; NOPQe3e| 426hT1 APR 2003 TITLE OF THE | NVENTI ON PROCESS FOR PRODUCI NG
| SOPROPYL ALCOHOL 5 BACKGROUND OF THE I NVENTION Field of the Inventjon
This invention relates to a process for producing isopropyl aIcohdIPRdW¥h
is industrially used as paint solvents, nedical and pharnmaceuti cal
supplies, agricultural 10 chem cals, synthetic raw materials, and cl eaning
agents, by means of |iquid phase direct. hydration of propylene. Description
of the Related Art Production of isopropyl alcohol by the Ii
direct hydration of propylene is well known in the art as 1 N\mmﬂmﬁmm“\
production of sec-butyl alcohol by hydration of butene. The
requires an acid catalyst. An avai |lsHermrceessn for industrial pFBYtict i on
of al cohol uses a strong acid ration exchange resin or a heteropol yacid
catal yst. 20 For exanple, there is a process for producing al cohol using a
solid catal yst such as a strong acid ration exchange resin, in which the
hydration is carried out at a CETpEr@FurBEoiNUENTMEEON 100 and 150C and a
pressure of between 60 and 200 atm On the contrary, a typical process 25
usi ng the het eropol yadiRDCEESIEGR HRODSKITNG: d SDRRCORYIa ALIEHIE6* 1 AFR 113
- 2 tenperature of between 150 and 250C and a pressure of between 100 and
200 abm As apparent from t RACKHERM , NTHERS requires the | ower
tenperature and the |ower pressure and is thus superior to the latter one
i'n view of SFi@ddcefistheclnygnsfion reactor. As well known in the art, the
raw material propylene can be converted at a high conversion rate of at
| east 750 by sel e€Pifig PHeErEERR | R186REGI tTONS HERERERI ¥ OFI aPEARYEI PGt ent

. PUbl I cation ygop%ﬁ;?y%S 3313&05 lI : 51 hprz?s(:e%%d%fstrlally used as paint

solvents, medical and pharmaceutical supplies, agricultural
10 chemicals, synthetic raw materials, and cleaning agents, by
means of liquid phase direct hydration of propylene.

Description of the Related Art

Production of isopropyl alcohol by the liquid phase
direct hydration of propylene is well known in the art as

15 well as production of sec-butyl alcohol by hydration of
butene. The hydration requires an acid catalyst. An
available process for industrial production of alcohol uses
a strong acid cation exchange resin or a heteropolyacid
catalyst.

20 For example, there is a process for producing alcohol
using a solid catalyst such as a strong acid cation exchange
resin, in which the hydration is carried out at =a
temperature of between 100 and 150°C and a pressure of
between 60 and 200 atm. On the contrary, a typical process

25 using the heteropolyacid catalyst is carried out at a
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10 liquid phase direct hydration of propylene using a solid catal yst.
However, a high selectivity of from95 to 99% of isopropyl alcohol can only
be achi eved by controlling byproduction of isopropyl ether during1q@Q2mB
reaction. For this purpose, typical processes require at least ten tines in
15 nol e as nuch water as that of the raw material propylene to be supplied
into an inlet of the reactor. As a result, alnost all portion of the liquid
phase is water at an outlet of the reactdr Tand the resultant aqueous
solution of crude isopropyl alcohol has a concentration of as | ow as 10-30%
20 by weight. On the other hand, nost isopropyl alcohol used industrially
are anhydrou and_t her ef it is.r ired,t opncentrate _the crude

i sopropyl al g%’ﬁgﬁr?%}lﬁ?i gﬁfr o) egw?%'\'}v ggﬁcean’?dr a? P@nEt hEH%C{ obt &FET 1o b%f
anhydr ous. y 5_L.§0 p al cqhol pl ] xt W th
wat er 1 Ag%ggggéh 188 \?hlac%bgo)r%t Ains 8%‘%35 {m%}‘gﬁ‘a&o'foﬁ%pé%%y ! a?l(r:lghol )

Theref ore, | pobhig.i pysiebaledd el (e i enoRsaRLeaLRaNChe! Sover

typically concentrated to the concentration of the azeotroplic conposition

by means of gdistklibat b8, 18NEnhs SubBBloHCBYIERE efabYeFERS DA RZERTHPPI C
distillation using an adequate entrainer such as benzene, and is finally

manuf gct ur ed:p8 apnaPhYEE D88 PEOHUBEadYoF [ acti onation. The energy required
for the concentration is thus trenmendously large. 10 For reduci ng such

€ner gy necessary AgrweDNCRAbWAL iiRY thleC@RA),, SRR 4W afeSSeSa hayfoPpgesne
proposed. According to Japanese Patent Publication No. HEl 2-24257, in
produci ng secabhubgl caheehteédf atna nhigih ereneeds ivah eratesiof at | lagast phase
het er opol yacid as a catal yst, liquid phase hydration 15 is carried out at a
t enper at ur e hyghedechiangt kbecregicddlont egrelidtiors dfdeguatalie (hapanase
pressure higher than the critical pressure thereof. Next, a gaseous phase
of the reactPBReRtxEwd igatiigp c¥asi SHOngdof33heeactied theupPasssss of
continuously_drawn out of a reactor_and is liquefied by 20 cooling._ Then,

the FPquefi el BHAdePPESEeFaraCad N¥ARREAN oPf "ProEyiepRabeing m ysoLid
cons! si1 19 Sl Rl eaghed, UL e andsesiutal, aloghol, pLodice, byt he
s O U501 MA U SO, 50 B SSIEH By sl gt e
production of isopropyl ether during the reaction. For this
purpose, typical processes require at least ten times in
15 mole as much water as that of the raw material propylene to
be supplied into an inlet of the reactor. As a result,
almost all portion of the liquid phase is water at an outlet
of the reactor and the resultant aqueous solution of crude
isopropyl alcohol has a concentration of as low as 10-30%
20 by weight.
On the other hand, most isopropyl alcohol used
industrially are anhydrous, and therefore it is required to
concentrate the crude isopropyl alcohol solution of a low

concentration thus obtained to be anhydrous. Generally,

25 isopropyl alcohol forms an azeotropic mixture with water



n- butene. This process does not require the stage for dehydrating the crude
al cohol, and thus in appearance said process is a preferable exanple in
which the energy for the 5 concentration is largely reduced. HoweverApriifice
t he conversion of the raw material butene in the reactor is only about 10%
there is an industrial problemthat it is required to re-conpress and
recycle the unreacted butene in the amoupt of nore than nine tines in nole
as much as the 10 stoichionetric anmouni Hecessary for producing al cohol as
wel |l as the problemthat the volune of the reactor becones |arge. Japanese
Pat ent Publication No. SHO 60-24082 describes a process for producing | ower

al cohol having, 2-b carpon 15 s, hy of dir ytig fydsation
of gaseous ngﬂ? ol EFF ah%%ingég-GbXarggﬁggfonégaj?%&F%%%ﬁg'wégér |h?the
presence of strong aci | i d.; : hi e it W Sophshyl hi gh
pressure andﬁf%reenposlg%ar %ﬂi ﬁcg‘écrhﬁg@%%gg%gl %%Lr%r%'t %gh% ea@(%?ed m xtur e.ﬁThi S

process is cieri iy ( EBhed¥elNg o tHRP UorktdrBara €81 abhi ng
ol efin intoggﬁgﬂgg?t%ﬁ1E%ﬁgcggé%té%naﬁich is filled mﬁf% an acid catal yst,

and chargi N%id d £a5tr dp P! nfod it piRhebnRep £1aBke1 06 tobaf i andoibe
reacted into the reactor; ( 2°) reacting the vapor streamand the liquid

vatersat a 25,4 8nRehpltatell Biehebhan o aledtayiics|dphti)ldaies waangt he
1 APR 2003 - 5 critical tenperature of olefin under a pressure higher than

or at |east shli @Hé?ﬁdiﬁl\eénthaﬂnéhe SUdH i @al peessnep afndl ébi nfigd)ly

| eaving all of the liquid phase of the reacted m xture in the reactor or
returni ng theamefectpaed af darherhydxtcers prasecttobyhérpegdépoptipng )The

di schargi ng the vapor stream containing the unreacted ol efin and_al npst all
of the substemeegyruvegetvedyfehcthexeoneent¥aridnels ophes FReMeRdeYdtY and
(5) separating the crude product mainly consisting of the produced al cohol
in the formbargeéquid 10 fromthe di scharged vapor stream According to

this grocess, the selectivity of iso r%%%] al cohol _in_the reacg'gg Lg hi gh,
and 19opropyl al cBRBI TEAUEENG e FHFR R IY METSTIRA T9QUuFA T RF RTYS

trated._ Furt , h hi gh Lectivi ' ] . | at
5 to the faekoohal | HBEoREEREPAEFoR O e TS Tal et Te Fobt

The roacti on' ePAREFS, Eofibl BUBIERLIER Nek G 2 PO hart R SHetre ™
exanpl e of tQQCDHQ¥§§a%hQBho&h%f8ﬂ‘%uﬁd@éﬂéOénHSQBE@QymsﬂdgﬂK”1i§u99%)0r
phase heteropolyacid as a catalyst, liquid phase hydration
15 is carried out at a temperature higher than the critical
temperature of n-butene under a pressure higher than the
critical pressure thereof. Next, a gaseous phase of the
reaction mixture mainly consisting of unreacted n-butene is
continuously drawn out of a reactor and is liquefied by
20 cooling. Then, the liquefied phase is separated into a
light liquid phase mainly consisting of the unreacted n-
butene and sec-butyl alcohol produced by the reaction, and
a heavy liquid phase mainly consisting of water. Finally,

almost anhydrous sec-butyl alcohol can be obtained by

25 distilling the light liquid phase to remove the unreacted



20 hi gher and 800 by weight of the separated |iquid substance is isopropyl
al cohol, when the liquid phase hydration is carried out at 135C and 100
atm In this exanple, even though the resultant isopropyl alcohol ;i Rhi'(qﬁhl y
concentrated, it does not reach the concentration of 88s by 25 meﬂgﬂ}
the azeotropic conposition. Furthernore, 4.2 1 APR 2003 - 6 noles of
i sopropyl al cohol is obtained per hour tq provide the overall reaction
conversion of 75% when 5.6 noles of newy charged propylene is supplied
per hour. However, it is obvious that the reaction conversion per one path
from5 the inlet to the outlet of the reactor is |ower than 750, though no
clear descriptiQRehs made, since a part of the vapor drawn out of the
outlet of the reactor is recycled into the inlet of the reactor. According
to the findings ofntBepidvest Qaro%s%o_tthﬁe&gipée@r%ﬂsﬂa@é?@b&oaehyargﬁﬂﬁ% to
carry out the hydration keeping the isopropyl alcohol” in the |Iiquid phase
an extrenel ythewcgaaeealicahioan ahdl3dusanct Eibadramse i faideppPbeEESSis
described in the publication, a |arge volunme of gaseous phase of the
react ed m xt dr e prefeeqbileed dxanfiilel5 1ecyehedhi nthet hereaagt or fofor the
exanple, it has been found that the conversion of propylene fromthe inlet
to the outl etontehbeattant aisi Laagelyw asdabadt 8%Honwarexn he sieaet | thei s
carried out such that the concentration of the isopropyl alcohol in the
| i qui d phasecpbsvédsiby o€ilge raw 28tkowedl. bThenefior &he wedoqur deesslyf t he
publication, the reaction conversion of the raw material olefin is low the
vol ume of thebpeict® bedhere | 48gan afapdastaigd appepledf Umeadttedisl ef i n
is required to be recycled, as in the process of above-nentioned .
Publ i cati on RBIUfERA? 949%ﬁ¢°@EFQ$ﬁEE“4%%9?§F8@é§§edé§69?5$&dh€P§Pﬁeiénnot a
di rect solutign 1 APR 2003 tqg,the problem currently existi in the
i ndustrial fiB8Pd2™RBPE SfelPFRCAPRY, RS HitSS JCe L% i TRCEhRS aFRBhol
synt hesi zed Liguid p e _hydration of efin i.s collecte t hi gh
concgﬁt rati og)éf’?gﬁnlbhg%ége%§§u|5%asnee Sosfaﬁ%egéléagfggu%l? urag]?cchhogl af ¢ohol
synt hesi zed {,8;§hggl LAyl grBBi‘é;ﬁ %H%%%H& YOLLRE &F é”ré?ctb{] BERGHEENCE,
extracted by neans of the unreacted raw material olefin also existing in
the reactor.13dpys. it is reasonable that the conversion of the raw materi al
olefinis low, and it is 10 inevitable that the volune of the reactor and
the amount of theJgdpasaséeratdet irubdla e i@ewel.edHbEe60AR408R08es&EPiBES
ot her hand, a process is proposed which is for

a process for producing lower alcohol having 2-6 carbon

15 atoms by means of direct catalytic hydration of gaseous
lower olefin having 2-6 carbon atoms with liquid water in
the presence of a strong acid solid substance at a high
temperature and a high pressure and then separating crude
alcohol from the reacted mixture. This process is

20 characterized by: (1) introducing a vapor stream containing
olefin into the bottom of a reactor which is filled with an
acid catalyst, and charging at least 1 mole of liquid water
per 1 mole of olefin to be reacted into the reactor; (2)
reacting the vapor stream and the ligquid water at a

