FLOW TYPE LABORATORY QZONOLYSI S APPARATUS AND METHOD OF PERFORM NG
QZONCOLYSI S REACTI ON The present invention relates to a flowtype

| aboratory scal e ozonol ysis apparatus conprising a liquid reservoir,
a feed punp, a uniting element with two inlets and an out- 5 let, a
reactor unit and a pressure-adjusting neans, all connected into a
flow path, the ap paratus further conprising an ozone source and a
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an additive thereto. To accomplish ozonolysis reactions, addition of gaseous ozone in a
great amount is required. Due to the high explosion risk and reactivity of the intermediate
formed, the implementation of ozonolysis reactions on the industrial scale is, however,
possible only in that case if safety means of relatively high costs are applied and proper
25  safety measures are adhered to. Furthermore, the production of gaseous ozone in a neces-
sary amount requires the usage of a high performance ozonizer that also has large physi-

cal dimensions.
European Patent No. 1,039,294 A2 discloses an ozone hydroxyl radical analyzer
and a chemical assaying method accomplished by the analyzer. Said analyzer comprises
30  a reaction channel with an inlet and an outlet accommodating an ozonolysis reaction, a

feed pump for introducing a sample through the inlet into the reaction channel to be ana-



| yzed by neans of an ozonolysis reaction, an ozone generator feeding
an ozone contain- ing gas through the inlet into the reaction channel
and a control unit. The ozone genera- tor, by the nature thereof, is
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generated by 5 passing an oxygen containing gas through the

el ect r odelyzedby yieags ¢ gyhozpablysigeeaction ancozonea igenmitonfeedimgpneozbae conisin-

e RN LA Ty LA B T2 S
Publ i cat i @f tYahe A%relflel@dL irbuiliud D o EenA R {HRRA AbHRDIEQ onGIRANHRE volt-

spent water, to be used preferab in a car washer, having an ozone
gener at oragenistappliedmiken 19 opsraigd. Eheorens| gassemecdlin thepesaeticadisogenerated by

ci 1 oult chosnd 35, AP BpGR ber RS SRR ISP R B PR e

and col - Aeeiredf sinplefed Bty Ge reactidn hb@iE ePdublRad!tb Mhe BRREYWES thd HRlyzer
contam natjon content of the spent water and the ozone that results

in the puvhichamanpthabihe gaalyzerisa peeh-bpssgaleethin a reservoir of

| ar ge di mensi o ' [ n t '

the ozone 15 p?%%%%g%h?%m%ﬂ%g% @?t?%¥@§?§9é§|@32%%5%%%9g9?ﬁ§¥§géh &
wat er to dpest sgento hatisxd pacfdrabhein dar wesldrj Iuvingsdryozoab @hidratogir the farat
reacH&d ozpne rea th% Lhe wat.er surface froma volune of the
reservoi ro# fge B fl QPGHateE rOns ElEFtHERY- g&aﬁﬂﬁf%ust i Drapeyelly put into a
I'nt er nat i Qpghudish) éiﬁﬁia‘téﬁr’snug?'l ot 4 18 tl%]l WtcPRADuPHOB! O S a@dcol-
industrial scale apparatus for treating el ectronic conponents, suc
as e.g. ilnttedimesarveoiclheschamitd] re@fioarbetzemmathe ccohtaquinationudasitant of .the

Sai d t ' | f dat i d stori :
stock 11 PERt SAER I b Son HaF Frspis g GHRITRHORIIORRIG) 1 PeHREnfhpibin o
an exhausdeseriéif ofllafdeBmghdichs! SAeHiRZaARRIRA: witeCl el thtiatbdltyiibbigs MR D36he

and a back-gr essure regulator wunit for regulating pressure within
t he VI&ssdrodingd fin thecdertiobysis ¢elf suple it diecipssi wafento thh epens wtasersnd timeby

ozonat ed 1 d o] 1. t.hi Ves . neans of. buybbling,the
75 ozone GeHfrb RBIMRE W hde R GRS nind PR oftecs THh arRlin®
ef fi ci enaf thé rebéreoit beiagabo®the waed eifadeack infiwiih@d veatéd s t hrough the
exhaust the size of the ozone bubbles of the ozonated ljiquid is

decreased to aftempationglRhlicaonNgy WRQIA4013# disedasss pimpgihed argd ampdpstrial
per- for ) r e 0 . V.Si.S: .

Peact i on Tax<TPAAES fof RS clodhnlt Lo MRABRS Eh RREE 1 AAGE T e, yih
sol ulonsanarzensgtied hgnidizabstehcenSaid dppdratualcomprita aapgessl dbusesmatodating and

flowtype,ones. Furthernore, the known sol utions. can, pe neither used
ur i g RTHIES st BT B REisr oo TR i PHESES SO ilh Gt BliEh o exhaust

resear ch.for discharging the ozonated stock fluid from the vessel, and a back-pressure regulator

unit for regulating pressure within the vessel and for controlling opening/closing of the
exhaust. The ozonated fluid is produced within the vessel by means of bubbling the

25  ozone generated by the ozone source into the liquid. To enhance efficiency of the treat-
ment, before the liquid exits through the exhaust the size of the ozone bubbles of the
ozonated liquid is decreased to at most about 50 ym by means of installing a suitably per-
forated member. However, no heterogeneous phase ozonolysis reaction takes place
within the apparatus.

30 The above discussed solutions are either based on industrial scale apparatuses or
not flow-type ones. Furthermore, the known solutions can be neither used during the dis-

covery/compound finding phases of pharmaceutical research.



-3 International Publication Panphlet No. W?2005/107936, being the
cl osest prior art to the present invention, teaches a flowtype

| abor at ory-scal e apparatus and al so a process for carrying out
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constant volune rate, a collecting elenent with two inlets and an
outlet, a react otdnmations PublicagoroRdmphley Mo OGE2603/ 107934, béing &RRIRestptidti N
its inner s re-adj usting unit provided w.th an

el ectri cal %@ﬁ?ﬁ%mgn%péﬁe?%ﬁ%ge . éosv\zfn ?‘?"gyéﬁqﬁl?orﬁ%'sf’ag%@fpéfms galso a
appar at us alpsgess dongryiag Subhshiyeegen ractitme ef flaid-phede|saidpleq Thalapgiratus

transmttin strea nly . dnto.a single direction
and connect go %gs? %g%&?ﬁlg a%f;%%ir AT i lqtuﬁgp‘@g’c%nadconftﬁﬂltevt‘ﬁ“&e

t he col | ect iraty 2 kelletitg. elFhent reidic tvor inlgs ot medutd, a eapraeakiEng out
cartridge r : r .a . single reaction zone with.a packing
that incr eag?e‘ggékhgloﬁ I%g@v S?@@?éﬁ %’ch%s %eg PHACTT T PATEs” %ﬂlét"?ﬁ %ltrﬁgvd‘?elét he
| i qui d- phas &it§ asllestrigaldconhel ydseeusdhipdnggen dfelk ieattor. (The appaemet dlon
zone. The c@gfndeal y [ [ocess, | hat sai d

hydr ogenat i oanp'rrSeact ?%%&%fspgﬁ%r%ggr?g?&g qta\; éll‘ggra% nél%lélg\%\nh % EB(Jr’iogeﬁéasr TE8i on
zone in t heopy d¥egsuglsfdigefiongpg comested betaesnahe kydrepen sourceaangitheesecond
pressure rapus Mol h I e-adj [ mit.. Wthout a
ead for 1 artner tonoRag stk PrEIeFRR Bl e} fhopltl byt At
6,512, 131 BEorised efsesingde wantioh gensursithya plinm thatinoreasng e flowhesistanesmakior
and a processilkds ttSmb¥le\& B liqfd- banifie L QiR Bk, LGyLar
bet ween a fl u}ld Sphase rgg(gct arﬁ fF%g\f\% %ag |1njt§§l %@gﬁ@g%ﬁr&gg{{egﬁn%? %h.ee.
runni ng dowfFFetERdORs- dbhLem feriye ghtie dudrozephiéngenrowacisdimt séill dydmgenitno a
second di r eghiten ¥hine Qamflﬁqm&@%ﬁc% Withih B Haliih QJ@tnE %\A;#l%%rei(sésﬂcghof an

flowing up). To produce e gaseous phase reactant,
ozone- oxygefPPRPLEG _r‘:é’ﬁaIYSteEs@tiéﬁl REVeR PEBIGEAET BeioRncO by tiveprSisereadisstingpe
(based on cefipn@nélit s GBAIGShrthe ShtlVeibl fito MXXLRR are applied.
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oxygen are applied. Furthermore, pure oxygen is provided by further external sources.

