22 Decenber 2006 A METHOD FOR | MPROVI NG THE SELECTIVITY OF A CATALYST AND
A PROCESS FOR THE EPOXI DATI ON OF AN OLEFIN FIELD OF THE INVENTICN The
invention relates to a nethod for inproving the selectl%%yi :ﬂb@hly
sel ective epoxidation catalyst. 5 The invention also rel CPRerS pr ocess
for the epoxidation of an olefin, which process includes the said nethod
of this invention. BACKGROUND OF THE | NVENTI ON The catal yti c epoxi dati on of
ol efins over supported 10 silver catalysts, yielding the correspondi ng

ol efin oxidey ﬁ’?ﬁ@ﬁeﬁbﬁ('ﬂfﬁﬂo{rﬁﬁeaﬂi tﬁdﬁvz@?”ﬁ?”ﬁ'@ﬂﬁwéﬂ gy - based
catal ysts have providege e Okeh! Pa@Xk pAMTON Bet 8l @ust¥y | ow

selectivity. For exanple usi ng conventional catalysts in the
epoxi dation of 15 ethylene the selectivity towards ethyl ene oxide,
expressed asFaZEPael | BaE ofNVERE IONhy| ene converted, does not reach val ues

above the 6/7 or 85.7 nole-%limt. Therefore, this limt has | ong been
consi dered to be The iEvruHem cgllRjermk® nalraeias Eryi LYPBPving stheeact i on,

based 20 on t h & + 6 02 => 6
S50 202 e IeS RS YE U Saphal et pecli nspatatieny Gt

Technolog? The ipdentien algo redetep. tasn prinesseifest FRPty determines to a
| arge extent eblaglaétf&?r@fﬂa%a'o1@kaﬁa6&,ﬁy&9%ﬁ%c@ssa9ne@eaégam@rgaqrcpcess

For exanpl e, one percent |nprovenent In the selectivity of
epoxi dat i on pestbedsofaphieduyenthenyearly operating costs of a Iarge scal e

et hyl ene OX|ggcgb§&5m§qg§%§ﬁ;&ﬁbgﬁaloﬁo The ol efin oxide produced by the

epoxi dati on wat er, an al cohol or an amne to
form1l 22 EECenbeThQO@@takyﬂaneﬂpahﬁae;QnZpﬁhqﬂefenﬁepver swprd Kbl ami ne.

Thus, 10 silver catalysts, vielding 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 catalyste in the epoxidation of -

15 ethylene, the selectivity towards ethylene oxide,
expressed as a fraction cof the ethylene converted, does
not reach values above the 6/7 or 85.7 mole-% limit.
Therefore, this limit has long been considered to be the
theoretically maximal selectivity of this reaction, based

20 on the stoichiometry of the reaction eguation

T CoHy + 6 03 => 6 C3HaO + 2 CO; + 2 H30,
cf. Rirk-Othmer‘s Encyclopedia of Chemical Technology, 3¢
ed., Vol. 9, 1980, p. 445.

The selectivity determines to a large extent the

25 economical attractiveness of an epoxidation procegs. For
example, one percent improvement in the selectivity of
the epoxidation process can reduce the yvearly operating
costs of a large scale ethylene oxide plant
substantially.

30 The olefin oxide produced by the epoxidation process

may be reacted with water, an alcohol or an amine to form



1,2-diols, 1,2-diol ethers and al kanol am nes may be produced in a

mul ti-step process conprising olefin epoxidation and converting the forned
olefin oxide with 5 water, an al cohol or an am ne. Any inﬁggvengngmbg t he
selectivity of the epoxidation process can also reduce tie §EArf'

operating costs in_the overall_,process for the roduction of, a 1,2-diol, a
1, 2- di ol eth@r10?“ﬁh°1al?éhd?ﬁﬁ?ﬁe?tﬁﬁrhﬁﬁe$?l%54%§8&?8é§8d ebd%F dat i on
catal ysts are,bighbys, se) 2cdione deawardsndl £liidhddard@cpr ndycbéon. When usi ng
the nodern catalysts in the epoxidation of etolene t he Eelectivity
townards et hyPEREUGRIAE carf™ ddet SvRI BESCahdIVE ™R HE 6P7°6F 8%, 7 ol e-% i mit
referred to. cpughaht 9bh Yarkd EohRetEVE CR afySied ecaFinsexida wldition to
silver, a_ selectivity enhanci ng dopant which q%¥ be sel ected _from

rheni um fol YB8ERund® RiFRRY e aid ATEPEL e-ABF WIYERERY Pty conpounds,

cf. for exampkeebS:f ¢y 64893 ARGoSIA i dd 66l s 2 QaaUMVBRYr&FuddiE | NVENTI ON
The present invention provides a nethod for inprqving the selectivity of a

supported hi §RPyYSBY ¥t PRRF2EHGK CAEER ol cBltR AT aInBEPSERY S9FvEt®in a

quantity of pabgesioR dP 4 Per-1B1SULl ace- el ahdrhersypport, which
met hod conprises - contacting the catalyst, or a precursor of the catalyst
conpri sing t BRek3rPY@rifd- cationic form with a feed conprising oxygen at a

CatalySt1be”peratMB&@@QOyfivégﬂ%dgeﬁoépéh&@ﬁ@ﬁdﬂ”bd&%l&@t&oaiéth@whﬁ, and -
subsequent |y decreasing the catal yst tenperature to a value of at nobst 250

C. The invensedachise premdiesleiproessde ffoduisiogpoxMBERI 6F%F an ol efin
whi ch processy,cOonRRLSSScat LOURCEKNGhE & dedhicghbynsekest ine _
epoxidation 2 22 Decenber 2006 catalyst conprising silver in a quantity
of at nost Selectivity towards ethylene oxide can reach values above

the 6/7 or 85.7 mole-% limit referred to. Such highly

15 selective catalysts comprise, in addition to silver, a

selectivity enhancing dopant which may be selected from

rhenium, molybdenum, tungsten and nitrate- or nitrite=

forming compounds, cf. for example US-A-4761394 and US-A-.

4766105,

20 SUMMARY OF THE INVENTION

The present invention provides a method for
improving the selectivity of a supported highly selective
epoxidation catalyst comprising silver in a quantity of
at most 0.19 g per m’ surface area of the support, which
method comprises
- contacting the catalyst, or a precursor cof the
catalyst comprising the silver in cationic form, with a
feed comprising oxygen at a catalyst temperature above
250 °C for a duration of up to 150 hours, and
- subsequently decreasing the catalyst temperature to a
value of at most 250 °C.

The invention also provides a process for the
epoxidation of an olefin, which process comprises

- contacting a supported highly selective epoxidation



0.19 g per nR surface area of the support, or a precursor of the catal yst
conprising the silver in cationic form wth a feed conprising oxygen at a
catal yst tenperature 5 above 250 C for a duration of up t%) %50 %ougo and -
subsequent |y decreasing the catal yst tenperature to a UREEME“Bst 250
C and contacting the catal yst vvitg t he feed %]g ri sjgggttrpoestol efin and
oxygen. The FRVERTOFFRES S8y FYes™a Pt oS ForYproducihg - 10 a 1, 2-di ol ,
1, 2-di ol etherisof pr al’kanpfame nesea od@Mphiessagoeonyent iangranuokefi n oxi de
into the 1,2-dial, the 1,2-diol, ether, or .the alkano] am ne,. wherein the

ol efi n oxi de®haS et aoptsdi FOIPEYS P Pridtesd F6F tHe > ebdxi T 8K of an

ol efin accorging 4 rddd onprest hgnoxiderDEIALL ERtDEGOR| PotaN a(OfrBHE

I NVENTI ON I n accordange with this invention, thf | ectivit of a highly
sel ect i ve’ epdRPHaL3vh “CataFy3t 198 FnPotRd %@ Srt P88t i ng the

catal yst in thesphasanas19f deR¥¥geinaitia erpefatutampbiLtudes toypi cal |y
above the catalyst's normal initial operatiop tenperature. This is
unexpect ed i vatwe 9F gt Tttt REOprG GchCORtREF 1R a2 tAdESk- ¥ahB0g7

teaches to aveldeddle RLBSERGEEOELEXYDSNIVRER odygkhver - based catal yst is
exposed to a high tenperature, _and a belief is exgéegsed t hat . at

t enperat ures of JBIE GugHFiRrgRef oy Yeiisss 2abs8Fs P VSt Pal

quantitigs Lniopide,bulk nfgibthecshéveromher @lkhnbasmane adverse effect on
the catal yst characteristics. It would seemthat the heat trrecgtggent | eads
to a SONEwhePPBIRINAINVEY 188 PheCtitial St dSwhPER Wotil 1 2 7St in a
sonmewhat hi gbgr OPLIAING ERIMERRt UL HAWINE antihe, CRhatysl "thenor mal  use.
The higher operating tenperature frequently leads to a reduction in the
catal yst's | plefimexifle hog heee PhpRcbvact PSPREEF] hF “Prheref ore,

W t hout WS“{EB&&& CoP UL DY 1 LREQN Yacddaing 3022nPaceshest 2006 preferred

to avoid applying the present heat treatnent to
15 DETAILED DESCRIPTION OF THE INVENTION

>In accordance with this invention, the selectivity-
of a highly seldéctive epoxidatidn catalyst can be .. .~
improved by heat-treating the catalyst in the presence of
oxygen at a temperature which is typically above the
catalyst’s normal initial operation temperature. This is
unexpected in the light of the prior art. For example,
US-A-5646087 teaches to avoid the presence of oxygen when
a silver-~based catalyst is exposed to a high temperature,
and a belief is expressed that at temperatures of 250 °C
and higher oxygen is absorbed in substantial quantities
into the bulk of the silver where it has an adverse
effect on the catalyst characteristics.

It would seem that the heat treatment leads to a
somewhat lower activity of the catalyst, which would
result in a somewhat higher operating temperature during
the catalyst’s normal use. The higher operating
temperature fregquently leads to a reduction in the
catalyst’s lifetime, due to more rapid contact sintering.

Therefore, without wishing to be bound by theory, it is



catal ysts which have a high silver density on the support surface, i.e.
the quantity of silver relative to the surface area of the support, in
order to dimnish contact sintering during the use of thf"?r[ge}:te‘?‘nlbér% 5 The
heat treatnment nay be applied to a catalyst before its f useé 1n an

epoxi dation process,_in whig case, after the heat treatnent, .the

t enper at ur e ’glfe Wecgcé%oalayé’llgnﬁ@’gﬁ‘él%c agéﬁs?ﬁggh? Ve reqvﬁ%mgﬁti §°

conveni ent, GafLryeanplieh hatesi aiage LAfl vielredeatatysin priicosupports use  in
an epoxi dation process. Alternatively, the_heat reat ment may be applied
to a catal ysTU i i's Sl 1 d?ual?"hlﬂgé’ﬁ[ ﬁl&ﬁeﬁpﬁﬁﬁﬁﬁ‘f%ﬁtoprt&%ss, in which

case the tesperataira-of drheneat@bysit May sihsequendiyihiesidecneased 10 to a
| evel suitable for, operating the epoxidation Erocess. As used herein, a

hi ghly, sel eRtPv&FRY VBFEIRgsERe o3 udti®oratatdPySt is generally a

catal yst which, when nhoperabgdnéseshhy N apphibit tbne tdeecgasitphase
epoxi dation 15 of ethylene a theoretical selectivity at zero X)é?len
h

conversi on, pfowt S 1H&SE BFY b B5.SPUIRG-ET Hrg‘b%'ﬁ’i cdl ¥ s
theoretical sglectimidy gannhe: ecsomishedecatenpetagiiong efper at ure of
260 C. The value of So for a given_ catalyst is found by Cggrerati ng the 20
catal yst, incpeERiveuIRgy e Sereaperdtii & drPVE60VeLCh 0t CFHTye *8f ' gas

hourly spaceryel Ogidi®s, foesUbbifige idE and 2888105t setaet ind titsvakues and
oxygen conversion val ues corresponding to the range of gas hourly space
vel ocities ERAPIDRRPXITE1o8| BEPFEFSy VaitGEsaLoURNY arth® £25 extrapol at ed

back to the EP@QEI@&H&%ay_S@ee?ﬁbYléa & ZU=RalPEYOFR: CONULISIradySo. As used

herein, the selectivity’is e fraction of the olefin converted yielding
the olefin &RidWee in Zr pecsiBeilepasrocsfer al YhiehediYHBR sel ecti ve
si | ver - based; gRoxi dation £atal ¥stalpe@ UPRALEBEUEAL B WS -acthRased
10 to a level suitable for operating the epoxidation
process. .

