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partial oxidation of ethylene with 5 oxygen using a
hi gh sel ectivity epoxidation cat al yst In recent
years new highly sel ective et h%gl ene oxi dation
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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
effluent to an ethylene oxide absorber means for separating
said at least a portion of sald epoxidation reactor effluent

into a gaseous overhead stream and an ethylene oxide stream;
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percent upwardly to 100 percent of said gaseous
overhead stream 5 charging said remaining portion
stream as, a carbgn dioxide contalnlng%feed gas to
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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
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
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 (“C02”, in mole %) as a function of the
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tenperature presented in FIG 2 and FIG 3. The
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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
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
the high activity epoxidation catalysts, in an epoxidation
process huge process benefits are obtainable with the

processing of an epoxidation reactor feed that has a low
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a way to realize the aforenentioned benefits that
result fromthe use of a high 5 selectivity

epoxi dat j.on .catal yst in t.he processing of an ..
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st r eam© OV H§SuRtREERS A gﬁe‘? p%‘?‘b“&c’t 53‘6
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mol es of the gaseous overhead streamto be in the
r apgefattiviord Precephasuisten @nd dedachbgye 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
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
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
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inventive nmethod it is desirable for substantially the
entire gaseous overhead streamto be charged to t he

carbon dioxide .5 re val system What ant
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theceab%niweﬂedéaéo%wmat iThe GRIPRE ¢hpHiste vas stream

di; gxige depl %Lt%%agla§o§tfl?@r§§s‘%el?@ ahB8S 8ok MrBon

percent and, I's nost preferable for the carbon
diokéde 25 concentratl on to be less than 1.5 nole

perceni é&&éﬂ”ﬂ%a%r05§38eféf”tﬂé1QOQaEQRQeﬁ%fBEfy% of carbon

concentratl on 1s romoO per cent to
peieshde br Yheowpexigatop lfﬁﬂcéioéfeﬁééﬁt ipris fimpergapt for
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streamt IS charge o e carbon di oxi de
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CoR& n£ﬂ§ﬁ @EQQ d&é?%éﬁ df&x hQ? f&ER%(Vg'ﬁ%nthe

r eac ee by a ovm n tﬁe
total carbon ledee depleted gas stream. It is preferable,
however, for the carbon dioxide concentration of the carbon
dioxide depleted gas stream to be less than 2 mole percent
and, it is most preferable for the carbon dioxide
concentration to be less than 1.5 mole percent. A typical
range for the carbon dioxide concentration is from 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
is 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
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concentration with the use of a high selectivity
epoxi dation catalyst. The epoxidation reactor feed is

cont act ed, under sui OXIda ion r [
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epoxi dation catalyst, in nost instances, is contained
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capobedamme:aftazrlgétoﬁn@l%nsqch Suiapdenppexintaidem reaction
the a gpygﬁsof oxygen in the epoxidation reactor feed,
excluding nitrogen, can be in the range of from3 to
12 noTke p@?@@rﬂatlpheraﬂ@tﬁﬂf e btotfe the ofptrimeisvs methed
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ent t he val ues of nole percent
bdunglbasedwkﬂ1eﬁ@Xﬂﬁetigﬂare¢ﬁﬂQ§;ﬂﬂedtﬁéne®b&9cﬁﬁmﬂﬁise

%%E% L s i 3R gshna‘% the 'élz\é%tl'evea{?&&lﬂo‘jof %Jt%gen,
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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 on
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,
however, for the concentration of carbon dioxide in the
epoxidation reactor feed to be less than 2 mole percent of
the total moles of epoxidation reactor feed, but, preferably,

the carbon dioxide concentration of the epoxidation reactor
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feed is maintained below 1.5 or 1.25 nole percent and,
nost preferably, the carbon di oxide concentration is
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gener. i.n, t:he n Qg35°®ary 3280°c. a

pr%g ‘é‘?g‘lﬁ[’%/ JTrgr 01%1 gﬂtgog%a)g%\gg @31631 of8 the featur eg of
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ctivity, but, in fact, an inprovenent in_catalyst
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exceedl ng e percent or a

preferably from 5 to 30 bar.

One of the features of the inventive method is that it
provides for an epoxidation reaction using the high
selectivity epoxidation catalyst at a low epoxidation
reaction temperature without the loss in catalyst
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
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
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Preferably, the inventive nethod provides for an
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reaction tenperature of less than 240 C for a catal yst
selectivity exceeding 88 nole percent. As used herein,
the term"selectivity" ans the nole, percent of _the
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t Rt cEhplys oxidswerodeeed iRRTF teiperal tre glrcatadivieén (e-g.-,

ekgygaqun xibde whetd per ;quant {k¥q0he RPOX ARG @Bference to
cafal yst 15 when conpared to an alternative

epbgi dati o yc @fapysetalnel, dhehitghmsepeeiviiy’y means the
eEQ?ﬁte;Qﬁé&lP& Gatak ¥k 15? 2 CALAIMS ot PRI £ %‘ g?_(}en
tenperature, provides Tor a gréater percentage o
convbrrate feed that is converted to ethyl ene oxide

producy, 4 han h@Bh?"!aE@Wf'E;i( ;é;;%o%gglfyait.dr.ghi 8&&%}@ %8l o %gtalyst

The high Selecirvity cata erred to Herein is
stpporemelasis velolas edeaelt by SempEhatwee efdrala ofiviehe

3#8291&?9 Sild egigﬁae]gefa%\ﬂryﬁ;taﬁ@@. BEo2ehAGtGd cfarl:%g]ygt

range o orous sup ort terials partlcul ar
t whsr odnAredate sonslidermative pporadatiom adimlyst. And, a

