PROCESS AND CATALYST FOR CRACKI NG OF ETHERS AND
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BACKGROUND OF DISCLOSURE
Field of the Disclosure

[0062] 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
catalysts useful for the decomposition of ethers, such as alkyl tertiary-alkyl ethers, to
form olefins, such as tertiary olefins.

Background

[0003] Ethers may be decomposed to corresponding olefins and alcohols in the presence
of an acid catalyst. For example, alkyl tertiary-alkyl ethers, such as methyl tertiary-butyl
ether (MTBE)} or tertiary-amyl methyl ether (FAME) may be cracked to fertiary 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.
Ispamylene is a raw maierial for various specialized applications, such as herbicides,
flavors, fragrances, and a copolymerization agent, among others.

[0004] One major difficuity encountered in the catalyfic cracking of alkyl tertiary-alkyl
ethers is a relatively short catalyst cycle iength, 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 fo catalyst longevity.
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[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.



[ 0007] Both acidic clays and synthetic
alum nosi | i cates have been used as a matrix for
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[ 0012] Anot her downside to use of HF treated clays

i ncl udes increased production of byproducts, such as
di met hyl ether (DME). Because of the higher catalytic
activity of HF treated clays, they produce, in
general, nore DME than untreated clay catal ysts.
Cat al yst deactivation typically results in a | ower
conversion of alkyl tertiary-alkyl ethers, such that
the cracking tenperature is raised to maintain a
steady conversion as the catal yst deactivates. As
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[0017) o pr dfancthsp 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,
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[ Figure 2 is a graphical comparison of the catatyst activity, as measured by MTBE

conversion, of catalysts according to embodiments disclosed herein as compared to prior
art catalysts.

{0023} - Figure 3 is a graphical comparison of the catalyst activity, as measured by MTBE
conixersion, of catalysts according to embodiments disclosed herein as compared to prior
art catalysts.

[0024] Figure 4 is a simplified proéess 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 cataiysts useful for

the cracking of ethers and alcohols to form olefins.
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[0021]Figure 1 is a sinplified process flow di agram
for producing tertiary olefins according to

enbodi ments di scl osed herein. [0022]Figure 2 is a
graphi cal conparison of the catalyst activity, as
measured by MIBE conversion, of catalysts according
to enbodi nents discl osed herein as conpared to prior
art catalysts. [0023]Figure 3 is a graphica

conpari son of the catalyst activity, as neasured by
MIBE conversion, of catalysts according to

odi e r
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producti on of catal ysts useful for the cracking of

et baveant silge il sqyhe bmbedimerss; nrerh @abouid, to about 98 weight percent silica in
other embodiments; from about 2 to about 98 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
a minor amount of crystalline 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.

[0027] 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 info 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 freating 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 hydrofiuoric acid used
during the treating step may range from about 10 g to about 40 g per kg of alumina-silica

(20 g to 80 g per kg alumina-silica for a 50% HF solution). HF solutions, used at the
6



[ 0026] Cat al ysts useful in enbodi nents discl osed

herei n include anorphous synthetic alumna-silica

catal ysts. In sone enbodi nents, catal ysts useful in

enbodi ments di scl osed herein include hydrofluoric

acid (HF) treated anorphous synthetic alum na-silica

catal ysts. Anorphous synthetic alumna-silica
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i npregnation techni ques, followed by drying and

cal ci nati on. The anorphous alum na-silica materials
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al I |

F oA i ettt Bo B! bR WA e Gy, polymer
abdppesitie argisbyprmi;acﬁmocﬁacnm wdy Wmam mblemabm al water so

to ¢ Ietel e the e u f ) .

10033 1 o SERTF RO R Gl i P EorBiays syptpeic alumina-

[ SSIHtﬁixiiatalﬂihﬁdnH)Hmﬁéﬁéﬂ dnlvaph dub e yrtbaiceal vinik-6iliod cdtffydiOmay improve

anor phous alumna-silica is significantly | ess than

the ratio of HF to attapubgite clay typically used in

formng HF treated attapul'gite clays, as described

above. Thus, the HF treated anorphous synthetic

alum na-silica catal ysts described herein may be

environnental |y nore di sposable. Additionally, |ess

fluorinated waste sol ution may be generated. Each of

these may contribute to a decrease in raw materi a

and di sposal costs for catal yst manufacture.




100301 The anor phous alum na-silica may be contacted
wth the diluted HF solution for a tinme ranging from
5 mnute to 2 hours in sone enbodi nents; from 15

m nutes to 90 m nutes in other enbodi nents. The
treating may be perforned at a tenperature fromroom
tenperature to about 90 C, and the slurry may be
stirred continuously or intermttently. The HF
treatment of anorphous synthetic alumna-silica

catal ysts may be perforned in a single step or

e e

drmilyreets, tasduttiee résklting déataehdadoatpiiisigscls yimeh e$dlective poisoning and

alum na-siljca my be washed . w th ff.icient amount

o Rt F RS BPRETER. i & M NEh TREG R tsatoent of the

dr daefllyst ftnet@h e @ois@) ivdivahited Wsie sRss ia tiadasdlyst bieucture having a high

mat er.ial . .Calcining may be perforned at a erature .

{ FSTHIBOUCOIED B HUETo e OO A CEebey o he selectvely poisoncd

t %E&gfs% $5Gode@ ReicROmbY MBs4R0Ca trifodéRQCadidityodrNNld acidity or both, in

enmbodi nents. [ 0032] Anbr phous_ synthetic alum na-silica

c agembrpk tesme g aHwhale.castthel agidwiphkayingsd smparatively high acidity and/or

al Yy nasSild aliysbsoageording to enmbodi nents

di%ﬁﬁa@%&éhﬁsﬁ%«eﬁ&hﬁﬂ av% a high activity, which may
[003dEsul t Sefectitrepgisonthgatf icaatyst dispidedihemsih hypboparised by treating the

such.as isoal kanes and et hers. |soallcane byproducts .. .
e TRORTHE S0 B P TESbS SRR TP Paa M Spone acidic stes
Se@ﬁl’c@td:nlﬁzﬁﬁte@ﬁat&lﬁﬁc b%:d dviﬁgnml&i EHtysof Eltxlil?plb§ obtdoevands useful for
are simlar to that, of .t ertiary olefns.

