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A typical ethylene oxide manufacturing system, in
general, comprises an epoxidation reactor system, an ethylene
oxide recovery system, and a carbon dioxide removal system.
These systems are operatively connected to each other so as
to provide for the partial oxidation of ethylene with oxygen
to yield ethylene oxide and the recovery of the ethylene
oxide product. Carbon dioxide is an unwanted by-product of
the epoxidation reaction and is usually removed from the
ethylene oxide manufacturing system at a rate that
approximates its production in order to prevent its buildup

in the system.
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With the development of high selectivity catalysts, it
has been found that in many circumstances there can be
various economic and operating benefits to utilizing in the
manufacture of ethylene oxide such high selectivity catalysts
in place of high activity catalysts. In conventional
ethylene oxide manufacturing systems designed to use high
activity ethylene oxidation catalysts there can be great
benefits to replacing the high activity catalyst with a high
selectivity ethylene oxidation catalyst. But, because of the
differences in the characteristics of the two types of

catalysts, the design of an ethylene oxide manufacturing
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Other aspects, objects, and the several advantages of
the invention will become apparent in‘light of the following
disclosure.

According to the invention, a method is provided for
improving the operation of an existing ethylene oxide
manufacturing process, said method comprises:

charging a first reactor feed, having a first carbon
dioxide concentration, to an epoxidation reactor system
comprising an epoxidation reactor containing a first volume
of high activity epoxidation catalyst;

yielding from said epoxidation reactor system a first

epoxidation reactor effluent;
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carbon dioxide concentration, and to yield as said carbon
dioxide gas stream a first carbon dioxide wvent stream;

combining at least a portion of said first split portion
and at least a portion of said second recycle stream with
oxygen and ethylene to thereby form said first reactor feed;

removing from said epoxidation reactor at least a
portion of said first volume of high activity epoxidation
catalyst and replacing therewith a replacement charge of a
second volume of a high selectivity epoxidation catalyst to
provide a modified epoxidation reactor system;

charging a second reactor feed, having a fourth carbon

dioxide concentration which is lower than said first carbon
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The invention also provides a process for manufacturing

ethylene oxide, comprising manufacturing ethylene oxide by

operating an ethylene oxide manufacturing process which has

been improved by the inventive method.

FIG. 1 is a schematic representation of an ethylene

oxide manufacturing process system; and

FIG. 2 is a schematic representation of the ethylene

oxide manufacturing process system of FIG. 1 with a modified

epoxidation reaction system.

FIG. 3 demonstrates the improvement in catalytic life

and selectivity of a high selectivity catalyst with plots of

catalyst selectivity (“S8”, in

°
°

), at a given work rate, as a
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The inventive method contemplates improving the
operation of an existing ethylene oxide manufacturing system
that has been designed to use epoxidation catalysts that are
highly active but generally less selective than some of the
more recently developed highly selective epoxidation
catalysts. In the ethylene oxide manufacturing system of the
inventive method, the epoxidation reactor contains a first
volume of high activity epoxidation catalyst. This first
volume of high activity epoxidation catalyst is replaced, in
part, or in whole, with a second volume of high selectivity

catalyst.
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Thus, the inventive method can include, along with the
removal of at least of a portion of the first volume of high
activity catalyst of the epoxidation reactor and replacement
therewith a second volume of high selectivity catalyst to
give a modified epoxidation reactor system, modifications in
the operation or equipment, or both, of the carbon dioxide
removal system to provide for the ability to remove carbon
dioxide from the ethylene oxide manufacturing process system
so as to provide for the required lower carbon dioxide

concentration in the epoxidation reactor feed.
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mole percent or 0.3 mole percent.

To recover the ethylene oxide as a product, the
epoxidation reactor effluent is charged to an ethylene oxide
absorber used to separate the ethylene oxide from the
epoxidation reactor effluent and to yield an ethylene oxide
product stream that comprises ethylene oxide, and a gaseous
recycle stream that comprises unreacted ethylene, unreacted
oxygen, carbon dioxide and inert compounds. The ethylene
oxide product can also include reaction by-products such as,
for example, carboxylic acids (organic acids), aldehydes,

carbon monoxide, and higher molecular weight hydrocarbons.
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carbon dioxide concentration to be as low as is
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ation reactor yst to a high selectivity
mtallygt clntlyerraraiildptheni peagtrr righge hdphf pohedt bty
gtstt Qig.?lni? L Qje %%Q%n@@gtlgfprc@f l%%%CltB!’;lﬁablﬁ(olé t
an § rom e percent. To renpve carbon
dieaxciede HFohhe r@seetdwl greyoké det psmmnhadeuitngs best for
h%%e rE¥§t8%x£ & c%%%%%%aféf&ﬁ( cl$ i LeanLieys pe
ivitde oas portion and a remalning portion
Vicals ibfLbe spé|¢a¢hnn|dm¢deé amycewfratliongafebhs gaseous
recxehe stLeam . ARG eeched Dackd Qddieagpexh dald b

FECOE SRS Femai ni Ng p rtion

he gaseous
ksadeetstoeanhtgﬁrﬁyhﬂm&ngedyscﬁtaiydﬁaq@@rb@nedétb&ch? in
%ﬂ?%%%g%yo%eg}om 1 mole percent to 5 mole percent and, more

specifically, it can range from 2 to 4 mole percent.

To remove carbon dioxide from the ethylene oxide
manufacturing process system, the gaseous recycle stream may
be divided into a split portion and a remaining portion with
the split portibn, if any, of the gaseous recycle stream
being recycled back to the epoxidation reactor and the
remaining portion of the gaseous recycle stream being charged
to the carbon dioxide removal system.

The portion of the gaseous recycle stream recycled to
the epoxidation reactor relative to the remaining portion of

the recycle stream that is charged to the carbon dioxide
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garbon dioxi de containing feed. For exanple, provided
wthin the contacting zone defined by the carbon

di oxi deeabighrdierratsn afewhich the remaining portion of

gaseous recycle stream is charged to the carbon dioxide
absorber can require a number of structural changes in the
carbon dioxide absorber of the carbon dioxide removal system,
such as, for example, modifying the internal structure of the
carbon dioxide absorber so as to provide for greater contact
surface area for contacting the lean solvent and carbon
dioxide containing feed. For example, provided within the
contacting zone defined by the carbon dioxide absorber can be
a high surface area packing material so that the amount of
contact surface area within the carbon dioxide absorber after
the change in the epoxidation catalyst of the epoxidation

reactor from a high activity to a high selectivity catalyst
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ntration in t e reactgr feed needs to be | owered
thandle the increased demands that result from the

modification of the epoxidation reactor system by changing
the high activity catalyst with a high selectivity catalyst,
many of carbon dioxide removal systems are unable to do so.
Generally, as earlier noted herein, when the epoxidation
reactor is modified by replacing the high activity catalyst
with a high selectivity catalyst, the carbon dioxide
concentration in the reactor feed needs to be lowered to
achieve the greatest benefits from the use of the high
selectivity catalyst. This requires a lower concentration of
carbon dioxide in the recycle stream of the process thereby
providing a smaller concentration differential between the

feed to the carbon dioxide removal system and the extraction
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epoxi dation reactor feed of the 20 inventive nethod
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GRLBON: dipxide depl eted gaseous stream after the
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e percent and, nore pre era
concentration of ‘the carbon ledee depleted gaseous stream

after the replacement of the high activity catalyst of the
epoxidation reactor with the high selectivity catalyst can be
less than 2 mole percent of the total stream; however, it is
an important aspect of the inventive method for the carbon
dioxide concentration to be as low as is feasible, which is
preferably less than 1.5 mole percent and, more preferably,
less than 1 mole percent. A typical range for the carbon
dioxide concentration is from 0.1 mole percent to 2 mole
percent, or from 0.15 to 1.75 mole percent, or from 0.2 to
1.5 mole percent.