_ _ : ity q
DRSSRIEE Rr Aty LY P08 20, RIRLEPTL] ST YL o
nat giwén oremgretrpftiiceal prendlashdprcangiraetedeendemtage of a

aE8%§¥&§@e%%s ‘thg?gfgscizgnv Zl.j re%or%gatatﬁ)iﬁieir?ea’ xsild i Cor&duct
car b e, clays, pumce, Zeolites and ¢ arcoar . EIBﬁa
akbannan dldeanptéfrer epokivktiardnalcatelysise as the main

ingrediﬁgnhfgh %gfecggvf%g(%g%éﬁﬁggongerred 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
oxidation feeds, products and reaction conditions. Such
materials canebe 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
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
surface area, as neasured by the B.E T. nethod, of

woess/vg@n 20 n2/ g and nore in particul ar froRCOUS008005744
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20 n2/g. 8 WD 2004/ 078736 PCT/ US2004/ 005744
Preferably the B.E. T. surface area of the support is

in the ran 0 rom0.1_to 10, nmore referabl from
O.Eie?%r%k?](a?’ g?r‘f/ f&.'fETﬁé BIECe r?ét{eﬁ‘oafoF FTea &Ry thé I the
suehaeeonrforhds 1 beemodeme Q:&daflelﬂaﬂﬂayafi‘oxbw 1 to 3.0
Bry auer

E t and Tel

T9%8) 369- Trem ?%hodjes‘%fr 5‘8?8“% %he hslu |a;?e area has
sebeﬁtdyﬁzﬁwmmbnhedetsilvw Hlﬁﬁ'ﬁdleﬁat Eﬂmyst fd the. ler in
|nv ntlont be ch initial selectivity

g‘[" ?}é%{%‘t 5040 p b?@gagatlaqqeast 86% and, nost
pr ef erablis cmsﬂraaste 8820 tHH niklyesalett v &Jupported
selectivit referred t erein ans sel ec t
o het thites CRLAIYEE GRend Lve B BRNt A Ticten Kas an

Thhﬁti@l«‘me&ivﬁhgt o satmdast sGan beéﬁenaémynatw least 86%
with use. The initial selectiuvi t7¥ of a given catalyst

i endgdpRFifted B Pibastt i 1RPTHE Sel ectivity of the

cat al yhe USIrRg "152181i81 apgpd &k vashi"nge pEPESIW L. helrléln means
this standard testin procedure, a crushed cataly

( Eho7sqleftivhtyaPti Elle ¢1ven catadysgswben s st and

fﬁaﬁgé@n) TS PhraeedniktHi thdthe &a38198t (dd AddChktivity
di aneter stainless steel U-tube of a mcro-reactor

oféEat et unddie dBEEARR SPERGHiVEFYpPEcRsE WIhdiatiadnst As
2Qestandd eadaghir 3Ry ”ﬂﬁ@ élﬁre%QFﬂflﬁﬂfhcyf et c7atr£‘l|y%t using

percent carbon di oxide gercent oxy

52, 5tapflard fesddng ﬁif@%@lé#ﬁ s an't SaLEERPITD e tteﬁélng

”bEBQe&&%E“‘¥'d%hsﬁedpE§§§L§§%‘ﬁi 1441, 5?@m9%ﬂﬁ§n&§%951ze,
and at such a rate as to prOVI de a gaseous

psi g
héuft yLspat @ardl 6éPTy 5F2Z0TINAA(PLAFed 26itHg the 6.35 mm

Sghegtiyid)y ,dléwetagds@giﬁyééy,stEwl BLeudet s M Red {0k eactor
a work rate of 200 kg ethyl ene oxide yield per hour

pepceabr¢ ungstrecestagnt apgetficthersepaet ¢enditions. A
Psesel £d Adid %rfngooﬁolgt)%&&é@ftc%@hyléﬂg theadd ipeirt¥nt

is presented in terns of tenperature in degr ees
ceprbep adfeoxide, 8.5 mole percent oxygen, and 54.5 mole

percent nitrogen is introduced into the micro-reactor at a
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).
The selectivity, Sw, and activity, Tw, are determined for a
work rate of 200 kg ethylene oxide 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.

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

waddi4toremet o the rheni um conmponent, the hi gh PCT/US2004/005744
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selectivity catalysts can further contain a pronoting
anmount of an al kali nmetal pronoter or a 9 WO

2 04 0787 PCT/ US2004/ 00574 fu taJ
BE0T B rETRE O o8 Sty 1 5 oo Eap [P R P R i by
deaeﬂ}bﬁds igxredekackibad US.dRatiéntis H,S’ﬁlPa%%t&amd%l 394

4. 766 ich, are i1 ncorporat herein by .reference,

e etP s PuREG oBF D BbeesRe Aol B P e BE e
supporTheEhﬂ@mteéuabtlaitﬁtédQALysabLythﬁéec¢¢mpxﬂymoansupport
of sily t1ng. ano rheni u

RS SRR EER R gl e LA S TR S
MBt-ahést Bl anfinito B! k¥enfum pImENDbbRJoasDLN! Dipemetahg

nor e addi ti onal pronote tals. . The anpunt of S|Iver
i ATPHRE HYg PR ZTPU Pt #%ﬁhﬂ@?l&aﬁnﬁe PR

r 9@6ﬁo@ingf rBud tCakabyé | @ﬂhﬂlc}/i:eefafidfith.&sﬁaﬂnmmﬁoter metals.
ugmardl to 40 percent the to

bal yagunt rﬁ?feﬁéﬂéfsrylnt FhidineSopcLiTher % @ Vgiggan be

framie teamdl ofeirgbh pecsetyiiasedyosrtbetivd almoticght
of the catal yst and, nost refera