25 temperature higher than or at least slightly lower than the



nore effectively concentrating the | ow concentration crude al cohol aqueous
sol ution obtained by hydration of olefin or 15 fernentation. In the

process, al cohol contained in the liquid phase is highly concentrated R
perform ng an extraction using CO2 or hydrocarbons group as an extraci'é%ZW3
agent in the conditions in which the extracti on agent becones

super-critical fluid, sub-critical fluid or liquid. 20 The "sub-critical
fluid" herein neans the state of a substahce as an extraction agent being

at a tenperature near the critical tenperature of the substance under a
pressure near the critical pressure thereof. Mre specifically, the

b-critical fl.uid._i h f.th b wh 5 of
tlnp E 'ufgegﬁ&:bﬁéléiéggafr%%%%eﬁi55%%?#%;? j@ﬂ ﬁ f%rﬁeﬁf%g‘%g%l_‘-’g‘_e}c% Fa
val u sSu . i
val ue, or both oq% ?ﬂegaﬁgrr%éigﬁﬁgé gﬁgé?hghﬁ‘#}e?ﬁ% e%létg i F%Pgspg\%ep%?han

the critical gralde, Janancse:Ratedy Lal dnapedolos SHO:625259A2 dicschases 5

a process for concéntrating and purifying a Ichi's characteri zed

by conpri si ng;t4e £0lihowiag $LR%OTor adtinith Ay SXid aRL IO BESRT o0 the

m xture consisting of fernmented al cohol, organic liquid consisting of

i mpuristi es haitRe ﬁhﬁéghtcpcﬁﬂé RS aRYRL, (AN VEERdrg LR taR VAN E tHesinNg
the 10 mixture with the extraction agent in the condition in which the
extraction agemitaledagestiie Supfeadtidd Calefinsulied | bilmalstst ale; oMt rB@UcCi ng
the m xture into an extraction separation tank to separate it into the

raf finate phaadstance profwveddr bgs tharareacbohponerion ttiee mgjopr ¢@Ar tthef t he
15 inpurities having a high boiling point, a part of the alcohol and the
extracti on agemictoand ghd ekbdactepimgeinonttdiani myudee erodactt omadgdnt as
a mai n conponent, the major part of the alcohol and a part of the

i npurities h&@EvsgsEingglethdihe npredueed elanseér Apnghehef e raét lgmadd 20
fromthe extraction- separation tank to the inpurity separation tank; and
redudi®hg t he IF8s e B ECPREIRAYRPCY §EFSPRri on tank. By this process,

R Oh boi |1 ng po; nA-CERRARBCE | Bt £ ATORs SAec Bh H0L Set T L E A EEPE AR
this Iaid_Op%ﬁ.cohol in the reaction is high, and isopropyl alcohol to
be separated in the form of liquid is highly concentrated.
Furthermore, such a high selectivity is considered to relate
15 to the fact that the concentration of the isopropyl alcohol
is kept extremely low in the liquid phase since the reaction
product produced by the reaction transfers to the gaseous
phase directly. According to the example of the
publication, the selectivity of isopropyl alcohol is 99% or
20 higher and 80% by weight of the separated liquid substance
is isopropyl alcochol, when the l1iquid phase hydration is
carried out at 135°C and 100 atm. In this example, even
though the resultant isopropyl alcohol is highly
concentrated, it does not reach the concentration of 88% by

25 weight of the azeotropic composition. Furthermore, 4.2



1 ANR 2003 - g _ application, CO2 of an extraction agent is mxed with 10%
by wei ght of ethanol aqueous solution in the anobunt of six tines in weight
as nmuch as that of the ethanol aqueous solution ( an S/F ratio of 6, S'H%%ﬁ
amount of the extraction 5 agent, F: the amount of the extraction feéh&.
Next, the mxture is contacted at 40C and 110 atm and is separated into
the extract phase and the raffinate phase in the extraction-separation

tank. Then, the extract phase is transferfed fromthe tank to an
inmpurity-separation tank. 10 Finally, the inpurities are separated by
reduci ng pressure to 80 atmwhile maintaining the tenperature constant. As
a result, the conposition free of CO2 of the residue in the

i mpurity- sepawaeisorft dsioraceydppleohedt disy oBesibgdwerghhoutr éohanevided 20%
by weight of water. 15 For practically utilizing the process for

)

concent r at i nhgl etenaldes@adePn caHERBRRe 9% Ropeihappbi alPdfs PE is
essential to collect substantially all of CO2 of the extraction agent used
in the | ar gePEFIINCHEr IS B oPYhEDe fSwSUgRE18d REENNYTE hatlo¥RVEFe oRd
and to recycl.e sych C02. 20 According to the findjngs of the inventors of
the present PivERVIIGPES ithad dEie (PR A W YR P RATENPT S BAYEI E5RB
containing nQ,CO2 fram.the resid in the inmpurityseparation nk Lnly
consi sti ng o%héozln&fotc Hi%t TP r%‘ﬂﬁerihgo{ h@jepg%%%?%r a:gsi ﬁo‘ﬁgr k%ﬁﬁﬂ %Cess,
it i's necess to 25 r e, qf resi due | j Lty
1 APR 2003 -%%§ug§b65}é?ﬁ%%gt%%§c$£§?%§é g ggggésgaﬁgéré{béffa%gg%hgtmeen

the atmospheviboly SR A8 9pvenal oALILE e (1P Joacast | Yodkssghied 1nto

al cohol . The p sSs In al d-open application is directed to
concentrat e figrenied ;3h1e3helr hd rRactetlyl al cohol, and the sanme problem

occurs when isopropyl alcohol is concentrated by the sanme process as in
According to the findings of the inventors of the

10 present invention, in order to carry out the hydration
keeping the isopropyl alcohol in +the liquid phase an
extremely low concentration at 135°C and 100 atm as in the
process described in the publication, a large volume of
gaseous phase of the reacted mixture is required to be

15 recycled into the reactor. For example, it has been found
that the conversion of propylene from the inlet to the

outlet of the reactor is as low as about 8%, when the
reaction is carried out such that the concentration of the
isopropyl alcohol in the liquid phase is 10% by weight or

20 lower. Therefore, in the process of the publication, the
reaction conversion of the raw material olefin is low, the

volume of the reactor becomes large, and a large amount of
unreacted olefin is required to be recycled, as in the

process of above-mentioned Publication No. HEI 2-24257.

25 Thus, the process described herein is not a direct solution



t he | ai d-open application. Therefore, the energy necessary for
re-conpressing and recycling CO2 of the extraction agent collected after

t he separation of a high-concentrated 10 al cohol aqueous sol ution undey APR 2003
such a | ow pressure is extrenely large to cause a significant problemin
utilizing the process practically. Japanese Patent Laid-open Nos. SHO

62- 25983, 62-25984 and 62- 29988 propose a process for enhancing the
efficiency 15 in extracting al cohol using’ G2 as an extraction agent and
for separating nore conpletely into an extract phase and a raffinate phase,
and al so for separating the extract phase into the extraction agent and the
solute (highly concentrated al cohol) by neans of a nufti-stage extraction
20 and a nuf - §h§g§r©b@a@tﬂbﬁreﬁthe%%%ﬁ%ln$bwbﬁéﬁfHﬂﬂ?%ﬁﬁkﬂkﬂﬁkﬁi@w& not
been attained enough in this process, and there is still pr obl em
concerni ng the IaN@§ep§Eé¢lfé@aiéYcdwbﬁ3§§i@ﬁoéﬁésréﬁy6¢4%@'@H%aégﬂm%klon
agent as well as_the necessity for, a |arge-scale equi pnent. Thus, many 25
probl ens havéYPGhE§l§8ldve1€leé7¥’§r e]-Ju‘l‘i”r‘il zipﬁ‘é‘stehel‘ib‘?%%’s%“ of spFeibnzis 11
practically ent._ Lai 1- 100181 di scl oses . a
process coonPZ& %Fﬁe%%ﬂq(ﬂﬁ 4§ﬁ?Yﬁatﬁﬂ$a.ﬁﬁTn %rugésﬁpgﬁh&haﬁﬁbnlan

extract phase obtalned b ontacting 5 ncentrated alc eous
sol ut |%on and® te(réac %%nuzé%enftggy a\;ﬁje%‘ﬁu}élfagsyﬁg%&ségse lr&f

extract phasﬁg&ﬁgfﬁp@ﬂé@etﬁﬁlé‘éiﬂét & d?e%l:%B?o' dqtéh %Qat%é%%h r%%'c%

distillation bénZeneé as "an eén ralner € Crude

al cohol ther glR, uhicts sg' heghi e G &Hrg?é%%hvfgw'ﬂhééﬁﬁ wie, &, £afl, from

a partial condenser equipped at the top o e tower to re-conpress and

recycle the eghkeshed 1G04 Adetd.r aothod), agenis :TQQsBﬁQB@éStﬂ%%Cﬁ:'hléed in
the | ai d-open appiication gives a certain solution for conpietely

separ ati ng aggn€elkseon g ClRe Ofratvhamalter@dlr asid Hih agentioti, sseyedti A st he

crude al cohol. However, since the anmount of C02 of the extraction agent to

be radycl ed isestitbbleatbet the sabstandf athernuoideans concahd mgount of
the unreacted olefin to be recycled become large.

On the other hand, a process is proposed which is for
more effectively concentrating the low concentration crude
alcohol agueous solution obtained by hydration of olefin or

15 fermentation. In the process, alcohol contained in the
liquid phase is highly concentrated by performing an
extraction using CO, or hydrocarbons group as an extraction
agent in the conditions in which the extraction agent
becomes super-critical fluid, sub-critical fluid or liquid.

20 The "sub-critical fluid" herein means the state of a
substance as an extraction agent being at a temperature near
the critical temperature of the substance under a pressure
near the critical pressure thereof. More specifically, the

sub-critical fluid is the state of the substance where one

25 of the temperature and the pressure is higher than the



the | arge power for conpressing and recycling the extraction agent and the
| arge size of the equi pnment for extraction 20 have not been solved by this
process. Japanese Patent Publication No. HEl 5-36418 discl oses a protd8R 100
conprising the steps of: supplying a extraction feed mainly consisting of
al cohol and water to the top of a countercurrent extraction tower, and an
extraction agent 25 selected fromthe group of propane, propylene, n-butane
and 1 ApR 2003 - 12 i-butane to the boBtem of the tower; contacting the
feed and the extraction agent countercurrently in the conditions in which
the extraction agent becomes an super-critical or subcritical state in the
countercurrent extraction tower; 5 drawing out an extract phase containing
concent r at ed calidaleall fuedme hef tdpe ofubdeance rard | thet oker Hisgaeflfitrig e he
extract phase by cooling to separate the extract phase into two phases;

refl uxi ng allowera thaayythe on Htitkevabir ai @F ngodh| of shewdemparature t op
of the extraction tower and 10 introducing a light liquid containing a |ot
of hydrocar b@Rd the BTEFSUre| 3X¢ éh Lidwe e, separathay hre aRidisedy e uend

al cohol by distillation;and finalb%iobtainin anhydr ous al coho

| t
fromthe bottom o 3PRESHEStEI TR drpttRRen %grggag6?62§ﬁp§ FrECdSSeS he
f | trati | | i | i |y f,
oo LB 1t o SOREOFFESNTEF CHAPSPALaCERG.RIt TS FEprd AL PR Sbde
| d duri th - i .of, the.h f th t L,
LgentrecovePRaTRrSRrarsd By SPnR %plel fpl HeditlaRg, Srekl ot PR

used in a rebgl IS0l {15, togety 20 HOWRNALyd LANL S LACeSE, (b AN ous

al cohol collecte rom-t tomof the ation to contalns the

hydrocarbon @fi doh@ 18X tdwafdr 0 PORMG | Fbl HEsBIRYING £ OfmBuriti BESHLR 1 WG Gt as
much as that of the al cohol, as apparent fromthe description and the

material bal angd Hoilhnhqpbpyent) BHE! kedergn coirddiding tand RE&EAR§aARhel O
col l ect (by 1 APR 2003 - 13
10 mixture with the extraction agent in the condition in which
the extraction agent becomes a super-critical or sub-
critical state; introducing the mixture into an extraction-
separation tank to separate it into the raffinate phase
containing water as a main component, the major part of the
15 impurities having a high boiling point, a part of the
alcohol and the extraction agent, and the extract phase
containing the extraction agent as a main component, the
major part of the alcohocl and a part of the impurities
having a high boiling point; transferring the extract phase
20 from the extraction- separation tank to the impurity-
separation tank; and reducing the pressure of the impurity
separation tank. By this process, highly concentrated
alcohol containing substantially no impurity having a high

boiling point can be collected.

25 According to the example shown in this laid-open



distillation) the hydrocarbon fromthe anhydrous al cohol and to re-conpress
and recycl e the hydrocarbon as the extraction agent for utilizing the
process practically. Furthernore, though 10% by wei ght of al cohol pgﬁqgw?
concentrated to 5 al nost anhydrous (approxi mately 99.9% by wei ght), sti
remai ns such a problemas the |arge power for re-conpressing and recycling
t he hydrocarbon of the extraction agent and the |arge-scale extraction

equi pment are required since the SIF rati%<is as large as 5 or larger. 10
Japanese Patent Publication No. HElI 3-29393 discloses a process for
col | ecting al nost anhydrous highly concentrated al cohol by the foll ow ng
steps: supplying an al cohol aqueous sol ution as an extractjon feed to the
n ddl e of a eBRRLERELPPentOeRlr 8Bt PBRTEEWEPD RN USHIMA¥RY pidPaR@318Y0f an
extraction agent to the bottomof the extraction tower to extract al cohol;

setting the ¢8hEPti Gf otthanrehr BBUREUSUSR LT t1hetBRed™pdT &% i Ei&al or

sub-critical at the portiop ower than an jnlet aof the extraction feed, and
That it beaohileri o wetOnE RS, maan IHphEPeEhah (e STHATI ceduoBie

d i in.thef f,.liquid i_nd isti f th
dra g ouC_ 80 BALRCT SRERP SRl 10Tl A R YconpLeLLagogt the
phase Accorgégﬁtt%t:hech%x dhffof i epﬂ%k‘ég%;gﬂ’ £ %‘?gt?y et of,

al cohdl aqueous 's6l ut’i on of € extractron fee can concentrated to

about 95- 98%by+REONL LoREQDADE -t Sdc  ahe’PRI28%A - ahf 18f sabaphebaby

adequately setting the extraction conditions. However, Fratiois
still as |arggtds thdr ekardet, pHukd handr obh&Ma¢eneakal NShase ReVeEnhéor
re-conpressing and recycling the extraction agent and the size of the 5
extraction fagtkhbtesnasepaphtivhl ta5M . vedrnéapangse BateabtPyHdgmtion No.
HElI 5-36419 proposes a process for extracting al cohol using CO2 as an
extracti on ageahslfaseddofirbhe thantgnk N plre agpurtiaty-odepdnea piac essnkn
Publ i cati on No. HElI 3-29393. Since the necessary S/F ratio 10 is as |arge
as 100or | arHérailhyt hthpr dopssithesloareEsepdsated bhi xeguotrgspigssure
practically inferior to the process in No. HEl 3-29393 which utilizes
hydr ocar bon tfr 8Pafdm #bidge Medptadniinyy dhenttemparetulfe gRvRaRtin Ne. HEI
5- 36419 does not substantially solve the problens. 15 As nmentioned above,
in the proce@sTEBRLlExt FARtFHPF LI {EﬁgdxqH%%eQFrBE?iBﬁséﬂﬁﬁtlBeFﬁ@ in
the super critical or sub-critical state, a |large.c Lessing po i
required to MUBYEIEYTREPEREFALD BPRGENT SHRIGATET o EORAPPT IEaPht: BF
col l ect the g§£5ﬁﬁiiggdagsgtbgf&gigﬁﬂeogo gxtraction since the extraction
e f the”anb

