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Pl uggi ng of a Conti nuous-Reacti on Channel - System and M cro- Reactor for
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preventing pluggi ng of a continuous-reaction channel -system caused by a
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nixeé&g%gﬁyﬁggyp&%yﬁggg% other. It should be noted that because even a
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the channels. The local probability of such plugging to occur is not equal throughout the
micro-reactor, but is highest at what are called hereafter plugging-susceptible areas which
are confluence and mixing areas where the various reactants come together, are mixed

and react with each other.

It should be noted that because even a moderate plugging results in an increased pres-
sure compared to using dry feeds, and consequently in a possible decrease in yield, only
dry feeds / solvents are used, which is very cost-intensive because the drying procedures
applied are very involved. For example, several ethers such as diethyl ether, methyl terti-
ary butyl ether (MTBE), tetrahydrofuran (THF) or solvents such as dimethyl sulfoxide
(DMSO) are very hard - and therefore expensive - to completely separate from traces of
water. In addition, drying is not in all cases without any problems. For example, the above
reaction (1) is known to proceed very violently, and other substances like organic nitrates
or azides may even be explosive. The reference to organic nitrates or azides is only to

give a general example that some substances can not be dried because the drying proce-



WO 2011/ 023761PCT/ EP2010/ 062476 2 dure is dangerous. Therefore, also from
this perspective, a nethod is needed that goes without drying. It is an
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occured”. Therefore, the at least one ultrasonic wave is guided by and along the channel-
system or part of the channel-system to plugging-susceptible areas thereof like an elec-
tromagnetic wave is guided in an optical fiber, the at least one process fluid serving as a
carrier medium for the at least one ultrasonic wave. Preferably, the at least one ultrasonic
wave is generated as close as possible to the plugging-susceptible areas, in order to re-
duce attenuation effects. Most preferably, the at least one ultrasonic wave is generated
outside but in close proximity of the micro-reactor. There is no restriction as for the de-
tailed construction of an ultrasonic probe or device for generating the at least one ultra-
sonic wave as long as it can be applied to transfer the at least one ultrasonic wave to one
or more of the process fluids to be transported thereby to the plugging-susceptible regions.
Usually, piezo-electric transducers are used for this purpose, that are adapted in design
and power to their field of application. Just as one of numerous examples, there is dis-
closed in document US 2009169428 as a medical application a flow cell with a piezo-

electric transducer, where ultrasonic energy is applied to a continous flow of a suspension.
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pr edﬁéﬁlcfﬂa‘ﬂﬁg i?the continuous-reaction comprise a plurality of reactants continuously flow-
ing into the channel-system, and a product formed in the continuous-reaction by mixing
and interconverting the plurality of reactants and continuously flowing out of the channel-
system, wherein at least one of the plurality of reactants includes a compound comprising
an alkali metal and an organic moiety reacting with water impurities in at least one of the

feeds to form the by-product.

According to a preferred aspect of the present invention (claim 4), the alkali metal is se-

lected from lithium, sodium or potassium.

Generally, the cause for plugging is solidifying NaOH, LiOH, KOH or RbOH which is
formed in side reactions of the compounds comprising an alkaline metal and an organic

moiety with the water impurities. Examples for those compounds are methyliithium, ethyl-
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value of 10 ppm may be a realistic benchmark. Here, “tolerable” means that the reactor

under such conditions is not subject to “severe” plugging.

According to an aspect of the present invention (claim 5), the at least one ultrasonic wave
is coupled into the channel-system continuously, discontinuously or “on demand”. In the
first case, the required energy of the at least one ultrasonic wave may be very low, be-
cause plugging is continuously stopped in the bud, and no control is needed that may oth-
erwise be used to signal imminent plugging and counteract appropriately. The energy of
the at least one ultrasonic wave continuously coupled into the channel-system may be
regularly or non-regularly varying or non-varying with time. In the second case, the at least

one ultrasonic wave is coupled into the channel-system according to a predetermined or



Fig. 1 a schematic cross-section of a plate of a mcro-reactor coupled to
an ul trasonic wave generator according to a preferred enbodi nent of the
present iwoentimBrsior carrying out the nethod as defi ne@cirEpredmiossi7d
through 7 and Fig. 2 a schematic perspective view of the arrangenent of
Fig. 1 schematically s ross-section of a plate 10 of a
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pl at getions taking place. Alternatively, a continuous generation of the at least one ultrasonic
wave can be combined with a detection of the pressure in order to adapt the intensitiy of
the continuous at least one ultrasonic wave application to the plugging situation within the
micro-reactor. To summarize, the power of the at least one ultrasonic wave that is coupled
into the channel-system may be any function of time, either pre-determined or situation-

adapted.

