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(57) Abréegée/Abstract:

Method and apparatus for separating a liguid reaction product from a gaseous stream in a catalytic reactor by means of a metallic
sheet being Indirectly cooled by a cooling surface and having a plurality of percolations in form of geometric-shaped protrusions on
both sides of the sheet each with an open base, the open base Is on the side of the sheet facing a catalyst bed are arranged
upwards and on the side facing the cooling surface the open base faces downwards.
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(57) Abstract: Method and apparatus for separating a liquid reaction product

FIG 1

from a gaseous stream 1n a catalytic reactor by means ot a metallic sheet being

indirectly cooled by a cooling surface and having a plurality of percolations in
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form of geometric-shaped protrusions on both sides of the sheet each with an
open base, the open base 1s on the side of the sheet facing a catalyst bed are ar-
ranged upwards and on the side facing the cooling surface the open base faces
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METHOD AND APPARATUS FOR THE SEPARATION OF A LIQUID FROM A GAS
FEED STREAM IN A CATALYTIC REACTOR

The present 1nvention 1s related in general to separation
of a liquid reaction product being formed by contacting a
feed gas with solid catalyst packed as fixed beds 1n cata-

lyst tubes.

In a number of catalytic processes 1t 1s advantageous to
remove continuously the reaction product from the reacting
feed gas in order to improve the equilibrium yileld or the
rate of the reaction towards the product, when removing a
product from the gaseous phase to the liquid phase by con-

densation.

An example of such a reaction 1s the conversion of synthe-

sis gas to methanol.

US patent no. 5,262,443 describes a process for the prepa-
ration of methanol from synthesis gas at process condi-
tions, where formed methanol product 1is removed from the
gaseous phase by condensation of the methanol on the cata-
lyst particles. By this process, the thermodynamic gas

phase equilibrium boundary for methanol formation has been

overcome and methanol yields approaching 100 percent in the
catalyst bed effluent can be reached by once-through opera-

tion.
Condensation of liquid methanol on the catalyst particles

has an adverse effect on the activity of the catalyst par-

ticles.

CONFIRMATION COPY
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WO patent application no. 2009/106232 discloses an improved
catalytic method and reactor for the production of metha-
nol, wherein methanol as 1t 1s formed 1s removed from the
gaseous phase i1nto the liquid phase without reducing the

catalyst activity of the catalyst. By the method and reac-

tor of this patent application temperature of a liquid

cooling agent being 1n indirect contact with the catalyst
particles and a specific ratio of catalyst bed volume to a
cooling surface 1s adjusted so that condensation of the

methanol reaction product takes place for the most at the

cooling surface.

In general, it 1is desirable to prevent condensation of lig-
uid on catalyst particles in gaseous catalytic reactions,
where the reaction product 1is removed from the gaseous
phase into the liquid phase. Instead i1t 1s advantageous to
allow condensation and transport of the liquid condensate
outside the catalyst bed on a surface which has no or a re-

duced contact to the catalyst particles.

Accordingly, this invention is a method of separating a
liguid reaction product from a gaseous stream 1n a cata-
lytic reactor comprising the steps otf:

in the reactor being provided with a fixed catalyst bed ot
solid catalyst particles arranging a cooling surface and a
metallic sheet between the fixed bed and the cooling sur-
face;

providing in the metallic sheet being indirectly cooled by
the cooling surface a plurality of percolations 1in form of
geometric-shaped protrusions on both sides of the sheet

each with an open base, the open base is on the side of the
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sheet facing the catalyst bed arranged upwards and on the
side facing the cooling surface the open base faces down-
wards;

condensing a gaseous reaction product being formed by reac-
tion of the gaseous stream in the catalyst bed to the lig-
uid reaction product on the metallic sheet and transferring
the liquid reaction product through the open base facing
upwards to the cooling surface; and

passing the condensed liquid reaction product along the
cooling surface and/or the metallic sheet and withdrawing

the liquid reaction product from the bottom of the reactor.

The term “geometric-shaped protrusion” as mentioned herein-
before and in the following description means a protrusion

having a shape that obeys the laws of geometry.

When arranging a percolator in the form of a metallic sheet
with protrusions and an open base pointing in upwardly di-
rection on the side facing the catalyst bed 1n accordance
with the invention, the side of the sheet being in contact
with the catalyst particles and the gaseous stream will act
as a liquid collector and transporter, whereas the opposite
side acts as liquid rectifier. Thereby, detrimental redi-
rection of the liquid reaction product 1nto the catalyst

bed 1s substantially avoided.

The term “upwards” and “downwards” as mentioned hereinbe-
fore and in the following description means a direction
pointing opposite to the direction of the gravity flow of
the liquid reaction product and in the direction of the

gravity flow, respectively.
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In a preferred embodiment of the invention the geometric
shape of the protrusions i1s a half pyramid, half cone or a
semisphere, which provide an improved liquid rectifying ef-

fect.

