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DESCRI PTI ON REACTOR FOR PRODUCI NG SECONDARY BUTANCL 5
TECHNI CAL FI ELD [0001) The invention relates to a
reactor for producing secondary butanol (2-butanol).
More particularly, the invention relates to a reactor
and a nethod for producing 10 secondary butanol by a
direct hydration nethod wthout taking a catalyst

sol ution outside the reactor. BACKGROUND ART [0002]
15 Secondary butanol isp .§§§¥T &fd as a raw materi al
for nethyl ethyl ketone (MK ich is useful mainly
as a solvent. Secondary butanol is produced by an
indirect hydration nethod or a direct hydration

nmet hod. |ReAGeORNEOR epRODYALRGI SRCORDARY, BgEeaROdary
butanol 20 is obtained by esterifying n-butene wth
sulfuric acid, and hydrolyzing the resulting sulfate
with steam This nethod has such di sadvant ages as
conplicated recycli ngTPCBBESALOFIELDe | i ke due to the
use of sulfuric acid, an increased anount of energy
[@@dELimed, corrosion of an apparatus, need 25 for
treating sulfuric acid used, and the |ike. The
~appl iBantinfenticon e ten o sal vsadtarnfehopreducing
produci ng secondary butanol by directly hydrating
secondane butarehg(anbataeods - hdferepphybttelanlvi i bhe
iééﬁﬁ%f@gepélates to a reactor and a method for producing
secondary butanol by a direct hydration method without

taking a catalyst solution outside the reactor.

BACKGROUND ART
[0002]

Secondary butanol is widely used as a raw material
for methyl ethyl ketone (MEK) which is useful mainly as a
solvent. Secondary butanol is produced by an indirect
h&dration method or a direct hydration method.

In the indirect hydration method, secondary butanol
is obtained by esterifying n-butene with sulfuric acid, and
hydrolyzing the resulting sulfate with steam, This method
has such disadvantages as complicated recycling process or
the like due to the use of sulfuric acid, an increased
amount of energy consumed, corrosion of an apparatus, need
for treating sﬁlfuric‘acid used, énd the like.

bThe applicant of the invention disclosed a method for

producing secondary butanol by directly hydrating n-butene
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Docunent 1, for exanple). This nethod enabl es
sinplification of a production process since secondary
but anol can be produced w thout formation of a
sulfate. 5 [0003] An exanple of a nmethod for
produci ng secondary butanol by a direct hydration
method will be described briefly below FIG 4 is a
schematic flow chart showing a 10 conventi onal nethod

duci I i
wEPhgPER ggg@gﬁéfﬁgeg?§g?bg%éﬂe solllt$onethad Basedt

mai N step ep, n- butene and water as

DESUERE 1] akSr éﬁgmﬁmefgueﬂﬂ§s et @Poh yerd §l sol ution
as a catalyst are supplied to a reactor 1' to undergo

shyell af i @8t 1 8ACHE0R, pkbatiePYoRSpeyBEBESEZhRE SeeeRdaky
but anol (indicated as "SBA" in the drawing). In the

bseswol Sikpbet peodasslit adthgas- Fogmnhdion ¥fueesulfate.
cont ai ni ng secondary butanol, unreacted row naterials
(@03t he catal yst solution are taken out fromthe
reactor 1' to be treated at a catal yst solution
separfat iexpfl ¢ onera SRethvdr £by pheduaingysécsoniatriyon
are separated from the other conponents. In the third
butapol tihe 2 editeant hydiatiece métbrdswpadabendesheibed
catal yst solution is purified and separated at a
bkl atbelovower 50, whereby secondary butanol, which
is a target material, is recovered. 25 [0004] Since an
aquedUS het erdpd| Sekeemrsht uf1ow FRA3rEt FBAYLINEoRr osi on,

equi nts.in contact with this solution are
coébe&%?%nal method %or producing secondary butanol.

This method has 3 main steps. In the first step, n-
butene and water as row materials, and an aqueous
heteropolyacid solution as a catalyst are supplied to a
reactor 1' to undergo hydration reaction, thereby
synthesizing secondary butanol (indicatea as "SBA" in the
drawing) . Iﬁ the second step, the resultant gas-liquid
mixture containing secondary butanol, unreacted row
materials.and the catalyst solution are taken out from the
reactor 1' to be treated at a catalyst solution separating
tower 52, whereby the catalyst solution are separated from
the other components. In the third step, the resultant
mixture after separating the catalyst solution is purified
and separated at a separating tower SO, whereby secondary
butanol, which is a target material, is recovered..

