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WD 2007/ 114479PCT/ JP2007/ 057608 1 DESCRI PTI ON PROCESS
FOR PRODUCI NG TERTI ARY OLEFI N AND ALI PHATI C ALCOHOL
5Technical Field The present invention relates
Wﬁz@mﬂi&’ﬁess for producing a tertiary ol efi Bcdg@os760s
al'i phatic al cohol. More par%icularly, it relates to a
process for producing a tertiary olefin and an

al i phatic al cohol by deconposing an al kyl

tertiary-alkyl ether 10 into a tertiary olefin and an
al i phatic al cohol in gas-phase, and separating each of
the resultant tertiarygkefiprafd the resultant

al i phatic al cohol, thereby recovering the tertiary

ol efin and the aliphatic al cohol individually,
characterized by being capable of suppressing the
HROCESSi 8AR0PRORICING FERS IARHSPLHTES M@Pﬁgﬁ%ﬁi i A QBOL:
time fromthe evaporation of the alkyl tertiary-alkyl
ether to .the deconposition thereof, thereby

Hldpginati pg.pgobl ematic bl ockages of equi pments and
-prpes—and“atgreving a |l gng-term conti nuous stable

oper athieoprofemt dnvent 26n Badlagesuno aAprocess fophproducing
processes for,producin&_tertiar okeginé and anghftif
nteskbREY By eFdn ARPGLIR P 1PBRE QATCaPRyt BPRRPETEECS Faw
matenial e : fgﬁﬂ%ﬁ 188 rfE Ok and an
ancgfegg%%?(ar%lag,gg%%sfy\gé?é 431 ptrngf/fgd%s a%rregfér)}od for
SOlpHA. & HEcdidIbb g R conpbs isg deca Bagk tent{fey-sclkiwli ¢yher
of solid acid catalysts due to the deposition of
Hiisebteytbaey odefpheand gn diipRRtis sdGERPLMHPAS Phase,
di pet hyl _ether due t he_|J.m / op

8 PO TR S bR FA U HErhanbl S and Fogste

A sumtdianah i paRdi d RAoi003- 2852 pf aeicdesrangettwdetbiary
sol ving the problenms such as suppression_ of

ohebipenst tbe dfinkatdc ahecha) tingdyiguedhvl Ghsrgcterized
met hapol , an oss._of net hanal d i | en a4
PovBotss ' saPrRle or hutet i, T A"y rar-1ike

Vi ng

E%éﬁ%ﬂé@s RLERLEN pWuhesy kY ind erromat e alvepbrathen Hf the

are ated and vaporized for the deconposition
aheyeotertaary+&ekdubstizeicetoarttdef cltepmarord tdepodiheagot,

I n equi pments and pi pes, there causi ng the bl ockage
bhe ey [t Bia9pP BOL SR (h & \ECRFEEDI 0§ TR Dhed and
pipes and achieving a long-term continuous stable operation of

plants.

Background Art

The processes for producing tertiary olefins and
aliphatic alcohols by using alkyl tertiary-alkyl ethers as a
raw material are known. With respect to these methodé, for
example, JP-A-59-88431 provides a method for solving the
problems such as decrease in the activity of solid acid
catalysts due to the deposition of diisobutylene, suppression

of the production of dimethyl ether due to the limited
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10l ong-term conti nuous operation of plants.
Accordingly, there is a demand for a nmethod for
solving said problem Disclosure of Invention An

WOh&Gh14e the present invention is to provi §rApzo7/0s7608
process fS for producing a jertiary olefin and an

al i phati c al cohol by deconﬁ%sing an al kyl

tertiary-alkyl ether into a tertiary olefin and an

al i phatic al cohol in gas-phase, and separating each of
the resultant tertiary olefin and the resultant

al i phatic. al cohol y r valjsRg the tefdd@ny and
CBPE%‘ r%WqOI]ZO Otl}ﬁemg!%gg{ﬁ(gf’i c agfégo%gls i ndividually,
JehAL 866 LI g hYvhes 98 Kafadd €odfscufipyesist pgobhens such
formation of tar-like substances during a period_of