agent exists I'n orm of gas at rent tenperature and the

at mogghere pressuggr frEdOIdDINE utIUeh iAgPERE §3SIRAIFLEScbAESSE SERL £y
facilities since all of the extraction tower and its accessory equi pnent

shoul d be hi ghcphessaeectticed i in ahe RMovidheaged2bppai 8pplithicSofl 0OCE€SSsi S
substantially different froma 1 APR 2003 - 15
essential to collect substantially all of CO, of the
extraction agent used in the large amount of sixty times in
weight as much as that of alcohol, and to recycle such CO,.
20 According to the findings of the inventors of the present
invention, in order to separate highly concentrated alcohol
containing no CO, from the residue in the impurity-
separation tank mainly consisting of CO, by chiefly reducing

the pressure as in a. known process, it is necessary to

25 reduce the pressure of the residue in the impurity-



liquid-liquid extraction process which has been w dely enployed in the
industrial field. For exanple, with regard to the power for conpressing and
recycling the extraction agent, the necessary power per unit weight 3& mﬂf
extraction 5 agent in the extraction process is inconparably |arger] 4003
the liquid-liquid extraction process. Thus, even if al cohol can be
concentrated to be substantially anhydrous w thout using the conventi onal
dehydration process by nmeans of distill-ati®n, such |arge power is required
for 10 conpressing and recycling the extraction agent that the process is
often rather disadvantageous in view of the energy consunption. Therefore,
in putting such extraction process into practice, it is inportant to
consi der abl y sepduee itdre tank rfatrithvam tche etesstreonn tihe ragd fetaremmt 15
of extraction agent to be recycled, rather than to extract alcohol so as to
be concentr atthé asmbisghleyiasppessiibbeand several @tat sdnce B9, obf extsidly
reduci ng the energy required for concentrating al cohol. SUMWARY OF THE
| NVENTI ON 20 digsejvest dnteoheimadseht | nTeat irgiPdess oipr oviiele 1@ ishomess for
produci ng isopropyl alcohol which, in roducrng i sopropyl al cohol by neans
F

of liquid ph§§§L$QQ§ﬁQanﬁeﬂ%%ﬁPEﬁdpF@p?Péﬁén éﬁﬁr?@§mﬁﬁeeﬂeéﬂééﬂmﬁﬂergy
consunption for concentratin hf i sopro al cohol g al so does not need
25 Ia”rSSe scalleepr'odﬁzfli‘ﬂm ?]a‘gé?rl“? ie& E%ﬁtr%ﬂfﬂﬁjsP§°E FF‘yi‘r’i@curﬁ ABR™003
- 16 out under ref gﬁ§ (o ndrtrons t he u ase dration o

or opyl ene wi £ 3r 5oRtehizared by PSS %t%%ce%%aasarleo
extraction ofplcs ggéaprsge%'g Beh LEemha | hgul, e@eseu?é s dpapled o ur e

to efficiently o cru |sopropyl aqueous so |on a

adequat e congept tat bgﬁgg%gglgyeaﬁatré@%@%{h?%de!a é?et @ra‘E‘E’ﬁ%’?W&g{ ot oo

produci ng i sopropyl I'rect iort o propy ene an

high tenperaidyiq 2rda 'a'f%rpreﬁéureebaraefoﬁo F eSLNE8 gpl- RrldrRRG 16 d
solid catal yst, and separation of crude isopropyl al cohdl aqueous sol ution

fromitohe resuliamolr eaghiedusi xdames foi | owadrbysdt | fayi ngwt her&obwké ois Mre
specifically, the process conprises the steps of: (1) feeding continuously
propyl ene anéxwatesieliyn lelrgel foanvuse afsigni fiasdint prodkel grerinl urtnlld zdihg
propyl ene to be reacted into a reactor in which a solid catal yst ‘i s packed
or suspended the presesshemagttigaldyperature in a range bet ween 100 and 250C
and a pressure in a range between 60 and 200 atm 2) dramnn out

conti nuously the t'SPaNSHPoFRTHt &%&%ﬂQBﬂ@ ﬁﬁ&sesgﬁdﬁ ﬁ@@ﬁd & a8 t he

reacted m xture frogr gg react or; feeding th aseous hase .of the
react ed ni xt @& £6-4938t PFPRPPEN2 t FeE & 3 SfEipLency
15 in extracting alcohol using CO, as an extraction agent and

for separating more completely into an extract phase and a
raffinate phase, and also for separating the extract phase
into the extraction agent and the solute (highly
concentrated alcohol) by means of a multi-stage extraction
20 and a multi-stage reduction of pressure. However, the
separation has not been attained enough in this process, and
there is still a problem concerning the large power for re-
compressing and recycling the extraction agent as well as
the necessity for a large-scale equipment. Thus, many

25 problems have to be solved before utilizing the process



25 consisting of propane contained in the raw materi al 1 APR 2003 - m
propyl ene fromthe bottomof the tower and to coll ect unreacted propyl ene
fromthe top of the tower so as to recycle the unreacted propyl ene friPR 28l
inlet of the reactor; 5 (4) contacting the liquid phase of the reacted

m xture wth an extraction agent of a saturated hydrocarbon having 3 or 4
carbon atons at a tenperature rangi ng between the critical tenperature of

t he extraction agent and the tenperaturelhigher than the critical
tenperature by 40C 10 under a pressure in a range between the critical
pressure of the extraction agent and 200 atmat the S/F ratio ranging
between 0.3 and 3, and extracting isopropyl alcohol produced by the
reaction froprebk&iceddivd phase of the reacted m xture; 15 (5) recycling the
maj or anmount of the raffinate mainly consisting of water; and (6)
separating the i sdppepgbeaPashot &31d-argnl JoecohBenbtal@al8yudsdEs1e8REt i on
fromthe extract phase mainly consisting of the saturated hydrocarbon, and
purifying the ZragsssieemPrlsbedi AhsurfdrindpfsphF AfcohdeP2rating
process conprises the step of separating the extract phase into the gaseous
phase mai nl yCEBAS 8LFR[CHF T¥RB §§tHFEF@gthQH?%%aPBBﬁlﬁﬁQ PRecPtRrEipgase

mai nl y consi sti_ng of isopropyl. al.cohol. and wat er reduci n e 2

press%re of BhéC¥xEPRCED ﬁ?gédtéﬁﬂ? Qﬁiqqqﬁﬂuﬁnﬁéigﬁ%PQﬁan91&§P§I§06§ - 18
t he saturated_hydrocarbaon or r .0bt ai,n the i ropyl __al ¢coho roduced
by the reactg§ﬁ¥§§ %%8 %PgﬁFyE%bnéﬁﬁﬁfa e%hghjg%ﬁ§§§£ u go%g%$0%¥ ﬁgcg

extract phasg l.oh ol 5pa0l AN Y GRRAGNRY (ieidd aulfbalase of 1o

reacted m xttre and e“extraction agent and nainly consists t he
saturated hydraegrBpic @fs8i1i8€18h06SRSr QIR Pehlhe %EeQnOén-fE?Qﬁﬁéy ng

the extract phase into a light liquid phase mainly consisting of the

saturated hydpoganpadadadtife NeaYde |4 XrbrtbPRARS 1R RINL 120 BANBIHINI COf,
i sopropyl al cohol and water by cooling the extract phase to the criti ¢al

t enpaoat ur e afissbeveat ymt€e hygodeardiaohal | fwen whigaa-tsidist ethda@hsyr
mai nt ai ni ng the
equipped at the top of the tower to re-compress and recycle
the collected CO, of the extraction agent. The process
described in the laid-open application gives a certain
solution for completely separating and collecting CO, of the
15 extraction agent dissolved in the crude alcohol. However,
since the amount of CO, of the extraction agent to be
recycled is still large, the substantial problems concerning
the large power for compressing and recycling the extraction
agent and the large size of the equipment for extraction
20 have not been solved by this process.
Japanese Patent Publication No. HEI 5-36418 discloses
a process comprising the steps of: supplying a extraction
feed mainly consisting of alcohol and water to the top of

a countercurrent extraction tower, and an extraction agent

25 selected from the group of propane, propylene, n-butane and



pressure of the extract phase to obtain the isopropyl alcohol produced by
the reaction as highly concentrated 15 solution fromthe extract phase. 4.
The process further conprises the step of recycling as the extraction agent
t he maj or anmount of the saturated hydrocarbon renai ned after the sep&rA& 2603
of the isopropyl alcohol produced by the reaction as highly concentrated 20
aqueous solution fromthe extract phase mainly consisting of the saturated
hydr ocar bon, which is obtained by contactizng the |iquid phase of the
reacted m xture and the extraction agent. 5. The process further conprises
the steps of drawing 25 out a part of the saturated hydrocarbon to be
recycl ed as ~ aPR zoo3 - 19 the extraction agent, and feeding the
sat ur at ed hydrboasbentbothdealtsdm |dfatthentbeee; togeabeingi the theedasebus
phase of the reacted m xture to separate the saturated hydrocarbon fromthe
bott om of t he&hei sekitidaattion bgeart. couftefotrimentiy pmoddss conldd tdatng dired
hydr ocarbon is preferably propane. 7. In the process, there is used propane
that is cont@hdaed thetértragthen ergerit peceplesnenaspehatriticapaasad-f rom
the bottomof the distillation tower at the 10 stage of collecting the

unr eact ed pr 6pytég@lpystase |imt ithe. BRIEFDESCREPT G BRIHPODRARMISS Fi g.
1is a flow sheet enbodying the present invention. In Fig. 1, 1 is a water
feed Pipe, 29F&Wingr oY FnEHEEF HPPpesescoRtIRERY GAF P giRh@lcohol
circulation pipe, 4 is a 15 recycled water_ circulation_pjpe, 5 1s a
Feactor. 6 i ErBME0PI Rigb cthdMR BRETACEI0R BALERLS] PUSE NS (R 655058 8
is aliquid ase discharge pipe, 9.1is he exchanger, .10 is.a

extraction tg’g’é’ﬁe %igoa %régurgt e%eff"ﬁfﬁ%%a%%ne 553%& ppel',‘as_Lez f‘rslgcén W ract
phase di scha i.pe 1 r [ u tral _val ‘ IS .a
gas-liquid sé%%rsgtsdr Feﬁu%@“g %a@e%fggsg\te%?gt ggq%%lr g)glgrs\éor?\égll s?é%larnﬁ: api pe,
17 i's a crudggisope oRydreal CRBOl ialuRps 5P UieONeLt36RR1BR Pidifor 18 dndy @
distillation tower, 19 Is a condenser, and 20 is a bottons di scharge pipe.
25 Fiig 2 isiareblecihgow shegei enbrdy BenthenBheSentiot of hydrocarbon

into a distillation tower; separating the hydrocarbon and
alcohol by distillation; and finally obtaining almost
anhydrous alcohol from the bottom of the distillation tower.
According to this process, the energy necessary for
i5 concentrating alcohol is only approximately from one third
to one fifth of that in a known distillation, since the heat
released during the re-compression of the hydrocarbon of the
extraction agent recovered from the top of the distillation
tower can be effectively used in a reboiler of the tower.
20 However, in this process, the anhydrous alcohol
collected from the bottom of the distillation tower contains
the hydrocarbon of the extraction agent in the amount of 1.5
times in weight as much as that of the alcohol, as apparent
from the description and the material balance of the above

25 publication, so that it is necessary to collect (by



1 1~PR 2Q03 - 20 invention. In Fig. 2, the sanme reference nunbers indicate
the sane itens as in Fig. 1 except for a heat exchanger 21, a liquid-liquid
separator 22, and a liquid saturated hydrocarbon di scharge pipe 23. zPRzma
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS A strong acid sol}

catal yst used in the present invention is not specifically limted and may
be a catal yst having a strong acid functional group, especially a strong
acid cation exchange resin as a typical é8anple. The solid 10 catal yst may
be packed in a reactor as a fixed layer, or nmay be used therein in the
suspendi ng condition. A watersoluble catalyst such as |iquid phase

het er opol yaci d nay be used. However, since such a catalyst often requires
an expensi vedasitdllegiiorantbenmdrocarien firem thacawhydnens tasladhalceadsory
equi pnment such as Hastelloy and titani um because of the corrosive property
of the catal 6t retaempsepd 2ed a1emstclies ther Bydrecerhpn s dhise egda@citi ophe
production facilities. The solid catalyst is packed or suspended in the
reactor. The3g&adt PrudbdliehBgalhy PLOGRPBR RNARE IR Llghct o FUTEheTMO T ot

limted to this type In the production nggﬁgs of the(g;esent i nvention,
since purifi CROMGR i PPePYorted t 8F HE | C3RoBRt SIEHREHESROUS phase

d the liquid ph f ted mixt i t ly d of th
feact & and PABRFEpy R etsrEE T S PPRTRNER ey (T 1EaBY, OIE{L ek [ H544d 1rom
th 1 ~ ~" R ~=v=_- i qui h ion. i f i ed
ou? in the cgﬁgPﬁpgnga%R %hﬁ%ﬂgbo %égfh%hgaégﬁ é?%?%ﬁﬁﬁfE%F%%@?%ﬁégﬁﬁéhfan
inlet t | - t i vj i hol
become hi gn. SEeagecdeliHR, (IR0 A Aonclh 38 PAe el deriPREenR Bl )
of lower ol efdnp §H§Bea§caﬁ.@p¥k€f§c£§oﬁ%cgl%]gl%h&% drb HRAUPANRILRAG R the

strong acid solid catalyst, it is known t he conversion of the raw

mat eri al ol eki/r reaebess72¥ aardegher sand tlAegeel.ectivity of al cohol
beconmes 10 approxi mately 95-99% which are preferable reaction results, by
puttilog the | ow obUebanesed Padkart Pobancannont Nol HEI|l 8agp3bendtkaresas nuch
as the stoichionetric anmount into coexistence, and by carrying out the
reaction at a teppecassre fox acphéestiinghi ghbnoshan arfiydoous cahighllye

concentrated alcohol by the following steps: supplying an
alcohol aqueous solution as an extraction feed to the middle
of a countercurrent extraction tower, and supplying propane

15 of an extraction agent to the bottom of the extraction tower
to extract alcohol; setting the condition of the propane
such that it becomes super-critical or sub-critical at the
portion lower than an inlet of the extraction feed, and that
it becomes liquid at the portion higher than the same inlet;

20 drawing out an extract phase in the form of liquid mainly
consisting of the propane from the top of the extraction
tower; and distilling the extract phase.

