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MICROCHANNEL APPARATUS FOR UNIT OPERATIONS FOLLOWING ETHYLENE OXIDE PRODUCTION

Field of the Invention

The present invention relates to improvements in

process operations involving particularly hydrocarbons.

The process improvements envisaged find especial

P

5 application in the production of olefin oxide from olefin

and oxygen and in its optional further conversion.

ﬁ

Background of the Invention

When operating on a commercial scale, process

operations have to meet a number of important design

10 criteria. In the modern day environment, process design

p—

has to take account of environmental legislation and keep

to health and safety standards. Processes that utilise or

produce dangerous chemicals pose particular problems and

phr—

ocften, 1n order to minimise risks of explosion or

15 reaction runaway, such process operations have to be run

at conditions that are not optimal; this increases the

ﬁ

running costs of a plant (the operational expenditure or

OPEX) . Such processes may also have to utilise more

equlpment than 1s necessary just to perform the process;

20 this leads to an increase in building costs (the capital

expenditure or CAPEX).

There 1s an on-going need to provide process

operations that can reduce CAPEX and OPEX costs and

—

particularly without increasing the risk of damage to the

25 plant and danger to the public and/or to the process

plant workers.

F

Summary of the Invention

The present invention provides for the utilisation

-

of microchannel apparatus 1n process operations. Such

30 apparatus have previously been proposed for use in
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certain specific fields of application but have not

previously been proposed to provide the combination of

reduced CAPEX and/or OPEX with maintained or reduced

plant safety risks.

In one aspect the i1nvention provides a process for

ﬁ

the cooling of a gaseous mixture comprising ethylene

oxide, which comprises

a) conveylng the mixture to one or more process

P

microchannels of a microchannel apparatus, and then

pb) flowing a heat conducting material through the

microchannel apparatus countercurrently to, co-currently

)

wlth, or cross-currently with, the direction of flow o:

the mixture through the apparatus.

In a preterred aspect the 1nvention provides a

—

process for concentration or purification of ethvlene

oxlde, which comprises

a) absorbing ethylene oxide from a first gaseous

stream which comprises ethylene oxide with a suitable

absorbent,

) desorption of the ethylene oxide in a

distillation unit to form a second gaseous stream

containing ethylene oxide, and

c) recoverlng ethylene oxide,

P

whereln the second gaseous stream of step b) 1is

-
.

condensed 1n one or more process microchannels of a

microchannel apparatus. Apparatus which 1s suitable to

r—

perform step b) of this process 1s also provided.

H F

Brief Description of the Drawings

FIG. 1 shows a schematic drawling of a microchannel

reactor and 1ts main constituents.

ﬁ

FIG. 2 shows a schematic drawing of a typical

ﬁ

example of a repeating unit which comprises process

microchannels and heat exchange channels and 1ts

r

operation when 1n use 1n the practice of the invention.

A
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microchannel apparatus or reactor utilised in this

invention may comprise a plurality of such repeating

units.

F
—

FIG. 3 shows a schematic drawing of an example of a

process for the purification of ethylene oxide according

to the 1nvention.

Detalled Description of the Invention

The present 1nvention provides processes that

utilise microchannel apparatus for physical operations.

P

Hereinafter a discussion of such apparatus is given.

Microchannel reactors suitable for use in this
1nvention and their operation have been described in
WO-A-2004/099113, WO-A-01/12312 , WO-01/54812,
US-A-0440895, US-A-0284217, US-A-0451864, US-A-6491880,
US-A-0660060909, US-A-06811829, US-A-6851171, US-A-6494614,
US-A-6228434 and US-A-6192596. Methods by which the

microchannel reactor may be manufactured and operated, as

described i1n these references, may generally be

applicable 1n the practice of the present invention.

With reference to FIG. 1, microchannel reactor 100

may be comprised of a header 102, a plurality of process

microchannels 104, and a footer 108. The header 102

provides a passageway for fluid to flow into the process

microchannels 104. The footer 108 provides a passageway

pr—
.

for fluid to flow from the process microchannels 104.

