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
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More specifically, embodiments disclosed herein relate to hydrofluoric
acid treated amorphous synthetic alumina-silica catalysts useful for the
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diene-precursors may be detrimental to catalyst longevity. 1 Thus, dienes
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catalysts useful for the decomposition of ethers, such as alkyl tertiary-alkyl ethers, to
form olefins, such as tertiary olefins.
Background

[06003] Ethers may be decomposed to corresponding olefins and alcohols in the presence
of an acid catalyst. For example, alkyl tertiarv-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.

[0004] One major difficulty encountered in the catalvtic 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.



hydrogenation, distillation, or both. [0005] Various 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 components of layered

silicate minerals. When these cationic species, especially mono and

divalent cations, are removed by proper chemical means, Bronstead
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regardig(g catalyst stability or catalyst deactivation is presented. 2 [0009]
FIHRPNYS 35%43,518 and 4,691,073 disclose a process using clay

[0003falysts Both acidic clays and synthetic aluminosilicates have been used as a matrix for
producing fluid catalytic cracking (FCC) catalysts. Calcined kaolin has been utilized as a
raw material in the synthesis of Y-zeolite in microsphere form. Additionally, 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% Intemational Congress on Catalysis,
Part B, 853, 1980.

[0008] 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.



for producing isoamylenes by cracking TAME over various natural clay
catalysts, such as attapulgite clay, treated with an aqueous hydrofluoric
acid (HF) solution. Benefits disclosed by treating the natural clays with HF
include a higher activity and increased catalyst stability, which are
measured in terms of cracking temperature required to maintain 95%
conversion of TAME. This type of clay is also an effective catalyst for the
production of isobutylene from MTBE. These patents also mention use of
synthetic clays in passing, and do not present any data directed toward
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of waste materials, the service time and deactivation are a significant improvement over
untreated clay catalysts.

[0012] 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 alkyl tertiary-alkyl ethers, such that
the cracking temperature is raised to maintain a steady conversion as the catalyst
deactivates. As treated attapulgite 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 HF treated attapulgite clays.



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
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conditions to produce an olefin. [00171 In another aspect, embodiments
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SUMMARY OF THE DISCLOSURE

[0016] In one 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 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 olefin.

[0017] In another aspect, embodiments disclosed herein relate to a process for the
production of isobutylene from methyl tertiary buty! 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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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. [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
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olefin. [0020] Other aspects and advantages will be apparent from the

[ooigjowing deseriptionand dheRIPRENCALAIRIBITH BRI EéakESC RIRTONeful for the
OF DRAWINGS [0021] Figure 1 is a simplified process flow dia%lré,am for

profRRAMG TRy 5SS b rEfFRY 8 A BT L Ris Ss S PLiromPrising &

[00R 2} Giywiec2didagiadhicat sinparishniobthe ieatslyst @eiiyity, as
measured by MTBE conversion, of catalysts according to embodiments
[00tclosed hereirtias esprparedbalprionsadischisdyster{0028pfidare Piscass for the

ggi%@&&&?&"%%‘f&?ﬁ@ @I)H' &t ?%EQ'X%& gF H%%ﬁﬁ%mﬁ@% %%E’eE ¥h|c¥|gt§gess comprising:

ersion, of catalysts according to embodiments disclosed herein as
corapaiasing prlerstarrecatany slsoobaad mgiber amidtoagiphistively prosusd amorphous

flow. diagirmifatinegiaioadsdiansalelinsmpssaingntaRmbedip@ntS an oletin,
disclosed herein. DETAILED DESCRIPTION [0025] In one aspect,
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production of cataFREABEHISOR [P bCAdKDE DIRtw/ENGS alcohols to

form olefins. 5 )
[6021] 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.

[0023]) 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.

[6024] 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.
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[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 synthetic alumina- silica catalysts.

Amorphous synthetic alumina-silica catalysts may be prepared by co-

precipitation or impregnation techniques, followed by drying and

calcination. The amorphous alumina-silica materials may contain from

about 0.1 to about 99 weight percent silica in some embodiments; from
[oo2éout 1 tarabou: O8umioht pareanhsiisiniheranhadinentEniighbus synthetic

abonljt 2.to apout 98 weight percent silica in_other embodiments;  from )
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[ooBygirofluorg,acigpised, diring g, HEAUNGFIER MANARISHA™ ABRMOfeful in
to about 40 g per kg of alumina-silica
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 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 exampie, 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 to 80 g per kg alumina-silica for a 50% HF solution). HF solutions, used at the
6



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

used at the 6 above ratios, may be diluted with additional water so as to
completely immerse the entire volume of alumina-silica to be treated in

dilute HF. [0029] It is additionally noted that the above ratio of HF to

amorphous alumina-silica is significantly less than the ratio of HF to

attapulgite clay typically used in forming HF treated attapulgite clays, as
described above. Thus, the HF treated amorphous synthetic

alumina-silica catalysts described herein may be environmentally more
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may remal
from 300°C to 850°C in some embodiments; at a temperature ranging from 400°C to

750°C in other embodiments.

[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 byproducts, 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.

[6033] Selective poisoning of strongly acid sites on both amorphous synthetic alumina-

silica catalysts and HF treated amorphous synthetic alumina-silica catalysts may improve



[0033] Selective poisoning of strongly acid sites on both amorphous
synthetic alumina- silica catalysts and HF treated amorphous synthetic
alumina-silica catalysts may improve 7 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

acidstreadilednasalaribielyeaisaoescataly sisvaiRslosest ARERINL A rmation of
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compounds, alkaline earth compounds, bismuth compounds, and other
basteEsHh FEMdaSKkh R to thd¥esidIdiTmaTdng e SmrdbRyolia@Hdity and/or

inclygie-atementarvhichmvaeitassiva for selective poisoning, including

Na, K, Rb, Cs, Mg, Ca, Cu, Pb, Cr. Be, Sn, Sr, Ba, Zn, Fe, Ti, Bi, Me, Mn, .
10034 e, antf KUY RASN B S IS T HRs S stiFP SRt BesRiEfofsd by treating the

poisanivgelameantar elimeanis gontoled with mad ceactedonit Yi®ng acidic sites

amorphous synthetic alumina-silica.may depen the nature of

S R S R e SRR IR o s Bpounds et for

the shestific mismeng osed ifelpbisdkitignaé ernpenndy, mikellneleangntsompounds,

