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PROCESS This invention relates to an inprovenent in
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lower activity, the high selectivity catalysts employ higher
reaction temperatures for a given ethylene oxide yield.
A typical ethylene oxide manufacturing system, in
general, comprises an epoxidation reactor system, an ethylene
25 oxide recovery system, and a carbon dicxide 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 diozxide is an unwanted bv-product of
30 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.



Usual | y, ethyl ene oxi de manufacturing systens are
designed with a certain type of epoxidation catalyst

in mnd and, before the advent of high selectivity

catal ysts, many ethyl ene manufacturing systens were
designed for the use of 5 high activity epoxidation
catalysts. As it is used herein wth reference to the
selectivity_of a catalyst, the term "selectivity",
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With the development of high selectivity catalysts, it

has been found that in many circumstances there can be

25 wvarious economic and operating benefits to utilizing in the
manufacture of ethylene oxide such high selectivity cataiysts
in place of high activity catalysts, In conventiocnal
ethylene oxide manufacturing systems designed to use high
activity ethylene oxidation catalysts there can be great

30 benefits to replacing the high activity catalyst with a high
selectivity ethylene oxidation catalyst. But, because cf the
differences in the characteristics of the two types of

catalysts, the design of an ethylene oxide manufacturing



2 systemthat uses the high activity catal yst can be

such as to prevent the sinple replacenent of the high
activity catalyst with a high selectivity catal yst.
Because the high activity catalyst typically enploys
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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

25 improving the operation of an existing ethylene oxide
manufacturing process, said methed 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

30 of high activity epoxidation catalyst;

yielding from said epoxidation reactor system a first

epoxidation reactor effluent;



3 charging at |least a portion of said first

epoxi dation reactor effluent to an ethyl ene oxide
absorber used for separating said first epoxidation
reactor effluent into a first recycle stream having
a second carbon dioxide 5 concentration, and a first
et hyl ene oxide stream dividing said first recycle
streaminto a first split portion and a first
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combining at least a portion of said first split portion
and at least a portion of said second recycle stream with
25 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 epozidation
catalyst and replacing therewith a replacement charge of a
second volume of a high selectivity epoxidation catalyst to
30 provide a modified epoxidation reactor system;
charging a gecond reactor feed, having a fourth carbon

dioxide concentration which is lower than said first carbon



4 di oxi de concentration, to said nodified epoxidation
reactor system having said replacenent charge;
yielding fromsaid nodi fied epoxi dati on reactor system
a second epoxidation reactor effluent; 5 charging at

| east a portion of said second epoxidation reactor
effluent to said ethyl ene oxi de absorber used for
separating said second epoxidation reactor effluent
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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

25 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

30 epoxidation reaction sﬁstem.

FIG. 3 demonstrates the improvement in catalytic life

and selectivity of a high selectivity catalyst with plots of

catalyst selectivity (“S”, in %), at a given work rate, as a



catal yst selectivity ("S", in %, at a given work
rate, as a 5 function of cunul ative ethyl ene oxide
production ("P', in kton/nB) for the use of a high
selectivity epoxidation catalyst ("I") under
conditions of a relatively |ow carbon dioxide
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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

25 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

30 volume of high activity epoxidation catalyst is replaced, in
part, or in whole, with a second volume of high selectivity

catalyst.



catalyst. 6 Wile this higher selectivity catalyst
provides for an increase in yield in ethyl ene oxide

for a given ethylene feed wth a reduced yield of

car bon di oxi de by-product, the higher selectivity
catalyst is less active than the high activity 5

catal yst therefore requiring a higher reactor
tenperature. These hi gher epoxidation reactor
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obtainable by reducing the carbon dioxide concentration of
the epoxidation reactor feed.
Thus, the inventive method can include, along with the
25 removal of at least of a portion of the first volume of high
activity catalyst of the epoxidation reactor and replacement
therewith a second wvolume of high selectivity catalyst to
give a modified epoxidation reactor system, modifications in
the operation or equipment, or both, of the carbon dioxide
30 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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so as to provide for the required | ower carbon di oxi de
concentration in the epoxidation reactor feed. 7 After
the high activity catal yst of the epoxidation reactor
system has been replaced with a high selectivity
catalyst, it is inportant for the carbon dioxide
concentration of the reactor feed, conprising

ethylene, 5 oxygen and carbon d|0X|de to be
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To recover the ethylene oxide as a product, the
epoxidation reactor effluent is charged to an ethylene oxide
25 absorber used to separate the ethylene oxide from the
epoxidaticn 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
30 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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the range of from 1 mole percent to 5 mole percent and, more
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specifically, it can range from 2 to 4 mole percent.
To remove carbon dioxide from the ethylene oxide
25 manufacturing process system, the gaseous recycle stream may
be divided into a split portion and a remaining portion with
the split portieﬁ, 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
30 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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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,

25 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

30 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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30 a high surface area packing material so that the
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handle 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.

