Attorney Docket No. SP09-131 MODULAR REACTOR AND SYSTEM PRI ORI TY [0001] TMs
application clains priority to European Patent Application nunber
09305420.80 2bioesibhy 11, 2009, titled "Mdul at or React ecTarsdoipsissed’ .
BACKGROUND OF THE | NVENTI ON FI ELD OF THE | WEW'A%g%gﬂetm.espdﬁ?ﬁm
i nvention concerns nodul ar mcrostructured reactors and reactor systens. It
nore particularly relates to glass, glass-ceramc and ceram c mcrofluidic
devi ces and systens and their connection and interconnection to form
nodul ar reactors. TECHN GAODBAGRGREMNDOROOSRISYHTWEMIi ¢ devi ces i ncl udi ng
m crostractured features, nore particularly glass, glassceramc and ceramc
m crofluidic devices (mcrostractures), are described in nunerous patents,
for exanple in US patent No. 7,007,pQ%rf 0003] They may be drilled on back
or (and) front face(s) to provide inlets and outlets for reactants as well
as, typi 0801ly, tTherapelicatibncldinspriotity takdrapear Batent AGpliesiiph gungleginect i on
systens been i gction systens have
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nore par I'n patent appli Irons FR 2 821 657 and WD
2005/ 107 937 (in both documents, nultiport connectors with polyner seal are

descri bed. A face connect] ' r it ces a nechanical stress
on the mcrostructure), aég@(bﬁog‘ﬁIzﬁﬁdgg%mgykgﬂ&EP 1 925 364 (the

descri bed connection inpli esFIHI® OPQPE RIVENTION f emal e and nal e parts) and
pat ent a&%l ication US 20Q7/ 280855m%é13e connector is here secured to the

mi cr or eatd08H TAePrereriiayRIHSN CIRESRY argpicEagirughiugd gractaisRad reeget S . The
appl i canf; fias ﬁﬁ&ﬂar%ﬁ@ﬁ% &lel8ssSERRLEiathiCAHINB LI OMiGYSl @B Ubvic ahent
application EE) 1 854 543. Said specific connection systemis shown in
annexed pystears aad thefricgupestionang infPiyomBFiiondto SBWROWATEFASIEY 0ss section of Fig.
| according to EP 1 854 543, fluidic connection at each inlet and outlet is
achi eved by neans of an Oring 56 constrained in an Oring groove 58 in a
fluid connector 30, held agait{sHNKNeBACEAROWNPe 18 of a microstructure 11
by a adjustable tensioner 60 in the formof a threaded fitting with a grip
surface or wench surface 62 for easy adjustnment of tension produced by a
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patents, for example in US patent No. 7,007,709.
[0003] They may be drilled on back or (and) front face(s) to provide inlets and outlets for
reactants as well as, typically, thermal fluid inlets and outlets. Specific connection systems
have already been described.
[0004] Such connection systems have more particularly been described in patent applications
FR 2 821 657 and WO 2005/107 937 (in both documents, multiport connectors with polymer
seal are described. A face connection is ensured but it induces a mechanical stress on the
microstructure), also in patent application EP 1 925 364 (the described connection implies the
cooperation of female and male parts) and patent application US 2007/280855 (the connector
is here secured to the microreactor via mechanical means (by screw, peg or other fastener)).
The applicant has also proposed a specific connection system in patent application
EP 1 854 543. Said specific connection system is shown in annexed prior art Figures 1-5.
[0005] As shown in the cross section of Fig. 1, according to EP 1 854 543, fluidic connection
at each inlet and outlet is achieved by means of an O-ring 56 constrained in an O-ring groove
58 in a fluid connector 30, held against an entrance face 18 of a microstructure 11 by a
adjustable tensioner 60 in the form of a threaded fitting with a grip surface or wrench surface

62 for easy adjustment of tension produced by a threaded joint 64. a tension or force



sides 18, 20 of the outer surface 16 of the mcrostracture 11, so as to be
able to press a pad 66 (typically an el astoneric pad) onto the surface 20
opposi t e Wheo®/B2#1g 56. Thus forces on the m crostract uPeTAB2e0O34366 t he
conpression of the Oring are limted to conpre S|ve 0 ol erated
by gl ass, glass-ceram cs and ceramcs, preferre b" fﬁf?o%b 13&
mcrostructure 11. [0006] As an alternative to the pad 66, the opposing
surface 20 of . the micr Y c1hfp SORLARL GFIoRY pANID AR iR N9 and
fluid cof?ﬁ%mjtﬂbnrg ”B&g@éeﬁaﬁ%nﬁﬁ{e%?#o CI ? F:;% : en ipw gua C—cl anps 52
keep sheddes fl &r20ed tercuter amfase m@ob@bmnsttuh@uﬂlr, Bmgitglbt?é@e toapressda8di0h Fi gur es
3A and 3B5.C:.cl a 52. ar ner al cur in Fig.
P e T B S e R O R S L SR,
whi ch mayicadghidtinen aldu6wpp@dschnﬂam 07 ﬂhe t(bnmg)ame ﬁmilﬂegt tqm)mmepsame fdnees,

m crostnctures 11. shown in.Fi an keact n be built
up by cowsl Riermiedin %1?361 Qasgtcpmqgrag@ C'éﬁﬂ’ﬁf‘fr#%?%ﬁ@%e%%sf Clgs@?%?ree assenbl y
72. [0004 Although the connection and interconnection system of
application EP 1 854 543 reflected in Fig versatil e,
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(10) t hat' |§§%A§gd%’ﬁ}ll %ﬁ%s%’%%re slt‘%errg1 tug&elcé (nll a-1 1] egch haf\%l ng a first
edge (26Framad5(amsﬂmmmbuat¢g@v1m2&)lamwdstmweéﬁtsvmdélam , VR m@kid i ncl udi ng an
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second edge %1 ny, the entrance port (22) and an exit port (24)
are concBt? f‘}nef“ﬁ% dvant ages and additional features of the invention
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SUMMARY OF THE INVENTION

[0008] The present invention provides, in one aspect, reactors and reactor systems (10) that
include multiple microstructures (11a-11j) each having a first edge (26) and a second edge
(28) and an entrance side (18) and including an entrance port (22) and one or more other
ports (32a, 32b, 34a-34d) through the entrance side (18) with all of the ports through the
entrance side (18) arranged in a standard pattern and closer to the first edge (26) than the
second edge (28). Desirably, the entrance port (22) and an exit port (24) are concentric.
[0009] Advantages and additional features of the invention will be set forth in the detailed
description which follows, and in part will be readily apparent to those skilled in the art from
that description or recognized by practicing the invention as described herein, including the
detailed description which follows, the claims, as well as the appended drawings.

[0010] Tt is to be understood that both the foregoing general description and the following

detailed description present embodiments of the invention, and are intended to provide an



overview or framework for understanding the nature and character of the
invention as it is clainmd. The acconpanying draw ngs are included to

provi de awbuntonsesiander st andi ng of the invention, and aPeTiuse@0dt3as ed i nto
and constitute a part of this specification. The draw_ngs HI trate
various enbodi ments of the invention and toget héﬂOWYPO%FFé de 9|'%‘§i on
serve to explain the principles and operations of the invention. BRI EF