On BCARNY ShAYIRRIRCING RAUSBRRLMPORGMEINNG ROGRIRME APAYLR Such

ppm to about 8% by weight in some embodiments; from about 10 ppm to )
abotRMPANBYS P EGH SR rasresnisowimdnmEs sAfeglD (Y episEumpeifinge including

compounds,usedNR treatingr catalyst KA BRIME! N THHYNNC Ok, La, Ce, and
organic salt o;ﬁ%ganometallic compound metal hydroxide. The poisoning
may ‘5 PENB A& in aqueous medium, organic medium or a mixed

(0038 dium offmatakcnd cdnhergania wopenill03Rhdia selaetivaly paisaied with and
amorg cq(e) Smsl ont eetign?(l)lfllmgb%-ss.i}!jgt e%f%taa %tl?n%?sca 1£gin a§z° depend on the nature of
intended reaction (or specific reactant), specific catalyst compositions, and the specific
element used for poisoning. The amount of metal elements on a catalyst for selective
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 freating 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.

[00G36] To selectively poison amorphous synthetic alumina-silica catalysts according to
embodiments disclosed herein, the catalyst may be treated with an agueous or organic
solution 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



embodiments disclosed herein, the catalyst may be treated with an
agueous or organic solution of a compound or compounds useful for
selectively poisoning at a temperature in the range from about 0C to
about 200C in some embodiments; at a temperature from about 10C to
about 125C in other embodiments. The treating method can be any 8
method as long as it produces the intended result, namely the selective
poisoning of highly acidic and/or unwanted sites, examples of which
include ion-exchange methods, impregnation, soaking, refluxing, etc.

Aftescritast with Haeitspie@ﬁm rﬂ@ésmﬁ@ecp%@ﬂoumerycamm%m t}'itﬂsoning of
sel ct ison d cata be washed with. a solvent, suc

S AR SR e b AR i KB e methods,
catalystgnatidoe s@kmg,d mﬂamglpetratureﬂmth@mmgehfrﬁxmk&boaieiﬁm poisoning

abay rﬁrﬁﬁ]%%:d B SO ARROGHD é!:‘i%c! Sy I}%?s%@ﬁ’oc%f& %bggégftﬁ’é)%ghed with a

othe bodiments, fora period of tlmel the range tr _ _
mirioleentosapibast Paitioaenholeeieiovn ambutrd SeralietddrigBodifer drying, the

howsa 937l AlieanaHye . SRIGGHMRIROIR ARG RS GRS Y BIRY: B about 800°C

performed in situ, For example, a small amount of a basic compound may
be é(bla%‘a"iﬁf&%fﬁ%&n%ﬁ%r%??tr%%tgr%ﬁﬁ%‘tfé% Qr%‘a?ﬁhefﬁ@’B%‘é‘FBems for a

compesihdfaialeth may-heh tormeachive withutbe hysiiacasiansspsedeas from about

undlesr reactron o ”‘1‘%31” and should not interfere with the separation and

recovery B the HSsiFed PeRction products (i.e., selectively poisoning the
{ﬂ{laaialyst Whikemﬂivalgrﬁermg\rmm;ﬁmmdgsnfemerqmﬁbzsadmnh&rpeﬁssm@)zn situ. For

St far poi t
cat yst n s%[u?%%llg%nﬁg&% d%%g%nmgﬁlgb g%{pdg gn gﬁgl eth%fraggn:%?ﬁqgt%hge%g mposition
[0088¢tTheidbavieedestaibed HiF trsistsararnurgrodsdsyrthdicnon-reactive with the
alum@%§M§a§%¥§ﬁ§ uRBIECHMROROISPRRHAMAP RAYS S YRS Hierfere with the

alumina-silica catalysts, and selectively poisoned HF treated amorphous

syntRRATELSR IR St AR eTEY FacisaPadpitdite YeFUlE sI@isning the

fromambermné alcaheigavaiaus Qleflmeswq{yaﬁam@erpbiaﬂeeﬂng) Examples of
acc rdrn ro es es describe in include ethylen ro
RS et S e e Je s e g, ey SPH e may include
2 nmmmmmérdenrsbﬁemﬂemugmtasrﬂ 3- dlmethyl -I-butene,

-dimethy|-2 Uten scrlrlye ert]et na%iozr metst.] M {c]:tea uthi C2{531lacd catalysts,
tra s) 3- m%ﬁyef pen ene %mﬁi fp utene a dp'i HE) eycﬁrlopentene Y
andsthgetively poisoned amorphous synthetic alumina- sﬂlca catalysts, and selectively

poisoned HF ftreated amorphous synthetic alumina-silica catalysts may be used to

produce various olefins from ethers and alcohols. Various olefins which may be obtained
according to processes described herein include ethylene, propylene, isobutylene,

isoamylenes such as 2-methyl-2-butene and 2-methyl-1-butene, isohexenes, such as 2,3-

dimethyi-1-butene, 2,3-dimethyi-2-butene, 2-methyi-1-pentene, 2-methyl-2-pentene, (cis

and trans) 3-methyl-2-pentene, 2-ethyl-1-butene and [-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, ethyl
tertiary-butyl ether (ETBE), and tertiary butyl alcohol (TBA). Isoamylene may be
produced by decomposing TAME or tertiary-amyl ethyl ether (TAEE}. Propyvlene may



tertiary isoheptenes. Such olefins may be produced from suitable alkyl

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, ethyl tertiary-butyl ether (ETBE), and

tertiary butyl alcohol (TBA). Isoamylene may be produced by

decomposing TAME or tertiary-amyl ethyl ether (TAEE). Propylene may 9

be produced by decomposing diisopropyl ether (DIPE), isopropyl alcohol

(IPA), or mixtures thereof. In other embodiments, secondary alcohols

mapealsodieadsed. JoaBRiodsduithesexgimples, @Bignéopaypie alcohol (IPA), or

produced by dehydrating ethanal or a mixture of ethanol and,diethyl

e R S AR D S SR B SR e
[60B%)-ethanals Additioraliypdéethyheitver mrgy tive produskdbydetelyatiaginghanol or a

etnafigh,L0e et siherdPoRctdanbe “eRueIE EANNE BACKY produced

effluent stream and recycled as part of the feed mixture. C S

deduyitehy dmbve hivastzasel bé dddgrely i Gahyheativey Sem 816 dehydrating
progiggodinathukainek BN Eh s hBrB R URREL INTRImARHERe MBI ent stream