I f
WEPYRE Jp\ér%rﬂo PESCTRE ﬁh?uﬁﬁg{n?f tﬁ?gtaﬁgaﬁ

sekeetimbiy, adcabustinti &£ asmxwiotcbngraﬁ@@nfr@emew By
rangi ng froma %r onot i ng am)uagf upway dl
nMer-8ibI R Gt ResrtnPPethyritthads veedehl é’%ttherﬁ-‘@talyst and,

prekeryedeanmint, ¢konhsnisimd metlla;athpgbceﬁel ectivity
catalyst ranges fromO.1 mcronoles géan1to 20 10
fF%

m cr onbre sty PEnF hEBEE pheftéeably gtivity catalyst

m; gr Q”}_@f&ﬁ:tlﬁﬁr afoB ALt 9o Re 1A LI &ﬁhgingefr&ﬁ amforlo@t al
cat al yst alternatively state rom 19 parts per

nempPReh wwam@u i5&r £8 mb@?omﬁhqsl 6, rb?@f@ﬁamﬁly FregnPs7

p@&"tﬁlyﬁ mﬂﬂé g&ets@r%@ aRA S JFEEhBhk bk O Byh V81 Gt
of total catalyst The amobunt of alkali netal in

t Helarghvite e’@t’qa‘}ﬁ/ﬁ} rehged yistom Of Lapycremole HRaF0ErAR to

aﬁ@“ﬂifr&ﬁ3¥3§1 ¥ 5%2&'nﬁorérﬁygf%rﬁbﬁynfk&ﬁ @ﬁp%ﬁkromoles
upwardly to 4000 parts per mllion b ght of the

t oeal g diy st MigEemplePrederasmy oft %@taho@mtalyst, or,
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.

The amount of alkali metal in the high selectivity
catalyst, if any, 1s a promoting amount, generally ranging
from a promoting amount upwardly to 4000 parts per million by
weight 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

10
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10 to 30 3000 ppnw, nore preferably, from 15 to 2000
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The optional additional netal pronoter of the high
selectivity catal yst can be selected fromthe group of
nmetals 10 WO 2004 07873? PCT/ US2004/ 005744 , d
cGREPEPFRYY of* ST, RBEYRUeHh TE9GSEan, CRRPBHTYM?™
ag\ggt_m':ak luwsmtf ldmO@é ﬂﬁéﬁed&ﬂerfmi;e_ ailflbﬁn.anbﬂ!’ﬁddlftional
addi tional netal, pronmoters in the hi sel ectjvit ,
cqehrypomethy 1T SR LTER ATA A e FRRgLYBE rroAnY, is
O.gﬁnb@al?y rrirlg : ‘&Hﬁ):c@&g@ebg5fkibﬂé cxgrl_allrﬁlopfl olt atialiteted Yeir,

an refer , from0.2 to mllinoles per
CaGPERT oPE CAtal CRUALYSE! N RAHARG Y DLEPE 02, to S
whenelnolss iiesaqitiegram sehesddl cdepKesent ation of a
typi cal. ethyl ene oxide__manufacturing process system

10 f or "R€et$HERNINY (tRVERFT ofy, “IRPRRHTCH Si REPBRRES 2

eRexkflat i ONrd PO atY6hest 12, tpiindieRengXEAE oxide
recovery system or ethyl ene oxi de absorber 14, and

c APBBRACH B P TASFFaPYE|RT efl TRT BS6xiBathbh Insmartden,

systiem drclided ugRxieRexbaatdt dreagls@emlBz, Wi tflene oxide
provi des neans for contacting a feed stream
CEREAVAT RS BXGRTe T SRR Mo aPsorpest 14, and carbon

ceneanys atdivOf Latkan1di oxhsle WtibnaRe§pEX: dafdQh 12
catal yst under suitabl e epoxidation reaction
cGRELEIORSSRGI I Er8h Y eFFEPH Eihylbdisd BxpHeédes means for

Epextdat 190 4 P L t18afeldMes: n i3y %&?é%ﬂ?tééﬂylene and a
reaction zone and contains a vol urfe of "high . .
sEFEEE| GPRPHPRE1PR: PénCerRen yEioxigle VRELcar byppxidation

di@xL8est enmydd SHSLeAL18pd0ddMdes ¢aLREA didd8 ons to

absorber 20 and sol vent regenerator 22. Carbon _
ditbgreley apsvrbatydedef prede a dmaFddagiiori geactor 18 defines

aRsoLpLL O, ZQNE re%%@iehoygyeesad@%%tfﬂgsrgCﬁéf&rfag & high
carbon di oxide containing gaseous feed wth a |ean
sekventivtusnaridesidnaceialysds sol vent, containi ng

car bonpgli, 0xi 48y, %ﬂgx§d8a£g{?&72%ﬂ %y d€mn g%p£§+ﬁgdegsa§:arbon

str_eam Sol vent regener at or i nes a solvent
r dgenedat i rimre 24ndngr o9l Gy megevetotosepar atdaxpon

C%ﬁggfde absorber 20 defines a carbon dioxide absorption zone
and provides means for receiving a carbon dioxide containing
gaseous feed with a lean solvent so as to yield a rich
solvent, containing 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
carbon dioxide absorber 20.

