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DESCRI PTI ON PROCESSES FOR PRODUCTI ON OF | SOBUTENE AND
TERTI ARY BUTANOL 5 Technical Field [0001] The present
invention relates to a high-yielding,
hi ghl y-sel ective, and |ong- term stabl e production
process of isobutene by dehydrating tertiary-butano
(abbrevi at ed bel ow as THAPCRIPHIOMN al umi na cat al yst
t hat has special properties as a catalyst, and
additionally relates to a high-yielding,
hi ghl y-sel ective, and |long-term 10 stabl e conti nuous
PROCESHED FOR PROBSUCTIOR OF ISOBGT ENESANDATERTRARY BUTANOL
m xture that contains isobutene and n-butene.
Background Art [0002] Isobutene is an inportant
industrial starting material that in recent years has
15 in the spotlight as a starting material for
Tecm@%ﬁﬁﬁgﬂe pol ymers and nethyl nmethacrylate (MVR). In
addition, isobutene commonly exists in C4 olefin
[000#} xt The:Bresenhinvgatien selptesciord high-yielgings highly-selestive,i@nd long-
and it therefore becones necessary to separate
termi sdathle tpeodudtionrprobess ofd$obutehierbyndetiyarating {edtid@ryibutanaine
process for producing i sobutene fromC4 ol efin

(abbfé\ﬂétéd%lov@abultmsiﬂg ahrfteémirspbath8ethat has epeciatipiperties as
the conbination of a hydration reaction and a

, _ . el S e LA 1t
= L) SO RAGLeBles 1P SRS S igh AU ANG, Lty
epar.at ed ecovery as T, d the.res ' T BA.
stab Rl B s Blod B BrdrEBucl hya Mo Wasg i on) Blepl it that
éiengﬂlb hadration and recovery / separation is
contging is t?'%/ﬁ)a d auteRBustrial raw material. In
particul ar, demand for TBA has been 1 growing in
recent years since it can be used directly w thout
dehydration as a starting naterial for MVA. [0004]
Backgneured Afti n mi xture as a starting material is mainly
raffinate 1 (commonly
[0002] Isobutene is an important industrial starting material that in recent years has
been in the spotlight as a starting material for isobutene polymers 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 has been
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known as "spent BB"), which is obtained by the renoval
of butadiene fromthe C4 5 fraction fromthe naphtha
cracki ng 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
growing i fesenbyearsrainre it oan becusedalitectlywithpus dehydrajionias. a starting
| sobut ene and n-butene are present in both starting
materiatl GsriMMA. but are difficult to separate by
distillation since the difference between their

[0004P! | TH& oRFinthixture aserblartiig Afatdifhal i@ riaikIpaaffikate 1 (commonly
reactive separation processes have thus” been devised

A O e M o
vl o B0 e e

Patent Docupents 1, 2 an .. This hydrat| on reaction
ma'%‘i%@%’éefﬂﬁoﬁ“@f@ét'\éﬁlye&'@éﬂﬁf@hm')ﬂgf% ap Hhestasing materialds a
catal yst since the catalyst is fixed; a drawback to
butenéricontaining 34 frattinneokiajnadsframi tber Hﬁﬁuamingoﬁhmmib

| ow contact efficiency. In order to enhance the

Isobuteaetdnd n-putsre ré‘semfinfbbmbtanh% plaaetialg] bt aré difficult to
process has been disclosed in whi the reactivity is

sepdrﬁigrtf’})’éigtllﬁﬁoh eoélffére?ﬁ:btbﬁ\bv@eﬁ WheiE BBrIIn Ifofits ¥ M8l at no

reaction solution usi ng an optim

o5 8 b GREBA nafd e TS i e

benzenesul fonic acid, is used as
'SOb%Bed%§%JP9§‘fe)iYgeﬁrqtu%ﬁ’mgeneous hydrat| on reaction (for
le, refer to Patent Document 5 Processes are
[0006] s racked fixedihed reaationtusing astronghtacidicipn-exahange resin is
aqueous heteropol yacid solution as a catal yst (for

one progaps for caefyirg but thettydratiorcreaetion (for exampleynéfed to Patent
Problens requiring attention still 25 remain with

Docurh&md 1dear’€d99PtTﬁi§5hyHPa'ﬂorH%%ct|8n Proce%% p?6i1|9e§ an excellent

i on-exchange resin, for 2 exanple

sepa?gtio‘?’ar qré egé ctarhq}/é}r %eclthe ﬁtél&%ﬁstf&s S?i?%\ﬁﬁeéweﬁ)t thEeprocess,

I'S hot
nowdyE 85 Reat R e 1S 035 ey e b brnance tre
reactlvlrlt?/daun%t %ydr;gfci’tt)n ?gac?igges(]elgcsfivﬁ)?,l a\ll SPc;celsg 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
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order to raise the wettability on the solid
i on-exchange resin and thereby raise the 5 contact
efficiency. Wile the heteropol yacid process is an
excel l ent process that provides a high reactivity and
also a high selectivity for isobutene, the process as
examplenas|fellows: romaiatity oéthe prlodgcmmtnmg;meemcémmsme circulated,
i ssues remain; inprovenents thereto have been carried
wateri$ nbt & oe mik@d withdhe lhgdrdoarthen that itheweaotion $tartind material,
and 12). [0006] However, for each of these production

and EhQﬁQéﬁl@sadidWQn@V ePrBAm Gilﬁé ﬁ‘éadti%ﬁ%raéuét? nfifst Bl dHliedtdesolvent in
to continue production on a |ong-term stable basis.

ordeT‘t(?EélYﬁé ?né:ul%&gﬁﬁ ﬁ'tg solkpéneé%ﬂg é’%tlp ol tﬂ%ﬁby raise the

gh each ca a yS Its an ent

act i al.ytic activyj unde oes

contfh effpietitw V@*@fﬁ%ﬁﬁ%@@po Biacid procsfs 25 srodefE Brocassdnat
separation capacity of the catalyst separ ator

provigies a Righ, reagtivityt alspa B'thi@'??é'rvﬂb fordpeutene the process as a
distillation colum declines. One solution for this 15

wholesis tnot leatirely free of problemssandesarnée issuesremain;improvements thereto
di scarding a portion of the catalyst that has

havelbéer ganied sutqréfer, forg@amplel fiePatmt Doelnfiids Mokl nand 12).
this up with fresh catalyst. Wthin the cont ext of

[OOOB]; g ugbﬁlg()elc hSresdn of tﬁB?@ Pﬁ&iucgl%ﬁ g‘aébBeés‘;eSQH% &B1em still remains

the anmount o rdt cones an

of b%@ﬁ%é&%’o%ﬁv ISR oM yfiTEfEbR S, JimBuise changes

mpl e, sulfuric aci ve | ong been in general
°°°lFo r&&A %taso{ﬁhowga@ﬁw%@.em/@?@wst @xukits 3p @6@%‘&%‘% initial
are undesirable as industrial production processes
activity cthexeatalytic aciivityomndesgoes agentie bub graduial dectite aver the
strong acid requires a corrosion-resistant production
timeframer aftaigearn theoseparation tapacityi dffthe catalyst sepasdtot declines; and
spent sulfuric acid discharged after the dehydration

the depRfaticiperiStrfdritle d?rtﬁé @%ﬁﬁﬁtl&%@luﬁﬁﬁaeaﬁle'sm@l‘?é’§6Iﬁ§loh 'for this

recent years that solve these problens by carrying out

is to thSR ‘i'ﬁg}é f?r#dcﬁ]% reggflgr‘?‘mdrﬁ@g E’g d?sé%?&lﬁé %%?&@8}1'%); We L&Blyst that

oni c rou ntai ni
has ﬁﬁ%%‘g&eé k<L ee I aireadianpad el fis ey Gescatalyst.
W|thﬁ'tet§ﬁ8e?potn?exltso?%hg Sreziar:c cl:r:(eergis?r?/Orlnct)\?ear;\erlujtsseesenairrl rleggr_ite);(ecar;gnr%gucing
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 dehydration
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However, when the reaction tenperature in this process
is 120C or below, due to 5 the fact that the TBA and

i sobutene and water are in an equilibrium

rel ati onship, the post-reaction conpositional
proportion of the water rises and the reaction rate

- reaciiaeini anbeterggenrequsssystemiusing a sulfonie-asicgraspneantaining strongly

making it necessary to recycle |large amounts of TBA
acidialich-ertlange@sireas thegcatalystplneone pratess idistlgzeakciaghis sphere,
Wien the reaction is carried out at tenperatures
TBA #8u8ydéfdld at SPII{ 50€ 6h 'ag‘%ﬁrbe?@&'at) Osestah %ﬁ-@ﬁ&%& resin.

react’lon, proceeds and the yield is reduced (for
Howé‘\?%}"Wh‘én t@gfrgéct o et htur PRI Foc%%% is 1969%8) 98!0 %ue to
an NUMET oUS "pr ocesses a SO KRown f OF 1
uct,i n of i,s0 utene
the 3 R1BE TaA B Sorutand pon 4 8ha'iﬁe'5c'1’1 Bl @?r'uqlre@ﬁsnghlp' the
is a highly endotherm ¢ reaction i s general
post-reaGtioacanpositionsl @lﬁon@ﬂpe@ﬁmeawateéglses and thzseectsﬁfurate
above, in the gas phase, as is done in Patent
declimes ubistresults i @ how aoegqrasstoonversion meaking itrmecessary to recycle
dehydration reaction is the production of, for

largecaraonhte, of B/ ahd waiter ahy calisingla @ﬂﬁplbb(mbdmldnfprbbess When
i sobut ene product, and the reaction is preferably run

the r%%ctmnqg Rari&dB&l &tﬁgfﬂr@%éér\tﬁrég A58vd ‘PZ(?:@ iSbdutb i Bll%omenzatlon, a

I gomer1 zat1 on. ralsing the'tenperatur

secohfairkBeich, WpORal ST UeR s TRafBie 8 PPl Fer B'Patent

decl |{$ in the activity of the catalyst and having a
Docymentiie i nfl uence on | ong-term stabl e i ndustri al
roduction. [0009] In the production of olefin b
[000& c éPthejethed hand onumerausceroeesgaseare ajso knowntfer fhetgas-phase
that can maintain its catalytic activity long termis
produetion ofiigobitenanisingod sglic acidcatdigsic Sines theodshydratiomseaction of
a solid acid catalyst, and several processes have been

alcorfblsﬂlél a RighBr8RddtieRnRRBEEEbN, W18 g‘é’ﬁ%?hll@lrda%ﬁéé otifat higas

been proposed is the use of 7- Talum na as the catal yst

ns BT 0 L o Do 0 P

Documenl{ 141 A c?w)aracterwi {aatu‘?g% {hIS gghygrattlon reaction 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 decline in the
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
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di scl osures in Patent Docunent 15, isobutanol is used
as the starting material 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

quiteecestly peoposedr &ne such process thatthascearepiopored isihecuse of y-
and the isobutene yield in the exanples is also not

alumiret as trectatalyst fdd@redudihg sowersolefirs by ithe dehpdration of C;to C4 lower
problens still remain with the heretofore known 10

aIcoHHIbe?%iﬁﬁ)plé)%fér\tbmtérﬁt@@étﬁﬁéﬁtsﬂﬁ Howewrst, sdording to the
relatively l'ow tenperatures in the [|iquid phase and

dlscIBQ.?rthaS e?éﬂ%&tﬁfnﬁérﬂdl 5°‘r%otﬁ‘ﬁarml W uLEBEHHM Hfa‘i‘"ﬁnq H\détgﬁal for the

O processes using a

|sob@??% g{g(im:t%s Ipr'gg%%ﬁréadﬁ iﬁe %P%ﬁ%{eﬁ; y ﬁp%@?ﬁ% results would be for

description in connection with Patent Docunent 15
the usggf TEf:p8 the st %@&m%em%wnmbbe Rredietedy o aelsﬂm b'g@f

|l ong-term 15 mai ntenance of its catalytic activity in.
pressures are tequireshinafrdestobachiene theoobjget/andchthehisobuyfane yield én the
using a solid acid catal yst. [Patent Docunent 1]

exampilpsiitealso Mot eatisfApery.cat i on Lai d-open No. S56-10124
[ Pat ent Docunent 2] Japanese Patent Publication No.

[0016i96-14RR>ak %@E@F’éedjﬁﬁ Nroﬁroﬁlhm]sa&ﬁﬂ%?ﬁalﬁ ithe heretofore known
plication Laid-open . S55-64534 20 [ Pat ent

procs P Bl thn M BRERSaes after A i%%h és]g@”?erﬂ?&‘é% in the

quui(@?ﬁl oot ﬂ{]@ ﬁ%kgﬁggmnpga?ﬁ@ﬁﬁl rrg;%g%ttq%gst mD?‘-e gas phase

S54-160309 [Patent Docunent 7] Ja Fanese Pat ent
With regarddaprecesses disinga salid asgbcatalyst infthagastpiaseuthsneurrent
8] Japanese Patent Application Laid-open No. S55-62031
situafién,[iFaiceotdance witintheQ}redeghiag clesciptiemin darreictian mith Ratent
S58-39806 5 [Patent Docunent 10] Japanese Patent

Docuﬁﬁéﬂt' 152id fat Hidre-HARSBedono AERYM %%Ztalﬁs?@bﬁgblewqmrm

Japanese Patent Application Lai d-open

mam%&%@lcégb?f% r?akﬁ?ﬁdf%%tg}#?m ﬁg&%&é@%"f‘ﬁ%ﬁﬁt&@ % TBA in the

gas phase using a solid acid catalyst.

