WO 2004/ 078737 PCT/ US2004/ 005774 A METHOD OF
MANUFACTURI NG ETHYLENE OXI DE This invention relates to

wo b@4p7478Ti ent manuf acture of et hyl ene oxi de PYT/URI04/005774

10

15

20

25

30

partial oxidation of ethylene with 5 oxygen using a

hi gh selectivity epoxidation catalyst. In recent

years new highly selective ethylene epoxidation
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Under commercial operation of epoxidation processes, the
epoxidation reactor feed is formed by adding fresh oxygen and
ethylene to a recycle gas stream which comprises, besides
unreacted and recycled oxygen and ethylene, quantities of
carbon dioxide, water, and other gases.

In accordance with the invention, provided is a method
of manufacturing ethylene oxide, said method comprising
contacting a high selectivity epoxidation catalyst under
epoxidation reaction conditions at a reaction temperature
below 260 °C with a reactor feed comprising ethylene, oxygen,
and a concentration of carbon dioxide, wherein said
concentration of carbon dioxide is less than 2 mole percent

based on the total epoxidation reactor feed.
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of catalyst selectivity ("S",.in %, at a given work
rate, as a function of cumul ative ethylene oxide
production ("P", in 5 kton/nB8) for the inventive use
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coolant temperature presented in FIG. 1 and FIG. 2.

Tt has been discovered that in the use of high
selectivity epoxidation catalysts in the manufacture of
ethylene oxide by the partial oxidation of ethylene with
oxygen at constant conversion or work rate great improvement
in the useful life of the catalyst and other benefits are
obtainable by altering the composition of the typical
epoxidation reactor feed. In an ethylene oxide process a
typical epoxidation reactor feed generally comprises
ethylene, oxygen and a concentration of carbon dioxide with
the concentration in most cases exceeding 4 mole percent of

the total moles of epoxidation reactor feed. This high

carbon dioxide concentration in the epoxidation reactor feed



the total noles of epoxidation reactor feed. This high
carbon di oxi de concentration in the epoxidation
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not normally have a significantly undesirable inpact
on the catalytic performance characteristics of high
activity catalysts; however, with the use of a high
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tggaévg%$¥§§%|%sﬁgwggvﬁgégfgggr%Q%perature for a given
ethylene oxide yield per quantity of epoxidation catalyst
when compared to an alternative epoxidation catalyst. And, a
high selectivity epoxidation catalyst is a catalyst, that for
a given temperature, provides for a greater percentage of a
converted feed that is converted to ethylene oxide product
than an alternative epoxidation catalyst.

Both the high activity catalyst and the high selectivity
catalyst that are referred to herein are supported silver-
based catalysts, but the two catalysts have different
catalytic performance characteristics.

The material of the supported silver-based catalysts can
be selected from a wide range of porous support materials

particularly those which are considered to be inert in the
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particularly those which are considered to be inert in
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mgigsrnitial selectivity of the highly selective supported
silver-based catalysts and, more specifically, the initial
selectivity of the highly active supported silver-based
catalysts may be less than 85%. It is recognized, however,
that from a practical standpoint the highly active catalyst
will have some minimum selectivity. This minimum selectivity
value is believed to be no lower than 78%.

The term initial selectivity referred to herein means
the selectivity of the given catalyst when it is fresh and
unused. This recognizes that a catalyst can lose activity
with use. The initial selectivity of a given catalyst is
determined by measuring the selectivity of the catalyst using
a standard testing procedure. In this standard testing

procedure, a crushed catalyst (1.27-1.81 mm particle size,
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given catalyst is determ ned by nmeasuring the
selectivity of the catalyst using a standard testing
procedure. In this standard testing procedure, a
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catalysts contain, if any, an insignificant or nonpromoting
amount of a rhenium component. Also, in addition to the
rhenium component, the high selectivity catalysts can further
contain a promoting amount of an alkali metal promoter or a
further metal promoter, or both. Suitable high selectivity
catalysts are described in detail in U.S. Patents 4,761,394
and 4,766,105, which are incorporated herein by reference.

The high selectivity catalysts, thus, may comprise a

support material, a catalytically effective amount of silver,
a promoting amount of rhenium and, optionally, a promoting
amount of one or more alkali metals and, optionally, a
promoting amount of one or more additional promoter metals.

The amount of silver in the high selectivity catalyst can be
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thus, nmay conprise a support nmaterial, a

catalytically effective anount of silver, 30 a

pronoti ng anount of rhenium and, optionally, a
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eweilght of the total catalyst (ppmw). Preferably, the amount
of alkali metal, when present, is in the range of from 10 to
3000 ppmw, more preferably, from 15 to 2000 ppmw and, even
more preferably, from 20 to 1500 ppmw.