U.S. Pat. No. 4,185,025 relates to a system of separate reactors wherein both of
the reactants, consisting on the one hand of an organic charge mixture to be ozonized (ie.
the fluid phase reactant) and on the other hand of ozonic gas (i.e. the gasecous phase
reactant), are fed in paralle]l flow through at least two counterflow-connected reactors.
Here, the gaseous phase reactant, that is the ozonic gas, is produced by an external ozone
generator, preferably by silent electrical discharge at high voltages using air as the

required oxygen source,



In view of the above it is apparent that there would be a great need
for devel opi ng an ozonol ysis apparatus that subjects tiny anmounts of
a chem cal substance to ozonolysis reaction in a controlled way and
by maintaining it in a continuous flow4+n |light of the above, the
obj ect of the present invention is to develop a flowtype 5
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Preferred embodiments of the apparatus according to the present invention are
defined by dependent claims 2 to 18.

25 In a further aspect of the present invention, the above objects are achieved by
providing a method of performing laboratory scale ozonolysis reaction of a given sub-
stance, comprising the steps of supplying a given amount of substance being solved to be
subjected to ozonolysis reaction by means of a feed pump into a flow path; feeding ozone
through a dispensing valve into the flow path in a section located after the substance sup-

30  plying position; leading solved substance through a reactor unit comprising first and sec-
ond reactor zones arranged in a section of the flow path located after the ozone feeding

position; supplying an additive needed for the completion of ozonolysis reaction into the



-5- flow path after the first reactor zone of the reactor unit;

mai ntai ning the pressure of the reaction in a given pressure range
by nmeans of a pressure adjusting neans arranged in the flow path
after the reactor unit; collecting thebpfoduct generated in the
second reactor zone of the reactor unit in a product receptacle
connected to the end of the flow path. 5 Preferred enbodi nents of the
met hod acBew detigaties the Erst Aeastnrizone af thesigewserf way mntamﬂm emssmeanf e

20 to 24. e be described in.detail
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20 Referring now to Figure 1, ozonolysis apparatus 100 schematically shown in Fig-
ure 1 comprises a liquid reservoir 104 equipped with a feed pump 102, uniting elements
120, 140, a reactor unit comprising a first reactor 130 with a reaction channel 135 and a
second reactor 150 with a reactor channel 155, a pressure-adjusting means 160, a product
receptacle 180, a control unit 190, a dispensing valve 112 and an ozone source 110. The
25  ozonolysis apparatus 100 further comprises a liquid reservoir 174 equipped with a feed
pump 172. The inlet of the feed pump 172 is in flow communication with the liquid res-
ervoir 104, while its outlet is connected to a first inlet of the uniting element 120 inserted
into a pipe 106. Through a pipe 114 and the dispensing valve 112 inserted into the pipe
114, the ozone source 110 is connected to a second inlet of the uniting element 120. The
30  outlet of the uniting element 120 is connected to the inlet of the reaction channel 135 of
the first reactor 130. The outlet of the reaction channel 135 of the first reactor 130 is con-

nected to a first inlet of the uniting element 140 inserted into a pipe 107. To a second in-



nected to a first inlet of the uniting elenent 140 inserted into a
pi pe 107. To a second in -6- let of the uniting el enent 140 the
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and continuously maintained by the pressure-adjusting means 160; the feed rate can be,
of course, arbitrarily varied.
The liquid reservoir 174 contains the additive, that is, the substance and/or a solu-
25  tion thereof (from now on, referred to as solution of additive in brief) needed for the de-
composition/stabilization of the intermediate produced in the ozonolysis reaction. If per-
forming a second reaction needed for decomposing/stabilizing the intermediate requires
the presence of a catalyst, the catalyst, in a suitable form, is mixed to the solution of addi-
tive, and hence it is also present within the liquid reservoir 174. Feeding the solution of
30  additive (optionally also containing the catalyst) into the flow path is performed by the
feed pump 172. The feed.pump 172 is preferably also provided by a HPLC pump that is

adapted for maintaining a continuous flow of the solution of additive with a constant



feed punp 172. The feed. punp 172 is preferably also provided by a
HPLC punp that is adapted for maintaining a continuous flow of the
solution of additive with a constant -7- flowrate. The feed rate
provi ded by the HPLC punp can be, of edurse, also arbitrarily

varied. The uniting elenments 120, 140 are preferably T-shaped
elements that are nmade of a plastic material with a chem cal

resi stivi lgwaatsi hBe feedgate revidedhe theHBLE sy can be, 0dcpurss, alen alyitrarily
and/ or chi,ﬁ_{eidnat ed polynmer, nore preferably pol ytetrafl uoroethyl ene
(PTFE). In @ possible further enbodinent, only the inner surfaces of

the fl ow chann®hsusiting bRmentst 1209 14@hepRefetbh2Dshdptd eheenRHet & nbe of
coated with the chemcally resistant plastic material. To facilitate
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outlet of .the uniti el ement 120. The uniting el enent, 140 bl ends the
i nt er medi 9E0SY? QZB:dE‘g)eerem Wl heeatsd, eith theciegycallygesisfant; asticapterivle

taking pard ridlitdeIRE GithsioRMhitQAbZoRolyfY réRHod %kﬂ%ﬁ%ﬂ%%ﬁﬁﬂﬁhéﬁép&%&%ﬁ
| I 20, 140 be, o
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ot her hand perforns the feeding of ozone. The dispensing valve 1
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e tar - as PitaiRi sl TR oL RN, IO el 1200 T
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25 view the reaction nned end, sheet (not sho in.the
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di amet er préfepdniially athdalof PHFEORANR RRGRIASHY Mk bn@bl (€190 Nt fahGs the effi-
el ement 120 to decrease the size of the dzone bubbles being m xed

i nt o A0he Benwy ¢l e shffugiom imitkd reactingl Hetwermihe sgapbosdutgonoansl the eyone is
extraordi &%Eéﬁ‘n@cﬁl%ﬁlé 9123 Io% alehc%?l%lc{- Qucilfacti:: Befhieln the reactants is of the greatest impor-
tance. Accordingly, the dispensing valve 112 is designed to dispense bubbles of the least
possible size, preferably with the size of about 10 yl, that is, microbubbles. If the size of
the ozone bubbles dispensed by the dispensing valve 112 is too large from the point of
25  view of the reaction planned, an end sheet (not shown in the drawing) preferably made of
PTFE with perforations of desired diameter is arranged at the ozone access inlet of the
uniting element 120 to decrease the size of the ozone bubbles being mixed into the sam-

ple solution.
As 1s well-known, gaseous ozone is of extraordinary hazard, its handling, in gen-
30  eral, requires the usage of special means and adherence to proper safety measures. Ac-
cordingly, in the present solution the ozone gas consumed in the ozonolysis reaction is

generated preferentially in-situ: the ozone is obtained preferably from water by means of



