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(57) Abstract: The mvention relates to a process for the production of ethylene oxide, comprising the steps of producing ethylene
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L]

PRODUCTION OF ETHYL!

L]

PROCESS FOR TH.

The present i1nventlon relates to a process for the

pre——

production of ethylene oxide.

Ethylene oxide 1s used as a chemical 1ntermediliate,

—

primarily for the production of ethylene glycols but also for

—

the production of ethoxylates, ethanol-amines, solvents and

pre——

glycol ethers. It 1s produced by the direct oxidation of

ethylene with high-purility oxygen or alr. Several processes

for producling the ethylene starting material are known. For

example, 1t 1s known to steam crack hydrocarbon streams, such

as an ethane stream, a naphtha stream, a gasolil stream or a

hvdrowax stream, 1nto ethvlene. Further, 1t 1s known to

produce ethylene by oxidatilive dehydrogenation

pre——

(oxyvdehvydrogenation; ODH) of ethane. Yet another way toO

pre——

produce ethylene 1s by conversion of an oxygenate, such as

methanol, 1nto ethvlene.

All these ethylene production processes have 1n common

that before any subsequent step wherein the ethylene 1s

further converted 1nto useful chemical 1ntermedlates, the

ethvlene containing product stream has to be purified. For

example, the ethvlene containing product stream has to be

freed from ethane as the latter may 1nterfere 1n any

subsegquent step, so that a purifilied ethylene stream can be

—

fed to the subsequent step, such as the step of oxidatilon o:

B

—

ethylene. Sald ethane may originate from the feed for

producing the ethvylene. For example, the above-mentilioned
ethane steam cracking and ethane oxydehvdrogenation processes

may result 1n product streams which still contain unconverted

ethane 1n addition to the desilired ethylene product. Further,

such ethane may origlnate from ethylene production processes

whereiln ethane 1s produced as a by-product. For example, 1n
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gasoll or hydrowax steam

cracking and methanol to ethylene conversion processes,

ethane 1s produced as a by-product. Separatling ethane from an

pre——
p—

ethylene product stream may be done by use of an

ethylene/ethane splitter. Having to separate ethane from the

ethvlene 1s very cumbersome and results 1n a high expenditure

ethylene losses.

Further,

1n case sald purified ethvlene stream not

for producing ethylene and results 1n relatively high

contalning ethane 1s used to make ethylene oxide by

oxldation,

—

a ballast gas should be added. For 1n the

oxldatlion of ethvyvlene an oxidizilng agent, such as high-purity

oxXxygen or alr, 1s redgqulred.
oxXldation process was modi:
high-purity oxygen,
J.M. Kobe, W.E.

to control the sa:

Historically,

In 1958, the direct ethvlene

L]

pre——

"1led by Shell to allow the use of

B

rather than air, as the oxidant. See:

Evans, R.L. June, and M.F. Lemanski,

Fncyclopedla of Catalysis, Istvan Horvath, Ed., Wiley-
Interscience, v.3, p.2406, 2003.

Because an oxidizlng agent 1s requlired, 1t 1s 1mportant

—

e operability of the reaction mixture.

pre——

nitrogen was utilized as a ballast gas for the

industrial epoxidation of ethylene. Over the past thirty

pre——

vears, the use of methane ballast has gradually replaced

almost all commerclal nitrogen-ballasted processes. One

operabi.

—

function of a ballast gas 1s

—

and methane.

gas and

1n a high expenditure

pr—

An object of the present

OrOCesSS

ethylene and then producing ethylene oxide by oxidation of

—

thus Tto control this safe

1ty. Ballast gases that can be used 1n the production

—

of ethylene oxide by oxidation of ethvylene, are thus nitrogen
It 1s very cumbersome to provide such ballast
feed 1t to the ethylene oxidation unit, which results

for producling ethylene oxide.

lnvention 1s to provide a

—

for the production o:

- ethvlene oxide by producing

B
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sald ethylene, which process does not have the above

drawbacks.

Surprisingly, 1t was found that the above drawbacks are

pre——

avolded by means of an 1ntegrated process whereln ethylene 1s

produced resulting 1n a stream comprising ethylene and

ethane, whereln ethvlene and ethane from the latter stream
are subjected to oxildation condiltions resulting 1n the

deslred ethylene oxide

Accordingly, the present 1nvention relates to a process

pre——

for the production of ethylene oxide, comprising the steps

pre——
—

OL.,

produclng ethylene resulting 1n a stream comprising

ethylene and ethane;

producling ethylene oxide by subjecting ethylene and

ethane from the stream comprising ethvlene and ethane to
oxldation conditions resulting 1n a stream comprising

ethvlene oxide, unconverted ethylene and ethane; and

recovering ethylene oxilide from the stream comprising

ethvlene oxilde, unconverted ethylene and ethane.

