WO 2006/ 135475 PCT/ US2006/ 012782 -1 PROCESS FOR ALCOHOL PRODUCTI ON BY
SELECTI VE ETHER DECOVPOSI TION Field of the Invention 100011 Thi S invention

rel ates towaldsiegr at ed process for the producti ondloé 5%0%{12 Mor e
specifically this invention relates to an integrated process or th

production of alcohols fromolefins by hydration and the sel ective
deconposition of ethers to the al cohtt and ol efin. Background of the
| nvention (00021 The conversion of ethers to the correspondi ng al kenes and

al cohols, preferably aﬁﬁ@@ﬁéﬁ?oh ﬁcoﬁb&%bﬁgﬁ@ﬁhm s, is an inportant

reaction in a nunber of for exanple, this
reaction is used to r eBWSEIR(TWVE ETHER DPECOMBOBIFION et her, produced as the
by- products of olefin hydration processes, such as the hydrati on of

propyl ene to produce isopropanol. 100031 Various catal ysts have been
proposed for FdMEofdReBileRGdnt | ON of ethers, for instance, in U. S. Patent Nos.
4,691, 073; 4,254,290;. 4, 320,232; 4,521, 638 4,398, 051; 4, 357, 147.

"Producti on 19991 oBhis dp¥entRe Talsiss &0 Py H%‘aﬁérprméﬁpﬂi‘%lRTP@ﬁh%OMBE“ by P.B.

Meunier et a . 46, No. 3,
May 1991, paéggﬁtg]% ?%H%ggﬁicgjﬁ) mghis#ﬁoanﬁﬁg?d 2 mfé%-antp l:Ss‘§ "&I%’at ent No.

5,177,301, UpSduRmnefitlcdiwls fonl dzhgty ladldholeqmdmmleﬁubldemqmiﬁﬁat ent

Appl i cation N? JPt-%Oa? 12]90é1 190041 U S. Patent No. 4,352,945 descri bes
di scl oses a 8 ?)% 9 j isopropanol conprising (a) contacting
wat er and a feedstock corrprl 5| ng propylene wth a catalyst conprising an

acid i on exchange resifn in a first reaction zone under hydration conditions
to produce ah&%‘?—'&l—?—é&a{l—g@—“dl viding the first streaminto a second

(St ream conpr ij@) ITHALEveRRE df SEiREO RARY ¢ caﬂgpoadﬁaglam&n@t ERIAASHIIEPT | Si Ng

di i sopropyl ether; (c) .contagcting the th streamw th a reversion catal yst

in a second Preaatly gkanenies. aieherc sleshels SIS 3mIRRSFERL rGaEhR ip 8 DEPbGEe a fourth
stream (d) c3ERefcRE bfodeshl OPMISCRE efduidie, tHErehcdibl ishised foGaHbve(clerss €CYCl i N the

propyl ene to step

such as isopropy! ether, produced as the by-products of olefin hydration processes,
such as the hydration of propylene to produce isopropanol.

[0003] Various catalysts have been proposed for the decomposition of ethers, for
instance, in U.S. Patent Nos. 4,691,073; 4,254,290; 4,320,232; 4,521,638;
4,398,051; 4,357,147. “Production D’Isobutene de Haute Pureté par
Décomposition du MTBE” by P.B. Meunier et al. in Revue de L’Institut Francais
du Petrole, vol. 46, No. 3, May 1991, pages 361 to 387, US Patent No. 5,254,785,
U.S. Patent No. 5,177,301, U.S. Patent No. 5,117,920 and Japanese Published
Patent Application No. JP-A-06072904.

(. , j0004] U.S. Patent No. 4,352,945 describes discloses a process for producing
isopropanol comprising (a) contacting water and a feedstock comprising propylene
with a catalyst comprising an acid ion exchange resin in a first reaction zone under
hydration conditions to produce a first stream; (b) dividing the first stream into a
second stream comprising water and isopropanol and a third stream comprising
diisopropy] ether; (c) contacting the third stream with a reversion catalyst in a
second reaction zone under reversion conditions to produce a fourth stream; (d)
separating propylene from the fourth stream; (e) recycling the propylene to step

(a); and (f) recovering isopropano! from the second stream. The reversion reaction



(a); and (f) recovering isopropanol fromthe second stream The reversion
reacti on WO 2006/ 135475 PCTI US2006/ 012782 -2- uses a silica alum na cogel
catal yst. 100051 U. S. Patent No. 4,357,147 describes a process for producing
an oxygenat% fuel bl ending composition conprising (a) contacting water and
a feedstock c’t%ﬁg'??“gﬁ ng propyl ene with a catal yst comPCrgiszgsanrsaci d i on
exchange resin in a first reaction zone under hydration conditions to
produce a first stream (b) dividing the first streaminto a second stream
conprising water and isopropanol and™a third stream conprising diisopropyl
ether; (c) contacting the third stream with a reversion catalyst in a
second react i 8%s 2 &itien alurdian cogelaatalison conditions to produce a fourth stream
(d) separatin I r o k.t e .. ol igonerizing the
propyl ene; angm%; ;)@%é'elgag%%%h‘{;%]gg%é%grgjﬁg?5 ]}D%%q’rgnf% Rl(éj8135(4'énc,goarlil 919% Erﬁgcgm gnd

bl endi ng it wififeh bendiag odoinpesitidre BethpBinpy@) aosidiag edidgreamh a fEddetock ever si on
reaction uses a si|ica alunm na cogel cat al,gst. 100061 Strategies to mnim ze
the product i ofPTBRTSHEFPIRSRE WP SRty FsEmPTLRNg ek 0B £xchppge TBHR M@ nuf act ure of
i sopropanol i mgh YelRtid z6rneNMAdRS hfdrkiRY RhRYACREHOORY & SitPRiredd;:08FSS, 2)
recycling the | PE back to the reaction zone, 35) deconposing the ME to

propyl ene usi diyidieg e diatt girspen intcog seeyndrgigare [compriripg: Wrder| apg isopropenspr opy |

al cohol (I PA 7 g 0 | ar ge
reoycle stroaty! § U el BBl ALBERNENA, 30 HASKENGE iR U0 ang
fracti onati on vt areectiar cadifs irentectl reriod tene andr ghileysionanaditidnsad ed propane
stream for purgi,ng. If dilute propylene is . used then a purification step is
required for tpﬂ’élu‘%r %6@}1‘@@6@8{ Eﬁﬁ%"{&&%ﬁf‘)@{ﬁ%g‘ﬁ{mﬁg%g&l?;‘{rihn%fe?fﬁe% PE back to
the hydrati on oigirberizing fthaghdpyRndepdUDeretdiRring RBGbHMOL Gbm! BE stnll PA and/ or

propyl ene can be equilibriumcaontrolled and Is reversible in _the hydrationy
zone. Recycl i ffeaprppnd,diepding it yathy & Bpsobine (bieadiag dygrocarhero psee Teom t he | PE,

but it does n%vefsi&n%aeﬁ&ﬁ]sgilfsiﬁéammﬁﬂa%gafcatéllj’ﬁ- In sone cases it is not
possible to recycle all of the I'PE back™into"the feed and therefore other

di sposi ti ons fleypelt Beategiys torpeirtimize the proddctiondd isopropd etbgr, (IR @y protaséps| PE to t he

for the manufacture of isopropanol include 1) running a low propylene conversion

process, 2) recycling the IPE back to the reaction zone, 3) decomposing the IPE to
propylene using acid catalyst, or 4) hydrolyzing the IPE to isoprepy!l alcohol
(PA). o
[0007] However, low conversion processes create large recycle streams requiring
large reactor—s, large amounts of catalyst, and fractionation of reactor effluent to
create a highly concentrated propane stream for purging. If dilute propylene is
used then a purification step is required for the propylene return stream.

{0008] Recycling the IPE back to the hydration unit is feasible because the
reaction of IPE to IPA and/or propylene can be equilibrium controlled and is
reversible in the hydration zone. Recycling IPE permits recovery of IPA and/or
propylene from the IPE, but it does not eliminate the formation of IPE. In some
cases it is not possible to recycle all of the IPE back into the feed and therefore
other dispositions for the IPE must be found. Additionally, recycling IPE to the
front end decreases the capacity of the unit by the amount of IPE recycled.

10009] Thermal decomposition of ethers typically occurs at elevated temperature
{typically > 350°C) and generates significant thermal side reactions that create

impurities that must be removed before recyeling. The recycled impurities quickly



front end decreases the capacity of the unit by the anount of |PE recycl ed.
100091 Thernmal deconposition of ethers typically occurs at el evated
tenperature (typically > 350C) and generates significant thermal side

reacti ons thatosweases 1 npurities that nust be renoved cycling. The
recycled inpurities quickly WO 2006/ 135475 PCT/ US2006/ d%gz}]g%&/&%%ui Id up to
unmanageabl e levels if the propylene is not purified. 10010] The hydrol ysis

of IPE to produce IPA typically occurs _at higher pressure, in the presence

of an acidic catalyst, and requires significant anobunts of water in the

f eed, which resoﬁhcg/%rgorﬁnﬁm@ggatglefh%lsIﬁéﬂg@ﬁ%&&@%ﬂrﬁgg | ar ge wat er renoval

capability. The ol'ysrs ep can rcally limting if the
wat er/ | PA st r gema]i $he igtdeniysaschf (RE ®preducs IHAY pivailytaccdro arilighen pralshides hed

I nt er nati onal A}gg{ﬁl cation_No. iéquTa/g‘kJSZOOM 041546 di scloses a E)r ocess for

sel ectively cod tﬂr‘ﬁﬂmﬁoﬁ%ﬁc CHAYTE AN BAPHE 0T FRE FBATITY "% dhe and

al kanol, the pHRCRSS R Feluis 14 aGRET 8% UArBY echignRAH akORER I it Gedbval €aSt One.
dial kyl ether with a catalyst conprising an acidic mXxed nmetal oxide having

the fol | owi ng cepAtPits i The didrolxsyricnsag beogme hedraalicallylimitiegid thearpeer/ ik al  sel ect ed

from G oup 4 of . 1 odi El ements, Y is at |east one netal

sel ected from é“%%g“g&%‘:“%%f’g’ag;ﬁ%hgﬁ@{ Lant hani des and Actinides) and G oup 6
of the Periodi deeTybUspublishetl &mendtiona AgpltatiosNatPATAISA004 041 sdé timtiosel ect ed from
Goups 7, 8, and 11 of the.Periodic Tabl.e. of enents; .in,.n and q are
Che mt o ot at mgEossdonseli Y hBetihe A SR b S e S erongimE A 2P 1 1
from0.01 to O.allanolpthe $rdcess Rpristheleodtactingd fled Gontaliengnat 1LY orRfdialigxygen at ons
necessary to satisfy the val ence of the other conpgnents. The nixed oxides
preferably contHehWERp Faialyst eqpparising py agfie guved metnl gridapinethotlieing o 5 wn/ o,
su(c“h as up to lechéiiorf the final mxed oxide conposition. The m xed oxides
can prepared by inpregnation or by co-precipitation froma liquid m xture
containing a source of Goup 4 metal«Yes&iand a source of Group 3 and/or

Goup 6 netal .vlrrr}%ﬁi% él% BE RSt SAL Hekd ecti i G 4 of i peBhiE btk and | ong

catalyst lifeti
Elements, Y is at least one metal selected from Group 3 (including the

Lanthanides and Actinides) and Group 6 of the Periodic Table of Elements and Z
i at least one metal selected from Groups 7, 8, and 11 of the Periodic Table of
Elements; m, n, p and q are the atomic ratios of their respective components and,
when m is 1, n is from 0.01 to 0.75, p is from 0 to 0.1, and q is the number of
oxygen atoms necessary to satisfy the valence of the other components. The mixed
oxides preferably contain sulfur, typfcally present in an amount of up to 5 wi%,
such as up to 1 wt%, of the final mixed oxide composition. The mixed oxides can
prepared by impregnation or by co-precipitation from a liquid mixture containing
( a source of Group 4 metal ions and a source of Group 3 and/or Group 6 metal
ions. These catalysts exhibit both high selectivity and long catalyst lifetime when
used as éther decomposition catalysts.
{0012] The ether decomposition process integrated into a commercial aicohol
process, for example IPA, of the present invention enables high selectivity in the
conversion of propylene to IPA and provides high purity propylene in the recycle

stream.

Summary of the Invention.




used as et her deconposition catalysts. 100121 The et her deconposition
process integrated into a conmmercial alcohol process, for exanple |IPA of
the present invention enables high selectivity in the conversion of

propyl ene to_| PA and provides high purity propylene in the recycle stream
Summary of tHE2 BT on. WD 2006/ 135475 PCT/ US2006/ 012788s2006412100131 | n one
aspect, the present invention resides in a process for selectively
converting a dialkyl ether to the corresponding al kene and al kanol
conprising contacting a feed contai ni-fry at | east one dialkyl ether with a
catal yst conprising an acidic m xed netal oxide having the foll ow ng
conposi tion: XwnZaGepe as;imef eh@(pliaﬁ:n'ahwélﬁastresﬁhe iﬂmtpaicessdbﬁeél&dveﬂi om G oup 4

of the Periodic Table El enents, Y is ast tal selected from
Goup 3 (incl GERVRGRE ﬁeé)aqfﬂr?#ﬁéﬁ‘? H@s"%ﬁﬂ""l@’?ﬂ Fllg géﬁ@g&“‘@ﬁ@né‘n&)f t he
Peri odi ¢ Tabl Qoxﬁﬁcﬁﬁé 8RB cSntaifRE afleadt %n@ﬂlaik?laﬁﬁer%\ﬁ ar@{aﬁvjst SRlpsisihed from

G oups 7, 8, and of the Perrodic Table of Elenents; m n, p and q are
the atonic rataPé@dleﬂllﬁeﬁQeFalﬂ?ééfrﬂ@de@@ fellmvpegeormesiiognd, when mis 1, nis
fromabout 0.01 to about 0.75, pis 0 to about 0.1, and g is the

nunber of oxygen atoms necessary to Safi’sfy the val ence of the other
conponents. 10GikIX linataleast oy mamp eddctedt fiven iCrouprdt obtherResibdieTable of process for

sel ectively nve i al kyl ether to.t es ond al kene and

al kanol corrprl%gr’?%‘s’ oﬁ? é’&ﬂ?ﬁb € {8 &ec')‘?‘f% iﬁ?’ﬂggﬁﬂu g “gﬁlé WFal kyl et her
with a catal yglanGands asd Aginids) @&G@m@ gupgedpaedia T bflembitg AngppPr i ses at

| east one netal selected from G oup of the Periodic Table of Elenments and

at | east one r’ﬁa{‘tdFaSE@}eéﬁﬁt@dﬂﬁ?téchfm@q}’ﬂ‘ﬁpsﬁ @i #nd| Uohfribe Poriodicalwbletdi des and
Acti ni des) andFBHPmSy f&ad%efig RatcRfE Batiod Ghér 1@§pe§lﬁ:%§fﬁ§) ng"“' ch is

produced by co-precipitating ox precursors of " the ne roma liquid /
medi um and t hevheg &l igil nd idrohabouid-Qlr te ebpit 06 £p is ool abméﬂ)elr,;atblwls t he at

| east one G oyp. 4 netals &SRR LRES Eelcés%}? I Matisfy the valence of the other

compoenents.

[0014] In another aspect, the invention resides in a process for selectively
converting a dialkyl ether to the corresponding alkene and alkanol comprising
contacting a feed containing at least one dialkyl ethér with a catalyst comprising
an acidic mixed metal oxide which comprises at least one metal selected from
Group 4 of the Periodic Table of Elements and at least one metal selected from
Group 3 (inciuding the Lanthanides and Actinides) and Group 6 of the Periedic
Table of Elements and which is produced by co-precipitating oxide precursors of
the metals from a liquid mediuvm and then caleining the co-precipitate.

[0015] Preferably, the at least one Group 4 metal comprises zirconium.

10016] Preferably, the at least one metal selected from Group 3 and Group 6
comprises cerium, molybdenum, or tungsten, advantageously cerium.

[0017] Typically, the contacting is conducted at a temperature of about 50°C to
about 320°C, such as about 100°C to about 275°C, or about 125°C to-about
250°C. Alternatively, in certain embodiments the contacting is conducted at a
temperature of about 235°C to about 290°C, such as about 235°C to about 255°C,
or about 254°C to about 260°C, or about 250°C to about 265°C or about 250°C to
about 285°C. Typically the contacting is conducted at a pressure of about 0 kPa to
about 3500 kPa, such as about 0 kPa to about 2400 kPa, or about 100 kPa to about



100161 Preferably, the at |east one netal selected from Goup 3 and G oup 6
conprises cerium nolybdenum or tungsten, advantageously cerium 100171
Typically, the contacting is conducted at a tenperature of about 50C to
about 320C, SYEM0434ZHout 100C to about 275C, or about peRESsiemsbout 250C.
Alternatively, in certain enbodi ments the contacting is conducted at a
tenperature of about 235C to about 290C, such as about 235C to about 255C,
or about 254C to about 260C, or about 250C to about 265C or about 250C to
about 285C. Typically the contacting is conducted at a pressure of about O
kPa to about B50RPX PRpicaliciie afiaaliput céhdidial 4 8 vabpatloudd GRckRiocitpr about 100
kPa to about WO 2006/ 135475 PCT/US2006/Q12752 -5 1400 KkPa. % Ically the
contacting i s ORI abpuh-1 4 vigiab 23blr 4 spclsgsabant Pe) e o gpout gv) of about
0.1 hf' to about 250 hf4, such as about 0.5 hf ' to about 100 hf t 100181
In one aspect the invention resides in a process for the production of an
al cohol fr.om app18}l &f pye aspett Whatinvenitamssidssiing precessrfontheipngluttive dflaef i n and t he
water in the a@gtﬁ%eﬁnce of, an_aci cat al under it ufficient to
e

i.C (o i ti,ans
forma first. Bradas abnish efleineabRhe Bl e et A oot and a
di al kyl et her ;in(thy pressapaofin midi¢ baalfit uader eondittona|seifibieht wBtfoeamiist o a
wat er - al cohol m xtyre and a concentrated dial kyl ether stream_ (c)
contacti ng the‘frﬂ‘%ri’g‘?é’lfﬁ’]r%’ie@a ARBTSE &gm@ﬁ tﬁg%ﬁ@&m £ Kieion stoe (Bt t he
cat al yst conprjegiritthgamei 6@ briR! Aboh8X keBmh AW BOwdidiSicohdl! O Anf @posi tion
XmY" ZPOg where X is at | east one netal selected from Goup 4 of the

Peri odi ¢ Tabl ecopteniEitedrdiatiy] efierj sreapm; (cp aotactipg theeqoatentaipd diablal ethom Group 3
(i ncluding the ni j, i . t iodic Table
of /El ement s an%lle%ﬂit"@&a% Qzﬁ%g%{lﬂ %ﬁ'&g&] Stha pr ;sséq%g?]ggﬁ%% (t)a?no&fdguﬂégng,%{e& and 11 of
t he Peri odi ¢ Thabbwingfcolhesiont ;Y250 whergpXamdt dpastr ane trhetal aelected fromt | os  of

their respectjive copponents en ings nis fr a t 0.01 to
about 0.75, p ?@ul)g r"m‘*g% PS‘%%E%}%% °%Qi‘f‘e’%§ﬁ&3 la aﬁlseaﬁtﬁrele Ir?ﬁ%gsge}%g?%&?ygen at ons

necessary to s@ioup Byincheing iRl lemthaniaés dnli Actibiles) asd GpapensSihé Perfodicm a crude
dialkyl ether gopommast Ll on 7 SUA Rl SOML] 3100 HhS EhR1ok and PP 2! K
the Periodic Table of Elements; m, 1, p and q are the atomic ratios of their
respective components and, when m is 1, n is from about 0.01 to about 0.75, p is
* from 0 to about 0.1, and g is the number of oxygen stoms necessary to satisfy the
valence of the other components to form a crude dialkyl ether decomposition
stream comprising the alcohol, the dialky! ether, the olefin and the water; (d)
removing at least a portion of the olefin from the crude dialkyl ether
decomposition stream to form a substantially olefin-free dialkyl ether
( - decomposition stream and a recovered olefin; (e) recycling at least a portion of the
recovered olefin; (f) separating at least a portion of the dialkyl ether from the
substantially olefin-free dialkyl ether decomposition stream to form a second
crude alcohol stream; (g) recycling at least a portion of the dialky! ether fo step (¢);
and (h) recycling at least a portion of the second crude alcohol to the first crude
alcohol stream.
10019] Preferably, the at least one Group 4 metal comprises zirconium and the at
least one metal selected from Group 3 and Group 6 comprises cerium,
molybdenum, or tungsten, advantageously cerium.

