| NTERCONNECTI ON OF M CROFLUI DI C DEVI CES [0001] This application clains the
benefit of priority under 35 USC 119(e) of French priority application
0957079 fwbedii@atszsber 9, 2009. Background [0002] The dipstiussammsrses ates to
a mcro fluidic device. [0003] Various nethods and structures have been
proposed for use in nounting and connection of/or interconnecting

m crofl ui di c devices, including glass, glass-ceramc and ceramc mcro

fluidic devices. BNROONREOTION OF MICRUILGIACDEY1OEST Cr o f I Ui dic

nodul es directly against each other wth seals or coupl ers positioned
between, fixing a netal or a polymer fluid coupler to the device by an

S SR e R R o T TR RSS! Sl 2

[ 0004] appr&RionioosPIAoUiIed Oced¥t $e®09an be used for chemical reaction, sanple
processing, analysis and collection. Wth regard to chem cal reactions,

t hese microfluidic devices are narBatkgreund reactors. An exanple of prior

art reﬁﬁﬁ@ﬂQﬁwkﬁgﬁﬁu&agﬂ%%%gggnghﬁﬁuﬁgﬁﬁg?nt descri bes a high perfornmance

m cro-reactor w yer, conposed of one reaction

| ayer weel Vaibuk eathcaldtaid sictines Raveeidcapebpove beadc ienadiange ahdyer s,
sandw ching the reaction |ayer, are dedicated tQ ensure good heat
managerRSARCCtiPp oS Inferersating micertiuidigidevigew incduding glass gless-eamiccidand fr ont

faces tc%a%{ﬁﬁ lﬂr{lgroﬁﬁﬁ?é @éértl 7o el%h?ﬁr% Ao ﬂﬁle ?érrta Léucﬁ %‘ﬁm@oﬁﬂdﬂhﬁ&ul@@d

outlet o erna toensure t cont m cr o-reactor,
ci r cul atitendy agrtinst ket otbarohieingelsl cryeuslers[pdSidiGhed tetwseralfismgdemetal dred i n

EP-1, 854, 543 fi t d, t
"t or c IR DI oA (41 SRy i Byl B8 b ehei e TS Bt e,
[ 0007] dd%n&t&%ﬂpﬂlﬁlt% erﬁﬁr'eﬁ%ﬁﬁseﬁls ‘iil‘ﬁ\éﬂggi%stftﬁé nﬁ'dgf%s H’fo%gﬂ@ﬂﬁc@ﬁﬁﬁlce

processi ng, analysis, and collection, nmet hods of use thereof
device.

[0004] These microfluidic devices can be used for chemical reaction, sample processing,
analysis and collection. With regard to chemical reactions, these microfluidic devices are
named micro-reactors. An example of prior art reference is EP-1,679,115. This document
describes a high performance micro-reactor with a design of a multi-layer, composed of one
reaction layer where two reactants can be mixed and two heat exchange layers, sandwiching
the reaction layer, are dedicated to ensure good heat management.

[0005] A glass microfluidic module is drilled on back and front faces to ensure reactants
inlets and product outlet but also inlet and outlet of thermal fluid used to ensure thermal
control of micro-reactor, circulating into heat exchange layers.

[0006] It is also described in EP-1,854,543 Al, a specific connection system used to ensure
interconnection between glass fluidic modules and with end-user systems.

[0007] US 6,450,047 B2 discloses a device for high throughput sample processing, analysis,
and collection, and methods of use thercof.

[0008] Further, WO 02/064247=EP-1,360,000 discloses a device for connecting
microcomponents, especially micro-reactors, preferably configured in a form of a plate and
preferably made of silicon. A sealing plate is arranged between the microcomponents
provided with openings which correspond to openings of the microcomponents.

[0009] A microfluidic device and a method of manufacture thercof is also disclosed in a

previous Applicants’ patent application US 2003/0,192,587 Al.
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[ 0008] Further, WD 02/064247=EP-1, 360, 000 di scl oses a device for connecting
m croconponents, especially mcro-reactors, preferably configured in a form
of a pl atwoand/qp@uasher ably made of silicon. A sealing pl acg/ussoianssnged

bet ween the m cro conponents provided with openings which correspond to
openi ngs of the m croconponents. [0009] A mcrofluidic device and a net hod
of manufacture thereof is also disclosed in a previous Applicants' patent
application US 2003/0, 192,587 Al. WD 2011/ 044350PCT/ US2010/ 051806 [ 0010]

It would be desirable to enable use of methods of manufacture of |ower cost
with | e[Q@l(Hdhstubii betdssioable toeeﬂablatusegﬁmefhogdi akwanufestarsiad lwervdostrwitlmbsam c

pi eces for m.crofluldic dul es of . subs ant i uld al so
b desioPRuFEE B R PTGl e SoaSoranieF it HiePedola™p B dO8) e,

r educecbf@ﬁ&‘izﬁiﬂfaﬂy 9ra@@sﬂé¢)é it Wohlﬂ%lgor&&{eﬁﬁéﬁle ) dlMi for vBMnR! s'c@l\ébllllgy for _
stacking of several glass mcro fluidic nodules while providing a reliable

ti ght nésgeaed fsamenheolymacieducodouesses. drpppithin the tregteat ¢iresd, Bealiseingabl e to
| Tpr ov et QSC %? % aé%f go‘%ﬁ{lj@}én%ﬁ S Whig! C@Jﬂﬁhg ag% gﬁ%?e:’{@ﬁnetsg be used

t oget her, er o conn I on stolimt
t he pottenx/eteﬁalthé ﬁ&dﬂ&@&ndlﬁﬂld@ts [0012] It would aI so be desirable to provide
t hese advantages with a solution which is sinp reliabl e, not _increasing

t he codP@ldepopldelsorbegiesinplie o pypuedtse 6?%%%‘5? @HWF% elapemicsefiwdisr
manuf aghyfifes th ﬁ‘)@ § tog&gge}], gﬁgopregﬁlég%’ﬁlte'nﬂﬁlb@f of &fink B‘ﬂ§ tihd ﬂ‘%mgg% ﬁm\;{v[s 0]9 é?]

Finally, 1t woul esira 0 provide a so utlon
any typthepcbtenmaédﬂakegﬁpo/ihﬁsch woul d be nade in the microfluidic device, |et

't be C[B&ﬂlclt Wou (fsol ‘t?en(fesngb%gpol f)rro]glde ?l?e%le XE an’cag%g \%lth a s%on which is simple,
reliable, not increasing the costs over the prior art processes or even reducing the costs of
manufacture, thereby enabling a production at the industrial scale.

[0013] Finally, it would also be desirable to provide a solution that allows for any type of
treatment which would be made in the microfluidic device, let it be chemical reactions,
sampling, analysis, etc.

SUMMARY
[0014] According to a first aspect of this disclosure, a microfluidic device includes at least
one glass, ceramic or glass ceramic, microfluidic module of substantially plate shape defining
generally four relatively thin edges and two opposite relatively large faces, each microfluidic
module including at least one microfluidic channel defining at least in part a microchamber;
at least one fluidic inlet and at least one fluidic outlet; and cach microfluidic inlet and each
microfluidic outlet of said microfluidic module are tightly interconnected with a fluid duct
through a tightly holding connector comprising at least one, in particular at least one set of
paired, clamping structure(s) or clamping means, wherein said at least one clamping means
comprises a joint comprising a spherical shaped member and a cup shaped member. In other
words, the joint is of the type “ball and socket” joint.
[0015] According to second embodiment, the microfluidic device is further characterized in
that said at least one clamping means is provided with a radial retaining structure or anti-

radial deformation means.