25 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

30 selectivity catalyst. This requires a lower cencentration of
carbon dioxzide 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

11



10

15

‘cat al yst

20

25

30

achi eve the greatest benefits fromthe use of the high
30 selectivity catalyst. This requires a | ower
concentration of carbon dioxide in the recycle stream
of the process thereby providing a smaller
concentration differential between the feed to the
carbon di oxi de renoval system and the extraction 11

sol vent which nmakes it nore difficult to extract the
carsbbrentdiwhichendfapmitheore c L dowtly dgnextyrathdbeardeipn

di @xhdfad ere¥alns @8 theahsorpti on sol vent used
may be an aqueous sof ution of an_al kaline netal

5
car bonat'e, theofeEimeiexide disryehrbsiters BiRl 3RsesBEiemm

carsbwattf: uséhemd P RN ahV equeiu0do CaFiicRNBE dde e 1Rad i hy i migkal
sol vent _used in_the c%r bon %ox ide r nmoval stem

Sof SRR CAOT SFAPLBY oU oy CaT R e E P e oo v
acktbybéatedr Thatialveative mdtaoﬂeawnmb\lanéstﬂwjﬁmng the

Sughy 1§ ¢ seXaix? "erd é@b&?tﬂ'o%%e En%ﬁrélt%gsﬂaégast%g the

trans aracteristircs of t sol vent ]
i mpnvertidrebyberevyidiog anePrdesbrptican off an cagtiygptor or

di mgpéya‘tr qm the fe%'i&ﬂbai%*do%kké& of sHageSIteCHELE or
he carbon di oxi de renoval system

char
PoFégé-]-ltﬁﬁ aﬁf‘é?’é’%dﬂ‘édﬁ‘fiés i Grapgfex a‘?ﬁﬂré‘CE‘Frb?Fe"-?u Pfable
acClbyadd stohas € Nnp2obe tlrfeedeSrﬁﬁo&ddhﬁld/&dr@tﬁ.Bﬁ of

| t bon, di
o GFETh kT i P B c AL B, PACPR: £F aecbHczecyole

carhangat dxi tke raamboal dW@mbh@vdlowstexar boPotia sxiwe
copceyl ald.en | h%;;sagggt doaﬁ | bRE 4836590 é@agra%rt&%t can

20 rnvent1 ve ne hod car bon oxi de
coheensgchasoan o#dctll’ceveat%dwed pokvent @éptlt cirrpadedigxide

st &gﬁgq,alas?ggeﬁhe repl acement of the high act|V|ty
of the epoxidation reactor with the hig

sel ect .Ew Wdearﬂan%@tegm the °P%§§t%%ﬁrzsm%%ére%rﬁhe
of chbBort Qfidkisd rm‘ramog\@@m thé idwe2ScafbdRbkadé

i I AU (ORI N Y NI

pr eheemtbilwe heslsod Hanocbtdimmi.e Pee canrboandioxiniee

pr%&ﬁé@ﬁﬂﬁéﬁion of the carbon dioxide 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 meole percent.

The following Table 1 presents: exemplary carbon dioxide

concentrations (mole percent) of various of the process
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| ess than 1 nole percent. A typical range for the
carbon dioxide concentration is fromO0.1 nole percent
to 2 nole 30 percent, or fromO0.15 to 1.75 nole
percent, or from0.2 to 1.5 nole percent. The
followi ng Table 1 presents: exenplary carbon di oxi de
concentrations (nole percent) of various of the
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t hets pogisence of the ethyl ene oxidation fesgdthan 1%
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10a|un1nu§3fﬁd8%%3high activity catalyst and the high selectivity

catalyst that are referred to herein are supported silver-

Lh

based catalysts, but the two catalysts, as earlier noted,
have different catalytic performance characteristics.
The material of the supported silver-based catalysts can

15 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,

20 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

25 20 m*/g and more in particular from 0.05 to 20 n’/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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preferred material for use as the main ingredient of
t he porous support. The support material is porous and
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fr aelcb@R)ndd b AELL Wnbhife 128 8t 82 P or the catalyst using
a standard testing procedure. In 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
25 (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
carpbon dioxide, and 8.5 mole percent oxygen, and 54.5 mole
percent nitrogen is introduced into the micro-reactor at a
30 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, 8w, and activity, Tw, are determined for a work
rate of 200 kg ethylene oxide yield pexr hour per cubic meter
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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

