,1 OCT 2004 WD 02/04114 PCT/ US01/ 15258 ELECTROMAGNETI C WAVE ASSI| STED
CHEM CAL PROCESSI NG BACKGROUND OF THE | NVENTI ON [0001] 1. Field of the

I nvention: [0002] The present invention relates to materials spr ctﬂfs‘sgﬂgl}
involving a chenical and/or a physical action(s) or reactlori(slg)

corrponengvd&;i [B?f ween conponents. Mre specifically, thg-prR§ENM,sENVENtioON
uses irradiaron of conponents in a reactor to conti nuously process

relatively large quantities of materials. [0003]' 2. General Background and
State of the Art: [0004] Apparatus for materials processing consisting of
coaxial cylinders that are rotated relative to one another about a common
axi s, the nEI.EE(B'EROMAGNEWIGMH%E ASBISTED-CHEMICAic PROCESSING e

bet ween the cylinders, are known. For exanple, US Patent No. 5,370,999,

i ssued Decenber. 1994 tﬁ‘ﬂ@ Col orado State University Research Foundation
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bet Wee”c@rﬁﬁ‘?ﬁoﬁély pré&dads| ré@h‘ﬁel&%lgb%fﬁbﬁhﬁéé‘ dfAReRials10005] US Patents Nos.
5,279,463, issued 18 January, 1 , and 5,538,191, issued 23 July 1996,

bot h hapoag] t heceAdmk BRBkdr6and afg Sidte dpiRsgAt 1 nvention, disclose methods
and apparatus for high-shear material treatment, one type of the apparatus
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passage known in he art to process subst ances in the or m of
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injecting a slurry thereof into a turbulent Couette flow created in a *high-frequency rotor-
stator deviee", this device having an annuiar chamber containing a fixed statof equipped
with a coaxial toothed ring cooperating with an opposed coaxial toothed ring' coupled to
the rotor. US Patent No. 5,430,891, issued 23 August 1994 to Nippon Paint Co., Lid.
discloses processes for continuous emulsion polymerization in which a solution
containing the polymenzable material IS fed to the annular space between coaxial

relatively rotatable cylinders.

[0005] US Patents Nos. 5,279,463, issued 18 January, 1994, and 5,538,191, issued
23 July 1996, both having the same appiicant as the present invention, disclose
methods and apparatus for high-shear material treatment, one type of the apparatus
consisting of a rotor rotating within a stator to provide an annular flow passage.

[0006] it is known in the art to process substances in the form of liquids, solids,
gasses, or various combinations of the three by applying energy in the form of, for
example, heat, visible, uliraviolet, or infrared light as well as longitudinal pressure
osciliations, microwave, X-ray or gamma irradiations. It is common to use radiation to

increase reaction rates or sterilize substances for human consumption, for example.
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, 1 OCT 2004 WO 02/04114 PCT/LTSO /15258 [0007] M crowaves cause heating by
two principal nethods: dipolar polarization and conduction. As the

m crowave frequency increases, for exanple from about 2.5 GHZ. 1f®zﬁd W a
typi cal househol d mcrowave oven, to perhaps 20 GHz, the microwa g ’éCtS

I ncrease Wt&ﬁoz}oﬁ’l Jpigher efficiency of absorption. Howeverpe M}gm\ggggst ration

depth e radi ation decreases as the frequency increases ter in an

open cont ainer, which is transparent to mcrowave radiation, will boil in
a standard 2.5 GHz m crowave oven in approximately 3 mnutes. At 20 GHz,

the water would theoretically boil in 2 to 3 seconds. However, at this
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m crowave ovens operati nghat presel ected _wavel engt hs or freguenm es. As
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takes place I1n relatively s bat ches, and as such is not feasible for
pr oduct iabeubR.5 GU@SWMC&IPT@&@% qulaelﬁn%ﬁd eiieieacy etpbrarption| A highesrfeequencybeen
no prac S t I rge
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vessels, which are then placed inside microwave ovens operating at preselected
wavelengths or frequencies. As the microwave radiation enters the materials inside the
reactor, pressure and heat increase and the chemical reaction is enhanced. The
processing takes place in relatively small batches and as such is not. feas:ble for
production of industrial quantities of processed materials. There have been no practical
microwave-assisted reactor that can produce relatively large quantities of materials in a

continuous process.

[0009] In processing industrial quantities of chemical reactants, it would be preferable
to apply high frequency electromagnetic radiation throughout the entire volume at
essentially the same time, rather than just up fo the penetration depth of the radiation.
This would reduce the possibility of non-homogeneocus reactions resulting in the
production of undesirable by-products or results caused by uneven heating and mixing.

[0010] It is also known to use ultraviolet light to sterilize substances for human

consumption. In one system, ultraviolet emitting tubes are placed in a tank of water
2.




,consunpti on.
of water -2 WD 02/04114 PCT/ USOL/ 15258 cont am nated w th pat hogens sHﬁh as
viruses or bacteria. The distances between the tubes is cal pufjaQ€d g0

any pathogen in the tank will be close enough to the tubes to receive a
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do‘%o%gﬂrlgdi ation. However, the tubes quickly bec %Yl%ﬁﬁ'd in
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where sone pathogens can survive, |leading to possible illness or
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passage pet ween two cJ osely spaced snooth surfaces provided by respective

yi nlner_ amPMPARY OF THE i Napparatus nenbers at | _eaist one rotating
haseage 4 1 AcBBNGI o Mo’ ¢f 5 BldsBht AR 56 18 iplide A'imBAREF 2l

The enengpamhm foedrradiating relaticaly Jangg quesditiese of anatéials quickhe aadytheroughly.
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axes that are coaxial with one another so that the radial spacing of the
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in rogﬂctlso% 3? rér%o‘?alog 8%9:%)( in ael%/ fon%, %CFEJ%ng energy in the form of heat,

visible, ultraviolet, or infrared light as well as longitudinal pressure oscillations,
microwave, X-ray and gamma irradiations. The energy can be any frequency of

electromagnetic-wave irradiation.

f0014] The method for processing materials of the present invention can include:
passing matéﬁals_" to be processed in a flow path through -an annular processing
passage between iwo closely spaced smooth surfaces provided by respective inner aﬁd
outer cylindrical apparatus members at least one rotating relative to the another; and
irradiating the materials in the processing passage with processing energy through a
wall of one of the two members. The energy applied to the processing passage can be,
for example, electromagnetic energy of microwave frequency, light, X-rays, gamma
radiation and ultrasonic longitudinal vibrations. The cylindrical apparatus members can
rotate relative to one another about respective longitudinal axes that are coaxial with
one another so that the' radial spacing of the two surfaces is constant circumferentiaily
thereof. The apparatus members can be moved so as io produce a linear velocity

between their operative surfaces relative to one another of at least 0.5 meter per
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‘between their operative surfaces relative to one another of at least 0.5
nmeter per -3 1 OCT 2004 WO 02/ 04114 PCT/ USQO /15258 second. One or bot h of
the surfaces can be coated with catalytic material that enh&nte$Cht2M0bast
one of chem cal, bio-chem cal and biocidal reactions in the processing
passage. WBQ;:/@MHA ndrical apparatus nenbers rotate rel atimerigi1988ganot her
about respective horizontally or vertically oriented parallel |ongitudinal
axes. The outer nenber remains substantially stationary while the inner
menber rotates to produce a |linear velocity between their operative
surfaces relative to one another. The processing energy irradiating the
mat er i al sedomdt héOme @cebsthngf the ssuyfacearcarabe ¢oatedghith heatakgtit matertdle timtt er
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can encafpdber (gl subStaany stilioRbry Whi tieomner mérﬁba»ameg 6! ptBuiigeldre
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- )in the mcarcedlw a’oleasr oné mierdweventabe @ohasctefl to tab deast tovwei pors il mebarall of
process t t one rovi de su ta t even osure
oo R Bier ipbeT BpcfictoroBart iapd s BisoRrSBABe Rl B 16 SHEF memBar be
p& gcess¢deqaéqdarﬁcftdﬁhahréleakdr¢agrm@nérg yidae @icmmsnmeeémreys@tﬂwmebf
eddies can, circulate the materigls to be cess t ot essing
ener gy PEBPOROBENS waveanchia, e sosatnin BERESST Bt (st 20 SRSHET oiPd s
to be ppricessif ee?gsﬁﬁﬁtéléﬁ bal light @ivadibtion RIXPEEESH itotthe dWnRERSSoBESsIng
energy. The materials to be pir oces?'ed can_include a conbination of a 3as
and a’ | Pagsage thrquohatdeasteng 1assrilight gyidg. Jhe Pro¢essing enRfgX 6N fre Rreduce
exanpl epy APRABELAOtranbdifs. AHYMIVR! IBEABA PR IRAS Sitfifes M thBmatEHbls ﬁﬁﬁélgh
and the cyI I ndrical apparatus nmenbers can rotate relative to each ot
rapi dl yP@geesaf.-solhe dieight of the annular processing passage can be less than the
penetration depth of the electromagnetic energy into the materials to be processed.
The invention can include producing eddies in the materials to circulate the molecules of
the materials to be processed past at least one window to provide substantially even
exposure on a molecular level of the materials fo be processed. The material to be
_,) procéssed can be substantially opaque to the processing energy and the eddies can
circulate the materials to be processed past the processing energy to provide surface
renewal so that the molecules of the materials to be processed are substantially evehly
exposed to the processing: energy. The materials io be processed can include a
combination of a gas and a liquid; a liquid and a solid; or a gas, liquid and solid, for
example. The height of the annular processing passage can be small enough and the
cylindrical apparatus members can rotate relative to each other rapidly enough so that
the gas is emulsified into the liquid to produce a gas/liquid emulsification, thereby
increasing the interfacial contact between the gas and liquid. Also, the height of the

