22 Decenber 2006 A METHOD FOR THE START-UP OF AN EPOXI DATI ON PROCESS, A 5
CATALYST AND A PROCESS FOR THE EPOXI DATI ON OF AN OLEFIN FIELD OF THE

| NVENTI ON The invention relates to a nethod for the start-up f Jrocess
for the epoxidation of an olefin, which 10 nmethod conpri 3%9‘3&%‘%1952% ng a
silver-based highly selective epoxidation catalyst with a feed conpri sing
an organic halide. The invention also relates to a process for the

epoxi dation of an ol efin, which process includes the start-up nmethod of
this invention. 15 BACKGROUND OF THE | NVENTI ON The catal yti c oxi dati on of
ol efins over & $MHATEOD FORSEHE cHXARTSIP PFePHi AGOXHRATIEY &FF6REPngRA 0l ef i n

oxi de hds be@ATKkWOWR AP Za HFROAFSE| MR THH\EHNNIGAGIOYN| C¥edN HdFEd cat al yst s
have provided the olefin oxides with 20 notoriously | ow selectivity. For
exanpl e, wheRLES? iF WENVHNENDDRAN catal ysts in the epoxidation of ethylene,
the selectivity towards ethyl ene oxide, expressed as a fraction of the

et hyl ene convert éthe doesnobnreabhtamltres mgbbod fére Bl BrRr&5UP nol e- %
limt. Therefpre, |S..2 im I e nsi der ed e the

t heoreti cal I?/P 7 xrltoga SSs%IO!echfl’l%/i i {%Iogl ?gaggi ?)jhigﬁbrg'sé%ﬁg% t he

st oi chi olfet ripetdfod hemeedckkonorguat ian a7 sC2H4r +b§s@R higlgyC2HA0 + 2 CO2 + 2
H20, cf. Kirk- ner' s._Encycl opedi f ica L sard_ .30 ed.,
Vol . 9, 1980°7° pe.c 445, e‘}r:’f?é{lé%#écr?i%/%aay(fg]%ﬁnésatg%@g&% rges’lgl tent the
econoni cal attgeacid vexlesis.of Tha epoxitdati eAspr oetdises Foy a grawpbs, one
percent inprovenent in_the selectiyvit . the.epoxi dat| I S can
reduce the yg%rr r@leope roz?ftlirglr'_ilfjlin2(2E Ste egrmzob’glgfgoéjf%@%%gg I]l%al(relgggscal e

et hyl ene oxi ¢e= pitantt sgbsteahtdabf ythis invention.

15 BACKGROUND OF THE IN\FENTION

The catalytic oxidation of olefins over a silver-
based catalyst yielding the corresponding olefin oxide
has been known for a long time. Conventional silver-
based catalysts have provided the olefin oxides with

20 notoriously low selectivity. For example, when using
conventional catalysts in the epoxidation of ethylene,
the selectivity towards ethylene oxide, expressed as a
fraction of the ethylene converted, does not reach values
above the 6/7 or 85.7 mole-% limit. Therefore, this

25 1limit has long been considered to be the thecoretically
maximal selectivity of this reaction, based on the

stoichiometry of the reaction equation

7 CoHg + 6 0 => 6 CaH40 + 2 COp; + 2 H0,

cf. Kirk-Othmer’s Encyclopedia of Chemical Technology, 3xd

30 ed., Vol. 9, 1980, p. 445.
The selectivity determines to a large extent the
economical attractiveness of an epoxidation process. For
example, one percent improvement in the selectivity of

the epoxidation process can reduce the yearly operating
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Modern silver-based epoxidation catalysts are highly
gelective towards clefin oxide production. When using
the modern catalysts in the epoxidation of ethylene the
selectivity towards ethylene oxide can reach values above
the 6/7 or B5.7 mole-% limit referred to. Such highly
selective catalysts comprise, in addition to silver, a
gelectivity enhancing dopant which may ke selected from
rhenium, molybdenum, tungsten and nitrate- or nitrite-
forming compounds, cf. for example US-A-47613%4 and US-A-
4766105.

A reaction medifier, for example an organic halide,
may be added to the feed to an epoxidation process for
increasing the selectivity (cf. for example EP-A-352850,
US-A-4761394 and US-A-4766105). The reaction modifier
suppresses the undesirable oxidation of olefin or olefin
oxide to carbon dioxide and water, relative to the
desired formation of olefin oxide, by a so-far
unexplained mechanism. EP-A-352850 teaches that there is
an optimum in the selectivity as a function of the

concentration of organic halide in the feed, at a

constant oxygen conver si on



During the initial phase of an epoxidation process, the catalyst
experiences the so-called "break-through 5 phase"” during which the oxygen
conversion is very high, the selectivity is very |ow, evzgrhi n th?O{?ﬁresence
of a reaction nodifier, and the epoxidation process is <diTFFEdi ¢ %
control. It mght take a long time in a comercial start-up for the
conversi on t BPEF R PRMERT FORVRESH¥acta B @af AdFen’ 2a%i?y be controll ed

at an attragtiveidevelngofiithe selectivity. It goes without saying that
there is an econom cal incentive to inprove the start-up period and nake

the catal yst oper#teing the Arghiad Rt iafy an1 5Pt debIBE 2PeEFat es to the
start-up of ghe epoxiAal inpLREesS MNSrR -3 16aNvERLAPNAl LAl YST TS
enpl oyed. In this patent docunment there is disclosed an inproved start-up
pr ocedur e whghese” tdierigshvdrchoRbe oeee ponvessian) beterr i &ighpr e- soak
period in the,20pr&sanae of of e-oraani Gohal lidecat g Leames Yue less than
the operating tenperature of the Teactor. US-A-4874879 relates to the
start-up of ueeclpoxintatifderpr spesshatrosiiniaginbghrycess éctive catalyst is
enpl oyed. '”dlf‘ffcwﬁ\?é]% p%%%%@%r.‘_t #P"rﬁiegqts 1Jh3CLosEdy 2hany gproved
start-up procedure erein the highly selective catalyst Is subjected to a
pre- soak per¢ednereiglhe yardsarc 8oof thehacovgasionhai decmtsaa thegper at ure
less thag t@ﬁe%%&i‘%&%”ﬂ%@t@é&ﬁ ﬁé‘%om%}t%d N0 Jp/ 05896 proposes a
sil ver-based catal yst iC conpri'ses, as a further conponent, a
sel ect ed quaattracigfve disivieli d¢é. tBacteleattdiwisys havegpaprovddust art - up
characteri stics. (\taotﬁ le\i%ti V\,gltlhé)ég Sy lc%hggh?gv 3 22 Recenber 2006
SUMVARY OF T%éﬁfrﬁ%g@ﬂ %It ha8 unexpencqte y been ound 1 hat the start-up
of an epoxi daeisrpprogeseriber end reale diney cegbégst veperate at a
high selectivity. . )
15 US-A-5155242 relates to the start-up of an
epoxidation process wherein a conventional catalyst is
employed. In this patent document there is disclesed an
improved start-up procedure wherein the conventional
catalyst is subjected to a pre-soak period in the
20 presence of the organic halide at a temperature less than
the operating temperature of the reactor.
US-A-4874879 relates to the start-up of an
epoxidation process wherein a highly selective catalyst
is employed. In this patent document there is disclosed
25 an improved start-up procedure wherein the highly
selective catalyst is subjected to a pre-soak period in
the presence of the organic halide at a temperature less
than the operating temperature of the reactor.
WO-95/05896 proposes a silver-based catalyst which
30 comprises, as a further component, a selected guantity of
chloride. Such catalysts have improved start-up

characteristics over catalysts without such chloride.



catal yst is enployed can be inproved considerably by 5 contacting a
pre-soaked highly selective catalyst with a feed gas which does not
conprise the organic halide, or conprises the organic h |Dq=ge a{;}er%dﬁow
concentration. The |ow concentration is typically | ower han
concentration at V\:hl ch the cat aljyst exhibits an optimum 10 selectivity. It
i s under st ooeEH: THE; ¢ v | arge portion of the organic halide is
stripped off the Itcahta@l Xl?ﬂé'ﬁp@@gediy hasnbeeinfiovAd: thad 4:4i:$-BEi Bgs the
catal yst at a higher_level of selectivity in a subsequent stage of the
process dur iy FRFFESESOB! PROGRTUSTET irodubipBhY TRledtii%® to the case
wherein af t efad g r 6 SRBkbNG the Qfé)(i%@s?o@éé(:@&g@ld!rta}m% pli rst stripping
off organic halide fromthe catal yst. Accordingly, the present invention
provi des & thfﬂ@r at BEestericdfichly prbeessve sra e sEpukFlati on of an
20 ol efin, £ 2d FOUBEL SB5t oo 3803Kh0 0o Aol efaliasedobi ohl ¥

sel ective epOXI ation catalyst with an organic halide, and - passing over
the pre- soakéRsdtsgicy $hea of el wiiadi des atf peboof cenepmiizatiahi deTbe whi ch
conprises am&Qf gaRicentababh des aéyﬁc%qagemépeﬂarpft@ most 2x10-4 1ol e- %
cal cul ated on the basis of the halogen Content relative to the total feed,
for a peri oFBICaTsra thhanat 6ot shep catelged eursitsTiva opEemunon al so
provi desjpa C@éﬁééﬁ%ﬁ:&}' table; § alnae3QbRe epgxi dlﬁ;}'ci)dln%f an gl %k% whi ch
catal yst conprises silver and a selectivity enhancing opant and is

obt ai nabl e BYPRE vt I@édtbgrrpm@’r-lrig halpld@- seakingered orfifosiei on conpri si ng
silver and g, ;s8l.e¢ti ViKY t o) port with 4
22 Decenber 2a006y%an orga:ﬁ? aI| e, ang‘a tﬂggs?lj}#&g)\fg”?lgt%hgﬂgre soaked
conposi tion catfadagtwhitch higher level of selectivity in a subseguent

stage of the process during normal olefin oxide

15 production, relative to the case wherein after the pre-
soaking the process proceeds without first stripping off
organic halide from the catalyst.

Accordingly, the present invention provides a method
for the start-up of a process for the epoxidation of an

20 olefin, which method comprises
- pre-soaking a silver-based highly selective
epoxidation catalyst with an organic halide, and
- vpassing over the pre-soaked catalyst a feed which is

free of organic halide or which comprises an organic

25 halide at a concentration of at most 2x107% mole-%,
calculated con the basis of the halogen content relative
to the total feed, for a period of more than 16 hours up
to 200 hours.