[0004] |
Since an équeous heteropolyacid solution has strong

corrosion, equipments in contact with this solution are
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2 required for high anticorrosivity. For exanple,
there are wused equi pnents where a netal titanium

| ayer is formed on a |iquid-contact part and an oxi de
filmis further formed. Since the m xture containing
the catalyst solution is taken 5 fromthe reactor in
the nmethod, the catal yst solution separating tower
52, a punp P for circulating a catal yst solution,

rQthQQdaEgrtgﬁgh'gﬁtﬁé %19§tkhe FSRACLQLm le?rghere are

al’so require be na hi gh anticorros

| uEEBeéhéiﬁme§ﬂQhwﬁ@¥bpﬁeﬁé§a§rglgﬁhgu%XE%@%kvgst@%&med on a

t hose 'made of 10 stainless steel and thé |Iike so that

1pgedactbnBaeOSharandndedHi BAERE €93kS 18 SurRt®le®aFeemed.
Since the pressure inside the reactor is high, it is

sieqei thd hoxtneeeasathhaipgesbdr ea®biltiRe 3dUe@USn is taken
het er opol yacid solution with the punp P in order to
fromcthat eebbeosolint khe, mebhhol, hahebeeanallsts epanatiec
at the catal yst solution separating tower 52, to the
separabing' tovart ARs prpuompsP fokacdecataiingot eadrdyst
i s consumed. Patent Docunment 1: JP-A-S60-149536
s¢beoEPn20piningeandf thhelakevespwebllems, the ogjpetorofl' are
the invention is to provide a reactor and a nethod
alep wouelredftei batmgdprefubial satémgarpsbieanetterials.
‘DI SCLOSURE OF, THE | NVENTI ON 25 [0006] The inventors
nmade BIGRIVEPBENHF e3LE NQHE veXPRBSiVe than those made of

stainless steel and the like so that production costs and
equipment costs are increased. Since fhe pressure inside
the reactor is high, it is required to increase the
pressure of the aqueous heteropolyacid solution with the
pump P in order to circulate the solution, which has been
separated at the catalyst solution separating tower 52, to
the reactor 1'. 1In this process, a large amount of energy
is consumed.

Patent Document 1: JP-A-S60-149536
[0005]

In view of the above problems, an object of the
invention is to provide a reactor and a méthod for more

efficiently producing secondary butanol.

DISCLOSURE OF THE INVENTION
[0006]
The inventors made extensive studies to solve the

above-mentioned problems,'and have found that secondary



above-nenti oned probl ens, and have found that
secondary 3 butanol produced in the Iiquid phase is
extracted into the gas phase at a high concentration
when an aqueous heteropolyacid solution serving as a
catal yst and 2-butene forma gas-liquid interface and
n-butene is present as 5 supercritical gas phase.
Specifically, they have found that secondary butano

pE#Anke EEBBEE%@tH% E%EOYEHEdeﬁha%%kH%Qe%@%%c%@% 9%%0 the
g a catalyst

phase fromthe reactor w thout takin

g8l BhheB gt hLi aYiye RRASEntTAe LAY &M SimadRidowst her
studi es about the 10 construction of the reactor based

hebekBgoabave df sBduRdSn sERGihGVaRt or sdtanedtound thafutene
by providing a circulation mechanismthat can

feirmcHl ghe-thquiat anyst faekubnan nobutddn@uiid phasenands

keep the gas-liquid interface inside the reactor,
sspeondatychit agael phaseche ppodifedadityhouheyedacengotbd

the yield while nmaintaining the catal yst sol ution

thati decontiheyr batkool CAQ0DE €€ iicieritliyoreguoyerdes by

the following reactor or method for producing .
taktonadanyybthenges pbase Arpmather re@ctmmodudioyt taking a

secondary butanol by directl hydrating n-butene in
cphelppbsendutapnanfadiavid pheseropol yacid sol ution as

a catal yst conErising a circulation nechanismfor '

ci rcuTkRi HavantageeBade RAvrehepopfueigssabgetitofhensi de

t he reactor. :
constructgon of the reactor based on the above findings.
The inventors have found that by providing a circulation
mechanism that can circulate the catalyst solution of
liquid phase and keep the gas-liquid interface inside the
reactor, secondary butanol can be produced without reducing
the yield while maintaining the catalyst solution inside.
the reactor.

