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DI RECT EPOXI DATI ON PROCESS FI ELD OF THE | NVENTI ON The
invention relates to a process for producing an
epoxi de from hydrogen, oxygen, and an olefin. 5 ".
BACKGROUND OF THE | NVENTI ON Many dif ferent nethods for'
t he preparati on of epoxi des have. been devel oped.
Commercially, propylene oxide is produced by the

chi orohydrin process or hydroperoxidation (see, e.qg.,
U S. Pat. Nos. 3,351,635 and 10 4, 367,342; EP 0 345
856). Unfortunately, both processes have

di sadvant ages. uffers from
t he production g}qﬁgcﬁhfﬁﬁpﬁ%ﬁgﬂ(ﬂgﬁﬁg%ﬁsé

hydr oper oxi dati on process, |n whi ch propylene is

oxi di zed Wi th an ogganh ?R@IQ-E joig such as
et hyl benzene hydroperOX|Jg or tert-butyl
hydrEberthﬁd'@Oﬂ nelalencles 2oinfeanss & predusing ayepqyide from

h a,b_, b o ﬂ hd%h éter ene, whose val ue is nust be

ure e mar et place. Ethylene oxide is
corrmerm al | y produced by the direct oxidation of

~ethylene with mgmmemmoslmsnmvsmﬂw

Unfortunately, effort e OXI di ze hi gher ol efin
O O Bt o B RS Hrratrt - ootk Juve. been

dao?arsé@ ?eCMﬁrheMlgﬁ rpm;iylériué d&i@@@ﬁo@iceﬂ ayl ther chlorohydrin
catal ys [ oduce a,,C r.ci pr
pls” Bt ghieiopebdaion (868 56 "WiR T, bsbhagnoss and

4:387, @42—3%9 58945 856} e Winfartunately, batheprboesseschare disadvantages.

‘l'ﬁ\?d?etﬁalgﬁﬁaﬁﬂa%%&% gLﬁQFgﬁgﬁl Rl htditictivh idE & )HYIE Ql'g%trearﬁ

exanple he“reactl'on may be
The hydroperosiiation process; i athjcht pmmﬁmesuanugaed vath:l aw organic

hké?o?:’é%% g%@'a@' &g%@g%ﬂ% h{@%@e%oi@i r tér't—§utyP Aldroperoxide, e

peedusies serganis ewrpradusis gue asaduhin alﬁahgl w ﬁ%{f#rtﬁnwhose value: -
' 'nﬁf@s‘llﬂett%pﬁr%a m Qhél markét gla @eszEWen%:ﬁ&Q |§66|%Hé°rbially produced .

yst ens ol efin epoxidation ’wth hydrogen and

b e ciragty Exsedan b Bk ety BEE i, PUBSRY R & Ehepretalvst

lﬁ@oﬁma@lﬁ%&%ﬁb %&%iﬂéeﬁlghbh%lm Qéleﬁnéndohwlmngf three or-‘f,:' o

tltanogPllcate pr o

mASEx P :
cagiiait Yeive dailgd icsprgiueermbbenisciabpalcess dsee, te.ganl.8oPat. Nos. -

ionally teaches that the Pd

c@?%%*’%@‘?%%?ﬁ“&féﬂ?gg fcar ri e)r/ before m xing with S

t he Regknt effofthdavet faicysed opathel directepaxidation ohbighee olefins -
with &5FenUdihiitogdhd Faf Ex4ApRe 1h8+08%on may be performed in the

- presence of a catalyst comprising gold and a titanium-containing carrier (see,

e.g., U.S. Pat. Nos. 5,623,090, 6,362,349, and 6,646,1 42), or a catalyst
containing palladium and a fitanium zeolite (see, e.g., JP 4-352771). '
Mixed catalyst systems for olefin epoxidation with hydrogen and oxygen
have also been disclosed. For example, Example 13 of JP 4-3562771 describes
the use of a mixture of titanosilicate and Pd-on-carbon for prbpylehe
epoxidation. U.S. Pat. No. 6,008,388 describes a catalyst comprising a noble

metal and a titanium or vanadium zeolite, but additionally teaches that the Pd

can be incorporated into a carrier before mixing with the zeolite. The catalyst
carriers disclosed include silica, alumina, and activated carbon.

oyian y i of a silver .
pgh sugn Sas Fsg?py RBe “%’ (‘;gwggg Be Ipﬁ%%enge S
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1 Unfortunately, undesirable reactions also occur in
t hese epoxi dation processes. For exanple, the

. produced epoxide tends to react with solvents +(e.g.,

wat er, nmethanol) to formglycols and/or glycol ethers.
These side reactions are catalyzed by acids, which

are formed as byproducts during the 5 epoxidation.

U.S. Pat. No. 6,498, 259 discloses the epoxidation of

an olefin with hydrogen and oxygen in a sol vent
contlamfortngamlsbuﬁﬁeeswabie hreagtiorec alse @fccar it atheisgsepoxidation

.

,,(e‘gu rwmhennnwthamrd) u;upfamu@iwols tandéerd glyco! Qibﬁ'ﬁh cﬁiﬂ%se side

K gl#% ta{e? %Egl*ﬁfl b§ gbcuf R rﬁ?&%rrﬁe@ Wd 8{prodlicddthg the

urrng O thI’] co due to salt

epavidationont).g.(Paubp. ﬁdﬁ%&&%ﬁbgeas the epexidation of an olefin with

'hﬁ&ggéﬁ aédéfﬁ'\}ﬁﬁ%rh ifh eﬁ%ﬁ%n?%@ﬁMEQS a TRAeRtA Qﬁe%r@sence of a

THE | NVENTI ON

h |
W%ﬁgﬁlxﬂﬂﬁpﬁﬁﬁﬁaﬁy‘g e citRRyTL 7esfiisr and eﬁ;%gg?e netg), patalyst.

