11 Decenber 2006 A METHOD FOR THE START- UP OF AN EPOXI DATI ON PROCESS AND A
PROCESS FOR THE EPOXI DATI ON OF ETHYLENE FI ELD OF THE | NVENTI ON The

invention relates to a nmethod for the start-up of a pro
epoxi dati on of ethyl ene, which process1 enpl oys a silverfﬁéég%ﬂ%?3@?§

sel ective epoxidation _catal . . The_i |
Tor the. Pepatass| BRROT R AyEs UE LI BedRLBhd EolChRORR) AP0 T00S

met hod ofpd hissd NENtHen. £ RACKSRENP &F FHETLNENTI ON The catal ytic
epoxi dation of ol efins over silver- based catalysts, yielding the

correspondi ng ol efin oxide, has been known for a long tine. Conventional
silver-based _c a+ ﬁt fﬁ&ﬁovided the olefin oxides with notoriously
Iom/seleé@ﬁgﬂﬂ#iing—éégﬁgier—mhen usi ng conventional catalysts in_the
epoxi dati on ofries hyhesst ibherstheeti ubt g mechadds$ cat WleerfEand 2 xpr essed
as a fraction of the ethylene cqnverted, does, not reach .val ove the
6/7 or 865.prﬁﬁﬁéS%ﬁqnﬁ't‘—.eTﬁBPéF-gﬁé,lOPhi%fd|?WPY?%%%'|g‘?‘d\%‘eg‘%‘%@%nsi der ed
to be the retical | y; maxipBhssgl eGlighity Okelbbisveeacépaniddased on the
stoichion%‘$€8%$ t%% reéct%on gquatior?.li CH4 + 6 02 => 6 H4qﬁT 2 C02 +
2 H20, cfcathlks€t hitbe' SnFenydioopedise afeleHed? cBP FePRRGSSFY, % d-"ed. ,
Vol . 9,1980, p. 445. The selectivity .determ 19 & O gt gphit he
econonica?P%¥f¢%Ef?9eﬂ£s§%§Vﬁgﬁeépgéﬁ%§t%gﬁk%%%%éés. For exanple, one
percent ipproyenRsatoEnchihe saleativhty of the epoxidation process can

reduce the yearly operating costs of a |large scal e ethylene oxide plant
subst ant | BACY¥GRAUNDePENFHE PNHENTHON

The catalytic epoxidation of olefins over silver-

based catalysts, yielding the corresponding olefin oxide,
has been known for a long time. Conventional silver-based
catalysts have provided the olefin oxides with 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-% 1limit. Therefore, this limit has long been
considered to be the theoretically maximal selectivity of
this reaction, based on the stoichiometry of the reaction
equation.
7 CoHy + 6 02 => 6 CoH40 + 2 COz + 2 Hy0,

cof. Kirk-Othmer’s Encyclopedia of Chemical Technology, 374
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 costs

of a large scale ethylene oxide plant substantially.




The ol efin oxide produced by the epoxidation process may be reacted mﬁth
wat er, an al cohol or an amne to form a 1,2-diol, a 1, 2- d|oI ~ether or

al kanol ami ne. Thus, 1,2-diols, 1,2-diol ethers and alkan 5 be 5
produced in a nulti-step process conprising olefin epoxi qﬁﬂgﬁ 6
converting the forned olefin oxide wt wat er, an alcohol or an am ne. Any
i nprovenent in the selectivity of the epoxidation process can also reduce

the yearly oper alifg. CoN RS B¥SHGLLa RLPGERS o BtiBlEs ) iRt on of

al 2-diol, a1, 2- er or an anol am ne. dern sil ver-based
epoxi dat i on caexl bstsemi@%vgltﬂ'ywaiierecm viElachRdr @5 BRerNinNeg G form

production. Wien HS? t qﬁqw cehel V&t S gﬂcgﬁoggﬁﬁgat i e0f et hyl ene
y towards eth

the 15 selectivit ene oxl de can reach val ues above the 6/7
or 85.7 nol e %.Brdmls.eﬂerz-@dotloetSaEﬁ G Hlkaned pmineg Mavithe yst s

O 5% o IPRRHLERE N B ShilNSiocdp BEOAEH WdnpiaaRARCETge dopant whi ch By

be sel ected anium holybaenam tungsten and nitrate- or nitrite 20
f ormi ng conpoapds;l.detf.:.ori @ndemmmee‘tm%hﬁmdaﬁae@glmxmm A

reaction nodi {iec. faor aﬁf@c{ﬂyle ANl SRATLE. N A8 mprBBYmERE atflagdhd 0 the feed

to an epoxi dat1on process Tor |ncrea5|ng t he select|V|ty (cf. for exanple
EP- A- 352850, s2ietBiw A7 63 Theaspowsdat g arggesihcen a}eo tregduqe

i ncor por at ed %y,gagasf fo@e,rafm o B b%f{% ogg&aﬁua?g@éé@sfaﬂwche

undesirable o on n-or olefrn to carbon di oxi de and

wat er, rellati perotioctien afes le@-Baedat & oh erdl@llefethel;xpaea,m by a so-far 30
unexpl ai ned A-352850 teaches that there is an optimumin the
selectivity g%ﬁggﬁ g%ﬁ%%:cﬁ the concentration of organic halide in the
feed, at a const aMbdemy geirl veorrbaseidoepdeiddtiamd cgtadnstetaxg highly

selective towards olefin oxide production. When using
the modern catalysts in the epoxidation of ethylene the

15 selectivity towards ethylene oxide can reach values above
the 6/7 or 85.7 mole-% limit referred to. Such highly
gselective catalysts comprise,_in_éddition to silver, a
selectivity enhancing dopant which may be selected f;om
rhenium, molybdenum, tungsten and nitrate- or nitrite-

20 forming compounds, cf.‘for example US-A-4761394 and US-A-
4766105. '

A reaction modifier, 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,

25 US-A-4761394 and US-A-4766105, which are herein
incorporated by reference). 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

30 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 conversion level and given set of

reaction conditions.



reaction conditions. 11 Decenber 2006 3 During the initial phase of an
epoxi dation process, the catalyst experiences the so-called "break-through
phase" during which the oxygen conversion’is very high, he sel ectivity is
very low, even in the presence of a 5 reaction nndifier,'gnﬁe?%gxyabgé
epoxi dation process is difficult to control. It mght take a long tine in
the start-up of a comerci al epoxidati%n process for the conversion to

drop so that the reactjon can ,myre easjl controlled at a ractive
Ievgl of the sel ect P¥¥i%g the Ilinl?jbéi WT%"O&%Q%FR%’“( %ﬁl‘frhé’fgclgégém

econom cal i negRt c¥ealPsts xpledd ehbes stitd tsatzafeedotbreak-mkeughe cat al yst
operate at a high selectivity wth a m ni rum dela¥. US- A- 515 %4% rel ates
to the start-uFP8Feandusing, seigh P8R PFYIEL SMYEFRI AR a2 T orventignal

catal yst is enmploxelect ity Ispaeept LEWL uRRI N ihhehe psesbrad afed an

| nproved start-up g( ocedure .V\/nereia tﬁe conv.e%ﬁ:i.onal catalyst is subjected
to a pre-sodk pFEALEHORMeHEietyo8BACERS e RITE FISRi REASFTHe™at a

tenperature | ess eirha1e0cd enRenat | ng highenaker @8 bbng heineedat ahe
US- A- 4874879 rel ates to the start- ugéof an, wherein a

epoxi dati on péorcq:rsﬁfé
hi ghly sel ecti #&aZ5rEPyRE 2 [COMBRELE9E CPIF A O RF RRESHOUMENT there i s
disclosed an ideRkeYedos!Es driep RBOOEREU chahrsaeitiiohheahi minte/ e25idgl ective
catal yst is subjected to a_ pre-soak Eeripd i_n egp ﬁéeggﬁ%q} t.he organic
a

h
hal i de at a temScCantreliedat RaAttRacthis &8s P S

reactor. ThigS %ﬁ\@gu{zﬂ:}ﬁﬁﬁ: dayanpatBat Ol iexhanecoiemiraibl ens
associated with the duration of the_start-up. I—b\A/evSréngomiﬂEe Q:%sé been

experi enced thdmcestive teishopten §heephart-up perio
catalyst operate at a high selectivity with a minimum

delay.
US-A-5155242 relates to the start-up of an
15 epoxidation process wherein a conventional catalyst is
employed. In this patent document there is disclosed an
improved start-up prodedure'wherEin the conventional
catalyst is subjected to a pre-soak period in the
presence of the organic halide at a temperature less than
20 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
an improved start-up procedure wherein the highly

25 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. This
procedure may alleviate to some extent the problems
associated with the duration of the start-up. However,

30 it has been experienced that, still, it takes several
days for the catalyst to pass through the break-through
phase. This results in considerable losses of olefin

oxide production, as described hereinbefore.



days for the catalyst to pass through the break-through phase. This
results in considerable | osses of olefin oxide production, as described
herei nbefore. 4 11 December 2006 WO 9%/ 05896 proposes a_ silver-b %g
catal yst which conprises, as a further conponent, a seléik@ﬂeﬁﬁﬁﬁi1 y of

chl oride. Suc have inproved starf-u ar i Sti ower

cat al ysts whi g’}!]&g%?/h ?é%%nﬁ]iospec <hi Sri %iv B_I\ﬁ/ﬁﬁ%gdlg%i%{Y%Em}%The
present idwgiiods proyi desaumihasbrigdnddte, st aellevpedf cuapitdegssof or the
epoxi dati on of ethylene, which nethod conprises - contacting a packed

catal yst HekPekf®ri si BYCch si I9adalsdsed SpR%E dat PERTENED ystShi P

conpri ses,. gﬂgi I o] il.ve p et alyan e y

sel ecti vic%}iléflden an%%%gc%op%ﬁ%g sg?gg%%egro%ﬁ%%ni 3% %D#de%l%ﬂn?l%ld

t ungst en,cloromig ecur sor of the catalyst conprising the silver in cationic
form with a feed conprising o en at a tenperature of the catal yst bed
above 26dﬂg@ﬁﬁﬂﬂéziﬁg%ioHE$§E5€J§Dst 150 hours, and - subsequently

decreasi ng therfemeradane of nddier Lo alpysdvided t anelae ofomt dwst 260
C. In preferred enbodi nents of this invention, anongst others, the
start-up Featodi® s oF par tPWICeHE efpo%i ddre orPoFisEEsSn | AL s RIHEMRRI nent s

t he presgﬂg.éﬁn§ggﬂéﬁlé%§ rigggvides a process for the epoxidation of

et hyl ene, whi ch process Tonprises - contacting a catalyst bed conprising a
si | ver - basedonhighliyigsed ephckedepmdalatdtonbedt adongirisima pr ecilrsar- of the

catal yst conprising the silver in catjonic form wth a feed conprising
oxygen atP3FIEnpReAt{FeIOr FABALYPR yatch comprises, in addition to

silver, a Group IA metal and one or more selectivity

enhancing dopants selected from rhenium, molybdenum, and
tungsten, or a precurgor of the catalyst comprising the
gilver in cationic form, with a feed comprising oxygen at
a temperature of the catalyst bed above 260 °C for a
period of at most 150 hours, and

- subsequently decreasing the temperature of the catalyst
bed to a value of at most 260 °C.

