PROCESS AND CATALYST FOR CRACKING OF ETHERS AND ALCOHOLS CROSS-REFERENCE
TO RELATED APPLICATION [0001]This application, pursuant to 35 U.S.C. 119(e), claims priority to
U.S. Provisional Application Serial No. 61/020,883, filed January 14, 2008, U.S. Provisional
Application Serial No. 61/022,119, filed January 18, 2008, and U.S. Provisional Application Serial No.
61/094,676, filed September 5, 2008. Each of these applications is incorporated by reference in its
entirety. BACKGROUND OF DISCLOSURE Field of the Disclosure [0002]Embodiments disclosed
herein relate generally to catalysts and processes for the decomposition of ethers and alcohols to form
olefins More specifically, embodiments disclosed herein relate to hydrofluoric acid treated amorphous
synthetic alumina-silica catal sts useful for the decomposition of ethers such as alkyl tertiary-alkyl
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products, isobutylene andi§ta &é@ ASAEEN AR ABEVaASTE Bplications.
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Application Serial No. 61/022,119, filed January 18, 2008, and U.S. Provisional
Application Serial No. 61/494,676, filed September 5, 2008. Each of these applications

nes. i

1s incorporated by reference in its entirety,

BACKGROUND OF DISCLOSURE
Field of the Disclosure

[0002] Embodiments disclosed herein relate generally to cataiysts and processes for the
decomposition of ethers and alicohols to form olefins. More specifically, embodiments
disclosed herein relate to hydrofluoric acid treated amorphous synthetic alumina-silica
catalysts useful for the decomposition of ethers, such as alkyl tertiary-alkyl ethers, to
form olefins, such as tertiary olefins.

Background

[6003] Ethers may be decomposed to corresponding olefins and alcohols in the presence
of an acid catatyst. For example, alkyl tertiary-alkyl ethers, such as methyl tertiary-butyl
ether (MTBE) or tertiary-amyl methyl ether (TAME) may be cracked to tertiary olefins
and corresponding alcohols over an acidic solid catalyst. The resulting olefin products,
isobutylene and isoamylenes, are important raw materials for various applications.
Isobutylene, for example, is a raw material for production of synthetic rubber,
Isoamylene is a raw material for various specialized applications, such as herbicides,
flavors, fragrances, and a copolymerization agent, among others.

{00041 One major difficulty encountered in the catalytic cracking of alkyl tertiary-alkyl
ethers is a relatively short catalyst cycle length, generally caused by polymer deposition
on the catalyst due to the highly reactive nature of the tertiary olefins. Additionally, a

very small amount of dienes or diene-precursors may be detrimental to catalyst longevity.



[0004]0One major difficulty encountered in the catalytic cracking of alkyl tertiary-alkyl ethers is a
relatively short catalyst cycle length, generally caused by polymer deposition on the catalyst due to the
highly reactive nature of the tertiary olefins. Additionally, a very small amount of dienes or
diene-precursors may be detrimental to catalyst longevity. Thus, dienes and diene-precursors in feed
streams are typically removed by hydrogenation, distillation, or both. 100051Various natural clays are
acidic materials that can serve as catalysts for acid catalyzed chemical reactions, such as the cracking
of alkyl tertiary-alkyl ethers. Clays are naturally occurring crystalline phyllosilicate minerals (mostly
aluminosilicates) with various impurities. Aluminum, magnesium, calcium, sodium, and the like, are

important cationic {;g&npo&}eelg}etss %fnld’;\yglreed _sgé%%}eszoginler{al%eWhgtpe these cationjc ?&gjecies, esiecially
mono and divalent cations. Afe ramoved by Broper chemicar maane BTN stBRE AN diEZREES Y
introduced to the dizgroganefiois distitlafiery capedierve as acidic catalysts for various chemical reactions.

100061Ma s have{ayered or o plg[%g uclyres.For exa le, kaolin, montmorillonite, .
attapulgite, bentonite, be}?gﬁtes?ané other clays ﬁave ayeerrlgcfn;ﬁ%?c%ﬁ?egér\y\?haesn csalﬁ%E S(c%: af?é’: g%d

properly treated, tisaiplyarsbrtergarerardtiss Asiehnie dhe errikine afeaiadatstiziacaleylsithbsrpil@iymay be
introduced betweepdhaisianyavesinaddiiondo gﬂ&@?gca‘céq{ﬁﬁtﬁ@(E'E!&i&l?iﬂﬁﬂﬁm?i%&é&‘)'%m

multiplies the number of ¢atalytic acidic sites. 100071Both acidic clays and 'synthetic aluminosilicates
have been used a¥&MHSIBPIGHS o fHEME YR Gk Godity cardijRedike afemigPRa®In has
been utilized as a canonieiotipbitineosynbesisivi-zaakitall wWiespherafonr Heditionaliially
dehydration of ethanol to et ¥Ief\n% over mixed oxideg of alumina-silica and alymina catalysts was

agﬁ alen %Sa

studied by J. Koubek 6t BT SF THE™ s Th e RANA SPEBISA Bl sh sl F5B°%853,
1980. are introduced to the clay materials, and they can serve as acidic catalysts for various
chemical reactions.

10006} Many clays have layered or ordered structures. For example, kaolin,
montmorilionite, attapulgite, bentonite, beidellites, and other clays have layered
structures. When such clays are properly treated, they become quite acidic. As a means
to increase catalytic active sites, pillars may be introduced between the clay layers in
addition to creating acidic sites. This pillaring technique muliiplies the number of
catalytic acidic sites,

[3067] Both acidic clays and synthetic ajuminosilicates have been used as a matrix for
producing fluid catatytic cracking (FCC) catalysts, Calcined kaolin has been utilized as a
raw material in the synthesis of Y-zeolite in microsphere form. Additionaliy, dehydration
of ethanol to ethylene over mixed oxides of alumina-silica and alumina catalysts was
studied by J. Koubek et al., Proceedings of the 7" International Congress on Catalysis,
Part B, 853, 1980,

[6008] U.S. Patent No. 4,398,051 discloses obtaining high purity tertiary olefins, such as
isobutylene, by decomposition of alkyl-tertiary-alkyl ethers over acidic catalysts. The
catalyst used was an alumina compound supported on a carrier containing silicon
dioxides. The alumina compound on a support is decomposed by calcining at high
temperatures (750-1000°C). The carriers included silica, montmorillonite, kaolinite,
attapulgite, silica-zirconia, and others. However, no data regarding catalyst stability or

catalyst deactivation is presented.



100081U.S. Patent No. 4,398,051 discloses obtaining high purity tertiary olefins, such as isobutylene,
by decomposition of alkyl-tertiary-alkyl ethers over acidic catalysts. The catalyst used was an alumina
compound supported on a carrier containing silicon dioxides. The alumina compound on a support is
decomposed by calcining at high temperatures (750-1000C). The carriers included silica,
montmorillonite, kaolinite, attapulgite, silica-zirconia, and others. However, no data regarding catalyst
stability or catalyst deactivation is presented. 100091U.S. Patent Nos. 5.043,518 and 4,691,073
disclose a process using clay catalysts for producing isoamylenes by cracking TAME over various
natural clay catalysts, such as attapulgite clay, treated with an agueous hydrofluoric acid (HF) solution.
Benefits di by treating the tur%l ys, with FIE 'ncé a higher activity and increased catalyst
stability, wﬁ%ﬁﬁg meaiﬁugg) ?f?ePetrrﬁ%s'o ’g‘g&%r%‘t‘éir%ﬁéﬁa ll;}rge%rié‘apﬁ%e%i RO At g o‘f?(%?\%setﬁgsion of
TAME. This type éfichaydisr g dseamofferctiviy ceaeiyee forliie pradurtion sitisebdtyenaifromiBE.
These patents alspmenipndise ofsuinelis davs RARSANGARGLCDR PRS e AR daBdiggted

toward synthetic clays. [0010]Commercially, attapulgite eﬂa catalysts are sold as granules.
g6

Unfortunately, att&ptaigied dayieatng dhs agtHet yBréudsrmdy Bagr AdléHo aan indreasehtment
further weakens themphysicabiinie guibicivhiehismeraureddin attitiondate Aeashing siaraih.fs a

result, the HF treated attapulgite clays mu andled with care, and the catalyst life is typically no
more than 6 month§. ?wg%l(‘%tﬁ%?vﬁgﬂﬁﬁﬁ% g%'tp&%a’%ﬁtﬁgﬂ@fé Ayt ’é’%?&%%%l%ﬁ%. Such
catalysts must be tredtetborod thatruwidenteficerbliBErt Tice iadigpasalnrddiigue tiewastif gseducing

tertiary olefins. Additi r ountered 1€ large amount of HF required for the clay
treating process,%ﬁcgg%g%?ggﬁgvﬁmggﬁeg ?e]c,%&%@(s H;recgecg%vfarg(séyn tgeucn%l%}%’l

rial costs and creating a large’amou uorinated waste
solution. Ali¥&dgh the HComaterdialitapatigitelgienelatesmiptinfavastbimaterialsicthe Safutoentinig, and
deactivation are aaﬁ'gmf" NI prQvement stS. OO ther downside to
use of HF treated clays %‘r}]%ludgs incr%gsedr%%%ggggﬁﬂ%%%&%gﬁ?ggﬁuc%%gifgéﬁ%ﬁrﬂgfhnﬁe%ﬁaer E).
Because of the hi&&éﬂ&%&%ﬁtﬁﬁ?ﬁf%ﬁzlﬁ*@&’éﬂ St fheyepragdcey irfgEaBreitenss i BINE than

untreated clay catabtatsh CAtalvstdeastviation i callyresulisdn a-\awes comvessiam ehalkyld te

tertiary-alkyl ethers, such_trlgjat the crlicking temperature is raised to maintain a steady conversion as

the catalyst deactRAIRS! KIS i ¥PACR AV AP MgHe BER APAPSts deactivate at a slower rate than untreated

catalyst, thg@glotier tempmtaiusevampingroaeshotaifeetfaM i DERIVGHeRES Mipeasdas unirated
clay catalysts. Decreﬁlsed DMEb roduction ia]a desired belgle.fit not %ener Ily obtained with HF treated

attapulgite clays. catalysts must be freafed or ofhierwise rendered inert prior to disposal, adding to the cost
of producing tertiary olefins. Additional costs are encountered by the large amount of HF
required for the clay treating process, increasing raw material costs and creating a large
amount of fluorinated waste solution. Although the HF treated attapulgite generates a jot
of waste materials, the service time and deactivation are a significant improvement over
untreated clay catalysts.
10012] Another downside to use of HF treated clays includes increased production of
byproducts, such as dimethyl ether (DME). Because of the higher catalytic activity of HF
_treated clays, they produce, in general, more DME than untreated clay catalysts. Catalyst
deactivation typically results in a lower conversion of alky! tertiary-alkyl ethers, such that
the cracking temperature is raised to maintain a steady conversion as the catalyst
deactivates. As treated attapuigite clay catalysts deactivate at a slower rate than untreated
catalyst, the slower temperature ramping does not affect DME production as much as for
untreated clay catalysts. Decreased DME production is a desired benefit not generally

obtained with FIF treated attapulgite clays.
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[0013]U.S. Patent No. 5.043,519 ('519) discloses a process for the production of tertiary olefins by
decomposing alkyl tertiary-alkyl ethers in the presence of a catalyst containing 0.1 to 1.5 weight
percent alumina on silica. As disclosed, at least 0.5 weight percent alumina is required for slower
catalyst deactivation, and addition of small quantities of water into the feed stream may suppress DME
formation. Nevertheless, the experimental results presented in Table 2 of the '519 patent shows more
than about 1800 ppm DME by weight in the product stream at about 75% MTBE conversion, and more
than 4500 ppm DME at a slightly higher conversion of 76.8%. [0014]U.S. Patent Nos. 4,880,787,
4,871,446, 4.888,103, and 4,324,698 each mention that amorphous silica-alumina catalysts are useful
as cracking@?gsts. H(%yv \ﬁgr aslgoted in U.S. Patent No. 4,880.787, the major conventional
cracking cafalysts in use'ar't A UL THFS QNG 19etrs Hrecesmher e @odngiPa e fhutiary
aforementioned UsB:fRatendddamgBeis @31 genenaliikinetiparatest plagrdore eistallitfiaining
aluminosilicate. T sent inventor's knowledge, .commercial synthetic silica-alumina catalysts for
cracking remain tg) 'tt#:i%_) é%y f‘%@ ef:;'t o?%cgrnés?gf |ﬁgan§uérleﬁ.cﬁ)oi%é%’§)¥ i g‘i\},‘?ﬁ%rg-gﬁ%*& RE&Hor
improved catalyst&lfifelpreaittibivosiertanatlyinde@lichtionp amdestidaialysfsant desiretkicohave
one or more of anyReE; igal 4 ity al ition. rate, a high crushing
strength, decreased pﬁﬁgﬁ%gﬁgﬂﬁ%%%ﬁ%% %@éégﬁ%ﬁﬁ%a%%%wgmmﬁ