[0020] In one aspect the invention resides in a process of improving the



removing at |east a portion of the olefin fromthe crude dial kyl ether
deconposition streamto forma substantially olefin-free dial kyl ether
deconposition streamand a recovered olefin; (e) recycli ng at least a
portion of t ered olefin; (f) separating at |least a portion of the
di al kyl et he?@fz?dcﬁ)&ngs?}ée substantially ol efin-free di al R{T/Ug0pen2782
deconposition streamto forma second crude al cohol stream (g) recycling
at |east a portion of the dialkyl ethep to step (c); and (h) recycling at
| east a portion of the second crude al cohol to the first crude al cohol
stream 100191 Pref er?bly the at | east one G.oup 4 netal_ conprises

zi rconi um and SERRIVEY of | l&fi cppversient gl ang Qfefip ¢ ydraipR rAresesu $he3 PEREFS Gr oup 6

compr i Ses cer iokihris kY SHRRME Qi1 RHn FRIMADLREF AR pRELYM 100201 I

one aspect the 1hvention resides in a process of I nproving e
2006/ 135475 P@It‘flhwzﬂﬁﬁﬂ@mm@mnﬁ@fa@eﬂ @@Gthmdeyonu:fosmbletataiys@mmmmgon in an

ol efin hydrati_on. t . CO ri Q Lng a dial kyl
et her stream far%%c{ 'Im?ei Eavﬁfg(ﬁaﬁgwmﬁrc%g OSI %‘é(.:% Bﬁ??% conposition
catal yst, the lekhek nﬁhﬂ@ﬁlﬁﬂ&i 60 Graptodfibd P@I@ﬂi&rﬂa‘o‘ler@Ela@lemsxeqb aret al oxi de
having the follow ng ¢ rrpos!%dtl on XmvYnZpQq where X is at | east one met al

sel ected from @Sb‘ﬂ’ﬁrﬁﬁt fscleged miGerd d@%ﬁ"’@@?@f@ﬁ%aﬂd\p“i‘@ 59 | east one

metal  sel ect edi§ GG FHR: r%né,al@%a;@bmmﬁéh% Anaatlbmbaéfe&e%%éaé&ea' des) and
G oup 6 of the Periodic Table of Elenents and Z 1s at |east one netal

sel ected frorfra@ Gupwss 7,8, 8yd Hrf thePegedic Tebleefiblonkints; Tabimawtq @ éwents; in, n,
p, and q are t t el 0 t nd, Wnen in
isl nis fro?{ilr1°%élJ %%@ogﬂ%% %gﬁ?cug’g {”JH n[?g£§]§d° "TlmISC]OImS%% af“%O 1, and q

romo"to a
is the nunber ®©F1 toxpgel.74] pixeronn@ oabswiOy, bnﬂq;mtthesﬁumﬁcha‘oxagmmmf t he ot her

conponents, to form crude dial kyl. . ether deco ion s onprising
an al cohol and’eﬁ‘?‘?sagf ﬁsufy ?Tf) a&&%ey‘?fédf‘q ﬁgﬂéPmP‘Pf&a ’tto vlel H‘%‘hggﬂ’ khe olefin
fromthe CrUdGeﬂdﬂrdéoKiﬁboﬁﬁJi@freﬂﬁﬁ@ﬁﬂiﬁﬁlgEj: ool éxﬁladiﬁloleﬁngz)(‘&bveﬂﬁgﬁﬁg at least a

portion of the olefin recovered [n step bg in the ole hydr ati on process
used to nmake tIst gipariRy of gherpleh Dd%%ﬁ*ifdé@ff pkdtedisT deppmpaiipmsireiys one aspect

the invention fgl@ &gl R 1&sPs BaBSS of BE oldh BIVERE I 88 &) iR%e olefin
hydration process used to make the dialky} ether decomposed in step (a).
[0021] In one aspect the invention relates to a process for the production of an
alcohol comprising () reacting an olefin and water in the presence of a caitallyst
under conditions sufficient to form a crude alcohol stream comprising alcohol and
a dialkyl ether; (b) separating at leasf a portion of the crude alcohol stream into an
alcohol-containing stream and a dialkyl ether stream; (c) contacting at least a
portion of the dialkyl ether stream with an ether decomposition catalyst, the ether
decomposition catalyst comprising a mixed metal oxide having the following
composition X, YwZ,04 where X is af least one metal selected from Group 4 of the
Periodic Table of Elements, Y is at least one metal selected from Group 3
(including the Lanthanides and Ac?inides) and Group 6 of the Periodic Table of
Elements and Z is at least one metal selected from Groups 7, 8, and 11 of the
Periodic Table of Elements; m, n, p, and q are the atomic ratios of their respective
components and, when m is 1, n is from about 0.01 to about 0.75, p is from 0 to
about 0.1, and q is the number of oxygen atoms necessary to satisfy the valence of
the other components, to form a crude dialkyl ether decomposition stream

comprising alcohol and olefin; (&) recovering at least a portion of the olefin from



al cohol conprising (a) reacting an olefin and water in the presence of a
catal yst under conditions sufficient to forma crude al cohol stream
conprising alcohol and a dialkyl ether; (b) separating at |east a portion
of the crude M 2P#H3M7Streaminto an al cohol - cont ai ni ngcswsmasmizmy a di al kyl
ether stream (c) contacting at |least a portion of the dialkyl ether stream
wi th an ether deconposition catalyst, the ether deconposition catalyst
conprising a m xed netal oxide having the following conposition XmynZpQg
where X is at kpaside QhfyBhe! desRipBGHGstiehRMnI (OUBcy st at It a fipidnodi ¢ Tabl e
of Elenments, Y is at |east one nmetal selected from Goup 3 °(including the
Lant hani des andf the olefi eavpred irdstapr(@Lip s&p (- tntnae papodgnens Slgnigire E| enrent s
and Zis at le 11.8 1 f, the

Peri odi ¢ Tabl egiéletﬁggcﬁﬂgﬁsg% a"?‘*ﬁ"‘%ﬁﬁ? %%’,ﬁ’tl%}%g‘z“é%g’;ﬂgﬁ? ééﬂzé?%fn@yéﬁz’? %lttl%gts of their
respective conpoaehdss having fonwtndie Gl OHlandriC,Hg,. OH) andd daast t@o Giklkyb about

0.75, pis fromO to. about 0.1, and .S nunb of ygen ons
necessary to s&HFEf yeleqRe v ‘P%n%‘@'mﬁp’e %ﬁ{bﬂ Zx*é’ongélﬁ@ﬂ@ﬁz?ﬁb f%r m a crude
di al kyl ether @?ﬂﬂg@eﬁzw,,%d%&@iﬁ%mwiﬁa@ﬁeawﬂya&%n@h 2B6H 29 &lo;  (d)

om

recovering at |east a portion of the olefin fr 2006/ 135475
PCT/ US2006/ 012 #8alternativebydiony abget 2dp apaey/3, apd wereinaephpaspeieapel. st ream and (e)

recycling at | i Lf LRk i : to step
(a). In one en(g@%? n@ﬁﬁ’?&ﬁfg&ﬁe?@fﬁtﬁﬁf@h%g &Sfﬁﬁéﬁﬁﬁgﬁc@@lﬁggé@at | east two
ol efi ns havi ng pfosessud fremGn, d2doloand they 6@ympitioh edyy-prdadwa etiecsoedbsn havi ng
formul ae CH2,, + angd C 1 and at.. | east di.ak kyl. . et hers sel ected
from fornul ae &%ﬁ%ﬁ?@ﬁ%cg&lﬁ?{}ﬁCWﬁfﬁgfﬁeﬁﬁ@ O]%,“f-éf%gli’ &ﬁ?ﬂgyt , and
wherein x and yoivesidpenerat loscleaively pfodode thdirespdnding slbfnstand ditbhoR| t er nati vel y
friom about 2 to about 3, and wherein x and y are not equal. 100221 The
process of the invention achieves the integration of an olefin hydration
process to formpRApalcHiphod offfidrishis deconposi tion of by-product ethers to
form al cohol and’ror ol éfrn which permts (ecypllng of the olefin to obtain
a high level off%24ofverrspemplee arrresetion piothe Evertionyef yapy elihe atteppiast
correspondi ng Qhgly, tﬁ&éﬁf@il?@%}g&ﬁlg ob@ﬁah@ég.di?&ﬂe&@édx&@b%{er% sfob@ur es 100231

A nore conpl ete appreciation of t Invention and nany e attendant
by reference to the following detailed description when considered in connection

with the ‘accompanying drawings, wherein:

[0024] Figure 1 is a block flow diagram of an integrated process using a

distillation column.

[0025] Figure 2 is a block flow diagram of an integrated process using a flash

drum and compressor separation.

j0026] Figure 3 shows yield per pass versus temperature at 200 psig (1379 kPag).
( [0027] Figure 4 shows yield per pass versus temperature at 50 psig (345 kPag).

[0028] Figure 5 shows the weight % of heavy impurities as a function of

temperature.

Detailed Description
Introdunction

10028) The present invention is directed to an integrated process for the hydration
of an olefin and the selective decomposition of by-product ethers to the

corresponding olefins and alcohols. In one embodiment, the process converts



advant ages thereof will be readily obtained as the same becones better
understood by reference to the follow ng detail ed description when
considered in connection wth the acconpanyi ng draw ngs, wherein: 10024]
Figure 1 is gddo@ghsdi ow diagram of an integrated process using a
distillation colum. 100251 Figure 2 is a block flow diPAFA&0&I128n

i ntegrated process using a flash drum and conpressor separation. 100261
Figure 3 shows yield per pass versus tenperature at 200 psig (1379 kPag).
100271 Figure 4 shows yield per pass VErsus tenperature at 50 psig (345
kPag). 10028] Figure 5 shows the weight % of heavy inpurities as a function
of tenperat udielkybsthar beprodstse sight #sosec-biiyt ethery 6¥BE) rind igepopyl Ritker pr esent

N R e e L e

cor r espondi ng oifiefiydsiti@ngaaiosotvohigher [ vale neodanbosicimenthe slbfn patiggss converts
WO 2006/ 135475 PCT/ 11 20&16/0 782 -8 dkgl kgl et her hy-products, such as
sec-butyl et h&atenasend algefofss o _rIBWPre%P ps frqmp pie) ether deqompRybeT: & _

di - sec-butyl ethakd (DRBE)draRA rEicrdrS AME ARYhol SRe the (BePEconPbsitid! i6f |

hydration reactions to higher value products, such as the olefin starting
mat eri al s and tincem & e alqrhel puifieasion sigp of Eftiliationftwen t he et her deconposi tion

are recycled 160§0]t pﬁhgwéig[nﬂyd@gmg ﬁ@ﬁs%ed Ii f‘edathl&-ﬂﬂQ kechi 248 %lgﬁ& ghher

deconposition’i en se al'cohol purificatron s or distillation
tower. 100301 ahfetieh decoinpdsitionhmi reaii isame anad addtiohdeldedsionk s@oke, whigh t he

recovered olefin from an ether deconposition i,t .can serve an
Gt onal f oot iR e Sifr Rt SHRGH G RO ESIE Biern 1 net
capacity of t hgfalighiaohdEcad isQidt Re@IRERd, thé rdchbRreddi&d Ro MKl @hdron process

is not feed limted, the recovered olefin fromthe ether deconposition unit
| ower s t he netdesospopitions ih lowas ther gpt ame matgrigl rost AT e sapeodgvdidion. The ‘

recovered ol efd i RMThd fcilcharolHRGRITP AR ielhkOak SRRt Rief & pidiy R
a higher purity than the base feedstocks for the olefin hydration prdcess. The use
of the recovered olefin permits a decrease in the usage rates of the other higher
cost feedstocks that other wise would normally feed the olefin hydration process.
The use of recovered olefin permits the same level of alcohol production while
also lowering the usage rates of the higher cost feeds, which lowers thé raw
material cost per pound of alcohol. The typical net raﬁv material cost reduction is

-around 6% by recycling the recovered olefin versus purging.

Mixed Metal Oxide Catalyst Compositien

{0031] The mixed metal oxide composition used as the catalyst in the processes of
the invention comprises at least one first metal selected from Group 4 of the
Periodic Table of Elements and at least one second metal selected from Group 3
(including the Lanthanides and Actinides) and Group 6 of the Periodic Table of
Elements. It is to be appreciated that Periodic Table of Elements referred to herein
is the [UPAC version described in the CRC Handbook of Chemistry and Physibs,
78th Edition, CRC Press, Boca Raton, Florida (1997).

10032] Suitable Group 4 metals include titanium, zirconium and hafnium, with
zirconium being most preferred. Suitable Group 3 metals include scandium,

yttrium and lanthanum, and metals from the Lanthanide or Actinide series, such as



a higher purity than the base feedstocks for the olefin hydration process.
The use of the recovered olefin permts a decrease in the usage rates of
the other hi gl6fue ost f eedst ocks that other w se would nor nal I¥ feed the

ol efin hydration process. The use of recovered ol ef i PTEHIPL1HHe sane
|'evel of al cohol production while also |owering the usage rates of the

hi gher cost feeds, which lowers the ra mat eri al cost per pound of al cohol.
The typical net raw material cost reduction is around 6% by recycling the
recovered olefin versus purging. Mxed Metal Oxide Catal yst Conposition
100311 The mi xedmperarodyive I6oHPoEnL Amarivus.carepim, eaddmivigbium t he
processes of WAL I LSes a t fi el alsel ected from
G oup 4 of thefﬂlajg%sél%gﬂggznlu%gb rgﬁgjir’t ]%%FéggﬁﬁlgﬁgPe%@?& %ﬂr@'sgggnd nmet al

sel ect ed fr omuasoppefdred (Gioap Gdinetg! isheerivant IBaitibite Sraupds Aadtalniiedsly and G oup 6
of the Periodi¢c Table qof . Elenents. It i.s to be appreciated that Periodic
Tabl o of - El entE BBtV AOFREHC iWé‘ittﬂhgsthUB%’%p’{PB?téﬂFﬁ?F“&eg@‘Fi bed in the
CRC Handbook oirstGREBacehd MedNgpeltyiSb®st in tH3hdk] Edityd: ar. noCREitRE R4y Boca Raton,
Florida (1997). 100321 Suitable Goup 4 netals include titanium zirconium
and haf ni um viettisulay valensh state BRd m§Y s Prepink fite 2pe #osithgi Padtien gaep 3 netal s

i ncl ude scandi pm: i t hanum and nmetals fromthe Lanthani de or
Acti ni de seri eﬁség%sl%}(??lh%sréﬁ%ﬁg%gé 35475 PCTIUS20 0 610 12 7 8 2 -9 cerium
praseodym um {m3sidPdien metalsasvell pumgtale wf Gpivpsy, & actbl 1i ofi thePertodichiable

dysprosi um holm.u erbi u hul T u tterbiu | ut eti um.and t.horium The
nost preferredofglﬁlﬂn%ﬂm?s fﬁ%?%"feslr%r‘?@r? e%i@‘i{ﬁrlnhwﬁrog&y@pﬁﬁ? Y€ nel ude
chrom um nol yiadeno e padieht tatiigs teter 34 datalylio p@péEiss. bei ng nost preferred. The
fi0<p-st and second netal species present. in the final catalyst are not limted
td any parti cifP8r It apcerrakodupest dhey parereretpcoxiflecciahist pomnostiion 98 thei ve

oxi dati on val UgvepR@Sis RleSoliMind AGiri@pReRthve species. 100331 Qther netals,
such as netals of Goups 7, 8, and 11 of the Periodic Table of Elenents,

N
for exanple iron, manganese, and/or %o0Beds nay optionally be added to the
present catal ygfed & Rlat ¥ast! dnd nfekh Rb¥lth S 5BMOBRN) 45T the Periodic Table of

Elements, Y is at least one metal selected from Group 3 (including the

Lanthanides and Actinides) and Group 6 of the Periodic Table of Elements, and Z

is at least one metal selected from Groups 7, 8, and 11 of the Periodic Table of
Elements; m, n, p and q are the atomic ratios of their respective components and,
when m is 1, n is from about 0.01 to about 0.75, such as from about 0.02 to abowut
0.6; p is 0 to about 0.1, such as from about 0 to about 0.05; and q is the number of
oxygen atoms necessary to satisfy the valence of the other components. Thus in
this embodiment, the mixed metal oxide compositions do not contain the silicon
<,\ | and/or aluminum present in the prior art catalysts disclosed in, for example, US
Patent No. 5,171,920 and Japanese Published Patent Application No. JP-A-
06072904.
f0035] The mixed metal oxide composition employed in the processes of the
invention is produced by chemical interaction of a Group 4 metal oxide with an
oxide or oxyanion of a Group 3 and/or 6 metal. The catalysts selected for the
purposes of the present invention exhibit very high selectivity for ether
decomposition, while minimizing side-reactions. While the authors do not wish to

be bound by any theory, it seems that the selection of the particular metal elements



10034) In one enbodi nent, the m xed netal oxide catal yst conposition of the
invention has the following enpirical formula: XmynZpOg where X is at |east
one netal selected fromGoup 4 of the Periodic Table of Elenents, Y is at
| east one Myiyosagdsct ed from Goup 3 (including the | des and
Actinides) and G oup 6 of the Periodic Table of El errer%){cgﬁ}sté}ﬁ‘gmfszi s at |east
one netal selected fromGoups 7, 8, and 11 of the Periodic Table of

El ements; in, n, p and q are the atomg ratios of their respective
conponents and, when mis 1, nis fromabout 0.01 to about 0.75, such as
from about 0.02 to about. O0.6; 1S .0 to abou 1,.spych as frogmabout O to
about 0.05; aff¥/q ther ¢ Wﬁdﬁ%rg’ﬂ‘%"r %%&ﬁﬁ‘ceaf’tﬁﬁ%ﬁﬁeﬁﬁgsaﬁr‘? PE8at i sfy the
val ence of thenQhRer peORBOREHTS probeiis | Partiblir§ RO BN fort Reeri xed - met al
oxi de conpositions do not contain'the silicon and/or alumnumpresent in
the prior artdeampesyions di scl osed in, for exanple, US Patent No. 5,171,920
and Japanese )| g{g j ' - A . . 035) The

m xed net al OE]IH%L‘ ﬁﬂgﬁ‘%’éi |%%1P§8ngl{ %gglt(?lc%rglesyﬁgméféts)@élsnggrg%ggpe?ﬁgbwi nvention is
produced by chemic ablfirntevasiedtiynprofidal & chepprésemed af salfiteldopai ihhthan oxi de or
oxyani on of a Groucg 3 and/or. 6 netal. The .catal %stsfsel gct ey folg t he

pur poses of t RECYIESuEre; SyHR IS BRCBRHRTRER 1§ 8P gopim AT W0 Vi6i 0 f or et her

deconposi ti ongs Wbl vt 9h, BF He ZhAGhivdddRide@aepdsARe. Wi le the authors do not
wi sh to be bound by any theory, it seens that the selection of the

particul ar mei®#7) eThenereiest Wixedongal1Bades SopCr eSpREdyO Wi gR inacige and/ or t hei r
relative rati s, andhok. W e 63 ?ﬂ%ﬁétffonﬁ foyy cata?;%‘(c} @50t ﬂ’ﬁ,ssl-?ﬁﬁ‘%fgl C anounts,
arly well or ethe

provi de acidic properties particu sul te econposi tion.
100361 The m xedewiongdematisehaierial vachprd ebsses agt stlive apr ewimble withhent | on

preferably contain sulfur..conveniently. provided.by the .presence of sulfate

ions in the Brreieéﬂlrc% %‘rv el}nyoxﬁ’ltlﬁﬁea.s a%??ﬁpm%é’g% fy&@%ﬁ“ﬁﬁ%‘%&%ﬁ 8, bﬁn anount of

up to 5 w. % usddcfor exdaSaplep tita@ia,lzixtbniandodthdr il bxidés orickes] X ntheri:cionposi ti on.
used, the active catalyst may be composited with the matrix in amounts from

90:10 to 10:90 by weight, e.g., from 80:20 to 20:80, or from 70:30 to 30:70 active

catalyst:matrix. Compositing may be done by conventional means including
mulling the materials together followed by extrusion or pelletizing into the desired

finished catalyst particles.