In preferred embodiments of this invention, amongst
others, the start-up method is a part of an epoxidation
process. In such embodiments the present invention also
provides a procegs for the epoxidation of ethylene, which
process comprises
- contacting a catalyst bed comprising a silver-based
highly selective epoxidation catalyst, or a precursoxr of
the catalyst comprising the silver in cationic form, with
a feed comprising oxygen at a temperature of the catalyst
bed above 260 °C for a period of at most 150 hours, and
- subsequently decreasing the temperature of the catalyst
bed to a wvalue of at most 260 °C and contacting the

catalyst with the feed comprising ethylene and oxygen.



bed above 260 C for a period of at nost 150 hours, and - subsequently
decreasing the tenperature of the catalyst bed to a value of at nost 260 C

and contacting the catalyst with the f'ted conprising ethylene and gen.
5 11 Decenber 2006 The invention al so provides a procesgxﬂg%ﬁﬂﬁﬁﬂa@ g a

1,2-diol, 1,2-djol .ether, or an alkanalam ne, conprisin opverting an

of of i n_oxi de 1 W8 {RYCREYR St RESHISER o PiiAs Y RESELRSd e,
wherein thexohebin oxideiias cbper, okdrai agd Nkawdlzecess fesmphRLsing

epoxi dation of ethylene _according to this invention. BRI EF DESCRI PTI ON OF
THE FI GURECRVQUEENT 3howd efid eFicentimda dihofl et tiiehe B¢ dér #ndidlr eact or
outl et st (" ") _hp_ % ti : o] tlef: str as a
function %?ﬁg%é g%ﬂ%ﬁﬁ ?hgéﬁ%%g§?£§é éﬁgégv%ge?%éEkgkgﬁg:P%%#é)sggianple
2 ("11") madn Evaaphed3bl kl ItHocdsar diamfiler . eETAlIAERIDESCRE By ChAReF THE

| NVENTI ON I n ag¢cordance with this ,invention, the start-up of an
epoxi dat i BRCPFBeBIs tRhERePniBVAPGAPY -sel ective catal yst is enpl oyed can be

i nproved gRRgkFAdBRaBRY PRYORUBFEGIENGTERRE catal yst during the break-through
phase to afeed conprising oxygen at a tenperature above 260 C. This
reduces the duFaghoa &f shiswssttde agnaerveaduaa afymidarlsgne repieidals to
hours, while during th reak-__thro| phase, . i h . sence
of ethyle%eFePﬁgogafhtés ié}r%ﬁ)e?rggbrggugelPh%VZt%?%%%gRggi e g%ga hi gh
sel ecti vi tytal Fwitdlery ddiieaq,t hes baeakahdi Dugh ofhatsiee aRuabhowa 260TC in
the presence of oxygen the selectivity of the catalyst increases. Further,
there is Ro)toR§eP Qﬁ&ﬁﬁ(ﬁnzﬁ¥ﬁ@91%oék(5éF?0dFX§Héﬁﬁhﬁ3tﬁeIBp%ra?@on in

the startgpypnpecones 1hess caapkinatedr.
DETAILED DESCRIPTION OF THE INVENTION

In accordance with this invention, the start-up of an
epoxidation process wherein a highly selective catalyst is
employed can be improved considerably by subjecting the
catalyst during the break-through phase to a feed
comprising oxygen at a temperature above 260 °C. This
reduces the duration of the start-up procedure, typically
from days to hours, while during the break- through phase,
in the additional presence of ethylene, the catalyst is
able to produce the ethylene oxide at a high selectivity.
Further, during the break-through phase at above 260 °C in
the presence of oxygen the selectivity of the catalyst
increases. Further, there is no longer a need of a pre-
soak period, so that the operation in the start-up becomes
less complicated.

These findings are unexpected in the 1light of the
prior art, which teaches that high catalyst temperatures
are generally to be avoided, as occurrences of a high
temperature lead to high oxygen conversions, low
selectivities, operation difficulties and short catalyst
life. US-A-5646087 teaches to avold the presence of oxygen

when a silver-based catalyst 1is exposed to a high



These findings are unexpected in the light of the prior art, which teaches
that high catal yst tenperatures are generally to be avoi ded, as
occurrences of a high tenperature | ead®t o hi gh oxygen cqn ersigns (Jow
selectivities, operation difficulties and short catalyst 1] er 2006

US- A- 5646087 teaches to avoid the res ce.of ox%gen mgen E?sklverﬁbased
cat al yst TERRPBSRESt 0 PHF gh &a BEtenbéf 2088PFTERDEr at Gre, and- a

bel i ef i stexpepsselethdir atsot eapeirdd Uheghet & derands hisgherbadygen is
absorbed in substantial quantities into the bulk of the silver where it
has an advepseartiett apanthisiest alyer thar eflkr ek i be BL1DERNPRT2006 6
WO 95/ 058 ches i g rsi I for a very
Mot st afE-DEE Py ROy ras B Ede P P P ERe e PHE Sk R b BDer enches
that extrenely high oxygen conversions can result in hot spots in the
catal yst, which can decrease its |life due to sintering. The Exanple of

US- A- 4874879 relates to the start-up of a conmmercial scal e epoxidation
process. In this Exanple the reactor coolant tenperature was initially at
a tenperature of 450 OF (232 C), later at 480 OF (249 C). 5 The observed
maxi mum cat al yst tenperature of 525 OF (274 C), as disclosed, is in al

| i keli hood the tenperature of only a small portion of the catal yst bed
(i.e. a local "hot spot", of which the occurrence imediately after
initiation of the epoxidation is a well 10 known phenonenon). The
relatively | ow cool ant tenperature ensures that this was a short duration r
r tenperature excursion and that the catal yst bed as a



whol e did not experience the tenperature excursion. Al though the invention
may be practiced in nmany 15 ways, it is preferred to practlce It as a gas
phase process, i.e. a process in which the feed is cont ted E

phase with the catalyst which is present as a solid nat Qﬂce”P§ ‘§§$|y in
a packed bed positioned in a reactor, which may be a tubul ar reactor.
Frequently, in 20 comrercial scale oper%tion the process of the invention

may involve a quantity of catal yst-wh IS east 10 . _exanpl e at
Tenst 20 ko, 1 POGBBAIESE (FerrBek: Bk Ve RiERo R F Ry e e
frequently in phevidédetromdla fvEeQ‘_Ffl 1A3t ¢ (stHi—kig. wibeleris Imortehe process is

carried 25 out as_a conti nuous oces C by |caIIy equi pped
with heat exchda§éiratt |t |°é’§‘tF8 hea?goz?ggggﬁia f‘u%a%a TS As” used

herein, the fe@dtieméPPHItR ettygen bénvdrsionapeant rmmlmhhloe; epatsact ed
W th the catal yst. 11 Decenber used here t al yst
tenperat ure or iphgh et%‘?ﬁﬁ'yétturggéfchtﬁ%n%%eﬁéf bé f %re%r?e?oto be the
wei ght averagegigppgiggure of the catalyst particles. As used herein, a
hi ghly sel ective silver-based 5 cat al aI I 8.,at | yst i ch,
when operated fresBhe Bxpmls gt U FnAfﬁ'}"gBa@ %ﬁig |s%'r?¥§f et hyl ene
a theoretical gel ﬁcébﬁﬁhé:b'cﬁl %%&Qeoéﬁmmaﬁmveﬁ:ece@s SCIn a:ﬂuat | east 6/ 7
or 85.7 % Mrre in particular, this_theoretical select|V|t %ii%

0 or a

acconpl i shed alExémPéac‘ElP%rFelaé’rFﬁér SPRT R b LFMGTALULA VAT FTHi

gi ven cat al yst i geﬁ\%ggglt\kye YFelaabi Py (J2 °cpi datwr, atndpartE c(@4dar Q. a
tenperature of 260

in a range of gas hourly sg ce v]_gv%citoge resul ting
in a rangeSof T8l eBEE%YES MANigME SAEADYSHHPTREHOEIEE o
correspondi ng Y{@7ihexy ange a9kclasedoUd inSpatel éitidddethe

temperature of only a small portion of the catalyst bed
(i.e. a local “hot spot”, of which the occurrence
immediately after initiation of the epoxidation is a well
10 known phenomenom). The relatively low coolant
temperature ensures that this was a short duration : S R
temperature excursion and that the catalyst bed as a
whole did not experience the temperature excursion.
Although the invention may be practiced in many
15 ways, it is preferred to practice it as a gas phase
process, i.e. a process in which the feed is contacted in
the gas phase with the catalyst which is present as a
solid material, typically in a packed bed positioned in a
reactor, which may be a tubular reactor. Frequently, in
20 commercial scale operation, the process of the invention
may involve a quantity of catalyst.which is at least
10 kg, for example at least 20 kg, frequently in the
range of from 102 to 107 kg, more frequently in the range
of from 10° to 10° kg. Generally the process is carried
25 out as a continuous process. The reactor is typically
equipped with heat exchange facilities to heat or cool
the catalyst. As used herein, the feed is considered to

be the composition which is contacted with the catalyst.



enpl oyed. The selectivity values found are then extrapolated back to the
theoretical selectivity at zero oxygen conversion, So. As used herein, the

selectivity is the fraction of the converted olefin yieldi t he fin
20 oxide. Generally, the highly selective silver-based égtd[]ﬂ%ﬁglbef 260}

supported catal yst. The support may be selected froma w de range of inert
support materials. Such support materi’als may be natural or artificial 25
inorganic materials and they include silicon carbide, clays, pum ce,

zeolites, char®Bapsethdeneis) i ke sty CAMPREA B faSEs *P8uch as cal ci um

carbonat e. Pretepp@cht et orethacéftyiytopest isvdedned To HeclBhas al um na,
magnesi a, zirconia and silica. The nnsté&reLerred 30 sEpgﬁntlnaterialﬂis
a-al umi na. TheYeiFHoravarddsr FaTPREaing SLabPS PRTIRSLPRTRAS ®*Breferably a

surface area, as negsuiRd Berbig, Ba bhighlymekhedtiwé siflveErsbasd8dn/ g and in
particular fromO0.05 to 20 mZ/g. Nbretl%referagl tgﬁlB' E.T. Eu&face area
of the 11 DécefPedlySfnss geBERROIY F LatRLYRL ¥ h%/}é' & PPESALBY in
particular froprefhl ddh xRiBREJin AShdigR$ bRASE NepditividtibnTofsur face area
is deemed to have been neasured, by the nmethod as described in Brunauer,

Enmet and Tel | €Ehylene azpheerehical sglectayity o&B) ey oX¥F® xneral |y, the

hi ghly sel ecti ¥gngdtaitm,ba5etof Gt alewstSegPrgy ig®,7 k0 aferéinm to silver, a
Goup A netal, and one or nore selectivity enhanpcin d%pants sel ected

from rheni um RBFyARIHFY thig Ehegkewiralspeyertiyity ol e present in a
quantity ofiof r gtdfpliamid) a®/ Kdrefdridif teabakatatal ost260TRe. GThyp | A

nmetals, as well as the selectivity enhancing, dopants, may_ each behpresent
in value of Sy 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
range of selectivity values and oxygen conversion values
15 corresponding to the range of gas hourly space velocities
employed. The selectivity values found are then -

- extrapolated back to the theoretical selectivity at zero -~
oxygen conversion, Sg. As used herein, the selectivity is -
the fraction of the converted olefin yielding the olefin

20 oxide.

Generally, the highly selective silver-based
catalyst is a supported catalyst. The support may be
selected from a wide range of inert support materials.
Such support materials may be natural or artificial

25 inorganic materials and they incldde silicon carbide,
clays, pumice, zeolites, charcoal and alkaline earth

metal carbonates, such as calcium carbonate. Preferred
are refractory support materials, such as alumina,

magnesia, zirconia and silica. The most preferred

30 support material is o-~alumina.

The support material is preferably porous and has
preferably a surface area, as measured by the B.E.T.
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



a quantity of fromO0.01 to 500 mmol e/ kg, cal cul ated as the el enent
(rhenium nol ybdenum tungsten, or Goup IA 15 netal) on the total
catalyst. Preferably, the Goup A netal is selected fro i thiu

pot assi um rubidiumand cesium Rhenium nolybdenum or fh#@@?@ﬁghQQB

sui tabl y-be provided as an oxyanion, for exanple, as a perrhenate, -

nol ybdate, or tungstate; in salt or acit form 20 It is preferred to avoid

a high silver density on .t surface of 't hi,ghl y_s | L-ahyst,
i.e. the quanﬁ“ﬁ’?"# il %Irﬁ}eelrgf'gﬁ ?g ?h{;etsourl éc'yema 4'é’g&o"lf“}/lteahrgqf support ,
in order to dini.ni b Bo0tdly.si Abcused) lfretine thel BeR.T Weirfacewrs®ing to

be bound by theary, it.i 5 believed tha | i of the silver
on the catal ysftis ?ﬁﬁ“ﬁgeéfﬁr%/a‘f)ec?ﬁmmﬂgﬁs ’tﬁeeéﬂ g?{?s?é?fslg%x{{)%sed to high
t enper at ure, wdeshribadsih Bruneecuct Emnet rartch@eldaralinsd: sAmi fGiemre.

