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relates to a nmethod for producing secondary ‘ “
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containing water is use®ES8SRAPTHW nat eri

BACKGROUND ART (0002] 15 Secondary butanol i's mfﬁ%?
used as a raw material for nethyl ethyl ketone (NEK)

which is U%a%frﬁgr)”ﬁbﬁ' YRESUEN éss%'E\é%Rb RPCEPFERITY

but anol is produced by an 1 ndirect ydratlon nethod
or a direct hydration nethod. In the indirect
hydrati on nmet hod, secondary butanol 20 is obtained by
esterifying n-butene WMECHNIORLUFIELM@ci d, and
hydrolyzing the resulting sulfate with steam This
m®083dd has such di sadvantages as conpli cat ed

recycl rocess or _the ljke due to the use of
Sul T or PR Bt et ehSact arp RETGR GRer Byoduriated,

%%%83599 k%taﬁ{blap&a—'bﬂli:ﬂﬁbl?.eeqflore particularly, the

invention relates to a method for producing secondary
butanol by a direct hydration method in which oxygen-

containing water is used as a raw material.

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

 hydration method or a direct hydration method.

In the indirect hydration method, secondary butanol
is obtained by esterifying n-butene with sulfuric acid, aﬁd
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 used sulfuric acid, and the like.

The applicant of the invention disclosed a method for

producing secondary butanol by directly hydrating n-butene
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25 for treating used sulfuric acid, and the Iike. The
applicant of the invention disclosed a nethod for
produci ng secondary butanol by directly hydrating
n-butene 1 using an aqueous heteropol yacid sol ution
(see Patent Docunent 1, for exanple). This nethod
enables sinplification of a production process since
secondary butanol can be produced wi thout formation
of a sulfate. 5 [0003] In the direct hydration
met hod, n-butene is required to be brought into
@@mm@n Waueoas hgtenerehmcdicopelypaepa (2% (Ratemtat
%h t emper at ures under hlgﬁs pressures. In addition,

’Phé'hgﬁFa?Fﬁﬁp}%%nt BeERoR @ S a 10
£1eljn5‘#]‘ g:hﬁa\h%'hr gpg,a déuctl%% %Q‘OC% Eagi&% MRl g g}'y‘:h

Yy reS|stan O corro y acl IS use

G B Man $MCBr8gused %cérwut FolraAL UBh et 8 ,sdlqwéer
undergoes hydrogen enbrittlenment. To prevent

cooodsi on of titanium netal by hydrogen, an oxide
filmis fornmed on the surface 15 |ayer thereof.

[ 0004]InHdheveireevy dryddedugn tieshedui pripkitend tils gequired
titanium oxide filmbeing formed on the surface is

beRE RIRMdbki dBtOf FPRTISE grdduan ¢areaye dir T mtlarcid
eration of equ

PN ol shnEeBtRr AT P oCoP a8, Ghe by Thr obon
A@a\ﬂ&r@s stlrﬂ%eogﬁéaﬂﬂz&’flagl'éw J:'e%ctlon is conducted in a
relatively strong acidic region, titanium metal which is
highly resistant to corrosion by acid is used in equipment
such as a reactor. Titanium metal, however, undergoes
hydrogen embrittlement. To prevent corrosion of titanium
metal by_hydrogen, an oxide film is formed on the surface
layer thereof. |

[0004]

However, even though the equipment with a titanium
oxide film being formed on the surface is used, the oxide
film is gradually reduced to metal titanium with the
operation of the equipment, and resistance of the equipment
to corrosion by hydrogen lowers as the opefation time is
prolonged. Therefore, to suppress deterioration of the
equipment by hydrogen embrittleﬁent, it is required to
periodically form a fresh oxide film on the surface of the
equipment. As the method for forming an oxide film,
heating titanium at high temperatures, treating titanium