[Patent Document 1] Japanese Patent Application Laid-open No. S56-10124
[Patent Document 2] Japanese Patent Publication No. S56-2855

[Patent Document 3] Japanese Patent Application Laid-open No. S55-64534
[Patent Document 4] Japanese Patent Application Laid-open No. H11-193255
[Patent Document 5] Japanese Patent Application Laid-open No. S55-51028
[Patent Document 6] Japanese Patent Application Laid-open No. $S54-160309
[Patent Document 7] Japanese Patent Application Laid-open No. S55-7213
[Patent Document 8] Japanese Patent Application Laid-open No. S55-62031

[Patent Document 9] Japanese Patent Publication No. S58-39806

5
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[ Pat ent Docunent 13] Japanese Patent Application
Lai d-open No. Sb58-116427 5 [Patent Docunent 14]
Japanese Patent Publication No. S48-10121 [ Patent
Docunent 15] Japanese Patent Application Laid-open No.
H4- 300840 Disclosure of Invention Problens to be
[Patgat Degument @] | nv dapansselBatend Appligatiosiaidtopeh Ne.e2000-44497
present invention is to provide a high-yield,
[PatentDocanent 1 1] t y, JapavedeoPgtent Applitatidnel aid apemnsN6.q2000-43242
produci ng i sobutene from TBA using an al um na

[PateAt Bb¥dentMZf her jabhfsde PhtehbApRliGARIM Le}ias&:@w 6. 2600-44502

to provide a continuous, long-term stable process for
[ IBa fro ] : I N

(PatBhORUERGnt B, [ Thfae PEREP ARp Rl TR b -116427

i sphut ene [,Nng an_acid catal yst .. 15 M f
PategBHIRERL T4 o1 dpBstessintons Publeatish NOpeAE10321

produci ng i sobutene from TBA in a _cost-effective
[PataatHesument 19l es edapangssiratest Aaplicationd.aidiopeaNe.id4-300840

i nvestigations focusing on the wuse of a solid acid

catalyst in the gas phase. Carbon deposition on the

catal yst surface under dehydration reaction

Discloxudé of tfventihi ch causes a timewi se decline in 20
catal ytic activity, is known to depend on the acid

st Eims3h ol584 bY tR&Iflertigfl it is also known that
a E%@ [

er acid strength results in a stronger pronotion

c ] 11 hr the r of . L
10013} R 3fect STRERbleS DL kAN s G55 E 4 FighEngl. wion-setectivy,
eactions, and the |i ke by the isobutene duct. The |

and long-terastableprgeess tor pEadiicing {sobtens em 'gé/?‘dﬁsﬁ”',g anaiymina
as silica-alumna, while exhibiting a high initial

catalyst.i Another iobjest f the presaotimventiomist tarprovideta e@tingious, long-term
decline in activity due to carbon deposition. 6

stablépproickss forrproduciog MBA fromea diytivsaehen mixtare certaining isobutene
anmong al um na catal ysts, which are generally weakly

and AditbRe by%ieiébtiﬁ?ég%)bd?ét% e i86bcteht /istY af BBRI Ad Satalyst.
surface areas, i fferent pore volunes, and different

mp.é% t and the like, in the
cata bé%f?Fgﬁlgﬂatm\?a%oglrle&%gct edly discovered as a

[0015?S UJI'(t) dteogltopcaa{)rt%)%gsg ?gropsrlohhgirr]\gqgoebsutene 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

evidenced a substantial timewise decline in activity due to carbon deposition.
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5 not occur on the long termand a high activity is

therefore maintained and that the selectivity for

i sobutene is also high. [0013] Moreover, one problem

that occurs when TBA is produced by |ong-term

g‘gratlons is that, due to phenonena in which a gentle
Spegj nvnsétlgathn@amedheeafom:aryeda)ut agang Iueing satalysts avhich are

catal yst separation characteristics, and a decline in
genataly webklyiawidid,Cusing catalyste haamgcdiﬁmpaspegifid suifaceareas,

with el apsed reaction tinme, the reactivity and

differiP ok Voluihesy ahd REfféreht PaitP Xohfeings, E.§.t N and the like, in the
stopping the plant and replacing a portion of the

catafgéf %'n)islf w?é ;ﬂlﬂgkg%éts eﬁtcﬁ&?&\)e?&% ds aor'éguft?ﬁé(}1 c%tr?&ll 8eposition does

I nventors carrie

i nvest i ions in o r.to.t oro hl y _anal. es
not Oﬁahsﬂéﬁ%‘ Bl s Blor AtV i P bcd ranEieFaE inat the
i nyention was achi eved based on the 15 know edge that,
selegtiyity fl ispButgpeii®Alsodt@lnul ating inpurity is the cause
of the decline in catalytic activity, the
[0013t Mpreaver,cne probieratyattoccepmwhen diBA nproduced by llomg:-term
in distillation colum separation performance. [0014]

operatiorts isthatiduertdiphenbmenadniwhisch aagrtietdedding live rexotioardctivity, a
invention, there is provided: 20 [1] a process for

detei%r%%ﬁ'lﬁ‘ thd éé’@ FQ&pé’r‘éhBH chﬁféct&'tgtﬁgoéndlﬁ dechihélin biktillation

mat er i al rising: carrying out a dehydration

confFRPHE i g’ﬁhaﬁﬁéﬁe%c*e@%* 3”%8&@% ety gna

operp R IMHS! b8 s SIEANaRETaN M HAPPDO TheP AR A BRltiea
% 7 by wei in terns of Si02, and which has a
portiem et te @atgl%st aleeordeeto wrlize aripnadems stalte operajion; the present

the process for producing isobutene according to item

inverjtbis cartied @uh investigationsnia ordet tol thetoughly analgzethgser ghenomena
volune in the catalyst of fromO0.1 to 0.5 cc/g and has

and ti%e‘?shtv@%hﬂ V ﬂlsﬂfégglﬁteﬂ\% ;ﬂ’ﬁersrgﬁt\g glvﬁrétﬂ)arfﬂbg ggﬁ@véa tfsedlon 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 fert-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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60% of the total pore volune; [3] the process for
produci ng i sobutene according to item[1l] or [2],
wherein the tert-butanol is produced by a process
t hat produces tert-butanol froma hydrocarbon m xture
cont ai ni ng i sobutene and n-butene by selectively
by wejghtdn tergna efSiQzoBnd avhich bas gi specific sujfaseares of ﬁoyrszOO to 600
sol ution containing water and a heteropol yacid
nlkpatalyst [0015] Further, according to the second
aspect of the present invention there 1is provided:

[2] [ 4ihefprdEesefoT Preduding idobiufersd dcdiramigabn@n g’f]t whkeif ?f’le alumina

froma hydrocarbon nm xture containing iso ene and

vel [ Of ut [

catalfePHag bt bt Wl ey@tﬂ‘s'%%i’% 4 S0, | RS G aHg e @ pore
a _catalys t he proce ris the steps

voluPe: TS havingca BPRE BRSO oS A, (RParearyine being at least

0 ture, the catalyst, and the tert-butanol using a

Oﬁ’r%‘é%lt‘étak?%ﬁee‘fﬁ'ﬂmﬁt circulates the at |east one; and
renmovi ng a portion of accunulating inpurity fromthe

[3] r ethemrocess for produring jsobutens ackordingrto gleor B ©r [2], wherein the
according to item[4], wherein a porous adsorbent and

tert-butanokis pr@du&d:!bmaq#om that prodeds 2értibaearid! @nPh hydrocarbon
renovi ng the accunul ating inpurity; [6] the

mIXtWeoéBiﬁélh% |€686@~'ﬁ%l i O?)ﬁféfﬁael’:)?sélb@fﬂélghga{?tlhg]the |sobutene

wher el n a pore ra por ous

usin 0y ey b e °ﬁe(%2%$°4?%§$ ot

talyst is a stron d or a ,strong acid salt that
10016fH ! FEurtierg SOt pahg sEond SEREct aidhs presertinkanion, there
function; [8] the production process according to any
is preyideds itens [4] to [7], wherein the 5 catalyst is a
het er opol yacid; [9] the production process according
[4] t ca ptawesk3dr, contimueuslytgrodbeihg tensbluyo| fronsa hyerssrbon mixture
fromthe group consisting of phosphonol ybdi c aci d,
containing isobutene and n-butanol 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 fert-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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phosphonol ybdovanadi ¢ aci d, phosphotungstic acid,
phosphot ungst ovanadi ¢ acid, silicotungstic acid, and
salts thereof, wherein a single heteropolyacid or a
m xture of 10 two or nore heteropolyacids is used,
[ 10] the production process according to |ten1é ], )
[7]1 wibegrodudtion process Aeerrdingdsiany onre af items ¢H-te Gk whgsein the
resin; [11] the production process according to any
catalyﬁteista‘ stréreyvacifi4r d strdridécid fsalttthalr exhiloitsp+5.6i>hHy where Ho is the
reacting the aqueous catal yst solution and the

HamMédf aGampihciibii ure while 15 feeding the aqueous
catal yst” solution and the hydrocarbon nmixture in a

[8] CQHQ?@ééU&?‘O ;ﬂ%@é‘gg acé inlg tB%rF/ rfi’?%‘&itl T?‘ﬁ%ﬁﬁwherem the

acco onée o
t I rll_?l n ontl nuously or discontinuously addi ng an
caag az ?* [0016] Furt hernmore, accordi ng to the

third aspect of the present invention, 20 there is
9] prtbelpd@duqtmsq praﬁe%e@ﬁcadm todten (] whaksia the b?t%mlv@c'd is

tert-butanol, conprising: a at |east one stirring
selecated frony fhe gmptcmn;sis&ingiaftpihblsalncbmnlybdiannid,connect ed to
the stirring tank-type reactor; a separator which is

phosphonhbxibvhRadideacid, lpHdsPBoﬂmgktlé woie, Ehé@ﬁhﬁtuﬁgﬁtoﬂamdic acid,
the 25 distillation colum and which renmoves an

silicdé g%l'ctééid A sqalﬁ thﬁ?éd? Mvhérdin 4 s?t?‘ﬂé’ %bierBPlélkacitdaor{ka_ mixture of

ni cates wt e separator e stir
y . e distillation colum; [14]
two cirﬁﬁgaep@gt%gq%{%ﬁcg# lﬁﬁq(ﬂuousl y producing tert-butanol
or di fo item wher.ei n he stirrin .
[10] ¢ éﬁﬁﬂ’ P@éﬁ?ﬁ?s-{%?éﬂ'f’@s@dt% | WQ?’%’%H@ gup(-ﬁ)gchgnge resin
[15] the apparatus for continuously producing
is a qation-axghange residording to item [14], wherein the
separator conmuni cates with the cat al yst separator;
[11] [ %bé productiopaprotess Actordimgttoranyusieyofiitends! 4]1tg [10], further
tert-butanol according to any one of
comprising: reacting the aqueous catalyst solution and the hydrocarbon mixture while
feeding the aqueous catalyst solution and the hydrocarbon mixture in a counterfiow
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 / or the

distillation column and which removes an impurity; and

9
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items [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

produci ng tert-butanol according to any one of itens

[13] to [16], wherein the stirring tank-type reactor

i sadottonnliquid iconduiy thatroemmunicatasawith thecseparatoralipeeinng tank-

catal yst solution and the hydrocarbon m xture as the
typestactoragd /roxtties distillationt eoluhm; aqueous cat al yst sol uti on

and t he hydrocarbon mixture as the starting materi al

[14] ar thef Ssbdratud f69 BORtRTUURYY mauerng t&R- Hul&&oltd&oﬁnﬁ@t@ttém [13],

for continuously produci'ng tert-butanol according t
al |n
whefi 18 Stifha (b€ Sihe feBbtdr bonilses HEAENA SefBaln 0 1 1
a gont act nn, a stain
11513, B8 SRarpttia Or AN ioduE g o ERaRuACEORIRY Ta e 141,
to 21 % a N content of from8 to 14% and a C
whetgin the,separater Gammupicatesowitihdhe catalysbpepaateippar at us
for continuously producing tert-butanol according to
[16]i t the dpEdratusvibe centinuduslycproduging fed-butamelacsprdingito dny one of
Advant ageous Effects of the Invention [0017] Wth

itemSQﬂg]Q@tH 51 wheeeinthd ¢eparitontomprses &eelunimef agsdrbeatiand / or a
production 25 process according to the present

lubd®V ce isobutene fromtert-butanol 10
co ug{h ﬁ]gh %&cﬁ?ﬁg@ FX

yi e 'hi gh selectivities in a stable

ol B o SRR b anycne o

t d which, th h
ltemg(ﬁ@ucéﬁ&n roclg%ﬁg%a[rg}%;t%\é -tgcpe Igpnqgt%rlﬁg ,ae%.tqrt%rzlgw-type reactor
activity, long-termcontinuous operation is nade )
that peants hecaguebusheatplystiselution anditke hyigiosagann mixturecas the starting
catal yst | osses and the production | osses associ at ed
matenidl whilpethataqagous catabytssiution dngl theltsidaodarbbh ynixienielasdhe

and waste reduction and energy savings can be
startirRpinafctfhl aRefdd Msl8oliterfled mdnngr,Cut the Invention
[18] the apparatus for continuously producing ferf-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%,

[19] 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

10
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10 [0018] The present invention is further described

in detail in the follow ng through exanples and

conparative exanples of the present invention;

however, these are provided for purposes of

Illustration and the present invention is not limted
at high yields apddigh seleetivities issa stable mannerona leagsterm basis. With

skilled in the art will be able to inplenent the
respecefcthe prodectionoof feyt-butanoidthe feg-atanolsrodudiidn praicess s

into the exanples provided 15 bel ow; these

provitedi ﬁiWﬁbh,%%@#rﬂoﬁEQ@fm%‘&ﬂﬂé niniehanee e th t&ifction activity,
patent clains o this application. [0019] e aspect

A . I « -
longRorh SEnBhASR bocrRlGh s (fadeBidibiie AhginB E6dRTIv s improved.
as_phas i ng tert-butanol. (referred to el.ow as ..