Typically the quantity I lyer ,.relative to the surface area of the
support is gt q‘r’ri'JS’é"t 69%%&)9/:}@ 3%8|’e typically at nost 0.2 g/n2. In the

normal  practice of gehesallyentieohighbe selbeitive ofilsefvixased el ative to the
Frequont |y at I<E5eLYBBoogmmEteey: TR bbbt S Ver Bt AP 3ot or ence
are the silver reased anfabystcr mulriecBeteopivisty renbancimg i depatdisti on to
e ST SRS (RS SO RIS LN O A LD
silver, rheni usokugeapbensrédetedh, aaquantitierofdtrain 0 tolued keher eof
o O 0L bR B Gl R 8 e o
material . More tapeselleesl vty henhHanctihgr ddpaned almays eachebe aurdsegn tihe group
of Group 1A ne%?g%hntity of from 0.01 to 500 mmole/kg, calculated as
the element {rhenium, molybdenum, tungsten, or Group IA
15 metal) on the total catalyst. Preferably, the Group IA
metal is selected from lithium, potassium, rubidium and
- cesium.’ Rhenium, molybdenum, or tungsten may suitably-be -
provided as an oxyanion, for example, as a perrhenate,
molybdate, or tungstate, in salt or acid form.
20 It is preferred to avoid a high silver density on
the surface of the highly selective catalyst, i.e. the
quantity of silver related to the surface area of the
support, in order to diminish contact sintering of the
silver. Without wishing to be bound by theory, it is
25 Dbelieved that contact sintering of the silver on the
catalyst surface may occur when the catalyst is exposed
to high temperature, which leads to a reduction in the
catalyst’s lifetime. Typically the quantity of silver
relative to the surface area of the support is at most
30 0.22 g/m®, more typically at most 0.2 g/m’. In the normal
practice of this invention, the quantity of silvex
relative to the surface area of the support is frequently

at least 0.01 g/m?, more frequently at least 0.02 g/m?.




Goup Il A netals, nolybdenum tungsten, chromum titanium hafnium
zirconium vanadium thallium thorium tantalum niobium gallium and
germani um and mixtures thereof. Preferably the further netal is t5
selected fromthe Group | A netals such as lithium potasti H&emRa5i28P8m and
cesiumand/or fromthe Goup IlA ':netal's such as cal ciumand barium

Most preferably.-it is lithium potasstum and/ or cesium. \Were possible,
rhenium the further nmetal or the rheni um co-pronpt ed as an

. moter is 20 praqvi
oxyanion, in salt oPfagPeciak mreferenee ake éiﬂijﬁt‘-%vﬁf"}t’ﬁ%e%d’rﬁ’fﬁﬂfgﬁ & of

these catal yst $alf, c¥hpPi s MerdlRd 85 4 Elenest solvéhe gwehal catal yst:
- silver from1l0 to 500 g/kg, 25 - rheniumfrom Q.01 tq 50 41%/kg, - the

further metal oRtadvErs a¥gnkewn ExonoBStAmAE4dF4 8a8nUSa: resent, -

the rheni um _Co'v}?ﬁ%i{“%% Dhc&bdVATRt BESels A Geketrendd. MBRdAIUY each. 30
The preparation of the catalysts is known in the art A and the known net hods

are appl i calfl e thevt BPEPFRRRAIIET . KBERLWE F SFESHPANEReRRCTattal yvst

| ncl ude i Pr egnglichdy hOEaPUPP Udmpbuhll EnélddiCTand0BPRUBAARI AN LN of her
catal yst ingredients, and performng a reduction to form 10 11 Decenber

2006 netal | i c Henjpm pareFeneter mbichemey ke edefreBone®ple, to

US- A- 4761394, LS A 46 USsids 2380627 bdion A=2390hbounis Fhei 268998,
US- 2002/ 0010092}%&%, 6\%\0938%?5%%&&\% O%/ 1b5334 and V01§l%?153§€iqt$hi ch are

i ncor por at ed hereithebguppext ewrteriadi-t a¥pee ciReglfdcaliy, the hi s
nvention 3, fdta1e¥8MBLectdlf froi She iy SMErSupSiacabadist s,
e

commercially availa rom CRI .
Group IIA metals, molybdenum, tungsten, chromium,

titanium, hafnium, zirconium, vanadium, thallium,
thorium, tantalum, niobium, gallium and germanium and
mixtures thereof. Preferably the further metal is

15 selected from the Group IA metals such as lithium,

. 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

20 provided as an oxyanion, in salt or acid form.

Preferred amounts of the components of these
catalysts are, when calculated as the element on the
total cétalyst:

- sBilver from 10 to 500 g/kg.

25 - rhenium from 0.01 to 50 mmole/kg,

- the further metal or metals from 0.1 to 500 mmole/kg
each, and, if present,

- the rhenium co-promoter or co-promoters from 0.1 to 30
mmole/kg each. -

30 The preparation of the catalysts is known in the art
and the known methods are applicable to this invention.
Methods of preparing the catalyst include impregnating
the support with a silver compound and with other

catalyst ingredients, and performing a reduction to form



Cat al yst Conpany. This invention may be applied to new catal ysts, as well
as to aged catal ysts which, due to a plant shut- down, have been subjected

to a prolonged shut-in period. The i nvht i on may al so be | i ed
precursor of the catalyst. By a precursor of the catal y@?gg%e”%l%%ﬁo?he

supported conpasitiqn_which_c ises Lhe silver in educed, i

cati oni c"}egc *and Stniv&t fﬁﬁﬁggﬁggﬁprflgggre{lﬁg c%%o#gént gﬁgncgec’essfg‘r%y for
obt ai ni ngxainire r egbictisen -4hg 1 zicat, enseh ey Sl BStAvB3Basaliystus-In this
case, the reduction will be effected during the contacting.with_ the feed
conpri si Ay SHARFEIP at  aUPeRpefabBPasabovdS2E® 0/ OO Afoxi dBti on Hcess may
be air-b -~ OXygehn- see  Kir k- LhRBE- cycl a of em cal
Technol 03333?/(&3:%&3@. , q@]oIO&gf%%% p?' 45-%7%(%"@% g'ai rgﬁgg?'ed Srr?(;'ess air
or air enmahgbrittdd okggenni Svenpeédyeencas tSd tsdlrececatal hetexifditzi ng

agent while in the oxygen- based processes high-puri.t > mol e-%. 11
Decenber o6+ 1Eﬁ6§y %%%%@%ﬁ gg’rt ﬁé‘%’%ﬂlﬁge %ti‘é/t %égg%’disziar%l agent .
Present | Yy (St enoxi dadt &1yt 4Nt ScehRe PEYFEDy bagediandl et hifsors @RI ef erred
enbodi ment of the present 1nvention. oxygen Is typically applied at a

concent r_élait@rim‘ﬂ HPMBRIRY 0| ds the flammabl e regi me. The concentration of
oxygen in {hayfeed; MBY,DE AIdS] ol a5 JNG LONEENLA | oR- 0T yLbe, Afin i's

changed so as renal n out'side-the fl e regine. ctual safe

oper ati ngvgldngas dependedal eagalwstd e dleeddouenposi & opl amt sehut -t he

epoxi dation 10 conditions such as_the catalyst t _r%mr ature and the
Qﬁfgl

pr essur e. e é}ad’%ik??%lﬁ%,e_%eq e e RAF G Wi PECDarti cul ar
an organi c breifide; n@og: D enhy RAd] CHk ahpBlied to a precursor of

the catalyst. By a precursor of the catalyst is meant the
supported composition which comprises the silver in
unreduced, i.e. cationic form, and which further comprises
the components necessary for obtaining after reduction the
intended highly selective catalyst. In this case, the
reduction will be effected during the contacting with the
feed comprising oxygen at a temperature above 260 °C.

The epoxidation process may be air-based or
oxygen- based, see Kirk-Othmer's Encyclopedia of Chemical
Technology, 3rd ed., Vol. 9,1980, p. 445-447. In the air-
based process air or air enriched with oxygen is employed
as the source of the oxidizing agent while in the oxygen-

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




organic chloride. Preferred organic halides are 15 chl orohydrocarbons or

br omohydrocarbons. Mre preferably they are selected fromthe group of

met hyl chlofide, ethyl chloride, ethylene dichloride; ethylene di

vinyl chloride or a mxture thereof. Mst preferred reaétldﬁ? Hﬁﬁrgéégns are
ethyl. chloride and ethylene 20 dichloride. Al though the organic halide may
be supplied as a single conpound, upoAlcontact with the catal yst a variety

of conpounds may be forned which function as reaction 4g%y'f|ere @nd whi ch
may be present SPHIPReif APLYed 88 FRR\RIUFGE 5 hie H I BT I ETEPE: when

appl ying ethyl preBkatiganddt @@o&uaatm pRerie arecmgeﬁ*tms‘eﬂednday in
practice conprise ethyl chloride, n chlorldﬁ et hyl ene di hIorlde and
net hyl chl ori dé‘hlﬁnlﬁr%f%‘??f&i’rgﬁbﬁﬂp?éﬁl‘%nt &EgERP PREFTHe TWRESPByed 30

as the single react pppgamdid |t@b1cbm19t$ﬁ511@83@dl a‘eabﬁcentrh‘atﬁmhewhd)ch
nitrite-form ng conmpounds ni trogen i des_and f?FT%gaglc nltrogen

e.d.
conpounds, dr e ay9égdsakhe kammabl e sartRey t FRBFS r §EXIE hal i de,

in particular janeqe0d2ged Y O d8juStiéd adl ahal tongent vt ites ofl tBecenber
2006 12 are of the general fornula NOx wherein X, &hiéﬂ denotes. the ratio
BgEhe t EaDe

of the nunber & eék?géﬁ chapaed 5 Rs HompRRigy oulPi §inthe

range of from kelg@mé. THRES Gactialll 88€E &périas nghehiiges fdspendmallenyO, N203
and N204. 5 SU|tabIe organi ¢ nitrogen conpounds re nltngacoggounds
nitroso conpouidsh shenkeed (ampesiEigRg §9wqpe§ ef GPOxH

ni tromet hang, Jc’o?zﬁ&%@@ﬁé’pé’tﬂﬂn Qs 2hel Eé@&Iﬁlﬂrt%mpekhﬁlﬁﬂélélﬁd tnedr oxyl ami ne
or ammoni a may be enployed as well. It is frequently considered that under

the 10 operati M¥S€888Pti ons of ol efin epoxidation the nitrogen
The organic halide, as the reaction modifier, is in

particular an organic bromide, and more in particular an
organic chloride. Preferred organic halides are

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 chloride 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. In 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



containing reaction nodifiers are precursors of nitrates or nitrites, i.e.
they are so-called nitrate- or nitrite- form ng conpounds (cf. e.g.
EP- A- 3642, US- A-4822900, which are’incorporated herein ? ref eren . 15
The feed may contain one or nore optional conponents, suiPeS@“ &

di oxi de, inert gases and saturated hydrocarbons. Carbon. dioxide is a
by-product- in the epoxidation process!2 However, carbon dioxide generally

has an adverse effect on the catal yst activity, .20 _and._high.co ntrations
of carbon di ox?He of &hengeesrt ??%ﬁiléaF‘Py %ed@d.’"Tﬁlé"?}geﬁmgQ%g may be,

for exanple, théraged OFf BheOhumitsr dToxiyger dtwueaio tSei hebber ofat ur at ed
hydr ocar bons ar e propane and ¢yc| opr.opane, an I n partigul hane and
et hane. Satura?bﬁ"‘p‘?ﬂé"r &’P&F‘Sonégﬁn E@“&&d%g £ ﬁ‘e t1pe(e2\d ?’!ri‘lh%%jer to

i ncrease the oxygesyed loxidabi bhéJudé Nidr. elample avo calo) yeaids Made utilised,

It b ful i I nst t t t th t al [ t
cartyi ng ouf tPELEARYE SRgeRaEHBUC P TLISCBEPFAGE (ARG E SOVRIRE

tenper at ure w At Posd\RRpipdandas ARisdd)d ndegatédaand afialnities, Ther sweepi ng
gas is typically an inert gas for, exanpl e nitrogen or,.arqon,_or m xtures
conprising ni WWB&EQ‘%& lI‘T‘TB":Ir’Tr:?’Bﬁ"B%’?%I%%t ‘f‘éﬁﬁ&%ﬁ?ﬁ °- converts
a significant tdHhedl HQEYBRY Tamind Qgeambdnearb e 20DGoyéd gonpounds
whi ch may have been used I1n the uf act yre oé tﬁfé%%falé%ts to nitrogen
cont ai ni ng gas@%lhhiéﬁ'&Pefrgﬂgﬁggﬁbqq?%ﬂﬂsrﬁ st “And*Fenoved fromthe
catal yst. 14N ggeidt iy cARWiEDbEE WGE JIRE ihe epoRDISrl o tivet hétHoger al yst .

Typically, when the catalyst is |loaded in the reactor, by utjlizing the
cool ant heat er SORFRIIAG ECACHI LD BT ’t%réaﬁﬁ?yglfe?‘k“&fgué%t %500 to

250 C and the gAsnitrites, i.e. they are so-called nitrate- or nitrite-
forming compounds {(cf. e.g. EP~A-3642, US-A-4822900,
which are incorporated herein by reference).

