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insert for a reactor chanber and a reactor. The
w@e@genizei nvention relates to a flow directi ngPCTSE2003/001719

in a reactor chanber in a reactor, which reactor

chanber has a mainly square 5 shaped cross-secti on and

has an inlet at one corner of the chanber and an

outl et at a another corner of the chanber. At | east

one of the walls of the reactor chanber consists of a
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ki nds of chem cal A reactions in a batch-w se manner
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heating or cooling mantle or heating or cooling

coithe reahiarichamnebennensists phatdadidr keat eonductivehmaieral or a
transfer characteristics of such an arrangenent is
podNCEWIABEI as the mixing. 20 Another type of

reactor making it possible to carry through reactions
conti nuously consists of tube reactors conpri sing
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are nade to flow. Such rrange gi ves
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turbulent conditions. |If the reactants shoul d be
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with fuel cells. Such a mcro 2004/ 045761
PCMaE® 08 heatingor cooling coils, which are immersed in the reactants.
The heat transfer characteristics of such an arrangement is poor as well

as the mixing.

20  Another type of reactor making it possible to carry through reactions
continuously consists of tube reactors comprising tubes of suitable fength,
through which the reactants are made to flow. Such an arrangement
gives possibility to control the holding time especially at turbulent
conditions. If the reactants should be heated or cooled, the tube may be

25 surrounded by a shell, through which heating or cooling medium is forced

to flow.

In the latest time plate reactors often called micro-reactors for carrying
through catalytic reactions have been presented to the market. These

30 micro reactors are often used in connection with fuel cells. Such a micro-



reactor is described for exanple in EP 1 091 800,
whi ch shows a conpact, catalytic reactor built up of
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heat - beari ng spaces. The texture nay be in the form of
channel s aimng at a good distribution of the reaction
liquid. 5 This type of reactors may al so be used on a
| arger scale. Flow directing inserts are known in many
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that the t Irection constantly 1s changed. These
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to pronote fluid flow through the packing material.
15 The present invention ains at providing a reactor
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possi bl’'e to get a precise hydrodynam c <control of the

flow conditions for the reactants which are to pass

the reactor chamber. This goal is obtained in that .
¢ nElow siiectibeigrpds sira kWb EIIRY CaRneSTaRs dhgeder fo divide a

A LS SR R bl R s hERgea. These
exr‘n%%gg %r?é]éﬁ%f ngiiﬁfe?énﬁkig@sc&f ARl ABRTd OwRiceROAIlable in

si de e c er and back again “to the Tirst side

bagiferedsmastdrifier svad deonfigorativars. AV Q 034 @G0Bl delsatibebean
units are arranged such that the fluid is force

d
{ | examplosts e esoler ohias kN vitpaiaciengabes rite modular
1 B eking BRk Rt G dEneB naaRr teenne TiF Rgl frrough the
ab;géf{:kiw[rﬂglt%l. flow conditions that efficiently
Y

reven e occurrence of layers of fluid flowng at
different flow rates and no stagnant zones are found.

H gh mxing rates are obtained and a narrow
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directing insert which makes it possible to get a precise hydrodynamic
control of the flow conditions for the reactants which are to pass the
reactor chamber. This goal is obtained in that the insert comprises a
number of units arranged in rows, which units together with the walls of
the chamber define a channel for a fluid, which channel extends from a
first side of the chamber to a second side of the chamber and back again
to the first side backwards and forwards a number of times and that the
units are arranged such that the fluid is forced to flow between the units in
a serpentine path. The insert according to the invention, which forces the
fluid to change flow direction frequently, brings about turbulent flow
conditions that efficiently prevent the occurrence of layers of fluid flowing
at different flow rates and no stagnant zones are found. High mixing rates

are obtained and a narrow distribution of the residence tine is obtained.
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reactants passing the channel nmay be pure |iquids,

woreootswsl of |liquids, liquids with particl es BPCT/SE2003/001719

liquids with dissolved or f¥ee gas. The insert my

have a square-shaped form and a square-shaped cross- 5
section. The length of each rowin the insert nay be

consi derably larger than the distance between two
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the distance between two opposite walls in

