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PROCESS AND CATALYST FOR CRACKI NG OF ETHERS AND
ALCOHOLS CROSS- REFERENCE TO RELATED APPLI CATI ON

[ 0001] This application, pursuant to 35 U S. C

119(e), clainms 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.

Provi sional Application Serial No. 61/094,676, filed
Sept enber 5, 2008. Each of these applications is
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su¢ hcaporaed by referendd ianty eyl et her (MIBE) or
tertiary-anyl nmethyl ether (TAVE) may be cracked to
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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 catalytic 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.



[0004] One major difficulty encountered in the

catal ytic cracking of alkyl tertiary-alkyl ethers is
a relatively short catal yst cycle length, generally
caused by pol yner deposition on the catalyst due to
the highly reactive nature of the tertiary ol efins.
Additionally, a very small anount of dienes or

di ene-precursors may be detrinmental to catal yst

| ongevity. Thus, dienes and diene-precursors in feed
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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.



[0008] U. S. Patent No. 4,398,051 discloses obtaining
high purity tertiary olefins, such as isobutylene, by
deconposition of alkyl-tertiary-al kyl ethers over
acidic catalysts. The catal yst used was an al um na
conmpound supported on a carrier containing silicon
di oxi des. The al um na conpound on a support is
deconposed by cal ci ning at hi gh tenperatures
(750-1000C). The carriers included silica,
nmontnorillonite, kaolinite, attapulgite,
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[0013]U. S. Patent No. 5,043,519 (519) discloses a
process for the production of tertiary ol efins by
deconposi ng al kyl tertiary-alkyl ethers in the
presence of a catalyst containing 0.1 to 1.5 wei ght
percent alumna on silica. As disclosed, at |east 0.5
wei ght percent alumna is required for slower
cat al yst deactivation, and addition of small .
quantities of water into the feed stream may suppress
DME formation. Neverthel ess, the experinmental results
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[ 0018] Furt her enbodi nents di scl osed herein relate to
a catal yst useful for the deconposition of ethers
and al cohols to formol efins, the catal yst conprising
a hydrofluoric acid-treated anorphous synthetic

alum na-silica catalyst. [0019] Further enbodi nents

di scl osed herein relate to a process for the
production of olefins fromat |east one of an al coho
and an ether, the process conprising: contacting at

| east one of an al cohol and an ether with a

sel ect i yvel L.sQned anor phous .synthetic
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production of olefins from at least one of an alcohol and an ether, the process comprising:
 contacting at least one of an alcohol and an ether with a selectively poisoned amorphéus

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

[0026] . Other embodiments and advantages will be apparent from the following description and

the appended claims. ,
BRIEF DESCRIPTION OF DRAWINGS

f0021} 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.

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

DETAILED DESCRIPTION

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

the cracking of ethers and alcohols to form olefins.
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conversion, of catalysts according to enbodi nents

di scl osed herein as conpared to prior art catal ysts.
[0024] Figure 4 is a sinplified process flow di agrani
for producing tertiary olefins according to
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relate to a process for the production of olefins
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6 above ratios, may be diluted with additional water
so as to conpletely imrerse the entire vol une of

alum na-silica to be treated in dilute HF. [0029] It
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t r&a ﬁ:tto Qtfde per ?vc‘mac‘téfrg%[l gﬁ& Bfé @Jap sﬁ %rsb'a!algﬁ?manufacture

catalysts rray in a |ngeste
[003811 ti pl Eesmmsphouﬁ anaiidaolidaanssnge tintdcredatitetht mmﬂa@ HF solution for
excess sol, ut n.the ;{Eat ment vessgel,.shoul d

draaFWSdangéfhd TS ©att B b P PO EEO SRR 1 om %5 minutes 1o 90

al Mifatta i iottee amﬁmimlaﬁtsv\mh Qfbathd ha§ WeljeClomitid AMDWRbErature from
of clean, deionized water. The catal yst nay then be

driogs MPCEITE i 1A ethopt 987 G oAngs Eeaglugy cla%llb?t jtigred continuousty or
Bl Rkrh RlenthCal it 13k BadiRY: dF %HB?;SHO% 55@1%6@.5 aﬁﬂgﬁnﬁﬂa%ﬁfﬁts may be

from 300Cto 850C in sone enbodi nents; at
t eppplermedine singhyiteormyipiae@rs.t o 750C in ot her

[003§gb0d| RIS &[%E%{ Atmen égpneo d2ce3 n(t.ﬁu{“:2 Em | l'{rea{r]n n? Vessgl should be

al yst's an anor phous sy Stie
al diained - #id| mem&ab&mswomsﬂmctmmﬂwm&e washed with

di s¢gl gsed herein e.a h| whi ch

SPGBy, it Qe B cried and
S Ui privf @) Us8 Aes caniftiehherist. damﬁhg ﬁﬁ? Be PytRUrRedSlaSemperature
rra undesi rablb/ conpl i cate ‘%Boduct purification, /

IR 23000 ndo 430ChEr Rq sTRRPANBEIHE: 2t oF teperafuE Eangiig deom 400°C to

argoscr;ﬁbﬁgrgn%ohﬁggmsof the tertiary ol ef ns.
Additionally, while EIF treatment may result in

[003@ht al ysAxmorrphwsrsgnaetm gireineatich vhtalystanud HEmgeed ayerphous synthetic

o 0 B, SRR B BB Sl e ford, pgip ooy have o i
byamodymﬁh;cﬁ fdy edsuiin ﬂ@yprdcﬁlﬁﬁmrnobﬁrfdakﬂaiybmducts such as tsoalkanes
CER I T T W A—
an@pﬁﬁaéﬂs%a&ﬁdmﬁmgr@h@y@f 15/ 13641RAneS ard lskHiian & thhtl df @R tertiary olefins.
Caﬁxgclh 1§rt1a?iy,rr\?v Iié ! ggfmlent 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.
[0033] Selective poisoning of strongly acid sites on both amorphous synthetic alumina-

silica catalysts and HF treated amorphous synthetic alumina-silica catalysts may improve
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catal yst selectivity, reducing both production of
unwant ed byproducts and formation of polyners, thus
further resulting in extended catal yst cycle tines.
Sel ective poisoning and related terns (selectively
poi soned, etc.) as used herein refers to the
treatnent of the catalyst to neutralize (poison)
unwanted acid sites in the catal yst structure having
a high acidity or sites of unnecessarily too strong
acid strength. The sel ectively poisoned catal ysts