—

An advantage of the present 1nventilion 1s that no ethane

has to be separated from the ethylene containing product

stream that results from the ethvlene production step. This

results 1n a much simpler overall process usling less

separation processes and equlpment. In additilion, the non-

separated ethane advantageously functions as a ballast gas 1n

the next ethylene oxidatlon step so that no or substantilially

less additional ballast gas needs to be added. Still further,

pre——

separation of the stream comprising ethylene and ethane

pre——

resulting from the ethvyvlene production step of the present

process 1s advantageously automatically, and at least

—

partially, effected 1n the ethylene oxilde production step

wherein the ethylene 1s consumed and converted 1nto ethylene

oxlde which can be separated more easily from the non-
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consumed ethane. All these and other advantages result 1n a

—

substantial reduction of expendiliture, for example savings on

costs for compression, refrigeration, etc. needed for

separating ethane from the ethylene. These and other

advantages are further described below.

GB1314613 discloses the use of ethane as a ballast gas 1n

—

the production of ethvlene oxide from ethylene. However, the

—

integrated process of the present 1nvention 1s not disclosed

and 1s nelther suggested 1n GB1314613.

The ethvlene oxidatlon step 1n the present process
results 1n a stream comprilising ethylene oxide, unconverted
ethvlene and ethane. The ethylene oxide can be recovered

—

ceaslly from such stream by means of methods known to the

skilled person. That 1s to say, ethvlene oxide may be

separated from sald stream comprilising ethylene oxide,
unconverted ethylene and ethane resultling 1n a stream

comprlising unconverted ethylene and ethane. The unconverted

ethylene and the ethane from the latter stream may be

recyvcled within the present process and advantageously be

converted and re-used, respectively, after such recycle.

After ethvlene oxide 1s separated from sald stream comprising

ethvlene oxide, unconverted ethylene and ethane and before

pre——

such recycle of the remaining unconverted ethylene and

ethane, any carbon dioxide 1s removed. That 1s to say, elther

part or all carbon dioxide 1s removed. Sailid carbon dioxide

may be produced 1n the ethvlene oxide production step. Ways

—
-

of removing carbon dioxide, such as a caustic wash, are known

to the skilled person.

Unconverted ethylene, and optionally ethane, from the

stream comprilising ethylene oxide, unconverted ethylene and

—

ethane resulting from the step of producling ethylene oxide

—

may be recvycled to that step of producing ethvylene oxide.

That 1s to say, elther part or all unconverted ethvlene, and
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optionally ethane, 1s recycled 1n such way. The recycled
unconverted ethvlene 1s then advantageously converted as vet
1n that ethylene oxidation step. Further, the recycled ethane

1s then advantageously re-used as a ballast gas 1n that

ethvlene oxidation step. In this embodiment, preferably, a

stream comprisling unconverted ethvlene and ethane 1s

separated from the stream comprising ethvlene oxide,

—
-

unconverted ethvlene and ethane resulting from the step o3

producing ethylene oxide, and 1s then recycled to the step o:

producing ethvlene oxide. Such recvycle has both said

pre——

advantages 1n that conversion of unconverted ethvlene 1nto

— —

"ected as vyet, whereas re-use o0f ethane

ethvlene oxide 1s e

—

as a ballast gas 1s also effected at the same time.

In cases whereln ethvlene 1s produced from a feed

contalning ethane 1n the ethvylene production step of the

present process, ethane from the stream comprising ethvylene

oxl1de, unconverted ethylene and ethane resulting from the

—

step of produclng ethylene oxlde may also be recycled to the

ethvlene production step. In the latter embodiment, ethane

from the stream comprising ethylene oxide, unconverted

pre——

ethvlene and ethane 1s recycled to the step of producing

ethyvlene. That 1s to say, elther part or all ethane 1s
recvcled 1n such way. This embodiment has the advantage that

more ethylene may be produced by recvyvcling unconverted ethane

whereas ethane that 1s still not converted after such recycle

wlll then automatically be re-used as a ballast gas 1n the

ethvlene oxildation step.

Further, 1n such cases whereln ethylene 1s produced from

B

a feed containing ethane 1n the ethylene production step O:

the present process, ethane from the stream comprising

ethvlene oxide, unconverted ethylene and ethane resulting

—

from the step of producing ethvyvlene oxide may also be

recycled to both the ethvlene productilion step and the
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ethvlene oxide production step. In the latter embodiliment,

ethane from the stream comprising ethvlene oxide, unconverted

pre——

ethylene and ethane 1s recycled to the step of producing

pre——

ethvlene and to the step of producing ethylene oxide. This

embodlment 1s 1llustrated 1n Figure 1.