Synthesis of the Mixed Metal Oxide Catalyst Composition

[0038] In one embodiment, the catalyst composition may be prepared by
impregnation, for example by impregnation of a hydrothermally treated hydrated
oxide of the Group 4 metal with an aqueous solution containing a source of ions of
a Group 3 and/or Group 6 metal, followed by drying. The resulting catalyst
precursor is then calcined in the manner described below.

100391 In such an embodiment, a preferred source of the Group 4 metal oxide is
hydrated zirconia. The expression, hydrated zirconia, is intended to connote a
material comprising zirconium atoms covalently linked to other zirconium atoms
via bridging oxygen atoms and further comprising available surface hydroxyl
groups. Without being limited to any particular theory, the available surface
hydroxyl groups are believed to react with the Group 3 and/or Group 6 species to

form the present acidic catalyst component. Hydrated zirconia can be formed by



100371 The present m xed netal oxides may be conposited with an inactive
matrix material to formthe finished formof the catalysts and for this

pur pose CO”WOBG?}?%% matrix materials such as alumna and silica are
suitable with preference given to silica as a non-aci #CEUBIHAER782 Ot her

bi nder materials may be used, for exanple, titania, zirconia and other
netal oxides or clays. If a matrix is sed, the active catalyst nay be
conposited with the matrix in amounts Ffom 90:10 to 10:90 by weight, e.qg.,
from 80:20 to 20:80, or from70:30 to 30:70 active catalyst:matrix.
Conposi ti ng magretssingbereofA( QGongteriehpsrraire peabad 08¢ w@bag 4060l | i ng the

mat eri al s toge t i I i, Zj I Nk L desired
fini shed catal @E{Sf S’félér%‘lf’%‘@%ge ﬂéﬁg’t&hderg‘?ﬂs@%f ag%xgcghﬁl)‘%fel%; w&%d%?%%mt al yst
Conposi ti on 106dftted tv mneitehipdeitinemntl, tretithenica painysd the dmgradiot math thay be
prepared by inpregnatijo for ex |.e by imregnation of a hydrothermally
treated hydrat ggoup ﬂ‘]ﬂ} ' Outph‘{‘em@agfr}%‘“ﬁs' nélﬂea%ﬁt%’im%}ﬁreémbﬁ@gé’ﬁ%ti on
containing a SﬁﬂTﬁﬁluﬂga&&B&a@fe of 8t 163sP8PC 3. 2 Ac@st 10T THE hyp@biBbrmaf Ol | owed by
drying. The resulting cat alpiagt' precursor is then calcined in the manner
em

described bel o¥Fam@0IY takg npralepiyearlnb Arcatontha emepphetc eRige of the
Group 4 netal %w%grégﬁ)refg%ﬁfﬁ&&%f%;{nﬁ&p'il?m]vl‘éme%éeoéf%ﬁ% 4 esfbY i3t ed

zirconia, is inte to connote a material conprising zirconium atons
coval ently | i nkaflix tcondptidmer AgikatiomiofirhydtatedsGront 4 inetald gridey i thegkquicat ons and
further conprising avail.,able surface hydrqxyl roups. Wthout being [imted
to any parti culme?fhg?’hg‘gr’ Py Jthﬁeacg?}]af’féeﬁ]lu g ﬂ@‘&ﬁ’%f@%y Pma}ogﬁﬁptge are

bel i eved to reaffictivd inferdchién & el By Batedelider with el Hqfid $eaire STHeQluration M t he

present acidic tal yst conpanent. Hydrated zirconia can be fornmed by WO
2006/ 135475 PCP %@%@éﬁ? ?Hl?‘*ﬂyéfat%dl%ldﬁF%téél}eé%CIH'Qt’?ﬁsiwﬂb?‘abz‘i"‘(%&)ﬁﬂ 1gﬁfmfa

tenperature of ¢3beifeast @ifout:0 %Qgs&ﬁé%%mwﬁh@ﬁ&t@wme 4 hg obydrated

)
G oup 4 netal oxide, such as hydrated zirconia, is subjected to an initial
hydr ot her mal t et fefht Sedehrednp? &r tauater.nt Brigble | lswidymedia tipdudeGveelp 3 and/ or

Lo, et WSy g el et s oy cpmy, il v 2

carbonate and bicarbonate solutions (including carbonates and bicarbonates of

NH,", Na*, K*, Mg®, and Ca®"), pyridine and its derivatives, and alkyl/hydroxyl

amines.'

10641] Where the catalyst composition also contains a further metal selected from

Groups 7, 8 and 11 of the Periodic Table of Elements, the further metal can be

incorporated in the catalyst by impregnation at the same time as or separately from

the impregnation with the Group 3 and/or Group 6 metal.

10042] Suitable sources of ions of the Group 3 and/or Group 6 metal and the

TN

further metal mnclude compounds such as oxychlorides, chiorides, alkoxides,
sulfates and nitrates. Preferably, the Group 3 and/or Group 6 metal is present as a
sulfate.

j0043} In another, more preferred embodiment, the catalyst is prepared by co-
precipitation from a liquid mixture containing a source of Group 4 metal ions and
a source of Group 3 and/or Group 6 metal ions followed by calcination of the
resulting ecatalyst precursor in the manner described below. The liquid mixture
can be prepared by combining a first liquid solution comprising a source of Group

4 metal fons with a second liquid solution comprising a source of Group 3 and/or



treatment may take place in a sealed vessel at greater than atnospheric
pressure. However, a preferred node of treatnent involves the use of an
open vessel under reflux conditions. Agitation of hydrated G oup 4 netal
oxide in th%vdiaﬁs?g?*x medium e.g., by the action of refluxing |iquid and/or
stirring, prono Yhe effective interaction of the HFIfAIEe0B®Rde with the
l'iquid medium The duration of the contact of the hydrated oxide with the
liquid nediummay be at |east 1 hour,-12e.g., at |least 8 hours. The |iquid
medium for this treatnment may have a pH of about 7 or greater, e.g., 9 or
greater. Suitablug ¢ ingtal dome ditareim ceu chenbimdtion takeh ypdicoxinde salitibions

(i ncludi ng hydroxi des of NH4+,. Na+, K+, +, _and Ca2+),... carbonate and

bi car bonat e sSHEFHAS FFHEY- Flﬂ@a“eaﬁgé}ﬁa‘ih%@smac%ﬁ%a% BSrift &%m(ﬁ‘e NH4+, Na+,
K+, My2+, andi&ad mbdinBY AlEhReeBNMe sdlced@ ki @bip/Phetabioeh Ak kilsbiydr oxyl

am nes. 100411 Wiere the catal yst conposition also contains a further netal
sel ect ed fronpf % Giays 32nd/gr Gregp § med iopp waphs samdined o aingle s@ntiarent s, t he
further netal n [ riat ed:i.n .t he i npr, ion at the
sane tinme as gglgssé)glg%t%;h@?o% g“gquuéec{%ldrr%r 8@%&%‘%%5%9%# ﬁé%%p 3 and/ or

G oup 6 net al pretipiatidd oShe tadlys, sscasdbe sheaflditioms agirecigitetingrreagpnt3sualnd/ or Group 6

metal and the ~. furthe tal .inc|ude ounds .such .as axychl ori des,
chlori des, al ROXTHELI™ hgéff’{‘rlg?’é% ﬂ’iﬁaiuﬁl)?'r g&geg s ?DP’@?EEF(gB?IY/e,m ?‘ﬁ € oup 3 and/ or
G oup 6 netal shigtidee.esent as a sulfate. 100431 In another, nore preferred
enbodi ment, the catalyst is prepared by co- precipitation froma |iquid

m xture cont ail%§#4hgThe rSbetrwhichothe dgwid gni f aaintasied diFae copisgpitaianof Group 3

and/ or G ou i f.Qkd: i i t e i ng cat al yst
P Gkl o he B iV hltnck B30 Ao ThelgiPis bl | NG y

precursor in the manner descri oW. iquid m'xtu can be prepared
by conbi ni ng anabitained af prchelaw Sohaitdsdntveonprid?, iy camplabewealf6 @ddip 4 netal |

ions with a s Qui d.. sol.ut ion I.Si.0 £ up. 3 and/ or WO
2006/ 135475 PO %%“z‘lt‘) 51 8%‘}7‘@?% 45 hﬁﬁgﬁ‘%ﬁ%ﬁ%&? 3‘@%&@?4%“ %h?n&’t he

combi nati on t akeipitiiondegenerddy lessahah @bbairts0°C michiag fremtabtw 30¥eebout

co- preci pi tat g0 0L he, 6ot al VSt 2L BN 300 A5 RuiP btk Ok Eres

of at least 80°C, preferably at least 100°C. The hydrothermal treatment typically

takes place in a vessel at atmospheric pressure. The gel, in one embodiment, is

hydrothermally treated for up to 10 days, such as up to 5 days, for example ui: 103

days. The hydrated precursor to the metal oxide(s) is then recovered, for example

by filtration or centrifugation, washed, dried and then calcined as described below.

j0045] Where the catalyst composition also contains a further metal selected from

Groups 7, 8 and 11 of the Periodic Table of Elements, the further metal can be

incorporated in the catalyst during coprecipitation of the oxide precursor of the

Group 4 metal and the Group 3 and/or Group 6 metal. (
[0046) Again, suitable sources of the metal ions for the coprecipitation include --
compounds such as oxychlorides, chlorides, alkoxides, sulfates and nitrates.

Preferably, at least one of the metals is present as a sulfate and/or a source of

sulfate ions is added to the liquid mixture from which the catalyst precursof is

precipitated. Where the Group 4 metal includes zirconium, the preferred source of

zirconium is zirconium nitrate, and where the Group 3 metal includes cerium, the

preferred source of cerium is a cerium sulfate.

10047} Calcination of the catalyst precursor is effected, typically in an oxidizing



liquid nmedium Alternatively, the source of the Goup 4 netal ions and the
source of the Goup 3 and/or Goup 6 netal ions nmay be conmbined into a
single solution. This solution may then be subjected to conditions
sufficient t 8P4 Co- precipitation of the catalyst, PETEFRMPMEBI t he
addition of a precipitating reagent, such - as anmmoni um hydroxi de, to the
solution. Water is a preferred sol vent éor these solutions. 100441 The pH
at which the liquid mxture is mai nt ai H&d dur i ng co-precipitation appears
to affect the activity of the final catal%st and hence the pHis preferably
mai nt ai ned at SROFBPIEVRL 6 e ERHITHR 2 lasde Casushep 2 least 300G famsranthet ween 6 and
9. The tenper r i i~ U i3 o i i ring the co-
precipitation ?Eﬂgag%‘gtrsg?dl@yﬁlt}g&sds%%? %ﬁug%ocl% fﬁazﬁ(%%rhiﬂgsﬁbgéﬁ *Up%cﬁjl%og%but 30C to
about 100C. Theheebuhlquh)sS tpefboii4 et dradxkmple ferbiy drottvet Hbldus. t reat ed at

t enper at ures at .l east 80C. preferabl t.least 100C. The hydrot her mal
treat nent typi g‘éﬁeythetc %&@ Brle?i%%ricﬁmgm%(gg@agﬁ 100 %Frﬁ?gcﬁﬁg?rf COMHIOBY 11 e The
gel, in one enbadiddontrbifed sb)a6rOtder Rl deyirellrsomtiraevd @f thenfidaDcatdlyslays, such
as up to 5 days, for, exanple up to 3 days. The hydrated precursor to the
met al oxi de(s) C9™8POFWER recovered, for exanple by filtration or
centrifugation, washed, dried and then cal cined as descri bed bel ow. 10045]
Where the catal yst conposition also contains a further netal selected from
G oups 7, 8 andtlet DefompmsitiopProndssc Tabl e of El enents, the further netal can
be incorporat I h I - dur recipitati on of e _Qxi de

precur sor of tﬁﬂgd]g%u%heg%%r%%fjé?éﬁé%ndpr?%gs g‘%ﬁﬁ)m ﬁ%’&%‘(’)‘}rv 081111%0 g%ﬂet al. 100461
Agai n, suitabl ethsetohtaésngofeed Wvith nedkd metb okide cithigstalpptided pihdvatunden i ncl ude
coppounds such as.oxychl orides, chlorides, al kaxides, sulfates and nitrates.
Preferably, at® I@&é"t"gﬁ Belige 1q FROVERS g her 20 é’teg‘ﬂtangfna???bf’lfa Walfid/ or a
source of  sul felkR fbr@RSnitEe REEEDLIHR ifREtidn ifdhdd thos¥ haviy the fofaiRi ch t he

catal yst precursor is precipitated. Wiere the Goup 4 netal includes
zirconium the preferred source of zirconiumis zirconiumnitrate, and
where the Goup 3 netal includes cerium the preferred source of ceriumis
a ceriumsul fate. 10047) Cal cinati (ﬁh of theg4catal yst precursor is effected,

typically in an oxidizing WO 2006/ 1135475 PCT/ US2006/ 012782
Ry——C——0——C—Rj

Ra R
wherein R, Ry, R3, Ry, R5 and Rg are the same or different and are selected from

hydrogen, alkyl, arylalkﬁfl and alkylaryl species, each preferably having up to 20
carbon atoms. Alternatively, the dialkyl ether may have from about 2 to about 10
carbon atoms in each alkyl moiety, aliernatively from about 2 to about § carbon
atoms in each alkyl moiety, alternatively from about 2 to about 4 carbon atoms in
( each alkyl moiety, alternatively from about 3 to about 4 carbon atoms in each alky!
moiety. In one embodiment, the dialkyl ether comprises isopropyl ether, sec-butyl
ether or mixtures thereof.
10049] Although the dialkyl ethers used in tlte processes of the present invention
are typically symmetrical, i.e.,, RjRoRsC is the samé: as RyRsReC, the present
invention also encompasses unsymmetrical dialkyl ethers, ie., RiRRaC is
different from R4RsR¢C. The unsymmetrical ether may arise from inadvertent or
deliberate iniroduction of two or more olefins into the hydration step. For

example, propylene used to make IPA may contain small amount of butenes.



-13 atnosphere, at a tenperature of at |east 400C, such as at |east 500C,
for exanple from about 500C to about 800C. The calcination tine nay be up
to 48 hours, such as for about 0.5 to about 24 hours, for exanple for about
| to about 10 hours. \Where the catal yst precursor contains sulfate ions,
the cal ci natVY8AMESHti ons shoul d be controll ed so asPEmUS2essmizszt he desired
sulfur level in the final catalyst conposition. Ether Aeconuosition Process
100481 The et her deconposition process of the invention involves contacting
an ether-containing feed with a mxed!4retal oxide catal yst described above
under ( conditions effective to convert the ether to an olefin and an

al cohol . Sui t ablpiraky Opbisfifisodre pogent at leRehqarabowsIH00 bpibher legaukantdboix | ncl ude

t hose having t formul a 1. R 14 - R2. i -O C.-R .Rs wherein R1,
R2, R3, R4i Rsﬁr@ﬂaprne ¢ Eygﬁé’né’iﬁé‘“wrecﬂf PRIpLHR Pa%dﬁlew [R8tersef f r om

hydrogen, al KydymnaihPddVinsfReatak BleBhy bosSBRCESS the piticubl: $hi®fuaPby havi ng up
to 20 carbon atons. Alternatively, the dial kyl ether may have from about 2

to about 10 cdefsn atons in each al kyl noiety, alternatively from about 2
to about 8 <c n t i n..eac | kyl ' anAlt tiyvely from about 2
to about 4 caﬁ@%ﬁ §P§n§%%# e%%%h%%@f§¥ %%?%F%ﬁﬂg?feS%ggffgﬁ?y.F m about 3 to
about 4 car boncoatpotml, ibat @@cioabsky bf theDpredeyt. inkention enevtiiyash nixmires bhe di al kyl

et her conprises |sopropyl ether, sec-butyl ether or mxtures thereof.
100491 Alt houg ali‘ﬁ_é?%"t?fsal Imlé‘ﬂlﬁé}fglai]ggaﬁ’grﬁ “Iaﬁéesﬁﬁ(?@@_s‘éség ’?O‘PD‘F‘H%O%r esent
invention arepkiRi Batht YayadBE ke, Ckich iprévides Bl RARE dfsg}dwemﬁs RARSR6C,
the present invention also enconpasses unsymmetrical dialkyl ethers, i.e.,

R R2R3C is di psppmatricslr gherRa REIRsEtivah e dighkyingther ime| bee prepiredrdipimar i se from

e e i U gy ORI A0 NPl BLS 1e

amount of but eofeme or more additional ethers, which may be symmetrical, unsymmetrical, or a
mixture of symmeirical and unsymmetrical ethers. _
10651] In general, the conditions employed are not narrowly defined and depend
not only on the ether stariing material but also on the desired conversion rate and
product selectivity. Typically, however, the conditions will include a temperature
of about 50°C to about 320°C, a pressure of about 0 kPa to about 3500 kPa, and a
weight hourly space velocity (WHSV) of about 0.1 hr” to about 250 hr; suéh asa
temperature of about 100°C to about 275°C, a pressure of about 0 kPa fo about
2400 kPa and a weight hourly space velocity (WHSV) of about 0.5 hr” to about 10
hrt.
[0652] In a practical embodiment, the ether-containing feed contains isopropyl
ether (IPE) and is produced as a by-product of propylene hydration, in a process
for the manufactare of isopropyl alcohol (IPA). Some IPA pracesses involve
contacting propylene with sulfuric acid. This can be accomplished with gas/liquid
absorption or liquid/liquid extraction. While these processes have been utilized
for several decades, some improvements have been made. The improvements
include a process configuration that utilizes a unique combination of plug flow,
bubble column, and closed stirred tank reactor reaction sections to achieve high
conversion of dilute or concentrated propylene. Also spargers custom designed
for the propylene/sulfuric acid absorption/extraction section can be used. Further,

loop reactors may be preferred to improve mixing integrity.



