WO 02/ 092220 PCT/ EP02/05322 1 Title: Reactor assenbly The invention
relates to a reactor assenbly for analysing the effluent stream from at

| east onewDloamwizbe ough reactor, conprising: - at |east oneciirrer/b3seDUgh
reactor for performng at |east one d@¢hem cal reaction, the reactor
conprising 5 - a reaction chanber, conprising a reaction zone, the reaction
chanber being connected to - at |east one reactor inlet for at |east one

reactant, upstream of the reaction zone, - at |east one reactor outlet for
the effluent streamfromthe 10 reaction zone, downstream of the reaction
zone, - at |least one analyser for subjecting the effluent streamto an

anal ysi ng; p{ OC edUtfor GEmYIACt Oor outl et being connected to at |east one
anal yser by an effluent conduit. Such reactor assenblies are known in the
art for e.g. testing 15 optimal reaction conditions for chem cal
reactions, including biological and pharmacol ogi cal processes, such as

testing e .pharpacol ggi gal activity of a test .conmpeound, the.actiyity of a
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are connected tg a egngeli%se(r: aergin 25 the effluent streamfromthe
reactor is analysed.” In plgac I'ce, many different anal ysers are used for
testing -and/ et kmstepnqgreggtpossletsfion afs lpaghsorshrusaataniraphstGEm
chronat ogr aphys dgyi £85oti®HCHorS Chromat ography col umms, in particul ar
hi gh- performance_|iquid chronmat ograﬁh%/ %HPLC , optical defraction 30
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Such reactor assemblies are known in the art for e.g. testing
15 optimal reaction conditions for chemical reactions, including
biological and pharmacological processes, such as testing the
pharmacological activity of a test compound, the activity of a
catalyst or enzyme, optimal reaction parameters etc. E.g. WO 99/64160
(herein incorporated by reference) describes a reactor assembly of
20 the above-mentioned kind for testing and/or screening a collection of
compounds in order to find the optimal reaction conditions and
performance of the said compounds. As the reactor assembly is
designed for testing and or screening purposes and not for production
purposes, the reactor outlets are connected to an analyser, wherein

25 the effluent stream from the reactor is analysed.

In practice, many different analysers are used for testing
and/or screening purposes, such as a gas chromatograph (GC),
chromatography devices, such as chromatography columns, in particular
high-performance liquid chromatography (HPLC), optical defraction

30 measuring devices, mass spectrograph, etc.

For testing and/or screening purposes, the reactor assemblies

are chosen to be as small as possible in size in view of saving

material to be tested, energy, etc. However, numerous problems often



of the effluent of the reaction zone is anal ysed and conpared to the
conposition of the streamentering the reaction zone, e.g. after and 5
bef or e t hworremagton, respectively. To accurately assess t reTrrrazoidon
performance, e.g. the exact mass bal adce of the in- and outgoing
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time delay between the moment the efficient stream leaves the
reaction zone and the moment the reactants of the said steam arrive
at an analyser, which is highly wundesired for high-throughput

25 experimentation. Further, it 1is not possible to conduct accurate
measurements on e.g. concentration, fluxes and production rate when a
small amount of effluent stream is available for analyses.

A particular problem occurs when dealing with gas/liquid
mixtures exiting the reactor, especially when dealing with the low

30 flow rates as mentioned above. Gas/liquid separation, which is
essential for subsequent analysis of both phases, is very difficult
on the small flows to be separated. The reason behind this is the
fact that a gas liquid separator for these small flows has to be
small as well to avoid unnecessary hold-up of the products to be

35 analysed. The small dimensions of such G/L separators will cause
adhesive forces such as capillary force and surface tension effects
to dominate over gravity, and as such will hinder easy separation

based on gravity.



to provide a reactor assenbly for ensuring that substantially the whole
effluent streamcan be diluted and prepared for analysis, 5 especially when
oper at i ngwaioklor20 i quid flow reginme of less than 1.0 m /®cm/EPIDOB22ti cul ar
|l ess than 0.5 m/mn, and/or a gas fldw rate of |ess 100 N /m n/reactor,
preferably I ess than 50 Nml/m n/reactor. The object is achieved by a
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mor e r eaBTGRLen| Wereip thengeachdy gf)%‘?f‘l?lyoﬁ‘ér S‘Fé FEPE LRES i A 18R €8S nmy be
pr esent . dFurtilber fliie sueply ingranshafideraddiyg ath Jzrassenoe dlrluabsrenﬁ;leudf t he

said Tirsl GRACELAANPLLAGK] S8GRALLSPATCLHOMISLERAN Bhe L e 25 reaction

zone, for recelving the reaction m xture, passing reacti on zone.
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iluted wt e dilution ui er et e di utlo ui Ly means
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ef fl uent st I's particularly preferred {hat the dilution supply
means di schar‘yie Phd%q?éefieaﬁé’ﬂvén chignbEsactdennsthephey  s5cepmadaées e40Ei on
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second space regm of the reaction zone as..described above
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inlets. In the said space, one ore more mixing devices may be
present. Further, the reaction chamber may, in presence or absence of
the said first space, comprise a second space downstream of the
25 reaction =zone, for receiving the reaction mixture, passing the
reaction zone. However, it is also possible that the reaction zone
occupies the complete reaction chamber.
It is preferred that the complete effluent stream is diluted
with the dilution fluid; thereto, the dilution fluid supply means are
30 designed such, that the whole effluent stream leaving the reaction
zone receives dilution fluid; the skilled person will be aware of
proper positioning of the dilution fluid supply means to dilute the
said whole effluent stream. It is particularly preferred that the
dilution supply means discharge in the reaction chamber, downstream
35 of the reaction zone.
In a preferred embodiment, when the reaction chamber comprises
a second space, downstream of the reaction zone as described above,

the dilution fluid supply means discharge in the reaction chamber,



conplete effluent stream conprising the reaction m xture, ensuring proper
dilution of the said conplete reaction mxture. 5 It is preferred to
contact twe cefdlzzent streamwith the dilution fluid direeChgErat/ose2 | eavi ng
of the effluent streamfromthe reac#ion zone. Thereto the dilution fluid
supply nmeans pref erabl y discharge in the vicinity of the downstream end of
the reactjon zone, g erablé such that the dj I ut| 0'21 flui cé cont actg t he
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assembly it will also be able to dose more than one diluent fluid to

the reactor outlet or effluent conduit(s). The addition of such a

multitude of fluids will allow dilution of the reaction products in

25 one of the diluents. Typically the multitude of diluents will be

mutually immiscible and form separate phases when coming together,

such as for example a gas and a liquid phase. Also two immiscible
liquid diluents may be added.

Each reactor preferably has a single reactor outlet, for

30 passing through the complete effluent stream. In this case, a single

effluent conduit is connected to the said outlet. Thus, the complete

effluent stream is transported through the said single effluent

conduit, to one or more analysers. In such an arrangement, it is

sufficient for the dilution fluid supply means to be connected to the

35 said single effluent conduit, enabling simple design of the reactor

assembly. It is to be understood however, that once the effluent

stream is diluted, the effluent conduit, downstream of the entry of

the dilution fluid, may be branched, wherein the conduit branchs can



vessels in order to respectively store the diluted reaction m xture for

| at er anal yses, or to discharge the respective portion of the 5 deluted
reacti on woaduog2g0 To get a proper m xing between the efflpagmrozosi2z he
dilutent a mxing systemmay be placéd downstream fromthe | ocation where
the dilution fluid supply neans di scharge in the reaction chanber or the
effluent_conduit(s). Al saq a buf e sent to _danpen 10
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catal yst beds are extrenely well suited for testing of or screenl n for
the acti 9ffipedt gori(§it . AoefPePPEFeT sVerseil xBEY cBE #5SE he Bting in
downf b ows ok i &f Imdﬁor\lmﬁltEaeildnbefhﬁ magt be ldagséd duedto gﬂmcaﬁetifanbl ow ng

t he di _recrtli n 9& gr av &Jf‘%'gﬁ’erem isotg hree(acgloxed 25 bed reactor
oper at i of e ¢ e use
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(sieve fraction) | akes, balls, nmonoliths or fibres. The catal yst bed can
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descri ptl ons O reaction zone an nore-reacti ons can
carri ed 6ot the tdpfivity of a catalyst. Preferred lS a fixed catalyst bed

operating in downflow operation mode where either or both liquid and
gas are following the direction of gravity. However, also other fixed
25 bed reactor operation mode can be used, such as, counter current,
horizontal flow or co-current upflow operation mode. Instead of a
fixed catalyst bed also fluidised bed, ebullating bed, continuously
stirred tank reactor or a bubble column can be used.
In the reaction zone various types of reactions can be performed,
30 such as, oxidation reactions, hydrogenation reactions, condensation
reactions, hydration reactions, de-hydration reactions and cracking
reactions. These reactions may be carried out in the gas phase, in
the 1liquid phase, or in multi-phase where both gas and 1liquid
reactants are brought in the reaction zone. In case a catalyst is
35 present in the reaction zone it may be in the form of e.g. grains
(sieve fraction), flakes, balls, monoliths or fibres. The catalyst
bed can be supported by a frit, a quarts wool plug or a filter plate.

Those who are skilled in the art will understand that many more



zone. One of the other advantages of using a fixed catalyst bed 5 reactor
for catal yst testing and/or screening is the fact that the products are
cont i nuouwby2eenar ated fromthe catal yst. This all ows an peagpopoisbuati on
and optim sation of process paraneters, w thout having to change out the
catal yst after each change of conditions. As outlined above, the reactor
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fol | oned bg q‘f slug of liquid in the effluent stream resulting 1in pressure
vari ati oR°FA?%Fe¢ stream and a non-constant flow ther eof, 35 leading to
measur enent i haceupesfiegsed Femtddémentan dthee dipnbinerflugd(sledsupbyy t heansy esence

of gas 'mg chd A & nefdHeU& U844 e@é@é@%h%mﬁx dhafost | (M1 fh APy SEfeS, such
as GC or HPLC systens cannot properly be used when %as bubbl es are present
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10 mm from the reactor outlet. In case the reaction chamber comprises
a second space downstream of the reaction zone, the dilution fluid
supply means discharge opening is preferably at most 10 mm from the

25 downstream end of the said reaction zone, such as the downstream end
of a fixed catalyst bed. Such a distance, in particular when the
reaction chamber has the above identified shape and diameter, ensures
proper dilution of the reaction mixture, substantially without any
hold~up of compounds of the said mixture.

