MIXER FOR A CONTINUOS FLOW REACTOR, CONTINUOS FLOW
REACTOR, METHOD OF FORMING SUCH A MIXER, AND METHOD OF
OPERATING SUCH A REACTOR Field of the Disclosure The
present disclosure generally relates to mixers and in particular mixers for
continuous flow reactors. Background Turbulence promotes
e hamiBak reactions| heat-transfer opry atiomsy mixing, ek combustionop or
HYRAesSes i manychemisalpressssespElfegtivesuse Qftrrihulgnce can
increase the interfacial contact of reagents so as to decrease reaction
times and the cost and time of producing many chemicals. Many
existing chemical process unitétiseftilisibarctesiemors to continuously mix
and repgl e QT kg JeRgeRIRUNJerihulgnt diffusion %’r}gy 8RGiZers for
2000). Reagents can be injected into tubular reactors in a number of
QB YS IBHE Spproach is to introduce the reagents so that they
meet at an angle (e.g., 90 degrees). Another approach has the reagents
meet coaxially. The coaxial approach, however, is less efficient in
inducting rapid mixing between thE3Gks RS compared to when fluids
meet dudngtese promoxamnplesiofisuebitbylacseastarsringludadhoStixing, and
Justrated in U.S. Pat. No. 4,909,997 to Mitchel, V\g}ich Erovides an ‘
ilfustration of an impingement ISP USEE i % TeactiShl SéhdnieYofurbulence can
iipredecihg tetrabeorhobispherobicOther examplesat tuhulamreactors:.eane cost
I : N 332,442 to Reed; 5,845,993 to Shirtum; and
ag(?ltglg%% [;'%((:%fﬁ %éa ]%%fﬂgl%rﬁgwga%’s In a first aspect, there is provided a
mixer Y&y eattimgotsfiowiressters coityprisingbalretongate innensleevaly mix
Vil insi jni ' ' receive a moupti
et omde roug e e e 2000)
Repsasiés 470 B BUrsiEs suffdedBppesitiotheingidesbiesacd; difidrant ways. One
aBIPOEALe;OUleRigave grneaBEIcaly arpRasdwith the, SIONDRIE. IANGN eorees),
sleeve, the elongate outer sleeve having a first surface and a second
%wﬁaeé@%ﬁeg‘ﬁé?%héim%%ﬁc@eaha%w@amitylzﬁ B ABHAReG. however, is
lddwetighethe fifatianthgecpachsuiace:0libe @longate QuelaleeNe, WhEIE: fluids
mteh% otuts(iﬁle surface of the elongate inner sleeve and the first surface of the
el%ﬁ‘gg?é Stiter sleeve define an annular channel that extends through the
first eRghandethefsecdndubnéhofrthetelongdtelinnarssleByarated in U.S. Pat. No.
ime f the present disclosure include a mixer for a continuous
S R S AT o A BT S n
rogrsipro dsfomforming it mainge tand the dperation-the @ tfe:Speaifisaiy of tubular
rSOBRAUMERISG G, MXE! phing Rresent disclaswe AlloW fOLaPIMAN, . g
reactant flow to be segmented through'a pluraﬁty oF ports into' many ’
S3maflé¥ fioddbihat are injected as jets into a secondary reactant flow in
channels of the mixer. For the various embodiments, the channel
through which the secondary reactant flow moves and into which the
primary reactant flow is injected can have a constant width-dimension to
enhance even flow distribution and local turbulence. For the various
embodiments, the constant width dimension of the channel and the size
and number of the ports of the mixer are configured to ensure the primary
reactant flow injected into the
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on a surface of the channel that is opposite the injection point at normal
operating conditions. To accomplish this, the relative dimensions and
predetermined proportional relationships of the mixer allow for the number

and diameter of the ports to be sized to provide a Jet Mixing Number, for
example, of at least 0.9. Having thegdgt,Mixing Number of at least 0.9 _
combiped with the number of ports and their position relative the opposite

wall of thé dHEhREPEHoWRTSr & Hgherebgred B isdgmantafiiRier thél ts reactor,
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embodiment of a mixer for a continuous flow reactor according to the
srelast isurss alesve:

Embodiments of the present disclosure include a mixer for a continuous flow
reactor that provides for rapid mixing with minimal back-mixing, and methods for
forming the mixer and the operation thereof. Specifically, embodiments of the mixer of
the present disclosure allow for a primary reactant flow to be segmented through a
plurality of ports into many smaller flows that are injected as jets into a secondary
rcactént flow in channels of the mixer.

+ For the various embodiments, the channel through which the secondary reactant
flow moves and into which the primary reactant flow is injected can have a constant
width dimension to enhance even flow distribution and local turbulence. For the various

embodiments, the constant width dimension of the channel and the size and number of

the ports of the mixer are configured to ensure the primary reactant flow injected info the



Detailed Description Embodiments of the present disclosure include a

mixer for a continuous flow reactor that provide for rapid mixing with

minimal back-mixing so as to help reduce undesired byproduct formation.
W28 biiidlish the rapid mixing, the mixer includes channels bavipgzao /006641

constant width dimension, and ports that open into the channels. The

embodiments of the mixer of the present disclosure can segment and

inject a primary reactant flow through the ports of the mixer into a

secondary reactant flow moving through a channel of the mixer.
changplrentingrapdsafestingeragrinh dry rhactahtifisws imtodkidesbeonitation point at
norrdgesiaplflovecam el to minimize the mixing length of the reagents (i.e.,

allows for mixing of flows in g very short space). WO )
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reactor and mixer according to one embodiment of the present disclosure.
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Figure 5 itlustrates one embodiment of a mixer for a continuous flow reactor

according to the present disclosure.

Detalled Descrintion

Embodiments of the present disclosure include a mixer for a continuous flow reactor
that provide for rapid mixing with minimal back-mixing so as to help reduce undesired
byproduct formation. To accomplish the rapid mixing, the mixer includes channels having
a constant width dimension, and ports that open into the channels. The embodiments of the
mixer of the present disclosure can segment and inject a primary reactant flow through the
ports of the mixer into a secondary reactant flow moving through a channel of the mixer.
Segmenting and injecting the primary reactant flow into the secondary reactant flow can
help to minimize the mixing length of the reagents (i.c., allows for mixing of flows in a very

short space).



For the various embodiments, the flow rate of the primary reactant flow

can be larger than that of the secondary reactant flow. For example, the

primary reactant flow can have a flow rate that comprises the majority of
Wiheotistal vdlumetric flow exiting the mixer. In one specific examaplestve7/006641

primary reactant flow can have a flow rate that is at least twice that of the

volumetric flow rate of the secondary reactant flow. In an alternative

embodiment, the flow rate of the primary reactant flow can be less than

that of the secondary reactant flow. For example, the primary reactant flow
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The mixer 100 further includes a channel 126 that extends through the
first end 108 and the second end 110 of the elongate inner and outer
sleeves 102, 104. As illustrated, the channel 126 can be defined by the
WeUHaBe16f the outside surface 116 of the elongate inner sleew& TOR zmnTi006641

the first surface 120 of the elongate outer sleeve 104. The ports 124

65604 nrovide for fluid communication between the channel 126 and an area
outside the second surface 122 of the elongate outer sleeve 104. For
the various embodiments, the channel 126 can have a cross-sectional
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For the various embodiments, the elongate outer sieeve 104 is concentrically
arranged with the elongate inner sleeve 102. The elongate outer sleeve 104 includes a first
surface 120 and a second surface 122 opposite the first surface 120. The elongate outer
sleeve 104 also includes a plurality of ports 124 that extend between and through the first
and second surfaces 120 and 122 of the elongate cuter sleeve 104.