annular processing passage can be small enough, the cylindrical apparatus members
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,the gas is enulsified into the liquid to produce a gaslliquid
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enmul sification, thereby increasing the interfacial contact between the gas
and liquid. Also, the height of the annular processing passage ggg g@f
smal | enough, the cylindrical apparatus menbers -4 1 OCT 2004 WO 02/ 14
PCT/ USQ /(g3 gan rotate relative to each other rapidl pgagigghisagd the two
cl osely spaced sm)oth surfaces can be snmooth enough so that the materials
to processed are essentially free of Taylor vortices. The materials to
processed can then be irradiated to facilftate a reaction in the
essentially Taylor vortices-free material. 10015] The apparatus for
processicam roddter seldtiveoto ¢dnsh pﬂmeapidlmemugman@aheitwoleldmly wpaced | s mdotis al

apparatu nber s nmount e for | rel e, to one ot her

or i ngiEos £o8 b standib e Gohat e Babrpli toRgssel Searsartafdies i ng
passage of CReYfdr Votitstd ahiel mwwaﬂsh id ProddiBedBizAr iheh, ba fadittedN®y BCIIFRWE &
for applying procesm@&@ﬂener gy to the proceSS| ng passage through a wall of

t he two regetiesris therges yyaviapperticesfiee matepdlocessi ng passage can be, for
exanpl e, any one of el ectromagnetic energy of m crowave frequency, |ight,
X-rays, g&‘r%a W@@mar@tnsawoprgcemmaéena!%ﬂm@lmemt IRMepitigR candnclpde two

cylindri grqﬁp r t

anot her ﬁ@ou?’gf%@%@. ve ﬁ{%ﬁ |na axes ﬁtg?’ éér]éﬁ‘;cegatgl g'l‘élv(ﬁil tcﬁhép ahd

anot her defining dwotdesehndpatedspuooihgwfaceh groviding anf agedar processing passage

circunfer i,al | Th r \Y/ s .to
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anot her epérggttol méspro&e&mytpﬂssm thmegbmtiwaﬂrm‘ ibe foat memhberbe ‘fhe feamagycan
be coat ed v\ndtgjh at al c mat eri al nhance at | east che cal

oo oncapeiad f % Brofesind Hasmae s b, R ENAfTRIe by FHR of8eRomaRER:

cyli nd[éﬁ&b abpam&%ru»iﬁ?@nﬁeq@er:wn lligmaoe—ras}@t agammat lcrladlmuonamah@ntr@élmé

respec i zant a| vertica nt e aral |l e nal axes.

The: out bpgnﬁﬁ AoBtaong ol ie’ Sulsctianh Snitd o BETBAR S90:ha BeLRISY I ertanper
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relative to one anot her. processi ng ener can irradiate the material s

in the Pribesseihapihe é@@abﬁgggﬁgt?ﬁ B§ghvo sy is sensippt Siicemiergntially
There c@Brdt. athé Spphrdtis MbmBeN tdh bemtRbd f as e Miolide aMRERAT vdIBERHID

whi ch. the processing energy enters the processing passage and irradi‘ates
t he matketwges . theiscoparative; siffgcendelgive 4a one anethel Rfaghiaast &hergler per

second. One or both of the surfaces can be coated with catalytic material that
enhances at least one of chemical, bio-chemical and biocidal reactions in the
processing passage. The cylindrical apparatus members can rotate relative to one
another about respective horizontally or vertically oriented paraliel longitudinal axes.
The outer member can remain substantially stationary while the inner member rotates to
produce a linear vel'ot;ity between their operative surfaces i'eiative' to one another. The
procéssing energy can irradiate the materials in the processihg passage pasées through
the wall of the outer member. There can be at least one window in the wall of the outer
member through which the processing energy enters the processing passage and
irradiates the materials. The processing energy can be  electromagnetic energy
produced by at least one microwave tube connected to at least one port in the wall of
the outer member leading to the at least one window in the wall of the outer member.

The frequency of the electromagnetic energy can encompass the entire spectrum of
electromagnetic waves including the spectrum between 2.5 GHz and 50 GHz. The

processing energy an be light irradiation introduced into the annular processing
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pr.oduced by at | east one m crowave tube connected to at |east one port in
the wall of the outer nenber leading to the at |east one w nQ_O)(v hgt-ﬁm;
wal | of the outer nmenber. The frequency of the el ectromagnetic'e gy can
enconpass the entire spectrumof el ectromagnetic waves insilgﬁggg t he
spect r Yo pgésmmen 2.5 GHz and 50 GHz. The processing gﬁ@’r”&y e light
irradiation introduced into the annul ar processing -5 1 OCT 2004 WO

02/ 04114 PCT/ USOL/ 15258 passage through at | east one |aser |ight guide. At
| east one transducer can produce the processing energy. The relative

rotation can produce eddies in the naterjals to be ' | ght
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t her elprolinersiaficegenbeal sodhatatheamoisnwiascef B ﬂk?éﬁf(ﬂf! #d0 Ji& PEISFS) gﬁ’&; and
the gas/liquid enulsifi Welj bedrie indtdrizes {U begsocesseaher

t hr oggwb§t 'Pﬂy egqmlgﬁgpﬁgé‘:[ ﬁ’gt htg %O%S%id; gﬁi%%s’f gl(?iel I?ﬁ'tbatre aﬁ{ eagi %i@ et vveg%

the gagramdiudetigas afea ligaidglte beighh of A @navIap PERESSINGPIRRAGRGEL &7 be

smal | enough, the i ndeica t b FélhNeetd ehelh iotigert O
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of one of the two members fo facilitate a reaction betwéen the gas and quuid. The
height of the annular processing passage can be small enough, the cylindrical

apparatus members can rotate relative to each other rapidly enough and the two closely

spaced smooth surfaces can be smooth enough so'that the materials to processed are
essentially free of Taylor vortices; and the materials o be processed can be jn.radiated
wit'h the 'proces‘éing' energy through a wall of one of the two members to facilitate a

reaction in the essentially Taylor vortices-free material.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016]Figure 1 is a part elevation, part longitudinal cross section through a compiete
material processing system showing how external energy is applied to the system to
enhance and/or facilitate the processing;

[0017] Figure 2 is a transverse Cross section through prqcessing apparatus as shown
in Figure 1 to show the cylindrical members and their relation to one another and

showing a port leading to a window in the outer cylindrical member; and
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.BRI EF DESCRI PTI ON OF THE DRAW NGS [0016] Figure | is-a part elevation,
part | ongitudi nal cross section through a conplete nmaterial processing
syst em showi ng how external energy is applied to the system+ ¢ (€fh2id4e
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and/ or fac
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02/ 04114 P
Figure 3t

ilitate the processing; [0017] Figure 2 is a transverse Cross
Pq,ggjr%processi ng apparatus as shown in FigurepdriSoisfases t he

ers and their relation to one another and show ng a port
a window in the outer cylindrical nenber; and -6 1 OCT 2004 WO
CT/USQ /15258 [0018] Figure 3 is a cross section simlar to
hough the apparatus in which the |ongitudinal axes of the stator

and rot o[oetis} ¢igipd dded drmssgﬁaoﬂoarsirailmdb digyraSsthgagh ke apparatussini whicitihe!

