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FLOW TYPE LABORATORY QZONCLYSI S APPARATUSAND METHOD OF
PERFORM NG OZONOLYSI S REACTI ON The present invention

wo edoanes9to a flowtype | aboratory scal e 0zonoPgEHE2006/000125
apparatus conprising a liquid reservoir, a feed punp,
a uniting element with two inlets and an outlet, a
reactor unit and a pressure-adjusting neans, al
%QBQ@???gLAEBﬁkfbﬁJ6&5&5LJ§SX{?ﬁn%gygRNﬂRﬁﬁﬂ&ﬁVéﬂ?ﬂkronwnNG

risi'ng an ozone source an I'Spensi ng va

transmtting a gas stoamNOIMSISREATTIONSI Ngl e direction
and being installed between the ozone source and one
of the inlets of the uniting elenent. The invention

al soThep@bas itventoeldiacoef flgetfperiabogonzenel oagsnslysis apparatus
reaction _of a given substance. |n the chem ca

compRyiFgier 4/ liquid geseiom a feeslaneng, & usiting qlerpei ity twor igfesy and an out-
e, 8 A5OSR PRl SLOULE (NALORCHRBCOIBITISY I e
paatao finder edudpyisiag cnadzons cossk cind eOzlmpenisml wlvegatinniing a gas

ent chem cal .reactions that are rel ativel
SRR HbEH T BEHO A §oG1E A ieoT s G e and one of

the %ﬁl@%‘ HSthé uh R gtae%ém ale SR 836 rdifted RPa ih&hoh Of performing
I ndustry, agriculture and therapy, however, they ar
ozmndb'lslys reEDBdn bﬁa gives sulfstacé.on and sewage tr eat ment. The
ozon ctlons y _conpr.i,se of t eact
Chat 1 e bt GAGRARS 58 Ham g b T Pt raleGt € BRidation
of T618a8¥ By BRICAIbEN cBAGbIRR, (irP farGiOMRA M @fkeRds #ndSdrbRAHC compounds)
generation of heat, of the organic substance and the
acggwnanipd k@ Cﬁlhlélrsétséloﬂa@é@l%l’ sic@agiang |T?Prﬁgep? ¢heapigal reactions that
are ?88{1416?2 rar%f’}]/fa%})ﬁﬁ %‘%Ztrgg I&g %8%&'1‘(9 gn%edrli? Vﬂl? ?Z(SI’IE)?}’S?g feactlons are

ndi%ﬁ&ﬁ@ asiteifiel] effindisaly] ddricattiversnd dfierdpgye homm,nﬁaely ateewidely used
e so-call ed ozoni de) duced. in the, prinmary

B
fo é&&fp%wnta@éégwwa%@tw%p The PERROAYSISAGRRtONY asyally cepprise of two
realidds Qméﬂeﬁha&ﬁ?@ el¥isd %u{ SRCAAL MR otBAiThe 800tRErmic reaction, ac-

gaseous ozone In a great anount is required. Due to
ccmlx;mntudga‘y aaxtphxggeoeratmm it e, ofehﬂ: viganicysubstanch@nd the ozone mixed
nt at | qn of

{ t f
P PGBt S § RS, A NCI & FOn IR AERrps oW the pri-

mBESSied la%’uﬂﬁéryrehdﬂlohr( f&@i&%lllyfde‘é@ﬁnﬁésﬂh&ﬁ@tﬂﬁa&ﬁzatlon) of the inter-
relatively g costs are applied and proper safety
@

mediatsuithessoaradled @hrenide) nreduckdin Herprmary reastiop tadgs place yia adding
a%g%ogtzve H?xeretch é)haclggmpﬁshngfo%%ly%%eracEHEBy '}tﬁd{tﬁﬁ Lgf (%%geotug ®zone in a

or meance-ozoni zer 't

gred Afouphksbqial. Duemnhe aiph explosopeii aH&t@EtwllﬂOQf the intermediate
1, 039, 294 di scl oses an ozone, hydroxyl radj

fogmedythe Amplementation of CAMOAISIFAFP HHYE I%EB#E ssalfdy however,
pcg% bieh@rfli?' }?15% Else 1O e ygﬂé;j%y of Fel&tﬁgﬁf higRR0ds aﬁazﬁatp'h@&‘ and proper

anne anin an out accommodat i'ng an
saftg nodayatsare ediodréediv, Farthermore, 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
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-
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feed punp for introducing a sanple through the inlet
into the reaction channel to be anal yzed by neans of
wW@rooapmeet ysi s reacti on, an ozone generator ferdi/Ay2e6/000125
ozone contain ing gas throughthe inlet into the
reaction channel and a control unit. The ozone genera
tor, by the nature thereof, is built up of concentric
lyieldlkml mears efcinr adaslysio Iﬁeemhblﬁl hanhizghe gerdiatagRedisig ARRIZoAE contain-
when i s rated. The ozgne consuned in the reaction
ing ga@%ﬁﬁ@%%t ‘ga it igtoshe Aepcinn shangshandom cantrnl wgitg e ozone genera-
Vv
to, b ggegﬂatpﬁggaleﬁ@smgﬁaﬁ B2 64Nl Gllar B RYCs, of HiMPRigh volt-
ags ub JagphlcﬂUWlhen tihepastedy Tley ozdlm wmalhmédé in \tei nebctnmalssgenerated by
hat the anal s a_bat e anal yzer
PapHIRE Ay PRLAGRING 225 S80uaP B8 ST eROheir g gh vollage. A given
an@&aabﬁséfﬁplé FEd FhSAR 184S R AR Sl defedlf S eday by the analyzer
preferably in a car washer, having gn ozone generato
wiigh tricens thetthe Analyzes isschatel- y}@legnalgtdr oper ated on

cont PIGHCHY BFEORANE U, EER0 R i dhsel aR b MR B cleaning

spléﬂt\@a[teﬂ estb®Ouded pieiabliein sl da dakiaR tha d ﬁpéz%ﬁe lsBneRator in the form
reservoir. The chem cal reaction between the

of cnelaeiralytis 601 eperaied tonotleqtrieitys pEet anparagys eandbe heuablyame into a
ook tkdfarbd) skdify BHEld- SRR AN B £ d? RS LAY TRl and

coflpeed in@teservoir. Whe thedataldednyiohetildenghd b@ﬁ@ﬁﬁh@ﬁon content of the
produced jn the electrolysis cell sunk into the spent
Spveét%%tert 3 the oZpint amléFs inrihe PrEHcation o rvateruis perfgrmed within a
t [
rele i s ARG S PRI PRI B e ozone
prwhlced irs thefehadrobyaiskeel L rstuok iﬂhe thmipent W#ttat wrthatspanatater and then by
Publ ti No. / 40 di a net hod and an
cop S i iU PO o5 i B g WBIeb S s 8 volume
of SIRREROH Being UBbvAfe Rafbr shrfic@Waslk Bflo ﬂiefv%liéﬁ s, with an
ozonated | g]lc,ll d substance. Said apcgar atus conprises a
[

vesdaterfiagion MMmNngWé}{H/@U@ﬂ @lcsse:s,@cmﬁhw gidan gmdustrial

sedlf A o e o T B el ah St Bl i, wis

anfdzeﬁatécil HqidseBitancenshid apps Ktup ceMPHER ar@gstil a?bIOJccumhiodatmg and
for regulating pressure within the vessel and

st B¢ Hyldo P ATHG/SeRsS it fuik carpraupigpiqrsith fagelatter, an exhaust
fof g@gﬁ%@ﬂg fihd b%oﬂaﬁed%&%uﬂ‘lﬁg Arh Eﬁegyés?ﬁem 8 HaclYrdIRAD Segulator

ozone generate ozone source
unitnfoo rdgmhatingqnesﬂuremlt}ﬁn iz eessalf dnidcfoe nmytr(dﬁng bpemmga!eibsmg of the
uid exits thr exhaust_ t

xBRBL B Pt e Leet pritie B hse LBy AR gt lbBling the

ozgl?é:%&ﬁ%ﬁgd b 1Rt 04588 bo@boOHito Bk F@l@W@Eﬁﬁﬁc@Efﬁmency of the treat-
I ns ng a suitably per forated nmenb However’, no

mdngit lmfolgeuhe duguct)bvasethwgh ¢hy sxlgausteﬁmt suzmot‘ ticeazope dobbles of the
iLscussed so

ozt Batidfs GRRARAN %Y mhlGePROI D HHERS B ERlallde  fhitabty por-

forated member. However, no heterogeneous phase ozonolysis reaction takes place
within the apparatus.

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.
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not flowtype ones. Furthernore, the known sol utions
can be neither used during the dis covery/conpound
wo povdiompophases of pharmaceutical research. | n RCEWURGH06/000125
the above it is apparent thag-there would be a great
need for devel opi ng an ozonol ysis apparat us t hat
subjects tiny anmounts of a chem cal substance to
ozorahysi 6f theabbiof id dpparcaoibt thkleasbul@ e apeeableed for developing
mai ntaining it in a _continuous flow In |ight of the )
anzeneysis ppPasHPe tat sybledintipy F8eWs Phy ehamisal substarse to ozonolysis
I i: | e of
el L oG R PRI RGL KRl FERELAROGORAN T Sare
and Iadigheof thotabowe)tier objas ofdlel prasentvnivbntbonhis gb déveist 4 HBw-type
yield as a consequence of the anpunt of reactants
oZgRelnYs PPRABANE $2P3Pls RE 2err@mbishiag dhe ailmad; erenelypisireastigntin a safe
anf1 8 drfer n s Qb G WD Bleh Ralidin' fiela R0} BGlselence of the
the present 1 nvention is to provide an ozonol ysis
anapaof tesstapirabeing mmdvearhimaihe yozoesolydia ctastionl camitd e dleerein in a

W | used i the | abor at.or ractice due to the | ow .
coftTR TRl Tt oot of 4 et Sie R i e il ap @eonolysis
aphf@tuQ ZBMNEcHOM ¢Readld ninBrcRREt Aid Haide WRRIE ﬁéeﬂeit%bth@‘ laboratory

yet further object of the present invention is ‘
prtiov idde ta theafosv praputaskiring cogs ofdis yedjer eaapanenissthat is the ozone

Furt her. obj ects .of the present. invention.wl| be . .
soltfh aPElne et TiE nsbiPeh Phet 7 St B Pe teresdtipragpion s o
pré€id® b @hfeprblest Ier b70n61YkisGBactibhs. Fuethasvisiedts of tHehresent invention
Wiﬁ)lresent i nvention, the above g}{)ﬂhects are achieved by a

|W§§nq fioynibe @Qt?ileéldaq;@sqg(zrb . 9§q)1§tigrpwpgﬁ1ggt,o. the invention.
wher '&ﬁeta\g@?cft Bf ﬂaeﬁ#@%n{ ﬁqv@?tkdnq H{é:dabB%er £ afd AR N8d %g a flow-
e, the |1 t

const ant une r quid reservolr contains
typechbbratdng sealb sta@andysis apamtisoivhtiein the fiel iy sct léghid pump gen-
t he ozono is reaction.and the reactar unjt consists
#@%ﬁg

| ysi t
eIgiingsd FRSARh YORRGOHIF (RALAYF ToHENT BRATHES 8 ropdrianfubskmee, as a
sohfe, 1H 8k SuthiBREd tPthe MBS NrebbornCiHdl BE rttol BRIt Ebﬂiﬁsgs bLfirst and

actor zoné Is connect edto t h.e i nl et of t.he secon
seca@otatorzanes being Hdfd¢ndas prathhir furgtianswbereiarbeouthet akte first re-

|s inserted into the, fl ath between the..reactor
aclif 7088 S ookl B bE T e R R R o ¥ TRk Bl andt o s
stdndé MthiReisfihetteRahlo bt Fiotv Hdie bEwRekh eHe teAttbr Bétis, dnd the pressure-
provided with an electrically governed control.

adpsing meai 18 spoRfciRdinte the lowoathpdier thersadercBriandgs provided with

the ' 1 on are defined by dependent clains
anﬁ?ﬁ“%@?%%eﬂg%g%ﬁog'r aspect of the present invention,
t he mbfeved abrdineas of aohhygpsedubycaording do g presaet himntion are
| abor at scal e ozonol ysis reaction of

of performn ry
d@ﬁn@fb%ﬁq§ﬂ6mgﬁgweé?t%gﬁprising_the steps of supplying
a g'IYleepﬁg'{H%P %g%ée{ of lﬂﬁbsfsn%gé‘tﬁ iRRInAG,, SAL \48Hvd BbjR&s are achieved by
ed to f" a feed

subj ect onol ysis reaction by neans of a feed
prpvidingi anethadfdfowrfvamig fberdiong sado neonohystsutghctéon of a given sub-

sta?nbégggyz)lrlggx(g\é é %/tggsl %g{)lgﬁ@g gﬁ‘é" %ng)}inhg)f %ubss?a%tcie gerﬁng 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-
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
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position; |eading solved substance through a reactor

unit conprising first and sec ond reactor zones
wa@eoodogmwa7 i n a section of the flow path | ocat ePlCEHAURI06/000125

t he ozone feeding position;_gupplying an additive

needed for the conpletion of ozonolysis reaction into

the- Aflow path after the first reactor zone of the

flave pathcefted M firstBadioaizondof theecqi@amit; enahdtaihhigy the Pedsk@B of the
in a.given pressure range by neans of % pressure
f_l

r e%‘dioﬂé’@ P B4 CHPBGSSUS ?%‘?d—‘é’dn?%ls ©ha PFaSBHE B Big mgqnstaht@nged in the
0 I t ed
ﬂJSVg %ﬁ{h défFeggiclz% %)erafft(zblcr) r@ﬁ Hl??gzttlﬁg égc{: ?I%ldﬁét %%@Ieﬁé?i A the e&{h% reactor
zone of fifeaed otoramitrie @ tpecthvicor dcé;ﬁaa&m dormkcted & theend pﬁthla flow path.
Preferred e j ment f t had acc ording.to the
I eSS0 3%% Se h@é@ﬁ@ fe 16118 fAyeBtion e shecified by
de}gﬁdénp(\ﬂgﬁlﬁé WoW4l | now be described in detail with
ef erence to the acconpanyi ng draw ng, wherein -
Fi guTle ihvetionsvill moehendescibdsl incletadiveitly wheredcedn the accompanying
derr‘oodl gent of the |aboratory scale ozonolysis
TaWH% APES™ - Figure 2A shows a sectional view of a
PPERIO @h&RPS APk c BlodkiSZ AN S8R It of the laboratory scale
eIectronS|s cell used within the ozonolysis apparatus
a@@@nﬁh’sﬁfgamérat%e invention; - Figure 2B illustrates
cal t .
- SSIBRESACHbbY S PRRPEARGE PLEHE! Ui Bofbobhst g 8RRg ugperacin
skegolgsis e€ll uedatithin ew @bnelysie sppdpdtes abalingmrthe difveation;
m crofluidic reactor to eprfer ntlaIIyu dvvithin .
— t Regws drolllpsiraies prhamatical ya@e FH9GE SBUEHEE P n%oaﬁ .generating
a |lystrates a sectional view al ong t he
I :E%é:fr%?ggg Ha(t)]ﬁﬁgtrlrllleczrjbg}I uidic reactor shown in Figure
— 3KigureB Arshowga Ieannai Hegwif e pbssildlz embbgisient appariabilsidic reactor
100schmatL aII wn i n Fi urelco rises . .
b GreraeRB v A R i reatatE Rpdeefae ks e Togie invention
uhdi ng el enments 120, 140, a reactor unit conprising a
first reactor 130 with a reaction channel 135 and a
- s&@gm@l 3BgHusttes i5oiipndl view aloag die iteaAnd|of lasmigrofluidic reactor
ssure a%*uiglng means 160, a product receptacle
unit 190, a dispensing valve 112 and an
0 Z 0 leef‘éﬁﬁngfb“ﬂtb(ﬁ guied, oZ@dysyssippadppalatsuiserddizafiy Elﬁdﬁﬁ’f in Fig-

conprises a_liquid reserv0| rr 174 equipped with a fe
ursdr@m@es THeuidipwervesr 19heauiensd "b‘ﬁh%feﬁzpu@ 102 fntine “lements