absi sEpfressidnecEViapmraorehion ahwahekyand epfttagy-Aubanol
ether to the decanpositiOn. thereof, .
l@FPrﬁ‘%@ﬁW?gl'p?‘&‘Ellé’ﬁét?}cmﬁltBéﬂg %t ggyg‘g‘? s and o
t@fe@%s?é‘%tzg £ViNG 18 JORYE LRI TPiGRNE | 1106w 8 gt dbl em:
operation of plants. Nanel y, the present ‘
whidWeal k¥l Hettrabeg-tabkyl prheessafoheptedumichyagorized for
tertiary olefin and an_aliphatjc alcghol, whic
enPe FeERO oM SBEFHYC Em téER}Fk? e‘sr‘ihsg’wa\?‘?s?k%ﬁ &pmpd and
j nto. WQ 2007 4 P 57808} eldaudlig the
Acﬂpé’fsilﬁegn "An egf‘l %%ﬁ%%?%i%‘éoﬁ%g% gas- f)ha%e, and .
BIRRAMasN G feashu Dindrtes rasul papést entli athe oleffigudhd 1n
the resultant aliphatic alcohol, thereb reco_verli ng.
tdy-tterti eeyt plusfisnopatrEin 8 pleitc Aeohsiingly, "there
i ndivjdually, wherein 5 S JopBSpaddi ng

1 2al9ePREE ¥°5I %orﬁ%hci%l}t%ﬁe s§ﬁ8§$§tseaﬁ tary-al Kyl et her

i n advance such that the content of aliphatic al cohol

is from2 to 10% by wei ght per 100% by wei ght of the

bl sl ostueret iodlr §rnuekiyloret her, and then, deconposing the
al'kyl tertiary-al kyl ether.. 10 Brti ef. i Qi

or awiAgeb eCt 64 Y preoqRt dryRpBhbit B Hegadh Brocess
f&?&f&i@ln@xgmgﬁtﬂg?& he siecess eh dhepwdigisenticohol by
I'nvention conprising deconposing an al kyl _
secsmpssital kal atiher , tardssopaliyingteachistot he tegtiary

resultant tertiary olefin and the resultant_ali LE.
el ebiwiand per ebiPRCS _éﬂlF_ﬁS?? e (A PPy So1 B Fodageting
tegghalolfpl'\:agel Cr@é&%@lt 'ngﬁ/ﬂ:ﬂ*ﬂﬁl J)l’efin and the resultant

aliphatic alcohol, thereby recovering the tertiary olefin and

the aliphatic alcohol individually, characterized by being
capable of suppressing the formation of tar-like substances
during a period of time from the evaporation of the alkyl
tertiary-alkyl ether to the decomposition thereof, thereby
eliminating problematic blockages of equipments and pipes and
achieving a long-term continuous stable operation of plants.

Namely, the present invention relates to a process for
producing a tertiary olefin and an aliphatic alcohol, which

comprises decomposing an alkyl tertiary-alkyl ether into a
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Figure 2 is a graph based on the results of Exanple 1
and Conparative Exanple 1 as shown in Table 1. 20
Expl anati on of Reference Nunerals 1. Al kyl

' -.al kyl ether, 2. Aliphatic al cohol,
‘%SE@QQ%%?%tor, 5. Waste heag recovery equipﬁgﬁgeﬁgaﬁwms
Preheater, 7. Deconposition“reactor, 8. Separation
step, 9. Extraction 25 step, 10. Water, 11. Tertiary
olefin (product), 12. Purification step, 13. Aliphatic
al cohol (product), 14. Waste water WO

20Q7/ 114479PCT/ JP2007/ 057 . for . L t
OSSP ERORY RBA0. & ML PSR PR e
d&fdd-anvoaldadh efhethd ordsulisatt asertimaw ritefiinalanidn the

the present invention include nethyl tertiary-butyl .
wshdrtanét Ayiphatrid azrlyobgitwtlmq@ém rgEepSring the tértiary

Stertiary-butyl _ether.and. t i ke, . .
St el e D oTie Bl o
%{33’%5‘% %nip%i?%geﬁahhﬂ% P5OUACHSh AV USiIIRGHB] to the alkyl

ati1on fraction (spent BB), which is a residue

teftiafi-ankihe eatieradin euvendeutsaditenthdl ortheaa @ptent of
hydr ocar bon m xture_obtai ned 10 by steam cr i ng of.
AUTRAAC 85cahe hkenBrah 2O 1ekap e SBE R O Hpiont
i pcl,ude ' ntal ni S ' 0 siagCéhe
of ot PateEn et SO R, Ao 20 P oty o
wek ghtt oft ilasgbull ¥y enethdr om 10 to 40% by wei ght of
1-butene, from 10 to 20% by wei ght of 2-butene, from
10 to 20% by wei ght of 15 n-butane, from1l to 10% by