S5 d Buffee dnesedRR e afanﬁélﬁiﬂ @atmenbmbahmst it tends to
co |S|n a transition_netal f Lfgand a_no h-nefoulm of
t?@fW‘éFdLRS’é'ﬁSaﬂ'%cbeﬁ"Wi“?% WYL FRT % 9

d%ﬁnaﬂo@lﬁ:ommlswedb@ahymmﬂms A portion of the

_[ﬁgf }%ga&ﬁ%rﬁp%nﬁéﬁlg epogc&%ggaa\ﬁrﬁnﬁ ?U&?‘f %yproduct

forfiiaon ard neggedduct s i s produced, and thereafter the
treated m xture is recycled back to the reaction.

~I'ncluding an adsorption step is g&oect ed to inprove
cat al yst  productSUMMARN @Fepdfi INYENTIBN i vity. BRI EF

DESCﬂ'u?w\\g}lltgr:n ycb.% ﬁ% risii réadtlﬁgaarﬁﬁéﬁﬁahy&ogen and

presen ation of on nt o resent
okygemin the presenes afan apexidation Mar'%fﬁttcaﬁkpf%?&l‘aﬂswn metal

. z@Bﬁé'éﬂﬁ b MR Fheld BUSBHDES Qﬁ‘eaeﬁt% nifkigiEe Gofiptising an epoxide

schemati c presentation, of ot her _enbodi nent of .t
ap acidie qqut%n A ROriss ﬂ€ q!?

adSadlent @ndhan aaotsém@al @ikturdo Haeihg B gedecedl simoountaof acidic
bilavg)]glug{q L;g)r% o"i‘fécp g?ylggftgrlzﬁlurt?’egfeder)ﬁ%%ﬂ l\é" rggyélgcﬁ BGck to

the reaction. Including an adsorption step is expected to improve catalyst .

productivity and epoxide selectivity.

BRIEF DESCRIPTION.-OF DRAWINGS
Figure 1 is a schematic presentation of one embodiment of the present

_invention-including a batch stirred tank reactor for epoXidation and an adsorption
- bed. o

Figure 2 is a schematic presentation of another embodiment of the
present invention including a fixed-bed epoxidation reactor and an adsorption

bed.

3

Figure 3 shows a similar process to that in Figure 2, except with three:
-adsorption beds-in parallel. .

f?%?@an aa&“gsdﬁ.ﬁ?g'ﬁ‘%ﬁd with an
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON The process of
the invention enpl oys an epoxidation catal yst
conprising a transition netal zeolite. Zeolites
generally contain one or nore of Si, G, A, B, P, or
the like, in addition to oxygen. A transition netal
zeolite (e.qg., titaniums zeolite, vanadium zeolite)
is acrystalline material having a porous nol ecul ar
sieve structure and containing a transition netal. A

transition %TAILEQD&@BIHTION@E'Eﬂ@dEHENﬁﬁ@ first

oW She'iEass S IRTRIGH bRy bR atalyst comprising

Preferr tranS| 1 ONn
agransition rgetal geoliten dthtemgpneta“xrqqntalp (¥Rl Bere of S Ge, Al,

BY P, ¥, théﬁﬂe\% M&ﬁorﬂ@&ﬂg{éﬁd AStra'HsntroThﬁ:eftéf%oﬁfe (e G fitanium

t'ran3|t| on to netal zeollte enplo epen S upon
zaeitge vagadivacgeplte) jsa) eFifiinen ?I}eé AP EnBPOUST f molecular

siehe thehird drid &ﬁxt&ﬁﬂ?@ ivpition, rﬁ@[ateWWéhﬁmohtméﬁl is a Group

SRS A et Rl Y i S5t

traRsitiog anatalo.akd d6, vf Mr)eFe, Sbbp Ca] @01 NBS iMa, CaiﬁcE)Nf OParticularly

PhlSEl ot V2 Mechaf WD MBEE pefiBlred ol 160 Sbd'of tehsion

-nmftalf padlitel entployed depends npom z eaimbisr ofi factansl.emt:ln.tlhg the size

o KL bi4, 98, "0 BB =R Srar 69 By
atirantageous o ﬁx_sgmm (sHiselitR-1 $¥8st,ak titanium sulicailte hawng an
w@fw- apgfbﬂgﬁgbgg?s g} | nc k@'i\/l—? a%lrﬂlfﬁ)%lshlcgtég@%r the epoxidation
of gernviens aFpoa fullogolefi n\sawhrg? m@h%ere@ra%p@re folites may

béPreffey. Smal | ampunts of |n'pur|t| es, boron

iron al um num phos hor qus, er and the ik
and. SWtblr daniNE dsoltas, g o B Miicais | Grogilicates).
P'Fbﬁrétﬂ?ulﬁk GontdiR Hd bleﬁ‘ieﬂt&atﬁéﬁftﬁfnaﬁlbmdnesﬁlldd?ﬁfarﬂ &xygen in

ti el Bl (b6 By Srsin Rereaempdsiegia Melprysr Sieves,

- irhaeteaulac dbiposs:t Princiolasr of Byrithesis tand hdelﬁﬁﬂdaumnnggag) Van

BB hhe, A oA S oLt e v

abfminuig phasphOrdls, tooppei 28nd The like| andrmixtwesf theredfi may be

AT BN il Pt gt

peresnt gwg%j mr@@rqurabm lesgdhan 0.1 wd1%4 iRre qyred tltanlum silicates
wiill tgiié?ie%ﬂf h&le Z8ObdrhBasHIBY- caiteipobBingt % A8/ ﬁ)IIowmgh empirical

Par cul arle/ preferred titani um zeoli'tes | nclude

ema: FFIGo(1rKISiPn ahese X ds BERYRAN \P- QOGRS O. 5000, More

: tréﬂam‘uw Nthé ivaliebf ka8 flohe 8.0% 1D, 1282V ThS@holar Rt oBS(BI in the

e 1S-1

S et et UR 23y o NS EnechidS S la s152 001 (most

'p?ﬁ&fél:ﬂ.y flomoE$ itb i60at ) ThandeloF telativaly titanium-rich zeolites may

also be desirable. Particularly preferred titanium zeolites include the class of
molecular sieves commonly known as titanium silicalites (see Catal. Rev.-Sci,

