E4377 19/1 1 PROCESS FOR PRODUCI NG TERTI ARY BUTYL ALCOHOL TECHNICAL_FIELEI%377
This invention relates to a process for continuously producing tertiary
bytyl al cohol (referred to hereinafter as TEA) fromisobutylene and watearg/1
using 5 tertiary butyl alcohol as a solvegt in the presence of a cation
exchange resin in a series nultistage reactor. BACKGROUND ART Many met hods
for producing TBA by hydration reaction fromisobutyl ene and water using an

ion 10 exchange resi PROGESSYBOR hPRGDUEENG M AR TARE cOdL. exanpl e,
a method in which an organic acid is used as a solvent (JP-B-53-20, 482,

JP-B-53- 14,044 and JP-B-56- 22,855), a nethod in which a polar solvent is
used (JP- A-56-34, 643, JP-A-57-108,028, JP-A-56-87,526, JP-B-57- 15

10, 853, JP- A- 56TEQHNDPAALNAIBED A- 60- 233, 024), a nethod in which TBA is used
as a polar solvent (JP-B-57-10,853, JP-A-56-10, 124 and JP- A-60-233, 024) and
a method in which the reé%hiQnﬂﬂ?ﬁﬁ#ﬁqnnnﬁidtesatbggefggenggufosysten1

W t hout using a solvent (JP-A-54-27,507, JP-A-54-30, :

JP- A- 54- 30, 185,"‘3‘?9-‘3&-“5%‘4 7 SREPARRLn tenin anyg bgy)l alcohol (referred

to hereinafter as TBA) from isobutylene and water using
5 tertiary butyl alcohol as a solvent in the presence of a

cation exchange resin in a series multistage reactor.

BACKGROUND ART
Many methods for producing TBA by hydration
reaction from isobutylene and water using an ion
10 exchange resin catalyst have been known. Known are, for
example, a method in which an organic acid is used as a
solvent (JP-B-53-20,482, JP-B-53-14,044 and JP-B-56-
22,855), a method in which a polar solvent is used (JP-
A-56-34,643, JP-A-57-108,028, JP-A-56-87,526, JP-B-57-
15 10,853, JP-A-56-10,124 and JP-A-60-233,024), a method in
which TBA is used as a polar solvent (JP-B-57-10,853,
JP-A-56-10,124 and JP-A-60-233,024) and a method in
which the reaction is effected in a heterogeneous system
without using a solvent (JP-A-54-27,507, JP-A-54-30,104,
20 JP-A-54-30,105, JP-A-55-85,529 and JP-A-55-108,825).
However, the method in which an organic acid
is used as a solvent has such problems that the TBA
produced is reacted with the organic acid, which is the
solvent, to produce a large amount of an organic acid

25 ester as a by-product, so that the utilization of the



However, the method in which an organic acid is used as a solvent has such
problenms that the TBA produced is reacted with the organic acid, which is
tgq solvent, to produce a |l arge anmobunt of an organic acid 25 ester as a
by-product, so that the utilization of the 2 starting materials is
| owered and that in order to increase the ytilization, an operation for
hydrol yzi ng the organic acid ester produced as a by-product becones
necessary. In addition, there.is_ also,a problemthat. 5 _ t t hod
requires an expgggFgéngpﬁgﬁgfhgfﬂa{’%rJr%fé) ":écgia}srfraar}-tr}l to léloror%rgﬁ:ow th the
organic acid us e I t ' i £ . vent s
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than TBA are us can I ncrease e vyre conbi nat'1 on

sol vent used Vi thedofgRh1EORCRAOSEESE HANNIES ddIS DAIECHIR iRl t hat

incidental facilities“becone necessary for separating A fromthe polar
sol vent and henggckBSagfui PIRNAdEDEIon 5 tHEFEaSLG1dd) d [proBlidrpdhait whi ch

TBA is used as the 15 sol vent, the catal yst cannot be effectively
utilized 5  the method requires an expensive apparatus material
resistant to corrosion with the organic acid used as the
solvent.
The method in which other polar solvents than
TBA are used can increase the yield by a combination of
10 the solvent used with a reaction process; however, there
are such problems that incidental facilities become
necessary for separating TBA from the polar solvent and
hence the equipment cost is increased.
In the method in which TBA is used as the
15 solvent, the catalyst cannot be effectively utilized
because the reaction liquid composed of the starting C,
mixture, water and TBA forms a heterogeneous phase in
the vicinity of the reactor inlet. Therefore, such
measures have been taken that a large amount of TBA is
20 added to the reaction system so that the reaction liquid
forms a homogeneous phase and that a decanter and a
distillation column are placed between plural reaction
vessels. However, all the measures have such a problem
that the service cost or the equipment cost becomes
25 high. Moreover, a method in which the reaction is
effected using a piston type reactor has been con-
sidered, but the reaction liquid is heterogeneous in the

inlet portion of the reactor, so that the reaction does



because the reaction liquid conposed of the starting C4 m xture, water and
TBA fornms a heterogeneous phase in the vicinity of the reactor inlet.
Therefore, such neasures have been taken that a | arge anount of TBA is 20
added to the reaction systemso that the reaction liquid forns a
honbgeneous phase and that a decanter and distillation colum are placed
bet ween plural reaction vessels. However, | the neasures have such a
problemthat th eryl o] of .t UL p t, becones. 25 hi gh.

