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the Invention

The present invention relates to an expandable centre

arrangement for a reactor, to a reactor and te a method of

5 installing an expandable centre arrangsment in a reactor. In
particular, but not exclusively, the present invention
relates to an expandable centre arrangement for a stackable
structured reactor, to a stackable structured reactor and to
a method of installing such an arrangement in such a reactor.

10 Background
Reactor components for carrying out catalytic reactions, such
as those used to produce syngas or hydrogen, can generally
contact reactor tubes expcesed to a heat source, for example a

furnace, to support reactions. In contrast, other types of
15 reacticns, such as exothermic reactions, c¢an reguire a

cooling source, such as a cooling Jjacket. The reactor tubes

can be loaded with various arrangements of catalyst-coated
components, such as foil-supported or structured catalysts in

the form of fans, fins, coils, foams, or moncliths. In some

20 dinstances, the reactor catalyst-coated components can be
expandable, such as those formed from foil, for example, a
fan.

h a reactor,
thanced. In a
N

25 o ub idab aly: cated ctor components

such as being in
led proximity to the reactor wall
ing source. Thus, it is desirabls

to fit reactors with accessories to promote increased heat

30 transfer



WO 2017/205359

W020131518892 expandab
use 1n a tubular reactoxr, such as a r
heat transfer and reactor efficiency.
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Summary of Invention

Acc

ording to a first aspect of the inventiocn, there is

provided an expandable centre arrangement for a reactor, the
arrangement comprising: an expansion tube; a centre support
inside the expansion tube and three or more spring elements;

the spring elements being fastened to the centre support and

arcing out to the expansion tube.

ot

he

e

(s3]

Such an arrangement may provide an expandable centre

5
ot

—-coatad

crovides an expansive force to the structured catalys
components of the reactor, while not requiring a large number

of separate moving parts. The arrangemsnt is thus

advantagecusly straightfeorward to manufacture, assemble and

spring elements are preferably resilient so as t

expansion tube outwardly away from the centre support.

The expan may be formed from tail ends of the spring

elements wrapping around and overlapping each other. Thus the

o]

spring elements preferably spiral around and overlap each

other. For exanple, the spring elements preferably have head
ends fastened to the centre support and tail ends overlapping

to form the expansion tube. Preferably each of the tail ends

extends around at least one circumference of the

expansion tube. By forming the expansion tube from the tail

1

ends of the spring elements, the centre arrangement may

Bl

comprise a single structure, which may be easier to handle

1 than a multi-component system.

The expansion tube may be separate to the spring elements and
the spring elements may press outwardly against the expansion

tube. For example, the spring elements may press outwardly

from the centre support against the inside of the expansion
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tube. Such a system may be advantageous, cr example, when

(o}

fc
ifferent material properties are desirable for the spring

elements and the expansiocn tube.

o+
G

pring elements are sheet-like element

aligned with the axial direction of the centre support and
the expansion tube. For example, the centre support and
expansion tube are preferably substantially straight with the
centre support (for example, a tube or rod) aligned

concentrically inside the expansion tube. The sp

preferably comprise sheets material, such as

metal, and are preferab

centre support so that s of the sheets are

aligned with the centre support and the longitudinal axis of

the expansion tube and second opposite edges of the sheets

arc out from the centre support to the expansion tube. Such

an arrangement may provide an expansive force across a large
th

> expansion tube.

Preferakbly the expansion tube resists compression. That

resistance may be as a result of frictional forces
layers. Preferably the expansion Tube comprises at

sheet wrapped around multiple times to form the circ

the expansion tube. That may produce an cverlap

of
that provides a high degree of resistance to compression
the

tube. The at least one sheet may be the tails of the

spring elements. may be prov

tail belng wrapped arour :ast one circumference of the

aexpansion tube.

According to a second aspect of the invention, there is
provided a reactor comprising: an outer tube; an expansion
tube inside the outer tube; an expandable catalyst support

occupying an annular space between the
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outer tuke; and three or more curved resilient spring

elements arranged within the expansion tube =0 asgs to bias the

expansion tube toward the ocuter tube.

ks

erably the sprin

elements are mounted on a centre

[te]

support. The centre support may be used to provide rigidity
o

to the structure and may be used to handle the structure

during installation and removal.

