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BACKGROUND ART

As a conventional method for producing tertiary butyl alcohol, a hydration
reaction of isobutylene (Z-fnethylpropene) and water using a catalyst has been known.

In Patent Document 1, tertiary butyl alcohol is described as an assistant for
carrying out a hydration reaction by making a hydrocarbon and water into a
homogeneous liquid phase.

Further, a method is described in Patent Document 2, in which all of the region
of hydration reaction is made into a homogeneous liquid phase and further, a step of
separating tertiary butyl alcohol is included in the middle of the process.

In Patent Documents 3, 4, 5 and 6, methods for carrying out reactions in

heterogeneous liquid phases are described.

Patent Document 1: Japanese Patent Application Laid-Open No. Sho 56-10,124

Patent Document 2: Japanese Patent Application Laid-Open No. Sho 60-233,024



Pat ent Docunent 3: International Publication No. WO
99/ 33, 775 Patent Docunent 4: Japanese Patent
Application Laid-Open No. Sho 54-27,507 Patent
Docunent 5: Japanese Patent Application Laid-COpen No.
Sho 54-30,104 Patent Docunent 6: Japanese Patent
Application Laid-Qpen No. Sho 54-30,105 DI SCLOSURE OF
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problem that the conversion of isobutylene to TBA (hereinafter expressed as
“conversion™) is low because the hydration reaction of isobutylene and water is an
equilibrium reaction.

There has been a problem in the method described in Patent Document 1 that
the conversion is restricted by equilibrium because TBA which is the target product is
added to raw materials of the reaction, though the hydration reaction can be carried out
in a homogeneous liquid phase.

There has been a problem in the method described in Patent Document 2 that
the conversion is restricted by equilibrium because a TBA aqueous solution is also
added to the last reactor vessel to make a homogeneous liquid phase, though a higher
conversion than the one in the method described in Patent Document 1 can be attained

since the hydration reaction is carried out in a homogeneous liquid phase and a TBA

aqueous solution is once separated in the middle of the hydration reaction.
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[Means for Solving the Problems]

The present inventors have diligently researched the method for producing
TBA to solve the above-mentioned problems. As a result, they have found that a
conversion obtained when a reaction fluid is made into the state of a two-liquid phase is
in some cases larger than the one obtained when the reaction fluid is in the state of a
homogeneous liquid phase and thus have completed the present invention.

Namely, the present invention is a method for producing tertiary butyl alcohol
through hydration reaction of isobutylene and water in the presence of a cation
exchange resin by using a reactor having at least two reactor vessels provided in series,
comprising:
making a fluid in a reactor vessel at the most downstream side form a two-liquid phase

while keeping a reaction temperature of the reactor vessel at 70°C or lower; and
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[Effects of the Invention]

According to the present invention, a high conversion can be realized in the

hydration reaction of isobutylene, and TBA can be produced effectively.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a schematic diagram showing an embodiment of a production flow to

carry out the method of the present invention.

Fig. 2 is another schematic diagram showing another embodiment of a

production flow to carry out the method of the present invention.

Fig. 3 is a diagram showing a region in which a two-liquid phase is formed.

EXPLANATION OF NUMERALS

1: Isobutylene supply port
2: Water supply port



EXPLANATI ON OF NUMERALS 1: |sobutyl ene supply port 2:
Wat er supply port 4 3: Punp 4: Preheater for raw
material 5: First reactor vessel 6: TBA aqueous

sol ution separating colum 7: Condenser 8: Reboiler

9: TBA aqueous sol ution 10: |sobutyl ene or
i sobut yl ene-cont ai ni ng hydrocarbon 11: Punp 12:
Preheater for raw material 13: Second reactor vessel

ég' TBA aqueous sol ution separating colum 15:

P¥BRser 16: Reboiler 17: Unreacted isobutyl ene or an
' utyl.epne- containing hydrocarbon 18: TBA

unﬁ'%ﬁlgatt&q‘o*%?‘?%laei’g TBA supply port 20: Water supply

agueous so N
BOHikst reactor vessel

6: TBA aqueous solution separating column

7: Condenser

8: Reboiler

9: TBA aqueous solution

10: Isobutylene or isobutylene-containing hydrocarbon

11: Pump

12: Preheater for raw material

13: Second reactor vessel

14: TBA aqueous solution separating column

15: Condenser

16: Reboiler

17: Unreacted isobutylene or an unreacted isobutylene- containing hydrocarbon
18: TBA aqueous solution

19: TBA supply port

20: Water supply port

BEST MODE FOR CARRYING OUT THE INVENTION
The reactor vessel to be used in the present invention is not particularly limited
and any of a stirred-tank type reactor vessel, a fixed-bed type reactor vessel, a column
type reactor vessel, and the like can be used. Further, the type of the reaction may be
any of a batch type, semibatch type and continuous type. In the reactor in the present
invention, the number of the reactor vessels provided in series is 2 or more, preferably 2
to 5. Itis preferable in the present invention that all the reactor vessels be provided in

series, however, reactor vessels provided in parallel may be used as long as the
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reaction pressure during the hydration reaction. As the inert gas, nitrogen, argon and

the like can be listed.