The optional additional metal promoter of the high
selectivity catalyst can be selected from the group of metals
consisting of sulfur, molybdenum, tungsten, chromium, and
mixtures of two or more thereof. The amount of additional
metal promoters in the high selectivity catalyst, if any, is
generally in the range of from 0.1 to 10 millimoles per
kilogram of total catalyst, and, preferably, from 0.2 to 5

millimoles per kilogram of total catalyst.
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consi sting of sulfur, nolybdenum tungsten, chrom um
and mxtures of two or nore thereof. The anount of
additional netal pronoters in the high selectivity
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The alkali metal component can be present in the high
activity catalyst in the range of from a promoting amount
upwardly to 4000 ppmw. Preferably, the alkali metal is
present in the range of from 10 to 3000 ppmw and, more
preferably, from 15 to 2000 ppmw.

The inventive method includes contacting, under suitable
epoxidation reaction conditions, an epoxidation reactor feed
with a high selectivity epoxidation catalyst as defined
herein. The high selectivity epoxidation catalyst, in most
instances, is contained within an epoxidation reaction zone
defined by an epoxidation reactor that provides means for

contacting the epoxidation reactor feed with the high
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met hod i ncl udes contacting, under suitable

epoxi dation reaction conditions, an epoxidation

reactor feed wth a high selectivity epoxidation
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epoxi dat.i.on W 30 instances, is
co%?%ﬁé%§ Vi %%%gkéﬁﬁe%ﬁggl a%%gh reacti on zone. defined
by an Bpoxipdatidehioeactartarhdeepr oVi des iremngifver method

contactin e.epoxi dati qn react fee i.th the high
PSSt 7SR RCT b A8 A R iy P oAbt
epbxk tidd | oITheatpbystdatunserreagtbrsiie¢dbtan adpoxicdaprbdye
reggtion onghtions. The ep%xidagion leagctor f eed o% n
t ARV VEPRE HRTPC WiiRor iTS&s SEE YT endt = SRy g8 RRa- IS
concesthaid, oprotthandpror Saticoxbrleindtreore poikistiahi ohher
reactor feed can al so conprise. additignal_ other
RIS POR SR o o RBLEFLY 1 B rmaRAT of ethylene
nmeh haine, ez iebhase, redcisaneEcednbinabée am dfhesuahget b8rfrom 1
ter a

conmpounds, and so . Typicall t he unt of .
oERyF AP TS RoFREmBpoKM TN T 82O BYOThed dh fROPRIation
t beatamgereaid, f eaalddily tro Adgeal, ecperisentn thke ranmpandf from
of oxygen in the epoxidation reactor, feed, excl.uding

Pt Ptk bREoFREY HES apunhr OF; SHdS Gomobshgg 4 dene
pepeeidstidie raaBuot Héedidmer beotpotndsranyd pwardly to 3
epoxi dation reactor feed .can be in.the range,upwardl

CBOLe i hier BERE hF (TR IS 0% BLE OreTraE RBREEnpaded on
behegt@taﬂef G’na)Q@SﬁEft bee taicalidamlies eéadther efzexi.dation
reactor. feed. ,The. epoxidation reactor feed contacted,
Woh Ch R IaEl BR e T A ARy Cr T ag e Gt the hign
caﬁfz@%}ﬁi{mﬂyg@aaﬁlgat biodns azlil;mi ﬁenwhﬁftlaﬁﬁorg@fgbahsbyn

wel, el ow 2 npl e percent o t ot poxi dati on

[ BABE e AREED F PERBELILY o1 lenEboV coMerft PETeoR 0Pt the

capben dictideibn tbecepoXdodal.i o Leasisr fdreedet 0 be

lgggcéﬁgggégé% g%lgagggge foéyhetgg %géaépoxidation reactor
feed to be less than 1.5 mole percent of the total
epoxidation reactor feed, but, preferably, the carbon dioxide
concentration of the epoxidation reactor feed is maintained
below 1.2 mole percent and, most preferably, the carbon
dioxide concentration is below 1 mole percent. In the normal
practice of this invention, the concentration of carbon
dioxide in the epoxidation reactor feed is typically at least
0.1 mole percent, in particular at least 0.2 mole percent of
the total moles of epoxidation reactor feed.