WO 2006/ 135475 PCT/ US2006/ 012782 -14 Typically C4 olefins are present at

| ess than about 1000 ppm or |ess than about 5000 ppm The hydration of a
m xture of olefins can provide all .conbination of synmmetrical and
unsymmetrical ol efins possible fromthe particular m xture of ol efins.
100501 The NRAMEP5E hers typically are essential |y aPSTHSO®OIZ et ri cal
tonpound, but the processes of the present invention enconpass m xtures of
di al kyl ethers. The m xture of dial kyl ethers may result fromusing a

m xture of olefins in the hydration sk¥p, which provides a m xture of
symmetrical and unsymetrical ethers. Alternatively a dial kyl ether may be

prepared from pdy,doat beRibRI méhdl dFdisBosttonldfMPE ProRicY kslg side-piviRbf | cal et her
and subsequent_addition of one or nore additional ethers, which may be

symmetrical , uRSyitrefer upldat noiglyamayiis be st tosprrementalapeEaigndisy met r i cal
ethers. 1005114, g%@dtnﬂmkhﬁwgg&gbéécﬁﬂ% ef%&%ﬁéld@xfbo?nﬁaglfiorﬂ@%w y defined

and depend not on e et starting teria ut- also on the desired
conver si on r atl@Eangroppiendast [Pée| Bt dpfimaly patifypi forlthis/ readionay 8rerefarbe condi ti ons
will include a,tenperature. of about 50C to about 320C, a pressure of about
0 kPa to about™3&} fﬁg?ng%d a weight hourly space velocity (WHSV) of about

0.1 hfl to abo@H,CHEOHING-[CIIECHS —& CH,CHPEICA; e, 0fi=ghput 139C to about
275C, a pressure of_about 05¥Pa,to abqgt, 2400 kPa a a,meigh& hourly space
vel ocity (WHSVPOS#i The slallergesiapsd inithe catayie dagomppsiion 1 PM¥P-Rldr act i cal

embodi ment,  t he®f ReRinEARY Mk ALRAKSSdr BPODEARIS b} RAROARY) to Bbf&hne (| PE) and is
produced as a by-product of propylene hydration, in a process for the

manuf act ur e of aceesdipg Bigydactignddhol (|1 PA). Some | PA processes invol ve
contacti ng progpyl it h, L4 id. This can be acconp}lished with
U ARt D Tichtet, £ o

gas/liquid abso on “or qufd extraction. Wile these processes
héve been ut i | joes8id and cecomdly e mathimiizhgn dbigomesizativni ob ey propplese Hawedbeen made.
The i nprovenents jnflud% a.process configuration that utilizes a unique
conbi nati on oﬁmﬁﬁa&quﬁﬁon@Ebble colum, and closed stirred tank reactor
reaction secti90H, (=G ~etBHEL gh (3).

[0056] Although each of reactions (1)~(3) is acid catalyzed, the processes of the
invention are effective to decompose IPE according to reaction (1) while reducing-
IPA dehydration and propylene oligomerization. Preferably, the conditions used
to effect IPE decomposition include a temperature of about 100°C to about 320°C,
such as about 200°C to about 300°C, for exafnple about 210°C to about 280°C; a
pressure of about 100 kPa to about 3550 kPa, such as about 400 kPa to about 1800
kPa, for example about 700 kPa to about 1500 kPa, a weight hourly space velocity
(WHSYV) of about 0.5 hrl to about 250 h, such as about 3 hr? to. about 10 hr,
for example about 5 to 7 hr”. or 20 hr'! to 100 hr'', where the higher space

PaiiaN

velocities are preferred at higher teﬁperatme. Conveniently, the feed to the
catalyst includes water in addition to the IPE, with the molar ratio of water to IPE
typically ranging from 0 to 3, such as about 0.5 to about 2, for example about 0.7
to 1.5.

[0057) In yet another practical embodiment, the ether-containing feed contains
sec-butyl ether (SBE) and is produced as a by-product of the hydration of butene
to produce sec-butanol. One possible method of disposition of the SBE is as a
fuel, for example by addition to motor vehicle gasoline, but, not only may this be

subject to environmental regulation, it also leads to a loss of butenes as a lower-



R e

conversion of dilute or concentrated propylene. Al so spargers custom
designed for the propylene/sulfuric acid absorption/extraction section can
be used. Further, |loop reactors may be preferred to inprove m Xxing
integrity. A WD 2006/ 135475 PCT/US2006/ 012782 -15 [00531 One possible

met hod of dipWe¥IFGH of | PE produced as a si de- produdCrafo0¢/RAses as a fue
but, not only may this be subject to environnental regulation, but also a
hi gher econom ¢ val ue can be achi eved by sel ective deconposition of the |IPE
to propylene and I PA. The optinal pathitay for this reaction is therefore
shown by reaction (1): (CH3CHCH3)-O (CH3CHCH3) -> CH3CHOHCH3 + CH3CH=CH2 (1)
100541 The chaialueullgcﬁnﬁoaaedl\iqnecivbreﬂmm mty 1wt de cadiposoleialon aph sivBlei s t wo-f ol d,
firstly, minimzing the d dratJo f.ormed b ctlo 1) to -

b opyl &ne . acCBPEMG! RS FLATYRBR st e b B Bl ()
[06551 and seeﬁnﬂhwse-mlmgmuzeh@m;@imegsompmﬂtmwﬂyoff Cshetefpk qmﬂee f or med
according to reaction X CH3CH=CA 12 -. C3H6 Xﬁ&fé) [00561 Al t hough
each of react i BReiZgL @f%)thq @utgrg,qsd @a‘f‘%‘{%zﬁ@ thse Bsskangofighlle i nvention
are effective forcHet oERRS all @oﬂcﬂgab&&etﬁd&@@% g%@]n(el)e piRbEeduci ng | PA

dehydrati on and propy ene rrerl tion. Prefer e conditions used

to effect |PE Jdgdajrtvpmwtremw}muinaﬁm o' thee Siple framuthie saéarxabAuctordimmato about
320C, such as

00C t.o 0 for e t to about
280C;, a pressire “ed;d‘i% “%B‘QE ‘?Bg’gﬁésu Y??%%?S%bg’ Se‘ég‘é{ ¥ jout 400 kPa
to about 1800 twkdBain iche@%mmirﬁtsam@bﬁler?z@ﬁbﬂ@ahd@t@b@cﬂfned.mmﬂqCga wei ght
hourly space velocity (WHSV) of about 0.5 hfl to about 250 hr- 1, such as
about 3 hf | tYeUSEIReH0 hr- 1, for exanple about 5 to 7 hfl. or 20 hfr to
100 hi', wher episBe Thi gzlaﬁfystsaﬁﬁ%smb’ﬂ B tHel R8seAl BiveHtRh Sird Qetivat fopluggher
tenperature. Conveniently, the feed to the catalyst includes water in
addition to thelchPE omerslqnh@f nSBRr tor ge¢-btgl vinde 2-tugene pEith  limited

oligomerization of the resultant butenes and limited oligomerization/isomerization

~ of any Cg olefins present. At higher temperatures, some or all of the sec-butanol
may be dehydrated to 2-butene according to a reaction of the t.ype indicated above
as reaction (2). In this embodiment, preferred ether decomposition conditions
include a temperature of about 150°C to about 275°C, a pressure of about 0 kPa to
about 700 kPa, and a weight hourly space velocity (WHSV) of about 0.5 hr”! to
about 10 hr'. Conveniently, the feed to the catalyst includes water in addition to
the SBE, with the molar ratio of water to SBE typically ranging from 0 to 3, such
as about 0.5 to about 2, for example about 0.7 to 1.5.
(0059] The processes of the invention may be conducted in a stationary or
fluidized bed, and may take place continuously or batch-wise.
[0060) The processes of the invention may be conducted using pure ether
feedstocks, or they may include a diluent such as nitrogen, argon, carbon dioxide,
alkanes, and the like. In a preferred embodiment, water may be added together

with the ether feed to minimize dehydration of the resultant alcohols.

Integrated Olefin Hydration and Ether Decomposition

[0061] The integrated olefin hydration and ether decomposition is discussed with
reference to Figures 1 and 2. The integrated process may be used for any of the

embodiments described above. The following description of certain embodiments



typically ranging fromO to 3, such as about 0.5 to about 2, for exanple
about 0.7 to 1.5. 100571 In yet another practical enbodinent, the

et her-containing feed contains sec-butyl ether (SBE) and is produced as a
by- pr oduct ofw?%@“’}ﬁﬂ? ation of butene to produce sec- lntraselsn@se possi bl e
nmet hod of disposition of the SBEis as a fuel, for exanple by addition to
not or vehicle gasoline, but, not only may this be subject to environnental
regulation, it also leads to a | oss of-lbutenes as a | ower WD 20061135475
PCT/ US20061012782 -16 val ued conponent. Moreover, the SBE nmay not be

readi |y isol at akhglighe P SR dluseaive onl¢ Bid st igdtgby conventional separation
techniques, and may forma m xture wth close-boiling butene oligoners
conmposed nost | OB s oéﬂ%]@fl}m@ﬂ%%&e 597 CORVRRFLSIRTPEsES drcliding ditrCenes.
However, whi | elé,td?ﬁiof;%n@ hRirb A Sy R GiHikinOBL Vel inBRE N aRkirtORY fhiidRiE @ good

hi gh-octane additive to gasoline, environnmental regulation may require

el i mi nation of typleellySBEomplishedt by sontactingan olsu.oforlickapiple peopylenes ety 2d

deconposi tion pat hway f.or. SBE is .conyersion ec- but anol and 2- butene
' a process t Rape It ceis T st 3BY S sl AR W ereBRE o (he o
ol ef i ns pr esentyated Ol YHop¥iace readadiisthe ddpdsint arvisdpralyl fulBteREteS@®Aor | Nvent i on
are active for the selective conversion of SEE to se -butaq%%ﬂgnd 2- but ene

with linited BCFEFRTBRIREHT SHIVBIFT HEISIWBIAPY I BT AL Sombinalyzef bR d

ol i gomeri zat i OR{el;HEHBA bZAMEQD forRfTPANMA (R ndh&hil R AhE SRR by Hoahdigher
tenperatures, sone or all of the see-butanol nmay be dehydrated to 2-butene
accordi ng to athesspredessas i§ithe domespyprding eilir.clar edmalsdVe. which eaadeformad (2) . In

t hi s enbodi nen i 140 it i jde a

t enper at ure of Eg%?ﬁ%%%@g%ﬁ@%rgﬂg%@g@ﬁ%ﬁ&@g@f&?&é %}f%ﬁe&?w@#}g’a to about
70(§_10Pa, and ahydratipntof iefing gre siraloesdviel l08. Rajent WHS\A,410{142 odi1,206.861hr - t o
about 10 hr". C@PéenLentlﬁﬂ he feed to the catal yst includes water in
addition to tRECaEE MOl FefIFUCe. [ atio of water to SBE typical |y ranging

fromO to 3, sy RSndkebbdifed, the e thydatidOprotsa tfrRestdQUiresird t0 1. 5.

00591 The processes of the invention nmay be conducted jn a. stationary or
{ P ranging from about 50 ps?g (345 kPag)S fo about %10 psig 63448 k?ag?, a y

temperature ranging from about 65°C to about 120°C, a WHSV ranging from

about 0.2 hr” to about 0.8 lr™}, a water to alcoho! molar ratio ranging from about 1
to about 4, and the catalyst selected from sulfuric acid and phosphoric acid. -

f0064] Direct hydration processes typically use solid acid catalyst or
heterogeneous catalyst for the hydration of the propylene directly to IPA. In the
direct process, the hydration of the olefins to alcohols is carried out directly and in
a single step, by contacting the olefin with the hydration water in the presence of

an acidic catalyst. Direct hydration processes typically require-chemical grade

P

propylene or higher to decrease impurities produced and maintain catalyst life.
Direct hydration may be carried out in vapor-phase, liquid-phase or mixed phase.
IPE is also the major by-product from direct hydration processes but usually it
forms in Jower amounts than indirect hydration processes. Examples of indirect
hydration of olefins are disc_losed in U.S. Patent Nos. 4,469,903 and 4,456,776,
which are incorporated by reference.

[0065] In one embodiment, the direct hydration process typically operates at a
pressure ranging from about 200 psig (1379 pKa) to about 2000 psig (13,790 kPa),
a temperature ranging from about 80°C to about 180°C, 2 WHSV ranging from



fluidized bed, and may take place continuously or batch-w se. ]0060] The
processes of the invention may be conducted using pure ether feedstocks, or
they may include a diluent such as nitrogen, argon, carbon di oxide,

al kanes, an <k@. In a preferred enbodi nent, water _rmay be added

t oget her mﬁ?%a?ﬁgtgﬁher feed to nininize dehydration 8?“?%%“%%§ﬁﬂtant

al cohols. Integrated Aefin Hydration and Et her Deconposition [0061 1 The

i ntegrated ol efin hydrati on and ether'ﬂ%tonposition is discussed with
reference to Figures 1 and 2. The integrated process nmay be used for any of
the enbodi nerbsutddstot thabduiaiduy.e waktrdo tlodHobmohgratie smping fiomrebadt 0der t ai n

enbodi ment s 2006/.135475 PCT| US2006/ 012782, - 17. exenmplifying. | PA/IPE is
illustrati veV\gﬁl o'gn%’ At aF ic"%laﬁ?' %gnsﬁfgm‘ié) 85113%%“%[5&%“& ?W%‘E ir%ﬁls’may be any
conventional pglié gassphdriRGLidASI) diahy@s] acidiy tHoRieh, Qblidmeial Giddd @filysRydr ati on,

which are well known. Indirect_hydration is typically acconplished by
contacting an BPed wetak grdepandslicdtmesag caadstswith a strong mineral acid such

as sul furic acighsOfruRRR UM Fepardhb dirkdt aalpqmg{e 15R%E0f broclllsShay gd1e propyl ene

reacts with the acid to forman 1Sopropyl s at’e ester an rr diester or
phosphat e equi feahdri Indisiigl OsgapicoPidmistoy, f2mtl eRevdsed rand sExtéreiad Bdition) yzed by

the injection Qf .water, to r nd_t he.m.neral., acid, The,.naj.or
by- product of Qﬁcﬁ%gﬁ&r gg'elésﬁésg {156?)6;@' Bor gé?f}glﬁ{jﬁr}flgﬁéll"ﬁ%’?fa’ ngfnﬁé&anpl e | PE,
whi ch can be fRedpstaiedby teferdnée. about 15 wei ght % by wei ght of the | PA

produced. Exanpl es of indirect. hydration of qQlefins are_disclosed in U S.
Patent Nos. 4, %961 fpically the bysgatiogproceg hewn i Fgresr bondide dogiPet ef er ence.

10063] In one fégaegmwm/aﬁm s, 6th Esvﬂﬁ%twr%r@w;%smmﬁ g at a
pressure rangi ngﬂ rom about 50 psig (345 kPag) to about 500 psig (3448
kPag), a tenpeiesr hydsatioangit Ag The prepalseris sl bia diseuer inditee hvdraligisy r angi ng

from about 1 Fa aBanangoth? apafire ofla AR phitnd oD B Bphd' L0 4 and
phosphori c aci entif8B4ibe tefrm myamdet IPArstpao caspasng I, d28 knd waer. sol i d aci d
catalyst or - he SRR OR kAR lee e 2o Y B e 1S, RERY N
includes, but is not limited to, a distillation tower 26. The IPA purification unit 8

separates the crude IPA stream into a water-IPA azeotrope and a concentrated IPE

stream.. The water-IPA azeotrope is transferred via line 10 to an IPA drying

column 12 that removes water via line 14 and provides TPA typically having a

purity of about 99.9 weight % via line 16.

[0068] In a conventional IPA process, the concentrated IPE stream, comprising

IPE, IPA and water, is transferred via line 18 to a receiving vessel, not shown, o

be biended with gasoline to serve as an oxygenate. In one embodiment of the

present invention the concentrated IPE stream is transferred via lines 18 and 20 to ‘
an ether decomposition system comprising an ether decomposition reactor 22, a

flash drum and condenser 38 and a wash tower 30.

100691 In one embodiment concentrated IPE stream from line 18 enters line 20,

which is connected to line 21 to provide additional water. The concentrated IPE

stream and co-injected water, if any, which is vaporized upon entering the ether

decomposition unit 22, which has a fixed bed reactor of the mixed metal oxide

catalyst described above. In one embodiment, the mixed metal oxide catalyst

comprises CeQ/Zr(Q,. In one embodiment, the ether decomposition reactor



direct process, the hydration of the olefins to alcohols is carried out
directly and in a single step, by contacting the olefin with the hydration
water in the &6?@5{}%&5“ an acidic catalyst. Direct hydration processes
typically require chem cal grade propylene or higher tRSTHSROERIH2i npurities
produced and maintain catalyst life. Direct hydration nmay be carried out in
vapor - phase, |iqui d-phase or m xed phasg |PE is also the major by-product
fromdirect hydration processes but usi Tly it forms in |lower anmounts than
indirect hydration processes. Exanples of indirect hydration of olefins are
di scl osed i n UbySicalBapentes Nospresturd 39giop Somnton 54 5gg (B76k ag)/\‘hiabfbméﬂfé

i ncorporated b 065] h t hydr ati on
process typica ?l%%%lgée?{ggé’sp f%ra%l‘:;’r ﬁ#@g@d&?éﬁ@%&hﬁ?ﬂ%a&% B%gpm g (1379
pKa) bto about m@@kp@o,gnér&?pre}“&ﬁblyﬁam abowt stoepas;ge(réal w@)n@a@ungtl)d pagn about 80C
to about 180C, a WHSV ranging f 135475 PCT/ US2006/ 012782 -18
about 0.1 hr-i (B¢ glgﬂgg,tan@yqtmorepr e«ﬂ}al\/\égéﬁ gﬁ%ﬂ’%@%’ k]??ﬁhﬁ’ra bpy 208 P¥&ngi ng from
about 0.1 to ﬁwtkm?g? TROAE LM afRdof e Shed RE RGBTl REB@Updrafe@biph ySt s such
as acidic resins d phosphoric acid (SPA) catal ysts, "acidic zeolites,
solid netal oxiaperhrarapgng, fromriabued Sﬁ’é@ acb abtmt $88°C, quefersbly i fomm abapst at e

catal ysts. 100 Furth d talls-'e e hydr ati on
processes nay SQ&DCT%EIWH? ﬁ% §PF ”5 °@t%§gh1t%%]?9§} ik%l:é %éWFsed and

Ext ended Editi ‘éﬂlbodnﬁgﬁttﬂe@ﬂlegdejaoﬁposﬁ%n rélaQﬂ)r Orferdtdsd 3 MrBehfut rié km5@RE el and H.
-J. Arpe, which is incorporated by reference. 100671 Typically, the

hydr ati on procd®m abgpiohio iahovtigulires I apggenbodimeat, (re gtherf %@WP@%& .
ol efin/al kane %a%ﬁof‘?ﬁrate%%?b“ﬁ%ﬂaﬂ@ﬂéﬁE'.rﬁ/aQ&fP@a}rlﬁ'} tonb@utlisﬁ‘BxgaiESQ an olefin

hydrati on unit | ene E tfeated 1n a direct or indirect . hydration
unkt 4 with ana2bwit @5 }guéthabpslt 40 haliy prcfrers jabout i1kt He alprub d@hbe, of fremat er wi t h
propane venti d.0n 01 f I r rising | PA | PE
and wat er. Thgg%u\r(%gI tP 5%’11?% 0& eam ﬁlson rgrgﬁgs 'ggnrt etgéetﬁér d?‘%%é’gg{?n re;clt "I PA

purification umprdvidds amklcetvl yiehlqieu@ass raﬂgutg ften Alatut KO metghd%ito, abautamstl | lation

Lover 26 The LA plrLLl Sallon Uall, B o SERRE8LeRn N 5alh Ul Bl Shr cam I nto 2

another embodiment, the ether decomposition reactor operates at a water to ether

molar ratio ranging from about 0.5 to about 2.0 or from about 0.5 to about 2.5 or
from about 0.1 to about 3.0. The relatively low amount of added water, compared
to other methods of ether decomposition, reduces the amount of water that must be
removed from the IPA, which increases the productivity of the process with
respect to the IPA. |

[0070] In one embodiment, the ether decomposition unit 22 provides the

distillation tower 26 with a feed stream, via line 24, comprising-water, IPE, and

