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- / KAN DESCRI PTI ON PROCESSES FOR
A°5°€g%wl SOBUTENE AND TERTI ARY BUTANCL 5
Technical Field [0001] The present invention rel ates
to a high-yielding, highly-selective, and | ong- term
stabl e production process of isobutene by dehydrating

tertiary-butanol (abb? |@i|pe|-|@ﬁ|| ow as TBA) using an
al um na catal yst that has special properties as a

catal yst, and additionally relates to a high-yielding,
hi ghl y-sel ective, and |long-term 10 stabl e conti nuous
roduction rocess of TBA fromwater and an _olefin
PRRCESSESHRIR PRGRIUG HON SnlH@BE TENE ANR{ ERJ IARY BUTANOL
Background Art [0002] Isobutene is an inportant
industrial starting material that in recent years has
15 been in the spotlight as a starting material for

TechhisalEibrne pol yners and nethyl nmethacrylate (MVA). In
addi tion, isobutene comonly exists in C4 olefin

[00012'I XEFHE% séitahveif ﬁrr%\dtds F@Q‘iﬁ’%ﬁl}/i‘éﬂ?% erﬁlghgfsélé\ﬁnﬂe' KRd long-

er efore ecorres neces y to rate

term ﬁtﬁﬁfeeé%” shof Prniserng bl Sehbifeiio tFR%QﬁJDU*JhO "

tures, n-butene- 20 free |sobutene IS .
(abbreiigiathhBiowoas SBA LSRG RN AMMIBA cAtalKe: tha S%eCIa' broperties as
dehydration reaction. In other words, isobutene in the
a cataysto aptiaddiionally eelatessiol bighvdelding, yighly-eelegtive, and long-term
separated by recovery as TBA and the resulting TBA is
stablel ebytimaduadoroductidit piotess ob TBAMEomMeateo aad, art dlefii Biixture that
yi el ded by hydration and recovery / separation is also

conta@ﬁb isBBAfdr@dnd A®Eéhd @l raw material. In particular,
demand for TBA 1 A0501 UP37-PCTI KAN has been growi ng

in recent years since it can be used directly w thout
dehydration as a starting nmaterial for MVA. [0004]

The o] gfin m xture as a starting material is mainly
Backgigundte 1 (commonl y

[0002] Isobutene is an important industrial starting material that in recent years has
been in the spotlight as a starting material for isobutene palymers and methyl
methacrylate (MMA). In addition, isobutene commonly exists in C4 olefin mixtures
that generally contain n-butene or the like, and it therefore becomes necessary to
separate isobutene from these C4 olefin mixtures.

[0003] in one process for producing isobutene from C4 olefin mixtures, n-butene-
free isobutene is produced by the combination of a hydration reaction and a
dehydration reaction. In other words, isobutene in the C4 olefin mixture is selectively
hydrated and separated by recovery as TBA and the resulting TBA is dehydrated to
obtain isobutene. Moreover, the TBA yielded by hydration and recovery /

separation is also an important industrial raw material. In particular, demand for TBA
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own t BB"), which is obtained by the renoval
ADSO@)NW &Téﬁ@'e‘promthe 4 5 fraction fromthe napht ha

cracking process and has isobutene and n-butene as its
mai n conponents. Alternatively, the olefin mxture as
the starting material is a butene-containing C4

s oGO R AL LS el S 8Kl iR Bhlaraton o
mat eri al s,%%ﬂa(r:e difficult to separate by

a staipgmatega e the difference between their

boiling points is small at no 10 nore than 1C;
[0004] eaThivatefirepixturs as atatiogJeatenalis maimy wfinatadvicegumonly
in which the isobutene is selectively hydrated.

knowh G30sphedAt BBtk athidh isasbibieddrisetbieiremoval obpbetadienerfopm the C4
acidic ion-exchange resin is one process for carrying

frach@r‘r‘froffrhﬁmm bk Q:F‘aﬂ&ftgb#dé@sﬁfa‘hﬂ HusA8Bb@tenk &fr@r n-batene as its
t ent Documants 1 Thi s hydration reaction

main %ﬁ“ﬁ%{“"% Atefrgaly, Z‘f‘%ﬁ‘é“f‘% e xed%agté RoprhafErielR 2
buterjeyppRiBiiog effaqq@nﬁalhefiﬁw RS Gackin fq}?%"v oil?

reactivity and hydration reacti on sel ect|V|t
Isobytere 8sd rhé@ tepeaie mr%%qrﬁgaeaotmstﬂmrtgqmat%@w é:é’éﬁr & F’thCH"EtO
i mproved by the use of a suitable solvent, circulating
sepatdte byedistiliation siraleuthedtifferende lin@itmgerathablpbmuhm points is small at no
circulation range (for exanple, refer to Patent 20

moreEPﬁaH ﬁect rédotiveise Fb%twbcém havepthasdssen deiseaium which the
whi for exanpl e benzenesul fonic acid, is used as

lsobL}tQﬁe pﬁ’gé‘gref H¥%ra£§jmgeneous hydration reaction (for

tent Docunent 5). Processes are

oo R P B B

exanp refer to Patent Docunents 6,
one RPGRRLIE GaERYNG %fgthsthvérﬂtl%hre@pP bR (195 eXamBIS Tofer o Patent
fi xed bed reactions that use, e.g., an acidic
Docuineente Xic Raangk3). eJhis, hydsation re@rsion popgesHRIAVIdRN @k axgallent
as follows: a majority of the product exiting the
separ#irt feomrthie tcabetysti sired thieachtalysbisdixedsa moawbackto thisprbcess,
Wi th the hydrocarbon that is the reaction starting

howe{%gl ?t‘s:agiﬁw re%&ﬂw%?d@é #R8ilGw @ohthctelidierty. TRfordeR® enhance the
product’) nust be added as solvent in
reactivity and hydration reaction selectivity, a process has been disclosed in which
the reactivity is improved by the use of a suitable solvent, circulating the reaction
solution, and using an optimal circulation range (for example, refer to Patent
Document 4). On the other hand, a process is known in which, for example,
benzenesulfonic acid, is used as the catalyst in a homogeneous hydration reaction
(for example, refer to Patent Document 5). Processes are also known in which
contact is effected with an aqueous heteropolyacid solution as a catalyst (for

example, refer to Patent Documents 6, 7, 8 and 9). Problems requiring attention still

remain with fixed bed reactions that use, e.g., an acidic ion-exchange resin, for

2
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_Of i the wettability on the solid
Aosoﬁ&ﬂig&%ﬁgﬁgg$fesin and therebz rai se the 5 contact
efficiency. Wile the heteropolyacid process is an
excel l ent process that provides a high reactivity and
al so a high selectivity for isobutene, the process as

exa m?;lses %%ﬁo&v@:i & ﬂ{aj&‘i“t&idff the/ EcSScﬁﬁt] %ﬁ(iti[’l%;“ﬁ‘?%1 ?é%tgrgﬁliu%f’ﬁﬁ cireylated,

ues remnaln, rnprovene ere ave en carrie

out (refer,. fqr .ex | e, to, Patent. cunen . .
waterdiot 1§ bS gy BRdveroCHTPR diatis v (bR dnB g ial
processes the problemstill remains 10 of %gi%g%q%gl e .
and anorgsniG atid andoH OF TEA(1BR readtinngRrogkRY) sius) as solvent in
Ti mewi se changes occur, for exanple, as follows: _
orderabtrasegheeeattabildy ahytee selidhidn-exschangsdesin and thefeby saise the
activity, the catalytic activity undergoes a gentle
contdet effiidityal Witie! thetetdrepolyaeid prioress Rran ekcallent proceissehat
separati on capacity of the catal yst separator

proviglég L rﬁ@z'{e&ﬂi@i%%ﬁﬁ a§P e igeleEﬁ&if%F?d%fbﬁt&Te,ﬁﬁ@ process as a

St ion colum decli One 'solution for this 15

is to keep the conti ' [ Dg.
whol T b3k SRRBVRGR PR SRR Bk S A5 b Piing®: Rifgrovements thereto
undergone long-termuse in the reaction and kin
havehgen GasTigd oMt ?rﬁ@hf%axampé%.toewﬁm Rogumeas T4 %‘Fd 12).
the green chenmistry novenent seen in recent years, .
[0006]edawevert fos eacbnithesge preiductier pepeesshs e pdies sl remains
i ssue. [0007] Processes that are carried out in a
of belrgralglerte wshtinye peaduction®rea fdrigetegm lblediasis. f dimewise changes
exanpl e, sulfuric acid, have |ong been in general use

occuf,8br Q%B[étais%llov{r@%ioggﬁ_-eaHﬁ\@.%Yﬁyst SPASE 41 exesiRes initial
are undesirabl e as industrial production processes

activ@f,ﬁ@%}%é%?t& $Jétg\{i}yﬁ.gfso*eg§6é§ 5 ﬁeﬂH@ thgHb%aFESclﬁ'fe Sver the

cCor I/osi on-r &si st ant productlon

. aragtus and because it is.difficult to treat the . _ .

timefEBR 0! o aar oS ahet Al Sarmyeal hF Lelas| sehBfRyar divines: and
reaction. Several processes have 25 been introduced in ,

the sepaeationreifamanse of dhs distilatien pelyBINeARc!ngs c PG isqlytion; for this
the 3 A0501 UP37-PCT/ KAN dehydration reaction in a

is to keep the cortiiruousyreaetivsiNmiNG by discantiog acpaertign ofi the catalyst that
containing strongly acidic ion-exchange resin as the

has Gidatglaé lodd epitusy PCBeTeadticithog athking tHis apsatreiresh catalyst.

TBA I's dehydrated at 80 to 150C on a fixed bed that
withltPfhe context of the green chemistry movement seen in recent years, reducing
the amount of this discard then becomes an issue.

[0007] Processes that are carried out in a homogeneous system using a strong
acid, for example, sulfuric acid, have long been in general use for dehydration
reactions. However, these processes are undesirable as industrial production
processes because the high corrosivity due to the use of a strong acid requires a
corrosion-resistant production apparatus and because it is difficult to treat the spent

sulfuric acid discharged after the dehydration reaction. Several processes have

been introduced in recent years that solve these problems by carrying out the

3



10

15

20

25

an i on-exchange resin. However, when the reaction
A050f‘é1’1%%? A this process is 5 1201C or bel ow, due
to the fact that the TBA and i sobutene and water are

inan equilibriumrelationship, the post-reaction
conposi tional proportion of the water rises and the

denyiEioh eRgien inadnG eeranktsie tela By *'%Fd;@w%ss
anounts of TBA and water and, cau

n

contapnIDa FONSlY e Ak X aNEIae ST andiS GHENETCIR PhePTagRSS
at tenperatures above 120C, 10 isobutene

disclagedgartiisi spheranBA isdelyriated at3Qta HH0°Chen edixed basthat uses
the yield is reduced (for exanple, refer to Patent

an ioP&xeiange tédin. [HEW&lerOwvhiehahe réastiomatehpenatuee authis process is
processes are al so known for the gas-phase production

o t
120 g &'yb}?cgw cﬁfhetd‘tﬁ'erfgcﬂ@?méﬁﬂﬁ'éﬁoc@b@uﬂéﬁb an@ Wweerah&in an

tion reaction o al cohols is a highly

equil n'dﬁ'F %@ét{%ﬁg[ﬁ?g@% ngt—réatctibﬁ c%&ﬁ)@sgwgﬁgg&@'% BPﬁqu%tgr rises

as is done in

Doc _—
and BRAPACIAN 1als Ecien LTBRYESLIR g aﬁwapsma&? SopyersigR, making it
t he production of, for exanp di i sobutene, by the
necessanydauetycle lasge emaunds ok St mwat%cﬁm causirg gigemplex
reaction is preferably run at higher tenperatures in
produactiter processihividhen the seactibhde oamieziailt @t terrperateres above 120°C,
raising the tenperature results in an accel eration of

isob#E8né @h@@:ﬂeﬂ.@m td ¥toPRiahy Rtlbh asroceéds baddhe glaists reduced
causi ng timewi se decline in the activity of the

(for é}%}@@%fﬁﬂg ﬁh}gbﬁgpm@gg@qgve i nfl uence on long-term

ein tria uction. [0009] In the

on,  of oI e t
10008,y YE MR aaE. e o SRREs R AP IGRn P e gas-phase
catal ytic activity |lon termls very.sig
prodigiian Shishidste sing » SR BRI cAIgkSh, Sitdatng dayaration reaction of
catal yst, and several processes have been 4 A0501
alcohis 7s emghmmtheanmr@@wbly ibisqganesally carded fef aphigbess
that has been proposed is the use of y- alum na as the
temperatake's ti.ef @5 Coshit abgve, ametie ghe phasdyad isedahehnd?atenon

of C2to C4 I ower al cohol (for exanple, refer to
DocdabaiM 4. DRC maktelialic fEURY 8 thif@S9fdthaliéh FéadtiBA is the production
of, for example, diisobutene, by the oligomerization of the isobutene product, and the
reaction is preferably run at higher temperatures in order to inhibit this
oligomerization. However, raising the temperature results in an acceleration of
carbon deposition on the surface of the catalyst, causing a timewise decli.ne inthe
activity of the catalyst and having a negative influence on long-term stable industrial
production.
[0009] In the production of olefin by alcohol dehydration, the development of a

catalyst that can maintain its catalytic activity long term is very significant for gas-

phase reactions that use a solid acid catalyst, and several processes have been

4
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di scl osures in Patent Docunment 15, isobutanol is used
AOSO4UPREPGHKAMg nmaterial for the 5 isobutene

producti on processes in the exanples, and what the

results would be for the use of TBA as the starting

materi al cannot be predicted. In addition, high

. pressures are required in order to achieve the aobject
Quite TGS O BB oG P PIOcAsAnat i SR Prap ol it Use of 1-
sati sf actore/. ;OOlO] Thus, as descri bed above,
aluminecas tescaselyst for preducing lawarielinebytihn deydaion of Egto Cslower
processes, both with the processes carried out at
alcohct (far examnpld, vefer coPatentiDesumenttthy. Howaver, ghogmlingtp the
the processes carried out at high tenperatures in the

disci8&fred i Patent Wddunidra s idobubirist @S 6€sd b it startked ifhterial for the
acid catalyst in the gas phase, the current

isobl.gléé%‘ ﬂﬂ;:oc?qbgoh.rbr%é%e@qmﬁe \é&éxﬂg‘%&aﬂ&lwitﬁé results would be for

N i'n connection wt ent Docunent 15,

5

t hat ere has, been no report of a c lys -
the Usgf TEE A 155 RiarTremane i GanheCoe BrafibRl b ARIRN High

t he production of isobutene from TBA in the as phase
preswa%rg reglired inQrdesia agyeye t*{ep%l?@ﬁitarpsgmféﬁ?gt e'Yieldin the

Japanese Patent Application Laid-open No. S56-10124
exanjptas enalsooot satisfaglory.apanese Pat ent Publicati on No.

S56- 2855 [ Patent Document 3] Japanese Patent
[001@pPpI THAL Benidsalifed pbbvélprobiembdtiBremaln WitPathertteretofore known

Docunent 4] Japanese Patent Application Laid-open No.

procEsks] Bapwith &lﬁ’é‘&%ﬂes@% CHREd Gt 2l2ERN0SS I6RteMperatures in the
Application Lal d-open No. Sb55-51028 [ Patent Documnent

o R385 PR RBI AR BB e oo prese

Appl i cation Lai d-qpen ., S55-7213 . [ Pat ent Docunent
With Bt B 0o FaRCt A 0T AT et i B SR s T Gt
25 [Patent Docunent 9] Japanese Patent Publication No.
situagien, poBwerdanEseith trspracermgfesorptionin cernerion wig) Patent
Japanese Patent Application Laid-open No. 2000-44497
DoclirRaniet, iDdtatrthate Hds bedmpanepert B aaratalpsiotapsdle ohlong-term
Lai d- open No. 2000-43242 |[Patent Docunent 12]

mainlRANesSEr ifFPéstalytiorietivieain the predattipest idshutdf®frof $BA in the

gas phase using a solid acid catalyst.