As the source of isobutylene to be used in the present invention, a mixture
which contains isobutylene and other hydrocarbons (hereinafter expressed as
“isobutylene-containing hydrocarbon™) as well as an enriched isobutylene can also be
used. The isobutylene-containing hydrocarbon is preferably used in the form of
liquefied gas at the time of the hydration reaction. As hydrocarbons other than
isobutylene contained in the isobutylene-containing hydrocarbon, at least one kind
selected from hydrocarbons having 4 carbon atoms such as butenes other than
isobutylene (such as 1-butene and 2-butene) and butanes (such as n-butane and

isobutane) is preferable. The isobutylene-containing hydrocarbon as such can be



reacti on pressure during the hydration reaction. As
the inert gas, nitrogen, argon and the |like can be
listed. As the source of isobutylene to be used in the
present invention, a mxture which contains

i sobutyl ene and ot her hydrocarbons (hereinafter
expressed as "isobutyl ene-containing hydrocarbon") as

wel | as an enriched isobutylene can al so be used. The
referably used

i sobut yl ene- cont ai ni ng hydrocarban, is ed
i°r59?at"w&y 1%f Yol?mdv?tq&&e%eeéswg obtaipigg Uhylenco by (thgmal cracking of
hydration reaction, As hydrocarbons other than ) )
inaphshia In tiseresshecapinderm ar ane by-wswsivcy incthe cassmfzatalyig cracking of
hydrocarbon, at |east one kind selected from

hoayoetr loores mareidue hielr o robeaineds by usmoningo butdiese from these
ot her than i sobutylene (such as 1-butene and

byipmednets) arfdthebubacensraienichdfl aisobutyleteani@ ahel isobutylene-containing
i sobutane) is preferable. The isobutyl ene-containing
hydivcrborbdn ms sadtiduladn linsitedd Hobleabmdad iasprafeRiblyprwithita range

in the case of obtaining ethylene by thermal cracking

sproxiafaklN Frdnd 3 B IIVE B9 NMBssOAnd nfRE RéfeBl2 10 to 80% by mass.
by-product in the case of catalytic cracking of heavy

Higher 8dncaftratioh&sTisibatyiteGE pteferaBik Fdnt theWewssIRVdf Hehlizing a high

but adi ene fromthese” by-products. The concentration

xﬁ%ioﬂ%&& YL RevdrohSéntlafiOR UF 31'%0?[]&']6%11%9&6 %?‘J}%ﬁgle %om tlﬁ viewpoint

hydrocarbon I's not particular _ owever,
8 PRI S g BRE  GBEL Oy Tl Trom S o

1 S ermEIRETE B Fnd S9R bR R PR S R o
A BSRCR FEb G, oSS Ry yRES bS] PR e M etrt
SRR 4EIP R0 SSRGS PisTerHe pr gt M RrARE i GmPRige the water b

P

removed as much as possible because those impurities may cause catalyst deactivation
or exert harmful influence on product quality.

In the present invention, the fluid in the reactor vessel RN at the most
downstream side forms a two-liquid phase. Further, the fluid in at least one reactor
| vessel, preferably in all the reactor vessels, other than the reactor vessel RN at the most
downstream side, forms a homogeneous phase. To confirm whether the fluid forms a
two-liquid phase or a homogeneous phase, it is preferable to sample the liquid in the
reactor vessel into a glass pressure container and directly confirm it with visual
inspection. In the case that it cannot be confirmed directly, a triangular phase diagram
of the three components of TBA, water and either isobutylene or an

isobutylene-containing hydrocarbon, such as a triangular phase diagram disclosed in

Figure 2 of Patent Document 2, can be used. According to this patent document, the
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In the present invention, at least a part of TBA may be removed from a fluid (a
reaction liquid) taken out from an outlet of a reactor vessel other than the reactor vessel
RN at the most downstream side by a TBA separation step. The resultant reaction
liquid in which a part of the TBA has been removed is supplied to a reactor vessel
located adjacent to the foregoing reactor vessel on the downstrearﬁ side.

In the present invention, it is preferable that at least a part of TBA be removed

from a reaction liquid taken out from an outlet of a reactor vessel located upstream by



Water (% by mass) TBA (% by mass) Hydrocarbon (% by
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separation step is not particularly limited as long as it satisfies the purity necessary for a
step in which the TBA is used.

A separating device to be used in the TBA separation step of the present
reaction is not particularly limited and a distillation device, an extracting device, a
membrane separating device, and the like can be used. Among them, the distillation
devices such as a distillation column and a flash drum are preferable. The type of the
distillation column is not particularly limited and a plate column or a packed column
may be used, however, a plate column is preferable. The number of steps of the TBA
separation can be determined in consideration of the cost of the device.

