01- 2750A EPDXI DATI ON PROCESS 5FI ELD OF THE | NVENTI ON This invention rel ates
to a process for produci ng propyl ene oxi de. BACKGROUND OF THE | NVENTI ON

Pr opyl enewoxnoetsi®2an i nportant industrial chem cal. Prepyluse@oonizde is io0
commercially produced by reacting propylene with an organi c hydroperoxi de
oxi di zi ny-gEg . such as et hyl benzene hydroperoxide or tert-butyl

hydr operoxi de. This process is perfornmed in the presence of a solubilized
mol ybdenum cat al yst, see U. EpBXIDANON PRUOGESSS. or a heterogeneous
titania on silica catalyst, see U S. Pat. No. 4,367,342. 15Propyl ene oxi de
can al so be produced by the epoxidation of propylene using hydrogen

peroxi de. U.S. Pat. Nos. 4, d3BLD&Y; THESB‘Q’,EPE@Q%M 4,937,216, for exanple,
di scl ose ol efih. j i i i ! presence of a
titani um sil Fggt'gp%g’togﬁ%’é@% tguatcﬂo%%@g?%dg@re rcrﬁﬁ)l(lgﬁbc%ﬁgﬁ'ct ed in the

di rect epoxidation of propylene with 20 oxygen and hydrogen. In this
process, it is believed act in situ to forman
oxi di zing agent. Many di ngﬁéggbaﬁgi@ a\zgﬁglede'ﬁ proposed for use in the
di rect epoxi Paopydene oaites is. amyipipoatany indusdrial achenyisal. c dirppylers axideolsi e net al
and g titanosilicate.  F X JP 4- 774 disc i f | on of
o oph erfeBRRET - BipcuPeh, L eRe g, Krabvieng Wi ol cOreRE, hVGropRat |

cont ai nioxidizng mgeht, ssychVhs letmpherizena diydasperakidadiruterterutyl loydreperbkidae

tit ilicate. Th VI .1 tal _is beligeved ti f
oxygen st AREPSY BPasTiBe i e s St S sl FHEsY iouBHaRTh Ealde S0 0" ©
U. S. Paty.SNeat.&\dl 9B32R635 e hdtlesogeneatsititesia on silica catdlyst, $ed Hi8.Fatzeol i te

and a s orted noble netal conplex. The noble nmetal is supported on a
carrier LI@‘E&#Q?%r bon, titania, zirconia, niobium 30 oxides, silica,

al umsna, sil ifgapyaénaTbxide charisy bepeaduded bynik pagidutionsf fepylenengtigen
oxides, titania-silica, zircagnia-silica, ni o% -?zéjsca, ang ;;ﬁhures

t her eof .nyefegen @eraxide. eplxa- dh et oo aftddp<A0e ﬁﬁ &85 Apfuf 331 » $8bpor t ed
on titangghldi€ adi€dese 8RfihpdiciiBh &vitfChydrabbn paidlide WOLRBpFS:EA3e of a The
di rect epoxidation process may occur in the liquid or vapor phase. Wen the
process ttaniparsilicateptalyst he 1§ qui d phase, the |iquid mediumis usually an

al cohol - wat enyEdurfcht réSeakchli¥ BbAdUdtdd [FthBaatt ﬁm_imba lof propylene with | N sum
new nmet hods to produce propyl ene oxyd_eb% epoxi dation of propylene 5 are
need¥d. GYSEMRRD Ordrpgen) Nv&msrp(gqess, it is bekie

_ _ ed habAriash ang kydseeribeact or
produci ng (B, 3R Y&NSn Ricfiing 2GéntP” fIERSIRcafivots havé beBRRGIdsed fér

: . ? r?ﬁﬁ?ai
titaniumzeolite wth a reaction feed _conprising propyl ene, hydrogen-
per oxi dejset ior theadijedt .gppixidatien sbcesend Tupically, tthe fedrlvetecNpisegue tNoSI§ eam
conpri si LARY. yl LAE, Br , { tyl
ol conol etk ofia, HfneREARY FOFeRInHR, IPRESOPIT PSS in ol on BE )
over heacprepyleasroxideiions progylene pgxyaes, amd hydroges usingta oaiglyst ead@n®@rr i si ng

pr op%/; gg@EogﬁL\Qlﬁ’mg{a?@Méﬁ% ﬂll}éﬁﬂn oh& tciﬁ{éflir%uﬁtghoéli&fwmThea@qod??wr' The

firs stréeami
metal is believed to promote the reaction of oxygen and hydrogen to form a

hydrogen peroxide in situ oxidizing agent. U.S. Pat. No. 6,498,259 describes a
catalyst mixture of a titanium zeolite and a supported noble metal complex. The
noble metal is supported on a carrier such as carbon, titania, zirconia, niobium

30 oxides, silica, alumina, silica-alumina, tantalum oxides, molybdenum oxides,
tungsten oxides, titania-silica, zirconia-silica, niobia-silica, and mixtures thereof.
Other direct epoxidation catalyst examples include gold supported on titanosilicates,
see for example PCT Intl. Appl. WO 98/00413.