The invention also provides a catalyst suitable for

30 the epoxidation of an olefin, which catalyst comprises
silver and a selectivity emhancing dopant and is
obtainable by a method comprising |
- pre-scaking a composition comp;ising silver and a

selectivity enhancing dopant deposited on a support with



is free of organic halide or which conprises an organic halide at a
concentration of at nbst 2x10-4 nole-% 5 cal cul ated on the basis of the

hal ogen content relative to the total feed, for a peri O%z%fece re%&%an 16

hours up to 200 hours. In preferred enbodi nents of this“inveéntion, anongst
others, the start-up nethod is a part of an epoxidation 10 process. In
such enbodi mEhtzrgare phadede. i am@nti on al so provides a process for the

epoxi dation of ;anolef e, WAECH-PIQCESS CONBLLSESE e AlePIreln(a)

pre-soaking a silver-based highly selective ~“epoxidation catalyst with an
organi ¢ hal i d¥e,fxEe f) ogassinaghalite tdve whichseakerisef @y sraarficed which is

free of organic halide or which conprises an_or |¢ halide at a
concentrati gl}la]bjf eatatm?sfco’f%‘iﬁg at_ﬁlb?rgg- 5 & cglf)(s,ul%fagdd ofi°tfie’basis of the

hal ogen contedliculedtaid wa the bheid aifaltHeckd]ofon eompesritod-«dtivee t han 16

hours up 20_tq.20Q hoyrs, and.(c) subsequently contact.i t he catal yst
Wtn a Peed Et i rata thedo 6T 1n BRI G SAnTEn A IREFGES whor ei n
t he concentried i200 efourfae organic halide is at |east 0.2x10-4 nol e-% hi gher

than the concentration 25 applied in step_(b), cal culated on the basis of
the hal ogen contIéhPrreglaﬁngee‘f‘lbo‘%Jﬁ‘@nttﬁt g F%éﬁ.lwq%mamﬁgﬁf:so

provi des a pracass ok praducifinettholl 3dsduoObard, &F dlewidiekion an
al kanol am ne, co rising@converting an olefin oxide into the 1,2-diol, 30

e .
the 1, 2-1 olPT 9458 - o™t FECH| REPRAUROTE, thRePERFCThe NVETEE PR 8%F8e has been

obt ai ned by prfrieress bebctbe repRtHdabicandetien &t efd riagearding to this
invention. 5 22 Decenber 2006 . DETAI LED DESCRLPTI ON OF THE | NVENTI ON

Al t hough jthéf”'kH‘R}’eﬁﬁoﬁsﬁaﬁmﬂ%rﬁ%&tqh@e&tﬁﬁsnﬁﬁy ways, it is preferred to
practice it @§ a @S pRASBy a silver-based highly selective

epoxidation catalyst with an organic halide,

15 (b) passing over the pre-socaked catalyst a feed which is
free of organic halide or which comprises an organic
halide at a concentration of at most 2x10™? mole-%,
calcﬁlated on the basis of the halogen content relative
to the total feed, for a period of more than 16 hours up

20 to 200 hours, and
(c) subsequently contacting the catalyst with a feed
comprising the olefin, oxygen and an organic halide
wherein the concentration of the organic halide is at
least 0.2x107" mole-% higher than the concentration

25 applied in step (b), calculated on the basis of the
halogen content relative to the total feed.

The invention also provides a process for producing
a 1,2-diol, 1,2-diol ether, or an alkanolamine,
comprising converting an olefin oxide into the 1,2-diol,

30 the 1,2-diol ether, or the alkanolamine, wherein the
olefin oxide has been obtained by a process for the

epoxidation of an olefin according to thisg invention.



process, i.e. a process in which the feed is contacted in 5 the gas phase
with the catalyst which is present as a solid material, typically in a
packed bed positioned in a reactor, which is typically t ubul ar ctor.
Frequently, in comercial scale operation, the process ofz[Fﬁ@“?ﬁ3éﬁ$ion

may involve a qAJantit of catalyst which is 10 at |east 10 kg, for exanple
at | east 20 %&éﬁ@pﬂmr% THhGAVENTEGNm 102 to 107 kg, nore

frequently in theldhangs ohef{0mA0Id ¢al08ekGradenesdlily dg process is
carried out as a continuous process. The reactor is typically equipped
with heat exthihge ™ 4€i PFEFesTed HRATCSi6r EboPS thaamatliapst . As used
herein, the fesdds icanshdsreded® Re RenCPAROBLLA O WA keqcont act ed:
with the catalyst. As used herein, the catalyst tenperature or. the

t enper at ur e Fe {956 eacaPyYtthelthe catedied vbidle is ragsinghesaver age
tenperat ure of) {ea¢atakyst P Ld el LS %%#w&%& oeéirb'v?ﬁl.ea' QH{/\%en

sel ective silver-based catalyst 1S generally a catalyst i ch,

operated frefetaranvwbkhbie fypided lyas phbsbaeposddati-on of ethyl ene a
theoretical Bl LLHMLLY At -ZRES- OXNIR - 160BYEL ST f east 6/7 or
85.7 % More in 25 pgr_tilcu?ar‘, this theor et?ca#%'e?tqﬁev%t ?g%g% %’2
acconpl i shed-h@t 1avieBaéon oRaY ekperlateuge caubnpby & f ”edalwaltughothSbsfor a
gi ven capal yst 15 Sfoupdi by pperatd (s | Yty | ' af_at a
t enper at ure of 265’ C, ian ranzégieén%?"e ag %%%ér‘?y%:pkagde%\%%%%#ﬁ%sinresul ting
in a 30 rangéofraggkeeeti frey Ml teslahdkoxyges Eoavessilpn imalthes
correspondi ng, the genof 6 rl e itie enpl oyed. The
selectivity val'ues fgﬁﬁlﬁ g?ettc}ﬁgﬁ "ﬁ%:t r?ﬁgﬁ%g%géybgﬁi I’EI(SO?S & theoreti cal
sel ecti vity catrridgdooubxggen corhvensiuenprSoesAs Red reerceion, ithe sel ectivity
is 6 22 Dec I 6 ti.on of th onvert ed .ql.efi Lch has
yi el ded t he |2f?%9gx?%%25bé&€%ath L2t Exghgnge€¥acf1f%les gomﬁeap

15 or cool the catalyst. As used herein, the feed is

considered to be the composition which is contacted.with
the catalyst. As used herein, the catalyst temperature
or. the temperature of the catalvst bed is deemed to be
the weight average temperature of the catalyst particles.

20 As used herein, a highly selective silver-based
catalyst is generally a catalyst which, when operated
fresh, can exhibit in the gas phase epoxidation of
ethylene a theoretical selectivity at zero oxygen
conversion, Sy, of at least 6/7 or 85.7 %. More in

25 particular, this theoretical selectivity can be
accomplished at a reaction temperature of 260 °C. The
value of 5y for a given catalyst is found by operating the
catalyst, in particular at a temperature of 260 °C, in a
range of gas hourly space velocities, resulting in a

30 range of selectivity values and oxygen conversion values
correspending to the range of gas hourly space velocities
employed. The selectivity values found are then
extrapolated back to the theoretical selectivity at zerc

oxygen conversion, Sp;. As used herein, the selectivity is



Generally, the highly selective silver-based catalyst is a supported

catal yst. The support may be 5 selected froma w de range of inert support
materials. Such support naterials may be natural or artif%zcb |r5%gan| C
materials and they include silicon carbide, clays, punic® “FEFPFE
charcoal and al kaline earth netal carbonates, such as cal ci um car bonat e.
Preferred 10thPef¥attinn oy thgpporverteerilaisn wherhabag| viirided magnesi a,
zirconia andtﬁélbp@flﬁrr}g{lr&st preferred support material is a-alumna. The
support material is prefera orous and has preferably a surface area,
as nmeasured by theemRHY, 1§hﬁeghéhlyo$e]a?0tﬁﬂ§t s2hvaprigea®@ in particul ar

fromO0.05 t0c.201 @ G g M)rs%SBBQESEa@é&’aHLGc B. Enl. sﬁﬂ%&f&%«%}% of the

support is in the range of O. , In partlcu ar from 1to 3.0 n2/g.
As used herePflegtrd Bf@mra @f&dﬁaéén%eﬂaf inerdesnpROTd Maverikden measured by
the method ag,2Q A o-To Qs QE’LH I;[QE% taand, Tellef; . Am Chem
Soc. 60 (1938) 309- 6 Ger?gré yase 3éctlve Jélﬁ/er-based

catal ysts compefeanid ﬁnad‘dﬁiltﬁllénatl@ Shlﬂ/@rnClald@r supi¢tan eatlilde.and one or
more sel ectiuhtyse Cdeﬂg ABRRDLS 2on Sl £Gt adaf LoRL {1 NeDI 4 ol ybdenum

tungsten, and a sulfate-, nitrate: or nitrite-formng conpound. Silver is
suitabl e pre@@h@liq&@%mhtyugh 5 o lk0 uro cB@Dogikyg- ofrefeerriedt al

catal yst 44 Th t el ect{.vi enhanci ng
dopant s, 1%3y§£(e§gc é%reéégror%}e%{ui}mgéo %érl 5_1[3, Q%cfl %S éi#%{a’to 500 mol e/ kg,
cal cul at ed amagmmaal ema‘mondahandumlm ybd’@numpstupgef@u‘mecﬁr oup A netal,
sul fur or n|t t)5 on the total catal yst. The sulfate-form ng conpound
may suitabl y FAE 2 OF YeXANpi®a sulfate of a Goup | A netal . The
nitrate- or 7 22 MeceRor20fbtenidl | iefrerairaplgoppesiidsamanthaparti cul ar

sel ections of .
preferably a surface area, as measured by the B.E.T.
15 method, of at most 20 m?/g and in particular from 0.05 to
¢ 20 m?/g. More preferably the B.E.T. surface area of the
" support is in the range of 0.1 te 10, in 'particular from
0.1 to 3.0 m?/g. As used herein, the B.E.T. surface area
is deemed to have been measured by the method as
20 described in Brunauer, . Emmet and Teller in J. Am. Chemn.
Soc. 60 (1938) 309-316.