Mor eover, a net S %%b% thgkﬁelFeggéigﬁgig£%%fé@$é@”%§??k}%1??%&%%\ ype
reactor has been cQRwe5k9948d pbIULILD cthQ L Qui i ggggeous in
the inlet portioﬁ o%cfﬁe regctop, SO ?ﬁ%ﬁetﬁg p%%éé%%ébrﬁ%é?gfg not

proceed and it flhawerihatnbbe E!!dé?_ﬁkeﬁléﬁaﬂﬁéa@“tﬁéeﬁﬁ&ﬁ{@é gied by
el evating the reaction tenperature. erefore, there is a problemthat the

anounts of i sobylgphatyldneetine@;oBdaidaryYbutyL GDéodl ddte tH& el ike
produced as by-products are increased. The nethod in which the reaction is
effected i n5a heredugedeadsbyyproduetshane istbhgagedol vent or the
The method in which the reaction is effected
in a heterogeneous system without using a Qolvent or the
like is low in reaction rate, and hence, requires a
larger reactor than other methods in order to secure the
10 necessary production. Accordingly, when the method is
carried out on a commercial scale, there is a problem
that the equipment cost becomes high. Moreover, the
above method has also a problem in that the amounts of
isobutylene dimer or secondary butyl alcohol produced as
15 by-products become large.
Since TBA is used as the starting material for
producing methyl methacrylate by a gas phase catalytic
oxidation or producing high purity isobutylene; as a
gasoline additive; or the like, it is desirable that the
20 amounts of isobutylene dimer, secondary butyl alcohol

and the like produced as by-products are as small as

possible.

DISCLOSURE OF INVENTION
Accordingly, the object of this invention is
25 to provide a simple process for producing TBA at a high
vield which process does not require expensive equipment

materials and excessively large incidental facilities



Irke is lowin reaction rate, and hence, requires a |larger reactor than

ot her nethods in order to secure the 10 necessary production.

Accordingly, when the nethod is carried out on a comercial scale, there is
a ' problemthat the equi pnment cost becones high Mor eover, the above net hod
has al so a problemin that the anounts of isobutyl ene dlner or secondary
butyl al cohol produced as 15 by-products4becone | ar ge. Slnce TBA i s used

as the starting teébaépﬂagégrgg ﬁ Q{umgytr§g§aﬂ&g gas phase
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i nvention is 25 to provide a si e process for prodUC|ng TBA at a high
yi el d which progepsodess Ref &Qﬂ’eli.ﬁ@o@s@?r?td&l@mq PN Lf oM Qfdtdrs and

excessively large incidental facilities

5 and a liquefied gas composed of isobutylene or an
isobutylene-containing hydrocarbon using TBA as a
solvent in the presence of a cation exchange resin in
a series multistage reactor, wherein the reaction
temperature in each reaction vessel of the series

10 multistage reactor is adjusted to not more than 65°C, a
part of the reaction mixture in the outlet of the first
reaction vessel (referred to hereinafter as the outlet
reaction mixture) is returned to the inlet portion of
the first reaction vessel at a circulation ratio of 1.8

15 to 10, and the weight ratio of the tertiary butyl

alcohol to the liquefied gas in the inlet portion of the

first reaction vessel is 0.5 to 3.5.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is an example of the process for

20 carrying out this invention.

BEST MODE FOR CARRYING OUT THE INVENTION
As the series multistage reactor used in this
invention, there can be employed all types of reactors
in which solid-liquid contact is possible, and the type
25 is not critical. As the series multistage reactor used

in this invention, there are mentioned, for example,



and can inhibit isobutylene dinmer, secondary butyl alcohol and the |ike
from bei ng produced as by-products. According to this invention, there is
provi ded a process for continuously producing TBA fromwater 5 and a

| Fquefi ed gas conposed of isobutylene or an isobutyl ene-containing

hydr ocarbon using TBA as a solvent in the presence of a cation exchange
resin in a series multistage reactor, wheréln the reaction tenperature in

each reaction vessel of t eries 10 mul ti stage, reactor js justed to
not nore than 6§aesealﬁaw 18% Fﬁ§e?e9€?'Bﬁpﬁi§ﬁ%§&}?91Y?ﬁ??iﬁ égjﬁﬁ t he

f t t f ed h f th ] e
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circulation rath f 1.8 15 to 10, and the weight ratio of the tertlary
butyl al cohol to F € liquefied gas in the inlet portion of the first

reaction vessel is 0.5 tog ﬁgocagﬁggF Egﬁgﬁ%gﬂ}é?*ﬁ}iggg“@ﬁ«%ﬁfgg 1lis an

exanpl e of the process for carrying out t I nvent1 on. BEST MODE FOR
CARRYI NG QU§ THEnME%hO&IsAa &E@oﬁ§1¥e§cmiéléé@g&1 r&psirge!seskid. this

i nvention, there can be enpl oyed ypes of reactors in i ch

sol i d-1i qui d conhaccaitsopoeschhfigeapdsiheis ypeeferably porous, and as
such a cation exchange resin, there are mentioned, for
example, Lewatit (trade name of Bayer), Amberlyst (trade
name of Rohm & Haas) and the like.

10 In this invention, the TBA which is a solvent
is contained in the circulating liquid of the outlet
reaction mixture of the first reaction vessel as
described hereinafter and, in addition, TBA may also be
freshly added from the exterior. As the TBA freshly

15 added from the exterior, it is convenient to use those
obtained by the production process of this invention;
however, TBA prepared separately can also be used. The
fresh addition of TBA from the exterior to the first
reaction vessel has an effect of inhibiting the

20 adiabatic temperature elevation in the second and
subsequent reaction vessels.

As the isobutylene source which is the
starting material for the reaction, a liquefied gas
composed of isobutylene per se or an isobutylene-

25 containing hydrocarbon (referred to hereinafter merely
as the liquefied gas) can be used. The isobutylene-

containing hydrocarbon includes isobutylene-containing

mixtures of butenes, butanes and the like; etc.