15 distilled to produce a second overhead stream conprising propyl ene oxide
and a second bottons product stream conprising propylene glycol, tertiary
butyl al cwbabio/@am®2wat er. The second bottons streamis @c3ttskéieadot7ao pr oduce
a third overhead stream conprising an azeotrope of tertiary butyl alcohol

and wat er andry difdch @p&@&étﬂﬂ’ﬁ r%&é%?%&ﬁhﬁ'tﬁ@luﬁﬁu@l@ylvép& gHageolwpasl wat er .
20 BRI EF DESCRI PTI ON OF THE W NG F is a schematic flow di agram of

one enbolfiersetessiis paEoTmrrbiRtthe Hauidiehape Hhe BrudrnediliNS esugiyan T ON
25The prQs@esm Jﬂﬁret Afost Wb?déﬁly%tm%hé%t@rpox' di zi ng propylene to produce

propyl ene oxi poxi dation step of the process conprises contacting a
titani um zeollp semmnew faeihédém preduse @renyigne eXidey by eapyifalinn ofRrapyges

peroxi de, tertigry butyl alcohol, and water to produce a product stream
conprising propyl ene, propyl ene OXIde propyl ene glycol, tertiary butyl

al cohol, and water. 30Titanium zeolites are well known. Titanium zeolites

conprise the class of zeol SPW&&Q%}@WI%ﬁb’N titanium atons are
e si a

substituted for a portion O i con I'n the lattice franmework of
a nol ecul ar ShhisyénveBtioh is U pracesssfor gurddudieg rpropylent toxistie, dhe prgicesknown i n

the art. _See.far l.e. U S .Pat. 0] 6
Sui t abl ec‘%’f“?’b?r?g Frﬁeg%ts%tg\gage tlfaﬁbb%rg'\%é?)ge at’ qT?n% 'f?&?g‘ﬂ? gFggh%@ﬁégs'%g por ous
nol ecwl apropylene, rs;drogﬁmperowidehtdmargarmiumn:bbms and lvsttert totprdduce & ipeoduchmewor k.
ParticuI%rI preferred t|t nlumzeo tesidcudelt e Iaséfﬁi quylar
si eves ¢ Fﬁ%mp”?%ffséf}gr e‘HO‘? e PIPAIRNGMOEICP FAPRYELS s1%?21‘1"()[1(1, My
(ha}/i Ng &loohdf ahd tmﬁei ogmeapmd@gou&eam Ishdieuue{d tdﬂer&ﬁm&eS?] aﬂrstn?vmﬁedad cate
zeolites "TS-2 avin al ogous to that of the ZSM 11
2o nocRisamEapESNS pedyISheasitsa hl Bofidhte MBaB A ntsng Bitbrine e
1, 001, O38rbpyland glydoanth/WMt¥|har¢bn@ %nHOWQ{eDQYTﬁé&irQQDUQOMQ $thadim o t he

al um nosilicate zeolites Ti tapi um contai ni.n Br (feg%l ar, . si eves havi ng

MAW

f r amdtor ®Stlef ter RIPAYCE SoRYAPARMETREAS, 8FFIM LATRTEIN nPXide ape\g 48,
ZSM 12, Z&Mha%ottﬁ w\ﬁ\?duafmredﬁﬁ@on@m.ny@#bgmeﬁé ?Iﬁbﬁ Qefidhy BOt é/e alc@holyise.
Ti t ani um MAW is particularl

erre its
product i ¥ W ’weIThek%ﬁWﬁd ottoms ﬁﬁ’?am8§@'$twﬁdé?ah'ﬁpéce c} g‘"dPaYe’hRE)d

6, 759, 54 apdl b fsm@l an Qzeo?rBiéé of CRPBry Ebutﬂoﬁéohéloénd RvatéB8Ad a third The

titani umzeolltes preferably contain no el enents other than titanium 15
si | i con, beflemnsoxtyeasm comprisiag ipserviens glyeglaidmateral t hough mi nor anounts of
bor oy, iron, al um num sodium potassium copper and the |ike nay be
present. Preferred titanium zeolites wl| \8eneral |y have a

conposi ti on cor r espondiBRYEFPEBESRIBTIONOR T HIRPRAWING or nul a xTi Q2
1-x)Si 02 wh th |
of X is fromd 81 s aghsaatc ol Wroraerbng UbodiRe dtifc iefitoh. || 1P 0! ¢

framework of the zeolite is advantageously from9.5:1 to 99:1 (nost

preferably from9.5: JDaépAlﬁgglléESEhﬂgﬁmﬁ% f@é%vg@w NI taniumrich

zeolites may al so be desira epoxi dation step of the process
conpes ses conltmacp'romgsgraiWEGneentiwyldcmgpmsqseepooudiemgt propyleng toupnpduee cohol

(TBA), and r esel of .t he titaniu lite s{. The
hydr ogerPERYERE itk Tof GERERATRS o & P’ boBSts ToABMeRt ity
reacti onutaﬁum fzeolite dwiily da crgecnqmenfe:ed d;errmsnymgeprd:ewlened Hydrogeanpesuideabl e
sour ce, HCI u |{1yg @bdlatlg a?f seco ¥ (ﬁcgots such _as . |soEro anol , the
ant hr aqul® g&880" 2R W %rrﬁocﬁ’rf) SLRTHH PUERMHGRIPBYRNT RFP gen The
concent r@gggen@bxrﬁbepd@wl@alg@rycpleltmala@ﬂ)utﬁammm aaddmdien nto the epoxidation
reaction i_s, not criflca ca y. n per.oxi de conc tratlons range
romb 1 to duatiyreolies ashvall kiuen DRI FBoles  HEnFBA. (5 Beoh Okt ur o
pr ef er ab}eplific EGbstEnoudl WhdrePEta i atoms are substituted for a portion of the S|I|con

atoms in the lattice framework of a molecular sieve. Such substances, and their

production, are well known in the art. See for example, U.S. Pat. Nos. 4,410,501

and 4,666,692.