As used herein, a highly selective silver-based
epoxidation catalyst is generally a catalyst which, when
operated fresh, can exhibit in the gas phase epoxidation

15 of ethylene a theoretical selectivity at zero oxygen
conversion, Sy, of at least 6/7 or 85.7 %. More in
particular, this theoretical selectivity can be
accomplished at a reaction temperature of 260 °C. The
value of Sy for a given catalyst is found by operéting the

20 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
corresponding to the range of gas hourly space velocities
employed. The selectivity values found are then

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

oxide.



support may be selected froma w de range of inert support materials. Such
support materials may be natural 5 or artificial inorganic materials and
they include silicon carbide, clays, pumce, zeolites, c ecoal) ands
al kal ine earth metal carbonates, such as cal cium carbonate: Preferred are
refractory support materials such as al um,na, nagnesi a irconia and

SPBeE sy

silica. The nost Q?}“iﬁaé‘fléfrréhesﬁ’b%]ﬁf SRS EP £ . The support is

preferably pesossdandhastpreber ably swppittkaceaasbpsof atherost 20 n2/g, in
particular from0.1 to 20 nR/g, pore in [a]a,rticul ar f]geomO.S to 10 nk/g,
and nost i nSPRYT AR D5 SRTECER LI ¢ MASCuSBUTReTRi 1S tthe 15 B.E. T.

surface areaghSpstaemmd-drazhave been sBaHehabyribhe mm Nad maudedcri bed in
Brunauer, Emmet and Teller in J. Am Chem Soc. 60 (1938112 309-316. A

preferred al @i #eESUispet INpFeeRyr MpifgRLy 2881 BReY v $iiifer - based

catal ysts w i Al R9MeR, 20ap8T ARRCe 2B 1t @EBF Ghas@LCtHnd 1y,
activity and lifetine, has a surface area of at least_ 1 nP2/g, and a pore
si ze di stri butkohingrnthamepst eI AaELEPs2F nC2tFE ™ ange of from 0. 2

to 10 pmrepreseitia@l. | §8%kefPelt Ofc dd¥8-d0lal, BOFSoMO|tHEanRd ssuch pores
t oget her provide a 25 pore volune of at least 0.25 nm /g, relative to the

) { . mig
wei ght of t$eckphoriinipeef BREBEYLA 1 e wordasrpe o 5159 butiin ™9S¢ such
t hat por Wit he di ters S . N sent from0.1 to 10 % of
t he tot a(r?ép Ee%%ﬁﬁen@é,sﬂpﬁ&ga%#%u a$ %%a&ﬁl@%%? % of the total pore
vol ume; the 30 portes sidordi Arepeeferablvheorangeand fammpeiziedly0 |im

represent from80.to 99.9 %.of the t |_2pore.vo s tigular from
85 to 99 % of The 10t Pore vol Une: Oztacﬁ Pghelrboé%gsﬁvc\:ndtl%rd?g%etgfs gr eat er

than 10 }am tepz@seny, foom Do lpdrri281%rotromel tDttal Iomé/yolame, in
PRLLCULRT Sud CEESIR 006 (LET Op { R0 o R 2 s ool ure
15 B.E.T. surface area is deemed to have been measured by
the method as described in Brunauer, Fmmet and Teller in
. J. Am. Chem. Soc. 60 (1938) 309-316.
A preferred alumina support, providing highly
selective silver-based catalysts with an improved
20 performance in terms of selectivity, activity and
lifetime, has a surface area of at least 1 m‘/g, and a
pore size distribution such that pores with diameters in
the range of from 0.2 to 10 pm represent at least 70 % of
the total pore volume and such pores together provide a
25 pore volume of at least 0.25 ml/g, relative to the weight
of the support. Preferably, the pore size distribution
is such that pores with diameters less than 0.2 um
represent from 0.1 to 10 % of the total pore wvolume, in
particular from 0,5 to 7 % of the total pore wvelume; the
30 pores with diametérs in the range of from 0.2 to 10 pm
represent from 80 to 29.9 % of the total pore volume, in
particulaxr from 85 to 99‘% of the total pore volume; and
the pores with diameters greater than 10 pm represent

from 0.1 to 20 % of the total pore volume, in particular



10 pm provide a pore volune in the range of from0.3 to 0.8 m/g, in
particular from0.35to 0.7 mM/g. 5 Preferably, the total pore volune is in

the range of from 0.3 to 0.8 nl/g, in particular fromO. to 0. /g.
The surface area of the preferred support is typically atz:%q%?ﬁ%’f‘g%&pr@ g.

Preferably, the surface area is in the range of froml1l.4.t0,2.6 nz/g. 10 A
hi gher t ot al 3dF & voltemd Ui & 96vERT adsds B9 ev?’@ﬁl\}‘m%f & Tore "8 ci ent

deposi tion ofhsigosess andnf vibhefercatalyst raagposentsom o ttheosupport by
i npregnation. However, at a higher total I’tfglcére vol une, _t he Sup ort, or the
catal yst madk® tHRARAVERE AalCRAVE IR i tHENT$BIG Pongt i Sed herein,

the pore size gigtsd byt garanduisie 18 @ .66l yges. arel ap. neasured by mercury
intrusion to a pressure of 3.0 x 108 Pa using a Mcroneretics Autopore

9200 nodel (IBofeTitiact tRRgEetahePetR YR 45stPf B T3P &isit6i™of 0. 473

N'm and corgesti®dn fOriNEl CYh Yo £PPRARESS GroaPpl 88die dhe mu/ef.erred al um na
support conprises typically a- alumna in a quantity, of at, | east 80 %w, 90
%V, or 95 WFhe-HUfAGTaarrar CExERPIRF PTG UBPORF 15 PHRYGuaftup to 25

99 %w, rel atiyg: tP ehg . webabteAibihe toat 8hysice TRILAld ¥n the pasferred
al um na support furthér conprigses a bond material which is based on a

silica- cont@afnfrgn dorfpdsi £i-6nmcGhprising a crystallization inhibitor,

i nhibiting the fof MR ebr&hYsbA |80 18I hh¢an AR AL AP vGRAPOSi ti ons.
Typically, the bond "nmaterial provides a coating of a silica conpound to
the supportobu freaxe afifichernk@srehieippdr £14UPT a2 oS eceptive to

added retal conpAnaNt S LERenPaNgd, raterd W%yt YiRbsadh e dgpresent from 1
to 15 %v, in particul a?np6 2121 Decenber 2 E? fr%mﬂgbtﬁélo %v, relative to

the wei ght ofcwerematedl pshigher| tetrkanrd NPAYTEonpoS i THRRRF o use as a
bond ma'ter'a'ﬂzhe catalyst made therefrom, may have lower crush

15 strength.
As used herein, the pore size distribution and the
pore volumes are as measured by mercury intrusion to a
pressure of 3.0 x 10% Pa using a Micromeretics Autopore
9200 model (130° contact angle, mercury with a surface
20 tension of 0.473 N/m, and correction for mexcury
compression applied). .
The preferred alumina support comprises typically o-
alumina in a quantity of at least 80 %w, 90 %w, or S5 %w
g~alumina, for example up to 99.9 %w, in particular up to
25 599 %w, relative to the weight of the catalyst.
Typically, the preferred alumina support further
comprises a bond material which is based on a silica-
containing composition comprising a crystallization
inhibitor, inhibiting the formation of crystalline
30 silica-containing compositions. Typically, the bond
material provides a coating of a silica compound to the
support surface, which makes the support surface more
receptive to added metal components. The bond material

may typically represent from 1 to 15 %$w, in particular



are typically based on an anorphous silica conpound, for exanple, a silica
sol, a precipitated silica, an 5 anorphous silica, or an anorphous al kal
netal silicate or aluminasilicate. Typically, silica-con{ginin
conpositions for use as a bond material may be based, as géﬁTFFWg?rﬂxm

conponents, on hydrated alum na, such as. boehmte i.bbsite,. bayerite or
di aspor e, angrﬁmfb‘%%§§&§WPifﬁ??%ﬁv?ﬂﬁ?ﬁ$?bW?ln%% %g%ﬂl cat%%YS%'

arpl e, an-al'kali netal
conpound, i NsPBSdd-Cdrdaiaingt 8bmsesUbl ehsS dolr, usdcls as lond editemiel
potassiumsalt. It has _been found that th?T erformance of t cat al yst may

be enhanced #¥etRE@SHIFEr PPEINAR H¥Y, Y PPPES, Blhve® sHT T B v edPlues.

bef ore deposifimmof Oifiancaatatysi prgriedicants shlide, support. On the
ot her hand, unwashed supports may al so _be us&%. succegﬁfulLy.tA usef ul
met hod ol WeBRFPRPUHE ddSPor PT cBApITSed s AR T t FREJUPort R a

continuous fgshi oo Wdd) 1hekece20 depianern),i sedivat esntaifidg the el ectri cal
conductivity of the effluent water does not further ggcrease A suitable

t enper at ur e BETRHR e E0al PEEdRRaR droN TR eERB: r BRYPDE2HE t 85100 C, for

exanpl e 90 Ceor P99 GonRRILRILERC By R dFREQ uknky- BlcH308998, _
US- 2002/ 0010094 Al and WD 25 00/15§%3, whi ch are |ncor£orated herei n by

reference. Geplrklgy oilhsifeghPyyee} e 19w &16PPOER: 3REFP epoxi dati on

cat al yst §, COAPLESE 1 140 A6 thQRLE 008 | M8 ex@mp®EpUsan | AvxEl Almetand one or
nmore selectivity enhancing dopants sel ected fromrhenium nolybdenum and
tungsten. 30cTRROWIGNIAR SErEdERYar cat @yt $oLURpPi 88161 IS &fi fably in a

quantity of frgm 10,1t q20Q.9{kdsfPre suitably from 50 to 250 g/kg, on the
total catalyst. The Goup A netals, as well as the selectivity enhancing

dopants, may eacht Bespresentonndathuaniia pesEOFP8RTe. 04 t° 7 22 Decenber
2006 500 m‘%%m@éﬁqfrt Qﬁaléplﬂeate%ﬂaﬂée&hﬁf elirentyo-Renk Uha sied y Rdenum
r oup TA netal)

tungsten o on the total o
15 remove soluble residues, before deposition of other

catalyst ingredients on the support. On the other hand,
unwashed supports may also be used. successfully. A
useful method for washing the support comprises washing
the support in a continuous fashion with hot,

20 demineralised water, until the electrical conductivity of
the effluent water does not further decrease. A suitable
temperature of the demineralised water is in the range of
80 to 100 °c, for example 90 °C or 95 °C. Reference may
be made to US-B1-6368998, US-2002/0010094 Al and WO-

25 00/15333, which are incorporated herein by reference.

Generally, the highly selective silver-based
epoxidation catalysts comprise, in addition to silver, a
Group IA metal, and one or more selectivity enhancing
dopants selected from rhenium, molybdenum and tungsten.

30 The highly selective catalysts comprise silver suitably
in a quantity of from 10 to 500 g/kg, more suitably from
50 to 250 g/kg, on the total catalyst. The Group IA
metals, as well as the selectivity enhancing dopants, may

each be present in a guantity of from (.01 to



catalyst. Preferably, the Goup A netal is selected fromlithium
potassi um rubidi um and cesium Rhenium 5 nolybdenum or tungsten may
suitably be provided as an oxyanion, for exanple, as a rr henat

nol ybdate, tungstate, in salt or acid form Typically tﬁg D&ER E’l’??/oesof
silver relative to_the surface area of the su%ﬁ)ort is.at nost 0.17 g/ ng,

more 10 typr CaINPleY kepsE26CHER ihs hPFart PRt ar (Bte5%Yy 0. 12 g/ n2, nore
in particul afoBibd®@s, Orkngif@n 40 dep nAarmatapy ast iR alothbi s invention,
the quantity of silver relative to the surface area of the sgpport is

frequently ~$Rtalasst 0POEigraRlY mdie CreyBent HetA! I'eateIGC68%g/ ne. 15 Of

speci al prefgrencg t&h8mt Nohh 8 h SEh@RLHEUR =84 | ¥@FmbASeknRAUdat i on
catal ysts which conprise rhenium in addition to silver. The highly
sel ective SPOEIHa8edrepBRIHEeT IR SHALeBLE Bf PIGTOWESF PSnflS- A- 4761394

and US- A- 4766105, opi ¢B-abLah3cor RO at @d-PaESE fe 2GndidRirer, ence. Broadly,
they conprise silver, rheniumor conpound thereof, a further netal or

conpound t heFesfstanse, épt Pohhl 9y &CichdRirtim co- promot er which nay be

sel ected from org QL ARLCcRE SWddioy RBROSPIGELS e RO tANEneCONPOUNdS
thereof, on the support material. Mre 25 specifically the further nmetal is

sel ect ed fromtipeegrsep O6f tide oWPRK tméfal s, Mepoud- 17 A/FEt aPLEE ol ybdenum

tungst eny, chegmdin ot LEapbum o had i @ 321 SL00 diMay waNAdkm  thal |ium
t horium tantal'um niobium galT1um and germani um and i xtures thereof.

Preferably thelB@ /s tiere rigt alarits cvépecreddsto -the /@ oup™ Ahfetal s such
as | ithium pot S?&%tﬁeg' gfu&f&%ﬁr%ﬁwgh?”%é) it he & pup- | 1A

;
metal s such as cal Ci um an arium Mst preferably it i's I'ithium
pot assi um andgrtivesitenmthphsnefagosyiasl ef rhenswppcnthe f JfrepeenbEral or the

heni um co 8,22 Dacephgl g0 dRhAUTRLER. LSty RICaldgPbOYL dgfhas an
oxXyani on, I n sa t or acCl orm
15 Of special preference are the highly selective

silver-based epoxidation catalysts which comprise
rhenium, in addition to silver. The highly selective
silver-based ,epoxidation catalysts are known from US-A-
4761394 and US-A-4766105, which are incorporated herein

20 by reference. Broadly, they comprise silver, rhenium or
compound thereof, a 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

25 specifically the further metal is selected from the group
of Group IA metals, Group IIA metals, molybdenum,
tungsten, chromium, titanium, hafnium, zirconium,
vanadium, thallium, thorium, tantalum, niobium, gallium
and germanium and mixtures thereof. Preferably the

10 further metal is 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-



Preferred anounts of the conponents of these catalysts are, when

calcul ated as the elenent on the 5 total catalyst: - silver from 10 to 500
g/ kg, - rheniumfrom0.01 to 50 nmol e/ kg, - the further al or S
fromO0.1 to 500 mvol e/ kg each, and, if present, 10 - thgsh? erfler 2606

Al um

co-pronoter or co-pranoters fromO0.1 to 30 nnole/kg. each. preparation
of the cat allg/"s‘i'“?tiegC I%I?O\R’/Hpilﬁaﬁ'ﬂ% 950 2P h & kRS ar%'rr%rf’hol s-gg?g é%m i cabl e
to this invendidrEorndVet hods of preparing the catal yst include inpregnating

15 the support wi_th a silver conpo and with ofher tal yst ingredients,
and perforning aTrEdGEET naF‘Bu?%rﬁL%n%&ealclofngorsl? %/SerOfpatr aelsc es., Reference
may be made,cdwrlyssanple, wvhen Us oA E304s the Ae U661 mn W8BeA- 5380697, US-
A- 5739075, US-B1-6368998, US-2002/0010094 A, WO 20 00/ 15333, WO 00/ 15334
and WO 007 153451 \GRt@HYEES i ncorporated herein by reference. This

invention nay helapp! irednt aonew st &l Akst,s, as well as, for exanple, to
catalysts during their use in_an epoxid tign process, or to used catalysts
whi ch, due to &L FEOTh [t Odoth, > hIFe 5EER subj ected to a prol onged

shut- in period.yalhe itmeentic0a1 NBY nadtsQ sberappbi eded 5@ precerkor of the
catalyst. By a precursaor. of the catalyst is nmeant the supported
conposi ti on S#itbh ®chprifs®EeERREsi I ver in 30 unreduced, i.e. cationic

form angy whi chfdirther «GORBLESEsoLdle FORROPEBhST BES efsar Y .florcobbai ni ng
after reduction the intended highly selective catalyst. In this case, the
reduction mePe/dTF &&Ed during the 9 22 Decenber 2006 contacting with

the feed conprisimg @xaaRa2lcA LMY Aatkeyaboves 2btovn Al theughtt he
i nvention may be practiced in many . .
and the known methods adre applicable to this invention.
Methods of preparing the catalyst include impregnating
15 the support with a silver compound and with other
catalyst ingredients, rand performing a reduction to form .
metallic silver particles.. Reference may be made, . for
example, to US-A-4761384, US-A-4766105, US—A—5380697! Uus-
A-5739075, US-B1-63689%8, US-2002/0010094 Al, WO-
20 00/15333, WO-00/15334 and WO-00/15335, which are
incorporated herein by reference.