The mixer 100 further includes a channel 126 that extends through the first end 108
and the second end 110 of the elongate inner and outer sleeves 102, 104, As illustrated, the
channel 126 can be defined by the surface of the outside surface 116 of the elongate inner
sleeve 102 and the first surface 120 of the elongate outer sleeve 104. The ports 124 provide
for fiuid communication between the channel 126 and an area outside the second surface
122 of the elongate outer sleeve 104,

For the various embodiments, the channel 126 can have a cross-sectional shape of an
annulus {(i.e., an annuiar channel) taken perpendicular to the Eengitudinai axis 118 of the

mixer 100, Other cross-gectional shapes are possible. In addition, the channet 126 has a

4



jet velocity in port 124 diameter of port 124 \. velocity in channel 126" \

width of channel 126) Formula | As used herein, the value of the JMN

provides an indication whether the jet flow through the ports 124

ok atey across the cross flow and onto the opposite wall (B/itkme7/666641

outside surface 116 of the elongate inner sleeve 102). For example, for
65604 JMN values from about 0.07 to about 1.0, the jet flow permeates the cross

flow, turning before it hits the opposite wall. For JMN values less than

about 0.07, the jet flow stays along originating wall and does not
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of thbenefieialiant flow are sized to permeate to the opposite wall at nominal operating
conditions to provide good mixing and tnmdown of the reagents in the mixer 100.

For the various embodiments, a methodology used to characterize the jet flow
through the ports 124 into a cross flow (1.e., secondary reactant flow in the channel 126) can
be defined by a Jet Mixing Number (JMN) calculated by the Formula I

Jet Mixine Number = ( jet velocity in port 124 ]( diameter of port 124

— - Formula 1
veloeity in channel 126 \ width of channel 126

As used herein, the value of the JMN provides an indication whether the jet flow
through the ports 124 permeates across the cross flow and onto the opposite weall (e.g., the
outside surface 116 of the elongate inner sleeve 102). For example, for JMN values from
about 0.07 to about 1.0, the jet flow permeates the cross flow, tuming before it hits the
opposite wall. For JMN values less than about 0.07, the jet flow stays along originating
wall and does not appreciably permeate into the cross flow. For JMN values of 1.0 or
greater the jet flow permeates the cross flow to contact the opposite wall.

For the various embodiments of the present disclosure, the relative dimensions and
predetermined proportional relationships, as discussed herein, allow for the diameter of the
ports 12-4 to be sized to provide a JMN of at least 0.07. In an additional embodiment, the
diameter of the ports 124 can be sized to provide a JMN in a range of 0.07t0 2.0. Ina



As the example of Figure 1 illustrates, the ports 124 can be arrayed in

rows and/or columns between the first and second ends 108, 110 of the

channel 126. As illustrated, the embodiment of the mixer 100 illustrated in
WEigE!15hAs one hundred forty-four (144) ports 124 distribut&d Tri§2007/006641

sections having six (6) rows of four (4) ports each. As will be appreciated,

the number, the size, the spacing and/or the distribution of the ports 124

can be configured to ensure mechanical integrity of the elongate outer

sleeve 104 and to ensure that the primary reactant flow impinges on the
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the primary reactant flow impinges on the outside surface 116 of the elongate inner sleeve
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102 (i.e., the JMN is 0.9 or greater). Mixers having different numbers and configurations of
ports 124 are possible.

In addition, the number and total cross-sectional area of the ports 124 can be
selected to provide sufficient segmentation and volumetric flow of the primary reactant flaw
into the secondary reactant flow as discussed herein. For the various embodiments, the -
number, size and shape of the ports 124 used with the mixer 100 are configured with the
channel 126 to ensure that the fluid jets from the ports 124 permeate the secondary reactant
flow fo impinge on the opposite wall under normal flow conditions.

For the various embodiments, the cross-sectional shape and size of each of the ports
124 can be selected to allow for a jet of the primary reactant flow to be delivered from each
of the ports 124, where the primary reactant flow is both entrained by the secondary reactant
flow and impinges upon the outside surface 116 of the clongate inner sleeve 102. For the
various embodiments, the outside surface 116 is configured as a continuons arcuate surface
against which the primary reactant flow can impinge upon the surface 116 to provide for
turbulent mixing of the two reactant flows.

As mentioned, both the size and the cross-sectional shape of the ports 124 can be

selected to best accomplish the rapid mixing in the channel 126 of the mixer 100. For



example, the ports 124 of the present disclosure can have a number of

different cross-sectional shapes. These include, but are not limited to,

circular, elliptical (i.e., non-circular), and polygonal, among others. In
WaditiohStHié walls defining the openings can be tapered or uidafemd /006641

(i.e., cross-sectional area changes or does not change from the first

surface 120 to the second surface 122). In an additional embodiment, the

cross-sectional shapes and/or sizes need not be constant for the ports

124. For example, the ports 124 can have a variety of cross-sectional

exangHanas, msived dhaiphstieeseot digilesvrniser 1o Formreevafidiféerent cross-

sectt@rﬁﬁpgﬁﬂﬁéemghé@@t%ﬁﬁ:i@f the dnixen 1991&@%@@:‘(@3‘91@0 MBEM o, non-circular),
d ropo tional relationships t 5% allow %ﬁgr the dlmensmn s of the features to
an e H a5 or 'SP TGP BhERFIRE Y&aT e dapered o

unmtaplea‘fzmgmeeprmsimrmaédrmaﬁﬁﬁmaiﬂémmmmﬁg‘eﬂﬁ@m perfke0sinface 120
to thé%%ms%?ﬁ%mmag aig %%&&%@E&%tﬁ%&o&?&% roug?? (t)ﬁv ‘2101163 slgges and/or

maintaining a nearly constant pressure drop t

sizes ffpcshaanh Brec thEHRhEr diisnRetét bithd elcigieleutes eqeevbzﬂ-cm have a variety

of cr&m%aumma@eee;m first siufaced2Q gtweyettteetlgagltudmal axis 118)
be taken as thez?{ecllatlve d| en5|on \ENﬁh WhICh oth%r values can be
deteimised Qe At R RN Er A S s %%Ionga?@ B PEfEt R ined
pmpqmmﬁe%aﬁemmﬁ\ihm elevis(dy the dinvmtemsbitbelfonyate inherdsieevéncd
basede§ peaspedRt thequiside siracedd e-canhave.a:telative valye 0f 0-81

e., eighty-one percent of the value of inner diameter of the elongate

Pfﬁpoo“utéftaéeﬂétiéotﬁz;ﬁ for thestafifghy Uthi dBRLEARERTEI BRABASIGH BE the mixer 100
up orchamnettl Roncanthiaeza netatiyecvalumnineesangeiof0iBb tgH iBd@dhe. inner
diayetsy etattts;glqyggt%e%t%%%% A04.ln. one 3&%;” %e%m?&? gn%%%red

the constant width dimension of the ¢ annel as a 'relative value

betwignieifirsariareleldhinedidhe e witiéaleaie 104, andr sddmenahe relative
dimeggnhodiment;: thaldiametandidhepast BB&@@&E@VQ}aﬁéQ|%§{Qﬁéﬁ|ﬁ§%§)ﬁtameter of
the B]Ofé%?,% % %ﬁfut eg\eécleé% t?f the valueafof jnner édaa@bﬁ% f the elo !)%tgegm inmer

R-an additional em odlment ureﬁlty
sleeve 29 cmpdraedatpeiods irtheedidtmete hefeach!pore redéttﬁ/eftﬁ $Aeie.,

eighzymeetd@tﬁttf@tmme@ Biahihe anhuaeranRReld28ie curddSREDess).

t|v Iu s then aIIows tgei dimension_of the dif erent features of mixer
yde BRI oS S ST BINS it %ﬂaﬁ {98 fap fhpretative value
ina raeﬁt@d MG@OE@¢f@<empteﬁrwmnrthethhatm@§h@slaarmimaﬂﬂ Wddtinafne
speci BRQHILSE SRL B R Jislansehetweenihe pulside surace 9Lheive value of

elongate inner sleeve and the first'surface of the elongate outer sleeve)
0-09 {hEHidmEar oI fitaitasE A WhtiR Hal e vAIRR SHUBeRA Fagediment,
the dieactepoitib24wolld havéa diamebierolabeutf D 4L carfhihpedizmetemefvalue
o indlEGIRNAAE SRPLBIGENE dAZpuKOR PO A 3 cﬁ?]m;lz-i@%%%o%l%' . cach of

values can then be used to scale the features o e mixer 100 u or own

the plysHEK RhRUBOT iR Saus dftHe 058rt farche dtameter of each port relative to the
const&%i&&ﬁdxﬁ%@&ﬁ%ﬁ%ﬁﬁ&ﬁéhﬁﬁ@@@é In an alternative

Ondl ecgért eir{‘;%nvsatues dth |men %ofthe an %th %@ t[tl ¢
. cansﬁa%/eacons tvalue withou regar& redeleimined proporisHares ©
mixerrdlisnshigetoronsdrifemuss oF the wmémm:cmi exbun e tHeadaed dratures.