The following Table 1 presents: exemplary carbon dioxide

concentrations (mole percent) of various of the process
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that are referfred to herein are support
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thaCet eri stids. The materi aI of the suppoft®d 4° 5o
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catalyst that are referred to herein are supported silver-

O

based catalysts, but the two catalysts, as earlier noted,
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
presence of the ethylene 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 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.
Preferably the B.E.T. surface area of the support is in the

range of from 0.1 to 10, more preferably from 0.1 to 3.0
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of the given catalyst when it is fresh and unused.
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f4tQdRpdi BY pherer Wist kbR ehbestB5 timof the catalyst using

a standard testing procedure. 1In this standard testing
procedure, a crushed catalyst (1.27-1.81 mm particle size,
i.e. 14-20 mesh sieve fraction) is placed within the 6.35 mm
(1/4 inch) diameter stainless steel U-tube of a micro-reactor
operated under certain specified process conditions. A
standard feed of 30 mole percent ethylene, 7 mole percent
carbon dioxide, and 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 hr ™. The
selectivity, Sw, and activity, Tw, are determined for a work

rate of 200 kg ethylene oxide yield per hour per cubic meter
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t Renchinghos ebeetdintorecalldbystmeal hand, optlonally, a
promoting amount of one or more additional promoter metals.
The amount of silver in the high selectivity catalyst can be
in the range of from a catalytically effective amount
upwardly to 40 percent by weight of the total catalyst.
Preferably, the amount of silver can range from 1 to 30
weight percent based on the total weight of the catalyst and,
most preferably, from 5 to 20 weight percent.

The amount of rhenium in the high selectivity catalyst
is a promoting amount generally ranging from a promoting
amount upwardly to 20 micromoles of rhenium per gram of
catalyst. The preferred amount of rhenium in the high

selectivity catalyst ranges from 0.1 micromoles per gram to
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from1l to 30 weight percent based on the total weight
of the catalyst and, nost preferably, from5 to 20
ercent. The anount of r
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9%%85@l<£y1 Ry Ng whf aogh:@s@ﬁ@rmﬁg NG FMBURLNYOWGH Hert Q0 to
4000 parts per mllion % ht of the total
Yy,

c3080yBPMY pprRGS PredrErk flfcme Iamsen£ 090 Bpmy|3igd.i even
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As for the high activity catalyst, in addition to it

being different from the high selectivity catalyst by
exhibiting é lower selectivity as described above, it
ordinarily does not contain a rhenium promoter, but it can
contain one or more alkali metal promoters. Thus, the high
activity catalyst preferably can comprise a support material,
a catalytically effective amount of silver and a promoting
amount of alkali metal but excluding a promoting amount of
rhenium. Thus, the high activity catalyst can also consist
essentially of a catalytically effective amount of silver, a
promoting amount of alkali metal and a support material.

Examples of a suiltable high activity catalysts are described

in U.S. Patent 5,380,697.
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Thus, the high activity catalyst preferably can
conprise a support material, a catalytically

effective ampunt of silver and a prorm;cl n ang%mth of ., "
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ef f ect The aBiinmete L400WRPRATT & c ft p‘b’ﬁ%’&lgoﬁlttﬂi’@ high
t%ﬁ:@&v%ﬂ@i/g@tﬁy§$%n catalysde J¥ ehemahl ?roxﬁ@t‘!\ﬁydaramount

the silver |s(§Jresent in the 5 range of from1l to 30
webghatdper ee O h@rmivest Phe i ey 21 plénpstad L present

wWei ght . PELESD s TRk kald IR3AlBAMRAReNhofd b ReFerably,

present in the high activity catalyst in the range of
f fgomalpr et QY PEFYUNt  upwardly to 4000 ppnw.

Pref er I3 i tohikRohbeof ange of
from 1%9%%31%%%0@%%3&%%? n%%:ﬁ;c?gf ec:)r at:JLI y? f?om 15 to

2000epphvie Srithathlcanepogiade i v 9acAer sAMEORATETO G dhe

the inventive f had, c i ncl ude, a..,r eactor .
t&ﬁﬁgﬁa?gr%r?lﬁ ]tr%e 8r5°r185[e12d0f Efrkc’)%: 18 £5 8981 889 ptipat the
i tinlventeeegnd Zes tdeamitbetdd dpruerttiione offethedeperidatsion
t he oeerati on of the epoxidation rﬁ%gltogé ione at’

e

| GWEFEPENPRR AT Wt oS Hs 9% 82t i W 1Y%t

t he1bighvsey est ithd yhigat abysttivindeedtatlhet. | ovedeed, the
operating reaction tenperature provided by the

Pt DBob oot & AU PG PP T g RCEARE T e

| iiffnecati2® phecdighrcaatliyi iy ©ad alntshcandntt hwsthanife of
i mprovenent in the egﬁnom C c?f fti Ci ency of the

eﬁﬁfl@ﬁghoi?Eﬁy%ﬁﬁ1 MFFH@H , thus, an improvement in the

economic efficiency of the ethylene oxide manufacturing

process. A more preferred range for the reactor temperature
is from 190 °C to 310 °C and, most preferred, it is from 200

°C to 300 °C. The preferred reaction pressure is from
atmospheric upwardly to 35 bar. The preferred gaseous hourly
space velocity is in the range of from 1500 hr™ to

10,000 hr™*.

Now referring to FIG. 1, wherein is presented a
schematic representation of a typical ethylene oxide
manufacturing process system 10, which includes epoxidation
reactor system 12, ethylene oxide recovery system or ethylene
oxide absorber 14, and carbon dioxide removal system 16.