T

propylene and IPA, from cracking IPE. The propylene is separated in the
distillation tower 26 and recycled, via line 34, to the hydration unit 4 via the
propylene/propane feed line 2. In one embodiment, the distillation tower 26
typically operates at a pressure ranging from 0 psig (0 kPag) to about 200 psig
(1379 kPag), preferably ai a pressure greater than about 150 psig (1034 kPag). In
another embodiment, the distillation tower 26 typically operates at a pressure
ranging from about 0 psig (0 kPag) to about 500 psig (3448 kPag), or from about
50 psig (345 kPag) to about 250 psig (1724 kPag), or from about 150 psig (1034
kPag) to about 210 psig (1448 kPag). In one embodiment, the distillation tower



stream The water-1PA azeotrope is transferred via line 10 to an |IPA drying
colum 12 that renoves water via line 14 and provides |IPA typically having a
purity of about 99.9 weight %via line 16. 100681 In a conventional |PA
process, thewgal ted | PE stream conprising |IPE, |PA and water, is
transferred vi aﬂlﬁiﬁgl%isﬁs to a receiving vessel, not shoRRYUE§06/BEEYH| ended
with gasoline to serve as an oxygenate. |In one enbodi nent of the present

i nvention the concentrated | PE stream_s transferred via lines 18 and 20 to
an et her deconposition system conpri sizﬁ‘g an ether deconposition reactor 22,
a flash drumand condenser 38 and a wash tower 30. 10069] I|In one enbodi nent
concent r at ed RPEpikieeapardtesornal temperdi®e emigmgsirdni agup 60°C whibott 196°Connected to
line 21 to prqui d&e addi ti onal ter. The concentrated |IPE stream and
co-injected wg?p@P,mﬂ?n RFSSSHISiYEH- i s vapori zed upon entering the ether

deconposi ti on ggfh t A 23stoBir&ath had ik didtebnesler PRcdnRkisRE IPRgPAix@d net al
oxi de catalyst described above. In one enbodinent, the m xed netal oxide

catal yst conpietessdedosdizg Wpto apyeshyiewercify ahisk gtiiquiddiguigtepactigewshposi t i on
reactor WO 20 0 = LY at a
pressure r angﬁ%}@ éﬁé&ﬁﬁl{’&?i@%@{;ﬁg&% 45 S%éﬁp{%@ar%?ﬁitﬂg%%ﬂe??ﬁg (3448
kPag), pref er diel inefd; odichrouteysOupsIPg ©3USIHPag)fickiivnabdt®. ZBOIREskg (1379
kPag), nore preferably fram about .90 psig .(621 EPa%) 0,a 00 psig
(1398 kPagy, " aPvGE pvefised AEpe Dy YrBE it 56 2 of Bhvasu il 60 Dot 200
psig (1379 kRRagydecdriposifion efibpxli ment the et her deconposition reactor
operates at a erature_ranging fraom about 50C to about K 320C, preferably

te . 110 .
from about 10%&lt _%BS’@PO@QE}G,& F‘élaB?lb‘Pé’Fra%ﬁ ypieglly proyedss tigh 38t 0 about
285C. In one bl ARy 4 PEiFLRGkr ﬁl‘ji_ﬁ QFRRBILE Wg)ééfﬁ?ﬁlﬂ* QfeaRPBaAbLES at a

t hroughput rate fanging~ from about to about I n one enbodi nent,
t he et her decoreisbt v iteme praserehly gregigethar &8 waishi X8y yetamgierggefrablsh about 0. 1

hf1 to about | I . a f,. . Of r from about
1 hflto about?g§ e%ﬁgft%? 19?'90‘?”51 r ogr/‘ﬁ b%ﬁ%ﬂlgpgerﬁpr%%lyg%gﬁ 0%%8“’% ﬂmb‘%n one
enbodi nent, t hperifidalier beferzorpading itw kherlg@ction unjpr2ov Toe kighnpuitycofhidle yi el d per
. . o
pass ranging fpl;c%y egfp %%}11 ﬁ]cc) X%?ti]lgxggn téju;[eg Zgbp%yx}litsts%e integration of the ether

decomposition process into the propylene hydration process.

[0073] In another embodiment, as shown in Figure 2, the ether decomposition
system comprises an ether decomposition unit 22, a flash drum and condenser 38,
instead of a distillation tower 26, and a wash tower 30. The ether decomposition
unit 22 and the wash tower 32 are generally operated the same as for the
embodiment described above having a distillation tower 26. The flash drum and
condenser 38 is typically operated at a pressure less than about 100 psig (690
kPag) or less than about 150 psig (1034 kPag) or less than about 180 psig (1241
kPag). The propylene is condensed to a liquid form and recycled via line 34 to the
hydration unit 4.

10674] Table 4 shows typical, i.e., non-limiting, operating conditions for an ether
decomposition reactor 22 processing IPE using a catalyst having about 17 weight
% cerium based on the total weight of the CeO/Z10; catalyst. Table 4 exemplifies
certain embodiments of the present invention using either the distillation tower 26
or the flash drum and condenser 38.

10075] In one embodiment, an aspect of the invention relates to a process for the

production of an alcohol, the process comprising (a) reacting an olefin and water



wei ght % or from about 20 weight %to about 69 wei ght % based on the ether.
I another enbodi nent, the ether deconposition reactor operates at a water
to ether no ratio ranging fromabout 0.5 to about 2.0 or from about 0.5
to about 2.5'0t %Y about 0.1 to about 3.0. The rel afCVaKIpodmwsamount of
added water, conpared to other nethods of ether deconposition, reduces the
anount of water that nust be renoved fromthe I PA which increases the
productivity of the process with respglet to the | PA. 100701 In one

enbodi ment, the ether deconposition unit 22 provides the distillation tower
26 with a feednsty gahceVdfa datalit dler @adNbisSuffgienadoefrm b RRfude akdhol pr opyl ene
and | PA, from cracking, | PE, The propagl (fne i s, separat eﬂ(ﬁiﬂn t he istillation
tower 26 and r¥EYR FEEETsERlcPiglcng 2 digly fth%n@aﬁp HRnAL I3 & PPTRANPTt he

pr opyl ene/ pr op@nenfie eotiol Meat intd)a® FEIRNBRHiNBN bircalanfddi 8kl @hdron tover 26
typically operates at a pressure ranging fromO psig (0 kPag) to about 200
psig (1379 kPagym; (o) eitsctity af least acpopiiamsefiheedigkdapther srdamnwilbauether50 psi g

(1034 kPag). | anai.her emhodi t, e disti i r t.ypi cal ly
operates at a ‘%rc %%‘goﬁlr e °?‘§ﬁ§i %lé: r%n#etgg%cgfnéﬁ ﬁté“%agy( %(a%&? Ef(%)ﬂ(i’élef)iout 500 psig
(3448 kPag), omethlroxdiediagitig the FOopsngconipasitidePa gy, Zt@, wiikee X i2atQeppstg (1724
kPag), or fromabout 1 psig (1034 _kPag) ut 210 .psi 1448 kPag). In
one enbodi rrentr,ne‘FlﬁéleEfF‘ggPl?’l Prish ot GhEFIHs ?&%6’?%8@1?%}%6@%}%2{)%/012782 - 20
26 typically opgpatRSePhoR CrEFPBIIRIHRE teaRGhREdds bR aRsE) 84 Grd about 190C
dependi ng on the pressure used. 10071] A bottom streamfromthe distillation
tower 26 conpr$ of g Heppdic Telde o Flempaiseand Zsisfah deag epe|metel selgcted framnash t ower
30 in which a hLiqui€/d iqui ra Gl b i, t ror V, ' PA. The

| PA- wat er was hblbgbgt ?}p%’gg# |13 °}?)§{€y%f‘{é%f9@a’é% Ic'llflr}%e %éi o E{Tﬁ’eﬁlﬁi%%gge whi ch
cvaeys crude #tBictratiasivé theRAegpective icompinents and, twhen nTsel, nHE fiom aboeinoved

over head from sh tewer 30 via,li 36.t0 . recycle the |PE to the ether
deconposi tion {'Jﬁﬁo\%ﬁlﬂ Olﬁﬁﬁg%yi)on%ogﬁﬁoa?dn%ﬁtt{m %@bea?fs?xp(ﬁn Th tower 26
typi cal | y provhedesarhiOsatigf el walengty 6fad ehe dmpbregisatofosin b ¥ruge gialker t han 95

wei ght % preferabl reater than 9 :
g ° P ether de%m%os&;tion stream compr?sing alcohol and olefin; (d) recovering at least

a portion of the olefin from the crude dialkyl ether decomposition stream; and (&)
recycling at least a portion of the olefin recovered in step (d) to step (2).

10076) In anocther embodiment an aspect of the invention relates to the process
wherein the crude dialkyl ether decomposition stream comprises residual diatkyl
ether, and the process further comprises the step of recycling at least a portion of
the residual dialkyl ether to step (c). In another embodiment an aspect of the
invention relates to the process wherein at Jeast a portion of the alcoho! from the
crude dialky! ether decomposition stream is combined with the alcohol obtained at
step (b).

16077] In another embodiment an aspect of the invention relates to a process of

TS

improving the selectivity of olefin conversion in an olefin hydration proccss; the
process comprising (a) contacting a dialky! ether stream from the olefin hydration
process with an ether decomposition catalyst, the ether decomposition catalyst
comprising a mixed metal oxide having the following composition X, YaZ,0y
where X is at least one metal selected from Group 4 of the Periodic Table of
Elements, Y is at least one metal selected from Group 3 (including the

Lanthanides and Actinides) and Group 6 of the Periodic Table of Elements and Z



wei ght % nore preferably greater than 99 wei ght % and yet nore preferably
greater than 99.9 weight % This propylene typically does not require
further purification before recycling to the hydration unit 2. The high
purity of t mﬁﬁ?@%&e”e fromthe distillation tower 26 pernmts the
integration of the ether deconposition process into tHd'PPYs)128He hydration
process. 10073] In another enbodi ment, as shown in Figure 2, the ether
deconposition system conprises an ether deconposition unit 22, a flash drum
and condenser 38, instead of a distilTation tower 26, and a wash tower 30.

The et her deconposition unjt and the wash tower 32 are neral ly
operat ed the $&hEaAeme BFiak CIBE%‘B@d&WEPFt7=c§e§‘@r}]b%fdﬂ’%t%‘i‘f@.‘%]&%:l?%@{a

di stillation femek.:40n Jhed kR A5HRARd of £EP e (%ﬁllgbﬁenrtsyzﬁﬁﬁcal ly
operated at a pressure’less than about 100 psig (690 kPag) or 1ess than

about 150 psiyheni®B4, kEafPm spout @8k to dbawt latdopis fBOO psibgui0LR4ad qiPag) . The
propyl ene is gondensed.to a lit%lffid formfand r c%clep viasline.34 to the
O ;/) c valcn

hydrati on uni eﬂumfﬁro‘?fﬂf]owlgg%lae SHoWa Yt oS

prcar, T.e. ,cengt;l- e| ﬁlﬂ]ﬁ ng,
oper ati ng con¢limpotdigs, tooforan @hdeatialkd eterpasnpositivn stagh @bmpasify acessi ng | PE

usi ng a catal yst havi ng, gbout 17 weight % ceri based on the total weight
of the CeQ Zrégohegenél!ag}gleg{nfébdﬁ@va%@gFﬁaftiafnoggm obbe PR SoRIBEPREN 5 of ¢ he
present. invenghipn éﬁ&ka&oﬁpmﬁaﬁ shrBfn Hnd ()| dsBily 1P eadt QURFGAGS (R olbfie f1 ash drum
and condenser 38. 10075] In one enbodi nént, an aspect of the invention

rel ates to a proEEddn fien (b) indhe Pefindurdrationprotesavsed tcoisithe ditlbylgihstess
conprising (a bk | ef i A .
oo Usa008/ 01 AeshRsE 0 <8 () Sﬁ“e%éﬁ%@’"%?@%? ol %g‘%%{u%’%g’é iention |

suffici ent tordavasno aporasslfbr alequitmbtionsifrakahole oyghinlkgli attgr d¢combaoditionand a di al kyl
ether; (b) separatin at.le@t a.. orti.c%n o% ﬁhe ru eg}a%hcohol streaminto
an al cohol - coRf RT95PS §ORRTSIE KV ARIRE & Mmbry ot RFHRS 2nd YAFL MPihe PEFeIBnt act i ng at -
| east a porti ena @faifish@del dhkidns etffeentab ELAM Mbttchuda mitddh@iohold@eRPOSi ti on
catal yst, the ether deconposition catalyst conprising.a mxed netal oxide

havi ng the foPteRKiSHE theotpes A irg inixtse oiglegholynaider st migyre|d didksdne et al
sel ected fromygEQuB) feRkritd'Q 1881 4 Peltion I0BL Gir@ iR Hiddieyl ¥inks; @) | east one

contacting at least a portion of the first mixture of dialkyl ethers recovered at step
(b) with an ether decomposition catalyst, the ether decomposition catalyét
cc‘:mprising a mixed metal oxide having the following composition XnY,Z,0Oq4
where X is at least one metal selected from Group 4 of the Periodic Table of
Elements, Y is at least one mietal selected from Group 3 (including the
Lanthanides and Actinides) and Group 6 of the Periodic Table of Elements and Z
is at least one metal selected from Groups 7, 8, and 11 of the Periodic Table of
Elements; m,.n, p, and q are the atomic ratios of their respective components and,
when m is 1, n is from about 0.01 to about 0.75, p is from 0 to about 0.1, and q is (
the number of oxygen atoms necessary to satisfy the valence of the other
components, to form a crude dialkyl ether decomposition stream comprising a
second mixture of alcohols and a second mixture of olefins; (d) recovering at least
a portion of the second mixture of olefins from the first crude dialkyl ether
decomposition stream; and (e) recycling at least a portion of the olefins recovered
in step (d) to step (a). In another embodiment another aspect of the invention
relates to the process wherein the crude dialkyl ether decomposition stream

comprises at least one dialky!l ether, and the process further comprises the step of



metal selected from G oup 3 (including the Lanthani des and Actini des) and
Group 6 of the Periodic Table of Elenents and Z is at | east one netal

sel ected frow0 6?[953?5 7, 8, and 11 of the Periodic Table of Elenents; m n,
p, and q lare. the ~atomc ratios of their respective cEBFPEFRVAYYE2EAd, when m
is 1l nis fromabout 0.01 to about 0.75, pis fromO to about 0.1, and q
is the nunber of oxygen atons necessa% to satisfy the val ence of the other
conponents, to forma crude dial kyl €tHer deconposition stream conpri sing
al cohol and olefin; (d) recovering at least a portion of the olefin from
the crude di alkpclieg $ qasichenosiipns ithei % heagiope giajkyheier teyiep (dcreanothgr at | east a
portion of the | e r i : S 0] n anot her
enbodi ment an %ngdﬁgﬁeﬂ%@ ?ﬁ%ée/&ioﬁglgﬁﬁe%&fgfag%seté%%eols r? %55( %}rl%rgi%sagYe%\%%Aerei n the
crude di al kyl girtver ofleho reomi t mdwurs t ofe aloviodaTions ese reasle ddialkydieddeky! et her,
and the process farther conprises. the step of recycling_at |east_a portion
of the resi duf G°‘HP°§1“I99IS1IES£’§F°TIE‘H?{]BB§€E ast Iarfoﬁ’r?gt%él?e @ﬁ‘o’&ﬂﬁt%ﬁf an aspect
of the inventjgholsel1ateds ehBodihi&ut Rh ASRLE oS ieRticH rela@3sb 1R pREdst on of the
al cohol fromthe crude dial kyl ether deconposition streamis conbined with
t he al cohol obwhdreiathedirst myxtass of pefing @oPHses phleash Brcheefins g fsmulean aspect of
the invention at a pr SS,0 I APR OV S Ct 4 of olefin
conversion in g’fﬁszblagl i%ﬁk%@aﬁ&gn&v& %18%11,502%3 }@%ggg%{r@%aees?"ggﬁgﬁ tsa?(dng (a)
contacting a dCgalhkyDHetdndr ast leeamtwe odialkdge ehaf i seldvyedr dranonforpoleeess with an

et her deconposi.t,jon al yst,, et her o] ition,catalyst ..conprising a
m xed et al omb(}%ez" %@iﬁﬁj1%@@:«1‘@%%@“%@%&?@ I “% Xgp¥e X is at

| east one net alndgeh@mtlpeinkd Bith SRUP tatolt 10D idhetivedFom bbbt ©hbouk! enents, Y
is at least one netal selected from Goup 3 (including the Lanthani des and

Acti ni des) and*@pdufergingt adnparpapt il TabPEbWImE shitiimsocssies o bp
2006/ 135475 P%‘e&%ﬁ?%@ﬂtgﬁ%%zopefa@uﬁcﬁr Ae J:cﬁxﬁr?ii%néé?&cﬁ%ﬁadbo?@k&%ﬁeg from

Groups 7, 8, and I of the Periodic Table o enents; in, n, p, and q are
t he atomi c rat Fobodghentshei r respective conponents and, when inis 1, nis

o 200Ut O:Chet 8oyl Syl Tk SR 8 Lefl) 8 b9, (1
production of an alcohol from an olefin and water, the process comprising (a)
reacting the olefin and the water in the presence of a catalyst under conditions
sufficient to form a first crude alcohol stream comprising the alcohol, the .wéter
and a dialkyl ether; (b} separaiing the first crude alcohol stream into a water-
alcohol mixture and a dialkyl ether stream; (c) contacting at least a portion of the
dialky] ether stream with an ether decomposition catalyst to form a crude dialkyl
ether decomposition stream comprising the alcohol, residual dialkyl ether, the

olefin and the water, wherein a molar ratio of the water to the residual dialkyl

ether is less than 3.0; (d) recovering at least a portion of the olefin from the crude

T

dialkyl ether decomposition stream; (e} recycling at least a portion of the olefin
recovered in step (d) to step (a); (f) recovering at least a portion of the dialkyl
ether from the crude dialkyl ether decomposition stream to form a second dialkyl
ether stream and a second crude alcohol stream; (g) recycling at least a portion of
the second dialkyl ether stream to step (c); and (h) combining at least a portion of
the second crude alcohol siream with the first crude alcohol stream.

