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1 PROCESS FOR THE EPOXI DATI ON OF- CLEFI NS The present
invention relates to an inproved process for the
epoxi dation of olefins using a titanium contai ning
zeolite catal yst whereby the 5 deactivation of the
catal yst upon recycling of the solvent has-been
consi derably reduced. Background of the invention 10
PROCESS EfR AHE (XPOXIBATION! GFkN@wWmNg hat ol efins can be
converted with hydrogen peroxide to epoxi des when a
titaniun1containing zeolite is used as catalyst. The
carried out in the presence o

m
THCBSe R 1hierih (e TRths GFL @bl Tuhoke WronesIfar thes gaoxidation
oft B‘Feﬁ)i? 396 PE E’é‘r'l chitd ah‘?nd %ﬁﬂt‘é”cgﬁfﬁ}#: herghy the

Met hanol is”. pre erabl'y used as” sol vernt
deaoh‘hartmmgf cidwpoatalystrepdrr eacitihy dmth@Cbmednt rHa@ been
he process as conponents of the starting materials,
C°§§7Qﬂﬂ‘éb1ﬂﬁ veduced.t he epoxidation reaction or as
additives or auxiliaries during the work-up of the
reaction mxture. 20 N trogen containi ng conpounds may

BabRgrddhd FUERd Wéhtigae hydrogen peroxide used.
Commer ci al hydr ogen peroxi de solutions often contain
ni trogen containing conpounds as peroxi de stabilizers

bltors One exanple is

'Fr&Pn 56rite ffﬂﬂ%nbi) whdhad alafinsgaa be cenveeted with

BT Skl SR 0EE B 13 cRATRCLE iy GRpTERE s used

asozatddyse! Phd 'r‘éhl:iﬁon“‘th%r@ef*ﬂ%ﬁcé’ﬁm@ﬂt&&g?ﬂ the_presence of a

. contalnlng conpounds h been scribed for

popait ;sodeent Ahiimhi dj ss2d veshmtthuthes al éfinaant riher hydrogen peroxide
organi c nitrogen bases

: A 230,949 and EP.A 712852,
1"%"3%‘3 o r?3§ bre eHeghanad 73s refenal wised) ay sod vent.

amine oxides in WD.00/17178, carboxylic acid ami des
in EPA 940 393 and :

' Nitrogén,cohtaihing compoqhds are frequently introduced into the process

as components of the starting materials, as additives to the epox%dation
reaction or- as add1t1ves or aux111ar1es dur1ng the work-up of the

reaction m1xture

Nitrogen containing compounds may be introduced with the hydrogen
peroxide used. Commercial hydrogen peroxide solutions often contain

lnitrogen containing\compounds as peroxide stabilizers or as corrosion

inhibitors. One examp]e is Aminotrimethylenephosphonic ac1d used as a

stab111zer

N1trogen containing compounds can be added to the epox1dat1on reaction
to mprove 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 és_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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2 WD 01/92242 and nitriles in WO 01/68623. In a
simlar fashion, nitrogen containing chelating agents
have been added to the epoxidation m xture to
suppress the deconposition of hydrogen peroxi de as
described in. EP-A 757 045.25 An exanple for

i ntroduci ng a ni trogen containi ng conpound during t he

WO \00/9224D avikd ATt 189 indR0 i01768623.ulr d Sigikar dasklion) MRrogen

- 99/ 14208 where nitrobenzene is described as the . _
condginiagtched ating agantisabave heen added t91 &he repexil detipnoRixture

* to s Gheche inbhslion S FYGFodeBoasiiug s, AP e

EP-2OFyepds used in the epoxidation reaction has to be
recovered in the work-up of the reaction mxture and
recycled to the epoxidation reaction for economc

Processes for the recovg ¥ of the solvent 1%
ainiie cupOg:AUNiEg the

worg 3l Sehe bR I8EA R B7 BB Senh 3 e Eop dhere | :

mt5o§é?§er9e’55is MR&%@E ROt do Y1 Fer AhHe. ext\f\‘&@mérh@f the

solvent .is recycled, inpurities contained in the
o]etfenmhésd frsmlﬂmremoammmrate in the recycle up to

undesirable I evels. This 20 probl em has been addr essed

for the inmpurity acetaldehyde in WD 99/07690 and WO

ineSHREERB PRI PDrHEL s \FFBR d VR SRARERR Q6 Rhe

may al so contal

- potianmsel Vémte%séal'ﬁ'plﬂh@Qapbhﬁlaﬁm)ﬂeéat'ldm hasitial betredoveﬂ'ed in

leads to |ower catalytic activity and a nore 25 rapid

~ thedwenk-up anfi She ofeachiore poxtiuitat ansh reexcliegsto Maenenqxédah on

reaghion Cﬁéﬂm%%hén?{‘évsawgif@gagéﬁ%ﬁf@p Vol BhpRRr e grvent

rhav@‘ﬁén"ﬁ%c‘?ﬁbé@g} A 99V b T6%9E WE @ ?PG!??QB”%G@WQIUH@S

uce sone stage o e oxi dafion
WO 92£0354$ NUhOZIOSSAE N@EGZKI4898;JMOrQﬁﬂﬂ@635J1@0a99V14208

- ng the solvent have not address
W0 58/25555!

0 05 /0034 S ls D865, 858 BEUSRI66 Lhd wo 01/57010.

When the solvent is recycled, impurities contained in the recycied

solvent may accumulate in the recycle up to undesirable levels. 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

o epoxidation catalyst which leads to lower catalytic activity andAa'more

25

30

rapid deactivation of the epoxidation catalyst when the recycled solvent -
is used in the epoxidatibn reaction. The inventors have ObserVed such a
catalyst poisoning when one or severa] nitrogen conta1n1ng compounds
were introduced at some stage of the oxidation process. The known
methods for recover1ng and recycling the solvent have not addressed the -

problem bf catalysts poisoning and offer no solution toAthis prob1em.'




10

15

- 20

25

- 30

30 problem of catal ysts poisoning and offer no
solution to this problem 3 Therefore it is an object
of the present invention to inprove a process for the
catal ytic epoxidation of olef4{ns in the presence of a
titani um containing zeolite catalyst wher ei n one or

THERRRord, 1 aChh o) Blrclhe BRETEH 51t on Yo dmlate 3 process

sone’ st ag

farcthey ichbalotié feeoemvthéﬁtdfom A Xﬁttg)@ﬁpesse?lldée@f d ¥itanium

recovered and recycled to t e epoxi on st
copgiatning zgolite cabakysti wherei éne arfroret nilsmeeh, cddtaﬁﬁ1ng
for the catal ytic epoxidation

' i ded
coppodicSranes intgedhicsd, sraott: stage ofi Eheogencessntai aghigue an

PO ENFE of, Bic PSRt hn ST J5€ Hef ot 15 recovered
anderevyctsl ito trfeeemﬂam gtageld a titani um containing

zeolite catalyst and a polar solvent, i) recovering
a stream conprising the polar solvent fromthe -
reacti on product of step 1),. iii) treating the stream

recovered in step ii) to contain less than 50 wppm
nitrogen in the formof organic nitrogen 20 conpounds

Susmmary pf the yavéntiprat | east part of the treated stream

of step iii) to the epoxidation step i). In a
preferred enbodi nent of the process the treatnment in
In gtfirstiasippct,sthepg impranded tar pataesstfor Ithe aas@iytiocepoxidation

rocess. for the catalytic
of 388l GSn' Gl B'Qr?@? DR SRR ik oA cire
inirQuleid &0 Csoneo8 ﬁéepﬂd&bﬁedtbged at some stage of
the process and I'n"a reaction step propene is
reat} ed madumg/mnog]aﬁpemwhl Hyadndgentﬁerom@ﬁncﬂl@fprésence of -
tltanlun1ﬁgllcallte catal yst and a sol vent '
itanium conta1n1ng zeolite catalyst and a polar solvent
ti] 'recover1ng a stream compr1s1ng the po]ar solvent from the
reaction product of step i), _

ii§) . treating the stream recovered in step 1) to contain less
than 50 wppm nitrogen 1in the form of organic nitrogen
compounds and

i) =‘recyc11ng at least part of the treated stream of step iii)

to the epox1dat1on step 1).

Ina preferred embod1ment of the process the treatment 1n step ii1) 1s _

'an acid treatment.

In a second aspect, there is provided 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) in 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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conprising nmethanol, 4 b) the product streamfromthe
reaction step is optionally passed to a pressure

rel ease step, c) the product streamis then separated
in a pre-evaporator having b@ss than 20 theoretica
separation stages into an overhead 5 product ' -

cpnt aj ni_ng ,pr.opene ro e oxi de and nef hanol d

BT o T g BE R, BF OB S o orct doRtaRrtA ORBIONAINg; passed to
20 t & _ amount of nethanol introduced :
mﬁth%t eg%ggaﬁgieﬁ#fégﬁ%being removed with the ' '
oukr hha¢rpductustreand i Nthenesephrated eimaa rpregevaportater having

bott om product, 10 d%;at | east a part of the bottom
pr odiess thami8t hearetical separa¥ion stages dinkol ¥ ovenagad

50 w pt A | far i itr n .
corp BLREL SRSl hiaep®, Mrdpe BT oyt BEETFRY. and into
wat g, hottoRiproddét conbaimingfmdthanéT QAl SehtehOR(E tof 6@Mof the
step d) is recycled 15 to the reaction step a).