In further a preferred embodiment of the invention the geo-
metric-shaped protrusions on inner side of the sheet are
adjoined at thelr open base to the geometric-shaped protru-
sions on outer side of the sheet so they share a common

open base.

As mentioned above, the method of the invention 1s directed
towards removal of a liquilid phase from the gaseous phase
mostly arising from condensation of a reaction product be-
ing formed by reaction of gaseous reactants in a fixed
catalyst bed, so that the liquid phase is obtained outside
the catalyst bed.

Catalytic reactions are frequently carried out 1n catalyst
tubes. It is therefore preferred to form the metallic sheet
tubular to fit the shape of the inner tubular wall of the

catalyst tubes. The catalyst particles are then arranged

on tube side, i.e. inside the tubular metallic sheet. In
such an arrangement, the cooling surface will typically be
the tube wall of the catalyst tubes, being then cooled by a

cooling agent flowing on the outer wall of catalyst tubes.

In some catalytic reactions being carried out 1n a reactor
vessel holding one or more catalyst beds within a common
shell of the reactor it 1s preferred to arrange one or more

metallic sheets according to the invention in form of a

tube within the catalyst bed so that the catalyst particles
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surround the outer side of the tubular metallic sheet,

which 1s then indirectly cooled by the cooling surface. The

cooling surface 1s in such an embodiment preferably in tu-

bular form and arranged on tube side, 1.e. inside the tubu-

lar metallic sheet.

The invention further provides an apparatus being useful 1in

the method according to the invention.

The apparatus according to the invention for separating a
liguid reaction product from a gaseous stream i1n a cata-
lytic reactor comprises:

a metallic sheet aligned to a cooling surface;

on both sides of the metallic sheet a plurality of percola-
tions in form of geometric-shaped protrusions each with an
open base, on the side of the sheet facing a catalyst bed
within the catalytic reactor, the open base 1is arranged up-
wards and on the side facing the cooling surface the open

base points downwards.

In a preferred embodiment of the apparatus of the 1nven-

tion, the geometric-shaped protrusions are 1n form of a

half pyramid.

In still a preferred embodiment of the apparatus of the 1in-

vention, the geometric-shaped protrusions are in form of a

half cone.

In further a preferred embodiment of the apparatus of the
invention, the geometric-shaped protrusions on 1nner side

of the sheet are adjoined at their open base to the geomet-
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a common open base.

In a further preferred embodiment of the apparatus of the

invention, the metallic sheet 1s 1n form of a tube.

It 1s further preferred that the cooling surface 1s in form

of a tube.

In the following description the invention 1s described 1n

more detail by reference to the drawings in which

Fig.l is a perspective view of a section of a percolator 1in
form of metallic sheet provided with protrusions according

a specific embodiment of the invention;

Fig.2 is cross-sectional view of a section of a metallic

sheet provided with protrusions according a specific em-

bodiment of the invention for use i1n a catalyst tube;

Fig.3 shows a cross-sectional view of a reactor being pro-
vided with a number of percolators in form of metallic

sheets according to a specific embodiment of the 1nvention.

Fig.l shows a metallic sheet 2 for use in the method ac-
cording to the invention being provided with percolations
4,6,8 and 10. The protrusions are formed as half cones on
the front side Z2a and back side 2b of sheet 2. Protrusions
4 and 8 protruding from the front side 2a, and protrusions
6 and 10 protruding from the back side 2b are adjoined and
share a common open base 12 and 14, respectively. Catalyst

particles (not shown) are arranged on back side 2b of the
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sheet. The tapered end of half cones 4 and 8 ére on front
side 2a directed upwards, i.e. 1n opposite direction of
gravity flow of a liquid as shown by arrows 16 a and 16 b.
On back side 2b the tapered end of half cones 6 and 10 di-
o rect downwards in the same direction as the gravity flow of
the liquid. The part of the open base 12 and 14 protruding
from back side 2b into the space with the catalyst parti-
cles points then into direction opposite to the liquid flow
and functions as liquid collector and the part of the open
10 base 12 and 14 is points into direction of the 1liquid flow
and acts as liquid outlet on the front side Z2a of sheet 2.
Thus, a flow of liguid being condensed on the back (1inner)
side 2b is collected in open base 12 and 14 and passed to

front side Z2a.

15
Fig.2 represents a cross-sectional view of a metallic sheet
for use in a method according to the invention with perco-
lations in form of half cone or half pyramid shaped protru-
sions 4,6,8,10 and open bases 12,13,14,15 alternately 1in

20 upwards and downwards direction of the gravity flow 16 of a

liguid. Catalyst particles (not shown) are arranged 1n the

space facing the inner wall 2b of sheet 2. As indicated by

arrows 16, a gaseous reaction product from a catalyst bed

with the catalyst particles condenses on inner wall 2b and
25 will be directed through the open bases 12,13,14,15 to

outer wall 2a. A minor part of the gaseous product will

also flow through the open bases and condenses then on the

outer wall 2a and flows downwardly together with the liquid

P

product stream along outer wall 2a towards bottom of the

30 sheet.
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Fig.3 1is a catalytic reactor being provided with a number
of metallic sheets (only one shown) within a catalyst bed
according to an embodiment of the 1nvention.

