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Summary
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 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



enbodi nents, the constant w dth di nension of the
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E¥11bodiments gf ’cche)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.e., allows for mixing of flows in a very

short space).
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appreciated, elements shown in the various embodiments herein can be added, exchanged,

and/or eliminated so as to provide a number of additional embodiments of valve. In



appreci ated, elenents shown in the various enbodi nents
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For the various embodiments, the channel 126 can have a cross-sectional shape of an
annulus (i.e., an annular channel) taken perpendicular to the lbngitudinal axis 118 of the

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

4



For the various enbodi nents, the channel 126 can have
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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 124 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 0.07 t0 2.0. Ina
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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



agai nst which the primary reactant flow can i npinge
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betwé‘e%&hélb@t&de surface of the elongate inner sleeve and the first surface of the elongate
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.
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enhadi mént of the . . .
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 cotrosion to occur.

For the various 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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present disclosure. For the various enbodi nents, the
m xer 200 has a one piece structure, as conpared with
wa@2e0sa1fi7ece structure illustrated in Figure 1PCAES2OB006641
herein, a "one piece structure” includes structures
65604 formed froma 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
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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



herein, the constant w dth di nension can al so have a
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Fi g,ure 2 the.mxer 200 includes twenty-four (24) ports
200, g9 dispyysed Relelith area of the el ongate outer sleeve 204

t hagr daehRSotiPerdBbdifeentd) theaidsrnetti@b 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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As illustrated, there are a total of six (6) channels
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spectymeenaae s Aol VDL e et s done el herRity e o

I e @bk ¥Ber@iembodiment, the constant width dimension of the annular channel

236 can have a constant value without regard to predetermined proportional relationships to
other features of the mixer 200. For example, the annular channel 236 can have a constant
value of about 3.2 cm regardiess of the other dimensions of the features in the continuous

flow reactor 230.

11



in arange of 0.01 to 1.0 to the inner dianeter of the
el ongate outer sleeve 204. In one specific enbodi nent,
wo b@saosiss ant wi dt h di nensi on of the channel hpST/@S2007/006641
relative value of 0.09 to the inner dianmeter of the
65604  ¢| ongate outer sleeve 204. In an additional
enbodi nent, the dianeter of the port 224 can have a

reI ative value of 0.04 (i.e., four percent of the
} ol sl AL, z‘bfoocgﬁer?g‘%‘ RRGEIa ¥ e bR Setion
proccp:isu ﬂmbthey wotds dret8ix2220¢ am haﬁﬁrnﬂadrfﬁdma stfgl®pikcé of niakeial. Once
ter of. eac ort, rel at e Const nt., wi dth
piecc i qHRRbFor BIoN i SRt b of2BE mikiing o Wisdahe thixer o be
used i@ kairbsiee yalittdsenh anwhlchguhits hfl danBRsd the dubsble. In addition,

f. mxer 200 to be deternm ned from

di fferent f eatu
the I%‘ﬁ&%fcﬁ%w ﬁﬁﬁé Sroghanuipbey ef differqnt gomesian rsistant materials,

with be i thbaSreidorc@inSAldS SEAOREE] Rereld an al ternative
enbodi rrent the constant w dt h di mension of the

anhigusg 3 dhishates 2 2atsswaetionsl wiesy elbneendimuovaflow pathiodd0 having
the rﬂ&gxaj(ﬁ) Jc@oﬂiﬁéjﬁttﬁé Jé@ﬁlt A548! % ?@at!rhe rvgh %ﬁ{ﬁch&sen s, the

ot her features of e m xer
contignp Bew eeasimmdB0indudesn ﬂawlenw ewh 3 2md ¥ hisbowtot ahd 54 spaced

apart%a c%ﬂhé&&flﬁ)tg %l]r? ﬁlﬁlu(ﬁr Jﬂ&ﬁn&téfa%r ﬂe%%pl 1%1190” R gﬁ)%g%gg)r &go also

features In e conti nuous flow reac
includesse fisyt expunting bracketis Snander se206d umtmheg bercke340nthat @iacbe used

to cog%l%(iﬁe ggrgﬁxh%{fghb%r#&rt&%m a eglrﬁﬁi Z wor ds, the m xer

orned froma sing BUGE- raterial .
Onker tpc gagowsemsiadiatatetha |Cbml\ﬁ}udu@ floseat @8 S30 further includes an

n on of he m xer i ng,the mxer to
clongi@GHE 152 kiag A Coii Srheie P B £ ARBHRE Shafhate. As
1llustmaimhmyxaﬁ G00 ban HH paﬁhsned aroasld el BBuntideshafd6, ¥BLre the

e for unber of different
mouriie efi6 patses RERee hieni d 0Bomie Bh4 OF e FRGEA00. Tn addition, the
chamuees BEOHCRERAIKES 3 (e RIS S5k RiBidAt 348 GPHHR adnular channel 336
that efo &strat es _a craoss-sectional view of a continuous

tuquehy theoptipurns W Frackr,déP- 300 according to the
prigsiitentiodthQaWhe firSixtdrile s\éﬁﬁé@m @frtlﬂ? @l(ﬂ%ﬁlerﬁoré ) . can define

continuous flow reactor 330 includes
a firsgeonica] gnd 350 gndja serondicoriral gBY3 Bhormogite the firshechical end 350.