TR SBHbPRLA R 3 0§l Pt 155
sedtid feagioe] Hneith a 1@@tdrchamteb dSS, a pressure-adjusting means 160, a product
receptacle 180, a control unit 190, a dispensing valve 112 and an ozone source 110. The
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
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-
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into a pipe 106. Through a pipe 114 and the di spensing
valve 112 inserted into the pipe 114, the ozone source

wa i@7io%20e6onnected to a second inlet of the uni PCTHU2006/000125
el ement 120. The outlet of the uniting el ement 120 is
connected to the inlet of the reaction channel 135 of
the first reactor 130. The outlet of the reaction

let bAfHREINi 8D cRmehh 4 iHeJutleeaE iR fedBPuhp 1921s e@lﬁte@tédt Sptionally
afirst inlet of the uniting el ement 140 inserted into

thgpughrrepipe 476 TEhainded i ribe fagdarunar 1This iorflaw aemeluaisatien with the

h e : | .
ll%tl}c? réSeR/O %t4h ?lé‘g I)l],]tieg%tr‘) {h%ggﬂtg\%r@ﬁrééél 1nﬁe%: 9&'@8&%& 91 thg dnlet of the
repetitm c.haﬁnela 56 Rf tHeaac@BRLIGICEN). The Birtldl of hke f@aqmrﬂbhannel 155 of
reservoir 174, The outl et of the unltlngﬁelenent

the secaydrisrateidl Y0P nep: it fhet praduqt receptaglet 88 ihiongh ﬁ@ppelw and the
h o) e5C
T R R S S
smcmﬁ‘x&dcﬂiemﬁmm amdheoth&Q thehpoamphysés @mmtﬂ@ﬁommmlltbhq:ossessed of a
ns 160 |ns ted.in

COpSRUOYLY ﬁfﬂ’ St PRB RREPE rﬁ@n’e %lalf&. %q?dgé‘il EH‘E‘Ht 102 to the

mié?o?ﬁfcﬁor@&&ﬁeceﬁtﬁﬁe 9g@no |ysis apparatus 100 will be
possessed of a continuously connected fl ow path

r unniFhug)ugh deads A81,0092) €95,d197: the rregrampabls codirol wnit A0 is in elec-

et of.the.pr ct, rece e .180.. Thr a
g Enpgions el o e BT P TS aRTs e g e 2 R et 172
andsthé Pre@&186-alijuksiiad mé&ﬁﬂ@@tﬂ@%&u’%l&h the feed punp 102,
t he di spensing val ve 112, the feed punp 172 and the

pr es$he Haquidjressevoirgl (espntainsgbe sulssameetandéor yis sqieon (feqim gow on,
refe e%rtxoa's S 1%18&3 &)ﬂﬂ]toﬁ' 1H%r1te§etosolébs§|¥3$@fé8 'to %%/ ?ﬂolﬂésﬁf reactlon If per-
so utron ?

om now on ferre O as sanpl e
fokriryy meb)zoﬁdbydmresthn&eqLeﬁbsttbe presaco 6k ysiakyst, ﬁ&odaltadyst in a suit-

I f performng nol ysi s ction.requires t _
ably égrghé%m&e%awdg § $irglE S0 H@mc@ﬁi jepeg It 1§ plsQ PEesert “alﬁv% the liquid
| h I
regef}g%‘i‘r pl r()gsglrz]éiﬁ\?\% bPHe ﬁngﬁé"’%l%u&? (S5t ARy %ﬁg J&ﬁ&?xﬁné tthég Satalyst)

thin th Iquid reservolr .
inaf thetfove patplie perdérutetddry the eddameny Y023 fcmplmlm |lﬁ@ i preferably

caIa st) o the fl.ow path.is rformed the fee

e P TS Bt dhap R Yor SR EF e SPrFaURalay By the sam-
pla sbfakibn Wiﬂma ddhdlant SowReaet LctudlBy, (HERIPL.EIpakdds 8 precision pump that
contl nuous flow of the sanpie solution with a constant

offerasos with@. congtaniaiepd rate, et aPlairpdng tha preseice of Sicopregurrpcreated
t hc%tntlglggds 3§ S&%hn\%ﬁéh gﬂggﬂ{%iﬁﬁgm HEms ﬁ%b t?§ éeed rgte can be,

eS|r presenc sure creéa

oﬂ‘d@ﬂfs‘eﬂ&tﬁuﬁlrﬂ/yvaieﬂt ai ned by the pr essure adj usting
means 160; the feed rate can be, &@ursg,
ar bi ThapAvid res&rvoew?m@talname&dﬁgg@r 15, e subgpcsiang/or a so-

f E}? tl?qudf{df % ndl3h, %e?erréc?er : e%ﬁ’ﬁtﬁﬁc@f %ﬁ{\férln%r§ e for the

rom now on to as solution o
deaddlpba;men/suabibuzamfn) ofhthedettrfediatehgroduced in the ozonolysis reaction. If

pegm&s}e#%%%%%%qzeaﬁ gcr)]rr gg@wpgﬁ{ng/{sfa%ﬂﬁ%ga%h% intermediate re-
quires the presence of a catalyst, the catalyst, in a suitable form, is mixed to the solution
of additive, and hence it is also present within the liquid reservoir 174. Feeding the solu-
tion of 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 con-
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performng a second reaction needed for
deconposing/stabilizing the internediate re quires the
w@e@senmne’ of a catal yst, the catal yst, in a suPCHEHIU006/000125
form is mxed to the solutign of additive, and hence
it is also present within the liquid reservoir 174.
Feeding the solution of additive (optionally also
staarlew natBgThd feed abtalpystided tit thetHRLE IpawipR@kibe] 8f course, also arbi-
perfor nmed by the feed punp 172. The feed punp 172 is
trgilgrvariedl y al so provided by a HPLC punp that is

22?E§'ﬁ% HBI ing ¢ glﬂah Vgo” 94 aﬁ%‘?éfﬁ%ﬁﬂﬁ-s%&ﬁ'e efél%egl%eﬂilﬁt are made of

a bretc ke iab fdih edehienhyaltrhﬁstHﬁ’dy@gatmmdaamebﬁon@fpreﬁwb‘li}ea fluori-
also arbi_trarily varied. The uniting el ene

nafochangyar gl en@%t%wlymeé Ha?fédvr%fie@méhp@yﬁeﬁaﬂuca@@hwﬁ@ee(P&FE) Ina

Bl ULl W RPT B, CEBLSAAY L pBRIT i

clefnkuaisil28s MJO pl mady of orocoatedr eitle tlabthemically resistant plastic material.

tetr roet.hyl ene TEE). I.n a possible furth
TR Gliufierhe aHBh L ooV s Feagti TR lack Vighi the fifs reactor
1@@»@@&%@@&5@ unp s %eemg@ séiéfon 249 tlﬁ:r eggﬁﬂsecpézone en-
or coated with the chemcally resistant plas

tening dnpagh thEanl‘emheneofaﬁesampée ghiltitiars wish okone lué)bles exits through the

ofERAT 308 BB A TP Bl Tenty D e (b st po-

cdiscel Ubikian B dhirdt h@ad%reB@LHﬂdZtﬁéi aaamme 1ERE phrdgn ke @dNreaction re-
the inlets thereof. A sanple solution wth ozone

qitssredecamipese envtetilize thiantsupediate diself nEhe witing glements 120, 140
I 4

RIS S0oTH AL AR R or e i

ularaddtgh&oasi ehatians fediantnihe pattingictengersetramd4d.eacti on re

qU|red to deconpose or stabilize the inter d' te
i t sellhe dpenyipg val MY 154 epdbi gneppand rfﬁ‘@alﬁsaﬁl ﬁ“‘ fng of the sample

sQHSH the Y8R s@lﬁ‘c@pVO HDEX HENRE! BankiNRIFRRAS tHeCrek ﬁ‘% of ozone.

proper m xi ng of e Hqui d and gaseous reactant's
Thatispedsengumalve hy2 @ prtanabdy 28 @lecirdBicallheondicdlpé mm{qf@ switch valve

R R T R R S

citbdyesr NG RSHh Anieedt Jé@ctfo@elshtwgerpfheosaﬁi@@e solf#on and the ozone is
di spensing valve 112 is preferably an electronically

ccummncd\,l the dize rof dlfief canfdict eurfwalb@%vqgﬂéheere@ﬁﬁmaus of g eeagdst impor-

t ha, ct,uat ed n
e Aoy By B BBl RS Abl e chondiR bRt BF e teas
&@itbwﬁfle éﬁ@feﬁaarypslvﬂh #@! sittel gfrabamd] 0 jile thar Bnaidrsbubbles. If the size of
concer ne the size of the contact surface pet

the @zene hekblessdigpensr by theadisrensingygiver L dde loonlaess V\ngﬁéiW/ point of
x% f‘?ﬁé&ﬁgﬂﬂg x?(x%'dvgm &fh%hk%l(g&?pswﬁ% iR HiwiR ggﬁt%fer%bly made of

bIes o eas 0SSl Ze prefera
PTRE vailz perffraddigudf db@lreﬂ diambiat is srranged mbthebiroes acdeﬁs trﬂlﬂ of the
si.ze of the_ozone bubbl es dispensed by the.dis
unjting glemept 20 toodfcre&ﬁeg@e 128 9 {1He0%98¢ hiibbies g =, i the sam-
pl gg&ﬁhbgn pl anned, an end sheet (not shown in the
araw ng) prefer abI y made of
As is well-known, gaseous ozone is of extraordinary hazard, its handling, in gen-

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
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PTFE with perforations of desired dianmeter is arranged
at the ozone access inlet of the uniting el enment 120
wo eoodetaense the size of the ozone bubbl es bei pgr/HUZ@E/000125
into the sample solution. Ay.is well-known, gaseous
ozone is of extraordinary hazard, its handling, in
general, requires the usage of special neans and
elé@fhﬂiﬁ@@lﬁé th9 dHcORPbsifiad SF YAt RSAEREdindl, ﬁPBﬁ’é gg |1t¥ réfBrred em-
the present solution the ozone gas consuned in g
bestigaafs yag §Z¢r@ai9ﬂlr€‘@n1lloslsjenéﬁbcbﬂ%ﬂnqw!éﬂ@tr@ ﬁsymmbtylc pressure ozone
g n@la%lngléiech?@ %ﬂg Ibl ur%b%/? |11ﬂ1%gr%t%£§ e nggé IeHbgﬁlr%eFltt o% the ozone

roI

sowdeerm uséd gothe Ioﬂ@ﬂlqusm ﬁppamtuwfou etcﬁoﬂdirﬁgf t©rth€thveRfion, formed as an
bodi nents the ozone sou is formed as one or

ce
OFRHE @ea%r?%@lﬁvteolm@gglbﬂ éO ‘o2 Bﬁ @leg@%“f gructiye d0endftigurg SBsused in
F A tika [
el 110 Lo g L o O P B SRR s T by echanee
méﬁhtbrme ddra‘.dranged‘ thetdbetwearu ent iacfirst élecrtmeud safp@n 1 D2a68eged on a side
ner a&‘lr ng el ectrolysis cell % The_el ectrode i
Bt qopds 46 doraed prRfiHe o e Berbiate lqe The|glecirode support 17 is ar-
fa‘ﬁg%?’é% R ang it ARAL 00 ARGt A LROEENAE 19 for an
eleetrical cf)nuastt The emhodfdb?’ suppoed o7 senonalﬁ@elmbd@mde) slediodsf support

he an cate oSi t t he nmenbrane 15. The
%P%@?? H% ‘ﬁﬁﬁ Pﬁmﬁgb?‘gﬁ qﬁ@i& on an (anode side)

bear ThE cIRBIRRS subBo® 10 \seARE thﬁd"or’r’e h4HIOMWE ﬁsréw&hﬁ% bciRAl contact
an electrical contact. The cathode 13 is forned on a

b@@/@@h@tg( tbﬁt%dv@“@i dégphé loé ther @Z%IOB’QIQWP@T&M ]&Orﬁmdgté@l chthode 13
h%nc? ?’3r (P Fe%{l ;) ﬁfeﬂél%$d g thé el%atr%l&sm to the cathode

ort ves on Provi

139ld&ﬁﬁg tRadpeeaitihact the &Iel/l/%xﬂ cﬁv@’tmg fig: Podposkehyd&ugd Yasofrom the
t he ozonol ysi s _apparatus 100 and the cat hode 13 and on

cathpdedth8ecainglsh Hie Aeside swporhl? indeared asqmpmher with high elec-
trfcgleco%hﬁ&f\ﬁtgla)ﬁa' z)o'ir&f stﬁ%ctg;?é hodRn 43 V\q‘tﬁhe f oegﬁamccfll strength in or-

operati on di'verting uce
dérydtadgete thakigh posssteolyt toddaiSthatinepdelichg Mside ke 110° cell. In

el.ectrode su rt 12 is forned as a nmenber. with
DRIiGHN, % SECRURPPY 13 a8 P0rGueT f BBt Ajdieed in the
bé@ﬁlnb @bk i aﬂﬂ %Podﬁne&!ﬂ 8y 'hfg’i“ler@s;sﬁWl@ nidhldhg G fitahfim granulate.
tol erate the high pressures of up to 20 bars that may

Hdl@vaeti doni new de, bhthelgmn “Gl b matfma,b arade olipapowdsief grains by cold