15 The feed may contain one or more optional
components, such as. carbon dioxide, inert gases and
saturated hydrocarbons. ' Carbon. dicxide is a by-product -
in the epoxidation process. However, carbon dioxide
generally has an adverse effect on the catalyst activity,

20 and high concentrations of carbon dioxide are therefore
typically avoided. The inert gas may be, for example,
nitrogen or argon, or a mixture thereof. Suitable
saturated hydrocarbons are propane and cyclopropane, and
in particular methane and ethane. Saturated hydrocarbens

25 may be added to the feed in order to increase the oxygen
flammability limit.

When new catalysts are utilised, it may be useful in
some instances to pretreat these catalysts prior to
carrying out the start-up method by subjecting them to a

30 high temperature with a 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

'



flowis passed over the catalyst. The start-up of used catalysts may or
may not require the use of a sweeping 10 gas, but it may frequently be
used. Further details on these procedures may be found Iﬂ I;BJS A—48éﬁ&g9
which is incorporated herein by reference. As indicated TelPesarmRer t he
practice of this invention involves the step of contacting the catal yst
15 with a feed conprising oxygen at a t!8nperature above 260 C. This step
may be consi dered the break throu h phase of the 0Cess d, for t he
sake of claritFogReyRAs ¥R g‘P"FhEe?J‘?d‘b‘@éslﬁ Ef’ Q:

herei nafter by tHeheatalyst i’“ﬂﬂ'fntt&b@uﬂhc@h&ﬁﬁlngTQESGQlM)!J,cﬁ hﬂ:eZO
tenperature of the catal I s at npst ep@ref eEany in th range of
from 260 to 29F%EP nBPel%rfé'fee% ftFFB%a%g Ve80T EC F AT Yt he

catal yst tenpermi aaaiebenge axﬁﬁ@no@s&&yebmaﬁmmtﬁmmddf Prom flex i od of from
0.25 to 100 hours referably from0.5 to 40 h E % cP fer E‘l
§Fsistpa Iess

from1 to 3¢ hGRRIYPH- paF¥RIGALdY -t FERR RS A%

than 10 hours. ddac@eRer Bl utti IiRdidy ¢BkYcoshid hl&all:bﬁd tﬁepmﬁ;mrxraedreas this
will shorten the tine involved in the start- mathgg0 nd |tg | so tends
b

to result in t9fe t08t SPHRWYHRiIR bH‘BPgh'éc‘t‘?v‘ié’ FOt €t9?dugh
phase. The feect 1w g8 ?ayséua SR @yedchbalg br able- "Bbaﬁug&p dfhasedmay be

any oxygen containing feed, which may be pure_ox g |t na conpri se
addi tional comFRtEAVELS\FRY IPE MY, REtt T8RS thfePFe Rle? § ailing 14
11 DecenberltJZOQ.ﬁs cendi L aRsy féquabkYy bdadend F&raherxdwalm‘ onxygen
wth an i nert such as argon, helium and nitr sat ur at ed

hydr ocar bon. Sﬁ’l proFedurns, May beofownd g US Aaﬁgggglage”fp’éﬂ’rl *Ehed air,
or air/met hane iAok Bbeated Nferein by reference.

As indicated hereinbefore, the practice of this
invention involves the step of contacting the catalyst
15 with a feed comprising oxygen at a temperature above
260 °C. This step may be considered the break-through
phase of the process, and, .for the sake of clarity only,
this step of the process will be indicated hereinafter by
‘the term “break-through phase”. Typically, the
20 temperature of the catalyst is at most 300 °C, preferably
in the range of from 260 to 290 °C, more preferably from
265 to 280 °C. Typically , the catalyst temperature above
260 °C may be maintained for a period of from 0.25 to 100
hours, preferably from 0.5 to 40 hours, more preferably
25 from 1 to 30 hours, in particular from 2 to 20 hours, for
example less than 10 hours. In general, a relatively
short period is preferred, as this will shorten the time
involved in the -start-up method, and it also tends to
result in the catalyst being more active after the break-
30 through phase.
The feed which may be employed in the break-through
phase may be any oxygen containing feed, which may be
pure oxygen or it may comprise additional components

which are inert or non-inert under the prevailing



quantity of oxygen in the feed is preferably in the range of from0.5 to
30 W, in particular froml to 25 %, nore in particular 1.5 to 15 %,
relative to the total feed. The inert 4nd non- inert conmpanent s may_be
sel ected anmongst those which may be conponents of the fdddPasempgr2006

epoxi dat i o] a Li bed,herei npefore, and the _quantities _jn which
t hey nmay ggngﬁgggﬁ?r@ﬁ%ﬁéﬁébt% © rfger? S -ta dté]s’&nﬁ‘lf%%doﬁe?’éY%'ﬁ?t‘é?'FhFor
exanpl e, &he ifread Mays, cetphl o ehbybgne hdlium)i cingasect-bgeat hydeng wil |

at | east gartlg he converted into the correspondi n%ﬁ?gpoxi e. Thisis
advant ageBasUREtPE WEr@Sarbonabl 14t oBirctuERe MRY Ofeatfef evamBiten of

the ethyl gng, oxde,dmy AiSicted Nai8CCOUP! 1:3H AL I LORLLRLLLAY Lhg desiTed
tenperature. Another advantage of “havi ng etHylene present in the bFeak-
t hrough paasetisyt bdt cdygempimovemenfeed sel eekifertyplel i heheatahyst nay

be nonitored_ b ni_t Qr.i the rate of _.conversion of the olefin: for
exanpl e, Clgg gréé%lmai'ﬁug:@s%pr%%’es%napﬁFﬁbFF' 24t FoATof U i T ng™PEE e
i ndi cat esihhglartiikelsel ects viby igpgeverenttisenads €REPIRIHON. £Ib4S,

during the break-through phase the feed may conprise, in addition to
oxygen, oh@Sorli®Fe cBRPonedls LRPEEt cePTPRReRERY|BAE, kar bonletbsdide, the

i nert gasgs d reacti I fLer S ani.c | i des tionally
in the addi?ﬁlﬁal pr%%tgeﬁ@é{%? ﬁ%?r z%ee-%@ppﬁlﬁ?%%egffor%%nggggﬁpgﬁﬁﬁ?
However, ¢pexpiasioce mfomess oras nalescafi Heldeshegddhbe@bak , cogpanetis in the
feed duri n‘]_?%t he .break-thhgg h phase is not considered to _be essential to

the i nvenftont195°91 Hec¥ BEYi N t P& S5eSdk- PAY o Rfh pRasele t he

reactor irh@iesP&ESaHEBrhSellyBeealhi rab ML 4000 ke, ML £yd Gal)y at
nost 3500 klg% absolute, nost typically gt nost ZSS%HkPa Y
comprise ethylene, in which case the ethylene will at

least partly be converted into the corresponding epoxide.
This is advantageous as it yields valuable product and the
heat of formation of the ethylene oxide may assist in
accomplishing and controlling the desired temperature.
Another advantage of having ethylene present in the break-
through phase is that the improvement in selectivity of
the catalyst may be monitored by monitoring the rate of
conversion of the olefin: for example, in a continuous
process a stabilization of a declining rate indicates that
the selectivity improvement is near completion.

Thus, during the break-through phase the feed may
comprise, in addition to oxygen, one or more components
selected from ethylene, carbon dioxide, the inert gases
and reaction modifiers, such as crganic halides,
optionally in the additional presence of nitrate-or
nitrite-forming compounds. However, the presence of one or
more of these additional components in the feed during the
break-through phase is not considered to be essential to

the invention.




absol ute. The reactor inlet pressure is typically at |l east 1000 kPa
absolute. "GHSV'or Gas Hourly Space Velocity is the unit volune of gas at
normal tenperature and pressure (O 'd51 atm i.e. 101. \ﬁﬁl?a as igg over
one unit volunme of packed catalyst per hour. Preferably,1 & B?f 0

invention is practiced,as a ase process invaglving a ck at al yst
bed, the G%SVR:iuéﬂinr?trdlfélebrEﬁ%ggﬁggﬁaﬁggph@%@s?h t eré%gaeCtoC%af rlgl% 00 to
10000 Nlresdire |1k arpgithtifancemedi nByto lav@ngabret Bepscallle astart-up

met hod may i nclude prior to the break-through phase several steps, as

fol | ows. "MHstst 3900t HPac arasgbeteraymoBE omiRale wath Mast 1 280 cdisr i si ng
the ol efi optd rocak o L ~87 76t hyl nd

opt i onal Iay%S?r)gt te(lan'e,%rg%]a%é%{%%éfgﬁ%%eg?Q%tgu%s%QZEBPE:FQI%?e?)eEr g%%/s%at a

t enper at WD 0 nkbheabapgatefl fIGHAVYRY t Gas 2HOUElyTHpargaetobakiydesmay t han

be added to the feed Subsequent |y ox n nay be added tq the feed. Wthin
a few nitha ek Y‘H%u‘aﬁdf’%i i Sof2 %ﬁ%&? he® %??td‘é’f?oﬁnaez?&qsghlrermy

initiate.  Typicall al f afalys YnR€ovEeEPNLAC &6 iW ththe organic
hal i de be(foo?qéa't ﬁie ayotxngl/'gein' é|)'s i(gg' ed fﬁ%yt%% erelg.o-\'lf'h?s means t hat, when the
catal yst dfs papkéedd astalyatkedrdmed positi orffewkfiarablneact whenit tihe
sufficient that, organic haLide is detected.in the reactor__outl.et stream

bef ore t HEVGRFJEH i +° BHRAT+6°Lh8St Eed29 PRESPHrRF]TTRE ARBSAVAE Rt & oxygen
may be agdeddd theafieed Bbekayl tameousigy Wikh ihe iganredraltimdeughi ch

practically elimnates the pre-soak period and nakes the start-up nethod
shorter aithdsesa ddmplranged®f Iframis Sty Gi0G AL pEk ¢ i ar enbodi nent  of

Lhe Brevi ous aar agr aplc Wiflf ool el Rent e agbiigLedclclL, Doggpber 2006

hydr ocar bon ( i onal e organic e and oxy
start-up method may include prior to the break-through

phase geveral steps, as follows. Firstly, the catalyst may
be contacted-with the feed comprising the olefin and
optionally a saturated hydrocarbon, i.e. ethylene and
optionally methane, at a temperature of at most 260 °C,
preferably at a temperature in the range of from 200 to
250 °C. The organic halide may than be added to the feed.
Subsequently oxygen may be added to the feed. Within a few
minutes of the addition of oxygen the epoxidation reacticn
may initiate. Typically, all of the catalyst may be
contacted with the organic halide before the oxygen is
added to the feed. This means that, when the catalyst is
applied as a packed bed positioned in a reactor, it is
gufficient that organic halide is detected in the reactor
outlet stream before the oxygen is added to the feed. In a
preferred embodiment, oxygen may be added to the feed
simultaneously with the organic halide, which practically
eliminates the pre-soak period and makes the start-up
method shorter and less complicated.

In this stage of the particular embodiment of the

previous paragraph, with the olefin, the saturated



bei ng added to the feed, the feed conprises typically the ethylene in a
quantity of from5 to 70 nole-% nore typically from10 to 50 nole-%; the
saturated hydrocarbon in a quantity otbfromo to 70 nol e-9 m)re£ ically
from 10 to 60 nole-% and oxygen in a quantity of from d158cgmbes e-%

nore typically from1l o 12 le-%_,0t may be a%agln.t eous, to_apply prior
to and dUF{HLIHEH eanptt]H? b pHdse LI o e]ﬁflego ht roéiﬁ)%er{}/and a
|l over olwfidy congent eat ikor ifeddie flaedies@nmpamnpgdivelh tife dfaeeqd the

conposition in |later stages of the process during normal ol efin oxide
product i cihyl’e d¥ygen dvepBeAtYat®®Hn N aS | 6Rer 78| F9+HE cOncdMtEati on in

the feed will C e, ~0XYg ecsion.l.evel (e =To LY ously,
hot spots |lnca¥wca¥é$yls" g%geggeﬁggrg %véi 3&3 \aé%(tj;ut%%gtetgfglgess ﬁl‘lt e nore
easi |y cani rol trakheityhefcdreantar aid ono ohobe gani morbkaltiygd dal Ityhef faeed i s
typically maintained_at from0O. 05x10-4 to 50x10-4 nole-% i articul ar

from 0. 2X4049 08 030%LEF inct ¥ XY FEPatPi Cul BRI P5x 182 § -20:HD- 4 nol e

cal cul at egds o1 bes bagibseoft thie Nalogeokont @Bt 12 MebBdiye te Whg tw al
feed. The quantity of the organic”™ halide in the feed nay be expressed