In the operation of an ethylene oxide manufacturing
process system 10 a reactor feed, having a first

concentration of carbon dioxide, is charged to epoxidation

11



di oxide fromthe rich solvent so as to yield a carbon
di oxide stream and the | ean solvent, which is used as

wea 20@@ds3e 30 car bon di oxi de absorber 20. | n tRET/US2004/005744
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operation of an ethyl ene oxi de manufacturing process
system 10 a reactor feed, having a first

concentration of carbo i s ch ed to,
RRRLE AL O o R R b e e S8R o e dRyeat ton
rEaabbbr188théHKﬁhdh@ﬁdﬁEédZASVdﬁﬂhﬁdﬂeﬁhundéﬁOXmIEHbM@n

react or. 8 t he actor f ed i S contacted, un
 GPPiRPatta oretr o cradEtiofe SOt Erenttff theterrivity
hiepbxsabecdh vidtalyepaxi dation catalyst 5 An

epoxi dation reactor effl yent ded fr
P ol dat ot ER Feo6ror et Shntade: yher ke Hrom
sypbgitd 2iorntbd & drharged tie eetﬂamm&lam deadbsordytem 12

14 via co dui t 26. yl ene o orb 14 defi pes
2A7E: g1 ONEEERT 6 SIBYOEPE | G- S St boh: S8i fiks Condint 2.

SEﬁ&&&éh@noﬂiaﬁﬁhﬁﬁaibgaams Ao i nld) %&n%&@&l@ﬂea&x1de
absorption solvent, such ,as water, with the

eFBRPURTION 7RI BFOVLLRT SHRPTASPPelaans R dipans for

ovehieadingtd € adBAIDradnei bW ENRE Fule ast 888%, Thieh the
absorption solvent is introduced into ethylene oxi de

aﬁ?@?‘b@?tiﬂn bSRaERPToPEESRRRT 128 thhteldi B hds ey IWvehead

0X%icdeaRbs Rl ek éﬁtyltenbso;lﬁd@ogﬂ@at@d Tt Bbgbeptlon solvent
epoxi dation reactor effl uent. et hyl ene oxid

stiPeARFTeBWFRT sHQ teﬁe‘yaﬁ%%r?fﬂd@n “oGPFBRE %dbsétw e

Oéanul@age Bhd FOMiChR ea8y DX AR08 rB4r DY VY 15
conduit 30 and the gaseous overhead stream havin

acee&aﬁaed cBH b sRrdedeiohe fteesttiogn e ffhuses- frz‘é‘met%ylene
eb&xhenete&rge “hAasehhernd A Y oaf 5699&% tan%? dt@ylene

recycle conpressor 34. In addition to the carbon
dicgxFee R_nNTeS He™ RLbNéctRsToie abrerheadlstheary of

alsQdaan S6IrdNercHOTREESEs SRR RhcafXYRER: nd", 3 second
i nert conpounds, or "any comnbi nation t hereof . Recycle

c@ﬁﬁbees@%omedetqrweeta%tﬁm EPSsel foae ahllylos oxide

PLBV| f
DeBiL g TRay iy SOTRORSS 0L 16, SBRE0HE pUgE IR .

ov&r Reddt 5¢n et tfs s@gbon dioxide contained in the gaseous
overhead stream it also can further comprise ethylene, or

oxygen, or inert compounds, or any combination thereof.

Recycle compressor 34 defines a compression zone and
provides means for compressing the gaseous overhead stream.
The discharge of the compressed gaseous overhead stream passes
from recycle compressor 34 through conduit 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
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

12



fromrecycle conpressor 34 through conduit 36. A split
portion, if any, of the conpressed gaseous overhead

woekomay73sf any, passes by way of conduit 38 aau/ushmmoos744
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conduit 40 where it 30 is conmbined with oxygen
introduced by way of conduit 42 and et hyl ene

roduc d eat ur e of

L RE PRUERC TRty PEPT A Y Ay b e bret pagiy most
brhlﬁerg]ai;}apuest a\earslnead sé¢ream tt heo ﬂ;ér}é\&t of the
2004/9787%9 PCT/ US2004/ 005744 at Ieﬁg ercent,
prefFBraBPyY a1 3564t XD Rt C ehi ettt TP Rprtion
abtteaﬁtléocm£MﬁﬁhtotOaﬂﬁﬁhrﬁﬂdkﬂﬂé ebsbhBer CONMYETEOBon
ortion

gaseous over head st This remainin
SRR B i as £ bR B o ik e CandaPRett K gihe cazbon
camb@mdé €lbropd I8 nige Favabu S ysdan 1& iy deaybpfwLpilidonduit
as t he bdgp di.oxi,de. cont ai ni ng gaseous feed.
187 GhE Boooen, o eBRAtrk IS 8 Shren, diodme e thizd
dQQhCBbﬁdd;g@Slcﬁd (oaREnbaNE fh A tikel darbahb@ioti XidS1eted
concentratlon The carbon di oxj de depleted gas stream

pHESeS TR AN 40 GRARYELT t44 dheRbiRets WiaHPiEd with

O¥¥g68n amd elthyliene respeetivealy linr&%@dé@&dlﬂia Qonduit 40
conduit. 40 through conduits 42 and 44 and

opPFBRAR | SORHESs BFi Pote i SPdarplive Enisidati Bartion

okttbgsne Sfl’[eea‘,r&lbflﬁﬁmélheof aadQ sthesfls Chargadid Qeactor
epoxi dation reactor 18 way of conduit 24. A carbon

dFS?iid%h@%&e%tﬁOesﬁPxx%m%uJ%?@C&&Fbéﬁ By osaxief joonggit 24.
yAebdedo@Sdidaﬁd@agegns@f@ad A&cHi88MhET S VBlkide, is

regenerator 22 of the carbon dioxide renoval system

181 ehiedgh® ddifd GrELon odiophid e tsieane LR deo breadueedepgrator

tb@ baveRd i eyt ROg: @Y ré%%v%qn%?%Egﬂ i@tfhrough conduit
-et hanediol, a 1, 2-et hanedi ol eéether,

eF Ranol ani ne. As this invention | eads to a nnre

at tr ackjy e gHAeaesS ok Ple tﬂ]?oc{{@%ﬂf BOLHLE ngvé{ﬂx}eeﬁgthod may

oxide, it concurrently lTeads to a nore attract

pP%c%%%V%%ﬁQ91ln@@nﬁr?s@%ﬁ%ﬂﬁﬂ%ﬁ%,ng étﬁy¢thﬁﬂ&®@0ieether, or
ag g 0L LhanGs At .t hgs & W@rﬂﬂx%@ltggg &Q& §@é%qgn%% use

of the obtained eth Iene oxide in e manuf act ur e
oftimrcive @megredi bt qt}ez_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
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.

