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Description

MICRO-REACTOR SYSTEM

The present ínvention refers to a micro-reactor

system assembly comprising at least n process modules and

at least n+1 heat exchange modules wherein each process

moduLe is sandwiched by two adjacent heaL exchange

modules.

Micro-reactors are reaction devices prowided for

reacting of one or more reactants (t)æically including

mÍxing of two or more reactants) and to some extent for

controlling the reation of said reactants via heating or

cooling or thermat bufferíng said reactants before,

during and/or after mixing. Such micro-reacLors for

performing chemical reactíons withín smafl areas are

known for example from EP-A-0688242, EP-A-L031-375, I,{O-A-

2OO4 /  045761-  and US-A-200 4 /  OLO97 9e .

Chemical reactions to be performed in micro-reacÈors

can basical ly be dist inguished between so-ca1led type À

reactions and t)æe B reactions.

T¡rpe A as for example organic meEa1 reacEions are

very fast chemical reactions and take place directly at

mixing reactants wiEhin the mixing chamber, typically in

the range of 1 sec. They may be called reactions

controlLed by the mixing process. In order to Iet all

reactants react complet.ely and to avoid by-producEs, such

t]4pe A reactions require fast and effective mixing of the

process f luids as well as effective thermal conErol. Such

t}îpe A reactions generally requíre none or short after-

reaction time and thus can be performed well in micro-

reacEors with smalt resídence volume or after-reacti-on
35

WO 2007/112945PCT/EP2007/002831 Description MICRO-REACTOR
SYSTEM 5      The present invention refers to a micro-reactor system
assembly comprising at least n process modules and at least n-I-1 heat
exchange modules wherein each process module is sandwiched by two
adjacent heat exchange 10 modules.     Micro-reactors are reaction
devices provided for reacting of one or more reactants (typically including
- mixing of two or more reactants) and to some extent for 15 controlling
the reation of said reactants via heating or cooling or thermal buffering
said reactants before, during and/or after mixing. Such micro-reactors for
performing chemical reactions within small areas are known for example
from EP-A-0688242, EP-A-1031375, WO-A- 20 2004/045761 and
US-A-2004/0109798.      Chemical reactions to be performed in
micro-reactors can basically be distinguished between so-called type A
reactions and type 13 reactions. 25      Type A as for example organic
metal reactions are very fast chemical reactions and take place directly at
mixing reactants within the mixing chamber, typically in the range of 1 sec.
They may be called reactions 30 controlled by the mixing process. In
order to let all reactants react completely and to avoid by-products, such
type A reactions require fast and effective mixing of the process fluids as
well as effective thermal control. Such type A reactions generally require
none or short after- 35 reaction time and thus can be performed well in
micro-reactors with small residence volume or after-reaction  WO
2007/112945PCT/EP20071002831 2 
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volume. the residence time for such reactions typically
is in the range less than 20 sec.

l}pe B reactions as for example Wit,t,ig reactions or
acetoacylation of an aromatic amine with díktene, on the
contrary, are fasÈ to slow reactions with ty¡lical

reaction times in the range of L sec. to 10 min. They nrn

concentration or kineEically controlled. fn order to let
the reacLants react completely and to avoid by-products,

such t)4pe B reactions do not require a very fast mixing
of the reactants but rather conErollable reaction

conditions during the complete reaction tj-me. Thus

residence volume and after-reacEion volume must be

dimensioned such that the process fluid remains within

the micro-reacLor for a long time r:nder conditions whj.ch

can be controlled easily and precisely. However, r¡ntil

now realisatíon of such longer residence times is

difficult. with conventional micro-reactors due to the
sma1l sj-zes and tl.e oçensive micro-structuring. Thus

conventional micro-reactors mostly are used for tl4ge A

reactions.

ft is therefore an object of the present invention to
provide an improved micro-reactor system assembly

suítable to assure desired residence times during which
temperature control- is possible.

Thís object Ís soLved by a micro-reactor system

assembly according to claim l-, comprisinsf a stack of:

at least n process modules (L-6), whereín n is an

integer equal to or greater t,han 1, each process module
(1-6) being made from a rigid f irst material and

comprising at least one reactive fluid passage (LA, 18,

2A, 34, 6A) which penetrates the interior of said process

module (1-6) between at least one reactive f luid inlet

por t  (1C,  aD,  2C,  2D,3C,  6C) and at  least  one react ive

1 5

20

25

30

35

volume. The residence time for such reactions typically is in the range less
than 20 sec. Type B reactions as for example Wittig reactions or 5
acetoacylation of an aromatic amine with diktene, on the contrary, are fast
to slow reactions with typical reaction times in the range of 1 sec. to 10
min. They run concentration or kinetically controlled. In order to let the
reactants react completely and to avoid by-products, 10 such type B
reactions do not require a very fast mixing of the reactants but rather
controllable reaction conditions during the complete reaction time. Thus
residence volume and after-reaction volume must be dimensioned such
that the process fluid remains within 15 the micro-reactor for a long time
under conditions which can be controlled easily and precisely. However,
until now realisation of such longer residence times is difficult with
conventional micro-reactors due to the small sizes and the expensive
micro-structuring. Thus 20 conventional micro-reactors mostly are used
for type A reactions. It is therefore an object of the present invention to
provide an improved micro-reactor system assembly 25 suitable to assure
desired residence times during which temperature control is possible.
This object is solved by a micro-reactor system assembly according to
claim 1, comprising a stack of: 30at least n process modules (1-6),
wherein n is an integer equal to or greater than 1, each process module
(1-6) being made from a rigid first material and comprising at least one
reactive fluid passage (1A, 1B, 2A, 3A, 6A) which penetrates the interior of
said process 35 module (1-6) between at least one reactive fluid inlet port
(1C, 1D, 2C, 2D, 3C, 6C) and at least one reactive  
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f luid outlet, port (18, 1F, 2E., 3D, 6D), for accommodating
and guiding a reactive fluid, wherein in case of aE least

Lwo process modules (1-6) said at. Ieast Ewo process

modules (1-6) are fúnct, ionalIy connected in series; and

at least n+L heat exchange modules (7, 8) being made

from a deformable or ductile second material other than

said first. mat.erial and comprising at least one heat

exchange fluid passage (7A, 8A) which penetrat,es the

interior of said heat exchange module (7, 8) between at

least one heat exchange fLuíd inlet port (78, 8B) and at

least one heat exchange f luid.outlet port, (7C, 8C), for

accommodating and g:iding a heat exchange fluid, wherein

said at least n+L heat, exchange modules (7, 8) are

functionally connected in seríes,

wherein each process module (1-6) is sa:ndwiched

beÈween Lwo adjacenÈ heat exchange modules (7, 8) .

The at least n process modules and. the at, least n+L

heat exchange modules form each an independent module

which defines at, least one f luid passage, i .e. reactÍve

fluid passage or heat exchange fluid passage, extendíngr

completely wíthin the interíor of the module between the

at least one inlet port a¡rd the aÈ least one outlet port.

By providing process modules and heat exchange

modules made from different maÈ,eria1s, it is possible t,o

select the following first and second materials for ttre
process modules and heat exchange modules, respectively:

For the process modules, a first materj-al can be

selected which is optimal for the reactions of the

reactanE,s, in part,icular resístant to corrosion and/or

pressure and preferably selected from the group includíng

stainless steeI, hast,e11oy, tungfsten, tantalum, tí tanium,

ceramics, silj-con, graphit,e and/or a suj-table combinaËion

of one or more of saíd f irst material-s.
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WO 2007/112945PCT/EP2007/002831 3 fluid outlet port (1E, 1F, 2E, 3D,
6D), for accommodating and guiding a reactive fluid, wherein in case of at
least two process modules (1-6) said at least two process modules (1-6)
are functionally connected in series; and 5at least n+1 heat exchange
modules (7, 8) being made from a deformable or ductile second material
other than  said first material and comprising at least one heat exchange
fluid passage (7A, 8A) which penetrates the interior of said heat exchange
module (7, 8) between at 10 least one heat exchange fluid inlet port (7B,
BB) and at least one heat exchange fluid outlet port (7C, 8C), for
accommodating and guiding a heat exchange fluid, wherein said at least
n+1 heat exchange modules (7, 8) are functionally connected in series,
15wherein each process module (1-6) is sandwiched between two
adjacent heat exchange modules (7, 8). The at least n process modules
and the at least n+1 heat exchange modules form each an independent
module 20 which defines at least one fluid passage, i.e. reactive fluid
passage or heat exchange fluid passage, extending completely within the
interior of the module between the at least one inlet port and the at least
one outlet port. 25By providing process modules and heat exchange
modules made from different materials, it is possible to select the following
first and second materials for the process modules and heat exchange
modules, respectively: 30For the process modules, a first material can be
selected which is optimal for the reactions of the reactants, in particular
resistant to corrosion and/or pressure and preferably selected from the
group including stainless steel, hastelloy, tungsten, tantalum, titanium, 
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For tLre heat exchange modules, a ductile second

material can be selected which is optj-mal for heat

transfer and/or sealing, in partícu1ar heat conducting,

and preferably j-s selecÈed. from the group from the group

including aluminum, aluminum altoys, copper, copper

alloys, silver and silver alloys and/or a suitable

combination of one or more of said second materíals.

Thus by providing a micro-reactor system assembly

wiEh separate process and heat exchange modules, it

becomes possible to optímise each of saÍd modules for i ts

specific duty, i.e. nrnning the chemical reaction or

controlling the temperature of the process.

Advantageously, providing separate modules for the

chemícal react,ion process and the temperature control,

respect.ively a1lows to standardise the components of the

micro-reactor system assembly. Thus, i t  becomes possible

to provide different micro-reactor system assemblies for

different reactions with different residence t imes,

different. fluid volumes, different amounts of heat to be

transferred and the Iike. For example, províding heat

exclrange modules with larger passages for accommodating

heat exchange fluid allows to supply or remove larger

amou:rts of heat to the same process module.

vfhile the first material is a more rigid one, the

second material is a more ductile one. PreferabJ-y the

ductile second material for the heat. exchange modules

revers ib ly ,  i .e .  e Iast ica l ly ,  or  remain ing ly ,  i .e .

plastical ly, deforms under pressure. Pressing heat

exchange modules onto an adjacent process module made

from ttre more rigÍd first material l-ike stainless steel-

or the líke Lhen slightly deforms the contacEing surface

of the heaÈ exchange module such that. no additional
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35 ceramics, silicon, graphite and/or a suitable combination of one or
more of said first materials.  WO 20071112945PCT1EP20071002831 4
For the heat exchange modules, a ductile second material can be
selected which is optimal for heat transfer and/or sealing, in particular heat
conducting, 5 and preferably is selected from the group from the group
including aluminum, aluminum alloys, copper, copper alloys, silver and
silver alloys and/or a suitable combination of one or more of said second
materials. 10Thus by providing a micro-reactor system assembly with
separate process and heat exchange modules, it becomes possible to
optimise each of said modules for its specific duty, i.e. running the
chemical reaction or controlling the temperature of the process. 15
Advantageously, providing separate modules for the chemical reaction
process and the temperature control, respectively allows to standardise
the components of the micro-reactor system assembly. Thus, it becomes
possible 20 to provide different micro-reactor system assemblies for
different reactions with different residence times, different fluid volumes,
different amounts of heat to be IItransferred and the like. For example,
providing heat exchange modules with larger passages for
accommodating 25 heat exchange fluid allows to supply or remove larger
amounts of heat to the same process module.     While the first material is
a more rigid one, the second material is a more ductile one. Preferably the
30 ductile second material for the heat exchange modules reversibly, i.e.
elastically, or remainingly, i.e. plastically, deforms under pressure.
Pressing heat exchange modules onto an adjacent process module made
from the more rigid first material like stainless steel 35 or the like then
slightly deforms the contacting surface 
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sealing between process module and heaE exchange module

is required.