[Patent Document 1] Japanese Patent Application Laid-open No. 556-10124
[Patent Document 2] Japanese Patent Publication No. $56-2855

[Patent Document 3] Japanese Patent Application Laid-open No. 5$55-64534
[Patent Document 4] Japanese Patent Application Laid-open No. H11-193255
[Patent Document 5] Japanese Patent Application Laid-open No. S$55-61028
[Patent Document 6] Japanese Patent Application Laid-open No. $54-160309
[Patent Document 7} Japanese Patent Application Laid-open No. S55-7213
[Patent Document 8] Japanese Patent Application Laiq-open No. §55-62031
[Patent Document 9] Japanese Patent Publication No. S58-39806

5
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iPatent Docunent 13] Japanese Patent Application
A0SO AIRBOFETKBN S58- 116427 5 [Patent Document 14]

Japanese Patent Publication No. S48-10121 [ Patent
Docunent 15] Japanese Patent Application Lai d-open No.
H4- 300840 Disclosure of Invention Problens to be

Sol.ved b I nvention 10 11]. opj..ac h

(Patept QeHmPhIah: | oraPanssP BriseY AbPicabyh Ly AcngH Nb"2000-44407
hi gh-sel ectivity, and |aong-term stable process f

[Patept Bagemegt il bbut Japaness Paient Fateel=cliery Ceibronen No- 200043242
catal yst. Another object of the present invention is

[PatenbDpcariete 12] contlapaness Patany-Appseatien haideoganobles206@;44502
produci ng TBA from a hydrocarbon m xture contai ni ng

[Patehf DRELARAL 3BH N- DapanesdPatsitegplication hyidrepembot 868-116427
I sobutene using an acid as 15 catal yst. Means for

[Pateﬁ? P?cﬂ%e%@ﬁ4§£°blﬁgﬁpé9@ Patent FuieNE6® Noa SAsoress f or

uci ng i sObuten rom TBA in a cost-effective

ner, th resent i I j [

(PaterhpReH M 5Fs °7 daReNRES Bater£Heaith Bdiuofinf N, K4-a00840

catalyst in the gas phase. Carbon deposition on the

catal yst 20 surface under dehydration reaction

condi tions, which causes a tinew se decline in
Discloaurs gftlngentoan vity, is known to depend on the acid

strength of the solid acid, and it is also known that

a Problgns acbd Stivernipy the lewehtioni n a st ronger pronoti on

of carbon deposition through the occurrence of

cl A 8bjehof $RIMAEONGRMEMTH sy Proaas a Highsield, high-selectivity,
[001%610%'?2#39, gnd the like by the iggbutene grf)/fjuct . gThe

o | r ' RS B AR EERg%n alumina

and oSl Sustie e18le 1B B IcFd Ko epiRae oAbl .

initial activity, have 6. A0501 UP37- j e ~
catalySls  AGOHTY ORET O BssBL IVABTPR iAoV gy §RRE fong

carbon deposition. _Specific investi gati ons were _ . .
termistaplefrspeessalior PEeRUsing ARATEPMAI2RYFTRCAIROR RRtye GRRtaIpng

are generally weakly acidic, using catalysts having
isoboliehteme-bsipet by seleatively bydratiag, the isgtidere usipgrap acid as

vol unes, and different inpurity contents, e.g., Na and
catafy@e like, in the

.Means for Solving the Problems

[0012]. To develop a process for producing isobutene from TBA in a cost-effective
manner, the present inventors carried out intensive investigations focusing on the
use of a solid acid catalyst in the gas phase. Carbon deposition on the catalyst
surface under dehydration reaction conditions, which causes a timewise decline in
catalytic activity, is known to depend on the acid strength of the solid acid, and it is
also known that a higher acid strength results in a stronger promotion of carbon
deposition through the occurrence of cyclization, dehydrogenation, hydrogen transfer

reactions, and the like by the isobutene product. The solid acids that are generally

strongly acidic, such as silica-alumina, while exhibiting a high initial activity, have

6
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cat al and it was unexpectedly discovered as a
A05Uﬂéé;|ﬂ$? 'E(K%hr bon deposition does not occur on the

long termand a high activity is therefore maintained
and that the selectivity for isobutene is also high.
[0013] Moreover, one problemthat occurs vvhen TBA is

produce ng-term, operati t.hat
evideE e SR A AT S HeRiTe TR SO 5%9'?  §apSsition.
activity, a 10 deterioration in the cataly
Specifigiayestigationn wea@ﬁfeereéqra@@rﬂ%dwa%afa@eg.alwﬂm catalysts, which are
distillation colum separation capacity decline wth
generdllypeeakly eaidic, wsirlg catalystechandng tifidrent spetificoputadsi areas,
nmust be restored by intermttently stopping the plant
dlfferéﬁfjpér%ﬂ}cﬂ@ﬂnég and BRferémNmplrityeorstehty, ¥sy.; Nerardr #erlikeoin the
realize a |l ong-term stabl e operati on, the pr esent

catali/%\’ﬁﬁa Wv?a&ﬂﬁé*ﬁ?:t@d*ﬁ di %@EFécﬂéé b?B§ul‘t theR c8forf @eposmon does

y anal'yze t ese phenonena and to solve

ot 5 B et D B BB v

accurmul ating inpurity is the cause of the decline in
seleciiyitnfartisebiiene s 8lp0 HBR deterioration in catal yst
separation, and the decline in distillation colum
[0013je pMaresiover, e probtem 8at[cpours wireaTBA is prodyeed Ay lerg-term
the first aspect of the present invention, there is

operaforiyyie\thade due(td jphenpmeneads which argetiei d@lnnem’oma}:ﬁen activity, a
using tert-butanol as a starting naterial,

deteff613Rbh §h THE c&talysY 588aratibn @hdfityétisticsOand @aRiding i Biskiliation

gas phase at a reaction tenperature of from 200 to

oSl GBI AT i, o

oper Rty INUREIE FRSHPTesh O [N GROY O%h%ﬁhfp'@q@fd 'gﬁﬁacmg a

whi ch has a specific surface area of from 200 to 60
portig ofjthe catatyst In eEderdorealize ing-iegm s{gblgtqssation, the present
according to item[1l], wherein the alum na catalyst
invertess earrietdadut rixweastigaiimnasini ordeht iharaughly aoalyze these pherpmena
0.5 cc/g and has a pore
and to solve them. As a result, the present invention was achieved based on the
knowledge that, in TBA production, accumulating impurity is the cause of the decline
in catalytic activity, the deterioration in catalyst separation, and the decline in
distillation column separation performance.
[0014] That is, according to the first aspect of the present invention, there is
provided:
1] a process for producing isobutene using tert-butanol as a starting material,
comprising:
carrying out a dehydration reaction in a gas phase at a reaction temperature of

from 200 to 450°C using an alumina catalyst which has a Na content in a range of

from 0.1 to 0.6 % by weight in terms of Na,O and a Si content of not more than 0.4 %
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5 volune of pores having a pore radius of at |east 70
AOS0NURFePEIVEANo! ume being at | east 60% of the total
pore volune; [3] the process for producing isobutene
according toitem[1 ] or [2], wherein the
tert-butanol is produced by a process that produces
tert-butanol from rdrocarbon . xture contai.nin
by weigindeines ShSiGe. BRSHICh Pas @ TRacilicFyTHRRAISR Gl Aha00 to 600
) i sobut ene 10 usi ng an aqueous catal yst sol ution
m“/g;cont ai ni ng water and a heteropol yaci d catal yst.
[0015] Further, according to the second aspect of the _
[2] ptrespricessfanpriodocinghisotritens apcondintet itém |1 wineogiadse alumina
for continuously producing tert-butanol froma

catalybf %%Cé‘fo?élgbdib&bﬁfn@e irf 9iet GHtaly8tof fFeRU. €RE 0aMec/g and has a pore

n- but anol by selectively hydiating the isobutene using

r

volurfl'or pieR R, a PR S [ dls BFatfeall 7O RIMic PORAVIEIE!beiY at loast
r cl i at | east one selected fromthe hydrocarbon

60% H‘e&éﬁogl%toﬁ%velé’f%ﬁ'yst, and the tert-butanol using a
recycle systemthat circulates the at | east. one; and .

[3] r theprongss fepraduaiNgrISAREERE IBREPHHNG ihitemid]] on Bﬂn‘%‘é'em the
recycle system 20 [5] the production process

tert-batarar i prpduced thyra prtjcesstieatgirndacemtestisutansbirgrera hygr@carbon
/ or an ion-exchange resin is used at the step of

mixtur& EBMtdieing isomgeneahatn-b@ensmyr selgctivelyohydrating the isobutene
production process according to item[4] or [5],

using! 37 o680 & Catef st 3Bl Han op TRy R B AR eeeiq eyt
roductd o rocess i ' :

1001417 57 el R T nB G TS a8t o breseiveflon. there

. strong acid salt that exhibits -5.6 > Ho where Ho is

is praviged Hapmet t acidity function; [8] the production
process according to any one of itens [4] to [7], .

[4] weepreicass ffier captioaoesly Produciag Frt-butansl &fam @ hygmicarpen mixture
production process according to item|[8], wherein the

contdiringrieptaltyae iathdi rsbutanol by selectively hydrating the isobutene using an

aqueous catalyst solution comprising water and a catalyst, the process comprising
the steps of:

recycling at least one selected from the hydrocarbon mixture, the catalyst, and
the tert-butanol using a recycle system that circulates the at least one;, and

removing a portion of accumulating impurity from the recycle system;
[5] the production process according to item [4], wherein a porous adsorbent and
/ or an ion-exchange resin is used at the step of removing the accumulating impurity;
[6] the production process according to item [4] or [5], wherein a pore radius of

the porous adsorbent is in a range of 0.5 to 500 nm;
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sel ected fromthe group consisting of phosphonol ybdic
AO5004IRB7-PEdKANonD| ybdovanadi ¢ aci d, phosphot ungstic

aci d, phosphotungstovanadic acid, silicotungstic

acid, and salts thereof, wherein a single

het eropol yacid or a m xture of 10 two or nore

het er opol yacids is used; [10] the product,d o] :

7] adwopeiiighion Pracassaspo g R PRY e o Sesdhth B FE&Rin the
IS a cation-exchange resin; [11] the production .
catalyst ¢ astroagamidiong strongracid palt 1atiexbitits 416 &dq whgre Ho is the
further conprising: reacting the aqueous catal yst
HammettHdidity faRetisriie hydrocarbon mixture while 15 feeding

t he agqueous catal yst solution and the hydrocarbon

6] Md EF&ddcﬂoﬁ ngeé&tseécfdo?ahg @%@?fdne[dfﬂﬂenﬁdﬂﬁl 6 PRjuwhieosin the

process according to any one itenms [4] to [11],
fyrther . co i s{.ng: continuously or discontinuously
catal&%ﬁﬁj’neéﬁro Wﬁcgq'ng agent. [0016] Furthernore,
according to the third aspect, of.fhe . t g
(8] | e pradtionsocers atssdpBdgied 18 n 8l Bk heteropolyagid s
continuously producing tert-butanol, conprising: a at
seledted fronvthne groupradongistinglef PhesPherelBRIC 8014 sti| [ ati on
colum connected to the stirring tank-type reactor; a
phospRBATCNbafovehadit dcid, phmspbokagstic ahid, phosphatgngstakanggie acid,
reactor and / or the 25 distillation colunmm and which

silico‘t&ﬁqﬁffgsac‘?’d‘, AriiPstilist thiratT dwherdi5 8 sindg?8 heRedbplidicia draa traxture of
'1quid conduit that communi cates wth the separator,

two ey hefrgrbiaRts ie 4] T hpparat us for
(10 £ 28 ProGhigiah HoBHss affbrkfid it 14}, wherdhdhe forl-Bxcridhfge resin
CcO

) nprises a catal yst separator; 5 [15] the apparatus
is a eaiorce¥rNam@euyseNd pr oduci ng tert-butanol according to

item[14], wherein the separator conmmunicates wth
[11] t hineqarbdligtion prsasaaoeording to any one of items [4] to [10], further

comprising: reacting the aqueous catalyst solution and the hydrocarbon mixture while
feeding the agueous catalyst solution and the hydrocarbon mixture in a counterflow
manner;
[12] the production process according to any one of items [4] to [11], further
comprising: continuously or discontinuously adding an oxidizing agent.
[0016] Furthermore, according to the third aspect of the present invention,
there is provide:
[13] an apparatus for continuously producing tert-butanol, comprising:

a at least one stirring tank-type reactor;

a distillation column connected to the stirring tank-type reactor;

a separator which is connected to the stirring tank-type reactor and / orthe

distillation column and which removes an impurity; and
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[16] the apparatus for continuously producing

AD501 &R3BBCAMGANaccording to any one of itens [13] to
[15], wherein the separator conprises a columm of
adsorbent and / or a colum of ion-exchange resin; 10
[17] the apparatus for continuously producing
tert-butanal according to anéﬁone of itens [ 31 tq.. K
[ adottopnliguid sopauit hatiGamgupigates: With the.sepyatqrsthe stirrng tank-
counterflowtype reactor that reacts the aqueous

type reattryasd £ ok the distibatibrt ¢@umydr ocar bon mi xture as the
starting material while the aqueous catal yst solution

[14] and aharaysy for abhimudlst) prodiueing feef-butbnot acuprdimpdo iitein [13],
are fed in a counterflow nmanner; 15 [18] the apparatus

wherélﬂrthéQﬂFrlr@L{%Hﬁlt%%é’f&%ﬂ (Etﬂnbﬁéésé’%%l&@t sepafdtehNg to

to [17], wher€in a rmterlal in

151 o e AR R CBh@H@étﬁ%? PR leadand) acdfidgdd ik 14

steel that at |east cont ent of from 17
wherelp the separate] cRBRLBIRA ”Wthaﬁ?gafﬁf%ﬁya e
content of no nore than 0.10% r£_19] t he appar at us
[16] f the epparatusipsiopniindeualy ngodt&ing iit-bwanobeewirdinggo@gy one of
item[18], wherein the catalyst is a heteropol yacid.
itemsAd gptat [a@qzozmerEfrf thet sepairation eompvises iaccol (100 D Jadeptrent and / or a
respect to the production of isobutene, the isobutene

coluri BfliepLéRhatgeResiness according to the present
i nvention can produce isobutene fromtert-butanol 10

[17] A9 ﬁgﬁgﬁug fot dShhha u%*/ gpoc}'dc%q%rﬂﬁ&aﬁ'ogaccordm to any one of

selec res Inas manner on a I ong term asl

ﬂemst%f.’,? tq){jg eﬁér&ﬁrggf?g |rﬁ S on Z e%gﬁ{é?ﬂomw%reacmr

t hrough | ong-term stabl e, mai nt enance of EA

that reagtst theaaeous icatalyst| seigianeand @'@rﬂyqﬁ%ﬂ?oﬁﬂﬂ’?‘ recs the starting
made possi ble and the productivitK is inmproved. 5

mateNbl wbiethe aquaedystathlystealution anddhe hydinsarkan mbgyesas the
associated with operating stoppages can be

startifg Prdtaribi ald fedrie dusrmtefidwwarinmer,educt i on and ener gy

savings can be realized.
[18] the apparatus for continuously producing tert-butanol according to any one of
items [13] to [17], wherein a material in the continuous production apparatus at a
location in a contact with the catalyst, comprises a stainless steel that at least
comprises a Cr content of from 17 to 21%, a Ni content of from 8 to 14%, anda C
content of no more than 0.10%,

[198] the apparatus for continuously producing fert-butanol according to item [18],

wherein the catalyst is a heteropolyacid.