with hydrochloric acid or nitric acid, or treating titanium
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prol onged. Therefore, to suppress deterioration of the,
equi pnment by hydrogen enbrittlenent, it is required to
periodically forma fresh oxide filmon the surface of
the 25 equi pnent. As the nmethod for form ng an oxide
film heating titaniumat high tenperatures, treating
titanium wth hydrochloric acid or nitric acid, or
treating titanium 2 with hydroperoxi de water can be
given (see Patent Docunent 2, for exanple). However,
these nethods require stopping the operation of the
efth prshrorkopxade ongt gerdapd bef gtiver asee vl ends Document
treating liquid waste or the like, which is tine 5
%on%‘tﬁneﬁ‘g"m@lleéostﬂ%ﬂevlﬁétr ehPe PR CImEiRds] reﬁPlAeeetqm
éqy%a cunen % ﬁé JP- A- 63- %2%187 0005] 1.n V|g ¢
e G5RA 15F0B ARIB)ECt T8F £he%1D n f“é‘e as

&@lpr&wt%a%lggt hog, o, A dugi @gesffﬁ)@daﬁkylchblitsa@ﬂae—

which can suppfess-deterioration of a titanium OXi
cohdaming ke epstafyi on of equi pnment. DI SCLOSURE OF THE
I NVENTI ON 15 [0006] The inventors nade extensive

st udi @steatsDbyendire 1:alieva-GenlddHdé probl ens, and
have found that deterioration of the oxide film can
be sup@tesseBopymerst iy WAréréesn2dhi&h oxygen is
ﬂhﬁﬁﬂlved' The i nvention has been nade based on

In view of the above problems, an object of the
invention is to provide a method for producing secondary
butanol which can suppress deterioration of a titanium

oxide film by the operation of equipment.

DISCLOSURE OF THE INVENTION
[0006]

The inventors made extensive studies to solve the
above-mentioned problems, and have found that deterioration
of the oxide film can be suppressed by using water in which
oxygen is dissolved. The invention has been made based on
this finding.

The invention provides the following method for

'producing secondary butanol.

1. A method for producing secondary butanol comprising
directly hydrating n-butene in the presence of an aqueous
heteropolyacid solution as a catalyst using water in which
oxygen is dissolved as a raw material.

2, The method for producing secondary butanol according
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20 this finding. The invention provides the foll ow ng.
nmet hod for produci ng secondary butanol. 1. A nethod
for producing secondary butanol conprising directly
hydrating n-butene in the presence of an aqueous 25
het er opol yacid solution as a catal yst using water in
whi ch oxygen is dissolved as a raw material. 2. The
nmet hod for produci ng secondary butanol according 3 to
1, wherein the water is oxygen-saturated water. 3. The
met hod for produci ng secondary butanol according to 1
be D, wikgredinnthhevabteris oxolgea-netubytekpesiarg pure
water to air. 5 4. The method for produci ng secondary
Put andiheaebhradnfer tRrogFisg secendarwiitéanelt ggcording

F¥d q;i iz condu ﬁeqq sing a on%in ous in o
qiE PHadBeaFrBct Ry IR St Of SBbarAEUSSY [THEA  EnPERe
gethod § gr; produci ng secondary butanol of the 10
Invention, life of the equi pnment can be prol onged

8| nce Trdehekh8dat b P addifgt Ebabhdar Pxhdairddll Bceandbeg
suppressed. As a result, tinme and cost required to

tai ayiaf tlheo 8quiwpereain dare bydrediordis 1SMBEST eMODEiLNg
FOR CARRYI NG QUT THE | NVENTION [0008] The nethod for
PreeiicipuseddAdadyPhriartbirest pygration apparatus.

[0007]

In the method for producing secondary butanol of the
invention, life of the eqﬁipment can be prolonged since
deterioration of the titanium oxide film can be suppressed.
As a result, time and cost required to maintain the

equipment can be reduced.

BEST MODE FOR CARRYING OUT THE INVENTION

[0008]

The method for producing secondary butanol of the

invention comprises directly hydrating n-butene in the

presence of an aqueous héteropolyacid solution as a
catalyst using water in which oxygen is dissolved as a raw
material.

Details of the method for producing secondary butanol
by directly hydrating n-butene are described in JP-A-60-
149536 or JP-A-4-356434, for example. The summary of the
method will be described below.

