10

15

20

25

A METHOD OF MANUFACTURI NG ETHYLENE OXI DE Thi s
invention relates to the efficient manufacture of
et hyl ene oxide by the partial oxidation of ethylene
with 5 oxygen using a high selectivity epoxidation
catalyst. In recent years new highly selective

et hyl ene epoxidation catal ysts have been devel oped
t hat provide for selectivity benefits over
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In accordance with the invention, a method is provided
of manufacturing ethylene oxide, said method comprises:

charging a reactor feed comprising ethylene, oxygen, and
a concentration of carbon dioxide to an epoxidation reaction
zone containing a high selectivity epoxidation catalyst and
operated under epoxidation reaction conditions;

yielding from said epoxidation reaction zone an
epoxidation reactor effluent;

charging at least a portion of said epoxidation reactor

30 effluent to an ethylene oxide absorber means for separating

said at least a portion of said epoxidation reactor effluent

into a gaseous overhead stream and an ethylene oxide stream;



portion stream if any, and a remaining portion stream
wherein said remaining portion streamis at |east 30
percent upwardly to 100 percent of said gaseous
overhead stream 5 charging said remaining portion
stream as a carbon dioxide containing feed gas to a
carbon di oxide renoval system neans for separating
sai d carbon di oxide containing feed gas into a carbon
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20 kton/m®) for the inventive use of a high selectivity
epoxidation catalyst (“I”) as compared to the conventional
use of a high selectivity epoxidation catalyst (“II”) and the
conventional use of a high activity catalyst (“III”);

FIG. 3 demonstrates the improvement in catalytic life

25 and reaction temperature with plots of reactor coolant
temperature (“T”, in °C) as a function of cumulative ethylene
oxide production {™“P”, in kton/m®) for the inventive use of a
high selectivity epoxidation catalyst (“I”) and as compared
to the conventional use of high selectivity epoxidation

30 catalyst (“II”) and the conventional use of a high activity
catalyst (“III”); and

FIG. 4 presents plots of the reactor inlet concentration

of carbon dioxide (“C0:”, in mole %) as a function of the



cumul ative ethyl ene oxide production ("P', in kton/nB)
corresponding to the values for selectivity and
reactor coolant tenperature presented in FIG 2 and
FIG 3. The ethylene oxi de manufacturing system of the
~inventive .5 nmethod conprises an epoxidation reactor
- system an ethylene oxide recovery system and a
carbon di oxi de renoval system that are operatively
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ethylene, oxygen and a concentration of carbon dioxide with
the concentration in most cases exceeding 4 mole percent of
the total epoxidation reactor feed. This high carbon dioxide

25 concentration in the epoxidation reactor feed does not
normally have a significantly undesirable impact on the
catalytic performance characteristics of high activity
epoxidation catalysts; however, with the use of a high
selectivity epoxidation catalysts, as opposed to the use of

30 the high activity epoxidation catalysts, in an epoxidation
process huge process benefits are cbtainable with the

processing of an epoxidation reactor feed that has a low



car bon di oxi de concentration relative to conventiona
et hyl ene oxi de manuf acturing processes. The inventive
net hod provides a way to realize the aforenentioned
benefits that result fromthe use of a high 5
selectivity epoxidation catalyst in the processing of
an epoxi dation reactor feed by providing for the
reduction in the carbon dioxide concentration of the
epQﬁ&damidﬂbﬂiaaC&ﬁncenteethoﬁnxeﬂetbvertdI@eneéﬁnﬂaaaé

duct t
effel S‘giil%n?ardg‘rh ﬁ’ga%"bttgg%d Jan%% reac%I onl ;eaghg:ged to
an et hyTeneinyentivalethbérpropidem a May sphyeakige ke de
b
ADS0Ehe VB EAILAE 20N S YRLEM UrdiPRAS KIPWE honign

those e art nes et hyl ene oxi de
Sseparlat:tbwtﬂoﬁeowtppavc%wﬁahg Fhe %@Eﬁ?%‘tq%@ft‘h‘é

