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Descri pti on M CRO- REACTOR SYSTEM The present invention
refers to a mcro-reactor systemassenbly conpri sing

wa@roo7aa®ts n process nodul es and at | east n+l hepel/EP2007/002831

exchange nodul es wherein each process nodule is

sandwi ched by two adj acent heat exchange nodul es.
Mcro -reactors are reaction devices provided for
reacting of one or nore reactants (typically including
m xing of two or nore reactants) and to sone extent
for controlling the reation of said reactants via
heati ng or cooling of thdesgriptiaffering said reactants
bef ore, during and/or after m xing. Such mcro-
reactors for perfornirmroekeanTOR| syserct i ons wi t hin
smal| areas are known for exanple from EP- A-0688242,
EP- A- 1031375, WO, A- 2004/ 045761 a d US-A-2004 98
. ChERE cBFeFeatt FBRENE OB FEFF S WlﬁFErE?%égg ors
§9§t§msasaéhblpecdmptuegngshedlbaBMEenpsoceaﬁlm@dgha§

AE act ggéénﬁsaﬁengﬁ gckbaﬂies THRG A a%ac%hgrocess

ctrons are very fast c
meduneoms aaddWahheglhVetdprédUByeaﬁ #ﬁ%ﬁn@XFéﬁ@Bﬁhts
% the m xing chanber, typically in the range of 1
sec ﬁey may be call ed reactions controlled by the
m xi ng process. In order to let all reactants react

C0nphféﬁbyréﬁgtBQSa&@édrbﬁcﬂﬁaﬂuaéﬁlcéucbrbyﬁdeﬁ for
reactions require fast and effggtlv nlxgﬂg

of, t
BracE485r Pl duenSTuBRr e SBFFBEER, d SYREE AL YodRt Ging
@mghngyae Awbeatt mome geaetahty)re@dlme SO extemdr tfor

aftE ggg%é?ghg'ggaggg RYS <G3Q Q%a%% QIR Melda ity or

reSrdence Vol une or
abbénngeacttbﬁvma&nbuffﬁélnésSéédc6eﬁﬂﬁ§n¢§rh@ﬁﬂ?el

E62FhECRRQY ¥R GRtkY hixkiBgl Neuchngl chesTehidanrél feac.

performing chemical reactions within small areas are

" known for example from EP-A-0688242, EP-2-1031375, WO-A-

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 B reactions.

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
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-
reaction time and thus can be performed well in micro-

reactors with small residence volume or after-reaction
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Type B reactions as for exanple Wttig reactions or
acetoacyl ation of an aromatic amne with di ktene, on

wob@7ams ary, are fast to slow reactions w t hr¢ypPmar/002831

reaction tinmes in the range2 of 1 sec. to 10 min. They
run concentration or kinetically controlled. In order
to let the reactants react conpletely and to avoid
by- products such type B reactions do not require a

m xi n of the .reactants but rather

YBAEPEL ) ThPe tPBTCRrSs GG HognSUR g AR Rk LY
neamnlohetraageTﬂ@&sre&bﬁem@es&@.une and

after-reaction volune nust be di nensi oned such that

the process fluid remains within the mcro-reactor for

a IoﬁgpeiHeraﬁééioasndStf@msewhmpﬂecﬂﬁtmégcmmaaﬂﬂqn$ or

seétbxc9mgt95ﬁ0b%ela - alRWEYSL: At | ?)fl%‘ﬂ h%@éeeﬁﬁe“ Uk the

of such”longer residence tines IS icult
EBRVERFY ondFenitass- teasilews ragetionsheishmtiyrsicads and

+BeCcEXPRNBE MBS 8 @hst E-H.ﬁb'éf bRg1 EBEs %n\i@mmleﬁalrhey run
m cro-reactors nostly gsed for reactj ons

FoR e FaF LPh, eT ok igbtacal y FRE EPLeh: i ovdean teb et
phevidacaant spreued EbmpmgteaytghdsystaﬁbaﬁBQWbbroducts,

t Si,re esi dence ti nes I n -
SHLhobife 8 BERULEAREPHEPHoE RRaRNEE b PRS te I mixing
bl Vel bqaatanCSobneacabhesysbenraééebﬁbyr&ac@d@hng to
EGAAI Jons CQAPERY BledcBhBIELDl rolbeiBASLifeh! HASS

nodul es (1- erein n1s an integer equal to or
Feehierce h‘é‘ﬁ yme eaéhas*ﬁ%ezsgaﬁﬁaenevelu@)e paisigbeade

dimeh & sh&d dshehSthaat eneabraaessommal @amatlnlseaétthm
ne reactive fluid A, 3A

assa
Pt Et sttt Pht EBF g‘Pn aFamsrBeégg ﬁB&G‘F—ElP?SerCh
¢Emvhnntamtf@hsedoeesibycanaepfédndelyleHowevbr61Gnt11

) %. E# cLi lyid
o B e on SReO TppSRne2Rahea hiiEs bl g
difficult with conventional mlcro reactors due to the
small sizes and the expensive micro-structuring. Thus
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
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:

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,
23, 3A, 6A) which penetrates the interior of said process
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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and guiding a reactive fluid, wherein in case of at
| east two process nodules (1-6) said at |east two

w@e@cas®4modul es (1-6) are functionally connecP@EP2007/002831

series; and at |east n+l heat exchange nodules (7, 8 )

bei ng made from a deformable or ductile second

material other than said first material and conpri sing

at | east one heat exchange fluid passage (7A, 8A)

gglch pen trates the interior of said heat exchange
H&FieoP’F o8 Popét idén afF /| @dst 3Fhe Rat O RERFIModating

Bhdi duidiey porkactBveS8Bludd] Ahdreast ienedwralor at least

h fluid t 80),, f dat
%?%ﬁ%@%@&%&.%&ﬁﬁ%ﬁ“g
edsfles+11h€at aeec fiange iondl/lgs dohinel tedarim serles, and

f d rein e ocess .
mdurs toaef A2ECEERED elnSBe hodigs" ( aldn e
éxgmaﬁgéeﬁ@amabée(¢r auptl1Eh@eapnwba@weaapdoc¢@er than
ga%' eirgedmshsr%ﬂ gaal o8 éﬂ%ﬁ\ﬁ/’\ﬁeéﬁh 'é% TR (fﬂ%east

formeach _an |nde en ent no

6ﬁ6hﬁpaﬁdfﬂaaé§a§éssa96 (7Bac 8PV e Whiighd DeaesagEesr theat

exebange Bfusélﬂaﬁéaﬁeex@hbﬁgélﬁ&d@Q@puetebV Welthiden at
nteri nDduﬁiPlg n the at Ieast ne

1ofst "5 Rl ekcRatiore 851 BO For75 pp®) and at
peastdong peateszchadgkesland - baaﬂeepr&mga7npdates for

SBOSREARL UL EEELTRLEG) & Roal ! cleplRSE BAGLE, gperein
ﬂéihbd pabcéeashoanl elaeah dehehanggc madgdesoddl, e8) are

£@sPeLbhy el y: cgﬁﬁe&{@sdpiﬁ ce8z, sigpdul es, a first
mat erj al can be sel ect ed Lch 1s op tlnal for the

r eactieReiRf 2GR Pé%%?%ﬁt@OdPﬁepéirﬁbuﬂﬁrSF@@WéFBﬁ@ to

Ot wOSHh OPwaNdd PacPheseese aRénangbenalliyesel(gct gy . from
the group including stainless steel, hastell oy,

tungsten, tantalum titanium ceramcs, silicon
gr apfihe eatantéast an sprdéadde wodbieat and the at least n+l

heat exchange modules form each an independent module
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.

By 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:

For 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,
ceramics, silicon, graphite and/or a suitable combination

of one or more of said first materials.
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of one or nore of said first material s. For the heat
exchange nodul es, a ductile second material can be

w@edogaimds which is optimal for heat transfer apdl/@pP2007/002831

sealing, in particular heat4 conducting, and preferably
Is selected fromthe group fromthe group including
al um num al um num al | oys, copper, copper alloys,
silver and silver alloys and/or a suitable conbination
of one or nore of said second materials. Thus by
providing a mcro- reactor systemassenbly wth
separfa:lxe threodess: aaxtHeeate eaghdrege, rnodihetsile t sdeswdes

t c f [
MR s Be R Al £ BRLLREL B e,
ctéfratnﬁﬁelri mawt/inx tserdeing urie gfaxtieptacdesat conducting,

AR RAARAUS W, ﬁ%ﬁé&é;&&%@ %\g £P5m e group

chenlcal react’i on process, a ure contr
AESPEnge B WAHTBYR 130k U IgHER ) LY S h & RPN eFREPOF

fafla.diﬂgff &ineaat @%@y%itlfa;axa%sgﬂa}sf andUsr A ts@ﬁ@wfét
| VI de | eren m Cr reac St e
D ERtST B HTS P MO RE | e GSSPnd (TRt araals
reS|dence tinmes, different fluid volunes, different
t
examipos W%&%ﬁ%&? AR AN dfsldt e oy
pasdageparait ca RyeTastaengg Hesdt essaliange nodiles | bns
bR comeR! ods 1HAME, | QT ATRUS H NEA Al s ST its

process dule. Wiile“the flrst material_1s a npre
FP&F&féﬁe dutie defondUiRti&g 4he shethsiad HRAGH O MRE

