DESCRI PTI ON  METHOD FOR PRODUCI NG TERTI ARY BUTYL
ALCOHOL TECHNI CAL FI ELD The present invention rel ates
to a method for producing tertiary butyl alcoho
(2-nmet hyl - 2-propanol, hereinafter properly expressed
as "TBA"). The present application clainms the priority
of Japanese Patent Application No. 2004-365,507 filed
on Decenber 17, 2004, the contents of which are
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BACKGROUND ART

As a conventional method for producing tertiary butyl alcohol, a hydration
reaction of isobutylene (2-methylpropene) 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 buty! 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




Patent 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-Open No. Sho 54-30,105 D 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.



aqueous solution is once separated in the mddle of
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[Means for Solving the Problems]

The present inventors have diligently researched the method for preducing
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:
subjecting a fluid in a reactor vessel at the most downstream side to form a two-liquid

phase while keeping a reaction temperature of the reactor vessel at 70°C or lower; and



conprising: subjecting a fluid in a reactor vessel at
the nost downstreamside to forma two-liquid phase
whi |l e keeping a reaction tenperature of the reactor
vessel at 70C or lower; and 3 subjecting a fluid in at
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phase. In the present invention, it is preferable that
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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 | : 1sobutyl ene supply port

2: Water 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 vesse
14: TBA aqueous sol ution separating colum 15:
3BwaBnser 16: Reboiler 17: Unreacted isobutyl ene or an
upr eact ed i sobuty] ene- containing hydrocarbon 18: TBA
4&%@@8%?' brAY PBEETEY: TBA supply port 20: Water supply

rt
5 Plgirst 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 paraliel may be used as long as the



BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The reactor
vessel to be used in the present invention is not
particularly Iimted and any of a stirred-tank type
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part in the hydration reaction can be introduced into the reactor vessel to maintain the

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 1l-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
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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



particularly limted, however, deionized water,
distilled water and the like are preferable and
dei oni zed water is nore preferable. It is preferable
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49.8 46.5 3.7
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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 downstream 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

mass) 0 0 100 2.2 21.6 76.2 6.7 48.5 44.8 12.5

59.8 27.7 22 62.5 15.5 35 57.5 7.5 49.8 46.5 3.7
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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
(including 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

t he nost downstream side by a TBA separation step.
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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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of a honobgeneous phase fluid. In other words, the
conversion at the tinme of the chem cal equilibrium
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constant in the case of the two-1i phase fluid

t}@nﬂea&ﬁ? w%@s%l P ’96"@3 o o &Eepﬂéﬁgﬂgﬁdhe% tﬂpaéq?:v&lsfblndm the

beconme nearl Yy t he same and € conversions at ‘
o0 QP SATTP EPETll fe co

t se fluid.becones |a
‘?%%‘?’e‘?hée%%%d.hvnéﬁf% Ko éﬁ'&f’HYﬂa*Oﬂamaxg%eaéc%%%@gre improved
thgmg{, FO not clear. However, when the equilibrium
conv § gt (the equilibrium constant) is determ ned

expe nt al | using a bhatch type reactor, the
ol | FHRGPHeSHUBTRHBR Tis TAGhR 1 AR HEa kB erefgorvessel info
borderline at, 70C bel gw_whi ch the equilibrium
%ﬂ?@?%@i@wsmp@wléﬂbm% hopeves o pxpmpleemethod in which
cons i cuously exceeds the one in the state of the
gﬁw«eﬂmd 35 1the eutleriof the paacioo Nessehprea paiof TBA septaeated in the
ot her reactor vessels are not particularly |limted,
Thésepamtion lsepeisacicufatef éntalthy infet bf ithe tmcman@ssed)fcaﬁﬂne listed.
to 100C and nore preferably 45 to 80C. Irrespective
Fupthet, aengthad i whixhd BA addisondllyi pdepatednis gitesduceditite the inlet of the
tenperature is preferable to realize a sufficient

redot@rotessel) 4 AiethddUih whitlowaeacionsbivent (shIEsHes, ladtelied, éthers, organic
preferable to suppress dinerization, trinmerization of

ca{bﬁ?glllﬁ} ﬁigg.? }or e g%(ee); gﬁ{éﬁ%ﬁﬁﬁﬁﬁdﬁ%ﬂ 14t ihirdfifted, and the like
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-methy! sulfolane, 3-propy! 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,