[ Ls-butan-,.fronw&sl to 2% by wei ght of
R eI e P roRT o064 t 0 0. 2% by wei ght of
Sne 1The JThxhener genenghhy stoRtiagnsn kexample of the
several ppm by weight to several hundred ppm by wei ght
ptoaess ab feblyeleprgeemthd ralefiope £OMAF {5 Hik ylempesing an

duced by using t t_BB i .
R e A T

rale@lihyay ahb all0 1IMEBE papenal byalcohol,
%%%tﬁgft“%gtftég%g%ggpm by wei ght to 0.5% by wei ght of

wekbangl recoverihg vhewtefrttiheycodpssnt iapd dhet fpeliphatic

spent BB, the formation nechanismof tar-Iike
asehahcerdaldualidl-ve pol ycondensati on

Figure 2 is a graph based on the results of Example 1 and

Comparative Example 1 as shown in Table 1.

Explanation of Reference Numerals

1. Alkyl tertiary-alkyl ether, 2. Aliphatic alcohol, 3. Pump,
4. Evaporator, 5. Waste heat recovery equipment, 6. Preheater,
7. Decomposition reactor, 8. Separation step, 9. Extraction
step, 10. Water, 11. Tertiary olefin (product), 12.
purification step, 13. Aliphatic alcohol (product), 14. Waste

water
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25 reaction of al dehydes, polynerization reaction of

di enes, and C-C bond formation reaction such as

carbonyl ene reaction (Prins reaction) and the |iKke.
present inventors have perforned j

V@g@@?Thgﬁd finally found the suppressing vé@&bﬂ%&mmﬂms

2007/ 114479PCT/ JP2007/ 057608 5 effect of aliphatic

al cohol on the formation of tar-like substances in the

present invention. For the purpose of obtaining

i sobutylene as a tertiary olefin and nethanol as an

alip gti alcqpol N@%g &gv efgrably 5Sused as an

deconposed in

gas- pRass1éd Jhenkr ool teR¥eaty-odikyl ethExanpbesuséd as

the aliphatic alcohol in the present invention include

arethanalateethindin ahbiet brebekt. IMvenGieReMmnPrere eyl

i s _methanol , si i all; i | ab! E
GGPANT JILEL CERFns 0 1 Sy RECR YO8 sRPY

' 0 h Ciipgd above, and nethano
%%hggkgrgFggib§E?:%E%E%gﬁ%og??§bn of MIBE. The
met hadef 91 ke a@masrygal kel athelr terds aspdalkheephesent
is not particularly |limted, but_includes, f%; tillation
axeaniion als5opReRBHIGORPPIYFHY OHarfiviy afy dtstiriatio
| um.num cont ai nj Si bl taly tral VSt drt Ene
gr&i’cregd'é)tnor \SEC pgggf ng}hg%ﬂaﬁ%yﬁét 3%??2?5 aqfl%ksl et her
Lh00uah ohhb 8 vueaat ehe frer £lny Nedompogiongni keud kptained
tertiary-al kyl ether. The nethod for separating each
of stemer tracking affi nanhth20 agnaarapmetiediatco afnpﬁr&sh"f

of mhicF are obt ai ned, th iLEQPm andomponent
Fee SPEPFITY fﬂfégf%?tai%]r%uoﬁeeg?%ggaﬁgﬁ?%e 35 phatic ’
Q'&Oﬁgétiﬁﬁéﬁfi&iy%b}étﬂ@a donehlifleng der@Bonet Bodl byf eeight
exanple, a nmethod conprising (i) separating each of a
bertdcany yakeki nfEromtldl fpnt0% bynaei gkt ~Brtepe, from 10
azeotropic aliphatic é? al coh and .a.,di ilk tLQBont of
F?a@?%oﬁynﬂ?hgékp%%s?" Wqﬁf%ﬁ(gﬁ?maﬁppﬁgtégéa gohoPgBy °
9'—8&%£+£F 0y {idd) 19%%@%&@&6@ 1328atE0P) CCrak phatic 2%
al cohol in tﬁé tertiary olefin with water, thereby
Bbtad ity ofthe, Bevttadierns ehdnframd.-Oli 9 G&BabatWHght of
WO 2007/114479PCT[JP2007/05769§ . 1
propadiene. The mixture generally contains from several ppm
by weight to several hundred ppm by weight of acetaldehyde.
As the alkyl tertiary-alkyl ether produced by using the
spent BB as a raw material, methyl tertiary-butyl ether (MIBE)
is generally selected. A commercially available MTBE generally
contains from 1 ppm by weight to 0.5% by weight of methanol.
In view of the composition of the spent BB, the formation
mechanism of tar—-1like substances may involve polycondensation
reaction of aldehydes, polymerization reaction of dienes, and
Cc—C bond formation reaction such as carbonylene reaction (Prins

reaction) and the like. Thus, the present inventors have

performed various tests, and finally found the suppressing
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6 mxture of the distillation fraction mainly
consisting of an aliphatic al cohol and the azeotropic
al i phatic al cohol extracted with water into the