Det aktotal admmmti of imethariolt hietriodueed iwdibh 2thel produet stream being
process for the catal ytic epoxidation of olefins _ - .
accoFefavgd v thnghe oNeiado toandhhe nestdepyaigmaining in -

contﬁiléwibggt&rpgp&&&gs are introduced at sone stage of

t he process. éral nitrogen containing conpounds -
ad)e at NeagEuCpdrt REYLREbobEoN ProMettc eeortistBgrc)atist fiated to
same stage or at different stages of the process. _
| nt r e@nfad n okessf thane Shiwppogeitrogen dinnthey fors afowpgamids |
~ may be both on purpose,or unintentionally, . .

uni o Birogem sonpaiidS o st el asPerumabtiativopemoving
contﬁg lhng conpounds occurs if at |east one of the :
starting'materials olefin and hydrogen peroxi de or

tdle pplleasts@ part ofstitk itredlivel praducdafioanst@re)i o r@eycled
contai-ns a nitrogen containing conpound. One exanple -

i s tHe theerasction sbapedci al hydrogen peroxi de

contai ning a nitrogen containing conpound

Detailed description of the invention |

In the process for the cafa]ytic epoxidation of olefins according to the
invention one or more nitrogen containing éompodnds are introduced at
some stage of the‘brocess. If several nitrogen containing compounds are
introduced they ma} 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 oécurs if at least one of the starting maferiaIS'olefin and
hydrogen peroxide or the polar solvent used in the epoxidation reaction
contains a nitrogen containing compound. One example is the use of a
commercial hydrogen peroxide containing a nitrogen contéining compouhd.
as an additive. Such additives are for example aminophosphonic acids
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as an additive. Such additives are for exanple

am nophosphonic acids 5 used as peroxide stabilizers

or nitrate salts used as corrosion inhibitors.

Ni trogen contai ni ng conpounds may al so be introduced

to the process for 5 a certé&in purpose. Additives,

such as ammoni a, am nes, am ne oxi des, carboxam des
used asiperokile sbabilldzery oeduiadte Nalts hisedPai cdibeon
. action to inprove epoxide selectivity. N trogen
1"%ﬁﬂggﬁning chel ating conpounds nmay be introduced at
~the sane stage to reduce peroxi de deconposition.

Ni t rogen contai ning conpounds nmay al so be introduced

N thogkm Gof ke ntag KcomPourRisOhay A sbeﬁ:ﬁh%dﬁbé{i} I‘r*troe tAe process for

solvents for exanple in extraction steps

- a eaetatc punposei sAddi t tresonsuchNiasr ameni & 0 @dhed ,n@amine oxides,

unsubstituted NH2 grou

opu di ,
 cartRRRBs o Ry Er1ss ey BarEodked Hnd e wRokdptionoreact on

t oGk NA; vl atj | roducts.
to THRRE' B8 e EIAENT N B Aninib sTelbbind Chmouncs
maypbecietsodiredbet thensamet SEhdeOtOtrdlicd ipeFOERR Eééﬁqyoﬁﬁfﬁbn.
..,conpounds by chenical reactions wthin the process. :
Nitggeen gontadsingcovpeiinds mare adgo det i vtrodicdd kdydingdhe work-up

xide. both uncatal ysed or _catal ysed by the titanium
of $hf TRARFios WHME e SAMYRTRar S pXBID 6. exéAackion Steps or

xS QAL o 14! B SR i R O o

' unsubs'tirmtedaunggnsnﬁar,osp@mmy I3 82mheedanbBe Qe a&gi.rrngork-up'

substituted hydroxylam nes. Tertiary amnes nay be
to gonvers ceprbenyhicampasiodscto 1easoieil atiler ppoductisy ani nes
may al so react with epoxides to give am no al cohols
~which in turn can be further oxidi'zed. Hydroxyl am ne
Thenmitrogés contd hi ' tof bk S|
gat contdfhin dbﬁB@gﬁg? iRErDAREE S0 fHéT§Fo¢¢$§;hQF be

‘reactrons fromthe e e to give oxine

- congenfiedato whberhydteogenecaontiati nirepcompiunts dar bhewical reactions

'tﬁﬁfgﬁunds to give hydrazones and azines. |f the :
Wi NG PreFeshe SHeth @ MeartipRtGanebe dbet exidat on with hydrogen
0 j oxd razopes and azi nes.

per B OBSP L 88P pr U B W ECR e A
;eo]ite, Ammonia may be oxidized to hydroxylamine, nitrite or nitrate.
Primary amines may be oxidized to substituted hydroxylamines, oximes or
nitroalkanes. Secondary amines may be oxidized to substituted
hydroxy]amines. Tertiary amines may be oxidized to amine oxides. Ammonia
or primary amines may also react with epoxides to give amino alcochols .

which in turn can be further oxidized. Hydroxylamine may react with
- carbony1 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 workfhp 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
epoxi dation reaction mxture nay contain a w de range
6 of organic nitrogen conpounds even if only
i norgani ¢ nitrogen containing conpounds are - _
i ntroduced into the process. Due to the | arge nunber
of afrgarieasitirogen aasipburRiscevan §F diAyWidroahid aAErbga cohitaining
is not possible to predict per se which organicC

compounasgare Jokpaslucad Mtol thee ppeeassnt Dundoi thes Tange number of
rsin

- reftFIOHE. e i PP TRR s iGH of Brck s 1Eois Sk DeSTRM to

reeRiexipdatd 21 ®€and 1

P et oM AP ARt oeh MBI "E | bl pPsghtCand n

whadeamouintat i on when one or nore nitrogen containing -
conmpounds are introduced at sone stage of the.

epoxi dation process with a titanium containing
Thet e 5" B obSenisd B SAMVERIRGLE tBE feeTk1 i of the

reconereas@drassl vehe AtRL Yox @RS Vﬁ*eRS’lba%” t8% g-‘éggkfe;cf |

by treating the recovered stream cofpri sing

actjyityenf the epoxtidatidnesatdllyab andOa wmpen rapidogatalystt he

ounds before recycling it

dea Bk S5 BeR e o, o CRBEH SoNRA GRS (AampLpis are

.1ntfb&dcb&5ht=58ﬂ¥é K@) e ¢ fﬁ@%gg%%’%‘i@g p&gg%sehﬁfg%&?%%iui

reated to conta ess t

conpatfiag oY itesatahwt. 15 wppm and nost preferably less
than 10 wppmnitrogen in the formorganic nitrogen

conpoynds.-crganic ni t rogen conpoundS;are-understood -
1t s R rReR IR BB acE P3O TR e B datatyst: can
be PerBaigc T thR YRt Bett ks wal bd 1EB0cEF BRCH R ing

thet tecalvermtostrtean congrti otyen thachol b ol ventnttoofomtidinOBRR than
in the formof inorganic nitrogen conpounds. The

90 ¥RAmANTRgEM Thothei fore niganic i Eregenncompeunds efete mpcycl ing
it i&‘%héqe‘ﬂo%agtigﬁt&%% (wppm = weight parts per million = mg/Kg). -

Preferably, 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 aton. The amount
of nitrogen in the form of organic nitrogen compounds is preferably
determined as the difference between the total amount of‘hitrogen and
the amount of nitrogen in the form of 1nofgan1c nitrogen compounds. The
total amount of nitrogen is 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
preferably determ ned by ion chromatography detecting
the individual inorganic nitrogen conpounds. Wen the
recovered sol vent stream has7been subjected to a
destillation 7 step before recycling it to the

stétpgéfdi"@ti'ét{ycﬁ@q i {0 "dhb'eﬁéﬁgﬁbﬁ’on sPRGS! EW‘PH usua'ﬂy

i norganic conpoun s ot he n anmmoni a. herefore

- condidin rive inangiahi cicempodrals pthert tha anmomnzaeihénefore 1t will be

nt of nitrogen in the f

‘ 1Leter ne the ano
SUTTIGIdnfer rmra%@@ RWiPRSEhdo Heteraripe ntheaamrasmtopf nitrogen in

e TR iyt SR b4 BB o R .

eitheredssied '0¢n1rﬁ9fth@ifdr@98ﬂ dnfohf\ shPEgn of organic
ni trogen conpounds can be performed both continuously

or di sconti nuously. V%en the determination is done at
eri odj cal intervals

|
For, ?e WE@%P?eﬁtﬂe%\gﬁ 10" hg| 5&&@%@@%@ f rgkregen dngthe
fortnpoﬁedr rtbgeﬂ bus Bk Mo @Erf&i‘m‘aﬁeocﬁfﬁr By inuously. or

gan| ounds onl'y en process

‘d':srmn’aimb@s]%r hHh@ ﬂzh@r@ftérmﬁm'lbm e:%t (500 a@fmﬁe&va]s these can -

recovered streamto contain | ess than 50 wpp

be jhoth pgeindical hintebyatsopr o‘rrg?agubarhmtejglafucdlquahh)dstn\myﬂ be
G e R O b1 b i v

nitPb§ap cﬁrﬁepm s Cd?iW' \H?ensépé’éé aﬁﬁ-:-ﬁ@% Wh?é‘ c‘Pﬁﬁ

nore C reaction eseparalons eps fOT‘

the treatnent are: for exanple di stillation,
stal | i zation, extraction, absorption_or 20 nenbrane