It may be that the sxpansicon tube is formed from tail ends of
the spring elements wrapping around anc

other. It may be that the expansion tube 1s se
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Preferakly the spring elements are shest-like elements

aligned with axial direction of the outer tube and the

axpansicn tube.

Preferably the expansion tube comprises at least one sheet

wrapped around multiple times to form the circumference of

the expansion tube.

Preferable reactors of the invention,

referred to

reactor (“SSR”), can include
multiple catalyst support components arranged around or
stacked cn a centre support, such as a central rod or
mandrel, pipe, post or the like, in order to form a monolith
of general annular cross section as viewed in the direction

The monolith or stacked

catalyst supports can occupy all or a portion of the annular

space between two concentrically arranged tubes, such as an
outer tube and an inner tube. The inner tube may be referred
to as an expansion tubs. As described herein, various

modifications and embodiments of the reactors and associated

reactor compone
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transfer and reactor

or par

catalyst supports, tre supports,

and outer tubes, discussed herein, can

=~ material as known in the for

art,

, non-ferrous metal, metal foil, steel,

stainless steel, alloys, foils, non-metals such as plastics
or combinations thereof.
uter tube having an inner wall surface and an

tube
length.

o In the

can have a
porticns in
to

constructed

centre support

axpanding centr

that the

suppcrt between

arrangement.

accommodate the 1

may be continuous but is

arrangement

centre support
like £
such as a

Cre

sUpport

components, such

ar Ldlﬁ(}'ib

the

components

mk‘
L0

and a section of

for providi

fan or monolith,

such as a reformer tube, may house

(u

s vertically stacked fans

around a centre ‘he diameter of

is preferably entire

of the

case of reformer tubes, portions

bulges or expanded

outer tubke. The actor components may be

have a ing for the

receiving

and section components, such as an

tu

arrangement including the inner e, such

can be stacked or arranged on the centre

the outer tube and the expanding centre

to

centre support can have a length

the cuter tube. The cen

preferably formsd i1

rom

sections,

,..x

lated with an expanding centre

the reactor compenents. The

can have a base

bracket, bushing, plate or

the reactoxr

30

fitting

do

components,

the

not

the end of

. The base

plate can be located at or near th

ts
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oottom end of the centre and can have

support
diameter or dimensions to permit
have a

than

tube. For instance, the

with a diameter about the same th

diameter of the outer tube.
The centre support can be preloaded with

reactor components before being inserted into

The components can be stacked vertically, one

ancther as shown, to form layvers of reactor
either vertically or in alternative ways such

to accommodate orientation of a reactor or cer

regquirements. Washers ted between

.
]
»
@M
[n]

can

reactor components {(e.g., fans) desired, f£c¢

fan can be separated by a

an open space between the Stacked

which height in the

be

components,
100mm,
bly Wi
senmblies

have a typical

carn arranged vertically as desired t

th h

can be stacked togett

may be

centre

m - 3 3= 1
The section

ot
©

beyond one end of th

can be gripped dur

the outer tube. The

open—-endad hollow portion

the section to the protruding portion. Thus
porticon cof one section may fit

adjacent section so that the

oy
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inner

any number of

ter tube.

on top of

a

components,

3 horizontal

tain technology

one

+
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O

support may
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prelcoaded

ing installaticn of the
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the protru
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into the hollow portion of an
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sub-assemblies are ssparated by lesss than the length of the
protruding portion. Preferably the protruding portion of one

section may fit into the hollow portion of an adjacent

section so that the reactor components, including for example

5 the washers if present, of sub-assemblies form a

continuous stack.

The reactor components can be, for example, fans or

moneliths, either used with or without washers. In one

embodiment, the reactor componer can be catalyst supports,

10 such as fans, coils or monoliths having one or more catalyst

coatings. Washers used in connection with the components can

also have a catalyst coating to effectively distribute

catalyst contact with the fluid flowing through the reactor.

)

Catalytic material is known in the art and can include

15 nickel, palladium, platinum, zirconium, rhodium, ruthenium,

iridium, cobalt and coxides of aluminium, cerium, and

zirconium.