BbRybSeOxbder dF 2aLbey VA X @RSt Aduction in
eff uent and to ield an ethyl ene oxide s% £
corfpri SRFRPre ek “GRFB%'CI“&R& af ghesae* %é’r‘?é‘aﬁeac or
st riRall conpri sing unreact ed et hylene, unreacted
oxygen, _and carbo i The ,gaseaqus o erhe
stream CAFSE Fﬁefr %V?%nee CRAPE L8 ﬁ ch"f‘

10r erapogidairizon réacm:defﬂ.mnt Heowt hiyé mx@dabheon reactor is
%ggé&”ﬂd’]gmpggﬁ?%l X?tgs¥§£<féna@ggrﬁgr asﬁ}ytgﬁe t'lki'fe ethylene

car bon e concentration-levels in
epoxidat dprbegasYHery ean, be RAYgaERERK %v@ﬁmfaé@t’?- el

MayhRge di M ded iNtiheaasR! tlatPARELASS Séﬂh@&&h@rtdu@e
remai ni ng, portion stream The 25 renaini ng B

st rFERATH I Th PG PRD PEREILST AR 155 FEPaF
155y SitbRlemd tbxiide SPdn tthaoe;ﬁmﬂmia&‘u‘.bﬂafﬁadtbraéﬂflde&t and to

t Il | ed hack to th dat t
OP TR dSAEhe R el o BASELAR BEAEEAE Bl
perapgnt gisddre butelieagastorme,ocempebsingt noaeachedaethylene,

to u:l’lgn.‘gac?%d g Pera%%ng 9&{{' ﬁ hﬁ.oggé ou%‘h%"&ﬁgﬁ% overhead

stream referre owever, or t he rati o
of stteapptars f@fftlﬁﬁhlé COmBEA$NiINGTHOFPTRANNSEr eam t 0 t he

201! es Ofotf&logasm&nou%mﬁﬁ £roh! €fMdtlyDend nxlibe
ran%%u%LcEJé?Eboproéj;gaggg am an %chcﬂy%%g the reduced
carbon dioxide concentration levels in the epoxidation
reactor feed, the gaseous overhead stream may be divided into
a split portion stream and a remaining portion stream. The
25 remaining portion stream is charged to the carbon dioxide
removal system, and the split portion stream, if any, is
optionally recycled back to the epoxidation reactor.
The remaining portion stream includes at least 30 mole
percent of the total gaseous overhead stream upwardly to 100
30 mole percent of the gaseous overhead stream. It is
preferred, however, for the molar ratio of the moles of the
remaining portion stream to the moles of the gaseous overhead

stream to be in the range of from 0.4 upwardly to 1 and, most



4 preferably, this ratiois in the range of fromO0.5
to 1. In one particular and especially preferred
enbodi nent of the inventive nmethod it is desirable
for substantially the entire gaseous overhead stream
to be charged to the carbon dioxide 5 renpval system
VWhat is neant by substantially is that either all,
that is, 100 nole percent, or at |least 80 or 90 nole
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total carbon dioxide depleted gas stream. It is preferable,
however, for the carbon dioxide concentxétion of the carbon
dioxide depleted gas stream to be less than 2 mole percent
and, it is most preferable for the carbon dioxide

25 concentration to be less than 1.5 mole percent. A typical
range for the carbon dioxide concentration is fxom 0.1 mole
percent to 3 mole percent, or from 0.15 to 2 mole percent, or
from 0.2 to 1.5.

The large proportion of the gaseous overhead stream that

30 4is charged to the carbon dioxide removal system provides for
a significantly reduced concentration of carbon dioxide in
the epoxidation reactor feed thereby allowing for the

realization of the benefits associated with the processing of



realization of the benefits associated with the
processing of 5 an epoxidation reactor feed having a

| ow carbon di oxide concentration with the use of a

hi gh selectivity epoxidation catalyst. The

epoxi dation reactor feed is contacted, under 5 ,
sui tabl e epoxi dation reaction conditions, with a hi gh
sel ectivity epoxidation catalyst as defined herein.