25 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

30 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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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
25 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 amocunt of
rhenium. Thus, the high activity catalyst can also consist
30 essentially of a catalytically effective amount of silver, a
promoting amount of alkali metal and a support material.
Examples of a suitable high activity catalysts are described
in U.S. Patent 5,380,697, )
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economic ficiency 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

25 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

30 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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process. A nore preferred range for the reactor
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35 bar. The preferred gaseous hourly space velocity
is in the range of from 1500 hr -1 to 10,000 hr 1. Now
referring to FIG 1, wherein is presented a schematic
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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

25 epoxidation catalyst. '

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

30 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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first carbon dioxide concentration, is charged to

epoxi dation reactor 18 through conduit 24 where

wi t hi n epoxidation reactor 18 the first reactor feed

is contacted under suitable epoxidation reaction

conditions with the high activity | 25 epoxidation
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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, ag the carbon dioxide depleted gas stream, is a second
25 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 portipn cf the
compressed first recycle stream, oxygen, and ethylene
respectively introduced into conduit 40 through conduits 38,
30 42 and 44. The combination of these streams form the first
reactor feed charged to epoxidation reactox 18 by way of
conduit 24. A first carbon dioxide vent stream, comprising

carbon dioxide, is yilelded as the carbon dioxide stream from
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20 The remai ning portion of the conpressed first

recycle streamis charged to carbon di oxi de absorber

20 of carbon dioxide renoval system 16 by way of

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

di oxi de depleted gas stream is a second 25 recycle
stream having a third carbon di oxi de concentration.
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second reactor feed is contacted under suitable epoxidation
reaction conditions with the high selectivity epoxidation
catalyst.

25 A second epoxidation reactor effluent is yielded from
epoxidation reactor 118 of the modified epozidation 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 prxovides means for contacting an

30 absorption solvent, such as water, with the second
epoxidation reactor effluent and to yield a third recycle
gtream and a second ethylene oxide stream. The absorption

solvent is introduced into ethylene oxide absorbex 114 by way
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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
25 concentration. The fourth recycle stream passes to conduit
140 where it is further combined with the second split
portion of the compressed third recycle gtream, oxygen, and
ethylene respectively introduced into conduit 140 through
conduits 138, 142 and 144. The combination of these streame
30 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

21



way of conduit 144. The remaining portion of the
conpressed third recycle 20 streamis charged to

car bon di oxi de absorber 120 of carbon di oxi de renoval
system 116 by way of conduit 146 as the carbon
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! IqUI 4J°b§§ea£§§§ﬂgg° preferably in the absence of a catalyst.
'
If the proportion of water is lowered the proportion of 1,2-
ethanediol ethers in the reaction mixture is increased. The
1, 2-ethanediol ethers thus produced may be a di-ether, tri-
25 ether, tetra-ether or a subsequent ether. Alternative 1,2Z-
ethanediol ethers may be prepared by converting the ethylene
oxide with an alcohol, in particular a primary alcchol, such
as methanol or ethanocl, by replacing at least a portion of
the water by the alcohol.
30 The conversion into the ethanolamine may comprise, for
example, reacting the ethylene oxide with ammonia. Anhydrous
or agueous ammonia may be used, although anhydrous ammonia is

typically used to favour the production of moncethanolamine.
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in presence of an acid catalyst, e.g. 0.5-1.0 %w
sulfuric acid, based on the total reaction m xture,
at 50-70 C at 1 20 bar absolute, or in a gas phase
reaction at 130-240 C and 20-40 bar absol ute,
preferably in the absence of a catalyst. |If the
proportion of water is |lowered the proportion of 1, 2-
et hanediol ethers in the reaction mxture is

i ncFeaserthofifearnlirapipatiedite cenvryssionhof gheodibedene

may oR€d& HHrcCtheretHanb1dRifd, Nebfet&ldcl 8 NSE delto, for
subsequent et her Alternative 1,2- ethanediol ethers

may SEETRY R8T 4945296nverting the ethyl ene oxide with
an al cohm{e 1i, D~ Qﬁléﬂe@lﬂ.bafazﬂ:{ Qhénﬁfz’-ea:lhﬁﬁbaial SHBBr My be

th . th I l.a I t
" SPRS Wbl Be® (HEAFEGTbI BT BBRVLYSY e nfE"
the et |ianthe Niwldsoophrice, beverageapptebadeeactosmetics,
th
e sEbLLENS.ON 40l NIIAS L0 48U, Ol RRIGRLG,

typheatlva\m@&elrtwmure‘@me Eh@de;mtaunoﬁamne may be used,
”Dnggfrﬁﬂﬁﬂpiglnfh th%ztgﬁﬁt£5§|?99§eéﬂaﬁhh?ﬁpléf'd&thpﬁi gas.