S 5985, R LR TRAAE L oy Prin o

aspdiyreerading feithee seshbing irgexiersiodatalysticyel yimis. gbelentive poigoning and

and{ or. unwapnted.sites are selectiv .pal. soned
[ ORla e R EEl B0 3P BRI T Gy treament of the
h _ecfaﬁilist Eﬁaxyeubﬁlizxee(péi@dsﬂmﬂ“dgmeﬂ ﬁﬁatsimgn ttivecatAysa btyidre having a high
wi th one or nore conpoyunds that nay react oQr inferact .
wi A4 Propis oL WIPECSTARS fom TR ehhaRERE - e %?ieﬁfe"e‘fy poisoned
Si da@dyst¥ §ildiskel MBrefiPidl Yl hab arméd@ﬁ_tepécicﬁgmqunai Scidity or both, in
useful for selective poisaoning may include al kali »
negeaerak iR e A dswWhalt.kas| the acid siteshhavagpb coveraratiyplyriigh acidity and/or
c : e conpounds known to those
sk||igggﬁﬁﬂﬁﬁgﬁg%?gagggﬁ&%ghpounds may i ncl ude

[003d] enentSelectitt mlisoaing of Chtelysts dicibend hesliremby beperformed by treating the

g?%a%a%gtsn‘%wl Io%(r: (l)rur%ér%%?ﬁll%bgé‘s ﬂ%*%’magisrbackﬁf in%ﬁact %ﬁh 5 bhg acidic sites
anghdAg undEBBd cahiat Sites Wilkdh [H ety U Bikafipled BEcompounds useful for

sel ective poi soning, el enent .or e] enents _contacted
wi HFCRYR P?léwgealaan%fu@ﬁ é‘ﬂ‘éhomﬁtﬂ{)&%mlg‘&}'ﬁtiﬁaeﬂl_ © carth compounds,
al Bih R -cBinbbGs, Y ARPSRS: Sdin dmio%fetp @osé %Féﬁji?%e art. Such

reaction (or specific reactant), specific catalyst )

c ospesiadsonay inalyde elmentpowhich areifispiisiet foy selegtivp poisoning, including
POUE 90 195 TR, BUDMN POy i, 3i O3 Al Sita, Ce, and
fglﬁigg’lfggtqsvg@bg soﬁipr?gbﬁar%é’g%’ %’tﬁ in ’t%ﬁ’gﬁr’ gﬁfge from = o
absgtanonppthetso about 8% by wei ght in sone

odi nents; from,about .10 m.t o .about 4% by wei gh .
10035] 0t heFiecsingtt REHESSIoEH v, BRF SRBG sratiriehis Fathbled with and
C Of¥RatE G5itol 8RAarthOphduse sxfrithivgic al@ainalsiiish BaAN dBgenei e nature of
an_ino%ganic or organic salt or . rgaqonetaIILc ]
colfFodsrireAeRom (OR FRRCHI KFactanfh SPREHG B Y CEpopidons, and the specific
PeLitREATRACd orgaiioRing. MR AdiBunP bORBIAE cIBRGh Bh QF catalyst for selective
m xed medi um of water and an organi c sol vent. o
[ OpEsing wey be withil the gargsoFora #beys Hopm $¢ Abgve 8P by weight in some
al um ba- si i I [ odi t .
G Gl £ 580, K°hin 352866 2O v EPROR SRR dhbogiments. In
aqueous eortbodingarsi ¢hes obmpiumds obed fgompdingpda oatalyst can be either an

conmpounds useful for select]yel Qi.spni al a .
© oRBERRE a7 i 1l RO RrlalFoalip bGP aflefles, ogpe poisoning
I NmapbEpattndi reajusousahedurh asrpatiamhedien for @ misdkionédid@ Gf water and
to about, 1%5C i n other enbodi nents. The treating
Ue?hﬂ@”ﬁ%ﬁ’ﬁ%many method as long as it produces the

[0036]t endegl, kasdivEiy Jﬁ%ﬁlaﬁz&m}@ 8lufifdiic RurRiah 30104 B&a19%is according to
highly acidic and/or unwanted sites, exanples of ]
whérbedimentta disclogn. axeinaibg catsbishwey be itivpied gitit atopgueous or organic
SO ves: : .
R Lithof ES e cBlfonh L B ALl bl at emperatre in
s ethe ctngeefrom pbiwe dAEdo @bow|2p81C maspriseemimed mmmiispat & teanperature from

sol.vent .. such a jer | cohol .. acetape,. or. a
i U AR daftt BRG f ofhs” SRPraRGRy G ol method can be any
catal yst may be cal ci ned at a tenperature in the

range from about 150C to about 800C in sone

enbodi nents, from about 200C to about 600C in other

enbodi nents, for a period of tine in the range from

about 5 minutes to about 24 hours, such as from about

15 minutes to about 6 hours. [0037]Alternatively,

sel ective poisoning of the catalyst may be perforned



[ 0038] The above descri bed HF treated anorphous
synthetic alumna-silica catal ysts, selectively

poi soned anor phous synthetic alumna-silica

catal ysts, and selectively poisoned HF treated

anmor phous synthetic alum na-silica catal ysts may be
used to produce various olefins fromethers and

al cohol s. Various ol efins which may be obtained
according to processes described herein include

et hyl ene, propylene isobutylene isoanylenes such as

gugﬁétg | & bUt en tge tl%l%%ied resu terr]lgmely eh ge gcri]:l%e poisoning of
2, ?mgilffﬁélﬁiy bn&’/ob Uﬁ\@ﬁlﬁed giteBd>aMipted 0P ¥MicANAeIude ion-exchange methods,
2- et hyl - pentene cis and trans)

3- ri%lpfmah?npé ‘Dé‘flgry ple| - tﬁffeé fentgpg with the selective poisoning

1- e tp¥iiidC ¥ k@rﬁﬁ&l{nﬁﬁ‘ eheafibcligy t;%fsbhéﬂr ¥atél§§%hﬁ9§r %Qeéashed with a
Such ol efins may be produced from suitablée

t erselvaptysush Ry waigt. ksegoL, %‘@Fﬂpﬁa}fy'i nax%xccﬁbtrgof srubdmkikwfter drying, the
et 0 ereof -0k o

e AELBECH L NP e, AL MG SR 50k s s
onen(sommmodlﬁleMEBEpmeaﬁmyt 200t ﬂoaibyutbﬁﬂﬂyﬂl ire bther embodlments for a

o0 o B U 5 e Bl e pobpt RAR R rom abou

et hwmﬁtubﬁfo db SRR ouly. opyI ene may be produced by
geconp05|ng dllsopro et her (DI PE), isopropy

[003Vkohol Altemagivelpyrselge Y%P@%OI’tl%’e‘PfetB? catplystanayehe performed in situ. For
MQGh PR Smaft SGIHALY 2 HaGORBhPodHiYmeY $°
[0039]H§s fﬁ?ther exan% | es, hﬁ? eﬁg&%ﬂya@%ﬁ&@%ﬁﬁ@gﬁmom@omumn
by rd@ﬁqrd»wét b igpdestivamol Thyr basicnéonpored @cﬁdeétrmpbﬂ nemrgactive with the

