CONTI NUOUS PROCESSI NG REACTORS AND METHODS OF USI NG SAME TECHNI CAL FI ELD

[ 0001] The present invention relates processing reactors, and nore

parti cul awbyp10iB525ent i nuous processi ng reactors that camrcCirmgsarm/oBiies d bei ng
processed with high heat transfer, mass transfer, mxing rates, and ot her
hi gh transport rates. BACKGROUND ART [0002] A common problemin chem cal
reaction processes is how to achieve the proper hydrodynam cs in the
reactor to efficiently produce the desired products. The reactants need to

be m xed so that the nmolemtRIUGTS PR CEXINERELCTRALEAND COMe i nto contact
wi th the other conponents in%f@ﬁngMggw catal ysts. The presence
of a gaseous reactant can further require an increase in the surface area

of the boundary between the gas and the |liquid conponents to increase the
efficiency of the reaction. [0003] To i nprove m xing and contact between the
reaction conponeptsyitRL R éﬂﬂm reactors have been designed to incl ude
anong ot her things, a coa% of a catal yst to the i nner surface (i.
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BACKGROUND ART

[0002] A common problem in chemical reaction processes is how to achieve the
proper hydrodynamics in the reactor to efficiently produce the desired products.
The reactants need to be mixed so that the molecules of the reaction components
come into contact with the other components in the reaction including catalysts.
The presence of a gaseous reactant can further require an increase in the surface
area of the boundary between the gas and the liquid components to increase the

efficiency of the reaction.

[0003] To improve mixing and contact between the reaction components, thin film
reactors have been designed to include, among other things, a coating of a catalyst
to the inner surface (i.e., treatment surface) of the treatment chamber. In addition,
to enhance the adhesion of the catalyst to the treatment surface of the treatment
chamber, sol-gel or washcoating can be applied to the treatment surface. However,

over time, the coating tends to suffer from attrition and inevitably deactivate.

[0004] To address the need for an increase in surface area between the
components, certain thin film reactors have been designed to include a rotating
distributor that can be used to dispense the material, such as a fluid, to be treated
onto the inner wall. However, because these reactors combine high-intensity heat
exchange and short time of residence of materials to be treated, such a design can
cause the materials, as the materials enters the treatment chamber, to quickly

expand due to a sudden temperature differential between the treatment chamber



[ 0004] To address the need for an increase in surface area between the
conponents, certain thin filmreactors have been designed to include a
rot ati ng wobrovistser that can be used to di spense the meCernisadip/osiueh as a
fluid, to be treated onto the inner wall. However, because these reactors
conbi ne high-intensity heat exchange and short tine of residence of
materials to be treated, such a design can cause the materials, as the
materials enters the treatnent chanber, to quickly expand due to a sudden
temperature di fLer@oldule, REHERR oh Bfech SRLIERUGRABRE bnto ARANRA G BT CE,
resulting in an uneven spread of the materi onto the I nner of the
treat ment chanbte treftooBh@nbar thin fil mreactors have been provi ded vmth
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rotating syst enmﬁmnnltmﬁeilmtaﬁmgemgﬁnﬂ@dthd)ﬁinaml@@gtﬁﬁﬁthé @inat wWalhofitRy be
conprom sed. [0006 Th| filmreactors k&gve al so b rO\t/ﬂhlcgd wth a
rotating disc ff ﬂnl?elrﬁﬁn?f“’cs&nbséu% éléﬁ‘slgﬁsﬁn‘?eso leégf?‘is d onto the

treatnment surf ag@uﬁaﬁlah&eoﬂrﬁﬁ@tamp r& iR oien thddvhamifumatielh y whehett r eact or s
are not designed to provide sufficiently long residence tine and are not
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the ability to provide high transport rates, that is, relatively high thermal transfer,
mass transfer, or mixing rates, or a combination thereof, in connection with the

fluid being processed.

[0007] Accordingly, there is a need for a thin film reactor with a design that can
provide substantially uniform thin distribution of the fluid or material to be treated
onto the treatment surface, that can enhance mixing and/or contact between the
reaction components, that can provide a sufficiently long residence time, and that

can provide relatively high transport rates, while providing high throughputs.

SUMMARY OF THE INVENTION

[0008] In accordance with one embodiment of the present invention, there is
provided a reactor for processing fluid. The reactor includes an outer vessel

having an inner surface against which a fluid being processed can be



SUMMARY CF THE | NVENTI ON [ 0008] I n accordance with one enbodi nent of the
present invention, there is provided a reactor for processing fluid. The
react or iwol2otessma out er vessel having an i nner surfaceCagseeei3dshngch a
fluid being processed can be accommopdated. The inner surface of the outer
vessel, in an enbodi nent, may be designed to allow fluid being processed to
descend in a substantially uniformthin film so as to permt the fluid

bei ng processed to have a relatively high rate of thermal transfer, mass
transfer, m XingcoRidgkied " RASARELFALSS 1R ouRr GQUNI iNah kABodiRERERky Bhe | nner
surface of the outer vessel may also be provided wth a proflieoP,pattern to
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serving as a_hegt, sxohange, surfacenf el & bt 4.DE! 09, BIAGHPS S ANe [ nner
vessel , in one enbodi ment, i hctudes: ancinner "sufface agai nst  whi Ch-a heat
exchange fluid patenftocwatchldéditingd buréixe ham geer fwhithdhe fluid §engpakgssdilasn a

tenperature tha be different fromthat of the f.luid bein rocessed to
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i npl ement ed. TherfABOr @fc fRRBEEng priceddtd € MhORMhEBREse], BdhcRMbOgifieaNed to
maintain a tenperature differential between the outer vessel and the inner

vessel to i npar thclufes an igied sEchacalsb Bisk a fearerhangs fhd pay fowi dhe hsebinsport

rates. In addi tia;&ﬂang%*ifﬁic@ﬂﬂ%haﬁl, SRACEMPENARGEA TR SRl Ren? B6RANRat b i d for
interaction with the fluid being processed. |In one enbodi nent, the second

fluid may nove Wridbringprrsessthiglimparspieaperafiradidfoghtialbeitepeihe opantice
relatively to tpenf QW Rlsel i thd Hhd sRFAAGS HeQERFFEEI. PrdRECO! uRRGKI NG

material may al so be provided wthin the annular space to increase surface
area over whi chingludesd aprpangér spiges defindddbebyeden gheputse eessd d@nd tha isnyeed fdror
enhancing its t Shar.t . r.Qvi . | al if.0rm
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permt the fl ui émbeiimghtah®cessethid may move within the annular space in a counter-

current manner relatively to the flow of the fluid being processed. A bed of

packing material may also be provided within the annular space to increase surface

area over which a volume of the fluid being processed can contact for enhancing

its transport rates, and to provide a substantially uniform temperature distribution

across the annular space.

[0009] In another embodiment of the present invention, there is provided a method
for processing a fluid. The method includes initially introducing a fluid being
processed into an outer vessel and against its inner surface. In this step, a
substantially uniform thin film flow of the fluid being processed may be provided
against the inner surface of the outer vessel to enhance ability of the fluid to be

treated, processed and/or separated, as well as to permit the fluid being processed



to have a relatively high rate of thermal transfer, mass transfer, mxing
or a conbination thereof In one enbodinent, the fluid to be processed nmay
be di sperwodoio3seseot ati onal nmanner, so as to generate ®abasanbioadiky fine
droplets or fiber-like elenments on to the inner surface of the outer
vessel . The nethod al so includes providing, within the outer vessel, an

i nner vessel with a heat exchange surface at a tenperature different than
that of the fluid being processed. In this step, a heat exchange fluid,

bei ng provided %tha%g?erl@fvél?th h&aldlof fHeFr® tra A& mb R &bnr, B@n%drlé' d being
processed, may be distribufed against an inner surface of the inner vessel.
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relatively highlﬁran por rates "The s¥ep’o mal ntai ning, In an ghbodi ment ,
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permtted to inthefaitbemgtpiodelied frhayitd diit@educoiaess @ther dunfacef therpaei ment ,
the second fluid y ge.aL owe nove .in a_counter-current nmanner
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surface area over which the flujd being processed can contact for
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pat hway. [00010] The reactor and nethod of processing of the present

i nvention can binnartitp fhedliq pingprocersed therepn redgbively bighitgasportirgies. udientgp
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systens, distillation and evaporation, deheating superheated steam
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invention may also be arranged 1n series to permt nultip passes of the
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secti onal viem/Qg“gaﬂ{mggﬁgFﬁgW@ysten1having a continuous reactor for
providing fluid-fluid or solid-fluid-fluid reactions in accordance with one

enmbodi p@otojof the preggdictdrAN@mMEOMof processing of the present invention can be
utilized for a variety of applications, including fluid-fluid or solid-fluid-fluid
interactions in connection with organic systems, distillation and evaporation,
deheating superheated steam, ultraviolet and/or microwave initiated reactions,

desalination, and removal of carbon dioxide, among others.

[00011] The reactor of the present invention may also be arranged in series to
permit multiple passes of the fluid being processed through each of the reactors to
enhance transport rates. If desired, each reactor in the system may be designed for

a different function. The reactor of the present invention, alternatively, may



[00013]Figure 2 illustrates a |longitudinal sectional view of another

conti nuous reactor for

providing fluid-fluid or solid-fluid-fluid reactions

i n accor asocelovissiszone enbodi nent of the present inventPOm/USp@OO3RSFi gure 3
illustrates a | ongitudi nal sectional view of still another continuous
reactor for providing fluid-fluid or solid-fluid-fluid reactions in
accordance with one enbodi nent of the present invention. [00015] Figure 4
illustrates a |ongitudinal sectional view of another continuous reactor for

providing flui dmfciuuéQﬂ%v'égu@nﬁlherque!r%sgel&@g@lm@%tﬁe@aﬁﬁwrgﬁgce with one

enbodi nent of the

present 1 nvention

ure 5 i1llustrates a

| ongi t udi nal sebativervethe thirdwess¢! aad @@nnnew@m@ Joera & pesmithHtinlepaseayeftheng

evapor ation andfor 1di,

of the present
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sectional vi ew povidedenth bruguscacgactygrositionedooidhin g pofvies pecheatebdf ©t eam i n

accordance with,one
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[00019]

desired.

enbodi nent of the present invention.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 illustrates a longitudinal sectional view of a processing system

having a continuous reactor for providing fluid-fluid or solid-fluid-fluid reactions

in accordance with one embodiment of the present invention.

Figure 2 illustrates a longitudinal sectional view of another continuous

reactor for providing fluid-fluid or solid-fluid-fluid reactions in accordance with

one embodiment of the present invention.

Figure 3 illustrates a longitudinal sectional view of still another continuous

reactor for providing fluid-fluid or solid-fluid-fluid reactions in accordance with

one embodiment of the present invention.

Figure 4 illustrates a longitudinal sectional view of another continuous

reactor for providing fluid-fluid or solid-fluid-fluid reactions in accordance with

one embodiment of the present invention.

Figure 5 illustrates a longitudinal sectional view of a continuous reaction

for implementing evaporation and/or distillation processes in accordance with one

embodiment of the present invention.

Figure 6 illustrates a longitudinal sectional view of a continuous reactor for

cooling of superheated steam in accordance with one embodiment of the present

invention.

Figure 7 illustrates a longitudinal sectional view of a continuous reactor for

implementing UV and/or microwave initiated reactions in accordance with one

embodiment of the present invention.

Figures 8 and 9 illustrate additional embodiments of the reactor of the

present invention.



[00018] Figure 7 illustrates a |l ongitudinal sectional view of a continuous
reactor for inplenenting UV and/or mcrowave initiated reactions in

accor danceowntonisase enbodi ment of the present inventi onPCrQBW9jB310%ires 8
and 9 illustrate additional enbodinents of the reactor of the present

I nvention. DESCRI PTION OF SPECI FI C EMBODI MENTS [ 00020] I n accordance with
one enbodi nent of the present invention, there is provided a processing
system having a reactor for continuous processing of materials. The reactor
can provi de theppBERIFEbY BESPECIRIEESERASIENTS & sufficiently |ong
residence tine so as to enhance m xi ng and/or contact between reaction
conponEifF)] and can preesaréace witapracamBpdimeghol theprsisat nvendivastherafi | e
providing high phrough %E&smg%%ﬂm r@@&ér%mown&ﬁm%@ésmgepl udes an
outer vessel to accommbdate naterials (e.g., fluids and/or solids) to be
processed or uswdteripls.cbhmisattorean pigaide Wictrhaterzals bWOQﬁ@@éMﬂhgl tuated within
the outer vesse r nnul ar
space defi ned bé#ﬁggﬁﬁlﬁgpgﬁgggegg. ?%Hgéﬁeggggjiﬂgig F%ﬁﬁgaﬁﬁﬁ a

t enper ature di f feectemtcomporsats, 4@ cpn provde delato elyripgir transiriakiev.ethylehi gh
transport rates §$“§H£““1 pd% hi gh throughputs in connection with the

. . TOoV1din
mat eri al s belngpproc

[00021] The reactor, in general, includes an outer vessel to accommodate materials
(e.g., fluids and/or solids) to be processed or used in connection therewith, an inner
vessel situated within the outer vessel to serve as an energy exchange surface, and
an annular space defined between the outer and inner vessels and along which a
temperature differential can be provided to impart relatively high transport rates,

while providing high throughputs in connection with the materials being processed.

Reactor

[00022] Looking now at Fig. 1, in accordance with one embodiment, the processing
system of the present invention may be provided with a reactor 10 for, among other
things, continuous processing. As illustrated, reactor 10 includes an outer vessel
11 for accommodating fluids to be processed. The outer vessel 11, in an
embodiment, includes a body portion 12 within which a fluid or fluids to be
processed may be accommodated, and if desired, any material to be used in
connection therewith. In one embodiment, the body portion 12 may be
substantially cylindrical in shape and may include a top end 121 and a bottom end
122. The body portion 12 may also include an inner surface 123 (i.c., treatment
surface) and an opposing outer surface 124 extending between top end 121 and
bottom end 122 of the body portion 12. The inner surface 123, in an embodiment,
may be designed so that a fluid being processed may be placed against or
thereonto. In one embodiment, the fluid being processed may be permitted to flow
down along the length of the inner surface 123, in the direction of arrows 125, in a
substantially uniform thin film. The substantially uniform flow of fluid along inner
surface 123, in an embodiment, may be facilitated, for instance, by gravitational

force. By allowing the fluid to flow substantially uniformly as a thin film, the fluid



React or [ 00022] Looki ng now at Fig. 1, in accordance with one enbodi nent,
the processing systemof the present invention nmay be provided with a
react or 1WoOf20r0/138a%@ng ot her thi ngs, continuous processi RGT/UA010I0B113E r at ed,
reactor 10 includes an outer vessel 11 for acconmodating fluids to be
processed. The outer vessel 11, in an enbodi nent, includes a body portion
12 within which a fluid or fluids to be processed may be accommodat ed, and
if desired, any material to be used in connection therewith. In one

embodi ment, t Ne KAy, MUkl ORr daulBY, PEcSHRS LA s%a!réﬁoﬁ)é{ 3 RiKiG@highn shape
and may include a top end 121 and a bottom end 122. The body portion 12 may
al so i ncl ude anlevelnéenasgy ¢thelency28hilg imparting thegffundwith slptivelydijgharagspet opposi ng
outer surface 1 : ' : t of the
body portion 12gé§ﬁé£$ﬁ%g@9%%§ £E§Qﬁ§§?ﬁf%ﬂ%%%éﬁﬁggﬁﬁgn%eﬁhggggé%égsigned
so that a fl ui dolpeinrydprentefgbepresmyinbentioh dhedinagai st povideher domner | n one
embodi ment , the. [kl fh0el . RIAEESSS N PEGRGAIL LhEtholeyl | oW down al ong
the |l ength of the Thner’ surtace 123, 1TH the difrection 6f arrows 125, in a
substanti al | y umipkedimatelyilIrD mmickon to dpygosimbetyantd cal Hpwawdrfioshoufdbew of fl ui d

al ong inner surface.12 i n_.an enbodi t, may be facilitated, for

"t ancer by or BT LR BB ToRy el o B dec st P81 Fsue®

substanti al |y upiokdedisyisaso@etplard,fdependidghod thd partbulae applidetionehd thsui t ed for
| evel of

treatment, processin nd/ or separ.atjon at rel at.ively high

energy effici en?ﬂ?t%ﬂ]ﬂ‘?fghqlﬁﬁséwtlfl tphi “PTlﬁ}feBgl‘iﬁitPheL@F%‘%\}@P H'Yh transport
rates (i.e,, thermal transfer, s transfer and/or njxjng . rates). In

accor dm@?g’]wi th one ‘%srr%BBFtﬁ% Seg? fpﬁ%g?)?leé%ﬁq O ImpEhtot %bulgﬁgmghi n filmflow
provi ded on t hepiobdiedd veith RSl Bigh hindpbe ratk frthy ©8&R khaltheByaylhave a

t hi ckness ranging. from approximately 1.0 mcron to approximately 1.0 cm
However, it shofifSye etughycabangs darndh gensiers Hpss KARNY, medee reigspnd/etheange

provi ded or nor gidhigigt dhspANERs RhOMheadr i 128 sy 6o pLtidlatRee dependi ng on
the particular application, as the reactor 10 of the present invention is

not intended to2dséiqnphiufface arep qvai shigh thedluid fegmoraremsd eadfloutldr vessel 11

may be desi gnedp&rgcdlﬂﬂ%r ﬁro&i@in% Bgqifiddal dirREl 118, NPGRRAGE Mid Lun'RIvAtHevel y high
transport rates, to the extent that there may be a desire to further

enhance t her mal residenes fiige,or s periodprst which el grangdereosn gerds trordronethe r el at ed
hi gh transport pKahes, ibRE ?ﬂ%tlozﬁﬁ:rdipﬁg&? ﬂ)ﬁﬁaé’lf%f?c% 185 ol Jlé%qlc?‘ipotocr eat e

addi tional surface area ove bei ng processed can flow. In
particul ar, by pcewicdurigeeaddioniod fwlfluslfldvacgalangmneoserfaceti2d And qve hklpui d can
flow, the residence tine pr t.i eri,od..ove i.ch.thermal. transfer can
bocur 10 or 1r o el uBeblaa SL i N B ST bl o
surface 123 canlZ. sn hehpletad aipndrlegsacmuforf the mntrenshan 28 finclvdes grhooved. f 1 owi ng

al ong inner surface 123 .and can.hel p t intajn. a substantjally.thin and
et orm 1 m of TR gardh Shgop e e EhdtisSe S ST At

profil ed patt er fagfpatterhn@ annoder Guighaa@thdidd drowwkuciade graieaalond ihegr ooves,

i n an enbodi nent, ma¥ be_si tufalt d horizontally, \ézer.ti cal I%@ in.a zigzag
pattern, or anySBRfiel23deriguatie P?tﬁgﬁ%nger%@‘\?g%d’ AASHRCEy BIFHEE S ong i nner
surface 123, ot hafipsplifulatiesk, Paloh€hdthie pRIAIREpUAN icsekblp fodnhirts tRNCES,

i ndent ati ons, bunps, undul ations, so long as the profiling patterns can

hel p to enhance" KBt Fisport rates.
[00024] In addition to or instead of providing the inner surface 123 of body portion
12 with a profiling pattern, the inner surface 123 may include a coating to facilitate
treatment, processing, and/or separation, while providing the fluid flowing along
the inner surface 123 with relatively high transport rates. In an embodiment, the
coating may have any chemical, physical, electrical, magnetic, or other types of

properties known in the art.