10079) The invention will now be more particularly described with reference to

the foliowing non-limiting Examples. Unless otherwise stated, all percentages are



conponents, to forma crude dial kyl ether deconposition stream conprising an
al cohol and an olefin; (b) recovering at |least a portion of the olefmfrom
the crude dialkyl ether deconposition stream and (c) using at |east a

portion of {he N recovered in step (b) in the o%, fin hydration process
used to mak‘g t??g’llﬁiygl kyl ether deconposed in step (a ETW%O%ﬁé”%znbodi ment

anot her aspect of the invention relates to a process for the production of
al cohol s by dial kyl ether deconpositi®#f, the process conprising (a)
reacting a mxture of olefins and water in the presence of a catalyst under
condi ti ons sukéigitipabéntt Thd gifl in e following exdanghes Wax edjumddcio kel desited@Bim conpri si ng
the water, a fjrst ',xturte of al coholcf, nd a first mxture of dialkyl
ethers: (b) r%ﬁ%@*@@? Bompt i ongenBERd PG pot Aecorrsidiptediatpmeptitot g al ky|
ethers; (c) gRRxREULRAGRE oh BRHiiA pREI@A. of the first mxture of dialkyl
ethers recovered at step (b) with an ether deconposition catalyst, the

et her deconposition catalyst conprising a m xed netal oxide having the

fol |l owi ng conp 'ﬁeison XnmY"ZpOg where X is at |least one netal selected from
G oup 4 of the%r‘rodi c Table of Elenents, Y is at |east one netal selected
from G oup 3 [oosor|Theidag selzeplotied it Fiapnted 85 4,0amd SAndve roeelesipddaidusisigoalp 6 of t he

Periodic Table of Elenents and.Z is at, | east,one netal selected from G oups
7 5 and 11, B! BT Eigied® ST BB e A hes gt Uiy ar ot h

atom c_rati osAQfpdshls inN@EP A Wae CADNABERY ﬁmﬁieg,an Hoe8e vAubsSbyla N is from
about 0.01 to about 0.75, pis fromO to_ about J).g and g is ‘the nunber of
oxygen atons pEYesien fagtor of §&8P7.orhich Heany all kirscoresuehare gatasPrese@tiponent s, to
forma crude gj %Mteﬁ% g deconmposi tion stream conprising a second mxture
of al cohol s anc} a second mxture of olefins; (d) recovering at least a
portion of the second m xture of olefins fromthe first crude dial kyl ether

deconposi tion.strean .a .€) cli t.least a portion of the olefins {
recovered innglggle?]dﬁy’fqgesést‘ﬁge%Z(#Onn‘gta'%oqﬂher enbodi ment anot her aspect of
t he i nventi onjogipl Glechuridfedt he tPEQGHS pviiRr & ZYOUSH;OUs 5H glakoy lof et her

deconposition stream conprises. at, | east, one dial kyl ether, and the process
further conprFEBE ¥ %teé‘ie?pdlﬁf’”m%%‘ilﬁ%ﬁiﬁélt@ﬁ*}1%5@88"/&@&24@2}‘“23 recycling

at least a pokdlineh Qhtalrley 8 8o coffiftstbdNKYbHEMAET 5 liRrSbe@sfiRY - | n anot her
water was prepared. These two solutions were combined at room temperature at
the rate of 50 ml/min using a nozzle mixer. The pH of this combined mixture was
adjusted to 8 with the addition of concentrated sulfuric acid (H,S04). This shurry
was then put in polypropylene bottles and placed in a steambox (100°C) for 72
hours. The product formed was recovered by filtration, washed with excess water,
and dried overnight at 85°C. The composition of the product was analyzed using
X-ray fluorescence. The elemental analysis for the as-synthesized material was:
Ce -~ 26 weight %, Zirconium - 47 weight %, and Sulfur - 1.54 weight percent,
corresponding to a mixed metal oxide of formula Zr,Cen O4S; in whichm = 1.0, n
=0.36 and r = 0.19. A portion of this material was calcined to 700°C in flowing
air for 3 hours to produce a solid containing & nominal 30% Ce on zirconia.

Elemental analyses indicated that the cerium content was 26% by weight.

Example 2. IPE Decomposition over Ce/ZrQ,
10082] The decomposition of isopropyl ether {IPE) was investigated in a fixed-bed

microreactor. 0.5 gram of the calcined catalyst of Exampie 1 was loaded into a



enbodi nent an aspect of the invention relates to the process wherein at
| east a portion of the second m xture of alcohols fromthe crude dial kyl
et her deconposition streamis conbined with at |least a portion of the first
m xture of WDEHEAISATS | n one enbodi nent an aspect of thervnwenizien rel ates
to the process wherein the first m xture of olefins conprises at |east two
ol efins having formulae (| 2x and CyHzy, at |east two al cohols having
formul ae CH2x+10OH and CyHy+10H, and at | east two dial kyl ethers sel ected

from fornul ae \Wiv il 2y+i, and
wherein x and y Stag)(lt@ teglq%}ent ‘ng an&'ﬁé{ §Om a A_%C?Eto 3599‘%%%?‘ng| ternatively
from about 2 tdneﬂbmhth ad2@nd. Woplropylraﬂmr @i, Aldsictd m@fedeqﬂalreacﬂihatsa enbodi nent
of the process e, present invention at e unde e conditions
descri bed abovgﬁq“g&fo o@ﬂer S ST e a“f@??g%}/ OPEO‘{P&TF Vo odi ment ,

the invention gt 68 (ArdnaighBBeS Tl m@maﬁgequ@&l@ffoﬂﬁan@@oaltﬁeohol from an
olefin and water, the process conprising (a)_ reacting the olefin and the
water in the pFaé%léhéEdlg preng reagiQH tgmperaiviee Psipbifie fallpwing deBaiignsci ent to form a
first crude al cohol stream conprising the alcohol, the water- and a di al kyl
ether; (b) separating the first crude al cohol stream into a water- al cohol

m xture and a H’iEal‘dnydarsxemhéPEﬁerc;edBEfceﬁ)ﬂEEz@@nt acting at least a portion of the
di al kyl et her s wi t.h.an h Slt n catalyst to forma crude
diallcyl et he?N %&’Fﬁe&q%}%?ﬁgg @8%8 t he al cohol, -residual

di al kyl et her,whaelpBngegmgwaﬂpbfummw@tfeﬁ, V\/ner ein a nol ar rati o of the water
to the reS|duaI dial ky] ether is _less than 3.0; (d) recovering at |east a
portion of thel o°*‘é‘?’iVFFSIPPoﬂPf%@ﬂwﬂaénrodtd?"g?‘&wmeé her deconposition stream
(e) recycling Sherk Bl Pidolctel B b0l BbibRombBEAY SRt Mest ep (d) tO
step (a); (f) recovering at |least a portion of the dralkyl. -ether fromthe
cr@de di al kyl éQCh@pOSd@corrpom tion streamto forma second dial kyl ether
streamand a s Cru Q t. ) recycling at |east a portion
of the second%gl a IAr"S‘} S eV?t /gtgbé%‘rﬁﬁ?’ ?d(“gt (c); and (h) conbining at |east
a portion of ims@@uﬂ%mtlapﬁ@hﬂ‘lﬂ) streamwlth the first crude al cohol

stream 10079] vent i now b r.e rticularly described with
reference to ? lﬁjlrtf’ 8 %é‘?qvﬁﬁmtoflﬁgp’gg%}ﬁ%fgg Unl ess ot herwi se stated,

all percent ages are Table 1 - IPE Decomposition over Ce/Zr0
Temperature (°C) 200 210
Time on Stream (hr) - 21 61
Product Composition (wt.%)
Propylene 41.06 55.69
Isopropanol : 31.09 27.21
Isopropyl ether 24.16 10.00
Ce’s ' 0.07 0.09
Co's 0.03 0.00
( Cr’s 0.00 0.00
Water 3.55 6.96
IPE Conversion (%) 75.8 900
IPA Conversion (%) 30.3 48.6
Propylene Selectivity (%) 99.7 99.8
IPA Selectivity (%) 69.8 51.4
IPA Yield 52.9 46.3

10083} As the data of Table 1 show, the ceria-zirconia catalyst achieves high



WD 2006/ 135475 PCTI US2006/ 012782 -24 wei ght percent. The pH in the

foll ow ng exanpl es was adjusted to the desired pH wth the addition of

ei ther concentrated sulfuric acid or concentrated anmoni um hydroxi de
depending o ial pH of the gel. Exanples 1008 ata sets
plotted in I?%E‘?g?g%% 4, and 5 have been nodel ed usi nglgé”]-%gqﬁ@

regression technique to provide easily viewed trend |ines of the data Al
pressures in kPag units were cal cul ateggby nultiplying the psig values by a
conversion factor of 6.895, which rreans al | kPag pressures are gauge
pressures, not _absol sures. nth ) | Zro2 (30 wt.
ey 100811 OneRIRAPLY BRG RN S e bR PR 3 EnBs SRS ot ans of
cerium sul f at eanmxﬁlﬁerﬁltssmlwmt(ixmtﬂaerﬁfant&ﬂslongqe|umeioﬁsdmpmrfsrtﬁt digest i | | ed

wat er. Another solution containing. 65 gramof concentrated NHAOH and 1.5

liters of distPBtedy T%P%meﬁ%@eﬁtl’é‘f)étrléﬂmﬂ’ﬁé%éCh'E‘?\XE) bionrsreproiEEe conbi ned
at room tenper@hypi cohes kBe tak OF HeraabaohllrHon 8 flgk @ Plod %llefe nﬂfeer The pH

of this conbined mxture was adjusted to 8 with the addition of
concentrat ed safdvhrtages ofsfoll dor(vmlm IPET%P@Pﬁ#n@nm@udem@u@t&mlnn prperafion

pol yor opyl ene Balihes f08 BhAGEdby A ShERTRK B00C. Lof Bradigpr s, The

product fornmed covere ed W th excees Wat er, and
dri ed overni ghﬁm@a&ﬁeﬁ drﬂ}henrmwﬁbﬂﬁntdomt’nnoéndtrb@c]pﬂ bakkcio thassopmpényﬂzed usi ng
X-ray fI uor escen The el enental analysis for the as-synthesized materi al
was: - 26 Wé‘i“g MUTPE PACEEoni um - 47 wei ght % and Sulfur - 1.54 weight
percent corresponding to a m xed netal oxide of formula ZrnCeQgS, in which
in=1.0, n =0.36 and'r = 0.19. A portion of this material was calcined to
700C i n f | owi nExample 35 SBE Depamposition operd@lie€e/drpl i d cont ai ni ng a nomi nal 30%

26% by et ght - B E e o Bmp BRI RCHAN FRF (SREF v DRGSR e "
deconposition @ﬂcm@o@q:/b@zzl ca@bhEpreparﬁE)ﬁ Emnplmwesﬁegarpmﬁujendeadﬁed atl- bed ‘
21 croreactor E}'{S n\}a%ffoﬂo%dce%ce% D GEedCé eam c%ttltm%}cng%mlsec-buty%%el oaded into

(SBE), with the balance being mostly C8 olefins, was fed to the reactor at a WHSV

of 5 hr'!. Reactor pressure was 50 psig (345 kPag). Products were analyzed by on-

line Gas Chromatography. Table 2 summarizes the conversion of SBE, the

conversion of SBA and the butane selectivities at different reaction temperatures.

Table 2 - SBE Decomposition over 30% Ce/Z10,



WD 2006/ 135475 PCT/ US2006/ 012782 -25 stainless steel reactor having an

outside dianeter of 0.375 inch (9.5mm and was
Aldrich) was fed to the reactor at a WHSV of 6 hr4.
T3t nospheric. Products were anal yz@6T/B§2006M272 ne Gas

Chr omat ogr aphy. Table 1 summarizes the performance of the
reaction tenperatures,

| sopropyl ether (99%
React or pres&?r’@‘g“ﬁé%‘

di fferent

catal yst,
using the follow ng definitions:

dried with N2 at 200C.

at
| PE

Conversi on=, (I|PEpreduct- |PEreed)/]| PEréed where | PEprodet is the wt. % of

| PE in the product
Conversion = (I PAth
| PAt heor eti cai th

deconposed; where |
Selectivity | PApr

Conversion x | PA Se

Tenperature (C) 200

(wt.9% Propyl ene 41
10.00 GC6's 0.07 0.

Conversion (% 75.8
Selectivity (%9 99.]

and _wh Ee s the wt.%of |PE in the feed; |PA
pOereperatiat (°C) PApr odujct 200 | PAtL 1%80r et i cal) where
T AT producedsstof chjpnefri gl Tyjfromthe | RE
roduet—-s—the—wi-96-0f—+PA—+-A—the—produft ; | PA
 BdHG EPBRTHBr et i cal ) | PA Yiel d (per pas 5) = | PE
bottend ty. Table 1 t 0B Dgcdnflos|ti@asover Cel Zr Q2
I'Me-on SITeq ¢l@ T O& Conposi tion
W@éég L-sopropa .\,.(2%%{9 2f2 Jgggr )p;r}:) ether 24
pdrangdrbuterg 03 0. 00 | #Z9% . 6690, 00 18R&t e 3. 55 6. 96
9G-DButkRA Conversi bni1(.%9 30.18148]6 17R0opyl ene
[ SBltanol 1113 | 578 2.00
SBE 8.80 1.31 1.26
Total Cg olefins 48.83 50.49 48.69
Water 3133 5.72 6.69
SBE Conversion (%) 83.5 97.6 97.6
SBA. Conversion (%) 56.2 80.5 93.3
SBA Selectivity (%) 43.7 194 6.7

[0086] As the data of Table 2 show, raising the temperature promotes higher

conversion of SBE using the ceria zirconia catalyst. Amnalysis of the Cg isomers

showed that the concentrations of the 2,3-dimethyl-1-hexene and 2,3,3-trimethyl-

I-pentene did not vary significantly with time on-stteam or temperature,

suggesting that there is little isomerization taking place among these isomers.

Example 4. Synthesis of Ce/Zr0O; (24 wt.% Ce)

[0087] A Ce/ZrO, mixed oxide catajyst having a nominal 24% Ce on zirconia was

prepared by a procedure similar to that of Example 1. The elemental analysis of

the as-synthesized material was: Ce - 23.2 weight %, Zirconium - 46.3 weight %,

Fans

and Sulfur - 2.82 weight percent, corresponding to a mixed metat oxide of formula

ZrmCenOgSy it which m = 1.0, n = 0.33 and r = 0.35. A portion of this material

was calcined to 700°C in flowing air for 3 hours to produce a solid containing a

norninal 24% Ce on zirconia.

Example 5. SBE Decomposition and SBA Recovery over 24% Ce/ZrO,
|0088] The decomposition of SBE and recovery of SBA were investigated for the

Ce/ZrO2 catalyst of Example 4. The procedure of Example 3 was foliowed except

.16
| PE



| PA Selectivity (% 69.8 51.4 |PA Yield 52.9 46.3 100831 As the data of
Table | show, the ceria-zirconia catal yst achi eves high WO 2006/ 135475

PCT/ US2006/ 012782 -26 conversion of IPE with | ow conversion of |PA
Production ofoRtRRWsgNe diners and trimers is low, W i’gl‘/ﬁ%gﬂ&mgzg centrations
on the order of 800 ppmfor the diner. [0084] By raising e %‘perature,
it is possible to achieve full conversion of IPE, but this cones at the
cost of increased conversion of |PA to,propylene. The advantages of full
conversion of IPE to propylene include a reduction in separation conplexity

of the resulting s S .plro ene .can be nore readi separated wusing a
fl ash drum or H’g@i Hpﬁ“g{%%%’ éﬁlﬁlﬁﬁhﬂﬂﬁﬂr%ﬁé%dﬁ%aﬁe ‘Btb%éea‘?t ofifopanol

nmanuf act uri ng BRBEES SnoldFAIBRIFE.03 ReDitl: JRRGROTASHT hsR(30Y RPagR Obfo@atsZr 02 [ 00851
The deconposition of sec-butyl ether (SBE) was investigated on the calcined

Ce/ Zr @2 cat al y¥erepialyardedy avi-mrafif &hmomagephy.octly & suwewizBedicat  Exanpl e
2 was foll O\I\Bdccﬁﬁ,&ﬁgﬁ iy %I?ﬁdthé% 092%{ §II'SR' Ng 2R ﬁf{ﬂ}ﬂssgi‘e&%eﬁ,' a£t her
e ba 0 . was fe 2"t

(SBE), with th ance bei'ng nostly efins to t eactor at a
VWHSV of 5 hr" diffiReaictstiopespaanes.was 50 psig (345 kPag). Products were
anal yzed by on- line Gas Chromat ography. Table 2 summarizes the conversion

of SBE, the conversion of SBA and the butane selectivities at different
reaction tenperatures. Table 2 - SBE Deconposition over 30% Ce/ ZrQ2 WO
2006/ 135475 PCT/ US2006/ 012782 -27 Tenperature (C) 200 210 220 Tinme on
Stream (hr) 23 47 65 Product Conposition 1-butene 0.60 0.63 0.65 |[sobutene
2.38 3.24 3.91 Trans-2-butene 12.96 16.96 18. 96



Cis-2-Butene 11.33 15.11 17.00 Sec-Butanol 11.13 5.78 2.00 SBE 8.80 1.31
1..26 Total Cs olefins 48.83 50.49 48.69 Water 3.33 5.72 6.69 SBE
Conversi on ( 6 97.6 SBA Conversion (% 56.2 80.5 93.3 SBA

Sel ectivity ﬁ%ﬁ%ﬁsﬁ%Q 4 6.7 100861 As the data of TaBfEUS2084{4782 r ai si ng
the tenperature pronotes higher conversion of SBE using the ceria zirconia
catalyst. Analysis of the C8 isoners owed that the concentrati.ons of the
2, 3-di nethyl -1 -hexene and 2, 3, 3-trinmetfiyl - 1-pentene did not vary
S|gn|f|cantly with tinme on-streamor tenperature, suggesting that there is
little isomerizati Baﬂ:letak$B‘@quoamesmnmn@gEh€@eowes'mw%4% Cedhpl e 4. Synthesi s

of Ce/Zr02 (24 w.% A—Cet2t xedroxi al yst having a
nom nal 24% Ce on ziq?mﬁfaﬁlr%@ prepar F‘d %n? a_pr n(‘ifjﬁue simlar to that of
Exanpl e 1. The el enfhimalon§hedny@i)s of |t he3ds-synt hési zed material was: Ce -

23.2 weight % Zi rcqu&{mfjmﬂ&sﬁoﬂv@h%t 0/ and Sulfur -12.82 wei ght percent,

corresponding to a t—retet—oxtde—q—Formt-a—72 A OgS, Iin which m=
1.0, n = 0.33 and r LB’E"’I?LS A portion |of % mtg$g£ was cal cined to

700Cin flowing air fleebuBnhours to producel. soli d l&%nt ailning a nomi nal 24%
Ce on zirconi a. Exajmphg @butéﬂgE Decorrpcsntg.@;n and SBf Rec overy over 24%

Ce/ Zr @2 10088] The geconpost+tonr—of—SBE as“.'*J." Gveg"a' SBA wer e
investigated for th catal ystl_of E(a procedur e of

Exanpl e 3 was fol | onésd-Baxamept WO 2006/|13531 75 P(‘TI w32®06/012782 -28_

wat er' (HPLC gr ade, nggﬁl cn cnem cal Corrp@‘@)gb S cpgfed|jto the reactor at a

I§rBE{le;|g?SmL\g;er:;;f) y‘@?}t‘tﬁ\?l‘e grrn;Gz waﬁéﬁat ar 3B “'ag)ﬁéelSSAksPﬁ%ri zes
the conversion of PSBEiert he conversi o of 8.8BA, |and%.0he HQutane selectivities,
at SBE Conversion (%) 51.6 84.2 '

SBA Conversion (%) 43.6 35.1

SBA Selectivity (%) 56.4 64.8

.10089] The data of Table 3 show that co-feeding water suppresses the dehydration
of SBA to butene, thereby increasing the selectivity towards SBA. '

Example 6. Decompesition of commercial IPE in pilot plant testing
{0096 The decomposition of isopropyl ether (IPE) was investigated in a pilot
plant with a fixed-bed reactor. 40 grams of a calcined catalyst similar to the
catalyst of Example 1, except that the cerium loading was 17 wt.%, was loaded
into the pilot plant reactor and was dried with Nj at 200°C. Isopropyl ether, from
’ a commercial IPA manufacturing process, was fed to the reactor under conditions
( shown inn Table 4. The feed IPE composition was about 93 wt.% IPE, less than 1
wt.% water, about 5 wi.% IPA, with the remainder including Cg hydrocarbons
compounds, and light oxygenates including n-propyl alcohol and ketones. Water
was added as needed to provide the desired water to IPE ratio. Products were
analyzed by on-line Gas Chromatography. Table 4 summarizes the performance
of the catalyst at different reaction temperatures, pressure, WHSV, and water to

IPE molar ratio.



different reaction tenperatures. WO 20061135475 PCTI US2006/ 012782 29 Tabl e
3 - SBE Deconposition and SBA Recovery over 24% Ce/ ZrOZ Terrperature (O 200
210 Time on Stream (hr) 53 65 Product Conposition (w. I-butene 0.54 0.55
| sobut ene 1.wlg/20hs/B%475 Tr ans- 2-butene 6.27 9.47 G s-2- Byt ﬁﬁ%‘% 9. 00
Sec-Butanol 8.19 15.37 SBE 23.90 7.81 Total C8 olefins § 8@ 29 Water
8.58 9.08 SBE Conversion (%9 51.6 84.2 SBA Conversion (%9 43.6 35.1 SBA
Selectivity (% 56.4 64.8 . ]0089] Thesglata of Table 3 show that co-feeding
wat er suppresses the dehydration of SBA to butene, thereby increasing the

selectivity towards SBA. commercial IPE in pilot
plant testing 10090] The %E%n%@%%e W"%"fmé%‘a‘r“ gB‘)’/‘? l%‘fsher (I PE) was
investigated i n Pre@iukol Tahgmuw [ WESYI Ked10A®Er e cl:fwy;e&pggrans of a

cal ci ned cat al )sgslg&p?é |ar tecthe |catdl ypt mefar EaNp! Gedpasexdept that the
cerium |l oadi ng|was 17 W .% was | paded nto the pifl otmp)g,ant reactor and was

dried with N2 gt S6REE: |s%§r%gT STHEr:,
process, was f 4o e T 2% Idﬁl COMTATy B OIS — S ITORRT g7 'iable 4. The feed

| PE conposition .,L.rL, +& h'*‘E—l— 0 er, about 5 wt.%
rrp 42\$:q f‘éj\lrl' o roa-t-

|PA, with the refiik 2] Bos leohbollhdd, and |ight
oxygenat es i ncl U2 ]357' _mzmn285| Mhrﬁl;a.n,d_kgﬁézﬁs._mi@t%as added as

needed to provide the desired water to | PE ratio. Products were
[10091] The Figures 3 and 4 show yields per pass versus temperature data. The-

OfY5 . 2, COMMeRgT &7 1|PA manuf act uri ng

CT

[
-8
4
e
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data for the 200 psig (1379 kPag) exemplifies an ether decomposition reacting
under conditions in which a distillation tower 26 would be useful. The data for
the 50 psig (345 kPag) exemplifies an ether decomposition reacting under
conditions in which a flash drum and condenser would be useful. The data for

* Figures 3 and 4 are in Tables 12 and 13.