Mordier" a8l st fisRes aBUtaS BredifctiobdSiess s ated i grFating
used in the isobutene production Process according to .
stoppgges E?’é?@rﬁ“bﬁmmw @ﬂpli@da@flﬁ‘rWﬁﬁ e iegdyetionand EHRBhERKINGS can
is the y-crystalline structure. A Na content in the
be realizedna catalyst is in a range of from0.1 to 0.6 % by
wei ght, preferably fromO0.1 to 0.5 % by wei ght, and
nore preferably 0.1 to 0.4 % by weight in terns of
Na20O. The Si content in the alumna catalyst is in a

Bestrmaesf@rfcﬁfa?%iﬁgrcéutgkhgnné’én%n4 % by weight, preferably

no nore t y wel ght, and nore preferably no

10018F T ol innibR s R bes e [Focdy i i oling througn

referaply from 250 to 600 nR/g, and nore preferabl
exarﬁplgﬁlag@(pﬁlrgp@rgngx@mplqso@fﬁ% P%ﬁ%eﬂté%%H'%bOWﬁéer , these are
alum na catal yst used for isobutene production is
provisigd: foe puepases of illbistratien iandithe peesend irsendion i aot linited o the
presuned to be the presence of an 5 acidity optimal

spedifiv extrhplés dhatoollowa® persoaskilledtin theé\arttwitt berablato ivhplseent the
present in the alumna catalyst rises, the acid sites

presgﬁt inbentich BY }fﬂﬁocﬁ}éiﬁga\‘f&io?%%aﬁiﬁbéﬁ’éﬂszﬁ% fHibexdiples provided

ehydration reaction yield undergoes a substanti al

o oA R0 95 ABrhSng o B BBRTREARS o
vis SRR L0, L1 5O o, appeat accomanying ar

[0019] One aspect of the present invention relates to a process for producing
isobutene by a dehydration reaction in the gas phase using tert-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 to 0.4 % by weight in
terms of Na,O. 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 no
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10 dehydration reaction yield and accel erates carbon
deposition. For this reason, snaller Na and Si
contents in the alumna catal yst are increasingly
advant ageous. However, when SiQ2 is present in the
al um na catal yst, even at quite low | evels, Na

morebthanrfk2 % byeowaightindernas e Si,E eThe specifie sutfaceratea isl froms 200 to
the strong acid sites originating with the Si. Since

600 inP/g, preferabipfromn 25O ta600 ¢ri/g,tand mowy préfeeabBy from 300 to 600 m?/g.
conpletely 15 fromthe alum na catal yst used in the

[ooztﬁﬁhYFHe’ﬁéa%BnrvﬂﬂPfHeOélurdiﬁa &aﬁgsbﬁseaf?& i&&ﬁlﬂéhé%%dd&%h is

_e m ni mum Na ‘cont ent neces ary _tO mail nt a! n
vt e B Mot oA RS BBl B o ofa

..contenplated that in the case of al um na_cat al yst .
acidii oRta AL Sehydiation Feacto Aty A the Gmigbint G Na prebent in the
acidity could be obtained if the strong acid sites
alummaeg%tﬁK'St«ﬂs%s. @ acid sitascoihencatalyst swifrcecare nedralized and the
Na and Si at the catal yst surface are increased in
dehydhatoncreaetion kield undergbes lausubstaritiat derelinen olm-coritfast to this, when
and, since acid sites active in the dehydration

SiO. li€ présepRiri thenal@mtha Satafish s BAparityZ &tronhidcr SitéPoAginating
acid sites remain present, the dehydration reaction

i S AR s ST i e
denygEPN BaelSTVis' had ABrsarales SRMALERHEINGIL. P tf Tehsen

also 12 has the effect of delaying the tinew se
smaligs NNa ard S centeats,in the alumina catalyst are ipgregsigly advantageous.
deposition, and as a consequence the specific surface
HowenarawhenfSiomigpeeseot totherslumina gatalyst, atven ot quite 298 levels, Na
600 n2/ g, and nore preferably from 300 to 600 n®/qg.

becoies neueesafy at somié kel i Geler fo Reetralizbthe stongraid eites
than 600 n2/g for the follow ng reason: 5 small-radius

origir’\&/hgilrngrereifWh\% 9P Sine8Wis g@hegﬁl&tih‘ﬁ &ical Frentdvd tfrﬁé‘Siecompletely

In an alum na “cat yst aving a specirtl

rom 34 SRR SR Be83h e BRI PBA g i 5 ieg important
that thEFipIY™ o 6RBIENt RECTRAN AN be auel Plhe catalyst surface
) I sobut ene production is preferably an al um na

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 SiO,, 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.

[0022] The magnitude of the specific surface area of the alumina catalyst used for

isobutene production not only contributes to the dehydration reaction activity, but also

12
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10 catal yst that has the properties descri bed above as
wel | as also having the followng properties in
conmbi nation therewith: a total pore volune in the
alum na catalyst of fromO0.1 to 0.5 cc/g and a pore
volune for pores having a pore radius of at |east 70 A
has the effeet oftdelaying thentimewiserdeelinedn gatalytic/activity dus i ggibon
dehydration reaction yield and Ilittle tinmew se
deposition rend as aatomspuencethievspecifir surfdvesaneads foem200 éo 600 m?/g,
alum na catal yst has 15 a total pore volunme in the

preféfaIEfBA imﬁﬁ60@ﬁg?¢g,laama Pakd §féféﬁabwlﬂﬁomf3mﬁmo ﬁﬁﬁ;ﬂ The

range for the pore volune attributable to pores with a
' ] o7, ) ; .
spedift SuftBke 4ieeDls RbisaBl no'qietrer Al o8b rifjfg for B8fkiRg feason:
Y. .known net hods can used. as n t he . .
smaflragited Breke i & inaTFe/epBfticy R 2l o valupg inanealumina
roduction are_in the ranges described aboye. For )
cata&s&hﬁw@g g gredllic sutasanaresdie Q@Qt%ratcﬂ'?ﬂﬁoﬁr@ GCW@'%WOT ks against
t hermal deconposition, precipitation, deposition, or
carbonxdepgpsitionsinduged porengloggimgi arut thensbyoslowsdbe timewisel decline in
In this case, the alumna precursor can be, for
cataiytiergotieity.a nitrate, acetate, al koxide, sulfate,
chloride, alkali alumnate, alumand the |like, that

[0028] OdVﬁé%_ltﬁhWé‘;(%ﬁn%l &t Gdddfop ‘i’sd@(ﬁérfé Sro*ahgﬁ?ﬁﬁé; ﬁ&f%m}' an alumina

hydr ol ysi s. es of the alkali” use or hydrolysis

' lkal i i ' b , .
catalyiF W 5e8 118 protbrieg Hekiihact sl af Kol s PR EPmg ghe folowing
he al kali . |acki .sodi f ti ' f :
sonkbipe ] ok B3k RS S G435 o I b cot o
I sobut ene production is not particularly limted, and
frome0.Adadeh ccigrandia pore palume fasyporesibayingiangoredadiustef at least 70 A
like may be 5 used; in practice the shape is

that icatdeastaods of siesltaral poreaoturder A high dehytiatioprreastisreyield and
| osses in the reactor. A sphere wth a dianeter of 0.5

Iittle?ig)e%gsé@ecmélﬂ éaﬁ’cﬂ%cW'cﬁhtyaaredétﬁﬁ%ﬁrwﬁ?é}?tr@élﬁminﬁﬁao@yst has

mm or a ring with an outer dianeter of 4 to 2
= tofThapyh Ao nd oA S minec
rangh SR B Rl 15 bolaedyt o S9RALERE ot lepet 70 A
[0022?Ir n\lla\;itihorggg];d tacl) t?\ghrﬁgtih%?ilfof 8PJdiu%ﬁ1rgatthieoaqurin?nas: %lljtgrplitné 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

hydrolysis. Examples of the alkali used for hydrolysis include alkali hydroxides, alkali
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the catalyst formng nmethod is typically tunbling
granul ation, marunerizing nethod, fluid bed
granul ation and the Iike; when the fornmation of a
cylindrical or ring configuration is sought, extrusion
mol ding or tableting is typically used; however, any
carbapates danusoUscamWNiaTRmMenture sarbsnatescardthe ke, th% alkali
not specifically required, but a 15 pretreatnent, for
lacking @asydiumdedationdddimg peafdrredde | i ke, nmay be carried out.
[0027] The reaction conditions for dehydration of TBA

[0025F (TR Shapd bNthe@mumMinatatalyst USEd F6raSetRBRe Prédlittionds not
process accordlng to the present i nvention are

pamgﬁﬁﬁ\? hhﬁt@ ' Qnd tagfov&&ér %?(% fdyﬁ@%%{y nnpéﬁnd t g i like may be

rer

0C, . an rmre rablyf
use 4@@&\%@%&*&? 09 SHP iR .oT A @ﬂﬁl@eraiwaeofﬁhs pressure
preferred fromthe standp0| nts of t he dehydratign
|°3335e'@6h96ﬂa‘}tpél O sphere withi hdiemeteoaf P t@a?rod'ﬁm: a cylinder with a
deposition. [0028] The feed rate of the starting

diameteraandaheigbt o2 to 28y of a ringosititdan outeridiaimeterafdt to 20 mm, an
preferably fromO0.5 to 5 hr' as the liquid hourly

innesgiafretecdfZid ¥6 ohiSaid afheldift o 1020 nvh & typltally used.
material. Liquid hour | y space velocities in this range

[00267 € ﬂ{éeﬁi‘ae"tﬁcgﬁﬂf Wﬂd“ﬁe%uﬁﬁrﬁ‘@&%lﬁ? gs O\'rll§cr)1tf1utene production

econom cs ratlon reaction yie Ibition

nog&?ﬁré@&?&wf‘qoﬁw th§ﬁarrﬂé*iqs£§€%b@€@<%l 55 g Pboustt

. and I|ed essur e .used owe
the C?ﬁé BBT"F'@S mﬁ éﬁ ,’qggg%uyetu aatgaé%aﬁom,rraﬁm%ﬂzmg method,
st andpoi nt of enabling condensation with the cool ants
fluid bszgugcfammlgtlm andithe fike; whenthe formation obmayliedrical ed poont
of enabling a reduction 5 in the size of the reactor

configarationriedoaght extrasiohanaldingér tableting is fpidallytuseldd Badkver, any
The TBA vapor as the starting material is generally

methvdRbY B8 UsedC Pretreatrhemt ofthé ltafdlydt i€ hbt Q?écuﬁé#ﬂ? ré§uifed, but a
steam and / or nitrogen; however, operati on an

pretrgéfﬁ?(ﬁ&f fo?'?exghfblglc,sa‘?0|ﬁ9§5‘d Qh&tﬁ&ﬁlﬁ%ﬁbé% roug 2088S

e prese nventron usin
urrence

10028 SFre-reachBn congtipgs £ debid o TEA R sm'naﬁnate"a' in

_process accor_d| ng to the present inventi on and ) i
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

standpoints of the economics, dehydration reaction yield, and inhibition of carbon

14
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due to the | ow carbon deposition that is also a

characteristic feature of the isobutene production

process according to the present invention. [0030] A

conti nuous reaction is preferred for the reaction node

for the isobutene production process according to the
deppsitigenilherreaetiorvpresaure is notpaxiicularbdlimiegrandreduged pressure,

for the reactor configuration. [0031] TBA as the
ambiertrpgressunepard iapplied pressarésmaly hebus exh) dhowever,dhe @applied

process according to the present invention need not

presiRirédam ad\i%té'é’ébuﬁbsfrémhéts?éﬁd'fpw]tfmtﬁabﬁh% céRdemsationasith the
or

that contains snall amounts o gani cs that do not
cooliBEhBReN B8l . ind FRGHTAnt R "SRRGt B enabling 2 reducton
. 420 .de itiaon are preferabl bsent t he I mum
in thg, sig B Risc sBbicl stk erlicfifn o i Sow o8 VS o
referably TBA that has been produced froma . . o
[0029 or dbar i vappiag the Haring matasial ifogrnarally swepliedjniconbination
by the selective hydration of the isobutene using an
withzajuinedgasssudhyas a stéam iand /comitadgen doweaver, eperation and
het er opol yacid catalyst. As a result of

produttion targ@ alsoopsssitsie 2@cdiing U théumrodesy of/ thel present invention using
different 25 nethods, the inventors found that TBA

the PASItH S Yf BMI?W?BA 95?86.’ eThi%‘?é 808 RS 1N occkrrdie dfféecondary
unt o e.g d

east a impurities ., di1sobutene,

reaigH 5t HoBAERB POyl BLAFUITY B ke inventon anc
due g4 ¢ lavEganbon tanos o hat i it . CharaqtpRSSEALe 5 e 1Sobutene
to TBA produced by other methods, for exanple, TBA
prodsictian peecess accordiag ¢ the presestilivention.i ng t he
production of propyl ene oxide contains |arge anmounts

[0030] oAymmtiatieds cexytionrisipreferred fasthieataotion modetfortHe isebutene
TBA produced by hydration over ion-exchange resin

prodiRfibAIprScedsiRicordifRg (6 tHe preReRtintBREoRWhild'# fixed 824 i€ preferred
acid added in ordef to raise the contact efficiency.