r eéornoed pedbet or Fradiddts\padisrtbetrnembnaser Carabinations of walls of
advant ageously built up in such a way that 25 each row

of these Kinds w&yAlape pPesibih adj acent row of units by
delimting nmeans, which abuts the walls of the

react or chanber |n a tightening way. The reaction
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t hroug er by the action of
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situated above the outlet. It is of course al so

pogiias tha san®oshape. t he fluid pass through the
chanber driven by punp drive, which WD 2004/ 045761
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The units in the flow directing insert of the invention is with advantage
designed such that each unit has one plane surface intended to abut one
wall of the reactor chamber or the plane side of another unit in a
tightening manner. The unit has an extension that is less than the

distance between two opposite walls in the reactor chamber.

The flow directing insert is advantageously built up in such a way that
each row of units is separated from an adjacent row of units by delimiting
means, which abuts the walls of the reactor chamber in a tightening way.
The reaction chamber may be arranged such that the fluid flows through
the reaction chamber by the action of gravity, that is the inlet to the
chamber may be situated above the outlet.. It is of course also possible to

make the fluid pass through the chamber driven by pump drive, which



4 means that the in- and outlet to the chanber are
situated on the sane l|evel. The units in the flow

wa@lreoeosi7ay i nsert have with advantage a side oppDSE20@3/001719

5 to the plane surface witht a softly bended shape, for
exanple a cylindrical shape. In this manner there is
obt ai ned very favourable flow conditions. In a flow
directing insert according to the invention there "is
ad\’rﬁ@hﬁQQﬁéﬁfﬁé fh- W@@lﬂé@fb Rl ¥eembararadiifRcRBl drPtfe same
of units in the react or chanber, which is obtained
inlehalt there is an openi ng between one end of a row

and a reactor wall and al so between the next row of

units and the sane reactor wall. In this way the fluid
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opening in the cylindrical part of a second unit form
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of rows and delimting nmeans is with advantage
manufactured in one piece. WD 2004/ 045761
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in the insert it may for exanple be o
rows one adjacent the other which are arranged such that an opening in a

cylindrical part of one unit co-operating with an opening in the delimiting
means together with an opening in the cylindrical part of a second unit
form a passage extending through a part of the insert or through the
whole insert. Such passages give a possibility to create a connection
between an inlet at one end of the readtor chamber and the flow of fluid
anywhere in the reactor chamber. The passages may be used for
injecting a liquid or gas reactant into the flow of fluid. They may also be
used for taking samples or measuring for example temperature or
pressure. If so is desired a cooling or heating medium may be conducted

through the formed passages.

The flow directing insert containing a desired number of rows and

delimiting means is with advantage manufactured in one piece.



manuf act ured by noul ding, pressing, mlling or by

casting. The flow directing insert containing a nunber
w@Roownstzel and |imts nmay 5 alternatively be predi/sE®03/001719

pi eces of colum shape, whikh together form the

insert. This may be necessary if the units have a

softly bended form also close to the plane surface.

One especially suitable material for manufacturing the

| NgBEbek@iRg Gk Sholdesh@dnoby&idienahbensst ongayHBEexample be
O her materials may be carbon, glass or netal. The
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will be further described with reference to the
attached draw ngs which show two 15 exanpl es of
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part of an insert. Fig. 5 shows a perspective draw ng

of aswclogea o freoplanadswifaée.openi ngs i ntended to be
arranged’ in two adjacent rows. Fig. 6 shows a
cross-section of a row of units provided w th openings
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100P§vlVtherethiedke® ) PYBER. KRhEPATdteYialsiiy be c2lrbén, glass or
section of an insert |ocated in a reactor chanber.

Fi gnet@l.11 show different views of another enbodi nent
of a single unit 30 intended to be a part of an
insert. WD 2004/ 045761 PCT/ SE2003/001719 6 Fig. 12
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described with reference to the attached drawings which show two
15 examples of embodiments of the flow directing insert. These

embodiments have been chosen as examples only.