For c€0ABNREWIRG, candnaNe- cansiamsvalue, R Be UL 32 $Mdegaidiess abihe .

their dimensions_of thie featitres in the continuous flow reactor 130.
between the outside surface of the elongate 1mner sleeve and the first surface of the elongate
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outer sleeve) the diameter of the first surface 120 would have a value of about 13.9 cm, each
port 124 would have a diameter of about 1.4 cm, and the diameter of the elongate inner
sleeve 102 would be about 11.3 cm. These relative values can then be used to scale the

features of the mixer 100 up or down depending upon the needs of the user.



As discussed herein, the mixer 100 can be formed from the elongate inner
sleeve 102 and the elongate outer sleeve 104. In one embodiment, both
the inner sleeve 102 and the outer sleeve 104 are formed from a corrosion
Wibgistakithiaterial. As used herein, corrosion resistant materi&STAGLUHE/ 006641
those materials that resist reacting to or do not react with reagents they
are in contact with (e.g., the primary and/or secondary reactant flows)
and/or the reaction product(s) formed froth the reagents. Such reagents
can include, but are not limited to, acids, bases, halogens, halogen salts
subBhAsHBRIHES BOhe TR hofris i 46l RyBOaE iRe 2argapichannel
136 dhalides and eiganie:acidhalides: and acit-antydidas apond ailefSitionships to
mples.of suitabl rrpsion resistant materials used tq form the mixer
o T B, e o BAER oty DO Gt ek o Bave & Bomstant
valuefleiorbputynders) sushidespofyistreitieo bathsients (. Tefione2)) ndontinuous
flow Rolypinylidene fluoride (e.g., Kynant), polyethylene, polyvinyl chloride,
polyester polyurethane, polypropylene, polyphenylene sulfide,
pofySHIRSHES T HEAEthEREEEABE, FOITEHEMAILE BhIBRBEPO ARl eeve
102 celdlaridel);andeethidesiescikl 00dtrifluoraethiedenent, tAdditierniahexampies ®©f and
the oSHIRRIE LOTASION KSSISIARL MAIRHRIS. 8] Y18 MKPLA00 AN 10Cl e pcroin,
ceramics, such as technical ceramics selected from oxides, alumina,
coTrogipEoifiE S HBh BkIaeS ueh s barpitess A de, MG CSTR Ives: dhaot react
with BRRAsHESyQf:aXidesmand wenexidasepragditiondbese: PoiMmMers:8Raiq o ws)
a4/ cre[g;micstg:an be dug%e(gb ith gcri\%vithott reiréforctem nthof fiber glass an lgr but 2
AnC O AR ST ot Up 1o 30 Pereent oF greater™™ Bl ESprovdEs R vae, out are
not lijfistidtoacota Prixeri20Gzansdrdingetosehie emibetlimeniref thdipregamt chloride,
and sHIBGIRNYBF0E NG, YALIONS RMBAUIMEBISHhE 10iXeh 00 Na%i3.0ReRIE ides,
: structure, as compared with a two piece structure illustrated in Figure 1.
among OTELY herein, a "one piece structure” includes structures formed from a
sidiiepiécecdfamateiialthatidoesshotinavetarjalntiesdseaftrh eheatboatiodd can
inclu I MUEDLHO.BATR IR JAINSENIAL REQY G ALSRB LIRS aDd or

corrosion to occur. or the variods embodiments, the mixer

rolytigfiyecsibidisn dat-inrEPeRbirey tHevdidrmyatd oite(sige Ferpor®),
polye@indansuppotiwalb 206 dbatcigpnecissiheretbrgatednnes AneeU iR pieerelene

sulfi c%:ﬁ%& 9%%%%%%}%%%&%%%g%%%%%%é%%%ﬂ%g,e&ﬁozrgl%‘{ég %gf%g%‘? chloride),

and ethylene chlorotrifluoroethylens.
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Additional examples of suitable corrosion resistant materials for the mixer 100 can
include ceramics, such as technical ceramics selected from oxides, alumina, zirconia; non-
oxides such as carbides, borides, nitrides, silicides; and composites of oxides and non-
oxides. In addition, these polymers and/or ceramics can be used with or without
reinforcement of fiber glass and/or carbon fiber of up to 30 percent, or greater.

Figure 2 provides an illustration of a mixer 200 according to one embodiment of the
present disclosure. For the various embodiments, the mixer 200 has a one piece structure,
as compared with a two piece structure illustrated in Figure 1. As used herein, a “one piece
structure™ includes structures formed from a single piece of material that does not have a
joint or seam (i.e., a location along which two parts are joined) that provide areas for fatigue

and or cotrrosion to oceur.

For the varicus embodiments, the mixer 200 includes the elongate inner sleeve 202,
the elongate outer sleeve 204, and a support wall 206 that connects the elongate inner and

outer sleeve 202 and 204. As illustrated, the elongate inner sleeve 202, the elongate outer
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65604 sleeve 204, and the support wall 206 extend between the first end
208 and the second end 210 of the mixer 200. As illustrated, the
elongate inner sleeve 202 includes the inside surface 212 that defines the
WEGEYBPEMIHg 214 configured to receive a mounting shaft of £€BR#OUSI6641
flow reactor, discussed herein. The elongate inner sleeve 202 also
includes the outside surface 216 opposite the inside surface 212. In one
embodiment, the outside and the inside surfaces 212 and 216 are
concentrically arr nged around thlé%)ﬁgltudln is 218 of the mixer 200.

Slew&ﬂfh&%%w@ Hierits THE RS IREFERbENE Sefy3ad the second end

210 shieentreallp@rranged with the elongate inner sleeve 202. The elongate

oulet siegye 204 inchdesine | gg@gvé‘%@z?%%ﬁagt B9800 SRR 2 e

opposﬂe e first sUF ace with a plurality of the ports

deﬁr@ﬁt@ﬁcﬁﬁglb@tméa ahtl Wﬁﬁgﬁﬁi@ fRebifck SeewHinsakey zzvzﬁﬁw@szﬂow
react@ﬁ th%ﬁil%ZMEs trﬁlr@tiﬂietr{%lﬁ@}‘éﬁig&é?‘n?ﬁr % B@i\f@ @G@d ? E)ﬁ&@zﬁ(ﬁlgﬁs'ﬂ@%dg%mface
channe ex o e fnysten an sSeco en
16 G B ST e A A B QB STERCLES05: D At e R e surfaces
212 sedl 31 206¢ Asriflastratet), sachzcehanmel26 tarpbediefiredsiiyl thef stiefadeer 200.
of the siPpart walls 208, the. oufsi @?oﬁ#é@%%é} g;0f$helqn %B%éﬁ&?&aﬂy

sleeve 202 and the first surface 220 of the elongate outer sleeve 204. T
arrangER IR GIAGEHS ORI S6RhdHTcatiBh %8&%@%@“ éﬁﬁﬁﬁé%ﬂ@féﬁﬂus the
first m@mgawﬁaﬁhemmmwwﬂh&eIﬁmat&i@u&elzsle@t& ZPirality of
the pod D& VAHoUs embadiments. Ahe C%a%a%rsgﬁ %a%é‘%" sur?a 25 Ct'%f’i‘&z of