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

woaowsas for exanple, reacting the ethyl ene BRTAS2004/005744
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with water, suitably using an acidic or a basic
catal yst. 30 For exan‘pl e, for making predom nantly

PRI ol B Ty BoCThactat WA Aokt Bn o901 aF 2F 1

ezss§8§b9£1trt@ée or iR & {;ag%rdagaﬂ%%crteeﬁtamswm °C and
presence of an acid catalyst, e. O %v sulfuric

130wy memmbmﬁ%er@Eﬁmhoo&?me absehchased oatalyst.
, s at t -
agsoﬁg%gor{ég¥§1dano§1%£ LE 1§115%%r%9 Ehg %£9€§ﬁ¥%8naﬁ§ 1,2

In a gas phase reaction at I
20t hgngdiolalsddlentse inprlt eremitidm ntiksuabsbaciafeaged. The
cataly t p 0 t (e} t he _
B2t amed ot SRR BRI Bl o PURLELADS ene
nmekhere tstianertbasedr a‘h@ubSle@eettharhbdrol Zetﬂtema’d:hesl 2~

pr e e t ri h letra her
aegg Igeeglu(gjgt Qteﬁgrgg}ﬁ ]% |av]:ee dl%% ge?ﬁaﬁ%‘?%l thet htg¥ Lene
nayloetpﬁﬂp&me@lbyhobnvemtpau;nduaaethypzmmarynaﬂmehmﬂthsuch

an alc in partic ri_mar agc hol.. such 10

s?%ano St r(eat%hgrrltcc%J 6&%’9 P Hg t??%ast a portion of
pbhéltoant@f byt h:elevvatleoh@y t he al cohol. The conver sion
into t e et hanal am ne L IBY, €0 exa

Y L rgq:trl se c
reacting tHe ethyPens” oXi e g%ﬁ{%ln% By Ty &}P&&Se' or
oem:qplb@,u&mmmgathayetiwlamd oxaldehomgh amprdraQus Anhydrous
monia is 15 t cally used our th oducti on
P G AT ReTeY tog “adroad thRHPR B ptonia is
Cﬁppfdi&ll}ﬁ wfed he E&h(ythﬁntﬁle Q)ﬁodiercltﬁlbﬁ) <bflenonoethanolamlne.
hanol am ne, ferenc be made to, exa
CEOA e el CROTS T hagt P Eaona ef By S EhY1ne
reﬁEdennﬁx>&&éTbEh&nalﬁmhﬁnemeﬁeraﬁdetﬁ&y be made to, for

P SRS 21 44007 Bl TIHe: FornorBRRFES] haia P ds

of:ef@ﬁ&tceb.everages tobacco cosnetics, therrmpl astlc
polyners cura !e resln st ens, detergents

transf Bt dy<t an%%"l é?ﬁaﬁo@aﬁ?h%n?@flb@%édmay 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 ethanolamine may be used,
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,
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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natural gas. Unless specified otherw se, the
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herein, for exanple the 1,2- ethanediol ethers and
reaction nodifiers, have typically at nost 40 carbon

a e i cal Ly post_ 20 carbon,atons, 30 in
pggﬁé S ar aa%&ﬂ%og? '%O %%IJ? oh nziltm%%? rlrrﬁ(r:%eu‘i%% TRR o e
atpepbfied frar ltbe atohbs &5 wdef imedeberei n, ranges for

nunber 14 4 8736, PCI/ US2004/ Q05744 . of
cgr bonﬁ% %H%V\geggga%gib()d%sﬁﬁ%g% 21'[ el A€t h&Chunfer Surther

spedefseahdiory tsy |bem discadfmeith®y argfesenbBviceg the following

SETBRRIA, Tl AN L% BT o Csnorration

underst andi ng maly‘—’1
f ohllpwang reexanpl EstendddCht@r Beprowidefyf @h1pYEP@I@Srwise
of illgst ation only and are not intended to be

| PRTYT g Unl ess otherwise specified. EXAMPLE 1 A hi gh
sekmapi®milty catal yst, containing silver and 10

pronotj ng. anmounts,  of ., r heniu | ithium,k6 cesium_and

sul f urzL gﬂlg%hlsﬁﬁﬁggf‘ﬁﬁ%acﬁﬁgyts&t EQRFHRHY priddsct P8R
oprendiyi reneamxnde of romereidiy, enenhand, cxygem al @R1fur on
this, a sanple of crushed c tal)ést was | oaded into a |
SE L P RTEPEC2E. ERAREH FoddeoPEORHBELOMIRS (HYIRRS Oxide
| BEBn sethyiena BRHt eRyded al Tadh theal 45 dmAdicu®r atushed
180 Cj[ nd th egdé of the tuhe _were connected to a
GSRTTEHY St ARRIRT GHBE S A PE nRRSS o Ry Ui PRe reactor

catig ystThdedbel Rad Imieesddi@UaNmo 0PSE 3idtQN. LERE (heat
vvei%ht of catalyst wused and the inlet gas flow rate
VBT LY §dt 40t Frgiand &DGasnIRott I KR fAbE VEFBcFeRneted to

