 8k sich, mprectsgfot 0 meet t he new
demands of c rs.. khe. present inventiaon al.so provides, many additi onal
advant ages m#%&gﬂgugﬁéﬁl‘&g&%ﬁgmg%gﬁﬁeﬁ‘sﬁe%gi%mggg@%&w ummary of the
| nventi on Theofyuetemeis, i nvention is directed to a process for producing high
purity isopropyl ,alcohol. The process, conprises the steps of. (a) feeding a
feed.stream 10 c()ﬁ’fﬁrPF%‘Fﬁ‘fd“V&E‘“?“eaé%“tPf%&inag‘g?‘gh%n?b/%@"%iﬂeﬁ)}i@@ al cohol into a
separ atipn CoiHdMecottdapp b adlidsBibel B80S OPr Opyl al cohol into an overhead
stream which 1s taken "overhead fromthe separation colum and a bottons
stream taken as bottonms from the separation colum; and (c) renoving the
high purity iggpk leohpl at a point: (i) bel ow where the feed stream
enters the se“f')ll al'i&gértt—h%(glﬁv o ut above the 15 bottonms stream or (ii) above
where the feed st rBepreoiténentidnds dieqpred &t a procee far produting higk pwity t he over head

stream wherein the high purity isopr.opyl alcohaol s a _netals content of

| ess than aboﬁ?pwza%‘éﬁll‘ efprB%/elsﬁ‘fO nf%é%Steé’ﬁﬂPZa)\fgﬁ%ﬂ'}g"’ch BT of | ess than
about 199 par édinpRieing @i lehst Ooul PRI Wt %@ipkadbditohol infea RpASRESonAM, Udes the
further step ; assi n&l t he hi ghogur,ity | sopropyl al cohol through an ion
exchange 20 r@afpaziipgihe isopigpylalpoheidntp pypveisad steamswietvisyakem| cohol from t he

separati on COhytffitad frbRWERYarkinTofehnARd & bétfohshirSdin BIEA IdboktsBPEGRY! al cohol
that contains |ess than 10 parts per trillion (ppt) of any netal inpurity.

Hi gh purity i%epwentien eslemnend (pyemaving thechigh praniiy sopropylalcphd el s
point: (i) below where the feed siream enters the separation colurnn but above the

15 bottoms stream, or (i1) above where the feed stream enters the separation column
but below the overhead stream, wherein the high purity isopropyl alcohol has a
metals content of less than about one part per billion (ppb) and a water content of
less than about 100 parts per million (ppm). Optionally, the process includes the
further step of passing the high purity isopropyl alcohol through an ion exchange

20 resin after removing the high purity isopropyl alcohol from the separation column,
thereby forming an ultra-high purity isopropyl 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 isopropyl 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



conprising the steps of: 25 (a) feeding a feed stream conprising at |east
about 99.9 WL% i sopropyl alcohol into a separation colum; (b) sepdr BCWngl4
t he isopropyl alcohol into an overhead streamwhich is t aken overhead from
the separation columm and a bottons stream taken as bottonms fromthe

separ at i onwanlimss wherei n the overhead stream conpri sescTiuserfssgh purity

| sopropyl al cohol having a netals contgnt of |ess than 30 about 1 ppb and a
wat er content of |ess than about 100 ppm The high purity isopropyl alcohol
may further be processed through an ion exchange resin after collecting the
hi gh purity if%opngpyulisHighmityf seproyh dcdhwbtbhemdias leatipn 100ppeby 3 3 hL Y
LVit+ WO 01/ 94 PCTIUSOl/16675 4 formng an ultra-high purity isopropyl

al cohol that &8 $ess than 100 ppt netal inpurities. Qther and further

obj ects, advant agecstharaﬂdff@mbwl@@tspzidvhxh@gepaﬁs@mhres BIABE bleSeit inVédtion be
under st ood by referﬁnce o the follow ng specification in conjunction with

5 the annexedHriswn By wferencs i@éh“p@p?‘ﬁmﬂ &Rpsifigalinn in corawnctioncith unber s.