Generally, the highly selective silver-based
catalysts comprise, in addition to silver, a Group IA
metal, and one or more selectivity emhancing dopants

25 selected from rhenium, molybdenum, tungsten, and a
sulfate-, nitrate- or nitrite-forming compound. Silver
is suitable present in a guantity of from 10 to 500 g/kg
on the total catalyst. The Group IA metals, as well as
the selectivity enhancing dopants, may each be pregent in

30 a quantity of from 0.01 to 500 mmole/kyg, calculated as
the element (rhenium, molybdenum, tungsten, Group IA
metal, sulfur or nitrogen) on the total catalyst. The
sulfate-forming compound may suitably be a sulfate, for

example a sulfate of a Group IA metal. The nitrate- or



nitrate- or nitrite-form ng conmpound are as defined hereinafter.
Preferably, the Goup IA netal is selected fromlithium pot assi um

rubi di um and cesium Rhenium 5 nolybdenum tungsten, ,
nitrate- or nitrite-formng compound may suitably be pr o%@%c&mggaéﬁﬁ
oxyani on, for exanple, as a perrhenate, nolybdate, tungstate, sulfate,

nitrate or nPEFREES-FORBHIG GFDRERES FF rﬁ’ﬂm%‘laé’péeﬂﬁfitb‘?%‘? &fence are the

sil ver-basedrgat-atystsr MU .GR LEURRESS SHQUUHE 2 addibEdned 0 silver. Such
catal ysts are known from US-A-4761394 and US- A-4766105, which are

i ncor por at ed "REPENAT BT 1 efRahFEEL 1By ot STroOUh e 6‘6’-#6% 48 s¢isafed r heni um

or conpound thgheof vhfud,> J&Hals@%mneat:%lﬁm@mlé@glmereﬁﬁe&nﬂn optional |y
a rhenium co-pronoter which may bé selected fromone or nore of sulfur,

phosphor ug, Betghdenim, c'@*ﬁﬂﬂjirﬁ?@s pheFeofsulfmrahe ndippbet ®aterial,,. Mre
speci fical | ynate?légrfQﬁﬁmwo%ohggsﬁéfCgﬁdcafﬂlq,mbtehsrewa@d ofs Goup | A

nmetals, 20 Goup Il'A netals enum tungsten, chromum titanium
haf ni um zi r@@lﬂﬂumnvafWﬁMmPtlI@al bE um pentimriang. mahdvhfans. ni obi um

gallium and geRgBOLUL) fa{‘eext i @9l DeLL 0l o Bl e5abLYy L g, fiher metal

is selected fromthe I’A netal's such as hium 25 potassi um
rubi di um and fee®si um and/ or from the Goup IlA netals such as cal cium and

bar i um Wt prefgeabldcid g e bhEU DORS YiUDANGL 0LaCERIID s Wer e

possi bl e,  rhenium er metal or t eni um co- pronotér 1Is
provi ded as ahickyeermoryse rhealivmer iacidilifigran t30 sPileesr r eBudount s of the

comensits, obokiEsgwy Rl Abeakn 316y YOS RYLed o5 AneslamEnt o, i
mol e/ kg, 8wﬁ2cﬁb@£mdmncdﬁﬂm&ated hereln by reference Broadly,

they comprise silver, rhenium or compcund therecf, a

15 further metal or compound thereof and optionally a

- rhenium co-promoter which may be. selected from one or

-more of sulfur, phosphorus, boron, and compounds thereof,

on the support material.. More specifically the further

metal is selected from the group of Group IA metals,

20 Group IIA metals, molybdenum, tungsten, chromium,
titanium, hafnium, zirconium, vanadium, thallium,
thorium, tantalum, niobium, gallium and germanium and
mixtures therecf. Preferably the further metal is
selected from the Group IA metals such as lithium,

25 potassium, rubidium and cesium and/or from the Group IIA
metals such as calcium and barium. Most preferably it is
lithium, potassium and/or cesium. Where possible,
rhenium, the further metal or the rhenium co-promoter is
provided as an oxyanion, in salt or acid form.

30 Preferred amounts of the components of thesge
catalysts are, when calculated as the element on the
total catalyst:

- silver from 10 to 500 g/kg,

- rhenium from 0.01 to 50 mmole/kg,



- the further nmetal or netals fromO0.1 to 500 nmol e/ kg each, and, if
present, - the rhenium co-pronoter or co-pronoters fromO0.1 to 30 nmol e/ kg
each. 5 The preparation of the catalysts is known in the g:D arl{j é&% known
met hods are applicable to this invention. Methods of pr eg FRY™Mh

catal yst include_inpregnating the support with a silver conpound and with
ot her cat al yst HRgFEEFBRY steleil Perkesahtnfremreducid &P o @mggefﬁ:go metal lic

silver parti =%, Bﬁﬁ@f@@;ﬁrm@'e made, for exanple, to US-A-4761394,
US- A- 4766105, US-A-5380697, US- A-5739075, US-Bl1-6368998, US-2002/0010094

A, WO 00/ 15333%hewrheni 4B 334 RrrinoNer00F 1533sroniasts drem Prtotpotét ed
herein by refg(8a08s Sykfable catalysts for 15 use in this invention are,
for exanple, the S- 379, 5-881 and S-882 catal ysts, comrercially avail able
from CRI SCat al ysTheorpamgrathin dinviat tahahesthe sapylowad inothewat al yst s,

as well as LagagRd £AbahYRlehdUll Clhe QHE11 00 PlANSIUG el foun, have been

subjected to a prolonged shut-in perio use'in'the
epoxi dat i on presteds atyrberamimg dhef catatyeth awlanleariowetboaolefin, for

exanpl e styrgne [ i, e ngﬁ or , for exanple
1, 9- decadi ene or sﬁ?@%ﬁ?‘%ﬁ%%.@fgﬁéﬁﬁ{}?&ﬁe %@& iort;'?llg;s: a nonool efin,
for exanpl e zabateae broreédiinitsenendPpeftoabing 4 hedocefion ts form
nmono-a- Ollgf | ﬁeta&?ic%fiq)éféaﬁ%cﬁ% k! fé)]pélrllceenerriay-r%% mc‘?tat pEoe:; erred

olefin is ethylene. e epo i on process nmay be-~air- 2584 of oxygen- 30
based, see KierRmGlanetd sUERCYCI6dPEd), aUsTA-CGHEIG 10, UBeehAdB0OG§Y7, 3rxt ed.

W th oxygen P30 30T 5y el dt e esshr (ot THO TR Pt BBent while in the
oxygen- based 0pr & 233 e sWli @ht 1334t wn@>B85- 0l 5395 ,9which are
incorporated herein by reference. Suitable catalysts for
15 wuse in this invention are, for example, the S-879, S$-881
and S5-882 catalysts, commercially available from CRI
Catalyst Company.
This invention may be applied to new catalysts, as
well as to aged catalysts which, due to a plant shut-
20 down, have been subjected to a prolonged shut-in period.
The olefin for use in the epoxidation process may be
any olefin, such as an aromatic olefin, for example
styrene, or a di-olefin, whether conjugated or not, for
example 1,9-decadiene or 1,3-butadiene. Typically, the
25 olefin is a monoolefin, for example 2-butene or
iscbhutene. Preferably, the olefin is a mono-o-olefin,
for example l-butene or propylene. The most preferred
olefin is ethylene.
The epoxidation process may be air-based or oxygen-
30 Dbased, see Kirk-Othmer‘'s Encyclopedia of Chemical
Technology, 3rd ed., Vol. 9, 1980, p. 445-447. 1In the
air-based process air or air enriched with oxygen is
emploved as the source of the oxidizing agent while in

the oxygen-based processes high-purity (>95 mole-%)



22 Decenber 2006 oxygen is enployed as the source of the oxidizing agent.
Presently nost epoxidation plants are oxygen-based and this is a preferred

enbodi ment of the present invention. Oxygen is typically lied [n.the
epoxi dation 5 process at a concentration whi ch avoids the2?5§%W§ﬁfg%ﬁ

regi me. The concentration of oxygen in the feed nay be adjusted as the
concentr at i o®FoEeEheSoPEPLAYESd &fhdfigedosbCe ool t e eruicn 2ougseeRnt he

flammabl e regiRenlhs AGLHALoo3R{ R 10RCEALARY L ADARS, ACPBAdqalong W th the
feed 10 conposition, also on the epoxidation conditions such as the

catal yst tenm&igt dFedanuef rer i esPRameTheobr igemiRr dranitdénveast i react i on
modifier, is in paCLLGULAreRk QG3NLELRE 0 48, ryiad R Gk Aopar ticul ar an
organic chloride. Preferred organic haF|Qes are 15 chl orohydrocarbons or
br omohydr 8c atBEORESSMBE ea peeterrdiyar ionhehigh cavldec ttdig £Aemnalke gr oup of

met hyl chl ori.de,; et hh‘hecg'&?é«% eatﬁ%ﬂykﬁg‘?x%%?'ﬂ{i & f@&ﬁyﬁ%ﬁ%&” brom de,

vinyl chloride“or a mxture reo erre reacti nodi fiers
are et hyl chledidiugéednds ethy|ewrec2@rdidhhorf dére Alltdfdaghst heangefrde hal i de

Ty be SUPD! I8 808 B NGLES LQTRAUNG, RAD. S YUAGL. 1 hflet Dot al vot

variety of conpounds or ne unction as reactron nodifier,
and whi ch mayalfe presaning rrarues depenfl, aa g ecywdl ehiesfappl i ed. For

exanpl e, e i et lari i ) I ,0X[.d cess, the
exanml e WhERGABRLILIG Mo L) dEpkan &l Dikse ikl propess. Lhe
di chl ori de an@denethglyseh| oenmiratiurepaeflethedmrdsodienent s, organic halide is
enpl oyed 30 as t ﬁeség éﬁ%ﬁco%h%%n ggdkﬂéer n otheri§gb9dinenls,

. . . réa%tlon mod is .
nitrate- or nitrite-for npounds, €.¢.” nitrogen oXxi des @nd/or organic

ni trogen conpewhdsulareausedasic beantden amdlinfdrer inogetrheculat fart he
organi c hal i de, L0, PAISLEN 2" AU:QLIRY S-S 115: o34 Lgpl e ni trogen
15 chlorohydrocarbons or bromohydrocarbons. More preferably
they are selected from the group of methyl chloride,
ethyl chloride, ethylene dichloride, ethylene dibromide,
vinyl chloride or a mixture thereof. Most preferred
reaction modifiers are ethyl chleoride and ethylene
20 dichloride.