1



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
digvpropicitcidie, di-isoblig] Reteseand eyvishekam cant Beclin®t. hotk the solvents

change a fluid in a reactor vessel into a honbgeneous

of RHIRTE fof eXBhplRAN UidibbtaRe] Wiokhi, t@FkhyHORBYL fand Qétrahydropﬁran can
exanpl e, a net’hod in which a part of the fluid at t

beOtikle! Qs He shRRAEOLS SRR cRfboRyIRATdcidRf fa_lB'%xamPlc including

separated in the TBA separation step Is circula

i e ol AR, s
anhnit%rh&t B&%}JV\% arr]xh(?sotbn icrlmle c fber%{g% < ul endhe ¥<§§§h§lls us%d the

rea tion so VE ones, ones,
et her 0 carbo a
e o serhiiRe ol 08} PUSHATY BRied, HaRmveng i Pﬁ?@mhble th
can be Ilste t he ne hod in mhlch a
thmpw ofl 167 SOHEAIRGEHEY BE ETPHED Apetaie o peaet o aﬁateaof the
part of TBA separated in the TBA separation ste
reactipg fuig: e (Cenerally; Breamgungof thg splyentip bsdised Hweﬁfqb&hmthm the
solvent may be present when the reaction is carried
ranggtof O7lfe 1s®med eithi rgspret togamel ofiiseburyiens i t ed, however,
sul fones, ketones, ethers and organic carboxyllc
aci dén dreeplpseﬁénmﬂtien, Rdis u:mfe@blevtgat 8 roft ofuTBArsgparatedrin the
exanpl e, sulfolane, 2-nethyl sulfolane, 3-nethyl
THBAIkdpatation, step- qropart of thefiblidipethe utiett of] the vdattir amssel be supplied
di met hyl sul fone, diethyl sulfone, methyl ethyl
to gt ihenef thai rpacerytesssl IRDinewhish kHeoflviidl farmsk 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 even 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 5 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
cycl ohexane can be listed. As the solvents of ethers,

for exanple, 1,4-dioxane, trioxane, tetrahydrofuran

1@AAd TBA akydius Bylgion Gathroth TBAt sgeoussalitinssepumting column 6.
organi ¢ carboxylic acids, for exanple, including

TR RBHHAnE @Cisgbﬁﬂﬁﬁgbbxﬂﬁﬁmgaﬁﬁirb@r&m @0 iaeepplied to a part of a
anhydri'de, propionic acid, propionic anhydride,

fi ldtaYEah%uﬁEt' &F Bshd ;%9&5% Vés‘s@i 1AC WhichAR clitulhfed tiadug pll. A

e solvent is used amount of use of the sol vent

p:{rﬁ l’tqt% fﬁlf'cf L dban éot%{)ftt é@e‘c&?c{/ reFOMEV&Ee] 13lis bt?pﬂ%&ft@‘l‘ﬁﬁ Rjueous

e am)un ent to be used

et erm ned acc rd|
sql et emrarn Fare e R A '9‘?1%"?” i o g nreacted
to be used js era thi n the ran
iso et CORtE R BUEATPER e O A Sasary Faion i tﬁﬁﬂhﬂ' the
resent |nvent|on it 1s preferabl f ~TBA
Tgém9%sq Iutionfe? 2t BseaRabe £ ated é’ﬁgb 0 a*'% “?ﬁfﬁ%éea"“’r
fluid at the outlet of the reactor yessel su glleq1
veseeltthand Hiesecond tepetor ¥asseh}3 \FE%HS%‘I‘VCX& tbwgm{iﬁ%%‘?ﬁg t'shown in
fluid forms a two-1liquid phase as long as the fluid
the figutee reactor vessel is within the region in which a
two-1iquid phase is forned. 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 isobutylenEXAMRRESr hi gher and hence
can make reaction rate |larger. Hereinafter, the