Fig. 1-3 show different views of a single unit with limits intended to be a
part of an insert.
20  Fig. 4 shows a perspective drawing of a number of units compiled to a
part of an insert.
Fig. 5 shows a perspective drawing of two units provided with openings
intended to be arranged in two adjacent rows.
Fig. 6 shows a cross-section of a row of units provided with openings in
25 the cylindrical part of the unit.
Fig. 7 shows a perspective drawing of three rows of units with openings.
Fig. 8 shows a perspective drawing of a section of an insert located in a
reactor chamber.
Fig. 9-11 show different views of another embodiment of a single unit

30 intended to be a part of an insert.



Fig. 13 shows a perspective drawi ng of how these units
may be manufactured in the formof colums. 5 Fig. 14

WG bame4sI6Lr 0SS-section or a row of units. Fi g.PABSEI0ME01719
how ten units in three rowss forma part of an insert.
Fig. 16 shows an insert located in a reaction chanber
in a plate seen both fromthe front and fromthe
back. Fig. 17 shows a perspective view of a part of an
ex3pl eodhdivd 8358r3hettivd drafiy bERBIWTheHRATRRS are combined to
containing Inserts according to the invention. In fig.

I tm;eaq)drsoﬁhnvinsartsi ngle unit 1 seen from one side,
which unit 1 together with simlar units arranged in
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nine units shown in the gure are arranged such that

the plane surface of the first and third units in

every row are turned at the sane side, whereas the, ,
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15forsma@erae|¢mﬁgr3,s1haped channel for the fluid. The

fluid flows through the free spaces 6 between the

units and between

The unit 1 has a cylindrical part 5 on its side opposite to the plane surface

as may be seen in fig. 2, which shows a cross-section of the unit.

20 Infig. 3 the unit 1 is seen from the side. As may be seen in fig. 2 and 3
there is formed a free space 6 within the unit limited by the extension of
the limits 3 and 4. This free space is intended for the fluid, which shall

pass the reactor chamber.

25 Infig. 4 there is shown how nine units 1 are arranged in relation to each
other in order to form the insert for the reactor chamber. As may be seen
in fig. 4 the nine units shown in the figure are arranged sych that the
plane surface of the first and third units in every row are turned at the
same side, whereas the second unit in each row is turned 180 ° in

30 relation to the first and third unit. In this way the plane surfaces of the



the cylindrical part 5 of the units and the walls of
the reaction chanber. In 5 order to bring the fluid

wao eooftloedisi n t he fornmed channel it is of cour sePCT/SE2003/001719
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necessary that the plane sutface of the units abuts

the adjacent wall such that no fluid may by-pass the
channel. The upper 3 and lower 4 [imts of the units
1 define alone and together delimting nmeans between
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such that a flow of injected fluid is added to a fl ow
of the first fluid at any desired point in the
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together the 30 delimting nmeans 8. At the right end .
of In fig. bithere i3 RbpwWN wvaubly intendeidito e apanged in rows adjacent

ThiQ egshiqles Haltbaiaa WaLs iave arbpPerid f dndhecingcal part of
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With such an arrangement it is possible to connect an inlet at one end of
the reactor chamber such that a flow of injected fluid is added to a flow of
the first fluid at any desired point in the reactor chamber. The connection
is established in that a unit with an opening 7 also has an opening
anywhere in the surface of the cylindrical part of the unit, which two
openings are connected somewhere in the unit. It is also possible to have
a number of units with openings in a number of adjacent rows such that

there is formed a passage, which extends all the way through the insert.

In fig. 6 there is shown a cross-section of a number of units 1 provided
with openings 7. The individual limits 4 of the units form together the

delimiting means 8. At the right end of the figure there is a cavity 9 in the



Fig 7. shows three rows of units provided wth

openings 7. As may be 5 seen in the draw ng the
wappeosrst delimting neans 8 extends sonmewhatPCT/SER)@3/001719

to the right than the next &elimting neans. This

space corresponds to the cavity 9 shown in figure 6.