[0040] Catalysts and processes described herein are also useful in the

profRftiRsHLThig e it fsBEe QIS FRLBHRSISSRIE 90 PR gk 2l be used for
mixdwy esihdegikef oDeetimpasin gradunddire i MEBEDATE R Wb amddenised in or

of T%@ltoepggquce isobutylene may be preferred over MTBE alone as

les§UNGEsirabie by-products, such as isobutane, DME, and
[00dii$obutyi€hne)ans prdgusedsdO04ttidtionsilyara snoalksaficunbopwateriar of high

wat ' it t t ' .

e S Y T osng o
the rex@rsrod MERY: orito avaterraaeantothB Aeticrovduetineelytvienemey by preferred

decompogition of e alcohal taLfaum.wrte)yand fRielefinn WRelG RAICOBRIE, and

may be used in an amount sufficient to result in an equivalent amount of
watdi§pPHEses AsPedvceskample, in the alternative to adding water to the

[ootegd wherpgdaepmposiggall 18budestvaliel BARINEGEAIREs ARG hieadded with the
subsequent decomposition of the TBA, will produce g similar olefin,
SOBFE S BB B SO SO Tty PR St ENGGAEapYolents” refers o

equivate ntkisdsedhn reactor gisrtbodimentsemaddedng éhfroracthd ibdiSewighich as by
\?veeri(g%?(%lurcsé r%ﬁlr\ll(\)lg tl 2%] cégﬁé%%r: %ﬁvgvr%iﬂegfalgr %B%eéneé‘i‘eti%‘? iw %rl%ﬁ:hg %i&%h]ﬁpmay 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
olefin, 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 water 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,
[0042] 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.

10



where the above values are based on the total weight of water equivalents

and the ether feed. [00421 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. 10 [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
[0043]an HF Teatestinorphvivs sylthederalninarsiica eatalsisaibn or dehydration)

described abo%é%n gg mples of fixed l?ed r%agt%gc?osef%lrll |H1[embodég%e(r)1% o catalvst
dlsaloge remn may mcfbde tun%uﬁar reactors Boiling poin ré)acstors ¥

bubbmigsﬂdmnthsaomgxmmnbrml jixdtFbecktehetoesploatalypichdistil atipma-silica
columnsdividedwaly Qﬁ%ﬂléat'%&ﬁﬂiégrbfeﬁ"&BrﬁecP%%%JJOM%JB%}P%bommems

and combinations thereof. One or more of such reactors may be used in

pargifslarsdy b earida sl ydo A s csasisitiori o deb cerdibnBuRids column
vary-hased eadiiiaed tiktbeg yerdoadcdag e sined alefine Meshicesivided wall

Decomposition temperatures may range from 100C to 500C in some
oD ARRRSCOHEFH L3618 SBETH PR TEPRG e CORREHER? 1860%o One or
30Qaoia yﬁimﬂmambﬁdmmdﬁhq;aiendrﬂpasaﬁmerm&mmn may be

ried out, under pressures in the ran efromlt tht 300 psi
1098 Lomo oRSAEE FAFOP oLt HAF (340 153 BAES it AFdpes MO wed and

emboditeerts ollnf‘stsnpeaémbd)dlm@mmmmmemﬁeamrmmlrMesrﬁ@n 100°C to
thats%%ﬂﬂ‘!t&&%%ﬁ%@dﬁﬂ&%ﬁleﬂb%'939*%8‘%%&9@@8&4&‘ 10, Hag;liguid a%ﬁ%ﬁ?)m 150°C

at the reaction temperature used. The liquid hourly space velocity (LH
(theovilrfe B IRyl peprobadimes catily sepen PR roasich thay be carried out

reagiiger IS CAHad PieMRY BRNITP hedan0R HOMES @ 2k Rittidiments; from

some embodiments; from 1 to 50 h-1 in other embodiments; and from Ito
10 H-ieihlyRardthier B BogRAReTsmRs] @SRt cIbEME STRBHEMEAL P Pressure is
ethﬁiﬁﬁ&ﬁin‘ﬂdth@ﬁt&lystﬁeaﬁrdﬁﬁﬁrﬂwﬂnhﬁrﬁir’thathqiﬁdqmmwcmmaliy in the liguid

conditions, esult in the production ired olefln alcohols,
e e e o I oy TS Ry sy e

ollg@mhm, @Uc;hndyar dilwee of mmbﬁstxﬁeuh}eodearedmtetm pradigotisinarried out may
Somg %9841{@%}{5@ cass qk @'@(?Hqiefn some embodiments; from 1 to 50 h™' in other

embodiments; and from I fo 10 hlin 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, alcohols, 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.

10046] 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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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 11 least 1
yedede atheirémbhdirambisiiatieasit 1&smof thenthoiherniembodidientssabt least 18

least 18 months in other embodiments, and up to 2 years or more in.yet

ot RS TS0 7 CAISES b ChSLaea Sl Aned R
[0047hy be usathtgspracliperanseredioviesal highmuomity elefindpiodueivstreadrecover a

ForhT : ’6%%8:@%&@&%%@”%%&%%&%%9‘&1}& DA BREEOVEEEL A olefin

an olefin-rich stream (as used herein, a stream rich In a particular

corfsrenteersdsiisant AASBEN\ BRI (Rorusit birsBidacerApB it particular
othggnpRRadineRtsstheecqveres qlefimricRfiagtion Ray bavememlefing other

content greater than 90 weight percent; greater than 95 Weight percent in
othEPBATHBEN R GPagtet mﬁﬁww@aﬁ-&%wem‘m Biyplstn content greater than

embodingitsegaaterthanild seighibheseerhinnobtier enbbotiientsieater than 97

greater than 98.5 weight percent in other embodiments; greater than 99 .
o SREBLrEREN, ot ST AL 5 P 00, P SR pestR . oer

othemtedibodimentsicanthgréttemttiah 3orsewely ntipercatviinyeatiotgerater than 99
embodiments.dn offes-empadiBeNStheollingHRcovared may Re:useiuh other

as a polymerization feedstock, having a purity of at least QQ%elght

pereBhedionag merareme How B9 Eigah parerHpRfisy plsesssbpgipents. [n other
diagrapdiendhe RiodugtioneQfvisebutviene frem MTBk vaing iR caalyiisk, having

described herein is illustrated. Similar flow schemes may be used for the

proBBUSRS OIS ATtinS B8 stocks as described above, and will

[0088] be detRirg-heratw 0044 MT BEifeadidd aockaptionali@ier @r T production
feed 12 are introduce fixed bed deco sition reactor 14. .
e RUrSRH oMLl Mo TRE DY ROvi BAAE T o pgped. St
tredfied awterptrous: albminedsificatatalydis tam des oftise dh ledrsirfrabhefeed stocks as

MTBE may; Qo%ggg%c&%ﬂ M{%J%%tgfﬁ&ﬁ%%ﬁg amorphous alumina-silica

catalyst under decomposition
[6649] MTBE feed 10 and optional 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 catalysts 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, iscbutylene.

