DESCRI PTI ON
TI TLE OF THE | NVENTI ON
METHOD FOR PRODUCI NG TERTI ARY BUTYL ALCOHOL

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a nethod for producing
tert-butyl alcohol (hereinafter, also referred to as “TBA".).
BACKGROUND ART
[ 0002]

Tert-butyl alcohol is used for raw materials of nethyl
met hacryl ate production according to gas-phase catalytic
oxi dati on net hods.

As nmethods for producing tert-butyl alcohol, nethods
i ncl udi ng hydration reaction of isobutyl ene (2-nethyl propene)
and water by use of catalysts are known. Such reaction
generally corresponds to reaction in heterogeneous |iquid
phases of isobutylene and water phase-separated, because
i sobutyl ene and water as raw materials are |less soluble in
each ot her.

As net hods  for producing tert-butyl al cohol in
het erogeneous |iquid phases, for exanple, Patent Docunent 1
and Patent Docunment 2 each describe a nethod including
contacting isobutylene and water on a strongly acidic cation
exchange resin catalyst particle surface by a predeterm ned
nmet hod.

[ 0003]

However, the nethod in a heterogeneous liquid phase, as
described in each of Patent Docunent 1 and Patent Docunent 2,
causes a low reaction rate, a need for a large reactor for
securenment of the amount of production, and an increase in
facility cost. Therefore, there is a demand for a procedure

capabl e of realizing a higher reaction rate froman industria



Vi ewpoi nt .
[ 0004]

On the other hand, Patent Document 3 describes a nethod
i ncluding reaction in a honogeneous |iquid phase by use of an
aqueous solution of an aliphatic carboxylic acid having 1 to
6 carbon atons. However, this nethod requires a step of
separating carboxylic acid ester of tert-butyl alcohol froma
reaction liquid in order to obtain tert-butyl alcohol, and
causes an increase in facility cost.

[ 0005]

Pat ent Docunent 4 describes a nethod in which reaction is
performed in a honogeneous liquid phase and a step of
separating tert-butyl alcohol is included in mdstream
However, this method includes adding an aqueous tert-buty
al cohol solution to a reactor to provide a honbgeneous |iquid
phase, and thus the conversion rate is restricted due to
equi | i brium
RELATED ART DOCUMENT
PATENT DOCUMENT
[ 0006]

Pat ent Docunent JP-A S54-030104
JP- A S54-30105
JP-B S60- 051451
Pat ent Docunent JP- A S60-233024
SUVMARY OF THE | NVENTI ON
PROBLEMS TO BE SOLVED BY THE | NVENTI ON
[ 0007]
The present invention has been nmade in order to solve the

Pat ent Docunent
Pat ent Docunent

R

above problens, and an object thereof is to provide a nethod
for producing tert-butyl al cohol at a high conversion rate of
i sobutyl ene with suppressed facility cost and producti on cost.
MEANS FOR SOLVI NG THE PROBLEMS

[ 0008]



The present inventors have nade intensive studies in order
to achi eve the above object. As a result, the inventors have
surprisingly found that a sufficient reaction rate i s obtained
by setting the linear velocity of a raw material liquid and
t he vol unme of an aqueous phase in a fluid in hydration reaction
within specified ranges also in reaction in a heterogeneous
liquid phase in which an isobutylene phase and an aqueous
phase are separated, and thus have conpleted the present
i nvention.

Speci fically, t he pr esent i nventi on i ncl udes t he
fol | ow ngs.

[1]: A nethod for producing tert-butyl alcohol, including

(1) a step of feeding a raw material liquid including
i sobutyl ene and water, to a reactor having a cation exchange
resin, and

(11) a step of producing a reaction product including tert-
butyl alcohol, by hydration reaction of isobutylene in the
reactor, wherein, in step (ii),

t he average superficial linear velocity of the raw materi al
liquid, as calculated in the followi ng expression (1), is 5
m hour or nore,

Average linear velocity of raw material liquid (m hour)
= Volune flow rate of raw material |iquid (n®/ hour)/Cross-
sectional area of reactor (n?) (1), and

the volune of an aqueous phase (W) in a fluid (fluid A
to the total volume of the fluid Ain the reactor is 4 to 12%
by vol une.

[2]: The nmethod for producing tert-butyl al cohol according
to [1], wherein the average superficial linear velocity of the
raw material liquidis 5 to 29 nmfhour in step (ii).

[3]: The nmethod for producing tert-butyl al cohol according
to[1] or [2], wherein the average superficial linear velocity

of the raw material liquidis 7 to 13 nfhour in step (ii).



[4]: The nmethod for producing tert-butyl al cohol according
to any of [1] to [3], wherein the Vwis 5 to 10% by volune in
step (ii).

[5]: The nmethod for producing tert-butyl al cohol according
to any of [1] to [4], wherein the outlet tenperature of the
reactor is 75°C or less in step (il).

[6]: The nmethod for producing tert-butyl al cohol according
to any of [1] to [5], further including (iii) a step of
separating unreacted isobutylene from the reaction product
including tert-butyl alcohol, produced in step (ii), to
produce tert-butyl al cohol.

[ 7]: The nmethod for producing tert-butyl al cohol according
to [6], wherein, when the anount of tert-butyl alcohol fed per
unit time to the reactor in step (i) is defined as M
(rmol / hour) and the amount of tert-butyl alcohol produced per
unit time in step (iii) is defined as Mii (nol/hour), M/Mii
islto7.

[8]: The nmethod for producing tert-butyl al cohol according
to [7], wherein the M/Mii is 1 to 5.