[00024] In addition to or instead of providing the inner surface 123 of body
portion 12 with a profiling pattern, the inner surface 123 may include a
coat i ng twofaovi3sisat e treat nent, processing, and/ or sepRCALLSEOL0/03412% e
providing the fluid flowing along the inner surface 123 with relatively

hi gh transport rates. In an enbodi nent, the coating nmay have any chem cal
physi cal, electrical, nagnetic, or other types of properties known in the
art. WD 2010/ 135252PCT/ US2010/ 035128 [00025] 1t shoul d be appreci ated t hat

al t hougfyobd)l ustrat edy %uﬁlede%gpr%éﬁhﬂe&‘q{a{ Elﬁa'ou%ﬁlllﬁﬂﬁ%ms BAAY cRRLfiLSth 12 of

out er vessel 11 may be provid or configuration, for
exanpl e, tr|angdﬁa@bOénmaﬁ@lKh@kmgmm%wﬂlé@ma@gpawuwémmémpy6mn@prgeonetr|c

aopl | aatron. 1 ST Sk hAT3HIARE GhACEE Shon FIRLERENAGEE (TP ¢
mat eri al, incl ughomg:trnettoaﬁgurmnaﬂt aigl desygd lplhgﬂsandatlargdtaswd dgpending,ondley ami ¢, or

any other solid t a a ermt ther ransfer, b talned
at a certain t ea r’r?ica &r} a&dqg}lb% BoaD {tlon 1t2 maﬁ/ e nilar%let?‘ om anP/a?h materlrl

necessary. [ 0001216]u3h1glrﬂetd1 Gnétalmgoﬁtplﬁtlcg glags, qumtzecrerams,scelammthafsohéact or 10

may al so include 0 m por t ned .to. c ect .and renpye, among
other things. 1 ParEES e REt Bler st e SR bRt et iR eu down
al ong i nner sur i@ pttdt Ofhabgely: t@opdritel ad Aecedsbryaddi ti on, bottom portion 13
may al so be designed to introduce other fluid or fluids into the outer
vessel [(bd2d]or use i rStitblosiand atahg. W dhertvagef 12u0fdedoir m@nﬁyalseﬁﬁaﬂe aBottom

portion 13, in pne enbodi t, be integral with b 12.
Rt ermatively BORPORTRSH IS Brieadl tag s GP st BB BUgoust nor ti on
12 to provide ah@ulbsé@ﬂbéeadewndihui 1dwé trgftlcdsiRdhn aldﬂgﬁrﬁl\ét fubfaccl 23T BYdydE a

substantial ly fluid-tight portion 12 and bottom portion 13 may
be provided wi t ROTEHH g[ﬁéﬂfla?rf ib9tt%§%zapﬁ§3 PeRAgeRe q%ﬂ@ﬂim IEPdugtOthE secur ed

to one anot her ﬂhmughldm@om@%m@ifve%gen EWhor ulfilih SoEk R0l itiSthe ALiddRMgOt her
mechani sns known in the art. A rubber o-ri dgmor other simlar seals can

al s0 be provi deBropsate &OMPORIHIB cmeRe aPPImeigaYyi bignesahysisbadll t o
enhance the fl upgyibi githﬁé?ﬁaltwel?bcﬁt%le RionOBhEly HSSILANSy WRYrdSo bidy! | zed

other than the use of flanges | ong as"a substantially £10i d- tight
seal can be prondrdew!2 forprexd & subiantialy {Ihid-tigkt seak thefewith.c o prowide bot t om

portion 13 may f To permt
renoval of proc§§§e5¥€$Qﬂl n%ﬁ?e%%g%§ﬁn9 o?%%ﬁ$%%§? &3m359ﬁgfﬁ%east one
outlet 132 may bl@VI}do@wttho@reldelaenta‘ﬂy@mglngrﬂaagasﬂ@l t\ﬁl@chb@nbomemdttdm 13,

such that renov t he. col |l ect flui | i shed.
T an enbod ment ot (FIE el bET Rt MhE <G8y Bre Bl Eh R RENR I Tect e

in a catch basi mt(mm A Indshn) o-sihg onacttm sing Br scfalstchealsdBQpromdbxybmgenohdwer means

known in the art. Alternativel roduce a_fl. ui nt o, t out er vessel
oMl o 155 B ShaY et nafert LR iR Fr k3t OB om 19
t hr ough whi ch t baed desiigk rﬁ@ybebelhlzmdm@immdhe s of figad mlastpllohgasta ons to

mnimze interference with other fluyids that bel t roduc to reactor
10 through the HOFRRHRLYSY %%L{“i%alca&%&pm%ﬁ “%% & thedj acent
outlet 132, so B&toﬁ@p&h@ﬁtﬁﬂiy@éﬂlymﬂfyﬁs‘é&ﬂédtf0|HéU§dp(fr’[1&W1219 al ong i nner
surface 123 of body portion 122 fromflow ng past outlet 132 and

[00027] To permit removal of processed fluid collected in bottom portion 13, at
least one outlet 132 may be positioned at a location along the bottom portion 13,
such that removal of the collected fluid can be sufficiently accomplished. In an
embodiment, fluid removed from the bottom portion 13 may be collected in a catch
basin (not shown) situated near outlet 132 or by any other means known in the art.
Alternatively, to introduce a fluid into the outer vessel 11, inlet 133 may be
provided at any location along the bottom portion 13 through which the fluid may

be introduced. In certain applications, to minimize interference with other fluids



down into the bottom portion 13 where other fluids nmay be present.

[ 00028] As illustrated, bottom portion 13 may be parabolic in shape.

However, WO 28tvosb2z2be appreci ated that bottom portion 1BCEAES2018/035128 cal ,
flat, or provided with any other geonetric shape which can conpl enent the
geonetric profile of the bottomend 122 of body portion 12. As the bottom
portion 13 can be used to accommobdate one or nore fluids, it nay be made
fromany solid material simlar to the material from which body portion 12
is made, incl ud{hlagmgg%amrodﬁ%&@ﬁnoaﬂeé&& 10Rh B the ba{ommap@raam&ﬂw c, or
any other solid materials that can mai ntained at a certain tenperature,
and/ or per mt am@hhméltiqned @hqventwﬂetd3%0métﬁe®baarylallf peoaofladtivinessel 11
of reactor I [ fluids to
be pr ocessed Wi tﬁ %ﬁ%gﬁ%ﬁeg?k gggoﬁpggﬁnq%%rbﬁg]p&goéﬁm it @f,ﬁsﬁH% lar to the
bott om portion d@yn meythpbotiont pgtial 13nvhdre bibehyflypdyrmaydre pi@entAl t er nati vel y, top
portion 14 may be rel easably secured to body portion 12 to provide a

subst affi0028]l y f 1 ui d-A¢ dihstragelabottohepoativnt I3, mmemambbhteinahmbﬂoafnvdraitl y
fluid-tight seal Fovi ded with
conpl enentarily “é’H@g‘%?é‘Rgr% tegﬂlatl@oiﬁ%% \%7?1&1]}% b%&gljfg%lgﬁér{ e%%{(g’ Cge\rdlé’\q 1glnot her

t hrough the usearquot]mrrgemetrmshape ahtdhbmidomplantenanhygamMnc mefhafittens known in

the art. A rubb Qr, of her.. S C vded
botween the conprsTbiitaz? BfoahaRhiRg% riyaERs R d e PAR o o ¢ gh
seal. O cour Seaccoﬁlh@ﬂatdeﬁd @I’iﬁoréfﬂyldhl&t EN H)d el fahhaty sohdimatcliel sitfigarof
flanges 141, so | substantially fl ui d seal provi ded.
g tion. ¢ o feeltutiouteh o forbr gt el Pl e Betbor abi v
secured to bodyplaaict gleR, dudrtz [RRGIEO bt &y%ﬁl&r@ﬁhﬂﬁht@@]ithaﬁdﬁ@b@ﬁhﬁﬁaﬁk&dl4 may be
provided with at |east one exhaust 142 to permt renoval of any fluid,

i ncl uding Iiqui ﬁfaaﬁﬁﬁalﬁéeénpe’f%‘&? aﬁé/yrwavl&aﬁé@rgea%@am%t%%ﬁ@ew% with the
proce55|n of the f|UId flo al ongglnner surf ce 123 of body portion 12.

ExhaustV%%) may al scOWE &% Nt%frr:aér% &agdyrthen ncjude p tapPrtin 18 een used i n

pressurizing t h%tﬂﬂh@ﬂulﬂ@%&%'pr&e@ss@&lﬁvﬁtﬂﬂ thd SR eGeISal NUe @fp Joktiind 4al ong i nner
surface 123. As illustrated, top portion 14 may be parabolic in shape.

However, it shotimgane ﬂ&—‘d}ﬂ“@@d}&f@é 18hay boiptegst ’Mﬂého DO Be conical, flat,

or provided W t RugnyiRt I=Tola (] 1A} h hepgnat, t he
geonetric profil et@lgfm? )J;%{ppg % 12al b2 aﬁ%%lwlf)%{r}rtelggﬂbdﬁwwﬁr eovoer si nce

the top porti onp@mdﬁﬂyubﬁ@éﬁalb’dlw tlhlsrtseﬁidlerﬁvgﬁ gro@seigee supgtantially Beiddesi r abl e
to make the t Op‘u%g séa!l Ydd éo&&?[@ %‘Dlyto Q(H iGh I‘Pﬁlﬁy b@ﬁroﬁh@a\k to the mater ' al

from whi ch body rti‘on IS m udi ng netal, metal alloy, plastic,
gl ass, quartz, cenEementardy e@aglngtﬂh@es 341, wdiciweebé ekercd hadnceasthire mai nt ai ned

necessary. o006 E e haREam bl GFRaTeRLRIRE Sllnda S,

exhaust, i nl et, arar Aoutbeed-ring or other similar seals can also be provided between the
complementarily engaging flanges 141 to enhance the fluid-tight seal. Of course,
other designs may be utilized other than the use of flanges 141, so long as a
substantially fluid-tight seal can be provided. In addition, to the extent desired, the

top portion 14 may be pivotably secured to body portion 12.

[00030] In one embodiment, top portion 14 may be provided with at least one
exhaust 142 to permit removal of any fluid, including liquid and gas, that may have
been used in connection with the processing of the fluid flowing along inner
surface 123 of body portion 12. Exhaust 142 may also be used to release any gas
that may have been used in pressurizing the outer vessel 11 during the processing

of fluid along inner surface 123. As illustrated, top portion 14 may be parabolic in



t hese openings or apertures may be used to either introduce or renove fluid
fromthe outer vessel 11. [00032]Still with reference to Fig. 1, in

addi ti on wo 20uBs252essel 11, reactor 10 may further inclpaadasanoiossies vessel
15 situated within the outer vessel and designed to provide a heat exchange
surface for the fluid flowng along the inner surface 123 (i.e., treatnent
surface) of outer vessel 11. The inner vessel 15, in an enbodi nent, may be
substantially cylindrical in shape and may be concentrically positioned

Wi thin the out eghaF@Sﬁ&Jvev%llqt HHAD bt AprediddiBhat(§P S Rtonl Dy ARLAULREL HgSsel 11
may be in substantial axial alignment with one another. "I n addifion, inner
vessel 15 may ber peuddddeich sytathes sersegiii dibpa/whighFdneomgicament the geasichid ve to
that of the out ﬁ}’eeo?f%lf‘e'to&énd ﬁg%‘f‘R6 ortth BNARLAN S RAEEMmL & f@}‘t&%def' ned
bet ween the inner vessel Uter vessel 1110 pro e a pat hway

al ong whi ch prouessﬁﬂgommhﬁheHﬁﬁundﬂahUMmeh@d%ndéeKguﬂ&é@ﬂDQEGﬂmm out er
vessel 11 can b Iene neter of

t he i nner vessef %gg QﬁmnMe:Q?mQ%g% ]E%ﬁmﬂﬁo I?§§XV§P|5m& one vessel
to the other camamamthn@rmaﬂ MaaUﬂbgnﬂmmedmﬂememﬁlugmnm ¢rhway ptet | cul ar

appl i cation. er vess its position within the
ober vessei 115 Rl ep BERABRET e RrBatrpBi i fietBiy oo 151,
Since | egs 151 crayigh@ taosdrititonedecésshiyi N t he bottom portion 13 of outer
vessel 11 where fluid flow may need to be nmaintained throughout, |egs 151
nmay be[(@osus, so asit tiwupiesermiotedfthat hlthofulglﬁ)wféralcbdi ml&ﬁlhid’seﬁrﬂétmmmgét
00033] As illustrated,. i nner vesse i cl ud a bod
Hosi gned to sor PE Do R EP U R e It T R euht A Gactol Thesd Fim
particul ar, thethcRoervesessel body portion 17 may include an outer surface
171, and an inner surface 172 al ong which a heat exchange fluid may flow in
]E Ihe di [(E)olgj]on 01;] ar I’SIMBWllIYl%]{eréﬂ&e tf;lggelfllhpz(ﬂdmﬂ&o oﬁtﬁleveb'b%ml , @%60ANTRaY ljuijd
owi ng al ong the i nner  surface of inner vesse vided at a
different t egrpe%%rrlec Ipdq apripRes vesel 1%513?3&6%%%%%@8%&@@ afq &mgﬁgdo 81 ong
i nner surface 133viak ahbf cihafde sMEBEShr the fluidloRhNvdflighse hh& sheale 1@Xchange
fluid with a different tenperature, a tenperature differential can be

created across @i ARHICESUE RS ef o revalddn ThasmEhyssre! S i c@nbedangst. out er
vessel 11 and OH& Be§%§£ﬁﬁ@y%%&u@%ﬂh@ﬂﬁbeMﬁﬁﬁ%ﬁm@%ﬁé&ﬁ&ﬁ&ﬁ&hﬁk&ire'at'Ve|y
hi gh transport during treatment, processing and/or 'separation of the
fluid fl ow ng aWﬁhﬂQ ﬂtler@tﬁirﬁﬁ%?l IJusuch ghat npg vssebit e opissweskel 19 magpaipl es of a
heat exchange f 0 C rg r any
fluid capabl e O$H%%?¢§?%gﬂ%§mﬁ%e§?mg§% é%%% Rtgg%é Eﬁ%vgﬁﬁérﬁghp ace 172
of inner vesselm@SMeéwnhhawammﬂﬂmﬂmﬂhn@mn@nrmameamz@nofmmhewouﬁeﬂlbessel,

i n one enbodi nent 0, t xch may be
permtted to fl g(;uv(\"/hg%? %8%554 %%F?drg%g?%&g#e(g Eegwlpe%ﬁ%er 1%rsleurer% %glgl Sla?g tl%n a
substanti al | y uoutéroresset hii to piévidu a pekievayubmi awhidhalrdogssing dfolenfivid avngthe t he heat
exchange fluid al on ace [ irent be

Fact i tated. T onpngrifioe obyhgReRel (i i mReREnet | NHRcrbrBEedetsi h one
enbodi ment of t fige qidesandteriof e hiieo Messdl N ahdiiha obitet vasdel Dl/\lorpft‘elaﬁ{/djﬁdo on the

i nner surface 172 of he i nher vessel have ckne s ra ing from
Lpprox; mat ety 106 el B ShGseH Sy m g Bomani Baslon "d be
noted that a thjghipars. Tesspohiidik ihhe vEREIJS iR itOPsERE vathide eutblhae@seu he range
provided is also cont enpl at ed, dependi ng on the particular ap Ellcatlon as

the inner vessell 1131657/68?%5a}aéééﬁlfuareﬂwem@Wspgle%m SR RS 1P bMB% 1 it ed

![ n thi St nmanner . pd RRARBALITRItNRKIR oR6HPBERNEbabkME Sl f1BCRrd BMAIOR hey or der
O maintain a
need to be maintained throughout, legs 151 may be porous, so as to permit fluid

flow to proceed therethrough.