This invention may be applied to new catalysts, as
well as, for example, to catalysts during their use in an
epoxidation process, or to used catalysts which, due to a

25 plant shut-down, have been subjected to a prolonged shut-
in period.

The invention may also be applied to a precursor of
the catalyst. By a precursor of the catalyst is meant
the supported composition which comprises the silver in

30 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 may be effected during the



ways, it is preferred to practice it as a gas phase 5 process, i.e. a
process in which the feed is contacted in the gas phase wth the catal yst
which is present as a solid material, typically in a pa%%d betg Bgo%itioned

i i ecember .
in a reactor, which may be a tubular reactor. Frequently, Tn commerci al

scal e operation, the inventjion be appl.i 1 quantity of catalyst
which is at Cioé%&cttiﬁgka,lggolfﬁeegegér?plcgmgggﬁég to’%@é‘%@aatf lr‘J:lequent ly in the
range of fr oremcE@2tiweel@Bokg, 29re.frequently in the range of from 103 to

106 kg. Generall e progcess.is carried o . cont.in process. The
reactor is typi c§11|tt3‘°8§ﬁi gﬁgdlﬂ‘éenvq\_ﬁj’[oﬁ hedt H%x@%%%%&%é;é‘ﬁ :[ﬁtgllH s to heat or
cool the cataatgstit As psedehesdity rirhetfieeditsacomygaderddsto be the

conposi tion which is"contacted with the.cat SE...AS. US ein, the

cat al yst “t edJ&EEGr e Tof - t RePT AT d‘fh?@lcgf %%eE%%‘? allsys?tonggﬁglgé %ilgerred to

be the wei ghtheavRIsagRaz Wetdperat W0k sthehtahal y gprgparit ekea. When new

catalysts are utjilised, it may, be useful in s I nst ances t.0.pretreat

t hese cat al y%’t]sldpma&ertlé‘l'cﬁﬁwq%glyqdfj Fh@a‘ﬁ]ﬁﬁgg‘?‘%@ﬁ}%&ﬁjﬁfgc%ﬁnﬁ themto

a high tenpesaitde Whibhanai Nes ta LRPERYrgast@assi Mgaearlyheidb

catal yst. The sweepi ng ’%as is for exanmple nitrogen or rgon ordm' xtures

conpri si ng MAPEGETeAn8FELeaPyorRt e Hegh ¥R Rt B ™ MermSeFRPUr 8%convert s a

signi ficant @ord icRAntekyobgaphtaidy a@eanhc oaPatNtsashiloh kkmy fhave been used

in the manufacture of _the cat a}lé%sts to ni tlro?en cont ai ni n %0 ases whi ch
yf %S o

are swept upPrFARlfe 2fadcefreat Mhd FSWFEE YT FONFER e T n additi on,

any noi st ur e draycben” nenowed < restiae:atial e rEMchaflﬁlrorMh_éﬁ the
catalyst is loaded in a reactor, by utiljzing the heater, the tenperature
of the cataly&tkps bFeugHtltp Y PEOCEES 259 P9 BécBibdr 2006 and the

gas flow is passedRebrbbessat asStreattersiar typigaDly usedpgatial ysts may
or may not require the use of a sweepi n%og%gétb‘% (ij('golnaeflefrequently be
used. Fult hefith heat exchange facilities
.catalyst. - As used herein, the feed is considered to be
the composition which is contacted with the catalyst. As:
" used herein, the catalyst témperature or the temperature
of the catalyst bed is deemed to be the weight average
20 temperature of the catalyst particles.

When new catalysts are utilised, it may be useful in
some instances to pretreat these catalysts prior to
carrying out the invention by subjecting them to a high
temperature with an inert sweeping gas passing over the

25 catalyst. The sweeping gas is for example nitrogen oxr
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
the manufacture of the catalysts to nitrogen containing

30 gases which are swept up in the gas stream and removed
from the catalyst. In addition, any moisture may be
removed from the catalyst. Typically, when the catalyst
ig loaded in a reactor, by utilizing the heater, the

temperature of the catalyst is brought up to 200 to 250 °c

10



details on these procedures may be found in US-A-4874879, 5 which is
i ncorporated herein by reference. In accordance with this invention, the

catalyst is treated by contacting it with a feed conpri sj 0 at a
tenperature above 250 C for a duration of up to 150 hour??%\%ﬂﬁ?”ﬁeg%bgat ment

may herein be referred tqQ by. 10 the term "heaf _ir Nt iLcally any
t enper at ur e a%%gi}_ée i) éﬁo%%% R vfrafﬁf%e%%{;agg%ﬁa tTnlr’lltéaygtég%errpl oyed,
for exanpl e wp dH 32X Catbypesealhyy upr tey300tCreawiee thhm c@kl pfup to 280 C.

The duration of the heat_treatnent is typical at | ea hours, 15
preferably | W IFHEFRAGE of “fr b Y oéW%%ﬁﬁg,Lf\énus%%'rt%t#g?rfrom 2 to 40

hours. The faedaIid cih mivbe pespddyess imay beefotedtin Eataydal 4685, be any
oxygen .contajning feed,: whjich may be.pure_.oxygen or it may conprise
addi tional c&hy sm&ﬁr‘ﬁr?ﬁrﬁ‘;%gi}heé%f”bﬁn ﬁf%gﬁqcﬁ%‘rt under the prevailing
conditions. Suitat] \acddiglanteeditis #hin Xhweatobnoxyigecatidllysanisnert gas,
such as argon, he|lium and nitrogen,, or a_saturated h drocarbon.t Such

m xtures may" bt rbyefﬁ%PEFlﬁsFr,t&Vfgjeﬁ ERPPCRZTPT Y79 SPYEFT At hane

m xtures. The eadddnnref a8¥ygensd rrc25okrhe &deet-icn prfeierably in the range
of from1l to 30 %, in particular from2 to 25 %, r Iatid\;%gt t he total

n

feed. The inkt? HHFSorHF8r FLeOHpHe MY REySHE RBITHEL© <t those

whi ch mayy bergonpanents0ef ttherheed of |micapoyi daf i anpecese as descri bed
herei nafter, and the 30 quantities in whi cg t hey, y..be %ggésent may be in
the ranges 3CHRIRN bEd Rere WACEIYFEF t53MpIe” the FEELS may conpri se

an ol efin, ignpyhd£dh case thamplefim i 1320atc, |te_ﬁ;ﬁfcapa5gt by be converted into
t he correspon m{g epoxi de, ,and in which case th(g1 heat of for at%{?on of the
ol efin 11 223PecEmbBPr20b8PiRdde WayCadsP stC i n TaEcBipR T

control |l ing e desidedtrerpergbie£l 1A heasadvantiagaernf having an ol efin
present EQ tgﬁ%%ﬁ?EbfgeﬁgIgggtréggérg¥ ggg% 1 to 50 hours, in
particular from:2 to 40 hours. The feed which may be T
cemployed: in: the heat ‘treatment may be any oxygen
: containing feed; which may be pure okxygen or it may

comprise additional components which are inert or non-

20 inert under the prevailing conditions. Suitably, the
feed is a mixture of oxygen with an inert gas, such as
argon, helium, and nitrogen, or a saturated hydrocarbon.
Such mixtures may be, for example, air, oxygen enriched
air, or air/methane mixtures. The quantity of oxygen in

25 the feed is preferably in the range of from 1 to 30 %v,
in particular from 2 to 25 %v, relative to the total
feed. 'The inert and non-inert components may be selected
amongst those which may be components of the feed of an
epoxidation process as described hereinafter, and the

30 cquantities in which they may be present may be in the
ranges as described hereinafter. For example, the feed
may comprise an olefin, in which case the olefin will at
least partly be converted into the corresponding epoxi&e,

and in which case the heat of formation of the olefin

11



i nprovenent in selectivity of the catalyst may be 5 nonitored by nonitoring
the rate of conversion of the olefin: for exanple, in a continuous process
a stabilization of a declining rate indicates that the 2%Jectgv5&%

i mprovement is near conpletion. It may be advantageous £6 &ppPI3 it he

heat treatnent, a | ower 10 oxygen concentration and .a | r fin
concent r at i SHAYT "Pie 3FE2EY TOMETEE 'S%‘Fingh%n €6t tcré)r%%\é%gt ?’o% inlater
st ages of thaqinecessniurhtgraor motoleef ativantapse ¢ff dchvdinigoan: Lower oxygen

concentration and a | ower ,olefin congentration, in.the.feed will reduce the

oxygen 15 co‘?ﬁ%lﬁ & SFEVE 1’%0&‘?‘1 ?aotag\fgﬁ%ESQBUlssf &h%ott%égpots in the

catal yst ar eimgetdweimedol dedepask g pbdCehse whtadlibe Ay e

easily-controllable. Thus;', in the heat ﬁﬁ:r eatnent the fee% Ry, conpri se,
079

in addit i%on RGP IGFGEN PYaRCBHe?TINY HndAtEi 8ki WY TE Y ©20GEs, saturat ed

hydr ocar bon, o B¥dir0Or fogaekb@pl &@pdid i£ientsutbudspidcagani ¢ halide or a
nitrate- or nitrite- form ng conpound. However,.in th(sgc @%a treatnment, the
presence of ik aRtrienoPt thedF Hdding SREP LBATHEH &4 Fe feed is not

consi dered t£1he 18390t kabréfetdie: 2% nR¥eNtbApledivh healt tagabaent nmay
typically be carried at an absolute _pressure in the rarlg)e of from 1000 to
4000 kPa. Pr&faErasIsprswhencetls 6t &9 Soghy Fet ottt & '29§3s phase

process jg\VvobMidqih acRRekeda bl ded Dadwerhe1&HSY dendent3@rtiba tange of
from 1500 to 10000 NI/ (I.h). _"GHSV' or Gas Hour%jys/ Space \{eltoci ty is the
unit vol ume e geaedat RBPAEPS Yinpdid drEdafa™p? o€ atm i.e.

101. 3 kPa) @@égéégﬁgafo\e% 9n6c & tamalidm cehapaskes cas:alaest per hour. 12 22
Decenber 2006 ol lowing the heat treatnent, the catal yst tenperature is

decreased t ooEpduEHgerat ubeveF %Yﬁfﬁi‘st‘:%@né?aiz%‘xbéfrtq GuILS™eo a tenperature
of at most 24h.Gn JddndehRerREESENn et fkealiient rédudondiiciadgas a

15 conversion level so that, advantageously, hot spots in
the catalyst are better avoided and the process will be
- more easily .controllable.
Thus, in the heat treatment the feed may comprise,
in addition to oxygen, an olefin, carbon dioxide, inert
20 gas, saturated hydrocarbon, and/or reaction modifiers,
such as an organic halide or a nitrate- or nitrite-
forming compound. However, in the heat treatment, the
presence of one or more of these additional components in
the feed is not considered to be essential to the
25 invention.

The heat treatment may typically be carried at an
absolute pressure in the range of from 1000 to 4000 kPa.
Preferably, when this step is carried out as a gas phase
process involving a packed catalyst bed, the GHSV is in

30 the range of from 1500 to 10000 N1/{(1.h). "“GHSV" or Gas
Hourly Space 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.

i2



separate process, e.g. nhot incorporated as a step in an epoxidation
process, subsequent to the heat treatnent the catalyst tenperature may be
decreased to a tenperature which is suitable for storaggagf the saial yst,

for exanple a tenperature in the range of fromO and 50 T epartl cul ar

from10 to 40 C. After.sto the catalyst _ay he .applied in an
epoxi dati on pr océ‘?slt.loi’“fn?sgg%%%ﬁta g&?técmte}égf o) p%a?caatlgj#he heat treat nent
as a step i rcapapaxrdat sofe@r@0est td B Wanphraases iaf tdte mokéat treat nent

the feed may. conprise at |east oxygen and the olefin, _an °
cor r espondi i ol &f i b G de-9 afroF\éEa t%mp%”’satélﬁeeé%t fagnmﬁrc’gd%%? “rhe heat

treatment may be imedeppratedt itedtharepaxietat i onc@idocessl ias- any phase of

t he epoxi dation process, for exanple during the startup_ or .during the
egul ar ol ef1FPAR Ge BEPEAREL | SrF - FIPts dEFOHERE- T HE Ho ot &t At

represents ahd:fid=2a%8 bhodfsEAatalntssiqul-pipes athk ehdaomrdaampheyahéi ng
catal yst operating tenperature, foIIO\lgled b¥ a.decregse in_ tenperature to
gt a

a level whi cF5%YREs FPEBPEAELr & MBh&tta FherAtrE B RS Cat al yst. The
fol | ow ng deggirdiptiisOBuiBYbl el 8d:e dtbrafel repnKi catdstr deess which

i ncorporates, as one of its steps, the presen eat treatnent. It may al so
relate to dFEBOE aaftﬁwﬂ%%%%slwh&r@ﬁg?o@é gf%toaﬂi@[ rg@m%h Hhs

previously hegh isuhi-ectedmt fothe fieat . tresidenicorblye, enexcdoiips process
may be carried out by using nmethods 20 known in the art. Reference may be
nmade, for eX@pke apslips. Ao 496 1FRREIBSIANIFEBADSS - US- Bl- 6372925,

US- A- 4874879  and (USyAn5455240oditch 1ake-bpEQEHOMRS atbateneienthynt
reference. 13 22 Decenber 2006 The olefin for use _in_the epoxidation

process may ¥e aMFeHl af AT SRR AT LOR RE6REEFC HF offIFR 1o erEnple
styrene, or gl 1QlBhinBntWoRt heleL QRIWERNBEH 96 HOtiedt oxgRAPRAG

1, 9-decadi ene or 1, 3-butadiene. Typically, the . )
the olefin, and the corresponding olefin oxide is formed
‘5. as-a reaction product. The heat treatment may be:

. .incorpotrated.in the epoxidation process in.any phaseof -
the epoxidation process, for example during the start up
or during the regular clefin oxide production. In such
case, the heat treatment represents an increase in

I0 catalyst temperature from the prevaliling catalyst
operating temperature, followed by a decrease in
temperature to a level which is desirable as an operating
temperature of the catalyst.