30 eral, requires the usage of special nmeans and adherence to proper
safety measures. Ac- cordingly, in the present solution the ozone gas
consuned in the ozonolysis reaction is generated preferentially
in-situ: the ozone is obtained preferaly fromwater by neans of -8-
el ectrolysis (i.e. by deconposition of water). Accordingly, in one of
its preferred em bodinents the ozone source 110 is forned as one or
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put into the bearing nmenber 11 to the bottom then a titani um powder

of medi uningimestbeyl hand prodpecst e bishpresewn co ki moulgingiof sitanawn granalate. Here
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di mensi onmoulding is referred to. The titanium granulate preferably comprises three different sizes
of titanium grains in a layered structure, in which the layers are arranged in the order of

the grain size in such a way that before moulding, a relatively coarse-grained titanium

25  powder (preferably comprising grains having a dimension of 600-1200 gm) is put into

the bearing member 11 to the bottom, then a titanium powder of medium sized grains

(preferably comprising grains having a dimension of 350-600 um) is applied thereon, and

finally, a fine-grained titanium powder (preferably comprising grains having a dimension

of 150-350 pm) is applied thereon. Hence, the titanium frit produced by moulding and

30  the cathode side electrode support 12 made therefrom will have a grain size gradient in

the direction of depth.



of 150-350 n) is applied thereon. Hence, the titaniumfrit produced
by noul ding and 30 the cathode side el ectrode support 12 nade
therefromw ||l have a grain size gradient in the direction of depth.
-9- The cat hode side bearing nmenber 1llg-s nmade of a special,
chemcally resistant plastic shaped to e.g. an annular nenber. It is
obvi ous, however, that the bearing mem ber 11 nmay be nmade of any
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having pri(saflgxg/fi Hllu¥ tﬁeydi'la?vq:e’}oelge gfacg oheaagutbstgétg wnim high mechanical strength and
chemical resistance against the highly corrosive gaseous mixture of oxygen and ozone so
that said oxides could tolerate high pressures arising in the cell 110” during operation
without being mechanically damaged.

25 For the electrode support 17 used to support the anode 16, noble metals (e.g.
platinum) with good electrical conductivity or the alloys and/or the mixture thereof are
used. The electrode support is formed as a suitably perforated platinum sheet provided
with through-holes having preferably a diameter of at least 0.8 mm.

The anode side bearing member 18 serves for removing the gaseous mixture of

30  oxygen and ozone generated at the anode 16 during operation of the 110° cell from the

anode 16. The bearing member 18 is additionally used to clamp the electrode support 17

to the anode 16 and the latter to the membrane 15 in order to provide a perfect electrical



The anode side bearing nmenber 18 serves for renoving the gaseous

m xture of 30 oxygen and ozone generated at the anode 16 during
operation of the 110" cell fromthe anode 16. The bearing nenber 18
is additionally used to clanp the el ectgoede support 17 to the anode
16 and the latter to the nmenbrane 15 in order to provide a perfect

el ectrical -10- contact, as well as a honpbgenous transition surface
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In order to produce the material of the anode 16, lead dioxide crushed into grains

of colloid size in an amount of e.g. about 1600 mg and PTFE in the form of fine clemen-

25  tary filaments in an amount of e.g. about 300 mg are strongly mixed together. After sev-

eral, preferably 10 minutes of mixing, the thus obtained mixture is poured into a frit

moulding tool prepared especially for this purpose and then pressed therein by applying a

pressure of at least 50 MPa, preferably 250 MPa, to shape a sheet with a thickness of

0.25 mm. During the moulding process, the PTFE filaments get tangled and fused, caus-

30  ing the lead dioxide grains to be joined at the same time. The resulted lead dioxide/PTFE

sheet has compact dimensions and a continuous surface, it can be easily formed me-



pressure of at |east 50 MPa, preferably 250 MPa, to shape a sheet
with a thickness of 0.25 nm During the noul di ng process, the PTFE
filaments get tangled and fused, caus 30 ing the | ead dioxide grains
to be joined at the sane tinme. The restited | ead dioxi de/ PTFE sheet
has conpact di nensions and a continuous surface, it can be easily
formed me -11- chanically, and in addition, it is resilient and
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el ectrode structure 10 to the bottomwall of the seat 240 wth
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with t hr dIgvedlange 2o ushes dhe plesiarderstruchige & sandhsdaoptompmall of e seat24th

ozone/ OXYGRINHHA ﬂlﬁgn%&é connector 265 and an anode 25 side
el ectrical connéctor”casing 235 in a sealed manner. The half cells
210, 2015 ar e nHuecatiofdeaidehiaalf cell 210 'rsqsbwsiﬂ@bv,ithghmughmofes mtaefeadnced in
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charging connector 262 and a cathode side electrical connector casing 230 in a sealed
manner. The anode side half cell 215 is provided with through-holes (not referenced in
the drawings) for receiving an ozone/oxygen gas discharging connector 265 and an anode

25  side electrical connector casing 235 in a sealed manner. The half cells 210, 215 are made
of a chemically resistant, gas-proof material, preferably some kind of plastic, and formed
preferably by injection moulding, machining or another shaping process.

There is at least one current conducting member 250 in the electric connector cas-
ing 230 arranged for providing electrical connection between the power supply and the

30 cathode 13 (see Figure 2B). The current conductive member 250 is in the form of a
member with the capability of reversible deformation along its longitudinal axis and

thereby the exertion of a compressing force; said member 250 is preferably formed as a



There is at | east one current conducting nenber 250 in the electric
connector cas- ing 230 arranged for providing electrical connection
bet ween the power supply and the 30 cathode 13 (see Figure 2B). The
current conductive nmenber 250 is in the2formof a nenber with the
capability of reversible deformation along its |ongitudinal axis and
thereby the exertion of a conpressing force; said nenber 250 is
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through-holes (not shown in the drawings) formed in the confining plate 225. Finally, in
order to hold the cell 110’ in one piece, to seal the electrode structure 10 constituting the
central part of the cell 110’ and to provide the required electrical and mechanical contacts
25  between the parts of the cell 110’ within the half cells 210, 215, through-bolts 285 are ar-
ranged in through-holes formed in the half cells 210, 215 and in the confining plates 220,

225 and said through-bolts 285 are fastened by screw nuts 290,

Regulation of the amount of ozone generated takes place by the magnitude of the
direct current used for the electrolysis. The pressure of the gaseous ozone generated is
30  preferably 1 to 50 bar, more preferably at most about 30 bar, before its feeding into the

uniting element 120. Provision of the ozone source 110 as one or more electrolysis cells

110’ makes the hazardous process of ozone handling highly safe. Further embodiments
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member having a reaction channel 155 provided with an inlet and an outlet. The chemical

reaction of the intermediate/ozone/oxygen mixture leaving the reactor 130 and the addi-

25  tive added thereto in the uniting element 140, i.e. the decomposition/stabilization reaction

of the intermediate, takes place in the reactor 150, or rather within the reaction channel

155 thereof. The second reactor 150 is equipped with a primary temperature adjusting

means 152 in heat transfer or heat exchange relation with the reaction channel 155. The
temperature adjusting means 132 performs setting of a desired temperature of the mixture

30  of the intermediate and the additive. A preferred embodiment of the temperature adjust-

ing means 152 is in the form of e.g. heating/cooling strands wound around a given sec-

tion of the reaction channel 155 or a cascaded-type Peltier unit in contact with a given



of the internediate, takes place in the reactor 150, or rather within
the reaction channel 155 thereof. The second reactor 150 is equi pped
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heat exchange relation with the react4don—channel 155. The
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Figures 3A and 3B illusirate a further possible embodiment of the first 130 and

second 150 reactors used in the ozonolysis apparatus 100 in the form of a microfluidic
reactor 130°. Satd microfluidic reactor 130’ is of a particular construction and can be
25  manufactured with low costs.