DISCLOSURE [00%8} Biitraade! ablboafisnd Sinseah sy emrecibre aboatdi¥bpenidpiuie by

production of olefinsifiiarmakdeastioneseban aleshal 2% rrretbebheRipcessneluging: saniaging at
least one of an al f:i:}ndS %lﬁther ¥I\O/ith a h%droflugrig acid-treated amorphous synthetic
: eé’okr’ﬁ% &

alumina-silica catalyst inder SEEIN ESIRGifibA% 86 produce an olefin. [0017] In another aspect,

embodimeri8ldiéclosed hieseiraralatida & pgocass dartheqerodugtionfisphutylens fram methy,tertiary
butyl ether, the prgcess Including; feeding methyl tertiar b“%@%%%é%%@#%&?;%%@gn%f

least one reaction zone con aining a yaro (oriC Acr-Hraats
catalyst; contactingPtpé IMTEE Rawnttidoh di ¥LG8Tidiacidaiteatenvsyritheticratiminaxsiies catalyst under
decomposition copgitigns (9.prqddee; aLeactaugiflugnt comprising isobutylene, . unreacted E,
heavies, and methanol; fe?c?in the réact?rp e%?i_uerift to a%rnst éfgﬁl%%%%%c%ll%ﬁn%f%%ﬁnfr% Pﬁlﬁmg'
isobutylene from tFRISGhRAGET MTBESHEmle campipedhiditanobie testibndiitiftiosi leaamiicto

recover a first botiaenrisagHoR RAMRPSIBBRRAVES:sAReACIad MR- a0t mehiang! adials ror

isobutylene-rich overheads fraction. .
y cracl?cmg remain to this day to be of a crystalline nature.

[0015] Accordingly, there exists a need for improved catalysts for the production of
tertiary olefins. Such improved catalysts are desired to have one or more of an increased
cycle length, good physical integrity, 2 low attrition rate, a high crushing strength,
decreased production costs, and decreased disposal costs.

SUMMARY OF THE DISCLOSURE

[6016] In one aspect, embodiments disclosed herein relate to a process for the production
of olefins from at feast one of an alcohol and an ether, the process including: contacting
at least one of an alcohol and an ether with a hydrofluoric acid-treated amorphous
synthetic alumina-silica catalyst under decomposition conditions to produce an clefin.

[6617] In another aspect, embodiments disclosed herein relate to a process for the
production of isobutylene from methyl tertiary butyl ether, the process including: feeding
methyl tertiary butyl ether (MTBE) to a reactor having at least one reaction zone
containing a hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst;
contacting the MTBE with the hydrofluoric acid-treated synthetic alumina-silica catalyst

under decomposition conditions to produce a reactor effluent comprising isobutylene,

4



[0018]In another aspect, embodiments disclosed herein relate to a catalyst useful for the
decomposition of ethers and alcohols to form olefins, the catalyst comprising a hydrofluoric
acid-treated amorphous synthetic alumina-silica catalyst. [0019]In another aspect, embodiments
disclosed herein relate to a process for the production of olefins from at least one of an alcohol and an
ether, the process comprising: contacting at least one of an alcohol and an ether with a selectively
poisoned amorphous synthetic alumina-silica catalyst under decomposition conditions to produce an
olefin. [0020]Other aspects and advantages will be apparent from the following description and the
appended claims. BRIEF DESCRIPTION OF DRAWINGS 100211Figure 1 is a simplified process flow

diagram for producing terti fins according to embodiments discloseg herein. [00221Figure 2 is a
graphical compari‘é{f)rﬁq‘1 8%%%&%%};&&35%’&,&% 3%’ ttrnn"jl(:?e‘il)s’uf:‘gee B MTBELS AV B léilttj}%kgt&’&ording
to embodiments disblosedepersinsagieavipayéshddipnothangatalysts! TBE2 Biides endditha praiphical

comparison of th%&%ﬁ@'ﬂ%@ﬁ@(ﬂ%ﬁ%ﬁ m@rﬁﬂr?cg QX()'VQB&Eﬁrst bottoms fraction comprising heavies,

unreacted MTBE, and methanol and an isobutylene-rich overheads fraction.

{0018} In another aspect, embodiments disclosed herein relate to a catalyst useful for the
decomposition of ethers and alcohols to form olefins, the catalyst comprising 2

hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst,

10019] In another aspect, embodiments disclosed herein relate to a process for the
production of olefins from at ieast one of an alcohol and an ether, the process comprising:
contacting at least one of an alcohol and an ether with a selectively poisoned amorphous

synthetic alumina-silica catalyst under decomposition conditions to produce an olefin.

[6026] Other aspects and advantages will be apparent from the following description and

the appended claims.
BRIEF DESCRIPTION OF DRAWINGS

[06021] Figure 1 is a simplified process flow diagram for producing tertiary olefins
according to embodiments disclosed herein.

[0022] Figure 2 is a graphical comparison of the catalyst activity, as measured by MTBE
conversion, of catalysts according to embodiments disclosed herein as compared to prior
art catalysts.

[6023] Figure 3 is a graphical comparison of the catalyst activity, as measured by MTBE
conversion, of catalysts according to embodiments disclosed herein as compared to prior
art catalysts.

[0024] Figure 4 is a simplified process flow diagram for producing tertiary olefins
according to embodiments disciosed herein.

DETAILED DESCRIPTION

[0025] In one aspect, embodiments disclosed herein relate to a process for the production
of olefins from ethers and alcohols, and catalysts therefore. In another aspect,
embodiments disclosed herein relate to a process for the production of catalysts useful for

the cracking of ethers and alcohols to form olefins.
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conversion, of catalysts according to embodiments disclosed herein as compared to prior art catalysts.
[0024]Figure 4 is a simplified process flow diagram for producing tertiary olefins according to
embodiments disclosed herein. DETAILED DESCRIPTION [0025]In one aspect, embodiments
disclosed herein relate to a process for the production of olefins from ethers and alcohols, and
catalysts therefore.In another aspect, embodiments disclosed herein relate to a process for the
production of catalysts useful for the cracking of ethers and alcohols to form olefins [0026]Catalysts
useful in embodiments disclosed herein include amorphous synthetic alumina-silica catalysts.In some
embodiments, catalysts useful in embodiments disclosed herein include hydrofluoric acid (HF) treated

amorphous etic alumina-silica catalysts, Amorphous synthetic alumina-silica catalysts may be
prepared by co-ptecipita |8ﬁ%?tﬁmlﬁF2§n5%8W§8énﬁﬂ? e fs?jﬁlﬁfﬁfrﬁy‘dﬁﬁhﬁl%ﬁﬂl%%?ﬁét%ﬁ?hfﬂ‘é
amorphous alumirrdusilicasiiateriatg ynay contaimfeormaboinit, taabiyulsO9samight pertentsica in
some embodimenis; ' ight per ilica in other embodiments: fram about
2 to about 98 Weig&gfgp{%r%e%%%%cjé&%&o%@@%%c? m%%tgs;?ﬁgin%%%ét%%r%ﬁggﬁts H\./{v‘!:g'icgﬁl%uﬁnelrncaent
silica in other embBlifterEdysihd frawreiswats3ntheioatodnasibin peilesis silivatin yepatteby co-

embodiments. AlthpughdeseriredRarsings anamhous By sica MateHAISHSEID  The

embodiments described herein may contain a minor amount of crystalline alumina, depending on the

source of the alunfBSRTLHSHAPTERe Uit dparsithe BrRICHRABY BN ARANIIA Mreingotieiiiount of
the alumina in thepebiesingiailica sagwehasithealcinatiapdamperabeg . JOA AR calalysis may also

contain one or MOSha®: fgxi’g‘tr)?c}irenlgn s;e%tgmiggélﬂlgg]go%?oq}y gg’weight percent silica in other embodiments;
from about 2 to about 97 weight percent silica in other embodiments; and from about 3 to
about 96 weight percent silica in yet other embodiments. Although described herein as
amorphous, alumina-silica materials useful in embodiments described herein may contain
& minor amount of crystaliine alumina, depending on the source of the alumina material
used to prepare the precipitated alumina-silica precursor, the amount of the alumina in the
alumina-silica, as well as the calcination temperature.

10627] The catalysts may also contain one or more optional elements, including titanium,

~ zirconium, hafnium, tantalum, and niobium, in an amount from about 0 weight percent up
to about 10 weight percent; from about 0.01 weight percent to about 3 weight percent in
other embodiments. These optional elements may be incorporated into the catalyst
material prior to HF treatment or introduced to the material after HF treatment,

[6028] The HF treated amorphous synthetic alumina silica catalysts useful in
embodiments disclosed herein may be prepared by treating amorphous synthetic alumina-
silica with a dilute aqueous HF solution at ambient temperature. The amount of HF
required for the treaiment depends on the detailed composition of a given amorphous
synthetic alumina and its physical properties. In general, the amount of anhydrous
hydrofluoric acid used during the treating step may range from greater than 0 g to about
65 g per kg of alumina-silica. For dilute HF solutions, such as a 50% HF solution, the
amount of dilute HF should be adjusted accordingly; for the 50% HF, for example, the
amount of 50% HF solution may range from greater than 0 g to about 130 g per kg of
alumina-silica. In other embodiments, the amount of anhydrous hydrofluoric acid used
during the treating step may range from about 10 g to about 40 g per kg of alumina-silica

(20 g 1o 80 g per kg alumina-silica for a 50% HF solution). HF solutions, used at the
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zirconium, hafnium, tantalum, and niobium, in an amount from about 0 weight percent up to about 10
weight percent; from about 0.01 weight percent to about 3 weight percent in other embodiments.
These optional elements may be incorporated into the catalyst material prior to HF treatment or
introduced to the material after HF treatment. [0028] The HF treated amorphous synthetic alumina
silica catalysts useful in embodiments disclosed herein may be prepared by treating amorphous
synthetic alumina-silica with a dilute aqueous HF solution at ambient temperature. The amount of HF
required for the treatment depends on the detailed composition of a given amorphous synthetic
alumina and its physical properties. in general, the amount of anhydrous hydrofluoric acid used during

the treating step may. range from greater than 0 g to.abqut 65 g per kg of alJumina-silica. For dilute HF
solutions, such asag 0?6%—? S gﬁﬂ%&% ﬁtlﬁ%%rwc%]uar%éé?(gfﬁ%tgﬁ%ﬁ%ﬁ% BER %e‘&“%&?ﬁfﬁﬁﬁmr?or the
50% HF, for examptéinieebahoine-ofl58% bRusetediondiaty Hihge from greater than 0 g to about 130 g
per kg of almlm -silica. {p;othas | nt far}l*%gr us hydrofluoric acid used during
the treating step may ‘rangle frorrj{ a o%%gg %a;%%%aﬁ%% rg%? l?g of a ur%}r?r%gél fésaa{%uémtgl f)agisper kg
alumina-silica for 418U9EHYskRstibAYR HE BoRKOHIE deettanulsite athay evratidl; meay befdituted hifith

additional water sg-ast0 £QBUNGIENEIIME S8 theaN& Yoleme of aluminassilicalohs isatarin dilute