fortﬂ%?ea-r&@@&rﬁ@gﬁ n W thout using organic acid, because
[ al ns “subst a

con antial diisobutene, presumably 10 has
[003&2:e efl]_gégepﬁt %%Lﬁttﬂainggﬁg%gﬁl ﬁgé Pr{;@%el 8l§tixtteing r[])'roduction 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

methods, the inventors found that TBA produced by hydration over heteropolyacid

15
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used, and the use of TBA, as the starting material,
containing water at a certain level is preferred from
t he standpoint of inhibiting carbon deposition. Wen
wat er - contai ning TBA can be used as the starting
material, this offers the econom c advantage of

has theleast amoummfar@pyatigs (&gi, giisebriane opgenatesheorppounds, and
process in which the 15 water, which forns an

the lingpand tpeleast J:’arliBlﬂ\,de'pfmsitiermvTEl'tilar highrsedectivity sfithe fAydikation
resists freezing at |ow tenperatures and is thus easy

reacﬁéh B?H@i&op%b&dr@%l@rﬁ% bB®neaiRise cTARIGE "ithﬁ?éé{déct on the
A produced”usi ng heteropol yacid for the catal yst

ooty TS0 SR 9 o e o
soco55 2ol B LB b BBSSHH o8 Rl amouns

following. In relation to the TBA productlon process
of OXXQ’é@@f@F‘rFQ”ﬂRQlﬂﬁ’é preranketangsandoie like. wEBA peediaed bed

that accunulating inpurity causes the decline in
hydratiareoveriion-®xchange resim eontairs ésteest betweien tbethatsngs and the
separation, and the decline in distillation colum

organieRRicdhded Fesider tG raise the ehitacosficieney.s TheRBA praduced
of TBA from a hydrocarbon m xture contai ning i sobutene

withciit @sﬁ&éﬁ?ﬁﬂ% 4Bid tﬂb‘ba%@e%cﬁﬁ&h!%u%fynﬁ?l @ifsoButene, presumably

I sobu usi ng 'an aqueous catal yst sol ution

nas i Rcleiel o BRintg <orRaeRRulint: WaickReRGinRG AHALbaT Blso be

d t f [
usedi i 156 iah ol TR 2o 30 slafion sRosie o ing WaSA Foertain fove
concept, i.e., a step of managing the accumul ating
is prefegredifiom the:atandpoint of inbékiting cabonatapasitione 0hen avater-
concentration through the use of a 5 recycle system

contdihiny TBA cahdicassetl ad thesstarting materidl,i this éffersthdr ecdmiznic
aqueous catal yst soluti on and hydrocarbon m xture

advafififedd F}hﬁﬂingmﬁé&%s WrReft a bQﬁﬁé’dthh%@B@éd“WWthh the

aspect of the present |nven ion, there is provided,

watef: Wlﬁ?lg oAty ar?_é%étgt?&cﬁoé){nl ﬁf'lfl':‘.&' i§ %Jn%Své& CMB*’%HIG?%?‘I TBA resists

rmal Nt ai ni ng et on, I AU'0US t anol
freezecatipuBMParRpEsR PORIS TBA Veg henlso b appa Bahg water
conc@%@&ﬁ Ia'olBr}-\ grpo%%rcgtj uussuflgC ﬁgtre?cl)go y;cgd tfgrethgrc%?aelgét 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

selective hydration of isobutene using an aqueous catalyst solution containing water

16
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conprises at |east one stirring tank-type reactor; a

distillation colum that is connected to the stirring

tank-type reactor; a separator that is connected to

the stirring tank-type reactor and/or the

distillation colum and that renoves inpurity; and a
andsatalysh |TiheuT BAquadudtion pracess ancordingt tetheiprésenténvention

separator, stirring tank-type 15 reactor, and/or
therefosé iprovidé®a stathlewontinows prockss fercpradpeing TBA ttheough the

continuous production apparatus according to the

proviiSs %Fb dd%?fgchﬁfbal EBﬁcéptt' .l EQtérﬁﬂf‘mtaﬁﬂﬁmb%éta%buhﬁ:Iatlng

provided with a catalyst separator and thi§ catal yst

mpl?r‘ﬁS%Eng that |fcri]8‘%s; Q{Jﬁé’%%‘aggﬁsg: dbg cgﬁ{:@ﬁtféfﬁﬂ thPS\fh the use of a
recyﬁ%@é@ﬁéjr%ﬁeﬁﬁfqd@#e%@aéf b relRatBRdt d&ér&%@qvg%cata'vst
rovided with a colum of adsorbent and / or a colum

solufipn; an bydiesathon miture gantaipingdselutens anden-putanect i on

of TBA, the aforenentioned stirring tank-type reactor
[0033h aln anather aspect b dwe prfsenhinveation,theresisprovdided as a reaction
apparatus according to the present invention is a

systemLfaY @rffdmwgtmnh aidahaintaitiigCTBA RodsBIiRRLE cORtiAlYSE tert-
an

sol ution t he ydrocar bon m xture as the starting

butafol ﬁr: ich léﬁ eelﬁgﬁﬁaﬁﬁﬁb WA E)r 4 Odglgnfa%@ol'd?n@t@ﬁl? present invention.

cou nner hlg uctivity

Theic@ﬁh#ﬁ@udﬁ ??éf-é@taaéhgr%s fio) B5p 48R pbraing e Bresent invention
drocar bon m xture asthe starting naterial in
comeﬁﬁﬂs at lepstone sHEing tapk-tyre fqaster; a distiiation ﬁ@l!’"%fhﬁh'% y

can also be regenerated by the addition of an
conngdted to the stiring tank-typegeaaigr; aseparaterthat islconaectedt toithe
the foregoing, a recycle systemfor the starting

stirring ttenk-afpe neaetbreind/srthe afistiligtion dokivin Aad tisdtabhioves dmpurity; and
via the separator, as described below, in the

a bofBH ligLid %na@i{\théirc%ﬁ%gﬁhl Ste3RAEH ﬂ{e‘@eﬁéﬁfr WtiEng ariki§pe

present invention The I mpurit

reac?c% Hﬂg)og?igsgmgg(gw nghﬁ I@e%%érfgrggﬁ %gﬂééﬂ é}QB? LeéBHﬁﬁucME 8:13d uction

alnln i sobut ene and n ut e e.sel ective
app4ighisacisidion 10 16e pusssi aWenicn etsﬁin%mpeémt%ts
solution 10 containing water and cataly i's
provigied with ecatalyslseparated and th@rcptaiust@n‘araim is also connected to the

aforementioned separator. In another preferred aspect 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 fed in a

counterflow manner. A high productivity can be realized by carrying out the reaction
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plurality of substances, although a single inpurity is

al so a possibility. For exanple, 1in one of these

cases, the present inventors found that the

accunul ation in the reaction system of reactor

material as nmetal ion yielded by dissolution by, for
whilesfeediiig-thecanuessis matalyst saltiorean theohydracarbendeituraes the

catalytic activity. The acidic 15 catal yst materi al
startingamateeialimeal coonteefldw ematmes.e In additioh ha dinginisheldraptidity can also

investigation into netal materials that could
be reyjéPatal byl th¥ ard'ﬂﬁldheofcé?f 658iziy Q@%ta|ﬁecééulﬁ?g’ﬂthe manner laid

experiments, a phenonenon was discovered th coul

out uﬁ'fe}i’e e 6lﬁ8 QFC%I 'Etért?ﬁ‘or é’tgmr{go ?&erfﬂ? aérBﬁh&'?or catalyst

sta cevcton r St al ess
t he

duct in th res nt on
can b staBlisht U e sappron Reuracrbad PRl dy e frntinuays TBA
be i nhibited as nmuch as possible and a trace anmount of
produetiomapraratus aCiﬁﬂﬁllﬂﬂny thenpresest sventierd i s
concentrated in the recycle systemand effectively
[0034]e mohredimpunity thatiaccumgitates duedo itiye beactiondondiiwnshaider which
impurity elimnation is preferably carried out at a

TBA §d podieed fronh the Rdrocatbonsmixt@rélstrtaifingasolsitene Whem-butene by
this was actually attenpted it was very difficult to

the s@fefcﬁ% iny8tafio! df the Mobu érﬂ?ﬁsnﬂ@?@é‘%ﬁu@f)ué Jyst ¥olugien

However; even I n those I nstan ere elimnation 1Is

t he I
cont%%%hvzé%tsﬁm#iawﬁg's. SlEg b fﬂ%“?iirm%ﬁ%%%éﬁfom
cco d|n to resent invention dramati L
plurai %L{bé h@t ABINGIe BARYY &1@'?0%80% fy. For example,
p033|ble an effective separation with sinple
in onepiithesencaseso tBsprepent inveotais faunshthahthenacctpaulation in the
production process according to the present 5

reactionvsystemrofireactor materialids metadton giekleddnedissohtior by, for
system vide infra, for the accunulating inpurity,

exanﬁﬂéI ddifosidrt s Qfsor a?fHZ:‘fd)ﬂﬁ thé %eéﬁ%’fﬁ’ééf&lyﬂ@ attity. 'Thle aéidic

be ‘carried out SUItab e l'ocation in accordance
catal"%rtgrﬁ%%nfa ‘%g\ﬁ% sc‘um%t? é rbr{cpglm?u g d l‘%ad investigation

o oA i B4 ﬁblﬂsggﬁa{@/&eﬁﬁﬁgpﬂff?%@'nzaf{{dﬁ'?g?ﬁr'oﬂgh

recycl e syst em 10 Mor eover, when a | arge anount of
expeammmuaam 1enpmenen wes discqverertthat cauldhiot her prgdicéed 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.

However, even in those instances where elimination is problematic due to the trace
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starting material system the renoval step can be
carried out in the recycle system for the unreacted
starting material system Wen a |arge anmount of
accurmul ating inpurity is present in a systemthat
circulates a portion of the product, the renoval step
levelsa gopeentsatianeef thetaccHmulatingyigipsiridy st the regycleisystem according to
product, and the renoval step is 15 preferably carried
the preisenhineentiary dtamatycsllly facititates thief separation effisieincy and makes
correspondence to the process. In addition, the

posSiBRUREAéEtVG depiratidry witRBimpRCedifpienpved in all of
the recycle systens, i.e., for the catalyst, starting

Cerial . LS
10035} Th remBUel 68 1 Bie THA ArdBuctih pRIAGY BoARIR R Tyrecent
. renoving.accunul ating, iopurity in,the TBA production .
inveRfigR i Saimigg Sl AieRst ot 1o/l wbiom: viBdnfia Y file S8eumuiating
. described bel ow using the exanple of a system that
impyritysang thestep Qi samoving: the assHyatingsigRKrity, fam berqagried out at a
strongly acidic catalyst used in the TBA production
suitahie dasationdr acadndgnce withedifferencas, fonexampla).in therragdation
catal yst recycle system) The anion in the
procedues. oWHeraa lafge ansdurt tof Basumulditiagainpuritf is present in the aqueous
approximately 1 nm 25 and is thus a | arger anion than

catalfigét ag!lugtﬁﬁ el remdvarisepiay écéﬁd&te&ﬂ?t%{cﬂ{yﬁférﬁg% stystem.

are conmmon mneral acids. This

i n . . . ath i '

Morgysr: WhERS Bfod ABRRRRPRiuiafing BhBEN Y rldhent indpe unreacted
roton concentration, a higher reactiqgn actjvity is

starllig materi) Systerhdne SopovaReRgande CATPA AL inthe hycR system
exhi bited by the common mineral acids such as nitric

for the uareactedhgt@irtindomatenial sysiem.cVhan alargetameyntiaf accumgiating
ani on and isobutene is assuned to be stronger than for

impuritp i presentimi a bystent thatigintulatesead portionaoflihe pesduct, the removal
selectivity in the hydration reaction. Moreover,

stephtRinGbeBarica i in 8 rebydle Systent ft theé pEddudh, ARIBRY MBIl step is
range of about 100C,~ and this also offers a |ifespan
- | .
oror GG UEn, 8 S50 561 Bioci¥l Shomiiicbondence
superior to jpn-exchange resin.as a, 10 catalyst. .
to thEiBbese. Inaddior o BRRiLER DS iRBuBhyicar AsaD8 temavegn all of
has been conti nued ) ) )
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)

The anion in the heteropolyacid catalyst has a diameter of approximately 1 nm

and is thus a larger anion than in nitric acid, hydrochloric acid, and sulfuric acid,
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for an extended period of tine on the order of a year,
t he probl em has appeared of a decline, although
gentle, in the reaction activity. As a result of
detailed investigations of this deterioration and its
causes, the present inventors discovered the solution
which @se cotwaom alineval aeidshd Highap theltesultef insreasisg the protonic acid
according to the present invention. 15 [0037] That is,
strengtimirr cdmpardsomtd thiei sthemarindraliacidas At thieesarne plbtomrconcentration,
anal ysis of an aqueous heteropol yacid solution froma

a hlg‘héﬁ)’é“écﬂloﬁk?ftl@m isnbHibitdthi the§sbbLRERe h?dﬁbtloh‘?éﬁcﬁcﬁ‘f than is
reaction and had undergone a decline in catalytic

exhited B n)bfﬁé c&rﬂm\b'nerWn% MHld"S %ucf,r%s hitAda ﬁ’ Ih%dlt an, the

accunul ating I npuri can renoved

arat.ion alocatlo rrie
inter ST Beyen the %rgﬁzm”%haeﬁ iSoRliehe W%PW?FL@E? aﬁa%%%rsthan for
catal yst solution at a bottomof the distillation
n-butemey Winiemigithaughtitp elieit @digherssgiestivity dn theshydratien yeaction.
TBA. Furthernore, it was di scovered that the catalyst
Moreowpa rtetempobfasichiststabletin tiee reguotion jemperatuteyramigetdfabout 100°C,
distillation colum, and the activity could be

and thi Qe offérdH I”fé‘spa@l@ﬂ\lanﬁgébv@rﬁoﬁﬁéxdhéhg@ réedieg) twhiv¥h iake subject
the nmechani sns of the activity decline and t he

to thiéfﬁ&,“‘é’%; ridtaH6n."Fhu eﬁélegi Y é@d RAsuperior 8 for?@iéﬁa‘?@é resin as a

ought 't ng reaction operations-that

catal§f okt %%'dwﬁgﬂdﬁ Aot Vahe it %én?%ipgggﬁ%ﬁr“ésy gl ontinued

ste reachjin a hi c ncentratl n,
for a@y rc?@ g;rp@laqfﬂﬁge Bﬁég% Pfiayeary prqtp?qrné;\as appeared of a
operation of the distillation colum that causes a
declige althasightgentlei in hegenatiomactidlya\Aoa resuit ohdetadediinysstigations
separation step, causing a deterioration in the
of thiselateridration andhisraatises) thei presenttinventetssdisbovered dise soliition
that the reaction of isobutene is inhibited due to

descﬁgé@ bBIdV\berttﬁe TBAPRICHGH bfotedsidtchbRfing € ﬁ%éﬁ@ﬂn@entlon

cat al ys one consideration in this regar
oust g PSR A 1 o

\ d
sl BB B o R T i
as iron, 10 that elute fromthe reactor and the pi

long-fermeFaagtion eaddiask undergone ifedegiing de gatalylia agjivity. 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 column that distillatively
separates the dissolved TBA. Furthermore, it was discovered that the catalyst
separation characteristics, the operability of the distillation column, and the activity
could be recovered by the addition of an oxidizing agent. While the mechanisms of
the activity decline and the recovery have not been elucidated in their entirety, it is

thought that, during reaction operations that reach into the long term, the trace
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impurity. It is thought that the production of the
iron ion and the like is caused by corrosion fromthe
mat eri al nmaking up the apparatus, for exanple, the
reactor. As a result of investigations into nethods
. of renmoving these netal ions, it was discovered that )
impurity thatia producedaiemainsrissand accusllatesindhedepycle system, reaching
sel ective absorption on ion 15 exchange resin. [0038]
a higtc toneenteationnand sfor ekamples au@aching phehemadenripevoked in the
renoval of netal ions. However, for the selective

opefaiBh\GEth@ HishRatidn ES1I0fMN thBEcAlssesOd dateiRIratidn inNsdpapatidBehavior
i on- exchange resins is preferred for netal ion

in g RIS serpRatd Py BEAD A AP aph AU Soparaton,
chargblaiiite. M BbosSibedSiand it S hatRR o jiBGeng foynhipited due

acid MR types, acrylic acid gel types, and the IliKke.
to adsayptien by ef ceerdination withhine:hrtetapalvacid calajyst. Hs one