[0009]

In a method where n-butene is directly hydrated, a
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i nvention conprises directly hydrating n-butene in the
presence of an aqueous heteropol yacid solution as a 20
catal yst using water in which oxygen is dissolved as a
raw material. Details of the nethod for producing
secondary butanol by directly hydrating n-butene are
described in JP-A-60- 149536 or JP-A-4-356434, for
exanpl e. The sumary of the 25 nethod will be
descri bed below. [0009] In a nethod where n-butene is
directly hydrated, a 4 hydration reaction of n-butene
h g reamicbunc tred chyor o Hgi g tenebils epenductrd dryebtrioging n-
n-butene-2, or a mxture thereof) as a raw nateri al
bytene dirietenrth ah HdEGHs-Ret @F opdhipdcit® tHsFaefbras
having a pH of . 2.3 or |ess, .for _exanple. 0010] , As .
T e ety seF Sriactodhg et Adkerie hetezopblifeid
t |C i j 14 ud I,
D S bhea el ot 3 S8 R R T %sea. 1
poighigji on, a heteropolyacid in which two or nore types
of 10 hetero atons and poly atons are conbi ned can
al so be thedhetdiwpaioredn, r at il booofind e iageedds
het eropol yacid solution is required to be adjusted
pivpIRdmtivagety cdepbtidi figh 1 amotliybudgpem gfcid,
het er pol yacid or the |ike, but nornallx, 0.
QQpQPq?qﬂ&xppgenum acid, and the like can be u

addition, a heteropolyacid in which two or more types of

2t mpi/ L
hetero atoms and poly atoms are combined can also be used.
The concentration of the agqueous heteropolyacid
solution is required tp be adjusted appropriately depending
on the type of a heterpolyacid or the l;ke, but normally,

0.001 mol/l to 0.2 mol/l.
[0011]

It is preferred that the reaction temperature and the
reaction pressure be 140°C to 300°C, and 6 MPa or-more,'
respectively. Since the reaction is conducted at such high
temperatures and high pressures, as well as in a strong
acidity, it is necessary to take measures to suppress
corrosion of the equipmént. Specifically, the innef
surface of the equipment such as a reactor is subjected to
lining (explosion-bonded clad lining) with metal titanium
and an oxide film is further formed on the lined equipment.
An oxide film can be formed by a known method (the above-
mentioned Patent Document 2, for example). It is preferred

that the thickness of the oxide film be 150A to 5,000A.
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15 [0011] It is preferred that the reaction
tenperature and the reaction pressure be 140Cto
300C, and 6 MPa or nore, respectively. Since the
reaction is conducted at such high tenperatures and
hi gh pressures, as well as in a strong 20 acidity, it
IS necessary to take neasures to suppress corrosion
of the equi pnent. Specifically, the inner surface of
t he equi pnment such as a reactor is subjected to
I'i ni ng (expl osion-bonded clad. Iining) wth netal
{P@Bhi um and an oxide filmis further fornmed on the

l'ined equi pnrent. 25 An oxide filmcan be forned by a
known Afeth6dPEPHEC IRV QIUFBRENEn el Pt eﬁﬁulrsa@&ﬁeﬁvca as

r_exa ref rred hat the thickness of
£ he G e Fhphat T B eeY 45656R105 [H0IA" &S Ehe
PERALGE LN 164 BDBAL s e KAWL L AYLRIEDEN SHGIL A% us2 BAt 5B
['1 qui d- phase di rect ydration feactor or ‘a continuous
Ls&w) d- phase direct hydration apparatus can be 5
used. In the continuous |iquid-phase hydration
react dm thei noetsmeousldrigulidt-ahebe i sydaitiaruaeskyor,
produced, n-butene and water as raw materials are
sippR | EFordagypPatianel i ePntAateus by a0 Feditqash fMgputene

t t dary_ 10 but anol
FBCTT S Geoatt ARa: By-DARRuCtEbk B  Shob dtF S Sgmined

Eé@&'eéoe "N eE 63t Bor Ay d1ABY Lreablfof ONGEN AL Y -

butanol '‘as a reaction product and by-products are removed
at a predetermined rate. As a result, the concentration of
the aqueous heteropolyacid solution in the reaction system
can be maintained in a predetermined range.