30 In the reaction zone, gaseous and liquid components can be
formed at the reaction conditions used. A gas/liquid mixture often
leads to measurement inaccuracies, e.g. by the formation of a slug of
gas, followed by a slug of liquid in the effluent stream, resulting
in pressure variation in the stream and a non-constant flow thereof,

35 leading to measurement inaccuracies. Further, another problem, caused
by the presence of gas in a liquid effluent stream is the fact that
liquid analysers, such as GC or HPLC systems cannot properly be used

when gas-bubbles are present in the liquid stream. Gas-bubbles will



spectrograph wll cause strong neasurenents fluctuations and al so,
spectroscopi ¢ techni ques, such as U traviolet-Visible spectroscopy, 5 Near

| nf rar ed wpaetonzeopy or |InfraRed spectroscopy will stron@cy/Epsedizer from

| ight scattering and |liquid displacenmgnt because of the presence of gas.
Further, for proper testing/screening, the determ nation of the production
rate of gaseous_conpaunds_as well a foliquid co unds_ and
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before being transferred to an analyser., An additional advantage of the
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conpri sepresenges/ bE quies sedaraher, timar ewirchernatdstiggsaseninspartdei on of

the gasgeUsdidt{ddWrdt ROPRARHE forf FRER AW RBELEE compOuddiahs tiig119ageous 20
phase can be anal ysed i ndependently fromthe |iquid phase. It is however
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separator .bef.aore di sch i the efflu t r. This,]i he case
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gas dil UQH&]J}S%;@dﬂﬁ%d&EiWn advBRtdRAGEOEhET {AveBRt off ONSitheS £t AHat gas
and a liquid diluent js added,. The gas/|i iﬂw d seéoar ator will have .at | east

two outl 88, tdfde 30T ERoRT ndhitUePt cbitft ARG YadthengtbHe b 8ot hdft | v
cont @5 ni BEndidentably DackadédchErig Rglloadleepaiateseand y&war .seplaeatairki ci ency

of the ga§t?|ié£§£g §S%Eyﬂg 055&§?§i5h9ng1 &E%p@98§¥ﬁ %BnL é%é%&;ehofgiu he .
vol une of' l'urd Ts increased by the addition o c?lluen, as  described in
the pregénthe rexoduicts, Thusal ltbasefhidiensecorduit prgéerabdy/ Icrmriii¢esepar at or

35 thus iyRE/ERR18T sbpsSrbli CitRBEMithN ABEEInd Opriipant iskphimaby agalonee the
gaseous or liquid, stream it is of inportance that the gas/liquid
separ at oF2FEafas| trIgH EBW%PEFyf%%Bé’PSt B Y HETga8B oY 8 gﬁ%equisqui d
f | ow20 Hopeass , calD K2/ &0AF26d Piddpleddéa3y2 X rod sheh lagsispaplatseon Itedsi r es

h an disﬁggg&%\;e%géggopggggﬁﬁf%geﬁeﬁ%gr%gt feneSMPLTE e 14118 Mfl¥saLAd 6L 1 Ve
analyse the not-discarded phase. In some cases it is necessary to add
a gas/liquid separator before discharging the effluent to an
analyser. This is the case when the reactor effluent consists of a
25 gas and a liquid phase, but alsoc will be necessary when the reactor
effluent consists of only liquid and a gas diluent is added, or when
the reactor effluent consists of only gas and a liquid diluent is
added.
The gas/liquid separator will have at 1least two outlets, one
30 predominantly containing gas and one predominantly containing liguid,
each discharging to a separate analyser. The efficiency of the gas
liquid separator is strongly dependent on its size. As the volume of
fluid is increased by the addition of diluent, as described in the
present invention, it allows the use of a larger gas/liquid separator
35 thus increasing its efficiency.
In order to quantitatively analyse the gaseous or liquid

stream, it is of importance that the gas/liquid separator is capable

of completely separate the gaseous from the liquid flow. However,



at least two gas/liquid separators are present in the effluent stream
arranged to one another in a serial fashion. In the first 5 upstream
separ at orwoazosneesent ati ve anount of either gas or |iqui @CTiEPoyes32r at ed
fromthe remaining effluent stream tRat still may conprise a m xture of
both gas and liquid. The separated gas or |liquid can then be anal ysed
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Preferably, the analyser is chosen from the group, consisting
of: gas chromatograph (GC), liquid chromatograph (LC), high pressure
liquid chromatograph (HPLC), a mass spectrometer (MS), a

25 diffractometer, an Ultraviolet-Visible (UV-VIS) spectrometer, a
InfraRed (IR) spectrometer, a Near InfraRed (NIR) spectrometer, a
Nuclear Magnetic Resonance (NMR) spectrometer, a viscosity meter or
density meter.

Preferably, the analyser comprises on-line analyser or a sample

30 collection system, or a combination thereof.

Non-limiting examples of on-line analysers are a gas
chromatograph (GC), liquid chromatograph (LC), high pressure 1liquid
chromatograph (HPLC), a mass spectrometer (MS), a diffractometer, an
Ultraviolet-Visible (UV-VIS) spectrometer, a InfraRed (IR)

35 spectrometer, a Near InfraRed (NIR) spectrometer, a Nuclear Magnetic
Resonance (NMR) spectrometer, a viscosity meter, density meter. These

analyzers may be equipped with a sample valve or syringe injection



for the analysis of sanples. In that case the sanples are first 5
collected in collection containers before being transferred to one or nore
anal yser swobbug2od || all ow nore flexibility of the systempCagPnt/os3es not
necessary to integrate the anal yser if the whol e apparatus. The sanple
collection systemi s desi gned in such a way that it can <collect liquid

sampl es L0s&l 1:20th oy Col st Sofled! ged 1RpeoldfGhsd0 LoikdDe Qhelt can

col | ect gﬁseous sanp eCti on contai Rers esigned to col l'ect gas.
Exanpl esef&uelnﬁqﬂtnfa@ol | ection containers are reactor tubes, vials, wells
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pl ate, auto-sa rac carrousel moder n anal'yser systens
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anal yeer lsysidsm oiprt Cednl ol hects ampbeusc lampdes oin sypdfiemican destaimedssuch
that at ;22 868 Y6N chi {Ht! RBsCORIMI E Ok ot hflahdutc%%géémueegnéémeeagl ' S
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connected to one collection container or to a waste stream Preferab
this coRRecteastqoi febess mEiddsi n Yehth &rwelpet hhike-t Framgiet offEctIabl e

al | owi ngcbildc@iswi Lehtliabweeardngasib1asot i Huas| e(crrb'um: ChdYs3i, N@jas- Or to
switch from a collection contg % to a waste streamor visa 30 v%tilsa By
havi ng t [1BP%i 1995y PEBESSr c7oh8 T /c S 8ETHSn ¢8Rt afh ners oneis able to

col | est polectanpl emtefinere maeabeoprtmnidiacﬂfigr entsystrematrics way, tsumb, aghi s
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t he negative 1 nfluence of air. gas and I'iquid sanples al so
mul ti - coRnet?Y ortbghl vEs iy Bémltﬁsféal?o Wil the auto samplers of the

consecutively used analyser system.
Typically the sample collection system is designed such that at
25 a given time the conduit for the diluted effluent stream is connected
to one collection container or to a waste stream. Preferably this
connection point is made in such a way that it is disconnectable
allowing it to switch between one and another collection container,
or to switch from a collection container to a waste stream or visa
30 versa. By having the ability to switch between collection containers
one is able to collect more samples of one reactor at different
moments in time. This will allow monitoring the catalyst performance
as a function of time or monitor its performance under different
process conditions. An example of a disconnectable connection point
35 is a tube or needle releasably attached above the array of collection
containers allowing drops of 1liquid to fall in the individual
collection containers. When a needle is wused, the collection

containers can either individually or collectively be sealed with a



generate such di sconnectabl e connection points. Al so sanple 5 collection
val ves may be used, such as made by VICI (Valco Instrunments Co. Inc.).

Pr ef er abl wotoh@on2ed | ecti on system should be fully autonmati @cTalPopedsnz it to
change between coll ection contai ners,100or between a collection container
and a waste systemin a automatic way. XY, or 10 XY-Z robots or the like
are suitable for this and are commercially ., avail able as sanple collection
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reactors are connected to°a multi-selection valve,” having two outlets,
viz. a s&oddeelion: cantPiegyendta wdRkea SR N R 1agtomatdci §ag - eXbnites of

such iUl tv-gekesddsORr \abVeskalfeMBderdieViech . tii Sandalh¥e ¥éiderakinly
sel ection of _one of the stre the_ individual ,reactors to be guided to

f
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col | ect edsilmoname.col | ecti on contai ner. By proper synchronisation between

the 30 nulti- ' I, I ti t
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effluents can sequentially be sanpled In the array o [ I'ection
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collected sinmultaneously in the arra ‘ ron containers. It will be
cl ear to Baiesersids| paed | thet FamRke cohdRCHIRRYSYSiem 8RR RItAPF BP CSALIRAH at i ons
Wl Joe pesstbl RctBysdipefg ihh€a parallel or sequential way, or in a

combination of both. The parallel approach is particular desired,

although the sequential way is also useful. In the sequential

approach the effluent conduits of the various reactors are connected

to a multi-selection valve, having two outlets, viz. a selected steam

25 outlet, and a common outlet. Various examples of such multi-selection

valves are made by VICI. This valve will allow selection of one of

the streams of the individual reactors to be guided to the sample

collection system. The selected reactor effluent is then collected in

one collection container. By proper synchronisation between the

30 multi-selection valve and the sample collection system all reactor

effluents can sequentially be sampled in the array of collection
containers.

In the parallel approach the multitude of effluent conduits of

the various reactors are connected to a multitude of connection

35 points. Preferably these connection points are needles or tube

outlets assembled in an array. The spacing of the array should be

such that the array of needles is compatible with the array of the

collection containers. In this way a multitude of reactor effluents



connection points disconnectable it is possible to swtch the 5 nultitude
of outlet of the diluted effluent conduit to nore collection containers.
Thi s al | owe ocodizecti on of effluents at different nonentsPCa/RPODES3EDr a

mul titude reactor of effluents. By automating the novenent of the array of
outlets and the novenment of the array of collection containers it will be
possible to make the 10 system suitable for unattended opera . The

[ on.
anal yser ARy PhustHdeGEd iFETRIERARIIE ol YhctDE WAFER cd t‘f@rl:'ﬁ‘étowf‘o
col | ect sanpdimersef{ itteviafif baealeast reamhosdi sHildadpiresthearartbehanatanyed at

another LOFALIAR: 1ifradeUdulyuldtiBny Sta Bt WeACbRp 0D OBy MEafllicinf NG pigCaCt OF
assenbl y conpri ses f a f)’l u?a Ity of owthr ugsh_react rs as defined
above. Mognneqyieherrgings ghisgoppeshabhe ough teadosFibler etar rawigel ithe

paral kel g1t NeeW b eRabbi NGt henperdiabdnce reiuéntd! worbiilty €6 paral | el
testing/scr eenl,ng reactions, wherein |Elhe effll:ient
)

. ,stregmé%.e. t he
react i onBrHRANIPE) WNtAIRFF T estPHYy/ SrH8ERI fPLHEELIIon 2t an®féVeReT y&&d 20 in
par al | el dafferehtdesnemd, inequeat fat |a/. mulnitides neaspectqf refffénemcs Bys nade
to the abqoye i.dentf] 9/ : h t [l ses a
pl urali t?/’g)cé) mafﬁqgﬁf Hflr g%g‘;’%pe'r?teao%?c%?g, a’%’{g?s?tgi_ u%fsl%%n%fl?(a%?eg?%%% y cgrrpri ses
a sel ect hevarxay dfeCRbbertdpPh| cehtai@ghdiuit Vil REl PPpiidlechet Brke 4@ at

| eastgongy2herR@dliysfie £6F WRkesideeLbyerdnvacti ng one of the said nultiple
reactors wth the said anal yser. By ch _an arrangenent, se Her}téi al

anal yses of The ?“é&@f?’bd“aﬁrggﬂ%t? of* th&%dff PR tcggg%(ﬁ%ng, *eacifcarri ed
out in dediféderentoratt sappleanobetian @ity bwehth g ttéwen,sainkclansimpdes .caBuch an

appar at el 3, 830861 A Lokl 3BLE L [t isihLeuhput - 30 experimental ' on
nu

wherein alarg er of testing/screening reactions, using a plurality
of reactors, ©&ptd oway| Jtiaechivh fembpeiienty chizg (XGACEONFASEPBRYY, CRPRT E®®duct ed
si muljsangough yralliRyanol t@LAatANRghe MBEHtIRS! , ad t deFiAbS0 4MRE81 bl godto
connect the diluytion fl uif&ﬂsu&gl i( p Teans directly dovvns%r eam_of i{l
sel ect or PrEFeRAPLEYr FRAF THREHBOPAR a 98 4P A8 FANEANG" 0B 81 Sor €
gas/ | i quittiesapiahat enablane uhed perfocoadenabvfory theragdskl | ofui daseplelat or

may be pl ' ni%RS 1 ,,Qr L f r yad vepeien
Dl aced domctdan oo a sFEPRrB) BRAIEH B Besl Mo el s

suf fi ci ereagbion pEodiedE) | eliic@cB ctRATAPIOIFTREBMMICEF pI® cPBKRS P31Ya/Fen the
reachpon jinNphhg e@ast j Ot abafey, eequbntiallel avatkts fYspest) Gefbhénce
apparat usisrrx?i debetoet uei %%gge V\Jdidterr}t.? ieedOTI/’WO rg)Qr/%tl?g&.k-

When the reactor assembly comprises a plurality of flow-through
reactors, the said assembly preferably comprises a selector valve
between effluent conduits of multiple reactors and at least one

25 analyser for selectively connecting one of the said multiple reactors
with the said analyser. By such an arrangement, sequential analyses
of the reaction products of the different reactions, each carried out
in a different reactor, can be analysed by the same analyser.