25 - is not critical. As the series multistage reactor used in this

i nvention, there are nentioned, for exanple, 5 those in which fixed bed
type reaction vessels of a continuous flow systemare arranged in series,
and the like. The cation exchange resin used in this 5 i nvention is a

strongly acidic cation exchange resin. The cation exchange resin is
preferably porous, and as such a cation exéhange resin, there are

' e, ' d f Ba | yst (t
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Ln addition. TBAaan e&seﬁkzﬁgfx reéééyyéﬁége&é&? Ad N6 e%ﬁ{fiﬁ{e the TBA

freshly 15 omt terior I'S con 0 use ose
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separately can al so be used. The freesh addition of TBA fronlthe exterior to
the first 5 been separated off. The concentration of isobutylene in
the C, hydrocarbon mixtures is not critical; however,
the isobutylene concentrations of commercially available
C, hydrocarbon mixtures are usually not more than 80%
by weight. Those C, hydrocarbon mixtures which are
10 generally easily available and have an isobutylene
concentration of 15 to 50 weight % are preferably used
as the isobutylene source.
In this invention, a part of the TBA produced
in the first reaction vessel is utilized as a solvent by
15 returning a part of the outlet reaction mixture of the
first reaction vessel in the series multistage reactor
to the inlet portion of the first reaction vessel at a
circulation ratio of 1.8 to 10, preferably 2 to 5. As
far as this circulation ratio is satisfied, even when
20 the amount of the TBA freshly added from the exterior is
small or nil, it is possible to approach the reaction
liquid in the inlet portion of the first reaction vessel
to a homogeneous composition. Moreover, the circulation
of the outlet reaction mixture of the first reaction
25 vessel has an effect of inhibiting the adiabatic
temperature elevation in the first reaction vessel due
to the hydration reaction between isobutylene and water

which is an exothermic reaction. When the circulation
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Those C4 hydrocarbon m xtures which are 10 general ly
andndheavengenitzabilbyl £énethe outlet in each reaction
vessel becomes nil, the reaction rate is lowered, and
the amount of the liquid circulating in the reaction
vessel becomes large, so that the equipment becomes
excessively large.

Incidentally, in this invention, the circu-

lation ratio when a part of the outlet reaction mixture
of the first reaction vessel is returned to the inlet
portion of the first reaction vessel is defined as
follows:
Circulation ratio = (returned amount)/(amount of
starting material fed + amount of TBA fed + returned
amount) _
wherein the returned amount is the amount of the outlet
reaction mixture of the first reaction vessel returned
per unit time; the amount of the starting material fed
is the total of the amounts of water and isobutylene or
isobutylene-containing hydrocarbon fed per unit time;
and the amount of TBA fed is the amount of TBA freshly
added from the exterior per unit time which does not
include the TBA contained in the circulating liquid.
These are all on the weight basis.

In this invention, the weight ratio of TBA to

the liquefied gas in the inlet portion of the first

THIS SHEET HAS BEEN
REPLACED




concentration of 15 to 50 weight % are preferably used as the isobutyl ene
source. In this invention, a part of the TBA produced in the first reaction
vessel is utilized as a solvent by 15 returning a part of the outlet
reaction mixture of the first reaction vessel in the series nultistage
reactor to the inlet portion of the first geaction vessel at a circul ation
ratio of 1.8 to 10, preferably 2 to 5. far as this circulation ratio

s satisfied. cugnuhen Aect NS YTaURL of o e TBA LEgaNvaaged frgn the

exterior is smalT or nil, I $"possi bl'e™t'0 “approac reac h ITQuid in

the inlet portigpyafe e did %ixrdl?ﬁ%ttii%ﬂ ;egt%gs' ah@ 8hBOSRGEREONE TBA

conposition. Mreover, the circulation o e outlet reaction m xture of

the first reacts k1A% adiRSPFroiPtndN etbesbrokol ABI bt bPBaifesaghapatic
tenperature elevation in the first reaction vessel due to the hydration

reacti on betweereigiibutatieye aandasiion waitehwhschncexobbesaf£icpentipn.
When the circul ation 7 ratio is less than 1.8, there is a problem
sufficient & eadatarsfrisd iirs ioldhwstirgd is\\bbratihed even when the reaction
liquid is heterogeneous. When the weight ratio of TBA
to the liquefied gas is less than 0.5, no sufficient
reaction rate is obtained, and when it exceeds 3.5, a
large amount of TBA is fed to the first reaction vessel,
10 so that there is a problem in respect of reaction equi-
librium and the equipment becomes excessively large.
The above weight ratios are not desirable.
The necessary weight ratio of TBA to the
liquefied gas in the inlet portion of the first reaction
15 vessel can also be achieved by adjusting only the amount
of TBA freshly added from the exterior without returning
a part of the outlet reaction mixture of the first
reaction vessel to the inlet portion of the first
reactor; however, since the TBA-synthesis reaction by
20 hydration reaction between iscbutylene and water is an
equilibrium reaction, the addition of TBA which is the
product in a large amount from the exterior to the
reaction system has a problem in respect of equilibrium.
In this invention, the reaction temperatures
25 in all the reaction vessels are not more than 65°C.
Here, the reaction temperature refers to the temperature
of the portion having the highest temperature in each of

the reaction vessels. When the reaction temperature is



circul ation ratio exceeds 10, there is a problemthat the difference

bet ween the concentration in the inlet 5 and the concentration in the
outl et in each reaction vessel becomes nil, the reaction rate is |owered,
and the anunt of the liquid circulating in the reaction vessel becones