The amount of hydrogen peroxide to the anmount of propylene is not critical,
but nost suitably the nolar ratio of hydrogen peroxide: propylene is from
100:1 to wo2a00is13ad nore preferably in the range of 10PCTiUS2M1000174@One

equi val ent of hydrogen peroxide is theoretically required to oxidize one

equi val ent  of gfaBRY tigdHum bdolitds am/tmede@sfaameeﬁa@emlwlr@naewe% of one
reactant to ogtl m ze selectivity to propylene oxide. 5The hy (Cﬂj en peroxi de

may al soMeEcy@hepigyeastryctdier Witk titapiume Zame nsustitied ofedhentia ‘9’@% in the

pr esencePQﬁlc@IaHbel%féF?éoaItltﬁtﬂhﬁ‘lI Y2blited! IrI&QIélQh 1R Yol SRUTd e nglcufary GR\egNd
hydrogen are suitable, nolecular OXé gen and nol ecul ar hydrogen are
£

pr ef er r egemmonly referrqah 19, as ritanigme skicalies, cparienladnt o1t thaving @ft MEh, t he
epoxi dat Io@?logff én%lo%'b%’% ﬂﬁ?’of eIy eRes aﬂI?ﬁIn? LSS zbéht@é‘)r T893 ohviddlah he
ium zeo a

presence ite (1n particular a titani'um zeollte) and a
nobl e neM§lL. topology ana@gnu@rt@thaétcmtm ZSh-a1 @lumingsilieate izeolitgshd TPt das he

I I
nobi e’ netSEriBdP iR addn R, KEE ColbS, g Renbir MM pdopBicd" 1L
may be famaiogoprrthed afnthe MWW ealuminsisiligateameolitss)i nofiggniurp-contairing cl ay,
carbon. AbiRLEPnLeyB0! WG fighBiene shRfubl “Ror@AthdlieNoPbigieabbis,  xod

vmththetltanlumzeoll €re are no |cu restrirctions regarding
t he atoi merdehitepBEM- m&the‘(ﬂrﬁtﬁM{?ZuﬁBA as TuB, $i8,candbMGMetnare! aismat al .

For exa |tabl 0 t | f h des

(o o oRigpIeG W88, THERUETHORY, HERNID A BeuRlyargoldurdy. ' TfPuny Abt

conpl exeits pifodluothcbre i Qvatit ladosvn in the arfA lsreeffer erampke &.§sPatidd. B 7591540e
process of  the nv ion_s a taining titanium zeolite, in
parti cul &M QIIII Sn% d@&m ﬁI%IIIIS IEI% ?gﬁl\/v\/w zeolite. Such catalysts
typical | y conme afanmmoidoﬁtegebdfer(aslycbomsmpabI@ldmums otied, thph atttamum

sil ver, [ﬁﬂ ium, rutheni II'I?I sm_um or copbin ﬁtl ons thereof rE)ported on a

25 t i1t an$ilifAn: @81 PUIENBD icg ramy Lk n? iU TWRPL ?ﬁ“?HBISl‘? d"Rel |
known i naftifiehith tscdiiiin FRashsfl ¢dpper ah@theel@ M be ipfestiit 4- 352771 and U. S.
Pat. Nos. 5,859, 265 and 6, 555, 4 t he teachi ngs of which are incorporated
herein by ref Reetareed titaniupezsolitgs: Wil geperatiy hayg 5 @W%IO%‘&IE%F’HPWQW& ani um

zeol i t estnEBi6IERINgAEMpRicE]l XdrHufa TPl )18t alitfere Bt & %remélem@m(m and
metal -containing titanium zeolites conprise palladiumand a 30 titanium

zeol i t e; 0.58P9.adVlerg prgteraply.athg valve PElﬁl'ﬁﬁﬁ%quIt@ 0.425palheamiolan rafe &f i num
and g, ti &gf |Hnﬂl'1€e|QIti'cEeframework dhfhe Y&Ilﬁé‘hs "é@’%ﬂlb g@usP b 83 fltogegent in

the noble netal -containing titaniumzeolite wll“be i'n the range of from
about 0. @mstuooefgmwseir@ntg drteditx1). prher eseaef lsﬁlamvglastlt@r@umemnez@ﬂ esgBprent ,
and parté@g,lb?rdeglrgmgl to 5 wei ght percent. Anot her preferred

catal yst use In the process of the invention is a catalyst mxture
conpri si ng a the ®posidatien| step Of ntheaPrecass acomptisesarcamagingy peepylens) and a
supporte ua%t t

conpri se@dgg%rﬁlogﬁxm aqgﬁ.ghyga%;@g@ eI %I'JI? III? geIIEPIIIsIﬂIgIEI er aEIII’?th%or ous
mat ee$ al tita@anr zeolite aatalyst. wé]hle hydoegen perokideanay bEqgerienatedrior to ueedar ri er

be i
et e r elfSi MNP rEtons PEPUiRY APiadBchetes g ol By e Wkl B0y 1,
el enment ssuitahlet smubaruhyuplngfmdammofcsegandarycakcodhelscmcrh as sopradandk tsel i ca,

| um na, I I b t ant
oxi des. AOPSASGEIGR e, i bt Biréhs.feRttn gfubdredie” Bd gl Fod i o
anor phoucortehtr@tibrﬁefsmkelrg&rogerﬂmqwﬂde réncndmtaadsﬂetinma thaledoklhetlcbn kemctidme

carrier be.a zeol.it but is nat a titaniumzeolite. ferred rganlc
ol yiibr 0t Rk fdeiea! i e Revde SopesriiRtbns Fdsdioa el B dbhei

crossl i nkgdemohydrbien Qredxide 85, tha MmBANatdremnitiiediptefefablyld It@bﬂoew@EyHtl ers

al so include organic polyner resins grafted onto inorganic oxide carriers,
such as %%F?@thylenlnlne silica. Preferred carriers also 15 include carbon