According to the example of this publication, 10% by

weight of alcohol aqueous solution of the extraction feed

25 can be concentrated to about 95-98% by weight (propane-free)



15 of the raw material olefin to be used or at a tenperature and a pressure
slightly lower than the critical value thereof (see, Japanese Patent
Publ i cati on No. SHO 45-33165). According to the findings of the inven %&E 0
of the present invention, when the solid catalyst is used, the 20 react J03
is preferably carried out at a tenperature of at |east between 100 and 250C
in order to ensure the practical reaction rate. The upper limt of the
reaction tenperature is mainly deternined4according to the thernal

resi stance tenperature of the catal yst. For exanple, when 25 a strong acid
solid catal yst having zeolite, silica alumna ~ 1 ~4 PR 2003 - 22 and
others as a base_material is enployed, the reaction na%dbe carried out at

about 250C. Whedl ﬁOEPFde afeqrq >ﬁﬁﬁ£ﬁﬂ9|§§ﬁ R AP g OR FS%QFtPﬁ@FnaI
resi stance t erature is ed as the t he re t|o referably
carried 5 ou§n§FV?§®C¢B? §f at%%ﬂfhé%&hﬁe h%ﬁﬁge aﬁ %%'

reaction pre ur%W# ) reqylred to dl% ol ve the am/naterlal r Ien% |nto
the liquid p EE™h e ?’Py%efxé{ﬁ% éecgﬂﬂleéﬂd out . T SuTHRY $% r&"

diff d th I h d
phase whi oh 1oc4eadte ?H%FE%%@%é@%héﬂsﬁﬁasﬁf&P{ SR %#%Sy én%” k?iokt g to

the findi ngsegftrgla%lbﬁvw&@ 0Lt BecPRBReRlINgVERtian, It s practical

3
that the reaction is carrleg out un eas atm or higher. The upper

limt of the presgdp@nksen®hresReE Mi1cdtib t ath. bukr i §- 3@49@65%%@55200
atmor 15 lower in view of the construction of the reactor. Each of the

gaseous phasg pRécthe Ebguegtpadeen®faldchdrass By NCK! dseahSeadibicRUmS| y
drawn out of the reactor. A nore preferable exanple of the pr esent

i nventi on maggbketgbeeadbyncthé esdmen oo ivapimly lasaltwdadtolo fexhet prgdesst e 20
gaseous phase of the reacted m xture after |iquefying the isopropyl alcohol
in a cool i ngPobhdentépnnant $BI a3 -2MWJut [Ssinay thee ngasssasypBdde raddd al so
by drawi ng out substantially the total anobunt of synthesized isopropyl

al cokBl fromiehasl lgyige FERskO oprt hergenciad thextpaseskel P NgasHEBds Sphase
drawn out of the reactor is continuously fed 1 APR 2003 - 23 to a

di stillation3f8k8r, thhE Pﬁ@caﬁﬁeaétEaaﬁ¥6ﬁ?ﬂéﬁelp§er1°r to the process

in No. HEI 3-29393 which utilizes hydrocarbon (propane) as
the extraction agent. Thus, the process in No. HEI 5-36419
does not substantially solve the problems.

15 As mentioned above, in +the process for extracting
alcohol using the extraction agent being in the super-
critical or sub-critical state, a large compressing power
is required to recycle the extraction agent, and also it is
difficult to collect the extraction agent after the

20 extraction since the extraction agent exists in the form of
gas at the ambient temperature and the atmosphere pressure.
Furthermore, such a process requires large-scale facilities
since all of the extraction tower and its accessory
equipment should be high pressure facilities. For these

25 points, this process is substantially different from a



collected fromthe top of the distillation tower to recycle into the inlet

of the reactor. The raw material propylene used industrially generally
contains 4-6% of propane. The 5 propane and a little amount of isoprop¥l

al cohol and water existing in the gaseous phase of the reacted m xture ﬁf@zm3
separated fromthe bottomof the distillation tower. The isopropyl alcohol
contained in the liquid phase of the reacted m xture conti nuously drawn out
of the reactor 10 may be selectively extrated by contacting the |iquid

phase with an adequate extraction agent which is in the state of
super-critical fluid, sub-critical fluid or liquid, as described above with
the respect to the prior art processes. However, as_nentioned above, the

extraction agddfuitsedquidi5eEGERCELPPaRTRFETT otBdsts BRPstReen tHeledwat e

of gas in general at_an apbi ent tenperatur nder the atnospheric
oo s A ayta, 1 1R SRhubEIREL St o i IR P e ihe
extraction agent and it is difficult to po%}ect thg.ext&&gtgﬁ% a %pt after
the extractiof 3% BMer B SOPREFHIANT iFides TREYEILRS 5 ga%?dég%ses

b I - I [ Ll_of. th [ '
caui prent. ShA e HEghepreetty s il MR alGhe AP i Biigesdioh

bractigal |y syeh@xty 36L] 00+ PLOEESS pLbobSs  AIU thd L S5 erahl yyleduce

the S/'F ration the extraction, s, the a e "extraction
agent to 1 i'%PRﬁlg(QO 11q84a-08qle8Y :idbad @S p b5 0 exiiact aleghals
concentrated as highly  as possi ble. However, such requirenents cannot be

fully satisfizaGdholt Pk essesSeRtrd B8 PtbObe aklibskAn@i e yt @nelde@ ushi S
problem the inventors of the 5 present invention have nade a conprehensive

cal cul ati on efitHmmtcneigy tREUtdSdehbibhel pdeltedhsation prbds bys apaoey |
al cohol, and have found the process of the present invention which can
sol ves the aldve dtstd Elwstidm, t heuphocéssget heoselrr acts onregyibedcarfiored
out at the S/F ratio of 0.3-3, 10 preferably 0.5-2, and nore preferably
1-1. 30 and alosypnessdnw epnd areencdfinghethy uestraepiepylaggndohbhatiqddsus
solution collected fromthe extract phase may be that of the azeotropic

conposi ti on PFE%IRF weF gibitesy FREReF . dhsecyroitederNe | IR g¥isHnwe?t r &4 r ed
for conpressin%?gnd 15 recx&%#gg tgé %Etracthon agent and t he Iarg&nsize of
the extracti GRSEN 9GP h HRFESFEES t Y BUBSERA FRF pREBFERE 6P t he

st 11 at1 on PISEsthony Hie PART Grtaar st o ot Bpe8 AR oUiS oRery LoPasPied i n
the reduce the S/F ratio in the extraction, that is, the amount
15 of extraction agent to be recycled, rather than to extract
alcohol so as to be concentrated as highly as possible in
order to attain the object of reducing the energy required

for concentrating alcohol.

SUMMARY OF_ THE INVENTION

20 An object of the present invention is to provide a
process for producing isopropyl alcohol which, in producing
isopropyl alcohol by means of ligquid phase direct hydration
of propylene, reguires the reduced energy consumption for
concentrating the isopropyl alcohol and also does not need

25 large-scale production facilities by continuously carrying



20 industrial field to dehydrate the isopropyl alcohol. In the process of
the present invention, smaller energy consunption is thus required than in
the conventional processes. As nentioned above, the extraction condif AR00H
the present invention may be selected fromthe conditions in 25 which the
extraction agent used becones super-critical 1 APR 2003 - 25 fluid,
sub-critical fluid, or liquid. The process in which al cohol is separated
fromthe extract phase which is finalrylﬁn'liquid state, that is, the
process described in Japanese Patent Publication Nos. HElI 3-29393 and
5-36419, in which 5 the alcohol is collected fromthe extract phase drawn

out s 11U or e brocess of JAPISTRFAET B SN Ak e 10
Hout o111 quiat SEFRPHLERR B8 tHo Lot CRRLERBroPr oh e EEeb p the

[ duld phase. previes, I obl . coneenty plgtepr vdgpel sobolathich |l st
0 ne L el L 0P PN oabbER RARL: ! (e bl dgntn (0 be

| arge, and the preferable S/F ratio
menti oned abogve. cannot ttal I t @ b 3 d
. 81 | 8oQ8868E 5@ 13kkidhn dHeanbosdedintd one
|OM/§?F raI|QEUQ? 358 §§§X?i§ﬁ'to col %ct t he isopropyl al cohol fromthe
extract phase_i pper-critical or sub-critical fluid 20 in which a
| ar ger annuﬁ%ng$e%€€a?sopropyl al cohol can be dissolved than in the liquid

condi tion of the extrastésinageiiventfian Whelatde c | et qureresie i $propy!
al cohol does not becone anhydrous in consequence, the process of the

present i nveptb@icifignedproyyel adeahbagepubitertyhadretioheofsoxeRyl eRfier gy
necessary for the production process if the 1 APR 1D03
and water at a high temperature and a high pressure in the

10 presence of a strong acid solid catalyst, and separation of
crude isopropyl alcohol agqueous solution from the resultant
reacted mixture followed by purifying the solution. More
specifically, the process comprises the steps of:

(1) feeding continuously propylene and water in the

15 amount of at least 1 mole per 1 mole of propylene to be
reacted into a reactor in which a solid catalyst is packed
or suspended to react them at a temperature in a range
between 100 and 250°C and a pressure in a range between 60
and 200 atm;

20 (2) drawing out continuously the total amount of a
gaseous phase and a liguid phase of the reacted mixture from
the reactor;

(3) feeding the gaseous phase of the reacted mixture

to a distillation tower to Tremove impurities mainly

25 consisting of propane contained in the raw material



- 26 alcohol is at the concentration of the azeotropic conposition or a

hi gher concentration. Unsaturated hydrocarbons such as propyl ene or Ctﬁ‘Eﬁa
been proposed for use as an extraction agent for 5 concentrating al coh PR 3
However, the inventors of the present invention have nmade a surprising
finding which hasn't been expected by those skilled in the art . According
to this finding, the extracted anount of isopropyl alcohol is larger (i.e.
the concentration in the extract phase-i $716 higher) in conparison of the
extraction property of the extraction agent for the same extraction feed
(i.e. lowoncentration isopropyl alcohol) when using as the extraction
agent a saturated hydrocarbon having 3 or 4 carbon atons, nore

speci fi cal | yPreRylene ofrqm opdee, betiomp@fanerandavssut ahe, & €réleckture
t hereof, rather than _using the unsaturated hydrocarbons. Furthernore, when
usi ng the satlifgeedefy RTRHAsNe £E6Pr I HWIRoREI the nbpPeekeSectIelty
extracted than water, and only a spall amunt of the extraction enh is

di ssol ved i nE§C¥R&er aF e né’c%r%?isﬁ?ggé)rl‘?ﬁq’ﬂle?ecoﬁﬁcgt i 7y o4&t ePor tPfit o
the solute separated fromthe extract phase (high-concentrated isopropyl

al cohol aque5§§c§8Fﬂtion). Thus, the extraction can be practiced nore

ef fectively and ne advant ageou I n_vi of th essar ner

ment i %ned above. n%%i E?,“g? ’gggg %#’gtjnleqlf)lr egehn 5§ r?\e/fer%t%%oﬁ%%g)égﬁf g‘é?ﬁ&?éd
based on  1,48R 2008xtraZe il 8okhRdLR0s EOuLXRER! fya2GEALHbAONLE1HGC
experi mental exam nation of the Prventors of fhe presgnt rnvention,
conparing thg gas-4 i Qiheastbhlr héMa0fedpe rbiiee GUMPNEN SePhed¥Rt €he S

i sopropyl al cohol and the extraction agent (any one of propane, propylene
and CQ2) at artiefdpalatyYespéhadBuranger betheerxk2diibnl 3@geard anar eggdre in
a range between SO and 100 atm the concentration of the isopropyl alcoho

i n the gaseotiempbaaturs &dghdrbrthem wihd thethiceli darpmesmtifcolbai aedchy
usi ng propane as the extraction agent is unexpectedly 1.2-2.5 tines higher
t hanlbhat obtadeedabpresisngepriopyd ermngmd <3k as tihe exiticalopregenre when
the concentration of the isopropyl alcohol in the |liquid phase free of the
extraction agénthe¢sexbragu @y agenihtand] B0 etmahvhe Skifemathe ranging
concentration of the isopropyl alcohol in the gaseous phase iis converted
into the conbERVESRI 3 GG Ke 8PEoMBFr3ciendfl someapit adcrbrlageatucete
converted copcentration qhtained by using.prqopane as the_extraction, agent
s s high a8YoverS oGRS AR ghEOWNi T2 { 4900 oRRBREr &1 oMot SPAEESHy

usi ng propylﬁﬁﬁtggeCIﬁ as the extraction agent is about 75-85% by wei ght.
On the ot her hand, Conparing the concentration of the extraction agent

di ssgkved in the (5quidopbashy thelma AROWnRAnk: bemehd yheR hheeexLiAcL! ON

agent is propane, which 1s about from1/2 to 25 1/10 of the concentration
obt ai ned wheachBesexhgasti RAtagenhnd

(6) separating the isopropyl alcohol as a highly
concentrated aqueous solution from the extract phase mainly
consisting of the saturated hydrocarbon, and purifying the

20 solution to obtain purified isopropyl alcohol.