In the prior art, the term “microfluidic reactor” commonly refers to a scaled
channel provided with an inlet and an outlet and used to accomimodate a reaction mixture
flowing continuously or intermittently with short periods of temporary stops, wherein the
dimension of said channel perpendicular to the direction of flow of the reaction mixture

30  does not exceed 0.5 mm. The microfluidic reactor 130’ illustrated in Figure 3A com-
prises a reactor sheet 320 defined by a first face 320A and a second face 320B, a first

limiting member 310 in contact with the first face 320A of the reactor sheet 320, a clos-



25 manufactured with low costs. In the prior art, the term
"mcrofluidic reactor” commonly refers to a sealed channel provided
with an inlet and an outlet and used to accommbdate a reaction

m xture flowi ng continuously or intermjttently with short periods of
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I's pref err%ﬁelaglabieoﬁlrjaglger.a’fhea Qea%dt é/o%(raleétlorﬁgdf tiaret] 800 glptefjéedqgg moe];ns 357 is provided
by a gasket 358 arranged between the limiting member 360 and the coolant feeding
means 357 itself. The gasket 358 is preferably formed as an O-type ring. The other one of
the threaded through-holes 367, 369 formed in the limiting member 360 is adapted to re-

25  ceive a coolant discharging means 359 in a scaled and releasable manner, wherein said
coolant discharging means 359 opens from the clearance 355. The sealed connection of
the coolant discharging means 359 is provided by a gasket (not shown in the figures) ar-
ranged between the limiting member 360 and the coolant discharf;ing means 359 itself,
wherein the gasket is preferably formed as an O-type ring. ‘

30 The reactor sheet 320 is made of a chemically resistant, easily machinable heat-
resistant material. The material of the reactor sheet 320 is a chemically resistant plastic

material, preferably a fluorinated and/or chlorinated polymer, more preferably PTFE. The



t he threaded through-holes 367, 369 forned in the limting nenber 360
is adapted to re 25 ceive a cool ant discharging neans 359 in a seal ed
and rel easabl e manner, wherein said coolant discharging neans 359
opens fromthe clearance 355. The seal ®l-connection of the cool ant

di schargi ng neans 359 is provided by a gasket (not shown in the
figures) ar- ranged between the Iimting nenber 360 and the cool ant
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The react neI 25 is formed in the face 320B i n such a manner
t hat aft é::h ace to the channel volume.

The reaction channel 325 is formed in the face 320B in such a manner that after
properly clamping the reactor sheet 320, a machining tool with a rolling machining sur-
face — preferably a ball-type machining tool — is pressed onto the face 320B by applying

25  a compressive force chosen depending on the material and the plasticity of the reactor
sheet 320, wherein said rolling machining surface is guided, according to a program, in a
guiding (or controlling) device put onto the place of the limiting member 310. The value
of the applied compressive force is chosen to cause the ball of the machining tool to in-
trude into the body of the reactor sheet 320 to an extent of the entire desired depth of the

30  reaction channel 325 to be formed. The reaction channel 325 is then formed by continu-
ously advancing the ball-type machining tool along a predetermined path of the required

reaction channel 325 according to an appropriate adjustment of the control, wherein the



properly clanping the reactor sheet 320, a machining tool with a
rolling machining sur- face - preferably a ball-type nmachining tool -
is pressed onto the face 320B by applying 25 a conpressive force
chosen depending on the material and-tiwe-plasticity of the reactor
sheet 320, wherein said rolling machining surface is guided,
according to a program in a quiding (or controlling) device put
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After sealing the reaction channel 325, the reactor sheet 320 is provided with
through-holes in the full thickness of the reactor sheet 320 at the pass-throughs 390, 392,
25 394 in order to allow the communication between the connectors mounted into the limit-
ing member 310 and the pass-throughs 390, 392, 394.
It is preferred that the supporting member 340 is in the form of a square frame
made of aluminum.
The temperature control unit 350 accommodated within the supporting member
30 340 is arranged at an opposite surface of the closing member 330 relative to the reaction
channel 325, in a position where it is in contact with the closing member 330, as shown

in Figure 3A. A preferred embodiment of the temperature control unit 350 is preferably



PTFE filmw th a thickness of up to 20 m After sealing the reaction
channel 325, the reactor sheet 320 is provided with through-holes in
the full thickness of the reactor sheet 320 at the pass-throughs 390,
392, 25 394 in order to allow the cenmamicati on between the
connectors nounted into the limt- ing nmenber 310 and the
pass-throughs 390, 392, 394. It is preferred that the supporting
menber 34®rr'ngi B at ¢rscddedtypef Peltisquat écdmpaising agpderabfy of, l]mt peaferaflyetwo
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it is in contact with the closing nmenber 330, as shown in Fi gure 3A
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As it is obvious for one skilled in the art, a Peltier-elenent is a
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side are obtained. The cold side of a first Peltier- ment 351 o
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130" is i con act h, t he os- nme
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the first Peltier-element 351 of the tenperature control unit 350

used 18n tdeBtral @ﬁb?rﬁ Ouusaii ¢o peniral e temperatyrg of thegeanterck3Ohist formpd by an dnte-
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350° used TACC ST A tbi{Eo; SofFdliafer prihpbRENE it 38, Bl Rl
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e nts 3

310, Fhe reactHie ROUTIBEGITONG 14 dbr RCIREABRSH 555 Ghlaring Famber 350 and

supporti nge ﬁfnggiggnﬂér 340% gtﬁ@%{;ﬁ}ﬁ% c%gf% 1911t | &t die g-h&foﬂhmc reac-
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m crof luidic reac O tor toget by an

appr @pri ablelﬁﬂéated'mldlgldﬂdmhaed ®gethar oy aeapprapriate fastemng mechanism in order to
create and maintain a perfect seal between the reactor sheet 320 and the closing member
330. The fastening mechanism is preferably formed by through-bolts 370 inserted into
through-holes (not shown) formed in each one of said parts and crossing over the entire
thickness of the reactor 130°, and by nuts 372 screwed thereon.

