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Mul ti purpose Fl ow Modul e The present invention rel ates
to. a multipurpose flow nodule, a nethod for
weziwaswidn, for reaction, for §eparation, forP@i/KEI06/001186

or conbinations thereof in a multipurpose flow nodul e,

and use of the multipurpose flow nodul e. Background of

I nventi on Exanpl es of continuous chem cal reactors,

whi ch have a continuous flow of materials or reactants
into the reactor arfuftipuposeddow Maodulef materials or

_Eroducts out of the reactor, are disclgsed by WO
e HregesbimveRtiondeiaiesdo a rrltipuress flawdmedube,oa arathod for

Stost T Bo bRt B R el AN, BFmighs o EoniSb AL nercor
PG Iy oAU AR LB o e TR AU sE T Fhodule.
of problens to overcone when designing and buil di ng '

mul ti purpose fl ow nodul es are for exanpl e | eakage,
enabl i ng of visual iBegkaround ofdnyentiay of flow pat hs,

BEBRETh &1 R Pheroli PRaars, BicEBaus™s sontinuous flow
PRSI Y Seohis’ MGARe, RGP Rapgptigpous fow of
aterdlge corgasronliictof oube oot e refittorngané isdiésedt oy WO
Thus, one ok{&ect of the present invention is to

20041089533, WG 9308246 pE Po 123736¢ @pat EBs 670144 B1. There
B st i e P BReEE o M oS hch
FEHOIET SEESEBL) "o AR Byobbfies temperature

cortrble nigwitoringiaediderfie imrséer per f or mance, and |

opportunity to control tenperature.A further object is
to provide a nultipurpose flow nodul e having fluid

| ow,characteristics suitable for chem cal reactions,
refere .o As NUusebar Af sreblems to overcome when designing and

building multipurpose flow modules are for example leakage, enabling of

visual inspection, cleaning of flow paths, adaptation of process flow path
to get desired residence time for a given flow rate, access to process flow
in the middle of the reactor, configuration of heat transfer flow, discharge

of dissolved gas out of the module, mixing of fluids etc.

Thus, one object of the present invention is to provide a flexible concept
of a multipurpose flow module, adaptive to a desired process.

Another object is to provide a multipurpose flow module, which has good
accessibility and is easy to handie, etc.

A further object is to provide a multipurpose flow module having good'

heat transfer performance, and opportunity to control temperature.
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The I nvention Accordingly, the present invention
present a solution to the above presented probl ens by
w@eaviosionyy a fl at-desi gned mul t3 pur pose fl ow nBCTIBE20061001186

smal | er, stackable and externally or internally
connectible or "two-di nmensional" sections, where each
section may be opened to reveal a flow path, a
channel, a groove or a passage for one or nore fluids,
mﬁlrﬂn@a@bﬁct tstd plovidevy ehalfipelposdifloly adule Wﬁaﬂﬁﬁé fluid flow
may be any suitable pattern or a densely packed
charaetenistigs astitailepfart ehemical réactions; eaxtractiens,i separations
eﬁ%owdes an adaptive or flexible multipurpose flow

dul e of stackable and externally or internally
connecti bl e sections having a flow channel for
continuous flow of materials into the nodule and a
continuous flow of materid fMydntiyrpducts out of the
nodul e. The nul ti purposé TTow nodul e is stackabl e both
Acnordinglyl the weesenris ineeniiaml preseitus, sdiatipn ekenthe above

ates to a nul tipurpose flow npdul e

|nvent|on I
REgRRRies q% %msmw eRrOMHdNgora hfé%trd@wgmeﬁgemuﬂupatr@@se flow

o ﬁ]%ﬁﬂﬁé "sptkafid BhflreRembEn 3y, e "xa%nre?%we or

“BlIdEmeh sl %é@ﬂéﬁg ewheka e dhP¥e &fien ‘Pﬁa ﬁéﬁébl %6 reveal

pl ates be attached. The present |nvent|on urt

ar dbut path oaachmnheld d groeverarcti passage foeamie or, miove fluids,
m Xj n or conbinations thereof 1 n the multipurpose
hereipatisdsallechlaw shaseel, swhicheflon ehaurglogayr bevany suitable

FABGHth Sor RS Bl bOfel i 8 B e IR Hie present
IR ERRTP grbVldés”%heéblébﬁveWﬂ%Qﬁ)IQ_IJﬁE}WG& 6 RBbw module of

| at es one or nore end pl ates be one or

snlmkabieaan@mdhenwiy of aﬁesnaﬂly aogﬁéctlblweecﬂongﬂf@wg a flow
the flow plates, or betweenat |east two flow plates

Cbéﬁ\élﬁbfﬁfn@‘?mwt&lﬂs flewsef matenalstinto thm é’ﬂ@féldel amd anegntinuous

flgg\}/%ffrgslt%réalggc\é\f’h%gg Qc?tlssoﬁf) o?%ﬁteer%ddqule.

module is stackable both horizontal as well as vertically.

e mulfif ipurpose flow

Thus, the present invention relates to a multipurpose flow module
comprising flow plates and/ or heat exchanger plates stacked together,
which flow plate having a flow channel and one or more connection ports.
To each flow plate or heat exchanger plate may one or more barrier
plates be attached. The present invention further relates to a method for
extraction, for reaction, for mixihg, or combinations thereof in the

multipurpose flow module, and to uses of the multipurpose flow module.

Each section of the multipurpose flow module may comprise a flow plate
having a flow channel for process fluid materials, and one or more barrier
plates or one or more end plates. There may be one or more heat

exchanger plates arranged to one or more of the flow plates, or between
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According to one alternative enbodi ment of the
invention may a fl ow nodul e conprise flow pl ates,

wharwiosr1pl at es, end-pl ates, pressure plates, BEOTSE2006/001186

eventual | y gaskets formng a fl ow section. One or nore
of the flow sections may be arrange that the flow
channel s may be connected in a series or parallel to
each other. Thus, the multipurpose flow nodul e

CAMRIIsS Qﬁloaflowe?ra‘teé’%% erﬂthlﬁb' an |east QR iptarls! YTHEgections
one or nore exchanger seéections be attached to any

ahayhleat¢ diveireffowotizanfidls beaneetechimgesedestoropanaiel to each
conpri se a heat exchanger plate, and one or nore

€ler plates, or end plates attached together. The
fl ow sections and/or the heat exchanger section nay be
attached by external neans or by internal neans.

A&é@ér‘éﬂﬁ‘%u oﬁ@eaﬂéh%t IfRb 8N &Rt @)‘f%l%”ﬁn\iefl%ﬁm IR8y a flow

may th ti purpose ow nodul e conprise at ast. one

| mioeiyiex toatinprissvfloee plates, bairdér pfatess eparplaées eptessure plates,

The integrated fl ow section conprises a flow plate and
eéba;%ua@‘mge\@k@t% feemincaer flewasestiaheOpiecee meara f the flow

h d f th
: %Ctaonég?&i@héﬁabpe e R 0 Shdinls iy, BR “ofieied in

ou%%? ,Efal '8{?0 f}e"gﬂ ?V'T;l’ﬂﬁ %%ﬁgilpﬁ?%]%eﬂow module

n@mmpﬂseeeaxt least poetflowrgeution ahdraptidnalBesiayoone @it mbre heat
side of the integrated flow section comunicating w th

t@xchangercsetiens be qitachedita aﬂWQ‘ft &learﬂ@vblsmél@nén The heat

| AP 'aﬁﬁﬂﬁ'%@gﬁé Hijtish e euAte Yo PiRlg. And one or
pllergrs Barriel ‘é’F‘es‘"”owt 'é‘?@ %egwl Qléﬂf‘ers ﬂ‘?e v sections

exdhan er one secti on.

féﬁwwhﬁéﬂ%atcéxdrfﬁgéﬂwﬂmma‘y @é/aﬂaﬁhe@byse)ﬂémal%eans or
one or nmore mXxing zones in form bends or curved

Zbyérterraloveadnsg to one alternativethe mxing zones
are in the formof corners at the bends or the curved
zones of the flow channel.

According to one alternative of the present invention may the
multipurpose flow module comprise at least one integrated flow section,
which is a separate section. The integrated flow section comprises a flow
plate and heat-exchanger plate manufactured as one piece having a roW
channel on the flow plate side of the one piece and a heat exchanger
zone on the heat exchanger plate side. The flow channel is having one
inlet and one outlet connected to the ends of the channel. One or more
connection ports arrange along at least one outer side of the integrated
flow section communicating with the flow channel. A gasket and a plate
are placed on the flow plate side for sealing the flow channel. An inserted
element according to one alternative and a plate are place on the heat
exchanger plate side to seal the heat exchanger zone of the flow section.
The flow channel of the integrated flow section is having one or more

mixing zones in form bends or curved zones. According to one alternative
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According to another alternative enbodi nent of the

invention may a flow section or an integrated fl ow
wa@eawiosmizonpri se a fl ow pl ate,4one or nore baPCIi/EE2006/001186

pl at es, gaskets, end plates, and one or nore heat

exchanger plates, and each fl ow section may be

connected to another flow section or another

integrated flow section and stacked together, having

theemixingowookarare i tundedneef carnerseal e benslsr ar ithe curved

to each other. Thus, the mnultipurpose flow nodul e

Zomes Pfdie HRw ehanele w sections attached together by

external nmeans or by internal neans. According to
anot her alternative enbodi mrent of the invention may

ABeordihgitouamsiber fdliithanek cenBeaIPhERE of thE IDEENtIBHTRRAY a flow
of sectrons of flow plates, barrier plates, and/or

seclien ortamintegeatedntiew sctirc coonprisena figwoplater onerer more
Gl SR S el DGR A i B o cxcranger
ERYGT Pah8redol] R, BREFSS il Y RENAG Jo ey Jfow section

P AHOEN SO ) 1ERE TRy QeciiBharkE staked gdthew iﬁ’éfihgﬁtggir flow

and one or re heat exchanger plate sections atta
thgenélsr coynectex rinl anseriesoor hyaiallie¢rioaleavbanther. Thus, the
According tg another alternative enbodi nent of the
mufEpeiRasenigw: medile Copprisas oneow mMeie Howoseestianrs attached

b8 LS o885k 6 Hy il alher < Chan t ne

nunber of sections having one or nore heat exchanger
pl ates, wherein each section nmay be connected to

Accbhdingstr anothan dltetaatiesl gmbetiment ldvibeg invetition may the
fl ow channel s connected in a series or parallel to

erdiipeipase flowusiodule eamprigeradaegen pumngiupt sections of flow
FEATBL 50 Aok SRR R B R 2 s having
GHeepieingTBaRea cRniier Mk tanerfFe Al Sdchion may e
attached to another section, and stacked together, having their flow
channels connected in a series or parallel to each other. Thus, the
multipurpose flow module comprises one or more sections of flow plates
and one or more heat exchanger plate sections attached together by

external means or by internal means.

According to another alternative embodiment of the invention may the
multipurpose flow module comprise a smaller number of sections of flow
plates, barrier plates, end plates, and eventually gaskets than the number
of sections having one or more heat exchanger plates, wherein each
section may be connected to another section and stacked together,
havihg their flow channels connected in a series or parallel to each other.

Thus, the multipurpose flow module comprises one or more flow sections,



10

15

20

25

mul ti pur pose flow nodul e conpri se the sane nunber of
sections of flow sections as the nunber of heat
we@nesmes sections. Each sectidn may be attach@€mrSE06/001186
anot her section, and stacked together, having their
fl ow channel s connected in a series or parallel to
each other and attached together by external neans or
by internal nmeans. The flow plate of the invention nay
andpiwe eora niorewhebhrewdharyerf platd sectonsilattachet] tbgether by
fl ow channel may be cut through, may be carved in, my
exeghabmeansor Byintsenaldpeassed in, may be etched in,
or conbi nations of the defined techniques in the flow
plate. The flow channel may constitute a
A&@omipgnﬁi @ﬂ%&hé}amtgfr@;ﬁ\i@ tehRbbaRMeRt %‘fetrweTlPﬁ/thi%W may the
© channe be exten | ong as possible

wlmnitqnlmpqset flewrmodsiis konmiprise tios Saphe numbbrpvE sections of flow
suitable length in the flow plate depending on the

srelionsiapdbedunpber pikeat exwhaager sestionso aphdrﬁ;e@m may be

The |l h of ,th fI h

5NER S FathF sactihes 800 stk SogRindT, 5aviBe their fow

éf‘né’t’fﬁél@a%ﬁfae@@ot ﬁ{ QPYeEeorf ‘Har?ﬁé‘i”&ﬁ %a;’tﬂbgs%ﬁ %B aftached
I N anne

zigzag, wWn or an er sul e Sha

t@gethéebya;)demalw@ém oty nheemmm@@ﬁ@t ed to each end
of the flow channel in each flow plate. The multi

pur pose flow nodule nay be built of plates with

rent |ze f t.he f]J.ow channel on differen %
B B0% piedel S dhe 16¥er %nfma» EREMIISE @afloe channel for fiuid

&aftéﬁéﬁmand e cfi?ﬁ\?rbﬂ tz rtp?&?é Wg}f be carved in,

may al So vary etvvee w-de

2y q&@n@@ove@ iPnemalyat '@é’pl@%‘é@dﬁ i Glﬂathénﬁétcﬁéd in, or

anot her may have t hi nner channel dependlng
eppbirations ef dhs,fhdefmed/ techmiquesmity ﬂinevéloaw plate. The flow

ross-section a of at least 0.1 Accor di
Sk B ePuaGNe G HerdiaGsiona BABes S dnedicwrate. The

B may PP AREI o b 3780 Bl 1 pCORFR S pattern,

88Pshdheasr peSsiAe! ioPNhal8aafyy shRaBRe length in the flow plate
depending on the desired residence time, flow rate, reaction time etc. The
length of the flow channel may be optimised and designed to suit the -
desired process. The shape of the flow channel pattern may be for
example a labyrinth, a zigzag, winding channel or any other suitable
shape. An inlet and an outlet are being connected to each end of the flow
channel in each flow plate. The multi purpose flow module may be built of
plates with different size of the flow channel on different plates. The
length of the flow channel may be different, the channel may be long or
short. The channel may also vary between the plates in how wide the
channel is. One plate may have a wide channel and another may have
thinner channel depending on application etc.
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| arge as 1000 m®2, or large as 10000 Mm%, but any size
suitable for the desired process is applicable.

wa\e@o/oslionyy t o one al ternative e@bodi nent may tPET/SE2006/001186

cross-section area of the flow channel be within the
range of from about 0.5 mm® to about 100 mmeg.

