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WD 2004/ 048354 PCT/ EP2003/ 013213 1 PROCESS FOR THE
EPOXI DATI ON OF OLEFI NS The present invention rel ates

WO eooa4836pr oved process for the epoxidati on OoPCDERI003I613213

using a titanium containing zeolite catal yst whereby
the 5 deactivation of the catalyst upon recycling of
t he sol vent has been considerably reduced. Background
RROCES® FORVEHE EBOXIDATHNbAT EREAINDO 118 it is known that
ol efins can be converted with hydrogen peroxide to
epoxi des when a titaniumcontaining zeolite is used
S QA P | , ey _
TR SRR lyefo FREET) Bopliejabhaeais o gl efdication
tthelefais nsanrdat ticahjur egetaipen®xedtite patdlest edereion the
m xture. Methanol is_preferably used as oIv?nt. %5
@ﬁ vent has been

dgact byatr 0B oMt &hei GidabisipbRAH SeaYHd Thg cjuéhe 159
L 0L L ' he process as conponents of the
Q?Eﬁ@%#@ﬁﬂgFgﬁgsﬁg, as additives to the epoxidation
reaction or as additives or auxiliaries during the
wor k-up of the reaction mxture. 20 N trogen
Bankignouidn gf ciepbnnetiEiemy be i ntroduced with the
hydrogen peroxi de used. Commercial hydrogen peroxide
solutions often contain nitrogen containing conpounds

P EP R 1EE fTBaE$Af522ﬁ6Wn°fhé¥5o¢é¥ﬂh§sééﬁ7be'éﬂHkaﬁéﬁ'ﬁith

e exanple is not r i net hyl enephosphoni ¢ aci d used
pdrager? pestxaidel ta epoxMidsr wigem acbittaai ui mgntoindogreeslten is used
be added to_the epoxidation regftion .to ipprove the
By SYRbIRE . ol Eeael Bt 1S ProTerabl urcgeriashget on ki Phgesnce of a

aLn u SGL 0 ' :
BTVt SR B0, T cHE R B o Bidrooen peracice
HP-the 2688 46n andtirR. AMethdn8b3as prerfenalsly Dbéd egesoTvages
such as amnes in EP-A 1 072 599 and WO 00/ 17178,
am ne oxides in W 00/17178, carboxylic acid am des
Ngkgggéé\é%%ga$%%%ga{5%pounds are frequently introduced into the process

as components of the starting materials, as additives to the epoxidation
reaction or as additives or auxiliaries during the work-up of the

reaction mixture.

Nitrogen containing compounds may be introduced with the hydrogen
peroxide used. Commercial hydrogen peroxide solutions often contain
nitrogen containing compounds as peroxide stabilizers or as corrosion
inhibitors. One examp1e is Aminotrimethylenephosphonic acid used as a

stabilizer.

Nitrogen containing compounds can be added to the epoxidation reaction
to improve the propylene oxide selectivity. A large range of nitrogen
containing compounds has been described for this purpose: Ammonia,
ammonium salts and nitrates in EP-A 230 949 and EP-A 712 852, organic
nitrogen bases such as amines in EP-A 1 072 599 and WO 00/17178, amine
oxides in WO 00/17178, carboxylic acid amides in EP-A 940 393 and
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WO 2004/ 048354 PCT/ EP2003/ 013213 2 WO 01/92242 and
nitriles in WD 01/68623. In a sinmlar fashion

woRdorogsm cont ai ni ng chel ati ng agents have bekCT/APHO31013213

to the epoxidation m xture to_suppress the

deconposi tion of hydrogen pero%ide as described in.

EP-A 757 045. 5 An exanple for introducing a nitrogen

¥ iL492A43gand mporilesdin iWdg01/68623wdk-aisint 1arhashion, nitrogen

HReL e, el ih el e daTE R e 5, 2R oRastISh oxcure
B SBGRINERL BBk e1dro P APoddi OB 06 SACkE G bed in
P BRI R

n1xt epoxi dat’i process I's per
ﬂhAam57nmastr|al scal e the polar sol vent used in the
epoxi dation reaction has to be recovered in the

wor k-up of the reaction mxture and recycled to the

B S, ST O 0
' ¥ 06 WoxWRALI8h GFiXBhre WO @¥cld&dPiin WH099/ 14208 where
02/02 44, WO 02/ 02545, WD 02/ 14298, WO 02/ 00635,

otyrobeuBneVs dlesasived, asrthe auens foushs, aglgragsson b the
Oé€57009 . 1/570% ﬁgan the solvent is

g gl de ﬁﬁﬂ? ¢ SEELINIHEI BN the recycl ed
solvent may accunulate in the recycle upto
undesirabl e I evels. This 20 probl em has been addressed
Wien the epopidattipn gretessidisypler formedOod HrOT6AGtraal sédle the

99‘08985 and for methyl formate in WD 02/ 02544 and WO
pojar2sakent e r&;r@pe%p%ﬂw@n PRAFLIPs Hag okt Renrecovered in

Feag@kfébﬁsoPoﬂﬁoP%éﬁq {)H%x@wl ﬂé‘tﬂeﬁ c T 8b) (‘%B)ﬁﬁat']on

ower ca IC acC a nore

d@mt'ibwa‘tdr‘oéc@fomﬁ@&e@@@h@.daﬂbc@ﬁs@ﬁf@kyﬁb V\étﬁWeWeof the solvent
recycled solvent 1is used in the epoxidation reaction.

iraee baewr tleseribedyin ¥OsIANEEOGUYA 20/08%8%I Ye19HM1ethi ng

R PR 3475254 SPTD 8 o Lot 094208,

RO 9578350527 "o K)??Mlssmw@d%gé Q55T Wyflsmgg 8l WO 01/57010.
recycling 'the sol vent havé not addressed the

When the so1vent'1s recycled, impurities conta1ned in the recycled
solvent may accumulate in the recycle up to undesirable Tevels. This
problem has been addressed for the impurity acetaldehyde in WO 99/07690

and WO 99/08985 and for methyl formate in WO 02/02544 and WO 02/02545.

The recycled solvent may also contain impurities poisoning the
epoxidation catalyst which leads to Tower catalytic activity and a more
rapid deactivation of the epoxidation catalyst when the recycled solvent
is used in the epoxidation reaction. The inventors have observed such a
catalyst poisoning when one or several nitrogen containing compounds
were introduced at some stage of the oxidation process. The known
methods for recovering and recycling the solvent have not addressed the

problem of catalysts poisoning and offer no solution to this problem.
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30 problem of catalysts poisoning and offer no
solution to this problem WD 2004/048354

wWOeOABR3803/ 013213 3 Therefore it is an obj eceCDEP10b&013213
present invention to inprove a process for the
catal yti c epoxidation of olefihis in the presence of a
titanium containing zeolite catal yst wherein one or
Therefaret ibgisnac abjechiofgthe prpsamtdsnwentiomtootprede st process

some sta%e of the process to_achieve an 5 inproved | . .

fxt the Catakyti ﬁeen%a)s@fdaﬂi%fn.%%fmsym thRcRTesERGR0F ¢ Litanium
r ed | ed . ' ' .

R e RN W O e P o

drpouRist ar@a@tRydugedraicesme fsbagd b€ et phoddss to achieve an
epoxi dation of olefins, wherein one or nore_nitrogen

wprovechianti \déipeilthe epoxidation qiabystavharh sl ¥enigds grecovered
th rocess, i) reacti ol efin with hydrogen
%Efsg?%geantq Eée ﬁ?p%bcﬁgéorg%t%g% a titani um containi ng
zeolite catal yst and a polar solvent, i) recovering

a stream conprising the polar solvent fromthe

reacti on product of step i), iii) treating the stream

[ Qovere% in tt Hi tqQ contain less  than 50 wppm

L1808 gani ¢ nitrogen 20 conpounds
and -iv) recycling at |east part of the treated stream

of step iii) to the epoxidation step i). In.a
el ebjeed kabdemanitaniedt be appromess fdrethe eatabyttici epoxidation
step ili) is 25 an acid treatnent. The object is

ool pEinsor eherenn enedomynose grideeden containng £OBPQHNds are
epoxi.dation of pr.open er.ei ne. or nore nitrogen
E’&YPQE‘%*@P S@B’ﬁpﬁ?%gsg%rtggiéﬁ%?g%ﬁcgﬁ at some stage of

t he pypcesgehind@nadldfinavithagjdregers pepoideremehespresence of
reacted with hydrogen peroxide in the presence of a

titani um saltitaniuneconttadning zeobite exflaJ@sit and a polar solvent,

ii)  recovering a stream comprising the polar solvent from the
reaction product of step 1),

iii) treating the stream recovered in step ii) to contain less
than 50 wppm nitrogen in the form of organic nitrogen
compounds and '

iv)  recycling at least part of the treated stream of step ii1)

to the epoxidation step 1).

In a preferred embodiment of the process the treatment in step iii) is
an acid treatment.

The object is furthermore achieved by a process for the catalytic
epoxidation of propene, wherein one or more nitrogen containing
compounds are introduced at some stage of the process and
a) 1in a reaction step propene is reacted with hydrogen peroxide in
the presence of a titanium silicalite catalyst and a solvent

comprising methanol,
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-cont ai ni n

conpri sing methanol, WD 2004/048354 PCT/ EP2003/ 013213
4 b) the product streamfromthe reaction step is

wWopiiossasd y passed to a pressure rel ease stepPCTEP100&013213

product streamis then separated in a pre-evaporator

having |ess than 10 t heor et i cl separation stages

into an overhead 5 product containing propene, pro?ene

oxibde hed pnedusknsitreamntromnthe reatidonoshepr telwptionally passed to

g nethanFI and water, 20 to 60% of the tota
amount @ A e Fah® €At T 68uced with the product stream

beiyg ' .
o) REPUELS A", ohgs Mgt Al fyator navin
| east Begsatharmfl0t tieobet icain sepadatcionf stagest atocan ieverhead

treated to contain less than 50 wopm njtrogen in the .
f or m oPrasHghHoata g RjOREDHPEORRIS Akidle a;pff mehlgnoy. and into

after kal j : a Al

et AR YK Ao L S ind Bl 287 ¥ of e
t he r eggtialoamcing ponethiodi 1redtodeser widh ¢he Qrotiliet stream being
invention 20 In the process for the catal ytic

epoxi deenayad ofith| e Akerheadramodgct andHdie Tesighei ramadring in
or norg nit en _contai ni ng conpounds are introduced

at spﬁgagpgﬁg‘BF°$¥%’procgss. If several 'nitrogen

conal gt Wgag?ﬁgﬂm%faﬂ% bbf’éd?n"?%@ttﬂ% | BP is ;created to

i ntroduce r at the sane stage or at differen
st agescarftatihel gssotesns50 lwppn atidcogem ioftheh&omi of carganic

cont ai ni ng 25 conpounds be bot h ur pose. or .

i nt eRUTOGER ISPMDANCS it cHR T IGRAT 1Y AT FSRLT G B egAging

or nnrﬁaaﬁxrogen cont ai ning conpounds occurs if at

| east one of the starting materials olefin and

hydnoget Teasbxi gerploft tiee peéavedsptodect frsmdstiep dheis recycled
epoxi dation reaction 30 contains a nitrogen containing
conpoub@l.theneeaskiempiséep fthe use of a conmerci al

hydr ogen peroxi de containing a nitrogen containing
compound

Detailed description of the invention

In the process for the catalytic epoxidation of olefins according to the
invention one or more nitrogen containing compounds are introduced at
some stage of the process. If several nitrogen containing compounds are

introduced they may be introduced either at the same stage or at

~different stages of the process. Introduction of the nitrogen containing

. compounds may be both on purpose or unintentionally.