%rggx_%eé “§ ek el% cﬂrogn Rioﬁ %Egh %ﬂl Qu ona 1¥1teplere with the

pro rating Bi6-e
di estebmhuwt dmdrremmpef the adsicededyiod eloddemt(i en,gsemcheeﬂp lpoisoning the

The di et hyl. et he t vered fr.o

{ hecefabt Mt St R FebiB e SPt B GtoR pcqefingy Examples of
t hepabie edmipbidy rtBat h@t B ¥8ded @€ P6HkoMRE ocRBRVE@LIRY iAkHOmay include
be used for the %ﬁ%;dratlon of nmet hanol to produce

di rABEPSAi2 FdEmethphether, AP be used in or as
sel fuyel c
ogapSe) TS ] AOADLCPS Kokt SRl SRARR: AFRREL OB cos
purse{eytwego mgpgspngh @nbyphj)@@ om&gtm galmﬁz-sﬂchApat@ysts and selectlvely
m ther o] BE w
e, HIC ARG oSO SRR MohitFeLicatley B bo used
p r e;ﬁrealuce starinus plchBEonl eﬂlms as! diehsisu Ndﬁsmsrcadeﬂre wh1ch may be obtained
ucts, such as,isqbytane, .. and .
o 1 5B B arovare’ bR POt Sbtigie ypropyiene, isobutylens
S W&Ed)an@ﬂ@lé@Eucﬁfas%@lhypl-bﬂ@h&ﬁndeﬂﬂieﬂ@l %h@nmsbh%nes such as 2,3-
added wth the feed to suppress unwanted sid

r e etk -bueng; getrdimstiyiiy; butshgt Eimedyint wantews, @umﬁtaﬂe?rgentene (cis
t 0 ¥Rt einspAdgsni bé}ﬁeﬂee%étﬁ’ﬁ dbi&fet JHM ‘i’ éﬂ%d‘@%l@ﬁentene and the

added to the reactor indirectly, such

declerisas isphapienes.  amch jolading mayobet mod\mdtfmm an@bém alkyl tertiary-alkyl
ol e e

Sur et MAEHCL IR COURY, TRt Aol E e TRl thercot. For
in ¢ﬂampbewobutylm&mayebmupﬂm;edlhy dehempdsingr ot orvieotef MTBE, ethyl

Rl b L SRR BERCIREAR RS 10886 mey o
decgopasd bl @ecaiipdsig TAME oM ikltiafr o6 Gethyb eI TAHE). Propylene may
i sobutyl ene, with the co-production of water. The

anmount of water equivalents used in various

enbodi ments may range from®.1 to 5 wei ght percent;

up to 3 weight percent water in other enbodi nents, up

to 1.0 weight percent in other enbodi nents, where the

above val ues are based on the total weight of water

equi valents and the ether feed. [0042] Addition of

water or TBA to an MIBE feed stream for exanple, nay

be beneficial during the early stage of MIBE



[ 0043] The cracking reaction (also referred to herein
as deconposition or dehydration) may be perforned in
one or nore fixed bed reactors in the presence of a
catal yst disclosed in this invention such as an HF
treated anorphous synthetic alum na-silica catalyst
as descri bed above Exanples of fixed bed reactors
useful in enbodi nents disclosed herein may include
tubul ar reactors, boiling point reactors, bubble
colum reactors, traditional fixed bed reactors

catalytic distjillation olunﬂ
R ROk srbdshR SRopERTL ok (PR MRorropy alcohol (A), or
anthixterbihegbl. dailich embodimein e;emndmraﬁzohtﬁls miag hlso be used.

actors nay be used in parallel flow or serie
[‘mﬁom] DAE SWFHSE ierABRleT, e%t%’ﬁ?‘t’?nm% i rpdised r?ayd%irﬁﬂng ethanol or a

baﬁt@ﬁm‘%%f%ﬁﬁn&%@ e WitRer. U S8 Lafdiick bR aBR St yRShe” may be produced

ol efins produced. Deconposition tenperatures nmay

¢ ahydeindtHing boEthanob 0O enallsicbyisBir mapibs pridugsd byatshydrating
to

s opafil i SRASI AEIAEIL 5af B lch ORI RO dhreitdiettflont swearm
beambrecickd a0 port wh therfeqt mesure.e Satalysts ldescribetipbole miay also de used for

22.b t 0 300 psi in. S0 adi ts. Lrom1lito .
T Feniegeecd of S Ep e g AEp R ST TURL Vi oy b usea in o
emhodlessEfiks, the pressure is maintained such that the

roduct _olefin is in the Ijquid phase or partla

[0040e | sty ats%praﬁesméie?fé@e@ PERIERPER BYehH do ﬁ@@aoductwn of high
Th ﬁmjitsr Gty Ray Bkﬂeéﬁﬁﬁﬁm‘é QJ{‘?EEt TBALMX&(I‘EMG%QJf u 'ﬁecomposmg a
l'iquid per volume of Catalyst per hour) whi ¢
t h aixtergof MYBE with arminetamennt n‘é?Bﬁeto wqdhrtmlswhm@’imn@@ be preferred
1 5
117 IS 008, R SEERERRRRL g o by DAME, and
otﬁmmbmghndmnﬂmbénmﬂ0045]Cbntact of the alcoho

d/ or ether feed th cat sts as, described hereinp, )
1004 o ERBRHT Grie PR G ik 5 RelsL Ry faay be adted with the
Pr edued bipprt uhwtelesids Rl IAY usad RABA! Swate¥uivalents” refers to
heavi es, which may include by-product et hers

al B@ibpdded & thegPacgRs ticstly Qruervales addes} ladhe wacten ipgigrotlys such as by
t NG daDblifsh 6F £f d18oHB! RAEE watd 280 R oRAR AMLBRE Sicohol may be used
contact of an ether feed with catalysts as descri bed

hefe#m amtylt seffigient fnreselve s ieai vaent amoueiaeft waer inethg meactor.  For

pe L le %I %u% Iaﬁerﬁath.%rt? a?&mé?@%btogtﬁe Wﬂgn R&h %Qg;mé IOITBE feed of

ot Rer Tefbo percen
ot ABA temtizadacensmst thasulsepsht dk‘éonmsgtdn b dreCEBN, wﬂi produce a similar

o hg? ml%gt A tﬁgga%%()éé?%ﬁ{,g{ ‘gatwe IS tglﬁ%{nﬁ g? tgua.h:rr] equivalents

Waldseﬂﬂh NeAbit diRidimea SHay trifzea@drh \OL 1t 30 § eighh p@¥dNEeth 3 weight
service |life. For exanpl e, catalfsts di scl osed hereln

e erRE Y PSS rRRhodimiL Pa 1R bt petrgRigia other embodiments,

PeLRERUhOIhRB vafubEhireiRSH JrOhe 3tal RASHK: o2 %Efé?teﬁﬁvﬂ&lts and the ether
some enbodi ments; at |east 1 year I'n other

