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F- 2- reactor or the reaction system Since a great
part of isopropyl alcohol.-is industrially . used in an anhydrous
form a | ow concentration al cohol aqueous. sol ution obtained at the
outlet of a reactor in such 5 i qui d phase direct hydration process
has to be concentr.ated , to an anhydraus condition. Since isopropyl
al cohol forns | t hez ¥ ni num boi |'i ng point.azeotropic mxture with
wat er, -isopropyl al cohol is usually produced as an anhydr ous
pr oduct by.a/rectlflcatlon operation after subjected the 10 aqueous
solution to azeotropic distillationSPECIFICADION on - distillation,
and therefore energy needed for such concentration is quite
enornous. In order to reduce such concentration energy, a

//prbcess : I's proposed in which a hydration reaction is carried out
15 under a supercritical cEATLE OF FHE; INVENTIONcal condition
of olefin used for the hydration reaction to distribute

PROCESS FOR PRODUCING ISOPROPYL ALCOHOL
5 ' BACKGROUND OF_THE INVENTION
(1)_Field of the Invention
The present invention relates to a process for
producing isopropyl alcohol, which is industrially used as
- a solvent for paint, a medicine, an agricultural chemical,
10 a synthetic raw material and a detergent, by direct
_hydration of propylene.
(2) Description of the Related Art
Tne production of isopropyl alcohol by liquid phase
direct hydrafinn of propylene has been known for a long time
15 as well as the production of sec-butanol by hydration of
butene. A catalyst used for the hydration reaction is an
acid catalyst, and a production process'making use of a
strong acid cation exchange resin or heteropolyacid is
industrialized. |
20 Above all, in a process using a solid catalyst
represented by a strong acid cation exchange resin, the
hydration reaction is carried out in the conditions as low
temperature and low pressure as 100 to 150°C and 60 to 250
atm aé compared with the case where heteropolyacid is used,

25 = and such conditions are advantageous for constructing the
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resulting al cohol in an ol efin vapor phase. A process for
prqduci ng al nost anhydrous sec- but anol is described in Japanese
Pat ent Lai d- Open No. 60-149536, - 20 wherein in produci ng sec-butanol
from n-butene and water using liquid phase heteropol yacid as a
catalyst, a liquid ~phase hydrationJseaction is carried out under
the conditions . of tenperature and pressure exceeding the critical
tenperature and the critical pressure'of n- but ene, - 25 respectively;
the reaction mxture present in a vapor phase

- 3- | srdaetoroor theare&étioh sPsBegaseous phase and cool ed and
| iquefied to separate an oil phase fromwater; and unreacted

n-butene is renoved fsbncehe graatr phed oflisﬂm:ipyl alkiohol is indpsbreaslys

a good exanple in which an azeotropic operation 5 i's not required and
ener gy needed fousedndentant iaphyidrousceform, a lowecongentradiord abcehol
| arge extent. However, this process has the industrial problemthat

t he conversi on odque@us solution obtained at the outlet of a reactor in such

5 liquid phaée direct hydration process has to be coﬁcentrated

to an anhydrous condition. Since isopropyl alcohol forms

the minimum boiling point azeotropic mixture with watér,

isopropyl alcohol is wusually produced as an anhydrous

product by a rectification operation after subjected the

10 aqueous solution fo azeotropic distillation and dehydration

| distillation, and therefore energy needed for such

concentration'is qguite enormous.

In order to reduce such concentration energy, a process

is proposed in which a hydration reaction.is carried out

15 uhder a supercritical condition or a subcritical condition

of olefin used for the hydratidn reaction to distribute
resulting alcohol in an olefin vapor phase. |

A process for producing almost anhydrous sec-butanol

is described in Japaﬁese Patent Laid—Open:No. 60-149536,

20 - wherein in producing sec-~butanol from n-butene and water

using llquid phase heteropolyacid as a catalyst a liquid

phase hydration reaction is carried out under the conditions

of temperature and pressure exceediﬁg the critical

temperature and the critical pressure of n-butene,

25 respectively; the reaction mixture present in a vapor phase



material butene is confined to about 10 % and therefore not ﬂﬂSSHéﬁﬁﬁ%SBEEN
an ;expanded reactor volune is required, but also the 10 arge BEPULtED

of unreacted butene of nine tinmes or nore as much as te

t heoreti cal amount needed for the production of . al cohol is required
to be circulated to the inlet of the - 3reactor to reuse it.

Further, described in Japanese Patent Publication No. 15 60- 24082 is a
process characterized in that in subjecting vapori zed | ower ol efin
havi ng a carbon nunber of 2 to 6 to : direct catalytic hydration with
liquid water inishdrpwasenteof a reactar dnstr gageausdpiase) i andtcdolgd and

t enperatures and hi gh pressures and separating the resulting

agueous crude alldawsified)to sepavate an roddc phasepfodmovater t hmdabymﬁacixad

| ower al cohol having a carbon nunber of 2 to 6, (1) an

ol ef i n- cont ai ni mybutene 1$a§§m°§§ﬂe£#pmsthﬂr@GDGEGteﬂt@kirnhnﬁ%r f iThiey
with an : acid catalyst fromthe _bottomthereof, and at | east one

nol e of BHOGRSE i & 990d exempde dRe whieh pp g3eprIopic opsratipn

charged into the.reactor 2) .the.reaction is carried out
g 5 is not requ£ %d and energy needed for concentration has been

seemingly reduced to a large extent. However, this process
has the industfial problem that the conversion of raw
material butene is codfined to about 10 %, and therefore not
only a-reactor volume is expanded, but also the large amount
10 - of unreacted butene of nine times or more as much as the
theoretical amount needed for the production of alcohol is
'requi:ed to be girculated to the inlet of the reactor to
reuse it.
| Further, described ih.Japanese Patent Laid-Open No. 60-
15 24082 is a process characterized in that in Subje_cting
vaporized lower olefin having a carbon number of 2 to 6 to '
direct catalytic hydration with liquid water in the presence
of a strdng acidic so0lid at high temperatures  and high
pressures and separating resulting agqueous crude alcohol
20 - from the reaction product to thereby obtain lower alcohol
having a carbon number of 2 to 6, (1) an olefin-containing
vapor stream is introduced into a reactor filled with an
acid catalyst from the bottom thereof, and at least one mole .
of liquid watér'per mole of the olefin to be reacted is

25 charged into the reactor; (2) the reaction is carried out

" This Sheet Has Been Replaced




-4- “in tenperature and pressure conditions which are higher or

at lLeast slightly lower than the critical tenperature and critica
pressure of olef in; (3) the whole aqueous phase of the reaction

m xture is left in the reactor or the major 5  anount thereof is
returned to the reactor; (4) a vapor - 4Stream contai ni ng unreacted
olefin and al nost all reaction . product is discharged fromthe top
of the reactor; and (5) crude products mainly conprising resulting
al cohol is separated fromthe di scharged vapor streamin a liquid
10 state. |tin kempRradttntd and prewsiireg dondiltiony wetdh ddee higher or
selectivity of resulting isopropyl alcohol is high and | sopropyl

al cohol separ at eat nlemadt @ilighstlyt cloweobtieamethe criticab &empgirature and
concentration. Further, it is reported that the hi gh selectivity
relates to the fastitilcal pressure bf o¥efin;redttthe whalkicagueows phase of
transferred directly into the vapor phase and an al coho
concentration inthee neagkippiabetyre is leftmimitdieratraskornery thewmajor
According to the disclosure in the exanples, a liquid phase
hydration ¥ eact | AUt aEheweof is refgyned $Qo them ’éﬂﬁC‘.EQSEer(rﬂ)C at yapor

selectivity of IS_(_)éDOan%/ .
stre containing unreacted olefin and almost all reaction

product is discharged from the top of.the reactor; and (5)

crude préducts mainly comptising resﬁlting alcohol is

separated from the discharged vapor stream in a liquid

10 state. It is reported that according to this process, the

selectivity of resulting isopropyi_ alcoheol is high and

isopropyl alcohol separated in a liquid state is obtained

in a high concentration. Further, it is reported that the

high selectivity relates to the fact fhat almost all

15 reaction products are transferred directly into the Qapor

phase and an alcohol concentration in the liquid phase is

maintained ektremely low. According to the disclosure in

the examples; a liquid phase hydration reaction is carried

out at 100 atm and 135°C; the selectivity of isopropyl

20 alcohol is 99 $ or more, and 80 % of the separated liquid
is alcohol; and a high concentration is achieved.

In this process, however; the present inventors have

found that the azeotropic composition of 88 wt % (68 mole%)

of isopropyl alcohol has not yet been reached. Further,

25 with respect to the reaction conversion, propylene of a



20 al cohol is 99 %or nore, and 80 % of the separated |iqui ﬂﬂSSHEEﬁQASBEl
al cokol ; and a high concentration is achi-eved. In ghis gepacep
process, however, the present inventors have found t hat e
azeotropic conposition of 88 w % (68 nol e® of isopropyl alcoho

has. not yet been reached. Further, 25 -~ Wig h respect to the reaction
conversion, propylene of a . -5-
fresh raw nmaterial is fed in an amount of 5.6 nole per hour to

obtain 4.2 noles of isopropyl alcohol after separating aliquid
phase, and the ovegakh ﬁﬁﬁvﬁéﬁéﬁﬂaﬁo:[@sfé@ 119 afd amount o5 .6 moleORErOUSUr
however, that since a part of the vapor com ng out of the outlet of
the reactor whichteoobgana 4.2 molel#lrcﬁi(zitsiib d;qfll Naldshdl r éftéegepariiteng
reactor to reuse it, t he one pass yield between the inlet and the
outlet of the a 1iqnaacphases andVothe |dgaalllh@givdlsion etones apt to 75
clarified. Further, according to the know edge and the

anal ysi s %. It is obvious, however, that since a part of the vapor

5 coming out of the outlet of the reactor which contains
unreacted olefin, is circulated to the reactor to reuse it?
the one pass yield between the inlet and the outlet of the
reactor is 75 % or less, though the yield is not clarified.