An unintentional introduction of one or more nitrogen containing
compounds occurs if at least one of the starting materials olefin and
hydrogen peroxide or the polar solvent used in the epoxidation reaction
contains a nitrogen containing compound. One example 1is the .use of a
commercial hydrogen peroxide containing a nitrogen containing compound

as an additive. Such additives are for example aminophosphonic acids
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as an additive. Such additives are for exanple

am nophosphoni ¢ aci ds WO 2004/ 048354 PCT/ EP2003/ 013213
WG208/048386 per oxi de stabilizers or nitrate sal PGT/EB®A3/013213

as corrosion inhibitors. N trogen containing

compounds may al so be introduded to the process for 5

a certain purpose. Additives, such as ammoni a, am nes,

et res prraese stabibizeasi aresitratei salitiseysethps beorrosion

introduced into the epoxidation reaction to inprove

@hRit@ESsel ectivity. Nitrogen containing chelating

conpounds may be introduced at the sane stage to

reduce peroxi de deconposition. Nitrogen containing

Nﬁ@ﬁﬁ??ﬂndénﬂﬂﬁhiﬁdSEOmﬁnunUthaydatsﬂddeﬁhtmgdudad teortheuprdcpss for

of the reaction mxture as solvents for exanple in |

aegePtRin pUrposepAddi tivess rakehi 3% apmenia,| aiingss amine oxides,

rbbRReS AR T RSO P eiRlshE PR sroxidaigp, resction
?ﬁ:?ﬂpﬁﬂ¢é'éﬁbxﬁ@él%eq@ctﬂvqt?F”Nﬂ@fégéﬁaééhﬂaYhiH@PGﬁ@ﬂﬂtdﬁgtd@mpounds

ss vol atile products. 15 The nitrogen contai ning
maynpe vimd soducedoatu ¢bel tamet $tagpriur ceduceapenaxide qipcempesition.

to other njtrogen containin onpoun hem cal

VG589 oML AinT 1 1FOPRBIES O eI T PERREE B g s work-up
. . ) hvdr . o

OF gL pike e ORI L Hop U Rdps on

Atract ivendis thié 1 etxiods z éd tragemy dorbeshémg cempauints i coataining an

nitrate. 20 Primary am nes_may be oxidize

mbs%itmt@dj Niy aireupd RretRIab1 vxvRBazide. FANn 8%2{4%@5@&"_1’ ng work-up
% GPO e AReDS T oy TS Yol e I BhOdMLES

am ne oxides. Amonia or primary am nes may al so
.react with epoxides to give am no alcohols which in
The nitrgebecdniaimicng ecnpoliadsd inkRatiuery Itanthe Pragesseray be

AR e SR T
WP s! 9D BhcbRAPERY beca BHIURTLR o oger
paroxide botbrnimziats] yset yalr ogealaysedbys theyd,itaxiumesontaining
Qgﬁqﬁgéo rl\?n;or?inadmg)%ib%egx1ygilzrlad Qc% F\ﬁ?r%‘)’(?f{gm%%ef om' H e ro¥ nitrate.
Primary amines may be oxidized to substituted hydroxylamines, oximes or
nitroalkanes. Secondary amines may be oxidized to substituted
hydroxylamines. Tertiary amines may be oxidizéd to amine oxides. Ammonia
or primary amines may also react with epoxides to give amino alcohols
which in turn can be further oxidized. Hydroxylamine may react with
carbonyl compounds formed in side reactions from the epoxide to give
oximes. In a similar way hydrazine will react with carbonyl compounds to
give hydrazones and azines. If the work-up of the reaction mixture
contains a hydrogenation stage, oximes, hydrazones and azines will be

converted to primary amines.

From the above it is evident that a stream comprising the polar solvent

recovered from the epoxidation reaction mixture may contain a wide range
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30 Fromthe above it is evident that a stream
conprising the polar solvent recovered fromthe

WE@p@Hiogati on reaction mxture may contain a w PEI/EP29g$013213

WD 2004/ 048354 PCT/ EP2003/ 013213 6 of organic

nitrogen conpounds even if onﬁ& i norgani ¢ nitrogen

contai ning conpounds are introduced into the process.
aduerganicheiiragee coup®mds odvenr Eaonil prinossanicheigwepn eentaining

%ﬁ‘w@'ﬁé\ﬂﬁﬁt% ﬁ%g%dé’r%gé iﬂ%i@l&gﬁ}%‘%%%gwﬁtéﬁhﬁp aﬁ%iecrtlumber of
%{e)x%%%ﬁs ahd the & éi.ré’ﬂvé’rrlkt of MBctTHRNIPIS Hﬁﬁé%ossib]e to

served that surprisingly the recycling of t
predovieped qowaicls orgamic hotrogen epnpowesi wil Isbepriesents and in
to a reduced activity of the epoxidation catal yst and
WakodOUREpi d cat al yst 10 deacti vation when one or
nore: nitrogen containing compounds are introduced at
some stage of the epoxidation process with a titanium

THeNnt ;entoss 20k i disepaddltlist subpritaagnowhdeweyébingdof the
that the activity of the epoxidation catalyst can 15

tesoveradepetar sptvantete dhalapoxidaideni stepi radsako 1se reduced
reduced hy treating.,.the covered stream G i Si
FGHAVEEY af el SBi TG Qb Rk E A p g B BB T 0P
Bct AR oh yHeNCol oM RIr@aFH 1F-08EA 'CRRESN G AFRMPESdachke e
recycling 1t to the epoxidation step (wppm = wei ght
jrearoduqeelr atridome ostage naff kbé .epoRidetdpalirpceshevitie cobévand um
streamis treated to contain | ess than 20 30 m
cRtaTIINGr geqlyity ‘F@iy?man 15 wppm and nost pr\gfpgrabl y.

| ess than 10 wppmnitrogen in the form organic
ni trogen conpounds. Organic nitrogen conmpounds are

Linthas siowobears foghdgheorapeusstsvithaiof denepoxidattayahtaityst can
bond between a carbon and a nitrogen atom The amount
bes iperensed oyshthe) cakial ¥sr deast Tvatgani @ampe reageged by treating

ompounds _i,s .preferably .det.erm i f c
B Ve al eBeeh BN RS RO STl {4 b fess thar
3] wﬁbﬁrﬁiﬁﬁﬁqed71hh%héfﬁ@ﬂﬁ gfgdriier gRitoger icomSER@s before recycling
conmpounds. The total anount of nitrogen is preferably
tietter thenepoxidat fien Istep dappm mewaitght parts per million = mg/kg).
Preférab1y, the recovered stream is treated to contain less than
30 wppm, more preferably less than 15 wppm and most preferably less than

10 wppm nitrogen in the form organic nitrogen compounds.

Organic nitrogen compounds are understood as being compounds that
contain a covalent bond between a carbon and a nitrogen atom. The amount
of nitrogen in the form of organic nitrogen compounds is preferably
determined aslthe difference betWeen the total amount of nitrogen and
the amount of nitrogen in the form of inorganic nitrogen compounds. The
total amount of nitrogen 1is preferably determined by the Kjeldahl method
as described in DIN 53625. The amount of nitrogen in the form of
inorganic nitrogen compounds is preferably determined by ion
chromatography detecting the individual inorganic nitrogen compounds.

When the recovered solvent stream has been subjected to a destillation
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as described in DN 53625. The anount of nitrogen in
the formof 30 inorganic nitrogen conpounds is

wQe@hessshd y determ ned by ion chronmat ography BEL/ER10031013213

t he i ndividual inorganic nitrogen conpounds. Wen the
recovered solvent stream has been subjected to a
destill ati on WO 2004/ 048354 PCT/ EP2003/ 013213 7 step
stebobeforecrecyching it ttw the eppxidadaon sitage dgewit] wsually

usually contain no inor C C ounds. ot

Goiain Ko THdoan - SomoLeF other YER BogHq. (Gererore 1t will be

ﬁff?‘f%Le‘ﬁ%l fo- PQ@lﬁ%a‘ %u@ﬁbf& S%e%ﬁﬁnﬁféoﬁﬁg aﬁ\Burﬂi bf48&Pogen in

e for | nNor gani'c rogen conmpounds

et oM ﬁabwgan1ofn1anngun uompdﬁnd$thedetﬁrm$maﬂ1onroﬁ _amndrE um,
formof amonium salts. For the purpqse of the

eihientasoRUEherdit &hei oM o ABROHUM, 2Yd8-in the form

of organic nitrogen conpounds can be performed both

conti nuously or discontinuously. \Wen the

F5F3%hé”ﬂ&?béé@noFStHéOmﬁwéh&1bﬁWUﬁéVdﬁtérmiﬂmQ$§m(binniﬂ}ob@n in the
both periodical intervals or irregular intervals.

fesmaot yriganid hiitingen seamppwidsnean dedeansoninert boble canbinwously or

f nitro in . the of or ani ¢ nitrogen,co u
o iraHinpoouas” she rsBoy BeRIIL Terdireat ThigraTs: Hhese can
%%%Eﬁrrﬁ%ﬁ“l@& aeifteroyRY 8ﬁ ﬁ?‘é&lﬂ"é‘rt tEPORP NULESFI yt PaR11 be
wpp nitrogen in t ofrm of organic nitrogen
swifpoterts toredeteominei blee amourﬁaepﬁrrattrogersneweoform of organic
chem cal reactions. The treatnent na 0] coEqE@§

REFEseN COBPRUNEST IH Ysvigls PB‘PC%yPQi‘@Fi% A rcat

- steps with one or nore cheni cal reactlons Sui t abl e

separation steps for the treatnent are for exanple

Thes tirbdtileh®rof Ehe Teabldredt sigeamebd casidian] esshsbarp60 oappm
or 20 nmenbrane separations. Suitable cheni ca

nirogennig the fohe ofr emammmatr@gera@pmpqwdé ayaconpshse of

g%az’g{:]lq\?gs%qﬁig%lcgﬁm%ﬂor % 18”?11 ﬁf\gg@'ﬁagﬁgﬁ% Hﬂg %158 combine
‘?\Pérhe r g)ér‘éf‘l%n §’Ee%@t8?e'ﬁﬁaycéﬁﬂﬁﬁhes%§pé‘r‘hta6h %t‘eb@avhl‘fﬁnéne or

overed solvent Stream 25 In a preferred
mmﬁnadheuamh1cﬁeatbtnqsroﬁumtabiéusepawﬁinnerﬂteps ﬁdWethe treatment are

recovered streamis cid, treatnmen risi
Geltiexgmale LYt 18t toRe Cretelarati &t SRR IO UBREPEIRY or
héHbraRE ARG ToNE Ustit 1@ Bhetith] #eblfions for the treatment are
acid base reactions, selective oxidation of organic nitrogen compounds

or selective reduction of organic nitrogen compounds. Preferably the

treatment comprises an acid treatment of the recovered solvent stream.