Bri ef D%scrl%emeeéd&wmg@mraﬂm saavelbebé PHRGERDe &/ ow di agram of a
first enbodi ment of the present entlon Flg. I's a process flow

di agram of a second enbodi nent of the present I nvention; Fig. 3 is a
process flow FPRB2on 3¢ th bl[_aqme odi nrent of the present invention; Fig. 4
IS a process %{m—g%wvgow—ngéghe optional steps of ion 15 exchangi ng,
filtering, and redig du aprooess flve diagoapr afjayfirstazimbodislentuf ddyedsent Fig. 5 is a
process flow di agram show ng the optional steps of ion exchanging and
filtering t he™Y %! B’f"opyl al cohol product; and Fig. 6 is a process flow

di agr ameshowi ng a Figheapioosss ek dagradihie sedondembSRRERARY the plesétpol . 20

invention;

Fig. 3 is a process flow diagram of a third embodiment of the present
invention;
Fig. 4 is a process flow diagram showing the optional steps of ion
15 exchanging, filtering, and recirculating the isopropyl alcohol product;
Fig. 5 is a process flow diagram showing the optional steps of ion
exchanging and filtering the isopropy! alcohol product; and
Fig. 6 is a process flow diagram showing a method for making 99.9 wt.%
isopropyl alcohol.
20
Detailed Description of the Invention

In Fig. 1, high purity isopropyl alcohol is produced utilizing separation
column 10. Dry isopropy! aicohol 100 that is at least about 99.9 wt.% isopropyl
alcohol is fed into the separation column. Overhead stream 110 from the

25 separation column is about 5 to 30 wt.% of the isopropyl alcohol and bottoras
stream £20 is about 5 to 30 wt.% of the isopropyl alcohol. The high purity
isopropyl alcohol is taken as vapor sidestream 130, which has a metals content of
less than about 1 ppb and a water content of less than about 100 ppm. This meets
the stringent requirements demanded by the Semiconductor Industry. In Fig. 1,

30 the vapor sidestream is taken from the separation column, below the feed entrance
point but above the bottoms stream. However, depending on the separation

column configuration, the vapor sidestream can be taken from the separation



Detai |l ed Description of the Invention In Fig. 1, high purity isoprgaﬁylw “
al cohol is produced utilizing separation columm 10. Dry i sopropyl daiolZthh
100 that is at |east about 99.9 w.% i sopropyl alcohol is fed into the
separation colum. Overhead stream 110 fromthe 25 separation colum is
about 5 towsDoims28% of the isopropyl alcohol and bottons pcatuserigs’s20 | s about
5 to 30 wt. % of the isopropyl alcohol. sThe high purity isopropyl alcohol is
taken as vapor sidestream 130, which has a netals content of |ess than
about | ppb and a water content of |ess than about 100 ppm This neets the
stringent requbinmbnvstwnamt&ahcbpohhbuwnwwnmiemstdemdmtshqwnhn Fig. 1, 30

t he vapor sidestream en fromthe tiQ u ow the feed

entrance poi % ﬁmélgg\%atﬁ%o‘%sts%%‘%f gﬁfi'i G\‘i‘e‘?}’gﬁ” dftgbse?fjdl ng on the

separation cghssiﬁg lgm;amp@cgpylil&ﬂmv smﬁﬁ%mﬁa%e:@ﬁm@&eﬁaken fromthe
4284 PCT/ USQA / 1667 col umm above the feed

separation 3 Q Pt WO 01/
ent rance poi nfhr?}lﬂp dé‘é?’&ﬂ/\ﬁec"ﬁ’é 20sushas adnesmbrangmAltgmatyebintheiion exchapge 2. | n .
addi ti ons theré?.fu%ﬁﬁémﬁx‘&@%ﬂér%e"_ﬁl&r ad shoWHO¥Big beoﬁ&ttt A8 idh fed33n OF passing

the high purity isopropyl alcohol t’hr ough ‘an i on exchange resi'n 30 the
t hrough fil tepxmglgﬁem&emhmuwhswml ﬂmﬁol@qemesﬂdntmaghpmity the i on

exchange 5 re yal e hown in, Fig. 5. Once
treated with sz@‘oﬁﬁQI %(1?:% :e Ir%el%strtlh heu%kllangPtB ytr§5a? %B%yP%I cohol
beconmes an ul ﬂnﬂeﬂn@mmgtqcuculmﬂmpyus aby bhintludddaifecianding fask PEss t han