wi dth around its, circ erence. CRI,PTI ON OF PREFERRED

EVBCD! NERIDGHetng! X faRg 0T BOTIpIor Are ARPRASH! e PO HIT ey 299t 1
and 2, ayddsSh ré@iammiaﬁoﬁﬁaqﬁsaﬁcumfeneﬁcéed froma supply tank 10 via a

rreterlng p
froma spp
reqwredB
to the i
tangentlal

basepl atfeorpoa sHPRli

unp 12 to inlet 14, while a -second reactant (Reactant B) is fed

ﬁhu.ebaméséﬁpvm @F PREMERREDEBODIMENTS OF TRRITRVERTRIN 14, | f

an optional catalyst or reactant gas is fed froma supply tank 20

[00ad] [Ha rédctee® Nuskatettyeriguie ﬁhﬂd%%dﬁrbhmctdm)méuﬁihnbﬂ)llﬁ fgfose

proximty to one another. The oce n aratus conprises a
%‘Hkl LY H@uﬁt"@ﬁte”PSthBe F)%OWF'EG Srseeqnd deactant

support S(R%féc@m E? i/ Rid Rth% SHSAF tAHIEH8 Vicla métmngrgamb 196 thefsaithb dhiet 14.

cylindrical
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appar at ug rentmdr an optienaitcatplyst aruppeliant gagis fegrfiomm stenmy ﬁ[ﬂﬁog@ i) ﬂae dnigt t he

maj or  poyl

outer casl
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ng o eat exchanger mhlc gas or-Iirquid can’be passed

t o cont mmiothdre Thepprocrssing apparaBJs pmmpss@ adhasepiaier22 vhavbishubanopatshge
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The shaft

R e e
processing chamber. The annular passage 34 between the cyhnders 30 and 32 can be
filled with a suitable heat exchange medium such as wire mesh or the special heat
exchange structures that are known by the trademark “SphereMatrix’, the coolant (or
heating fluid if appropriate) entering through inlets 36 and discharging through exits 38.
A rotor shaft 40 extends between the supporls 24 and is supported thereby, one end of

the

shaft being connected to the motor 28. The shaft carries a cylindrical rotor or inner

cylindrical apparatus member 42, which in this embodiment is solid and has its- axis of

rotation coincident.with the longitudinal axis of the stator cylinder 30. An annular gap or

ann

ular cross section processing chamber 44 is formed between the inner cylindrical

surface 46 of stator 30 and outer cylindrical surface 46 of rotor 42 and face body 51; the
ends of the chamber are closed against leakage by end seals 50 that surround the shaft

40,

The reacted material is discharged through an outlet 52. The reactants and

resultant mixiure in the processing chamber 44 can be liquids, solids, gasses, or various

combinations of the three.

[0020] Rather than the horizontal orientation of Figure 1, the reactor can be configured
vertically with the outlet 52 at the top. Other orientations can be used as well. Also, the
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.rotation coincident with the Iongitudinal axis of the stator cylinder 30.
An annul ar gap or annul ar cross section processing chanber 44 is forned
between the inner cylindrical surface 46 of stator 30 and outef ((CT 2004
cylindri cal surface 46 of rotor 42 and face body 51; the ends of the

chanber gﬁgd agai nst | eakage by end seals 50 that sgff94r@dde shaft
- 40. The reacte material is discharged through an outlet 52. The reactants

and resultant mxture in the processing chanber 44 can be |iquids, solids,
gasses, or various conbinations of the three. [0020] Rather than the

hori zontal orientation of Figure 1, the reactor can be configured

verti cal baopmrhﬁng Berfacdd 48 ahd 48t|nchgu|‘e®ca1€bbematHd wﬁhamatastWfdlﬁlma‘i@(é as

well. Also, 2/ 04 | USOL /1525 eratl n

surf ac escﬁ‘ﬁnﬁg °ﬂ8b’P'%?9|ﬁPb ?%‘g'?nvg? é {ROCESEH, S flai?ﬁ'&t e
a chem gakerf] AObRMSEcR! cHetAihl %-bhémac@pwtwééwmebbﬁorm W@ﬁé'p‘tﬂaé&ﬁiﬂg
The catalytic material can enhance chem cal, bio-chem cal or biocidal

react i onkass&dhe processing passage. [0021] M xing of the reactants is
achieved by the rotation of the rotor 42 relative to the stator cylinder
30. Rat hi®02dhaMbéimg ot thet reartaptsds asbiavgddiydhe gelgtion f the ralerdd relativeite the

nmechani c, 0 : |
renbor el gk 56, IRAKER R tEOBOMFA Hdch boihd e b 42, AMHd O il is
a mni mmemnmqﬂﬂgrtbé mosd Ioonveryemiscqmstrduhmd the extesior cylindrisabmetnizen be batiat or
n order,to cre dd n n wa esentl
dopt ct ednpy SR cncE AR iemBb Bt BoBld 27 B3N L mimtfl Paftpsl' ¥
shoul g nﬁlood;tg ld;E p&ﬁitkb_drbeﬂuéenlmbg*omrmﬁ the stator, mmrdaénﬁbainéatem ﬂnrﬁmnger
ysecon ner i u i ed t e act nt s a_ nu
)t r ans ducBdsSyiaceTs é\é’fgn& @'% @’Pﬁ%’?tﬁ’o f% &dat"%Bﬂd’er 'oii’?bﬁ f’iﬁf&r aafial,
Pr essur gagstitiah veloeits ShoAE fiot BBiless than 0. @hmtet@qsbraie@aadtmeférabgt dbdfe blte
stator cylinder 30. The transducers can be, for exanple magnetrons or

kIystrorﬁBPeWﬁ‘?‘?RPdproduce very short wavel ength.(e.g. 2 nm 50 crr) .
el ectro tic radiation.  Angther choi e |s that _they can ht sour ces
of  whatOORAl \ERESE Fot4pRied e fhe rea nyraber o tiag dmﬁﬁfﬁ%?s or gxargple
SOUVCGS eldtiiditagnalic FRIStRMS orOanﬂ@&inﬁlafpréE%u?é aGSTIERIG JUUPERE; | Mhich are

| ongi tudi nal oscillatiagns, usual ultrasgnic_frequencies. In fact,

el ect r oREIRRY @long, dhe dengsh othe tsf?éo"eﬁy‘i' rs3fbct Fiintransducers can be, for

example magnetrons or klystrons, which produce very short wavelength (e.g. 2 mm-50
cm) electromagnetic radiation. Another choice is that they can be light sources of
whatever wavelength (color) is apprdpriate for the process, X-ray sources, gamma ray
sources, or they can be transducers producing longitudinal oscillations, usually of
- ultrasonic frequencies. In fact, electromagnetic waves throughout the entire spectrum
) may be introduced in order to assist the chemical or biological reactions. For ekample,
light may be introduced utilizing laser light guides ranging from infrared to ultraviolet
wavelengths. As another example, microwave radiation may be introduced into the
reactor annular chamber 44 utilizing wave-guides located around the periphery of the
reactor vessel. The microwave frequency could be, for example, between 2.5 GHz

through 50 GHz.