In a preferred embodiment of the process the treatment of the recovered
stream is by an acid treatment comprising adding an acid to the
recovered stream and subjecting the obtained mixture to a distillation
step. In the distillation step a distillate is withdrawn comprising the
polar solvent and containing less than 50 wppm nitrogen in the form of

organic nitrogen compounds.
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step. In the distillation step a distillate is
W t hdrawn conprising the polar solvent and containing

wo e®g/o1d3an 50 wppm nitrogen in the formof 30PCIERI®013213

ni trogen conpounds. WO 2004/ 048354 PCT/ EP2003/ 013213
8 In another preferred enbodi fent of the process the
treatnment of the recovered streamis an acid

Trr amt‘nentprtedaprre:ds enbpdineiteofi the phecesseths, reatment exfnithe
to a t d.d N [

P BRI SHIBARS 5 g oAF e FEFaEest ol sSBvuyne ingothe”
r%%}){?ére‘af i{rtéeamiit({ %C r?crﬁgo&?st]a/‘p@ﬁﬂrta‘eed Qﬁﬁﬁil 15’Ita‘t1|6ri"tah?nfeed1 ng a

ream cofrpri sin e pol ar sol vent
W@axﬁ%tnprmmg dressm heina 55 iwb paboné tihegéeed potitte of orhe

of organic nltro'%en conmpounds is_w thdrawn fromthe
rtﬁcgwrredastrmmc’m he distihl addphicodBaye At H@qué’éoﬁtﬁswﬁtcompﬂ sing

He bitfard S Then® B, RS IIG B RERhH0 ool Rt Rfent BF the forn
&t b?@é‘ﬁﬂ@amt%gé‘rﬁ fcomp@hdRyi RMy thdraivh o e distidnagforacolumn
m neral acid, a carboxylic acid or an acidic ion

&x ahpaorigér abcn/el the feed poant @ ff thenacBiiqoaEpr & D neirgpm,
aci_ds lgre ni [ furic acid, hydrochloric

acid, s
RI&fara Iﬁ(o% @paefdtql?r COM™hl oric 15 acid. Preferred

m neral aci ds are sulfuric acid and phosphoric acid.
Carboxylic acids are preferably selected fromCl to

T2 aoh g reatmedt caft b yecoveraiddst rean mays bé carﬁf'ecteai: bd,any
acetic acid, propionic acid, . butyri c a , nt anoi c
wtabm@ﬁamughaaﬁ a, "HepaARSiE, aacucaf‘ 5 Andicdd fcpp,acidic Ton

%gcglgggé{gl @C hns ardéa@ggf’éoc £Bfh dSu%ﬁ%We?af‘%lcgd?rare nitric

oxalrc acrd, malonic

SOIGCT QUFuRed Geid) Wyardchlaeid acadl phesprortic actdl @ perchloric
acid or fumaric acid. The nost preferred carboxylic

acidd Prefeaced minenaldacidsr an:ehéuza rd ct acigh arthphespherags acid.

i c jon exchanger .in ted. 2 0

Gainangi s defdis ore aressraned BCah P en, P LA o oh”
§rERB09ANE &éﬁ@sbﬁjdHSSQ-fo?ﬁl?é Qci@d aRELi SHENIbYoREndE Gacid,

I on exchanger's '
butyric acid, pentanoic acid, hexanoic acid, heptanoic acid, octanoic
acid, nonanoic acid, decanoic acid, undecanoic acid or dodecanoic acid,
oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid,
maleic acid or fumaric acid. The most preferred carboxylic acid is

acetic acid.

For the acid treatment with an acidic ion exchanger in its protonated
form, both strongly acidic ion exchangers and weakly acidic ion
exchangers can be used. Preferred are strongly acidic ion exchangers
containing SO;H groups and weakly acidic jon exchangers containing COOH
groups. The acidic ion exchanger is preferably based on an organic
polymer, such as crossiinked polystyrene, or an organic inorganic hybrid
polymer, such as a polysiloxane. The acidic ion exchanger may be either

a liquid, a gel type solid or a macroporous solid. In a preferred
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cont ai ni ng SGBH groups and weakly acidic ion
exchangers contai ning COOH groups. The acidic ion

wexwhassies i s preferably based on an organi c POI/EP®03/013213

such as crosslinked polystyrene, or an organic

i norgani ¢ hybrid 30 pol yner, Slich as a pol ysi | oxane.

The acidic ion exchanger may be either a liquid, a
abodimené e tdeatment rmesc ebfested Dys phssingl thearpeaviesed eolvent

WO 2004/ 048354 _PCT/ EP2003/ 01321 9 enpodi nent .t he
fhrean né'ﬁf’uqﬁk aefpxedy Q‘iszwnéﬂé‘ép%j:h?h%mrdéﬁo\%‘r BXhapifent
streamthrough a fixed bed containing the acidic ion
exchanger. Using the process according to the

Usivig nttieo preues s ol e di ncaibo bighe5 1eyEmkii ch ae, oﬁem1n can be

particular olefins. with 2 to 6 carbon atons.
enoxdeized, st REE ey 180 ol RETNSIWEH i20H0 6 CAERAN atons. The process

FECASGLEE e IR 10 gy PR3 898y g

dioxfi g4t ied 510fpré\;6br1enﬁ@19dr‘bpéﬁe @R@dlee Bé@@@&ﬁonh@ p&sons it would
propene not in a pure formbut as a technical mxture

e phefaropdrifort hatindystrinlil scale process 1 usa pramengonotsin a
Th i Jbe f
SirePRSBR0Ee L8 e B P Byl o B

r lva a 142N
SV 9 18 RSB b, amaniammey BT s g o

Wl Twas gimt gwéeohydfwgemtbStpemaacﬂmn gydbenr ogen per oxi de
crude product obtained fromthe extraction step of
t he ant hraqui none process and contalning 30 to 45 % by

lﬁﬁrg%%?)e >P1§§1@ ﬁ@ ?88%51 ‘B’fggfsg)'gls ?cﬁ{eﬁﬁ§ rs%ﬁh‘é’idhsﬁgntaining
Bl1@obe!5s by nieRt al?ir}éférl“abﬂf?til)alﬁw 70c &nb)b(Weu@}ﬁtd of Mydesgen

al coholic solutions can be prepared by reacti on of

PeKbden Aahnﬂrggem)p@g@xﬂdencwd@ pr@y@hc@’c@ﬂneﬂ fibem &he extraction

and t he al cohal

TaPaRT (ecat el figns duprees anf eV bRy 10 50c 5 praetant of
gﬁgge Eﬁieﬁé‘x{d'é' 02)me6Bi (Ferdrab19yheser). XA'ft%Pﬁé@lmeq)y OQ¥df&gen

aving a MFT " or MeL crystalline structure,
kermmdeassoﬂ utmnusum sil tolwdksi, t preferatd y2tn tmethariodncan be used.

silical t abl ta ts f th
Thaser alaohgiic sphEHo8s obe TEPetsd He reacelan BF. hvdgegen and

8)%;9%3/% hEreRENRY BAUE GBbI@metal catalyst and the alcohol.

Crystalline, titanium-containing zeolites, preferably those of the
composition (Ti0,),(Si0,),., where X 15 from 0.001 to 0.05 and having a MFI
or MEL crystalline structure, known as titanium silicalite-1 and
titanium silicalite-2, are suitable as cata1ysts for the epoxidation
process according to the invention. Such catalysts may be produced for
example according to the process described in US-A 4,410,501. The
titanium silicalite catalyst may be employed as a shaped catalyst in the
form of granules, extrudates or shaped bodies. For the forming process
the catalyst may contain 1 to 99% of a binder or carrier material, all
binders and carrier materials being suitable that do not react with

hydrogen peroxide or with the epoxide under the reaction conditions
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exanpl e according to the process described in US-A
4,410,501. The titaniumsilicalite catalyst may be

werphoyssss as a shaped catalyst in the form of PCT/EP2003/013213

granul es, extrudates or shaped bodies. For the formng
process 30 the catalyst may céftain 1 to 99% of a

bi nder or carrier material, all binders and carrier
empﬂeyedafsrkhhengpoxudatibhe Extaudatesnetthr aatitamaterhof 1 to 5 mm
hy dro% r oxi wi,th the %po i de under the
ArEaRTATGRAONHPRY Gt WET20Rsh FBURIBHS PCT/ EP2003/ 013213

10 enpl oyed for the epoxidation. Extrudates with a
dianeter of 1 to 5 mm are preferably used as fixed
Ttredreattabiy stss carfiedr @actn dfhel prasence @f ayjolan ddieent in order
presence of a polar solvent in order 5 tq increase
fionanensiaghi the yowmﬂ Hey 6ff skheno'efriss eprglpyal)yopeapene; 4in the

'@&uv% gg{: h g@qgfog en%' 'stoi‘%rﬁ:l gg%l Sdgb Vygﬂér g£><(|ﬂ (y@éjg% Qﬂhfrare not
da daséd loBhiree sk fdilseBYorN yOE@GES] Tt oxtigat hindgdrdger peroxide

chosen reaction conditions, and that dissolve in an

, mdeunttheothosanr eeadtaon YONditizns n andt that dissodie eln ap eamount of

solv é t _are c

. anis e BeStaeBR e SURRTLL thih gnppme etely
et%?i‘??é w‘?fhtw%rté %%ﬁgi{lg'e; s&l'v)éﬁf’i Sing Wede ﬁ?cJ@ﬂs%Wé@

ene ropane or 1, 3-propanedi ol ;
mtthian@ﬂ eébhﬂm] suc Heas. foﬂtance'lx agbkxﬂ $ estuchhq&l rfof umamp1 e ethylene
di oxane or propylene OXIde ycol etheﬁs sy

ehygapl o &t Pharanediglyenil ﬁnﬁr&ﬁ’éﬂ‘?ﬂﬂm et@&l ic &tﬁw%%icﬁ Bs for
h
ot SRR BEiDan R S HToM SRR BIARH Khners such
é@tf@ﬁee%(aﬁ]pw cdfyfde § d)@mhﬁ)r@m@tmeeﬂ’fer‘Z &tHyasen el ycol
as

Al cohol s are preferre sol vents, methanol is
rpmoetbm athsr, peélméheneom ycrhaoppleftivi, ethes oy prepydene glycol

| ut t h t
o oxt*@@eagh%" A BeF ol P88, e b ¥celEad B, 2-butanone.
BLS e reR&E 8s sfo(wgﬁwmbﬁeﬂ%nm ﬁ%dpé)r*ﬂ@m&rQy preferred.
Nt oduct ton Tnto the Teactor. The ol efin is

preferably enployed in excess relative to the hydrogen
erOX|de in order to achi

high Sliebitn. ofh %ﬁ“YHmeBgW%ég%ﬁpg‘ét Ioﬂh%n%ﬁ%rp‘ﬂ%t?c’a"%?t may be
Ellgtg{ogg%ebqobﬁ%”tﬂgl Wea‘&%QP%@%n&e%eHé’e‘?Ft%@ﬂﬁ@r‘ VhkdE more of these

feeds may be mixed prior to introduction into the reactor. The olefin 1is
preferably employed in excess relative to the hydrogen peroxide in order
to achieve a significant consumption of hydrogen peroxide, the molar
ratio of olefin, preferably propene, to hydrogen peroxide preferably
being chosen in the range from 1.1 to 30. The solvent is preferably
added in a weight ratio of 0.5 to 20 relative to the amount of hydrogen
peroxide solution used. The amount of catalyst employed may be varied
within wide limits and is preferably chosen so that a hydrogen peroxide
consumption of more than 90%, preferably more than 952, is achieved

within 1 minute to 5 hours under the employed reaction conditions.
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25 being chosen in the range from1.1 to 30. The
solvent is preferably added in a weight ratio' of 0.5

W@ 2002048384 ati ve to the amount of hydrogen perpP&I/EPR2003/013213

sol uti on used. The anmount of catal yst enpl oyed nay be
varied within wide linits andlis preferably chosen so
that a hydrogen peroxide consunption of nore than