According to another alternative enbodi nent nmay the
cross-section area of the flow channel be within the

Thedgtowfclammelsbmaty Rawta iposbeelctith aréa ofl ANRask®.1 mm?.

outer sides of the flow plate nmay one or nore
Resrisling da one @iteraative angeadiveentaray Hee anoss-ssictiendarea be

PGPS AR S RaslorBaedh aBRuient may tne

T h n i or
SloRsisdtiidil'srea B B Rt 1l e THE SRS Il Ry be as
lange 215c €000 A, fmrlarqa@gtsamgammhét %Lﬁcawepéﬁ%fsﬁgaqe for the
additional fluids ets for any of her di a nee

cﬁ@nr%gre@aswam@;cabm I Acsofohngptoooaesalﬁémaﬂwe embodiment
outI ts for |nt r medi at e cts to be fed into the

&A%~ S&P Ign) arest of it g@e owuehanset de wathin the range of

r 3h anne
vy PDSTAAESD, BhALLIof AR BcEb g BrdR e ateamative
amborihaht AR IR S0y sBBADK A Uc§1t %Vfl&weéhéﬁr%ltbé YWithin the
spectroneters, |nfrared I'Tght (I'R) spectroneters
r@lmug@tmﬁf@gwapbgut frasm’dpeaiy owiES enis (I\/B) nucl ear
magnetic resonance NVR etc. to identify the
i nternmedi ate products or substances and to control the

BEFGERR. B B8 BE R e By o wormgamston pors
b BFaniRY bafiRos tﬁé‘bu‘télp& Fﬁ?ﬂém\/ﬁﬁgnht‘tﬁb'ﬁbw channel

el ement's, etc. in contact nne

cread Ieaﬁtoomatsn@e on two:smsi; em threleosidlesotr 'an bilfBur sides of
\l The connect| on ports may al so be plugged when
tﬂ@t lowenlates Tonéhe connestinasdpos mayp atyatypeuot tfiinations be

ERIEIRE" i a2 SRS iiyiefi P lrAdlants BB far other or
dplifesa: fllfRt 3Rt of %‘Ply BiH& Imedfis Heh ey &(gr g?g Ired process,

alternative o6f the Inventron nay one of
autletedor process fluids, outlets for intermediate products to be fed into

the flow channel at a later stage, outlets for test samples of process fluids
from the flow channel, outlets for samples to be analysed continuously
online or by batch samples by means of ultraviolet light (UV)
spectrometers, infrared light (IR) spectrometers, gas chromatography,
mass spectrometers (MS), nuclear magnetic resonance NMR, etc. to
identify the intermediate products or substances and to control the
process performance according to “Process-Analytic-Technology” (PAT).
The conne.ction' ports may harbour any type of sensor units, thermo
elements, etc. in contact with the flow channel to send information to a
computer or to a controlling device. The connection ports may also be
plugged when not used, if there is no need for a special function

connected to the flow channel, or may the connection ports be equipped
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ports be injection ports or dispersion ports. The

material of the flow plate nay_be sel ected from any
wa@erorosiooh resistant material. fThe material nMERCDHEE2006/001186

stainless steel, iron-based alloys, nickel-based

alloys, titanium titaniumalloys, tantalum tantalum

al | oys, nol ybdenum base al |l oys, zirconium zirconium

al l oys, glass, quartz, graphite, reinforced graphite,

withisecmrity Bericas: for pressuke releaset instant of controflédwAccording

ection be sof terial, such as soft PEEK, PP, PTFE
& eneoaltemazwe of theriyRiion WAy aner pr anere ofrie gganection

AfePE AT PollS o ARRCRICE AR ve Embodt ment may 4

pressure plate havrng a pattern corresponding to the

fl ow channel, covering the flow channel, and acting on

The pwikdal tof Heal flowe pfatewnphatlee #electeti ngoto any corrosion
another aIterEafrve enbodi nent of the invention

rasestaDt septesabs| e sngtari reay hestaislessssteel +iren-Pased alloys,

RRRBIGhoS Ay 8, 85K, 3 AR bRl B, Htm aovs

RGBS N@AR- @é%péﬁ’é@s Orzrr%%hﬂ?"r% ?re e afdg, &Ié’és quartz

heat exchanger plate 'to preven age. A gask

gtaphiter resdatcechgraphite, rFPEEK fRPNPTERKetw orandytihe materral of
&g;ket is arranged to cover or close the flow channe

ﬂﬂ\ytse@tl%hbepa £aft mafgriat sughbas sofr PEEK ePPaPTFE etc. or

YSHel TR TR G20 ftour A FEGE IRV thd iskets e afiminated in
ﬂi} d% osghuﬁNrﬁg yly ot rusi ons, along the fl ow
anne

r t he pressure pl ate enabl e asufficient
contact pressure to seal the flow plate agai nst an end
‘glate a barrier plate, another flow plate, or agai nst
Cﬁe@n@i@m@teﬂnaﬁr\ee emnlzoginaeit maawau@e@sure plate having a

or mu

8 eorr?seaeﬂl%i’oe e M8 taafeticaverageheciouriiannel, and

Q“’ﬁ"ﬁ S ARG Bl Ing Bpplate.

According to another alternative embodiment of the invention may
protruded zones along the circumferences of the flow channel be
arranged, on each side next to the ﬂow‘channel, to enable a gasket to
close the flow plate against an end plate or against a barrier plate, or a
heat exchanger plate to prevent leakage.

A gasket may close or seal the flow plate from leaking, and the gasket is
arranged to cover or close the flow channel against an end plate, against

a barrier plate, an insulator or against a heat exchanger plate.

The gasket may be of a softer material than that of the flow plate. Thus,

the protrusions, along the flow channel, or the pressure plate enable a
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perfuorel atoners, or fluorelastoners,
pol yet her et her ket one (PEEK), pol ypropene (PP), etc.

wab@7ontoes i al of the gasket nmay8be a soft nat ePCERBE®0O1186

as soft PEEK, -PP, PTFE etc. or Won(r), Teflon(r),
Kalrez(r) etc. or the gasket could be netallic Orings
or sealing elenents of a suitable netallic material.
The material of the gasket should have good cheni ca
sEfficsransehtdeppreigigecio seal thedlews platetagainshan end plate, a
process does not need good chem cal resistance then
baitier platesranotbenflowspliate coragainsha ipalkexchangsn plate.
may be soft, until the clanping forces close the
structure, and the material may be deformable with

y, I le Gk t] ; :
YFibloIRe: o b2 et st oy i gtierin SLitBle material,
agafipié ngof o gnehal neateridlve ma?odbeentmunw tlb?eabepanded
be shaped to correspond to the flow channels, forned
bglytetrafuangstkylangr i n(eRgFDol , polytetafiyaseethylenebe (PTFE),

Eg%ﬁél%?ﬁag t: "o JRoriRstomerne poYATTSRIREIonS * (PEEK)
bARrbBe. A Bho T dhRRAT i ar SRR Ry B8 7 SR material

SBARANSoMPEDRK, PRdguT PEtateedr MiRnEal éfith®U Kafee® atc. or the
one alternative. The nultipurpose flow may conprise

yhsketicolilddse noetallmaO-iings mraealing elemenist ofoa sugablemetallic
bei ng a nmenbrane according to one alternab\igve of t

h .
materel onnecHtenag ob Wkt SRRKall SO | PeVRa,0eed chemical

RSkt OReRrdMoreD Bl artbogs 2olt 5 RESES Bods ot need
g%@i%émiiéau rb@Ls‘?Qﬁ‘]l?é ehanheertmhansfas dre Suffitleam The gasket
'ow plate or the flow plates, or the barrier plate

mratebial anay eaulsaftpruntirttiet blasnpinguforces tdiesé | tbe slrackire, and
The barrier plate may be on one side of the g

ket , .
fie matstial reRY pha dStREy ahis Vil aeny Gaal IAtare) digtation. Thus,
B ngraRef Bagn UL Ao Shuad rBRRRaidEs BT afle ' §8AMNG" surfaces.
DRIGREARY tonk! SieRidhve emb&dihdt may the gasket be shaped to

correspond to the flow channels, formed by for example a printing tool, or

the gasket may be compressed by external force to the desired shape to
minimise gasket bulge down in the flow channel, resulting in that the
cross section remains the same, and absorption of fluid in the gasket is

reduced.

A membrane may be added between the sealing surfaces as one
alternative. The multipurpose flow may comprise that at least one barrier
plate or at least one gasket being a membrane according to one
alternative of the invention. According to another alternative may a

catalyst be added to the surface of the gasket or to the flow channel.
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the flow plate on the other side of the gasket, or may
the barrier plate be an insulator, and insulate the

wo b@woploat e and t he gasket fronBother heat tramST/EE2006/001186

sources. The barrier plates physically separate
process fluids of the flow plate fromthe heat
transfer fluid of the heat exchanger plate, process
fluid fromanother flow plate, or both. Barrier plates

ThE bxrrienipigicat pay Q’ﬂa\r@h@aﬂébhblmﬂt'ﬁ?w@%ab% &l lﬁ’éﬁat transfer to
pl ates, heat exchanger pl ates for exanple b

y
or ﬁnmghemiéd)wl pigie mdh\mﬂoWoplatesbonzhhe darrichqlatd may be an
Acc rdi ng t,o, one. al e od| nt of the

O oANHiUSINS QV\b@ | ihe barrier @éat@gmay be on
T L S T 5 e e

ERabIeG I asi Hahtr Qﬁanﬁféf‘t tHrBLE R athet veHYrobﬁ fbr example a
nmetal , plastic, polyner material, ceramc ass,

rrelghhmunng hpahwshangeomtqolaatrmgmmsg &mj\ﬁecpﬂaé or both to
{ho nI ess steel, iron-based all oys, nickel-based
519 ’f@am the othqrﬁidﬁr@fanheogaskefammamthed@aralanrﬁlate be

Pt RO g i

géﬁg@rts%urbggnforced graphite, PEEK, PP, PTFE etc. The
heat exchanger plate may be a non-fluid heat transfer

plate, may be a Peltier elenent, nmay have depressions,

channels or grooves in theplate, may have a cut

he hjrespdatesphysieryiv ﬁ@para;a rrpceRs fiuidsvof thanflow plate from

trie s el SF Ynd higat yeb8ed bIgli. "Bracsinsn T from -
éﬁSﬁ‘\éFaEfld?/@V?Ie{tie”So WHBES E?érrrié?t ‘Hl&@sparﬁ@g%% integrated or

mat er 1 al oarrB etc. to'Increas

peanahentipratéacted to Cflowmt& thesdueraieengér bhteBedr both for
exchanger fluid to inprove the heat transfer accordi ng

examnie hytrazing, weelding dhordinge or combinations dhereof.

According to one alternative embodiment of the invention may barrier
plates be sealing or closing both sides of a flow plate, both sides of a heat
exchanger plate, or both.

The barrier plates may be of any corrosion resistant material, they may
be of metal, plastic, polymer material, ceramic, glass, etc. The barrier
plates or cover plates may be selected from stainless steel, iron-based
alloys, nickel-based alloys, titanium, titanium alloys, tantalum, tantalum
alloys, zirconium, zirconium alloys, molybdenum-base alloys, any

corrosion resistant alloy, glass, quartz, graphite, reinforced graphite,

* PEEK, PP, PTFE etc.