The following description may relate to an

15 epoxidation process which incorporates, as one of its
steps, the present heat treatment. It may also relate to
an epoxidation process which employs a catalyst which has
previougly been subjected to the heat treatment. The
epoxidation process may be carried out by using methods

20 known in the art. Reference may be made, for example, to
US-A-4761394, US-A-4766105, US-BLl-6372925, US-A-4874879
and US-A-5155242, which are incorporated herein by

reference.

13



5 olefin is a nonoolefin, for exanple 2-butene or isobutene. Preferably,
the olefin is a nono-a-olefin, for exanple 1-butene or propyl ene. The npst
preferred olefin is ethylene. The epoxidation process ma% be "aﬁlérﬁ sed or
oxygen- 10 based, see Kirk-Othmer's Encycl opedia of Cheni’Cal®“®™&ERNH ogy,
3rd ed., Vol. 9, 1980, p.. 445-447. |n the air-based process air _or air
enriched with oxyqé}é‘?] EL I FPEY BEC ot t TRE SRFEE251E R Mer OXF ! 297y P&gent
while in thenpxypgefirbasednprecessesorftiigh: RUkIfEy, (P95 &P 15 oxygen is
enpl oyed as the source of the_oxidizing agent. A Presently npst_epoxidation
plants are oRyEEREPastd 2anld ~OLRTS™ sWRF PIeT SPPAUIBRBOIPTIEMT off Fhe present

invention. Qsygeiid Sl tofieealdignappli ek -afutdceensent rabi @ mhi alhe avoi ds the
fl ammabl e_regi me, The concentration_of oxygen 20 in the feed may be
adj ust ed s PheFEorceR Meroghedt 2t nkPo Itk les 2chahged €0 as to remain

outside the {lammhle regime. The act ual.Saf g operating sanges depend,

along with the feed conposition; al'so on the epoxidation <conditions such
as the catal y8tr ¢xmperatirbatand thep2foypraessur 8he Anpeapieiermedi fi er nay be

present int . far... jncreasing the selectively, suppressing the
undesi rabl e Q%?(%%Sﬁl%r?to lgflﬁw ene or ethylene oxide to carbon dioxide and

water, relative tthd hepoddsiarédnf proetsomayf bet Ayt ebese@owxixgdgenvany
organic , £S ial organi & hal. des,. _m enpl pyed as the
R R i i R T

reaction no ier’ (ct. or exanple 94 and

US- A- 47661057 eckin bdyar 8 ridnedr povat ed® herdd€ion by #4&%-et¢£hce)In @hgani C

ni trogen compounds, or Jhgraanie nif rogen. conpaunds. sugh 44 ;22 December
2006 as nitrogen oxl des, ydrazi ne, Jhy(f’roxy am ne - or hi'a may be

enpl oyed as smbloydilitast hhe ksugeaesflihe loxddizpnef @yered. wHitld Snconsi der ed

that under t b, ORE/At] 9 ceaOBdhLoNss o k5. 20RYT 24 o pLagesS the
15 oxygen is emploved as the source of the oxidizing agent.
- Presently most epoxidation plants are oxygen-based .and
this- is a preferred - embodiment of the present’ invention.

Oxygen is typically applied at a concentration which
avoids the flammable regime. The concentration of oxygen

20 in the feed may be adjusted as the concentration of the
olefin is changed so as to remain ocutside the flammable
regime. The actual safe operating ranges depend, along
with the feed composition, also on the epoxidation
cenditions such as the catalyst temperature and the

25 pressure.

A reaction modifier may be present in the feed for
increasing the selectively, suppressing the undesirable
oxidation of ethylene or ethylene oxide to carbon dioxide
and water, relative to the desired formation of ethylene

30 oxide. Many organic compounds, especially organic
halides, may be employed as the reaction modifier (cf.
for example EP-A-352850, US-A-4761394 and US-A-4766105,
which are incorporated herein by reference). Organic

nitrogen compounds or inorganic nitrogen compounds such

14



5 containing reaction nodifiers are precursors of nitrates or nitrites,
i.e. they are so-called nitrate- or nitrite- form ng conpounds (cf. for
exanpl e EP- A-3642 and US- A- 4822900, which are incorporatzgq3 hereeirlao(%y
reference). The organic halide is in particular an organiC LT b7 o1 de, and

nore in particular an organjc chlqride. PRreferred organic_hali.des are

chl or ohydr oc&FbBhE-EF=? Bgﬁﬁ?-shyglﬁ’gﬁﬁ?b%%'s.hy roécygraglf‘lélra%yya 18y “ar e

sel ected freaytbe @nsup i awetpil, chhoriiie iet byhechlbyi tess et hyl ene

di chl ori de, ethyl ene_di brom de, vi,H\éIF%ghl oride 15 géga m xt.ure thereof.
[

Most pref er r BISFBEERT on Todiss cers et VRS FRAEERA ene

di chloride. AbhbBotOdhd her AaRexhahtden gryedls. thaeppitedgas a single
conpound, upon contact with the catalyst a vari et)é of cggounds may be
formed wh? chCPBRRHIOIF d<SaE4OR BRY2H1HE™IFT% P eEHISRAF cR™ M- 158 S5 esent i n

the feed if ar neeycl&s | si applhed. akersexaimled nwheatappbyimig ety
chloride in an ethyl ene oxide process, the feed naé ig agctice conpri se
ethyl chl ori dermypdyForBidsdd o f - e RY | BRI FFof d&%an THyt chlori de.

25 In enmbodi @At S0 ANRNGS! RihehSorBblitd® ndeifl biyi tefef@rsd)Ng conpounds,
e.g. nitrogen oxides and/or organic,  nitrogen conpounds, are used as

reaction modifi er The gedaREc Wieth dehés of g Ffid HFrPded™ A PEFYT cul ar an

organi ¢ ghl oLi-dR; aSUi 48Pl & LRogeRt QxhOes A @rehnt BecBlogeneral formil a
NO, wherein x, which denotes the ratio of _the nunber of ogg/ en atons to
the nunber oPrREe¥bR@rrrearois halddpl #FR FHAFOMArPFBRPE™NE °2. These

nitrogen oxigdeselnehmsle, fiihexamke N rded andeM0de Suidahie organic

ni trogen conmpounds are nitro conpounds, njtroso_15 22 Decenber 2006
conpounds, afrRBsthe| eraRe ARt Fhéerider etiapFBlari@emet hane,

1-ni tropropapReno o2s N LR ARRNE e chify 81 874 iront1adl, OXYhR BgLHFiMONI & My
be enpl oyed as "well. o

15 or a mixture thereof. Most preferred reaction modifiers

are ethyl chloride and ethylene 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

20 modifier, and which may be present in the feed if a
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 chiloride.

25 In embodiments, amongst others, 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 are of the

30 general formula NO; wherein x, which denotes the ratio of
the number of oxygen atcms to the number of nitrogen
atoms, is in the range of from 1 to 2. These nitrogen
oxides include for example NO, N;0; and Nz0. Suitable

organic nitrogen compounds are nitro compounds, nitroso

15




5 The feed may conprise one or nore optional conponents, such as carbon
di oxi de, inert gases and saturated hydrocarbons. Carbon dioxide is a
by-product in the epoxidation process. However, carbon djgxide rally
has an adverse effect on the catalyst activity, 10 and hﬁ%ﬁ§¥gﬁgggﬁggtions

of carbon dioxide are therefore, typically avoided. The inert gas may be,
f or exanple,COWRQﬁQQﬁenaBFnSFgdﬁ%tQ#géf ﬁPQtH?Erf?ﬁﬁtxﬁqr'§ﬁ?@3%?e sat ur at ed

hydr ocar bonsy af-@mi-opare andi eyshap-eRane, 2anttroprd@ntd.cul ar met hane and
et hane. Saturated hydrocarbons 15 nay be added to .the f%%g En order to
i ncrease t heBRFAFdRS f PARRBBY FRE57T i AP pR cBPY Vo8 i e SPnPi al  phase of

t he epoxi dat©on. . process, the catal yst tenperature may be in the range of
from180 to 250 C, nore typically in the range of from 20 200 to 245 C.
Such tenper at ur ed 8 &P pavt FemPErSe SBRt 8Bl BOER PUNPHS" the catal yst has

not yet subsi@dedltlsy Been sybi£eiod Giariag ngnéet afatks padf or mance
decline. Such aging manifests itself by a _reduction in the %ptivity of the
cat al yst. WRAWAIBS SYGEOFBRPPRS actGaF giorhee ci 4 vyt e 9REhi fest, the

catal yst temperaldig sBY-RechnNsreased | Bopeder, t Gars@imensate for the
reduction in activity. The catalyst tenperature may ultlnateI%Fge

i ncreased t g@srgnddvaberean28dverse G feganprettp TH A NHMFErAVUFE: of 325 C,

30 typicqd | Yadd i, ©-3ngenelat { oM 240 Le13R0afoxfBnenal ltherepeaki ng, the
catal yst tenperature may be increased until it beconmes undesirably high,

at whi ch poifrigeliymevepdede at Bigsiners gasnBayt®ehef W FHREPERd of its
lifetime and,; wudd, need Lonbe,exghangede 1fiefdobeceiiaraA06 Typically,

the olefin concentration in fthe feed is at nost 80 nole-% relative to the
total feed. s¥pufedregbhydrprarBony alfe prapgacornfr eYF PEFARFNEY ABfle-% in

particul ar ffﬁ"ﬂé&éﬂ%&?&rnﬂgghgﬁecﬁhéIE%h%ﬁ@? bastsratdd hydrocarbons

15 may be added to the feed in order to increase the ongen
flammability limit:

Typically, in the initial phase of the epoxidation
process, the catalyst temperature may be in the range of
from 180 to 250 °C, more typically in the range of from

20 200 to 245 °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

25 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 values above
250 °C, for example up to a temperature of 325 °C,

30 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
catalyst is deemed to be at the end of its lifetime and

would need to be exchanged.
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5 desired, the olefin concentration may be increased during the lifetine
of the catalyst, by which the selectivity mnay be inproved in an operating
phase wherein the catalyst has aged (cf. US-Bl-6372925, m?ec‘;% 'erzoo
i ncorporated herein by reference). 10 Typi caIIy, the concen {70 o
oxygen is within the. range of f 11to 15 et ally from?2
to 10 nol e- % of T%l?ao]tajéﬁ ftg’gd.c’i? ccd?I}‘iFntES‘ﬁ&SHt %Btf}é%syeg C‘Fcar bon
di oxi de in the mbeedd meEcassrelallranie-the poeker abky. i n excess of 5 15
nole-% relative tq the total .fee are av o] ratlorg of carbon
di oxi de as IBW%I%’]%'I - oplsr 1my B&% rari%efaﬁ ggof“oo F‘\ Q ?@I MGLEE " may be
enpl oyed. | perpagescuilByr F-opf eseat 60 tdlhe o, ee ltneasalﬁé\cieaﬁ:rsau at of from
0.5to 95 mole-% In an air hased $ﬁrocess i nert % ma ({; resent in
- BTy

the feed Tn Qe%bﬁ%‘%ﬂt?}éeflo&r?fdf‘ FPONT B Y9 0§50 ¥om 40 to

80 nol e-% | ghaniifxyged JrRsed PAOSESSt | wknhgaﬁ I&nys bel@resanty i n the feed
in a concentration of fromQ0.5 to 30 nol e- % yplcally froml to 15

mol e-% | f s&®Wr ?eﬁﬂmé%éﬁso%@éat?glgp Rt YRERBY" nEY® be present in a

quantity of HQtéPy@tQHEHQIgOéi rekatryest Gi@o60t ahikreds in particular up
to 75 nole-% Frequently they are present in a quantity of at |east 30

nol e- % nor el FFRERIEHR Y é’ceqeé&s@%’@e?ﬁeé“% 30 The reaction nodifiers are

general | ypef f ectiyg,mhen . used LOntONE QAN bfeSxBehhes feathid @heexanpl e
up to 0.1 nole-% relative to the total feed, for exangle from 0 01x10_4

to 0.01 rol e¥3h9¢ rPhaftaed &° WASHOIPIed ol tYPéc@HM 419 d%referred
that the reaghbiong wdidiernobii22.0ecenber 2006 is present in the feed at a
quantity of from 0.05x10-4 to 50x10-4 nole-% in particular fromO0.2x10-4
to 30x10-4 nol e- BYRitaklivwe copceRerapians fdedarBant gbPei radm iti%s of the

reaction nmdefbQr Sn i dddl® of 10 mole-%, preferably in excess of 5
15 mole-%, relative to the total feed, are avoided. A
concentration of carbon dioxide as low as 1 mole-% or
lower, relative to the total feed, may be employed.
Tnert gas may be. present in the feed in a concentration
of from 0.5 to 95 mole-%. TIn an alir based process inert
20 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 0.5 to 30 mole-%, typically
from 1 te 15 mole-%. If saturated hydrocarbons are
25 present, they may be present in a quantity of up to
80 mole-%, relative to the total feed, in particular up
" to 75 meole-%. Frequently they are present in a cuantity
of at least 30 mole-%, more frequently at least
40 mole-%
30 The reaction modifiers are generally effective when
used in low quantities in the feed, for example up to