[0013]

In the invention, water in which oxygen is dissolved
is used as a raw material to be supplied to the reactor.
As a result, oxygen deficiency of an oxide film caused by
the reduction of n-butene can be suppressed. The reason
therefor is considered as follows. Oxygen dissolved in
water-oxidizes the inner surface of the reactor to form an
oxide film by exposure to high temperatures and high
pressures in the.reactor. The oxide film-forming action by
the dissolved oxygen and the reduction actién by n-butene
are compensated, whereby a decrease in the amount of an
oxide film formed in the reactor can be suppressed.

[0014]

Heretofore, water which is degassed after being
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t he aqueous het eropol yacid solution in the reaction
system can be maintained in a predeterm ned range.
[0013] 15 In the invention, water in which oxygen is
di ssolved is used as a raw material to be supplied to
the reactor. As a result, oxygen deficiency of an
oxide filmcaused by the reduction of n-butene can be
suppressed. The reason therefor is considered as

foll ows. Oxygen dissolved in 20 water oxidizes the

i nner surface of the reactor to forman oxide film by
dz posurzd d ski-ghliedperse waasrantahi geen prestrses iraAw
the reactor. The oxide filmform ng action by the

B &bl e d RPgEHPRAHCE He® radiFECI8R aBt PEFED Y hIBRidAES

ted, . W b d in_ th t of
Ao e TP FOF e o A6 A eRcr6r 8 be
suppr 653 g i&ggéé}iﬁfréﬁﬁ¥ﬁ%%ﬁt,mﬁéﬁrengﬂEfﬂb'é%ficient

degassed afte erng 6 Irnoni zed (so-called pure

water )t haneen vaedsage avdtd whABRERS ial st decasuippl khd

to a reactor in order to mnimze entering of

Bapertiteagsneng asr gasérahl wyste@mfolrnat heachihustayisdlem and

equi pment, for ensuring efficient 5 water treatnent,

fae Sherl Weesh aghRcROVST stiEE €4 fodtrheinggfpurce or the
eneral ly used for

Pt LS, et S eed ot @ fegetlon cxst e and,
BEciNE, d 16 DuBREt LPRed todch §398NbLRLed N didress
pure water e

oxidization of an apparatus. For these reasons, pure water
has been uéed as the water to be supplied to a reaction
system.

[(0015]

In spite of the above-mentioned state, the invention
has been made based on a finding that supplying water in
which oxygen is dissolved to a reaction system maintains an
oxide film in a reactor.

Depending on reaction conditions, water in which
oxygen is dissolved may form an oxide film inside the
reactor. In such a case, corrosion of the equipment can be
suppressed even when an oxide film is not formed prior to
use of the equipment. |
[0016]

‘As the water in which oxygen is dissolved used in the
invention, water in which oxygen is dissolved and from

which impurites such as ions which affect adversely on the

reaction system are removed may be used. Specific examples
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used in a steam supply system such as a boiler to
suppress 10 oxi di zati on of an apparatus. For these
reasons, pure water has been used as the water to be
supplied to a reaction system [0015] In spite of the
above-nentioned state, the invention 15 has been made
based on a finding that supplying water in which
oxygen is dissolved to a reaction system mai ntains an
oxide filmin a reactor. Depending on reaction
conditions, water in which oxygen is dissolved may
¥rImden wexiedewhid¢im imgiate delesged raficenbeing daéhnazed,
case, corrosion of the equi pment can be . suppressed
Weerr WiRER LBRAORY dR¥HITIAT $UREt VR bR Fre? ;?r%rorSOt éhaas%xmen
equi,pnent he wat er Aﬂ en is

Jorllst%e] ved 5!§eab%?19?€h% 5N PERTi %?ter’ Wat el i ch
P B POy L o o S TR = R 65“99 8fac

ely ont reaction system

S RydrENRYVadsBBYvEe usathe PReel hhceexanpl es 7 include
wat er which is not degassed after being deionized,

wat er Folot dibeoli Dynexposithgrpureavedrers,t knawn sethbds
oxygen in the air is absorbed in the pure water, and
swdteras gistagned bon ABIANGG FEFENWARRrOUSecRi r or
&é{gﬁn so that 5 oxygen is dissolved in the pure

r,

In the above-mentioned industrial equipment, if the
same water is used in the reaction system and for the steam,
the following water may be used; pure water to be used in
the reaction system is placed in an air-opened tank or the
like so as to allow oxygen to be dissoclved in the pure
water, and then supplied to a reactor. As a result, pure
water can be supplied to a steam supply system, while water
in which oxygen is dissolved can be supplied to a reaction
system, with a common water-treating equipment.