Further,.achrding to the knowledge and the analysis

10 of the present inventors, it has been clarified that in the
hydration reaction by the process déscribed in Japanese

Patent Laid-~-Open No. 60-24082 the'propylene conversion at

the ouélet of the reactor is confined to about 8 % in the
conditions of 135°C and 100 atm,'when the concentration of

15 isopropyl alcohol contained in the 1liquid phase is
maintained extremely low, for example, 10 wt % or less as
described in the above publication. That is, the process

of the above publication does not provide the high yield of
isopropyl alcohol until a part of the vapor at the out1et

20 of the reactor is circulated directly to the reactor to be
reused. This incréases considérably the volume of the
reactor, and it still remains unchanged that the circulated

amount of unreacted olefin can not help becoming large.
Accofdingly, it can be said that the direct solution of the

25 industrial problems have not yet been attained.

This Sheet Has Been R
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10 of the present inventors, it has been clarified that in the
hydr@tion reaction by the process described in Japanese Pat ent
Publ i cati on No. 60-24082 the propyl ene conversion at the outl et of
the reactor is confined to about 8 %in the conditions of 135[err]C
and 100 atm when the concentration of 15 _ gisopropyl alcohol

contained in the liquid phase 1is mai nt ai ned extrenely | ow, for
exanple, 10 wt % or |ess as described in the above publication.

That is, the process of the above publication does not provide the

hi gh yield of i sopropyl algsuMMARYNOF | THE PENVENTIONME vapor at the.

outlet 20 of the reactor is circulated directly to the reactor to be
reused. Thi s increasan abjecierabl theheradame bDhvéhtion is torpaovidde a
and it still remains unchanged that the circul ated anount of
unreact ed ol ef i npraducdttone pprocessniing whidche in producingcdsogprophnl, alicobel
be said that the direct solution of the 25 I ndustrial problens have
not yet been at t aibbyegdirect 'hydration of propylene in the 1liquid- phase,
5 isopropyl alcohol of a _high concentration is produced in a
reactor at a high conversion and in which energy needed for
concentration is reduced and a large reactor volume is not
required.
According to one aspect of the present invention,
10 provided is' a process for producing isopropyl aléohol by
hydrating directly propylene and water in the presence pf
a strong acid solid catalyst, separating a crude alcohol
aqueoué solution from the feaction products thus obtained,
and subjecting the above aqueous- solution’ to refining
15 treatment. The process comprises:
(1) supplying continuously propylene,' water
corresponding to at least 1 mole or more per mole of
propylene to be reacted, and a saturated hydrocarbon to a
reactor in which the above solid catalyst is filled or
20 suspended,
(2) cérrying out a hydration reaction while maintaining
both of the temperature and the pressure of the inside of
the reactor to be not lower or lslightly lower than the

critical temperatures and the critical pressures of the

25 above propylene and hydrocarbon,
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SUMVARY OF THE | NVENTI ON An object of the present invention is

to pgovide a production process in which in producing isopropyl

al cohol by direct hydration of propylene in the |iquid phase, 5

i sopropyl al cohol of a high concentration is produced in a react or
at a high conversion and in which energy neededl $or - concentration
is reduced and a |arge reactor volunme is not required.

According to one aspect of the present invention, 10 provided is a
process for producing isopropyl al cohol by hydrating directly

propyl ene and wat er i n {(@ecirevdatdngf the wholezamounhenc daxt iaf a liquid
catal yst, separating a crude al cohol . aqueous sol ution fromthe
reacti on product s Phage Mtaigedthe resultipg zeaptien npreduchsote ihgcdmdet
solution to refinin 15 treatment. The process conpri ses:

(1)  supplying SforehFRAFEPT iR FHFRR, Tloysampunt that yatexsgondaiged
to at least 1 nole or nor er | ¢ of ropyl ene_to be reacted, and
a saturated hydrodéﬁﬁ@ﬁ1€§4§e-l quid P@Q@FchPHBﬁﬁgcﬁofhébaﬂﬁsg 83 mgre per

catalyst isfilled qr ende (2) carrying out a
hydr ati on ?%actio#o |I§?ﬁ%§° 3%%%%3% %b reacted, and -

(4) drawing the whole amount of a vapér phase out of
the reaction products from the reactor together with
unreacted materials and the saturated hydrocarbon,
ligquefying isopropyl alcohol ana. water by reducing the

10 pressure and cooling to separate wvapor components, and
refining thus obtained crude isopropyl alcohoilcontained in
the above 'liquefied phase to obtain refined isopropyl
alcohol.

According to anéther aspect of the presént invention,

15 the following processes are provided:
the process described above, wherein the amount of a
saturated hydrocarbon fed is 4 to 200 mole % based on the
amount of probylenelfed;

 the 'process described above, wherein the amount of a

20 saturated hydrocarbon fed is iO fo 200 mole % based on the
amount of proﬁylene fed;
the process described above, wherein unreacted propylene and
a saturated hydrocarbon are recovered from the whole amount
or a part_ of 'non-condensed. vapor by distillation and

25 circulated to the inlet of the reactor:;
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both of the tehperature and the pressure of the inside of t he

reactor to be not |lower or slightly [ower than the critical
tenperatures and the critical pressures of the 25 above propyl ene and
hydr ocar bon, -7- '
(3) circulating the whol e anbunt or a part ef 8a-liquid:" phase out of
the resulting reaction products to the inlet of the reactor in such
a flow anount that water contained in the above |iquid phase
accounts for 10 nole or nore per S -~ mole of propylene to be reacted,
and the progesy descuibed abowet whereiape hydwatinn peaction
the reaction products fromthe reactor together with unreact ed
materials and t¥e caxries ceuthydrid@nrBaintaining Yheyueppragtragiossy|of
al cohol and water, by reducing the .10 pressure and cooling to separate
vapor conponents,1s pyl alcohqk iin the; hiquigiphages dtide gypr more
al cohol contained jn e abqve liquefied phase tq obtain refined
i sopr opyl at least at %ﬁe %ﬂiéi aéﬁjthe ogt et of the reactor; and
5 the process déscribed above, wherein the concentrations of
isopropyl alcohol in the liquid phases at the inlet and the
outlet of the reactor are controlled by any of (1)
circulating the whole amount or a part of the liquid phase
out of the reaction products to the inlet of the reactor in
10 such a flow rate that water contained in the above iiquid
phase accounts for 10 moles or more per mole of propylene
fed, (2) leaving the whole amount or the major part of the
liquid'phase in the reactor, or (3) supplying isopropyl
alcohol to the inlet of the reactor or the circulated liquid
15 phase.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a flow sheet for éffectuating the process of

the present invention, wherein 1 is a propylene feed pipe;

2 is a water feed pipe; 3 is a saturated hydrocarbon feed

20 | pipe; 4 is a liquid phase-~circulating pipe; 5 is a reactor:;
6 is a vapor phase-discharging pipe:; 7 is a pressure
controlling valve; 8 is a vapor-liquid- separator; 9 is a
hydrocarbon _discharging pipe} 10 is a condensed 1liquid
phase-discharging pipef and 11 is an isopropyl alcohol feed

25 pipe.
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al cohol . . Accordi ng to anot her aspect of the present invention,
15 . the follow ng processes are provided: t he process descri bed
above, wherein the anmount of a saturated hydrocarbon fed is 4 to
200 nol e % based on the amount of propyl ene fed,; t he
process described above, wherein the anount _ofg a 20 sat ur at ed
hydrocarbon fed is 10 to 200 nol e % based on the amount of

propyl ene fed,; t he process descri bed above, wherein unreacted
propyl ene and a saturated hydrocarbon are recovered fromthe whole

anount or a part OESCRIPTIOMNEOFedHENPREFERREDS EMBODIMENTENd 25

circulated to the inlet of the reactor
- 8- t he procEss siesong Exiidiisoldd wadadiystaihgdndedonnr thet poasent
is carried out while maintaining the concentrations of
invention is not specifically restricted, and any catalysts
having strong acid functional groups, particularly strong
5 acid cation exchange resins can suitably be used. The above
solid catalyst may be filled in a reactor iﬁ the form of a
fixed bed or may Be used in a suspension. Catalysts havihg
solubility in water such as liquid phase heteropolyacid can
be used as well, but such catalysts necessitate to use acid
10 resistant high grade construcfion materials having, for
example, hastelloy and titanium for a reactcr and auxiliary
facilities in many cases because of corrosiveness thereof,
and théfefore solid catalysts are preferably used in terms
of production facilities;
15 It is known that a process in which alcohol formed by
a ligquid phase hydration reaction of an olefin is recovered
in an unreacted olefin vapor phase provides a high.
concentration of alcohol recovered after éeparatihg the
olefin as compared with that of alcohoi recovered from a
20 liquid phase in which the concentration is restricted by a
reaction equilibrium. In order to reduce energy needed for
the concentration of this recovered alcohol, it is requested
that the amount of isopropyl alcohol distributed in the

olefin vapor phase is sufficiently greater than that of

. 25 water similarly distributed. Further, in order to enhance
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| sopropyl alcohol in the liquid phases at 6 weight % or nore at

|l east at the inlet and the outlet of the reactor; and 5 ° the process
descri bed above, wherein the concentrations of i sopropyl al cohol in
the liquid phases at the inlet and the outlet of the reactor are
controlled by any of (1) circulating {de. whol e anobunt or a part of
the liquid phase -out of the reaction products to the inlet of the
reactor in 10 such a flowrate that water contained in the above
l'iquid phase accounts for 10 noles or nore per nole of propyl ene