Although the organic halide may be supplied as a
single compound, upon contact with the catalyst a variety
of compounds may be formed which function as reaction
modifier, and which may be present in the feed if a

25 recycle is applied. For example, when applying ethyl
chloride in an ethylene oxide process, the feed may in
practice comprise ethyl chloride, vinyl chloride,
ethylene dichloride and methyl chloride.

In preferred embodiments, organic halide is employed

30 as the single reaction modifier. 1In other embodiments,
nitrate- or nitrite-forming compounds, e.g. nitrogen
oxides and/or organic nitrogen compounds, are used as
reaction modifier together with the organic halide, in

particular an organic chloride. Suitable nitrogen oxides

10



10 22 Decenber 20 )6 are of the general fornula NOx wherein x, which
denotes the ratio of the nunber of oxygen atons to the nunber of nitrogen
atons, is in the range of from1l to 2. These nitrogen oxides include for
exanpl e NO, N203 and N204 5 Suitable organic nitrogen copOi§AEEPEAL®%nitro
conpounds, nitroso compounds, amnes, nitrates and nitrites, for exanple

ni t r onet hane 2YE At FBBr 8pRfEes brfoxmler ¥Pr of@rein My dvhiehelennidsoxyl ani ne

or amoni a MahebeaeBl 0¥ eth@Suuthld of! bl §ed rOARNLLY coaNalgsLLd, £ hat under
the 10 operati,ng conditions of olefin epoxidation the nitrogen containing

reacti on nodifitérgeEr BtPPRcUrSdis the Krrgates fm di tei fes, Thege they are

so-cal | ed ni Whakeyer ol &és t§c1LRkMERY 852&@%1’&'% (Lo, &r Nk, A 3642,
US- A-4822900). In theoepoxi dlatci oneprocess the feed rzr%%/ con%\qgfliri one 15 or

more opti onalfYé5APSReRr SN kuaH tagdear porPeindd dee nikept cgmsesidnd
saturat ed heieea58088mpl@idion ot B¥kden: Lo @Yoy QdUEL LD, tAG, epox] dat} on
e

process. However,' carbon dioxide generally has an adverse ect on the,
cat al yst act iPFPFP e anHtHeRgt hemse e At Rat rapsorFne arrb 8nn20rdioxpate ar e
therefore typiaahlynayohpiedThe haest RY, D f |6, nitrogen
or argon, or a_m xtlar e herxgof. lSui table %%Jtraﬁ)r{ng&egehgié‘?g@%oan% are
propane and “&yél opfbphheiraamgnitavpapnstdesad rmieltanedendtlee hane.  Sat ur at ed

hydr ocar hgns -paY.;Pe,addedy 9 Jhe kegd.kn, a . . Lncrease the oxygen
flammability Pigmag .‘I%l\hen nlewocat ngs?Et%# eg%@{ dl%lgeléﬁi Iﬁﬂighlgiatelfooo%<F’|'ndati on
process, it Rastpeemnd otawtticef mbdiAisormimsiraroesotrs opretteatest hese

catal ySts priolntr FaLLYING OUbl NG, S18La URARENOD, DY SUblACLing them to
a high tenperature with a 30 sweeping gas passi ng OVEr t e “tatalyst. The
sweepi ng gas forming prermidundsn (chier €. gasEP{oi3 6dganpbeand 82248} .or argon, or

M xtures comprisig oid Leg%glgggggﬁrpé&g@ys eHe g FALEl ST, tegperature
or more optional components, such as carbon dioxide,
irert gases and saturated hydrocarbons. Carbon dioxide
is & by-product in the epoxidation process. However,
carbon dioxide generally has an adverse effect on the.
catalyst activity, and high concentrations of carbon

20 dioxide are therefore typically avoided. The inert gas
may be, for example, nitrogen or argon, or a mixture
thereof. gSuitable saturated hydrocarbons are propane and
cyclopropane, and in particular methane and ethane.
Saturated hydrocarbons may be added to the feed in order

25 to increase the oxygen flammability limit.

When new catalysts are utilised in the epoxidation
process, it has been found useful in some instances to
pretreat these catalysts prior to carrying out the start-
up method by subjecting them to a high temperature with a

30 sweeping gas passing over the catalyst. The sweeping gas
is typically an inert gas, for example nitrogen or argon,
or mixtures comprising nitrogen and/or argon. The high
catalyst temperature converts a significant portion of

organic nitrogen compounds which may have been used in

11




organi ¢ nitrogen conpounds which may have been used in 11 22 Decenber 2006
the manufacture of the catalysts to nitrogen containing gases which are

swept up in the gas stream and renoved fromthe catal yst Ere)e qaer?&fé any
noi sture nay be renoved fromthe catalyst. Typically, yst 5

I's loaded in the reactor, by utilizing_the cool ant heater the tenperature
of the catal ydt® MeTNfaGERTS QF tidie FOGHYSHE0EC BHF IR GERtRLBINT s passed

over the catgplaest whibg §£@r§wétﬂ: Qfp Usedneatal ystSeMard reRYvBAt require
t he use of a sweeping gas, but it may frequently 10 be used._ Further

details on t HES® fhscEatirtysay e adKdlian nalis PRl ras7 92vnhEch i s

i ncor por at ed he{Ridd BYon! €h&r&NGRyAS | BYLEaL B, hefigirnhelokgraliherpractice
of this invention involves the steps of gre soaking the catalyst 15 with

an organi ¢ hdls deagrg Fﬁeﬁh%d?ﬁaétttqrngbb’hé éh%%?rl}%tthﬂ {odapged conpri sing

an organi ¢ hald g at tfe! Q¥ SONGEN 163t kB, chia ARV l@exeeeheoabl Bg of the
catal yst may be accorrpl i shed by contacting the catalyst with eed

conpri si ng t FOR2G0R§ANTE and ithe. gFer five SaleassedcPEpEt ‘yh‘énl y, th| s step
of the proce%%eeu%iatbe rAdi gatqd ferg ﬂeteaeéat@ylme Pmor RLG-50@k phase”.

In the pre-soak p the quantity of the organic halide contacted with
the catal yst Wlﬁfﬁpitbel wge pef @& swesPipgogasollytkg tcaeal yeeauapidy 25

Lypi cal ol N dhe.eangerafcld OB 8n50n0BD Eldfha kARG ol N par (i oul ar

fromO0.05 to 20 mol e/ , more 1n particular fromO0.1 to 10

mol e/ kg catfaryst lncﬁﬁc%l’r‘e&%@'@n tvhé chag b sintordnyafgidogenetonbent of the
organi ¢ halidegg.lhe . .concentration of the organic 30 halide in the feed may
be at least 1.5x10-4 nole-% nore typically at |east at |east 2x10-4

mol e-% in particésaindatatedhster@zibpeforenptles Wracdlicel afethas nol es of

hal ogen, invention involves the steps of pre-soaking the catalyst

15 with an organic halide and then contacting the catalyst
with a feed comprising an organic halide at a low
concentration,.if any:

The pre-scaking of the catalyst may be accomplished
by contacting the catalyst with a feed comprising the

20 organic halide. For the sake of clarity only, this step
of the process will be indicated hereinafter by the term
"pre-soak phase”. In the pre-soak phase, the gquantity of
the organic halide contacted with the catalyst may
typically be at most 100 mmole/kg catalyst, more

25 typically in the range of from 0.01 to 50 mmole/kg
catalyst, in particular from 0.05 to 20 mmole/kg
catalyst, more in particular from 0.1 to 10 mmole/kg
catalyst, calculated on the basis of the halogen content

of the organic halide. The concentration of the organic
30 halide in the feed may be at least 1.5x107% mole-%, more
typically at least at least 2x107™* mole-%, in particular

at least 2.5x10™* mole-%, calculated as moles of halogen,
relative te the total feed. The concentration of the

organic halide in the feed may be, for example, up to

12



relative to the total feed. The concentration of the organic halide in the
feed may be, for exanple, up to 12 22 Decenber 2006 0.1 nole-% relative

to the total feed, for exanple up to 0.01 nole-% cal cul d as s of
hal ogen, relative to the total feed. The organic halide ?é%ﬁ%r?bee?gé) y
added slowy, typically oyer,a period of several hours, for 5 exanple,
over a period of ¥r}%rlffrﬁl%l t8 §Elﬂ%u§%,t%?ort8ta§yﬁ?%%1 15PD EmPdehBars® These
times and contellt metlieoRs, cahewevaid = aolet FRteEi & erd,0 ddiaipuepsi on and

hi gher or | r val ues of the concentration_and tine may be applied.
General |y, t(r)\t\é%cc?r?gé‘ﬁt ?ﬁ?iion B (WG Gahre19e oL h BT fe e lvhadfedd i s

hi gher duri ngIhaypr eysoakl Phaseer haerduli 89 {beSbIgAYeNt £sLri ppi ng
phase, as .descri bgd hereinafter._ During the pre-soak phase, the catal yst

t enper at ure ITAPIPcaPV§* at FOSIOD RS EXOPr &f &7 abl \PIUFSh&CTeange of from

180 to 265 Ctymicalpiehetably ndudde rapge 45n&d Jﬂd?@o%%nf&a@@%n%@

i ncl usi ve. T&g}i cally, the reactor inlet pressure is at nost 4000 a
absol ute, no

WeVEhr cAFFyRaE TRItriggobokbPae Fsmntins ead highenpet 2500 kPa

absol ute. Typicwakl ¥a1t88 $LANOTIIMBEREESSMR tiePinal oSl 500 kPa
absol ute. "CGHSV' or. Gas Hourlé Space 20 Velocity is thé unit volume of gas

at normal tefFELAftr e GRETRESGUIRS goucentmor of theloBgrPAg passi ng

over onaounialvakui® Ohe PASkEd Laligh¥st aREIndIOHe JRebBLR0LY o When the
present invention_is practiced as a gas phase procCess 1 nvolving a packed

cat al yst bed teRederiNg | ¢ U eayengr stsbrik pshad@sien ehedeapygtbast from 500
to 10000 N hekeh)arSebseaygntg Qh@hﬁrgtgaée%aﬁégﬁsgheac gegl, ls passed
al |1 de, r

over the catalyst which js free of the organic 0 y conprise
organi ¢ hal i §EMRETALYHR toric@rcrdtlvoat Meeh 20 "Ae Predenakdly iis phecti ced

using a :c'eacﬁf@ﬁg@maghff‘cﬁn 1%‘1)‘“1:%%@5“‘"6,“ rrﬁ‘:xfeeﬁglfgréﬁﬂp’i:?%%e”?ca%’é%er nal
source O15 of from 200 to 260 °C, inclusive. Typically, the reactor
inlet pressure is at most 4000 kPa absolute, more
typically at most 3500 kPa, most typically at most
2500 kPa absolute. Typically, the reactor inlet pressure
is at least 500 kPa absolute. “GHSV* or Gas Hourly Space
20  Velocity is the unit volume of gas at normal temperature
and pressure (0 °C, 1 atm, i.e. 101.3 kPa) passing over
one unit volume of packed catalyst per hour. Preferably,
when the present invention is practiced as a gas phase
process involving a packed catalyst bed, the GHSV is in
25 the pre-soak phase in the range of from 500 to
10000 N1/(1.h).