Epoxidation reactor system 12 includes epoxidation reactor
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reaction pressure is from25 atnospheric upwardly to
35 bar. The preferred gaseous hourly space velocity
is in the range of from 1500 hr-1 to 10, 000 hr Now
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first carbon dioxide concentration, is charged to epoxidation
reactor 18 through conduit 24 where within epoxidation
reactor 18 the first reactor feed is contacted under suitable
epoxidation reaction conditions with the high activity
epoxidation catalyst. l

A first epoxidation reactor effluent is yielded from
epoxidation reactor 18 of the epoxidation reactor system 12
and is charged to ethylene oxide absorber 14 via conduit 26.
Ethylene oxide absorber 14 defines an ethylene oxide
absorption zone and provides means for contacting an
absorption solvent, such as water, with the first epoxidation
reactor effluent and to yield a first recycle stream and a
first ethylene oxide stream. The absorption solvent is

§
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epoxi dation reactor 18 through conduit 24 where
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is contacted under suitable epoxidation reaction
conditions with the high activity 25 epoxi dation

cat first X|dat|o act luent is
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byngal CQWPQRﬂﬁﬂHt 30 and a first recycle stream

havi ngr 8. seaONGm 50880 8i %ﬂ%e%oacaehﬁeéé%n PR}RESnd
fromethyl ene oxide absorber 14 ¥ of conduit 32
0

t DreBtyes éﬂ%rﬁprf@éfsémeHeSﬂP?acrdiet |féﬁs reeeckarygdigam. The
dbt%hﬁ&réjé’%_@'ﬁ%d ol ﬁ&g§sécﬂ rﬁrstlge'b?%i@l §t§éa{r§&ﬂ§s'stes from

al’'so can’conprise ethylene, oxygen, and inert

c orprahel scomRsAHor éénﬁhé@%@h QP@d&éﬁlﬁés ah chptle SHlaR
gggt qu of’rtﬁyé c&%ﬁng%ggédff’:[rép c?%‘ibn'tié@mf arssstes by way

cycle stream I scharge of the conpressed firs
r ey cbrdeit eingrals aenf ¢@ml111:>t rééc yibleaec bipt 2 seaibizgd with
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congﬁgﬁsédfféﬁr%%e%ﬁtz 3 SR B ANy ide
c@nuuodueeddnﬁVﬁhenfcgnd@utt4@4mhere it is conblned

Wi th XY 9L dB%?‘éll%{ ythQaf Qo g geé%ﬂkq: recycle
P ERRaLLS

et hyl ene’in “ed by way con
stream is charged to carbon dioxide absorber 20 of carbon

dioxide removal system 16 by way of conduit 46 as the carbon
dioxide containing gaseous feed. Yielded by way of conduit
48, as the carbon dioxide depleted gas stream, is a second
recycle stream, having a third carbon dioxide concentration.
The second recycle stream passes to conduit 40 where it is
further combined with the first split portion of the
compressed first recycle stream, oxygen, and ethylene
respectively introduced into conduit 40 through conduits 38,
42 and 44. The combination of these streams form the first
reactor feed charged to epoxidation reactor 18 by way of
conduit 24. A first carbon dioxide vent stream, comprising

carbon dioxide, is yielded as the carbon dioxide stream from
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conduit 46 as the carbon dioxide containing gaseous
feed. Yielded by way of conduit 48, as the carbon

dio |de depl et ed ond. 25 recycl.e
s?r%gﬁf HaANg ~a gﬁlr :gq%} F%Q?del%%hé%ﬁi gnsystem
The sieconth reayelie 50r eam passes to conduit 40 where
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100, nodified . in 5 accordance with this invention. To
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epoxi dation reactor system 12 therein is nodified by
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react or and 10 rep aC|ng her ewi t a second vol une

ofa By Hh ZeBIoFRtL ¢PdyreRIAGHTPSE £8eER9E: nodi fi ed

epoxi degd on 1HRACLAbvSY SELMPKEL A 1 Wht Qctﬂpﬂ% c,eé%alyst from
epoxi dation reactor 118 both as shown in

ofHeridat sy reprteRi 58 catchlspplaceprat e’ﬁlﬁﬁew%ﬂ@e af nhnlgh

reaelofivi8edat816RPXI dald Qi dr %QE‘BBr 1§eéc§ HQRRGA aSBourth
as to permt 15 catalyst renoval and replacenent

t ferlewt . dimtise f:héce@ha@ailallorbf ishehhrged alee iagomidation
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therewth a high ectivity catalyst, a secon
ré@;@@ghfqggﬁulﬁa&QQQ Wiflgigy tepoxidation reactor 118 the

second reactor feed is contacted under suitable epoxidation
reaction conditions with the high selectivity epoxidation
catalyst.

A second epoxidation reactor effluent is yielded from
epoxidation reactor 118 of the modified epoxidation reactor
system 112 and is charged to ethylene oxide absorber 114 via
conduit 126. Ethylene oxide absorber 114 defines an ethylene
oxide absorption zone and provides means for contacting an
absorption solvent, such as water, with the second
epoxidation reactor effluent and to yield a third recycle
stream and a second ethylene oxide stream. The absorption

solvent is introduced into ethylene oxide absorber 114 by way
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epoxi dation reactor 118 the second reactor feed is
contacted under suitable epoxidation reaction

| t dat
oIty 2e WSS NS Sl SPSF SBepgbar 114 it 1o
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1ﬂarby1gwayomuleaor1@@lt A38ct&ndr CONRE eSSPr, 134,
In addition to the carbon dioxfﬁgﬁ'cggtalned ?n Iﬁg of the

t FPPETRRESLI e stS &8RYFLS af S RPaESHSr PYevay of hdraivet 138
0¥yigeBhe ANEbrA 120MRRLALS; ¢ Fiescydan@lﬁ@a%&?ﬁ Oéﬁ%gfé%

defines a caonpressian zone and provi des neans
cORpFeSLFeY %é“atlfh PEJCPREYET el 4 radnetiméenei suhmdyeed by
ofvat/her cosmpagssadsthird recycl e stream passes through
conduit 136. A second split portion, if any, of the 15
conpr eSR_eF MG NFeBYEF £t z%h€p§§§éseb§edw§h1ﬂﬁ recycle

cendubh 13&naatdqt BS”C&M'&lolﬁ%em’ggggrﬂ)éﬁA%&%?’ lnedon

wi th oxygen introduced QX way of condurt
efhgFLiR FemavsdusEatey 116 by way of conduit 146 as the

carbon dioxide containing gaseous feed. Yielded by way of
conduit 148 as the carbon dioxide depleted gas stream is a
fourth recycle stream, having a sixth carbon dioxide
concentration. The fourth recycle stream passes to conduit
140 where it is further combined with the second split
portion of the compressed third recycle stream, oxygen, and
ethylene respectively introduced into conduit 140 through
conduits 138, 142 and 144. The combination of these streams
form the second reactor feed charged to epoxidation reactor
118 by way of conduit 124. A second carbon dioxide vent

stream, comprising carbon dioxide, is yielded as the carbon
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conpressed third recycle 20 streamis charged to
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system 116 by way of conduit 146 as the carbon
dioxide cont ai ni ng gaseous feed. Yielded by way of

ndu1 C e str
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1°5bape S&t heF- /Sf ehafoLaMiBRol ami ne. As this

I nvent g8 &cﬁa;&shanalﬁeas el ,Gﬁ-tertaﬁtnle\deomrﬁ:ﬁelSISe f:IO,rz—telt&anedlol
manuf act ure of ethylgne oxid ncurrent|