Boatebahlivigt heeduenigded a306@N & Ml igdoddtds L he heat
exchange nodul es reversibly, i.e. elastically, or
remainingly, i.e. plastically, defornms under pressure.
PresAdngnhagansdwan@Eowuddhgss@@amamezmﬁdumﬁu for the

e O e )

or the I Ké then or e’
rﬁ@pggﬁpggﬂynglggmsa¢@ standardise the components of the

micro-reactor system assembly. Thus, it becomes possible
to provide different micro-reactor system assemblies for
different reactions with different residence times,
different fluid volumes, different amounts of heat to be
transferred and the like. For example, providing heat
exchange modules with larger passages for accommodating
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
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
or the like then slightly deforms the contacting surface
of the heat exchange module such that no additional
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of the heat exchange nodul e such that no
addi tional seal i ng between process nodul e and heat

weohamyes nodul e is required. In contrast to PCI/EP2007/002831

conventional mcro-reactorss where wall thickness

bet ween 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
indi pendent process nodul es, and heat exchan nodul es
SFELpPGv PEEUSSR PROTGH St MesUlife B@ss death &4 %ﬁ:é“ocmle
het wegnitled.reactive fluids and the heat exchange

fluid (s) - which has been noticed as di sadvant ageous

Iy heretofore - due to optimsing the separate nodul es

wi t hInespattatt tbebbnspacﬁbmalduﬁpr@um@@cﬂdnyjwhere wall

3 d h
DRSERheBE0EE R P PAREE AT el IR Fhusas
brehbrge wedurked asdfeac hsh@@tsseiodleang»eorx@@n &0 hihide

Qéoﬁoheﬁkaﬁfgngke§n ardoefiihl gk% ??@géﬂb 'ﬁ%ention

Sandw ched between two proce The

eRERRABECRBIDFESEAE MREUREs 66 bﬁétnﬁépéan@@aﬁpﬁules are
pr&b@&bdssﬁmbhwugﬁyth@sphﬁ@Q@aE%%W@ﬁE difsitasicea b tween

FB6urEachite: ALRS 0o BonFEre Y ER6BAPMEnE oRal -
whichrhastbeenynbtmnaésasbaysaﬂaadtagebaaiy hepetefisre -

Ut§So ﬁ??ﬂi%%ﬁgsghg‘éeﬁgm%EQ“h%dhﬁ%sahlk%a§%s§%%t to

reac Ve ch ¢co Istng a m
bb?%Ioﬁp¢©1fl@cduVVnguﬁpylﬁﬂnBﬁg hattexsprpW@SSea@nive

ﬁbgﬁatuﬁédceﬁEkemaEEM Bk keashe@ne thernal adj usting
nodul e di sposed upstream of said m xing nodul e for

adjusting a tenperature of said reactive fluids prior
to emdetipgosass mbdudg IPdghadwasHal beawtefNewo heat

rﬁ%ﬁgﬁégqmo ufegsaghsgggﬁdhgg%nggé ggbgfmodule, which is
not placed at an end of the micro-reactor, is sandwiched
between two process modules. The heat exchange modules at
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-
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
optionally

at least one thermal adjusting module disposed
upstream of said mixing module for adjusting a
temperature of said reactive fluids prior to entering

said mixing module; and
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the m xi ng nodul e for accomodating the reactive fluid
m xture . Using nore than one m xing nodule allows to

waegaamou®l | y i ntroduce nore reactive fluids fBCT/EP2007/002831

sequential reaction steps .6In said m xing nodule the
reactive fluids are mxed in a mxing portion which
fornms part of the at |east one reactive fluid passage
and, after |eaving said mxing portion, are
acconmodated in a first retention valunme al so forn ng

par t 2bf *¢REC Pn?e£§FeBEé°PeQ@@P&§Sfﬂ&ﬁ@cﬁﬁ§§£§%”“%%ﬁ%?m of
ghei ngxpagt noduley foaveacaoinodag iskr teiclredddierep|flgid
flLo n1X|ng or back m xing, while said first retention
VTR v10: 3 fmay conprise one or nore substantially straight
passages connected by el bows. Preferably the first

rete@éiﬁETﬁ8£§”Ehbﬁ BEQVhQEQPﬁ“&BdhE%taﬂlpﬁg:g§§ flow

erature o e reactive S in the
ﬁequﬁ@th@bbyesnéaﬁdbéecmﬁreorEéQtByetﬁéumﬁ§Iﬁ&ﬁ '

§é&ﬁéﬁ9§aﬂD§H£§§1%ﬁJs%éﬁ@t ta salid Eh&h%@ PRI the
Théretfo a_warm or eat exchange fluid s su ppl.i ed

reachivar fluide 8re Ré%edetRafgBLrERgd PREEILTe Hﬂﬂlﬁorms
p@@b of the &wolbaat enéh@aaetmoéuEe&adeagﬁa@@p@n&ﬁs
f ves, heat _from.t he procgss no eat
¢ %%Ef $AVIRT| ARt daldE B80PET éPBreaﬁFxFﬁéOEPQQﬁEﬁﬂ—ln a
fior et re@cénvieohl vollamesaildor Eathing phutdefnihebat least

éhﬁ? 8£1&8°£$91d$§85g58e0”§a & MRk§n hg%@%' n_may have

pg oVl ed upst
®1m1mgn®n@@r@ctEEEdl@h@r PgaﬁﬁgytmhylﬁﬁdQKeb@Q#pm¥§@§9,

@Eli§a§51@n§1£§@C£é¥@nﬁhéhdveﬁﬁﬁégﬁa?OEoﬁé%ﬁs%e%%bl%&
fluid be heated or cool ed. W

ow ng thr
BT S ?%%&??%%1?F%Yd355§§355 PeFSedER F@E@F%& %Mi& Lpgws .
r&éméthnyCQEéeﬁlbgtthetéme1bﬁavoe&maamgepwaduﬁea such

Al acentd. 0,581 fh et gl adi usti ng

The temperature of the reactive fluids in the mixing
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

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
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
exchange modules adjacent to said thermal adjusting
module as it has been described before for the mixing
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nodul e as it has been described before for the
m xi ngnodul e. By providing different passage vol unes

WO oobacnes possi ble to heat or cool the diffePErEP2007/002831

reactants differently. After having left the m xing
nodul e the m xed reactive fluids nay be acconmodat ed
in one or nore retention nodules. Thereto the reactive
fluid m xture | eaving the m xi ng nodul e enters at

| east one reactive fluid passage within the retention
nedule. BroRgoVvhAsnghdibfgrant| PasSEaGife Vicdamasyd tf lagqpmes

aggageeaas heavesrt Beonetant WaF reRdrite rabicenntisds.
r|n iMAng through said at | east one reactive

FEF@ E3¥ge, said reactive fluid mixture can be
heated cooled or thermally buffered by the two heat

exchapae. ROyl g5 FOLRCEAL 2. SRENEALAR' L Rt 10

the s dBSeri e m Xi n rma
chaqguwg ﬁ@dude bafobe. aByOpmoda@edglaabher@mtmore

%? gEiBH fBAuh S . “&BQerBfEh@”gE&CEQb%E%lbﬂeﬁwl ure

assages It becones possible to obtain different
1%@%hﬂgohh€oﬁéK%Pﬁn@OdP@eaﬁ§§eF§ B&séﬁ@ﬁé P@epFG®Q$§Ve

fM@lafp&BéSgée&ﬁﬂhhﬁ”tﬁ@dHéEénEQBHUmb@&ubn9beh@ @mheough
each retention, nod e|n sandw

anot her,

%%%ée%ﬁ ﬁ%%?teﬁﬁﬁaﬁﬁécﬁbﬁﬁlgiulgopﬁ §69% Paﬁgieaves the

¥etenti@ﬁ molube aﬂdefhardby Ddemﬁgdfngwdngvehmougw ehid
o) tention_tjne en ime in

%#i¥%a?ﬁeo%%n ?Eglve E ﬁgrngﬁ% tﬁegﬁe%ggggggre%gpld

mhetueactanebélhedtﬁdxt@®elddrDngthesmdéﬁVebuﬁﬁerednbY

éﬁéceﬂéfﬂééédeﬁéﬁéﬁ eaﬂgdﬁ¥? §8E¥cegEeE?r@QEK tBeention

rocess S reactive assage
@e@%%ﬂnﬁetthg f@me gHRYi 29 @eseaé ?@efPFuFéec@ﬁﬁﬂpgeéng

éﬁé&méhaamehglﬁge@éaﬁletbef6£QM/E§tﬁreblalﬁgcaefferent
reactor is a [Low p §+ﬁgose di ngter suallﬁ fluid
FREEATHAM MOR o (WAL TEBRLYt HPBURENF SpFGHVPs T1ul
passages it becomes possible to obtain different
retention conditions. It also is possible to provide two
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
particular the temperature of the reactive fluid mixture
during residence time can be controlled easily and

precisely.

Preferably the process module’s reactive fluid
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
small section. To increase the flow rate; a plurality of

such narrow pipes may be provided. But thereto the
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requi red, however, the flowrate is restricted by said
smal |l section. To increase the flowrate, a plurality

w@boosaciamhar r ow pi pes nay be provi ded. But thePer/@pP2007/002831

thestoichioraetry in all pi%es nust be controllable
and the residence tine nust be held equal for all

pi pes, which cannot be secured sufficiently in real
systens . The flat channel suggested as a preferred

enbodi nent, corresponds to a conbi nati on of parall el
FitpdshipRes Thd ¥ lPdvk PARET AN Sle DhGRfs@ilable and the

segnldeneanttliheWhidse dd HEIRBeRRY fAdH kil leyigd OW wisich
rra!ntal_['g)ed. It has t ed o%that a ratio wdth:
FEPGRE P SREWET S W 1YY Y1 b T8 5 fSIi ™ 1 o

yield good results. Preferably said wi dth/height ratio

IS s i n.the range.of 1: :.30. .

pr ef g?‘?blrtl)]/ag‘alcﬁdl ‘_"VI\:‘ASEJl gtlh/s Hgg%ﬁtt%rd;tal%o 3 E) set 1 ne%t heglbr%%lg%ent’

cbrieSpoods: 26. al wombdmaltaron efbedineditesl Pigal h Yiu the
My heLght, .of; a4 . : :

ST st SR b R G ST i

woar upsLdent flioy dfs magntainscher enmbodi ments the
wi dth already tested was chosen as 1.4 nm O .9 nm and