[0023] As iilustrated more clearly in Figure 2, the electromagnetic radiation can enter
the annular chamber 44 through a port 58. The radiation passes through a window 60
which provides a seal between the annular chamber 44 and the port 58. Of course
more than one window 80 can be used depending on the irradiation requirements of the

given material. The window 60 can be part of the stator cylinder 30 or can be separate.
-8-




-may be introduced in order to assist the chem cal or biological reactions.
For exanple, |light may be introduced utilizing |aser |ight guides ranging
frominfrared to ultraviolet wavel engths. As another exanple,~ i §Cawads
radi ation may be introduced into the reactor annular chanber 44 utilizing
wave- gui des ohgsgd €d around the periphery of the reactorpygesalisasghe

m crowave frequency could be, for exanple, between 2.5 GHz through 50 GHz.
[0023] As illustrated nore clearly in Figure 2, the el ectronagnetic

radi ation can enter the annul ar chanber 44 through a port 58. The

radi ati on passes through a wi ndow 60 which provides a seal between the
annul ar \ientibere Mn@ﬁdpanaée pindovgstheQnatesiagl Gem wbich theastatonds wiadewo@itcan

be oed R A5 il GEOULCE LB AR RN oglohlr SpIRBE LAl
- 10 Cﬁraﬂ%éréf@a@ d¥diblettcPBEl duidgy./ Iﬁé&ﬂat&%@lrthtchﬁess and rmmae:fbwraéterwhe@ow

the mater| fr mvx/mch he s Is nade, ,or at | east t
¢ her eof O s 501578 BB S an B o 1P seien iR uskd indhe deSign of

transpanggistasr Bﬂﬁﬂbp ke, t é)@ﬁmpﬂ@ edrit¥ria baSedBhedurabilifyharsd B@ﬁ‘énﬁﬂﬁcé’m?én

characteristics ~of the window 60 are chosen based on sone of the sane

criteri @&xposed tmthpnaafeﬁglsgm@ﬁssedn@ the anwtacshanhes 443gndardie appligd Eorces.
criteri ials
o bcoss TUR WAL aish belfitalh atidtBfititnt e £HRACRES Wit W4l ©

60 shoultite alesireti etypadef sédiatiomtinia e amnhuh'ﬁvdwanbem d¥ne dsors gkamples Wthnass

whon - nHPONRVEE ofp 45FE. 8 oS, btz oh g VRt BRI b oo TR A BSc ca

) The wi neovxshcﬁau $iave |l thiekress ¢fhai lotes sumbenmultijde rafridewavelehgitl andfa Jow
wavel engt ‘ﬁnd alow dje]lectric. Io& I?%@ogertf\r/tohrnaXL etra msmf?é
fromth PSS PR Aiaxgpize Hansmmission the win o
wi ndow Gﬁambar viary W@penéi avad @mapbeof anp indow B0 cihevaryi @é[bendinglg:gd thége

r oduce

wi ndow 60 can be l.ass | e. en . the trapsduce

ongi t uaPRIGENER o YIbGTR s pa: B HaRN o) R B6oF BIPSSerct Sxaraley YRR or
passi ngtﬁ&@aﬁﬁ:ﬁ!cbl'sa’éli PRSduidet l@n?iﬂﬁilﬁélrprbgéuré lzainatiorts} thé GRddw Biecan geoyaves
can be applled to the teri wi thin the annul ar ch nber 44 of the

r eact or SGPPERARR far Ppssing e Hﬁ‘a ignsdmcthe angyier FRARbgES4 st ed by the
?lr ?;E“r gﬁ%ﬁa tJl'ﬁe rn?igtl'o%&a{vce)g can Bﬁﬁl?e‘%ﬂo threwlgart]ttelngpwﬁhmvtﬁa gn?n%lé)rrc% ebrgrOjM
of the reactor 8 to achieve continbous chemical reactions assisted by the
electromagnetic radiation. The present invention solves the problem of iradiating
relatively large quantities of reactants quickly, evenly and thoroughly. The height of the
annular chamber 44 is much narrower than the penetration depth of high frequency
microwaves into the reactant material. Therefore, the heating. throughout the thin Iayer
) of the reactant material is extremely even and rapid. The chemical reaction proéeeds-
across the entire thickness essentially simpltaneously, providing heating_'-in many cases
several hundred times fasier than in conventional reactors. Additionally, the rotation of
the rotor 42 relative to the stator 30 sets up eddies which circulate reactants from near
the rotor 42 to near the stator 30 and back again. These micro-eddies circulate the
reactants very rapidly so that a given molecule in the material can pass by the window
60 many thousands of times as the material flows through the reactor 8 from the inlet 14
to the outlet 52. This circulation provides subsfantially uniform exposure of the
reactants o the microwaves since the reactants will be exposed io substantially the

same maximum and average values of irradiation on the molecular level.
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relatively large quantities of reactants quickly, evenly and thoroughly.
The height of the annular chanber 44 is nuch narrower than the penetration
depth of high frequency microwaves into the reactant materi-al, Otﬁe%&’bre,
the heating throughout the thin layer of the reactant material is

extrenel ywa\wRsapd rapid. The chemical reaction proceeds, agtfsa,ihe entire
t hi ckness essentially sinmultaneously, providing heating I n nany cases

several hundred tinmes faster than in conventional reactors. Additionally,
the rotation of the rotor 42 relative to the stator 30 sets up eddies
which circul ate reactants fromnear the rotor 42 to near the stator 30 and
back agaj0825FhEhe neactop-2ddhealsoi be ulsed etot Slerilizee sabstahses @uzhr 881 Whies 8y

that a given nolecule in the material can pass. b he,wi ndow 60 nan
{ hous andReSoY, Bethofenn suh 2% MilsqS ohbacli i Make exSHiHances Gefontr

i nl et 14nurhén tdoRsamibtien. SZariolidi §pes lof thaiblion cBh e 488d 3¢ Qﬁfe%ﬂkit@ééty?*' r{heor m

exposur e of the reactants to the .M crowaves Sl nce t he reaqt a S W
exposed Rahegans upan exnapuiecAltemativelndhaiadiation sar begiseddp dedirestly destroy

I rradi aty ; ; 200

e Usols BaRbaels, EpF rnple, itk cickide birlofgd Vorlp B5iHED 23 g catalyst
subst andie svatet megdingatce bebsterilizest r dlffirandolptifidislgisnthepuradiated Vintousies arinular
bact eri af-g f . human consunpption. Various types
o 1 adi SPEIERAR hYugBIHS VRGP 6B The.1Bayinil HBoS ASRBL s Grons e o
Al t er naeixpesed td the ultsavialet ightowhich ean ddithe pathudjenect | y destroy the

pat hogens. For exanple, titaniumdioxide particles, can be suspended as a
cat al ys{0026) Wisereantords g viery heefsl éori sterdiiting even highly eipabuehinaiteridlb e for

“yradi ated i nt chanber 44 .thr OE%EE t he \évl ndow 60. The titani um

) t he anpul ar :

Y i oxi de SYRP[. Bk, o HELE JagiARE Gk Ot RERGUBIE VG e TP SRAGHR ITESETRS.
vv?i c_hI c Biowievet, it fise pmhl gmntic{wﬂmt?ﬁn]apiérmwt?ﬁpmhe&oioli 42%)@1%&&%%‘&:&&0;
steriili n en | opa mater| a , or exa e, m. . .I
radi at i éh %Eﬁ)é?ﬁ)tsnﬁ'gq’(%%/qﬂgﬁé%gpﬁ ?rﬁﬁ“&qrn‘"?"@’%?%qﬁ‘b Sﬁg‘?tpé'Pi eddjes ‘ﬂ%ﬁﬁgv@idlh’n
the pregsigfillateveadian@NfrbRENEAPING rofdrad2 & nehr heCstb®rF0 4rd bakbRidgsn t GTJIng

e

stator 30.a the shal | ow depth of the annul ar chanber 44 sets up I es

d
whi ch r%fﬁ?uéﬂf{l?" providasasiiaceatanemal andoassiers thal rastically sveny pathegem avil
stat or SikstHeARePS@Tate dithe wiﬁék?]v‘? 'Gb%iﬂélllzllé%"trwé@ % ;ﬁ%‘ E\r&@cﬁétiér‘?.”%' 1R

assures that practically every pathogen w _pass the i nner surface of
the w f@éobthe malrrial dafoughdhe s9astaeBigande adiusted nadjusting thestrepgth bé

Bt er i ahePUrAMAY HMReER 366 MieB14 aRdiReasliiep 520 SuwaFbURHTIMIWiNGHSH §8g h ©f
pathogen to spend more time near the window 60 to receive greater exposure to the
irradiation. An embodiment of the present invention having a length of 30 inches long
and a 3 inch diameter rolor 42 can have a flow rate of 1-2 gailons per minute. Of
course the flow rate is variable and the reactor 8 is scalable to various sizes and
proportions.  Also, rotating the rotor 42 and stator 30 more quickly can set up more
rapid eddies to circulate the pathogens past the window 60 more times. An
embodiment of the present invention using a three inch diameter rotor 42 can have a
typical rate of rotation of 3,000 rpm.