I906he emeddimabt yofmbhe inkent1986%he tﬂaamwe\ﬁédwamtm ¢atiahyst 1s

1 m nut t 5 h d th ti

semnq%ﬂim Qb BIe T EBsdor pickien The gapatyst s
t t t

Si ﬁilgg‘gﬁi ﬂ{er{@gtfﬁ {)#ea b&gcﬁegpglﬁgg ﬂféntf?ﬁerﬁfgg‘cs%sgendabh

dranlaremaitariagy ’dHae mesabéeroprodivedciay dbywsing $n & menmner known
used in the formof a powder or in

the formof a )
Pelispondan] examp e Ryl %R"abfdﬂré'ﬂ ng|on ﬁ?awﬂégd &@Engwéawa When

Biphet TS AT OB RIS of B RTR Ry ank

reateiRe B abeyat@lreattorsl XashgeTrast mrﬁmf(’mg ﬂ@mﬁbe@ors for
stirred tank reactors or recycle reactors, as well as

" axampld 5tubng1 arl Slow eeattors, mayrbe eradpios theheaet ionevd cascade

reactors, ed for the reactio A casc

C@aﬁ§$f§msn@ e oo thiEge AfkianTsATE%S Bl 8 ARERENS fow reactor
| 16ondect ed downstreami s

pre %@égbpgﬂr%lstg%\én{ ﬁ%cé\r%g:teﬁgebr gglrlrbodl ment of the

invention the titaniumsilicalite catalyst 1is used as

a fixed bed over which a m xture 81‘ t he

/ . ! he feedstock.
frueeptneroonhod perds 6. hendniest 101 She 4 toRuM S4biFalAte gatalyst

| {Fahg% aﬁngaﬁ‘?(ggbo%%' 8\?@1 BRtchta rfxl&‘fgr@eoe?ntﬁé %H&%ckr}mﬂeriah

rse or eXxa extrus

1 Pagstd. t T catabisndes &henWU%@duﬁ‘l BBe & ofinxefd sheskd bodies that
catal yst, reactors with bubble colum characteristics

have beenupeetucedein aharmeadensin guamt 8¢ nS08 @RI & RyueXERYson
phase and ,spersed gaseous phase fl ows

“(Wﬂot@% aaﬁ?ahroga%f %ﬂ g‘ﬂps up-fl ow node. Alternatively,

reactors with trickle bed characteristics can be

used, i.e. the reactor contains a gas phase and. a

Whenuushinghaseixetil mess catelysth reaetarsaetidr bubbigoomiumnow

node. 25 In a artlculdarly prﬁferreg enbodi nent of  the
g]aé‘ggtﬂmism,@“cp@,rpq Hee the reactor contains a continuous

Tiquid phase and a dispersed gaseous phase flows through the reactor in
up-flow mode. Alternatively, reactors with trickle bed characteristics
can be used, i.e. the reactor contains a gas phase and.a Tiquid phase

flows through the reactor in down-flow mode.

In a particularly preferred embodiment of the present 1nvent16n the
process is conducted in a fixed bed reactor and the following flow
conditions are selected to maintain the catalyst bed in a trickle bed
state:

G/A < 2000 m/h and

Ly < 50 m/h,

wherein
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process is conducted in a fixed bed reactor and the
followng flow conditions are selected to nmaintain

wo b@4oe3sd yst bed in a trickle bed state: G aPCHERD0D013213
mh and 30 Ly!<50m h, wherein WD 2004/048354
PCT/ EP2003/ 013213 12 G is thé2gaseous superficia
vel ocity defined as the gaseous flowrate in nB/h in
@ hie thengasecogssupeofii ri@dcvalociiiyidaétnagyas Hée gaseous flow rate

cross-section of, the catal yst bed j : is the .

i By 5. Rk mOUSfoey rphaan Aol dbd Bhdte Giasq-sacsien of
te /h ina the continuous flow reactor divided

-%@ ?ﬂgﬁg?gggﬁsﬂéygbn of the catalyst bed in n2, vz _

[P s PtheP W dRAidr superdi@iall 3e1o84ty \Weflindd ‘ak) thewligaidwvfRiw rate in

10 PG is the density of the gaseous phase in g/cn8,

Brhi & the mﬁémuw50¥1%éeaqtani®v|fiﬁ% Yi FthFEPrgﬁ'seP’anso‘c the

the,dengity. of ,water in g/cnB, PAir is the density of
CaﬁtSWSSF g?én@ In6W is the surface tension of water in

dyn/.cm ,15 Hf1zi s the surface tension of the liquid
thé@gﬁéjﬂy cm PL is the viscosity of the liquid

phase, iiDpgenti poise, Pwis the viscosity of water in
cent’| poi se.
and

(@[]

Pe is the density of the gaseous phase in g/cm?®,

pL is the density of the Tiquid phase in g/cm®,

Oy is the density of water in g/cm?,

pair 1S the density of air in g/cm®,

oy is the surface tension of water in dyn/cm,

oL is the surface tension of the Tiquid phase in dyn/cm,
i is the viscosity of the Tiquid phase in centipoise,

Uy is the viscosity of water in centipoise.

The epoxidation reaction is preferably carried out at temperatures
between 0 and 80°C, more preferably between 40 and 65°C. According to a
most preferred embodiment of the present invention the epoxidation
reaction is carried out in a fixed bed reactor equipped with cooling
means and the temperature profile within the reactor is maintained such
that the cooling medium temperature of the cooling means is at least
30°C and the maximum temperature within the catalyst bed is 60°C at the
most, preferably 55°C.

The epoxidation reaction can be carried out at ambient or at elevated

pressure depending on the olefin to be epoxidized. If the boiling point
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The epoxi dation reaction is preferably carried out at
tenperatures 20 between 0 and 80C, nore preferably

wheimeess40 and 65C. According to a nost prefBCT/EP2003/013213

enbodi ment of the present invention the epoxidation
reaction is carried out in a f8xed bed reactor

equi pped with cooling neans and the tenperature

qfr the lodeWin HisnbeTrow timd:temenaturrmchommédr i@ehepaxhdatwn

t he coollng medi um { enpe ur ool.in ans
raacr%t Ui PRBESUIRGIS RSURL R Qﬂ@éﬁ%ﬁ@itﬁ B0 tofn igBerabty
%FP ed is 60C at the nost, preferably 55C. The

epOXI atiron reaction can be carrled out at anbient or

at elevated pressure depending on the olefin to

be. epoxi di zed. If the boiling point WO 2004/ 048354

Icm/ m@oeecbgmmmem off thehénw@ﬂpﬁ the pNdifiene for the

a[}'raltgHrrea&Eo@nen)t,B% 1%?‘%@@ gﬂéﬁgt '@%sg%ree‘g‘%hhocrﬁe bints of

dPIre?fl £ at¥ogehdpérdx3be md- s veht 2 aPE edirRiser doe BHOHINTE Niu1 tiphase
of the |nvent|on the conditions for the epoxi dati on

weaatimn)m1xtUn§tcmmprnernEEﬁailqued qnueggﬁuhydengﬁntp@rox1de rich
nt s of f n d l.
ot Sl B S 0 LR A e e
ﬁﬂ?§§r'fﬂ @ﬁ stfre tﬁ%“ﬁarﬁﬁﬂ#%ﬁL6¥ By§ﬁdaﬂ8n1idﬁﬁéxdﬁ?§nfé‘bﬂef1n rich

e contal ning the polar solvent and a

pfwanthe amedritnof iallef 1 habaie be Teeleoted enté»e:efssrofatthe)ramount
of. a_second liquid organlc olefin rich ghas
stivhhe or the @OLeousaBhae BRNYASLRG wateh 8 %r@g@noqerphbde and

SR o Bhe Sofspl s B AHRE RO RS e R oBing, o

{RITRET el equAldpiRd @8 SdUre ng Mbené g dawi dnvvﬁead‘tﬁbﬁ ClldaU§ to
|'i quid phases during the epoxidation reaction |leads to

Tprioned @pexidepsslamdivtlectivity. In a preferred
enbodi nent of the invention anmmonia is added to the
epoxi dation stage to inprove the epoxide selectivity

Ergc?aﬁ E eﬁﬁao&ﬂ% tteF %Hﬁqw@ﬁ'ﬂwﬁr&ﬁnﬁ)ﬁ@?'% 38&d €o the

ppm based on t e wei ght hydrogen 20 peroxi de.
epoxidation stage to improve the epoxide selectivity in an amount of 100
to 3000 ppm, preferably 300 to 2000 ppm based on the weight of hydrogen

peroxide.

The recovery of the polar solvent from the epoxidation reaction mixture
may be performed by any suitable separation method or combination of
separation methods, such as distillation, crystallization, extraction,
adsorption or the 1ike. Preferably, a combination of distillation steps
is used for the recovery. Preferably, unreacted olefin and the epoxide
product are separated from the solvent stream during the recovery ‘
process. Some of the water contained in the solvent stream may be
separated as well during the solvent recovery. The recovered solvent
stream, that is treated to contain less than 50 wppm nitrogen 1in the

form of organic compounds, may comprise further components, such as
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The recovery of the polar solvent fromthe epoxidation
reaction mxture nay be perfornmed by any suitable

WG epanssson met hod or conbi nati on of  separ at i BCIT/EP2003/013213

met hods, such as distillation, crystallization,

extracti on, 25 adsorption or #fe like. Preferably, a

conblnatlon of distillation steps 1is used for the

wateoy amyeacteds kydrobgn penexilet ed hypeddustaniromhehes ppsoiigiation

ﬁroduct are separated fromthe solvent stream during
NMP&€¥ecovery process. Some of the water contained in

the solvent stream may be separated as well during

the sol vent recovery. The recovered solvent 30 stream

A preférgetir @mbodtindrs obrithai inveassort hardﬁ‘@cmrbmnmndsogtenmpr‘oved
in the form of o;%anlc conpounds, HRLI
procese rfor obfifo AR YT 16 RPRX I LHeN oRTapeagepith hydrogen peroxide

BT Lt Sl SR oy

fonfpi ¢ Big” RSt IRABPIITHE Mmppbvdd1Brodesenintegratesdthecinednt ive
towards an inproved 5 process for the catalytic

breatinendt aod r@typ}eopén’@wewso}venvorrrdgethq)upwpd@f the reaction

BB oo By e RGPRUR 191 YThea PRGIBULS! RBRERgon steps and

woﬁgéﬁérﬁgt éat%ﬁéiﬁéﬂﬁtwmqe it epb nBAk el KeHRkRIRf nide

sol vent he workup of the reaction mxture to
catal ythie pebpang and de1ougt bat@mlgshilifietimke.separ ati on
steps and 10 a | ow energy requirenment while at the
sane tinme maintaining high catalytic activity and a

’éﬁ’c&%éﬁo@l %f?;orbééﬁet ngcar'r:'ﬁ’ 'o%tésoﬁeé’émﬁéﬁ’%g)%?eil%ing a solvent

escri bed a ove usli

EQNPRH & g fletinB®nol . 15 Before the morklng up stage
the pressure of the propene epoxidation reaction
m xture is preferably released in a pressure rel ease

ress ed rkin
BT e e GirBLES Sadk ST sheRSunst ahofhie BB libxilat ton
Fé‘a’btﬁ?_ﬁ‘?nﬁk&ﬂ*é’f%t[&”e?eﬁdtq yPRSITabby 1Wé’5ﬁf@§sur§a PO GRES&thge to
out. The resultant gas IS reconpressed via a
tierpressme ¢mploped in the working up of the propene oxide. Part of
the propene dissoived in the reaction mixture and possibly propane is
gassed out. The resultant gas is recompressed via a compressor to the

pressure prevailing in the reactor and is returned to the reaction.