HF. [0029]It is additionally noted that the aboye ratio of HF to amorphous alumina-silica is significantly
less than the ratio BfTHEAS Usta SERNETIdF T edibtRBd M Yo kRisg HRnmsatalvatpe glevesals, as

described above. Radsidhiy Asreaiesiamearpheus synifeticralumingplisacataysisdesetbad herein
may be environment%}%umore %iesg_oasable. Addit{onallla{,% SS qu?r:inate Wasﬁl solutio% may be
[ |

cioa ute 10" e treals in TRW Mt A i BYHMBTYE for catalyst

generated. Each of these may contribute to a decreas W
manufacturé}i)301 ThEharmoopitous aluminasiileamapbesabtactednvwith diatdiluteddiisolstion for
a time ranging frog1 ‘gﬂpi 2 10 2 NOWIS in SO mbodiments; from.15 minutes to_90.minutes.in other
embodiments. The 'gtreatlllr%g ?nﬁyf%))em p%ﬁ_](%{r%%gg ;% i“fgr%bnefq’gfﬂ?ec r%(r)ndlrrcr)%%stgrrﬁ%}e?gtwgl%sa@o%@% C,
and the slurry mayesisiriedbehembpodsnenisintErmirsatitly. Mhe bFpadatmehtof aenorphous Symthetic

alumina:siica cataiyss EayhaRETIBMAEANoBSIng g AR RITRIE S(BRS{00F LnphawIng, HE
treatment, the excess solution in the treatment vessel should be drained, and the HF treate

amorphous synthdBEEHHRLE: sTRAIF B R Hamgmhasmmdtisabors silise sp2bisiprge bavater.,

The catalyst may frendhediedantcalpined prigiderise as a catalytic material. Calcining may be
performed temperature from 300C to 850C in some embodiments; at a temperature ranging from
W er ehit b

400C to 75 her effBARRHE. FEREBERMAFSESSyRINEGR Muhfirfeame cirsissraom

treated amorphousrsimthetic ahentifassiticd catalystaacearsing embodinenis disclasathergin may
have a high activit hich may result in the production of undesired byproducts, such as ispalkanes
and ethers. Isoalkg{g%il I?/Igrgﬁéé}fls%m%{/%ﬁ%lés%%g?yggn% %%%te%;?%%&&@gﬁriﬁ%%‘(ub‘ﬁ? sbgpgpfﬂ%ﬂ?as the
boiling points of trralidaedkainescares simileataby thanafthé tEricinigefnshAvkionadyy wittepktiiure

treatment may respliinseatalysts fipying @J}i&ha{lmiﬂ%épqt'%“@&{ﬁgyaﬁﬁéiPéﬁéiﬁgf@g%“uﬁﬁ%dm

amorphous synthetic alumina-silica catalysts, polymer deposition and byproduct production may
remain problemati?:s.c[déﬁ?)]’g@féﬁfﬂ%dﬁé%hing of strongly acid sites on both amorphous synthetic

alumina-  [0032] Amorphous synthetic alumina-silica catalysts and HF treated amorphous synthetic
alumina-silica catalysts according to embodiments disclosed herein may have a high
activity, which may result in the production of undesired byproduects, such as isoalkanes
and ethers. Isoalkane byproducts may undesirably complicate product purification /
separations as the boiling points of the isoalkanes are similar to that of the tertiary olefins.
Additionally, while HF treatment may result in catalysts having a higher activity and
longer cycle times than untreated amorphous synthetic alumina-silica catalysts, polymer
deposition and byproduct production may remain problematic.
10633} Selective poisoning of strongly acid sites on both amorphous synthetic alumina-

silica catalysts and HF treated amorphous synthetic alumina-silica catalysts may improve
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silica catalysts and HF treated amorphous synthetic alumina-silica catalysts may improve catalyst
selectivity, reducing both production of unwanted byproducts and formation of polymers, thus further
resulting in extended catalyst cycle times. Selective poisoning and related terms (selectively poisoned,
etc.) as used herein refers to the treatment of the catalyst to neutralize (poison) unwanted acid sites in
the catalyst structure having a high acidity or sites of unnecessarily too strong acid strength. The
selectively poisoned catalysts disclosed herein may thus have a moderate acidity or mild acidity or
both, in general terms, as a whole, as the acid sites having a comparatively high acidity and/or
unwanted sites are selectively poisoned. [00341Selective poisoning of catalysts disclosed herein may
be performed by tggt%ﬁinsg ghle %atz?gst with n%}gr more, compounds that may react or interact with
strong acidic sites-and/or Grwantd D e BTGt S RANE RSt A b FRpBt s s eful
for selective poisopatigneraytine i el kesh et h caremindncsigtkalicie eadh Gamepownsisseigmpui
compounds, and icC o0 those skilled.in the art. Such compounds ma
include elements,q%ﬁéﬁge?éﬁsefﬁﬁggﬁgf §§:§§Yt{|%/c§a’ é(% o%sinuﬁ??r% ﬁ%é%és Ig) &‘E%éjnﬁﬁm ﬁgu, Pb,
Cr. Be, Sn, Sr, Bac3ly {0 TRusalvionokonauiCaniahiapd, disroingtiotiverd y 0635 The laviogatiogihe
selective poisoning:glpgentaselomentscaniactet Wilanddraciedanto the AQRAeYs,sxahgtic

alumina-silica may depend on the nature of intended reaction (or specific reactant), specific catalyst

compositions, and - SFeMHRlSRIMERI SR 1B Sid%h i BIOPRRE AT OF kb reldinerndeh. dn

catalyst for selectiyengalsening maywewjthintibedangedrmiabautdcpamieroauh 3%day Weight in

some embodiments; fl’O{T] aQout 10 m tcg abaut 4% by weight in other embodiments. in various
. tn'wanicd si Jss are %ff?c Ively poison d . . : :
embodiments, the compounds used for treating a Ea’[alyst can be either an inorganic or organic salt or

or2anometdf@3ddmpounitineiet hydoaxige  Ehelpsistisingadaybin perfamediimagUeonsamadism,
organic medium og ixed.medium of water and an grganic solvent..[0036]To selectively. poison
amorphous syntheﬁ?:a gﬁ)ﬁirﬁa-& |c:§;l c%‘%ﬁ/g?én 5888%8.%‘59 10 emboc ir%relgllL S”%ﬁ%&%t%esé" %%gﬁé%gt@%talyst
may be treated witHEer aGUEBIY crekganitteduiibin dha etrysouhidammpemponds usdfulstdul for

selectively poisonipg.ata tﬁm{ﬁ’éufﬁag‘omﬁlf@@ gatiemabo 559190%@? Oﬁﬁ%gcegﬁowﬁlgounds,

embodiments; at a temperature from about 10C to about 125C in other embodiments. The treating
method can be arfF S HtABRA S d St barie sermeRtsraed e hosaskibisdtie tBe lsstivach

poisoning of highlycagidimansiey Wawasiaensiias, KKampesSEMbichineiuae, IopsRXsRAN S MEH0S,
impregnation, soaﬁinq% r&lu 'n%éetc(d, AEer %nr?c with the selective pois_oni_ng{(;compound or
compounds, the sefsctiveR) ?81 Red’ca 51)?% nvhy e Wadhedanth & Sohvefit; MichHs Watsf: &dohol,
acetone, or a mixtéreaimengaftharsd dried. After drying, the catalyst may be calcined at a temperature in
the range fr@@_,‘%r?out 159§et%r§qj%$to§qggsiqesc me %rg(t)){%gime Qts, from bouttZOOC t(g bout 600C in
other embodiments, for a period of time'in the rang% FOm abour 5 A eS8 As8uRSE %%,Qﬁch as
from about 15 mirfeétedowioub® hogrphous synthetic alumina-silica may depend on the nature of
mntended reaction (or specific reactant), specific catalyst compositions, and the specific
element used for poisoning. The amount of metal elements on a catalyst for seiective
poisoning may be within the range from about 5 ppm to about 8% by weight in some
embodiments; from about 10 ppm to about 4% by weight in other embodiments. In
various embodiments, the compounds used for weating a catalyst can be either an
inorganic or organic salt or organometallic compound metal hydroxide. The poisoning
may be performed in agueous medium, organic medium or a mixed medium of water and
an organic solvent.

{0036] To selectively poison amorphous synthetic alumina-silica catalysts according to
embodiments disclosed herein, the catalyst may be treated with an aqueous or organic
sojution of a compound or compounds useful for selectively poisoning at a temperature in
the range from about 0°C to about 200°C in some embodiments; at a temperature from

about 10°C to about 125°C in other embodiments. The treating method can be any
8§



[0037]Alternatively, selective poisoning of the catalyst may be performed in situ. For example, a small
amount of a basic compound may be added into the decomposition reactor with a feed stream. The
basic compound added may be non-reactive with the hydrocarbons present under reaction condition
and should not interfere with the separation and recovery of the desired reaction products (i.e.,
selectively poisoning the catalyst while not interfering with the desired hydrocarbon processing).
Examples of basic compounds that may be added for poisoning of the catalyst in situ may include
ammonia and dimethyl ether, among others. [0038]The above described HF treated amorphous
synthetic alumina-silica catalysts, selectively poisoned amorphous synthetic alumina-silica catalysts,
and selectively pqj F treated amorphous synthetic alumina-silica catalysts may be used, to
produce various g%ln(gcg‘rgmmg%é?g ér%lo a%gﬁ%%. ’(7%?%3% 6?5%’5%%@ r%gyS gcgltg af?éé%’gggo?ding to
processes descriiéghhiereifinsidde viwieiee sjespyrenelisobuahanidodmiplenedisughraghods,

2-methyl-2-buteng,gid.2mathWshBienRAsaRexenes, sueh as g HMEHL - LRUARE noisoning
2,3-dimethy1-2-butene, 2-methyl-1-pentene, 2-methyl-2-pentene, (cis and trans) 3-met2¥