In the present invention, the reaction temperature of the reactor vessel R2
(includihg the reactor vessel RN) in which the fluid forms a two-liquid phase is
preferably 70°C or lower and more preferably within the range of 45 to 65°C. In the
case that the number of the reactor vessel R2 in which the fluid forms a two-liquid
phase is 2 or more, it is preferable that the reaction temperatures of all the reactor

vessels R2 be set at 70°C or lower, however, it is possible that the reaction temperatures

of only a part of the reactor vessels R2 be set at 70°C or lower. When the reaction



In the case that TBA with higher purity is needed
industrially, it is preferable that TBA be renoved
fromthe reaction liquid in the reactor vessel RN at
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the two-liquid phase fluid becomes larger than the one in the case of the homogeneous
phase fluid is not clear. However, when the equilibrium conversion (the equilibrium
constant) is determined experimentally by using a batch type reactor, the following
phenomenon is confirmed that there is a borderline at 70°C below which the
equilibrium conversion in the state of the two-liquid phase conspicuously exceeds the
one in the state of the homogeneous phase.

The reaction temperatures of the other reactor vessels are not particularly
limited, however, these are preferably within the range of 25 to 100°C and more
preferably 45 to 80°C. Irrespective of the phase state of the fluid, a higher reaction
temperature is preferable to realize a sufficient reaction rate but a lower reaction

temperature is preferable to suppress dimerization, trimerization of isobutylene or a

formation of other impurities throughout the present reaction.
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phase fluid becones |arger as the tenperature becones
lower in the region of 70C or |ower, however, when the

t enper Bt Y Preseubinyentione by shanging thevfiuidh ins U freasitarmiessel RN at the
reaction rate cannot be realized. Wen the reaction
mentpdavanstream isidehintghe twa-tiquid F0@se arikaeginigl thé rdaution temperature of
constant in the case of the two-1liquid phase fluid

tiadrettter omssel rat t70eCcas dovadr, e phewtigeoaOmat BRASEnVerdidl in the
becone nearly the sane and the conversions at the tine

tfo-liqitd O1ase GaborBeiUhighby tHal the! &2 RETRMBoMB&EdeYud ?ﬁase can be
same. The reason why the equilibrium const ant In

STRBAVEN usdd)and Weide!tAd!bokrRID é‘&ﬁreﬂlﬂ{oﬂn He ﬁfb@@s% dafl rbg ‘?ﬁore improved

than the one in the case of th nogeneous

thardwdr bsfopot cl ear. However, when the equili br| um
conversion (the equilibrium constant) is determ ned

eXper it ﬁla%] t B%th?én” Gl ﬁ%}? I]‘.%%Pn%ﬁ rg?ﬂﬂ,] ma rqtagt%é vessel into a

foll owm ng enomenon I'S CO

RIS 55 ST By RO B et i i
one in the state of the

a g‘ﬁ;‘getﬁ%gﬁ‘é‘l éﬁgé?é’%%gﬁ@{ the 4635 ves sk or A pett fTRA sepasated in the

‘l‘%t her reactor vessels are not particularly [Iimted,
owESRaFationnyteR iy cicpted dpigothe infet rmfrthe Heaqquge@sqifcaasbe listed.

to 100C and nore _Pr eferably 45 to 80C. Irrespective
Fgtherpamgthed dn srhacheTBA addisionallyt prepared isgintroduced éato dire inlet of the
tenperature is preferable to realize a sufficient ‘
repetar v¢ssel, a amathéxliin whichwereactionctolvent (subfopsy Rétanes, ethers, organic
preferabl e to suppress dinerization, trinerization of
carlsmdylit ycisorothedikej ovhight withb®enatibwd [afep i intro@sced, and the like
t hroughout the present reaction.
can be listed. Among them, the method in which a part of the fluid at the outlet of the
reactor vessel or a part of TBA separated in the TBA separation step is circulated is
preferable.

In the present invention, a solvent may be present when the reaction is carried
out. The solvent is not particularly limited, however, sulfones, ketones, ethers and
organic carboxylic acids are preferable. As the solvents of sulfones, for example,
sulfolane, 2-methyl sulfolane, 3-methyl sulfolane, 3-propyl sulfolane, 3-butyl sulfolane,
dimethyl sulfone, diethyl sulfone, methyl ethyl sulfone, dipropy! sulfone, sulfonal and
trional can be listed. As the solvents of ketones, for example, acetone, methyl ethyl

ketone, methyl-n-propyl ketone, methyl-n-butyl ketone, methyl-isobutyl ketone,

methyl-n-amyl ketone, methyl-n-hexyl ketone, diethyl ketone, ethyl-n-butyl ketone,