Advantageous Effects of the Invention
[0017] With respect to the production of isobutene, the isobutene production

process according to the present invention can produce isobutene from tert-butanol
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Best Mbde for Carrying Qut the Invention 10 [0018] The
AOSOpURBAPOTIKAMN i on is further described in detail in

the followi ng through exanples and conparative

exanpl es of the present invention; however, these are

provi ded for purposes of illustration and the present

invention is not limted to the s ecifi? eanE_Lt(Jes. With
at highndelds anddioh gejrstivibigs 4k A stakieimaniRy o 8 I9RY-IPTELP4 P e

to inplenent the present invention by introducing .
respechto thesprosidiction af festrbuianob the éeréRutancd profuslion &Hogess 1S

bel ow; these nodifications are enconpassed by the o
provi@6® rewhich, krropgh dong-tdrai stablef mairtésarqendf @ highoeaction activity,

[0019] One aspect of the present invention relates to
long-ferff SGRtiRioLR opr &biFistHadé PBESIbRNEND iherprbeiuytigl ismproved.

reaction in the gas phase using tert-butanol (referred

to b W T : | Lak; i
morepiter Sy dPssrtind o RBtREILT PsBs Sebaiaisewi Bgtiating

according to the .  present invention is .alum se .
stopirages g suntianiabHE e PO S detfetlir Fid Endftfgvings can

content in the alumna catalyst is in a range of from
be re@lized.o 0.6 % by weight, preferably from0.1 to 0.5 %

by weight, and nore preferably 0.1 to 0.4 % by wei ght
in terns of Na20 The Si content in the al um na

catalyst is in a range of no nore 25 than 0.4 % by

Best\Widdfor @érﬁiiﬁ?@iﬂth@%\f@m@nt han 0.3 % by weight, and
nore preferably 11 A0501 UP37-PCT/ KAN no nore than

[001 éa)lr 2 PPy rtehd @883?% ?%fglgth% F%@r@bedﬁ'ﬁ%é’cﬁi?ﬁ‘i !‘I'ieefoﬁ(b%ﬂ‘n@Ctﬁrough

ea I s from preferably from 250 to
600 nR/ and re_prefer f .
oxarfielgs FO RSN LN AT PO A R Lty (Odg0F these are
provides AL AYRORER G I1HSHBPB AT B PESTRFBINESSE Tt ARt TitSd to the
_presence of an acidity optimal for dehydration
speaifeaetaropleadhatfotigw. A8 persorashilled incthenatt wilke Abls te implement

al um na catalyst rises, the acid sites on the catal yst )
the resémapvartipmisy intalduzed \aribushrodifeatjahrsintather exanples provided

yi el d undergoes a substantial decline. In contrast to
belobhPtese'iBAifications are encompassed by the scope of the patent claims of
this application.
[0019] One aspect of the present invention relates to a process for producing
isobutene by a dehydration reaction in the gas phase using fert-butanol (referred to
below as TBA) as a starting material.
[0020] The catalyst used in the isobutene production process according to the
present invention is alumina whose main component is the y-crystalline structure. A
Na content in the alumina catalyst is in a range of from 0.1 to 0.6 % by weight,
preferably from 0.1 to 0.5 % by weight, and more preferably 0.1 t0 0.4 % by weight

in terms of Na,Q. The Si content in the alumina catalyst is in a range of no more

than 0.4 % by weight, preferably no more than 0.3 % by weight, and more preferably

i1
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resent in the alum na catalyst as an

A050i Mﬁﬁﬁﬂé) T/KANong acid sites originating 10 with
Si - O Al appear acconpanyi ng an increasing Si content,
whi ch reduces the dehydration reaction yield and
accel erates carbon deposition. For this reason,

snmall er Na and Si contents i Ium na catal yst ar
no morgcthgRd-Agh \PYaueight iyjesms of %v It & 'récqy grealis from
presen; in the alum na catal even at quite | ow
200 to 6061y’ /gNereferepbnfeemiZiieioR) matg e ok Riefenably fgem 300 to
to neutralize the strong acid sites 15 originating
800 mi/gh the Si. Since it is generally inpractical to
renmove the Si conpletely fromthe alum na catalyst

[00219SeFHeteb86n %pxtﬁé Hurpihar @Rskys0lised for isHDUtERS prifuction is

i mpor t ant the m ninum Na content necessary to
parndﬂ?ak foébtﬁrg gﬂﬁ% géﬁ%drg{l?ﬁ Ii’%ﬁ?:h%ﬁ% (gl ﬁtgse the gﬁ%ednce of an

aC|d|t¥é{pg|ﬂ§;§{00€$ﬁy %tl?chgpegt g Qtt)} Ekcﬁéf%n?gj fﬂ@ preréaent in the
optimal 20 acidity could be obtained if the str rong

aium@@. catalyslaisgs; daptidgites ondhercatalyslsusiacraare r}%&t{@l}é?t’ and the
when the Na and Si at the catal yst surface are

dehydmatioaasadtiomyield sndexgees almibstardiad decling i dnchnrtcastds this, when
non-uni form and, since acid sites active in the

Si0; fepicdent indthe d@ARE GdalyBESs BAdmPDriet Lstrgng mtd sitdsz@thinating
ile strong acid sites remain present,

vin SEt S S RSN s
oSBT B S E er BBrFEL h 0i

drati.0 t t t al h
smallgy N &) BRMEpI IR EHTHAGR eVt nﬁ%rqaa‘i’}fggx Sfyantegeous

activity due to carbon dep05|t| on, and as
HowexsfswheB - iseresgetintthe alumninaeatalysh avgnfatawtgcb@/vtl%vels Na
600 n2/g, 5 preferably from250 to 600 n2/g, and nore
becopreaf rexcaisbanf atesondd viebinbdidentd geuffakze thpestidngeadd sites e
area is preferably no greater than 600 n2/g for the

onglrf&HgCW\i'tH‘B*:é SRS Sikice |’§!§9d|1énefréW inSpraelies toR&RoVe tile SBbinpletely
-proportion of the tot pore volune in an alum na

from § 8lufiha E.g{énva hedR thd E@hgd’r;afﬂgé Foaliih, 19n8A BREBIes important
that lﬂgﬁ:ﬁﬁr@{é%é P:Sﬁ rﬁ Hggtragsacry?g gnar}ﬁtal 91et anﬁp & t?'le éﬂa’%altygfe surface
in an optimal state be present. On the other hand, it could also be contemplated that
in the case of an alumina catalyst containing a certain level of SiO2, an optimal
acidity could be obtained if the strong acid sites present were neutralized by Na.
However, when the Na and Si at the catalyst surface are increased in this case, their
distribution becomes non-uniform, and, since acid sites active in the dehydration

reaction then end up being neutralized while strong acid sites remain present, the

dehydration reaction yield undergoes a substantial decline.
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10 catalytic activity. [0023] The al um na cat al yst
AOSOudHBT-BCT/KAbUt ene production is preferably an al um na

catalyst that has the properties described above as
wel | as also having the following properties in
conbination therewth: a total pore volunme in the

alumna catalyst of fromO0.1 to 0.5.¢c/g, and a

(002410l e maaniisiee! thapegit syieee g g i 3'5{“%%&@%?{?3 Uged for
15 that is at |east 60%of the total pore vol une.

isobubérh primution nob onlyesetiikitey tethe delaydratien reeaqtlpﬁ@fatlgéy but also
decline in catalytic activity are obtai ned when the

has tAk WifeBBafltds|aying thé fifhewlsé dealinepior catalgtic aetivity dueeto carbon
af orenenti oned range and satisfies the aforenentioned

e 2
depoEﬁ’nBH ?é%’faas gt%r%b%e?égé t%’rﬁ‘@%ﬁ%lﬁd: Btgrggéé Qﬁ?ﬁﬁﬂnggpgﬂt??m m*/g,

e R RS THEAIO f d ameri=ie

properties of the alum na catal yst e or, i

specflicHIECP Aol ePigieR POAERAeR r@cﬁﬁ‘a’&f%@‘e %35%%‘%680“
exanple, the alumna can be readily produced ) .

smalt- mlumpom@onamgpta small prerarpem &f thshtotald1e M’l'-ﬁ%e in gp alumina
m xi ng/ kneadi ng, or by conbi nati ons of these nethods.

catallygt hidlisg eapecifictsuraicerdrea nopgreater doan 686 nifég, which works against
exanple, a nitrate, acetate, al koxide, sulfate,

carbgnlr? E%Bbﬁﬁon%é‘tﬁiéd ﬁcﬁeailétjﬂlﬁ@bﬂd théreabyaclvs e limbwisd datline in

ces alumna or alumna hydrate by heating or 13

7- PCT/ KAN hydrol ysis. Exanples of the alkali
Cata@gggé}'wyghydrol ysis include al kali hydroxides, alkali

o028 R 4R S R TR AL BP0 i
referred. [0025] The shape of the a %
catalystiat bas b BIRRATSD AESRIBECPVS il S559 Eav'aﬁ fe following

limted, and a powder, granule, sphere, cylinde
propeitiey, inatotiination theressih b totalseare waurpemtha:@'uméa sAtghest of
is determ ned based on a consideration of the pressure

froml @3 &6@ 5 Beighénd 8 pef@volumesion poeeshating alansradiusalf 20 I&ast 70 A
to mm a cylinder with a dianmeter and height of 2

that é)atzlga%on‘% lof "l’faél gdrirgl ;‘é&rrb(?foﬁgnémﬁhl% é&gﬁgﬁg@‘ﬁ] gélhgdrt]lt@nﬁ)eld and
lltﬂe%lmer clgct.]méc’ gﬁa%k'éﬁtiyﬁfgre obtained when the alumina catalyst has
a total pore volume in the aforementioned range and satisfies the aforementioned
range for the pore volume attributable to pores with a pore radius of at least 70 A.
[0024] With regard to the method for producing the alumina, alumina produced by
known methods can be used as long as the properties of the alumina catalyst used
for isobutene production are in the ranges described above. For example, the
alumina can be readily produced by thermal decomposition, precipitation, deposition,
or mixing/kneading, or by combinations of these methods.  In this case, the alumina

precursor can be, for example, a nitrate, acetate, alkoxide, sulfate, chloride, alkali

aluminate, alum and the like, that produces alumina or alumina hydrate by heating or

13
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10 [0026] The nethod of form ng the alum na catal yst
ADS0USHRT-BCT/EADUt ene production is not particularly

limted. When the formation of a spherical
configuration is sought, the catalyst form ng nethod

is typically tunmbling granul ation, maruneri zing
met hod fluid bed

] ranul at.i o nd the like; n,the
hydriyinr EAMBIES ST dge AR 55 Tor PYdrRYysisopl-srl sl B biEes,
sought, extrusion nolding or tableting is typically i
alkalicsgogonatescaqeous@mmoBiase BAVEOMEN eRrbgsaigs and the like, the alkali
Pretreatnment of the catalyst is not specifically
lackirieq sotiRmn fravtiorbeimgadrefeatetent , for exanpl e,
calcination and the |like, may be carried out. [0027]

[oozsgth: Wﬁg%ﬁﬁ@ ?idmiﬁa%d‘té!ystdﬁw#batédwtﬁe piddiuaton fenot

. terial in the isobutene production process
oeri SR 1S A SBRREER ot PR cfuc it ide may be
oo rg L A B 4R 0 LSRG ¥ prosre

tenperatures in this range are preferred fromtge )
lossestia e mpanter. oA sphereivitlir giamnster peR&tPAD Jip gicyinger with a

i nhibition of carbon deposition. [0028] The feed rate
diamefertamel tsigintt ofijton20 e adr @ dngivdthr amoutsr diametasrof @, to 2bmm, an

10 hr' and preferably fromO0.5 to 5 hr 1 as the

inner! digietbrsTur {oy1 6 e, carteh Owidht of 2HEVP0 win EBgpially heed 25
starting material. Liquid hourly space velocities in

hi f ti
10026} TSP @ BTG P oIkl Cllyst dsdiKtisphutone production
. eactipn yield i phibit A
s nok RN BV gReS: BBl R Birbefin Bt » SERAAPY FRBRIHORTS souont
reduced pressure,.. anbient pressure, and applied. .
the catalyshIpeBingayethed is Sepicalbubing Gra4fie dfier iy method.
are advantageous fromthe standpoint of enabling |
fluid bed geasulation and the tike wheptheforsatign ot alaylindkie oF finghe
i ndustry and fromthe standpoint of enabling a
configachtion ie sought, ekrusionemoltiricher tabketingris fypicallyrusbac however, any
in the amount of the catal yst. [0029] The TBA vapor as

metHddemay deliddd. "Ri&fdainent ofBeeeathlygt iBuiitIspedifically required, but a
conbinhation wth an inert gas such as a steamand /

oroBpol ol Y 08 108 dpapbE eI e
[002].71W&Prt1ei (r)enac |%inré: nditions for dehydration of TBA as the starting material in
the isobutene production process according to the present invention are described in
the following. Specifically, the reaction temperature is from 200 to 450°C, preferably
from 250 to 420°C, and more preferably from 300 to 400°C. Dehydration
temperatures in this range are preferred from the standpoints of the dehydration
reaction yield and the inhibition of carbon deposition.

[0028] The feed rate of the starting material to the reactor is from 0.1 to 10 hr! and

preferably from 0.5 to 5 hr™ as the liquid hourly space velocity (LHSV) of TBA as the

starting material. Liquid hourly space velocities in this range are preferred from the
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10 the pass-through of only TBA vapor. This is due to
A0S0t HEPBODROIBEMN ence of secondary reactions in the

i sobut ene production process according to the present

invention and due to the | ow carbon deposition that

Is also a characteristic feature of the isobutene

roduction process according to the present i nvent%on.
standpoirgs pf theeernanisssdelstatiomreactipnaield  apd mkyibitig of carbon

reaction node for the isobutene 15 production process
depositionr df mgreéactivheressigens nohpanticularly linileide and redieepdhpessure,

is preferred for the reactor configuration. [0031]
ambidR¥présslilRe anbappliad pf@dsire@ maysseslubed; Huaveveo bitieeapplied

producti on process according to the present invention

presdft&S E@Edpﬁwtgﬂgﬁus B tﬁ%téﬁdﬁ‘nflﬁt St Aiduling cHREBRsAtion with the

can pe use contal ns snma anounts of or gani cs

coolariS iFGH s 0o LRGN T HrRy ! Enablio & reduction
. cause carbon deposition are referalgl absen} ﬁ&o t he
in thevaize Af ihe keagier fed airprivctiordn the 3meuintef 1ha cAghstt eri al

is nore preferably TBA that has been produced froma =
[0029}y d el BArvapor as ihe stastingimstexeliis gsneealy seipalied bueembination
by the selective hydration of the isobutene using an

with BAURSHUGas slich vsta stehnt armd /comtittogemdhoveevar, aperation and
het eropol yacid 25 catalyst. As a result of

' ORI R A 181186 BEGEL YIRS bRskEnt invention usin
prodgéli‘t}’ﬁ%l;e%@%%gv‘@;ﬂ%géoﬁ&ggg’@?gg%ﬁKKN nmet hods, Ipt he M nvent J

I_ny or A -l '
the RB¥aP IR AR TRASVARE | IS 468 IV ScuPrbrieRst secondary
(e.q.,, diisobutene, oxygenated co unds n :
reacligie] tads NS R RGOt ART I8 31 Rfsget favention and
sel ectivity of the hydration reaction by .
due tcetrertomayé@m depesitian thatts el coaractarisie feature,pkthe isobutene
Wth respect, on the 5 other hand, to TBA produced by
prodathien prozese decofding xthgpresedBaventiziuced as a
secondary product during the production of propyl ene

[0030Ki U& copfih@bISrdaRtion iprRIGIed fafthexygetivr @odedopiheridshbutens
such as ketones and the |ike. TBA produced by

Pro B e B e B e B o i proferrs

order .to r he contact efficiency. The TBA

for HB? B%Qj:g%raconeﬁg%?attlon.