Thes& esient:85bdayenfl 356 %%m%?d"&etl-argﬁﬁmstgg ﬁ%aﬁﬁa{;qt %lg%oéﬁering the

flow reactor 330 al'so includes a
contipyepsiflaw 33gtos A30 gt Bedbrd irtetandi 33¢ ibtoeibk etn@d0chanatl 3%6nand out

of th@ﬁlﬂﬁ?ﬁ@h&&e‘f 94p Eﬁthte I?ﬁu& ﬁ&ﬁét%ﬂﬁ US4t lA%\%vgle &Cet}é%)rrecgg%)d Shé shapes

desired | ocati on. e vari ous enbo
besidgpearieal sam be bese fpedt,etmds 330 ahd B6Resuchas) id @st Hmited to, non-

conmSi gé\gﬁwﬁggﬁaﬁﬂgﬁh%@&g% flrst exterior surface 344

nmount1 ng sha RsHIustrated the m xer
Sd?brcmvawup egiboilonads,ahofind ahtheeqond rbhiegl &hiRf3503382 and the

mognt i ngL shaft 346 E A{hh axi al
elong%ecrc])g% %Ji%(i cotlwgedfntoi% ¢ rné)blatn% EﬁtF Eg’n? gﬁ radial supports
memlshaAdbiimt 8)&611d)bemhen the«ﬁfmcaﬂ) EndaB50) 862 BAd @hdit FeSpective mounting
brac sel%gg #Mfﬁflg of tfbﬂgannrlljl chapnel I133[36 thg\t %(Ltlends
kFﬁ g gnents gh@ synperts gggmbers can each have a
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 mixer 300.
The continuous flow reactor 330 further includes an elongate housing 360
concentrically arranged around the mixer 300 and at least a portion of the elongate core 342.

As illustrated, the elongate housing 360 includes a first inner surface 362 that together with
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In one enbodi nent, the first exterior surface 344 of
the el ongate core 342 can define a first conical end
w@2@samti7a second coni cal end 352 opposite thepETnS2007/006641
coni cal end 350. These coni cal shaped ends 350, 352
65604 can help to transition the reactant flow entering the
continuous flow reactor 330 at the fluid inlet end 332
into the annul ar channel 336 and out of the annul ar

h | he fl ui ut | 4. As will
the figpargapasiatios g¢ haf eieliest teuf 342 G & artoRdometiag of the
annulhiOéhahnhel ﬂlﬁd&ﬁ%ﬁg eﬁiﬂ)ddﬁﬁ@\t tﬁlbl @E\cc&ﬁl ,sepentdad of the hﬁm:hlmo:hannel
nonconi cal shapes sugh as hem s sha
336 o e JaREL S SIE AR BRI Trshereriond S et el SRR 2pPL00. For the
vmlomggtﬁgren§5gotﬁ@ﬁje fiReakd SRgal @egﬁétﬁs 348, 3@ Re GOMDARshannel

mounti ng brackets 338, 340 with Tadi al supports
336 camhives thegusteniayidiydisasion: %‘e@ﬁCQSﬁ%d k&sRincal ends 350,

B%eaé?gneéﬁgﬁ&(yus{ L %Er Hﬂteb B 2R AGKEIRuR 386 d3fifed by a first

I n one era supports nmenbers 354 can
inner saxfhce36feofihb elongate hpumng 36@ |aad itheesechiad p¥tagPx Sifaga P22 of the

elongfx c?utg’r5s§eeQ/fe 3phe T%L, %Hliglﬁ cﬁ}%ﬁ 3%%2(:an & te%ﬁ%oﬁﬂ@ Sy RSind the

caninpart W st to e secondary
seconﬂmcﬁaam 322 bbme &iongatetcmtaﬁﬁw g4t ﬁ“éxermne!nar mult‘l‘-’rﬁé further

onti.n fIOM/re 3 Q. furt u
’“CI“‘E?Scﬁ?g‘HF 3@% JEPH%“ g’gﬁi‘ AIEL 1{% Surd fY F %’hge iihany sepotant flow)
can floReintd #Rrand(l@r aduat3d6e aﬁtona epﬂ:rothrnentpﬂxetihlet éﬂbmg;aa@d
342, illu t he elon housi
tongifgia ey o b el isu ¢ A0ETED TRl fapnce soas o
ensmwpfrésfe'imﬂd afsml%lzabﬁ&o ?alﬁfnsmm% ur g ace 344 og 62 he
[ ongat e core ef.i second se t 0

anThﬂ gpnulas cApdyit is ip rﬁ)lu&ﬁté ‘Eﬁ’b‘&lﬁaﬂﬁﬂ tw1trf1[ thg PQER g%% to allow the

fluid ?I%Q)?F%‘ tn B84 oRduit 165 @Whﬁctéﬁhﬁfm%h tﬁ@ﬁoﬁﬁméf)@f ﬁhe Grﬁkexd3 00 into
either side of the first segnent 3 %d% Q

the appulesrchappel 336y ASHPPIREIatetiONE B RATRRATLIONYGIHI CPE uits or
mletsarﬁ%' B¢ %9&%@&? Bt thS Bdnhr Spauaney! ar c han nel

can have the constant w dth di nension,

di Barthe gariousrembodinprts dhe figat wiselide ﬁ’gﬂ@,mvm& thrpueh poris 324
from 'tﬁlé%rﬂﬁ‘feﬁ Hd\ﬁg g&%gﬁrr}o‘f ﬂggéébﬁnl'})? &ifdehi mede ef fok %.tconstant inlet

i nner sur ace he el ohgate housin O and
fluid persours andtfer payts 39rdfgbe s@po dignensiansethe g, r@etﬂetﬂ@w fates can

mcreaseei%}(ﬁ} oé}'ts 35'1%139%}%&{1 tﬁ@ﬂ\%{' 3t70?h§§:oﬁ1§ﬂtée@ét$)‘?ﬂ<ﬂse ports 324 closer to

aroun he second surface
the 1rﬁét£8’l7@atla odwr@vorést dleypor8 024 fuither slomustaears of thei inleg 830 can have a

hlgheﬁ ﬁl& nel ng’gom £ ets %sacgonlqg]altr pg syﬁfﬂgpar%’gy ?ﬁpﬁe%l%& to the inlet