[0027] The smallest of the eddies should have a diameter at least as large as the
height of the processing chamber 44. In this way the molecules forming the reactants
are circulated very rapidly between the suﬁaces 46 and 48. This assures that
molecules near the surface 48 will be circulated to a position near the surface 46 and
the window 60 for exposure to the radiation entering through the window 60. This

surface renewal assures even and through exposure of the reactants to the radiation,
-10-




-t he punping between the inlet 14 and the outlet 52. Slower punping wll

T

al l ow each pathogen to spend nore tine near the window 60 to receive
greater exposure to the irradiation. An ermbodiment of the pfebeBfT 2004

i nvention having a length of 30 inches long and a 3 inch dianmeter rotor 42
can _have wohbpyyifate of 1-2 gallons per mnute- O courge, fds lf% wrate is
variable and the reactor 8 is scalable to various sizes and pfg rtions.

Al so, rotating the rotor 42 and stator 30 nore quickly can set up nore
rapid eddies to circul ate the pathogens past the wi ndow 60 nore tines. An
enbodi ment of the present invention using a three inch dianeter rotor 42
can haveevgn if {he eadiation earpnot panatiate very 131 #1100 the prodessing] chitimbemdlid st thef

br ocesoi E2ARAKEE oF Pfftefl PO RIEHER Bbir 5F e RRoiBielC PN ine SAdiEs Arsron o
ci r cul atrepidvasrd,thoamigh sixieg oethe tchetanis. f dhe heighi aﬂﬂ\efl;&'oggﬁiiﬁ% ?ﬁgﬁa[?é,i ﬁ}e?@t

nmol ecul es, near .the surface,.48 wilJ). be circuylated to. a

surface’ 'é‘ﬂ‘é%&a?et 50"5#'%8 *@d‘%f%&%@faf% Are IR IMIZRIC a8 UER PEPP@geddy

t hr ough sizee IMthieckesigROof 8 ipfocetYingahRmiRtevalerd i f

exposur e of t{;@ I?Héigct antspf%cthgbr_adi ation, e-lO 1%%@8%@%&'&’
PCT/ Uso Inanyseisthesngleculesy weuld anhatravel o nesr theepuiface 48 e the fcantemob thehe
processppstach PSS R alddd ' of

t he reagt ant s?ﬁgﬁ?e{ gﬁat@hée@%i esﬁggsure ﬁrcé%élé;béﬁggl?ﬁgﬁhé%‘n%ﬁ%ﬁ g?rthe
r eact anédeduate snepgarengwalhe processing chanber and relative rate of
rotation of the rotor 42 and stator 30 are optim zed to assure proper eddy

size. |10028% Hapgitantly; the ceqntor8psinnp chivklycandithoreughly wiessridly Therefops s,

a0 THRME, Ine Rt o deBEoREAfE and Bl 1hE@40in 4 .8 Filkle . Wiroce”

eﬂough example, Wﬁddﬂﬂ@rﬁaﬁanté&lamamw spe;]cfmcafbmlmflth?] (vﬂﬂ?&]v $qmgre|ta"ggg,l y,h
the re : r Qu ¢l ganed. erefore, unlike the
prior 25? é)ﬁ%gpgﬁl}sﬁ%fﬁm%ﬁ@aa %M@'k?’lﬁgnt h f‘fraefﬂoé'? otff"‘?sfgﬁglf‘e HEERP em
For  exgass|fmym dveinlet 14 fodhe eaticthn, substanses chngingPROMe VEHEGH BT-8re WhEhYH Ndow
60 is 1]y, .. .C ned. By running t react or 1th clean water for enough
tinme f %ﬁp{ﬁe IV\/ad"g?at ?%Sespﬁ'sesswf%cfﬁ%t ﬂﬂﬁ]%ﬁg@ulgﬁcgﬁﬁ%4gu@r|eegle§§, withinsfiveices
c|h i ngi rsgecbnd&ﬂé’hisi efdcienbleaning wbiiig 5 dtm\ﬁ%/t_helektr@ﬂ’iély RaREshddigofedd 4 g% Of
the anr}ggogr‘mcana Stelor 3%4ro?a(tg rg;a%\?g tc\;NI egc I cr;thelr.v Fn most cases, no contaminants will

even form on the window 60 or walls of the annular chamber 44 due to the hard sheer
forces pulling the materials through the reactor 8. The reactor 8 can operate eithér
eccentrically or concentrically, provided that the annular chamber 44 between the
stationary and rotating cylinders is less than the penetration depth of the
ele_ctrbmagnetic radiation being applied. Furthermore, the annular chamber 44 can be
narrow enough to prevent turbulent flow of the reactants,- in accorda‘nc_:e. with the
disclosure of U. 8. Patent 5,538,191 published on July 23, 1996.

[0029] U.S. Provisional Application No. 60/214,538 to Holl filed on June 27, 2000
describes the use of the reactor 8 for gas/liquid reaction. The reactor emulsifies the gas
into the liquid providing increased contact between the liquid and gas for more efficient
reactions. The gas is emulsified by making the annular chamber 44 narrow enough and
by rotating the rotor 42 fast enough reiative to the stator 30. It provides a much better
reaction than does sparging gasses through fiquids. U.S. Provisional Application No.
60/214,538 is incorporated by reference into the present disclosure. ’f‘he present

invention can be used to provide electromagnetic or longitudinal pressure energy to the
-11-




.seconds. This efficient cleaning ability is due to the extrenely hard sheer
forces as the rotor 42 and stator 30 rotate relative to each other. In
nost cases, no contaminants will even formon the wi ndow 60 orf WH T 00%

t he annul ar chanber 44 due to the hard sheer forces pulli ng the materials
t hrough t or 8. The reactor 8 can operate either , 1y or
concegtrl‘ggl ?y %prow ded that the annul ar (F:)hanber 44 bet vveen ?ulﬁgsa Y
stationary and rotating cylinders is less than the penetration depth of the
el ectromagnetic. radiation being applied. Furthernore, the annul ar chanber
44 can be narrow enough to prevent turbulent flow of the reactants, in

accor danemulsifichl gdeeto ehtsriceshe gasfliquid rBaciiad. eThe ZabAiGuitiiaptibh lc&heiﬁ’e QUsedul Y
23, 1996. 10029] U.S. Provisional li.cation No. 601214,538 to Hall filed

on June B7AN S¥IPNAHOBATPERSS. Oh& e feastion prespsssfor sxagple. jAdditionally,
react i ongolifilBesticRak VatAd ﬁb\wé@ béw b@aéddéd"foothbh&lrldlﬂ%%rﬁﬁé’ﬁ’hﬂ'tﬂgf rm a

i ncreased contact between the |iqui gas nore efrficient Treactions.

The gas gas/liauid/selid @!l“@?‘oﬁam ﬁgowtﬁe %rﬂﬁ:ﬁ”&wlﬂiﬁ@llﬁ)é@adwnnmw carouaj*aoab_d
by rot atérﬂi%nb@& bgact égé??ec{] Qé't‘?é}lcr &18h géﬁ{ﬁlﬁa? E}%}%uﬁé gﬁgr?;qu dl t Br gY' des

a nmuch bette es spargin asse S-

Provi si qaso ﬁpm d EftboBndit-of F‘?@Jl%]f{lléﬁﬁeﬂo%d B SR b b ERS A ©

t he present d|s osure I nvent i on-can e use
el ect r oribgyreeds ©f aotdtiongot thk mtbr pIQeﬁ noeloager gpiricilenhb avith e -cotre@p@n'&ir?g)m

renct | oforohEE e or s SR 3 thaad8yblatRROES chauBfter al itscein,

or an edkyerﬁsloﬁ&abmmferenﬁallq%orﬂmﬂhexmﬂn{ Enehdyis izarasd ihto tﬁ@bhdﬁ)be?uﬁi‘toas

)cat al yti owders, can be added to,the annul ar chanber 44 to forma
gas! 11 Bt TEFrEe PEPtAn PPcaryi Adiat GHShgR SHIGUIS i PERHAS NG fanc an
al so beouwmhararf 32y ahd heap Rixchghg ﬁ@étéﬂﬁlﬁgiﬁekh@e cguchOﬂwcbyQészuaWSérw €