EFFECTS OF THE | NVENTI ON
[ 0009]

According to the present invention, there can be provided
a met hod for producing tert-butyl alcohol at a high conversion
rate of isobutylene wth suppressed facility cost and
production cost.

BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0010]

FIG 1 illustrates one exanple of a reaction apparatus for
carrying out the present invention.

FIG 2 is athree-phase diagramrepresenting the proportion
of each conponent in a case where the total of hydrocarbon
water and TBA in a fluid A is 100% by nol. A shaded part

represents a region in which the volunme of an agueous phase



(MW in the fluid A based on the total volunme of the fluid A
inthe fluid Ais 4 to 12% by vol une.

FIG 3 is athree-phase diagramrepresenting the proportion
of each conponent in a case where the total of hydrocarbon,
water and TBA in a fluid A is 100% by nol. A shaded part
represents a region in which the volune of an agueous phase
(MW in the fluid A based on the total volunme of the fluid A
inthe fluid Ais 5 to 10% by vol une.

MODE FOR CARRYI NG OUT THE | NVENTI ON
[ 0011]

Herei nafter, enbodi nents according to the present
invention are described, but the present invention is not
limted to the follow ng. Herein, a nunerical value range
expressed with “to” neans a range including nunerical val ues
described before and after “to” respectively as the |ower
[imt value and the upper limt value, and “Ato B” neans A
or nore and B or |ess.

[ 0012]

A met hod for producing tert-butyl al cohol according to the
present enbodi ment includes the following steps (i) and (ii).

(1) A step of feeding a raw material liquid including
i sobutyl ene and water, to a reactor having a cation exchange
resin.

(1i) Astep of producing a reaction product including tert-
butyl alcohol, by hydration reaction of isobutylene in the
reactor.

In the nethod for producing tert-butyl alcohol according
to the present enbodinent, in step (ii), the average
superficial linear velocity of the raw material liquid, as
calculated in the follow ng expression (l), is 5 mhour or
nor e.

Average linear velocity of rawmaterial |iquid (nfhour)

= Volune flow rate of raw material liquid (n® hour)/Cross-



sectional area of reactor (n®) (1)

The vol une of an aqueous phase (W) in a fluid (fluid A
to the total volume of the fluid Ain the reactor is 4 to 12%
by vol une.

Such a nmethod can be used to produce tert-butyl al cohol at
a high conversion rate of isobutylene with suppressed facility
cost and production cost.

The nethod for producing tert-butyl alcohol according to
the present enbodinent preferably further includes the
followng step (iii).

(1i1) A step of separating unreacted isobutylene fromthe
reaction product including tert-butyl alcohol, produced in
step (ii), to produce tert-butyl alcohol.

Herei nafter, each step is described in detail.

[ 0013]
[Step (i)]
In step (i), a raw material liquid including isobutylene

and water is fed to a reactor having a cation exchange resin.
[ 0014]

<React or >

The reactor used in the present enbodi ment can be any of
a stirring vessel -type reactor, a fixed bed-type reactor, a
tower-type reactor, and the |like. The reaction system may be
any of a batch system a sem -batch system and a continuous
fl ow system The reactor may be provided in series or in
parallel, and as illustrated in FIG 1, a plurality of such
reactors is preferably provided in series and 2 to 5 such
reactors are nore preferably provided in series.

In a case where a plurality of such reactors is present,
the effects of the present invention can be obtained as |ong
as the average |inear velocity of the rawmaterial |iquid, and
the Vw satisfy defined conditions in at |east one of such

reactors. Such a reactor, to which the raw material liquid



is to be first fed, nanely, a first reactor 5 illustrated in
FIG 1, preferably satisfies the above conditions from the
vi ewpoi nt of the conversion rate of isobutylene. Hereinafter,
in a case where a plurality of such reactors is present, the
“reactor” herein nmeans such a reactor, to which the raw
material liquidis to be fed first, unless particularly noted.

The cation exchange resin is preferably a strongly acidic
cation exchange resin. Exanples include Lewatit (trade name)
manufactured by Bayer AG and Anberlyst (trade nane)
manuf act ured by Du Pont.

The location of the cation exchange resin in the reactor,
the proportion of the cation exchange resin in the reactor
and the like are not particularly limted, and any form
commonly used can be appli ed.

[ 0015]

In a reaction apparatus of FIG 1, isobutylene and water
as raw materials are fed respectively through an isobutyl ene
feed port 1 and a water feed port 2, and the raw nmaterials are
transferred to a first reactor 5 by a transfer punp 3. The
raw materials, when transferred to the first reactor 5, are
cooled to a predeterm ned tenperature by a raw naterial cool er
4.

A reaction product of the first reactor 5 not only is
transferred to a second reactor 7, but also is partially fed
again as a raw material. The reaction product of the first
reactor 5, when transferred to the second reactor 7, is cooled
to a predeterm ned tenperature by a raw material cool er 6.

A reaction product of the second reactor 7 is cooled by a
raw material cooler 8, and transferred to a third reactor 9.

A reaction product of the third reactor 9 is transferred
to a TBA separation tower 10. In the TBA separation tower 10,
unreacted isobutylene in the reaction product of the third

reactor 9 is cooled by a condenser 11, and di scharged through



an unreacted isobutyl ene discharge port 13. |In addition, TBA
in the reaction product of the third reactor 9 not only is
heated by a reboiler 12 and di scharged t hrough a TBA di schar ge
port 14, but also is partially fed again as a raw materi al
through a TBA circulation line 15 to the first reactor 5.