V{gn(#ola},} t4j’7g al cohol and waste water by distil IPEHJ% 71057608
} or t_?we

erepby obtaining the aliphatic alcohol. 5
pur pose of producing a tertiary olefin and an
al i phatic al cohol by the deconposition of the alkyl
tertiary-alkyl ether, an aliphatic alcohol is added to
the al kyl tertiary-alkyl ether prior to the '
copposi ti.qn. thereqf, | he,Phesent, diMelh @F tHielike
e%&leﬁﬂgf)i%c aa{'llggﬁg:ﬁci slacgg-gid gach 10 that the content of
SAbsphates Bl calwlprfsear iheemiitn.i on thereof is from 2
to 10% by weight, preferably from2 to 7% by vvei‘{qht .
per [60%hy meingae of cheaihiyg IsOOUtyLEng R§| 2 etHerary

Wh th tent_of aliphati.c. al [ :
P FaBi Tohh Shiph Acsal R B e SR PIE bheftny
Js%rd' !aisk m ‘éﬁ%ﬁn%tﬁrgﬂxmﬂ benstf b chentityomposed in

obtai ned. When the content exceeds 10% by wei ght, an
RPPhbskoibethe eatexkntn iaveubseguent step i s

i ncreased, thereby causing econonj ¢_di.sadvant .

The FEPRBUCRRG he 241 PR Fif SLatiimy PRSP BRANT ¢ vention
al cohol al (o s b k¥l abhRely Bén, Nptet d
o ‘ﬁ%c?ulf‘%%éyrn?ell'meié }ééné%aagﬁﬁgﬂn%q;s a honrog%’eneous?me'ax(iﬂﬁrge
of ddmapliyl sieck ar yoahkytistherawrid sie MTBBhaenerally

al cohol is attained. EX@”E' es of the net hoo[ti r}cl ugg a,
cmtieddisc Sneni hivrp RyedrhghhERI%y? PErYRLIRE QT EERanc-,
ether together with an_ali [.c.1al gaho f of
77 oS FIRRY 1R Wy P Rer T Aol I ofRer i By’ Ofne
St Mgy NG :dnPbrenter ., f eeding the aliphatic al cohol to

a pipe for transporting the alkyl tertiary-alkyl eth

i n t Hthe meBhod ifde dgcamespoap:hd ﬁlléﬂjditteiréﬁ?rt’ﬁ%l%ﬁ%er
effect is produced by, i.ncreasing . i.Q of-.an

551 Phat Pax oF Qorer L of B (Gekiq Beg” 4B el el example, 2
1%89&4&1%%%8?%&&&’20:@&95&@0&1 aluminum-containing silica

catalyst as a catalyst into a reactor, and passing an alkyl
tertiary-alkyl ether through this reactor, thereby decomposing
the alkyl tertiary-alkyl ether.

The method for separating each of a tertiary olefin and
an aliphatic alcohol, both of which are obtained by the
decomposition, and recovering the tertiary olefin and the
aliphatic alcohol individually may include a known method, for
example, a method comprising (i) separating each of a tertiary
olefin containing a small amount of an azeotropic aliphatic
alcohol and a distillation fraction mainly consisting of an
aliphatic alcohol by distillation, (ii) extracting the
azeotropic aliphatic alcohol in the tertiary olefin with water,

thereby obtaining the tertiary olefin, and (iii) separating a
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7 tertiary olefin in the synthesis step of an al kyl
tertiary-alkyl ether. In this case, however, it is
difficult to separate a | arge anount of unreacted

i phatic al cohol, which is left after the j
v@l’é@” ]f‘m?he al kyl 5 tertiary-al kyl ether, i%ﬁ?&g&%ﬁémos
séparation step. Therefore,” the site for adding the
al i phatic al cohol is preferably in upstream of an