Thea g@ﬁ&élt%% '¥é£&&p@éé@%amg<:§tfclvy%tarbw dR%lide

i nstan contai ned within an epoxidation
[ eREANICERt LTI A T SRehPSAPT SpSHiPRat T GTEILEY GPophidition
pr 4degsfrans for contacting the 10 epoxidation

react or feed w th the hi gh sel ect i, vi tc%/ eE gl dat |
cat al ysTherrroxidabiry FepahPe 856k i8R rade it
L ondiilttiaBne . epU%ﬁd@ﬂﬂ)ﬁ debtoion eratotidesd def:htahehigh

t I
corRer R oh "Brxi SRR Sate fal pacse s tanBrFE, Tane e
r eatdlecti ety ce@nxaﬂmomonptamtaddntnm’calmetmes, is
mgangggédfé%ﬁﬁié%ﬂp %mxﬁ&&%&bn Q@agfféﬁxl 1ned by an

sone conbination o
congraxidstiany pieagt oy thekerkoiides Beary rﬁﬂreﬁentarf:ttlﬁe “tne

1@90%?&%59901{ qaGLPsr fRRE 48 R 31$M%dleeemmy from1
mol e percent, t he amunt 0

oxy
P SRAFERBIET GRERLISE PgAr SHE (ULREPTR (POGLIEt ke, zpection
in é&}ﬁilrt@sgg of from3 to 12 nple percent t he anount

f oth th i d
can”be. TR HOHARGET SRarhrS tos o BF ik, 1R3hELyd Eeppo
t hecot@lrtiess ofthivikse perxyget amd g Cbasmmigﬁ ohecardyeal
14! 88,90, erheeD%?hglgiaitg.%Pr 9@5 Ur kESH. AN 2280 mPHise

t he nvenflve nme or e epoxldation reactor
f eea:ﬂctll'tapnal; B a e RIS h f?fe SHRGRLSe 3g¢gPPy | @5 nitrogen,

epo %tthgﬂe C Hrab¥gind, 0 cRa¥smd dAWiRSTENbEALhEN odther
carbon dioxide which is generally bellﬁg 4 npl e

peredweunge. | IYpdepllg tﬁSV\%Wnt Péret e88m‘:1enfihreat| on
of GfiQatdboxiedetbn fdul cepqoe dat tha rawmet of fiwed it bo 40

Z&Kaééﬁifpgggghé% qgleaébun % oxygen in the epoxidation reactor
feed, excluding nitrogen, can be in the range of from 3 to 12
mole percent, the amount of other compounds in the
epoxidation reactor feed can be in the range upwardly to 3
mole percent, with the values of mole percent being based cn

25 the total moles of the epoxidation reactor feed.

An aspect of the inventive method is for the epoxidation
reactor feed that is contacted with the high selectivity
epoxidation catalyst to have a low concentration of carbon
dioxide which is generally below 4 mole percent. It is best,

30 however, for the concentration of carbon dioxide in the
epoxidation reactor feed to be less than 2 mole pexcent of
the total moles of epoxidation reactor feed, but, preferably,

the carbon dioxide concentration of the epoxidation reactor



the total noles of epoxidation reactor feed, but,
preferably, the carbon dioxide concentration of the
epoxi dation reactor 6 feed is maintained below 1.5 or
1.25 nol e percent and, nost preferably, the carbon

di oxi de concentration is below 1 nole percent. In the
normal practice of this invention, the concentration
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One of the features of the inventive method is that it
provides for an epoxidation reaction using the high
gselectivity epoxidation catalyst at a low epoxidation
reaction temperature without the loss in catalyst

25 selectivity, but, in fact, an improvement in catalyst
selectivity is achieved with the inventive method. The
invention, thus, can provide for a catalyst selectivity
exceeding 82 mole percent for an epoxidation reaction
temperature that is below 260 °C, and it can even provide for