[ 0014] According to a first aspect of this disclosure, a mcrofluidic

devi ce includes at | east one glass, ceramc or glass ceramc, mcrofluidic
nodul e ofweubsit@misnal | y pl ate shape defining general |y fPowruse@oasisvel y thin
edges and two opposite relatively |arge faces, each mcrofluidic nodul e

i ncl udi t least one mcraofluidic channel , defining at least in part a

i or oc HSHHArACCa P it srsk fedlpaiis (oot gl e BR S B TA ed OB | ot :
and eaihcm&sQt kybdic inlet and each microfluidic outlet of said

m crofluidic nodule are tightly interconnected with a fluid duct through a
t i ght | YIOALI]dhevgrdingiveanotier spaeftd fsituie, ghe Spberstal srped menpbar isiconfoamedto | east

one set_of. paired | ampi n tructure(s) or clanping neans, wherein said at
| east dHE" qpaa{lr%slu%mﬁ%aé nt&:'gar‘f@arlidgg)éjmgtlﬁglb?nﬁ?‘nsconpri sing a spherical shaped
nenber [90IB]aA&URIiBHRPLGidRMMHimdnR, tBE hfdroMRIddSdevid®ohtikds dt Seadf twohe type
"ball and socket" joint. [0015] According to second enbodi nent, the

m cr of |StackEd maQileidic modules; dediningid deast ayal 9 £Evq sceesaive suirig flatdi¢ mgdelegpne

det or mes b Bni QA B8 ol B Bt ls S Bt boHSF Bl 15"
speci fiC-clagt dof@ingt Hrrsaltdralradglivaikh 8l 6fso chmipimemana ssaidriatses aat withast one

metallic ring. [0017] According to another specific feature, the spherical
shaped Sﬁ%‘??é‘e‘gam@n%WNW%er@%?c\?@gé’ﬁﬁ support said anti-radial

def or ' ARsro 9818 i 4} Cromgn it j t m crofluidic
devi cge[gg%r%esl%got ul&e%sto(1t1Al\\F/?/c)CCQ)g1gfac%e]B m c# 0(1lE P%ld IFE%%D u?el’sl aé(ggi ni ng at

| east d0821] Adcotding wusressanfeatniec atdedstbuk of sandiitseand segdrtd pteralbenssnnect ed

with a fluid duct throu at | east one hol di.ng connector conprising a
C cl arrﬁn%:bf%n%traélspfl?% Cly et & i RGO RS PEPEE ) anpi ng nmeans, a second

| at er aljogz 1M AdcbRiiRy REGONY afdtREMLAGrITRAN #1i&D Hu R B FRRRGGAIIAE sRR R cen[ 0019]
The microfl'uidic modul € coul d al so be manufactured in a nmetal or an all oy.

[ 0020] tAecuewissige mecrpluiticonddiies; emtntersedate $cehng camectote pale grdvidest withhd
second |ateral arns J|s vab i.nto,.transl.ati.on, rel,ati vel.yw tp sai mai n
connect Iy Ehpeheuiie TREBE il QutROPuR LB err BriedFu e G e o

f1 ui di Gafiesonfécting e FurthRe LatRgsieicanes sthysursSERE R o/ Re i sntal dtheugh

nodul es, an internedi ate sealing connecting plate provided with through
openi ngPchdapt ed to match with adjacent fluidic inlets and adjacent fluidic

out I et go(r)%zjiQcc%?d’iﬂgfogir{&ﬁ}ephé&ftﬁulfayfe&&% of RIRInd 8 S5iRb AR HE] RS OF

sealin ns on s ough openi ngs.
or extracting at least one fluid at an appropriate location of the stack is proveded, for

example, on at least one lateral edge of an intermediate sealing connecting plate for injection
of at least one further fluid reactant (R) in communication with the treatment microchamber,
or for extracting a part of the fluid.

[0023] According to a further particular feature, the microfluidic modules have aligned and
opposed inlets and outlets.

[0024] According to another particular feature, the microfluidic modules have a connection
pattern wherein the inlets and outlets are opposed and offset, thereby having also
corresponding offset opposed inlets and outlets of the intermediate sealing connecting plates.
[0025] According to a particular embodiment, the microfluidic modules comprise specific
layers for thermal exchange each on an opposing side of the treatment layer from the other,
sandwiching the treatment layer between, each microfluidic module being provided with 2
opposite thermal fluid inlets and two opposite thermal fluid outlets, whereas the treatment

layer is provided with at least one fluid feed inlet and at least one fluid feed outlet.
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[ 0022] According to another particular feature, at |east one fluid port or
nmeans for injecting or extracting at |least one fluid at an appropriate
| ocat i on wb 20hiew4g3sack i s proveded, for exanple, on at | @astusene/oswober al
edge of an internedi ate sealing connecting plate for injection of at |east

one fur luid reactant (R) in c nication with the treatpment mcro
chanberl W0 .@Pr‘g% et Péﬁ%‘éﬂﬁf ?%gg‘{{]ﬁléf“ﬂfaﬁ?n&a%k[ B52%) SAREBTAFHEt 0 a

furt hercoRaddiing Pl cSBftidds &n dt M@stbrer Fshidicdb&s, Foel |aﬁ§nrﬁéﬁf%trﬁ&thﬂ:‘”tﬁ¢1r§nd
opposed inlets and outlets. [0024] According to anoTher particular feature,
t he m alighingindkans adaptddete chaperatg vothrmsssondaligratentstrucire pe savontheligmhet s and
outlets are o ed and of f set her.eby, havi ng al so correspondi ng of f set
opposed it RO oL ERog oS Sl i RrBedfs HEreREARRLRE G pl at os.
[0025] mep@ndimbett®faaipatitiotids meawledi ment, the m crofluidic nodul es
conpri se iﬁemfi c layers for thermal exchange each on an opposing side of

t he trd89%MEmicoordieg tof gneher partisele featuse vEMISSHNS §atheO T & it bglbandy

bet wee T i 6L ¢ i: i de i i r mal
Prura 1 AP SRR Gl 4 S RdE: RENRE B Ml e PRRESH ) Sl I T
| ayer ichemically dedktat séleatd heasth plirtc foatsridl, fwdech ¢anltettypioglyadeldcasistorone f 1 ui d

feed outlet. WD 2011/ 044350PCT/ US2010/ 051806, [ 0026] Accordi ng to anot her
par t i cul e EFpoi kit Mpdtrehroapios parctader alloy whichcat hetipiretly 68RHEEHPRY plate
conpr | %ﬁéniuﬁ['taﬁ{aldn%?tap RE‘ﬁlagé inszﬁlog 1&@%%%11(%{, fohﬁ{%hnﬂ hIWYTERhtafilh HESyHr € Oor
first aligning neans gapte to cooperate with a second alignnent “structure
or secamd aligning neans provided on a correspondi ng edge of said hol di ng
connect Qr. re ensur,i ng, eas roper. al i gnnent. of sai.d m crofluidic

ol oo 0RO A b e SR o4 M i St B TEUAMBEEI g par t s
conpr i sinBghidaDRoactiHs! sadiplling Oft8s1s, £te1 More SheMlly! thadiskRGurcntiBl-dRsintge seal i ng
connecting plates nmay be nmade 'in a material chem cally resistant selected
from a qfithsmiccofiudisrdeaice favicciormimg dng progsscthbt ipvaletsenixens, SepmatPTFE, PFA or
PEEK mat rital » o Qky [lr om a net a% or all 06¥Ythi ch can ﬁedt élpi cqll §§I.8ct ed
from t i THATIN CRARILAUCR PEEIHEHPY e TR RO s HEIhS 8‘1‘1“8%9 P t ani um
al | oys,inéla@m%hmm ak®@MSxtuh 6f 1HR028lcluting; MiigsboOsiteeabsMideiRlRMmg 0 t he use
of the mcrofluidic device for perform ng chenical reactions, sanpling,

anal ysimultiphgse nyptueesqpd flaids|thst alsorrentinssaligs.uyighip 8 ngie@strpguich&idise of t he

m crof | yj di G i f. f.onm r.o ! V. 1 X1

separ att o Sng By (REnAEE COMMEL ARl SAERRd PabbTUALEES: ToRdl

pr oces shatgedultyiithe diiterdoxtdisies 066rghhic] @ergahiociishitin grgatictang i@sganit Xt ur es of

fluids, includi ng fluids or m xtures of fluids including nultiphase
mi xt ur SECYES, £1ACHSMIGREProgess OTRH OHICH fUB) PIJYOCH B n a microstructure: said

processi ng possi bly incl Bﬁisﬁ‘i{l?ﬂb}&sb‘iafHErﬂRSWINéSChem cal reaction
[TILEer CONnver

defined as a process tha sion of organic,
i nor garD@29]drigivetlhs eBgarvicsv efamiaoilgdri devepeompssing alstackingwif salergdigbsess, or

any ot hc%lrranflig r01rrn ngSS perrgnql%,srsnlicrllrgﬂuiﬁ)l%srncﬁlulfeg lge\lre %:ur-l;llzloEdu es, g}'ou%%d, in this

example, with two holding connectors 90 dedicated to thermal fluid inlets and outlets, here

two inlets and two outlets on the left part of Figures 1 and 2, and with a holding connector 90

dedicated to reactant inlet and outlet on the right part of Figures 1 and 2.

[0030] Figure 2 shows a cross-section of the microfluidic device showing more clearly the
connectors system allowing stacking of several glass microfluidic modules.
[0031] Figure 3 is an enlarged view of the holding connector 90 comprising a C-clamp

structure.