| arge, so that the equi pnent becones exces§;vely | arge. 10

Incidentally, in this invention, the circu-" lation ratio when a part of the

outl et reaction gfletlated ,of t! #8171 blS! th§RCEhANrYLSSEn | Saf&d WFed to the
efl ol T'ows:

inlet portion of the first reaction vessel Is ned ‘as 15

G rcul ation rat hgdrati®hU-eaetaBRUBELEEEACYB LRy BAAE LA ‘@ééggit g f£d +

anount of TEA fed) wherein the returned anount 1S the anopunt e outl et

reaction nixtureide reactibat steAChE0AiNEESLAtISH UsPEDsditybde tdde; the
anount of the starting material fed 20 is the total of the amounts of

wat er and i sobutthleeddker bezohet Jiighe- cWhéai thagréyc Demrimipdatpes unit
time; and the anmobunt of TBA fed is the anmount of TBA freshly added fromthe
exterior peb unexceeds GHCH the promtuditicinida ttehefTEAcbutydieneddimerhe
circulating liquid. 25 These are all on the weight basis. In this
i nvention, the Wecgmesr higb velagidvedy to the production rate of TBA

based on the difference between the temperature-

dependencies of the reaction rates, so that there is

such a problem that the amount of isobutylene dimer

10 produced as a by-product increases.

Furthermore, it is preferable that the
conversion of isobutylene in the first reaction vessel
is at least 50%. When the isobutylene conversion is
less than 50%, the amounts of isobutylene dimer produced

15 in the second and subsequent reaction vessels increases.

The reaction pressure is not critical;
however, such a pressure is adopted that water and
isobutylene or an isobutylene-containing hydrocarbon are
liquid at the reaction temperature, and this pressure is

20 usually 2 to 50 kg/cm’G.

This invention is explained below using Fig.
1. Incidentally, Fig. 1 is an example of the process
for carrying out this invention.

The starting isobutylene or isobutylene-

25 containing hydrocarbon is fed from a feeding pipe 8 and
water is fed from a feeding pipe 9. A part of the

outlet reaction mixture of the first reaction vessel 1

is circulated by a pump 2 to be returned to the inlet 11



tthe liquefied-gas in the inlet portion of the first 8 reaction vessel is
0.5to 3.5, preferably 0.8 to 3. By adjusting the circulation ratio and the
anount of TBA freshly added fromthe exterior so as to obtain such a wei ght
ratio, a reaction rate which can be sufficiently 5 satisfied in industry
I s obtained even when the reaction liquid i s heterogeneous. \Wen the wei ght
ratio of TBA to the liquefied gas is |ess #fan 0.5, no sufficient reaction

rate i s obtaine en,it exceeds 3.5, .a | e ampunt of TBA is fed to
the first reactgg%qgg%ggfftiﬁeaci Ofin¥ESPRir e ﬁégasﬁ?%% ehTPt+Rpect  of

reaction equi- Lid¥gdimsaitdl RieCat RAPRLAREFONPIEHEPST ! AEL Yot Ble: The

above wei ght ratios are not desira € necessary wei g ratiro of TBA to

o wel gt : o e : J
the liquefied 933 dtdn R§pel e‘thOEEhE'ElBﬁeﬁﬁﬁtﬁfési?r%}gﬁ tRl Sread)

can al so be achieved by~adjusting only t anount o _reéﬁ!y added from
the exterior wi tv@@#elr@tlirsn't&_ﬁn%fléikbdo_i:otQeTQNUs@%)a{'%fﬁcjoéhéni‘éé&?eﬂI the

first reaction vessel to the inlet portion of the Tirst reactor; however,
since the TBA-s)mighepparatast,i §orbgxample, a distillation apparatus or

an azeotropic distillation apparatus (not shown in Fig.
1) through the outlet 16 of the third reaction vessel 7
and TBA is recovered therein. A part of the recovered
TBA is fed to the first reaction vessel 1 from a feeding

10 pipe 10.

According to the flow chart shown in Fig. 1,

TBA was synthesized using an isobutylene-containing
hydrocarbon having the composition shown in Table 1.
Each reaction vessel was a cylinder-shaped reaction

15 vessel having a diameter of 52.7 mm and an internal
volume of 12 liters, and three of the reaction vessels
were arranged in series and used. Each of the reaction
vessels was filled with 12 liters of a MR type strongly
acidic cation exchange resin manufactured by Bayer. 1In

20 the analysis of the starting isobutylene-containing
hydrocarbon and water, the TBA produced and the iso-
butylene dimer, secondary butyl alcohol and the like
produced, which were impurities, a gas chromatograph

using a capillary column was employed.
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L33Bbuthnet hernore, it is preferablq.gh@blbhg %
n-Butane 10.2 weight %
1-Butene 28.1 weight %
trans-2~Butene 9.3 weight %
c¢is-2-Butene 4.9 weight %

The conversion of isobutylene to TBA (referred
to hereinafter merely as the conversion) was calculated
by the following equation:

Conversion (%) = (number of moles of isobutylene
reacted)/(number of moles of isobutylene fed) x 100

Moreover, the production rate (g/hr) of each

compound refers to weight in gram unit of the compound

produced per one hour.