Eng. 39(3) (1997) 209). Examples of these include TS-1, TS-2 (having an MEL
topology analogous to that of the ZSM-11. aluminosilicate), and TS-3. (as

described. in Belgian Pat. No. 1,001,038). Titanium zeolites having framework
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described in Belgian Pat. No. 1,001,038). Titanium
zeolites having franmework 3 structures |sonorphous to
zeolite beta, nordenite, and ZSM 12 are al so suitable

for use. The epoxidation catal yst conprises a noble

metal . Suitable noble netals include, e.g., gold,

silver, platinum palladium iridium ruthenium

rhenium s rhodium osm um and m xtures thereof-
Preferred noble netals are Pd, Pt, Au, Re, Ag, and
strudturesdsornerphuius t¥ebliteitta Ohotdenitaphhe 28M-aRare ailsdsuitable
#tl lized, either alone or in conbination, palladium
gﬁb'saol d are particularly desirable. Typically, the
anmounthe epoxidatomeatalysp comprises a ridbde epstal. dBuitabile noble metals

GRABEY S gy o diaP Sukéh, dlfnifl Y908kt Dl sifieflim,  pherium.
thiediumcesrivinurantb risturesdhitesf midrefeeredmabls inmethie are Pd, Pt, Au,
R8l I C'aﬁd%iﬂu”re%eaéfe%‘fe WRES a anyoof HAHBbE: mé{é‘i’&‘[ RAR'e utilized,

be supported on e“transition
Q@Iﬂl’l aﬂeneAm &y gambingtion, palladigax padtgaléh aretpartiewlary desirable.
TIRAlyS m@amonhvaﬁnsﬁ1e %étéﬁ&%b&hf’iﬂ tﬁ&%lox.ae%h LStz Wil be in

nobl e netal . The be essentially
Bedapae of f‘P@ 80 0 te@%t%w@a@%? 1 to &re Yhe support ed

I S ONfide Gblé Qﬁetaﬁlélnﬂa@ieetrﬁﬁélﬁbﬁrlﬁeféi’rzéoh% MEPBEt & a single
'gle met al i nclude carbons, titanias, zirc

HieLr or sepatate ogesy;prexamplecthenoble et tal may be supported

~ ont tthei eansitibe anetal Zigdlite)i aARéMafasly, lﬁh@kép@x&idtlbﬁaéatalyst may

and, m xt res

B SRl & FerRlioni 0l RSB Rfe ietal. The noble

- metad mpay becessentiolly blemepal (¢ag.| colloi@al Bd), airyis maysbestpported

& 1ot E&br ﬁ:&aﬁf@@?hﬁ {I‘I tg%ogJ q%tzdgléeﬁfgymgﬁl inglude carbons,

SU ported on ransi

: tuaniaserarq@was;rpmegm i glligas, oalumnasangrhpa-admgmapt i tdania-silicas,
IWBniRbiliedd, Ot'ﬂob%[sﬂf ,lid »Exc é%?r?s %doﬂ'[ﬁt hl‘éé” é\‘id mlndures
ng the 0| Ce 0 no

restrictions regar t he
Q?Sfﬁﬂfund or conpl ex used as. the source of the nobI e

et al TheSHidnney m whARHCRBTHUBIS! fndtaIak Welorpbidiéd Rt the epoxidation

syl fates, hal]j F S ., chlorides, brom des)
@ikt 'a?tee"t'e@ For gzamples the fofle;metal Bay ;n%egﬂnq@d on the
tmmnicm(&aem‘! B@dﬂite oetather darigrs, byalihpeigmation) ion exchange

lgtg{rm 301 m de 916e|i ak(s(triphenyl phosphi ne)

KS oxidation state of the _
nobI eThm'eaare suonpartlcularlreaincn@aé Iregiirding 1189 choice of the noble

%g&i%&%ﬂg@yop &%Bleﬂrhsoéﬂ. QQ%Q %oﬁ}c%t & HY nglreemg M é)uitab.le

"_compounds include ni_trates, sulfates, halides (e.g., chlorides, _bromideS),
- carboxylates (e.g., acetate), and amine or phosphine complexes of noble metals
. {e.9., palladium(ll) tetraammine bromide, tetrakis(triphenylphosphine)

palladium). _
Similarly, the oxidation state of the noble metal is not critical. Palladium,
for instance, may be in an oxidation state anywhere_ from 0 to +4 or any
combination of such oxidation states. To achieve the desired oxidation state or
combination of oxidation states, the noble metal 'compound after being
introduced in the epoxidation catalyst may be fully or partially pre-redﬁced..
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conbi nati on of such oxidation states. To achi eve the

. desired oxidation state or conbination of oxidation

states,.. the noble nmetal conpound after being
i'ntroduced in the epoxi dation catal yst may be fully or
partially pre-reduced.. 4 Satisfactory catalytic

per f or mance can, hovvever, be attained wi thout any pre-
reduction. The weight ratio of the transition netal
zeolite:noble netal is not particularly critical.

SRRy étél%%?bﬁbﬁﬁaﬁ@ 8hn,ZBEWEEr, MRDLRaINBY akitHotk idhy pre-
of 0.01- 5 100

) grans of transition netal zeolite per
refduelitBs . nobl e metal) is preferred. The epoxidation

