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A METHOD CE MANUFACTURI NG ETHYLENE OXI PE Thi s
invention relates to 'the efficient manufacture of

et hyl ene oxide by the partial oxidation of ethylene
with 5 oxygen using a high selectivity epoxidation
catalyst. in recent years new highly selective

et hyl ene epoxidation catal ysts have been devel oped
that provide for selectivity benefits over
conventional high activity epoxidation catalysts.
Such hi gh sePe¥ETRAD PFC & EPEYLKENRVOXEDRM U. S.
Patents 4,761, 394 and 4, 766, 105. However, the high
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Under commercial operation of epoxidation processaes, the
epoxidation reactor feed is formed by adding fresh oxygen and
ethylene to a recycle gas stream which comprisés; besides
unreacted and recycled oxygen and ethylene, quantities of
carbon dioxide, water, and other gasas.

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

~based on the total epoxidation reactor feed.



1 FIG 1 denonstrates the inprovenent in catalytic
life and selectivity of a high selectivity catal yst

with plots of catalyst selectivity ("S",,in %, at a
given work rate, as a function of cunul ative ethyl ene
oxi de production ("P", in 5 kton/n8) for the inventive

use of a high selectivity epoxidation catalyst ("I")
as conpared to the conventional use of a hi gh
selectivity epoxidation catalyst ("I1") and th
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20 corresponding to the values for selectivity and reactor
coolant temperature presented in FIG. 1 and FIG. 2.

It has been discovered that in the use of high
selectivity epoxidation catalysts in the manufacture of
ethylene oxide by the partial oxidation of ethylene with

25 oxygen at constant conversion ox work rate great improvement
in the useful 1life of the catalyst and other benefits are
obtainable by altering the composition of the typical
epoxidation reactor feed. In an ethylene oxide process a
typical epoxidation reactor feed generally comprises

30 ethylene, oxygen and a concentration of carbon dioxide with
the concentration in most cases exceeding 4 mole percent of
the total moles of epoxidation reactor feed. This high

carbon diozide concentration in the epoxidation reactor feed



the total noles of epoxidation reactor feed. This high
carbon di oxi de concentration in the epoxidation

reactor feed 2 does not normally have a significantly
undesi rabl e inmpact on the catalytic performance
characteristics of high activity catalysts; however,
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20 that employs & lower reaction temperature for a given
ethylene oxide yield per quantity of epoxidation catalyst
when compared to an alternative epoxidation catalyst. And, a
high selectivity epoxidation catalyst is a catalyst, that for
a given temperature, provides for a greater percentage of a

25 converted feed that is converted to ethylene oxide product
than an alternative epoxidation catalyst.

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

30 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




30 catalytic performance characteristics. The nmateri al
of the supported silver-based catal ysts can be
selected froma w de range of porous support naterials
particularly those which are considered to be inert in
the 3 presence of the ethyl ene oxidation feeds,
products and reaction conditions. Such materials can
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20 the initial selectivity of the highly selective supported
silver-based catalysts and, more specifically, the initial
selectivity of the highly active supported silver-based
catalysts may be less than 85%. It is recognized, however,
that from a practical standpoint the highly active catalyst
25 will have some minimum selectivity. This minimum selectivity
value is believed to be no lower than 78%.

The term initial selectivity referred to herein means
the selectivity of the given catalyst when it is fresh and
unused. This recognizes that a catalyst can lose activity

30 with use. The initial selectivity of a given catalyst is
determined by measuring the selectivity of the catalyst using
a standard testing procedure. In this standard testing
procedure, a crushed catalyst (1.27-1.81 mm particle size,



the selectivity of the given catalyst when it is fresh
and unused. This recognizes that a catal yst can | ose
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given catalyst is determ ned by nmeasuring the
selectivity of the catalyst using a standard testing
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20 component, whereas, on the other hand, the high activity
catalysts contain, if any, an insignificant or nonpromoting
amount of a rhenium component. Also, in addition to the
rhenium component, the high selectivity catalysts can further
contain a promoting amount of an alkali metal promoter or a

25 further metal promoter, or both., Suitable high selectivity
catalysts are described in detail in U.S. Patents 4,761,394
and 4,766,105, which are incorporated herein by reference.