C&g&??iﬁ cg%o:ﬂl? g i 0 argnh geﬁft@i%&%gﬁpetrsggrﬁg @Cffegent sizes

oihﬂxtﬁﬁiuﬂlr 8y ﬁ@a@@e%dmtﬂcdirélgn fhidH fhaniyem greattahaéein the order of
Here and from now on, the term"frit" a materi a

thmg@n otzedin soekiervar thyt h?ﬁ%e wu@&gd angslatigplygcoagse-grained titanium

f.erahl
PSR RPN GEARY BpEpRELEERBING0 ko iy o
tha He@zy@g gdnber UCtolties bottormhihern atthmhmylarvsdearoé mgdiangéatd grains
in the order, of the grain _size i

h  th
(PERfeiaPly coBrgingraigs paing ?9@%5@8&? 35%@&@%8 epitsf thgreon, and

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

argd (gn

of 150-350 pm) is applied thereon. Hence, the titanium frit produced by moulding and
the cathode side electrode support 12 made therefrom will have a grain size gradient in

the direction of depth.
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powder (preferably conprising grains having a

di mensi on of 600-1200 nm is put into the bearing
woreons®er2091 to the bottom then a titani um powdeCT/EU2006/000125

medi um si zed grains (preferally conprising grains

havi ng a di nensi on of 350-600 mm) is applied thereon,

and finally, a fine-grained titani um powder

(prefles a:hhcydecsm@ béainpOmemdemsl vadgofa pevels timiedlly resistant

150- 350 is appljed thereon. Hence, the tjtani um
plﬁ%taqsllw%id@@e%i aBy’mﬁfB’@F mempentis thyiQise Iyvryesitha the bearing mem-

I o n

bEFERTRINRRD ofter FRRGiS) HEL LY Ay o TR B
si deAhesasentig ctmdnhen fdrithe sffivigecaf omraimﬁcs; thle,good electrical contact

bearBeihe cptiofs 13,301 gk Bdisuldy s weliichs R Ky Theraiore, for-
mgtﬁcfn di hg‘r%ﬁg ﬁ@e T84 @t o ?&%&% g@éjgnt | foah@e! oftftd tmyxlﬂ?f\(ﬁ has key

ape as wel condi tion
1mmeta1e¢a‘ ilrcth@wﬂectmdd: stopeuratliOar Higure BB, gdoprenedtthatdad the cathode

contact between the cathode 1 nd .t he e 16, as
e e SRR S B PSSR Roeb °F he
cat hpge plodor? Bxdhﬁﬁgeﬁtcﬁcﬁrb@ﬂecoﬁﬂ@ﬁ&rg? mefnbiRe]1 9fis f)fé?erably in the
titaniumfrit has key inportance. |In the electrode
fogmrafet swphonplatsd, perglupeingts] pplyniesic esit arerduanch mosf preferably the
the cat ho ned num wder, .s .
PGSR APk Mo R AT L MR PO o B TR RENER 3 1R sond
elé@folyae of e ceNdorc I ﬁtgbltldifﬁ iy @e@brhbe 15 wveiee ﬁlaénéepaﬂaﬂon of gases
the form of a sul phonyl at ed perfl uorl nat ed poly

prpélsq A adhpsathede andhe gpedee s Wateredyendy fos ﬂlvecelﬁ%trﬁimﬁe intro-
o L Sador (Y o DRSS 1 RgophR B1TEERE BP0t 12' Rovided

with éhenathodand, ikerpasalie gmouiuelﬁmpaxf akygen anfl ogause® be used is gen-
duced e cat hod the anode. The ter
erRed i Pt 6 BETBEar5s TR SR RIE B ot one

si deTRd addie 1FRIIPIR TS ﬁoﬁtfﬁ@%& Hn&cﬂ%esld%eélé’&%cﬁérﬁfcﬁf &Q@aon For
support 12 provided w the cat hode 13, whereas

thgasedsubo, reloctrinally @bn@my@g rmetmld @zrometatsoaﬂd@rm@ctbsﬂberg@fnare used

rate n the t her. ,
inZeRpAD THRAHE LB LA aRE 1B uoe RBPGRB RS those ar
co‘hjﬁﬁorﬂi{“I Qdﬁla%ﬂéj@delheﬁﬁdh@lﬁ‘zb eMbWweler | thaaidcRdhicdt Qfreridile oﬁﬂﬁg@ oxides

ectrical lé) conducting nmetals, seninetals and
r

is dewathes tthest beie frbe plsser PR agBPeirp Wlﬂfhblghslee@ﬁntcabstrength and
chtgﬁﬁ(%? FesPharkt 8 gmhﬁtt tl?enhlgﬁlltyadb ?roh%fe gs\égﬂst RHEQRS %@g@éﬁsﬁd 0ZOone so
Se are con I'nexpensi ve. wever,

thithaidregidanicowll toleraenfigh bsdulessristngi idlele icsll 1100, dttings operation

they have to be Iaced n a substrate with high
WMQWP&&H‘“QWP%& chem cal resistance agai nst

t he V. f n

b L R 3’23“@%% eSS By 3R e metals (e
plmmms)uw&]s gaod s]englcahcdﬂdecta:\etyl orlth®'alldys amﬂgordpe maitciuog thereof are

used oeuttaleareed% sugggrlg ?sn%o%r%lel d-as a mat%l:?ly ‘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
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



10

15

20

25

30

For the el ectrode support 17 used to support the anode

16, noble netals (e.g. platinunm wth good el ectrical
wa@oeovdiociopvity or the alloys and/or the m xturepPthaEUe@b/000125

are used. The electrode suppprt is fornmed as a

suitably perforated plati num sheet provided with

t hr ough- hol es having preferably a dianeter of at |east
cofta&, BiMvell RS 2 2BBIGefIud @raRSiB6h BETARBNRGEbetRed Y 8 d@firode struc-

renmovi ng the gaseous m xture of oxygen and ozone
turgd Asheawa dn Bigurehdd, dproleraring nehumlien d 8 dpmnds ¢lorresiticnth porbug) chemi-

f. h
callGsist s R B RFa oL b PErET e RS st TEE by high-
présBige aMREnd SR ati fEmbALEETS s PréigedRNIR L &F6uDhole 19 In the as-
order to provide a perfect electricalcontact, as wel

sergbleg %Hnﬂ@e sy threughrhole 1B s edarttedto reseivesatanedn SIdlemonductmg
h
%‘l;be edsgc? tf5r2§l§ct§&@l‘ilc %‘;‘#fl; erilggp%agn\r’gggl | en?éﬂ:o%ezs%gg&l?eﬁ and the
powhemppgal ly resistive material, pr eferably of PTFE

frit produced from grained PTFE hi ghpressure
moul a.tli*f‘gozonﬁ genssatingfsgllnd b Eprming $h§ OBPIRSOHEE MiOtaf the ozonolysis

ap%%ﬁﬁygpo g ﬁlo%g 16 ﬁ%%&eo@asﬁlﬁfgglaﬁ@ltﬁ ?u)d 4tQricd dltb%gfhécéuvny, plas-

rou hol e IS adapted to recel ve an anode
t1c11§a,riﬂglm tvaolgtiorepdientiall maﬂcﬁeumcailrem&tancmalghiylstdhm highiyi crgrdshe gase-

anqde side el ect ode support, 17 and t ower. .su ;
ouf PR b ErEes G patien Broagrbly Erpoutsieyaiet) Snds SBR BTFE com-
pr1§ﬁgrfcﬁ3E1ﬁ10aIP£mBJilﬁ o? éP[é@bt)’ﬁ)% b?l%ﬁélﬁt Phe MPOutder RPHRxide and
is made of a material with good el ectri cal

PTE@nta peadueed frompbhidphesetrywy mtqhaléetcﬂmhlﬁrdﬁerpmr@ﬁutqsamﬂam use of
r t anc ainst t SI ve gas
ol ARt BUP RS GRS el o) gL b B 98 s = i
coﬂ%oh@ﬁ@f eHeaixtle aNBad Tokideid M TRE #@d BT ffe mfteAdl EMBIAkode 16
at | east 10% by weight. The m xture of |ead di oxi de

is ahdeterFe Gontipueys wEushingy sinchoierdisphders digwidengrans af eolleid size,
U%j’%xeﬂ a&e@%eél‘?&nuglzé oMot P étHls ?ﬁ&fl.]c 5{03? thel gx%él' M&Goscopic

re pro ng t anode 1
sizednedd diukidagies.i Hos tthe ofiipo n@nporeit bﬁdlenmndmreeafdéad émdide and

PTIE t  Be ue prl ob R HOG oGP UG AT A LR e FPagi AErqi (cotton
W(Jo?g}aa gk%tﬁ% ReLELIAT S Gpﬁd ‘POGjuﬁ'l' Esewell afa | fg{moﬁﬁb to 1 mm are

e grain size o nm pro uced rom the
useédiThe AT Fireitlameots prith ssm}z ddnd:nsmm d¢hwké grodpralimsabrEsve maghining
ot her cgngg.gﬁrhi f the m xture of |ead di oxi de and
or phrasiop O3 E“material of the anode 16, solid PTFE

fil aARpdes & pMidne: e inddrl o (Heaihbed 1 5Yaedd dlMﬂﬁé crushed 1nto grains
structure and a thickness of 50-100

of Dol FOn o MU Msneanoo i 600 METBASTIE ih Gt & g6t lemen-

TR PR30 RERIUS: B 80501 P G Bt e
erdlBpRfdrably afo ltnhﬁlt@n(ﬁdlﬁi)ﬂ-@g, the alshsdbaxined nﬁf(m&h gdpoured into a frit
mo%rlc?ilng ?001 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-
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-
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of colloid size in an anount of e.g. about 1600 ng and

PTFE in the formof fine elenentary filanents in an
wapwanr2ef e.g. about 300 ng are strongly m XeBCT/HU2006/000125

together. After sev eral, prafjerably 10 m nutes of

m xi ng, the thus obtained m xture is poured into a

frit noulding tool prepared especially for this

cheicRI0s @nanf aHBgidn P €6 &slichh@fceiutihy TBRRAl N Athdd 16 | is prepared by
pressure of at |east 50 MPa, preferably 250 MPa,

cuifgode thusebtainag lead dioxidp/@l FEskegfto thexsined smamdrsgamng it.
| f gl ed
onel a8 BEA05 ' PESEIGRS bEOREOLE 864 309, GUrRl 20 ana

achieeed bymatiliving theTﬂectfcelﬁ utrbedrd Hadtndlvﬂ?éhd;el’eaﬁ’r_g&hé he@érials for the
B S co act di nensions and a conti nuous surface, it
cellarl Ohdhe ®5asmigak SrisERCREAMNSh thegasgousanxtyrp of qdygendwd qzene and

thé ﬁqe"cﬁa%%il gg&%{ﬂtﬁpg 5{9% é)‘?esfsﬁj@eo@ tl{néqgasz%%?ﬁteélao}) &lectrolysis of water

prepare us ob
arel kep¢i1d AR, FHleﬁdwﬁeItIOf m ithasseiﬁb]edsdatslsZ@nﬁﬂdecBJS@@bdi@odet side half

nin tion of .the cell 110" shqown
Ceﬁ\:}f@ @mf @9 21&0%185 leZ vihat pre Bxsegtagather (oa dppprditting and
th&’éB%d Qéa‘,l’édem&&er al‘lﬂ: é’l@ﬁx’&d@ @ﬂrﬁ‘&ﬁﬂe NG it BEaMFHIGh b aLS 2100l in the

, the chem cal resistance agai nst the gaseous
hajf Q@ﬂL?rlé) amfl @ﬁ}lgé hy arh@ttgmomél adia side wedls ndwiegmihe bearing member

SRR E s A3 29 oG e ATRPE SRS e 20

THeNforiSHiARg eBatBeht Sk akRblisheg BERRERI 1R\ oideC AlrNREQ S s&npresswe
half cell 210 and an anode side half cell 215 that are

flangg @45 pbehethpdl cell? 13 and rﬂitﬁ $1det vieH o dhrdserh240e fre alilcelti215 is pro-

V15g%fq{i'ﬁ5 ZPO %}:@es@ §%480@E szn%gi ﬁogxtge%:[%gté:%cpebseﬁucture 10,

wlhmélhcsmdv«z&bfesantﬂ 248 & ldtefeu\laldeﬁn&mw tHervohtpeesbiva fiang: 245 In the as-
1g}Errber 11 of i d el ectrode st ructure 10 (see, Fi

U 05 s RV B rnamandRIor she Vrgrels froome: 1o in Figure
2]3;u fibdd do%%c@%h%ﬁalf ccell‘:'fasltSE\plltl‘llﬁ hedq %S ﬁ@4? h@l&ég%%e com-

ace of a conpressive flange 245 o e half
pr&tiedimigt R4S pudeswbd tlecfodehtrusmad le@the'IHmatohHWﬁH ofite seat 240

215 i with a depression 248 for receiving
'Wéhénﬁadﬁ%n%ﬁﬁg“%p'the el ectrode structure 10, wherein
sai drigephieai! Sk %ﬁcéllsﬂloais%fr@%ﬁé’d dedy tﬁﬁﬂéﬁl‘mkg ?not referenced in

conpressive flange 245. In the as senb
the Heavtings)ifay rensivtieg 2 vBtesf feeding sparaciaididls arhydrqgee ancb water dis-

e Y Dot 5 R i ASSuE RE l Pi Bal st
maHhes SThéearlodanile haficcefluslses pihedal aith rtﬂt@ﬁ%hlhblléﬁ (noteefbfbnced in

to the bottomwall of the seat 240 with firmly fixing
th drayviegss By reqmEng an REYE/ o3y een grs| dischalgingrponedonosAnd ey anode

cw tl&:tltl&{l %8%0&)9 lcgsﬁrtléﬂ.%; ind sfegfeﬁ%ﬁﬁilef ik *hggg%ﬂé“sz%s are made

receil ving connecto

of hytiemipaily amistwal eds-po st rﬁdftatl‘lgj pefeabineche kind6sT phaseic,zand formed
cat hode side el ectrical ﬁonnector ca3|n9 230 in a
prefgeb BbShisifsdPn ing sepshuyngonagotheg ghapingiprogess.