DESCRI PTI. ON. OF THE N, ] i i k : CF zsectional
o of DI € I 1op i the fhrurd ah Bl bbb teflidif @5 503 O
is a crodsimséchhcat@mpangng dbwingh arctiduded ndpdiide afurter endefstanding o€ anect i on

of the type shown in Fig. 1..[0013] FEig. 3A . 3B ri.-or

schemat i%e"ﬁ]élf”%’ﬁ'@éf"ie\}%co\‘}%éﬂ%d 18';0 Ef“%a?%’ésélt%%%amﬁa{?ﬁ“fs ¥ eﬁl‘ ar éonégﬁ%l&el)gwﬁ{égs of the
t ype shouistiaf waiiges endbodingbnss. of [kGhvidntibn god t4gdtipsr iwath the descrigion ssrehionat i ¢
perspective view of a structyral frane used with the franmes and

m cr ost r &l Bs PERCiEr R epergtiens of S IR{CNEYYy 5 (prior art) is a schematic
perspective view of an assenbly of franes of the type shown in Fig. 4.
[0016] Figs. 6A and 6B are schematic perspective views of a mcrostructure
or microstructure mdul%@éﬁ%@ﬁn@\?%éﬁﬁﬁg&qu he present invention,
fitted wwthin a frame. [0017] Fig. 6Cis a schematic perspective view of a
modul ar reactor or reactor system connected and supported accordi ng one or
nmor e aspBOlY Kig. It (nhoymrd semnrogsrepetionplonew pHduidic cringction tp & CIOBHEHES i C

per spect j I - I ST . 1 t peduligichaving all
ports ne Opgzr]\/}?g'vﬁo@émg%g]éﬁﬁg% S’té ﬁt&‘ﬂ%lfvﬁg& Of% %%t%x]ern%%gﬁﬁ%tl s a 1g((::hemat igc
parti al @naectiohefithettypesbévrem BBgtlodi ment of a microstructure or

m crostr r dul ving.all ports nearer n . ot her,
with all tbé&)ﬁt@gg’r% ﬂld§§]n@ﬁlﬂl %‘)r%e. Scﬁ%ﬁﬁ]pe]ﬁp%c%%{“l%‘s”ggﬁgc %’ﬁrlg%%]‘?ﬂ%gr {allcal pl an
vi ew of &dnnbdtioanetthetype somah ir®iys. Dind®.m crostracture or microstructure
nodul e havi al] ports.nearer to one edge than the other i, t. || ports
on a corr{PBf‘l‘r‘]]lg]flﬁe‘l. (Pflebaéé]ls ?Ff‘cé‘?m 4 RELSPECIE %@%‘%@tr&&ﬁ?&l%ﬁﬁe@%{% t\ﬁ}f ew of a
M Cr ost r ggh by MdHeekeuctREsVTiFsduRg 1031l tiple mcrostructures. [0022] Fig. 11
is a schematic diagram of a_reactor system accordi n% to._an e t?ldi nment of

the pres¥L5) FHochriehardipt SPPRaliGREPeSive Vi pteg agsembly ot fames 81 hg BiPGr e
modul es 3i2,.0fin ¢ her ent

[0016] Figs. 6A and 6B are schematic perspective views of a microstructure or
microstructure module according to one aspect of the present invention, fitted within a frame.
[0017] Fig. 6C is a schematic perspective view of a modular reactor or reactor system
connected and supported according one or more aspects of the present invention.

[0018] Fig. 7 is a schematic perspective view of a microstructure or microstructure module
having all ports nearer to one edge than the other.

[0019] Fig. 8 is a schematic partial plan view of another embodiment of a microstructure or
microstructure module having all ports nearer to one edge than the other, with all ports on a
common line.

[0020] Fig. 9 is a schematic partial plan view of still another embodiment of a microstructure
or microstructure module having all ports nearer to one edge than the other, with all ports on
a common line.

[0021] Fig. 10 is a schematic cross sectional view of a microstructure module comprising
multiple microstructures.

[0022] Fig. 11 is a schematic diagram of a reactor system according to an embodiment of the
present invention employing microstructures 11 or microstructure modules 12 of different

sizes.



sizes. Attorney Docket No. SP09-131 [0023] Figs. 12 and 13 are schematic
cross sections of microstructures or mcrostracture nmodul es having

di fferi ngvoebarisya2posi tions of inlet and outlet ports. PCOABA)106B43614 is a
di agrammatic perspective cross section of a fluid connect Lol l..with the
mcrostructure or mcrostructure nodule of Fi g.Amengﬁé?? Pi %ﬁﬁ]&% is a
pot'lt:pm up di Eag(r)zzimra'lt:! c plan view of a portion of a structural nenber shown
in Fig. i.g. 15B | s.a.di . = i iew of the
g [ RRZP) o el 0O oSS St ARl e of the
si de di agsdiestiaviag pfesipe eddtive pudittws of indet eahmdlet porty. support structure.

[ 0028] Fi { i.s.a hottom side diagranmati.c ' i -t he
connect i {ng‘g 3]: fﬁ)drztls %@?@Wﬁc Be[rsggfsta_% °LES SG8% Bfé iﬁ-‘f‘)lg %%gtlo%s/ﬁsg%é 8{11% matic
di agr?_mtﬁénﬁdilgitﬁ_@ﬂhrécﬁ@xﬁbﬁémﬁ:yﬁéﬁlﬂdﬂeobﬁ@ing to an enbodi ment of the present
invention enploying mcrostryctures .11l or.m crostructur dul es, 12 of
di f f er ent00231Fdg 15A003 byt m HP glf@"ainénafl‘f: glan YW & apoftigh P&§“G 'gg@%rﬁlr)%ti g
gegiﬁg%%hi\ggm\g%ﬁgbgfét?Cgtciere cg?nectiﬂg su%o&; struc]'Eure. 50?31] Fig. 20 is
' St v w of anot her enbodi ment . o nodul ar reactor or
react or HY2fldiie. [>BOS2fliagiagmagc gropsssegtinah WRof @wﬁéft%é’é%e\?guw' of anot her
vari ati %& ﬁﬂer‘%hMH:ﬁé. fseactor or reactor system DETAILED DESCRI PTI ON
[0033] eFerenpe wl1”now be made in detail to the presently preferred
enbodi me[d27]dfigtl6es i trpeitleidigranemativpicssedive WITWcH agpeneCing APPHt EECTE-t he
acconpan raw.n el oSk bl : he s prerals will
be used f@?@ﬁﬁ-ﬁm” %E%ﬁo .rglgmg%gér to ?%Pérgpef%%fv ﬁ%gggtﬁégérrﬁlelg{?%guparts. [ 0034]
x\r’t_hl n pﬁ?&uﬂ@?ﬁmﬂﬁ, "mcrostructure” refers to a mcrofluidic device
aving i assages wit.h a characteri sti -1 [ ipgansi on in
the few m(’%]inﬁﬁt rls_f‘ngﬁ‘BH? ‘lﬁllaglﬁ%‘toef‘m ‘?geﬁgee@% %s}eg%?cﬁélgt ﬁéléuq ?rlgiflocﬁrrl](%ﬁude, f or
| NSt ance of {©ePicc@s inbitidn@mpldyirgnticiosthadentl drhoisesaicot owddeahdlofdescri bed in
Pat ent Ng US 7007709 entitled "A Mcrofluidic Device and Manufacture
Ther eof , 9iffgFat H&S- nade by the nethod therein disclosed or other nethods.

[0030] Fig. 19 is Fig. 16 is a top side diagrammatic perspective view of another connecting

support structure.
[0031] Fig. 20 is a schematic perspective view of another embodiment of a modular reactor
or reactor system.

[0032] Fig. 21 is a schematic perspective view of another variation on a modular reactor or

reactor system.
DETAILED DESCRIPTION

[0033] Reference will now be made in detail to the presently preferred embodiments of the
invention, examples of which are illustrated in the accompanying drawings. Whenever
possible, the same reference numerals will be used throughout the drawings to refer to the
same or like parts.