P

The number of process microchannels contained in a

microchannel reactor may be very large. For example, the

number may be up to 10°, or even up to 10° or up to 2 x

ﬁ

10°. Normally, the number of process microchannels may be

at least 10 or at least 100, or even at least 1000.

The process microchannels are typlcally arranged

pr—

parallel, for example they may form an array of planar

—

microchannels. Each of the process microchannels may have

pr—

at least one internal dimension of height or width of up
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to 1o mm, for example from 0.05 to 10 mm, in particular

from 0.1 to 5 mm, more in particular from 0.5 to 2 mm.

r—

The other internal dimension of height or width may be,

for example, from 0.1 to 100 cm, in particular from 0.2

to /5 cm, more 1n particular from 0.3 to 50 cm. The

ﬁ

length of each of the process microchannels may be, for

example, from 1 to 500 ¢cm, in particular from 2 to

300 cm, more 1in particular from 3 to 200 cm, or from 5 to
100 cm.

The microchannel reactor 100 additionally comprises

heat exchange channels (not shown in FIG. 1) which are in

heat exchange contact with the process microchannels 104.
The heat exchange channels may be microchannels. The

microchannel reactor 1s adapted such that heat exchange

fluid can tlow from heat exchange header 110 through the

heat exchange channels to heat exchange footer 112. The

heat exchange channels may be alligned to provide a flow

1n a co-current, counter-current or, 1n some aspects,

preferably cross-current direction, relative to a flow in

the process microchannels 104. The cross-current

direction 1s as 1ndicated by arrows 114 and 116.

Each of the heat exchange channels may have at least

one 1nternal dimension of height or width of up to 15 mm,

for example from 0.05 to 10 mm, 1n particular from 0.1 to

5 mm, more 1n particular from 0.5 to 2 mm. The other
1nternal dimension of height or width may be, for

example, from 0.1 to 100 cm, 1n particular from 0.2 to

75 cm, more 1n particular from 0.3 to 50 cm. The length

F

of each of the heat exchange channels may be, for

example, from 1 to 500 c¢cm, in particular from 2 to

300 cm, more 1n particular from 3 to 200 cm, or from 5 to

100 cm.

The separation between each process microchannel 104

and the next adjacent heat exchange channel may be in the
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range of from 0.05 mm to 5 mm,
2 mm.

F

In some embodiments of this invention,

PCT/EP2006/070030

in particular from 0.2 to

there 1s

provided for first heat exchange channels and second heat

exchange channels, or first heat exchange channels,

second heat exchange channels and third heat exchange

r— 0
p—

channels, or even up to

fifth heat exchange channels, or

even further heat exchange channels. Thus, in such cases,

pr—

there 1s a plurality of sets of hea

p—

' aand

C exchange channels,

and accordingly there may be a plurality of heat exchange

headers 110 and heat exchange

p—

footers 112,

whereby each

set of heat exchange channels may be adapted to receive

heat exchange fluid from a heat exchange header 110 and

to deliver heat exchange fluid into a heat exchange

footer 112.
The header 102, footer 1

110, heat exchange footer 112

and heat exchange channels may i1ndependently be made o:
any construction material which provides sus:

strength, optionally dimensional stability,

transfer characteristics to permit operation o:

processes 1n accordance with this 1nvention.

construction materials 1nclude,

08, heat exchange header

, process microchannels 104

ﬁ
—

for example, steel

example stainless steel and carbon steel), monel,

titanium, copper, glass and poly:

N

kind of heat exchange fluild 1s not material to the

present 1nvention and the heat exchange

selected from a large variety.

fluids 1include steam, water,

P

heat exchange channels, such sets of heat exchange

ﬁ

channels may operate with dif

alr and oils.

feren

mer compositions.

ﬁ

of the 1nvention which i1nclude a plurality of sets of

C heat exchange

or with heat exchange fluids having different

temperatures.