[0031] TBA as the starting material used in the isobutene production process
according to the present invention need not be pure, and TBA as the starting material
can be used that contains small amounts of organics that do not undergo chemical
reaction under the reaction conditions. However, organics that might cause carbon
deposition are preferably absent to the maximum extent possible. TBA as the
starting material is more preferably TBA that has been produced from a hydrocarbon
mixture containing isobutene and n-butene by the selective hydration of the
isobutene using an aqueous catalyst solution containing water and a heteropolyacid

catalyst. As a result of investigations using TBAs produced by various different
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10 wi thout using organic acid, because it contains
AOS0$ W3 7aROTAKANI | sobut ene, presumably has the potenti al
to pronote carbon deposition. Wter-containing TBA can
al so be wused, and the use of TBA, as the starting
material, containing water at a certain level is

preferred fromthe standpoint of inhibiting c r%on .

methoris, 45 iTemtoraexind diat T B RreduseAQYTITaleN Bustiaelgropolyacid
the starting material, this offers the economc 15

has thelleast ageuot ofrmkpuriicst (eugndicsabuitane, aygepatedgemppunds, and
purification process in which the water, which forns

the |ild) EPlkr88& dMrbdn dBPosition.r eFevieigh seleativite of theuiydratidn
resists freezing at |low tenperatures and is thus easy

reactq:@ ABg ﬁ%ﬁgg%\%&dﬁg 4t %o BN RIse SFARIZE Vit re8Pect, on the

f u3|dng het’eropolyacid for the catalyst is
ot FebR o A e AR, RS STA B e

process for producing TBA that is anot her aspect of
secomdiary gradesh Ui RVBRAT S Ao dUPPYERs r e e Biedaidisemounts
In relation to the TBA production process _according
of oxygendted soswmunds nsedtt 8% ﬁetqnesmﬂ thediket al BAPredyged by
accurmul ating inpurity causes the decline in catalytic
hydr#tiin everionieenalsdeerdsin abhtains esterst étyeensbe utenasmand the
and the decline in distillation colum separation '

orga@@refcﬂi HANERIH SrdePfo FR8S tHEISIRa st éFflbiehtpn T3e PBA Hdduced
rom a hydrocarbon m xture containing | sobutene and

withqr%n{} @#@@”@rﬁ%# Jll:z%b et QRN eddfSins REBSIEANaPGisobLr®, presumably

€ using an aqueous catal yst

ol uti on containjn ter and c st. .The T
nas (hRaeos o prosuaeecarieh Fapadtin Rl banding iy cap,aiso be
therefore provides a stable conti nuous, process for .
usedpaod tiee Hge PBABA; igsdhg startiad matslak cantabiing Walkieat a certain level
techni cal concept, i.e., a step of managing the
is prefemeohfica itmey sEandppint iof inhibiting caekion depsdiom oVVhetwatera
prescribed concentration through the use of a recycle
cont&GMFgETBAbah e sed aé &% starfirepsiatenal, shis efferoihef gcomontie
TBA, aqueous catal yst solution, and hydrocarbon

adva@‘rt]é(géﬁaﬁmsfa % Uhﬁ@%éséeﬁgfoqﬁﬁalé’rﬂenﬁa {b:)uﬁﬁé‘@tior{ $1334s Imwhich the

.erdasp C hg esent 1 nven |?n., .therle S :
watel TG o B g RREDR Wl TR SPehRheBL SR Yoot ToA resits

tert- .
freezing at low temperatures and is thus easy to handle. With regard to the water

concentration, TBA produced using heteropolyacid for the catalyst is a more
preferred starting material because it has a stable and defined water concentration.
[0032] The process for producing TBA that is another aspect of the present
invention is described in the following. in relation to the TBA production process
according to the present invention, it was ascertained that accumulating impurity
causes the decline in catalytic activity, the deterioration in catalyst separation, and
the decline in distillation column separation performance in the continuous production

of TBA from a hydrocarbon mixture containing isobutene and n-butene by the

16



10

15

20

25

10 butanol production apparatus for TBA production
A0502a¢R3THPQT /KAN he present invention. The continuous
tert-butanol production apparatus according to the
present invention conprises at |east one stirring
tank-type reactor; a distillation colum that is
connected to the stirring tank-type reactor; a -
selectiep Aydtationtaf ssohutena HeiagrasRAEURCatalst $9IHICT SARtaiRG water
reactor and/or the distillation colum and that_ .
and daeapstesTheTBA produetion pSocessatacording duithe peseot nventen
communi cates wth the separator, stirring tank-type

theref§8ProVided 2ktapledtioptinlibaé pritesslfomproduting TBAS trowgh the
aspect of the continuous production apparatus

oo GR35 B o P EE3EA, | BYaTHG0D ricpgF (6l bumutatn
o 3ER5eB B ERDeb Bt oSS Rl Proug e of

preferred aspect of the continuous 20 pro I on
rocyGip Sustar e FeHals A BRSRNE FUSGHRN {ATGRE, L. ddtisous catalyst
af orenenti oned separator is provided with a col unmm of
solutinths anddnydreaatbon orixtare obot@ining iscbuteneaat buteadin. I n
relation to the production of TBA, the aforenentioned
[003?»];1i M | aM@tREHEpRXD6S theqResent inverdiop, ¢ierere graiged tasod reaction
t'he continuous production apparatus according to the

syste?\ﬁ ?@ﬁé&iﬁi‘gﬂgg @Eb&’f‘%dcén@ nFRHRRE TEX bbd%cﬁ@ﬁl,céh ebntirfuous fert-

ueous catal yst solution 25 and the

hydr ocarbon m xt ur fAN 1 ' ; i
outan g BEGET rebdellsoP T8 Brosh 8ih Rl E R he B Frgny invention

counterflow manner. A high productivity can,be . -
The ERaifuats fsgf-tzyé?fﬁ‘ghmadl&r}togl FRPaTalS SR TP 419 Risgepy invention

the aqueous catal yst solution and the hydrocarbon .
compriisesuatdeast enrestirgng tankrypeaeactas a distllatien Relumn Bigt 1s

manner. I n addition, a dimnished activity can al so

conretacgriher stiredg tynittype adactor, anseparatordratdis congeelgdre the
Proceeding in the manner laid 5 out in the foregoing,

stirrifig TR/ re%eid? Eantfr the@listllafiéh Belumai and #hat remedes impurity; and
olc’l catalyst can be established via the separator, as

a boggﬁwglﬁcgﬁg gon&l.li?\’ﬁcﬁt L?gn{r@%iﬁ%%ivﬂwm% %_ % raﬁ{r,‘)&{#ﬁﬁ%g&g}m—type

us accor e present entl on. [

el AR oS el AR At DB ous
prodlgcﬂcrng Ca%?agrgar{uén a)éct:grrci(iangct%nttl'lgipr}(iaggnti ig\?ebrytlto%? eagt(ljrrip'né ?3ﬁ£?y%e reactor
is provided with a catalyst separator and this catalyst separator is also connected to
the aforementioned separator. In another preferred as‘pect of the continuous
production apparatus according to the present invention, the aforementioned
separator is provided with a column of adsorbent and / or a column of ion-exchange
resin. In relation to the production of TBA, the aforementioned stirring tank-type
reactor in a preferred aspect of the continuous production apparatus according to the

present invention is a counterflow-type reactor in which the aqueous catalyst solution

and the hydrocarbon mixture as the starting material are reacted while being fedina
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10 the sel ective hydration of the isobutene using the
A0S0 QIR CTAKANyst sol uti on contai ning water and
catalyst, is estimated to be forned in many cases from
a plurality of substances, although a single inpurity
is also a possibility. For exanple, in one of these
cases, the present inventors found that the . .
countecitawrmanniesn A higherodugtivityi & kS Eealizegiby, calpfing out the reaction
material as netal ion yielded by dissolution by, for
while ¥6edingthé equeous osiatyst solutishsmdathedwdsecarhon mixiyee Bstae
in catalytic activity. The acidic catalyst materi al
startiMg maAtegUARIcI MO oW tanaes e In additioh ha dirginisheldradivity can also
investigation into netal materials that could

be reégnérta?é]& ib?'tﬁé( aH&ﬁiHﬁ%f SR &G PG Ajttht 2l FrRckEdiAg I the manner laid
Xperinments, a

phenonmenon was “discovered that could

.hot be predicted fro [ r Welg
out i}t Bfedbidd. 4 Eple P e fRAYERRter B8R or catalyst
TBA 20 production in the present ipvention. the.
can by pefablishnl v tharsaprrajor, ASidrscheed PRI, iy e peiingpus T BA
i nhi bited as nmuch as possible and a _trace anount of
prodactomapperahg acerding yo thenpresest fsveptierd i s
concentrated in the recycle systemand effectively _
[0034]e MONHRimpuUty treatidccomglites duett ltye beadtiondonddions hander which
inmpurity elimnation is preferably carried out at a

TBA ﬁ?&dﬂ%@&%&ﬁ fhd APMOEAMbOrSMBROSLER HaifingEsbbitene Wmem-butene by

s was actually 25 attenpted it was very difficult
¢ ¢ Syl - _ . ,
the spfecRle S btatErarthe Rhehd UEFG HTRM0Ru P Ratel Sthution
where elimnatign is problematic t
contiBie water GhadRANeS B SSMaEE 1 e ATl o o Res frop @
the recycle systemaccording to_ the present j.nvention |
pluralibuebsubsiances; atthoughasingly angké@%(r'a@#%@ 8???'9&"&1c§°5ﬁ63mp e,
makes possible an effective separation with sinple
in oregefi these tasés, [tHe PEaseTh inventersfpurd dpatithe ereumBigtion in the
production process according to the present invention
reactién §3Steleef @aktdrimaterinbas metaleion gildéa by pidseintion e for
infra, for the accumulating inpurity, and the step of
exarﬁ@%"&b.‘?@sibh e‘saﬁ@ BYL &0 PtheRHIInEYn eataNRR &AWty edrTRiécidic
at a SU|tabﬁe ocation 1 n accordance with
i fferences, for I i_n Chl iqati
catafi e s EsuTEATR S e BB RS s estigation

present in the aqu

eou , :
‘into metal materials that could su%stantlally reduce corrosion and also through

experiments, a phenomenon was discovered that could not be predicted from the
conventional corrosion resistance concept for stainless steel. That is, .in TBA
production in the present invention, the production of impurity in the reaction system
can be inhibited as much as possible and a trace amount of accumulating impurity
that is produced is concentrated in the recycle system and effectively removed.
While it might normally be concluded that impurity elimination is preferably carried
out at a site where the impurity is produced or exists, when this was actually |

attempted it was very difficult to effectively eliminate trace amounts of impurity. -
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10 catal yst solution, the renoval step can be
A0S0t UIRBKEPET/KAN he catal yst recycle system  Moreover,

when a | arge amount of accurulating inpurity is
present in the unreacted starting material system
the renoval step can be carried out in the recycle

system for the unreacted starting materjal syste
Howeygereven initesainstancesrwhgresiimigation s Wrﬁb{ﬁr’i‘ﬁ‘ﬂfy ﬁ?‘ée {8 the trace
present in a systemthat circulates a portion of the
levelsycodoentratidreof hemcelimibatitgimpaity Bbthediecyelg sygtern gegording to
recycle systemfor the product, and the renoval step
the pfesenPlrvenfia® draraticaligdacitatésitre sepeyatien efficlermyaindmakes
effective location in correspondence to the process.

; kel J il v ' hty can al so be
poss'rbe[énf%ggg?tﬁ}ba %ﬁ?%@r%@?c@?gﬁﬁmm, i.e., for the
at st. starti i | R o
00337 SbcrempvT Siblf 138 TBA BBl BISHHS accbRingfo ¥ presont
. 20 [0036] The step of renoving accumul ati ' rit -
inverfininEaTisd i@t I9ash OBP SERIE SRIER) HidkniTg. [gfdhe accumulating
present invention is described bel ow using the exanple
impunify, andyle etep ofremaying theoacaumdlgling BPYEY SRR GAFPE out ata
solution as the strongly acidic catalyst used in the
suitabiBAopatishipt aczorgurmeesih diffevencesy fareexamplpr iestbatreaction
invention. (In the catalyst recycle systen) 19 A0501
procﬁfu%.‘ RigHekANal§e aritiup of Bcéltfulatihg impalityas ipleserit ah yed aqueous
a

s a dianmeter of approximately 1 nm and is thus a

catalkﬁt&&jﬁqcﬁﬂitﬁg réri8Y Iiﬁgﬁ ;b%ﬁib% HriddctdWitae %P&liljlﬁ régﬁé&e system.

. rirc acid, ch -are common mneral” aci ds.
Moreg,g}lpz ﬁr&?e?p tgrrﬂgrgrgfﬁ%ﬁ%%tgc}} al(cgzﬁr i gtigpq%giprlﬁtﬁ Lsﬁgrl%eg@tl @ghg Kpreacted

the sane proton concentration, 5 a hiﬁ%;]er I gﬁcti on, ¢
startingtmaierial systemnths feseoyal stercar B FREIRA AYkIPANPERCYCle System

reaction than is exhibited by the common m neral i
for theciunieastechstagingi mateciahsystem. n ailarge ameunt of accumulating
interaction between the [arge anion and i sobutene is

impURSy W TRdsbit ine Sjstemapat tihauatesra portibniofttes praduch the removal
t hought to elicit a higher selectivity in the

step rsbzéﬂ[)t%; EQReAGRE I 8ecy P SGRERT forltBE ProdRXtyasd thd femoval step is

a I'n the reacti‘on tenperature range of about
prrl835 o Bk T o B LE T 41 4SERISEAAR R sponcince
to the process. In addition, the accumulating impurity can also be removed in all of
the recycle systems, i.e., for the catalyst, starting material, and product, in the TBA
production process according to the present invention.
[0036] The step of removing accumulating impurity in the TBA production process
according to the present invention is described below using the example of a system
that uses for an aqueous heteropolyacid solution as the strongly acidic catalyst used
in the TBA production process according to the present invention.

(In the catalyst recycle system)
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to thermal deterioration. Thus, heteropolyacid is

A050% WRS7-PCTVIKANON- exchange resin as a catal yst.
However, when in recent years the continuous reaction
has been continued for an extended period of tine on
the order of a year, the problemhas appeared of a
decline, although gentle, in the reaction, activi a/ Ars

The arienlin thef hatrepalyadid galaivat Hias geingiienel appreximately T'om

deterioration and its causes, the present inventors

and isltrasoy Rirger atiendloamiin nitriciasidr hydracblerioacid andrralfura acid,
production process according to the present

WhICl’# Qﬁ@éﬁm%n ﬂwﬂ'%?gl] ad@at Tinss hasme idsyitas inurehsing dhe pestonic acid
ound result of an analysis of an aqueous

strenﬁ@dﬁr %zﬁé% %ndtostﬂle %t&%‘%fm@?ﬁi‘ aidEC ke §dl‘ﬁbq3fbtdfﬂh¢tﬁ{bentrat|on

ong termreaction and
ool BESLARAS S SR LRSS bon) #@awow;h% :

renmoved by adsorptlve se ara ion, for
exhihiteda e aammon 4nineed piteG Acid) aﬁn%qf%?
portion of the aqueous cat al yst solution at a bott
interaftionHestaieehithé dargerantar ane isdbatens istassugiad o ge stronger than for
separates the dissolved TBA. Furthernore, it was

n- bu@n&c%ﬁﬂﬁg thbaghttbelicaaigiser Qe trjtgimthieonydration reaction.
characteristics, the operabl lity of the distillation

More‘[‘?%P 'Hkte'%gsﬁ C}Idgﬁd R Eﬂ M th@%ﬂ%ﬂleMBa?atB@F ffiyd sfatodit 100°C

h
e recove he a |t|on of an oxidi zi ng agent.

o e B o s

r entlrety,

o ressontailRe 1R PGSR R R} o o

produced remains in and accunulates in the re
catalygbt etowaveacwheny irsresent yearsdhe sATHAYPWHIeagHaN rbeen
exanpl e, a foam ng phenonenon is evoked in the
contietdor an exferided pbrid ofltae on toe lonaer ofteyearathacperoklem has
deterioration in separation behavior in the catalyst

app&HtBaItldl RbIiBbeRithdishertled irflfecreiaetion motivityn Asa result of
separation characteristics. It is also hypothesized

detaﬁ%@or\;&%géﬁcﬁ? &R0 éet FORMLRANMA ifs E4ANERI HrROpident inentors

or coor | nation wth the het er opol yaci d
s soffich s ot BB TP Tl e Biiehss diborang o
the present invention.
[0037] That is, impurity accumulation was found as a result of an analysis of an
aqueous heteropolyacid solution from a recycle system, which had been used in a
long-term reaction and had undergone a decline in catalytic activity. In view of this,
for example, the accumulating impurity can be removed by adsorptive separation, for
example, from a location that carries out recycle circulation of a portion of the
aqueous catalyst solution at a bottom of the distillation cotumn that distillatively
separates the dissolved TBA. Furthermore, it was discovered that the catalyst

separation characteristics, the operability of the distillation column, and the activity

20



10

15

20

25

catal yst solution was not observed during the initial
A0S0 EHATIPGIT/KAN reacti on, underwent a clear increase as
. the reaction tine increased. That is, netal ions, such
as iron, that elute fromthe reactor and the pipe
material are presuned to be an accunulating inpurity.
It is thought that the production of the iron ion and
couldtbiegecpyeredy:thesadritisn obar xidiznG AgeRbmYYIe theiaeehanisms of
maki ng up the apparatus, for exanple, the reactor. As
the adtivity elecline ahditne estdvgay have nohiveenretucididedin theirntisety, it is
these netal ions, it was discovered that the netal

thoughPtHat 2dWirR] fEaitioR Bpkef4tlons'taareagnhntosthbestg term, the trace
absorption on ion- exchange resin. [0038] Active

SRS g B8t e SostBeBd B o uey 8 S fhachin
. metal ions. the use of a selecti .1 Qp- :

a higfl Gertarytobs ehg, 152 Sxitrl. 2ElsSflind RobbPMebif it 8loked n the
Speci fic exanples thereof include cation-exchange .

operatiesiafdhm AlstiNglem el Bt E2uFeR B dBteTIoSPIR(N Sepaition behavior
such as styrenic gel types, styrenic MR types,.

in thenatalyst separation stapiRcayiping a deteribiatioadn dhe/mepaigiien
acrylic acid gel types, and the like. A suitable

charsetdridics 0Nt fy 8180 hpotties|zadahabtheasrotion ofisablgnefisinhibised due
nore preferred for use than the Na-form 21 A0501

to ad’g@@tﬁgﬁ)@ @@B%.[o%%ﬁln Witk trﬁl@ﬁﬁt%géﬁdlyé@d watAydtal As epgc! e

utenes I n the hydrocarbon m Xture as the

consi teﬁ%{obﬂﬂtﬂ%&%éh@:le tl{\% fbn GO LHIBS baiséa %Htﬁﬁrgﬁpgs of the aqueous

ey have a reactrve ona

roup,.i.e., the vinyl ro . ar resu to
catalfit geliion was nkanaava gy iad i3 i SRk BRGT the Lactign. ppderwent
some 5 form accunul ating high-boiling organic )
a cleaninpmasess theosertion timednreasads cthgisgnetal ignsy Hchasdron,
process that solves the deterioration in the _
that elefesftarhitha refictohand sthe pipet mateaist aleagresvme dlvdse pn faceunulating
t he hydrocarbon phase (oil phase), for which the

impufiids R igBought eidtese ?)fbdlﬁ:tibhfbfﬂ@@ iwon liev angd theé fike saddused by
organi c compounds. It was hypot hesi zed that the

corBAORIEE o ARt s et

result of investigations into methods of removing these metal ions, it was discovered

that the metal ions are almost entirely removed by selective absorption on ion-
exchange resin.