370. flom1|nto t he annul ar conduit 366 I n one enbodi nent,
i.nl et 0 iLs.spaced I way,.fr
glsf%fe Z}ergu},ﬁbﬁ )belr e@gt Eenren? 5e%ure aﬁ Ehé: cnghéu&.{s flow
reactﬁﬂm ﬁalm:ﬁ'ﬁ@ii'ecfeltdthﬂn&ﬂi }ﬁbpblblﬂ)habmldmbnﬂhps ot hﬁoxﬂz@ﬂnr tﬂ'dn e
annul ar. co ujt 366 flui Lon Wit
dimefBPT Shaspots HHEERY 1 HE SEEPUE NG PR MR BR A oion of one
of the &itdres. S0, 1Bt €dn@sle t gw@ugﬂat tli&&ilﬂﬁétbﬁ o3¢ firbt dubfacerB3@has a
300 into_the an ular c 336.. As at ed 8
nomiggl Yalne OBl oI ALIG ElopEs BRI aIEee gp2 Measired A the outside

surface 316 has a relative value of 0. 81 (1 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 range 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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inlets may be operatively connected to the annul ar
conduit 366. For the various enbodi nents, the flow
wo ad08/108178 he fl ui d noving through ports 324 frear/Uk®07/006641
annul ar conduit 366 is not necessarily uniform For
65604  exanple, for a constant inlet fluid pressure and for
ports 324 of the sane dinensions, the volunetric flow
rates can increase for the ports 324 further fromthe

¢l . t. €,:ports 4 ¢l oser to the
a5 3409 SOTRED 34) s MRS 3% hRREL o H0e 500
In andxdrﬁtknnbanboc:ﬁmdne thewlliatne®? Of tanpdrad?4 aarhhgler rela;]ive value of 0.04
. olunetric ow, rate as conpared.to ports 324 that are
G- ETSL A e G Yan R PR e S L0REatn ol 0. n an
additimabembbdimenf@ath ¥Lthe PAQali)i SiRIRB 4 RALIVES rio ctt’fotlﬁz; forthe

. cont%na(lé?lus fl fw react or 330 can have predeterm ne
diampfepaheachdipat refativa e Hiegonsiant width dimejysor ofr the panular channel 326.

di uBRg it r8htivdeALdd thed SRS WS 82 Jiﬁxegﬁo?‘%g ﬂ#erﬂ.iﬁ@gnp%%ﬁges of the

.on specifying the dinension of one o eat ures.
contingpusiigw ssagtas| 380 tg be dnterhined frnm gbenifying onsf ditdeasibhalstalue for the

relateglkf@{n%g@s. eQQtﬁpl%, 3853 lanYlﬂiag SBB{HG}BQ@ h%st % ?or{%hagiqewtig&l of about

. eI_ongate | nher Sl eeve nmeasur e
3.2 ey fi-8i. the distehegketyedn theoutsidesufice 8 | Galf e abngutSihner sleeve 302 -

R T -
the figng shrfacs wodldthage e lvelug aff eboutlBS. 51 gm3 64-hhast 324 whatline@e a

. B Simid ard th onstant .wi dth di si on
diom¥Bh Yt D U bl 87 RO MR BN e st S pgesined at the
outsidensuafaca3@yé vafuld b dbdud 28.60crh.0 It hédition eie dihaBRE Blcafifred Btween
| ongat e .qyt er, sl.eev 04. | ne ecific _enbodi nent,
the o RS AT o S et Bt S WOHEE SR UL gl Fsmites of
other dérhatdiones ofahel eomfmﬁué)ﬂgtvgeﬁd't@r BWETSEL@e%ﬂ&E?h oPhbd 14 .5 to about
el ongate guter sleeve . an_addi tiona
18 gl A LA SR L /et At Porhio Sban srave
I dhahiaVernadihve embbddadid, thé cEnstardt QHAHPEREANon OF tid Ynular channel
val ue of inner dianeter of the elongate outer sleeve

336 cap §ve ¢ rongtam yalueivgHient eesrshioniradetemaiard propottional relationships to
other Ba#irdk of WeQhixRPEOG ark?dr HERABY R HRY kRS 3 O.4F§Mp%iahbpqe, the

di aneter_ of each port relative to the constant
annulay charaplol? bfanthaae aeanstant velefebospd 2 dusiaggrdi¢ss o6 the other

dimersRbRdF\Ee ¥R HESIn ' yon of the
lmedi fferent feat ulrnetsgg?lﬁ%dﬁlgw%g%?&ﬁ%%tggﬁ'ow react or 330

t &b dhedeariqusiembediments. sheatfufinpaond 336 métisd amtinuved fiew
1 ¥501HA8 a Pl RLeLk; AR e
e annul ar ¢ Ean ne K%%g&%g?% 3 cglg %%Wémﬁatl Iﬁugipvoé%rgﬁwcg??v rates of
10 to ¢phepbicancterstpsr diinuta tirouple thesenotichendiitGofike slonfaedn@tGleeve
302. . | ra.sl.eeve 302 ag% first surface
o2 ) RS ANGRE R, 8 G 30220 DouL b P4t SRt
330 carcacronuuodret ligeid fldverdiesraftlesuhfimte c3@0 nvd@eds pePaNaIad hour or
e about 35.'3 ¢ ach rt 32 I ve a .
st LB BRSP4 A9 DR Bt e
sleeveeB@ngat e i nner sl eeve 302 neasured at the outside
syrface 6 db ut 28.6 cm In addition the
di"AREY %?’%H‘ilgéi\ﬁé{ie RO i 6141 STt dessionpbarsh thonis |
suﬁc%ﬁ%@nﬁ%&&t&@pﬁ&@r%%t@ntbﬂm@ RBWIME3f AvEMirdSXBAPbLRIe total
0
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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ot her di nensions of the continuous flow reactor 330
include a length of about 1.5 to about 1.8 neters, and
waasararer of the inlet 370 of about 25.4 to PODUB2007/006641
28.0 cm In an alternative enbodi nent, the constant

65604  \j dth di mension of the annul ar channel 336 can have a
constant value w thout regard to predeterm ned
proportional relationships to other features of trie
r, 330 0 .