I'l

ficient
and heat
- the
Sultable

(for

The

fluid may be
Sultable heat exchange

In embodliments

fluids
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P

A microchannel reactor of use in the invention may

comprise a plurality of repeating units each comprising

one Oor more process microchannels and one or more heat

exchange channels. Reference is now made to FIG. 2, which

shows a typical repeating unit and its operation.

Process microchannels 210 have an upstream end 220

F
p—

and a downstream end 230 and may comprise of a first

section 240. First section 240 may be in heat exchange

contact with first heat exchange channel 250, allowing

heat exchange between first section 240 of process

microchannel 210 and first heat exchange channel 250. The

repeating unit may comprise first feed channel 260 which

leads 1nto first section 240 through one or more first

orifices 280. Typically one or more first orifices 280

may be positioned downstream relative to another first

orifice 280. During operation, feed may enter into first

pr—

section 240 of process microchannel 210 through an

opening in upstream end 220 and/or through first feed

channel 260 and one or more first orifices 280.

Process microchannels 210 may comprise a second

section 340. Second section 340 is positioned down stream

of first section 240. Second section 340 may be in heat
exchange contact with second heat exchange channel 350,

allowing heat exchange between second section 340 of

process microchannel 210 and second heat exchange channel

350. In some embodiments second section 340 is adapted to

F
p—

from first

quench product obtained i1n and received

section 240 by heat exchange with a heat exchange fluid in

second heat exchange channel 350. Quenching if required

may be achieved 1n stages by the presence of a plurality

P

of second heat exchange channels 350, for example two or

fr—

three or four. Such a plurality of second heat exchange

channels 350 may be adapted to contain heat exchange

F
p—

fluids having different temperatures, in particular such
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P

that 1n downstream direction of second section 340 heat

exchange takes place with a second heat exchange channel

350 containing a heat exchange fluid having a lower

temperature. The repeating unit may comprise second feed

channel 360 which leads into second section 340 through

one or more second orifices 380. During operation, feed
may enter into second section 340 from upstream in

process microchannel 210 and through second feed channel

360 and one or more second orifices 380.

The first and second feed channels 260 or 360 in

combination with first and second orifices 280 or 380

whereby one or more first or second orifices 280 or 380

are positioned downstream to another first or second

orifice 280 or 380, respectively, allow for replenishment

pr— -

of a reactant. Replenishment of a reactant can be

p—

utilised 1n some embodiments of this 1nvention.

Process microchannels 210 may comprise an

intermediate section 440, which 1s positioned downstream

-
o

of first section 240 and upstream of second section 340.

Intermediate section 440 may be 1n heat exchange contact

with third heat exchange channel 450, allowlng heat

P

exchange between i1ntermediate section 440 of the process

microchannel 210 and third heat exchange channel 450.

In some embodiments, process mlicrochannel 210 may

r—

comprise a third section (not drawn) downstream of second

R—

section 340, and optilionally a second 1ntermediate section

—

(not drawn) downstream of second section 340 and upstream

ﬁ
—

of the third section. The third section may be 1n heat

exchange contact with a fourth heat exchange channel (not

drawn), allowing heat exchange between the third section

e

of the process microchannel 210 and fourth heat exchange

channel. The second i1ntermediate section may be 1n heat

exchange contact with a fifth heat exchange channel (not

drawn), allowing heat exchange between the second
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ﬁ

intermediate section of the process microchannel 210 and

fifth heat exchange channel. The repeating unit may

comprise a third feed channel (not drawn) which ends into

the third section through one or more third orifices (not

drawn). Typically one or more third orifices may be

positioned downstream relative to another third orifice.

During operation, feed may enter into the third section

from upstream in process microchannel 210 and through the

third feed channel and the one or more third orifices.

Fach of the feed channels may be a microchannel.

F

They may have at least one internal dimension of height

P

or width of up to 15 mm, for example from 0.05 to 10 mm,

1n particular from 0.1 to 5 mm, more in particular from

ﬁ

0.5 to 2 mm. The other internal dimension of height or

width may be, for example, from 0.1 to 100 cm, in

particular from 0.2 to 75 cm, more in particular from

0.3 to 50 cm. The length of each of the feed channels may

pe, for example, from 1 to 250 cm, in particular from

2 to 150 cm, more in particular from 3 to 100 cm, or from

O to 50 cm.