The heat exchanger plate may be a non-fluid heat transfer plate, may be

a Peltier element, may have depressions, channels or grooves in the
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The heat exchanger plate nmay be integrated or
permanentl{y attached to the barrier plate of the flow

w@bk@msioys br azi ng, wel di ng, borldl ng, or conbi NECT/EE06/001186

t hereof, according to one alternative enbodi nent of
the invention. According to another alternative
enbodi nent may each heat exchanger plate have barrier
pl ates, cover plates, or one barrier plate and one

plater malyahavera eatthreudh areat bevdrdrg thee dreaasfirthel fidw,channel
whi ch plates may be permanently attached to the heat

@&m%ﬂ@yrplgt%tq;r mgaymam adt thuebghrighannglgi ng, or

conbi nations thereof. According to one alternative
enbodi nent of the invention may the heat exchanger

Eééﬁ%h%r@r H@ﬁ?é’%} i AR&Aad P@o ol ﬁ}ﬁfgfa%h may have

each side of eat’ exchang rp ate

fins hair, gthadtesedrpadhageagaatefiak mietallic foams, etc. to increase
resistant material, and may be of stainless st eel |

heahtranstar ansao@nd ia enhanaasiudotdencgmf thetheatiexchanger fluid

It | t ant
{90‘68%\4%%%%2@#@ er uflraC@B ?‘Qa Ou?ﬂ%c%'ﬁ%ﬁﬂﬂt%{ﬁ gpodiment of
%%ﬁﬁ§$EEBﬁrtz graph!te rei nforced graphite, PEEK,

efc. According to one alternative enbodi nment
of the invention may an inlet and an outlet be
connected to each end of the heat exchanger
Phatheaicexchmmgen pladaonayrbalintegnatads or pesotinenily atigched to
he .i nl et o the_outl et encI?se sensor.s or therno

corRatrier Rlater of e JOshedIale byaPrazingntiseidign banging, or

%‘E*S*b“’i%‘%'ﬁ%q“@ﬁ%ﬁ]e#’éc%é'n%?*%o@@%cg@%ﬁﬁ&%g?gﬁgﬁﬁﬂﬁéﬁnﬁ the

inﬁybﬂhohumecc@anr@ttb &éndthae alt&rnbﬂva SmbRRAeht eméydé‘éch heat
of heat exchanger plate. The inlet tube, th

emrhzmgemplate draviedbarrieaydatess @oved platesoos onmbarrteafcblate and
t her no elenents or bath for nonitoring the process

PRF GRvsIuRiale of gRshsside ek the kel axchangsr Rirtepwaich plates
&%@B&%e%a&%ﬁﬂb' 5ﬁa8ﬁ£3rt%t He heatbg)ttéhanger plate by brazing,

welding, bonding, or combinations thereof.

According to one alternative embodiment of the invention may the heat
exchanger plate be permanently attached to barrier plates on each side

of the heat exchanger plate.

The heat exchanger plates may be made of any corrosion resistant
material, and may be of stainléss steel, iron-based alloys, nickel-based
alloys, titanium, titanium alloys, tantalum, tantalum alloys, molybdenum-
base alloys, zirconium, zirconium alloys, glass, quartz, graphite,
reinforced graphite, PEEK, PP, PTFE etc.

According to one alternative embodiment of the invention may an inlet

and an outlet be connected to each end of the heat exchanger plate.
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The fl ow pl ates, the heat exchanger plates, the
barrier plates, the cover plates and the endpl ates nay

wheooshstohe sane material or mayitpe of differenPCT/SE2006/001186

materials, and the material or the materials may be
sel ected fromany corrosion resistant material or may
be of netal, glass, ceram cs, graphite, reinforced
graphite, polyner, plastic, etc. According to one

A'cbéfc!]ﬁrtj' fbeaﬁt’m%v BRBndTRY BERfbd@ARINitanay tHdhlet or the outlet
mat eri al's be sel ected from stainless steél, 1ron-based

ehtinge, sensdrsl oibtiegthcaklergentst i t ani um  titani um
all oys, tantalum tantalum alloys, nolybdenum base
al l oys, zirconium zirconium alloys, glass, quartz,

AcRBRuRE: o1 6h| Al<EBR AR bRIm R Mhahe i Skchand¥r plate,

ﬁébmgo%&oﬂﬁohbﬁwdl'ﬁﬁﬁe?%u:dgpgés% 3l Mareldn & PYoves, be

then“may parts~of t no ded, brazed, bdnded

msartetbintetarnirdet hevescdn batlehurbe;tdneboth bntcm?pqimta sides of the
are brazed then the brazing material nmay be sel ected

heah exchangeiedldteaziThg lekrtube, tthl@éJﬂ%aBJélﬁ bPEZP@l have

PRl sersREes Insdtied Bphe"Helnitise ot HopdhBfforing the
|

B4 TS B R A o

bhéhatikelaprnbsus, adreisdthodes, different sensors adapt ed

to produce different process signals corresponding to
SU|tabIe properties of the desired f|UIdS or process

i DEcRIAsS aME Bk &Xhaboer Rinteamyhet AR araltes e cover
EY% a%l cgﬁe;) cgg)tqlér%% wg%plcl?led proc%és\ghglf%@yor may be of

eliffarent maeatdlsomrd the watémalser fthewnigtetials may be selected
t enper at ur e, gas rel ease, i nj ections, pressures,

fiosp @y eorsosioncresistand matesial onnay becof metali glass, ceramics,

optimse th esjred process and prodyctign
SPetiLe < reiarcat STartBur ROV ity ads. According to one

alternatlve embodiment may the material or the materials be selected
from stainless steel, iron-based alloys, nickel-based alloys, titanium,
titanium alloys, tantalum, tantalum alloys, molybdenum-base alloys,
zirconium, zirconium alloys, glass, quartz, graphite, reinforced graphite,
PEEK, PP, PTFE etc., or combinations thereof.

When the material in the multipurpose flow modules is of metal or of an
alloy then may parts of the nﬁodule be welded, brazed, bonded or
combinations thereof to each other. If the parts are brazed then the
brazing material may be selected from iron-based brazing material,
nickel-based brazing material, copper-based brazing material or any
other suitable material similar to the material in the multipurpose flow
module.
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Al'l couplings between outlets and inlets of the flow
pl ates, or between outlets and inlets of the heat
wezonanges plates have to be tilght and secure BOT/EEmDG6/001186

no | eakage occurs. There are several different types

of coupling on the market, which may be sufficient.

According to one alternative enbodi nent of the

i nvention may the coupling be a dividable clanp

Thephultigurpdse iﬂomonmddesnawbehe&zg«datamand%@rmmmmd by the
e di aneter and he depth of the djvidable cla

%Qm hhﬁgmsaa9 ageculs a{epi?ogaﬁg@\f ferfiah BRSO AERAPLEd to produce

FHRATHE Broers oo oqiBrioRTRe R, SHLdBE" didpitfes of the

SRS RS e SrvBRsE & SdmbiitatisHd th@®or! TP chS’é’ééé Bignals

sides of the partings. A contact point may be Creafed

rayvise evaheatedupy aid ofi@ cemputebet aegrothes imeah$ ainslvaluation
the pipe, which i's possible due to the centre |ines of
mherw@aonthélgna@edmamhsmaw aatﬁmﬁacglhar@rﬁlfol the applied

dRgeERv e EORMILP i allo BbiRiod BpBiratss: hpiapyre, gas

r S
Gt DA A BT e v

amd tthos eoptiraisec tiesv dedinsl pWSmssomdiUprcﬂmdtlme of roducts from
di spersions by introducing a non-mscible liquidin a

thennulinwposarflaw ragdulen a safe way at high velocity
into the process flown the channel, then it is
crucial that the nozzle has the adequate desi gn. The

S
AT ST BEo IR R ShaTFIE ot RAITER, T Betweer
@m@tseandl hdstsobftie hearty @k@ﬁ@wg&d tdtesf hawecmrb"@lught and
or the nozzle may placed close to the inlet of the

seaecpsarihal no leakage ocauwss. dheraecard severalnadiffierent types of

80 1 IR S RERECR R RS b on

éﬁéﬂ‘nHﬂ@@e&’ﬁ %n&?ﬁ th@rlﬂk‘lgﬂtle%g 2 e??]l]—;?ﬁgg%% a"§lidable

nozzi e COU| I sperser avl n

éléﬁm Oéo@pln“ngSQﬂ”anb@omﬁﬁs@ Stwwlrﬁalbééeaﬁae@wbn ddréws. The
closed end having a hol e di ameter (D), or where

adiametgr @nd the depth of the dividable clamp coupling may be slightly
larger than the outer diameter of the liner. The clamp may be made; as
two identical halves or as two mirror halves, with two screws on the sah‘le
side of the partings or on opposite sides of the partings. A contact point
may be created between the coupling halves or between each half and
the pipe, which is possible due to the centre lines of the screws being
placed offset from the plane of sealing. According to one alternative
embodiment of the invention may the screws be attached to the clamp
coupling halves by some retaining means, such as a retaining ring, spike

or the like, through for instance the screw holes.

When producing fine dispersions by introducing a non-miscible liquid in a

controlled manner and in a safe way at high velocity into the process flow
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n holes are present a dianeter (D) corresponding to

the of the total area of the holes divided by the
woeebesoood hol es n of the nozziP, which is suipebbE2006/001186

| arger than the the length or depth (T) of the hole in

the nozzle, see Figure 17, and the ratio may be

sel ected so that the Iength of the hole is nuch

snmal l er than the diameter of the hole (T"D). Wen the

irflitfP ehafhel, theR it clidlal Bt the! hoRBe TE YRS a@ébhu%ﬁe design.
the disperser and create a cone of droplets in t

TheodesigntdomozAleemsiyzlee & disperdeppl edrs injbetoraildie nozzle may
created is depending on the pressure difference at the

beclitfed fo| ary o theeCaonoEtom ROTS: eepvessusigesnot e figv plate

e HOW Patyael ry P PBRE wiv, bl bfasieetoydle iffet o the
flBheERahs IC&”QLH}@ fhid 8? Q‘?éélﬂ%% Bh?Bﬁ@\TM vlﬁﬁ@t)é s fﬁoces& flow is

nozzl es eng met er e ve

irdratueesdi fretot thel marhmeh e @r midke ivdrisciblé Ifonn@rmws%s could
way to make such a nozzle is for instance to use

swuh&an@owlw@e fedl dhequgh dhe mazzle. dThe|dersggmd $azzle could be
h then is l[\bta w?lded Iaser 0 %
aReBoerae! GRURER D EhBisd inaTions afcd AIASSH dibedtith a single
|
hEIE B MK A E08 BvigiEntte “@ﬂ.@ﬁ%‘?@;ﬁrﬂﬁh&é’mu'ﬂp'e
ntiolegadreopresert zd diameteP@pcdirespondhieia th@rgfahehtotsl area
or to make nore hol es through the nozzle. By using

ofrdhe baigs dividedibstthadnumbeiicofbhglasoine of Hbe nozzle which is

SR REob A TS e o B 018 S RTEIS 48 oz,
<HEVEIAE 7 B 1P BRIG B BATER E 3l pom o e

h@f@lé Qnu&hoélhlalléf twahdg dTém&@eﬁf@Y the ﬁ@?ée('ﬁk<D9\WVﬁén the
hol es | ocated in concentrical circles. The hole size

dispdrdebis ithosedraplets iith et spratyed outvolvitieodispeeseif and create

the radi f the concentrical rcle or the viscosit
AoFORGO qlfrlﬂpg%tsp'ﬁ'sm%ﬁ’r%ﬁs%ﬁ %Isé%eflf esgr ?Wgtﬁ/at are

CP%% L ﬁ%{)@n&’bb 8h thBSprtté diﬁéré?ffcé 0t QWG SIS of the

nozzle and the pressure in the main stream conduit. If the length of the
hole (T) is large then it will be very difficult to create the desired pressure
condition at that point.

For small size nozzles length (T) and diameter (D) will be very small and
manufacturing limitation will occur. A favorable way to make such a
nozzle is for instance to use etching, laser piercing or micro-drilling on a
thin plate which then is orbital welded by laser or by electron beam on to
a tube. A nozzle can produce droplets and the droplet size will depend on

the flow and the selected nozzle diameter.

