SYSTEM AND METHOD FOR PROVI DI NG M XED MODE ENERG ES DURI NG A CONTI NUQUS
CHEM CAL FLOW PROCESS Field of the Invention 5This invention relates to a
continuous flow chem cal process. Mre particularly, this invention relates
to simultaneously providing ultrasonic energy and a second type energy to a
continuous flow chem cal process to increase the efficiency of the process.
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In view of the above limitations with batch processing, those skilled in the art
are constantly striving to provide better forms of processing for chemical
transformations. One alternative type of processing is continuous flow processing.

20  However, continuous flow processing has heretofore not been widely adapted because
of drawbacks in continuous flow processing system. One drawback is that the
efficiency of the current continuous flow processing technology is not at an acceptable
level that makes such processes economically feasible. A second drawback is that
channels in a flow reactor may become easily clogged slowing the processing and

25  requiring additional monitoring.

Several articles have described ways to increase the efficiency of continuous
flow processes. Articles including “The Combined Use of Microwaves and Ultrasound:
Improved Tools in Process Chemistry and Organic Synthesis” from Chem. Eur.

30 Journal 2007 pages 1902-1909 by Cravotto et al. published in 2007; "Microwave
Reactions Under Continuous Flow Conditions” from Combinatorial Chemistry and High
Throughput Screening Volume 10, by Baxendale et al. published in 2007; and
"Palladium-catalyzed Amination Reactions in Flow: Overcoming the Challenges of
Clogging via Acoustic Irradiation” from Chemical Science Volume 2 by Buchwald et al.

35 published in 2011 discuss applications of various types of energies to flow processes

to improve the efficiency of the process.
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energy to the material that passes through the chamber.

35 Ultrasonic energy has also been used to reduce the clogging problem as
described in WO 2011/023236 titled “ Method For Preventing Plugging of a
Continuous-Reaction Channel-System and Micro-Reactor for Carrying Out the



Met hod", published in the name of Lonza AG on 3 March 2011. In this
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second type of energy to the process. A second advantage of a system and method in
accordance with this invention is that the system and method may be scaled for larger
26  scale production. A third advantage of a system and method in accordance with this
invention is that the system and method do not require a carrier medium for the
ultrasonic energy. A fourth advantage of a system and method in accordance with this
invention is that the system can offer reaction conirols that encourage more efficient
mixing; and mass and heat transfer.
30
In accordance with embodiments of the system of this invention, an ultrasonic
transducer is configured in the following manner. The transducer includes a housing
plate. A piezo-ceramic disk is affixed to the housing plate. A coupling secures the
housing plate in a position such that the housing is in direct contact with a flow reactor.
35  Circuitry applies current to the piezo-ceramic disk to cause the piezo-ceramic disk to
generate ultrasonic waves that are emitted through the housing plate towards the flow

reactor. In accordance with some of these embodiments, multiple piezo-ceramic disks



are affixed to the housing plate and the circuitry applies current to each
of the pzeizoceram c disks to generate ultrasonic waves that are emtted

t hrough the housing plate towards the flow reactor. In accordance with sone
of these enbodi nents, the ultrasonic waves are emtted in the absence of
carrying medium In accordance with 5 sone of these enbodi nents, the
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20 flow out of the flow reactor. In accordance with some of these embodiments, he
second energy is thermal energy. In accordance with some of these embodiments,
the second energy is microwave energy. In accordance with some of these

embodiments, the second energy is ultraviolet light.

25 In accordance with some embodiments of the method of this invention, the
simultaneous application of the ultrasonic energy and the second energy is performed
by transmitting ultrasonic waves from a first side of the flow reactor; and transmitting
the second energy from a second side of the flow reactor. In accordance with some of
these embodiments, the ultrasonic waves are transmitted from an ultrasonic

30 transducer that is in direct contact with the flow reactor. in accordance with some of
these embodiments, the step of simultaneously applying the ultrasonic energy and the

second energy is performed in the absence of a carrying medium.