—

The length of each of the sections of the process

p

microchannels may be selected independently of each

other, 1n accordance with, for example, the heat exchange

P

capacity needed. The lengths of the sections may

1ndependently be at least 1 cm, or at least 2 cm, or at

yi—

least 5 cm. The lengths of the sections may independently

pe at most 250 cm, or at most 150 cm, or at most 100 cm,

or at most 50 cm. Other dimensions of the sections are

fr—

defined by the corresponding dimensions of process

microchannel 210.

ﬁ

The microchannel reactor of this invention may be

manufactured using known techniques, for example

conventional machining, laser cutting, molding, stamping

and etching and combinations thereof. The microchannel
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fr—

reactor of this 1nvention may be manufactured by forming

sheets with features removed which allow passages. A stack

of such sheets may be assembled to form an integrated

device, by using known techniques, for example diffusion

#
—

bonding, laser welding, cold welding, di:

fusion brazing,

from—

and combinations thereof. The microchannel reactor of this

1nvention comprilses appropriate headers, footers, valves,

condult lines, and other features to control input of

- o

reactants, output of product, and flow of heat exchange

fluids. These are not shown i1n the drawings, but they can

be readily provided by those skilled in the art. Also,

there may be further heat exchange egquipment (not shown in

r—
.

the drawings) for temperature control of feed, in

particular for heating feed or feed components, before it

enters the process microchannels, or for temperature

ﬁ

control of product, 1in particular for cooling product,

after 1t has left the process microchannels. Such further

heat exchange equipment may be integral with the

microchannel reactor, but more typically 1t will be

separate equipment. These are not shown in the drawings,

but they can be readily provided by those skilled in the

art.

The present 1nvention 1n certaln aspects finds

especlal application 1n a process for the manufacture of

alkylene oxide, and especially ethylene oxide, by the

direct epoxidation of alkylene using oxygen or alr, see

P

Kirk-Othmer Encyclopedia of Chemical Technology, 3*¢

edition, Volume 9, 1980, pages 445 to 447. In the ailr-based

process, alr or alr enriched with oxygen 1s employed as a

p—

source of the oxidizing agent while 1n the oxygen-based

processes, high purity (at least 95 mole%) oxygen 1s
employed as the source of the oxidilising agent. Currently
most epoxidation plants are oxygen-based. The epoxidation

process may be carried out using reaction temperatures
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selected from a wide range. Preferably the reaction

Cemperature within the epoxidation reactor is in the range

*
—

of from 150 °C to 340 °C, more preferably in the range of

from 180 to 325 °C. The reaction 1is preferably carried out

— *

at a pressure of in the range of from 1000 to 3500 kPa.

A process operation that presents an explosion risk,

I

particularly 1n an ethylene oxide plant, i1s the handling o:

ethylene oxide 1tself. Ethylene oxide (EO) 1s an unstable

and very reactilive component. In equipment that contains EO

vapour, several reactions can occur which are exothermic.

F

Where the heat of reaction 1s not removed fast enough, the

F

temperature 1n the eqgqulipment can i1ncrease rapidly and, 1i:

N

unchecked, can lead to explosive decomposition reactions o:

the EO vapour. Where additional substances are present

then explosive reactions can occur at lower temperatures

than for pure ethylene oxide. Even EO liquid under

certain circumstances can be dangerous.

In a commercilal ethylene oxide production plant, the

i —

sections for which this 1s of most concern are the EO

concentrator and the EO purification sections. The EO

concentrator 1s often also called the EO stripper. Both EO

concentrator and the EO purification sections utilise a

distillation column, to separate EO from water, which may

be equipped with a condenser and an EO condensate

collection vessel. In the latter, stagnant, liquid EO

exlsts possibly 1n conjunction with water. In order to

reduce the chance of explosive decomposition reactions,

whether 1n a distillation column or 1n an EO condensate

Jr—

collection vessel, the top section plus overhead system of

p—
p—

an EO concentrator column and of an EO purification column

are conventionally operated under nitrogen pressure, which

ﬁ
p—

increases the operating pressure by at least a factor o:

P

1.7. The pressure can also be generated by use of a gas

other than nitrogen, which may be selected from one or more
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*

of carbon dioxide, methane and a process gas such as a

light ends gas. Usually, however, nitrogen is used. It

would be most desirable to be able to operate these columns

wilthout the need for pressurisation in the top section, vyet

5 st1ll have a low explosion risk.