[0007]

The invention provides the following reactor or

method for prodﬁcing secondary butanol.
1. A reactor for producing secondary butanol by directly
hydrating n-butene in the presence of an aqueous
heteropolyacid solution as a catalyst comprising a
circulation mechanism for circulating an aqueous
heteropolyacid solution inside the reactor.
2. The reactor for producing secondary butanol according

to 1 wherein the circulation mechanism is an inner pipe.

3. The reactor for producing secondary butanol according
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25 2. The reactor for produci ng secondary butano

according to 1 wherein the circulation nechanismis

an inner pipe. 3. The reactor for producing secondary

but anol according 4 to 2 conprising a flow adjusting

val ve for controlling an amount of the circul ated

het eropol yacid solution inside the inner pipe. 4. The

reactor for produci ng secondary butanol according 5

0, a 1t c LS eqi .
toarremghEethoin 10y “REPLLELRY GatlieBEF EBHLRTLING an
ah&@5t 05 £ f Pl PEPHYGH B0 §6ROPLREY o RYLRAE! sBEGLEGhNInstiBe the

4 conprising 6 or nore regions. 6. The reactor for
iRk@dusipg. secondary butanol according 10 to any one

of 1 to 5 wherein at |east one of a gas-liquid
4 separgi®rrsdck & WBshi podii@indg SsPEONHEeY HeBEN8D according

outlet thereof. 7. A method for producing secondary
tbudmapobneocoPristog3 compdileing seocennsary batyanak by

supplying n-butene 15 into an aqueous heteropol yaci d
paotitiomedhwibhi $ arlmquédpphase phatke.react or

according to any one of 1 to 6; concentrating the

- Ssecorle wdnntowl fon prddieimg $econdgry kupencti accakding

gas phase in the reactor; taking out the secondary
tout aeempaheing bat enenofe aregdonsas phase fromthe

reactor; and then separating the n-butene to obtain '
6+ he seormastopufapdroducing secondary butanol according

to any one of 1 to_5 wherein at least one of a gas-liquid
separator and a washing tray is provided near an outlet
thereof.
7. A method for producing secondary butanol comprising:

producing secondary butanol by supplying n-butene
into an aqueous heteropolyacid solution which is a liquid
phase in the reactor according to any one of 1 to 6;

concentrating the secondary butanol in n-butene
forming a supercritical gas phase in the reactor;

taking out the.seéondary butanol .and n-butene of a
gas phase from the reactor; and then

separating the n-butene to obtain the secondary
butanol.
[0008]

In the reactor for producing secondary butanol of the
invention, an aqueous heteropolyacid solution is-not

removed outside the reactor. Therefore, recovery and

-circulation equipments such as a conventional catalyst
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[0008] In the reactor for producing secondary butano
of the 25 invention, an aqueous heteropolyacid
solution is not renoved outside the reactor.
Therefore, recovery and circulation equipnments such
as a conventional catalyst 5 solution separating tower
are not required. As a result, equipnent costs and
production costs can be reduced. BRI EF DESCRI PTI ON OF

sd HE LAV NGS- 2 01 1 Q00 Fl Srelnbe Be§GhelBli s a result,

cross-sectional view show ng one enbodi nent of the

cdeRshett f &b s Ps 0ghig i PHo8LEONEAT ¥osBYt 8RRl bef réhfced.
Invention. FIG 2 is a schematic view show ng the

inside of a 10 reactor when produci ng secondary
butanol. FIG 3 is a schematic flow chart show ng the
met hod for BRDEBCDRYCRERDDARr gFbNIHANDRAWINGEE
invention. FIG 4 is a schematic flow chart showi ng a
[@@¥Entional method for produci ng secondary butanol .
15 BEST MODE FOR CARRYING OUT THE I NVENTION [0010]
FI G EIG.s la isthemghienat bsscxesstomational vhew agowing
one enbodi ment of the reactor for producing secondary
oy Ykemidtent ehethevepdbar FPG profyciangcheraniaTyY
vi ew showi ng the inside of the reactor when producing
butanmk£% the invention.
FIG. 2 is a schematic view showing the inside of a
reactor when producing secbndary butanol.
FIG. 3 is a schematic flow chart showing the method
for producing secondary butanol of the invention.
FIG. 4 is a schematic flow chart showing a

conventional method for producing secondary butanol.