fed, (2) |eaving the ¥GRYErsiONNb£06168ENMENOR RREELRL,! Rhat is, thé WHafio
phase in the reactor, or (3) supplying isopropyl : al cohol to the

inlet of the reacéprtiy amdint bEUABESHOL i ¥tserdd in thBasdtefin vapor phase
BRI EF DESCRI PTI ON OF THE DRAW NG Fig. 1is a flow sheet for

ef fectuating the o orhes anfunt of oleiflim fedseot thavesacoor, wher £ ncdquasted
propyl ene feed pipe; . 2 1is a water feed pipe; 3 is a saturated =
hydr ocar bon feed tizdt the pmpantiof salcoholiidi gthridmtad doitat the plefinSvapon
reactor; - 6 is a vapor phase-discharging pipe; 7 is a pressure
control ling val veph@se sig -liquid separator; 9 is a

hydrocar bon di scharging pipe; 10 is a condensed liquid

phase- di schar gi ng pi petn¥@gitigations nads, by, rhe,prgagnts teyentors from such

point of view as described above have resulted in finding
that isopropyl alcohol can be selectively distributed in a
large quantity from a liquid phage into a saturated
10 hydrocarbon vapor phase wherein a saturated hydrocarbon has
a carbon number of 1 to 6, preferably 2. to 5 and more
preferably 3 to 4, by using the saturated hydrocarbon in the'
conéitiohs of the temperature and the pressure which exceed
or are slightlj'lpwer than its critical temperature and
15 critical pressure. A hydrocarbon having a too small carbon
number reduces isopropyl alcohol-extracting ability, and one
having a too large number causes the above temperature to
deviate from the temperature at which hydration is carried
out. The exampleé of particularly preferred hydrocarbons
20 include propane, n-butane, and i-butane. .Surprisingly, the
present inventors have found that comparison in the same
preésure and temperature conditions reveals that the
distributed amohnt of isopropyl alcohol in these saturated
hydrocarbons is very large as compared with the case where

25 an unsaturated hydrocarbon such as propylene is used. It



25 pi pe. -9-

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The strong acid
solid catal yst intended in the present i nvention is not
specifically restricted, and any catal ysts havi ng strong acid
functional groups, particularly strong Y acid cation exchange resins
can suitably be.used. The above SO|I% catalyst may be filled in a
reactor in the formof a fixed bed or may be used in a suspension.
Cat al ysts havi ng solubility in water such as |iquid phase

het eropol yaci d cajs the new /%8 d63R%r3S Biflthe PrestP LGRIHYSES PREESRhEAL &

to use acid 10 resi stant high gradé construction materi als having,

for exan@hEuraeéaeM@yo@éwbéﬁto&niawmﬁ@ét@réeé&trgdﬁ&hm lisft¥ed,
facilities in many cases because of corrosiveness thereof, and

therefore solid cshehyat tapge ditferehty betdeén tRéMN@istributedOémounts of
production facilities.
isopropyl alcohol exists, and such phenomenon has not so far
5 been known at all.

According to the knowledge of the present inventors,
when propane, which is a saturated hydrocarbon, is used in
the conditions exceeding the critical temperatuies and'
critical pressures of both of propylene (critical

10 temperature: 365°K and critical pressure: 4.61 Mpa) and
propane (critical temperature: 369.7°K and critical
pressure: 4.25 MPa), for example, in the conditions of 393°K
and S.i MPa, the amount of isopropyl alcohol present in a
hydrocarbon vapor phase comes up to about 2.5 times as much

15 as.the case where propylene is used. In addition, the

- present inventors have found that the hydrocarbon-free
concentration of isopropyl alcohol contained in the
hydrocarbon vapor phase reaches about 75 mole % in the case
of propane ﬁhile being about 65 mole % in the case of

20 propylene. This concentration (75 mole %) exceeds even 68
mole % in the azeotropic composition of isopropyl alcohol
and water. further, it has become clear that when n-~butane
(critical température:'425.6°K and critical pressure: 3.76
MPa) is wused in the same temperature and pressure

25 conditions, the amount of isopropyl alcohol present in the



15 It is known that a process in which al cohol formed by

a liguid phase hydration reaction of an olefin is recovered in an
unreacted ol efin vapor phase provides a high concentration of

al cohol recovered after separating the olefin as conpared with
that of al cohol recovered froma 20 quu%? phase in which the
concentration is restricted by a reaction equilibrium In order to
reduce energy needed for t he concentration of this recovered

al cohol, it is requested that the anount of isopropyl alcohol

dlstrlbuted int ff t t
tt?garocarb?n % oF ut egﬁég §t hB Ao AN Ye SRt S8 hHER

t hat of sim in order to enhance

- 10 - ade i¢PN¢aesi fagef vﬁtéxfé npk‘Bp?léﬁéCt.Qé Usd iahd t RBatat tRe
of the anount of al cohol recovered in the olef in vapor phase to

the amount of ol efydrdcaicbéont ffed eadticentichtidn! &SfIesE&6fropyl alddmil t&Eso
anmount of al cohol distributed into the ol efin vapor 5 phase is | arge.
exceeds 70 mole %.

5 Using of such a saturated hydrocarbon as prescribed in
the present invention, for example, a saturated hydrocarbon
having a carbon humber of 3 to 4 together with propylene in
a propylene hydration reactor in the temperature and
pressure conditions exceeding or slightly lower than the

10 critical temperature and critical pressure thereoflmakes it

possible to distribute selectively isopropyl alcohol formed

| by liquid phase hydration of propylene into the hydrocarbon

vapor —phase in a 1large quantity, and this' provides

advantagebus effects, which are unobVious and gan_not.be

15 estimated by a person having an o;dinary skill in the art.

| This inventidn.can achieve a reduction in enefgy'consumption

for concentration of isopropyl alcohol and a greater
propylene conversion as described above.

The reéction conditions of the temperature and the

20 pressure inlthe reactor in which a hydraﬁion reaction is

carried out preferably exceed the critical pressures of

propylene and the saturated hydrocarbon used, and in

addition, moré preferably exceed the critical temperatures

thereof. The higher hydration reaction temperature is

25 advantageous from the viewpoint of the reaction rate. Too
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I nvesti gati ons nade by the present inventors from such poi nt of

vi ew as ‘descri bed above have resulted in finding t hat i sopropyl

al cohol can be selectively distributed in a | arge quantity froma
l'iquid phase into a saturated 10 ~ hydrocarbon vapor phase wherein a

sat urat ed hydrocarbon has a carbon nu r_of 1 to 6, preferably 2
to 5 and nore preferably 3 to 4, by using the saturated hydrocarbon
in the conditions of the tenperature and the pressure which exceed
or are slightly lower than its critical tenperature and 15 critical

pressure. A hydr e ofefgitatufe! Geduddd €RéDedncentratidibeE NadHRHyl
| sopropyl al cohol-extracting ability, and one having a too | arge

nunber causes the Akl II¥EAIBited Oin the hydfyt@iSoh I eapbhe phagBe addurits
at which hydration is carried out. The exanples of particularly

preferred hydrocadigtivaiitageousErioie theopiiewpoinbubfirne reaiitttidiitidn@nergy
Surprisingly, the -~ present inventors.have found that conparison in
t he sane moessunptiznd t faper aomoendaadiibnons reWbans ttlae t heaction
di stributed anmount of isopropyl alcohol in these saturated
hydrocarborfs i s véeppenajaizes tonparedaM,t hthéeasguptwied eisgpropylamlcohol
unsat ur ated hydrocarbon such as propylene is used. It
distributed in the hydrocarbon vapor phase is lowered, and
the propylene conversion is reduced as well. The hydration
reaction is carried out preferably in a range of 50 to
200°C, more preferably 80 to 150°C.

10 In the present invention, propylene, water and ‘a
saturated hydrocarbon is continuously supplied <to the
reactor filled with a solid catalyst to carry out the
hydration reaction. As already described, propane, n-butane
and/or iso-butane can be preferably used as the saturated

15 hydrocarbon which is caused to coexist with propylene.
These hydrocarbons are allowed to coexist singly with
propylene or may be used in combination. Among them,
propane is preferably used as the saturated hydrocarbon
since it is generally contained in raw material propylene.

20 Thus, for brocess design, it is reasonable to use propane
as the saturated hydrocarbon because it is contained in raw
material propylene.