C
Thesg Rentoef. theirecovered neirean| ta €aataisniessothamd0 wppn

nitgofgt TFoinesTon 55 SSFE A ERC SmaiBS by Somrep el

sepapaltiohi otbpsf o 'chigit ca1Nhéd296Rs C TRBOkFESmert ﬁﬁgrﬁ%bycombine

the treatnment. conprises an acid treatnent o

Seveea:lo\sepmts o \&Eeps i sayncolbinen separatfien reteps rbiddi ommtor'
ment of .the recovered stre

m°"?scw1%¥f iggégﬁggt%ﬁgb%ﬁ%@ tAgN sxHEPH f okint b itgegigent are.
fort éb?amgg Eise] ?&tﬁ% I@g}@%ﬁﬁ 19288 ot | erhBEi 0t Bbdbrition or
membrane separations. Suitable chemical reactions 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 retovered '
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 distiilation 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 contai ning

| ess than 50 wopm nitrogen in the formof 30 organic

ni trogen conpounds. 8 In another preferred,

enbodi nent of the process thegtreatnent of the

recovered streamis an acid treatnent conprising
Insahthat ipnafdrred ERPAVRERT oF EIRABNGGSS ERDHrBHENSILY of the

operated distillation and feedi hg a stream conprising
regavered staeam isoamtacidoireatment eedppising subjebeiry the

[ red streamto the distillation colum. A product,
reGBYeth SEERIR L) AFONRAIYS! Xr onssptedh disRH lagheniandngeeding a

i s PR EOSHAE e ol B I

nitrogen c _
recovarat staeam tpothe daboild athen feedanmoAnsrdeict hetraah dcomprising
co r|3|?g stream preferably at the top of the :
the folan solventraed conbainiag: hess than GAewppsc ovbragensin dhe form

of Realth AltRieR-cabpfids 3chidf Rt Tan et TSt dlation cotum
e e ooV the FeRUCRIIR. BF (IR IOt S T T T |

preifsrdbl yphbsyhieotop ofcthke @olmmichl oric 15 acid. Preferred
m neral acids are sulfuric acid and phosphoric acid.

Carboxylic acids are preferably selected fromCl to
: di 0 [,&.aci ds such as form.c acid,

TR ot P BHAPOHCLE A LS Al 3 LEFRLZK) Sy
suttable deed JuehcCas @l fHindralt 4%, Ca ac?rgoxﬂ%aéﬂoc or% Qeidic ion

nonanoi ¢ aci d, decanoi c acid, undecanoic acid or
exqlengeraini itsapretonated farinc Sudtahlenmineral acidd, are nitric
a S ccHgic.acid ?&ataric acid, adipic acid, maleic .
Clge; WdHric A6 d.c hyBreehloRic iacdd. phesphorde acidoerperehloric

ACi phd j ci s For t +d nt wWth-an .
cRE Feftrredindrat actds She SUTRdTG ac G TP o ric
Carboxypiigl ycialsi ates preferabl hastdette FRoMEakty (A1 fidrfo bPN

. exchangers can be used. Preférred are strongly acidic
d1qaslpp>@>1@qz@¢gg§ such as formic acid, acetic acid, propionic acid,

butyric acid, pentaneic 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 éxChanger in its protonated

form, both strongly acidic ion exchangers and weakly. acidic ion
exchangers can be used. Preferred are strongl y acidic jon exchangers
containing SO,H groups and weakly acﬁ'dic ion 'exchanger‘s containing COOH
groups. The acidic jon exchanger is preferably based on an organic
polmer, such as crosslinked polystyrene, or an organic inorganic hybrid:
po]ymer', such as a po]ysﬂoxa_ne. 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 SG3H groups and weakly acidic ion
exchangers contai ning COOH groups. The acidic ion
exchanger is preferably based on an organic pol yner,
such as crosslinked polystyrene, or an organic

i norgani c hybrid 30 polynmer, 9such as a pol ysiloxane.
The acidic ion exchanger may be either a liquid, a

emg@d-:merymehé diredtidnt? i §BEFfRBAEP Y '
enbodi ment t he treat nent .s§é§ﬁ§2ﬁ%dmgyﬁ82@§§%a ﬁﬂvent

'StF%QE'owloéﬂh Folfjxed bedt eentaintngotibeh axidi « ddnbexichanger. -

contai ning the acidic ion exchanger. Using the process
according to the invention any olefin can be 5

Us %héjl | I car
P thelpiic’ Boaiihg U tng  GURASH bl 51601 BT,

epqzmldnzeﬂ,ul o Ipﬁrsmlﬂabl eldfins tvh%h EWGd@éﬁb@ﬁ &o ro’g@“ﬁrot:ess
ropene oxide. For econom c reasons it woul e

aciﬂféf%q E@otmoﬂ"‘éﬁﬂmﬁﬂuﬁ Fpst packieylpricssustalaifor the
' ure form byt technical m xture
epBIBREISH S heblath tBPrets B  Far Somonte gensonsit, w/9u1d
be ﬁér@@ e
éfi”‘". O orua RSt T ITRa 18CpEGeesS b d st chiidhefia ol
punge e gut ias prifohnabdly mixenreawitn nopm%haolalstaqme
preferably 10 to 70 %

c"%g‘m ¥ nh{]qéf V‘Pl{/%r Qg$$5n%§hgﬁlﬂéf1deb©§@d peraoRliqeid és

e B PEE AR B0 LBl 1y

wei ght of hydrogen peroxide is nost preferably used.
| ternatively, hydrogen peroxide solutions in .
Hydgpgesm peroxigde e papfarabhy ruset aaslan caquebes usAdtionT h:eﬁﬁn ni ng

- LR AP RN SRSty pRaTerERTy 0 Fe Thr kunakight @ ninogen
- perBRIGE. Adhvariin BRFoli® EnR W oguctTobthfMdd REom the extraction

titani umcon

stepoofh dhe tandhr4qliiBen (pPobedsl aAd %ﬁt@lﬂiﬂ?s?’d rem9-08% wiedght of

05 and having a M-I or MEL crystall'ine structure,

.ihYdR?EﬁNnP%@Xﬂd@ & 0 m%.nreﬁfg}abﬂw :Jlsedno!}mrmamelM{]nhydrogen -
A TR TN SN ST ERE L N,

Thes@taAbord15 c "SR Soms @R AR pf‘@ﬂared by reaction of hydrogen and

oxygen in the presence of a noble metal catalyst and the alcohol.

Crystalline, ‘titanium-.containi ng zeolites, preferably those of the
composition (Ti0,),(S10,),., where x is from 0.001 to 0.05 and having a MFI
or MEL crystailine structure, known as titanium silicalite-1 and
titanium silicalite-2, are suitable as catalysts for the epox1dat1oh

- process according to the invention. Such catalysts may be produced for

example according to the p'r'ocess 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 cohtain 1 to 99% of a binder or carrier material, all
binders and carrier materials be‘ing 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

enpl oyed as a shaped catalyst in the form of

granul es, extrudates or shaped bodies.. For the

form ng process 30 the catal §8t nmay contain 1 to 99%

of -a binder or carrier material, all binders and
emplamyeldeforrmtleremkfﬁddtﬁbmg ExUiiddtes Wit ad@iditer gﬂcﬁl Eo 5 mm

drogen peroxide or with the epoxide under t

ar'Pe%T@fPEﬂyb]é’o%ﬁﬁdt A®dxed bednpat@lygtsor the epoxi dati on.

Extrudates with a dianmeter of 1 to 5 nm are

preferably used as fixed bed catal ysts. The reaction

‘ThesreaatTdneds QHrridd oie %ﬁ@rﬁj‘%l ?ﬁcf'é" ook 'I§P: cﬁ'\}hn{ "in order

order 5 to increase the of t eo
topinsreasbithe wodpkildtyiof the olleifdn] qmelﬁansm y%wdp@hbe B the

sol vent argq_&ég gol ar soI vents-that are not oxidi sed
e @sysqlyent sanegat @Of'éhtsdfiyemajrtbg'erare not

oxﬂﬁrs@d Ssot]é‘ '19(%1 §(e!,§ieorm€§ﬁ M éfel ?8%,%2(1:%&12‘?9 byc&pggn,pgromde
undert the cﬁb@érerr-bsdn%heccﬁﬂh’dﬁfﬁss A tehat edﬁgﬂﬂeetnﬁl ¥n ahBunt of

"mscible wi.th water. Suitable solvents
morg &har(18 \stxdh1aswaterhzi’nefermdhalfmlsoﬂ>Verttsr thaﬂoat"élrwmm etely

iR ey yftasTs gﬁbﬁ%&%{ﬁﬂﬁg chtolst much as

I N, di.o ane or
me%'tagg]y gﬁgﬁﬁg{zl 8?"!:%?? i g}tﬁﬁm{] g_y&{]gh?u o a5 ofoT£xamRTe ethylene
glmmwmepmanemmamestwopehétﬁm e&mheng Ecﬁlch1§s for
oet hyl ether, ethylene glycol nonobut er or
exquﬂgﬁegﬁ@h)@rpﬁwran nibigxane oyl pmmdene amddketg:]yes] gthérs such

~as grﬁgfegépﬁﬁea?ghg[ﬂacet 20 ?}@}rﬁga % %lb%r-ﬁﬁé&qgkgﬁ&gﬂ

15

20

25

- 30

mon@éﬂiﬁf é@ﬁbr Eﬂ%]@h@fg{?fs}cof 'H@ Wyﬁg&hegeépéfrgﬁyﬁe?\eh@yc%

he polar solven

| monpmejﬂtydre’dmn naeh kettmet ilmhdas dfioroagany] e "det ofé drhESlﬁJtanone

Al ﬁep g m xed prior to introduction into the
CPRAYS SFe Pﬂ? egfledk ph spdvergsefrathiong] disppantdeul arloxpeasierred.
relative to the hydrogen peroxide in order to achieve.