11




10 In the present invention, by changing the fluid in

the reactor vessel RN at the npbst downstream side

into a two-liquid phase and keeping the reaction
tenperature of the reactor vessel at 70C or | ower,

t he phenonenon that the conversion in the two-liquid

phase becones higher than the one in the honbgeneous

phase can be effectively used, and hence the overal
conversion in the process can be nore inproved than
di-amren ketone,| di-isohutyl rketomatand eyelnbéxane carhbe fistethodAs the solvents
change a fluid in a reactor vessel into a honbgeneous
pheatbersi forraxampls, tli4dioaadey tiioxant,adtralydysfuan dndrtetrahydropyran can
exanple, a nethod in which a part of the fluid at the

beitlisedd. Of A$ hhie r dedn®y of esg@lic WarkoxRBE tachds, BA example, including
separated in the TBA separation step is circulated

Ebxylib eadid lafbydiidel N Bochi8 A T ackS SBhydi e, Bfopibrit Ge ioni
Further, a method in which TBA addit)onal ?goﬂérepartga proptanic

&ﬁvahﬁaé, edHeRAciER ikdiitd il £id ﬂerlfézedr. e3Ph&N th¥ g&%&lt is Gsed, the
met h et ones,

od in"which a react’ion solvent (sul fones,
' ' ' . t like) .whieh
ERQF BB OB RISV bAoA i, Byl ok f Blot
' t.h t.h t hod | i oh t
7S 15 T e BB Bl Bk g o e
B HERh el TSRS Y urrey wigin e
e % ficloaeh T erRsEt o PP e t od. however.
sul fones, ketones, ethers and organic carboxylic
aci dsmfhe pressnd iayantional is pecferablocthatsa partofl FRA eeparsted in the

exanpl e, sul fol ane, 2- rretuilgl sul f ol ane, 3-net hyl
T84 seprestien sepmrappart efithe dluithet, the obetydf theteactonmessel be supplied

di met hyl sul fone, diethyl sulfone, methyl ethyl

tasthe fimlaeof die peastyr] vessel R@rie whicH therfhiid orths a two-liquid phase as long
as the fluid in the reactor vessel is within the region in which a two-liquid phase is
formed. This is because the larger molar ratio of TBA ev'en within the region in which
a two-liquid phase is formed can make the solubility of isobutylene to water higher and
hence can make reaction rate larger.

Hereinafter, the present invention will be explained by way of Figure 1.
Figure 1 is an embodiment of the present invention, and the present invention is not
restricted at all by Figure 1.

Isobutylene or an isobutylene-containing hydrocarbon which is a raw material
is supplied from isobutylene supply port 1 and water is supplied from water supply port
2, respectively. A part of the fluid at the outlet of first reactor vessel § is circulated

into the first reactor vessel through pump 3. A part of the fluid at the outlet of the first

reactor vessel 5 is separated into isobutylene or an isobutylene-containing hydrocarbon

12



trional can be listed. As the solvents of ketones, for
exanpl e, acetone, nethyl ethyl ketone,

nmet hyl - n- propyl ketone, nethyl-n-butyl ketone,

nmet hyl -i sobutyl ketone, nethyl-n-anyl ketone,

met hyl - n- hexyl ketone, diethyl ketone, ethyl-n-butyl

ketone, 11 di-n-propyl ketone, di-isobutyl ketone and
cyclohexane can be listed. As the solvents of ethers,

for exa di oxane, trioxane. tetrahydrofuran
dAcndelB n'gr?ﬂewwymmw@a% thrpegh TBeatjuepus scletigsoseperatisg oblumn 6.
organi ¢ carboxylic acids, for exanple, including

dae ispbphileneaoii @ISOhmthdc-lCdxaal,mxm:bydrocabord10 acetpptied to a part of a
anhydri de, propionic acid, propionic anhydride,

Blutdyatian @dbdoféswomdsmlactbywéssdalﬁi, evhichris leirchlated eidoughpuimp 11. A
the solvent is used, the anount of use of the sol vent

part ofithe fruid atothik atdlet Jfiths deeehd fdamBN GdsselilB ié &1@[;6& & PBAQqueous
that the amount of the solvent to be used

Qﬁﬁtﬁfd@eﬁ&ﬁuﬁg eShulin"G} &xﬁi &Bﬁaﬁﬁ%@ vttt ?‘?;obu}‘?eqe or an unreacted

reaction flurd. Generally, the anount o he “so

k%tﬁﬁe?@@&tﬁ iy RYbelbon W7t Hg‘%’ﬁﬂe (%1%@[}9?01& on ng. tIghrther the

spect to 1 | 'ene
sepzﬁg% dcf”%?&%&rb :ﬂgglg ‘;i:r%g { :{{i‘rrcﬁpaﬁd %ac to mBei f g\e tilrrﬁéreactor

out.l et of the reactor. vessel Ssu

g:'tl %e s nt?ng el d rﬁ%ct? ovesse r13V éegg%qtlv ﬁwu% ﬁ-@ﬁe g;% shown in
"F‘ knd forms a tvvo l'i quid phase as long as the fluid

HUEHE reactor vessel is within the region in which a
t wo- I|quid phase is formed. This is because the

| arger nolar ratio of TBA even within the region in
which a two-liquid phase is fornmed can nake the
solubility of isobutyl enEEXAMRIES hi gher and hence

can make reaction rate |larger. Hereinafter, the

pr eselt thenexamples avstrongle aeidid abthedelshangeyresin @ srrongly acidic
1. Figure 1 is an enbodi nent of the present
miagropotdus nionagxdthérpe peses eDEWATNENKDR62] i Mariifictured by Bayer AG,

exchange capacity: 1.5 meq/ml) was used as a catalyst.