evaporator to be used in the deconposition step of the
al kyl tertiary-alkyl ether. The addition of the

| i phati ¢ al cqhol . 1o the al kyl. L ALynal kyln .
i OBe e Lot R, EAEy Ot ity EhnBl inPUIE
a‘i‘ﬂEﬂHEi@d LU AUOLSE Y td Opdestispieepltipratic alcohol
Cco

centration of aliphatic alcohol in the alkyl
duefhibaey vdlthywaedthéntc dhet alitohand ctal ealisdr 83 WasEe Water

stably the formation of tar:ljke substances, 1 f,t
o CantalpkiT-c BIEERY OBLELHIED B e PHeEs R ar
of the alkyl Lar e yiheryesyetied ard
usedggg %Eé gﬁféﬁggf%f2%%%%%?5?o%bg€agdeﬁyto tﬁ% alkylan
418k ¥- ahkybnél hesy Fore exsepposihéon MIGE  the alkyl

synt hesi zed by using a spent BB and nget hapol W
rettdeirat-s L k¥l debleriposty DR tdst aiAOPRLLUT y?‘g‘ieec[ Z\h"d the

met hapol , . t he ded th I i f f
TP REhLer e S sRRr b Baths, St SEfubdtudion Mhercot
1 emethe. degomReshtiqn, prigsludtiphatic alcyuileid adsed such

schemati ¢ di agram showi ng an exanple of the roceﬁé,t.
clonpr tisé ngogteewinposi aginke i kyrleehad aprfter ke effigt tion

25 and separating eagh. of the .resul rddoar g

GRRIIAF 3A0E 1L 2 Bt [aRY TGN P-4t cofol - Cher oy * >
ri R RY rebh8 Aand 1t herslhphatliyl ether.

é?% 1§Ib?%d%@?%&ﬁfﬁﬁgé%anIEyl tgg;iari-alkyl ethe?,

§Hdn 2he Entantphabiléphbtbhelcogl is less than 2% by weight,

2007/ 114479PCT/ JP2007/ 057608 8 (2) are, m x f

Roe RS 09) BT DIl KBt TP 1 CFCBRF G (g oo Cnoes

Li phat | o i anSPy 8gcddds 10%
R e e S I R 1 e

Hor ik agyt Al dey | aneither toi bed twethed hen at | pregsaregitc 6heP 1S
IS vaporized by the evaporator _ﬁ),,S and eated by a
wasteadedt FrareRyr FaEgRPnRIRRYSC Si§28VpPERSEier (6).
Then, _t he ated alkyl tertd —sak kyl 8hphstieditdhol
a decgﬂ%&elt{t%ﬁogna?@ac eorsa%)f%%dtéhgfge?% Iglecgnposed

Bt Ehd all R L i@t 1ahk§ft-h Dk and tar rad thatipa el icolielk 1y THai ted
resultant tertiary olefin and the resultant aI{Phatj&k 1
alscahob as ea dovlaenpoupymbx i@ 1 &g alédvEptiary-aixy

equi pnen 5), .and separat i ndi_yi y i

seg'-ﬁ‘ﬁlra??%ﬁ(hs% apipaytt a&ﬁﬁﬁslagr%l?\fﬁt%g?‘ Ietld he Eg{la?%)l%gts [ QF the
Qr{eq:%laﬁl GARt ahpedy i Npdherd erddrdainhef | Heb8ivxt raxct edlkyl
Wt

b
water (10) to be supplied in an extraction ste
(Dt ibherebyybbitiar nggebeet erittibapp @lwlpentl(cmaéaewf to a

g;ﬁ%ﬁ for pressurizing the alkyl tertiary-alkyl ether, by
joining a pipe for feeding the aliphatic alcohol to a pipe for
transporting the alkyl tertiary-alkyl ether in the inlet side
of the pump. In addition, the same effect is produced by

increasing a ratio of an aliphatic alcohol to be used to a
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15 Meanwhile, both of the aliphatic al cohol separated
in the separation step (8) and the aliphatic al cohol
extracted with water in the extraction step (9) are
f purification step (12), wherein wa
‘Y‘igﬂ(’g/?g%s(’epar ated, thereby ,%t()t ai ning the al ?Eﬁ/ﬂflﬂ{i:ﬁtfsmos
alcohol (product) (13). 20 anpl es The present
invention will be illustrated in nore detail wth
reference to the follow ng exanpl es. 25Exanple 1
According to a process as shown in Figure 1,
i sobut yl en nd net hapo C i NG, ,MT 1
L& ﬁFggi naf?fjorﬁw about P]E)éS %I?H?%%%ye%e%hﬁof ol iy
t%g%@%g%a@%p Jrawrmatef kahs Mydjanohevd it is difficult
007/114479PCTOP2007/ 057608 9 was conti nuously added
oo SdPBEasech Lhaget smowdntahtursfeastedandiPhakEs wRfiGRrel.