a significant consunption of hydrogen peroxide, the

Thenwleftin, riiel B yéh‘og@:h Ep’ehébud@r %Wt@@h Yarlf BREDBTat Solvent may be

hy drogen per oxi de preferab
introduced into the reactor as 1ndependent Teeds or one or more of these

- feeds may be m1xed prior to 1ntroduct10n into the reactor. The olefin is

pr‘eferab?y employed in excess relative to the hydrogen peroxide in order
to -achieve a s1gn1f1cant consumption of hydr'ogen peroxide, the molar

ratio of o1ef1n 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 sq]uti on use'd. The amount of cata1y$t employed may be varied
within wide Tlimits and is preferably chosen so that a hydrogen peroxide
consumption of more than 90%, preferably more than 95%, 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

to 20 relative to the anmount of hydrogen peroxide

sol uti on used. The anmount of catal yst enpl oyed nay be
varied within wide limts and is preferably chosen so
‘that a hydrogen peroxide consunption of nore than
Ioe embwfirambdl I e ;
it p Y TR Tl A oRCthe KAty kbt 4s

SUéB‘mﬂedl*dhthe rgacmmnonmmm*eodummgt the‘ redet fonyeThd @atahst s
yst is- suspended in the

th?eé '%? I |fcal ite cata
AEf G %(t QFR ofupi PRYydeReOr dactheformiad aasuspesdable
orafeTan i Ehe: 536 DRl BrBRIA P rokRirglEn S e Jnown

suspenda granu

pepyse,ofori egampﬂeabyn%pﬁ? deyoMg or PRI dSSed TRk WB&W When -

spray drying or sed bed granul ati on.

USING; gspushaededc aatlyst, mixinggreachersor or feaamebeasili ered tank
as well as

ekt HEUEN W RRERRIS, 85 wal Sammom ool reaciors. for

non

exam@mbﬁ]amo@%%ﬁﬂﬂsf Ofay e D?@d:tfbprkhgp}‘eci g%ﬂ A cascade

conS|st|ng of one to thHree m xI'hg r eac
compist g ofi goriel bovtheee thriti ng&ea@ﬁwhﬁ@i adﬁbﬁ‘?ﬁ)ﬁﬁ@ fFow reactor
he

regﬁi %gly used. I n anot her enbodi nent of
CORNGE wistnean iisaprafierably eiseit e catal yst is used as

a fixed bed over which a m xture of the feedstock
materials is passed. The catalyst is then used in the .

In fanothed emtsddanast BSOS ihiditidh fl'féb‘c’ﬁb‘?ﬁﬁm @19q85mdc[eh9a€a?yst

manner known per se, for exanp extrusion

- 1s wused asdat Tisad dfedbovete whichVeemixisirego® the xR@deesck materials

characteristics

is g’gﬁg%%st@%@ ‘%C‘ 'tfh$ Eﬁgg&téglr 1e@3ﬂ&§ﬁ:nr@ af sbapeth bodies that
havel B4 pROERES Aoy R KRR, B5° S8 roR X apia by, ggrusion

'w1theum sadd-;wironrnﬂ bmq‘d@lpg bed characteristics can be

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

quui d phase flows through the reactor in down-flow
enbodi ment of the

_Wheg?lgsggﬁtzasi#ﬂgeé(ﬂtb:%agée{tﬁiy% .l ¥‘egé1?c];r§r{rﬁ: bubble column
characteristics can be used, i.e. the reactor contains a continuous
Tiquid phase and a dispersed gaseous phase flows through the fr-eactor in
up-flow mode. Alternatively, reactors with trickle bed characteristics
can be used, i.e. the reactor contains a gas phase and a h‘qui'd phase

flows through the reactor in down-flow mode.

In a particularly preferred embodiment of the phesent invention the

process 1is conducted in a fixed bed reactor and the foHoWing flow

conditions are se]ected 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 maintain

the catalyst bed in a trickle bed state: GA < 2000

mh and 30 Ly < 50 mh, wherein 12 G is the gaseous -
superficial velocity definedias the gaseous flowrate
in nB/h in the continuous flow reactor divided by the

G s dhe- gas@éusalupér'ﬁtﬁlﬂ GRaT gt ?I Pned"as" the gés%ohge? oy rate

uid super icial velocity de as

, 1"r'&3’é imthe ceptinuonist ﬁbamoeactwodrmﬂbdvby eaet@fos@wecftadn of

V. ro ection of the catalyst.bed in n2,. 6 PL
th?(ca{‘%/sg D& R 99 and ( | (DR 2 173 W=l Cw 10

ity 0

m Herigithe cintianeus rfmmg/r'eaﬁtorpﬂhv’fdeldsby Rihedersdst- ¥eOfiohl bF the -

ng aw'is the surface tension of water in
Ca%ﬁﬁ?%ﬁ? 18 Bf.is the surface tension of the liquid
indyp/cm yL is the viscosity of the |iquid
5 im ¢entipoise, wuwis the viscosity of water in
i _T§ - The epoxidation reaction is preferably
Mot at tenperatures .

]

Pe 1s.the density of the gaseous phase in g/cm?,

" p. is the density of the 1iquid phase in g/cm?,

py s the density of water in g/cm?,

Par  is the density of air in’g[cma,

o, s the surface tension of water in dyn/cm,

o, 15 the surface tension of the 11qﬁ1d phase in dyn/cm,
4. is the viscosity of the Tiquid phase in centipoise,

4y is the viscosity of water in centipoise.

The epoxidation reaction is preferably carried out at temperatures

-between 0 and_80°C,rmore 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 témperaturerof 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

L Pﬁthéﬂh?ﬂ?@ﬁ?érﬁgﬁ Tgﬁéﬂgé‘ﬁﬁg éfﬁ’%ﬁ fs l@eg 'Eq'k% ffq%rleir'g’te in
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20 between 0 and 80C, nore preferably between 40 and

65C. According to a nost preferred enbodi nent of the

present invention the epoxidation reaction is carried

out in a fixed bed reactor equi pped with cooling

means and the tenperature prqfile within the reactor

i s mai ntained such that the cooling nedi um
oft ehpoleti ¢sde hota BB Shb: i

and the maxi w%bﬁgtnﬁ?g?%%g W tﬁm§?rﬂgotgﬁgﬁt fﬁﬁxﬁ%%?%
regotion; theepresssre i aSwaHly mafifi@indhatepobd &8t bam preferably

' H{ﬁ@g@i n can be carried out at anmbient. or at el evat ed
p u

¥-depending on the olefin to be epoxidized. If
the boiling point 13 of the olefin is below the
tenperature chosen for the epoxidation reaction, the
Inpa grefereetisembbdahént BRI tHeai DRALREN TheOcht e '
preferably 15 to 30 bar. 5 1n.a preferreJ ERE%JP&JQE
epgxidagion reeckiopn thas i®riemperatsré pprebsurecpoditat amounts of
' ressure and the

: ct| - that is.te rature, ] _
o1&F b apen oo R ide” A0 S04 UL o RIS, CHES G 05 Bbbam: a myliphase
re8&ESA Myt R ol L ti . xt . ;
SETOANABURS G 44 TRRERE pod AR hAMhABeH Miesge rich
Phpseasentadning rthegpdlae swilvent spdveriiqand crdahididlefin rich
orgapic olefin rich 10 phase. To ensure the formation .
phase.aTa enswre [thgufarmat tpmdé misecond Afiquid phgamic béefin rich

PR byl B 1R AR B RS T aeess a8 vl Smourt

sotubdeopen ' e »

onperaee cdpRbes phace. <BAbRTho Hatkhy fHafo5M, pecarigpeand

soivegtiat pheshosenrtienperdiare mndi pratsisare r mq?tmiggm to
In a preferre

s 15 Lnproyed, epoxi de sel ectivity. In.
"""t'ﬁﬁb‘i’jr?%i?ﬂm&f Piares: shrang: e apwiskion: raaekion deadseto
F MO X W) : | mprove the epoxi de selectivity
| 1mpﬁ%9§%%gbk% §%?&%58&*0 3000 ppm preferably 300 to

nount
2000 ppm based on the weight of hydrogen 20 peroxide.
The - recovery of the polar solvent fromthe epoxidation

- In acprafesredicubodiment of the invention ammonia is added to the

epoxidationustage to improve the epoxide sé?ectivity in an amount of 100
to 3000 ppm, preferably 300 to 2000 ppm based on the weight of hydrogen

peroxide.