conversion of the ethylene "oxide int

18t hano! dfsh&ol+ @t idve BER RSP Be2Rdde a6, mg?nde@xaﬁm e

US-éiﬂﬁHHﬁ%?@ cé%ﬁhih Efetﬁﬁﬂaa@hﬁtagﬁbd Ehﬁhe use of a hlgh

e r e

ot “PRICAEEY ottt i ore, SSnirE o8 TRetRFLFRY 10w
of fadohn wawexagemncbobmn ¢osthet iepexiddtiemndpkdst iThe

| i
L BFLn A d 3010 MALAR f TSRS, cSbERly ot
1§ or adyanfisices oH tsepreeent dgventimeead) hg"r)otoﬂnna@@ncblto
9asund@yNEmk O {MsRE,EXHRIES irdvéiid og, ar € i ntended to

illustrate certain of the advantages of the use of a
hi gf**4&%edtivity catal yst under the conditions of a

r eI ati vel yikBvse Rithont ¢li atades€p %ﬁlﬁhiﬁiﬁgp BilWet Nehd
CPONL RO, LSS ol B8 gl Sl L BSATPLE ol 2ol LETHES
2@restphaﬂadMEnma(nasandsteﬂlmntthmtpxudadticn afh@tthylénariokide

thef:?&z?%ech%.eﬁg%ﬂdngggééxﬂn' To do this, a sample of ecrushed
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

25 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 give a gas
hourly space velocity of 3300 W1/(l.h). The inlet gas
pressure was 1550 kPa absolute.

30 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 wvolume
(ppmv) ethyl chloride, and nitrogen balance.
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EXAMPLE 1 A high selectivity catal yst, containing

silver and pronoting anounts of rhenium |ithium
cesiumand sul fur on 20 al pha-alum na was tested in

t he production of ethylene oxide from ethylene and
oxygen. To do this, a sanple of crushed catalyst was

| oaded into a stainless steel U shaped reactor tube.

The tube was inmmersed in a nolten netal bath (heat

medi un) Tae tSeCatune dthdéhendastagfystheed Wy wemped up at a
COTHRG 8¢ 1¢ °@5 gr%%rf ltswafseeand AndAStil Hetp8rature was
passe t'hrough ? e catalyst bed, in a "once-through”
operditisspd Tha@swsPgaehisvecap HRugen GRRYPLAIQNt AE {thmele
gaspgﬂé@ﬂtratfhémiﬁﬁ aditicirede t Sorftieerat IS inheHE | gas mixture
space vel ocit §300 Nl /(1.h). The |nlet S

dr e‘%as?lJFQJR)&Ee‘%lIS:S’Ozk@aPPd‘IYSSPU?% t%@bﬁje“ @d’nﬁg§?"f‘%n of

thes@lfé%tﬁﬂrishﬂrcﬁf WaEyBéljd Skede t form3@ive] uMbepestinity of the

e, 8, volune cen oxyagen nme rcent
car TR LA b U PTos PR s B AR B B i & 10 mote
( pmn@ceathyiygéﬂ abnde:;smdlai aczl'd@eadbﬁl'@ice thQSSéJm:tlvity
d
te sef@teug&C&JtM cat aéh%%gﬁg& §?L§mtehnuel§a tthe run
1q enpher @auahvmyaSaayl@rsq@dtgodwatd@ta%q are an exdrgerto

C oMYt @R cho/thHHJc €40 %ﬂ.@e?érce heogidot cehkerids the
concentration in the gas m xture was adjusted to 2.5

ppnYATEETAEUTR) WKt SFﬁd‘éFri’-lap?-P‘ﬁ’Eﬁﬁsegel eth§ ey bf are given
et wl emgrexzde formation. The act|V|ty of the

t al d the t t whi
ol o paPCERC DRy ET GTBPEF oS SeALh cURuCt Tt aAgn of
15el MWl tjoxiide tthetlse|g@et miktyreawas he tceﬁpeeamxrte volume,
T4O %Bngf th gﬂfgné d:fltﬁﬁlecat'ﬁley %tre}?@gge %é@u@gtof c?:he three

degra ation, i'n order to maintaln a constant
ol @ompara e dé@f@énl% GrhBer §ivRR tlF?eTA?%ﬁ;rp?er ature vvas

gradual Iy increased. The resulhsr@re given in TABLE

4 i .
cofcenEPaadwabtonn $Vcar bon di oxide in the ghd mi Xtlite

WelSpin &@md, REysENt VOl umne, 263 |[195
T40, initial, °C 248 261
Average activity decline rate, °C/month 2.1 2.9
Initi;l selectivity, %mole 86.0 |85.1