The errbodl ment of Fi gure Is intended for an enzyne

Feact] o IPREbie LR PRIt bF TEBICHERJH SRR QRSraiNesondiiogs fastiber
coi nci dgidroBigaisnie Acgerriegnﬁasdy féearialewqiw@é aﬁréhge@aohaqhétséﬁ&h otneS©

that the radial processin er _gap 44 differs
ci r cunf a5t aag | the ppEen %“P‘?f?@r is Eﬁ@F‘BS}Y@I"‘#'&@P‘ét'EtP |ﬂm d:rpﬂ*g previding 44

Lo al dufifimlyaiPBrocRaRiid @R-MEBbos ﬁs%@tof%ﬂmgé%ﬁ&kw ith iy Syl ded

havi ng an outer casing 32 and heat exchange mater] nce such
pr oc es siibhlRs, Hf | Rorguaiforey gisiiiios. asdwih r%ﬂm@"ml GNZymeh eeactiony syktents.

opt i ”U”Tlﬂao%é&;dnvé‘ o%fiR%inat M BrddRiceli € vented. from the upper part of the processing
passage through a vent 56. The reactor according to Figure 3 is designed to operate
continuously and brovides a continuous and uniform CO2 removal along the upper
portion of the rotor which is constantly wetted with a film of broth of uniform mixedness
of all ingredients. Also shown is the port 58 and window 60 as described with reference
to Figure 2. The port and window are used to supply microwave or light radiation to
facilitate the enzyme reaction process.

[0031] U.S. Patent Application 09/802,037 to Holl filed on March 7, 2001 describes the
elimination of Taylor vortices by mesting the three requirements of: 1) smooth annular
. chamber surfaces, 2) thin annular chamber height and 3) rapid rotor rotation. The
elimination of Taylor vortices provides greatly improved mixing. U.S. Patent Application
09/802,037 is incorporated by reference into the present disclosure. The present
invention can be used to provide electromagnetic or longitudinal pressure energy to the
Taylor-vortices free material in the annular chamber to combine the reaction
enhancements of thorough mixing along with irradiation.
-12-




.m croorgani sns. A series of oxygen feed inlets 14 are arranged al ong the
l'ength of the stator and the oxygen fed therein is pronptly emulflé[::ﬁ&
into the broth, providing wuniformy dispersed, mcron-fine bubbles 0844
of being spar ged therein with nmsize bubbles of non-uniformdistribution,
as wth cgpyspidypnal enzyne reaction systenms. The carbo (}Bom de_that is
produced I's vented. fromthe upper part of the proceSS| through
a vent 56. The reactor according to Figure 3 is designed to operate
continuously and provides a continuous and uni form CO2 renoval al ong the
upper portion of the rotor which is constantly wetted with a filmof broth

of uni f oJ0OBA] XEhie essctor ®hnakts nhcﬁtﬂa’s&ffldp@iﬁlon%ré%e‘ébm insgrbﬂfer%géﬂ ﬁ‘?hﬁﬁj
an are

threfer nce to Fig 2

d .
Lot Cafpnt S5 1 9h aubliahed Sariuhy 2% 4686 wioh Indédes Rishard e, Slodlymn o
react i onnrggessy. [ §0%hed- 55384 s AP «!f-@;baiy)%i%% ?ntbotrg‘g' e 'nﬁd

on March 7, 2001 describes the "elim natl 'or vortices
t he thré@sﬁﬂ‘éﬁ}ﬁﬁ{enents of: 1) snooth annul ar chanber surfaces, 2) thin
annul ar chanber height and 3) rapid rotor rotation. The elimnation of

Tayl or \[8033]c éﬁwqoamﬂraw t@frtbatlm\gentlnpn&gedemnaﬂy rEgreatoB. pr&zﬁssrﬁnd\apbamon

09/ 802, to,th t  di The

or esont 1A% I dtBCEARIGL B b yE e BRST i Pl i v By oot o

pr essur eheminadyneans, hand Eajiequently thec beaftrofea dhehélal iptoddBim PR |is
ancerre%ts of .t horough m xing along wth

hanb th t
R Ao R S R S R

and i tscnmmmqfeaatwrteehm e%@ﬁ@&l&@ﬁhbmm&kn@ t ent
) 5, 538, 191|L%Lébl i shed fu QV 1996 which i ncl udesI Rlﬁ%%al%gb%rqﬁo&mosc@

i nvent of"¢ séeqﬁ‘é?’é‘ﬁf‘t%°5§§'°fb‘f“lgsa“q'1E@Fﬁwﬂatf@@ﬁwwr%’wbpm@ts, Rupplying
pr esent andwWiBHRAMRG - heb@%%bm%ﬁﬂ%%&%ﬁﬁgé@%n& @Nﬁehéﬁ%me RS %‘éép@a'%'sg £

rocess and, apparatus a reactor consi st vess

r eact or
to pr oo@‘g@eatesqqné@fﬁsoaﬁtwg FAGiaRis; @wd Broviding ot a¢atalysin seplenishiment or
frequenicgenéhitionearihesé @sﬁéﬁ“ﬁé Cthﬁén Hﬁﬁcgﬁééd?ﬂ Whétond ttrEns}%? " g4LaL, ons.

operating characteristics, under | yi ng~engi neer ng pri nci
const i tkipeliceeand bengh=seale Id6§)’=y mtrBél”sa desjgs apdanamfaciuye aﬁdffemtwetpltcﬂ plaeggct or

t echnol yj.ng_r.eactants
bnd o Oagﬁié %h?r@ﬁépfg&?lé BRULICHTBRAE TPlarb & 5084 UnRY, BRE iU e liSRS N
operates commercial p!ants

[0034] While the specification describes particular embodiments of the present
invention, those of ordinary skill can devise variations of the present invention without
departing from the inventive concept.

-13-



and wi t hdraw ng heat, accommopbdati ng phase changes and material transfers,
assuring efficient contacting anong reactants, and providing for catalyst
repl eni shnment or regeneration. These issues are taken into account when
one translates reaction kinetics and bench-scale data into-he(d§spgps and
manuf acture of effective pilot plants, and thereafter scale up such plants
to larger sized units, and ultimately designs and operates conmerci al

pl ants. [0034] Wiile the specification describes particul ar enbodi nents of

the present invention, those of ordinary skill can devise variations of
the present invention without departing fromthe inventive concept. 1 OCT
2004 Mrsl. A nmethod for processing nmaterials, conprising: passing

materials to be processed in a flow path through an annul ar processing
passage between two cl osely spaced snooth surfaces provided by respective

i nner and Oﬂﬁth%%tﬁgééés C,ﬂagﬁé]@’tcuﬁ-'pﬁg ers at | east one rotating

relative to the that the materials are essentially free of
Tayl or vor t passing matetiaisr toahe rpeagsethdn ratflow BRD throughea  WWEE| g passage
wth p I.N S&J SRSturficBs \Wrévided Bf one of the
t wo mh@g%ﬂgzgasﬁgﬁéﬁguﬁgsﬁg{?gpﬁﬂ%%ﬁﬁ&ﬁg?‘% 1, l\I/\/nerse},’z’rrl t he _e%er gy applied
t 0 t herespealive dnrienandagister; eylindricah yappawatyss membets ghigasbone refalingy of

m cro ' AheSE il fidd SFTadiof vettiédsasoni

| ongi ;A%Ea?'ﬁ%foet\a?%ﬁ%ﬁie%ﬁé&ﬂggt tg\é(ﬁgﬁ%!? fggﬁeé’:i Iarrlrﬁsﬂadf?éi‘:"'n clagli@mvl,I wherein the
cyl i ndandcal apparatus nmenbers rotate relative to one another about

respect  ve  ongi ikl Ao RIET, HB%iocksSng Akl wik blecashaemier So hat the

radi al spacing o WO sur S.1s constant circunferentrally thereof.
4. A rpeishiog thaeugh atileastiongwipdew of ane ofiibe By memdeBopar at us nenbers” are noved
so as to produce a linear velocity between their operative surfaces

relative to one another of at least 0.5 neter per seco A net hod as

d. 5.
cl ai m& i n Aclmgthed) asywplaimsdn inoslairgr 1.oMharely the, energy éEB'?Q'i to Fi%at ed with
cal al i Bhbdibe {1y SRGNUEArHagheRSéncgPoRthickiVe Giekuertypcher cal  and
a rea

bi oci ronS in the processin ssage.. ..
light, X-rays, gamma radiation gnd ultrasonlcqoﬁgai’tuamgl vibrations. ‘

3. A method as claimed in cfaim 1, wherein the cylindrical apparatus members
rotate relative to one ancther about respective longitudinal axes that are coaxial
with one another so that the radial spacing of the two surfaces is constant

circumferentially thereof.