;:at affpet w rﬁratw A7 the MrdnBRioho iietaf zgoﬁtéslﬁkﬂ:ﬂéi RiBA" is not
~f i .. The process may. be perforne
PaBERY Aok oWt SUmGTonJheta) ePHeshlS metalratio of 0.01-
160 ygmhwméiﬁbrv\mdxal&teomeme?wmemfoble &ié‘ﬂalpﬁrp?referred
Epox1|.gat| on actl on a?cordl eﬁ%bl @‘ﬁ ventlfon S
carri B8 %‘Eﬂ" Q patalyst 5 pre Iéf'f‘e 8T & HERRNsion or
fi kétﬁbdd.SI'lﬂﬁleﬁiceés Imaépbélp@ﬁ‘bhﬁéd i eet@itindbys #low, semi-batch, or
obER SRS, I Aderidtiddiie Olo SRR 4 PRsByR EioP2bo bars.
Epezidatiom reaoﬁonr acmxdhgqm tteundantionhis carded ica at a temperature
{ i .
offflelfo Bihuev'ud dodiftel Ao Bibligluort hrbaiy 3t felratures in

theoraige rhfcﬁrapo%@xdngw prefedaplf, 20r150°Co Beferabho mt deasta. portion

'oﬂﬁep tregta hL Murd ﬂ%%ﬁgkoeqﬁdbrltﬁe ?é’a(ﬁi%)’\ n%lltﬂ hgene of from

on ato he process of e Invention is
par t P\auwlaﬁm ye senuirgsl. e Spitblemigiing induslecanyeiefinchaviag at least

ohB' &rbbRtafith @BHBieebBﬁ@daﬁ@)bé?\%rﬂf%m z Eb td@ecaﬂbsﬁl &oms.

nmol ecul e, as I n a diene trie The ol efin be
Péefﬁﬁh%cthﬁb‘élﬁﬁ'b is ap ?@’;‘F“‘E 8Hieé‘ﬁn°ff ‘Tﬁﬂ'@t?dﬂ A0 gﬁr&@psatoms The
pfoteBs asf thel indentie®id particuldnydsaiable Gbh @poxiisiny 4L-Cs- olefins.

he 2
MokE B, Bhe (B Blecb i, il e reagat in e gl ol 5 in @ diene
op trigmygl. eTike tbefiromag e adydragieborOey anaypcdntuinl furgtionar groups

=L el OHRUSL 1T S0 8 Slmhit S o YRS Br e
like. e The precassdf thaira/embms espacinliyfusiefd fogeonvedirgggeplene to

‘1?;.%1@[ 4 be varied in the range of 25 H2: 2 = 1:100 -
p and is espec:lallyfavorable at 1:5to 2:1. The

mol aPxyaen gndhydmgefearetrequired.i Althaughs gay spurces of @xygen and
hk%@en e stiabig! Aldidcularloxygbh a%dlxﬂonéaalaétﬁtyg%lgén élhqiieferred

en to olefin nolar ratios (e. : may
The rﬁa@aﬁﬁﬁgéﬁdquen &R OX¥99N SPBf Jially be varied i the range of

Hz:02 = 1:100 to 5:1 and is especially favorable at 1:5 to 2:1. The molar ratio of
oxygen to olefin is usually 1:1 to 1:20, and preferably 1:1.5 to 1:10. Relatively

-high oxygen to olefin molar ratios (e.g., 1:1 to 1:3) may be advantageous for ‘

certain olefins.

In addition to the olefin, oxygen, and hydrogen, an inert gas may be
preferably used. Suitable inert gases Include nitrogen, helium, argon, and
carbon dioxide. Saturated hydrocarbons with 1-8, especially 1-6, and preferably

1-4-carbon atoms, e.g., methane, ethane, propane, and n-butane, are also '

suitable: Nitrogen and saturated C,-C4 hydrocarbons are preferred inert gases.
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In addition to the ol efin, oxygen, and hydrogen, an
inert gas may be 30 preferably used. Suitable inert

gases -i ncl ude nitrogen, helium argon, and carbon . -

di oxi de. Saturated hydrocarbons with 1-8, especially

1-6, and preferably 1-4 carbon atons, e.g., nethane,

et hane, propane, and n-butane, are also suitable.

Ni trogen and saturated Cl-C4 hydrocarbons are

preferred inert gases. 5 1 Mxtures of the |isted
Mpeutesgsfne lisfal ibertupees chhcbanbed. Thtimolef raticedf olefio to inert

s ey i iy 209 o 10815 4GB Bherelly 20 e

met al The@mdtmtlmacbnmrbme@tmdrtmadeabmnashbe dedeimsinedi on the

%»% s%?ltﬁé c%} Pat%f %flt @l%étrézrg%ﬁr{ %{Pal%?ém%@?ﬁ ﬂ"lenfr%n%lﬂon metal -

e tran3| Pon' et
Beqlite ite the elefinnthat is anpplrégdmerallmytlmeuﬂ'ﬁfp@ﬂﬁhtsufﬁclent transition

{r( an%&oﬁt@qls@@{a @o#ﬂo‘ilﬁléac’ hﬁﬁ%ﬂt V?fe@i 'ﬁ?al‘t%ur molar feed

Sition I'n per our
ratiorefdrapn 020009 t9.041. The epoxi dat i on st ep preferably

Uses fne cép\bﬁraianoﬁtgtéwrsfééwm é”s%!ve‘n't q%lﬂtéw 2bivents are

the reaction conditions. _nclude, for_ exanple

bigujd ewnder) the: grastion wgnﬁgﬁenﬁc arldeys rw afor apxamples | oxygen-
éér&ﬂﬁﬁrig?h cé:*UoPB a%fubﬁ a%O%I&&ﬁB@ d%ﬁht@%ﬂ@hﬁtﬂi&ﬁl c%ﬁﬂrents such
a C rrnate romati.C an al | atl ] ol v
H{J'&Ee %’FFF&P&BBﬁzE rigated roatic,a 8 @?’Pﬁ% S0 "9“%5 such as
an!brotieageﬁ@ﬁrlmamanﬂeﬂel bil(‘ljlbh@? auﬁlbensuclsh gasl d?etoﬂmlﬂe, carbon
{e ul ta e O nat e Sol.vV | NClI U C ! ,

Bk, N LB SIS TeRiat i e iR FROBN: ethers.
etterd, | km;memdcmbxmudmldehem!ef and fhecfilke,r add mixtures thereof.
t t t n S |
B’ SRRt sonldifs 168 o nd” Tk BIBROR' Such as
m@thanabt aﬁtbanolan@omwbs aﬂdert@dfbutammoamhaﬂwures thereof.