The reaction mixture is then separated in a pre-evaporator into an
overhead product containing propene, possibly propane, propene oxide and
methanol, and into a bottom product containing methanol, water, higher
boiling point byproducts, such as for example propylene glycol,
unreacted hydrogen peroxide and possibly suspended titanium silicalite
catalyst. The pre-evaporator according to the invention has less than
20, preferably at most 10 theoretical separatibn steps and is preferably
designed so-that the rectification section corresponds to a single
distillation stage and the remaining separation effect is achieved in

the stripping section. The pre-evaporator is operated at a reflux ratio
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pressure prevailing in the reactor and is returned to
the reaction. The reaction mxture is then separated

WO p00a/0g8364 evaporator into an overhead productPCT/EP2003/013213

cont ai ni ng propene, possibly propane, propene oxide

and 25 nethanol, and into a b 5ton1product cont ai ni ng

nmet hanol , water, higher boiling point B%froducts,

afueb nostfbib emdinifl degiregyiaynel syl be aiperatea sataldy without

hydr ogen peroxi de and possi bly suspended titaniu .

T oo e Preaaird 81 therpee. Sabesshpb 5 BreTanaa i psany in the
[ n i I : e | ;

rtaﬂge PR 1508, s s! B%d SN 19 brdBF &l éﬁtglrdg g?éyorr@ggh%ﬂ of

oretical” separation steps and I's pre
Iidpbgare gdesoxidbatThehpre-evapdriatat iignoperatédsoctiatebptweds 20 and
to a single distil]ation stage and the remainjn

698 par PO gt SPLARSTas, 8 WHN tike rRgtigpI Mytre 1s removed

PEf 4R S0BaTOTSBHEE Bh) Bl S 3 S, frd Bkl procuct.
Arefefdfl yi, fndtestiadoBRY maté @rbﬁer@bﬁpﬁ,atn@de thahad8dsy and most
W thout reflux. The pressure in t ecgre-evaporator IS

pedeeakdlyl, ymarieotlem 9% tofethe anerenkr oxide. fed gn| &s sonkaimed 1n,
bar .in order, to avoid dec oSi ti of .. hydrogen

e Bigriead FRBdue. BU0,55PEE G 7S Ioher QFBCoW,’ BRET Preferably,

ﬁﬁ?bmfﬁﬁb g% Mt GaPeOl M Qﬁtﬁﬁhﬁaiﬁeds?ﬁ\ﬁﬁ@tbéﬂ%@m'ﬁkoductm

wWwth the reaction mxture IS renove wth the

over head product and the bal ance remains in the bottom

roduct. Preferably, nore than 95% nore preferabl
Braduish SERRB P (theppiar 61 RS ORI BT ariaany GeRFstrs 0.5 to

8 BB HE0orefl S0 3 S0 MeRBHt. oFprobilfi, 5.0 35 # by
wigherabyepehe dide, t3kamo BP%oby iWeeghabermdtbandin bsto 40 % by
contained in the bottom product.. The product stream

wesdght oft watem. el el &pof at by verieherafbhjghesnbeilisg@adnto -
20 % by wejl gh Jropene to 4 %D | ah f 0
ippdis 0 i tad o By VRlEny Rvthoen, bl Akl tass % by
w3 gt e et Rt °§11‘T€5ﬂ%ﬁ°{:1ata5%/§19._ 4R $opP¥duckd s¥edaghi s of
wat'er, 0.1 to 8 % by wei ght of higher boiling point
pnefepshigt sepdrated dn5thé pbg- emapatatohyihtogem gverieaddproduct
and 0 to 5 % yweight of titaniumsilicalite .

eattanysg 1149 ggp/r @du‘g‘ﬂ.g@?r alﬁ’r?%e”epr@fté’r g@l‘y‘%é’ﬁﬂﬁt &f
bibpahE, ABee&VAPLNRE QLidnit 8r FPoPMRY BRAR, PSOAYCES % by weight of
methanol and 0 to 5 % by weight of water, and into a bottom product
containing 0 to 2 % by weight of propene oxide, 30 to 80 % by weight of
methanol, 15 to 65 % by weight of water, 0.1 to 10 % by weight of higher
boiling point byproducts, 0.1 to 5 % by weight of hydrogen peroxide, 0
to 10 % by weight of titanium silicalite catalyst and more than 50 wppm

nitrogen in the form of organic nitrogen compounds.

At least a part and preferably all of the bottom product of the pre-
evaporator comprising methanol and water is treated to contain less than
50 wppm nitrogen in the form of organic nitrogen compounds. At Teast a
part and preferably all of the resulting treated product is then

recycled to the epoxidation reaction. Preferably at least a part of the
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containing 1 to 40 % by weight of. propene, 0 to 10 %
by wei ght of 20 propane, 15 to 75 % by wei ght of

wWEe@posss3spxi de, 20 to 85 % by wei ght of et haPol/ER2ed3/Q13213

to 5 % by weight of water, and into a bottom product
containing O to 2 % by meightléf propene oxide, 30 to

80 % by' wei ght of nethanol, 15 to 65 % by wei ght - of

walesr cordained inothe bottom pradust off §herprebeiapongtqsoii sitremoved

b d 0.1 5 %b i f h i d
o DER M Beate edn Tsofed Tolhhe, RpofidRL 09T REBGE CRef&iar of
RS rTRAE be h[r?régfégn Bgit’or‘%i thOG@Batmant hayrieF rppaf tﬁgagagw or

nitrogen conpounds. | east a part and preferab
odmbtihed bath arheptoshimenbfintdie giieglcepeguesat sirage.
conprising nmethanol and water is.treated to contain

|l ess than 30 50 woppm nitrogen in the form of organic

i I f |
e HRERRHOITDRE rectercBiRe Pty &itaRh HeSE Sk 5 lwppn
hitrogeeXindalid dorm effcbrganicArigregadlcympduntisasty be parformed by

of the WO 2004/ 048354 PCT/ EP2003/ 013213 16 wat er
abinmathasis desaribedabevmagr siidabl & ffor Hhepeeadpgpioodt arrecovered

' d f h I is fed he .

bk SRIE s S5EA° AT S8 BRI SobS SR A Bt
bRiament ke tHERbERRred AetREndINSLrdMALMBRARL piterOTRi PRE same
with the treatnment into a single process stage. 5 The

emedlimenits of theeaciec breatadniratrhaempll oyed @sndesicnibess above as
th 50 .hitragen . in the. formof o ni c.ni t.rogen
b s o S Rayingat S PR orenat T treh thenb: ot G ol ert SEreh.

above as suitable for the treatment of a recovered
pol ar solvent stream Preferably the treatnent

torpprefsrred embodinkdttofeahegriopefe ehexidatdorepedcess the
met hanol stream Most preferablﬁ, t he sanme ]
evarbenddnoduelt Trom thei krea-puepraraker dseaterdppely @areiplly condensed

scribed i S ferr enbadi . ar [ 0
S SHORE Ao B S BT P BBk 3, bifeREl o 5 5
ByhRAGRERF Bfopahe, ABORETE BRAXIERIHtOBf Hrep&ss okide,120 to 85 %
over héad product fromthe pre-evaporator 1s at |east.
pumeiight wfcoeihanebdindt ® tgi 86t Hycwrigbhseft watemt BrefiargbTy the

0 .

53@Fh%a&65¥%dxg% 92t06¥§-85#¥%%?f3 cgnéé%sgd and the uncondensed
propene, possibly mixed with propane, is recompressed via a compressor
to the pressure prevailing in the reaction part and is recycled to the
reaction. The propene still dissolved in the condensate and possibly

propane are preferably stripped out from the condensate in a

-C3 stripper. Preferably the stripped-out gas is recycled to the partial

condenser. Preferably the partial condensation is performed in two
steps. The overhead product from the pre-evaporator is partially

condensed in a first condenser and the gaseous effluent from the first

condenser 1is condensed in a second condenser maintained at a temperature

below the temperature of the first condenser. Preferably the temperature
within the first condenser is maintained at 40 to 70°C and the
temperature within the second condenser is maintained at 20 to 35°C. By

using a two step condensation the amount of valuable propene oxide that
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by wei ght of propane, 15 to 75 % by wei ght of propene
oxide, 20 to 85 by weight of nethanol and O to 8 Y.

whyoomeisgst of water. Preferably the overhead peDEP2ID3/013213

is only partially condensed and the uncondensed 20

propene, possibly mxed wth ﬂ?opane i's reconpressed

via a conpressor to the pressure prevailing in the

carapot de pegaveped 15500@09@ra@aytrteduh@d andaldie energyheonsumption
i ssol ved he cond nsat e, and 055|m

BiroBaREnar s edGRoEIacef B SR tah Sadgaat o Hie
@p?g@b;?ﬁ@ twWd 8tdp3 cBhdednRBElon aﬁ@fc%h@éﬂsﬁtéi‘%f both condensers

out gas I1s recycled to the parti al
arengesseelr to Rihef €3 alikjpperetpaenowd coonsitiénatits bav1r@ a boiling

erfornmed. i steps. The overhead, product fromthe
FS?@%WOF%\?'(S’WGT &harhag ¢ P"EB@{}%%&? \ﬁhed‘e Yy idie gaseous

SIS 3rof Whe! BE-9BSCAUSL AL LIBNT AALANG, Ehé Yecond

nser 1s con éd i'n"a sec ense

EFidehgdmadd atheacdrriegnsdirt bvs erechel eaavtd f’tﬁhet edprappare of
the first condenser. Preferably the tenperature 30

within the first condenser is mai ntained at 40 to 70C

A bR G LRI L LG a%Bye SESRETI, EORERTY the overhead
W%Sﬁb d Pfe 27V b amd Hﬁﬁ’i'oﬂaﬁ)ﬂ%ﬁﬁ)pﬁﬁgdﬁ had

004/ 048354 PCT/ 003/013213 17 can not
C:cuvipped is WGnssweeetkﬂdytm enfuexthagbitve Hestaﬁéa’gyon with an

SBP 3 I BAEHONGTH 1 Vo The R GERAtenLs To8. & &he middTe section
&P ‘é@rﬁﬁg}b%kgt)hcgp&%@g@ rlﬁ@‘cfgl a®h o YoMt n‘f'ﬁ({‘ zag%%usaéﬁtracti on

passe Sstri renove const

tmeeﬁﬂ & haddd e ﬁhep@xﬁﬂactfvﬁ dii st 19wetont batuninhat aopoint above
ropene oxi de, whereby the gaseous effluent fromthe

Ehe PPt atswm@htthﬂ condansatn 8bers thecodudmnd purified propene

condenser..and t ndens i S cl
SR RS SRl T R8O B e Y A che pbPEor 3t the
SR racet ey d$OdeRE dRI coTImNOY oteas! prédudtr @Wmﬁﬁ@'ﬂﬁbtlﬁ‘ého] and
pre-evaporator and optionally strlpplng it in a
watrarp pe robitainede nThsisb petitoadprtaduat isx tomxinegdevith the bottom
i trac i on, sol ve

tsiishstion The peer iaporor dlh Bh% compHied rodct is SUijected to
eﬁﬂt‘g%{:‘ﬁr}éﬁ]l:ytoo'?@lﬁ&;eegré’drﬁk'Ht%bé’rf‘ combdils. The aqueous

The extraction solvent is preferably an aqueous hydrazine solution
containing from 0.5 to 5 % by weight hydrazine. When an aqueous
hydrazine solution is used as the extraction solvent, the extractive
distillation not only removes methanol but also aceta1dehyde and other
carbonyl compounds from the propene oxide and provides a purified
propene oxide containing less than 50 ppm methanol and less than 50 ppm

acetaldehyde in a single purification step.