[0029] Figure 1 is a 3-Dview of a mcrofluidic device conprising a

stacki ng of several glass, ceramc or glass ceramc, mcrofluidic nodules,
here fourwoodulmsisoprovi ded, in this exanple, with two RoTdiSagomsrsnect or s
90 dedicated to thermal fluid inl ets and outlets, here two inlets and two

out | et the left t of Fiqu 1 and 2, dvmthahod onnect or
90 deds[gﬁfg gge 4é%1€‘5)9.{h?r Yt 8 91& g pneghr 31‘?&1?3 6‘er l i}? %F?CIGE}P@S 1
and 2. Q0R3Q wih&lH ke FrefhAONSS e REiORFURECHbANQf the m crofluidic device
showi ng nore clearly the connectors system all ow ng stacking of several

gl ass r03Y Higwidiie amﬁhkul&é@f Of m&m}diﬂﬂg eannect8r, ivgthancresy- mcg@dalon@vheof t he

hol di n n Sstructure

D011/ 099 Sa0RER Bhis HRerEET e Fie Tty e Pt PRERSTG N Crsssrssn e nol di ng
connect&ftelsmsm(iﬁgrtﬁegtlrmﬂeyhgr&ﬁf C-clanp structure without the presence
of the mcro fluidic nodules. [0033] Figure 5 is another view of the

hol di nd083HHagtre 0, shaws 3B @@W@iﬂ@,@ém@dw&r Befng penrcetieg platgiasedrdimgite anher ei n
the G tion for better
under sﬁlg% I'ng ﬁeh&ﬁlﬁetnr9 gg{ruggt ere {&t}?’%{f\gﬁ}]’ﬂ %n?%%?m% Shows a 3D view of an
i nter ms[do;aﬁ]eFlgﬁam shgws anRneking l@gsepdeﬁﬂgla@@ﬁﬁfrdﬂmglctrﬁoﬁllésaabmpﬁsiﬁ)@ the current
di scloture, further provided with aligning neans. [0035] Figure 7 shows a
st acki riptcEnedigg spalinggraasstipg e}a%ﬁﬂamaag%i hRSEATEE0 LesRsYY S MHGOTWdET nedi at e
seal i ng,gannecting plates arranged between two successive mcrofluidic
nmodul es.

[0036] Figure 8 shows a cross-section of an individual microfluidic module, wherein the feed

inlet and the feed outlet are aligned, and wherein a microfluidic channel defining a
microfluidic chamber is schematically shown.

[0037] Figure 9 shows, in cross-section similar to figure 8, according to an exploded view for
better understanding, a stacking of the microfluidic modules of figure 8, wherein intermediate
sealing connecting plates are interposed between two successive individual microfluidic
modules, wherein the feed inlet(s) and the feed outlet(s) are aligned.

[0038] Figure 10 shows, in a cross-section similar to figure 8, another embodiment of the
microfluidic modules wherein the feed inlet and the feed outlet are offset;

[0039] Figure 11 shows the stacking of offset inlet and outlet microfluidic modules of figure
10 with intermediate sealing connecting plates with also offset inlet(s) and outlet(s); and
[0040] Figure 12 shows, in a cross-section, a conceptual view of the structure of the
microfluidic module showing two thermal fluid layers with their thermal fluid channels
sandwiching the treatment layer with its treatment channel, details of the inlets and outlets
being not represented.

[0041] With reference to figures 1t0 9, 11 and 12, it is shown a first embodiment of the
present disclosure.

[0042] According to a first aspect, the present disclosure relates to a microfluidic device (10)
including at least one, in this example four, glass, ceramic or glass ceramic, microfluidic
module(s) (20) of substantially plate shape defining generally four relatively thin edges (20a,
20b, 20c, 20d) and two opposite relatively large faces (22,24). The microfluidic module could

also be manufactured in a metal or an alloy, for example as described herebelow..
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[ 0036] Figure 8 shows a cross-section of an individual mcrofluidic nodule,
wherein the feed inlet and the feed outlet are aligned, and wherein a

m cr of | uiwocotimamsel defining a mcrofluidic chanber i sPSTlSe®EDIOSES Y
shown. [0037] Figure 9 shows, in cross-section simlar to figure 8,

accordi an expl oded vi wf better understandin acki ng. of the
o or of 11P40 TRt BLEGE qudaf?@ @ Waeraovis ¥ fat eﬁﬂ%ﬁééﬁbﬁ@ﬂ@&%ﬁ&m ng
pIateslﬁﬁgﬂ&pﬁgﬁgg§%q)ggp £4) 1§y successive individual mcro fluidic
modul es, wherein the feed inl'et(s) and the feed outlet(s) are al i gned.

[ 0038] [90434] rFeacmnsﬂ@(ﬁkwghc mpdele (2 Ogscladastat bnastgingiticarmang layey(38e c@npranieg bter
enbodi of the.m,crofl uid dul e erein the f d the feed
oot ot TEpboft g Buntr i ARG G % ula ilEiob Rttt '3%%1 saﬁl" S50t and
out | et icedfRidit wilet (50 R &sstOnelthigtdRIidiO oWildt 60)Ntse ABEH &8} inng
connecti ng |lates with also offset inlet( rf) and outlet(s); and [ 0040]

e

Fi gur e simpl Pfeﬁwt@il%lrféégass’él@ti@f@)tﬁndlag evmesiss 34P 1¥i ew of the st ructure of

the m g[RBH Lﬁ{a‘éh?m c ﬁqhe‘%‘@]@gaph‘éﬁ H % S@lldfc'o‘d'tlgt ('gﬁ?’ffs% id ea? ' r thermal

fluid S san WI c rea er wt channel ,
det ai | sn@fulé Baightly eﬁtSrcamﬂ:cwdtv{llﬁt & ﬂbﬁl d‘mgt (1a0) mecpfgasﬁ[gthelgl ho [cﬂl@glddnnWtbh
reference to figures 1 to 9, 11 and 12, it is shown a first enbodi nent of

t he pré@%%or%nrgs&g&émt 01[6@9]4@}*%%&% Iabigpne oseh of Paitsd. glampig StUREISSOEs ent
di scl osdignrgqlhgﬁggss(%?) m crofluidic device (10) including at |east one, in
our, gla

this exa , s, ceramic or glass ceranic, mcrofluidic nodul e(s)
(20) of[084dsA@ntding tcyatpdsatce of Hepecsdef dlmlo@rgehmmadréﬂ/uiﬂtmﬂeviceliati vely thin

dg 20b, . 2 dt t t | | 22, 24).
e FaRrsPELinTnt sl T e L BE ARt e oDty mat (185 °5n 201 o)
for exagRipgisa: a%ﬁ@ﬂidalp%p@@hﬁ%eﬁ%o WA 20dp14HAA4BRERE/ ('415@})1”@{1@51806 [0043]

The m crofl ui dic nodul e(s) (20) s/are nounted on a franme nmenber (12)
conpri sqonglth‘@Sétmemf“balhﬁmi mh@encsnt( 14, 16, 18). [0044] Each micro fluidic
nodul e | east
ora- s dDEFN AGSIHEER: Mo Ry SRR hREUITN: hE R hiids RO MR RpRRY | ©75),)
;at | qast tvangadicd m@ittofludii€ moah RS , h&E0 YorRthcREd MmBa@sits, @BEniAL af RhdtWisdi, ¢ out | et
(60); see nore particularly in a si nplified re[)resentatl on for easy

under s tl@fﬁjﬁwqgse@sn of ﬁv&&t@gesgwp aniqrpfluidic modules tightly interconnected with a fluid duct

(120) through at least one holding connector (90) which comprises a C-clamp defining a first
lateral arm (94) with a first clamping means (95), a second lateral arm(96) with a second
clamping means (97), and a main connecting part (92). This represents a very simple stacking
structure.

[0048] According to a further embodiment, at least one of said first (94) and second (96)
lateral arms is movable in translation relatively to said main connecting part as shown on
Figures 1 to 5;

[0049] As shown on Figure 12, each microfluidic module comprises for effectiveness of
control of temperature in the microchamber (32), specific layers (36), (40) for thermal
exchange with a heat regulated fluid (HF) on each side of the treatment layer (38) taken in

« sandwich ».