rel ati ve advarieagepiamt ity cbplye bydescakbonand tderired Wyet freadative

quantity as .expl ai ned_herei nafter ypi C e val o] .S..1n the
range of t%]{)onl%gﬁ?Z %’6—% ?o%xrloég}’giaﬁ p%?fél%:gutfraér&f?%ma %10%6qtdg§elf00x10-6,
more in glagfircubahcéhommbxdf- G oc6dxE8e8, ldonipmranl adieint age dfeed his

invention that the concentration of organic halide nmay be relati vaglly hi gh
during t ROMRIBKELIME otiBh Lgtede, s&3Pes haf (ther TR FHt IHE RIS

changi ng diiee 1,£ 0BELALT BLLAlHABH CHRIdNGINRD! EakchE 2UgNoRN AR Of

g the Dbreak-throtugh phase. For exanpl€ during the break-through

phase thelmecepiledtinoncoficeheratjani drl7the feed will reduce the
oxygen conversion level gc that, advantageously, hot spots
in the catalyst are better avoided and the process will be
more easily controllable. The concentration of organic
halide in the feed is typically maintained at from 0.
05x10™* to 50x10™* mole-%, in particular from 0.2x10™* to
30x10™* mole-%, in particular from 0.5x10™* to 20x10°* mole-
%, calculated on the basis ¢f the halogen content,
relative to the total feed. The quantity of the organic
halide in the feed may be expressed relative to the
quantity of the hydrocarbon in the feed by the relative
quantity Q, as explained hereinafter.
Typically, the wvalue of Q is in the range of from 0.2x10°°
to 200x10°%, in particular from 1x10™® to 100x10°%, more in
particular from 5x10°¢ to 60x10-6. It is an advantage of
this invention that the concentration of organic halide
may be relatively high during the break-through phase, so
that there may not be a need for changing the
concentration when entering the break-through phase or
leaving the break-through phase. For example, during the

break-through phase the concentration of the organic



11 Decenber 2006 halide may be at |east 1x10-4 nole-% in particular from
| x10-4 to 30X10-4 nole-% nore in particular from1.5x10-4 to 20x10-4

nol e-% cal cul ated on the basis of thelhal ogen content, Sl at i veéo(a t he
total feed, in which case the value of Q may typically 1){9 geeme(3008,10- 6,

in particular, from3x10-6 to 100x106, ,nmore in particular from5x10.6 to
60x10- 6. DTS 1 T8V bisakat nigagh phacs PR dv ol ybt PHFERGELAtur TS
decreased:trnd @ ueopiodt MAIY-¥60néxre Fon ddia isakesof febar ntypxanly, the
phase of the epoxidation process after the break-through phase will be

i ndi cat edc© h%@é?—ﬁ'4by“<t]k%'9§er arpogtabedarnt hsudraphasel . the el gasmst -
br eak- t hrc?&?t?er?@fis?fglgﬁ%)envt?gt QL ”@é!lhgf A | ced Bys 45l EQFEHH}HQS known
0 p el e y

in the ar epoxi dati on processes. renc€ nay be nade, for exanple to
US- A- 4765394 USE A0 4E6610pi dd3 1Bl 13 7202beas R4 d874870 raenct 145: 015155242,

whi ch are_incorporated herein hy reference. Typically,_duri he
post-breaﬁé?rﬁragéﬂastp)h%elf)ﬂ%logt st %’énﬁé‘ﬁ%ﬂ&ﬂ"gai% fi’?P“E‘hgg}Lgnget%f from
180 to 26fphx{H-¢énore typically in the range of from200 to 255 C. Such
tenperatures are in particular suitable as long as the catal yst has not
yet substanti dfseheentBabj ebreab-ahroaghng- pekgeed pdifeor nertea ket i ne.

Such agi manifests .t f duct.l inet (A of~t
cat al yst %’%%rgatl‘ﬁre%u%:?i %%é}'ﬂ%gé%?i \E/|8t§ %%Qpﬁeggaggl ;%ls%tgtl sztér?anicf'ets}:teer th

cat al yst tmefpeakkures may ahd tiyncordped tihe opieset @f cohpengatei darridme
reduction in activity. The catalyst tenperature may ultimately be

i ncr easedPiF SRS ued taBovEhe 2eregk thraueinpPlasp g id t BRpeitinarest 325 C

typicall ypd . fheypapge obohhpBLET8rbgk30RGugfepehakhy 13P8aMd het e

catal yst tenperature may Ee ncreasea until ~iIt becones undesirably high,

at whi ch lpoeait- imrougle tpbhese, the invention may be practiced by
using methods known in the art of epoxidation processes.
Reference may be made, for example to US-A-47613%4, US-A-
4766105, US-Bl-6372925 ; US-A-4874879 and US-A-5155242,
which are incorporated herein by reference.

Typically, during the post-break-through phase the

catalyst temperature is 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
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
compensate for the reduction in activity. The catalyst
temperature may ultimately be increased to wvalues above
260 °C, 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 high, at which point in time the
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Typically, the concentration of oxygen is within the
range of from 1 to 15 mole-%, more typically from 2 to 12
mole-% of the total feed.
Typically, concentrations of carbon dioxide in the
feed in excess of 20 mole-%, preferably in excess of 10
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 dicxide as low
as 1 mole-% or lower, relative to the total feed, may be
employed. Inert gas may be present in 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
concentraticon 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 0.5 to 30
mole-%, typically from 1 to 15 mole-%. If saturated
hydrocarbons are present, they may Dbe present in a
quantity of up to 70 mole-%, typically in a quantity in
the range of from 10 to 60 mole-%, relative to the total

feed.

60



feed. 19 11 Decenber 2006 The organic halides are generally effective as
reaction nodifier when used in |ow concentration in the feed, for exanple
up to 0.1 nole-% cal culated on the b¥sis of the hal oge ont ent , E)gl ative
to the total feed, for exanple from0.01x10-4 to 0.01 nﬁl@e%mtf 20

ticul thyl t ferred that th hal i d
bresent 0t ha Toed SEoR e onBBi FAEI of "8 {95708 DSR100R EE6 18016V

ol e- % ifeRA{dicuhaRiFrem QdnlOuded tig 30X&0-cbndB a1 dr éni the
particular from0.5x10-4 to 20x10-4 nole-% calcul ated on the basis of the

hal ogen d@fidbnt forel exavelet o heot of al ed@-*Thecganulgtadt i 9 esheput
cal cul at eo%scﬁ{]s cEPetQSS}quBf ehh%ogm' 9en-O O@t VQ;E £ &NERL RGeS 1t rfﬁ]e‘?ff

apply for rogen contain efs are present. € 'relative
quant i ty fig:of ekhmpl eadtrcan UD(Jil:f{leT“ itso t)helr aﬁdl@{%‘ the effredtdulemol ar

quantity of activ spegi es, of th reacti n nodi fi er prese the feed to
t he effe %eew%nauaﬁﬁ P o?r‘h R r5 &g\@s&ﬁg%c Hé Faédlsooth

ol ar %ﬁftéée‘rﬁ:s Hei ik exdsessedy 'ébﬁ&'@nt:?%?oﬁ'nbisfr&ﬂr o€¥appbe as nol e- %
based on the total feed. Wen the reaction nodifier is a hal ogen conpound,

for the Fulsbse F@ﬁlezﬁ’ﬂ,cullatlpgrtheué&recﬁr% @DI236r10qua‘ht ittoy 3Px1active
speci es of ,the reactl on_mpdi %l er . and the éhfonu r, qf active

species is (?eerfed'“? be' t Ra" b%%?r FOWaI oéé‘ 0at otf'% % 8sent "and When the

reacti on gmdidlisAied i Snathiet NMRiers 06f Nichiel tiexTjan ngoﬁ@anaun&eltaftav@rrber of
active species is deened to be the nunber of nitrogen atons present. This

i mpl i es, tf%rtl%s(a%%l tred- 1 TS S ST ERke i c}H‘P%rFééCHP-Q\FIeQe§nZ nol es
of active 3PephesSs iof the nitrogen content, and ranges thereof,

apply for nitrogen containing modifiers, if they are
present.

The relative quantity Q of the reaction modifier is
the ratio of the effective molar gquantity of active
species of the reaction modifier present in the feed to
the effective molar guantity of hydrocarbons present in
the feed, both molar quantities being expressed in the
same units, for example as mole-%, based on the total
feed.

When the reaction modifier is a halogen compound, for
the purpose of calculating the effective molar quantity of
active gpecies of the reaction modifier and the wvalue of
Q, the number of active species is deemed to be the number
of halogen atoms present, and when the reaction modifier
is a nitrate- or nitrite-forming compound, the number of
active species 1s deemed to be the number of nitrogen
atoms present. This implies, for example, that 1 mole of
ethylene dichloride provides 2 moles of active species, i.
e. all of the chlorine atoms present provide an active
species. On the other hand, reaction modifiers which are
methyl compounds, such as methyl chloride and methyl

bromide, are less responsive



e. all of the chlorine atons present provide an active species. On the

ot her hand, reaction nodifiers which are nethyl conpounds, such as nethyl
chloride and nmethyl brom de, are | ess responsive 11 EEcepbsr 2006 ﬁg and
therefore from2 to 5 noles, in particular from2.5 to 3.'5”%5 r2Q tably
3 noles of the nethyl conpounds may be deened to provide 1 nole of the
active species. This nunber may be def®rnined and verified by routine 5

experinentation, and -withoyt w shing.to pbe bound_by. theory- | S

bel i eved that £RSs tﬁﬁﬁﬁmt?r‘? lsgrﬁf“g%eba ‘f‘%]ges'rréf’hwrc)bcrrlb%rgﬁor? gﬂgst i on has
a | esser ability Bosspblés, afifithbayhatesbat af theguethybredrpeundganpl e t he
hal ogen or nitrogen ato Thus, fqr exanmpl e, en_the fee conpri ses
2x10-4 ol e- % &ayegﬁyae%ﬂ%q)rqod&rog;{%ﬁ_ﬁ %rq%e-o% gﬁe ?/‘%%’S/‘fé cﬁﬂ%ggilggé, 1x104
mol e- % of et hylmbhe dimbéo made bandetérnitidd andpvex £ Déd rimt mdutdnleor i de, t he
effective mol ar uantity of actiyve ecies .of .the_r th] | fier may
be cal cul at éd &P ﬁbﬂﬁ?t%/%lﬂnzxfﬁdf‘ﬁf%m#t ("":b?&’ | S@%ﬁ% 10-4 x 2) +
(1.5x10-4 x 1/ ¥nesry-5xd0ied bullievid thaptdters womber idehiajieaciaisvéhavl ar
gquantity of actiye._species of the reacti.on nodifier pr ng .in feed
may be cal cul afE§ ¥y Eﬁ’@?‘iﬂ‘i}ilﬁgq?’ﬁﬁtm 2 FanErES” %?f];igtcyh tS; S%’Egt
reacti on nodi f ioFfS theebetérdatoménf gads 2lon (floraekample , tlen chadddieng up t he
mul tiplication products, wherein_gach factor represents nber of
active heter ofFoREEFPEER A5yl a?’e‘HSr 0 %_eé‘tagﬁggan‘gl?%é_%ﬁ ff(?gr%n at ons,
present pe_rmrmlc%ﬁkskeseé 3010 -f GRAld-9N oFOELAY BIcH1DrideeSBXk oot AoléIe of
understandi ng that the factor for a 25 reaction nodifier which is a nethyl

conpound may beingl theoridme 1107 owilér$ oH ariyiener dichhoxide yand om 1/3.5
to 1/2.5, SUIHﬁ%; Oklgole-% of methyl chloride, the effective molar

quantity of active species of the reaction modifier may

be calculated to amount to (2x107% x 1) + (3x107* x 1) +

(1x107* x 2) + (1.5x10°* x !/3) = 7.5x107¢ mole-$%.

In other words, the effective'molar quantity of
active species of the reaction modifier present in the
feed may be calculated by multiplying the molar quantity
of each of the reaction modifiers present in the feed
with a factor, and adding up the multiplication products,
wherein each factor represents the number of active
heterocatoms, in particular halogen atoms and/or nitrogen
atoms, present per moiecule of the reaction modifier in
question, on the understanding that the factor for a
reaction modifier which is a methyl compound may be in
the range of from /s to !/,, more typically from /4.5 to
1/:.5, suitably /s.