The catalyst suppo can be expandable in the radial
direction such that the supports can be pushed outward

20 radially to the outer tuke. As arranged in the outer tube,
the reactor components can occupy a portion or substantially

the entire annular space between the outer tube and the inner

tube. The components, when expandable and in the collapsed

ot

state, have a diameter less than the outer tuke. In the

Ny
(621
@

cpanded position, the components can be in direct contact

with the cuter tube or create a small gap between the outer

£
C

tube and the outer diameter face of the components. The gap
between the outer edge diameter face of the reactor

compeonents and the inner wall surface of the reactor tube can

[y}
(@)

pe at least 0.2, ©

creferakly not more than 3, 6,
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preferably in the range of

to 3mm. The gap promotss heat transfer and forc

traveling toward the inner wa

to be directed back towards the inner portion

rable gap

diameter edge or face of the monol
wall surface of the reactor tube. Fluid, such

liguid, to be reacted general

0.5 to obmm, and more

1 surface of the

such as a washer, wire, ring, loop or

fomt
D"
)]
O
=
-
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n

v flows vertical
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between the outer

and the inner
as gas or

v, either up-

flow or down-flow as desired, through the reactor tube and

1

through each component arranged on the centre

oreferably outside the inner tube. Reac

fluid flow in other non-vertica

transfer, for example fans can direct or guide

radially (perpendic

COX COm

directions to

support,
ponents direct

increase heat

towards the reactor tube wall. One or more moncoliths or fans

can be in contact or close proximity of the inner wa.

-

surface of the reactor tube, which effectively transfers heat

from the exterior of the reactor to the reactor components

and fluid contained therein for promoting endo
catalytic reactions. For exothermic catalytic
s

principle of operaticon is the same, but

from the reactor components and the fluid cont

apov

to the exterior of the reactor.

has referred to vertical flow, which is typica

invention can also be used with horizontal {ox

thermic

reactions, the

ieat i1s transferred

ained therein

re description

1ly used, the

other

orientation) flow reactors. Such reactors orientations may in

particular be used when structured catalyst elements are

emploved since such elements may be more easily retained in a

At the centre section of the

centre arrange can be used.
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arrangement may include the inner tube,

expandable centre nt. The inn

el

arrangeme

corrugated oxr composed of roliled metal
rolled in a cylinder such that there iz an

at th

ction
ends of the rolled

inside the cylinder or

so that the inner tube expands radially out
the inner tube can be made of a foil sheet
cylinder. Preferably the overlapping secti
least once and preferably at least twi

circumference of the inner

cylinder formed from multiple windings of &
material, for example foil. The inner tube

alone article, or may be f

elements.

The spring elements provide tension to &

°©

and urge the inner tube outwards. At its ou
inner tube contacts the reactor components,
expandable catalyst-coated fans. Because t

wh 'l
tube ca

sheet or flat

sheet meet.

ice arcund

the 1
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the

ch may house

be

ot

1

verl

o apping

For example,

the

nner tube may be a
sheet of

may be a stand-
ils of the spring

reactor components

he

spring

pus ube, the inner tube
can components to
prevent or eliminate a gap between the inner diameter of the
reactor components and the outer diameter of the inner tube.
Reducing or eliminating any gap spacing between the inner

diameter reactor

the inner tube increases the amour of flui
to the outer ¢ of the reactor near th

wall, which can in ange and

aefficiency. The =d by the sprin

compo

= correct,

small,

cuter diameter of

7o

d that

®

reactor tube

reaction
g elements can

nents against ths

spacing
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between the reactor components and the outer tube and

)

£

promoting heat transfer to the fluid passing through the
reactor. During operation the temperature can increase and
the outer tube can creep or expand radially cutward away from

5 the reactor components and form a gap between the outer

of the reactcr components and the outer tube.
The tendency of the spring elements to unwrap can force the

reactor components outward to reduce or eliminate such a gap.

h

According to a third aspect of the invention there

10 provided a method of installing an expandable centre
arrangement in a reactor. Preferably the expandable centre
arrangement is an expandable centre arrangement according to
the first aspect of the invention. Preferably the
installation produces a reactor according to the second

15 aspect of the invention. Preferably the method comprises:
providing an expandable centre arrangement comprising an
sxpansion tube and spring elements arranged inside the

expansion tube, inserting the centre

wgement into the

reactor, introducing a pressurised gas into the expansior

]

20 tube so as to expand the wherein the spring

E
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sion tube afte

referakly a centre support is arranged inside the

pansion

tukbe and the

[¢4]

pring elements are mounted on the centre

oy

25 support. The centre support advantagsously increases

strength of the arrangemen for an

.~f

Q
5
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7

provides a place
installation tool to grip. The centre support may also be
-~ stacking multiple centre arrangements into the
he centre support of one arrangement may

itre support of an adjacent arrang

[y}
(@)

to provide a

yuous centre support. In some embodiments
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the expansion tube is formed from tai

elements wrapping around and overlapping sach other.