Such an apparatus is especially suitable for high-throughput

30 experimentation, wherein a large number of testing/screening
reactions, using a plurality of reactors, optionally with different
reaction conditions, are conducted simultaneously. In an alternative
embodiment, it is also possible to connect the dilution fluid supply
means directly downstream of the selector valve. Further, when both a

35 selector valve and one or more gas/liquid separators are used in
combination, the gas/liquid separator may be placed either upstream

or downstream of the selector valve. When placed downstream, a single



5 pressure regul ators. Depending on the application and type of such

back- pressure regul ators, these can be placed at nmany different positions
in the aswembby2226uch as, directly downstream of the rea®eCoOrEPOIO0I3RL ,
directly downstream of the gas/liquid2separator or directly downstream of
a multi-selection valve. 10 Back pressure regul ators are used to control
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i.e. at |east 30 W%, prefera | east 50\/\/ % DI € 30 preferably at
| east 80"R7 W% evh r’%‘l’:’e bYE: l@?g%l Vo PERstUSE gﬁ;"f 5 of ge'ﬁ{{étéﬁl &5t
streami somtthltledg tthiei préssura parthecuéamtor heo caasenmhew valwguied zovmidenent s

of the e&ahwr&f §15&a%§§ﬁ:a&0epﬁn ag! aﬁgqchlssékhsiessq&aeremaaopg eherably
the whole Iiq Eg ase of the effluent stream 1Is diluted.” I n case gaseous

corrponenf-"é"‘?ﬁF lt“h X/ AR 288 BRAR04P49%-d 35 be anal ysed, at |east 30 v/v%
prefesabl y atTHecaskila@w/ \Wérsbhr erilpr efecr ablley 86 ldeasimi®R VEREY) opdsedalnor e

pr ef er abl | eas 5 v/ v% o ent streamis, dil
Dt of or abPy= e ARt et i baBle, radiaften B TP B MR AEnEe iaEe. Thi s
is in comssemitlyto WO 02/ 092220 PCT/ EP02/05322 13 sanpling nethods, known

inthe art, WAGS eifledRkidn aPutthlrINehhe@N! to SHRIJroAIIUINEor | affal s§§§ khan 5
w woor 5 v/v% of a reaction mxture is withdrawn fromthe reactor and

di | uted foPidngf{iert |HTEAls frPBsfocflordhEPRAt e FRRCHAT(eCPRPrising a
US- B26, 178a&3idn chamber having a reaction zone, comprising the steps of:

A) diluting at least 30w/w% of the effluent stream downstream of
the reaction zone with at least one dilution fluid,
B) transferring at least a portion of +the diluted effluent
stream obtained in step A) to at least one analyser,
25 C) subjecting the transferred effluent stream to an analysis
procedure.

According to this embodiment of the invention, a significant
portion of the effluent stream leaving the reaction chamber is
diluted, i.e. at least 30 w/w%, preferably at least 50w/w%, more

30 preferably at least 80 w/w%, even more preferably at least 95 w/w% of
the effluent stream is diluted; this is in particular the case when
liquid components of the effluent stream are to be analysed. In that
case, most preferably the whole liquid phase of the effluent stream
is diluted. In case gaseous components of the effluent stream are to

35 be analysed, at least 30 v/v%, preferably at least 50v/v$%, more
preferably at least 80 v/v%, even more preferably at least 95 v/v% of
the effluent stream is diluted; most preferably the whole gaseous

effluent stream is diluted in that case. This is in contrast to



5 Such a process is in particul ar advantageous, when the reaction taking
place in the flowthrough reactor is perforned for anal yses purposes, e.g.
t o est ablweh2opeimal reaction conditions and for testi ngPCTEPERIT3IY)

pur poses. As such reactors are preferidbly designed to be as small as

possi bl e, the effluent streamis usually as | ow as 101 mM/mn or |ess,

pr ef er abl Xm 9.1n rp'o%sor knev§nS lr/lA\Stl'll { hq,s %erel n\‘i?(n atn0 191% el 'ch:f I cul t
to anal yE&BsUC S A TR S L Y uracy, 1n-particu ar when 't he
sai d st rewshlcempritsed - dotlesgatienus Wéwﬁzl dn QUVthoWéonem@tePn oripxgure

i mmi sci ble GORRAGH! $roht the Pe&Mtorf QAd diatedli k4t | AalRgsWhohe g f | uent
stream downstream of the 15 reaction zone with a dilution fluid results in

a streanf®¥Perhr gfergRiuns MR teaftHe®ahti?d8d with high accuracy. The
said «iluted Sueflfhl,{ﬁd’d:tcesé r £amn partatcuheﬁsadvanpmgetdu@n viear eaé, réstion

transferred t | east, o0 thro ffI n it as
i ndi cat eéaek é’ﬁog aC‘T Wi 1'Thle %go‘gl ear Egﬂ %ecqﬁérslc%ngg%% ng naq&?tg,g t hat
not 20 tbherpsisese @i-fut &d efstpbbish septdasd hasacbiare W%@ft@s{ eélnfiofaﬁ

anal yser tew_fngvMteeam@rgdxgesé41erA%0§umyré@%t§fg fdrel gREferabi edégl%ed _
anal ytical equi pnent has gh sensitivity and reprodu0|b| ity, i's

possi bl et? P BEafTE el ?%961’18 fici Be S SIS CATERE ARarsraldy ?Seskﬂ"’t §s even
at red ativalymik gt Ilea\sel Spﬂéfehalbupl ons hxampl ex dfess25 aandky ias peecedur es

are indicated aboye . n d e t eam can
be spli ?fovcfn|% rréfat ef’é S Ertgé:?rgt ?‘%1 ?nél&%&btgﬂﬁ a!#s tél(rgg*édgg% glgf @%Ent
anal yser scquzape, subjmtte@u]tac? whee | Phee saidl gsesnm coBRtFess bolls gaserPened

above, Wiid 1Al QLABSNARSOIH NEnke LihRidYi83I8Nkom én@)ﬁ?n‘itoﬂsl beb§ €. 0.
possible_to detect the mass flow rate of each _individual corrponenilal n the

li quid nf¥gr eEhata/HriugiRg phikeraifi setidie be SEERBhpRTEREGeHY SbciPGtel y

r ecorsli ngeatdteoﬂrmoum wifthdial Went¢sn faddedrparlteniin af stremsn cNovﬂLabrgsed on

the CONCEOIA! R 0bahNBe ! gyiﬂedcgﬂgﬁnm%g&&&z@ | bl eda 301 dif@lg 1 e

production rate ¢an°® eterm vent 2220
PCT/ EP02¢ 0B322t dtFepnerer Mt 1saghe mr'a*onr Itbﬂr%ﬁflceﬁpb?@ﬁfe%ed t° at

(Mol e/ M Sdite IneXdnlal Plert Nee . .€aGEBLgh Ca le%fid'&xtn%%blﬁﬂld sat L@dlt&ttwen t he
concentration of c¢conmponent X in the sol ut:@g{d grggo and the
Lv&ht

concent r 9%n of 15”hlel ReISHERAT ¥ ImitiFe PRESOR sthFhé‘rﬁ'ol%ﬂatf P8%W of the
sol veant thaadwngléi dntwredhes A pantat ugreaio haci kot dee trwasfatmmd ate oanof M

I nt er nal %anrgugr%atee aaggggiéno thlfesP lnYa?rntbeV\’isLPffciQBQZ S&ince most

concentra?
analytlcal equipment has a high sensitivity and reproducibility, it

is possible to obtain very reproducible and accurate analysis
results, even at .relatively high levels of dilution. Examples of
25 analysis procedures are indicated above.

It is to be noted that the diluted effluent stream can be
splitted in multiple streams, that can be transferred to different
analysers to be subjected to multiple analyses procedures.

As mentioned above, with the process according to the present

30 invention it is e.g. possible to detect the mass flow rate of each
individual component in the liquid mixture and/or gas phase. This can
be accomplished by accurately recording the amount of diluent(s)
added per unit of time. Now based on the concentration of the liquid
components in the diluted solution the production rate can be

35 determined by:

Mx = Cx ’ Msolvent



The exact determ nation of the concentration depends on that type of

anal yser used and is known to those skilled in the art. In an attractive
enbodi menwp othg22ed f |l uent streamis diluted in 10 the reaeCrmporbssaber,
downstream of the reaction zone. As iWdicated above, the whole effluent
stream can conveniently be diluted by introducing a single dil uti on fluid
streaminto the reactio However Ssi ch the

di | uti on"#9%5i 8= %8 hRe i“ﬁ{lfa €]c°¥d°f|'f‘|‘?"i§’°ﬁe’é%ﬁﬁdf"f“° r’%ﬂg?%rleﬁé Jfrhc’e Ffl uent
st ream f reantbhe rCgadisi orhel Smedwurbdr tatvie. dpetweemnihg sepnceéfhwetden PA case

mul ti pl e, &%qgu 5 Af &hgoggﬁglgq (fmdi %‘?mifaﬂd PheC @a@e%rarcm Qg whion

fluid sho e 1 ntroduce ore the branching into the said
mul ti pl eSOB@ﬁHu(Wleéﬁﬂlbe MareoduEedhentel aadhonfok bR YEIEt 2eadin8r der to

diluts tbﬁtd’\h@lee @Jﬁa&ﬂ@ﬁ& Sté ee&alﬁQanaﬂé agentiflayiom Bf EM§eLﬂE§rexdlarmunt
of dllutlonfl Su plledtotshgl tr}\t stream a, "nre-sel ected
t arfo

amount of*H92G |‘B?F’Il?eqLﬁ dj &° nEi FrE PRt ccl’nsceélﬁf apé to
di | ut e tnee efxhbtieddteshisstmonoos udhe cancqamreniort epends 1df itbpemtyrenofint  of

ef fluent , 81y 88 JHqCoh4 o fflo ﬁﬂovaﬁttr&%stehekiﬁﬁ@t 9 @ld Qung an accurate

analysis to Yhe pertornmnme Usual 'y, substantially the whaole effluent stream
wi |l be col | dot @8, atfractire. - Fuiodirert affgnet P e streamdst B 4 singl e
pul sep of théilﬂelatct%h Idrﬁubdr, adclinSELdHn REOHRe SEFdc@Sonf zgtid.S@s, ihaicanell

preferably be | a.controlled and/or deter

cont i nuo?}g Sl ov\7 et [t gré‘é%ﬁcr eHETFPE SR cONEERT rant%l tb H uxgggarll’
product i mtmnean:ansamﬂw dt. bl tyiope £ peird etneah iﬁtef@mbbyct@ndchmhe@n fluid,
in partig Verd L qui glsé) Spc}é%?gle oV kfledytilatod Nl b fldisde Adfucea

adverse effect on the effluent stream However, a gaseous dilutiaon fluid,
or a conbRifatd GIPERiti iRageserLing FheeSEEIWPEuShTe fiTaR &BR BeAisen,
opti ofal tyanpe@Vieesd. gl an aapBysRTe dbdmﬁetrtpnlﬁ | dbisch supﬁigamanauld%r ef-er abl Y,

the dilution i c rises,a pref ny | ert UId
ef f | uent “¥t1% Sgﬁﬁy to dlgggol veﬁtorrpat hfa di gperqslel o gener at eshaO ?d
fl owi ng sodfigrabhy \Mé 02t oSRRZ20 F@ﬁ@P@Ef—’ 083212111% igtoathe epdd mWetlIquw d

component s, ffi ek Neo£f fd UBtroghé&AMntc0leabh€or aBRY S&hafitL. th AHdRrPebar
organic conpounds the dilution fluid nay e.g. conprise heptane, toluene

or but yl dbBeathe WHRAe L 1N8RE MtGRAY- pol ar or gani ¢ conpounds, e.g.
met hagol , acetdvants&ddbuslly Wataerpreasebectedusaduntherx adigaseons fdifdit iien fluid
is used | t [ﬁr eferabclhg h]éatslue][lt & dverse effects on the effluent stream and/or

Tedam.
on the aRdf
With a "pre-selected amount of dilution liquid" is meant

such an amount that is suitable to dilute the effluent stream to such
an extent that a sufficient amount of effluent stream is collected

25 from the reactor allowing an accurate analysis to be performed.
Usually, substantially the whole effluent stream will be collected.
The pre-selected amount may be in the form of a single pulse of
dilution 1liquid, a discontinuous series of pulses, but will
preferably be in the form of a controlled and/or pre-determined

30 continuous flow. Herewith measurements on concentrations, fluxes and
production rates can accurately be performed.