Particularly m{eeéﬁbﬁﬁldofcﬁvdrbgérﬁ pefkldede wardiduntidfippdpdend is” B6tNéricalli obi a,
silica, alumna, silica-alumna, tantalum oxide, nol bdenum OXI de tungsten

oxi de, tPytaRPst-yitablythe melap ratio. of I‘Y‘I:’Sgewpéfﬂxéieslﬂf? oney ek 1QH: L 4o

t her eof . Preferably, the carrier has a surface area in the range of
about 1 to about 700 nR/g, nost preferabl y fromabout 10 to about 500 n2/g.
Preferably, the pore vol une



20 of the carrier is in the range of about 0.1 to about 4.0 nlJg, nore

preferably fromabout 0.5 to about 3.5 mlJg, and nost preferably from about
0.8 to abwot208/1B3130)y. Preferably, the average particl e ®CTA@Sed00T4Carri er
is in the range of about 0.1 pirn to about 0.5 inch, nore preferably from

about 1 4-A0DtshdPRetE plefetlblyif the RiAde BPID: oS €0.20NE dquiaiert ot hyd@ded m t 0
about 1/16 inch. The preferred particle size is 25 dependent ugon the type

of reactRRIOXH&S ﬂseq;%teca"wrequ'@ﬂawp%d'ze&nsequﬁféanta é”%? ene, Hub itdpaY er r ed
for a fipededirfid RAGhDRY anldiRedy Bf G198 rdiRisht W BPRhRE SefectiVil) ©PrbiyleRe t he
range of about 10 to about 1000 A, preferably about 20 to about 500 A, and
nost pre@@@%bl y about 50 to about 350 A. The supported noble netal catalyst
al so gontain f o} I

i Sed (1o DapgBelidbradihay A o8 ocibralel NP GThE! Rkt

osm um) , hydregen aad onygen lnntheomsmq eha pgbleavmhcatﬁlmtq nolhoughy any a

pal | adi u p i

Gosi 1 abl A PEaRyedt sa‘ﬁmdféﬁé“#?rf??ﬁaﬁ@”“’*&@%ﬁﬁeﬁﬁe*gﬁheﬁg'ﬁ%ﬂ’ﬁty of
nobl e rreln)edrogareatemreieneuhe supported catalyst will be in the range of from
0.01 to 10 t .perc e 1 ht,..pe hege are
no particul \gﬁtﬂg’stﬁl (%t ﬁgér{grrgéeg%ﬁ ?ﬁld%tngegcﬁ%?oéévo ﬁbbtr18 %@n{’at@gng%und or
conph@x pmeyleae Wdfowuan@omygemllslnmnm abt inrthe peesanep @ftaetitaciwmakgalite  For

exanpl e, Uit abl nitrates, sulfates, halides
(e.qg., Ilnn 8?3'8%'?35'? 'H Eg?lﬂﬁi glfé?%t?ﬁacet ate), oxides, and am ne
conpl exes of '[Hmenclsm@lnﬁatalasaireferably mcoﬁmeateatuabybe catadfstibyisuppbeingrtoeess of

t he invention refe cont ai.ns, | .. bi or . r.heni.um. The t al yst
of “the | IRRAMEH ke YkaliEr i odRi 4 B E g RE i fee et
| ead, bi 6rrTuItérnaWely haei nublenayetale nsiyppe Ifirstdsuppottbe dri bacarder sach idseaor ,
alternatlvel , the lead, bisnuth, or rhenium may. be fi supgort d on a
SR e ar e 1ike! PR

carriter 'Pﬂ%ﬂ?”t?n?é'ﬂ@alcﬁy GARRD: WPt RTGAE A ol 9"t € ®ferably,

the cat apimicany | rhixe@nvith rthérmahlahplzteomeoorhtefe Freeid ariridrefdstritiohsad,
bi smuth, or rheniumand 0.01 to 10 weig ercent of the nobI% netal . Most

pr ef er ablegardingtheAneiGef nobia meta C@’“B?“'BQ)“ i sqyre ehhe doblespgtal.

bi snut h, Fé\“‘éx%pfeheél]ltﬁme RomipelLAGS YinclLbe i gmtatésatétﬂfa@és neflRsMed.gl, to
| ead (blsrruth of rhenium in the catalyst is in the range of 0.1 to 10.