opposite edges of the sheets arc out from the centre support

&

to the expansion tube. Such an arrangement may be simple to
manufacture. It may also be advantageous in that the

overlapping ends of the sheets have a frictiocnal force

between them, which assists in preventing compression of the

expansion tube. When the pressurised air is introduced, the
7

"
i

alr flows between the overlapping ends of the sheets and
lubricates movement of the sheets relative to each other,

thus permitting the expansion tube to expand both as a result

of the pressurised air and the expansion force of the

resilient spring elements. When pressurised air is

stopped and the pressure vents, sheets are no longer
lubricated and the frictional force returns to assist in

preventing compression.
spring

Preferably the ansion tube

elements. Advantageously, the yrmed from 3

thinner material than the spring elements. Preferably the
expansion tube is formed from multiple windings of a sheet of

. It may be that the inner end of the sheet of

comprises corrugations. The corrugations may assist

c T

f the air between the windings of the s

thus facilitating the lubrication and expansion of the
aexpansion tube when pressurised air is introduced into the

axpansion tube.
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Preferably the

cent

reactorn tool.

using a praessuris

introduced via the same tool. Thus the
installed in a single operation using a single

Preferably the pressurised gas is duced by
pressurised gas into the expansion tube. Prefe
grips the centre support for inserting the cen

O

arrangement. The eszurised gas may, for

introduced via the centre support, for example
gas down a hollow centre support and out throu

arrangement can

example,

PCT/US2017/033973

ed gas
tool.
v blowing

rably the

[

ool
tre

be

the

the

by blowing

centre support. The pressurised gas may, for examp be
introduced directly intoc the expansion tube, for example by
blowing the gas into the end of the expansion tube.
Preferably the spring elements provide an outward biasing
force to the expansion tube during the introduction of the
pressurised gas. Preferably the spring elements remain in
contact with the sansion tube throucghout the introduction
of the pressurised gas. The provision of the spring elements

results in a significant advantage in the inst
there is no need after th
gas, to lock the ansion tube into place. I
spring elements are already in place at the en
of pressurised air and the tool can be removed

the blow. The removal of the tool may itself v
pressurised gas or the pressurised gas may ven
ways. In reactor, with many centre arcx
install, savings from not needing to

centre arrangement may be large.
Preferakly the method includes placi
support components around the centre arrangeme

ent is erted into the acteor. The

re

1§ expandable cataly

e pressurised
stead, the
d of the “blow”

straight after
ent the
other

nts to

+

ne

b

2ac

=

nt before t

-

catal
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support components are placed around the outside of the

expansion tube.

the reactor comprises an outer
tube, into which the expandable centre arrangement and its
surrounding catalyst support components are inserted

Preferably the expansicn of the expansion tube forces the

.

catalyst support components outwardly against the inner
surface of the outer tube. In that way the optimal
positicning of the catalyst support components may be

achieved and maintained.

It will be appreciated that features described in relation to
one aspect of the invention may be equally applicable in
ther

nc spect of the invention. For example, features

Q
o

1)

described in relation to the expandable centre arrangement of
the invention, may be eqgually applicable to the reactor of
the invention, and vice versa. As ancother example, features
described in relation to the method of the invention, may be
aqually applicable to the reactor or the expandable centre

arrangement of the invention, and vice versa. Some features

6

may nct be applicable to, and may be excluded from,

particular aspects of the invention.

Q.

Description of the Drawings

be described,

]
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=
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Ernbodiments of the present invention
by way of example, and not in any limitative sense, with

reference to the accompanving drawings, of which:

pandable centre

o]
=
@
=
;,J
0
o
e
(T
=
O
furk
T
[o]
=

CL an

o

i
the inventiorn;

the expandable centre

gure 1 with the spring elements wrapped

b b &
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around the centre sup inte an

expansion tube;

tr]

igure 3 is a view of an expandable centre arrangement

0]

according to the invention with the part of Figures 1 and 2

inserted into an expansion tube;
Figure 4 is a view of the expandable centre arrangement of

catalyst components stacked around

expandable centre arrangement

Figure 7 is a view of an expandable centre arrangement with

&3]

structured catalyst component around it;

Figure 8 is a view of the expandable centre

Figures 5 and 6 surrounded by a structured catalyst

Figure 9 is a view of an expandable centre arrangement

according to the invention; and

Figure 10 is a view of & construction of

“

1

expansion tube.