Adectiyh apigRing Ay inghige efieli WeRt compPupds @lfaling sarth compounds,
C asigthf (oo mPaMidS hnd oMed BESic B6ihpothliykone th FEE EkifdCIGhe art. Such
times than untreated anmorphous synthetic . o )
al eminennds npcimclude alepsnts, whigh greerfogisder salestivapeisoning, including

by redugedt i r n t4Cn;
YIS PULELL O L IS RBRDLRTR 1 5t gy Lo o

boAtb agmpp ptherss synt hetic al umna- silica catal ysts

d HF treated apypr phous synthetic aluynina-silica .
100330 o y st gt APPSRt K Sna OBl b Saponiiirisg with and
bofehctd @EtC tHeOmmoipholWesiedic bapnneailics mfd déghdbdn @t nature of
of polynmers, thus further resulting in extended ]
iy TeagHanelof shrsdic mafraEk PR, FSHY: FOmRLATE) sdee specifi

t e£iBRedt SREE Edri poRLNinR O IR NBKbune b mbtaf SleeME oR & Qkdlyst for selective
refers to the treatnment of the catalyst to neutralize

( petisaming mpwan vedinali darget feem jahoyt epRia e Py 8% by weight in some
st ér}ﬂ%dtfﬁl&tpaﬁ[ n?%b@uthitg G .dag&}(t £, bg" ﬁéébltoig other embodiments. In
y ac ngt h. “The

unnecessari’l 00 Stro stre
seveous \ealbpdipenso tied ceapaings tusedlifgciresisg hentaliyst crybe cither an
t hus have a (;mderaﬁte acidit o mld ciaci di 5%/ or.db
| nTGRERR AT PP T RERDEE o npREnd Beig! Gy drgde
hambfe per€ipé irtdgueaisymddigh, d@ganik tydian dr @ miksdvasdied of water and
sites are selectively poisoned. [0034] Sel ecti ve.
pofEYRFHE VY Eat al ysts di scl osed herein may be

[0038§" f or Med (Q¥orilvEIS a0k RE AnfepHcRl @%ﬁtﬁé& AhrhiRa Q1MGa @4tal¥RE Bccording to
conpounds that fay react or interact with strong )
ac¢mbadimpnte displasdorereinwiia cadlyshmay pe iteatsid (ath an adyieeps or organic

th | . .
A VSO 530 RS i g cmprr
c otirp gamgtsfrona laka@lt i0AE te abott 200 musvds, enidiodmednks; at a temperature from

conpounds, .an ther. basi.c co unds 0 t.o those
SRRRREA0R, o Ao, S IR Rt SRBRRHESR oy TN Rrie AR can be any
el enents, which are effective for selective

poi soni ng, including Na, K Rb, Cs, My, Ca, Cu, Pb,

C. Be, Sn, Sr, Ba, Zn, Fe, Ti, Bi, M, M), La, Ce,

and Ac, anong ot hers.

orfﬁé poisoning



[ 0035] The anmpbunt of the selective poisoning el ement
or elenents contacted wth and reacted onto the

anor phous synthetic alum na-silica may depend on the
nature of intended reaction (or specific reactant),
speci fic catal yst conpositions, and the specific

el ement used for poisoning. The anount of netal

el enents on a catalyst for selective poisoning my be
within the range from about 5 ppmto about 8% by

wei ght in some enbodinents from about 10 ppn1to
about, 4% b i n other, e di nents. In, var,i

e Ut 0¥ i BTG TG MH: paely fiF Gelectve poisoning of

C athagiits heigid AndBr ehwhiRéd difes] HAMPRS o€ whichGhgad fonedtHange methods,
or .organonetal lic conpound nmet al hydroxi de. The

poi @Bﬁgﬁﬁloﬁaﬁowgga eiefla¥inegeicn Adisewatage @F@nfheo PRHive poisoning
e dlofipbeid %ﬁwdm@@e%tlw} SoisBRd @eﬁal%tglﬁgﬂf %e washed with a

solvent [ 0036] To sel ecti vel o0i son anod?

sy riekyest %ICE awatmaabmh%@pe@a@mrysm@uwh@p piegl drmd After drying, the

e”’%‘&&gg?ﬂﬂ&f R@' Lachosgd @ﬁ%@ﬂaﬁwe e %g@h%ﬁ&tab%yls%ec to about 800°C
an aqgueous Orf organl-c solution of "a

conpound cobodiorpoufrds atwef 200°Coo abeltelOPV éd wther embodiments, for a

p0|son at .a,tenperatur the r about. 0C
o 0 PPuBh o i TR BB fenittie® B il 6 BB From about
frmmumbmwimk@6ﬁﬂﬂmﬁhgut 125C i n ot her enbodi nents.
he treatlng nmet hod can be any nethod as long as it
ﬂ"%?bd ucedlEmBtyey esirstve pasnning oldhe Fyfalysanaycheparfopaed in situ. For
poi &Qﬁbi@ga Qnafl 'aﬂ@uﬁt @F b aﬁc 23 dURYPBL %@%e?l dfn%s the decomposition
exanpl es’ of which inclu I on- exchange net S,
i npp@gmawﬂbm Jeedostichmg, Theelbaswcmngmu@d sddedfriasr b pont-attive with the
e S n hS .
¢ ndVAkPEeDE, BGAChRR, SR FOIRRITEE Sn BT RRY Tikrre wit e
a Sseparativin, anﬂlredfovas/ viathe rd,esm‘eldaeimbu pﬁﬁlﬁtt@ miaa s&tecﬁvely poisoning the

TSt WS S8t iR o h e i R ftont MiSieing). Bxamples of

r al’lgz@wfcbﬂl@b\aﬁi@ Ubhat ThECbé @dc&ldoiféf p8i@&ﬁ1g Bf &RMRtalyst in situ may include
enbodlnents $P1about 200C to about 600C i n ot her

e AR YeethEr PBPEAIY e in the range from
ut 5 C
[GOQBPm nutig'g r%ﬁ%@ig%%‘? g%p ﬁ%u%éat&i[)g%grﬂhil&gt %}nn at | ve ylﬂg)@im:a catalysts,
sel ssbeciively pmsgofrd rﬂgmphmlh eS)@éleat yaleminaysilive géalyssy; ned selectively
corbiies 2 BhREG oS Bl 2335 gy be used 0
vvi t produck eambus bteé'am&oﬁfﬂhdmm@lmnlso Wit owsdtdefths nrﬂlychheay be obtained
non- regctive Wit h tQﬁ q§ﬁro ar.bons ﬁrese t unde
r e O Bn BTIPHH 176° Feifoficiufe el \ﬁr?wl?"ﬁe isobutylene,
S epiganiyil8s mﬁ s ECR¥BY Y2 -Bhtchdh hddBaleheT 1 beRASE, I |1§lﬂiexenes such as 2,3-
product s {I ., Selectively p0|son|ngathe catal y

whi SEethst I-PHERs Cet-iRFHRY-CrPuisme. dasity, -mva%@am%ﬂ 2-pentene, (cis

Pr O£RS#hiRP 3 mEXARb&TR! DARIIC CRMAROMIS AR NBYpdiEne, and the
added for poi soning of fhe catalyst in situ my

| ncleligey EphaptAngs. aieickl jolrding yhayele producsrngn @tulﬁpéonks alkyl tertiary-alkyl
[ 00

oo e es Sre 080, Sl P80 ARIERiares o 5o
poi szam@td: &obutplene suayyir jmthucced é:lyudmmpcssnﬂgl @® or more of MTBE, ethyl