[0038] Active carbons can also be used for the adsorptive removal of metal ions.
However, for the selective removal of metal ions, the use of a selection from the ion-
exchange resins is preferred for metal ion removal. Specific examples thereof
include cation-exchange resins having the sulfonic group or carboxy! group, such as
styrenic gel types, styrenic MR types, methacrylic acid MR types, acrylic acid MR
types, acrylic acid gel types, and the like. A suitable selection from the chelate

resin or H(acid)-form is more preferred for use than the Na-form.
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and oil phase, deteriorate occurs because a conponent
A0S0 TcHPaT-RCATKANUl sifying oil and water, that is, an

accurmul ating inpurity that has a surfactant function,
is produced in trace anobunts in the system and
accunmul ates with elapsed tine. As a result of
i n-depth research, this inpurity was successfully
[0039% \{lr] ther Barting matesiabtacysleI®Ys$¥Par ati on when certain
adsorbents were used. An analysis of this inpurity was, .
albhe biuterasninithenhyHecarborn enixts e #a ke slaring:mgeria) tigt contains
Moreover, when the inpurity was extracted and added ]
isobutee A& R-RALIS Usecaabaltye) hawd atreactivenfunbtjeha growmri.e., the vinyl
m xture, the phenonmenon of deterioration in the

. l e
o PO 1§ B [0ty ¢ oyraanon s come

temis th ] 0 f h
form,?é.fs:g%%tg}q Wahﬁ%ﬂﬁ'ﬁeérégpé 303#8‘2%@‘%?:“ 8:1 itn;e erface and
[004Qt1 2|e ﬁgéi%é\égngrﬁi%gig gﬁ%qé\% _ ah p&rffc%%% glpétoqﬁi\'/% e cﬁeittélg&ation in

ascertai ned, based on anal yses using NVR N5 |IR ,6 and

the separaliok ©f thehoatalyst phase (aqqﬁgqstghqqsg{ro%@ueéwydrocarbon phase
functionality simlar to that of a surfactant and N

(oil pREGSUMRLNIch#se sauseowgaimfernsdite bl therascompulaing high-boiling
anion. 25 [0042] (In the product recycle system 22

orgadiQ 2Binpgditmbs PAT WSy Petnestze iHail e phaesmeson anwhich the

increased concentration of accunulating inpurity and
the o r [ &1 ' : 80j.8€the water phase
aquep)§ AR E ] FEhqacafishprisesi ofine waterp
separati on performance at th istillati 1 ;
and (a8 e e Rl e PRERU BT op capabiE o Hlsibing ol
product of the isobutene hydratiqgn reactign [ .
and waisscinet i% an aceumaiaing Rty Siatdias e Rgiestant figblon, is
aqueous catal yst solution, it has the ability to.
prodeséd imgrash atoeintoathasyplesn andrassumdates witly Japsed Hwe. As a
distillation colum, as shown in Japanese Patent

resulbBP|ri-gabihaesbaich; ope impirity 2000sdetB8fuliisnbjectad tshadsprptive
are used as defoam ng agents that inhibit foam ng,

sepa}%n %’eﬁh'bgllj%m Qttﬁ%érpbﬁ&%é’re REHURN aalydis of e impurity was

S al so unction as a defoam ng agent. 10

a3 34l A B AR AR GG, 8Bl the mpury was
extracted and added to fresh aqueous catalyst solution and hydrocarbon mixture, the
phenomenon of deterioration in the separation interface was clearly reproduced.
[0041] That is, impurity that accumulates in the recycle system is the causative
substance for the deterioration in the catalyst separation interface and the causative
substance with regard to distillation column separation (foaming). Moreover, it was
also ascertained, based on analyses using NMR, MS, IR, and the like, that this is
impurity that has a functionality similar to that of a surfactant and presumably has an

organic molecule moiety and an anion.

[0042] (In the product recycle system)
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present invention that even when TBA is not present
A0501 P IFePEMVIGANL i on i n catal yst separation and the

deterioration in the operability of the distillation
colum can be inhibited by renoving the accumnul ati ng
impurity. That is, it is from10.0 to 0.1 % by

wei ght, preferably from5.0 to 0.1 % hy wei ght d . .
nbhe relatieeship betweeman incregsed P@@W%éﬂ\ﬁi%’ﬁk@@&mg impurity
concentration of the surface-active accunul ati nfg

and therpocurtsndencft deerianation woutthalab et experimaentally verifiag for the
control to these low levels is preferred, this

deterioRRtRRiRaRe isBpatatiaf, pdrivimaesnt éhe distillstiGmoolatre. oft Hasebeen
adsorbent used for renmpoval then beconme necessary.

' rfl] i hen ahen reaction,

iscol RS L T AT v oR B s

. concentrati.on, and I f AL HOR

s ore8R0F L8 EBHRRorBB A PR o8 b85S CoBRRASRE, t has e

__intensive investigations into,fynctional rrt%{ﬁriel S ol

ability ie-gxtinguish terfeamngpPyeneRsen thal ocsuEy iR fhg difiyjaton column, as
i npurity considered to be the foamcausing material,

showntin yapaniésa Batart dpplibatiornl gidngpen N@p%ﬁ%ﬁgéoaoe%mﬁ%ta'co“o‘s
obt ai n between the absorbent's surface area and the

are uB6g ek RigfeaMBig &g3rits drat intibit féamingn & BeX, whieh edtberipteindad
effects the pore dianeter is 25 an inportant factor.

kfd %N, i Miughd EPfRNIbN a8 Pasfoaning agent.
pmd@gﬁng?ée?ég'ﬁ?hgﬂ% O L AN adoor st

j,ncl | .No: [ . h Al hid SBeordi e
o043y HiEeIect RS dsRlsred BT8R srogigeriTsEhss Bgcording to h

zeolites, e.g., large e dianeter SRSTT
presaraaeaniihdiataien RBER A G Rar P defdigrption in catalyst

i on- exchange groups and derived from styrene-
sepatatignrand thezdsterioatippth e 9paﬁa@llﬁkpéweawét"§tm GQifgmn can be

gl ycol dinethacrylate; chitosan 5 resin; and the |ike.
inhibitéd by remoaitgohbetcumalating nmuoitysiThat i, itds §iore 10K0p.A % by

the pore radius is in a range of fromO0.5 to 500 nm

weighl) $ré¥erity fohy5i0sto. Pok %wwm,réraj Mo braferady fremiB Do 0.1
aradius of from1l to 250 nmand nore from2 to 50 nm

s o YIS TGk A S e sy o 01bh e
oS A8 N B S AR et e i
incre%rsggl Et]llug I_c>rer3|lt)1(,]I i‘c}cri e%(%mapllg,nllépgaé arrﬁ%ﬁgpsoéfo tH% ara%to%eianét‘lus%%gr fstoval
then become necessary. Accordingly, an optimal concentration level can be
established in view of, for example, the TBA concentration, and as function of the
separation status and the operating conditions. As a result of intensive
investigations into functional materials that would effectively remove the
accumulating impurity considered to be the foam-causing material, it was discovered
that a simple dependence does not obtain between the absorbent's surface area and

the adsorption effects and that for one of the adsorption effects the pore diameter is

an important factor. Specifically, a porous adsorbent is preferred. Examples of the
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organi c-nodified MCM 41, and nore preferably synthetic
AO0501 e 37-POJeKADt erials. [0044] In this manner, the

accurmul ating inpurity is concentrated and renoved in

the particular recycle systemin the TBA production

process according to the present invention by using a

recycle systemfor the catalyst, starting terial,. o
adsorpheag {aelUgR iNoTganig RArQlss N3k i4is skehAgsica. glypina,active Carbon,

adsorbent and / or ion-exchange resin, in the recycle
zeolitey shmirmeEopsrauszaniitesate. @nlaige poendiametan MMl sregslinked

the long-term stable maintenance of the reaction

synthR&iE iordanic @JBWSQQélﬁhg $dn-exchdrige greaps aatlidenivet feom styrene—
conti huous TBA production. [0045] A material that

ivi LA ' alat,{ dtiderdrglyest dhiethaciyrele; chitosan
d|v;nﬁﬁgh%?o%bg‘lr od I%ﬁ%ﬁ%?@%es@%ocgﬁi ng to tﬁg
. present .i nventi_on; . V] . i
resingaRd i Bide Mo PvRosAEE Tyt § BBFocfy ¥rd Sige wherein the pore
strongly acidic materials for  which,the Hamett - :
radiugds i SFENGMEL oM G 1p SUDIIR TuhPIRISHPY & 4P5/y5, material having
Specific exanples of the strongly acidic materjals
pores mithualeadiin<at fropdsto 2h@nar apd neyreftase @ to 5§ e, vbeain the
Si 2-La233, Al233-zZrx2, TiOzZrA2, HY zeolite, N
materal Séfspectie, laprsitophiic AiateR80d mdafdreferiad thananygrophilic
aci di ¢ cation-exchange resins, para-tol uenesul fonic -

mate?ﬁé?{gandaﬁgfm%ams Bed biNidaicdifmbsilies gl (e mdulified with a

a selection therefromcan be used as the
silanf coplfig pBe orgelli oo iifing, iEIpRRLas retofidSuch as
organie meakaaMGM 4T B BTRe RS TerRRY SRS E8RATRR BRifEnaS.
I—BA_SNb12040, HaCeMb12042, HgGaMOQR4, H5I th%)z 0 din
(0044 Si IRchizanannen thavecaurauiatingIPONGY1IBEONCRRIERIS 1oved i
H5BWL2040, HAPWL1AlI O4o, H3PWL2040, H5AI WL204o0,

the pGLMENERPSIE, sysESn\WMHEDTBA predstiarppmsesHRcaQunm i the present
HgNdWL8(36, HI9CeWL8(36, and H6P2WL8(62 and salts such

e B B ooy
by diHREIMAD 40D aralSIO8 Y1 b1kt béntadrid/ or ion-exchange resin, in the
recycle system. This concentration and removal makes possible the long-term
stable maintenance of the reaction activity of fhe catalyst and the realization of a
continuous TBA production.

[0045] A material that exhibits acidity can be used as the catalyst used in the TBS
production process according to the present invention; however, viewed from the
perspective of the reaction rate, use can be made of strongly acidic materials for
which the Hammett acidity function Hq is represented by -5.6 = Hp.  Specific
examples of the strongly acidic materials include SiO~-Al203, Si0-Zr0;, Si0-BeO,
Si0,-Y,03, Si0La;0s, Al,03—Zr0,, TiOz-Zr0,, H-Y zeolite, H-ZSM-5, at least 80%

H,S0.4, Nafion-H, strongly acidic cation-exchange resins, para-toluenesulfonic acid,
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(HFAPWML1O40), and silicotungstic acid (H4ASI WL2O40)
A050PePRY-PCaKANed for their reactivity. [0047] Wth

regard to the material of the apparatus used in the

TBA production process according to the present

i nvention, exanples of the locations in contact wth

the acidi c aqueous catal yst solution include reaction,
heterupsipatid, asd ihe likey andaaiselection thespiRemdgian be Herd @g, the acid

decanters, settlers, distillation colums, -
catalgtstillation colum trays, pipes, flanges,

nmeasur enent devi ce nenbers, connection nenbers such as
[004&1(10' E&%pe@ﬁfé I BF tHPhEBF Bty A0iE Ds8d in frenTBAgroduction

arbon 'steel, copper, brass, alum num and the |ike,

procsracigranans Y eheSRLnHtat 8 e Fade SoRidT She &

ess stee
the _preferred terj or,,2 rs,i nt-act, , v '
HaPMeO e FoP ol efie: oMboftyokish sl B i 1 R B8 RCER) HEsH o0z
be broadly used. I\/bre(ﬁreferabl st ainl Ie_’vMsf}e I
HsIMba@andH &V 2@y, ByeeMathiOng, dth\;“&%an:lHﬁ NP e ex el
is a mterial that exhibits excellent corrosion '

HsBVRI,0NE HiFRA, 1 M0 4@ HaPRY 208 | HaAiRQuontle Si\atkpOad HsSiVIW11040,
corrosi on resistance, austenitic stainless steel

H,SIRALDA! is%?%zgm. HUNGS03f, HdCBW]s04502i2d HP W10z and salts

cont ent from8 to 14% and a C 25 content of no
soon B 450y AT s PR pBOA lkae coes piro.O)
teropol yacid, Usi.ng t a e i Al ;
PTG osBagineR e gpid PP EDR ehBo L Grti roid.
SUS304, 304L, 305, 305L, . v 316J, 316L, 317, . -
(H4PYYYEOuainang icoyriasic Sciss i iah A onBP BRI ot i eactivivy.
regard to the nmechani sm by which these nmaterjals .
[004FpedMthcagand toethifreateriabofitbe iapparatys ssad de the fBA production

present inventors presune 5 that the constituent

procBb€BBESrainy totthegresaitenvearitonaerampleshafitbe dpestipasiinl contact with
undergo specific reactions with each other at a

the %ﬁ;g%ﬁﬁgﬂ,{'g EQFaIy‘Q%Ts%rdti@h ihQufie reactiop! dskisz etimingasiades

I'n turn can inhibit the devel opnent of

diapﬁ?égrrr?sssk%%}(gbg%?%wle‘s,Vé%ﬁle%,séﬁgm%ﬁﬂ Midiin SdiB@Etioh%olumn

. / process™according to the present

v i 5P e S e e PRe R Bt Bigers pucn
~and also attenuates the degree of coloration of t Beass

joints oaeahthet like. Materials such as iron e.g., carbon steel, copper, brass,
aluminum, and the like, would be strongly corroded when used as these members,
making such materials undesirable. Stainless steel is the preferred material for
members in contact with the heteropolyacid catalyst, and stainless steel can be
broadly used. More preferably, stainless steel having an alloy system of iron,
chromium, and nickel is a material that exhibits excellent corrosion properties. As a
material with a well-adapted corrosion resistance, austenitic stainless steel

containing a Cr contént of from 17 to 21%, a Ni content of from 8 to 14%, anda C

content of no more than 0.10% is even more preferred at locations in contact with the
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col ored aqueous catal yst solution. This is believed to
AO50DQRBBPCO/KAN fol | owi ng: oxidation of catal yst that

has been reduced through oxidation, and oxi dative

degradation and hence renoval of inpurity that was

causing inhibition of the reaction. Wth regardto

t he oxi di zi ng agent, an i %ovemsnt the activ

LS.
heterepelvacidt hUaInQIBedﬁpa@$$%W tﬂ?é@t@%ﬁr SeB@rapIps of the stainless
oxygen; however, this requires a sonewhat |engt
ool A S S I B4t 3050 306 16 ek 6L T bnand the
nmet hods can al so be used as the oxidizing agent. The

like, %5904 'baszhga%f’é Rfefresabiithiregal toi the medteinismdypeiieh these
such as hyd rogen peroxi de. As an index of the

mateﬂéla?s{%f:en Fﬁﬂ?ﬂ@.{mfe%ﬁ%r??ﬁéy%? %ﬂﬂaggﬁle ﬁesé’rﬁt%ﬁérﬁgtsyepresume
that e coppligenbSemetadt fmsBiaey *@fsl?'ﬁ% e, fBfeitivaciq undergo

not have a significant influen on th
specifieseactinns witle eoAb aHir B@ § eé?a‘eﬁﬂ'r%%?’ﬁ& ghijzed

addi ti on cannot be determ ned accordl ng to a_ fixed
passivellaydre edirgeint thay can inhjbititheadgvaierment @fcoafiat al | a,

the type of oxidizing agent, the extent of the decline
[0048]” 1ewhb discovets] with réspdoe tgtie TBAtproduction pracasy eccording to

has been in use, and the anpunt of 25 accunul ating

t | i restite f
o i AT A

the c%é%é@cgg%i\ﬂsr 2 ?ﬁ%ﬁehngteg)ihg'dé RSE BEENbratiBHET tME'8Bmewhat

rogen p rOX|de ends up

degr adi ng W|th el ed
colorggraauspeis Lt agswips eﬁbtsi 'E?”eﬂ? @E%h%’g?%%t %?@lg%g
sel ected as a preferred oxidizing agent al so fr,
oxidatiarsopeataiystihay bas Bewevesicad braddh oRERtoR. A exdelee

of 5 hydrogen peroxi de, being WIthOUt benefit, is
degraddisn aalltente semanvakofingurity that arafpesusing mbérition /fthe reaction.
the continuous or discontinuous addition of hydrogen