25 In the microfluidic reactor 130’ applicable within the ozonolysis apparatus 100
according to the invention, the entire surface used to form the fluidic construction is 25
cm’, the channel has a length of 65 mm, the average diameter of the channel is 400 pm,
the depth of the channel is also 400 um, the number of inlets and outlets is three, a single
uniting element is used, the lowest reachable temperature within the channel is -50°C (at

30  athermal load of +5 W), the highest reachable temperature within the channel is 350°C,

the maximum operational pressure of the reactor is 30 bar, and the maximum rate of

change in temperature is 8°C/sec (within the range of 0 to 20°C).



create and maintain a perfect seal between the reactor sheet 320 and

the cl osing menber 330. The fastening nechanismis preferably forned
by through-bolts 370 inserted into through-holes (not shown) forned

in each one of said parts and crossirgi®ver the entire thickness of
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cont &ns tivieeAadetilt pagked eduinng ¢.g the replacerbteorapoidie iaantosst dikildded an [rderna-

rngggt ![ gn S;tﬁ%s]l éu%ilc%ﬁ%ﬁ%neﬂh&g@\ioIé?ggﬁ%élgﬂ%a%gﬁ bé Br%fqun %) yturs]t(ea £ I's no
The pressure adjusting means 160 is an electronically controlled, motor driven
precision pressure adjusting valve that is arranged at the end of the flow path and adjusts
the pressure needed for the ozonolysis reaction and maintains it at a constant value within
25  the flow path. The pressure adjusting valve, in consequence of its construction, is highly
sensitive and is capable of setting the value of the pressure in extremely tiny steps, i.e.
almost continuously. The operational range of the pressure adjusting means 160 ranges
from 1 bar to 100 bar, preferably from 10 bar to 30 bar. The pressure adjusting means
160 is actuated by the control unit 190 by means of appropriate trigger signals sent via
30  the electrical lead 197.



20 tive. As such packed colums, e.g. the replaceable cartridge
reactors disclosed in Interna- tional Publication Panphl et No.

W2006/ 021822 can be preferentially used. The pressure adjusting
means 160 is an electronically controet2®d, notor driven precision
pressure adjusting valve that is arranged at the end of the flow path

and adjusts the pressure needed for the ozonolysis reaction and
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reactor I3ftiane/idrthe tdaBoR I0WRY ténip@RRRE BbMfAE ualls 850.) 0 tHESMREr Partl 1R sec-
t he second reactor 150 via heat exchang- ers 186 and 187,

respect i vasidpry fegwperatuge gilmsong oiedns 1 3% iscindreatl Bansfefheanex chamgegigtatiog Aviths
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control uhé kentzdunit 00 bencahder appropriatt Mg SR Gignalkdany viacapeeativil dead
adj ust i ngwgeans 185 is in heat transfer/heat exchange relation with
its dvterd$&t environnment. The secondary tenperature adjusting neans

185 i's oper at eff ot foflBwEONicklorB fhe G SRR 100
trigger signals Sent v?g ’aﬂg e@eoclzit(?ii} cal g?%aérﬁ%migg.n V\ﬁg{a Eﬁ%ﬁellomés,
oper at i ondigfusdeden Hethibr at ory scal e ozonol ysis apparatus 100 is
di scussed in detail. After starting the o ol ysis apparatuys 100, as
a response to ‘ghgrl ﬁ?ﬁpgftﬁ%ﬁ??r}?éyﬁ%%?ﬁaf%\ls mé]tasl@fﬁsl’? g ip é‘eﬂg‘lﬂirﬁ?ni%?
comencesohRof @8 90) reSREPHENS Q0P bbRhehERTD KR thd SmPAD sélbod BSENMOLiE-
104 through the pipe 106 into the flow path at a previously set
const28nt ui¢ mservolr 104 through the pipe 106 into the flow path at a previously set constant flow
rate falling preferably between 0.1 ml/min and 10 ml/min, and tipically being 0.25
ml/min. Simultaneously, as a response to a first signal from the control unit 190, the dis-
pensing valve 112 opens, then as a response to a second signal following the first one
within a relatively short period of time it closes and then repeats this opening-closing op-
25  eration until it receives a different command from the control unit 190. As a consequence
of the opening-closing operation of the dispensing valve 112, doses of given amounts of
gaseous ozone are delivered one after the other from the ozone source 110 through the
pipe 114 into the flow path. To maintain feeding of ozone, the pressure of the gaseous
ozone flowing through the pipe 114 will be all the time higher than the pressure of the
30  sample solution flowing through the pipe 106. Simultaneously with the very first opening

of the dispensing valve 112, the pressure adjusting means 160 — as a response again to a

signal from the control unit 190 — closes to build up a pressure prescribed in the flow
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140. Sinultaneously wth this, as a response to the signal fromthe
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rate fro he Li.quid . reservair 1o the other.inlet of .t uni ti
el e. mentro10 Wt 8 pEREPSTy ebdidipt AP Pl e Rl Pabo
the i nt ertempératuée §8t ¥ $he tehipbratiie agjaktitld @Barefl 5addidri thesuperasTbd BLthe con-
uniting el enment 140, the m xture of the internedi )
trol unit 190. The mixture of the final product, ozone and oxygen leaving the outlet of the
reactor 150 enters the product receptacle 180 through the pressure adjusting means 160.
25 By means of suitable units, hazardous ozone is extracted from the mixture being dis-
charged into the product receptacle 180 and is either destructed by e.g. heating or via
catalytic processes or recirculated to the outlet of the ozone source 110. Meanwhile, the
oxygen content of the mixture simply escapes to the environment.
Besides the structural elements required for accomplishing the ozonolysis reac-

30  tion, the ozonolysis apparatus 100 according to the invention is also equipped with a dis-

play unit (not illustrated in the drawings) and with a keyboard for data input. Operation
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reactions taking place in the hetero- geneous ‘phase (gas/I1rquid) the
| engt2h ofrequirs thetagplicatinn a:é ﬁ@mgerp@raswlca’n thet feemstemperture hand inoneshof ithey
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ment. As exothermic reactions take place here, it is essential to divert the heat of reaction
rapidly and in a reliable manner which is facilitated to a great extent by the temperature
adjusting system used in the ozonolysis apparatus 100 according to the invention. Since

25  in case of an ozonolysis apparatus 100 according to the invention a well-defined period
of time elapses between the chemical reaction for producing the ozonide and the chemi-
cal reaction for decomposing it (as the mixture leaving the first reactor 130 should reach
the uniting element 140), the appearance of side reactions can be decreased to a great ex-

tent, i.e. the target compound can be produced at much higher yields.

30 EXAMPLE 1
A solution (1:1) of 5-metil-1-H-indol in methanol/dichloromethane with a con-

centration of 0.025 mol/l is fed into the reaction channel 135 of a first reactor 130 pro-
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Chemical Society (1953), pp. 3440-3443 or the Journal of the Chemical Society (1950),

pp. 612-618]. In case of a reaction accomplished under improved conditions, the yield

decreases in proportional to an increase in the degree of purity.

25 EXAMPLE 2
Our study of continuous flow ozonolysis with an ozonolysis apparatus 100 ac-
cording to the invention involves two major groups of compounds: aromatic hydrocar-
bons and indoles. The ozonolysis of these species via “classical” methods and the results
thereof are well-known. After the ozonolysis, a reductive workup is chosen to quench the
30  intermediates. For this, a reactor 150 filled with sodium borohydride proved to be the
best choice. The results obtained under the applied conditions show that neither the reac-

tion rate nor the level of selectivity of the ozonolysis performed by the ozonolysis appa-



The yield of reactions performed by conventional reactors is about 60
to 65% 20 which primarily cones fromthe difficultly controllable
reaction conditions and thus from the proportion of the side
products of the reaction [see for exar@fe the Journal of the

Chem cal Society (1953), pp. 3440-3443 or the Journal of the Chem cal
Society (1950), ©pp. . 612-618]. In case of a reaction acconplished
under i npa®sd@0cassendingotesthet inuentioal deperfiscore tosepsraturep K bisoranchigign is Gupm

i ncrease ] . A2 y . V. Qf 4o o

o ool P S5 ERBRaklot of AT h Ml BRIyl ggtion of
cordi ng t@odives isnHeRime At tHviehpesnirvPoME0er, P0OUPSind BITR UGS excess
aromatic hydrocar- bons and indol es. The ozonol ysis of these species

vi a "cl ast¢fzmpverihe pouns, thedxtans of eenyersion remai e gamae aedll tammewaiures ap-