throff e o P bter i RN IR Tl B 800 0 B e minor
flownglerge pfovai thro & tothe whareghr Othes $lowf ratibe aotiiReussed herein are
poss %lgreny ons of the features in the continuous flow

reactor 330. For the various enbodi nents, the annul ar

ch&nmteldiB&gs of theh@naands it tedelo? 33028 1Y mB&P 308%rPuseful in a
.ion area that . can accopmpdate liquid

variqfy PERRIREORT QUloFatiBe p-lipiiing UpS BIFHIYE impreyiae puxing of sensitive
(selentive)tfBstirbi@i@fidhe BRGRAGPR)Y c@ﬂr{?né}fnail?%lg%ﬁ&gﬁhﬁe of the

jnner _sl eeve 302. |In an additional enbodi nen
contigunys Apw rragtereandihe mixeraf dhe presem dhssdosurewonldast inrth@Baction of

an ofefin CBREORFRAALS;.| Mﬂyléné L}ﬁwdh%ﬁﬁ) @Ethlaeosﬁ @ITSQ'QodDum

cubi c neters per m hut e hour oOr greate
hydfﬂ*élfi@r@tﬁéwmhﬁmldeh poeAtiumHe dserddath Elntﬂ m@mﬁda; H@ne specific

exan?ﬂl@ RAALE uid \G¥ee %l)ﬁt?ﬁi%t@ %w 1eBct8P gnc?ﬂ:{éqgmgeg% t'he grei8ﬁlatt chsclosure

ports 324 can have a Cross-sectional are
includgs B@ﬂﬂ@@gmﬁ@px@m%ﬁDMrepn!em rhlarohydeaahdsbditihoNydroxide.

totm ol une oW n
R e e e e .
also B¢ weefial ig@Ixinghingscikdé L‘lqmddfqulch&aprantsarqagémacﬁaapt‘ocfulcéﬁ’rempltants

dlssoz\gégsgggar% &g&? %slgern?? %»glytm\?ﬁeﬁ'l ﬁ(r) gﬁg’[ﬁ%%% ﬁ&slfcgjﬂél?lﬂpwgsystems

onianfiof me(ﬂrbau)ctsﬁnd/bewagémk usedl intke a@mﬂmgué RbAUGR:tENd the
rds, the

. 3 f th .
misef BBl ikt A Gissbosomsahen tioplieca el B e reaction
tempmanees aalionthe flvw sepdsibiding iat, £a0nd6thel flctRst Ak \é‘hé}? it is

t hat he .m nor_, f|l qume vi ng. t hrough the
recogiiai 1B theiiler Sy thep ELCOTEP eI (bl o BIoHS e reactor (c.g.

the eppagaik kbe: arfd e didiBlehotbinkMah P RbeHBES ol NVoE & ?’f%é?ve resistant
0 and the m xer 300 are useful in a variety o

mate%%ﬁ ications. Illustrative non-limting uses include
| NArAAditg, fHhak %Ge@cﬁns@@ﬁ?édtﬂﬁleth@ %ﬁl«c@xcfs 'p\‘&%rably formed from a
%ﬁhgreactln flows. For exaqg
materl rig Affargntghamibeiremandesel e Cphtemmﬁ fflomisastof.| Bov example,
the miRAChR be FGnddEF IHirsEmafhial Q@ 1B rt}?esfﬁpﬁgegﬁ §§)e%§xﬁ (tﬁe g\f%ngagte housing

be in the reaction of an ol |nc
can bp fefmadetie senped oiajatial tat ig differenbthes the ﬁnsih n@geritd IAlsnilscussed

herei A 83t SeateRA AR JH %%‘é Hfg e Fm%r c%.% 1rc1:<fhli|<?% %c?/rg?rsgc)é(n resistant

to yield an epoxi ecific exa
polyregrs ppd ceremti¢sn u‘im@bfel mogierigladonthe ambrﬁhﬂatmmlefse@fto fdith the elongate

core rd 3?53&"8 ﬁ%gr? gél(‘r:i I"or o %%I °§’“§’n§’%§f§'§}§%ﬁ%§§¥ 6%?%}% fr Oglethe group
of tlt@ﬂb’@dﬁltﬁ%m alddyst(he. ,cgnad:el ‘htiaash), awstéxﬁﬁﬁ kRinlesdGidele ferritic
stalnlggs)g?éelso &)ret 1p1ta9{o%%e nc{enaI B %talrﬁess stee among others. In one specific
embodiment, the mixer can be formed from a fluoropolymer and the remainder of the
continuous flow reactor can be formed from grade 7 titanium. Other combinations of
materials are also possible.

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.
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al so be useful in mxing mscible liquid-Iliquid
reactants, reagents that produce precipitants,
waolc@salses sol i ds, gas-liquid systens, polymerizel/US007/006641
and inmscible liquid-liquid systens. Many of the
65604  products and/or reagents used in the continuous flow
reactor and the m xer of the present disclosure can be
hi ghly corrosive, either due to their pH the reaction

. I . r e fl rates bej.ng used, anon
As IR 8 BB 4 Vanl oo Wn L B b ARl (e = Giferent than
a seqrindematenial /used fdrefonh e repaaipiap @ottionodf thé ot@iioul fieWSreactor 430.
As fl.ow r.eachgr ge g , the elongate.core and the el ongate
SHYL S RBY 2 HRR GoRdiBans ehangs ibihregniruqus fays repstor ée & thgnges in
tempeRdtare),ahs mikéer 400Ckid 188 reﬂliinﬂ@j)o?@&fk SHBE BYRIRBub BBl reactor 430

t he is preferably formed froma material that is

m xer . 2
can gipapg, F’é‘ﬁf’r eentFRet Akdiftsrmt Friesy angftodifferegtextenisus f 1 ow
r eBfhR¢ 4 iIRiraR% AR pProdch®o H&d&@&i@%@@iﬁ&éﬁ'ﬁ?ﬂg&‘hdﬂxg an O-ring

first material while the elongate core an
480 positienedderwensy gagh ©A theslrst en a1d the Seeomdcended16rafabe elongate

F . . f ) . r H .
T
clongae apiey slepee Hdend/entheichoigaigdousing #60 ean feshertiacitide an annular

gmopglt(y 5i§eﬁ§bd09rﬁ(%£@(?s- Suitable materials for the

second materral Used to formthe elongate core and the
el bragitigorh ds¢ominvans flnwlireateorctOr sl mixer 460 suahiclumtaddusher type