[0018]

Since the amount of oxygen in water is usually very
small, in the invention, it is preferable to use water
saturated with oxygen at 5°C to 30°C under atmospheric
pressure.

To enhance the effect of suppressing deterioration of
an oxide film attained by the oxygen dissolved in water, it
is preferred that the reaction be performed at a
temperature of 150°C to 220°C, and at a pressure of 6 MPa

to 25 MPa.
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For deionizing or other treatnments, known nethods
such as using an ion exchange resin may be used.
[0017] In the above-nentioned industrial equipnent, if
the 10 sane water is used in the reaction system and
for the steam the follow ng water may be used; pure
water to be used in the reaction systemis placed in
an air-opened tank or the |ike so as to allow oxygen
to be dissolved in the pure water, and then supplied
to a reactor. As a result, pure 15 water can be
supplied to a steam supply system while water in
whi ch oxygen is dissolved can be supplied to a
reaction system with abtdWPef® water-treating
F ipent. [0018] Since the amount of oxygen in water
ually very 20 small, in the invention, it is

pref enabl @nbonthssh WALAr beSALYERL By i hoPkydeRadi SC
to 30C under atnospheric pressure. To enhance the

edfectingf touppe essamel gtet eri oration of an oxide film
attai ned by the oxygen dissolved in water, it 25 is

preferred that the reaction be perforned at a
tenmperature of 150C to 220C, and at a pressure of 6
Brap e 125 MPa. 8 EXAMPLES [0019]

As the aqueous heteropolyacid solution, a 17 wt$%
aqueous silicotungustic acid solution was used. BAbout five
cc (liquid height: about 40 cm) of the aqueous
heteropolyacid solution was placed in a tube made of
titanium with an inner diameter of 4 mm (not treated),
followed by pressurization with hydrogen to 2 MPa. To
maintain the hydrogen partial pfessure inside the reaction
system at a constant level, the pressure was controlled
using a back pressure valve while supplying a slight amount
of hydrogen. The concentration of the hydrogen in this
evaiuation example was about 1,000 times higher than the
concentration in the actual production for controlling
hydrogen differential pressure.

Subsequently, the aqueous solution portion was heated
to 220°C. Since hydrogen was supplied (at a rate of 1
cc/min or less), the liquid level was lowered and the
concentration of the heteropolyacid was increased.
Therefore, puré water in which air is absorbed by exposing
to air was replenished appropriately at an amount of about

1 cc/day.
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The invention wll be described in nore detail 5
referring to the exanples. Exanple 1 As the aqueous
het er opol yacid solution, a 17 wt % aqueous
silicotungustic acid solution was used. About five 10
cc (liquid. height: about 40 cm of the aqueous

het er opol yacid sol ution was placed in a tube nade of
titaniumwi th an inner dianeter of 4 nm (not treated),
foll owed by pressurization with hydrogen to 2 MPa. To
mai ntai n the hydrogen partial pressure inside the _
react iAfit X5 copsiening the avddntonefer 1%rﬁﬁnﬂve§§8r§m of
was controlled, using a back pressure val ve whi

ShpphyA s é>°§|tl@ﬁtosn5feﬁntltd=r 8 8nwa5rh%utr and the
opcent ration roge s t
e o N tt.Of?r%Q“h b pREEPAE Y
ﬁQQQ@R«E& at mnlh@réeh@e aGf tﬂ@ldretgequssﬁ@éhéﬁu%ntlaohhé ng
0 hydrogen differential pressure. Subsequently, the

aqalewSpcslahtdri of pREttOtanBsn heatedalt 022206k Bawawred.
hydrogen was supplied (at a rate of 1 cc/mn or

| ess) ,Thehényldirgged ¢tevedntes ilcoweredmaasiurge according to
concentration of the heteropolyacid was increased. 25
Ther@fb?¥2- pure water in which air is absorbed by