[0092] In Tables 5 and 6, the IPE conversion is calculated based on the difference
of the weight of IPE in the feed and the weight of IPE in the product and assumes
that one mole of IPE is converted to one mole of IPA and one mole of propylene.
The IPA selectivity in some cases exceeds 100% since this value is based on the
moles of IPA in the product divided by the difference in the number of moles of

" IPE in the feed and the number of moles in the products. However, since some
IPE can also decompose by hydration of the IPE to give two moles of IPA and no
propylene, this hydration of IPE can result in the IPA selectivity exceeding 100%.
The IPA wt.% yield is calculated by multiplying the IPA conversion and the IPA
selectivity.



anal yzed by on-line Gas Chromatography. Table 4 summari zes the perfornmance

of the catalyst at different

water to IPI'FV

| PA Yield versus e

reaction tenperatures, pressure, WHSV, and
shatio. WO 2006/ 135475 PCTI US2006/ 012782 - 30 Table 4 -
actor Conditions Pressure Tenper at dF&SNIEPIEBD/ | PE | PA

Yield psig/kPag C hfl nolar ratio per pass w% 50/345 235 - 255 1 - 5
0.5-1.2 40 - 60 90/621 240 - 260 3 -55:9 8-1.2 40 - 60 120/827 250 - 265
3-7 0.8-1.2 40 - 60 200/1379 250-285 5-9 0.8-2.0 40-60 10091] The Figures 3

and 4 show yie

S. pe

SS_Vver sus

t a.

The

data for the 200

I r
psig (1379 kPa#bWeﬁBE%ﬂ%?aﬁ‘rf"ﬁ% tﬁ’é?&#%ﬁ?df PP KPR S n der
condi tions in which-apdh STiiTthadhee e g&eftll . The data for
the 50 psig (345 kFag) exgnplifies siyL@n| reacti ng under
conditions in which a flagh drum al d Ppauseful . The data for
Figures 3 and 4 are illl:ja'lc?&“ a 5 and 6, the | PE
conversion is cal cuﬁ| ated-Haseqgarr—t ye—yei ght of IPE in
the feed andthevve"!”—:E of| - PE0D, | ss[i‘gq t hat one nol e of
| PE i s converted to ﬁn% dl-e 23001 p p‘.ﬁng\y! ene. The I PA
sel ectivity in somelcafes lexZdBds 12807 4 based on the
nmol es of IPA in thelpréduct d4Pded hy3Bhe di iidPencedyh tihe number of nol es
of IPE in the feed e Rifber |of B3l es| in’lthe prdblbics. However, since
sone | PE can al so dec@npose M9.1hydr ath@n of tIA&S1 PE §43gilve two nol es of
| PA and no propyl ene, 8thils @datilon 3Gf0 | PE da&&0resul®.0in the | PA
selectivity exceedipg 200% 2Phé | PA W9.3% y) el d.8i s calscul at ed by mul ti plying
t he | PA conversion andi¢t hel | P&2.2selject4pwi ty] W5.200p/ 435445 ..
PCTI US2006/ 012782 11 270.0 75.6 74.9 56.6

¢

Table 6 - 50 PSIG Data for IPA Wt.% Yield Per Pass versus Temperature .

Item Temp. C° IPE IPA IPA

Conversion | Selectivity | Yield
Wt.% Wit.%

1 240.0 60.0 70.0 42.0

2 239.9 59.9 67.0 40.1

3 239.9 21.7 122.1 26.5

4 240.1 L 45.7 92.2 422

5 240.0 47.6 91.2 434

6 240.0 32.6 101.7 33.1

7 255.0 81.0 67.6 54.8

8 270.0 81.4 51.7 42.0

9 240.0 37.8 81.7 | 3095

10 239.9 324 103.9 33.6

: 11 270.0 94.6 33.6 31.8
( ' 12 270.1 96.5 25.0 24.2

160931 The data in Tables 5 and 6, see Figures 3 and 4, show the relationship of
temperature to -conversion and selectivity for the decomposition of IPE. As the
ether decomposition temperature increases, the comversion of the ether
decomposition increases, but selectivity of the ether decomposition to IPA
decreases. A maximum single pass yield of IPA from IPE of between about 50
weight % and about 60 weight % can be obtained by controlling the temperature,

pressure, flow rate and water injection ratio. Aliernatively, a lower single pass



-31 Table 5 - 200 PSIG Data for PA W.% Yield Per Pass versus Tenperature
Item Tenperature | PE | PA I PA C Conversion Selectivity Yield W.%W.% 1
269.9 67.9 76.8 52.1 2 240.6 11.9 132.7 15.8 3 280.0 78.8 60.7 47.8 4

270.1 80.7 7 BT, 5 254.9 43.3 115.0 49.8 6 270. 56.6 7
200'1 o 61 MamsTERy 25”3671 4570 108, 0 40 0 o s00rerEemsbhg 2°° 10
262.2 40.2 105.2 42.3 11 270.0 75.6 74.9 56.6 Table 6 - 50 PSIG Data for
| PA' W.% Yield Per Pass versus Tenpergjure Item Tenp. C IPE | PA | PA

Conversion Selectivity Yield W.%W .%1 240.0 60.0 70.0 42.0 2 239.9
59.9 67.0 40.1..3 2

27 6 01 2 43 Heldft SlRyep PGl tedegrabls & e liP il BN 67570,

81.4 51.7 42. fhovflt 24Qedcld etidr 8d inered@edOducl & Lo3Rr Loddrdonl @B 1R Bdeh
temperature.
[0094] Figure 5 shows that certain impurities, typically a mixture of Cs, C, C;
and Cos compounds, from the ether decomposition of IPE increase as the ether
decomposition temperature increases. However, even at the highest temperatures
of about 280°C, the impurities were generally less than twice their values for the
ether decomposition reaction at 230°C. Figure 5 shows that the per pass weight %
of impurities is about 1.5 weight % at a temperature 'of about 280°C. The data for
Figure 5 is listed in Table 7.
[0095) Based on the data in Table 7, a temperature of less than about 280°C is
desirable with respect to maintaining total impurities to less than or equal to about
1.5 weight %, preferably less than about 270°C to maintain total impurities to less
than or equal to about 1.1 weight %, preferably less than about 260°C to maintain
total impurities to less than or equal to about 0.7 weight %, preferably less than
about 250°C to maintain total impurities to less than or equal to about 0.7 weig]ﬁ
%, preferably less than about 240°C to maintain fotal impurities to less than or
equal to about 0.7 weight %, and preferably less than about 230°C to maintain

total impurities to less than or equal to about 0.6 weight %.



11 270.0 94.6 33.6 31.8 12 270.1 96.5 25.0 24.2 100931 The data in Tables 5
and 6, see Figures 3 and 4, show the relationship of tenperature to
-conversion alsekacdivity for the deconposition of IB Eﬁ (’Ih £y €1 her
deconposi tion tenperature increases, the conversion-of t et

deconposition increases, but selectivity of the ether decorrp05|t|on to I PA
decreases. A nmaxi mum si ngI e pass yieldsf IPA fromIPE of between-about 50
wei ght % and about 60 wei ght % can be obtained by controlling the
tenperature, pressure, flow.r nd . water injection ratio. Aternatively,
a lower single pass WD 2(9]6%1 3%@%’%& VB GBI FPPES . 32 yield at a | ower
tenperat ure collgenP€ead@age’ABI € | CothBCERASE0mBECEE]] €Oy CTY bmerth& amount
of recycle ether is |rags.eased dJe a.ch ower eanyver si orwad, t he | waes
tenmperature. 190941 [Fi gurmgpS shpws thabsgtertal npigfpurities,|{ typi cgay a
m xture of C5, G5, C andgCI+ COMPOUNHE, T’romé el nero_(agcorrposmur n of
| PE i ncrease a eLi|e§4O. feto lpuﬁtb 1 Len]Jelfﬁli e imrﬁtl'g €S er,

3) S

even at the hi ghest—jtenpefaiures—of—apagt—286 nv...p +es—net-e
general ly Iessat h‘gﬂ - h’ngi?gl e B "'e@ XM tbcem@g her :U,lﬁ sitic“fb' eaction
at 230C. Fi gure_554_hlo\/\r: z t r B40% e nh@ 1% -of LLQ}‘QQ ities Q¥ about
1.5 wei ght % af_abtemerd%fte of ahoud99R0C  The2¥ata f of-05Ei gure B37s
listed in Tabl ¢ 77 1/009523%%sed{on the0dta in T2l e 7. #.08knperat@i® of
| ess than about 280Q i s 2&ie%irabl e wi 0h0%espect 0.200 mai nt &i0| ng t ot&l6
inpurities to llesg than p47.@quall to abow| 1.5 wesjght % o@7ef er ably4iljess

t han about 270¢ ti9 nii ntag7g tot &l T npphof|l es toghgss thap7pr equadsdlo about
1.1 weight % prefergbly l£pS than abggh;|260C T i ntal pgfotal igrities

to less than o gque Lozwm U7 WERY %) prgbgrdm Y f(ﬁ?l tirar— #@Rout
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250C t o nmi nt aifr<totpt- —tTe¢s—to tHram ecroret bott—6—=twei ght
% “preferably I(—:sl'l3 +Hhat %grm 2 ECC{ of’-m A-ai-h "450:4 i ..H‘LQuLl -es to‘_?rjfss '?han
or equal to abeut—OL7—w O and Q,ﬁg(? er-ably—ass thﬂ;.)d?f;out .23v‘ﬁto
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16 262.1 0.010 0.23 0.02} 0.38

17 247.2 0.008] . 0.23 - 0.13 0.35

19 255.0 0.010 0.25 0.28 0.38

20 254.9 0.017 0.27 0.06 045

21 255.3 0.023 0.34 009 -~ 058

.22 254.9 0.019 0.33 0.09 ' 0.54

23 254.9 0.012 0.27 0.06 0.46

24 254.8 0.012 0.26 0.03 0.46

25 270.1 0.035 (.43 0.07 0.75

26 2699 - 0.008 - 0.37 0.05 0.37

27 270.0 0.026 0.38 0.05 0.63

28 270.1 0.027 0.41 0.07 0.65

29 280.0 0.034 0.49 0.19 0.78

( [0096] All documents described herein are incorporated by reference herein,
. including any priority documents and/or testing procedures. As is apparent from

the foregoing general description and the specific embodiments, while forms of

the invention have been illusirated and described, various modifications cén be

made without departing from the spirit and scope of the invention. Accordingly, it

is not intended that the invention be limited thereby.



WO 2006/ 135475 PCT/ US2006/ 012782 -33 Table 7 - Pilot Plant Heavies versus
Tenperature Item Average Bed Other Cos O her C6s O her C7’s Other C9s+ Tenp.
CW . %W.%W.%W %1 230 0.045 0.15 0.00 2 230 0.006 0.17 0.03 0.40 3
240.0 0.011 0.27 0.15 0.45 4 239.9 0.012 0.26 0.13 0.43 5 240.0 0.009 0.19
0.09 0.35 6 239.9 0.006 0.22 0.05 0.37 7 239.9 0.006 0.22 0.03 0.37 8
239.9 0.009 0.20 0.04 0.36 9 247.6 0.010 0.25 0.27 0.41 10 247.6 0.001
0.24 0.27 0.39 11 247.7 0.001 0.24 0.2%40.40 12 247.1 0.008 0.24 0.07 0.40
13 265.6 0.042 0.45 0.11 0.93 14 247.2 0.010 0.24 0.021 0.42 15 262.2
0.005 0.24 0.03 0.43 16 262.1 0.010 0.23 0.02. 0.38 17 247.2 0.008 0.23
0.13 0.35 éﬁgiéi—bo 0.010 0.25 0.28 0.38 20 254.9 0.017 0.27 0.06 0.45 21
255.3 0.02 . .09 0.58 22 254.9 0.019 0.33 0.09 0.54 23 254.9 0.012
0.27 0.06 0.46 24 254.8 0.012 0.26 0.03 0.46 25 270.1 0.035 0.43 0.07 0.75

26 269.9 0.008 0.37 0.05 0.37

1. A process for the production of an alcohol, the process comprising:

(a) reacting an olefin and water in the presence of a catalyst under conditions
sufficient to form a crude alcohol stream comprising the alcohol and a dialkyl ether;

(b) separating at least a portion of the crude aleohol stream into an alcohol-
containing stream and a dialkyl ether stream;

(c) contacting at least a portion of the dialky! ether stream with an ether
decomposition catalyst, the ether decomposition catalyst comprising: a mixed metal
oxide having the following composition:

XY Zp04

where X is at least one metal selected from Group 4 of the Periodic Table of

Elements, Y is at least one metal selected from Group 3 (including the

Lanthanides and Actinides) and Group 6 of the Periodic Table of Elements and Z

18 at least one metal selected from Groups 7, 8, and 11 of the Periodic Table of

Elements; m, n, p, and q are the atomic ratios of their respective components and,

when m is 1, n is from about 0.01 to about 0.75, p is from 0 to about 0.1, and q is

the number of oxygen atoms necessary to satisty the valence of the other
components, to form a crude dialkyl ether decomposition stream comprising the
alcohol and the olefin;

(d) recovering at least a portion of the olefin from the crude dialkyl ether
decomposition stream;

(e) recycling at least a portion of the olefin recovered in step (d) to step (a); and

(f) the crude dialkyl ether decomposition stream comprises residual dialkyl ether,
and the process further comprises the step of recycling at least a portion of the residual

dialkyl ether to step (c).



27 270.0 0.026 0.38 0.05 0.63 28 270.1 0.027 0.41 0.07 0.65 29 280.0 0.034
0.49 0.19 0.78 10096] All docunents described herein are incorporated by
reference herein, including any priority docunents and/or testing
procedures. As is apparent from the foregoing general description and the
specific enbodi nents, while fornms of the invention have been illustrated
and descri bed, various nodifications can be nade w thout departing fromthe
spirit and scope of the invention. Acceddingly, it 1is not intended that the
invention be limted thereby. -34- CLAIM5: W claim 1. A process for the
production of an alcohol the process conprising (a) reacting an olefin and

water In t tﬁe P 93¢ 0Es essrﬁgc?r mﬁ E;[émal’ ggtﬁ}e gg' tstIEPnS ?I}(yﬁ #%8}101 fltoolb; orma

crude al cohdl stréamco

separ at i ng thd crhadiblkal @Bértde@ﬁn]]ﬁﬁsnidﬁatr@ilﬂ @bacoatb@zwa%ﬂsmle eﬁehcbmﬂacm@a adl cohol -
containing stream and a di al kyl ether stream (c) contacting at |east a

portion of steRdbYi al kyl ether streamw th an ether deconposition catalyst,

t he et her deconposition catalyst conprising: a mxed nmetal oxide having the
foll owi ng conposition: XrY'ZpOg where Xis at |east one netal selected from
G oup 4 of 3the Ak ipestiess atadidgab anFbesvdlicpreéding cﬂatimlsesaisetremmlae dinlkgl sel ected
from G oup ncI ing the ant hani des _and Actj ni des) and G oup 6 of the
Periodic T F‘@Hlérgxgbethb ZﬁZthsW Fretne?%t‘?f‘g%rf@ o8 2 4 phauf g(g from G oups
7, 8, and 11 of the Periodic Table of Elenents; in, n, p, and g are the
atomc ratios of their respective conponents and, when inis 1, nis from
about 0.01 4o albepr@cFHceprding tb ChaimB, wdemwboutang@esifromidod. i s t he nunber of
oxygen atons necessary to satisfy the valence of the other conponents, to
forma crude dial kyl ether deconposition stream conprising the alcohol and

the ol efin;s, The process according to any one of the preceding claims, wherein step (a) is a

direct olefin hydration process or an indirect olefin hydration process.

6. The process according to Claim 5, wherein step (a) is a direct olefin hydration
process and the direct olefin hydration process operates at a pressure ranging from about
200 psig (1379 kPag) to about 2000 psig (13790 kPag), a temperature ranging from about
80°C to about 120°C, a WHSV ranging from about 0.1 hr”' to about 5 hr'!, a water to
alcohol molar ratio ranging from about 0.1 to about 20, and the catalyst selected from
acidic resins, solid phosphoric acid (SPA) catalysts, acidic zeolites, solid metal oxide

catalysts, mixed metal oxides, and silicotungstate catalysts.

7. The process according to Claim 5, wherein step (a) is an indirect olefin hydration
process and the indirect olefin hydration process operates at a pressure ranging from
about 50 psig (345 kPag) to about 500 psig (3448 kPag), a temperature ranging from
about 65°C to about 120°C, a WHSV ranging from about 0.2 hr' to about 0.8 hr'?, a
water to alcohol molar ratio ranging from about 1 to about 4, and the catalyst selected

from sulfuric acid and phosphoric acid.

8. The process according to any one of the preceding claims, wherein step (d)

comprises a distillation,



(d) recovering at least a portion of the olefin fromthe crude dial kyl et her
deconposition stream (e) recycling at least a portion of the olefin ‘
recovered in step (d) to step (a); and (f) the crude dial kyl ether
deconposition stream conprises residual dialkyl ether, and the process
further conprises the step of recycling at |east a portion of the residual

di al kyl ether to step (c). -35- 2. The process according to Caim1, wherein
at least a portion of the al cohol from3Ghe crude dial kyl ether
deconposition streamis conbined with the al cohol obtained at step (b). 3.
The process according to any one of the preceding clainms, wherein the

di al kyl f bout 2
fo abaut 164, ThReRsPRutetng i o Peartsing c?ﬂﬁ&r‘zlﬁﬁ?aﬁeﬁ%aﬁ@g? from2-to
4. 5. The pRpHeGRS st AGeHued Afsih fRRYaRRED plig [EPR) REABUNSNCHsR jein step

(a) is a direct olefin hydration process or an indirect olefi n hydr ati on
process. 6. The process accordi ng to daimb5, wherein step (a) is a direct

ol efin hydratio e SS er at es
ot & prossdfe r PR Rsr CIShe Bhrnide Hl 0 AESEE 8 e
(13790 kPadjom sbduespesig(345ekPagnei abgutl 250 peigli0ig4 kiBEL t o about 120C, a WHSV

ranging fromabout 0.1 hfl to about 5 hr"1, a water to alcohol nolar ratio
rangi ng from about O. 1 to about 20, and the catal yst selected from acidic

resins, soljd p'*[‘l'{é Cac%ﬁﬁlgomnﬁ‘)or&%% 1ﬁ£ JIOa&h&Eﬁsge?C(U ;%r%ftes%%' d_metal

oxi de cataI ysts, d eta |cotun st sts. 7. The
process acqmcsshiragaﬂgmg(ﬁrcanrmb@t 1\50951g|(m331t1@|ag)(ta)abms :zaa pslg(dlrt@d{Pag) efin
hydrati on process and the indirect olefin hydration process operates at a
pressure rangi ng from about 50 psig (345 kPag) to about 500 psig (3448

kPag), a Uefiber athRockanheidindgsdhy AR dih AR, WRQGn siep ISV r angi ng

fromabout 0.2 hr to about , a water to aI cohol nolar ratio rangi ng
f rom about opetates aboWIH SV ramdlgtﬂn@nemlaIOyLdﬂ seP®tbed fromsul furic acid and
phosphoric acid. 8. The process according to any one of the preceding
clainms, wherein step (d) conprises a distillation.