one originated fromthe above-nentioned raw.materialy,
WReSPN ot S| ek h&f E8%, bV“?/\eisé’ﬁ‘ttggé?'slo%%poy fei %ﬁ% Hueyn
hé!:%&'a ;hgﬂkywe%e%si?{ AR 528 Byi A s@¥BPOre@efodf the
1iwea &d by a waste heat 5 recovery equi pnent and a
Jinehest eddifigame & hiptrenitceal dABE haprederably in upstream

deconposition reactor charged with an . . ‘ £ the
off @i AUAPRBAERN fingesiFed d it &8 JEEOmRRR: T8y SRR ©

C osed. Bot ' utyl ene and net hanol obtai ned
%]3‘3&1 e&*glar af]f%néﬁ%l?f.

conposi of MIBE were cool ed by a waste
heat 7iHRCOoVEIM iali pfedhe andphBtsepalabbdli ridi vikduadliyl
inafirst distillation colum. By extracting a smaljc .
emiuirar o Ll harietr et BE reerdurtesopnt §rehet Sty nBlt *8

fromthe top of the first.distil]atjo W

RERERT yang‘é&‘%‘f%tﬁq oﬁ%%f%‘ﬁ%‘fs% so ht ;brg%éu?g?odﬁ%?) the
-ahtaied &t ot bgnien: af cbhel ext fies kil arlrtitimry-alkyl
en, nethanol 15 obtained fromthe bottom of the

gtnst clirsttantabihdnteotupnrensdmope FeaRAYothqwfogpation of

m xture obtained fromthe bottomof the extraction
EBF hhkswesTs&@Pf 88t ed to the separation treatnent in a

SeCOQzQ d%a&te' Ioatign col yhtthenabynebt abwidhdtet bgnothe
(product) "at the top of the second distillation colum
aBdompss £t 2nat eheatl Kyllet daotitaory-efl kiyhee thxsirumay bg recycled
o BaRacRT of bt TS ena P Dok abe BT afdrto e ¥Ry
SARLETEPLR A JLEES | ouahi il Wherekpprabina by
Rs@8§UL &spMas BRChRASEstHIhodbant raw materials is decomposed
to obtain isobutylene and methanol, the added methanol is
preferably used for the synthesis of MTBE together with
methanol obtained from the decomposition product.

Figure 1 is a schematic diagram showing an example of the
process comprising decomposing an alkyl tertiary-alkyl ether,
and separating each of the resultant tertiary olefin and the
resultant aliphatic alcohol, thereby recovering the tertiary

olefin and the aliphatic alcohol individually.

An‘alkyl tertiary-alkyl ether (1) and an aliphatic alcohol
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25 5 kPaG during from76 to 323 operating days, due to
the deposition of tar-like substances. After opening
and checki ng the equi pments and the pipes, it was

t only a small anmount of tar-1ike
‘&ﬁg&g’é%‘g% ted therein. WO 2007/ 114470PCTRPID00T LOBTYS
10 Conparative Exanple 1 Exanpl e 1 was repeated
except that the addition of methanol according to the

present invention was not performed. 5 The operation
was carried out for 365 days. The pressure of the

apor at,or was,incr.eas bout. kP i
i S e A R e
{138 whitkgasuUbSIRNERI. (#Y tera QReRI Agr andeleckt gy tthe alkyl
equi prents and the pipes, it was observed that a | arge
aemiintr yofa Ikyil - ¢ e 1DsuBtecambiesl wast depwsalkad ¢hasapixed

part of them The results are sho in,Table 1.