As stated hereinbefore, under commercial operation of

epoxidation processes, the epoxidation reactor feed is formed

by adding fresh oxygen and ethylene to a recycle gas stream

which comprises, besides unreacted and recycled oxygen and



epoxi dation reactor feed, but, preferably, the carbon
di oxi de concentration of the epoxidation reactor feed
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preferably, the carbon 25 di oxi de concentration is
below 1 nole percent. In the normal practice of this
i nvention, the concentration of carbon dioxide in the
epbkyrbnd,omuaeaétbesfQﬁdoterbypB€b¢¢ydkﬂxﬂdﬁasandOQUher

ggge %%% Wakn o] 5yiyagn£§g§$céh:&ﬂgg %g%?&%%?éég gas

t

al es o poxrdation reactor fe
sts’ateﬂn hier é:ihlebeﬁoben dmgrdec@hﬁnrbealofbrtémtqome@tial unit.
e X|dat|on ro s t ' j e r. fe i.S. -
fOPrREF 457 TadgiRG *?ae%hw%%yS*@%éz%%%*fee%?e%sn% Bhivdifcion
r eyt edagdsadiieeahut V\m@ twaderprrsesptsiatefutiheact ed
and recycl ed _oxygen WD 2 /

roses st FESH G et I Hksores g tnis

caﬁb]@:nesjlmr@e—;ngndhatmuygasesrfaheawm am |respect of

|ntrod cedlntoth C as t.r.ea
tﬁSQ%%Jr nst?lgf 48 5hsH D of&%ﬁei%%?merrecl?atll% mt? the
I blhastimemhfemundhéhepoxmtlpmactaact@g fdwal progpentes a
i nventj o S deswabethat t
cSﬁggﬁYgﬁty &r‘—f‘rgﬁ P 1_épo%xﬂ”c’?atl on ?Eg%laraebjfyéegf BesaEeT
| evhasnipessiod ef abetdpexidutdbhescanpeoviaw! tilse at most
act. v t

cat performance_in res
S3 Blols MR e nRgrs orqRaRhvopy A6 1 Wite percent,
smbaatpmfemaﬂg themepoxd datrcde peacem fagell icoppriseglar
0 rel el Iar e _anpunt Pr ef.er abl t he
watel© S‘i:ai \élr’ ﬂ\é& r%?n?’h Of %%)?V\% |onex?%xalc %rl ggactor
| $call. NORA no]mﬁlnptmcpiamem thmsr enpee’tmrabltweawanest
1 nmol e percent
ePRERR AN REoaRe e d e e lB e qke #TS, Buphpat iy
obet be 1 Oemxmdaélpéncdaﬂgt mréStflemlalJlm atorlrakt
practice of thi |n ention, concentrati.on
£ e ambron O ot o e gohay T bR A toge Fapd
Iei':lst 6hdlofmihe meaceﬁés arihet ypiveativye atedeastisOthat it
nol e

eree of tgtal x#atlon react qr f eed.
CRESBFSThe o dt GPEa ot C1 HE SO PV RS HRTTEP (12 FRIE peroent
for an epox1dation reaction temperature that is below 260 °C,
and it can even provide for a catalyst selectivity exceeding
85 mole percent for an epoxidation reaction temperature that
is below 250 °C. Preferably, the inventive method provides
for an epoxidation reaction temperature of less than 240 °C
for a catalyst selectivity exceeding 88 mole percent,
Suitable epoxidation reaction conditions of the
inventive method can include an epoxidation reaction zone
temperature maintained during the contacting of the high
selectivity epoxidation catalyst with the epoxidation reactor
feed that is at least 180 °C, for example in the range of
from 180 to 250 °C or from 180 to 240 °C; in particular at
least 190 °C, for example in the range of from 190 to 250 °C
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20 provides for a catalyst selectivity exceeding 82
nol e percent for an epoxidation reaction tenperature
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catal yst selectivity exceeding 85 nole percent for an
epoxi dation reaction tenperature that is below 250 C
PreferabIQvﬂ,1 the inyentive nethod §gov s 25 f

epograiat}Bh teeadfi o 1¥HpELaEUFE *Thak 9 ¢ 200

ber Jic%tx%ﬁﬁg $g! egd iMirdge exceesth mp B&omalse pcercaemom
Sui t'abl e epoxi dati on reaction conditions _of

|2ﬁ@eh0|%%9rﬁ&Iwoah%a?ﬁ#%ﬂﬂﬁJ&QuéﬁYe?ﬁﬁﬁ?kﬁ%%ﬂ?l ¥a&?|on

é%% gyemttlﬁee JFRBt 8F nethrdursiong Nt pe1 contes tion oof
30 selectivity epoxidation catalyst with th

ewpdxndan omd ddet epoxidebehaescsisr FeRRtISt @reﬁsPre is
%%g%éje.gynlﬁ hed %gﬁeotlpwéf&i? 180350380 frofeddamy E86m 5

In particular at l|east 190 C, for exanple
ite Blebeange of from 190 to 250 C 9 WD 2004/ 078737

PCT/ U‘tls.gigod’é Ll ox‘iﬁef {393&1&@9&1 bRy 24 anélﬂﬂle@rn%tlh@d may

parti cular a “gast 200 C, for exanple in the ran
5o froP 2061 tinZB( ,E-oEbRReMOD0E fo2zabhenedipl ther, or