[-2-pentene,
2-ethyl-I-butene afftiPIHRENT-SREERTEn &5 AEIGHEY R BRI SIS FIERES. a%PBI YRS a‘V'lEea

produced from suitabig@bshtes iade-alkybieihatsidestiany alpahelssesralky@ibers mimamnaigehols,
and mixtures thereotf_l F(gr exabmplq_,f;jso utélene may be produced de%omposion or%ﬁ or more of
MTBE, ethyl tertiary-butyl 6thef (& rBEj 2 é%ﬁ?&?&‘{? acsnet 0P8 antferid Y 8% roduced
by decomposing TAMBDetartidinamy fethdtetite? (TTAER ) Brop Aeite naytHae arbddeeshBy for a
decomposing diisgQps r iSO lcahgl ), .o, mixtures thereof. In ather
embodiments, seggﬁnggﬁfegﬁ%%ﬁg%r Fnﬁazy%s%gﬁg%gé%%h%é% %%Brt tz‘%%“rﬁpfélé‘, eat?n%%fﬁea}ﬁ%gty be
produced by dehydratinbiestkaplst®ichipurtture of ethanol and diethyl ether. So-called -renewable

ethylene” maysag produsgd by fehydiating bigsethaneLAddisanaly disthy %E*fh%@haynbﬁ%&r%%ced by

dehydrating ethanol. The diethyl ether by-product may be recovered from the reactor effluent stream
and recycled as pEtBPIhereBAIMRIONE! ChtaRpsis qeBprBRY BI9VeerAdded S b tha slegamptsision

dehydration of methare! \eRroduse dimethyhiethatiOMEoMUCkimaYhEe bseshin i s digas! duels.
[0040]Catalysts a[igqgroc sses described herein are also, useful in the production of high purit
isobutylene by de®SHEESSYMATBEN T BRI IR SCONGHERSs. B cohpsiRgtalfiskithie BMMTRE with
a minor amount o§¢pivAtienprod uesisop uiylendasisy heapriefe edwave M T Biicalionl asiessndndesirable
by-products, such as,isobutane, DME. and diisgbutylene. are produced. [0041]0ptionall small
amount of water g%ﬁ%r%%v%?@ﬁ?g% ?negi/nbewé%d%lg \?iv?ﬁ%r %e FZ%%C o%é’a‘ rroggglhnr%Var%ta}éﬁyﬂé%é of
reactions. As uselassremnpaendy Sutivalehtsaddedréoonwisteriagldé dhito diel ysaotordineatlyiroiudewater

added to the reacigringlestly ssHER AS MY dereRIRRsiion of an alcohol to form water and an olefin,
where the alcohol may be used in an amount sufficient to result in an equivalent amount of water in the

reactor. Fol®38hple, inThe ahevadrseribedddingerseé ramarbies dwistoekonnrosives MaEESeed of
TBA to the reactogciapghilte ifisarueatdaaRmpasitiorRl thenliBAsivik pipdusea similanalglin,

isobutylene, with the co- r%iuction of water, The amount of water equivalents used in various
embodiments ma?qlﬁﬁﬁfégf fn P! sARETEY Pe@tclih fraailith et haterinbsiesd t©
embodiments, up gmdubaveiihispesten finotierembatichenis Vateie sheiabaue aluesaseiased on
the total weight ofa\é\é%t rnegqrﬁlvalents and éhe %Qgr feed. [ooqg @dgtgggn of water.or TBA Eo an MTBE

feed stream, for 658 mrpfe, gy%rgcesses eser hérein “inc ene, propylene, isobutylene,
iscamylenes such as 2-methyl-2-butene and 2-methyl-1-butene, isohexenes, such as 2,3-
dimethyl-1-butene, 2,3-dimethyl-2-butene, 2-methyl-1-pentene, 2-methyl-2-pentene, (cis
and trans) 3-methyl-2-pentene, 2-ethyi-1-butene and i-methyl-cyclopentene, and the
tertiary isoheptenes. Such olefins may be produced from suitable alky! tertiary-alkyl
ethers, tertiary alcohols, sec-alkyl ethers, primary alcohols, and mixtures thereof. For
example, isobutylene may be produced by decomposing one or more of MTBE, ethyi
tertiary-butyl ether (ETBE), and tertiary butyl alcohol (TBA). Isoamylene may be

produced by decomposing TAME or tertiary-amyl ethyl ether (TAEE). Propylene may



beneficial during the early stage of MTBE decomposition to suppress unwanted side reactions. As the
catalyst slowly deactivates, the amount of water or TBA addition may be slowly reduced. [0043]The
cracking reaction (also referred to herein as decomposition or dehydration) may be performed in one
or more fixed bed reactors in the presence of a catalyst disclosed in this invention such as an HF
treated amorphous synthetic alumina-silica catalyst as described above. Examples of fixed bed
reactors useful in embodiments disclosed herein may include tubular reactors, boiling point reactors,
bubble column reactors, traditional fixed bed reactors, catalytic distillation columns, divided wall
distillation column reactors, pulsed flow reactors, and combinations thereof. One or more of such

reactors may be j llel flow ar series flow. [0044]Dec ition reaction conditigns may vary
based on the fee(LJIE? ﬁi Iiﬁ?ggégelg aﬁ%?ﬁg %Sél}s%re%lsoqg}{?ﬁgﬁlpr%%ﬁc%%& césr?fjﬁggﬁ}lo%ct%%}pﬁgf‘j f'e%rmay
range from 100C WiB0OE iretsvheiembudirhasdis:pensa3oder 338Chvlotkierdsn bodivadnts and from

150C to 30@pigyet othey eqihodiments, dJhe.dl &9@@&9@“8@ [ra6ieR B SaHRI IR ET

pressures in the range from | to 22 bar (0 to 300 psig) I some embodiments; ar (5 to 150

psig) in other embBEifENS. cthasshmnd tistalntsts, Boecpliedsuradyrhlistayens Smgy thartéupidduct
olefin is in the liquis pliRsRAMPAHAlMRthealidid PR saisiH e (RacHANHE MBSIaH By URRY kR liquid
hourly space veIoch%) %&gﬁ\ﬁlume of liquid per volume of catalysﬁr hour) at which the
reaction is carried” ay' B& WHAN BRE RS TEWBE BE &8 I8tPVATSH SomdNaTrsihritenhSieMo 50
11-1 in other embeatimenticdnddzanflte IRdfhinkyet othanssbedirbaisHORMARIS anaek oktbewlcohol
and/or ether feed it talysts as described herein, at deco Sitj ndjtions, may result in the
production of the eestiér“ag1 %I%i i(l)*lrf 3%8 %@Ofrtl% rgg%?gél% %:%W#}g? %%:%%gé B’blﬁ%‘&}é et S(gf(:ijsl,na(iﬁohols,
and oligomers, sughdigsel Bisker or trimer of the desired olefin product. In some embodiments, contact

of an ether ith cat ' rein: sult in gonversion of at least 90 weight
ercent of (o ot e e b SR YSRGS ST e 1
other embodiment¥\rHY |Eabe pieehynissereriing MA&TehBodinientsuenidiesrteelst Peomaiyhitngercent in

other embodiments;,[RP461GatalystadisgiasathhRiaindner AalHan.thek salalic AGHYIY, 0L A0

extended service life. For exam!ole, catalysts disclosed herein may maintain a conversion of at least 65

weight percent of SRR atie f PRASHIARIH B¥mediisodHizMs; spbutane, DME, and

diisobutylene, are produced.

[0041] Optionally, a small amount of water or water equivalents may be added with the
feed to suppress unwanted side reactions. As used herein, “water equivalents” refers to
water added to the reactor directly or to water added to the reactor indirectly, such as by
decomposition of an alcohol to form water and an olefin, where the alcohol may be used
in an amount sufficient to result in an equivalent amount of water in the reactor. For
example, in the alternative to adding water to the feed when decomposing MTBE, feed of
TBA to the reactor, and the subsequent decomposition of the TBA, will produce a similar
oiefin, isobutylene, with the co-production of water. The amount of water equivalents
used in various embodiments may range from 0.1 to 5 weight percent; up to 3 weight
percent waler in other embodiments, up to 1.0 weight percent in other embodiments,
where the above values are based on the total weight of water equivalents and the ether
feed.

[6042] Addition of water or TBA to an MTBE feed stream, for example, may be
beneficial during the early stage of MTBE decomposition to suppress unwanted side
reactions. As the catalyst slowly deactivates, the amount of water or TBA addition may

be slowly reduced.
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least 1 year in other embodiments; at least 15 months in other embodiments; at least 18 months in
other embodiments; and up to 2 years or more in yet other embodiments. [0047] Catalysts and
processes disclosed herein may be used to produce and recover a high purity olefin product stream.
For example, in some embodiments, a desired olefin may be recovered in an olefin-rich stream (as
used herein, a stream rich in a particular component comprises at least 50 weight percent of said
component). In other embodiments, the recovered olefin-rich fraction may have an olefin content
greater than 90 weight percent; greater than 95 weight percent in other embodiments; greater than 97
weight percent in other embodiments; greater than 98 weight percent in other embodiments; greater
than 98.5 wgj ercent.in other.embodjments; greater than 99, weight percent in other embodiments;
greater tharﬁi 989. Pweight&r%rgrear?g in‘ot aecr{‘ e Egé mrwee%}f%e;dé?d FELET HFSRBRPEY0BIGhERIABROM yet
other embodimentsain stherfemddiments ctheotefifiserie bedered mayib ehu spitseaseagioly saeilization
feedstock, having i X I Cept. |Referting now.to Figure .1, a.simplified
process flow diag r%f%}%%r?é %&é%%%%%ﬁgﬁ%a%%ﬁo% y Baﬁlagqiﬁ%gﬁ]%g%iﬁs%gu é%%ﬁ ﬁé"a

herein is illustrate G247 HSHFSberk #ey tnaf-ranpirsdaO figrs hresd irasenrofiethériolefitsdivanteed
stocks as describegksabsae narehwilk pahbe detaled:harein 04N TR ferd ARand gntiongl water or

TBA feed 12 are introduced tg a fixe%bed decomposition reactor 14. Decomposition reactor 14 may
include one or mot&@H&Hs f@%’f‘%ﬁ *Xedated dFsiRosealiftistiirioraralierasastivddesibaaherein.
The MTBE may béistiftactechivitinthetdbrdreatec afioor pbatisraluminassiiagsaisidideDne or
decomposition condifions o produce a reactor, gl‘iﬂuentl%?ﬂwhjch ma%/ include one or more of
unreacted MTBE, heavies (such as disobiityiene and-other Reavisr Sligg%iers and by-products),
methanol, d684Hk desirdeeprogiustiidsasatyien eofoibaiReacter e Hlisenbi S S fedrodirshd
distillation column r er the isobutylene. The jsobutylene may be ated from
unreacted MTBE,ﬁ%gf?;%%qﬁ%ﬁggﬁgg%éc%gﬁﬁn %Srﬁ%%k%?ﬁgﬁgrr%h%a elfﬁ{égaed}!ff)gclztﬁ)%rie ia'flow
line 22. Isobutylend!i¢h iBverr gabotinetie Berbodinte At M ay Bhea dridlodimitysisobdtyterié Feam,

having a concentrafignoef-ak|gast.A%:6 sishtRatcentisohuiyiens  [A0R1ITRE mé%sts&l}@%

methanol, and heavigs may be recovered as a bottoms fraction from distillation column 20 and fed via

flow line 24 to a sEBOHPEREHISTIShRORIART S6rWhisrédbarAretqt asier Beems erdedipsrstedaiom the

heavies and the methanolribedirfeaeig: MR sty dmeasovereshaseandiRERichoyethaads

fraction via flow line 28,.a portion of which may be recycled via flow line 30 to reactor 14 in some
embodiments. nialn ameg Suc% tgatvme prgAHXt O?ef:en ¥s in the 1qu\1/¥i phase or partially in the liqguid

phase at the reaction temperature used. The liquid hourly space velocity (LHSV) (the
volume of liquid per volume of catalyst per hour) at which the reaction is carried out may
be within the range from 0.5 to 200 h™' in some embodiments; from 1 to 50 b in other
embodiments; and from [ to 10 h'l in yet other embodiments.

[0045] Contact of the alcohol and/or ether feed with catalysts as described herein, at
decomposition conditions, may result in the production of the desired olefin, alcohols,
and heavies, which may include by-product ethers, aicohols, and oligomers, such as a
dimer or trimer of the desired olefin product. In some embodiments, contact of an ether
feed with catalysts as described herein may result in conversion of at least 90 weight
percent of the ether; at least 85 weight percent in other embodiments; at least 80 weight
percent in other embodiments; at least 75 weight percent in other embodiments; and at
least 70 weight percent in other embodiments.