2. The process comprises the step of separating the
extract phase into the gaseous phase mainly consisting of
the saturated hydrocarbon and the 1liquid phase mainly
consisting of isopropyl alcohol and water by reducing the

25 pressure of the extract phase to the critical pressure of



1 APR 2003 - 28 is propylene or CO2. Wen the gas-liquid equilibrium of
the four conponents of propyl ene, propane, isopropyl alcohol, and water
under a high pressure is precisely neasured, it has been found 5 that 1t 2003
solubility of propylene into the |iquid phase mainly consisting of
i sopropyl al cohol and water becones extrenely | ow due to the coexistence of
propane. This result nmeans that, in extracting the isopropyl alcohol as
bei ng the reaction product fromthe |iqut8 phase 10 continuously drawn out
fromthe reactor, the isopropyl alcohol can be much nore effectively
extracted by using a saturated hydrocarbon such as propane as the
extraction a%ent t han using propyl ene as the extraction agent as in the
convent i onal TheoEassrazrd RYEEoFEERONt REt 1PHBT uPeRbt8d P1EDEr dSPPERPYL
di ssolved in the_ liquid_phase can be collected sinultaneously. Thus, this
h

resul t shows2tRPOLHBTRABAGH PENCRF ERASHAN A% e SdR lvnGe rated
effective for the inprovenent of the propylene unit. For, the practi.cal, use
of the proce8@USPUSHECRHESER: T26™ MOEnErGhaCrt PPESHr eMBHSH &5t REL N ) or
anount of the_caqllected saturated hydrqgcarbon.i e to. e t he
extraction ag)é’ntc Oélfectag(r%lﬂ?e té!lreu elq%locgrpgba%e aCPfco%c’f% gaé%ég%g g%?‘% %%n%f‘gs
separated fr t i Nl i Sti e t

hydro?ar bon. leep%g{ftggac{)ﬁq%%gbgezﬁo?{n%n%ﬂgﬂ%h%éljf)&rr'l%%ﬁét%gntgrgocg:%?é&%ftet e
present 1 ABRr2@@3pon290r Nvention is that the unreacted propyl ene
collected fromthe liquid phase of the reacted m xture during the
extraction operat BQn Ry SO d eebRprbye8eaRe Qfted Sd# | 5aphratDYgf @@ding a
part of the saturated hydrocarbon to the 5 distillation tower together with
the gaseous phasacef phaeed aariced M xght elid\sidephasseflaghiyecongierdeg t o
carry out the extraction in the conditions in which the extraction agent
becones supeprfctheisatufdted hyddnmydan eodl afhepdy liquisd Phassquaiedy
needl ess to say, that the extraction is practiced at a tenperature equal to
or hilgher thaenshetdingt iafal isewperyt upbcolfiol handamartetredohydeotangortheavi ng
3 or 4 carbon atons used as the extraction agent under a pressure equal to,
hi gher than, e§traritgrbeyel SReithensritheadr tepparatyrpr efésthe sptupated

saturated hydraqcarbop. It is known that the extraction tepperature gjives a
gr eat effectggﬁrPﬁérg?PréﬁieﬁoﬁﬂBuW l? b

ej subgtantialdshButr B2+ ohne n Phe
extract phas and_the extraction selectivity (i.e.. the ncentration.free
of hydrocar b%%elsﬁ’utrﬁe gt rtélgt Sﬁ&ggf Zé)ho%set hggi s‘%ﬁff%ﬁ}l C%ecoﬁgppr?ﬁé’ll ower
the extracti er i.$, wh r ivel I
extractod.  wALPSTERe Rdtifecd o} TR foSPLES] UE hideLD ERARenERALA
the gencentrabioribl rhemexhkaektRBazephasanes |ower. Thus, it is necessary

to select a preferable

4. The process further comprises the step of recycling
as the extraction agent the major amount of the saturated
hydrocarbon remained after the separation of the isopropyl
alcohol produced by the reaction as highly concentrated
20 aqueous solution from the extract phase mainly consisting
of the saturated hydrocarbon, which is obtained by
contacting the liquid phase of the reacted mixture and the

extraction agent.

5. The process further comprises the steps of drawing

25 out a part of the saturated hydrocarbon to be recycled as



25 extraction tenperature froma viewoint of chem cal 1 APR 2003 - 30

engi neering considering this relationship. According to the finding of the
inventors of the present invention, when the extraction is carried out{RapR 2003
usi ng the saturated hydrocarbon having 3 or 4 carbon atons as the

extraction agent under an 5 adequate extraction pressure, it is preferable
to practice the extraction at a tenperatﬂre in a range between the critical
tenperature of the extraction agent (the-critical tenperature of the

m xture when the extraction agent is a m xture of the saturated

hydr ocar bons having 3 and 4 carbon 10 atons) and the tenperature higher,

h h iti I , by 40C.i d i I
Lhan the ot thesl, Semperature B 100y RLOLSE 00 QLS DS GRopLom, |
th ted mxt t,.15-27%Db i {. i f.th
(e peact 20 DL Bl 1 200y Welobhe ol Lie FRGETLERL Spl (e
hi gher. The extagt {/ﬁgﬁéﬁ'e jfi{xﬂfbeféoegesérétéeﬁggrsgafﬁ{[r%éet%&d%fca%o%h' S

t enper at ure range. enperature s hig tenper at ure

range, the C%'}%?rpttg%gb@jct@cm ISORHPY; 3169 J g._%“@‘r.t he hydrocarbons in

t he extract phase s 20 not reach the azeotropic concentration. The

extragfion pressuree Gieftly iREl YeReRsHOWKOf sdhero¥dd apy8doaaPYBh ard the
extraction selectivity of isopropyl alcohol. This is nmainly because the

pressure is prdifacbliag@pami.ch determ nes the density of the extraction
agent 25 of the saturated hydrocarbon. In order for the saturated ~ APR
1003 - 31 hydrocar.bobnt cHevprexess| erthgreopést esedispirbpaaxt reicdt onls
contained in the raw material propylene and that is
separated from the bottom of the distillation tower at the
10 stage of collecting the unreacted propylene by distillation.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a flow sheet embodying the present invention.
In Fig. 1, 1 is a water feed pipe, 2 is a propylene feed
pipe, 3 is a recycled propylene circulation pipe, 4 is a
15 recycled water circulation pipe, 5 is a reactor, 6 is a
cooling condenser, 7 is a gaseous phase discharge pipe, 8
is a liquid phase discharge pipe, 9 is a heat exchanger, 10
is an extraction tower, 11 is a saturated hydrocarbon feed
pipe, 12 is an extract phase discharge pipe, 13 and 14 are
20 pressure control valves, 15 is a gas-liquid separator, 16
is a gaseous saturated hydrocarbon discharge pipe, 17 is a
crude isopropyl alcohol aqueous solution discharge pipe, 18
is a distillation tower, 19 is a condenser, and 20 is a
bottoms discharge pipe.

25 Fig. 2 1is another flow sheet embodying the present



agent, it is required that the extraction agent has a high density, nore
specifically, that the extraction agent becones super-critical fluid. In
general, the density of 5 the super-critical fluid becomes higher as1??§ 003
pressure becomes higher. Wen the extraction agent is a mxture, the ?&
density greatly differs depending on its conposition. The inventors of the
present invention have found that, in the case of the super-critical fluid
consisting of a 10 saturated hydrocarbGnZQaVing 3 or 4 carbon atons,
i sopropyl al cohol, and water |ike the extract phase obtained in the process
of the present invention, the density of the fluid does not substantially
change even when the extraction pressure is higher than 280 atm _Therefore,
the extracti 6RVESTPEssut® Fd9pr 'ngﬁlﬁaWﬁ ﬁegﬁﬁﬁBcﬁePH@ RTEheNEAE Yl
pressure of e h drocﬁrbon used as tgg extraction agent and, 200 atgl An
exanpl e in 8hsép8pé ngsaﬁa?ﬂl€l%S SCTHe T & AFEF REGPSEE S0 ti's now
described. 2Q It.is.preferahle_that ractjon is r.i.ed t
count er cur r efit %ﬁﬁ?ﬁaéﬁégglgon§%8$r?§€§ ex Taclgf a5 ﬂ%%tﬁg pF%%gggﬁb a
quuid-liquig¥%§%5% B%”dﬁ@c%59§% éqﬁgfggqtively reduce the S/F ratio, that
or t age

is, the anoun e extractio t to be recycled. For exanple, as

Shownsi n 25 Examierads (a5 Gedadh ORI AWor s | s ehsis e 1ifiers ~ 1 APR
2003 - 32 extraction of TsSOpropyl alcohol 1S obrtain 3] rati o of
around 1 by enpl oy ngrprRpangiaf LBEigXidAed) At ageRl and Gt gheWwehent |y
contacting the extraction agent with the |liquid phase of the reacted

m xture undeintRetiosf €5aRbe Spe¥ifacal Dy TOMtdd Aiifd mEiebe B EBakkQy@ry be
smal l er than 1. However, when the S/F ratio is too small, the concentration
of the isoprapyling eoberohgmaicidngunptibaalagirongt eepbastahégoaes thioghy t o
gi ve unfavorable effects on the reaction. Therefore, the 10 S/F ratio may
be at | east €@c3dorakapgeexchanferubsin (s revrdrarel examg lieor e Theebedddl y 1
or larger. Further, the ratio should be set to be 3 or smaller in order to
savelfhe eneFgFaflystchRrche rRacHrRe iidbpr 5pprEtarcefiodr fpred theaies n athaay
process of distillation, and further the ratio is preferably 2 or Z5

smal | er, andPRoreSed eFBREBLY £15 Bhe s FRsPenddnge cCoPRLIFLRR 1 | t iR sWateT-
operat ed under _a_hi gh pressure. Since water iis th in c onent of the
BT hat o ph30ASbdEarPAER (AP LR uEREAT ST PHAEO R o DR TARICOd R B t he
iquid phase,of 4t he ggagted MottiEe sdn 18 8530188 orten requires an

expensive acid-resistance material for the reactor and its
15 accessory equipment such as Hastelloy and titanium because
of the corrosive property of the catalyst, +the solid

catalyst is more preferable to be used in the production

facilities. The solid catalyst is packed or suspended in
the reactor. The reactor used generally is +tube type
20 reactor, but is not limited to this type.

In the production process of the present invention,
since purification is performed after the total amount of
the gaseous phase and the liquid phase of a reacted mixture
is continuously drawn out of the reactor and isopropyl

25 alcohol produced by the reaction is extracted from the



20 needl ess to say, that the major anmpbunt of the raffinate phase is
recycled into the reactor. It is preferable that the anbunt of the
raf fi nate phase to be recycled into the reactor is established such th é
the total amount of newy charged water and the recycled water to beTfé} 3
into the 25 inlet of the reactor is at least 10 tinmes or nore in nole 1
APR 2003 - 33 as nuch as the feed anmobunt of propylene to be reacted as
known in the art in order to enhance theZdelectivity of isopropyl alcohol
in the reaction. For separating the isopropyl alcohol of the reaction 5
product as the highly concentrated aqueous solution fromthe extract phase
in the super-critical or sub-critical state which is obtained by contacting
the |iquid phdssigs PhREer chbEeBeATkiOR el ARFYIRF ALY SATTFRAGMR T dFD&hi ch
mai nly consists of the saturated hydrocarbon, either of the tw 10

fol | owi ng pr 60B8d&dongy IpeWREFRAUP of HPEceWRVEHFieR R ALORY Lishe fERe
gaseous phase mainly consisting of fhe saturated hydrocarbqn and the |iquid
Phace mai nly SBonBLEE: £5 BF PLbRPDRT TISIRAC Lo Wbk SPepFeiBaIarHG™ RS
pressure of ng extr c%l%% se %%ct%% %Ei%ﬁcal pressure of the extraction 15
agent or a | GWSF 8?3 sare’ and °a ﬁrocesg for separating into the |ight

i qui hase mai nly c | SLJ ur h o] a
i gui Bhase mai nﬁ% c@%é?:z%’}llﬁg S%b(?‘g%’pr op;%qll a?ég%h?{(gglgj \Nggie#%ﬁyﬁggél)#ng
the extract pRasaien' e LeHRE" 31Wren0kubhe aer bkbg?heh%”l@l%r b8 caf ke 20

extraction agént or a lower tenperature while substantially maintaining the

pressure. Fi st thbheroEer88of Y steRRGRhENE §0€1i& dHIe1$OP! oY |1 sAkeehal
aqueous sol ution by reducing the pressure of the extract phase is

descri bed. | rhgenenal conbersawer ofhehdSrahemateeiall bherext rasthpbagesi s
reduced, the | ower the 1 APR 2D03 - 34 density thereof becones. Thus,
si nce the exbracthighexapaantly afhe hesexécattion agEnt alcdoler edbeandes a
| ower pressure, the extracted isopropyl al cohol and water condense to be
mor e 18onpl et ebprogpandedy $% o8Pt havhedaly arei pre fefpeatle Fedotdvey resuddbess to

say, a larger power is required for
by putting the low olefin and water in an amount of at least

ten times as much as the stoichiometric amount into
coexistence, and by carrying out the reaction at a
temperature and a pressure higher than the critical value

15 of the raw material olefin to be used or at a temperature
and a pressure slightly lower than the critical value

thereof (see, Japanese Patent Publication No. SHO 45-33165).
According to the findings of the inventors of the

present invention, when the solid catalyst is used, the

20 reaction is preferably carried out at a temperature of at
least between 100° and 250°C in order to ensure the
practical reaction rate. The upper limit of the reaction
temperature is mainly determined according to the thermal
resistance temperature of the catalyst. For example, when