: fir he.group of ti i u titani | o
s 38 BRSNS SRR LMo SO EEANE Al Sl oo s
482 ¢amrincluile a biaing wembet 484 sositivredibeiweaii the chapderall 42 and the
cton G R AL o B3RS Sl S BhSGA v ot
mixek 00 B deyul@tigadncore k@2 padEhd ¥l6hg ¢ hdiEnE860.1 NLESerhb Rifnent, the
biasih eactrrﬁ)r agn be, f orred fllr om gr ade 7 tit ani um Q her
BB HSPIPST {Foh sy be ﬂ'gezllel‘"éeg"aé &-al so possible. Figure 4

| | Figate RbR%ides GinGBEstfivhio?AA lalt¥in@OEmBodiRtii® BE tfm&Bes00
cont | nHous flow reactor 430 and m xer 400 according to

according 1o 4n¢ Prsselrt AstleirereMixeg 500man HeEe @ ghannel 526 that has a
rectafiinfi6t @66H-&cHERMAhASe ﬁk&?ﬂéﬁ%xbﬁﬁ@ioﬁt}lﬁ g‘%}ﬁ%“?d | ; ?)éirggrll%i of the

. can be forned froma first nmateri al S
-mixef g0, 4s discyrigd harean-ithe chanagl 52 hasor ¢anstaet wédthidimension. The

mixeP 8006 138 ifludlIa ﬂQﬁ'ii?tf‘HPéb?ts@Zg‘gh{zﬁﬁtSﬁﬁre fﬁgc? cox@fﬁluﬁyﬁ%ﬁ?){}v between

as operating conditions chan e cont Irnuous
the clﬂ%.@ef 376 e geondaria¥ffeiormed by threrwside e)rfadefiB0nifitbe cB@el 526 and
the h@,gg;ln% bg.remai ning portions of the continuous flow

react or 430 can expand and/or contract at different

r deshavariqus embiddiments, thg peris §24 Fegyuere tde plilnast featast flow into

' t.hese i ssues by including, an
mans S R TG e s PR M s RS e R e Secondary
reactarg glosyiahc the combomadl reactat bvaf art hensttadmgiatbahe thdinel 526 of

consBASEY AR5r 8 16 TP BB o, The s
of thesfimtreacabilawdiosizeh e pirorantte toigiodde 460 & abmitk] bhsfting
condi'tirc}% yodperoefgleag%ggln%rxil%r aon(c)inSmtdgwrneo%% e\:/ Seafgg?ts 91 {I{enrgixifg (5)00.

In addition, the flow rate of the fluid moving through ports 554 from the conduit 566
is not neceésarily 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 plurality of ports (e.g., those ports 524 furthest from the inlet
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In addition, the continuous flow reactor 430 and m xer
400 can include a pusher type seal 482 positioned
wbedosaes17s he el ongate core 442 and the m xer 4POT/USI087/006641
pusher type seal 482 can include a biasing nmenber 484
65604  positioned between the el ongate core 442 and the
el ongate i nner sleeve 402 of the m xer 400 to provide
a conpressive force between the n1xer 400 and the

5705, S05RE £ 8 DS A0 U100, 00l 908 oo

the indets}e).. Iri:mtgeﬂrwoﬁispthe\podteﬁmrﬂlbﬂ Msmteammfaﬁe flet 570 can have a

t th ] 500 dj
highef bRt K v RO S B TR G osto B e 570,
52&3 tikaissédiberain;, € @nbodimientloTihe SEEdriof iad prebeai? QidcRISER: can’
pendi cul ar to, the | ongitudinal axis 518 of the

have ﬁ1°>‘<18 plesp Grugiurey; A vadeyPireeibeds canthe usad imEqrmsths npixer having the
one iR StratlureMddbiiife BRie éﬁ’é‘senfr d8cIBbue! Fépgxéﬁﬁg hBGhi%EESn be

a plurality of ports hat provide fluid
formed, dghticgruiss cvlkiederofe fusianaerials 2sdiseessed beneitui An axial
openég@ag %g %&aﬁb& fﬁs}?l#ggga%gféﬁ nﬁHf:{gﬁﬁ?m%rﬁ?}aﬁé % rcglﬁlaquzﬁ?hder of the

first mpteriplor t s 524 segment the prinmary reactant flow into
into the
ot BIRbE Sha'bt ok 180 s ) 60 R 35 kb (BE iy i more
channghghavivag thsmbnﬂemt wigltic thanegh thewizha cecdansytlindenefithe dirstheaterial.
h dlnen3|o enhance . .
As aIBRora 8 on BT AR oy ey B L SRR i the wia
openipf fotmgeds mrthd: first acttentdl. fﬂhe\poas eashlze detfmx}ml’ﬂhiﬁaigel thé) right circular

(e]aYa]0) .nal rat cond tions to
L N NG AL TN —.
to an eReerioy MfacE@(ﬂthd nﬁg,lﬁd:(ﬂﬂchlaﬁ eylindee. i mmah@um erhb&difrledt, d

conduit 566 is not

ts_ 554 f t
TR TN NN R —

to prcfduw ﬂoﬁﬁaw&@s&a&@&pm@eﬁ s 524 of the sane
nMensions, injecti the segnented prinmary reactant

I s yadersiond thg e abwp deasr SOk bean gradatean llustrative

fashldkp hHIBbT A fesfrlcPVe bak.e Atholifigs %@%ﬁgdlﬁfeh&q{ax/e heaf hﬁﬂ{rated and
ow t hrough a first portron of plurality of por

deserited Getem, e Gerdioamy Ak N i PHest will SrredieicitmiAUBBEoMmponent
arran SefRant 8EarCRBE Bt Ofod ﬂ?@ﬁfé@ﬂic%ﬁ%dcﬁﬁeﬁg sﬁg‘\%ﬂ p LItl‘ﬂé %Bdntnx are

of ports (e.g., those ports 524 closer to
intendprgy cover sych adantgiens ortvagatiens of52gions) mhedmmmsﬁ nhe disclosure,

excep@fto e xidat ﬁﬁllt@é%ﬁﬁ@gﬁe}’ﬁta hi gher vol umetric flow

rate as conpared orts 524 that are closer to the
i Anghe ii'wmonr&Datasle@l Hseriptoome variousHeatondsode genipsd edgethve in

exem aﬁ%mgﬂzdl% ts%?ﬁ%%ux‘g«#s%%ef?ﬁg%\ghﬁ%g tgaglscl% 19rre]e (ﬁ? %%thod of

truct ure. vari ety e use
disclashes iphgeto Hq:amemgeteld@sanﬂeqmingcaa istention tae any ckanduraayme@ more