()]

Detailed Description

In Figure 1 part of an expandable centre arrangement

comprises a centre support 1 and four s

[

2¢, and 2d connected to the centre suppo
elements 2a, 2Zb, 2¢, and 2d are sheet-11
to the support so that the sheet-

with the axial direction of the centre support



N
(€3]

WO 2017/205359

,16_

In Figure 2, the spring elements 2o,

wrapped around the centre support 1. Ths

2b, Zc, and 2d can held i
position with bands cable

released, the

tend to unwrap, thus expansi
Alternatively, the Za, 2

temporary restraini

temporary restraining tube has a diamete
than the diameter of the expansion tube
expansion tube 4 is placed cver the temp
tube and the femporary restraining tube
the spring elements 2a, 2b, 2c¢ and 2Zd an

expansion tube 4. Like releasing the ban
the spring elements 2a, 2b, 2c¢ and 24 to

expansive force against the interior of
In Figure 3, the bands 3 have been remo
support 1, with the spring elements 2a,
wrapped around it has been inserted into
The spring elements Za, 2b, 2c¢, and 24 t

thus press ocutwardly
cutside of the tube,

can be stacked. One
The structured cata

and the action of the spring elements 2a
trylng to unwrap presses outwardly on th

which in turn presses outwardly against
catalyst-component 5. Foil bands 37 are
sxpansion tube 4. The foil bands 37 ars

heold the expansion tube until the str

components 5 in place. As the

PCT/US2017/033973

Zzc, and 2d are
spring elements 2a,
n the wrappe ed

ties. When the bands

2k, Zc¢, and 2d will
ve for .
b, 2c¢c and Zd can be

ng tube. The

.

r a little smaller

{see Figure 3). The

orary restraining
is then pulled off
d out of the

ds 3, this permits

unwrap and create an

the expansion tube 4.
ved and the centre

Z2b, Z2¢, and 2d

an expansion tube 4.
end to unwrap and

Around the

()]

cmponents

in Figure 3.

re expandable

2c, and 2d

wrapped around th

temporary bands that
ured catalyst-coated
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components 5 are stacksd onto the expansion tube 4 the foil

bands 37 are slid up and <ff the expansion tube 4.

In Figure 4, nultiple structured cata
are stacked around the outside of the expansion tube 4. In
5 use, the centre arrangement with the structured catalyst-
coated components 5 stacked around it is inserted into a
reactor tube, not shown. The action of the spring elements
23, 2b, 2¢, and 2d trying to unwrap keeps the structured

catalyst-coated components

U'
2
3
]
[G]
933
[
Q.
&

gainst the reactor

10 tube, thus improving heat transfer reactor tube to
the structured catalyst-coated components 5. The improved
heat transfer in turn improves the reaction rate. Multiple

centre arrangements can be stacked on top of each other in

the reactor tube. The centre support 1 a thinner portion

iy when

15 that protrudes from the top of the cent

_5
4
]
0]
)L\
-
N
[V)]
=

(s
o}
=
10}
o]
o

all the structured catalyst-coated components 5 associated

ace, The protruding

with that centre arrangement are in p

=

portion can be seen in Figure 4. The lowser end of the centre
support 1, includes a hollow portion, or recess (not shown)
inte which fits the protruding portion of the centre support

angement below.

n that way the multiple
£

centre a can be stacked efficiently one

25 In Figure 3, a centre

11 and four spring i2b, 12c, and 12d. Ag with

the centre arrangers elements 12a, 1Z2Zb,

and 12d are sheet-like elements aligned with the axial

directicn of the centre suppcrt 11. The spring elements 12a,

12¢, and 12d are resili

w
O
ot

ments and arc

outward centre support creates a spring
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effect sc that the resilient spring elements 12a, 12b, 12c¢,
and 12d can bias an expansion tube ouvtwardly away from the

centre support il

In Figure ¢, the centre support 11 comprises an array of
holes 16. When the centre arrangement is inserted into a
reactor, with structured catalyst-coated components
surrounding the centre arrangement, ailr can be blown down the
centre support 11, The air will blow out through the holes 16

and force the

arrangement to expand, thus forcing the
catalyst-coated structured components into intimate contact
with the outer wall of the reactor tube. The spring elements
12a, 12b, 12¢ and 12d, which will also be expanded when the
alr is blown through the hcoles 16, will then resist

compression of the centre arrangement and
force to keep the structured catalyst-coated components in
intimate contact with the outer reactor tube. The blast of

alr passes between the spring elements

2a, 12b, 12c¢ and

1
and lubricates them, allowing them to slide across each other

and expand. When the blast

12b, 12c¢ and 12d are no longer lubricated and the friction

the centre

C
[}
o
},4 -
=
(e}
o
]
9]