Average selectivity decline rate, %mole/month | 0.7 1.1

T40: temperature at 40 %mole oxygen conversion

20 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

25 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.

TABLE 2 C02 concentration, % 1 5-7 Run tine, days

263 195 T40, initial, C 248 261 Average activity
decline rate, Cnonth 2.1 2.9 Initial selectivity,

%ol e 86.0 85.1 Average selectivity decline rate,

%ol e/nonth 0.7 1.1 T40: tenperature at 40 %mle
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operati.ng conditions. . af a ucls v i
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of dfddckyg/ oB/dutafigst spardaenanced gela- cont ai ni ng 25 nol e
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model is ase n the correlation of actual catal yst
1herernxddattonisakaguthared FRRFRIAINEE otRe $56r BbsTha CREALYSE

as pHseHOnh eRtd Mumathtmid BtHalene Pklioé micanktded aimndon/m’
ot her sources of gat al yst Qerforrrgnce dat,a. cFlG. n%rations
pr e<¥n e P BaPePEF Y (FPegr tahhiSGRPRR | FP §ONT

epoxicdehted LatFItysh. asTha ploict ishowothathehage bf a Isgrong
cat al.yst ase t he (¥ i d
%g%FSHE#%P(%e%QFﬁQ c%ﬁ%?B% 1f@% gﬁﬁy% t85¥e§%fbon

proI n Kton e correspondi ng edst ock
1T ardigrxideoxdrteentoat bon ramdi betveqwr ssbetiy ity fpd fepdstock

The_nhats gshomid hahothiefgiba. @ 23 18NGhowrelidt FEASH Pthe
between catalyst |ife and feedstock carbon 15 dj oxi de

corfeadi®t PAt el ided 1p et s leetistitvy PE yEhih Fafadyst gten

processing a feedstock having a carbon dioxide concentration
of less than 1 mole percent {(curve marked “I"} is

20 significantly lower than the rate of decline in. the
selectivity of the catalyst when processing a feedsteck
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

25 catalyst is highexr 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

30 selectivity epoxidation catalyst that are cbtainable 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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car bon di oxi de concentration. As is shown in FIG 3,
the rate of decline in the selectivity of the

catal yst when processing a feedstock having a carbon
di oxi de concentration of less than 1 nole percent
(curve marked "1") is 20 significantly |lower than the
rate of decline in. the selectivity of the catal yst
when processing a feedstock having a nore

con¥éRe Fondihamad benl el pexiert @@ﬁbehtdxﬂﬂhdn obncegrteatbon

t hanc4ri®ldreuceptr-jcurve marked "11"). It is also
noted that the initial selectivity of the high

sel ecti Vit Z5PE&TNPsERe FARCTREr CPhanth seppeka iuge as a
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hlgh selectl e OXI ation ca
obt Q?F\%\tﬂe@orlﬁ@mtmr @éessmgdahlezpmat@aysb nof ket dnventive

f eedstink tﬁi@’é' ﬁﬂo&ssgw af %Qgﬂdgﬁﬁ?ﬂ 48, SPHC & %dgl:%&p ‘having
gurthfﬂ/ arative data relate to the use o

ct Fvt W “BEPaN ydtoxdper aprapniratbon g’nfeétﬁéﬁ‘ ﬁhﬂnlmﬁﬂ e
per peﬂterﬂ:ar( bﬁﬁv@lln%kéa ‘CIJ’f)CQBbééitit%n acéﬂvliﬁ{yﬁ awar ked