[ 0016]

<Raw material |iquid>

In the present enbodi nent, the raw material |iquid includes
i sobutyl ene and water. The concentration of isobutylene in
the raw material liquid is preferably 4 to 35% by nol. Wen

the concentration of isobutylene is 4% by nol or nore, the
reaction rate of hydration reaction is enhanced in step (ii)

descri bed bel ow. Wen the concentration of isobutylene is 35%
by nol or less, isobutylene is inexpensively obtained, and
thus the production cost is suppressed. The lower limt of

the concentration of isobutylene is nore preferably 8% by nol

or nore and the upper Iimt thereof is nore preferably 18% by
nmol or |ess.

[ 0017]

The water is not particularly limted, and is preferably
dei oni zed water, distilled water, or the |ike, nore preferably
dei oni zed water. Impurities in the water can cause
deactivation of a catalyst and have an adverse effect on the
product quality, and are preferably renoved as nuch as

possi bl e.
[ 0018]
The raw material liquid may include tert-butyl alcohol.

Here, when the anount of tert-butyl alcohol fed per unit tine
to the reactor in step (i) is defined as M (nol/hour) and the
anmount of tert-butyl alcohol produced per unit tinme in step
(ti1) described below is defined as Mii (nol/hour), the
M/Mii is preferably 1 to 7. Thus, the conversion rate of

i sobutylene is enhanced in step (ii) described below and



therefore the production cost can be suppressed in step (iii)
descri bed bel ow. The upper limt of the M/Mii is nore
preferably 5 or less, further preferably 4.5 or |ess,
particularly preferably 4 or less. Here, tert-butyl alcohol
included in the raw material liquid may include recycled TBA
with tert-butyl al cohol produced in step (iii) described bel ow.

The M/Mii can be adjusted by, for exanple, nodifying the

feeding rate of the raw nmaterial liquid fed to the reactor,
and the concentration of tert-butyl alcohol in the raw
mat erial |1iquid.
[ 0019]

The raw material liquid may also include hydrocarbon or
the like, in addition to the above. The hydrocarbon is

preferably one or nore selected from hydrocarbons each havi ng
4 carbon atons, other than isobutylene, such as butenes (1-
butene and/or 2-butene) and butanes (n-butane, i sobutane,
and/or the like). Such isobutyl ene-contai ni ng hydrocarbon can
be obtained as a by-product in formation of ethylene by
pyrolysis of naphtha in the presence of water vapor, a by-
product in catalytic contact cracking of heavy oil, or such a
by- product from which butadi ene is renoved.

[ 0020]
The raw material liquid is fed so that the average
superficial linear velocity calculated by the expression (1)

is 5 mhour or nore in step (ii) described below. Thus, in a
case where the Vw is within a prescribed range in step (ii),
the reaction rate of hydration reaction is enhanced. The
reason for this is considered as foll ows.

In a case where the Vwis within a prescribed range in step
(i1) described bel ow, an aqueous phase is partially dispersed
in an isobutyl ene phase and then fornmed into water droplets.
When the raw material liquid is here fed at a defined rate

the water droplet dianeter is decreased and the nunber of



water droplets is increased. Thus, the area of a contact
interface between an isobutyl ene phase and an aqueous phase
in the fluid Ais increased, and interphase nmass transfer is
pronoted. The lower Iimt of the average |inear velocity of
the raw material liquid is preferably 7 m hour or nore, nore
preferably 8 nlhour or nore. The upper limt thereof is
preferably 29 mhour, nore preferably 15 mhour, further
preferably 14 nif hour, particularly preferably 13 m hour, nost
preferably 12 m hour.

[ 0021]

[Step (ii)]

In step (ii), a reaction product including tert-butyl
al cohol is produced by hydration reaction of isobutylene in
t he reactor.

[ 0022]

<Fluid in reactor in hydration reaction>

The average superficial linear velocity of the raw nmateri al
liquid, as calculated in the follow ng expression (l), is 5
nm hour or nore in step (ii).

Average linear velocity of raw material liquid (mhour) =
Volune flow rate of raw material 1liquid (n® hour)/Cross-
sectional area of reactor (n?¥) (1)

The volune flowrate of the rawnmaterial |iquid, here used,
is the volune flowrate of the raw material liquid fed to the
reactor in step (i). The cross-sectional area of the reactor
is the cross-sectional area using an inserted object part in
the reactor. The cross-sectional area of the reactor, if not
honmogeneous, is the cross-sectional area of a site having the
| argest cross-sectional area in the reactor.

The average superficial linear velocity of the raw nmateri al
liquid can be adjusted by, for exanple, nodifying the vol une

flow rate of the raw material liquid fed to the reactor in

step (i).
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[ 0023]

The vol une of the aqueous phase (W) in the fluid (fluid
A) to the total volune of the fluid Ain the reactor is 4 to
12% by volunme in step (ii). The aqueous phase neans a phase
i ncludi ng 90% by nol or nore of water. The fluid A which has
t he aqueous phase neans that the reaction in the reactor is
reaction in a heterogeneous |iquid phase in which the aqueous
phase and the isobutyl ene phase are separat ed.