BEST MODE FOR‘CARRYING ouT THE INVENTION
[0010]

FIG. 1 is a schematic cross-sectional view showing
one embodimént of the reactor for producing secondary
butanol of the invention. FIG. 2 is a schematic view
showing the inside of the reactor when producing secondary
butanol.

A reactor 1 comprises an inlet 12 for supplying n-
butene provided at a lower part of a cylinder-shaped body
11. An outlet 13 for taking n-butene gasvcontaining

secondary butanol produced therefrom is provided at an

upper part of the body 11. A gas distributing plate 14
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butanol. A reactor 1 conprises an inlet 12 for
supplying n- butene provided at a | ower part of a
cyl i nder-shaped body 25 11. An outlet 13 for taking
n- but ene gas contai ni ng secondary butanol produced
therefromis provided at an upper part of the body
11. A gas distributing plate 14 6 through which
butene gas can pass and |iquid cannot pass is

tREQYY Heﬂhf&? L?uEQﬁe gégt cdf égsﬁr%{ﬁnﬁ %ﬂ]?d‘ eakage Bfass is

Iqu| phase tromthé reacto rough the inlet 12.

pk@bf&e&5a$86esﬂﬁé|Yhmgtmﬁteﬁof9£e$¥ﬁﬁath€91€a§a6%t%&e
is provided above the gas distributing plate 147in

1ifeidoyess@ariof theerbgdyot1th004h] tA LAnek pipe 20
is provided along the |ongitudinal center line of the

body Arl.irfretenth ofot heuppeingi peted fsr APdpasihgoned
near the inlet 12. The other end of the inner pipe 20

butempe esenproviddéd bbquedtpbages4diseaibatlinqguipdages 14 in
interface (refer to FIG 2). Such arrangenent of the

thenkewepi per0cfl thasbotig 1Ll owi ng; The gas conmponent
in the 1liquid phase noves to the.gas phase, thereby
[@@LkIng the 15 difference in relative density in the
l'iquid phase. This circulates the |iquid phase inside
and A\l siten Helpeingd liﬁ)l@@?@de@p@bpﬂgc*éhﬁy1°§9h§édlnal
the solution on the |ower side of the reactor 1

cerithi hsna P&l BReVRPYY| At ge Adhotifl oF tlb%t?e%eaaglaﬁd% is

secondary but ang] oduce the solution
p081t{5neg near thepinlet f2. The other eng of the inner

pipe 20 is present in the liquid phase 42 near a liquid—gas
interface (refer to FIG. 2). Such arrangement of the inner
pipe 20 allows the following; The gas component in the
liquid phase moves to the gas phase, thereby causing the
difference in relative density in the liquid phase. This
circulates the liquid phase inside and outside the inner
pipe 20. Specifically, since the solution on the lower
side of the reactor 1 contains a relatively large amount of
butene gas and secondary'bufanol produced, the solution has
a small relative density and moves upward. Since butene
gas and secondary butanol move from the liquid phase 42 to

the gas phase 44 in the vicinity of gas-liquid interface 40,

the solution has a larger relative density and moves

downward. As a result, an upward flow is caused outside
the inner pipe 20 and a downward flow is caused inside the

pipe. The arrows indicate the circulation of the liquid

phase in FIG. 2.
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20 a small relative density and noves upward. Since
butene gas and secondary butanol nove fromthe |iquid
phase 42 to the gas phase 44 in the vicinity of
gas-liquid interface 40, the solution has a |arger

rel ative density and noves downward. As a result, an
upward flow is caused outside 25 the inner pipe 20
and a downward flow is caused inside the pipe. The
[gbﬁgws indicate the circulation of the liquid phase
in FIG 2. 7 [0012] It is preferable that the ratio of

the 'ﬁﬁeisd?ﬁaﬁéﬁéblgfthﬁg LABeL R Be oir0 thie jHharel8ameter
of the reac be 0.05 to 0.20 in order to give

o@pphepihate phpeukat ikdB. ofi ahbecl @ dhe RA’ or be 0.05 to
(downward flo and ensure a reaction volunme (upward

of bowin b0@&3] t8i BeReaabbavbdipkaseiGuilRk@ion of the liquid
appropriately circulated 1n the reactor of the