[0050] Each microfluidic module (20) is, in the shown embodiment, provided with at least 2
opposite thermal fluid inlets like (42) in communication with thermal fluid channels 37, 41

themselves in communication with two opposite thermal fluid outlets like (44). A specific



[ 0045] Each microfluidic inlet (50) and each mcrofluidic outlet (60) of
said mcrofluidic nodule is tightly interconnected wwth a fluid duct (120)
t hrough awoOi2gtirdsy3shol di ng connector (90) conprising at PEIAIS2@0051806)
particular at | east one set of paired, clanping structures or clanping

means (9 7 cor di to an aspect. of e present disclosure,
The i GR!0 )0 Ece IPE il e et o e bedmab Fia " Tkt e anpi ng
means ({Qméf)a 3@9(@5 h$ %Swearl mrmefs&anﬁmg)fo&%@kﬂﬁmge gtspherical shaped

menber (160) and a cup shaped nenber (170). This constitutes a type of "ball

and sodRe$t] Thsi trﬁatmffrm(lm'?} (3@ asoledié algo pwVaiedaWIth @idﬁ:?@t 1)136 g d ftughtneamb &t nent |

the mcr i c . device,C Ieastt mcrflwdlc

gl edn® {300t & SR ECEa TRisk Bt cofRinietin SiBSEE HabEhOM &' Cvo
sets, cahaﬁrym Cefisink VIR thd LMot bfber (BQﬂtlhbﬁ%l%sghtchdﬁE&ﬁ@@Wciteléhsw th a
flui d duct ( ) through at | east one hol di ng connector (90) which

conpr i su§ fhudiregtmep @@(? Pyloh oM for the exif af e Arcatarant podpct(Pi.i9s shawr e ¢l anpi ng

means (ﬁg re 12 zi%é@&ﬂc {a%g@ is %ﬁéﬁu%@fo%s&éh r g%%k‘!%@h%@'fﬂ?d %?tn/éw) and

a main connectin represen ver 'e stac

struct uhmughGMB&mﬁd:emlﬁng@lap@ (0 andt hemilendpedificpatsagat4d) éashe o of said
first (94) and second | ateral arnms_is novable in trans|ation

rel at i wiPguct @)éaﬁ%g%ﬁ}eﬁh@awﬁ BXARRE la%em 3 @kassh BigH upAerriapdabisior opg 51911 i 0049]
As showp FW Figure 12, each mcrofluidic nodul e conprises for effectiveness
of control of tenper at ure in the mcrochanber (32), specific layers (36),
(40) fdﬂ()ﬂje%crmtdieg(mg@rﬁauhe af theatresertgdiscddsack, fitl isi fudtheHPYssdihe ®afotessd de of

the trea | ayer taken.in " sandwich ". [005 Each m'.crofluidic
modul e a(%n? ppg ory a%é%i \Aﬁegﬁﬁdﬁueﬁgﬁ‘ﬁmgﬁ@\?ﬁd’é’% ft%l(? %4 A APPEPER opposite
t her maljoddtidh &£l ick; forkRarhfbniad leﬁﬁrHﬁH rl‘dt@[%I QR oWiah bR sdalifp d channel s
37, 41 thenselves in communication with fg}ﬁpom te thermal fluid outlets

li ke (4dymecting péast €108 fmmwmwkasmmwfwm bB82808 (Ratthcqr@unigsijor s of
course fores durin ass of the the fluid.HF h .t he

© ot mahih gy SRk o BRAERAE0R s Yl AR uho e (PP e are.
[0051] u‘ﬁﬂ@rstah@gjlmtonle@ylge(i(ﬁ&} atts here also provided with at | east one
fluid treatnment feed inlet (50), for at |east one fluid reactant (A) in

conmuni [8833] obhainarTagierciof ghetmsrrfludie modules (301 incRdnedhe Frertign efhe treatnment
hanb t t
chanbet {32k ASTRGLYGR SR G3h AL B30 Pl bl oot

Fi gur e fhid chhnslple@? |4c1) ﬁﬁlﬂlb ti{efmhhl éxshmfgedwsse& w)ese/eh kduwnmgomaﬁ&la@ieinof t he
fluid reactant A through. the thernal excﬁgnge | ayer (40) and a simlar

speci f itBe paskhsgaior &@)CltF‘éFn [ éntmdﬂpf@%%a 1S propeR RPBUGHOR FPresBP mal
exchanggl @YEKafsFheSrhife Wl o HARFLSLANTRRLPMI Q5 1ABR Bhdds. ThahRRo et -

particularly referred to the full description of FR-2,830,206 B1 or to US 2003/0192587 Al,
both of CORNING Inc.

[0054] The microfluidic device (10) has, according to a first inventive feature, at least one of
the first and second clamping means (95, 97) which comprises a joint (150) itself comprising
a spherical shaped member(160) and a cup shaped member (170), constituting a type of ball
and socket joint, which will be described in detail later on.

[0055] According to another embodiment, the microfluidic device (10) is further
characterized in that at least one of the first and second clamping means (95, 97) is provided
with a radial retaining structure or anti-radial deformation means (180).

[0056] According to a specific feature, the anti-radial deformation means (180) comprises at

least one metallic ring (182).



[ 0052] According to another feature of the present disclosure, it is
further possible to foresee a fluid port or neans (82) for injecting or
extracti nyoanilgassd one fluid at an appropriate | ocati omrCofusténe/ostsack; for
exanpl e on at |east one |ateral edge of an internedi ate sealing connecting

pl ate ( for ipjection of at ast one further fluid.re nt (R in
commni[éggﬂo/ﬁcc\%({] he forotheg spsuin e mﬁ?f&a e@@yé megnbep A0S o f:lo%ted
l'ines QRnfdrAdl & felcids ah&sdi&?hh syla%ﬁsrmep&e%ﬁafneﬁ nﬁ%@ﬁs gﬂgb b ligd piaﬂlcm@ art.
[ 0053] The nmanufacture of the mcrofluidic nodul es i ncludi ng the

cr eat i omboidinappr opt sphtdcariskapef Imgndice (}:ﬁﬁ)ameflt(esylteg@tn)o fprmtah;algm pieef With di ¢

exchange s it i Sniiiags (o aRRr P Ik LkrE Tl n the art. The prior

art ci t[ggs8)nddosdihgto’ LEGEOEMbRBMENOfhetrlieraflu@Ee BévieP R iheint Rbed RPFESENt S
di fferent ways of perform ng such a manufacture of such mcro fluidic

channelt&o specessye @ucg@ﬂlyélcgmdqlwa} lay inteeadiasesqabing pennegling platsdrPpsson of
FR-2,8 9 t Th
0 B0% B 2o S RO QA0 71 5O A SORNNG:A Uy 0541 The

mcrofl dIC oafrr rve ur e,

| east dhadiofinltR3€5d)i andtadpbeht SRedie duttdta(qoi), rsgldrwaﬁectﬁlg@latéﬁmmhc(ﬁhpmﬁg)rl ses a
joint (150) itself conprising a spherjcal shaped nenber%lGO and a cup
shaped SgRlHigetructyes)Or S@?&Wgtm?a@ﬁ i(%og] of spiggroygh Bamm%?r(a s gty ShYhen whi ch

wil | E‘c&'s%ss%ét&h@% Euiat@dyl 11l ater on. [0055] According to another
enbodi mgnt e mfc%o?{s |c device (10) is further characterized in that

at | eas[ﬂﬂiﬂ]eT o$ untdlmeﬂlamstealangjplaiewonsjlmﬂeafrpignijicmmm@ﬁe a@eyt afsher ovi ded
with a radi al. retai r%éﬁ stru (ﬂ)gl or anti-radial deformation neans (180).
[ 0056] PASEBT WhHlesuo nlgeﬁéiﬁw 8%ure, the anti-radial deformation nmeans

(180) q@0%V|i £&Srdhg leABI QNS faah@el kdig 1ﬂte@&d(al§game£t9%§ﬂlte Qodippdest 0
another specific feature, the spherical shaped nember (160) i s conforrred to

r ecei veonaatdeasigsdr Oa)ﬁﬁ@ld&‘dg%(ﬁ 8di74b, Yst 6@@&@ fiest ah&tmt $I@QYre o hiry

parti cul ar. enbodi t i d_spher. ap be, i nt egral

Do or b THRRS TR oo TR 3G, R IR S R St i ATheRF ) %0 ch
may haw@ustubd sYdseshRipgionn@Gh&ins 0§cdifp@rds @ amdfu fdwedmmsmw,]mn,d he mcro
fluidic device furt herg fn(r%cl udegg:%et Wefgggl1 t wo sucgesm ve m croflui atfgc nodul es

(20), adgfhiZe) ﬁﬁwcbh@d@@&pmwt%ﬂ%&ﬁ% PPHIng e(amprop%@lg,np@m esag and 7,
d
o P P, RS 00 kot FE i BRI oo

pl ate fdnrsidb@rotﬁmlmgpm ag)p&mhg mgthss‘ewrdta]fgﬁﬁleﬁwmseﬁﬁl(i)}l)gpommmg(aSg}))owl sai d
t hr ough sections of Figures 8 to 11.