In contrast to conventional micro-reactors wlrere wall

5 thickness between process fluíds and heat exchange fluids

has been reduced as far as possible in order to provide

good heat t.ransfer, according to the present invention

independent process modules and heaÈ exchange modules are

provided. ALthough this increases the distance between

l0 the reactive fluids and the heat. exchange fluid(s)

which has been notÍced as dísadvantageously Ìreret,ofore

due to optimising the separate modules with respect to

their specific duty surprisingly bett,er process and

temperature cont,rol can be reached.

1 5

Each process module is sandwiched between two heat,

exchange modules and each heat, exchange module, which is

not placed at an end oÊ the mícro-reactor, is sandwiched

between two process modules. The heat exctrange modules at

20 the ends of the micro-reactor system assembly may be

placed between a firsÈ and second frame means,

respectively, and a process module.

Accordíng Eo a preferred embodimenÈ of the mícro-

25 reactor system assembly, said at least n process modules

comprise:

a mixing module the at least one reactive fluid

passage of which comprising a mixíng portion for

receiving and mixing at least two reactive fluids; and

30 opt,ionally

at least one thermál adjusting module disposed

upstream of said mj-xing module for adjusting a

temperature of said reactive fluids prior to entering

said mixing module; and

of the heat exchange module such that no additional  WO
2007/112945PCT/EP2007/002831 5 sealing between process module and
heat exchange module is required. In contrast to conventional
micro-reactors where wall 5 thickness between process fluids and heat
exchange fluids has been reduced as far as possible in order to provide
good heat transfer, according to the present invention independent
process modules and heat exchange modules are provided. Although this
increases the distance between 10 the reactive fluids and the heat
exchange fluid(s) - which has been noticed as disadvantageously
heretofore due to optimising the separate modules with respect to their
specific duty surprisingly better process and temperature control can be
reached. 15     Each process module is sandwiched between two heat
exchange modules and each heat exchange module, which is not placed
at an end of the micro-reactor, is sandwiched between two process
modules. The heat exchange modules at 20 the ends of the micro-reactor
system assembly may be placed between a first and second frame
means, respectively, and a process module. According to a preferred
embodiment of the micro- 25 reactor system assembly, said at least n
process modules comprise: a mixing module the at least one reactive fluid
passage of which comprising a mixing portion for      receiving and mixing
at least two reactive fluids; and 30 optionally      at least one thermal
adjusting module disposed upstream of said mixing module for adjusting a
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at least one retention modules disposed downstream of

Ehe mixing module for accommodating the reactive fluid

míxture.

Using more than one mixj-ng module a11ows to

sequentially introduce more reactive fluids for

sequential reaction steps. In said mixing module the

reactive fluids are mixed in a mixing port,ion which forms

part of Ehe at least one reactive fluid passage and,

after leaving said mixing portion, are accommodated in a

first retention volume also forming part of the at least

one reactíve fluid passage. Said mixing portíon may have

a mixing structure like plug flow mixing or back mixing,

while said first retention volume may comprise one or

more substantially straight passages cor:nected by elbows.

Preferably the firsE retention volume is provided such

that a lamÍnar f low yield.s.

The temperaLure of the reactive fluids in the mixing

modules can be controlled by the Lwo heat exchange

modules adjacent to said mixing module. Thereto a warm or

cold heat exchange fluid is supplíed to the at least one

heat extrange fLuid passage withín each of the two heat

exchange modules, which supplies or removes heat from the

process module by heat transfer.

As indicated above before míxing of two or more

reactive fluids, said reactive fl-uids may be heated or

cooled. Thereto one or more thermal adjustíng modules may

be provided upstream of said mixing module. Said thermal

adjusting module comprises at leasÈ. one reactive fluíd

passage for each reactive f luid to be heated or cooled.

While flowing through said reactive fluid passage(s) each

reactive fluid is Treated or cooled by che two heat

exchange modules adjacent to said thermal adjusting

module as it has been described before for the mixing
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temperature of said reactive fluids prior to entering said mixing module;
and  WO 2007/112945PCT/EP2007/002831 6     at least one retention
modules disposed downstream of the mixing module for accommodating
the reactive fluid mixture. 5Using more than one mixing module allows to
sequentially introduce more reactive fluids for  sequential reaction steps.
In said mixing module the reactive fluids are mixed in a mixing portion
which forms part of the at least one reactive fluid passage and, 10 after
leaving said mixing portion, are accommodated in a first retention volume
also forming part of the at least one reactive fluid passage. Said mixing
portion may have a mixing structure like plug flow mixing or back mixing,
while said first retention volume may comprise one or 15 more
substantially straight passages connected by elbows. Preferably the first
retention volume is provided such that a laminar flow yields. The
temperature of the reactive fluids in the mixing 20 modules can be
controlled by the two heat exchange modules adjacent to said mixing
module. Thereto a warm or cold heat exchange fluid is supplied to the at
least one heat exhange fluid passage within each of the two heat
exchange modules, which supplies or removes heat from the 25 process
module by heat transfer.     As indicated above before mixing of two or
more reactive fluids, said reactive fluids may be heated or cooled. Thereto
one or more thermal adjusting modules may 30 be provided upstream of
said mixing module. Said thermal adjusting module comprises at least one
reactive fluid passage for each reactive fluid to be heated or cooled. While
flowing through said reactive fluid passage(s) each reactive fluid is heated
or cooled by the two heat 35 exchange modules adjacent to said thermal
adjusting module as it has been described before for the mixing 
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module. By providing different passage volumes ic becomes

possible to heat or cool the different reactants

differenLly.

.A,fter having l-eft the mixíng module the mixed

reactive fluids may be accommodated in one or more

retentíon modules. Thereto the reactive fluid mixture

leaving the mixing module enters at least one reactive

fluid passage within the retention module, flows through

said at least one re.active fluid passage and leaves the

retention module'afterwards. During flowing through said

at least one reactíve f luid passage, said reactive f luid

mixture can be heated, cooled or thermally buffered by

the two heat exchange modules adjacent to each ret.enÈion

module in the same way as described for Èhe mixing and

thermal changing module before. By providing different

retention modules with differently formed reactive fluid

passages it  becomes possible to obtain different

retention condit ions. ft  also is possible to provide two

or more retention modules communicating vribh one anoÈher,

each retention module being sandwiched between Lreat

exchange modules, so that a large ret.ention volume and

thereby (dependÍng on velocity of flow) retention time

(residence time) can be obtained while the condicions, in

particular the temperature of the reacLive fl-uid míxture

during residence time can be controlled easily and

prec ise ly .

Preferably Èhe process module's reactive f luid

passage for accommodating arrd guiding a reactive fluid

comprises a flat char¡nel. Ideally, the flow path of a

micro-reactor ís a narro$¡ pipe whose diameter usually is

less than 1 mm. If a laminar non-turbulent flow is

required, however, the flow rate is resÈricted by said

small section. To increase the f low rate, a plural iÈy of

such narrow pipes may be provided. But, thereto Lbe
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WO 2007/112945PCT/EP2007/002831 7 module. By providing different
passage volumes it becomes possible to heat or cool the different
reactants differently. 5After having left the mixing module the mixed
reactive fluids may be accommodated in one or more retention modules.
Thereto the reactive fluid mixture leaving the mixing module enters at
least one reactive fluid passage within the retention module, flows through
10 said at least one reactive fluid passage and leaves the retention
module afterwards. During flowing through said at least one reactive fluid
passage, said reactive fluid mixture can be heated, cooled or thermally
buffered by the two heat exchange modules adjacent to each retention 15
module in the same way as described for the mixing and thermal changing
module before. By providing different retention modules with differently
formed reactive fluid passages it becomes possible to obtain different
retention conditions. It also is possible to provide two 20 or more retention
modules communicating with one another, each retention module being
sandwiched between heat exchange modules, so that a large retention
volume and thereby (depending on velocity of flow) retention time
(residence time) can be obtained while the conditions, in 25 particular the
temperature of the reactive fluid mixture during residence time can be
controlled easily and precisely. Preferably the process module's reactive
fluid 30 passage for accommodating and guiding a reactive fluid
comprises a flat channel. Ideally, the flow path of a micro-reactor is a
narrow pipe whose diameter usually is less than 1 mm. If a laminar
non-turbulent flow is required, however, the flow rate is restricted by said
35 small section. To increase the flow rate, a plurality of such narrow
pipes may be provided. But thereto the  WO
2007/112945PCT/EP2007/002831 



l 0

wo 20071112945 PCT/8P2007/002831

sÈoichiometry in all pipes must. be conErollab1e and the

residence time must be held equal for all pipes, which

cannot be secured sufficiently in real systrems.

the ftat char¡ne1 suggesÈed as a preferred embodiment,

corresponds to a combination of parallel pipes. Thus the

flow rate can be increased sigmificantly while a laminar

non-turbul-ent flow is maintained.

It has turned out, that. a ratio width:height in the

range of  L :4 to  1:50 ís  su i tabLe to y ie ld  good resul ts .

Preferably said width/height ratio is set in the range of

I;4 Eo 1:30. Even more preferably said widuh/height ratio

is set, in the ra¡rge of 1:5 to L:25. In exemplary

embodiments a width of, 2.0 mm, a heighË of 10 mm and a

length of L844 mm was selected for the flat channel which

yields a width/height rat,io of L:5. fn oEher embodiments

the width already tested was chosen as 1.4 mm, 0.9 mm and

0.5 mm respectively, yieldÍng a width/height'  rat io of

Lz7  .14 ,  1 :  l - 1 . l L  and  1 :20  respec t i ve l y .

Due to the small width of the cha¡:¡rel a mostly

Laminar flow of the process fluids as in síngle pipes

could be maintained while at the Same Èime the flow rate

(volume of process f luid per t ime) has been increased.

Also only the stoichiomeEry of one single volume must be

cont,rolled in the preferred embodiment.

With a f low rate of 1-00 ml/min residence t imes of

5 .7  ,  LO .2,  l -5 .9 and 22.6 sec respect ive ly  have been

measured for the char:nels identíf ied before, i .e- with

widths of  2 .0 mm, 1- .4  mm, 0.9 mm and 0.5 mm respect ive ly .