R I h Xer
Teatuipg el g5 B S B e P Ry o o afte i,
inventie¢ sutij&dt magter Hes rrulsssatﬂlah all Gfee'ﬂureé\mf axir@le d’i@élﬁlsélﬂerﬁ&ﬁmﬁﬁnt

Thus,&ﬁe; gﬁﬁ)g?x% g\%’hlﬁi Igr?eqﬁ:? r}g{qlgcorp.oratecp gltO 'H] uegcallec.{1 Sescrlptlon, with each

claim standing on its own as a separate embodiment of the invention.
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first material. The drilling and/or mlling techniques
can also be used to formthe two or nore channels
whasisngsithe constant wi dth through the right cPeT/ubzn07/006641
cylinder of the first material. As discussed herein,
65604 the two or nore channels can be concentrically
arranged with the axial opening forned in the first
material. The ports can al so be fornmed through the
right circular cylinder by either the drilling and/or
mlling techniques to connect the two or nore channels
to an exterior surface of Chémsi ght circular cylinder.
“&mJﬂ A0 gbtgrnative enbodi ment, enbodi nents of the m xer
med using nol ding, casting and/or sintering
techni ques to provide a one piece construction
process. It is_to be understood that the above
L s e iona coatinyous lomgrracton camprisingst r at i ve f ashi on,
angl diétpate imAS &SI NASIRNG: infldb REYER FRRGI difaxi
..enbodi nents have been illustrated and descri be
recel g wopntinghghadt thet extendsdhspugh a|first endiand azgeeond ¢nd of the elongate
[ : t ments can be
S Bt R R B I ™ Choun. Th
c |ani ahengatecouten deriedoncentisally atanigeddahtthe elomgaterinner sleeve, the

ri, @t vari ' s. qf the djsclosur .
cton 84 05 R0 P FIRE IO AR B
and afpbureljtyi ofgpobe eaiehdthgDbsmghphe Hirst andisdcond studadeusfahe alopgate outer

rouped together .in emgl ary enbodi nents, for. t he
steev RS ol UEI SirrdoR F R il GRPDLERE b€ i iefaoopt the
elongdiestitarSibeee Hefimoin amnude dhahedl phi teRtbnds tHref dietifiigt éd and the
sec i.nt n;ion thag g@¥ élain1requires nore features than
ongd epd of HelQngats OFE J8EYS the claim Rather, as the
following clains reflect, inventive subject nmatter
5 lies in l??ﬁ 1 han ﬁll features of a single disclosed
© erlDGAPHENRE R S, WhHE thorianRpiys @ consEnGyidth diaension relative to a
diamdi&ICTItROTi Akt 86k fAdt T thiBloRBARiIouRH sIIET Pln@l of WidNogash
claimstanding on its own as a separate enbodi nent of
the invention. 65604 Clains Wat is clained is: 1. A

3. MPHRMmiker ofISANT | WHEH Shd é}féwnél%e_ta%fonsmmftﬁ Hens®h of about

el ongate inner sleeve having an inside surface
3-Q‘HE‘.Iefining an axi al opening to receive a nounting shaft

that extends through a first end and a second end of

the el ongate sl eeve, and an outside surface opposite
4.t Adcimmgpred dainf howhera e eutsid owdateefdlit elonghtednmer sleeve has a
unbrof B ESRERbAEHAN nalBNusH.d f big el ongate inner

sl eeve, the elongatfe outer sleeve having a first

surface and a second surface opposite the first

S . I [ ts..extendi t ht ough .
5. HERRRe A DAL L BEaRL s s LOGUEL i o
widthsif #svanulen ehanriehef 04t si de surface of the el ongate

i nner sleeve and the first surface of the

gl opening to

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

the support wall are formed of a fluoropolymer.

7. A mixer for a continuous flow reactor, comprising:
an elongate inner sleeve having an inside surface defining an axial opening to
receive a mounting shaft that extends through a first end and a second end of the elongate

sleeve, and an outside surface opposite the inside surface;
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el ongate outer sleeve define an annul ar channel that
extends through the first end and the second end of
wo b@salsingat e i nner sleeve. 2. The m xer of clBET™U$2007/006641
where the channel has a constant w dth di nensi on
65604 relative to a dianeter of the first surface of the
el ongate outer sleeve in a range of 0.01 to 1.0. 3.
The m xer of clain11 where the channel has a constant
bout er of

1 e TR el B G vl GPoneRt vARGRE sl erinfo e, the
elongateaniter dhase alaumgra(ﬁ&ensmﬁi&b lafidl @ yscomdl surfadey bpyebsas the ﬁrst surface,

rcu urf ace.- The Ia|n11 mhere each -
and o il s m%?dafg tbﬁng? S 6k e ssHopd st et g slopeste outer
sleevtfiaglih of the annul ar channel of 0.4. 6. The m xer of
cIa|n11 where the el ongate inner sleeve, the el ongate
oGt PPATt elkconnectingthe gInssrte inparislesye ang theeddorgateouter sleeve,

wherd HdQUEPSH WBI the%uts’?dé‘@df-ﬁfce bPthede1 G ﬂiﬁ@{‘scleé\le d the ﬁrst surface

reactor, conprising: an ongat e I nner sleeve nhavin
of the;glongnte erater slee vedefimef qhmgel apatgxieads tkpeugln@letﬁ:str@@mahe

second MR goggg%huﬁpggfﬁgtends through a first end and

a secon ongate sl eeve, and an outside
surface opposite the inside surface; 65604 an el ongate
0 C I ranged MA . el on
B BBy B T O e S LANAREE i e iative o
diam@mcﬁfatbe fisstdudacsaefthel ek)ug:ﬁtawetemyshaese frea tdmge bif 01 to 1.0.
surface, and a plurality of ports extending through
the first and second surface of the el ongate outer
9. slIBeurixeaoficlains Upwhere thabhtside 80Satd 6¥tht BRnghtengadreleeve has an
unbrc%ner ﬁieevg,ﬁgw.the eIon ate outer sleeve, where the
B SSHRUREE Pallhx g A §?8§1§ﬁW#§@e of the el ongate
i nner sl eeve and the first surface of the el ongate