F

The use of microchannel apparatus has the advantage

F

of being able to cool an ethylene oxide-contalining mixture

P

very efficiently, thus minimising the likelihood of

explosive decomposition reactilons. Since there exist a

10 large number of process microchannels within a microchannel

— =~

apparatus, and because of the dimensions of the process

microchannels, the EO-containing feed 1s split up into
multiple small volumes. A heat transfer medium 1s run

through heat exchange channels of the apparatus to ensure a

15 raplid heat flux from EO to heat transfer medium. These

— y—

features ensure a high efficiency of heat transfer and

F

minimise the volume of gas that can be 1n the explosive

P

region. Furthermore the nature of the process microchannels

means that the apparatus can act as a flame arrester and

20 provide an intrinsically safe condensation system for EO-

P

containing gases. In this aspect of the present 1nvention,

1t 1s thus also preferred to use a microchannel apparatus

having one or more, and preferably all, process

—

microchannels having an internal dimension of height and/or

F

25 width of at most 5 mm, most preferably at most 2 mm, and

especially at most 1.5 mm. Said internal dimension 1s

preferably at least 0.1 mm, most preferably at least

0.5 mm, and especially at least 0.5 mm.

pr——

In the process of the present 1nvention, the gaseous

30 mixture comprising ethylene oxide may contaln 1n the

—
o

range of from 50 to 100 % by weight of EO. The gaseous

ﬁ

mixture may also comprise one or more of the following,

in gaseous form: water; carbon dioxilide; argon; nitrogen;

oxygen; ethylene glycols such as mono-ethylene glycol,



CA 02634417 2008-06-19

WO 2007/071739 PCT/EP2006/070030
- 12 -

di-ethylene glycol and tri-ethylene glycol; aldehydes

such as acetaldehyde, and formaldehyde; hydrocarbons such
as ethylene, methane, and ethane; and hydrocarbon
materials and/or chlorinated hydrocarbon impurities such
5 as alcohols, acids, acetals, cyclic acetals, ethers,
cyclic ethers, esters such as 1,4-di-oxane, 1,4,7-tri-
oxane, 1,3-di-oxolane, Z-methyl-1,3-di-oxolane, 2-chloro-
methyl-1, 3-di-oxolane, Z2-chloro-ethanol, 2-chloro-methyl-
1,3-di-oxolane, glyoxal, oxalic acid, glycolic acid,

10 glyoxilic acid, lactic acid, acetic acid, formic acid and

thelir esters.

The use of microchannel apparatus can provide a much

larger heat transfer than conventional shell and tube heat

gp—

exchangers, and 1s a much smaller 1tem of equipment. Thus a

gr—

15 CAPEX 1mprovement 1s glven by the combination of smaller

S~
v

condensation equipment as well as by the removal of reflux

drums. The apparatus also has the potential to reduce the

P
aand

need for excess pressurisation of the upper sections of

these columns. The OPEX may also be i1mproved by any reduced

20 pressurisation 1n the top section of these EO distillation

columns. Where the pressure can be reduced then there 1is

additional significant advantage, particularly in an EO

stripper or concentrator, 1n that a lower temperature steam

—

can be used to heat the column and the amount of glycol by-

25 product can be reduced. Furthermore the microchannel

apparatus acts as a flame arrester and provides an

P

intrinsically safe EO condensation system.