30 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



epoxi dation reaction tenperature that is bel ow 250 C.
Preferably, the inventive nethod provides for an
epoxi dation 7 reaction tenperature of |ess than 240 C
for a catalyst selectivity exceeding 88 nole percent.
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20 The high selectivity catalyst referred to herein is a
supported silver-based catalyst. The material of the
supported silver-based catalyst can be selected from a wide
range of porous support materials particularly those which
are considered to be inert in the presence of the ethylene

25 oxidation feeds, products and reaction conditions. Such
materials can’be natural or artificial, and they can include
the aluminum oxides, magnesia, zirconia, silica, silicon
carbide, clays, pumice, zeolites and charcoal. Alpha alumina
is a preferred material for use as the main ingredient of the

30 porous support.

The support material is porous and preferably has a

surface area, as measured by the B.E.T. method, of less than

20 m?/g and more in particular from 0.05 to 20 m?/g.




The support material is porous and preferably has a
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pressure of 1447 kPa gauge (210 psig)} and at such a rate as
to provide a gaseous hourly space velocity of 3300 N1/(l.h).

25 The selectivity, Sw, and activity, Tw, are determined for a
work rate of 200 Eg ethylene ozide yield per hour per cubic
meter of catalyst. The selectivity is presented in terms of
mole percent, and the activity is presented in terms of
temperature in degrees centigrade.

30 The high selectivity catalysts of the invention include
a rhenium promoter 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



30 The high selectivity catalysts of the invention

i nclude a rhenium pronoter conponent. Also, in
addition to the rhenium conponent, the high
selectivity catalysts can further contain a pronoting
amount of an al kali netal pronoter or a 9 further

nmetal pronoter, or both. Suitable high selectivity

catal ysts are described in detail in US. Patents
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of the tota alyst (ppmv). Prefera I¥L t he. anount
per gram to m;cromoles per gram of total catalyst, orx,

alternatively stated, from 19 parts per million to 1860 parts
per million, preferably from 37 parts per million to 930
parts per million by weight of total catalyst.

25 The amount of alkali metal in the high selectivity
catalyst, if any, is a promoting amount, generally ranging
from a promoting amount upwardly to 4000 parts pexr million by
weight of the total catalyst (ppmw). Pxreferably, the amount
of alkali metal, when present, is in the range of from 10 to

30 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
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of alkali netal, when present, is in the range of from
10 to 30 3000 ppnw, nore preferably, from 15 to 2000
ppmw and, even nore preferably, from20 to 1500 ppnw.
The optional additional netal pronoter of the high
selectivity catal yst can be selected fromthe group of
metals 10 consisting of sulfur, nolybdenum tungsten,
chromum and mxtures of two or nore thereof. The
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Ca%ﬁgﬁl e absorber 20 and golvent regenerator 2 Carbon
dioxide absorber 20 defines a carbon dioxide absorption zone
and provides means for receiving a carbeon dioxide containing
gaseous feed with a lean solvent so as to yield a rich
25 solvent, ceontaining carbon dioxide, and a carbon dioxide
depleted gas stream. Solvent regenerator 22 defines a solvent
regeneration zone and provides means for separating carbon
dioxide from the rich solvent so as to yield a carbon dioxide
stream and the lean solvent, which is used as a feed to
30 carbon dioxide absorber 20.
In the operation of an ethylene oxide manufacturing
process system 10 a reactor feed, having a first

concentration of carbon dioxzxide, is charged to epoxidation
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Recycle compressor 34 defines a compression zone and
25 provides means for compressing the gaseous overhead stream.
The discharge of the compressed gaseous overhead stream passes
from recycle compressor 34 through conduif 36. A split
portion, if any, of the compressed gaseous overhead stream, if
any, passes by way of conduit 38 and then conduit 40 where it
30 is combined with oxygen introduced by way of conduit 42 and
ethylene introduced by way of conduit 44.
It is a feature of the inventive method for the

remaining portion stream of the gaseous overhead stream to be
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fromrecycle conpressor 34 through conduit 36. A split
portion, if any, of the conpressed gaseous overhead
stream if any, passes by way of conduit 38 and then
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of the 1, 2-ethanediql
attractive process for the manufacture of ethylene oxide, it
concurrently leads to a more attractive process which
comprises producing ethylene oxide in accordance with the
invention and the subsequent use of the obtained ethylene
25 oxide in the manufacture of the 1,2-ethanediol, 1,2-
ethanediol ether, and/or ethanolamine.