Whi | et hehleriisise dremideshacarbpstiien (@ doriaiel ANoAPELh §ompeXeaOft MbI¢ ead,
bi smyg h, n@faid heni um source in the catalyst is not critical, suitable
corrpounds I ncl ude car boxyl at eslé ., acetate, citrate), hal i des (e.g
chlorides, brivmrefersed icatsilysésisefubsry g Perosss @f dhe inyeption is adwble (E‘?ﬁt%'onat es,
20 nitr o i I smut h,
20 {1 38R FRORARAE oo, 5 il (e SpeklcanBind Rephfadaniy st b
or aft erzenlitd. e Sweh gatadyiis typically comprisemyoblgi mgtsl ésunbt a® @ahadiume gakled for

the inco i Wd rheni um
into theﬁlggrﬁjﬁy@toepﬁfoég eké‘(r?r%}ngurﬂE%e 'Ho %r%?r@;ba é%é g%ge%fz%l na I(g{ad

bi snet h, titaniurheenliten Noplermetalmpotaieog ditartre zeotiteniarenvraloknaven by thehart car ri er
bylrrpre 0 i.on-e bNgE b RL-ent ni for
xanp! c. SREPEHrsaBRar L aRARRs. JhbrraBe Pt gL Brk i et A 1 <
used, th&555 408, dfe mhﬂmtngenofof/vhmnbb&a imetogporated bereirobgl referadge im gheit h, or
rhen| umt theTt'p_lltan te.or.the carrier n consi dereﬂ[|1 ritical

eover eftiede ThelRBle Bt Sohtsit it 2Edhe maf Bt WkGRE Sfndtit o oan
at the Smﬁfalst | Preféried néthe nﬁmbll-@ritmt\mb titaniimtzeolites @dmprise palladiitneand@bl e

t al t | ead,. bi h t th I
ot a7 CoRAP #7511 PRI B0 Pt Bt AEDUE ROBPIRGD cR AU R s

recovereﬁamﬁm z@mee cat al yst recovery nmet hods i ncl ude fi I tration and

washi ng, rot eva oration and the |like. The catal is.typically dried
prior to use cﬁi‘f‘?‘ﬂﬁ ofrRgblgr etR) RIERRM: Bt gé'epF@I%FQBW 'f‘go
about 50ﬁahugnaae¢|tte29iﬂcbe Tﬁ&h@&bﬁ@éf&tf ﬂ'rw awtmtto 0@ﬁ|tby203<WB3g§htS§er%em nder or
the like and may be spray or extruded into any

desired Pr&farmbly 6905tt8 193‘@53'9W %B%td%’w BﬁmCS’ﬂf'Y QrmntBbrI weigpt B#CeBMnt ai ni ng
titanium zeolite or supported noble nmetal catalyst formation, the catal yst
may be optionally thermally treated |q a gas such as nitrogen, helium
vacuum hydrogen, oxygen, air, or the like. The thermal treatment
tenperature is typically from about 20C to about 800C. It is preferred to
thermally treat the catalyst in the presence of an oxygen-containing gas at
a tenperature from



10 about 200C to 700C, and optionally reduce the catalyst in the presence
of a hydrogen-containing gas at a tenperature from about 20C to 600C.
I n the epwpi2deviseswzprocess of the invention, the catal ysCTrusgoosorrsed as a
powder or as a large particle size solid. If a noble netal-containing

titani um zeol Aﬁ&héﬁ téfétfbd &Qﬁlygpbéeﬁulnﬂttﬁééﬁ@éés%'ﬁltﬁél irheation & gwatdistused as
a powder but is ?era spray drie elletized or extF?Sded grlor to

use in emvmwawls'mg aswaawur-e@tye (wem@w'%a tanigp MG gzeq!

metal - COQ&@dd?Leﬂgnéﬁlé %'i’éthlfrbétﬁ%i t arhEBudAtel RIb Invet@iodmalySEcamplisktesn or the
i ke and d, spray dried, shaped or extruded into _any desired
form pri aebledn@tgbandwa@@ﬂmrda heoearrighis pretsrablyng: RAMOYS MakeTaln CariersAram

zeol i ps d i . No.
20 7, %BO%Eg%ﬁﬂe'ntetgg nggérggjg%mcghm% leégﬁﬁégt%gorsgﬁre]%@ﬁglfe?ﬂa%f (;Ig erence
i n t hei r capns 80y organia p@tynaary951nm xPrefesrast inorganic gxides dnglude gides @iport ed
nobl e ne tal ystgi e th i al yst
Ty be pOTU 2o Br Sl f¥alh T Siemieré, ParhERahy Dréithed SROREHES okat

pel | et i zearriers édudedsilica,ogleniea,, siliteeatumiadsy stitaniax tzircenianyicidnt oxides, | y
conpri se a y I S dr.d ped or
extr udedtqnﬁ'ér“ §§'d§£és Blcri)dfeh i gg'f’gg LR\%&{S% ?gggﬁogﬁﬁy@?&oﬁ E'{Pﬁfeg %'E al yst

m xtuoe emprEtions jueomafsa;mauhmbmaua niabig-sitica,cenditbedikebddiei artierSnayhe. No.