C
BehohOHeY AEECPY et B GO Hin GRaCEonpy Fipee iy EhES ontde

prﬂ@dh Ciriige €t yliere19xhdend nrmceadiddanee i bdsid Q:atalyst
i nvention and t he subsequent use of the obt.ai ne

eF R BFRIEIR 10fiode "PK AL TRIIFICHITY bt 2 t?ﬁﬁanedlol and less

1322ethienediidll, etndr, ethanggiplerkt BRE de afgl e reacted with
ethanolan1ne The converS|on into 1, 2- ethanedlol or

t Reten 2L ebdh BdATORXCRFAePT MR STanpFi 8ot 19t Bis geaction

reachibgedhie &t hvl apeqoxieeryw t i, \gat er5-510 taplanlfuric
using an acidic or a basic cataly 15 For exanpl e,
f ecifakbagepravddiensatsy Jleéchétqﬁlaﬁlééitérean%{tlfé%s 0 °C at 1

3acERe) 2 e She SO SR PILEC TP < ana

| bauind WA JARERl, OPreferably 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
as methanol or ethanol, by replacing at least a portion of
the water by the alcohol.

The conversion into the ethanolamine may comprise, for

example, reacting the ethylene oxide with ammonia. Anhydrous
or aqueous ammonia may be used, although anhydrous ammonia is

typically used to favour the production of monoethanolamine.
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in presence of an acid catalyst, e.g. 0.5-1.0 %w
sul furic acid, based on the total reaction m xture,
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reaction at 130-240 C and 20-40 bar absol ute,
preferably in the absence of a catalyst. |If the

ort.i.on of ter,.is lowere [O n of 2-
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25 ether, tetra-ether or a
sﬁ%%'@@[ﬁe [‘?”J I%E?%z%%t ernative 1,2- ethanediol ethers
may beripy epar-edhbyeadol editd nget nezeéhyémwo@uﬂer\/\&nhp be
an _al cohol,. in particul ar cohol, such _as

a
TRERG brLAeBRaNOELSbY Yo REeng (A PRRS e R Gt
otexaxtqme vai eheb¥ithes aéfoiftﬂdd, 3@v¥b&g§§n\fl&ﬂ§ddﬁb | Ro8metics,
t he et hanol am ne_m for, exa reactin

LS I Rt o SRy B DU ord e RS
aHB@ﬂIE:\ra[@felie slyseams ﬁl| é‘&t@ughh@naytﬂéﬁdﬂﬁaxﬁliﬁ@ﬁda@ e used,
rr%pl cally used to favour the productio

NBeP RN Canitfe tath/@?y?ﬁe@w’oszefoﬂwgﬁsgas

For weﬁﬁ*@cbem@mhhgabk&npreg he aganyges sé o ©dndde to
| ene oxide into_the ethanol anm ne_ reference ma

eth
bel tF At CestalBxafiptie GSVAT¥845506F e Use Of a high

saigémmecq; Aatangsthender ﬂ?{eh@@ﬁdhﬁhoﬁé het dreibeively low
used in arge variety of industrial (?I i cations,
&

f 6RT %‘kdﬁ*ﬁﬂ%d@n CPRESRFEAUCTOT 568, SheXEta feed. The

t 0DALSRL NS FIMbIESE id NBIHEHAAS koC 1 POLYFBL S d?slift%l%eof the
resin systens, detergents, heat transfer systens,

ebevantroes %n&bén?ﬁ%s%fy Bopsean aF%rl%%H?ﬁlléltelnﬁ‘ed to

tﬁﬁdﬁiﬁaﬂnﬂ& G:'héweeégalm"aheofln%wiah gas. 10 The
followng Exanples 1 and 2 are intended to illustrate

CEXM?IHEO? t he advantages of the use of a high

sel eCtAVHg}h %%tlé&%lwd&!tél tGoREhEL P0Bn PfsiB ver and
relatively | ow carbon dioxide concentration in the

eposireiatidrrmosads FherhemiymnilaGhEvgnpres Bug afdseAdey on
to1bhl usthdte aktabseod 4 trhech%S%;@@Maeﬁf&@So@feéﬂgﬂene oxide

present invention and is not intended to wunduly I
t heor colpey Iemet padi ag¥gen on. To do this, a sample of crushed

catalyst was loaded into a stainless steel U-shaped reactor
tube. The tube was immersed in a molten metal bath (heat
medium) at 180 °C, and the ends of the tube were connected to
a gas flow system. A gas mixture passed through the catalyst
bed, in a "once-through" operation. The weight of catalyst
used and the inlet gas flow rate were adjusted to glve a gas
hourly space velocity of 3300 N1/(1.h). The inlet gas
pressure was 1550 kPa absolute.

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.
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EXAMPLE 1 A high selectivity catal yst, containing
silver and pronoting anounts of,rhenium 1|ithium

weemiomrand sul fur on 20 al pha-al um na was t eRCEUS1004/005773
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t he production of ethylene oxide from ethylene and

oxygen. To do this, a sanple of crushed catalyst was

| oaded_.i nt,0 a s inl es t eel .U-sSh d.reactor tube.

The t UBS Vel HeHAEFERAOE ntA° rH Pan SePal Bat K {TRER 1P at a

nEdtén&f ato I’80p€.r }a@tﬁirtﬂte 22i3dSC aind ehanulhdeWetBperature was
necte to 25 a flow system A gas_m xtur
24IBEETDrIUGS (Re RIS SH™ BEFoT FORTSBEER 13 ddgele

O@er:aéwn THee eiyghth 06x L &iqtﬁienthtsedoﬂnﬂn tthe igalsehixture

gas flow rate were_adj ustedto VE ﬁ hourll}/

SPAE e PHITEG JFoof - 338K 9¢ 12)EL PRESLA BF Qisimun

p@@i@@f@vﬂaﬁ 5@ hiyPanabsol dy ecor2@tibe. CO'I‘]@@deﬂlQﬂt@?f of the

gas m xture was adj ust ed to 30 vol une percen

efsﬁ§ﬁéﬁ%t 2 \?aﬂp&ﬁésséraén’f XTI UY6| e Pt Ged0 mole

C@é?@@n’@“ d@m ®nPePaibs Peradhildviean (byoypl g select1v1ty
eth chl oride, and nitrogen balance 23 WO

2994%@ qﬂfev/l@szemrb%)sf?ez@e PehPlr at B thge run
cahal ¥staDed WRS aBPedt Uk adefddikeodf 484 Gheirdeuko

to 225 C and then the tenperature was adjusted so as

t BRABRRBY & £iPPGEFGEN 4B ORYE? HVITHL 2BYHBR eCOPEI L PR, the
Themgt Pyt uh Rl %%aaea@wti@éﬁéysédn t BRe 0BSs i od Wi Fiven
was adéust ed to ppmy so as to obtain an optinmum

séPe€tBME t3- of ethyl ene oxide formation. The activity

of thern calaly $iniSa8XRERSSEL A% tREtEEMPRE AldH & lration of
which a 40 npl e percent oxygen conversion is achi eved