[0034] Within this document, “microstructure” refers to a microfluidic device having internal
passages with a characteristic cross-sectional dimension in the few-millimeter to sub-
millimeter range. Microstructures may include, for instance, devices similar to and including
those disclosed and described in Patent No. US 7007709 entitled “A Microfluidic Device and
Manufacture Thereof,” whether made by the method therein disclosed or other methods.
“Reactor” refers to a device for performing chemical or physical processes or combinations

thereof, the device including, in the context of this document, two or more microstructures



"Reactor" refers to a device for perform ng chem cal or physical processes
or conbinations thereof, the device including, in the context of this
docurent ,wOwo10013241@r e i crostructuresAttorney Docket NoPCBRE2010834360Nnnect ed
for fluid communication therebetween. "M crostruycture nmodul e e9 rs to a
single mcrostructure or to two or more microst AHEIEY Beckeh ﬁe%lgq olget her
fluidically and mechanically in a stack or other close configuration [0035]
Figures 1- r hay S 6 is a
chermt | S SCR U Siod TR R SR et 5 i

m ci OSt ridiefddtractdd of)t'o o O ﬁﬁ)termrcmmectwtedwﬁred1@eﬁ1@tﬂmdlcaigf ardlm@eara@#iéct of
the present i ven P ?rg_ted Mthin a frame 50. In each of the figures a
mi cr ost rifeSHEe 011‘1‘ Lo5¢ EPBEHER ure nodul e includes at |east a first

i nt er nal [0d33]i o R&SS8QRiok AP havb BA distissediabsme.and di scussed bel ow in
reference to Figs. (12 and 13). Each mcai]g%tr J] mcroiftructure
nodul e 180 ?’ﬂ@lgﬁd@%1%?1“@%’[{1@%}31’%%"?%&?8’ &)%H?%Wﬂ‘@e SYfmgﬂtVlreg’n & side 18
and an %ic&os&h&t&le%(? P RRAS{thuButd YoM 1BRCEdFigde odedaspéch 6fthabfsenias an
entrance port 22 extending through the entrance side 18 of the

ni cr ost rngentios, fltﬂ?dO‘rlthm efrerae pQde each ofihgdiared 8 MiGOSRETS 159t i nternal f1uid
passage, %\ﬂ(ﬁ?&ttﬁ%ﬂt%)&hédu&q{lau&%%é IG%E%&Q Erﬂegnélrfﬂm e Fé (do® Ehdw&tlﬁlf §dhwnf | Ui d

passage through the exit m crostructure m crostracture
modul e 1aldai1$ossh¢helawﬁnreﬁetlere:d@(eFlg86¥ aa%ﬁ)aE@@t@mpse“d@@e(l’é@} opposite the

first edge the t he

ent  ancergrgp o e BiR ERERE SRR Shmisil A eRes i 1Y

vari ati ofn &fit sﬁdb@OpfppmtthddmumumsmlnleEachedaoﬂla@&ntrh@nmmb@thmdmges 11, the
t d. t

et r ancetErigh terajroE it 18 of s R SuBENEE i Aoh R SENERL ik DR AL, |

]g:ont rol dfﬂtéﬂ(lﬂ,ﬂuﬁl‘l@hss%éél)ﬁn@alee)ﬁf%oaﬂ‘(gefhxtdﬂdmgﬁo&rtﬂaﬁckt pmeﬂmdcpmg(f to the
irst e 26) than the secand e 8 and the ent 2) and

the exit Dot ‘%@264‘)“ siffee? c%ff? é‘ﬁ‘fﬁ"f‘t&uca*%g )rﬁﬁﬂ’é?"ﬁchﬁgm gp{?ﬁrﬁ% E‘%S’s"? 1;”(as ly be a

line at @d%%ei%)%éta@&%ﬁd Ed[géghg)h@fxﬁitéﬁie feegdg2@6), Besirstalat yecondiedyel (26e i s at a

di stance o nm and i ncludes any \/\hec{%%fromz to 10 ports. All ports

are desi P8eningfien the swrangmyee GF) 1 R diedsitDn di ameter, preferably 1.5

to 5 mm SRSIEADEN: chdh PR BicBirtidRge of 2 to
5 mMm and[WSBFAL%Z(iﬁ%L Jnlsl&?lgar%ﬁg of the Sgnt [0 38f Weth al | ofC trlle ports 22,

32a and 32,Uh¢1ea1ran@m®ﬂ€(a@ean@t0heOlfm@@tf’ﬂ@ljg@“%)en@lﬁé thrpyghdhe iRt ®ns to t he
m crost rgﬁ;h %) ”FF éfé&dr’}i%t %E&aﬁ?gééhﬁor]ajthexﬁx%l c&ﬁ&@l ﬂﬁ@%bm@pﬁ@s& ble, as
Par ik e

may be see int VIiew 0 B, |sa§)5anwew
strai ght ahmvgaddlahmdfarcrmuemd@meﬂé tlafﬁrstlvégﬂfﬁ%)thsm t@@mnéedgf: Coramrithhi s one

edge 26, e%lralincg I)ortt &3) an e exiP QF&H)%% c§n%erﬁf1§ The standard pattern may desirably be

a line at a set distance from the first edge 26. Desirably, such line is at a distance of 5 to 30

mm, and includes anywhere from 2 to 10 ports. All ports are desirably in the size range of 1
to 10 mm in diameter, preferably 1.5 to 5 mm, with thermal fluid ports more desirably in the
size range of 2 to 5 mm and most desirably from 3 to 5 mm.

[0038] With all of the ports 22, 32a and 32b near one edge (the first edge 26) the fluid
connections to the microstructure or microstructure module 11, 12, are readily accessible, as
may be seen particularly in the view of Fig. 6B, which is a plan view straight toward the first
edge 26 of the microstructure 11. From this one edge 26, all of the fluid connecters 30 are
directly accessible, as well as the screws 74 by which the associated C-clamps are secured
within the frame 50. A screw head 76 is also visible in Fig. 6B, which screw head cooperates
in supporting the frame on an extended structural support member 40, as will be explained

hereafter.



directly accessible, as well as the screws 74 by which the associ ated
C-clanps are secured within the frame 50. A screw head 76 is also visible
in Fig. 6BO2etwskigcrew head cooperates in supporting tRE€TiUSa0nm®e/08433@N
extended structural support nenber 40, as will be explained

hereafter. Attorney Docket No. SP09-131 [0039] Figamey BecketNg: ¥hieltat i ¢
perspective view of a nodular reactor or reactor systemin which such an

ext ende tural.support. menber. 40 ] . on .whi of

sever al Cmﬁ%‘{] ﬁ%‘?% lf‘raesgﬁ%?atlr?ipglrs esct%?/%\%l? hfoggﬁlg)%e%&%nad}ﬁ%}o? lesg%?{%Zj are

i ndependeiith such up paeided spurhirbieuppdrienetelobr e idsbowd Gt pn avhichsperefisyeeral
connecting support structure 42 adjustable ip. at.l.east two |i r

di spl acREHSt 'F%@%?OSW%‘E&B}%@%% h}GﬂJ’oﬁ@l A7 MAgpengig Tty rarR |nt r%‘ggtii on of
Ithe |8ngth61£it&ﬁfeii ?ﬁrn%%r 40y exsRBE RGNS supPorasichcaned patiyeabit iout kestt o t he
ong direction of the extended _nepbe . _Thi s _arrangenment | ows for easy
assenbl ytvarimeasgdsplaceaen degress #@'ﬁ?%bgb%gg Bf p?f‘ia]éeﬁé%fahf’ %8?&088?&35%@

M cr ost r YedibPofRIUkESed mBmberl 40,and 38 JetpendicPRAR]I Ioheirativabt tigeous aspect s
of the present invention, useful with or without the presence of an

ext endedexsendpbmemhefifeFhis wasnzamens abewsion sy assemgly apd easy rinc_?l}ﬁ‘éfl%lnce, in the
modul ar Iregggén?ént Qf’cfn{c&)@ﬁfcﬁﬁle§yﬁﬁl 105t rdoldfiles ﬁ}a—ﬂ?,vl@'é-ﬁbj. mcrostructures or
ul'es [Ta-] an

m crostructure no iZa-j are connected in a single row, such
that at [084@jtOtheragiyantageowsrdpestsditiie presentiinyention, usefulrvethesithest 9 2a- 12¢, for
instance) are each fl ui.dical n ' ¥ det dage fluid
communi cHFTBR° ‘%?%ﬁx%ﬁgedtsggg%#elx%rg%tl’% aég 6631& eé:‘ﬁ%ﬁ@?'s?ﬁlsecoﬁé and third
modul es ab&daaesgurios eadbr $ys@st 100l fFig. 6t seiverblemicaistridtareglonppaiswayectdrd (t o be