B L 1 N ———

us egtothied b9 dueanptaingONSMB] @f tbd’hﬁryf-dn@ﬁ etfyhether @EE). Propylene may
al cohols. Various ol efins which may be obtained

according to processes described herein include

et hyl ene, propyl ene, isobut¥lene, isoanylenes such as
2-nmet hyl - 2- but ene and 2-net hyl -1 - but ene, isohexenes,

such as 2, 3- dinethyl-1I-butene,

2, 3-di net hyl- 2- but ene, 2-nethyl -1-pent ene,

2-met hyl - 2-pentene, (cis and trans)

3-nmet hyl- 2- pentene, 2-ethyl-1-butene and

1-nmet hyl -cycl opentene, and the tertiary isoheptenes.



be produced by deconposing diisopropyl ether (DI PE)

i sopropyl al cohol (IPA), or mxtures thereof. In

ot her enbodi nents, secondary al cohols nay al so be
used. [0039] As further exanples, ethylene nmay be
produced by dehydrating ethanol or a m xture of

et hanol and diethyl ether. So-called "renewabl e

et hyl ene” may be produced by dehydrating bi o-ethanol.
Addi tionally, diethyl ether nmay be produced by
dehydrating ethanol. The diethyl et her by-product may

be, rec r fromthe reactor tream an

7 ot BRSOy dpipotfiel FRehRbuE bt BPES 58T Weohol @A), or
deﬁmnmbedwﬂbDWﬁdﬂ&ymmb&ﬁnbmsueaﬂﬁﬁgmkbbﬂsdﬁhyﬁbaéunﬁ

of nmethangl to produce dinethyl ether

0032y pe &% dethen cypmples, fthdene ma%rbg Prpfémfé)]b@:aéegmréfe@ ethanol or a

an %ﬁﬁx@%%ﬁﬁﬁol%ﬁ%étﬂ?ﬁ%ﬂﬁ?f @bf&aﬁéde“r@ﬂe%@bl'é%ﬁfy‘}ﬁne"’ thaly 8 produced
production of hig Furlt |sobut%lene deconposi ng

NWBEdeWBWm@bwrﬁtb@g eddditienadly diethpetesrpigs iba graguced by dehydrating
Sg%&[o? Phe MLA 1%&&%&%&9 %B?&%%d Eﬁlﬁ tﬁ@re&& fiflnt stream

utyl ene na erre ver one as
un detuecsa:lﬁdets lpget pf ﬁn#lfettdsqanc hCatglysts dbasrhha:@bomfn'sﬁy alsd be used for

d| | s I e?legf‘ﬂ‘ir}égﬂtﬂ odu @gf:g&gggy %Tgfn}@ Chb'@ay be used in or

addﬁﬁeﬂﬂﬁ@mthe feed to suppr ess unwant ed si de
reactions. As used herein, "water equrvalents ref
[0040) \\at crataiyeeand BrorffréeSrdéérabsrl DEfPIEER pyo el dn rbstpé?ductwn of high

adgﬁﬂytlébbﬁtl}%né ® c&%&fmﬁd@ rl\ﬁ?BE}’TBﬁu&hmﬁéﬁn@é’thererof Decomposing a
ecorYpOSI tion o an al co formwater and an

ol ofixtare ofAYEFRE wiih aanmghmmlmayf BBAs prpdiee ispbusinengmeay be preferred
S “B{i CLeRE %%né 8aUleks 'uﬂdt% aﬁlg %RV ?Jﬁﬁ’ﬁbgﬁ ?%?%%% QoREEDME, and

e reac or exanp ive 10
addnm@mmhnemwdpm&MEdfeed mhen deconp05|ng MIBE, feed
f TBA fo.th rea(:a?l\]e and_.t he subseque

10640 orrp QB ot AP Rr oG RET B Bl valaniay be added with the

| S eRE Y bigpesss Whkihtdéd19dE€ R U lsi 138 Réreinetvedter ehiRalents” refers to
amount of water eq ui val ents used in varjous

enBEHT Addsd 0 Fbwer%mg%reﬁ%?ﬁ 9. viaigr pdded i thieagies igdigetly, such as by
U p d&&m%oéﬁﬁbrgg{t arPRESHR Mo 0RE Satdr An@ LD Blefif WRRE B @Ic%holl‘b?ay be used

0 wei ght percent in other embodiments, where t
ab@ven gmbwns suliiceenb &5 mguld in e equivalent arverugth@f witeinat téra reactor For

€q g}'(a\(r?pl % glngt%&ﬁ%%ﬁﬁ%&ggg ELQ Qe%g%x/gglghéco n‘g?sgr]jlg l\r/rIaT>I/3E, feed of

wat er or’ 0 an ream r exa
be TBénefthecaieadtordand thg sttisequenr degompasifeonafl tHdTBEA, will produce a similar

dec 0Si.ti n to ress unmant d SI reactio
¢ PERIE el P ARSI e St ARG Oh s Sauivalens
Or useBAn addébdsi @ibotaiede nfal W os ﬁ‘tﬁﬁilﬂ)(lleﬂ) 5 wWeldBd4 Bdrddife up to 3 weight

cracklng reaction (al so referred to herein as
E?fﬁ% rater oA (tglizero%lﬂ%?ép%qqts@ﬁg) 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.

[0042} Addition of water or TBA to an MTBE feed stream, for example, may be
beneficial during the early stage of MIBE 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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may be performed in one or nore fixed bed reactors in
the presence of a catalyst disclosed in this

i nvention such as an HF treated anorphous synthetic
alum na-silica catal yst as descri bed above Exanpl es
of fixed bed reactors useful in enbodinents discl osed
herein may include tubular reactors, boiling point
reactors, bubble colum reactors, traditional fixed
bed reactors, catalytic distillation colums, divided
wal | distillation colum reactors, pulsed flow

act OI‘ conbi nat.i or nor.
oGF20" il §Paafiol R a0 SR Foborait™ BlonFBhf by gehydration)
f 1 oy b[eolﬁhﬁﬁhﬁ)&c(ixmaﬁs iok Irodte rfdadt bdﬂnreﬁﬂﬁdllhliﬁﬂ&‘prﬁ&)be of a catalyst

vary n the feed_ m xtu used. and t he de

oI glfs(fl iS5 ABYENLIPR E'B‘ﬁ‘p%%?‘% ntrf:aéq:iipglinglip PSS Gic alumma—smca

sft ' rﬁe@&ﬁ)@d 28000 ExhmipIed T8 REP BEd FBAHoPs ufehidNih ledkbodiments
to 35 C in other enbodi nenli-)s and from 150C to 300C in

ye@is@mérhee%@éﬁymwe tirar FERBPRBORYHRSD ROWIE £8F10ER bthle column
re Enlrst %Q?%Hg%uﬂ%r bl GSRHES cdedl ch%lsrtlﬁ&gﬁ ?61&%51 &iQided wall

psig) in some enbodiments; from 1
11d1b1aliat1@@ qohxrntﬁ@eaggrsgpulnswd Bowercadgpisoatidreemisnations mf One or

e Rl o) §3 RSy bGP ISR et the

pro Iinis phase or partially in

[0044&6 I | QDédbniposition ﬁHacttdii&:oh&aﬁﬁS @8y t/ﬁ'mbaieatdﬁrtﬂe ft8€ ehixture used and
e liquid hourly space vel oci.ty (LHSV) (the vol une o
of thej dgaired ﬂéﬁﬂsvﬁ‘loﬂ‘l‘ﬁ? of ‘?FQF‘QPVE‘PH PERGHFS M2y 13%F e 100°C to

t hgpgeean khas ein%odiﬁ&ﬁt*s bR Y80 ERYSPE Mol BnbdEméANER from 150°C
from0.5 to 200 114 in sone enbodi nents; from1 to 50