For the analysis of hydrocarbons and water, which are raw materials, and TBA
produced, a gas chromatograph equipped with a capillary column was used. The
conversion of isobutylene to TBA (hereinafter expressed as “conversion”) and the
equilibrium constant were calculated by the following equations.

Conversion (%) = {number of moles of isobutylene consumed / number of
moles of isobutylene supplied} x 100

Equilibrium constant (I/mol) = mole concentration of TBA (mol/l) / {mole

concentration of isobutylene (mol/l) x mole concentration of water (mol/l) }

(Equilibrium constant in a homogeneous phase)
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restricted at all by Figure 1. Isobutylene or an

i sobut yl ene-cont ai ni ng hydrocarbon which is a raw

material is supplied fromisobutylene supply port |

and water is supplied fromwater supply port 2,
respectively. A part of the fluid at the outlet of

first reactor vessel 5 is circulated into the first
react or vessel through punp 3. A part of the fluid at

the outlet of the first reactor vessel 5 is separated

i nto i kobutyldneésobiitané) waeh UEBA eing- £ @BfaBisNiwege charged into a 1L
hydrocarbon 12 10 and TBA aqueous sol ution 9 through

ER8s-astoglavSeRppid With 8 8RREAL ISHEHHEURD sfitem WS started at a stirring
I'sobut yl ene or i sobutyl ene-contai ni ng hydrocarbon 10

kate SFBO0 5l ag@ l\f/égfs?lz%hf g{g @%&Lﬁﬁgstgﬁeﬁg{l ?g:eggfppﬁér Slﬁa%'ic heater.

second react IS CIrcC

BIPh BAhl fBRAE lpd s e i

?S{’Y% g%iq%gc&ﬂg ggt%l?f[e;q Pagﬂ @Qelor%@ H%%ﬂ?@tglggg/gs%gg&gg in tﬂg %as was analyzed
I R, e SRR oS St e

18 can be circul ated back to injets of the first L
theatystem reashied| equilibyipn.h thes g¥Rpsnent apofinisbsde| The, equilibrium
respectively, though these are not shown in the I
qongiantevasoalguiitedsfrom_the pempositinsl ia she auteclaverayithe time df equilibrium.
cati on-exchange resin (a strongly acidic mnacroporous
Therexpstithentglecondtions abdAhAEkferi@GR4l resmits hisecthowadn Fgble 2.

Bayer ACS exchange capacity: 1.5 meg/m) was used as

a catalyst. For the analysis of hydrocarbons and

water, which are raw materials, and TBA produced, a

gas chromat ograph equi pped with a capillary col um was
used. The
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conversion of isobutylene to TBA (hereinafter
expressed as "conversion") and the equilibrium
constant were cal cul ated by the foll owi ng equati ons.
Conversion (% = {nunber of noles of isobutylene
consunmed / nunber of noles of isobutylene supplied} x
100 Equilibriumconstant (1/nol) = nole concentration
of TBA (molll) / {nole concentration of isobutylene
( L/l) x nmol e concentration of water (nol/1) }

B45i4 i bri um constant in a honogeneous phase) 13

sobutyl ene, 1sobutane, wafer, TBA an@@ a catalyST Were
char d@éc‘?%’t‘émﬂellat%e(&)ass hut ocedve efui pféd with a 70.2

Stirrer. Stinring of the systemwas started—at—=a
stirring rate dﬁolﬁmﬂemqom and et | ng of WS system 0.58

bator At by t.h

was started by—an—egtippetretectre—heater—AHEr—the
system reached alsobewdat er ni ned gt2nper at ur @,21t he gas .28
phase of t helaut-eetave—was—peri-odi-caly—sanpled

t hehdrgd dteckof | | sobuwatkiene/ | sobutiapze i nj thejgas wap 1.43
anal yzed tojcalculate thel conversion! \Wen the

COoghniositieR Ppconespgigar |y conshapt and hepgg th 2.11
systemreachpd equilibrium the exoerl ment “was :

fini . The % ri cons{ant s cal.cul atled
fromt gcon 035%!Il nktl r%y hie autlt | ave at the ti of 16

equi librium per,i mer condi tlions and tH
experi nent al &ﬂ‘i‘? ?él r%?/m%‘i‘?eef%?b TOCRZOUS, ﬁh"@“%e“eous
Reaction tenperature (C) §5.4 65.6 70.2 |sobutyl ene
0.56 0.45 0.[58 |BR56t ane |0. 2Phaser1 (. 2g phase phase
Isobutylene 0.23 0.14 0.33
Isobutane 0.27 0.21 0.28
Reaction end
Water 1.09 1.12 1.18
point
TBA 2.44 2.29 2.35
composition
(mo) State of liquid | Homogeneous | Homogeneous | Homogeneous
mo
phase phase phase phase
Liquid volume (L) 0.31 0.29 0.33
Time for attaining the equilibrium 5.5 3.5 2
(hrs)
Equilibrium constant (I/mol) 3.05 2.32 1.94