Wnth%?@?ﬂ ﬁﬁth@tm&‘ dig déht t#h pRffovemehhin iheedativith isyséerowith an
000 ppm nore preferably from1l to 1000

omdg cfﬁ F1et}‘1n5h s‘é?%‘f‘r di‘é)@/ gﬁf ROWEGE ths FbGuiRBUS somewhat lengthy

ut| on, pro es exenplary i nstances of

pencrcESf WG 1 B é’%‘ﬁﬁ%E«ffﬁ%@?ﬁ@ﬁ%ﬁ%?%&ﬂff@b*d“é’t‘a’éf‘%”haééb Bo used as
the g)ﬂglzﬁw%r;égnlil a1r'het! Io%nz?ng; agent preferably has a high oxidizing power, such
as hydrogen peroxide. As an index of the oxidizing power, the oxidizing power is
preferably equivalent to that of hydrogen peroxide, and a more preferred oxidizing
agent, such as hydrogen peroxide, occurs as water after the reaction, and does not
have a significant influence on the hydration reaction. The amount and frequency of
oxidizing agent addition cannot be determined according to a fixed rule because they
vary as a function of, inter alia, the type of oxidizing agent, the extent of the decline in

activity due to the length of time the catalyst has been in use, and the amount of

accumulating impurity that is also present. However, in the case, for example, of the
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based on the actual operating results. The tenperature
A0501 R3BPEVEKANOf addition can be selected fromthe

tenperature range fromroomtenperature to about 100C.
Si nce higher tenperatures generally result in a faster
oxi dation reaction rate but also increasingly

facilitate degradation of the hydrogen perqxide
use of hyaiogeninerpyde esitbe sridizing agsng EVeRWIREN @ﬁ%‘%‘? i pycessithe
from30 to 80C, nore preferably from40 to 80C. Wth
hydrogegaiatokide témels | upcdegradingf with etipsied dimeyend thidiits pgdition in
for the nost part the location is preferred where the

some?é}ébf‘é%% Bhﬁ%%l%rhé‘ﬁc; frytirdgd perokitie isaeldcied aamcpretarssd

is formed, and a site or |ocation from which

oxidi{?ﬁr@ %g%ﬁg@gg from lis Pgtﬁégp\éﬁé‘.”ﬁmehi th8 addRichsresH %idess of

est ex e 1s nore preferred. 2
0049 LES The presept .i N j ifi :
rwerdBO oS horgen s RRRE o) UGl o ar A sbohanld
conmpar ative exanples, but these in no wa .kinih the
standpoipe Asicordiagiyr %@effﬂntmpﬁvwﬁdbﬁﬁ?onﬁfﬂ‘éO%Q‘g@ ianop fydrogen
net hods used in the exanples of the isobutene 25

peroxide &t froid.0d rto SA96 prroiy; grefgrabiy froem BAdeetR00 prrahy, @pA more
were as follows. 27 A0501 UP37-PCT/ KAN (1)

prefeMsty WopiB b 1000pINYhe iméath caselwih refenerece toi thetaupieous catalyst
al um na catal ysts Analysis was carried out using an

. ' . !
solut@ﬁé&&&%s‘ &&ﬁﬁl‘é}y Mstah (ozf)théwgl‘sé%ﬁ ﬁ?ﬁﬁ:ge@#‘rﬁérﬁ?ﬁ% as general

ef erence sanpl es. asurement o
.. Specifijg. sur e a_ of... i t.aly Galhe point
e AR AR R O SRR AR aTiee
adsor pti on nmet hod usi m ni_ 2360. ( Shi
baseL A CHeried [Rouey dISHEMERIATET I GetVArg S pgfin can
in the alum na catal ysts The pore volune and pore .
be selested foamithe tamperatwasanse frm freerp ey PEEIYE tgabgut 100°C.
using a Pore Master GI33 from QUANTACHROME. 10 :
Since higher temperatures generally result in a faster oxidation reaction rate but also
increasingly facilitate degradation of the hydrogen peroxide itself, it is preferable to
select a temperature of from 30 to 80°C, more preferably from 40 to 80°C. With
regard to the location of oxidizing agent addition, for the most part the location is
preferred where the aqueous phase that forms from the catalyst and water is formed,

and a site or location from which hydrocarbon, e.g., olefin and the like, is absent to

the greatest extent possible is more preferred.

[0049] EXAMPLES

The present invention is specifically described in the following by examples
and comparative examples, but these in no way limit the scope of the present
invention. The measurement methods used in the examples of the isobutene

production process according to the present invention were as follows.
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[0050] Exanple I 10 nL of alum na catal yst (catalyst
AOSOAUFSY-POTVEAN = 0.25 % by weight in terns of Na2Q Si
content = 0.06 % by weight in ternms of SiQ2, specific
surface area = 402 nR/g, total pore volune = 0.21
cc/ g, pore volunme of pores having a pore radius of at

15 least 70 A = 78% of the total ore vol, ume% t had
(1) MeasurementefiaiNa sorighbaed Shppﬂteﬂén theralyming © *PE%% to

5 mm was packed into a vertical tubular reactor_ tube,
V\Ahalvsisswaﬁ caribddutSIsBRY 8n RIXAOGHi(RBigakuy by X-fayflijorescence
diameter = 10 mm and a length = 30 cm that had an

analygisetfstu'ig Fefgf@?ﬂ;e%rﬁ,f.]gsouty de and the electric oven
tenperature was set at 360C An 85 % by wei ght of

o WAy oy s a7
h}i_ngOCar ok %tegﬁr{eg&{)?g%aég%‘é%& t%fﬁ'f% Frﬂﬁeﬁ%ﬂsorptlon method

_contai ni ng wat er and_ heteropol yaci d catal yst, was
usingra eseined36Q (SWo@dZH was fed froma top of the

reactor at 20 nL / hr (LHSV = 2.0 hr') and a reaction

(3) Measurammenitdf ltiee parenvaluniengndporg distripudionjin Hghalugena catalysts
reaction tube at 4 kg/cn2 G The gas | liquid mxture
2Hd ﬁtﬁ’é&fcﬂi@rﬁefdr@lrpc&ebﬂithbmim wehe messatédby meyeuryaporosimetry
separated into a |liquid phase 28 A0501 UP37-PCT/ KAN

usm%QrPter Qr GT@@ird?ﬁ@?Aﬂ‘W\Ul—WOMEter the el apse of

rescri periods of tinme after the start of the
experlnent the reaction product in the gas phase
porti on was analyzed by a gas chromatography to
determ ne the reaction performance. After 5 hours,

[005¢hEx2mRIR dnver si on was 95% the |sobutene selectivity

was 99% and the yield 5 was 94% After 80 urs, WQ
TBO nbrofalginina mlm%ataluat At seBtRnt .22 (% By (WEIgNKIE terms
99% and the yield was 93% [0051] Exanple 2 and

of N&DYIBIcontertt -E0.86% dsy Welght in feemisafiBifeespacifiasurfanesarea = 402
were carried out under enti rer t he same reaction

zlggg{igl' pdrenBl e =, E’P’%ﬁ? &ote u&lume whpbieshasingra pere radius of at
I'ysts (catal ysts E, F, 10 and §Q wth

Ieasgt](g &\ﬁ:r ?ﬁ&%ﬂg‘?ﬁ@ Eﬁrea\?olﬁﬁ'n%) QA eerTRpmBASHIC Sphr€s with
diameters of from 2 to 5 mm was packed into a vertical tubular reactor tube, which is
fomed of SUS316, and which has an inner diameter = 10 mm, and a length = 30 cm,
that had an electric oven on the outside and the electric oven temperature was set at
360°C. An 85 % by weight of aqueous TBA solution, which was produced by the
selective hydration of the isobutene out of a hydrocarbon mixture containing
isobutene and n-butene, using an aqﬁeous catalyst solution containing water and
heteropolyacid catalyst, was preheated to 100°C and was fed from a top of the
reactorat 20 mL / hr (LHSV =2.0 hr™") and a reaction was run while maintaining a

pressure within the reaction tube at 4 kgfcm? - G. The gas / liquid mixture

discharged from a bottom of the reaction tube was separated into a liquid phase
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Mai n by-products were disobutene and sec-but anol . It
AD501 $P3GRETI/IKANabl e 1 that catal ysts A and B gave the

hi ghest isobutene yields and in particular the
hi ghest i sobutene yields after 800 hours. [0052]
Exanple 3 15 10 nL of catalyst A was packed in the

reaction tube used in Exanple 1 and the tenperature.
portiopf anche gesetaspeostien Vifter de elapsei eresgibes %06{7 ot fime after

wei ght of aqueous TBA solution used in Exanple_ 1 was
the siartelfaht edpenmbn chaneaction reduttrionhe gre phasegrortigrwas
reactor at 5 mL / hr (LHSV = 0.5 W and a reaction was
analyzbd b}j}’fﬁ b8s cﬁﬂirﬁﬁt@gf&mﬁl toltetomeins Wne readtionnpetiermance.  After 5
reaction tube at kg/cnm2 G The results are 20

hourﬁ@&ﬁ;&ﬁ(ﬂ%@ﬁ@ﬁﬁtoﬁ'wésogwo] tfe38Bliené sb%d’(biégfwaf‘s@wﬁyérﬁd the yield

e reaction tube used in anple 1 and

t € re of t e [: i
was 412 glﬁﬁ&%@ Rafisnind,f BATAT BT RES AT nB bl g setectivty
Exanple 1 was preheated to 100C and was fed from 25
was 9976, aop the vieibwae£0sr at 10 ml/hr (LHSV = 1.0 hr')
and a reaction was run while 29 A0501 UP37-PCT/ KAN
[0051inEramipte B@ndh@omppeeativedExanpieh 1t18ed reacti on tube at 4
kg/cm2 G The results are shown in Table 2. [0054]
Coargratdnce dvahmions ererahriiedReattndersentisely thesanie reaction
setting the tenperature of the electric oven in

condf Sin Bamnple 1L88RgdaRols aluneRBaRlysts (chtalysts B, C, D, E, F,
electric oven in Exanple 3 to 500C, ile keeping the

he . i 1di L] ik el .
and B3N AGED BRosieRfics s Y paBly T e ReuEars Shgn i Table 1
_catalyst A was pagcked intp a vertical tubular react
Mam_t%eyqugﬁ%wer%dﬁagvﬁeﬂ%r‘cg?%&’?fé’f and whi ch has an
! nl? iesIr shc;\:\zjlnmient 'Ig;blé 12t5h'aét1 cgtrglys?g OIA e?nd Enggatvg tﬁe%?&'uest isobutene yields

and in particular the highest isobutene yields after 800 hours.

[0052] Example 3

10 mL of catalyst A was packed in the réaction tube used in Example 1 and
the temperature of the electric oven was set to 250°C. The 85 % by weight of
aqueous TBA solution used in Example 1 was preheated to 100°C and was fed from
the top of the reactor at 5mL / hr (LHSV =0.5 hr™') and a reaction was run while
maintaining the pressure within the reaction tube at 4 kglcm? - G. The results are
shown in Table 2.
[0053] Example 4

10 mL of catalyst A was packed in the reaction tube used in Exampie 1 and
the temperature of the electric oven was set to 400°C. The 85 % by weight of
aqueous TBA solution used in Example 1 was preheated to 100°C and was fed from

the top of the reactor at 10 mL/hr (LHSV =1.0 hr') and a reaction was run while
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cm that had an oil heating tank on the outside and

A0501 UP37-PCT/KANOven tenperature was set at 350C. The 85
% by wei ght of aqueous TBA solution used in Exanple 1
was preheated to 100C and was fed fromthe top of the
reactor at 600 nL / hr (LHSV = 1.5 hr') and a

reaction was run while maintaining th i t hi

maintairéng & ptassutswitinehareactiayy ke St Kalclar gfis-;éf‘e}/\#?%ghsn are
test was run under these conditions, and the results

showffin Ta@lg 2action at total reaction tinmes of 1800 hours
and 9000 hours are shown in Table 3. [0056]

[oosﬁéeﬁ{g%&ét% Exa@pleass 8nd ¥ 10 Performance eval uations
re carried out using entirely the sane catal yst and

i%%&%lhhg \Werk #&n B?'E‘Ettf i ittgﬁ" kd bPthe dsctrie dveanip/Bxample

M gret éxcep iton'tl | aqueous TBA sol uti on
INn . '
210 BT e RS Bl AR50 R B8 v

the production of propyl eng de; Co ti ' .
keepibgatig| ather ies6HoT BANGBPE? ﬁaaf% {*}?5%@’5?1 ol fP3i§ are shown in

presence of acetic acid over an ion-exchange resin
Tablé 2om t he hydrocarbon m xture that contai ned 25

i sobut ene and n-butene; and Conparative Exanple 10
[00551155(;{3}% gbt ai ned by 30 A0501 UP37- PCT/ KAN hydration
over an ion-exchange resin fromthe hydrocarbon

Téésﬁq‘h?_ A8l sCRNA packed iBRPAVERRapUBUILrTabeoe tubE) evhich is

ults at total reaction tine of 800 hours are
formggt 8 Suyiiie. A i e, hbr BERRASES 254 RN &%ngin - 260
e, BRSO Beb etk e R o8B G ot ves
set at 350°C. The 85 % by weight of agqueous TBA solution used in Example 1 was
preheated to 100°C and was fed from the top of the reactor at 600 mL / hr (LHSV =
15 hr™") and a reaction was run while maintaining the pressure within the reaction
tube at 4 kglcm2 - G. A catalyst life test was run under these conditions, and the
results of the reaction at total reaction times of 1800 hours and 9000 hours are
shown in Table 3.
[0056] Comparative Examples 8 to 10

Performance evaluations were carried out using entirely the same catalyst and
entirely the same reaction conditions as in Example 1, with the exception that the
aqueous TBA solution as the starting material was changed. Comparative Example
8 used TBA produced as a by-product during the production of propylene oxide;
Comparative Example 9 used TBA obtained by hydration in the presence of acetic
acid over an ion-exchange resin from the hydrocarbon mixture that contained

isobutene and n-butene: and Comparative Example 10 used TBA obtained by
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hydration over an ion-exchange resin from the hydrocarbon mixture that contained
isobutene and n-butene. The resuits at é total reaction time of 800 hours are shown
in Table 4, which for purposes of comparison also shows the composition of the TBA
and the reaction results from Example 1.

[0057] Table 1
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[0058] Table 2

y4
J

1
500
4
A

COMP.
300
85
75
77 64

300
58
78
45

0.5
150
4
A

COMP.,
EXAMPLE 6 ] EXAMPLE 7

5
57
79
45

300
100
99
99

5
100
99
99

0.5
300
86
98
84

EXAMPLE 3 | EXAMPLE 4
250
4
A

PRESSURE (kg/cm?.G)
REACTION TIME (hr)
CONVERSION (%)
SELECTIVITY (%)

TEMPERATURE (°C)
YIELD (%)

LHSV (hr'")
CATALYST
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W 5 10 33 A0501 UP37-PCT/ KAN [0059] Table 3 TABLE. 3
EXAMPLE 5 LHSV (hrl) 1 TEMPERATURE (C) 350 PRESSURE

(kg/ cnm2G 4
[0059] Table 3
TABLE.3
EXAMPLE 5
LHSV (ht'h) 1
TEMPERATURE (°C) 350
PRESSURE (kg/cm?.G) 4
CATALYST A
REACTION TIME (hr) 5 | 1800 | 9000
CONVERSION (%) 100 | 100 | 98
SELECTIVITY (%) 99 99 99
YIELD (%) 99 99 97
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CATALYST A REACTION TIME (hr) 5 1800 9000 CONVERSI ON
A0501 YPIDPCIOURABB SELECTIVITY (9% 99 99 99 99 99 97

YI ELD (% 34 A0501 UP37-PCT/KAN [0060] Table 4 0 a,
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[0061] Reference experiments used in the examples of TBA production according
to the present invention are as follows..