entsdi nents; at | east 15 nonths in ot her enbodi nent s;
{00&] ! eas}xd&iﬁon 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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nont hs in other enbodi nents; and up to 2 years or
nore in yet other enbodinents. [0047] Catal ysts and
processes disclosed herein may be used to produce and
recover a high purity ol efmproduct stream For
exanpl e, in some enbodi nents, a desired olefin nmay 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 olefin-rich fraction may

ve an.ol efi.n content greater n.90 ight .. .
10043 G ot TgEERE REHER (@80 MG kBek e Ui Bbpion or dehyaration)
enbagibeepdrformel @abf¢ ok hadre Fxedebegdhieadirs Cigtnthe ipfeseddBest a catalyst
empodi nents; . greater than 98 ight percent in other . .
eﬂ%aaﬁr%ﬁflst?w Jreatign syfhads %.*ﬁ?R%%g?% Rstyofhtic .a{umma-smca
ot bidlyR ROt ERYE Sbot. € Rk@hpleh 3R X8d \WBl GEHctdPe 168Nt ini dnbodiments
ot her enbodi nents; greater than 99.1 wei ght percent
i ndigelened heppie nayeinelide Avinlag rsagters, bojling QOING regetofph tubble column
pe i ORR& pedhodidentfatyfl dfkifiifon col divided wall
en§%§?%é5?§¥£%ﬂezgﬁgpggg recdveregm%aylge(ﬁég?u s a o
podlitiiation aoluom feeetdst pulked Aawi rgetorspand tomighatipns theseof. One or
9gr'mgreWPf!s%Is'ilt I' Qc%rg %%g be Fx?e%dig ggr%{lglrt{olwntg sQ?"é’f{ogv. Fi gure 1,
a SURplifTed process tiow 8ragram for The producti on
[0042d] | sobpédphpasitibl fartdhRondisibRgmby eard daaddymitthe feed mixture used and

descrijbed herein is illustrated. Simlar flow schenes o
raihe lesirdeeteliny Profacefy JoRFOMPBHIRH IHRSRAUIE) BRY fR0ge fpm 100°C to

f egshoBtinGhse ambolimeht.DRsn ABOYE35R0dn Wbkt ei®ddirRéhts and from 150°C
detail ed herein. [0049] MIBE feed 10 and opti onal .
watoePOWE mBat pehet empodimentsnt Theddreempesition fepstion masgbe carried out
de LE le.. 14 | khePLL: : )

o e B ok A IRAG Sk 128 GG SR B E ertbhimens; rom
anbtephbba (@lteddhpsigliihiotwr cabedisnts. &ssaimesenliadanknts, the pressure is
herei n.. The BE .ma e.c act.e .th,the HE treated .
s pfbined SR AT S prtfey SRR il Wi S pbiFl e tiouia
COpithst iaDth% rbArtiph achyeeatare nead.t Ghe ¢itjhild ntly kBace Whlocity (LHSV) (the
may i ncl yde .one or nore of unreacted MIBE, heavies .

(o lha ot i€ B o ARy Sb GO Sy PEE TS0 Garied out may
ange Ryt @8e wails ¥ron 85 RAN00 h' &M Gorhd EmBREMERE RIMPIWEE0 b in other
i sobutyl ene. [Q050] Reactior effluent 18 may be fed to

a empadimgnisang frgm bie Wdt umyeoBhersmbedimentse and
[00£5$ cover Cza&%rt IOO?nOEB% %bggl%? :déldf;\%_%&é GO Yl :E?ta%% aEQiescribed herein, at

par at e met hano eavi es,
r edoomppsitom nonditiingt yie nesult iic theoprodimgianl of tizecddsved viefin, alcohols,

flo i ne 22..1sobutyl ene-rich overhead in ne

erBBuN AR SRR H T B PBGRF RSyl R SRR, such as o
hadinitg o trifdt e td ddsir@nolefin pioduetadh s&fe Bmb&ligbits, contact of an ether
percent_ i sohutylene. . [0051] The unreacted MIBE, .
oA e e%gf%gb%wﬂr PR EWF 8y Copy eriof it fdgast 90 weight
fr BEbiR e M@ Sliddst 88 WeIRhE Rrbtin in’Sth @NEhtoBhahisall IbAWS0 weight
line 24 to a second distillation colum 26, where th

e
unPEEYY ddl ofiPBEmhedimprts;sa deashy & dveiahb Rereens im gy @gbogdiments; and at

t NEBBORARR]: perbBR iV BhEAGIRMHRE may be recovered as

an MIBE-rI over heads fraction via flowline 28, a
[0048dr t i onCathiyetidideiased/ hédyeinrmeay olaguhiv itlwirf tapalytic angiv30 faroan extended

e DA O B D PL S SO B PO RIS A THh & pegpsion of

least 65 weight percent of an ether feed for at least © months in some embodiments; at

11



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 nay be

used for the production of other olefins fromfeed

StiogKs Iyéa} iff Bk basgmal@&y Lat 1&@{ 1240RR & ofbditdoRRAlnts; at least 18

reacto be used, or additional separations na

b emengha in péur ewhlegdimetttss anéupltd hr¢ananoge f vet ather egabodiments.

hers an r_al cohols resul f

[0042i)r e 1 rgg %8% ang OCESSES ¢ lSé:F)IS%J. hTr%B égﬁ}{ }szs%dgg E)f%dél?e andl recover a

ndhgdpﬁrhﬁble\ﬁarpr@ﬂ&t siedageor teRarnpie yia | sema rehbbéinsats, a desired olefin

vari ous reactjon duct s used, pronptin .

t HBaYo@?eFﬁ?Yer@dH\FélréF%ﬁ“gtf {;géae%t et & in°% particular
Ol @tripBaent QonfaERP e Teddt eﬁ)thgﬁE Refceft 0€UGRd caiﬁp{ﬁlent) In other
by- product fromthe dehydration of ethanol may

r epahpeinsaisi thereeavered @lgdingichdractign mey dreash dlRm content greater than
d W\Qél?{g ReRabiealf tﬂaﬂ@S fi8sht BLrbH S othed ARAmINE greater than 97
type o eactors for the deconposition of ethers and

al woiy| pertant olnefothes epbddimentsy; eglmth%/dh@t i98nwigfght percent in other