11@ 3 6tineyet eﬁ@bamhedqnentSanwa dlespmpositipn] Factipn| Aay, be carried out

o RGP 0% 8602 48,0 OB et o

at 1 ded:bhpdﬁm it 8 pgiginidiothieo mbomnmeéummq gmbcdanents, the pressure is
ﬁ;g\%}% e \?\i’i&g I%ﬁaﬁ %?d}%%lg‘[‘cg g)le(%%i 1S 1 31(%?]'“ hasb o‘ff‘l pgmally in the liquid
al pieke |aS theaBabtioh itgmpeRsttre lsemh Tas I@uﬁlm&ﬂy @pacb rvelveity GLHSV) (the
t he deS|r d .ol efi uct. In_sone e nt.s, . .

¢ oHPILEE O Hai, Pe Yol %@&*ﬂ@w Perbgym l which g@ TEACER istsaigied out may
hepeiwith B ksY o msce@ aa@hé i@ Boré ebodiafs; fih Web 90t in other
percent of the ether; | east 85 wei ght percent in

ot AapodmEHs;ard fom 1 E’tml fbalgtyee@hwn@ﬁ@ﬂq@e%em in
[0043:1 her eg@g%dt LS aic@ltl F’ eZh%r g@fﬂi Qﬁtﬁﬁfgtgtas 'dascmlbed herein, at

ot her e I ment s; east \NEI ght “percent
ot Heompoiitck mmuhtsms,[ Iﬁ@ﬂﬁqstijatlmlﬁ}esprsd@htlsuIO(ﬁsﬂ@dddsetce plefin, alcohols,

e BBy Bk ey G B el St e Bl GO ERER such s o

maginiiioR trahdt off tisOdvdRESdlofin 9foda£t |Iﬂ@61he %bmmht contact of an ether
perc nt. ofqarg eth r feed for at alst 9 nont

S offEd SHifo bR & %SF“bﬁfde%%r?mlm@,Ye ulf i genygEsion NS¢ a? least 90 weight
e"B&Qérﬁ%ﬂﬁﬁ et Aﬁ@a@t 85l weigRNpdiSent Fh QhGUmMHBERRRSTRITeASE 80 weight

| east 18 nonths in other embodi nents; and up to 2
y e Bersens An piep empodiments; 3 deask ?r% 3i¢igkb pereent 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 © months in some embodiments; at

11



[0047] Catalysts and processes disclosed herein may

be used to produce and recover a high purity ol efm
product stream For exanple, in sonme enbodinments, a
desired olefin may be recovered in an olefin-rich
stream (as used herein, a streamrich in a particul ar
conponent conprises at |east 50 wei ght percent of

said conmponent). In other enbodi nents, the recovered

ol efin-rich fraction may have an ol efin content

greater than 90 wei ght percent; greater than 95

W%&Eﬁ yBE"iff SfHer b&bealﬁl%ﬁts ehodi 1RRbsths 4 @ﬁ&eémﬂdaﬁﬁbnw at least 18
wel ght “percent in other ‘enbodi ment s: greater than 98
\Aengtths ipetheeembadimentiend apibod ymrsnorg ireyet ether ¢nahppdiments.

[004?ﬁ an \nga\%&s&sper ;pgtlgnt:egs [l doscn)% chgf?? g Jhdy dnt 1%6{1 90 %il(%‘dg((é% and recover a
t Ndgh P&t oﬁhgﬂﬂd&d@ﬁﬁmﬁﬂ: Fdﬁ eRbrhpiE, mrnbmdlemnﬂmen’anﬂ des1red olefin

greater than 99.5 et. ot her

eriﬁ@’d%@ﬁ?@redhm Beolei Bt e Gfgse%t%é% HieRQ rich in a particular
hel dBRpribe UbQtddl 58S wRighP|péreht 481N component). In other

feedstock having a purity of at |east 99.8 wel ght

g{@k@ﬁ{ﬁi&ﬂfﬁg@]@gjﬁp@p@ﬂ oleig-THdviraciorrmgy bave an glefin content greater than
S| srﬂ%g@@ RHOERAR [HaRY5 UeAgH: Bollin bibe: RARMALHS Brcfer than 97

i sobut MIBE using the catal ysts describ
heweght percénit | ins tothet exinba@imgritar gfehleny thash Sfe sveighy H@Ecent in other

used h t e
stocC éh r%egttsdgr SCri be é”%ove gh?hg&gmq{l%fmeg %g;fgﬁggieﬁﬁ grgater than 99
hewaght pe{r@@ﬁgh MiBEr feeibddﬁlﬁnan cgre:amrl thaa| 99\1\htveawh})rpe“f@m in other
2 are trodu a .fixed C tion
! gl LA R o5 PR e SORRS TS In other
Oredmm&%d the bheffis réddvdred mal/he akerol AnDEddYifdEation feedstock, having
alum na-silica catalysts as descri bed herein. The

MIBRTHROf 9 deast Tt aveighf RFERL t he HE treated anor phous

umn
e .

megf lﬁm’l}dﬁl’@ fome MTBRuismeche gatalysis tdg@nbﬁtBEeremeraull@gated Similar
SKC diisob I v
(50 0 ALY S SEAETD ST BHORRf ee socs o

| sddseribel abeve, Qﬁ@&ﬂhﬁeh&@nnkﬂ&hﬁu&nt 18 may be fed to

004, R L BT B PR 5 B ot

S eRALRDESHdn T84V U e Bk KHPIERE redRir N2 RBYY indditd JAEBYINBR beds 16 of
recovering an isobutylene-rich overhead fraction via

f | BwHF itgeted pmommbeptielpmingedlice catabiriras dqersibed hergignelbe MTBE may
€ ”Ehoéi}n%{éb Svith TRY [RCretel ol ?I& {lé Elﬁmhﬁt%kﬂ%)&ﬁ%t b LM mposition

havi ng a concentration o 'east 99.5 wei ght
peum@mmnswqmmhybanexnnpﬁmﬁmqmh@mumHEQEMe@dmeEHnxwecfmnawwd

I d h
£ TR heq B HICH ifsoPRYICRE shd SRS ERAS G BaRRlS, Bty products)
| | demhabl tadd thesisipricbraigt, iildobatyiens. col urm 26, where the
react ed MIBE may be s

ted f he he
lﬁﬁSﬁﬂe metaRer etfipgpr Lﬁqfné&@??a? m%@rﬁr&%gﬁ e A e t%éepafate and
angMIBEthd cshbﬂyl%ﬁ@eaﬂn% fEREHERN ML Bef ée?wa{eu r@mﬁ&meacted MTBE,

portion of which may be recycled via flowline 30 to
r edethanol.1apd |hﬁa‘§@sntecem§@a|apré$ﬁ>bgwle|flwslz}»w’éeaﬁé@w@s% Aaw line 22.