As ca¡r be seen from Chege measurements the residence time

for a specific mícro reaction can be chosen nearly

arbitrarily by combining different modules with different

residence t imes. In parE.icular residence t imes up to
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8  stoichiometry in all pipes must be controllable and the residence time
must be held equal for all pipes, which cannot be secured sufficiently in
real systems. 5The flat channel suggested as a preferred embodiment,
corresponds to a combination of parallel pipes. Thus the flow rate can be
increased significantly while a laminar non-turbulent flow is maintained.
10It has turned out that a ratio width:height in the range of 1:4 to 1:50 is
suitable to yield good results. Preferably said width/height ratio is set in
the range of 1:4 to 1:30. Even more preferably said width/height ratio is
set in the range of 1:5 to 1:25. In exemplary 15 embodiments a width of
2.0 mm, a height of 10 mm and a length of 1844 mm was selected for the
flat channel which yields a width/height ratio of 1:5. In other embodiments
the width already tested was chosen as 1.4 mm, 0.9 mm and 0.5 mm
respectively, yielding a width/height ratio of 20 1:7.14, 1:11.11 and 1:20
respectively.     Due to the small width of the channel a mostly laminar
flow of the process fluids as in single pipes could be maintained while at
the same time the flow rate 25 (volume of process fluid per time) has been
increased. Also only the stoichiometry of one single volume must be
controlled in the preferred embodiment. With a flow rate of 100 ml/min
residence times of 30 5.7, 10.2, 15.9 and 22.6 sec respectively have been
measured for the channels identified before, i.e. with widths of 2.0 mm,
1.4 mm, 0.9 mm and 0.5 mm respectively. As can be seen from these
measurements the residence time for a specific micro reaction can be
chosen nearly 35 arbitrarily by combining different modules with different
residence times. In particular residence times up to  WO
2007/112945PCT/EP2007/002831 
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30 min, or preferably up to 20 min and most preferably up

to 10 min can be obtained.

In a preferred embodiment the micro-reacÈor system

assembly comprises at least two process modules cor¡nected

in series, each being sandwiched by two adjacenL heat

exchange modules. For example, otte or more mixing modules

may be combined r¡ríth at l-east one preceding thermal

adjust.ing module for bringing the reactive fluids to an

optimal LemperaLure before mixing, and/or at least one

reÈention module for providing required residence times

for the reactive f luid mixture(s). Duríng mixing and

reEention the temperature of the reactíve fluid

mixture(s) can be cont,rolled by the heaÈ exchange modules

beíng disposed adjacent. to each mixing and retentj-on

module. .An additional mixing module, optionally

accompanierd with a preceding thermal adjustíng module

may be integrated between two retention moduLes to allow

the implementaEion of a subsequent reaction by feeding

further react,ive f Luids.

the reactive fl-uid passages of two subsequent process

modules may be externally connected. Thereto external

detachable or fixed couplings such as pipes, fittings.

etc. may be used. In particular tr¡be pipes may be

soldered or welded to the modules or Swagelok quick

fitting couplings may be used. vlhile detachable externaL

couplings a1Iow easy re-use of the single modules and

thereby increases flexibility, fixed tube pipes

advantageously avoid dead volume and can additíonally

increase stabil i ty of the complete micro-reactor systern

assembly.

Preferably the at leasb one heat exchange fluid

passage within a heat exchange module comprises at least

one heat exchange fluid inlet port communicating wíth a

l 5

20

25

30

35

9 30 min, or preferably up to 20 min and most preferably up to 10 min can
be obtained. In a preferred embodiment the micro-reactor system 5
assembly comprises at least two process modules connected  in series,
each being sandwiched by two adjacent heat exchange modules. For
example, one or more mixing modules may be combined with at least one
preceding thermal adjusting module for bringing the reactive fluids to an
10 optimal temperature before mixing, and/or at least one retention
module for providing required residence times for the reactive fluid
mixture(s). During mixing and retention the temperature of the reactive
fluid mixture(s) can be controlled by the heat exchange modules 15 being
disposed adjacent to each mixing and retention module. An additional
mixing module, optionally accompanierd with a preceding thermal
adjusting module may be integrated between two retention modules to
allow the implementation of a subsequent reaction by feeding 20 further
reactive fluids. The reactive fluid passages of two subsequent process
modules may be externally connected. Thereto external detachable or
fixed couplings such as pipes, fittings, 25 etc. may be used. In particular
tube pipes may be soldered or welded to the modules or Swagelok quick
fitting couplings may be used. While detachable external couplings allow
easy re-use of the single modules and thereby increases flexibility, fixed
tube pipes 30 advantageously avoid dead volume and can additionally
increase stability of the complete micro-reactor system assembly.
Preferably the at least one heat exchange fluid 35 passage within a heat
exchange module comprises at least one heat exchange fluid inlet port
communicating with a  
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first, heat exchange fluid reservoir or at least one heat

exchange fluíd connection passage provided in an adjacent

process module and at least one heat, exchange fluid

outlet port communicating wiLh a second heat exchange

fluid reservoir or a heat exchange fluid connect.ion

passage provided in an adjacent, process module. Thus two

heat exchange modules sandwiching one process module can

communicate via the at least one heaE exchange fluid

connect.ion passage provided in the process module with

one another. Advantageously no addiÈional heat exchange

fluid connections between said t!"o heat exchancre modules

are rlecessary.

If said heat exchange modules are made from a ductile

material and are pressed against the process module, no

additional sealing is required at the interfaces of the

at, least one Freat exchange fluíd cor:nection passag,es

through the process module, con¡recting two neighbouring

heat exchange modules due to slight plastic or elastíc

deformation of the contacting surfaces of the heat

exchange modules. fn another preferred embodime¡lt,

however, additional sealings may be provided at the

interfaces of heat exchange fluid inlet ports and/or heaL

exchange fluid outle¿ ports, additionally sealing heat

exchange fluid connection interfaces between Èwo

subseqr:ent heat exchaage modules via the at least one

heat exchange fluid connection passage Lhrough the

sandwiched process module. Such sealing preferably may be

an annular sealing. In particular it, may be a hard

sealing made from Teflon or the like. Due to Èhe ductile

material of Èhe heat exclrange modules iE is possible to

use hard sealings, thus avoidíng elastic sealings l ike

rubber or silicon which may embrittle.

The at least one heat exchange fluid passage of a

heat exchange module accommodating the heat exchange
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WO 2007/112945PCT/EP2007/002831 10  first heat exchange fluid
reservoir or at least one heat exchange fluid connection passage provided
in an adjacent process module and at least one heat exchange fluid outlet
port communicating with a second heat exchange 5 fluid reservoir or a
heat exchange fluid connection passage provided in an adjacent process
module. Thus two heat exchange modules sandwiching one process
module can communicate via the at least one heat exchange fluid
connection passage provided in the process module with 10 one another.
Advantageously no additional heat exchange fluid connections between
said two heat exchange modules are necessary. If said heat exchange
modules are made from a ductile 15 material and are pressed against the
process module, no additional sealing is required at the interfaces of the
at least one heat exchange fluid connection passages through the process
module, connecting two neighbouring heat exchange modules due to
slight plastic or elastic 20 deformation of the contacting surfaces of the
heat exchange modules. In another preferred embodiment, however,
additional sealings may be provided at the interfaces of heat exchange
fluid inlet ports and/or heat exchange fluid outlet ports, additionally sealing
heat 25 exchange fluid connection interfaces between two subsequent
heat exchange modules via the at least one heat exchange fluid
connection passage through the sandwiched process module. Such
sealing preferably may be an annular sealing. In particular it may be a
hard 30 sealing made from Teflon or the like. Due to the ductile material of
the heat exchange modules it is possible to use hard sealings, thus
avoiding elastic sealings like rubber or silicon which may embrittle. 35The
at least one heat exchange fluid passage of a heat exchange module
accommodating the heat exchange  
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fluid may be such that a (hígh) turbulent flow of said

heat exchange fluid yields which advantageously increases

heat transfer from an heaE exchange module to the

adjacent process modules. Preferably a Reynold's number

5 equal or more than 2600 is realised.

In a preferred embodimenÈ a process moduLe is made by

joining a f irst plate and a second plate with one

another. within the contact, ing surface of said fírst

10 and/second plate the at least one reactive fluid passage

for accommodating at least. one reactj-ve fluid can be

provided by milling, etchíng or the like. Preferal¡ly saíd

at least one reactive fluid passage is a micro strucLure.

After joiníng said firsÈ and second plate with one

15 another by soldering, sintering, welding or the like the

at least one reactive fluid passage for accommodatíng the

reactive fluid is, except for the at least oire reactíve

fluid inlet port and the at least one reactive fluid

outlet port, completely encased within the process

20 module.

A heat exchange module may be manufactured sirnilarly

by providing aL leasE one heat exchange fluid passage for

accommodating at least one heat exchange fluid wíthin one

25 or both conÈacting surfaces of a firsE and second plate

to be joined together afterwards by soldering, welding or

the like. Alternatively, an intermediate plate may be

sandwiched between said first and second plate, said

intermediate plate comprisingi one or more cuu-outs. After

30 joining said first, íntermediate and second plate wit'h

one another said cuL-outs and the corresponding surfaces

of saÍd fÍrst and second plate define at Least one heat

exchange f1uíd passage for accommodating aE least one

heat exchange fluid.

35
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WO 2007/112945PCT/EP2007/002831 11  fluid may be such that a (high)
turbulent flow of said heat exchange fluid yields which advantageously
increases heat transfer from an heat exchange module to the adjacent
process modules. Preferably a Reynold's number 5 equal or more than
2600 is realised.      In a preferred embodiment a process module is made
by joining a first plate and a second plate with one another. Within the
contacting surface of said first 10 and/second plate the at least one
reactive fluid passage for accommodating at least one reactive fluid can
be provided by milling, etching or the like. Preferably said at least one
reactive fluid passage is a micro structure. After joining said first and
second plate with one 15 another by soldering, sintering, welding or the
like the at least one reactive fluid passage for accommodating the reactive
fluid is, except for the at least one reactive fluid inlet port and the at least
one reactive fluid outlet port, completely encased within the process 20
module.      A heat exchange module may be manufactured similarly by
providing at least one heat exchange fluid passage for accommodating at
least one heat exchange fluid within one 25 or both contacting surfaces of
a first and second plate to be joined together afterwards by soldering,
welding or the like. Alternatively, an intermediate plate may be
sandwiched between said first and second plate, said intermediate plate
comprising one or more cut-outs. After 30 joining said first, intermediate
and second plate with one another said cut-outs and the corresponding
surfaces of said first and second plate define at least one heat  exchange
fluid passage for accommodating at least one heat exchange fluid.  WO
2007/112945PCT1EP2007/002831 12      The combination of externally
connected process modules and internally connected heat exchange
modules provide the best mode for separation of the at least one reactive
fluid circuit and the at least one heat exchange 
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The combination of exLernally connected process

modules and internally connected heat, exchange modules

provide Lhe best mode for separation of the at least one

reactive fluid circuiE and the at. least one heat exchange

fLuid circuit and avoiding of cross contamination.

In a preferred embodíment the stack of process

modules and heat exchange modules are pressed against

each other by at least a fj-rst and second frame means-

Thereto saíd first. and second frame means may be pushed

towards one another, thereby pressing the process modules

and heat exchange modules in between them against each

other, by one or more t,ension anchors or tíe-rods-

In a preferred. embodiment eaeh of said frame means

optionally comprises an irrner and an outer frame. In a

further preferred embodiment according to Fig. l-7 one

frame means consists of one structural element and the

second frame mearrs consists of an ouEer and an ir:ner

frame, wherein the fírst frame means is directly ancored.

to the outer frame via tie-rods and said outser frame

pushes said ínner frame against the first frame means and

the stack of modules lying inbetween.