( Faghon tHokdeedpy Fheydas SnHaiseMast Pviey’ ateiqrnt volume,
teHReLad We f%)%rc@m:' fg1Ehe. ' %elgvteggggaiééﬁ@g H%he three
subj ect to degradation, and in order to maintain a
conBPara tige ﬁ@lséspéﬁcéh’éo 3R i@oAMBEB| dn t he

tenperature was gradually inciggged, The results are

given in TABLE 2. In three simlar conparative tests,

t ke: conmeenttration, o¥v 15 carbon dioxide in thel gas |5-7
”Rﬁhutﬁné'\:dbda:ﬂisl U I Pl bUlll. VUI utire, 263 195
T40, initial, °C 248 261
Average activity decline rate, °C/month 2.1 2.9
Initial selectivity, %mole 86.0 {85.1
Averaée selectivity decline rate, %mole/month | 0.7 1.1
T40: temperature at 40 3%mole oxygen conversion

The results in TABLE 2 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
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instead of 1 percent volune. The average result of the
three conparative tests is also given in TABLE 2.

waz2ewe7&21CO2 concentration, % 1 5-7 Run ti mePCTHEYR04/005773
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263 195 T40, initial, C 248 261 Average activity
decline rate, Cnonth 2.1 2.9 Initial sel ectivity,

%ml e 86.0 85.1 ,Avera el.ec decl i ne.rate
ORI IGHEN 895103t q a&ﬁfﬁ% 8 Po g sonditions
O 08 HeI&T gp@aezeeﬂéaﬂyewl 2300 nGQ_H\BLE. drehewre of 21.7

clearly that a | ower cab oxj,de concentration_.in
RS B2t G Er BREE ot i S/ Ryl dE% R ZBBFFBE nath
Of o i ih oS @lseabiL¥i byr&atilatsislehs a:lid}Sipeﬂild)fpelrbént
activity, selectivity and catal

TeReo c fihgt Bgdekanpl P FHeSEnEES d%‘i”iér?fe%"e]r%ﬁ && 8;9%5""?

pEQ@Ji}%@ \%ﬂm%kn&@rdmae@a&wemgdt heopetdmyrmRC ol cds such
hi gh 2004/ 078711 PCT/ US2004/ 005773 sel ecti vi tXer

eb%xﬂ”d%ﬁq FRoCEPE| PSEIEILY B GpePAl PhP Uit Gngndopt

aQo@P&!é %ﬁ%%%lygk%éiﬂoﬁian%@aa@&w a pressure of
and a work rate of 184 kg/nB/hr for _a

arg,
r eact o’fFIQ e&d PEGRERERI Fe Zﬂ?WéVEJEVC%ﬁta IR Srdeghdvaty
oL &y REICRM at8X g@”asﬁ"%dﬂ?ﬁ&bn' stbaseth g dfhehe catalyst

correlation of ac cat al yst performance data
ghe fred eah ftmncrqlulﬁéa%%e IrHERes GEhde RT MGG Pe 48t SEon/m’

a%gkvﬁﬁ&'égyf%sthHQE pfé@ﬁsﬁﬁ@%acaﬂgoﬁtﬁ@%x1é%“56ﬁ%%n@§atlons
cat al yst qper ormance data. FIG 3 presents the

sereseitdd iroffI§-hPgh Bee hati SPoYothpbxirpie g @ strong
catalysin a8 Ak L&Q%Eh‘@a@él%&!’{e 134€ Qﬁdt e gt AW Harbon

based on thé cunul ative et’hyl ene oxi de production in
kﬂ@ﬂxn@e ¢@anﬁéa@épﬁe%%mwemeééé?%kvéwt?dﬁi feedstock

ﬁ E?ﬁ Ut LahbARsraPi&sentgd ikNshbfh D Fie Bl Otfe
SNow

ere is a strong relationship between
cathéyst daq‘leln@ndnf cbdssokdcidaribon of5the os@ erelyst when

CONSENL L Ald AN RARdRELYeRIV SR eClavbby 810k &eddRektration

of less than 1 mole percent (curve marked “I”) is
significantly lower than the rate of decline in the
selectivity of the catalyst when processing a feedstock
having a more conventional carbon dioxide concentration of
greater than 4 mole percent (curve marked “II”). It is also
noted that the initial selectivity of the high selectivity
catalyst is higher for the case in which the feedstock has a
carbon dioxide concentration of less than 1 mole percent as
opposed to a feedstock carbon dioxide concentration of
greater than 4 mole percent. 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
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carbon di oxi de concentration. As is shown in FIG 3,
the rate of decline in the selectivity of the

w@e200al0y811 when processing a feedstock havi ng BCTH§19041005773

10

15

20

25

30

di oxi de concentration of |less than 1 nole percent
(curve marked "1") is 20 significantly |lower than the

RSy B0 L R eE et e satalye

cofrrerviel onakedarpon’)di oxi de concentrati on of greater
than 4 | e percent (qc rv rra]Eked ! It is also

11").
not ed RSt thBTFFITRESl eI%SEF %t‘i/oc?ffa’%’qwgeﬁ’ijﬁﬁature as a

sefveettiivht p£2bheadqd it the Bhgheysf Alsddhancase iaﬁoxidation
whi ch . the feedstock has a _carbon di oxi de

cOTESTEPAL FBh bES | BT S SRRRIANY o @& Fardn Caghon oppeside

t zcackaedat 06Ks Cardrunt@didoxhdergorneental QR -ebr coolant
greater %han 4 nol e percent. These data denonstrate
t

EMPGFB AL B MR TUE ok oS ENS eF RETAAN ARG TRERBE of &6 the
hidglta3Qemehetd v ! e RP@KbAANAOTL £ Al NSt B2t tAL € nventive

obt abggbl e from processing an epoxidation reactor
f BEGSLHCkPRRVPTRFSS 9w R 8P DB 9l deactneefeedstiank having

Far uber csopparaidyicdabaceh lal forl O N@Usenof # Jigh
acti vi t% catal yst operated at 25 WO 2004/078711
0

PEFFOESRBOATHOET 7R T kgPeal et 1oees 4 tfoleetpEisEnet car bon

dis@yhdei eMNEBPITAIORatbCHE YR VR kA ihbkidn gg§%l§%t of the
presents the reactor cool ant tenperature as a

f GREVPBhIGH2Y Heetige ShafhereereigsErusedxifdatien reactor

epexudabtRawidLaCkli 9l i EOLa A, GAHRSPABHALDG ratian of

f eedst ock carbon di oxide concentrations pr esented 1'h
Frarbgn fhexidmdien &batanf therpoeative npproki fmatwe

therkeactipn ! enpeiat HLe d t ;

t herepoxi dgpi on qatsal.yétaoﬁﬁv{]gq}aﬁvghtgi \g/ggygﬁt%d%t ﬁgte high
prEeeskelan anmwiidast Pencrienletdr iheddshockE hohe ngt0 od

| auceanbomm dindidec t10n;0f 4 LT ST
pergent (curve rrag/%kegggf_%{?%{ olssgs%lg’%ékgg%?{:/? ylmé?rove% with

sFBfi Freemiive meibedr ahéch Hareltudesepbri dad ¢oss inat alfyah
ObpbREaa CANY &iUd t S AD Gioxi

epgxi dat i on r ea(ﬁ%g?kk?gge st oc{%heg&ir gégagg%ﬁ 1 ORAEey
hFgheeeoriciean.-r afughhef comparative data relate to the use of
a high activity catalyst operated at greater than 4 mole
percent carbon dioxide concentration (curve marked “IITI™).