%S%%&%a géﬂ:ﬁiﬁ/e SPaGe t%ekoghtdnt on Q%@agatbyalrﬁbﬁawe
rom 1500 NI/ to 10,000 5 N /(

h
tsrm:r@p@xvdammﬁ:’r%af@tru %hez@ﬁ%uﬁarﬂté%reppés%hﬁl?%g AW, it

ener r |
gc r}l “% %(‘tigoi‘%ﬁdrg %% gltg %’% g%ﬁ/er%%l% %?283523“"?@ té
[

mwremllsee reodied ten et hydeapnoetdedn grgordance with
e%rﬁfaeﬁltﬁq%ﬂeghgl thé& %}b?se%tu@ﬁeegégloﬁtﬂ?@ ob@hind@ &thylene

am ne S i'nvention |leads to a nore
at:tidgctinv ehproeestadioret RE Rhaut actaibengriet hyl efie

OXIﬁg%edlmﬁ ggﬂgyrréggjd& l.eadsol Sndndore attractive

pr oces onprises produci ng ethyl ene oxide in
accord&&ceomﬂethh%:Hﬁhvémﬁréhh%ﬁﬁﬁ%Q#aQ§u$§éq&e%feﬁﬂﬂ?edl°l

of, .t he obt hyd en i d 1 n
fciiqre moY, BLNBE; 8L NGt 0¥] Ofed AR TNUEAPLAS oxide
emiamdaamrmesuirh@obmmﬁ@mgu on paidia o & hagadi sRtafyst.

t e ]éfén? Q?n§g£0$ak1ng predominantly 1,2-ethanediol and less
1, 2-ethanediol ethexr, the ethylene oxide may be reacted with
a ten fold molar excess of water, in a ligquid phase reaction
in presence of an acid catalyst, e.g. 0.5-1.0 %w sulfuric

acid, based on the total reaction mixture, at 50-70 °C at 1

bar absolute, or in a gas phase reaction at 130-240 °C and
20-40 bar absolute, preferably in the absence of a catalyst.
If the proportion of water is lowered the proportion of 1,2-
ethanediol ethers in the reaction mixture is increased. . The
1,2-ethanediol ethers thus produced may be a di-ether, tri-
ether, tetra—-ether or a subsequent ether. Alternative 1,2-
ethanediol ethers may be prepared by converting the ethylene

oxide with an alcohol, in particular a primary alcohol, such

10



ether may conprise, for exanple, reacting the ethylene
oxide wth water, suitably using an acidic or a basic
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1, 2-ethanediol and less 1, 2-ethanediol ether, the

et hyl ene oxide may be reacted with a ten fold nolar
excess of water, in a |liquid phase reaction in
paesentanol an echahalat a;lyyse;)l@cz;}lg Gat5-1ea8to% sotfion of

ci d, base th t reaction m xture, at 50-70 C
atha %aﬁag ag%%l{ﬁfe% gr in a gas phase reaction at

130 24{@1eCcaﬁder£Oer40LrhﬂJr tabsetmamolamim‘eemam yoinprim for

absence of a ]gata ortl on_of water

|%ﬁﬂ%§§:tﬁgas bﬁ%r qe”quylfnﬁ %%%aﬁg'h PILORET & IAnhydrous
the dfrciisoRmIbNLdMey e meesas&ﬁthou'aie anhydrous ammonia is

12ethaned|ol ethers th pr oduc e a di;ether,.
CHD S 6F 59 £ R RHrol 6 PROLUREST0 i ELRGFano aine.
Ard eridhode dpgtiedbienedi (tlheet:bﬁv&srm;h ta:e phepateyldne
converting the et h%/l ene , oxide_wi th an al oho

SR hh: FHERSS Rl TOCRERReS G oS00R BT BYa FoT
P&Iérﬁ@?é)%/—ﬂ%ﬁez%,s WiEldhaae! intosidwield heyein by
replacing at |least a portion of the water by the
aFebHA"SFhe conversion into the ethanol ani ne may
Corrrﬁriz&% 1f,QF—etBﬁﬁédmi<ﬂ. dneiaghing, t-hecleidydiene cokedemay be
Wi th ammoni,a. An [ous 5 .0r _agueous a a m

ugged Jé}ﬁq&agﬁeaﬁ%m%sofamﬁﬁ 13 t%ﬁﬁ%%%g)édg%

f axans1d e phedaction &f fwAQebBasOd g8 Neobakedb, cosmetics,
nmet hods appl.icable in the c%nver3| pn of the et rﬁ%l ene

oXPRENIRHES tRe PRL WAFHT arfitfeP I Pef 87 Bh ety Th he raBRITR S/

f REat exadmre rUsy At &5 294; . Mhehetlsamcsmlmy abedbe used,
here|n by 10 reference The 1,2-ethanedi gl and &he