Example 1

To the first reaction vessel were fed the
starting isobutylene-containing hydrocarbon at a rate of
2.6 kg/hr and the starting water at a rate of 0.5 kg/hr.
Reaction was conducted under the conditions that the
reaction temperatures in the first, second and third
reaction vessels were 60.2°C, 54.4°C and 52.0°C, respec-

tively, and the circulation ratio was 3.4 and the TBA

I n

ch



conversion of .isobutylene in the first reaction vessel is at |east 50%
Wien t he isobutyl ene conversion is |ess than 50% the anounts of

i sobut'yl ene di mer produced 15 in the second and subsequent reaction
veéssel s increases. The reaction pressure is not critical; however, such-a
pressure is adopted that water and isobutylene or an isobutyl ene-containing
hydr ocarbon are liquid at the reaction ten%grature and this pressure is 20

usual Iy 2 10 50.Kg)cHRE gghkﬁe | BHEBLISR hioRIAL P GARLE S0 e 1

I ncidentally, FI'g exa or carrying o

i nvention. The ?ggeg,keg LSBBUIYLENENY LRONINIANGa Ry o BRIy NO

hydrocarbon is rom a I ng plpe and ter 1Is froma feeding

pipe 9. A part afighBeiayt bsts iRaghb Ofn &« dg*sﬁtmn tdee e StiFRAddativssel
1l is circulated by a punp ™2 to be returned to the inlet 11 10 of the

first reaction yegsell. bébamee0end rgecihDd varsSeltie adthvd¥ssildi rith redrct i on
vessel 7 are of the piston type. The reaction mxture in the third reaction
5 first reaction vessel was 62.8%.
As a result, the TBA production rate was
1,318.0 g/hr, the isobutylene dimer production rate was
0.2 g/hr, the secondary butyl alcohol production rate
was 0.5 g/hr, the conversion was 85.3%, and the amounts

10 of the isobutylene dimer and the secondary butyl alcohol

produced were very small.

Comparative Example 1
To the first reaction vessel were fed the
starting isobutylene-containing hydrocarbon at a rate of
15 2.6 kg/hr and the starting water at a rate of 0.5 kg/hr.
Reaction was conducted under the conditions that the
reaction temperatures in the first, second and third
reaction vessels were 50.7°C, 65.9°C and 50.2°C, respec-
tively, the circulation ratio was 9.5, TBA was not added
20 to the first reaction vessel, and the weight ratio of
TBA to liquefied gas in the inlet portion of the first
reaction vessel was 0.2. At this time, the conversion
in the first reaction vessel was 35.2%.
As a result, the TBA production rate was
25 1,402.0 g/hr, the isobutylene dimer production rate was
29.8 g/hr, the secondary butyl alcohol production rate

was 2.0 g/hr, the conversion was 90.7%, and the amounts



vessel 7 is transferred to a TBA-separating and recover- 5 ing apparatus,
for exanple, a distillation apparatus or an azeotropic distillation
apparatus (not shown in Fig. 1) through the outlet 16 of the third reaction
vessel 7 and TBA is recovered therein. A part of the recovered TBA is fed
to the first reaction vessel 1 froma feeding 10 pi pe 10. According to
the flow chart shown in Fig. 1, TBA was syﬁshesized usi ng an

'EZEE“?Zéﬁ??oﬁ"cte?se"ah%%%u‘%c R0 ALk gt BaCRRey HORE RINeAGy T 2

di aneter of 52. g&ﬁ@ volune of 12 liters, and three of the
reaction vessels were arrange& Series and used. Each of the reaction
vessels was filled with 12 liters of a MR type strongly acidic cation
exchange resin manufactured by Bayer. In 20 the anal ysis of the starting
i sobut yl ene- contggiaigl@ fydrocarbon and water, the TBA produced and the iso-
butyl ene di ner, secondary butyl al cohol and the |Iike produced, which were
impurities, a gas chronat qgr aple dirsg @eaepibhavgssel umareafedntheyed.

3 starting isobutylene-containing hydrocarbon at a rate of
2.6 kg/hr and the starting water at a rate of 0.5 kg/hr.
Reaction was conducted under the conditions that the
reaction temperatures in the first, second and third
reaction vessels were 56.7°C, 50.9°C and 48.7°C, respec-

10 tively, the circulation ratio was 4.4, and the TBA
obtained as the product was added to the first reaction
vessel so that the weight ratio of TBA to liquefied gas
in the inlet portion of the first reaction vessel became
2.3. At this time, the conversion in the first reaction

15 vessel was 66.7%.,

As a result, the TBA production rate was
1,293.0 g/hr, the isobutylene dimer production rate was
0.5 g/hr, the secondary butyl alcohol production rate
was 0.4 g/hr, the conversion was 83.7%, and the amounts

20 of the isobutylene dimer and secondary butyl alcochol

produced were small.

Comparative Example 2
To the first reaction vessel were fed the
starting isobutylene-containing hydrocarbon at a rate of
25 2.6 kg/hr and the starting water at a rate of 0.5 kg/hr.

Reaction was conducted under the conditions that the



Tabl e 1 Cenpound Cont ent | sobutyl ene

45. 0 wei ght % | sobut ane 2.5 wei ght % n- But ane
10. 2 wei ght % 1- But ene 28.1 weight %
trans- 2- But ene 9.3 wei ght % cis-2-Butene

4.9 wei ght % The conversion of isobutylene Eo TBA (referred to hereinafter
nerely as the conversion) was cal cul ated b§ the foll ow ng equation:

Conver sion (% ég ed)%&m%%%% QE iﬁogﬂgykaStauc?é&ﬁgtgﬁg éﬁ#ﬁ?) of

nol es of |sobut reover fon ra

each conpound rqfe%rcﬁ: té)?l W@l ¢ o,e%a%ugbé Qf4 e SHHDQQ‘”g%Pr%%Ee £ ed

one hour. Exanple 1 f e first reaction vesse

the starting 'SQ%Ne)i'yenech%of&tl%%'mﬂlBﬁdEQE%bQQsa& 2, 7ehé Pha ZoBckdd and
the starting water at 'a rate of 0.5 kg/hr. Reaction was conducted under the

condi tions that dghanee it meaaaéaeaol théheitét SteaseLONdvagéel Neg d 15
reaction vessels were 60.20C, 54.4[err]C and 52.0[err]C, respec- tively,
and the cirsul atthait e weight3 rdtdodofh®BABfo liquefied gas in the

inlet portion of the first reaction vessel became 2.2,

At this time, the conversion in the first reaction

vessel was 64.9%.