The conversion into 1,2-ethanediol or the 1,2-ethanediol
ether may comprise, for example, reacting the ethylene oxide
with water, suitably using an acidic or a basic catalyst.

30 For example, for making predominantly 1,2-ethanediol and less
1,2-ethanediol ether, the ethylene oxide may be reacted with
a ten fold molar excess of water, in a liquid phase reaction

in presence of an acid catalyst, e.g. 0.5-1.0 %w sulfuric
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et hanedi ol ether, and/or ethanol am ne. The conversion
into 1, 2-ethanediol or the 1,2-ethanediol ether may
conprise, for exanple, reacting the ethyl ene oxide
with water, suitably using an acidic or a basic
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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 ethanolamine may be used,

25 for example, in the treating (“sweetening”) of natural gas.

Unless specified otherwise, the low-molecular weight

organic compounds mentioned herein, for example the 1,2-
ethanediol ethers and reaction modifiers, have typically at
most 40 carbon atoms, more typically at most 20 carbon atoms,

30 in particular at most 10 carbon atoms, more in particular at

most 6 carbon atoms. As defined herein, ranges for numbers
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catgPysy fegevBrlqcdiyedt Ui 0t Na/tl h). The inlet gas

20 pressure was 1550 kPa absolute.
The composition of the gas mixture was adjusted to
30 volume percent ethylene, B volume percent oXydgen, 1 volume
percent carbon dioxide, 2.5 parts per million by volume
(ppmv) ethyl chloride, and nitrogen balance.

25 The temperature of the catalyst bed was ramped up at a
rate of 10 °C per hour to 225 °C and then the temperature was
adjusted so as to achieve an oxygen conversion of 40 mole
percent. The ethyl chloride concentration in the gas mixture
was adjusted to 2.5 ppmv so as to obtain an optimum

30 selectivity of ethylene oxide formation. The activity of the
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
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rate of 10 C per hour to 225 C and then the
tenperature was adjusted so as to achieve an oxygen
conversion of 40 nole percent. The ethyl chloride
concentration in the gas m xture was adjusted to 2.5
ppnv so as to obtain an optinum 30 selectivity of

et hyl ene oxide formation. The activity of the
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The results in TABLE 1 show clearly that a lower carbon
dioxide concentration in the epoxidation reactor feed
improves the performance of a high selectivity catalyst, in
respect of its activity, selectivity and catalyst life.

15 EXAMPLE 2

This calculated example presents data generated by a
proprietary model for predicting the performance of a high
selectivity epoxidation catalyst at the operating conditions
of an hourly space velocity of 4700 N1/(1.h), a pressure of

20 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

25 sources of catalyst performance data.
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selectivity epoxidation catal yst at the operating
conditions of an hourly space velocity of 4700

Nl /(l.h), a pressure of 20 21.7 bang, and a work rate
of 184 kg/(nmB8.h) for a reactor feed containing 25
nol e percent ethylene and 8 nole percent oxygen. The
nodel is based on the correlation of actual catalyst
performance data gathered from nunerous sources such

as mcr @It;eaztpxesaﬁi:mﬁéf sdabatiBithobePh mtghdéwemdrity
ot her Qurce catal yst performance data.
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car di oxi d renoval s St em means 10r Ssepar
saitoFAfe FrergrBkryelon of less than 1 mole percent 1s obtalned

by charging substantially all gaseous overhead stream as the
carbon dioxide containing feed gas to the carbon dioxide
removal system means for separating said carbon dioxide

25 containing feed gés.

These data demonstrate the great benefits in the
selectivity and life of a high selectivity epoxidation
catalyst that are obtainable from processing an epoxidation
reactor feedstock having a low carbon dioxide concentration.