After zth i Sp- Q. LV 8 i h 0 n h 0
ot or fea AEELTRIED) S ind S SREMBn bP uOE Bl el e b e
proved t aobsidérble sbasidagivriside reddftdnriaised Iplate Mithed A@clofthe €imé bRlcapPbgd
conditions show that neither the reac- tion rate nor the | evel of

sel ect i vittifpdees thabolohe Aapindysis Tsastion wiskin (e 9aea0kysis BPayaius 180 peeording to
rates 10Qnaggeigling to the invention depends on tenperature. This
conclusion I's sup- ported by the experinents carried out both for

stil bene i1 ot J St i . [ ts is thge sa t _the
Cerpogat uf B0t CpsblSpEhabfe i aing Dotk e ob BBy dimilc
ozone, the extent of gonveltPNFTLIERRCAMERIGOIRVD. 411 tenperat ures
ap 5 plied (Table 1).LThi £ Geagtar'Ghi | i | y QfOVERRY @han At vari ous
tenperatures indicates that mé® considerable s@8ondary ar side
reaction takes place with a rdfe of the sane olller of nag- nitude as
that of the ozonol ysijs reacti-@d within|the ozomol ysis apparatus 100
according to the inviention. fpable 1. Conversigps of 1ndole neasured
during ozonol ysi s r eaCli ons THgreof performed g0 at difif erent
tenperatures (c=0, 05T (reactor;— € conversion (9% ——=60 20 -40 60
-20 60 0 60 20 60 According to the literature of ozonolysis
reactions, to Aerdingdésilitedtse deor@mlysis reactions, to avoid undesired side reac-

v

tions, vast majority of such type of reactions should be performed at low temperatures. In
light of this, it was unexpected in our studies carried out by making use of the ozonolysis

15  apparatus according to the invention that the extent of conversion is independent of the
temperature within the reactor. This fortuitous finding clearly means that various ozo-
nolysis reactions can be performed preferably even at ambient temperature by means of
the ozonolysis apparatus according to the invention without a decrease in the extent of
conversion.

20 In particular, the ozonolysis of stilbene and tetraphenyl-ethylene within the ozo-
nolysis apparatus 100 according to the invention at ambient temperature results in benzy-
lalcohol and diphenyl carbinol, respectively, as main products. The extents of conversion

for said reactions are collected in Table 2.



tions, vast mpjority of such type of reactions should be perforned at
| ow tenperatures. In light of this, it was unexpected in our studies
carried out by nmaking use of the ozonolysis 15 apparatus according
to the invention that the extent of ceZfversion is independent of the
tenperature within the reactor. This fortuitous finding clearly neans
t hat various ozo- nolysis reactions can be perfornmed preferably even
at ambi ent tenperature by means of ifgeazonol ysis apparatus

according to_t he MYEIPPOREROUT ByETl P Fnl Ml (0 p BAE o)

conversion. 20 Im pat tv..lu :u, tHhetozono ysStS u tHroene—ana

t et raphenyl - et hy%r the—o76-Rolysi s apiaratus—100aedor di ng
to the invention tr '?thY}‘E%pr ature rpqul t ng n benzy- |al ¢ohol

and di phenyl carbinol, respectlvely, as nmain products. The extents of
conversion for said reactions are collected in Table 2. -25- Table 2

reactant / ol Vv, t I %HBE 9

t et raphenyl - eﬁﬁ{gﬁgﬁgﬁf%gﬂ?&c&ﬁﬁg@g& P %e a %@L&E&?lé% lﬁes%zzﬁbi)}@%%p?rg
experi nenus ap:roodaeg td &te firheeno rneotigs+ sospqranathet appamasey ﬁ:lrr;grfbﬁnitrlge)zo-
pr esent Jwxentlon - ntr ry to the apparatuses for performng oz

hol ysids rEALH RGN ?B%tqti\etpﬁ@r 267 asered AavRdays o

- has an jpxcgld s?é}tcogﬁﬁie& rﬁ@ﬁl@%ﬁné‘eﬂﬁérfcb%'fﬁgtexceﬁ%mt ﬁ@t-féﬁmﬂb@ﬂﬁﬁtﬂfthe
its excellent heat-renoval capability, the ozonolysis appar

accor di ngoaonolykie apnaxetrus iacrording $o dlssinvegiontbuy mmaltha)lfentwal ofjlemat gener-

ated within,the act o ur|n t he .reacti on at a en.in
Chce of " ot bilini 68 FesRlor Qi relziicaion AL h st b BroR vase g SolEraic 1By
heat, andactibgy fRYmiphnibd By PitbssivdCnerabh 8fheat GnliMBery # NEhibiBAwE bO&heat-
mxture and hence the start and course of undesired side reactions.

On  t'Re doapf teyeadtioaanixienand hense ther Sarhprd eavatsl of undesired widgaeactions. On
heat-re I

reacti o@ﬁg %Iﬁiaﬁi‘%afdﬁt? ehtgf E ggtie| oéﬁé?ﬁmr‘belgc Ijraggl(ré]%e{’/terre %‘oo%’l Ofssuﬁecgnt Iiaﬁldltya
sl ow heatdndchente 'l:ch&vclﬁ&&ﬁ:del eactionstwilicd wsing @ qrakditid@al fEatdr hﬁ@ﬁi&cb@lnﬁg’land
increase in the %ll me perl od needed for, the target reaction to take

pl ace, arfBen A Sloe SR QLG FRAgEPR HBxtpre ipgeqiitedoBisdeads do ppiacrggse in the

reaction -tir%%P rgaredrb‘%lé\éﬁe& for'thE 't ett YREHIPROGRE Pla¥e, SHA! ArREARE ¥Sirfiesirably

appar at us orm ng ozondlysi's
15  decreases the rate of reaction.




reaction of a given substance, the apparatus (100) conprising a
liquid reservoir (104), a feed punp (102) in the formof a liquid
punp generating a constant volune rate, a unit 5 ing elenment (120)
with two inlets and an outlet, a reactor unit and a
pressure-adjusting neans (160), all connected into a flow path, the
apparatus (100) further conprising anjgozone source (110) and a

di spensing valve (112) transmtting a gas streamonly in a sin- gle
direction and being installed bet wed&lAMSozone source (110) and one
of the inlets of the uniting element (120), wherein the
pressure-adj ustl.ny ﬂmaﬂype (ab6Byory scae Damgbfdisasbpaatui(ﬁon ;bmformmgtoaonalyﬂii
and is proyi an electricall o ed contro haracI ed
T that SRR e v uB B I BTN B E A oy BRET R KLt
as a sol ut fed pomp €10 the tfeth oia)hqlh&p@mprgexhqtai@ a @astahtionlandratd) @ unit-

reactor_unjt consi of first, and second reactor zon bei ng
differcht 48 fan%nﬁZ\tﬁ) Piith o dplets raé.%’ﬁﬁth@r%ﬁ&tqrém&flgtaﬁgeswr?samustmg

react or zopgads16®Nall BEHeEEd trfto v Biuﬁtth@fa %JF&@@FO@B‘%&I@@E& rish ﬁl
inthe flow path and a substance intake is ]i inserted into t

path bet we@one feurpedd PoandAotiensnsipgialihelrl ) ansmétting 8 ges srameenly 1 mleo;m-
i's provi de?le%ﬁeﬁﬁn%ﬁ%@m@?ﬁ'fa‘f@d @&%Eﬂﬂe%go ee'dn ah&’o@s’ofthe mlet?_lof

el ectrol ysts and wherein total 1 nner volune ne sured along t
fl ow pat h thetnéiog eﬂehm:nf. €l2@), prhepeing nlea)reﬁmd adhl@tmg)measdﬂ éO)aeljauamgedgfter
means idL60