3308a N f1(dw Rystdhe 18| Qls GAXtEQePHESSI Rt ghoRHckBRtalyst
apsol ute. The corrgo& tion of the gas m xture was
adfdstel & o °36vBM MRS hertsTetéPRy| ehte eleditueE catalyst

PEESEMUnPE¥EeRn1dt VL 4INE WP @G 8N{e £&T RPN, HeQXitde 31 9o O gas
parts per mllion b%yvol unme &gpm/) et hyl chl ori de,
AR rBgSs Bataptey o6 3P0 érperht ur &hst imdet gas

Cotdd yiste RS WSO B4 Rk .2

The composition of the gas mixture was adjusted to
30 volume percent ethylene, 8 volume percent oxygen, 1 volume
percent carbon dioxide, 2.5 parts per million by volume
(ppmv) ethyl chloride, and nitrogen balance.

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
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

woaoargizen of 40 nole percent. The ethyl chl ecras2004/005744
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concentration in the gas m xture was adjusted to 2.5
ppnv so as to obtain an optinum 30 selectivity of

ethy! Ide focgption. . J tiyipy of th

cat gl ?/éslf@a%)sg exgrsesse%égg %%L&aggcr%gg;éa%ufeé%(% J‘"\?\r)niocﬁ%jeg E8
ok éntper Gerpongxkpgen4 € onvks sicotant ashgew ecor(veid)iont hbe

S LViEy he td Vi th epperat ure .
TIOTR e (RS PRECIELRD ekl sotnt RS e given
PCT/ USZU0D4/.005744 the catal yst was subject to

degra [ a I r tQ . .nAi Lp a_constant 40, .

nol e S@?ctg%eeogggéﬁago%% rasrlagznlq’t%hgggtghp%}rl%ﬁ?r%ce\%gatlon of
gradiett | gidxiceeasethe Toes meistitre ane §i ven’ paxcBABLEolume,
1. t e simlar_c aratjve_tests, the

c%rﬁgté% ¢ &t gnp%%%%gr%%ﬁ% 'oxitIJ S PRSFRE® oS Oy Lhe three
wasmpa tat irepersent 1y oh Lsre,givensti@alABLE 11 per cent

vol unme. The average result of &Q%Athree conparative
tests is also given in TABLE e BLE 1 002
Coogennicahtpatidy, Bw-7 Run tinme, days 263 195 T4G-7

rate,
WBntHe. £a¥59 | nitial selectivity, %mle 869 85195

Aveo pdienSalaeGt Pyi ty decline rate, Yol e/ mont i Jag7 12E1
. t 40 %ml e oxygen conversign 10 _The

T40. tenperature at A4 X
 BERIFALS AP TEABEE 9°3hbie claddn| yCAmMittha | over |Garfbof2-9
i RXE O8] GRACRREGAEY, O dn d e epoxi dat T on Teaggy of ¥ge 7

mproves the performance of a high selectivitly
cAveragn selgctigspecieofine sajeri vheye/multdet iOvilt y | And
C I ”_“VPC: '_l% -gii 5] et ed—exanpte
resent sm (%t auaenaérm ed by a XPSEr?‘EI?%ﬁ&%Idm for
predi cting the performance of a high

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.
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/(l1.h), a pressure of
21.7 barg, and a work rate of 184 kg/(nﬁ.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.
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selectivity epoxidation catal yst at the operating
conditions of an hourly space velocity of 4700
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of 184 kg/(nmB8.h) for a reactor feed containing 25
nmol e percent ethylene and 8 nole percent oxygen. The
nodel is based on the correlation of actual cataly

perforﬁﬁﬁcézéﬁ?§e§§ﬁhEP%dS?+?ﬁﬁ%ﬂh¥§rBésathg%e%?%ﬁﬁﬁ%VltY

agpBkelHr I SACEAHa13Gk Hist ¥ E'@E&:m@ﬂ lbet tRkange dat auﬁéﬂ@atalyst
ot her 25 sources of catal% per f ormance dat a. 6 WO

280368787 38 PEHUS2FOAL0O J4en¢|°éld2 BF@@@%%OW@ kton/m’

sebecthyi tyrfsppniial sebestoMi toarepaxudaki 98 cHAMShtions
as a function of the age of the catal yst based on the

cREBFaRTYR &t HiiGené -ox Tl PIcuctioyn thatkEbarasis fipstrong

t he1gersesPandigckacdat 9fFs€artn adwo%kbd8stock carbon
concentrations 5 presented in FIG 4. The plots show

t Rapx{fRreoncend reitiongand draliienis fiep epbiviben and diepsistock

liberanda{ Sedsd Qe ceakkapiofi Oﬂégscgﬁeﬁﬁtiﬁtﬂ"f@ @ndthe
between sel ectivity and feedstock carbon dioxid

céatend¥ AAe@inead nj $hghsake ¢ It oF, thﬁecat@hesfofwhen
dechbbgsidy thee3elseebkVhiyigf 4 Q%rsehahyégla@%é&ntramn

processing a feedstock having a carbon dioxid
c@ﬁcéﬁw dtham 1 s leepsreaahn (Lcweempék@@ntl(buxs/e

pﬁgfléaauys lo%v'egmtfllaﬁa{]ﬂé J%At%w%% haeplﬁ ;Iéf'éhee of
0] yst

Ine 1 n sel ect|V|ty the cata
pﬁ@éeg‘si‘rﬂgtsa afeddst cekalnalyiviera prorcesebny entferstock