4, A method as claimed in claim 1, wherein the apparatus members are moved
so as to produce a linear velocity between their operative surfaces relative to one

another of at least 0.5 meter per second.

5. A method as claimed in claim 1, wherein one or both of the surfaces is
coated with catalytic material that enhances at least one of chemical, biochemical

and biocidal reactions in the processing passage.

6. A method as claimed in claim 1, wherein the cylindrjcat apparatus members
rotate relative to one another about respective horizontally oriented parallel

longitudinal axes.
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6. A nethod as clainmed in claim1, wherein the cylindrical apparatus
menbers rotate relative to one another about respective horizontally
oriented parallel longitudinal axes. 14 -1 O CT 2004 7. A nethod as cl ai ned
in claiml, wherein the cylindrical apparatus nenbers rotat§-1e@g$i2ﬂﬁéto
one anot her about respective vertically oriented parallel |ongitudinal
axes. 8. A nmethod as clained in claim1, wherein the outer nenber remains
substantially stationary while the inner nmenber rotates to produce a |inear
velocity between their operative surfaces relative to one another. 9. A
method as clained in claim8, wherein the processing energy irradiating

the materi al PhERR S MeRAthaaglindicallgparitud membersne wi ndow in
t he vvaItTI O(\%Pﬁ@&@é?éf?nﬁ@enber- 10. A net h% as ai ned i.n cl ﬁi m 9, wherein

[ ] ed
t he pr oatatesirelgtivende ggne sanoﬁ‘leécﬁﬁ?%&@??tﬁ’eeH@'r“'ﬁ%"ypr%'ﬁﬂ@gdpﬁ? t | east one

mcro%%gitwa gnhnected to at least one port in the wall of the outer
menber ading to'the at |l east one window in the wall of the outer nenber.

11. A method as clained in claim10, wherein the frequency of the

el ect r gTRONgt ey BHCLOsdiried 3 BAF 3, WSt A8 AferChiemnb? reast hod as
claimed in clarme, wherein the processing energy is light irradiation
i nt r odsubsthnitialtyostatfionarwibilecthe jnnes eembey f?fa%‘éé@@“t‘%%@dﬁ‘e Eveleel¥: - one | aser

l'i ght i : .L]Q'E! b nd Bndthéd M 1, wherein the processing
ener gyg?blg’g%?géﬁggémﬂgéy a c?%gegéttﬁone lE'rg?lsducer. 14. A method as clained in
claim1l1, wherein the processing energy is- electromgnetic energy and the

hei ght , of t ¢ | rRRlidigget rati on
dep?h 9 trﬁ%ﬁ&*&?ﬁa%&ﬁ%ﬂ:ﬂ%,%&ﬁ%é ﬁrdc@ﬁng bhargy irRlidiag

ronmagnetic energy into the nmaterials to be —processed. 15
1 OCT thenhtdrinls entesstheyproaessingnassans threughiahlesst ongwipdow inthe Wallequency of

the i fthe outer member. '

10. A method as claimed in claim 9, wherein the processing energy is
electromagnetic energy produced by at least one microwave tube connected to at
Ieast'one port in the wall of the outer member leading to the at least one window in

the wall of the outer member.

11. A method as claimed in claim 10, wherein the frequency of the

electromagnetic energy is between 2.5 GHz and 50 GHz.

12. A method as claimed in claim 8, wherein the processing energy is light
irradiation introduced into the annular processing passage through at least one

laser light guide.

13. A method as claimed in claim 1, wherein the processing energy is produced

by at least one transducer.

14. A method as claimed in claim 1, wherein the processing energy is
electromagnetic energy and the height of the annular processing passage is less
than the penetration depth of the electromagnetic energy into the materials to be

processed.
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el ectromagnetic energy is between 2.5 Gz and 50 Giz and the

el ectromagnetic energy enters the processing passage through at |east one
wi ndow in the wall of the outer nenber; and further including: circulating
the molecules of the materials to be processed past the at |easq ?E?EZm%

wi ndow to provide substantially even exposure on a nol ecul ar | eve f e
materials to be processed. 16. A nethod as clained in claiml, wherein the
material to be processed is substantially opaque to the processing energy
and further conmprising the step of circulating the nmaterials to be
processed past the processing energy to provide surface renewal so that

nol eculgs Of hieghdmRlR" icRiifed Onbelajm ot s sbdreiny ethe ufrequemncy abl ythe evenl y

exposed to processing energy. 17 net | ' im 1, wherein:
t he maeleftramagnetic gaer] Y('f(:@%tg'éﬁ" &rﬁcﬁsﬁﬁ@"g%@g@@ﬁﬁb yﬁ%ﬁ#ﬁ?&*‘.ﬁgmhei ght of the
annul aén&gfﬁﬁt%&i A8 Pe&R8ME passayetthlough at asiore windowdy lthesall ©fl appar at us
menbers rdtate relative to _each other rapidly enough so that the gas is

enul si theauter memberand;fythed NAld8oduce a gas/1iquid enul sification, thereby
i ncreasi ng &;.laalaiiﬁg of R6ledlies 8Ntha Ghatbreiis\Retie plocegad pastitheiajleast and the
gas/liquid enulsifi [ IS I

Ifrcation is irradiated with th 0Gessi ner t hr ough
sai d aend windowdacpravide Srbsiantialy eVl SRR oMY W@%ﬂﬁ'ﬁ%@z ogqv'gact iggn ?

bet weeg, nglspg?ig%ggsgehgui d. 18. A nethod as clainmed in claim1, wherein:

the herght o annul ar processing passage is small enough, the
cylindrical apparatus nenbers rotate relative to each other rapidly enough

and thgs t W, GleBiSddl ¥s cRPRSERM S&RO1 hwhsreinatae materal tothet proesssedlis so that the
material's to processed are essential l%";feﬁ of said T Isqép\éprtices; and
nd,fugthe s

f ur t hesubstaotialyiopgave th eRTPFRFSIGENREYE L CYRP5INS: Wth the

P e e Bt Tt v Tavk obs UL Lo e Mot erial . 16
acilitate a reaction i e essentja - materi al .

1* comuomrenwalas i maass 37 Dristasls b PlhsBieelrt CARBIRAL ™, I

cyl i ndivbRiglexpiiia it procesinitpéiesgyoei ng nounted concentrical ly about a

17. A method as claimed in claim 1, wherein:

the materials to be processed include a gas and a liquid;

the height of the annular processing passage is small enough and the
cylindrical apparatus members rotate relative to each other rapidly enough so that -
the gas is emulsified into the liquid to produce a gasfliquid emuisification, thereby
increasing the interfacial contact between the gas and liquid; and

the gas/liquid emulsification is irradiated with the processing energy through
said at least one window of the two members to facilitate a reaction between the

gas and liquid.

18. A method as claimed in claim 1, wherein:
the height of the annular processing passage is small enough, the cylindrical
apbaratus members rotate relative to each other rapidly enough and the two closely
spaced smooth surfaces are smooth enough so that the materials to processed are
essentially free of said Taylor vortices; and further including _
irradiating the materials to be processed with the processing energy through
at least one window of the two members to facilitate a reaction in the essentially