-?iu‘b?ih&ﬂeﬁéiééh&?@célﬁ%@us@ﬂe epoxi dation step produces a

reaction m xture conprising an epoxide and acidic
by pr ot egoxidation starcriedyees adeaciom b gRmpdsiog an epoxide

tﬁﬁ(ﬂl a'cﬁ!!lith tﬁ@pfoauctéo mu@@ngb AélhdétQQ l{?hb/‘?h&li&ﬁn ionize in
e Ssol u acC ClLdl C ro UGLS
PhieaS [SollbE: Sy TRy | TiAkes 106 osAiLtar: S, GotDy.  Acidic

bgsrotiacts E6ired &g mﬁez Présise, m;yho cind< cabiohic acityor ©O,), formic

550 aetli 2ol Ranitih el Al Soid B HRGey EF, NP Safls, ana

el tilkent sAcidie. myprodwatte rcanatatalyak) reactiéns of gippxides with solvents

8 ot VA8 5 By ks U542 B B! Binfe. T Uekfrable 1o

reactions. proces SO conpril

numitdast $ua rgagtiens.on of the reaction
The present process also comprises contacting a porﬁon of the reaction

. mixture with an adsorbent to produce a treated mixture having a reduced )

amount of byproducts. The adsorbent is any solid that is capable of removing
acidic compounds from a solution or a mixture (e.g., a gas liquid mixture).
Suitable adsorbents for the present process include basic ion-exchange resins
(e.g., organic resins containing alkylamines, alkylammonium hydroxide),
molecular sieves, aluminas, silicas, titanias, activated carbons, alkali metal
oxides, alkaline earth metal oxides, mixed oxides {(e.g., MgO-silica, CaO-

-alumina), supported alkali or alkaline earth metal oxides (e.g., CaO supported
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m xture wth an adsorbent to produce a treated m xture
havi ng a reduced anount of byproducts. The adsor bent
i.s any solid that is capable of renoving acidic
- conpounds froma solution or a mxture (e.g., a gas
liquid m xture). 30 Suitable adsorbents for the
present process include basic ion-exchange resins
(e.g., organic resins containing alkylam nes,
al kyl ammoni um hydr oxi de), nol ecul ar sieves, alum nas,

onSibbER: ek sliuuE, of g, BTnorkith Bl Nals (e,
calciury . qarbiy@te; MagnesibaO-cagbonata)) clays: st ey lisex any! tures
gL IS SRIIRAaRbdRS, E8o 0K, TEASbEUBPEL! Wefiiisr and

I cas um nas or zeoli tes o ali ne .
clmrﬁd:atmtqﬂswawsdq end BaseshincNew, SolidAgids and Bases Higpvier
stﬁﬂ g@bﬁ ing' GR ﬁﬁ‘dlrté“%babjf p@nd-ﬂl M_EM. Friedrich

or- exa es of .'adsor ben ee ab
Hadfferigh, , McGsawrHill i Beols fdompapksil '9%2159 - O AL Ggllold

|n%ﬂ°§c§a§&1s g#%] (%?EQﬁ%gBdJAﬁkﬂén mrﬁggge ﬂ@\(rsemsssg EP
1320484 S. Pat eNOthf; Zﬁﬁer gﬁg 5%!/— ﬁp:?” &%k 'iRbrganic

Q@ﬁ'ﬁﬁn\)ﬁth 't@lﬁerédlaﬁiﬂnlc Pases 6e.gl; silica Ravihgitethered alidyleraines,

ot pbeb i S S P 5 A can o

betudbd. ngefé!féﬁ adsdibehis Indiuade gmslloc ionraxchbange sregisnh aluminas,
C%ﬁgksfgfﬁﬂ ﬂ@é%%fdo %'%oi'swflgntﬁ% nllikl?fn ydr oXI| 't?ggt htggé diF" Bésic fon-

‘exg¢hange besing aremBst praferréth. 5, 194, 279) can also  be

us e%yﬁ?éﬁ&eﬁ%%sﬁ%%f%irgga% WHe drasdre éd%%nﬁhﬁm@!s and

resi umnas acti vat ed car&{g SI "
theheedctian, maddrenisc contasteth v ithe padsarbert, wi Haﬁg% sorption

" vés%éllg ¥ife BHSS %ﬁfrﬁéﬁ% pevibihal! v atd&itlﬁdﬁﬁs ot of bhatch
C

pt d
modacth rﬁmlﬁr‘y{‘f"gn t';;g ﬁga&%@anhﬁ? Eﬁ}/’?‘%ﬁ’z ‘392“? BSH#"Q’J“S%W a

| .stﬁléérﬁ é%oﬂ%&(&bhé) &onﬁrﬁﬁﬁﬁl}( MjthdrEam fomdhptreadonded to the

b et s SRS MR8 o BRUGoerinay e
inC® BlurRUetifixdd-ed (@dscspﬁccrabwf Pesfetably) [msxinm ﬁxe@-bed (see J.

conbl nuo sllyévm t h@r a\mogg %'prél'_flﬁ pg@gtm%%rg\,ﬁghﬁ@ggl?g pp. 153-

Whemmﬁmﬁbanmebﬁdmwyme aged.nV¥hern worg thpn one bed is

b d f I
us,.e? eg:ra\agl gé c{gs%'ii' gﬁ&wei & e%e ﬁéé’blki gréa?gttlﬁ-oinrﬂ s8ries. The
pr@ssu&and demperalgre at\@@,\%ﬁ agsqrptioryjs cgwe daut s netcritical,
al@#ﬁxﬁw it 'm%f? éﬁdéw té&ébd%e £ perri Qhé%or;w&rﬂ afrer emperature

used, they may be used in parall el

thed iglowes darFhgueactipn tﬂ""?‘ﬂa%ﬁ es. The

A treated mixture having a reduced amount of acidic byproducts is '
'produced from the adsorption step. The process of the invention comprises

recycling the treated mixture back to the epoxidation. Ina down-flow fixed-bed
reactor, the react!on mixture is preferably taken from the bottom of the reactor

 and the treated mixture is fed to the top of the reactor {(see Figures 2 and 3).