EXAMPLE 3

This calculated example presents selected information
concerning the carbon dioxide concentrations of several of
the streams for the operation of a hypothetical 800 ton per
day ethylene oxide manufacturing process system that uses a
high activity epoxidation catalyst and for the operation of
the same process system after such high activity epoxidation
catalyst has been replaced with a high selectivity
epoxidation catalyst. Also presented are the ratios of the

quantity of feedstock charged to the process system after the
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15 carbon di oxide than that of the inventive nethod
(curve marked "I1"). These data show that the

wGar@biors7ty of the high selectivity epoxidati oPCT/US2004/005773

10

catalyst in ternms of the rate of decline in catalyst
activity is significantly inproved wwth the inventive

nmet ho i gh include he pr.ocessi f .an 20
eﬁ%g?g%%@o FEdSt céeﬁ%ﬁﬁe ﬁcghea C\‘;%F 39Fgwcg%r}%eo’n gidoRrggented
concem radion . ofFethhtene ompiadaatyiivéddafber etind ecdtm ltylse

use of a hi activity catalyst operated a reater
URBatGe hd PR ke i S SreRBeL aniin e §ReSbntea
(eveVvieas@d ked thel burput AP P rabtihiyspeadedd adogidl of the
exanpl e present el ected.information, concerning the

AV BB O 06 DS TEBRt PR DT A AG4YaIEY BFOCqiHp SyStem.
Sﬁ\.ﬁ@&xﬂ@dd fon ﬁﬂilzee &Q@ﬁ@%t%h@fffcﬁ; hyeobletésal s #bnt @3ing the
per ay_ et hyl ene oxi de manufacturing.process. system

L RAER USSASGE Y, CAERTVF T L B0 GRPTHH Eavhl S Bargent of
f @het BEh PRAAIIXAMOhL3OrbdE SR 1R BELESM SYS HEB aair®bn
such high activity epoxidation catalyst has been

r EpPEERY WAV KYghoBel 29 iRA% FheePERFEEE | P tem using the

catghystti WP RRESEBEph R tdiats alfi @5c Obthylone oxide
quantity of feedstock charged to the Erocess system
afPeprhde T YAD2664FReT 12 FEMISsE008F 0858775 d to the

cahabystarhange apdvhef oyecdde catal yst change, and
presented is the ratio of ethylene oxide yield after

the catal yst change and before the catal yst change.

. ThelafFa 3pr eSaRPRY Dind dpaSeBCBRL TR YUt Sift VeFriqus Streams

15

pr BpEPEE aérf PoeEs Sahpdest dfhanee SnNpetfett dyfackets refer
et hyl ef® &RpdechaPPARng RY PLoe ety Bt dmrndAELGnet)

hi gh sel ectis@amy cat al yst wenERaryPRg 6P2 1¢rcentration
percent of the ethylene oxide absorber recvcl dmetechin

in the calculations for t esdprocess system using the
i
nfo

Remctlog Faedion di oxi de renpval system and for the
Himestegeasyor efeadi (?4)t he 10 hsigHi-Gctdndty catal ySt 3225
Semooentreotor htead hil24de ox|i déth alixordrer- recycl e 9t feam
Rexyadeufbdeam be charged tjo the carbon dioxi de

Figmy zlecyyde esprephBLE23. (ar both @0x¢mke Concent r aii%ons

irdareoyelsSt stwmaen (132) 5th CO; conc. 1.2
CO: Depleted Recycle Stream

Second recycle stream (48) 3xd CO:; conc. 1.0
Fourth recycle stream (148) 6th COz conc. 0.7
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15 Before and After Catal yst Change (nunbers in
brackets refer to the corresponding nunbers in FIG 1

w@ea4B78311 2) Stream Concentrati on CO2 Concent r BET/082004/005773
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(mole %9 Reactor Feed First reactor feed (24) 1st CO2
conc. 5.32 Second rector feed (124) 4th CO2 conc.

0. 65 t t, | e st
A%téyfﬁa &fgz ”S#OZ;‘;@%% iﬁg?ﬁ tg%% 99@
IR L e 0

ream rec m
O%fogln?e B te i e hand

CO2 conc. 0.7 27 WD 2004/ 1

TABLE 4. Ratio of rtain Feed and Product S eam

PCT/ US2004/ 005773
Rat es Rel_ativeto ch Rates Before Catalxé Nnge

re)
nuniféiylsrerFeedl ghd FIG 2) 5 Ratio (After/Before)
Et hyl éh&4 FEE4P) 144) (44) 0.921 Oxygen Feed (rd2) (42)
0. 75& Fepe Oxife* Yield (130)/(30) 1.000 *
Et hyl dh&210k (4R onI yl excluding sol vent and othéer®®
corffendians Oxddshe Hata presented in the above TABLES
3 and 4%4ed® that | he inventive nethod prow des for a
si gni K£3ah{ (3%pr ovefrent

* Ethylene Oxide only, excluding solvent and other
components.

The data pre%ented in the above TABLES 3 and 4 show that
the inventive method provides for a significant improvement
in the efficiency of the ethylene oxide manufacturing system.
For a given ethylene oxide production there is large
reduction in the amount of feedstock consumed in its
manufacture. The consumption of ethylene feed is reduced by
7.9 percent and the consumption of oxygen feed is reduced by
24.2 percent. These reductions in feedstock consumption
provide huge economic benefits that result from the inventive
method.