PSha pe o asect%%o AN annulus taken perpendicular to the longitu
the eh;ﬂg@w@ﬁm@m%%oo. Other cross-sectional shapes are p033|ble In

addonbe mm&a@mﬁ@f@m@ é;vmzbzg;gg@m" . HEIHENSRD: o
tside s e first.surface WI p clat

208 40 B eSO o o B et AR S oL B the support
Wailsa@@ortmwﬁﬁ%km g eNER e ouisitioes rietbe 18 and thesfigtport
wall%@%@g&sﬁg diseussed f&%ﬁ%%ﬁ%&?gﬁm Width dimensian. ¢80, al§®ace 220

have a predeteintined proportional relatlonshl(geto other dimensions of the

of the filanastn O We HERIEsEY - tHE pBRIL DA Bxeaidr oyt SrIrarsigsrtE BUbsFween
the chleene 2Hdaiopendatoithelciannebad Gutfon e EmiiosimkigihedporSieceve 204,

22@.0 %ﬂé’@m‘%ﬁ?r&%%%@&@%ﬁaﬁ%%% #AQLH% RR3. %%%t%ﬂ%ﬂ Hape of 2

the elongate outer sleeve 204 efine t anne

sectogigf a8 B HERDGEReRdante fsrisnRi dinlaie 2 Bl miner 200.
Otheflisbibuion expadipgs betweenuhe firskenie 208 anchihaSeckheatZklan: width

dlmezgtgxlohz‘xe t'z'ﬁcxe 21996(’:1’9 ttgee ggt%?éegéjm%!gg E E%rgxpc{) %S l%{rst surface 220. As will be

appreciated, the constant width dimension can be determined by the length of the support
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wall 206 extending between the outside surface 216 and the first surface 220. As discussed
herein, the constant width dimension can also have a predeterrﬁined proportional
relationship to other dimensions of the mixer 200,

As discussed, the ports 224 extend through the elongate outer sleeve 204 to open
into the chamnel 226, In one embodiment, the ports 224 can be uniformly and/or non-
uniformly distributed across the area of the elongate outer sleeve 204 that helps to define the
channel 226, as discussed herein. For example, the ports 224 can have a gradient like
distribution extending between the first end 208 and the second end 210 of the mixer 200.
Other configurations are possible. -

For the various embodiments, the ports 224 segment the primary reactant flow into

many smaller flows that are injected as jets into the secondary reactant flow moving through

g



For the various embodiments, the ports 224 segment the primary reactant

flow into many smaller flows that are injected as jets into the secondary

reactant flow moving through WO 2008/115173PCT/US2007/006641
W80 é "éhannel 226. The secondary reactant flow and the? E3rHBRGEYI06641

reactant flows are constrained to the channel 226 of constant width

dimension to enhance even flow distribution and local turbulence. The jets

of the first reactant flow are sized to permeate to the opposite wall at

nominal operating conditions to provide g(.lj“{)d mixin d turnd(%i/vn of the
B SuRR o

the chremTrESin tHE FHRECE00™= 7 A LSS ShIB TSt o
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sem
constrapthodolpgyisedito chafaotetize thdjet flowntivouglethenports224onto a

. _.crass flow.(i.e,, secondary react / inthe channgl 226) can.he . ... :
dmm%% ife )} % %ljié‘%ﬁo%ﬁg'Nﬁgﬁﬁ %?%’?I%{Ng)ﬁgélcglqted byOthenFaprmulaol ,p Srmeate o
the opfisstissed éretminbApceHibd SRASHC BRI dRRshEbTiReay! turndown of

the régé%g%t%qﬂg%li%p@gﬁional relationships, as discussed herein, allow for
the diameter of the ports 224 tQ be size lio rovidde a JMN of at Iet%st,o. 7.
s BIE RIS RS 0 :

In BT HEdTEEREr SBGHIERt- ths M R BoRS A I B S I Ed
throuphayielgoats WIN ina rangesol ©:0{.ta Leotdanspacificefityodiniembasasl 226) can

be degir?@%? Eeﬁh%f}&%{gﬁgz%&rﬁé& Wf&;&w %g AN, reRee.0fdl herein.

east 1.0 to 2.0. These JMN values of at least 0.9 also provide for a }ime to .
In onp GBREAIRFGPfeEd At HBHE 0T SBEaHHES HE R SERPHATER o et REPS.
as didusizatesdnFigure Bytine: ports224 Car: heraszie hiba civsdandiorvide a JMN of
columns between the first and second ends nd.t (9
S B S ) L 0 A s et o

providamBefbiperenge o Hadn g dtdrceasstsonpdragth s lsummdrant the ports

124 Allow dieyolume.ehthemimary reaciantliouwdo he iptraducpesinintie atues of at
secondary reactant flow as discussed he%rcﬁin. F(%’rO %?rgple
2

east R Wi B 18P 200 THRIGOLS BRI ETSUH (23 e 20 eeseed

hereiin each area of the elongate outer sleeve 204 that helps to define the

chapnel 226. Ag.ilystrateduibers ase £ dotalof six 3 ishannels 226ianthes

mixer 200, which gives a total number of ports 224 of one hu dre? | 226
betwespRfoliFstRa) TR ket P06 AaWilPse SRre Ry 2 iottaT harapas! 220
EachQk@0ts: 224thelr shdpersisttibutiohand totat Cibbséoonatdmacardenal

ilored to meet the, flow,requijr imar 1 flow L e o 4 int
e e e g o i
the segordesertrniriisiapeadis izt P8EER of the ports 224 can be selected to

allew; for.anjetof she Rimany Feastasbitawtn-ke telivesadiéomenretiaftier) poris
) orts 224, where thé primary reactant flow js.both entrained by.the
229 B e PR LAR A e S Lt T BelEie Sepnal el 226.
As ilblgrajede e asteetet 402 sPotothd vanbe s Enibodimentsr (HiDopige gives a total

rumiSH' RS0 24678 cenfiguracias 2e8NtNHQUSAreyate:sHface sualnstwitish
the primary reactant flow_can impjnge upon the sur.tgce 216 to cE)r(?wple for .
apprq%a%mqﬁgzﬁ{dlw%‘r Rﬁg?ggg’g tgﬂ%\ll‘vgk}ape, disiribution and total cross-sectional

area can be tailored to meet the flow requirements of the primary reactant flow for the mixer
200, as discussed herein.

For the various embodiments, the cross-sectional shape and size of each of the ports
224 can be selected to allow for a jet of the primary reactant flow to be delivered from each
of the ports 224, where the primary reactant flow is both entrained by the secondary reactant
flow and impinges upon the outside surface 216 of the elongate inner sleeve 202. For the
various embodiments, the outside surface 216 is configured as a continuous arcuate surface
against which the primary reactant flow can impinge upon the surface 216 to provide for

turbulent mixing of the two reactant flows.
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WO 2008/115173PCT/US2007/006641 65604 As mentioned, both the

size and the cross-sectional shape of the ports 224 can be selected to

best accomplish the rapid mixing in the channel 226 of the mixer 200. For
WEHHOIE Itie ports 224 of the present disclosure can have a BURMBE06T/006641

different cross-sectional shapes, as discussed herein. In addition, the

walls defining the openings can be tapered or un-tapered (i.e.,

cross-sectional area changes or does not change from the first surface

220 to the second surface 222). In an additional embodiment, the

cross raeatienal-PRIBAREH IS s HETRoE BRALOPRRE ST FOF thetfSored can be
selecRfioRokexamplel thalparsid 24icae hete aivanety0f ardde-sestional. For

shapes, size d profiles for. a.giyen mixer 200. EQr varigu

e e i e BN TR e
sectiproptnriorabraliionstipsthiar diowsiorth@diniisiehsisEthie furiinss gen be
taperB€ delgrminedinased QR:spasibingates dimensionofonefihefeatiNese first