The r'ecqvery of the polar soTvent from the epoxidation reaction mixture
may be performed by any suitable separation method or combination of

separation me{:hods, 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 Tess than 50 wppm nitrogen in the

form of organic compounds, may comprise further components, such as
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Befprefheeworkiag upastaskt ohé prabeurcesf! fanbr

may be perfornmed by any suitable separation nethod or
conbi nation of separation nethods, such as
distillation, crystallization, extraction, 25
adsorption or the like. Preferably,. a conbination of
distillation steps- is used figr the recovery.
Preferably, unreacted ol efin and the epoxi de product
wabers, amRIcebe tydregant SRIPLYUf g
recovery proggsg@nsgﬁneégpémb\?gfer cgﬁfﬂg@n%@%ﬁ%h%atwn
Praegssent: stream may be separated as well during the . :
sol vent recovery. The recovered solvent 30 stream
that is treated to contain |less than 50 wppm nitrogen
Al : § I £ 4 ds onprise .
PIRTERGd SRERone SR ROERAA s G Bhedids an mproved

progessofpm the raatatiet ier epuwidethion of f[fl‘b?\?h@ WiCAMYAHBbEP Deroxide
. process. A preferred enbodi ment of the inventionTis
n gihecRresenee @r ast ianiumisalieal e ratedyst faod 4 tselvent

. [ idation of propene w th hydrogen . - |
°°’@gﬁ Sid hSc ity ngﬁ\s‘r Shrovef Hogess nkeanates e inventive
traaingh . Y Shiw Bt -of 1 i

e e ARSYELE AU B, sopif, Thit 8 FREb: of Bfe gt ion
mixiue riec prov def prdpene @xddetwiitht @ riiremWpIdfuBestratiéh steps and
reaction mxture to provide propene oxide with a- .

a ToMNSHRTGY ofeqya pament Wi 16t el dhansemeo tame owintasngpg high
|d QB4+ 0N af_the sane tj mai nt ai ni ng. hi gh
Cat{?ﬁ?ﬁ‘;ﬁ ¢ géﬁ?‘féﬁf@ g g"‘"ﬁ"@ﬁ@" c.'aﬁltwr lifetime.
Epoxi dati on of propene is carried out as described
above using a solvent conprising nethanol. 15 Before
Epoxfidationkoth gropenst agearhtedioas sag elestribed shoveenei ng a solvent

oxd dation eaction mxture is preferably rel eased
C°"‘$E@"§r'&%@@ﬂ@{r el ease stage to the pressure enpl oyed
in the working up of the propene oxide. Part of the
propene dissolved in the reaction m xture and possibly

. : el ipoxi dation
reconpr eSSGd_VI a a conpressor to the_ ressur
reagtiopaMixtge; s dReferahty delaased dnraetpressutet peldase stage to

the" SiRSSUPE employed in the working up of the propene oxide. Part of
the propene dissolved in the reaction mixture and possibly propane 1is
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, possib]y propane, propene oxide and
methanol, and into a bottom product containing methanol, water, higher
boiting 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 separation steps and is preferably
designed so that the rectification section corresponds to a sihg1e
distillation stage and the remaining separation effect 15 achieved in
the stripping section. The pre-evaporator s operated at a refiux ratio
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The reaction mxture is then separated in a
pre-evaporator into an overhead product containing
propene, possibly propane, propene oxide and 25

met hanol, and into a bottom product containing

nmet hanol , water, higher - boillsng poi nt byproducts,
such as for exanple propylene glycol, unreacted

ofhatrmsent e s iitedarideacss Al o f'désaﬂi%%éd tﬂott%frgjy%thout

silicalite catalyst. The pre-evaporator accor

- refiex, Abe Mmressuneain |téle$pm¢ravapmmtoprw prafdnabay uma.nlm the .

eps and is preferably

"a@ggi‘% ﬁ_@o@ot? BES a3 et e candeh bavosh d@@@'ﬂl@@ﬂ@h@’h of
nydPogen peidhde C THE 'Arecbl Aok a0 s 0kriaREg [ BhAL etween 20 and

separ a
604 cef ithe. ambbet rmlfescﬂwan’orﬁdol‘inlmmpﬂﬁ@tredcﬁfonamiﬂfdréxw removed
tio 15 of at nost 1.5 and if desired may al so be

W‘GEeﬁhst @erherdiproduck; awbmhe baal‘amg ‘remagngrias the athor product .
from

ProfEB1FT Bl thah S, ST BrereaBIE mobe chhan oAb a3k

preferabydr aerd thgh VIXAsF tHaCpPsRneV S5 .
SO thé? bet ween 20 and 5 6 @60P§ e%%ﬁggﬁgho ﬁ d in

_the eaverhead product, randcprafierabky,umere. s;hanrmeohnom ‘phefé?%b]y.

ghhe%ﬂ,pgggﬂct and the bal ance remains in the bottom
'"05‘? AR /% grvptey faghin insantmned i dherbgtdomprpduct.
‘nmore-than 98% and nost preferably, nore than 99% of
t he propene oxide fed in is contained in the overhead

Themprdogdt, strshnofed ebatie/ praDivap PF@%@%@%@?E\& contains 0.5 to

pref er abl 10 nore than 97% O
20 o hy weight iof prapepet t%knp#oﬂlwtwmgﬁheofbpoobmte sBrBﬁGﬁ % by

- welgft b priffer Uiéapé’%ig"éo o By oel O L ReFAAROTofS to 40 % by
e P B i e (RERES “@11’“@%"5 t°

X by wei'ght o

" byproduettser 0. Dtd 5 & By%eﬁghwﬂlﬂﬁb%éﬁ Rer@haé ama i B8 5091 Ky

é%groducts 0.1 to % by wei ydr ogen per oxi de and
weignt ofs txtayiumgilgsel de Cﬂt&iﬂﬁtlm'ﬁhns i pradice staean yist .

orefBhay S8y {0 e e 3 e
conttairihg’d oo wei 0By ngﬁto@t?'b‘?op&et, %0 %3 109 byek@itht s
propane, 15 to 75 % by weight of propene oxide, 20 to 85 ¥ by weight of
methanot and 0 to 5 & by weight of water; and into a bottom product
conta1n1ng 0to2% by we1ght of propene oxide, 30 to 80 % by weight of -
methano] 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 prm

nitrogen in the form of organic n1trogen ‘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 least a
part and preferably all of the resulting treated product 1is then
recycled to the epoxidation reaction..Preferab1y at least a part of the
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20 propane, 15 to 75 X by wei ght of propene oxide, 20

to 85 % by weight of nethanol and 0 to 5 % by wei ght

of water, and into a bottom product containing O to 2

% by wei ght of propene oxide, 30 to 80 % by wei ght of

nmet hanol, 15 to 65 % by wei ghg of water, 0.1 to 10 %

by wei ght of higher boiling point: byproducts, 0.1 to
weight of titaniumsilicalite cataly re than _
beforevspenreaycteogéredm is hted tonhef epogalat tomistaggeRemoval of
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' j : Ln-J han 30
CB R e e e b o uETe RS aERRgen
conpounds. At least a part and preferably all of the

resultin% treated product is then recycled to the
Thepkeatmantonf thecrecovered aethanalytatconbain laspamanos0 wppm

i iedin, 4 o B At s R o b peetinmed by
et Rt e GV A Sy A (O B rBhmert b g fRfovered

podar sobrentnsiteant Prieferdtigatieenieatiient ScoiipPbds RhOSERS

sgﬁgea 5 The treatnent of the recovered nethanol to :
tregiient o) the repeversd ngihanohistreaenMpst preférabiyofthe same

enblPRNS HEHRTRET STRRIE SR elcheh ¥ BRecribedomone as

proferped RABYEMRALs FIrathe Qe Vredthdt@ ™ Fhe! $6ﬁ}%h¥ {vGam.
d fg of the ~

treat ment corrpri ses an acl treat ment

recovered nethanol stream WMst preferably, the sane

I enmbod] rrené;@gf the acid treatnent are enpl oyed as .
N R PERTarERd B0diment of dhe,propeasepexidaiden fanocese thei d

v 888 RSB, HF LIS SDSAR 15 B ABEE LY gapdensed
o itE"¥ sis cchtaT WS 12 B9 ke o Bropasl o s 7
by ?@%&&aﬂf&oﬁl@n@htﬁoto ﬁﬁogdnewemhtooﬁ propéne \oxii gt 20?1:0 85 %
by E\Le?&)\"\:n%f mle%htar?ofgngl/o (P 34:0"‘?249%‘ u?e];i gﬁ{o feugtgrx.i quéfezr'gb{f the
overhead product is only pért}'aﬂy condensed 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 pr'oduCt-from the pre-evaporator is parti ally
condensed in a first condenser and the gaseous effluent from the fi rét
condenser is condensed in a second condenser mai ntained at a temperature
below the temperature of the first (:ondenser'., Pr-‘eferab]& the temperature
within the first cohdenser' 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 condensétion the amount of valuable propene oxide that
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by wei ght of methanol and O to 8 % by wei ght of water:
Preferably the overhead product is only partially
condensed and t he uncondensed 20 propene, possibly
m xed with propane, is reconpressed via a conpressor
to the pressure prevailing ib7the reaction part and is
recycled to the reaction. The propene still dissolved
can mothse ceoslmredt i abfs 1RPILTY YediécP NG ﬁfeeeﬁéreégﬁ t8Rufption
stripped out fromthe condensate in a C3 strippéer. -
fopcepbingbliy neduced coppanedotic ayanei stepecyndeadat tort.hihen

opRhidos, Po, SO0 FRBEsEAGh e, pondenzntes ohaese cradansers

- ar@padied thr ol EBSHMiBod OFGHE dohsBREld! Having a boiling

condensed in a first condenser "and the gd _
POHTtf theints f Towert thanf thalt of corupens aixide, afieery athel Bastous

fﬁecqu condenser mai ntai-ned at.a tenperature bel ow
eTy IHENY drpB ey sEripPer Hs parktaldyrenndensed Pnethe sekond he