0.1 mole-%, relative to the total feed, for example from

0.01X10™% to 0.01 nmole-%. 1In particular when the olefin

is ethylene, it is preferred that the reaction modifier
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5 feed may also be expressed in relation to the quantity of hydrocar bons
present in the feed. The relative quantity Q of the reaction nodifier
the ratio of the 'effective nolar quantity of active spegi

reaction nodifier present in the feed to the effective %%I[%F%erg%eét%?&t of

10 hydrocarbons present in_the feed, both nolar quantities _bej Lgcﬂexpressed
in the same uRiPECSPRY gxdhs €289 Abl 2- T LdYe@Ton PR t BV f When

the reaction ﬁg%q‘u EE és% rr%ﬁé)%g_%gcgggpoyp&oq fQn the purpose of

cal cul ati ng ? effec rve' quantity active species of the

reaction nodegbkes-‘andlethe Mmaldiavef tQ th@&cﬁﬁbfﬂbﬂi’eeﬁf active species is
deened to be the nunber of hal ogen atons present, ‘ghg] n the _reaction

modifier is a nit?& P PAPELFESF or i Y EHTRE ¢ active

species is deegRUndp P2 Rephupbed o ﬁltdﬂ%ntat@m QrAsERly: ofhi s
inplies, for  exanple, that 1 nole of ethylene dichlorjde provi des 2 noles
of active spEE?lé%cajfb‘éﬂs Aesent p BhE orgSte aflBifs TepRrELERL t¥e an

active speci gser Ghd Neihen headsicr eastien aRdil ber shahé edeaieenet hyl
conmpounds, such as 25 nmethyl chloride and nethyl brom de, are |ess

responsi ve BAYEE Heatorey fofoRCELYS SPemiRss Off FEaFeREHISE M9BHhi®Ts to 3.5
nol es, suitaflys3ntiesid fdag BBt Ayé SOMAURMS molBY Beasteaedt o provide 1

mol e of the Active species. This nunber nmay be determ ned and verified by
routine 30 eRpereemrRens cesgnd 1N Flh%uﬁe%fslﬁoﬁél felde BHUHd HHPS theory- it

is believed Bgﬁ?t& SrdURen ol $nbi ghRL @S dd1e rorebRihp COMROURA J-B, quest i on

has a | esser abiTity to split off the het eroatom i n quest-i on (for exanpl e
t he hal ogen PaFedi ¥ ogfeh tat'er) feFRAus, for exanple, when the feed 18 22

Decenmber 2006  coppLh S5 %Ja%vcéoff%@a Yty qtgml nebgLh domppidr, 4 nol e- % of
vinyl chloride, 1x10-4 nole-% of ethylene dichloride and 1.5X10-4 nole-%

of mnet hyl chEeri tee mwass oft Feécwbiing qoeneiffpcbivacte ¥ species of the
reaCt'OnlyodhLéﬁflﬂPMDf active species of the reaction modifier and

the value of Q, the number of active species is deemed to
be the number of halogen atoms present, and when the
reaction modifier is a nltrate— of nitrite-forming
compound, the number of active species is deemed to be

20 the number of nitrogen atoms present. This implies, for
example, that 1 mole of ethylene dichloride provides 2
moles of active specieg, i.e. all of the chlorine atoms
present provide an active species. On the other hand,
reaction modifiers which aée methyl compounds, such as

25 methyl chloride and methyl bromide, are less responsive
and therefore from 2 to 5 moles, in particular from 2.5
to 3.5 moles, suitably 3 moles of the methyl compounds
may be deemed to provide 1 meole of the active species.
This number may be determined and verified by routine

30 experimentation, and -without wishing to be bound by
theory- it is believed that this number is higher as the
methyl compound in question has a lesser ability to split
off the heterocatom in question (for example the halogen

or nitrogen atom). Thus, for example, when the feed
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5 be calculated to anbunt to (2x10-4 X 1) + (3x10-4 x 1) + (1x10-4 X 2) +
(1.5x10-4 x 1/3) = 7.5x10-4 nole-% In other words, the effective nolar
guantity of active species of the reaction nodifier pre int feed
may be cal cul ated by nultiplying the nolar quantity 10 o%gggggﬁmb?eﬁ%ae

reaction nodifiers present in the feed wth a factor, and adding up the
mul tiplicati BATPFHERRIBILO WIS ¥ E4cRtPatt T adptesdnts t RelAuhbet of
active heteroal pm, iy ar higylar, nal gose ahgmmeandian,pHiaoas atoms,
present per nolecule Of THe Feaction nodifier in 15 question, on the

under st andi ng , thead-‘t he1& sty nfe@hya cheaeldon dRdicfireet e colsr a met hyl
compound may be in the range of from1/5 to 1/2, nore typically from1/3.5
to 1/2.5, sOrERblY 198 ackidenyaPELaF HonsShf SEREIPR TRLFe¥d "Cohpr i se t he

20 ol efing angeag%lé@fég%a%%% g%gﬁﬁgqggﬁﬂoisgptm Thes, fiydrocay bpons present

in the feed are deéned ave t to renove/strip reaction
modi fier fromibe* gatnlystl swbate and the.exi@nitmbébevéhi ch they have this
ability may differ for the various hydrocarbons, In 25 order to account for

these differencesTreHay vores . ERRyFERIEI N ENBE afEht (3F of each of

t he hydrocar hepsve Pg s io¥ mukt bphiethwiddaiFibachpesehefar etdhe nol ar
quantities are added up to calculate the effective nolar dg?ant_it of the
hydr ocar bons EefRr 8, L fa lcydesrdoPy I EtiRAvdme £8e 1motRr B on; t he

factor fqs nmethanen &y tike rcRcthent Asger Qfrd BNt 10 hd,.faa | over, for
exanple down to O, nore typically fromQ0.2 tqo 0.4; the factor for ethane

may be in th¥iFAngefaft a7 0mS02881 1502 i Mg t2P 1 peeritre POHE t Sty pi cal | y

from70 to 1gferand dhe, factkor taprbigahes dndrnoeaebons 4dcdse having at
| east 3 carbon atons) nay be in the range of from10_ to 10000, nore

typically frbﬁ?g@oaﬁ@“iﬂd@. Pgﬁéh@.flé%:f d‘,taslc?w BEOREt 8P Fre T PIFEr i fi ed by
5 routine expeshaentald g, p@&dmbmbéﬁpytoﬂmﬁﬂg R@at0:6€ R er in

15 cquestion, on the understanding that the factor for a
reaction modifier whigﬁ is a methyl compound may be in
the range of.frénfl/g to /5, more typically from /3.5 to '
1/,.5, suitably /5.

The hydrocarbons present in the feed comprise the

20 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 exten£ to which they have this
ability may differ for the various hydrocarbons. In

25 order to account for these differences (relative to
ethylene), the molar quantity of each of the hydrocarbons
present is multiplied with a factor, before the molar
gquantities are added up to calculate the effective molar
quantity of the hydrocarbons. Herein, the factor of

30 ethylene ig 1, by definition; the factor for methane may
be in the range of from 0.1 to 0.5, or lower, for example
down to 0, more typically from 0.2 to 0.4; the factor for

ethane may be in the range of from 50 to 150, more
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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

nmet hane, ethane, propane and cycl opropane, relative to | en 0. 3,
85, 1000 10 and 60, respectively. As an exanple, when th%%éamg%%‘fi ses
30 nol e-% et hyl ene,. 40. nol e-% of _net hane, . 0.4 nol e-% af, et hane and 0. 0001
mol e- % of pr oFAhE L 1ohe = ogF FQCFPV%Z%Iaé?‘f&J’fnfEF‘FflOBff?]ﬁ} ocarbons may be
cal cul at ed tByan®tdbdrs ((30eX hivind 40 X dhs3) 3+tcdbbédR). dcomB5Smat p@. 0001 X
1000) = 76.1, nojle-% It is noted ighat when et h¥l ene oxi Ee i rgguced from
et hyl ene. wi thoth® a9 P thidPBchY bons: Bithg MBreskrp> <2 %F’Bb ive nol ar

quantity of t&extwywr ocaidors ceardl say the Rtlutal nbdl afid Guanitiites begnd t hat
the addition of 20 ethane or hi gher hydrocarbons {o an et h)g%%e f eed
contributes EPYRITG SIS TERLRRECRS fHRY i Ve TG Er W gREN i ¥ PP BSs there

is relativelyyl thdd€,cant nisbubi 08ved remmraehbase Bedethd agone
enbodi nents, the factor for nethane may be taken as 0, thus negl ecting,

for 25 exanpFeefBfdiQessdRe 67 EBRveIRRlted & RESRREY uenicki of tomdCREne.

Eli gi bl e val veg; @10 arg:atpheashcdodd-G%r aRenhAe, PeERdKdl Fropfankeast
2x10-6. Eligible values of Qare at nost 100x10-6, and in E{)artl cul ar at

nost 50x10- 63RB0CYElonRPrsBfentebitite KhGEHTAENBn PFRCRsY, Fhe WW8Pue of Q

nmay be agjusied 69 asdRcaghbeye afs o idRimp18el 8Lk ity fQeards the olefin
oxide formation. In practice, the value of Q may be adjusted by adjusting
the 20 22 Det@MpersGE mghgnti eyivietthe 4Bt Roh PDINEHEPr esent in the

feed, whilegngtnohangisid cthenBYSNOCRIRAN RACERt sATLANS A the feed. As
i ndi cated herei nbefore, during the epoxidation 5 process the catal yst

t enper at ur e fbleBelYh@odaseguan:ty exfripice hvfropperns dnabhfensate for a
reduction incalculated to amount te (30 x 1} + (40 xX 0.3} +
13 (0.4 x 85) + (0.0001 X 1000) = 76.1 mole-%,

It.is ndted that when ethylene oxide is produced
from'éﬁhylené,ﬁiﬁhout further hyarocarbons being presenﬁf"
the effective molar quantity of the hydrocarbons equals
the actual molar quantity, and that the addition of

20 ethane or higher hydreccarbons to an ethyvlene feed
contributes significantly to the effective molar
guantity, whereas there 1s relatively little contribution
from any methane added. In some embodiments, the factor
for methane may be taken as 0, thus neglecting, for

25 example for reasons of convenience, the influence of
methane.

Eligible values of Q are at least 1x107°, and in
particular at least 2X10°°%. Eligible values of Q are at
most 100x107%, and in particular at most 50x107°.

30 At any moment of the epoxidation process, the value
of Q0 may be adjusted so as to achieve an optimal
selectivity towards the olefin oxide formation. In

practice, the value of Q may be adjusted by adjusting the

20



activity which is related to catal yst ageing. Deviations fromthe optinum
selectivity which would result froma change in tenperature nmay be reduced
or even prevented, 10 by adjusting the value of Q proport:;_zogale%gervgobgl t he

change in catal yst tenperature. So, when the catal yst terrpeercature I'S

changed fromTl tqQ T2, the val ue of . _be changed from o]
Substant | al | VG oBE P PG ASFTHE FHRA S T8 O OF £28 (3% T1) |
wherei n B dengii@® ac€OoBBR&AHind aHedhydridcbChod , cotteeit Has i ogseahethé han 0.
Suitabl e values of B may be determned and verified by routine
experinmentation. "The value of B is typically in the range of from

0. 01x10-6, to 1x1@s6indNcZO=daiddSiHT ok Nidrind e epdkidntoh. A
suitable value of B anpbunts to 0.22x10-6, in rticul ar ngn used in
combi nat i on WAYFeERe CREnDRIILEHd tf%f"@”@ﬁprf‘@g i SSExahBf e

cal cul ations farfhe, efhesidae tWl@mpdmeatet Yoofa aahictdospeai es of the
reaction nodifier and the effective 25 nolar_quantity of the hydrocarbons,

as given herdiTipefyr 8Rich 1% RIS ST &8 FRTIPET AtATHT X -he PEXLEF YRS

tenperature Te-RMRhRYbPY:SuE s acaliNg tof wlilch hadutd eestfleglbmi &Yy towards
the olefin oxide formation is 30 optimal. When_this is the case, the

epoxi dati on prEeEss inwF PFPREGHYERI @0 PEpEPAt e AR YEHt PRETFREFRcti vity,

but not pec %rdgh)étiﬁé s1dB Sl LTt Y Fﬁfop&@@[br%[ﬁl'gﬁﬁi% the catalyst
tenperature T2 and substantially the value of Q2 as calculated in
accor dance WRNOEr Al a2 tIvs Lowepstsrter 2006 IR LA RA¥EF on

condi tions of:dheaRaxLdali A RYLLesSnTRY e el est eghfuoMmMmicdaa,anges, as
set out hereinafter. The reactor inlet pressure is typically in the range

of from 1000 ke <repgeRPArahsdl Gtesups iy, 08, wheePEHerefexith8t i on

process is caldi£ds,0ut as a gas phase process involving a packed catal yst

bed, the GHSV
15 Q2 = Q1 + B (T2 - T1},

wherein B denotes a constant factor, in (°C)"™*, which is.
greatér than 0.. Suitable values of B may be determined’
and verified by routine experimentation. The valﬁe of B
1s typically in the range‘of from 0.01x107%, to 1x107%, in

20 particular from 0.1x10°% to 0.5x10°%. A suitable value of

B amounts to 0.22x10°%, in particular when used in
combination with the numbers and factors employed in the
example calculations of the effective molar quantity of
active species of the reaction modifier and the effective

25 molar quantity of the hydrocarbons, as given
hereinbefore.