Shown SUBSSRUCTIL b a0 a0, LSl Al L RCR R ATREL L g 2nce ofde

nce s an entrance port

22 ext engiifdGnitAERieeRe fbeulentl panZe f@iitheand® aef eatlh Auidivdlly eonbldedlidc or
m crostructure 1l a-|

lc, to the first internal flui ssage (14) and with
an exit PSFessivogylerior ApdicARTPRISATHEOR PRSP thepe { r%cgf’%e@%a% 0513311? 14)
through e rgodutes 8ls6l€ohigk at Badt b Fiss: iRdea flukbhasaiel 14 (ts 8esismedge (28)
opposite the first edge are | abeled in the flrgélr]ee, .the first an E cond

edges ( 26ubsemyntbtand@n memplowiasrel OAPMPHNAS 2R P 549 15 0deRE<ERFE 2L de
(20). [ 0041k PRk Lhibakid 2t 3had ntshct POHASH Efterddiat throlii the dfthan@é sitibies fi r st
second anfgx}olghl r % rmgaglu?es 12a-12c or mcrostructures 1la-1 lc, the entrance
port 22 afitic nvdulexPa-1poemmigmstcaurpbbi- icotebc Ashingimal fuidipessees @) @dge 26 of
of the 1 MbelEirt CADekpd BRI SR i ARt 1 B budt B Bl e 12b
Wi th the(@i A fpsretlg@@6pdndtdrecdridredge @8Henpesiterhe Gishedenreilabalidtinther of f set a
speci fi e%gglie,s trhg' rtll%s? ar]:(f S%Q?)r}dhe%ges (26, 28) extending from the entrance side (18) to the exit

side (20).

[0041] Particular advantage is found in that, for each of the first, second and third modules

12a-12¢ or microstructures 11a-11c, the entrance port 22 and the exit port 24 are positioned

nearer to the first edge 26 of the module 1a-12c than to the second edge 28, and in that the

exit side 20 of the first module 12a faces the entrance side 18 of the second module 12b with

the exit port 24 of the first module 12a concentric with or offset a specified distance from the

entrance port 22 of the second module 12b. Similarly, the exit side 20 of the second module

12b faces the entrance side 18 of the third module 12¢ with the exit port 24 of the second

module 12b concentric with or offset the same specified distance from the entrance port 22 of

the third module 12¢. The first edges 26 of the first, second and third modules 12a-12c are

aligned, and a first fluid connector 30a extends from the exit port 24 of the first module 12a

to the entrance port 22 of the second module 12b, and a second fluid connector 30b extends



entrance port 22 of the second nodule 12b. Simlarly, the exit side 20 of
t he second nodul e 12b faces the entrance side 18 of the third nodule 12c
wi th the wwi2010p3e41224 of the second nodul e 12b concent r PCTIS2010084306 f set
the sane specified distance fromthe entrance port 22 of theeéphi rﬁg nodul e
12c. The first edges 26 of the first, second andtewry Bogkshbip Oolsli2c are
aligned, and a first fluid connector 30a extends fromthe exit port 24 of

the firs dule 12a tp.the entr 12b, and
a second'§} B&X’&BW%Z%Pg ° 5B W@ﬁaiﬂfOééenééa%a?n%zﬁo&%g%bcg&%llﬁfrom t he
exit porfpc24 of the second nodul e 12b to the entrance port 22 of the third
nmodul e 12c. 042] This resylts jn the possibilit

connect i BT Sée?‘%tﬁ/‘néf’ pO%ﬁ)g?pl}ty 8%‘?:‘ sf?‘ﬁ@éc?f?n&ﬁﬂnﬁﬁl %’i"éivgal er % e?gﬂﬁg i ng

st andar df g fhefsidd shdGARRRE kRRSrdRed MAE Eehnkliers8Ri Whpettie it p@ft m bt r st

modul e 12a is concentric with the entrance p rt 22 Woé@e second nodul e,

m cr ost riigtmedide B iptanecenitic with theeniags ped 2%? the secg ®t he one shown in
di agr anmpgt c'.r«fstrﬁégl% 1Srﬁfc§dﬁﬁﬂcthﬂ@ midddies 12 12/s8cHisehesRhywhiheHagrahasg t he

entrance port Arough the entrance side 18 of the nodul e joins the first
f1ui di c patstseditn m\ﬁlgcﬁl are presifarablyrased| Thera therpatraneg pest 2%fhrfﬂrﬁhé%e PEPRGSs . A

second f Lyl &4 Cftf? ﬁlo?lﬁ'fﬁ %onﬁ%ﬁef st IH&IC &]Qﬁﬁ rlMlﬁGl?ﬁHa s plditty ¢h the Sert@Rd i n the

renalnlnd por ion outer first edges aligned as in
Fig. 6A, thesedayois A sectgdluitij petleBe, IISqultﬂnlethﬁmnaé pordiok Buig) is gpved in dgi t ports 24

are direct| 1?' | g{lled flé‘%{ \%ldﬁg:ygng%ﬁhe Y‘étte% ﬁf‘é;%ﬁ'&&ﬁl OTelsS agPwit NI S al | ows

si npl e, onhnectors use ‘befween each nodul e
12. [004&3 emgmntttb@eqxstta1qa@nlgne24empdrﬂse4 hiferditectiyoalighed th2er doscepfricset a

speci fied d| stance fr h tra ort 22 the seco

m cr ost r WEh4FE-NE PO “ﬁrggn Ie‘étssmfﬁfgh% 4.0 eCth%ﬁngﬁ%ﬂs hown in

d|agranng&hgmp&@§§m§@quon in Fig. 13 are preferably used. There, the
entrance port 22 through the entrance side 18 of the nodule joins the first

fluidic path 14, which is able to nore easily stay in the center of the

three | 23y | WhSeleE: Zdo& NOF ARkt b duet weestrehespeaities distncedtonimier equi r ed
for the entrance port

and the exit port 24, as there i fbl
embodi nemttrapte Forg22 dfzhe yegondrBodith HHAERCIUET OFPTQCIOSI%‘Ct”éesmP‘?SP ‘F—Snld 2, a
second H\gc;h%ts e%%&?%r%@l mlﬂff“a%{aﬁﬂmgtf?: r&sgg’écﬁ@ﬁ mqfi?tlr?:%e ﬁrEféia@ly dséd.fraed in the

portions e ou ayers not used irst dic path 14, Wth
the fi rsttheeatrlgaszemnalz ittgyonegth thssen‘ﬂnnﬁ sifle @th@nﬂﬂwmﬁlﬂé&gé?ﬂéhﬁ“h‘éﬁﬁ]ﬁ 40 the

22" but “ortistes §Y° & paiy st bl b BRI B B R e P s
sane anobsfweer the 1rﬁ¢1ﬁ@llvfohﬁd: ﬂqmteé hoehSehtranss T 22tand mecexa mor R casiers e 1 ui d
connect Ormt g em Q %gntl 0 F1g figr rm;atnllb%di(r)nen‘% Qfelﬁ l\ﬁ?as in Fig. 12, a second fluidic

path 36, useful for thermal control fluid, is found in the portions of the outer layers not used

by the first fluidic path 14. With the first edges 26 aligned as in Fig. 6A, and with edges

adjacent to the first edge 26 also aligned, exit ports 24 are aligned with entrance ports 22 but

offset by a specified distance 54. A fluid path translation of this same amount, the specified

distance 54, is built into an alternative fluid connector 30, shown in diagrammatic perspective

cross section in Fig. 14. The connector 30 of Fig. 14 thus allows direct, straight fluid

commectors 30 to be used between each successive module 12, as long as the specified

distance 54 worth of offset is maintained.