[0059] ( ?%ffgrﬂr&w \ i%éqpﬁf i nggrgm%tsgtn%fg%@fﬁ%d?@)swgh Shegrinteraedgte

al t er nalh¥&:i3g RRGLs 90) 4B PuPinGRsitibn BL&HATH £msbiitN@ndsssdded bel ow.
[0061] The connecting plates may have in particular a top lateral and central protruding part
(76) provided with for instance two through holes (77,78), enabling to maintain together the
microfluidic device defined by the combination of the modules (20) with their intermediate
connecting plates (70) by insertion of rods (27) and screws (28) comprising holding plates
(29) provided with a shoulder (29a) designed to contact top lateral edge (20a) of respective
module (20). In a variant, said module (20) might also comprise a corresponding top lateral
and central protruding part.
[0062] As it is shown on figures 8 to 12, the microfluidic module(20) includes at least in part
the microfluidic channel (30) defining at least in part the microchamber (32).
[0063] The fluid or feed A, Figure 9, 12, to be treated in the microchamber (32) is of course
flowing through each microfluidic module (20) from the feed inlet (50) through the

-8-



[ 0060] According to a particular feature, said internmedi ate connecting
plate (70) conprises on at |east one (70a) of said edges (70a, 70b, 70c,
70d), a fwospra4uznnment structure or first aligni ng meam€T(UR4)10/051@6 f i gur es
6 and 7, adapted to cooperate with a second alignnent structure or second

al i gni ng. n 3), ef' ures4and ovided on a c r.sod'ngedge
(92a) gricwoifidtin g?ﬂfnﬁlﬁ*@ f‘B‘Pm@%‘}C 0 tﬁ&@éﬁﬂ%ﬁ%q%ﬁ@@% C§? EHBP

al i gnms(at)) BfthS MW LSS byt ) Gl &sndabR Hhd:k &Nemhidd #d enbodi ment the
first aligning nmeans (74) conprise ouside protruding pins cooperating with

second [80e4rheritspreifindeat@B)f dnpedesi digclesugr toavevide d)empdptoviatieg a proper

ol ot os LB OaR gL D dde R B e Gkn b ar sk RN TR REpePL S0 "

[0061] (TherxopnakbicAdo RlathesitiBYjadeay Buidit iRREE) GO) aid aljiept fhabRrklcRed
central 8rotrud| ng part (76) provided with for instance two through hol es

(77, 78)(0Ve Kabeiany Q,cshrﬁughmmnma G bearndie dedecatpidde sactiintinéct gad petict ddrraged by

ol at oo (Lr0gh pYehifks 0 FPLTRRY b dedcds M b Bl W SRS, <0 ol G ng

pl at es [086)] Alse,vdcc@dingit partihi E@alre(saﬁﬁ)ondealngqﬂﬁe (0) dathicacbmpages! at er al
edge (20a) of res ectlve nodul e a _variant, said npdule (20) m ght

al so céﬁﬂif}gs@eaéls& r@ssa@ﬁar%@h%ﬁmp&% @#aﬁ dAYwBIshcRR e catcHueiPng part
[0062] mﬁ&a[ngsdset%fgﬁw%l%vég 1&&&@% 718), 12 fiblles Takd ¢ f%;sk %W & Ieast

i ncl ude art t f fI ui di c”channe
in par tbetvh@nnh@nwhﬁmnﬂe:rm@ﬁﬂas(2[)))063] The fluid or feed A Fi gure 9, 12, to

be t th hamrb fl th h
i cr of | G CThi e ey R et TG BE g pib QRSB g
2011/ 0Adi3aR E’éﬁ%&?ﬁfem& Q2dB3Q0rEMIPEHE, PRl & 1HIA0 RfterfaBY 1nta%$tgﬁor@116§1 gfluidic

outl et (60) and fromone mcrofluidic mdule (20) to the fol |l ow ng one, as
it is wehdribgddentler daldatyl e for one ski IIed inthe art. [0064] It is a

speci fi ure.of t resent discl re to.prov rrredl seal i ng
connect I AbEEK o EpRIERE uiddBe Ao B b LPLPE Sod R PE R Rificea wi o
t hr oughmeRed 20) Save @ligned’zhd oppdscadait 60) b swlce oonv&mlaﬁjaaﬁ&emsﬁdlun dic
inlet(s) %{50) and adj acent fluidic outlet(s) (60). For exanple, through
openi ngt4ckmE coafigwatioedi cated to reactant inlet and outlet whereas through

openi n 9[2}16% 2Accz§(?m ?onaIBﬁleg (8191'08 %n%Qt %h%wf‘nf%%r lfqg'llreg I1 5} Iaﬂd h P ! 1?1%2)(: ?S?ﬁg ¢ Py lets.

[ 0065] accor Ing to a par sal d conn plate (70)
f urt herpreoitiph comscte@pittegn Whan&m th8 letad O)Saiiddeﬂhf (@og hreaipposadgad pTfst, 72, 73)
whi ch cgn be | gcated into (geci fically des ned 1(%ves i ke (71a), (71b)

see fi ghteQy bavangalia coespRREng aidSet intl?ft(ﬁés gﬁuﬁ%t AP theeintarmpdipieyi di ¢
modul e f150) conh OQH 15[@@)'@5% Figflcl 10 a &mmect' ng plate (70) can be

made in a plastic terral WhIC can gplca ﬁy sel ected from PTFE, PFA
or PEEH006&]dt isaindarstandatde thet whemman affd;emyomigudzEmrls BegireflLtht ey ofttbe ow; .
intermediate sealing connecting plate (70) provides the possibility to compensate easily this
offset configuration.
[0070] In that case, the intermediate sealing connecting plate (70) is thicker, which is clearly
shown on figure 11, as compared to Figure 9, and in such a case, the inlet opening part (71a)
and the outlet opening part (71b) are opposed and offset, with the intermediate opening (71)
inclined, and each inlet (71a) and outlet (71b) is provided with a sealing means (80), usually a
O-ring seal.
[0071] In the embodiment shown on Figure 9, when it is necessary to inject or withdraw one

fluid or feed B at an appropriate location of the stack, for instance in the middle of the stack,

for example to introduce a further reactant or a further product or to withdraw it, at least one

-9.



[ 0067] According to the preferred enbodi nent shown on Figures 8 and 9, the
m crof |l ui dic nodul es (20) have aligned and opposed inlet (50) and outl et
(60) whi cNoi2s11zp4maspe usual stacking configuration. [0068LTASCa0@5YSG6t O
anot her enbodi nent shown on Figures 10 and 11, it is possible to provide a

connection pattern.wherein the i and out| (60) pgosed and
of f set ,? RE} lgtﬁiﬁdrélmlﬁ@rgp%n%ﬁ E@é 51 Rdorgracaan at i tton(e#@falj ?a 30l et

(71b) QBtehﬁ@dlht@Ts@eﬂﬁ‘i?@bﬁﬁ&hﬁ?@ aw@/os«‘%%qfas AGrRdrdhRLkAG ks sRWSEPMRUED t hese
Fi gures 10 and I s under st andabl e that when an of f set

conf i gumghé vight paridbeicoed, the use of the internediate sealing connecting
plate ( ossibility to co his offset

ont 1 oPRIAIEREED BF iieREe s asting FmRiRE ML DD oudd P hEEE ng
plate (v%&huh , {With Gks@ip loWRH ©BsticBfe&tiv@ast tuytusd) Bt hahi fibfuee dflcongtexconpared to
Figure 9, In such a case, the inlet opening part (71la) and the outl et

openi ndwmﬂul(h?ﬁsywa%@%mm tarfonupnties ef Indupteipl yseeasy welbpideaitandablsdeni ng
(71) |Qﬁ1 QQQBT%@gnﬁﬁfﬁm et (71a) and outlet (71b) is provided with a
g nean

sealin suallTy a O-ring seal. [0071] In the enbodi nrent shown

on Fi gyoe73,It Mmﬂeﬂsfandﬂoleﬂ&ﬁ@iﬂsaf;eaﬁcﬁlabl’ejsﬁﬁt inQhe vt tHad flRwnaegalfused fbrotic f eed B
at an appropriate |location of the stac for instance in the n1dd|e of the

st ack, Wgé%lﬁ%aéedt igto the Aerderted Koesspy (Pfém?‘@é@fea%h ¢ orwishiolt ifgpalpr oduct  or
to mntqgg at | east one WD 2011/ 044350PCT/ US2010/ 051806 a specific
feed Bin et or port neans (82), may be foreseen on at |east one |ateral
edge of[0am]i hirdentid Qiregsseals pmtgb«;mlad@hta' pgymkawkich 70jdapteidab pheavedeshiglar ger
thic kne?lermcal ?eggwcg ﬂkef é&ﬂagro?ela%?or%lgeme{tiegaqtlikFe)?{atlreé(l%,e 6§eor}clfaz ®or Perlast®.
[0075] Now, the specific structure of the joint (150) comprises a spherical shaped member

(160) and a cup shaped member (170), and its mounting on the lateral arms (94) and (96) is
described more particularly in relationship with Figures 4 and 5.