proviyded i fadthsRUARROL&ERIERRE iRt ©368H thd electric connector
casing 230 arranged for providing electrical connection between the power supply and
the 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
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the drawi ngs) for receiving an ozone/ oxygen gas
di schargi ng connector 265 and an anode side electrica
W@ owi®et100T casing 235 in a seal ed manner. The Pel/fiU2006/000125
cell's 210, 215 are nade of a;chemcally resistant,
gas-proof material, preferably some kind of plastic,
and forned preferably by injection noul di ng, machi ni ng
cyPihd A spghg. IRl ROprefepea $8at tHNEle@rital cdhdhcias imedWer 250 is made
current conducting menber 250 in the electric
ofdd#He®t or casing 230 arranged for providing electrlcm
conn t
(seorfire il o it el e RIRlc R b A0S e B3R dohmector

casingt 136 dresmiged forapraeider el@d:thb"altd@ﬁn@apﬂlhetwden tﬁé power supply and
reverS|bIe deformation along_ its |ongitudinal axis_ an g
the iplaclpde SHRPOBXE) (SPofigyre 3B gﬁh@r%@nh@onrd@%‘@ megper 255 is in the

fOPRRE] nfe ?r?)elr %\n ﬁ)f eJa??t#Mt of 185 sﬁ’)?e 415}%'11' ﬁ@hg its longitudinal

spring. 'S a red that t ectrica
axio ankd chcretesy ﬂierda@mc%@f & Sompekssiof forc’easaldl menibeer255i s @eferably

| east one.c nt coducm r 255.in.the
FOBREL ¢ f CRINISA {6y tdaéfSﬁ ﬁgﬁwﬂaﬁﬁeﬁde%@ PRCHY s grember
2§§ R GhddeGA pIARRAL CiHeORe %?%l@%ﬁﬁalt aﬁdﬁa%rmaﬁeaws@%st f3fmed as
el ectrode support 17 (see Figure 2B). The current

resmmhm“&swélomrtbeerhrmﬁaenhe cimngbreinf dimensibn aluggatseze deiviations and

tthe Egl]bltl ) reversi ble deformation along its
eF@ﬁ@ﬁF MR rs and thereby the exertion of a

c 0”DTE§§Xt&91af WAEELHS thehslf bEEIa0, 21555 i.bsther@fle hatdontacting with the
fornmed as {Ilndrlcalﬁugrln is also preferred

elpclﬁmdetsmect@r erecpvidethwiilb ) o lOﬁ@ ﬁiﬂé configng glappadfd) apd an anode
. i L T
513%3&1% ?la{é% gSFesgécu%]S/Fgﬁ goglglrn&%rkg%ftﬁg Y6, tZgg gPer%Sfor a}grotectlng

orne resi

thehalfebBOYER 216 aghiistthe eﬂeﬂwemédlaaicabln(tiﬁvttsatéxk:mslngr}d the confin-
tenperature fluctuations. The external walls of
ing41late &40, 925 poe mage of p rgateriah Vil mﬁ&ba%q%tsérewhgmeferably of

S0 418, HECLLGER S ol 2 BEOLLEGHS 43 v

e Si
camaftonRéyamd dteccaBRfle srcésq:iartﬂwlr ceblynectbln e:asinthBQ iarﬁgﬁrmly (but in a

| ates 220, 225 f tect 't
oo wanat) et ‘el Rst GROCHARR B FpSLfS) imed in the
cd?ﬁfhﬁfgdﬁl%lmo Sﬂl%léigfﬂfﬂerbjoﬂgoi@}g%h%ﬁs A40hargihp BhfectrdB5 and the

a material with |g nmechani ca strengt

armdefseieadmyn@ﬂ cenudcir @gsing L& re Minadly Wattan af@&as%e manner) fixed

iR ERo Ss T8 oY R LT RBAEE) HEEH 817 M place 225. P

nABNDLGHE oG e 2BQ 1078 dnefpicy, oYl thé et @lcatmatale10 consti-
manner) fixed into t hrough-hol es (not shown in the

tMna\ther@erah‘m’rn@fdhe Aelt heD’ @ad 9 priotigle phaateguizsthelectrical and mechani-

i | |

c ST bR TR0F ERLORR, 09 g N BSOS S proueh

b@IESGZSfSI dréhitafdedtin ithro@gh- E(bléﬁﬁﬁhbb@ 1rﬂﬂle Iharf)ceﬂs; pe=() 2|1ﬁtand in the con-
t hrough-hol es (not shown in the dra 3%yforned IEbO

fining plagasfa2Qi 24P g}dastagi thpopghgholts 285 are fastene screw nuts

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
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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nally, in order to hold the cell 110" in one piece, to
seal the electrode structure 10 consti tuting the
wa@eownadoopart of the cell 110° and to provi de PEEHU2006/000125
required electrical and mechgnical contacts between
the parts of the cell 110" wthin the half cells 210,
215, throughbolts 285 are arranged in through-hol es
offtley sRMeisBulche 1@@%&11@51& & phtOof tBd Bz@dllysidNagpaent@PI00 according to
fining plates 22 225 and sai d through-bolts 285 are
the a@ﬁ@tmwrbﬂlsgl@ﬁwnrﬂwgl ingw. inRepticsalipgfenbeprlicatiennder the PCT,
ZN f oot
enf] {hch - zo?ze %?Qeﬁgﬁ%églél‘t?&fss 15 E ZP’C eg 1{[% Sg@QH{F%%Q%Pés@b date as

thaﬁﬁﬂhgxgaﬁq&man@p@hﬁngﬁnerated |s preferably lto 50
bar, nore preferably_at nost about .30 bar, before
f eedPhi§ smlesttfwmmﬁ fisshipagioe hitheonstigiingp §V$t§P%¥rﬁloaﬁethé of the

ref AR bRk BRAARTY TR o BIIAHRIR BBhlScab) member
hahmghi igacmhehadnet 1 5 provideddiitteat mddt ahden ouﬁﬂeTh@ diffision limited
10 a(% hl cabl e a? art of the, oz noI Si.S garat u? 10
re%e@ear g SEBPlerRolyt PHI 8701y 5 1E QZBRUNSTS Reastion Maigd, takes
plﬁ:@ ih @ﬁeelreQ@Bﬂ oAb RS RYitAR me' r@%tfoﬁ%hh&ﬁfé?ﬂﬁ H{%ré:) @TThe first reac-
entitled "Ozone generating el ectrolysis cel ed on
tort h¥) Eeamwiripad @\nﬂnaa pomaty feiniperegurd adgistisg tisans b32 trhheat transfer or

resent pa t t . th
hef{ Geftaete iRt y3R s etk Phichiel 155 B PERkeh G RivbliSe means
1399k fbafs ébftmigrtﬁ‘ al RGiedDfenipeiturt Sf fHRIsaRdleadlRion cBhRirdkyd the ozone
tubul ar closed (preferentially cylindrical) nmenber

buhbkses Yy Paefﬁlé%d:‘tmbﬂdl@ﬁ@rﬁféhe 1@@%&%@. afEusting erpaph 13hisdip the form
of an h?ﬁm%% ﬁﬁ%stp-atﬁﬁs WO‘LE&‘ %fo%lﬂfi g'ﬂ{e&lqgsggtg on(gjli f&g ?esa% 101t1 Qﬁannel 135

and ozone
or m&:aS‘daki&ilt}{ph FPahetlunit akemtqt add 4 givérhecti@adt e rd2fion ohannel 135
her within the reacti on channel 135 er eof

thqo,uglg ther walk {k@ireof 3bhg @n@ﬁ{ﬁuﬂﬁ JuRiRg, mgaxbsr 1,s>ponnectede to the con-
tro:] | SREoBY oﬁ gﬁ%&ﬂrlﬁgeé@% Ti'lg%erhﬁbrﬁﬁﬁet adijisHR fn?éaner32 is oper-

eat ‘exc an ation wth the reaction” channel
atefhley thercpn‘ar«dtumntel 98dhresigh tige eteciris 1@321 3§@|nﬂmsm;)f Sl $1gmag prov1ded

of a desired tenperature, o Qp gp e..sol u hb th
by IR SERROT OBt e IrAviBRYr WOHRUCUSHL BRSHLing the tem-
pepjtulfe%tﬂlﬁthEéﬁ&qgoadj usting nmeans 132 is in the form

of e.g. heating/cooling strands wound around a gi ven

sectlnots sgfiplesidonmdle seoane keaqive |l 54 gonssrutiag @a@@@@nﬂe@a@tm@ewon

o B B S B R A BT BB S i

méBhR AN heeadbh Shinhel 58 villdd with apdniBeaidesh dublet. e chemical
con trol unit 190 through an electric |ead 136. _The
regcsiop of shaintermegiaisozape/ FREEIRS TiAre leayingrthe feagiopyl 3p ad the addi-

th%%@?é&%F%ﬁﬁl e th{x]é Qllé%n%hg) El& Qe [h'—:c%n{ %ngioflr/%@abﬁ&atlon reaction

r ature senso

of thoint&hrWatd, Ithkteé‘l 8ladé &Y\Ith’e:g@)tctﬁlo tﬁO rcmu w&ét‘ywﬂmmsthe lrafaagtldnh ehannel
tenperature within the reactor Injts s

156 ghereot Hdieseemddrepeat { of 151601 g‘gﬁﬂﬁ @rtHrH’@aréi t nE%fﬁH“e adjusting
méa%@ng P nes %Iahﬁgr or heat exchange relation with the reaction channel 155. The
temperature adjusting means 132 performs setting of a desired temperature of the mixture
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
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of the reactor unit is formed as a preferably tubul ar
cl osed (preferentially cylindrical) nmenber having a

WO e@ac7we7 channel 155 provided with an inlet aPdI/EN2006/000125
outlet. The chem cal reactLq@_pf t he
i nt er nedi at e/ ozone/ oxygen mi xture |eaving the reactor
130 and the additive added thereto in the uniting

el BNhe 1 #:10*1~I cRannk €5 S8 ONIOHE tWa@lnt/h&teépﬂfHeZté&hEé}ﬁture adjusting
reacti on o e intermedi ate, takes place int

meaeadbaris tetectrd to dbdeontuol tunitrl Y0Hbrovgh en edastiichipad diS615he tem-

el st Bh s TR SRR et P PO et e
156TANsEkRIof he élgﬁm pEXGARINGLa Ee@ﬁ@fré‘c@ﬂ% sehdoh (fd18h6wRdH theMrawings)
channel 155. The tenperature adjusting neans 132

COp@mucrylskYBms@tmn& éiedﬁmaer@w? ptdin @mﬁ@qcmrdﬁ@ ‘bympgyatures within the

re mln)éitagﬁ wa#%ﬁﬁl@% ?‘ﬁg 1?(2??'16@ Jvélg cgagtlﬁ% controlled inde-

peRB&HAS oF2de hfothér ByhBedns oftef cofirgl uﬂ’newtoi ng/ cooI i ng
strands wound around_ a qgiven sec tion of the reaction

chartreimbrggnesits of tgdEaded-andrecms 1i0aieagiprstoymedaniiapte tubes

th%rfrxlgr ﬁﬁ&q 595? r@%él‘raéopg&,rege : érlrgg F%{”ﬁr@fé%bé)lgtgmlo%t 4 to 5 mm,
whitaihs 1&5@119 sf ﬁ]ﬁrrnmmbad:hhmeﬂmb?afqdlﬁﬁ ran¢ genurallylm) td ﬂ]ﬁ(bugh more

a |l ectric |ead_156. The tem ertre adjustin n
prafepabi 3@5@5&1@@ BY eepRzale it legeths i tha srgchd g‘éﬁg% 155 are
pr@fleﬁt% e}f 1 Lifost£ flenpf @8 a@&ﬁﬁpﬁwﬁfnehpﬁ tﬁé Q%J(mr%r}ﬂé(ﬁ&@qn BYe feaction

ature sensor (not shown i1 n the draw ngs)
muxtme emeradshrougie eunlehyhilt enid eviperepagses thvough thetréastion channel.
rea 150. Te ratures ithin.the re i annel
135, TIESEREFeoeE TPOdeovE ooty b SR Blpfd SRRmS of e
pll% 9@ HndOlo7ad al BESVAES Qﬁﬂhér)/pﬁéﬂfer%l? 3NOddiehatbly cBB®REon. Simi-
the control unit 190. In enbodi ments of the first

lat_jseahgméposlécrgwmé@ is sqenastest gy hetwean S@taﬂ?m forpgh sections of the
pi%e{ég 'dﬁ ﬁ{ac' ré?%m}jtg%o&xgﬁ‘e} ﬁ@m;]e?{bw 'Bﬁ ﬁieia;bg?l?]léig{gﬁerc on, too.

Ad@ﬂﬁhgl?nln@hw@leserﬂlﬁﬁhmélﬁS)f alﬁdéregﬁﬁsrlalol YS(B(hehmetls&ﬁdlﬂm outlets
nore preferably 40 t ener al | engt

of e reagtioreehannelh 13h déﬁ@r%thi@sled ! cofgcist d éﬁ‘ % sweﬁn e pipes 106
anfNPFCIh y(ﬁ tﬁ? %gJeg 1b78nd968 W%E%e%ﬁvag: e}?gg %1&?@1&5 tﬁeﬁéng use of

Ianne Freaction nixture e hr ou
appfdp@hte\/ﬂ&la]h@ssal d m xture passes through the reaction

bt wbtes A 8 35 AbiSHal SBeTFbRENS FREH5aL o0 A1 30 and

seddhll 190 ﬁa&t@fﬁ%’s@@llﬁ tH%%ﬁBLysﬁra%E%ﬁﬁl 0ok the BRfasthalli€ofluidic
connection. Sim larly, the second reactor 150 is

reavomn EXY e Gaidnnirdfbtidieepactar 1HB1iy of ar prsticarcednstngctioh anidecan be
d 108 in a renmovabl e manner, preferably by
mg“’g%c_?‘éfé%gﬁﬁ‘gogcfﬁﬁtéctl on, too. Accordingly, in a
possibing RiHR04, e terad “inh&oﬂﬁlafci gastod B QomabAlyt Rfers to a sealed
inlets and the outlets of the reaction channels 135,

chams| arayideswithonindei and en pudetand umdfomesapBAdatn a reRchaR mixtute
107 d/
a8 SutivahyS M il B P o pflida b Rmeotep gops, wherein the

dimension of said channel perpendicular to the direction of ﬂow of the reaction mixture

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-
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appropriate sealings. Figures 3A and 3B illustrate a
further possible enbodinent of the first 130 and
W@ ewan0950 reactors used in the ozono |ysis apEEHERWS/000125
100 in the formof a mcrotlqyidic reactor 130'. Said
mcrofluidic reactor 130" is of a particular
construction and can be manufactured with | ow costs.
ing MdniiRr BB Woverditg tHehRcdrRlr fite BROB @f |tk %a@to? %H@e‘t ‘3;"20 a supportmg
commonly refers to a seal ed channel 0
me¢mbest348ra cantagiivitl theaglesing sgmber 33¢ @&me dstmnahmma@nd @rsecond
. ntermtte
i tieuter 380 Bp R BANEHS® 8t Bl Bl g SeblobPosie to the

clebingemsinger 830. Sk dlahannahbaa3pet@i epbating hedftRr 340 and the lim-
direction of flow of the reaction mxture does no
iting geatren 360 tagethehdefimes eoling ghampad8 gherglgween. Within the cool-

d
ing b3 o tEnpdrphif Looifiol B BEA BERe- £ 36 Lliaq 108! the closing
martds, 338. fﬂhe Stmpeera’nute oantrve b2 35816 firmly dineddi itwipldvetiyethe sup-
r sheet 320, a.closi

first f %(i\(,)[A f the reactﬁ ng
DOSRLEE i greReeabdl ¢ tempezatyrRyepnol ppig 350 1s separated
Iyt
o @E‘i‘%&%ﬁéﬁﬁg‘.‘% o 0B L PaalR R i 0 (AT AR ol uni
35@ a&éct]nmsxbcbmdﬁlmutrrgg matﬂmr%ﬁ@f) m)b aertactgacdnothbre Thaceolofg chamber

s et AR 18 SesBRra bt Eat Uofhiophpty treaded
thFFRBRAb1e3487 2969 fohtfed infhd d88ndBiRAT; M&HLBGE! her define

a cool i ng chamber 353 therebetween. Wthin the cool

i ng Htmﬁméancks@oné lm@ﬁmn@mﬁ@ TS 368 senyns {orsisvd)dlng together the
el? ?Pg%gg?%gere& g een {11 p%%gctfn?oﬁm anﬁ%al? éiaernaﬁ mee Gnical im-

pabisagecdinghie tﬁdﬂ@mﬂﬁ{gtmtﬂﬂbﬁ@mf%elh@e nlafe bhbt8el, for example stain-
arrangenment, the tenperature control unit 350 is

lessesingh. 2 dighimethanisal SreaghdThg hngtinggmeamshered1 03 urthpr grovided with
thl%lugﬁl?jgﬂbg e‘(nolt %l‘g)RJYﬂ) S0 atllg% éo%mﬁﬁﬁlcm L Pbé‘i%éﬂ Ble é’)ﬁéﬁlalséglui'?nment