1£0F R ¥patRddir o e her tHRAFIBE u§88€JF?f”an’§ é’% VAFPERY 928-
of InOtuﬂtéésalspae@ﬂ@@tém&,mfser tEéarmbmdlréchherfwei@&et
of food, beverage

8 t opbacco, cosnetjcs, nggl ai éC

pBF RS CERPEBPE FERt PSS hieRs I N det %?gee?ﬁ“? ®1 5 fedt

t EERSi&di Y & 8BEs Sha . rgé&lehhaaaieiem mRyrcbeyhsedlly at

for exanple, in the treating ("sweeteni ngt) %f nat ur al

gggst 40 carbon atoms, more typically at mos carbon atoms,
in particular at most 10 carbon atoms, more in particular at
most 6 carbon atoms. As defined herein, ranges for numbers
of carbon atoms (i.e. carbon number) include the numbers
specified for the limits of the ranges.

Having generally described the invention, a further
understanding may be obtained by reference to the following
examples, which are provided for purposes of illustration
only and are not intended to be limiting unless otherwise
specified.

EXAMPLE 1
A high selectivity catalyst, containing silver and

promoting amounts of rhenium, lithium, cesium and sulfur on

alpha-alumina was tested in the production of ethylene oxide

11
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typically at 20 nost 40 carbon atons, nore typically

at nost 20 carbon atons, in particular at nost 10
carbon atons, nore in particular at npbst 6 carbon
afoos . ety lgaki ped deyesm, fandesthb?: rurdserde of crushed

CEADOIV AL U5 CopfenciRe™ BUBRRE)el 1L UE ) NgpUIDEL Socn
genee al |Theddsbri bas inveedsedenni snmobtdmmeiel bath (heat
?@?ﬁr“ and ri%onac?'eba%dobﬁtn@ D&Y DY rigfe tga%%ew&?e Jé‘c?nnected to

oW n exa whi'ch are provi d pur poses
oé ghs ws]tcrvatsw@nemonlly mnan@umet pessehdddaughbghe catalyst

m ti n un.l SS her i e 3
h| gﬁ se] ec |\?}|{eyg¥éa a yst e%%ﬁgalgm g%h%qf EL?rA E éa&lySt
pusa@tarrtg taneounﬂetoc_f;m h&liwimatkei werenpdpegiadmtandive a gas

[fu n t-he production
o%{: Iséjnaeceom OCl ?/%%%%4%@%?% C#ﬁs%gfﬁoé%%m
fpnasemfnjlv@melaﬁd bRg/quothtedo this, a sanple of
crush catal yst Was | gaded i ntq nl e st egl
U shape r@ngXSlt ogThgh? uggsvvg% gtﬁlmer s"sé% [ r?dguSted to
oDt el umat @Ierlaahh (ah]eialenene@l ol umé IieSf)cemt axgoehe 1 volume
ends oftthe E rxgd%onnE? ed A 5 a
sYStEM c&ﬁso%x Ure 9passei rough the ca
beégpmvn @thydn@eibhm@el.grénobpmtabgen bdlenamei ght of
cat al yst used apd_the_inlet gas f|low rate wer
adj ust 'S Eerap‘ure t r}lour 2 iEgajccngv(gelwoacS tramBFds% pt @
Nlré(:é & 10Tﬁe peEd: dto@ﬁstop@éésm @mﬂa$hé55@hé{ﬁaemperature was
absol ut e n%gsmlon of the gas mxturef%s 1
ad iﬁag?%%d tSé’ a‘§0 \%F‘ﬁ SYerceftYathyt ehe, 8 Vo lCams” M°+°
ppeceatt OX Ygen etmyyobmmlcreemanéntmbmn diroxihgdega2.bixture

t i 1] | ethyl chlarid
AR nr TR 8] AnBeeThe BperabtF e bion i eav ys:

bediwasiviagjped "dphglede oxide formation. The activity of the

%i%on by volume

catalyst is expressed as the temperature at which a 40 mole
percent oxygen conversion is achieved (T40); the selectivity
is the selectivity at the temperature T40. During the run
the catalyst was subject to degradation, and in order to
maintain a constant 40 mole percent oxygen conversion the
temperature was gradually increased. The results are given
in TABLE 1.