phasentdownwhlite $ecendany busanrel alQduoadueeddlureheupward
i quid phase can be diffused throughout the 1liquid
fpbwase, maintaining a gas-liquid interface. Since
hydrati on reaction caused in the |iquid phase is
[@QLBli bri umreaction biased toward row materia
system the hydration reaction can be nore
effuc$hm¢$yacbh@ueﬂeﬁhﬁyelsaaubﬁuép@50§§é@ﬁ§éwyC1rculated
.butanol in the |iquid phase. [0014] In the reactor of
l@héh?nV%ﬁFFeﬁ,oﬁtth§ pPr¥eBLaPRe the secondary butanol

produced in the liquid phase can be diffused throughout the
liquid phase, maintaining a gas-liquid interface. Since
hydration reaction caused in the liquid phase is
equilibrium reaction biased toward row material system, the
hydration reaction can be more efficiently conducted by
diffusing secondaryvbutanol in the liquid phase.
[0014]

In the reactor of the invention, it is preferable

that a flow adjusting valve 22 for controlling the amount

- of circulating heteropolyacid solution be provided inside

the inner pipe to control circulation from the outside
using a manipulating valve 22a. Hydration reaction can be
easily optimized by controlling the circulation rate of
liquid phase with the flow adjusting valve. It is
preferable that a flow indicator 24 be further provided
inside the inner pipe.

As examples of the flow adjusting valve, a general

butterfly valve, gate valve, groove valve and the like can
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that a flow adjusting valve 22 for controlling the
anount of circul ating heteropol yacid sol ution be
provi ded inside 20 the inner pipe to contro
circulation fromthe outside wusing a manipul ating
val ve 22a. Hydration reaction can be easily optim zed
by controlling the circulation rate of 1|iquid phase
with the flow adjusting valve. It is preferable that
pd fdQy i ndicator 24 be further provided 25 inside the
I nner pipe. As exanples of the flow adjusting valve, a
[ al butterfly valve, gate valve, groove valve and
the 1ike can 8 be used. [0015) In the reactor, it is
pref erphie e doh,2 i IPre FEHENS {YEESA S) &8 myre
partitioning the part where a 5 liquid phase is
régicnd at etk s 1d) e ©F prrei POoRUSg pthe esar6whdhe a
porous plate 26 has functions of enhanci ng cont act
liefdidigeye of s gaisr iiasteednai th qone phaserdyporous plates
re-distributing butene gas bubbles. The provision of
2@or Ghe ploatcms2@lgitec6 s sanetefdrestst anhtdosimopfcentact
plurality of vessels formed 10 in the reactor 1. The .
effi reigraty onf ofad imhaske piradel tanidaphassi hnt eeplugteibwting
(piston flow), thereby enhancing the vyield of .
buerondrsy Wikkirg . [Cherpgovisiare of mMpEtithailatprobsgives
pl ates 26 are provi ded around the outer circunference
the same iefkacts ps 2thewe 0’ 2helpsayity ¢t xeggels formed

. vessels). In the invention, the.reactor ,réefe}{abl y has
irg the reactor 1. The circulation of liquid phase’can

approximate plug flow (piston flow), thereby enhancing the
yield of secondary butanol. IanIG.l, five ring-shaped
porous plates 26 are provided around the outer
circumference of the inner pipe 20 across the body 11 (six
vessels). In the invention, the reactor preferably has 6
or more fegions (vessels) 28, more preferably 10 to 20
regions.

It is preferable that the porous plates have an
aperture ratio of 0.06 to 0.10 and aperture diameter of 3
to 10 mm to efficiently distribute the butene gas of the
gas phase, to keep the plug flow and to suppress back

mixing (reverse-flow of liquid).

[0016]

It is prefeiable that a gas-liquid separator 30

(demister) and/or a washing tray 32 be provided near the

- outlet 13 of the reactor 1. Since they prevent-the leakage

of the aquebus heteropolyacid solution from the outlet 13
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or nore regions (vessels) 28, nore preferably 10 to 20
regions. It is preferable that the porous plates have
an aperture ratio of 0.06 to 0.10 and aperture
dianeter of 3 20 to 10 mmto efficiently distribute

t he butene gas of the gas phase, to keep the plug flow
and to suppress back mxing (reverse-flow of |iquid).
[0016) It is preferable that a gas-liquid separator 30