7,030, 255._Th t th

Compr ] o R Boy T e hoh o PRI B8tGe PRISTET Brdirif yo5indt BEREFOBE i
S| C?hf): Fallys‘tymteﬂstyr'éhe d&ﬂr_\)pb@ﬁmt'ﬁ sbp@mmn@gﬁaﬁmﬂ(ez ap?yqﬂ?yhehemdném a t

I STI at | 0CEeSS,.C rJ Sl [ee e e 0] C S conaln
Some 1 eo POt APIRGE CAPISoSlE PRI AR IBIUSF GLaTnPRmer FSTe HaRder o1
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Palladium is most preferred.
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distillate) pr era ‘of at 'least 0.5, and nore preferably between 0.7 to
1.5. Themalyibedaddad mﬁhesmtra@lam reglite or ¢hEiesheiare adurig; 15, afigiiinoble meller abl y
25 di Stlé&?ﬁi 0 separate propylene glycol fromthe water. In an optional
fourth distit ‘ation, a fourth overhead stream conprising water and a fourth
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5-35 psi the carrier by impregnation, ion-exchange, or incipient wetness techniques with, for
example, palladium tetraammine chloride. If lead, bismuth, or rhenium is used, the
order of addition of noble metal and optional lead, bismuth, or rhenium to the
titanium zeolite or the carrier is not considered critical. However, it is preferred to
30 add the lead, bismuth, or rhenium compound at the same time that the noble metal is
introduced.
After noble metal and optional lead, bismuth, or rhenium incorporation, the
noble metal-containing titanium zeolite or supported noble metal catalyst is

recovered. Suitable catalyst recovery methods include filtration and washing, rotary
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mixture may addltlonally compnse a binder or the like and may be molded, spray

25 dried, shaped or extruded into any desired form prior to use in epoxidation. The
catalyst mixture may also be encapsulated in polymer as described in U.S. Pat. No.
7,030,255.

The epoxidation step of the process produces a product stream comprising
propylene, propylene oxide, propylene glycol, tertiary butyl alcohol, and water. The

30 product stream components are purified by a distillation process comprising three
steps. The product stream may contain some residual hydrogen peroxide from the
epoxidation reaction, however, if present, the residual hydrogen peroxide will

decompose to water during the distillation steps. First, the product stream is distilled



Distillation tower 8 contains 20 ideal stages, 8 above feed and 12 bel ow
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The first distillation is preferably conducted in a distillation tower wherein the
top of the tower is preferably at 80-200 psig (0.65-1.48 MPa), and more preferably at
15 80-125 psig (0.55-0.86 MPa), and the bottom of the tower is preferably at 85-140
psig (0.58-0.96 MPa), and more preferably at 85-130 psig (0.58-0.89 MPa). The
tower overhead temperature is preferably maintained between about -25 to 25°C,
and more preferably at -20 to 15°C, and the bottoms temperature is preferably
maintained between about 115-170°C, and more preferably between 125-140°C.
20 The first distillation tower preferably has at least 10 theoretical stages, more
preferably at least 20 stages, with a reflux ratio (Ib reflux/Ib distillate) preferably of at
least 0.8, and more preferably between 0.8 to 4.0.
Preferably, the first overhead stream comprising propylene is recycled back to
the epoxidation reactor. If a flashing or vapor vent stream comprising minor amounts
25  of hydrogen and oxygen is taken, the vent stream may be recycled in part back to
the reactor.
Following the first distillation, the first bottoms stream is distilled to produce a
second overhead stream comprising propylene oxide and a second bottoms product
stream comprising propylene glycol, tertiary butyl alcohol, and water. The second
30 overhead stream comprising propylene oxide may be processed to further purify the
propylene oxide if necessary.
The second distillation is preferably conducted in a distillation tower wherein
the top of the tower is preferably at 40-70 psig (0.28-0.48 MPa), and more preferably
at 50-60 psig (0.34-0.41 MPa) and the bottom is preferably at 50-80 psig (0.34-0.55
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MPa), and more preferably 50-70 psig (0.34-0.48 MPa). The tower overhead
temperature is preferably maintained between about 55-100°C, and more preferably
between 65-85°C, and the bottoms temperature is preferably maintained between
about 100-145°C, and more preferably between 110-130°C. The second distillation
s tower preferably has at least 10 theoretical stages, more preferably at least 20
stages, with a reflux ratio (Ib reflux/lb distillate) preferably of at least 1, and more
preferably between 1 to 20. '
Following the second distillation, the second bottoms stream is distilled in a
third distillation tower to produce a third overhead stream comprising an azeotrope of
10 tertiary butyl alcohol and water and a third bottoms stream comprising propylene
glycol and water.
Preferably, the azeotrope of tertiary butyl alcohol and water is recycled back
to the epoxidation step for use a solvent.
The third distillation is preferably conducted in a distillation tower wherein the
15 top of the tower is preferably at 10-50 psig (0.069-0.24 MPa), and more preferably at
15-30 psig (0.10-0.20 MPa) and the bottom is preferably at 15-60 psig (0.10-0.41
MPa), and more preferably 20-30 psig (0.13-0.21 MPa). The tower overhead
temperature is preferably maintained between about 60-130°C, and more preferably
between 70-90°C, and the bottoms temperature is preferably maintained between
20 about 100-135°C, and more preferably between 105-125°C. The third distillation
tower preferably has at least 10 theoretical stages, more preferably at least 20
stages, with a reflux ratio (Ib reflux/Ib distillate) preferably of at least 0.5, and more
preferably between 0.7 to 1.5.
The third bottoms stream may be discarded as waste, but is preferably
25  distilled to separate propylene glycol from the water. In an optional fourth distiliation,
a fourth overhead stream comprising water and a fourth bottoms stream comprising
propylene glycol are produced.
The optional fourth distillation is preferably conducted in a distillation tower
wherein the top of the tower is preferably at 0-30 psig (0-0.21 MPa), and more
30 preferably at 5-20 psig (0.03-0.14 MPa) and the bottom is preferably at 5-35 psig
(0.03-0.24 MPa), and more preferably 10-25 psig (0.07-0.17 MPa). The tower
overhead temperature is preferably maintained between about 85-125°C, and more
preferably between 95-115°C, and the bottoms temperature is preferably maintained
between about 170-215°C, and more preferably between 180-205°C. The fourth
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distillation tower preferably has at least 5 theoretical stages, more preferably at least

10 stages, with a reflux ratio (Ib reflux/lb distillate) preferably of at least 0.5, and
more preferably between 0.7 to 1.1.