Taylor vortices-free material.
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common axis for rotation relative to one another, and defining two closely
spaced snooth surfaces providing an annul ar processi ng passage
constituting a flow path for the material; and an energy soquq Qﬂg 20
appl yi ng processing energy to the processing passage through at |e Lt gﬁe
wi ndow in at | east one wall of the two nenbers. 20. An apparatus as clai ned
in claim19, wherein the energy applied to the processing passage is any
one of el ectronmagnetic energy of mcrowave frequency, |light, X-rays, gama
radi ati on and ul trasonic |ongitudinal vibrations. 21. An apparatus as
clainmed in claim19, wherein the cylindrical apparatus nenbers are nounted
to rotdfe r enapparetusdordmecesnipd MaterigheRIPSEGrect i ve | ongi t udi nal axes t hat

are coaxi al yu t4hing i%ﬁ@éé@‘fs Remb&athdifte noaflied! conbatiielly aboha two
surfaces is corsrant: ¢ cunterentially thereof. 22. An apparatus as clainmed
i n cl acom@n axisdoriatationaelatieatoangsanehifsenrd defning,WPcElosel 8RAE produce a

| i near _yel ocCi ' ' esndiifthiad la¥w psgthone anot her
of at P@gg@%ﬁhécéngéré‘g&ﬁ%tran?g@%lﬁﬁﬁo%#y@n%%égfat usI algé gl aiwn%d in claim19,
wher ei fortheamateriddpartd of the surfaces is coated with catalytic material that

enhances at L& I Qﬁé}g &) the protebiing batlageeact i ons in
t he process?*%@égém@%&%&%m%\&ﬁ%ggét S a 3(;cl a??ed i nﬁ%Fai m919, wherei n
t he cyihroughiat Bastxmeavindavsin atteaskone walk eftle g memberst o one anot her about
respective horizontally oriented parallel |ongitudinal axes. 25. An

apparatus as clainmed in claim19, wherein the cylindrical apﬁar at us
nenber20.r otArt epparhtwsiaseciaimedrio claimt 1 rwherein: thegneean arrlieddeitheal |y ori ent ed

Ol m goessfi ekl 6 o dérbnohelOBfordf of ARraRREIRAMEN: 0 o i |

remalns “substantially stationary while
t he i riight, Xaraph gammes ratiation andhultsasanic langituding} vibrabiers-ty  bet ween their
operative surfaces relative to one another. 27. An apparatus as clained in
cl ai m 26, wherein the processi né energy irradiating the materials in the
A

pr oces2d ng Arasppagetup asselaimed: Bugaim 8. whereipthe icylindieslaPRAFAIS |
members are mounted fo rotate relative to one another about respective
longitudinal axes that are coaxial with one another so that the radial spacing of the

two surfaces is constant circumferentially thereof.

22.  An apparatus as claimed in claim 19, wherein the apparatus members are
moved so as to produce a linear velocity between their operative surfaces relative
to one another of at least 0.5 meter per second.

23.  An apparatus as claimed in claim 19, wherein one or both of the surfaces is
coated with catalytic material that enhances at least one of chemical, biochemical

and biocidal reactions in the processing passage.

24.  An apparatus as claimed in claim 19, wherein the cylindrical apparatus
members rotate relative to one another about respective horizontally oriented

parallel longitudinal axes.

25.  An apparatus as claimed in claim 19, wherein the cylindrical apparatus
members rotate relative to one another about respective vertically oriented parallel

longitudinal axes.
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28. An apparatus as clainmed in claim19, wherein the processing energy is
el ectromagneti c energy produced by at | east one m crowave tube connected to
at least one port in the wall of the outer nenber |eading to tRke] (T gt
one window in the wall of the outer nmenber. 29. An apparatus &S clained in
claim 28, wherein the frequency of the electromagnetic energy is between
2.5 OHz and 50 GHz. 30. An apparatus as clained in claim26, wherein the
processing energy is light irradiation introduced into the annul ar
processi ng passage through at |east one |laser |ight guide. 31. An
apparatus as clainmed in claim19, further conprising at |east one
transdyger faprapgpaMucaglainial br dains $9,ngherainrthy ouke memberppmadisus as cl ai med

' laim 19, wherei he. [ ' I d
L. hesypeiaisal RtarsR WIS [iRaoa areinds fueles. S peoh R RN Dorc” ari on

dept h bR tiRlicspefiva Siitides reiaRedy ohdhdothdre materials to be processed.
33. An apparatus as claimed in claim32, wherein the frequency of the

el ectromagnetic energy is between 2.5 GHz and 50 GHz; wherein said at |east
one W BEOW ja§ dgpadids 48! Llaiffedt e clRIM €26, IViIein ther progbssity eherglpe

el ectromagneti c energy enters the procesmé\%% gg}%sa e; ano| n‘p%ecul es of the
mat er | Kragiatiog the paledals Jahe prasessingcPrassage-passes froygh s \valohBe 1 oct 2004
provi dgietipeimBet i al |y even exposure on a nolecular |evel of the materials

to be processed. 34. An apparatus as clainmed in claim33, wherein the
material to be processed is substantially opaque to the processing energy.

35. Ano@ppaifiaiSardfusCasdicaited th elaim Mol Ahediretied Procebeingrehengyass to be
processed include a gas and a liq ht, of theﬁ@ﬁﬂgl r processing

ui d; the_ hei
passagelesteomagaetic enesdiprogHeed by at '@9& ‘W&rm’(ﬁ@wagﬁ Jube, gonne rotate
rel at i pgctiope PaRIN Plefviill oFR Slitsr Membahiesding iithe dtheastae windewun si fi ed into
the liquid to produce a gas/liquid emulsification, thereby increasing the

P
i nt er ftae wall obthg ey MEBIREen the gas and |iquid; and

29. An apparatus as claimed in claim 28, wherein the frequency of the
electromagnetic energy is between 2.5 0Hz and 50 GHz.

30; An apparatus as claimed in claim 26, wherein the processing energy is light
irradiation introduced into the annular processing passage through at least one

laser light guide.

31. An apparatus as claimed in claim 19, further comprising at least one

transducer for producing the processing energy.

32.  An apparatus as claimed in claim 19, wherein the processing energy is
electromagnetic energy and the héight of the annular processing passage is less
than the penetration depth of the electromagnetic energy into the materials to be

processed.

33. An apparatus as claimed in claim 32, wherein the frequency of the
electromagnetic energy is between 2.5 GHz and 50 GHz; wherein said

at least one window is in the wall of the outer member through which the
electromagnetic energy enters the processing passage; and

molecules of the materials to be processed, pass the at least one window to
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the gas/liquid emulsification is irradiated with the processing energy
through said at | east one wi ndow of one of the two nenbers to facilitate a

reaction between the gas and liquid. 36. A nethod as cl ai ned Lm 'IQU ,
wherein: the height of the annular processing passage is small enghgp, @ﬁe
cylindrical apparatus nmenbers rotate relative to each other rapidly enough
and the two closely spaced snooth surfaces are snpboth enough so that the
materials to processed are essentially free of Taylor vortices; and the
materials to be processed are irradiated with the processing energy said

at | east one wi ndow of one of the two nenbers to facilitate a reaction in

the efﬁg\%é ﬁﬂ&arﬂ]ﬁ?{j} Qﬁenvgiﬁg%ﬁ%;?ﬁ eRolERUISF 19k} ofSthe MafdRA9 o fHr

el ectromagnef ¢ processin erial conprising: two cylindrical

appar atpnecessetber s nounted for rotation relative to one another, and
defining two closely spaced snooth surfaces providing an annul ar

processi ng passage constituting a flow path for essentially Tayl or

vor t ex-3#r ee Aniapparatust dscclaimedrin slajm 88dwbersiathe niaterial tgppée prasgssedect r omagnet i c

ﬁgﬁ%g?é&éﬁfg&%ﬂamto%raalﬂ tOHﬁé 8!%9@58%9 El‘l&?ﬁft one window in a wall of the two

35. Anapparatus as claimed in claim 19, wherein:

the materials to be processed include a gas and a fiquid;

the height of the annular processing passage is small enough and the
cylindrical apparatus members rotate relative to each other rapidly enough so that
the gas is emulsified into the liquid to produce a gas/liquid emulsification, thereby
increasing the interfacial contact between the gas and fiquid; and

the gasfliquid emulsification is irradiated with the processing energy through
said at least one window of one of the two members to facilitate a reaction between

the gas and liquid.

36. A method as claimed in claim 19, wherein:

the height of the annular processing passage is sméll enough, the cylindrical
apparatus members. rotate relative to each other rapidly enough and the two closely
spaced smooth surfaces are smooth enough so that the materials to processed are

essentially free of Taylor vortices; and
the materials to be processed are irradiated with the processing energy said
at least one window of one of the two members to facilitate a reaction in the

essentially Taylor vortices-free material.

37. A means for electromagnetic processing of material comprising:
two cylindrical apparatus members mounted for rotation relative to one

another, and defining two closely spaced smooth surfaces providing an annular
processing passage constituting a flow path for essentially Taylor vortex-free mixing

the material; and
a means for supplying electromagnetic energy to the material through at

least one window in a wall of the two members.
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