C%Oﬁ?ﬂct; d% Qe c%%%ﬁgﬁ{pfl'i‘%j? ;’éb to 518 §8& e{:oﬁ@%[%%t%lneof

percen curve nmark IS a not
t beebhéy i Hlansd G@tlﬁvpt%yce)lﬁttfﬁelm’iegmasébéc’t‘lm)ty It is also

C%@Eéisﬁha{ Hﬂeg'l%&tggﬁ L0P GASA N othﬁFeltéi; fseee_l.%%ttQL%J_ty

car on di oxi de concentration o
mheabwicelrﬂ hasghe@tpﬁgsedh@ ocasd dadwhock the beECtht@)ClkdbaS a

fgggg{; {lc%av ng o%geg{:gg{f(gn tofléll’i ésnghgnp r e_l.nt r§>erfcent as

a car di oxi e conceén
Iesgosédutd_anﬂaedpepcénCaxbpnﬂﬁumxmdd cbycemqupnqy of

CAPBATOL Al A BB YT AR B caon

ddowxd@er@nnmﬁmtrsysbenDﬁEEEEsfﬁhansépmobelpgrsﬁnuils obtained

C%§bggafgf§8 %%bstantlally all gaseous overhead stream as the
carbon dioxide containing feed gas to the carbon dioxide
removal system means for separating said carbon dioxide
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.
Further comparative data relate to the use of a high activity
catalyst operated at greater than 4 mole percent carbon

dioxide concentration (curve marked “III”).
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25 containing feed gas. These data denonstrate the
great benefits in the selectivity and Iife of a high
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from processi ng an epoxi dati on reactor feedstock
havi ng a | ow carbon di oxi de concentration. 30 Further

onmparatjve data relate to the use of a high activit
ga{rgl y@ié'ogierpéteéﬁnﬁ? bli’%a'ie@lptf)ﬁaﬁoﬁgﬁ{ﬁ?et%%?ec@rﬁure at a

catiboriomicxithe agacent fiad italg8Evessarkedhd ldpokidd¥ion
WO 2004/ 07873 PCT/U82004/0057%4 FIG _ 3 presents the

r BT OOt dSiTart e ERHET SR s TaefEReEk offdron K oxdde
obohden el talonst pusedntdd tihe rapoxisdat TRE r&LAdd Mofoht
the correspondi ng feedstock carbon di oxide

CEFRHF O REPEPELBAERY Te EPACtAon THepemiwse. As the

cat @deroriHMEAt HhE SN iMHABheEathBys€ast tM: inventive
tenperature. As the data denonstrate, the epoxidation

cBe IRttt PrecrAvent IV SPOFECREHOR hEEE Pk tock having

ag, EPPXHWIn016828E Ofod REEATEESKknhaY I 1¥ss aHHWiCaKRkAN
di oxi de concentration of less than 1 nole percent

(RRFSRP et q¥ed e peykedses’ )i losgst Lvpt ychiviy at

sk g f # Cantd1y, hewet rate tthfdaalntheeeﬁggfaéi@i&%a%ﬁ%x%f the

of the convéntional nethod that processes an

PR V17 Ir Bathef thaledoseR SRAVRRgeRES dRTiONC aRRFYOT
hiGh@s + SN GRRL hat %%‘i%ﬁifi‘&%&u*&@ﬁ} gi%’l’fé?%%m%@ﬁgﬁf of

the inventive néthod {curve narke These dat a

sPPIhatieReesthpr | PR3t off the ApganiEve areidadyileyrve
epoxidatiancat ahyst ddrd enk fhathend %&ﬂli&%ﬁ%ﬁk@ﬁe high

in catalyst activity is significantly inprove
t PRl FhASHLW ePREL AdE othi Gt ailyefudiestetres mfoddssirage obf

a@ecffwiiqptcia%l&g@déé@mt@a&gngienyficyadtolg gﬂ{p%eed with
h at a

di oxide concenttation. Further conparativ

refatienvantiye nsthof Woich Hinghudesi Ve yoratealsyigg of an

o ted . r ; I e[ &en rb .

e 40 SR P o e Ve mar kb o1 1 192 forae

t porcemitioon hEsrbeen aewerabédei datarmsladfe thethe use of

A e R
thereant Bublen dioxide concentration (curve marked “III”).
While this invention has been described in terms of the
presently preferred embodiment, reasonable variations and
modifications are possible by those skilled in the art. Such
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.
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met hod of manufacturing ethyl ene oxide, said nethod
conprises: 5 charging a reactor feed conprising

et hyl ene, oxygen, and a ent i on of carbon
di oxi de to an epoxidatioﬁfggg%gigﬁg zone containing a

hi gh selectivity epoxidation catalyst and operated
under epoxidatiqn reaction .conditions; yielding.fro

S dbOR i 6 FRRRET e S IS8 b tdn Tethod
reaapois&ff | uent; charging at [east a portion of said
epoxi dati on reactor efﬁ%uggt to an,eth¥le e oxi de 4
absor b2 TR dYs 3 GRAEEPArdt hg o ®Ar§1ae CngpGFYPEH, a7

of sahckrepedidat b@nci et ariBfildeUeBt ani b ok RGASROUBaction
over head stream and, | ene oxide stream 15

n eth
dFQP%i?&PEﬁﬁW}n@aéeBbghoW%¥ 1 ERATTIR 6L SHtpdyst and
PEpLE D STURRA ebbxddyt i@ d-cadtamni BbAGL PMid;on stream
wherein said remai ning portion streamis, at | east 30
per cenfiehiiigr g™ 52 4DERBHEGHOBF TEAF b Y FBEs an

oMgbRER: S aBl-teRas B NGr3i d remai ni ng portion
stream as a carbon 20 dioxide containing feed gas to