Preferably, a dilution fluid, in particular a liquid, is used
provided that the said fluid has no adverse effect on the effluent
stream. However, a gaseous dilution fluid, or a combination of liquid

35 and gaseous diluent fluids can be wused, optionally provided via
separate dilution fluid supply means. Preferably, the dilution fluid
comprises a preferably inert liquid wherein the effluent stream is

dissolved or at least dispersed to generate a free flowing solution



Preferably it should be chemcally inert and cheap. Preferably it also
shoul d not be the sane gas as used in the reaction mxture, allow ng the
esti mat i owook/ovizeo di | ution ratio by analysis of the gas PoTmmpese:ion of
the diluted effluent. The skilled per®on is however able to determ ne the
proper (liquid and/or gaseous) dilution fluid to be used for the envi saged

aim As outlined abgye, .the, diluent fl ui conpri se a gas
advant ag8% BF [R5 thegALabifs PrPERTYS ﬂ(%urggafﬁﬂéﬁ%-nﬁ%f%rs 1§h§) By
the addi ahatyset di |aient ngapolgasecimiicorpanents, edtiet dihgut tohe fReattiagn zone

wil be BiePledn ri%lae HBRENS o1 IBHL NGk ity) | 85LCRRCCLRLIRT Bof g daynst T eam

pi ping si g |f|c Short'er. I'n this context uent wll act as a
pur ge gaQOlaH) OBQaEPrCI LRoPBRURE 1t I§ed puRefdagak: t?ﬂ‘tetﬁarﬁ?%ﬂ 9 waker é’ad’f bepp
Cﬁ”poﬂlerh§edwk|Whelﬁe a Qje.@ree@ls Eplruteaﬁp@n@m ?\léM ddeda i g&e\fafwlly haee&sur e
this allo eep ese €.gas ase

condensaff6H.2eT %fr}f%ﬁ °Bar fgfﬁasgtrégr‘éﬁ“? a'é‘il}%(f I%%?g? h@nf‘%‘ﬁfehcy to
adsor b oBréferably f ateslai»tsld bleeax!ilemgcatldyl gmgrt esnderiveapt.i IPesfeXdly) iBy

di | ution by, the RUr g6e 988 2Rd LR rg%%“'ats' relgehow R8T LileioR! RSAMLR Of the

conponents exiting the reactor zone wll lower the chance of undesi'r ed
consecut PYEYBctRRRStiRatinR ofoWis (diduki 9 FRAYL MornPhETiZNCE the i%@Swel |

knov\@othabmpcrsa@%m\tﬂf Gﬂémﬁrleﬁédi efgthems. di enes or epoxides may react 30
wi t hout the presenc of a cat al w rate of the d|Iut|on

st
gas i s noni to?rée 1eg P56t ¥S B c(’)""%:vaelrcualq’&fe eE%tohedo STPEOS i B (BR¥5f the
i ndi vi duallqtgalseo@éommmpeqw glipatizh cfriutlﬂet@dwcexs?datquorﬂ@f enhisadiedut i on

gas and the C;Qbmo%ra&méa Aot thee l&qhghéuaiulaaﬁﬁ9U§1§&mB§me 4&3 ;the
ef fl uent his is even further facilitated the addition o

i nternal tg? a%’défl’éla‘ﬁf Pheugfingudniasgrus kifghien c?&H&%rﬁrreat AR ME:092220

PCT/ ER02/ 05322 BylGhe) adai€case dff dilgaﬁél &gl dgseshemeengpdnengs t Beividgct or,
the addition extra purge \/ﬂl faC|I|tat t he_downstre /I|qU|d

f m
separ at i on, espé‘& 5??“‘ ek i GG § kT uEht® |es anadded: 5AThe aglvant ages
of a liquid di Insaem(ieridew dimee, larrt)hlge otdvemstredm Dwepwgt heignddi¢argd yof

dilution [i QUi(LhoLLQEU anﬁﬁqgjggﬂﬂé&t the diluent will act as a purge gas.
b) By dilution by the purge gas the partial pressure of

20 components will be lowered. For components with a high vapour
pressure this allows keeping these components in the gas
phase, and avoid condensation. The lower partial pressure
will also lower the tendency to adsorb on the surface also
leading to long residence times.

25 c) By dilution by the purge gas and the resulting lower partial
pressure of the components exiting the reactor zone will
lower the chance of undesired consecutive reactions in the
downstream piping. For instance it is well known that
reactive components such as dienes or epoxides may react

30 without the presence of a catalyst.

d) When the flow rate of the dilution gas is monitored, it is
possible to calculate the production rate of the individual
gaseous components based on the concentration of the dilution
gas and the concentration of the individual gaseous component

35 in the effluent gas. This is even further facilitated by the
addition of an internal standard to the diluent at a known

concentration.



exiting the reaction zone wll be swept to the analyser, making the
residence tine in the downstream pi ping as short 10 as possible. The

di l uent vwiblo2ag122@s a purge liquid. b) Due to the dil uti orCyEPIR@s3pur ge
liquid the concentration of conponentés with a high tendency to crystallise
will be |lowered thus causing these conponents to stay in the liquid

hase. The | tration in.the liqyid ph f h 15 t
Wi Il also | Bher t he Tondbney 1957 LRtk | AN aReF iS558 ndo8EkFace ) The

addi tion of diladdiomot iqlii extwia |[pudger gasewihle facsiddtaty tigf ddwastrepn d
exiting the rea&;s%i&&%-saep}rgﬂc,ﬁ?n@sp%&mw'vﬁl@ncgfseé 106 #ddhLbRD &

dilution liquidwll ow extraction/ ‘scrubbing of 'gaseous conponents
allowing a sinldefied anal ysis of all conponent of the effluent stream e)
The disl ution with the dilution liquid and the resulting | ower

concentration_of the di ssoJr.vedgg%gigog _n%lsui%xgprn%mghe rt:%act or zone wll

| oner t he "EhahPataees, fdedi sy SCUEi Velredtti SR8

¢ A the downstream
pi pi ng. For aj nshwencter | the sadebltioknown dihationr edcmiide ¢oapcherrmponerts as

di enes or epoxigdas iHRY thEaGkabVRA WnkhQuhit he RLRBENGS Qfhe? £ALGLYST. I N
addition it is possible to add quenching conmponents (see also conditioning

conponents) i n ®HENGi PR n¥etigensi tieny nc SHE edOinSEe AR RIRIGA 280SBPrt
i nt erigedi at es. 49 pdbeividheThé aviuahe walllt &er disl altpudgel 1iwid. i S noni t ored,

it is poss'gle to . calculate the prqoduction rate.of .the individual aseous
conponent s % sed ot ﬁgec‘gllnlé’étrl\??a ’f%ﬁ‘eofmf%ee e anakeiy cﬁggenatrfggf‘?\% o
concentration ofonpesentrli viithiala ghsdousendensgnetn 85ystalilliee efWfillyjerke

liquid. This is)&ueRqf biddhedaukanl! tiddeedolYondnltS 89dLlidyoniOfenan1igigs nal
standard to the diluent at a known concentration isee_ bel ow). WO 02/092220
PCT/ EP02/ 05322 Phepey) Thl Loeer dfongeptratirguil &het iAW ®hagc t ik Pt or,
the 13ddition ofonpohertdidia@nildd qoiver Whel tédddnciyt 8b esdlleetivkawnatisaam

gas/liquid sepa{attihgn sig@ifi cantly. h) It is easy to add an extra

condi tioni ng conponent 't the 5 purging liquid. This conditioning
conponent webdl Tractdditién ohedilasden ohiquidduélls, dadrasse helwyivigepssty

chem cal and physiheal i QIi@Pe%idi8: tddireadtdd oI Ove the stability of these

conponents, and/or facilitate their sequential anal X,sis._ o .
d) In some particular cases the addition of dilution liquid will

20 allow extraction/scrubbing of gaseous components allowing a
simplified analysis of all component of the effluent stream.

e) The dilution with the dilution ligquid and the resulting lower
concentration of the dissolved components exiting the reactor
zone will lower the chance of undesired consecutive reactions

25 in the downstream piping. For instance it is well known that
reactive components such as dienes or epoxides may react even
without the presence of a catalyst. In addition it |is
possible to add quenching components (see also conditioning
components) in the diluent to avoid any consecutive reaction

30 of intermediates.

f) When the flow rate of the dilution liquid is monitored, it is
possible to calculate the production rate of the individual
gaseous components based on the concentration of the dilution
gas and the concentration of the individual gaseous component

35 in the effluent liquid. This is even further facilitated by
the addition of an internal standard to the diluent at a

known concentration (see below).



As indi cated above, the nethod according to the present 10 invention is
particularly suitable for small scale reactors for perform ng analytical,
testing awo ooreni ng reacti ons, wherein the effluent stpearmpowbsm2 | eavi ng
the reaction zone has a liquid flow tate of below 1l m/mn, in particular
below 0.5 m/mn, and/or a gas fl ow rate of less than 100 NM /mn, in
particul ar |ess than 50 _ 15 {n n. For the case where the %ffl ueplt stream
is diluted W tH 935GuiF i Igﬁﬁ l,q“tlﬂe SYREPD PRITHY diut BFCEPFr uER

stream betweernddbtiomet pifc editaierdiluegui dl fdudd: wnllurreﬁamibltraeact &hel i qui d
effluent flow ig r ably 1-1,000:1 and
nmost 20 pref erab?%g%aﬁlggbhgﬁgdr Js% gp%a%g %ﬁgg%ﬁ%agf fluent streamis

di | uted with aItgdSeApsyditruardd, arheextaei GondiFioningi FemROReRY f ERefhest r eam
bet ween vol urrqiu&lggngilllu@ma gmléléwdlvmum@t bbﬁpcrxeaet ougaﬁeaeftf ient fl ow
is preferably between 1 and g %e pr ea]: er.abl y OOOall re 25
preferably 0, 5- iea%gP pPRIEF 5B v nIﬁ}mf’ncream Smﬁt io, the
sanpl i ng speed zﬂwsunadr paspektiken. bEtis gadl aﬂmrbvethd! ebateis ing t ¢f t@sSPow

dilution ratio st | ¢ 2via0L A08S0F Gefli{4enhaGRRsbe obtai ned.
On the ot her f?é’ﬁ or<1aesntt‘%'o ‘%{WO? f lution rat |eo rr%l% ‘reesualt |%ﬁ%n?\ecessary hi gh

di | uent 30 co%r"sur%ﬁfitl‘bﬁfe&nda%f"teoo Hhe uMetRed e ARFPEALNG ob? prtdBerPZET bccur at e
anal ysi Slht?exwlenarlal WlCth&l@D'[dd]]ﬁthélt E6r beha\zeens&ene; didde@bts amdrt he
ef fl uent st eam q o{; sev aadct %gcgenainnd vgl act tot;lesr ef [ vary,
dependi n§%b rt’"l’fgg t@%‘é’ 5F app a’t"? 2 Tvetbper M s ratio is

of ten dek# Abekn3S shyednhe t@ensdmmrtgy tcbrb trigaciaivml yztoneaha%qm bmmtd diloway be

limted By & beta@ 1thctt/m§1 2§ 0 tvamcaytp HeQbl €€ 1017 AP0t -andfr |0WaE |1 mit

IS maini/deflned by t sol ubiTity of the |iquid corrponents of the WD
02/ 092226 ?’C‘I’FﬂF"OZ‘?ﬁ)ES%BZ’Z thany 498t Pl ef PFitrentn aﬁ?d’%?ultaﬁe Yespe thgBsPPed to
trangpor timi heinef f uent I i qU| d fromt he react or to t he anaI yser. In a very
attractive e od| ere RLACES tcsiL d]:!eré]t gut [r'ltl opl utlge
diluted efflueft © Freaasnet WESXR P E uto a gasrit B SEparation step

bef ore beibhgersubjeetragdio oin tbe adidiuyed rﬂjanemeGmreamrprbewwmgoauga:geeus and

a l'iquidgeffddent;fliheaTowSUGR1 dnsigliar alehefor SiShitaneda st f @isRd 14si ng
one or nore gas/liquid separations, as described above. This errbodl ment is

in parti @Gﬁé?rarbéb’evan? WhaR0the Mawe uATEIETIRIAM Ydali%d t R ed®EFon zone
conprbsepraféiapaydicandoal.