The hydrocarbons present in the feed comprise the
olefin and any saturated hydrocarbon present. The
hydrocarbons present in the feed are deemed to have the
ability to remove/strip reaction modifier from the
catalyst surface and the extent to which they have this

ability may differ for the various hydrocarbons. In




The hydrocarbons present in the feed conprise the olefin and any saturated
hydr ocar bon present. The 30 hydrocarbons present in the feed are deened to
have the ability to renove/strip’'reaction nodifier fromthe catalyst
surface and the extent to which they have this ability r?é)P%ﬁef‘Tb@FZ&?f? t he
various hydrocarbons. In 11 Decenber 2006 21 order to account for these
differences (relative to ethylene), tH& molar quantity of each of the
hydrocarbons present is multiplied with act or efpre the nolar

& s i Ceis

quantities are “¥§8EdtAp2ErHRY Forafhern dkherances FrEQEntity of the
Pyd[ oca][ bons. t Hlﬂ:&:@ilanei hgtl'fé-@ﬂoaﬁro&uaﬁtfw}]t a?”& eias;glgif ?m%a‘gydrddai:rbpns hef
actor for nethane may, be in the.range o rom o 0. or, I ower, for
exanpl e down #FFeRfotd A5 IPH AT Wg?n 3. 5255870, Hff?ﬂee S 3 or et hane
may be in the rriageiefiesrare Hided hpOton@alcullatieypheatffedtionm #olao 120;
and the factor for highe hydr acar bons (i . havi ng_at_| east car bon
atons) may Be FRDERE r%ﬁg@%g‘yﬁfé?ﬁflf@mﬂ%' 1Ceﬂlﬁfl My et%ﬁoﬁ Io)efk' from50 to
2000. Such factedhyleny be Tetss @efediabén yeglid ifadtby fovutettmne may
experinmentation, and -w t hout %hl ng tf bel‘@%und 1g bé/ t heory- _i L1 LS

bel i eved t hat tbl‘?elPaEPSrr‘i‘%genPgh FORs0 - P e 0 f&r BTHET 1 %‘lfes?ﬁag‘? Ras a
greater abilityidwd &6ro) mel capicablit fbdme o.2ctor 6.4 prehetfwmer édkane,
Feapect i velly. - AENRHechaRDbe (Tuitis ERBIP CEH ZOR SAFPSEL0 S0HA o- 9 et yl ene.
respectively. e : e S e- % et hyl ene,
40 ol e- % ofp MeiaRally Offoniioioet¥% abopt AdecirndatOHOfonthigérof propane,
the effective_nolar quantity of .the hydrocarbons be calculatgd to
amount to (30 RYEFosarherx (-9 baypng gt 8]5‘3‘?%&" goc n AN MeY78S1
mole-% 25 It iin RAkedahdato radnetlbyteneomno, daordé Py PikEEY), from 50

to 2000. Such factore may be determined and verified by

routine experimentation, and -without wishing to be bound
15 by theory- it is believed that the factor is higher as
the hydrocarbon in question has a greater ability to form
radicals. Suitable factors for methane, ethane, propane
and cyclopropane, relative to eiﬁylene, are 0.3, 85, 1000
and 60, respectively. As an example, when the feed
20 comprises 30 mole-$% ethylene, 40 mole-% of methane,
0.4 mole-% of ethane and 0.0001 mole-% of propane, the
effective molar guantity of the hydrocarbons may be

calculated to amount to (30 x 1) + (40 x 0.3) +

(0.4 x 85) + {0.0001 x 1000) = 76.1 mole-%.

25 It is noted that when ethylene oxide is produced
from ethylene without further hydrocarbons being present,
the effective molar quantity of the hydrocarbons equals
the actual meclar quantity, and that the addition of
ethane or higher hydrocarbons to an ethylene feed

30 contributes significantly to the effective molar
quantity, whereas there is relatively little contribution
from any methane added. 1In some embodiments, the factor

for methane may be taken as 0, thus neglecting, for




fromethylene without further hydrocarbons being present, the effective
nol ar quantity of the hydrocarbons equals the actual nolar quantity, and
that the addition of ethane or higher hydrocarbons to an. éthyl ene d 30
contributes significantly to the effective nolar quanti Hﬁﬁﬁ%@%géﬁere
Is relatively little contribution fromany nethane added. in sone

enbodi ments, the factor for nethane m@y be taken as 0, thus neglecting,
for 11 Decenber 2006 22 exanple for reasons of (ég‘nven'%fncecj Q&g i nfl uence
of nethane. EIS%p"BLe FF wragmmsQesl, €oBYeReRG® 0 S 0R1826 F I parti cul ar at
| east | x10-6, agpdnHi@ee in particular at 5 | east 2x10-6. Eligible val ues of
Q are at nost 200x106, in particular at nost 100x10-6, anpd in nore

particul ar at nost EA8gible vaduesnpfnBnere & %988tpB8se*hP eaki® hr ough phase,

the value of . be adjusied.s - o) hj ks selectivity
t owards the ol gf%%&%ﬁaﬁ %Bﬁﬁﬁ%%"ﬁn’p?gét*%%{é J?ﬂg%\%*%h% 1%:maty be

adj usted by sadjusidin@xib®. gEergivle daluee 6£agtd atDdiobkezopxBEENt in the
feed, while not changing the hydrocarbon concentrations in the feed. 15
As indicated heireipahefiondariat mestpdo0xbe Sakandrivugereppastientat Atal yst
tenperature. may be increased, for. exanple, in order to conpensate for a
reduction in zﬂﬂﬁqﬂqgﬁlﬁhrch Is related to catal yst ageing. Deviations

fromthe optimum selp@Chiyi homedt GF whel gosesbitdak-throaghOplkasegectien
tenperature may be reduced or, even prevented by igjﬁusti ngot@ema\ial ue of Q
proportional | y ¥akue OfeQ mA%RR 53uesedl §2¢23 SHAREEYE. 28oPWEh t he

catal yst t@peiaitdti visyChanaats fthenoTefin Jeidd Iformakienof I may
practice, the value of Q may be adjusted by adjusting the
quantity of the reaction modifier present in the feed,
while not changing the hydrocarbon concentrations in the
feed.

15 As indicated hereinbefqrq, in the post-break-through
phase the catalyst temperétg;ehmAy bg increased, for.
example, in order to compené;;é for a reduction in
activity which.is related to cétalyst ageing. Deviations
from the optimum selectivity which would result from a

20 change in temperature may be reduced or even prevented,
by adjusting the value of Q proportionally with the
change in catalyst temperature. So, when the catalyst
temperature is changed from T; to Tz, the value of Q may
be changed from Q; to substantially Qa, according to the

25 formula

Q=01+ B (T2 - T1),
wherein B denotes a constant factor, in (°C)~%, which is
greater than 0. Suitable values of B may be determined

and verified by routine experimentation. The value of B
30 is typically in the range of from 0.01x10°°, to 1x107%, in
particular from 0.1x107% to 0.5x10°°. A suitable value of

B amounts to 0.22x107%, in particular when used in

éombination with the numbers and factors employed in the



be changed fromQ to substantially @, according to the 25 fornmula Q@ =
Q + B (T2 - Ti) , wherein B denotes a constant factor, in (O - 1 Wnich S
greatér than 0. Suitable values of B nay be determ ned ﬂgpver
routine experinentation. The value of B 30 is typically i Rem %f

fromO0.01x10-6, to 1x10-6, in partlcul ar fromO0.1x10-6 to 0.5x10-6. A
suitabl e value of B amounts to 0.22x18¥6, in particul ar when used in

combi nation with the nunpers and fa ed in the 11 ce er 2006
23 exanpl e cal EFPEPLBNCaLTI AL OB} ‘égtér)}\‘)% %&%&ﬁa’ﬂ?nﬁf/ Ppnt3 ?’l VE species

of the reactioacke¢efl spécisnd othenef fendt dom mmhareqmmrme eff felseive

hydr ocar bons, I ven herei S 1t .is preferred to operate in the
post - br eak- thrﬁ'ﬁ&%r BRARE B #hgilﬁalf%m ar[bé) ér 88 W' TL enpl oyi ng such a
val ue of QL th&brbhﬂbﬁﬁéﬁtlwty t owards the oI efin oxide formation is
optimal . When this is rocess. W I I tﬁontbﬂue to

he I dat,
operate at an 10 opfF %‘@ (?EFF@ e‘B‘?OJ%(atr?gtll ggggs%%?trl JF Ak FRER

selectivity, vvbgaserm{;om@g:attheyeat eémﬁérattﬁiﬁéerrateﬂ;ﬂo]}ingaadchubst ant ially
the value of 02 as calculated in cor dance W th %}Ln Lo

post - br eak- t hr §&gHephaise "'PBFtﬁle? YLyn By 180% b seef ect ed
fromw de ranggsrmatisfti®Wptihalei nehérerchikhasr enet@eise,nltﬂte pressure is

typically at nost 4000 kPa, nore typically at nost 3500 kPa_ absol ute;
nost typical |y ®RP¥ %Pl%@f%ﬁésaﬂe%fuﬁ%“t% FQLBPBTTS nl%et Mressure is

typically ab | epeimiOfe kit izhag9l, Ubet 26 Rretfessablyy tihensdres epoxi dation
PLooess 18 Car L eciViey, whel ambloving e Bacalyol U b RATESH, oot 2l vst
and substantially the value of Q; as calculated in
accordance with formula (I).
In the post-break-through phase, further reaction
15 conditions may be selected from wide ranges, as set out
hereinafter. The reactor inlet pressure is typically at
' most 4000 kPa, moré typically at most 3500 kPa absolute,
most typically at most 2500 kPa absolute. The reactor
inlet pressure is typically at least 1000 kPa absolute.
20 Preferably, when the epoxidation process is carried out
as a gas phase process involving a packed catalyst bed,
the GHSV is in the range of from 500 to 10000 N1/(l.h).
Typically, the pressure and the GHSV will not be changed
when leaving the break-through phase. Preferably, the
25 work rate is in the range of from 0.5 to 10 kmole olefin
oxide produced per m’ of catalyst per hour, in particular

0.7 to 8 kmole olefin oxide produced per m’ of catalyst

per hour, for example 5 kmole olefin oxide produced per m’
of catalyet per hour. As used herein, the work rate is

30 the amount of the olefin 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

quantity of the olefin converted.



the GHSV is in the range of from500 to 10000 NN/ (l.h). Typically, the
pressure and the GHSV w Il not be changed when |eaving the break-through
phase. Preferably, the 25 work rate is?4n the range of f 0.5 t%ég knol e
ol efin oxide produced per nB of catalyst per hour, in pgfﬁ]?%‘?.ﬂ"%‘?r °7 to 8

knol e ol efin oxi de produced per nB8 of catal yst er _hour, f ex le 5
kol e ol efin 'edee%%ﬂ%%%dc e n%ro‘é‘rlc%ét ngspegéﬂﬁcﬁgﬁﬁed@rﬁ&,imeerei n,
the work rad@d:s geohietan®pniusahgt Nfe Gheds N kevoweie prodieedapel Wyd vol une

of catal yst per hour and the selectivity is the nolar quantity of the
ol efi n oX@Rdlor b ralpaerhéngo thife Abh¥lenguaids ErofthedolHAGFOT

convertegj Al 1l Iece erirgo%tcﬁ-l?g? ag}&ﬂoﬁj}%o%%%grr%%%in hgﬁqaert, for

recovere Fom t he” Teactor pro y using
exanpl e tlahisaidi agidee fethyltdre oxictend reolatieacbyr dimitiletatsioream i n
wat er and optionally recqovering the ethylene oxide fromthe . .a uta]:[q?uez

I n

sol ution My HERTF | RabPPrEhionach &g 2TPTEF ofiCoPtERB SQUEGTES:

cont ai ni ng §:hean£thyl goenayi de 1he AP | £dsiiBs8gabhseguRlesRr aeass for
converting €thylene oxide into a 1,2-diol or a 1,2-diol "ether. The

et hyl ene @xier tprrgiuetlyileneheoxprdseantoepoxidat foalprascess vy Heol
convertedeti nétlp al 2-diol, a 1,2-diol ether, or an alkanolamne. As this
i nvention }fea'ds to a nore attractive process for the production of

et hyl ene oxi dethd t cafterrdent | yostiehds toraiuade atiim actdhee pecess whi ch
conprises producing ethylene oxide in accordance with the_inyention and
the subscRFEFAASEOHF PPRESELIBANeBSetIRIEHE S5ki dBEPN & hé: AafbPact Fre of

&hg éz 2- ]fj,ié)-lc}]icﬁl‘]z Z‘Zedégféﬁ,et Rer aRd/ 9fkahERARL AR Neas The, CONVERELAN dAIt o the
,2-diol or the 1,2-dio
leads to a more attractive process for the production of
ethylene oxide, it concurrently leads to a more attractive
process which comprises producing ethylene oxide in
accordance with the invention and the subsequent use of
the cbtained ethylene oxide in the manufacture of the 1,2-
dicol, 1,2-diol ether and/or alkanclamine.