Thus the present invention preferably provides a

P

process for the concentration or purification of ethylene

30 oxide, which comprises

a) absorbing ethylene oxide from a first gaseous

stream with a suitable absorbent,
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b) desocorption of the ethylene oxide in a distillation

unit to form a second gaseous stream containing ethylene

oxide, and

C) recovering ethylene oxide,

L

wherein the second gaseous stream of step b), 1is

ﬁ

condensed 1n one or more process microchannels of a

microchannel apparatus.

Sultable absorbents that can absorb ethylene oxide

are documented 1n literature and include water (see

Research Disclosure No. 465117, idem); ethylene carbonate

(see US-A-4,221,727 and EP-A-776890); propylene carbonate

(EP-A-705820); aqueous ethylene glycol solutions having a

glycol content up to 40% and antifoam additive content of

R—

up to 500 ppm (US-A-4,875,909 and GB-A-1435848); methanol

(US-A-3,948,0621); organic liquid solvents (US-A-4,249,917);

and ligquid hydrocarbons such as methane, ethane and/or

ethylene 1n liquid form (US-A-3,0644,432). However, most

commonly water or an aqueous solution 1s utilised and 1s

*

preferred 1n the process of the present invention.

y—

In step a) absorption of ethylene oxide with water or

an aqueous solution creates an aqueous solution of ethylene

oxide. In step b) the ethylene oxide 1s then desorbed by

dewatering in a distillation unit.

A distillation unit may comprise one oOr more

*
fp—

distillation columns. Most suilitably a maximum of five

distillation columns are utilised 1in series within a unit

forming a ‘distillation train’. Preferably a distillation

unit comprises from one to three distillation columns, most

preferably only one distillation column. Where a single

column 1s utilised 1in step b) the second gaseous stream 1is

P

obtalined in the upper section of the column, and an aqueous

product 1s given 1n the bottom section. In a distillation

P

train of columns equivalent product streams are obtained at
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approprilate points, as would be well known to the skilled

person 1n the art.

The term ‘dewatering’ herein should be understood to

F

mean the removal of water.

In a preferred embodiment, step a) is the absorption

*

of ethylene oxide in an aqueous solution to produce a

stream 1n which water 1s enriched with EO and step b) is

performed 1in an EO stripper or concentrator, which is a

single distillation column. While the EO is stripped or

concentrated from the aqueous feed stream, the product

pr— g

A
1

drawn o from the upper section, and preferably drawn of:

H

at the very top, of the distillation column is still a

ﬁ

mixture of ethylene oxide and water. This gaseous mixture

product 1s condensed 1n a microchannel apparatus and the

resulting EO-containing stream can be utilised for the

production of other chemicals such as 1,2-diols, 1,2-diol

ethers, 1,2-carbonates or alkanol amines by processes known

1n the art, or 1t can be further purified to yield a high

F

purity EO. A portion of said resulting EO-containing stream

may be recycled to the EO concentrator column, and a bleed

g—

of gases, such as methane, CO, and ethylene, can be drawn

— —
—

f by procedures well known to those skilled in this art.

O

In this embodiment, the first gaseous stream i1is an EO-

F

containing product stream of a reactor in which ethylene

and oxygen are reacted to form ethylene oxide. Preferably

the first gaseous stream comprises EO in the range of from

2 to 50 % by weight, more preferably from 2 to 10 % by

welght, and especially from 4 to 6 $ by weight. The aqgueous

p—

solution of step a) primarilly comprises water 1n an amount

—

\

from 50 to 100 % by weight. It 1s possible that in the

\O

range of from 0.1 to 20, e.g. 2 to 10, % by weight of said

agqueous solution 1s a glycol, mostly being mono-ethylene

glycol. In such solutions an anti-foam additive 1s not

requlred but may be utilised if desired.
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In an alternative preferred embodiment step b) may be

performed several stages downstream of step a) and in the

e

EO purification section of an EO production process, 1n

which case the second gaseous stream will contain

predominantly EO, with trace amounts of 1mpurities. Thus

less than 10,000 ppm, 1le for example from 1 ppm to

10,000 ppm, of other compounds may also be present. Such

compounds may comprise for example water, carbon dioxide,

argon, nitrogen, oxygen, aldehydes, such as acetaldehyde,

and formaldehyde, and, as above, other hydrocarbons,

alcohols, acids, acetals, cyclic acetals, ethers, cyclic

ethers, and esters. In this embodiment, the second gaseous

stream is purified ethylene oxide which may be drawn off at

gp—

any point in the upper section of the distillation column,

F

thus it may be drawn off directly 1n gaseous form via a top

Fﬁ

f, above the upper plate or internal packing, or via

draw—o:

a gaseous or liquid side draw-off below the upper tray or

F

upper level of packing.