about 100 ppt a uri.t urt her enpodi recircul ation
|ine 145 may Hg“ W&&aéaﬁa?lf%? %ltﬁgaﬂm&t@ohlghm%ﬁowagﬁﬁi%o Ishi ppi ng
cont ai ney, tothpapE thelThtetihi devidaioBblomHbrk tihek, 29 BoMRYh Fl §ohol 10 through the
filtering device one or nore tines, as shown in Fi The process for

produci ng hi gh purWW@MPWW“%@WWB@&?P@%WQ%@E@EW by &ediggovi di ng

' | al t |east
09.9 i % i sopr *"“Eﬁ%%e%‘ﬁgfraﬁ‘)‘ﬁimg&?ﬁ’*ﬁ? o R IERO ot D s, | One
such nmet hod f 8aads ngpmmalﬁohqleydn@h@gbepmu@adubwm@pwethaﬂsohol sol uti on
15 s shown 'angg&h ol 6E FodhblE e 'uP RN 86K i %o GAGH AEMITBNRS, | I 181

purified by renovin I C substances ave 0|I|ng points
| oner than is shown in F1g 6, where crude isopropyl alcohol 160 may be initially purified by

removing light organic substances 170 that have beiling points lower than
isopropyl alcohol. This may be performed in a separating unit such as first
distillation column 50, where the crude isopropyl alcohol is distilled. The light
organic substances are removed as an overhead product using extractive

20 distillation in the first distillation column and partially purified aqueous isopropyl
alcohol 180 is taken as the bottom product. The partially purified aqueous
isopropyl alcobol is then subjected to another separation treatment in a second
separation unit, such as second distillation column 60. The second distillation
column separates water and isopropyl alcohol via azeotropic distillation. This

25 produces an aqueous isopropy! alcohol 190, which is taken as overhead product
from the second distillation column and further purified in a third separation unit,
such as third distillation column 70. The aqueous isopropyl alcohol feed into the
third distillation column has a water content of about 14 wt.% or less. The third
column removes essentially all the water from the isopropy! alcohol solution by

30 utilizing ternary azeotropic distillation. Ternary azeotropic distillation requires
the use of a third component in addition to isopropyl alcohol and water, which is

recycled and reused internally in the tower. Water is removed from the isopropyl



| sopropyl al cohol. This nmay be perforned in a separating unit such a@ fArst,
distillation colum 50, where the crude isopropyl alcohol is disti B1ed\Credh
| ight organic substances are renoved as an overhead product using
extractive 20 distillation in the first distillation colum and partially
purified aywoaonessssopropyl alcohol 180 is taken as the peatusemsprsoduct. The
partially purified aqueous isopropyl g cohol is then subjected to another
separation treatnent in a second separation unit, such as second
distillation colum 60. The second distillation colum separates water and

i sopropyl al celeokol goluticnzse that @ grydsaproplyl lbaiol sotutioll hdGis Ableast abbut®%9 an aqueous

| sopropyl al cqghel. Lch 1s.t.ak overhead. product romthe second
distillation gg‘lﬁl’ulrsrr&ﬁgpﬁ(ljg!?ﬁlro? ﬁée(’r?mw ?qblgo@ PR ofﬁﬁLP‘deB'ﬁﬁﬁF ﬁﬁwmﬁni t, such
as third dist hlxﬂoiﬁuiraaomﬂxltufﬂnowmoTh@s.amiﬁdesobﬁ)?pIrm%lﬁb(ﬁ@h@' feed into the
third distillat,i % colum_ has a tger content, of about 14 w%or |ess. The
third col urmS¥ \f%rsuség’stE‘FlP’P‘éqs?@P ¢ presepbinyigntien, Whidis exeaplifeditopy|  al cohol
sol utions by 3@igdti bis&ldng ternary azeotropic distillation. Ternary azeotropic
distillation requires the use of a third conponent in addition to isopropyl
al cohol and wat er , Sepafation ¢odumg Hbmay bapny devieethatdsicapshle pfrgbargtiign t he t ower .