Reactor 20 holds within shell 22 a catalyst bed 24 with a

-

plurality of catalyst particles. Metallic sheet 2 in form

of a tube 1s arranged within the catalyst bed and sur-
rounded by catalyst particles. Metallic sheet 2 1s provided
with a plurality of protrusion 6 and 4 sharlng an open base
as further shown 1n Fig.l. The part of the common open base
12 facing the catalyst bed is directed opposite to the
gravity flow of a condensed liquid reaction product 16 and
the part of base 12 protruding from inner wall of sheet 2
is directed towards the liguid flow. Tubular sheet 2 1is
cooled by a cooling surface in form of a cooling tube 26.
When operating reactor 20, a gaseous stream 1s passed
through catalyst bed 24. In the catalyst bed the gaseous
stream -reacts to a gaseous product 30. Reaction product 30
is condensed mainly on outer wall of sheet tube 2 and forms
liguid reaction product 32. The liquid reaction product
when flowing along the outer wall of sheet tube 2 1s col-
lected by open bases 12 protruding towards the catalyst
particles and transferred to the 1nner wall of sheet 2
through part of the open base 12 protruding from inner wall
of the sheet tube towards cooling tube 26. Having been
passed to the inner wall of tube sheet 2, the liquid reac-
tion product flows along the inner wall and on the cooling
tube to the bottom of reactor 2 and i1s withdrawn through an

outlet (not shown) from the reactor.
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1. Method of separating a liguid reaction product from a

gaseous stream 1n a catalytic reactor comprising the steps of:

in the reactor being provided with a fixed catalyst bed ot

solid catalyst particles arranging a cooling surface and a

metallic sheet between the fixed bed and the cooling surface;

providing in the metallic sheet being indirectly cooled by

the cooling surface a plurality of percolations in form of
geometric-shaped protrusions on both sides of the sheet each

with an open base, the open base 1s on the side of the sheet

facing

|

facing the catalyst bed arranged upwards and on the side

the cooling surface the open base faces downwards;

condensing a gaseous reaction product being formed by

o

reaction of the gaseous stream in the catalyst bed to the liqguid

reaction product on the metallic sheet and transferring the

liguid reaction product through the open base facing upwards to

the cooling surface; and

passing the condensed liguid reaction product along the

cooling surface and/or the metallic sheet and withdrawing the

p—

ligulid reaction product from the bottom of the reactor.

2. The method of claim 1, wherein the geometric-shaped

P

protrusions are in form of a half pyramid.

3. The method of claim 1, wherein the geometric-shaped

protrusions are in form of a half cone.

4 The method of claim 1, wherein the geometric-shaped

protrusions are in form of a semisphere.
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5. The method i1in accordance with claim 1, wherein the
geometric-shaped protrusions on the inner side of the sheet are
adjoined at their open base to the geometric-shaped protrusions

on the outer side of the sheet and share a common open base.

6. The method 1n accordance with claim 1, whereln the metallic

sheet 1s 1n form of a tube.

7. The method 1n accordance with claim 1, wherein the cooling

surface 1s in form of a tube.

8 . The method in accordance with claim 6, wherein the fixed

catalyst bed i1is arranged on outer side of the tubular metallic

sheet.

9. The method in accordance of claim 6, wherein the fixed
catalyst bed i1s arranged on inner side of the tubular metallic

sheet.

10, A reactor for separating a liguid reaction product from a
gaseous stream comprising withilin the reactor:

a metallic sheet;

a cooling surface; and

a catalyst bed, wherein

the metallic sheet 1s zaligned to the cooling surface, the

"

metalllic sheet is provided on both sides with a plurality of

percolations in form of geometric-shaped protrusions each with

an open base, on the side of the sheet facing the catalyst bed,
the open base 1s arranged upwards and on the side facing the

cooling surface the open base points downwards.
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11. The reactor of claim 10, wherein the geometric-shaped

R S S s o o 2 T e s A JU PO Y 4o ORI
probrusions ars 1n Lorm of a hall pyramad,

R

12. The reactor of claim 10, wherein the geometric-shaped

protrusions are 1in form of a half cone.

13. The reactor according to claim 10, wherein the geometric-
shaped protrusions on the inner side of the sheet are adjoined

at theilr open base to the geometric-shaped protrusions on the

outer side of the sheet and share a common open base.

14. The reactor according to claim 10, wherein the metallic

sheet 1s 1n form of a tube.

15. The reactor according to claim 10, wherein the cooling

gsurface 1s 1n form of a tube.
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FIG 3
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