As a result, the TBA production rate was
10 1,229.0 g/hr, the isobutylene dimer production rate was
1.5 g/hr, the secondary butyl alcohol production rate

was 1.6 g/hr, and the conversion was 79.6%.

Example 3
Reaction was conducted in the same manner as
15 in Example 1, except that the reaction temperatures in
the first, second and third reaction vessels were
changed to 60.2°C, 56.0°C and 52.0°C, respectively, and
the circulation ratio was changed to 1.8. At this time,
the conversion in the first reaction vessel was 60.2%.
20 As a result, the TBA production rate was
1318.0 g/hr, the isobutylene dimer production rate was
0.4 g/hr, the secondary butyl alcohol production rate
was 0.5 g/hr, the conversion was 85.3% and the amounts
of the isobutylene dimer and the secondary butyl alcohol

25 produced were small.



12 obtained as the reaction product was added to the first reaction vessel
so that the weight ratio of TBAto liquefied gas in the inlet portion of
the first reaction vessel became 0.9. At this tine, the conversion in the 5
frrst reaction vessel was 62.8% As a result, the TBA production rate was
1,318.0 g/ hr, the isobutylene dinmer production rate was 0.2 g/hr, the
secondary butyl al cohol production rate wad30. 5 g/ hr, the conversion was
85.3% and the uné; ég of the isobutylene diner and the secondary
butyl al cohol p%%%ﬂ@ § were very small. Conparative Exanple 1 To the first

ti | fed .atti i - LN b t
Lrateof 1o T 26 kol nr “eastiRE WY, bRAGHEKLENES "OAL e Sthdigie ony O
Reaction was Coqqy;a&%g.gét@dqn Taa'i?e%%“@h&toﬂﬁet pahcthén’ PPl FEPe @t ur es

in the first, seco thi'r eaction vessels were 50. /{err]C,_ 65.9[err]C
and 50. 2[err] C, vmes@aest!, selbndt BAdCEheviarbaBtishi Ped8s1d werd BA Was not

added 20 to the first reaction vessel, and the weight ratio of

5 changed to 60.2°C, 55.0°C and 52.0°C, respectively, and
the circulation ratio was changed to 2. At this time,
the conversion in the first reaction vessel was 60.8%.

As a result, the TBA production rate was

1318.0 g/hr, the isobutylene dimer production rate was

10 0.3 g/hr, the secondary butyl alcohol production rate
was 0.5 g/hr, the conversion was 85.3%, and the amounts

of the isobutylene dimer and secondary butyl alcohol

produced were very small.

Example 5

15 Reaction was conducted in the same manner as
in Example 1, except that the reaction temperatures in
the first, second and third reaction vessels were
changed to 60.2°C, 54.0°C and 52.0°C, respectively, and
the circulation ratio was changed to 4. At this time,

20 the conversion in the first reaction vessel was 63.6%.

As a result, the TBA production rate was

1318.0 g/hr, the isobutylene dimer production rate was
0.2 g/hr, the secondary butyl alcohol production rate
was 0.5 g/hr, the conversion was 85.3%, and the amounts

25 of the isobutylene dimer and secondary butyl alcohol

produced were very small.



TBA to liquefi.ed gas in the inlet portion of the first reaction vessel was
0.2. At this tine, the conversion in the first reaction vessel was 35.2%
As a result, the TBA production rate was 25 1,402.0 g/ hr, the

i Sobut yl ene di ner production rate was 29.8 g/ hr, the secondary butyl

al cohol production rate was 2.0 g/ hr, the ignversion was 90.7% and the
anount s 13 of the isobutyl ene diner and-Secondary butyl al cohol produced
were | arge. Exa%%!ﬁl% T% the first reaction vessel were fed the 5

starting isobuty SNe- €o tai ning hydrocarbon at a rate of 2.6 kg/hr and the

starting water at arate gealeyokolll. BRAGLEOR YRSLROUMAL Shriiderad e

conditions that the reaction tenperatures iIn i rst, secon ird

reaction vessel 3 \Wer@mpie’ 16" ekEepROtRher £hE R8BS Hor [ EéMgrat BiSeCin 10
tively, the circulation ratio was 4.4, and the TBA obtained as the product

was added to thehd fSirsit§agkicondvangdethsedt hascthien Wedgdd1 ¢ akdsfe of TBA to
liquefied gas in the inlet portion of the first reaction vessel becane
5 changed to 60.2°C, 53.0°C and 52.0°C, respectively, and
the circulation ratio was changed to 10. At this time,
the conversion in the first reaction vessel was 66.1%.
As a result, the TBA production rate was
1318.0 g/hr, the isobutylene dimer production rate was
10 0.2 g/hr, the secondary butyl alcohol production rate
was 0.5 g/hr, the conversion was 85.3%, and the amounts

of the isobutylene dimer and secondary butyl alcohol

produced were very small.

Comparative Example 3

15 Reaction was conducted in the same manner as
in Example 1, except that the reaction temperatures in
the first, second and third reaction vessels were
changed to 60.2°C, 57.0°C and 52.0°C, respectively, and
the circulation ratio was changed to 1.0. At this time,

20 the conversion in the first reaction vessel was 55.0%.