{the so-called vane cavity). That blast alr may carry out

and expar

through the holes 16. In that way the air is introdu

directly into the expansion tube.

ring elements

with a structured catalyst-
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coated component

Iin this case,

arrangement.

from the tail ends of

12d wrapping around and overlapping each

overlapping tails create

ictional re

<
5]

compression of the centre rangement in
biasing force created by the curve of the

g

12a, 12¢c and 12d. In the embodime

~
<

= o, G 77 - 3
ntr 17, whi

rises tabs

compe

structured

centre support 11 relative to the structu
components 15 unwinds the spring elements
12d and expands the expansion tube 14 and

catalyst—-ceoated component 15.

&

In Figure 9 a centre arrangement includes
111 and spring elements 112z, 112b, 1lZc

from the centre support 111. In this embo

support 111 is a square box section suppo

w
=

S
—
N
Q.

support 111 in the region of the corners
While the w2nts wel

apove S

with elemen

corners

robust arrangement to manufa

easy

In Figure 10, an cansion tube is formed
material 220, for example steel. The shes
corrugations 221 along an edge. sheet

The

a cylinderzx, corrugations

pressurised air, or another gas,

221 facilitate tl

may
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b
“Xy

other. The

istance to

addition to the

N

spring element

cof Figure 7, the

ch insert into the
Thus twisting the

=3

d

re yst-coat
12a, 1Zb, 12c and
the structured

=3

centre

and 112d arcing out
diment the centre

f the box se

Q

ded to the

quare box s

ts 125

12a,
result

o~
[

ture.

rrom

LI

t 220

inner ed
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~ A

Fape

gl

between the layvers of the sheet 220. Tha

ot

layesrs so that the tube can expand.

The operation of the centre arrangement is similar for all of
the above embodiments. The centre arrangement is assembled by

5 wrapping the spring elements 2, 12, 112 around the centre

support 1, 1, 111, If the expansion tube 4 is a separate
tube, the centre arrangement is inserted into the expansion

tube 4. In a typical installation process the spring elements

2, 12, 112 are tightly wound around the centre support and

10 inserted using considerable force
The expansion tube 4 is slipped over the

aining tube and the temporary tube is then

-he spring elements 2, 12, 112 and out of the
expansion tube 4. The structured catalyst-coated components
around the outside of the expansion tube 4,
b-assembly and the sub-assembly is inserted

tbe. Preferably air is blown down the

; 111 to force the centre arrangement and
rst~coated components 5, 15 to expand to

20 press into intimate contact with the reactor tube. The air

using a tool which fits conto a protrudin
1, 111. The tool can be the same tool that

is used to grip the centre support 1, 11, 111 while lowering

N
(€3]
ot
—
)
%]

ub-agsembly into the reactor tube. Once the air has besn
blown, the outward bilasing force resulting from the arc of

the spring elements 2, 12, 112 and the fricticnal force in

to resist compression of the centre arrangement and
30 the structured catalyst-coated components 5, 15 into

continuing close contact with the reactor cuter tube. The

can alsc be expanded by twisting on the
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centre support 11, particularly in smbodiments where the

b
e
:,_J B
w0
i)

expansicn tube

ormed from overlapping ends of the

v

- ~y

_____ 12k, 1Zc¢ and 12d, with

O]
i)
=
i‘l .
]
s}
0]
=
0]
=]
]
=3
a
A
1o
N
Qv
Y
N

into the structured catalyst-coated componen

It will be appreciated by persons skilled in the art that the

above embodiments have been described by way of example only,
and not in any limitative sense, and that various alterations

and modifications are possible without departure from the

scope of the invention as defined by the appended claims. For
example, instead of 4 there may be 3, 5 or more spring

elements.