€ seco nber 360 do not contact eac
andtthe chanhbeformed |1mg1ecrlaamdnenhea:5320 Onerpfabenthrouglahaolen367, 369 re-

e R S Y YL et b

cléa%;te 'aﬂﬁcgﬁi'{@%{e éﬁgeram@céﬂmhnm@o %@%ﬂ@a&bmm M¥a sealed and

ers 60 serves for holding together the
rebh@bhnﬂnanmrr ’ﬁhﬁg sl edhenadstivned theaeablprt deasling mganshiim is provided

by e bich o Sheed Broveen bt rklhaqitner cpaLfnd g coolslf feeding
m@iﬁ@@@b asaf ate Qaﬁé‘e‘ﬁ 358 fé%‘refeﬁf)lyl'l’oﬁﬁed@ﬁi}ﬂmtﬁﬁd rifgd. l’DﬂB @tHer one of

The Iimting further provided with
the Hireadgéh ﬂkrougls-hvélﬁ@%% ReRifyrnied ialtheokimemgrrnemeeit368ns adapted to re-

ce?v%trarvﬁ(gc)rl]?xﬁhcﬁsr?gxélfggrggl?léz}nsgég r%ﬁ@lted%lnﬂg r&?%@éﬁ%%a wherein said
coblhP HEEHAREINE nédBYd 358 0Perserr iR itk lerafic0) N The eedledg lonnectlon of
means 357 opening into a flow channel 355 defined ty
the peolant discharging means 359 is provided by a gasket (not shown in the figures) ar-
ranged between the limiting member 360 and the coolant discharging means 359 itself,
wherein the gasket is preferably formed as an O-type ring.
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 ¢hlorinated polymer, more preferably PTFE. The
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cl earance adj acent to the tenperature control unit 350

of the reactor 130" in a sealed and rel easabl e manner.
wab@7sembed connection of the cool ant feedi ng PERAT285/000125

I's provided by a gasket 358 ggranged between the

l'imting nenber 360 and the cool ant feeding neans 357

itself. The gasket 358 is preferably forned as an
reftiofRBarren 25, Thee iPhRERo OMRrdA plober dpatERR Bk reactants or the mixture

t hrough-hol es 367, 369 forned in the |imting nenber )
thgsof dwingdhpoperation pEheireastar 1880olaantelldisse hegaimedate theshemical

359 in a al and rel easabl e : erein said e
redibpahiotgl S5 PRGoBisEgy S N RE s F B Br g apitizing
thd BftermBagute erlfen &OIANRE FiceR20B of He reanbedheetdiZe AR Hthe reac-

.means 359 is provided by a gasket (not shown in the
tign ¢hgpea P23 arer shayadn BegwiedR- the |initing menber 360 and

t he I C b ' , rei.nthe
ey S8R 2 AR PRS0l LAY LSRR s
thfoaghs 890,192 898240 floss coantaunitationcWilricoahdcyors 680,5382NB34, respec-
.easily machi nabl e heatresi stant, material.. The materi al

tivsty, topunfedainfo thraebaholesef the lismiting megrher 19 Shespagpthroughs 390,

| sl il SFRRlaY 1 Sds8Lahb /N i

SRS (L8100 AL NN 1P B 90 QULOL g o
readiznnebd 82 6f theheltemisal usastion dalens plage én Phreopastionpaixéure groduced

kP EREH AR R bOSalby ot BEE BB Bt e o e
reRGToANIRAR 825 NEnCRARINCH a §RB64 bPheRbadbRdhbhneg 328 RRtending be-
ozonol ysis reaction or the reaction for

twters thepustingglemensi 329znd ghe hassithioughrd?i st aipsen ig sieh awary that the
in e f.age 320B the. reactor sheet 320:..details of

bl PEalE G ERS abe S5 E Bl B B ST Re g v the

u@dy Blemseemd be peHbghedebeIBre! the reftaitd fack Biapak-tdaheh 894, As
provi ded wit h passthroughs 390, 392, 394 in flow

shewmrinAigiae PBnivRTdr ordiiofs degign ofghe reggar 13 % spjdreduced di-
T e T O
anldeeldtivdie sheasdctiohs runafrer wagerdialgpbsts-thé fotngh o384 Ansther advan-

used to discharge the reactio roduct of the chem
t2g gk s AORO & Freaicaston fh?@n%leg?ét Fofhetihet GREeBH B sEdte reac-
tal¥/r SR ik g EAEHEBhan3dd qtlﬁlély%d%ﬁ%l?hﬁ@% #large ratio of the

serving as a mxer Integrated’into the reaction
chevarh veifac826 theTdbenhad vglumeof a section of the reaction

chanpel 325 extendi .be tween the ugiting elenent 3

o At R R 48 T S et 32400 ) st Bl afer
pr_bfs&l}da&h?ﬁg {66 R R Ishéc@ 300 HMattininBaoslerEh anbBing @hdchiténg sur-

into contact with one another due to the unltlng _
faed e peaferablye bedl-iyoe hnchimingiepbr & nrpssed enwt thafaceSe8BHby applying

a %(?}Tell?lggﬁ?‘fsq_ th{eg&?ﬁgggggﬁn }ngﬁt’]ﬁ) %erlnntggl%l?%{de q%gjlas&}\iﬁittyz LF e reactor
sheQd0EHheHein RBIoNNS mhdienih8 aGifhdens shidedelccddmeaoAPrsdam, in a

of rel ativel y long sections running in parallel and
guidihg(oneontroling} dedechytont thgmiacagl %@rlpt@ﬁmgéwrabqrﬁ 19 oThe value

ofI tﬂg a;gp le c%m%?eesgi\/e ADREREEL ALY Mcause 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

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
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tage of this topology of the reaction channel 325 is

that the tenperature of the reactants/ reaction
woowormotan be changed qui ckly and reliably deer/Hu2eda®00125

large ratio of the channel sygface to the channel

vol unme. The reaction channel 325 is fornmed in the face

320B in such a manner that after properly clanping the

rateCCAdVan&e @Y pidad s indh8REtPerd D1 tO8mMistd) Burir® heN@ntinuous ad-
machi ning sur face - preferably a ball-type nmachining

vangg motid fthe Bughipingdoe nuith gweolé,lzl@@ﬂ@&ymetggawf%g the material of

ofAEREFBHS7D 8 SpFRRAD, S5RFVSL M RILTS JESECIS) il s

an“doddel to ghermreh)mmg fegcae_s lahfsmgeaeb@nmqlﬂle@,ed jacxto;l wvhieingsihles id the forma-
ogra In_a guldn or controllin evli ce put on

tl@lhefg %)Fﬁ‘gl:l@g 848t aﬂena W? tq(fﬁlge FRIPBIET P%T@gﬂeﬁﬁef tbere@gtlw clmeel 325.

DFRILIEY SLASEh B! 55 Ly F0S8A1A BoFpAEaLUR Flper o

the eagdhiing cheaﬁGht meahingng Eﬂt Iafpattivalaenifi sael Haﬁbtype dnachining
depth of the re on chann 3 o be forne The _,

topb & Bfedn ther Wi ?éf%s Iqagtion & anfnaf 3%% %@ e BiEF i thespaling edges

FRAARDRRr Wik tf?@féacﬁ&p@haﬁﬁamﬁ' 48 bk agfuskl %g:hﬁngm% the diameter

predeterm ned pat e required reaction chann
o3R8 balt ob tuti m@;hlmn@tooh p"ﬂteampﬂmfsthadqau‘s@mdmmdfﬁﬁhaay be adjusted

b fansiisges BReg robgt 6 el ot S metBeiiiodous. ac
vanc s agingRirkivedtidniPam®e B ifehdqR kheMehdtor diRef PAJ isRerried out
machi ni ng surface, the material of the reactor sheet

bysptacmg t@etctqsmg rdember 30opro threfase PPPR or iths sepfing ledges projecting
thgxfe? é)flh gghan gmggaﬁ(%ér?pgrgssf%%o}’c% egﬁn&t&ﬁ [ ont%e H?atn% OF the closing

out res

mfeﬁibeﬁlﬂ(p Dwefo ﬁhe%%phd:cnﬂ)rﬁj ge @hiongedes bec@fnet dbﬁommd(lﬁattresults in
perlcfherl es of the reaction channel 325. Di nensions

a sepde @aettbee\ﬁe%waﬁ meactosz%leetrﬁiotw be slosg wembe %@péhéhould be-
n(ﬂed Lﬂgl?mdfh%r@&ie ne0d @ iR fc@'lygxfsﬁf%feg%gl aﬁve:r slgeeseahng edges of

I cu
thﬁ&ﬁdft’l 3R0Ry ihed deIh«tJS\éldle fabe 3208l Whioh yudm mm:tdhahle sealing. For
channel 325 and the sbée of tg{ﬁ seal . n %es f or med

the SIRsIEPeRPE 3na ShesEEEF BIFbN e Frado 1 ¢ tisial St gqod fhermal
c&uﬁﬁ% %g%&ﬁcag e%f&?atn%é Rfwding PR/ &ﬁoo%lggur%%msmseg If good

the reaction channel may
t}mrjmlsctoﬁdudmnty hauag iepsgntidlereheirapnt,pibe ictosimg oémbére3 Whisi made of a

chi_ni tool. Sealing of the
P?E%@F éh Fssgélpft%?ﬁial in the reactor sheet 320
IS Camkt %@'au%%tth@xedeh@&Ieﬁ%ﬂeheazsl D8 BELtdTedHREr 32B% pRiviiled with
the tace 320B or the sealin dges projectin

g
thrdreghetfalemnin tiaenfitlghickpgsk y)f ﬂg rgac&@‘rﬁbpgs'igp\aéthema@%throughs 390, 392,

3%]@ Gt gl‘ttﬁgl lg}géfie? %‘%%518 1or{ éwé%a he lcgl’?ﬂ g gﬁbgﬁﬁlred %’?{8 ‘the limit-

n‘é%é?ﬁlﬁ@@lbﬂﬁdﬂié%&bﬂ ﬂl%dg'hsw@ﬁwlze}% 0| nt between t he
react or sheet 320 and the cl osing nenber 330. It

s houltds Ipecfprsedethat thatsupporting snasehss 340 e e SR pEs oif wesquare frame
8 ce IS, di st ri buted only over the sealing edges of
made of aluminum
The temperature control unit 350 accommodated within the supporting member
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
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the face 320B, instead of the whole face 320B, which

yields nore reliable sealing. For the closing nenber
w@3®7/0209heet -1 i ke menber/fil mmade of a nat er Pel/HNRE0E/000125

good thernal conductivity ang _chem cal resistance, as

wel | as having snooth surfaces is used. If good

thermal conductivity is an essential requirenent, the

forghedShg JAECHAB- t)?pgoPdlﬁerf(ﬁfﬂtegc@ﬁlp@ls EFﬁpfdrélﬂzVUft Bu@ preferably two

t hi ckness of up'to fter sealin e reaction
PeBisasieatentnim cqrﬁ@t et o astiber), thzoople@tlpn ofi wleigh i bhased on the

peRESHO, A9 % WA RE e A ASRE  PAL Bl covi

cofn@rigink oot 1hen eeramid ket and Replvesity bheemRon@t@r §:heets therebe-
nounted into the limt ing nenber 310 and the

tweris vitiel B@gﬁ@s 39?@nst@rgzilff3@ace ok temperptuse betwegn tit§divor fides when

on SHRRBE IR voflAlt i Bppiibd Qiin QLML 1 B SMAES (i ere are
twadlifferemdattablayert bh thet tetosugido of thag)ettmniaﬁame&dﬂlrmsgh which a cur-

arranged at. an opposite surface of the clo
rerﬁs%)ﬂpwrn&&\w%h ff‘@uﬁw% grepal Slovebpaeen the saptal iwegﬁ TRESS cold side

anf %‘;‘)h/&lln? gléfgha‘fé %b’ﬂa el SThO cGRNG@CF Wirkh ]EtelPt?e éﬂ‘QSl of the tem-

ass own 1n Figure 3A. Ap erre
pemmreetbmmltumtf 3 30hesed emrﬁsrlatauwfbndwn’eamd)r LBtﬁ)l fis B5@niast, through the

r of er@EP%%]%r %&Jﬁ%fq@tf@? %I?eaeg qu %&gggq%%:tve?%ntmixture accom-
mﬁkédl #{thil BEReHcHoh Bh4ARRE 323, AY¥ 1B AR BAQIHEWarmtd® of the first
operation of which is based on the Peltier-effect. As