[0044] A few presently preferred arrangements of ports (22, 32a, 32b, 34a-34d are shown in

Figs. 7-9. As explained with reference to Figure 12, in one presently preferred alternative

according to the present invention, depicted in diagrammatic perspective view in Fig. 7, an

entrance port 22 (shown as a small circle) and an exit port 24 (shown as a large dark circle)

(for a first fluid path 14) are desirably concentric but on opposing sides 18, 20, of a



cross section in Fig. 14. The connector 30 of Fig. 14 thus allows direct,
straight fluid connectors 30 to be used between each successive nodule 12,
as | ong awothw/spaei fied di stance 54 worth of offset i sPomiust@ionassc [ 0044]
A few presently preferred arrangenents of ports (22, 32a, 32b, 34a-34d are
shown in Figs. 7-9. As explained with referenceAttorngy Baglet Wo, SFO9-IGhe
presently preferred alternative according to the present invention,

depicted jn diagrammtic perspective. Vi in Fig..7 eny,rance port 22
(shown dBICESEYAITP OEﬁnf'ctE‘i’sé‘}‘Etﬁlﬁdg?fE‘EeeQi’ ﬂy'p]gﬁwfan‘ﬂa“(i%ﬁgmﬂsg@aa bford dgr k
circle) &é@g fﬁi&l%d%ﬁézrg filaslﬂx:cagly%&hfbn]tﬁf) sa%’ée%li(dﬂzﬁﬁdré abihy fioandnts ofthdnbduin

opposi ng sides 18, ), of aAttorne cket . SPQ9-131 mcrastructure

m cr ost riZcich sifsdufeeing backyprd i figreR- é‘Hd’fg%HOﬁbg?’té’ %Zfaandig’%ﬁ #%r a seg(r)nd
fluid pa&e{%‘ir?ﬁ}ﬁnéa‘?&er @Qé,meggxﬁé&d%réi@ﬁe?@ﬁ%d | theat 108F o tHahelgh HeRthesi de 18
of the nmodule 12 (which side is facing backward in the figure). Al of the

ports 22eca,edgo28. Rgsitaldp theaods aesi Hisptlyineater edge 26dkye edaedy §¥Rt&d herein
the fi rsttwOeog%ﬁeeZ@ esagemleggﬁ& &sﬂe%m%_hat edge than the second edge 28.
e porIPs are’si gﬁl

Desirably 't i . ticantly nearer edge 26 than edge 28, such as
two or t[0n4s] Rig.r3es a pdhameti patia ppossvbdianabreemfodgusy o4 gicrgtpeiuig oschemat i ¢

partial plan view of t her, .epbodi. t . 0 ] . .

m crostr %F@C%%qdé}%%: tﬁéhl S{{blegv ! il?rcéen\?\lng?% Sﬁ?g%gﬁﬁ%ﬁ%@r%ﬁ évnll%al} aci ng

f {ﬁnt, gﬁtﬂtshlaa&hlhng ot bdgediht $irdt eddeedt) than dreevtied gt {tthis chservath alldwes #6) t han t he
other, but in this case wt rts jon a,specific.patt

i ne 28. SPEFfie PRISHROBB Y P, P8 by ey SRR bl BT hEh s Iy By e ca
IF s al ? 0 %é&h@&%gﬁé}dsgiﬁ{t@fd%&gﬂeﬁﬁgb@ dtg@pdrs; ah’gdé@&d&wﬁ hnmml scareatd di Bigus sled i n

ig. 7, e enbodinent o ig.. . s an addi ti t . t 34a int
the fi 1 stmbodkieal T badis s addifiensLtionth PeShtdir ARyt THPPar T PSS, port
34a may p@gn%t tHGAGERY PRIt mARRly, PétE $Snall Beathiongh-ps@uahpdshs divedlyl e or

mcrostructure w thout entering internal any passages in the nodyle other
t han t hethddugbghe modide penisrontaictr Hithgutepedngten ap Rasteey dhapeduly 0046]

Fig. 9 igth% REROBELE liﬁ%%&hicmaﬁ%ﬁﬂ)@ﬂ t0d mBRALD&reenbOdi ment of a

m crostructure or mcrostructure hodul'e 11, 12, simlar to that of Fig. 8,

]E)|Ut _ \c/im t h[00d6}t Figl Lisaddicmatinahrtielmlanaviews opanothsr gnbeddnentoba pREOFIUEEHE 9'nt er nal
uid passa not_s re). . j . I Al ei t her

erodi nemto T e RE R T 12 i W hER 9 & ARG WOl e

di st ri bupbrerB4aaa tethe firss iraerda fhicipastage ot slomndwete) dhsised phjpstone asindid by t he

comon, PR S LSS IR 2 RO e B DL Pl
ports conmeSRAREnAGd dRtibiasecod bdthe oxkhben bf tie gtnendortT hewstrthdar d
g![ SL{)![ Eugrlngcr)]diggr){ts gfe Fig.r é)gn%eﬁg.%t. re]%d(%agna?}c)orttsho% FEE ra?escgnrt Se in%[ burpagu' e, or
not change the location of the ports corresponding to those on the module of Figure 8. The
standard distribution may be grouped at one end of the microstructure or module, or at both
ends, or may be spread more or less evenly along the first edge. One or more additional exit
ports (not shown) from passage 14 through the exit side 20 may also be employed, if desired.
[0047] As defined hereinabove, a microstructure module may be one or multiple
microstructures, where the multiple microstructures are joined together fluidically and
mechanically in a stack or other close configuration. Fig. 10 is a schematic cross sectional
view of such a microstructure module 12 comprising multiple microstructures 11a-11e. The
module 12 includes ports 32a, 32b, 22, 24, that provide fluidic access to the microstructures
11a-11e. The microstructures 11a-11e may be joined together mechanically and sealed

fluidically by any suitable means, in including gaskets or more permanent means. The

entrance side surface of the first microstructure 11a then becomes the entrance side 18 of the



ends, or may be spread nore or less evenly along the first edge. One or
nore additional exit ports (not shown) from passage 14 through the exit
side 20 Y 2algi3240¢ enpl oyed, if desired. [0047] As def Pogdish@vwms4above, a
m crostructure nodul e nay be one or nultiple mcrostractur ’ﬁﬁ@ﬁ t he
nmul tiple nicrostructures are joined together fi ¢yl %liﬁﬁ\f?' Aahi cal |y
in a stack or other close configuration. Fig. 10 is a schenmatic cross

sectional yiey of .such i CLOESELT g 12 i Sl li4pl €

o or oot et s S IR b LR e R 8 O BB 0 I €,

t hat pr o ef@hd udwlé ¢2,accles®.to the microstructures 1la-1 le. The
mcrostructures 1la-1 _|le may be jained together mechanicall al ed
f1uidi ca[ol(’%]b@}g'a}ﬁ)}s %Eﬁhf’élﬂtf%%ﬁ%ﬁlﬁé’?afﬁcﬁoh@%%m %%5‘”3%%&% se%ro%no%gg{)%rgnanent
nmeans. Th@s@hinkaios eabR9ingukitdseuchired Neorfit®btrutihes metulec2nfeliffetentt hen
becones the entrance side 18 of theAttorney Docket As\k% SP09- 131 nodule 12,
whi | e t heizesxiFrames 48 obfifieries $1%F§Pa3fﬁaéllg(§‘§’frf@€¥%?eeexﬁnée TS PYPPSEcones t he

exit sidg 2800, thEisTRBYAReALas @BeShaW) thd SRAR) thEbgranddadsexh pefh@ent i C
di agram ofe a reactor system accor%ll ng to an enpbodi nent of the present

i nvent i onligsng Fayemtically clesnite thecdilferent 1i®1§@WPEWE]§}tSrQ§é}teure nmodul es 12 of
di fferen}nogﬁlgsq 'CrA:SFl'ﬁ&ﬁl @919%%@?%%@@}%5% typ.hang fromthe sane

ext ended structura su%f)ort ( t'his enbodi ment, as suggested by
t he arr of@949) Fie. Enit isarbottorang dingrammasictpiangrie.and Fite 5B Brichsgramnaalilq y despite

the different J.engt.hs d/or w 1 Eefiol2/ 11
blaced t BgstirsbSPRviER, a0 Plont i Bl HacRe hbi Beh B0l dob i Fig
di agr amati ¢ pearembogimenanitie ipport hidties4Gisdn thg femmeftancxiondsd snetd eaii onal