The amount of the saturated hydrocarbon used has no

specific critical restriction. As this amount is increased,

25 the propylene conversion can be enhanced. However, energy
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I's the new di scovery by the present ihventors that when a ' sat ur at ed

hydr ocar bon or an unsaturated hydrocarbon is used, such a | arge

di fference between the distributed anounts of i sopropyl al coho

exi sts, and such phenonmenon has not so far 5 been known at all.
According to the know edge of the present iDVfEtQFS, when propane,
which is a saturated hydrocarbon, is used in the conditions
exceeding the critical tenperatures and critical pressures of both
of propylene (critical 10 tenperature: 365K and critical pressure:

4.61 Mya) and page I £4-C - ds QLiti
pressure: 4.25 hﬁ%??s?@éaeggngééé %% ?%%ﬁggﬁgéﬁ%%%s %§9%3%€?3H lﬁ&fé%ﬁ%ESéT
MPa, the amount OfelBOPr RBYbralAglY! eﬁéﬁéa%igtﬁxg amount N¥&r 2621888+ VaPLs

phase comes up to about 2.5 times as muc as the case where
propyl ene is used200 hmdlLadsl PreFerddly 10 to 200 @AY %,nuaat ﬂbﬁehﬁr‘éféﬁdﬁﬂy

that the hydrocarbon-free concentration of isopropyl alcohol

contained in the 10 to 100 mole % based on the amount of propylene fed to the
5 reactor. Water is fed in an amount of at least 1 mole or
more (as hew'charge) per mole of propylene to be reacted.
The upper limit thereof is not specifically restricted and

is 30 moles or less, preferably 5 moles or. less.
In the present invenfion, the hydrocarbon vépor phase
10 in the reactor is mainly composed of unreacted propylene,
a saturated hydrocarbon, isopropyl alcohol, water, and by-
produced diisopropyl ether. Propane may coexist as well
depending on raw material propylene, and the amount of
unreacted propylene can be markedly reduced by adjusting the
15 coexisting amount of the séturated,hydrocarbon. After
discharging continuously such the hydrocarbon vapor phase
as deséfibed above from the reactor, the vapor is subjected
to reducing thé.pressure to below the critical pressures of
propylene and the saturated hydrocarbon and, if necessary,
. 20 cooleq down to below the critical temperétures, whereby
isopropjl alcohol and water are liquefied into a condensed
liquid phase and . are separated from unreacted gaseous

propylene and the saturated hydrocarbon. |

Thus,.- an isopropyl alcohol agueous solution of a high

25 concentration equivalent to or more than 68 mole %, which



hydr ocar bon vapor phase reaches about 75 nole % in the case - of
propane whil e being about 65 nole %in the case of 20 . propyl ene. This
concentration (75 nole % exceeds even 68 nole * in the azeotropic
conposition of isopropyl alcohol and water. Further, it has becone
cl ear that when n-butane (critical teggerature: 425.6[err]K and
critical pressure: 3.76 MPa) is used in the sane tenperature and
pressure 25 conditions, the amount of isopropyl alcohol present in the
- 12 - hydr ocar bon vapor phase cones up to about 3 tinmes as nuch
as in the case whgseafir aggbtiopic dcompomitionyt ddme be obtained. According
hydr ocar bon-free concentrati on of isopropyl alcohol also exceeds 70
mole % 5 to thenpresestichnventionat sindgdancazéeotropiprdistibddtion
the present invention, for exanple, a saturated hydrocarbon havi ng
a carbon nunber ois3substantialhyrnetthegdedyandeinnaddition, the amount of
coexisting water is reduced, a energy needed .for
5 concentration is greatly reduced.

In the present invention, gaseous unreacted propylene
and the saturated hydrocarbon are recovered by conventional
distillation after separated from isopropyl alcohol, and
circulated again to the reactor, whereby all of them can be

10 used. Needless to say, in the case where unreacted
propylené and the saturated hydrocarbon are adCompanied with
the very slight amount of isopropyl alcohol, it is effective
for iméroving a raw material consumption that isopropyl
alcohol is recovered from the bottom of the distillation

15 column and fed to a refining step.

In the present invention, the whole amount or the major
part of the liquid phase containing water as a principal
component in the reactor can be left in the reactor. More
preferébly, it is preferred from the viewpoint of a reaction

20 selectivity in the liquid phase hydration reaction and the
removal of heat of reaction to draw out continuously the -
whole amount or the major part thereof from the outlet of
the reactor and to circulate it to the inlet of the reactor

to reuse. The circulating flow rate of the liquid phase is

25 preferably maintained in such an amount that the amount of



a propyl ene hydration reactor in the tenperature and pressure
condjtions exceeding or slightly lower than the 10 critical _
tenperature and critical pressure thereof makes it possible to
distribute selectively isopropyl alcohol forned by liquid phase
hydrati on of propylene into the hydrocarbon_ 16 - vapor phase in a |arge
quantity, and this provides advant ageous effects, which are

unobvi ous and can not be 15 estimated by a person having an ordi nary
skill in the art. This invention can achieve a reduction in energy

consunpt i on watb® i A0MRE B idd e iy 1SQRIIPY s @bcl@apés ¥ nfor¥ PRrehole
propyl ene conversion as described above.". he reaction

condi tions of theokeppepplene €vhd keacted in ﬂﬁeszsea@toﬂ t erecpebeerably,
whi ch a hydration reaction is carried out preferably exceed the

critical pressureghefcirculatingopyorneatacf tthes dlidgndide phaged aeacbatroitad
and in addition, nore preferably exceed the critical tenperatures
t hereof. The hi gber thatlr sthecamoeattdbHwatepersatll aales 25 moreageaniajdeoos
fromthe viewpoint of the reaction rate. Too
5 propylene to be fed to the reactor. Thus, the by-produced
amount of‘diisopropyl ether in the hydrétion reaction can
be reduded. In Fig. i, propylene, water and a saturated
hydrocarbon are designed to be supplied to a liquid phase
_:circulating-line, but it will be naturally obvious to a
10 - person having an ordinary skill in the art that they may be
fed to the reactor.

However, isopropyl a;cohol'whiéh is thus séparated from
propyléne and the saturated hydrocarbon and has a high
concentration equivalent to or more than = that of -an

15 azeotropic compoSition contains a little amount of water.
A drying operation is preferably carried out in order to
obtain an anhydrous alcohol. Conventional processes such
as drying by azeotropic distillation with benzene, toluene
or hexane and_drying with desiccants such as zeolite can be

20 | applied.

The preferred embodiment of the present invention is
that the hfdration reaction is carried out while maintaining
the concentration of isopropyl alcohoi in the liquid phase

at 6 weight % or more at least at the inlet and the outlet

25 of the reactor.



-

- 13 - hi gh tenperature reduces the concentration of isopropyl

al cohol distributed in the hydrocarbon vapor phase and is

di sadvant ageous fromthe vi ewpoint of a reduction in energy

consunption for concentration. When the reaction 5

tenperature is too | ow, the anount of isoprgp%+ al cohol di stributed
in the hydrocarbon vapor phase is |owered, an t he propyl ene :
conversion is reduced as well. The hydration reaction is carried

out preferably in a range of 50 to - 200[err]C, nore preferably 80 to

150[err]C. 10 It ﬂst?feﬁéfﬁﬁﬂé t8VEaELPlout PERRYAESPe ré8ELioANEhAtL

saturated hydrocarbon is continuously supplied to the react or

filled with a sol tHeCebat¥fitr&@i6Arb6¥ 08bptHFyl alcoholyfhathenligacdi fhase
As al ready descri bed, propane, n-butane and/ or iso-butane can be

preferably used aatttiteshilsttail the outletdodc ghbopeabtop is consedlled by
coexi st with propyl ene. These hydrocarbons are allowed to coexi st

singly with any podép\lloneiocuimting ushel winobenanowhtoor a Ay ofiethe
propane is preferably used as the saturated hydrocarbon since it is
gener al | y 8ont ai ndéquidr phaseat eptapfpithgyreaetion products to the inlet of

the reactor in such a flow ;ate that the amount of water
contained in the abowve liquid phase is 10 moles or more per
mole of propylene fed, (2) leaving the whole amount or the
major part of the 1liqguid phase in the reactor, or (3)

10 supplying isopropyl alcohol to the inlet of the reactor or
the circulated liquid phase.

The process of the present invention is clearly
differént from prior arts in that a prescribed considerable
amount of isopropyl alcohol may be caused to coexist in

15 advanée in water continuously fed fb the hydration reaction.
To be more concrete}'the present invention is distinctly
different from Japanese Patent Publication No. 60F24082
(page 4, the seventh column, lines 40 to 42) in which the
concentration of isoprole alcohol in a liquid phase is

20 maintained extremely low, in that a prescribed amount or
more of isopropyl alcohol is caused to be preferably present
together with water in any parts of the liquid phase in the
reactor, in combination with that the whole amount or the
major part of the liquid phase reaction products at the

25 outlet of the reactor is circulated to the inlet of the



20 Thus, for process design, it is reasonable to use propane as

the saturated hydrocarbon because it is contained in raw mat eri al
propyl ene. The amount of the saturated hydrocarbon used has no
specific critical restriction. As this anount is increased, 25 t he
propyl ene conversion can be enhanced. However, energy ..

- 14 - consuned to feed or circulatk® the hydr ocar bon i ncreases as
wel | . Accordingly, the coexisting anount is at least 4 to 200 nol e
% preferably 10 to 200 nole % and nore preferably 10 to 100 nole
% based on the anpbunt, of propylene fed to the 5 reactor. Water is fed
in an anount of ASIEHE 1 noie or nore (as new charge) per nol e of

propyl ene to be react he_u 0 r | s t
co:c'lding t-lc; ?39%8; né#gbgvégﬁeqﬁdé tBFy %rc?r% ré‘té

specifically restricted an es or ss, prefera

or |ess. . i¢yent$ }hfnp£ﬁ§f8§eégvﬁﬂthﬁ ch! REOANIHINY AUt all
phase 10 in the reactor 1Is I nl'y conposed of unreacted propyl ene,

of isopropyl alcohol to be a reaction product of propylene
5 is drawn out of a reactor in the form of a vapor phase, the
conversioh of propylene is closely related to the
concentration of isopropyl alcohol in the liquid phase. In
the conditions that the reaction temperature and the
reaction pressure are the same, the higher the concentration
10 of alcohol is, the higher the conversion of propylene to
isopropyl alcohol dramnfout as a vapor phase is. The
distribution equilibrium of a solute (isopropyl alcohol)
contained in an aqueous phase to such supercritical or
subcritical olefin has not so far been known at all. For
15 example, if the concentration of isopropyl alcohol in the
liquid phase is 25.weight %, a propylene conversion of 20
¥ can be achieved at a reaction teméerature of 130°C and a
reaction pressure of 120 atm when well-known strong acid
cation exchange resins are used as a catalyst. It should
20 .be recognized that this has achiéved a notable impfovement
while the olefin conversions in Japanese Patent Publication
No. 60-24082 and Japanese Patent Laid-Opén No. 60~149536 are