Having the predetermined proportional relationship, for the mixer 200 in |
surfafi 444510 ARCSFRATSIRESEAfirg tH %%35566‘%88}‘3&‘8\}W%ﬁ’é3 cross-sectional
shapmamajﬂhmeamm@rkwwgsimmeﬁmm aropethtdudhvthepopis, the p@BE, 224 can
havef(?n gramele.dic nendanelaolihe slandate aus! slacys 404.: 200,

etween the first Surface 220 through the longitudinal axis 218)
cafipiéhalcarras tRebrABTVE HiMRNEIS O IitR WHith 1HE ethérvammes dampecd

propSeisimineg: Svapdhal theinpesdirneiesnnidhe sfongaieauictslieeMermined
5 04 has ,%norr}'wal vale%eigf %ﬁog tk(l)% ia e%tentecs)f t%ieveullon%%teriér%pgr slen%v
45¢603 TREA&UEY At fha Gutside stirface .f[ eFcitas a relativeva ug 0 %Wh.e.,

propeitihbplonkipensein bf the vk dfindrdiamrtacottne Ebnialengibermixer 200
up oSIBRVE YRR SImiAHY, dhe.canstant wigth dinersien-afiiathaprng 226

can have a relative_ vajue in a range of 0.0]1 to 1.0 to the jnner diameter of
RSBl B BTEDATH e EO B ST oA e

bemmédmaﬁmrmkfawmm thangietrdemeielding acaiméici&‘}@zﬁgh@tﬂkeﬂ'maehe relative
dime %ag%ﬁ{h%m&q@@%t&%l%é@% 204 1n;anadgitional fMRAILEMmeter of

t iameter of the port 224 can have a relative value of 0.04 (i.e., four

the chmpanrBtthe sritet e Rt &iBHgHe baterarsdviogayeie inner
slesvarragl ditenakambedimenticaatihot thies plur alityl e porda 224f capihaee aighty-one
ratio.of 0.4 for the diameter of e rt relative. to the co nt width
P 6rcea|irr?§r%§?0\ﬁa%%etﬁg lgﬁﬁﬂ%%g%n%ﬁgg?g .Oﬁéﬁ% Et{ﬁé%es re gﬁ\'fe{§ alues then
all&ivsithdyd e Aoiciaf thelifBrsntfaatdres shannel 20cas have a relative value
in » dgterpmedifien speclyinganadimensional saluedonthe riatedteaturase
ge dispussed herein, . In an gltemative embodiment, the constant. .. o¢
P T A EREIoN OF tE ShnRuUAr channel can have a constant valie ==
0.09 witteutneydrantetpredébsrehinedt proportibeakeldtionshipsitiisthdrembodiment,
the digAIMES PhIBS X200 1ROk xample. theiapnulan %{]@D%h?ﬁé&%@ HAYE value

a constant value of about 3.2 cm regardless of the other dimensig,ns of the

of InREAAIABIEHATTRE 'CEIRTIRAIS AL rdsttsr30. e additional emBo
the pBOABIE BB 163R CIALESR08vV00664 101 0.4 for the diameter of each port refative to the

constant width dimension of the annular channel 226. Using these relative values then
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iment, each of

aflows the dimension of the different features of mixer 200 to be determined from
specifying one dimensional value for the related features, as discussed herein.

In an alternative embodiment, the constant width dimension of the annular channel
236 can have a constant value without regard to predetermined proportional retationships to
other features of the mixer 200. For example, the annular channe! 236 can have & constant
value of about 3.2 om regardiess of the other dimensions of the features in the continuous

flow reactor 230.
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65604 As discussed herein, the mixer 200 can be formed in a one
piece construction process. In other words, the mixer 200 can be formed
from a single piece of material. Once piece construction allows for
WEARTI&EY Eonstruction of the mixer, allowing the mixer to be BS&d/f3007/006641
65604  corrosive environment in which joints and seams may not be durable. In
addition, the mixer 200 can also be formed from a number of different
corrosion resistant materials, with or without reinforcements, as discussed

herg{ga. F@Pre 3 il%?trates %O%oss-gg tional view of a continuous flow

redctor 330 having the Mixer 300 accord! %ﬂmlm%ﬁmgmﬁﬁé@ﬁw
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pieciehend:A32 anla fidautietond 3 seace aoart and onpected by.an,

annular channel 336. The continuous flow reactor dlso includées’ a firs
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motistirg SHufels1es Asrilivsteatéohtheienixei B0thtiandie flositienad:arotihaving
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that mmda&abggbgq@mmmﬁammmmd between the conical ends
350 SR2RKb L e RINEMOHIINGARCKES 3. HDLILDE. 240 can define

embodi{nent the radial supports members 354 can ea ve a

@ firsh el e tlerhBREERRA Soaiasm Atk aBnystdecfesaoninnloml 350,
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T s G R RS R TR
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coniclISRINEL With WR.4008/ 1] (RRGT/US2007/006641 65604

For the various embodiments, the first and second conical ends 350, 352 and the
elongate core 342 can be coupled to the mounting brackets 338, 340 with radial SuUppoTts
members 354 that extend between the conical ends 350, 352 and their respective mounting
brackets 338, 340. In one embodiment, the radial supports members 354 can each have &
helical pitch relative the longitudinal axis 356 of the elongate core 342. In one embodiment,
this can impart a helical twist to the secondary reactant flow prior to entering the mixe? 300.

The continuous flow reactor 330 further includes an elongate housing 360
concentrically arranged around the mixer 300 and at Jeast a portion of the elongate core 342,

As illustrated, the elongate housing 360 includes a first inner surface 362 that together with

iz



the first exterior surface 344 of the elongate core 342 define a second
segment 364 of the annular channel 336. In one embodiment, the second
segment 364 of the annular channel 336 can be located on either side of
Wihei¥stisbGment 348 defined by the mixer 300. For the varioBi§T/US2007/006641
embodiments, both the first and second segments 348, 364 of the annular
channel 336 can have the constant width dimension, as discussed herein.
The elongate housing 360 further includes an annular conduit 366 defined
by a first inner surface 368 of the elongate housing 360 and the second
the FESiekisrenracees s b IREIRFaE sliter SfedvErsousernaififar conitith
annu 366 icameaxiend kompleialy diraung dhessenohdeguttacs L afahithe:eldngdienne!
336 co%tgé !)%gyﬁ% ;;)3194% Q eszacp n{%%é: e usl% 32%@61; %H%E{ielﬁ%lgrg & dlL Irﬂﬁ%te;’ ?8& For the
through which a flui Gnder pressure gg ﬁ1e primary reactant flow) can

varioflowsitedineainnbldr ot B8bsdreofs emisotiméht fHecihtbe 37uigr channel
136 SRACER I@Rgitudingl . avvayfrerithe posts-24hya minimum '

predetermined distance so as to ensure proper fluid distribution to the

POREEIIATER A i SRR IB o R B NUeAToR AR =
innerpor 32460 =libwthe fuidthowing Inthed drduit 36baodeinjected 322 of the
eaong%@g&@@zt@&&%%é?m 1he mixer 3908t the, anpular channel 336 A8 the

reciated, one or more additional fluid sup%%%conduits or inlets may be

seconspatehveIyeotrbe e e e dimhalar Conttit SeparnuigrsmaiaErther

incluesbedimeants) thesllowwateiof the: duickqyvingdhr opgh perisid2difremehe flow)
nnularr conduit 366 is not.necessarily uniform. For,exam ora

can B AR DALl 2 o oot B o e e Ao e e

longipelinnbirie Bolreataberast inérdder Fonimapormradadinied floriethe snlet to

ensurd iR AFaMpaediinhase parts.324 sipser to the inlet 370. In other
wards, the port 324,fL§§'réher do%énsa{ream of the jnlet 3%0 can ha\ée % hi%ﬂer h
VOIHRERRAB G AR L2 otolh PuFEHY S PO B2 AT A PERibRed EiosH Ty the
fluid thevitdet B0 condhg ecusbediereihtforted thixer3602diffelantfeanies into
the «RLINE ERRMIQYS flaw teacior 330 Ganhave-Predetermi Qﬁﬂﬁ%%@&%!uits or
e