Water is renp : -hars.l 1 I ! ' 284

PCT/ USO / 1667?‘%8%?&%]6%5‘? hﬁs%?%ﬁ‘?@ﬁ osrgéx?%a EY rée%ss%@?g%@?éa?gohol sol ution
100 is at | easxanpiethte sesradion volulin camhpr ofistillatidrombhmin. Che tsepardting st2p0- 500 ppm of
organic irrpur'{stigds and vhaViE@: a n@i s{lure .cogﬁfstent 31;) 1ﬂ?0 P mor | ess. This
dry is?p.ropylhgiﬁscc’l)tﬁ&@bﬁg&ﬂ emﬂl-ﬁegtg%mif%% .32 He g;’blaea?é; of t[}g

pr esent 16 nvenklcahvl. @hérkidad sBeagX IS dHoueltoi 40 va.%FbfEe isdprogy] aitbkbi 3nd Separ at i on
colum 10 may be.anL\H/ device that is _capable of,separat%ng, fractionati ng,
distilling, pEf&Espgeased coueenirationsgfe eichavingahorking poinylessthatror  exanpl e,

the separ at i oBogrobylaltokeBoons SHefthi1b0 Blab&l 56PAIWIY oF 1 iSHRAVAL I Ng Step s
used to renove conmponents with boiling points different fromthat of

i sopropyl 10 #lrehohend hapinsrerted goucenteatignsiof gompongpis havimg ¢ boiling pint% of t he

i sopropyl al c%%&&gg% Lincreased concentrations of conponents
havi ng a boiling point I ess than isopropyl alcohol. Bottons stream 120 is

about 51%0 40 wt . Banovitighighqupityoisgriropyl alcohol from separation column 10 is
performed at a point in the separation process that is determined after 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
isopropyl 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 begius by feeding a feed stream comprising at least



al cohol and has increased concentrations of conponents having a boiling
point greater than isopropyl alcohol. 15 Renoving high purity isogr gy\l ~ang
al cohol from separation colum 10 is perfornmed at a point in the £ 'rva’t iteht
process that is determ ned after careful analysis. Sanples may be taken

t hr oughout WoH@/94#8ocess. The high purity isopropyl al colraifusondsst is
renoved at a point where the netals cortent is 1 ppb and the noisture
content is 100 ppm 20 In a preferred enbodi nent, separation colum 10 may
be a distillation columm configured with about 20 to 70 trays. Since

i sopropyl al cehest 932wt nepropyl alegho) iatesy sepasation colgma, syeh 84 digtdlatiopy | al cohol

t he distillatl_.ﬁl&]ﬁ: ' I 0 | | 0 to 60 trays.
Typically, th eegé'gfrﬁérag?%g ag%lﬁgggﬂﬁ%%‘%ﬂgg%%{e&% @éﬁ&“@?‘g@&’ to 50.
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about 1 ppb aflerhg! Afnets coptent of feshthamehent hpep asdmwateref er abl y, t he
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enbodi ment, the process for producing high puri cohol is
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which is take r top ,of .the. s atipon colum and ..bottons stream 120
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product, which has,a nmetals content of S han. ahout _1 ppb and a water
content of less t S%B8€§ep%'@gptg?ﬂsowyh g]ﬁ‘ipﬁ ??utl%és Pﬁrﬁﬂ‘i“‘gﬁ‘ﬁa{‘& i sopr opyl

alh coholh fplr O Cdpphratus cdpabll OF Seladating) BSGiohgting Estiligh pltfink Yorieg@REiQPY! al cohol
t hr ou ilterin
g 15 isoprgpy] 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 siream is about 60 to 98 wt.% of the weight of feed
stream 100 and contains components with a boiling point less than isopropyl
alcobol 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 isopropy] 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




device 20 to renove particles. The high purity isopropyl alcohol ma% {ﬁg_rt,h,gﬁ
be 10 treated with ion exchange resin 30. This results in an ul trad igl;rf ceut
purity isopropyl alcohol product having | ess than about 100 ppt of any
metal inpurity. Here again, the filtering device nay be placed after the

I on exchany® nesism as shown in Fig. 3. The step of separmtriusgiises | sopropyl
al cohol solution is perfornmed in any &pparatus capabl e of separating,
fractionating, distilling, purifying, or extracting 15 isopropyl alcohol,
such as separation colum 10. In the enbodi nent depicted in Fig. 3,

over head st r eB¥fIAREE reHs b Bittedigh peritydsapropybeleghal i ebtpiped) whersithe tisa-separ at i ng

step. The oveﬁigﬁs&d@5@@&@@&&%&&9&%&%&% 1"6055@ 4ty Belpht of feed

stream 100 and contai n onponents wth a I ng point” I'ess than isopropyl
al cohol and timpubity {Thissadditional istep Surthioopurifips the high putitydsopfopytalesheldy st r eam