0.5 mmrespectively, yielding a wdth/height, rati.o of
1: 7. 1%, hil.slfﬂ*lﬂlean&uf: ?g*arteépéfét‘ﬁk?elvﬂ}.§t%ig"etl(?1}qiweln che
&ﬁ&ble wifdiLh 40fc ot he sohdmnetuidaimist Ity lvdrdlIdbrgdddweadults.

e praocess fl.uids kN .Sknal [ L
RAAPAPRAY s e aEe bR R A HHE dltne range of
(vél toeleBOpr Byess mone grsderably) sedsl el /Mgiaiegratio
AlLs nl; Iehi L. ane Sitgl nmust
e e i B ER e B boa o R Tow
eabeddmenge a WAkt ©fi defc&m:i Fedegoy PL 4P Mm ARG a
aﬁﬁg%%i @f?%@él@?i%ﬁegﬁa'gV;é'eﬁ_el&&}é@ krean ttﬁ%a_&llraﬁﬂ d}%{nértélg which
cnannel s 1 ntitTil e erorg, 1.6e. W S O d
kﬁlneli .S4anf’ﬁl‘§5£/ SN G 1S %]T’gspét& R%%f SRbodgpents
breseedthr alrehdye teasd emmnichdden aasildancen,t i mm and
0.5 mm respectively, yielding a width/height ratio of

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
(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
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
arbitrarily by combining different modules with different

residence times. In particular residence times up to
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for a specific mcro reaction can be chosen nearly
arbitrarily by conbining different nodules with

waledo7armmt residence tinmes. In particul ar resiBPENER2007/002831

times up to30 mn, or preferably up to 20 m n and nost
preferably up to 10 min can be obtained. In a

preferred enbodi nent the m cro-reactor system assenbly
conprises at | east two process nodul es connected in
series, each bein rg sandvvl ched by two adj acent heat

Sk Mafye FoRALEL RN 20 JER RRAIPRS i RYpEerably up
reed al e snitpyedie m@lﬂbﬁmmth at | east one preceding
thermal adjusting nodule for bringing the reactive

fluids to an optinmal tenperature before m xing, and/or

at | éa:sta cprefrescnaﬁ ieorbatbicherer fidre priowral nepceoi sesitem

&3 r; s P r@gﬁﬁéﬁ ea{t.he.lléaesatct W& ﬁféj&éjs rﬁ%&ﬂﬁf {Séonnected

1 ONn t nperature
A@acEnies,| |arhibaine S(as)dvclecrhetst lmrﬁwcola@]jawnt heeat

ReRh ey aRaR 1RdulRs- Reing,di s F&?@%@%@&F@ hitohfarbaules

m xi ng "and retentlon modul €. An additional m XI Ng

Fedule coplised st &ﬁ”fﬂaﬁﬁsé? PR tRF%F%#JéaﬂaoW@mal

tahlgﬁ.lmhn@djnwﬁdlrég 86 W6 ipdh P e He e i Beb bEL RSN ¢d\0an
E%entlon nodul s to aI ow t he . Ierrec?}atlon
r

of
B e e PETATRT I O THGC Pl heast one
frietriecis i ohheaded &t ificer fdnawl quiass agepiiofed vue sidiserpienimes

St e i ar O RN TAERE hue S
ffﬁfqerlﬁgs;n she teampesatyred off thsmaaatiare tibuidi p es

Hi&%t@&es(%l)d%%%db%r ceplrded 1t e vRAW s qxcﬂ@gﬁ %dules
ui,ck fitting ﬁggllngs may be ‘used. W‘nle det ac

?tlégnglls@é’@&ldi agensw teaspte Mise ng akk I‘seftr?d}fewn
fedules amd aﬁﬁ&ftﬂlamalln aried nfddeméql ldgthordd1aed tube

es_advant.ageousl.y avo vol u d_can
P TP AR MACT o ERsl e HA e St ey module
meyr ber eategrasest bmtween two retention modules to allow
the implementation of a subsequent reaction by feeding

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,
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
advantageously avoid dead volume and can additionally
increase stability of the complete micro-reactor system

assembly.

Preferably the at least one heat exchange fluid
passage within a heat exchange module comprises at least
one heat exchange fluid inlet port communicating with a
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assenbly. Preferably the at |east one heat exchange
fluid passage within a heat exchange nodul e conpri ses

w@booraedis one heat exchange fluid inlet port PCT/EP2007/002831

conmuni cating with afirst heat exchange fluid

reservoir or at |east one heat exchange fluid

connecti on passage provided in an adjacent process
nodul e and at | east one heat exchange fluid outl et

gprt conmmuni cating with a second heat exchange fluid
oot voeat cexeharae &kehdngeserubdrconnatst leaspassggdeat

Skondsled # 1, A0 @Sﬁﬁé@@ioﬁfﬁﬁ@éég@nﬂybﬁidgau§ntWB Bedbcent
exchange npdul es sandwi chi’hg oné process. nodul e_can

REPFRFT CBRELLS L2 hit LPREE OBRh ARt SEXBARAGe ILMd
SUHNESE tpOft POsHRGLi PaOVhgeditR dhsepbAECESaDEMB A GEN

e, anot her.. Advantageouslg no addlggongl heat .
ELT AR TR F cBhneckronscHEbaRaR Shnid: GERAEgEion
Exadang prvided fmeanesdssaeyt pfosasd hedtilexcirhnge two

| . ;

R SR Aol el, S i b EnlebaE BLafREsOhBrule can
ERUTHCd 52 rekpi teel at idestnoeefheat ekchasgat fluad:
&&é@@ior@%@% fhHbdi §0aNELT £ RO 19@_5&@9§5m58ﬁ91ﬁ9@rith

t he process nodul e,” connecting two, hei ghbouring heat
B FIREHOd AEERtRIeUSHY gh? pldsEienat Beakt p¥change
fefid redrirst fodh e cOnd @6 t $00d Stvd agest okxthgnfeahodules

exchange nodul es. In another preferred enbodi nent,
ﬁﬁﬁmﬁﬁé% Itional sealings may be provided at the

interfaces of heat exchange fluid inlet ports and/or

heatzf%%*ji%f‘%%aﬁ %:%;ﬁéﬂr#eet PRUiSs Additigenakly, seaking;ie
heat  "exchange uird co e8¥|on interfaces between Two
mafnrigie Andh e ORIRSRR IPVIRSE the phecess|paduleneno

IRAle 1 NANge 1fldY di £ONeE 0D PASSIRPE AL LEIBENEF the
sandwi ched process nodule. Such_sealing preferably may

Fre LaRsthARGmesal HPANGE pRFIE FRNeTt ey BRSEAHEF d

through the process module, connecting two neighbouring
heat exchange modules due to slight plastic or elastic
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
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
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.

The at least one heat exchange fluid passage of a
heat exchange module accommodating the heat exchange
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sealing made from Teflon or the |ike. Due to the
ductile material of the heat exchange nodules it is

w@omgsilidoes t o use hard seal i ngs, thus avoi di ng BCEEP2007/002831

sealings |like rubber or sillicon which may enbrittle.
The at | east one heat exchange fluid passage of a heat
exchange nodul e accommodati ng the heat exchangefl uid
may be such that a (high) turbulent flow of said heat
exchange fluid yields which advantageously increases
fituidt mapsber sicbnthathsat hagbhatyebmdenite filowt lod said

BQ%ECSQEhEh§89§§uQHd9H §dsP&ﬁ&@hagbxaﬁt§§§%9Fst1ncreases

egua more“than 2600 1s rea
b?é?eFFéESEﬁﬁoérﬁ@nﬁnah9ﬁ§cé§§hﬁBE§I@°ﬁ§lﬁaG@ Spe

h@ﬁﬁt@ﬁt 6§b&ébsphéhﬁlé9d Pré@é@ﬁﬁl?'&tﬁevhbhdoﬁenumber
anot hin the contact|ng63urface of "said first

=V e e@BnEoﬁFaFEaPh%GQP feattibn&Steactive fluid
passage for accommodating at |east one reactive fluid
can rovi ed by mJllin tchln ar. the

Pr ef ra I?r%a?ﬁr ¥ F%%g?l%ﬁ%gr%agf veof P GUESssngadg
oming 3t fucstreplapétandj ai aeagndapdater wii tandneecond

£ﬁ€%ﬁn¥”tﬁ19 fnaﬂgéh@gnp¥c§?h§eéh99acéi BieCLLAE,  first

or t st one reactive
%%%é%@%°$@rpéééénﬁb§a@Fnbe@ﬁé @@acreaétﬂvslélpgd passage

ﬁ%ﬁefécé@mo§5@1ﬁ§ éea§éa9?eoﬁs?%éage1bEUEquualanpaét
an ea one reaclil ve ul u or
%@%qEYeﬂéiiéﬂgmn?Eghl?ﬂeOBrBE@s kﬁdu?gefeﬁaﬁéthald
£mchaﬁge GEQUfeaﬁﬁyvbefDﬁﬁﬂfpﬁéﬁagé $sﬁalaib¥ob$trufture.
ovlidl n eas eat .exchan S or
BEOH ) St e €070 BLFs D hackenandp el vheRoaag 1o
1mmth¢rbbyhscb@¢a;ngngssmtéazes, Weédingsprahueséabﬁdthe
éﬂeﬁééég QﬁeJPé#ggiGQg?i@fﬁaﬁé %é@rgérb¥c§8ﬁﬂ85589ng the

vvedlng or th Al tern an i nternedi ate
rRattel oyl beldahdini eneePbef o ebl8arl LPRSE QRE s6B6RAVE

Pl @ i9Pé€l port and the at least one reactive fluid
outlet port, completely encased within the process

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
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
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.
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i nternedi ate plate conprising one or nore cut-outs.
After joining said first, internediate and second

w@b@urai2si h one anot her said cut-outs and the PCI/EP2007/002831

correspondi ng surfaces of daid first and second pl ate
define at | east one heat exchange fluid passage for
accommodati ng at | east one heat exchange fl ui d. The
conmbi nation of externally connected process nodul es
and internally connected heat exchange nodul es provide
t he Best capdénabiosepsr gxitennaf lyheoanecsgst paipsess