o er slee i ne nnel  that extends through the
10, PHEm3RE STt hov et S BGS i arrsoat et St a sector of an

a.nnulﬁé RRYE pex%en&ib&laﬂ’td@fon@ftu&hé‘l‘ 4Rid of B SKiRet he channel has
a constant wdth dinmension relative to a di aneter of

the first suirface of the elongate outer sleeve in a

1. T mg‘%nﬁgr Qf Qdint ? whéle egch G g\d}gﬁtgcgf ﬁ%@' H% 4di éxgrelative toa

t he outside surface of the el ongat eeve

width of thgapaian shagnel oA 0dus wal | haV|ng an arcuate surface.
10. The m xer of claim9, where the channel has a
cross-sectional shape of a sector of an annul us t-aken

12, pdhgepigdeced daim 6 whdre e ¢longatainngx slsewd, theheongate putet dleeve and

the subfit Wafhe Mrmfea R ool BT 2 width of the
annul ar channel of 0. 4.
13. A continuous flow reactor, comprising:
an elongate core having a first exterior surface and a mounting shaft;
a mixer positioned around the mounting shaft, the mixer having:
an elongate inner sleeve with an inside surface defining an axial
opening through which the mounting shaft passes, and an outside surface
opposite the inner surface;
an elongate outer sleeve concentrically arranged with the elongate
inner sleeve, the elongate outer sleeve having a first surface and a second
surface opposite the first surface, and a plurality of ports extending through

of the first and second surface of the elongate outer sleeve; and
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12. The mxer of claim?7, where the el ongate inner
sl eeve, the elongate outer sleeve and the support wall
ware@sfiosined of a fluoropolyner. 13. A conti huorST/ABDN /006641
reactor, conprising: an elongate core having a first
65604  exterior surface and a nounting shaft; a m xer
positi oned around the nounting shaft, the m xer
havi ng: an el ongate inner sleeve with an inside
surface defipi ' [ h ich the
nount i ng shagfﬁ%§22¥§¥b§%5£§ﬁ£gﬁ%%?%%8§gF?£%§€%b dhe glongate
t he i nnewtessledvacwherhesuppyat walbthe putsideaveface of the elongate inner

concent r,i. cal | rranged w th the elongate inner

P oov e Sib o s HRT S50l delind 8583 R O Sice ¥ fisine a first sogment
sur f ac eofdaitarmubse chatthebthat actendppesidhaht bentiduost flow reactor; and
surface, and a plural |,t¥ of gorts ext endi ng throu?h o] )

t 2 FPReAe JoRpingerassentEaalhagengedppeung the dreiker anga feast a portion

of thesd16@MRe caR(GRERAhA it BREFibr Y@k ceGPIREAbhSHe LER and a first inner
eloqgate i nner s|leeve and the el ongate outer sl eeve,

surfaclriBe elpeaigdpyring srfrfing heecond segraen of theannylarichennel, and
wher&hP RS JuPRes ofihe %Ycﬁxg@féqqotlﬁﬁgfa'fnﬁstﬁe SabhasE e ke elongate
el ongate outer sleeve define a first segnent of "an
outer glegve defiahamarsiulariganduikhariog an nleugtoughevitomaiflwid can pass into
the arru® JoRaGH Yhd t ' Nt AL cal !y
© alru ranged ar ouﬂgg%ﬁlztﬂﬁ?&g?l Y 3‘p|a3?t§ ?Jétgg{l& %ﬂlg‘g?rtﬁh%ﬁn%f
the el ongate core, where the first exterior surface of
14. t ' Lmner. surface of th
el PR R ool of clarh 15, bASRI S oo Bpebi e annvter
channghmibeated hagithér, sidend thé rs segmemtdefined by ulid miveerof t he
el ongate housing and the second surface of the.
el ongate outer sleeve define an annul ar conduit having
15.  amherdoatingdusdlginraabiot bf alaith UBdwhar: thasBarinal Bad A1&r0ss-sectional
annul ar condui t . and rough the plurality of ports
area o aFORg 8%tﬁ ﬁ#ﬁbﬁ’&ﬂ%ﬁ}r\%ﬁﬂ?@g PR er e?ﬁ% tﬁ‘ﬂh{)'i‘)ﬁu ous flow
reactor of claim 13, where the second segnent of the
annul ar .channel is |located on either side of the first
16, ¢ ddreRpUine R FRoioRET Hale i, Where e PerH bita foieiel resrseotional

area t6 @8Indmoddte Glrddjor Asw ovheleBstithigc RN ik fow volume moving
br éﬁlss-sectlonal area to accommopdate a Jet M Xxing
throy, aggelgreater than 0.07. 16. The conti nuous flow

reactor of claim 13, where the ports have a total

cross-sectional area to acconmodate a major flow of at
17. | dhercopiinequsitlest regetopohelam 18] whergdhe pleanmel/hasp edmstnyividth

dimers{¥ €RANBE! diarkdter JF1Be SHRRILHOUSS frb UbrlBAC L evelo20MBo, ana
13, where the channel has a constant th dinension >

each qfghe plugality of parehesa dirmetes relative tosupidtbef die armalar channel of 0.4
el ongate outer sleeve of 0.09, and each of the
plurality of ports has a dianmeter relative to a width

18. off’he lwentinynuis flovctgaetnedf ¢lhin® 13, where the first exterior surface of the

elongate core defines a first conical end and a second conical end opposite the first conical
end, the first conical end coupled to a first mounting bracket to provide an inlet end for the
annular channel and the second conical end coupled to a second mounting bracket to

provide an outlet end for the annular channel.