To increase flow through one nozzle it's possible to make a larger hole or

to make more holes through the nozzle. By using many small holes
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be sprayed in intervals specially adapted to the
application of the nultipurpose flow nodule. A punp

woray7losoocdnnect ed f or supplying1&nd t o pressurPZESEIN86/001186

fluid to the nozzle. The fluid will be sprayed out of
the nozzle in a cone shaped fashion. The punp could
ei ther continuously punp fluids to the nozzle or feed
the nozzle in a pul se-node. The pulses can for exanple
Bs’wdelo&tane jo dohe tbéndt is pospibie'te eradte @maktelodrcmlets To
| ve in %? feed line to the nozzle. The punp
sﬁT} SoSYireo ehﬁ\(eed ?osﬁﬁ?%tl%reﬁs!a"@uQGHdEIPé‘séergaCh hole it is

JRYBLrble ol iy BRGE: B S ol SRHhGTaNY TR, 1 ik M ais

CofHE Rfbe RPIWHEH thd HoZe iy orbitRl ReldE g NTRer 'n@ag‘% several

pul se val ve does not change with pressure. The

apwve aff holes Jatated in eondeantiesn circles. i Theeholeosize could be
equal to 100% of the total period tine and is 0% can
QN AscrEdingotay iR flavgvelegitiasoler e raditiscof e cpacentrical

Fiidle B 1% yisERS o5 B, ies PSR ol G RREholeBs e spraying

C@mnﬁﬁeﬁ?% BUEDF %H@%oﬁé@%éﬁ%é"in Lﬁ‘?ﬂlé@%@@@eéonﬁﬁ%usly, or

is used for nmaking f s spfays at gi ven avera

fbewspedyeed Tine imervdle spzeiallys adapted to theleapphcatlon of the
sufficient flowrate at the pressure avail able and the

phedtiplreoseiowyreddle: to give a certain droplet size.
This means that the droplet size could be adjusted by
changi ng the punp pressure at a constant flow rate.

t hfpolﬁgﬁnnﬁg%* c%ﬁeﬁ/ég} fd?lélﬁﬁ) %i?nrqg' e 18 ﬁ%&igrti%’tﬁétfﬁjid to the

open va |
coozlenecherfluld ogilic e sprayesl MC@Mhélmﬁzlﬁam becone shaped

vented out, or degassed fromthe fl ow channel by

deshion.sThe pm*gpgm;ﬂ@telme@mmtmuously pump fluids to the nozzle or
feed the nozzle in a pulse-mode. The pulses can for example be
generated by control of the pump’s work cycle or by a valve in the feed
line to the nozzle. The pump is suitably controlled to maintain a given
pressure level. If the nozzle is fed in pulse-mode according to one
alternative embodiment of the invention, then it could be important that
the volume between nozzle and pulse valve does not change with
pressure. The duty cycle of the valve, i.e. the open time is less or equal to
100% of the total period time and is # 0%, can be controlled to give a

given flow rate, which can be seen below.

¢ Period time )

5V = open

0V = closed

-
Open time Duty cycle = Open time / Period time



menbrane surface to the edge of the gasket. A
degassi ng system may be connected to an outlet of the
wo bawostoahnel s, to an inlet of tie flow channebCT/8E2006/001186
both, or nmay the degassing system be connected to the
connections on the sides of the flow plates. Any type
of degassing system may be connected to the
mul ti purpose flow nodul e. Pressure rel ease devi ces nay
be connected to any nunber of connection ports or to a

flow channel inlet, a flow part outlet, or between a .
fjfhﬁ,rp%ﬁe&ﬁn qRarafel| neema: Pulsed: or m@ugiﬁénmes, and is

G ERT BRAE RS BBy A B e PBR IR 8

sui tabl e passive pressure rel ease device nay be used.
An active pressure rel ease device may be any nunber of

5 i hheaiozate wize swvdchgsendbigigermseffiicitnt fowsrdist atnibespressure

whi ch nay be acting on command from a conputer

cAvRiARie and Hhe piassusei lpyebmas 66t 181 diveogresntain droplet size.

(B e dné 46 ShRBlst 15, BRERLEG AdifsI®Y pli@ingipg dhe pump
BT 416 %Hs%toﬂb\ﬁqmgfhérmg MWS %ﬁgg@ﬁ@@ to give

w th -a nonitoring and contr progr anot

aa tset dowr esteltheough ¢as opaevvaleeriry, Urpuised mode.
fl owregul ati ng device forprocess nmaterials or for
10 added materials, which also may be acting on conmand

RO S S RO T T £ 5B o, o

| . \ R te

Ag800Y it WO CRBRETSY ond T e gt fom

f in@mbrethe eurfaceb® tseddae af thé jagketniA d@g)asbﬁ]gssyétem may
e

as a full scale multipurpose flow nodule, or may

usedceinectedl to atabutlet of ghedflowoehanoals. toraa inlet of the flow

rpose fl ow nodul ﬁ}émg be f.or use as a reactor
i

[ ti
15 gﬁ‘%‘i’?&ac@o oth,” O pH\aY

QEASSIYLSYSIRR Hp rQinRcted to the

eESnné&idiES bAhR QEES BF The Tlow’ PIREE AR Tpk W &Hassing system

may be connected to the multipurpose flow module.

Pressure release devices may be connected to any number of connection

20 ports or to a flow channel inlet, a flow part outlet, or between a flow part

outlet and a flow part inlet. The pressure release may be passive or

active. A passive pressure release device may be a bursting foil, but any

suitable passive pressure release device may be used. An active

pressure release device may be any number of injection units for

25 quenching materials or substances, which may be acting on command

from a computer equipped with a monitoring and control program.

Another active pressure release device may be a flow-regulating device

of heat exchanger fluids, which also may be acting on command from a

computer equipped with a monitoring and control program. Yet another

30 active pressure release device may be a flow-regulating device for
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The performance of the nultipurpose flow nodule wll
herein after be described in principal. The design of

w0 b@7f5mm channel s is suitably 1ade for fl exi bPCT/BE20061001186

t he purpose of the desired process. It is favourable
for many processes that m xing of mscible fluids at a
desired flowrate will result in uniformand snal
m cro-m xing tinmescale corresponding to a desired
prozessr matenalsper fot aideledThedtefials, whith BlsovmdpBtelacting on
of each flow plate or flow section is having a conpact
eRIEMANA Mo | coignteF esuippedamill d smoedogngd anar control
%&gngﬁ{pose of the flow nodule. The flow channel has

‘nore m xing zones in the formbends or curved

zones. The m xing zones may be in the formof corners
at the bends or the curved zones of the fl ow channe

e andltipuirposeriowe! meduds indgy e ted m/%ntét%ratJr??for running
m xi ng zones could be nmcro mxing zones. The design
¥permuents, tin puhisbsiiexibiity is aal impdftantfepiuce HEae multipurpose
ﬁransf whi ch favo tenpering of chem cal

rs

%‘%d’f‘Pah&% MRY 0%y Uéf;éf agidy Pllok planis imaybe dised apga full scale
f r [ i.Qn traditjonal

ek P32 i SABRIE BB R e v
moddie:t The rhakipurpassf fiw thibaug nﬁ% (?’éf?ér gﬁ@%b‘ f¥hctor, an
mat eri al of the nultipurpose flow ul e. e ’
drastaata sapafating tooli ai mixing dppatatis,idtot todesigrf procksses,
wi t hi B.tt}e fl ow channel and thehi gh heat transfer
QB IUONS ErBRT.excel | ent thermal control of the

fl ow nedi um The mul ti purpose flow nodul e may operate
at nornmal and el evated pressures through for instance

Tiis Qaresrahance Gf m@m&ﬁ@ﬁ@%‘%fﬁﬁdﬂnét@gg h&M&in after be

current maxi mum pressure w e different

drgaribechin peskital ndher designaot theflovh ahaeindtd e duitabB made
t he, chasen, desi gn and chosen material of the
f%ﬁ{qxﬂuﬁ%g@thed@wrmg of thacdesiredrwpeess. diels favaurable for
BRGy BECERUER 3R R BT kst ofyifB et erocsiiad fiow rate will
resaitdANGAifbiMi®and small micro-mixing timescale corresponding to a
desired pressure drop per plate. Therefore, the flow channel of each flow
plate or flow section is having a compact design and the length of each
channel is designed for the purpose of the flow module. The flow channel
has one or more mixing zones in the form bends or curved zones. The
mixing zones may be in the form of corners at the bends or the curved
zones of the flow channel according to one alternative of the invention.
The mixing zones could be micro mixing zones. The design of the
multipurpose flow module offers good heat transfer, which favours
tempering of chemical reactions, mixing of fluids, extractions, efc. High
heat transfer comes from a combination of traditional convective heat
transfer into the utility fluid and conductive heat transfer through the heat
conducting material of the multipurpose flow module. The combination of

good mixing and redistribution of fluid within the flow channel and the
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di stribution is dependent on other properties such as
range of flow rates, fluid viscosities, etc.

wolkowzlosnviihar flow i s establisheli”at a | ower f|POI/SEX086/001186

in the flow channel of the nultipurpose flow nodul e of

the invention than in for exanple a plain pipe having

a circular cross section of simlar area. The flow

pattern within the flow channel is simlar at |ow and

iigih Heatvirasfes .rafés svill providet bxcelsmt thidrmal qontrol of the flow
pipe, At low flow rates the bulk or macro scal e m xing
inediddt er, faster, or both in the flow channel of the

mul ti purpose flow nodule of the invention than in a

plain pipe. Alab scale, a pilot scale, or a full

Wﬁ@%h!t&fhr?ﬁééeﬂﬂw ‘rﬁ@&ﬂ@%ﬁ 5/ Wgr‘ég‘éu'& A8fmal rBrﬂd”elevated

| ow properties an us al so w patterns and

Ipressutdie thirougly forciastance aneorporation. ofoaopevatstream flow
t he nultlgur pose fl ow nodul e of the invention involves

¢estiiatag dhpl cgrenbunaximu@ nresﬁweamn@|b@fdlffﬁéent for different
dyl e, bl i shed |

Bt sithrdls e B4 hBReS: faehfidinan A BRhsthiésion and

or S%g'\%télt? @ﬁﬁ'e%u?kdr?%s@ﬂ%?ﬂ?&ﬂ@ to formbig

vor exes in ["ow erials. The nore
i ntensi ve desi gnof the flow channel the nore
turbulence in the fluid flow The principle of plug
fAnethies property rdefindpg thult@urposecﬂmw gedulef farsa certain

st pposkss Rooehing o Sne Ui BytioRe anft Benasigence time
ecﬂ?t?@ | Ot cﬁ%éé‘rﬁ%éa §Qadtﬂgoﬁépgﬁlé?§gcﬁ Ys Is range of flow rates,

tfhﬁﬂ@ﬁgcosﬂ’@s tdte. net hod of operating the nodul e
conmprises introducing a first flow of materials

t hrough one or nore inlet neans into a flow channel,

FETCIR RS A0 AT T A AR
BGB8O8 e b B PIGHAGH ¥ oA a plan
pipe having a circular cross section of similar area. The flow pattern
within the flow channel is similar at low and high flow rates. This is not the
case with a plain pipe. At low flow rates the bulk or macro scale mixing is
greater, faster, or both in the flow channel of the multipurpose flow
module of the invention than in a plain pipe. A lab scale, a pilot scale, or a
full production scale multipurpose flow module has similar flow properties
and thus also the flow patterns and hence the mixing mechanisms are

similar.

To operate the multipurpose flow module of the invention involves
creating a plug-flow in the flow channel of the module, which is
established by the non-laminar flow. The flow of material in the flow
channel is exposed to mixing by the design of the flow channel to form

big or small vortexes in the flow of materials. The more intensive design
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of materials, flow rates, residence tine or
conbi nations thereof, by aid of inlet dispersers,

WO pdogsopad ves, outl et val ves, o8 conbi nati ons PCEBSEWNG/001186

whi ch inlet dispersers, inlet valves, outlet valves,
or conbinations thereof are, or are not, controlled by
nmodul at ed signals fromone or nore sensor units, and
nmeasuring tenperatures by aid of one or nore therno

6f e fbsy cRaAnePHd fldren@rbarinde’ e flufd ABWREhe principle of
nore heat exchanger plates. According to another

plugeflowt isvier edohddramtpartickehanoleceie iebe. fingt inhirsteiutbof each
for extraction, for reaction, for mxing, or
soetiem & thadloMher eof , in a nultipurpose fl ow nodul e
conprise introducing a first flow of materials through

one or nore inlet neans into a fl ow channel,

Thé”ﬁf |;5%rgsfﬁ>isbhﬂ0\fvi dule BRIRERIY B DrichaRBEMafie _ef(ﬁ&?ﬂiment

channel , onally introducing O6ne or nore additiona

oftleeiialentiohanblyebé i usad fooextraictionalfer reactigh, forenuxing, or
nore additional connection ports creatin% a plug flow
gomkinations dnereafhane i HRMGRPT opREatRg od magule comprises

R o o sy G By ECL8hone o ol et means into 2
TBheEh Aol MUY iy REAERS R 0Gh e i gpanvel,
optienaliydntrodocing ong denwgredadditivnghahatdriala intothe dirst flow

or data processing unit and the conputer or data ]
matedels thyoughtone At Navle addilienat sannegtipnarimtregulating flow

o R TR BT B EoRa L BB, b i o

gﬁéﬁﬁggegé?fse’fﬁﬁa??/bﬂfes, Yutfdt s cénﬂﬁiﬁ?ﬂ&ﬁé"ﬁ*&éﬁ% which

subst ances ’or pro ucts tor pharnaceutica
et disperosry inlet vhivem eriliet valies, T cambinztiondtetebfare, or
used for manufacture specially designed chem cals. Use ]
afe aatulconpatipdsey mModulater isignals fisemueseasr Mmayer sesgr units,
[ t,. ilot plant or full- I
ggﬁ: %geégy_rmgste%pgratupre%nby 3id &f one or more thermo slements, and

controlling heat transfer from one or more heat exchanger plates.