I |
e R0 gPRE B A0 SRR TSRS ! BR6E wun o
deweigie. pehoant deconhpmsmbbdxmeatsd etkekry dthar |99nl rv@agttn pEnceitt) in other
t he resence ¥f t he cat st.s, di scl

y osed h C
TR Sr s (70 S v BE B SRES et n other
S%nﬁtaiaineenfse&@to@éfﬁxsfrwovéﬂa@rﬁ e iperai dsi aopmyaﬁer&hﬁ@f Beddiidk, having
al cohol' s, and dehydration of al cohols to ethers nay

i ePUIHEOk # daFt O upiehy BeEded t ubul ar -react or s,
[004?; stil |kl R, G8LY5®; Cﬁruﬁ;aftspgﬁ }15&1 1’05@5 @ig{vrglaé%ihgf& the production

ow reactors, and ded stillation colum
r edcmhusflenarﬁmg MIBE rusing[tHO S&hiykre dessaibed bwsmnlayllllﬁé‘atcd Similar
ca rvlv %g%e(r)r}ueg | n da%)r th@ f}%g(ilctll)ﬂ %’ %}@E SEE; i?(;r%qge% stocks as

phase 0 vapor. ‘Becau rium
naddsmedﬁbddaeaﬂdamutnoobesdemmdmweng out the reacti ons

in the v r. phase or du hase_ of r and |

(00430, ' dMiF BEiferd Woe%w%wgﬁﬁ e J e @F@W}cg b fixed bed
ol @fchRpfiRAUEckor 1y ﬂeB&ﬂp@nldnqeucd)r nhl A5 if@aRIdn® Br more beds 16 of
whi ch may al so require hl% er essure 0057]1 n sone

entsoldF rsifed amernbpynalupin- ey daeebediberging ofhe MTBE may
emo i Y

TS 55 0 B AL St B oo
c o¢qndi11ionsqunochse ialrba&mr refituedt 1§ whichunay itclufié gue @ rdore of unreacted

npl | f
AT BB O TREt BA GOlg Motuce,
\Nainbthatmtajnﬂlt}&tde@fed:lﬁbm 1soM[@E:néeed 41 is introduced

to a proper pgsition above cat al reactl n zqone 44
[0050f, & caearigr PRy [ timaY b TP i & e i S s, o Separate and

Vi Rcbiel 8hed BobityRAB! | TIR! :6AMI4% By WAL @bar@fed TRhn | | ireacted MTBE,
al so introduced to the colum 40 above the catal yst

z ofethaupl, anf dewidesoPAsOSITnE §R isppBiisaeTick gnubsad drpstigrsvia flow line 22.
r‘ e " .
e B e b AR 8 g roouryiene
i ssiramameying Fhencewiatiery bion deastPIst welghh ptEentagoblutyiene.

recovered as better than 99.5% purity product, as

descri bed above, by use of.various separation

schenes, such as distillation (not shown). The

unreacted MIBE nmay be recovered by a side-draw stream

46 fromthe colum 40 and recycl ed back via line 43.

The bottom stream 47 fromthe columm 40 incl 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




[ 0059] Al I 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
di aneter and 21 inches |long. The reactor has top and
bott om heati ng zones, which are separately
controlled. The fixed bed reactor is nounted
vertically. The volunme of solid catal ysts tested was
approximately 15 m for each. [0060] Conparative
Exanple 1 [0061] A granul ar attapulgite clay (16 to 30
sh) i 5 r
100SERC) i SRHRLAE MIBE. diab i ot MGk b rpcovered a5 2 battoms
i nfregon tﬁpnofizstxlﬂn&ronl caalruxgm af uiné fedlwia figw dppedu® 2 second distillation

P, 2P etiferf (s yhifabied ONFRRE Ty, bs Sporc fram b feavies and the

acaethaion gﬁ@uﬁrﬁt&teml’m%m@ ot eedvesddisian mmeﬂbemeads fraction
No., 4, 691 073. 34, raps_cal cined atta ite
grahdowslines’s, gRF D P vRD RSN xedogh E'P%olﬁle )l Shreactor 1410
Pr&pRehofihedis] Uting 6.95 grans of 50% HF with 61.5
grans dei oni zed water at ambient tenperature for 1

[0052bur withe bewiesi awdalmethanelr may. bafreeaverdd casnei brjtomst fraction from

t h(ﬁ%}:gféﬁgr‘? c‘cfohgrﬁ 3\2%5 g?{]ﬂq%rgﬁs\é .aXfI‘ &%i%ﬁ%ﬁfﬁgﬁhﬂof’ ﬁlfgnggﬂecggered from

I'oni ze ay I's
a Ma(hemw\sea:h hs)rbylfebdiug Mﬁeaﬂmnar@amthamd iatfls00i@e 32 to third

ebahgh eoamaret: 1K mGhBSERGED By ERaiEia & rebfigred vie fow
r eﬁiﬂ 36l 30§ aﬁaé@ésy@dh ttems heitd/iayBieiccddedd Giacﬂt/v@hxte(ﬂsal
ni trogen adsorption / desorption pore volume; and
[0058) er agerpmentionpd Aegyer sigrlan oy Sﬁ“r‘ﬁ“[e@@‘ﬁﬁ]alsfeﬁﬁm‘éf in Figure | may be

F- AL 'férn g@:glg ioh Sof &ﬁaeeheg& L) fe%@%eks Q@%E&hb&f’ above. For

above with a cru m xed MIBE feed stock
commpm ngdxgéna@ Iwct% WEBEbe Wed, Peedditipind separatighhsnay be required

IJ e %ngjél %t I%Cigf esh forg W gtﬁér? Egt?fgﬂaél?o%m(}%ﬂﬁlgﬁﬂ g‘l{é p?éduction of

'ene; trans
CI moibtﬁ’annmaﬁasi]redmﬁﬁ met hyI 1, 3- but adi ene, and

hers.. The test condition | 31 psig,,29QF, and.
00 qui o ThBURTEr Ao Ter: PR RS o{YelscPmg g s Teation by-
r abr%ducmﬁ &%wea, gbrmolife ﬂl@%‘iveﬂaﬁ chhvetiid @ltRdfebd tdhe desred olefin.
[ 0064] arative Exqg@m@ﬁgdwOOGS A alum na-silica

caF‘&I eyyﬂplﬁsdlghﬂpﬁaw@rwc ptch Fp@Abg Aehpdrationefeethanol may

dr h&dcovered 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 alcobols, 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 carried out in the vapor phase, liquid phase, or dual phase of

jiquid and vapor. Because of the equilibrium nature of the reactions, carrying out the
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alum na-silica powder is extruded to 3 mm pellets,
whi ch are cal ci ned at about 500C for 2 hours. The
pellets are ground to 12-14 nmesh 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
/| desorption pore volune; and an average pore
di aneter of 6. 89 nn1 [0066] 15 ml of KL7122 catal yst
i s_tested der ntlc ndlt ons _as ven for . .
o PRSI o PR, PR o gl B of Sk A B ugyifesut in o higher
f eeshverkhvh pee §zu;k or h1§hdr|d1¢t‘n‘1t }fraﬂLeﬁvit}ﬂthEm @ ligsid Phase reaction, which may
[0067]The ormances of the two catalysts in
Alsarequry E%éﬂﬁﬁgg 1 and 2 are very sinilar. Both
[00§?t al ysty B Einbo@RnKL Glefias hﬁéﬁ bEMprbdlickd Bkcdfihl bt dmbodiments
of about 85% conversi on of but they deactivate
r agiseloyed hfrein rbyoesiyingbowit the Cedrtignssinon cetebyiardivideds wall distiliation
MT n [ I ut ¢ 20% peri.
3 g‘F&%&Q%@E%q@P\g@rr%d g‘? e‘? g[ untna- 45#11{%[}%?“0'5%( andl Pg%{]}mcess flow
dedmprabefbrite Casipir dtdoumpokitipe ot MFRE By asiag tar disided| wall distillation

or Eu5s SEREE el 5 b P AR bostopcaotf i etion zome

anit ¢k chaEe dakiddewdlDaistlid R colininM(0¢ie afk @BAlA small stream 42 of
stirring. The apopunt of HF used.is agprom mat el y on