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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in the efficiency of the ethyl ene oxide manufacturing
system For a given ethyl ene oxide production there
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consunmed in its manufacture. The consunption of
ethylene feed is reduced by 7.9 percent and the
consunption of oxygen fng &eguged by 24.2
percent. These reduct i ons® it ¥ dedsEock consunpti on
provide huge econonic benefits that result fromthe
i nventiv 20 net hod. e this pvent i on has een

s Ch IHh O o HREOF - 5y PBSERE RS b (=09
e@tﬁwﬁéﬁﬁﬂox1ﬁgaﬁ@ﬂﬁ&&@tuMMﬁgabmaﬁssandsaiaxhéﬁuum:bemﬁrlses:
are possi bl e b%n%hose skilled_in the ar

Tr | D R OT T AT, SPB%w BRTINY 1o Sdsbe caFoo

t BeoRbadessiddheda t pyentionmrgokhaasppe nﬁ!ﬁi’:’dﬂxﬁls%tem
28 WO 2004/078711 PCT/US2004/ 005773 C. L A |

NEPRRELOFRY AP 69PRYIT Wb p&RAt PN CBR t AP 83d .fﬁ@fst vblume

ebhyh £ne é@ﬁl%tgaaﬁéﬁﬂdﬁldig dracess; said method
conprises: arging a first reactor feed, having_a

first CelsEmddifarrden s fRRatPatiion, r?%cEﬁFeﬁﬁﬁGQTaFléﬁISt

r 8864 Plia 1S)H @BacEOAPEE SN AN epoxi dation reactor
containing a first volume of high activity

epoxi dhaSH Cakhl Y825t i AWHGS Pgm‘sé%ﬁi of it ispREitgation

reaLLOsr ST f:br§1t1 ot 1RRRX bdalbik 0fb §888d Plused Ffor
ef fl uent; chalg 2 at least_ a portion of said first
actd

epoRF BRI h S5 Pt etRHSRCIOs ZR2EERHY I K uphitgdnto a

a?§9£\?efeé&%ﬂ.% 5@k cafCPHANG $Rcdnhi £8EL&PAKigHalEon
reactor effluent into a first recycle stream having

acgé@%ﬁﬁrﬁﬁ%Q§onaéﬁoil@%IqﬁsQﬁﬁﬁ%@ﬁ?rﬁF%@% SHERRTE first

et hyl egg, Quide st heaitsdidMdA NG sakdah] £1§Eo r£e4els® split
streaminto a first split portion and a first

r epat oot ifemst pEefd Himy ®o¢&iPBA di oxi de renoval
SySten%¥g9f31 gnglBQ?ﬁonEH£8§ﬂa%nr@h@%hgesfg%gﬂk%ﬂicﬁngn@ludes

sol ve regenerator, wherein 20 said carbon dioxid
absoabeen pHorides abppriet @ingd #g s@lvapbopegenerator, wherein

said carbon dioxide absorber provides for receiving a carbon
dioxide-containing feed gas and for contacting said carbon
dioxide—-containing feed gas with a lean solvent to yield a
rich solvent and a carbon dioxide depleted gas stream, and
wherein said solvent regenerator provides for receiving said
rich solvent and separating carbon dioxide there from and
yielding said lean solvent and a carbon dioxide gas stream;
charging at least a portion of said first remaining

portion to said carbon dioxide removal system as said carbon
dioxide—-containing feed gas to yield as said carbon dioxide
depleted gas stream a second recycle stream, having a third
carbon dioxide concentration, and to yield as said carbon

dioxide gas stream a first carbon dioxide vent stream;
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di oxi de-contai ning feed gas and for contacting said
carbon dioxide-containing feed gas wwth a | ean

waelnerg7ito yield a rich solvent and a car bonPdi/ug100€005773
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depl eted gas stream and wherein said sol vent
regenerator provides for receiving said 25 rich

sol vent _and.sepa ing carbon.dioxiLde it e from anpd .
yi el dicr?§%§§i18g P2 et G PoTRCh %%r%abln‘jhgl itdég%%ag portion
sii®aly leabar gi pgriator efstsaddpeetond wfcyadied sfiresin with
remai ning portion to sai.d_carbon di oxi .Ir enoval .
SYSYEH é‘g‘dsﬁf('éyg%?%oﬁ? acéﬁegf% e?%lﬁt%?%Cgﬁfglrfsgeﬁeaggofofeed’
yi el dd:tﬁ,l\‘ﬁlo‘ira,hld €a6h ogn i @ﬁo@k&daﬁﬁ)oﬂfeﬁ%ﬁim @&s&_&be_egm a
second recycle stream having_a, third carhbon di oxide,
R & Sﬁ}da%bI”t ‘Sﬂqéll‘“&ﬁ’ gﬁ B39 FrbotY §Pexidetion
gast Slyeamna tepSichaf horrdwvexhde YeslaHnc@@Mchdg¥bE a
2004/ 078711 PCT/USZOOﬁéOO 773, conbinin%gﬁt | east 2

PP EIBh Vo uBS; 9t £ 7 (Bt RS cgawmsne%%l Cicgasptatyst to

POFdvR Qf mSak €i 8@Cak IREYohe r8h &8 W dtfem;0xygen and
ethylene tq thereby formsaid first reactor feed;

r enpviTHG TIOR8k 8 aF VD FLOEN T PRIt RV Y PedSPrihscarbon

P@LdtioR Ronsaherdtist wioldhme sof oheghtiaat isdildy first carbon
epoxi dation catalyst and replacing therewith a
r@&ﬁ%&ﬁﬁnﬁﬂﬁcéﬂﬁF@EﬁQﬂ'z¥° $&d6n#odH %ﬁﬁa?ﬁo%%dﬁF@ﬁn reactor

S&{ SE&dnl HatM ngPOXL datd Ik Gy Shat§e; Provi de a
nodi fi ed _epoxi dati on reactor system  charging a second
react ¢F-<ledag REIM NP MOGHEHEarBoR oo T grpgeor system a

CORCHY TRfoxQBa Wb g hrd Scd AWRir st Rape pai d first carbon
di oxi de concentration, to said nodified epoxidation

r eact oharsy3gedt hbsa Hg S FOFtiepl aterdil saeangespoxidation

yiel didw Jeragesai d oo g% 2RAXI JRL AONYRATLS us¥at £52
a second epoxidation reactor effluent; 15 charging at
| eeiaratiner e ofced EreEdsRdiepoksraidoriilagetotnte a

e{ﬂif@@eédﬁléagérgéﬁylwn% Lde ; abg oL pal s f

separating said second epoxidation reactor effluent
| percentuefiiied, r ety cd esestqrshiethlaonagodide fatregay bon

di oxi dﬁﬁ%&gsnggf&imr@%c@ﬁ@ceeﬁe&ﬁ h€ne Q¥kdRa split
stream 20 dividing said third recycle streaminto a
skeevricbrs pliift any, and a second remaining portion;

charging at least a portion of said second remaining
portion to said carbon dioxide removal system as said carbon
dioxide~containing feed gas to yield as said carbon dioxide
depleted gas stream a fourth recycle stream, having a sixth
carbon dioxide concentration, and to yield as said carbon
dioxide gas stream a second carbon dioxide wvent stream; and

combining at least a portion of said second split
portion, if any, and at least a portion of said fourth

recycle stream with oxygen and ethylene to thereby form said

second reactor feed.
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portion, if any, and a second remnai ning portion;
charging at | east a portion of said second renaining
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carbon di oxi de-containing feed gas to yield as said
carbon di oxi de 25 depleted gas streama fourth recycle
stream having a sixth . car I QX .CO ntration
d%d%%geiggﬁdagsrgﬁﬁéF%é% gﬁgggigkﬁ%égggglg%%egﬁ?%kﬂ caxrbon
secsaidiec abheandiakide Mertesst tham 3 anelle aediceintg hesed on

| east_a portion of said second i partion,..if.any

antf dt°4%ealP Sspfi%t?%Wdloefneéaf’éyggﬁr%%d 3%:{8521)/0 8@;18@ in the
steeaisMrcldoxygen and et hylene to thereby formsaid
second reactor feed. 30 WD 2004/078711