SaÍd tie-rods may be provided in the centre and/or

the periphery of the micro-reactor sytem assembly. Thus

said modular mícro-reactor system assembly can be

assembled easily with dj.fferent numbers of modules.

Advantageously, a cavity is provided wit'hin the

central area of the first and second frame meaJrs sucÏr

that at pushing said first and second frame means towards

each other a higher pressure is obtained at a

circumferential porÈion of Ehe modules. This

advantageously increases sealing characteristj-cs of che

micro-reacÈor.
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5 fluid circuit and avoiding of cross contamination. In a preferred
embodiment the stack of process modules and heat exchange modules
are pressed against each other by at least a first and second frame
means. 10 Thereto said first and second frame means may be pushed
towards one another, thereby pressing the process modules and heat
exchange modules in between them against each other, by one or more
tension anchors or tie-rods. 15In a preferred embodiment each of said
frame means optionally comprises an inner and an outer frame. In a
further preferred embodiment according to Fig. 17 one frame means
consists of one structural element and the second frame means consists
of an outer and an inner 20 frame, wherein the first frame means is
directly ancored to the outer frame via tie-rods and said outer frame
pushes said inner frame against the first frame means and the stack of
modules lying inbetween. 25Said tie-rods may be provided in the centre
and/or the periphery of the micro-reactor sytem assembly. Thus said
modular micro-reactor system assembly can be assembled easily with
different numbers of modules. 30Advantageously, a cavity is provided
within the central area of the first and second frame means such that at
pushing said first and second frame means towards each other a higher
pressure is obtained at a circumferential portion of the modules. This 35
advantageously increases sealing characteristics of the micro-reactor.
WO 2007/112945PCT/EP2007/002831 13     In a most preferred
embodiment one heat exchange module serves as an adjacent module for
two subsequent process modules, i.e. in the micro-reactor system 5
assembly, there are provided heat exchange modules and process
modules alternatingly. Advantageously this stack  starts and ends with a
heat exchange module. If two subsequent heat exchange modules
communicate with one another via a heat exchange fluid connection
passage 
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fn a most preferred embodiment one heat exchange

module serves as an adjacent. module for Ewo subsequent,

process modules, i .e. in the micro-reactor system

assembly, there are provided heat exchange modules and

process modules alternatingl-y. Advantageously this stack

starts and ends with a heat exchange module. ff two

subsequent heat exchange modules communicate with one

another via a heat exchange fluid connection passage

províd.ed, in a process module sand.wicbed in between,

identically structured heat, exchange modules may be used,

wherein each second module is rotated aror:¡rd 1800 (180o

roEaE,ion aror¡nd a vertical axis if it is assumed that the

heat exchange fluid flows from right to left direct'ion),

so Èhat the at least one outleE port of Ehe first heat

exchange module, the at leasÈ one heat exchange fluid

connection passage provided in the adjacent process

moduLe and the at least one heat exchange fluid inlet

porÈ of the subsequenL second heat exchange module align

with one another.

The aÈ least one heat exchange fluid inlet port' of a

very first heat exchange module and the aÈ least one heat

exchange fluid outlet port, of a vety last heat exchang'e

moduLe of the complete micro-reactor sysLem assembly can

communj-cate with a first and second heat exchange fluid

reservoir, respectively, such that the heat exchange

fluid flows from the first to the second reservoír or

vice versa, thereby heating, cooling or thermal buffering

the process modules of the micro-reactor system assembly.

Thereto an inlet port and an outleb port respectively may

be provided ín the first arid second frame mearls abuttring

the first and last, heat exchange modules.

35 Additional heat exchange fluid inlet ports and heat'

exchange ftuid outlet ports may be provided at heaE
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10 provided in a process module sandwiched in between, identically
structured heat exchange modules may be used, wherein each second
module is rotated around 1800 (180 rotation around a vertical axis if it is
assumed that the heat exchange fluid flows from right to left direction), 15
so that the at least one outlet port of the first heat exchange module, the
at least one heat exchange fluid connection passage provided in the
adjacent process module and the at least one heat exchange fluid inlet
port of the subsequent second heat exchange module align 20 with one
another.     The at least one heat exchange fluid inlet port of a very first
heat exchange module and the at least one heat exchange fluid outlet port
of a very last heat exchange 25 module of the complete micro-reactor
system assembly can communicate with a first and second heat exchange
fluid reservoir, respectively, such that the heat exchange fluid flows from
the first to the second reservoir or vice versa, thereby heating, cooling or
thermal buffering 30 the process modules of the micro-reactor system
assembly. Thereto an inlet port and an outlet port respectively may be
provided in the first and second frame means abutting the first and last
heat exchange modules. 35Additional heat exchange fluid inlet ports and
heat exchange fluid outlet ports may be provided at heat  WO
2007/112945PCT/EP20071002831 14 exchange modules within the
micro-reactor, communicating with a third, fourth etc. heat exchange fluid
reservoir. Thus for example a warm first heat exchange fluid may flow
from the first reservoir through the heat exchange 5 modules sandwiching
the thermal adjusting module into a third reservoir, thus heating up the
reactant flowing through the thermal adjusting module. A second, cold
heat exchange fluid then may flow from a fourth reservoir through the heat
exchange modules sandwiching the 
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exchange modules within the micro-reactor, commtmicating

with a third, fourEh etc. heat exchange fluid reserwoir.

Thus for example a warm first heat, exchange fluid may

flow from the first reservoir through Lhe heat exchange

modules sandwiching the thermal adjusting rnodule inEo a

third reserwoir, thus heating up the reactanE flowing

through the thermal adjusting module. A second, cold heat

exchange fluid then may flow from a fourth reservoir

through Èhe heat exchangre modules sandwiching the

reEentíon modules into the second reservoir, thereby

cooling Lhe process fluids during residence time.

As described above, in a preferred embodiment

subsequent heat exchange modules are subsÈant'ially

identical, wherein each second module is rotated around

l-80o, so that the at least one heat exchange fluid outlets

port of Lhe first heat exchange module, the at' least one

Ìreat exchang,e fluid con¡rection Passage provided in the

adjacent process module and Lhe at least one Ïreat

exchange f1uíd inlet port of trhe adjacent second treat

exchange module commr:nicate with one another. Thus the

heat exchange fluid flows in a zígzag line through the

micro-reactor. Dependíng on the number of process and

heat. exchange modules it may become necessary to provide

two heat exchange modules adjacent to one another in

order to fit to the inlet and outlet ports of the

complet,e micro-reactor. To avoid said two adjacent heat

exchange modul-es they may be separated by ínstallation of

one blind module. Alternatively, for example, the second

frame means, in which the ouEIeL port of the micro-

reactor can be provided, ñâY be rotated around 1800

(1800 rotation arou¡rd a horizontal axis assumed the

thermal treat exchang:e ftuid flows from rigtrt to left

dírection) to match the 1ast. heat exchange module's

outlet port. AlternaE.ively, for example, a second frame

meê¡.ns with a shift.ed inlet port may be used.
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10 retention modules into the second reservoir, thereby cooling the
process fluids during residence time.     As described above, in a preferred
embodiment subsequent heat exchange modules are substantially 15
identical, wherein each second module is rotated around 1800, so that the
at least one heat exchange fluid outlet port of the first heat exchange
module, the at least one heat exchange fluid connection passage provided
in the adjacent process module and the at least one heat 20 exchange
fluid inlet port of the adjacent second heat exchange module communicate
with one another. Thus the heat exchange fluid flows in a zigzag line
through the micro-reactor. Depending on the number of process and heat
exchange modules it may become necessary to provide 25 two heat
exchange modules adjacent to one another in order to fit to the inlet and
outlet ports of the complete micro-reactor. To avoid said two adjacent heat
exchange modules they may be separated by installation of one blind
module. Alternatively, for example, the second 30 frame means, in which
the outlet port of the micro-reactor can be provided, may be rotated
around 180 (180 rotation around a horizontal axis assumed the thermal
heat exchange fluid flows from right to left direction) to match the last heat
exchange module's 35 outlet port. Alternatively, for example, a second
frame means with a shifted inlet port may be used.  WO
2007/112945PCT/EP2007/002831 15      Further objects, advantages and
features may be derived from the depending claims and the described
embodiments of the present invention. Thereto: 5      Fig. 1 shows a
spatial view of of a micro-reactor system assembly having all fittings on
one side according to one embodiment of the present invention; 10Fig. 2
shows a spatial view rotated 1800 of the micro-reactor system assembly
shown in Fig. 1; Fig. 3 shows a frontal sectional view of a thermal
adjusting module of the micro-reactor system assembly 15 shown in Fig.
1; 



wo 20071112945 PCTÆP2007/002831

Further objects, advantages and features may be

derived from the depending claims and the described

embodiments of the present inventÍon. Thereto:

Fig. l-  shows a spatíal view of of a micro-reactor

sysEem assembly having all fittings on one side according

to one embodiment, of the present invention,'

10 Fig. 2 shows a spatial view rotated 1800 of the

micro-reactor system assembly shown in Fig. 1;

Fig. 3 shows a frontal sectional view of a thermal

adjust,ing module of the mícro-react,or system assembly

15 shown ín Fig. t¡

Fíg. 4 shows the thermal adjusting module of Fig. 3,

seen from the left.;

20 Fig. 5 shows a frontal sectional view of a míxing

module of the micro-reacÈor system assembly shown in Fig.

1 ;

Fig. 6 shows an enlarged view of an upper lefÈ corner

25 indicated t 'X'r j-n Fí9. 5;

Fig. 7 shows a frontal secÈional view of a retention

module of the micro-reactor system assembly in Fí9. 1;

30. Fig. I shows a top sectional view of the mixing

module of Fig. 7 seen from above;

Fig. 9 sTrows an enlarged view of a reactive fluid

inlet port of the mixing module shown in Fig. I;

35

15

Fig. 4 shows the thermal adjusting module of Fig. 3, seen from the left;
20Fig. 5 shows a frontal sectional view of a mixing module of the
micro-reactor system assembly shown in Fig. 1;          Fig. 6 shows an
enlarged view of an upper left corner 25 indicated "X" in Fig. 5; Fig. 7
shows a frontal sectional view of a retention module of the micro-reactor
system assembly in Fig. 1; 30.Fig. 8 shows a top sectional view of the
mixing module of Fig. 7 seen from above;     Fig. 9 shows an enlarged
view of a reactive fluid inlet port of the mixing module shown in Fig. 8;
WO 2007/112945PCT/EP2007/002831 16      Fig. 10 shows a frontal
sectional view of another retention module of the micro-reactor in Fig. 1;
Fig. 11 shows a top sectional view of the mixing 5 module of Fig. 10 seen
from above;      Fig. 12 shows an enlarged view of a reactive fluid inlet port
of the mixing module of Fig. 10; 10Fig. 13 shows a frontal sectional view
of a first heat exchange module;      Fig. 14 shows a side sectional view of
the heat exchange module of Fig. 13; 
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Fig. L0 shows a frontal sectional view of another

retenLion module of the micro-reactor in Fig. 1;

Fig. 1-l- shows a top sectional view of the mixing

5 module of Fig. 10 seen from above;

Fig. LZ shows an enlarged view of a reactive fluid

inlet port of the mixing module of Fig. 10;

10 Fig. 13 shows a frontal sectÍonal view of a f irst

heat exchang'e module;