TefBRRALn TR BSerh&ROVA! &the?SmBodBEdtO Mhay bEG AigR dufi@Msobutylene

stream, having a concentration of at Ieast 99.5 weight percent isobutylene.
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distillation colum 26 via flowline 32. |If desired,

t he nmet hanol may be recovered fromthe heavies, such

as by feeding the heavies and nethanol in flow line

32 to third distillation colum 34. A nethanol -rich

over heads fraction nmay be recovered via flow |line 36

and a heavies-rich bottons fraction may be recovered

via flow line 38. [0053] As nentioned above, sinilar

fl ow schenes to that presented in Figure 1 nmay be

used for the production of other olefins fromfeed
[005§L°Cks he Lgl?esagtreh q\%‘f’gﬁbgﬁ/eﬁ‘l OLn§ )ﬁ@zf{%sema}ag? rédo%l@h as a bottoms

actors may be use or aadadr tiona Ssepar at i ons
befrxoaqm iffoerd distilatent dedurfue 80 and dbdi diesflew rfing t24r e :ofsecond distillation

et hg gﬁ)d{gﬁ%e Coml&“sfﬁmﬁ ?%Oga]s%dﬁa%&gdrﬁ_ducﬁe 0L and the

noq&ladoh athe/@ire el HTBE RS/ tssareemwdl £ aAMTBEsE overheads fraction

var,i Qus react| on b roducts ma used, pronptin .
! hta BoBi TSt 6 RPEHGH BEVBIEh P17 (e o Y oHaLie Do eactor 14 in
ol @hdeRrmbb@imeaanp! e, di et hyI et her produced as a
by- product fromthe dehydration of ethanol may be

10052k coverlbd hoawies t 4rsl meeghvnolr malf baaptoveiedagh ankptioms fraction from
re d
o g6 E5RE s L by igk §ECALASKL e bl ad B8 ecgvered from
al hehehdes gudl ef Iblysfeedmg dhe hbavigeimddmathand iofflow line 32 to third
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meforeaauple; dieiny gy rpé?dueqsirﬁ?@rwrmﬁd!}séﬁmaéfsf‘sdwdrﬁwh%f@ﬂwnol may
ol ﬁéc PovRF QG in¥irkabede %ﬁﬂ; drleHHiaHy RRASE e{sgﬁ&to!fﬁi% feed mixture.
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[005r§|]rbod| rémettgpe «flreddtors foretie &h@ompo&itmemf e&immxdlah@hohs to olefins or for
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illustrates a sinmplified pr ess flow di ramfor t he
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to a proper position above catalytic reaction zone 44

i ndehyduatien pf jalcobiplyi f@eﬁhWIIIIiHYdliﬂ§‘ﬂlﬁ¢ [traditigpal dBied ngdgigbular reactors,
vi alséll'.la{l]ignﬂ’ lurfh Slrrr:%tl) sStﬂoﬁ ?{%}é&n@f tﬁBwofea&glA 'aﬁd divided wall
al so 1 ntroduced to thée co ovethe cat al yst
zomstﬂMonEﬁemdewmamqngnthprsoduct i sobutylene is

tenoved from.the co ver head stea 5 alo
100347 1 s HS oSG TEY BF CHYZE0 D B S REPSch G BB AR QO phase of
| SHUE aRe vapdie BdealNet ofl B equilibriini @auieASt e Yeabfons, carrying out the
recovered as better than 99.5% purity product, as
descri bed above, by use of __various separation
schenes, such as di stillatfon (not shown). The
unreacted MIBE may be recovered by a side-draw stream
46 fromthe colum 40 and recycl ed back via line 43.
The bottom stream 47 fromthe col um 40 i ncl udes
nmet hanol , water and heavi es, and nay be introduced to
a distillation colum 48 to recover nethanol as
over head stream 49. The bottom stream 50, i ncluding




[ 0058] EXAMPLES [ 0059] All MIBE deconposition reactions
in the follow ng Exanples are carried out in a down
flow reactor having a fixed bed of catalyst 1/2
inches in dianmeter and 21 inches |ong. The reactor
has top and bottom heating zones, which are
separately controlled. The fixed bed reactor is
nmounted vertically. The volunme of solid catalysts
tested was approximately 15 nl for each.
[OOGO]Canarative Exanmple 1 [OO61]A granul ar

7 oreaBbr b En e by of et BRSF bt kol Bnd i oty R3Ein  bigher
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a YAGNHaQKED divided Iwd1DdistiRddidntddRMnCA] i Ni@e 431 O OMEH stream 42 of
for 2 hours, .Thjs calcined catalyst is referred to

heM@ieh ORI BAinipo fnwodpred fh s eolpmm 4B bpts & gtalyshgrone 4. The
r eawo&ﬂpagus@b@hu&&so%@}e&éJs 1R GedBioh - ARG/ 4 otvatheéd steam 45

nitrogen adsorption / desorptlon pore vol une; and
av8loag evitormingt amerels of bytprodusin ey PME aid ISObutane The

P Bl0achich@ IR ¥ 43 hAREGebRel %! RAG! Hap WS0K AR product, s

feste a cr u m xe oC
Codtmnmm@ogﬁ 9 ust 9%!M®E seﬂ'dnﬂwhesel@mb,smch ondtiaiiliagion (not shown).
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ci sndl r&@vpledbask emdine243retThylboliod- shiﬂeﬁrad!i?eﬁem th@@olumn 40 includes
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rzai‘&ovék:hﬁetﬁﬁl%ﬂ bd oRthchi 8utLS t_49 | SThk lbbtasih @b 50,inEiuGiHE e heavies

" and water, may be treated and disposed.
[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 'z 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 500°C for 2 hours. This
calcination is necessary to maintain physical integrity of the clay granules during agueous

hydrofiuoric acid (HF) treatment.
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[ 0064] Conpar ative Exanple 2 [0065] A al umi na-silica
catalyst is prepared by co-precipitation method. The
dried alum na-silica powder is extruded to 3 mm
pel l ets, which are cal cined at about 500C for 2
hours. The pellets are ground to 12-14 nesh granul es.
The granul ar alum na-silica catal yst contai ned 20%
silica. This catalyst is referred to herein as
"KL7122." The physical properties of the catal yst are
379.2 n2/g BET; 0.646 cc/g total nitrogen adsorption