[0050] 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.
[sobutylene-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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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. [00501 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

[oosizr]egron, h%ﬁr\m&@ﬁaemm@d ; ,nn@ftia@tnhﬁa%hla%gm@kgmawgeeids@@utﬁ&a%aouoms
1 51] The unreacted MTBE, met ,and heavjes e recovered.
2 FERB TS AT ORI Ul Ao G 20 Bc 1 A TFRA 4 i lon
to adeaondadistitatiahe oolttaute2 GYNRAEr enthe insepatec MibBEmayelbaes and the
separated from the heayi the methanol, The unr, ed MTB .
pe I R A R i fstion
porierilorihierfaayroeiracytiebisharirrnbtinecsoled rador lmdlstsmeactor 14 in
embodinpgnts;ifQ0r21 The heavies and methanol may be recovered as a
bottoms fraction from distillation column 26 via flow line 32. If desired, the

[0082dthanol Thay @ iee odetemetmol Hedye Ryicscatiidadihy fdSlRBstHEaction from
heayigsans methancs indlawing:32 torthisd reisilatmeaivmay3t: Beovered from

methanol-rich overheads fraction may be recovered yvia now Jjne 36 anda .

oo BRI T B ARy e DR B EERAAE A ToB > o third
As digiitooedabove’similandibmdaidmesde:tdattpresanted ir riguverdd via flow
may b e

LiRLhe production of other olefips from feed. stocks.as ¢
described above. For example, atﬁcﬁtlongi r)éactors may be used, or
[00&3Hitional seprrutioed abayeheinetuifedy wheneethe foedinsiuddSmkigxteiemay be

of giersAnglo rg%‘dﬁ@t%ﬁ "ESUHB0 LIS RGEURIAN QI are amERe shove.  For

desired olefin. [00541 It 1s further noted that various schemes to recycle

ancErenBie y ARG USSPy MAY ORI MBS tn &Y BEdienal (sEBRIYEMY thay be required
ovesglhcanyession @hibe feadipthe.drsirashalefiRotiory example: dietiwbuction of

ether produced as a b(g/- roduct from the dehydration of ethanol may be
recGRSFERER S tRsFEh B B tfluent stream and recycled as part of the

[ooBRd mixtutes [ROBE] ddtedyRe efieactorsHfer thadscrnaposiionatothatsction by-
andp?éﬁ@@t‘s?'rﬁ? gé:elgsrf]:a,%rrcfngoting the overall conversion of the feed to the desired olefin.
For example, diethyl ether produced as a by-product from the dehydration of ethanol 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,
Examples of suitable reactors for the decomposition of ethers and alcohols, and
dehydration of alcohols to ethers may include traditional fixed bed tbular reactors,
distillation column reactors, boiling point pulse flow reactors, and divided wall
distiliation 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

13



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. Examples of suitable reactors
for the decomposition of ethers and alcohols, and dehydration of alcohols
to ethers may include traditional fixed bed tubular reactors, distillation
column reactors, boiling point pulse flow reactors, and divided wall
distillation column reactors, among others. [0056] The reactions may be

carrigekioHt im the vapear passer liaidpphaser oasialihaggdbiguishanth a higher
vapor. Because of the |I|br nat re of th reac ons, car out thﬁ b
13 FRALHSINS #rthé® &SE‘ Ioha %é? ot Efué %"é@’ V4 8P§rf’§“'f5(%?oa% ay hien may
resultdmegihighethagmeersion per pass or higher olefin productivity than a
goa%?)}r*nd pha?e eaction, which ma r?so B?g( e h'%*é% S SRR %QWJ bodiments
e embodi Iments, olefins ma e pro ccord Ing 10 embodiments
dlsdﬁ@sieéeﬁehetmlb)brmnwowtthbwmﬂons in a catalytic dividkdd wadl| distillation

distillation MIRKNERES Hus gﬁt@g In Hzr & 41bigws 4 Busirgies ocess flow

simplified process flow diagram for the ca a tic decomposition of M

by G&iEGH vidhedcaraly disHneRBredimh. 'P@Ebﬁéé&%l%ifﬁt?ééu{’:@@j %Stlﬂauon

a pl?@ﬁ@ﬁifomlaf@w%@tﬁﬁfﬁﬁd&gq%%ﬂ@ﬁ@ ﬁﬁiﬁbgzﬁﬁi%ﬁﬁaﬁﬁﬂd%ztwn zone

wall distillation colum vig li small stream 0 er or

o ot BULLA (0 RE B A B 8 R ALy 25 8 44 TR e 42 of

deommtqmomiti’ﬁﬁmrtsdalsd) |antnd1;demedstlnemmiuad1fmmeecﬁielmz{}a4ﬁtasone 44, The

°Ve 85%@59 %d&#ﬁﬂ%bw MUROLANAUNS Qf Eé/ RIS ANSIRAINGY ream 45
CP 1ISO Zt de

€ IS0 utylene In stream may Dbe recovere

bet@é@ltﬁaw@ 59U ATIOPRGH UL, RisPidsebadciiblive, B iisaest \,ia@iaugne The
separglignachamesaaueh as distlialionfaptshouwe). mhbheoyrsasted, Oproduct as

MTBE may be recovered by a side-draw stream 46 from the column 4

andireeysa bRk Riatin @ grieHs BeuaHPR BehEm Ay Tt HsEdRtian @et shown).