Wien the Vwis within a prescribed range, the reaction rate
of isobutyl ene hydration reaction is enhanced. The reason for
this is considered because the aqueous phase is partially
di spersed in the isobutyl ene phase and present in the form of
water droplets and thus interphase mass transfer with the
i sobutyl ene phase is pronoted. The lower |imt of the Wis
preferably 4% by volune or nore, nore preferably 5% by vol une
or nore. The upper limt thereof is preferably 10% by vol une
or less, nore preferably 9% by volume or |less. The Vw can be
adjusted by, for exanple, the concentration of tert-butyl
al cohol included in the raw material liquid. The Vw can be 4
to 12% by volunme by feeding the raw material |iquid including
tert-butyl alcohol so that the conposition of the fluid Ais
wi thin the range represented by the shaded section in FIG 2.
Simlarly, the Vwcan be 5 to 10%by vol une by feeding the raw
material liquid including tert-butyl alcohol so that the
conposition of the fluid Ais within the range represented by
t he shaded section in FIG 3.

[ 0024]

It can be confirmed with FIG 2 that the Vwis 4 to 12% by
volume. The VWw can be determned to be 4 to 12% by vol une
fromthe conposition of hydrocarbon, water and TBA of the raw
mat eri al liquid including tert-butyl al cohol , if the
conposition of the fluid Ais within the range represented by
the shaded section in FIG 2. Simlarly, the Vw can be

11



determned to be 5 to 10% by volune if the conposition of the
fluid Ais within the range represented by the shaded section
in FIG 3.

The Vw can al so be determ ned by the foll owm ng nethod.

The density D of the fluid A (nol/n?), the density Dw of
t he aqueous phase (nol/n®) in the fluid A and the density Do
of the isobutyl ene phase (nol/n®) inthe fluid A are cal cul ated
fromthe conposition, the tenperature and the pressure of the
fluid A, with a process sinmulator. The process sinmulator here
used can be, for exanple, Aspen Plus manufactured by Aspen
Technology Inc. Next, the resulting values of D, Dw and Do
can be used to solve the systemof equations of the foll ow ng
expressions (Il1) and (111), thereby cal culating the volune Vw
of the aqueous phase (% by volune) in the fluid A based on the
total volume of the fluid A and the volune Vi of the
i sobutyl ene phase (% by volune) in the fluid A based on the
total volune of the fluid A

D =Dwx W/ 100 + Do x Vo/ 100 (I1)

VW + Vi = 100 (I11)
[ 0025]

<Ot her hydration reaction conditions>

The outl et tenperature of the reactor in hydration reaction
is preferably 75°C or less. Thus, the anmobunt of a by-product
generated in hydration reaction can be suppressed. The reason
for this is considered because a reaction tenperature of 75°C
or less can allow a relative reaction rate of side reaction
such as dinerization reaction of isobutylene to the reaction
rate of hydration of isobutylene to be kept low The | ower
l[imt of the outlet tenperature of the reactor is nore
preferably 40°C or nore and the upper limt thereof is nore
preferably 65°C or |ess.

The pressure in the reactor in hydration reaction is
preferably 0.2 to 2.0 MPa (GQ. Herein, (G represents the

12



gauge pressure. Thus, isobutylene as a raw nmaterial 1is
sufficiently liquefied. The lower limt of the pressure in
the reactor is nore preferably 0.4 MPa (G and the upper limt
thereof is nore preferably 1.6 MPa (G . 1In order to keep the
pressure in the reactor in hydration reaction, an inert gas
not involving in hydration reaction may be introduced into the
reactor. Exanples of the inert gas include nitrogen and argon.
[ 0026]

[Step (iii)]

In step (iii), unreacted isobutylene is separated fromthe
reaction product including tert-butyl alcohol, produced in
step (ii), to produce tert-butyl alcohol. |If the conversion
rate of isobutylene is high in step (ii), the production cost
in step (iii) is suppressed.

A separation apparatus such as a distillation apparatus,
an extraction apparatus, or a nenbrane separation apparatus
can be used for separation of unreacted isobutylene, and a
distillation apparatus is preferably used. The distillation
apparatus here used is preferably a distillation tower or a
flash drum The distillation tower here used is a plate tower
or a packed tower, preferably the plate tower.

In a case where the distillation tower is used as the
separation apparatus, the tenperature and the pressure are
usual | y adopted at which unreacted i sobutyl ene is gasified and
tert-butyl alcohol is liquefied. The overhead tenperature is
preferably 20 to 70°C, and the bottom tenperature is
preferably 100 to 160°C. The overhead pressure is preferably
0.25 to 0.9 MPa (Q.

As described above, tert-butyl alcohol can be produced at
a high conversion rate of isobutylene with suppressed facility
cost and production cost.

EXAMPLES
[ 0027]

13



Hereinafter, the present invention is described in detai
with reference to Exanpl es and Conparative Exanples, but the
present invention is not limted to these Exanples. Herein,
“part(s)” in Exanples and Conparative Exanples neans part(s)
by mass. A reaction apparatus illustrated in FIG 1 was used.
Each reactor was an insulation-type fixed bed-type reactor.

[ 0028]
(Average linear velocity of raw material |iquid)
The average superficial linear velocity of the raw materi al

l[iquid was determned from the volune flow rate of the raw
material Iliquid fed to the reactor, by the follow ng
expression (I).

Average linear velocity of raw material liquid (mhour) =
Volune flow rate of raw material liquid (n® hour)/Cross-
sectional area of reactor (n?) (1)

The cross-sectional area of the reactor was here the cross-
sectional area of the reactor from which an inserted object
was renoved.

[ 0029]

(VW)

The Vw was determ ned by the follow ng procedure.