_ % éican %y resents t&g cloLgn - £ th
tenpe N EEY £OWRENER YO TREP eé’@’é BRtiMe cehplysfsof the
useeenvrentienapovatdatli tmt ®rbeea$eanmnfepoiiuatlon reactor
COrf &SRR n t Xk de concentration

refsent e @k }g ?é%dé fo"ﬁ‘ reac{’]%‘?l hlg ?oncteélﬁﬁ };R‘“ur‘%
‘gpp? Q¥aﬁégx%¢ﬁathéacthﬁﬁwOﬁehb%rwnwgn91ve¥maﬂhed (atare
derfﬁau&teuab er~f he 1@RQXI dlali 9Rok AlBlY $he Oétatbﬁﬁl*&gecgé;%‘éﬁhigh

nmet h I‘OCGSSGS an GQOXI dati on reactor
havi 6"5 cﬁﬁ%%F%Wrﬂicé pristc dacERTratafofbef rates oF

t hatecllinel én @Af=09B8t idﬁﬂﬁiﬁynfg|§&§nlf1aiﬁﬁ$§e%mbfé%ed with
cponat e BRhaee hehetHiivent formioonat o afhae
20 rrexddation disedptatk dnvisaa oreryf E@dsda&btﬁnh&ﬂdﬂ@ea
SI9&5&&@9@9&&&6&@'9?8!tﬁ5%“88£§££§€1%” 8lia relate to the use of
a high activity catalyst operated at dreater than 4 mole
percent carbon dioxide cdncentration (curve marked “III”).
EXAMPLE 3
25 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
30 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 oxi de than that of the inventive nethod
(curve marked "I1"). These data show that the

stability of the high selectivity epoxidation

catalyst in ternms of the rate of decline in catalyst
activity is significantly inproved with the inventive
nmet hod whi ch includes the processing of an 20

epoxi dation feedstock having a very | ow carbon di oxi de
cormednalyst idnngpurnd defopepdicaceiel vt #hpagen eandoprhgented
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af t8Jsokher 28 St al ¥steathad e ARBADES A chBegemtual yht
change, and presented_. is the ratio of ethylene oxide

yi éla&baf‘t%:i"”‘t"ﬁé‘ ESPN A £Y5 ¥ ge and before the

cat al yst change. The data presented are based on the

out pnABLY 3a pCaybdreDioyidE Coessnimaddlonefof Marjous Streams
1shypaefetre cad @iffipt eCatadypteClramgel doembdnsg iprigoedets refer

system toAsbaneekiesprhéinginsgbats dms FEGr Hﬂéldpﬁ'é%es@

systemusing the high selectivity catalyst is the

char gi ng ofStr®emper cent of g IO Ffdepncentration

absor ber recvcle streamialthe car hnn di oxi ddmeta k)

df or the rocesp systemusing the 10 hléh

U’t

U.

aEi-#'i/t’r t%ﬁaeh?%l per cpntSHC $OnEL hyl ene oXird
a%%%‘?ﬂ?eFEFEE’E/ dst‘ %%l’m i s a%"s"br?é’d %°8°he char ged-f

%:l de re va g em TABLE 3. Carg)%n
Th:.r? izng}ﬁ?fg rgtrﬁo va 1.2
letad Re la Stream

Second racycle stream (48) 3rd CO:z conc. 1.0
Fourth recycle stream (148) 6th CO:z 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
and FIG 2) Stream Concentration CO2 Concentration
(mole %9 ,Reactor Feed First reactor feed (24) 1st

C02 conc. 5.32 Second rector feed (124) 4th C02. conc.
0.65 Recycle Stream First recycle stream (32) 2nd
Q®2conc. 6.5 Third recycle stream (132) 5th CO2 conc.
1.2 @2BLBep} Ratdoret edrdadnr Eeaf 38EoREPusty §FEean Radf/p
(48) RRlgtdve twrfachiRetesBafere r@bpiyet Ghaeam 6&‘3@)3‘5 in
6th Gomckehe. refer to7thnprErasPIRding BERRSHS APnFEeed 209
and Product Stream Rates REF&ti%e to Such Rates

Before Cat al yst Change (nunbers in brackets_r f(_?r to

xygeR ?“‘*Q ) 0.758 Ethylene Oxide
(130)/% {] Et hyl ene oxi de only, excluding
sol ven v’é conponents. 10 The data ppesgnt ed

10

15

20

25

r
in tlﬁg:h%]?gle @%ES 3 and 4 show that the inventive
nmet ho rglx_/éf%s or significant inprovenent

(130)/ (30) 1.000

* Ethylene Oxide only, excluding solvent and other
compenents.