A fluid, which is to flow through the reactor chanber

(no walls are shown in this figure), enters the
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20 Infig. 8 it is shown how an insert comprising a block of units 1 moulded in
one piece may be arranged in a reactor chamber. The reactor chamber
surrounds a space in the shape of an elongated square. In the drawing,
which only shows a small section of the reactor chamber, there is shown
the farther wall 10 of the chamber and the side walls 11, 12. The front

25  wall of the reactor chamber has been omitted for sake of clarity. In the
drawing it is seen how the fluid arrives from the right end of the chamber
and flows ina serpentine path in the channel, which is defined by the
units and the walls of the chamber. The cavity 9 formed between the
insert and the side wall 12 makes it possible for the fluid to pass on to the

30 adjacent lower row.



gi ving another kind of insert. The unit 11 is seen
fromone side and has also upper and lower limts 31
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the unit I'. As may be seen%in the drawing the unit 11
has a 5 plane surface 21 and a cylindrical part 51.
There is a softly bended change-over fromthe
cylindrical part to the plane part. The upper and
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part of the units forma serpentine channel. In fig.

15 |hiigy. & 2 thesb dgseanpeswihetunits masgvbetrtdrngsl mpesd@fto form a
units with ten 25 units in each. In this figure there
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t he channel, which is obtained between
In fig. 14 there is shown a cross-section of a number of units 1" in a row.
The plane surfaces 2" of the units are intended to abut on the walls of the
reactor chamber in a tightening manner. In the drawing it is seen how the
softly bended parts of the units 1" close to the plane surface 2" together

with the cylindrical part of the units form a serpentine channel.

In fig. 15 there is shown a perspective view of three rows of units with ten
units in each. In this figure there is seen how the upper and lower limits of
the units co-operate to form plane upper and lower surfaces which form
the delimiting means separating the rows. It is also seen how the plane
surfaces 2' form a plane area with small openings 14. The walls of the

reaction chamber should abut on this plane area (surface) in a tightening



the units. In fig. 16 the insert 15 is shown within a
react or chanber 16. The reactor 5 chanber is situated
WO pooa/0g3T6ar e- shaped opening in a rectangul ar pPEIX/SE2DTI/001719

The reactor chanber is |imlted by the edges of the
squar e- shaped openi ng and of thin plates or nenbranes
situated behind and in front of the plate 17. (The
thin pl ates or nenbranes are not shown in fig. 16.) At
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flu al " pass 10 the reactor chanber and at
anotH@Unﬁ@_d of the reactor chanber there is an outl et
19 for the fluid. A part of a reactor containing three
reactor chanbers 16 is shown in fig. 17. The walls 20,
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there are channels 22 throu which a coolin
heaopeging and ohlylnf pla\'tes mhmembaanmm sitaated begmd apfrin front of
ot her sjde deli s 23. Between t
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pl ates 24, JThe f 0,
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106llr eth%“ e{(é&@ﬂ&ﬁaﬁ{begoéﬁ“d at dastisr ér‘i@(’ﬂ?tf@é ?é@éto?%h@m'ber there is
e package 1I's together by bolts 26. There is an
lnlan cuitie¢ 1®@7foattherfiidend of the reactor and a
corresponding hole in the frame plates 25 and 25 the
magls surroundi ng the channels for cooling or heating
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the units in the first uppernost row, then through
t hemayxif swis switalla; bearserhinstead ofithint platesas one or both sides
of the reactor chamber. At both sides of the reactor chamber there are
channels 22 through which a cooling or heating fluid may flow. The
channels 22 are on their other side delimited by walls 23. Between the
20 channels for cooling or heating fluid are transition plates 24. The reaction
chambers 16, the channels for cooling or heating medium and the
transitions plates are surrounded on both sides by frame plates 25 and
the package is held together by bolts 26. There is an inlet pipe 27 at one
end of the reactor and a corresponding hole in the frame plates 25 and
25 the walls surrounding the channels for cooling or heating medium. The
fluid, which shall pass the reactor chamber, enters through the inlet pipe
27 and the mentioned holes and arrives to the inlet 18 of the reactor

chamber 16.



in the first reaction chanber have been passed. The
fluid then passes holes in the |ower end of the

w0 e@sher76( not shown) and enters the second 5 rREDSER003/001719
chanber. In this the fluidlis forced to flow from one
side of the reactor chanber to the other side between
the units in row after row upwards until it reaches
the row on the top. There is outlet 19 fromthe
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other by a membrane. With such an arrangement with a heating or
cooling channel, a reactor chamber, a membrane, a reactor chamber and
a heating or cooling channel arranged beside each other a first reaction
may take place in the first reaction chamber and one component,
20 originally present or formed during the reaction, may pass the membrane

for a further reaction or heating or cooling.