10 ¥ at most.
In this case, 'a liquid phase at the inlet of the

25 - reactor is a mixture of at least two of newly supplied
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a saturated hydrocarbon, isopropyl alcohol, water, and by- H THIS odeeedas ge
di i sgpropyl ether. Propane nmay coexist as well dependi oNn REWLACED
mat eri al propyl ene, and the anount of unr eact ed propyl eneg—tar=be=———x
mar kedly reduced by adjusting the 15 coexi sting anount of the

sat ur at ed hydrocar bon. After di sch I ng continuously such the

hydr ocar bon vapor phase as descri bed ove fromthe reactor, the

vapor is subjected to reducing the pressure to below the critical
pressures of propylene and the saturated hydrocarbon and, if

nggfgggr,algghol an Mater ékﬁique é%hin%%aghggﬁagnsegraﬁg&fﬁ, ¥$§§§%ﬁh
phase and are'se&g%é‘é@rfwﬁﬁ %%tﬁﬂis% pha eacfiﬂﬂ}’i[ﬂ@daf%rﬁh&;e

saturated hydrocar sop opy aqueous

0s/ol ution of ‘a highueRee of CORE e e VBkERbreqOlenBYdLide 63 nEhe
9

present invention is that the concentration of isopropyl
5 alcohol contained in the liquid phase at the inlet of the

reactor is controlled by the amount of isopropyl alcohol

newly supplied together with water so that the concentration

becomes substaﬁtially almost the same as the one of

isopropyl alcohoi contained in the liquid phase circulated
10 from the outlet of the reactor.

. In the present invention, it is preferred in terms of
enhancing the propylene conversion that the concentration
of isépropyl alcohol which coexists with water is
sufficiently high. However, too excess thereof increases

15 the by-production rate of diisopropyl ethef and is not
L | suitable for the process. The concentration of isopropyl
alcohol in the liquid phase is preferably 6 to 30 weight %,
préferably 10 to 25 weight % in terms of an improvement in
the conversion and a reduction in ether by-production.
20 | EXAMPLES
The prééent invention will be explained below in detail
in conjunction with examples.
Example 1
A reaction tube which had a inner diameter of 30 mm and

25 'a height of 300 mm and was made of SUS 316 and which was

This -Sheet Has Been Re; 'i
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IS an azeotropic conposition, can be obtai ned. According to the
present invention, since an azeotfopic distillation is
substantially not needed and in addition, the anount of coexi sting
water is reduced, a energy needed for 5 concentration is greatly
reduced. In the present inventiong, gaseous unreacted propyl ene
and the saturated hydrocarbon are recovered by conventi onal

distillation after separated fromi sopropyl al cohol, and circul ated
again to the reactor, whereby all of themcan be 10 used. Needl ess

to say, in the capifpRie uartﬁacaedjacket wad opthaed apdthheisot uppt ese a
hydrocarbon are acconpani ed w th the very slight amount of

i sopropyl al cohol cdnimerei@ffi§edvwed 1able madrdporidiiso StiroNgRicAd dation
consunption that isopropyl - alcohol is recovered fromthe bottom of

the distillation elrhange dlewin a8tatid SPCallsfi andotisdéry. were fed from the
the present invention, the whole anmount or the ngjor part of the

| i qui d phase cont &ottem wet cheaseagidioncitphle, 96 % propyjenent the badance 4
reactor can be left in the reactor. Mre ' preferably, it is
preferred f%om t hé:vipawpanet) dh a fdqwt rate o 400 mmole@ew ihoun,n prepane in
| i qui d phase hydration reaction and the renoval of heat of reaction

to draw out conti fudilsw nate of 214 mmed| PeINHONE (SPOFHGSPRJ“@#“}%FP B0 mede

fromthe outlet of ,
$ based on the feed amount of propylene), and water in a

flow rate of 165 mmol per hour. A liquid phase of 115 g per

hour was cdntinuously drawn out of ;he upper part of the

10  reaction tube and circulated'to the bottom of the reaction
tube while maintaining the temperature and the pressure of

the reaction tube at 130°C and 80 atm, respectively. After

the pféssure of the vapor phase which was continuously
discharged from the outlet of the reaction tube was reduced

15 to 30 atﬁ with a piessure contfolling valve, the wvapor phase
~was cooled down to 80°C by a vapor-liquid separating tube,

and the liquid phase was continuously drawn out of the

bottom of the vapor-liquid separating tube. After it was
confirmed that the flow rates and the temperatures of the

20 respective parts reached steady state in 24 hours after
| starting this operation, measured were the flow rate and the
composition of the vapor phase drawn out of the upper part

of the vapor-iiquid separating tube, the flow rate and the

composition of the liquid phase drawn out of the bottom of

25 the vapor-liquid separating tube, and the composition of the



the reactor and to circulate it to the inlet of the reactor to

reuse. The circulating flowrate of the liquid phase is 25 preferably
mai ntai ned in such an anmount that the anount of

- 16 - water in the circulating liquid is 10 noles or nore per

nol e of propylene to be reacted in thlrgactor. More preferably,
the circulating flowrate of the liquid phase™Ts controlled so t hat
t he amount of water is 10 noles or nore per nole of 5 propyl ene to be
fed to the reactor. Thus, the by-produced anount of diisopropyl

ether in the hydréif@ﬁlé@éetiﬂﬂgﬁﬁa phase PR '€AECCfeactiohi Jtube. The
propyl ene, water and a saturate hydr ocarbon are designed to be

supplied to a |iqdbficeA8e8tion of igdpgropyal idlGdHIIE inPthel Eivblilaked 1iquid
naturally obvious to a 10 person having an ordinary skill in the art

that they may be phase inf ¢He!l #ebbtibfadube was 2.8 mole FOVEVEBIweight %).
i sopropyl al cohol which is thus separated from -
Shown in Table 1 are the flow rates and the
5 compositions in_ the respective parts, and a propylene
conversion between the inlet and the outlet of the reaction
tube, which is calculated from the amount of propylene fed
to the reactionﬂfube éhd the amount of propylene in the
vapor phase drawn out of fhe reaction tube.
10 Example 2
In the apparatus used in Example 1, propane was not
supplied, and n-butane was fed in place of propane while
maintaihing a fatio of 50 mole % to prdpylene. The same
circulated rate of the liquid phase was maintained, and the
15 ' same operation was carried out. Isopropyl alcohol in the
liquid phase drawn out of the vapor-liquid separatiﬁg tube
was analyzed from fime to time and the amount of propylene
fed to the reaction tube was controlled so that this flow
rate of isopropyl alcohol, that is, the alcohol production
20 rate was"th'e same as that in Example 1. The resulté
obtained by carrying out the same operations as those in
Example 1 except the above operation are shown together in
Table 1;
Comparative Example 1

25 In the apparatus used in Example 1, neither propane nor
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propyl ene and the saturated hydrocarbon and has a high

concentration equivalent to or nore than that of an 15 azeotropic
conposition contains a little amount of water. A dryi ng operation
is preferably carried out in order to obtai n an anhydrous al cohol .
Conventi onal processes such : as drying by azeotropic distillation

w th benzene, toluene - or hexane and‘d??i g with desiccants such as
zeolite can be 20 appl i ed. ' The preferred enbodi nent of
the present inventionis that the hydration reaction is carried out
whi | e mai nt ai ni ng t he concentrati.on af .i sopropyl _al cohol. in. the

i qui d phase n—bugf—mg %@Fgﬁ? %Qﬂé r?&lé’ 33 ?e%g{;p%fg?ﬁeérﬁlvgﬁteaﬁadwe fed
outlet 25 of ,th a . 3
17 - - b A CER b Lon, tvhe; TS SRS nELEREVEUPLLEAY PRathe

o es*ane e o AP RBRN, B | bl Shme cperatlohfas
carried out. Isopropyl alcohol in the liquid phase drawn

5 out of the wvapor-liquid separating tube was analyzed from

time to time, and the amount of propylene fed to the

reaction tube was controlled so that the flow rate of

isopropyl alcohol, that is, the aiéohol production amounts

was the same as that in Exampie 1. The results obtained by

10 carrying out the same operations as those in Example 1

except the above operation are shown together in Table 1.