50 ¢ at or
oyl s 8t R 3P m SV S 6 RIS BB Borteod APl im
zones of tthet meaqtudrresemotr (2048 cpmamsdeléamhepdwsamj dsya sdparatbe sibjecsdd
and sec- ond react 3. The | abora scal e ozonol ysi s
appar at us *(’15?)5’2%’ éllsdéarﬁ‘%“ %‘ﬁg‘%‘&&t“@h“?%&o?sﬂ?ts ?%ﬁﬁsy?‘}@esewr}dsrfaﬁt@
(130) is peevd d8fromt b tRtheR THR%RHWEeraid] thé biithe of@laN Brs{ 2e3ebr kéhehi@%bn-
transfer relation with the reactor (130), 25 4. The | aboratory scale

ozonol ysi snesfsddp dhauglet 9bte sggond| rgackar Zong Hihia Sowr pasteand & substeaee infke is
secondg eaftHed Q&é‘%ﬁe oy H’Mét%@h W Eé&ct@#&@?%é‘h}% 1r?tq§ H?&nle @%ﬁl’:‘@a@ﬁ)

(152) in heat transfer relation wth e réactor
| abor at or yisgeedidedosanaizyed susmepgenereting ¢2000 jn-gifu oy alnemozlysucdcr@ir\ahﬂr@n itkee d

0 that g subsl a0GE ALAKE sy 1R RO LAR L L ORFLSIEN o 140

wWth two in S ‘and "an ou e|n eou
react or (1laessure3adjmrimmmﬂ(1@)mmmmdmnﬁnI ets of the uniting

A DR T N T SN N N i R
reservzo I hatAig rdabtof £MRE 6L A€ rdabtok bt e PRIvided s phy¥i@lly QépatNefikéDidd R
el enent (14 d)reécft’lcl)’r(s)l(.l rd 1a5 second feed punp (172), wherein the second
3. The laboratory scale ozonolysis apparatus (100} of claim 2, characterized in
that the first reactor (130) is provided with a temperature adjusting means (132) in heat
transfer relation with the reactor (130),
25 4. The laboratory scale ozonolysis apparatus (100) of claim 2, characterized in
that the second reactor (150) is provided with a temperature adjusting means (152) in
heat transfer relation with the reactor (150).
5. The laboratory scale ozonolysis apparatus (100) of claim 2, characterized in
that the substance intake is formed as a uniting element (140} with two inlets and an out-
30  let, wherein the outlet of the first reactor (130) is connected to one of the inlets of the

uniting element (140), the inlet of the second reactor (150) is connected to the outlet of

the uniting element (140) and a second liquid reservoir (174) is connected to the other



liquid reservoir (174) contains at |east an additive needed for the
conpl etion of ozonoly- sis reaction. 6. The | aboratory scale

ozonol ysis apparatus (100) of claimb5, characterized in 5 that the
first reactor (130) is provided as a mcrofluidic reactor (130")
having an inlet, an outlet and a reaction channel (325) for
accommodat i ng chem cal reactions, thegqicroflu- idic reactor (130')
conprising a sealed reaction channel (325) prepared in the surface of

a react or nghebtheunitvg chpmeab(140¥ hrovish g segead §f@d|péalpt£§/7?a whessindbe spepser
330
(330) presg&fq %Eﬁmr%ﬁtﬁi ?géé?&%a% ar AiHRHELRG fmgkor\g\lﬁlt%ﬁgn Mo?oa%-e

tenperature control uni arranged 1n 10 contact a sur
of the clossngﬂmmnber (330) opposite to the reaction channel (325)

and being in hegtTﬁ[ rﬁﬁ'%{q}%@ sce%%%)r?o )}S\évsl 5 hg'f'alheb(gg Ctt‘c aim g'a rc]zmc %%r?

t hrough the cIOS|ng tory scdl yS|s

appar atais (ha0@} fiedt rekar (Tll3®) isqineidalt 43 ral rﬂﬁﬂ)ﬂufdlc tehabr (106 lhﬁmhg ﬁ@ inlet, an
el enent (120? is, formed Fgral e f th reacti on channel

15 (325). @itlehpnd 3 mhgefion F‘ aﬁ?@&?b 0B 265951 Enga traciiargohe gpicrefly m

6, charact gid regdod 30’y Bhprishe ats@aze@fea&ﬁtrne;haﬂiey@tzsmegﬁemﬁl thd fRact 8f a
provi ded by the tenperature control unit he | aboratory

scal e ozonGRSe] sheglfdaP)dyieeld M)nwdé%lﬁdrbsza caqagm@erm@) pressegd@nto
that the S%Qd)ﬂﬂf 286 MR Mredcd? Qhed: 337 Qt}ﬂlqecg‘nﬁe??t thmgﬁgafddﬂ egg)cegrga?@éd)fn

(130") wit same construction’as tha Irst

(130) . 10L0. cofitast W&b@rsaltfmeyof trealwingzomdiey §136) agrpaiteatodle A chinnel @M
2, characterjized in t he seco eact.or 150 ovided

packed col T i oot SRsrer ERRERAE ARk il eRaMhBtel it Mhutt,,
addi ti ve needbe (B20). t he conpletlon of ozononS|s reaction. 25 11. The

| abor at ory scal zonol ysi s par at.us of. aracterized
in that the ozbrEieoaRrraanseel )OZP%O%%%R 5108 St bl 6 ctgracerzed
asymret ri cthpi @s %Hftﬁg%h@t OR0eis forthdd 8 &1 a0 Inyepdber 6€tHe redckiBn chanhdl
The | aboratory scal e ozonol ysis apparatus (1I00) of claim11,

charact®ri@é®in that the ozone generating electrolysis cell (110")
conprises 30 - @ AAlbRd&. le gzofdly&d) faQLFSG()IO@)OWIélﬁl' %hﬁr&?{éﬁz%w fn

of lead(lV) oxide and pol ytetrafl uoroet ene; - rane
arranged bébeiibe temprsaturgtadoging mensahd2) ik @rca/m;vdd)y(thé)tqmmuwmntml unit

(350).
9. The laboratory scale ozonolysis apparatus (100) of claim 2, characterized in
20  that the second reactor (150) is provided as a microfluidic reactor (130°) with the same
construction as that of the first reactor (130).

10. The laboratory scale ozonolysis apparatus (100) of claim 2, characterized in
that the second reactor (150) is provided as a packed column with a reactive charge,
wherein the charge contains an additive needed for the completion of ozonolysis reaction.

25 11. The laboratory scale ozonolysis apparatus (100) of claim 1, characterized in
that the ozone source (110) is provided as at least one asymmetric pressure ozone gener-
ating electrolysis cell (110°).