It is preferred to operate at the catalyst
temperature T; employing such a value of Q; that the
selectivity towards the olefin oxide formation is

30 optimal. When this is the case, the epoxidation process
will continue to operate at an optimum selectivity, but
not necessarily the same selectivity, when employing the
catalyst temperature T; and substantially the value of Qs

as calculated in accordance with formula (I).
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is in the range of from 1500 to 10000 NI/ (I.h). Preferably, the work rate
isinthe range of from0.5 to 10 knole ol efin oxide produced per nB8 of
catal yst per 10 hour, in particular 0.7 to 8 knole ol efi rbzo[?)(i debé)rr géjced

per nB of catal yst per hour, for exanple 5 knole olefin OXIegmpl‘O uced per

nB8 of catalyst per hour. As used herejin rk rate.is.the anount of

th
the ol efin oxide *BF Rk cPart TnicPRIHFHRS d“?f & ealeygfuglggl%%ur and the 15

selectivity psobbBes Meharnduantddrydofrimeridefdang@s, des setned:rel ative to
the nmolar quantity of the olefin conyerted. The ol efiEi oxi d r.oduced

maybe recoveF&deFPohTrEhe THAGSGFAFotictt BFTEUTS At REHECRMoW 1 n t he

art, for 20texapphgebyr absai hiong thesob@fitrh exisdaukeom Rregaciidry out | et
streamin water and optionally recovering the olefin oxide fromthe
aqueous sél uFPER BYS dPRPFHIEHI BN PTOAESF BB tCH G P8R 8F £hEhqueous

sol ution Con%ﬁb%nﬁré@@ss o @fd1viex depitilyeda-aRilisedbied, atkabmesuent
process for 25 converting the olefin oxide into a_1, i-g'bol or a 1, 2-diol
rd

ether. The oR&f iR BREJEAFHDRICEFTNIPRR 1P IR0 &d Fon process may be

converted i ntPQe@e%aglgi Othe ol r@it@l iseiNefhe Mardie altkapeham Neo As this
invention leads to a 30 nore attractive grocesg faor the production of the

olefin oxidé® krotenelefEntaxideeadetecad BRY & aPtr SREFEE pRFTess  whi ch

conpri ses;pr gduci ngy the-0f &lidy xizdeo B RECH daRGan Wi het feodunernt i on and
t he subsequent usge of the obtained 22 22 Decenber 2006 _olefin oxide in
the manuf act ®eg of athearadygitoper 1hgugi dior SFRBPLEne/ FROLE IRITS &N ne. The

conversion i %&gdghgrgdg-gg%eprmat he dagdi@! peet hetirmyagcamyd se, for
exanpl e, reacting the oTefl n 5 oxide with water, suitably using an acidic

or a basic cdeapyst . tRervesangite, _iﬁoﬁhﬁawwtprcé%&ﬁen%ﬁlfynt% > 2- di ol
and | ess 1,21958Lc8&h§£r Gﬁ%%‘%dﬁud% Qf'gﬁhéﬁyﬁéuier hour and the

15 selectivity is the molar quantity of the olefin oxide
. formed relative to the molar quantity of the olefin

... converted. '

The olefin oxide produced may be recovered from the

reactor product by using methods known in the art, for

20 example by absorbing the olefin 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
olefin oxide may be applied in a subseguent process for

25 converting the olefin oxide into a 1,2-diol or a 1,2-diol
ether.

The olefin oxide produced in the present epoxidation
process may be converted into a 1,2-diol, a 1,2-diocl
ether, or an alkanolamine. As this invention leads to a

30 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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reacted wth a ten fold nolar excess of water, in a |iquid phase reaction
in presence of an acid catalyst, 10 e.g. 0.5-1.0 %wv sulfuric acid, based on
the total reaction mxture, at 50-70 C at 1 bar absolute, or in as
phase reaction at 130-240 C and 20-40 bar absolute, pr efzgpﬁﬁ?'g}b‘?rgoqfﬁe

absence of a catalyst, If the proportion of water _is |owered the proportion
of 1,2-diol ° %%%]f‘rfé’f‘:sd‘? A7t e S BEREF TS U éalﬁslrié%% ‘edl.‘zTEléo ,2- diol

ethers thus ptREUCEI Y Deaaocdbmebder, tri-ether, tetra-ether or a
subsequent ether. Alternative 1;2-diol ethers_nmay be pr eia)lar,e by
converting the ol Bff FYIFEIR AT At cf'Ui?ﬂd,loilno\E/aFF?cjm i pri mary

al cohol , sucBtrsr 2RyeidignalseQr fet hanglpldy reaphagbnghatolemsi a portion of
the water by the al cohol. The conversion into the _al kanol am ne nmay

conprise,’ fOFLeXafbiHE watEtet SHYLEReY dHEM 38k PdednFt AT AR Anhydr ous

Or aqueous apEPRIF:HRY ME Us@dpial tHAoNahdsaphrdhRUSadMP g 15 2typi cal ly
used to favour the production of nonoal kanol am ne. For nethods applicable

in the convefsPbre®d 19fE ol -Sfiddodxehed nttdiet RéeTarkanbiamaye P ef erence may

be made to, {oLi-€XanPl& USthn 4848200 a ek okNGRERPS alied herein by
reference. 30 The 1,2-diol and the 1,2-diol ether may be used in a |arge

vari ety of | hHustdiRlashHGeCAEPBnsL BB aEe2Pn2CciReCFiEEE of food,

beveragesy t@bacce®,s COYTRE} G fulherdmin] astdseaPehyYABE Scokdtr abl e resin
systens, detergents, heat transfer systens, etc. The al kanol am ne 23 22

Decenber 2008ecagmiorbeniugade.f et BXaAMpI°E, abnltber talsatliutg. ( bsweet&ni ng") of
natural gas. Unl ess specified otherw se, ,the organjc corrpgrt)?ungs nment i oned
herein, for SXAMI¥S HEIErPnEt PGS, 3831254 HeXePRSPLUERd reacti on
nodi fiers, hgverdyicaliy Ble aBBShc4Gb A RARAALEEE, TPrend ypically at nost

20 carbon atons, in particular at_nost 10 carbon atons, nore in
proportion of water is lowered the proportion of 1,2-dicl

15 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 subseguent ether. Alternative 1,;2-diocl
ethers may be prepared by converting the olefin oxide
with an alcohol, in particular a primary alcchol, 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 ammoﬁia.
Anhydrous or agueous 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 alkanclamine
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particular at nost 6 carbon atons. As defined herein, ranges for nunbers
of carbon atons (i.e. carbon nunber) 10 include the nunbers specified for

the limts of the ranges. The follow ng exanples will il trate
invention, without Iimting the scope of the invention. gé?&%f”é%r%@g

(Exanple 1 for conparison, Exanples 2-4 15 according o the invention

Pr epar ati on B‘Iayaggubﬁ‘8$t %orsfﬁ%g\pﬁewaﬁnnéa% W%ﬁ%ﬁ%étﬁﬁgeg%?}n n)ng :

i ngredi ents: of. nAtufapagss. by weight (pbw) of an a-alumina with d50 20 of
29 pm 2. 29 pbw gof _an a-alum.na wi{h dboo of 3 p 3. 3 pbw of _al um ni um
oxide (in the for H??J?SBO%?\%%”E&)&% Oﬁheﬁ‘t‘%s%bﬁ%ﬁf quainéﬁ fglﬂp?‘ﬁ%dsf or m of
anmoni a st abidehzednesi hé£8i50!Jor @Remdbe Schd. 1A s0f 1s0diunloxi de (in the
form of sodium ac,:etatg%/. The aver age parti,c%,e si ze, re%erred Jio erein as
"d50", is’as méadhPedebyeE 151G FEACAYED PAMHT A siTAYS SHBIGIRTY 4
represents appakt ugl 8ardbAn®idls,alnoWli ePpBEhihersa afbeteguataspheri cal

equi val ent volunes of particles larger and particles snmaller, than the

stated aver agé°™M§ar iRcPRr S FE-2TRE FREROHY | TrRIRMIE ST I Spel'eFfigit he

particles by pahthagealcat rfsdtBNarbbBysabsmaki NG Wefigeaondasynparticl es
into primary particles. This 24 22 Decenber 2006 sonification treatnment is

continued unfPRORS £OFt HERCXImMTe CREPPRAHIEE vl e i€ XREE B¥BPSThi ch

typicallyp regquings BnalpihisesoRbbheatl banyhemdisiing tkhesHeréba LA900
particle size analyzer. 5 To this mxture were added 5 %v, relative to the

m xture wei giER96F-petroleumjelly and 9 %v relative to the mxture
wei ght, of burnout,gBESTi &l ANE:Bnd1 %W will illustrate the

invention, without limiting the scope of the invention.

Examples 1-4 (Example 1 for comparison, Examples 2-4

15 according to the invention)

Preparation of a support

A support was made by mixing”the following

ingredients:

1. 67.4 parts by weight (pbw) of an o-alumina with dsp
20 of 29 pm;

2. 29 pbw of an a-alumina with dsg of 3 pm;

3. 3 pbw of aluminium oxide (in the form of boehmite);

4, 0.5 pbw of silica (in the form of ammonia stabilized

silica sol); and

5. 0.1 pbw of scdium oxide (in the form of sodium

2
uh

acetate).

The average particle size, referred to herein as
"dsp", is as measured by a Horiba LAS00 particle size
analyzer and represents a particle diameter at which

30 there are equal spherical equivalent volumes of particles

larger and particles smaller than the stated average
particle size. The method includes dispersing the
particles by ultrasonic treatment, thus breaking up

secondary particles into primary particles. This
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relative to the m xture weight, of boric acid. Water (about 30 %,
relative to the mxture weight) was then 10 added in an anpbunt to nake the
m xture extrudable and this m xture was then extruded t% formgo%%d
bodies in the formof hollow cylinders that are about 8“RRCrA C4raret er
and 8 nmlong. These were then dried and fired in.a kitnta}_} 1425 C, for 4
hours in air PRt Efticd® 15 °qLPFBFt 1A CHETBFL 4B Cp1 oBRdUFES Y0l | owed i n
this supporthgheparatiien.d.f efarence Aayibed mde dho W5iAal15300859. The
surface area of {he support so prepared wa 2.0_n2/g}h The .tbot al pore

168 u5iPEsTHG

vol une was OFFFUHF$Y A HHE S982 Fof time b 1He VI aneters in

the range 0.2a3600pramesci® 3{z8l bgalyedative to the weight of the support.
The pore size distribution was as follows; the ggies, havi ng di aneters in

the range’ < 0.2 ptf Y5 adskprs vgre#Egbre S mavPhgtay ankt in the range

0.2-10 pm 2§/i4eRFESEMII2 Y¥, pafdol ben pRyES, Rav posd] ansledissd ot he  range
>10 pun represent 3 %, relative to the total pore volume. The support was
subj ect ed t otRBSHIFG % PUSEEN i A PeeReniTeeE At ef 0P t bWithg t he net hod as

di scl osed i nybfsr P 20034Q030Q04 &l we P BIAPBHRI34acThe didwd support was

then used for the preparation of a catalyst. Catalyst Preparation A

si | ver - ani ne{8Raprat 0 stvockedsldve ok welke Jefar&d Wbyt he"3 oI 1R ng
procedur gy 23aded De¢ e emod@06todddkd He HR3ARRE- Bhadeaswrh WAYr oxi de

were dissolved in 2340 m de-ionized water and the tengerat_ure_ was
adj ust ed to 5Bi& mipEDKre) WEisgRhear PRV UEb AT GtPefoEPEY POHiRT dfe was 5

di ssol ved i ntRd08 1 YeHANLEed, bl fNthdtha LeaBBhEL §ilfin MRS adj usted to
50 C. The sodi um hydroxi de sol u%rl on was added sl ovvlg to .
diameter and 8 mm long. These were then dried and fired

in a kiln at 1425 °C, for 4 hours in air to produce
15 Support A. As regards procedures followed in this
support preparation, reference may be made to US-A-
5100859.
The surface area of the support so prepared was
2.0 m’/g. The total pore volume was 0.41 ml/g and the
20 wvolume of the pores having diameters in the range 0.2-
10 pm wasg 0.37 ml/g, relative to the weight of the
support. The pore size distribution was as follows: the
pores having diameters in the range < 0.2 pm represent
5 %v, the pores having diameters in the range 0.2-10 pm
25 represent 92 %v, and the pores having diameters in the
range >10 um represent 3 %v, relative to the total pore
volume.
The support was subjected to washing with boiling
de-ionised water following the method as disclosed in US-
30 2002/0010094 Al, paragraph 0034. The dried support was
then used for the preparation of a catalyst.

Catalyst Preparation

A silver-amine-oxalate stock solution was prepared

by the following procedure:
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the silver nitrate solution, with stirring, while nmaintaining a solution
tenperature of 50 C. This mxture 10 was stirred for 15 mnutes, then the
tenperature was |owered to 40 C. Water was renoved froszrE)%anqbe%E)iGt ate
created in the mxing step and the conductivity of the water, whi C

cont ai ned sodi um nitrate ions S sur ed n. nt of fresh

dei oni zed wat er e%il}ng tog Fﬁgggﬁgﬁ ]fg@er esr?ln?‘%él \%ﬁgré\ h%% ack to the silver
solution. Théissolwid dm R4 0stlrdedidmirzed varenuséed e 4eErQerfit@rpr ocess
was repeated until.the nductsyvity of the water renoved was |ess than 90
fl mho/ cm 15‘6%sn?é:fur%sehdc§8i gﬁi zéé'd water 20 was then added. 630 g of

hi gh- purity oxal i t6%cigd hdighy duat ey weseectadeedel’ ns Appeoxiiiatadley wh80 ¢

increments. The t r.at s_keep at 40 and th H was kept _above
76 Varel VAL FENOURdT AoI0 R OF ARS doraave s 9 Oty et at ed
si | ver - cont avtis ngdRlatady toThe &kl ver oxalate slurry was cooled to 30 C.
699 g of 92 %w ethyl enedi anin 8. %w de-iani zed er)_was added while
mai nt ai ni ng a tenpet ftoa‘gl%ygﬁé’éh‘{%vrsq °30"e’° %%%eci ess]lﬂ‘@yngo

sil ver-am neroxasdlveer3tistrack selwutien, cdrthaspedr-appr oxiiiet el y 27- 33 %w
silver. Inpregnatjon solutions were prepared hy Il ng_.aqueous sol utions
conpri si ng p?‘%g%tfaejﬂﬁnﬁe& &B?iHF?‘?I? ke eré\%il‘lt":ﬁi B% %@gér@dxi de: a]ﬂ’}‘r’ﬁﬁilﬂ‘?n

perrhenat®, @830t iRedTEbLat UAgGLAlEss Cadicamchyde exbeien tiapst wemal ), and wat er
to 26 22 DeCﬁnber q21006 sanpl es of a silver-am ne-oxal ate stock solution as
descri bed. Th&"FEhtiY i*ds Were predeternmined by cal cul ation based on the

desired conpositiwtaf whlercfiabad ystor ke pReepd €fce re8amplia of the
support, prepared, as indicated under the,headinﬁ "Pre aratio%,oL
18 ed, as

Supports", S M Rgh 68 20t HES eI MsegnsYi Oh St 0t it -a i

fol | ows. contained sodium and nitrate ions, was measured. An
15 amount of fresh deionized water egqual to the amount
removed was added back to"the silver solution. The
solution was stirred for 15 minutes at 40 °C. The process
was repeated until the conductivity of the water removed
was less than 90 pmho/cm. 1500 ml fresh deionized water
20 was then added.