o FLLVEGL Al st sl € ngy i
mhEPEROLS Non2Rehdn3e RERS eIUEWNIYB NKRON imfan@ictured by Bayer AG
exchange capacity: 1.5 meg/ml) was used as a catalyst.

For the analysis of hydrocarbons and water, which are raw materials, and TBA
produced, 2 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 isobutylenc consumed / number of
moles of isobutylene supplied} x 100

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

concentration of isobutylene (mol/I) 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 1is supplied fromisobutylene supply port 1
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

R | reactor Ve 5 i ’
nyar ol SPBRIFRey 3elanf vl TRACBIC GRIPHOE dmesdgpo = 1L
TBA | uf | td 6. Jh .

SR cTOPPe LB e cutad Af HE famotal aedg » simine

is supplied to a part, of a fluid at .an outlet af .

rafe o8 R0t hepsas & the svaianR RS Staried Y AL PR lec heater
punp 11. A part of the fluid at the outlet of the

Adter e systeae reachod 8 quedetermiredsigmipriaine. e BRRPHRGR] fhe autoclave
sol ution separating colum 14 and separated into

v iperiedicallyi sapipled arshibe oaticoef igehusdenedigobutane in the gas was analyzed
i sobut yl ene-cont ai ni ng hydrocarbon 17 and TBA aqueous

tes calcilaerthd 8onversioter Wheh ¢he chbRetaipndmoomenheariyorpastgntand hence
18 can be circulated back to inlets of the first

thecagdtem reachad|eqhilidbridn, hihe seqerithene aedsofinished el Th8, equilibrium
respectively, though these are not shown in the

chihstrit Svas BaieMBLEASrorh thel dbenposRivhlie the Arsidvengthe thne of equilibrium.
cation-exchange resin (a strongly acidic mnacroporous

The BxSTRaHA @oh&ifibRs andEWA Lk Perifindital rsaRY haGhewR @n Pable 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 (mol/1) / {nole concentration of isobutylene
(mol /1) x nmole concentration of water (nol/1) }

T@Eq@ I|br|un1constant in a honogeneous phase) 13

ch arl{;ﬁdtmmteﬁaperdnkre (gﬂ:)as S-

stirrer Qflrrlnn ofthe

stirring rate ggblﬁpgngpm and dng@tl ng of hgsystemosg
was startedihy _an _equipped electrijc Heat er Af tler t he

system r eached qs&h%llgterm nedy yenperjat ur@qy t he jgas ;44
phase of th autoclave was perilodicdlly sanpl ed and

tEﬁ § 88k i SO la,}él ene/|sobu1t§§1e |r.the %3’:\ wgs 1.43

ana cal clfat e thé conVersi on the
conver si.on kecone early|cons t and he he

s§ITEN Jl“ghcred eqiplr‘lﬁ brium t xperi nfgﬁlas 2.1
finished. The equiT1brium/ constant was cal cul afe
f r ofPhe coppo&atalysh(mh t he autlécl ave at 2e ti rhe of 16
equi librium sTTCal —conditrons—and—t e

experi ment al| r 8t afdiguide $ koo geneohia iy Hondgedebus g blomageneous
Reaction tenperature (C) 5$5.4 65.6 70.2 1sobutyl ene

0.56 0.45 0/58 |phabait ane}0. 2ph&3e21 (. 28phase 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 2.29 235
composition
State of liquid | Homogeneous | Homogeneous | Homogeneous
(imol)
phase phase phase phase
Liquid volume (L) 0.31 0.29 0.33
Time for attaining the equilibrium 5.5 3.5 ' 2
(brs)
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 iscbutylene-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

S S S0 A 5 s
ﬁ%ﬁﬂ:‘éﬁ LU TSR0 e E?sé@g heisShaeang %uﬁirﬁllé?gag% 5390 gpm and

evice in whic _ ss-autocl ave eq
hefiih of 7 R afes AP B 5 41 B AR P g o e

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 equilibrinm.