[00033] As illustrated, inner vessel 15 may include a body portion 17 designed to

serve as a heat exchange surface within reactor 10. In particular, the inner vessel

10



substantially thin and uniformfilmof fluid along the inner surface 172 of
i nner vessel 15, inner surface 172 may be provided with a profiled pattern
(not shown,208V1sbisar to that provided al ong the inner secTaseoln®d3sies outer
vessel 11. Exanples of a profiled pattern for inner surface 172 of inner
vessel 15 includes grooves. The grooves, in an enbodi nent, may be situated
hori zontal ly, vertically, in a zig-zag pattern, or any other designs.

Al t hough grooves can be provided along i nner surface 172, other profiled
patterns can bepRiheRd7 flind ARIANGES surk:BEPAL Ald SNfiner YIRS 1 740G at i ons,
so long as the proflled patterns can help to enhance the uniformty of the
thin filmflow whigbadejticxchohgniludd ey dpprieti diredion kharratst Hudhoriel | ust r at ed
38 Deg SV "6l EERAEeRAY MR AdA Ky Bho LNORLHRSSElr iR be
provi ded with any shape or cont ration, tri angu square,
hexagonal , oct agosadll rr@ls'banlsomﬂted:hetra cgﬁ‘cmetttempﬁr@mfwlgwaha ﬂmdatmgny desired
| ent Bo?{‘?oﬁ' B o ERFRIRG SOk 153, BFRL LARLIRR) 1L e Al bl oM the
al l oy, plastic, hegllt mangqtﬂnrctmth a:daufhlmmpmperatalwa Cdlﬂperatwe)tlnfﬁreirraaleambd S that
can permt t her ma t(iransfer ge mai Zégtned at.a cer L? t nﬁerat Ufg, and/ or
permit a change®FH EAPEFRFUMET JECR L REWEANC [iHeTGEaG 8058 Eraté
tenperature dif ﬁr&fc&ﬂfﬁrlsﬁﬂfacaavDsiSimb@tvwselrl5ttd$|elcilmefela$1uélizaiga tthdoafratout er
vessel 11 and outer surface 171 of %{nner veneoﬁ ]Tgx h 0037‘]In er. vessel 15
of the reactor ¥MediF2E1°86 PIREFIEEEOBEPTRHNH derB¢ BWigs ploagthedyeand

removing the healrfaex ci3ast@@tct Ldshdl 12 hBkanifys JTaWeatlckehdpicetbid orude et nner
surface 172 of bod portion 17. The bottomend 18, in one enbodi nent, may

be integral wit AliEheobaiy Dpwriieemn. 17 2anilud cirgblsabgaradngou g exghengst | v
flui d-tight seal with the body Eortlon 17. To permt renoval _of collected
fluid £998#)t he bot t orHedRRFT 8Tace )7 ofipper vassl léra%}mﬂ%r toy thsmnge dpriars 1 25t

enbodi nent ,  exi fheRatet veb&l, iNB)e 8BbJdtndnl, Uhd tﬁqgﬂ%k%%@mapme‘%a{t bxdnRggcbot t om
portion 13 of outer vessel 11, so that the heaf exchange fluid can exit the

i nner vessel 15fHidtybR@cHittebmiosrdomaraions tlepah @ﬁthexwéréwrf&% I7%ffet e it can

subsequently best@tﬁPtYa@lS’ uhits @R A 8L sdRntds B ok RemRAEdom end 18 may
be conical in shape. However, it should be appreciated that bottomend 18

may be parabol i exchmgatﬂuldcﬁbtml@w serdreoul Th imgnengiodspeny eesyde ficglitathdder, so | ong
as it can dir echlsttaﬁ'c% %anw ?H‘ﬁ'ﬁ%@e flln%(l%r& Bcee% tlli rféoerrﬁ 0%%‘?& t&fqgé)]s}g ehpner

vessel 15 of reactor’ urt I nc Ining the
heat exchange fInyerdion ﬁlhthnn filveflow pervided s die 111rF9r squaee tﬂpafelmiml@ vessel an

enbodi nent, may r with the d S i de a
substanti aI ly f ? Févgﬁttﬁlgknefs Wi {r%ﬁ é%rgmmalte |on &‘%§ph1 Rna? % t he
bottom end 18, uherrt dp)v&mek it Shaadd lbeh&)tedrthzeratMe]s&gI lesk Bhanetye ﬂaEgeq:omrldeml in

fs PZ‘F €. O:_b \r/)\?\(;\ejlr d%lcf%%l% élﬂ 'clrel':gea'pD 8V1ge%|1 :Ellgod cgnt[]e%plétgcf) dgpne(rjldmg om paglcglar abolic,

application, as the inner vessel 15 of the present invention is not intended to be

limited in this manner.

[00035] To help increase relative surface tension in order to maintain a
substantially thin and uniform film of fluid along the inner surface 172 of inner
vessel 15, inner surface 172 may be provided with a profiled pattern (not shown),
similar to that provided along the inner surface 123 of outer vessel 11. Examples
of a profiled pattern for inner surface 172 of inner vessel 15 includes grooves. The
grooves, in an embodiment, may be situated horizontally, vertically, in a zig-zag
pattern, or any other designs. Although grooves can be provided along inner

surface 172, other profiled patterns can be provided, for instances, indentations,

11



ot her geonetric shape, so long as it can act to retain the heat exchange
flurd within the inner vessel 15. [00039]In one enbodi nent of the present

i nvent i onwvotzhw/136352end 19 and bottom end 18 of the innepCrassab/03g2smy be
made fromany solid material simlar to that provided for the body portion
17 of the inner vessel. Exanples of such a material include netal, netal
alloy, plastic, glass, quartz, ceramc, or any other solid materials that
can permt thermal transfer, be maintained at a certain tenperature, and/or
permt a changepjdyd %{Hﬁ%@ﬁyg@loagamssl%%rdxbam[&sogﬂ%@% o Bfig @bove, annul ar
space 16 may be situated between the I nner surface 3 of the outer vessel
11 and out er supfifpsity Plithethin film flawier vessel 15, so as to maintain a
terrperature differential therebetween to facilitate treatnment, processing,
and/ or [M8pdr at i on, wbloalddreappigriagd th@balfhlougldﬂlﬂﬁttﬁwdwgb@lng)ﬁ)dlnﬂh@l fmner
surface 123 wt I nt of the
i nvention, si ncgehagﬁr?g{l &{sl%na?e&?%ﬁe%r@%\%ﬁg ag%gg%ﬁﬁcfgg“@@ong%?gﬂeprocessi ng
of the fluid al ocn@’lgtntaeon, rﬁcprepcarsplpftawummquﬂre,dmagona]r,@@glgbnallor emnothe

i npl ement ed, an S pe . ' -t h S it at

| east a second E‘%& Cd%%ﬁglfrg&élg? %r}ycfefl%dﬂ%&f %ld\éﬁrlénéertg Eadegnnu aOEl %gpace 16
for contacting applicaoni hgadditionhtbe Hedygendinng rﬁdylhednatolmfmgl qmmscledsmetdmalThe
second fl uid, |n

scendi ng- 1 1 ow) MARETRm B gy F6E G bl bR AT BB of | ar ovs
161 in a count efmatils €at caigiRber the@hah tranger] mhﬁtaﬁe@ﬁ:tartﬂrtmg tefnhmwus:té t he
fluid being proce sed alo the direction of arr creating a
count er - cur r ent 1Y YReHEL @\gglﬂg‘ilﬁéelﬁ%eéaéw&aﬁﬁecgﬁﬁgnﬁ OFqleuFngeé‘ﬁ‘étetahe descendi ng
fluid bei ng progapsic fieRhsal @roGRtvach tiRtindh sirflcelipsubketiweanit he second
fluid and fluid being processed can increase over a relatively |arger
surface area toariqfi&‘éerrtsurifaéFé?}%PVrl’{Fstjﬁ ¥y ansport rates. [00041]1n addition,
the residence tinme or period of tinme over which tact can occur between
the deSO&hdi ng f1 ui d &HdeHSlRAigeIIaid W oA e abrfiem 4pd d {pEe 16 can be

substantial |y ephReGRtnlYerRsvdid e RGt ORBark AL RatPaytiaee irRRY dSWh frRCE 123 of
the outer vessel 11 and the outer surface 171 of the inner vessel 15 with a

profil ed patter MneiRuppcst 7P ofbestitnoeion, 17s henbetonhend: I8y 1 opy gmBeiRgnton t he

outer surface 11?111y Bt 1n'te%9a@(mtﬁ?l§os&)|dy il’;éptlowys %tHbfolvld%%qsubs@Jntlglﬁ)leﬂYlgﬁty ot her
profiled patterns, such as grooves, indentations, bunps, undulations my

be used. Each o$eat‘ﬁéhéleba@)tm@§l 17 rifomamtr%mpvahﬁyomte@ﬂuuhﬁr@n theori zontal | y,
vertically, in g.zi0:%38 %?ﬁfo‘?tdl@’ln& b %V%Hefnzﬁll B3l cdt eﬁﬁ%&glﬁbove For

illustrative purposes, ovvn can I npl ement ed
on each of the imanbe 1n§1md aummlrﬁ@tloﬁW@hﬁlarbovemsaettlomﬂ@ﬁdutem&el bBlusd ace 172

of i nner vessel i I. h wi t hin
the annul ar s pa%%1t5 }ll%ﬁgat %Qﬂ%{%cfgl%sctag%xn fis n%%BV%SGI : ntg@gtr?ogoelg %%;311? 3ed W th
rel atively hi ghefousmergyl landhqzre ucelsmbm@uaftmtxelranm;edtﬂhamghoiuharlﬁmAs

shown, the bottom end 18 may be conical in shape. However, it should be

appreciated that bottom end 18 may be parabolic, flat, or provided with any other

geometric shape, so long as it can direct the heat exchange fluid to exit port 181.

[00038] Inner vessel 15 of reactor 10 may further include a top end 19 for retaining
the heat exchange fluid within the inner vessel 15. The top end 19, in an
embodiment, may be integral with the body portion 17 so as to provide a
substantially fluid-tight seal with the body portion 17. Similar to the bottom end
18, the top end 19 of the inner vessel 15 may be conical in shape. However, it

should be appreciated that top end 19 may be parabolic, flat, or provided with any
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[ 00042] Annul ar space 16, in accordance with one enbodi nent of the present

i nvention, may be provided with a wdth ranging fromabout 0.2 cmto about
2 cm Howsoenl0/i36258houl d be understood that an annul ar Ppaas2ew0BS128Yy Si ze
wi dth can be used. Due to the relatively short distance across the annul ar
space 16, the tenperature differential or gradient that may be generated
within the annul ar space 16 can also lead to relatively higher energy and
processi ng efficiency. Mreover, because of the design of the reactor 10,
annul ar space 16,0B¥oRErrilRhdpt Aok AHASH a MRS HitR BRIk nd EPRAREAL | ON
with certain applications for effecting reaction kinetics. It should be
appr eci at ed t hathepaeneseeldS.second fluid nmay be directed into annul ar space
16, the size and design of divider 134, situated adjacent outlet 132, may
perm t [@¥M]der 134 tlo cexembellimpntof thheresem invanticpthe éopimd 1Rand kotigst endomi ng
Into contact w ﬁ@oftﬂ@ﬁ'her‘«%ﬁ%ﬁb rt}l?y tF]el Hadem X\grys’oli& Hﬁteﬂﬁlesﬁﬁﬁ'ﬁ% @y di vider 134
avoi ds conprom sing the entry of the second Tluird 1nto annul ar space 16,
whi | e mai nt ai ni pyvided of thiediodnportiemdt bf thoindénrvesskl. fHxaimglel pbyach henateninkr
surface 123 of g ut | . 4 further inpart
and enhance theﬂﬁbgég%ﬁﬁ?ﬁ%%%%%éE%Q#hgagr@P§£6%%%%°%$%§8§%%30% ong i nner
surface 123 of oategals vessmlpeindif thamat remsdiy, IEovaicteined atalvessin magterapurep | acket
111, may be provkged cL{gqgfere tially about body portion 12 of outer

vessel 11 to act"&8 PEGLYELST B HELHTRG® 8¥°¥881 i ng the fluid flowi ng al ong

the in urface 123. For ,instance, if .the interacti on between the
hoccenbiRalr T oS ber Rl absBE BANGH apdek b BB bR RIS BReBMEMERE Wi'Thi n e
annul ar space l&rfaes 3« thaouzer veasiur abl evtehange: iM of érpaicateske 16fsot he

descending fluid, jacket 111 nm use o adjust the tenperature of the
s OB b et o fGaiclR

descendi ng f1 ui & QPGP BfIPeLLIY ﬁiﬂebeﬁlp?é FeOHRIEP 10 1AL Bt enper at ur e

i s achieved. 263104 L3 H3b2PEFA 1853 AN H SR I8 d 000 4dlvilackek thelidueri N One

enbodi nment , naygﬁf aq? co ﬁﬁciél&é avgila%%e heat puﬁ%, a% na?xinclude

i nductive, resi el oVitgriiely Mg tanrEstes trpre sabadaren 8bthemy £ urt her

i ncl ude addi ti op@éntRAMNRRRARKTarlsPade TR HRNRIcE RBathWEY MBhg WERER PlOBRAEL of

Alternatively, instead of a heat punB tacket 111 nag be designed to all ow

a fluid at a refhsdiuidetlgnethg waer sptasdPaplivwcrarssat acap & gaplgmenicds ool

tenperature to gt QRELTERNINprol e PHARE dl QoG he@fit A 1GAY Sonliuidreat i ng or
cooling the fluid flowing al'ong the 1 nner surface 123 of outer vessel 11.

To that end, | atietasioriiqnigytoiantsr indeayoler spaga 16 fop cpyeratng argeaseisg on thqui ds,
solids, or flui ﬁleQScén(ai %rﬁu?({be@rfg Iﬁﬁegseh.a?ﬁg&caﬁd]ﬂui(?,@n% &%ﬁgﬁe’ﬁﬁ%a?/bba(:ket 111
may be made fronlnetéﬁ, nmetal”"all oy, plastic, glass, quartz, ceramc, or
any ot her nmat er pamstedhamorawpwrad iaksceadiog flopavithinewtulapspacol @atdeatper at ur es.
[ 00045] One of t vant S Of .t t.0 . pr.e I ntion is
the ability to %@8@?&%9§§%%§§f§%€$§F@§%%ﬁP %&%Fﬁ%?%gﬁrﬁﬁ$§§§%§e 1lgginner
surface 123 of fowef thedlsgidicinkpréosseprlosetsidivgetion of shoovesol,25r Bgcteatingl

utilizes, in accordance w.th,one epbodi nent, a fluid dispensin tem 101,
he 11 et vt ed. T garent i) o8REer MR SEERR soofd it Snf g RERRINE B oy

i ncl ude a pat hweginglfdcesctaspdine df dodtac it b thia eact bawbdnuhdsdoeiduipaacessed from
a source (not sﬂogn).into the interior of %ute vessel 11. Di spensing
system 101 rmay 2MEECIRLTQGERscLeaninctase oyerp S Clydarsesufers argfe el a di sc,
in fluid com"run}m&ﬂgmigm;sahs@atramy 102, so that fluid from pathway 102, if
desired, can be continuously be directed to and subsequently be di spensed

by firgiooagt at abl e nmrBEkion, Ak ©diddnGe tife of puriRd obtift a¢® which dhtattiten out er
vessel 11. occur between the descending fluid and ascending fluid within the annular space

16 can be substantially enhanced by providing one or both of the inner surface 123

of the outer vessel 11 and the outer surface 171 of the inner vessel 15 with a

profiled pattern. A profiled pattern, such as pattern 174 shown on the outer surface

171 of inner vessel 15, may be utilized. Alternatively, other profiled patterns, such
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[00046] It shoul d be appreciated that nenber 103, in an enbodi nent, can be
designed in such a manner that its rotation inparts a centrifugal action,
so as to weausw/f3k252d received from pathway 102 to be di Pettusdoionsas d
toward a periphery (i.e., edge) of nmenber 103. The rotation of nenber 103
can further cause the fluid at the periphery of nenber 103 to be
continuously spun off the nenber 103 into substantially fine droplets or
fiber-like elements and on to the inner surface 123 of outer vessel 11. The

continuous pr OVLssg.rQ(]BfeQ,find%Hgﬁ&%FMI@ﬂs! Nndfuiaﬂgnsqﬁgpc%eﬁfs%. Ofach bP@Ese!phk&ne! ement s

on to the inner surface 123 allows a substanti;ally uniformthin filmto be
formed as the finAdditionimay Ysrssesebkaizorislbe nerdcalyong ahergipaten weny ace 123.