H(acid)-formis nore preferred for use than the
consigeratiomin tiig 3ejard| thetinen inawhicigbasadeon an anadysis ef the aqueous
system) The butenes in the hydrocarbon m xture as the

cataBst sblution Weisenotalbsehasd gwirigathesinitidbpeded of theereattion, underwent
n- but ene, because they have a reactive functional

a cléirGNdreate ?g'thé P@a&io@%trge %r@éﬁ&” TRASs Pined i1k, 'sBch as iron,

produce, rexanp y a polynerization reaction in

that S srch BB BT BN ttipd bt e dfeSlied 1§ be an ageumulating

. rocess . that solves the deterioration in, th )

imp ity Jtis thetiaht Thatdhe sreduyction 4t s irondon.a0d thlike is saused by
the hydrocarbon phase 5 (oil phase), for which the

corresion &ropa the materiad making up tthe: apparatus, for examplghtheoraactey. As a

organi ¢ conpounds. It was hypot hesi zed that the
resujtiof imvestigations into nethdds ofreemving thaisal metal farsy itives discovered
phase and the hydrocarbon phase, i.e., the water phase

that Bimeital iofd afeLalntldt etk e 8¢Ed by sBREAVS abso AR UHiBh-
capable of emulsifying oil and water, that is, an

excHEAHE Y pting inmpurity that has a surfactant function,
I'sYproduced in trace 10 amobunts in the system and

[0038f URKEE Esrbint Lol 8568 usbd%or the a%s%?&}get removal of Hetal 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 carboxyl 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.

[0039] (In the starting material recycle system)

The butenes in the hydrocarbon mixture as the starting material that contains

isobutene and n-butene, because they have a reactive functional group, i.e., the vinyl
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research, this inpurity was successfully subjected to
adsorptive separation when certain adsorbents were
used. An analysis of this inpurity was able to confirm
that it had surface-active behavior. Mreover, when
the inmpurity was extracted and added to fresh aqueous
groupaaise peasusngdita predune, foy exampie &y arpelymerizatiae reaction in some
phenonenon of 15 deterioration in the separation
formi, mceumatatingasigie-beiingyorgapicadngssinds0041] That i s,
impurity that accunulates in the recycle systemis the

[0040RUS AldetSile PYESIrRAiBR i ?fvehrtﬁ FAoeEs Lt sBVesthé MRterioration in

catal yst separation inferface and the causative

e T T
o 5 W PS5 154 4 MR i Bting

functionality simlar to that of a surfactant and
organieeRmBasr)dsall was hypalaesizedrihiat the phemeraepon iniwhich the aqueous
anion. [0042] (in the product recycle systen) The
catalyst aolutios iphpsé @inddbe hydrocachara pbdse, drec gtherwateophase and oil
accurmul ating inpurity and the occurrence of

phastetddtesratd 66ce bedadss @ duinsorieaiticapabl dfertalsiffing ®il and water,
for the 25 deterioration in the separation performance

that &, 2 St Aihes S1dt s  buAGaREERCHGH i€ PRERURIHAA trace
hydr.atjon reactiqn, . i resent ,Ln rtajn .

amolJ¥fs Bi1bP v ERF ol Gocntrtidies Bl aialodu e, &2 spt ofjn-depth
it has the ability to extinguish the foamin )

'eseﬁﬁ“éhgl'r\'ér'u'ﬁ‘ﬁuf'Wa‘t’a% §H€99§S?LH|Yt jefted to pdsorphive gPBﬂE@,’"OHé’Vhe"
shown in Japanese Patent Application Laid-open No. . _

certaip @olsorsmts wereteed) Avranalyss of thisi inpurity wasf ablaita gonfirm that it
agents that inhibit foam ng, TBA, which is the

had sotfaceladtiveobeliavior. oflotdwver eghén thie inpurity sast éxitagtéd and added
function as a defoam ng agent. [0043] However, it was

to frgérﬁsau@dl@cétanykhfoﬂ% ahﬁgyemdyabm RfiAGRe, ARE Bhéit'xal%eh@n of

he “present I'nvention that even when TBA i's no

cerR AR 48 454 5 b BB S A pagigr 0" =
o0 b R sl i B2 G e e
subsct)énlce(ygo?){he 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)

The relationship between an increased concentration of accumulating impurity

and the occurrence of deterioration could also be experimentally verified for the

deterioration in the separation performance at the distillation column. It has been
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wei ght, preferably from5.0 to 0.1 % by wei ght, and
nore preferably from3.0 to 0.1 % by weight as a
concentration of the surface-active accunul ati ng
inmpurity in the aqueous catalyst solution. Wile
control to these low levels is preferred, this
discpwereddbatwhar TIBfdyhithis thesprpduct ofthgdsebuteme bydiation éeaction,
adsorbent used for renoval 15 then becone necessary.
is praésent idiangkryain @onophiration mgednthebyosoliseatalystsolution, it has the
established in view of, for exanple, the TBA
abili§CtecSRingaishRe féaRIMSp ﬁéHB?ﬁél%h fHat bBBursSRRRE Biétlﬂé‘tlc%n column, as

status and the operatl ng conditions. As a resul

shodvﬁ'irfﬂég rfeoéé;l?sf‘éﬁw ﬂ@é'l@aﬁ%n Leﬂ&% Wgs. 45805 SR alcohols

renove e accumul at1 ng

consi der e foa terial
are 38,5 Ufaaipe age %ﬁ\a?a*%@ﬁr&a@'zsmﬁé% RhiEh5 the intSnde
obtai n between the absorbent's surface area_ and the
prodaigt ef thei reaction.ds alsothgughtlo fupetiashas afdefeamingsagestti on
effects the pore dianeter is an inportant factor.
[0048)pecHbivexket,\it was discovereadadheé diBA productor praskss according to the
Exanpl es of the adsorbent include inorganic porous

present piveation it leven viidr TBA |§|n@ﬂbfb’senﬂﬁé dStefiordlidn in catalyst
zeolites, and nesoporous zeolites, e.g., large pore

sepéggﬁﬂﬁntgﬁﬁ t fe}lorﬁﬁé}?ﬂ ﬂhEkcﬁ)%rgéh thtﬁéh ds?nd&ﬁ&?@%lﬁ n can be

ack |ng I On- exc e gr UpS an erive rom

rene- 23 di vin | benzene. or t.e est
e LR B éﬁpwrapgﬂtvcﬁ%éat £ 728 o.Efp.1 % by
th L ke 1t is an adsorbent having a porosity of a
weight, zléfefméb'éﬁ from e frPd Y%ortywvaight. andimgre preferabily ﬁpmﬁ’»-o to 0.1 %
0.5 to 500 nm and preferably is a porous nmateri al
by weightras a poneantrgtion of thedudaceactiveacaumualatieg imputitydn the
nore from2 to 50 nm Fromthe 5 nmaterial perspective,

aquevusotatalybt solatiomt Whikel cortroity theseddw!evsls ispreferred, this
hydrophilic material, and preferred materials are

mcréh"s%rihéﬁ'gﬁj 'fél‘ Shnmiple ;B'i‘g@ aindumtdof th@‘%ﬂisf rl??ntvﬂs‘eﬁ f8r removal

| 'ane coupl i ng agent or gani c- nodi f

o FESH RSB ol 3 SRR o
b A TRl L34 ot o

systemin the TBA production process according to the
sequamﬁtatus 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
adsorbent include inorganic porous materials such as silica, alumina, active carbon,
zeolites, and mesoporous zeolites, e.g., large pore diameter MCM-41; crosslinked

synthetic organic polymers lacking ion-exchange groups and derived from styrene—
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i nvention by using a recycle systemfor the catalyst,
starting material, or product and by disposing a
separator, e.g., of adsorbent and / or ion-exchange
resin, in the recycle system This concentration and
renoval makes possible the |long-termstable
divingibenzemna nc medhacrijlate esteriand etbylene glycol dintethaenyldte sehitosan
and the realization of a continuous 15 TBA
resinpanddles likeL. 1t[idaA=dsbrivent travinlg 4 patosity of i Size adietkih the pore
can be used as the catal yst used in the TBS
radiudfi@ §' atraRge Bf RERSH.536 BVONMAJah@ p?éf_éréﬁlﬁ%%‘ﬁofdﬂé%btéﬂél having
however, Viewed fromthe perspective of the reaction
-y ri
poret e IRfus BFr0, TREST noT bARNY RS 6 SRR, et
by, -5.6 >- Ho. ecific 20 .exanples of the stron -
matesi) BSisbegive an ABpRL reterieS RorrStsriasl btz Myerphiic
Si 02-BeO, = Si 02-Y203, Si R2-La2C3, Al12C3-ZrQ2, - )
matetiabang: eferredmateyials are praavig-sodified sitiea gell®9. Hodified with a
Nafion-H, strongly acidic cation-exchange resins,
silanp aoapling agestd,udriganicemadified allmina, opesopocous matetial iIsach as
i ke, and a selection therefromcan be used as the

organieirflodifit@ NISM-4 2 4ardRvbre ﬁ«“ﬁ%ﬁd&}ﬂ BymtBefix PsEh-Bfpedinatditals.
e

het er opol yaci dhused in the TBA production process
00485 5 R " e S0 B9 n o AR el
the peRSU 1E80e SURERBRSIRA Hdinion RuascSs aBuiiiSde e present

5 H5BWL2040, HAPWL1AlI 040, H3PWL2040, Al WL2040,

inveniios; hméln@@or,ecmgi ,themglmtzéi@'ét'?n@mé@ro?roduct and
HONdWL8(B6, HICeWL8(B6, and H6P2WL8(O62 and salts such

by diggosiagiasieperaion exgd ofidrsbreptand / phivmpexchsngedesinain the
(H3PMD12040), HAPVMb11040, phosphotungstic acid

recydléisiAtea) 4This qomeeptratiorngad remacaldmakéshidsibiéthe lemgiterm stable
silicotungstic acid (HASI W20D40) being preferred for

mainiéiﬁrfcercﬁ@ﬁ% 'két’é'hdtibn ac’tiQit* BPthel cathlybt 45@ Bierdafizatih of a continuous

mat eri al e apparatus used In the TBA production

ﬂ:ﬁﬁ- according to the present invention, exanples
TBA§¥ Z’apbcati ons in contact with

[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 Hy is represented by -5.6 > Ho. Specific
examples of the strongly acidic materials include SiO—Al;03, SiO-ZrO,, SiO—BeO, |
Si02~Y203, SiOx-La;03, Al,03-ZrO,, TiO~ZrO,, H-Y zeolite, H-ZSM-5, at least 80%

H2SO,, Nafion-H, strongly acidic cation-exchange resins, para-toluenesulfonic acid,
heteropolyacid, and the like, and a selection therefrom can be used as the acid

catalyst.
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the aci di c aqueous catal yst solution include reaction

vessel s, stirring bl ades, diaphragns, packing,

decanters, settlers, distillation col unns,

distillation colum trays, pipes, flanges,

nmeasur enent devi ce nmenbers, connection nenbers such as
[00463 | Asispecifigraxampdes pkthe heterapolyacid used insthier BBA groduction

carbon steel, copper, brass, alumnum and the liKke,
proosss latcorling tothgl present indention) &se catcbexmadeasfacidsdwsteas

maki ng such materials undesirable. Stainless steel is

H3Pm2@IoeH§P£MQ18@£ quMOUs%r, HIRMELD,), MS@HM@&O‘,%M HdBaMoO,,

het er opol yaci d cat al and stainless steel can

H5|“E@160ﬁ(b ?.P@IMPV%? 0, H‘%’éﬁlo f129(5?00 YMOS @mi'grﬁr?/zﬁbao%m,

an a emao

56 A IS, bl RS A Qs HS AR 00

corrosion resistance, austenitic stainless steel
HaSW¥120up.rs$3aW 1289 10c e dVW1s@s6, HoEaVYEOpe andolisRsWjsOs2 and salts

content of from8 to 14% and a C content of no nore
such asuhizBlaSiih i Q4oanarHsKSi¥V pOad, phosphamolybdia acid {HzRM012040),
contact with the het er opol yaci d. Usi ng the Japanese