More 20 prefe 2 r .[ e i bout 70 .t0 8 . % of the feed
stream and thfg%%%lgta %@o@!ﬁg@ﬁﬁﬂagﬁé{)sou@]c?%{egw%g S fa%”??fmgﬁa\é&of]%ed stream The
hi gh pgr.‘i tyI : soprdpyb:lccahngaheﬂin?nosma;otbh dmsztsﬁtiblferraﬁm éaﬁ@lﬁaﬂeﬂeﬁdg pr oduct I t hat
exits distillation cqlu 10, At .thi oint, the high purity isopropy

al cohol  has lgetﬁ]ép'lgpghﬁgﬂﬁﬂ@gpnwﬂ?%géu@ﬁgﬁwplﬁ%{ Yeh 2B al inpurity and a
moi sture 25 chitisSin, Sici@Sadtitban prPathh Me iSNG@ndtgs esUS b tafiohopr opy! al cohol
i's produced, an ion exchange resin can be optionally included for use with
any of the nefHBER IFWHICTELD@T mixtpmethereels &me sughyrosimisiagsilabladrodi scussed above,

the processesy, mIjl&s’@ogi.mﬁme%fwﬁmlﬁgﬁgg%ﬁggﬁé}hexchange resin

30. The ion exchange resin I's conprise a so at contains
bound gitbups AMBERIET UP684G dEan doidic ssinmreuyed, ications emiremaved)wgéch Mor eover ,

et e o RS R A S P Bl PR DL 50, 2
3 3 LLi | WO Oshbpded aGRARiSaal trddmei wih afaaionio gein 1@ Sirther ffmoud t r a- hi gh purity
Al conol ”cont aHEs| TEeSHERs FeRbSbrPRbIHS e BrohRpuire a Bl capde i oy Th s
addi tional st ggorbed BynE afion tebine fn ddaRioh) (Bhariih redid is BRI EmAiszOhol by
ooVt n (lJS addi &';cg gc%(liic r(;rg[tnal unldsnRgrl;l Itﬁel i(saoS roanfjalgo%glnt%grcarll gan Sé ca%bg fele%?el ons and
cations. po propy us '
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 isopropyl alcohol or ultra-high purity isopropyl 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 (um) 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




5 lon exchange resin 30 may be any suitable resin capable of renoving metal
inpurities. Metal inpurities include all netal ions, such as sodi udnd o Zeh
potassium calcium and iron. Preferably, the ion exchange resinis a
cationic resin, an anionic resin, or mxtures thereof. One such resinis
avai | abl e woome¢Bohm and Haas, sold -under the tradenamediNBEAssHSHT UP604
RESI N or 10 AMBERJET UP6040. If an acidic resin is used, cations are
renoved, which includes nost netals. In this case, the ultra-high purity

i sopropyl alcohol may be subjected to an additional treatment with an

ani oni ¢ r esi nMewbRRes; pelymerig¢rabrangs, egtallic mpmbranes; i mistuss theeobr pt i on frees
up ani on coun ' xat, : t ' resin. I n addition,
t he ani on res?ﬁlreia a@’?ﬁ% epo ;seﬁg@?ﬁgzgl%g‘faﬁdgééegb&??%?%tﬂ%ﬂgﬁg%nds fromthe

i sopropyl al cpiegent inkerttiop amay bapasseddbroigirsucled Elsing deTibe withthaistenita be chosen
on the basis gf wh S i,es need to be renoved. Single resin beds can be
used al one orpelmr?v?/%h)aorgguq%%shbi nati ons. Moreover, the ion exchange resin
that is aused can b&c@r&ﬁﬁééﬂeﬂmh&ﬁs@m%hﬁjfhlh?@ndﬁ'fvelzﬁs'btﬁhﬂgﬁﬂ@ﬂ&gmaﬁ ed filters
or nmenbranes. 2% The cProcess may further contain_the optional step of
passing the hilgEterng Wefsssgbqtgﬁgﬁforg}oeamangﬁrem 89-alnithig petyny highy i sopr opy!l

al cohol thr OUﬁmc%isbﬁxeﬁm&oha%/m&ﬁo&m thhf s E&.s@ed, tﬂrou%l;'ﬁlefi?l biifyf dePie fhEVI CE 1S
situated after the ion exchange resin. The filtering device can be any