Brief Description of the Drawings
35 The above and other features and advantages of systems and methods in
accordance with this invention are described in the following detailed description and

are shown in the following drawings:



Figure 1 illustrating a top view of an ultrasonic transducer in accordance
with an enbodi nent of systemof this invention; Figure 2
illustrating a cross sectional view of an ultrasonic transducer 5connected
to control circuitry in accordance of an enbodi nent of systemof this
invention; Figure 3 illustrating a schematic side view of a continuous
chem cal flow process systemin accordance with an enbodi nent of this

i nvention; and r strati.n w di agram of a nethod for
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Still more particularly, this invention relates to providing ultrasonic energy from an
ultrasonic transducer in direct contact with a first side of a flow reactor in the absence
of a carrying medium while providing a second type of energy from a second side of
the reactor.
20
Figure 1 illustrates a top view of an ultrasonic transducer in accordance with an
embodiment of system of this invention. Ultrasonic transducer 100 includes housing
plate 105. Housing plate 105 has top surface 110. Sidewalls 115 extend upwards
from a perimeter of top surface 110 at substantially a perpendicular angle to top
25  surface 110. In some embodiments, a second plate may be affixed to the top ends of
sidewalils 115 to form an enclosure. Preferably, top surface is made of glass, stainless
steel, hastealloy, aluminum, or other such materials in order for top surface to improve
the transmission of ultrasonic energy. Couplings 120 are affixed to sidewalls 115 or
any other surface of housing plate 105 to secure housing plate 105 in place. As
30  shown in figure 1, couplings 120 are wings extending out of the sides of sidewalls 115
and/or housing plate 105 that include openings for receiving screws, pins or the like to
connect housing plate 105 to another structure. However, different coupling structures

may be used without departing from this invention.

35 One or more piezo-ceramic disks 120-125 are affixed to top surface 110 of
housing plate 110. As shown, piezo-ceramic disks 120-125 are arranged substantially
evenly spaced apart in two rows and three columns. However, other configurations



30 shown in figure 1, couplings 120 are wi ngs extending out of the sides of
sidewal I s 115 and/or housing plate 105 that include openings for receiving
screws, pins or the like to connect housing plate 105 to another structure.
However, different coupling structures may be used w thout departing from

this invention. 350ne or nore piezo-ceram c disks 120-125 are affixed to
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shown2gs  @isstsRdlow Whie reddayetoamigurbl3ow react or may have any type of
configuration including, but not ?I mted to a helical shape without

departing fromthis invention. Flow reactor includes one or nore
Figure 3 illustrates the components of a continuous flow chemical process

system in accordance with this invention. One skilled in the art will recognize that
other components not required to operate in accordance with the present invention are
30 omitted. Continuous flow chemical process system 300 includes flow reactor 305.
Flow reactor is a tube, pipe, or other enclosed chamber through which a liquid flows.
One skilled in the art will note that flow reactor 305 is shown as a straight tube.
However, flow reactor may have any type of configuration including, but not limited to a
helical shape without departing from this invention. Flow reactor includes one or more
35  inputs 320, 321 for flowing chemical reagents into flow reactor 305. Preferably, one or

more of the reagents will be in liquid form to allow the reagents to flow through flow



35i nputs 320, 321 for flow ng chem cal reagents into flow reactor 305.
Preferably, one or nore of the reagents will be in liquid formto allowthe
reagents to flow through flow reactor 305. Flow reactor 305 al so includes
one or nore outputs 325 for allow ng a product of the reactions between
reagents to flow out of flow reactor 305. Utrasonic transducer 100 is

secured i RegtdOsyst | PBwWEaSBHBOS BES iddidsMorUsimare SuPBBIRE fbhallowdig heast a
portion of ultrasonic transducer 100 is in di r{gﬁt contact with one or nore

portions Gfosuchy the srachpnsepiweatsregpents &uiive optd Hewieasion % n direct
contract with flow reactor 305, the system does not require a carrier
medi um bet ween t he transducer and the fl ow reactor to carry t he
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positioned in such a manner that the emitted ultrasonic waves ar? plied
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pi ezoceram ¢ di sks 120-125." 15Second ener% emtter 315 is g{osi tlo ed
pr oxi mat e "RNERCERARE e BOK reasiupCcaHy QB ARRY P8 EMITRHIFSIUC 4BITS/ 1A 6%t he

reagents inibtédDM NARAFSRK0r3DE: FIREOMbrENGHRonRrilsalct HDOMR YN &k Isidens or

nore of m_crowave energy, thermal energy, and ultraviolet energy or any
ot her Pypdowfreasier 3 AL erogtons i wéwaweﬂ%éwﬁ? §"‘ét*ﬁdt \iggponthwaves
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to 250 deflP¥e@rasgnsiiqys reagtor,$0% ¥hep) cantreh ergitny <08 Anptiet cu | P'PER7i ol et
| ight is pegietakky1pmiasrange from approximately 190nmto 800nm As shown,
second energy emtter 315 is position on a second side of flow reactor 305
opposite the side where ultrasonic transducer 100 is |ocated. Thus, the

secondsener gy isecamPbh&dy it ABAL @obifated froxAats Abwtraadtbeddyto emit a
perpendi cular to the fl ow of mat Ebl al throu flow é??ﬁ%or 305. However,