ﬁlSéﬁl&%ﬁ&%Ht%h:h‘éﬁ'l? 'é%ntela%e@t h'e%%stex%%%d@%atmodules

exchange Clrcul avoi d Cross

EBﬁYa‘ﬁ? nBPeoResEnmgdsy §P6r ﬁ@@aé%a&inm%t thge aft d@ash one
PEQEESTe rr@niuhasca@auaeabnax ¢hange nmeddhesny fheférte%ﬁ@ﬂ'lange

ai nst ,each oth east a first and.secan
PR ERa T e SR ARt Binsr PRL ciaRg CRObRM P REAE reans
may be pushed towards one another, thereby pressing

the pyog é%efggyggs %Bgdgﬁg%ﬁeéﬁgagggcﬁog¥lﬁ%oc%ss

bet wveén them agal ns eacC
nedglen an@hbe@toexphsngedmoduﬁeé sr@f press ednibadiinait

é‘é&ﬂ OEnsal syf 52MPegRRNa @@Etsenahhyseeesa@ $SurR midARY .
and an outer frane. In further preferred enbodi nent

BReBREP ng2t8 ﬁiLEStﬁnénéeFP&ﬁefﬁé&ﬁs"‘@é%l By e pyshed
§éw:.say r ?he eaﬁaenéran dht bebye pead sﬁ.hgmth@ﬁ pEDceersmidules
n outer and an_i t he
FrdrBefbarkchenar, moRPsegnit BRCPRSTHEDSM B0°F Fate SR
¢therrdu§ ane saidowvat eentiancapubbes sai diermedsf.r ane
agai nst the first frame means and the stack of nodul es

lying inbetween. Said tie -rods nay. be provided in the
cent¥e arpyefernedperbpdinendf eapl afcpeidr Examer means

SYt ERAEBEObYpr18H8 §A1 dnfREULAR HhCHALEeaCLAMesY e
assenbly can be assenbl ed easily wi_th different

PR S Me%%rama%sema%ﬁﬁaaeaagpydlagc59. fy9i-s17 one
Praveé deshid t Bbfisi B€s of one structural element and the

second frame means consists of an outer and an inner
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.

Said 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.

Advantageously, 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
advantageously increases sealing characteristics of the

micro-reactor.
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central area of the first and second frane neans such
that at pushing said first and second franme neans

W odantd4®ach ot her a higher pressure is obtai PETER002002831

circunferential portion of 18he nodul es. This

advant ageousl y i ncreases sealing characteristics of
the mcro-reactor .ln a nost preferred enbodi nent one
heat exchange nodul e serves as an adj acent nodul e for
two subsequent process nodules, i.e. in the

m cro-reactor system assenbly, there are provi ded heat

exchapgg pBdel p$eFRdRHOCEDSITREWE SR tRIAAld:RHhge
Advant ageously this stack starts_and ends with _a heat

BREHARgESHYES &5 PR ARG 25ERSe RSl shdar Suthaisequent
peaubes modulRisGatie oM tih el anetlsireddtdr hgaiten

B E B teE s AR ERed Soh Dok GG (Togps and
prouesar addhéak a&mhang¢1mgdqle%dmmpdageﬂuaiy\Mhysﬂstack
S@gﬁtgesﬂﬁdegﬁg%ﬁtﬁ fl?lﬁe AL, g;%ne%%%{]fe% Pt%&d on

round a ver axl s IS as
exbhegyent| biedtf Emamg@nmpldglﬂtea G amefun igiater tWidd) one

éﬁoEﬂéE WS at hle%%stex%% ! le8h iR0 oo dth@d | a%tsalb@t :
exchange nodul e, ast one heat exchanqe fluld

Eéﬁﬁé@?iﬂohnpasgaegeﬁﬁompéééeu e isdiest it By
faedt ecandyt Beraktheast heae E@:@ha@l@@&fdﬁllfésﬂn&y Meetused,

rt_of the subsequent .second heat change o
BRELAT ERCBnESRROEnBP ot Ee L TPEAtE AT IES TS
tbuatdionl atopndt aotreatieny thuist ilfedtt axcbammmaﬂxhh&t the

ﬁggttQgcﬁgpéga§%ugﬁefqgag %&%ﬂa%qghklgl I%Eq %%ﬂgyglon)

exchange no
gpctbat etabe optsysasin avse @urtglecanomnmﬁn |té1@t é iwjsith hegat

Ek&ﬁ&n?@ mé&ﬁ@@d Eﬁ@ta%XQQQBQeoBEUh@a&e%QEﬂ%dge fluid
respectively, such that fhe heat_ exchange fluid flows

F?w%éonl Pagseget REOYeESAd IResBeY 807 a&.ent process

module and the at least one heat exchange fluid inlet
port of the subsequent second heat exchange module align
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
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
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.

Additional heat exchange fluid inlet ports and heat
exchange fluid outlet ports may be provided at heat
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vi ce versa, thereby heating, cooling or thernal
buffering the process nodul es of the m cro-reactor

waymramoassenbl y. Thereto an inlet port and anPOIEP®D7/002831

port respectively may be prévided in the first and
second frane nmeans abutting the first and | ast heat
exchange nodul es. Additional heat exchange fluid inlet
ports and heat exchange fluid outlet ports may be

provi ded at heat exchange nodules within the
RKERBNEEaBPEN ] eBo MR Ba ey MACER -FeaINitoF,, fCOmMUitating

heeh gxehapge Ebuk@hr%%%rV%bbt Eehahefe %&ﬂﬂ@‘%éﬁéﬁﬂdﬂr
brst heat excE ge fl ui h& w fromthe f| a

FBYEr {8 r SKRAPBAGH St WE Re ﬂr c B5RGe SKG 1%id may
Saadmfebmnghﬁhelﬁberwabeadpuﬁttmgomgﬁukgﬁ e ta eixtiiathge
re VoI I t.hus eat | t he.react ant OVVI

bRRGISR Ermtnapans’ bBE RekiSi aR0u2Ying Bt e dngo 2
hhardexehangelttuthushhaanapgfupwtheoueaCM@muIflow1ng
Eﬁ§§&%ﬂ'Eh&hEﬂHQQa&hgd?ﬁgklﬁ C %ﬁ%ﬁeﬁong%%ond gold heat

san chln% e retentron no into the sec .
pushangpr £ uhéréb9nc@ayuﬁQOWhérsmoée§§umt@ G§%@ﬁVQﬂ}

£ﬁ§bQ§HCEhéIHeatAéxéﬁéﬁgébﬁgdahagesahawacaﬁ%ge&m@d
enbodi nent su seguent héat exchange nodul es ar

§EB§P5hPPaWP9uFE n%PEQIthﬁhéPQPﬁdeﬁéﬁe§¥@&ﬁd PV s

tobaing sheupdod88s sdullast dukénat rkeddkncee thaal.
exchange fluid outlet port of the first heat exchange
nodul e, the at |east one heat exchange fluid

connkst descpilsedgabpreyvi tivdai prefieradfaemhbdpmensss

Eﬁﬂgég¥éﬂﬂ L8 taéxbﬁaﬁgcgﬁgagieg gxehange b agluw et

acent s eat exchange no
e@ﬁﬁﬁhcébtewhﬁrﬁlan@aahoﬁﬁépndTﬁeéuﬂﬁe1ﬁeapté%@ﬁaﬁg@und

ibyed ébowﬁatntﬁezaaz§sabtnenbhheaqhekaaange fluid outlet
m cro-reactor, di n the nu of . process and
Pegt %Qcﬁ%ﬁgglﬁﬁﬁuhéét gxﬁE?“ﬁ@cBﬁgbﬁSCeggﬁr?tt east one
ﬁé@uldﬁchwﬁgéEﬂluﬁdCbaﬁgecﬁEdnlpasadgacpmbvtdedn&n the
$§%€eﬁt'ﬂr833§£ égdﬁie andtgﬁe Le&eg g 8 a%orts
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
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
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
outlet port. Alternatively, for example, a second frame

means with a shifted inlet port may be used.
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conplete mcro-reactor. To avoid said two adj acent
heat exchange nodul es they nay be separated by

w0 p@rAaliai i on of one blind nodule. AlternativePgI/EPN7/002831

exanpl e, the second frame rneans, in which the outl et
port of the mcroreactor can be provided, may be
rotated around 180 (180 rotation around a hori zont al
axi s assuned the thermal heat exchange fluid flows
fromright to left direction) to match the | ast heat
exchange nodul e's outlet port. Alternatively, for
exanphethersSesqee tly, anevaRRag W bh@ rithired indelbe
ort may be uséd. Furt her, obj écts, advantages and,
EALUFES Thay be, Serrad o Su&Fehdiify 436 %$hd
theodesenitize d fe thed ipFeries tofi niviee tiiges.e Mthd ratest | on.
Thereto: Fig. 1 shows a spatial view of of a mcro-
react or system assenbly having all fittings on one
si deFagcoidshgwso aoseatibddiviremt off afhe priesentreactor
bﬂgﬁgﬁl' Qg’seﬁbg. %a%% ad1S @ﬁtt'tqlng\gh Forel roq{ea}:'ﬁ%el%%ccgrding
the mcro-reactor system assenbly~shown I'n Fig. ;
Fpgong shdmdimentomfaltheeprieseat dnsendfianit her nal
adj usting nodul e of the mcro-reactor system assenbly
shown.,in Fig, 1 ; Fig. 4 shows the thermal adjusting
noduf &9of 2Fg59w§ a §%§ﬁlﬁlloi’ﬁl?f‘7erp§ﬂt,edﬁ1§.o *5 GhRE a
hioepbakreaeebrosgstemewsebmd 1y shogmnddulm of 1t;he
m cro-reactor systemassenbly shown in Fig. 1 ; Fig. 6
shows an enl arged view of an upper |eft corner
i ndi Eaged3" xhowa &i grotalFegetioshdwyigwl cdnealthermal
=L LOE ' f ept: | f
AbLeRay KoRUIE of RLoRERD-TRALLS: by tEm, aspemply
ahowp sBcFLenaliview of the mixing nodule of Fig. 7
seen from above, -

Fig. 4 shows the thermal adjusting module of Fig. 3,
seen from the left;

Fig. 5 shows a frontal sectional view of a mixing
module of the micro-reactor system assembly shown in Fig.