In three similar comparative tests, the concentration of
carbon dioxide in the gas mixture was 5 to 7 percent volume,
instead of 1 percent volume. The average result of the three

comparative tests 1s also given in TABLE 1.
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15 rate of 10 C per hour to 225 C and then the
tenperature was adjusted so as to achieve an oxygen

w@eowersson of 40 nole percent. The ethyl chlpeT/ug2004/005774
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concentration in the gas m xture was adjusted to 2.5
ppnmv so as to obtain an optinum selectivity of

et hyl ene oxide formation. The activity of the 20

catal yst is expressed as the tenperature at which a 40
nol e percent oxygen conversiphqis qachi eved (T40); the
selectivity is the selectivity at the tenperature
T40: damrciengrahleorr,ur%vthe catal yst was subj ect 1to 5-7

Hoor

GIIWI Ot dCI [U red IIl. O.I T——a—cons$

LEPR Fé?%’eﬁjt Y8xygen conversion the 25 tenpera E"?’e e
;Mduaiﬂ:ytajarlcrécased The results are gi ven i B4TABLEG1

l-p-t-hree—si arative

6?5%%?1?? &9 &N%V ﬁ%%ﬂjo‘b% TR dce/lf‘%lqhhetélas iextur 22
VagiBidD seipeteentyyoindes 1 nstead of 1 per(emo 85.1

A t hree

 BHBEROR | SPd SCbar e LY sO% Ha g mreh R et 1990 1.1

c9WEE Uddhfoehrakltate US'tiUW/ W16/ bxy§EBLEodvdAE on
concentration, % 5-7 Run t| nme_days 263 195 T40,
initial, C 248 261 Aver age act|V|ty decl i ne rate,

ChARNL by 2k 2nOmabitd AnAPIACKEYY! Vo Y4ID112:80. GaBbord
Average selectivity decline rate, %mle/nonth 0.7 1.

TdDoxi Gmransenitsa bt on ol wsidlce SRy G EAT LN RaSiteR fﬁéd
respldsed nEABREsdrabov clear hy ghhatiacd awery, %%EQ@QstS in

di oxi de concentration in the epoxidation reactor

i KpFpYes athdtgeptbi Whkite FlegthVgRY ser@ ciabhalmpt llfe
cakaliyst .oin respect of its activity, selectivity and
cat al yst I ife. EXAMPLE 2 This cal cul ated exanpl e

pr esentil gl dted cyenbedt ¥R sa Pregept dpid et soperpder povra

pgﬁgﬁfiéfgkﬁi%%d@@fE8£“E¥5&3d¥1n3 thhperformance of a high

selectivity epoxidation catalyst at the operating conditiocns

of an hourly space velocity of 4700 N1/(l1.h), a pressure of
21.7 barg, and a work rate of 184 kg/(m’.h) for a reactor
feed containing 25 mole percent ethylene and 8 mole percent
oxygen. The model is based on the correlation of actual
catalyst performance data gathered from numerous sources such
as micro-reactor activity data, pilot plant data and other
sources of catalyst performance data.

FIG. 1 presents the selectivity of a high selectivity
epoxidation catalyst as a function of the age of the catalyst
based on the cumulative ethylene oxide production in kton/m®
for the corresponding feedstock carbon dioxide concentrations
presented in FIG. 3. The plots show that there is a strong
relationship between catalyst life and feedstock carbon
dioxide concentration and between selectivity and feedstock

carbon dioxide concentration. As 1is shown in FIG. 1, the

13



selectivity epoxidation catal yst at the operating
conditions of an hourly space velocity of 4700
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184 kg/ (nmB8.h) for a reactor feed containing 25 nole
percent ethylene and 8 nol e percent 15 oxygen. The

nodel is based on the correlation of actual catalyst
pex forafaneeldae al gathrersed ebtomi bynet dlbe setrtEst switdn

as._ nicra- reac or ct|V|t t I nt d
RTS8 Ees® at glgefgf 8?%%%:&3 g%% &I{&atlon
pdsﬁshsn;tas thhe $e1heb¢ |panqendtf auhvghn@édeeict“ll\/l t 520
e OXI tion ;6a as func |on 0 e a t he

Jy‘%t nﬁage% % rt eanc%r}rlul SEFOCBtI ﬁtgne %)%l gIée

pﬁ@]ﬂétﬁi:hﬁ.ltyl nfktba/ e alfyert Whencprwmmm@l agféeésltcbcdck
car bon di oxi de concent ratl ons sent em@r