SRS OF TS SRRdnFoceshifa it fREATHIL POy Zohe 4. The

deﬁ@d&?ﬂp@ﬁiti&&lbmﬁﬁh@ 15%?5&?&%:3 £l Qront 1R Blubi 4WPasvhrhEaY steam 45
granul es are washed four tines with 60 m dei oni zed

watleng with aningr pmeyntst of] be@reducts. Jeduding dWR fwgt isobutane.  The
ho I r
Th%@bﬁ&@% eat e%%?}% %g r%H@ca al qufgIagagtﬁﬁ?ﬁh By product, as

r efiexribdl dbovhdiyaise ofi saridus Kbt @idn kelienjeS 0510h iﬁdlmllla:mbn (not shown).

%122 i?‘f@@aég gf%C%%%ﬁ?f byga den&p 216 TR column 40
' | bmtsm&ﬂedi btk Fiagﬂfee@ Tbe%itbﬁrmeamm abmahit icvivinn 40 includes

oft scatalyst is simlar t st
ol St B %S sy e, AGadigecd i Sygisission column 48 to
Fb?&ﬁ%r,m@ﬁan%h By ckiitall isBeHne 48, 11119 Bofiéif fsRE4R B Endlliding the heavies
this HF treated alum na-silica catal yst is superior
toa%éfaf@bmﬁarb&ﬂe%dérﬁi%lﬁ%% (F-ATT-1 and KL7122). It
[oogﬁkes apRY miely twice the service tinme to reach
the sane degr ee of deactivation. Therefore, the
[003%]uor i nAtI8dTRE dagonmosikibh ezaciiensdmthis figifooxiedExaiadsysd carried out in a

P Oodts BNt nvIngh S Sa o 2l ys % intiee i 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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[ 0072] Conpar ati ve Exanple 4 [0073] Anot her granul ar
attapulgite clay (16-30 nesh) is calcined at 500C for
2 hours. A fluorinated attapulgite clay catalyst is
prepared in a simlar manner to Conparative Exanple
1. 32.2 grans calcined attapulgite clay granules is
treated in an aqueous HF sol ution prepared by
diluting 6.54 grams of 50% HF with 62. 0 gans

dei oni zed water at anbient tenperature for 1 hour

wi th occasional stirring. After decanting out the

0037 SR80 08y Fte) G S SR o I o

| Ndidclused i .S \Pagent Bib. 4,6910013. 342 fiams caigined awgulzite Y Granules is

for 2 hours. Thi a ci ned cat ferre
et S a5 SN ion PagmacH vyt (LIRS 7 R f G0 gdF with 61.5
W gfYinsfdepdizb® walRe arpasied tﬁﬁﬁd’rmﬁﬁt fot Yﬁburﬁmﬁl-ra_ccgsmn-ﬁh bthring. After
MIBE feed contains no hi gtﬂ%alaunsaturat ed conpound

r

Theecaiingy dhey §gessiseluign., B0t WaThG (s A0 mi deionized water
congi %PH&&%G@%’L 9@0°@919F vagulgn |e|s7§1vfof Q%ufjﬁiﬂrlhéﬂ Mmed at 500°C

rate) as Conparative Exanple 1. The result of

detwrdpbairs. i dhiscaloined potal st e&jrafﬁrqdu tgcheeeig as “f@@i’s} ‘Th&he physical
[ 0

coptifte A B aSluAr ol 51 SROUBER YA ER ol nirogen adsorpion

C oMbaompd ompdrh voMeFazﬁTa"ﬁ -aleragt phry sitamterﬁﬁmnmt | ve

00 2P MG L5 P PRI S LB o it

hob Icfude nikéd RABE @@H’@ﬁk@ lcadthiing! 970 Goed MIBE. W}ﬁEfeed also contains
conversion is té@cally about 65% and the cataly

actmyl} apoyeter efa seehlih SpeRreRd scampevedss e godi3- Ridicne, trans-1,3-
?Fgéﬁtacﬂglg HQYRS en{agf%z@]ZEPﬁE’tﬁgrl F@%taﬁw['lg Qhd l)ﬁers The test condition is

ori nat ed anor phous ‘al um na-'silica catal yst
pr 8pasied290AF, and@rhbquid ihnia space velrpier (LD feed dmmkﬂcav rate. The
re 2 grans of the
ge%&ggftgg %ISEI}{}S%W{IE‘F%ES%H bed in Conparative
[GOQ]perl rTEﬁhpeﬁ'atafeEE}daﬁ@&tEd w th an aqueous HF sol ution
_prepared by diluting 2.02 grams of 50% HF wi.th 47.18
0008l ans dbi dhmmadilitat @Faisﬂ ig,PeTRerRd P SpdFesinialon giethpds The dried

O Ut eniy- Mba%%éﬁ RR{Urudelith 5ot pellfie vﬁﬁ@hudié ca@éméﬁﬁt WERA 500°C for
is approximately only 37% of that used in Conparative

Eﬁadwu@s 1TheAm11|éts e geynd (g 1dutt werd gramdess Bus| grenudan alumina-silica
e R U SRS ey

vaphmsinab\pmpeft'ms o ﬁa@ucpa,takysh eargr 59 as/g@ BE T dl.@bnedg dotal nitrogen

hours. This at ed amor phgus s
airorsop LpapipEpn P Qi bt B S uRE Bt of 68 am.
[0066% KL71252na of memmcatag@i iPERRAN iides i@ntitdecopditidsy 84 given for
are 312.0 BET; 0.635 cc/g total nitrogen
§8P3;§@1136YP ﬁ%@ rlptW1nths srae iggiereandatser a?{ha\wﬂl&g@ illustrated in
pog; gianeter of 8.15 nm [0078]15 m of F-KL7122-2
catalyst is tested wwth the high purity MIBE used in
[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



Conparative Exanple 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 alum na-silica catalyst is superior to
that of the clay catalyst in Conparative Exanple 4.
There is little or no catal yst deactivation during
the entire run (1659 hours). The projected life of
this catalyst is at | east one year or |onger.