According to another alternative embodiment of the invention may the:
method for extraction, for reaction, for mixing, or combinations thereof, in
a multipurpose flow module comprise introducing a first flow of materials
through one or more inlet means into a flow channel, transferring the first
flow materials through the flow channel, optionally introducing one or
more additional materials into the first flow materials through one or more
additional connection ports, creating a plug flow of materials in the flow
chanheI. ,

The method may comprise that the flow of materials in the flow channel is
regulated to create a plug flow of materials through the muitipurpose flow

module. The plug flow may be created by aid of mixing zones.
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In the followng will the invention be explained by
the use of Figures 1 to 25. The figures are for the
w@eopos®i1df denonstrating the 4gwventi on and arBCTISE2006/001186
intended to limt its scope. Brief Description of the
Figures Figure 1 is showing a flow plate having a fl ow
channel according to one alterative enbodi nent of the
invention. Figure 2 is showing a flow plate having a
fl ow channel according to another alterative
enbodi nent of the invention. Figure 3 is showing a
Crieoor phatee sbasongnitsfrhay dh sendingsagnals g a coammuteeror data
alterative enbodi mrent of the invention. Figure 4 is
PEPRRASHAY HNikARddheacempitenanslata Rieeessing Wit geatrolling and

I . . . p . tion. B E i .
SEhieh BoFeBRs b AR rbultidh G5 o temdhlilug, Soutating
ufffgodi ment . of the invention, having a flow plate on

top of a heat exchanger plate.Figure 6 is showing a

stack of sections according to one alternative

enbodi ment of the invention. Figure 7 is show ng a
Theonwudiipuipeseaitewrapdyle manbedised asta veaeieboan mxitactor, or
apfiHET. Chol BTG APoS! o BRNFhIS SURSIARIEes Eaproducts for

: . Cai .

PRAEBRRGHBlbeto BBl sd SR d AT 1Y Mlcule bo

useddofnmantfacane spéciampdesryrradbedentoalsof the
invention. Figure 9 is show ng a heat exchanger plate

according to one alternative embodi ment of the
Ush 6 s Bilinsasetaw atofubemiza Prgier Rsdebeieiansaiioment,
28! Aict PIaRest 89 rarSeafl BRodddL8Guipment.

In the following will the invention be explained by the use of Figures 1 to
25. The figures are for the purpose of demonstrating the invention and
are not intended to limit its scope.

Brief Description of the Figures

Figure 1 is showing a flow plate having a flow channel according to one
alterative embodiment of the invention.

Figure 2 is showing a flow plate having a flow channel according to
another alterative embodiment of the invention.

Figure 3 is showing a flow plate having a flow channel according to
another alterative embodiment of the invention.

Figure4 is showing a bend on a flow channel according to one
alternative embodiment of the invention.

Figure 5 is showing a flow section according to one alternative
embodiment of the invention, having a flow plate on top of a
heat exchanger plate.



10

15

20

25

30

alternative enbodi nent of the invention. Figure 11 is
showing a flow plate sealed with a gasket. Figure 12

Wo g00slsmwilhg a pressure plate f@0 sealing a fl oRCPEE2006/001186

together with a gasket according to one alternative

enbodi nent of the invention. Figure 13 is showi ng a

clanp coupling according to one alternative enbodi nent

of the invention. Figure 14 is show ng a cross-section
iguse & anp showingh@ atack dfngeciions acordingatd vane alternative
enbodi nent of the invention. Figure 15 is showi ng a

si de vi ev@@goﬁi'@ﬁﬂﬁﬁ\f[&l@%ﬁI‘V%'%cordi ng to one

| tiye ment oQf t i nvention.and,an inlet .
B T i SRR L 18w SR SRR 1 ghe' Hitemative
| ongi t udi gaboeinent Y¥theqnRvehtis Cdcfl‘ﬂEr@ bh8%asket, one flow
according to one alternative err%odi ntmg’? tﬁ? ’

i nvent i orplate,atwo rbatrier ublatesicbrabatbt sidest obea. heatwxehanger

17 is showi ng a designed nozzle, i.e. disperser in
functi on Rligtdrand i detajha flaw eharnel bavingaraotardedones.

b BT 3, L B, T2 b6 Slnative

enbodi ne@m%()fdhggpit@y%ii%nt%,gure 19 i s show ng an

alternative o ow sectlon according to one

Riguee ®at i ige shdwitigmeat hdatt hexd r oplatdavdcedrding! d one

plate on top of a heat exchanger plate. Figure 20 1s

showi ng tlEemagesivbodiment bf the inventiosen t ur ned

R0 9B SIS aZcdods sBolbR S SHOBI S B Bt tube

flow chamgling” aBXHR! 8xdhanger plate inserted according to one
alternative embodiment of the invention.

Figure 11 is showing a flow plate sealed with a gasket.

Figure 12 is showing a pressure plate for sealing a flow plate together
with a gasket according to one alternative embodiment of the
invention.

Figure 13 is showing a clamp coupling according to one alternative
embodiment of the invention.

Figure 14 is showing a cross-section of a clamp coupling according to
one alternative embodiment of the invention.

Figure 15 is showing a side view of a clamp coupling according to one
alternative embodiment of the invention and an inlet tube and
an outlet tube.

Figure 16 is showing a longitudinal cross-section of a clamp coupling
according to one alternative embodiment of the invention or
an inlet tube and an outlet tube.

Figure 17 is showing a designed nozzle, i.e. disperser in function
according to one alternative embodiment of the invention, and

in detail a mouthpiece.
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Figure 22 is a graph show ng the hydrodynam c
properties of the residence tine distributions in

wo edoapsmm3 to flow rate of Exargd e 2. Figure 23PCEHSE2006/001186

graph showing the rel ati on between flow rates and

nozzl e sizes of Exanple 3. Figure 24 is a graph

showi ng the relation between |iquid droplet size

di stribution and pressure of Exanple 4. Figure 25 is a
th%*ﬂ Shrwi oty Resi denaecilone ddcerdingut toneneRTakgmative
ot Exanple 5. Detailed Description of the Figures Flow

pl ate 1, estoodimentrfghednyentioand 3 , has a flow

channel 2 , which has desi gned curvat ur,e cover.i n

FlaW® 19 atée ShOVERD s rAIGITIBIVEToh AJIQW aedtiosh A5caragalp one
a numnber ect] . £ 1.0 : I

2nd the s0eefRNREEBBinen? B, if kAL KNI flow plate
har bour bl tBhsof # heBieXchaingepplatebst ances, or outlets

for products, or may the connections harbour sensors,
Figreren20 eieshondng dheeflowpseciorn of Hgupe i 19 seest turned around

sanpl es or Erocess sanples. Ends 4 of the flow channel
har bour d80her an inlet for process material or an

utl et for proces i :
Falisr A1 15,209 3 ShRi e dffiabborm of Heditogags fuids on
anot her Pk |&qt shown
in Fi gurgﬂa‘fﬁéllg‘f@arﬁ@l‘.g %ﬁgﬁi%ﬁ'ﬁg% t%?e@l ow channel
Figureo22dénsal yraphkethowing Ehguhydeodynarsior progeartiesewf the
curves as in Figure 3: The curvature and the Ien%tt}l_:of
the flowresigense iimedjdiséiduiionein relatiosds dowsrale of Example
unit progess operations, or on the reaction tine etc.
or on thé&-heat transfer. According to one alternative
i il .0 ' [ i h |
HERE2To T 2ardpshBWRTG (68 rBRHicH Bl ey oAl tdtes ad nozzle
on the owigss of Bxaphplea®h bend of the curvature of the

fl ow channel to create m xing zones in the f|ow )

Fiparma#. is ra Rirgphe showing the relation between liquid droplet size
distribution and pressure of Example 4.

Figure 25 is a graph showing the Residence Time Distributions (RTDs) of

Example 5.

Detailed Description of the Figures

Flow plate 1, shown in Figure 1, 2 and 3, has a flow channel 2, which has
a designed curvature covering flow plate 1. On each sides of the flat flow
plate may a number of connections 3, between the flow channel and the
outer side of the flow plate, be arranged to harbour inlets for materials or
substances, or outlets for products, or may the connections harbour
sensors, thermo elements, or equipment for sampling test samples or
process samples. Ends 4 of the flow channel harbour either an inlet for
process material or an outlet for process products. The outlet end may be
externally or internally connected to an inlet end of another flow channel

on another flow plate not shown in Figure 1, 2 or 3. The curvature of the
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is reaction plate 1 arranged on top of a heat
exchanger plate 6 providing a fl ow section having an

w0 pdogstoube 7 for process mater2al connected tPCT/RE2006/001186

flow plate and one outlet tube 8 for products. On the
heat exchanger plate has one inlet tube 9 and one
outlet tube 10 for heat exchanger fluids. The heat
exchanger fluids may fl ow agai nst the process flow or

frew thawnel trhay tbe efeneblp packddiesbe drigur@nsf er .sHdttswith few
can the inlet tubes and the outlet tubés have their

pUBMGSsasrarggure Bi Jineecwrviadurshamdrijedengitbef the flovoshannel is
AT e
Er%f g?& tecfjrb'mes tf@é’ﬂ%%‘fﬁr‘a?%f%t\t/’vﬂ ‘?leigf §én%‘$f\;einétlﬁﬁ%&bodlment

 ofities irventibrotidyethe ﬂbWScHéhr@él Hé\ﬁé BRafp ébﬁ#%%rsee Figure 4,

pl ates. An exanple of a flow section is shown in

which sharpieareers argayk éhe taiter sihey of eachbbendwfahieaturvature
e a ate built  of ePTFE fabr

Wﬂ Q%SO&?CE«%P%@%W@G Inlxmgaapnﬁérm5h§tfkwghaaﬁebén Figure 5

BETBAEH P Al B8 b B3 SV e Btbviing
ai fithw dechiont h@\)iﬁg HORePiubELT §of Proctdd\@lateAsS { b@ﬁn??ted to the
plate 13 arrange When st acki ng together several

fow plats amlemng asitiet tulze & for preducts. @h dise et é)ddbranger plate

h I t bar er plate 13 of for exanple
?g%ﬁﬁggtlﬂf@m oRewrat ke 10 éqrrlaeatr@x@m@reﬂwds The

PCTE 8 ATl L A s o v

Fl?ét?dlﬁgcd?n th& Wdafl fienéAcP VI AR @éﬁf&iﬁe@éﬁggaﬁb outlet

ure 7. Protruded zones 14 nay

mm haz!vet thesif ptaces ehanged Ofégate €r llsash(mn@aﬁnhmbér of flow
a flowplate 1 is shown in Figure 8 According to this
platapsectinnscevd heat @xchanger sRediomst arrengen between two end

P83 Ghba R Bl |5 pis sABWRG TofreXBrealtaRoSicEy between
e Ay a?ﬁpéﬁﬂé?ﬂrbésegﬁf%e Hovf PrEREabhE etween inlet tubes

9 and outlet tubes 10 of the heat exchanger plates.

An example of a flow section is shown in Figure 7 wherein a gasket 12 of
any suitable material, which may be a plate built of ePTFE fabric, is
placed on top of a flow plate 1. A barrier plate 13 can be permanently
welded, brazed, or both, or bonded to flow plate 1 and to heat ex(:hange'r
plate 6. On the opposite side of heat exchanger plate 6 is another barrier
plate 13 arranged. When stacking together several flow sections then
gasket 12 will seal or close the flow channel against barrier plate 13 of for
example a heat exchanger plate not shown in the figure. To enhance the
sealing or closing between barrier plate 13 and flow plate 1 there are

protruded zones 14 arranged next to each rim of the flow channel, see
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thereof along the flow channel and will |eave the flow

channel of the flow plate through outlet 17. Through a
woooseso0ed connections 18 may t3ge process fl owp@ESE2006/001186

nonitored by the use of equi pnents adequate for the

speci fic purposes. Substances or reactants may be

added t hrough connections 18 or test sanples may be

sanpl ed through them |f the connections are not used

{dggeﬂlebh PRy eﬁ@u% UﬂgP?ol?t)Jlné‘%é eAdiRel 1 Bhay H@trﬂacczjeéd 9n both

age. ctions 18 ma e attached on” one 'si

$idesnefctiecfiow platedt h dependi ng on the specific or
intended use. In Figure 9 a heat exchanger plate 6

according to one alternative exanple of the flow
it BRaMATB A 3 ONAIRIR, L RIS I figure 8. According

h j & of 14 I 0
PR ot IS TS S I AARRRRS el g Brougr
ghenast aAdt enener indred sbibBariteb and addeduhrsigh uhket226. The
for heat exchanger fluids. To either inlet tube 2 1 or

sobsiaricess aueenizedmexiiacten, sepatates, 2®anted neeraardbinations
R&h UG e ek SNBnBRL a0 Wil BV s Bou GFagRel of e flow
BiFthety U35, et 1oy ECHSD, 8 HUPHKE, o pofieligs 1 $%Ray the

plesasyd fldeRhee xebdRsied byl thec haansf eqRipmedatd ldmdétéafor the

or 22. The figure is als0 show ng a cross section of
speciiic gurpeses23Siubsianeesi ddl ceadtante maye. Bt addad athrough

flow plate 1 and ,an end plate 24 is a sket 12 pl aced
eenpestiensr 18 QN tegiesam @%@ﬁ%s@em%&A( éh'fptgﬂlﬁttée@h If the