Reference Experiment 1

Analysis of the accumulating impurity (causative substance for surface-active
behavior)

1000 g of an agueous catalyst solution that contained approximately 50 % by
weight of phosphomolybdic acid and that had been used in the continuous reaction
for approximately 1 year, was brought into contact with 250 g of the bead-form
adsorbent (Sepabeads SP207 from Mitsubishi Chemical, modified styrene type,

specific surface area = 630 m?%g, highest frequency pore diameter = 21 nm) for 3
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o XNmw ao z'- Bz o za Pz a2zZN VZ
AQS0WVIRETROO/RAREY 0 wWo WOz ZN7 CCO MWya O

to SWFa QQ~ yOyVZWMoWW |- auFoul 3
OYm UW> [0061] Reference experinents used in the
exanpl es of TBA production according to the present
invention are as follows. 5 Reference Experi

hourssataprrpximstelyfO°ecvhirimidingg Thpadserpeptwas é'%r?enct@e&afat‘e" by
substance for surface-active behavior)

filtration and was washed with distilled water until the wash water became colorless
and transparent. The adsorbent was then dried in an air current followed by
immersion in a 1000 mL of acetone solution and standing for about 1 hour. The
resulting acetone solution became a yellowish brown color. The acetone was
removed from this yellowish brown acetone solution at 60°C under a reduced
pressure using a rotary evaporator, yielding a yellowish brown solid material. The
results of elemental analysis on this yellowish brown solid material showed it to be a
material composed of phosphorus, molybdenum, carbﬁn, hitrogen, and hydrogen. "
The infrared absorption spectrum of this substance was measured to yield a
spectrum. The infrared absorption spectrum of the accumulating impurity obtained
by the present invention is shown in Figure 1. This infrared absorption spectrum
presents absorptions at 1062 cm™, 960 cm™, 880 cm™, and 808 cm™ that are
characteristic of Keggin-type heteropolya_cids and absorptions originating with
organic compounds, inter alia, the C—H stretching vibration at 2970 cm™, and a
clompound containing both alkyl and an anion could thus be confirmed as an
accumulating impurity.
Reference Experiment 2
[0062] Evaluation of separation behavior

50 mL of a 50 % by weight of aqueous phosphomolybdic acid solution
prepared from fresh reagents and 50 mL of a raffinate containing 43 % by weight of
isobutene were introduced into a pressure-resistant glass container and were mixed
by vigorous shaking for 3 minutes; shaking was then stooped and the time required

for an interface to form was measured. As a result of 5 runs, an average of 6

seconds was required for separation into 2 phases and formation of an interface.
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1000 g of an aqueous catal yst solution that contained
ADS0ARIP3IP-PEATIEAN 50 % by wei ght of phosphonol ybdi ¢ aci d
and that had been used in the continuous reaction 10
for approximately 1 year, was brought into contact
with 250 g of the bead-form adsorbent (Sepabeads SP207

from M tsubishi Chem cal, nodified st_yri)gﬁpt. pe,
[00633 fReferéncesbxperiaentrd aEvalsationf geraiadne Véﬁuency

pore dianmeter = 21 nm for 3 35 A0501 UP37- PCT/ KAN

how § ofithexppcumilating impBGIE alitainedrin Refierente &Expesniant A was

was then separated by filtration and was vvash‘ed vviph
added H%SD'H\E%H BBbE by Wlight ShfjusRER phRisphoehdidic acidaoheis

and transparent. The adsorbent was then dried in an

' ! 50l @teborthining 43 %
propel AL W ra Lo s g IEAG S0l Bt 8 rdfpdteTEoter
resul ti acet one.sol uti on be - M :
by weight ispuBEE e el e b0 Bl For Qe E s efhtainer and
brown acetone sol ution at 60C under. a regﬁced d and th
were priwed tyevigeoHg shakisgdes 3 svinptssa SBAKING was{hfp siopped and the
yel | owi sh brown solid material. The results of :
time ceivedtfat anirterfacs toforrhves yreassigdh Af awgsiopf §runs, an
material showed it to be a material conposed of

averadsPIZT bscority whslesyuitedciar beparatibhiintgehphases and formation of
hydrogen. 10 The infrared absorption spectrumof this

; a J i tinct. spectrum The
an m%}f‘%ﬁfg{i HESddiidn "R SMterdch Yvad inbiktiAc

ed absorption spectrum of the accunul ating

LTRUL I L btai ned by the present invention is shown
[OOS%%]n ?—‘?H\ﬁ%gl. This infrared absorption spectrum

present bsorptions at 1062 cm -1
b rfciouss? shows A eraTiiE Of%%Paeﬁ%%tF?@’%ﬂ?“%%%’?%%%s one
het er opol yaci ds and absorpti ons origi nat.in ith 15
aspest tpivaEryasheddhad BA pIQiuUCHPn Progess Feaqr 992?%? REpsent
vi bration at 2970 cm -1, and a conpound contai ni nfq
inveli@r & #yé camtihimussproductisuapparatus foe theopraseptinvastiemn
accunul ating inpurity. Reference Experinment 2 [0062]
elenfer®d SG¢H 88t streipgatk-o/peaiaatosoy pipds Sandiihedikesarslbmade of

by wei ght of aqueous phosphonol ybdi c acid sol ution
SUS304 (18.0% Cr, 8.0% Ni, no more than 0.08% C), and there are provided three
stirring tank-type reactors, each of which is constituted of a stirring reaction tank with
a 10 L reaction volume and a catalyst separation member with a volume of 2 L.
While the example in Figure 2 has three stirring tank-type reactors, the continuous
production apparatus according to the present invention is provided with at least one
stirring tank-type reactor and is not limited to an apparatus provided with three
stiring-type reactors. A process was run in which the particular hydrocarbon phase
(oil phase) and aqueous catalyst solution (aqueous phase) were separated at the
catalyst separator disposed at each reactor; the hydrocarbon as the starting material

and aqueous catalyst solution were reacted in a counterflow manner, the TBA

product-containing agueous catalyst solution separated at the catalyst separator of
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prepared fromfresh reagents and 50 nL of a raffinate
A0S0t URAT-RCAYKAN % by wei ght of isobutene were
introduced into a pressure-resistant gl ass contai ner
and were m xed by vigorous shaking for 3 mnutes;
shaki ng was then stooped and the tine requi red for an
interface to formwas neas runs

the fingl reaationgantswas 129 19 euorkevalmaguse BiFi giort ealma haing 20
into 2 phases and formation of an interface. 36 A0501

theor&iRIT pREES; VB Wesasiparatedfeor @ toppd thengigtillgtionEgalmg coAtrol
of separation behavior 0.5 g of the accunul ati ng

was daffed bwtoQ#W@lan@dubéu Bedssues sectitat therbottorh teaperaltioe was
to 50 nL 50 % by wei ght of aqueous phosphonol ybdi c

70°Ca%ﬁ&ja§19 M%do%lyg SRRLiSH WdsHebireliifasn the BaROIS . Irraddition, the

a raffinate containing 43 %5 by

follomwp%g@ﬁ? ggs‘pﬁggg tdiﬁ'{be ¥Y§6rﬁ |18{o} c{wqgiﬁgta%@?lmn r[%acked with 500
Ki
mL o e sanones %r?é?e%%"a (S 58 oy Mits UiV @‘sﬂugﬁ%and

formwas neasured. As a result of 5 runs, Kllg I
adsorifent f0a §erovatia syathatiedasingystem (%@fp%b%ﬁd%PnZ%{renh itsubishi
phases and formation of an interface; in addition,

Chentibal, highest frequavasy pordi disnetdr.= 20 npﬂdﬂ@u&tlama 560anL). An
Flgure 2 shows an exanpl e of the continuous production

amouil Eﬁ!law@?théﬁwﬁg @bodf88&terdththé afounb of bottomzuiddas circulated,
product i on process according to the present

and tbﬁ\é%@tebﬂgc ét%'o tfb?\%éé‘#%@?f thHéts'h%g?@Zrﬂ[t & Peddbrs

PeSRNT 1 hven nts such as Irring
react osr e
whneoqovi@ué@%mrm o Rt iy 8* W g nipt e and the
C, and there are provided t rrln
accuprsdatingr §IPUsh (refar tafiiguyre; 4. c‘gﬁgﬁ calely th"/a vrw¥%§t of fresh
reaction tank with a 10 L reaction volune and
phosphbetojdic agid bk Pble: sRabeeiulipe KHampeett Aeidsy fwuon Ho: -5.6 =
While the exanple in Figure 2 has three stirring

Ho) Welnbrebypsd apdéédas50 Lhe haordll ofdbeseacptomdsmwmas illustrated in
apparatus according to the present invention is

PO EOR M Bl ey 4 b
we|gW{ IDPISE)BUT%?IE was fed in a counterflow manner at 20 L / h. With regard to the
reaction temperature, control was carried out such that the stirring reaction tank in
eaéh reactor was at 70°C. At each 48-hour interval after the start of the reaction, an
intermittent procedure was carried out in which 100 mL of 10 % by weight of
aqueous hydrogen peroxide was fed over 1 hour into the distillation column bottom
conduit. Continuous operation was carried out for approximately 2000 hours. The
isobutene conversion was 95% and the selectivity for TBA (water removed) was 98%
in the initial phase of the reaction, and almost the same reaction results were

maintained even after 2000 hours had elapsed. In addition, the following were

completely absent: outflow of the catalyst into unreacted hydrocarbon due to a

38



10

15

20

25

stirring-type reactors. A process was run in which the
A0SO D aPtd7eBCAVKAMNIr ocar bon phase (oil phase) and aqueous

catal yst solution (aqueous phase) were separated at

the catalyst separator disposed at each reactor; the

hydrocarbon as the starting material and aqueous

catal yst solution were reacted in a,counterf| qw
deteripeativeyin the catrile! SSPAFIAIIETIEMERER o e GalBiirt SERpgigrs @

sol ution separated at the catal yst separator_of 37
deteriéfsibih inRSeratitykaompanyingsa rise it theoprassie differansg inghe

a packed colum-type distillation colum having 20
distillatisrestigal 50Imt estheT@Aoms cxtplgsbsadtidn ahihis poipt was brought

the distillation colum; control was carried out to

into ctghf‘aect %iﬁeﬂ}‘&idofﬁfé;%igéﬁaﬁééﬁé Ad¥atbéritan lbeddéramadsorb the guantity
€ )

nperature was ~and aqueous catal yst sol ution
was [ecovere r ; b L OfR, it |
o o Bhu B YREFY S BB GHAS Rk brohi o efence Example
line: a colum packed with 500 ni_of acid- Lo -
1, the-adscshonkRRMGETPASY I valel B saraiens it 46quPidThting impurity
and adsorbent in a formof a synthetic resin system ted t
was qiSspuee from PProFdgarbentvising sretene, @%Fﬁ%ﬁ?‘?‘oﬂﬁd\'%%?vapma edto

frequency pore dianmeter = 21 nm fill quantity = 500
give akdsidda talamiartte thfe amquintdoftinwurifias Assetding trethie REqeedyes. the
amount of bottomliquid was circulated, 10 and the

amouiHl ' YesumdlatingSnpeehin the atReoas eatalyst sotutidnewas Rrir vangy
tank-type reactors while continuously carrying out

Wei sorptive renoval of the inpurity netal ion and the
9%t cumul ating inpurity (refer to Figure 2). As the

atal yst, .a 50 % ight of fresh phosphonol ybdic
[OOGQCtg R%BMQE&B‘)O?%E)%U on (Hammett acidity function

HO: -5.6 > HO) was prepared and fed at 50 - 1

aIA continyeus ieaetien wasamedouf by e ?%W%d”?%é%aﬁglng‘g’r‘aemp'e 5

2; as the hydrocarbon starting material, a raff'hnate 1. d
but it this aase mithest disppsingdhg selusan pEaeidiferB cRtienEgnpRag resin an

counterflow manner at 20 L / h. Wth regard to the

the doRanih iodadsereet at ihecvottoomiiqoid cemsiud dineiasdvas dose dmExample 6.
that the stirring reaction tank in each reactor was

A coﬁ&er@% of5Rasds AdirianediAit1eoMurgblter tHdstasttafithe oéaction;
the reaction, an intermttent procedure was carried

how%/%r %% iWﬂirg‘% il sﬁfr}olﬁs,"/é R¥e wir&fﬁregéur%%iﬁamaﬁn the

nop e was ted over 1 hour into the
| ati on co

disti!?eilti%tni clzolumn was 0 éjerrrgeg %t ¥Bme turbidity was also observed in the
unreacted hydrocarbon. Molybdenum was detected when the unreacted
hydrocarbon was evaporated and the residue was analyzed by X-ray fluorescence.
The reaction was stopped because the decline in separation performance at the
catalyst separation members and the deterioration in separation at the distillation
column made it quite difficult to continue the reaction. After the reaction had been
stopped, aqueous catalyst solution was withdrawn and the catalyst separation
performance was tested as in Reference Experiment 2. According to the results for

5 runs, an average of 160 seconds was required until separation into 2 phases and
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condui t. Continuous operation was carried out for
AOS0AIRBAPREVEAN 2000 hours. The isobutene conversion

was 95% and the selectivity for TBA (water renoved)
was 99% in the initial phase of the reaction, and
al nost the sanme reaction results were nmaintai ned even

f t 000 had el . i 1] . .
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performance at the catal yst separator, and a

adsorteher order it adsorbathe repiaintiivt of acceiombalingg impuity.i J&heR the
the pressure difference in the distillation colum.

uanf§ dflacelimuiirRringRIMBy Gabahys detomitedby the saine procedure as in
q ﬁ@s br ought r{@ﬁto c?%tact with 30 nL of fresh

wa
r ' a5 iflthNadiebUs catalyst
the BRI R 80 PE tuch My or oA ey LtRae Y
roced s.in Reference Exanple 1, the adsorbent
5°|“t(%5§”%iﬁ1$d"9‘\AP¥W‘%@?ter and separated, the accunul ating
i nEur' tY was di ssol ved fromthe adsorbent using
[006&]cExamele And t he acetone was evaporated to give a
resi due taken to be the anmount of inpurity. Accordi nrg .
t A tedctioprvererluY sing e samsuecedurgas i fPETMIpIg 6, but inthis case
impurity in the aqueous catalyst solution was 2.1 % by
withol® ceriygt out(the @xidaBomtaatmenkuging inydeoden perosias nlibadsobutene
reaction was carried out by the sanme process as in

conv Wast59% ¥ Ebbit thiten®assuriidri @ begRpire) ofthbheaction. A

coI um of acid-form cation-exchange resin and the .
sab LU o AT R b8 ol A o it espossivte
How A TS disyps LG A8 Sheh PoxghgbinRlp s, e jooutene

rise in the pressure difference in the disti.l 3 i,on
f hours was

convegsionmat aaeutbrwr 1009 was 94 #te andrafteriths elapseq

observed in the unreacted hydrocarbon. Ml ybdenum was
93 Bticard batboline in abiivityrwasseenin thedpogdemno reawion.

evaporated and the residue was anal yzed by X-ray
(0067 WepgsieEce. 20 The reaction was stopped because the

decline in separation perfornmance at the

The same procedure as in Example 6 was carried out, but in this case

changing the material of the stirring vessels to Hastelloy B (67% Ni, 28% Mo, 5% Fe),
which generally has a better resistance to acid corrosion than SUS304. The ion-
exchange resin was also not installed in this case. The isobutene conversion was
95% at about the tenth hour from the beginning of the reaction. A stable reaction
operation could be maintained and long-term operation was possible. However, a
gentle decline in activity was seen from about 300 hours; the isobutene conversion at
about hour 1000 was 94.5% and after the elapse of 2000 hours was 94.1% and a

decline in activity was seen in the long-term reaction. When the aqueous catalyst

solution was analyzed after the reaction had been stopped, the iron ion had
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catal yst separation nmenbers and the deterioration in
AD505&RA7APCIHKAN the distillation colum nmade it quite

difficult to continue the reaction. After the reaction
had been stopped, aqueous catal yst sol ution was
wi t hdrawn and the catal yst separation perfornmnce was

tested as_in Reference Ex ment ar.gi n
incredsast atcu G0 PRS0 AERLpP s eagsu préfigulial 1ie ghéral
required until separation into 2 phases and 39 A0501
corro$ipa TesisEncaNvaeeriirmes. of the interface; noreover, the
-interface was also indistinct. 50 nL of this aqueous
[0068} AEdnple S0l uti on was brought into contact with 30 ni
of fresh Sepabeads adsorbent in order to adsorb the

q Wﬁ@trbhbftléﬁ was CaidRbLTTE theRae dhanWbe but BRangingihe Byreactors
accunulating I npurity was then det er mi ned by the

i LOGE " 3 that
in Ex%%gﬁ% 8 t89 %ng%rﬂ% tgpé réé‘@cof gétﬁttﬁé‘ %ﬁu@ﬁﬁ’é‘ a@gﬁ\gg dlg Fegure
cat al solutio % _1
ha deESFé?HB%é eaction r%qgﬁﬁ%c’frﬁcm laglr %%éti‘ggréo %rogg &y Siven
as in Exanple 6, but in this case__w thout carr
the fasi thatrehighi ischutane coByensa Valye of 9yl MasPYaING ; ai“gh
The isobutene 10 conversion was 95% at about th
reactivitytdouttbbe chnfirmachtortigimathed obfeadirg theseatplyst a%@ the starting
stabl e reaction operation could be maintai ned and

matehﬁﬂﬂl 4 esumteHRWAIzPRerand forsthcderinterflowelype reactgent | e
decline in activity was seen from about 500 hours; the