The amount of the extraction solvent fed to the extractive distillation
column is preferably chosen so that the mass ratio of the extraction

solvent feed relative to the amount of methanol contained in the pre-
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solvent is added to the extractive distillation colum
at a point above 15 the point at which the condensate

we@niogngssshe col um. A purified propene oxide PGI/EP2003/013213

wi thdrawn at the top of the colum. At the bottom of

the extractive distillation &l um a bottom product
containing nethanol and water is obtained. This
dyapmcahoprwldensatg msmtm blead rangeh from (bdt tod). pFhedextractive

&5 i'm@t@tfgg@? (15 BUTBRES i RGTHERY o oh eAPSOLIS: BEprure' from 1 to
Qq'bﬁ E?Wgwquoul%ﬁy%ﬁﬁé 'p?g?siﬁlevﬁ%m 1S5 to 2.5 bar. The

pre era aqu Zl ne ution containing
refdux Gra%ié oi sSphefleyabiei ghbsdmy din ctheneanddh&rom ’acq&eous
hydrazi ne solution is used as the extraction sol vent,
the extractive 25 distillation not only renoves

@?n—gﬂﬁﬂﬁ Q&togﬁ,%qﬁ%g]ﬁgf%eg ﬁ )éﬂlg O&rﬂga 1@?{)(\1/1' st1ire PRA%h comprises a

R;‘hr@dseaﬁ@ﬁeﬁ&w@ém dtBe CEITuMN de‘womﬁ%ﬁdt’dmnfééd ppt of the
anol and |l ess than 50 ppm acetal dehyde in a

meﬁgVapopawrf icoadansatest @p exgPaqtionasesniion dietwaen the feed point
traction sol vent, fe t r,act.i till.ation
S plSevasordr crotieySatiy Sl s Hka S int o Bl e fat S

f
N e e A

é%ﬁfé&ﬁiﬂh0§¢lﬁbaﬂléhd e @m&mﬁnm&énﬂ therpuvnﬁzedaprepene oxrgle s
range fromO.1 to 10. The extractive . di st %atlon S
yiitefeawn | WQfﬁéﬁléﬁt)éé %&stawaam%mwmwésgﬁﬁct thabhag 2o

I
SerdPetiERRIEAGL P 20 2b " et BERER Bf SdtACthe,
iﬂ%1bbfhd’§@émﬁdhf§ﬁﬂ %hé‘éx%raéi16h€seém$©m|dndta(y@paﬁdﬂdﬁﬁ efficiency
use for the extractive distillation conprises a

rZDp‘m 6§ theorebicadesiages irhéheoteghif oot seediand Thae
ora or condensat e

l\ﬁq 1§tn 8028{“53}?%@ gp‘] ¥ ﬁg e GOTY 1R{Nng gf‘lscrete trays such
5’§ %1@\‘/@&95% A ent”c‘az)t gr ad The dised180idi c8fu8an also be

extraction 10 so a rectifying section between

4 packee copummiandfbatheraneen rmknmgs aslweéfhtaarsdir‘mtexred packings,
poi nt where the fied ene oOXx

such as meta% gauze pack1ngs c n % useéj %he d1st111at1on column may

also combine sections with discrete trays and sections with packings.

The extraction section is preferably designed with discrete trays.

In a preferred embodiment of the epoxidation process the bottom product
from the pre-evaporator or the combined bottom products from the pre-
evaporator and the extractive distillation are subjected to a catalytic
hydrogenation step before being subjected to the treatment to remove
organic nitrogen compounds. The additional hydrogenation step reduces
the accumulation of byproducts, such as methyl formate and
dimethoxymethane, in the solvent recycle and improves the purity of the

propene oxide recovered with the process.
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wi thdrawn. Preferably a distillation colum is used
that has a separation efficiency of 10 to 30
W b@enetsscal stages in both the stripping seceCDRPEN013213
the extraction section and a separation efficiency 15
of 20 to 60 theoretical stagel:sgi n the rectifying
section. The distillation colum can be a tray col um
Thencatiahyvie tydrngenatonays psetdrabhy wireied ophyas arheterogeneous

b lL,e cap, trays. The distillation colum can al e

AR TARBPBRHITING Bt HOEEUPRE T neEss e, 0 26 30 HPa,
t a i t inn

IE TS\t P o Pfeorred 0" cBRUIER! Sie A3 eRacton prertec o

températose wint bhelirangetod 80°€y andiri808@cpreferabd y 1100°C to 180°C
packi ngs. ., The extraction sectjion is _preferably

afdsityReydiogan dasttak eressys. ofi 4 10 ek r ed

enbodi ment of the epoxidation process the bottom

product fromthe pre-evaporator or the conbined

Patire ﬁ?@dﬂg@h@tifohoéﬂﬂamysw @re 23] eviaoredmosuppttethecatal ysts
extractive distillation are subjected to a catalytic

doppr tjegaarieonr giosp efefetal soselREtednirent Eie gooumeonsisting of
R B Py Mo oA NG P GRS cEERVEAY ral vk
%@ﬁlgwgiebﬂm £ OhotthY BHORHET By bEHHI dBSed Wl £¥ lonk O8rMabee &Fdthe

ynmet hane, 1'n the solvent recycle and i nproves
dbloee ment i gnedf carnde3dsqo ocffEneataliydé suppoverisdprafiehahlheselected
fpr ocess. WO 2004/ 048354 PCT/ EPZOOSiDé)é%él

, 19. The_.
RN GV At GReRREN ARG BRLAL O €8% s A HMCYi Gt TG Zr0; and
er eQtas i [ t hydr.
'Lg,éﬁ‘f i lali 1 !Egr essﬁ?e‘%g@y#jgat %el%g%gg% (ﬁ] Sit?é @ér??caglgzir}] ;md
pikefiedy edetedfconduct the hydrogenation step at a
tenperature in the range of 80C and 150C, preferably
100C to 180C .5 and at a hydrogen partial pressure of

t 5 MPa.. Suitabl e hydrogepation | yst e . .
Tre) Bedr2atnatinmocrp o coattcoq abaost iR Ty i fediieuige e.g.. i
ﬂﬁ@&(ﬂfsiﬁﬁ%@tﬁo@@reﬁtﬁ%mm tHehgdOuUR §9NsheEid19yfreferred
Ru, , Pd, Pt, Ag, Ir, Fe, Cu, NI and Co.

A uee rmttirvel e - Redherga®liork eThel 1 xevd bed reagaQestial to Ihet sed therein

optional |y bei doped with ope or of the abov

e Promsab baReietacRin rbtanaten v, U8 Epck mm cespBefafiy 1 to
Pl SRR Y SPhEREEdof 1 to 10 mm. The noble-metal content is in the
customary range, preferably 0.5 to 5% by weight.

The advantages of the present invention will be apparent in view of the

following examples.

Examples

Example 1 (Comparative example)

Epoxidation was carried out continuously in a tubular.reactor of 300 ml

volume filled with silica bonded titanium-silicalite extrudates with;a
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fromactivated carbon and netal oxi des selected from
Si02, Ti021 Zr02 and A1203, m xed oxi des conpri sing

wa@rookeasss4 two of Si, A, Ti and Zr and m Xt ur eBRCT/EP2003/013213

thereof. 15 The hydrogenation can be carried out

conti nuously or batch-w se e.éQ, in a suspension

method or a fixed-bed nmethod. It is especially

diemetan ofl 3 mo. UBe equipment wabeluritbenose . compe $ed><eﬁ| -thege

catal ysts_to.be u ed her ei are prefer let,s

R S g ings P &) TARula Rgpatiting
THe Lthrae fd?\%’fhe(i‘fs fort 2idPiddMtom @sémleﬁnam a'60 wt-%

content Is in the customary fange, preferably 0.5t

difuebys Wel,gdmtd pifopenadvinet é@fesﬂzﬁgfwashadmsé:ednmtlhnmmmnmrto a pH
wi |l _ be apparent in view of the follo

°2°54ékafﬂﬂﬁ ARl POerabeas RO URArteph eous cooling
ARG aealentfe ARalehh R pER WAHNEY the Rof ing Tiguid

t@lgd@tufrét\@dy umﬁ*oﬂ 1 @dalbyt@ teskiosdat esThel fduc8oMPressure was
004/ 048354 PCT/ EP2003/ 013213 20 di aneter of 3 nm

2
Zméa@cahxsp}@q Mass flow RErhsr Eeeimgrpunps wis eAjusded to result

GOBLFAaPRng feRh alPehERe O drce Lt Foputedafe T skl ©
ERERRE IR YomRIrhanqlt. 5 GhdWin ¥,0,266R0 B8N ¢dAR Ra i @f @pm& %. The

The 60% H202 was adj ust ed w th anmmonia to a pH 5
reabtoThasreperated inedqier Gtaw epevat icwmtode! ITie 00051&@ Jacket

ftpREIEURROYash § Tire o GIoEAL Massf lov el eradka/ ddsthe maxinun
o¢ h T

GERRELBSR 53 PLER Rl Pl B R o

ctomstafta ))hy ragd uttie H 051 snperarienehy eedbmdzmtmh oAl |T¢ue cftalyst

21.5 w - a nethano feed 10 concentratlon of 57 Wt -%
%ﬁ]@cbwqumas satcwobe®®nr Bhg HASTF 08, gpswehngmatpgraphical

analysis of the propene oxygenates as the ratio of the amount of propene
oxide formed relative to the amount of all propene oxygenates formed.

Initial H,0, conversion was 96% at a catalyst selectivity of 96%.