30 Further comparative data relate to the use of a high activity
catalyst coperated at greater than 4 mole percent carbon

dioxide concentration (curve marked “III”).

17



25 containing feed gas. These data denonstrate the
great benefits in the selectivity and Iife of a high
selectivity epoxidation catalyst that are obtainable
from processi ng an epoxi dation reactor feedstock
havi ng a | ow carbon di oxi de concentration. 30 Further
conparative data relate to the use of a high activity
catal yst operated at greater than 4 nol e percent
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percent carbon dioxide concentration (curve marked “III”).
While this invention has been described in terms of the

presently preferred embodiment, reasonable wvariations and
modifications are possible by those skilled in the art. Such

25 variations and modifications are within the scope of the

described invention and the appended claims.
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25 variations and nodifications are within the scope
of the described invention and the appended cl ai ns.
18 CLAI MS 1. A nethod of manufacturing ethyl ene
oxi de, said nethod conprises:. charging a reactor
feed conprising-ethylene.,-oxygen,. and a
concentration of carbon di oxide to an epoxidation
reacti on zone containing a high selectivity

epoxi dation catalyst conprising a pronoting anmount of
rheni um and operated under epoxidation reaction
conditions; yielding froms !g epoxi dation reaction
zone an epoxrdatlon Eeﬁo%of Iuent char gi ng at

| east a portion of said epoxidation react or
effluent-to_an_ethyl.ene oxi de, abh ang,_ f0r -
separhaimat§ed Ph ¥1F85%’f’-”5*9p8t %eﬁ{%? s%gg b: Baid
ﬁ@@ﬁodkﬁumgalséeactor effluent into a gaseous overhead

t t hyl
;asgg‘aﬁa E?h%a’geaf\é ggfneero&(nlt %%gﬁgﬁnetﬂ rltairii%ﬂ stream
aﬁda.mcorm&dtaatmmrorﬁl AEripsy tdlonué% rleamn vhexidatieni d
ESM% A“%ngré%ﬁﬁkfihk agn fbhakghgéﬁﬁviy} eP&k{f&ition
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shtatw‘ﬂt Coapyi sipcs 4 RO a8 A

el .%gaa %ﬁékdgpae%ewh J&e@ngaalaielengar bon
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carbov#%ﬂdiﬁﬂdEernﬁﬂéﬁnFH@x¥4§§i°§a§eﬁ 191, 28
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reactor effluent into.a gaseous overhead stream and an

ethylene oxide stream;

dividing said gaseous overhead stream into a split
portion stream, if any, and a remaining portion Btream
wherein said remaining portion stream is at least- 30
percent upwardly to 100 percent of said gaseous overhead
stream;

' charging said remaining portion stream as a carbon
dioxide containing feed gas to a carbon dioxide removal
system means for separating said carbon dyoxide
contaihing feed gas into a carbon dioxide depleted gas

" stream and a carbon dioxide gas stream; and
combining at least a portion of said carbon dioxide
depleﬁéd gas stream with oxygen and ethylene to thereby

form said reactor feed.
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conmbi ning step further includes conbining at |east a
portion of said split portion streamw th said at
l-east a portion of said carbon di oxi de-depl et ed-gas
stream said oxygen, and said ethylene to thereby
formsaid reactor feed. 3. A 'nethod as recited in
claim1l or 2, wherein said epoxidation reaction

condi tions include an epoxidation reaction zone
tenperature below 260 C. 4. A nethod as recited in
claim 3, wherein said epoxidation reaction conditions
i ncl ude an epoxidation reaction zone tenperature
below 250 C, in particular in the range of from 180
B0 250 “gthgar@e irecRBed i rlldmimnl § whereangeaist from 190

to 240 C hod, a [ ;s 1-4,
FREP LIRS §5F@1A}'c &‘Sﬁt% |(5f?%o£:8@%ir o%néf'g{'(? etalas | ess
bbﬂ!ﬁhdh el eaidespldnt po:ftitdne stoeam wisghcsaidfaledeagt A