H4PV | Bh $tie adik O), igrosphotumgetic adid
) s{"?éf@f%ﬁﬁ e sus 04, asog i \2%25 10)3(?1? psoémbsla 316J,

pre 1’e(?"r%eé cfﬁil?iot ﬁ"%g:lrcl to ?1%' néeﬁogm s% é;é?%lg%tﬁm ggéeactlwty
| . f
[004 tew B9RRY s Bpte gl B e cbnar s sdnif *?‘&ﬁ@ucﬂon
PrOCRRS BRI eI DY SN PEATIRS LR dpcations in contact with
surface of the material to forma stabilized 5 passive
the acas}@raqumua isatalyst solutioarnclute seactianeversels, stirring blades,

corrosion. [0048] It was discovered with respect to

diaphregmisi/pauking, decanteps, settiers adistilfationgcdlumns hdistiltativardgolumn
invention that the addition of an oxidizing agent

trayé ?ﬁb@é flah§e$ NAechOFrHRIN d%f/lcetrhén%ﬁ'saldﬂnhécﬁé“ﬁ hiénﬁwe@%ch as

I'so attenuates the degree of col oration of

jomt% %Wdé\@% Jike: Q{ggfe?%ésa@@f#sq |r§ﬁte|aé)y§£rb%?ll éIOE%%Jépoﬁrd
alumifis g 1 sy ald B ic i eorEeseLgRIUssH dsiPges fembers,
makitn?;astucvr\mlar%a{:e(rjlrilja?sI Sr?delsqpalb?el.t IS?a?nlgfss tS’Pe(:(}-:-l Eset%%tgrgpérred 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 content 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

heteropolyacid. Using the Japanese Industrial Standards, examples of the stainless

steel include SUS304, 304L, 305, 305L, 308, 316, 316J, 316L, 317, 317L, and the
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Wth regard to the oxidizing agent, an inprovenment in

the activity is seen with an oxidation nethod that

uses air or oxygen; however, this requires a sonewhat

| engthy period of tine. Ozone and el ectrochem cal
. oxidation nethods can al so be used as 15 the oxi di zj nq
like, $4:9304 heiagsnere prefeiredy eWithgeeaed teothe raehanismdly whichthese

oxi di zi ng power, such as hydrogen peroxide. As an
materiatiespedificdily manifest icoyopionaesistareey thalprsegt inveators presume

preferably equivalent to that of hydrogen peroxide,

- that fiededhstifieht Rigthentsast thedenzitérthals aBi@nhe hetsrbpélyacid undergo

hydr ogen peroxi de, occurs as water after the reaction,

speciitdredRhisnd'Rith é%\%ﬁeotﬁerrsétgé‘gﬁﬁéc?é‘Bf f’h@%ﬂf‘é?i%?t&fbr@f% stabilized

ydration reaction. The amount and frequency o
passiyE Gl iids FLeyf ceh P TREagyaPE Of Giikidlan. .

function of, inter _alia, the t of oxidi zi ng agent, ..

[0048}e lé)ef@érs:ﬁsvﬁver ?fgwﬁgd??mc*itﬂ théﬁgmrpyuaw P according to
length of time the catalyst has been in use, and the

the presenttinvgntiaactbahtiiecaddition aban oxidizingageat reisulls iy thediecovery of
However, in the case, for exanple, of the use of

the dayalytigadctivityrand also attehnatesxthdidegree afievibrationcf thé somewhat

: added i n excess the 25 hydrogen peroxi de ends up

colofdRUGENS cHitalPstiAmis Thigss BEGEVEILS Be duétsittd Pllowihg:
26 some excesS Is unproblematic; hydrogen peroxide is
. e i iz . Al Q3
oxidfrE6H @ftals fafhes Bebfives i adsh BRaRtoR I oldtve
of ..hydrogen peroxi de,. .being w thout benefi J. S .
dearafatial] A fEnFE GrmaNa el tat A A RING IDIRifgh Al hg reaction.
_the continuous or discontinuous addjtion of hydrogen 5
Withgegard tethatoxidizing @gent,:an istyoverpanhin the aclivifipisysganowith an
0.1 to 3000 ppnih, and nore preferably from1l to 1000
oxidation imethod that bsesair onioxiigemf ovesves, this tduplireg aesamewhat lengthy
catal yst solution, provides exenplary instances of
peridd6f €. TzonedHMOSIBcREEKErIRal XdaRdEithody cdrealsd Bedlised as
addi tion, although the addition is determ ned at any

e GRG0 T Rl aBEFEPctablnge s il GREET B, sur
ed . from fromr.oom

as hlpgE BRI AR InteR SEIE Sr P dRer Tt hdldRg Pover s
prefq%ggl?ég%\yaléﬁstgltﬁati gf h%/dfrggséne;gel%ﬁiid%?tain%na %%?g tpirc-?fcr;rrlregto?(idizing
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

use of hydrogen peroxide as the oxidizing agent, even when added in excess the

hydrogen peroxide ends up degrading with elapsed time and thus its addition in

26




20

increasingly facilitate degradation of the hydrogen
peroxide itself, it is preferable to select a
tenperature of from30 to 80C, nore preferably from 40
to 80C. Wth regard to the |ocation of oxidizing
agent addition, for the nost part the location is 15
sompraxcess isdunprebienatis; hydeagen peraxidetis selectadas arnsaferies
catal yst and water is forned, and a site or |ocation
oxidizingragéntcisd franitis perspective., Holwelen theddditien|of lae, excess of
absent to the greatest extent possible is nore

hydrBgeh fb’e"r@ﬂde [ BEIAG WithSOMBEReTit 218 uﬂlfésﬁéBfé%m'th@éBridhﬁic' s

specifically described in the follow ng by exanples

stan?ﬁgm? om%rﬁﬁﬂ%ﬁ thié F3H |ﬁl?ou§38tt dlgpgﬁtﬁ'ld NRidfh of Iweo‘r?gen

€ Sco presen I Aven 0 RE BT €
peroarcf@d%ﬁsqreﬁe& hﬂéé@ﬁ RBEBReR RiPab T 5 £13.3008 ppeyh apd more
were as follows. (1) Measurenent of a Na content and

prefegablydfirerant tq H0QMh epm/lmm'l ®ach sage ydthsreferenpa 40 the aqyeaus catalyst
carried out using an RI X1000 (R gaku) by X-ray

solutiomprovides exempiarlyyisstances oftheaiser efrfiregempemxide2as general
Measurenment of the specific surface area of the

critefih fon addition, Aithdugh the adgriohfis detii rﬁ?étﬁaleérgapé\m&ular time point
measur ed by t he nitrogen adsorption neth 5 using a

base%e ﬂ#e gg'lggl &;%Fagﬁgt + &aylts{ %h@ﬁ‘?ﬁﬁ%@ﬂﬁ?ﬁn fe é&@ntﬂﬁra‘adltlon can

por e utlonlnt um na catal ysts
ne. an ore di trlbut on wer.e asur
be S%?&%&aéﬁsi?wgﬂ oRileheh it e G P%l?ﬁ diéc.
SlnchF&Er%[ éqtgrlé.ﬁs gr)ogsrg r%wtlg,qf}astqg oz(gia;ipg);e%ql%{ate put also
terms of Na20O Si content 0.06 % by weight in terns
lncreasmylxiacﬂs@@odefgradem atté\emy@laogemperoxud@/ itself, dtispreferable to

vol une = 0.21 cc/g, pore volume of pores having a pore
selecteaitemperaturt of lfioas B016 80°C, midte pfefefably froal 49 ¢s 80°C. With

vol une) that had been for med into spheres 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.

(1) Measurement of a Na content and Si content in the alumina catalysts
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15 dianeters of from2 to 5 mm was packed into a

vertical tubular reactor tube, which is foned of

SUS316, and which has an inner dianeter = 10 nm and a

length = 30 cm that had an electric oven on the

outside and the electric oven tenperature was set at

364aalysis 8as vatiedrutgisingan ﬁj&éeag (Rigakubby Xy, fluamesgence

was produced by the selective hydration of the
analysislusirgneefergncefsampigsir ocar bon m xture contai ni ng 20

I sobut ene and n-butene, using an aqueous cat al yst

(2) MehslirbRidnt 8Nt SPaid'lirfice?ir@a dTThe aRRRinkaGitslysts
catal yst, was preheated to 100C and was fed froma top

of = ;
¢ o Lhe 3petfisutacs o Wl thedburclt By G rfrolict adsipfior method
. the.react] be at 4 kg/cn2 G The gas / liquid
us'nﬂi%@ﬁp}ém&j@n@ﬂgagzﬂ' om a bottom of the reaction tube
was separated into a liquid phase portion and a 25 gas
(3) Mersizement phthe pereaiolyrne andpore distriputian:in theplyainaseatalysts
of tinme after the start of the 28 experinent, the
r edbe ipore polathecand potendistributiohawserepueasured ysmeraairy petbsimetry
by a gas chromatography to determ ne the reaction

using@rporenmas@r GY¥33frolm QUANTACAROME. conver sion was
5% the isobutene selectivity was 99% and the yield

was 94% After 800 hours, the TBA conversion was 94%
the i sobutene selectivity was 99% 5 and the yield

%.[,0051] Exanple 2 and Conparative Exanples 1
[005%5%%@& mance eval uati ons were carri ed out under

entirely the same reaction conditions as in Exanple 1
usi @ gty af algmina catalysd (eatalyst A Nacontenty=9 255 by weightin terms
F, and QG wth different properties as the catalyst.

of N33, Siecantent a0 H6s%dyrweightrmbleems .of SiQ,,\piecifisysysfaceares = 402
wer e di sobutene and sec-butanol. It is shown in Table

m?/g] téthBporeatonimet=s0.21 mw?,&meweluriw ohpalestiavirph poee eadius of at
yields and in particular the highest isobutene yields

st V8, R i) PSP a6t ety airds v
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 aqueous catalyst solution containing water and
heteropolyacid catalyst, was preheated to 100°C and was fed from a top of the
reactor at 20 mL / hr (LHSV = 2.0 hr™') and a reaction was run while maintaining a
pressure within the reaction tube at 4 kg/cm? - G. The gas / liquid mixture discharged

from a bottom of the reaction tube was separated into a liquid phase portion and a

gas phase portion. After the elapse of prescribed periods of time after the start of the
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15 the tenperature of the electric oven was set to

250C. The 85 % by wei ght of aqueous TBA sol ution used

in Exanple 1 was preheated to 100C and was fed from

the top of the reactor at 5 nL / hr (LHSV = 0.5 hr)

and a reaction was run while maintaining the pressure
expeniment, theneeactian ipreduct im theagasi phase portiop was anaﬁgqﬂ by a gas

are shown in Table 2. 20 [0053] Exanple 4 10 nL of
chroozatasepthyAo deterpené ¢he reactiba pesfarmnancet After Gdeirs,rthe TBA

Exanple 1 and the tenperature of the electric oven

com)’@&oﬁ%aé 95%0te |3$B€te$|5 SOVt W 99, arRdl HﬁaogéldT\Bés 94%,

solution used in Exanple 1 was preheated to 100C and

Afte?i@q(_) g\ﬁﬁ% tRenT B%h@org\l/g?s:% v&géegt{%ﬁﬁﬁé?@ﬁtgég s%wﬁ)hwr%g 99%,

and 1 on was ru mal nt a
he pressur thin the reaction tube at 4 kg/cn2 - G
and%'Pf’ey'%:EW??g%gMe shown in Table 2. [0054] Conparative
anpl es 6 and 7 Reactions were run by setting the

[005t1érﬁ?@rnéﬁ|§r2ea@ﬂ Comparptive Examplash1 tSexanple 5 2 to

150C and the tenperature of the electric oven in

ExBerbemanceedaloationshwere cantiediow) under entirely thessame reaction

conditions entirely the same. The results are shown in
condiibheag in ERAPDle Fxgingl varlousHlumiinacedtalysts (catalpsts Backed| E, F,

into a vertical tubular reactor tube, which is 10

and tggrvﬁﬁﬂd%rég éﬁemee ‘és“tﬁé §§ é resffts Qfé‘&l%ﬁﬁ irTable 1.

ength = 2 at had an oil

el ectric oven
de"éﬁ%g?%?@’%xﬁ@so@@f% 5@@3&%@35 %by wel ght_of
eous TBA n us |l e 1 d .
TS8R0 Tasler Lia afays1e A A Broavedhe highest isab e vields
mL / hr (LHSV = 1_ 5 hr) and a reaction was run while
and impaitigular the highept isobutepewields aften 800 &@urs.on 15 t ube
at 4 kg/cn2 G A catalyst |ife test was run under
[00O52hdB@mnepled ti ons, and the
10 mL of catalyst A was packed in the reaction 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 5 mL / hr (LHSV = 0.5 hr™') and a reaction was run while
maintaining the pressure within the reaction tube at 4 kg/cm? - G. The results are
shown in Table 2.
[0053] Example 4
10 mL of catalyst A was packed in the reaction tube used in Example 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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results of the reaction at total reaction tines of

1800 hours and 9000 hours are shown in Table 3.

[ 0056] Conparative Exanples 8 to 10 Perfornance

eval uations were carried out using entirely the sane

catalyst and 20 entirely the same reactign conditions
maintgining theapressure, withinihe reactiondpbe @t 4tkgdemt hG. o eefuits are

TBA solution as the starting material was changed.
shownirpdablel 2.e Exanple 8 used TBA produced as a

by- product during the production of propyl ene oxide;

[0054p D phrative Eseiimples 8 atied TBA obt ai ned by hydration
in the presence of acetic acid over an ion-exchange

ir eﬁggcﬁérﬁﬂvégéernlf%% 8518hg gﬁ% ﬂéhﬁfﬁu%’th%@?ﬂ%ﬁig 8%@51 Example

sobut ene an ene; arative

TBA .pbt ai ned b hydr.ati on _over an o .