As a result, the TBA production rate was

1318.0 g/hr, the isobutylene dimer production rate was
1.0 g/hr, the secondary butyl alcohol production rate
was 1.2 g/hr, and the conversion was 85.3%. Thus, the

25 isobutylene dimer production rate was high.



2,3, At this tinme, the conversion in the first reaction 15 vessel was

66. 7% As a result, the TBA production rate was 1,293.0 g/hr, the

i sobutyl ene di ner production rate was 0.5 g/ hr, the secondary butyl al cohol
production rate was 0.4 g/ hr, the conversion was 83.7% and the anmounts 20
of the isobutylene diner and secondary bUtﬁH al cohol produced were snall
Conparative Exanple 2 To the first reaction‘vessel were fed the starting

i sobut yl ene- contaj ni r t arate of 25 2.6 kg/hr and the
starting water é:‘?o@arq%ite%%f %%%@%Li%/ %r. Reaction was conduct ed under the
conditions that the 14 ey [ L rSt and
third reaction vessels meEgggﬁﬁfﬁéyéﬁgggégpgfgér?ﬁ:%ﬁ% %%@%[%?ﬁ?%?QQZSpeC-
tively, the cirqgy gidah1eAlii 0 fRept ¢hatNendBreabt 8bRCEeRSctACuPESIUEL Was

added to the first reaction vessel so 5 that the weight ratio of TBA to
liquefied gas i RHNEirgtst seionidoanadl thiedf kresttieaAcCteoseYeSE€te becane 2. 2.

At this time, the conversion in the first reaction

5 changed to 60.2°C, 53.0°C and 52.0°C, respectively, and
the circulation ratio was changed to 2.0. At this time,
the conversion in the first reaction vessel was 66.7%.

As a result, the TBA production rate was

1318.0 g/hr, the isobutylene dimer production rate was

10 0.2 g/hr, the secondary butyl alcohol production rate
was 0.5 g/hr, and the conversion was 85.3%. However, it

was necessary to replace the recycling pump by a pump

having a larger volume than in Example 1.

INDUSTRIAL APPLICABILITY

15 According to this invention, TBA can be
produced at a high yield by a simple process while the
amounts of isobutylene dimer and secondary butyl alcohol

produced as by-products are kept small.



vessel was 64.9% As a result, the TBA production rate was 10 1,229.0
g/hr, the isobutylene diner production rate was 1.5 g/ hr, the secondary
butyl al cohol production rate was 1.6 g/ hr, and the conversion was 79. 6%
Exanpl e 3 Reaction was conducted in the sane manner as 15 in Exanple 1,
except that the reaction tenperatures in the first, second and third
reaction vessels were changed to 60.2[err]é, 56.0[err]C and 52.0[errt]C,
respectively, and the circulation ratio ggél&ganged to 1.8. At this tine,
the conversion in the first reaction ves s 60.2% 20 As a
result, the TBA production rate was 1318.0 g/ hr, the isobutylene diner
production rate was 0.4 g/ hr, the secondary butyl al cohol production rate

was 0.5 g/hr, the ConversiAogw%%s%F’f%% 2BHtiHGod n%\go@tfxciﬁf £é9@£§%‘}ene
di rer and the secondary butyl al cohol 25 produce re smafl. 1
Exanpl e 4 React igity¥ea1cohIICiredm FatB® 8AAEaRDRBEFPEd gas composed of
isobutylene or an isobutylene-containing hydrocarbon
5 using tertiary butyl alcohol as a solvent in the
presence of a cation exchange resin in a series multi-
stage reactor, wherein the reaction temperature in each
reaction vessel of the series multistage reactor is
adjusted to not more than 65°C, a part of the reaction
10 mixture in the outlet of the first reaction vessel is
returned to the inlet portion of the first reaction
vessel at a circulation ratio of 1.8 to 10, and the
weight ratio of the tertiary butyl alcohol to the

liquefied gas in the inlet portion of the first reaction

15 vessel is 0.5 to 3.5.

e



iR Exanple 1, except that the reaction tenperatures in the first, second
and third reaction vessels were 5 - changed to 60.2[err]C, 55.0[err]C and
52.0[err]C, respectively, and the circulation ratio was changed to 2. At
tRis tine, the conversion in the first reaction vessel was 60.8% As a
result, the TBA production rate was 1318.0_g/hr, the isobutylene diner
production rate was 10 0.3 g/hr, the sed ndary butyl al cohol production
rate was 0.5 g/ hr, the conversion was §§§ﬁ§ﬁ d the amounts of the

i sobutyl ene di ner and secondary butyl (ﬁgroduced were very snmal |
Exanple 5 15 Reaction was conducted in the same manner as in
Exanpl e 1, except that the reaction tenperatures in the first, second and

third reaction vessels wepechapgedeha @Qngftﬁﬁéhgl% rO8CE{dS B8k iary

52.0[err]C, respectively, and the circulation rati s changed to 4.7 At

this time, 20 pithA ARG ¢rolNwhiRerf hhal al E8ghéPlled 6§88 cofiSodet 638 As
a result, the TBA production rate was 1318.0 g/ hr, the isobutylene diner

production rat e jwbutyd eiehor &he i s6bangaeiebubiitah Lo ohy@rocheboon rat e

was 0.5 g/ hr, the conversion was 85.3% and the anmounts 25 of the

i sobut yl enes di nersiagd teeddadsyr bultylyhlaebhohoaspaosoteenteir tleey snmal | .
presence of a cation exchange resin in a series multi-
stage reactor, wherein the reaction temperature in each
reaction vessel of the series multistage reactor is
adjusted to not more than 65°C, a part of the reaction

10 mixture in the outlet of the first reaction vessel is

returned to the inlet portion of the first reaction
vessel at a circulation ratio of 1.8 to 10, and the
weight ratio of the tertiary butyl alcohol to the

liquefied gas in the inlet portion of the first reaction

15 vessel is 0.5 to 3.5.