The conversion into the 1,2-diol or the 1,2-diol
ether may comprise, for example, reacting the olefin oxide
with water, suitably using an acidic or a basic catalyst.
For example, for making predominantly the 1,2- diol and
less 1,2-diol ether, the olefin oxide may be reacted with
a ten fcold melar excess of water, in a liguid phase
reaction in presence of an acid catalyst, e.g. 0.5-1.0 %w
sulfuric acid, based on the total reaction mixture, at 50-
70 °C at 1 bar absolute, or in a gas phase reacﬁion at
130-240 °C and 20-40 Dbar absolute, preferably in the
absence of a catalyst. If the proportion of water is
lowered the proportion of 1,2-diol ethers in the reaction
mixture is increased. The 1,2- diol ethers thus produced
may be a di-ether, tri-ether, tetra-ether or a subsequent
ether. Alternative 1,2-diol ethers may be prepared by

converting the olefin oxide with an alcohel, in particular



ether may conprise, for exanple, reacting the olefin oxide wth water,
suitably using an acidic or a basic catalyst For exanple, for making

predom nantly the 1,2- diol and |ess £52-di ol et her, the o ef i é@&g may
be reacted with a ten fold nolar excess of water, in a |1 "gﬁ

reaction in presence of cid catal yst, . 0. .0 %v_.sulfuric_acid,
based on fhe REGIRATY edch %hginxt?H &8s SOmEg%a%Pgt ?rba?tQ8§8 ute% in a
gas phase rre%elafcllet@ ate 153Qt240 p%x%rt@zﬂ%f%h@am%@ow &heprfcradl y ln the

absence of a catalyst. If the proportion of water is |owered the
proportion of The dfehverhees iintdetheactllsanohaninee Ny | ROFPEIEE. The

o2 o SOl Pr QRIERd n YR BaflenRl M glr | IS anBlia B her
or a subséequent her. ACernati ve ers may be prepared by
converti ngnhiyeirehef i roxi dgusbtd aamabadhbol maiyn aaertlcsdaa; 251thot3g<herrber
2006 a prlnaéﬁlalcohol such as net hanol_ or ethanol, IaC|n% at

| east a p& o5 t RAIMRRER by St hdYRIGHOY, THESdon ét5|%ﬁv o CHE

al kanol amne, Ry {CONMY # SRonoh PkafX8ARE Re . I e@Ct it Hdies Ohghi Dcgxide iwi th
ammoni a. “Anhydrous or aqueous ammoni a may be used, although anhydrous

anmoni a |§hEqunﬁaqslﬂnxbfothav@dﬁfuMeOﬁmdﬁhmnﬁ®ntb¢ mdifaarikanéngni ne.

For nethods ap | icable in onvegsion._ of e.Ql efi he
al kanol ani‘y éarppgfépgﬁﬁgﬁnﬂﬁé%a Fade To, e¥amp%€aH%I§ U%8%é5§§459®g l;n'\/\th ch
i's incorpqgah@@c&%bggmeﬁy}kﬁkﬂ&emgeIEIQergé-dloI and the 1, 2-diol ether

may be used in a arge variety of industrial applications, for exanple in
the fields of fi56d,! Fevitlgeandtbbaceo2 -8dshettder MHerk®pragdi dlpél yners,

curabl e 1 §si R Sy P{@t dgkerqu‘dus%rl%leaaP%ii‘ﬁéfz?éné%’s"f%}s’e>@£ 1dh&n

al kanol am né “may f'or exanple e treating ("sweetening") of
nat ur al the flelds of food, beverages, tobacco, cosmetics,

thermoplastic pclymers, curable resin systems, detergents,
heat transfer systems, etc. The alkanolamine may be used,
for example, in the treating ("sweetening") of mnatural
gas.

Unless specified otherwise, the organic compounds
mentioned herein, for example the 1,2-dicl ethers and
reaction modifiers, have typically at most 40 carbon
atoms, more typically at most 20 carbon atomsg, in
particular at most 10 carbon atoms, more in particular at
most 6 carbon atoms. As defined herein, ranges for numbers
of carbon atoms (i. e. carbon number) include the numbers
gspecified for the limits of the ranges.

The following examples will illustrate the invention,
without limiting the scope of the invention.

Examples 1-3 (Examples 1 and 2 according to the invention;

Example 3 for comparison)
A catalyst, as defined in US-A-4766105, comprising
silver, rhenium and cesium on e-alumina, was employed in

the following experiments.



gas. Unl ess specified otherw se, the organi c conpounds nentioned herein,
for exanple the 1,2-diol ethers and reaction nodifiers, have typically at
most 40 carbon atons, nore typically at nost 20 carbon atqQnms, in

particul ar at nost 10 carbon atoms, nore in particul ar at1(hﬁ9§F‘b8r%%9500n
atonms. As defined herein, ranges for nunbers of carbon atons (i. e. carbon
nurmber) include the nunbers specified®or the linits of the ranges. The
following exanples will illustrate the invention, .wthout |limting the
scope of the invent FHKeeEkdfRiEal] tYPRERT M FerPaghgrs ‘é%%%r"&ﬂaﬁa‘*?o t he

i nvention; Examnewdthosd £Opldanmple &f Ctlidilatiishedscaedlymd i The

US- A-4766105, conprising, silver, rheniumand cesiu a.alunt na, S
enpl oyed in tFRAIVESRI 1Y i SHRACERTE. WS %faﬁ@ eﬁg]eﬂ)%OGGduﬁ?%e'ldva

i dentical tubullurd ahaeeastficw W aichogae hanat BHSY of B2 gldanple of
the crushed catal yst. The catalysts in the reactor \F\/\%r%eete at 215 C
f

during 40 Hourdeusasprlyst| ATNTRE gRRE QAP FER O-NIf1Sh. 5 The

cat al yst tenpengitHoganVeesd | i @S edthly22d vas Heplasedriogen fleeddofo t he
catal ysts was replaced by a feed qof ,an eihyl ene/ carbon dioxide/ nitrogen

mxture, and SFHSERYLRRP{CANAN ALRKLAR (R WEAISJBHTYE®t ™Y eed. Then
oxygen was addeshds@qtibgtigaskhylnendsyges/ widdaau ear the fidkd. Then

di oxi de/ nitrogen volune ratio_in the resaul ti feed ;\ unt ed /to 4:15:4:77.
The et hyl chl orP¥&eRoKRENRIART &P the ERedf cPNQXYISR %@Fﬂ?ﬂ? &8r5o8, 10- 4
nol e- % cal Rul &ieski da3niet&ferdivdiiimer ka€io Il alieveebal theg tidedd feed). The
relative quantity Q was 8. 7x10-6. The GHSV vvasdzi’g 33%0 Nl /1. h. 'Ehe react or
i nl et pressur e afRsntsdotR ph: 1 3dsdTut e The R I SRAPE B8R sSCRTL WS “APRi ned for
2 hours. in the feed was 2.6 ppmv (i.e. 2.6x10™ mole-%, calculated

as moles of chlorine, relative to the total feed). The

relative quantity Q was 8.7x10°%. The GHSV was
15 3300 N1/1.h. The reactor inlet pressure was 1530 kPa
absolute. These conditions were maintained for 2 hours.
Each of the catalysts was then subjected to ° '

temperatures, as set out in the following table.

Step | Runhour |Catalyst Ethyl chloride Time
temperature (°C) |in feed (ppmv) (h)

1*) 1 225 2.6 2

2 3 235 2.6 2

3 5 **) 2.6 8

*) 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

20

Starting from Runhour 13, the catalysts were
subjected to different temperatures and feed compositions

as specified hereinafter.



Each of the catal ysts was then subjected to tenperatures, as set out in the
follow ng table. Step Runhour Catalyst Ethyl chloride Tine tenperature (O
in feed (ppnv) (h) 1*) 1 2252.6 2 232352.62 35 **b 2.6, 8 _*) The
tenperature increase to 225 C defined the beginning of RIhREGEMRERGI6Te
catal yst tenperature was adjusted so as to obtain and maintain 3.1 %
ethyl ene oxide in the reactor outl et ¥iream 20 Starti ng from Runhour 13,

the catal ysts were _subjected.to. different. tenperatures d

conpositions as sﬁb’ﬁél SqeREFERhaY .arlTlf)’égg?%%orfOB'g%QZgﬂ%ﬁ e

I denti cal tubuk&th idIDedCcRogSsample dfathederesitdd weathalyst. 2-Theanpl e of
the crushed catal yst. The atalysts in the,reactors r e~ heat. 215 C
during 40 hou?@t%lrsx‘ffetrs a’y Itﬁﬁ/ 5?X?ﬁ°frfsoé’§ﬁeg Eag éﬁs\?‘\% %2% ltﬂq’%l QE 5 The
cat al yst tenpehahtd amdd’ @ Ffhoweas ail hrmg2Abghs a4basHSV tofo§én NbEL.Ko t he
catal ysts was replaced by a feed of an ethylene/c on di.oxi d | trogen
ni xture, and gﬁ%sﬁﬁ?g'ﬁﬁ/ty CEPRETA T EE gcﬁﬁ%%eg{ '?; 5 tzgé ?%’e .Hél'hen
oxygen was addfdeisgdhededetdo The muulamiat Wikerneplzarddbibyl@ feed of

di oxi de/nitrogen valune ratio in the({e ylti fege annggtded to 4:15:4:77.

\ n
The ethyl chl offd@* FREPPBNI P éuFE8agVVa’§1 B Ppiv o(i.e. 2.6x10-4
mol e- % cal cul gibsequintIyl ethpl ehleridee wasehddlederd chehderdt al Theed). The

relative quantit %vvas 8..7x10- 6. The GéSV s 15 330 | L1 h. eact or
i nl et pressure°ﬁ%%e ae ﬁggeé to the feed. %ﬁe oxygen}%éﬁylehe/c;¥f%ﬂ
10 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. 2.6x107* mole-%, calculated

as moles of chlorine, relative to the total feed). The

relative quantity Q was 8.7x107°. The GHSV was
15 3300 N1/1.h. The reactor inlet pressure was 1530 kPa
absolute. These conditions were maintained for 2 hours.
Each of the catalysts was then subjected to '

temperatures, as set out in the following table.

Step | Runhour [ Catalyst Ethyl chloride Time
temperature (°C) |in feed (ppmv) (h)

1*) 1 225 2.6 2

2 3 238 2.6 2

3 5 **) 2.6 8

*) 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

20

Starting from Runhour 13, the catalysts were
subjected to different temperatures and feed compositions

as specified hereinafter.



absol ute. These conditions were maintained for 2 hours. Each of the
catal ysts was then subjected to tenperatures, as set out in the follow ng
tabl e. Step Runhour Catalyst Ethyl chloride Tine tenperatuse ) | eed
(ppnv) (h) 1*) 1225 2.6 2 23235262 35** 2.6 1‘{;{303%8&556
tenperature increase to 225 C defined the begi nning of Runhour 1 **) The
catal yst tenperature was adjusted so ag8’7to obtain and maintain 3.1 %
ethyl ene oxide in the reactor outlet stream 20 Startinqgﬁgqglgunhgur 13,
the catal ysts were Exampketledac6o8fing riehithite iRePREIAYS YR EER >~
conposi tions a3, sperbdifely Rer ev0add efof . L htECRAMMRIrd0REte2Y, Eaanpl € 1
(according to the invention) involved a 5- hours heating at 270 C (cf. step
14 hereinafteroldswsfol | ows: Step Runhour Catal yst Ethyl chloride Tine
tenperature (C) in feed (ppnmv) (h) 4 13 245 2.4 1 5 14 248 2.1 1 6 15
a0 0O

250 1.8 1 7 16 253 1.5 1 17 255.1. 2 1 918 258 1.0 1 1019 25000
11 21 263 0.9 |3tep Ry Catzlyst Ethyl chloride Time
temperature (°C) |in feed (ppmv) (h)

4 13 245 2.4 1
5 14 248 2.1 1
6 15 250 1.8 1
7 16 253 1.5 1
8 17 255 1.2 1
9 18 258 1.0 1
10 1° 260 0.9 2
11 21 263 0.9 2
12 23 265 0.9 2
13 25 268 0.9 2
14 27 270 0.9 5
15 32 250 : 1.2 *) 2
16 34 250 1.8 2
17 36 250 2.2 2
i8 38 < 250 *¥*) 2.2 20
19 58 < 250 **) 2.6 16
20 74 < 250 **) 3.0 10
21 84 < 250 **) 2.6 Hold
*) The feed composition was changed to
oxygen/ethylene/carbon dioxide/nitrogen volume ratio
8/30/2/60
**) The catalyst temperature was adjusted so as to maintain
3.1 %v ethylene oxide in the reactor outlet stream; steps
12-14 involved an optimization of the selectivity at
constant ethylene oxide content (3.1 %v) in the reactor
outlet stream