[0046] Catalysts disclosed herein may maintain their catalytic activity for an extended
service life. For example, catalysts disclosed herein may maintain a conversion of at

least 65 weight percent of an ether feed for at least 9 months in some embodiments; at
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[0052]The heavies and methanol may be recovered as a bottoms fraction from distillation column 26
via flow line 32. If desired, the methanol may be recovered from the heavies, such as by feeding the
heavies and methanol in flow line 32 to third distillation column 34. A methanol-rich overheads fraction
may be recovered via flow line 36 and a heavies-rich bottoms fraction may be recovered via flow line
38. [0053] As mentioned above, similar flow schemes to that presented in Figure | may be used for
the production of other olefins from feed stocks as described above. For example, additional reactors
may be used, or additional separations may be required where the feed includes a mixture of ethers
and/or alcohols resulting in the production of more than one desired olefin. [0054]It is further noted that
various schemes tQ recycle and reuse yarious reaction by- products may be used, promoting the
overall conversior:i%ll@?tfcwica\y'fieal(;:51n tothe ﬁo’llcgjé?reI %I}é w?? FS‘Ftte)‘)é"am% e, Sd%%tﬂ‘y% ét%néﬁog‘ &gé&ta%agt ¥
by-product from tHacaédritioncobetimsotsoray be ie2overed frone e ceadioreafilodintestream and
recycled as fthe f I tors for the decomposition, of ethers and
alcohols to %)Bigﬁ] ﬁﬁ; or fo;qg]%r%}gfé;%%% |g§%§fgg{cr§ﬁgo¥l%%i§ Ié%gegﬁs%{%%(?%#]sge %goe%%%%%aenntsm&%\a%ged
herein is not limitet @ Bl peleEuRPprsisiEatEeics cAryRiaconmpositoty edithdwhyddasion rdabtion in
the presence of thasatalvsisvaisalased brigiteanbacauiessauhinANYRsIGaldeyice Examples of

suitable reactors for the decomposition of ethers and alcohols, and dehydration of alcohols to ethers
may include traditfSIMREY BRGRGNEaf rdSAToreY Rt P e rédiboremBentag poift pUss flow
reactors, and dividethvdatidistilnion ool egRciRis fammongRihars [H06ThedqeasticpsmnansRe

carried out in the yapor.ghase, liquid phase, oy dual phase of liquid and vapor. Because of the
equilibrium nature\égfvf!ﬁ1 Peg%ﬁ?gﬁqé,géggr%ﬁga%é(ﬂﬁglggfﬁ%e tl%ﬂ’l e\l}gﬁl\é’ro RS P SRST Bils® of
vapor and liquid nv@g%eswwm highe_ﬁcormebsiémp@s;pwmr higher efefirejpiadypetidity tharvadiquid
oo acaoran i B G e M RS SR [0 N FRIRRGIT B & Solio 402 D

produced according to embodiments disclosed herein' by carrying out the reactions’in a ca

divided wall distill SffREPEIEIFRNL siit PHSI aEtPatimeALEigiraar Fhyore. lllustighe sparstmplifieotiprocess

flow diagram for thehsadahdiesdacompasiionOHIT RE by psinsaifivided.walldisillation columa, MTBE
feed 41 is introduced tg.a proper position above catalytic reaction zone 44 in a catalytic divided wall
distillation column® ?filéfl?f%ésﬂ%? %m‘cﬂFE‘fPé’SFﬁdéfﬁaé’f%M‘Hra?é@‘?%%%zﬁﬁ%cfﬁ%‘éﬂoﬁ%tﬁé"@éﬂumn
40 above the catatysirzoné #4eabheodeseisipgsitient product isobutylene is removed from the column 40

as overheag,stegm 45 with minor amounts of by-products, including DME and isobutane. The
isobutylene?lﬂria Stream 4 r‘# V'Bé PSE’O%%%“ %%&Pé%%ﬁ%@?g%sﬁﬁﬂv ﬁ%ﬁ%‘iﬁ‘a,fﬁ%t&%%ﬁﬁ&‘%ove,
by use of various sépmtatidarscfremed TSI nsarsgdistiltatidps(ndtshibwd achbie tnitactedM TBEimay be
recovered by a siggrdraw stream golgg H@ colump. 4 nd regycled b via line 43, The bottom
stream 47 from the column 40 ingﬁj es meethz?mé!fi,J .\/\}%toél[r% gﬁ(glhgg\?%sef e?r%: lr%a%%% i%efcr%cﬁ%:e 6a
distillation columnd&&tbedaboes mistmah aoaseolaseHedbiestipam 49. The bottom stream 50, including the

heavies anqgyaigr, may e dieated ﬁﬁ‘grﬁ!i%%ﬂ%ﬁgi' water or TBA feed 12 are introduced to a fixed bed

decomposition reactor 14. Decomposition reactor 14 may include one or more beds 16 of
an HF treated amorphous alumina-silica cataiysts as described herein. The MTBE may
be contacted with the HF treated amorphous alumina-silica catalyst under decomposition
conditions to produce a reactor effluent 18, which may include one or more of unreacted
MTBE, heavies (such as diisobutylene and other heavier oligomers and by-products),
methanol, and the desired product, isobutylene.

[6050) Reactor effluent 18 may be fed to a first distillation column 20 to separate and
recover the isobutylene. The isobutylene may be separated from unreacted MTBE,
methanol, and heavies, recovering an isobutylene-rich overhead fraction via flow line 22.
Isobutylene-rich overheads, in some embodiments, may be a high purity isobutylene

stream, having a concentration of at least 99.5 weight percent isobutylene.
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[0058]EXAMPLES [0059]All MTBE decomposition reactions in the following Examples are carried out
in a down flow reactor having a fixed bed of catalyst 1/2 inches in diameter and 21 inches long. The
reactor has top and bottom heating zones, which are separately controlled. The fixed bed reactor is
mounted vertically. The volume of solid catalysts tested was approximately 15 ml for each.
[0060]Comparative Example 1 [0061]A granular attapulgite clay (16 to 30 mesh) is calcined at 500C
for 2 hours. This calcination is necessary to maintain physical integrity of the clay granules during
aqueous hydrofluoric acid (HF) treatment. [0062]A fluorinated attapulgite clay catalyst is prepared
according to the procedure disclosed in U.S. Patent No. 4,691,073. 34.2 grams calcined attapulgite

clay granules. s treated in an agueo lution prepared by diluting 6.95 grams of 50% HF with
61.5 grams?ggigoli ized wgﬂeer lé?%?hcﬁelgn Hg%?ge%e%?gof%raf%%ﬁg%?ﬁw%%%g icfﬁ‘gﬁvsfﬁmnﬁ ARSI B anting
out the excess soltitintifren|ajsdlirasheditwice2vithBG:mhdeibnizdthavaiero Theswed alayiistlied at
100C in a vacuum,qye f95 1.yt e hen.salciness Bl 500G, oL 2 haurs This calgined caahst i

[ u

referred to herein as "F-ATT-1." The [;%vssmal properties of the resulting catalyst are 151 m g BET;
0.386 cc/g total nittsGarChdsBEHgEIHSSHHREMso e vishavR cd g8 2MYBEagepovereiiadn dtestioh10.2

nm. [0063]15 ml ofif #ytT ke amlystdsigadedindhmigariaedasciiRed ahovaane fe5iadwrity acrude
mixed MTBE feed stockg&cl()} tfaining 95.9 wt.% MTBE. The feed also contains small amounts of highly

unsaturated compSUNd&EIEH™SE Y, 3-butadiene, trans-1,3- pentadiene, cis-1.3-pentadiene,

2-methyl-1,B@seadiene. Bird Bihees. The @sieaodition 9810510290k and2:O:hiauidheurlyspace

i - IS i in Fi . [0064]Comparative
\éilgﬂgél'; SV) fetﬁgiﬁz%%g I:I(())l\{lvnggtgﬁ -\Epaef{g‘%q!%g EEheIEecFétsgel(liu téanti%%zligolizlglggfebg rgzcover]ed ﬁOIEI)l

the heavies, such as by feeding the heavies and methanol in flow line 32 to third
distillation column 34. A methanol-rich overheads fraction may be recovered via flow
line 36 and a heavies-rich bottoms fraction may be recovered via flow line 38.

10053] As mentioned above, similar flow schemes to that presented in Figure 1 may be
used for the production of other olefins from feed stocks as described above, For
example, additional reactors may be used, or additional separations may be required
where the feed includes a mixture of ethers and/or alcohols resulting in the production of
imore than one desired olefin.

[0054] It is further noted that various schemes to recycle and reuse various reaction by-
}Jroducts may be used, promoting the overali conversion of the feed to the desired olefin.
For example, diethyl ether produced as a by-product from the dehydration of ethanoi may
be recovered from the reactor effluent stream and recycled as part of the feed mixture.

[0055] The type of reactors for the decomposition of ethers and alcohols to olefins or for
the dehydration of alcohols to ethers according to embodiments disclosed herein is not
limited to any particular physical device. Any decomposition and dehydration reaction in
the presence of the catalysts disclosed herein can be carried out in any physical device.
Exampies of suitable reactors for the decomposition of ethers and aicohols, and
dehydration of alcohols to ethers may include traditional fixed bed tubular reactors,
distilation column reactors, boiling point pulse flow reactors, and divided wall
distillation column reactors, among others.

[0056) The reactions may be carried out in the vapor phase, liquid phase, or dual phase of

liquid and vapor. Because of the equilibrium nature of the reactions, carrying out the
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[0065]A alumina-silica catalyst is prepared by co-precipitation method. The dried alumina-silica powder
is extruded to 3 mm pellets, which are calcined at about 500C for 2 hours. The pellets are ground to
12-14 mesh granules. The granular alumina-silica catalyst contained 20% silica. This catalyst is
referred to herein as "KL7122." The physical properties of the catalyst are 379.2 m2/g BET; 0.646 cc/g
total nitrogen adsorption / desorption pore volume; and an average pore diameter of 6.89 rim. [0066]
15 ml of KL7122 catalyst is tested under identical conditions as given for Comparative Example 1, with
the same reactor and feed. The result is illustrated in Figure 2. [0067]The performances of the two
catalysts in Comparative Examples 1 and 2 are very similar. Both catalyst F-ATT-1 and KL7122 have

an initial activity ofabaukSRYerconyRISIRse! i BRE ALy deactivateanidiyy ALEhoni% %@g& 80
hours on stream, the MTBE conversion was %r;ily about ZO%MQEXpenmen 3 [0069]25.7 grams of

the alumina-silica YrAYGRE RS LAY MebTrhpri R rsthan; Krad iR T R RN e BEE HE
solution prepared diyodibdtiftg R gh@rgrassscaf 50% HF with 47.75 grams deionized water at ambient

temperatur hour wjth occasional stirring. The amount of HF used is approximately only 53.4% of
that used w%é?é arativeﬂ"E%W?pl ORI HecIHRY SRR tHE SROSLE SRS % tﬁlﬁ%ﬁ%@?@&
granules are washigtfoued tiaeswith GOyl g eionike davedensAties daying:atdiOedinvallvagiiimioven for

cotolyst s refereq Ty Lt RO R AAZh & IGUSO5 Haeot & AT TS0 S AL at A
identical manner t&i@&p &rativie Eslripldetompesiben|bisMIFRE |l traiieg] indRigiere wal[00 7A@ initial
activity of this catalygis Simit@ e calalysiRiQld QNP BIEIMEosition above catalytic reaction zone
44 in a catalytic divided wall distillation column 40 via line 43. A small stream 42 of
water or TBA is also introduced to the column 40 above the catalyst zone 44, The
decompeosition product isobutylene is removed from the column 40 as overhead steam 45
along with minor amounts of by-products, including DME and isobutane. The
isobutylene in stream 45 may be recovered as better than 99.5% purity product, as
described above, by use of various separation schemes, such as distiliation (not shown).
The unreacted MTBE may be recovered by a side-draw stream 46 from the column 40
and recycled back via line 43. The bottom stream 47 from the column 40 includes
methanol, water and heavies, and may be introduced to a distiilaﬂon column 48 to
recover methanol as overhead stream 49. The bottom siream 50, including the heavies
and water, may be treated and disposed.
[0058] EXAMPLES
[0059] All MTBE decomposition reactions in the following Examples are carried outin a
down flow reactor having a fixed bed of catalyst 2 inches in diameter and 21 inches long,
The reactor has top and bottom heating zones, which are separately controlied. The fixed
bed reactor is mounted vertically. —The volume of solid catalysts tested was
approximately 15 ml for each.
16060} Comparative Example |
[6661] A granular attapulgite clay (16 to 30 mesh) is calcined at 500°C for 2 hours. This
calcination is necessary to maintain physical integrity of the clay granuies during agueous

hydrofluoric acid (HF) treatment.