‘PCT/ US2004/ 005773 2. A nethod as recited in claim1,

whergigedne beurtbitad bhon cldiiaxpdewitencientitat ifonrts carbon

| ess than 3 nole gercent“ b%%fd on th@ otab %eslof
et iife COBLYRER2 BhTP chY Udh "dFoxPRES i B tHE™ react Gr ~°°°
fegdh D mo1d pArBBhbpoased et thd totgl awdled ofhetkiyhene,
the fourth carbon _di oxide cogcentration is in the

r RN GRFBCR ELOF RS 11t FAR 2°ABHRT pEi%nt, based

on the total noles of ethylene, oxygen and carbon

dioxide in the reactor feed. .10_4. nmet hod as. recited
ok RS eFBEALEhe T GUALR da; BRECH dagourEn Shrbon

CQNSed HdndRniksat Mok hes riangdecotrahond. 2rdmo d.@S%o0 less
than 1.5 nol.e percent, based on &he tq%fhﬁgples of vl
cERgP el Mgy BERCEREr RATRSh O SRPIECTFH (TR G &G GFhyiene,
fefyed it AriBhhadoRsdd eai tt@d ikBadByr ofedd ai ns 1-4,

wherein the high selectivity epoxidation catalyst is
a silver-based catalyst which includes a rhenium

PEOMRL AL 1RIRANeRL  + 80014 Nehhicgh c18€hb Vity, Galadledst the high
a silver-based catal yst that does not 20 contain a
r hehe e Priomsper 1eaRbonetitalaiste dt & aslyer—based catalyst

NORPLR MBI I NBAMURheRluA SNERtEP cORPORAGRE, and the high
activity catalyst is a silver-based catalyst that does not
contain a rhenium promoter component, or contains a

nonpromoting amount of a rhenium component.

6. A method as recited in claim 5, wherein the high
selectivity epoxidation catalyst comprises as a support
material 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; and wherein the
high activity catalyst comprises as a support material an
alpha alumina, and the amount of silver is in the range of

from 1 to 40 welght percent.
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6. A nmethod as recited in claim5, wherein the high
sel ectivity epoxidation catalyst conprises as a

waeappord7i1 25 material an al pha al um na, the anPCRUSHD4/005773

10

15

20

25

30

silver is in the range of from1l to 40 wei ght percent,
and the anount of rheniumis in the range of fromO0.1

10 m I b d I .
o - SR SanEeRhETbi 1T Y. Ch GHE ARt ity "AFRLy oraLd

COSHY i RAS RS BoRPPPSsd dﬁﬂaqmeahsaaofﬁkzbuﬂvf allitail hametal
and the anount of silver is in the range of from1l to
AR TRATGHHE -per cent . 31 WD 2004/ 078711 PCT/ US2004/ 005773
7. A nethod as recited in any of clainms 1-6, wherein
said |ean solvent conprises.an_aqueous sol utign,of

af kah ingids] 25caPEbhe 6P $181MA7 et WSS FRPFLEdRP nadding

Ch A JB vt REM s&PAPL dnfd NG QGQUﬁgona6EEﬁmhamaIﬁ@thm
sali d aqueous solution of alkali netal carbonate. 9. A

nedHerhad$e recited in claim8, further conprising: 10
provi ding a second carbon di oxi de absorber operatively
connected in parallel with _said carbon di oxide

a%so@b@ﬂﬂKmhéﬁeFﬁC§E$@ He CIRdTc Br bERT B | REPIHSRBer

| S5 GARAUF 0fsechbBBCEYHBEh @i dx@ASt aBsPPbeT Wbedfatiakdy
second renai ni ng Eortlon and contacting therewith

sapen¢eat 4o verpliel tweresp i 6orBen 1@1%14%%05ber
pQﬁéfé%P(gafﬁa%@cgﬁarE$&Eé¥3&ﬂd§l@%rgﬁgbrﬂé& A iaedeast

recit in claim8, further conprising nmoadi fyi ng the
i neesHaino Gt dapatcarPRRtdiaidE24Bs 8pBRRd (TPratiRepgpyortion

pgﬂe{' 9&1%@1‘&9@h@é§ﬁ1‘1 ansfen «andsa196Lat €S ﬂiié'l’@%? BOovide

theoretic trays and to inprove the recovery o
catbberstizoxiodd ibroaf sai il dfourdlsreaypde t F 0Pt sai d
second split portion. 11. A nmethod as recited in
claim8, further conprising: 25 operating said carbon
dHOXLEemﬁﬂgmib@rrﬁglégdthnpﬁ@Vﬂd§raqu§%$¥rPQ%ﬂﬂ%§ﬁng

Al g} f9; EONGRNLEALLAD L 655 JNAN c3ablin! b Skias HiRper to
di"oxi ncentration
thereby provide enhanced mass transfer and a greater number
of theoretical trays and to improve the recovery of carbon
dioxide from said at least a portion of said second split

portion.

11. A method as recited in claim 8, further comprising:
operating said carbon dioxide absorber so as to provide a
fourth carbon dioxide concentration less than said first

carbon dioxide concentration.

12. A method as recited in any of claims 1-11, wherein said
first reactor feed comprises ethylene and oxygen, in addition
to a concentration of carbon dioxide, and said second reactor
feed comprises ethylene and oxygen, in addition to a

concentration of carbon dioxide.

32



12. A nmethod as recited in any of clains 1-11, wherein
said 30 first reactor feed conprises ethylene and

w@x00g@e7871i n addition to a concentration of caP®@DNS2004/005773

10

di oxi de, and said second reactor feed conprises

et hyl ene and oxygen, in addition to a concentration of
carbon di oxide. 32 WD 2004/078711 PCT/ US2004/ 005773
13. A process for nmanufacturing ethyl ene oxide,

Carpr i 3 pGocHBAUESE T RLRYhENSL X O *a&leeef @Bﬁlﬁﬂlsmg
an et hyl ene oxide manufacturing process which

b YRSt ETERI bt Y It GF 1ds bE pRR¥addy ﬁmaﬁ‘}ihmene oxide

(ﬂﬁﬁﬂﬂia%t$21né4préﬁé§§|Wﬂicﬁfh8§|$@bﬁ“ f@y%doégdg & hod as
maklngc§id - ethanediol or a 2- et hanedi ol
n

@ncéﬁ¥e?¥|9kflm§tﬁyﬂéne oxi de into
1, 2-et hanedi ol or the 1, 2-ethanediol 10 ether, wherein

the ethyl ene oxi de has been obtained by a process for
nerfuf aét BeFRgd ethyieife Gkhuéens exida dx mashiagni, 23.

3%thanediol 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

process for manufacturing ethylene oxide as recited in claim
13.

33