100631 arot i SPREREE Spobii e nsoe B BeRRRs BO5Fung 1g e procedure

I Sdiselsdeddn WKl PatendBio: 4,621,070 mH.2 pans calsingd wieapuleite clay granules is

TR a2 R St B 98 B W it 1.5

[ 086l Hernied fvﬁfeﬁﬁﬂﬁﬁﬁerﬁﬁmﬁﬂﬁ&aﬁmﬁfoﬁ ahalryswittsodclisional stirring. After
Conparatlve Exanpl es and 2 are verg simlar. Both

cafiepyline qu Avr:xfesa ﬁﬁlukﬁl%ltb? clag e washed fvice Hith $0mldeigpized water.
of TROQML cl%%@cﬁi@&‘é@§@0°@r1n%fvaMT1§Eovapfor b Y Qﬂaﬁéd Milifed at 500°C

rapidly. After only about 80 hours on stream the

MTRE Zchower Shisreaiginedonfalyshibotpferxgo Heows 8l Eli(-@é'ﬂ" -hénthe physical
i

dcBoPrBaL e EAUBEE iy U B HPORET) 560 BB ESeen adsompion

Wi iﬂnsanpnamqpmeuslufﬂlé; sl antavemgppep diaedtdopf th.2 oi ng 2. 79

10001 et L Bhpr A boatrs: £ RleR T e s e AereEa) o nd tesed with
St b Ichide Gaixdd"RITRIORRE stk bhnteigeg 95% VPT ORBIRL Blcyfc@DAl¥o contains
53. 4% of that used in Conparative Exanple 1 After
desm#i iampupigt oft Righlyk dasagurated (gamgRundsh é““z‘il aﬁnlr%ah%adilqnéa trans-1,3-
%?égtﬂirﬁ%fe?élg 1) %QIeBQLﬂr _mbfhE S 3 WulalicBO a8l ofelsO 'T'hé ?é;t condition is

. 0C'In a Vacuum oven fo
hodt pmgh@%?,mdw&, iguié howrly bpaedl velocis0@E SO rfeed ctwmrféo.w rate. The

Thij F [ il ica alum na catalyst is
" oSulGeht B3 €A ATRLRIME, 3L | 08 2, [0070] 15 m of
[0064] KL 712Corparai @ Brainples2 t ested in an identical manner

é o Conparative
[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
cataiyst contained 20% silica. This catalyst is referred to herein as “KL.7122.” The
physical properties of the catalyst are 379.2 mzlg BET; 0.646 cc/g total pitrogen
adsorption / desorption pore volume; and an average pore diameter of 6.89 nm.

[06066] 15 mi 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 ! and 2 are very
similar, Both catalyst F-ATT-1 and KL7122 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

15



Exanple 1. The result is also illustrated in Figure
2. [0071] The initial activity of this catalyst is
simlar to the catal ysts of Conparative Exanples 1
and 2 (F-ATT-1 and KL7122). However, as shown in
Figure 2, the performance of this HF treated

alum na-silica catalyst is superior to the
conparative catalysts (F-ATT-1 and KL7122). It takes
approximately twice the service tine to reach the
same degree of deactivation. Therefore, the

0040 % LTRSS PekBoife BREREs 8kl xprimen

[ 08¢ Zdeﬁ‘temmhah iagesokx m‘p;bmtlén ppar3d B dilitérg 2giagrathaof 50% HF with
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1. 32. girams calcined attapulgite clay granules_is
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di bbdpe Go? imfbs Wit B0 B deQRoddRvated B2 dgrnggad’ﬁ 00°C in a vacuum oven

dei oni zed water at anbi ent teg{?erature f or hour
wi fds Idwasth@ granules pyerdajegned At £680°Cdiee rivoursg Bm HFfggated amorphous

ex S & tines wth
&ﬁ?g‘%el oni Z%V%Peg?&éﬁﬁhéé in ngﬂltlgﬁ ried at 100C
[907(3]1 a vammmotﬁ\femﬁm nciita)lwt 1artektddhﬁmmﬂbm:icaleﬁhamter % Qomparative
ThISC ned is referred to

2
noFimplod The gep s o baed i Bigliéur 1y MIBE (99,69
[007{\}3_ % f'ﬁ?éjlrhﬁal ARG eRP 08 tls QuBlysC & ahiat i 1ifd Tdutalysts! Bf €omparative

cont ai ns no hi ghl unsat ur at ed conpounds.

ThEx:emimréomdt £ ofF- AETdaarrd 76%). ugmevesi as Ishewn in Figure 2, the

0 o .
Py (000 i upfe iUk GE1, MR M comprive
deczmips}s (R A&‘ -1 and KLE@(ZD aIt gakeb apﬁmgma@l}etwice[tﬁ@ FBYiThEme to reach

I goo
colterer BRereabealialivh: toetsipGy B Tt ipE pa g improved
c Oﬁaﬂyﬂdoﬂ/detdsmpctmdﬁ -oAtihers saét & MSBEOf Conpar ati ve

ﬁi npl e 1. Neverthel ess, the experinmental result
[00H edi ct Somparaiivetampis 4 activity after about 1500

[Oﬁi%ur S ORp&hé ulm%lgllt@éllay (i6t it?mggﬁlls éa‘?JmMa@EOOC’C for 2 hours.

nversion I s typl cal 65% and the catal yst
acti fluaripad aattepitieiee bley @wabfm s feemval i o pimglonmapyer to Comparative

ab%ﬁmﬁlg q hﬁ‘f %‘rams calcined attapuigite 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 (99.69 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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[0076] Experinment 5 [0077] A fluorinated anor phous
alum na-silica catalyst is prepared in a manner
simlar to Experinent 3, with a reduced quantity of
HF. 26.92 grams of the alum na-silica granules

descri bed in Conparative Experinment 2 are treated

W th an aqueous HF solution prepared by diluting 2.02
grans of 50% HF with 47.18 grans dei oni zed water at
anbi ent tenperature for 1.5 hours w th occasi onal
stirring. The anobunt of HE used is approximately only

[ﬂﬂ'ﬁi% of i’ﬁl&%ﬁ#?%ﬁaﬂré@ g.gg‘lge}gs %%du%[ 6ok @or?versﬁf eIl{he catalgst activity

canti ng ou e exc ion, um na-
gr ssnmlieis mareestalies bmlpafrech withi the F-ATTH GGiyst off é::ompam&wb Example 1.
ter at 100 vacuu ven
e Eertiglsts e tAeBhefiar T, arlicls VA8 O R aher about 1500
Th hourklbn kir@ad. e@oxﬂﬁi@fcﬁﬂl@yﬂae%lohll for MAIBREdbaeShas wplcailss about 65%,
referred to herein as "F-KL7122-2." The SlhiéSi cal

pr 8itthe paalyg ol iy degieatey belowthis sanrersionggog! imgout J0¢ haprs.