25 a strong acid solid catalyst having zeolite, silica alumina



conpressing the extraction agent to be recycled. According to the

exam nation of the inventors of the present invention, the pressure of the
extract phase is reduced to be in a range between 5 atmand the crhttgﬁh@
pressure of the 10 extraction agent, and nore preferably in a range &h
10 atmand the pressure |lower than the critical pressure by 5 atm
considering the bal ance between the separateness of the extraction agent
and the crude isopropyl aqueous al cohol~ €& uti on and t he power for
re-conpressing and recycling the 15 extraction agent. This separation
process itself is known in the art. However, only a small anount of the
extraction agent is dissolved into the isopropyl alcohol aqueous solution
when usi ng t [#&d gthexseashgdpasarbdtehbdl ngs Prrlyedhr fée ae@efiz; F8% he
extraction agggt as nentioned above. For this reason, the extraction agent
di ssol ved i nbeheca¥miRrd i 985r &y 2RP¢HhEP0aGkueoudhen| at ST Wxbarated iOPom
the extract phase is not necessarily required to be collected for practi cal
use. In the SFCRINGORCEIBCRREIRG & KEVEFreERATMSE FeRisHanse thresRdure

contai ned in propylene used industriall 1 APR 2003 - 35 .i.s gener.al
separated fr d'r% P%)édeFt Bﬁ?o‘FaFﬂgyﬁFstW%/a’f‘?%tltw RFET eEam e Batg ey

d | istillation. 1f th ' d as.the, .
St urdt od by @bcat boteR Lt RE artieRct i o abbRt o TRE MBI f SEhEen B 5
o . Le y e .
eauired Lo BEosoNy CharosiCRr reeRR ) 1L R ATRLPE SRR e o
the present in%“c%’Fi!a‘l”prEF!{zELEﬁb 196 Yere SR GAPREEE wHetd & HRY ARAFALSEN

i sopropyl al cohol is contained in the gaseous phase of the reaCted m xture

10 conti nuouslsy chrawRkOWutdf tdhech G@Cﬁﬁﬁéss@f@ §ﬂ§he£§OﬂéﬁéﬁhiﬁbCGB()'thies

obtained fromthe bottomof the distillation tower together w th propane

when col | ect icaghdedridtrieac bedi poppypehafdaivl Hen R enitpu phggtadyy which
distillation. The isopropyl alcohol is collected without fail by using the
15 pridpane agrieaelgxtingfdiemresyahe, seiiuph lisyadfapraggdesei.n weewrdfinghe
raw material unit. Next, the process for separating the crude isopropyl

al cohol aqued@s tdel dtlinddngy ifgrdey iinyenteorexofathephuseehy Apapptdapn,
cooling is described. In this process, it is 20 required_to cool the
extract phasétaﬂq(Qﬁﬁcq%pqq“$Qﬁqtngﬂreactlon is carried out under at

least 60 atm or higher. The upper limit of the pressure is
not especially limited, but it is preferably 200 atm or
15 lower in view of the construction of the reactor.
Each of the gaseous phase and the liquid phase of the
reacted mixture is continuously drawn out of the reactor.
A more preferable example of the present invention may be
given by collecting isopropyl alcohol existing in the
20 gaseous phase of the reacted mixture after liquefying the
isopropyl alcohol in a cooling condenser mounted at the
outlet of the gaseous phase, and also by drawing out
substantially the total amount of synthesized isopropyl
alcohol from the liquid phase of the reacted mixture. The

25 gaseous phase drawn out of the reactor is continuously fed



tenperature of the extraction agent or |ower while substantially

mai ntai ning the pressure in order to liquefy the maj or anount of the

extract phase. For liquefying substantially the total amount of the exﬁhﬂgam’
phase, the 25 tenperature is preferably 10C | ower than the critical

~OB - 36 tenperature or lower, and nore preferably 20C | ower than the
critical tenperature or lower. It is not preferable to cool the extract

phase to an excessively |low tenperature ¥¥nce it causes a | oss of energy. 5
This process itself is also well known in the art. However, the process of
the present invention is explicitly different fromthe process of the
above-nenti oned Japanese Patent Publication . HElI 5-36418 in that the

i sopropyl al E®hé %ﬁ?ﬁﬂ34§ﬁQRiFPUﬁFthéW@ﬁﬁRﬁIPHE?ECEﬁ§s§§ﬁQXﬂ%qulS
consisting of |so al cohol and me r . separated by Ii uef ing the
extract phas®l iﬁg t#ﬁ?@ﬂ di°R £ & eé?égl#iaﬁFpﬂetPW Rtt ﬁ%?ﬂcb%ase
in the process of the menti qned above, the. solubility of
t he i sopropyt 5?05%%I1%.%t f %h?rﬁ%P?T?ﬁmﬁ|thsﬁﬂYw%ﬁEﬁFh?ﬁr%£%P%% %s

| | o h he | | d
ohase consi StIRE ROGT LT Bl GOEREBLE raR el RE ok ob Pabitere bty
| h f
Lha' el PhasorBulhd LR85 MLLEOL ST anSORE WY |+ Sopelk 1 RFdROF o GOPLE "9
heavy | i qui dophasen ] inbeRATERddisis AN AGEOUR! balackh®s GidFaRId 0grd s

carried out under the super-critical 'or sub-critical state of the

extraction agephrafed £hemi phendsdeshFofath® @fsPiBrdcivhetswably 0.5-2,
and nore preferably 1-1.5 is attained. Furthernore, since the anount of the

25 extraction agenhe di ssotoredl idlddiohemntdingd dnphaseligualisphase df APR
2003 - 37 small, a preferable enbodi nent can be given by using the propane
cont ai ned intméereamteatmikahrercpphenaoaslyhdraahutanednhwdnmcneﬁmman t he
extracti on agent.

10 may be selectively extracted by contacting the liquid phase
with an adequate extraction agent which is in the state of
super-critical fluid, sub-critical fluid or 1liquid, as
described above with the respect to the prior art processes.
However, as mentioned above, the extraction agent used in

15 such extraction processes exists in the state of gas in
general at an ambient temperature under the atmospheric
pressure,so that a large compressing power is required for
recycling the extraction agent, and it is difficult to
collect the extraction agent after the extraction.

20 Furthermore, the facilities necessary for the processes
become large-scale since all of the extraction tower and its
accessory equipment should be high pressure facilities.
Therefore, in using practically such extraction process, it

is required to considerably reduce the S/F ratio in the

25 extraction, that is, the amount of the extraction agent to



When the isopropyl alcohol aqueous solution is separate 5 fromthe
extracted phase by reducing the pressure thereof, the extraction agent is
required to be re-conpressed to the extraction pressure in recycling the
col lected extraction ' agent. On the other hand, when the solution is APR 2003
separated fromthe extract phase liquefied by cooling, the pressure 10 is
kept high. Thus, at least in view of the power required for re-conpressing
and recycling the extraction agent, the Rdtter process is advantageous. As
menti oned above, according to the production process of the present

i nvention, a high conversion of propylene and 15 a high selectivity of

i sopropyl alcohol are attained by carrying out the |liquid phase direct
hydrati on at bg regiededur taiharather st raxiragte cdsichdlo cangentaatsdas
Furthernore, the crude isopropyl alcohol can be collected easily and
effectivel y &HRY EShRasRion HRHEEVED ofUPD RegheFerapfst gannot be
concentration of the azeotropic conposition by subjecting the Iiquid phase
of the react &#idivxEgtd sEdcaity fdie REOFgSEeSarduitiCoPTE Sfift-hesi zed

i sopropyl alcohol to extraction at a preferable tepperature and a

preferabl e pressuf® G&WF (IR LR at'etf BAPOLEr boh RavPRE 5878 8F %PEar bon

atons s the exiiagtiageagent, (and theR BY conoreBefaT Lodaing Lhe pressure
of the extralt 5hase or CcoolT'ng the extrac pﬁase.n?ﬁus, € arge energy

required for e t i fal ohol i i
prgghption pF%%%éggggﬁﬁﬁi ‘E~ug§dﬁiﬁﬁﬁégegé?@%§ ggrgggFtcgﬂpgggé?gggké
facilities araﬁd@)‘?xtolr,egl’lﬁ;ﬁg\rr]é Of olrte thiedplbeBRsands s ‘i}&te’s%‘}%ﬂ Rvenibhat

t he production process of the present invention is preferable far practical

use. The dehygiah QarAbIGAY iid b pihsl&hside iﬁoewpgkoabggbolche
aqueous sol ution obtained at a concentration equal to or 10 higher than the

azeotr opi ¢ CceMesictHion Galy e easttyedr acti aed Une & knovatrdehydr at Bos,
process by neans of azeotropic distillation using a solvent such as
benzere, tol peedearthliyeXare Aphiatd fnoyms e Bmetiiopl €1 0% xt and alsh wheer as
generally practiced industrially. 15 Therefore, the process of the present

i nventi on as censendiragioses9£f othgr oggubRg isopropyl akdchbbli sahhghhg

applicable in the industrial field. EXAMPLES Exanpl es of the present
i nvention ar 8Hvigesepipegted from the extract phase may be that of the

azeotropic composition (88% by weight) or higher.
Therefore, the large power required for compressing and
15 recycling the extraction agent and the large-size of the
extraction facilities, which have been the substantial
problems of the conventional processes, may be greatly
reduced, even if an azeotropic distillation using benzene
and others is employed as currently practiced in the
20 industrial field to dehydrate the isopropyl alcohol. In the
process of the present invention, smaller energy consumption

is thus required than in the conventional processes.
As mentioned above, the extraction condition in the
present invention may be selected from the conditions in

25 which the extraction agent used becomes super-critical



2t7 EXAMPLE 1 In a jacketed reactor manufactured by SUS S16 having the

i nner dianmeter of 30 mm and the height of 300 nm 100 ml of comrercially
avai |l abl e macro-porous type strong acid cation exchange resin, Levachitt
SPC- 118, was filled. From 25 the bottom of the reactor, 96$% of propyIFPﬂE ]
(the remaining " 1 APR 2003 - 39 4% was propane) at the flowrate o g%
mmol (9.6 g) per hour, pure water at the flowrate of 5.5 g per hour, and
recycled water (the raffinate liquid) at2bhe flow rate of 67 g per hour
were fed. The tenperature and the pressure 5 of the reactor were kept at
150C and 80 atm respectively. A gaseous phase continuously discharged from
the top of the reactor was fed to_a distillation tower manufactured by SUS
316 havi ng t héUiAneFulrgiditdrads £201dm aRdl 5aupfat e aRFEFEed HHHiE at
the fifteenth_plate fromthe top of the tower 10 after the pressure _qf the
gaseous phasélﬁﬁgoieaﬁc%%p§ﬁa§®gaﬁﬁnb§ SF‘@%’?EFepEBﬁ?rWl‘?}gIJ\/%,f% Yhe

h ' ly distilled fl i, 13._ Liquid
Qont ai mi o PEOPIAESLE FRECHal KREbnbbncite BRS e ARt TG hd AHESR of
the distillat - LU t ' th
Ur 1 1y a5 1 hEPUBR Y RETARRCE el b v 400 #Pens RETE8p df RECh
disti1d at i on jower o the ol alo AIDWIL, Ofcd NI EeEad: PLRRLLOAG RS o1

contifuously recycled to e reac he ot her hand; i qui d phase

continuously ,dr ayg,, pyt c‘S)[Lg%{ét. %%130 %roﬁoﬁéi{%QHeQé plEeA£30000; 20 Aln e rate

of 81 g per Rour™ was  £00 , and then was fed to the upper portion

of a jacketed-ggunBer ¢Hr RAEnCXhE AEH OF adB P 864 UiesirD o RUS 3 khhavigag -t he
i nner diameter of 50 nmand the height of 8 m Propane as an extraction

agent was coaftitieds! el | ort BReaguBRtrafti®hl1g Maridious 2bqlhertiba gwer
portion of the extractor. The extraction was 1 APR 2003 - 40 carried out
at 130C undero8Qiagmankheitotsaalbjamed b rldkfuinbild quiidgui sepanstboousioy
drawn out at the rate of 67 g per hour fromthe bottom of the extractor was
recydlCed i nt colhecrteagtophoAn faxanr athe phsaild@mnt nlidgbity diawnd ophaSeat t he
rate of 108 g per hour fromthe top of the extractor was partly |iquefied
by control | i REVheesehpeRduceongenggeted gryde- rilgohalsepacht ¢is gllmestt he
pressure of the extract phase was reduced_to 30 atm by a pressure control
val ve. Then,aPﬁngPﬁﬁefi WEi&Se SAACPeRBiHed dadther 8meYRti RfoGdCPhPd

drawn out fromthe gas-liquid separator. At _the ti en all reach % t he
st eady stateC?PnéSi ﬁ%??gﬁeghéggaﬂﬁi ibﬂPFﬁbsasﬁfE%ﬁ Qﬁna%?n?he% Ste of
about 14.3 QFRSQn‘EO%f”&@ tQﬁtQQéﬁka“'ﬁé@@%@ 015% W&Q%é%}@gd CRTRARLE! ON
of the liqueried phase was exam ned, It nt ai ned about 0 by
15 inevitably large, and the preferable S/F ratio mentioned
above cannot be attained.
In order to attain the above-mentioned low S/F ratio,
it is essential to collect the isopropyl alcochol from the
extract phase in the super-critical or sub-critical fluid
20 in which a larger amount of the isopropyl alcohol can be
dissolved than in the liquid condition of the extraction
agent. Even when the collected crude isopropyl alcohol does
not become anhydrous in consequence, the process of the

present invention is much more advantageous in view of the

25 total energy necessary for the production process if the



15 wei ght of isopropyl alcohol, about 10% by wei ght of water, and about 1%
by wei ght of di-isopropyl ether. EXAMPLE 2 Exanple 1 was repeated except
that the extract phase continuously drawn out at the rate of 108 g per hour
from20 the top of the extractor was cooled to 60C to be liquefied WAPRE003
keeping the pressure, that the |iquefied extract phase was introduced into
a liquid-liquid separator to separate into |ight and heavy |iquid phases,
and that the light liquid phase and the Réawy |iquid phase were
continuously 25 drawn out fromthe liquid-liquid separator. At the tine 1
APR 2003 - 41 when all reached the steady state, the heavy liquid phase
was continuously drawn out at the rate of about 14.4 g per hour fromthe
separ at or. Wedieatisd cobpospti ofhef enaasdretiQjui deHhathe wasz@edFordeE it
cont ai ned about 88@6by wei ght 5 of |sopropyl al cohol , about 11% by wei ght
of water, an@®ORRARLURHPINE FHONST FHONCSSFTERACTet her . COVPARATI VE EXAVPLE

1 Exanple 1 was repeated except that the ste after the extraction were
not carried out, &ﬁhs ataeh &IQW%N%P FRPUWH eré%irct%(?z é’tast he
rate of abou 72 5 er hour and the liquid phase of the reacte ture
was continuo éké# gat ?he Pife 3% @ﬁi %ﬁFEF?E&O%ou?gFP m &

. The | b ) f
o cohdl . and a&oouetnd%%o@%ﬁfgﬁé SRPOEF- vt H e AT VR ERRRPL S Banpl
1 was repeat ;ﬂ.—e@ia%ecpt LU@Et&Bﬁ GR%I AChLga "?Ssﬁgg‘iﬁggn guts dfr?g? h?&%
r f g per

| i quefi ed phdse was cont rnuous! awn out at rate~of "about

hour from the,asld Guedl S8PaEELany Kibdd dkahined phagse Gl al ﬁ\%%oq%%tg 80%
20 by wei ght of 1sopropyl alcohol,” about 19% by weight of water, and about

1% by wei ght f tHid SARGARY, chléerext}la@t@euéalolumpb@pxlsogkégml a‘&@%h’&qt
concentrated to the concentration of the azeotropic conposition since the

i sopropyl al cehdlampsr nat . selaed | vetgerekidatsedihethesexotadt pbhask gy
extraction tenperature.