g
second en&FERNIIHM YT L RRPY HE 1PF deREENh *%H%feﬁ%} SRR (HE Wi t t ed
ener gy magnfxeerapi iresly mitRakher nihgl & miidrbwaes RR6igyt ehdrhel fénewsyofandat er i al
wi t hout depar H?g% fromthis invention. SO%Q%e 4 illustrates. pro.gte@s 400
which is &3 NRSH O GRY Qb MPERl GOS W UG PWRYSBRYSY (5P lEYr dance
W th thistHaveabivares BroprISrad0Onbeghme bn appreRindsy B/45 IGHM. ngf teemaleagent s
into the flow reactor. In stelp 410, . uItras?nl C ene)rﬁ,g%ﬁ‘# 53 aﬁgig ;aﬂj to the
reagefts PROEKE PIERD, BdPBPerapre fSipir)9e AR RS Y3 e gy 99 %ppl i ed
from a tr @esiliscelf,ulfalidictasndrgpis emged, #Ouldasicket hgist ialpesferablyhiat a irsngen

direct contact with the 5 flow. reactqr. Furthernore, transduce 00 is
pr ef er abl Y°Bh aangg;adgyo}g Ae 4 }%QWWeag\lso?h% ?er?Qr‘ﬁl‘:T‘r\ﬁé%yoﬁf“gy%@ s '®ar e

appl i ed aposiiorangl £ debatd isslestbfdantaabl popasppesith td sidet whdrbeulfrhsanioof
material rgxgsocyu%gr t18 LI, llc?cvgterd?aﬁwgsr,'the second energy is applied at an angle that is
25  substantially perpendicular to the flow of material through flow reactor 305. However,
second energy emitter 315 may be placed in other positions and the emitted energy
may be applied at another angle with respect to the flow of material without departing

from this invention.

30 Figure 4 illustrates process 400 which is an embodiment of a continuous flow
chemical process in accordance with this invention. Process 400 begins in step 406
by flowing the reagents into the flow reactor. In step 410, ultrasonic energy is applied
to the reagents in the flow reactor. Preferably, the ultrasonic energy is applied from a
transducer, such as transducer 100 described above, that is in direct contact with the

35 flow reactor. Furthermore, transducer 100 is preferably on one side of the flow reactor
and the ultrasonic waves are applied at an angle that is substantially perpendicular to

the flow of material through the flow reactor.



Step 415 is perforned substantially sinultaneously to step 410. In step
415, a second type of energy is applied to the reagents in the flow
reactor. In accordance with various enbodi nents, the second type of energy
may be m crowave, thermal, or 5 ultraviolet energy. Preferably, the second
type of energy is applied froman emtter on a second side of the flow
reactor that is opposite fromthe uItrasonic transducer. In step 420, the
resul ting produygt i t of th reac 400 ends.
e ski et n SR 43p i firfermpbcubtaah ublatsarhdp s 4l eRpe Bormmd
during proeesst 408 df kakrgyrie applidd ﬁdtheaéagelms ﬁ]tte:ESroW Rabok. marabcabcﬂartcbe st eps
of the process in 10accor dan e W th EQIS i nventi ngye is a
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above escrl

nvi sion that t he art
dosi on ot FerSiRad e AR P8y SRRt Hand cpaierr 198" BIF LRPSTBREPERT- a8 set
forth in tshep §24, M(B/\lieﬂglhﬁ(j] arateict is Woakd bt dfltied Hew r¢eﬁ:tor and proceks 400 eaﬁ@ar at us
for applyl ras nic. er w r.eact or housi ng
pl ate; CP%Z%‘ ey '&ﬁfe arg . ﬁreg%qu’%?e@‘ [%tﬂgr SLAPHIEGYOF r%{ogpﬁd diring Prog®oupl i ng
for secur I4I®Q that dré](msttetg @4 atee stepsaaf@Orstt pam ofhpeestaps aif dhqustasy ipl ate is
in d|r ctéﬁgqia.c m& § rgwreaotor and circuitry for
appl yi SRTCE UL RIS W9B- cer ami ¢ di sk to cause said 10pi ezo- cerani ¢
disk to generate ultrasonic waves that are emtted through the
The above is a description of a method and system for providing ultrasonic and
at least one other type of energy to a continuous flow chemical process. From the
above description, it is envisioned that those skilled in the art will design other method

16 and systems that infringe on this invention as set forth in the following claims.