Y

any of (1) circulating the whole anount or a part of the 5 l'iquid
phase out of the reaction products to the inlet of the reactor in
such' a flow rate that the ampunt of water contained in the above
|l i quid phase is 10 nol es or nore per _ nol e of propylene fed, (2)
| eavi ng the whol e anount or-the maj or part of the liquid phase in
the reactor, or (3) 10 suppl yi ng i sopro@®l ~al cohol to the inlet of the
react or or the circulated |iquid phase. The process of
the present invention is clearly different fromprior arts in that
a prescribed considerabl e anount of isopropyl alcohol may be caused
to coexi st Fablesl advance in water continuously fed to the hydration
reacti on. To be_nore concrete, the p resen& i nvention is distinctly
di fferent fron1Japgﬁ€§¥19§ﬁeﬁ9nﬁﬁsﬁieétPBﬁ RycopgloggRSENtration 40 4,
the seventh colum, lines 40 to 42) in which the concentration of
I sopropyl aIeehek—hﬁ—a—Frqu+ﬁ—ﬁhase—+s——2G—————ﬁaFﬁ%arﬁed—ex%+eﬁf+y——+ﬁmr—————-
in that a prescribed anount or nore of isopropyl_aEzahpllei s cSompd Ex.
to be preferably present together with water in any parts, of the 4
i quid phase—Tnmtte reactor, T TonormatTom w tihrthat—the whote——
anount or thElow rate tej seagiienotubhe(mngli/Hophase reaction products at

the Propylene (1) . o 384 266 943

Propane . ' 230 11 39

n-Butane _ (9] 133 0

Propylene flow rate (2) in vapor phase in 280 162 839
vapor-liquid separating tube (mmol/hour)

Propylene conversion in reaction tube 27 39 11

[(1)-(2)1/(1) x 100 (%)
Flow rate of isopropyl alcohol in liquid

phase drawn out of vapor-liquid 102 102 102
' separating tube (mmol/hour)

Composition of liquid phase drawn out of

vapbr-liquid separating tube (mol %)

Isopropyl alcohol 67 64 61
Diisopropyl ether 0.7 0.6 0.6
Water ' 32.3 35.4 38.4

Comp. Ex.: Comparative Example

Example 3

The reaction tube which had a inner diameter of 30 mm
and a height of 300 mm.and.was made of SUS 316 and which was
equipped with a jacket was filled with 100 ml of the
commercially available mecroporous type strong acid cation

exchange resin Lewatit SPC-118, and there were fed from the



25 outlet of the reactor is circulated to the inlet of the THIS SHEET HAS BE

- 18, - react or. ' According to a new di scovigry neREPUACED
t he present i nventors, in a process in which substantial Fy—armmost

al | of isopropyl alcohol to be a reaction product of propylene 5

Is drawn out of a reactor in the formof a vapor phase, the

conversion of propylene is closely rel ated +o024he concentration of .

i sopropyl alcohol in the liquid phase. In the conditions that the
reaction tenperature and the reaction pressure are the sane, the

hi gher the concentration -10 of al cohol is, the higher the conver5|on :
of propyl ene to bottom PgoﬁhﬁpyﬁaﬁFé%ﬂoFuﬁ?amﬂﬁoﬁtpﬁgpﬁiﬁ%ﬁoftﬁﬁagé pace 4

Contained i n an ARULBUSTHRARR: PRV S O SR eég,;ogya%cargcgg th @i E1pv
ol efin has_not 20 fgﬁr8g§£35606ﬂ8 tggllh 5? a&g water cggLaining Pg weight

concentration of 8
$ of isopropyl alcohol in a flow rate of 9.2 g per hour.

A liquid phase of 315 g per hour was éontinuously drawn out
of the upper part of the reaction tube and circulated to the
bottom of +the reaction tube ‘while maintaining the
temperature and the pressure of the reactionltube at 150°C
and 150 atm, respectively. After the pressure of a vapor
phase which was continuously discharged from the outlet of
the reaction tube was reduced to 30 atm with the pressure
controlling valve, the vapor phase was cooled down to 80°C
by the vapor-liquid separating tube, and the liquid phase
was continuously drawn out of the bottom of the vapor-liquid
separating tube. After it was confirmed that the flow rates
and the temperatures of the respective parts reached steady
state in 8 hours after starting this operation, measured
were the flow rate and the composition of the vapor phase
drawn out of the upper part of the vapor-liquid separating
tube, the flow rate and thé composition of the liquid phase
drawn out of the bottom of the vapor-ligquid separating tube,
and the_composition of the circulated liquid phase in the
reaction tube.

Shown in Table 1 are the flow rates and the

compositions in the respective parts, and a propylene

Sheet Has Been R laced
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l'iquid phase is 25 weight % a propyl ene conversion of 20 % can be

achi gved at a reaction tenperature of 130 [err]C and a reaction
pressure of 120 atm when wel | - known strong acid cation exchange
resins are used as a catalyst. It should 20 be recogni zed that this
has achi eved a notable inprovenent while the olefin conversions in
Japanese Patent Publication No. 60-2482-and Japanese Patent
Lai d- Open No. 60-149536 are 10 % at nost. In this
case, a liquid phase at the inlet of the 25 reactor is a mxture of at

| east two of newl

lied - 19 -
wat er, i sopropyl %‘P‘iu i‘gﬂﬁi%t‘mﬁp e dmlets@pg thg outlet of ;theeeagrien
N preforred enmodtiime Griehars Satoil ${ad cFrom cheyaiila€ of miokelas Fba

concentration of §S0pLgPYlaction ASP"GhacLREVditshdd SFepLbBYLENRNASF Be
vapor phase drawn out of the reaction tube.

Comparative Example 2

The same operation as that in Example 3 was carried
out, except that the amount of isopropyl alcohol added to
water which was fed to the reaction tube was controlled so
that the concentration of isopropyl alcohol in the liquid
phase discharged from the outlet of the reaction tube was
5 weight ¥ and further that the amount of propylene fed to
the reaction tube was controlled so-that the floﬁ rate of
the liquid bhase drawn out of the vapor-liquid separating
tube was the same és that in Example 3. The results thereof

are shown together in Table 2.



)

reactor is controlled by the amount of isopropyl al cohol new y

suppl i ed together with water so that the concentration becones
substantially al nbst the same as the one of i sopropyl al coho
contained in the liquid phase circulated 10 fromthe outlet of the
reactor. In the present invention, it is preferred in terms of
enhanci ng the propyl ene conversi on that'Tﬁ%5c0ncentrat|on of

i sopropyl al cohol. which coexists with water is sufficiently high
However, too high a concentration 15 t hereof increases the

by- productign ratg of diisopropyl - ether and is not suitable

for the p The concentration of isopropyl alcohol in
the liquid phase is preferably 6 to 30 melght % preferably 10 to
25 wei ght % —r—terfs—of—an—i ot ovenent—t—the—conversromand—=
reduction 20 i n ether by-production. Comp.

EXAMPLES The present invention will be expl giagdiel eWitRie
det ai | in conjunction wth exanpl es. Ex :
A reaction tube which had a inner diameter of 30 nm and 3 ____a heiZght of
300 nﬂ1and W@ioﬁaéatef(SwsoélsraﬁéléhéchoW@éaction 1300 3670

tube (mmol/hour)
Propylene flow rate (2) in wvapor phase in 1080 3450

vapor-liquid separating tube (mmol/hour)

Propylehe conversion in reaction tube 17 6.0

[(1)-(2)1/(1) = 100 (%)

Concentration of isopropyl alcohol in

circulated liquid phase in reaction 17.7 5.0
tube (weight %)

Flow rate of liquid phase drawn out of 16.8 16.8

vapor-liguid separating tube (g/hour)
Flow rate of isopropyl alcohol in liquid

phase drawn out of vapor-liquid 220 220

separating tube (mmol/hour)
Composition of liquid phase drawn out of

vapor-liquid separating tube _
Isopropyl alcohol (weight %) : 79 79

Diisopropyl ether (weight %) 1 1

Water ___(weight %) 20 20

Accordihg to the present invention, in a process for
producing isopropyl alcohol by a liquid phase direct
hydration_reaction-of propylene, there have been solved

5 various problems such as olefin conversion, an excess supply

rate of olefin, and an expanded reactor volume, which have



- 20 - : equi pped with a jacket was filled with 100 m of a

comercially avail abl e macroporous type strong acid cation exchange
resin Lewatit SPC-118, and there were fed fromthe bottom of the
reaction tube, 96 % propyl ene (the balance 4 5 % propane) in a flow
rate of 400 nmmol per hour, propane in a flowrate of 214 mmol per
hour (corresponding to 60 nole ' % bas@d on the feed anount of

propyl ene), and water in a flowrate of 165 nmol per hour. Aliquid
phase of 115 g per hour was continuously drawn out of the upper
part of the 10 reactign tube and circulated to the botjfom of the
reaction begne Vf’g"ﬁ'ﬁi mki @ nBreFesee e ine YGRE p AESRTP Yt

th ti t ub t .130 d 8 ively. Aft t .
bressure of the FABSHON A8 ehEpERiyRLy ChrRpRfRALey ined ox uiaacten plasdn
t he outl et of th%arﬁg&sgh%eg’ét eb\ga%orﬁ%#%gg‘ 15 to 30 atmwith a

pressure control | valy e vapor was cool ed down to
80[err] C by a vapor-| 'P‘w:’t%e%paa{@édﬂﬂr{g}'b@o the present invention, a very

5 high concentration alcohol aqueous solution can be prepared
while holding the advantageous effect of a reduction in

energy consumption for concentration.



and the quuid phase was continuously drawn out of the bot t om of

the vapor-liquid separating tube. After it was confirnmed that the
flowrates and the tenperatures of the 20 respective parts reached’
steady state in 24 hours after starting this operation, neasured
were the flow rate and the conposition of the vapor phase drawn out
of the upper part of the vapor-Iliquid8separating tube, the flow
rate and the conposition of the |liquid phase drawn out of the
bottom of 25 the vapor-liquid separating tube, and the conposition of
t he - -21- circul ated
liquid phase i WHAT &S CLAIVEBNISE ype. The concentration of

soprony! Aconed 0 4 Gl AL Ll ssopregoRTpel By 55tbTos
e F oy 2t eSasBBierl"Brotiene BRI IR Fob ErhSBREY AF £ 5o
reaction ab¥8e sl ol Cafph €l BERA-LERY! IF AFRYA! AlcdHAPYLERELLET
5 solution from reaction products thus obtained, and
éubjecting said aqueous solution to refining treatment,
comprising:

(1) feeding continuously propylene, water dorresponding
to at least l.mole or more per mole of propylene td be

10 reacted, and a saturated hydfocarbon to a reactor in which
said solid catalyst is filled or suspended,

(2) carrying out a hydration reaction while maintaining
the temperature and the pressure of the inside of the
reactor in the conditions not lower or slightly lower than

- 15 _the critical temperatures and the critical pressures of said
| propylene and saturated hydrocarbon,

(3) circulating the whole amount or a part of a liquid
phése out.of the fesulting reaction products to the inlet
of the reactor in such a flow rate that water contained in