According to the present invention (claim 8), a micro-reactor for carrying out the method
comprises at least one feeding channel being provided each for one of the at least one
process fluid and connected with each other at at least one confluence area, a mixing sec-
tion adjacent to said confluence area, a retention section adjacent to said mixing section, a
discharge channel, and at least one coupling means to directly couple the at least one ul-
trasonic wave in a flow direction into the at least one process fluid. The micro-reactor may
be, for example, a micro-reactor as disclosed in EP 1 839 739 A1 or any other micro-

reactor having a similar channel-structure and preferably serving a similar purpose.
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The above and further objects, features and advantages of the present invention become
apparent by the following detailed description of a preferred embodiment with reference to

drawing. In the drawing, there is:

Fig. 1 a schematic cross-section of a plate of a micro-reactor coupled to an ultrasonic
wave generator according to a preferred embodiment of the present invention for carrying

out the method as defined in claims 1 through 7; and
Fig. 2 a schematic perspective view of the arrangement of Fig. 1.

Fig. 1 schematically shows a cross-section of a plate 10 of a micro-reactor as described in
more detail in EP 1 839 739 A1, for example, coupled to an ultrasonic wave generator 30.
The plate 10 includes a meandering channel system 12 that is divided into a mixing zone
14 and a retention zone 16. Plate 10 comprises first and second feeds 18 and 20, respec-
tively, for continuously introducing feed flows of process fluids including chemical sub-
stances patrticipating in a continous-reaction taking place in the micro-reactor, and an out-
let 22 where a reaction product included in a process fluid then called reaction fluid is dis-
charged. The ultrasonic wave generator 30 includes a sonotrode 32 that comes into con-
tact with the process fluid flowing into the micro-reactor via the first feed 18, and transfers
ultrasonic energy, generated by a to-and-fro movement of the sonotrode 32, to the fed
process fluid or simply feed flow. As clearly shown in Fig. 1, ultrasonic energy is coupled-in
externally of the micro-reactor at an entrance side of the feed flow. Depending on the ex-
act structure of the channel system 16, the location of contact of the sonotrode 32 and the
feed flow can, however, also be located within the micro-reactor. Furthermore, although
the ultrasonic wave generator 30 shown in Fig. 1 is a Branson™-generator, any other ul-
trasonic wave generator may be employed as long as it is adapted to transfer ultrasonic
energy to one or more of the feed flows entering the micro-reactor. As stated above, the

ultrasonic wave is guided through the channel system 12 using the feed flow as a medium.

Fig. 2 shows a stack of plates 10 building-up the micro-reactor coupled to the ultrasonic

wave generator 30. A circle “A” specifies an inlet region where the chemical substances



WO 2011/ 023761PCT/ EP2010/ 062476 9 Clains 1. Method for preventing pluggi ng
of a continuous-reaction channel -system caused by a by-product of a

cont i nuouwseonrenaksmn bei ng carried out in said channel - spsr@arromasoizéret hod
conprising the step of generating at Beast one ultrasonic wave travelling

t hrough sai d channel -system by coupling in a flow directigon of at ast one
proc@ggﬂmwséy Bewdnig fhieaphannelrsysiease d<svip the destsan sgeoNe 105 %‘})?9 Soni ¢
wav e ph: i : fluid. 2. Method according to claim1,
char gl(l:'{aée(?P?ggﬂfﬁﬁgﬂgﬁﬁ%&e@ﬁﬁqﬁagﬁ?%ﬁ'of process fluids conprises at |east
one feed flow, at |east one product flow, and/or at |east one solvent flow.
3. t hod accordi ngsto claim1 or 2, characterized in that chem cal
sub%@@@ﬁﬁma—— pating in said continuous-reaction conprise a plurality
of rapct apfigrocreBtionywiatel y flowing into said channel-system and a product
formed in said continuous-reaction by m xing and interconverting said

pl ur 4Bi t ychannalsyst@m s and continuously flowi ng out of said channel -system
vvherﬁi4n at .l.east gne of said plurality of reactants includes a conmpound
conprrsi nH")é{Hgépﬂgli metal and an organic noiety reacting with water

i npunt i egeteRtich zogest one of the feeds to form said by-product.