VO 2010/135252Pgi&%@gg&&ﬁ@%%&%ﬁnko9&%ﬁ%%ﬁgg$§gﬁ§3§ghﬁgﬁhmﬁQBWHQGQ Fig. 1,

menber 103 can be positioned atop an e w thin the outer
vessel 11, and shewsapaodd implkatitehort eachaf thompel @pfaccH 28 g avtedvessgbél a4, as
illustrated may. exte through the tomportion 13 of outer vessel 11,
into the inner g%gggq%fgpﬁgﬁ%ngﬁF“F ﬁ%&%ﬁﬁﬁﬁgmﬁﬁbe§ﬁ>mf§%o (¥Hg i nner
vessel 15, so tp@tess with thaammubsipand 1@khegxocats, ml angmivedimen, t4n gat hway 102.

! mbodi ment, _tube. 10 b tricall itioned withi tlet
132 whi ch out | BPFELRET P EE G e BT fut p e Ry el R oI o1t @
00048] 1 i tem 101 | so, i ncl.yd d rot at ahl mber 105
11l B S munt cat ) SHOR e doa et Ul P r RO A o St vessel

15. Second r ot ainabilt®nmambieyprdQled with awideimaagihgaoin,abomy. Joen tsabdutt2ocntli spense
a substantially unifor.mtglifin fi heat exchange fluid on to the inner

m of
surface 172 of PAKBYIJELS biS‘PAeﬁ%OOéiﬁﬁWP applar SRAcE Rt gRYBET Wiigse be

perforated so that. DutltcthéidRietigdhdt dngndeub@ssiidamanr hrcelspansed fromthe
second nmenber 105. [0004,? Simlar to first rotatable nenber 103, the second
rot at abl e menmbelC™PEBES i HpEntial opsradisntdhad gnay he generrted Wiship S appr spcg

rotation inpart $5 @anG@tiEddftsl edtivai§thi hes erdyafid bfbc@s@ilﬂ% erffcledbd visesiered from
tube 104 to be directed outward toward a peri pheri/6 i edge) of menber

e,
105. The rot at i bifaBE o Beddehelithricacton! Oeginutan ape o waySemeRBITl ynderat its
periphery to beyeqihicBMAHGH M cBhFPEISEh cte%ﬁlllé%!ida{i&ls@&f drfet e PRF RS

substantially fine droplets or fiber-like elenments and on to the inner
surface 172 of kineféos. (tebardd ba ®pretiateddion bpsutsassepandiuid way lof disaisd idort i al | y

fine droplets o i - : . . A |l ows a
s:Jbst ant Pal |y u%ﬁ”@%?gmdaf %?%%eﬁhﬁqﬁghﬁé&f%gﬁdﬁé@?gyg ﬁ'gdq%dlsamaéaﬁg}l%%%%%ocessed
descends al ong mhepérmitatividerrlfdoecxicad inth RS0} sppenSi whjilsyos tamng Oto nay

further incl Udeco%targp&lﬁﬁ in(n'é]rO\;essseTI PéNnﬂl tﬁa??v'a?,qged presence of divider 134 avoids
compromising the entry of the second fluid into annular space 16, while
maintaining a sufficient length to direct fluid from the inner surface 123 of outer

vessel 11 through outlet 132.

[00043] To further impart and enhance the transport rates of the fluid being
processed along inner surface 123 of outer vessel 11, an energy source, such as
heat pump jacket 111, may be provided circumferentially about body portion 12 of
outer vessel 11 to act as a source for heating or cooling the fluid flowing along the
inner surface 123. For instance, if the interaction between the descending fluid
being processed and the ascending second fluid within the annular space 16 results
in a measurable change in temperature of the descending fluid, jacket 111 may be
used to adjust the temperature of the descending fluid up or down, as appropriate,

until the desired temperature is achieved.

14



to actuate rotation of tube 104, for instance, in the direction shown by
arrow 106, and thus rotation of nenbers 103 and 105. The notor, in an
enbodi merwQ 20aw1382s2coupl ed to an end of tube 104 opposi PeTiUsa410008512%i ch
menber 103 is positioned and may be designed to rotate at a sufficient
rate. In one enbodinent, the rate of rotation of the notor may be
controlled so that the rate of rotation can be varied, as desired. For
exanple, the rate can be varied in order to ensure uniformdistribution of
thin fgdomghe” the fl.ow it ¢ Qf chfdSdifdeld Hla%é( a ﬁm‘fe'?@ﬂgﬁgrmlabMeat

2010/ 135252PCT/ US2010/ 035128 00051] Al't hough 1 I'Tustrated as being in spaced
relation to patbwey andmay tmbldpuglu@tw@nremtlvren erepndusti v derhantyrelbgdackdto3 wi t hi n
di spensi ng syst o that the
rotatabl e msrrbe‘fiE %%lmnﬁalgé}?dgbgg@g{%g??} ne@%ﬁotla tréjvgﬁldﬁgtﬂ &g}afw d

conmuni cati on mpetrfpnpaltdamyem@ti’vel}i, mSteh@O%arrﬂm@dpmnaCEﬁd\hhmamdeﬂ:}ignﬁd topat hway
102 may be an e ens renal n sub antl Xi aI

ali gnnent wit h ¢ 91612 aP g reﬁalﬁv?lgralsed%%nspemat%{ g &r &{ela{lvelybcoo? é)teﬁglrr]% &

that it may ContunnhEEethmugthemdelftD @ewnat heoxtrc:qofoelminﬂ@om‘oohmgme ﬂ\ll(deE)&hnng and

out through the to ortion 14 f .the out rot bl e
merber 109, on PHEE BEREE R ey MRS byEnragatdacte Couis ke © ¢
peri phery, so tb@ts 1f1D o pbrﬁlitrgems edluid@ts@hdigpblaﬁhaﬂﬁteeﬁﬁﬂ&l@mtmsetrmy bean

di spensed from wit throu h t he openij and qn to the inner
sur1Ico ace 123 of ﬁlm?}ﬁs‘% ot hl maﬁ(t}‘?d?aéjte H’o‘f‘etglhg\m; qﬁ’ﬂyplﬁsélccéiﬁﬁ’l ed to an
end of tube 104q®>ﬁ"z&i%€bnﬂg o b thdrendt@Rl R4t chiPMaihthiDindambat hatesseld 11, and
may actuate rotation of tube 104 in the direction of arrow 20. O course,
to the extent dE8IPFBHISt he notor may al ternatively be coupled to the

opposite end of tube 104 adjacent bqgttom ort| 13 of outer vessel 11.
[ 0005210 )f i rst rot Qpaaffg ﬁ@ﬁﬁ@gesmﬁler% r|199§&11ﬁ‘afeéﬁltmelviiogl ¢ may be a

hol I ow di sc, a E&ilﬂgw@ﬁouﬁ@aswsmaﬂmyqrn%ﬁn desiisNSonSMe ARGk usEcd 13108
rot at abl e and capabl e of being provided with openings about its t%e“ phery

for di spensing pepEses!! fgppecesping To dnyuractoel Gypizesimiceerdpneatvithas shown
in Fig. 3, rotaballg ARiHben f&%ﬁdl@}{s@p@%ﬁﬁo@rég\ﬂmi?rsltemmg81 design simlar

to the second rotatabl e nmenber ecifically rotatabl @ nember 103 may
be provided wi t Risgensingsaitérn y0 biin gyeerlndangndiayragiudegiaativegy 1PR.esigiidr ect ed

a! ong pathway 1 nt%du[;%@g g%?iﬂaog%q)r&%sse&"hgmragoglfcggloﬁ o frlto &191?}1‘[ g

di spensed therefrom i'ng now at ertarn appl i cations
wher e, instead ofoutrcesyetodatlispgnang dystamfliO]l magfalsp finelwle aefmsimtatablspace 16 of

reactor 10 may ill.ed vol of the fl| ui In
such an enbodi rr%%?lgertlr(l)g S(l:l\c,)\fh%l huous' f‘rrluengc mmmfgano? tﬁggt% a%p i catl on
may be provi dedﬂu\ndtfforrapdﬂe@hydfozpﬁdéslrag calralbceafanahuoe&ﬂy\hetiinecmedtthenchnnul ar space

16. The bed of ckln rial 40 use ease surface area
over whi oh the DBRHETORERrR b Y BT HERAsRERE g0} B AR Bnd e nce
transport ratesi234f tosrbodeinant, the packing naterial 40 may include
mesh-1i ke materials, beads, nonol i th, or any other

[00046] It should be appreciated that member 103, in an embodiment, can be
designed in such a manner that its rotation imparts a centrifugal action, so as to
cause fluid received from pathway 102 to be directed outward toward a periphery
(i.e., edge) of member 103. The rotation of member 103 can further cause the fluid
at the periphery of member 103 to be continuously spun off the member 103 into
substantially fine droplets or fiber-like elements and on to the inner surface 123 of
outer vessel 11. The continuous provision of substantially fine droplets or fiber-
like elements on to the inner surface 123 allows a substantially uniform thin film to

be formed as the fluid being processed descends along the inner surface 123.
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material that can provide a substantially tortuous pathway through which
the fluid being processed needs to travel, so as to increase the residence
time or twoeoperszd over which the fluid can be processedI/usro190si12an
enbodi ment, the reaction may involve a counter-current gas being introduced
into the annul ar space 16 in the presence of the fluid being processed. By
its introduction, the counter-current gas can generate bubbles in the
volune of fluid and that can be directed up through the bed of packing

mat er i lood}. | n addi fyhimidendl SREAGFFR! | P8O Be PALiflotl kil N bed
of packing material 40 as well as the packing material 40 can act to splice
or divide up eaehngsddiibls 04t withi theiopice vesaal L cand dngpgced|rplati¢r t© padyay an

i ncrease in sur t s for
eact on with (1o feRATRR 1BE AAELALEH PRI BRI LIRIERGHRR £,
bubbl es are bei oigpuganesseltlddintd the inpedvesdel praekd og thravghrthatop4ad thef thet to
substantially upl, EQrly) dishh] PHGE LG Y BBLES b LR RGO Wrenef 1 uid

i n annul ar space 6. * 0%45 o the’extent “desi red: F%elbackYng'naterial 40
may be coat ed wembodimtraytebe WK aydatcahoestrictlty foatiohdd witlen butkal 88 mthjch

pr ocessi ng, and/qk 8, gran%on, mhiIE gurthe enhancing the fluid fl ow ng

t hrough the annffist g@ 108 P RFT WL WP hi gh transport rates. In one

enbodi t he packing nmaterial 40 may be heated aor ¢ ed, .for.i.nstance,
by ac R0 UF 2P e abeE St SR S Gl o8k b ot he
heat exchange f Huid@omimanicienovithetibs 104 acisithatdd fthih fikcnner €6s6l1515, dependi ng
on the particul ar application eover, . upon heatin r cooling, the
presence of thegﬁﬁﬂiﬁﬁﬁﬁﬁﬁPﬁwpgh%a#Pﬁ?ﬁmPﬂﬁmgﬁﬁﬂﬂgplgﬁg@é&?émfén provi de a
substanti al Iy ugibt@ntmligiuaiféinbiiin fm @f hbarRefaatdihad a8 fassinhbeusidul7ar space
16. Operation [00055]1n operatjon, |ooking %%gin at Fig. a fluid being

processed may, PHUBENEWE LS B saeiys thererondine hyﬁﬂﬁ®ﬂ§ﬂvﬂ%ﬁﬁﬁéﬂﬂ@éd into

outer vessel 11n@ di8@&d Abngkllbd 4B Be BidsMVRMoHthe sddofd hlckibeh 181 ng
processed may next be directed onto or into the first rotatable nenber 103

wher e, [0@@4%_ resul t  ofim@ein firdt Uetathblt Hefeidlig, the sdcoh@lotRibldhehh@ 1086Rer 103,
it may be directed outward toward the periphery (i.e., edge) of nenber 103.

The rotation of biiissizngbinpush rerneriadts romdoT imppes aecniriedhastioptiery to be
continuously di sngRRE lfidRRtRE AFRMBSS 10443 badirQWRfudlrd Rlwa¥d £ papndyopl et s

or fiber-like elements and on to the inner surface 123 of outer veSsel 11.
The cont i nuous(igr. 6dges pomemberd b s fTantdtationyf picaed weobird 08 cayfufthgsspuse i ke

el enents on to ! : : I i m t hin
i im to be for mi e e P B o R B B A ek e
surface 123. [ 0005@htadly dmodroglctshe fibemigketchadntsipind ob &i thginpeoadsseld2iof

i ntroduced thro t 02,..a heat .ex i t rature
di fferent fronmF%%P%%?ppﬁﬁ“%fé?%“%%?%é“%?%Q@%@%@?ﬁﬁﬁgn%ﬁﬁgﬁ%éfgﬁﬁia||y
conti nuousl y i ntikcodersants énhte thenimer suwéss 72 dlbwis hrsobstpntibliybeni beA thid filns theat

h fluid . be di d i t he. d tab
menbor 105, wheoPol T H TG d oFBe roE bR e LR FORed Frmpart od by

the ro Lhg menber 105, the heat . .exch e.flujd ts directed toward the
bor 1 phEDYSOP henber ToRm SRR U ANRRAR et b SpStbFEh S e rber
103, the heat exchaageothlicn o tubkyl ObefocbmbhndeLiaulsd diredii@pdnsedy asowubst anti al |y
fine droplets or

fiber-l.ike elenen{ a to the.inner surface 172 of
| ner vessel - 15 PBHPEC TR Pty P IO 1 1 SFIOCRATEGt (0 al ong
the inner surfaggpledZs an end of tube 104 opposite that to which member 103 is positioned and
may be designed to rotate at a sufficient rate. In one embodiment, the rate of
rotation of the motor may be controlled so that the rate of rotation can be varied, as

desired. For example, the rate can be varied in order to ensure uniform distribution

of thin film when the flow rate of the fluid may have changed.
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[ 00057]In certain applications, for instance, in a gas-liquid reaction, a
counter- current fluid (i.e., a gas) nmay be introduced into the annul ar
space 16 W9 20ew136452i nl et 133 on bottom portion 13 of ouremr/UsessmBs12d. Such
fluid can be directed up into the annul ar space 16 al ong the outer surface
171 of inner vessel 15 and allowto interact with the descending fluid
(i.e., liquid) to be processed noving along the inner surface 123 of outer
vessel 11. The presence of the counter-current fluid along the annul ar
space ffosgn increasgyidign ﬁﬁlétlra%@ammgﬁn §ﬂa@edrr@1aﬁ5ﬂt%ath%§r%mt processi ng
or separation of the descending f Such an increase 1n éfficiency can
be the result oposawnwﬁér%@%ahl@mmberd@ﬁ ritithif dispersizectystaint 19 1 t 4y shevesisendi ng
fluid and/ or en the
descendi ng 1 ui Tead Prg ek Ht BT ENERetbel IR LI ik BRI
applications thexmesmkhnﬂgmnaammmann@asewpmhw%m@ﬂcbn@ﬁnmbmhmmmmbmaction

bet ween the desc Igl 2aq9 asc%n%hgglqga)]%4an&rrengu&{%|d may affect
or influence the t ratd?e SFYSEER o ? g., an ex Rotherm c reaction).

To that end, thmb‘stemtpaéazaalwﬂlgnméntmmtmu@ﬂefn@hmmexrnds fubuil @k @hylyy t he outer
surface 171 of knnﬁr ﬁft 15 cantbetc%ﬂ g Hﬁ ?at exchﬁﬂge fluid
novi ng al ong th FREE: QP IRy LPBUREE 1§ {Pé% &P 10T et yese

t enper ature of ﬁﬂt&tﬂﬂﬁ@%ﬂdﬂeﬂ@p f)d)dlbldléb&ﬂtﬂ@OlﬂétQ@&SﬁBBld Ritrob@abtonértiigdr| ed by
jacket 111, if neces ¥ h¥§)2010/¢35252PCT/US 2%35128 00058%Cnce t he
descendi ng proct®s &yt IJPB ALALLCfe ORsBInEy o opgiispetiphery, sBus gl ong

the inner surf aget fldd dRéct@Uh®rotd@BIS @lembds 103tmavEye d@s@eﬂ;ba acthedtdint o outl et
132 and renoved fromreactor 10. Simlarly, the descendi ng heat exchange
fluid, once it WAEDFQdHAEPuEbE IBEN N @H&n1(8th6fnmeh%ﬁac%?s3ﬁputfsveswﬂ may be

di rected through eXifot®Qhidt sﬂ&&n)%ﬁh‘? v OmI&o hh 08 saasd 104 ALndiRg fy@hnOUt | et
182. [00059] As a result of the design of the reactor 10 of the present

i nvention, al ontpputtientlAet e vepspl b apdaex situatroagop bbb an digbst ant i al 1y
uni formthin fi hl'i’écftlbl%‘f ow e B blide RO RAQEERICH e nffr NS RESSIVeY t he

surface area as well as the residence tine or tine for intéraction between
the fluid bei ngbpraypkd sedic aprbste audtubed(f pdprenthiotion, pogive I8Eoatbi | ity to
inpart a differegnce in tenperature between the thin filmfluid being
processed and the %eat exchange fluid to create a thermal gradi ent across

t he ”aLd o ypannul ar - SpaGh 18, b cﬁﬁ%ﬂ(%r asjq‘ﬁus‘?lfatetd i%h ésnfa{}w g%‘béﬁ&k' on can

enhanc atnent, processing an separation o el ng
processed, whil dis¢, mali@w fdpe sarehy dthen ddsigngt ko loag at i werbtytahleghd tapablspbrt rates,

such as thernal tran 1ﬁgiwm?§enn,?qip?n%&:gﬁﬁgfthégﬁ¥%ﬁ% I n addition,

because of the a%ng?rv 0 CO F?y uni for m t hin
filmof fluid oHewearsudhstldbt Iamrbqatb(hﬂlgteas&ﬂhDWameFlgrbmtatalﬂantembeﬂ.ﬂ)?aof t he

present invention c rovi u antlaJI F‘ h thr ut pr ssi ng of
Phe fiuid or 11 GRugr RoRPvdEambre eiete e st B e r B0t o i ui o
React i ons Specifically rotatable member 103 may be provided with a plurality of perforations

may, so that fluid directed along pathway 102 of tube 104 can be into rotatable

member 103 and dispensed therefrom.