For the case where the effluent stream is diluted with a
gaseous diluent, the ratio, in the diluted effluent stream, between
volumetric diluent gas flow: volumetric reactor gas effluent flow is
preferably between 0,1 and 1000, more preferably 0,1-1,000:1, more

25 preferably 0,5-100:1, most preferably 10-1:1. By increasing the
ratio, the sampling speed is increased.

In both gas and liquid cases with too low dilution ratios no
substantial advantages of the diluent can be obtained. On the other
hand a too high dilution ratio may result in unnecessary high diluent

30 consumption and a too dilute stream to allow proper and accurate
analysis in the analyser.

The optimal ratio between the diluent and the effluent stream
depends on several factors and will therefore vary depending on the
type of application. The upper limit of this ratio is often defined

35 by the sensitivity of the analytical equipment or may be limited by
e.g. the vial size of an auto collector robot. The lower limit is

mainly defined by the solubility of the liquid components of the



10 gaseous conponent, or when a gaseous diluent is added to a liquid
effluent streamor a liquid diluent is added to a gaseous effluent stream
The presewo@20922p60 qui d and gaseous conponents causes sevelPall/EPPz/@3RENS i N

t he anal yses procedures. For exanple,18a slug of gas reactant, followed by
a slug of liquid in the conduits wherein the 15 effluent streamis

transferggd. 4@ %fﬁlue%re apa! ¥ Ahe FBYe CaMIEred! &5 SHhRs Y dhb0Bsd ke
effluent stream resul thfg; I'n a non- constant flow and to neasuremnment

i naccur adf@sid FGPR L reardopr B dheedndl¥S8Ehs and |iqui d may cause probl ens
with respect t® aORrGB\ﬁLﬁ’&rﬁé)m‘feobmb&!&nﬁndodmaﬂlbemwsesswcﬁdﬁ_ﬁgLﬂoattﬁé 20
One of the st _obyvi ou | e used by the r.esen as,.dn.the
liquid |§DY?T%1F’abttlfeha 1R ‘? gl%ﬂ?’gt aﬁtéfyéers U%H no?é:gtope %as”hlqg‘;ud
bubbl ®s sepddatibn gskep shetfeam b&bry @Bbgectdd Gos thieeppalgsingh pbdtedirgs | |

cause a F@émfﬁlgn 0§a§éaﬁsagp&lru 1qt;uLa gk 1 ubili €5t RAnWSIEN WSisBPadtdtiBRt i ON
valves. I'n the inlet capillary, of M5 it will cause 25 strong fluctuations
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or injection valve, ina M5 |liquid my Iugthelnlet capillary and in
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The gas-lihqvhd BEPAEALEORNSt B-tCAhaRembeF f DiHBE BXagASKET @ik Onot cope
with gas bubbles in the liquid stream. For GC or HPLC systems gas
bubbles will cause a variation of the amount of liguid injected when
using injection valves. In the inlet capillary of a MS it will cause

25 strong fluctuations and spectroscopic techniques such as UV-VIS, NIR
or IR will strongly suffer from the light scattering and liquid
displacement when gas bubbles are present in the measuring cuvette,
and even when trying to collect the liquid with a auto-collector
robot the presence of gas may lead to uncontrolled flow of liquid

30 into the collection vials.

Another problem is the fact that very often one would like also
to be able to measure the gas composition of the gas portion of the
effluent stream. Although most of the above mentioned techniques can
also be set-up to analyse gaseous samples, no analysers are known to

35 exist that measure both components within one instrument. To enable
separate analysis of gas and liquid on at least two separate

analysers both phases need to be separated first.



separator devices that are known in the art. By the addition of diluent(s)
to the effluent streamthe gas/liquid separation is highly facilitated.
This is cwovemtzgo t he fact that the gas/liquid separator PQEVEPOROSIDE
designed for larger volunes allowing 1% to have a better 15 separation and
a lower relative fluid hold-up. Preferably, both the gaseous and liquid

effluent str [ ffluen trea ar | ubpected to an
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wherein the streamand the fluid are. 30 conbined. An internal standard is
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Preferably, the dilution fluid is supplied as a constant flow.
Herewith, a fixed amount of dilution fluid is supplied. Thus,
production rates can be easily calculated from the concentrations of

25 certain components in the effluent stream based on mass balance, in
particular when an internal standard is incorporated (see below).

To obtain a proper mixture of the effluent stream and the
dilution fluid, the said effluent stream and dilution fluid may be
properly mixed at the location wherein the stream and the fluid are

30 combined.

An internal standard is particularly useful when the analyser
is not able to detect the concentration of the diluent in the diluted
effluent. This may be the case when the concentration of the diluent
is too high causing the analyser to run out of scale, or it may be

35 that the diluent cannot be detected by the analyser. The
concentration of the internal standard can be chosen such that is in
the same order of magnitude as the concentration of the diluted

reaction products in the diluted effluent.



liquid internal standards are e.g. octane, xylene and dibutylether. The
internal standard is preferably added before step c¢). Said internal

st andar d werzioe22addded to the reaction zone, e.g. together PCEEP02/03322
reactants and/or being incorporated i3 the dilution fluid. 15 However,
ot her ways of adding the internal standard are al so possible, such as by
separately addi ng thereof in.the effluent conquct(s). Alsp multiple
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property may facilitate the downstream handling of the conponents. Alike
met hods &P& REPRCI3GMRIRAWPS Fushal)tecal Eherdardr yidhdlagsshy derrid e name
of d_deri EﬁéL£chﬁgwﬁ SandthymhsahT]ﬂmapl eT,Qi._ lsawlb §Qmﬁlbgo!ﬁbflgu§amougd

i s diazongethane that -may react with non-yol ati organi ¢..acids . to produce
the far MORAYGPEET1o CRRIEies s &-And'rans: cuirBs 08 ATy othSrer . Such
condi ti oni ng Bopoterdnshctaddanl pgisepeafersbla 8&desobefote attiepnchi ggrignough

to converhe@ldail RERQUMONGA! Bel Baddif tof %ﬁet%a@cfit,hueaﬁe,t%.gh_eits ether
correspondi ng conditioned derivative. Those who are skilled in the art wll
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anal yti cal SOEL hod. It wll. be clear Ehata

n { fferent thog an
conpoundSCEESe EE. A B t SRAT G udNEty igiﬁ?reer"r?al lnstgﬁ%are §%‘5eﬁgbe

added, wicphducti(sdst Atsre muitdplenéttcamali syanderdsandncbasaddddit .gs with the
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preferably it should have a high vapour pressure to avoid ‘condensation of
t he i nt eFRIPERATaABTP2TAFRY it shoul d not dissolve significantly in the

l'iquiad diluentn 3Ib@sespdrdadr easkd | bedl hiy t adiiaibnaMiyl | adeeco@nice ddiat t he
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compound will react with one or more of the components of the reactor
effluent, resulting in derivative components with a different
chemical property such as for instance a lower reactivity, higher
25 stability or lower corrosiveness. Such method may also be used to
generate components with different physical properties, such as lower
viscosity, higher boiling point, lower boiling point, higher melting
point or higher solubility. Such change of property may facilitate
the downstream handling of the components. Alike methods are well
30 known in analytical chemistry and known under the name of
derivatizing agents. A typical example of such conditioning compound
is diazomethane that may react with non-volatile organic acids to
produce the far more volatile, more soluble and less corrosive methyl
ester. Such conditioning compound should be present at a
35 concentration high enough to convert all the components in the
reactor effluent to their corresponding conditioned derivative.
Those who are skilled in the art will recognize that the choice of

the conditioning compound is strongly dependant of the application



for useful internal standards are e.g. krypton, xenon, helium carbon

di oxi de or nethane. The invention also relates to a process as descri bed
above, fowooangd2gsi ng the fluid effluent streans for a pl ecalEpvyosh2
flowthrough 15 reactors, each reactdr conprising a reactor chanber having
a reaction zone, corrprisi ng the steps of: A) di I uting at |east 30 w w% or
at least 30 v/v% effl ue st.ream of & h.rea

t th
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F) repea?f%fgerg% e % fVeang H‘f’s’hen SPSPF e aPTBFURS f%‘fl SWichg
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reaction conditions. However, the above described sequential sanpling 35
met hod cHhlhlmeogRisgs &hat ntft%ip§°lﬁﬁro€é§é°e At BBty Hinteppak Ahgnipg will

proceelur @srqgdld abpeid saanﬂhé r@p&iicéiﬁ%ﬁrhhfdanabﬁ&!eada&yﬁéﬁfﬁel’dedExéNtﬂﬁs t he
reaction rodugti r% u]t (1 |d e reactlop ne of the r actlon chanber
are | eavf AT F AR BRIV ST 258 Sffr 1 oMt Ry r’éenon't% Wy 051685220
PCT/ EP02ﬁ®<58iZE of Zueshage Si gni f| cant portion of the effluent stream of each

reactor is dildiGdention! 8853 R1R0L 'tQ)naOE)ro%éQQ &s didsul ek ehbbbentsost ream
from one of the said reactors Is transferred to at_ | east one analyser or
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avoi d the necessit aveta se arate anal yser for each reactor, the

ef f | uent Zg??'e&%‘p’f r‘hgt'ﬁ § é reactors are selectively transferred to
t he anal yser(s). Mi slllrsa-ms BhalteatShe3'éfW/M3enr at rleast 30 omiva effltenteact or

s transferred to ADgaprofiDELRNALAIBES aolfifz2an 10 e GhRLURAL heeam of

ot her reactors are refrained from being
with a dilution fluid,

20 B) selectively transferring at least a portion of a first
effluent stream from a first reactor obtained in step A)
to at least one analyser,

C) subjecting the first transferred effluent stream to an
analysis procedure,

25 D) selectively transferring at least a portion of a second
effluent stream of a second reactor obtained in step A) to
at least one analyser,

E) subjecting the second transferred effluent stream to an
analysis procedure, and, optionally,

30 F) repeating steps D) and E) for any effluent stream of a
following reactor.

Such a process 1is particularly advantageous when multiple
reactions are carried out in parallel to test/screen for e.g. optimal
reaction conditions. However, the above described sequential sampling

35 method can also be used in this process, although, for sampling

procedures, parallel sampling as described above is preferred. When
the reaction products, produced in the reaction zone of the reaction

chamber are leaving the said reaction 2zone as effluent stream, the



transferred or e.g. being stored in a buffer conpartnent for |ater

anal yses. As the transferred effluent stream has been subjected to the
anal yses woaeeehzee in the anal yser, the anal yser will be Peadypo2/633e2 a next
anal yses procedure of a follow ng effl2zuent stream Then, 15 at |least a
portion of a second effl uent streamfroma second reactor can be
transferredq to,the,said anal yse t bjected to the nal
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manner, e.g. accor to the teaching of WO 99/6 e Itnvention is
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inflow i<2BHoW vmf’ﬁ 2ol 9 TR rreeacflor HerCWBRABTIREs £8° ¢ ar'tset space
7, 35 upstagpsesof Ashéheebransferzetheeffildent seoman Spacked) sil@wnstedeam of the

reacti oD h8NGnal Lsd sé@ééau%@nhﬁn@hgfam;sé@acw ranaepseef swlllm boi SeadiAse
formed by a grid 9, holding the fixed catalytic gace The reactor

further dONpPi3¥E AredrtgetPrgcedirearieps f Wl§?r%%ﬁ1‘1“1ef‘ n? Y9282/ Teerw20
PCT/ BBO2/43538@st 23 pbheidneaEt arsedohia ¢ffaeht osrrebmt onehfl buedia shbaessn bei ng
i ndicated __w.th arro%lll The_.out | et 4| conngct%dto anaaltys 5by an

ef f | uent E8n&Gi T 8 SRS a5 ngts o @fe Si BEPLCEFR| ént™Pondui t
i S shown,anahpseseqoodedwace ’J&eﬁay scemqowasre heu| tepphtedutritdfls the dasfrdsei ng

connect eq  hBeANo LT Bl BN tC A hhs aRdvINBES! Ns@R2Eh ltHeq:the ARYLhdedrry be
connected to an analyser. Further, dilution fluld supply neans desi gned as

a tubing apgLygas: RIPGRITIPS: h@NE e BEET I LY c ARNBLPV-tA5AREY resateFs t3AR React i on
zone,20i n dritengRrdndaspaca 181 mhenerdi eegl i aroplindadf ltaw odacthiihgtooOwd | ui d
i's iIndi 5\%5?94?% arrow Il. 10 In figure Ib, a simlar reactor assenbly is

shown, t'he
The invention is now further illustrated by the following

examples, wherein figures la~f show schematical cross sections of
reactor assemblies according to the present invention.