- ra. .3 it hin t.he first, condenser |sS,
coﬁrgglﬂ%’ a?hgdﬁgt galﬁﬂeﬁlgb%égaﬁ%ytcﬁgd %loeﬁﬁ%igt ﬁf'@ RR€C ki n
t he second condenser is maintained at 20 to 35C. By
using a two step condensation the anount of val uable

Theyico ate ebtatmed Wy atcieastoparisial by @ondesksir®y the overhead
Oz:qgnfi#jera‘glg reduced and the energy consunption for
PracyGt i'gMi e BBREYaPUIGIHRE @l opttonaity siteppping it in a

C3 RREAERR L hen Mot ek et e HiSP s EEIAG Shthcan

aqueBus taxtt PEEL oh OsdTRBRY.S THE NEdrideeIteS i §a6dN B0 acr%gin‘i&cﬂ% Section

point that is |ower than that of propene oxi
of iheordripueusd ygoparatied distiLiatton rootumthe The raqueens iextraction

- sorfht iR adued 6 e rtsack 1 RESed Tat fompselummag @ potnt above

theC BHHHRNS AL i F ‘ rthally .C i,n
T POMRISENDIGR R SoieRkatt ehEH, 1S Icoohy o BREF1RHGBropene
oxidetisowdthdrawh ratpphecopt of rthe &3ufh! iARPERe IHotEHRBF the
jected to_an extractive distillation with an L
¥asdistil ket ioprcayno en bot fom peoditdncentaingng ewthanol and

w1 i o ot
productadeen the pie ePdpdratst \WRdotRE chihfitned produtf™i Ssufjected to

oi nt above

Y
- the treatment to remove organic mitrogen compounds.

The ext_raction solvent is préferab]y an aqueous hydrazine solution

containing from 0.5 to 5 % by weightr hydrazine. When an aqueous

hydrazine solution is used as the extr'actidn solvent, the extractive

distillation not only removes methanol but also acetaldehyde and other
carbonyl compounds from the propene oxide and provides a purified
propene oxide containing less than 50 ppm mei:hano] and less than 50 ppm
acetaldehyde in a single purification step.

The amount of the extraction solvent fed to the extractive distillation
column 1is 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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i g EO the treatnment. to renove organi c nitrogen

15 the point at which the condensate enters the
colum. A purified propene oxide is withdrawn at the
top of the colum. At the bottomof the extractive
distillation columm a bottom product containing

met hanol and water is obtail8d. This bottom product
s conmbined with the bottom product fromthe -

e\papepaimammndematenﬁis time th® rahae FrfoglUC ol £0.S tr‘ﬁé eé&?gch ve

Giens s areferablac operated| atean absoluté mbswearfmm 1 to
m 0.

S B DDA 2 R BB I L s b, he

refOXIraPrb H§ réflyf Bt ‘iﬁcﬂh'eofarﬁfr%gm%& ir.rgt%an.ol

extractive 25 distillation not on
but also acet al dehyde and ot her carbonyl conpounds -

Th .D opene .oxi de and provides a purified .

ﬁr a&i% éog Bt disgd npr ‘é&s exipactoge p(#matnﬂzi dkioal canpetises a
AT 1 W B o 5 e pait of the
pre eéuaportatbﬁObdrﬂehMeexﬁﬁ %&H‘é(&1€h Sdddthigh 'b%rﬂpe@ﬁ lpEMedey point

preferably chosen so that the nmass rati o 0
of ciite- avaposators sbndansate cuhdr thentferd podnt hef &h@uﬁﬂ:r@éh on

d
soffi %ﬁa@?e”é%ﬂfqgn'égwéﬁﬁebw@m She. Test goief the

.exﬁ?ﬁtt@ﬁﬁ %M?Ved%'ﬁﬁd't%@ipd%%t éﬁa'%ﬁkj?1egf§éiaé§g|é%ﬁggn1s

absol ute pressure

 mumramopummbeywﬁesﬁﬂqatﬂorﬁcbmn% 7s fded iR nhefd ux

ratlo is preferably chosen in the range from1l to

- sepaatipnsef men@h omrﬁm 3@ dhebreticht sbagescin beth the

Stf‘lﬂ’éﬁ%sgﬁﬁo ot ke "Sﬁl‘ésqtﬂglégtptbg rsn%gtﬁl ggﬁ@tr)‘g%%enegfﬁcien'cy
ot s g e ' e SR BT o

bet ween the feed poin pre-evapor

digtiidlatrienfeaddmp cdant befa thay eol nmtbﬁtﬁﬂﬁng%ﬁﬁété“ﬁﬂaﬁ such

rectif section between the feed point of
as sigye :3% %ﬁ""smmﬁﬁt Cahirayse poe rﬁiﬂstmﬂraéwme:oﬂ;wnn fcarcalso be

a p%f:{?ét?'&ﬁhﬂﬁﬂ dfia ! V‘f"::h@glﬁ }‘%k'n%segg g ql yasa 3 rﬁéﬁdrjegtﬂa%ril'mgs'

m IS used
such as metal gauze packings can be used. The distillation 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 epox1dat1on 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 1mproves the pur1ty of the o |

propene ox1de recovered with the process.
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Cmi , preferably 100C to 180C 5 and at a
“ﬁ@gé§Q%ﬁ}%§§iial‘pressure of 1 to 25 MPa. Suitable

separation efficiency of 10 to 30 theoretical stages
in both the stripping section and the extraction
section and a separation efficiency 15 of 20 to 60
theoretical stages in the rectifying section. The
distillation colum can be al9ay colum containing
di screte trays such as sieve trays or bubble cap '

Ther agtalyiriee hgdraigehaionos girefiaralsign catsiedbsut as paﬂ%‘@@raogeneous

genatian atefdnydyegee n@ﬁﬁt&ah@ﬁﬁmebefwsédto 30 MPa.
s ngs, ; 0 ; :
I 78 e iaPly BRef rated Bhndunis the ivieadtionien steneat a

- ol umm and. bot h' random packi ngs as wel |l as structure
' C%%Qii%1ﬁg@¥é%°

 temperard OGN BIRChhAGe ioF Bef ShaDIsy ofeSirdperentl! fhoec to 180°

di'screte trays. In a preferre ment o
andpaf iadhdrogemmactia phessuret ofmlptoREMPaf rom t he

pre-evaporator or the conbi ned bottom products from

the pre 25 evaporator and the extractive distillation -
SudEh1a U : ti ation step . . _
SURERIE RAESLERrith TaEALAY o BIECERERToR Spdnghe catatysts
Compryaing onet drogere AFMRELH1ES seTe@eddetih ~onsisting of

hydr ogenati on step reduces the accunuﬁgpg%@ofconswtmg of

RupiRsv ollicPE, Aguchr.aerdithyNi fandn@o e Adbernatively Raney Nickel

I t hape, in t sol vent, recycl e and i nproves :
a“& r@“éﬂ%ﬁm‘?fm@ww%%%@%q@m Wb oBe car woee ofhishe
ab®V O RESIS] | wé.l.C ' .1.s_preferably. ,

car ri@gtﬁog%‘t? cgylge %g{a@'r @En%%éﬁs’ 9’%33@%/?4185 prieferably sélected
fromy dcbiyated i carben andhwebia006xidear séricted a¥on 09l 1905 7RO, and

0 MPa. H%ﬁls particularly preferred to conduct ’he

SX1Ga$ sem)rising att tensdr twaod $H, Ahe Tiaapé Zof and

droge
hydr ogenati on catal ysts are sel ected from supported

catal ysts conprising one or nore of netals sel ected
Ther hydragepationugarc bastartried ot codtinkbus1fder Batcharistle.g., in
ternatively Raney N ckel 10 and '

. Cu, N .and Co. A
a Sggﬂ%ﬂf‘@ﬁkf%ﬂtgo&cﬂf‘ haopeednad ymeldiody Hojjsdespechabiyepreferred

o 199 SH1AIE HRPOUECHRT T 39 B 3T b B 521 Sheretn

support 1s pr

- areaprkfieetbly pelThts wireat @rinktoMo? 6% bl $%m, Z8&Fciqfly 1 to
3 mm and with a length of 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 réactor of 300 ml
volume filled with silica bonded titanium-silicalite extrudates with a
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A1203, m xed oxi des conprising at least two of Si, Al,
Ti and Zr and m xtures thereof. 15 The hydrogenati on
can be carried out continuously or batch-wise e.g., in
a suspension nmethod or a fixed-bed nmethod. It is
especially preferred to useog trickle-bed reactor

The fixed-bed catalysts to be used therein are
diemeter aply maeltheat a

especial ly tgﬁzgq%‘i‘phl%ngrﬁsw?%t‘ﬁgr r'e ﬁ“ r‘%éd {Br‘ee

CoRbainers fmb‘b1mmdsaancboeievm1t| SUMpS aﬂidaa ﬁm'ldngép‘arat'l ng
0.5 tg 5% by weight. The advant ages

| "%S?Q?hghgltﬁgééﬁ:% JHIGTS oForu 1 isls. GORIYIsed neshanahy 6 wt-X
QR 1 T BRSSO B PR ey R TRY amerigyto o pH

npat
ofc dnf.i iﬁhmwah(yhldn teripebutare w&&lfdoﬂtr&ﬁeao@l ai“%?eé(dile‘d[l? cooling

filled with silica bonded titaniumsilica

Tiguidg @a@guélgtwg Anad ool ingajecket eher:byntheTleooking figuiid
tefffenatife WeS TRnEeO IR bF o tParmoskst s qhed aashor mneagure was
i, WSS i s, TR o

nmet hanol
ml—ﬂqn'opm mmsbawbnbrhtncﬂnﬁﬁrﬂlaﬂ@t-a{ P&l etBéndt Feedhe
rea%t on tepperature was controlled via an aqueous
Falgion| 9 a7 gwlei% and aan H@zufreed eansentratiianiaft 9.4 wt-%. The

el Vs PR, v Fob P SRR i< SRS spdfagg sacket

teﬂhm@t!hﬁeewaé\/ﬂ»‘lscf 1o edtal hﬁasgse F b %a @} %gq “lé\teeﬁiam mum

to result In a pr opene concen ratl on

 temperefure was r59ﬁ61 Pfredtmbtlﬁ)utpnm:was rdetemminell B gak- % and

Ch&@?FQOZ éfed C g rati on of 4 wt-% The Treactor
?qnyﬁfﬁﬁﬂﬂ'brlﬁﬁdohtﬁiéPaUTQB cthe icabalyst

se]é&'fﬁty was ca?cu] ai:ed on the bas1s of gas chromatographical
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 HO, conversion was 96% at a catalyst . sel ectwﬂ:y'of 96%.