12. The laboratory scale ozonolysis apparatus (100) of claim 11, characterized in
that the ozone generating electrolysis cell (110°) comprises

30 —acathode (13);
— an anode (16) comprising a mixture of lead(I'V) oxide and polytetrafluoroethylene;

—a membrane (15) arranged between the cathode (13) and the anode (16); and



- an electrically conducting, liquid and gas perneable first

el ectrode support (17) in con- tact with a side of the anode (16)

| ocated opposite to the nenbrane (15), said side of the electrode
support (17) having a surface covered with a platinum contai ni ng

| ayer, wherein the material of the anode (16) is a m xture prepared
by high-pressure noulding 5 of |ead(lMk_ oxide grains of colloid size
and pol ytetrafl uoroethylene filanents having a dinension of at npst
1 mm 13. The cleatvigaiit mnsiucsiaan lélua"kmdcﬁaysewealpipéirmeusmémrpm(16) ianiqmnl

characteri {jwfﬂli‘a sfdre]%?t é&ér g)elaczﬁé)cﬂp ??e to\ac}lécr%grtnf:rﬂifﬁ d¢ oa’ the

(190) mhlc I S connec FSpert: Ve
punp (102) elactcbde I“@ppasres(ﬂpr ha\ang lasi:urfage meeensd i 0) plhﬂimmgbomqﬁpmg lagtdd,

priate electric conne .l The |.abor at or C ozonol ysi
P opar ot os Pt b SRARES 5116) TR ROR SeeriLiy PehpReng pipuiding
t enper ag ur gf REJ(IS] bX18e sof(o%ﬂ&)i e atntJoi}ltét&Hu&%%S/!éﬁe filedtehts! BavE@Ns
nected with the central control unit 0) through an appropriate

el ect ri cal YEsAHRE P mosy Emmppe Iaboratory scale ozonol ysi s appar at us
(100) of clai M1 §RYapbdato Q@Jl@%zonéﬁrsfs _ktlr500§ BRL1afd ¢, Emﬁé’r%w\ﬁrf h

adj usting neans (152) of t e secon rea I'S con- necte
t he cent r athatip further campriseq 4 o@yrat ¢nntrglg¢nlia(ri 9@)p19hidprs| catn@cz@ldec thei dGgplensing

connecti on 6 I 100) _of
ol ai e 14 P qaEN e BREBRNEIISPEM fe BRRRR: JS)TpERBARE ) e b
seconddly prenpdeatical eoradptiski ng neans (185) which 1is in heat
exchange rel ati t he te erat yre adj usti ns (13 of the
Fr o Peac 20 t BF e Rypraiiu sEHE SHaobenaBPatts 6l PLarsIe HEbhs c(es9)
of the secpRgkd Ha®htOthe (térﬁ&}atur@rudjdsﬁng arRawea BBdofMht Hirkth@ad@NEIB® is con-
control unit (190Q) throuP an ap &rlate el ectrical connec- tion.

17. The | aBSteArotythe eentia w&rﬁblrryfs@% dpioHgtAnLAPPLopTige eéﬁctre,qahquct!on
characterized iy T4B3dboldisy 4ot bﬂzgloﬁ/]sﬁ rasg;rat&#fbh) bB cIRfRV4 cmagn

end sheet at the inlet thefeof t rch”ozone is e ‘into
t he fl B pétired igdhal thetdmperatuee drhinsting nwena‘ @6 3) ¢fahe sacondieeeten€ld0) seon-

si ze of thg.aaang AUBRL .o A0 9RNES L Sl LA PLSEALE

met hod of pertorm ng ozonol ysis r
sol vent, conpri K. de tdberasdry p@ala)cﬁzo(ml),rms apyakatis (@ 0@) dfickéms ddrand15, @barac-

substance ei ng. solv fo be subjectedq to ozonoly is.re-
Tnto a1 WP T M cORPEER st B B b e EDrpeh
const ant viglitAgat ekétage reB8on with the temperature adjusting means (132) of the first reac-
20 tor (130) and/or the temperature adjusting means (152) of the second reactor (150), and is
connected with the central control unit (190) through an appropriate electrical connec-
tion.
17. The laboratory scale ozonolysis apparatus (100) of claim 1, characterized in
that the uniting element (120) is provided with an end sheet at the inlet thereof through
25  which ozone is fed into the flow path, said end plate having perforations to decrease the
size of the ozone bubbles to be introduced.
18. A laboratory scale method of performing ozonolysis reaction of a substance
solved in a solvent, comprising the steps of
(i) supplying a given amount of substance being solved to be subjected to ozonolysis re-
30  action into a flow path by means of a feed pump (102) at a substantially constant volume

rate;



(ii) feeding ozone by a dispensing valve (112) into the flow path in
a section |located after the substance supplying position in the form
of m crobubbl es, said ozone being produced in-situ by electrolysis;
(iii) leading solved substance through a reactor unit conprising
first and second reactor 5 zones arranged in a section of the flow
path | ocated after the ozone feeding pasition; (iv) supplying an
additive needed for the conpletion of ozonolysis reaction into the

fl ow pat h(igffesding areng by s dispeagiag yrlve 6ild) wto thadoweathina seeijon;loqatey after
mai nt ai ni n : ' ' ' pr rer y
means of aﬁﬁﬁsg%%ﬁra@ﬁ%%%sftﬁg 1@32’%&?%61’65&%}1 fgﬂé{%sgg’ﬂﬁ)f’%’%t%hbéﬁﬁg|pwg% h
after the meswttyrelaetolysis10 (vi) collecting the product generated in

t he second..r.eact.or _zon f the reactor unit.in a..praduct.receptacle
(180) - conndif BEARE sCRErufhvebot SpiolBH b gtk (il Aining SEGRT r<iftef
vol une freasdiieeakraigod th Sathord dfake PV Bath ddcardiafted theélb@e Fdrding Pobketen;Of

the reactor, unit, . i s at . npst 5@ cnB8. 19. The | aboratory scal e nethod
of perf or nihgUBBHSIApiditive eedrd for Aheciampigiign(od ozopslysisgpdgtion into the flow
charact eri gaf afidr thd¥lst fcRRor0BANSET the reabiBPhdied into the flow path
intermttently. 20. The | aboratory scal e nmethod of perform ng

ozonol ysi s( apéttrinme dkcapgingf the reactian i a4 giyercprassuee rengeAydneans ehapreshe
t enper at ur : el h cribed
temper at ur o or Ipe PRI 66 PR AR ey AR Ber i Rpe R otor zone
of t hel@ e- (vactadlecting the pRAu@1gendrhed liaher &tordyresgad @neref ledreadtor unit in a

perform ng_ozonalysis r tion ordi ng t | ai m.20,. characterized
"n that a PEAR el (T egiestade sieeth afihn gy mith siheremdpiah ner
t he i nt er neslivat eepsuseider sayd fldwepdiatdbiignudity the voReheiof tHeheadtdrnmtt, is at
reactor zone i s carried out in the second reactor zone of the
reactor unfPSto98M The | aboratory scal e method of perform ng

ozonol ysi s reactg, orhe aoptsly RBalt thetidd FIRHIAAg ofdMBIVRGEIctidE Acdofdib Bt

the tenperature of the internediate produced in thé first reactor

zone ahl tHeim Esbraetarizeddn thehide gepnets popheiploiteaitlpwpathtinerntiftewlypat h

o2 A0S SRR A R R P AT st

react or zo¢laimol 8,tdheractesicechin thatithe temperature of the solved substance is changed to a
prescribed temperature of the reaction to be performed in the first reactor zone of the re-
actor unit.

20 21. The laboratory scale method of performing ozonolysis reaction according to
claim 20, characterized in that a reaction resulting in decomposition or stabilization of
the intermediate produced by the reaction performed in the first reactor zone is carried
out in the second reactor zone of the reactor unit.

22. The laboratory scale method of performing ozonolysis reaction according to

25  claim 21, characterized in that the temperature of the intermediate produced in the first
reactor zone and the temperature of the additive supplied into the flow path are changed

in the second reactor zone of the reactor unit to a prescribed temperature of the reaction

to be performed in the second reactor zone of the reactor unit.