25 Fiqures 2-5 are schematical diagrams of different embodiments
of the reactor assembly according to the present invention;

Figures 6, 7 and B8 show schematical diagrams of a reactor
assembly according to the present invention, comprising multiple
reactors, a selector valve and a sample collector.

30 In figure la, a reactor assembly is shown, comprising a flow-
through reactor, comprising a reaction chamber 1, accommodating a
reaction zone 2, such as a catalytic fixed bed and an inlet 3 for
inflow of at least one of the reactants. The direction of the inflow
is shown with arrow I. The reactor further comprises a first space 7,

35 upstream of the reaction zone and a second space 8, downstream of the
reaction zone. The downstream end of the reaction zone is in this
case formed by a grid 9, holding the fixed catalytic bed in place.

The reactor further comprises an outlet 4 for an effluent stream from



reference nunbers of figure 1 are used for simlar or anal ogous features.
The dilution fluid supply neans have a di scharge opening 10, directing a
st ream ofwaiokmeazen fluid towards to the bottomof the react@mpobes22|. e

t he downstream end of the reaction za®3e. The 15 effluent conduit 6 branches
in conduits 6a en 6b, each of the said conduits being connected to an
anal yser, 5a and 5b r spectlvel gu t he dilution flui pply
means entBf fﬁ%°t°rreaégfoﬂl’é‘??§’r’rﬁ °5t {’ﬁe %J%ﬂer‘%aﬁf“é?‘ﬂ’é R PSP H st %bel ng
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chanber ggt 3 Egstreanﬁsm gglr eo% gaéljd ubi na exten%?;ng t hr ough the
first spaeduit dfdshadot itdA i%ﬁ@dZ Spﬁ%ﬁn‘hg“aé{ GPERifeg B b en §UHRESirn t he

secong Slaasxe beGh@Séorinect&if tdouNdreasn€nrdnahit R@dr eaddianezamnes Pluenkf f | uent
condui t éanches i.n conduit pranch 6a a]gd 6b % &ectlv
Seebn

25 uit
br anch 65°B Fifg BN RSt EF S %h Ehafs2p° enr’anclrlnxgbon Epulg g. be
connect edupp)lya wmearst dastigeéd oas a abufubéngvd9salischardd gim e thel, reh@tmactl on

chanber %ﬂ%—; Ir a Jt‘i@&xh'cffgt%Q”Pea@moﬁUMea”EhaJcﬂéf sebhy QGEEPYI NGt he

reaction c e sin reactor outlet 4 is connected to_anal yser 5
by effl uéhfe‘&}ﬁﬂu?% the F%P“Beft‘Fﬂlé’téa%eﬂutlﬁel%l’inef-?%"r?df PYi = ¥ppty nmeans 10

are gonnected im0 #iere eftf,| HesiniQandtddotor hsbdnbgyil £5 |shodn SGh@EBLR Cthe
cross-sectional view of an_r act or . arran rﬁeng accorgp ng to thf r%sent
a r oqgou

i nvent i of & REWT R ar ¢f y 1%1§§en1bl ¥f s S H & 0 35F

“he sys em-conpris
housi ng fe&orresoushegdaldiopl Grald tsppply em@amt ihalveyat dbmlwrgﬁeamrim

chambers ;¢ haMidgiad i rkl.tqieamlc%f a@ﬁlﬁ@og%iﬁh 18watad h® MROShbeHNds

t her eof . The reactors may nbodi ed as tubes of netal or other
sui t abl e that Beacter V@OZ?-GQZZEB WSEPBE'PO%?Z?f SheTRRAHIR8| RGP Ifipri ses

a base bbeﬁhle‘itaadn@;ﬁowerbreha{a%ntm%ona’msbaaeebl ack dachasfatid wadldi ty of
t hrough qoi st_channel.s 6. forne there r reanabI usi ng the
react or sg g‘%ﬁ %%’V}bqr oRpeFHERt £ A% 4P? vsleaéd earng W I oPRT eggénnels 15
each connecti ntpt digéreanlen| ghe 1311®f1ttdne fluick osupgblyTHeeansr sgnteharthel s 6

are formed,fele 2RaR0ELad N Qipakbh b@ﬁfe @Jeeeng aldViEMQE QlRsstadesi gns,
wherein a first channel 6 is entirely artﬁég ‘or ned by a tubul ar part

of the bR3EaMiedckosths é‘lé?%"om“pegsﬂﬂ dntign e The Rt gEL0n Hve SURRIgt h
sucha2bhahe8Re !y Eo@SEiGe 2nidlongitdd eupimg aqanebeatiad wid eactiva Ehamtderchannel
6. at the upstream side thereof, said tubing extending through the first
space 7 and reaction zone 2, having a discharge opening 10a in the
second space, close to the downstream end of the reaction zone 2.
Effluent conduit 6 branches in conduit branch 6a and 6b respectively,
25 conduit branch 6a being connected to an analyser 5. Conduit branch 6b
may e.g. be connected to a waist outlet or a buffer vessel.
In figure 1d, the reaction chamber 1 comprises reaction zone
2, substantially fully occupying the reaction chamber. The single
reactor outlet 4 is connected to analyser 5 by effluent conduit 6. In
30 this case, the dilution fluid supply means 10 are connected to the
effluent conduit 6.

In figure le a schematic cross-sectional view of an reactor
arrangement according to the present invention is shown in partly
assembled state. The system comprises a housing 1 for housing a

35 plurality of essentially tubular reaction chambers 2 having an inlet
13 and an outlet 18 at the opposite ends thereof. The reactors 2 may

be embodied as tubes of metal or other suitable material.



It can be seen that an extension channel 25 is forned extending coaxi al
and in line with the first channel 6. The extension channel 25 extends
bet ween twe okoseeo end of the first channel and the secondprt%/Hrares3® of the
base bl ock 5. The extension channel 28 has a smaller dianeter than the
first channel 6, so that an annul ar shoulder 26 is forned. The reactor 2

can be designgd t P [ S an r oul 6 A Lirst face 7
of the base b oeclgl%grsi%zé fgccgﬁsg?%%%ds%%% %eb%:ots)('{}elré qg?e%e%?‘zeg e;l‘%%éncSCO\/gér
el ement @hesbasd ddeabl ® bas #cipdbreligy fiethrough gpare Finst chantrdse 6bl ock

5. Ther e sBRYedCt iASLRNI A NRABGaPIPVhE@shing SLH ASacteEEWD,. tHhedldsfdr the
cover elepent 9 to the hase bl ock. 5. n the first face 7 of the base
r

Bet wee
bl ock 5 ShEMSMe %bd® tRFAVISed NRrPalLtl FhaFd HerRgvRrl%eC8RR nto e e Mutler of

hi gh pressuirietr @3icft ahé factogs2.11 are provided as first sealing el ements.

These 0- rin . I t h ri.n Is r..the inlet 13
of the fi rs?@:%;fﬁ%éf %ag‘%ﬂs?rj%gﬁn S teﬁi.fs?erl%llilgt Q?L%E]s ﬁgrglﬁ%.slogg gi%%le
bet ween BéPghPoulPwryeri phercAapidIss Bhereipr eviEmsEdechBmeAss [ i§ eabiwelyannul ar

grooves QrephfoM dfimed bPeaf ikubhidraGRirt o2f thkoeksé® Ho6cK eseim ngrdohe
O-ring 11. Ii)'hl s also prevents novenent of the Orings 11 in case of a

hori zont 8PS¥RMEnent of the cover elenent 9. Alternatively, the annul ar
grooves nmay beher oedcdedsi 2 theye bot lemthurdwbe tHatofedche eavesr eRenisnt 9.

35 The Nl ylaboodudbbiEY WRERY 48 YA ERSIJereR! O-rings 12 acting as
second seal1ng ef ement s. ese Orings 12 are located in the first
channel s 6 of It [f@nbhgesasnotka’s an\exbe39p2otrmme}/ EP0E (359 extenhiag

reaclt Orscgaﬁﬁﬁ.h a]gaanmi {Em waleltim fg_ege él_-ﬂa,nnEDI'G.eXﬂiépl Eggem%amémfla ]
cata yst Ln the formof a catal yst . e Dpase 0oC C I ses ourt
channel s 216°%1F8AF nBe 1458 E}b%elow%ﬂ,e'fd.eé’.f fﬂ% %ﬁﬁ'&e&ﬁ?“ﬂr%’fdogﬁﬁnﬁ%ﬁmg

out sisle tthee réast ahe2basel Hielcdws . SThdeexdeosith sbahnely 28 dwent $@3ller
downst re?g%:?éte&'hghgr?ac%tel Al AORRakel hesh ourden af hanRghs o320 sed for

exanpl e purgi ng or uting purposes. For exanple t ourth channel
16 may béormed- uid communication with a pressurised source of an inert
fluid such asti¥, re@dtoFay2 beaanbeot 8&yighied UticONrddtUi Ghort hakisal §AnuIRY

conpri se E‘ | i gui 96 10 To prevent condensing of the product obtained in the
reactor ° ‘%]Ie‘{zaf?, 1f a gaseous product is obtained, an inert gas such as N2
can Re fed byAafdumsthfadmiinef tBe tlmsieobteck Ibe ipr bakigly tbvandsedhe ncovea

element 9. The cover element 9 is releasable attachable on the first

face 7 of the base block 5. There may be fastening means provided,

such as screws, to attach the cover element 9 to the base block 5.
Between the first face 7 of the base block 5 and the bottom

25 surface 10 of the cover element 9, a number of high pressure
resistant O-rings 11 are provided as first sealing elements. These O-
rings 11 are placed such that the O-ring 11 is near the inlet 13 of
the first channel 6 and surrounds this inlet 13. Hereby leakage
between neighbouring first channels 6 is prevented.

30 As is shown, annular grooves are provided in the first face 7
of block 5 for receiving the O-ring 11. This also prevents movement
of the O-rings 11 in case of a horizontal movement of the cover
element 9. Alternatively, the annular grooves may be provided in the
bottom surface 10 of the cover element 9.