InC|WH€%nfBﬂii&arMh"B\lﬁiﬁﬁ}aBd Reawifs and ey dewnifieaces idm the column 40
distillation c ﬁg% 48 to recﬁ\ﬁg) ethanol as over %Stre m 4

botf3¥h SFELRT SECtEIAdIRG the nEXVIRYSha (AR Ay B tFedtt
dispogbah 088 E XAMPLES, and may be introduced to a distillation column 48 to

recover methanol as overhead stream 49. The bottom stream 50, including the heavies

?uéng % includes

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 ¥ 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

10061} 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 aqueous

hydrofluoric acid (HF) treatment.
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[0059] All MTBE decomposition reactions in the following Examples are
carried out in 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 controlled. The fixed bed reactor is mounted
vertically. The volume of solid catalysts tested was approximately 15 ml
for each. [0060] Comparative Example 1 [00611 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

{oocmueolus ﬁyf;tﬁ@iiuaﬁ@ agigiigi té&@rtmﬂglsﬂ-‘}s[%%ﬂéﬁ fu&c?famtgg_to flshe péocedure
attapulgite clay ca st repare ccording to t proceaur ISClOSe .
i S BEHAS, T 553 01D Brartk oAU BB IRB Gy o Banules s

granedes is dneafeshin HiF acuaondcibarsdlbiciiljoiepargd dyynoklofing?6 96 with 61.5
grams of(?O% HE WiEh 6%.5 grams deionizego\lzvz r at almb'e

| R .
ams, deionized water at amBent temperature our oc.c%tsmnal tirring. After
tenﬁgerature or _dl. FYOUI’ WI'[?'I occasmn%‘? stlrrlng. ter ecantlng out t?1e £

excasersizioh M exsksy rolvhehabesieeismabedvissrithet) whtdsionins water.
wehglay.is drigdal180¢ ipoavacsuR Qe ieh lhauRpdthenclainediat soooc

500C for 2 hours. This calcined catalyst is referred to hereinas )
"F-KF P hovurhe by siaieinglopriatist Sritferieb bRty st are 51 myg physical
BE hipe386s o€/@d Qbah Wikogan wdsay pHOom /OB SUTIIi9gHR0rE teiliiites g@Addsorption
an derage pore diameter of, 10.2 nm.6[0063 .15 ml %glli-éTT-l catalyst is

load SE TR RESR ST YBELHISLH A8 BB A ABE Thith 14-an

¢ftide mixed
[00BBTBE feerb stvok eoritainingApsDinbiddd ihiBEe: Ehadeddaltbodedntaingd tested with

small amounts yﬂ%}gyu turated com ) CIQ/& ,35lq1ut dien .
o B P Y S B i TRo conins
othemsil Thetestscofidiighyis uBspsits 2 90mpornil  euliuis hoditytegiste trans-1,3-

ve'%%E}ﬁékéﬁ'é\@sf@sdp%\ém_eﬂwrﬁ%fin?s-mﬁteqafemc{%aﬁéﬁgj"t;fﬁy@é&cwﬁdmon is
Figure 2. [0064 ComEaratlve Example 2 [0065] A alumina-silica catalyst

is prapatedB) EoadreeiBitiatim hawthowaameetniey (ddmindesdicapoRdwrate. The
is extswdeste Rsmypaliisdwhighuaée calcined at about 500C for 2 hours.

The pellets are ground to 12-1,)4 mesh granules. The granular
1908t imina-sfieaPeRilysdrriEined 20% silica. This catalyst is referred to

joobsyein as KhitkZda-sli® 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 “KL.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.

{00606] 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 of about 85%
conversion of MTBE, but they deactivate rapidly. Afier only about 80 hours on stream,
the MTBE conversion was only about 20%.

[0068] Experiment 3
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physical properties of the catalyst are 379.2 m2/g BET, 0.646 cc/qg 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 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 of
about 85% conversion of MTBE, but they deactivate rapidly. After only

[ﬁofaﬂout]% boursanssirepakiviiALTIRE Q@ﬂ&l@%&l@ﬁbﬁb’bﬂ NoalaLitRe Yoxperiment 2

0068] Experiment 3 15 [00691 25.7 grams of the alumina:silica granule ,

A R S R BB R ey SRt HE with
soldtiats prepardibbizet|wting 2t Zghbiamsop&abirddwithout Avith gramsnal stirring.
deignized water bient.temperature for 1.ho, ith Si | stirx .
e R o e RS S, B pacaive
Cofppanativée. EASeiplleceniiie odetntirepsusehsi ek clissabgnitianilipe granules are
alupinassifica arRaUes FemVvashedde Wawpe%ﬂ@#ﬂ%@&dﬁj@fﬁzﬁxda‘%%%m oven

After drying at 100C in a vacuum oven _for | hour, the granules are

caldiiddhatsobTHer I HiFscA R LE- e JUMdIBHoUS e Sithismhgmorphous
catagiish isuaferrethioshpreiftesd fo-lekein 22+ F-HOOTHL 115 ml of
-KL7122-1 catalyst is tested in an identical manner to Comparative .
(000 mple 15 PR e Lahlid Lhgd (TEGteD (R R, A5BY4A FHBnFh (g Comparative
actiziyngfiehis Tatakysi isssikildntarihel datpystsiof Comparative Examples

nd 2 (F-ATT-1 and KL7122). Howevyer, as shawn in Figur the .
1097 B ormartt GHEE F A A S o EALA 0 1 S BE to rg ompaive
conkpangtive Icataly3ts {AATT- bahd KLZE22). Hotakes, appsbrinmaielyFigure 2, the
Sy e %%r%%ﬁiédtﬁﬁ]&%%iﬂ%f&?agfsg?@ﬁﬂy&#kﬂnt? the comparative

Therefore, the fluorinated alumina-silica is an improved catalyst for
decesabositibrdfletned Bhdh2Es MTRIES [0UrodicehpBykeEERa g Eme to reach
[00 3L Anotasr-aranidaiAtianuioiecRye( 1o 3R snash) s Galaingad @tis 89 fnproved

for 2 hours, A fluorinated attapulgite clay catiaglgst is prepared in a similar

maiAah %{Dﬁqmﬁim of ethers such as MT
[0072] Comparative Example 4

10073} Another granular attapulgite clay (16-30 mesh}) is calcined at 500°C for 2 hours.
A fluorinated attapuigite 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 (99.69 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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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
100C in a vacuum oven for 1 hour and then calcined at 500C for 2 hours.
This calcined catalyst is referred to herein as "F-ATT-2." [00741 A high
purity MTBE (99.69 wt.%) feed is decomposed over catalyst F-ATT-2.