1l;

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

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;

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;
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Fig. 9 shows an enlarged view of a reactive fluid
inlet port of the m xing nodule showmn in Fig. 8 ;Fig.

wdadotosshmass a frontal sectional view of anot her PEL/BPI00DMN2831

nodul e of the mcro-reactonéin Fig. 1 ; Fig. 11 shows
a top sectional view of the m xing nodule of Fig. 10
seen from above; Fig. 12 shows an enl arged view of a
reactive fluid inlet port of the m xing nodule of Fig.
10; Fig. 13 shows a frontal sectional view of a first
heat Fe9chafgehpwdubRe frPngall seshampad §iigy sdcuinmidler

¥e€éhﬁﬁohhﬁoﬁﬁ§é exchapomimmdube ko 9n Hg Fiig. 15
shows a frontal sectional view of a second heat

exchange nodul e; Fig. 16 shows a side sectional view
of theg;hem gn@heneet&pdubetebnaugmész oZFn@hlel ghixlihg

i tudinal section a mcroreactor system
QggﬁﬁEIQfagggrd Hgstn EognﬁgaVFEnt of the present
i nvention; The mcro- reactor systen1assenb|y
accogding.to o f se ti
e shoun th Eiogs "R EhTERLel vi U6 B ACReAdRIPY b
iglen PDerOﬁeaheemcﬁangemndd&EeOf Fl&-tﬁ@nnal
adj usting nodule 1 as a process nodul e, a second heat

exchange nodule 8 , a mxing nodule 2 as a further
pr ocEs$ - nbYuFBOWandt REPRERLSECREAPTBLcHARYe Cfpdulfd 1St

Re& €l eRthangavdolig1d;as a further process nodul e,
anot her second heat exchange nodul e 8 , further

retention nodules 4 , 5 and 6 respectively, each
sandiigheti4 behawenat sbdbeatcexchahgeiawdolfeshé he@tand

gg%ggg &5 enggnﬁla |Q3th|s sequence. Thus, between

second franme’'neans 10, 9 aIternatlng a
flrst or second heat exchange nodule 7 , 8 and a

process. Mslubigods 62 aFBoRELQY! 888cional view of a second

heat exchange module;

Fig. 16 shows a side sectional view of the heat
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;

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
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
sandwiched between two heat exchange modules 7, 8 and a
second frame means 9 in this sequence. Thus, between said
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As can be seen best fromFigs. 14, 16, each heat
exchange nodule 7 , 8 , conprises a first plate 7M

w@rjo7amunt er medi ate plate 70, 80 and a secondPi/aPm®07/002831

7N, 8N respectively, joined7together by soldering. The
internedi ate plate conprises a cut-out in the form of
paral |l el strai ght passages, wherein tw subsequent
passages are connected by a half circle such that one
conti nuous sinusoidal cut-out is formed. Said cut- out

6L rEheapPAt EpFPARaLE 3pEaMEaRS, 180 ShaliisFnakigy a first or
seebagereat ERehbhngs! mdd1seeond phd & PYocEdanbdBMe 1-6
8N resgectlvely t hus define a heat exchange fluid
BLEsBEEVFASdgA for accommmdating a heat exchange fl uid

in the heat exchange nDduIe I1 8 . At one end of the

cut thro h e $ he f r t
%%lcgﬂdggn%g% gfe%ro gﬁg i's fdrngh %%C%L%é%t
eppbsnge Badude t7he BCUCOO’lWlISﬁ?St he fdaednlgitaet VN, 8MSN an
&Hﬁg‘é&é!ﬁa e S%F%W?a”@% B 4 s'élc%tndog 1 eEB7x8B gnd

eat exc outl et port respect’i vel y,
Eeﬁﬁaﬁtéa@ﬂwg IPLRechsorektedy Blfafgd IBLING pdeage 7A,

8AtefBe@dAtBepiger toRpriisas. alaukﬁoukhﬁﬂwﬂﬁﬁ fteh of
secogf Zeag excga e nodul es are substanti aI I y
BAEATLEAl CCERLPBEN LERGaEBEont PRESL O BRa D SRS

passagahedrarl gunﬂea:aa_d bhusa, hafi€n c&x:a:amaIsaaxd:hI tth]xat one
{ t t
?ﬁrel gggéxgﬁange f&: rg%l:i:npgﬁ lgxt%la%@%%f "L &a%qlt of

et” por a second heat
ehehangermeduae%p&arcgn 79i.t BOeaod thkeerinzerwsiurfasashef

bﬁétff%ghaaﬁﬁ fgégb%dggath% 991” 7§Ca% tsme %@c%%d&%twely

exchange he inlet port 7B’of a next
f—h\agtdﬁéaneeﬁchaﬁ‘g'eeﬁﬁaapgwfIUAgl PafsBgesdén Ploker

gﬁgémmédatﬁng ghﬂéat%@xcﬁaﬁ BePEQGESS ifDebke htat, ekchange
R NN N R N A
foreedpbnt tE8, £8BswhpllattheMot BH, ehdwanolther through
hole is formed at the opposite end of the cut-out in the
second plate 7N, 8N to define a heat exchange fluid inlet
port 7B, 8B and a heat exchange fluid outlet port 7C, 8C

respectively, communicating with the heat exchange fluid

passage 7A, 8A.

As 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 180°. Thus, when assembled, the cutlet port 7C of
a first heat exchange module 7 and the heat exchange
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 7B of a mnext first heat exchange module 7.

As can be seen from Figs. 3, 5, 7 and 10, each
process module 1-3, 6 comprises two through holes 1H-3H,



10

15

20

25

30

35

corresponds with a heat exchange fluid outlet port 7C,
8C of first and second heat exchange nodules 7 , 8

wWQ a00dmi 95 ng sai d each process nodul e 1-3, 6 .POIEB2001€02831

heat exchange fluid passagd87A, 8A for accommpdati ng

and gui ding a heat exchange fluid in a first heat

exchange nodule 7 and in a second heat exchange nodul e

8 comuni cate with one another via a heat exchange

fluid connectjon passage formed by through holes in a

cOf r eSpB et %8, ovheroeesemhbad] esorrespendsi whel a heat

bexwemgéafﬂuiarﬁﬁlaeagaoﬁxcl?ﬁﬂgglamﬂﬁhg Zh@”gtﬁégog‘é which
heat exchange dul e, 8 , when assenbl ed, as canh be
SERITFTRINFT g41th @ Beahgexshange fiuidequhAngeppryi dC, 8C
| of ef ipot tard @éccbmfmew ikéﬁangeﬁhoaﬁ@felgngg godul e 7
Qg cat ith a first heat ex nge ui
?eser \%@?lr?io%lgls%o%‘fht%lf%ﬁﬁﬁs amﬁg‘é Qge profi dEguFnthe
thrat | exchangeref hebd spdSsagel 2Af i 8At f@:lbuabd':dﬂlgm?détiﬂ@f\and

t t change_fluid outlet por
o E‘:tigﬁga |ﬂ%¢h%éﬁg%?&%%%fﬁo 0 IE%Jﬁﬁ]ﬁ’ﬁ’f‘ JFghange
WAHE secsill Hed ss@inthdesdt vexchange vudduleos
shaiin Mt & WASS adee IRy Kled Hh%%é&&o&gcﬂélg%@ £luid

neans %rand a second_coupling part 12B connect

(TR T Oth RESFRI xRS Plr i el exkeinte 21 ui d
car e spoddion tdie fdf; sgrfcyce@@r ]\Cm:'bdulﬁlé LG éaﬁ?dxfé%él?eitzcrist
i r 2A e first franme ,. groups
%% s?é%gn 63'h&eaftlirggc:%‘er‘\.’bte SHSdRge 7“‘?‘9‘81%0 CBRFAY heat
eixghsage ewchdegd ,f Wieh comrmdilieal, pos Sage p@rdmietron
i gRr.ogess npduhes 1-6 sandwi ched by said first and
second heat excharige nodule 7 , 8 , second franme 9 and
second coupling part 12B into a second reservoir in a

zi gzagel hear bhehabyesyhisaquaniler Reatd ng 34 lﬁrﬂemiﬁe%

pRduLeneliOgupteal sxchange throddh tne moale arver
bRewnekghange fluid reservoir (not shown) through a
passage provided in the first frame means 10 and a first
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 12B connected thereto.
Thus for example a warm heat exchange fluid can flow from
the first reservoir through the first coupling part 124,
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
sandwiched by said first and second heat exchange module
7, 8, second frame 9 and second coupling part 12B into a
second reservoir in a zigzag line, thereby subsequently
heating all process modules 1-6 via heat exchange through
the module plates.
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further detail in Figs. 3, 4 is provided as a first
process nodule. Said tenperature adjusting nodule 1

w@oenpniewes a first reactive fluid passage | A, PCT/EP2007/002831

conmuni cating with a first 1Peactive fluid inlet port

1C and a first reactive fluid outlet port IF, and a
second reactive fluid passage | B conmmunicating with a
second reactive fluid inlet port ID and a second
reactive fluid outlet port IE. Afirst reactive fluid
is smppéinpdrabuirlaeaﬂijustingamb'duéef Rui hisdsdge shown in
EQrongh Lheofihrsh Feastive Gl uidoiBlalucpotls W eist
Second reactiv i's Supp |e5> to the secon
pgacessaemfadulé p§§gdgéemee@fmcw@h adpassdashdaBE& ilve