In both embodiments, 1t 1s preferred that the second

9

gaseous stream comprises 50 % by weight or more of EO.

.

In a further aspect of the present 1nvention,

apparatus is provided for the concentration or purilification

o
e

of ethylene oxide from a mixture of ethylene oxide and

water, which is a distillation column connected to a

microchannel apparatus. Advantageously, the microchannel

apparatus is positioned inside the shell of the

distillation column at a polnt above the uppermost

distillation tray or packing material.

By incorporating microchannel apparatus inside the

distillation column it is possible to provide 1integral

reflux within the column which significantly improves

process safety. In a commercial EO production plant, such

use, 1n accordance with present invention, of an integrated

microchannel apparatus to cool EO gases within a
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distillation column allows cooling, by condensation, to

F

occur without the need of an external condensate collection

o

vessel. The presence of stagnant EO 1s therefore avoided

and the likelihood of explosion 1s minimised.

— r—

The operation of the process of the present invention

can be described, for example, with reference to FIG. 1

herewith.

The gaseous mixture comprising ethylene oxide, which

preferably 1s a gaseous stream forming the top stream of an

P
f—

EO stripper or of an EO purification column, enters header

102 and 1s split 1nto multiple portions to progress through

e

the reactor via a plurality of process microchannels 104.

Coolant 1s fed 1nto the apparatus via heat exchange header

110 and flows through the apparatus cross-currently (as

shown 1n FIG. 1) or co- or counter- currently, vlia heat

exchange channels to the footer 11Z.
When the microchannel apparatus 1s sited within a

distillation column, 1t 1s most suitably sited 1n the

centre of the column and may extend across the full

— 't
e

diameter of the column, being a:

fixed directly to the

column walls, or across the diameter only 1n part. In the

latter case the apparatus may be placed on beams extending

from the 1nner column walls or may be suspended by arms

extending from the inner column walls, provided that the

beams or arms do not restrict the gas and ligquid flow 1n

—

the column. The height of the microchannel apparatus

sulitably also 1s such as to not interfere with the normal

F

operation of the distillation column; and the length of the

F

process microchannels most suitably 1s 1n the range of from

5 to 100 cm.

In all cases 1t 1s important that gas flow 1n the

distillation column can circulate to the top of the column,

either around the outside of the microchannel apparatus or

through channels or holes 1n the apparatus. The
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microchannel apparatus 1s so sited that the second gaseous

stream enters the apparatus via a header at the top of the

apparatus as 1n FIG. 1. The gaseous stream condenses within

the process microchannels and ligquid ethylene oxide runs

through the process microchannels and collects in an exit

header, or other collection unit, at or under the bottom of

the apparatus, and can be withdrawn from the column. The
condensation causes the gaseous stream automatically to be

drawn 1nto the process microchannels. Coolants can be

routed 1nto the apparatus and may for example be water or
other coolant material that takes up heat created by the

condensation.

The general process conditions that may apply for the

F

use of microchannel apparatus in an EO condensation process

fr—

of the 1nventlon are suiltably a temperature in the range of

from ambient (20 °C) to 100 °C, for example 30 to 50 °C,

from 100 to 1,000 kPa, for

1 1)

and a pressure 1in the range o:
example 200 to 400 kPa.

The present invention will now be illustrated by the

following Example.