Fig. L4 shows a side sectional view of the heat

exchange module of Fig. 13;

1 5

Fig. 15 shows a frontal sect.ional view of a second

heat exchange module;

Fig. 16 shows a side sectional view of ttre heat

20 exchange module of Fig. 15; and

Fig. 17 shows a longitudinal section of a micro-

reactor system assembly according to one embodímenL of

the present inventíon,'

25

The mÍcro-reactor system assembly according to one

embodiment of the present invention as shown in Figs. 1,

2 comprises a first frame means 10, a firsE heat exchange

module 7, a thermal adjusÈing module 1 as a process

30 module, a second heaÈ exchange module 8, a mixing module

2 as a further process module, anoEher fj-rst heaÈ

exchange module 7, a retention module 3 as a further

process module, another second heat exchange module 8,

further reE,enEíon modules 4, 5 and 6 respectively, each

35 sandwiched between two heaE exchange modules 7, 8 and a

second frame means 9 in thís seguence. Thus, between said

l 6

15      Fig. 15 shows a frontal sectional view of a second heat exchange
module;          Fig. 16 shows a side sectional view of the heat 20
exchange module of Fig. 15; and      Fig. 17 shows a longitudinal section
of a micro-reactor system assembly according to one embodiment of the
present invention; 25      The micro-reactor system assembly according to
one embodiment of the present invention as shown in Figs. 1, 2 comprises
a first frame means 10, a first heat exchange module 7, a thermal
adjusting module 1 as a process 30 module, a second heat exchange
module 8, a mixing module 2 as a further process module, another first
heat exchange module 7, a retention module 3 as a further process
module, another second heat exchange module 8, further retention
modules 4, 5 and 6 respectively, each 35 sandwiched between two heat
exchange modules 7, 8 and a second frame means 9 in this sequence.
Thus, between said  WO 2007/112945PCT/EP2007/002831 17 first and
second frame means 10, 9 alternating a first or second heat exchange
module 7, 8 and a process module 1-6 are provided. 5As can be seen
best from Figs. 14, 16, each heat exchange module 7, 8, comprises a first
plate 7M, 8M, an  intermediate plate 70, 80 and a second plate 7N, 8N
respectively, joined together by soldering. The intermediate plate
comprises a cut-out in the form of 10 parallel straight passages, wherein
two subsequent 
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f irsL and second frame means 10, 9 alternating a f irsÈ or

second heat, exchange module 7, I and a process module 1-6

are provided.

As can be seen best from Figs. 14, A6, each heat

exchange module 7, 8, comprises a f irst plate 7M, 8M, an

intermediate plate 70, 80 and a second plate 7N, 8N

respecEively, joined togeEher by soldering. The

intermediate plate comprises a cut-out in the form of

paralle1 scraight passages, wherein two sr.:bsequent

passages are connected by a half circle such thaL one

continuous sinusoidal cut-out is formed. Said cut-out of

the incermediate plate 70, 80 and the inner surfaces of

the firsL and second plate 7M, 7N and 8M, 8N respectively

Èhus define a heat exchange fluid passag'e 74, 8A for

accommodating a heat exchange fluid in the heac exchange

module 7, 8. At one end of the cuÈ-out a Ehrough hole is

formed in the first plate 7M, 8M, and anoEher through

hole is formed at the opposíte end of the cut-ouL in the

second plate 7N, 8N to define a heat exchange fluid inlet

port 78, 8B and a heat exchange fluid outlet pottr 7C, 8C

respectively, communicating with the heat exchange fluid

passage 74, 8Ã'.

As can be seen from Figs. 13-1-6, the f irst and second

heat exchange modules 7, 8 are sr:bstantially ídenÈical,

wherein the second heat exchange module I is rotaÈed

around L80o. Ttrus, when assembled, the outlet port 7C of '

a first heat exchange moduLe 7 and the heat' exchange

fluid. inlet port 8B of a second heat exchange module I

align with each other as well as the heat exchange fluid

outlet port 8C of the second heat exchange module I with

the j-nlet port 78 of a next f írst heaÈ exchange moduLe 7.

As can be seen f rom Figs.  3 ,  5 ,  ?  and L0,  each

process module 1-3, 6 comprises two through holes 1H-3H,
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passages are connected by a half circle such that one continuous
sinusoidal cut-out is formed. Said cut-out of the intermediate plate 70, 80
and the inner surfaces of the first and second plate 7M, 7N and 8M, 8N
respectively 15 thus define a heat exchange fluid passage 7A, BA for
accommodating a heat exchange fluid in the heat exchange module 7, 8.
At one end of the cut-out a through hole is  formed in the first plate 7M,
8M, and another through hole is formed at the opposite end of the cut-out
in the 20 second plate 7N, 8N to define a heat exchange fluid inlet port 73,
88 and a heat exchange fluid outlet port 7C, BC respectively,
communicating with the heat exchange fluid passage 7A, 8A. 25As can be
seen from Figs. 13-16, the first and second heat exchange modules 7, 8
are substantially identical, wherein the second heat exchange module 8 is
rotated around 1800. Thus, when assembled, the outlet port 7C of a first
heat exchange module 7 and the heat exchange 30 fluid inlet port 8B of a
second heat exchange module 8 align with each other as well as the heat
exchange fluid outlet port 8C of the second heat exchange module 8 with
the inlet port 73 of a next first heat exchange module 7. 35As can be seen
from Figs. 3, 5, 7 and 10, each process module 1-3, 6 comprises two
through holes 1H-3H,  WO 2007/112945PCT/EP20071002831 18 6H, one
of which, when assembled, corresponds with a heat exchange fluid inlet
port 73, 813 while the other of which corresponds with a heat exchange
fluid outlet port 7C, 8C of first and second heat exchange modules 7, 8 5
sandwiching said each process module 1-3, 6. Thus the heat exchange
fluid passage 7A, 8A for accommodating and guiding a heat exchange
fluid in a first heat exchange module 7 and in a second heat exchange
module 8 communicate with one another via a heat exchange fluid 10
connection passage formed by through holes in a corresponding one of
process modules 1-6 sandwiched between said first heat exchange
module 7 and second heat exchange module 8, when assembled, as can
be seen from Figs. 1, 2 and 17. 15 
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6H, one of which, when assembred, corresponds r¡rith a heat
exchange fluid inret port zB, 88 while the other of which
corresponds with a heat exchang'e fluid outleÈ port 7c, gc
of first and second heat exchange modules 7, g

sandwiching said each process mod,ule 1-3, 6. Thus the
heat exchange fluid passage 7À, gA for accommod.ating and
gruiding a heat exchange fluid in a firsL heat exchange
module 7 and in a second heat exchange module g

communicate with one another via a heat exchange fluid.
con¡rection passage formed by through holes j-n a
corresponding one of process modules l--6 sandwiched
between saj-d first heat exchange modure 7 and. second heat.
exchange module B, when assembled., as calr be seen from
F igs .  1 ,  2  and  17 .

The heat exchang'e fluid inlet port 78 of the wery
first heat exchange module z communicates with a first
heat exchange . fluid reserr¡oir (not shown) through a
passage provi.ded in the first frame means 10 and a first
coupling part l-24 connected thereto. The heat exchange
fruid outlet port 8c of the rast heat exchangie module g

communicates with a second heaE exchange fluid reservoir
(not shown) via a passage provided in the second. frame

means 9 and a second coupling part l-2El connecEed thereto.
Thus for example a warm heat exchange fluid can flow from
the first reservoir through the first coupling part !2A,
the first frame 10, groups of first and second heat
exchange moduies 7, 8 communicating via heat exchange
fluid cor:nection passages provided in process mod.ules L-6
sandwiched by said first and second heat exchange module
7, 8, second frame 9 and second coupling part L2B into a
second reservoir in a zígzag line, thereby sr:bsequently
heating all process modules 1-6 vía heat exchange Ehrough
the module plates.
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The heat exchange fluid inlet port 73 of the very  first heat exchange
module 7 communicates with a first heat exchange fluid reservoir (not
shown) through a passage provided in the first frame means 10 and a first
20 coupling part 12A connected thereto. The heat exchange fluid outlet
port 8C of the last heat exchange module 8 communicates with a second
heat exchange fluid reservoir  (not shown) via a passage provided in the
second frame means 9 and a second coupling part 123 connected
thereto. 25 Thus for example a warm heat exchange fluid can flow from
the first reservoir through the first coupling part 12A, the first frame 10,
groups of first and second heat exchange modules 7, 8 communicating via
heat exchange fluid connection passages provided in process modules
1-6 30 sandwiched by said first and second heat exchange module 7, 8,
second frame 9 and second coupling part 123 into a second reservoir in a
zigzag line, thereby subsequently heating all process modules 1-6 via
heat exchange through the module plates.  WO
2007/112945PCT1EP2007/002831 19      A temperature adjusting module
1, which is shown in further detail in Figs. 3, 4 is provided as a first
process module. Said temperature adjusting module 1 comprises a first
reactive fluid passage 1A, 5 communicating with a first reactive fluid inlet
port 1C and a first reactive fluid outlet port 1F, and a second reactive fluid
passage 113 communicating with a second reactive fluid inlet port 1D and
a second reactive fluid outlet port 1E. A first reactive fluid is supplied to
the 10 first reactive fluid passage 1A through the first reactive fluid inlet
port 1C. A second reactive fluid is supplied to the second reactive fluid
passage is through the second reactive fluid inlet port 1D. 15Said
temperature adjusting module 1 comprises a first and second plate 1M,
1N (Fig. 4), which are joined with one another by soldering or the like. Into
the contacting surfaces of the first and/or second plate 1M, 1N the
sinusoidal reactive fluid passages 1A, 1B are cut by 20 etching, milling or
the like. While flowing through said first reactive fluid 



wo 2007n12945 PCT/EP2007/002831

A temperature adjusting module 1, which is shown in

further detai l  j-n Figs. 3, 4 is provided as a f irst

process module. Said temperature adjusting module 1

comprises a f irst reactive f luid passage 1.A,

communicating wiÈh a fi-rsL reactive fluid inlet port 1C

and a first reactive fluid outlet' port 1-F, and a second

reactive fluid passage l-B communicating with a second

reactive fluid inleË port LD. and a second reactive fluid

outlet port 1-E. .ê, first reactive fluid is supplied to the

first reactive fluid passage 1A through the first

reactive f luid inlet port l-C. A second reactive f luid is

supplied to the second reacEive fluid passage 1-B through

the second reactive fluid. inlet port 1-D.

said temperature adjustíng module J- comprises a first

and second. plate LM, LN (f j 'g. 4), which are joined with

one another by soldering ot the like. Into tlre contactíng

surfaces of Èhe first and/or second plaÈ'e 1M, 1N the

sinusoidal reactive fluid passages 1A', 19 are cut by

etching, mil l ing or the l ike.

ulhile flowing through said first reactive fluid

passage 1A toward said f irst reactive f luid outlet port

lF, said f irst reactive f luidrs temperature is adjusted

by the two heat exchange modules '7, 8 sandwiching said

temperature ad,justing module 1. Thereto the heat exchange

fluid flowing through said heat exchange modules 7, I

suppli_es or removes heat to said first reactive fluid by

heat conduction through the plates ?N, 8M of Èhe heat

exchange modules contacEing the p1aÈes LM, J.N of said

temperature adjusting module.