The reaction mixture obtained from the reaction after release of
pressure was separated in a pre- evaporatwn stage into an overhead
product containing propene, propane, propene oxide and methanol, and a
bottom product containing methanol, propy]ene glycol monomethyl ethers,

propylene gl yco] 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 disso1§ed therein was obtained
from the vapour state overhead product. The uncondensed stream, which
substant1a11y 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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tenperature was 41C, the total mass flow was 0.35 kg/h

and the maxi num tenperature was 59C. Product out put

was determ ned by gas chromatography and the H2Q2
conversion by redox titration. The catal yst 15

sel ectivity was cal cul ated .o@81the basis of gas ‘

chromat ogr aphi cal analysis of the propene oxygenates
consisted subktantitllpefappeptne obxIeORRY et A¥AdIC ah@ HEbeen freed
relative to the amount of all propene oxygenates -
frog Rrepene prd (rapaneomas sieperatash inen esbhant e adissf Jkation in

IR W2 o, P05, BE BRI, was fee Ve s extraction

' ' ” afd taaqe i ag.overh
et e, B YA DRREr 81 oL b ndn iRl
oxiida puridtied sprodact tarkdt dmbop & olstitionoprvdachi mﬁ:”@émla@éd :

. propyl ene gl ycol mononethyl ethers, propylene glycol,
Suﬁfa‘iagﬁ fﬁﬁvg% B‘Sﬂlwd plag m¥eb@ba rRf- tan pnedict ovesecambd ned

: ' l.i qui,d condensat e t-hat " |
wigh? Y HeReaR oRaHGCs PBrained, M rie PARSEVARRLPr dnd subjected to
h ratdoANth Ar BPRIG el t ' ' tion.’ The

o PRk Cbp PLar! Y Soft S HyirBGehat ion. The
hydnegemaidne stbastordiad ahiioberiorbsohumkei of | \SOCRhSinglt wik 6 1Ted

. propeng and.propane, was returned to the epoxidation ,
wi ﬁb Achy Ogﬂge"ﬂ#g% r‘?ﬁg@%@taﬂ B targpahexy r@@aﬂmseu?tm 2t hamzdiameter

coRISRE 24 urh Sy AP LA RE AL e S

acourtding e hee iRyhrienttitneyemReRsH B51RARULD,, *Mparation of
1gaﬁrtl"al condensati on stage. The stripped condensate :
Calglyelim Demanc B2 et abnsEdsevdesubmsherdan,| $976, pagods?. The

] thanol and had heen freed rom propene
hy“gﬁgg’%?i\ﬁ'gﬁ@% R%F&%%%‘Qra&t @ﬂ) Ena% 4Qx|?4'"a@L§veat a hydrogen flow
rat@ 6f ifol @fjren in which a 1.5 wt-% aqueous sol ution of

hydrazi ne was fed in as extraction agent imedi ately

underneath the head of the columm, into a propene 5 -

Th o%e guri fied product and into a bottom product that.
€ BYiogenateds shtwas fod ot aoratenel 3abdkgd to . thehwiddle

_ jned awith
e 80 s B AR EIST Foges an
washmﬂ'rtﬂ%lmflbrodﬁdt_lﬂ_%ﬁed lat C Iprebaste’ 62 Bar fsls . CRIMH QUBK ux

hydr ogenat | on. e
ratio of 2. At the top of the column 2.5 kg/h of a methanol stream was

obta.ined 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 chhomatography. From the differencé of total -
nitrogen and ammontia 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 catal yst as-used in the first epoxidation. The catalyst had
been previously conditiohed by using it for propene epoxidation for more
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hydr ogenati on reactor had an interior volunme of 150 m
and was filled 10 wth a hydrogenation catalyst in
formof extrudates with 2.3 nmdianeter conprising 2%
Ru on activated carbon (The catal yst was prepared
accordi ng to the incipient wegness met hod using Rud 3,
"Preparation of Catalyst", Denon, B. et al.

thah $600 dr., THETTeRttia™ wdAT GpePagal 18)up-Féw
drogenat| on was. perfor msd at 140Cpand 4(5"0ggra%b pr‘es{sure of

25 Pary Ao gand fa &ampq@tum @foB6°D ini the fThst medcbgeramtiotdoC in
r fed r of 3.5 kg/h to the nm ddle
the SREP, rERCtoreTiseoredt Stieans here samsfianapunl edntroduced

- intd1&Re Glcaébor SFREE AR am OB? AL %w?,a% %&Jgﬁgi%ydrogen

a pressure of 2 bar a With a ref
pemuxidaandopdaif gt ﬁeesd:nohehhana] p the/ heitiana] reinbangl ngshbeam

. bt ai ned whi ch contai ned nore than 99 wt=-%
detitahle,

AMOWTEE30{yNid4 ogare r:ompcwdapmmt wasinhrodunpdnatirad rate
I it . Total .
of 7233 /A eud DAL o iR Pizé‘%‘mmé‘owéﬂi‘ww 5

1.335 §I3d RGBSR 2quediE BiMmGh ! tﬂﬁﬁ?ﬂu@ﬁ Leny 9’3'&8;@1; gfrg

Fromthe dlfference of tot 5 nitrogen an
Brwasepropeneni intwgducedc abte maté rmarwl cnitr ogen

corrpounds was cal cul ated as between 50 and 55 wppm

The recovered nethanol was reused for the e|OOX| dati on

e TR PeruBnts. were R 04 3P ARV I BR IR CeRS o

| chrﬁa&amgr'aphiy andefgrt hy@*og%ﬂopéf‘@ik?@é'b P?diﬁ( ‘E?EFa%Bg”qu‘%H?]ene
e 1 rs

he same catalyst as used int t epox atio
ox1ﬂﬁey1e,]dawz;551ca]1qd atedam phewamoust wfchydtiogew pratokydaiFedg The

' ene ation for nore 22 ‘than 3000 h.
r‘es%.l;j]gé %ES %BE g’rat ed in up-flow node at a

pressure of 25 bar abs. and a tenperature of 36Cin

the first reactor and 44Cin the second reactor.

Three feed streans were sinultaneously introduced

into the reactor. Feed 1 was a nixture of 715 g 60
Exa!RP §<2aqueous hydrogen 5 peroxi de and-1420-g fresh

met hanol, the nethanol containing no detectable

anmount s of nitrogen conpounds, and was introduced at a

Examplee 1 was repeated with the variation, that a 10 wt-% solution of
acetic acid in methanol was fed to the reflux stream of the met‘hano'l'

distillation column at a rate of 81 g/h. The methano! 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

ch‘ fference 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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of 22.5 g/h. Feed 2 was a m xture of 1284 g recovered
nmet hanol and 1.335 g 32 wt-% aqueous anmoni a,
introduced at a rate of 14.8 g/h. Feed 3 was
propene,. introduced at a rate of 23 g/h. 10 The
reactor effluents were anal y2gd for propylene oxide by
gas chromatography and for hydrogen peroxide by redox

Examplea8i on. Propyl ene oxide yield was cal cul ated on

t he anobunt  of -hydrogen peroxide fed. The results are

shown in tabte 1. 15 Exanple 2 Exanple 1 was repeat ed
10 wt - X sol ution of

S R b Sl

so@utffoh%f’@ééﬁ%oéc cF'h?E fed?t Hhe” %ﬂm;( Stredn & ghgfmq%@nm

a/ he net han ream W
disbiliationocalamneat moretd ey /mt ﬁﬁe”ﬁéﬁ!ﬁﬁm sthedn V%(%1‘[:?§dr'awn
tV\ﬁ:}ngq 3?_ wppm total nitrogen and 7 wppm nitrogen from
a P2 OT Aignee i gortidned@orefthant 91 whi¥ megdanehd2 wt-3
25 from organic

e ot SR SBRTub Piodl b A5t el weempiroope aremor
sn0d, IFoe VeSS Mo "1 5858 4Rk S BFGRE08 the

as in exanple 1-gave the resu
NTErpgen coptant3fEomupyanit witrdgenemnpeuntist Ras kA 1culated as
vari amagnq that a 10 wt - X aqueous solution of acetic

betyjeen 44 WRpM™. hReyser plixthet Pecaversd mathared haowlthes
he net hanol

epdiidhtiohdt gp dr@eﬂg_ gy ﬁgxwﬁpﬁt °1 Og{aﬁgs /hﬁw-ﬁg:gngm%an

stream\Mt
tabter &, than 97 wt-% nmethanol, 2 w-% water, 14 wppm

total nitrogen and | ess than 4 wppm nitrogen from
amoni a. Fromthe difference of total -nitrogen and
amoni a nitrogen the nitrogen content from organic

ni trogen conpounds was cal cul ated as 10 between 10 and

Exahfieapm Reuse of the recovered nethanol for the

. Example 1 was repeated and a-methanol stream containing mdre than

97 wt-% methanol, 2.5 wt-% water and 110 wppm total nitrogen was
withdrawn from the top of the methanol column. 1000 m]'bf this recovered
methano! were treated with 10 m1 Dowex 50X8 strongly acidic 1fon
exchanger in the H*-form at room temparature for 3 days with occasional
shaking. The treated methanol contained 1.9'wppm total nitrogén. This
treated recovered methanol was reused for the epoxidation of propene as
described in examp1e 1 with the difference, that recovered methanol was