10 higher) in comparison of the extraction property of the
extraction agent for the same extraction feed (i.e. low-
concentration isopropyl alcohol) when wusing as the
extraction agent a saturated hydrocarbon having 3 or 4
carbon atoms, more specifically, any one of propane, i-

15 butane and n-butane, or the mixture thereof, rather than
using the unsaturated hydrocarbons. Furthermore, when using
the saturated hydrocarbon, isopropyl alcohol is more
selectively extracted than water, and only a small amount
of the extraction agent is dissolved into the raffinate

20 phase mainly consisting of water or into the solute
separated from the extract phase (high-concentrated
isopropyl alcohol aqueocus solution). Thus, the extraction
can be practiced more effectively and more advantageously

in view of the necessary energy as mentioned above. The

25 process of the present invention is effectuated based on



1 APR 2003 - 42 COWPARATI VE EXAMPLE 3 Exanple 1 was repeated except that
propyl ene was used as the extraction agent instead of propane. Wen the
conposition of the liquefied phase was exam ned whi ch was 5 conti nudqusPRyI003
drawn out fromthe gas-liquid separator at the rate of about 15 g per hour,
the liquefied phase contai ned about 83% by wei ght of isopropyl alcohol,
about 16% by wei ght of water, and about 1% by wei ght of di-isopropyl ether.
10 The crude isopropyl al cohol was not -c@Ycentrated to the concentration of
the azeotropic conposition since the isopropyl alcohol was extracted | ess
selectively by using the extraction agent of propylene as conpared with the
case where the extraction agent of propane is used. ~ APR 1003 - 43 WHAT
| S CLAI MED | $hiE fAngkig®ss for produci ng i sopropyl al cohol which conprises
direct hydration of propylene and water at a high tenperature and a hi gh
pressure in the pfé&feR¥éMpiea IEFBREIBIAEP dthdp FPeFiMmanttl es@mRGIAD of
crude isopropyl al cohol agueous _solution fromthe resultant reacted m xture

and purificaGforthf LRYSPERT it Phn then AR AWt 1Pat FREPSFGRgsShe
conprises the steps aof; (1), feeding continuously propyl ene and water in the
10 anount of gﬁ‘F’Ielé*o‘?é’tldl ‘?fﬁgjehg’e'?l‘f'gn%fegcbﬁ ;#E;%ﬂ e‘?‘fé'ﬁ)él%n%lét?eﬁét &F5Stto a

reactqr in whi %h 2 scil iglcgﬁa%y%%di S acket;; %rctsl%%pegdelq t arneactmtaherg at a
t enperat ure rla"‘n& né)ybet Wegh 900 *2d cTand a pressu?% n-'a ryanae bet'ween

60 and 200 abipockd 2)p A, Ohac R nuaisl v cLfig b akal amauny Glarire

gaseous phas a’liqui e _ reacted mXxture fromthe reactor;
(3) feeding Re.@RILAYY I%'?;%S?LS@FCS%h@ el uPeX it @ rane? vilsiddd ad on

tower to renove inpurities mainly 20 conSisting of propane contained in the
raw material and 100 atm, the concentration of the isopropyl alcohol in

the gaseous phase in equilibrium with +the liquid phase
10 obtained by using propane as the extraction agent is
unexpectedly 1.2-2.5 times higher than that obtained by
using propylene and CO, as the extraction agent, when the
concentration of the isopropyl alcohol in the liquid phase
free of the extraction agent is 15-20% by weight.
15 Furthermore, when the concentration of the isopropyl alcohol
in the gaseous phase is converted into the concentration of
the alcohol free of the extraction agent, the converted
concentration obtained by using propane as the extraction
agent 4is as high as over 90% by weight while the
20 concentration obtained by using propylene or CO, as the
extraction agent is about 75-85% by weight. On the other
hand, comparing the concentration of the extraction agent
dissolved in the liquid phase, it is about 0.1-1 mol% when
the extraction agent is propane, which is about from 1/2 to

25 1/10 of the concentration obtained when the extraction agent



propyl ene fromthe bottomof the tower and to collect unreacted propyl ene
fromthe top of the tower so as to recycle the unreacted propylene into an
inlet of the reactor; 25 ( 4 ) contacting the liquid phase of saidirAdRdiBd
m xture 1 APR 2003 - 44 wth an extraction agent of a saturated

hydr ocarbon having 3 or 4 carbon atons at a tenperature rangi ng between the
critical tenperature of said extraction agent and the tenperature higher
than the critical tenperature by 40C 5—u%ger a pressure rangi ng between the
critical pressure of said extraction agent and 200 atm at an S/F ratio
rangi ng between 0.3 and 3 which is calculated fromthe equation of the
amount of said extraction agent divided by the amount of the extraction
feed, and exiPaBYPRYLPBEBpPEPYPL.al cohol as 10 a reaction product fromthe

T e o st 1t e 8 el B s e el s
SomohT ol Sl oo b Oy i3 Concanstad snusple hLycianelr gmape
purifying said,so ugion to obtg n_purified isopropyl .al ohol.’2. [ QCess
for produci n§ P%gbr5ﬁisiﬂ§§ﬁﬁﬁ %Eg%?%?n%dmﬁﬁsgf§gﬁlﬁ% %ﬁe?%e?heongcess
phabe e ni y ChEke B nsoaRBERLEY At BFCBYERE BB Cehl QB P OBREYE  ase
of e extranpiRo oS IRY B R b P e BR e ot bon

or lower to ghtabRe2d LRRy | 408" aRY!t1é ceRakibraduaedh Py plBgaheact i @Rigs the
hi ghly 1 APR 2003 - 45 concentrated aqueous solution fromthe extract

phase, whi chresubbt acaeg Rha@gntiactdxigadidgng qthel jH@soO®f]1 saidoneacaed
m xture and said extraction agent and mainly consists of said saturated
hydr ocar bon. bbilg Ayheocessatbiopr ogurodngti safxrapyl thecolalgwsi cl phasd i n
Claim 1, wherein the process conprise the step of separating the extract
phas&O0i nt o acbhghpubiglivd drewe auitnlfraonshet i repofoxai dheat isapedpyl
hydrocarbon and a heavy |iquid phase mainly consisting of isopropyl alcohol
and alcohol can be much more effectively extracted by using a
saturated hydrocarbon such as propane as the extraction
agent than using propylene as the extraction agent as in the
conventional process, and also means that the unreacted
15 propylene dissolved in the liquid phase can be collected
simultaneously. Thus, this result shows that the production
process of the present invention 1is effective for the
improvement of the propylene unit.
For the practical use of the process of the present
20 invention, it is preferable that the major amount of the
collected saturated hydrocarbon is recycled to be used as
the extraction agent after the crude isopropyl alcohol
aqueous solution is separated from the extract phase mainly

consisting of the saturated hydrocarbon. A preferable

25 embodiment of the production process of the present



10 water by cooling the extract phase to the critical tenperature of said
saturated hydrocarbon or |ower while substantially maintaining the pressure
of the extract phase to obtain the isopropyl alcohol produced by the
reaction as highly concentrated aqueous solution fromthe extract phagep )ib
whi ch is obtained by contacting the liquid phase of said reacted m xture
and said extraction agent and mainly consists of said saturated

hydr ocarbon. 4. A process for produci ng 2%opropyl al cohol as clainmed in any
one of Clainms 1 through 3, wherein the process 20 conprises the step of
recycling as the extraction agent the major amount of said saturated

hydr ocarbon col | ected after separating the isopropyl alcohol produced by

t he reacti oniavenhigohi hlthabridentnaeaedtedmmpy baetdan dated themexheact
phase mainly consisting of said saturated hydrocarbon 25 obtai ned by

cont acting t héauigupbaprasd dhe giapqtesctdgture fpp Pop3the 4extpetdPE and
said extraction agent. 5. A process for_producing isopropyl alcohol as

clai med i n CPRPRRELOBOMAY sPRg FHe&Ft&s BY MeaRishgebutdif tarkatoforsaPy

sat ur at ed hydrOﬁarbon to be rec cleg as said 5 gxtragtion ﬁgent, feeﬂing
sai d saturat 88°HyBPoc@r bBA*to Phe GPEtiFRELTIRSE ovRYIFBGRTRER witPh thE
gaseous phase,of .,said.reacted_m_ xtur and.separating said .saturate

Py obar bon B HBEABE: SHVGF thECHTSF, Prats Gie GAReoE BiFrScatethe,

pr oduci ng isggggggh ﬁ%ggﬁgg as claimed 10 in any one of Cains 1 through 5,
wherein said saturate ydrécarbon is propane. 7. A process for producing

I sopropyl al cohol PQS ﬁgﬁ%%ﬂgbn QBévQ[‘e oh G a4g% 1t5hrﬁggpy_6,oy}dger%g as

at least a part of propane sald ekxtraction agent, there’is used propane

15 that is cgptahBedohnihhenkanonBieibat PhOoPNIERetRBdek bRl SoneRgERE
fromthe bottomof the distillation for collecting the unreacted propyl ene.

.AluR A9. A ; B8cAmesABuBed3UrAtiA31AfLuAANSrAGUD3. A t.AL AFneidy it is
h” % A. A39. AFn&L. A . A {. A39. A AF. A U.AF .A3. A .AY. A% A
A ALD. Al . A3reduiYed3MdedBe s\ tAa . sak, Athdt Atkdax tjdetion is practiced
JKI ux~ysni d_ZU] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
] ca] ca] ca] chakcd ctepparetukea)eaiatr afeTalxahdgtiEy] then the critical
temperature of the saturated hydrocarbon having 3 or 4
carbon atoms used as the extraction agent under a pressure
equal to, higher than, or slightly lower than the critical
15 pressure of the saturated hydrocarbon.
It is known that the extraction temperature gives a
great effect on the extracted amount (i.e. the concentration
in the extract phase) and the extraction selectivity (i.e.
the concentration free of hydrocarbon in the extract phase)
20 of the isopropyl alcohol. The lower the extraction
temperature is, the more selectively the alcohol can be
extracted, while the extracted amount of the isopropyl
alcohol, that is, the concentration in the extract phase

becomes lower. Thus, it is necessary to select a preferable

25 extraction temperature from a viewpoint of chemical



+, " }xsnid_Z] ca] ca]ca]ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ) xybckv|) HTU5}xsni d_Z] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca{ i\ﬂ%ﬂ?ﬁlj
caJ ca]ca]cal cal N@, - Xci Q
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cal] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca! "" 3##ISIVYAYBYIMREEEZEM " [ ((((()
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1001 10% & ()-yl0% & ()-&10% & ()- 10( 10(
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104 & ()- 10% & ()-MB10% & ()-'L 10% (& ()-5NaB~ @10!'!'!,f 109% & ()-Y(f
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10 & ()-!'v -$10W( V(& ()-(}[<aS4F %40% & ()-t!IF
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109&' ()-1(109%& () -
hydrocarbon to have excellent properties as the extraction
agent, it is required that the extraction agent has a high
density, more specifically, that the extraction agent
becomes super-critical fluid. In general, the density of
5 the super-critical fluid becomes higher as the pressure
becomes higher. When the extraction agent is a mixture, the
fluid density greatly differs depending on its composition.
The inventors of the present invention have found that, in
the case of the super-critical fluid consisting of a
10 saturated hydrocarbon having 3 or 4 carbon atoms, isopropyl
alcohol, and water like the extract phase obtained in the
process of the present invention, the density of the fluid
does not substantially change even when the extraction
pressure is higher than 200 atm. Therefore, the extraction
15 pressure is preferably in a range between +the critical
pressure of the hydrocarbon used as the extraction agent and
200 atm.
An example in which propane is mainly used as the
saturated hydrocarbon is now described.
20 It is preferable that the extraction is carried out in
a countercurrent multi-stage contact type extractor as in
the process of a liquid-liquid extraction in order to
effectively reduce the S/F ratio, that is, the amount of the

extraction agent to be recycled. For example, as shown in

25 Example 1 described below, a desirable result of the
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of around 1 by employing propane as the extraction agent and
countercurrently contacting the extraction agent with the
liquid phase of the reacted mixture under the preferable
5 extraction conditions.

The S/F ratio may be smaller than 1. However, when the
S/F ratio is too small, the concentration of the isopropyl
alcohol remaining in the raffinate phase becomes high to
give unfavorable effects on the reaction. Therefore, the

10 S/F ratio may be at least 0.3 or larger, preferably 0.5 or
larger, and more preferably 1 or larger. Fuxrther, the ratio
should be set to be 3 or smaller in order to save the energy
for concentrating isopropyl alcohol more than in ‘the process
of distillation, and further the ratio is preferably 2 or

15 smaller, and more preferably 1.5 or smaller since the
facilities are operated under a high pressure.