a car FOIRTHIRE @& LeAdva? PIYSt@meiedRsd f ROKIKIRArRR| Rgactor

sak e M Aro%kde1600t Gt Gbsbesdr IasSan A sedhkaling
di oxi de depl eted gas stream and a carbon di oxi de gas
e

sErEAM T afPstombPRERECALCT exitd £PRBLHRbHORDIregsiter effluent

CanPON: A DA 9c9RPLET S OAS o9 8AML YA 11X ¥B@ReABEream;
ethylene to thereby form said reactor feed. 2. A

met hoddH&t Had saddi paeeelim ASTRITeePRTSAR dLEONTS §PAGT
ShEP{ & thetednf)Ch desy, cOrd N NGl nk 88Sho A R QR aRf

said 30 split portion streamwi th said at |east a
pEherei ofaishirgrearbeh RPN Te steprBt 88 FasienstedR percent

fggg?g?‘y)? gdgad 1800 peakdnt eSHVBRE JbQebiST SPYr i dMstaitm;
chargiﬂg sald remaining portion stream as a carbon

dioxide containing feed gas to a carbon dioxide removal
system means for separating said carbon dioxide containing
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
depleted gas stream with oxygen and ethylene to thereby form

said reactor feed.

2. A method as recited in claim 1, wherein said combining
step further includes combining at least a portion of said
split portion stream with said at least a portion of said
carbon dioxide depleted gas stream, said oxygen, and said

ethylene to thereby form said reactor feed.
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19 WO 2004/ 078736 PCT/ US2004/ 005744 3. A nethod as
recited in claiml1l or 2, wherein said epoxidation

woeeamwene condi ti ons i ncl ude an epoxi dati on reaTSBIN4/005744

zone tenperature below 260 C. 5 4. A nethod as recited
in claim3, wherein said epoxidation reaction

condi tj ons_ i nclude an epoxi dati,on.reaction zone .
tgnpeﬁhﬁﬁigogeﬁamfiﬁé%?é)ﬁqwc arFi LuPar ﬁrQRQﬁglPaﬁaédof
f &ed0 1 de oin0 356t Con nosreliiyiopar ihelhds 4 ddexikdangenof

from190 to 240 C. 10 5. A nethod as recited in any
ofeadHians zpng, tolee el i lowoRERNtG-ati on of carbon
dioxide is less than 4 nole percent of the total

reactor feed. 15 6. A nmethod as recited in claimb5,
wher eif megihedd eantepited iign cdbimad bovheliehd delids epegidation

t . 10l : e_to < Ak
erhaaBE PEETFEERT Rl s O hRer AT pgftoh <bne
coampsitartatrieo beddw c25 DA, diioxpalet i suliar tilhe thangengé of from
from0.1 tqg less than 2 mole percent, in particular

i B8 @ He rZafgeCofmoRs gt @agrtieuietsin Hoe rapgenpfefrom 190 to
pefsenRt of the total reactor feed. 25 8. A nethod as
recited in any of clains 1-7, wherein said renaining
portion streamis at |east 40 percent upwardly to 100
percent of .sali d gaseous.averhead_stream 9., A nethod

R r edt AR 8p

r%%%fed n aﬁ¥ of "claims .1=4 . 'w 6e1n said
al ,_wherein sai reﬁﬁlnlﬁg

pes it dent witrieanvt scatbdre asitox5depesciass upvaar dl yolle pBHcent
per cent f .sai d gasepous. overhead stream 20 WO

Obar i 6 letP Do tha 744  10. A method as reci ted
inclaim9, wherein substantially all said gaseous

over head reamis charged as_the_carbon . di oxi de

bt ai iR PR GRS T T IS S3PBBnS 6 BRT e ol
systesntmaisnf 6F seposmtdirgkisial dsCcaebonctimnXd d@le percent
c%u%mn%

of the total reactor feed.

7. A method as recited in claim 6, wherein said
concentration of carbon dioxide is in the range of from 0.1
to less than 2 mole percent, in particular in the range of
from 0.2 to less than 1.25 mole percent, of the total reactor
feed.

8. A method as recited in any of claims 1-7, wherein said
remaining portion stream is at least 40 percent upwardly to

100 percent of said gaseous overhead stream.
9. A method as recited in claim 8, wherein said remaining

portion stream is at least 50 percent upwardly to 100 percent

of said gaseous overhead stream.
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5 feed gas. 11. A nethod as recited in any of clains
1-10, wherein said high selectivity epoxidation

woat@loysise conpri ses a support rmaterial, a PCT/US2004/005744

catalytically effective anount of silver, and a 10
pronnting amount of rhenium 12. A nethod as recited

Cl%.%%%ﬁodmggr cﬁ.tQFlpvggort 9ran§féyn subs ?n#

a um na e mmun

Jall)sﬁldmgagh@uﬁmn1Enﬁeadamdrehm.zwnnhﬁrgﬁd h& thencambon
romao.1 to O [«

(?laorﬁ“{)ase % O{ng"’l\ﬁe fi g%:a a ysltOXl%\Ei rgnoval

nsgduam.méau5|f@weﬂdgdnatangxsdﬂdfcmrbaﬁqdupxldé containing
eéqvpedlol or a 1, 2-ethanediol ether conprising

erfi ng 20 ethylene oxi de into 1, 2-ethanediol or
the 1, 2-ethanedi ol ether, wherein the et hyl ene oxi de

s been g i ned nethod 0 nuf act yrin . .
by B BB S - TRt AT FEE im0y | fherein said
2digh select1v1ty epox1datlon catalyst comprises a support
material, a catalytically effective amount of silver, and a

promoting amount of rhenium.

12. A method as recited in claim 11, 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.

13. 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 1-12.

21