Example

I}

In a 400,000 mt/a ethylene oxide plant the stream o:

recycle gas to the reactor system is 600 mt/h. This flow

malinly consists of methane, ethylene, oxygen, argon,
carbon dioxide and nitrogen. The temperature at the
reactor inlet is 140°C and the pressure is 2000 kPa

gauge. In FIG. 3, over the catalyst 1inside the reactor 1,

ethylene oxide and carbon dioxide are produced. EO 1is

scrubbed 1n the EO absorber 2 and part of the recycle gas

1s scrubbed of CO, 1n the CO, absorber 3. The absorbent

used for EO scrubbing 1s typically water with a small

—

concentration of monoethylene glycol (2-10 weight%).

Water saturated with ethvlene oxide via line 5 from the

pottom of the EO absorber 2 1s fed to the top of EO
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stripper 4. The bottoms flow, line 6, of EO stripper 4 is

pr—
—

virtually free of EO and recycled back to the top of EO

absorber 3. An ethylene oxlde-water mixture (typically

containing 50 to almost 100 weight$% ethylene oxide) is

boi1led over the top of the EO stripper as a vapour flow,

shown by line 7, and 1s condensed 1nto vessel 16.

—

Optionally part of the condensed vapour can be refluxed

to increase the EO concentration in the top of the

[

O

stripper. Gases like methane, CO, and ethylene are

removed, via line 9, from the condensed water/ethylene

oxide mixture in a light ends column 8. For pure EO

applications the EO 1s dehydrated and purified 1n EO

pr—

purification column 10. Water or a mixture of water and

EO leaves the bottom of this column via line 15. The top

vapour 1s condensed and largely refluxed and re-enters

the column via line 12 from condensate collection/reflux

vessel 11. Typically a small EO flow 1s fed from the EO

reflux drum 11 to the glycol section as a bleed for light

components (see line 13). The pure EO product flow (line

14) is taken from the top section of this column, 1n this

example a few trays below the reflux tray.

In this example the top of the EO stripper 4, the

top stripper condensers, EO/water line 15, the light ends

P

column 8, the top section of the EO purification column

10, and the EO reflux drum 11 contain a high

concentration of EO. To limit explosion hazard both EO

condensers are microchannel apparatus such as described

with respect to FIG. 1 and FIG. 2. They act as condensers

according to the present 1nvention. In the apparatus the

ﬁ

total EO volume 1s divided 1nto a large amount of small

volumes inside the microchannels. In addition to that,

heat transfer is drastically i1ncreased, thus minimlzing

P

the risk of runaway reactions eventually leading to

explosions. In this example the microchannel condensers
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can optionally be integrated inside the EO stripper 4 and

EO purification column 10 as a so-called cold

" lux.

enabling internal re:

F

Thus a large volume of

finger

FO 1n a

reflux vessel is avoided and explosion risk 1s even

further reduced.
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A process for the cooling of a gaseous mixture
comprising ethylene oxide, which comprises
a) conveylng the mixture to a one oOr more pProcess

microchannels of a microchannel apparatus, and

then

D) running a heat conducting material through the

microchannel apparatus countercurrently to, co-

currently with, or cross-currently with, the

g i
g,

direction of flow of the mixture through the

apparatus.

1)

A process for the concentration or purification of

ethylene oxide, which comprises

a) absorbing ethylene oxide from a first gaseous

stream which comprises ethylene oxide with a

sultable absorbent,

.

D) desorption of the ethylene oxide 1in a

distillation unit to form a second gaseous
stream containing ethylene oxide, and
C) recovering ethylene oxide,

ﬁ

wherein the second gaseous stream of step b) 1is

condensed 1n one or more process microchannels 1n a
microchannel apparatus.

A process as claimed 1n claim 2, whereiln 1n step b)

Q.

the second gaseous stream comprises 50 % by weight

F

or more of ethylene oxide.
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microchannel apparatué, wherein the microchannel
apparatus is positioned inside the shell of the
distillation column at a point above the uppermost
distillation tray or packing material. | '

5 6. - Apparatus as claimed in claim 5, wherein the
microchannel apparatus comprises one Or more process
microchannels having an internal height and/or width in
the range of from 0.5 to 1;5 mm, and a length in the

;angé of from 5 to 100 cm.
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