The high selectivity catalysts, thus, may comprise a
support material, a catalytically effective amount of gilver,

30 a promoting amount of rhenium and, optionally, a promoting
amount of one or more alkali metals and, optionally, a
promoting amount of one or more additional promoter metals.

The amount of silver in the high selectivity catalyst can be



catal ysts are described in detail in O S. Patents
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weight of the total catalyst (ppmw). Preferably, the amount
of alkali metal, when present, is in the range of from 10 to
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3000 ppmw, more preferably, from 15 to 2000 ppmw and, even
more preferably, from 20 to 1500 ppmw.

25 The optional additional metal promoter of the high
selectivity catalyst can be selected from the group of metals
consisting of sulfur, molybdenum, tungsten, chromium, and
mixtures of two or more thereof. The amount of additional
metal promoters in the high selectivity catalyst, if any, is

30 generally in the range of from 0.1 to 10 millimoles per
kilogram of total catalyst, and, preferably, from 0.2 to 5
millimoles per kilogram of total catalyst.



nore preferably, from20 to 1500 ppnw. 25 The optional
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The alkalli metal component can be present 1in the high
activity catalyst in the range of from a promoting amount
upwardly to 4000 ppmw. Preferably, the alkali metal is
present in the range of from 10 to 3000 ppmw and, more

25 preferably, from 15 to 2000 ppmw.

The inventive method includes contacting, under suitable
epoxidation reaction conditions, an epoxidation reactor feed
with a high selectivity epoxidation catalyst as defined
herein. The high selectivity epoxidation catalyst, in most

30 instances, is contained within an epoxidation reaction zone
defined by an epoxidation reactor that provides means for

contacting the epoxidation reactor feed with the high
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20 concentration of carbon dioxide in the epoxidation reactor
feed to be less than 1.5 mole percent of the total
epoxidation reactor feed, but, preferably, the carbon dioxide
concentration of the epoxidation reactor feed is maintained
below 1.2 mole percent and, most preferably, the carbon

25 dioxide concentration is below 1 mole percent. In the normal
practice of this invention, the concentration of carbon
dioxide in the epoxidation reactor feed is typically at least
0.1 mole percent, in particular at least 0.2 mole percent of
the total moles of epoxidation reactor feed.

30 As stated hereinbefore, under commerciazl operation of
epoxidation processes, the epoxidation reactor feed is formed

by adding fresh oxygen and ethylene to a recycle gas stream

which comprises, besldes unreacted and recycled oxygen and




epoxi dation reactor feed, but, preferably, the carbon
di oxi de concentration of the epoxidation reactor feed
is maintained below 1.2 nole percent and, nost
preferably, the carbon 25 di oxi de concentration is
below 1 nole percent. In the normal practice of this
invention, the concentration of carbon dioxide in the
epoxi dation reactor feed is typically at least 0.1
nol e percent, in particular at |east 0.2 nole percent
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20 provides for a catalyst selectivity exceeding 82 mole percent
for an epoxidation reaction temperature that is below 260 °C,
and it can even provide for a catalyst selectivity exceeding
85 mole percent for an epoxidation reaction temperature that
is below 250 °C. Preferably, the inventive method provides
25 for an epoxidation reaction temperature of less than 240 °C
for a catalyst selectivity exceeding 88 mole percent.
Suitable epoxidation reaction conditions of the
inventive method car include an epoxidation reaction zone
temperature maintained during the contacting of the high
30 selectivity epoxidation catalyst with the epoxidation reactor
feed that is at least 180 °C, for example in the range of
from 180 to 250 °C or from 180 to 240 °C; in particular at
least 190 °C, for example in the range of from 190 to 250 °C
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20 provides for a catalyst selectivity exceeding 82
nol e percent for an epoxidation reaction tenperature
that is below 260 C, and it can even provide for a
“catal yst selectivity exceeding 85 nole percent for an
epoxi dation reaction tenperature that is below 250 C
Preferably, the inventive nethod provides 25 for an
epoxi dation reaction tenperature of less than 240 C

for a catal yst selectivi exc ed| [
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20 For example, for making predominantly 1,2-ethanediocl and less
1,2~ethanediol ether, the ethylene ozxide may be reacted with
a ten fold molar excess of water, in a liquid phase reaction
in presence of an acid catalyst, e.g. 0.5-1.0 3w sulfuric