Overall, the process of the invention allows for the separation of a purified

5 product stream of propylene oxide. The process of the invention also produces a

stream containing a TBA-water azeotrope. The TBA and water of the azeotrope do

not need to be separated before recycle back to the epoxidation step of the process.

The following examples merely illustrate the invention. Those skilled in the art
10  will recognize many variations that are within the spirit of the invention and scope of

the claims.

EXAMPLE 1: THREE TOWER DISTILLATION PROCESS
Propylene is continuously epoxidized over a Ti-MWW zeolite in the presence

15 hydrogen peroxide in a solvent comprising TBA and water to produce an epoxidation
product stream, comprising propylene, propylene oxide, propylene glycol, TBA, and
water.

The epoxidation product stream is purified by a process as shown in Figure 1.
The epoxidation product stream is passed via line 1 to a first distillation tower 2.

20 Tower 2 contains 15 ideal stages, 7 above feed and 8 below feed. The pressure is
120 psig (0.83 MPa) in the overhead and 125 psig (0.86 MPa) in the bottoms. The
overhead temperature is 2.8°C and the bottoms temp is 138°C. The reflux ratio is
3.0, by weight.

A first overhead stream is removed from the first distillation tower 2 via line 3.

25 The first overhead stream contains the unreacted propylene. Stream 3 can be
recycled back to the propylene epoxidation reactor.

The first bottoms stream from distillation tower 2 is removed via line 4. The
first bottoms stream comprises propylene oxide, propylene glycol, TBA, and water.
The first bottoms stream is passed via line 4 to second distillation tower 5.

30 Distillation tower 5 contains 40 ideal stages, 25 above feed and 15 below feed.
The pressure is 55 psig (0.38 MPa) in the overhead and 60 psig (0.40 MPa) in the
bottoms. The overhead temperature is 77°C and the bottoms temp is 121°C. The
reflux ratio is 10. The second overhead stream from distillation tower 5 is removed

via line 6. The second overhead stream contains a purified propylene oxide stream.

10
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The second bottoms stream is removed via line 7. The second bottoms
stream comprises propylene glycol, TBA, and water. The second bottoms stream is
passed via line 7 to third distillation tower 8.

Distillation tower 8 contains 20 ideal stages, 8 above feed and 12 below feed.

5 The pressure is 20 psig (0.14 MPa) in the overhead and 25 psig (0.17 MPa) in the
bottoms. The overhead temperature is 77°C and the bottoms temp is 116°C. The
reflux ratio is 1.1. The third overhead stream from distillation tower 8 is removed via
line 9. The third overhead stream contains an azeotrope of TBA and water. The
azeotrope of TBA and water can be recycled back to the propylene epoxidation

10 reactor for use as a solvent mixture.

The third bottoms stream from distillation tower 8 is removed via line 10. The
third bottoms stream comprises propylene glycol (PG) and water. The PG-water
mixture can be sent to a waste stream or may be further distilled to separate PG
from water.

15 If the PG-water mixture removed via line 10 is further distilled, the water
column could contain 10 ideal stages, 5 above feed and 5 below feed. The pressure
is 15 psig (0.1 MPa) in the overhead and 20 psig (0.14 MPa) in the bottoms. The
overhead temperature is 101°C and the bottoms temp is 198°C. The reflux ratio is
0.75.

20 The flow rates of the components of the various streams (in pounds per hour)
are shown in Table 1.

This example shows that the use of a three distillation procedure effectively
removes a purified propylene oxide stream (via line 6) and a TBA-water azeotrope
stream (line 9) that can be recycled back to the propylene epoxidation reactor

25  without further separation of TBA from water.

30

35

11



75000 477168 407803 69602 W claim 1. A process for producing propyl ene
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to produce a product stream conprising propyl ene, propyl ene oxi de, propyl ene
glycol, tertiary butyABeEaoimktlatod Osmipnent Plow RAtes(Ib/Hyng the product
streamto produce a first overhead stream conprising propylene and afirst
bottons stream conpri sing propyl ene oxide, propylene glycol, tertiary butyl
al cohol [@RehmAT €T, 1(C.|) dBSTI[ITiNg yhe §ir3$t ol L pns oSTT Eanmet 0] produce a
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of tertiary butyl alcohol and water and a thirdbottons stream conpri sing
propyl ene glycol and water. 2. The process of claim1l wherein the titanium
zeol i te iwoaotwtsasmum MAW zeol ite. 3. The process of cl aPeTSaM1enai7not he
hydrogen peroxide is formed by the in situ reaction of hydrogen and oxygen
I n the ppes@age of a noble netal catalyst. 4. The process of claiml,
further conprjising recycling the third overhead, stream back to step (a).