vi ew, of rtion of the exten st.r,uct ur al [t 1 4 wn in
Fig. 6C. 4?’nB?’H@§ O%ﬁ’ﬁé’aft’ﬁ‘&ﬁﬁ v dﬁge ?&ﬁ;gfet%hr?gﬁgggé% ﬁﬁl elx{s{&ligﬁ?%lh%lg‘f%?' rgﬁ of an
e>r<]truded%‘d‘iﬁédaebtﬁeqbﬂgléﬁ41Mpumﬁxeahapaombaing@n@omtrﬂmm@f the rail 4 1 are
three or

hogonal extruded rail pieces 45, joined to the long.rail 4 1 by
i ndi vi dudt0S8bRigetd FagoRY ?i?%f%@ﬁ%?‘iﬁ%&“@é@“[%&i?fm e sHEon SRS i e
di agrammgpi \Qlﬁféefri?ﬁ@cﬁ!}y&toﬂ 8¢ @hgramfRAOSSGEHet@yeSiPPOf the Sdunbeingseppdzt, Whi | e
Fig. 17 is a bottom side diagrammatic_perspective view of th%Pcon ecting
support stedieed? ef Hig. b lFny, the siruchiye (2 i fixef seuliy g theaseocipsed athpg rigidly

to the asgpgibal ﬁﬂh%ﬁ&v@gﬁﬂ ga%iﬁ.g IneRibECH al%jtnﬁ vathteV\RhtrildebreSaag ikieg nenber
49 aligning with the central” depression in the associated qrthogonal rail

45. At t hesotieppd ofthegesalgeil 4ot 4t e 1P, of ersevrinesddssatbcadhBiphyhonneatr &'t
protrudin ?u%in%ssotaso 1% o eﬁ%@hﬂhg @lﬁdﬂnélggﬁt‘ﬁg ﬁ%g%&ﬁud%ﬁ il ng)ﬁﬁii truded

rai| 41, PYOVIE RS SeCure attachment W ih freedomto nove af the length
of the rabdurdlattachriién svithrfresdsn fo medorortggherisogh iofithe il 4l Tdws pidses freedont near

di spl ace qg?r}ovg Fahs gire%{im];, fof ?1gé)arnhisp %éerr%?i{ (%!g{'e%lof h@e&oﬁ{? 4Ll,%£btlllgl to the length

of the extended structural support member 40 (see Fig. 6 for a labeled arrow showing the

direction). The large upper rail engaging member aligns with and extends upward into the
central slot in the lower side of the rail 41, and assists in preventing binding.

[0051] Fig. 18 is a schematic diagram of another reactor system according to another
embodiment of the present invention employing microstructures 11 or microstructure
modules 12 of different sizes. As suggested by the arrows, the entrance and exit ports that
are aligned concentrically could reside at the center of the first edge 26 of the modules or
microstructures 12, 11. Frames 50 of differing size may thus hang from the same extended
structural support member 40, but at different heights, as shown. The different heights may
be optionally be provided by connecting support structures 42 of different thickness, as
shown symbolically in Fig. 18 by various vertical cross sections of structures 42. In the
diagrammatic perspective view of Fig. 19, one example of a structure 42 of increased height

is shown.



of the extended structural support nenber 40 (see Fig. 6 for a | abel ed
arrow showi ng the direction). The |arge upper rail engaging nenber aligns
wi t h and wetends24apward into the central slot in the | ower/useae/08f33¢ he rail

41, and assists in preventing binding. [0051] Fig. 18 _is ag{s?cgﬁ:ﬁaf%c
di agram of anot her reactor system according to F5% DOgkR O Ftof the
present invention enploying mcrostructures 11 or mcrostructure nodules 12

of diffe izes. As s este t r . exit ports
that ar e{ogﬁlg@tlec&mégﬁé‘@’ﬁ?ﬁ?’%a%%ﬁ%%ﬁ?ﬁpafhe%e g%gé%d r%lﬂgl @g%tggg%gi‘@ﬁe first
edge 26 gferakiee yuhaies thy modutarasdctan ot syses WPof Fldure F9, amwbich theflongpted er i ng

size may thus hang fromthe. sa ext ende tructural support. 40, but
at di ff et ax F?}“’f@ f%‘ﬁ%ﬁd\%. o ‘%inaflf’g?%r?fl %é‘?f‘gaﬁ? %a”r%%d;m%‘e“%%@%%m |y be
provi dedpdyingrNghit Bhs wRP&iive Sdrnb@ingsaspofi2traduds 1. Suelnin 4rhingbness, as
shown synbolically  in Fi g 18 by vari,ous vertical cross sections_of

§¢

st r uct ur akowsor oy fistongnd gas PHEIOYIRE FHEHCIISSOT PHERHTEME oS M fite exanpl e

of a strygetupesfe el 01aé RASRGT BRIsGort iSershown. Hidh0swYctionslygiortiould SPO9-
131 [0052] O course a support nenber 40 other than an extruded rajl 4 1

may be uslealallaonesmalt deeregiof metipw okt 50 relethie 1BrRAAMC YHDBOPBHORS st em 10
of Figurg 20, toggb M&%&J«Eﬁm&%@ﬂ%%ﬁ&ftﬁ@&wﬁ ASMRBRkdtoRETer 40 is in the
, on ich are carr [

formof aro I ed I ndividua i near bearings 43 as
part of {0063 Bspeat maey ebianegtsiof thesugsivbar teagior ek rapeey systom Gigaressp
arrangenent_al l ows for | r el L Vi el ehhMct ures or
m cr ost r JEFTHE- ﬁ%%ﬁuﬁlggor?%% Loeéngxlya!rnglgtts ’%ICZ@% %aa?%}#g?d t’?%p the length of the
support eibetthehdwilBociacdgnized by ttoboof asdippyskillcothedrtal so al |l ow a smal |

degree o jon o rapes 50, rel ative to.one anoiher. durlng. operation of
the r eac&@ggi n%%%ﬁ‘%’@ﬁggﬁmf%g? PP IR g RSB S ’W&‘gﬁlsstar%lﬁ%ﬁe?mf | ui d

connect Op&sRRiivd Q6% 3] a Moeiler @ficoria RacREyarhrigeadiaf twhextenddd btarctrdact or  and
react or systemthe present, in\ége@ti i

n., .So re comop to,all vari,ants,
Wi 6ot TS gieaTer PR A PP PRy oy T see SFLeRs SRS TE B
recogni zgghdhis bhagssthictaedinan Béus‘f)&ildeli wherefibg. PatticulaflP ddilantReous ircthisadvant age
may be seen relative to Figure 2 which_ is a schenmati cc}ge{éggg&l ve vi ew of
d

a nodul aerprsgees Get thefet efecs 9alboftheyapdiies g Y GRBStEIEHEST t8r al
support RENRES St tfﬁ'é 'ﬂﬁr}%ﬁﬂ\lés Ay R duuehirednd Subst lfé;lﬂz.ic@a ¥ty chRe ®RBBe@I ght ,
pl e nodu

each with nulti es or mcrostructures 12, 11 suspended wherefrom
Parti cul dlrd lpcatide dowmteouiddle af tha reactar/pystege Hbinth Sewpavhiladiliglpwingddlyes of

modul es. dreet of aEBehth BLARGan FoHARS of Eral hediiRo Bt L M 0
, pl aced very close together (in the

| ocat i on camwnatidri@ndriegbicemidfrostineturce acmodulesykl msldpsired armeedefl g @prsemhi | e
still al ln%ﬂ-iﬁgs (Ifl%kllelse twin rows may be stacked vertically, for a compact reactor footprint.

[0055] Other advantages include, but are not limited to the following.

[0056] Ease of use and troubleshooting is increased. The straightforward layout of the

modular reactors, of the present invention and creatable within the system of the present

invention, with all inlets and outlets visible on a single side of reactor or row Fig.6C, means

that a given reactor is much more easily understood or comprehended. Trouble shooting can

be done from a single side, the front side and it is no longer necessary to have access to all

four sides of a reactor. The back side of reactor can put against a wall without any problem

for maintenance. Putting such a reactor into a hood is quite possible, with few if any

constraints.