[0076] The first lateral arm (94) comprises a through orifice (158) which terminates at the

inner part of the arm (94) with a bevelled enlargement which is aimed to constitute the cup
shaped member (170) of the joint (150), see figures 4 and 5. Similarly, the other arm (96) has

the same structure in the present best embodiment with a through opening (158), a bevelled

part here foreseen to constitute the cup shaped member (170).

[0077] The structure of the spherical shaped member (160) of the joint (150) is as follows:
[0078] The spherical shaped member 160) is linked to an outlet shouldered part (122) of a

fluid duct (120) which comprises a central through orifice (124) terminating with an enlarged
mouth end orifice (125) further provided with an annular recess (126) designed to receive an
O-ring seal (128). The same structure applies in this example embodiment for all feed ducts
(120) for each arm (94, 96) since they are identical.

[0079] Said a spherical shaped member (160) is provided by the lower part of an external

piece (182) which here is foreseen to constitute an anti radial deformation means (180). Said
external piece (182) is generally of a cylindrical structure having at the bottom part thercof an
inwardly directed protrusion constituting the ball (102). This external piece (182) can in

particular be made in a metal or an alloy, such as one cited here-below, as this will be

understandable for one skilled in the art.

-10 -



[0072] Accordingly, the internmedi ate sealing connecting plate(s) (70)
provide a nuch better versatility, with a sinple and cost effective

st ruct ur evof2orv/assomanuf act ure of conpl ex M crofl ui di c @®#eviuses003iB3)6
adaptable to a nunber of industrial uses as well understandable for one of

reason ill the art. [0073] It is understandable for.ane reasonabl e
skil| ﬁﬁhf‘n %ﬁge&lﬂr&{w’ttﬁ% C%&eeﬂgawarﬁsceamfléwgttlpﬁgb%l.a%dﬁaclgﬁ‘ééﬂmﬁ @8&» & into
the dedjapiafc iRGaRIR% &b 8 9(9?{1%%@ ﬁabt%ptm) t6h ¥ tnhioInth ﬁ&ﬁeﬁﬁl_%'em!%ﬁ?s ure.

[0074] Further, the O-rlné_sea s can be made in a polyner which is adapted
t o pr oviglsattisglectet divine a plastesingteaink & highkean petynicadlysclscted tiome PTHE: RFA ar | i ke

Kal rez enr az r PerlastO . [0075] No t he specifi¢c structure of the
Ko nt S TR e dorh Ry b et Be by Sy o fatki i haped
menmber thddfin, o Patd theddMBuNby Mle BiktdRE, dbxitehiah AoyS t4RhmaNBy{ 96) is
described nore particularly in relationship w ures 4 and 5. [0076]

th F
The fi rl8981]1Bawaen the pnilgshowldersd pad §122) ohths b émqtk?%@ apd g®)aniHpdig

termn . j K . i | enent
wni on 1 niligh B IR0 AR ko fiedt REALTLT o Ap BENRUBS I B RES
(150), meedingga sdaptdandtabt with thel @assycerdrhie 0dhigs caimic(Bfiridlas thdhe sane
structure inh . the present. best enbodi nent with a through opening (.158),
bevel | dBicpluidipgpoduies, Bg arermsdpgngng (1§t beanke mgs %fﬁéﬁéfﬁpﬁét%?o@ﬁte(lilﬂW.
[0077] Ih@gpgtructure of the spherical shaped menber (160) of the joint
(150) is as follows: [0078] The spherical shaped nenber 160) is linked to
an out |[@084 hudodbngth thastrudt2howh, the bitlat dhaluddred pa0§122hdLafledmuci ses a

central rough orifice (124). .termnating with enl arged. nput.h end

ot et Pt stnasteS Enbupadiat o Bonan amin are (0B 3505 Becmaied <o
recei veyaRcdofithOGpREB4l shd@@mentbl® ($60TRNE pEAGAiHE BlsgRRLpST dubfabOFst tRxanpl e
enbodi nent for all feed ducts (120) for each arm (94, 96) since they are

i dent i oafermdi@zing$k84). a spherical shaped menber (160) is provided by the

| . . Ri ich. h is f. i
et AR oL PSR iRl Ok R L FERE BT Ve

gener aldigcisxire? atthilsl oMo € lagtdl UEhdi(oR),1aw) hge ale 1401 Boh ggmmwam&ﬁf@of an
i nwardly directed protrusion const;tuting the ball (102). This external
pi ece (thashtiomrelatiyelyatptthe mprircopacaimg @artdd). wbsghn be dene iala Yy Sishwas one

BT TbTEeD A BBttt Dbl HOER bR b SR B P b et  ng
parts agpeping$i30) being adaptbd andcsioe k ghidingj axtensibnGharroasr pat (13a%of the main
i nt ernedi ate, seal ing conng;ting-platesl(70) can be made in mat eri al

cheni canyectigsSyantich enabiesder ehide Mgl despicat g 'é%qsaqtipn\mﬁrfsﬂat@% R
ol T oy i e R e REo e e 8l {7 om i £ ani um t ant &l um o par s
made i r0884]ckhel sekamndibstugh lbpgning(140) tsadapted & teogiss a santvaheams 41420 yaich
can be screwed on a corresponding orifice foreseen in the main connecting part (92), not
shown here since it is apparent for one skilled the art.
[0085] It is well understandable that with this spherical shaped member (160) and the cup
shaped member (170) of the joint (150), it is possible to tightly connect the microfluidic
devices (20) irrespective of the possible lack of perfect flatness of the surfaces of the
microfluidic modules (20), thereby enabling less constraints in the manufacture of the glass,
ceramic or glass ceramic pieces.
[0086] The structure as above described in reference to figures 1 to 11, provides a much
better stacking, therefore much better compactness, as compared to standard assembly within

independent fluidic modules and single port connector for each inlet and outlet. As shown in
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[ 0081] Between the outlet shoul dered part (122) of the fluid duct (120) and
the anti-radial deformation neans (180), an internediate cylindrical ring
(184) carwbeoimuessposed which is providing an adapt ed ce®aTASROMI5I80¢ he

gl ass, ceramc or glass ceramic material of the microfluidic nodules. This

internedi ate ri can e e |astic material like in
PEEK. [0 &«:53?%%%_53 w%ﬁt %Fénoé{‘]u‘giﬁﬁ‘ag B fPEPrRHS AP S8l par t
(122) qﬁu@C%&Hmﬂ,duct (120) can be supported on a specific horizonta

annular ring (190) laying on the top inner surface of the spherical shaped
menber [Oﬂm)Tmrmewnbdﬂ'scd@wge alt sspeads hymed piso prriidese siroplifidagion andpmedi ate ring

(184). %&Q% h Ac cog Q% g artlcular enbodi nent of the mcrofluidic
devi ce | R OBP% VRO APRE G Y e, at this one of the lateral arms (94),
(96) hqoess|Eeptabiey, aue ﬂ{enth&tQHét thé&e BRVEBh&il) BhE twoaﬂl%{saatnu@m ro@ﬂah iforel y t 0
the main connectlng part This can be done in a very mpl e way

an

i nst andbermah8uidzfoe crgﬂmd(l@mpd@léﬁﬁwl@ééogemﬁr tnstsd gh 86%medg§ﬂolgaily@thel40)
th i dt di t
o r ovelier SRRyt A BB rBARRLEE, D 1 555 Whi oh enabl o5 to-gui et he

di spl aqe089)tThenhordfluadis kiav‘nb@hased oh Reackiag efiabflaidio 8d)lewstsimplefyalrditi o t he
mai n connecti ng part é, [ 0084] The second. t hrough opening (140) is
adapt ed°¥dNGEErYy dame cff%éWSnfé%m@cte&Sﬁ)tmgm tuhing ogic-58 VGt tighsrssy gongs done

h
corres %ﬂg&&ﬂpcﬂfehﬂ(s n%?vﬁfwieeff?e? 'as§eﬂlbtl}h§11f@th9 ﬁlgﬁg%ﬁk‘ e{}% (1)68& ch 11( 8gt)zv'eeﬁ‘ﬁe shown

here since 1t Is apparent one ski I's we
under strawmdehbilidc trhnalulew Itdss tivcbas@ih preccameaiydpelobr peoshdr co(sﬁ’fdd)lctmrhntih e cup

shaped .nmenber 4 t he | Oi 150 it is possible to tightly connect
t he nldpﬁWP@ﬁﬁﬁ%’Hgﬁ?é %SQ§%¥MFFP B¥ve of the possible |ack of per f ect

f1 at neggoeyd] tHeersyhf ﬁ@&@su‘?é 01t gl é‘sf)@d(ti Hieﬁgo‘?aﬁ@gkﬁv%fes(fgtoﬁo 1n¥e|i‘1‘?(fl%m(m§‘é”‘ab| ing
| ess constraints in the manufacture of the g ass, ceramc or g ass ceramc

pi eces. wﬁMSSien’mﬁecogtrohm @o@traeﬁswabélwﬁetygl@gbmmgiedom ieadafuet @srsbewnan fliegur es 1
11 d tt t t ct
s compieRdt it sABS mogt SERuT R Rt T ES RPN B P BE LG

si ngl e ipRfal ¢OINARGIFOI5 Ifnovvhﬁﬁq@mbtnh@hlaﬁﬂéh out I et. As shown in WO

2011/ 044350PCT/ US2010/ 051806 f%ﬁ@res 1, 2, 5 and 7, stacking of 4
m cr of 11009 Toeid ey tisksoftumeonsentisd renstion ine cernceiien admypiags it éhifodul e.

internal volume without any thermal control is significant. Typical stacking connection as
shown in the present disclosure with only one O-ring seal in between the microfluidic
modules avoids having volume without thermal control.