0050 5 S0 B P T b

angke freatad vmhraipaqeecbut Bmsbmuoh preparad by ylﬂﬁtmg 2Afygrives of 50% HF with

re%gzﬁer at ed b}é fdxl ci ni n%mgﬁt‘;:]?ﬁm%ﬁ%gerea ﬁé?’ﬁ{ﬁﬁn‘f’{ﬂlﬂqg‘m&fﬂmﬂ stirring,

t hehe bnouktr @ta}@du@ms RippresinGatEly Neily 63 bl 6F it Sbdd A Comparative
catal ysts descri bed herein nay decrease the anount of

waEranRle deuddigr dewentine ot ﬁney%ﬁcesfs effuieBnibg alumipgslica granules are
ot RGshe@ MR INRI Nt 60 AP&IniAY WRSCTAHRS Qrﬁbg%%mc in a vacuum oven

hydrof l uoric acid treated anorphous synthetic

al Gwilriwusiths ewnulgs ateyosicined it §0E°€r fop@chomesr efbis Hiyrepled amorphous

usef. r ot Qﬁl -and et hers
osilgalrar%&gmg I ns’ga%g f‘a h?&mo%s @gg?ﬂ?ﬁmzm s, the
00710 dr of | Lol ®f ER-:KH?IzQth:ﬁdyﬁtni@ rgsaaluis aiiyﬂéﬂrtﬁ:h]i manner to Comparative

al ca cata s as .descri hed herein nmay be
R ) b b e N LR SR | [ or sl A yeal byl

[I)Oﬁt} hers 1 {fdD dcBy) BF ¥hiflcaial éﬁﬁ is §Hﬁlﬁ: & tﬁesz%ﬁs\@ 8N€omparative
i Soanyl enes, and others. [0082] Advant ageousl

enﬁéfanmi@mtlsar@a 2c(Fod E8-Thande KA 7THa3). pHowews, ﬁforsg%m in Figure 2, the
r 0 t vin

# gn cy&af Hlllﬁ félggttI %dggl@tﬁila v%l?(? nJ E@x‘}e rlsog@g;ei%l {(S)d&e fFomparative

u pcztmiyéts (geAd S -lomdnBL 8l 2h Bdakes ep;bo:dmawm twiceTheservice time to reach

ext.ended .serv n de sed olefin .
o DR drets Eat Rt et i, e SRetRE ARy e Bk ihn improved
as casilit fasicoaapeaincdiehenlsyd asdvi$pBsal costs.
ﬁgdl tionally, enbodiments of the catal ysts descri bed

[00%dr ei n weRPHaie BHEPS more of good physi cal

00 oth 1 1gitt 'cl 3 st i for 2 hours.
131t €01 | Adlothé iR bblILRICIEA R 3PRG] iDLl 50000
strength. Further, ma acture of the’'catal ysts
dedécludsindicH enttepuigitayiay setabfs@mmmdt inya siilrengerkr to Comparative
qu s c [

%gémé\isqco%pza S{Tcgaﬁcgrhdggr gul?fﬂe Hﬁg%apl%{gg QJ wlﬁéﬁ?ed i% an aqueous HF

r eehlumomq:rem*ai b’jstilhpingdSLfG!t drams ahsi0% &7 wiak 62.0 @kams deionized water at

2 PRRERCEmAES 51! B ASHILorl HERRE SR dep e e the oxcess

ar bolutiay itR0cIDe Relvhdhed fthrbb tisnesl vl 706 B @eioWizbd Water The wet clay is
appr.eci ate that other embodi ments may be dev

whAgef #d 0R: infeypsrin opgihior A dowcgddhear calgined 3¢ %@eﬁtfor 2 hours. This

di éél!:ﬁ&%a%‘alys{\?s%fe?ﬂe@% B{erelﬁ he-aqRe shoul d be 1im ted
only by the attach cl ai ns.

[0074] A high purity MTBE (99.69 wt.%) feed is decomposed over catatyst 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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CLAIMS What is clained: 1. A process for the
production of olefins fromat |east one of an al coho
and an ether, the process conprising: contacting at

| east one of an al cohol and an ether with a
hydrof | uori c aci d-treated anorphous synthetic

al um na-silica catal yst under deconposition
conditions to produce an olefin. 2. The process of
claim1, wherein the hydrofluoric acid-treated

anor phous synthetic alum na-silica catalyst is

oduce . . i Si R&h. ' a ..
00 B0 0S5 AER68 ST D9 P Bl coyt aciviy
hy @b mfichumbiecstédd dompdred math. thd F-AHE-1 pratiyes of Comphraiiva Example 1.

2, erejn ratia of drof lugric acid.to anorphous
o Develery. ol Sinehmial ¥onR it ferd GenieR RN BgSsbour 1500
fr ﬁ&}(r@ be ?ﬁ'@{in t @@:ﬁm@;c%llyptha%@ult_rfﬁﬁ M’DSHW&W@JS{CMQ&E typically ebout 65%,
per of alumna-silica, 4. The process of an ne
of a%fge prezE arthgtydesientss balpeis fotvesionegrldn |an6¥ i4§0 hours.

id-tr rphous synthetic alumna-silica
[owggtalys?ﬁ%gggggges from about 2 wei ght percent to
[00FHout 98 fiwerigpitd eorpknts abinlingailicheatalyseisprepesssn e fmaangr similar to

one_of. t he, pr.ecedi.ng .cl ai ns, enei,n the hydrofluoric

ac Fa PRl 20 B FRRGO BT REPTE 280 Be. <L Almti®Slifa granuis
c atiiadcylbetd ih lﬂ]ohfp?hti@@ﬂi@p&drﬁﬁﬁt D pretezattd) widiag Atjugpas BEERblutén prepared
at | east one of Ti, Zr Ta, and Nb. 6. .The )
or B dlsting SRy ToRE’ of SQ%Q?H@BWEM%-@, SR frigiedswalgr at ambient
pr artlrBefof At Rl notks fhitht BESasieRAIPEIrSAN: TIRERAoBA! B HF used is

the dilute hydrofluoric acid solution fromthe .
c aeprgximately only 37% of that used in Comparative Example 1. After decanting out the

excess solution, the alumina-silica granules are washed four times with 60 ml deionized
water. After drying at 100°C in a vacuum oven for 1 hour, the granules are calcined at
500°C for 2 hours. This HF-ireated amorphous silica alumina catalyst is referred to
herein as “F-KL7122-2.” The physical properties of the catalyst are 312.0 m*/g BET;
0.635 cc/g total nitrogen adsorption / desorption pore volume; and an average pore
diameter of 8.15 nm.