(Equilibrium constant in a heterogeneous phase)
A device in which a 1.8 L glass-autoclave equipped with a stirrer and a
stainless steel fixed-bed reactor (with an inside diameter of 40 mm and a height of 250

mm) were connected in series was used. An isobutylene-containing hydrocarbon,

15



Charge stock Water 1.43 1.43 1.43 conposition TBA

2.11 1.98 2.11 (nol) Catalyst (m) 15 20 16 State of

| i qui d Honbgeneous Honbgeneous Honbgeneous phase

phase phase phase 1sobutylene 0.23 0.14 0.33

| sobutane 0.27 0.21 0.28 Reaction end Water 1.09 1.12

1.18 point TBA 2.44 2.29 2.35 conposition State of

I i qui d Honbgeneous Honobgeneous Honbgeneous (nol)

phase phase phase phase Liquid volunme (L) 0.31 0.29

083 andi FBA fwere athargediin theeautoplavel irid wroatalymt vds ¢harged in the
(hrs) Equilibriumconstant (Umol) 3.05 2.32 1.94

{ikeflibdd dendtomn SMiRSHAOL thersyaeMon L QGERERUSSIRAAS Pate Hf 300 rpm and
device in which a 1.8 L gl ass-autocl ave equi pped with

Beatihi of e sy@mawasitaditdd B an e§@pped di¥QHc REMer WRTL Be liguid in the
(with an inside dianeter of 40 nm and a hei ght of Zéb

autoclave was supplied to the fixed-bed reactor with a pump. The liquid thus supplied
to the fixed-bed reactor was contacted with the catalyst and returned to the autoclave.
After the system reached a predetermined temperature, the gas phase in the autoclave
was periodically sampled and the ratio of isobutylene/isobutane in the gas was analyzed
to calculate the conversion. When the conversion becomes nearly constant and hence
the system reached equilibrium, the experiment was finished. The equilibrium

constant was calculated from the composition in the autoclave at the time of equilibrium.

The experimental conditions and the experimental results are shown in Table 3.
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mm) were connected in series was used. An

i sobut yl ene-cont ai ni ng hydr ocar bon,

15

wat er and

TBA

were charged into the autoclave and a catal yst was

charged in the

fi xed-bed reac

tor.

Stirring of the

systemwas started at a stirring rate of 300 rpm and
heating of the systemwas started by an equi pped
el ectric heater while the liquid in the

THgEs

d thus supplied

aut ocl ave was

ied to the fixed-bed reactor with a punp. The
to the fixed-bed reactor was

¢ontacted wih the catalyst ang Teturneg tothe
aut ocl aRFéC“OmFtY@Pmtmé(@st em rieach@d a preds9.8r ni hed 69.2
enper ature, the gas phase T the—aut-octavre—was
peri odi cal |y sanpl ésbaryteriehe rjat i d.75f 2.51 4.52
sobut yl ene/ i spbut-ane—+n—t+he—gas—was an%.Lyznd to
cal cul ate the gonverksingshe Wen theggonver si ng beconesg o4
nearly constant—and-hence the qut pm L =ache
LOUChdred iR t e expefidrent was f | sheJI. 96 6.43
eqw librium cpnstant was calcul ate romt )
conpagidsitRa | N[ the ayacl ave at t tinme of
equi | I'brium [The experi nent al Qgptl ohs @ t he 0.30
exper paant al riesul | |n Tabl e| 3. 16 Table 3
React{ onyt errperat 61‘"2‘ ?mé 59. 889, 2| | tyI ene88.0
4.75 2.51 4.52 ?Pkﬁ;tane76 7. 20 7. 24 Charge_gtock_ .
Water 6.44 4. 46St6t° Toie-fwiido] Twosicpid §. Beo-liquid
(rmol) Catalyst] (m) 88. O 88.0{88.0 Statje of |iquild
phase Two-!iquid Two-1iquid Tiho- Phapgi d phase phase
Isobutylene 0.52 0.74 1.06
Isobutane 7.59 7.21 7.24
Reaction end Water 2.20 2.49 2.97
point composition TBA 4.53 4.26 3.76
(mol) State of liquid phase | Two-liquid | Two-liquid | Two-liquid
phase phase phase
Liquid volume (L) 1.30 1.28 1.31
Time for attaining the equilibrium (hrs) 107 23.5 20
Equilibrium constant (I/mol) 5.17 2.94 1.57

Example 1

The overall conversion of the multistage reactor shown in Figure 2 is

calculated by using the relation of equilibrium constants and temperatures obtained by

the foregoing experiments. TBA is added in a first stage reactor vessel to carry out a

reaction in a homogeneous liquid phase.