18  first feed

20  second feed

22 outlet

30 ultrasonic wave generator

32 sonotrode



4. Method according to claim3, characterized in that said alkali netal is
selected fromlithium sodiumor potassium 5. Method according to one of
clainms 1 wo2h/ebmnacterized in that said at | east one elCI/HPR@9061406 Wave i S
coupl ed into said channel -system cont #nuously, discontinuously or on
demand. 6. Method according to claimb5, characterized in that in case said
at |l east one ultrasonic wave is coupled into said channel -system on denmand,
a characteristic pressure of said aClaigsst one process fluid is used as a
control variable. WD 2011/023761PCT/ EP2010/ 062476 10 7. Method accordi ng
to one of clains 1 to 6, characterized in that said channel -systemis part
of a1contMethodser p@venting plugging eba tontinuous-reaction channel-system caused by

a by-product of a continuous-reaction being carried out in said channel-system, said
method comprising the step of generating at least one ultrasonic wave travelling
through said channel-system by coupling in a flow direction of at least one process

fluid of a plurality of process fluids said at least one ultrasonic wave into said at least

one process fluid.

2.  Method according to claim 1, characterized in that said plurality of process fluids

comprises at least one feed flow, at least one product flow, and/or at least one sol-

vent flow.

3.  Method according to claim 1 or 2, characterized in that chemical substances partici-
pating in said continuous-reaction comprise a plurality of reactants continuously flow-
ing into said channel-system, and a product formed in said continuous-reaction by
mixing and interconverting said plurality of reactants and continuously flowing out of
said channel-system, wherein at least one of said plurality of reactants includes a
compound comprising an alkali metal and an organic moiety reacting with water im-

purities in at least one of the feeds to form said by-product.

4. Method according to claim 3, characterized in that said alkali metal is selected from

lithium, sodium or potassium.

5. Method according to one of claims 1 to 4, characterized in that said at least one ul-

trasonic wave is coupled into said channel-system continuously, discontinuously or

on demand.

6. Method according to claim 5, characterized in that in case said at least one ultrasonic
wave is coupled into said channel-system on demand, a characteristic pressure of

said at least one process fluid is used as a control variable.



8. Mcro-reactor for carrying out the nmethod according to clainms 1 through
7, said mcro- reactor conprising: at |east one feeding channel each for
one of sawo 2af1/d28ms$t one process fluids and connected wpCh/Eetolodsasitic one
confluence area; a mxing section adjtacent to said confluence area; a
retention section adjacent to said m xing section; ., a djscharge channel

ad] adent Medhedipgeoriig q eﬁescé&fa'msﬂémé, a@ract@ag@ddﬁéheba@m%@nﬁsgﬁ&st%
directly;g beasahfngd é-??’e]%tt Neickl-tdpg9ni ¢ wave in a flow direction into
sai d at fegéﬁ one procelés u'iog. IS. cro-reactor according to claims8,
further conprising a pressure sensor for detect- ing a characteristic

R gl Rl S R AR T SR

vari abl ereactor comprising:

— at least one feeding channel each for one of said at least one process fluids and
connected with at least one confluence area;

— a mixing section adjacent to said confluence area;

— aretention section adjacent to said mixing section;

— adischarge channel adjacent to said retention section; and

— at least one coupling means to directly couple said at least one ultrasonic wave in

a flow direction into said at least one process fluid.

9.  Micro-reactor according to claim 8, further comprising a pressure sensor for detect-
ing a characteristic pressure of said at least one process fluid transporting said at
least one ultrasonic wave, where said characteristic pressure is used as a control

variable,