[00-%3/9 tog,gde Hehfgen adsorption / desorption pore
vol une; 8 an average pore dianmeter of 8.15 nm

[00 T'K]O? 8] ,15 ﬂubnnﬁted:amhcﬁ@ aﬁlma&—allhyesetatal}sst tsqgftmcbdvm & Imajher similar to

uri a l.e 4. The..
o pdibeat ¥, P e B b PLPES 2 UF g % limibe ica sranutes
L H@®dcribydeh ajghfp@aﬁﬁélﬂxlbdrﬁliﬁt Dereareamii M&»ﬁl@d adw}d’ohmﬁftshiﬁition prepared
run as noted in the resi 0 |nF| ure
[oéwf thifRe s iRt SRYe fﬂﬁ tln#b’t o SR §élomifed water at ambient
al %ﬂﬂ%?&tﬁb'fo?ai 5 afoaty Sithl ScchbiBRAll ﬂfrmﬁ@ toRd affouhth8f HF used is
In Corrpar ative Exanple 4. There is

cl ay cat al

| | ﬂgpr@ﬂggt%w@a%%;ﬂé thagused ip @amipaﬁtvmﬁﬁaﬁ@lq heAferdepaating out the

ru @x&éfé)%ﬂﬁﬁ Ufh2 )aiumﬂ?a? s1ﬂ5¥%{%ﬁﬁl@§j '\Ja%m foom:ﬁes‘:@fﬂ? b &1 deionized
0O85T It i's

is at |east one year nger
ad okiateir.o Adiet gzrymgtaédot}‘f(ém 4 Wecubi aviee &reldhaur tiye igeanglel peparalcined at

ﬁgtg"ﬁ% Scsre | di ay ca f% atmn'%prﬁo%s %gl%a ahgnmf? %atfﬂg Clt 18 referred to

calhenem 8J" PaKL'alZZ@n’p €Tt plli}eldahpﬂobﬁtwsaﬁf;htr: gﬁtilggé)ge 302.0 mzl'g BET;
60%%3'5 Ml ¢ {otal nqgogre%gadggrrp%grll l/ ! &ego tlon pore vo'lzume and an average pore
diameter of 8.15 nm.

[0078] 15 ml 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.
QOperating 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 caicining

at a temperature in the range of 400°F to 600°F in air. The regenerability of the HEF
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treated anorphous synthetic alum na-silica catalysts
descri bed herein may decrease the anobunt of waste
produced due to catal yst replacenent, anong ot her
advant ages. [0081] As descri bed above, hydrofluoric
acid treated anorphous synthetic alum na-silica

catal ysts as descri bed herein may be useful for the
deconposition of alcohols and ethers to form ol efins.
In a famly of enbodi nents, the hydrofluoric acid
treated anorphous synthetic alum na-silica catalysts

aSyr R CnjoRHdub @?{ﬁl\&lc%ﬁﬁ-sﬂﬁzﬁfcﬂﬂalﬁ@ rdedcfiBed herein may decrease the
deconp 05|t|on 0 tertiary-al'kyl ethers to form
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en@&ﬂ§m§@§§n95m£ge catal ysts described herein may

have one or nore of good physical integrity, a |l ow
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acture of. t he ALY, cr
el Srromag e oL Rab S rRtink iR s BhESHE |SERE Wptfins gyer o pericd
r avy umbaryeaissm nS&i€ i semd y:ﬂbmfnlnwﬁs [ E‘hﬁimtﬂn,dechsemomm&rmdy result in
to prlor r C éalysts s regu0|n
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the s resent disclosure. Accordingly,
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contacting an anorphous synthetic alumna-silica with

a dilute hydrofluoric acid solution. 3. The process

of claim2, wherein a ratio of hydrofluoric acid to

anor phous alum na-silica during the contacting is in

the range fromgreater than O g to about 65 ¢

hydrofluoric acid per kg of alumna-silica. 4. The

process of any one of the preceding clains, wherein

t he hydrofluoric acid-treated anorphous synthetic

alum na-silica catal yst conprises from about 2 wei ght

percent to about 98 wei ght . percent silica. 5. The

process of any one of thecgr ng clai ns, wherein
whhfieciwggof | uoric acid-treated anorphous synthetic

alumna-silica catalyst further conprises up to 10

\beidy btocgse fareht pofduction efaddfing fienoht idast o of ddfalcohel, andra ether, the

Nb. T .0cess of any one of clainms 2 to 5, the

pr gg?%fggmﬁgg%uce the catal yst further conpri sing:

separ@ahianing ftcleabit lont @f hy dilhbluaid 4 aditrdwED kb Hyt@fubi® Bid-treated

t he catal¥sE; masﬁing ihe cat.al yst. to remve excess .

hydr of | HBfPROUSHEhelh dumypas Pt Griplye widen Asrempagitiop conditions to

t enper apldfigeeian Jldm. r ange of 300C to 850C. 7. The

Erocess of any one_of the @éeceding‘clains, wher ei n
hdhgprecesss of ghdmol. Fherginctisdiydzeftiosin asichiesatedoamrphass synthetic
oG iind & Gfa bao&d by Shfler. tertiary

but yl alcé 6%}1%%%- utyﬁiéé?ﬁ¥ﬁgg%%é?, hyl tertiary

but ylcoptatimg, ait @emorphoys symthetwt dyiningtshiena, widh iasdijmteo pydrofluoric acid
et her, &%ﬂﬁhopyl al cohol, ethanol, and diethyl ether;

and "

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 hydrofiuoric 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 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.

- 6. The process of any one of claims 2 to 5, the process to produce the catalyst further
comprising:
separating the dilute hydroﬂudric 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 alcohol and an ether comprises one or more of methyl
- tertiary butyl ether, tertiary butyl alcohél, sec-butyl methyl ether, ethyl tertiary
butyl ether, tertiary amyl ethy! ether, diisopropyl ether, isopropyl alcohol, ethanol,
and diethyl ether; and
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wherein the olefin conprises at | east one of

i sobutyl ene, isoanyl enes, propylene and ethyl ene. 8.
The process of any one of the preceding clains,
wherein the contacting at | east one of an al cohol and
an ether is conducted in the presence of up to 5

wei ght percent water equival ents, based on a total
anmount of ether and water equivalents. 9. The process
of any one of the preceding clains, wherein the
hydrof | uori c aci d-treated anorphous synthetic

alum na-siljca, catal yst is. selective oi soned. 10.

The preeLbg e SimhEtes o lsrE r L ity B Brfeviencs, propylene and
further «igngei sing feeding a conpound for the

el.ective pojsoning_ of the hydrofluoric acid-treated

no 8%385 opp of e praciing rlajres, Wherein thesgontagkieg @ileast one of an

t heiGMat afd aR Gitlel ¢ BSHALGOIRE |HEPrsaRE bl L
site on the hydfo#luorfc acid-trile.zatedtogrﬂl ﬁgﬁ%ﬁg&ghtpmram:wamm

sy rraHBRleatsabased onea total pweunt af athymandwisten equielentl. ect i ve

oi o) any an N
O S OTRA B ofthe pRISARERARS, Blerdh e WFrchlyory goid-eated
hy dmeirphows syntieetic divmigatibch cambysp bodkctbyplytpoibiel.