The reaction mixture obtained from the reaction after release of
pressure was separated in a pre-evaporation stage into an overhead
product containing propene, propane, propene oxide and methanol, and a
bottom product containing methanol, propy]ene’g1yco1 monomethyl ethers,
propylene glycol, water, high boiling point compounds and'non-converted
hydrogen peroxide. A Tiquid condensate that contains propene oxide and
methanol as well as propene and propane dissolved therein was obtained
from the vapour state overhead product. The uncondensed stream, which
substantially consisted of propene and propane, was returned to the
epoxidation reaction. The propene and propane dissolved in the
condensate were stripped from the Tatter in a C3 stripper and returned.
in the vapour state together with the pre-evaporator overhead stream to

the partial condensation stage. The stripped condensate stream, which
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reactor was operated in down-flow operation node. The
cooling jacket tenperature was 41C, the total nmass
w0 bewoyssss 0. 35 kg/ h and the maxi mum tenper at UPET/RR03/013213
59C. Product output was deternined by gas
chr omat ogr aphy and the H202 cdhversi on by redox
titration. The catal yst 15 selectivity was cal cul at ed
cons isted bsubistanifiaghy of hprapene gpdgeiandl methaapy sind gd baen freed
ropene ox nates as the ratio . of the amount of. .. L
RPB BEABENe TG PTPBA Mo R SSPRVATSHOIT RE SHOARY TGt digtiiTTatTon in
: n g [ ; C s ;
AP Go%s S ZE FRUEDLS B0 MBIon MR s SV Shgad Bxtract ton
ageric timned it ynmdetricat hethef head bfietheeegtuman &ftibea propene
rel ease of = pressure was separate

bl
opi e PyEpoed: PriusE A9 1% aalw%o'arnr'@aagt phgbionsisted

BB . B R P PSP SRR 085 onbnec
WA ER PHee St tohYsrdduc® robteided ietimer sre-epasuratenand! subgected to

wat er, high boiling point conpounds and non-converted,
hagrogedatitgm ipea dxiickde-ped irgacipre bonisaphimiopis dtydrogenation. The

T N
WitR™ thgﬁrédéggﬂﬁ’e'{orﬁké‘ﬁaaﬁi@g ﬁfﬂ“?é‘ﬁn Brfoé&’t‘i‘lhfiat-@%ewith 2.3 mm diameter

uncond stream substantially consisted of

qomppiriag a2id Rpr@pantivated caebom rid@te taatahyst epexirdparesn

reaction. The prqgene and propane dissolv%g in.the 30

6AEENgat e ther tadpieplatness Hathed | usingrRuGls.o “Braeparation of
i bRer refu .o he. v at 0 r

Gt the Ttn, BOBPA,, el i, AP dah 81875 08BLETS). The

HyArbdedlat 6 Has Ssirifornestt age40Thangt 40 paedasongierss Bydrogen flow
stream which 2004/ 048354 PCT/ EP2003/ 013213 21

redasostlednlibst anti al |y of propene oxi de and net hanol
and had been freed from propene and propane, was
separated in an extractive distillation in which a

TheShydrodeRftiéB0opdaet Wasofed it hy ¢aedidre3vekgy/Rtd Rhé@middle
extraction agent imrediately underneath the head of

st i orolofina meithamo ladpstip éateiof oxliudie ywidhi 35 ddeprejdeat stages and
oSBTy ST UL FhAEI 2 AESHICeDT ZTRE" e ofith a reflux
BB 2 ANty SRIFULE 219k BF o stndA i e vas
obtained which contained more than 99 wt-% methanol, 0.13 wt-% water,

55 wppm total nitrogen and less than 5 wppm nitrogen from ammonia. Tota1‘
nitrogen content was determined by the Kjeldahl method of DIN 53625,
ammonia nitrogen by ion chromatography. From the difference of total
nitrogen and ammonia nitrogen the nitrogen content from organic nitrogen

compounds was calculated as between 50 and 55 wppm.

The recovered methanol was reused for the epoxidation of propene in a
Taboratory apparatus consisting of two tubular reactors in series with a
diameter of 18 mm and a length of 300 mm each, each containing 8 g of
the same catalyst as used in the first epoxidation. The catalyst had

been previously conditioned by using it for propene epoxidation for more



hydrogenation in a trickle-bed reactor for continuous
hydr ogenation. The hydrogenation reactor had an
WO ni0ai4s3s4 vol une of 150 m and was filled 10 WETIEP2003/013213
hydrogenation catalyst in formof extrudates with 2.3
mm di ameter conpri sing 2% Ru2dn activated carbon (The
catal yst was prepared according to the incipient
thah 398 heiThedramitors Red Dpet&redpan atpi- bhovofiode at a pressure of

£ohe yaéta;’eanﬁe?"t”eméﬁaq%fyaf‘%géﬁi L
1:’rlr}é/ %&?ﬁ A?% Sr ogena? gﬁggoﬁﬁg@ﬁ%g%r% alt]ageélggt@ ‘i)rﬁtr%@uced

it e he&cfto?‘heFd@ddIilv@s sariktore of Ab5Mgtémdt?% aqueous hydrogen
distillation colum with 35 theoretical sta%es and

nmgxtdmﬁnw&ag@ Topsh methanods thepmeldwnet @ntainag Bhs.

I e S L M 1

@fond & BeH. Mg 2 has Q%ﬂﬁturpé’ Eﬁetl@@@odz me@oﬁé?‘e‘d't m&hanRs Bland

55 wppmtotal nitrogen and | ess 5 wppm ni t rogen
.33 qa3dowili -&. aquetoak ammonmgentrmdm:emtatv\asraiet ef Adn@a/h.
e Kj el da I N 5 ni a nitrogen
'%{‘?di r‘i"%hﬁ’%’rﬁ’&f‘%gr@%ﬁ?fﬁcﬁg finfed i ‘Pf @tBeﬂ of total 25
nitrogen and amoni a nitrogen the nitrogen content
fromorganic nitrogen conpounds was cal cul ated as

Thet regotobGefdiiders wppemandheedefwv prewy/1eee leridé bMagas
reused for the epoxjdation of propene in a _ |abora
ljseaataaapiab aed skarn bydmgewer%meaby regex drigrati %er?@@ﬂ ene

SR et TR T Png! ohge i Sof 8L Par o BB e, Tre
r3ull B¢ arkr SHowRPPXitdBid an. The catal yst had been
previously conditioned by using it for propene

epoxi dation for nore WD 2004/ 048354 PCT/ EP2003/ 013213

22 than 3000 h. The reactors were operated in up-flow-
node at a pressure of 25 bar abs. and a tenperature
B&mé Jdn the first reactor and 44C in the second
reactor. Three feed streans were sinultaneously

introduced into the reactor. Feed 1 was a nixture of

715 ﬂe60 wt - % aqueous hydrogen 5 perOX|de and 142 g

frampie eWhaiePeatade Wit AR ofardahioni niheg Aol wt-% Sotdtion of

acetic acid in methanol was fed to the reflux stream of the methanol
distillation column at a rate of 81 g/h. The methanol stream withdrawn
at the top of the column contained more than 98 wt-% methanol, 1.6 wt-%
water, 33 wppm total nitrogen and 7 wppm nitrogen from ammonia. From the
difference of total nitrogen and ammonia nitrogen the nitrogen content
from organic nitrogen compounds was calculated as 26 wppm. Reuse of the
recovered methanol for the epoxidation of propene as in example 1 gave

the results shown in table 1.
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det ect abl e anpbunts of nitrogen conpounds, and was
introduced at a rate of 22.5 g/h. Feed 2 was a

worRooses3sof 1284 g recovered net hanol and 1. 3BGI/GPBA3/013213

W - % aqueous anmmoni a, introdu&gd at arate of 14.8

g/h. Feed 3 was propene, intféduced at a rate of 23

/ 10 The reactor effluents were anal yzed for
%%@pyiéne oxi de by gas chronmat ography and for

hydr ogen peroxi de by redox titration. Propyl ene oxide
yield was cal cul ated on the anmount of hydrogen

i de I
e O ol & AT 2 e eous
sdlatien b0 adetde sadidtwamn fed to2theaceflux atirehm of ninehaeidiano]
tre

t t fl f the net | .
3% | Tatioh o ﬁvarirlelﬁvng)é&a s FEPB G- oTheRERTRG. Hereqmithdraun
L $EEROH BEGR!B1 A (GG lrRR, Rird Do O AR RELRIBPT 2 wi-x

wateal 14 prme;otahdn’zromnnarrd flesgehanh rmwpp;lmmlnr@genl:fmm
the difference of total nltro?en and ammoni a ni-trogen
AN fﬁ@‘éﬁh@oﬁtfé’ﬁt‘e% of dwtal guiiregan apdgemonia nitrogen the

c ounds wa al cul at ed as. 26 Wn se of _1h
RO SantRn SR Brat e Eehte BRI TaS es splsi et s
bhetwB&RANR! nd 193)shm. ! Reuskestithe EeWErdd mbBNG T 1for‘V@|e
2004/ 048354 PCT/'EP2003/ 013213 23 Exanple 3 Exanple 1
epx i dapeat el propdnet he naexapilenl, gakattha t@sultsshown in

q*eo s solution of acetic acid was fed to the refl ux
@ of the nmethanol 5 distillation colum at a rate
of 98 g/h. The methanol streamw thdrawn at the top
of the columm contained nore than 97 w-% net hanol, 2
Ww-% water, 14 wppmtotal nitrogen and |ess than 4
mppn1n|trogen from amonia. Fromthe difference of
D@W@Ieﬁitrogen and ammoni.a nitrogen the nitrogen
content from organic nitrogen conpounds was cal cul at ed
as

Example 1 was repeated and a methanol stream containing more than

97 wt-% methanol, 2.5 wt-% water and 110 wppm total nitrogen was
withdrawn from the top of the methanol cotumn. 1000 m1 of this recovered
methanol were treated with 10 ml Dowex 50X8 strongly acidic ion
exchanger in the H'-form at room temparature for 3 days with occasional
shaking. The treated methanol contained 1.9 wppm total nitrogen. This

treated recovered methanol was reused for the epoxidation of propene as

-described in example 1 with the difference, that recovered methanol was

used in feed 1 in place of fresh methanol. The results are shown in
table 1. ‘
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10 between 10 and 14 wppm Reuse of the recovered
nmet hanol for the epoxidation of propene as in exanple

wda @awessshe results shown in table 1. 15 ExanpdEEBE2003/013213

Exanple 1 was repeated and a nethanol stream
containing nore than 97 wt - 9%¢fret hanol , 2.5 wt-% wat er
and 110 wppmtotal nitrogen was wthdrawn fromthe
top of the nethanol colum. TaEO1M of this recovered

')O et hgnn! were treat ad with 10 M DPowoy :nvg

SXTONG y acTOT EOTbn EEEHRiRer | prehe ST ofth ot PFGHE OX1de
tenparature f idih occasgi onal ryghaki ng. T, y
treated nethdﬁ%hgg%ﬁ¥§?ﬁ%g 1.9 3pn1toFa nitrogen‘?ﬁﬂd 4]

This trdatet 1efawried| n@tdaanol | was reused fof the
epoxidation of [propene as described in exanpl 1 with

thé-differ@hce, t fat r e¢ov@-88 nbt hanol2bwas 25| used i1

food 1 lin Nl Ach ~f £ o Th ar o
T C \v | L LI av'a Ul TS Al ©

+hanao o -vrocul t o
shdwn iln 9l & 1. 2004/ 898350 PCT/ B82003/ 013213 36

ackh nnm
LA 2

24 3rabte IEXarnpt ec i Tr oge{p{A 1 ecover gg H20Z
coé&ersionl ropene oxi de ﬂ%thanjl [nmg/ kgl [i]|yield

[Y]4 Tatall.smmoni &. @ gani c<1.95 £ 5 50555 26 1B 2 3341
726 49 36 3 14 < 4 10414 54 421 41 9 n d <1 9 55

m.d. : nnat. detgiimined er mi ned I n conparative exanple 1

poi soni ng of the catalyst by the recycled 5 nethano

| eads to | ow hydrogen peroxide conversion and | ow

1 eBfpra®ridlexanp Rl 4. poliRBnitiLoPitiR EAGAVSE 8 R habgled

wth a |ow content of nitrogen in the tormof organic
medmpoohdeads texdovp hgdrden operoxidaiicosvdnsipnandaded propene oxide
ﬁ&éagé@{g g%é Ié)z/f: %Zre%gvgr‘aerc]{ r?gth%%g wk%)éhtahe]o{unccorn ent %f nitrogen in
the form of organic compounds in examples 2 to 4 results in fincreased
catalyst activity as can be seen by the increased hydrogen peroxide

conversion and propene oxide yield.
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conversion and propene oxide yield. 10 WD 2004/ 048354
PCT/ EP2003/ 013213 25 Cains 1. Process for the

W@ a60alys3s£ epoxi dati on of ol efins, wherei n onePOY/EPI003/€13213

ni trogen containi ng conpounds %re i ntroduced at sone
stage of 5 the process,. by @‘) reacting an olefin

W th hydrogen peroxide in the presence of a titanium
containing zeolite catal yst @®ima polar solvent, (ii)
recovering a streamconprising the polar solvent from
the reaction product of step i), 10 (iii) treating the

Bl r eapp e IRrethd Eaﬁé]%ﬂ: ie?pok?da?cq Bh & ol &8i%is, tabed? one or

wppm nitrogen in the form of organic nitrogen

conpomores narregén Vdont @injicbi coppatindseasé ipareduckdtdie some stage of
treated streamof step iii) to the epoxidation step

i). 18ePragRsSpr¥tess of claim 1, wherein the stream

recycgﬁd 'szft&:irﬁg ia}ﬁ)n(])};e?%q,hﬁtﬁ_ hﬁﬁgégggrapgid\épﬁ’ﬁ“the prgsence of

nitrogen in or organi ¢ ni n-conmpounds.