Where in the present specification reference 1s made to

—

recycling to the "step of producing ethylene”™ or "ethvlene

—

production step", or recycling to the "step of producing

ethvlene oxide", "ethvlene oxide production step" or

"ethylene oxidation step", such steps not only cover the

pre—— pre——

step(s) of production of the desired product 1n guestion but

— —

also the step(s) of work-up of the product stream 1n

question.

—

In the flow scheme of Figure 1, stream 1 comprising a

feed containing ethane 1s fed to ethylene production unit 2.
Stream 3 comprising ethylene and ethane and stream 4

comprilsing an oxldlzing agent, such as high-purity oxygen or

alr, are fed to ethvlene oxide production unit 5. Stream ©
comprising ethylene oxide, unconverted ethvlene, ethane and

carbon dioxide 1s sent to ethylene oxilde separation unit 7.

Fthylene oxide 1s recovered vilia stream 8. Further, stream 9
comprlsing unconverted ethylene, ethane and carbon dioxide 1s

split 1nto two substreams 9a and 9b. Substream 9a 1s recycled

to ethvlene oxide productilion unit 5. Substream 9b 1s fed to

carbon dioxide removal unit 10. Stream 11 comprising

unconverted ethvlene and ethane 1s split i1nto two substreams

11la and 1lb. Substream lla 1s recycled to ethylene oxide

production unit 5. Substream 11lb is fed to ethvlene/ethane
separation unit 12. Stream 13 comprilising unconverted ethvlene
and stream 14 comprilising unconverted ethane are recycled to
ethvlene oxide production unit 5 and to ethylene production
unit 2, respectively. Further, a third stream may be

separated in ethvlene/ethane separation unit 12, namely a top
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bleed stream comprising uncondensable components, such as

oxygen and/or argon (said third stream not shown in Figure

1). Sti1ill further, stream 3 may be subjected to

hyvdrotreatment 1n a hydrotreater unit before entering
ethvlene oxide production unit 5 (said hydrotreater unit not
shown 1n Figure 1) to convert any acetvlene present.

pr—

An embodiment of the present i1nvention, whereln ethane

from the stream comprilising ethvylene oxilide, unconverted

pre——

ethylene and ethane resulting from the step of producilng

ethvlene oxlide 1s not recycled to the ethylene production

step but only to the ethylene oxide production step, 1S

11llustrated 1n Figure 2. In the latter embodiment, ethane

from the stream comprising ethylene oxide, unconverted

—

ethylene and ethane 1s only recycled to the step of producing

ethvlene oxide. Such embodiment especlally applies

advantageously to cases where during ethylene production

ethane 1s produced as a by-product, as for example 1n the

above-mentioned methanol to ethylene conversion process.

pr— pr—

For an explanation of the flow scheme of Figure 2,

reference 1s made to the above explanation of the flow scheme

pre——

of Figure 1, the only di

pre——

"erence being that 1n the flow

pre——

scheme of Filgure 2 stream 14 1s not recycled to ethylene

production unit 2.

—

In the ethylene oxide productilion step of the present

process, ethylene oxide 1s produced by subjecting ethylene

and ethane from the stream comprising ethylene and ethane,

origlnating from the ethvylene production step, to oxidation
conditions resulting 1n a stream comprilising ethvlene oxide,
unconverted ethvlene and ethane.

—

An advantage of the present process 1s that the product

stream resulting from the ethvyvlene production step also

comprises ethane, 1n addition to ethylene that 1s to be

oxXxldized 1n the next step. Ethane 1s a suitable ballast gas
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1n the oxidation of ethylene. As discussed above,

PCT/EP2012/050923

nitrogen or methane 1s added as a ballast gas 1n the

pre——

normally

oxldation of ethylene. Now that 1n the present invention,

ethane present 1n the ethvlene containing product stream

resulting from the ethylene productilion step

ballast gas 1n the ethvlene oxide production step,

—

substantially less of a separate ballast gas, such as

functions as a

no or

nitrogen or methane, has to be added. This results 1n a much

pre——

simpler and more e

"1clent ethylene oxilidation process.