Peltterietenagny 3oL of ﬂ@rtempgra‘gm: corteplivpitt 1O uped in she mlcroﬂu1d1c reactor

eltJer t e Co t
Sl R ko SRV LR FOTRYA LA A T, spprare
coﬁ@ﬁrtﬁﬂm%@d todrEdd] HeQ¥ing@ature 608 radttordizNf Brfonael By an inte-
temperature between its two sides when an appropriate

grated wakitofathe el dfarpaentorgdhPeligr-elaments Hdvided, peferally within a
ﬁﬁagﬁgﬁ%lforn] there are two different netal |ayers on
& bott6m si de of the Peltier-el ement t hrough which a

cur Tienirsi $mftingwhangbeni @,fthe esmot shden320, tiieclosihg femiver 330 and

thespuppORINg BB BTN, Of THIBHETFLGE BB Wi cq! e mrduidie rac-

tofggﬁ afY | d&? %ﬁﬂfﬂﬁmﬁ] gétflmgl IR Bsteminl g&:c}rl]éiﬁérﬁ in order to

craatendmcmaintdin e pgiedt healdiebmenghmabfer sIER0 3 2hindhthe ledosing member

e r sheet 0.or.the r ct.ant /re C
33 LB e i e (o B Mot 78 agated into
throd hbleg‘énottsti@wﬁ\ﬁfo%éd deeeh dnB@ffshidstarttahd icRissib @BNthe entire
351 of the tenperature control unit 350 used in the

thickase bf Medca;tqréé@t ond houtsi342 serewohtheedonwi t h t he col d
Pel ti

~el em r

o 95,he 4RGS0 Fobi 130 ShRTERbe o ThEoh SR s 1o
acdP8ink a8 GhOMmvaRidbn, e dnBkdRdfly veed tmfoifmqhatﬂadh@l Bcbﬁstr@f:tlon is 25

tLhe Two af orenenfioned Peltier-elemnents 351
cmp; tiewhaiyie) heg & kingtheof 65 mm, the average diameter of the channel is 400 pm,
the depth of the channel is also 400 pm, 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
a thermal 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).
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common casing. The first |imting nenber 310, the
reactor sheet 320, the closing nenber 330 and the
waepporiovng menber 340 of the tenperature contPOCI/HURI0K/000125
350 of the mcrofluidic reaggar 130" are held and
cl anped together by an appropriate fastening nechani sm
in order to create and maintain a perfect seal between
the P’o@ﬁﬁle%rtﬁél%ﬁbo@ﬁﬂezﬁ@&f thé eea6lofss1 309 15@8@[@6 023dlysidpparatus
fastening nmechanismis preferably forned
109 m:wgmgti@lthcs lrefmtl@rh@ércg psphiodethil du g llﬁ@nnétsox(ah patent applica-

tloﬁhuol:éfn 1% heolﬁ . rnlél F% ?{%F@S@g ]g&;:? ﬁ‘%%r ea%fl chgn;%é ojr”gsfﬁllarr}%luzdzc re-

achet d3d %uSIf‘dﬂ@M&ii&daﬁﬁ emprisimgt Hiehrohanrd]t el én Heagih® interna-
130" applicable within the ozonolysis apﬁ$ratus 100
ol @ﬂje £ thaph et m\m?&enbwemr@pwﬂtl@neﬁ§ ¢ be ngigd dhatgn case

offtl%' MCtr(Fﬁmﬁ{cl{J Q('ftc? %M Lule§ 3% sttﬁgd gpﬁ'{%g%ctom 130,

has a erage ane%er 0
150 ke I‘illﬁitmgeelélﬁéhtmo tlh& atbaptegrmxfd llnhﬁthe hesatieh chamnal 36 formed in
400 t he numbe inlets and out|lets is three, a
th%ma?@uém KeRFgr &f iﬁ@ﬂt hepce tereds np Ree mﬁ%g@%ﬁmlsmems In
suflg Eg?%e?'ﬂ::_ér §uv\¥¥t bh! 'tHé fe ﬁxlﬂ rl'@@'anﬂsthe 30 ofdte @shdiBEBlalve 112

, |g est reachabl e tenperature
ara\cdrmientet Iwecﬂhsatmﬁie inkets3FACMmitouidicx ieatiny Op&Eriatrivgdhe first re-

ool 0o Feamipe St Gripe e C2eRtibe oplah b fikor 130 are
coﬁﬁéwé?l Afectlyto 1208fks faas hbBhidid Rastor ML dbikiRk theddecond reac-

the reactofs 130, 150 of the ozonol ysis apparatus 100
tmabiﬂo d\dmmqurowhmumgf efnd ingiprofinisliel regetond 8¢f, ithe tgmpetature adjusting

ol 292 B  8 RRL, L B Y198 5 cone

unm}soofl iiitdic r e actor and a m crofluidic reactor
conprising such channel” filed on the sane
i nt eh passiblgatet furihen gmhgdlélea%ofi ‘Ihﬁtse‘&ﬂdtfﬁ@“ﬁr 1593 be provided in

PRSPPSOt e

pr&lBralbliy tlﬁ‘rftain§$hd diﬂihﬂi\@al(etlmcﬁd be@hezj d&&mﬁobﬁonﬁstabﬂmgtlon reaction of
el enents 120, 140 are ated into the ac

th HATER 12675 S8 DS fnd MR GR i (o 1 AR g phase addi-

1and s heae ﬁac%lé%ﬁrc%l n?’nsng n%dre Qcééﬁfe Sl gé lr'éatc{b@i disclosed in Inter-

el ements. In suc e outlet o feed punp
nafi6@al Fad Afpé. I@th@E/HwOOWQOQD%man bk mgefmanmélyﬂmd are

?ggc tgr%ggilrés b q,g;gate%%e éq':' Igste egn? gl%ftgérg&:eallriné%ql r\cm udr, é%octor driven
prédi§of? gfelsﬁlre afjukigy &ﬁ@@tbﬁﬂﬁ&r&ﬂ@edaeﬂ dhd &R Gthé Bbwafat A1 adjusts

react 130 are connected directly to the inlets of
th¢ pressvre naxfdedifeli the paaolysis re¢@0ionfapd mamgalnhé ak @ costpnt welge within

reover sai d m crofl ui
th St 199 prove Adlhigee SRF e SR tral s Dl b stion, ds highly
seRdivERY sd@gablY of Rerifh il of ther;ﬁaﬁshw inSexi@Melyory steps, i.e.
tenperature control unit 350.
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

the electrical lead 197.
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A possible yet further enbodi nent of the second

reactor 150 can be provided in the formof a packed
wa@oedoaomeoni th a reactive charge. In such a casePCT/H®2006/000125

reactive charge preferably coptains the additive

required for the deconposition/stabilization reaction

of the internediate in solid phase, and hence there is

no n?ﬁéjpip@s $o@Ploy, 808, '1‘1’4“ W@?@?@rn@@cﬂstchﬁﬁau&swﬁlimler diameters
packed col ums, e.g. the replaceable cartridge

falléngowidhis tli wopoeEd. 05rt0I5rmm£ pre&reldn af 0P&tmmAmdimadsmf a pressure-
Cg %05/ 009% can be 1Pr eferentially used. The
PisPed A Y P A% 160 is an el ectronical ly
cont pglid iedhowi®iOFigtiel N rhoBdiBle ifgd1RM eﬂfb@&frﬁgn? oﬁﬂielb%hd'lgms appa-
valve that is arranged at the end of the flow path anhd
T4 L@t@CQMgotoe@g uRentier dealsd @quzpml with rwleye;ncblry temperature ad-
action ntal |t at_.a c .ant valq§ h
TS gy eﬁ%"‘b R &%&g vaFap, 18P s " hEat transfor

relARBeHUEMS @rﬂ?ﬁary ténlﬁ‘e%tﬁltefddﬁistlﬂgl mehﬁs 182068 the FRATEAK€30 and/or
and i s capable of setting the value of the pressure in

the,primase fepnerfiyreadiasing means ki2msdie seepnd reaefigs | 30 vigheat exchang-
| f i yst i .

e85 257 4309807 B, PRASSHLEIATAGE 190 5T, 1 5

uded a’é&aﬁabf thEheadqusre IS0y B5pdjelisdak Bgchangsrs 18601 §7sare in heat transfer

ctuated by the control unit 190 by, nea

eiagsmmm Té@ée%cmr@ JOYD empisEate §@f~ﬂf01\nn§s éﬁ%) Qnetée ptheppart, the sec-
OMERL b braliS RhRg Hine 187 is bt Ity Blcanf Miftion with
its extg@alodnviroffmento The senongarg fiempdratyreodd) @stiag meanan 85 m@mrated by

of a ress roof and chem.cal l.y resistant nateriﬁl..
th’gscoln{r k gmgmé@%ylrﬂea@rs Iagp@prlgteﬁgég erslgnaly, penh vfa an electrical lead
1&bodi ment of the ozono lysis apparatus 100 accordi ng

to the invention is al so equi gped with a secondary

t enpbyr what tollassj operatien pe dreslab@siorTiseals @zomalgsiy apparatus 100 is

.at.u adjusting neans 185 is in heat transfer
lls‘étfn‘gfﬁrlsﬁl {ﬂﬁt h the primary tenperature adjusting neans
132 Aftet Bartfigr Gt 92886165 appRata dOO) ast Heespbhd®aoYa signal from the
erature adjusti nglé)msans 152 of the second reactor

n?umlal Pl dhe ford numg 182 somgenassdo feerl the sxpielssplpeipy from the lig-
. f]
ofYOER Y LN Gl RER b I BIRYE bRy B  Min tow

ro®X CARMY @f&eth@, bdi8/éemrlel intl/rhidaind 1 @nal@in, raldatipiogilywbeing 0.25
the reactors' own tenp eraturf control units 3508.),3)1 .
/. YR HaRsAPELY, 33T egRRNSS i FIF! Sighplel e (he ool 8t A gD, the dis-

péﬁ‘g?xﬁsvai\%‘r’lns e}%éﬁs h&@h of 2R 0?154 tbeﬁtsec%)ﬁﬁ 106 (51RNARE BT first one

W its external environ e secondary

withinpechtivelg shdqt pstiodgf hnraamt&ldb%andsthem espatts dhib ppetieg-closing op-
nmeans of

TR e e ——
of Bk Pé’iﬁm LRSaidpeiish of iR digRALAL e qqg,l &os8Z BNGW¥$ hfounts of
appar at ugs 100~ g

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
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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di scussed in detail. After starting the ozonolysis

apparatus 100, as a response to a signal fromthe
wa@oeownedoounit 190, the feed punp 102 conmencesPCDHUe@d/000125

the sanple solution fromthediquid reservoir 104

t hrough the pipe 106 into the flow path at a

previously set constant flow rate falling preferably
paﬂﬁgéli@lequgi;réd Bl /thé Bzevidlysld rédefion)n ThaRembiePsdtatidry siplig® and the

0.25 m/mn. Sinmultaneously, as a response to a first
gas¢ays aizong meett ihdhe vriting lelagrdnt 120 @hereinethgy gepmisdnghe sample so-

val ye 112 opens, thenyas a.response ond si l.
i ¥SrheRREns pratEonRNa i R BIRG s JultfE & 126 o e
fissereh&@dr 1F0 thiowgh ilie Sib©$66. WiHintthereattpadiagndl NBS of the reactor 130,

openi ng- ¢l osing operation until it receives a _
teggppirBie af theowmplisaliien eondalamgtzene gRkhles st josthg desired value

: [ [ . :
g HEDERHEAER. BNipkf SRR L9 EARR A0S BRRRGLA BE o o4l unit 190
Measetles thezsameleasoduttbal fed éte dhorwactaf 1 20 plolasessdshewardds @i outlet of
the ozone.squrce 110 thr h the pipe 114 into the

the FeR%p é?’ﬁ n 10 reagAR &Pﬁ“’fegi Ay tii% BIgresEing. 9 dedirdeozonoly-
si%ﬁea&tﬁ% lg‘ﬁecse[?écb% WERAGh QWA HRRAUGR Tﬂéeeﬂleﬂs‘?%r}&ﬁre%t}dn to the

e all the tinme higher than the pressure of the sanple
wisadé wample sblutiei rvgthim theughctionechpipe 1306s asSimed lonahe oos part by ad-

. Wth the.very first openi. f the dispensi al v
gigmiinioe e rabafREre featiobyngol 3 Inddpdf ether par
by2@Rhl 60the présend! miihRMddNeg 168 MokOpatt 'bitytthé Gessure | @RREng means
to build up a pressure prescribed in fhe flowpath (and
160edbe iserntediatehhabisqreduaedifeom deectaimply solutian paspipl éhrough the re-

ol ution lji.ed,.and. t he .gaseous ozone neet in,the
acifh B, PR B Sig Wik S REYR s2b i lBS st didliiproyen the
ousputl dftthedfeacont 30 Mdthe G 0 Db HiSurhfid\Sleme 140€ Simultaneousty
outlet of the miting el enent 120 into the first

witle %, 9p argwonserigdmhsiend fmp ghei@girolynih] 3, thresoleipn fdditive is
fe(g gﬁ% pl%lset]ffbﬁ\{ fe HOS t[lg Iﬂﬁﬁl{arrege?’\ooir iﬁ{@gtfléengﬂlre? indt g urgteing ele-

e solution con I'ng ozone I's set to t
melesid0ag thakaed poynpt e, Weiie tlat wridngdiemehi Y, teanterhddate mixes
under the sypervision of the control unit 190. ) )
wmng@ﬁ[qu@,n Rl umrem by wriiam clerigny Hilo theraixfiag of Hye intermedi-

: r
od 38 BEOEREST ST i Rty LIF B8R hamc
155he vesh the diecaoprsitiopn/salslizatimo réagtion ak e iptenualiate tadkiemplace at a

t he reaction channel 135..The extensiqn of reaction.to
tepREFalREG e DA EIPEIHE UNTE PR d oF KT B HRSRAEPE of the
cohsl bt BRS The thiRlrd dTahOfRalRRbducdYoz88k and oxygen leaving the outlet of

justing/ maintaining the tenperature withinthe

the eeaetar ddOcintanndie mraduci neceptactent8bthneughpthe tordsyurpedivsting means

h tai.ned in the fl t th . :
165y BySnraR i IR R o Bisbcge o Soons”l P BbfleRlichl f e beine
difoharbes esto FROpRoRG recupRlcR: 58U ald i@ RithasdkgetébPe@hhédtigg or via

re action channel 135, optional Ify m xed Wi th qaseous ,
catrditepraerssesxargesircutatesies thRogtighofthe osenepgnrcsfl 10pMeanwhile, the

0§37 oyl PP R AT LPE SRR o5Ffed 1B ¥l O o ement
Besides the structural elements required for accomplishing the ozonolysis reac-
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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with this, as a response to the signal fromthe

control unit 190, the solution of additive is fed at a
w@e@ser2o0bt ow rate fromthe liquid reservoir 17BCT/@UREDS/000125

other inlet of the uniting ee—_nment 140 by the feed

punp 172. Wthin the uniting el enment 140, the

internediate mxes with the solution of additive. From
oftthe oétidlysiQaraemnt0010ordingeto MhX inwe@ticddf ankif the units thereof is as-

internedi ate and the solution of additive enters the
susetBh# d}f@cée%?mmwel Wi petehewn dulbe dgrviegrannel 155 of

whi ¢ | ] |

"'t of 3l HBREEPATE LB AIGRRY AR Bk AU hphve tabo-
ratcmyrp&dabmlﬁch amanang 1196 ansordmg tol méanvdsrhmnsm pnemumﬁoonn more

& the contraol uynit 190. The m xture of the final
PrefegRiit At MBSt IREMind oxygen | eaving the outlet of the

[ each g s@égnﬁng% o SIReQ ity LIBFER LA a L0 B BUAY modifi-

the pre a sting neans . By neans of sui e
catmm of thha)zamlpius apacates 109 mtpoadﬂechnﬂrfamhdrtmermﬂmtappaatus itself