1.na-silica catalyst further.conprises selectiyely

B0 BRGSO Bt 1R ricb g Pl dustoamB PR 2 compound
sy ot iselealve FoBRenisg bf B hfdoahysd acidlifeatelt aRloRHBAS synBletic alumina-
t he_production of isobutylene fromnmethyl tertiary

buts{oaeFaflyst, Whrzelp B SeuAcng I FingomTisasdieagingeath gaid site on the
{ ©THybRidiolhtl-uBhBP bnbHRBES o fhcic LRAROGIAMMI: 3 i
Ieggf ong reaction zon%gconﬁainiﬁg a yd#o?%u rfghhﬂmswkmnm
aciPgsep@gcegpeumgdr phous synt hetic al umi na-silica

.Y St t.acting . Wit e drofl uqric .
ggi o @ggﬁsggﬂaﬁgr% oﬁfs Q@%ﬁr %EH & g‘fh Egrghmn = S}?rf)?e@%%r generating the
c athatinpdinonin eed-tredated apophbusosyntimid iatundmssilia @Dk @@rttRr comprises
re [ ef fluept .c i Si ng.jsobytylene, unreacted . .
raeively, pleomtkt e B ie ity Awepioks Syt amina-sitice
ef kchtaBwt. to a first distillation colum; separating

e i sobutyl ene fromthe unreacted MIBE, heavies, and
H:é“ RO 767 (¢ Rrowheuion;of StobHFyLAnS (Fom Meshyl deiornput otber, the process

r egoMprisiag:f i rst bottons fraction conprising heavies,
unreacted MIBE, and net hanol and an isobutylene-rich
over heading F”Fﬁ’é’{ tegtiary 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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13. The process of claim 12, further conprising
feeding the first bottons conprising unreacted MIBE
heavi es, and nethanol to a second distillation
colum; and separating unreacted MIBE fromthe
heavi es and the nethanol in the second distillation
columm to recover an MIBE-rich overheads fraction and
a second bottons conprising heavies and net hanol. 14.
The process of claim 13, further conprising recycling
at |l east a portion of the MIBE-rich overheads to the

react 15. r . of clains,13 . to
152 bl OEAS? iy Y R08 O Tl B e s
conpr i sdisiijlatiet balomin @nctctvea\ash ddTBB-rizh tdviertdads fraction and a second

distillatjion colum: and separating the nethanol and
the heatTiem pOmBTSIRE hedvies Fd Refhee

=rich over heads

T4 Thé procesoltlAmNIBARirdSr Cttishptrt0Bnd 4138t PPortidiPof lOWITBE-rich
process of any one of clainms 12 to 15, wherein theé
hy BYsseedipite T8RGHY- t r eat ed amor phous synt heti ¢

Bl VR focet bf B3 ofAbALNRs 1330 RE,FHMEE CorRYrigh T OCeSS
conprising: contacting an anorphous synthetic
al unifepdingith¢ segopd bpttems) comprsing aetbinol and deadésao a third distillation
| colummn; and
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 fo amorphous alumina-silica
during the contacting is in the range from about 5 g to anut 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 percent of
at Ieast one of Ti, Zr, Hf, Ta, and Nb. 7

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

separating the dilute hydroftuoric 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.
21. The process of any one of claims 12 to 20, wherein the olefin comprises at least one of

isobutylene, isoamylenes, propylene and ethyiene.
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22.

23.

24,

25.

solution. 17. The process of claim 16, wherein a
rati o of hydrofluoric acid to anorphous
alum na-silica during the contacting is in the range
fromabout 5 g to about 65 g hydrofluoric acid per kg
of alum na-silica. 18. The process of any one of
Tihe qiroxgesd @F 4y dné, ofvditineiln tb e, fuydtenddnyatsing feeding up to 1.5 weight
aci d-treat ed anor phous synthetic alunina-silica '
PEReeR Yaler egpieris do theoieactnt brsed ofen dofel aewn o MEBE and water
@B@E&n@? wei ght percent silica. 19. The process of
any one of clains 12 to 18, wherein the hydrofluoric
Thei meotase atfexhyaoms pf alEmsyrt ke CRe whitein g &y dro€aoric acid-treated
catal yst further conprises,up. to 10 i ght percent of
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SYig CP bV ReTSE; (e RRGCHE Lo GOPRESEAieARE, ampcig site on the
hy @OHABGR i@ thehtell Iﬁ?ndi-?ﬂﬂl@ sPhthSROSIhaBIRG: catilyst T the selecti
%roqess of any one o claﬁis 12 to 30, mﬁ%Ie?% t he © Selective
pos@fingcooppiidses at | east one of isobutyl ene,

ocess

' I I I .. 22. Th _ .
i BRSPS S 51, B O araee B gEnsin e

hy@efludt: athd-teatdd ameepHit sﬂﬁn@cﬁmumiaedﬂi@cuaia\rﬁt @EHIRr b&mprises
t he reactor, based on a total anount of MIBE and

c

| salgptiaelyppisonsieethe shydrofluoric acid-treated amorphous synthetic alumina-silica

catalyst.
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23. The process of any one of clains 12 to 22,
wherein the hydrofl uoric acid-treated anorphous
synthetic alumna-silica catalyst is selectively
poi soned. 24. The process of any one of clains 12 to
23, further conprising feeding a conmpound for the
sel ective poisoning of the hydrofluoric acid-treated
anor phous synthetic alum na-silica catal yst, wherein
the contacting further conprises reacting an acid
site on the hydrofluoric acid-treated anorphous
synthetic alumna-silica catalyst wwth the selective
poi soni ng conmpound. 25. The process of any one of
cl ai rs PROCESS AND GAF ALY SHFQRICRACKING OF
generating the hygrpfERSANDRALWCORAIE anor phous
synthetic alumna-silica catalyst further conprises
sel ectively poisoning the hydrofluoric acid-treated
anor phous synthetic alum na-silica catalyst. PROCESS
AV CATALYST FOR CRACKI NG OF ETHERS AND ALCOHOLS
ABSERAGTT A process for the production of
olefins fromat |east one of an al cohol and et her,

the protessessifer haiprrguetnm efcdlefing feam pidgast ol 2| aleshel and ether,

the p%ce%ﬁl@fud ot Borﬁa(:tﬁ}{g %Ffe'aéf%l‘: %lcfi‘)ﬁbfj(}ll crtﬁe?t\ﬁﬁil @HP&@!MH& acid-treated
synthetic &l Um na I ca catal yst under deconposition

amorpbomui syindresic t dupinedilice catlyst athder, detbmposiionc bawldipny Jo gproduce an
r for the oduc 0 .
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silicga jcata s -Uopien dacomOBfiyns tcopditfeRs de csntissi ¢ itesptor effluent comprising
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