_ used in feed 1 in place of fresh methanol. The results are shown in

tab] el
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epoxi dation of propene as in exanple 1 gave the
results shown in table 1. 15 Exanple 4 Exanple 1 was
repeated and a net hanol stream containing nore than
97 wt-% nethanol, 2.5 w-X water and 110 wppm t ot al
nitrogen was w thdrawn fron2d¢he top of the nethanol
colum. 1000 m of this recovered 20 nethanol were
treated with 10 m Dowex 5Paesirongly acidic ion

?@é@téa ger_in the H-format roomtenparature for 3
X Wi t hNderagenohmirecevereting. [TH®, teorweestion h@lﬁ@bene oxide

contaj ned 1 ot nitrogen. This trea

recover ed nﬂ]gwﬁ‘%&w t\%ﬁﬁ(%used flor t hel%®boxi da i onYtﬂM 41
propeneTaal e itk te 1 with the
diffefrence, tjhat Pg‘ggveregémghanol was 25 uskd in

féed [1 i85pl z{ce ef 51 r gshspesghanol . Thegresur T are g
shownl in tahle 1_ 241 Table 1 IExanple Nitrogen in

r covere@3 HQ 2 cénverlsi 0i26Pr ojene ox4de nethanol 36 -

— U/’\UJ 1 e X}——TJotal—Agnonia Organic 1 55 < 5
59- 55 35 4 26 4@03]64 i 14 < 5410 1454 42 4

129 1y 0.1 '§ I

IUl. UCL €t mco |
conpdrati've exaﬁgl e 1 p0| sJO‘r‘(Ij of thgscat al yst by tHe

n.decycd ddtérmmedanol 1 eads to0 I ow Nydrogem peroxide
conversi on and | ow propene oxide vyield. The use of a
recovered nmethanol with a | ow content of nitrogen in

f d |
In | HiparBE T B RE 1000t ORI Po: ther CALa Dyptoty e g@mém
methand N ehdy tha?&P h%rdtfg‘eﬂeﬁbr%% g&! c%ﬁver's%\r/legnsd 90w i propene oxide

propene oxi

‘yield. The use of a recovered methanol with a Tow content of nitrogen in

the form of organic comp_ounds in examples 2 to 4 results in increased

catalyst activity as can be seen by the increased hydrogen: peroxide

- conversion and propene oxide.yield.
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10 25 dains 1. Process for the catalytic

epoxi dation of ol efins, wherein one or nore nitrogen
cont ai ni ng conmpounds are introduced at sone stage of

5 the process, by (i) reactismg an olefin with hydrogen
peroxide in the presence of a titanium containing
zeolite catal yst and a pol j lvent, (ii) recovering
a stream conprising the polar 'Solvent fromthe
reaction product of step i), 10 (iii) treating the
streamrecovered in step ii) to contain |less than 50

‘wpphlFes PN the: cahal Ytaerersxidatgani of ol eftgenwherein one or

©  eHatfFerdoen (ool ER6 TopRupls AR lnsBRiiesd ok Samepstage of
i ). theé pPoceble By ocess of claim 1, wherein the stream

recycled in step iv) contains |ess than 10 wppm
ni t kblgerraasting anoetafon witdahydrogen pegexideotnotdpreddhce of

- 3. The P Q% ss. of any .of the preceding clains, wherein
35 abagh

the pol af ‘J&RAVEM: CP g Zefblteasrtalyst andbpypglar solvent,
met ol ; : t cedi

Cl oy . rscber e p EEH opr ATy el B LSBT from the
process r#action pfroduet of etegifg clai ms, wherein the
titani.um containing zeolite catalyst is a titanium

si 1§33} itreating khe//tream vecowanedcirustep 3 )6to Ttomtain Tess
process.ﬁq r ecedi wherein the

epoxi dat Sﬁﬁéa’gf’ﬂ‘ E{H%B&eﬂ &b ‘ﬁ%f@‘%ﬁ&ﬂf@@@&cmwﬂ@en

presenc&ompounds and
'(iv) recyc1ing at least part of the treated stream of step iii)
to the epoxidation step 1).

The process of claim 1, wherein
the stream recycled in step iv) contains 1e$s than 10 wppm.
nitrogen in the form of organic nitrogen compounds. .

The process of any of the preceding claims, wherein
the polar solvent is an alcohol and preferably is methanol.

The process of any of the preceding c]éims, wherein
the olefin is propene. |

The"proc‘es‘s of any of the preceding claims, wherein -
the titanium containing zeolite catalyst is a titanium silicalite
with MFI or MEL structure. | |

The process of any of the preceding claims, wherein
the epoxidation reaction of step i) is ‘conducted in the presence
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26 of 100 to 3000 ppm ammoni a, preferably 300 to 2000
ppm based on the weight of hydrogen peroxide. 7. The
process of any of the preceding clainms, wherein 5 the
treatment in step iii) is ansacid treatnent. 8. The
process of claim7, wherein ? e acid treatnent
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The process of cTaim 7, wherein

the acid treatment comprises .

a) subjecting the stream recﬁvered in step 11) to a
“continuously operated distillation:

b) feeding a stream comprising an acid at a pdint above the
feed point of the stream recovered in step i1) and

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

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

The process of any of claims 7 to 9, characterized in that
the acid is a carboxylic acid and preferably is acetic acid.




12. The process of claim7, wherein the acid treatnent
conprises treating the streamrecovered in step ii)
with an acidic ion exchanger in its protonated form

5 13. The process of claim 13y wherein the stream
recovered in step ii) is passed through a fixed bed
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the acidic ion exchanger is a weakly acidic ion
exchanger, 15 preferably an acidic ion exchanger
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14i s Oh¢ ippoeddsy of RAAIRS 1000r 181 Gikeen ' €l ease step, 25

10

c) the product streamis then separated in a
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16. Process for the catalytic epoxidation of propene, wherein one or
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more nitrogen containing compounds are introduced at some stage of
- the process and | | '
a)  in a reaction step propene is reacted wifh hydrogen peroxide
- 1in the presence of a titanium silicalite catalyst and a -
| solvent comprisihg methano],-

b)  -the product stream from the reaction step is optionally
_péssed to a pressure re]éase stép,

c) | the product stream is then separated in a pre-evéporator
having Tess than 20 theoretical separation stagés into an
overhead product contaihing‘prOpéne.'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 bdftom product,




treated to contain | ess than 50 wopm nitrogen in the
formof. organic nitrogen conpounds and, optionally
after partially renoving water, 5 e) at |east a part
of the treated product fromsgkep d). is recycled to
the reaction step a). 17. The proceSs of claim 16,
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distillation, wherein gl) the condensate is added to a
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g2) an aqueous ex raction ent is added to the

ext thectreatmenttin kedp @) £9lanac Al above the
30 point at which tﬂﬁ condensate gﬁ?ﬁﬁgﬂth) propene

oxide is distilled off at the head of the colum,
The process of claim 17, wherein

the acid treatment is:performed according to any of claims 8 to
15, | |

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

str1pp1ng out propene and any propane present

0 - 12 wt.X propene,

0 - 5  wt.% propane,

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

) the condensate from step f) is subjected to an extractive
distillation, wherein _ |
gl) * the condensate is added to a middle section of an
extractivé distillation column, :
g2) an aqueous extraction solvent is added to the
extractive distiillation coluﬁnfat a point'above the
point at which the condensate enters,

g3) - .propene oxide is d1st111ed off at the head of the
column, '




10 .21. . The process of any of claims 161to‘2ﬂ. wherein
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29 g4) a bottom product containing nethanol and water
is renoved, and h) the bottom product fromstep c) is
conbined with the bottom product fromstep g4) before
subjecting it to step d). 5 . The process of claim
19, wherein the extraction solvent in step g2) is an
aqueous drazin sol ution containing fromO0.5 to 5 %
by wei ghg%hyd? &’?EF@‘? Preguety coftainipg deshansil ang water is
claims 16 to @QDV@@eEEHn in step d) the bottom product
of step c) or the conbined product of the bottom

problict tie botimmcpradudtt heompsoshied f cohSmedhith the bottom
e

subj ected to pydrogenation before subjecting It tot
t r eat mentroduet T adegr ghhibeforne subiectingpidutidsstebbd) .

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.

in step d) the bottom product of step ¢) or the combined product .
of the bottom product of step c) and the product of step g4) is .
subjected to hydrogenation before subjecting it to the treatment

| to remove organic nitrogen compounds. -