o 'éélga% lg@@!fgg o,fae%\gé&ﬁgc&?aslfg%bsf pag%iegsgipments

nhear the u e reactor I nce

t ' I id
oSt 0 bieiosies o ol sguegpbeinonl e

t 13 9t he outside of the

reactyffen GOy Hrdhe LOuPPENM S, HOMErded34ofbhe
reactor can be suppressed. en a washing tray is

s ' ywadhiy efatdr fD§ pBePPi¥ENgo¥ashthg MatRingStray
lﬁ%%ﬁ abovermtJ he washi ngptray 5 32 in the body 1?.
34 O Ahd hsodettiod for produci ng secondary butanol of

the invention will be described below FIG 3 is a
(exieymtic flow chart showing the nethod 10 for

produci ng secondary butanol of the invention. The

met hdtheomettreod rfcen th wodwoinpy | Sesomdany Ngutabet epg the

into a liquid phase of an aqueous heteropol yacid
isgnitiom wihll Hee ddoveibedtbohed.reactor to produce

secondary butanol in the ]
FIG. 3 is a schematic flow chart showing the method

for producing secondary butanol of the invention. The
method of the invention comprises blowing n-butene into a
liquid phase of an aqueous heteropolyacid solution in the
above-mentioned reactor to produce secondary butanol in the

liquid phase. Thereafter, the secondary butanol is

‘concentrated in the n-butene, and taken as gas from the

reactor.
[0018]

In the method of the invention, an aqueous
heteropolyacid solution is added into the reactor in
advance. The liquid level of the solution is adjusted to
be at a specific position. For example, as shown in FIG. 2,
the liquid level is at the position where the aqueous
heteropolyaéid solution does not leak from the outlet ;3
and the whole inner pipe 20 welters in the liquid phase 42.

As thé heteropolyacid, silicotungustic écid,~
phosphotungstic acid, silicomolybudénum acid,

phosphomolybudenum acid, and the like can be used. In

10
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l'iquid phase. Thereafter, the secondary butanol is 15
concentrated in the n-butene, and taken as gas from
the reactor. [0018] In the nethod of the invention,
an aqueous heteropolyacid solution is added into the
reactor in 20 advance. The liquid |level of the
solution is adjusted to be at a specific position.
For exanple, as shown in FIG 2, the liquid level is

a@&}{D@nPO%L%éggrﬁﬁﬁggi&¥§ fﬂuﬁﬂyéh @@beBQpﬁb¥@C%gges of

ol ution S not romthe outlet 13 and
h%@@%ﬁeé BRE Qhﬁfgggy“§£5ﬁ§$a£@ EBﬁbthH'€a§h§§§o4ge 43ed.

et eropol'yacid, silicotungustic aci

phosphat ungstd ct At fon Sb# | €08D4 Y BHEEH URR 86+ 8polyacid
phosphonol ybudenum acid, and the |ike can be used. In

sdDuedsht i onadfubeter eperypei drehywaepbntinagobnmehe type of
types of hetero atons and poly atons are conbi ned can
adhsvebeoligedid The thackbkeat nhonmallyhe.8qlemnd/1 to 0.2
het er opol yacid solution is adjusted appropriately
mokependiTie aryudumd et axfopdl vadied espbhyaon chas ahpH of 2.3
like, normally 0.001 nol/l to 0.2 nol/l. The aqueous
ohetes®pol yacid solution has a pH of 2.3 or |ess.
0019] Then, n-butene gas (n-butene-I, n-butene-2, or
[(@0h19] mi xture thereof) is supplied fromthe inlet 12

and water is supplied fromthe inlet 15. The n-butene
gas Bdwmesi-butene gas  (n-butene-1, n-butene-2, or a

mixture thereof) is supplied from the inlet 12 and water is
supplied from the inlet 15. The n-butene gas becomes
bubbles 46 and the bubbles 46 move upward in the reactor
(as shown by outline arrows in FIG.2). A part of the_n—
butene is dissolved into the catalyst solution to produce
secondary butanol in the liquid phase 42. A major part of
the.n—butene'does not react and pass through the liquid
phase 42 to form the gas phase 44 in the upper part of the
reactor 1. N-butene is supplied such that the interface 40
between the aqueous heteropolyacid solution (liquid phase)
42 and n-butene (gas phase) 44 stays at the above-mentioned
specific position.