ﬁﬁ@ converS| on at about hour 1000 was 94. 2% and
[OOB%JfF he el apse of 2000 hours was 93.6% and a

- dkopiR r&beiats KHEHSRE e FelreCn ot doishadin Exampls 6. but
i thiE FESRerePaiD 166 ey &P Arorghowedehi iy PREVLEDR) 4

(67% N, 28% Mo, 5% Fe), which general IZ has a.better ..
establishing thecsane Peript CODERBERMN. { A% isoRsdend coRYeTSian was 95.2%

exchange resin was also not installed in this case.
after Ent0-hsob rtantiencamiweas D612 %@yen Gftes thenelapse of SORdouUER tand
hour from the beginning of the reaction. A stable
oper&Bfifl préblems were also entirely absent.
[0070] Example 11
A 500-hour reaction was run using the same procedure as in Example 6, but
in this case changing the catalyst to phosphovanadomolybdic acid (H4PYMo110.40)
and establishing the same proton concentration. The isobutene conversion was
94.7% after a 10-hour reaction and was 94.8% even after the elapse of 500 hours,
and operability problems were also entirely absent.
[0071] Example 12
A 500-hour reaction was run using the same procedure as in Example 6, but

in this case changing the catalyst to silicotungstic acid (H4SiW12040) and establishing

the same proton concentration. The isobutene conversion was 95.3% after a 10-
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operation could be naintained and | ong-term operati on
ACS0MA4PPEESHKAN However, a gentle decline in activity

was seen from about 300 hours; the isobutene
conversion at about hour 1000 was 94.5% and after the
el apse of 2000 hours was 94.1 % and a decline in

activity was n.in the lgng-termr tion. \Wen the..
hour ERAIGDANSHYER SO0 SVeBIATEr 0P 12658 74,000 Cpuht-K DhgIabilty

reacti on had been stopped, the iron ion had 40 A0501
problewe wereTagarntiredy ebsedt- about 700 ppmto 800 ppm and

the result predicted fromthe general corrosion
[0072]eEkamplect3was confirmed. [0068] Exanmple 9 The

reaction was carried out in the sanme manner, but

¢ daoddifle hécetiuré astin Exandplé B wiaomiriedtoutobut in this case
counterflowtype reactor with the structure shown in

cran i o Ry 9o sgRggme sl s,
ool PSS DL B Bl gy e

the nmet hod of feeding the catal yst and the stqrﬁiél% )
amoypiod malybdenumc olhe inrexshangeiBrinaes pisp natdnstalled m this case.

counterflowtype reactor. 10 [0069] Exanple 10 A o
The iSobutenercorwarsionwasds. 2%matationd thenterda heupireddhahegining of
in Exanple 6, but in this case changing the catal yst
the résctiomos phnablegebttioracperativi RliRDES i aamtaineekarab | drghierny
the same proton concentration. The isobutene

operSSH ¢4s 'pRsitRs ThedbcliRbiRIm abdlt 00 holiRARAS ArsoAmst seas, and
95. 2% even after the el apse of 500 hours, and 15

the iRBEHER ELAVCrRIAN S YBbAr 3060 wERidd RioarRPafél!the elapse of 2000

our reaction was run usin

rour s T s Syl o B RAES ot o B g
(HAPVMb11040) and establishing the same prot OH .
reackiorc SNemiheAGUETHS calalyst saktico RS analyzarantesdne seaion had

after a 10-hour reaction and was 94. 8% even after the
beerestapped,ahes@m ihopak98 ppm, was not observed to have undergone a

significant increase from the beginning.

Industrial Applicability

[0073] The isobutene production process according to the present invention
provides a high-yield, high-selectivity, and long-term stéble process for producing
isobutene from TBA. Further, the TBA production process according to the present
invention provides a TBA production process in which, through long-term stable
maintenance of a high reaction activity, long-term continuous operation is made
possible and the productivity is improved. Furthermore, the present invention can
substantially reduce catalyst losses and the production losses associated with

stopping operations and achieves energy savings and waste reduction.
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and operability problens were also entirely absent.
AD501 QPRPEXAfANe 12 A 500- hour reaction was run using
the sane procedure as in Exanple 6, but in this case
changi ng the catalyst to silicotungstic acid
(HASIi W2O40) and establishing 25 the sane proton
concentration. The isobutene conversion was 95. 3%
after a 10 41 A0501 UP37-PCT/ KAN hour reaction and was
95. 2% even after the el apse of 500 hours, and
Brief Dpecragtidn aofyDrawiogs ens were al so entirely absent.
[0072] Exanple 13 The sane procedure as in Exanple 6 _
[007 47 FRjuiré Heghows thelipfrared atscsptiers spéctaim g aogumbtating impurity
materital of the stirring vessels from SUS304 to SUS316

yieldéﬂ%l?% ﬁ% %A pr&Qqu‘f@d\hocﬁgs;mf e than 0.08% C, 2.0% M),

additionally contained a small anmount of
.ol ybd The & on- i
ISR AP raHe e an B roalR Gidlattiral Kufohepect for
95. 2% b h h h fr. bedi nni .
carryrgou e 1 Phbros San PR parigp it 1 BieoeBlryéafon: and

mai nt ai ned and | ong-term 10 operation was possible.. .
Figre 3ebowa ¢he sonemptic diagnamifansexaepisl 4@ iactydised in the
and the isobutene conversion at about hour 1000 was
TBA foductioaptocdsseacconding lta fleepreisepdipgentidtr s was 95. 2%
and an activity decline was thus not seen even . in the
| ong-term reaction. Wien the aqueous catal yst
sol ution was anal yzed after the reaction had been
stopped, the iron ion, at 98 ppm was not observed to
have undergone a 15 significant increase fromthe
begi nning. Industrial Applicability [0073] The
i sobut ene production process according to the present
invention provides a high-yield, high-selectivity,
and |l ong-term stable process for producing 20
i sobutene from TBA. Further, the TBA production
process according to the present invention provides a
TBA production process in which, through |long-term
stabl e
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mai nt enance of a high reaction activity, long-term
A0501ddRBT RO IKANDer ati on is nade possible and the

productivity is inproved. Furthernore, the present

i nvention can substantially reduce catal yst |osses

and the production | osses associated with 25 stopping

operati ons and achi eves éng&%% savi ngs and waste
reduction. 42 A0501 UP3®l KAN Bri ef Description of

Drawi ngs [0074] Figure 1 shows the infrared absorption

We claimect rum of accurul ating inmpurity vyielded by the TBA
production process; 5 Figure 2 shows the continuous
production apparatus that is one aspect for carrying
out the TBA production process according to the

Pf eseng mp'r é%'étfbpﬁroo%&ﬁwg iEbButeReiskiy iit-bliandL s audtarting

di'agra an exanple of a reactor used in the TBA
ter ocductlo process according to the present invention.
mater R@%is' 37-PCT/ KAN CLAIMS We claim 1. A process

for producing. i ut ene using tert:bu
Saptinggut 8 d%&vaﬁ?'aﬂ TeRgHp 7 Has Phaep %? %gr edgijdhytemperature of
dehydration reaction in a ase at a react

from 208ntoetQ°Gr wsiog anfalgminepcata Shwg@m@ﬁ?n@ '\h%c%mﬁﬂi iRA range of
catal yst which has a Na content in a range of fro

from M1 to OB % by Weightimiteims ohNasd randas Sheaaieahel @ptsnore  than 0.4 %
content of not nore than 0.4 % .by weight in terns of

by we%rﬁi‘n 1A HNSiOh, RS whicPRas bi spetificf artacararea af flonmoa00 to 600
to 600 10 n2/g. 2. The process for producing
m2/g I sobut ene according to Claim1l, wherein the alum na
‘catalyst has a total pore volume in the catal yst of
fromO0.1 to 0.5 cc/g and has a pore volune of pores
having a pore radius of at least 70 A, the pore volune

2. The process for producing isobutene according to Claim 1, wherein the
alumina catalyst has a total pore volume in the catalyst of from 0.1 to 0.5 ce/g and
has a pore volume of pores having a pore radius of at least 70 A, the pore volume

being at least 60% of the total pore volume.

3. The process for producing isobutene according to Claim 1 or 2, whe_rein
the terf-butanol is produced by a process that produces fert-butanol from a
hydrocarbon mixture containing isobutene and n-butene by selectively hydrating the
isobutene using an agqueous catalyst solution containing water and a heteropolyacid

catalyst.

4. A pracess for continuously producing fert-butanol from a hydracarbon

mixture containing isobutene and n-butanol by selectively hydrating the isobutene
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15 being at | east 60% of the total pore volune. 3. The

A0501ﬂd833é§gTﬂ@AMwoducing i sobutene according to Claim1
or 2, wherein the tert-butanol is produced by a
process that produces tert-butanol froma hydrocarbon
m xt ure cont ai ni ng i sobutene and n-but ene by

. selectively hydrating the 20 isobutene_usi
using g FEHGOUE &5@'39%@5&6!03&%?%%9 i ?fnﬂ?%t%kﬁgﬂaﬂ‘a‘? process
het er opol yacid catalyst. 4. A process for
comprising theisigpsofpr oduci ng tert-butanol from a hydrocarbon
m xture containing i sobutene and n-butanol by
sebpeirigvat lgastyaheaselactetfior stub bydrasarbon mbgore, the catalyst, and
UP37- PCT/ KAN usi ng an aqueous catal yst sol ution

the teﬁméﬂ\cﬂid%q‘@‘i@éy&é@yﬂeﬁﬂhat yistulatdsethprat tesss one; and
conprising the steps of: recycling at |east one

e S L

using a recycle systémthat
circulates the at | east one; and 5 renoving a portion
of accunulating inpurity fromthe recycle system 5.
The production process accoraj ng tog Cagim4, wherein a
p®r ous The @esedusdion RIREEYS 3FCOR '”Qgﬁ-(g'i‘% gngbef%g iFPYrous
used at the step of renoving the accumulating .

adsorbepuand Y. orlan Bn-Gxahapgedesiniis wspd &t de stepframeyingthe
Claim4 or 5 wherein a pore radius of the porous

accurddla@h§enputity. i n a range of 0.5 to 500 nm 7. The
producti on process according to any one of Clainms 4 to
6, wherein 15 the catalyst is a strong acid or a
strong acid salt that exhibits -5.6 >_ Ho where Ho is

ItOEe m?ﬂg?&%%tﬁﬂgtgfrow%%%dir%t 0GR 408HS W itein a pore
t

t
oces 0 any one o aims 4 to 7/, wherein
catal yst j s, a heteropol yaci
radius of the porous adsorbent 1s in & Pand/e St 6'.5 tg%OO nm.

7. The production process according to any one of Claims 4 to 6, wherein
the catalyst is a strong acid or a strong acid salt that exhibits ~5.6 > Ho where Hop is

the Hammett acidity function.

8. The production process according to any one of Claims 4 to 7, wherein

the catalyst is a heteropolyacid.

9. The production process according to Claim 8, wherein the
heteropolyacid is selected from the group consisting of phosphomolybdic acid,
phosphomolybdovanadic acid, phosphotungstic acid, phosphotungstovanadic acid,
silicotungstic acid, and salts thereof, wherein a single heteropolyacid or a mixture of

two or more heteropolyacids is used.
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9. The production process according to C aim 8,
AOS0MUPREHRCTHGAN het er opol yacid is selected fromthe group

consi sting of phosphonol ybdi ¢ aci d,

phosphonol ybdovanadi ¢ aci d, phosphotungstic acid,

phosphot ungst ovanadi ¢ acid, silicotungstic acid, and

salts thereof, wherein a single heteropolyacid or a

m xture of 25 two or nore heteropolyacids is used. 45

A0501 UP37-PCT/ KAN 10. The production process )

at@or df e ptaguctian processreasrdingie Glaim S ewbersig &he 8

is a cation-exchange resin. 5 11. The production
exchaPfe¢esis igacetidnrgkchangayesine of Clainms 4 to 10,

further conprising: reacting the aqueous catal yst

solution and the hydrocarbon m xture while feeding

t he aqueous catal yst solution and the hydrocarbon

} xture, | t r ThR; er
ot SaucTre Ard il e pdthang o ol oo of Ofims 410 10, futh
11, further . conprising:, contjnuousl r . 1
comPpEFIELIRACHNG a8 SHeRHS EALEIY SO SPIRION Apcing fydracprbap mixture while
apparatus for continuously producing . tent-butanol
feedingineragianys catalyst 3alution and the hydrorgraoaRiysdn a counterflow
reactor; 15 a distillation columm connected to the
mannet.i rring tank-type reactor; a separator which is
connected to the stirring tank-type reactor and / or

the distillation colum and whi ch renpves an
impurity; and a bottom|liquid conduit that

C?ﬂ"“”'*rﬁ@tp?éd&étyﬁ/ﬁr%%e BBEGHRig 1ol 41 Srié Bf CREmisate 11, further

type reactor an or the distillatiion colum. 20 14.

comel e BERIA L FRRRLIUTAS SR b orel

reactor conprises a catalyst separator. 15. The
apparatus for continuously producing tert-butanol
according to 25 Claim 14, wherein the separator —
cdBnunifreapparatustfor nen@mws;asproﬁelsmgatﬁa‘rbutanol. comprising.

a at least one stirring tank-type reactor;

a distillation column connected to the stirring tank-type reactor;

a separator which is connected to the stirring tank;type reactor and / or the
distillation column and which removes an impurity; and

a bottom liquid conduit that communicates with the separator, the stirrihg tank-

type reactor and / or the distillation column.

14.  The apparatus for continuously producing fert-butanol according to

Claim 13, wherein the stirring tank-type reactor comprises a catalyst separator.

15.  The apparatus for continuously producing fert-butanol according to

Claim 14, wherein the separator communicates with the catalyst separator.
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46 A0501 UP37- PCT/ KAN 16. The apparatus for

AD501cURBY RGUAIAN pr oduci ng tert-butanol according to any
one of Clainms 13 to 15, wherein the separator
conprises a columm of adsorbent and / or a columm of
i on-exchange resin. 5 17. The apparatus for
conti nuously producing tert-butanol according to any
one of Clains 13 to 16, wherein the stirring tank-type
reactor is a counterflowtype reactor that reacts h%
atfieouEhe apparatus fasloontiovotsiv PrarkicngitestBytapR! afsarding to any
as the starting material while the aqueous cat al yst

one o5Cldirhk a3 tonib, Wterbiyrthecsapacatontamprisesaa cbiumhef adsorbent and
starting material are fed in a counterfl ow manner. 18.

PRt ecHaMgeqG@8ln. nuousl y produci ng tert-butanol
Iora?@@gﬁ@l ng to anyg one of Clains 13 to 17, wherein a

material in the continuous production apparatus at a
| ocation in a contact with the catalyst, conprises a

stai nl ess steel at_a IeatlSc :
cbht ent NS APPAGHS oh o5 URLGHSY du&iﬁ&’@{?s@@w@%mﬂw@ toany
14% and a C content of no nore than 0.10% I_Pe

one o Glaimst 1Bstor 1, whrreimiheuslinng itkalyPRgeaetor 'SoaPQHB‘ie low-type
according to Caim18, wherein the catalyst is

reactdrethat eacks/ e ahuezmls@talyst solution and the hydrocarbon mlxture as the

starting material while the aqueous catalyst solution and the hydrocarbon mixture as

the starting material are fed in a counterflow manner.

18.  The apparatus for continuously producing fert-butanol according to any
one of Claims 13 to 17, wherein a material in the continuous production apparatus at
a location in a contact with the catalyst, comprises a stainless steel that at |east
comprises a Cr content of from 17 to 21%, a Ni content of from 8to 14%,andaC

content of no more than 0.10%.

19.  The apparatus for continuously producing tert-butanol according to

Claim 18, wherein the catalyst is a heteropolyacid.
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