Subsequent to the pre-socak phase, a feed is passed
over the catalyst which is free of the organic halide, or
may comprise organic halide at a low concentration. When

30  the invention is practiced using a reactor which is
equipped with a recycle loop, and no external source of
organic halide is employed in this stage of the process,
the feed may still contain organic halide as a result of

the existence of a recycle stream. The low concentration

13




organic halide is enployed in this stage of the process, the feed may
still contain organic halide as a result of the existence of a recycle
stream The |ow concentration 13 22 Decenber 2006 of or igic Q&EF&; may
be at nost 2x10-4 nmole-% nore typically it is at nost 1.8XI0°4°Wore? %
calculated on the basis of the hal ogen content relative to the total feed.
When practi cPAgo¥#niq disdiideomayt he fowrasdn@&A0r aficds—-&f Bor@e organic

hal i de is freguent at, l.east 0.01x10- | e-, on the.sa basis. .This step
may be consi ggf')le%la}t%’e e B H‘Ss%his%éo trﬁoeleﬁ%dcé:g%?uggﬁ? G Yife sake of
clarity onl ybakhs soStige afalidhenperoeaesst Wdllathee néi eaé etotdereigdaf t er by
the term"strjppin hase" . ring the, 10 strippin hase, the catal yst

t enper at ur e ﬁgggy%#%é%ﬁﬁf%ﬂ:tgﬁﬁs%g§?@F¥fnqu®FeESHIgogﬁe?5%a?%ﬂb§%pf from
200 to 265 Crnavsegef el-ahlae b8 EPehanas e 1eqst 280010 260 f3e Ncl usi ve.
Typically, the reactor inlet pressure is at nost 4000 kPa absol ute, nore

typically at%nost 95 2506 kRaighsoFite, stfrsmayy pecapryideredsthe2500 kPa
abso ute. TYBLEAbIng i deeRa! Che! B SLed OO0 €be. Ble 18851200 kPa

absol ute. Preferably, . present 1 nvention is practiced as a gas
phase processlanvied \drmy .a thpsckedr caf alhs rrigegsst el GHSY irgligatele
stripping phase.4Q 4 r.ang f 2 t (8]0 haTypically,
t hese condit?oﬁ% n&?gﬁéﬁﬁﬁfﬁga?ﬁg f%@ﬂggggﬁiggégg frg%éééﬂ#15§660 hour s.
Typi cal | Y0 t Aeriwwigtiomrhasiest thresstabysinderpheaGHey W | tymiotalde ehanged

when |eavingyblie pre=80ak, -pOANG, 2% LI Dg.L0e, plElqping pRase the feed
conprises, preferably, ©nhe or T € conponent s selecte& fromthe olefin,
oxygen, car bdf> diCoxindge pheférarly dasgbeanadngaddf tixmmal220eaot i on nodifiers,

oS, b2 Ayt | SR COMONNJOURARE LRy s5erce o
is at most 4000 kPa absclute, more typically at most

15 2500 kPa absoclute, most typically at most 2500 kPa
absolute. Typically, the reactor inlet pressure ig at
least 500 kPa.absolute."Preferaﬁly, when the présent

' invention is practiced as a gas phase process invoiving a
packed catalyst bed, the GHSV is in the stripping phase

20 in the range of from 500 to 10000 N1/{(1.h). Typically,
these conditions may be maintained for a period of from
20 to 60 hours. Typically, the reactor inlet pressure and
the GHSV will not be changed when leaving the pre-socak
phase.

25 During the stripping phase the feed comprises,
preferably, one or more components selected from the
olefin, oxygen, carbon dioxide, the inert gases and
additional reaction modifiers, such as a nitrate- or
nitrite-forming compound. However, the presence of one

30 or more of these additional components in the feed during
the stripping phase is not considered to be essential to
the invention.

In a particular embodiment, amongst others, the

start-up method may include prior to the stripping phase

14



the stripping phase is not considered to be essential to the invention. In
a particul ar enbodi nent, anongst others, the start-up nethod may include

prior to the stripping phase 14 22 Decenber 2006 several,ste
follows. Firstly, the catalyst may be contacted with a f%%@e%egﬁ?ﬁffogﬁng t he

olefin and optionally a saturated hydrocarbon, in particular ethylene and
optional | y méfHghel Fherdrafarficd Ieupi deFFagtls then ceéadndednad Behe feed, to

initiate thecBheagoak Phase, Asddespbibethhangl phekoneapihen the desired
guantity of organic halide has been added, oxygen may be added to the

feed. As an 8PtéPRAlIVEr BEEkesalyBeocarhivy tie pRotfevdasi nul t aneously or
shortly afteeihhecdd fid Ypdddiuignmofndde onganicqhali.d eed.
Wthin a few mynﬁt es of tphe a(?di ?i rgn o% oxygen toﬁgg%%gxﬁ?i%ﬁ%ﬁﬁﬁ eaction
may initiatethen bajaddedde dhet heepartd culidriagebobienene-ofak he previ ous
paragraph, w.hhsthe, ol efin.. dhe 5 o] b ional), the
organi ¢ hal ;A%e Fémd EEljgy(géeén&lbei naag%g%}géf%etl'he%g%d?ﬁ%hggfég%q conpri ses

typi cal |y theuaptety nof rergagqianhielydefhds dmes wdd2@, nokegdy) may de typical ly

from10 to 5 er % urated h I [ u [ of fromO to
70 nol e-% ng?ggéy%ﬁ/c%}?%%%ﬁim % %6 %%J%%%n%%-’%oggﬁﬁﬂoxy%e%é,i n a quantity
of from 0.5 géded5tomthe Heagdpmemiypineduislyf mamshotrbly2afivde-tPhe An

advant ageq of yi ng. t.hi rtic £ i;ment. is. that -the .heat of
formati OEO of ftﬁﬁ% ocjfugt?llénlmé?(ioggt%%s% sn%%%%gé%r 1i(%f’l ?}nla ?%%d'cas%@?’sﬁn

t enper at ur e. al fewayitper 26 cdd\rhet agébtisort @fapplygeduthagepdiei d&ttdrcty up a | ower
oxygen Concﬁ%{ﬁ\?{%ﬁ)nm %n%n%tlig%%r ol efin concentration in the feed,
conpared wt e feed-conpositron in later stages of the process during
normal ol efi n oxiTe Pricdwikicenofr the particular embodiment of the

previous paragraph, with the olefin, the saturated

15  hydrocarbon (opticnal), the organic halide and oxygen
being added to the feed, the feed comprises typically the
olefin in a quantity of from 5'to 70 mole-%, more
typically from 10 t0750 mole—%; the saturated hydrocarbon
in a guantity of from 0 to 70 mole-%, more typically from

20 10 to 60 mole-%; and oxygen in a quantity of from 0.5 to
15 mole-%, more typically from 1 to 12 mole-%. An
advantage of applying this particular embodiment is that
the heat of formation of the olefin oxide assists in
controlling the catalyst temperature. It may be

25 advantageous to apply during the start-up a lower oxygen
concentration and a lower olefin concentration in the
feed, compared with the feed composition in later stages
of the process during normal olefin oxide production.
Loﬁer oxygen concentration and a lower olefin

30 concentration in the feed will reduce the oxygen
conversion level so that, advantagecusly, hot spots in
the catalyst are better avoided and the process will be

more easily controllable.
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Lower oxygen concentration and a |ower olefin 30 concentration in the feed
w Il reduce the oxygen conversion |level so that, advant ageousl y, hot spots
in the catalyst are better avoided and the process wll nor e g%%ily
controll able. 15 22 Decenber 2006 After the stripping phé%B cqpar 20
concentration of organic halide in the feed is increased, typically to a
val ue which is préégPEth‘Fﬁtﬁwlﬁ%abéﬁﬁontléﬁ qancesitatitaonofEde with hi gh

sel ectivity, o2adnkB Héii&&Uﬂﬁﬁjkpf@e&akgelébfgaéga(ﬂEybEgaifb ﬁ&'glty to the

olefin oxide is at its optinmum The increase In the organic
concent r at i off3lHet HeifRels eEpdtdcal Fersthe. sabretipp] @f%'—hewbaﬂéﬂall y at

| east 0.5X10u4:m8l 6184 & lﬁ)aéél'e%ltll Jheat beasty %36:]1: %, in
particul ar at Ileast12x10ﬂg nol e- A;l 1590a cul at de sg{(})f ha ogeen

relative o Phewhdehl the cigfleqidvitneteakles ofladiay |0txyd@ntty athetphase of the

epoxi dati on BLECRSS. af&ﬁé 1ecalbl! PRI Ple POASE i d 11 € phase of the
process in which nornmal ol efin oxide production Is achi eved, wll be

i ndi cat ed herennebyrahiorl5id erhm Tpedt may rb@pthg splzase’. 2x1i ot iﬂele"o,
post - strlpplng phase, the invention may be practiced by using nethods
known in t he “¥PEcaf LB pakitRaston - proR esEede-Ref it é??é@lﬁﬁ}arbétnﬁﬁéstfor

example 1o Ussfod761304y U/ 4160105, S, Bl: 6372925, S & 4874879 and

US- A- 5155242, are 20 Tncorporate erein by re t he
post - st rilppi nglphiziecd tde rmcdiefsl ywﬁt hal@gnqae,r atalregiive typthal ﬂ:cytan t he range

of from 180 t 60 e in the.ran of from20Q to 255 C.
Such terrperaturés aff%ar rﬁlepar icd a?i/%ﬁﬁ}éb?%ya Snghage ‘?é %F?e cat al yst

has not yet spbsidaticd Iprdvees sfibpecthd ostﬁﬁp@gm@gphebat etl. perdiy mance
decl i ne. ch nlfests itsel f n the activity of the
BB0L P T (Y Ramatl it o G EXERgspetds

catal yst. VReh a Teduct iFon mani f est,
production is achieved, will be indicated herein by the

15 term “post-stripping phase”. In the post-stripping
phase, the invention‘may7be practiced by using methods
known in the ért of eﬁoﬁid&tibn processes. Reference may
be made, for example tc US-A-4761394, US-A-4766105, US-
B1-6372925, US-A-4874879 and US-A-5155242, which are

20 incorporated herein by reference.