,TQ di S g[?f dyf n%f%{],ohrgl S\nf%sn g]épf:uﬁ]gg]gf t aCl &éet %oaﬁ%etions re-

12&% 96 BRSO KowrEE I T® UhdbRfhelsBuilcb g 10Wh BE al8h nhﬁl%nﬁﬁ&ﬂ% g. with a
source 110. Meanwhile, the oxygen content of

Ui MEK[UBING |thqﬂoy10@§@ap@9f the ceseoue aranesneated bBébﬁ @i@ge sperce 110
1ts§L gl n fol%rv?i h g eg? rﬁt a?c%% %d(hé Wate?%&?tni?tl dfst{fé E%fé‘gs ozone gener-

ySI'S onol ysi s appara

atéd B9 riel BgorieGoufte M[N&Bllfl Die 5] 6t adglitppefdrablst be a febeSing-out
play unit (not illustrated in the drawings) and with a
type¢iydRg Wit.or data i nput. Operationof the ozonol ysis

appafna&ﬁ%rfég&@%ﬁé)&%hg g%g{;‘@r@tu's Y& ﬁ&éo‘?&lngwt}f&fm{réﬁ%on as well

units t I's as su direct current power
assitygppYicatodn sidadmatitages vall deallisigsed byhexatplaal Theobzomelysfs appara-

t conti nuous] y. connected f| f the fl owtype )
v 10 SPGB 16 28 B SUBRF erecial sRrsile dortsgomplishas 1 feactions
ofttﬁe EJ@ﬁnf)l@é’ e 'ré’cﬁoh fordhis @bt MQas1E re A0S &kﬁfgeﬂlé&l M tRd hetero-

I's apparent for a person skil
gdnheusr plhasa dgas/lmd)tthaﬂengﬂg pethe \ntﬂtirbemta@fngmmjwfiuandatm oirs of the

N RTINS —

refibitd RRS appfidationostakmpératuses Belowahd fdol Binpefit@eOdnd MEmost of the
nodi fications re lates to the ozone source 110; the

reagtise the diigher Themicahprosess| efothe gpriden lsel requgres @ qagled environ-
mi As 8‘%8%}91@ GedciEnORERRLS AL 9PisQschllR 1 ARRAUR: RERDE reaction

Mgenherate ozone 'source
ra@idyy Bl (N teldblrmasien ghidches dadilitated oo b gyndat @ktehthl@y the temperature

(gaseous ozone gener ated by the oz& rce
pstiBEfsystereused yi Hg aranelysis @p@arﬁtpgfl ¢ gmoyﬂ% toyt e 1nvent10n Since

cragee 5f 2952801 fsYP tpgfa}(dsnﬂ)oue[&'cﬁr Jlgntov‘(ﬁé"imfe%&rpé{\@vellt L %ined period
ozonol ysi s appar 100 accor to the invention,
ofaﬁnmlabsa Ixtwéen thp pﬂxanmaallreatctmnd‘oapk‘odmctmgﬁ@ axohide laed the chemi-
call lrelaa%tsut‘ng ct>re GCOI}{lpC?S)lgnagnP t (as the Inqgturoezl%av1ng %hesﬁrgp x%actor 130 should reach
the uniting element 140), the appearance of side reactions can be decreased to a great

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

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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tus 100 according to the invention is especially
sui tabl e for acconplishing the reactions of the

wex@mplm®gr The reason for this is that in casePOf/HU2006/000125
reactions taking place in thg hetero geneous phase
(gas/liquid) the length of the vital contacting period
and the size of the contacting surface can be

Vi€QstEY hredtofthidicAdalitbi N mbasoR e febPEmPT 03 B8m the liquid reservoir
ozonol ysis reactions require the application of

10d enfpe azanobsisanpaintushidOr Bemhermarss aagasels nantiré nf papse and oxy-

f_.t.he ctions .t urnt her chem cal progcess t he.
o<f b e SRR KPRt Bo WD by SaRER DrogR e o R Feaion hn-
nebX 95 BEEHE Brst RACHE 0HG Fioa’kﬁdm!s akenhi@bAuidid rehstoL ARBMAtE@NN Figure
to divert the heat of reaction rapidly and in a

34 by imgams ofgnerairolled astuations efcibe jdispeasing yakye grldafaid xeaqtants can
Vo Lb . dj pst- 3 in th .

AR, B8 ORI ML) K5 HAONRISHETRE g e e
indniveuph tieasactaf 138nis dzgrohytaitat @5 ankhis whefting passliragf 5 bar
. to the i.nvention a,\ﬁel | -defined period o f tine .
is. gpnipwiausly sajpiamed pathin,beiteagtor 144 durigg thesgntise sragessnghe reaction
_ ) . ' . for .

s R AR, B0ty O, 162y 5L PG o
the readlod 18@ acirddne] intd the Beactibe oRainell #5Y) of 4 e oAd pRdI0ANSE through

of . side reactions can be decrggsed to a %reat extent, .
the pipe 10K eHets the secoprpensing ledns Bems s dea tehulgnresstor providing a
iighehayhé! 55 It lan dtohd( Jonkdini i i
re%‘l-nmet ﬁa}ql H i ndol 1 n net han%ﬂo# gtlﬁ c%{}lgr%t)rrr%gtlwggeso\c}\}lutn}] bgmhydrlde
(NeBH,r mrdr imirhobilizdd f0r2Bhenehdtibniis pérdekmedtan thenempeatiré ofi-15°C.

ctor 130 provided as, the

channel 135 of first re [ )
The; eI 15pH0E gk@?’e@ﬁ%wwhﬁgwwmm@fﬁ%@t%@ﬁ@a@o@f the reaction

(tHe' 2BhidD %rcl)dd&l‘:'dl)d Thé %X%I%sé&%e %ind HELAZRO QY S ??O is in the order

apparatus 100." Furt her , a gaseous m xture of ozone
of sacbnolxy Tlgge reavdi¢rh pdoanis M (R-hpdroxm tmedly ] Somethly ipkenlyl)- formamide.

vol une ozone is fed.into the reacti an nel 135 of
AR 1CF DR PSPl R S R L GRa s G destee of pu-
rity @8 eHeQBadtioh pedduet RY8H Figure 3A by means of a _

control |l ed actuation of the dispensing valve 112. Said

r eacthenyisldcehreattionsinetformechy cenvantionalgnaaters|is 2881t 6thte 65%,
i Bl DA e AR oS Rpon oGRS and thus from
théTbidPoftionbiethe| sideapipd €as Bl hedfealtidiafseé SorceatpidltHeSioyirnal of the

mai ntai ned wthin the reactor 130 durinﬁ%the entire

Chsrjed scicthel Féaopi ottt gentbe Aeamalofithe Chemisal dediety (1950),
pp]?fr6 ! %@tl ﬁ]l M AhxbHE i%ag‘h{ng a%{&rng)gftggééﬁ&n&e? %ﬁvaeh n@tbns, the yield

react or Into the reaction

deciragen éh piopbrichakbiosedonense datedeg®bOf ptritgugh t he pi pe

107. Here the second reactor 150 is forned e.g. as a

tubul ar reactor providi nﬂ?d(a rea;ti on channel 155 with

an inlet and an outlet andYieA ni ng sodi um

bor ahydith@e of Berthibud ﬂo@%ﬂoﬂ@l?@s'driﬁ?@n foebBlyslH @pé)aratus 100 ac-

reaction i's perfornmed at the fenperature of -15C. The
costing trd theciayenitonNa BHteseiveumer tgheuns e cvgpsiind o rahatichlgydrocar-

boingl :Emecf i%ggfegtﬁxeogzokgl?/sig oF ﬁlteiseoppecies via “classical” methods and the results
thereof are well-known. After the ozonolysis, a reductive workup is chosen to quench the
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-
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(the ozoni de produced). The average residence tine
within the reactor 150 is in the order of seconds. The
w0 e@aciwe7 product is N-(2-hydroxy PCT/HU2006/000125
met hyl - 4- met hyl - phenyl ) - f orpgiide. According to a
hi gh-pressure |iquid chromatography (HPLC) anal ysis,
the degree of pu rity of the reaction product is 98%

rattld €l 001 RlcBrdphg ke afet in@&ﬁioﬂed[e{}o@ﬁd‘ée@n RSP RURN AN Bdnclusion is sup-
reactors is about 60 to 65% which primarily cones

pariedrint the axipprimenistdagriagorittristh 4091 wilbengcandoindelontiet dismibution of

pfies Bae rafe L 08 BoPRRbHEPL ARG Ui R g’ Ging excess
oléine BV Gahe S96iecthe &AGRIF coMRrsiGfnaddd Be Qamb RE all @thRhtures ap-

of the Chem cal Society (1950), pp. 612-618]. In case
plistl (Fabled ot Thon invediabifin efiveaversigamnt vanrusverdparetudistindipaes that no

co%Eige%lélglrsg%&g@:ygﬁfsﬁ% %GQEWétﬁ;&&QJ}'ﬁ%% I gojg 's5fR %rc.ie? of mag-

nifude tak EHAO BB thel 2BhE17 QO BayisdrSwithinfh@dzBBRR Appsratis 100 according to
apparatus 100 ac cording to the invention i1nvolves two
theiveRtigkoups of conpounds: aromatic hydrocar bons and
I ndol es. The ozonol ysis of these species via
Tabledks Stapyprsions oh twleleanenstired dueng Prenol yiés igestioas ghereof performed
wel | - known. Af t erat diierent temapeyativees (eeG,@MEt i ve wor kup
i s chosen tp quénecdactdne®Ci nt erfnedicatessiokr@o) this, a
reactor 150[filled wgot h sodi um bor ohyxyi de proyed to
be the best[ChoiCe. 4zfjhe resul[ts obtaigyed under|t he
appl i ed congitions _§r ow that—nerther e TEa ion
rate nor the—tevel—gf—setectivity—of e ezone ysi s
perforned by—the ezghelysis—apparatus 100 according to
the i nvention deppn@@ on temerature 99Thi s conkl usi on
is sup ported by the experinents carried out both for

stil 5 i.nd X LSt ' o] N
eSS0 iRt 18 A LB, BRI e
ticheDast tajonigy eRarh sy dfreavtioneshoEbogfemed belodxie@ptratures. In
_of conversion remai ns the aame at .all. tenperatur %ﬁap .
light ppHhig, Tfa‘BilSeunf?(Pecﬁd 18 qup stFlies sRried Wubby Bkipguss 8hthgrozonolysis
. ) . ! .
R e ARl R bR 28 MR SRt of e
tetiperagmerevithin ére thetonglhis fartietoas findatg déartyhmeazothet yaimsis ozo-

reaction within the ozpnol.ysi.s apparatus 100 accordin
e GHE B, P PR P EIoF R G S RO ght PragRGe Oy Abans of
thEBaSHHI Rk Spardils BZRRRhY & theliBR&HHOANRItRdWR heRbrdASS InOhBRA tent of

at different tenperatures ¢ 0,05M. According to the
conivereroat ur e of ozonol ysis reactions, to avoid undesired

i de, reac tions, vast .naj.oLity of ch t s
7 eact BREeio MR ppBSIyslT R Silbt, Bl BltaR R BRnDipe within the ozo-
ndlyseippatatti 160 a¢dordiBS tIHRXNAGGHOH at AnMidnt $dnustr&8re results in ben-

carri'ed out by making use of the ozonolysis
zylalcohol and diphenyl carbinol, respectively, as main products. The extents of conver-

sion for said reactions are collected in Table 2.
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apparatus according to the invention that the extent
of conversion is independent of the tenperature within

wo b@7ioemgt or. This fortuitous finding clearly PERHAE2006/000125
that various ozo nolysis reagtions can be perforned
preferably even at anbi ent tenperature by neans of the
ozonol ysi s apparatus according to the invention
wi t hout a decrease in the extent of conversion. In
particular, the ozonolysi sTﬂ'Pl“:t?-'r il bene and
t et r apheny¢actanhyplefin wi { Itonvarsien aambpiohtytsingerappa’a) us
100 adcordi ngtilbenet he i nyention at antfilent tenperatune
resul tis teftaglenglétaylemhol and di phenylogcar bi nol
respectively, as naln products. The extents of conver
sion for said reactions are collected in Table 2. Tabl e
2 The results of the above di scussed experinents prove
t hat Theegselzoviohy sbeveapprassed enperiroerds diovg thas theezonolysis appara-

resent invention.- contrary to the apparatuses for .

o BF e kg U5 o0t el S E¥resRy WP iRisHS B gefipemin ozo-

ndlydiOfeadtidnsatdciabelons artho pyivday and aRase@Ro %8B/ |-l an excellent
heat transfer coefficient. As the consequence of its

heay ransferoeHiciant -y gonsegpense (of ity exeahlenighaskrainyeyiak capability, the

at ' t LV '

oRBRRER 3RS A e 18 i b RBHGEP of B gener

attheithmatht resctaatduang thepesctioataea uarr rate eesEin@hse of exothermic re-
exotherm c re actions acconpani by intensive . .

acjiene RSOPATISA O LCTS R EoOHa 1%;9? %@at'r ARG Bherebyt Henbipis the over-

hdABRE b ¥actiBE iSRG ARt &b sBrae BERESE ﬁﬂtﬁesﬁ*&@giﬁe reactions.
and course of undesired side reactions. On the

O ¢imet ecantnary, ttraddianiabreattorseze tipalde 40 pravadebhet-remevad wif defficent ra-

.neat -r.enoval of .sufficent r idit a hence.to .
pil5 0 SR Yoeoid Uit e Bins iR il wi ol BrSids Gerapproooting
arfdnhey 8 ERPhédthgTdhd RABtiGh Miaurens adugd OThik idE eReh ifease in

m xture is required. This leads to an increase in the

the itime prerodawedrsietvs dhef Breet kractian etpke plaed.japd fupharalees it undesira-
l.ace, and furthermore it undesira bly decreases the