sui t abl e devi Eaorapssirblsrpaptigdyi ng particles ranging in size from0.05

mcrons ()Im to : gﬁmy Il j i 25 I.s selected from
t he group consi st il%glmcl)’efhggie%neg ratr%%‘,rehg&r’n gr%ﬁ*ﬁ?%’%ﬁ%’%&gree\??%vé&grﬁ cartri dge,
an ul tr & fil tshauldba uodsrstom] tha theqoestyit iaventionss hdidingtefl to the eeandpleane is. sinply a
per neabl e or %em'- ernmeabl e material through which two or nore species can
be transporte “q%di fferent rates by applying a driving force across the
material. This driving force is typically applied in the formof a pressure
or 30 concentrati n gradient. The different transport rates of various

speci es acro menbrane are the result of differences in size,
solubility, or di fAMs@tbgwmeéholﬁ@aﬁiceﬁﬁm%%se re@Rlum, P96 pbI € nenbr anes
include, but are not Iimted to, ceramc¢ 31:°0V L~"J 1 W 01l/94284

PCT/ USO 166 70¢tasgjum, and 544 ppt sodium was passed through a 24 inch resin bed of

AMBERLITE UP604 at 30 volumes per volume of resin bed per hour. The
effluent contained 50 ppt or less of calcium, 50 ppt or less of potassium, and 34

ppt or less of sodium.




menbr anes, polyneric nmenbranes, netallic menbranes, and m xtures thereof.
Here again, the high purity isopropyl alcohol produced by the nethpds}6l! (g
present invention nay be passed through such a filtering device, with the
intent to renove all particulates. 5 The processes previously described may
al ternati velowtbeseonfigured so that the filtering devi geThSopisiat ed before
i on exchange resin 30. In this setup, high purity isopropyl alcohol is the
product that is passed through the filtering device to renobve undesirable
particles. To illustrate the present invention, the foll ow ng exanples are
provided. It 10 should be understogd that the present invention is not
limted to the exanples described. Exanple | An isopropyl alcohol stream
cont ai ning 350 ppt calcium 136 ppt 15 potassium and 544 ppt sodi um was
passed through a 24 inch resin bed of AMERLITE UP604 at 30 vol unmes per

vol une of resin bed per hour. The effluent contained 50 ppt or |ess of
calcium 50 ppt or less of potassium and 34 ppt or |less of sodium WO
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The present invention has been described with particular reference to the
preferred forms thereof. It will be obvious to one of ordinary skill in the art that
changes and modifications may be made therein without departing from the spirit

and scope of the present invention as defined by the following claims.
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The present invention has been described with particular reference to 1the tcot
preferred fornms thereof. It will be obvious to one of ordinary skill in the
art that changes and nodifications may be nmade therein wi thout departing
fromthe spirit and scope of the present invention as defined by the
followng clains. 12 CLACKS 1. A process for producing high purity isopropyl
al cohol conprasvigg the steps of: (a) feeding a feed stream consi sting
essentially of at least 99.9 w. % i sopropyl alcohol, containing 200 to 500
ppm organic inmpurities and having a noisture content of 100 ppmor |ess

into a separation colum:. (.0),.separating said | r L fNnto an

over head spi'gﬁmocgﬁﬁjﬂ%ﬁ)ﬁdﬁéné Hﬁ%@gggﬁlsogrgﬁglean?orhgfloﬁr@}é (k)r%”adég%gén%%t_s havi ng a
boi |'i ng poi @ fd-88S o fRad strSePERRKtinak&oRR)ly Jrakehst sovertreashprsnarahsl, .
separation colum and a bottons stream containing increased concentrations

of conponentantheivig3§0 & e pimererolnimpyridat axd havmg 4 seghepyintetebhed , taken
as bottons from fai d separation colum; wherein any isopropyl alcohol in
said over &Y o5 (T 4AtPAHIF 6 nms streamis not high purity isopropyl