_ in one embodiment of the invention, the epoxidation reaction is carried '
out in a batch stirred tank reactor and the adsorption is performed with an
adsorption bed in a continuous flow mode, as shown in Figure 1. Reactants
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pressure and tenperature at which the adsorption is

carried out Is not critical, 25 although it may be

advant ageous to performthe adsorption at a

tenmperature that is lower than the reaction ~ '
tenperature. A treated m xture having a reduced anount

of acidic byproducts is produced fromthe adsorption

step. The process of the invention conprises

recycling the treated m xture back to the epoxidati on.
(otefin, dawdrogemvand xoaggdrex tBE epeaidation datslysteaotli |ﬁért gas and/or

S BB Y Ao T Ep U s boigr in o

gaephase 2(91' liquiskpirasp.eThe ramtosys maintained ahﬁesirmﬂetnperature

Shd tph&él.l%‘e')i Fbontc;}qgst an LAHHER ; 'rsgg)%ﬁ hgﬁuélggﬁlﬁ{i% through '

out stirr reactor
ling ﬂémm\%qu tihaga 3, andds fﬁd @dhaaqisprpt@ndmt 5 ﬂtlthmbottom of

fHeDH\édm ¥Re t?é'iaté@ ﬁ‘ﬁﬂuﬁé‘ef bég ?rﬁn] t?le(tgb gﬂéﬂ'ecycles

%g?rogen and e ep OXI ation cat
b QI U APUEE dnedht A ‘Fh"i%'éﬂay &eenaw&e@@uim@ 4 so that the

rqma fr@éctibn rﬁb@t’é&ﬁﬁ 8e c%l&%té IoWet t8inbRRItuid béiBfe bSiﬁg fed to
reactor i s nmmintained

§§‘?'P§8“ttlé‘%gé‘ at hﬁeﬁowh'@t?aﬁésiearl@m% reastionomigure frem the
tdagtordo the ladserptivn Gedtis meogtical wh ekl asw el rémoves acids

4 f th d fed tbﬁ\kél'ﬂ
o MiRTEa TRl HBER st fhaenarerBad-1Shle Tov per hour,
whent ¥ds fhexvalumesofithe liglid redstivrpmixturetindhé reamtdirhe top

a1 | B Ukl SAEEa iR Yokibo8 J0RBF it ) g frpo-bed
reagtar, end _rthﬂtaslsernrtw ibpearionined it coatinoowes fivwnpedatay shown in
P@LR‘. 2, bﬁ"hﬁgfélﬂdeﬁ&ldémﬁl ﬁﬁt% i %ﬂa&f‘eﬁm F]égk?oﬁ ¥ OYReactants,

ui'd reaction ture
i.ns%i!rtq ofefing rta/dm YeRNp 8ad; iserogas ana(qrasolwu ibniged, are

. _eénﬂrmoaél&qealtﬁ%actbe FRM8fRe Q&;b of fmé F&{Btamrauglﬁ IH{eeB A product

|caljlqk%% @l rate ran romO0.1V to
ﬂﬁ’ﬁm et FRacty) "é'P“F'Nef"qu they bpgar@t pf) ﬁhe reactor
thivotigh me 9. t.lh «ponﬁﬁmme t’eacﬁtﬁwtﬂiﬁtjr@mmaﬁslyt\nh@ldrawn from

GRH o oS5 DB TS S0A 15 B 5f B aasrsion

eatid 1. aFhes reated mixture diiguthe aﬁsoirmmnstméd et ammpctiftthemed and

%@%@lﬁ %‘aﬁ:kgr 0 $BALBFS tBPoJrg%aIg e"‘iz1 r{g?ﬁ‘ﬂ"t iy he ?a'n‘é%' indine 10

ogen,

@bthﬁemaqtlon uelumre am@y bemlemm ||qw¢retemparamm befors fad to the

t
AR Pec, eIy i, ©oSOl: e SBion AR Volng g cnoes
TrmtbhY de 10NPerdmurorhenety ingie valurae of the mc;qrah of

the rEReeeREmMB intEighd § i§ %I!&EW@JﬁJaY iMF; ?‘”%fc%e@ﬂl%& three

t he bottom of the reactor though line 1

el Adserrtion RrisotHiTi8sand 19 are used.
Generally, the adsorption capacity (the amount of certain byproducts that

an adsorbent can adsorb) is limited. As a result, after a certain amount of
reaction mixture passes through the adsorbent, it gets “exhausted” and can no
longer remove acidic byproducts from the stream. An exhausted adsorbent

needs to be either replaced with fresh adsorbent or régenerated to restore jts

adsorption capacity. The regeneration is usually performed by heating the
adsorbent remove the adsorbed materials, or washing the exhausted adsorbent
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bed 11. The treated m xture exits the adsorption bed
at the top of the bed and recycles back to reactor 7
through ine 12. A chiller may be installed in line 10_

- s0 the reaction m xture may be cooled to a | ower

tenperature before fed to the adsorption bed.
Typically the flow rate of the reaction mxture in
line 10 ranges 25 from OA V to 10V per hour, where V
is the volune of the reactor 7. The schene in Figure 3

wi'thc‘ assl[cm%rﬁ P e Eré%ggq%eac%grﬁéﬁgif% t@fcabhéﬁﬁhmas CaO,

adsor tlon are used
ze@é;m; ayg) reae beor@gapetmﬂ baeating qn ericiRiRg iRt therpresence of

o%%h%o&tﬁ“ﬂb% o Phhﬁbgttﬁa RISNEL Houfimdated o7 ik adsorbent.

er a certal n amount . of
Bagia desipg, ﬁnﬂhar@hﬁa%@d. are generally degengaigsd by quig’& with a