The experimental conditions and the experimental results are shown in Table 3.
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m) 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 reactor.

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
supplied to the fixed-bed reactor with a punp. The

Tﬁbiqél d thus supplied

aut ocl ave was

to the fixed-bed reactor was

contacted—wtth—the—catatyst—apd-returreg—to—the
aut ocl|Ruaetion hiperatib€°Gly st em [ eacfiell a ppr edotger nilneds9.2
terperature—ihe—gas—phase—inrthe—-aut-oc-ave—was
periodically ‘>a”'p|1§t£bu@ﬂ@het he fatigp7of 2.51 4.52
i sobutyl ene/i $obutane in the fjas was apalyzed 1.
cal cul ate the convg Eh@ﬂ V\hen t heggonveer si C beq OIE$ 54
nearly constant an ence he system rleaché
eqp. | i br it he expsr,i rrent was f shed. T
eqéb?rg%réogfég fonst ant “Was cal tul aq‘@d rflom t‘l% 6.43
conposi t. onlnthe cl ave pt thetlnE of
ng #Qﬂn The e;wi ment a tigns &rd the 030
expe ntal fesults are shown Tn _Tablq 3. 16 laple 3
React(ﬁnB t enper at Gatalysgmlko. 1] 59. 3§069 4 1888ut yll eneB8.0
4.75 2.51 4. 57— 1sobutane 7.60 7.20 7. 24 CTarge, $LOCK
Water 6.44 4. p&tase aBliquid phassi it T -Ik&ﬁdc Bo-tigeil § Ty@-liquid
(nmol) Catalyst (ml) 88.0 88.0 88.0 Statje of |iquid
phase Two-1liqpid Two-1iquid Two-phagei 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 4.26 376
(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) 107 235 20
Equilibrium constant ({/mol) 517 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
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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 |

The overall conversion of the nultistage reactor shown
vebdel Ftbggé:rﬁr 2outSa ealdon &t ef Helerbihosls! H§uide bﬁis‘eon e reaction

equi I'i bri'um constants and tenperat ures obtalned by
tergPeéatfélPer gsgogf: T8 Ye 'Wﬁt Fnd ‘;E@Aé hﬁibgﬂgfgoéxgﬁngwf flh%%tgmogcneous

vessel to’carry

SRS 1L St il - o

he er og ui d The i on erat ur
vpehresAs st bgesgeﬁve e TORelsasd poRs RPN th Trble 4

t he _honmogeneous phase, and the one in the
Flﬁgt’éﬁbﬁi@%é'éi}‘éiglel ﬁﬁ?é'%‘l‘dep ®inated to be 4.22

(1/rmol) and 5. 25 (1/nDI), 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 TEA 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 0.28 - 0.14 0.11
0.23 TBA - 0.13 0.28 - 0.29 State of Honpbgeneous

Het er ogeneous | i quid phase phase phase Conversion - -
Tde 4% - 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 - 2.4 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 distiliation column, is provided after the first stage reactor

vessel as shown in Figure 1. In the separating step, calculation is carried out on the

19



Exanple 2 Calculation is carried out with the sane
condition as in Exanple | 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 mxture (TBA: 86

mass% water: 14 mass% . A flowchart of the process is .
assi@ption fhat (TBIA @nd vailét drbQistiliel Gut aiichr 2&utrbpicahikture (TBA:86
shown in Table 5. Table 5 Charge After the Added

m%mrwa@ﬁi inexiosPe PRI Pt AHARE pPdR6KisSERARIInSERER 1 and the
A’stage reaction TBA/ water water composition

c%ﬁ%%&?ﬁ“g% 5‘%‘9’8% %t & éo- _ 22402_ 4 10581 aso'?létAa?e

T%:q% 0.5 15.0 - 7.1 (rol) Isobutylene 0.18 - 0.04 - -

| sobutane 0.34 - 0.34 - - 0.34
Charge After the
Added | After the first| Separation | Added
stock second stage
TBA |stage reaction| TBA/water | water
composition reaction
()