[00T4)s MTBExiepaiePeaIns: ROHRIghlY aitsabUaadBIMPaLaen I Nehe catalyst activity
decomposition is_carried out ynder sjmilar itions (31 psig, 290F, 2.0
PR A THRFBE Ch a0 o o f PR oF draemmple 1
deciovpoisifion, ithillestratednmFigerk PreitefO0Fs)] Thealyhitiakdatelyster about 1500
actiyity is about 909 .CONVERrsion Y. ity : i %
molpe0 %ﬁ%%?esgg%%paéggl v;l;\}%ﬁnt%ﬁé{’] Ft?ETEI)Q? J. %’gta yst p?%lg%%{gﬁryaftﬁgy I%éxa} ?) gUt 6%,
1. Nelidasaisy ariev by desiareeitablesuhipretiersive gyddmppretadiigrs.

[Ogr;\g]er abo%gégg“gpgrs on stream. Commercially, the goal for MTBE

~_conversion is typically about 65%, and the catalyst activity decreases

[00B8low this/eBRYERSIBH LoRPhPEHYUIIBDSHEArsa PG 6] Esprapiia atBaeey yymilar to

A flyQpinated ameipnoud ALNINASIIGE catabshispreRtadd RIanMIaNARE, eranules
similar to Experiment 3, with a reduced quantity of HF. 26.92 grams of the

aluftiriRa GRAPRABS VaESERbEL T CBR ISV E2pantiier Jiarglution prepared
treaie ddiliiting 2P @etss HIF it eIFpraparet 1 Dyeeituding:idi32-¢ramsroft ambient

50% HF with 47.18 s deionized water at ambient .temperature .
1 SHETE W S5 LSiohSH SNy, A BTROMTBP G e RO of P used is
apprpxionatelylpoh 87Vooff that wsddirCGopapairativaambnderipl e\ fiefesanting out the

deC@z&@Q&sBH&ﬂi%tﬁé‘ﬁﬁﬁ%éﬁHﬂ'ﬁ?&’g}%éﬁ‘%”@a%‘&afwﬁﬂmgéxﬁ&ﬁ brslieionized

four times with 60 ml deionized water. After drying at 100C in a vacuum

oveldFtsE 1 At dhag P ORES dPercereiNet e 600 fobn Hisugginpls are caleined at

HF-tmatedamarpheussilicaplumiea gﬂf@lgﬁs@ cgfesreRdan QRN ASis referred to
"F-KL7122-2." The g%r;%sicalg%roperties of the c,atalgst are 312.0 m2/g BET;

0. 8ERIGRSHI Foten acLBTRTFRBAOR S CRAHa! ARcHAk 0 s BET:
avefedps pore ismetepet Sddmiivy] 00d8biEionl pbfe-Kblnhki22-hdadalystisge pore
teStﬁng"eiEQrtg}?gHiQQ n;?_urity MTBE used in

[6078] 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.
Operating conditions were adjusted during the run as noted in the results as shown in
Figure 3.

[0679] 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.

6080} 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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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 theatlaycaiphsis spay e dpgansrilies tittaleiningribéhieripaniuteditase the

the rands of J00F 10.800F Inalt The tegsnerapily, ol he iE. 17, isated

am%rp&oug s‘ﬁ’/nttﬁé)ﬁc Afming-sifes cata fs?s deseribed héreh may ges.
[008ECcrease taleatribehbiodwasydrpfiodricedid we deC atalydicepisoteent|umina-silica

am‘c’él%b%*s‘%rs agé’c%{‘t}é@ﬁ%e[r?%llbéﬁééﬁﬁc%?%ﬁe QO Qs\éﬁs‘ﬁf%‘ﬁaﬁ'&ﬁﬁg and ethers

treated amorphous synt%etlc alimina-silica. cata ysts gs escribed herein

maipbergsetefiter theadBeohipdsitidirdimieshdis Ardiadiners apidorpgied amorphous
olefingnbr famiinekambodiments. the hydrafldoricagld Hgatete useful for the

amorphous synthetic alumina-silica catalysts as described herein may be
usefErBIPRTE WelorHiyb St bR iy PamisR) fIRY FatitaY ey g djobutylene,

olefigsnsneh-asngaikidene, isoamylenes, and others. [00821
vantageously, embodiments disclosed herein may provide for a catalyst
00RE L oA O PGS A ATHG S S BTl hca s ustul
deabtiietiogmseioa pakitochOidiinip 4 yeatsied mokelungbhmigactivating over a period
embeqiments, Jhe exisnded serndcs lismay s, degreased el resut in
proaucﬁon cgs?é, mclﬂmflng ecrease catzﬂyst cost as well as decreased
catadiystaighokdincorsticiide tisitmllyc dibo divemelofathly s ariyatgvell as decreased

desgribed Bﬁiﬂéﬁmé‘é{s.h%Yﬁi%ﬁaﬁ&,r@gﬁ%%%%do@Wé&@dl#ﬁ@%yﬁﬁ‘elpﬁ\érein may
a

attritionrate, and a high crushing strength. Further, manufacture of the i
cat¥GLER SEBYE RERIATPRY A SisribaitiP i StFEidetPGuanfitieligh crushing
ransmaleralsusiel ashydeaiivaiciacichiasseompaibeitadsiarasy use significantly

catalysts, tgus reducing catalyst production néi raw materjal disposal .
costETO08S EIERL AR TBNEIE n M8 BHRREETH o ofomPared to prior ar
embadipsentbythodesitidettlyst thedaidiamdgdyenefirof thipaisclossre,
[00%%11 appre%}ﬁeﬂalaét &%@%381@ I?l%‘i‘tll@eesnzﬁimﬁlgdbneumber 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.
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devised which do not depart from the scope of the present disclosure.
Accordingly, the scope should be limited only by the attached claims. 18
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 corapusfg: contacting an amorphous
synthetic alumina-silica with a dilute hydrofluoric acid solution. 3. The
%%ir’éG&é@%ﬁ:claim 2, wherein a ratio of hydrofluoric acid to amorphous

alumipacsiictyr dHEIREb et ANSRGIIthiSHBMNE 1BRYSIEUN AreRIBLINAR Snether, the
to about 65 g hydrofluoric acid per kg of alumina-silica. 4. The process of

any e bf tHPPt¢eding claims, wherein the hydrofluoric acid-treated
amorphois:syptheltiaaluneind-silicrdalalyst eorapesesiranhabeliidic acid-treated
weight percent.to about 98 weight percent silica. 5. The, process of any .. .

one of tne Brabioti drens ARSI Buder QHBEEER Bhaiions o
amorphouscsipsthrstiel efimina-silica catalyst further comprises up to 10

weight pRIcent of ghigast Qﬂf‘ex%inﬂmzrh{jﬁro%oﬁ@dau@m@ailéﬁ%H{]&%ﬁéésogynthetic

any one of claims 2 to 5, the process to produce the catalyst further
corAPHEmg Beberalng her s Rydrbmesticcatiarséigtion from the

catalysbnivastinghthe 6aliadyst Sonirme vguexeassiRydnefluariaiaich yéluoric acid
calcining the catalyst at a temperature in the range of 300C to 850C. 7.