relationships that allows for the dimensions of specific features to

inletsfaas R RRPHEEYEY SRYBFSER IR IR UHBNERAT Y 3A. of the features. So,
fo @@xaﬁ&p}erigﬂmmnhezﬂéamet@e@frﬁm<§ﬁfsmesﬂnfﬁbm8%@ deeupbming| 324
fromﬁ?éua?ngall'ogdr} &%@8“%‘%&@%&9@&%&9% ?rﬁé%%‘é&% 2 MEASUEed & inler

e outside surface 316 has a relative’value of 0.81 (i.e., eighty-one
fluid peyeaie opthEvarie ofhAE T sRRTISHBRI SR ﬁ@%f@k}m@ﬁfﬁg&w 7 can
incredREQUiRE stHaceSlZntthe elongatehvising3ahad arelatd/eoralseDloser to
. 1.8. . Sjmilarly, the constant wi imension of the annular chan 36 '
the g s S S L o AR S O G b o e L e o
highdhecdlongaie hutcrsiceve 304r4A neosiseGifickaibsdinséiertvecksnstarihe inlet
370, Width dimension of the WO 2008/115173PCT/US2007/006641 65604
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As discussed herein for the mixer 300, different features of the continucus flow
reactor 330 can have predetermined proportional relationships that allows for the
dimensions of specific features to be determined based on specifying the dimension of one
of the features. So, for example, given that the diameter of the first surface 320 has a
nominal value of 1.00, the diameter of the elongate inner sleeve 302 measured at the outside
surface 316 has a relative value of 0.81 (i.e., eighty-one percent of the value of inner
diameter of the elongate outer sleeve 304). The outer surface 372 of the elongate housing
360 has a relative value of 1.8, Similarly, the constant width dimension of the annular
channel 336 can have a relative value in a rangé of 0.01 to 1.0 to the inner diameter of the

elongate outer sleeve 304. In one specific embodiment, the constant width dimension of the
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channel has a relative value of 0.09 to the inner diameter of the elongate
outer sleeve 304, In an additional embodiment, the diameter of the port

324 can have a relative value of 0.04 (i.e., four percent of the value of

YRR HisHEter of the elongate outer sleeve 304). In an additiBR&(US2007/006641

embodiment, each of the plurality of ports 324 can have a ratio of 0.4

for.the diameter of each port relative to the constant width dimension of

the annular channel 326. Using these relative values then allows the

nS|on f the di ffer ‘#.é atur s of the continuous flow reactor 330-to be

oo e G e i ST VL oo ety Rratisrss, 304.

rmlne rom Sp
In W@Ran@l@nﬁmmm Mmabanﬁéléﬁﬁhmmmﬁw& vaieth,0%-aRRUr 0.04

(o IRETUE eisanee benean e guipkls sifase 0. oLLe Sngate .,

inner sleeve 302 and the first surface 320 of the e até ou er sleev

addisepal pabndimses frehsiibs perrderrieofict 34 r‘fa@éiwmmd)ﬁQVEfar the
dimﬂé&éﬂ@ﬁ&h@jﬂﬁ&&t@m t@md@eg@awulelheveleﬁé@%t%ﬁﬁab&%é 326.

and e d|a ter of the % te inner sleeve 302 measured at the

outS| e sur ace c?/V"C)au‘fﬁsr) B B AP SRS e Hrirmédsptures of the
Comimea%ﬂedeg@ﬁteeﬁ&aéodmeammma‘?@mﬁﬁaexelmme bousiB @80 aiue for the

relatMiordichbesalout 83 5.8m JExamRles f ather dim of the contin
59 iC;floévT\L/h tOé 330 me%lude a length of about 1.5 toe%% % cr%%st%"% aﬁ&{dg PFabous

tHe"f %"Y@%ﬁ%&%ﬁ%%‘faf%%‘o%%@sfdf&ﬁiongatmiemﬁr slesve 302
and taﬁémaﬂuefm Bodinteht, e o siant wmemnﬁm&@ﬁm emg@gd between

the GERAPEL I 63 IRV, B.cODSIADLYalye, yithout fegaldl o pradetermined

proportional relationships to other eature the: mlxe
diamgten i J5QE ot Teashst *éseiqﬁe?temﬁfbeemamwmemsemmd at the

outsibavertacofstanbvalue ahalhol. 8 %QW&%@EQ%%@H@%QI%QM@& R0%veen
afu e ntlnu qus flow reactor For the various

the Og{eng]o meengt?tnfett%nr?% aﬁ'ﬁsel fiR& g(%ﬁﬁh?dﬁ§ frovi e dEtmgnes of

Otthﬁfae”%né%e%%%‘ébﬁmahar@mmawamﬁmméd ig lidgrblufagtie oo about

1.8 rid@ites, ahdld ot eubiipeless PRy srinyte: theough the segond end 310 of
the elongate inner slgeve 302, In an additional embodiment, tﬁle annular

. chanReTSIES RS EBRtRIBts RowRsiREb P48 é‘é‘i‘?‘%@é%ﬁﬁ%‘a%émé%ﬁdﬂhmﬂ
336 Gﬁe\hmescghm Mnem&whﬂm—agatelr&ne&dﬂmmedwtﬂr@pmrmmgmps to

other R o B O e OIS e

sleeve 302. In one embodiment, t orts Cah have a tb

annulgr channel it eatbasth aﬁee‘eeﬁaewwaeb@m hddaterecprifeanofaheteht
dimerfiounvollihe fofituvesthintls (3id)mktherotatyltsnefiowing through the

serondlend 240 of e slanacie ner sleave 302, This L -

primary reactant flow can be |njec rough the por

reactaebihiaT FESttAREHON R HIRE SRE 26y therodataliiuidonduhira (i) ofates of
10 1o tieckatbl W%éﬂ%ﬁl@éh@@@hmﬁa §B@&ﬂ?&§%§@£&ﬁé@iéﬁé§9%@r sleeve

I WQr e majar flow volume movin
302, ?A% a‘ﬁg ‘F gha?emb leen\{v the annulrgr chm%ze} 336 of the continuous flow reactor

330 can accommodate liquid How rates of {ess than 10 cubic meters per minute hour or
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greater than 19 cubic meters pe:'r minute through the second end 310 of the elongaie inner
sleeve 302,

In one embodiment, the ports 324 can have a total cross-sectional area that is
sufficient to accommodate a primary reactant flow volume of two-thirds (2/3) of the iofal
volume flowing through the second end 310 of the elongate inner sleeve 302. This volume
of the primary reactant flow can be injected through the ports 324 as jets into the secondary
reactant flow, which makes up the remaining one-third (1/3) of the total volume moving

through the channels 326 of the mixer 300. In other words, the major flow volume moving
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WO 2008/115173PCT/CS2007/006641 65604 through jetted into the
mixer has a flow volume that can be at least twice that of the minor flow
volume moving through the channel. Other flow ratios as discussed herein
Wardpossiblé. Embodiments of the continuous flow react&f B8O 4pH006641
the mixer 300 are useful in a variety of applications. lllustrative
non-limiting uses include improving mixing of sensitive (selective)
fast-reacting flows. For example, a commercially-significant use of the
tinuous flow reactor.and the mixer of the present disclosure would be
o R TSR T B P0G S By iy e minor
flovgvsdwaesueting Sodiwn thydioxite, potessiimy hydoexiddionealeirein are
posdaygroxide to yield an epoxide. One specific example for the use of the
continuous flow reactor and the mixer of the present disclosure includes
prodtiaRg S BhE O sfas R diap) Iedehlofomiite ardscfimre useful in 2
varidstydxﬁa@qlﬁicEmﬁlﬁd imemﬁa@fﬁﬁ@;&g@ﬂ&ﬁﬂ%é@ﬂdﬁ@@tﬁﬁﬁﬁq'w r{gﬂléﬁé %ﬁ' sensitive
nt disclosure cap also be useful in‘mixing miscible liquid-liqui
(el e DS ra g ek
contiRuqBROGIAAGY 2aH0he ariddn ibeiblediquidididuitsystemsbe in tHafYtion of
an oRitNeHHREEIs: ARE/Or £ ats Hﬁﬁgdﬁﬁ_}ﬁ@ﬁﬁc@mﬂﬂ lél%é%ezf,l %Wcﬁe%cst;%l%?r?
e hi ueto