In the present 1nvention, additional ballast gas,

such as

nitrogen or methane, may be added to the ethylene oxilde

production step. However, 1t 1s also envisaged 1n cases

wherein ethvlene 1s produced from a feed contalning ethane 1n

—

the ethylene production step of the present process,

that the

conversion 1n the ethvlene production step 1s tuned dependilng

pre——

on the desired amount of ballast gas needed 1n the ethvlene

pre——

oxXxlde production step. That 1s to say, 1n case the demand for

ballast gas 1n the ethvlene oxide production step 1s

relatively low, conversion 1n the ethylene productlon step

may be set higher such that relatively less unconverted

ethane 1s present 1n the product stream resulting

from the

ethvlene production step. And, conversely, 1n case the demand

for ballast gas 1n the ethvylene oxilide productlon step 1s

relatively high, conversion 1n the ethylene production step

may be set lower such that relatively more unconverted ethane

1s present 1n the product stream resulting from the ethylene

production step. Alternatively, conversion 1n the ethvlene

production step may be kept constant and additional ballast

gas, such as nitrogen or methane, may be added to the

ethvlene oxide production step, as mentioned above.

example, the conversion 1n the ethvlene production step of

the present process may randge from o> to 90%,

to 00%.

sultably

For

—
e

from 10
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pr—

In the ethylene oxide production step of the present

process, ethylene and ethane from the stream comprising
ethylene and ethane are contacted wilith an oxidiziling agent.

The oxi1dlzing agent may be high-purity oxygen or alr, but 1s

preferably high-purity oxyvgen which may have a purlty Jgreater

than 90%, preferably dgreater than 95%, more preferably

greater than 99%, and most preferably greater than 99.9%.

Typlcal reaction pressures are 1-40 bar, sultably 10-30 bar,

and typical reaction temperatures are 100-400°C, suitably

200-300°C.

—

Further, the amounts of ethylene and ethane,

B

respectively, as fed to the ethylene oxide production step of

—
o

the present process, may be of from 10 to 90 wt.%3, sultably

of from 20 to 80 wt.s of ethylene, and 90 to 10 wt.%,

pre——

sultably of from 80 to 20 wt.% of ethane, respectively, all

pre——
p—

sald amounts based on Tthe total amount of the stream or the

streams comprising ethvlene and/or ethane as fed to said

ethvlene oxide production step.

pr—

The minimum amount of ethvlene as referred to above may

be 1 wt.%, 5 wt.%, 10 wt.%, 20 wt.%, 25 wt.%, 30 wt.% or 35

pre——

wt.%3. The maximum amount of ethylene as referred to above may

o3
(D
N®

9 wt.%, 95 wt.%, 90 wt.%, 80 wt.%, 70 wt.%, 60 wt.%, bbb

pre——

wt.%, b0 wt.% or 45 wt.%. The minimum amount of ethane as

referred to above may be 1 wt.%, 2 wt.%s, 10 wt.%, 20 wt.3, 25

—

wt.%, 30 wt.% or 35 wt.%. The maximum amount of ethane as

, 95 wt.%, 90 wt.%, 80 wt.%,

o\©

referred to above may be 99 wt.

70 wt.%, 060 wt.%3, 55 wt.3, 50 wt.% or 45 wt.3.

Further, 1t 1s preferred that 1n the ethvlene oxide

pre——

production step of the present process, the ethylene and

ethane are contacted wilith a catalyst, preferably a silver

contalning catalyst. A typlcal reactor for the ethylene oxilde

—

production step consilists of an assembly of tubes that are

packed with catalyst. A coolant may surround the reactor
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_10_

tubes, removing the reaction heat and permittling temperature

control.

In case a si1lver contalning catalyst 1s used 1n the

pre——

ethvlene oxide production step of the present process, the

sllver 1n the silver contalning catalyst 1s preferably 1n the

—

form of silver oxilide. Preferred 1s a catalyst comprising

particles wherein silver 1s deposited on a carrier. Sultable

carrlier materials i1nclude refractory materials, such as

alumina, magnesilia, zlrconla, silica and mixtures thereof. The

catalyst may also contaln a promoter component, e.g. rhenium,

tungsten, molvyvbdenum, chromium, nitrate- or nitrite-forming

—
e

compounds and combinations thereof. Preferably, the catalyst

—
o

1s a pelletized catalyst, for example 1n the form of a fixed

catalyst bed, or a powdered catalyst, for example 1n the form

pre——

of a fluildized catalyst bed.

pr—

The nature of the ethvlene oxidation catalyst, 1f any, 1s

B

pre——

not essentlial 1n terms of obtalning the advantages of the

B

present 1nvention as described herein. The amount of the

—
o

ethvlene oxilidation catalyst 1s neilither essential. If a

—

"ectlve amount

catalyst 1s used, preferably a catalytically e

pre—— pre——

of the catalyst 1s used, that 1s to say an amount su

"1clent

to promote the ethvlene oxidation reaction. Although a

pre——

speclific quantity of catalyst 1s not critical to the

pre——

lnvention, preference may be expressed for use of the

catalyst 1n such an amount that the gas hourly space velocity

(GHSV) is of from 100 to 50,000 hr *, suitably of from 500 to

20,000 hr ', more suitably of from 1,000 to 10,000 hr ', most
suitably of from 2,000 to 4,000 hr *'.