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

25 bar absolute, or in a gas phase reaction at 130-240 °C and
20-40 bar absolube, 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-

30 ether, tetra-ether or a subsequent ether. Alternative 1,2-
ethanediocl ethers may be prepared by converting the ethylene

oxide with an alcohol, in particular a primaxy alcohol, such
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ether may conprise, for exanple, reacting the ethylene
oxide wth water, suitably using an acidic or a basic
catal yst. 20 For exanple, for making predom nantly
1, 2-ethanedi ol and less 1, 2-ethanediol ether, the
et hyl ene oxide may be reacted with a ten fold nolar
excess of water, in a |liquid phase reaction in
presence of an acid catalyst, e.g. 0.5-1.0 %wv sulfuric
acid, based on the total reaction m xture, at 50-70 C
at a @stHzanolabs citlaepl prby weplacingpplisteaatast Pontian of
13Qh%4QSQ%?99 tﬁg)dggopgi absol ute, preferably in the
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20 most 40 carbon atoms, more typically at most 20 carbon atoms,

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

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

30 EXAMPIE 1

A high selectivity catalyst, containing silver and
promoting amounts of rhenium, lithium, cesium and sulfur on

alpha-alumina was tested in the production of ethylene oxide
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Unl ess specified otherw se, the | ow nol ecul ar wei ght
organi ¢ conpounds nentioned herein, for exanple the
1, 2- ethanediol ethers and reaction nodifiers, have
typically at 20 nost 40 carbon atons, nore typically
at nost 20 carbon atons, in particular at nost 10
carbon atons, nore in particular at npbst 6 carbon
atons. As defined herein, ranges for nunbers of
carbon atons (i.e. carbon nunber& i ncl ude the nunbers
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5I imting.unless, ot herw
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hi G SRR EhE SFF5Sn &1 o1 MFGALR BASTEIs NS G FRe catalyst

pr deit, | hy Afonnéstidough®operatiot hi Tie sesghtmodndatalyst

If d '
Sohigh 80 ALPRBA YILIBIPSALEA RPN e
t hirourdy Wbe?@iOQﬁ-rthhécB%@aﬂé}' %th)msThe)d@d@tl gD a

st YrBbSs %gebg&%gpggsgﬁq:gtor tube. The tube was

|rmersed In a nolten nmetal bath (heat nediunm at 180
10c, and The effEROdtiPRe Aubehaver@s c BAKER R dVED pdjugiad to

L I gw ?Wpeﬂc@ﬂﬁ cth¥lés; BASEBEhd I@_ter.-ﬁugﬂit tdkﬁrgéﬂi al ¥etume
ed, in.a "onc atlon e we 0
ooPariRrt GRBEPLn AL oHE B et oREF atgigin by volume
adj(pptred dtbydi oklcrigas ambuwikyogembelunteci ty of 3300

NE/(T hfhe %gﬁ%%ﬂt%treg% fﬁfee%ggéﬁﬁ\a@%e&S@s lS:P ed \sz at a

absol ut e. e conposition o as mxtu
Ladirase =f (18 %@e@ohem tgePgRn(C é@%yﬁ@ﬁeth@ wwreture was

pe@tagastwyéeeas th WehisR: PEbePiMn CRMPONs HOXEIEs w12
alrts

ion by vol une chl ori de,
anEeﬁ?%) tUge"ﬁh%a?W&eCthleeﬁégged}%ﬁélﬁ¥ i &hEagaf gdpture
be@agasdiwpadtdl 2.8t ppmv so as to obtain an optimum
selectivity of ethylene oxide foxrmation. The activity of the
20 catalyst is expressed as the temperature at which a 40 mole
percent oxygen conversion is achieved (T40); the selectivity
is the selectivity at the temperature T40. During the run
the catalyst was subject to degradation, and in order to
maintain a constant 40 mole percent oxygen conversion the
25 temperature was gradually increased. The results are given
in TABLE 1.
In three similar comparative tests, the concentration of
carbon dicoxide in the gas mixture was 5 to 7 percent volume,
instead of 1 percent volume. The average result of the three