i4



Examples 1 and 2 (F-ATT-1 and KL7122). However, as shown in Figure 2, the performance of this HF
treated alumina-silica catalyst is superior to the comparative catalysts (F-ATT-1 and ICL7122). It takes
approximately twice the service time to reach the same degree of deactivation. Therefore, the
fluorinated alumina-silica is an improved catalyst for decomposition of ethers such as MTBE.
[0072]Comparative Example 4 [0073]Another granular attapulgite clay (16-30 mesh) is calcined at
500C for 2 hours. A fluorinated anapulgite clay catalyst is prepared in a similar manner to Comparative
Example 1. 32.2 grams calcined attapulgite clay granules is treated in an agqueous HF solution
prepared by diluting 6.54 grams of 50% HF with 62.0 grams deionized water at ambient temperature

for | hour wj asional, stirri ter decanting out the excess solutjon, the.clay is,washed, three
times with %bgggeionizéd.wg?éﬂﬁ%ig wg?c%%f/ i%aa’rigétag¥s 00 ﬁ?P%rscécaSﬁ% oven for 1 %rgﬁ?dgﬁ% then
calcined at 500C fépdoreslis Urhid eaidined €¢4R5His éfeemmntochlsiond agaflaiTercy [BaMdAiRigh

purity MTBE (99.6GR:4 ¥4 %%ﬁ&ﬁ%&@&%ﬁm&éfuﬁ%%%ﬂé?%y EPBipigad capiains no

highly unsarurated compounds. The decomposition is carried out under similar conditions (31 psig,

290F, 2.0 LHSV f&RINGSRmeH paky asedinpalempertiusipld bornwithasrasionn HistampbERion is
illustrated in Figur@eSan{@@ 7bkTine ditiak catalyst, apt by s ahaut SUMEBE sopvalsian cEheaeatalyst

activity is much mgre stable compared wi e F-ATT-1 catalyst of Com tive Example 1.
Nevertheless, the%&ep‘gfgl’tn’?e%rﬁéﬁn;ig’seﬁlta tp\ﬁ\(@g}c s B Erg CHEANIE S ﬁ{/i{)}‘gff{af?‘g‘; 1@0@ Gt 8 Stream.
Commercially, thefgoalforrM TBEscorsiersiontid typicalifcabd ubt GbSsinand thestatdly st Eetiphysical

decreases below s converon agaliD et 490 s d T0AENReIINEI; SIRGTTIA fuorited

amorphous alumina-silica catalyst is prépared in a mannef similar fo Exp&riment ith

quantity of HF. 26/ Ggsgraing BtheckitiiABdsinicy greamers dieseritedf i Comparative Experiment 2 are
treated withyggsapueous Hiseiuian-preparadby diliag. /02 Hamsol.pR% L»:l;ﬁ)1 PSRRI e

deionized water at ambient temperature for 1.5 hours with occasional stirring. The amount of HF used

is approximately chifusroRisrenidtiiederf chriparate it to MR Bechiifrgbatstheoarinsss

solution, the alumipadsiligacaranuesaiewasbad-eu thinasovil 6Q,m deianizedwater Afige drying at
100C in a vacuum oven.for 1 haur, the granules are calcined at 500C for 2 hours. This HF-treated
amorphous silica SIS EaTSys 'ﬁ%ef’é?%ﬁg%l tﬁrﬂ%tpéﬁilggb 3e1eptom19 others. ERsHESH SVEIETRES of the

catalyst are 312.03h 24pBEDB. 6356 L6/t doid hoitrbg emadseaitpiion L eSorRidnipereioiuae; and an
average pore diarp&{ﬁ{ (S)ff tgéjtgspg] illustrated in Figure 2.
[0064] Comparative Example 2
[0065] A alumina-silica catalyst is prepared by co-precipitation method. The dried
alumina-silica powder is extruded to 3 mm pellets, which are calcined at about 500°C for
2 hours. The pellets are ground to 12-14 mesh granules. The granular alumina-silica
catalyst contained 20% silica. This catalyst is referred to herein as “K1.7122.” The
physical properties of the catalyst are 379.2 m%/g BET; 0.646 cc/g total nitrogen
adsorption / desorption pore volume; and an average pore diameter of 6.89 nm.
[0066] 15 ml of KL7122 catalyst is tested under identical conditions as given for
Comparative Example 1, with the same reactor and feed. The result is illusirated in
Figure 2.
[0067] The performances of the two catalysts in Comparative Examples 1 and 2 are very
similar. Both catalyst F-ATT-1 and KL.7122 have an initial activity of about 85%
conversion of MTBE, but they deactivate rapidly. After only about 80 hours on stream,
the MTBE conversion was only about 20%.

[0068] Experiment 3
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[0078]15 ml of F-K17122-2 catalyst is tested with the high purity MTBE used in Comparative Example
4. The initial start-up condition is 65 psig, 284F and 2.0 LHSV. Operating conditions were adjusted
during the run as noted in the results as shown in Figure 3. [0079]The performance of this HF treated
alumina-silica catalyst is superior to that of the clay catalyst in Comparative Example 4. There is little
or no catalyst deactivation during the entire run (1659 hours). The projected life of this catalyst is at
least one year or longer. [0080]It is additionally noted that the HF treated alumina-silica catalysts
described in Experiments 3 and 5, as compared to the clay catalysts, may be regenerated by calcining
at a temperature in the range of 400F to 600F in air. The regenerability of the HF treated amorphous

synthetic algjpira-silica lysts desgribed herein. may decrease the.amount of wa roduced due
o catalyst 10 ment, o S T SR
treated amorphougrsyaistiv i anisrieiediEaeiyisrs asprsdrived nénein Mayabes o8&t IOF twish

decomposition of @%@%&ﬁ@ge@%ﬁ&@ Qe Aaling: 'Rajamily oh e MRQLINeNts disAdiailigric acid
etc

treated amorphous syn alumina-silica catalysts as described herein may be useful for the
decomposition of &Ky PeERCAIKA St dIPRITIBRIE B18TING -Stchad ot IBn& opaitiiienes,
and others. 10082%:Adyaatagequsly demboaginenisdisglesedheiain mayipravidaiies acatadystireseful

for decomposition reactjons having an extended cycle length, deactivating gyer a period of up to 2

years of more in ST SOUTE AT o LB A CEURCe MYy TESER T e e

production costs, iacluding, deecraaseldcatalydticostzas Well dsrdebreasetidatdlysidispasalposis.

Additionally, emb%ﬂl@%@&%ﬂa@%ﬁ%@ﬁ?&e %ﬁ%ili’{@%itl%%ej’g- ¥ Pave-one or more of good physical
a hig . Furt

integrity, a low attrition rate, an crushing strengt er, manufacture of the catalysts
described N&&TRlImay use significariil//da2rbastdysuiantities of rawidnpitiesiatsamertta $ bypgroftisric

acid, as comparedﬁg&%ilgr@rﬁg@w% md%qg%gaq&g{gmgtzproduction and raw material disposal

costs.
[0071] The initial activity of this catalyst is similar to the catalysts of Comparative

Examples | and 2 (F-ATT-1 and KL7122). However, as shown in Figure 2, the
performance of this HF treated alumina-silica cataiyst is superior to the comparative
catalysts (F-ATT-1 and K1.7122). 1t takes approximately twice the service time to reach
the same degree of deactivation. Therefore, the fluorinated alumina-silica is an improved
catalyst for decomposition of ethers such as MTBE.

[6072] Corﬁparative Example 4

[0073] Another granular attapulgite clay (16-30 mesh) is calcined at 500°C for 2 hours.
A fluorinated attapulgite clay catalyst is prepared in a similar manner to Comparative
Example 1. 32.2 grams calcined attapulgite clay granules is treated in an aqueous HF
solution prepared by diluting 6.54 grams of 50% HF with 62.0 grams deionized water at
ambient temperature for 1 hour with occasional stirring, After decanting out the excess
solution, the clay is washed three times with 70 ml deionized water. The wet clay is
dried at 100°C in a vacuum oven for 1 hour and then calcined at 500°C for 2 hours. This
calcined catalyst is referred to herein as “F-ATT-2.”

[0074] A high purity MTBE (99.6% wt.%) feed is decomposed over catalyst F-ATT-2.
This MTBE feed contains no highly unsaturated compounds. The decomposition is
carried out under similar conditions (31 psig, 290°F, 2.0 LHSV feed down-flow rate) as

Comparative Example 1. The result of the decomposition is illustrated in Figure 3.
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100831 While the disclosure includes a limited number of embodiments, those skilled in the art, having
benefit of this disclosure, will appreciate that other embodiments may be devised which do not depart
from the scope of the present disclosure. Accordingly, the scope should be limited only by the attached
claims. CLAIMS What is claimed: 1. A process for the production of olefins from at least one of an
alcohol and an ether, the process comprising: contacting at least one of an alcohol and an ether with a
hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst under decomposition conditions
to produce an olefin. 2. The process of claim 1. wherein the hydrofluoric acid-treated amorphous
synthetic alumina-silica catalyst is produced by a process comprising: contacting an amorphous

synthetic alugying-silica with a.dilvishydrofiuor % ti Bai he process of claim 2 Whergin a
ratio of hydrtf)spllﬁic acid to a%orphorgl‘?alurgﬁgiﬁ%a %%?n/g%e coﬁ?ggﬁlﬁséo% in{E é:ar%]r?’gs"é r%‘r’ﬁ ygreater

than 0 g to about 65BHRdPEREGHba R RY Witalthnifatdilich. cataTise i bwsatianyEonepf the
preceding claims, niergindhe ideefiuarsagidsiiaatad ARORROUSSYRINGLGAVNINA-SlIcR ¢akalyst

comprises from about 2 weight percent to about 98 We;%gt ercent silica, 5. Thé process of any one of
d

the preceding claiftSrwWieFErTthe HYRPOHGEGHE dbfoetsl A ReBUE EoRthdiBslihARRE R docatalyst

further comprises i taclftaigight parcaniredat lngehane obiNedior ol a anslNBoGolRe process of

' h rising:
any one of ﬂ,ﬁl%? 210 SEIQ;% Hrr?e%?%s to produce the catalyst further comprising

10077 A fluorinated amorphous alumina-silica catalyst is prepared in a manner similar to
Experiment 3, with a reduced quantity of HF. 26.92 grams of the alumina-silica granules
described in Comparative Experiment 2 are treated with an agueous HF solution prepared
by diluting 2.02 grams of 50% HF with 47.18 grams deionized water at ambient
temperature for 1.5 hours with occasional stirring. The amount of HF used is
approximately only 37% of that used in Comparative Example 1. After decanting out the
excess solution, the alumina-silica granules are washed four times with 60 ml deionized
water. After drying at 100°C in a vacuum oven for I hour, the granules are calcined at
300°C for 2 hours. This HF-weated amorphous silica alumina catalyst is referred to
herein as “F-KL7122-2.” The physical properties of the catalyst are 312.0 m*/g BET;
0.635 cc/g total nitrogen adsorption / desorption pore volume; and an average pore
diameter of 8.15 nm,

[6078] 15 mi of F-KL7122-2 catalyst is tested with the high purity MTBE used in
Comparative Example 4. The initial start-up condition is 65 psig, 284°F and 2.0 LHSV.
Operating conditions were adjusted during the run as noted in the results as shown in
Figure 3.

[6679] The performance of this HF treated alumina-silica catalyst is superior to that of
the clay catalyst in Comparative Example 4. There is little or no catalyst deactivation
during the entire run (1659 hours). The projected life of this catalyst is at least one year
or longer.