In the present specification, "GHSV" or gas hourly space

pre——

veloclity 1s the unit volume of gas at normal temperature and

pressure (0 °C, 1 atmosphere, i.e. 101.3 kPa) passing over

—

one unit volume of catalyst per hour.
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_11_

A moderator, for example a chlorohvydrocarbon such as

monochloroethane (ethyl chloride), vinyl chloride or

dichloroethane, may be supplied for catalyst performance

pre——

control 1n the ethvlene oxide production step of the present

5 process. Most sultably, ethyl chloride 1s used.

Moderators that can be suitably used 1n the ethvlene

—

oxX1lde productlion step of the present process are also

B

disclosed 1n above-mentioned GR13140613, the dilisclosure of

which 1s hereln incorporated by reference. GB1314613

pre——

10 discloses the use of an 1nhibitor (that 1s to say, a

moderator), selected from ethylene dichloride, vinyl

chloride, dichlorobenzene, monochlorobenzene,

dichloromethane, and chlorinated phenvyls, chlorinated

B

biphenyls and chlorinated polyphenyls, 1n the production of

15 ethylene oxide from ethylene.

pr— pr—

The nature of the moderator, 1f any, 1s not essential 1n

pre—— pre——

terms of obtalning the advantages of the present 1nvention as

—

described herelin. The amount of the moderator 1s neilither

—

essential. The amount of such moderator 1n the reaction

20 mixture may range from 1 part per million by volume (ppmv) to

pre——

2 vol.%, sultably 1 to 1,000 ppmv. The minimum amount of

moderator 1n the reactilion mixture may be 0,1 ppmv, 0,2 ppmv,

0,25 ppmv, 1 ppmv, 2 ppmv, 5 ppmv, 10 ppmv or 50 ppmv. The

pre——

maxlimum amount of moderator 1n the reaction mixture may be 2

25 wvol.3, 1 vol.%, 1,000 ppmv, 800 ppmv or 700 ppmv.

pr—

A sultable range for the amount of moderator that can be

—

used 1n the ethvlene oxilde production step of the present

process 1s also disclosed 1n above-mentioned GB1314613 1n

pre——

relation to the above-mentioned group of specific 1nhibitors

30 (that 1s to say, moderators) as disclosed 1n said GB1314613,

—

the disclosure of which 1s hereln 1ncorporated by reference.

pr—

FExamples of ethvlene oxildation processes, 1ncluding

catalysts and other process conditilions, are for example
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disclosed 1n US20090281345 and above-mentioned GB1314613, the

—

disclosures of which are hereln 1ncorporated by reference.

pre—— pre——

All of these ethvlene oxildatlon processes are sultable for

pre——

the ethvylene oxidatlon step of the present 1nvention.

—

In accordance with the present 1nvention, the process for

producing ethvlene 1n the ethylene production step may be any

process as long as 1t results 1n a stream comprilising ethvlene

— —

and ethane. One example of such process 1s a process for

steam cracking hydrocarbon streams, such as an ethane stream,

a naphtha stream, a gasoll stream or a hydrowax stream, 1nto

ethvlene. The product stream resulting from such steam

cracking process will always contaln, 1n addition to the

ethylene product, some unconverted ethane and/or ethane by-

product.

In the present specification, "naphtha" refers to a

mixture comprising saturated hydrocarbons which have a

boiling point ranging from 20 to 200°C. Generally, said

hydrocarbons have between 5 and 12 carbon atoms. Further,

"gaso1l" refers to a mixture comprising saturated

hydrocarbons which have a boilling polnt ranging from 200 to

600°C, and "hydrowax" refers to a mixture comprising

saturated hydrocarbons which have a boililing point ranglng

from 250 to 700°C.

The steam cracking process 1s performed at elevated

—
e

temperatures, preferably in the range of from 650 to 1000°C,

—
o

more preferably of from 750 to 950°C. The conversion 1is

—
-

typlcally 1n the range of from 40 to 75 mol3, based on the

pre—— pre——

total number of moles of hydrocarbon provided to the cracking

zone. Hydrocarbon stream steam cracklng processes are well

known. Reference 1s for 1nstance made to Kniel et al.,

Fthylene, Keystone to the petrochemical industry, Marcel

Dekker, Inc, New York, 1980, 1n particular chapter 6 and 7.
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Hereinbelow, the present i1nvention and 1ts advantages are

further 1llustrated with reference to a process whereilin the

ethvlene 1s produced by oxidative dehvdrogenation

(oxyvdehydrogenation; ODH) of ethane.