2 to 13 5 sRg Sinpsattie ofine edifiioiea i Bafibls i te 5RSE. whie

cont ai ned isobutene_and n-putenpe. The results at a .
keepigg &he pthes reagtion grndifonspentiiely tae sames nbhim resulisaigishown in

4, which for purposes of conparison also shows the
Tableddposition of the TBA and the reaction results from

Exanple 1. 5 [0057] Table 1 31 Lc) wo nwOCDIL-j O
[0055p BExandplels (Dr O2 NWC ~ Nti U O) coc~ 00O

co CODCD WWO

600 mL catalyst A was packed into a vertical tubular reactor tube, which is
formed of SUS316, and which has an inner diameter = 25.4 mm, and a length = 280
cm, that had an oil heating tank on the outside and the electric oven temperature was
set at 350°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 600 mL / hr (LHSV =
1.5 hr™')y and a reaction was run while maintaining the pressure within the reaction
tube at 4 kg/cm? - 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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isobutene and n-butene. The results at a 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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N > 5 10 33 [0059] Table 3 TABLE. 3 EXAMPLE 5 LHSV
(hr-") 1 TEMPERATURE (C) 350 PRESSURE (kg/cnm2G 4

CATALYST A REACTION TIME (hr) 5 1800 9000

[00569] Table 3

TABLE.3

EXAMPLE 5
LHSV (hr) 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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CONVERSI ON (%) 100 100 98 SELECTIVITY (% 99 99 99

YIELD (% 99 99 97 34 [0060] Table 4 W01 001 OD oa
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[0061] Reference experiments used in the examples of TBA production according
to the present invention are as follows.
5 Reference Experiment 1

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

1000 g of an aqueous catalyst solution that contained approximately 50 % by
weight of phosphomolybdic acid 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 Mitsubishi Chemical, modified styrene type,

specific surface area = 630 m?g, highest frequency pore diameter = 21 nm) for 3
35
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aeruwOwWW F 3 ayYmGC- fA[0061] Reference
experinments used in the exanples of TBA production
according to the present invention are as follows. 5

hounseatanpriedmately 6076 while mixing.sThe edsothent wasrtheatsepgrated by
impurity (causative substance for surface-active

filtraioh andowas Wwashed with distillegueates uatit the wedsrswhteribegatrieatolorless
cont ai ned approxi mately 50 % by wei ght of

and panspaene! Yheiaesafieht W thBaldrieddn Reedir seeéht BlidWEd by

continuous reaction 10 for approximately 1 year, wa

immBFI19 H a 18O LB 8Eétolk SoikidR shdltahlfng¥6R9bSGY Thour. 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, carbon, nitrogen, 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 heteropolyacids and absorptions originating with
organic compounds, inter alia, the C—H stretching vibration at 2970 cm™, and a
compound 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.

36



10

15

20

25

adsor bent (Sepabeads SP207 from M tsubi shi Chem cal,
nodi fied styrene type, specific surface area = 630
n2/ g, hi ghest frequency pore dianmeter = 21 nn) for 3
35 hours at approximately 60C while m xing. The
adsorbent was then separated by filtration and was
[0063% JReferencerExpearimentcdi: kualkuation of separatian Hehawioer
becane colorless and transparent. The adsorbent was
t heérd glof the accumnulating impuritytobtaihéd we Refsrencenixperiment 1 was
a 1000 nmL of acetone solution and standing for about 1

addé@t& 50 M1EoP50 85 BY, WdightasTRiquesus @h%bl%‘m@%amea@d solut|on
| owi sh brown col or. The acetone was renoved from

n 0
prep"ail]édﬁf%@ {h% %@u%ﬁgﬁtﬁ%ﬁgqﬁﬁt%ﬁy% \F;rg_pgfé i t\é'LQﬁ'galﬁlng 43 %
oW sh brown s The

by vt ioulen YEe FoioclePt i piasSisresie @?ﬁs container and

materjal showed it to _be a, materi al osed
werebﬁmgy Migorons Wm@fﬁ»r I BVmgaS: wqw%wng t@m’dstopped and the

hydrogen. 10 The infrared absorption spectrumof this
timegeguirech for aminterfacetodarm wvas pedsureds phs aresult gh% runs, an

i nfrared absorption spectrum of the accunul ati ng
averagp wf 120 selebade eds reyuirée farsspanatiomintm2iphases anddamation of

in Figure 1. This infrared absorption spectrum
an ||ﬁéﬁ§&é‘tlﬁ a@BﬁfbhE’fH@ﬂ?erPéce]\%&rﬁfBﬁhct 960 cm 1, 880 cm 1,

cm - hat are characteristic of Keggin-type
t ¥aci ds and absorptions originating with 15
[OOGHngé{]aI corrpounds inter alia, the GH stretching
Eratl n,at 2970 cm npound nt ai ni
i 23O A xsinplsofBE iR A Blocfon ApBatius g one

accurrul ating inmpurity. Reference Experinent 2 [0062]
aspec forcarmying eut teptBA Predudtionrreeseaceding tethe prsent

by wei ght of aqueous phosphonol ybdic acid sol ution
inveptiarpalrethist cantinuoas produciont appanatus fonthegiresentinhvemtiare

containing 43 % by wei ght of isobutene were

elenignits 8dete ad therbtrriagRan-dypecrdaetost! iipks arib theclikat rerdir made of
and were mxed by vigorous shaking for 3 ninutes;

SUS302K1 8DNES, 8 050N LRPRBIe tHh 6.0894 CBardihdle &Fk 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
stirring-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 aqueous catalyst solution separated at the catalyst separator of
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for an interface to formwas neasured. As a result of
5 runs, an average of 6 25 seconds was required for
separation into 2 phases and fornmation of an
interface. 36 [0063] Reference Experinent 3
Eval uati on of separation behavior 0.5 of the

the finat veactioni tagk was fedtg agpackedaplimniype daﬂﬂetlmp@ummimvmg 20
1 was added to 50 nL of 50 % by wei ght of aqueous

theopdticap plated; yIBIA wassepasatedifram a tppeayidhe distilatior: ealufme sbntrol
reagents, and this and 50 nL of a raffinate containing

was #arriécPolitoVfive Btreéucéd5 PRISSARESYE that e QGWQeMbbﬁatare was

pr essure-resi st ant g ass container and were m xed y

70°CH Y é’c’é}f‘eoﬁ%%gﬁs{ Q&Iuﬁomgtrggo¥&53lf}dﬁg tt¥@ SoftdHiN In addition, the

s’top ne re or anin ace to

runs e.
folloy g wF B Aged Me‘i%ﬁw B oRgu e S aftiop BEEKEHith 500
phases and formation of _an.interface; in addition,
mL er?&'q -farat ealian-exEhange; resiny(SkK1 BLUO[TDMGQTb'ER'aGB?'@'(@') and
Figure 2 shows an exanple of the continuous production
adsarpeat intasforasofansynthetie tasin systear (Seépapeads R20¢ fren Mitsubishi
producti on process according to the present

Chemioat/tighest freyuehicy pore didmietes =2 10amc fill ghaattpar 500 mLH)oAn
the present invention, elenents such as the stirring

amobiAhéf lk%ﬁ’c?tﬁa? Q\?ésoéﬁoutmrﬁet%nttﬁﬂfé 4MBuhi &bt ﬁhthleré’éfcwculated
of US304 (18.0% Cr . Ni, no nore than

and fle agu@m}sh@ats & Sollfisy h’* ug,gr.sqtg fid &g témghj bvresctors

reactors eac
reacti on ﬁlune

whild, S35 ishECairiihg Ant BeseTelive FeRous ks e imEury m&a' ion and the

V%lle the exanple in Figure 2 has three stirring
accumurting frepurddrejesto kigure:3ht As thricatajysb .80 Yo Ry welght of fresh
apparatus according to the present invention is

phogphomalgstiviacid @i;PMasO.q¢) selldiongHammet acidity-fupeton Hy: —5.6 >
reactor and is not limted to an apparatus provided

Ho) Wag prépairé® andtfed Gt Ot Vi to i df theS eactdre shewAas Higstratad in
in which the particul ar hydrocarbon phase (0| | phase)

Fbugggbﬁgpggwgysgﬁgbﬁ ?&ﬁgqbéEQSa%Q? |spose nw@reac%by
weig'h?%f: fsgf)ﬁtetnléewgél {gleao " g&?ntgﬁ‘l asntn%F 5{ s, Ln/"?ht eWIt"ﬁl regard to the
reaction temperature, control was carried out such that the stirring reaction tank in
each 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 99% 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 deterioration in
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and aqueous catal yst solution were reacted in a
counterfl ow manner; the TBA 25 product-containi ng
aqueous catal yst sol ution separated at the catal yst
separator of 37 the final reaction tank was fed to a
packed col u_rm-tyg distillation colum havi n% 20 .
the catalystaepamtion periermargs atdbe satalysd separatemandiageterioration in
the distillation colum; control was carried out to
opergbility accoathargihgoa eise im thes preissuteadifferendeanttbendistillation column.
tenperature was 70C, and aqueous catal yst sol ution

50 mlest the aQquebas chtalyst sbRritibAtdt @his pointasksl brovght i€ cbntact with 30
foll owi ng were disposed in the bottomliquid conduit

mL of ¥f@8h S%g%%'eHHE a0e6HRMt zﬂs%ﬂiegw ad%rb%eﬁ&%{a%i%f"&ccumtmting

cation-exchange resin romMts shi” Chem ca
impuPRE TRE JERED s Tl bt cRdoe B Kol ba S i hdsorbent

fregueng ore diianeter = 21 nm fill quantjty = 500

was washodmthgien and Sepataied DR ACCHEInS i Tiky s dissateed from
amount of bottomliquid was circulated, 10 and the

the agiggensund ugingaceieone @inck theracsteneswpp leveporated kegieia fasidye
tank-type reactors while continuously carrying out

takermttsbe the amouatofimpurity.t Aecomiing td thisyptozedurs) the dnidumt of
accunulating inpurity (refer to Figure 2). As the

accuﬁﬂﬂ%ﬁrﬁ%@@i{gﬂ\ fHebaqueRiug ataiyst Sohstion WES 2PN OBy WesliHt

aci Mp12040) sol ution (Hammett acidity function

P ; pared and fed at 50 L / h to all
[0068]° Combat@Exifpld| £

ors own as illustrated in 15 Figure 2;

as, t he. hydrocarbon startin tepial ., a raffinate
c ah baniRySaSSeHa wes St or s ramE RSt Expmle 6.
.counterflow manner at 20 L / h. Wth regard to the .

but in Q'ﬁ%??%“@@ﬁ%@'ﬁpféﬁ@g they elupIn ahacidderm sationrexshange resin and
that the stirring reaction tank in each reactor was

the caturmo of adgorbenhin4be hottom liquid cahduit tiee asivassdene indExample 6.
the reaction, an intermttent procedure was carried

A coNérsion offg5shwhidinaintdlihed 8t Y00 Yhovrd ftér bk startieptie RAction;

hydr ogen peroxi de was fed over 1 hour into the

how%?,tﬁédiﬁﬁihga%tﬁ%ﬁm@ﬁbh MaGROHIthe pré&iiid difféfénce in the

oper at’1 on s carried out for approximtely 20

st B35 o B YL PB4 3 el i B e e
anreqdlbl bl Phase, of Lhe reacton, and alost the sgrg
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

formation of the interface; moreover, the interface was also indistinct. 50 mL of this
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even after 2000 hours had el apsed. In addition, the

follow ng were conpletely 25 absent: outflow of the

catal yst into unreacted hydrocarbon due to a

deterioration in 38 the catal yst separation

performance at the catal yst separator, and a
aquepisceatalyat soutiomwas seughtl intoycardactwitn $0 mal of fresle Sepabeads

the pressure difference in the distillation columm.
adsdsbentlinardéhio adpotiotise qadrtity ©f asolmulatingampuritys \Whientthe

was brought into contact wwth 30 nL of fresh

quantitpabasslimarsrg RApuritywas #Rnh déteAfimatby the s ptdcedafe as in

accurmul ating 5 inpurity. Then, using the sane
the BIRERES ELafiples tiZada R B aXaTLEuo inpErgA IhaRlheous catalyst
L. npur.i ty. di ssqgl.ved from the adsorbent using
SOIU{éﬁWGﬁé,L%@n@bYH@' etone was evaporated to give a
resi due taken to be the amount of inpurity. According
[0066}, Exgmplg/ocedure, the amount of accunul ating
murity in the aqueous catal yst solution was 2.1 % by
geactionowh® 085 isiag thasatievproeedutsl as inExaroplet 6,ud i this case
reaction was carried out by the sanme process as in
withdutazptyingoout thetoxidatiohi teeataent usingyidroerppeioxitie. Ehe isobutene
columm of acid-form cation-exchange resin and the

conveRdisi v 9059 SR BB f tr‘eﬁehﬁﬁh&ﬂiﬂf&ﬂ“thé BBEE’\@'@MM& reh8fon. A
as was done in Exanple 6. A conversioh o 2% was
stabl@q‘egizlﬁ%rpn_ gigtiﬁé\%&tlﬁelfﬂé gnaﬂflfaﬁ{eot Qﬁq ﬁ){i@%ﬂ&{rﬂfﬁg?ﬁ%%r} was possible.

reac edgl nning a

rise in the pressure.djfference_in the distillafiaon
HowRygrs 2 dRIHe GARIES T gl wom 5081 framypbgut A0 ol e Sobutene

observed in the unreacted hydrocarbon. Ml ybdenum was
convgesien atabouldhourikk00was 84 46 and afiet therelapgeof 2000 hours was

evaporated and the resi due was anal yzed by X-ray
93.6%d and asieeline in adtivity vesscseeminvihe lshgteradrdamtianse t he
decline in separation performance at the 20 catal yst
[006BEEXaAiplI®8 Members and the deterioration in separation
at the distillation colum made it quite difficult to