35 The housing 1 is further provided with resilient O-rings 12
acting as second sealing elements. These O-rings 12 are located in

the first channels 6 of the base block 5.



experiment through the outlet 18 of first channel 6. Herewith a very easy
diluting of the product gas can be obtai ned and condensi ng can 15 be

pr event edwolm/o2possi bl e application of the system of fi gwca/dpe2/0%211 uid
to be treated is fed via third channe?s 15 to the inlet 3 of the vessel 2
This third channel 15 mﬁll of course usually be provided wi th further

seal i ng means,_or val ves revent the fed fluid fr 0 returglng to the

third channel T'f5 TeAFY4F a% B GO %a%etaé’ltl?‘br?émﬁ 8Tt PPl fluid will
enter theontmiaiid awdtbkyst schtaregedrmcef eutdtetlyst &ed. n practice second

channel s 16 apg B%?é Q;h@,whys lé%ﬁgri‘h s kgedi Qhaxgr}e,'l‘ét g@%{ﬂewhg',m%uc%b used Cor

gaseous dilution ereas third 25 channe preferab
f eedi ng Réact-®nt khe Srepe iny £4ETh GH2NRRICK aetiidgutle dsacteodsphd Wed-logo
gaseosls ERaCc20hS. se‘aming télem&eedlzr)gde;ns&rémwfdtﬁerrdaaeianczeneanc.apl I I ary

may be used, :m & \é 4)1 aII |nsert dint }e 642? ird channel 15. In
ThY s “arr angelishEourdF SRtk bR AT 8% PaTHEe RIS 75 30

subj ect editwtingnpernases e Rmrndxampdm nlge dourhe aheasehrissmay tehén fladdtion
zone.  The,ARSAR0E Yo U:EI—.FDE‘J TREEsNRAVE ddMecROSS IR bAdd EPufd T, %@H gl'ﬂnég' ! Z‘t' on

fluid condwt 28 such It extends into the extension channe )
fourth s&&ITayyPRedits °29e‘f sdlﬁl“B’vH’déd“’r‘?v hrE &henPre EBPRE& daliqHe -annul ar
gap between the pS:@G&nd cbh&ﬁle@miﬂhezlsr@mdtt&&ahase lxbltﬁekrefactahe second

fluid conduit 28, ou d be desi d as a a
[ autd PR 1 H O GRPReY Bretiadd ale i netwier 88 S8 es NP0y 05322
26 vesselka2, bd fed hy tfhouth ehaerelng 6t be flognpethaet predtmctndbtamedm ghet i on

zone. The,giluied e&fohgﬁmhesmepée qa%peﬂea%%qngm tﬁeréwtﬁnilm channel
25. When a condui t s present, conduit an be absent or e used for

ot her pu?ﬁ%‘éé’sﬂ“‘el‘t? °1fth°ad’GPﬂ‘g°tc<9ﬁa|‘f?’bHFn‘gb‘?allﬂPﬂl ang GeRdeRgingidagent
fluids |petpreventédgenment accor di ng to figure if, aliquid dilution fluid
supply nmeans 0 Lnte i%the reag of %he sdlsLuent f.l uent supdplfg ans
having a di scHafgReShen ngeP €1°ose 'fo oF Tl SS5RY i FEREengCa PEdm
di | uti ontpilkpiitdetoadhidsfeheigatiingr colanneflf Lyeipt thenidlet $ ofOtket er s a

gas/ | i qUi,dsS@PaT ahipls 1Rirs VRRAAST NY @-J.flh%@bc%uxééoum\ﬂl?gb@%rOQiﬁédet 6b for
transportlng a representatlve pOftIOﬂ of the [i uent to an

anal yser Vi ShBHn PeaEIAT @EaBh AT XALERY 8 BIaverRethe Fed fluid from

20 returning to the third channel 15. After passing the reactor zone 17
the treated fluid will enter the zone 14 and be discharged via outlet
18.

In practice second channels 16 are preferably used for feeding

dilution fluid, such as a gaseous dilution fluid whereas third

25 channels 15 are preferably used for feeding reactants to the
reaction, such as liquid, but possibly also gaseous reactants. For
the feeding of a liquid for instance, a capillary may be used, which
may be partially inserted in the third channel 15. In this
arrangement any dilution fluid passing through channel 16 is

30 subjected to temperature conditioning as the reactants in the
reaction zone.

The assembly furthermore shows the possibility to arrange a
dilution fluid conduit 28 such that it extends into the extension
channel 25. A fourth sealing means 29 is provided in this example to

35 seal the annular Qap between the second fluid conduit 28 and the base
block 5.
The second fluid conduit 28 could be designed as a capillary,

e.g. for feeding a liquid dilution fluid into the space below the



gaseous effluent and any remainder of liquid effluent. Chanber 550 may be
equi pped with m xing elenents (not shown). The liquid diluent, 15

di schar geawofozom2ehe |iquid diluent supply nmeans 10, cont a®CI/EPO2/05392
therewith mxing with the liquid conpnents of the effluent stream

| eaving the reaction zone 2. The mi xture of liquid dilution fluid and the

| i quid conponents, of the effluent, strea dropl ets_ 800 coll.ected in
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the gaseous conponents an remai nder of uid effluent | eave the
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al so act gigwout ¥ingmndiuidh buffer chanber. It is to be understood that the

arrangenent s o{ tt]% effluent conduits E eactlgg cha{r‘o I8 gfh];tll%ures

la-f can be interdfa ge’%ln eg\%‘rt]ga%%c’rdlﬁ%t ST ST hoteve be" under st ood

t hat t heflaid sngplemeans Imenuetmttmenrédcwpd buppeydiaens (mni:nSlfmg}ur es
la-d 30 goghd nAAdg28 anckmyr fgz8ob@nﬂ‘ﬂgguwoé@)tmﬁl SChakga: Patdingh ot he

second space and/of _in the effluent conduits when a second space s
present Fhreafe AfedélioirncRampld tovpEds t1he Faidt97dA - c AR tdseIvitoRever
not Qonpéhserssuclaaa/sleﬁeads@ra&aeor €1.5g. caﬁpﬂmlﬁggmrcmalndermsm savirigefaarred to

have t he d ti |Uld suppl means _connec d to the 35 eff] ue ndui t
whi ch wi PP Jo% us°[ *tréasﬁg)‘pr‘%/lﬁg f’o|rF8rese“ T g s T ¢ °? L{' gq‘”%
under st oeffivmit ite tane apahyhsrt sinomaahgwrf)or Oug bett r@ﬁ Itlwglsphlet# | c¢dwe be

present, ;SUEH A% RLESHU & gy i‘&x@ah%de}‘@o@zi%%ZQfPQJrEPO%M 5597 flow

restrlctors filters or check’ valves. Typical exanples for a
restrict BPYa‘?eeeﬁéé%ﬂeé‘ Vé?‘?/é‘sl"1ﬁ‘épﬁ]13f“ﬁ?‘f%s§“°h?‘P@Pé orhe Hﬂ!&egllu‘ﬁ}rther a
gas/ hsquudsam@bat ﬂfouC&lﬂebElqiﬁGS&ﬂIuelnlﬁ blip19f mbarentl0Gonchidess D Iyeans

for bufferin daddltlo an be r iC ffering
and i xi RIEStBPrE s vaSRCE R L i Congbne i B Ry pErhieRl Bl
di anmet er leavimg tAg steactaon czomexé:r §-‘heam>t$@reu@fedlqum fdigurdorp flnidiang| e

arrangengpt Qfiqhile assRMBhys aseorde ngfmex;thesﬂr@xﬁnt(ueapiescsscdwrataxféal Iy
shown. Reactor 11 conprises a reactaor 10 outlet 4, being connected_to an

ef f | uent “@bRRfikeE 61N wHFEMPPE chifhelfedth® &RF! HdcoReRATE2D. e & | ution
flui doi s reppeRthtapivecopbiioar olf2. tief f Ligiid cangohénts CoMprtheesfAlyEmMSSUr e
reQU|at0rtlg%m, mixed with the liquid diluent fluid, leaves the gas/liquid
separator 15 via outlet 6b, whereas the gaseous components and any
remainder of liquid effluent leave the gas/liquid separator 15 via
outlet 6a. In this arrangement, chamber 550 also acts as mixing and
25 buffer chamber.

It is to be understood that the arrangements of the effluent
conduits and reaction chambers of figures la-f can be interchanged
among one another. It is however to be understood that the
arrangement of the dilution fluid supply means (10 in figures la-d

30 and f, and 26 and/or 28 in figure 1le) may discharge both in the
second space and/or in the effluent conduits when a second space is
present in the reaction chamber. When the reaction chamber does
however not comprise such a second space, e.g. as in figure 1ld, it is
preferred to have the dilution fluid supply means connected to the

35 effluent conduit, which will be illustrated in the following
drawings.

It is to be understood that in the conduits, means for

controlling the flow can be present, such as pressure regulators,



and branches into conduit branch 6a and 6b. Conduit branch 6a is connected
to an anal yser 5. Conduit branch 6b can be connected to 15 anot her anal yser
or can bewosedasr3o waste outlet (not shown). The dotted amcavEPdZoisndi cat es
an alternative connection of the dilwion fluid supply neans to effluent
conduit 6 downstream of the pressure regulator In nost cases addition of

di | uent fdeustr%omof ”(}F pressur ul ato qreferr s it wll
ot 1t atBnEoPEHCoER 26 Hereh et pebesh, Phvege Sreredli eveies | £ e
cases adoh]loworeajmwsmr @am neddlehearess scare 1l egidsat @mltesr_sppefcarlrfedes_ for
I nstance when ‘BHPtﬂe% nQt ya AR Ier? deBaPiteiSHLA Sdé“%rﬁé‘&td'lhwcﬁ@%fffw%& One

may al so decide to have” one uent upstreamof ‘the pressure regul ator and
one ot hercondpitfent 2¥9oui Rpadgwisrr REBFLihea st eddditdopalyulritidd. 23 (Re figure
3, the sgimserf erenggi RIS e ARy l&%ﬂdmﬁ&dgn shseail @s 4 Lessall il athex

Condutt - ST EERAT A Agt Theopadian.s CbRS e AT R H BT SeRRaR |

transferrmadto the effluent conduit 6 into effluent conduit 61 for gaseous

conponent s ang,30; &fdd yent capaul by BamgeRbnd '&J'tﬂeCQMIB@Qt fecdzldlihyerd

conduit 62 is connected to a liquid anal yser 52; 1n the effluent” conduit
62, a purfe iBventispesenicherahinle YGEh%P‘anBﬁ%"st"irnﬂb ‘ERSW&I&F?S FL&S2BEP g
connewt etbutliot ga;s abednys eéortnecadd itbt CarCoBElden61lzonknit i GYr ewrfh.cha 5et m | ar

assenbly as in u s sho e th qui d Iyse
sanpl e cof % 88??%41% oboft%lg t cg%hég,pg{% ﬁé"n ng &hot yf]gc%?r &8pSih Jfo t hat
of figur e:@tasnelsrimm;’::fmm gondhel tpibe sompriseegal pteFsuts rsguiawor ot ed

downst r eayp Ofp, oh Bfe S0t Wby SEPHALR" 645 andS 6HOVCS iR 192D hhchi 6h SEPar at or
is WD 02/ 092220 PCI/ EPO2/ 05322 ~ 28 operated at a high pressure, ! ano 16,
e

may now HRONNERtet P R 2PLBIET g iRty RRAPCRe SBUERAD abe oFqTIIEE
capi |1sar yanotheRsandly@er eentapl ber udsd canerddite vakver Eucgursalo@n;;hom a

reactor a I conqr,i si ng reactors,, 111 5 112 13 14, LN
outlets Af%?c%ﬁ ,X wnﬁé FAFRESE cET vzlltemé 1e‘1en§°88%%tecf1eagt%ha C!slrezll‘%c s
val ve 17 fhnidf shpreiyt meamsl uid @fslllentGP@ndUMCﬁ gogngtiveame opethe \meysut-'%at ures

al ready dispdssgd rws%wcggés éd&%ﬁsﬁ bﬁvelﬁ%&e%ﬁgml@&t&@gﬁrsﬁc@ne
nunbers. The dil ution means 10 are connected to each o

The ef 1] BTRSSEEN RABISERR 12 PFoPeHrpianas 614 wlWAPEH gAY FIR ABGRAR | on
wi th & f | serheCcorddute Gledui st&hORBweviirt, eimaiomeetasest Badi tdiohUidwais tibaih d
suppl y rn%%?%n%agrégiuggn{gﬁﬂiego}(%seE§£ é?yédcogg¥“£hs§ance when one is not
capable in pressurising the dilution fluid. One may also decide to
have one diluent upstream of the pressure regqulator and one other
diluent fluid downstream of the pressure requlator.
25 In figure 3, the same reference numbers are used as in fiqure
2 for similar or analogous features; in this case, a gas/liquid
separator 15 is present in conduit 6, separating the gaseous
components of the effluent stream, transferred to the effluent
conduit 6 into effluent conduit 61 for gaseous components and
30 effluent conduit 62 for liquid components. Effluent conduit 62 is
connected to a liquid analyser 52; in the effluent conduit 62, a pump
16 is present. Conduit 61 branches into conduit 6la, being connected
to gas analyser 5, and into conduit 61b. In figure 4, a similar
assembly as in fiqure 3 is shown, wherein the liquid analyser is a
35 sample collection robot 53.
In figure 5, an assembly corresponding to that of figure 3 is
shown, wherein the pressure regulator 13 is now located downstream of

the gas liquid separator 15. As now the gas 1liquid separator is



downstream of the selector valve 17, therewith obviating the necessity for
connection to each of the effluent conduits upstream of 15 the sel ection
val ve; t hwe o2/ngh2e@t ed by dotted arrow 14. Further, effluect/rPoneiser 6 is
connected to a gas/liquid separator 18 according to the assenbly of figure
5. An alternative enbodi ment is shown in figure 7, wherein the assenbly
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connect ed,, ) 0:4g: ?ﬁ’ i G g PERALALBhadit] 1 619€ a_; anoRd, tgft%%ggv&fmcﬂe' qui d