_ iﬁ@gﬁl to air was replenished appropriately at an

of about 1 cc/day. 9 After continuing the
SHﬂéiééﬁbJ‘ﬁka%%lgaXS’ one cm of

The hydrogen concentration of the titanium material
was measured in the same manner as in Example 1, except
that water obtained by degassing pure water was used as the
replenishing water. It was revealed that the hydrogen
concentration of the titanium material was increased by 23
wt ppm.

[0621]
Example 2

The same procedures as in Example 1 were performed,
except that the heating time was changed to 34 days. It
was revealed that the hydrogen concentration of the heated
portion of the titanium material was not increased.

[0022]
Comparative Example 2

The same procedures as in Comparative Example 1 were
performed, except that the heating time was changed to 34
days. It was revealed that the hydrogen concentration of

the heated portion of the titanium material was increased

10



10

15

20

25

the heated portion of the titaniumtube was cut, and
the hydrogen concentration of the titaniummateri al
was measured. An increase in hydrogen concentration
in the 5 heated portion of the titaniummaterial was
not observed. The hydrogen concentrati on was neasured
according to JIS H 1619. [0020] Conparative Exanple
1 10 The hydrogen concentration of the titanium
material was neasured in the sane manner as in
Exanpl e 1, except that water obtained by degassing
buir é8wet ePPivas used as the replenishing water. It was
rgﬁgaled that the hydrogen concentration of the

fum material was increased by 23 15 w ppm

anpl e 2 The sane procedures as in Exanple 1
\%gfgé%%)er%r nmed, except that the heating tinme was

changefhd o34 g?%éedufreszeps V@S dogpadhedvt efad @ 1 were
hydrogen concentration of the heated portion of the

petaorhied iedidpal twags 8080 i Wi erfirbus [s@ﬁ)zaa;-tungustlc
Conparative Exanple 2 The sane procedures as in
Eohpasal bviorExaspluged aerehe 251ysardsohetd ropsteptid hat
the heating time was changed to 34 days. It was
FeYRERLeY: t Hat YBReT AYRARiLFNESnEEht P&?F%%erbfconcentratlon

of the heated portion of the titanium material was not
increased.
[0024]
Comparative Example 3

The same procedures as in Comparative Example 1 were
performed, except that a 30 wt% aqueous silicotungustic
acid solution was used as the aqueous heteropolyacid
solution. It was revealed that the hydrogen concentration
of the heated portion of the titanium material was
increased by 76 wt ppm.
[0025]
Example 4

Secondary butanol was prepared under a condition
where -a plurality of sheet-like titanium test pieces (45 mm
X 25 mm x 5 mm (thickness)) were placed in a hydration
reactor with a volume of about 30 m’. The amount of
hydrogen absorbed in the titanium material was evaluated.

As the catalyst, an aqueous silicotungstic acid
solution was used, and the concentration of the solution in

the hydration reactor was adjusted to 2.1 wt%. The

11
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the heated portion of the titaniummaterial was
increased 10 by 48 vt ppm [0023] Exanple 3 The sane
procedures as in Conparative Exanple 1 were 5
performed, except that a 30 w % aqueous
silicotungustic acid solution was used as the aqueous
het eropol yacid solution. It was reveal ed that the
hydrogen concentration of the heated portion of the
titaniummaterial was not increased. 10 [0024]
Conparative Exanple 3 The sane procedures as in
CoRpRIFat Y AL aeﬂaggﬁepaewge e rher ﬁﬁéCt@Rc‘@b‘fe 1499’ C gt

B0l SRR o L UnauaLie, 2L 50 UL e
rgveal edk LhAtdt 0e: NYOLO08N £OMeent §agden o oLyt he

eated portion o the nium material was increased

BYmd o r IRPPrls8028] wa&ﬂ@l@.e‘ﬁ 2R Secoiwlayoychbat analate
'

was prepared under a condition where a plurality of
shek$ -1/nden.t | Baso UMt estoutieaeesas 4oasmsupp Aedmacxasrate
(thickness)) were placed in a hydration reactor with
af vl lrke loimigbouThgntiBiteTise gaADAARt@iNed about 90 mol

ppm of hydrogen as an impurity.