The density D of the fluid A (nol/n?), the density Dw of
t he aqueous phase (nol/n®) in the fluid A, and the density Do
of the isobutylene phase (mol/n®) in the fluid A were
calculated from the conposition, the tenperature and the
pressure of the fluid A, with Aspen Pl us manufactured by Aspen
Technology Inc. The outlet tenperature and pressure of the
first reactor 5 were used as the tenperature and pressure of
the fluid A Next, the resulting values of D, Dw and Do were
used to solve the system of equations of the follow ng
expressions (Il1) and (111), thereby cal culating the vol une Vw
of the aqueous phase (% by volune) in the fluid A based on the

total volume of the fluid A and the volume Vi of the
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i sobutyl ene phase (% by volune) in the fluid A based on the
total volune of the fluid A

D=Dwx W 100 + Do x Vo/100 (I1)

VW + Vi = 100 (I11)
[ 0030]

(Amount of reboil er heating steam

The anount of reboiler heating steam was determ ned by
measuring the amount of steam fed to the reboiler 12 with a
flow neter.

[ 0031]

(Cal cul ati on of conversion rate of isobutyl ene)

Each product in Exanples and Conparative Exanples was
anal yzed with gas chromatography (GC-2014 nanufactured by
Shi madzu Corporation, colum: ULBON HR-20M 50 m dianeter
0.32 mm, film thickness: 0.25 um). The conversion rate of
i sobutylene was determned from the results of gas
chromat ography, by the foll ow ng expression.

Conversion rate of isobutylene (% = M2/ML x 100

In the expression, ML represents the nunber of noles of
i sobutylene fed per unit tinme, and M2 represents the nunber

of noles of isobutylene reacted per unit tine.

[ 0032]
<Exanple 1>
The reaction apparatus illustrated in FIG 1 was used, and

was filled with Anmberlyst 15 manufactured by Du Pont, as a
cation exchange resin. Here, the first reactor 5, the second
reactor 7 and the third reactor 9 here used were each a fixed
bed-type reactor, and the anount of the cation exchange resin
for filling was 100 parts for the first reactor 5, and was 50
parts for each of the second reactor 7 and the third reactor
9.

Arawmaterial |iquid having a concentration of isobutyl ene

of 12.0%by nol, a concentration of water of 33.6% by nol, and

15



a concentration of TBA of 29.8% by nol was fed so that the
average linear velocity in the first reactor 5 was a val ue
shown in Table 1. The raw material |iquid included recycled
TBA, and the M/Mii was 4.15.

The reactor inlet tenperature of the first reactor 5 was
adjusted to 52.2°C, and hydration reaction of isobutylene was
performed in conditions of a reactor outlet tenperature of
65.0°C, a pressure of 0.876 MPa (G, and an average residence
time of 0.634 hours. Next, 30.3% by mass of the reaction
product obtained in the first reactor 5 was fed to the second
reactor 7. The reactor inlet tenperature of the second
reactor 7 was adjusted to 50.0°C, and hydration reaction of
i sobutyl ene was perforned in conditions of a reactor outlet
tenperature of 53.8°C, a pressure of 0.804 MPa (G, and an
average residence time of 1.05 hours. Next, the total anount
of the reaction product obtained in the second reactor 7 was
fed to the third reactor 9. The reactor inlet tenperature of
the third reactor 9 was adjusted to 53.1°C, and hydration
reaction of isobutylene was perforned in conditions of a
reactor outlet tenperature of 56.3°C, a pressure of 0.800 MPa
(G, and an average residence tine of 1.04 hours. The Vw in
the first reactor 5, and the total conversion rate of
i sobutylene in all the reactors are shown in Table 1

The reaction product including TBA, obtained in the third
reactor 9, was fed to the TBA separation tower 10, unreacted
i sobutyl ene was separated by distillation, and t hus an aqueous
TBA sol ution having a concentration of TBA of 61.1% by nol was
obtai ned. The amount of reboiler heating steam required for
production of 1000 parts of the aqueous TBA solution is shown
in Table 1.

[ 0033]
<Exanpl e 2>

The reaction apparatus, the cation exchange resin and the

16



anount thereof for filling were those as in Exanple 1.

Arawmaterial |iquid having a concentration of isobutyl ene
of 11.7%by nol, a concentration of water of 31.4%by nol, and
a concentration of TBA of 30.0% by nol was fed so that the
average linear velocity in the first reactor 5 was a val ue
shown in Table 1. The raw material liquid included recycled
TBA, and the M/Mii was 4. 34.

The reactor inlet tenperature of the first reactor 5 was
adjusted to 52.7°C, and hydration reaction of isobutyl ene was
performed in conditions of a reactor outlet tenperature of
64.9°C, a pressure of 0.875 MPa (G, and an average residence
tinme of 0.618 hours. Next, 30.0% by mass of the reaction
product obtained in the first reactor 5 was fed to the second
reactor 7. The reactor inlet tenperature of the second
reactor 7 was adjusted to 50.0°C, and hydration reaction of
i sobutyl ene was perfornmed in conditions of a reactor outl et
tenperature of 53.3°C, a pressure of 0.805 MPa (G, and an
average residence tine of 1.04 hours. Next, the total anount
of the reaction product obtained in the second reactor 7 was
fed to the third reactor 9. The reactor inlet tenperature of
the third reactor 9 was adjusted to 52.9°C, and hydration
reaction of isobutylene was perforned in conditions of a
reactor outlet tenperature of 55.5°C, a pressure of 0.800 MPa
(G, and an average residence tine of 1.03 hours. The W in
the first reactor 5, and the total conversion rate of
i sobutylene in all the reactors are shown in Table 1

The reaction product including TBA, obtained in the third
reactor 9, was fed to the TBA separation tower 10, unreacted
i sobutyl ene was separated by distillation, and thus an aqueous
TBA sol ution having a concentration of TBA of 63.9% by nol was
obtai ned. The amount of reboiler heating steam required for
production of 1000 parts of the aqueous TBA solution is shown
in Table 1.
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[ 0034]

<Exanpl e 3>

The reaction apparatus, the cation exchange resin and the
anount thereof for filling were those as in Exanple 1.