[0020]

' In the invention, n-butene forming the gas phase 44

~in the reactor 1 is present in a supercritical state. The

hydration reaction has a low equilibrium inversion rate of
secondary butanol and the concentration of secondary

butanol in the liquid phase 42 is dilute. Since secondary

11
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bubbl es 46 and the bubbl es 46 nove upward in the
reactor (as shown by outline arrows in FIG 2). A
part of the n- butene is dissolved into the catal yst
solution to produce 15 secondary butanol in the liquid
phase 42. A mgjor part of the n-butene does not react
and pass through the liquid phase 42 to formthe gas
phase 44 in the upper part of the reactor 1. N butene

bﬁ§a§&fpl%e§i§ybeE@Q& EQETEQF§££%F8r%Qacgﬁ;§§§85%ﬂgzof the

aqueous heter opol yaci d solution (TTqui

géﬁ“&ﬁhé&”@@eaéQQShPQH§§%n5@n§£§¥§OﬁE tBeondary butanol can
above-nmentioned speéecific position. [0020] In the

béd Vet ¢ Dint Dy Ut 88@c£8d b0 4 kengasnphasBe44asi phhbe 44 to
reactor 1 is present in a supercritical state. The 25

thy ds@t & Dile r €ACEhE@Nr8aster | DW equi l i brium i nversion
rate of secondary butanol and the concentration of
secormdsy yrdudianoh tempdatditpi dhgphelse 42atsionlptessure
'Since secondary 11 butanoel is distributed in the
amipet@id ticd00PChanené HPat he mgae [laser iddy at-ba theingh
concentration, secondary butanol can be efficiently
fomcovergue bya s akhage onhyo thesgpesrphatécad sbvatehe It is
outside of the reactor 1. 5 The reaction tenperature |
prafiexatel ¢ cbleat ohhpr beack ton akenpgpatuse3end the seRPiion
or nore to bring n-butene formng the g%f hase into

Pressives dee t 18QIC stutd30°Ft apgd 18y Mbar 4191 ‘t he

reaction tenperature and the reaction pressure be
to 230C and 18 MPa to 22 MPa,

Then, the gas phase 44 is taken out from the outlet
13. Since the liquid phase 42 and gas phase 44 are present
in the reactor 1 while forming the interface 40 in the
method of thevinvention, only the gas phase 44 can be
easily taken out from the reactor. The secondary butanol
and n-butene, forming the gas phase 44, can be selectively
taken out while maintaining the catalyst solution inside
thé reactor 1. Unlike the flow chart shown in FIG. 4,
equipments for circulating a catalyst solution such as the
catalyst solution separating towér 52 are not required,
whereby equipment costs and production costs can be reduced.

The rate of taking out the gas phase 44 is adjusted

such that the interface between the catalyst solution phase

42 and the gas phase 44 is at a specific position, taking

the amount of supplied n-butene and water into account.

. [0022]

The gas phase 44 is a mixture mainly composed of
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10 [0021) Then, the gas phase 44 is taken out fromthe
outlet 13. Since the |iquid phase 42 and gas phase 44
are present in the reactor 1 while form ng the
interface 40 in the nethod of the invention, only the
gas phase 44 can be 15 easily taken out fromthe
reactor. The secondary butanol and n-butene, form ng
t he gas phase 44, can be selectively taken out while
sggbﬂﬁﬁkg'Bgtgﬂglcﬁhélﬁsﬁuﬁghgt'Qﬁh%nééggur&hfsrgéﬁ£o£o a
1. Unlike the flow chart shown in Fi 4, equi pnments
skphrgtinyl ablveg 8ocabal ¥8hagakubnorhavehras Ahgeflod for
cat al yst "sol uti on separating tower 52 are not
theqsépedat ivhenabyuggdi RMRBEheasts and I @duGkit@Fe taken
costs can be reduced. The rate of taking out the gas
aphase #4 tsoadpusbedeslghukliakdt.heThst sepacgtbat wepiitene
the catal yst solution phase .42 and the gas phase 44
igscatrcalapedi Ascapesivt manertiaki ng tAe trhacawrurigadh. The
supplied n-butene and water into account. [0022] The
sghsrphadesddondaaynbrtanelmasnkgntomposeguafifit2tion
. secondary butanol and n-butene. The mixture is sent to
proceepar afi ngceownerys0 for separation thereof. A
net hod for the separation includes a nethod in which
[@0%3kture taken as gas is cooled to be liquefied. The
separated n-butene 5 is circulated as a row materia
to t HEYRhES off abfaf Mmetied SepaPaPEdCciBgoREEPPIBLYaRyILanol

i s sent io a gurification process, if necessary.
by directly hydrating n-butene are described in UP-A-60-

149536 or JP-A-4-356434, for example.