CETie SflliSobae N AL ¢ U LA A, DACAR e
cnan{if B e BF FRLAAL volold PRIV RE RN 27 0% o,
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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runs, an average of 160 seconds was required until
separation into 2 phases and 25 formation of the
interface; noreover, the interface was al so
indistinct. 50 nL of this 39 aqueous catal yst
. solution was brought into contact with 30 nL of fresh
incregspd [abagt 700 @pot 19800 ppmoanik the; esall predictandrendhe igeperal
of accunulating inmpurity. Wien the quantity of
corrastarurasistancey wasmpaonfitpedas t hen det erm ned by the sane
procedure as in the reference exanples, the quantity
[0068f Exapipwibating i npurity in the aqueous catalyst 5
solution was 11.5 % by weight. [0066] Exanple 7 A
I epd ré%gﬁﬁ%véé%bﬁiéﬁ it i heSSHife PAAREUb G @%dgfh& the 3 reactors
Exanple 6, but 1n this case wthout carrying-out the
. ' ' [ r. ide. The .
in EXAEAE e et COBROHTERN s S8 B PR SRR SoutlR Figyre 3 tha
rom the begi nning of the reaction. A 10 stable .
had éé‘H&'ﬂgdﬁa@t@‘r Zenesn(volime ohgagh mixing feactignzonsg 1oekm Given
operation was possible. However, a gentle decline in
the factithat a highaisobuienefaopetsinn valBe®f 93.H% washebtainsdu adigh
conversion at about hour 1000 was 94.2% and after the
reactilitypcoeild be 200€rmhed for the snethdd @¥feading thkecatatyst and the starting
activity was seen in the long-termreaction. [0067]

mateFaRiica Bo8ntbpfloW ek ahaqéﬁtﬂfér@meﬂﬂawﬁy?a%ﬁct@rms
carried out, but in this case changing the materi al

f khring vessels to Hastelloy B (67% Ni, 28%
[006%}5&5@)%;]? whi ch generally has a better resistance

to hd corrosi on than SUS304. The ion- _,exchan resj
i Blb et SctoBrwa Bih (g e sp SoGaa S ExArRBle', but
. ..conversion was 95% at about the tenth hour fromthe
in thip £g5@ $hARIHY the Satalystite phosphatupgstic aeiddHsBW12@40) and
operation could be maintai ned and | ong-term operation
establishingothei dainge pradon concentratipmmt Tlee Sebutene ¢convacsionwas 95.2%
was seen from about 300 hours; the isobutene

after @0TOLAOAK actibn aRboids D522, 080 afesthdlelaped bfi500 heurs, Aad
el apse of 2000 hours was 94.1 % and a decline in

operﬁgﬁtg\ggéulg\gﬁwégéfﬁlsbrénttiPéy lgpagnt er m reaction. Vhen the
[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 (H4sPVMo110.0)
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 (HsSiW12040) and establishing

the same proton concentration. The isobutene conversion was 95.3% after a 10-hour
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sol ution was anal yzed after the reaction had been
stopped, the iron ion had 40 i ncreased about 700 ppm
to 800 ppmand the result predicted fromthe general
corrosion resistance was confirmed. [0068] Exanple 9
The reaction was carried out in the same manner, but
reactibmagd was $%22% evan affesthezelapseEebb@l boars; and operability problems
counterflowtype reactor with the structure shown in
werdralgoremtitely Bbsenthad 8 mi xi ng reaction zones (vol ume of
each m xing reaction zone = 15 Q Gven the fact that
[0072Ll|g'xgh1ﬂ|§qlg,utene conversi on val ue of 97.5% was
obtained, a high reactivity could be confirmed for

trmh‘ﬁ\é@értﬁ%dpr%eé@r% .éqﬂflf.)tob\?vn I@tea%ﬁtcagﬂ%ioé@tﬁﬁéf ¥ thidGase

erral i'n a counter nner an

chargit K malRiiaL b e Sitang sl 197 R SRR SUSd16(18 9% Cr.

in Exanple 6, but in this case changing the catal yst
10.0voNp mespaEs thagd. 08%ei 4 0p4-Bonwbich)a na@mcaata'wy agmall
the sane proton concentration. The isobutene
amounihofanelybdenan. JEhe2itn-axchange resiniwag alse aot installeddnithis case.
95. 2% even after the el apse of 500 hours, and 15

The ebuthd ¢anvepsion MeisE05\RYEatadisout & tartth Yoabfrent the beginning of
[0070] Exanple 11 A 500-hour reaction was run using

the reA&tGIATR sRALIE ‘?éléEtF)naépéeriﬁ éHﬂH%eﬁmahﬂbineH%%bﬁ%}qgﬁﬁ

changi ng the catal yst to phosphovanadonol ybdic a

operélﬁglr#:> %?p;o%é@e_. ?ﬁg d‘aeﬁfiﬁé’ Foﬁhélg&tté?ﬁ) R vpa{soélgg &?t sgen. and

conce I'Sobut ene conversi on was
er the

.after a 10-hour reaction an s 9 % even,_ af
the iSatins GPmegIoRcal about BRuT 400 M U5 JPARTsb ARG Iapse of 2000
also entirely absent. [0071] Exanple 12 A 500- hour
hourg m%ﬂ%mgl anactivibthdecling wasithysrrisgeneven indhe long-term
Exanple 6, but in this case changing the catalyst to
reackon.i Whemthstaquesaas cataiysi soltiofOyvas adalyzed laftes thengeaction had
been stopped, the iron ion, at 98 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 stable 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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25 the sane proton concentration. The isobutene
conversion was 95.3% after a 10-hour 41 reaction and
was 95. 2% even after the el apse of 500 hours, and
operability problens were also entirely absent.
[0072] Exanple 13 The sanme procedure as in Exanple 6
was carried out, but in this case 5 changing the
material of the stirring vessels from SUS304 to SUS316
Brief R&sdHption,of DAwigsNi , no nore than 0.08% C, 2.0% M),
whi ch additionally contained a small anount of

[0074P! ylbigafw Mshd8 the Infrared AbBBrptRw shetlRinRbf &cdifthulating impurity
installed in this case. The isobutene conversi on was

yie|dt%E-b?yo/ﬂq@tTgflR%%dAj&ﬁnBﬁgg&shour from the beginni ng of

e reactro stabl' e reaction operation could be

mai ntained and | ong-term 10 .operatign .possi bl e.
RS S P cqntnfiots piRsh Bl Hehaidtls 16 8 38 adpsot for
and the jsobutene, conversion at about hour 1000 was
carngrg ouf tedl BArsedydtiongpragess aecarding toha psesary iruentign; and
and an activity decline was thus not seen even in the
Figsiig 3tshaws thesachematicwtiagrann of anexemple of alrgattor used in the
sol ution was anal yzed after the reaction had been
TBAgirogyetibn prioeess accarding totth® present inentiont observed to
have undergone a 15 significant increase fromthe
begi nning. Industrial Applicability [0073] The
i sobut ene production process according to the present
i nvention provides a high-yield, high-selectivity,
and | ong-term stabl e 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 |ong-term
stable nmaintenance of a high reaction activity,
| ong-term continuous operation is made 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
operations and achi eves energy savi ngs and waste
reducti on.
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42 Brief Description of Drawings [0074] Figure 1 shows
the infrared absorption spectrum of accunul ating
inmpurity vyielded by the TBA production process; 5
Figure 2 shows the continuous production appar at us
that is one aspect for rr out the TBA
producti on process accordﬂﬁgz the present invention;
and Figure 3 shows the schematic di agram of an

We etaiampl e of a reactor used in the TBA production
process according to the present invention. 43 CLAIM
W claim 1. A process for continuously producing
tent but anol from a hydrocarbon 5 m xture containing

sqbut eﬂ?r@@é’séqfo*? %Bﬁﬂﬁuonf%é BFAC{Q&FH&{%’ Hﬁ&ﬂf)?ﬁérﬂ% hy§rocarbon

|sobuten Uusi ng an aqueo

mlxtgg{,g%téw@ Pﬂéu cgp Cb?{l%@/ %yl sr%ecgkvgfygﬁwamme isobutene

. selected fromthe drocarbon m xture, the catal yst
using g aqq?@qsmaluﬁh%m@'omgomanang&qﬁer anegasqaéﬁhvsh the process
circulates the at | east one; and 10 renoving a portion

compfisingdbestepsiofy i npurity fromthe recycle system 2.
The production process according to Claim1, wherein a

porezyslingatsieabiorie saldctedofrorarthe deﬁdﬁmmmﬁﬁe nhé satalyst, and
used at the step of renobving the accunulating

the tenmutaﬁm uslﬁ;; 8 redyifie BYQEHFIHAP Birdl Girljafelsthef f4stione: bRd

Caiml or Z, wherein a pore Ius of the porous

N b S e P B ol

3, wherein 20 the catalyst is a strong acid or
strong acid salt that exhibits -5.6 - Ho where Ho is

2. The production process according to Claim 1, wherein a porous
adsorbent and / or an ion-exchange resin is used at the step of removing the

accumulating impurity.

3. The production process according to Claim 1 or 2, wherein a pore

radius of the porous adsorbent is in a range of 0.5 to 500 nm.
4. The production process according to any one of Claims 1 to 3, wherein
the catalyst is a strong acid or a strong acid salt that exhibits —5.6 > Ho where Hg is

the Hammett acidity function.

5. The production process according to any one of Claims 1 to 4, wherein

the catalyst is a heteropolyacid.
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the Hammett acidity function. 5. The production
process according to any one of Clains 1 to 4, wherein
the catalyst is a heteropolyacid. 25 44 6. The
production process according to Claimb5, wherein the
het eropol yacid is selected fromthe group consisting
of 6phosphe produstion proress agtardingdordiaiml Sy whedkio thei d,
phosphot ungsti ¢ aci d, phosphot ungst ovanadi ¢ aci d,
hetesopolyadid igsélecteddram the drawy tondistiigeof phosphioaiolytadic acid,
single heteropolyacid or a m xture of 5 two or nore

phospHaPhGIPBdRHadTc Aid USRSEphbtunditicRiche %sﬁﬁoﬁfn@@ﬁ)%n_aﬂic acid,

according to Claim?2, wherein the ion- exchange resi

iliad LN ' .0 8. i )

iiodSpBe2 TR SR IR LG Wherdf o dRnTERIAR g o e of
conprising: reacting the aqueous catal yst solution and

5 two ?h?%?/ﬁ?%ﬁp?%ﬂc'ﬂ?ﬁﬂ?%&v\hi |l e feeding the aqueous

catal yst solution and the hydrocarbon m xture in a
counterflow manner. 15 9. The production process
according to any one of Clains 1 to 8, further
cofipr i sThe pradudtionprosess accoddingdatClaiovdswhersiol theyiona
oxi di zing agent. 10. An apparatus for continuously

exchaingduesinds aegHtiond@hahge¢esipr i sing:  a at |east one
stirring tank-type reactor; 20 a distillation columm

connected to the stirring tank-type reactor; a
separator which is connected to the stirring tank-type

0 o8 AR Rhoh ool 4id 1 o TR 158 7, frver
comGTAIeSEH S s SRR o e e AR e whio

feeding the aqueous catalyst solution and the hydrocarbon mixture in a counterflow

manner.

15 9. The production process according to any one of Claims 1 to 8, further

comprising: continuously or discontinuously adding an oxidizing agent.

10.  An apparatus for continuously producing terf-butanol, comprising:
a at least one stirring tank-type reactor;
20 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 stirring tank-
type reactor and / or the distillation column.
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45 11. The apparatus for continuously producing
tent - butanol according to Caim 10, wherein the
stirring tank-type reactor conprises a catal yst
separator. 12. The apparatus for continuously
produci ng tert-butanol according to, 5 Caim 11, .
whit ei nTgﬁ apperatusfarcantntously preducing fert-hutangl acgarding to
separator. 13. The apparatus for continuously

Clainor 13j wehergint thetstimingtank-tgpe oeakttogcompeisgs a@atalpst S@paratsr.
10 to 12, wherein the separator conprises a colum of
adsorbent and / or a colum of ion-exchange resin. 10
14. The apparatus for continuously producing
tegd-bu ' ; i :
i ci 1 ip SRR, R torkfudily pPf.dRlg ferEbRanbPabiorditg to
.counterflowtype reactor that reacts the agqueous

Clairtiot ) igreltipeiseprratRt R ncitet Wibdhe iR SepaTatac
starting material while the aqueous catal yst sol ution
and the hydrocarbon m xture as 15 the starting
material are fed in a counterflow manner. 15. The
appr at Tise Bppatatus forcontinyoysly preducing tart-buianahaccording to any
according to any one of Clains 10 to 14, wherein a

one oACHIM3I10 to 12)avierein themepapdtor vomprises poiwrhn of atisodent and /
| ocation in a contact with the catal yst, conprises a

or a &bRiniH 6§§n5é)&ﬁhn§€@ésiﬁ.t | east 20 conprises a O
content of froml1l7 to 21 % a Ni content of from8 to
14% and a C content of no nore than 0.10% 16. The
apparatus for continuously producing tert-butano

the.ca

ﬁg :gL’Eﬁ?tggpagt%gié:%hti%&rs%‘/ r;;ro ucing ;e%-gattanlof’agcording to any

one of Claims 10 to 13, wherein the stirring tank-type reactor is a counterflow-type
reactor that reacts the aqueous catalyst solution and the hydrocarbon mixture as the

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

the starting material are fed in a counterflow manner.

15.  The apparatus for continuously producing terf-butanol according to any
one of Claims 10 to 14, 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%, and a C

content of no more than 0.10%.

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

Claim 15, wherein the catalyst is a heteropolyacid.
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