?s%X i itord (e 8N AN Neg00o30 NAMOO; NIONE mdlaemhuﬁmﬂ Uﬁrﬂﬁo)ade

th t haust d dsorb
Sclyans Iy WBlarc alFohpioh HeFAS. 209 PBANE) cluer BoRk Lk tgrmal
stasf | Sl F%ft ﬂasgrggel 81)C mretrﬁuly, ﬁguaaasbwatem atmanen washed
usua or e e _adsqrben re
acsart facer vaies, Sl RioReT REOERG o bR deigtated
scﬂvémehnmmj Weitér, Warbors @Iicmidegnto fam?mmetaaﬁmsr (=gt Na”, K
C m nas [ S
b i B B, ek B B gt n
slafry oxiyed-leht altnimay  bes casieduoubidfi-tine (whese| the exhausted
o540 . e HEn A Y BEPhior Aok RaArait? ddfnro, and
rechBrgeskto e atlsomtips. essellaoCoB;lingafdete thg@]agelp@gapon of the
W %EX@J&E i %OEES]&%B liRNBe! éblé%tﬁfn ves$MOok$ a continuous

ue to their limted thernal
epexigiation pracess, mpke thagone agg@rpyen)vesw'# ereisraply ypgd, which

aﬁﬁ?ﬁ?@ﬂfx-lih% rﬁeﬁéhan%ﬂowﬁlﬁhﬁg exhblited édﬁo\‘l@éﬁt Ih @@ vessel while

- I'S, ket ones, mat i c
th?aq’tbgémﬁlis 3t inesardice ps V"i gﬁsﬁ&?%@ r@%. bon

20

30

di oxBéedudetthecidueplioH slepirenves t@desnme aé)dic bypretiocts from

't'he%éﬁlgple%”gsed #ngggearﬁp%leragwl e’ E% ner gh@g’uﬂ@é’s of the

eﬁ@ﬁﬂaﬁ& ragictiohf -1 i ne (where the exhaust ed adsorbent

| d f '
e sclBMEND s ig ARSEE Rk RSy @HE 90806 Epied in the
arrwib metogréze MyevamﬂilqnsqbaEae& ithinothet spirit e&ﬂmwg@on and
@%;{6% Blodieconducted in the adsorption vessel). In a

|nuous IS epOX|dat|on process, nore t han one

- adsorption vessel |s preferably used, which allows

the OﬁdMiﬁﬁRrAQWEEE)?AWILEO‘f emxmwmer PF'!UPMNEI n
one vessel while the other vessel 2) reb ID servi
as i mitamenygilealite- 1Ty Lsamples are prepared by ollowing probedures

. disclosed in U.S. Pat. Nos. 4,410,501 and 4,833,260. Spray dried TS-1 catalyst '

(containing about 20 wt.% silica binder) is prepared by following procedures
disclosed in U.S. Pat. No. 5,965,476. Carbon supported Pd (Pd/C) is prepared
by following the procedure in Example 2 of U.S. Pat. No. 6,408,259, It is
expected to contain 0.4 wt.% Pd.

A 300-mL stainless steel reactor is charged W|th Pd/C (0.2 g) and spay "
" dried TS-1 powder (0.5 g), water (13 g), and methanol (100 g). The reactor is
then pressurized o 300 psig with a feed gas consisting of 2 volume percent.




Because the adsorption step renpves undesirable acidic
byproducts from the reaction mxture, its use should
i nprove the rate and selectivities of the 20

"“epoxi dation reaction. Follow ng exanples nerely --

illustrate the invention. Those skilled in the art
w Il recognize many variations that are within the
spirit of the invention and scope of the clainms. 25
COVPARATI'VE EXAMPLE 1: EPOXI DATI ON OF PROPYLENE

(Vblltjar) inydrogieh elawlémit% cibcyg?erﬁ ?)voawrpl-cgglaree 0% ephVerhelthane, and
0 W Nng.proce es | SC
S pRACTPIBRGET (hS Brastsur TG gp ol isiaal tingl) 3po poio via a

Haoknp msmmgr@nﬁatbr AthvtheYeed| gaseshpasted) cortinpoagigrtarbugh the
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15

84l LR RSyl ACRBREIA 1 il fliggurel

drdef ¢o |rogintain tzh copstant doivent tevet dnpthe magtorw@ngw!a run, the

M s e
YeBsel (Satwator mce@ingememaptqmmawrm 9 @)L ovvanethaoqlg The
Shcti @rpﬁllﬁﬁfff‘%%&qglw vﬁi}l’e ﬁ?sagﬁd'?éd L6 1560'%Pm, The > gaseous

pressuri ze as COﬂSIStIn

effiyenty ife apalveed: by gar( m—lm gpdeiyga ograpal (G)@bﬁwe Fhe liquid
analPled”bP 'IPE CG R-the Vid &1 RS hame, T@Srodd%@s hﬁhiﬁéi:ﬁaclude

nItTO en. Thegpressure i.n the reactor |s naintained

EyViSEe PR, (FO), RERPHIG ST Cleriaties: oF FpRYICH: s, guich as
grepgRne iR, SRIPyieheOgiytol inbhomethyl Reherscdiprosylate gﬁf&el and

I ni a 3C and | atnosphere pressure).
@Ufﬂpé{gq"%tr@?fﬁ qﬁ?‘r? ®Sonst ant sol vent level In the

reactor during the run, the oxygen, nitrogen and

B ooy e sc ek puiis: JERERb AR e pROPILENE =
cont ai ni ng 1. SVITHICIRSUHAIING ABSORRBION BEDY xture is
heat eﬂ‘lé Brc?:%GUY@ ?A %ﬁai'nﬁi% 15{3 J’egsgte%t )Jci.'lQ)Q tﬁ:ﬂnén -'a_aﬁorpt!on bed

gaseous uent I ne

(nteorahdisgnetsn Q. mpcla.riwghte ‘iﬂu iqm%ﬁ)uqs'amﬁd wztbd\rb;’eﬂyst A26-OH
@B anhé&‘ﬁo@FR@ﬁn{ 894509 1ansieh?edr Udd I%J iBStreRhP B fdation mixture is