Since water is the main component of the raffinate
phase remained after the isopropyl alcohol is extracted from
the liquid phase of the reacted mixture, it is desirable,

20 needless to say, that the major amount of the raffinate
phase is recycled into the reactor. 1t is preferable that
the amount of the raffinate phase to be recycled into the
reactor is established such that the total amount of newly

charged water and the recycled water to be fed into the

25 inlet of the reactor is at least 10 times or more in mole
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isopropyl alcohol in the reaction.
For separating the isopropyl alcohol of the reaction
5 product as the highly concentrated aqueous solution from the
extract phase in the super-critical or sub-critical state
which is obtained by contacting the liguid phase of the
reacted mixture and the extraction agent and which mainly
consists of the saturated hydrocarbon, eilither of the two
10 following processes may be selected: a process for
separating into the gaseous phase mainly consisting of the
saturated hydrocarbon and the liquid phase mainly consisting
of isopropyl alcohol and water by reducing the pressure of
the extract phase to the critical pressure of the extraction
15 agent or a lower pressure; and a process for separating into
the 1l1light 1liquid phase mainly consisting of saturated
hydrocarbon and the heavy liquid phase mainly consisting of
isopropyl alcohol and water by cooling the extract phase to
the temperature of +the c¢ritical temperature of the
20 extraction agent or a lower temperature while substantially
maintaining the pressure.
First, the process for separating the crude isopropyl
alcohol aqueous solution by reducing the pressure of the

extract phase is described. In general, the lower the

25 pressure of the extract phase is reduced, the lower the
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density thereof becomes. Thus, since the extraction
capacity of the extraction agent is lowered under a lower
pressure, the extracted isopropyl alcohol and water condense
to be more completely separated from the extraction agent.
5 However, needless to say, a larger power is required for
compressing the extraction agent to be recycled. According
to the examination of the inventors of +the present
invention, the pressure of the extract phase is reduced to
be in a range between 5 atm and the critical pressure of the
10 extraction agent, and more preferably in a range between 10
atm and the pressure lower than the critical pressure by 5
atm, considering the balance between the separateness of the
extraction agent and the crude isopropyl aqueous alcohol
solution and the power for re-compressing and recycling the
15 extraction agent.
This separation process itself is known in the art.
However, only a small amount of the extraction agent is
dissolved into the isopropyl alcohol agueous solution when
using the saturated hydrocarbon having 3 or 4 carbon atoms
20 as the extraction agent as mentioned above. For this
reason, the extraction agent dissolved in the crude
isopropyl alcohol aqueous solution separated from the
extract phase is not necessarily required to be collected

for practical use. In the production process of the present

25 invention, propane contained in propylene used industrially
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eeeeer P1f MLOG&RsE)E116&10%% () If1GHE) propane is used as the saturated
hydrocarbon of the extraction agent, the amount of the newly

5 charged extraction agent is reduced, or the extraction agent

is not required to be newly charged, which results in a
preferable embodiment of the present invention. Further,
only a small amount of the evaporated isopropyl alcohol is
contained in the gaseous phase of the reacted mixture

10 continuously drawn out of the reactor, and such isopropyl
alcohol is obtained from the bottom of the distillation
tower together with propane when collecting the unreacted
propylene from the gaseous phase by distillation. The
isopropyl alcohol is collected without fail by using the

15 propane as the extraction agent, which is advantageous in
view of the raw material unit.

Next, the process for separating the crude isopropyl
alcohol aqueous solution by liquefying the extract phase by
means of cooling is described. In this process, it is

20 required to cool the extract phase at least to the critical
temperature of the extraction agent or lower while
substantially maintaining the pressure in order to liguefy
the major amount of the extract phase. For liquefying

substantially the total amount of the extract phase, the

25 temperature is preferably 10°C lower +than the critical
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10%&(g-!q3($10%>?%£gy£iocess itself is also well known in the art.
However, the process of the present invention is explicitly
different from the process of the above-mentioned Japanese
Patent Publication No. HEI 5-36418 in that the isopropyl
alcohol is collected from the heavy 1liquid phase mainly
10 consisting of isopropyl alcohol and water separated by
liquefying the extract phase, while the alcohol is collected
from the light liquid phase in the process of the above
patent. As mentioned above, the solubility of the isopropyl
alcohol and water into liquefied saturated hydrocarbon is
15 extremely low, so that the extract phase is separated into
the 1light 1liquid phase consisting of almost only the
saturated hydrocarbon and the heavy liquid phase mainly
consisting of isopropyl alcohol and water by cooling the
extract phase. By collecting the crude isopropyl alcohol
20 as the heavy liquid phase, it becomes just advantageous that
the extraction is carried out under the super-critical or
sub-critical state of the extraction agent, and the intended
S/F ratio of 0.3-3, preferably 0.5-2, and moxre preferably

1-1.5 is attained. Furthermore, since the amount of the

25 extraction agent dissolved in the heavy ligquid phase is also
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propane contained in the raw material propylene as the
saturated hydrocarbon of the extraction agent.

When the isopropyl alcohol agueous solution is separate
from the extracted phase by reducing the pressure thereof,
the extraction agent is required to be re-compressed to the
extraction pressure in recycling the collected extraction
agent. On the other hand, when the solution is separated
from the extract phase liquefied by cooling, the pressure
is kept high. Thus, at least in view of the power required
for re-compressing and recycling the extraction agent, the
latter process is advantageous.

As mentioned above, according to the production process
of the present invention, a high conversion of propylene and
a high selectivity of isopropyl alcohol are attained by
carrying out the 1liquid phase direct hydration at a
temperature and a pressure preferable for the reaction.
Furthermore, the crude isopropyl alcochol can be collected
easily and effectively at the concentration equal to or
higher than the concentration of the azeotropic composition
by subjecting the 1liquid phase of the reacted mixture
containing the major amount of the synthesized isopropyl
alcohol to extraction at a preferable temperature and a
preferable pressure using the saturated hydrocarbon having

3 or 4 carbon atoms as the extraction agent, and then by
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67 g per hour were fed. The temperature and the pressure

5 of the reactor were kept at 150°C and 80 atm, respectively.
A gaseous phase continuously discharged from the top of the
reactor was fed to a distillation tower manufactured by SUS

316 having the inner diameter of 20 mm and 50 plates and a

feed plate at the fifteenth plate from the top of the tower

10 after the pressure of the gaseous phase was reduced to 30
atm by a pressure control valve, and the gaseous phase was
continuously distilled at reflux ratio of 13. Liquid
containing propane as the main component was separated from

the bottom of the distillation tower. Unreacted propylene

15 having almost the same purity as that of the raw material
was drawn out from the top of the distillation tower. The

total amount of the unreacted propylene was continuously
recycled to the reactor. On the other hand, a liquid phase
continuously drawn out from the upper portion of the reactor

20 at the rate of 81 g per hour was cooled to 130°C, and then
was fed to the upper portion of a jacketed countercurrent
extractor manufactured by SUS 316 having the inner diameter

of 50 mm and the height of 8 m. Propane as an extraction

agent was continuously fed in the amount of 94 g per hour

25 to the lower portion of the extractor. The extraction was
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raffinate liquid continuously drawn out at the rate of 67
g per hour from the bottom of the extractor was recycled
into the reactor. An extract phase continuously drawn out
5 at the rate of 108 g per hour from the top of the extractor
was partly liquefied by controlling the temperature at 80°C
in a gas-liquid separator after the pressure of the extract
phase was reduced to 30 atm by a pressure control valve.
Then, the liquefied phase and remained gas were continuously
10 drawn out from the gas-ligquid separator. At the time when
all reached the steady state, the liquefied phase was
continuously drawn out at the rate of about 14.3 g per hour
from the gas-liquid separator. When the composition of the
liquefied phase was examined, it contained about 89% by
15 weight of isopropyl alcohol, about 10% by weight of water,
and about 1% by weight of di-isopropyl ether.
EXAMPLE 2
Example 1 was repeated except that the extract phase
continuously drawn out at the rate of 108 g per hour from
20 the top of the extractor was cooled to 60°C to be liquefied
while keeping the pressure, that the liquefied extract phase
was introduced into a liquid-~-liquid separator to separate
into light and heavy liquid phases, and that the 1light
liquid phase and the heavy liquid phase were continuously

25 drawn out from the liquid-liquid separator. At the time
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5 of isopropyl alcohol, about 11% by weight of water, and
about 1% by weight of di-isopropyl ether.
COMPARATIVE EXAMPLE 1
Example 1 was repeated except that the steps after the
extraction were not carried out, and that the pure water was
10 fed to the reactor at the rate of about 72.5 g per hour and
the ligquid phase of the reacted mixture was continuocusly
drawn out at the rate of about 81 g per hour from the
reactor. The liquid phase contained about 18% by weight of
isopropyl alcohol, and about 82% by weight of water.
15 COMPARATIVE EXAMPLE 2
Example 1 was repeated except that the extraction was
carried out at 150°C. The liquefied phase was continuously
drawn out at the rate of about 16 g per hour from the gas-
liquid separator. The liquefied phase contained about 80%
20 by weight of isopropyl alcohol, about 19% by weight of
water, and about 1% by weight of di-isopropyl ether.
The crude isopropyl alcohol was not concentrated to the
concentration of the azeotropic composition since the

isopropyl alcohol was not selectively extracted because of

25 the high extraction temperature.
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COMPARATIVE EXAMPLE 3
Example 1 was repeated except that propylene was used
as the extraction agent instead of propane. When the
composition of the liquefied phase was examined which was
5 continuously drawn out from the gas-liquid separator at the
rate of about 15 g per hour, the ligquefied phase contained
about 83% by weight of isopropyl alcchol, about 16% by
weight of water, and about 1% by weight of di-~isopropyl
ether.

10 The crude isopropyl alcohol was not concentrated to the
concentration of the azeotropic composition since the
isopropyl alcohol was extracted less selectively by uéing
the extraction agent of propylene as compared with the case

where the extraction agent of propane is used.
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1. A process for producing isopropyl alcohol which
comprises direct hydration of propylene and water at a high
temperature and a high pressure in the presence of a strong

5 acid solid catalyst, separation of crude isopropyl alcohol
aqueous solution from the resultant reacted mixture and
purification of said solution, characterized in that the
process comprises the steps of:

(1) feeding continuously propylene and water in the

10 amount of at least 1 mole per 1 mole of propylene to be
reacted into a reactor in which a solid catalyst is packed
or suspended to react them at a temperature ranging between
100° and 250°C and a pressure in a range between 60 and 200
atm;

15 (2) drawing out continuously the total amount of a
gaseous phase and a liquid phase of the reacted mixture from
the reactor;

(3) feeding the gaseous phase of said reacted mixture
to a distillation tower +to remove impurities mainly

20 consisting of propane contained in the raw material
propylene from the bottom of the tower and to collect
unreacted propylene from the top of the tower so as to
recycle +the unreacted propylene into an inlet of the

reactor;

25 (4) contacting the liquid phase of said reacted mixture



1 10H 10% & ()- 10% & ()-PLO%N & ()-(10% & ()- 10< 10<
10<8%$109%<& ()-,hT}\;bC 1 10H v s! {0 ()-
109%& ()-!'AFT&LIO%A W & ()-SI fT&I0%\ & ()-S$10% & ()- 10% & ()-])wX9bC 1 10 4
10% & ()-,2 10 & ()-!'qg ,%0Nn\& ()-!'{ ,%0%\& ()-!T s! %0%\h\& ()t APR 003
s! %40%\& ()- )uV7 1 10&$10%0& ()-f 109%& ()- @&L0%O& () - &10%0& ()- 10\
100\ 10\ !l 6940%\& ()- 3[wX9uV7 1
10S * 10908 () -f (10%0& ()-! h3$10% o0& €) 4@ h3$10%00C0C& ()- @ 9AO%OO& () -
'v 0% G Q& ()- +,-.9@\=1 10@L10% & ()-!"10% (& ()- 100
with an extraction agent of a saturated hydrocarbon having
3 or 4 carbon atoms at a temperature ranging between the
critical temperature of said extraction agent and the
temperature higher than the critical temperature by 40°C
5 under a pressure ranging between the critical pressure of
said extraction agent and 200 atm, at an S/F ratio ranging
between 0.3 and 3 which is calculated from the egquation of
the amount of said extraction agent divided by the amount
of the extraction feed, and extracting isopropyl alcohol as
10 a reaction product from the liquid phase of said reacted
mixture;
(5) recycling the major amount of the raffinate liquid
mainly consisting of water; and
(6) separating the isopropyl alcohol as a highly
15 concentrated agueous solution from the extract phase mainly
consisting of said saturated hydrocarbon, and purifying said
solution to obtain purified isopropyl alcochol.
2. A process for producing isopropyl alcohol as claimed
in Claim 1, wherein the process comprises the step of
20 separating the extract phase into the gaseous phase mainly
consisting of said saturated hydrocarbon and the liquid
phase mainly consisting of isopropyl alcohol and water by
reducing the pressure of the extract phase to the critical

pressure of said saturated hydrocarbon or lower to obtain

25 the isopropyl alcohol produced by the reaction as the highly
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said saturated hydrocarbon.

5 3. A process for producing isopropyl alcohol as claimed
in Claim 1, wherein +the process comprise the step of
separating the extract phase into a light liquid phase
mainly consisting of said saturated hydrocarbon and a heavy
liquid phase mainly consisting of isopropyl alcohol and

10 water by cooling the extract phase to the critical
temperature of said saturated hydrocarbon or lower while
substantially maintaining the pressure of the extract phase
to obtain the isopropyl alcohol produced by the reaction as
highly concentrated aqueocus solution from the extract phase,

15 which is obtained by contacting the liquid phase of said
reacted mixture and said extraction agent and mainly
consists of said saturated hydrocarbon.

4. A process for producing isopropyl alcohol as claimed
in any one of Claims 1 through 3, wherein the process

20 comprises the step of recycling as the extraction agent the
major amount of said saturated hydrocarbon collected after
separating the isopropyl alcohol produced by the reaction
as the highly concentrated aqueous solution from the extract
phase mainly consisting of said saturated hydrocarbon

25 obtained by contacting the liquid phase of said reacted
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mixture and said extraction agent.

5. A process for producing isopropyl alcohol as
claimed in Claim 4, comprising the steps of drawing out a
part of said saturated hydrocarbon to be recycled as said
extraction agent, feeding said saturated hydrocarbon to the
distillation tower together with the gaseous phase of said
reacted mixture, and separating said saturated hydrocarbon
from the bottom of the distillation tower.

6. A process for producing isopropyl alcohol as claimed
in any one of Claims 1 through 5, wherein said saturated
hydrocarbon is propane.

7. A process for producing isopropyl alcohol as claimed
in any one of Claims 1 through 6, wherein as at least a part
of propane for said extraction agent, there is used propane
that is contained in the raw material propylene and that is
separated from the bottom of the distillation for collecting

the unreacted propylene.