5. The prbcesd BIOCEPRIMNPIONYCIRG PIOPYIERR XIS GORISEYS | 1 i ng the third bottons

stream to prqdyce @nfaRHhd B texiMeRIiRI WilRArEé4IBhifééd Bompiisihg @F&bg%rfe@ur th
bottons stream conpri sing propyl ene gl ycol . 6. A process for producing
propyl ene oxi de cAYPrAgeNMeroNids. cont deftinpgbutytalcangls BNE oyaieT  prgdice

titani um MAW zeol iat&oagg{ s?reﬁﬁpécﬁnﬁﬂ'éti@é %%?/I:gné reaction faggyiemeixidy, ng

propyl ene, hydrogen, oxygen, tertiar al cohol, and water to produce a

product st ream compeRensyglpedpiertiane butyt dpghdnenbwa®E, propyl ene gl ycol ,
tertiary butyj al %?ﬂi'ngéﬁé‘?rd%ﬁ:%t'rea(rﬁ.}o pﬂoﬂhbé B'ffr‘fl Jv@ﬁme%éi%‘#é%?n streamto
edd s en a

produce a first overhed ream conpri sing propy e an I rst bottons
st ream conpri si ng compaipingepiepyieneland pr opyl ene gﬂsyb@ﬂtqm$ gtregmary but yl

al cohol, and water, L di SEALL - Ll OB St roduce a
second over head stCP e ﬁ%@gr%é'il"g‘lf'lrh&gg’slr’%S‘&'F’E’Héﬁ%g%g ﬁtc@g bggig]gﬁgh@bttorm
product stream compdivater propyl ene glycol, tertiary butyl alcohol, and

water; and (q),di ghdhinge HiRT b3RGRL L8 B FrodldeS R e PERINER Grddth " d

over head
comprising propylene oxide and a second bottoms

product stream comprising propylene glycol, tertiary butyl
alcohol, and water; and  distilling the second bottoms stream to
produce a third overhead stream comprising an azeotrope
of tertiary butyl alcohol and water and a third bottoms stream
comprising propylene glycol and water.
2. The process of claim 1 wherein the titanium zeolite is a titanium-MWW zeolite.
3. The process of claim 1 wherein the hydrogen peroxide is formed by the in situ
reaction of hydrogen and oxygen in the presence of a noble metal catalyst.

4. The process of claim 1, further comprising recycling the third overhead stream
back to step (a).
5. The process of claim 1, further comprising distilling the third bottoms stream

to produce a fourth overhead stream comprising water and a fourth bottoms stream
comprising propylene glycol.
6. A process for producing propylene oxide comprising:
(a) contacting a catalyst comprising a titanium-MWW zeolite and a
noble metal with a reaction feed comprising propylene,
hydrogen, oxygen, tertiary butyl alcohol, and water to produce a
product stream comprising propylene, propylene oxide,
propylene glycol, tertiary butyl alcohol, and water;
(b) distilling the product stream to produce a first overhead stream

comprising propylene and a first bottoms stream comprising
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stream conprising an azeotrope of tertiary butyl alcohol and water and a
third bottons stream conprising propyl ene glycol and water. 7. The process
of cl ai msowharsizvzt he noble nmetal is palladium 8. Thecpruse@s®owho cl ai m 6
wherein the catalyst contains 0.01 to 10 wei ght percent of the noble netal
and 0.001 to 5 weight pgygenie ekigan p?tgﬂllédeo olrmtbﬁi'a VuB# t HEoHd 0Bhd he
group consisting of | ead bi smut h, henlg% !Iyse Ugfocess of claimé
wherein the catal yst cd’@b@ﬁses a nobl e netal supported on the titani um MWV
zeol Ite. 10 The @f ocenfiih e fsThBuse st Bpbaiieaiebshd biehdagor ! ed
on a carrier. he procéss of cl erein the carrier 1s selected
fromthe group consi st sligamf ceaprsing ptqpmna oxidecand a2 sraPPHabodoms ca,

al um na, silica-al um ng.4apt (o] S OXIde
titania-silica, zi rcon?a SI PI g(;}aéémr\u é%,ﬁ “S'llq? égj%?%ﬁg] wctgﬁreésmgﬁe:bg&‘l

The process of cl ai m 6aldobek hed waterpandi ng recycling the third overhead
stream back to st (a r.qQc | t si ng
distilling the th hsm“ﬁg th Qg%%dt%&%% d{}re%n‘?\%r%dy{;lé’évtﬂ? OS%HE%&H eam
conpri sing water and a sfreamt borbpmslmgrzarstazmampneonbrterhanygbmtybpgdoealeagdiycoI :

water and a third bottoms stream comprising propylene glycol

and water.
7. The process of claim 6 wherein the noble metal is palladium.
8. The process of claim 6 wherein the catalyst contains 0.01 to 10 weight

percent of the noble metal and 0.001 to 5 weight percent of an additional metal
selected from the group consisting of lead, bismuth, and rhenium.

9. The process of claim 6 wherein the catalyst comprises a noble metal
supported on the titanium-MWW zeolite.

10. The process of claim 6 wherein the noble metal is supported on a carrier.

11. The process of claim 10 wherein the carrier is selected from the group
consisting of carbon, titania, zirconia, niobia, silica, alumina, silica-alumina, tantalum
oxide, molybdenum oxide, tungsten oxide, titania-silica, zirconia-silica, niobia-silica,
and mixtures thereof.

12. The process of claim 6, further comprising recycling the third overhead stream
back to step (a).

13. The process of claim 6, further comprising distilling the third bottoms stream
to produce a fourth overhead stream comprising water and a fourth bottoms stream

comprising propylene glycol.
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