Isobutylene 10 - 2.0 - - 0.8
Isobutane 20 - 20.0 - - 20.0
Water 5 - 24 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

20



Water 0.28 - 0.14 0.14 0.08 0.06 TBA - 0.13 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 nake the inside of the

Seco'@l&t}ﬂ% 1 R2F1QA ot SFfEIhe 3ame FBAERER HS irl Eﬂ#hﬂe 2 except that
phase e calculated results are shown in Table 6. 21

%%loﬁn? d?‘qg%c% wévrqéifaﬂ& ﬁ@?gﬁ%@%ﬁeé\ﬁé file steaﬁuf th Bxxactor vessel

eparati on ter t conposi tion

arg g@agxéfé AR ggmeﬁgéld%%“ ﬁ{e s%&gldssttfggercgc?&c‘}eg&ﬁ' a h-g%g(‘:xggous liquid

phase. The calculated results are shown in Table 6.
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| sobutane 20 - 20.0 - - 20.0 Water 5 -

TBA - 10 20.5 15.0 4 9.8 (nol)
0.04 - - 0.03 |Isobutane 0.34 - 0.34 -
0.28 - 0.14 0.14 0.06 0.05 TBA -

2.4 2.410.9
| sobutyl ene 0.18 -
0.34 \Water
0.13 0.28 0.20 0.05

0.13 State of Honpbgeneous Heterogeneous |iquid phase

phase phase Conversion - - 79.7%- - 81.7%
Equilibrium4.22 - - 4.22 constant | NDUSTRI AL
APPLI CABI LI TY According to the present invention, a
Thirlg® conversion can be obtained in the hydration
reactTonof Tsobgtytemg—and-water, —and—TBA can—tye
produced effectively. 22 CLAIMS -|1. A net Hokldedr
producing tertiarly butyl al cohol {through Rydration
react i or|Chirge stook W dded NA fieNtheiatter Sdpardtiog |PweRe ARerche second
a catior exchangg resin by usingija reactor| having at
| east tWBompP@SHaH| YBAS Phidpd e B AR |Snd | stage reaction
conpri sijng:
TBA
(e)
Isobutylene 10 - 2.0 - - 1.8
Isobutane 20 - 20.0 - - 20.0
Water 5 - 2.4 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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subjecting a fluid in a reactor vessel at the nost
downstream side to forma two-liquid phase while
keeping a reaction tenperature of the reactor vesse
at 70C or lower; and subjecting a fluid in at | east
one reactor vessel other than the reactor vessel at

t he nost downstream side to form a honogeneous phase.
2. The nmethod for producing tertiary butyl al cohol of
claim1, wherein fluids in all the reactor vessels
ot her than the reactor ve I t he nost downstream
side are honpgeneous phases.” 3. The nethod for
producing tertiary butyl alcohol of claiml or 2,
wherein a part of the tertiary butyl al cohol is

rermvdfo a reaction l.i t from,an. .
Lout| o Fot gy 'xB‘im%%‘E%’S’U*P ! e ftiopeh FVifpgn geaction of
fror{]the eact qr essel é nost .downstream side
is Mo a0 83T T1F QESERGEON £ Galien FHCHARER FEsip Bying; 2 reactor
the tertiary butyl alcohol has pbeen renpved is

hayingAtileagt e repdor weasslpproyised & seales1PEMAMSIIR: downst r eam

side. 23
subjecting a fluid in a reactor vessel at the most downstream side to form a

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

lower; and

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

the most downstream side to 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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