630 g of high-purity oxalic acid dihydrate were
added in approximately 100 g incréments. The temperature
wag keep at 40 °C and the pH was kept above 7.8.

Water was removed from this mixture to leave a

25 highly concentrated silver-containing slurry. The silver
oxalate slurry was cooled to 30 °C.

699 g of 92 %w ethylenediamine (8 %w de-icnized
water) was added while maintaining a temperature no
greater than 30 °C. The resulting silver-amine-oxalate

30 stock solution contained approximately 27-32 %w silver.

Impregnation sclutions were prepared by adding
agqueous solutions comprising predetermined quantities of
lithium hydroxide, ammonium perrhenate, ammonium

metatungstate, cesium hydroxide {optional}, and water to
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The support sanple was placed under a 25 nm Hg vacuumfor 1 mnute at
anbi ent tenperature. The inpregnation 10 solution, approximately 1.6 g/g
support, was then introduced to subnerse the support, ang &)he vacg was
mai ntained at 25 mm Hg for an additional 3 minutes. The VASGHHIRA en
rel eased and the _excess inpregnati.on solution s rempyed fromthe

catal yst pre-SaHPL6F BY 25SEERTTIFUTS PBALAES 5O TpRFGFRo*Ri nut es. The

catal yst pretispeavastThiequdidiad cahivkee bet ageishakerdaby250 C for 5.5
mnutes in a streamof ajir. The catalyst so prepared cor%:’r%hned 14.5 %w

silver, 2.0 RfIEARGIPReRREHT 2 FhmoRErkE FELoP 2 mBfel/ kg cesi um

and 20 40 mMuiL/Kgski £hi B8 pRdpari.ative to the weight of the catalyst.
Catal yst testing The catal yst so prepared was tested ,in the pr@q(glucti on of
ethyl ene Oxi de frénPetRyPefe Hi RPGER: DERY ¢ AhiiSdifaseoisaey g

sanpl es of crushedagahgl ysteNeFa idroadeduppbord Ounyast diph-eghaséeel U shaped
tubes. The tubes were imersed in a nmolten netal bath %heat medi um)  at

180 C, and t & tend8eoiMBEEHNY i RErLe LA BRNBRE tF 191 ra 25gdS PR system A

gas nmixture m%gpka&euggmﬁ@ i cAtabYStndedSs d9) o HONGachiih OBgh"
operation. The weight of catalyst used and the inlet gas flow rate were

adj usted to di wénaggagth@mbivﬂsmemt%?ty Bte 68MFSINELEP2h) . The inl et
gas pressyy e Wagcisp0 Eﬁﬁr@?ﬁﬁ?&&glg» 126 atZ%EE&%S&eJ, 2@6 thEhe conposition of
e

the gas mxture was adjusted to 25 % yl ene, 7 % oxygen, 5 % carbon
di oxi de, 2.5 ippmpdechdl tehporierse &0 AIPPOEHen Bul &hce VEFHET ¥dPer at ure of

each of the calialush-Reds ¥aSuy HAMREdaHP284: & drdl1e 0 HAtesperohour to 225
C and then the tenperature was adjusted so as to achieve an ethyl ene

oxi de cont entvastiug, Bagythan caetpasged Redobibe cexqRRs FPregREtimBr each
catal yst bed,yJihe ;8hhyl<ChLtdde from the catalyst pre-cursor by

15 centrifugation at 500 rpm for two minutes. The catalyst
pre-cursor was then dried while being shaken at 250 °C for
5.5 minutes  in a stream-of air. The catalyst so prepared
contained 14.5 %w silver, 2.0 mmole/kg rhenium,
2.0 mmole/ks tungsten, 7.2 mmole/kg cesium and

20 40 mmole/kg lithium, all relative to the weight of the
catalyst.
Catalyst testing

The catalyst so prepared was tested in the
production of ethylene oxide from ethylene and oxygen.

25 To do this, 1.5 to 2.0 g samples of crushed catalyst Were
loaded into four stainless steel U-shaped tubes. The
tubes were immersed in a molten metal bath (heat medium)
at 180 °C, and the ends of each tube were connected to a
gas flow system. A gas mixture passed through the

30 catalyst beds, in a "once-through" operation. The weight
of catalyst used and the inlet gas flow rate were
adjusted to give a gas hourly space velocity of 6300
N1l/{1.h). The inlet gas pressure was 15350 kPa absolute.
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concentration in the gas m xture was adjusted to 2.5 ppnmv 10 so as to

obtain an optinum selectivity at a constant ethyl ene oxide concentration
in the outlet gas stream These conditions were naintai r&g(ﬂ)efcor 1r9906hours,
at which tine the catalyst has equilibrated in perfornmncCe. eltg%ﬁe I

provi des the performance of each of the catalysts, . in 15 ter f the
t enper at ur e FHEOSS&CF Q?t §Qea%asrr§“&§{%P58 %3?tééﬁij et S g?hi%‘sf period of

apse of
100 hours. Asttiyghele, trerpebaiger, neededztrboacddaplidsh B Tapa n et hyl ene

oxide .content in_the.,qutlet _gas stream.indicates a |lower activity of the
cat al yst . %H’eln cﬁ"‘ﬁn"b”& ' e8BH B?tlfcfgeencgﬁgla?gﬁbeds a different gas

m xture was passeate asmpB@heatedof neatablog kheasdtdhest tlenjrewatsur e of each

of the catal yst beds was increasgd tq, 260 C for, a r.Qd o 4 hours.
1 a
S qg&?h %pﬁ%-b

After this perisd nét gonafei 8hs! hefePretiTted o5e ed

i mredi at el y 2% hefpiedheet papesause:d Rer aaseo adfidéhe srerparatuee of

each of the catal yst beds was adL sted so ag to restore the ethylene oxide

content of 19%-¥fy GORIERENOSF 1t etV ot 19CPyRS §PPeqMEl®Fd#*%ach cat al yst

bed, the ethyireo6h.orirde @aeﬁeaafaiyﬁﬂe@,t BRegashii Xénrasasas re 30
adjusted to 1.5 ppnv. Table | provides for each of the_cat gl %sts t he
catal yst tenfREIEAIAtdRE tRetRBI 8% iTHhAr S WASIRSI PSP 4% ér=r BPHYj usti ng

the ethylychiordde £opeantr ahi 6primad 22 Beeenbera20D6eorstanit ri 0 U 0 a)
~r oMd ma. - eomrn NU Co Co Co Co  A) 13 lgasostoraoazn

ethylene oxide concentration in the outlet

These conditions were maintained for 100 hours, at which
time the catalyst has equilibrated in performance. Table
I provides the performance of each of the catalysts, in

15 terms of the temperature and the selectivity, as measured
after lapse of this period of 100 hours. A higher
‘temperature needed to -accomplish a certain ethylene oxide
.content in the ocutlet gas stream indicates a lower
activity of the catalyst.

20 Then through each of the catalyst beds a different
gas mixture was passed, as indicated in Table I, and the
temperature of each of the catalyst beds was increased to
260 °C for a period of 24 hours. After this periocd, the
conditions were returned to those employed immediately

25 before the temperature increase, and the temperature of
each of the catalyst beds was adjusted so as to restore
the ethylene oxide content of 1.5 %v in each of the
outlet gas streams. For each catalyst bed, the ethyl
chloride concentration in the gas mixtures was re-

30  adjusted to 1.5 ppmv.

Table I provides for each of the catalysts the
catalyst temperature and the selectivity, immediately

after re-adjusting the ethyl chloride concentration.
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i r-i ," C 04 U 14i
0000 OMRLa, NOr 00O'-0U000O -
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0 a

1-1 q) ) > q >CU >
ArOnUo UOao 00 oP OHO oWN -ri N0 V S dl -
~i 4J0j 0C ,~ZrnUci c UNCtoOrO QUOCd cu%l%‘femb‘i”ﬁﬁ?é
1-) O0Oa_ 44 X* * W.-| "k -k -k 22 Decenber 2006 Furt her
catal ysts were prepared and tested in asimlar nanner giving simlar
results. Such cat ts ed, for_ exa Avsi | ver, 2.0
nmol e/ kg 5 rheni uﬁf]y%‘ c‘@%’f%rﬁreﬁdlrpfg ﬁtﬁ%)ll eﬁ(te(?ljtnhl um or 14.5

%w silver, Zsﬂmﬂm%dﬁgnetme@uumnglsﬁnim eq’elegxlt:engssm datzInpadise/ kg cesi um
and 40 mmle/k I|th al | 2l‘jlatli;?eig%xthelwelghg6) hjre catalysts 10
Exampl e 5-8 f Qﬁtﬁ‘:é ‘?freé(@WB Fi s Mo eS*6 TROTHI g to the

i nventi onj Saﬁphﬁﬁm(lsﬁbtmdeeOkg)c@élﬁﬁmanHW£mhedo¢etE¢ysithmhnbEmanples 1-4

were | oaded into four, stainl e%s st U- sha ed tubes. The tubes were
i mersed in a%mdl FEPHERH #50pERR ?H&%tr at 180 C, and the ends of

each tube vere GENEOLEdUNYs8e8aST {2 QtnElskgMeehigasamdxt ure passed
t hrough t he cat al yst beds, i.n a ?nce t hr ough”
0 mmdle/kg lithium, all relatlve to the weight of the
catalysats.

10 Example 5-8 (Example 5 for comparison, Examples 6-8

according to the invention)

Samples (1.5 to 2.0 g) of the crushed catalyst of
Examples 1-4 were loaded into four stainless steel U-
shaped tubes. The tubes were immersed in a molten metal

15 bath (heat medium) at 180 °C, and the ends of each tube
were comnected to a gas flow system. A gas mixture
passed through the catalyst beds, in a "once-through"
operation. The weight of catalyst used and the inlet gas
flow rate were adjusted to give a gas hourly space

20 velocity of 6800 N1/(1.h). The inlet gas pressure was
1550 kPa absolute.

In Examples 6, 7 and 8, the catalyst was first
pretreated at 260 °C for 4, 12 and 24 hours, respectively,
with a gas mixture of 17.5 %v oxygen and 82.5 %v

25 nitrogen. Then the temperature was decreased to 225 °C,
and the gas mixture was adjusted to 25 %v ethylens, 7 %v
oxygen, 5 %v carbon dioxide, 1.5 ppmv ethyl chloride, and
nitrogen balance. In Example 5, the pretreatment was
cmitted.

30 The temperature of each of the catalyst beds was
ramped up at a rate of 10 °C per hour to 245 °C and then
the temperature was adjusted so as to achieve an ethylene
oxide content of 1.5 %v in each of the outlet gas

streams. For each catalyst bed, the ethyl chloride
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ate were

operation. The weight of catalyst used and the inlet gas flow
/(1 The inlet

r
adjusted to give a gas hourly space 20 velocity of 6800 N h) .

gas pressure was 1550 kPa absolute. In Exanples 6, 7 an th | yst
was first pretreated at 260 C for 4, 12 and 24 hours, rggszg%%te?q\ﬁleerlcz??@ Wi th
a gas mxture of 17.5 % aqx n and 82.5 % 25 nitrogen., T th

t enper at ure EBCHRETRELEY ’1%%%559@3 mja}ﬁ?]i%gaé:‘a?d%uﬂgﬁ(?et(\)/vah@%acﬁpgns‘? ed to 25
% ethyl ene, séd S toOxyMgeiin an%epeanbanseiandidatylab ppownstdnd chl ori de,
and nitrogen, bal ance. |n Exanple 5ﬁ,the ret%r at.rregﬁev\gs 1&m“59d- 30 The
tenperat ure BFRELERS o7*idfe CORFEPYEE - H¥Ys! VP arBed Gp R a4t of 10 C
per hour to 2dbefmandridin conldeth enpesate mxivwasiadiusbedleo aauto achi eve
an ethylene oxide content of 1.5 % in each of the ou}tél et gas streans.

For each tat BFGS¥ChEdr %iRs - ety FRERP of 1R 3L Ac¥ERDRTS 2006

concentrati oBghn1ibLaGas A Herormascad) usted to 1.5 ppnv  so as to obtain
an optimum selectivity at a cgonstant ethyl ene_ oxide ioncent ration (1.5 %)

in the outlet gasTRi¢ ampPrerNdses Enbi t3dhLiwets FaFALEPhRd™ Or 100 hours 5
production tirBa1at edbhd St ddemantingetat@dysty.has equilibrated in
performance. Table Il provides for each of the catalysts the final

tenperature and selectivity. Table ITa]‘EFaﬁ& e Duration (h) at Catal yst
Selectivity 260 C tenperature (C) (% mple) 5 *) 0 226 83 5 @6 **) 4 237

88.8 7 *+)|EpepmbedPuratgons(hhsio5hCa8a8VsE) for cofphriesEhv+*Y acdor di ng
to the inveption 260 °C temperature (°C) ($-mole)

5 *) 0 226 83.5

& **) 4 237 88.8

T o**) 12 245 89.4

8 **) 24 2%2 ¢ 89.8

*} for comparison

**) according to the invention

10

Further catalysts were prepared and tested in a
similar manner, giving similar results. Such catalysts
comprised, for example, 14.5 %w silver, 3.0 mmole/kg
rhenium, 3.0 mmole/kg‘tungsten, 7.5 mmole/kg cesium and

15 20 mmole/kg lithium, all relative to the weight of the
catalyst.