The data preﬁented 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, reasomnable 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
is large 15 reduction in the anmount of feedstock
consunmed in its manufacture. The consunption of
ethylene feed is reduced by 7.9 percent and the
consunption of oxygen feed is reduced by 24.2
percent. These reductions in feedstock consunption
provi de huge econonic ben€fEtd & Maf result fromthe
inventive 20 nethod. Wiile this invention has been
described in terns of the presentlﬁapreferred
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f eedlf Highi agtiwiftyr spoxigaséan dtahalysteoncentration, to

an epoxi I L 945 S¥phei &%‘i{p%%&& &R st first
epoxi daty?%%h%ag'?gﬁ %%lnt a?m nga a first vol ugg elgfa h.léﬁ

1Qicteraiglagpoi xpacton ¥EHEPYEL; yiel ding from said

epoxi dat:hgn :[tﬁji(‘aﬁzoﬂ.eﬁé‘tStaeﬁbatidrf i sd0d emwsitdapmruauon
r eact or eff? ent; char in% gt east a i on d%r

fi rS3aGEEx PRSI TP U SGPYEPRT L?é‘ﬁrf’e ) Sa"ri‘ et hyfEhe

oxXi si@aa&asmh@aamediré‘oreposépatmn rgastox a‘ﬁfﬂ-gent into a
epoyj dat i.on, [Lactor o (}Jaléﬁﬂ %oad déagbg@% HeSYEdE

stream- Ravi g a second car
15:on©®mqn$u:abxpn:aﬁudaafﬁ1rr§tt ethﬁyleé\%°6¥¢%leﬁt§ﬁﬁ@am

di vi di ngys ﬁgaﬁn{{ a3l EEEHCLE LISk OLtd bl lroPldolit

portion a irst remaining portion; providing a
carMFJdﬁnoﬁP’élearféﬁﬁ*v"aﬁfel%ag?é‘t"-é%ﬁﬂﬁt&ﬁnrncl udes a carbon

di oxi de p@B%Qab&’d‘ aaBQr@oxﬁQﬂlbﬁﬂ&e egeVaL 8§ ¥tem\IBLEH ncludes
20 sald,caron 410X 98205 QLR RNiQLhECsedHerhESs, Unldein
a carfo®
20 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
25 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
30 depleted gas stream a second recycle stream, having a third
carbon dioxide concentration, and to vield as said carbon

dioxide gas stream a first carbon dicxide 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

solvent to yield a rich solvent and a carbon di oxi de

depl eted gas stream and wherein said sol vent

regenerator provides for receiving said 25 rich

sol vent and separating carbon di oxide there from and

yiel ding said | ean solvent and a carbon di oxi de gas
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a hiighi8€! &sddevt byt RGXitdath On moal 8l & lepbRidPELt deadtor
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Secor%lgglllf 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
25 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 vent stream; and
combining at least a portion of said second split
portion, if any, and at least a portion of said fourth
30 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
portion to said carbon dioxide renpval systemas said
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 carbon di oxi de concentrati on,

and to yield as said carbon dioxide gas stream a
secbnd patkwh adi orFieed dit ckIdm VAP TorBPnf Ay carbon
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and at |east a portion of said fourth,30

st ridemtaFeh eRdpde AL FPEERGT VIR ERBI% @rfé’opoﬁﬁ?’%léjled in the
secxdrbeagdny. feed. 30 2. A nethod as recited in
§Iain11 wherein the fourth carbon dioxide

concentration is less than 3 nole percent, based on
thestat alatmxi eﬁs ebcttdy lienelaix\2genharrinc &higofoetdx icgzbon

nth dy SRChL es
I n cslrﬁ:%dre on e nt gﬁgo? Ourtlﬁ the %EBQ @szrﬁxcb £0ed Ness

cl ai carbon”™ di oxi d
conmmanzﬁamptw1pe;cﬁnttrhﬁﬁedng@ dre ﬁPEﬁ%(WQEQ?o°Fe%EPY1ene'

t hagy 2 A0k £g RELGRAL di basRd igncidechetat fddlags of
et hyl"ene, oxygen and carbon di oxide in the reactor

¢ eed. 10 4. A nethod as recited in claim3, wherein
thegf wmbahmrgmrtecdt@cxiﬂecmm ent whet@im ithei fotiieh carbon

f f 0.2 t t
bactiptie FPITIARLABE i aP BEhyee BF AL 8e8 1o less
carttom di. bxnolke ipertbet s dasedr o é@@ teosak modegeefcrkhwdene,
oPabfftsl fp@RodlonChitbiiucl 3 HFBbE01 el OF

epoxi lon catalyst is a silver-based
lzatal yst which includes a rheni um pronoter conponent,

ands t he (Rik88q ACtde¥ht¥d Caf ahySés icadmsi1-vEr whageth the high
catal yst that does not 20 contain a rhe |unh$ ?o ar 1 vst
ConBRREHEVLEY RWAARRLOD, CafBMETOIS PndL SHEURESEF Graly
rheﬂhi—lﬂi ¢QRPAeIta. rhenium promoter component, and the high
activity catalyst is a silver-based catalyst that does not
20 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