]ﬂggfge% Sﬂ%&%efgggfﬂg?NB 1. Aflowtype | aboratory
scal e ozonol ysis apparatus for perform ng ozonol ysis
reaction of a given substance, the apparatus (100)
conprising a liquid reservoir (104), a feed punp
(102), a uniting elenent (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 an ozone source ( 110) and a
di spensing valve ( 112) transmitting a gas streamonly
in a single direction and being installed between the
ozone source ( 110) and one of the inlets of the
uniting elenment (120), characterized in that the feed
punp (102) is a liquid punp generating a constant
volune rate, the liquid reservoir (104) contains at
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| east the substance, as a solute, to be subjected to

the ozonol ysis reaction and the reactor unit consists
w@boo7ior®b7 and second reactor zones being di ffePenHUa®6/000125

to their function, wherein the outlet of the first

reactor zone is connected T6“the inlet of the second

reactor zone in the flow path and a substance intake

is inserted into the flow, ;ﬁ¢M§etmeen t he reactor

zones, and the pressure adju ng neans (160) is

con ect d into.the fl ow path ter the reactor. u

ond e BPSUPRE FRi R LOp RS phAigel P b el gronolysis
rea%uoﬁ Bﬁ algamr RibStadces ¢ ﬁ)pazaarsqlmw &)@ﬁ%{%& Maulelr@&}v&f (104), a

claim|l characteri z in that the reactor zones of

feqdrmlmre@@%ra wniiing elemepr(dY0)duith teo phsts mehihn guibayrarcatter unit and

d sec_aqnd tor 0
« pRbBl 0P REuPER 056 P Tt it opdopgHoiee angpgpus 100
fu@her@bﬁlﬁoﬁgﬁqg ah2edhnd $oukdell 10)nadfa disgensidacume (( ﬂ@@banbrﬁlttlng a gas
provided with a tenperature adj ustlng nmeans 32)
strR@R Nty WrisTiagle diegtiqnpandfeing ipsallekhetvgen thfsf@pne apurqeh@ 10) and

ong%?%a&qf&syoﬁ&l@' nf}ﬁoenﬁwlﬁ'(ﬁze@p% reacg;%atqg%gé) a'p%p (102)

racteri ze secon
isp rhqmdc{anhpvgetrmamgermsmhw@umd ratstthe diqnidanser(dib (21)04} nontams at

heat ansfer relatio the reactor (150).
leaSh i JrsFesesnt ldto nli’ey%uﬁ’ C%fgﬁaﬂ%& %@ne%tﬁ)re iop ad phe reactor
un%coﬁﬁ%g BEHRK ha®tkcbid I’é&@ttor %}fés %b’llﬂ td?ﬁ'é‘r@nﬂ A& |ﬂﬁnﬂ ﬁnctlondwherem

ormed as a uniting el ement two inlets an
thenutdat tof Itheet firsteacior @onehis counetceezd toftht héetfofrthc sgooad renctor zone in

nnee t.ed to nIet he uni t
tnd R 508y it P T Plse Rl i bkt R nelth ot i |¥beactor
zoh&s, GANARC hR&uk S adjniUnkeals (@60)t B Qsoﬁﬁéc&émﬁl’[(ﬁﬁﬁr@ﬁﬁ path after the
(140) and a second |iquid reservoir é174 IS connected

reacortuné apelfieprovisled tvithfan dectiigallyiceyesre Aaiol( 140)

th . . .
7 RN BT DU e
thiteRelgdctbprorics ©f arnphedd wiit ot porddead ;sllyscmlgasepamm foxst and sec-

The Iaborator scal e ozonol ysis apparatus (100) of
ongdjreactars (130n4?Qct eri zed in that the first reactor (130)

I's pf %edlggonéﬁ)ef sPAIC b6 oW Lo Fﬁﬁs‘aQrOOf %ggla}m havLBYCRRized in

i nlet, an out and a reacti nne 25) for
thaoth@ﬁmda&cmqm@])eumpmwmmewﬂh iadEmpetahee deustmg meargi(¢32) in heat

1 [ g a seal ed reaction channe
trapglogye éﬁiﬂép HIAEY

rface of a reactor sheet (320)

by cplef 1955921{3)9}' @@E@e %@&{o@ﬁlsbé‘p;ﬁréﬂlﬁﬁmg offBRRAMN, %@@i@z):terzzed in

pressed onto sald surface of the reactor sheet 0)
thatritle aectoadpeaqomﬂéob émproyidedvith p3s@perairaadiastitgnmeans (152) in
he cl osi ng nenber (330) .

lw@agg§§¥g§%gn}wgﬁﬁgg§%c éé annel (325) and being in

heats, tmnlﬁf)&éto&y? k@dlé epontlsis ifparst@Acitoopof chaniglchdd2Ryized in
thettthc}rleo ;Iu statnct:]ee 1n(t:a|l<%sils rf1o(“:’rmed as a uniting element (140) with two inlets and an out-
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
inlet of the uniting element (140) through a second feed pump (172), wherein the second
liquid reservoir (174) contains at least an additive needed for the completion of ozonoly-

sis reaction.
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menber (330). 7. The | aboratory scal e ozonol ysis

apparatus (100) of claim®6, characterized in that the
waiiozion®oel ement (120) is fornmed as an i nt egr aPCTYHUR@G6/000125

of the reaction channel (32_5% _8. The | aboratory scale

ozonol ysi s apparatus (100) of claim®6, characterized

in that the terrperature adj usting neans (132) is

pr ov t )

b0y s ookl SABREBAIT S SERKIE, (K pEsTARS, cPardized i
that, the liastacacbor (4 30) i's rprdwmtd aslasnmemihndhc rreamtrc(ﬂBQ lﬁmmg an inlet, an

d ' t
ol feethiod chosmebG2shier Seforthetint homlealiearlionigy microfiu-
1dﬂeOreacI&e(1|3@k)%ﬁip91rsmg9acsemed %@m{ MiahiclABPH ﬁﬁé?ed(lih@l@ spface of a

claim?2, characterized in that the secon eact or
re@%o;heleé(?ﬁ@b\bmew @ynmgrﬁ@dl@é@le@ &Y unelosing member&30) yressed onto

o0 QI L BRSO B0 SR80 e

cdnBR0 ahar Sireebethe z:msmgyﬁmﬁbeamm%idésu(el@me @&ctfbh&:hﬁﬁnel (325)
1, characterized in that the ozone source

angebring i deatrzanstes felation yiith the reaction shanpsh (?z%sa rﬂvog&haﬂ@ closing
s apparatus (100) of claim 11, characterized
mlglﬁlggﬁéagé'he ozone source ( 110) is provi ded as at
I east7 Ohe lasyatongtschle qaorsgsis apparane (YN cddimng characterized in

8, Ry 3Rt UPDLIS ORI f it impiiv BOnE b e P channel

(3Q§)that t he ozone generating electrolysis ceII (HO)
conprises - a cathode (13); - an anode ( 16)
conpBi Eha @abaram)wt seele oabnd;lgﬂsi @ppratox i(H¥) afidtlaim 6, characterized in

RS SRLLRORARE S5 13D FEOOLARE b SRR ot

(3(5b}act rically conducting, liquid and gas perneable
first electrode support (17) in contact with a side of

t he anbhe lgbositonyosaleatonps iapraretys (HY) wérelaiaind qhasiclerized in
thgﬁihfa S%COqld r%actg{1 ?15%:) EC rogﬁgctl ?EQ%&ofﬁ& 1 r&%&i 393@) with the same

FTrace covere nuny con
comgti@ion dshﬁatlmt}&rfﬁxaire@étoﬁmeO)anode (16) is am xture

pr epar ed b pressure_ npul din | ead(|.V) . ox
gr ai he Bie Kabpqagqr}d S¢3 ezézoéﬁb’sﬁo%yﬁ qsa(fl p@d?fdé@lﬁ’yg eqﬁﬂg; acterzzed in

th%f L}%n?e%r?d Ii]@a\é{ di'sﬁfr@ﬁh@cp 9% k&P%«%lu n)r%t?]a eadtif charge,

oratory sc ySi's appar at us "8 m
whereinhihe ahdrge lcat&aﬁns an bditive teefied foln thre eompbetioned annolysis reaction.

C_ent éﬁsT ﬂ%&%'tor? rsl,clza e %ogn%%ys}%he{p%graltusé (?865n efc ctlalm characrerzzed in

dis
that thfcJ ozone source (110) generates the ozone in-situ.

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

13. The laboratory scale ozonolysis apparatus (100) of claim 12, characterized in
that the ozone generating electrolysis cell (110”) comprises
— a cathode (13);

— an anode (16) comprising a mixture of lead(TV) oxide and polytetrafluoroethylene;

— a membrane (15) arranged between the cathode (13) and the anode (16); and
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val ve (112), the feed punp (102) and the pressure

adj usti ng neans (160) through appropriate electrica
wa@oeieciovons. 15. The | aboratory scal e ozonol yBCEFHU2006/000125

apparatus (100) of claim1,_gharacterized in that the

total inner volunme neasured along the flow path

bet ween the feed punp (102) and the pressure adjusting

- 'Eﬁaeﬂéctﬁéa@@) Cdlﬂu@tﬁl _H:I?ﬁtlldsglcp p@RLa iRt @m:ﬁ{odess@ﬁaoﬁ (17) in

nmost 25 cnB | 'aborafory scale ‘0zonolysis
ccmmgamthwssmel@bdie ahods (éﬁhbc&eéngpdsm;e te tter membrane £, $and side of

httete re adj i ng neans (.132), of the . .
th o shSRE [ o Y, 57 FacR Lol with fifbe Blupt-FSpaining layer,
wRGBT 0t mirial 0T 9R) arIoHé ()ll&hs M iRRPE ?%h@ﬁ%yﬂh@ﬂ)fe’sﬁ@é moulding
connection. 17. The | aboratory scal e ozonol ysis

ofalepd( ¥} gsld@ wo@ps of cellad ﬁ@e@ndrmﬂmt;raﬂmm@hylcm filzagnisphaving a
dt hat. th? n%ﬁr at ure adjusting neans (152) of the
155@883 % {¢P ]?T%O) is connected with the centra

cont 4] TheNlabora PP jcal 6aglysRhppRREBRN 0L & BAiRCL,Idhedcterized in
connection. 18. The | aborat oré(dscal e ozonol ysi s

thaipip Sreheti §OPPUSP adfenwlawﬁﬁolllen g0y vhichrigpensceted fo b digpensing
A2 e R S ) SRRSO TR 40 v o

prig¢ aletipicaliohhedtioas.t enper at ure adj usting means (132) of

the fir reac tor (130) and/or the e ture

adj ubti ﬁge IRpRrRtoTY 49548 ozsinotyRis ApBAEH ( 5@@2@ ai bpfraragieyized in
thhﬁtrhgggﬁﬁ G v¥iubid hbgucs Qﬁ 3 thé %twr géth LH%’tvt/ee(lltﬁQ}eed pymp (102)

an appropriate el ectrical nnec tion.
arldatbe rpatsowy aslpamting meanod 60) ipgrmost fiongn ‘020t cptqi@ably is at most 25
reaction of a substance solved in a sol vent,
“®haracterized in that the method conprises the st eps

of (4. BuPRbNafEy scald ¥RRoBRRWPhardfusSYIODtFENGAnRS & 14, charac-
solved to be subjected to ozonolysis reaction by neans

tevkedairt thatl ﬂmwplp@ramg)adjuﬁftumg alean&aw 3@t the firsy rw@m(ﬂ@o) is con-

neﬁget tl%lt]ag gp %1%8ﬁﬂr<?cl§1§§5(h gl? ?é] ep}ﬁlté%l tQ El%cttnlggl nlqe\:%tlon

suppl y.i Tig labsratorp Bald @Zo}xolyelachpp@aﬁﬁl (VYes) cﬁwmﬁtnamcald 14, charac-
through a reactor unit conpri si % rst and s
tefigetiohat7 R SRR RtErSRSiNstiRg Ahedbtiogh obfhersweomd; rswtﬁara&lﬁ 0) is con-
f
S AR 0207, B s Ul procion.
0zonb8.yRiedab@aoty smale arboolyie appaoziup a10Q) af tleimg Headd t'5tcharac-

reacto e of the.reactor .unit mai,.ntai ning t )
rebje el T COBatEs B R a PR B g i (5§5) which
is qﬁﬁ@aﬁ QEhdhgP rrﬁ§t1(§i1€vﬁh A Mﬁbbﬁ&r@ﬁ@jﬂﬁlﬂglﬁganse('l BBWE%HC fifst reac-
the tlow path after the reactor unit; (vi) I"ect i ng

tot HidOp rodiocthe g@nmrau@chdjustmg]mewc(d f2) ofhe semond metoof 150), and is
cotnngcu[: %ho{he central ' nflol unit (190) through an appropriate electrical connec-
tion.

19. A laboratory scale method of performing ozonolysis reaction of a substance
solved in a solvent, characterized in that the method comprises the steps of
(i) supplying a given amount of substance being solved to be subjected to ozonolysis re-
action by means of a feed pump (102) into a flow path;
(ii) feeding ozone through a dispensing valve (112) into the flow path in a section located

after the substance supplying position;
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product receptacle (180) connected to the end of the
flow path. 20. The | aboratory scal e nethod of
W@esiorawwng ozonol ysis reaction according to chal/mui®e/000125
characterized in that the ozgge is supplied into the
flow path intermttently. 21. The | aboratory scale
nmet hod of perform ng ozonol ysis reaction according to

(i) %a&nﬁ%l%ﬁ%ﬁﬁﬁ&%'t&%ﬂgh ] rEiL%r ﬁﬂ?@cdn%mﬁ{gaﬁﬂéf nPbechB® reactor

sol ved substance i s changed @frescrl
zenefpaenagadria agkctidnent| rtlm‘&cnw @athtlocdm mﬁhﬂmde feedingeoosition;
r.eact o re a tor u

LB EPLE 5 SRie b, 5o FroPFicfon HEo45iafigi yeition into the flow

pAtB a6k} B8 fRAGEAEINGnd 6f thk Madtc? hnitChar acteri zed in that
a reaction resultln?ﬁln deconp03|t|on or stabilization

(ofmainfeining bepessue e dmm iby gives prwmeu rergegurheanyed a pres-

' r t carr in.the.second
surd 2l s/ 80l andONR the SR pRSeP He defbags i o0
(viredliecting Itlw:ipmﬂu@%feﬁﬁam ﬁg tﬁ)fZ ostohy séa3tdr €86¢ bPthe reactor unit in a

accordi ng to claim?22, characterized in that the

Prodhgareapiacts G0} ‘P?ém?cﬁ?cb‘iorfh@i pid of the dewawdh-i n the first

reacbgrr
ol Tl Apery s LRRREY 6t Miftefind DnBRMEnidtBon approine o
cleimad 9 arharane izt in thet the azdnﬁ:rls ympilietl nta thy 8ew bathéstermittently.
of the reactiaon

t perfornmed in the
oonal T Bpfietor D S Areftiod st aming FaonoBs 1stion according to
clh@Pabakmyy Mct%ﬁé’éaem"[ﬁéthﬁg téi’ﬁpdi’&ﬁfeoé@mh@ QoREQIAbSY C@cé i ghanged to

reaction according to claimi19, characterize
prtemmedttqnp@rﬁtme& Oﬁ/tgb traetiore tesor petfaimedgn theelikt mmtpxa:tdmp of the re-
Q.including the volunme of the reactor unit, is at
%O cnB, and preferably is at nost 25 cnB.

22. The laboratory scale method of performing ozonolysis reaction according to
claim 21, 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.

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

24. The laboratory scale method of performing ozonolysis reaction according to
claim 19, characterized in that the totél inner volume measured along the flow path, also
including the volume of the reactor unit, is at most 50 cm®, and preferably is at most 25

Cl’l’l3 .