al cohol ;  ang (sé‘ﬁaxaﬁﬁ;@%\é,m@op%a%ﬂ ado8bl R A HrehRAR5ORY, cBhERKY inB&agedvapor
sidestrearn at "a point: (1) below where said feed streamenters said
separ at i on cokertmtbous chbovprrealsdaboghdws mggtoimdess ton 1§dprypydblreboinadre sai d
feed stream en}tlers&sai d,separation colum but bel ow said. .
averhead trom said separation column and a bottoms sfream, containing increased
concentrations of components having a boiling point greater than isopropyl alcohol,
taken as bottoms from said separation column; wherein any isopropyl alcohol in said
overhead stream and said battoms stream is not high purity isopropyl alcohol; and
(c) removing said high purity isopropyl alcohol as a vapor sidestream at a point:
(1) below where said feed stream enters said separation column but above satd bottoms
stream, or
(il} above where said feed stream enters said separation column but 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 [, further comprising the step of passing said high purity
isopropyl alcohol through a filter after removing said high purity isopropyl alcohol
from said separation column, wherein satd filter is selected from the group consisting
of: a membrane, a microfiltration cartridge, an ultra-filtration device, and mixtures

thercof,

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

mixtures thereof.

4. The process of claim 1, 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 of any metal impurity.




overhead stream wherein said high purity isopropyl alcohol has a netals
content of less than about 1 ppb and a water content of |ess than3apdiff/ J¢Qﬁ}‘|
ppm 2. The process of claim1, further conprising the step of passing said
hi gh purity isopropyl alcohol thr oughBa filter after renoving said high
purity isopropyl alcohol fromsaid separation columm, wherein said filter
is selected fromthe group consisting of a nenbrane, a mcrofiltration
cartridge, an ultra-filtration device, and m xtures thereof. 3. The process
of claim2, wherein said filter is a nenbrane selected fromthe group

consi sting i)fTheqvewm ef dlemrb4 aﬁeﬁﬂinp@ibiyma*t@lmﬁrmmm leavedl fesin setented anes,
and m xtur ereof. 4. The process of. claim1, further corrprl sing the
step of pasg PRGNS &CYP ﬁ?’bﬂs%‘eﬂ Cat’iogt?p(feﬂﬁﬁ“ WEhEey HBEREhieER fexchange
resin, thereby formng an ultra-high purity isopropyl alcohol having |ess

t han about 100 ppt of any netal inpurity. 13 5. The process of claimi4,

wher ei n sai @ Therprexshaideint $sfinhérsoatprisegshe steeof@siing sad attasldgh buam t he
group consi sting of ation res .an_anionic resin, and m xtures

t hereof. 6. ‘SWQPﬂra&‘P@@E&% cgaaﬁc‘; FﬁM’VﬁEffu‘rﬂtsﬁ@rﬁlE‘?éﬁﬁpﬁeiéﬁﬁg&%@lﬂ@@@ of passing
said ultra- Ll I ee| n said
filter is s%:nglg?'gﬂgg %%nnsﬁlﬁgg‘%%%wrﬁégﬁysﬁﬁﬁg%% uftr3 hﬂ%ﬁ&n dt,\m g ro
filtration madttmes dgesofan ultra-filtration device, arid mxtures thereof. 7.
The process of claim®6, wherein said filter is a nmenbrane selected fromthe
group consisting of ceram c nmenbranes, polyneric nmenbranes, netallic

menbr anes, ro L erein said
separation cgﬁl rgfl&%%tssé‘éfcgl grp actrT%ﬁan-(ﬁl& &.a.[ﬁg[.ﬁﬁnf‘ﬁg sg!r:cgcde%ém&}wéoél?m 8,
wher ei n sai @bn@m&ﬁ@&ﬁﬁhr&hfcembmabpumﬁnt Qlt:&ﬂlrﬂﬂcs,%lﬁflllithx&:mbﬁﬁﬂl@hﬁnd)f sai d
feed streamand s ottons strewn is about 5 to 30 wt.% of the weight of
sai d feed s@%“é‘&'ﬁa‘fﬂw The process of claim 1, wherein said at |east about
99,9 wt. % isopropyl alcohol is produced by a nmethod conprising the step of
distilling an isopropyl alcohol solution that contains no nore than about
14 wt . % wat &rihegirogsacf dnnal,yvlaz@otaidpeparation column is a distilation colurmn.

9. The process af claim §, wherein said overhead stream 1s about 5 to 30 wt.% of the
weight of said feed stream and sard bottoms stream is about 5 to 30 wt.% of the weight

of said feed stream.

10. The process of claim 1, wherein said at [east 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 using a temary azeotrope.