[0080] It is additionally noted that the HF treated alumina-silica catalysts described in
Experiments 3 and 5, as compared to the clay catalysts, may be regenerated by calcining

at a temperature in the range of 400°F to 600°F in air. The regenerability of the HF
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separating the dilute hydrofluoric acid solution from the catalyst; washing the catalyst to remove
excess hydrofluoric acid; and calcining the catalyst at a temperature in the range of 300C to 850C. 7.
The process of any one of the preceding claims, wherein the at least one of an alcohol and an ether
comprises one or more of methyl tertiary butyl ether, tertiary butyl alcohol, sec-butyl methyl ether, ethyl
tertiary butyl ether, tertiary amyl ethyl ether, diisopropyl ether, isopropyl alcohol, ethanol, and diethyl
ether; and wherein the olefin comprises at least one of isobutylene, isoamylenes, propylene and
ethylene. 8. The process of any one of the preceding claims, wherein the contacting at least one of an
alcohol and an ether is conducted in the presence of up to 5 weight percent water equivalents, based

on a total amount o;a%ger an %v‘zfltesr e gﬁéal nts. 9 %?Se Bﬁrl%)a[(fa%stss gé‘s%r}ge%rhe?gf the_ é;rgg%%l%r% | )&Iglms,

. amo uniina-sijica 11
wherein the hydrofluoric acid treate amorp?ious synthetic alumina-silica ca ystni's sele

poisoned. 10. Theapoisss vhsinproduced the presadiny aiédnes;curtirermpntiprisidepfearting a compound
for the selegy oisoni (o] i]- ous synthetic alumina-silica.catalyst,
wherein the?%%ﬁzwng fg%%} %%%%%i%rggﬁﬁ@gﬁg%%gi gf%qé%%ﬁkélﬁ? roff Efgrlglnacc???{flénaﬁégwa

amorphous synthéftlRinfih desmide ¢ Seaps roaypthessBlbffvd pérsomipryiompbeisohdly athethocess

of any one of clairgs 24 61¥herain shahiocessipbapnsrating hahyiiaiugra adddieatetbhous
amorphous synthetic glumina-silica catalyst further comprises selectively poisoning the hydrofluoric

acid-treated amorpABHE Sy rAHEHRATH i LM T afsly SEstp0 M plisueilss Brtheprodsétiondr the
isobutylene from riethyiptaitianyofuthetheirthaliproess: GepRASiBEiary olefins, such as isobutylene,

isoamylenes, and others.

[06082] Advantageously, embodiments disclosed herein may provide for a catalyst useful
for decomposition reactions having an extended cycle length, deactivating over a period
of up to 2 years or more in some embodiments, The extended service life may result in
decreased olefin production costs, including decreased catalyst cost as well as decreased
catalyst disposal costs. Additionally, embodiments of the catalysts described herein may
have one or more of good physical integrity, a low attrition rate, and a high crushing
strength. Further, manufacture of the catalysts described herein may use significantly
decreased quantities of raw materials, such as hydrofluoric acid, as compared to prior art
cataiysts, thus reducing catalyst production and raw material disposal costs,

[0083] While the disclosure includes a limited number of embodiments, those skilled in
the art, having benefit of this disclosure, will appreciate that other embodiments may be
devised which do not depart from the scope of the present disciosure. Accordingly, the

scope should be limited only by the attached claims.



feeding methyl tertiary butyl ether (MTBE) to a reactor having at least one reaction zone containing a
hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst; contacting the MTBE with the
hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst under decomposition conditions
to produce a reactor effluent comprising isobutylene, unreacted MTBE, heavies, and methanol;
feeding the reactor effluent to a first distillation column, separating the isobutylene from the unreacted
MTBE, heavies, and the methanol in the first distillation column to recover a first bottoms fraction
comprising heavies, unreacted MTBE, and methanol and an isobutylene-rich overheads fraction. 13.
The process of claim 12, further comprising feeding the first bottoms comprising unreacted MTBE,
heavies, and methanol to a second distillation cola%mﬁ separating unreacted MTBE from the
heavies and the methanol in the second distillatio to recover an MTBE-rich overheads
fraction andahsecaidnaitoms comprising heavies and methanol. 14. The process of claim 13, further

comprising recycling at least a portion of the MTBE-rich overheads to the reactor. 15. The process of
any one of cIai%s‘ﬁ%‘ %cisﬁ,% ﬁrEE%P E%%ﬁﬂ@n#%%@?ﬁ&ﬂ% LeleBiiP B RO ARSI A G hidiRaAt and

heavies to a third piistdfattompotirgn; and separating the methanol_and the heavies to produce a
methanol-rich OVerhec?o‘E‘l%aE‘iﬁ%"B{‘ 1%9& %nheegtv I§r§ ﬂ&f,}lg]ogt,%“ g’nf%%ggr() r\lr'ith a hydrofiuoric acid-treated

amorphous synthetic alumina-silica catalyst under decomposition conditions to
produce an olefin.

2. The process of claim !, wherein the hydrofluoric acid-treated amorphous synthetic
alumina-silica catalyst is produced by a process comprising:

contacting an amorphous synthetic alumina-silica with a dilute hydrofluoric acid
solution.

3. The process of claim 2, wherein a ratio of hydrofluoric acid to amorphous alumina-silica
during the contacting is in the range from greater than 0 g to about 65 g hydrofluoric acid
per kg of alumina-silica.

4. The process of any one of the preceding claims, wherein the hydrofluoric acid-treated
amorphous synthetic alumina-silica catalyst comprises from about 2 weight percent to
about 98 weight percent silica.

5. The process of any one of the preceding claims, wherein the hydrofiuoric acid-treated
amorphous synthetic alumina-silica catalyst further comprises up to 10 weight percent of
at least one of Ti, Zr, Hf, Ta, and Nb.

6. The process of any one of claims 2 to 5, the process to produce the catalyst further
comprising:

separating the dilute hydrofiuoric acid solution from the catalyst;

washing the catalyst to remove excess hydrofluoric acid; and

calcining the catalyst at a temperature in the range of 300°C to 850°C.

7. The process of any one of the preceding claims,

wherein the at least one of an aicohol and an ether comprises one or more of methyl
tertiary butyl ether, tertiary butyl alcohol, sec-butyl methyl ether, ethy! tertiary
buty] ether, tertiary amy! ethyl ether, diisopropyl ether, isopropyl alcohol, ethanol,
and diethyl ether; and
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16. The process of any one of claims 12 to 15, wherein the hydrofluoric acid-treated amorphous
synthetic alumina-silica catalyst is produced by a process comprising: contacting an amorphous
synthetic alumina-silica with a dilute hydrofluoric acid solution. 17. The process of claim 16, wherein a
ratio of hydrofluoric acid to amorphous alumina-silica during the contacting is in the range from about 5
g to about 65 g hydrofluoric acid per kg of alumina-silica. 18. The process of any one of claims 12 to
17, wherein the hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst comprises from
about 2 weight percent to about 98 weight percent silica. 19. The process of any one of claims 12 to
18, wherein the hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst further comprises

up to 10 weight percqmeg&g Leabsl gne of Ti. Zra t: Ta. an '?‘385%01619 roc 68 of a% one of of Ialms

gast
16 to 17, the process to produce t e cata résfeur he?scglrﬁp?lsmg S paralng "”%ﬂ?of’e CﬁO%UOI‘IC acid

solution from the catalysthwigshing the catalyst to remove excess hydrofluoric acid; and calcining the

catalyst at a temperatye Ithe£aNae A 3L RO Craitds, %&ER‘%&%&E&%@&%&%&W&@ to 20,
wherein the olefin comprlses at least one of Isobutylene, isoamylenes, proﬁpy ene and ethylene.
alcohol and an ether is conducted in the presence of up to weight percent water

equivalents, based on a total amount of ether and water equivalents.

9. The process of any one of the preceding claims, wherein the hydrofluoric acid-treated
amorphous synthetic alumina-silica catalyst is selectively poisoned.

10. The process of any one of the preceding claims, further comprising feeding a compound
for the selective poisoning of the hydrofluoric acid-treated amorphous synthetic alumina-
silica catalyst, wherein the contacting further comprises reacting an acid site on the
hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst with the selective
poisoning compound.

11. The process of any one of claims 2 to 6, wherein the process for generating the
hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst further comprises
selectively peisoning the hydrofluoric acid-treated amorphous synthetic alumina-silica
catalyst,

12. A process for the production of isobutylene from methyl tertiary butyl ether, the process
comprising:

feeding methyl tertiary butyl ether (MTBE) to a reactor having at least one reaction
zone containing a hydrofluoric acid-treated amorphous synthetic alumina-silica
catalyst;

contacting the MTBE with the hydrofiuoric acid-treated amorphous synthetic
alumina-silica catalyst under decomposition conditions to produce a reactor
effluent comprising isobutylene, unreacted MTBE, heavies, and methanol;

feeding the reactor effluent to a first distiliation column,

separating the isobutylene from the unreacted MTBE, heavies, and the methanol in
the first distillation column to recover a first bottoms fraction comprising heavies,
unreacted MTBE, and methanol and an isobutylene-rich overheads fraction.

13. The process of claim 12, further comprising

feeding the first bottoms comprising unreacted MTBE, heavies, and methanol to a

second distillation column; and
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22. The process of any one of claims 12 to 21, further comprising feeding up to 1.5 weight percent
water equivalents to the reactor, based on a total amount of MTBE and water equivalents. 23. The
process of any one of claims 12 to 22, wherein the hydrofluoric acid-treated amorphous synthetic
alumina-silica catalyst is selectively poisoned. 24. The process of any one of claims 12 to 23, further
comprising feeding a compound for the selective poisoning of the hydrofluoric acid-treated amorphous
synthetic alumina-silica catalyst, wherein the contacting further comprises reacting an acid site on the
hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst with the selective poisoning
compound. 25. The process of any one of claims 16, 17 or 20, wherein the process for generating the

hydrofluoric acid-treated amorphous ic.aluminassilica catalyst further comprises, selectively
poisoning the hydroflﬁ%%ag%g%-%g 3(?/ ‘gmgr%%é’ Is'v‘lyzriﬁf"r‘%e |8a§fﬁsrn%(rrfé§-s%fﬁ:an}:ea 5?yst."i§.h A csz%ct%rfést
useful for the decompositistilefietherkamdialcotoks tanfddfibileficls ofveheatalyfsictomprisingerond

hydrofluoric acid-treated&r@&ml}g%gm %@M@&-&Hﬁgatalyst. 27. The catalyst of claim 26,

wherein the amorphous alumina-silica catalyst comprises from 2 to 98 weight percent silica. 28. The
catalyst of any Uhé &t BIgiRss bctein 7 3nfhiris Comprisingrepibinpahisisht perdenebmstYERRE s of Ti,
Zr, Hf, Ta, and Nby8h e eatrlysi-ed-any one of claims 26 to 28, wherein the catalyst is produced by

a process compyising: contacting an amorphous synthetic alumina-silica with a dilute hydrofluoric acid
solution. 30. Tﬁé'ﬁﬁ%@fﬁcgﬁsﬁfﬁ%\yﬂe\ﬁ 8$éfﬂsal?aﬁ?01%’f%‘]§73?6ﬁ8‘5'ﬁ8%% to alumina-silica during the
contacting is in the rafegéifgprhegreatel thanBsg:terabioin:6hghhydlrafld drieaeidpeartkgdofiatiitina-silica.
31. The catalyst of any o&efu%gncélgli]@s 29 to 30, the process to produce the catalyst further comprising:
separating the methanol and the heavies to produce a methanol-rich overheads
fraction and a heavies rich bottoms fraction,

16. The process of any one of claims 12 to 15, wherein the hydrofluoric acid-treated

amorphous synthetic alumina-silica catalyst is produced by a process comprising:
contacting an amorphous synthetic alumina-silica with a dilute hydrofluoric acid
solution.

17. The process of claim 16, wherein a ratio of hydrofluoric acid to amorphous alumina-silica
during the contacting is in the range from about 5 g to about 65 g hvdrofluoric acid per kg
of alumina-silica.

18. The process of any one of claims 12 to 17, wherein the hydrofluoric acid-treated
amorphous synthetic alumina-silica catalyst comprises from about 2 weight percent to
about 98 weight percent silica.