Ebmgglgagea EQ&Et‘Qea%%h@et%ﬁﬁgﬁabﬁ%%a ygt,ing modul e
rises a first and second latengglN(Fl 4L)
commP3hcaFénﬁowﬁ§& R LR IShe TRAGCRYE Ky 1c

the &i k@rstnt:@at:he.v@orﬂlaqw pacsetf pees afF, t imﬁ il stecond
and/ or se t he si. nug_m dal act i ve

Prar e pReEahea” PRESAE MR ST LEAE G TR 1 R
fhed:mke tWhhieihllen porthidughdsai e efciomst Ire@attm“ﬂe fluid

F#g%pé ?g?EIA t%g@%g §gégtlbésklh??FH]V%daﬂiféd to the

I'rst reactive

f énperaearctive &djuisk passpgehatt brpeah ehehdiget

?Q%HF§§e7flu§dS§BQW%CBb%@ g dat geRehdl W AdjwsStiINgd is
hereto thée heat exchan%e f | UI d fl ovm n
1 Ygrous

FHPEbgﬂdsSPdtﬁ@aﬁeéﬁéﬁaﬁﬁécﬁéaﬁl5%

tBADYEEoAGAehOtS¥ed fluAgt iheatt bvetf |1UD| d by heat
conduction through the plates 7N, 8M of the heat

exchange nodul es contacting the plates IM IN of said

t enpea adl ut empdrastiregadodekéngAngixileg Inodmpg iBegs ag first
0 qc | e WN 2h N

%ﬁ?hggaﬁﬁ ﬁigﬁgngﬁ 1§2é%§% sgldﬁkgéph%re 201ned with

coepangeben bir §Pldﬁéfl§1§c@h‘d thrataksi-ml f{tdie contacting

surfaces of the first and/or second plate 1M, 1N the
sinusoidal reactive fluid passages 1A, 1B are cut by

etching, milling or the like.

While flowing through said first reactive fluid
passage 1A toward said first reactive fluid outlet port
1F, said first reactive fluid's temperature is adjusted
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
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
module 2 comprises a first and second plate similar to
the temperature adjusting module 1 described above. In
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the tenperature adjusting nodule 1 described above.
Insaid m xing nodule a reactive fluid passage 2A is

w@e@vilt®ds conpri sing a m xing section 2G and aP¢€T/EB1007/002831

retention section 21. A finr8t reactive fluid inlet

port 2C communicating with said reactive fluid passage
2A is connected with the first reactive fluid outlet
port |IF of the tenperature adjusting nodule 1 by an
external connection (not shown) . A second reactive
thuddmirliag podtl2Daaksectiveudilodd pgswage e is

BEACLHES, ELHPO LRI Ao T ity Sosanmaapathd B it
rehpetaonr ecadjiost RAg nodule 1 sinmilarly. Thus, the
first and second reactive fluids respectively, after

haV|ng passed through sai d tenperature_adjust
nmoduPef1rstireartavs fhelfi tPA§tsBOEtoRC Zéogﬁupﬁgatlng

wﬂsﬁagélaAréa&hhegth@u&HXpagsagéuba.as,cw&mbem@dswnth the

ot h_react flLuyid ' h
BE6RE Foabr LRt AP CAEr, BRTSG. Fadloholtn tefiperature
edjasyedgvinedule Ei by En, exarrhelckonaecippenodmiodt ehown) .

Osgbén&hE%QSEE%évﬁlﬁﬁg'QﬁleE Br%p%P”?&sya%om%uﬂi ating

e resu ESS | ows 1 nt
whbhf thet reacthveofiluact paﬁsageof?-At, hésr eggpiegded yigh the

§ﬁ8erg @@béhf@ﬁ§ﬁcéhhiet3 bormee a3 %hkl%%mperature
b

anne rOVI ding_an_su stantlally l,.am nar

%@Jvﬁﬁlﬁgo@@ég €| i 84milprlypafpuge éﬁﬁh§§F§§daPﬁaﬁeC°nd

t&gceevaetIyi@s tBsppassegey, ohfthe na@a@gSpam@ememhrough
exc 8 are noﬁ ted

e EHBRRP R uFR o207 aF b boaRE B Py bEdOW CREPeShB mixing
tecpxeﬁeﬁ@edfenhedpaseage bAtwuahlbethbomemlmg mnﬁule 2,

@2&8%' Q&fddﬁ rigamg m g'}@ ¥n§.§'egie%%hv"'otn@ n

m Xi ng sec ention section
ahetherni Tae g@@@ﬁtﬁﬁ @éntb@ méwpégasecéléﬁnﬁﬁolBédS@@wn

Iheh YO HEAt v EXFN8AJRIg. 6, can be chosen appropriately
to mix the reactive fluids in an optimal way. After being
mixed, the resulting process fluid flows into the first
retention section 2I of the reactive fluid passage 2A
which basically is formed as a flat channel, thus
providing an substantially laminar flow of the process
fluids.

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

be chosen in any appropriate design.

During mixing and residence within the mixing section
2G and first retention section 2I, the chemical reaction
can be temperature controlled by the two heat exchange

modules 8, 7 sandwiching said mixing module 2.
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nodul es 8 , 7 sandw ching said m xing nodule 2 . The
process fluid, leaving the reactive fluid passage 2A

wo boogugde4m reactive fluid outlet port 2E, ent ePGT/AP2007/002831

reactive fluid inlet port 3C of a first retention

nodul e 3 shown in Figs. 7-9. Thereto the reactive

fluid outlet port 2E and reactive fluid inlet port 3C

are externally connected via a tube pipe or the like

(not shown) . The retention nodule 3 , as the other

ret eBReoRrApEaFes1lnig, bgsvéag fheowpricsdyes filivisk passage

haﬁﬁr§ﬁ§h631kghE€QVW'Eﬁu@dS%ﬁQﬂ@tpb%E% @ﬁ'6@ﬂﬁérs a

ol deri ng the Like. Between said
EFéFEévﬁ Eégéégén At eﬂrts36r8@.aeélF&F FEEGRGR imagule
% hgh@ﬁﬁC@ﬁSFiggl dg l@u; mntgréﬁsal dﬁ&CQ‘ehlclt&vegffemt&thtcﬂJtlet
as nuso a al. .Cha rve 1 N e
BORE adkl SsOPRaEE 081 CLRAST PR CaRITS: SEut iy SRy
ebnheagednviki agtobet pépki be. thki lekel dwiotg shiommigh The
PELENLFBE h¥Gulesl! BRPAAC pRAer! DRLBHATEN mldid %-6,

era ure conftroll eat exc
h@aumély cogpaiFasent ftL§S§apaa|t@t SMt-i6¥n Jm}@@lde wi tds a

QSéSﬁabﬁﬁaEQrsﬁheNtsypsaﬁae&@nngwéuaa ﬁwgéuk%ellqm@

m xi ng hodul.e 2 before. After [eavin first

BebuReR o2 hBdbYe BlotgsSaar PAEFRGE ﬁﬁuﬁa &&tpépw&ﬂqd for

3&:oﬁ1ﬁﬁdi€ﬂﬁ§| ¥Bef bebdeeBt €18 1itBe danbagywest deglcentdiare .
es 4-

t t fl | et
TBihefoen Rrerceiavr SLobPoLBal b Erer g ¢ Sof g ved
bneeedmggcontaotnng BnﬁﬁheeasdeQerfhedtbath@rfﬁeddmd
i d_inlet t fluid
BERFL Y orr bty R AREhE SF P AIRELOEEL V) i 6 Can
rom;through al | subsequent retention nodul es 4-6

befOWEli@afiaalﬁgetﬁkSﬁghr§§§&oge§x§&ea1@iﬁeabgﬁssage 3R,
t hrough the [ast™ procesS nodul e's outl et _paqrt

$18 | BERERST | FLGIALL hPn CSHERERELERT FORCFOMARE BYp the two

heat exchange modules 7, 8 adjacent to said retention
module 3 as described for the temperature adjusting

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
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
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
is defined by the retention volume, i.e. the section
(width x height) x length of the passage 3A-6A
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is defined by the retention volune, i.e. the section
(width x height) x length of the passage 3A-

woe2acammddat i ng the process fluid, divided byptctheriohnow2831

rate. Thus, by providing di2tferent w dths, |engths,
and/ or heights of the single passages, different
resi dence tines can be obtained. By conbining
different retention nodules with different passage
geonetries, therefore the residence tine can nearly

aeppurmadatyngethRoBEACEAS EAMHiBe %@ﬁdﬁﬂoﬁ%&#ﬁarﬁ@&h

9£t5'9§hug 389 é%oviﬁ@ﬂbnglfh%réﬁ%C%hHQhE|UH@n@&h%t
ports 6C he first and fourth rete t|on nodul es

€n§68r6he19€§5e€?|Géﬁy?lPﬁ SWPBFRAGE St hE LT “Cranne
Qééhﬁéﬁgeth@méea&hhvbefbbtdlﬁé&SaBQSc&Ablﬁéng different

respecti vel can be e.smaller (Eig. 9 .
EEERRERPRapro LR PP e BB epRaR P RaTs dERTSE RS
tkeartfueef thedreali denper timewcdhhneArdys bl tivariilys be
&hOSgn’ two tie-rods 13 push first and second frane

ans 10, 9 towards each other, thereby pressing the
stacked heat exchange nodul es 7 , 8 and process

nModup gSc-dn 6hba98L B8t £OBR esebagﬁsoﬁlagl@ggblegraaa i3,
at the circunference of the m.cro-reactor %steglﬁpﬁ
t

%%%@hBGytHﬁdrEPSGFH?n5181€a9P9§t(QQétﬁlac'l
thesceahaefehirthersdehacen mbdhmesfBaﬁndnﬁanseb@ﬁcﬁlvely,

t he, h d
ERe.SErk Rk Fat B ab neRRRNG 1 BeY  Blp the, 2Bat e, fluia
passageseaatoﬁAsyeBpﬁtassehybycaﬁhbs madehsapldeshd gy -

g¥bgks§tﬁg%;§ %E“?§tﬁ§n§ g@& exgharge Rhakﬂ of the

por exchange nodul es 7 ,
reamtcheaf%bldrénbeﬁvpﬁéé &t wifEhei r cunf erence of the
m croreactor system assenbly, are pressed against the
heat exchange fluid connection passa n_the