TEE DoAY At e o e TAPTHE BV AR TR BT aiel 4
QN8 LORELAL 1,DY HaYSs+ A% SOWe ddy kP! &ndiprh® S(¥Whnd
gr apﬂl ca%‘?y Pn aFi gure 2. Wile the-eE%}e)vi%%J?pat or p(:sgssul}e 2
bhelxatgy €6) . Wahenptthel bestid dityil at 4yt ichramgélyl tetder is
pressure in Conparative Exanple 1 was dramati cal |

F 7@ rtoad elp GFPOS LEB BRI FSFOSp e a PP Ag-RRARD eCqERFosL ARt
thgt %9§rad9HéffH‘éHa'B§ %EBha ECOL AL NG, T 0 e RLESERANt
Fn 8ﬁ I orryvvas necessary or a ong-term cont | nuous

PRBE 841 PBl &S nSAMhE rdoxafphe allipka t@pedlatdhod ey sooled

(days) Exanple 1 Conparative Exanple 1 )

by a waste heat recovery equipment (5), and separated
individually in a separation step (8). A small amount of the
aliphaticalcoholcontainedjjlthetertiaryolefhnisextracted
with water (10) to be supplied in an extraction step (9),
thereby obtaining the tertiary olefin (product) (11).
Meanwhile, both of the aliphatic alcohol separated in the
separation step (8) and the aliphatic alcohol extracted with
water in the extraction step (9) are fed to a purification step

(12), wherein waste water (14) is separated, thereby obtaining

the aliphatic alcohol (product) (13).

Examples

The present invention will be illustrated in more detaill

with reference to the following examples.

Example 1
According to a process as shown in Figure 1, isobutylene
and methanol were produced by using MTBE containing from about

0.5 to 0.9% by weight of methanol as a raw material. Methanol
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Evaporator pressure (kPaG Content of methanol (% by
wei ght) Evaporator pressure (kPaG Content of methanol
(% by weight) 76 747 2.67 733 - 123 746 - 736 0.51 186

WO 2007/114479 PCT/IP2007/057608
- 9

was continuously added to MTBE such that the content of methanol,
including one originated from the above-mentioned raw material,
was not less than 2% by weight per 100% by weight of MTBE. Then,
MTBE was vaporized by an evaporator, and heated by a waste heat
recovery equipment and a preheater. Then, the heated MTBE was
fed to a decomposition  reactor charged with an
aluminum-containing silica catalyst, and therein decomposed.
Both of isobutylene and methanol obtained by the decomposition
of MTBE were cooled by a waste heat recovery equipment, and
separated individually in a first distillation column. By
extracting a small amount of methanol contained in isobutylene
obtained from the top of the first distillation column with
water in an extraction column, isobutylene (product) was
obtained at the top of the extraction column. Then, methanol
obtained from the bottom of the first distillation column and |
the methanol-water mixture obtained from the bottom of the
extraction column were subjected to the separation treatment
in a second distillation column, thereby obtaining methanol
(product) at the top of the second distillation column and waste
water at the bottom of the column.

A change in a pressure of the evaporator over time was
monitored to determine the blockage states of equipments and
pipes in downstream of the evaporator. The operation was
carried out for 325 days. The pressure was increased by about
5 kPaG during from 76 to 323 operating days, due to the
deposition of tar-like substances. After opening and checking
the equipments and the pipes, it was found that only a small

amount of tar—like substances was deposited therein.
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Comparative Example 1

Example 1 was repeated except that the addition of
methanol according to the present invention was not performed.
The operation was carried out for 365 days. The pressure of
the evaporator was increased by about 80 kPaG during from 76
to 323 operating days, due to the deposition of tar-like
substances. After opening and checking the equipments and the
pipes, it was observed that a large amount of tar-like
substances was deposited in each part of them. The results are
shown in Table 1.

The results of the changes in the evaporator pressure over
operating days, as shown in Table 1, are shown graphically in
Figure 2. While the evaporator pressure in Example 1 was not
substantially changed, the pressure in Comparative Example 1
was dramatically increased after about 250 operating days. It
was found that the addition of methanol according to the present
invention was necessary for a long-term continuous operation,

as shown in Example 1.

Table 1

Operating | Example 1 Comparative Example 1

days Evaporator | Content of Evaporator | Content of

(days) pressure methanol pressure methanol

(kPaG) (% by weight) | (kPaG) (% by weight)

76 747 2.67 733 -
123 746 - 736 0.51
186 753 - 745 0.87
244 751 2.50 760 -
283 746 2.56 778 -
305 750 - 797 0.69
323 751 - 816 -
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797 0.69 323 751 - 816 - WO
2007/ 114479PCT/ JP2007/ 057608 11 Note: The "-" as shown
in Tabl e 1 means that the content of nethanol was not

er In this regard, MIBE used as a
‘ﬁ‘g%@lﬂﬂa cont ains about from0.5 to 0.9% ber\%ng 007/05?608