In the post-stripping phase, the catalyst
temperature is typically in the range of from 180 to
260 °C, more typically in the range of from 200 to 255 °C.
Such temperatures are in particular suitable as long as

25 the catalyst has not yet substantially been subject to an
aging-related performance decline. Such aging manifests
itself by a reduction in the activity of the catalyst.
When a reduction in activity of the catalyst is manifest,
the catalyst temperature may be increased in order to

30 compensate for the reduction in activity. The catalyst
temperature may ultimately be increased, for example, up
to a temperature of 325 °C, typically in the range of from
270 to 300 °C. Generally speaking, the catalyst

temperature may be increased until it becomes undesirably
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the catal yst tenperature may be increased in order to 30 conpensate for the
reduction in activity. The catalyst tenperature may ultinmately be

i ncreased, for exanple, up to a tenperature of 325 C, ty |caII%/ 6tr
range of from 270 to 300 C. Generally speaking, the cata%%etc rzrg% ature

may be increased until it becomes undesirably 16 22 Decenber 2C06 high, at
whi ch poi nt Righi it e cbapali pstin stidee e cotbéysatia essad 6P Pes

lifetime and,poyld é}{%ﬁ%ft QcRe; exchangediy womtzhﬁeg@seo 4 i ppi ng phase, the
concentration of he conponents In the feed may be selected within wde

ranges, as d@s%hquﬁ ‘hereinafter. Typically, the olefin concentration in
the feed is in the H@%%ngséffﬁ;%ﬁqg} ‘bh%%e”nltﬁecy%oﬁélez{‘&f]ét!l%&'ﬂ g from 10 to

50 nole-% relative to he.tot eed desired, 10 e olefin
concent r &t i ofherEgPiReiaRtreds etheuf¢ary Melve be| BRéethed of L He widsl yst, by

whi ch the s%&gééglt r&égpﬁge%g%e\zl@%ft%ran operating phase wherein the

catal yst has dged whi ch is incorporated herein by
reference). 15 Tymmadall)ly t hlee cohefeint rcamc@nt@fat@wgnen tite> Viieeldi ast he range

of from1l to, rl'llscﬂg)lr% . TRr grgrxpécﬁag I% frr(ogg oxi e]%?anr‘{ﬁﬁééﬁ-a?e % ;nhe t ot al

feed. Typi cal concent ratons of carbon I'n excess of
20 nol e-% plr(bfte?récﬂ yoile-&xcesbatofvel o 2bentbealy femi e priefesabkd. i n excess

of 510! "oyl aties, LBnthe, botal, tagdoctacaualdedduring,ihe epoxi dation

process and concen car as lowas 1
nmol e- % or | owefgtimed atfi vbet oatdiﬂafsti,otl:ad wheetl, thaysdleanptidyeday| hert gas

may be present i in %{5 L he feed in, ncentLatlon f fr 1{ys§ .9 95 nol e-%

an. gpe atln 288 erein t s
In an alr ba e(fprocess |n% :f sgr‘?a resent In a

concentr at i gt (fdfomU3@Bﬂ.669’ﬂ29ﬂﬂ,e-u%lcﬂ'lylthscahbqrporated herein by
reference) .

15 Typically, the concentration of oxygen is within the
range of from 1 to 15 mole-%, more typically from 2 to 12
mgle—o of the total feod

Typically, concentrations of carbon dioxide in the
feed in excess of 20 mole-%, preferably in excess of 10

20 mole-%, more preferably in excess of 5 mole-%, relative
to the total feed, are avoided during the epoxidation
process and its start-up. A concentration of carbon
dioxide as low as 1 mole-% or lower, relative to the
total feed, may be employed. Inert gas may be present in

25 the feed in a concentration of from 0.5 to 95 mole-%. In
an air based process inert gas may be present in the feed
in a concentration of from 30 to 90 mole-%, typically
from 40 to 80 mole-%. In an oxygen based process inert
gas may be present in the feed in a concentration of from

30 0.5 to 30 meole-%, typically from 1 to 15 mole-%. If
saturated hydrocarbons are present, they may be present
in a quantity of up to 70 mole-%, typically in a quantity
of from 10 to 60 mole-%, relative to the total feed.
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from40 to 80 nmole-% In an oxygen based process inert gas may be present
inthe feed in a concentration of from30 0.5 to 30 nole-% typically from
1to 15 nole-% I|If saturated hydrocarbons are present, ';;Eeé/ ms% %% resent
inaquantity of up to 70 nole-% typically in a quantity> oF P8 10 to 60
mole-% relative to the total feed. 17 22 Decenber 2006 The concentration
of the organi c halhgeconraigatdes raythe @rvardgshalide- Innphe-M%echore
typically at_|ea eas 5x10-4 pole-% .i.n .panrticula | east 2x10-4
nol e- % nor emlaﬁ %%r%% C%J%aas% glxqtpeas 015. 5x19° 8#81%-(:%113‘;5aga %u%‘%taé% as nol es

of hal ogen, nehkativestmmthestotg! inf padeidhEa®rganisashal i des are generally
effective as reaction nodifier when used in | ow concentration in the

feed, for exanpPe mpleo?0.dommlie Hartétalavent dadsd Rob3L0'f mede-%or
exanple up t - % | cul-a 10 _of _h relative to
B gggcﬁia@é &g n}ogl..%s \%% i} ?%ignrg%eﬁ%tlge {:ﬂyﬁlé% gt?cﬂ'i’a%l

the total fee n particular en o) is et is preferred
that the orderidc ha@hé derdeipr bsénfles mtdadreedldly effenciontrast i on  of up

to 50x104 nole-%.i td.cul ar up . t0.30x10-4 nole-.%. more, i articul ar
up to 1ox10-derar bl AR Phat hebda i B PRSP e EAR O b Lo T he
total feed. Wked, fot rogewleonpakni gl meaety,omefvtiteets che ppll ed.

they may be_.presept in _|ow concent jon.in.the_fee for_ _ex le up to
0.1 nol e-% §§F§U| g?re Xéilénp\rﬂrfo & g 5§¢Jfrn6ogleen,°’rgﬁg Pg%t?o Thé" ﬂ{)@%al f eed,
for exanmple bEohaROyéh 0ellt4viotd. fie nodtex1% ek . parhi satiarculzan t he ol efin

is ethylene, it i referred th he nitragen_cant ai Qi reaction

modi fier 15 BPEReRPEI S THE FEel hY 1 Ghe e drine PACFBRIBT 1P G5 10-4 to

50x10-4 nol es¥ganibc hpsElidec Ulsaprbesent Oi2Xx e £oked 30XAOvdnd@mita-Loiomore in 25

particular fromO0.5X10-4 tp 10X10-4 nole-% calcul ated_as noles of

nitrogen, rePatPRet? oPHE t Gcdefeedn PR B FIERt tof 3PKE0 poBPLlRtri ppi ng

phase, the %, more in particular up to 10x10™* mole-%, calculated as

15 moles of halogen, relative to the total feed. When
nitrogen contalning.reaction modifiers are applied, they
may be present in low concentration in the feed, for
example up to 0.1 mole-%, calculated as moles of
nitrogen, relative to the total feed, for example from

20 0.01x10™* to 0.01 mole-%. 1In particular when the olefin
is ethylene, it is preferred that the nitrogen containing

reaction modifier is present in the feed at a
concentration of from 0.05x107% to 50x107* mole-%, in
particular from 0.2x107% to 30x10™ mole-%, more in

25 particular from 0.5x10% to 10x10™* mole-%, calculated as
moles of nitrogen, relative to the total feed.

At any moment of the post-stripping prhase, the
concentration cf the organic modifier in the feed may be
adjusted so0 as to achieve an optimal selectivity towards

30 the olefin oxide formation.

In the post-stripping phase, further reaction

conditions may be selected from wide ranges, as set out

hereinafter. The reactor inlet pressure is typically at
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concentration of the organic nodifier in the feed may be adjusted so as to
achieve an optinmal selectivity towards 30 the olefin oxide formation. In

t he post-stripping phase, further reaction conditions nag%ggﬁf%lere%ogd from

wi de ranges, as set out hereinafter. The reactor inlet p ee 5

typically at 18 22 Decenber 2006 nost 4000 kPa absolute, nore typically at
nost 3500 kPaCs4h48P 0t BPa nlegokuhsi calire hyrhestlw 500 Meps 36961 kPe.

Typical ly, thedaaekormbdt oty DLW el fodt i%tkgéogb‘é,gﬁutabsol ute.
Preferably, when the epoxidation process is 5 carried out as a gas phase

process i nvolWiH§aalBacked resqtary snlpsdpresmucHIV ias ileashe50ank®e of from

1500 to 100Q@gNhiEd. h) prd¥pigald y e - AU e..and the
CHSV wi | | _not gelchange%rm%n@gévrﬁgﬁt ﬁggzﬁ%lg%&%p %%géé%%e*serabl y, the

work rate’i s G3¥TERE 0t ramge IS PheRPOPEotesst Girkndivdngl ef packsdide produced
per M8 4Or CURRAFLCPEE N cEyPALt LEULAL hfcd 08 AHBR! gsghelin  oxi de

produced per nB of catalyst per hour, exa kKmol'e ol ef In oxi de
produced per 1¥@08f NEafthllyst pomwiledily, Ase userttver éndett heesoukerate is the

anount of the @l efLnspdd Xide r %gugﬁgng%g ivp{y&%fl\étg%’gﬁgl g_‘ecat al yst per

hour and the selectivity I's the nmolar qu I'n oxide forned
relative to theinping phesw. t Profferhblyl eflim wagdnveteeds Thetlndefin oxi de

produced jgay e Legev f t e r_ proeduct by using methods
known in the a‘r?lfI , ?grﬂ%gadﬁpﬁoemobg%aég%%i%l;é%?e Oﬁlgfa i ISé}la%af om'a reactor
outl et streamfi pahalest ek dpuironahl parecover g 7t he Sokebla adéide from t he