Example 9-12 (Example 2 for comparison, Examples 10-12

according to the invention)
Samples (1.5 to 2.0 g) of the crushed catalyst of
20 Examples 1-4 were loaded into four stainless steel U-
shaped tubes. The tubes were immersed in a molten metal
bath (heat medium) at 180 °C, and the ends of each tube
were connected to a gas flow system. A gas mixture

passed through the catalyst beds, in a "once-through"
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10 Further catalysts were prepared and tested in a simlar manner, giving
simlar results. Such catalysts conprised, for exanple, 14.5 %wv silver

3.0 mol e/kg rhenium 3.0 nmol e/ kg tungsten, 7.5 mol e/ k esi um 15 20
mol e/ kg lithium all relative to the weight of the catdgvgcemEQéﬁgge 9-12
(Exanmple 9 for conparison, Exanples_10-1 according.to the invention)

Sanpl es (1. 50?‘8]5%%1@‘) g W@lggﬁsﬂ”édc%%ﬁ%éﬁ;sfmgg agﬂ %%%rrjprfleés]c £ were

| oaded into fouk St RIQSS aFHeekel) tshaped 4 Whes holheyt sihese wer e i nmer sed
in anolten netal, bath (heat nedium at. 180.C, and the ends of each tube
were connect 88leoty gifs CﬁMﬁgﬁégeﬁ?'Atgﬁé1ﬁﬂffu?35 BARSSRY T RFBugh t he
cat al yst bedsgshnges ":ueg-dthr.ough” 31 22 Decenber 2006 operation. The

wei ght of catal yst used and the inlet gas flow rate were ag' géed to give
a gas houfly spacB®eIWRAS) P800 RE /{7 A *SHRE FAF R YAs Apc#]e 3

sure was

1550 kPa absgbuie.etnyi@L£L0MPes bkphe®f 8 hey gasbohxttioeiaa@s 2dj usted to 25
% ethylene, 7 % oxygen, 5 % carbon dioxide, 2.5 ppnmv ethyl chloride,

and ni t r ogenPBBY afiee/ T THE aréfiger 8bdr 8L oo PGP ERe catal yst beds was

ranped up at a rafge Mo GiRee BOUELER 2% He 2BEathen bd&s thes t enperature
was adjusted so as to achieve an _ethylene oxide content of 1.5 % in each

of the outl er2gaed iy edmet P&L BachOcH &ystopEdtotHe eChiPIchPERi de

concent r agi ORpEN: LS 0A%: F8 Xl 8aWascad] sstRd 0 a2hbePMin SthyASric0 obtain
an optimum selectivity at a constant 15 ethyl ene oxi de concentration in the

outlet gas sPrédm comirsse AfordPt FENST WS Ml A& RBR1EBr93®0 hours, at
which i ”Etﬁhﬁe&ﬁé al y&l, hagpegdihi Pratieds | nReEhoyMangeoridé Exanpl es 10,

11 and 12, e tenperature of the <catalyst beds was then increased to 260
Cfor a periggngﬁntration in the gas mixture was adjusted to 2.5 ppmv
sc as to obtain an optimum selectivity at a constant
15 ethylene oxide concentration in the outlet gas stream.
These conditions were maintained for 100 hours, at which
time the catalyst has equilibrated in performance.
“ In Examples 10, 11 aﬁd 12; the temperatﬁre of the
catalyst beds was then increased to 260 °C for a period of
20 4, 12 and 24 hours, respectively, during which period
through the catalyst bed a gas mixture of 9.5 %v oxygen,
6.8 %3v carbon dioxide and nitrogen (balance) was passed.
After this period, the temperature wag decreased to 225 °C
and the gas mixture was adjusted to 25 %v ethylene, 7 %v
25 oxygen, 5 %v carbon dioxide, 1.5 ppmv ethyl chloride, and
nitrogen balance. In Example 9, the temperature and the
composition of the gas mixture were not changed.

Table ITI provides for each of the catalysts the

final temperature and selectivity.
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20 4, 12 and 24 hours, respectively, during which period through the

catal yst bed a gas m xture of 9.5 % oxygen, 6.8 % carbon di oxide and
nitrogen (bal ance) was passed. After this period, the te rature S
decreased to 225 C and the gas nixture was adjusted to 2%?§933¥EV¥@§e, 7
% 25 oxygen, 5 % carbon dioxide, 1.5 ppnmv ethyl chloride, and nitrogen
bal ance. In Exanple 9, the tenperature and the conposition of the gas

m xture were not changed. Table Illgp%gviggf for each of the catalysts the
final tenperature and selectivity. 632 Decenber 2006 Table 111

Exanpl e Dur atep—{hrrat—Catal-yst—Setectivity—2660—€Cten Iy ()

(% ol &) 9 1 6MB5y BEUFALIENY ) Figl Lo yst ] «x) 15| 957 85 BV 4+) 24
242 89.5 *) for conpasbsébm **) accorpgiagpdmatilre i(Avent i(daméxanpl es 2- 4,
6-8 and 10-12 (according to the 5 invention), conpared with Exanples 1, 5
and 9 (conparative)|oshow that, aftef2gxposing. the cagalgst to an|oxygen
containing gas at a ligh tenperature,|{for exanple 260(C, the catalyst
exhi bits an|nopreyed]| asel ectivity whep231 i s subsequent{Bg.ased during
normal 10 operation iin an epoxidation| process. It is striking that higher
selectivitiesiwere founrd, although the2gatal ysts were|8pebated at a|hi gher
tenperature/to achieye the same ethy|ene content in the reactor outlet gas
streans. Thei12i rvent ¢d4net hod for increasing the selec{B?i.ty of the 15
catal yst may be incofporated as a step in an epoxidati on process, such as
i n Exanpl es 244 fandcddbd?,s@r the nmethod be carried out prior to the

epoxi dation|process, such as , .
**}) "according to the invention

Examples 2-4, 6-8 and 10-12 (according to the

5. invention), compared with Examples 1, 5 and 9
(comparative), show that after exposing the catalyst to
an oxygen containing gas at a high temperafure, for
example 260 °C, the catalyst exhibits an improved
selectivity when it is subsequently used during normal

10 operation in an epoxidation process. It is striking that
higher selectivities were found, although the catalysts
were operated at a higher temperature to achieve the same
ethylene content in the reactor outlet gas streams. The
invented method for increasing the selectivity of the

15 catalyst may be incorporated as a step in an epoxidation
process, such as in Examples 2-4 and 10-12, or the method
be carried out prior to the epoxidation process, such as

in Examples 6-8.
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in Exanples 6-8. 33 22 Decenber 2006 CLAIMS 1. A .Method for inproving the
sel ectivity of a supported highly selective epoxidation catalyst

conprising silver in a quantity of at nost 0.19 g per rfa e Aga of
the support, and in addition to silver, one or nore sel%%# y enhanci ng
dopants sel ected from rheni um nnlybdenunl and tungsten, mhlch met hod
conprises: - contacting the catalyst, or a precursor of the catalyst
conprising the silver in cationic form with a feed conprising oxygen at a
catal yst tenperature above 250 'C for a duration of at |east 05 hours and
up to 150 hours, and - subsequently decreasing the catal yst tenperature to

a value of at nost 250 C. 2. A net hc&qﬂ?ﬁ claimed in claim1, wherein the

catal yst conprises an a-al um na suppor Ravi ng a surface area of at |east

1 n2/g, and a .ponemsigsa dtst i RuUL POF es- with di arret ers in the
lmpy %%%I eﬁg?c% GoP Lt AeS A Sbr e vol une

range of fromO0.,2'to 10 m rep ese
and such poPé@hﬁﬁgé?}ﬁ?tlﬁ’f%\?Péé“ dtpgome crbhlyer ofongiribeAsts Ol n/ g,

relative to t:JineaV\qugm J 8 SHPPON 3, Apethod as claimed in claiml,
wherein the cat alg l@rrprl ses1h Dtaégl i DA tD &) T‘g%?e H& 8GptA net al ,
and one or MIPRER! ¥ Wit ?déhﬁ?acﬁtltﬁ?gselbpam sugelecthede f rom rheni um

nol ybdenum aplletunesdve Rrhanhi AR IRPALRS Qéféé%‘!i fQ'D Igﬁms wherein the
en r}%rbund t hereof, a

cat al yst ngggg in addition to silver ium of
further net a|rn ¥ LS AR ﬁé?%’?ﬁer’seﬁééﬁlédneﬁWnGPtmerWWp of Group 1A
nmetals, Goup ILAnetals Eﬁ-g um tungsten, chromum titanium
haf ni um  zi rconi un%Ct\}aﬁJaaPﬁnfaltt FFi uff 3 BSEURECE apk dthsm 34
EnPf . zei t : 14F30- D004 RApTlsMNBheERi SHEEF T 1 cationic form, with =

feed comprising oxygen at a catalyst temperature above

250 °C for a duration of at least 0.8 hours and _up .to

150 hours, and

- subsequentliy decreasing the catalyst temperature to a

valone of at most 250 “C.

2. A methed as claimed in claim 1. wherein the catalyst
comprises an o-alumina support having a surface area of -
at least 1 m*/g, and a pore size distribution such that
Pores-with diameters in the Tange of from 0.2 to 106 um
represznt at least 70 % of the total pore volume and such
poras together provide a pore volume of at least

0.25 ml/g, relative to the weight of the support.

3. A method as claimed in claim 1, wherein the catalyst
comprises, in addition to silver, g Group IA metal, and
On& or more melectivity enhancing dopants.selected from

rhenium, molybdenum, and tungstaen.

4. A method as claimed in claim 3, wherein the catalyst
comprises, in addition to silver, rhenium or compound
thersof, a further metal or compowrid thereof selected
from the group of Group 1A metals, Group IIA metals,
molybdenum, tungsten, chromium, titanium, hafnium,

zircomium, vanadium, thalliwum, thorium, tantalum,

34
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rr., ::043 P.010 22 Decenber 2006 35 ni obium gallium and germani um and
m xtures thereof, and optionally a. -rhenium cc-pronoter which maybe

selected fromone or nore of sulfur, phosphorus, Loran, C ds
thereof, on the support material. 5. A nethod as clai nmed ?2%8?%71:)%?§6H%
wherein in the catalyst conprises an a-alum na support and the quantity
of silver relative to the surface area of the support is at nost 0.17
g/n2, in particular in the range of>fromo0.01 to 0.15 g/n2. nore in
particular in the range of 0.02 to 0.12 9/n2. 6. A nethod as clainmed in

claimb5, whenhebfuh) 418 iveakalysdmeeinn ses sidaersi nharepfantdy of from 50

to 250 g/kg, on the total ¢atal yst, and the suppori h rface area of
from1 to 59WEAGRATLY & FEEROHRAS “cﬁféimﬁgari%%‘ﬁ%u 7 1¥Dev\§%}?%ftﬁn t he

cat al yst i s reont ast eft- Wichde aff eetfugnphospingroxy Femann and quantity of from
1to 30 $v, relatiye to the total, feed t erature in the range of
from 250 to@?@owg%:t%’??@ hod™a heclsgfﬁ%ﬁéitﬁ% Ig'lg%'i , wherein in the feed

compri ses an, olefin, i n addition £0 QYGeD. heAdr 9fessafor the
epoxi dati on~of “an otretin, whi Ch process conprises - contacting a supported
hi ghl y sel ectituzyepoximatisen 2uat-allysingonppPaimhgnsi Fyer 4 Quantity bf

at most 0. 19,.per % Surfiagecaran. dhokhee sunnptds tARdaippaddiseion 10

silver, one or nore select Lvity anci ng dopants selected fromrhenium
nol ybdenum agndeptingsterg/mhr ¥ gerséanbyr 87 tRereR¥a 5t 8npri si ng t he

silver in GalhonhCofd B/t figegafOimiti-5l N8 OXYOLshal o& uCapal yst
t enperature above 250 Cfor a duration of at Ileast 0.5 hours and up to 150

2

hours, and -tosﬂbééq%/éﬁt-l y decreasing the catal yst tenperature to a value
of at most ZEES.OACmgi?I?ociCOan; % glmrr]lgdtﬁne c(’j‘l%tigxl g,Stw}\lAéialqun in the

catalyst comprises silver in a quantity of from 50 to

250 g/kg, on the total catalyst, and the support has a

surface area of from 1 to 5 w'/g.

7. A method as claimed in claim 1, wherein in the
catalyst is contacted with a faed comprising oxygsn in a
gquantity of from 1 to 30 %v, relative to the total feed,

at a temperature in the range of from 250 to 320 °C.

8. A metheod az claimed in ¢laim 1, wherein in the feed

comprises an olefin, in addition to oxygen.

2. A process for the epoxidation of an olefin, which
FIocegs comprises

- contacting a supported highly selective spoxidation
catalyst comprising silver in a guantity of at most

0.1% g per m®° surface area of the support, and in addition
to silver, ope or more selectivity ephancing dopants
selected from rhenium, molybdenum, and tuhgsten, or a
precufsor of the catalyst comprising the silwver in
cationic form, with a feed compriesing oxygen at a
catalyst temperature above 250 °C for a duration of at
least 0.5 hours and up to 150 hours, and.

- subsequently decreasing the catalyst temperature to a

value of at most 250 °C and contacting the catalyst with

Enpf zeit: 14/10/9004 22751 AMENDED SHEET o o 0n1
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AVENDED SHEET" EnPf.zeit:14/1Q/ 2004 22:51 ~ }~ ~ .11 ..043 P.011 22
Decenber 2006 36 the feed conprising the olefin and oxygen. 10. A process
as claimed in claim9, wherein the olefin is ethylene. 1 ﬁ\%%QCS&% as
claimed in claim9, wherein the feed conprising the ol ef ifiand Oxygen
conprises in addition, as a reaction nodifier, an organic chloride and
optionally a nitrate- or nitrite-form3sg conpound. 12. A process for
producing a 1,2-diol, 1,2-diol ether, or an al kanol am ne, conprising. -
obtaining an olefin oxide by a process for the epoxidation of an olefin

accordi ng to +Gl-aiFa:8, caipd-isi6gNVes tdia 1 hhendl &higenoxi de into the 1"2-diol,
the 1,2-diol ether, or the al kanol ani ne. AVENDED SHEET
EnPf. 7ei t : 14/10Q/ 2004r@ishil aoebthinkd in 043iR.H12herein the olefin

is ethylens.

11. A process ag claimed in claim 9, wherein the feed
comprising the olefin and oxygen comprises in additionm,
as a reaction modifier, an organic chloride and

optiopally a nitrate- or nitrite-forming compound.

l12. A process for producing a 1,2-diol, 1,2-dicl ether,

or an alkanolamineg, comprising:

- obtalning an olefin oxide by a process for the

" epoxidation of an olefin according to eladim 9, and

- econverting the olefin oxide into the 1,2-diol, the

1,2ﬂdiol ether, or the alkanolamine.
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