[0057] Assembly time is reduced. Because all microstructures or modules are mounted the

same way, and because all connections are implemented the same way, reactor assembly time

is significantly reduced.
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access for an assenbler, technician, operator, or repair person to adjust,
and maintain fluid connections and replace mcrostructures or nodules 11,
12 as deswoedioams241eeded. O course, multiples of these ParUScaw®34say be
stacked vertically, for a conpact reactor footprint. [0055 r

advant ages include, but are not linmted to the %@Fﬁ%ﬁ&)r?@?et%\@(%}%%']é&se of
use and troubl eshooting is increased. The straightforward | ayout of the
modul ar tors, .of t resent i ' L &uat Bbfnd e System
of the p@ggéﬁ?@h‘?}%ﬂf‘ﬁg‘ﬁ?"%“%ShS‘%?lfﬂzﬁﬁ%F‘%b‘g&ﬁ%glo%ﬁg%‘gpvi utd; Hallod 0 ° ngl e
si de of gerRebeMecHEn pattatnAbgal HiGicraveracisres, negardiesg o/ Binctiemaneas thessamgch nor e
easi |y understood aor comprehended., Troub] e. shoojin [ m a
singl e smﬁ‘%{mﬁén?’gﬁfﬁfnag’}%aémfﬁ Olughquigﬂgi“f %n%? St B'anaelglelfs%’zg?é;tﬁ?gﬁ a?/%ﬁée)lccess to
al | f our nshite or@hiqie me@phisl pakd)B abldietedsi de of reactor can put against a
wal I w thout any problemfor maintenance. Putting, such a reactor into a
hood is KOF9IdnpeEessd HP@MW%tlﬁnfsea\Rﬂ‘ieYeddH?“@Bﬁw%‘? ealPB0o57] Assenmbly tine

i s reducRpeBRGRMSIE Bbh of oRhQSbA PalcHsEo: A diffedit fRediadeigiourhech t he sane
way, and because all connections are inplenented the same way, reactor
assenbl yregitniof theingmber o difargnt debing eefionss BRI BARIKEL I MIGPHBR™31 [ 0058]
Mechani Cl at 6. LRI B SaskBlLd tsand mechani cal conpl exi ty reduced,
Havi ng thésane connection pattern for all mcrostructures, regardl ess of

f unct i on[006ERSi®t diecameecter bdweaahiciostrestiraeis apisveBe used t hr oughout
(unlike | i gs. . 4a and .4h) YR EEna o s i EEnt

mechani ci@%ia esfaftghagghngeté)&ﬁ?gf)fgg%f%\oglrrsﬁgggeaggl gite\gn ar di zeatoi on 1i s achi eved

i N M cr osf febi@in fretfatibwi fhashanand[sGaIGH] coBtaatiomrtaiwean vmmodulesstinect i on

patterns for all differen | ui di ¢, desi.gns. nean oM t he nunber
of diffePBFFPSTHCTSS; JFFBS ﬁ‘é&“iséé% e_eﬂ l‘i‘)a‘%eﬁ’ugg‘ét?’i‘%fr‘?l 8‘?‘“%?@%‘%%@%@“?#%?@& ructure
desi gns i&lutdiane M8l Borshandaudomadimedt Isals ediifyfiossible to réf6dfaigdhehart di r ect
connection between m crostruyctures .is achi eved. LOC;GZ; tThe fO?C}ﬂ t hat
product GOIICEHONs SieEORREHORISETE FHErAF UG e SRMOAUSS) Jat Re®°cf A%t in front
of react alferfalMlvRlictdah @Wseality FRAMEkifRANF & ekahghtthcannatdridons tHentieen t wo
modul es or mcrostructures. This avaids the neew iﬁ?d' t ubhng. f.or
connect i dhis-contretingyprrfioreeliihe sonpecirid8san hemachinpdritpm TLFE SUPeEle BBAT i t ti ngs.
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and having direct short connections, without need to flip microstructures or to translate

horizontal some in order to align connections. Benefit for the reactor is higher compactness.
(Fig.6)

[0064] Unlike in the past, with standard connection patterns it is now convenient to associate,
within the same reactor, microstructures of different sizes.

[0065] The methods of use and/or the devices disclosed herein are generally useful in
performing any process that involves mixing, separation, extraction, crystallization,
precipitation, or otherwise processing fluids or mixtures of fluids, including multiphase
mixtures of fluids—and including fluids or mixtures of fluids including multiphase mixtures
of fluids that also contain solids—within a microstructure. The processing may include a
physical process, a chemical reaction defined as a process that results in the interconversion
of organic, inorganic, or both organic and inorganic species, a biochemical process, or any
other form of processing. The following non-limiting list of reactions may be performed with
the disclosed methods and/or devices: oxidation; reduction; substitution; elimination;

addition; ligand exchange; metal exchange; and ion exchange. More specifically, reactions of
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of PFA. [0063] Conpactness is inproved. Thanks to product outlet l|ocated in
same axis or with defined small offset relative to main reactant inlet, it
i S possi bWe 20w/izk41gn all m crostructures and havi ng di r @CT/tsh@0i034336
connections, wthout need to flip mcrostructures or to tr séﬁge
horizontal some in order to align connections. B&f@eyPoflst e2dtor is
hi gher conpactness. (Fig.6) [0064] Unlike in the past, with standard

connection patte now,.conveni e sanme
reactor, anﬁhog ﬁ’@ﬁ’ iW’E‘%’P‘E‘s BIng fipmavhy ntpe{s}l&z%eg ﬁf@ﬁé@?&%d%ﬁ%@gg%ﬁ% use
and/ or t(lWICg@Y)bE’ﬁﬁu@tlsmdﬂ&ﬁﬁloﬁﬁiﬁikﬁﬂaﬂbm nijention;glekoxidasiet; wulfwmdqmen;f ornming any

DT o pi taPRgHIonS ABORGRYs B e oY RRear Lo G ersape L Rl
i ncl udi n&eéfb’&strh@zﬂ%ﬁ@mmrﬁﬁﬂéhﬁge&ﬁug dathll}db‘reacﬂﬂ)ns Iwﬂbudylﬁlg)nf thivcebooylatiingt ur es of
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ase m xtures of %:géﬁ,o thaﬁ]%f clo tain

sol i ds- \/\iﬂlﬂl’ﬁ}’iﬂtl&ﬂ rhatogeratippdeliydsohainganagiop B aHy Y HRIOUHE W b hy si cal
pr ocess, Pﬁﬁbﬁ%ca!rﬁﬁ&fah&? aﬁx‘%ﬁdneﬁ‘»%ﬂ&u&a géﬁﬁ@@S&Jpﬂlfi@talcTOQSdﬂdE@ah(ﬁh t he
i nt erconvers on of organic, inorganic, oth organic and i ani c
speci es, csaldopmtchmwehpkwels@twl@reSfaﬁi}caéiPh@Fm‘ﬂ%Pﬁa el‘}?WB&’:‘é%)@ﬁﬁ > The
follow n | i r ﬁgh{m ﬂgéglst he

di scl osegehlﬁfg aHodrschirllg(] % 2%1\9%133@% %@fsl (E)Eﬁéﬁlf%g%ﬂﬁ?l on; gls,l%ﬂstl tuti on;

el i m nat k@ﬁhzaﬁdd siponjﬁcaﬁqngmnniemaumamgﬁem@tlms fmlﬁélﬁ@a@ha@ﬁtﬁnﬁféh exchange