The procéggugf)%ny one of the preceding claims, wherein the at least one

8f arhaleobalsarfd-amethetheatinprisei® ofibydrsfioreioheibtinymorphous 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 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 INb.

6. The process of any one of claims 2 to 5, 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

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 alcohol, sec-butyl methyl ether, ethyl tertiary
butyl ether, tertiary amyl ethyl ether, diisopropyl ether, isopropyl alcohol, ethanol,
and diethyl ether; and
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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 19 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 of ether and
water equivalents. 9. The process of any one of the preceding claims,

whereirifieihyek ofiefaricoagiel steat @hs a6 e RINessusH BB Slicaaly [eHaa -piligRIene and
catalyst is ti]ellectively poisoned. 10. The process of any one of the

preceding CIAIMS, further comprising feeding a compound for the

Beldttivieossarimyy ehthe! thadpofteding aeidghtresiediartierphousisyntiedit one of an
alumina-sili t. wherei cantacti r C ri i
o Lz Bkt wate

alufdiviaadenes asesl pat it tracssieeiRiberaid oYk CWpsoNd. 11. The

9.r0@9§3)9ic@£},\/&%§9%ﬁ@im%2 [RBe ML LRIMINCHQERS T L0k GRAGIBHP G cid-treated
the hydrofluoric acid-treated amorphaous synthetic alumina-silica catalyst

furtfEPESMpEBdSsRumBR SR SRRy tHE Rifd I oPRSE  treated
anoHeheussy Btheticoalusiina-piicalitatalyst, Frikeprossssifer fding a compound
production of isobutylene fr ethyl tertiary butyl ether, the process . .
Coreh TS ARSI RO Cine SPFAE] TSV SP R gomine
at Ieﬂitammmmrdortéécom@cﬁmg éunjzdrotmw@gtiwatce’agem acigi site on the
ampraRowS SYUNEHE ARG SHISR ﬁ%&ﬂ&&t?aﬁﬁﬂﬁ&%%%&%ﬁ@a@{'ﬁﬁe selective

the hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst
und¥iegEnipBItiEklconditions to produce a reactor effluent comprising

isohwYIeRR N tFagkedINET BE cheaviesiand wethanakdeadingths: reasdtfing the
effluent to a first distillation column; separating the isobutylene from the

uan‘é‘E‘i‘é‘fEPR}i‘FBf’éfdﬁ%%RFF Szlﬂgﬂwtmgsn%}%f.\alq mina-silica’ catalyst further comprises

selectively poisoning 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 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 distiltation 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
20



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 20 separating unreacted
MTBE from the heavies and the methanol in the second distillation
column to recover an MTBE-rich overheads fraction and a second
bottoms comprising heavies and methanol. 14. The process of claim 13,

furtﬁersmﬁﬂgingm%@wimmle?ﬁxﬁ Fﬂ@d’tiﬁkfhﬁffeihwgﬁﬁrﬂ&?aﬂﬁe[ﬂeméssecond
to the reactor,, 15. T rocess orany o aims 13 to 14, further

o VAR HRLE AR AR NHRACHTy e AR second
to a third Histitatiommpokingricanedssedanatingdhe methanol and the heavies

;‘A R nl:s'r%%e%s“c?%‘i‘ﬁ&o Jichaued ﬁ?g@&%{%%%ﬁ%l G R DEAISRINEN PRURMBE rich

raction. 16. The process of any on aims 1Z2to 15, wherein the
hydrefthends clektiRasted amorphous synthetic alumina-silica catalyst is

PSOUHCER Q% PoPEAGRSR 6PRMARRING oCNIRIRBMARRPhous synthetic
alumina-silica with a dilute hydrofluoric acid solution. 17. The process of

claim 18 AR8elsi e Yaf P A HRI OIS SRR AM GHphBERY fulfiA bl stillation
during the:glartaciiay is in the range from about 5 g to about 65 g

hydrofluorlc acid per k lumjna-silica. .18. The rocess of
claims f%afolﬁ tvlg eré%rk\wt‘r‘we? hyé‘ro uor?g‘a%?dt?repafp a° amorpﬁi%%%xso?mh overheads

synthetlc Ghominausilicheerital ysthdemprisésdtiom about 2 weight percent to
Rt I welaht percentsiliga. . Ihe %O%Sivﬂ&%ﬂ}’ %ergid%mﬁé%éfa treated

18 Whereln the hydrofluoric acid-treated amorphous synthétic

alupmesiiscs valays ehuminersinn srabstp RPd G- oddny BRseres ROSTPREIng:
least opg@bligZin Hindiphand Hnele Themesars ol Ay ang:Rf RlRSuoric acid

16 to 17, the process to produce the catalyst further
solution.

17. The process of claim 16, wherein a ratio of hydrofivoric 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 hydrofiuoric 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 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 ethylene.
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comprising: 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. 21.
The process of any one of claims 12 to 20, wherein the olefin comprises at
least one of isobutylene, isoamylenes, propylene and ethylene. 21 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

zhaimas prddese 3f whesaindhe diydrofluenc, asichbicalegriamMomhiPuS up to 1.5 weight
synthetic alumina-silicia catal¥st is selec iveI%( %oisonefi. 24. The WS d wat
of AT SH BIEISMT IS %,%ﬁ‘ﬁ‘&?"&b&ﬁﬁ? it FeBHY WRpothd Totnd Water
theegeledtives.poisoning of the hydrofluoric acid-treated amorphous

ective.poisoning of the hyclrofluor . |
T e e e B U Sy g eted

alupterkiica cabansalwiinthe il et oielsaivglzanipgdd. 25. The
PIOERSSBEARYP Aainga18s 17 @ 20, AR RIBIRCRIERY & compound for

generating the hydrofluoric acid-treated amaorphous synthetic

alufffnseishitbys RaurrpfrhdtechrpHliosicsatitifrals BRRytHanthetic alumina-

hydsigbu eticasid-wieatad s ernLis SYnHheH G alumriia-silican catalyst 26e on the