[00053] Looking now at Fig. 4, for certain applications where, instead of
accommodating a thin film of fluid, annular space 16 of reactor 10 may be filled
with a volume of the fluid being processed. In such an embodiment, the
continuous reactor 10 of the present application may be provided with a bed of
packing material 40 within the annular space 16. The bed of packing material 40
may be used to increase surface area over which the volume of fluid being
processed can contact to enhance transport rates. In an embodiment, the packing

material 40 may include mesh-like materials, beads, monolith, or any other
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[ 00060] As shown in the enbodi nents depicted in Figs. 1, 2, 3 and 5 the
reactor 10 of the present may be applicable for fluid-fluid or

sol i d-f | uwa-2bloizseseeacti ons in connection with organi c ®¢3tusasL0/083128 houl d
be appreciated that the termfluid as used herein and throughout this
application includes, gas and liquid. Thus, reactor 10 may be appli cabl e,
for exanple, for gas-liquid, liquid-liquid, solid-gas-liquid reactions, or
any ot her conbination. [00061] The reactor 10 illustrated in Figs. 1, 2, and
3, in one enbodjgRAL1nAR% RBYIlL & WREn BRI bERLE SN A) thRLGRRLEL %Sl Where
hi gher pressures and tenperatures are used, for Instance, hydrogenation,
oxi dation, pol ybang pragdsend neetlsad kgnchisp anto iedreage tieiresirlenepetinhg oraincperiod

car boxyl ati on, on, i.sher- hi s
application may E?@ﬁgﬁ%%%hggﬁyﬁﬁﬁgﬁge'o?“?ﬁgggﬁggﬁﬁgﬁgg%gg ﬁ%ﬁ?gg of

or gani ¢ product mvblvoarcouddr-cgirent igys ping iheodqueatinetthomnofar ghapetdiplthet her ( DVE)
usi ng ei ther natural hanaql . _of her. organi c.liquids or a mxture
of gases as. f oottt PUELORR Rroprdte. Sy KinPIAERE e Otk ERuRbnall On o

bi odi esel and femdshaete bublilés ih dw vohvee dfdiutdyand chad cdndre diliegtsdlp thsdugly the

transesterificati and esterifjcatign processes. 0062]In Figs.. 1-3, in a
|'i qui d- gas react’erdgﬁ,pa 15 Ia?}fn&alt“g ﬁ’eadgpggetg%%rﬁseﬁﬁ?oétﬁ? ttoftg%qsypaﬁ}églilgﬂti nuous| y
i ntroduced t houthe bpdavipaalingd Qdteainidioen el taoth pecking aitetinuatabdcetomhider 103.
The liquid may in LHde mahﬁr, solveq%, cheHicaIs, i.sinfectant, oil, salt
wat er, met hanol " GtiHaNbFach PRRRls drempigplysmaliaoges Jn hiwase 48 4°Fate Nor  any

ot her type of fyiade arltER R Echdifted SlcathRhay MIDRILLED Bor rédgocRnl Micf ugal
force fromthe rotating nmenber 103 act to continuously disperse the liquid

. g . .
as substanti al | uifibpiss graspiset dngp epperliment; gemeflenuhbles Ynbeng saerattder
surface 123 of {HR@cQutREKHE AR alldh cah Bot UGB @AY uiPorddy JiSribhiB@lce a
continuous substantially uniformthin filmof fluid on the inner surface
123. At around byhbleswigin thevelpge phflyid inpanplbypeeskd i s introduced through
bat waynob9f, 8 coUnt £y oe UEERNERBSHERKAS - PUIRS] Dy ARWLAT space
16 by way of inlet 133 on outer vessel 1I. This gas can be directed up into
the annul ar spageatdlgst & Baidstathiecauendprengssitege endior sepefationnenleviedies| 15 and
allowto intera i - - ' (e [V ' - Lpner surface
12370t outor vegiaflitent BECRRENALIAG eQithf TRLT8 A ORCAPLECET,
oxygen, air, symubpgistgas or€Cbodintentgemacking mayridtdferaybeaedtédg or
non-reactive gases.q [00RRJ B 1S 1 AUL I 08IEEAGHE By dReREF 121 1
i nstances, an exotherm ¢ reaction may resu oGt Rat” end, “the t enperature
of the descendi agl/dribguhecheatcaxnhdnge foidtviaché edetryrfpacketof hhdr iesen®i, nt ai n t he
descendi ng quuhd at. a d sinﬁdltengﬁrﬁtqu. As for hQ§.ascen ingh
count er - cur r ent “G585""% 3! TERETET 2 PEENp et UYE; VPR HEUVE 8L EWARGE T 1 ui d, at
a tenperature dpffatcestthd pRRink hateriaf withie tdessandpig loicaupyideay be
substantially continuogusl iq%ro uced the inner vessel 15 through tube 104.
This heat exchatiye@iy '&nﬁﬂyl YHRU eI RETHRGRE e M HET PRl s econd
rot at abl e menber 105, where, as a result of the centrifugal force inparted
by the rotating nenber 105, gets continuously dispersed as substantially
fine droplets oPP¥3U9Br-| i ke el enents on to the inner surface 172 of inner

vessel 15 to create a continuous substantially uniformthin filmalong the
i nner H9P$dce 172, Inoperation, looking again at Fig. 1, a fluid being processed may, in

general, be substantially continuously introduced into outer vessel 11 of reactor 10
through pathway 102. The fluid being processed may next be directed onto or into
the first rotatable member 103 where, as a result of centrifugal force due to rotation
of the member 103, it may be directed outward toward the periphery (i.e., edge) of
member 103. The rotation of member 103 further causes the fluid at the periphery
to be continuously dispensed from the member 103 as substantially fine droplets or

fiber-like elements and on to the inner surface 123 of outer vessel 11. The
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WO 2010/ 135252PCT/ US2010/ 035128 [ 00064] Once the descendi ng processed liquid
reaches the bottom portion 13 as it flows along the inner surface 123 of
outer vesweol2001135352 may be directed into outlet 132 andPCemse@d/ oBF10m
reactor 10. Simlarly, the descending heat exchange fluid, once it has
reached the bottomend 18 of inner vessel 15, it may be directed through
exit port 181 and renoved fromreactor 10 through outlet 182. As for the
ascendi ng counter-current gas, it nay be renoved through exhaust 142. To

the extent desigsghn,dhs GRIAGRSELuBIMGNE R0l e ARIGRRE: St fgiTOVed
countercurrent gas for efficient colléction. Mreover, 1f appropriate, the

reaction al ong toher sarfacel 138 abpacesubgantmily beifora thindilmde befedaed ssgbaifiwdf or
ef fecting reactj j i nbodi ment, reactor 10, as
L

illustrated in e used i SO uid-fluid reaction and may
i nclud ed of packi | - Wt R e bed
of pacg¥ﬁagnaterial dﬂﬁggq%ghhggﬁéggM%%%nggggg%?@g?g&gﬁggﬁgbégmmﬁPch a
descendi ng vol uh@, ehedticxphrneldbiihgt prropesseddifamnntdome thanefghewid eitg t o
further enhance_tr por b0 i tion j.n ial 40 may
provi de a substgﬁfgg%%%m%géﬁﬁgﬁgwggfﬁ&gv&P Hggglgaﬁﬁgﬁh?ﬁgggégéending
| i qui d needs t othrouahalbedAdl/ Oliis hent pxxhgezetfhg manwbggnemly bovetectahinmithe
descending liquid Qﬁgt To that end, .t terial 40

o

roces i packi.n
oy act 1o 1 urt 1EPSE Rt PAREST FESER, S s @Sty e R bR ERE ot Ton
whil e further iﬁmﬁ:']tbdl bgtht h@attiptantad lnl(gszlltlieqwhtol:x?mahg’ebﬂlﬁlri] attk ﬂ‘gécyedhb\gd&ld i
transport rates, The packing . nma i may . o.be heated o ed, for
hetanoe. by § albe@ETHHEA T Gren Y HaeREd BTG BN T e 1Dhe | nner

vessel 15, dependintg cRthahfteliR@mbl BeitakinadRiPlyl dipbisodas dp@mtiaBatindlg or
cooling, the presence qf the packing material w thin_the annul ar space 16
can provide a stisBELr Faerike sieal s torthhirnssHTC e rbBprsives! BdlPoss t he

annul ar space 1§ovwExaPhfiafly uENGROhAL AN ABH aRinglitd hadrs@ack 99P66] As shown
in the enbodi ment depicted in Fig. 5 reactor 50 of the present invention

nay bePM@§ﬂ i N evapomnabitan agplidatthng trbi ih@idcONn RACRHSEFeact Y AP&Aet-ON and
distillation processes include, for instance, renoving water fromoil,
et hanol , met haneirengflyig . igeas)loman Phidfrodusash Bitthie annuiar sRRE €9 Brawagalth

processes may i el Yeeod SR RBdd BNr oRIc0REG S 1 f SQIMMEAYN LRGN LH Such as
| i ght sweet crude from heavy oil, nethanol from bi odiesel and gl ycerine

m x, methanol fmgnthgpyiadarspase 1@plgng thglenter surface 171 of inner vessel 15 and allow

to interact with the descending fluid (i.e., liquid) to be processed moving along the
inner surface 123 of outer vessel 11. The presence of the counter-current fluid
along the annular space 16 can increase the efficiency of the reaction, treatment,
processing or separation of the descending fluid. Such an increase in efficiency
can be the result of an increase in the point of contact with the descending fluid
and/or an increase in the surface area at the boundary between the descending fluid
and the ascending counter-current fluid. In such applications the resulting reaction
based on the continuous interaction between the descending fluid and ascending
counter-current fluid may affect or influence the temperature of each fluid (e.g., an
exothermic reaction). To that end, the temperature of the counter-current fluid
along the outer surface 171 of inner vessel 15 can be controlled by the heat
exchange fluid moving along the inner surface 172 of inner vessel 15, while the
temperature of the descending fluid being processed can be controlled by jacket

111, if necessary.
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organics fromheavy oil. Furthernore, such processes may include renoving
organi ¢ solvents such as ethyl acetate from pol yner dispersion or renoving
or gani ¢ swbverwsssse nononers during depol ynmeri zati on pr ®CE4sesl0/053128may al so
be used in desalination of water, concentration of fruit juice,
concentration of food materials, such as soup, mlk, renoval of |ight
organics fromground water, renoval of dissolved organics from processed
water (i.e., industrial waste water), and renoval of dissolved gases froma
i qui dpoopygh as car bofqhoakQGaihk BRIRRLY MiTh RECRQUHMHRD poftibdnogen sul fide
fromwater, slurry concentration, as well as a range of other applications.
[00067] I n an apBpwedongthe fnoer sueaesviZA gf pitehtessst bladtinaay terdasthemigoutleyani cs,
the inner surfa | ] f i ce, hy
jacket 111w 12 TRIBLE A AR SOk el [ REAISKANCEL) o8 by
a subst anti al | yomeat ked refabheid dhef bogwinregd 4B ohignerhvessehifert sy doectdd72 of i nner
vessel 15. In additian, t annul ar ace 1 tween outer.,vessel 11 and

i nner vessel 159W%§ Bgi%ﬁ?ﬁyéPﬁée U %P“Vﬁ%%ﬁﬁ?ﬁ%?“%¥¥@gﬁﬁ%g reaction

k! netl 054]0.00.68] Un.dga'r:' }ers]ﬁt gfqgedéletsf Rra?tht rr@aﬂo??@’oﬁgg &%Sen’t HIVQI[%I% ,eaqgn%d! ment,

i quid containing lig t organics or nmaterral to bé"evapora ed ‘or =di still ed,
may be i ntroducwih therabilighofradciwd P td f@vidad suhissntidllyumedrnbthirt filen flow sf

rot atabl e nenbe{ %p%ion to and uanorn1ﬁiﬁlong t he heaapdtinneé surface 123
of outer vessel NETUCASIE RGO NGRS D] VREFG HE SN TS WaTHITRE heat ed

i nner surface 18d¢ ovapofs infayctioa bgerei tic dldidetizgprédasseil amed camtef-ace 123 and
thereafter may cone én%o gqyt ﬁt W.th thﬁ. elativelé cool er ouﬁgr.surface
171 of the i nnef"{FEESY af .”63 1Y OIRPEE R IiferInCs MCPRIGHECPEMFeR BSITER out er
surface 171, t healny8p@mnsindPyoceRETIRIAIR: @Atk ehaigd BuidhasRate Aikrhhlpeddent Thi s

condensed |iquid may then fl ow downwards alonﬂ%the outer surface 171 of the
i nner vessel 152CTR&ATPWRERIHSPS| 0chE BGCPhI] HehhFPteBinpation s 13 of the

outer vessel 1lenhiiideSreRMRBE pFlRaRHE ahd/BMeyARR drehd Aulwh&dnd forassRywhitke pl ace
over a substantially short distance within the annul ar space 16, typically
the di stance betiggmesHe flydaith selptpvglyighptrangporgigtes sugioasdgrmahtiragpigr.out er

surface 171 of }QQGFanMESH8lor kPxindRkes PENRdon Oechilit 8¢ GOMiligus ation is that
it provides an energy efficient hethod for separating |ighter conponents

from heavi er oneatinuaaslyroavidelzsbsapety wsfemnchio 36m 28 Ipgeoey spbstintiather

enhance energy £l o] t i I 1 this
parti cul ar procgg%fﬁgﬁ%%%?h%ﬁﬁ&ﬂ§%gg% g%%ggégﬁﬁggﬂ%ékgﬁﬁﬁéﬁﬂgﬁ%4%5 a heat
exchange fl ui d. high tharghpawireoessingalf dtei flued yr fhod invdlepdi d t o be processed can
be directed into inner vessel 15 via tube 104 and along inner surface 172.
As it descends along inner surface 172, vapors generated fromthe
descendi ng fl ui Bxdgilerty PluekEssled SalidRyid-AogirRactidnace 123 of the outer

vessel 11 can come into contact with outer surface 171 of inner vessel 15.
Ther ma[0086@Er gy fr om Ahshowapoths embyditnhetrs dgfitted inlfegsah08 badls by rtderie@l at i vel y

cool liquid to b rocessed, descendi al t he..igner, surface 172 of inner
vessel 15 CThi soh PERRETEPEHA ERESHE BF nByPREL b b AR ARG Bl o

t enperature, cactrectoahlitoredicalstthe loiculibeapprediBtedthat hosrm\fRissal 15 and
directed onto the  inner rface 123 of the oyter vessel 1 hr ough pat hwa
102 and first rBELIPRG HOMBRITgas A et et W SO he MRS L £ ace.
123, its vaporsi@gay Be §PNEabld)Es ckanifladbr gk liquidheuieli@lid ¥elid cSaruer out er
surface 171 of inner vessel 15 to heat up the fluid al ong tﬁe i nner surface
172 of inner velagfonymr apypthericmbingliol. o has been establ i shed, jacket 111

can be turned off to_conserve energy and the process described herein can
pr oceeP?llan ener gyT}}?fqucE’qréHfl %{ﬁﬁ%l{n'f:lgs. 1, 2, and 3, 1in one embodiment, has

particular application for organic systems where higher pressures and temperatures

are used, for instance, hydrogenation, oxidation, polymerization, dealkylation,
alkylation, methylation, carboxylation, decarboxylation, and Fisher-Tropps, among

others. This application may further be useful in, for instance, the production of
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[ 00070] For any un-condensed vapors that may have travel ed towards the top
portion 14 of outer vessel 11, a condenser nmay be provided to condense such
remai ni ngwoapuyss2skn an enbodi ment, the condenser may becCrasatiedssieg si de
the outer vessel 11 and in fluid comunication with exhaust 142 to received
uncondensed vapors directed through exhaust 142. Alternatively, the
condenser nmay be |located within the outer vessel 104. In one enbodi nent,

t he condenser may be in the formof coils 51 positioned within the exhaust

142. [00071] 1t gshoyl groﬁhéé)t];r% c@é%tﬁglgrytopﬁlte pRQfuc@dn of;afmétﬁﬁ elnkAME Alsafer | but ed

on to the heated i nner surface of outer vessel 11 ‘may have vapori zed.
To that end, sueHhel hajuipbeaseyethaoler pthertcsghnicdiquidswr o owwriuteteé sasanasrieasiur f ace

123 and directe t : ' of outer
vessel 11, 1 daa drfRf AR, b ki Ehr I bRILRTR BB, ey 102
for re- processi wgh I{v00OT7R2{tARI¢ fandickal @bipg tremtgtrifivagemandrestyrifi@tiposi t i oned
underneath the reactor 50 to collect liquid renoved fromoutlet 132 of
bottom portion R9-F8r condensed liquid that has travel ed down the outer

surfac and t hat C. ted. | L he. ;. i 13.... arate
oot o DGy b s, RS THARK Kedd iRl O Rt el b AL
Exanpl e 3: Dehebd¢ camgjinofusiSuperdhedtthaighpathwny 0043 johto to He festiataiablent depi ct ed

inFig. 6 r eac%ll%ﬁlbgrol O?f Tﬁeh ﬁqu% r%%}? pr;[clllidg \\{vg{é%, is(o)lgent, chemicals, disinfectant, oil,
salt water, methanol, ethanol, liquid catalyst, slurry type catalyst, or any other type
of fluid. Once on the rotatable member 103, the centrifugal force from the rotating
member 103 act to continuously disperse the liquid as substantially fine droplets or
fiber-like elements onto the inner surface 123 of the outer vessel 11, in such a way
s0 as to create a continuous substantially uniform thin film of fluid on the inner
surface 123. At around the time the liquid to be processed is introduced through
pathway 102, a counter-current gas may be introduced into the annular space 16 by
way of inlet 133 on outer vessel 11. This gas can be directed up into the annular
space 16 along the outer surface 171 of inner vessel 15 and allow to interact with
the descending liquid moving along the inner surface 123 of outer vessel 11.
Examples of such a gas can include hydrogen, oxygen, air, synthesis gas, CO,,

nitrogen, or any other reactive or non-reactive gases.