N 1
bet ywed aabal ¥sholé fuee miethtf E(edstreakalddeO‘liIZS di oki de also

concentrati and, between sel.ec iVI and .f eedst ock. .
e i PR e e SR ot o R bR RS s viey
th@ta]l;i’sﬁ/‘@smﬁ)éhéh?%ca? HPET, /cblsaOﬁ)A/@lﬂﬁcWA;her ataedetock has a
decl.i ne Jr}?f the sel ect.i vi

ty of .the ¢ t en
OFOEREL b tn LEaT Do gE pezcent as
copsesdd ald anfeolistesis ctaimmnldﬁmkeol@emmmm@:atuwe of
mar ked "1" S nlflca ower . t.han, t he rat
CaErs iy roieend wSLd hdad oy shePR Lt M efRgEe Otne
pgﬁ@assae"r@fatfseedstmkseﬂmlmtg maielmnwéntau bhgh
car pon dioxi de concentrati.on o reater than
MR Y, SRR aRTEs HertlvRt rREERLE ok3dnplE, From
tiand:éﬁgm@l asekbpekidityorofrealeohi ghedaicrat ihaivtiyig a low

t al her f t.h whi ch the feedstock
e 2o 614 ian O i e CoRcont PAL Mo GHEREL T Rale 1

mBé Ba P e Mtheadse OPP Qs &l gho a&tﬁeedﬁt m:&emtb@pedawd ket
concentration of %%reater than_ 4 rcent

5P S enariett 4 BOMROSru BeREr| a0t pencent 268 on

sekeedd \dkeandzkifp. of a high selectivity
epoxi dat i on cat al gst t hat are obtai gabl e from

pr oces’st frg ZaRTEFBRF At O AL oFOP 8 s t ST SH, fslﬁa i

| eMhction of the age of the catalyst used in the epoxidation
reaction for the corresponding feedstock carbon dioxide
concentrations presented in FIG. 3. The reactor coolant
temperature approximates the reaction temperature. As the
data demonstrate, the epoxidation catalyst of the inventive
method that processes an epoxidation reactor feedstock having
a low carbon dioxide concentration of less than 1 mole
percent (curve marked “I”) loses its activity at
significantly lower rate than the epoxidation catalyst of the
conventional method that processes an epoxidation reactor
feedstock having a significantly higher concentration of
carbon dioxide than that of the inventive method (curve

marked “II”). These data show that the stability of the high
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carbon di oxi de concentration. Further conparative data
relate to the use of a high activity catal yst operated

w@roo4grssat er than 4 nol e percent carbon di oxi dBCT/US2004/005774
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concentration (curve marked "Il11""). 20 FIG 2
presents the reactor coolant tenperature as a
function of the age of the catal yst used in the
eqzmbécdawilbm epeavdd oerf getehpstorr dsppondefigtheeiocd
ban _di,ox| o8 Sch) EhGokd with
rlenaec orcgg% %&F CTDCH[V%& ?%rgiggﬁ rox?‘ma es I%w% i
rﬁa&:tmmenﬂ:enpan@tmmb wh/isht heczﬁdmtféled@mnstss'an@,oli Feen
epoxi.dati.on cat f ot n d
pro %’%Jsd%éc an%%%%ﬁoa ?lc?ﬁ’lggaét‘\ég& éedst oc&gﬁaﬁﬁ}g{dea
Immmrthemldnom ﬁer’cdmmmtnpata’onv@fdalt@sgetlhaﬁ tonhe use of

rce t uryv rrark c e | t
@%%tlyygyo(\:/\ae?a ate C%) At % f&a;é. %%aga C§/lset
ogﬁefctmlt?,(&ambnneaﬁimmtbd ctmlclaodrahmn p¢c0a@§sasraﬁd “III”)
epoxi dat.i.on eactor f eedst ock. havin 3 [
hi gher gk f’?a}f?%nbeoefn %%gr lbe |oI§<|gC & h%ﬁ {C %yently
t hee fanrenit embodixhdrod, (marsweabﬂrarkmawoh)s aﬂitiemeddﬁtceatlons
show t hat,.the stabilit theh hl WO 4 7
PET? mﬁﬁ’ﬁﬁogbf ssel%{c(lll\?fjt y ej%)}gei(l { oﬁ%ggt g$Z§ 1?’1|onns
taemcﬂrﬁncﬁflfhhetltahe afe vdemllmnEhensccmeaqustthacdevctybecs
ﬁg{én fi,cantl é chl;r%r oved t he i nventive net hod
54508 gads %Recﬁ:es&c%g 8f-an epoxi dation
feedstock having a very | ow carbon dioxide 5
concentration. Further conparative data relate to the
use of a high activity catal yst operated at greater
than 4 nole percent carbon di oxi de concentration
(curve marked "111"). Wile this has been described in
terns of the presently preferred enbodi nent,
reasonabl e variations and nodifications 10 are
possi bl e by those skilled in the art. Such variations
and nodifications are wwthin the scope of the
described invention and the appended clains. 15