% 8 | H 6H
procRSsSHeWI 8 H1gSwith A ghWwpr E4SnFRAS| £3t RES esﬂrSt
£xehesg@énd frame means 10, 9 towards each other, thereby

pressing the stacked heat exchange modules 7, 8 and
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
pressure can be obtained at the circumference of the
micro-reactor system assembly. Thus the heat exchange
fluid inlet ports 7B, 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-
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
circumferential edge of the inlet and outlet port will
deform slightly under pressure, thereby providing good
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modules 7 , 8 are nade froma ductile material |ike
al um nium copper or an alloy therefromfor exanple,

wo b@7ai129¢unf erenti al edge of the inlet and outPEI/EPmNT/002831

will deformslightly under 2pressure, thereby providing
goodseal i ng agai nst the surface of the process nodul e
1-6 sandwi ched in between. Thus the heat exchange
fluid outlet port 7C, 8C and heat exchange fluid inlet
port 7B, 8B of two subsequent heat exchange nodul es 7
fslea_lgﬁg'rmghda_se fthel durtflRicghtofvitdnet lperduests exwhalgyel -6
ui.d.connegt.i ag [ ' ;
e e e
betpeovpdet dCri B sod hegtacxehandse Hadd arfpihgert 7B,
BhULE bRbekuBQbtmel? H3R At digdigendmngss 1 uig
outlet ports [C™1 8C. Thereto for exanple_a circular
seopvairayebé Lpievithddhli tHign the heats eXGhaRas drigiid
Bbathesci¥h Phles8Me GMN-6esRAGHVI®RIY imateMmndaiimglsate
ring sealing.therein (not shown) . Such ring sealing
REPCEE SBAEUAFom rubber, silicon or - preferably -
Teflon or the like. As can be understood fromthe

f or egaqi.ng.descri pti_on, _a_m - T t ; :
neso Ry CAEBRT Ay SR ren sy, B pr e Y sepling
dueund ithe medtl sxchangst flalig gmldtendsits t"EB:arﬁ:B and

ﬁlela@’\%x%?gﬁ | g did TRAQe Padtng hangeel weomld i B5r
wth different retention nodules, thereby providin
grBMPAar Bl ¢lERYdEN IESYEN Y ih?e@,rqvﬁdp%% DI
tryRetBaheackicens pragk<of7rsainh, pravcesy et ilvély s
tenperature contrql |l ed by .two adjacent hqgt e an
RGEEMBSIAtIng a Find 105 Jﬁﬁéfreerlrbnﬁrilo P SRR seeR
Q?.n@ﬁ‘%baﬂﬂn@u&bjyom)et Itagieg If e mikddess, 1sNFligMn IF 8N

of the at e nge es, . 8 and process nodul es
?-éfﬁ6aE§Xlrn§%%§ éﬂfiﬁgaﬁglﬁ%cessaryP Furt her nore,
advant ageously the process nodules 1-6 may be

Optigksggn be understood from the foregoing description,
a micro-reactor system assembly according to the present
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
particular for type B reactions. Each of said process
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,
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
with respect to heat transfer and/or sealing

characteristics.
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with respect to the reactants acconmodated therein,
for exanple being resistant to corrosion and/ or

wee@sawoey while at the sane tinme the heat exch@ngr2007/002831

nodul es 7,8 not com ng int@4contact with the
reactants, can be optimsed with respect to heat
transfer and/or sealing characteristics .In the

enbodi ment descri bed above heat exchange nodules 7 , 8
and process nodules 1-6 are stacked alternating with
one anot her and the heat exchange fluid flows froma

first reservoir through firs upl | '

zi gzaf It?‘ﬁe ef“b?logﬁﬁ'l‘?r% :aeﬁéjgtl tbeeidg ﬁgjr?é)c}g rrk%%ﬂ’ll eegd?lé,’r{%éa

m@ﬁulﬁsecomd amnels gmegiers sc arorediesd 4-66 satrREadigd i ng

part g : t g/a[}ﬁp ldi L conneatd ;

ﬁtfﬁgaﬁela g&?ﬁ%ﬁg@ r?ogﬁclhee?( , gc%agr eﬂélaﬁ:t ernal | geMtluid

pigowisdéctowi tah(fatrs@nwe&@mqiéhaqhmcﬁii%.coupfing part
ant.age ts gﬁgﬁ, C dreatge xadb@nDeEs

@D§U?§Sghggagéghéggggﬁﬁﬁg nak?ﬁg'??§gggf$ble 7% 7

Sssaipl @ gerradeMeSATIVN SRANSE S 15P cﬁ?‘?%‘?‘ig?oupling
%&itg g@gﬁb tﬂéuré&e&it@d ésllile H_eigkf dxtiameasyluibdbmesiaions of

odalL nen escr.l pne apove on t :

oL Serivg ST TOGHE A X g Th e ALy g Svided

MSQWtOQan&mﬁmmmﬂMiMimmWQW@ly,

order., wever i i i

foaeias R proist did Hoad MR IO holu B iy be

asjedst ithysTodliag rdy Hes koG dedl ae e dlet tHeent

@g\?:ms:%g R MY L R e Jdigad A A S it ife tind Othedlike

| re mxing nodul es nmay be provided for a
R B $BEYe MOSEHiTh WAN fferent retention nodul es may
be provided to realise the required residence tine.

br 0085 B GrES BS AF S BRI G A A e T e
RaESTRed e ingltulef 11,0 ome amidkingassigee W dad of oWt 5- 2

M ention modules 3-6 have been combined in this order.
However, an arbitrary combination of such modules is
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

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
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
connection of subsequent process modules 1-6 does not
effect significantly the temperature control of the
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residence tines of 6-22 sec per nodul e have been
realised in an exanple testing. Thus overall residence

wo omea1odis up to 30 mn can be realised. SurpriBcTgP3007/002831

has turned out that the ext#&rnal connection of
subsequent process nodul es 1-6 does not effect
significantly the tenperature control of them cro-
reactor . Since each process nodule 1-6, in particular
each retention nodule 3-6, can be very efficiently
treiques at e et sont $ bht€ded fieapedces90hedule ther mah

fromtwo sides, reaction an be yun in the
ﬁ#%%g{gg%%ﬁt%?cﬁﬁ{%ﬁﬁn%}%?o %g?éﬁpgfgtuF@nréﬁggng s
ief el exxalp | temgppetdeude scontbedl kadodherned, pcobtedbby
, an . t fromand_ .
(iRl wEfeas) TR Tealo L PR TEREEE 1 OR8 coh OB P i
e g, 1 zea c triatwiblieany onoad| eympehburearange. As in

fid &RARSRIESE | thd NEefEPO8SS éﬂﬁ%&ﬁrﬁexﬂm' ﬁrgférgbfg%ne
tructured by etching, mlling or the ITke. Since the
ﬁ@ﬁt SEARE MRALS 7 8 dexprshersfheatr Bgom and to

sefiyerfuaint ﬁf_-tﬁj/egﬁti)gnml@éd \uf 2t UsE:@?e#\t }:f'@:it?l:]tﬁ@every first
m.cy gst r.ucgt url n us re g Ccosts. ur er nor e,
s?‘lnré:glasseﬁ g"‘er%tat megé“?f#g]’[ﬁqes 7, 8 do not come into
contact with the reactants, they do not need to be
resi ; [ ' r S S
a1 on oy TR e B B A RS S od s -
tor &F§f EL.CTqT arud teesd heetfdiingy myl hieg i o stivayl bee .
el @hd Medteab @EGRANGR DAY 65, N4 HURH#d OWured
A MgSi | (=EN AW 6082 'or EN6082) : EN AW 6082 EN
RFRPATSTENGVh TRV SIAY BISN MRIDEFES N st ywsdgouty the micro-
A&ﬁcg_@tr Singq ﬁ% 'Slgaﬁ &H§N%O%;sl 'o%&ﬁ%ﬁiw 6012 'E%ime said
| He) . .
R RySTEBIA YSTRE D S GBS SN 0RT Efortact vith
AReArRpSit aaltley SitBey5 dol Mo 3l to be resistant to
corrosion or high process pressures, thus allowing the
use of materials optimised for heat transfer. In
particular the following materials may be used for the

heat exchange modules.

Aluminum alloy AlMgSil (=EN AW-6082 or EN6082):
EN AW-6082 EN AW-AlSilMgMn AlMgSil DIN 3.2315

EN AW-6061 EN AW-AlMglSiCu AlMglSiCu DIN 3.3211
EN AW-6005A EN AW-AlSiMg(A) AlMgSio,7 DIN 3.3210
EN AW-6012 EN AW-A1MgSiPb AlMgSiPb DIN 3.0615

EN AW-6060 EN AW-AlMgSi AlMgSio,5 DIN 3.3206

On the contrary the process modules 1-6 may be made
from the following materials for example

DIN 1.4571 AlSl 316 Ti X 10 CrNiMoTi 18 10

DIN 2.4602 NiCr21Mol4w Hastelloy C-22



On the contrary the process nodul es 1-6 nmay be nade
fromthe followng materials for exanple DIN 1.4571
W@L@7/18b65 Ti X 10 CrNi MoTi 18 10 DI N 2. 4602 N exrERt007/002831
gl 4W Hastel |l oy G- 22DIN 2. 4880 NiMy | 6Crl 6Ti Hastell oy
C-4 DIN 2.4617 N M28 Hastelloy B-2 DN 2.4819
Ni Mol 6Crl 5W Hastelloy C-276 DIN 2.4816 N Crl 5Fe
I nconel 600 DIN 2.4856 Ni Cr21Mo9Nb I nconel 625 DN
2.4858 N Cr21Md Inconel 825CIainms 1 . A mcro-reactor
syst omNassersilo/, NiMGIéCHIOrE Haske Pioy ag-4 east n
process nodules (1-6) , wherein nis an i nt eger equal
to or greater than 1 , each process nodule (1-6) being
made OI?bA & 6li7gi d NiMst8 mat eri al magk&DIgy ising at
| easty Iy v age 6A)
whi ch Ig\g(r?etra%tes gqal o"Lip"?%IElz%i no &?%P%chge%‘aéen at
| easDIdhe -¥dét | va&TIfTuiliSFe nl et pdittcqridd, 4@ 2C, 2D,