INDUSTRIAL APPLICABILITY
[0024]

The reactor for producing secondary butanol of the
invention can be used not.only as an equiément for
producing secondary butanol but also as an.equipment for
producing methyl ethyl ketone.

Since the method for producing secondary butanol of
the invention can reduce equipment costs and production
costs, it'ié suitable for producing secondary butanol. In
addition, the method of the invention can improve the
efficiency of MEK production when a MEK pioduction process .

involves the method of the invention as a part thereof.
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[0023] Details of the nethod for producing secondary
butanol 10 by directly hydrating n-butene are
descri bed in JP-A-60- 149536 or JP-A-4-356434, for
exanpl e. | NDUSTRI AL APPLI CABI LI TY [0024] 15 The
reactor for produci ng secondary butanol of the

i nvention can be used not only as an equi pnent for
produci ng secondary butanol but al so as an equi pnent

for producing nethyl ethﬁﬁgggkyne. Since the nethod
for. produci ng secondary b of 20 the invention

can reduce equi pnent costs and production costs, it
is suitable for producing secondary butanol. In

ddi \ ) :
1 addi %ayét%?t K%ﬁ;g%cg%%%?@%' 8 @%égg"{;écﬁﬂtéﬂgi oNe HAgectly

efficienc en a NMEK production

hPEPSESSg hIVQLYES iﬁetﬁ@}\g?gs@ﬁcéhgfi aMengLeBuds a
part thereof. 25 13 CLAI 1. A reactor for producing

hSEEPHERT Ya Ll 2881 ubYodi £8ChH! ¥atBYgEat EBfpRiBURgNE N
t he presence of an aqueous 5 heteropol yacid solution

csc@l &6l &h YbécKDEMSESY 8ireuladliagi an Bgabanissm for
circul ating an aqueous heteropol yacid sol ution inside

hébersearyacid 2soTheibrachsi deothpr edactog.secondary
but anol according 10 to claim 1l wherein the
circulation nechanismis an inner
2. The reactor for producing secondary butanol according

to claim 1 wherein the circulation mechanism is an inner

pipe.

3. The reactor for producing secondary butanol according
to claim 2 comprising a flow adjusting valve for
controlling an amount of the circulated heterbpolyacid

solution inside the inner pipe.

4. The reactor for producing secondary butanol according
to any one of claims. 1 to 3 comprising 2 or more regions

partitioned with 1 or more porous plates.

5. The reactor for producing secondary butanol according

to claim 4 comprising 6 or more regions.

6. - The reactor for producing secondary butanol according

to any one of claims 1 to 5 wherein at least one of a gas-

~liquid separator and a washing tray is provided near an

14
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pi pe. 3. The reactor for produci ng secondary butano
according to claim?2 conprising a flow adjusting
val ve for 15 controlling an amount of the circul ated
het eropol yacid solution inside the inner pipe. 4. The
reactor for produci ng secondary butanol according to
any one of clains 1 to 3 conprising 2 or nore regions
20 partitioned with 1 or nore porous plates. 5. The
Oﬁf@g{O{héngPfoducing secondary butanol according to
clarm4 conprising 6 or nore regions. 25 6. The
reactor for produci ng secondary butanol according to
any one of claims 1 to 5. wherein at | east one of a
79as- A ifginh S e b REdaREnG ¥BshhASr§ reythfolr e¥hgedsing:
near an 14 outlet thereof. 7. A nethod for producing
seconsiddudiPNYe €M i Mitar0digi NGuPPAiday Y n-butene
but anol by supplying n-butene 5 into an aqueous
ied eanpalgypaciuGd JadtéitopoWpaehdi sodukigui dhdhdseis nat Rdquid
reactor according to any one of clains 1 to 6;
plase ettt riahé ngeda beoseaondadynhutanahyi nna- biit edeims 1 to 6;
form ng a supercritical gas phase in the reactor; .
t aki ngprozen ittt Seg onldar yebohdavy bntanobuirna-bhitgnel0
gas phase fromthe reactor; and then separating the
forminene swobtnihichd gasorbasg ibuthaokeagsor;

taking out the secondary butanol and n-butene of a

gas phase from the reactor; and then

separating the n-butene to obtain the secondary

butanol.
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