17

‘Water is added in a second stage reactor




phase phase phase |sobutylene 0.52 0.74 1.06

| sobutane 7.59 7.21 7.24 Reaction end Water 2.20 2.49

2.97 point conposition TBA 4.53 4.26 3.76 (nol)

State of liquid phase Two-liquid Two-liquid Two-liquid
phase phase phase Liquid volunme (L) 1.30 1.28 1.31

Time for attaining the equilibrium(hrs) 107 23.5 20

Equi | i brium constant (1/nol) 5.17 2.94 1.57 Exanple 1

The overall conversion of the nultistage reactor shown
wvesséli Grurcarr? st ac adactibratiada biyetersgdigotiQigul @hasn Ofhe reaction
equi | i brium constants and tenperatures obtained by

telifpefa0ire GO pREWANP &S béTBOHGS and B dilRHARH cofdtat il fRthomogeneous
stage reactor vessel to carry out a reaction in a

hQu® GARKOA {He%ﬂedinpllﬂéshl%ter(yﬁh%usi %Lgétij ‘?)ggsei dte %sﬁx%ﬁflgﬁ qg be 4.22

st age reactor 17 vessel to carry reaction

QUERRUG/h 11Uk S ePHRTE - e ' ur e
(BT UEAT D Hetpe PR THRC AR Blhyd B GIR TP poble 4
: L QL .and the one in the

Bt AAEBREE e bt AR AR Bt e od 1o be 4. 22
(1/rmol) and 5.25 (1/nol), respectively. The cal cul ated
results are shown in Table 4. Figure 3 is used to

judge the state of the liquid phase. 18
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Table 4 After the Charge stock After the first Added
Added TBA second stage conposition stage reaction
water reaction (g) I|sobutylene 10 - 2.0 - 1.1

| sobutane 20 - 20.0 - 20.0 Water 5 - 2.4 2 4.1 TBA -
10 20.5 - 21.8 (nol) Isobutylene 0.18 - 0.04 - 0.02

| sobutane 0.34 - 0.34 - 0.34 Water J 0.28 - 0.14 0.11
0.23 TBA - 0.13 0.28 - 0.29 State of Honpbgeneous

Het er ogeneous |iquid phase phase phase Conversion -
Tablg 4705 - 89.3% Equilibrium4.22 - 5.25 constant

After the
Charge stock After the first | Added
- Added TBA second stage
composition stage reaction| water
reaction
(8)

Isobutylene 10 - 2.0 - 1.1
Isobutane 20 - 20.0 - 20.0
Water 5 - 24 2 4.1

TBA - 10 20.5 - 21.8
(mol)
Isobutylene 0.18 - 0.04 - 0.02
Isobutane 0.34 - 0.34 - 0.34
Water 0.28 - 0.14 0.11 0.23
TBA - 0.13 0.28 - 0.29
State of Homogeneous Heterogeneous
liquid phase phase phase
Conversion - - 79.7% - 89.3%
Equilibrium
- - 4.22 - 5.25
constant
Example 2

Calculation is carried out with the same condition as in Example 1 except that a
separating step, assuming a distillation column, is provided after the first stage reactor

vessel as shown in Figure 1. In the separating step, calculation is carried out on the
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Exanple 2 Calculation is carried out with the sane
condition as in Exanple 1 except that a separating

step, assunming a distillation columm, is provided

after the first stage reactor vessel as shown in

Figure 1. In the separating step, calculation is

carried out on the 19 assunption that TBA and water

are distilled out with an azeotropic m xture (TBA: 86

masso/%, ter;: 14 mass% . A flowchart of the process is
atBImRtPH that i and gyeéerane disiHed aptawith aneazedtrepiamixture (TBA:86
shown in Table 5. Table 5 Charge After the Added

Wpeser, water:§4 mass%8hpak flovsharhdfieln: prooeds is showd istFigee 1 and the
TBA stage reaction TBA/ water water conposition

eatadatedresulfspre shoiuinyTabiees. 10 - 2.0 - - 0.8 |sobutane
20 - 20.0 - - 20.0 Wwater 5 - 2.4 2.41.51.1 TBA -
Tabl2H. 5 15.0 - 7.1 L (nmol) Isobutylene 0.18 - 0.04 -
—001—tsobutane 034 034 034
Charge After the
Added | After the first| Separation | Added
stock second stage
TBA |stage reaction| TBA/water | water
composition reaction
(2
Isobutylene 10 - 2.0 - - 0.8
Isobutane 20 - 20.0 - - 20.0
Water 5 - 2.4 2.4 1.5 1.1
TBA - 10 20.5 15.0 - 7.1
(mol)
Isobutylene 0.18 - 0.04 - - 0.01
Isobutane 0.34 - 0.34 - - 0.34
Water 0.28 - 0.14 0.14 0.08 0.06
TBA - 0.13 0.28 0.20 - 0.10
State of Homogeneous Heterogeneous
liquid phase phase phase
Conversion - - 79.7% - - 91.9%
Equilibrium
- - 4.22 - - 5.25
constant