[00063] In this liquid-gas reaction, in certain instances, an exothermic reaction may
result. To that end, the temperature of the descending liquid, can be controlled by
jacket 111 to maintain the descending liquid at a desired temperature. As for the
ascending counter-current gas, to control its temperature, a heat exchange fluid, at
a temperature different from that of the descending liquid, may be substantially
continuously introduced the inner vessel 15 through tube 104. This heat exchange
fluid may subsequently be directed into the second rotatable member 105, where,
as a result of the centrifugal force imparted by the rotating member 105, gets
continuously dispersed as substantially fine droplets or fiber-like elements on to
the inner surface 172 of inner vessel 15 to create a continuous substantially

uniform thin film along the inner surface 172.
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may be used in connection with cooling of superheated steam or

desuper heating of steam Both the inner surface 123 of outer vessel 11 and
out er surwace1olidizsef i nner vessel 15 may be mmintai ned aCTaASt@wnPas1ag ur e
measurably lower (i.e., cooler) relative to the superheated steam

[ 00074] To maintain the inner surface 123 of outer vessel 11 at a relatively
cool tenperature, a relatively cool liquid may be introduced through

pat hway 102 distributed by the first rotatable nenber 103 on to and

subst apobalyl y uni T orezhot il ROGaliAE phoPRSEA It REGod &2 bOlorP B Eln YERSE! 11 I
addition or alternatively, jacket 111 nay be set at a predeterm ned

tenperature | ev8pws doietbpinmpissurfaeeel23 of phteicvesse Bl dtmayihshiirgete@ingt ¢uilet y cool
tenperature. To; n'atr@"}‘-&eh%molléﬁc%r 1%U§iﬁﬁﬁﬁy,]tﬂe1de9$enﬁiﬁlgPb{t'B%hal\{ SRgd, 15 at a
C00 at 'y co may be

simlar relatively tenperature, are Ive i qul
i nt roduced t hr ooy ithabecadl@d thettotiomreméd 8 vEwselvedsdl 15THinmyfbk directery

subsequently be, directed I ng.0 the second rotatabl e er..10 n
subsequent 5 ar LrReBEH LI Tl ST AR I AR y2ars R e 1 nner
surface 172 of aweelinguesstet-culfent $2000mMbs) binderovedrbronginekihbisondbrwihded above,

super heat ed stea .be injected into outer vessel .11 thrqugh exhaust 142
in the top port?%%g?§m3&fﬁﬁ%g?BVé%gngTT}eﬁﬁjﬁﬁﬁgﬁﬁgﬁfﬁgﬂvgc WS uper heat ed
steam may be proutedeghsds: ofifiqise colficti@t. i Moreofer iBdpproppiate! the keastidnaigignige f r om
for exanple, mcroscale ﬁ@ nagoscale. Thg steagggq&.then be directed into
the annul ar spat@UesSRARS I MAY bemagifed pader ypcugmdoiiirstingrepclion knglissy cool

i nner rface 123 of outer vessel 11, and on.the other side a relatively
coor ollBrer f ace T MR ciirRRrat SarOn . & et Ble. TS RenElPer noat ed
steam enters t hliahad-fividinactePindaiduhaidesPnaef piekidgtm@atas sbanhiatted with
cool fluid being dispensed fron1firsi-rotatjn%)nenber 103. The encounter
with the rel ati e 3368 19| Thedep of Prgkine sperniab PrbhE 196¢ Lt INHESFeWHSF 103

acts to cool thgesbREHWARBLARSRh@REVAMNO of Rl K@i Rbdksdc@ VR comkiffd as the
st eam noves al ong the annul ar space 16, it may further be cool ed and

condenses into FifsH @ fgher ephaneciransrert rapp Poditiensharpiore eEy0fioBs128
[00076] I n parti GULAE a s@thRR1SHREI0BANRSE) HERBMWhIAYR! RsdeRlifg liffGaannul ar

space 16 and ' ' ' ' o
needs to travel and/or increase the time period over which descending liquid can be

processed. To that end, the packing material 40 may act to further facilitate
treatment, processing, and/or separation, while further imparting the descending
liquid with relatively high transport rates. The packing material 40 may also be
heated or cooled, for instance, by jacket 11 and/or by the heat exchange fluid
within the inner vessel 15, depending on the particular application. Upon heating
or cooling, the presence of the packing material within the annular space 16 can
provide a substantially uniform distribution of temperature across the annular

space 16.

Example 2: Evaporation and Distillation

[00066] As shown in the embodiment depicted in Fig. 5, reactor 50 of the present
invention may be used in evaporation and distillation processes. Evaporation and
distillation processes include, for instance, removing water from oil, ethanol,
methanol, glycerine, or other compounds. In addition, such processes may include
removing light organics from heavy organics, such as light sweet crude from heavy

oil, methanol from biodiesel and glycerine mix, methanol from glycerine, and light
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through the relatively cool |iquid being dispensed, in one enbodi nent, the
steam may transfer sone of its thermal energy (i.e., heat) to the dispensed
liquid, awo:2ney3eest pushed by the di spensed |iquid ontoPChaszenessiser f ace
123 of the outer vessel 104. In an enbodi ment, the dispensed Iiquid nmay act
to coat the particles of steam i.e., an in-situ coating process, and
pushes the steamon to the inner surface 123. As the steamis pushed on to
the inner surface 123 of the outer vessel 11, it may be cool ed down again
by relatively cgohnitdgoh SERGLAL Hihdhialk, dush PSbaeksHlyThAldGEmaiANg i nner
surface 123. In addition, a8 the steamtransfer its heat to the di spensed

| i qui d whet her piganipeolegnisiuelr assytlyd ecotate aipopglytisedibppreen guehendeg 123, t he
increase in te t i QUi 0 LZEe T4l , Wwhen
gener at ed mﬁthrﬁ%%ﬂéggﬁﬁ%ﬁﬁpﬁggégg(@g?é%%gbﬂghggﬁggﬁ%gﬁg%éﬂgﬁgﬁre atively
cool outer surf aedildtalohtiohe wateregongaggadn dBiuitjhics commehirgiivalof faetler act i on
with the di spenged (luid, . a0et,BULLACS ot A Aleh S pOHLELYSSSS! 11, and
outer surface 171 0f vinner vesselr £5° ¢an act” 1o qU|g%%y cool 't he

super heat ed st esmovdlhd deewieldrsinga fomgyrotehed waen denseluatnidl Wasowwatang t he
outer surface 171 of inner. vessel 15 and.inner. surface.12 f outer vessel
71" Gown t onar d BLEBRIPEF SR St FefrdidfoSicn it e iods fondy be

col | ected. [ O00a&miink kolstiens) el dhgemppfidech@h @dtet, RAkry@bideatigioncaoldling aof

super heat ed steam be cqrried out with concurrent flow as descri bed
above, it may alg YePRLAPRISHIPSEt in a counter-current flow design. That
is, st an be introduced in counter-current .direction to the

el ati VBP0l f1 ui'a *BarmietyBEREBHE igh FrPds OB RRRLYE S BEr 103,
Exngrrg! e 4 (ljJV prnnMds@ffgan}zgorgatéﬂx@gs@d11Ra$>g§é 1?53&% oPROLeAsy jablewni 1 n t he 1
enbodi nent depicted in Fig. 7, reactor of the present inventjon nmay be
used in connect VBE R R UReR, | 7d) b dnnexgpsel W&P%Woﬁeéizib’taisﬁ\’%%n“é‘%h as,

phot o- pol yner i zgddiQ@MuidBb®ig blo8@tHaeiter Qlrfadé $710reflct ORsc195. Bf Qafios, reactions
for the production of clinical drugs. In addition, reactor 70 may al so be

used i n connect theanlarkpase d p betagen ouiertvicreed andarner vsel 1§ mapdiet i cul ar,

mi Crowave ener gy, iRyndGnis§Hodh Br SRUEEhQlonRiRNEdi ng heat and as a
stinmulating agent for organic reactions, particularly for those involving

coal sfgepey), |iquid @ﬁ&@ﬂk%@nditi&@?Fc%fé&%é&%%ne aRtb &AM SN fui DnB A Hust and
ot her wood "based products into celflulose. Mcrowave energy may al so be used

for energy effi bghéntcapipapionaeriad o lsfeviapareted oBsileil.rmanyi byrinthrdyeslsBieggh car bon
di oxi de capt ure,and, SRAUGS lifflRE BP HCRASSSmrabl: n{%epﬁ)3rb(?13§gn&1ﬂﬁ‘forrﬁf§iergy

from for |nstaﬁce, m crowaves and” UV waves, may act to destroy pathogens
and bacteri a i nalbhgiihd heaBdniencr saiice é23 of outmeryyl 1ds Aalaglpn film of the liquid

descends down the heated inner surface 123, vapors may be generated along the
inner surface 123 and thereafter may come into contact with the relatively cooler
outer surface 171 of the inner vessel 15. Upon contact with the relatively cooler
outer surface 171, the vapors may condense and change phase into liquid. This
condensed liquid may then flow downwards along the outer surface 171 of the
inner vessel 15, where it can be collected in the bottom portion 13 of the outer
vessel 11. This phase change from vapor to liquid form may take place over a
substantially short distance within the annular space 16, typically the distance
between the inner surface 123 of outer vessel 11 and outer surface 171 of inner
vessel 15. One benefit of this configuration is that it provides an energy efficient

method for separating lighter components from heavier ones.
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possible as this invention is not intended to be limted in this manner.

[ 00079] For use in desalination and treatnent of water using m crowaves,
react or MOmaw/B3625get up in substantially the sanme mannecTas2dessiizbed in
connection with Fig. 1. In an enbodinent, salty liquid may be introduced

t hrough pat hway 102 and distributed by the first rotatable nenber 103 on to
and uniformy along the heated inner surface 123 of outer vessel 11. At
about the sane tinme, a relatively cool liquid may be introduced through

tube 100kt 0 1 ner KeRREL: o THlsof Ul Ry DS RRURRL IR Sl et ed i nto

t he second rot at abl e nmenber subsequently distributéd on to and
substanti al | y uwithgrinpayticuilas prpcedsethp Haad t%hﬁﬁrweseév@ afo herned asedisgle| 15,

[ 00080] As the S%Sg:ce@g?g%ﬁfolflx 8%@?&%{ %aftlbélg cI)él hmu(afto BQ 0§&Letdyca{{|bg&li'ré3tetd.r avel s

al ong inner sur energy sou such as a m crowave
gener ati ng devi gwo iffgr voosi L5 anete abvband aldng iledsurfpor t 120 Mslitdesdendutleng vessel

11, may be actiyvated ansm.t mcr & adi.akl o rough the walls of
t he body porti olrllmirzsu{%cehﬁg’tvap he %83 (%ecpf\f{va qaffcg{/l\ﬁilrrll Hulld%emg hoéesis%dner surface
123 of vessel 1élong|'innsrsuﬁu[$d§3bflmebhllenv$$eﬂmcn‘nwmlehgﬂof:d)maodmmoumpori ze. It

shoul d be appreciated that when an ener urce, such as.a,m crowave
Generator 71 whsPES FHe Binet 5 o d S TR LSRR b B G g PR Bl csed 1
the outer vessehbsbibed bjuthemaadzerjmoolamm(bﬂa bt peocbrad dexmbimg@ng thtiithern t he
e o emseri a el BV o2 TS GRS e E Sl s o
inner vessel 15r4R0 tdagcrngde cﬁlﬁmoaleasd artheatbottbhlaandrr@%ftﬁaeﬂm@rm@us to such
energy. [00081] The vapor generated may then travel across the annul ar space

16 towards the fiEcidioptq e paensugdegedyd §mhfssef§r ‘fle?ffl ot thronghpathwas k92 apg - ypon

contact with thepgf f%ka&qh?\&%h%eﬁﬁﬁ' A4t Rcehll fiGahd ihher shftfocM2BAls Vs condense
into a liquid and may travel down the outer surface 171 of the Inner vessel

15. The condens &g Gosi igtopaytacs whebeisktivgly peolerguice surtage 1 Flodhigher Mespelt he
bot t om portion i—égtOQIeattJbEih@Hﬁlg'élong BRS8ler gujrfacé 780 i SR edidTe Bt onldRisPr ocess

may be carried out wth the annulfar space 16 under a vacuum condi ti on.
Al ternatively, e¢¥et lpsbecagstablishedgacketrldi eeh keutrngd ofitmesnpives ¢nsrayrand By e

at mospheri c CO“&'oEés? Bescribed herein can proceed in an energy efficient manner.

[00070] For any un-condensed vapors that may have traveled towards the top
portion 14 of outer vessel 11, a condenser may be provided to condense such
remaining vapors. In an embodiment, the condenser may be located outside the
outer vessel 11 and in fluid communication with exhaust 142 to received un-
condensed vapors directed through exhaust 142. Alternatively, the condenser may
be located within the outer vessel 104. In one embodiment, the condenser may be

in the form of coils 51 positioned within the exhaust 142.

[00071] It should also be noted that not all of the liquid distributed on to the heated
inner surface 123 of outer vessel 11 may have vaporized. To that end, such liquid
may be permitted to flow down the inner surface 123 and directed out through
outlet 132 at the bottom portion 13 of outer vessel 11. If desired, such liquid may
be recycled back through pathway 102 for re-processing.

[00072] Alternatively, catch basins may be positioned underneath the reactor 50 to
collect liquid removed from outlet 132 of bottom portion 13. For condensed liquid

that has traveled down the outer surface 171 and that has accumulated in the
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[00082] It should be appreciated that the not all of the fluid heated by the
m crowave radi ation. As such, the heated fluid flow ng al ong the inner
surface 10 20fo/Bs25er vessel 11 may be col | ect ed throughPoutusee10033326&n t he
bottom portion 13 and recycl ed back into the outer vessel 11 through

pat hway 102. In this way, after the process has been initiated, not as nuch
energy nmay be needed fromthe mcrowave source 71 to heat the salty fluid
being processed. As a result, this design can provide a substantially
energy effici enpoRysiemd o séyaﬁte bl ALh R mb00ORHibu G OIRI fhch Rhiances. i n
addition to the utilization of mcrowave radiation, ultraviolet (UV)

radi ati on may athseoghénletdéd to destroy any pathogens or bacteria that may be
present in the fluid being processed. Exanple 5: Carbon Di oxi de Renoval

[ 00084] For use in carbon d|0X|de capture and sequestration purposes, any of
the reactors shbwmpEbdve dtalS¥ieanh | ustrated in Figs. 1, 2 and 3,
may be i n subst |aII sane nner |bed bove 00085] I n
an enbgdé)ﬁﬁ usi ngr%gh embo}ﬁgne edmted kY % Ieuct§?rg6§) her?r%F "ot b llSOI’bI ng
gaseous carbon dmphedednwxmnﬂmmmhmhuoﬁnkmmuuﬂﬂmaydbenmxmd&mpmh@umgof

envi ronment contai ni seous xide in o t he carbon
G oxi do 1 nt o+ neci ot % Eos P ot Bk e 240 P e R G bEY ur ot g
with the CarbonvﬂkﬂXBdﬁybéhﬁnhmﬂﬂmﬁaﬁEMEBEHeﬁkﬁﬁdﬁ@ﬂdwhﬁl@p@hkﬁﬁthway 102
and distributed ? rot at abl e menber 103 on to and uniformy al ong
t he heated innel® ’H?F”@%“Tf Yl YeA%r vessel 11. At about the same tine, an

ascendj ounter-current gas flow c | e .of abso carb oxi de may
e i FBfLed | nt o Homad G nepReEREaDs DoOueRRG [ He ST DiOh |y
uni form thin filempefanirda réadvelyadostliduiditb@bd may@icsd akQRe pathway 102

distributed by the first rotatable member 103 on to and substantially uniformly

along the inner surface 123 of outer vessel 11. In addition or alternatively, jacket
111 may be set at a predetermined temperature level to keep the inner surface 123
at such a relatively cool temperature. To maintain the outer surface 171 of the
inner vessel 15 at a similar relatively cool temperature, a relatively cool liquid may
be introduced through tube 104 into inner vessel 15. This fluid may subsequently
be directed into the second rotatable member 105 and subsequently distributed on

to and substantially uniformly along the inner surface 172 of inner vessel 15.