13.  The process according to Claim 11, wherein step (c) operates at a WHSV ranging
from about 1 hr™ to 100 hr.

14, The process according to any one of the preceding claims, wherein a molar ratio

of water to dialkyl ether ranges from about 0.1 to about 5.0 in step
(C).

15.  The process according to Claim 14, wherein the molar ratio of water to dialkyl

cther ranges from about 0.5 to about 2.0.

16.  The process according to any one of the preceding claims, wherein an alcohol

yield per pass ranges from about 10 weight % to about 90 weight %.

17.  The process according to Claim 16, wherein the alcohol yield per pass ranges
from about 40 weight % to about 60 weight %.

18.  The process according to any one of the preceding claims, wherein the olefin

recovered in step (d) has a purity of at least about 95 weight %.



-36- 9. The process according to any one of the preceding clains, wheréin
step (c) operates at a pressure ranging fromabout 0 psig (0 kPag) to about
500 psig (3448 kPag). 10. The process according to Caim9, wherein step
(c) operates at a pressure ranging from about 50 psig (345 kPag) to about
250 psig (1724 kPag). 11. The process according to any one of clains 1-10,
wherein step (c) operates at a pressure ranging from about 150 psig (1034
kPag) to about 210 psig (1448 kPag). 1237The process according to any one of
the preceding clains, wherein step (c) operates at a WHSV rangi ng from
about 0.1 hft to 250 hf'. 13. The process according to Caim 11, wherein
step (c) operat at _a VWHSV.r angi n fromabout 1.hr-1.to0.100 h . . 14. The
process ac 2 g‘r di ﬁge P bocgﬁfc%%gmgii f emﬁr0 ed?rﬁ%eﬂg’lgaﬁl%?’ %eé?lgi%‘f"? %Eeﬁ‘%}l G ratio
of water t @nefhilatlspted BbMEGrotpRG8E Grows abay Pefodlc TolabpBlenenfd chipaieap (C) .

15. The process according to Caim 14, wherein the nolar ratio of water to

di al kyl  etcpamthyaidsast pegnglgbsplectedsrars Gapiyut ofxhgPeriglic Teide p¥ Blewsnis accor di ng

to any one . edi i i I i e Ss
anges froseapits AHETHEM AR 5orf b o3 ek Ber iy B trom el BB
accordi ng t0d5CI ai m 16, wherein the al cohol yield per pass ranges from about

40 weight % to about 60 weight % 18. The process according to any one of
the preceding clains, wherein the olefin recovered in step (d) has a purity

of at | eastyabotthe 3RcRialsralfly o 375 ke e RUARHINAERG A% futedy ONE of

t he preceding clal wherein~the at |east” one "netal selecte rom G oup 3
and G oup 6nudl oxitle fRdhdr odinpriFaishBu AindHhes nlentompositipn Xed5Z,@.Er where X, e at

| east one tal selected from Goup 4 of the Periodi.c Tahl e of .El egents
comor i S0a. 2o Pbant o S hedht s Taaaiee B p S Bepe g A e | om about

0 to about {5 @e@Rmidhtio FeuRH0cess according to any one of the preceding
clains, wherein the mxed netal oxide further conprises sulfur, and has the

conposition X, ,,Y"Z1, OgSr where X, Y,
21, The process according to Claim 20, wherein the sulfur is present in an amount up

to 5% by weight of the total mixed metal oxide composition.

22.  The process according to Claim 21, wherein Y is ceriurg, X is zirconium and p =
0.

23.  The process according to according to any one of claims 1-8 or 19-21, wherein
step {c) operates at a pressure ranging from about 0 psig (0 kPag) to about 500 psig (3448
kPag), a tmperature ranging from about 150°C to about 350°C, a WHSV ranging from
about 0.5 hr™ to about 250 hr', a molar ratio of water to ether ranging from about 0.1 to
about 3.0, and an alcohol yield per pass ranging from about 20 weight % to about 60
weight %.

24.  The process according to according to any one of Claims 1-8 or 19-21, wherein
step (c) operates at a pressure ranging from about 50 psig (345 kPag) to about 210 psig
(1448 kPag), a temperature ranging from about 200°C to about 290°C, a WHSYV ranging
from about 2 hr’! to about 100 hr™, a molar ratio of water to ether ranging from about 0.5
to about 2.5, and an alcohol yield per pass ranging from about 40 weight % to about 60
weight %.



Z, in, n, p and q have the same neaning as in the preceding clains, and Sis
sulfur and r is the atomc ratio of sulfur. 21. The process according to
Claim 20, wherein the sulfur is present in an -anmunt up to 5% by wei ght of
the total m xed nmetal oxide conposition. 22. The process according to Caim
21, wherein Y is cerium Xis zirconiumand p = 0. 23. The process according
to according to any one of clains 1-8 or 19-21, wherein step (c) operates
at a pressure ranging fromabout 0 psi-B¥-0 kPag) to about 500 psig (3448
kPag), a tnperature ranging fromabout 150C to about 350C, a WHSV rangi ng
from about 0.5 hfl to about 250 br 1, a molar ratio of water to ether
ranging fr ass ranging

ab a el d per
from about 30 it ghegeiorfBRlD wdodingd e Datyahe Riee i CelE wBBERal ng o
accor di ng tie ddlitylQer 0bmpiiss BEe dr SoRlof 10pdbyl tha! Glcbutys bher, kEd mlRereat €S at a
pressure ranging fromabout 50 prig (345 kPag) to about 210 psig (1448
kPag), a tgwwfature rangi ng from about 200C to about 290C, a VWHSV rangi ng
fromabout 2 hr -1 to about 100 hf', a nolar ratio of water to ether ranging
fromabout 0.5 to about 2.5, and an al cohol yield per pass ranging from
about 40 webght The prwceautorfiflg tovmiygite o¥ClaiR81-72m.9- ZH)@vharem:ﬁsls(caccor ding to

according to any one of the preceding s, wherein et her
conpri ses &A@P S AR Epared PWFSS&%Eﬁsaﬁw@OM%%ma(ﬂé B os
thereof . 26 IR eRUMESs according to any one of Cainms 1-7 or 9-25, wherein

step (d) conprises a flash separation at a pressure | ess than about 180
psig (1241 kPag) to obtain the recovered oI efin. 27. The process according

to any one . gof ns 1-7 or 5, wher | rlses onpressi ng at
| east a po??i o%ﬁ?p{oﬁgssragﬁ%@@g R dtl]% ?pl éfgg%is é’f(}gF St% A process of
i mprovi ng thRpAek e6hbickdidg M ledt &bbifioR 8MKGSdo98kcl BlcRA t@hﬁﬁma shydration

process, the process conprising: (a) contacting a dialkyl ether streamfrom

the ol efin hydration process with an
28. A process of improving the selectivity of olefin conversion in an olefin hydration
process, the process comprising:

(a) contacting a dialkyl ether stream from the olefin hydration process with an
cther decomposition catalyst, the ether decomposition catalyst comprising: a mixed metal
oxide having the following composition:

XY Zp0q

where X is at least one metal selected from Group 4 of the Periodic Table of

Elements, Y is at least one metal selected from Group 3 (including the

Lanthanides and Actinides) and Group 6 of the Periodic Table of Elements and Z

is at least one metal selected from Groups 7, 8, and 11 of the Periodic Table of

Elements; m, n, p, and q are the atomic ratios of their respective components and,

when m is 1, n is from about 0.01 to about 0.75, p is from 0 to about 0.1, and q is

the number of oxygen atoms necessary to satisfy the valence of the other
components, to form a crude dialkyl ether decomposition stream comprising an
alcohol and an olefin;

(b) recovering at least a portion of the olefin from the crude dialkyl ether
decomposition stream; and

(c) using at least a portion of the olefin recovered in step (b) in the olefin

hydration process used to make the dialkyl ether decomposed in step (a);



et her deconposition catal yst, the ether deconposition catalyst conprising: a
m xed netal oxide having the follow ng conposition: XnY"ZpOg where X is at
| east one netal selected fromGoup 4 of the Periodic Table of Elenents, Y
is at least one netal selected from G oup 3 (including the Lanthanides and
Actinides) and G oup 6 of the Periodic Table of Elenents and Z is at |east
ohe netal selected from Goups 7, 8, and 11 of the Periodic Table of

El enents; in, n, p, and q are the atontd%ratios of their respective
components and, when mis 1, nis fromabout 0.01 to about 0.75, pis from
0 to about 0.1, and g is the nunber of oxygen atons necessary to satisfy

t he val ence of the r 0 ents,,.to forma crude dialkyl, etk

deconposi tion stvftheeéle(r%ﬁIl @%r%?c%sﬁgﬁfﬁmg%% oo oIS’ re\(ég}lglr@a?ééeri ng at
| east a pordthe@andithd frecak Giriter Ea0pHded the Gtep & rediyelidgydi 1@bheporticiesfposi ti on
stream and (c¢) using at least a portion of the olefin recovered in step (b)
in the ol efﬁeﬁdu%M@gP@ﬁl'fﬁrsﬁf‘@é% used to make the dial kyl ether deconposed
in step (a); -39- wherein the crude dial kyl ether deconposition stream
conprises residual dialkyl ether, and the process further conprises the step
of recyclinzP.at Theasdcess gootdirgniodflaitczs, whersindatddastd pdrtioy bf e hievhdidroat ep (a) .
29. The progess accqr di o Clai.m 28, wherein | east a por.tion of the

S eonol fr o cnedaibele %RWPO%@W%%W&%SP% Brpugh e 2Phel PSS s ed

t hrough an glgghol recovery stream 30. The process according to any one of
Claim 28, wherein the olefin recovered in step (b) has a purity greater

t han about 95 weight % 31. The process according to Caim 30, wherein the
olefin recoyered.in ste has a purjity. at.er .t han out 98 wei ght %
32" The pr otbss HedsrsRaepBingl) woRaRtht CHia hE Wikt W NEE oyl Oh,)
conpri ses astefib$ hisld @irit@ Bre@fer thahi laB&h 95 eRamatd.on. 33. The process according
to daim 32, erein step (b) further conprises

31.  The process according to Claim 30, wherein the olefin recovered in step

(b) has a purity greater than about 98 weight %.

32.  The process according to any one of claims 28-31, wherein step (b) comprises a

distillation or a flash separation.

33, The process according to Claim 32, wherein step (b) further comprises

condensing at least a portion of the recovered olefin to a liquid state.

34.  The process according to any one of Claims 28-33, wheren step (b) operates at a

pressure ranging from about 0 psig (0 kPag) to about 200 psig (1379 kPag).

35.  The process according to any one of Claims 28-34, wherein step (a) operates with

a WHSV ranging from about 0.5 hr to 250 hr.

36.  The process according to any one of Claims 28-35, wherein a molar ratio of water

to dialkyl ether ranges from about 0.1 to about 3.0 in step (a).



condensing at |east a portion of the recovered olefin to a liquid state. 34.
The process according to any one of Cains 28-33, wherein step (b) operates
at a pressure ranging fromabout 0 psig (0 kPag) to about 200 psig (1379
kPag). 35. The process according to any one of Cl ains 28-34, wherein step
(a) operates with a WHSV ranging fromabout 0.5 hr-' to 250 hr-'. 36. The
process according to any one of Clains 28-35, wherein a nolar ratio of water
to dial kyl ether ranges from about 0.1-#8-about 3.0 in step (a). -40- 37.
The process according to any one of Cl ains 28-36, wherein an al cohol yield
per pass ranges from about 40 weight %to about 60 meight % 38. The

process ac di , A ne net al
sel ected f(r}%fm GH%SBJ?%& (fg?;@o to%ﬂ?ﬁ?%@&fg zg\égbe%a% Ogﬁlgﬁft%e?
conpri ses qeass tanpes frdne aladut Hea&tghwfetormbal603veé1§ﬁt"/ad from Group 4 of the

Periodic Table of Elenents conprises zirconium n is fromabout 0.02 to
about 0.06, and p is fromabout 0 to about 0.05. 39. The process according

to any one gf thgRy&eeIR6 M Ab TRy M@éﬁ.‘fl@nﬁm 3‘7 %@drei L Al 183t @iyl t her

conprises sulfur. 40. The process accordlng C’ai m 39, erein the sul fur
i's present Sieh:cad fmonuplﬁmndt@roﬁﬁfé loy thedieghdic d’fablterméElemeats auinpeidesetiab, oxi de

conposition he proce m 40 in Yis ceriu Xis
P r Coni utm ata et og RESF SRR ATrEE Lol d Qe PP Tably ShEls s cPmbiies 55, 04
or 38-41, WARbSum, §ﬁ§ﬁ’oﬁ1%boumt%taﬁ§uﬁi0@aﬁ a&wlﬁalsaﬂglt@gbaﬁ gmsabout 150
psig (1034 kPag) fo about 200 psig (1379 kPag), a tenperature rangi ng from

about 250C to about 280C, a WHSV ranging from about 5 hr-' to about 100

a ol gﬁ{,‘ rat'fh%lpgtf)ce\é\@ac%grdw ﬁlﬁ? rﬁ&é %ﬂ%&ﬁéd@é@%&%&h&&?g 3}}6 mixgpout 2.0,

and an alc yi'e per pass I'g t'o"about 60
wei ght % 4ﬁmamhﬁ&ﬂ®ﬁha&®naﬁ@a§@HMQ to any one of Clains 28-42, wherein the
di al kyl ether conprises one or nore of isopropyl ether, sec-butyl ether,
and m xtures thereof. 44. A process for the production of alcohols by

dial kyl ethgy depQREstd LQBrdidd e CIRLPSS SheftHME SHIANYS present in an amount up

to 5% by weight of the total mixed metal oxide composition.

41.  The process according to Claim 40, wherein Y is cerium, X is zirconium and p =
0.

42.  The process according to any one of Claims 28-34 or 38-41, wherein step (a)
operates at a pressure ranging from about 150 psig (1034 kPag) to about 200 psig (1379
kPag}, a temperature ranging from about 250°C to about 280°C, a WHSYV ranging from
about 5 hr'! to about 100 hr”', a molar ratio of water to ether ranging from about 0.8 to
about 2.0, and an alcohol yield per pass ranging from about 40 weight % to about 60
weight %.

43.  The process according to any one of Claims 28-42, wherein the dialkyl ether

comprises one or more of isopropyl ether, sec-butyl ether, and mixtures thereof.

44. A process for the production of alcohols by dialkyl ether decompeosition, the

process comprising:



-41- (a) reacting a mxture of olefins and water in the presence of a

catal yst under conditions sufficient to forma first crude m xed al cohol
stream conprising the water, a first m xture of alcohols, and a first

m xture of dialkyl ethers; (b) recovering at |least a portion of the first

m xture of dialkyl ethers; (c) contacting at |least a portion of the first

ni xture of dialkyl ethers recovered at step (b) with an ether deconposition
catal yst, the ether deconposition catat$st conprising: a mixed netal oxide
havi ng the follow ng conposition: Xn,Y" ZpOg where X is at |east one netal
sel ected fron1C?oup 4 of the Periodic Tabl e of Elenents, Y is at |east one

retal sel ect ed {(h0m QU Bkt BRGNS it AR RARRASS, R ACLAdY des) and

Goup 6 of the er|0|cT El enents an Is at |east” one netal
sel ect ed fr@ﬂﬁonmmfﬁai;entao famma fist ohid¢ mexePaidobali strednlobmposing tHeovmtert 5; in, n,

p, and q arg the atopi,c ratio their e conponents and, when in
is 1, nisfﬁlfsbrm&ﬁﬁ)ﬂf}‘ 153? g%\ B%fmﬁmltﬂé)f%%ﬂ]fg h’reBSmOto about 0.1, and q is
the nunber of 0%91%80&%&19@%]@@&%%)%?5[0\6 &%%ﬂxﬁthr& bediwayeasgsof the other

conmponents, to forma crude dialkyl ether deconposition stream co%l sing a

second ni xture df) amgshog st lazstia aogien ofthedirstuixarodt dallsyl atlers edyverssosver i ng

at | east a por he ,second,.m X first crude
di al kyl et h%r @Z Hﬁ%gfhtef 8?.‘30&13?%13?,? caéﬂ?jsef tg]? ?%gléée(?f) 881§?n ?aéaggﬁt a portion of
the ol ef i nscongeiRMer £hitdd rﬁét@n%xﬁ&)hat«ﬁmsﬁ@mm)ng copesigbm the crude dial kyl
et her deconposition streamconprises at | east one dialkyl ether, and the

process further conprises the stepZdfs recycling at |east a portion of the

at Ieast one di abirl X8 0kad O SheR) {fre o HRSPY OEREPeAGROTOG Lo Calm

44, wherein at least a por I'on o e second ure o s fromthe
crude di al kyl etmameldgdbumﬂ;eatsﬂmmdtaﬂea]mte@fmmrﬁronﬁd (imcludingahe | east a

bne. of Gl ai o 4d-gianiie R RORHAS FRLGTEP GaE e Beaigtiea B LIGTTEChnpr | Ses
at least two ol gf LingadPBd RYtal QB PorWiluRNds QHERY of Hle PERE TabRof
Elements; m, n, p, and q are the atomic ratios of their respective components and,
when m is 1, n is from about 0.01 to about 0.75, p is from 0 to about 0.1, and q is
the number of oxygen atoms necessary to satisfy the valence of the other
components, to form a crude dialkyl ether decomposition stream comprising a
second mixture of alcohols and a second mixture of olefins;
(d) recovering at least a portion of the second mixture of olefins from the first
crude dialkyl ether decomposition stream; and
(e) recycling at least a portion of the olefins recovered in step (d) to step (a);
wherein the crude dialkyl ether decomposition stream comprises at least one
dialky! ether, and the process further comprises the step of recycling at least a portion of
the at Jeast one dialkyl ether to step (c).

45.  The process according to Claim 44, wherein at least a portion of the second
mixture of alcohols from the crude dialkyl ether decomposition stream is combined with

at least a portion of the first mixture of alcohols.

46.  The process according to any one of Claims 44-45, wherein the first crude mixed

alcohol stream comprises at least two olefins having formulae CyHs, and C,Hyy, at least



two al cohol s having fornmul ae CxH2x+10H and CyH2y+l OH, and at | east two

di al kyl ethers selected fromfornulae CxH2x+i OC. H2x+1, CyH2y+1OCyH2y+i, and
CxH2x+10CyH2y+i, and wherein x and y independently range from about 2 to
about 10 and wherein x and y are not equal.

-47 .-

two alcohols having formulae CyHax1OH and CyHzy1OH, and at least two dialkyl cthers
selected from formulae CxH2x+10CxH2x+1, CszyﬂOCszyﬂ, and CtzxHOCYszH, and
wherein X and y independently range from about 2 to about 10 and wherein x and y are

1ot equal.