19. The process of any one of claims 12 to 18, wherein the hydrofluoric acid-treated
amorphous synthetic alumina-silica catalyst further comprises up to 10 weight percent of
at least one of Ti, Zr, Hf, Ta, and Nb.

20, The process of any one of claims 16 to 17, the process to produce the catalyst further
comprising:

separating the dilute hydrofluoric acid soiution from the catalyst;
washing the catalyst to remove excess hydrofivoric acid; and
calcining the catalyst at a temperature in the range of 300°C to 850°C.
21. The process of any one of claims 12 to 20, wherein the olefin comprises at least one of

isobutylene, isoamylenes, propylene and ethylene,
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separating the dilute hydrofluoric acid solution from the catalyst; washing the catalyst to remove
excess hydrofluoric acid; and calcining the catalyst at a temperature in the range of 300C to 850C. 32.
The process of any one of claims 26 to 31, wherein the hydrofluoric acid-treated amorphous synthetic
alumina-silica catalyst is selectively poisoned. 33. A process for the production of olefins from at least
one of an alcohol and an ether, the process comprising: contacting at least one of an alcohol and an
ether with a selectively poisoned amorphous synthetic alumina-silica catalyst under decomposition
conditions to produce an olefin. 34. The process of claim 33, wherein the selectively poisoned
amorphous synthetic alumina-silica catalyst comprises from about 2 weight percent to about 98 weight

percent silica. . il'hrée Froces% of agxeogﬁggf. clalfgst (?,’.jltoﬁﬁh wherein the ctive one

el | [
amorphous synthietic alumina-silica catalyStTurther combrlsesehﬁofgpfﬁlﬁ%%ﬁ lB%r%g#g%é a‘fvf’é%hstt one

of Ti, Zr, Hf, Ta. aperdint B8cTvaupralcasstofthe yanwoekaiinem3s w8 5nwhereinh YAERL ledstvatae of an
alcohol and an et%[lﬁ;gmgi_ses one or more of methyl tertiary butyl ether, tertiary butyl alcohol,

sec-butyl methyl ether, ethyl tertiary butyl ether, tertiary arr%]%/)! ethyl ether, diisopropyl ether, isopropyl
alcohol, ethanat -aitf dEtFRefiet? AtV relditte Bleth £oniphiseld dbfedsdsienisapdtyraid

isoamylenes, propRnshaitseiEeNBlumina-silica catalyst is selectively poisoned.

24. The process of any one of claims 12 to 23, further comprising feeding a compound for
the selective poisoning of the hydrofluoric acid-treated amorphous synthetic alumina-
silica catalyst, wherein the contacting further comprises réacting an acid site on the
hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst with the selective
poisoning compound.

25. The process of any one of claims 16, 17 or 20, wherein the process for generating the
hydrofiucric acid-treated amorphous synthetic alumina-silica catalyst further comprises
selectively poisoning the hydrofluoric acid-treated amorphous synthetic alumina-silica
cataiyst.

26. A catalyst useful for the decomposition of ethers and alcohols to form olefins, the catalyst
comprising a hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst.

27. The catalyst of claim 26, wherein the amorphous alumina-silica catalyst comprises from
2 to 98 weight percent silica.

28. The catalyst of any one of claims 26 to 27, further comprising up to 10 weight percent of
at least one of Ti, Zr, Hf, Ta, and Nb.

29. The catalyst of any one of claims 26 to 28, wherein the catalyst is produced by a process
comprising:

contacting an amorphous synthetic alumina-silica with a dilute hydrofluoric acid
solution.

30. The catalyst of claim 29, wherein a ratio of hydrofiuoric acid to alumina-silica during the
contacting is in the range from greater than 0 g to about 63 g hydrofluoric acid per kg of
alumina-silica.

31. The catalyst of any one of claims 29 to 30, the process to produce the catalyst further
comprising:

separating the dilute hydrofluoric acid solution from the catalyst;

washing the catalyst to remove excess hydrofluoric acid; and
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37. The process of any one of claims 33 to 36, wherein the contacting at least one of an alcohol and
an ether is conducted in the presence of up to 5 weight percent water equivalents, based on a total
amount of ether and water equivalents. 38. A process for the production of isobutylene from methyl
tertiary butyl ether, the process comprising: feeding methyl tertiary butyl ether (MTBE) to a reactor
having at least one reaction zone containing a selectively poisoned amorphous synthetic alumina-silica
catalyst; contacting the MTBE with the selectively poisoned amorphous synthetic alumina-silica
catalyst under decomposition conditions to produce a reactor effluent comprising isobutylene,
unreacted MTBE, heavies, and methanol; feeding the reactor effluent to a first distillation column;

separating the |sobut¥£@1§1{[%%Q}@aw%@g@gbm%%%ﬁe%\él%% qglaggj Ml%@@&ln the first distillation
oms fract rising

column to recover a firs jon com eavies, tnreacte and methanol and an
isobutylene-richroVvBehemgestrdtiony 3BeTole grotesitofcidim BBefinHee davdpibiotcfastlirpated first

botioms comprisinghupIeAsleR MR SRS RCAEstMSINAIALIaISEal distilation column: and

separating unreacted MTBE from the heavies and the methanol in the second distillation column to

recover an MTBEAPREVSHRE4hE pradueiramy %l%t‘é’b%ﬁaf’béftéﬁﬂ% et AkehAad amathRetRsnol.

40. The process qfrelancadthiwther comprising recycling at least a portion of the MTBE-rich

overheads to the reaglor, 41, The pIocess oy oGef RS 3242 0 IS SOMAISIG, e
amorphous synthetic alumina-silica catalyst under decomposition conditions to
produce an olefin.

34. The process of claim 33, wherein the selectively poisoned amorphous synthetic alumina-
silica catalyst comprises from about 2 weight percent to about 98 weight percent silica.

35. The process of any one of claims 33 to 34, wherein the selectively poisoned amorphous
synthetic alumina-silica catalyst further comprises up to 10 weight percent of at least one
of Ti, Zr, Hf, Ta, and Nb.

36. The process of any one of claims 33 to 35,

wherein the at least one of an alcohol and an ether comprises one or more of methyl
tertiary butyl ether, tertiary butyl alcohol, sec-butyl methyl ether, ethyl tertiary
butyl ether, tertiary amy! ethyl ether, diisopropy! ether, isopropyl alcohol, ethanol,
and diethyl ether; and

wherein the olefin comprises at least one of isobutylene, isoamylenes, propylene and
ethylene.

37. The process of any one of claims 33 to 36, wherein the contacting at least one of an
alcohol and an ether is conducted in the presence of up to 5 weight percent water
equivalents, based on a total amount of ether and water equivalents.

38. A process for the production of isobutylene from methyl tertiary butyl ether, the process
comprising:

feeding methyl tertiary butyl ether (MTBE) to a reactor having at least one reaction
zone containing a selectively poisoned amorphous synthetic alumina-silica
catalyst;

contacting the MTBE with the selectively poisoned amorphous synthetic alumina-
silica catalyst under decomposition conditions to produce a reacior effluent

comprising isobutylene, unreacted MTBE, heavies, and methanol:
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feeding the second bottoms comprising methanol and heavies to a third distillation co_lumn; and _
separating the methanol and the heavies to produce a methanol-rich overheads fraction and a heawes
rich bottoms fraction. 42. The process of any one of claims 38 to 41, wherein the selectively p0|son_ed
amorphous synthetic alumina-silica catalyst comprises from about 2 weight percent to a_bout 98 weight
percent silica. 43. The process of any one of claims 38 to 42, wherein the selectively poisoned
amorphous synthetic alumina-silica catalyst further comprises up to | O weight percent of_ at least one
of Ti. Zr, Hf, Ta, and Nb. 44. The process of any one of claims 38 to 43, wherein the olefin comprises
at least one of isobutylene, isoamylenes, propylene and ethylene. 45. The process of any one of

claims 38 to 4-4, further comprising feeding up to 1.5 yweight percent water equivalents to the reactor,
qee?%ﬁ%%ﬁ%%%ev&/i&ert g(’qfl' te‘ﬁ%é‘ﬂﬁ%'.oyfﬁ%hﬁ?&cess of any one of claims 38 to

based on a total amoun ; _
45, further comprisingeferadling éhedmpairivddidhetbeleativerpdisiinng iofarferael phouseaMAtIGHC
aluminasiica catalys to b sagtes WP ISR SEACar et complises [eacting ap acid site on
the amorphous synthetic alumina-silica catalyst with the selective poisoning compound-to proosﬂce the
selectively poisoned am8pptRstest YA Bhiatiamsiheacsiied amtedyutyldne-tictavatybtagsetat fionthe

decomposition3of eHagis&Re @g%glggq%g@ﬁ£§sig§ catalyst c_omprising a s_eler(]:tively po;]soned
amorphous synthetic alumina-silica catalyst. 48. The catalyst of _clalm 47, wherein the amorphous
alumina-silica catalydf %%ﬂ%ﬂ&é%h?‘?{ﬁ%@%ﬁﬁ%%%@%@@ hs9sisatanssmsthanglonetof

claims 47 to 48, further cetopdsiisdilapda dduweaighidpercent of at least one of Ti, Zr, Hf, Ta, and Nb.
separating unreacted MTBE from the heavies and the methanol in the second
distiliation column to recover an MTBE-rich overheads fraction and a second
bottoms comprising heavies and methanol,

40. The process of claim 39, further comprising recycling at least a portion of the MTBE-rich
overheads to the reacior,

41. The process of any one of claims 39 to 40, further comprising

feeding the second bottoms comprising methanol and heavies to a third distillation
column; and

separating the methanol and the heavies to produce a methanol-rich overheads
fraction and a heavies rich bottoms fraction. |

42. The process of any one of claims 38 to 41, wherein the selectively poisoned amorphous
synthetic alumina-silica catalyst comprises from about 2 weight percent to about 98
weight percent silica,

43. The process of any one of claims 38 to 42, wherein the selectively poisoned amorphous
synthetic alumina-silica catalyst further comprises up to 10 weight percent of at least one
of Ti, Zr, Hf, Ta, and Nb.

44. The process of any one of claims 38 to 43, wherein the olefin comprises at least one of
isobutylene, isoamylenes, propylene and ethylene.

45. The process of any one of claims 38 to 44, further comprising feeding up to 1.5 weight
percent water equivalents to the reactor, based on a total amount of MTBE and water
equivalents,

46. The process of any one of claims 38 to 45, further comprising feeding a compound for
the selective poisoning of an amorphous synthetic alumina-silica catalyst to the Ieactor,

wherein the contacting further comprises reacting an acid site on the amorphous synthetic
24



50. The catalyst of any one of claims 47 to 49, wherein the catalyst is produced by a process
comprising: contacting an amorphous synthetic alumina-silica with a selective poisoning compound
under conditions to react an acid site on the amorphous synthetic alumina-silica catalyst with the

selective poisoning compound to produce the selectively poisoned amorphous synthetic alumina-silica
catalyst.

alumina-silica catalyst with the selective poisoning compound to produce the selectively
poisoned amorphous synthetic alumina-silica catalyst.
47. A catalyst useful for the decomposition of ethers and alcohols to form olefins, the catalyst
comprising a selectively poisoned amorphous synthetic alumina-silica catalyst.
48. The catalyst of claim 47, wherein the amorphous alumina-silica catalyst comprises from
2 to 98 weight percent silica.
49. The catalyst of any one of claims 47 to 48, further comprising up to 10 weight percent of
at least one of Ti, Zr, Hf, Ta, and Nb.
50. The catalyst of any one of claims 47 to 49, wherein the catalyst is produced by a process
comprising: ‘
contacting an amorphous synthetic alumina-silica with a selective poisoning
compound under conditions to react an acid site on the amorphous synthetic
alumina-silica catalyst with the selective poisoning compound to produce the

selectively poisoned amorphous synthetic alumina-silica catalyst.
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