. et _ a said
EBFE%ﬁﬁlaétﬁgﬁ‘ é%?ggb%% i-ox1 d éb {ggg %%Eﬁ?m 3 nol e
prygent anfl Bhbdtauhaﬂeneamﬁ(hherEEH.ﬁorN Al ALY IRRFOFs
recited in claim®6, wherein said concentration of
¢5FBon dioxide is in the-range of from 0.1 to |ess
than 2 nole percent, in particular in the range: of

510 L-rachBal £5%dd)eRgliR% B POF BN Uneoéii hinid
ot al’, - react or . A nethod as reC|t$%%# n any

@po&i@ﬂqwnlmacw@ é’Pﬁd”é’af?”cf FBE %8y * BB £ %t r eam
'r%a.gelér?aa%he‘lge S80ke MOMAY Gy i 100 percent of

Sal d gaseous overhead stream A .Method -as -recited
in. claim8, wherein, said- remaining portion stream

S ata hRAoadls PAIASRE ﬂﬂ\’@lréilmya tﬂmélﬂﬂnpﬁéwnt of
sai d g:seous over head stream recited

iepoEidation reACk T corgbEind |15‘FF'5}‘1%|'°’1“ §8Pﬁ1 s
QUELDERY e Bberath®e I8 ow 250 °C, inparticular in

the range of from 180 to 250 °C, wmore in particular in the

range of from 190 to 240 °C.

5. A method as recited in any of c¢laims 1-4, wherein
said concentration of carbon dioxide is less than 4 mole

. percent of the total reactor feed.

6. A method as recited in claim 5, wherein said
concertration of carbon dioxide is less than 3 mole

perceﬁt of the total reactor feed..

7. A method as recited in claim 6, wherein séid
concentration of carbon dioxide is in the: range of from
0.1 to less than 2 mole percent, in particular in the
rangeiof fxrom 0.2 to less than 1.25 mole percent, of the

totalfreactor feed.




as the carbon di oxide containing feed gas to the
carbon dioxide renoval system neans for separating
said carbon dioxide containing feed gas. 11. Anethod
as recited in any of clains 1-10, wherein said high
sel ectivity epoxidation catal yst. conprises a support
material, a catalytically effective anount of silver,
and a pronoting anmount of rhenium 12. A nethod as
recited in claim1l, wherein the support material is
an al pha alum na, the anount of silver is in the

b9 Qlethb@Md 01404 B Rl BErERAlms and, thigrednunt
hentumis in the range of fromO0.1 to 10

am IANRdB1ing ROXSAaR S HERREy 182k Heeatﬂ& P BRYGHE of

ng&?:!'&ls} tol3p0 AdREROUf HaigShasédiid enerHead Wrream.
king-1,2 ethanediol or a 1,2-ethanediol ether

conpri sing- -obtaining ethylene oxide by a method of
-gan ufﬁ%hb&%ﬁﬂ%ea@ miaiamsa; edtictredni.sazhy of

cl ai ns - and - conver ene _ox
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£BY100 perceheest ehtiai Gassbusy oaerhdad sy.:lrEamnuf ae u a9
et hyl ene e3ral 21 3

10. A method as recited in claim 9, wherein
substantially all sald gaseous overhead stream is charged
as the carbon dioxide containing feed gas to the carbon
dioxide removal system means for separating said carbon

dioxide containihg feed gas.

11. A method as recited in any of claims 1-10, wherein
said high selectivity epoxidation catalyst comprises a
support material, a catalytically effectivie amount of

gilver, and a prowmoting amount of rhenium.

12. A method as recited in claim 11, whefein 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 gfam, based on the total weight of catalyst.

13. A method ef-using-ethylene-exide for making-1.,2-
ethanddiol or a 1,2-ethanediol ether comprising:

sobtaining ethylene oxide by a méthod of

manufacturing ethylene oxide as recited in aﬁy of claims

1-12, and

4converting ethylene oxide into 1,2-ethanediol or

the 1 2-ethanediol ether——whefe&n—ehe—eehy}ene—exiée—ha&