3. The progegsisanfuraoyntefinife zeokitedeaig1gbaiang, a Wodaeisolvent,
the polar solvent is an al cohol and greferably IS
net hafibil). recoveningpotieesn gfomanising Eheepplarcsal vyt from the

clainms, wherein the olefin i,s propene. 25 5. The
process of F%\WTBKF p(rﬂgu%r 8Ee§ﬁeﬂg1)cl ai ms, wherein the
ti t?nt1mﬁ)cﬁ¥33%ﬁﬁg'ﬂ&ezg%ﬁebhf¥é%60éﬂéﬂsﬁn'§%eg,fﬂ)t@@'dﬂﬁtain less
silicalite with M-l or MEL structure. 30 6. The ‘
process of thaw 56fwpphenibregerdiingthd dorms ofwbregaaiie nitrogen
compounds and
(iv) recycling at least part of the treated stream of step iii)

to the epoxidation step 1).

2. The process of claim 1, wherein
the stream recycled in step iv) contains less than 10 wppm
nitrogen in the form of organic nitrogen éompounds.

3. The process of any of the preceding claims, wherein

the polar solvent is an alcohol and preferably is methanol.

4. The process of any of the preceding claims, wherein

the olefin is propene.

5. The process of any of the preceding claims, wherein
the titanium containing zeolite catalyst is a titanium silicalite
with MFI or MEL structure.

6. The process of any of the preceding claims, wherein

the epoxidation reaction of step i) is conducted in the presence
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the epoxidation reaction of step i) is conducted in
t he presence WD 2004/ 048354 PCT/ EP2003/ 013213 26 of

wa0®404833000 ppm ammoni a, preferably 300 to 20B0r/pp2on3/013213

based on the weight of hydrogen peroxide. 7. The

process of any of the precedi%& clainms, wherein 5 the
treatnment in step iii) is an acid treatnent. 8. The

pr ocest 160 tﬂ aoeap ppmvdiEioniay prekerabi vl 300 cka 286@ ppm based on

conprj,ses f’%@ an aci d ta the streamrecovered in
step H9 we1 by PAP™ A% ni xture of step a) to
distlllatlon and c) withdrawing a distillate

conprising the polar solvent and containing |ess than
B0 wpfire procesgeof ianytdfe thermpreoédimggaldias, mheregen
compounds. 15 9. The ocess of claim?7, wherein the
acid &%ﬁfﬁqﬁn%dﬁpﬁ%eéﬂbb iU et rﬁj‘eﬁﬁﬁe@t ream
recovered in step ii) to a contlnuously oper at ed
distillation; b) feeding a stream conprising an acid

8! a P procdssver tdeim 70 fiegdipoi nt of the stream
recovered in step ii) and c) w thdrawi ng a product

st rea’ﬁh&:@ﬁiﬁ |t§Eﬁ*@“emhqu5®r‘b$eSsol vent and cont ai ni ng

i troten coNHEEREL ahd 395 P, Bebeil b8CdleRed o BBRLE D by
the ap)d COpELpirg:hs HRRMREET WhepThE tBr@f%Etﬁﬂé?cﬁoﬁné’nd

of claimse 7 to 9, characterized inthat the acid is a
m nera) acwrtkmlna»vmgea etiabi Vlate melpems'mg themolaulsblivérd and

aci d and phosphoric_aci . The process of any o .
claims 7 t&OBaleHE &%ﬁ%gh%%ou WPRTH A1 tragga Hbutgei@"é Off organic
carboxyl|cnﬁﬁbgmgqgm&&ﬁﬁg[ably is acetic acid.

9. The process of claim 7, wherein

the acid treatment comprises

a) subjecting the stream recovered in step ii) to a
continuously operated distillation;

b) feeding a stream comprising an acid at a point above the
feed point of the stream recovered in step ii) and

c) withdrawing a product stream comprising the polar solvent
and containing Tess than 50 wppm nitrogen in the form of
organic nitrogen compounds at a point above the feed point

of the acid comprising stream.

10. The process of any of claims 7 to 9, characterized in that
the acid is a mineral acid and preferably is selected from

sulfuric acid and phosphoric acid.

11. The process of any of claims 7 to 9, characterized in that

the acid 1is a carboxylic acid and preferably is acetic acid.
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WD 2004/ 048354 PCT/ EP2003/ 013213 27 12. The process
of claim?7, wherein the acid treatnent conprises

WO e@anised t he streamrecovered in step ii) w RCI/AP2003/013213
acidic ion exchanger in its protonated form 5 13.
The process of claim 12, wheré/n the stream recovered
in step ii) is passed through a fixed bed containing
1%e athalipcotens ekatlamyef,. whereifhe process of clains 12
or 13, wherein 10 the acidic ion exchanger is a .
st rond§ aﬁ&‘? Fireat et SQURERRRST tredog e Pyrea seGaypred in
ion e [ [ .5 e
of ol S 15 iER TP aE)EIE, PP EXRENRE in Es oLREpRIRaRRom.
is a weakly acidic ion exchanger, 15 preferably an
acidic ion exchang%r_containing COOH groups. 16.
P? ocetle PEpcasseot &laifthide WigseMBati on of propene,
wher ej [ .cont aj. 0y .
Ve et Q3P robed i S0P 192" 00L00 ERTRBHETIRLE bed

a r eagpntRANPIERhOTRAEIE 0B eehahgd W th hydrogen
peroxide 1in the presence of a titaniumsilicalite

catal yst and a solvent conprising nmethanol, b) the

oduct stream from_the .reaction step is optionally
gésse he d?rgcepﬁsegﬁtﬁwém%llgagré 13 evg]erggn c) the product

str eaETp]é Qci AR 1SR RKCARRIEr! fs & BERorRY PR O onhégd'rﬁ]%ﬁger‘,

| ess than 20 theoretical separation Stages into

over hpeefepabluan awidi ai Tnngxgraogemepniriopeg &gk igteupnd
met hanol, and into a bottom product containing
met hanol and water, 20 to 60% of the total anount of

t ha [ d int .. t{he Jct stream bei ng
TS v it ArPRestdF Slathe 22’ O B3 ' R ot due
r enai BhaGictidhid Aen kichamga?r Psluceay 2OHCOASHB 24changer,

"PCT/ EP2003/ 013213
preferably an acidic ion exchanger containing COOH groups.

16. Process for the catalytic epoxidation of propene, wherein one or
more nitrogen containing compounds are -introduced at some stage of
the process and
a) in a reaction step propene is reacted with hydrogen peroxide

in the presence of a titanium silicalite catalyst and a
solvent comprising methanol,

b) the product stream from the reaction step is optionally
passed to a pressure release step,

c) the product stream is then separated in a pre-evaporator
having less than 20 theoretical separation stages into an
overhead product containing propene, propene oxide and
methanol, and into a bottom product containing methanol and
water, 20 to 60% of the total amount of methanol introduced
with the product stream being removed with the overhead

product and the residue remaining in the bottom product,



28 d) at least a part of the bottom product from step
C) is treated to contain |less than 50 wppm ni trogen

WO pootlogs3for m of  organi ¢ nitrogen conpounds anpCT/EP2003/013213
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optionally after partially repgoving water, 5 e) at
| east a part of the treated pr%%uct fromstep d) is
recycled to the reaction step a). 17. The process of

p
cl ai mdde, eteast ammartrehitherotion pregueh) frem stepatldis

the aci d i FERRiREh oI OTRIT ABSE sPan O WG MY 4 the form of
claims 8 t@rgddic ﬁ%r%%enTJbﬁlp&Erﬁl%eéﬁd,on’@thlfa‘PTy %'f@ér“'ﬁ)a{tiaﬂ y

16 to 18, wherein f) the overhead product fromstep c
i s at | eastrepavingavater,condensed, the condensate

cont ai Qi ng,_,optionally, af strjpping, out propene .

\?\Fd afy p?@ﬁaﬁ@%@&@ﬁ @{)Ekﬁfrﬁﬁtéfﬁrée ef;OO"Qé;?sp \-/fj»t)gs
.0 propa - : -

mathagolIo’aﬁ.gcy‘t:fl;ﬁ‘ﬂ-d Ega¥@@€ﬁgﬁggf%g thé condensate from

step f) is subjected to an extractive 25

di_stillation, wherein gl% the condensate is added to a
i/ ddl dhedocsss & alaimede.r Woerei@ distillation col um,

Gt actP T R RS A B i move the

30 point at which the condensate enters, g3) propene
oxide is distilled off at the head of the
18.  The process of claim 17, wherein

the acid treatment is performed according to any of claims 8 to
15.

19. The process of any of claims 16 to 18, wherein
f) the overhead product from step c¢) is at least partially
condensed, the condensate containing, optionally after

stripping out propene and any propane present

0 - 12 wt.& propene,

0 - 5 wt.% propane,

15 . 75 wt.% propene oxide,
20 - 85  wt.% methanol and
0 - 8 wt.% water,

g) the condensate from step f) is subjected to an extractive

distillation, wherein

gl) the condensate is added to a middle section of an
extractive distillation column,

g2) an aqueous extraction solvent is added to the
extractive distillation column at a point above the
point at which the condensate enters,

g3) propene oxide is distilled off at the head of the

column,



col utm, WD 2004/ 048354 PCT/ EP2003/ 013213 29 g4) a
bott om product containing nmethanol and water is

WO 20es3s4 and h) the bottom product from step BQT/ER2003/013213
conbined with the bottom pro gct fromstep g4) before
subjecting it to step d). 5 267 The process of claim
19, wherein the extraction solvent in step g2) is an
aqueous hy@Pazindottan aredustcentail minggmekhmned. and: watpr s
by wei ght hydrazi ne. 10d21. The process of any of
claims 16 to ZdFmRH%quH in step d) the bottom product

of stigp C) iRy bbbt PRRILBE dridfOSitGt ¢) Ofs EfbiP@HWiIh the bottom
product of step c¢c) and the product of step g4) is

subj ect ed produgtirfrgsnsitepogd obetore suthjestingigti to tsbep B .
treatnent to renove organic nitrogen conpounds. 15
20. The process of claim 19, wherein

the extraction solvent in step g2) is an aqueous hydrazine

solution containing from 0.5 to 5 % by weight hydrazine.

10 21. The process of any of claims 16 to 20, wherein
in step d) the bottom product of step c) or the combined product
of the bottom product of step ¢) and the product of step g4) is
subjected to hydrogenation before subjecting it to the treatment
to remove organic nitrogen compounds.
15