I nc prop ene oxld propane; and
widharawni fra the repdpy it fbﬁ.ﬁdier wma BYmPPasRAddREUgh the bed
ét' A Ry reﬂé Qﬂ}"i(fhﬂ_l&ilﬁ ng fIIW)O8RA ¥l tRickabhe reactor.  Improved

tRRC Pradicgsi pane sty taThianvisned %%‘%Lgﬁéw%?mbtamed_

Sdripdledto WPTI ON BED
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The procedure in Exanple | is repeated except that an
— adsorption bed (internal dianeter, 0.5 inch; height,
12 inches) charged w th Anberlyst A26-OH (obtained .
“from Rohm & Haas) is § = M A liquid stream of
—~reaction mixture is 20 W thndfawn from the reactor
through a filter wiwth a punp, passed through the bed
at a. flowrate of 10 nL/mn (up flow), and fed back
to fhgnfeactor. Inproved catalyst productivity and
select|V|ty to propyl ene oxi de shoul d be obtained
Conﬂ;aré‘d‘%xﬂﬂwfé‘cefsmmms'm\l PAMD | claim 1. An

epoxi dasy Onrd%bﬁ}fgeﬁﬁ oRfAANNYdRIgRR; afdbxyg@ndhithg pessence of an

ol efin, hyd and en in th se

epoxi dati on d&\’"?'%t“’@@ﬁ%? UYL ¢ Eﬁ'g" ?:gegaiﬁjeetogt and a
s zeolite andnéble meldiod prodedend reavtion mikiure campgsing B epoxide

m xture co ide and acidic byproducts;

(b) cont ac??#gé'&}gb?é}n%%g%f the reaction mxture W|th

an adsdbbenconlaﬁilag asoptionaof thereadtion rpistups with g agsorbent in a

treated m xg 16! pFRIIEE BCkreaAGE Hiblturef na¥irigdh eeduced
bypr oduct s; égdatg%% rgcycl | r}’gpt he treated m xture

to step (a) amQ“"t'Hﬁéc‘ﬂF(%%'Qg“%? aim1 wherein the
1o nobl e nef al rdcyeimgRotréfed miktirb e step ga)si ti on net al

Lit 3. T I
ot d | BecepEeRl fgh e iftol bE| & WipoRaP R e
phbdsitidnumetaldeatitenum  gol d, rhenium silver, and : bod)
m xtur eﬁ}eh&:%%;%%e{ﬂea im énewn@(ﬁt fiin REORESIE rﬁétaﬂs%é!’&c?ed from the o

mhereln nsition zeolite is a
zg@upt@nseungmé PBHRST s PR ORI Mg HVEh D Bgures
f1 S supported on. a carrier. 20 6. The process
of clal wher ei_n, t-h rr.i
grodp srPERer i atene T {eRgn B ekt W arium
Nizediteas, SI licas, alumnas, silica- alum nas.
titani aL BILO%QSQ‘S of 'cfaﬁ'f‘?nl %é}é‘ i ﬂﬁasnoﬁléqgéﬁr Y Eu;fp’bﬂed on a

i on-"éxc e resi ns an m xt ur es t hereof
camer

0 - The process. of clarm 5 wherein the carrier is selected from the group
conssstmg of - carbons, titanias, zirconias, niobias, silicas, aluminas, silica-
aluminas, titania-silicas, zirconia-silicas, niobia-silicas, ion-exchange resins, and
mixtures thereof. ‘

7. The process of claim 5 wherein lhe transition metal zeoliteis a titanium

75 zeolile.

8. The process of claim 5 whercin the noble metat is sefected from the
group consisting of palladium, platinum, gold, rhenium, " silver, and mixtures
_theréof. _ _ , -

9. The prbcess of blaim 1 wherein the epoxidation reaction is performed in

30 the presence of a soivent. ‘ _

10. The process of claim 9 wherein the solvent is selected from the group

consisting of alcohols, ethers, esters, ketones, carbon dioxide, water, and

mixtures thereof.

| §]

Reigived at the EPO on Nov 16, 2007 14:44:16. P: AMENDED SHEET




7. The process of claim5 wherein the transition netal
zeolite is a titanium 25 zeolite. 8. The process of
claim5 wherein the noble netal is selected fromthe .
group consisting of palladium platinum gold, '
rhenium silver, and m xtures thereof. 9. The process
of claiml vvherei n the epoxidation reaction is

performed in 30 the presence of a solvent. 10. The
process of cl-aim9 wherein the solvent is selected

f r okh- t HBegPOgEss cinelpign i hgviefreinl thehabisorbenhés selected from the

AP, SpreRIRGCSr e oRntherRe, P o flingd TeitiEh oxie.

magnegiym\pxidecpftivated carbons, arsbmiduresitergobcess of

7l ajgn rhehRbeéss bhetafs SOWRERLn itfe %%St‘bteﬁg i éwswi%n—exchange
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% oup consisting of basic ion-exchange resins
R nas, cal ci um oxi de, nagnesi um oxi de, act i vat ed

Car@”ﬂh@ﬁﬂ)c@s%bﬂ&lﬁﬁn Hheh&Rin thE2adsbitSeriti® s fix€d-bed.
orbent is a basic_ ion-exchange

cl ai wherein t
S 4G] [ BEOSeR S STIRE1 Sheroiths ARsowReF i Asiy.
adsié bFhe precess of é!a'ned*vh%iem $tép (B ;Fé’lﬂﬁm%ﬂ lﬁfcoﬁ{il%cms flow
I;},lo\ggereln the adsorbent is in a slurry. :
process of claiml wherein step (b) is- perforrred in
\(l:\zriﬁ nlibegré¢ess ofrahaim 1 Whetéin slére(l)iopessrmudd B Watﬁh hode

[ e e
o org I8 dedibior e WHERE 8 sBS0Bn R FBsendrited B ine.
redén eWbeduoeqzsa oh@lalm niswhhein ;Un@aés&'beﬁt il iai multiple adsorption
VéReR),n the adsorbent is in nultiple adsorption
vessel S. 19. The process of claim| wherein the olefin

s 18 oEOP@ﬁ%CesE?fﬂ?‘"% wherejp dlae olsfinds grapyieheaher ei n

e e L e o i

t heoadmé prdéedsSofciBiRPl9 Wr%eﬁ%B%Smén?% 8 bakic lon-exchange

resin. -
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