13 25 268 0.9 2 14 27 270 .0.9 5 15 32 250 1.2 *) 2 16 34 250 1.8 2 17
36 250 2.2 2 18 38 < 250 **) 2.2 20 19 58 < 250 **) 2.6 16 20 74 < 250
**) 3.0 10 21 84 < 250 **)' 2.6 Hold *) The feed conposjtjion s ,changed
to oxygen/ ethyl ene/ carbon di oxi de/ nitrogen vol une rati 041 %ng%rgéog*) The
catal yst tenperature was adjusted so as to maintain 3.1 % ethyl ene oxide
in the reactor outlet stream steps 1% 14 involved an optini zation of the
selectivity at constant, ethyl ene oxi de content 19 in . Leact or
outlet stream5 11 Wﬁe% gﬁﬁ%"r‘%ﬂ“g&j‘é’n%gg ?m(%%cl(])brn i %‘lqast SEFﬁle&?nvent i on)
was carried oohtass Esaiple 1, except foar thkeapphildatdtidnoefofnaatkyhy|

chl oride concentratjon of 3. nv_ i teps 4-14. l,e.3 (for

conpari son) in% i‘\’/’é’cf? cﬂpﬁﬂgf"gg?rﬁe‘% |sjn'§ g i C?F%%}rgo 4st12[5 14
hereinafter), as fobtimsle IS €pr Rl iri soal aliyedldadyd d8rhourde Ti me
tenperature_ (C) in, feed nmy 4 13 2.4 1.5 14 8 . 6 15 250
158Ts 57 s ehealing e R (&Y. 5B H hdusinp e 2p}! 88%eG1T0vs:

Step | Runhour |Catalyst Ethyl chloride Time
temperature (°C) |in feed (ppmv) | (h)

4 13 245 2.4 1

5 14 248 2.1 1

6 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 0.9 48

11-17 67 As in steps 15-21 of Example 1

The three catalysts exhibited similar performance in
selectivity and activity in steps 21 of Examples 1 and 2
and step 17 of Example 3, as in these Examples the same

10 catalyst temperature (about 246 °C) and the same
concentration of ethyl chloride in the feed led to
approximately the similar work rates and selectivities
{(about 86.5 $-mole).

Reference is made to Figure 1. The Figure shows

15 that in Example 1 and, in particular, in Example 2 (at a
higher ethyl chloride concentration), in the time span
from Runhour 27 to Runhour 43 there was a higher than
targeted ethylene oxide production, followed by the
targeted production from Runhour 43 (in these Examples

20 the targeted ethylene oxide production is represented by
3.1 %v ethylene oxide in the reactor outlet stream).

The corresponding higher than targeted ethylene oxide

production effect was substantially smaller in Example 3,



10 19 260 0.9 48 11-17, 67 As in steps 15-21 of Exanple 1 The three

catal ysts exhibited simlar performancez?i n selectivity and activity in
steps 21 of Exanples 1 and 2 and step<¥7 of Exanple 3, as in thes

Exanpl es the sane 10 catal yst tenperature (about 246 C éﬂob?qwq?é%@%
concentration of ethyl _chloride in the feed.led t appr oxj, mat el e
simlar PEHPH‘F& g%ﬁﬁgel &Y vifFes A ABoTT %?%P%%%CF%) .Stﬁé‘téerdgn%g i's
made to Frguheuk. shhe FH@wre shewscl:Hdad thaEXanplExalpdngd, 3| aupangi cul ar,
in Exanple 2 %at a higher ethyl chloride concentration), in the tine span
from RunhSbe 27eps-Rbskegh Phascerdd Meims MtghA0 t Hanwe¥ar geedadef Ayl ene

oxi de pro ti owed . farngete r ti o 143 (in
t hese Exa?r%%esg%%a{)ﬁéeét\gragegée/%égfﬁl%eﬁgl%oxga}gyggfg%uggll ocj'cnerigkrggg?gg%ﬂt ed by
3.1 % et hybBere tdx¢ deprievatild ngeact peunst detest ridam Fhehoorsesipondng

hi gher than_ targeted gt h¥l ene oxi de roduction_effect S substan&i ally
smal ler iA’Exanpi®¥ 3, 995189 Dé"‘g’(?rﬂ?er UEinh&dfs 6181 e0fhd PHR&9Bar get ed
product i ogrghaktgdnatya RUDNOME 28 a T PUBB1 dwah3R Shovget halohlcEXanpl e 3
during the break-through phase 48 hours at 260 C were needed for the

cat al yst wbezeabi| ise Exampleg| ehe and d& prtbéuctpsnespraginghePpraedi | i ng
circunsta fr nhour.s 19 .t T)my QA dur i e. hQu he

et hyl ene g%gggg Sr%g]guct ih(?ﬁ’er\s/as astu%s%%ntclz)m P@”b% %%vg?%ggéa%lgg? grgégﬁnétl on,
wher eas i BvExanpl esty barle 2 dxielecoprednoendeng iper Eadmpllast el anld/ 3, hours
(at 270 C). This resulted in a higher overall ethylene oxide Eroduction in
Exanpl es £oHRATed Whrpafed@™hleh Exaift e REANGETRUMHOUER20CHRBLBHMIFat i ve

ethyl ene Qxi,0g REOCUELAON J0RS 2R, 24ad/ BBERt BYST /AP catalyst in

Example 1 and 2, but it was about 19 T/m’® catalyst in
Example 3.



Exanple 1 and 2, but it was about 19 T/n8 catalyst in Exanple 3. 11
Decenber 2006 CLANS 1. A nethod for the start-up of a process for the
epoxi dati oh of ethyl ene, which nethod conprises - contactlgg B %

catal yst bed conprising a silver- based epoxidation catally&EcaRPenet0
conprises, in addition to silver, a Goup IA netal and one or nore
selectivity enhancing dopants selected fromrhenium nolybdenum and
tungsten, or a precursor of the cacphAg8 conprising the silver in cationic
form with a feed conprising oxygen at a tenperature of the catalyst bed
above 260 C fori1a pemetlodforatharssarit®d bbH progass -foxrubkequent |y

decreasing the erper at u h & value of at nobst 260
C. 2. A met®EFR jt: al%re %y%&(ﬁ %ﬁ?ﬁ%&%%l g:&&bca&i ﬁSt conprises, in

addi ti on t o sikbwesctiphehiRaeked "—'%Hﬁ#uﬁ&dt%'fpé’&?m% ¥ SALEBF netal or
compound t hgreaf apogg_hsﬁi&ﬂ cﬁtﬂmdmehQEmWiﬁrsoupn |daketan 5@ Group | 1A

nmet al s, nol ybdenum en f m  zirconi um
vanadi um tHaFFFuf G‘Fﬁ'dg ]{fhf"b’fac# H‘qu#g ni oDl umléghagﬁﬁllﬁ and germani um and
m xtures t tnmenéj.ngalddp@pt-s orakt5edy FTemh ahprbNy o FELERARTOR, s8tdct ed from one

or nore of .5 5451; Sphhbsor R o caadlﬁstnmuﬁfi&ﬂnbetn@f on a support
mat eri al

A th d |
t enper at uré’é%?énlg%g@’i?ss’ %ﬁg‘lf‘ﬂg' F’gnag?ea? ?ng %bg %ggghé o
particul ar Hemperafifret 6f 268 Catullyst bed hbdve 2 &) &F fiss FrP%ﬁ*Pdoncl aims 1-3,

wherein the @ggﬁlﬁt hg,glnpe Rahure is naintai ned above 260 C for a period
to

of from1l ours, artlcular from?2 to 20 qlur
- subsaquently dec:csasing the temperature of e catalyst

bed to a valua of at most 260 °C.

2. A method as claimed in claim 1, wherein the
catalyst comprises, in addition to silver, rhenimm or
compound theresf, a further metal or campound tharsof
salectsd from the group of Group IA metals, Group IIA
metals, molybdenum, tungaten, chromium, titanium, hafnium,
zireonium, vansdiem, thallium, thorium, tantalum, nicbium,
gallium and germanium and mixtures thereof, and opticnally a
rhenium co-promoter selacted f£rom one or more of sulfur,
ph‘osphox:us, toron, and compounds thereof, on a support

matecial, !

3. A method as claimed in claim 1 or 2, wherein the
temperature above 260 °C is in the range c;f from 260 to
290 °C, in particular from 265 to 280 °C.° '

4. A method as claimed in any of claims 1-3, wherein
the catalyst temperature is maintained sbove 260 °C fo:r:' a
period of from 1 to 30 hounrs, in particular from 2 to ’

2D hours.

30
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30 11 Decenber 2006 5_ A nethod as clainmed in any of clainms 1-4, wherein
the feed which is contacted wwth the catalyst at a tenperature above 260 C
conprises ethylene in a quantity of from5 to 70 nole-% _ in partigcular
from10 to 50 nole-% a saturated hydrocarbon, if any, (i%hbéc%ﬂé‘?ft%@? of
fromO to 70 nmole-% in particular from10 to 60 nole ; and oxygen in a
quantity of fromO0.5 to 15 nole-% in particular from1 to 12 nole-% 30a
f -_ii~~.fn~l"/I1I1TAno. nl M'- . gas.. fMf1l,f.M31 11 Decenber 2006 6.
A method as clainmed in claim5b whergin_the,f rises in addition an
organi ¢ hal i de, %1 n“pﬂ??li“’@ui‘ﬁré’a;ﬁ'meghfnoragﬁyﬁ c?ggrg%gi,lqgt a concentration in
the range eheténmehixi@ed whiclBGhelgotartied-wAth fhpfa5adyFara% rom 1. 5x10-4 to
20x10-4 ”D'aea%/ﬁé%ag@tgﬂkaéb%@eof'sd ke Qapkss&f chpidial agem content, relative

to the total A method as claginmed in claim wh i n oxygen is
added to tKEepEky ﬁﬁ?ﬁﬁe&sﬁ%“ﬁﬁ?‘%’t 8 %’Fﬁ‘a‘ﬁl’%a’h Iﬁe‘.fﬁe'i?. A process for
the epoxi dabi parefE-cht ydimpeteditiydiocpbonesst aoypr 1sds quantiyt i ng a cat al yst
bed conpri so:f_ng %n%l 1t¥e75 ig_gk' %g?;%i%gh_gftqrm ePXd @athek-catalyst, or a
precursor O the catalys conprising the silver_in cationjc form with a
feed conpri%si pud GEYgEn %‘i ‘a%%é?a?&%"&f”t%é%%? d'f“\;?f*' above 260C for
a period Ofpagtiddsr £b&n Nobss12 addestbsequent |y, decreasing the tenperature
of the catalyst bed to a value of ,at nost 260 C and contacting the
catalyst with the feed conprising ethyl ene and oxygen. 9. A process as
claimed in claim8, wherein the feed conprising ethylene and oxygen
conprises in addition an

Y, L Y

¢t —_1aeN2 /NS NNA NO0 I o ol e gﬂ ~E«£.‘I..}:..-.M A



organic chloride and optionally a nitrate- or nitrite- form ng conpound.
10. A process for naking a 1,2-diol, a 1,2-diol ether or an al kanol am ne
conprising converting an olefin oxide into the 1,2-diol, the 1, 2-diol
ether or the al kanol anine, wherein th¥ ol efin oxide has Hd&eBFZR&d by a
process for the ePpXhiall O ol eid ViR ASLR 4 N0, €18 e O'eta
comprises in addition an organic halide, in particular an
chlorohydrocarbon, at a concentration in the range of from
1x10™%* to 30x10* mole-%, in particular from 1.5x107% to
20x10™* mole-%, calculated on the basis of the halogen
content, relative to the total feed.
7. A method as claimed in claim 6, wherein oxygen 1is
added to the feed simultaneocusly with the organic halide.
8. A process for the epoxidation of ehtylene, which
process comprises
- contacting a catalyst bed comprising a silver-based
highly selective epoxidation catalyst, or a precursor of
the catalyst comprising the silver in cationic form, with
a feed comprising oxygen at a temperature of the catalyst
bed above 260°C for a period of at most 150 hours, and
- subsequently decreasing the temperature o¢f the
catalyst bed to a value of at most 260 °C and contacting
the catalyst with the feed comprising ethylene and oxygen.
9. A process as claimed in claim 8, wherein the feed
comprising ethylene and oxygen comprises in addition an
organic chloride and optionally a nitrate- or nitrite-
forming compound.
10. A process for making a 1,2-diol, a 1,2-dicl ether or
an alkanolamine comprising converting an olefin oxide into
the 1,2-diol, the 1,2-diocl ether or the alkanolamine,
wherein the olefin oxide has been obtained by a process

for the epoxidation of ethylene according to claim 8 or 9.