[00075] Under the condition provided above, superheated steam may be injected
into outer vessel 11 through exhaust 142 in the top portion 14 of outer vessel 11.
In an embodiment, the superheated steam may be provided as a precipitation of
water particles ranging from, for example, microscale to nanoscale. The steam
may then be directed into the annular space 16 where it encounters, on one side, a
relatively cool inner surface 123 of outer vessel 11, and on the other side a
relatively cool outer surface 171 of inner vessel 15. In addition, as the superheated
steam enters the relatively cool annular space 16, it gets bombarded with cool fluid
being dispensed from first rotating member 103. The encounter with the relatively
cool fluid being dispensed from rotating member 103 acts to cool the superheated
steam down to a certain level. Then as the steam moves along the annular space

16, it may further be cooled and condenses into liquid for collection.
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i nner surface 123 of vessel 11, a heating device 71, such as a m crowave or
fluid pipes, positioned about the body portion 12 of outer vessel 11, may
be acti vaveaoton3bmsat the saturated fluid fl ow ng al ong Pha/tsanen3xes f ace
123 of vessel 11. The counter-current gas flow, on the other hand, nmay be
mai ntai ned a relatively cooler tenperature. To do so, a relatively coo

| iquid my be introduced through tube 104 into inner vessel 15. This fluid
may subsequently be directed into the second rotatable nenber 105 and
subsequpyhd y distri buledicom: Ech@Ellg)eﬁiéQéH Q01rh Fhiers ) | hOkHMr §laO0E 4dde 1 nner
surface 17 i nner vessel t he ascendi ng counter-current gas
f1 ow comes i nt otheowsh gstrelpiiydly ¢dod lméb@mg dispanpegt webnp ebpdimenthide steam

count er-current sorb the
carbon di oxi de I rgﬁ?%ﬁ% %ﬂéﬁggﬁﬁqﬁkf$w%%?ﬁ§QEyéﬁiggdc éﬁ%éﬁl ﬂ?gﬁﬁnve down

t he i nner surfaaeyg@@Hdndbmﬂmabm@@eébmnﬂhmom@hnmmﬁm@melzzoﬁhemhe'bottom

Ipﬁ,[ E)I 82 t ﬁs\laOf 18%%8?6131 M% Sl% ﬁg%gcgéngnﬁtélﬁlﬁ d%sggn%‘ec% Pc;ul Crl]fll'ﬁ & 0 coaP tth Par%Xl%' etd back
sat ur at ed mnth gteaniposa., dnoummepMmgpuan$bamHmMde¢skhmamghﬂexmamgnﬁ&dz in the

top portion 14 out r vessel rate arbon

i oxbde. can bS8 iRt YRRl ondd e GRReprar R o Bl T el 4Tt O
produce a car bOﬁﬁdeccmﬂdﬂdi@th aghin Brpdlaively cb@l&ﬂ@ﬁ]nb&aﬁﬂi‘e dhatiopdingent , as
illustrated in Fi ;)actors %/,:gigilﬁf.to aB¥ of the reaEtors
illustrated in Pf meﬂ ngARPehRriges] T Shadiition: edhy Yeam HRPSFREYS B Besi gned to
be in fluid conmmdnispaist®@fquid ivhetidien B @k sp&e of ahg @B Ynef sukfae: Bpp!l i cations
descri bed above can be carried out continuously in series or to allow

nul tipl e passestheincygaee intemeeratpie ey raess dhedlignid tvargrigs | Bhe Yaee 88" desi gn. It

shoul d be not edgerehald vAMn PO 88Ul 8pde@ T MALHQRBn®hsdd8RGhOMhtiCAN c O
established in serles and the series may not be limted to any nmaxi mum

nunber of react oer suffagogdpf hednnppyestedd - e Mo epianal interactionovith they Fig. 9,

instead of provydidigdMta HGRElRfacd 38R HcEiter VBGeING AL Vutet urPloc § MG PT €SENE
i nvention can be designed to include at least a third vessel 90 that may be

situated wit hi ninnprevepsshb, careas ol quidklyt apopthe wipgghcatcd eeammdT zamogleastegpace 91
bet ween an out efnaflg{efl?%%e 8 ah%ﬁo&'aloﬁlgﬂhego%fe?'surga ¢ of%he'ro&%l 18Ypf ace 172 of

t he i nner vesse esi gn,
inner surface 123 of outer vessel 11 down toward bottom portlon 13 of outer vessel

11 where it may be collected.

[00077] It should be appreciated that although cooling of superheated steam may be
carried out with concurrent flow as described above, it may also be carried out in a
counter-current flow design. That is, steam can be introduced in a counter-current
direction to the relatively cool fluid being dispensed from first rotatable member
103.

Example 4: UV or Microwave-initiated Reactions

[00078] As shown in the embodiment depicted in Fig. 7, reactor 70 of the present
invention may be used in connection with ultraviolet (UV) initiated reactions, such
as, photo-polymerization, water treatment or disinfection, or organic reactions for
the production of clinical drugs. In addition, reactor 70 may also be used in
connection with microwave initiated reactions. In particular, microwave energy
may be used as a source for providing heat and as a stimulating agent for organic

reactions, particularly for those involving coal slurry, liquid organics,
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flowi ng al ong the annul ar space 16 between the outer vessel 11 and the

i nner vessel 15, once outside of that annul ar space 16, can be redirected

i nt o the wonrolessspace 91 positioned between the inner Pesaskol®3angl t he
third vessel 90 within the inner vessel 15. The redirection can be
acconpl i shed through openings 92 on the top end 19 and openings 93 on the
bottom end 18 of the inner vessel 15. This design can allow the fluid being
processed with multiple passes through the reactor 10 to enhance transport

rates. It shoul Pha@ﬁa&gﬁ&ﬁ EIHPCIOH@CI{I amugﬁﬁg%{he%%ﬂﬁéﬂ Iggdu%{s gt ed within

the third vesse rovide a th annul ar space. This design can be
repeated with acpllahm t Mesrevave |ef1<tr§y mgy sdshbowscd iy cagey effioigal cvorasatongf as

necessary. | OOO%Q‘Jegd?s%ﬁﬁgtI%ﬁR chss&uurbcm @%)Hl X gﬁl)r/é %}d%@ﬁlegtﬁﬁon Ptﬁ?ogeg ui d

and/ or gas captured from annul ar space reactors in Figs.
1-7 can be recyhhmdfbamwdﬂmt@wmh@WamﬁwhaumspaQENW@W$ﬂmd&gfwawyIpasses as

necessary. [000941&%&& resgg(n&ﬁMe (fQMEaS been.described with

reference to ceftaln r%%%@“’ Nt's m‘?%“%éﬁﬁ%ﬁgﬁ?FSSd by those

skilled in the ameEhaMnyawmmMEhnhmngmsmm@weMﬁnmﬁdemanmmﬁqu|vaIents may be
substituted without departing fromthe true spirit and scope of the

i nvent [A79]1 n addlt|mmuxmmMywhmdummnanmmmaumﬁythummﬁnwnmmadapmmboﬂh
particul ar S|tuat| terial an

i ndi ¢ 0
brocess step or &Y Bt Bl Ry TR A BRE TR i doRBeehbu BRAC 0 ¢ he
present inventi Big, 1A1n|an$l:ﬂbbdll’ﬂ@dﬂ §dl@alhuﬂnﬁayafeentrdalhesaldﬁdugmpalﬂevw hi n the

scope of the cl aldrEFlStIallBR tﬂe PII'S’[ rotatable mem Ai)elv%% on topﬁnd unt gr%ly glgn thI sing:
heated inner surface 123 of outer vessel 11. At about the same time, a relatively
cool liquid may be introduced through tube 104 into inner vessel 15. This fluid
may subsequently be directed into the second rotatable member 105 and
subsequently distributed on to and substantially uniformly along the inner surface

172 of inner vessel 15.

[00080] As the substantially uniform thin film of the salty liquid travels along inner
surface 123 of vessel 11, an energy source, such as a microwave generating device
71, positioned about the body portion 12 of outer vessel 11, may be activated to
transmit microwave radiation through the walls of the body portion 12 to heat the
salty fluid flowing along the inner surface 123 of vessel 11. This causes the thin
film of salty fluid to vaporize. It should be appreciated that when using an energy
source, such as a microwave generator 71, where the energy needs to act on the
fluid being processed in the outer vessel 11, but need not act on the heat exchange
fluid in the inner vessel 15, the body portion 12 of the outer vessel 11 may be made
from a material that permits such energy to pass therethrough, while the inner

vessel 15 can be made from a material that may be impervious to such energy.

[00081] The vapor generated may then travel across the annular space 16 towards
the relatively cool outer surface 171 of inner vessel 15. Upon contact with the
relatively cool outer surface 171, the vapor may condense into a liquid and may
travel down the outer surface 171 of the inner vessel 15. The condensed liquid

may subsequently be collected from within the bottom portion 13 of the outer
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an outer vessel having an inner surface against which a fluid being

processed can be accommobdat ed; an i nner vessel, situated within the
out er veswel2pioaisshavi ng an outer surface serving as a [REAUSeNO03F1ge
surface for the fluid being processed; and an annul ar space defi ned

bet ween the outer vessel and the inner vessel for providing a pathway al ong
whi ch processing of the fluid can be inplenented, the annul ar space being
designed to naintain a tenperature differential between the outer vessel
and the inner vessqht e dnBblintRe il s IS ARRASTSEH Mk bihig! ati vely
high transport rates. 2. Areactor as set forth in claim1, wherein the
i nner surface ofpachtd wuees vaguey epnditsond ddicatively, dheaprpepss miybaicapeddrggt
processed to de%%ﬁﬂgmhﬁkﬁn%Hgﬁ%ﬁﬁ%hﬁhk%oﬂﬂﬁ&Pr”‘thin film 3. Areactor as
set forth in claim2, Wherern in the substantially uniformthin film
permt fluid be X Qe VBL L oS 4d [ t, processing,
and/orﬁgégaration. ﬁgkﬁﬁ$%a§98% §§ Setkkgrtﬁk?% éﬁ%?%f%?&&ﬁgrein t he
substanti al |y umidrorsnctrddigiioni Amsydy thie heatedhduid Aawngbbingthepnocegted 130 t h a
rel atively high f.t L, tr f ransf er i Xi ng, or
a conbination t%%ﬁ%%58£§QH§P§Q§§?@%%%§m%3 §%§{32Fﬁ§§ %?%?T%%ﬁﬁéggin t he
i nner surface ofndhectrdibeck megbedutaarssbiel Iphouidedhwayt 102a hpthofwdyedtgpat t er n
to create additiongl S rfgce.aﬁga aver mh%cgrtq%afluid Qﬁaﬁgﬂprocessed can
flow to facilitSEESHE T8} O Lhbdech POUaS PRI SN RGR a6 RO TEHT M8n i ner ease i n
residence tine widrbwavetsb@cannilhait tspate fludbehgastbisedt Aonrekkigtgof 6. A
reactor as set forth in claim1 rein the.inner surface of the outer
vessel can be cﬁﬁﬁﬁﬁa?B“Wﬁ%?PWWEWﬁggﬁgggﬁﬁH??mbﬁﬁ@gggfWﬂ%ﬁﬁﬂﬂlor separation
of he[()fol()éjfl]d bei ng pIrn%(e:r?aSlr? Fncsifance\s(gn %gcgigénlt%?}%eSuz‘u]lDi%E{olr{So gl%cor/mggVSe]fg(ﬁation,

ultraviolet (UV) radiation may also be used to destroy any pathogens or bacteria

that may be present in the fluid being processed.

Example 5: Carbon Dioxide Removal

[00084] For use in carbon dioxide capture and sequestration purposes, any of the
reactors shown above, including those illustrated in Figs. 1, 2 and 3, may be used

in substantially the same manner as described above.

[00085] In an embodiment, using a liquid (e.g., amine solution) capable of
absorbing gaseous carbon dioxide, a pool of such liquid may be exposed to an
environment containing gaseous carbon dioxide in order to absorb the carbon
dioxide into the liquid and remove it from the environment. Once saturated with
the carbon dioxide, the liquid may be introduced through pathway 102 and
distributed by the first rotatable member 103 on to and uniformly along the heated
inner surface 123 of outer vessel 11. At about the same time, an ascending
counter-current gas flow capable of absorbing carbon dioxide may be introduced

into the annular space 16.

[00086] As the substantially uniform thin film of the saturated liquid travels along
inner surface 123 of vessel 11, a heating device 71, such as a microwave or fluid
pipes, positioned about the body portion 12 of outer vessel 11, may be activated to

heat the saturated fluid flowing along the inner surface 123 of vessel 11. The
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7. Areactor as set forth in claim1, wherein the outer vessel also

i ncludes a bottom portion designed to collect and renove the fluid being

pr ocessedwohato/t3sas2descended from the inner surface. 8PCAVUSe@OWdF128S Set
forth in claiml, wherein the inner vessel includes an inner surface al ong
whi ch a heat exchange fluid may flow. 9. A reactor as set forth in claim
8, wherein the heat exchange fluid has a tenperature different fromthat of
the fluid being processed to inpart a tenperature differential between the

outer surface of, /e chekas > 8h 1fANhel AShd RBEHe RWiaRE aQflatRE QUIET
vessel. 10. A reactor as set forth in claim38, wherein the inner surface

of the inner vesswrragen hedpiooy radsideliicodl liquidmodyiticddrqaeadshipuglvtubntiease
surface tension;, Bnﬁ%&s& f5%{&%ﬁ@{%ﬁ@b@é@i@@eﬂa&@md @k Eéém?&(;' n and

uniformfilmof the heat exchang reactor a set rth in
cl ai m 8, wher ei rotitéde mpmber 108 swkdubsdqsontlynicitidies! e thend wsterdllgesi gned to

coll ect and renpve the heq exchar} e %u d t hat plass descended fromthe
) uri}irm along the inner surface 1 0# ﬁmer VESS ) .
i nner surface. : feact or as set for inclaim 1, wherein the annul ar

space | signed to ] .Se fluid i t LNt e annul ar
chace IBORRDL IMoe | i e bR NG Gothted RoBEoRL AR ERul QRATP BTLT 2,
forth in clai mi&tedwhtragddiiquiieths econa-cutrentgacany mctract ovith tlerse@msgedpoi nt s of

contacts at an j.nterface t ween the.second f.l uid d the fluid being
rocessed over UNERERSaPTaRn OGP TR e Lt TR b hEkbh P hDace ¢
inmpart the fl ui @ heicngwaracess earfast 1 13 el Aictted byt thiogéh dutlanspar ther at es. WO
2010/ 135252PCT/ US2010/ 035128 14. A reactor.as set forth in claiml1,
wherein the annBitG BEHdE S BT gHA oo gel A bero Ui P HRaBES. be
directed into t e gkdyan2spacs thdasdenddigitb@itcrCuire/iphs TBRMRGW sitgfaldi ve to the
fluid being processed fé:),r inter a%ti ng with the fluid_ bei ng processed.

with carbon dioxide, it can be removed through exhaust 142 1n the fop portion 14

of outer vessel 11. The gas flow saturated with carbon dioxide can subsequently

be mixed with other liquids or materials to produce a carbonated product.

Example 6

[00088] In an embodiment, as illustrated in Fig. 8, reactors 80, similar to any of the
reactors illustrated in Figs. 1-7 may be positioned in series and may be designed to
be in fluid communication with one another, so that any of the applications
described above can be carried out continuously in series or to allow multiple
passes of the fluid through the same or similar reactor design. It should be noted,
that any possible combination of reactors can be established in series and the series

may not be limited to any maximum number of reactors.