15



WO 2004/ 078737 PCT/ US2004/ 005774 CLAIMS 1. A nethod
of manufacturing ethyl ene oxide, said nethod
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catal yst 5 under epoxidation reaction conditions at a
reaction tenperature below 260 Cwith a reactor feed
conprising ethylene, oxygen, and a concentration of
carbon di oxi de, wherein sa&aLQﬁddﬂdiration of carbon
dioxide is less than 2 nole percent based on the total
epoxi dation reactor feed. 10 2. A nethod as recited

i . claimthodmMeér abnufdrec treimperahyl ene | ek, 0wa280m&shod

in particular.in.the ran of . from180 to .250.C. 15

s BoBBELA G S RraPELrs o W, PaeFB TV iRg SitrifRg 10h CRtalyst
t enper adpse daitsohetowe Riddh Gonidhtpans i £tllarcdanattibe

range of fro 90 40, 4. A methqd as recited in
RO Dhrepeton 28p Famith Lt S ncst: AT B It
cathopherk 0Xxggehs $0$Sa tdartchtzathbe opetax®oh, dibxide,
particular .in the range of from0.1 tpo less.than 1.5
PBREESHE Cr CBASRRCHTL 1k FoLAFPRR ok Uicort S eRES obhan 2
frelle 2&rdentAbaeREAOGh Ashd arithedepbx Ldat 16rd rediebei feed.
said concentration of carbon dioxide is less than 1.2
nole percent, in particular in the range of fromaOo.2
t0.| essnddtanl ad. ZedDisd pgr cgatim baselein R@et @bRAberature

epoxj datiagn reactor feed._ 30 6. A nethod a eci ted
s T e B paiGhaan Thel g oncEri aritbio
ofsb e .epoxi dation reactor feed is at nost 1.5 nole
percent of the total epoxidation reactor feed, 16 WO
2004/ 078737 PCT/ US2004/ 005774 in particular at nost 1
mel e peaictitld af tbeited aln ePaxindaf iwerein the temperature

is below 240 °C, in particular in the range of from 190 to
240 °C.

4. A method as recited in any of claims 1-3, wherein said
concentration of carbon dioxide is less than 1.5 mole
percent, in particular in the range of from 0.1 to less than
1.5 mole percent, based on the total epoxidation reactor
feed.

5. A method as recited in claim 4, wherein said
concentration of carbon dioxide is less than 1.2 mole
percent, in particular in the range of from 0.2 to less than

1.2 mole percent, based on the total epoxidation reactor

feed.

6. A method as recited in any of claims 1-5, wherein the
water concentration of the epoxidation reactor feed is at

most 1.5 mole percent of the total epoxidation reactor feed,
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reactor feed. 7. A nmethod as recited in claim6®,
wherein the water 5 concentration of the epoxidation

wo e@ehme73feed is in the range of from 0.01 torPOI/BSI004/€)5774

10

15

20

25

percent, in particular fromO0.1 to 0.35 nole percent,

of the total epoxidation reactor feed. 8. A nethod as
recited in any of clains 1-7, wherein said 10 high
séhebervieylaghaki Bast oh racak%lgpscpe@tbnpf | s otsulppprkidation
makerial s fatal ytically effective amount of silver,

and a pronmoting anount of rhenium 9. A method as

recited in claim8, wherein the support 15 material is

an al pha, Mna%areEhge&‘r@yrglaqu $i ! %ﬁéré t o rv]\r%ter

range of fromi to wei ght “per cént € anount
oﬂonﬁﬁEWWQﬁﬁqnsOfnthheePQﬂKﬁﬁﬁﬂbﬂfK@ﬁCQOﬂ.ﬁ&EdUls in the range

MpEr 99@1{19@ Qe gr g%oﬁ@??eq}c%ﬂtt h?_ne%%ft} é’@iag:ht Of 0.1 to

catalyst. 20 10. A net usi'ng ene coxi de"f of
mik Phgnale pegcieahedpd| tioy ﬁPtBlZeebhad&IhQﬂ rehlgpr feed.
conprising converting ethylene oxide into

1, 2-ethanediol or the 1, 2-ethanediol ether, wherein

t Re ebhtansl exi dechosd bigemmybbdi nkaihy la-7,nehkediof said

MRYH AGL UG RUNULERE I P ARa G511 €8k} AV 2OLupBSre
material, a catalytically effective amount of silver, and a

promoting amount of rhenium.

9. A method as recited in claim 8, wherein the support
material is an alpha alumina, the amount of silver is in the
range of from 1 to 40 weight percent, and the amount of
rhenium is in the range of from 0.1 to 10 micromoles per

gram, based on the total weight of catalyst.

10. A method of using ethylene oxide for making 1,2-
ethanediol or a 1,2-ethanediol ether comprising converting
ethylene oxide into 1,2-ethanediol or the 1,2-ethanediol
ether, wherein the ethylene oxide has been obtained by a
method of manufacturing ethylene oxide as recited in any of

claims 1-9.
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