said housing plate towards said flow reactor. 2. The apparatus for
applying ultrasonic energy to said flow reactor of claim1 further
conprising: 15a plurality of piezo-ceram c disks including said
pi ezo-ceram c affixed to said housing plate wherein said circuitry for
applying said current applies said current to each of said plurality of
pzei zo-ceram ¢ disks to generate ultrasonic waves that are emtted through
the said Eﬁuslqg_pl te towards said flow reactor. 203. The apparatus of
claim1 fdYR& @@ﬁaﬁFsing: a horn having a first end affixed
to said piezo-ceram c disk and a second end affixed to said housing plate
to affix said piezo-ceram c disk to said housin tgég}e. 254. The appar at us
t'P &d A"

of claim1 wherei n AhPRPAIRIE JY GRPYINRHIERSOTICENE SPAET SHRRINYY: of

carryisg medi um a housing pflate; The apparatus of claim 1 wherein said

apparatus is on a first side of I_%asij&flow I E]act_or nd a second apparatus
for applying a secoAd&pperanicdiskaiyeddo saf Ho8¥r9 BR'S cactor is on a second

side of said flow raaupling for securify sdiblehoapiRg Aty sn of peditirwherstresaiin sai d
second type of enerqgélﬁl s selected fro roup of energies consisting of

> €l a
m crowave ener §9uSichelpieds Medigschgontad i a FaKearet a4di ati on. 35 7. A
met hod for generati BgcudtnPfod pplyinds bitterd (6 @Bk FlefSerbin@Ndigk A6 @aSseceaipr i si ng:

10 piezo-ceramic disk to generate ultrasonic waves that are emitted through the

said housing plate towards said flow reactor.

2. The apparatus for applying ultrasonic energy to said flow reactor of
claim 1 further comprising:
15 a plurality of piezo-ceramic disks including said piezo-ceramic affixed to
said housing plate wherein said circuitry for applying said current applies said
current to each of said plurality of pzeizo-ceramic disks to generate ultrasonic

waves that are emitted through the said housing plate towards said flow reactor.

20 3. The apparatus of claim 1 further comprising:
a horn having a first end affixed to said piezo-ceramic disk and a
second end affixed to said housing plate to affix said piezo-ceramic disk to said
housing plate.

25 4, The apparatus of claim 1 wherein said ultrasonic waves are emitted in

the absence of carrying medium.

5. The apparatus of claim 1 wherein said apparatus is on a first side of
said flow reactor and a second apparatus for applying a second type of energy to said

30 flow reactor is on a second side of said flow reactor.

6. The apparatus of claim 5 wherein said second type of energy is
selected from a group of energies consisting of microwave energy, thermal energy,
and ultraviolet radiation.

35
7. A method for generating a product using a continuous flow process

comprising:



flowwng a plurality of reagents into a flow reactor; si mul t aneously
applying a ultrasonic energy and a second energy to said plurality of
reagents in said flow reactor; and flowi ng a product generated from said
reagents out of said flow reactor. 8. The method of claim?7
wherein said second energy is thermal energy. 9. The nethod of

claim7 wherein sai ﬂo@&ﬁ%u@ﬂ@&ﬁ)’edgént@[ﬁb@%\Aﬂeéﬂéf gy.
The nethod of claim7 erein said second energy is ultraviolet

11. The method of cEEMYHEREQHTY éPWy@%lad“%rtaé?f“‘b@”gﬁgquaﬁéﬁﬁg'i‘ eaﬁﬁgb’si’ng sai d

ul trasoni c enersgi ARty af bagsQMs BN A6DYe nges: 15transmitting
ultrasonic waves froma first side of said flow reactor; and transmtting

said second ener gy flPwings Redvr gersraieddroms said reaaspis, s of gaid flow reactor. 15 The
met hodsof claim 7 wherein said step of sinultaneously applying said
ultrasoni c energy and said second ener conprises: 20transm ttin

ul trasoni ¢ wavés fr dRENENT AN wh %é‘cﬁf@g ecPRA ENErGY ishaimal eneW¥nt act
with said fl ow reactor. 13. The method of claim7 wherein said

ul trasonic energy S apﬁll ied in the absence of a carrying nmedi um
ethod of claim 7 wherein said second energy is microwave

energy.
10
10. The method of claim 7 wherein said second energy is ultraviolet light.
11. The method of claim 7 wherein said step of simultaneously applying
said ultrasonic energy and said second energy comprises:
15 transmitting ultrasonic waves from a first side of said flow reactor; and
transmitting said second energy from a second side of said flow reactor.
12. The method of claim 7 wherein said step of simultaneocusly applying
said ultrasonic energy and said second energy comprises:
20 transmitting ultrasonic waves from a ultrasonic transducer that is in

direct contact with said flow reactor.

13. The method of claim 7 wherein said ultrasonic energy is applied in the
absence of a carrying medium,

10