EBnaEiafR) SRS hl uBel Hie f arBEhial g H1uGHRE and sealed to

gp@@@gt@;%@a%nﬁéaa 8 Ph8y L attelchkd SR &@e_sé%e of the

e to the flow channel on the other si
aiodiie @ash &oih ispspeling askitie dfecifid oplintenddl uSart s
of the gasket having inprints or conpressed areas 26
corresponding to the fl ow channel will result in a

Fr?rﬁiglﬂ?ief 9] Hea Sexchanger plate 6 according to one alternative
example of the flow module is integrated with an inserted element 19,
which inserted element is having wings or fins attached in heat exchange
fluid channels 20 to enhance the heat transfer. Heat exchange fluid
channels 20 are connected to one inlet tube 21 and one outlet tube 22 for
heat exchanger fluids. To either inlet tube 21 or to outlet tube 22 may
thermo elements 23 be inserted. One alternative example of the
connection between heat exchanger plate 6 and one of inlet tube 21 or of
outlet tube 22 can be seen in Figure 10. On both sides of heat exchanger
plate 6 are barrier plates 13 closing heat exchange fluid channels 20 and
tubes 21 or 22. The figure is also showing a cross section of a thermo
element 23 in the middle of the tube.
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section 27 than that of cross section 28, which has no
prepared areas and therefore will have a contour 29 of
w0 b@7gs®ket , which is not preigg ended. PressurBCPBE2086/001186
25, see Figure 12, may have a pattern 30 mrroring the
pattern of flow channel 2 of flow plate 1 not seen in
the figure. According to one alternative enbodi nent of
the invention there is a coupling and a clanp sealing
t lj ose
oS E IGhL PRt e Ly tierasc pgseket mglddentio o

oP| stz stheFhatipargdse Modile. afidd 1plate 24imayhboei replaced by a
clanp 3 1 divided into two hal ves 32. TBe di amet er of .
ey elates os cany | ethergsvitable platpudccardiig 119 oRgl p@@rnatlve

R, B AT ST, B8 it ddBoposte t
tlﬂ%lf(’?@g c@%hbgﬁ%&ci@bﬂ%r ﬁgesﬁaﬂhie” adlkat, ww@em?as‘m 12 and

anp my made as two identica

ohieV 23, Warks dfvhaTigasket rgaving viesprinfseor lcamppressedeareas 26
designed with the two screws on the sane side of

e
cearaspogding i the diewschawenwilhdesyltds & mofe b'é‘l“?’f% cross
as in Fiqures 13 and 14. The cl has_ to be desi
sestionse deBotial G eSS EoEoRneas, WOdh e T POty areas
S| 0 d [ t i t ikO -
ek TPl gl v B CORRLECAS of Ife TRRREL gl Sonot pre
i 1 phessia@l iphatel 108N osse aPigursel12eanayt havetaopattern 30
contact. A contact point can be created between the )
ralreoringrdhe epattermetfvitew chamela2fobflaw piatgi penotrgeen in the
clanp may be opened or closed with a special tool,
figureh -soneti nes can be advant ageous for safety reasons
or forconveni ence when |ocated in a narrow space. The
screws can be attached to the clanp through hole 34

/ﬁ&g&diirsgﬁo%fn% HhihMatoaeemploditicrs okahe Invention there is a
retal ni

nimg ring, so it doesn't fall off when the clanp
csuingn@nid @pelamp nséaling ehe? connectipspbedweenosigie channel

35 schenmatic viewed as tube havin

outlets and flow channel inlets when t?/\ereg are more than one flow plates.
Figures 13, 14, 15 and 16 are all showing a clamp 31 divided into two
halves 32. The diameter of flanges 33 seen in Figure 16 is just slightly
smaller than the inner diameter of the clamp 31. When the screws are
squeezing together halves 32, then the halves will be closing, or sealing
the coupling. The halves of the clamp may be made as two identical
halves or as two mirroring halves. The clamp can be designed with the
two screws on the same side of the parting, or with one screw on each
side of the parting as in Figures 13 and 14. The clamp has to be designed
so that a second point of contact, see the left hand side of Figure 15, is
created at the opposite end to the plane of sealing and hence locating the
screws between the sealing flanges and the second point of contact. A
contact point can be created between the clamp halves or between each
half and the pipe. The clamp may be opened or closed with a special tool,

which sometimes can be advantageous for safety reasons or for
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one or nore holes 36 on the outlet side. The disperser
nozzle is inserted in the flow channel to inject

worioes®@is i nto the flow of theoggrocess fl ui dSPCHSEINIEHN1186

fluid velocity through the hole or holes the injected
materials will be sprayed out in a cone shape fashion
into the process fluids. The spraying of materials nay
be in a pul se-node, continuously, or be sprayed in

| BHrRierétcs PRpln 'Idcéﬁéﬂotiﬁgft i?ﬁa{rltb‘?magﬁé{:&atﬂ%' ¥ can be

mul ti purpose f1 ow nodul e. nt er e e fluid

\aftachidd/ tohtimigblaiie thebeglkr hble) S tdeeer NheFigite 14 by some
materials wll forma jet passing into the process

fIetRining meanvike ai etawing iring, tdo dudpesnitfalbb& when the clamp
holes. the injected materials will formdroplets at the
éﬁﬂ“ﬁpgﬂﬁé”? e which are dislodged into the process

fluids Nozzles, inlets, outlets, sensors etc. may be
connected to flow channels 2 through connection ports

dn Figued tDUS & difspurdel Yz IBBBREHIANS vieAFE@ dH Atbe having

to one alternative embodi ment of the invention may
U et o helase3Gean fne dudlet sideethe aisparsien ozule és inserted

8 jon.18 in Figure 8.  Connection 37 may
8 tRe B shanrel Ichiest matpusisdniming fow ekiha Bragess flids. A
fu: At : {] ne rqranent Ly fitte .
gt i elochy, AR IR okl shirBBF SHE Tl tee hrlsStals wil be
wpreged Yuthatdcbhetsiagd RYHIbALSO (H2 gﬂfﬁ?é%fst QIR FHY spraying
connections 37 may any type of desired function be
ofnmatesals nhey dmnriecai polsesmoda, scomtiuypbugdgedri bensprayed in
function is requir Figure 19 is show n

AMELValg: Spec _I?/aadggt@%t_@t tha epnplicﬁéionupf?tbgPﬁwﬂpprmse flow
TR, B8 b M YEGR iSEH IHEE e B ot tne
hejictéx thatirils RVt Brfh & Eétﬂ@@égiﬁgtiﬂic?thSH%fa&;%ﬁg fluids. At low

i ntegrated, solid piece in one naterri al

fluid erelowiyy librqugllibedhole spaidlesr e ajectad ehaterids will form
by mlling or by npulding. This "one piece" conprises .
é’yr Ppis atgm@noéogm whewhicharedisledged inta the process fluids

corresponds to connections ports 3 in Figures 1 to 3
and to connections :

Nozzles, inlets, outlets, sensors etc. may be connected to flow channels 2
through connection ports 3, which could be any type of connections.
According to one alternative embodiment of the invention may
connections 3 be designed as connection 37 in Figure 18 or as
connection 18 in Figure 8. Connection 37 may be removably fitted or be
permanently fitted to the flow plate. If connections 37 are permanently
fitted to the flow plate, then the connections may be brazed, welded or
both to the flow plate. To connections 3 or connections 37 may any type
of desired function be cohnected, the connections may also be plugged if
no function is required.

Figure 19 is showing an alternative of a flow section of the multipurpose

flow module according to the invention. According to this alternative flow
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16 and 18 in Figure 8. Flow channel 2 and connection

ports 37 are communi cating that any type of functions
w@ouastoes connected to the fl @@ channel as deskPCT/BEX06/001186

above, it could be for instance inlets for reactants,

inlets for other or additional fluids, inlets for any

ot her nmedi a needed for desired process, outlets for

process fluids, outlets for internediate products to

p][mef’ﬁ‘,%ér'ﬁe@ glae i Bamd hé@ﬁ@xcﬁbn?gk?ﬂ@t@ stpBemaPuifaiused as

or test sanples of process flui romthe flow
onkaintegrated; | olid fpiecsaimplose twateriadnihgséone piece” may be
PEPGYGRR oEPRIBIRTOFION, Bhaaiiage ba: BiINgr Pekoantogeing. This
O iPEEC b R S A A CPoBRTRn s 37, which

c@F@s%obﬁdisdl%néd')ﬁb{eéﬁtﬁwé bb?trs”SCihqfiguPéé’qufd 3 &fd to connections
substances and to control the process performance

168canddilBgirt dijtreo & sEloAmathyannell 2 Tandnobnggtti¢rAForts 37 are
Accordi nag to one alternative of the invention nmay one
cemmppicaiing thatamnbme oh fpastiengsouly be: comneeiedsto the flow

oFWFine 8. L8 R P oARu Tof e RpnfibL Bt Tedtants,
irﬁlgfné;fclﬁor! St Gt SdditRhdl '?rg@cgs,%mé%ffarﬂ} Blferidia d{é@ded for

I ece” 1I's connecte o one inlet tube 2 1 and one

desiredt probes®? duttetseddr guoicesgefluids)i dautlets girk éntelthediate
is covering flow channel 2 and a plate 40, which could

preducisoiebeaiedointefthe fiawrchannglaatadatemnstagey rautiatsdor test
| ate 25, which.plate 40.is placed t f ket t

SBrgBs 5 SR i Frohf he BT RESn R TS 8 BFRRIBS o e

aﬁr?ﬂj%éf Fﬁéﬁwggglngﬂi:%vgrﬁ bgl ate gﬁhg%eg irﬁgaglsa?femitrsa violet

light! i(QY/)t hepberdmteindafraptdt dightr t(IRf) tdpectamdeters, gas
chopmasbaraphyaTIass SpectBmelers KMSk AuceaEMAENAIGEIGNANCS
NN cRt o il gtnes TofRimiaciialén BrpaGotsy of peibstancesand fo
cERYETL 5, pbeedO=BRHEBEE heduielld' trdtbbs Analyta
Technology” (PAT). According to one alternative of the invention may one
or more of the connection ports be injection ports. The “one piece”
comprises also inlets 4 and outlets 4 to flow channel 2. Since the “one
piece” comprises both flow plate 1 and heat exchanger plate 6 then the
‘one piece” is connected o one inlet tube 21 and one outlet tube 22 for
heat exchanger fluids. A gasket 12 is covering flow channel 2 and a plate
40, which could be a combination of a barrier plate 24 and a pressure
plate 25, which plate 40 is placed on top of gasket to close or seal flow
channel of the multipurpose module. A plate 39 which could be a
combination of an insulating plate, a cover plate and a sealing plate is
sealing the heat exchanger plate part of the “one piece”. An inserted
element 38 is inserted between the “one piece” and plate 39, which

inserted element 38 is having channels with fins to increase the heat
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exchanger surface of the flow section and pronotes
turbul ence. Figure 20 is show ng the integrated flow

wgeaviosidf Figure 19, which is27urned 180. | nP€T8B2006/001186

figure it is showmn how an inserted elenent 38 is
fitted into the heat exchanger plate part 6 of the

i ntegrated one piece. The heat exchange zone 6,
corresponds to heat exchanger plate 6 of Figures 7, 9

drahsfer dapheite 36corglingy aeebricd élfb”r'na‘tik}g B%3the invention. The
exchanger plate part 6 of the integrated fl ow section.

pnsededelement 3% couldids any istiitable dypaswhith ingredsé$ the heat

and.,a barrie | a according to gne alternative. The
ARLPng®r siTiada 6f b ot seadiorsaydqupmates toitpdenne.

the plate is appropriately selected to suit the
application of the nultipurpose flow nodule. In this

fRigure 20 & ehdlvihg havine VESWO QIS b Ch e

arg correspondi_nlggto t he %ga;ttegrﬁ&gfé?ﬁggdl ow @g]g\%ne ,"Which is

durned 186&nin thisHiguréiibisr shown hdw drinserted evdkent B8 is fitted
iJlustrated by the use of Exanples 1 to

i.nventi on pe i h , ;

éf.‘tor{ﬂ@ ﬁﬁﬁg%e angenplate nast 60 t];ialet mtegrljatled rer]EeepLdoe. The heat
f ' t

SR 2ol RS o R o o s 7.

iamen0i Anplalx @@ﬁb?{)léﬁgﬁ%ﬁe l‘\g%t @%chbﬂp%g :bi%gsééw 6 of the

nmodul e was tested erates a

integrateckflovs section. Plate/ 89 dduldl be G Eomisihatibicof hoWsulating
h?te in this exanple was 5 |/hr. The m cro-m xi ng

Fesehded hagighplate) ageormling do asedaltemstived Hye material of
t 4 i X ' t O mlji ds. . Thi
PR Boltd bRy BEa bR petRa e Pite.i aropriiely selected
st sl I ORRPUEE EAVRRAT. s foure pit
Was iz dwving grdwtdsiorpholiews BOUiWhichhiged é@‘i‘eépéh&iﬁg to the
rate of 5 1/hr - inthe initial part of the nodul e ar
patern @f thedlovechapnel 2haat seen sn 4isi figuee. f or thi s

pseudo co-current configuration. The conbi nati on of
good nmixing and redistribution of fluid within the

In the following will the invention be illustrated by the use of Examples 1
to 5. The purpose of the Examples is to illustrate the performance of the

multipurpose flow module of the invention, and is not intended to limit its
scope of invention.