20 said liquid phase accbunts for 10 moles or more per mole 6f
propylene to be reacted, and

(4) drawing the whole amount of a Qapor phase out of
the reaction products from the reactor together with

unreacted materials and the saturated hydrocarbon,

25 liquefying isopropyl alcohol and water by reducing the

* c L L § *
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to the reaction tube and the anount of propylene in the vapor phase

drawn out of the reaction tube. 10 Exanple 2 : In the
apparatus used in Exanple 1, propane was not suppl i ed, and n-but ane
was fed in place of propane while mai ntaining a ratio of 50 nole %
to propylene. The sane circulated rate of the |iquid phase was

mai nt ai ned, and the 15 sane operation-wa% earried out. |sopropyl

al cohol in the i quid phase drawn out of the vapor-liquid
separating tube was analyzed fromtinme to tine and the anount of
propyl ene fed to the reaction tube was controlled so that this flow

rate of isopropyPr@PFEBR8| ancthafopiinghq é@ﬁéFaﬁﬁod‘(ﬁ??%nc"Z’@onentrsat e3Rgs
the sane as that ip, Exanple 1. esults carryi.n
bt the same. opcFaELBLRIREys shrained Srude’ saonpoove BleeloL: RinERtpba I

operation are shown

tanpl e 1 g °'safa’ PEGdFied tonese te dEETR FRsinRd LoBRRPY AP LRPBBLNe

nor

5 2. A process as described in claim 1, wherein the amount
of hydrocarbon fed is 4 to 200 mole % based on the amount

of propylene fed.

3. A process as described in claim 1, wherein the amount_
10 of_hydrocarbon'féd is 10 to 200 mole % based on the amount

of propylene fed.

4. A process as described in ‘any of claims 1 to 3, wherein

unreacted propylene and the saturated hydrocarbon are
15 recovered from the whole amount or a part of non-condensed
.. vapor by distillation énd cifculated_td the inlet of the

reactor.

5. A process as described in any of claims 1 to 4, wherein
20 . a hydration reaction is carried out while maintaining the
concentrations of isopropyl alcohol ih the liquid phases at
6 weight % or more at least at the inlet and the outlet of

the reactor .

25 6. A process as described in claim 5, wherein the

TS
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- 22 - n-but ane was fed, and only 96 % propyl ene and a8 SMEES HAS BEE

fed, to the reaction tube. ‘The same circul ated rate of'the HEPLACED
| i qui d phase was nai ntai ned, and the sanme operation was —carrred

out. I'sopropyl alcohol in the liquid phase drawn 5 out of the
vapor-liquid separating tube was anal yzed fré time to tine, and

t he anobunt of propylene fed to the Qction tube was controlled so-
that the flow rate of i sopropyl alcohol, that is, the al coho
producti on anounts was the sane as that in Exanple 1. The results

obt aned bY 10, copsBitAReR b, RoPRHBy RIRLAYMLSHA i Winlh DAL ot
- 23 - Tabl'e }he inlet and outlet of the reactor are controlled by any
of (1) circulating the whole amount or a part of the liquid

phase out of fhe reaction products to the inlet of the

5 reactor in such a flow rate that water contained in said

liquid phaSe accounts for 10 moles or more per mole of

propylene fed (2), leaving the whole amount or the major

part of the liquid phase in the reactor, or (3) supplying

isopropyl alcohol to the inlet of, the reactor or the

10 circulated liquid phase.

‘This Sheet Has Been Replaced

* c L M s *



Propyl ene conversion and al cohol concentration
Exanpl e Cono. Ex.

1 Flowrate to reaction tube (nmmol/hour) Propyl ene (1)

384 266 943 Pr opane

39 . n- But ane 0 133 .

Propyl ene flow rate (2) in vapor phase in - 230~ 162 839
vapor-1|iquid separating tube (nmol/hour) Propylene conversion in reaction
t ube 27 39 - 11 [ (1)-(2)]1/(1) x 100 (%9 Flow rate of

| sopropyl alcohol in liquid hase drFawn out of vapor-liquid
‘_..L_i _-- ;;;;;;

102 102 102 separ $B 3GROSURE 03|t|on of quui d
phase drawn out of ViRl L) 4 SEPRLELL0D hAPSLIRle M 4aa SR PR A coron
0.7 0.6

35. 4 38.4 & ﬁd‘ydéi?\@i’g?[) HFSE TR BXopRiene and watgr ip the Pretence

The reaction tub e 3 .and a hei ght of
300 - mm and was - mﬂo%%%%?ﬁ%h waslyq":/It Q:JH(?rllﬁg'e fwith a j acket
was filledsw th 100 rT1féﬁd continuBﬁ rﬁfé‘{: YeAd 2iwatd:L wIRTHORE O ééﬁR@

strong acid cation ange resin ewatl SPC- 118, and there were"
fromthe as. or more than propylene in terms of mole, and a saturated

hydrocar'bon (propane, butane and the like) to a reactor in
which the above solid catalyst is filled or suspended,
carrying out a hydration reaction while maintaining the
10 temperature and the pressure of the :i.nside of the reactor
in the conditions exceeding or slightly lower than the
critical temperatures and the critical pressures of the
above propylene and the saturated hydrocarbon and
maintaining the concentration of isopfopyl alcoi'lol contained
15 in. the reaction liquid at 6 % or more, and
| drawing a vapor phase out of. the reactor, liquefying
a part thereof by reducing the pressure and cooling to
.sebarate vapor components, and refining crude isopropyi
alcohol contained in the liquid phase to obtain refined
- 20 : 'is_opropyl alc'ohol..

In this process, produced isapropyl alcohol caﬂ be
distributed selactively in the saturated hydrocarbon phase
in a large quantity by using the saturated hydrocarbon in
the conditions exceeding or slightly lower than the critical

25 ~ temperature and the critical pressure of the saturated

This Sheet Has Been RTlaced
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- 24 - bottom of the reaction tube, 96 % propyl ene (the bal ajbdéil&SH%Ts:As BEE
propane, which is the saturated hydrocarbon) in a flow rate of{| 1300 AdRACED
per hour, and water containing 18 weight % of isopropyl alcohof—TmaTttow
rate of 9.2 g per hour. A liquid phase of 315 g per hour was continuously
drawn out of the upper part of the reaction tube and circulated to the

bottom of the reaction tube while maintaini the tenperature and the

pressure of the reaction tube at 150[err]C and 150 atm respectively.

After the pressure of a vapor phase which was continuously di scharged from

the outlet -of the,reaction tub ed 0 1 t prgss
control ling val J&{dﬁ‘?ﬁa’{)%% pﬁ’i‘?g%%g; c%%ﬁgﬁég%gn ﬁ)lr%}%?r] %% bySt h(Laﬂfgh
vapor-1liquid sep i q.%q,l t | L fLbi aSeanHASa RERHY NURbEHYE dr fy¥R
out of the botto%%é%é%%%r- mu?% ?gggggtalaﬁg ?ﬂbe.eAft%ir’ it was
confirmed that té&éé&&éﬂﬁ% arid Crd it i SN IBE Bfedicdde respective parts
reached steady state I1n 8 hours after starting this operation, neasured

were the flow rate and the conposition of the vapor phase drawn out of the
upper part of ‘the vapor-liquid separating




t
.

tube, the flow rate and the conposition of the liquid phase drawn out of
the bottom of the vapor-liquid separating and the conposition of the
circulated |iquid phase in the reaction itﬁl Shown in Table 2 are
the flow rates and the conp05|t|ons in the respective parts, and a

propyl ene - 25 - conver si on between
the inlet and the outlet of the reactlo |ch is calculated from

t he amount of propylene fed to the re !Eé?é and the amount of

propyl ene in the vapor phase drawn out o reaction tube. Conparative

Exanpl e 2 The sane operation as that in Exanple 3 was carried out,
except that the anobunt of isopropyl alcohol added to water which was fed
to the reaction tube was controlled so that e concentration of isopropyl
al cohol in the liquid t)é;

6 — | °
>N T —1 |8
AN | /

— 10
—
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phase di scharged fromthe outlet of the reaction tube was 5 wgi'gHiLAGEMENT SHEET
further that the amount of propylene fed to the reaction tube was QMAR]S%
controlled so that the flowrate of the lLiquid phase drawn ou *6¥Gfﬁl-

vapor-liquid separating tube was the sane as that in Exanple 3. The
results thereof are shown together in Table 2.

- 26 - ~ Table 2 o _ :

Conp.. ' Exanpl e’ Exanpl e

3 2 Flow rate ( ]_) ofPRQGElS% EQRMPRQMINQP;SQRROPYL A%{GQOO 3670

tube (mmol/hour)  Propylene floggé_ &2 EF¥EE&EC&Bg%%E n 1080

3450 ~vapor-liquid separatlng t conversion in

ti tub .
Egﬁgeh?Patroﬁ of |sopro§%¥ ﬁQFpPr°d4§%é? ﬁ ?&%& qU|%88R§§%b¥ﬁh¥%§%F%%
17.7 5.0 td’:*?:?eéﬁ g Lop@lenél QWA et 1d oehd Bbageneléa\ens W't sefong

16.8 16. 8 vapor d Separating tube (g/hour)
acid solid catalyst, comprising:

5 feeding continuously propylene, water, and a saturated
hydrocarbon to a feactor in which fhe above solid catalyst
is present,

carrying out a hydration reaction while_ maintaining the
temperature.and.the'pressure of the inside of the reacfor
10 in the cbndifions exceeding or slightly lower than-the
Crifical temperatures and the critical pressures of the
aboVe propylene and the saturated hydrocarbon and
maintaining the concéntration of isopropyl' alcohol contained

in the reaction liquid at 6 % or more, and
15 drawing a Vapbr phgse out of the reactor, liquefying
‘a part-thereéf by reducing the pfessure and cooling to
separate vapor components, and refining crude isopropyl
alcohol cOﬁtéined in the liquid phase to obtain refined

isopropyl alcohol.