In the embodiments shown in the drawings all the units in an insert are of
the same size and shape. Of course it is possible within the scope of the

25 invention to use units of a smaller or thicker extension in one or a number
of rows, or in only a part of a row. The upper or lower limits may be made
thicker, which of course alters the size of the channel. Such a reduction of
the size of the channel may bring about an increase in the flow rate,
which may be of advantage.
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1. Flowdirecting insert (15) for a reactor chanber

(16) in a reactor, which reactor chanber (16) has a
worahoaloys7squar e- shaped cross-section, which 5 cPerBE2003/001719

(16) has an inlet (18) at one end of the chanber and

an outlet (19) at the other end of the chanber and at

| east one of the walls of the reactor chanber

consi sts of a heat conductive material or a menbrane,
ch rized in that the insert (15) conprises a
nuﬁ%‘?fﬁ% units (1,11) arranged in rows, which units
together with the walls (20, 21) of the 10 chanber
define a. channel for a fluid, which channel extends _
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15PCT/SE2003/001719 13 5. Flow directing insert
according to clains 1-4, c har acteri zedin
2. Flow directing insert according to claim 1, characterized in

(@)

that each unit (1,1") has one plane surface (2,2') intended to abut one
wall of the reactor chamber or the plane surface (2,2") of another unit and
has an extension that is less than the distance between the opposite

20 walls of the reactor chamber.

3. Flow directing insert according to claims 1-2, characterized in
that each row of units (1,1") is separated from the next row of units by a
delimiting means (8) extending between and abutting the walls of the

25 reactor chamber in a tightening manner.

4. Flow directing insert according to claims 1-3, characterized in
that the side of the unit opposite to the plane surface has a softly bended
shape (5), for example a cylindrical shape.
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that a connection between two adjacent rows of units
(1,1) in the reactor chanber is obtained in that
w0 b@no43761 an openi ng (9) between one end of a PCDBEAN001719
a reactor side and al so bettseen the next row of units
and the 5 sane reactor side, such that the fluid may
flow fromone rowto the other in the created enpty
space. 6. Flow directing insert according to clains
1- 55. cFlovedlrestifg ingert accarding tortlainhatl -at dieastatwerized in
units (1,11) in at least two rows one adjacent the
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<8P iU Shaetdb el araraif g 1 % §Rad% et grized in
e diy t r 1 i Fqs!

° ethérT al IQQ%’[ fvdunRRe Fgl’l gf;%“iﬂ éﬂeé%%%ﬁﬁ.&/\éﬁ% %%fe?be‘”t the other

oauced |1 n one as a
10i r ged BRGNgRRESUcHR testrgh Bpehhc@(B) infthel @jlimelritaBpatt ¢f ene unit is
racter i- 25z edinthat the insert is _
manQo-draraogiwitp anyepéringtindhg alalimeitinggarans (8atogether with an

e aDB RN LAIEINE SHIRRAEAGPATTAN S SRGARE Vb Ol R POSSibiliy to
acCOAAP IR YR Blidkh BhGSRIRHnE 8hd%f R reactor chamber and
a flow path anywhere in the reactor chamber or through said chamber.
15
7. Flow directing insert according to claims 1-7, characterized in
that a number of rows of units (1) and delimiting means (8) are produced

in one piece.

20 8. Flow directing insert according to claims 1-7, characterized in
that a number of units (1') and limits (3,4) are produced in one piece as a

column.

9. Flow directing insert according to any of claims 1-8, characteri-
25 zed inthat the insert is manufactured in polyetheretherketone (PEEK),

carbon, glass or metal.

10. Reactor provided with at least one reactor chamber containing a flow
directing insert according to any of the preceding claims.
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