Comparative Example 1
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Water 0.28 - 0.14 0.14 0.08 0.06 TBA - 0.13 L 0.28

0.20 - 0.10 State of Honbgeneous Heterogeneous |iquid
phase phase phase Conversion - - 79.7%- - 91.9%
Equilibrium4.22 - - 5.25 constant Conparative

Exanple 1 20 Calculation is carried out with the sane
condition as in Exanple 2 except that the anmounts of

added water and TBA to be supplied to the second stage
reactor vessel are changed to nmake the inside of the
secondcaleulafion isanatrind awt 3wt tha sereogetitauss In Bxdngple 2 except that
phase. The cal cul ated results are shown in Table 6. 21

the lsinousts Adddded Gater gad FBocto Wlslpglidd toethe tsbeonli stade reactor vessel
Separation water After the second conposition TBA

&¢ alymped arinakd thEBAdMEbLIhe 38cbnalsBEe réRAF WVeBIl a ABNogdkous liquid
| sobutylene 10 - 2.0 - - 1.8

phase. The calculated results are shown in Table 6.
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| sobutane 20 - 20.0 - - 20.0 Water 5 - 2.4 2.4 1 0.9
TBA - 10 20.5 15.0 4 9.8 (nol) Isobutylene 0.18 -

0.04 - - 0.03 Isobutane 0.34 - 0.34 - - 0.34 Water
0.28 - 0.14 0.14 0.06 0.05 TBA - 0.13 0.28 0.20 0.05
0.13 State of Honbgeneous Heterogeneous |iquid phase
phase phase Conversion - - 79.7%- - 81.7%
Equilibrium4.22 - - 4.22 constant | NDUSTRI AL

ﬁﬁ)ﬁ’LkCABI LITY According to the present invention, a
|q?1 conversion can be obtained in the hydration

reacti onjof isobutylenef and water] and TBA can Qe
produced|effectively. 22 CLAIMS [. A net hpiddesy
producing tertiary butyl al cohol fhrough hydratifon
reaction ge; ssepksif gdasheA figrdhenfse| Separation pmetsejA&enthe second
a cationjexchange|resin by using g reactorf haviing at
| east twrompasition| Uds distagpranciicledTBA/&er lesand | stage reaction
conpri sing:
TBA
(®
Isobutylene 10 - 2.0 - - 1.8
Isobutane 20 - 20.0 - - 20.0
Water 5 - 24 24 1 0.9
TBA - 10 20.5 15.0 4 9.8
(mol)
Isobutylene 0.18 - 0.04 - - 0.03
Isobutane 0.34 - 0.34 - - 0.34
Water 0.28 - 0.14 0.14 0.06 0.05
TBA - 0.13 0.28 0.20 0.05 0.13
State of Homogeneous Heterogeneous
liquid phase phase phase
Conversion - - 79.7% - - 81.7%
Equilibrium
- - 4.22 - - 422
constant

INDUSTRIAL APPLICABILITY
According to the present invention, a high conversion can be obtained in the

hydration reaction of isobutylene and water, and TBA can be produced effectively.
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making a fluid in a reactor vessel at the nost
downstream side forma two-liquid phase while keeping
a reaction tenperature of the reactor vessel at 70C or
| ower; and making a fluid in at | east one reactor
vessel other than the reactor vessel at the nost
downstream si de form a honbgeneous phase. 2. The

nmet hod for producing tertiary butyl al cohol of claim
1, wherein fluids in all theapg8ctor vessels ot her
than the reactor vessel at the nost downstream side
are honogeneous phases. 3. The nethod for producing
tertiary butyl alcohol of claiml or 2, wherein a part

f the tertiagry butyl. alcqohol ,is,r v fr . :
cact; i tr pcbing ERRRy Rt SERPE frblg huration geaction of
vessel |ocated upstream by one fromthe reactor vessel
obutilengpad wWalsiis thecprissesice ©f fneationeexchange; Igsin by using a reactor
reaction liquid in which a part of the tertiary butyl
havinghat! edsh $wo estor dessels provddedinseries] comprisiBgy eact or
vessel at the npbst downstreamside. Il 23

making a fluid in a reactor vessel at the most downstream side form a

two-liquid phase while keeping a reaction temperature of the reactor vessel at 70°C or

lower; and

making a fluid in at least one reactor vessel other than the reactor vessel at the

most downstream side form a homogeneous phase.

2. The method for producing tertiary butyl alcohol of claim 1, wherein fluids in

all the reactor vessels other than the reactor vessel at the most downstream side are

homogeneous phases.

3. The method for producing tertiary butyl alcohol of claim 1 or 2, wherein a part
of the tertiary butyl alcohol is removed from a reaction liquid taken out from an outlet
of a reactor vessel located upstream by one from the reactor vessel at the most
downstream side and the resultant reaction liquid in which a part of the tertiary butyl

alcohol has been removed is supplied to the reactor vessel at the most downstream side.
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