5 chrtq‘;(aldr71ixerﬂt of the gtr%senl isclosure can ighly corrosive, either
YRl PL I8 PEA CHER e BF 4T FES A R P ESHo\W iFAfe setorg € e@ine specific
exangplolvy Bthersdadttrs cAstisuohs iflisrecogoizedi thatthe-nbrerap/aithesciosure
mchRiRes,campenents At ti low reactor (e.g., the elongate core
z i b?}%fl the elonggte %u%%%%a@%?@%?%%g %ﬁ_)ﬁi?é%%dfkénoﬁosﬁ?eg B Spgfrpide-
TORfateT P adaribarhEe Barrr s aad dheamtiat witmirersipriferatise can
also fermetlfromracingtetislitatiguiffesent teandhe, remaindenof fB&ce precipitants
dissc§00t lo cloy.EQr example, the mixer.can.be formed of a first ’
T e L R UG B Bpeettems
of HaB¥Shdhnateras thardsoniressmttvasdtie tirstantiteriak As disenssethd the

tempSQHQSIon ¢ (s);s@ghgolyémer and cer$fm|cs. Suitable materials for the
second material used to Tori the SiBTroHRe Co R dAHE 810G aH Indtiising
recogirhdlatibeortssiomdbeighantmetalsplected fbnkthengioumofittaniatior (e.qo.,
the eﬁ@éﬂ%@%@xg aigﬁggﬁ E&ﬂﬁﬂ%a@}lﬁt&@tﬂg ééaiu@rlesesd %tg gclj%cgeiqé:t Ireei istant
mm:ers}gﬂnless steels, precipitation hardénablé stainless steel, among others' it}
oné specific embodiment, the mixer can be formed from a fluoropolymer

arid thistiémainties bithelicontinuausaions raaciorsGRe ARSI Mom o
materSP R AT QT RYTRIRRNENS NSRS AU QRIS example

the mixer can be formed of a first material while the elongate core and the elongate housing

65604

can be formed of a second material that is different than the first material. As discussed
herein, the first material suitable for forming the mixer can include corrosion resistant
polymers and ceramics. Suitable materials for the second material used to form the elongate
core and the elongate housing can include corrosion resistant metal selected from the group
of titanium, titanium alloys (e.g., grade 7 titanium), austenitic stainless steels, ferritic
stainiess steels, precipitation hardenable stainless steel, among others. In one specific
embodiment, the mixer can be formed from 2 fluoropolymer and the remainder of the
confinuous flow reactor can be formed from grade 7 titanium. Other combinations of
materials are also possible.

Figure 4 iflustrates a cross-sectional view of a segment of the continuous flow

reactor 430 and mixer 400 according to an additional embodiment of the present disclosure.
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Figure 4 illustrates a cross-sectional view of a segment of the continuous

flow reactor 430 and mixer 400 according to an additional embodiment of

the present disclosure. WO 2008/115173PCT/US2007/006641 65604 As

WHidttRsEd Herein, the mixer 400 can be formed from a first MR8y G641

different than a second material used for form the remaining portion of the

continuous flow reactor 430. As such, as operating conditions change in

the continuous flow reactor (e.g., changes in temperature), the mixer 400
portions of the_continuous flow reactor 430 can expand

As girs]g tsggdro%r?%inin??e i 6 4
ARAToT Colitratt AHiRRrEnt 1R A5 it drant e itshisaterialmipirs different than
a sefffustratdsraal epdrbacivio addressing iheseiss ue sy eluding as0-ilgor 430.
As A8 it] b _ h of the first end 408 apd the second end 410
Lt e S
CMBHBBHMET Eithef Shanst Bedrinsienurécoatef bieevet4@bantibor the:tor 430

can elgngateilising 460 sandurtheringude ANRRBUArgraque to receive the
0-ring 480 In addition, the conggggous flow reactor 430 and mixer 400

canlgl e H S Taha 30 S8 LA A A SE RS ImE st BIs 1Y enshgling epre-ring
480 mzifésmﬁ@ri@wm_a@m atbeplishentypetseal 48Xeaminehidiels biasin@iongate
outcfaEBben 4B4:osionstbetvasi e HlongRR IR ANd e FON0BIe . 4,

| inner sleeve 402 of the mixer 400 %o provide a compressivé force betwee
SlOngale ANEF 468§ AT HrOdionisel eorarahousinethelcon Satttiousing 480anuiar
groogndécemizodinient}-theghi@6ing member 484 can be a Belleville washer.
Figyre prprqyi Hlustration of an alternative embodiment of the mixer
500 aC(;o_rdingit‘?(gjs'E%S1 tg?%ggﬁt%%’i‘gcﬁ%asc&%? |x3éi%cg'6}(’)x85n (A g pusher type
seal 45% pRsitivas haevtariythactrpsazeetividl shdpbaakonrpéipenticplanto type seal

482 tae locigiudinaaxisbdS nirthespbens00: ASWISaUssed RErgiN N sas sng the

nnel 526 has a,caonstant. width dimension. The mixer 500 also includes
o o Ber i S Il BBV LT CEI FHEASR DEIRER fEvecn o
mixsHARTeIbPe aleg zricorriait 56610 thred detie Ioutside #60fanek8Q Ol B ment, the

biasishanaigbafsand the: RousingREQvasher FOr the various embodiments, the
pogs 524 segment the primary reactant flow into many smaller flows that

aré IRBERARY TS e iiraion naan Aeapaerrab e ericotisanpixer 500
accordigeténtifiopveanck Wiscdosnbinedireastent flows. are cEASHRINSILS he 4
ectafBRRRER26.0L6A0S ' imensign. to enhance even flow distribytion
w? ang local turbultencegrgh%\é[jlggégft %%ﬁg{(’r%éa&tgn%‘ﬁo%%!r%l %li%ae‘loaf%s >15 ot the

- mixep 2 Are I HE BD PEEHE: WaIcherethatl bperaimgteohditibhslitoprovideThe
mixeg60d ahixitg ladeste mdmwﬂbgﬁeagemmsﬂ@m@ggiﬁg;@ggnmmcaﬁm betweern

the channel 526 and a conduit 566 formed by the outside surface 580 of the channel 526 and

65604

the housing 560.

For the various embodiments, the ports 524 segment the primary reactant flow into
many smaller flows that are injected as jets into the secondary ra;actant flow. The secondary
reactant flow and the combined reactant flows are constrained to the channel 526 of
constant width dimension to enhance even flow distribution and local turbulence. The jets
of the first reactant flow are sized to permeate to the opposite wall at nominal operating
conditions to provide good mixing and tumdown of the reagents in the mixer 500,