Arawmaterial |iquid having a concentration of isobutyl ene
of 16.8%by nol, a concentration of water of 31.2%by nol, and
a concentration of TBA of 18.8% by nol was fed so that the
average linear velocity in the first reactor 5 was a val ue
shown in Table 1. The rawmaterial |iquidincluded no recycled
TBA, and the M/Mii was 2.22.

The reactor inlet tenperature of the first reactor 5 was
adjusted to 49.2°C, and hydration reaction of isobutylene was
performed in conditions of a reactor outlet tenperature of
65.0°C, a pressure of 0.860 MPa (G, and an average residence
time of 0.642 hours. Next, 27.1% by mass of the reaction
product obtained in the first reactor 5 was fed to the second
reactor 7. The reactor inlet tenperature of the second
reactor 7 was adjusted to 50.0°C, and hydration reaction of
i sobutyl ene was perforned in conditions of a reactor outlet
tenperature of 58.8°C, a pressure of 0.797 MPa (G, and an
average residence time of 1.18 hours. Next, the total anount
of the reaction product obtained in the second reactor 7 was
fed to the third reactor 9. The reactor inlet tenperature of
the third reactor 9 was adjusted to 50.0°C, and hydration
reaction of isobutylene was perforned in conditions of a
reactor outlet tenperature of 54.0°C, a pressure of 0.800 MPa
(G, and an average residence tine of 1.18 hours. The Vw in
the first reactor 5, and the total conversion rate of
i sobutylene in all the reactors are shown in Table 1

The reaction product including TBA, obtained in the third
reactor 9, was fed to the TBA separation tower 10, unreacted
i sobutyl ene was separated by distillation, and t hus an aqueous

TBA sol ution having a concentration of TBA of 64.6% by nol was
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obtai ned. The amount of reboiler heating steam required for
production of 1000 parts of the aqueous TBA solution is shown
in Table 1.

[ 0035]

<Exanpl e 4>

The reaction apparatus, the cation exchange resin and the
anount thereof for filling were those as in Exanple 1.

Arawmaterial |iquid having a concentration of isobutyl ene
of 16.0%by nol, a concentration of water of 32.4%by nol, and
a concentration of TBA of 22.7% by nol was fed so that the
average linear velocity in the first reactor 5 was a val ue
shown in Table 1. The raw material liquid included recycled
TBA, and the M/Mii was 3.50.

The reactor inlet tenperature of the first reactor 5 was
adjusted to 54.6°C, and hydration reaction of isobutyl ene was
performed in conditions of a reactor outlet tenperature of
64.9°C, a pressure of 0.903 MPa (G, and an average residence
time of 0.482 hours. Next, 23.3% by mass of the reaction
product obtained in the first reactor 5 was fed to the second
reactor 7. The reactor inlet tenperature of the second
reactor 7 was adjusted to 50.0°C, and hydration reaction of
i sobutyl ene was perfornmed in conditions of a reactor outl et
tenperature of 61.2°C, a pressure of 0.807 MPa (G, and an
average residence tine of 1.05 hours. Next, the total anount
of the reaction product obtained in the second reactor 7 was
fed to the third reactor 9. The reactor inlet tenperature of
the third reactor 9 was adjusted to 53.0°C, and hydration
reaction of isobutylene was perforned in conditions of a
reactor outlet tenperature of 58.3°C, a pressure of 0.800 MPa
(G, and an average residence tine of 1.04 hours. The W in
the first reactor 5, and the total conversion rate of
i sobutylene in all the reactors are shown in Table 1

The reaction product including TBA, obtained in the third
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reactor 9, was fed to the TBA separation tower 10, unreacted
i sobutyl ene was separated by distillation, and t hus an aqueous
TBA sol ution having a concentration of TBA of 63.5% by nol was
obtai ned. The amount of reboiler heating steam required for
production of 1000 parts of the aqueous TBA solution is shown
in Table 1.

[ 0036]

<Exanpl e 5>

The reaction apparatus, the cation exchange resin and the
anmount thereof for filling were those as in Exanple 1.

Arawmaterial |iquid having a concentration of isobutyl ene
of 14.6%by nol, a concentration of water of 28.0% by nol, and
a concentration of TBA of 20.6% by nol was fed so that the
average linear velocity in the first reactor 5 was a val ue
shown in Table 1. The rawmaterial |iquidincluded no recycled
TBA, and the M/Mii was 4.71.