. Figure 1
¥ Y §§ {

oot
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Flow rate of isopropyl alcohol in liquid phase drawn out oftvapor Ié“M

220 - 220, separating tube (mol/hour) Conposition of Ilquhqk@@gg __________________ Eﬁﬂ
drawn, out of vapor-1|iquid separating tube | sopr opyl alco ght
@@ : 79 79 Di i sopropyl ether (weight %

1 Wat er (wei ght % 20
Accordlng to the present invention, in a proé%ss for pr oduci ng
i sopropyl al cohol by a liquid phase di rect " hydrati on reaction of
propyl ene, there have been solved 5 various problens such as olefin

conversion, an exceiﬁasgpgu,g of a readt¥r®if aOksllbus ANLAL, %%edz?nd

reactor vol une,

been | nvolved 1 n134068¢ 8RS UNALELILEL Alicad bRAREOPKb water; AURPIflrebbted

selectively transSférred Into a nreacte vapor phase to be
col I ect ed. n-butenBUil1Fend6EQ" ¢rBa tthd NopsrseBl CAVEHRAML. A MK
5 hi gh concentrati on al cohol aqueous solution can be prepared

while holding tpeoad«antadaoysodl b&ahple an’ @ldeh @h bZeotropic operation
5 is not required and energy needed for concentration has been
seemingly reduced to a large extent. However, this process

has the industrial problem that the conversion of raw

material butene is confined to about 10 %, and therefore not

only an expanded reactor volume is required, but also the

10 large amount of unreacted butene of nine times or more as
much as the theoretical amount needed for the production of
alcohol is required to be circulated to the inlet of the

' reactor to reuse it.

Further, described in Japanese Patent Publication No.

15 60-24082 is a process characterized in that in subjecting
vaporize§ lower olefin having a carbon number of 2 to 6 to
direct catalytic hydration with liquid water in the presence
of a strong acidic solid at high temperatures and high
pressures and separating the resulting aqueous crude alcohol

20 from the reéction product to thereby obtain lower alcohol
having a carbon number of 2 to 6, (1) an olefin-containing
vapor stream is introduced into a reactor filled with an
acid catalyst from the bottom tﬁereof, and at least one mole
of liquid water per mole of the olefin to be reacted is

25 charged into the r&actor; (2) the reaction is carried out



energy consunptiqn for concentration. REPLACEMENT SHEET

- 28 \ VWHAT |'S CLAIMED | S: 1. A process for du
i sopropyl al cohol by hydrating directly proBerne and _E#%?ffﬁﬁﬁwg"mgl"
presence of a strong . acid solid catalyst, separating a crude
al cohol aqueous 5 solution from reaction products thus obtained,
and subj ecting said aqueous sol ution §(T'refining treat nent,
conpri si ng: (1) feeding continuously propyl ene, water
Eorrigpondl ng ; ;o at least 1 nole or nore per nole of propylene to
e reacted, and a saturated, hydrocarbon to a reactor,. i n.which
sai d solid catal $ySESPsTRY| P eB?'agu%f)gﬁ?fgd’;n an amount oafc(é;)s BN B S

DYty r SRt B S ML o taomrdbf | AIBELAL VR AN iracing
or slightly Iomeg &Eﬁﬁid phase, and the overall conversion comes up to 75
%. It is obvious, however, that since a part of the wvapor

5 coming out of the outlet of the reactor which contains
unreacted olefin, is circulated to the reactor to reuse it,

the one pass yield between the inlet and the outlet of the

reactor is 75 % or less, though the yield is not clarified.

Further, according to the knowledge and the analysis

10 of the present inventors, it has been clarified that in the

hydration reaction by the process described in Japanese

Patent Publication No. 60-24082 the propylene conversion at

the outlet of the reactor is confined to about 8 % in the
conditions of 135°C and 100 atm, when the concentration of
15 isopropyl alcohol contained in the 1liquid phase is
maintained extremely low, for example, 10 wt % or less as
described in the above publication. That is, the process
of the above publication does not provide the high yield of
isopropyl alcohol until a part of the vapor at the outlet
20 of the reactor is circulated directly to the reactor to be
reused. This increases considerably the volume of the
reactor, and it still remains unchanged that the circulated
amount of unreacted olefin can not help becoming large.
Accordingly, it can be said that the direct solution of the

25 industrial problems have not yet been attained.
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15 ‘the critical tenperatures and the critical pressures of{ AVFLACEMENT sHEE

propyl ene and. saturated hydrocar bon, (3) circulatijhg the
amount: or a part of a liquid phase out of the resultind_?@@g&dgg?mgyukxn

products to the inlet of the reactor in such a flowrat®e

contained in 20 said liquid phase accqQuRigs for 10 noles or nore per
nol e of propyl ene to be reacted, and (4) drawing the
whol e amount of a vapor phase out of the reaction products fromthe
reactor together with unreacted materials and the saturated

hydrocarbon, 25yater],i qu8bpirBgyllSOaLeEMb1al $RDEh afghy Wi ddtlyeduighl id¥e
- 29 - pressure and cooling to separate vapor conponents, and

refining thus obiragettes wdeh #aREgPMNdaLCAAQuidophaiseedirtulated frou Gthe
| i quefied phase to obtain refined isopropyl alcohol.
outlet of the reactor. A preferred embodiment of the
present invention is that the concentration of isopropyl
5 alcohol contained in the liquid phase at the inlet of the
reactor is controlled by the amount of isopropyl alcohol
newly supplied together with water so that the concentration
becomes substantially almost the same as the one of
isopropyl alcohol containea in the liquid phase circulated
10 from the outlet of the reactor.
| In the present invention, it is preferred in terms of

enhancing the propylene conversion that the concentration

of isopropyl alcohol which coexists with water is

sufficiently high. However, too high a concentration
15 thereof increases the by-production rate of diisopropyl
ether and is not suitable for +the process. The

concentration of isopropyl alcohol in the liquid phase is
preferably 6 to 30 weight %, preferably 10 to 25 weight %
in terms of an improvement in the conversion and a reduction
20 in ether by-production.
EXAMPLES
The present invention will be explained below in detail
in conjunction with examples.
Example 1
25 A reaction tube which had a inner diameter of 30 mm and

a height of 300 mm and was made of SUS 316 and which was



5 12, A progess as described in claim1, wherein the anouijt REPLACERERY SHE
hydr ocarbon f.ed is 4 to 200 nol e % based on 't he anopunt of pro Fﬂﬁ
fed. . 3. A process as described in claim1, wherein th@'ﬂarmﬁﬁ 1937
10 of hydrocarbon fed is 10 to 200 nol e % based on the annunL

of propyl ene fed. 4. A process as scribed in any of clains 1 to

3, wherein unr eact ed propyl ene and t g Saturated hydrocarbon are

15 recovered fromthe whol e anobunt or a part af. non-condensed

vapor by distillation and C|rculated to the inlet of the reactor.

> [ process o desthhnof HaAueolislaline] 48 ¢ pbbBiEbfle Phe bafance 4

hydrati on reacti FE" B r Fed e mal htal ni

Concert 2 one of LESuEgpule ML 14 AR ISR Asctcnons 08 s1ov

reactor 25  rafe of 1800TRAREESpEF HEes! | BRE watéfaeahéalmﬁgew tqagght
% of isopropyl alcohol in a flow rate of 9.2 g per hour.
"A liquid phase of 315 g per hour was continuously drawn out
of the upper part of the reaction tube and circulated to the
bottom of the reaction +tube while maintaining the
temperature and the pressure of the reaction tube at 150°C
and 150 atm, respectively. After the pressure of a wvapor
phase which was continuously discharged from the outlet of
the reaction tube was reduced to 30 atm with the pressure
controlling valve, the vapor phase was cooled down to 80°C
by the vapor-liquid separating tube, and the liquid phase
was continuously drawn out of the bottom of the vapor-liquid
separating tube. After it was confirmed that the flow rates
and the temperatures of the respective parts reached steady
state in 8 hours after starting this operation, measured
were the flow rate and the composition of the vapor phase
drawn out of the upper part of the vapor-liquid separating
tube, the flow rate and the composition of the liquid phase
drawn out of the bottom of the vapor-liquid separating tube,
and the composition of the circulated liquid phase in the
reaction tube.

Shown in Table 2 are the flow rates and the

compositions in the respective parts, and a propylene
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- 30 = ~,concentrations of isopropyl alcohol in the Iic&fﬁfpbﬁaseg AR

at the i'nlet and outlet of the reactor are controlled by g

of (1) circulating the whole anmbunt or a part of the liquid iLE%%y_jﬁgﬁyé¥:g¥n
out of the reaction products to the inlet of the 5 reactor in such a
flowrate that water contained in said | iquid phase accounts for 10

nol es or nore per nole of propyl ene ?gd, (2) leaving the whol e

anount or the mmjor part of the liquid phase in the reactor, or (3)
suppl yi ng i sopropyl alcohol to the inlet of the reactor or the 10

circulated Iiqui gogggﬁ%rations of isopropyl alcohol in the liquid phases at
the inlet and outlet of the reactor are controlled by any

of (1) circulating the whole amount or a part of the liquid

phase out of the reaction products to the inlet of the

5 reactor in such a flow rate that water contained in said

liquid phase accounts for 10 moles or more per mole of

propylene fed, (2) leaving the whole amount or the major

part of the liquid phase in the reactor, or (3) supplying

isopropyl alcohol to the inlet of the reactor or the

10 circulated ligquid phase.
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