In one embodiment, the present 1nvention relates to a

—

process for the production of ethvylene oxide, comprising the

—
o

steps o1f:

produclng ethvylene by subjecting a stream comprilising

ethane to oxydehvdrogenation conditilions resultling 1n a stream
comprising ethvylene and unconverted ethane;

produclng ethvlene oxide by subjecting ethylene and

unconverted ethane from the stream comprising ethylene and

unconverted ethane to oxidation conditilons resulting 1n a

stream comprilising ethylene oxide, unconverted ethvlene and

unconverted ethane; and

recovering ethylene oxilde from the stream comprising

ethvlene oxide, unconverted ethvlene and unconverted ethane.

Preferably, 1n the above-mentilioned ethane

oxydehvdrogenation embodliment, a stream comprilsing

unconverted ethvylene and unconverted ethane 1s separated from

the stream comprising ethylene oxide, unconverted ethvlene

pre——
p—

and unconverted ethane and 1s recycled to the step of

producing ethvlene oxide. Further, preferably, sald separated

stream comprilising unconverted ethylene and unconverted ethane

1s further separated 1nto a stream comprising unconverted

—

ethvlene which 1s recvyvcled to the step of produciling ethvlene

oxlde and a stream comprilising unconverted ethane which 1s

pre——

recycled to the step of producling ethvlene.

In addition, advantageously, the latter separation 1s not

pre——

critlical so that a complete separation of ethane from

ethvlene 1s not needed. In the ethane oxydehydrogenation

—

embodiment of the present i1nvention, ethane 1s both starting

material 1n the ethylene production step and ballast gas 1n
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the subsequent ethylene oxide production step. All that
matters 1s that the separated substream which comprises more
ethvlene than the other separated substream 1s recycled to

pre——

the step of producing ethvyvlene oxide, whereas the other

pre——

separated substream 1s recycled to the step of producing

ethylene.

pr—

Before recycle of sald streams, carbon dioxide may be

removed partilially or completely, 1n a way as 1s for example

discussed above with reference to Figures 1 and 2.

pr—

The flow schemes of Figures 1 and 2 are equally

pre——

appllicable to the ethane oxyvdehvyvdrogenation embodlment of the

present 1nvention as described above, with the proviso that

1n the latter embodiment oxidizing agent should not only be

fed to ethylene oxide production unilt 5 but also to ethylene

production unit 2 (the latter oxidizing agent feed 1s not
shown 1n Figures 1 and 2).
The same advantages as described above apply to the

—

ethane oxvdehvyvdrogenation embodlment of the present

invention.

—

An additional advantage of the ethane oxydehvdrogenation

pre——

embodiment of the present 1nvention 1s that there 1s no need

pre——

to remove remalning oxidizing agent, 1f any, from the product

stream resulting from the ethylene production step, because
oxX1ldlzlng agent 1s needed anyway 1n the subsegquent production

of ethvlene oxide. For example, US20100250432 addresses the

cumbersome requlrement to elimlnate unreacted oxygen from an

ethane oxydehvdrogenation product stream.

—

Further, advantageously, the same source of oxidizing

pre——

agent as used for feedlng oxidilizing agent to the ethylene

pre——

oxXxlde production step of the present process, can be used for

B

feeding oxidilizing agent to the ethylene production step of

—

the ethane oxvdehydrogenation embodliment of the present

process. This 1s 1llustrated 1n Flgure 3. For an explanation
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— —

of the flow scheme of Figure 3, reference 1s made to the

—

above explanation of the flow scheme of Figure 1, the only

pre——

difference being that 1n the flow scheme of Figure 3 there 1s

an additional stream 15 comprising an oxildizing agent which

1s fed to ethvlene production unit 2 and which originates

from the same source used for stream 4 comprising an

ox1ldizing agent which 1s fed to ethylene oxide production

unit 5.

—

In the ethylene production step of the above-mentilioned

pre——

ethane oxvdehvdrogenation embodlment of the present

lnvention, a stream comprilising ethane 1s contacted with an

ox1ldizing agent, thereby resulting 1n oxilidative

—

dehydrogenation of the ethane i1nto ethylene. The oxidizing

agent may be high-purity oxygen or alr, but 1s preferably

high-purity oxvyvgen which may have a purity greater than 90%,

preferably greater than 95%, more preferably greater than

99%, and most preferably greater than 99.9%.