oo S bk 2e DS ddd LA B o Alal 30 BRORLLON P thE BOuCOuS
sol ution containin e olerin oxide ﬁ’ay e applred 1n a séjbsequent
process for Schnveetolhefirhexdldef producdd pert e’act, Qatth bfstopea hodrdi ol
et her. Az used herein, the work rate is the amount of the olefin
15 oxide produced per unit volume of catalyst per hour and
the selectivity is the molar quantity of the olefin oxide
formed relative to the molar'qdéntity of the olefin-
converted.
The olefin oxide produced may be recovered from the
20 reactor product by using methods known in the art, for
example by abscrbing the clefin oxide from a reactor
outlet stream in water and optionally recovering the
olefin oxide from the aqueous solution by distillation.
At least a portion of the agueous solution containing the
25 olefin oxide may be applied in a subsequent process for
converting the olefin oxide into a 1,2-diel or a 1,2-diol
ether.
The olefin oxide produced in the present epoxidation
process may be converted into a 1,2-dicl, a 1,2-diol
30 ether, or an alkanolamine. As this invention leads to a
more attractive process for the production of the olefin
oxide, it concurrently leads to a more attractive process
which comprises producing the olefin oxide in accordance

with the invention and the subsequent use of the obtained
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The ol efin oxide produced in the present epoxidation process may be
converted into a 1,2-diol, a 1,2-diol 30 ether, or an al kanolam ne. As this
invention leads to a nore attractive process for the prog ﬁtiglﬂjogmhe
olefin oxide, it concurrently leads to a nore attractive g GERTE" <\ ch
conprises producing the olefin oxide in accordance wth the invention and
t he subsequeritlafda exiffeinbtig meapuipgtopeDetepirerl. 200 0lol éf EnddRlde in
the manuf act Wig0f ;LRe1, 2184001 2nlins di Ol ether and/or al kanol am ne. The
conversion into the 1,2-diol or the 1,2-diol ether may conprise, for
exanpl e, reactingThhecoheeipion gkicdéhai Lh2watel oxditsall ¢-dsphg an acidic
or a basic c ly.s F I L.Ng ] tl e 1,2- diol
and less 1, 25%(%‘?15% 1;eﬂta e?{;m?ﬁ]gé% (ea%?f;l%(g){m Jek'éha§/£{)e q{réleg%(;t%e ﬁkgﬁ aten fold
mol ar excéss cfidmawerh water, |switiadblyhaséng eactaoivion opgr esbaeécof an aci d

catal yst, 10 e.q. 5-1.0 9 furic_aci a { 0 reaction
m xture, at §%—t%6ygtét ?Lglf)z;gr\}l{ ga sloel’utf%,r %?g%lﬁgag Ieeg%)gﬂf)]ﬁg%é&r té%%t%b% at
130- 240 C andli2@- 48dbdesabso?wliml gtheker abé yolefirhexddsemeg bé a catal yst.

| f the proport] f er is | he_pr. rid f.1.2-diol 15 ethers
in the react i%er?%%egtﬂ\ri\gﬁiés tf%(l:r%o\éf%%gl%ﬁee%%&oﬁfo%%é ér%%t%us pr oduced
may be a di - dtilgerigd phasethexctidretimapebhencorofa subsequeatadyber .

Al ternatily)e 1e, 2-dbf_3]5__l‘e5h§r_ssu he I%rcgzgar ed bé/ conyer ttior%glt he ol ef i n oxi de

' with an al¢Sho in"particu ar a pri niarlf/asa cohol™;, suchas 20 nethanol or

ethanol, by repkacbAdnaktheastatd quorbi an £f 1 the wakeluby, téhe @l eohol . The
conversion into the al kanol am ne may conprise, for exanple, reacting the

ol efi n oxi de awist hhassoneacticniptdridls24P Hywesus Oakfiohia abgolhdeused,

al though 25 gﬁ'&gwﬁ Ao a{gjssetr%%i gal J%ycé'é%sttq fgqyoyg,cthe production
of nonoal kan8l am ne. for  mét hods appl rcabl e
proportion of water is lowered the proportion of 1,2-diol

15 ethers in the reaction mixture is increased. The 1,2-
J'diol ethers thus produced may be a di-ether, tri-ether,
tetra-ether or a subseqguent ether. Alternative 1,2-didl
ethers may be prepared by converting the olefin oxide
with an alcchol, in particular a primary alcchel, such as

20 methanol or ethanol, by replacing at least a portion of
the water by the alcohol.

The conversion into the alkanolamine may comprise,
for example, reacting the olefin oxide with ammonia.
Anhydrous c¢r agqueous ammonia may be used, although

25 anhydrous ammonia is typically used to favour the
production of monoalkanolamine. For methods applicable
in the conversion of the olefin oxide into the
alkanolamine, reference may be made to, for example US-A-
4845296, which is incorporated herein by reference.

30 The 1,2-diol and the 1,2-diol ether may be used in a
large variety of industrial applications, for example in
the fields of food, beverages, tobacco, cosmetics,
thermoplastic polymers, curable resin systems,

detergents, heat transfer systems, etc. The alkanolamine
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in the conversion of the olefin oxide into the al kanolam ne, reference may
be nmade to, for exanple US-A- 4845296, which is incorporated herein by
reference. 30 The 1,2-diol and the 1,2-diol ether may be ﬁiﬁ in %@ %arge
variety of industrial applications, for exanple in the f mEeT 48
beverages, tobacco, cosnetics, thernoplastic polyners, curable resin

syst ens, deﬁlé]r’g]éﬁt%se%eaﬁoﬁ [CHTTPAE . syst s, treadinghd " avRerRt i@t e 20 22
Decenber 2008¢ pEy.PS Uspd, for exanple, in the treating ("sweetening") of
natural gas. Unless specified otherw se, the organic conpounds nentioned
herein, for exanpVeledr spedifjed othenipe, tHel oxodnsk eemegundsnd react i on

modifiers, havactypbealddeal, dRSL: A £aI000 AR, Mol 2 fupiLal Iy at most

20 carbon_ atons, particul ar nmost 10 carbon at ons, nore

particul a? at- %D@%OB eidrdyemn aaldonreacmomemdﬂédelx@nehnve tmrgeesllfyoratnurrbers
of carbon at ( h r cified for
the limts o?ggﬁeﬁﬂr%%ggép e fo ]ékﬁiéﬁgg ak %OPanﬁlﬁg%gg%e t he

i nvention, ak@meutimipﬁxunthﬂreaSCmpetcﬁOtdﬁ;homvenbmen mEDANRPLE 15 A
catal yst, aspgglf:.?.&?fiaf rgtu%oét{l%esg%%on trg%r{é s %% ﬁ'lalf %:? htgrheenI um and

cesiumon an a-alum na suppor o ed in oW ng éxperlnent A
t ubul ar m cr oaraes ofomrmm:rsg@d Wirlhora adtcﬁ‘ﬂsg (1saarrpberbdmtmmﬂ:8aanhed

cat al yst 44 Th he 20 _reagt o eat ed. t 2 5 during 40

hours un er %n ?% é% nf%réﬁgnsﬁgglg (%ﬁg%'t%'8 6m : tW%e cat al yst

tenperature maegéﬂcreased to 225 C, the nltrogen feed to the catal yst was

repl aced by a fe et.hyl ene/ car ho di en _m xt.ure, and
s S B e T dE SriheFabh SR

subsequent|ly eth or’i Was™ a en oxygen 'was added
to the without limiting the scope of the invention.
EXAMPLE
15 A catalyst, as defined in US-A-4766105, comprising

silver, rhenium and cesium on an G-alumina support was
- employed in the following experiment.
A tubular microreactor was charged with a 4.2-g
sample of the crushed catalyst. The catalyst in the
20 reactor was heated at 215 °C during 40 hours under a flow
of nitrogen gas at GHSV of 820 N1/1.h. The catalyst
temperature was increased to 225 °C, the nitrogen feed to
the catalyst was replaced by a feed of an ethylene/carbon
dioxide/nitrogen mixture, and subsequently ethyl chloride
25 was added to the feed. Then oxygen was added to the
feed. The oxygen/ethylene/carbon dioxide/nitrogen volume
ratio in the resulting feed amounted to 4:15:4:77. The

ethyl chloride concentration in the feed was 2.6 ppmv

(i.e. 2.6x10™ mole-%, calculated as moles of chlorine,

30 relative to the total feed). The GHSV was 3300 N1/1.h.
The reactor inlet pressure was 1530 kPa absolute. These
conditions were maintained for 2 hours.

The catalyst was then subjected to changing reaction

conditions, as set out in Table I.
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feed. The oxygen/ et hyl ene/ carbon di oxi de/nitrogen volume ratio in the
resulting feed amounted to 4:15:4:77. The ethyl chloride concentration I n
the feed was 2.6 ppnv (i.e. 2.6x10 4 nole-% calcul ated %)gD

chlorine, 30 relative to the total feed). The GHSV was 33 ﬁem 8 % The
reactor inlet pressure was 1530 kPa absol ute. These conditions were

mai nt ai ned for 2 hours. The catalyst vva’%ahllfeﬁ subJ ected to changi ng

reaction cOREEL éﬁ%"@ht& sg T rapte % o i8e2Z T 06
St ep Runhou F | yst Et hy chjl:l%rl de Tinme }_ﬂ_} terrpgr (:;Lu ﬁre (kﬁ;l eed
(pprmv) 1%*) 225 .6 2 2] 36@B§r52t16f@ (°@) g B )feppdp (@rmy) 13 245 2. 4 1 |5 14
248 2.1 1 35 250 81 53s16 25315t B A7 255 12+ —9518 25810 . 1
10 19 260 09 28 1 67 258 i 2 ***) 2 1269 250 1.8 2 13 '/Zi 250 2.3 2
14 73 < 250]|%2*) 2 2 20 15293 < 250 **) 2|8 16 109 < 25Q02*) 3.0 10 17
119 < 250 * 2 50! A *\ Thn tCII}JCI al ul C ICrbuSC (.U L25 C ACf: ned t!"e
begi nni ng 0? Runhour 1 *’) )I:'he cat al yst teznpéerature was adjlusted so gds to
obtain and|mmaintfan 3.1 Y&4et hyl ene oxidgam the reactor outid et stream
_ ol ved an-optimzation f—the

steps 14-16 Ehvehved—an—opbim of 1 &— I

& 15 250 1.8 1

7 16 253 1.5 1

8 17 255 1.2 1 -

9 18 258 1.0 1

10 19 260 .9 48

11 67 "1 250 1.2 *%*) 2

12 65 250 1.8 2

13 71 250 2.2 : -2

14 73 < 250 *¥) v12.2 " 20

15 33 < 250 **) 2.6 " ]16

16 109 1< 250 *¥*) 3.0 10

17 119 < 250 *¥) 2.6 Hold

*) The temperature increase to 225 °C defined the beginning
of Runhour 1

**} The catalyst temperature was adjusted so as to obtain
and maintain 3.1 %v ethylene oxide in the reactor outlet
stream; steps 14-16 involved an optimization of the
selectivity at constant ethylene oxide content (3.1 %v) in
the reactor outlet stream