Example 1
In Example 1 a multipurpose flow module was tested, Which module

operates at process flow rates of 1.5 — 10 I/hr (0.1 — 0.7 m/s). The flow
rate in this example was 5 I/hr. The micro-mixing timescale in a water-like
fluid, as determined by reactive mixing experiment, was 30 milliseconds.
This corresponds to a pressure drop of 0.5 Bar per flow plate. The utility
fluid was water having a temperature at about 10°C and a flow rate of 40

I/hr was cooling a hotter process fluid, which had a flow rate of 5 I/hr — in
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channel and the high heat transfer rates were conbi ned

to provide excellent thernal cggtrol of the reaction
wore@omo1drhe pressure was up to“20 bar - referPCT§E2006/601186

stainless steel reactor with GORE(r) ePTFE gasket and

HPLC fittings. The design of the nultipurpose flow

nodul e al so offers good heat transfer, which benefits

dheniitnl it ol TREUR 456 cRORNGLFAISS of RoRS (e 30°CIs
: iLeaf ih f L s Il
S EHgeq D00 s PeRludelro R RIIAEIR, i bose fFow

nodul e was tested in this exanple, the dinmensions of

the fl ow channel of the nobdule were: cross-section 1.5

mhihe Conmivinaticry edfagepdpmixiengs amgdradistibdtianeo flukd nsithin the
e flow channel 3.1 13 m The f|ow

| ength of the, ! .
%méle?@dvm‘”ﬂ%i h'gd%iﬂefa&nﬁ’é% riratego weller c@mbingd k@ provide

Eiten{ 6Pl B2 EedGRHE phecnd i RS G wes up to

SEG bar 'L ity 48.a shRak! dteel RIBEBr With RFT® @PTFE gasket

across these conditions. Figure 22 shows a snpooth
pavadt HRECHittihgsper rise and | onger decrease. The width
of the distribution decreases as the flowrate is

i ncreased. There are neither short cuts nor stagnant

[ Pl BRsiok ST, Hp o e AP BIRR, ifdr§o gogd heat
}"@%néi%?,t fRhicH béng'ﬂié ﬂfé‘h%ﬁﬁﬁgf bPYhaRIBfteN c‘rg@'gtgier{b‘??og:rf& instance

w wa's neasured I n continudls operating
dehidmicaitresictiedsndhal grapt om Figuen@d showsetheptimgrmal profile of
operating pressures. The flow ran%es are summarised in
tihe pragsissdiuids qur tayellingralopgdbe ke whannel rates for
different nozzle sizes with a fully open val ve. By
usi ng an operating valve, i.e. pulsed node, the flow

rate could be | owered Example 2

A multipurpose flow module was tested in this example, the dimensions
of the flow channel of the module were: cross-section 1.5 mm x 2 mm in
average, process hydraulic diameter 2.16 mm, length of the flow channel
3.113 m. The flow rates were within the range of 1 - 10 I/hr during the

tests.

The shape of the residence time distributions were similar at all flow rates
tested, which can be seen in Figure 22, indicatihg common
hydrodynamics across these conditions. Figure 22 shows a smooth peak,
with sharper rise and longer decrease. The width of the distribution
decreases as the flow rate is increased. There are neither short cuts nor

stagnant regions, thus a plug flow was created in the tested flow channel.
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down to less than 1% of these flows for each nozzle
size. Exanple 4 In Exanple 4 a di sperser nozzle was

wo eaveshoih a nul ti purpose fl owagpdul e. The nozeRCESERE6/001186

operated under a pul se node. The nozzle size was
chosen to give a sufficient flowrate at the pressure
avai |l able. This neans that the droplet size could be
adj usted by changing the punp pressure at a constant
flow rate. The nozzle was g9 under different
pressures and dodecane waS i njected in a solution of

B Exardrpte ’$mfdispeman mowatee wad hiestel eiet icomultipurpose flow
pressures were 4, 6, 8 and 10 Bar respectively. Al
magulendine a@aél%flomwaﬁ@aswwdrm @oatmgouﬁ/weraémg mode,

d ZZl. e sjze m _crons
it o0 WFAE Tof adahGe Sieettnling P8ty nressures.
were the sane for all pressures. The dropl et si ze
distributions were evaluated, and the results are

Fhenflowseshdes Br@wumarariseekire the | grsipbnof Fighes 28h€The graph

m cro-di sperser _all ows selection of different desired

ghopsetliow feswiarndiffesent mozzie gizes wvithy ayifulbys aperzivalve. By
size and f| Si nc

e A0 oneiatihd Sefvenis atySaa Tote i hian S onud e lowered

o YA o O s S R SR 02 S e
di anmeter can be valuable in inproving reaction yields

or control. Exanple 5 - Residence Tine Distributions
(RTDs) RTDs provide i nf or ixxanopleoh t he axi al macro

I RIS fca “UsParasn QorZie ivas distefal) & rEaltpumpose. flow
ARG T Dares TRt R Ll eh, The nozzle size

weRsHhesem o igei aYufficieAs AeNs ?at‘eeéh RhaYsresSke %ﬂfanable This
probes are positioned at the inlet and outlet of

preares $hai tee adrophet slzewcplbd é)eofad;lhﬁtednbgnchangm@nma pump

ul se of dye is
Bressure at 3/ constant flow rate.

The nozzle was operating under different pressures and dodecane was
injected in a solution of 0,2 wt% of surfactant in water. The injection
pressures were 2, 4, 6, 8 and 10 Bar respectively. All tests were done at
the same flow rate of 2 ml/min of dodecane, and the nozzle size was 150
microns. The duty cycle of the valve was set so that the flow rates were
the same for all pressures. The droplet size distributions were evaluated,

and the results are summarised in Figure 24.

The conclusion is that the micro-disperser allows selection of different
desired droplet size, within a wide range, for a given nozzle size and flow
rate. Since mass-transfer rates, in a chemical reaction, are strongly

dependent on the interface surface area between the two media the
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i njected upstream of the inlet probe. For every
flowrate selected in the range-to be studied, the
W@ b@ngsoih absorption with tiM® is neasured, tREi/SEI00§001186
resulting in hundreds or thousands of data points
bei ng col |l ected over a few seconds or few m nutes from
each probe. These data may be bl ock averaged. The RTD
is then determined fromthe inlet and outlet responses
abBility 86 AIMep | dtid Beckéwsd thé atbpibtadzetdigmeteuthntbe valuable in
response = (Exit age distribution) x (Inlet response)
inByrdving iregction yields adicgsdrali on nodel to the RTDs
neasured at the selected flowrates, it is possible to

cal cul ate the Pecl et nunber (Pe) for each fl ovvrate

which is de
i near ?“,

Iﬁ*@é‘ bvféfédln%rmétlbﬁeorﬂh@a)@laﬁ ﬁ?éc?rbOMﬁﬁgchh@a@ténshcs of a
rovided the shape remai ns constant the axi al

rebciper mterprewfdn ofdhe RID by use of A d|$mr@m madelearables
wi dth on passi ng througfh the fl ow channel

anmﬁ%&ﬁgem tsube prage)ofdhespRPraximatien) ob%rcﬂema;gg@ from plug

oA ERGE BTN b ABARERC e ORI Rsponse

c?ﬁ’ﬁlﬁqﬂibxﬁﬁ ﬁéaﬂ rJtS@s %@dgasﬁi@ﬁeaom QRE fril@bfvahldab@ltlef of the

'nve te = / mi n Vol unme of

protess fsﬂd@yc&f Gné ﬂowl plate ceinthatineentidn,| apdcaepulBpeot dye is
5 1 g/L The results of the neasurenents are summari sed
infegted upstream ofithabuet PFDERTD col I ected for the one

flow pl ate. The shapes of inlet and outlet peaks are
simlar, the Peclet nunber calculated fromthis data

F?oqoevégﬁ TlQTAPF&ﬁFt QSI Eé’d" J\ I”th'iah Bahg&Wochansridiedntte change in

consi
absorption with tlme is measured, typically resulting in hundreds or

thousands of data points being collected over a few seconds or few
minutes from each probe. These data may be block averaged. The RTD
is then determined from the inlet and outlet responses by deconvoluting
the following equation:

Outlet response = (Exit age distribution) x (Inlet response)
By fitting an axial dispersion model to the RTDs measured at the selected

flow-rates, it is possible to calculate the Peclet number (Pe) for each flow-
rate, which is defined by

Pe=
D

a

where u is the average linear flow velocity, L is the length of the flow
channel and D, is the axial dispersion coefficient. Provided the peak
shape remains constant the axial dispersion coefficient is the rate of

increase in peak width on passing through the flow channel. For ideal



1. A nultipurpose flow nodul e conprising one or nore
external ly connecti bl e fIOM/sggtions or one or nore

w0 ndogopm@id y connecti bl e fl ow séctions, each flP@I/SE2006/001186
section conprises one or nore flow plates, one or nore
barrier plates, one or nore cover plates, one or nore
pressure plates, end plates or conbinations thereof,
wherein each of the flow plates, is Havi g a flow hat
pibgrflaw, Pahice andfordreahbaCkasXad lawspe oned; hitat mgaps tha

t least gne putlet at. eagh en e
o Srormetigak BiameiealoieBor b pel Ry BT figBafAE S 1 for ful
%%gﬁﬁﬂ%gafﬁgges of the flow plate and the fl ow
, and the flow channel has one or nore m Xxing
zones in formbends or curved zones. 2. The
mul ti purpose flow nodul e according to claim1l, wherein
5 The aonditians for gre flewoelate cfdoe ppeanipn Weygcurity

devices for pressure release, instant or controll ed.
3. The nmul ti purpose flow nodule according to claiml

or 2, Mwmﬂntmlﬁ@@@ﬁggggﬂﬂ%ﬁpfmmof

corners at the bends orf the curved zones of the flow

channel . 4. The nybluinieoPdsiectédDywsel.¢ mEcording to
claiml, 2 or 3, wherein the flow channel being

construct ed orCoesegtrationofdnieatedDye 7gdfl ek 5. The
mul ti pur pose flow nodul e according to any one of the
10 preceding clains, wherein the flow channel has

42 A 7 e PP B "SIARSY £ 25, win

fsh@\%s‘?l?@1 Pﬁ'D QplIBBRE FsletHy ohkeflboplané aTReshapesof inlet and
sl des O t

e flow plate. 6. The nultipurpose flow
potet peakeonrs rimilar,atine Geelel nuheber calculated from this data ~

200, therefore the flow in the flow channel can be considered a plug flow.
15
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precedi ng clains, wherein a pressure plate being
pl aced to cover the flow channel on the other side of

W@ 2@ask®t3 7. The mul ti purpose fRagw nodul e accorPdi/RERDE001186

any one of the preceding clains, wherein the gasket
having inprints or conpressed areas corresponding to
the flow channel. 8. The nul ti purpose flow nodul e
according to any one of the preceding clains, wherein
a gasket closes or seal s theg|fgw pl ate agai nst one or
two end pl ates, against one or two barrier plates,

-dgai n& ronHipurpbee ﬂowem@dlalees;onq@mmﬁt onpgeoprmon® externally

extra flow Iates agai nst one or two heat exchanger
pl at e§0rtneqtl@h%u Qi SOPHONS 6F QBT 0 mqneelrmmallwcpnmtnble flow

ol a neefiplise BRAHA seRiBR ctPESes iR Brig ofowadlates, one
conducdi Ribrebafiial pRitesI NN eb\at pidfes TBRe or more

mul ti pur pose accordi ng to any

pr ece¢regsut@pl€&esmbadeplaté§l@rmdmbmﬂtmfsetﬁérém "RHEtEN each
conprises one or nore flow sections and one or nore

hegt | é)fdh@rﬂ}gw platas isnkaving. a;fl@ev\tl]nblanhaurwbm fiowvehannel has
Wher et 1EaSt ot ISt A, SF Tedit PR Suliiort sacheand of the flow
excha n%]aéﬁé d?éﬁﬁbﬂé?’cBHheEﬁBﬁgﬂ?t?BSm&éHﬁprg‘ﬁﬁg@en the

channel s 'annel s Fooves ressi

corr esmedusmes oft the AbRa plitet BA! tHviloRRtMRINMRl, hha the flow

flow plate. 12. The mul tipurpose flow nodul e accordi ng

t o anghamngebfthashener ecgdore mixingszondwiriformhbehdstor curved
exchanger plates have cut through area or cut through

chann &Favi ng inserted structured package nateri al,

Y. N imbfbAHISs & o Hhoblfe HeotdhUE claim 1, wherein the
connection ports being equipped with security devices for pressure
release, instant or controlled.

3. The multipurpose flow module according to claim 1 or 2, wherein
the mixing zones being in form of corners at the bends or the
curved zones of the flow channel.

4, The multipurpose flow module according to claim 1, 2 or 3, wherein
the flow channel being constructed or designed to create a plug
flow.

5. The multipurpose flow module according to any one of the
preceding claims, wherein the flow channel has protruded zones
arranged next to each rim of the flow channel or arranged along the
circumference of the flow channel on one side of the flow plate or
on both sides of the flow plate.