a mixing module 2 as a second process module is shown

in Figs. 5, 6. Although not shown in detai l ,  said míxing

module 2 comprises a first, and second plate similar to

the temperaEure adjusting module 1 described alcove. In
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passage 1A toward said first reactive fluid outlet port 1F, said first reactive
fluid's temperature is adjusted 25 by the two heat exchange modules 7, 8
sandwiching said temperature adjusting module 1. Thereto the heat
exchange  fluid flowing through said heat exchange modules 7, 8 supplies
or removes heat to said first reactive fluid by heat conduction through the
plates 7N, 8M of the heat 30 exchange modules contacting the plates 1M,
1N of said temperature adjusting module.     A mixing module 2 as a
second process module is shown in Figs. 5, 6. Although not shown in
detail, said mixing 35 module 2 comprises a first and second plate similar
to the temperature adjusting module 1 described above. In  WO
2007/112945PCT/EP2007/002831 20 said mixing module a reactive fluid
passage 2A is provided comprising a mixing section 20 and a first
retention section 21. 5A first reactive fluid inlet port 2C communicating
with said reactive fluid passage 2A is connected with the first reactive fluid
outlet port 1F of the temperature adjusting module 1 by an external
connection (not shown). A second reactive fluid inlet port 2D also
communicating 10 with the reactive fluid passage 2A, is connected with
the second reactive fluid outlet port lE of the temperature adjusting
module 1 similarly. Thus, the first and second reactive fluids respectively,
after having passed through said temperature adjusting module 1, flow
into the mixing 15 section 20 of the passage 2A within the mixing module
2, wherein said both reactive fluids are mixed with one another. The
geometry of the mixing section 20, as shown in enlarged view in Fig. 6,
can be chosen appropriately to mix the reactive fluids in an optimal way.
After being 20 mixed, the resulting process fluid flows into the first 
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said míxing module a reactive f luid passage 2A is

provided comprisiDg a mixing section 2G and a first

retention section 2I.

a first reactive fluid ínl-et port 2C communicating

with said reactive'f luid passage 2A is connected with the

first reactive fluid out.let port LF of the temperature

adjustíng nodule 1 by an external connection (not' shown).

A second reactive fluid inlet port 2D also commr¡nicating

with Ehe reactive fluid passage 2.A', is con::ected with the

second reactive fluid outlet port LE of the temperature

adjusting modute 1 similarly. Thus, the first and second

reactíve fluids respectively, after having passed through

said Èemperature adjust,ing module l-, flow into the mixing

section 2G of Ehe passage 2A within the mixing module 2,

wherein said both reactive fluíds are mixed with one

another. The geometry of the mixing section 2G, as shown

in enlarged view in Fig. 6, can be chosen appropriately

Èo mix the reactive fluíds ín an optimal way. After being

mixed, the resulting process fluid flows into Lhe first

retention sectíon 2f of. Ehe reactive f luid. Passage 2A

which basically Ís formed as a fIat, channel, thus

provid.ing an éubstantially laminar flow of Èhe process

f lui-ds.

ft sha1l be emphasised that the geomet'ry of the

passag'es of the process and heat exchange modules t-6, 7,

I are not limited to the ones shown in ttre figures and

described with respect to preferred embodimenEs, but may

be chosen in any appropriatse design.

During mixíng and residence within t,he mixíng sect,ion

2G and f irst retention section 21, the chemical react, ion

can be temperature controlled by the two heaE exchange

modules 8, 7 sandwiching said mixing module 2.

20
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retention section 21 of the reactive fluid passage 2A which basically is
formed as a flat channel, thus providing an substantially laminar flow of
the process fluids. 25      It shall be emphasised that the geometry of the
passages of the process and heat exchange modules 1-6, 7, 8 are not
limited to the ones shown in the figures and described with respect to
preferred embodiments, but may 30 be chosen in any appropriate design.
During mixing and residence within the mixing section 20 and first
retention section 21, the chemical reaction      can be temperature
controlled by the two heat exchange 35 modules 8, 7 sandwiching said
mixing module 2.  WO 2007/112945PCT/EP2007/002831 21 The process
fluid, leaving the reactive fluid passage 2A through a reactive fluid outlet
port 2E, enters a reactive fluid inlet port 3C of a first retention module 3
shown in Figs. 7-9. Thereto the reactive fluid out/et 5 port 2E and reactive
fluid inlet port 3C are externally connected via a tube pipe or the like (not
shown). The retention module 3, as the other retention modules 4-6,
basically comprises a first plate 3M-6M joined with a second plate 3N-6N
by soldering, welding or the like. 10 Between said two plates a passage
3A-6A is provided for accommodating the process fluids during residence
time. Thereto a basically sinusoidal flat channel is carved into the
contacting surface of the first and/or second plate by etching, milling or the
like. 15      While flowing through said reactive fluid passage 3A, the
process fluid is temperature controlled by the two heat exchange modules
7, 8 adjacent to said retention module 3 as described for the temperature
adjusting 
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The process f luid, leaving the reactive f luid passage

2A through a reactive fluid outlet port 28, enters a

reactive f luid inlet port 3C of a f irst ret,ention module

3 shown in Figs. 7-9. Thereto the reactive f luid outlet

port 2E and reactive fluid inleÈ port. 3C are externally

connected via a tube pipe or the like (not shown). The

retention module 3, as the other retention modules 4-6,

basical ly comprises a f irst pIat.e 3M-6M joined with a

second plat,e 3N-6N by soldering, welding or the like.

Between said two plates a passage 3A-64 is provided for

accommodating the process fluids during residence time.

Thereto a basically sinusoidal flat cha¡ne1 is carved

inEo the contact,ing surface of the first and/or second

plate by etching, mil l ing or Lhe l ike.

while flowing through said reactive fluid passage 34,

the process fluid Ís temperature controlled by the two

heat. exchange modules 7, I adjacent to said retention

module 3 as described for the temperature adjusting

module 1 and mixing module 2 before.

After leaving the firsb retention module 3 via a

reactive fluid outlet port 3D, the reactive fluid enters

the su.bsequent retention modules 4-6 via a respective

reactive fluid inlet port corulected with the reactive

fluid outlet port of a preceding retention module as

descrj-bed before for the reactive fluid inl-et port 3C and

Èhe reactive fl-uid outlet. p,ortr 28. In this manner the

reactj.ve f1uíd can flow through al-I subsequent retention

modules 4-6 before leaving the micro-reactor system

assembly through Èhe l-ast process module's ouÈIet Port

6 D .

The residence Èime within each retention module 3-6

is defined by Èhe retenÈion volume, i .e. the section

(width x height) x length of the passage 3A-64

2 l
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20 module 1 and mixing module 2 before. After leaving the first retention
module 3 via a reactive fluid outlet port 3D, the reactive fluid enters the
subsequent retention modules 4-6 via a respective 25 reactive fluid inlet
port connected with the reactive fluid outlet port of a preceding retention
module as described before for the reactive fluid inlet port 3C and the
reactive fluid outlet port 2E. In this manner the reactive fluid can flow
through all subsequent retention 30 modules 4-6 before leaving the
micro-reactor system assembly through the last process module's outlet
port 6D.        The residence time within each retention module 3-6 35 is
defined by the retention volume, i.e. the section (width x height) x length of
the passage 3A-6A  WO 2007/112945PCT/EP2007/002831 22
accommodating the process fluid, divided by the flow rate. Thus, by
providing different widths, lengths, and/or heights of the single passages,
different residence times can be obtained. By combining different 5
retention modules with different passage geometries, therefore the
residence time can nearly arbitrarily be chosen. As can be seen from
comparison of Figs. 9 and 12, 10 showing the reactive fluid inlet ports 3C,
6C of the first and fourth retention modules 3 and 6, respectively, the
width of the flat channel defining the reactive fluid passages 3A, 6A
respectively, can be made smaller (Fig. 9), substantially equal or larger
than the width of the 15 reactive fluid inlet port's width. 
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accommodating the process fluid, divided by the flow

raEe. Thus, by provid.ing different widths, lengths,

and/or heights of the single passages, dífferent

residence times can be obtained. By combining different

reEention modules wiÈh different passage geomeLries,

therefore the residence time can nearly arbitrarily be

chosen.

As can be seen from comparison of Figs. 9 and L2,

showing the reactive fluíd ínlet ports 3C, 6C of the

firsts and fourth retention moduLes 3 and 6, respectively,

the width of the flat channel- definÍng the reactive fluid

passages 3.A., 6A respectively, can be made smaller (Fig.

g) , suJ¡stantially equal or larger Èhan t'he width of the

reactive f luid inleE port 's width.

As shown in Figs. L, 2, two tíe-rods 1-3 push f irst

and second frame mearts 10, 9 Eowards each otlrer, thereby

pressing the st.acked heat exchange modules '7, 8 and

process modules 1-6 againsL one another. Placing tie-rods

1-3 at the circumferellce of the micro-reacÈor system

assembly and providing a cavity (see rig. L7') within the

centre of the surfaces of the frame means 10, 9

contactj.ng the heat exchange modules 7, 8, a high

pressure can be obtained at the circumference of the

micro-reactor system assembly. Thus the Ïreat exchangie

fluid inlet ports 78, 88 and heaE. exchange fLuid outlet

po rEs  7C,8C o f  t he  hea t  exchange  modu les '7 ,  8 ,  wh ich

also are provided at the cÍrcumference of the micro-

reactor syseem assembly, are pressed agaj-nst the heat

exchange fluid connection passages LH-6H in the process

modules 1-6 with high pressure. Ïf the heat' exchange

modules 7, I are made from a ductile matería1 like

alumj-nium, copper or an a1loy therefrom for example, the

circumferential edge of Ehe inlet and outlet porE will

deform slightly under pressure, thereby providing good

22
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As shown in Figs. 1, 2, two tie-rods 13 push first and second frame means
10, 9 towards each other, thereby pressing the stacked heat exchange
modules 7, 8 and 20 process modules 1-6 against one another. Placing
tie-rods 13 at the circumference of the micro-reactor system assembly and
providing a cavity (see Fig. 17) within the centre of the surfaces of the
frame means 10, 9 contacting the heat exchange modules 7, 8, a high 25
pressure can be obtained at the circumference of the micro-reactor
system assembly. Thus the heat exchange fluid inlet ports 78, 8B and
heat exchange fluid outlet ports 7C, 8C of the heat exchange modules 7,
8, which also are provided at the circumference of the micro- 30 reactor
system assembly, are pressed against the heat exchange fluid connection
passages 1H-6H in the process modules 1-6 with high pressure. If the
heat exchange modules 7, 8 are made from a ductile material like
aluminium, copper or an alloy therefrom for example, the 35
circumferential edge of the inlet and outlet port will deform slightly under
pressure, thereby providing good  WO 2007/112945PCT/EP2007/002831
23 sealing against the surface of the process module 1-6 sandwiched in
between. Thus the heat exchange fluid outlet port 7C, 8C and heat
exchange fluid inlet port 73, 8B of two subsequent heat exchange
modules 7, 8 5 communicate fluid-thight via the heat exchange fluid
connection passage 1H-6H provided in the intermediate process module.
Additionally, there may be provided a ring sealing 10 around the heat
exchange fluid inlet ports 7B, 8B and heat exchange fluid outlet ports 7C,
8C. Thereto for example a circular groove may be provided within the first
and second plates 7M, 7N, 8M, 8N respectively, accommodating a ring
sealing therein (not shown). Such 15 ring sealing may be made from
rubber, silicon or - preferably - Teflon or the like.     As can be understood
from the foregoing description, a micro-reactor system assembly
according to the present 20 invention provides due to its modular structure
high flexibility and allows combining different mixing channel geometries
with different retention modules, thereby providing arbitrarily chosen
residence times, in 
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sealing against. Ehe surface of the process module 1-6

sandwiched. in between. Thus the heat exchange fluid

outlet port 7C, 8C and heat exchange fluid inlet port 78,

8B of Ewo suJrsequent heat exchange modules 7, I

communicate fluid-thighL via the heaL exchange fluid

connection passage LH-6H provided in the intermediate

process module.