***} The feed composition was changed to
oxygen/ethylene/carbon dioxide/nitrogen volume ratio
8/30/2/50

The temperature of the catalyst at the beginmning of
step 17 was 246 °C, the selectivity was 86.5 %-mole.
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selectivity at constant ethylene oxide content (3.1 %) in the reactor
outlet stream***) The feed conposition was changed to
oxygen/ et hyl ene/ car bon di oxi de/ nitrogen volune ratio SISgé /60 Th
tenperature of the catalyst at the beginning of step 17 °% etﬁxphe
selectivity was 86.5 % nole. 5 22 22 Decenber 2006 23 CLAIMS 1. A process
for the epoxidation of an olefin, which process conprises the steps of (a)
pre-soaking a silver-based highly sel ectsi ve epoxidation catalyst with an
organi c halide, (b) passing over the pre-soaked catalyst a feed which is
free of organic halide or which conprises an organic halide at a
concentration of at. nost 2x10-4 mol e*¥3 4l cul ated on the basis of the

hal ogen content relative to the total feed, . for_a per.i of re than 1G
hours up to BOOlhOU?SEr%ﬁHﬁX5Prsﬁﬁ§éﬁﬂ@ﬂ%&?lgﬂn?géF?ﬁﬂﬁgﬁ@'cgﬂg?§st with a
feed conprisicBgst Bemetaidd) chexygeps askl an organic halide wherein the

' hi gher than

concentration of the organic halide ix .l east 0. 2x10-4 nol e-%

Che. concentAdt | BRSAPBTFEE i =I0¥Bh THI=" CAPERY aTelF ot n P BELFE L OT t he

hal ogen conrtkeatyztekath vh tegkhectpiridd,eed. 2. A nmethod as clainmed in
claim1l1, wherein the catalyst conprises, i dditi to silver, a Goup TA
net al , ano(% neP%?Eﬁ’i’)?eovseé'Tﬁ iVF?f%%ﬁea giaga%%{baant ees?el‘%&?%dl?rom
rheni um ndrgbdefuarginingi=dndeand whistd fcatprisas tdratoergagic helidd e- f or mi ng

conpound. 3. A nethod as clained in claim2, m@er in the_ catalyst
conpri ses, &tn2adaRtrRFR O Peept W?ﬁﬁﬂ%fﬁpor““’Sﬁgﬁdﬁﬁhqqképﬁgf?na furt her

met al or cempoundither aofe nalogen content relative to the total feed,
for a pericod of more than 16 hours up to 3200 hours, and
{c) subsequently contacting the catalyst with a feed
cogmprising the olefin, oxygen and an orgadic halide wherein
the concentration of the organic halids is at least
0.2x107* mole-% higher than the concentration applied in
step (b), calculated on the basis of the balogen content

relative to the total feed.

2. A wethod as claimed in claim 1, wherein the
catalyst comprises, in additicn to silver, a Group IA metal,
"and one or more selectivity enhancing dopants zelectad from
rhenium, molybdenum, tungsten, and a sulfate-, nitrate- or

nitrite-forming compound.

3. A method as claimed in claim 2, wherain the
catalyst comprises, in addition to silver, rhenium or
compound thereof, a further metal or compound thereof
selected from the group cf Group IA metals, Group IIA
metals,-molybdenum, tungsten, chromium, titanium, hafnium,
zirconium, wvanadium, thallium, therium, tantalum, nicbium,
gallium and germanium and mixtures therecE, and opticnally a
rhenium co-promoter which may be selected from one or mor=
of sulfur, phosphorus, boron, and compounds thereof, on a

Support material.

. AVENSED SHEET
Emet.zei t:05/08/2004 22:29 S e acaBB PO T e



selected fromthe group of Goup IA netals, Goup IIA netals, nolybdenum
tungsten, chromum titanium hafnium zirconium vanadium thallium
thorium tantalum niobium galliumand germani um and m xt ures thereof,
and optionally a rhenium co-pronoter which may be sel ect €dPFFEIRCLHE or
nore of sulfur, phosphorus, boron, and conpounds thereof, on a support
mat eri al . AMENDED SHEET EnPf. zeit: 05/238/ 2004 22:29 r=wri.iir .:689 P.005
22 Decenber 2006 24 4. A nmethod as clained in any of clainms 1-3, wherein

the organic halide conpri ses one_or r e _chl orohydr ocar hons, or.
br onmohydr ocar bons. }gmrg%hr?ét ﬁSdcggl%T%iDlr?e&n nggnlg’yé mscﬁa‘il‘g’r’rswlf?ﬁ?l%er ein
t he cat al ystei srpaetsdakaedebyonpni sed icng tiremoad adhistrohytiroaarigoant i ty of

the organic _h Iicde%g the.range of fromO0.01 to 50 nmole/kg catalyst, in
particul ar “Fr SR B 05 1526 °ffol e/ kg catal yst, more in particular fromo.1

to 10 nmmol e/ kg cat £ alcul ate t basi s, of the hal ggen. content of

t he organi c hal %de,aia tgot%e%%e(?g?hrg%@iqﬁl Eﬁg ?gn%lealo s g”&m wﬁ%ﬁe*% 265 C,

nor e pref etabl yatalytdie icapge-ofakfedrb2@@ntect 28 Qe icackigiverith A net hod
p 4 ]

as clainmed_| 0 L.ai - wher gl in v t he
pre- soakedql'élg?g %%téfccc)crrrl%r F%gén?ﬁe or%a%ﬁckﬂgl% ealt%%z%ggﬁcgh ation in the
range of fBenMmMuOla/ikel Gatalpsht WpspartiSxleritywt 6-%5 ¢al 20l ek /O t he

s oaEa L E0R0,00keRL L poRld Y &b BDE dPta) kBEdyd- A ethod as

claimed in any of clai rein t period is In range of from
20 to 40 hearslyst. Asdsthstiedscr| tigrdwsiin afyche rellages ¢oftentherfein the

t enper at ur @xkLS M543 710G aid Ny PAlHGUE B | 1 tdy e, pf m 200 to
265 C, when th%ﬁ%aeed ig pa?se?j over “bltehe pree-is}%)aélz‘%d%g?gl ?/gtfé%rp A et hod

as clai nedFR &my2%F Et arvEe PrBLofRELy| n the range of from 200 to

260 °C, inclusive.

5. A wmethod as claimed in any of ¢laims 1-5, wherein
the feed passing over the pre-socaked catalyst comprisss the
organic halide at a concentration in the range of from
0.01x107™* to at most 1.5x10"% mole-%, calculated on the basis

of the halogen content relative to the total feed.

7. A method ag claimed in any of claims 1-6, wherein

the period is in the range of from 20 toc 60 hours.

8. A method as claimed in any of claims 1-7, wherein
the temperatur= is at most 270 °C, in particular in the
range of from 200 to 265 °C, when the feed is passed over

the pre-scaked catalyat.

2. A method as= claimed in any of claimz 1-8, wherein
the feed passing over the pre-soaked catalyst comprises an
olefiq, in particular éthylene, optionally a saturated
hydrocarbon, and oxygen, and wherein the guantity of the
olefin is in the range of from 5 to 70 mole-%, in particular
from 10 toc 50 mole-%; the guantity of the saturated
hydrorarbon is in the range of from 0 to 70 meocle-%, in

particular from 10 to 60 mole-%; and the guantity of oxygen
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the feed passing over the. pre-soaked catal yst conprises an olefin, in
particul ar ethylene, optionally a saturated hydrocarbon, and oxygen, and
-wherein the quantity of the olefinis in the range of fr 5tq 7 | e- %
in particular from 10 to 50 nole-% the quantity of the ggpﬁ?%”?%éad%dgo
hydrocarbon is in the range of fromO to '70 nole-% in particular from 10
to 60 nole-*; and the quantity of oxygett AMENDED SFI EED

EnPf . zeit: 05/08/ 2004 22:29 rnNi .nr.:689 P.006 22 Decenber 2006 25 is in
the range of fromO0.5 to 15 nole-% in particular from 1 to 12 nole-% 10.
A process ds¢ ¢hathedranysamf §fowl @i ety 1F mahere AN PRTSLEPLRE) Txem
concentrati;on of 5t he, or;ganic halide is at |east 1x10-4 nol e-% hi gher than
the concentration applied in step (b), calculated on the basis of the

hal ogen content ;grelatiRd@ bhecifimla figedny 1dr AdkRCess, aghetaiqred in
any of clainms i-10, wherein in step (a)_ the feed conprises the organic

hal i de at iBoREBAL FE iO01F SORFRANEFAEHS Sl EBR| SFI3P 1% PRSI &FiRtoxide s
at its opti A € - | Ad i f al 1 .wher ein

t he ol efi nllr%glét %%JfOener&g%%s%l%?g%egiéggs(c)‘:rﬂégF%ﬂﬁ%lge;lrﬁé@ﬁ-%}élé? iﬁ\g di al

et her, or a@teal Khhol zstiovdatednpri thadasdmvelt thry cgiegf FAnteRt de i nto the

1, 2-di al, 1;2zdial gt her s 0r dhe al kanol am ne, wherein the olefin
oxi de hag %‘Je%gﬁ %bgtag!l£ neél%by a pr%cess for the epoxidation of an olefin

according to any; ofa ghdicdkslad 21 NENDER ShFE: HMTszelins05/ 08/ 2004 22: 29
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wherein in step (g} the feed comprises the organic halide at

concentration at which the selectivity to the olefin oxide

iz at its optimum.

1Z2. A process as claimed in any of <laims 1-11,

wherein the clefin is ethylene.

13. A process for producing a 1,2-dicl, 1l,2-diol
ether, or an alkanolamine, comprising conyverting an olefin
oxide into the 1,2-diol, the 1,2-diol ether, or the
alkanolamine, wherein the olefin oxide hag been obtained by

- a process for the spoxidation of an olefiﬁ.according to any

of claimz 1-12.
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