The reactor inlet tenperature of the first reactor 5 was
adjusted to 58.6°C, and hydration reaction of isobutylene was
performed in conditions of a reactor outlet tenperature of
65.0°C, a pressure of 1.06 MPa (G, and an average residence
time of 0.425 hours. Next, 14.2% by mass of the reaction
product obtained in the first reactor 5 was fed to the second
reactor 7. The reactor inlet tenperature of the second
reactor 7 was adjusted to 50.0°C, and hydration reaction of
i sobutyl ene was perforned in conditions of a reactor outlet
tenperature of 62.0°C, a pressure of 0.870 MPa (G, and an
average residence time of 1.52 hours. Next, the total anount
of the reaction product obtained in the second reactor 7 was
fed to the third reactor 9. The reactor inlet tenperature of
the third reactor 9 was adjusted to 52.0°C, and hydration
reaction of isobutylene was perforned in conditions of a
reactor outlet tenperature of 56.2°C, a pressure of 0.841 MPa

(G, and an average residence tine of 1.52 hours. The Vw in
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the first reactor 5, and the total conversion rate of
i sobutylene in all the reactors are shown in Table 1

The reaction product including TBA, obtained in the third
reactor 9, was fed to the TBA separation tower 10, unreacted
i sobutyl ene was separated by distillation, and thus an aqueous
TBA solution having a concentration of 62.6% by nol was
obtai ned. The amount of reboiler heating steam required for
production of 1000 parts of the aqueous TBA solution is shown
in Table 1.

[ 0037]

<Conpar ative Exanple 1>

The reaction apparatus, the cation exchange resin and the
anount thereof for filling were those as in Exanple 1.

Arawmaterial |iquid having a concentration of isobutyl ene
of 12.2%by nol, a concentration of water of 33.8%by nol, and
a concentration of TBA of 32.6% by nol was fed so that the
average linear velocity in the first reactor 5 was a val ue
shown in Table 1. The raw material liquid included recycled
TBA, and the M/Mii was 4.92.

The reactor inlet tenperature of the first reactor 5 was
adjusted to 52.4°C, and hydration reaction of isobutyl ene was
performed in conditions of a reactor outlet tenperature of
64.8°C, a pressure of 0.885 MPa (G, and an average residence
time of 0.617 hours. Next, 31.0% by mass of the reaction
product obtained in the first reactor 5 was fed to the second
reactor 7. The reactor inlet tenperature of the second
reactor 7 was adjusted to 50.0°C, and hydration reaction of
i sobutyl ene was perfornmed in conditions of a reactor outl et
tenperature of 54.1°C, a pressure of 0.812 MPa (G, and an
aver age residence tine of 0.999 hours. Next, the total anpunt
of the reaction product obtained in the second reactor 7 was
fed to the third reactor 9. The reactor inlet tenperature of

the third reactor 9 was adjusted to 50.0°C, and hydration
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reaction of isobutylene was perforned in conditions of a
reactor outlet tenperature of 53.2°C, a pressure of 0.800 MPa
(G, and an average residence tinme of 0.999 hours. The fluid
A was in the formof a honbgeneous phase in the first reactor
5, and had no isobutylene phase and no aqueous phase. The
total conversion rate of isobutylene in all the reactors is
shown in Table 1.

The reaction product including TBA, obtained in the third
reactor 9, was fed to the TBA separation tower 10, unreacted
i sobutyl ene was separated by distillation, and thus an aqueous
TBA solution having a concentration of 62.5% by nol was
obtai ned. The amount of reboiler heating steam required for
production of 1000 parts of the aqueous TBA solution is shown
in Table 1.

[ 0038]

<Conpar ative Exanple 2>

The reaction apparatus, the cation exchange resin and the
anmount thereof for filling were those as in Exanple 1.

Arawmaterial |iquid having a concentration of isobutyl ene
of 12.0%by nol, a concentration of water of 35.4%by nol, and
a concentration of TBA of 31.9% by nol was fed so that the
average linear velocity in the first reactor 5 was a val ue
shown in Table 1. The raw material liquid included recycled
TBA, and the M/Mii was 4.71.

The reactor inlet tenperature of the first reactor 5 was
adjusted to 52.6°C, and hydration reaction of isobutyl ene was
performed in conditions of a reactor outlet tenperature of
65.3°C, a pressure of 0.889 MPa (G, and an average residence
time of 0.617 hours. Next, 31.7% by mass of the reaction
product obtained in the first reactor 5 was fed to the second
reactor 7. The reactor inlet tenperature of the second
reactor 7 was adjusted to 50.0°C, and hydration reaction of

i sobutyl ene was perforned in conditions of a reactor outlet
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tenperature of 53.4°C, a pressure of 0.815 MPa (G, and an
average residence tinme of 0.978 hours. Next, the total anmount
of the reaction product obtained in the second reactor 7 was
fed to the third reactor 9. The reactor inlet tenperature of
the third reactor 9 was adjusted to 50.0°C, and hydration
reaction of isobutylene was perforned in conditions of a
reactor outlet tenperature of 53.1°C, a pressure of 0.800 MPa
(G, and an average residence tinme of 0.978 hours. The fluid
A was in the formof a honbgeneous phase in the first reactor
5, and had no isobutylene phase and no aqueous phase. The
total conversion rate of isobutylene in all the reactors is
shown in Table 1.

The reaction product including TBA, obtained in the third
reactor 9, was fed to the TBA separation tower 10, unreacted
i sobutyl ene was separated by distillation, and t hus an aqueous
TBA solution having a concentration of 61.9% by nol was
obtai ned. The amount of reboiler heating steamrequired for
production of 1000 parts of the aqueous TBA solution is shown
in Table 1.

<Conpar ative Exanple 3>

The reaction apparatus, the cation exchange resin and the
anmount thereof for filling were those as in Exanple 1.

Arawmaterial |iquid having a concentration of isobutyl ene
of 13.7%by nol, a concentration of water of 34.1%by nol, and
a concentration of TBA of 29.4% by nol was fed so that the
average linear velocity in the first reactor 5 was a val ue
shown in Table 1. The raw material |iquid included recycled
TBA, and the M/Mii was 3.79.