In addition, the flow rate of the fluid moving through ports 554 from the conduit 566
is not necessarily uniform. For example, for a constant inlet fluid pressure and for ports 524
of the same dimensions, injecting the segmented primary reactant flow through the ports
524 can provide a greater volumetric flow rate of the segmented primary reactant flow

through a first portion of the pturality of ports (e.g., those ports 524 furthest from the inlet
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In addition, the flow rate of the fluid moving through ports 554 from the

conduit 566 is not necessarily uniform. For' example, for a constant inlet

fluid pressure and for ports 524 of the same dimensions, injecting the

W@e@ﬁ?@ﬁf@@primary reactant flow through the ports 524 can prelit82807/666641

65604  greater volumetric flow rate of the segmented primary reactant flow

through a first portion of the plurality of ports (e.g., those ports 524 furthest

from the inlet WO 2008/115173PCT/US2007/006641 65604 570) as

compared to a second,portion of the pjurality of ports (e.g., those ports

S T3S R T TR S 07 R Sth Wt e DOF B4ty Hisisk ports 524 closer to
the iolehristie dmotifithevinlét, S7Orcan Yidviatbigher vatemetsitlow: rate AScan have a

i gh&ommmi@M%ﬁ@é&@%ﬁ&%%&%ﬂ niet gr?eo'ios,ﬁr £ disct %S%‘

herein, the embodiments of the mixer of the present disclosure can have a

onépisrstridsreinatha fEt siimertekieambeust thedtermtisninsers can

havehastiRg e eradiece Aliuelbre AueRiding tadhe RKeaentdisclasia xEMaving the
one £Xam Ieétt&]:e &rlnixe&can be, formed fr%m%]a right %ircular cylinder of a first
Fmaterial as discussad heram? K Bki4F 6 paHifig T BR 1B dir By 4riIf%g be
formgghfromraitiighy throtigh dhbndghtEirdirstroptinder of dhedirstinatefial An axial
openthe:diling.andior milling, technigues cap @ﬁ%@&ﬂé@%ﬁ%&%@ﬁ?%ﬁ’é’o OF of the

First mare. channels having the constant width through the Fight circular'cylinder

TSt et Hirst material. As discussed herein, the two or more channels can be
cofibe G ally -axianged! it dbiendyiak opening termed in thefinst mateiahore

chanddIEHRQHS.GA0 Alse:he fonmed through the right circular cylind ither .
the driIIi;r% and/or m%%ng tecf%r%uges {0 C ﬁngicr'[ctlégrtc (%Hgér!eh%%%%}fgﬁsﬁgfgmal‘

As digouiiedisHdp i dee oF meTgheerel sreprreoccmigenkitematived with the axial
apenimbadiet ﬂ}t,ﬂ@d‘ﬁh@_ dimenis rz]of_:ﬂne ﬂ@%@&&@%ﬁb@ﬁ@rﬁ% HSSPRIFIBYieht circular
. 1Ng.an r sintering t ni St ovide a one piece construction
o3l e R R b W e chanmote
o an figehsaRfmafabosiEsiisAvlandyiscar chirctivkeons velthobigispecific
emboRmhogimenis have beendliusirateds n%%@ﬁ'ﬁ%ﬁﬁ{ § E}xcmy?%?n?grir{rx? techniques
e

. or%inar skill in the art will appreciate that other component arrangements
O P AR e ST &R S IR G Embodiments shown. The claims are
infe imedoroivertsudihad dptations drsvaratons:obvatiousiembedimestsive

fashi S, Wi HSCLORUE BYERRIL0 AN SURLUMHE L RY IS RAQ! AL been iftustrated and
described herein, those of ordinary skill in the art will appreciate that other component
arrangements can be substituted for the specific embodiments shown. The claims are
intended to cover such adaptations or variations of various embodimer;ts of the disclosure,
except to the extent limited by the prior art.

In the foregoing Detailed Description, various features are grouped together in
oxemplary embodiments for the purpose of streamlining the disclosure. This method of
disclosure is not to be interpreted as reflecting an intention that any claim reqiires more
features than are expressly recited in the claim. Rather, as the following claims reflect,
inventive subject matter lies in less than all features of a single disclosed embodiment.
Thus, the following claims are hereby incorporated into the Detailed Deescription, with each

claim standing on {ts own as a separate embodiment of the invention.
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In the foregoing Detailed Description, various features are grouped
together in exemplary embodiments for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted as reflecting
an intention that any claim requires more features than are expressly
recited in the claim. Rather, as the following claims reflect, inventive
subject matter lies in less than all fe@térig%of a single disclosed
embodiment. Thus, the following claims are hereby incorporated into the
Whalbisikahddeription, with each claim standing on its own as a separate
embodiment of the invention. Claims What is claimed is: 1. A mixer for a
continuous flow reactor, comprising: an elongate inner sleeve having
1. an insideeuifacecdefiningahcaxistopeningitoisétgive a mounting shaft

that extends througha first.end & ﬁ&&ggma%@dd%- g%@agf%ﬁeoﬁg%a?%\f to

and an outside surface opposite the inside surface; an an elo

recgtifet slewvengoteénthivailyiandatietahicniitiée aidrgdte ippmristedvd, theeslongate
sle&IONPRAIGOMIES Flacye Haying & frsk sHiface aRg @ gagond surface

opposite the first surface, and a plurality of ports extending through the
firstasrtl Seesh i trfdeey ofctmsslomyde outpeslesib thendraghie outsidéeeve, the

closiifaceof the-slopgate inngk sleeve and the ficst M&%eo%&@ﬁe ﬁgﬁ%%urfaces
| h the

outer sleeve define an"annular channel that extends thro t irst en

anda'chﬂhﬁh@i%@ﬁﬁ@i@r@@ﬁﬁé&m@aﬁéﬂm‘éﬁssm@l/@_ecemmfm@f Bfectépmeate outer
sleew@,%é%ﬁ@ea&%@aﬁﬁ@@ﬁ@@t:mm@m@%agw$£%HW%é%%Pga¥ﬁjgt§5f the

of the first surface of the elongate outer sleeve in a range of 0.01 to 1.0.

elompathaushaleofccigiing apirre et muiehd 3 arasngd othseved the frgiandeted the
sec&lﬁtiz\fﬁit&f@h@’lﬂﬁh%ﬁt@“ﬁﬁ&%@{r&han”e' of 0.4. 4. The mixer of claims

1-3, where the outside surface of the elongate inner sleeve has

2. The mixer of claim 1, where the channel has a constant width dimension relative to a

diameter of the first surface of the elongate outer sleeve in a range of 0.01 to 1.0.

3. The mixer of claim 1, where each of the plurality of ports has a diameter relative to a

width of the annular channel of 0.4.
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an unbroken continuous wall having an arcuate surface. 5. The mixer of
any of claims 1-3, including a support watt connecting the elongate inner
sleeve and the elongate outer sleeve, where the support wall, the outside
surface of the elongate inner sleeve and the first surface of the elongate
4. outefisterizedefivieithe kAnulasrehianoelside. st mirérief doyafclaimssleeve has
an un%ir Slﬁen re ﬁhﬁ L{;10nnular cpannel h%%% 10SS:s ectional area to _
ACCOMMO: aEe a jletVK?ﬂxmg N&fbars greate &fthan 0.07. 7. The mixer of
claim 1, where the annular channel has a constant width dimension of

abouyt 3.2 cm. The xero aim .1, where the ort have a total
5. ool Pl Sy a%%%srr?moda%‘udﬂ%ﬁgﬁs’?ﬂ%ﬁm XDt - gpeate
innarrxim&fdmi/t\}nelameomemmmgrthimgh\mhemtﬁmmpphmml tBe Dheitixerfte of the

cloS AR s E%&Q%r?d‘ﬁ% aghanpel, ‘%‘%}a cpneant i E?té][e%k';“%{‘? : annular
&Fé?v & diameter of the Tirst SUrface nga e oliter SIE&VEof 6.04™' @
chaanel each of the plurality of ports has a dlameter relative to a width of the
annular channel of 0.4. 10. The mixer of claim 1, where the elongate
inner sleeve, the elongate outer sleeve and the support wall are formed of
6. a fluDropolyenet.any of claims 1-3, where the annular channel has a cross-sectional area

to accommodate a Jet Mixing Number of greater than 0.07.

7. The mixer of claim 1, where the annular channel has a constant width dimension of

about 3.7 cm.

8. The mixer of claim 1, where the ports have a total cross-sectional area to
accommodate a major flow of at least twice that of a minor flow volume moving through

the annular channel,
9, The mixer of claim 1, where the annular channel has a constant witdth dimension
relative a diameter of the first surface of the elongate outer sleeve of 0.09, and each of the

plurality of ports has a diameter relative to a width of the annular chanmel of 0.4.

10.  The mixer of claim 1, where the elongate inner sleeve, the elongate outer sleeve and

the support wall are formed of a fluoropolymer.
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