Further, 1t 1s preferred that the stream comprising

ethane 1s contacted with a catalyst. The catalyst may be a

metal oxide catalyst, preferably a mixed metal oxide catalyst

which 1s a metal oxide catalyst contailning two Or more

pre——

"erent

different metals, preferably at most four or five di

metals. Preferably, the catalyst 1s a pelletized catalyst,

pre——
—

for example 1n the form of a fixed catalyst bed, or a

—
e

powdered catalyst, for example 1n the form of a fluildized

catalyst bed.

—

Fxamples of ethane oxydehydrogenation processes,

pre——

including catalysts and other process conditions, are for
example disclosed 1n US7091377, W02003064035, US20040147393,
WO2010096909 and above-mentioned US20100256432, the

—

disclosures of which are herein i1incorporated by reference.

A sultable ethane oxvdehydrogenation catalyst 1s a mixed

metal oxide catalyst containing molybdenum, vanadium,
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tellurium and niobium as the metals, which may have the

following formula:

MoV TepNb Oy

wherein a 1s from 0.01 to 1, b 1s from >0 to 1, ¢ 1s from >0

to 1, and n 1s a number which 1s determined by the wvalency

— —
e

and frequency of elements other than oxygen. The nature of

the ethane oxvdehydrogenation catalyst 1s not essential 1n

— —

terms of obtaining the advantages of the present i1nvention as

described hereiln.

pr— pr—
—

The amount of the ethane oxydehydrogenation catalyst, 1f

pre——

any, 1s nelther essentilial. If a catalyst 1s used, preferably

— —

"ectlve amount of the catalyst 1s used,

a catalytically e

—

that 1s to say an amount sufficient to promote the ethane

—
-

oxvdehydrogenation reaction. Although a specific quantity of

catalyst 1s not critical to the 1nvention, preference may be

pre——

expressed for use of the catalyst 1n such an amount that the

gas hourly space velocity (GHSV) 1s of from 100 to 50,000 hr

1

, suitably of from 200 to 20,000 hr ', more suitably of from

300 to 10,000 hr !, most suitably of from 500 to 5,000 hr t.

In the ethane oxydehvdrogenation embodiment of the
present 1nvention, typlcal reaction pressures are 0.1-20 bar,

sultably 1-10 bar, and typilcal reaction temperatures are 100-

600°C, suitably 200-500°C.

In general, the product stream resulting from the

ethvlene production step 1n the ethane oxydehvdrogenation

—

embodliment of the present 1nvention comprilises water 1n

addition to ethvlene and unconverted ethane. Water may easily

be separated from said product stream, for example by cooling

down the product stream from the reaction temperature to a

lower temperature, for example room temperature, so that the

water condenses and can then be separated from the product

sTream.
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Preferably, water 1s separated from the product stream

resulting from the ethylene production step 1n the ethane

pre——

oxvdehvyvdrogenation embodliment of the present 1nvention, and

the resulting product stream 1s then sent directly to the

next step, that 1s to say the ethylene oxidation step. In

this way, advantageously there 1s not any 1ntermediate step,

other than said water removal. Therefore, there 1s no need to

separate ethvylene from unconverted ethane and/or to remove

any carbon monoxide or carbon dioxide prior to the ethylene

oxXxldation step.

—

Preferably, at least part of the ethvlene oxide 1s

—

converted to monoethylene glycol (MEG), which 1s a useful

ligquid product. The conversion of ethylene oxide to MEG may

be done using any MEG produclng process that uses ethvlene

oxlde. Typlcally the ethylene oxide 1s hydrolysed with water

to MEG. Optionally, the ethvlene oxide 1s first converted

wlth carbon dioxide to ethylene carbonate, which 1s

subsequently hydrolyvsed to MEG and carbon dioxide. The water

1s provided to the MEG zone as a feed containing water,

pre

from the MEG zone as a MEG-comprilising e

ferably pure water or steam. The MEG product 1s obtalned

pre——

“luent. Suitable

pre——

processes for the production of ethvlene oxide and MEG are
described for 1nstance 1n US2008139853, US2009234144,
Us2004225138, US20044224841 and US2008182999, the disclosures

—

of which are hereln i1ncorporated by reference.
The 1nvention 1s further i1llustrated by the followilng
Example.

Example

In this experiment, ethvlene was oxidized 1nto ethylene

oxlde (EO) over a rhenium-contalning catalyst prepared

according to US20090281345 and having a silver content of
17.5 wt.

—
e

—

, Uslng alr as a source of oxygen (oxidlzing agent),

o\©
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usilng ethane as ballast gas, and using ethyl chloride (EC) as

moderator.