The reactor inlet tenperature of the first reactor 5 was
adjusted to 51.1°C, and hydration reaction of isobutylene was
performed in conditions of a reactor outlet tenperature of
65.1°C, a pressure of 0.902 MPa (G, and an average residence
time of 0.610 hours. Next, 35.0% by mass of the reaction

23



product obtained in the first reactor 5 was fed to the second
reactor 7. The reactor inlet tenperature of the second
reactor 7 was adjusted to 50.0°C, and hydration reaction of
i sobutyl ene was perfornmed in conditions of a reactor outl et
tenperature of 54.0°C, a pressure of 0.828 MPa (G, and an
aver age residence tine of 0.873 hours. Next, the total anpunt
of the reaction product obtained in the second reactor 7 was
fed to the third reactor 9. The reactor inlet tenperature of
the third reactor 9 was adjusted to 50.0°C, and hydration
reaction of isobutylene was perforned in conditions of a
reactor outlet tenperature of 53.3°C, a pressure of 0.800 MPa
(G, and an average residence tinme of 0.873 hours. The Vwin
the first reactor 5, and the total conversion rate of
i sobutylene in all the reactors are shown in Table 1

The reaction product including TBA, obtained in the third
reactor 9, was fed to the TBA separation tower 10, unreacted
i sobutyl ene was separated by distillation, and thus an aqueous
TBA solution having a concentration of 61.4% by nol was
obtai ned. The amount of reboiler heating steam required for
production of 1000 parts of the aqueous TBA solution is shown
in Table 1.
[ 0039]

[ Tabl e 1]
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Table1

. Amount of reboiler
Average linear Volume Vw of . .
velocity of raw agueous phase Conversion rate heating steam
o of isobutylene | [part(s)/1000 parts of
material liquid [% by volume] (% ueous TBA
0
[m/hour] inliquid A a .
solution]
Example 1 10.0 5.6 90.5 455
Example 2 10.3 5.7 89.1 496
Example 3 10.0 94 87.9 396
Example 4 13.2 9.0 88.0 384
Example 5 14.9 85 87.5 449
Comparative 10.3 0.0 865 560
Example 1
Comparative 10.3 0.0 87.0 545
Example 2
C ati
ompardiive 105 3.9 85.6 510
Example 3
[ 0040]
As shown in Table 1, each of Exanples 1 to 5, in which the
average linear velocity and the Vw of the raw material liquid

sati sfied the above defined conditions, could produce TBA at
a higher conversion rate of isobutylene than those in
Conparative Exanples. It was also indicated that the anount
of reboiler heating steam in the TBA separation tower was
smal | er than those in Conparative Exanples and the production
cost could be suppressed. Furthernore, the facility cost
coul d be suppressed because of no need for a step of separating
carboxylic acid ester of TBA unlike conventional one.

| NDUSTRI AL APPLI CABI LI TY

[ 0041]

According to the present invention, tert-butyl alcohol can
be obtai ned at a high conversion rate with suppressed facility
cost and production cost.

DESCRI PTI ON OF SYMBOLS
[ 0042]

1: isobutylene feed port
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wat er feed port

punp

raw material cooler
first reactor

raw material cooler
second reactor

raw material cooler
third reactor

TBA separation tower
condenser

reboi | er

unreact ed i sobutyl ene di scharge port
TBA di scharge port

TBA circul ation |ine
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CLAI M5

1. A net hod for producing tert-butyl alcohol, conprising

(i) a step of feeding a raw material |iquid including
i sobutyl ene and water, to a reactor having a cation exchange
resin, and

(ii) a step of producing a reaction product including
tert-butyl alcohol, by hydration reaction of isobutylene in
the reactor, wherein, in step (ii),

the average superficial I|inear velocity of the raw
material liquid, as calculated in the follow ng expression
(I'), is 5 mhour or nore,

Average linear velocity of raw material liquid (mhour)
= Volune flow rate of raw material liquid (n® hour)/Cross-
sectional area of reactor (n¥) (1), and

the volune of an aqueous phase (Vw) in a fluid (fluid A)
to the total volunme of the fluid Ain the reactor is 4 to 12%

by vol une.
2. The met hod for producing tert-butyl al cohol according to
claim 1, wherein the average superficial linear velocity of

the raw material liquidis 5 to 29 mhour in step (ii).

3. The met hod for producing tert-butyl al cohol according to
claim1l or 2, wherein the average superficial linear velocity
of the raw material liquidis 7 to 13 nmhour in step (ii).

4. The met hod for producing tert-butyl al cohol according to

any one of clainms 1 to 3, wherein the Vwis 5 to 10% by vol une
in step (ii).

5. The met hod for producing tert-butyl al cohol according to
any one of clains 1 to 4, wherein the outlet tenperature of
the reactor is 75°C or less in step (ii).

6. The met hod for producing tert-butyl al cohol according to
any one of clainms 1 to 5, further conprising (iii) a step of

separating unreacted isobutylene from the reaction product
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including tert-butyl alcohol, produced in step (ii), to
produce tert-butyl al cohol.

7. The met hod for producing tert-butyl al cohol according to
claim 6, wherein, when the anount of tert-butyl alcohol fed
per unit time to the reactor in step (i) is defined as M
(nol / hour) and the anpunt of tert-butyl alcohol produced per
unit time in step (iii) is defined as Mii (nol/hour), M/Mii
islto 7.

8. The met hod for producing tert-butyl al cohol according to
claim7, wherein the M/Mii is 1 to 5.
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