30 comparative tests is also given in TABLE 1.
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10

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

et hyl ene oxide formation. The activity of the 20

catal yst is expressed as the tenperature at which a 40
nol e percent oxygen conversion is achieved (T40); the
selectivity is the selectivity at the tenperature
T40. During the run the catabysdis was subject to

de in order to maintain a constant 40
nd@zp%?wr n¥¥onversion the 25 tenper{dt ure| Wms
orjadhimaklide) WRafygaSed. The resulrts are given g3l ABPLEs
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ccﬁgkré? FPTREE Lty 3?@%9 iven in TABLE 1. |P5-$aBBE L
CC)Z&vcemagemdlathtf/&de&lﬁag raRap %maIa/mdml;ls 263 1pb.1
TAQ A1 240204 e getH-re
! A0 RERTR T o 40 T0YS SRVSEt GeProrTi® el e 86,0
85.1 Average sel ectivity decline rate %ol e/ nont h
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conversion The results In ow cl ear t hat
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a h| h selecﬁtV|t catalyst, in  respect of its
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Thiexaupl® (# at ed exanpl e presents data generated by a
20 PePEAAS BhYclRASl LolmfYeBLEILAY LhEa RRELOLERNGS, &

proprletary model for predicting the performance of a high

)-

selectivity epoxidation catalyst at the operating conditions
of an hourly space veloclty of 4700 N1/(1.h), a pressure of
21.7 barg, and a work rate of 184 kg/(m>.h) for a reactor

feed containing 25 mole percent ethylene and 8 mole percent

15 oxygen. The model is based on the correlation of actual

catalyst performance data gathered from numerous sources such
as micro-reactor activity data, pilot plant data and other
sources of catalyst performance data.

FIG. 1 presents the selectivity of a high selectivity

20 epoxidation catalyst as a function of the age of the catalyst

based on the cumulative ethylene oxide production in kton/m®
for the corresponding feedstock carbeon dioxide concentrations
presented in FIG. 3. The plots show that there is a strong
relationship between catalyst life and feedstock carbon

25 dioxide concentration and between selectivity and feedstock

carbon dioxide concentration. As is shown in FIG. 1, the
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selectivity epoxidation catal yst at the operating
conditions of an hourly space velocity of 4700

Nl /(l.h), a pressure of 21.7 barg, and a work rate of
184 kg/ (nB.h) for a reactor feed containing 25 nole
percent ethylene and 8 nol e percent 15 oxygen. The
nodel is based on the correlation of actual catalyst
performance data gathered from nunerous sources such

as mcro-reactor activity data, pilot plant data and
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géﬁ&a&t QP g@h&ﬂs; that are obtainable from 15

cessi ng anh epoXi dati on reactor feedstock having a

ZOIOMI FIG. 2 presents the reactor coolant temperature as a

30

function of the age of the catalyst used in the epoxidation
reaction for the corresponding feedstock carbon dioxide
concentrations presented in FIG. 3. The reactor coolant
temperature approximates the reaction temperature. As the
data demonstrate, the epoxidation catalyst of the inventive
method that processes an epoxidation reactor feedstock having
a low carbon dioxide concentration of less than 1 mole
percent (curve marked “I”) loses its activity at
significantly lower rate than the epoxidation catalyst of the
conventional method that processes an epoxidation reactor
feedstock having a significantly higher concentration of
carbon dioxide than that of the inventive method (curve
marked “II”). These data show that the stability of the high
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carbon di oxi de concentration. Further conparative data
relate to the use of a high activity catal yst operated
at greater than 4 nole percent carbon dioxide
concentration (curve marked "I11"). 20 FIG 2
presents the reactor coolant tenperature as a

function of the age of the catal yst used in the

epoxi dation reaction for the corresponding feedstock
carbon di oxi de concentrations presented in FIG 3.
Theeleckivitycertzidatiormaredyet cdrapproxiqfates ¥ae of