[0092] The present disclosure or certain aspects thereof also provides ease of assembly with
self alignment principle. It is also important to reduce reactor assembly time for cost
reductions. And beyond assembly time, it is critical to get tight assembly at the first
mounting. It is well understandable that finding any leakage into the reactor can be a long and
painful time.

[0093] The proposed stacking connection system according to one or more aspects of the
present disclosure allows typically dividing by three mounting time and mechanical design
while offering in another best embodiment a self alignment feature to be sure to get tight
assembly.

[0094] As above described, a particularly significant alternative embodiment or feature of the
present disclosure is provided by using specific intermediate sealing collecting plates (70)

which are provided with first alignment means (74) designed to cooperate with corresponding
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[ 0087] The present disclosure or aspects thereof also provides a
sinplification and a reducti on of nunber of connections. [0088] Especially,
due the fwototiat3sbhere are primarily only two inlets amrdTiuseolomsises s f or
thermal fluid for 4 micro fluidic nodul es stacked together instead of 8

required typically, the nber. of copnections,.and, pi ping..s reduce [ 0089]
The mi SFe} dtﬁh(gfl@eéte@?a@é @5@5@%&?@%5&%&%@% ?Qﬁ%d?%aﬁ%&tﬂ lagmipért?%)

si mpl i fdrerk MA18Rg 8BS tERODRM LSy DBl Yeaky BRFTSr alARREES S mibiofhidgsS,
tubing, etc. or wth tightness zones done with conponents not visible after
assenblmpodilgsce the 0-ring seals are located in between the microfluidic

nodul e mechani cal piece ans f.urth rovide caost reduction and
opr ov PG it i gy B B ST e ARTRG IR heRitie SOOI pr esent
di scl osjérBraingaay hed s paaiSvéhaness seasionl QMtadasn, fceystdlRzatibher nal  vol une
wi thout thermal control, in contrast with the typical single port feed duct

as showvticqipitatioa. grratherwisetprocehsios flaidn op mixtiess offly s Arrledingaptiephaspra

L

connectdfatuidarbatiilgpl ddgtaid satids-gtHimb Snitiob@idiade. Viad prideeswing eyt meloye & her mal
control is significant. Typical stacking connection as shown in the present
di scl oEicHinreceshyehgmisableasting dedinpd ph procerdhatipilthinthg AptgicanerHpyul es

avoi ds i i ] : 1.r . i,scl osure
or Ccor (oL, MR b b g A h o e iBcios, R REherk I MBS oY
al i gnnexthergoinmof ploecssing. Tlse Blllowingmror iraningtlst oedadens emagtborpeeeseebivith t | me

for cost reductjons. And beyond assenbly tinme, it is.critical. to get tight
assemoﬁbea St PRt HOMOrREes PRk tondrduclion buihibe bmRbens : Sai ng any
| eakageduitfod; ifidlekednQE; A&l B&handeORd @ﬁgx&ﬁhgé%oﬁei sPeifi QIRhcHIR of

proposed stacking connection system according to one or noré aspects of the
pr esentangiog thede e eingl nooviamit ppilisamiy bapeariatimed wWith thi dselossslimethads aridir and

nmechani gal desian whi.l e fﬁ ring i,n,anot her. . .best enbodi ne el f
ol 1 onmibo cpERp AR BlerE Byl lobolkg R AR udE b oxBe Ry
descri hpgxidatifa hintoxiditiol; Bdaeddnh e deRdregdnation: @reibadialeca@lonkeat ure of
the present disclosure is provided by using specific intermnmediate sealing
col | ectAreRioys ragtakehemayirinipeRgenceupeatlyd eepchiprs cpbprylatin; hnexbonykyies: (74)
desig nea%o&?la?ﬁﬁ%ﬁ@éeﬁat%rﬁ Hel%%%l%?&%ﬂgtll&g dehalogenation; hydroformylation;
carboxylation; decarboxylation; amination; arylation; peptide coupling; aldol condensation;
cyclocondensation; dehydrocyclization; esterification; amidation; heterocyclic synthesis;
dehydration; alcoholysis; hydrolysis; ammonolysis; etherification; enzymatic synthesis;
ketalization; saponification; isomerisation; quaternization; formylation; phase transfer
reactions; silylations; nitrile synthesis; phosphorylation; ozonolysis; azide chemistry;
metathesis; hydrosilylation; coupling reactions; and enzymatic reactions.
[0096] The embodiments shown in the Figures 1 to 12 are to be construed only as examples.

Various changes of form, design, or arrangement may be made without departing from the

spirit and scope of the invention that is defined by the following claims.
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WO 2011/ 044350PCT/ US2010/ 051806 second al i gnment neans (93) providing on
the correspondi ng edge (92a) of the main part (92) of the holding collector
(90), thewelwiiensisni ng easy proper alignnent of the m crofiusedionsrsoeul es.

[ 0095] The nethods of use and/or the devices disclosed herein are generally
useful in perform ng any process that involves m xi ng, separation,
extraction, crystallization, precipitation, or otherw se processing fluids
or mixtures of fluids, including nutiaphgse m xtures of fluids-and

including fluids or m xtures of flurds 1ncluding nultiphase m xtures of

f1 ui ds Whattis glagoedciont ai n solids-within a nicrostructure The processi ng may
i ncl ude a phyS|caI ) ction d progess. t hat
osults in o RiePlBRGE eS0T ef fne S35 85 R S o eBST SR ana

i nor gaﬁhﬁrcﬁﬁﬁdib %du@es@@ﬁémb@taﬁtlamﬂng@t% %hapéfde@mmgjééﬁ@fall goum RiatREgagHS| Ng.
The follomnng non- I|n1t|ng |ist of reactions may be ormed with the

di scl osdécnElrnotld, 30 28¢) duhiveerpposiid whtively: al‘tgé(f@f@ﬁ i( 24)5@1@@11 migreflgidic
| d d
oy DR (AT b 8307 R GARGRiEh e AN AR b AT EN R a0,

be per frﬁrcmbﬂamfoérr(mh eadicag | oo aflicrogtulidicl snlam(ﬂog) andlay ie@ﬁSOnepﬁicwaﬁdls afutlen;
al kylation; deal kyl ation, nitration: peroxidation; sulfoxidation

epoxi ddfPbnand aq%ﬁ%xm@a@ﬂ%w I He0Y @tk eachrmicertRyidie Sy Eet OP Lot saist @éfﬁ%ﬂ@fi%ﬂ lic
reacti W20 hemsit a r

car bony é?yggﬁﬁ{hﬁ%mgﬁggh§ﬁatl3%‘%é%kogﬂpgﬁﬁgﬁ%§ﬁglgggy tlJ%QREIEmEmg
dehydramah@gmﬂaﬁ)@mmﬂdeman&@mnamummnpmngmﬁmmmyM&mnﬁﬁﬁ @@cboxylatlon

decar boxyl at i am nati g | ati on; ti de coupling;

Condenaat | on ciiselBedfob i iR eny Bo e SR Eober MPER (P Hn97)

am dat | @rpri&f er %Mﬁt]s@z LBRRSIRES: sehRbalr ﬁiah@d‘ meMeP NPb0ISArRL a RUPTRbyS S;
annnnoly5|s etherification; enzymatic synthesis; ketalization;
saponlﬂn@aVHdﬁﬂnlsonerlsatlon quat er ni zat i on; fornylatlon phase transfer
reactions; si ati.on |tr| nt hesi or at| gn. .ozonol y

Lo de cher otr o M PR Aol (rbireRIRE BRI B e oAy
enzynatg7g iy @acide@nsth aﬁl@ﬁﬁ@hdlﬂ'@f&ﬂﬁ@@h@ﬁﬁﬁtﬁresdﬂ@r\{&ﬁné(lS'OPe Figures 1 to 12
are to be construed only as exanpl es. Various changes of form design, or

arrangement rayl eemivaafliidir (dewise o chaipy #nyheresnibe atigpdiol defappatiniopeanst t he