3C, 6z andgats | e tive 4 et port
(IE, ILF, 2E, tf:?D %%thoﬁ ocfﬁ\g%comrIorIdéa%%lgo%End guiding a

r eac e 24§58, \/\Né{céﬁil"i% case ofneangledRA5 two
process nodul es (1-6) said at |east two process
nodul es (1-6) are connected in series; and at | east
n+l heat exchange nodules (7, 8 ) each of said heat
exchange nodules (7, 8 ) being nade froma ductile
second material other than said first material and
conprising at | east one heat exchange fluid passage
(7A, 8A) which penetrates said heat exchange nodul e
(7, 8 ) between at | east one heat exchange fluid inlet
port (7B, 8B) and at |east one heat exchange fluid
outlet port (7C, 8C) , for accommodati ng and guiding a
heat exchange fluid, wherein said at |east n+l heat
exchange nodul es
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(7, 8 ) are connected in series, wherein each process
nodul e (1-6) is sandw ched between two adj acent heat

weohamyes nodules (7, 8 ) . 2 . A mcro-react oPCEHYB106M02831

assenbly according to clain?yl , wherein said first
material is resistant to corrosion and pressure and
preferably selected fromthe group consisting of
stainl ess steel, hastelloy, tungsten, tantal um
titanium ceramcs, graphite and/or a suitable

conbi nation of one or nore of said first materi al s;
andsai d second material is Bgfhgconducting and
preferably is selected from group consi sting of
al um num, al um num al | oys, copper, copper alloys,

Sil ve FHEFTQTRFACERY e LR/ BTSNk + SPROEDFHRG R | DRack
@ff:one or nore of said second materials. 3 . A

m cro-reactaor s sten1asseq%£éracc§£ding toclaimal, or

2, wRdr efRSdaitt BRCGSEH M Tte '%dLW}é%r?’ir}GI)‘ 1s an .
davisgiese equa Initd g rpokd e Dharhel ated dasgproness module
ty i ] Ui , ' ris{n
g P e o A Aait AT RS o,
CREPrEINGy @t leaks; Qs ixpratiiye £ et mdssajesting 1B,
paduba , ( bh) didAese §eisiyAAE ‘gai%?'&:q_‘c{g NS e({ 23

or adjusting a tefperature of sald at |east two
ELVERTe 3| s by BeR it ifgtishi i I tipRr otk e 1D,
€2), 2pandcoplEicynalddy atonea¥t MHeE HefAMvONE TR Sist let

GEsB) duepeped ool A o he e ol (D, Tk
i trecteéget Gludyist eeasdentilny caseorcdi g tleeasty tofo process
FRMRSLI0eE Al LA S B S o
eonpersedglruseadesnd/ or

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 fluid passage
(7A, 8A) which penetrates said heat exchange module (7,
8) between at least one heat exchange fluid inlet port
(7B, 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 series,

wherein each process module (1-6) is sandwiched

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

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,
tantalum, titanium, ceramics, graphite and/or a suitable
combination of one or more of said first materials; and
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straight parts to enable a flow of the respective
reactive fluid along a tortuous path, said flat

wamsay4pref erably has a wi dth/ hei ght rati o iPCT/ER2007/002831

range of 1:4 to 1:50, nore2preferably in the range of
1:4 to 1:30, even nore preferably in the range of 1:5
to 1:25. 5. A mcro-reactor according to any of
claims 1 to 4, wherein said at |east n process
nodul es (1-6) conprise at |east two process nodul es
whi ch %ahde&@ewmdumqtenhmbcisdhémtseohéacﬁlngﬁand

r%fgféf : o%ssyé é@%é&sf ytﬁgcg §8ﬁg§¥lgg of

er el
moRfbpREnEY, aBl‘)’Y%On‘FJ‘PPB@r, ac@ppgr Rédoys, silver

Qﬁﬁf@ﬂﬂﬁv@%mﬂdfb&g)aﬁﬁﬁoﬁt | 835t 290€ BSﬁElﬁéEE@ﬂgSf one or

fluid | nI et ort V\,h ch communicates wt
198 e c?%‘?@édf‘l‘%‘F%P-?%%%rvm r and the heat
exchange fI uird outlet port (7C) of which comunicates

\#efaP %(succee %ﬁr;%ﬁﬁeat ext_;:han% %E%dg(e%%ggﬁ@ﬁgsgo cfalm .

mrm,ngdiéztemd said edt pbasast( &) podcads chodabesniTases
otn{jp %cond heat exchange fluid reservoir and the
exchange fluid inlet port (8B) of which
cormurﬁ @Hragvnddwl r ediiry e ateaxic hamg eremdul ee (Fluid

pAldh Pt (analdy vmléfaéam;sa%i thepi PEAL SXLORH8¢E (26)

nodul € di sposed between said f |rst heat eXxchange
FEHUITE AV I %&WH&tafexlﬁﬁa?@et%ow%cwye aftuids;
conne@p&ddﬂalsw,l es tdrndlnead dﬁlﬂgaaﬁo&xr@ang)e disposed

l{: 7) etand second. heat cha dul(g%é %/Jeﬁ
\kﬁgr T e SRR AT F Rt
eerirenEursd Wi sa(id & )le'aesti rm&cenmacetdlv@télmaﬂé yoviar to

X gg% ég QQQQF] ection passage
%%ﬁ %’%ﬁﬁ. ﬁ?5§§§§.ng G@H aqggspectlve one of
t he apguggnally, one or more retention modules (3-6)
disposed downstream of the mixing module(2) for

accommodating the reactive fluid mixture.

4. A micro-reactor system assembly according to any of
claims 1 to 3, wherein

said at least one reactive fluid passage (1A, 1B,
2A, 3A, 6A) is a flat passage comprising curved and/or
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.

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.
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n process nodul es (1-6) sandw ched by the two
successi ve heat exchange nodules (7, 8 ) . 7. A

worz@raizvenct or system assenbly accordi ng t o anpCDEP2007/002831

claims 1 to 6 , wherein sai28l at | east n process

nodul es (1-6) and/or said at |east n+l heat exchange
nmodul es (7, 8 ) conprise each a first plate (IM 8M

and a second plate (IN 8N) pernmanently joined with

one anot her, preferably by sol dering, brazing,

vee! di _mg,mifgﬂlxtdi-ngaaﬂtdﬂﬁesyé&ﬁﬁn ameérﬁmm eae@clfbf Q%iﬁ@iﬂo any of
reactiv uid passages, heat_exgchange i assages
rcegac n;llsvgl ftlouisg' i ee]ieqlrfbrﬁ%l%n%tr]g%ﬁ‘?v%+#lul[ﬁ??j o‘a’l‘ﬁ?ﬂ?nge
pordwslesand or8 heaimpmaxicdeange fluid inlet ports and heat
excha 1 I [ B; -LC- , -2

26 3K eféééesgfe%&,e%g%qséﬁs r%é]SAA) s %}%‘%v?%gldeg& Sne
PedeaxdWng s iflsiidligtle Ipgpr8M 7Bhdo S edlsheh ptemeunicates

WY firdt MR ERhARACIOIuRY ISR ASSEADI YA the heat
according to claimy7 , wherein each of said reactive

ErGhansss e tdete RMngE ) R kT geatmynied £
fvdi(ljﬂ/}d a hrgxﬁtcdwi?g am}ﬂlr Qﬁfj‘dk:laklﬁgé oot Tl a1t tsé)t A po[ ts,
anda/ or ea ange ul I nle or ea
exchaffg& %)c;%&ﬁttlg&x%%e (“Ioﬁé"‘llpes, J@Cq%}—e Hp leasHpne
2@at3AXx3ENgRDLIMAd GOLIEDE poAt 8EC) obhbitmicted by

/ . . | . .
ForfhitlEAls (Eh BISRMD ndly SaMaRE Ppfd!feseryoix
e dheedierdr exphip@gicaddanls yirdetomanty 8B)c|f mivich

WaahRin ca tels’ uak ad graiidel aldaPldidhdrd: BBHuls (7) ;
sandwi ched hetween said first” plate (7M and
é@goﬁ@tﬁloé‘taéléﬁN, 8N) of said at |east n+l heat

exchaage leagtl ene( FurBhert Gaproexdhastjel nirhll e xhikatged
LRUAGRISIOCR (CEB pBAL o0 e O S
beapr esichgngef moginler i8¢ rREwhsor@ctedanich 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 (1H, 2H,
3H, 6H) passihg 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 1 to 6, wherein said at least n process modules
(1-6) and/or said at least n+l1 heat exchange modules (7,
8) comprise each a first plate (1M-8M) and a second plate
(1N-8N) permanently joined 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 outlet ports (1A, 1B,
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a second frane neans (9) , wherein said at |east n
process nodules (1-6) and said at |east n+l heat

weohamyes nodul es (7, 8 ) are pressed agai nst PED/AP2007/002831
other by said first and sesond franme neans (9, 10)

1Cc-1r, 2A, 2C-2E, 2G, 3A, 3C, 3D, eA, 6C, 6D, 7A, 8A) is
provided between said first plate (1M-8M) and second

plate (1M-8M).

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,
1C-1F, 2A, 2C-2E, 2G, 3A, 3C, 3D, 6A, 6C, 6D, 7A, B8A) 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
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 exchange fluid passages (7A,

834) .

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),

wherein said at least n process modules (1-6) and
said at least n+l1 heat exchange modules (7, 8) are
pressed against each other by said first and second frame

means (9, 10).