Additionally, there may be provided a ring sealing

around the heat exchange fluid inl-et ports 7F , 8B and

heat exchange fluid outlet ports 7C, 8C. Thereto for

example a circular g:roove may be provided within the

first and second plates 7M, 7N, 8M, 8N respectively,

accommodating a ríng sealing therein (not shown). Such

ring sealing may be made from rubber, silicon or -

preferably - Teflon or the like.

As can be understood. from the foregoing description,

a micro-reactor system assembly according t'o the present

invention provid.es due to its modular sÈructure high

flexibility and. allows combining different mixing channel

geometries wittr d.if ferent retentiolr modules, thereby

providing arbitrari ly chosen residence t imes, ín

part icular for t)æe B reacÈions. Each of said process

modules 1-6 is temperature controlled by two adjacent

heat exchange modules 7, 8. Since heat transfer only is

realj-sed by heat conduction through the plates l-M-8M, 1N-

8N of the heat exchange modules 7, 8 and process moduLes

1-6 no sealing or the like is necessary. Furthermore,

adwantageously the process modules l--6 may be optimised

with respect to the reactanÈs accommodated therein, for

example being resísÈant to corrosion and/or pressure,

while aÈ the same time the heat exchange modules 7 '8 notr

coming into contact with the reactants, can be optimised

with respect to heaL transfer and/ot sealing

characterist ics .
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particular for type B reactions. Each of said process 25 modules 1-6 is
temperature controlled by two adjacent heat exchange modules 7, 8.
Since heat transfer only is realised by heat conduction through the plates
1M-8M, 1N-8N of the heat exchange modules 7, 8 and process modules
1-6 no sealing or the like is necessary. Furthermore, 30 advantageously
the process modules 1-6 may be optimised with respect to the reactants
accommodated therein, for example being resistant to corrosion and/or
pressure, while at the same time the heat exchange modules 7,8 not
coming into contact with the reactants, can be optimised 35 with respect
to heat transfer and/or sealing characteristics.  WO
20071112945PCT/EP2007/002831 24     In the embodiment described
above heat exchange modules 7, 8 and process modules 1-6 are stacked
alternating with one another and the heat exchange fluid 5 flows from a
first reservoir through first coupling part 12A in a zigzag line through all
heat exchange modules 7, 8 into a second reservoir connected to second
coupling part 12B. Thereby all heat exchange fluid connections of the heat
exchange modules 7, 8 are internally provided 10 without any additional
connections. Advantageously, standardised process and heat exchange
modules may be used, thus making it possible to assemble different
micro-reactors with different residence time and the like in an easy,
modular way. 15     In the embodiment described above, one temperature
adjusting module 1, one mixing module 2 and four retention modules 3-6
have been combined in this order. However, an arbitrary combination of
such modules is 20 possible. For example more temperature adjusting
modules may be provided to increase the passage in which the reactants
are heated up or cooled down. More mixing modules may be provided for
a multi-stage reaction. Different retention modules may be provided to
realise 
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In the embodiment described above Lreat exchange

modules 7, I  and process modules l--6 are stacked

alEernating with one another and t'he heat exchange fluid

5 flows from a first reservoir through fírst coupling part'

' l2A in a zigzag line through atl heat exchange modules 7,

8 into a second reservoir connected to second coupling

part 128. Thereby all heat exchange fluid connections of

the heat exchange modules 7, I are internally provided

10 without any additional coru:.ections. Advantageously,

standardised process and heat exchange modules may be

used, ttrus making iu possible to assemble different'

micro-reactors vrith different residence Èime and the like

in an easy, modular waY.

l 5

In Ehe embodiment described above, one temperature

adjusting module 1, one mixing module 2 and four

retention modules 3-6 have been combíned in this order'

However, an arbitrary eombÍnation of such modules is

20 possible. For example more temperaLure adjusting modules

m a y b e p r o v i d ' e d . t o i n c r e a s e t h e p a s s a g e i n w h í c h t h e

reactants are heated. up or cooled down. More mixing

modules may be provided for a multi-stage reaction.

Different retenLion modules may be provided to realise

25 the required residence time.

vlith a gíven flow raÈe ot for example 100 mI/min' a

Process module's passage length of about 1844 mm' a

p a s s a g e h e i g h t o f ] - 0 m m a n d a p a s s a g e w i d t h o f 0 . 5 . 2 m m

30 residence times of 6-22 sec per module have been realísed

in an example t,esting. Ttrus overall residence times of up

to 30 min can be realised.

Surlgrisíngly it has turned ouÈ th'at the external

35 connection of subsequenÈ process modules L-6 does not

effect sigrifícantly the temperaÈure control of the

24

25 the required residence time.     With a given flow rate of for example
100 ml/min, a process module's passage length of about 1844 mm, a
passage height of 10 mm and a passage width of 0.5-2 mm 30 residence
times of 6-22 sec per module have been realised in an example testing.
Thus overall residence times of up to 30 min can be realised.
Surprisingly it has turned out that the external 35 connection of
subsequent process modules 1-6 does not effect significantly the
temperature control of the  WO 2007/112945PCT/EP2007/002831 25
micro-reactor. Since each process module 1-6, in particular each retention
module 3-6, can be very efficiently temperature controlled (heated, cooled
or thermal buffered) from two sides, reactions can be run in 5 the
micro-reactor within a broad temperature range. As in the example of the
described embodiment, preferably one heat exchange module 7, 8
transfers heat from and to subsequent process modules 1-6 (except for
the very first and last heat exchange module). 10     The reactive fluid
passages in the process modules 1- 6 are micro-structured by etching,
milling or the like. Since the heat exchange modules 7, 8 are
manufactured separately, they may be manufactured without the micro-
15 structuring, thus reducing costs. Furthermore, since said heat
exchange modules 7, 8 do not come into contact with the reactants, they
do not need to be resistant to corrosion or high process pressures, thus
allowing the use of materials optimised for heat transfer. In 20 particular
the following materials may be used for the heat exchange modules. 
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micro-reactor. Since each process module 1-6, in
part icular each retention module 3-6, can be very
eff icj-ently temperaLure control led (heated, cooled or
thermal buffered) from two sides, reactions can be run in
the micro-reactor within a broad temperature range. As in
the example of the described embodiment, preferably one
heat exchange module 7, 8 transfers heaÈ from and to
suJrsequent ptîocess modules 1-6 (except for the very first
and last heat exchange module).

The reactive fluid passages in the proeess modules 1-
6 are micro-strtrctured by etching, míI l ing or the l ike.
Since the heat exchange modules 7, 8 are manufactured

separately, they may be manufactured without the micro-

structuring, thus reducing costs. F-urthermore, since said
heat exchange modules 7, I do not come into contact with

the reactants, they do not need to be resistant to

corrosion or high process pressures, thus alJ-owing the

use of maÈerials optimised for heat transfer. fn
particular the following materials may be used for the
heat exchangie modules.

25
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Aluminum al-Ioy AlMgSil (=EN A!{-6082 or

EN AW- 6082 EN AW-.A,1Si1Mgt4n AlMgSil

Er i r6082) :

DIN 3 .23L5

DIN  3 .32L l

D r N  3 . 3 2 1 0

D r N  3 . 0 6 L 5

DrN 3  .3206

EN AW-6061-

EN AhT-6OO5A

EN A9'f-6012

Bi I  AW-6060

EN Aw-AlMglSiCu AlMglSiCu

mI Aw-AlSiMg (A) ÄlMgSiO, 7

EN Aw-AlMgSiPb AlMgSiPb

EN AV[-AlMgSi AlMgSiO, 5

On the contrary the process modules L-6 may be made

from the followj-ng materials for example

DIN L .457]- AlSl 31_6 Ti

D r N  2 . 4 6 0 2  N i C r 2 t M o l 4 W

X L0 CrNiMoTi L8 10

HasÈe1 loy  C-22

35

Aluminum alloy AlMgSil (=EN AW-6082 or EN6082): EN AN-6082 EN
AW-AlSilMgMn AlMgSil DIN 3.2315 EN AW-6061 EN AW-A1Mg1SiCu
AlMg1SiCu DIN 3.3211 EN AW-6005A EN AW-AlSiMg(A) AlMgSi0,7 DIN
3.3210 EN AW-6012 EN AW-A1MgSiPb AlMgSiPb DIN 3.0615 EN
AW-6060 EN AW-A1MgSi 
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DIN 2  .46L0 N iMo16Cr l_6T i  Hasre l lov  C-4

DIN 2 .4617

DrN 2 .4819

D r N  2 . 4 8 1 6

D I N  2 . 4 8 s 6

D r N  2 . 4 8 5 8

NiMo28

NiMoL6Cr15W

NiCrl5Fe

NiCr2lMogNb

NiCr21Mo

Haste l loy  B-2

Haste l loy  C-276

Inconel 600

Inconel 625

fnconel 825

AlMgSi0,5 DIN 3.3206     On the contrary the process modules 1-6 may
be made from the following materials for example DIN 1.4571 A1S1 316
Ti X 10 CrNiMoTi 18 10 DIN 2.4602 NiCr21Mol4W Hastelloy C-22
W02007/112945 DIN 2.4610 26 N1Mo16Cr16Ti PCT/EP2007/002831
Hastelloy C-4 DIN 2.4617 NiMo28 Hastelloy B-2 DIN 2.4819
N1Mo16Cr15W 
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Claims

1. A micro-reacLor system assembly, comprising a sÈack

o f :

a t  least  n  process modules (1-6) ,  where in n is  an
integer equal to or greater than 1, each process module
(1-6) being made from a rigid f irst material and
comprising at least one reactive f luid passage (14, 18,

2A, 34, 6A) which penetrates saj.d process module (1-6)

between at least one reactive f luid inlet port (1C, lD,
2C, 2D, 3C, 6C) and at least one reactive f luid outlet
port (18, 1F, 28, 3Ð, 6D), for accommodatíng and gnriding

a reactive f luid, wherein in case of at least Èwo process

modules ( l--6) said at least two process modules (1-6) are

connected in series;

and at least n+l- heat. exchange modules (7, 8) each

of said heat exchange modules (7, 8) being made from a

ductile second material other than said first material

and comprising at least one heat exchange f1uíd passage
(7À, 8A) which penetrates said heat exchange module (7,

e) between at least one heat exchange fluid inlet port
(78, 8B) and at least one heat exchange fluid outlet port
(7C, 8C), for accommodating and guiding a heat exchange

fluid, wherein said at least n+l- heat exchange modules
(7,  8)  are connected in  ser ies,

wherein each process module (1-6) is sandwiched

between two adjacent heat exchange modules ('7, 8) .