6. The multipurpose flow module according to any one of the
preceding claims, wherein a pressure plate being placed to cover
the flow channel on the other side of a gasket.



10

15

20

25

channel s having wings, fins, or conbinations of
inserted structured package material and of cut

wao beosageimr ea or cut through chghnel s havi ng W@LSE2006/001186

fins.13. The multi purpose fl ow nodul e according to any
one of the preceding clains, wherein the heat
exchanger section being a nonfluid heat transfer
menber, or a Peltier elenment. 14. The nul ti purpose

¥l ow méulnmlﬁpgﬁp@s@gﬂbw afpdone Qécéﬂ@mw@r?&eghvg one. of the
cl ai ms, wherein the heat exchanger plate having a cu

througtecmokuag ctlaimby ouwdterefranribes, gasietnehayingy oampsmts or
or depressions . being inserted. into an i nl et tube, an

out | eEOMPARsSe apgas Cosiesponsing &0 dhadovsehanaeheat

BT o, IO o BG4I, of e
the i ptedfedinglainhs, AMHeréh éﬁﬁ?@t %?%Eg@”@ﬁ%%sﬁé fidw plate

sensors, inserted therno ele

mul ti ag:anpls!;@rfe ow rlenel ptatesdiagginst ang ombwvofbdrier plates,
recedln% clains, wherein the one or nore barrier
pl at e39@Nst ng &, twel @@\ﬂer Mlates; rrgringhore 4r Braeexra flow

frar Qs crdeh ot ot BcasaFexeihder bhieS ol Fombinations

exchagpgegop! ate, or being brazed, welded, or both on
conmbi nat1 ons of flow plates and heat exchanger pl at es.

97. Thiee muhultipurpose flomw modulee accordiigigtd oaaypy opee of the
of the preceding, clains, wherein the flow sections,

t he h@rﬁceékwaﬂg@ns,swar@ws tiag dow@@k@atemrhamtmader of heat
fl |
Zfrf'e i matelal bf B BSfiRe madtga | §W"8|”2{ ¢ bart
| dy 2
p| ece ﬁ% Wﬂégﬂﬁsé’ ﬁ?anne ul’@a”é'é@cﬁid:tﬁrﬁ “affSone of the

avi ng W th one one
out | eprecean@rclainis; whershs themoRipuspbss fﬂ@v@?ﬁ@d&@ comprises

al ongone or more flow sections and one or more heat exchanger
sections.

11. The multipurpose flow module according to any one of the
preceding claims, wherein the heat exchanger sections comprise
heat exchanger plates having cut through area, cut through
channels, dhannels, grooves, or depressions mirroring
corresponding to the area of the flow channel of the flow plate.

12. The multipurpose flow module according to any one of the
preceding claims, wherein the heat exchanger plates have cut
through area or cut through channels having inserted structured
package material, or the cut through area or the cut through
channels having wings, fins, or combinations of inserted structured
paékage material and of cut through area or cut through channels
having wings, fins. |
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at | east one outer side of the flow section
communi cating with the flow channel, a gasket and a

w@bk@vesfoes seal ing the flow chaifel , an i nser t BCT/SE2006/001186

el enent and a plate for sealing the heat exchanger

plate part, and the flow channel is having one or nore

m xi ng zones in formbends or curved zones.19. The

mul ti purpose flow nodul e according to claim18,

tBer ef het neulipxrpose oflew bwiodyle naeeprding ior aays ane of the

the bend th d f_the fl h
The nIeSRslig L8 ol B A it S ef0 a non-

“ﬁ&ﬁ%é‘at‘ﬂ?&n@#&trﬁénﬂf& 8P Pég?é‘? ?rl?%rnrt' er plates,
at es a

cover plates pressu insulation

phat esher rﬁQlFbUﬁpéS@nﬂoWem@@fule Zaécorﬂiﬁgnttbt apyr peRe of the
fl ow nodul e according to any one of the preceding

cl ai nprecddingi ¢clairs, sdrerein itbaheair exchanger platetBavieg a cut
reacta\Er inlets for dltlonl%bflu ds, ourmétsfo

proce opgh; o%reaouthEt FeHI n @l’i‘l@& Sit SHAMRIE safQpves, or
be fe I g I t

for +aspPrashibrEBenY BRAMR 1B &n FFL1hETn Sbiet e, or
bei ngpgtHigpep PWSH@ éi@éé;“b‘f‘tb{e %@‘é‘t @&éhéﬁgepbﬁéw e

rel ease i'nstant or controlled, being equi pped with

Sénso'rl'hen|mslt1phlmpogeecﬁla>mppnmbdule hacherdmgertcermmys one of the
bei ng ugged, or conbi nations thereof. 22.

mul t i sc@ BOf ¢l@iimgo cvnerain chedinat théb%,nywbrwtlﬁt fuhe or both

P onnobpVE §samRiseiRRE, PeBlie AR Biethe G or both
kel ngTAR 'rﬂhgprﬁpégéww hﬁ'}dd‘tﬁeoﬁécéfdl reohengs de of the

the outlet e disperser. 23. The mnul Ui purpoSe fl ow

nodul precedingi ofgihts, clvierel?, thehenei ort heorigolbasriar eplahes are
concentric circles at the outlet of the disperser.

The nbrazqmrwa@ted [Soler ol @n@cf&air%dﬂg)rtbptbrﬂ/atﬁdeéfof at least
lto|h:t g{)g‘%eg W?Q%gg, gsﬁbo\ﬁ@eﬁat L of Wth MCSRA bFat least one

heat exchanger plate, or being brazed, welded, or both on
combinations of flow plates and heat exchanger plates.

17. The multipurpose flow module according to any one of the
preceding claims, wherein the flow sections, the heat exchanger
sections are stacked horizontal or vertically.

18. A multipurpose flow module comprising at least one flow section
comprising a flow plate part and heat-exchanger plate part
manufactured as one piece, having a flow channel with one inlet
and one outlet, one or more connection ports being arrange along
at least one outer side of the flow section communicating with the
flow channel, a gasket and a plate for sealing the flow channel, an
inserted element and a plate for sealing the heat exchanger plate
part, and the flow channel is having one or more mixing zones in

form bends or curved zones.
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30

gasket being a nenbrane. 25. The nul ti purpose fl ow
nodul e according to any one of the preceding clains,

wok@resmia degassi ng device is3ranged at an PUL/BE2006601186

at | east one flow plate. 26. A nmethod for extraction,
for reaction, for separation, for mxing, or

conbi nations thereof in a nultipurpose flow nodul e
according to any one of clainms 1 to 25, conprising

{9t r Oﬁﬁﬂrﬁglt g{ﬁE5§é ffd\ﬁ"\’p%ﬂul@ta%b iﬁgﬁfg] gégll‘h 98¢ \fHherein the

nore I n Into a flow channe rring the

firstmixing zdnembeinglis folmood botriesf Abthe hemus or the curved
optionally introducing one or nore additiona
mat er ZaMes phihe flaw eharmek| ow of materials through one

25 el TSl She FRRLETOIE Sk RECGAH 18 o Y wherei
conbi gl Lol tAer ﬁ%' oPYnatd b‘grrijef‘lggéte%” RffetChiates, pressure
i n)j et valves, outlet valves, or conbinations thereof;

whi chplatésterstd preteseirsulativr platab\@corpbinationsineseof.
or conbi nations thereof operating in pul se-nbde or

2bnt i hoeusyitipupese: fowm rrapdute bycenrdingt &l ahynane of the
fromone of nore. sensqr uniti%,e and regul ati

{ enpePERCSEURT AN WheRe) dhenspRnerian RATEmARIRg inlets for
and crdights) "d8ako! tfiGhal TRMO"BUREITIOE Pffess fluids,

exchanger plates, 2 or extrac

react p@tietsifor ivePdcRliateNprddiictsite ibedfedPinté YHEflodY cRBPNel at a
thereof in a multipurpose flow nodul e according to any

one ofatel stage, dutlete for wisainsples, injectoi ponts, anlet dispersers,
flow of materjals through one or nore inlet nmeans into
a fl o'RﬁMa@ﬂm‘é'PPeﬂr‘é{Rgfwrﬁb deicas {Oé’tprﬁ%W Qrﬁ&@ﬁﬁﬁl igstant or

LI ok | B4 BB e B BB B BGhE Ao it

o AR ORI e o osamlatan R EEL,

2Rannkhe multipurpose flow module according to any one of the
preceding claims, wherein at least one of the connections ports or
at least one of the inlet ports being an inlet disperser having one or
more holes at the outlet of the disperser.

23. The multipurpose flow module according to claim 22, wherein the
holes are in concentric circles at the outlet of the disperser.

24. The multipurpose flow module according to any one of the
preceding claims, wherein at least one barrier plate or at least one
gasket being a membrane.

25. The multipurpose flow module according to any one of the
preceding claims, wherein a degassing device is arranged at an
outlet of at least one flow plate. |

26. A method for extraction, for reaction, for separation, for mixing, or
combinations thereof in a multipurpose flow module according to
any one of claims 1 to 25, comprising introducing a first flow of

materials through one or more inlet means into a flow channel,
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28. The method according to claim26 or 27, wherein
the flow of materials in the flow channel bel ng

wo e@alositoes to create a plug flod of materi al SPCHBE906001186

the nultipurpose flow nodule. 29. The nethod according
to claim26 or 27, wherein the method al so conprises
creating a plug flow of materials by aid of m xing
zones. 30. The method according to claim26 or 27,

wher ei transierfihgVthes first Bbinalod matéhalsf 'tmwl@'i'ﬁrﬂﬁslﬂow channel,
being identified by aid of IR spectroneter

spect replionally, i mmmmemamre additionial onateriia iy, the first
or co |nat on t her connected to the connection
portsr@o %@'ﬁ r%%m%@rtmomadsmoml connegtion ports,

26 t t r en unj

spec?r%ﬁ%r M;'? Bbwspggt ?@%&?@%{D fﬁﬁ’gs ég%%tr&%qeé?%e time or
gas chismpirtiotdtherabf W@ld‘%‘f'lﬁ? dlggél%%frsahﬂet valves outlet
sending signals to a conputer or dat rocessin

and vwaihesmpoomblmtlcmﬂ themeof ewhiohginlei dispersars, lnlet valves,
progr g information and to send

process incom n
Si gnalémf% V%'Mﬁ?f @quormbﬂaél\@nsr ﬂ‘gﬁ!’ﬁ@f iopgratingsin pulse-mode or

tner ecprtisd Gy o 8% $erintilef By RpgfalRHLRana from one or

accor ¢hbe ety Gfes Oéné'r%'g@atﬁwd‘% Eﬂﬁre >By %id%f one or
SIPRee

reactor, an extract or or a m Xxer

mul t i pnopeaihefmomelmdelhts mrddjrlﬁl@lﬁmg Emaetoﬂffénﬁer from one or
clainms 1t for use as |aboratory equi pmrent, pil

pl ant TBQLR B@aﬁexctaangar plajeal e equi pment 34. Use of a

Bt ni TR IR 6 FeSchn: faf Sépamstiai dasmixing, or

mul t
ml &%rﬁ@ﬁ%tfdn%‘f’wolig?%gt] T %?ﬁ?@pﬁ?pé%em oy &dg'jﬁ acgording to
for preEnyreneudf aidisns 1 to 25, comprising introducing a first flow of

materials through one or more inlet means into a flow channel,
transferring the first flow materials through the flow channel,
optionally introducing one or more additional materials into the first
flow materials through one or more additional connection ports,
creating a plug flow of materials in the flow channel.

28. The method according to claim 26 or 27, wherein the flow of
materials in the flow channel being regulated to create a plug flows
of materials through the multipurpose flow module.

29. The method according to claim 26 or 27, wherein the method also
comprises creating a plug flow of materials by aid of mixing zones.

30. The method according to claim 26 or 27, wherein the flow of
materiéls in the flow channel being identified by aid of IR
spectrometers, UV spectrometers, mass spectrometers, gas
chromatography, or combinations thereof, connected to the
connection ports.
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36. Use of a multipurpose flow nodul e according to any
one of clains 1 to 25, for manufacture fine chem cals.
WO 2007/050013 37 PCT/SE2006/001186

31.

32.

33.

34.

35.

36.

The method according to any one of claims 26 to 31, wherein the
one or more sensor units, IR spectrometers, UV spectrometers,
mass spectrometers, gas chromatography, or combinations thereof
are sending signals to a computer or data processing unit, and
which computer or data processing unit being programmed to
process incoming information and to send signals for controlling
flow, regulating units, temperature regulating units, etc. or
combinations thereof.

Use of a multipurpose flow module according to any one of claims
1 to 25, for use as a reactor, an extractor, or a mixer.

Use of a multipurpose flow module according to any one of claims
1 to 25, for use as laboratory equipment, pilot plant equipment, or
full scale equipment.

Use of a multipurpose flow module according to any one of claims
1 to 25, manufacture of chemicals.

Use of a multipurpose flow module according to any one of claims
1 to 25, for manufacture of chemical products for pharmaceuticals.
Use of a multipurpose flow module according to any one of claims
1 to 25, for manufacture fine chemicals.