16 Exanple 6 Reaction was conducted in the sane manner as in Exanple 1ﬁ§
except that the reaction tenperatures in the first, second and third
reaction vessels were 5 changed to 60.2[err]C, 53.0[err]C and
52.0[err]C, respectively, and the circulation rati o was changed to 10. At
this tinme, the conversion in the first reaction vessel was 66.1% As a
result, the TBA production rate was 13181d'b/hr, t he i sobutyl ene di ner
production rate was 10 0.2 g/hr, the secondary butyl al cohol production
rate was 0.5 g/ hr, the conversion was 85.3% and the anmounts of the

i sobutyl ene di ner and secondary butyl al cohol produced were very snall
Conparative Exanple 3 15 Reacti on was conducted in the sane
manner as in Exanple 1, except that the reaction tenperatures in the first,
second and third reaction vessels were changed to 60.2[err]C, 57.0[err]C
and 52.0[err]C, respectively, and the circulation ratio was changed to 1.0.
At this time, 20 the conversion in the first reaction vessel was 55. 0%

FIG.1




As a result, the TBA production rate was 1318.0 g/hr, the isobutylene dimer
production rate was 1.0 g/hr, the secondary butyl alcohol production rate
was« 1.2 g/ hr, and the conversion was 85.3% Thus, the 25 i sobutyl ene

di mer production rate was high. 17 Conparative Exanple 4 Reaction was
conducted in the same manner as in Exanple 1, Texcept that the reaction
tenperatures in the first, second and third reaction vessels were 5
changed to 60. 2[ eFRFES 53, bees rfmmnk. &2 Wiene [i§, ar prpbdeivehgt nad t he
circulation ratio s.changed to 2.0. At this tinme, the conversion in the
first reaction ve§£§?lﬁé§n 6r9RELIRN Fates i obtRdnegA pr&Bcth@n rate was

1318.0 g/ hr, the isobu ene di ner oductlon rate was g/ hr, the
seconda?y but yI aF%BﬂBiX%+%ﬂuE?F%ﬁl &edfad Y. $he FﬁrlsaﬁdPFﬁEléﬁn§E¢§lon

burp having a1 ar o7 éb%“ﬁ%@ﬁ%ﬁo%%%@%c%c%m%%s%%‘é CiapEPBIETTY 15
According togthi s, QVERLT Q0 cdf¥r & b8 n the outlet in each reaction
vessel becomes nil, the reaction rate is lowered, and
the amount of the liquid circulating in the reaction
vessel becomes large, so that the equipment becomes
excessively large.

10 Incidentally, in this invention, the circu-
lation ratio when a part of the outlet reaction mixture
of the first reaction vessel is returned to the inlet
portion of the first reaction vessel is defined as
follows:

15 Circulation ratio = (returned amount)/(amount of
starting material fed + amount of TBA fed)
wherein the returned amount is the amount of the outlet
reaction mixture of the first reaction vessel returned
per unit time; the amount of the starting material fed

20 is the total of the amounts of water and isobutylene or
isobutylene-containing hydrocarbon fed per unit time;
and the amount of TBA fed is the amount of TBA freshly
added from the exterior per unit time which does not
include the TBA contained in the circulating liquid.

25 These are all on tﬁe weight basis.

In this invention, the weight ratio of TBA to

the liquefied gas in the inlet portion of the first
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produced at a high yield by a sinple process while the anmoymts—of

i sobutyl ene di ner and secondary butyl al cohol produced as ayB%WdGEME%Y@HEET
kept small. CLAI M5 1. A process for continuously]pfoductmng
tertiary butyl alcohol fromwater and a |iquefied gas conppstske

i sobutyl ene or an isobutyl ene-containing hyd?ocarbon 5 . 2ubhHE

butyl al cohol as a solvent in the presence o]

eact on vessel TAELPngssanen; HHERT Loy oEbERC T, BEREGR o gt

than 65[err]C, %u&%&bi@httEQaEﬁigh'QEtéOis Hbﬁéﬂﬁ@d'”nﬁﬂ§nt get of the

first reaction vessel is returned to the inlet portio e first .
reaction vessel circalation gaitdd erRteedsf 10, 8therdOisaadpi6pleai ghatratio

of the tertiary butyl alcohol to the liquefied gas in the inlet portion of
the first reactithe differencel betweefi the3cbncentration in the inlet
5 and the concentration in the outlet in each reaction
vessel becomes nil, the reaction rate is lowered, and
the amount of the liguid circulating in the resaction
vessel becomes large, so that the equipment becomes
excessively large.

10 Incidentally, in this invention, the circu-
lation ratio when a part of the outlet reaction mixture
of the first reaction vessel is returned to the inlet
portion of the first reaction vessel is defined as
follows:

15 Circulation ratio = (returned amount)/(amount of
starting material fed + amount of TBA fed)
wherein the returned amount is the amount of the outlet
reaction mixture of the first reaction vessel returned
per unit time; the amount of the starting material fed

20 is the total of the amounts of water and isobutylene or
isobutylene-containing hydrocarbon fed per unit time;
and the amount of TBA fed is the amount of TBA freshly
added from the exterior psr unit time which does not
include the TBA contained in the circulating liquid.

25 These are all on the weight basis.

In this invention, the weight ratio of TBA to
the liquefied gas in tﬂe inlet portion of the first