The experlment was performed 1n a “single-pass” or “once-
through” mode wilithout any recycle. An 1nlet gas stream was
contacted with the catalyst 1n a U-shaped tubular steel

mlcroreactor that was 1mmersed 1n a temperature-controlled

B

molten metal bath. The i1inlet gas stream comprised 25 vol.% of

ethvlene, 8.3 vol.% of oxygen, 0.6 vol% of carbon dioxide,

pre——

260 parts per million by volume (ppmv) of EC, 32.3 vol.% of

ethane, the balance comprising nitrogen origlnating from the

pre——
—

alr that was used as the source of oxygen and from the blend

containing EC that was used as the moderator.

pr—

ow rate of 254 cc/minute was directed through a

pr—  —
p—

A gas

—

4.6 g charge of catalyst, providing a gas hourly space

velocity (GHSV) of 2,850 hr . Total pressure was 1lo.5 bar

pre——

gauge. Generation of 3.48 vol.% EO 1n the product stream

pre—— pre——

corresponded to a work rate of 195 kg of product per cubic

—

meter of catalyst bed per hour (kg/m?/hr). The catalyst

temperature to achieve said target work rate was 244 °C.

—

Results of the experiment are shown 1n Table 1 below. The

experlment shows that ethane can be used as a ballast gas 1n

pre——

the oxidation of ethylene to EO. In addition, when using

pre——

ethane as ballast gas, the selectivity of the ethvlene

oxldation reaction to EO 1s high. Furthermore, ethane 1s

converted to only a small extent.

Table 1
OxXygen conversion 46.0%
Ethylene conversion 15.2%
Ethane conversion 0.7%
Selectivity of conversion of ethvlene to EO 38.9%
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C L AIMS

—

1. Process for the production of ethylene oxide, comprilising

pre——
p—

the steps of:

producing ethvylene
ethylene and ethane;

producing ethylene

ethane from The stream

resulting 1n a stream comprising

oxlde by subjecting ethylene and

comprilising ethylene and ethane to

oxldation condltions resulting 1n a stream comprising

ethyvlene oxilde, unconverted ethylene and ethane; and

recovering ethylene oxide from the stream comprising

ethvlene oxide, unconverted ethvlene and ethane.

2. Process according to claim 1, whereln unconverted

ethyvlene from the stream comprising ethvlene oxide,

unconverted ethylene and ethane 1s recycled to the step of

B

producing ethvlene oxide.

3. Process according to clailm 2, whereln a stream comprlising

unconverted ethylene and ethane 1s separated from the stream

comprising ethvlene oxilde, unconverted ethvlene and ethane

and 1s recycled to the

—

step of producing ethylene oxide.

—

4. Process according to any one of the preceding clalms,

whereln ethvlene 1s produced from a feed containing ethane,

and ethane from the stream comprising ethylene oxide,

unconverted ethylene and ethane 1s recycled to the step of

producing ethylene.

B

5. Process according to claim 1, wherein ethvlene 1s

produced from a feed contalning ethane, and ethane from the

stream comprilising ethylene oxilde, unconverted ethvlene and

pre——

ethane 1s recycled to the step of producling ethylene and to

pre——

the step of producing ethvyvlene oxide.

pr—

6. Process according to any one of the preceding claims,

—
o

comprising the steps of:
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producing ethvlene by subjecting a stream comprilising
ethane to oxydehvdrogenation conditilions resultling 1n a stream

comprlising ethylene and unconverted ethane;

produclng ethvlene oxide by subjecting ethylene and

unconverted ethane from the stream comprising ethylene and
unconverted ethane to oxidation conditions resulting 1n a

stream comprilising ethylene oxide, unconverted ethvlene and

unconverted ethane; and

recovering ethvlene oxilide from the stream comprising
ethvlene oxilde, unconverted ethylene and unconverted ethane.
/. Process according to clalm 6, wherein a stream comprising

unconverted ethylene and unconverted ethane 1s separated from

the stream comprising ethylene oxide, unconverted ethvlene

and unconverted ethane and 1s recycled to the step of

producing ethylene oxide.
8. Process according to claim 6 or 7/, whereln a stream

comprlsing unconverted ethylene and unconverted ethane 1s

separated from the stream comprising ethvlene oxide,
unconverted ethylene and unconverted ethane, the stream
comprising unconverted ethylene and unconverted ethane 1s
separated 1nto a stream comprilising unconverted ethylene which

pre——

1s recycled to the step of producing ethvlene oxide and a

stream comprilising unconverted ethane which 1s recycled to the

pre——

step of produclng ethylene.

—

9. Process according to any one of the preceding claims,

whereln at least part of the ethylene oxilide 1s converted to

monoethylene glycol.
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