25 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

30 alpha alumina, and the amount of silver is in the range of

from 1 to 40 weight percent.
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6. A nmethod as recited in claim5, wherein the high

sel ectivity epoxidation catalyst conprises as a

support 25 nmaterial an al pha alum na, the amount of
silver is in the range of from1l to 40 wei ght percent,
and the anount of rheniumis in the range of fromO.1
to 10 m cronoles per gram based on the total weight
of catalyst; and wherein the high activity catalyst
conpr iAssesthsd assuppbtdad rut eny Af gAados alhavheredmagaid
and the [ ko1
40 %&?%} percen&p§£%%€ " §qﬁaﬂ%ﬂ%gga?g%}?Edaéﬁggaéeof
cl a¢ambobage. wherein said |ean solvent conprises an
aqueous solution of alkali netal carbonate. 5 8. A
method as recited in claim onpris ,
B nh AEPat (3%, GEBETD SaPRA i s AEF T FRBREDfing adding
al kil iag¥ebator aar Banatayuedus fsoiatthod af aldailt edetal

cl ai m 8, %urther conprising: 10 providing a second

car BHPORRGRt de absor ber operatively connected in
parallel with said carbon di oxi de absorber wherein

S SoRRR G UL IO e BRBP Ity L EnEARIRD 81 Blng:

recelrvin sai d second remal ni ng
lqborm:rcmdlag de ceRroadt F?ﬂéoqnh éit@wcteh abgPEPe SReSBF Vel t 0

t heé&méc@aevmepa;%mél l st salawatrbeﬁ Of o diedalhSaktich
recycle stream 10. nethogh ‘%FCF in.,claim

fur‘t’*FFé?elBoﬁfﬂ"i“ Sa56nd FRyRoPy a8 S?P%b; €q°f
car Mbl@llﬁgl @he lfdasuar besortdont derrsekiyl pemndj eeanbmimge gortion

Mass ran 8669-{% salgufg)a%r %QVQJ%QQ,G@%S{éb%ﬁ%rovme

tra recovery of car I oxid
15 romt shaaettaa ﬂ:csasbnaopoeramdoﬁomlftfs Fedvebe gridespti t
portion. 11. A nmethod as recited in claims8, further

conprising: 25 operating said carbon di oxi de absorber
so &8 tomgkbed e zecitrd tin ebrbbd dFfBRERRF comprising:

CONGSMAHALLEOMd B3t ethals $A dald dlrbosadiiniddi eBsskber to
concentration.
thereby provide enhanced mass transfer and a greatexr number
20 of theoretical trays and to improve the recovery of carbon
dioxide from said at least a portion of said second split

poxrtion.

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

carbon diocxide concentration.

12. A method as recited in any of claims 1-11, wherein said

30 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.
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12. A nmethod as recited in any of clains 1-11, wherein
said 30 first reactor feed conprises ethylene and
oxygen, in addition to a concentration of carbon .
di oxi.de, and said second reactor feed conprises '
et hyl ene and oxygen, in addition to a concentration of
carbon dioxide. 32 13. A process for manufacturing

et hyl ene: oxi de, conprising manufacturing ethyl ene

oxi de by operatipng an_ethyl ene i de m cturing
prd@ess'Wﬂgfﬁsﬁd@g%S@FPf%ﬁ%éng%Jﬁéyggm%gggg%'as

I eGdompgising mynafacthaimy ethyPene bkidd hyeohevating an
maki 2- et hanedi @l sl 2= h '

co ?.?%%%eg :°x-1§5tn%ﬁgnr?|9 %E%IE‘?I g%%cegst)?i ggf%/%gs S%%]é;d(:ess for
manispaoved ibyyachettiodnas geicdsedsin eyt of glaies gt 13,

and -converting ethylene oxide into 1,2-ethanedi ol or

the 1, 2-ethanediol ether. 33 - AVENDED SHEET
14. 2 method for making 1,2-ethanediol or a 1,2-

ethanediol ether comprising:
-obtaining ethylene oxide by a proceps for
manufacturing ethylene oxide as recited ip claim 13, and
-converting ethylene oxide into 1,2-ethanediq1 or
the 1,2-—éthanediol ether. '
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