reqgki o E%@@Eﬂ%&eaafﬁriwe12531%&&@@:@@8&5@&@ heth
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d|6§V 0 Bh 3??%% ??HE% conpar ati ve data
relate to the use of a high activity catal yst
operated at greater than 4 nole percent carbon
di oxi de concentration (curve marked "111"). Wile this
has been described in terns of the presently
preferred enbodi nent, reasonable variations and
nodi fications 10 are possible by those skilled in the
art. Such variations and nodifications are within the
scope of the described invention and the appended
clainms. 15
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I. A nethod of manufacturing ethyl ene oxide, said

nmet hod conprises contacting a high selectivity

epoxi dation catalyst conprising a pronoting anmount of
rheni um under epoxidation reaction conditions at a
reaction tenperature below 260 C .with a reactor feed
conprising ethyl ene, oxygen, and a concentration of
car bon di oxi de, wherein skid concentration of carbon
dioxide is less than 2 nole percent based on the

total epoxidation reactor feed. 2. A nethod as recited
in claiml, wherein the tenperature is below 250 C
in particular in the rangegof ; 180 to 250 C 3. A
method as recited in clainmZz, in the tenperature
Is below 240 C, in particular in the range, of from
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nmost 1:5 nole percent of the total epoxidation

rea t ticular at nost 1 nole percent of

% heﬁt 'g%t*f"eiﬁ&xi” '?%1 in ghaimlf sbgrein vhersehperasure

ipebelad 450 ECaiim @arﬁMGuraf1ﬂhhghga£§Hgs of from 180 to

250 °c

3. A method as recited in claim 2, wherein the temperature
is below 240 °C, in particular in the range:of from 190 to
240 °¢C, |

4. A method as recited in any of c¢laims 1-3, wherein said
concentration of carbon dicxide is less than 1.5 mole
percent, in particular in the range of from 0.1 to leas than
1.5 mole percent, based on the total’ epoxiﬁatlon reactor
feed.

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

1.2 mol¢ percent, based on the total epoxidhtion reactor
feed.
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concenbration of the epoxidation reactor feed is in
the range of fromO0.01 to O0..5 nole percent, in
particular fromO0.1 to 0.35 nole percent, of the
total epoxidation reactor feed. 8. A nethod as recited
in any of claims 1+7, wherein said high selectivity
epoxi dation catal yst conprises a support naterial, a
catalytically effective anount of silver, and a _
pronoting anmount of rhenium 9. A method as recited in
claim8, wherein the support material is an al pha

al um na, the anount of silver is in the range. of

from1l to 40 weight percent, and the anount of
e of fromO0.1 to 10 m cronol es

jumi,s in the ran
%gsnh;,ﬁ’%ﬁﬁodoggeagw dnt any| OMIPﬁMB Oif?ﬁgﬂietiﬁﬁn %1?% |
; 1 4 RAs€ i or , - el nane
SLBET, GOTpLLoing. oDt A S Pa EeRyitr tBpdais ot
ne?ﬁ o o;rTrB nBPERant, pﬁgth@tmadn_epoxiutﬁa:ilaﬁ ﬁ:ﬁﬁbf;%g fded,
: i e ene. oxi
o aneaios - mel e YAEshE M Sal soRat epexigation

g 1«%§%éhanediol-or t he
%%é&jﬁD ET

7- A method as recited in claim 6, whereih the water
concentration of the epoxidation reactor feed is in the range
of from 0.01 to 0.5 mole percent, in parti¢ular from 0.1 to
0.35 mole percent, of the total epoxidation reactor feed.

8. A wmethod as recited in any of claims 147. wherein said
high selectivity epoxidation.catalyst compyises a support
material, a catalytically effective amount of silver, and a
promoting amount of rhenium,.

%. A method as iecited in claim 8, wherein the support
material is an alpha alumina, the amount of silver is in the
range. of from 1 to 40 weight percent, ang the amount of
rhenium is in the range of from 0.1 to 10 aficromoles per
gram, based on the total weight of catalyst:. '

10. A Wethod for making 1,2-ethanediol or a 1,2-ethanediol
aether comprising: '
—obtaining ethylene oxide by a method ©of- manufacturing
ethylens oxide as recited in any of claims 1-9, and
-converting ethylene oxide into 1,2-ethanediol or the

1,2-ethanediol ether, |
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