30 2. A micro-reactor system assembly according to claim

1, wherein

said f irst material i-s resistant to corrosion and
pressure and preferably selected from the group

consist ing of stainless stee1, hastel loy, tungisten,

35 E.antalum, titanium, ceramics, graphite and/or a suitable

combinatíon of one or more of said first maÈerials; and

27
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Hastelloy C-276 5DIN 2.4816 NiCrl5Fe Inconel 600 DIN 2.4856
NiCr21Mo9Nb Inconel 625 DIN 2.4858 NiCr21Mo Inconel 825  WO
2007/112945PCT/EP20071002831 27 Claims     1. A micro-reactor
system assembly, comprising a stack 5 of: 



wo 20071tr2945 PCT/8P20071002831

said second material is heat conducting and
preferably ís selected from the group consist ing of
aluminum, aluminum aIloys, copper, copper aIIoys, silver
and silver a1loys and/or a suitable combination of one or

5 more.of  sa id second mater ia ls .

3. A micro-reactor system assembly according to claim 1

or 2, wherein said at least n process modules (1-6)

comprise:

l0 a mixing module (2) the at. IeasE one reactive fluid
passage (24) of which comprising a mixing porÈion (2C)

for receíving and mixing at least t,wo reacLive f luids;

optionalLy, a thermal adjusting module (1) disposed

upstream of said mixing module (2) for adjusting a

l5 temperature or said at least two reactive fluids prior to

entering said mixing module (2) ¡ and

optionally, one or more retention modules (3-6)

disposed downstream of the mixing module(2) for

accommodating the reactive fluid mj-xEure.

20

4. A micro-reactor system assembly according to any of

claims I to 3, wherein

said at least one reactive f luid passage (1Ä,, 18,

2A, 3À, 6A) is a flat passage comprisirlgi curved and/or

25 straight parts to enable a flow of Ehe respective

reactive fluid along a tortuous paÈh, said flat passage

preferably has a width/height, ratio in the range of L:4

eo 1:50,  more preferably  in  the range of  1 :4 to  1- :30,

even more preferably  in  the range of  1 :5 Eo L225.

30

5. A micro-reactor according to any of claims I Eo 4,

wherein said aÈ least n process modules (1-6) comprise at

IeasE. t,r¡ro process modules whích are externally cor:nected

in ser ies.
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at least n process modules (1-6), wherein n is an integer equal to or
greater than 1, each process module (1-6) being made from a rigid first
material and comprising at least one reactive fluid passage (1A, 1B, 10
2A, 3A, 6A) which penetrates said process module (1-6) between at least
one reactive fluid inlet port (1C, 10, 2C, 20, 3C, 6C) and at least one
reactive fluid outlet port (1E, 1F, 2E, 3D, 6D), for accommodating and
guiding a reactive fluid, wherein in case of at least two process 15
modules (1-6) said at least two process modules (1-6) are connected in
series;      and at least n+1 heat exchange modules (7, 8) each of said
heat exchange modules (7, 8) being made from a ductile second material
other than said first material 20 and comprising at least one heat
exchange fluid passage  (7A, 8A) which penetrates said heat exchange
module (7, 8) between at least one heat exchange fluid inlet port  (7B, 83)
and at least one heat exchange fluid outlet port    (7C, 8C), for
accommodating and guiding a heat exchange 25 fluid, wherein said at
least n+1 heat exchange modules (7, 8) are connected in series,
wherein each process module (1-6) is sandwiched between two adjacent
heat exchange modules (7, 8). 30 2. A micro-reactor system assembly
according to claim 1, wherein      said first material is resistant to corrosion
and pressure and preferably selected from the group consisting of
stainless steel, hastelloy, tungsten, 35 tantalum, titanium, ceramics,
graphite and/or a suitable combination of one or more of said first
materials; and  WO 2007/112945PCT/EP2007/002831 28      said second
material is heat conducting and preferably is selected from the group
consisting of aluminum, aluminum alloys, copper, copper alloys, silver and
silver alloys and/or a suitable combination of one or 5 more of said second
materials. 3. A micro-reactor system assembly according to claim 1 or 2,
wherein said at least n process modules (1-6) comprise: 
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6. A micro-reactor system assembly according to any of claims I to 5, wherein said at

least nl-l heat exchange modules (7, 8) comprise: a first heat exchange module (7)

comprising at least one heat exchange fluid inlet port (78) which communicates

with a first heat exchange fluid reservoir and at heat exchange fluid outlet port (7C)

which communicates with a succeeding heat exchange module (8); a second heat "

exchange module (8) comprising at least one heat exchange fluid outlet port (8C)

which communicates with a second heat exchange fluid reservoir and a heat exchange

fluid inlet port (88) which communicates with a preceding heat exchange module (7);

and optionally at least one further heat exchange module disposed between said first heat

exchange module (7) and second heat exchange module (8) and connected in series with

the first heat exchange module (7) and second heat exchange module (8) , wherein the

series connection of two successive heat exchange modules (7, 8) is implemented

intemally via at least one heat exchange fluid connection passage (IH,2H,3H, 6H)

passing through a respective one of the at least n process modules (l-6) sandwiched by

the two successive heat exchange modules (7,8) .

7. A micro-reactor system assembly according to any of claims I to 6, wherein said at

least n process modules (l-6) and/or said at least n+l heat exchange modules (7, 8)

comprise each a first plate (IM-8M) and a second plate (IN-8N) permanentlyjoined with

one another, preferably by soldering,brazing, welding, gluing or the like, wherein each of

said reactive fluid passages, heat exchange fluid passages, reactive fluid inlet ports and

reactive fluid outlet ports, and/or heat exchange fluid inlet ports and heat exchange fluid

outletports (IA,IB,

10a mixing module (2) the at least one reactive fluid passage (2A) of
which comprising a mixing portion (2G) for receiving and mixing at least
two reactive fluids;      optionally, a thermal adjusting module (1) disposed
upstream of said mixing module (2) for adjusting a 15 temperature of said
at least two reactive fluids prior to entering said mixing module (2); and
optionally, one or more retention modules (3-6) disposed downstream of
the mixing module(2) for accommodating the reactive fluid mixture. 20  4.
A micro-reactor system assembly according to any of claims 1 to 3,
wherein said at least one reactive fluid passage (1A, 18, 2A, 3A, 6A) is a
flat passage comprising curved and/or 25 straight parts to enable a flow of
the respective reactive fluid along a tortuous path, said flat passage
preferably has a width/height ratio in the range of 1:4 to 1:50, more
preferably in the range of 1:4 to 1:30, even more preferably in the range of
1:5 to 1:25. 30  5. A micro-reactor according to any of claims 1 to 4,
wherein said at least n process modules (1-6) comprise at least two
process modules which are externally connected in series.  29  6. A
micro-reactor system assembly according to any of claims 1 to 5, wherein
said at least n+1 heat exchange modules (7, 8) comprise: a first heat
exchange module (7) comprising at least one heat exchange fluid inlet
port (7B) which communicates with a first heat exchange fluid reservoir
and at heat exchange fluid outlet port (7C) which communicates with a
succeeding heat exchange module (8); a second heat exchange module
(8) comprising at least one heat exchange fluid outlet port (8C) which
communicates with a second heat exchange fluid reservoir and a heat
exchange fluid inlet port (8B) which communicates with a preceding heat
exchange module (7); 
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1 C - 1 F ,  2 A ,  2 C - 2 8 ,  2 G ,  3 . A , ,  3 C ,  3 D ,  6 A ,  6 C ,  6 D ,  7 A ,  g A )  i s

provided between said f i rst  plate (1M-8M) and second

p la te  (1M-8M)  .

8. A micro-reactor sysÈem assembly according to claim
'7, wherein each of said reactive f luid passages, heat

exchange fluid passages, reactive fluid inlet, ports a:rd

reactive fluid outlet ports, artd/or heat exchange fluid

inlet ports and heat exchange fluid outlet ports (14, 1I},

l - c - l -F ,  2A ,  2e -28 ,  2G,  34 ,  3C ,  3D ,  64 ,  6C ,  6D ,  7A ,  gA)  i s

obEained by ablating an ir¡ner surface of at least one of

sa id f i rs t  p1aLe (LM-8M) and second p late(1N-8N).

9. A micro-reactor system assembly according to claim

7 , wherein a structured intermediate plate (70, 80) is

sandwiched between said first plate (7M, 8M) and second
plate (7N, 8N) of said at least n+l- heat exchange modules
(7, 8) to provide said heat exchang'e fluid passages (7A,

8A) .

l-0. A micro-reactor system assembly according to any of

claims 1 to 9, further comprising

a f irsE frame means (L0); and

a second frame means (9),

wherein said at least n process modules (1--6) and

said at least n+1 heat exchange modules (7, 8) are
pressed against each other.by said f irst and second frame

means (9,  l -0)  .
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and optionally at least one further heat exchange module disposed
between said first heat exchange module (7) and second heat exchange
module (8) and connected in series with the first heat exchange module
(7) and second heat exchange module (8) , wherein the series connection
of two successive heat exchange modules (7, 8) is implemented internally
via at least one heat exchange fluid connection passage (TN, 211, 3H,
61I) passing through a respective one of the at least n process modules
(1-6) sandwiched by the two successive heat exchange modules (7, 8) .
7. A micro-reactor system assembly according to any of claims Ito 6,
wherein said at least n process modules (1-6) and/or said at least n+1
heat exchange modules (7, 8) comprise each a first plate (IM-8M) and a
second plate (IN-8N) permanently joined with one another, preferably by
soldering, bra/mg, welding, gluing or the like, wherein each of said
reactive fluid passages, heat exchange fluid passages, reactive fluid inlet
ports and reactive fluid outlet ports, and/or heat exchange fluid inlet ports
and heat exchange fluid outlet ports (IA, 1B,  WO
2007/112945PCT/EP2007/002831 30 1C-1F, 2A, 2C-2E, 20, 3A, 3C, 3D,
6A, 6C, 6D, 7A, 8A) is provided between said first plate (1M-8M) and
second plate (1M-8M). 5 8. A micro-reactor system assembly according to
claim 7, wherein each of said reactive fluid passages, heat exchange fluid
passages, reactive fluid inlet ports and reactive fluid outlet ports, and/or
heat exchange fluid inlet ports and heat exchange fluid outlet ports (1A,
1B, 10 1C-1F, 2A, 2C-2E, 2G, 3A, 3C, 3D, 6A, 6C, 6D, 7A, 8A) is obtained
by ablating an inner surface of at least one of said first plate (1M-8M) and
second plate(1N-8N).  9. A micro-reactor system assembly according to
claim 15 7, wherein a structured intermediate plate (70, 80) is sandwiched
between said first plate (7M, 8M) and second plate (7N, 8N) of said at
least n+1 heat exchange modules (7, 8) to provide said heat exchange
fluid passages (7A, 8A). 20  10. A micro-reactor system assembly
according to any of claims 1 to 9, further comprising a first frame means
(10); and a second frame means (9), 25wherein said at least n process
modules (1-6) and said at least n+1 heat exchange modules (7, 8) are
pressed against each other by said first and second frame means (9, 10). 