More specifical l react 1,ons ofAttor k y of the
fol | owi nEFAHERSTS ﬁliaiil?rﬁg %rflgfynﬁﬁaswbp o%ﬂ%ng{gm%%g{aglc %ec%%%@gd net hods

and/ or dg%mg@&s1@@&%ﬁﬁﬁh&@&n@ﬁngﬂh&yMQMnémpwdmatkyﬁan$on, nitration;
per oxi dati on; sul foxidation; epoxidation; ammoxidation; hydrogenati on;
dehydr ogenati on; organonetallic reactions; precious netal chem stry/
honogeneous cat al yst reactions; carbonyl ation; thiocarbonylation;

al koxyl ati on; hal ogenati on; dehydrohal ogenati on; dehal ogenati on;

hydr of or myl ati on; carboxyl ati on; decarboxyl ati on; ani mation; aryl ation;
pepti de coupling; aldol condensation; cyclocondensation;
dehydrocyclization; esterification; am dation; heterocyclic synthesis;
dehydration; al coholysis; hydrolysis; ammnol ysis; etherification;
enzymati c synthesis; ketalization; saponification; isonerisation,

guat erai zation; fornyl ation; phase transfer reactions; silylations; nitrile
synt hesi s; phosphoryl ation; ozonolysis; azide chem stry; netathesis;
hydrosi |l yl ati on; coupling reactions; and enzymatic reactions. Attorney
Docket No. SP09-131 CLAIMS 1. A nodul ar reactor conprising:
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at least first, second and third mcrostructure nodul es each fluidically
connected in successive order for fluid communication fromone to the next,
each of twe2biwse412second and third nodul es conpri si ng: PaT/USR@S034336 i I St
internal fluid passage , an external surface conprising an_entrance side
and an exit side opposite the entrance side, an®d#AWenREEksHHPLS T di ng

t hrough the entrance side of the nodule to the first internal fluid
passage, an exit port extending frgg]tﬂﬁ;first internal fluid passage
through the exit side, and a first éﬂé and a second edge opposite the
first edge, the first and second edges extending fromthe entrance side to
the exit side, chara%% rized in that, for each of the first, second and
third nodul ed; thé® ‘&%ﬁ?@“ﬁB?ngﬁW§'the exit port are positioned nearer to

the first edge@ft fibe séPRAVLR tHhanmicstrieus ecanits eddefluidiodly comnbatd ihe exi t
side of the first npdule faces the gntrance si de of tgqﬁggpond d%Le W th
the exi tsugesstiveerdeifer fipidsomumiprgdon o @ne 19 the Rextheash obfhedgst %F"g‘gg%‘} i ed

di st ancegf.fh amahRe ?ﬂ&f ce port of the second nodule , and the exit side of
the second %gﬁUHec acgg@the entrance side of the third nodule with the exit

port of the sékestd frgdurmalibndearsagee with or offset the specified distance
fromthe ent Ija%%%%rr@ﬁ El}l'glgé c%ﬁ'frisgr@ LR sRie 2A0Eh Lhesidd 6@55&49@@11‘[@50@ he
an rrd no d

first, secon es are aligned, and a first fluid connector
extends fidgm the exit port of the first nodule to the entrance port of the

second nodule, and a second..fl i 10K EXhirmaprt of
the second no gmpgpgﬁgx%%$?%ﬁ%gg%§%?5§%9§ﬁgékﬁ?gzm%%gﬁFg&ﬁgsﬁThé nmodul ar
react or fgideashgyg to claim 1 further conprising an extended structural

support nenber and wherei.n eac Lcrostruct.yre modul e i s in ntly
supported on @H%“é&#@ﬁﬁ@ém%gWﬁgﬁﬁ%§“3%F3§%%§ i E%%WH@% F869§§§%g§t
structure adjysisaklig i @lsedopastigd wWeposite tieafirsdedyp) the efireninddegomreiesges

freedom one parallel to the directiqn of the long direction of the
ext endedeHeRe from dhesnganse side e 61Lf9% 0 the | ong direction of the extended

nmenber. 3. fdiBaEinAhatSHS bRMoE Pe el REoriMHNE itiitdEmsdldsOmit Ebtednus p&it &Rlche havi ng:
at least a tirst internal fluid passage, Attorney Docket No. 8509- 31 an

ext er nal exitipdrhere pegtipnel siesigr tarihehist edge of tedeodihifhamiodRs secaidrdetii6di t e t he

entrance i fig exi?gid?ﬁgﬁ??%grtngﬂ’ﬁlé R4 HOdiRdcd IR dBhdanddubwen Bkdgit of the

m crostructure . .
port of the first module concentric with or offset a specified distance from the entrance port

of the second module , and the exit side of the second module faces the entrance side of the
third module with the exit port of the second module concentric with or offset the specified
distance from the entrance port of the third module, and the first edges of the first, second and
third modules are aligned, and a first fluid connector extends from the exit port of the first
module to the entrance port of the second module, and a second fluid connector extends from

the exit port of the second module to the entrance port of the third module.

2. The modular reactor according to claim 1 further comprising an extended structural
support member and wherein each microstructure module is independently supported on the
extended member by a respective connecting support structure adjustable in at least two
linear displacement degrees of freedom, one parallel to the direction of the long direction of

the extended member and one perpendicular to the long direction of the extended member.

3. A reactor system including multiple microstructures each having:

at least a first internal fluid passage,
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internal fluid passage, an exit port extending fromthe first internal
fluid passage through the exit side, and a first edge and a second edge
opposi t e Wheofwmstizedge, the first and second edges exteﬂmhmgammmnmdhe
entrance side to the exit side, characterized in that or _ea t he
m crostructures, the entrance port and one or nﬁ?@“ﬁ?ﬁ%?k §P@%Lﬂugh t he
?Rtra?ﬁe si de Sredarranged in a standard pattern closer to the first edge
an e secon e t he entrance port t
concentric. E%E%F@W%%bs%aﬁ Sldﬁ%ﬁmﬁgé %ﬁtng o(ﬁaﬁbggﬁle ﬂé%%@éﬁ%ee por t
an? an eﬁuédporg f?L a second |nternal f|UId passage extend through the
entrance side e system acc furth i ncl at
| east one addfA%tHAMC P@ﬁ@?"&ﬂ@‘@g fJB?‘fg éﬁ‘?%‘ﬁ@f‘ﬁegsl‘%"%?ﬁt}%ﬁmtl?ls Fugiht ertgﬁlgeeﬂg’ii' de to
the firsfydh @hfddashbdli d passage. 6. The system according to claim3
wherein the entrance port and all _existin orts o one _ar, e ot her
ports thr oughantePFé perierigpdiag Bpadhefit 15?‘3?&}18‘& Pp§fage t oﬁg’ the exitide, §9‘it em
according to n%e WRLE Gbddnk RAdThEPARRE THACkN Efheall® Mbt M ¥onigl &izzes. 8. A
nodul ar reactor conprising: an extended structural support nenber ; two or
nmor e nlCEmgumuyﬁmnéwmudmweﬁdeﬁwhe@méﬁd%or fluid comuni cation therebetween

and su PPOLLE genzgd % q atef& ens s mchﬁ@@@l?c%ﬁﬁﬂc%%@rt'aﬁd bRddr B&e Biher

ni cr ost r G& e1s |ngépen ent y supported on the extended nenber
(40) by paMf&pm@hﬂmenﬂmnaeﬁmmngn@ugMOnmngﬂudme@nabﬁwéQﬁﬁﬁbﬁﬁﬁgaﬁwﬁeast

two linear dis t d f [
of "t he | Bl enes B S rnae oot B SR L R MR O L nai et ar Lo the

| ong direction of the extended nenber (40).

4. The system according claim 3 wherein both an entrance port and an exit port

for a second internal fluid passage extend through the entrance side.

5. The system according to claim 3 further including at least one additional

entrance port extending through the entrance side to the first internal fluid passage.

6. The system according to claim 3 wherein the entrance port and all existing

ports of the one or more other ports through the entrance side are arranged in a line.

7. The system according to claim 3 wherein the microstructures are of varying

sizes.

8. A modular reactor comprising:

an extended structural support member ;

two or more microstructure modules connected for fluid communication therebetween
and supported on the extended member ,
characterized in that each microstructure module is independently supported on the extended
member (40) by a respective connecting support structure adjustable in at least two linear
displacement degrees of freedom, one parallel to the direction of the long direction of the

extended member and one perpendicular to the long direction of the extended member (40).
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