Ac tg% t useful.for the ecom;ﬂosition f ethers and cohols1 to fortrgw ,
ﬁ BOTIC acid-freated amor Otﬁ chnt e .a um%l%—Sl i%a Cfat%,;yst ‘ﬁ’l the selective
ole |Hs, e catalyst” comprising a hydrofluoric acid-treated amorphous

synph'sﬁuiuﬁwmﬁwm.a. catalyst. 27. The .catalyst of claim 26, \_Nherein the
ZISI?%FB%H&?MP R LAANS ROTPUSSD MO A2 HWEIINERIGR Mting the

. 28. The catalyst of any one of claims 26 to 27, further comprising up
to Todeligntipaidrtcstedrpagihone HRetRy AMing- il Gyalys fppder comprises
catalysiRERNYARIAL RS #6110048, WiekelRthe s b isyRredicerlBiha-sitica

a process comprising: contacting an amorphous synthetic alumina-silica
witf3@lifite hydrofluoric acid

26. A catalyst useful for the decomposition of ethers and aicohols 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 hydrofivoric acid
solution.

30. The catalyst of claim 29, wherein a ratio of hydrofluoric acid to 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.

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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solution. 30. The catalyst of claim 29, wherein a ratio of hydrofluoric acid
to alumina-silica during the contacting is in the range from greater than O
g to about 65 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 22
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-tr@%tﬁﬂhngm@my@ ?V@%lﬂﬁ@r@élwiﬂ@léiﬂﬁ%faﬂwf d&@lsmﬁti,vely f
isoned. 33. A process for rodyction of olefins, from at least one of .
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of aamalpbhod andhaticetierinuithl gsededtivahspoisorbobamorphous

nthetic. alumina-silj | 0 it] iti
S A RIS EAAT R AT RIS IR0 G R HEAR g s cter. e
poidBPredSEATBPPRBES synthetic alumina- silica catalyst comprises from

about 2 3ygighoperoeiy: 1e,aek! 28 et AR CaNt-ailicay 3D 2 TRE-RE08SSBoisoned

of any one of claims 33 to 34, wherein the selectively poisoned .
amorpho ATSRRREY SHI A LLIBsR) Sp bty WmBrRoEePay dgm eonditions to
weight pekgeniefatdadst one of Ti, Zr, Hf, Ta, and Nb. 36. The process

f one of claims 33 1o 35, wherein the at least one of an.alcohol and .
i Ao CE e M B (I BRI (B AR o luina-
butyti&i@@ﬁ@lyﬁ%@mﬁy&mfmhmm vetight tentiany toatigheReweight qeycent silica.
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ether; and wherein the olefin comprises at least one of isobutylene,
isodistie shurapyidica spalystiyreise compriss ppoeddsvotigiiypeisengpl at least one
claigrsr3FtorgoTwhasei the contacting at least one of an

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

37. The process of any one of claims 33 to 36, wherein the contacting at least one of an
atcohol 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;
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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
reactorreiflug e camprisingeigabutyiengistinsdssiuuMI;BE, heavies, and
methanolérZ fe inl% he{\ reactor eﬁ; uent to atf'r ,g{%illgggn colurant' thanol i
separast?ﬁg 1e530bU (f/ ene flom e Unreacted “heavies, Ad thd"eanet 1
methanol the fivet firsidistilatbrreolamnoeredovebatfinst Hattomsdngeiing heavies,
comprising ReaYIgS i CARISSLMER Fat ISHRNRARG Werheads fraction.
isobutylene-rich overheads fraction. 39. The procéss of claim 38, further
eBnprgIRy Ssetfipgithé&ilsrbsterryEsprising unreacted MTBE,

heaviegcand Methandditomssesapdstistilation@ol iy andhsePadaliNgethanol to a
unreacted MTBE from the heavies and the methanol in the second

distillation e LB RARB E-rich overheads fraction and a
secondepatitngs woraassing TiRviasmankk et obndO thEhenpianessofthe second
claim 39, further.comprising recycling at rtion of the MTBE-ric
vorhonsd TIRGER THUSRL SN0 B TR (AR R B o second
further cotmptisingfepdinethengiesond bothenes comprising methanol and
heamesiocastird distiiatinnmep Bﬁmﬁ?ﬁ% r%%gﬁﬁﬂé' noithe Meshanal ARdNPE3E-rich
heavies t(;éoroduce a methanol-rich' overheads fraction and a heavies rich
bot®iFdFrae o He492ctHe process of any one of claims 38 to 41, wherein

the sriggtivaly Rispoed.angiah s, Synthelis abpinassilica catalyst

comprises.from about 2 weight percent.to about 9 . . o
P %ee%ing I&e SECOn: bottgms F():ompnsmg 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 reactor,

wherein the contacting further comprises reacting an acid site on the amorphous synthetic
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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
progkssof alvs eaeBbclain $hd8de e fosthaticoouptisingifecpioguée the selectively
compound, for thtﬁ sele_cttivet.eglﬁo%g_ i?fc ana %{phous synthetic
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the selectively poisoned amorphous synthefic alumina-silica catal :
AScabhsyatalisé il ¢6vinnd dadsispodiasmembgs slund et brofemyr samprises from

olefing, dheGatrlyste@8MNISINg a selectively poisoned amorphous
gﬁ?thetic alumina-silica catalyst. 48. The catalyst of claim 47, wherein the

SRR Hh Y-S Ehtly <t OBt oM i e R g elres peroent of
silica Rt direot @ttt anyaamdliaf claims 47 to 48, further comprising up
weight percent of at.least one, of, Ti, Zr, Hf, Ta, and Nb. 50..Th
L S A S e L RO Bt g proces
a pregassigymprising: contacting an amorphous synthetic alumina-silica

with a sglective paisORiRGRAMAYUARHNdRrAANCUIRNS tadeact ARANIE poisoning

site on the amorphous synthetic ‘alumina-silica catalyst with the selective )
poisoning CHRPHIth 4P reNdEErtisel s &aetivaIPdisthed dhsopprasRious synthetic
synthetic aluaninasgilaacaalial(siidd the selective poisoning compound to produce the

selectively poisoned amorphous synthetic alumina-silica catalyst.
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