[00089] In a further embodiment, as shown in Fig. 9, instead of providing the
reactor in series, the reactor 10 of the present invention can be designed to include
at least a third vessel 90 that may be situated within the inner vessel 15 to provide a
second annular space 91 between an outer surface of the third vessel 90 and an
inner surface 172 of the inner vessel 15. In this design, the fluid and/or gas
flowing along the annular space 16 between the outer vessel 11 and the inner
vessel 15, once outside of that annular space 16, can be redirected into the annular
space 91 positioned between the inner vessel 15 and the third vessel 90 within the

inner vessel 15. The redirection can be accomplished through openings 92 on the
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15. A reactor as set forth in claim1, wherein the annular space is
provided with a relatively short distance between the inner surface of the
out er veswelemdsishe outer surface of the inner vessel PaTArSA@E0/083128 npart
the fluid being processed with relatively high transport rates. 16. A
reactor as set forth in claim1l, further including a fluid dispensing
systemto permt introduction of the fluid being processed onto the inner
surface of the outer vessel and the inner surface of the inner vessel. 17.
A reactor as sefy, eﬁawaﬁdwop%hla%msl& IBGIGH thal 1B el dLSHGBSTRA system
includes a rotatin nber w he outer vessel for generating
substantially fﬂ%gn@ﬁmplll@t the dluidrichgmprodessed with maipde pasgamthrpeshfthqicacterei ng
d._such§ b s WRRHBRTHAL hakntall bORSRES itk flutam Qlel bt {dydl d being
Processe 16 Rnch §g h@ﬂ? h 4 0*1 el calfal
processed can be provi the 1 nner surface o he outer nenber. 18.
A reactor as semuhdehmunm@ﬂmﬁwﬁ$&iowhwnbmnmnhﬁmﬁhUHmC@rﬁp@msgngmsystem
includes a rotatin t hi nner for eneratlng
substantial ly f1°Ré %dmlrtﬁ%)e asd\mélron lr}g Ke &l ed%%OP VFSSGIS “He heat exchange
fluid, that a s nt. i I hange
f1uid E()?)H&(ﬁe pr ovi de(gpczoﬁll?ste 1¥@hit%leﬁ)r%segfsrgeélgdnthg Pul{ﬁlagzl/o} %% cgbq@ n%%)él% 19 A
reactor as set immtalnspaned:fbmlamyﬂ)f thf:mafatthesrmiFrgsJ ludcogpbeancyeled bgek is@Uhe e
provi ded about theaputeray ma act as a source for heating or cooling
the fluid bei ng®PHEEY%Se 8% ?WP ﬁﬁﬁ er°€titYace of the outer vessel. 20.
A reac s set for claim g a bed acki ng
mat ori B0l hi n ¢ he @Eﬁ%@sm%&n&%m.hﬁ Flen 0B I RIPER- PRGN cf o
vol ume of the ftubdlihaitngepodaebasdbeanlccoot by foge Gilwlacthetaa tkimhance its
transport rates. .WD 2010/ 135252PCT/US2010/ 035128 21, actor as set
forth in clai m SOUNAEBPESSAYHS Hadg @ “Bé@g?ﬁdp%éFéPVQP“%gﬁﬁﬁWbv|de a

substantially Uﬂlépfaﬁfn@fioﬁfmefraé wuet il Séopt btht afveRnOBS.dlifiien amdhyl ar space.
22. A reactor forth in claim1, further including a third, vessel

si tuat ed wit hi nmto CWH@W%%%@@ 102gant &0 ¢ BRI * g HEA OBARRIFEY  space

bet ween the thi g 36aHSQlioPEXndtRE ptdBRIstch @5 HiBhs, WA Hepgahhglthont e BN
processed nultiple passes throug ﬁ the reactor to enhance transport rates.
and scope of the present 1nvent10n All such modifications are intended to be

within the scope of the claims appended hereto.
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23. A systemfor processing fluid wherein a plurality of the reactors of
claim1l are connected in series to permt the fluid being processed with
mul ti pl e wasswg13siseough t he reactors to enhance transpoPCT®R@®/0351281. A
systemas set forth in claim 23, wherein each reactor is designed to
process the fluid being processed differently. 25. A nethod for processing
a fluid, the nmethod conpri sing: introducing into an outer vessel and
against its inner surface a fluid being processed, providing, within
the outer veggRls an inner vessel with a heat exchange surface at a
tenperature different than that of the fluid being processed; and

mai ntaining a tenperature differential across a pathway between the outer
vessel and i]he LReLioveEssSEkinbo i npart to the fluid being processed therein
relatively high transport rafes. 26. A nmethod as set forth in claim 25,
wher ei n t he st epnofitei ssaddudngan inna sudkes agrme whichndlual udgsiragesdcdicbry uni f or m
thin filmf|ow of t dtl ui d being processed against the inner surface of

t he outer vbeesasccé(fn.m0 A nmethod as set forth in claim?26, wherein, in the

step of gener at iangynet h@dscd uirsdtedhtvitiah ithe amreir fresseh dnkdihavihg harodtbowfecthances

abi [ty of the [Luld (o be t1ealefl (RTREARS Dol O separated. YO

an annular space defined between the outer vessel and the inner vessel for
providing a pathway along which processing of the fluid can be implemented, the annular
space being designed to maintain a temperature differential between the outer vessel and

the inner vessel to impart the fluid being processed with relatively high transport rates.

2. A reactor as set forth in claim 1, wherein the inner surface of the outer vessel is

designed to allow fluid being processed to descend in a substantially uniform thin film.

3. A reactor as set forth in claim 2, wherein in the substantially uniform thin film
permits the fluid be processed to be well suited for treatment, processing, and/or

separation.

4. A reactor as set forth in claim 2, wherein the substantially uniform thin film
permits the fluid being processed with a relatively high rate of one of thermal transfer,

mass transfer, mixing, or a combination thereof.

5. A reactor as set forth in claim 1, wherein the inner surface of the outer vessel can
be provided with a profiled pattern to create additional surface area over which the fluid
being processed can flow to facilitate one of treatment, processing, separation, an increase

in residence time within the annular space, or a combination thereof.
6. A reactor as set forth in claim 1, wherein the inner surface of the outer vessel can

be coated to facilitate treatment, processing, and/or separation of the fluid being

processed.
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28. A nethod as set forth in claim26, wherein the step of generating

i ncludes permtting the fluid being processed to have a relatively high
rate of twermali3srsansfer, mass transfer, mxing, or a cechiusatiossieher eof
29. A nethod as set forth in claim26, wherein the step of generating
includes rotationally dispensing within the outer vessel substantially fine
droplets or fiber-like elenents of the fluid being processed. 30. A nethod
as set forth in claim25, wherein the step of introducing includes
inmparting the inner surface of the outer vessel with a profiled pattern to
create additional surface area over which the fluid being processed can
flow to facilit &t wagneasst fortlemakant L, whergmabsouigy, vesselayodnéloes aibaderease in
resi dence t}| of .3 | L [ it hi

conmbi nation t %}%%%Hgg%F&kgﬁgﬁﬁ§%°%§ﬁ§g§9P§@%Eh$ﬁ$C 3@2?5@?*%%%?%@% t he

st ep of i ntthodweisuga¢encl udes coating the inner surface of the outer vessel
to facilitate treatnent, processing, and/or separation of the fluid being
treated. 32. A nmethod as set forth in claim25, wherein the step of

provi di ng i%cl udesadbsdssetfutth imgrlagdi, ndtremrthd mnarvesur ihalodes @h itnhesurfacker

vessel a heqt eﬁﬁqgnggtflgid ?ﬁgf tgﬂgerature different than that of the
fluid bei ng® Prot 8 PSSR "M AV QS set forth in claim 32, wherein the
step of distributing includes creating a tenperature differential between
the outer surface of the inner vessel and the inner surface of the outer
vessel . 3 A HEETE HecB MlTR b HhOrE s 9t SRhme HITe ot ep of

di stri but i ngmpaeludBEeEatian onaltine flie @ﬁﬂgsiblﬂ@eswdtt@imbamaemﬁa@mreves sel
substantially fine droplets or fiber-like elenents of the heat exchange
fluid —wo S8voresbdyspcthy puorspnaesd fhegnnessessol andhgdencs sirlies oftBs W n ¢l ai m
25, whereindhe step of providing includes providing the inner surface of
the inner vessel with a profiled pattern to increase surface tension, so as
to inpart and maintain a substantially thin and uniformfilm of the heat

exchange fl b. d. A reactor as set forth in claim 8, wherein the inner surface of the inner vessel can
be provided with a profiled pattern to increase surface tension, so as to impart and

maintain a substantially thin and uniform film of the heat exchange fluid.

11. A reactor a set forth in claim 8, wherein the inner vessel also includes a bottom
end designed to collect and remove the heat exchange fluid that has descended from the

inner surface.

12. A reactor as set forth in claim 1, wherein the annular space is designed to permit a
second fluid to be directed into the annular space for interacting with the fluid being

processed.

13. A reactor as set forth in claim 12, wherein the second fluid can act to increase
points of contacts at an interface between the second fluid and the fluid being processed
over a relatively large surface area within the annular space to impart the fluid being

processed with relatively high transport rates.
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36. A nethod as set forth in claim25, further including directing a second
fluid into the pathway between the outer vessel and the inner vessel to
permt i nwveranrizsaszwith the fluid being processed. 37. PATIS21043H38 set
forth in claim36, wherein the step of directing includes increasing points
of contact at an interface between the second fluid and the fluid being
processed over a relatively large surface area within the pathway to inpart
the fluid being processed with relatively high transport rates. 38. A

rethod as set T of dlfhucbath b AiaitNeLaLSin iCuhBPyALe HUbestiRgdnfLudes

all owi ng the second fluid nmove Within the pathway in a counter-current
manner r el atcrend ftupd torbe dirbqji:djmt@ethwmplaoémsg@dl cou@tgr cueremiTedr ghtiseto forth in

clai m 25, Wenei kDB RLER RF iffBhAL@I G hEbUASPLOY ding the pat hway

with a relatively s I stance surface of the inner
vessel and the inner surface of the outer vessel in order to inpart the

fluid being rocess d Wt | ati.v I transport rates A net hod
as set forthso in C eac tt}‘f)rthe tlalmﬁnclhergﬁmhe nnu %Pace 18 prov1c16d Wlt%tahe f1uid
bei ng proc %Bﬁdelﬁklﬂlﬂ@ﬂth&e between thel rrmalcmarfacfe df hie: ccmwrefesse/laaé éie. oute41 A et hod

W thin e BeemyRuR e e Bl lpPoL RS iR e RREH (D i

i ncrease surdngset @teea over which the fluid being processed can cone into
contact to enhance its transport rates. 42. A nethod as set forth in claim
41, wherein, in the step of placing, a volune of the fluid being processed

i's introduced i Mt RaétbeasQufBith MeSERI 1, iVReZ@dI04iA3 b ADRIRGpeABRALQ(M3H128 43, A
method as set forth in clai m4l, wherein the step of placing includes

utilizing tREMBérogrction ok fhe gluidtieing pipoctssd grighedanc S%rémg Phthe 8T Vestthi f or m

t enper at ur e, diisd ihhQULIERR o2 HE 983 e pat hway between the outer vessel and
the inner vessel. 44. A method as set forth in claim25, wherein the fluid

being processed is utilized in fluid-fluid reactions in connection with
organi ¢ SYS{#£NB.A reactor as set forth in claim 16, wherein the fluid dispensing system includes a

rotating member within the outer vessel for generating substantially fine droplets or fiber-
like elements from the fluid being processed, such that a substantially uniform thin film

of the fluid being processed can be provided on to the inner surface of the outer member.

18. A reactor as set forth in claim 16, wherein the fluid dispensing system includes a
rotating member within the inner vessel for generating substantially fine droplets or fiber-
like elements from the heat exchange fluid, such that a substantially uniform thin film of

the heat exchange fluid can be provided on to the inner surface of the inner member.

19. A reactor as set forth in claim 1, further including an energy source provided
about the outer vessel to act as a source for heating or cooling the fluid being processed

along the inner surface of the outer vessel.
20. A reactor as set forth in claim 1, further including a bed of packing material within

the annular space to increase surface area over which a volume of the fluid being

processed can come into contact to enhance its transport rates.
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45. A nethod as set forth in claim25, wherein the fluid being processed is
utilized in a distillation or an evaporation process. 46. A nethod as set
forth i n wbanmvidss2zwherein the fluid being processed i sPsufsSeéieasads st eam
bei ng deheated or cooled. 47. A nethod as set forth in claim25, wherein
the fluid being processed is utilized in ultraviolet and/or m crowave
initiated reactions. 48. A method as set forth in claim25, wherein the
fluid being processed is utilized in a desalination process. 49. A nethod

as set forthy in 8l @S HERRINmAChlth hIRUIHRIRESRIEH L Pakey at ed

with carbon dioxide and is being utiliz I n a carbon di oxi de renova
process. a substantially uniform temperature dlstrlbutlon across the annular space.
22. A reactor as set forth in claim 1, further including a third vessel situated within the

inner vessel, so as to provide another annular space between the third vessel and the inner
vessel permit the fluid being processed multiple passes through the reactor to enhance

transport rates.

23. A system for processing fluid wherein a plurality of the reactors of claim 1 are
connected in series to permit the fluid being processed with multiple passes through the

reactors to enhance transport rates.

24, A system as set forth in claim 23, wherein each reactor is designed to process the

fluid being processed differently.

25. A method for processing a fluid, the method comprising:

introducing into an outer vessel and against its inner surface a fluid being
processed;

providing, within the outer vessel, an inner vessel with a heat exchange surface at
a temperature different than that of the fluid being processed; and

maintaining a temperature differential across a pathway between the outer vessel
and the inner vessel to impart to the fluid being processed therein relatively high transport

rates.

26. A method as set forth in claim 25, wherein the step of introducing includes
generating a substantially uniform thin film flow of the fluid being processed against the

inner surface of the outer vessel.
27. A method as set forth in claim 26, wherein, in the step of generating, the

substantially uniform thin film flow enhances ability of the fluid to be treated, processed,

and/or separated.
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28. A method as set forth in claim 26, wherein the step of generating includes
permitting the fluid being processed to have a relatively high rate of thermal transfer,

mass transfer, mixing, or a combination thereof.

29. A method as set forth in claim 26, wherein the step of generating includes
rotationally dispensing within the outer vessel substantially fine droplets or fiber-like

clements of the fluid being processed.

30. A method as set forth in claim 25, wherein the step of introducing includes
imparting the inner surface of the outer vessel with a profiled pattern to create additional
surface area over which the fluid being processed can flow to facilitate one of treatment,
processing, separation, increase in residence time of the fluid being treated within the

pathway, or a combination thereof.

31. A method as set forth in claim 25, wherein the step of introducing includes
coating the inner surface of the outer vessel to facilitate treatment, processing, and/or

separation of the fluid being treated.

32. A method as set forth in claim 25, wherein the step of providing includes
distributing against an inner surface of the inner vessel a heat exchange fluid at a

temperature different than that of the fluid being processed.

33. A method as set forth in claim 32, wherein the step of distributing includes
creating a temperature differential between the outer surface of the inner vessel and the

inner surface of the outer vessel.
34. A method as set forth in claim 29, wherein the step of distributing includes

rotationally dispensing within the inner vessel substantially fine droplets or fiber-like

clements of the heat exchange fluid.
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35. A method as set forth in claim 25, wherein the step of providing includes
providing the inner surface of the inner vessel with a profiled pattern to increase surface
tension, so as to impart and maintain a substantially thin and uniform film of the heat

exchange fluid.

36. A method as set forth in claim 25, further including directing a second fluid into
the pathway between the outer vessel and the inner vessel to permit interaction with the

fluid being processed.

37. A method as set forth in claim 36, wherein the step of directing includes
increasing points of contact at an interface between the second fluid and the fluid being
processed over a relatively large surface area within the pathway to impart the fluid being

processed with relatively high transport rates.

38. A method as set forth in claim 36, wherein the step of directing includes allowing
the second fluid to move within the pathway in a counter-current manner relative to the

fluid being processed.

39. A method as set forth in claim 25, wherein the step of maintaining includes
providing the pathway with a relatively short distance between the outer surface of the
inner vessel and the inner surface of the outer vessel in order to impart the fluid being

processed with relatively high transport rates.

40. A method as set forth in claim 25, further including heating or cooling the fluid

being processed along the inner surface of the outer vessel.
41. A method as set forth in claim 25, further placing a bed of a packing material
within the pathway between the outer vessel and the inner vessel to increase surface area

over which the fluid being processed can come into contact to enhance its transport rates.

42. A method as set forth in claim 41, wherein, in the step of placing, a volume of the

fluid being processed is introduced into the outer vessel.
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43. A method as set forth in claim 41, wherein the step of placing includes utilizing
the bed of packing material to provide a substantially uniform temperature distribution

across the pathway between the outer vessel and the inner vessel.

44. A method as set forth in claim 25, wherein the fluid being processed is utilized in

fluid-fluid reactions in connection with organic systems.

45. A method as set forth in claim 25, wherein the fluid being processed is utilized in

a distillation or an evaporation process.

46. A method as set forth in claim 25, wherein the fluid being processed is

superheated steam being deheated or cooled.

47. A method as set forth in claim 25, wherein the fluid being processed is utilized in

ultraviolet and/or microwave initiated reactions.

48. A method as set forth in claim 25, wherein the fluid being processed is utilized in

a desalination process.

49. A method as set forth in claim 25, wherein the fluid being processed is saturated

with carbon dioxide and is being utilized in a carbon dioxide removal process.
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