[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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washi ng the catal yst to renove excess hydrofluoric
acid; and calcining the catalyst at a tenperature in
the range of 300C to 850C. 7. The process of any one
of the preceding clains, wherein the at | east one of
an al cohol and an ether conprises one or nore of

met hyl tertiary butyl ether, tertiary butyl alcohol,
sec-butyl nethyl ether, ethyl tertiary butyl ether,
tertiary anyl ethyl ether, diisopropyl ether,

i sopropyl al cohol, ethanol, and diethyl ether; and

WhELel lindoshoB) &fntRetROTRhING &ficBlcataBB8 ldeQBBePherein may decrease the
i sobutyl ene, | soanyl enes, propyl ene and et&ilene. 8.

Thamqunbefewasteqfrodusyd dupelo shtabyireplpesment, agorg efhprpdvantages.
erein the contact.i I . o

0083} % 0 RS8R R84 LA Ay 5l BB Yol SRRk A i

Wedagihfstspe [de efibedvairein raayuba adefin tisr, thb dssedhpositien efcdiehols and ethers

anount of .ether and. water, equival ents . The.process

oo BlsEmo 1 T ALMBREBbAPRG Tt e MOfTRRET HE el Smorphous

hysa@Etid OftinginaGilftat caalyed asoapbosd I¥RiNehaC be useful for the

alum na-silica catalyst is selectively, poisoned.

10.
ThéscpmpRstiing of flicyh yertire-alieyl elhgrs e fraichigrycplghupps such as isobutylene,
fU%&&EﬂmﬁQ%H&b&kﬂg feedi ng a conpound for the
sel ect’i ve poi soni ng of the hydrofluoric acid-treated
[0082for phodvastygronsly] onlidimema disclbied hetsin mby provideier etatalyst useful

th ontact.j.ng further conprises . t] ' .
o1 0 SBAmpRtt A et Gy B R R SRl At over a pariod
syéttipab i2Cyeatsiotinide $i bontacabodiingst. Whd dxrérided seliectifeuray result in
poi soni ng, conmpouynd. 11. Th rocess of one of

o1 S6SFRESe3 Ol mGProRtrDioR RSt RRF RS Be2eape) ot Fost pryel ppdeoreased
hydf0§d URpdsal @fztsd-Addaainally, ambopiRus of Yt daetyse described herein may
alumna-silica catal yst further conprises sel ectjvel

pobayerinpgr mae 10y ¢ped Phvcat infegriy. 3 o3t B iioRgRishaRss2 hign crushing
Sygﬁeﬂgﬁﬂ Cr T RAuBlctde Br G @hieds debéibel HRIAC BB UsO Significantly
the production of 1sobutylene fromnethyl tertiary )
budsgreassdympntitieh ©f prvometssialsosush ias hydyoflyosie @rid gasreeitpgted to prior art
tertiary.b . '
SEAG o LRG0 BRI 5l B AR

10083¢i d- t rwallethealimigheuscisyest Hikmited minber 0Aembddiments, those skilled in
¢ ait:hgla%/t,s ﬁziving 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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contacting the MIBE with the hydrofluoric

aci d-treated anorphous synthetic alumna-silica
cat al yst under deconposition conditions to produce a
react or ef fl uent conprising isobutyl ene, unreacted
MIBE, heavi es, and net hanol; feeding the reactor
effluent to a first distillation colum; separating
the isobutyl ene fromthe unreacted MIBE, heavies, and
the nmethanol in the first distillation colum to
recover a first bottons fraction conprising heavies,

unreacted MIBE, and nethaﬁgl an i sobutyl ene-rich
over heads fraction. 13. T ss of claim12,

WhAUS LiBflegconpri sing feeding the first bottons
conprising unreacted MIBE, heavies, and nethanol to a

decdopwces $orithe atqdomqnodfmhﬁnsm atsiwaom offey alovhelomident ether, the
MT f eavi es and the nethanol in the second
di ?’F‘?"F%S%@Pgﬁgn

l um to recover an MIBE-rich over heads

f r act éonnactimdatdesst ona dbf hatdohsl any biéngith @awiRSiuand acid-treated
ss of_.claim 13, further

met hanol . 14. The pr.oc

conpri sF‘ﬂ%‘W‘é‘@y‘E}lﬂ#ﬁ céf““i“%%?{‘caa cHly¥t Wil flecppgosition conditions to
NWBE-rI@BdQ%QhQﬁﬁﬂﬁ to the reactor. 15. The process

of any one of clainms 13 to 14, further conprising

te é@r: rR§Oqekfe oF elabmd 1=b8’bt’f6%tb§ohﬁ§k¢f§loﬁg geit-toenird| amorghous synthetic

c e fatabl B EbERL bl bR BT e a

met haavolactrigcsn ewerphoas syitheict dlominarsilica Wittavai dibiter hpdrofluoric acid
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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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16. The process of any one of clainms 12 to 15,
wherein the hydrofl uoric acid-treated anorphous
synthetic alum na-silica catalyst is produced by a
process conprising: contacting an anor phous synthetic
alum na-silica wwth a dilute hydrofluoric acid
solution. 17. The process of claim 16, wherein a
ratio of hydrofluoric acid to anorphous

alum na-silica during the contacting is in the range
fromabout 5 g to about 65 ¢ hydrofluoric acid per kg
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11. The process of any one of claims 2 to 6, wherein the process for generating the
hydrofivoric acid-treated amorphous synthetic alumina-silica oata]yst 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 hydrofiuoric acid-treated amorphous synthetic
alumina-silica catalyst under decomposition conditions to produce a reactor
effluent comprising isobutylene, unreacted MTBE, heavies, and methanol;
feeding the reactor effluent to a first distiliation column;
separating the isobutylene from the unreacted MTBE, heavies, and the methanol in
the first distillation column to recover a first bottoms fraction comprising heavies,
unreacted MTBE, and methanol and an isobutylene-rich overheads fraction.
13. The process of claim 12, further comprising
feeding the first bottoms comprising unreacted MTBE, heavies, and methanol to a

second distillation column; and
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22. The process of any one of clains 12 to 21,

further conprising feeding up to 1.5 wei ght percent

wat er equivalents to the reactor, based on a total

anount of MIBE and water equivalents. 23. The process

of any one of clains 12 to 22, wherein the '
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CATALYST EOR, CRACKI NG OF ETHERS AND ALCOHOLS ABSTRACT
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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.

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.

The process of any one of claims 12 to 22, wherein the hydrofluoric acid-treated
amorphous synthetic alumina-silica catalyst is selectively poisoned.

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

The process of any one of claims 16, 17 or 20, wherein the process for generating the

hydrofluoric acid-treated amorphous synthetic alumina-silica catalyst further comprises

 selectively poisoning the hydrofluoric acid-treated amorphous synthetic alumina-sitica

catalyst.
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