19. The continuous flow reactor of claim 18, where the first and second mounting
brackets include radial support members each having a helical pitch relative the longitudinal

axis of the elongate core.
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18. The continuous flow reactor of claim 13, where the
first exterior surface of the elongate core defines a
wé eeostiizioni cal end and a second coni cal end oppOBUSE07/006641

the first conical end, the first conical end coupled

65604 to a first nmounting bracket to provide an inlet end
for the annul ar channel and the second conical end
coupled to a second nounti ng bracket to provide an
outl et end for the annul ar channel. 19. The conti nuous
flow reactor of claim18, where the first and second

20. nOTHY ¢onginoRchel sedchst| af daimaly, avheseitheahixeFRBANE] €BLHrst

\Y; elical ative the | ongitudi nal axis
matefl. pRLe egwg%ﬁeé%gﬁ%cf @%3‘29% hopySERE R UPIRSLRS A Jegapd material

differefBibhe khedfirsE hateal 3, where the mxer is fornmed of a
first material, and the el ongate core and the el ongate

housi ng are fornmed of a second nmaterial different than
t hgne dcfn%hug@st 86 fbactr bf cHig 2P0 Wﬁe&uﬂxlésﬁrgtl rﬁéﬁfcﬁgﬁg I;cququQ(];polymer
claim?20, where the first matérial is a uor opol ymer
and thispcond mederiphds WaRwm.al is titanium 22. The
conti nuous flow reactor of claim 13, including an
O ring positioned between each of a first end and a
22.  sedemdnindows flow ecastaod stadmold, éncledingae Qaridg pbﬂ'tioned between
[ Q flow r
cach §f £ AR 40N sBnd iy oL, EORREHRNE tee RO TRE s RipeRle nousing
bet ween t he elongate core and the m xer to provide a
c ressive f rce bet m xer. and the el on
25 C o EREnYGe B0 fopdhh RSy T ing Ropis G o revisipned
betwegnrthe elongate carecodt the s tf) lppowide acbaipreseiv@dbics bBGveen the mixer
or,ni an_ax eni.n hrough the right circular
and t eyfflPﬂ%ag? coF aﬁd?]f’%%gﬂ%?é? & "%raterial ; forming two or
nnre channel s haV|ng a const ant Mﬁdth t hrough t he
ht cuL%y r i nder. of the flugropolyner material,
FRPG? ’}‘ZHF HAEF A HHERHOR? QM| 15acken SHYRESIHEL h
t Hﬁma?hgain BRE BpBEing AFGuSIOTHY fitht RACHRr ENIHRIOBF & haofdpelvmer
circular cylinder to connect. the two or nore channél s
materfal; an exterior surface of the right circular cylinder.
2Fornling t%to‘? %r@t:h&rhf%lﬂazfﬁig X\@&{s@a:ft %Hﬂhﬂﬁro%%ﬁttﬁe right circular
i ncl udes form ng each of the plurality of %
cylindes pé the Averrpelamer slatgrial.dhe 5ve e mose ghamplswoamtmalkymranged
vwﬂnﬁgggﬁfbﬁmgﬁ Ong dianeter to width ratio. 26. The
‘ai m 24, including deternining the constant
vmfelltmmsfpom éhrpugh the righit girglaneidingler &4 edrineet the tivanetmere channels

wan & telibE dl%?é@% ‘cﬂ@ugpéﬂﬁad‘épe” into the two or nore
anne S MAt |o 0 e constant width to
dlaneter in a range of 0.01 to 1.0.65604

25. The method of claim 24, where forming ports includes forming each of the plurality
of ports to have a diameter relative to the constant width of the channels of 0.4 diameter to
width ratio.

26. The method of claim 24, including determining the constant width of the two or -
more channels relative a diameter of the mixer where the poris open into the two or more

channels with a ratio of the constant width to diameter in a range of 0.01 to 1.0.
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27. The nethod of claim 24, where formng the ports

i ncl udes providing a cross sectional area for the
w@oesosa1mas fi ci ent to acconmodat e delivery of aPOBS2007/006641

flow volunme into the two or nore channels of the

65604  pjxer. 28. A method of operating a continuous flow

reactor, conprising: segnenting a primry reactant
floww th a plurality of ports into jets and

i N ' ri QW .i.nt o
27 sejggérzl aepgl)dtrggg%%an% @f 0\%3 ?Omng%ﬁlgr%?{é g u(tkhg’é)rgwﬁl grﬁJ%r8§s
sectlémabwaaéac th’m’pdrts Spffunerdeo accbaimbdiate Kigh‘Nuryrbé & ntfjoraflow volume into
thetw east Oe9 LA e t o honogeneity of less than 0.5
LR oS Fl&?mle}?e ﬁiP?Wé’W and secondary reactant flous.
29 The net hod of claim 28, where injecting the
reactant flow into the secondary

%Phe &l rimar,
28. ‘gcﬁ‘ P PPSWr? fOEIOYS IRy TeREOD COMPFiRingy Nurber
Of sekrr{%nhﬁg & PPima?) reabbfit BN Qiplﬂaﬁtﬁf%ﬂs ol JE’Q'

suppl¥ the primary reactant flow at flow rate
t haecHae Fhe segmentadygrizpary igactait faveinte 8 serpadgryreagentfiow in a

chanhdl Q)Wthéséontl-ﬁtlgusrrﬁtt)\bqgac@ér tb tp?t%ﬂhggﬂef’ﬁ%ge% fo NULBRE g?gt 08 o, 9anda

segnmented primary reactan 'ow i nclu provi

time g ’é‘zﬁl@ger\?w PHESSP ith,anfq peeqoatie fayfthe perr@egmateedncpmy m;ant flows.
reactant flow through a first portion of the plurality
of ports as conpared to a second portion of the

29. pl Theamiethpdeff clpamt28, where injecting the segmented primary reactant flow into

the secondary reactant flow includes proving the Jet Mixing Number of 1.0 to 2.0.

30. The method of claim 28, including supplying the primary reactant flow at a flow rate

that is at least twice that of the secondary reactant flow.

31. The method of claim 28, where injecting the segmented primary reactant flow
includes providing a greater volumetric flow rate of the segmented primary reactant flow
through a first portion of the plurality of ports as compared to a second portion of the
plurality of ports.
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