581‘2?6%3%%%@?@%%%@%@@ Ll Tired it s ol e med 1 LA
m cr of | ui di ¢ 4déhicaricfalfiidic mlebmdlorﬂglm 2 east wheeiglrshedei amyedonegbass

ceram c_m crofl uidic nodul es ( ubstantlally pl ate shape defining
gener a|(|190)%a9nf9@1le£ttpvf§<re§fvet%idr§uaw‘e§a@ PjhTa zﬂésefozl%tlorlz@aa)n%(hg‘%t WO opposite

relatively |af gﬁe‘; Iligﬁéﬂlilﬁl% d%%?ce of%?@@f?!aﬁﬁé’i ltdy'hd MQL lée?s@}wb QGbidi ng at

| east one mcr anne I ning at part
m cr oc hartdhidid 2)oduleat ddfieapt atdnest @i st of twid du@essmeemlomﬂmldmrrdoé.ﬂed egsly one

f1.uj d t] et : h i crof | uidj t
o of riefongiid §ien bahgo ir A Houm 1 Bt Po hdanRe Sty Py Rihe
i nt er conOQEeH d¥firtiRe & fhritUh@rad 'dﬁﬁ (§420h & M QUBmMFAnS hahhd @95204 sﬂacalg% GagRect or

(90) conprisin H%east one clanping structure or neans
arm(96) with a second clamping means (97) and a main connecting part (92

6. The microfluidic device of claim 5, wherein at least one of said first and second
lateral arms (94, 96) is movable into translation relatively to said main connecting part (92);

7. The microfluidic device of claim 5 or 6, further including between two successive
microfluidic modules (20), an intermediate sealing connecting plate (70) provided with
through openings (71, 72, 73) adapted to match with adjacent fluidic inlets (50) and adjacent
fluidic outlets (60), said connecting plate further comprising sealing means (80) on said

through openings (71, 72, 73).
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characterized in that said at | east one cl anping structure or nmeans (95,
97) conprises a joint (150) conprising a spherical shaped nenber (160) and

a cup shapecormaissy (170). 2. The micro fl uidi cprdexise@onsises ai m 1,
wherein the at Ieast one cl anpi ng means (95, 97) is provided with an
anti-radi al tructur or a 18Q).. . 3. The

G of fui di o dgP g uidi, e o 10 UhebaRtving fHichporkar Bt 59k Beans
(180) qﬁﬁaﬁﬂgsasexaracthf‘gaaqea@namrmlau alpaﬂﬁragla(elﬁ8Atlon of the stack for BR8mple on

m crofl uidic device of claim2 or 3, wherein the spheri cal shaped menber

(160) ia leshbor Medak alge edeinvistcamedisigpioaling exindcténgt platca(d0nfordajeotioraof an

nmeans . .5. Th crofl uidic,.devi 0 f clajns 4,

Compri Srgoss frnse foidisad P RO g FrpPuRichdns haad Sl mFisghibel b,

set of dJr\ior SGEeHSs y&t 87 ke dluidii di ¢ nodul es tightly interconnected with a

fluid duct (12%@»throu h at | east one hol ding connector (90) con§§|5|ng a
c

C-cl anp defi i Adcanicraflidie dewieq ot glagm(lot) Saivheicia thy myerogluighpmegules42® (95)

2 secongh L aalal, AL AhARK ik is@ SERAIC. @D ng, means, (97) and a main

connecting rofluidic device of claimb5,
wherein at | dasThonscrofluidii dbvidefostladnd t6 8¢ csrtprisii e abnnattich fdbrn Qﬁérems
novabl e |nto translation relatively to said majn connecting part (92);

7. The the &pleie 1 (@Phped aeilsts é6<8rar% |Oap9ﬁeé a9 offset, (fhereler havieg alPrgTisERMLENE t wo
i
SUCCESfdﬁg)a %ﬁSQ& r'(rjiag (;7}1 H aﬁﬁ@gﬁb) aﬁtﬁ@hl?érﬁﬁgfaﬁé %aﬁﬁ%acgftﬁgaﬁﬂ%'@%&' ng

pl ate ovi d roug eni ngs mat ch
wth adﬁ&bent fluidic |nIets (50) and adjacent fluidic outlets (60), said

ot g S TR B P30 S S8 B gl
connecting plate (70) comprises on at least one of said edges (70a, 70b, 70c, 70d), first
aligning means (74) adapted to cooperate with second aligning means (93) provided on a
corresponding edge (92a) of said holding connector (90) thereby ensuring easy proper
alignment of said microfluidic modules.

12. The microfluidic device of one of claims 1 to 8, wherein the connecting parts
comprising the joint (150), as well as the intermediate sealing connecting plates (70) are
made in a material chemically resistant selected from a plastic material, which can be
typically selected from PTFE, PFA or PEEK material; or from a metal or alloy which can be
typically selected from titanium, tantalum, or parts made in alloy like hastelloy, or titanium
alloys, tantalum alloys.

13. The microfluidic device of one of claims 1 to 9, wherein the microfluidic
modules comprise specific layers (36, 40) for thermal exchange on each side of the treatment
layer (38) taken in « sandwich », each microfluidic module (20) being provided with 2
opposite thermal fluid inlets (42) and two opposite thermal fluid outlets (44), whereas the
treatment layer (38) is provided with at least one fluid feed inlet (50) and at least one fluid
feed outlet (60).

14. Use of the microfluidic device as defined in any one of claims 1 to 13, for
performing any process that involves mixing, separation, extraction, crystallization,
precipitation, or otherwise processing fluids or mixtures of fluids, including multiphase

mixtures of fluids, including fluids or mixtures of fluids including multiphase mixtures of
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8. The mcrofluidic device of claiml to 7, conprising fluid port or neans
(82) for injecting or extracting at |l east one fluid at an appropriate

| ocati on wb 20hv4s3sack, for exanple on at | east one | at erall/uSdge/osfso@an
internediate sealing connecting plate (70) for injection of at |east one
further uid reactant (R) in connunlcatlon Wi th the.treat| m ¢r ochannel
(30); GRS %Rﬂi%lﬂaé@ SpRPiTGF MiGRstRycfjirg said processing pop i
devi ce fysiehigirfecks, taoc&rmw%fehﬂn B BndH é‘sré)fnlo'ébﬂ'tﬁatr‘f@MSQ§ tl(ezﬁ%)er&ﬁl\(@rsﬁ)'d gned
and opposed inlets (50) and outlets (60) . The mcrofluidic

devi ce foorgamcr,rmqrgtamcsor btuhmrgasmmgldam(gamanmeons,pfabtoehfrmmhleprepws,t ¢reaniynl et s
(50) an g %I f are opposed and offset, thereby having al so
corresﬁ)Wﬁlﬂﬁn8 P& 5§posed inlets (71a) and outlets (71b) of the

i nternedi ate seal i ng connecting plates (70). 11. The mcrofluidic
device of one of clains 7 to 10, wherein said internmedi ate connecting plate
(70) conprises on at | east one of said edges (70a, 70b, 70c, 70d), first

al i gning nmeans (74) adapted to cooperate with second aligning neans (93)
provi ded on a correspondi ng edge (92a) of said hol ding connector (90)

t hereby ensuring easy proper alignnment of said mcro fluidic nodules.

12. The mcrofluidic device of one of clains 1 to 8, wherein the connecting
parts conprising the joint (150), as well as the internedi ate sealing
connecting plates (70) are nade in a material chemcally resistant selected
froma plastic material, which can be typically selected from PTFE, PFA or
PEEK material; or froma nmetal or alloy which can be typically selected
fromtitanium tantalum or parts nade in alloy |like hastelloy, or titanium
al l oys, tantalum all oys. 13. The mcrofluidic device of one of
claims 1 to 9, wherein the mcrofluidic nodul es conprise specific |ayers
(36, 40) for thermal exchange on each side of the treatnent |ayer (38)
taken in " sandwi ch ", each mcrofluidic nodule (20) being provided with 2
opposite thermal fluid inlets (42) and two opposite thermal fluid outlets
(44), whereas the treatnent layer (38) is provided with at |east one fluid
feed inlet (50) and at |east one fluid feed outlet (60). 14. Use of
the mcrofluidic device as defined in any one of claims 1 to 13, for
perform ng any process that involves mxing, separation, extraction,
crystallization, precipitation, or otherw se processing fluids or m xtures
of fluids, including nultiphase m xtures of fluids, including fluids or

m xtures of fluids including nultiphase m xtures of WO

2011/ 044350PCT/ US2010/ 051806 fluids that also contain solids, within a

m crostructure; said processing possibly including a physical process, a
chem cal reaction defined as a process that results in the interconversion
of organic, inorganic, or both organic and inorganic species, a biochem cal
process, or any other form of processing.
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