After continuing the operation for three years under
the above condition, two test pieces were taken out of the
hYdration reactor, and the amount of hydrogen absorbed in
the titanium material was measured. It was revealed that
the amount of hydrogen in the two pieces was 13 wt ppm and
14 wt ppm, respectively. For comparisoﬁ, the amount of
hydrogen absorbed in an unused titanium material was
measured, and found to be 17 wt ppﬁ. The results confirmed
that the hydrogen was not absorbed in the titanium material

in the reactor.

INDUSTRIAL APPLICABILITY
[0026]

The method for producing secondary butanol of the
invention leads to reduction in time and cost needed in
maintenance of equipment since life of the equipment can be
prolonged. Therefore, the method of the invention is
suitable for producing secondary butanol. In addition, the
method of the invention can improve the efficiency of

production of MEK when a MEK production process includes

12



hydr ogen absorbed in the titaniummaterial was

eval uated. 25 As the catal yst, an aqueous
silicotungstic acid solution was used, and the
concentration of the solution in the hydration
reactor was adjusted to 2.1 w% The 11 tenperature
and the pressure of the reactor were 200C to 220C,
and 19 to 22 MPa, respectively. To the apparatus,

wat er saturated with oxygen at 5C to 30C at an

at nospheric pressure was supplied at 5Cto 30C at a
tla¢ enethagf oF5 theninved 5oy aan anpbutenkeygest was
supplied at a rate of 2,150 1/mn. The n-butene gas
cont ai ned about 90 nol ppm of hydrogen as an
impurity. After continuing the operation for three
years under the above condition, two test pieces were
taken out of the 10 hydration reactor, and the anmount
of hydrogen absorbed in the titaniummmterial was
measured. It was reveal ed that the anount of hydrogen
in the two pieces was 13 w ppmand 14 wt ppm
respectively. For conparison, the anmount of hydrogen
absorbed in an unused titaniummaterial was 15
measured, and found to be 17 wt ppm The results
confirmed that the hydrogen was not absorbed in the
titaniummaterial in the reactor. | NDUSTRI AL
APPLI CABI LI TY 20 [0026] . The nethod for producing
secondary butanol of the

13
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invention |l eads to reduction in tinme and cost needed
in mintenance of equi pnent since life of the
equi pnent can be prol onged. Therefore, the nethod of
the invention is 25 suitable for produci ng secondary
butanol. In addition, the nethod of the invention can
i nprove the efficiency of production of MEK when a
MEK production process includes 12 the nethod of the
invention as a part thereof. 13 CLAIM5S 1. A nethod
for producing -secondary butanol conprising directly
hydrating n-butene in theCpR&$®nce of an aqueous 5
het er opol yacid solution as a catal yst using water in
whi ch oxygen is dissolved as a raw material. 2. The

t hod, f or . producin econdary bytanal according. .
el iy meRBror e R RETaR eteRy o B et Siaibins
40r et 116 yBRLRAM o ALLRESQAUGING e peBYBRYe DY alPlaqueous
according” to claiml1l or 2, wherein the water is
nbt &k siefl Ry ieiX Bes LB Pon PaK & WRiten yk® aking hatkr Thewhich
nmet hod for produci ng secondary butanol according to
arygei ianydieselekdchai asrdw tait@riafterei n t he hydrati on
i s conducted using a continuous |iquid-phase direct
hydrati on apparatus. 14

2. The method for producing secondary butanol according

to claim 1, wherein the water is oxygen-saturated water.

3. The method for producing secondary butanol according
to claim 1 or 2, wherein the water is obtained by exposing

pure water to air.

4. The method for producing secondary butanol according
to any of any one of claims 1 to 3, wherein the hydration
is conducted using a continuous liquid-phase direct

hydration apparatus.

14