Exanpl e 1, nethanol was continuously added such that
the total 5content of methanol was not |ess than 2% by
wei ght per 100% by wei ght of MIBE, whereas net hanol
was not ba:jded in Conparative Exanple 1. Industri al

Lty 10Accor. th £ e
% % or p?%d%%:glwr?g 121 ter?lgar yﬁegsfeﬁ%{égngﬂ\gn%h@@nt ot
ARl Gadl sohQlet¢rmdaeanpost hianrafkyd, MTBE used as a
tertiary-al kyl ether into a tertiar%/ ol efin and_ an

3

wdw pleetdrdadl cohbhing amitpfzen, 0aﬁd éba‘%%aﬂ%yeé%h of I

the resultant tertiar
Example 1, methanol was %ogltglf'nllgus A ad ed sqlschl Eﬁ‘gtt_ the total

content of methanol was not less than 2% by weight per 100% by
weight of MTBE, whereas methanol was not added in Comparative

Example 1.

Industrial Applicability

According to the present invention, a process for
producing a tertiary olefin and an aliphatic alcohol by
decomposing an alkyl tertiary-alkyl ether into a tertiary
olefin and an aliphatic alcohol in gas-phase, and separating
each of the resultant tertiary olefin and the resultant
aliphatic alcohol, thereby recovering the tertiary olefin and
the aliphatic alcohol individually, characterized by being
capable of suppressing the formation of tar-like substances
during a period of time from the evaporation of the alkyl
tertiary-alkyl ether to the decomposition thereof, thereby
eliminating problematic blockages of equipments and pipes and
achieving a long-term continuous stable operation of plants,

is provided.
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15 aliphatic alcohol, thereby recovering the tertiary
ol efin and the aliphatic al cohol individually, _
characteri zed by being capabl e of suppressing the
formation of tar-1like substadé&es during a period of
time fromthe evaporation of the alkyl tertiary-alkyl
ether to the deconposition thereof, thereby
20el i m nating problematic bl ockages of equi pments and
pi pes and achieving a |ong-term continuous stable
operation of plants, is prauadasE 12 CLAIMS 1. A
process for producing a tertiary olefin and an

al i phatic al cohol, which conprises deconposing an

al kyl tertiary-alkyl 5 ether intp a tertj.ar lefin, .
and” af RHGRRR forpEetinh aghet bhakE © %éﬁgrae& F‘ﬁéphatlc
each . of the.resultant tertiary o ' e ;

FEERRPhn ME FB T p e diad ety g B R RIS sev gy -atint
é@%&k?“%ﬁﬁfﬁ'ﬂ 2pdathe Aldmhatiggakeondliphatic alcohol in
I ndrvi dual 1y, mﬁereln the process conprises addi ng an
ghkPpRbEe, %@B@Eaﬁ:@tii&g ddeh affkythe trestilanytatéytiary olefin
ether prior to the deconposition thereof such that the

andt eht ebsallitphat d ighethol ailsohodm Zhegebyysegovering the
wei ght per 100% by wei ght of _the al kyl tertiary-al kyl
sexBiargndel abhn cﬁertdm%a@i nglinBagiRy|2}ePhohy ;}%%‘iu&llyr

her ,, d wh [ t.of th i phati.c. al cohol
GbSe e S oL Sl S LA £ ALy conon eo

ELUCT ] EOFLER e enes et b aitloaition

PLRCESS aped €hA8 tReClehftAt ¥Hesaeiphibec CONESHGL Ofs from 2
20al i phatic alcohol is from2 to 7% by wei ght per 100%

by et ght wefighltepakkydod et wvaighaldd/ fchet Adkyl tertdiary-alkyl
The process according to claim1, wherein the alkyl

eeherar pndl kpknet feconposapsr Fred by hrt eelvratdkkyl ether,
and then, 25is deconposed in

S- phase.
and wherein a part of the aﬁapﬁgéﬁc alcohol generated by

decomposing the alkyl tertiary-alkyl ether is recycled and used
as an aliphatic alcohol to be added to the alkyl tertiary-alkyl

ether.

2. The process according to claim 1, wherein the content of
aliphatic alcohol is from 2 to 7% by weight per 100% by weight

of the alkyl tertiary-alkyl ether.

3. The process according to claim 1, wherein the alkyl
tertiary-alkyl ether is<waporized by an evaporator, and then,

is decomposed in gas-phase.

4. The process according to claim 3, wherein the aliphatic

alcohol is added in upstream of the evaporator.