35 conponents o he ef uent streamto eff uent conduits 1d 631
respect i $alytioms fludghtsupphriuReans?2 £ap sbe cInteertrp tte refélurniteceBiuit frve,

wher eas %Btwhé&@amcomwtthe63§ele‘ét69nr\féﬂﬁrﬁd 1D, athbfowidh asivsehq e
selector valve is _further connected to_c ndugss 650 and WD 02/ 09222

PCT/ EPo2/"68%%52”‘3’2§°’€3§6““‘é‘é"cﬂ?“c6‘r’merﬁ°§‘| Y RepPELNErE TRYULET SPPSI39¥ 00 132
respast i wabky sel&onichni tva@6e; btlaiw hbglicdoehsby edottadd tdreropr ddsuFerthegul at or

132 to ggeﬁ&u& mganmq cen q]@'tc&ﬁ%ctgamctwt G%I@lwﬁnegéﬁaqawr 1gas

anal yser are s dinthe art wll” recognise that the
concept £RBMAINT £P fihecaTsamplycekifigupe 5extrapol ated to nore than two

reacmlrs by &k rmit/exrﬂaltueplymﬁwlﬂéﬂxtttf glmor Nignt Siguks fn,guher&.n aiheh

asse y arr n simlar to t (0] ure S. shown n owever
Saenor Y eRERR Fonr faet sinettay 0o S0 LB Rarh, b8iTh Rne e Hoh g
separat o!nal(:ﬂﬂ:ba valseb landbyl&zfa;ué_IBcho‘_r@uiESpétl i aedl y¥$12 | nespeetipslty.eam
gas/ | q“'g‘% PEIR’ %BQ&@:L%& anh %§E%rea @zft%%eggaéil\ﬁ%laﬂoﬂ dOLuﬁ&al‘}U' dis

separate ron1t e effluent stream an
col | ect omesn$ 103apdt102aKeHrectively, belng fed from buffer vessels 121 and

122 respectively. Preferably the buffer vessels 121 and 122 are one
and the same. Dilution fluid supply means 101 and 102 may each
25 comprise of a capillary of equal length and diameter leading to an
equal flow to each effluent conduit; also other flow constricting
means, known in the art may be used for this function. Effluent
conduits 611 and 612 are connected each to a separate gas/liquid
separator 151 and 152 respectively, the gas/liquid separator 152
30 separating the liquid effluent and the gaseous effluent into effluent
conduits 632 and 622 respectively. Effluent conduit 622 is connected
to the selector valve 17, whereas effluent conduit 632 is connected
to a liquid analyser. Accordingly, effluent conduit 611 is connected
to gas/liquid separator 151, separating the gaseous and liquid
35 components of the effluent stream to effluent conduits 621 and 631
respectively. Effluent conduit 621 is connected to the selector
valve, whereas effluent conduit 631 is connected to a liquid

analyser. The selector valve is further connected to conduits 650 and



separator 15l1a and 152a, separators 151b and 152b are arranged, receiving
the effluent m xture conprising the gas and still also 15 liquid of the
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The not separated residual effluent mxture is discarded fromthe assenbly

through (EH! SealROBGAN o000, SSRSRLLVELYn ELOUIEL DuaNOYS AudlcBplsbigampl e

col l ector ih Tore el ght” conduct's
t r anspor €prdpitthé60i upuches,bdovagktiepge@f Wwher ereseEeh r@shbl%mr il$2c4mnect ed

to needl gsnd@BL feyn éiidscaﬁa@qwgswe tbsiiii@ ig¥2c0id e&;dn@ets@ntal Bergas903.
The needl es. 901 are hel d g robot arm 902 that _can be autopatically or

manual | y 2 RHKRET: SBPSShather REe| ?’Efd‘l 1§89 4P shhsdF f‘”’r%?n DeGRESAFE, A W
di spefsedon&dpti Ahawmpliur alqurg dfcaoerbaiebe 80FapRebtrd itngméme then aiwove

figures, %Qgtoqgtl ?fu{)%gem §§;§/§§B éna%plctﬁgbe ohe {ye present invention as

wel | as e met ho Grther expl ai ned. Referring
to figure 1, I flighae|§f |apwaseempyi Sragpeemepkasinidas taothagaef aftgure

teﬂt ered ?nlé @xo&ﬁac&ﬂé}&?ﬂ%ﬁa@%ﬂ %tfsl’(m&]?tsegeénfﬁ% csm;&eal té aqot | ?n in
e reactli on zone e e en streamitrr e rea | enters
t he spacée‘?l?]ﬁyt RETRRaES (9567 & Iseg?ratd’ﬁnéfl?g;a'm To¥tby r‘i‘@gr ég%t ]nr?%f’one,

t he sai dreépdardmel gi.r gamhes upstudanc yas/ Miqhlhd t depadaternts aalé landd152ant moduced

into the [ a ce 8,
m xi ng/ dir ?g%%c??\@%?s’ebﬁlé‘gg?‘# I%geg%&dﬁdr ggrﬁﬁp%k?%é&jg%ut{%ng? F%“%E tgﬁesa‘pl ace
wher e up@ndt Fmalupsd ubE/ ot | difeid | $aPpka hEPLIFURS etded PonHEedmalofser 5

t hrough gsepitdiert 16aaduint Gs2hp eaperdtbesdilsubi @andf lisbe %&Qma!'rw are WO
02/ 092220 PCT/.EPO2/ 0532%}?30 connected to .the ef%l uent co dwt nd not
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infigure 2. Dovvnstrea upstr.eam. of thg %fe)?ﬁure re

ul at or
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the aid o 6. However , X
dlscharglnq the ligquid in co lectlon containers 903. The needles 901

are held by a robot arm 902 that can be automatically or manually
moved, so that the liquid, dispensed from a needle, can be dispensed
25 in a plurality of containers 903.

Referring to the above figures, the action of the assembly
according to the present invention as well as the method of the
invention will be further explained.

Referring to figure 1, a fluid inflow, comprising at least one

30 reactant is entered in the reaction chamber and is subjected to a
chemical reaction in the reaction zone 2. As the effluent stream from
the reaction =zone enters the space 7 in the reaction chamber 1,
downstream of the reaction =zone, the said effluent stream is
contacted with the dilution fluid, introduced into the said space by
35 the dilution fluid supply means 10. In space 8, mixing/dilution of
the effluent stream in the dilution fluid takes place, where upon the
mixture/dilution is further transferred to the analyser 5 through

effluent conduit 6. In case the dilution fluid supply means are



device known in the art can be used for transport of the liquid from the
gas/liquid separator 15 to the |iquid analyser 52. In a special 15

enbodi merwp otlg22eondui t connecting the gas/liquid separat @cTard2/o33e2 | i quid
anal yser conprises a capillary. This ®onfiguration is highly suitable when
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or in conduit 6. The WO 02/092220 PCT/EPQ2/ 05322 31 effluent stream
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high pressures.

As indicated before, the liquid analyser may also comprise of a

sample collection system, such as a parallel sample collector, as
25 described above and further illustrated in fig. 9.

The gaseous components of the effluent are further transferred
to a gas analyser 5. Any surplus of gaseous components may be
discarded via conduit 6b. However, said conduit may also be connected
to a second gas analyser. In the multi-reactor configuration of

30 figure 6, multiple reactors 111-114 are connected, via a selector
valve and a gas/liquid separator to the analysers, analysing the
effluent streams of the respective reactors. In order to analyse the
different effluent streams, originating from the different reactors,
the selector valve connects one of the effluent conduits 611-614 to

35 conduit 6, therewith blocking passage of the effluent streams from
the other effluent conduits to conduit 6. As indicated above, the
effluent stream is diluted either in the conduit connecting the

reactor to the selector valve (conduit 611-614) or in conduit 6. The



The sel ector valve can al so be positioned in the reactor assenbly after

separation of the gaseous fromthe |liquid conponents 15 fromthe effl uent

streans. Wp oklg2220 r angenent, shown in figure 7, the sel ectron/Brat/ess2i s

connected to conduits, transferring gdseous conponents fromdifferent

reactors to the gas anal yser. The gas/liquid separation and anal ysis of

|l iquid conponents is perforped wupstream of _the said selector valve by
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al l owi ng sinu neous col |l ection of . e diluted selecti str n
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reactor 112 |?%egg§§%&%8%?é%%§%l i&g.i d, Separat QLs; dRdadqand, 1o2b Lesnestively,

wher eas WO 02 2/05322 32 the not separated residual effluent
m xture LREPEJY pSten sepagedion follp FRFROUPOOEC™ |ther Riquid comgeR¥t,
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3-hexen-%igé égg;ig§egg§ introduce an additional selector valve, connecting
e.g. conduits 631 and 632 for liquid components of the different
effluent streams, to a single liquid analyser, connected downstream
to the said second selector valve.

25 It is also possible to connect outlets 631 and 632 to a
parallel sample collection system allowing simultaneous collection of
the diluted selection stream.

In figure 8, the effluent stream from reactor 111 enters
gas/liquid separator 15la, wherein a representative portion of the

30 liquid effluent stream is separated and passed to liquid sample
collector 52b. The gaseous effluent stream, possibly still containing
a portion of the 1liquid components of the effluent stream (not
separated by the separator 15la) enters gas/liquid separator 151b,
wherein a representative portion of the gaseous components of the

35 effluent stream are separated and passed to gas analyser 5 via multi
selector valve 17. Not separated residual effluent mixture is passed

to vent 700b. Accordingly, the effluent stream from reactor 112 is

passed to gas/liquid separators 152a and 152b respectively, Wwhereas



phase The reactor set-up as shown in figure e and figure 7 w thout

however the presence of a gas/liquid separator and a liquid analyser. 20
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of heterogeneous catalysts with a wid® variation in chem cal conposition
was | oaded in the reactors. The armunt of catalyst was 100 .g per
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1 v% of hel i uPsamipAe®r nal standard 1) was fed together with the hydrogen
and | v% of cycl ohexane (internal 35 standard 2) was fed together with the
3- hexen-2-on. The GC peaks wer.e integrated and the ratjio between the
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of gas and liquid is fed to a reaction zone, mhereln the 1liquid passes
(trickles) through the said zone_b aV| hIS ex rlnent a

S hefin. 2 on PRBIS b BREHID SE b RHct R G205 viest iRk 4% PR 9t he
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di -i sopropyl ether diluent was added at 100 15 ng/m n/reactor using a punp
and a distributor with capillaries. The diluent contained 0.0.085 nol e% of

hexadecane i nTha FERCEPBREIrHP FheShawdx d8efifi s |16wapdt Elqmre (. Bithout
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A library of heterogeneous catalysts with a wide variation in

chemical composition was loaded in the reactors. The amount of

catalyst was 100 pg per individual reactor. 5 Nml/min/reactor (0.2
mmol/min/reactor) of hydrogen gas and 0.004 mmol/min 3-hexen-2-on

25 1liquid feed was fed to each reactor. Thus the gas in the reaction
zone may just consist of 2v% 3-hexen-2-ol.

The reaction mixture flowing out of the reactor was led through
traced lines to the GC analyser. To increase speed to the analyzer
and prevent condensation the reactor mixture exiting the reaction

30 =zone was diluted with 50 Nml/min/reactor nitrogen, where the gas was
added according to figure 1lE. To measure all reaction mixtures rotary
selection valves are used. For accurate measurements internal and
external standards were used. 1 v% of helium (internal standard 1)
was fed together with the hydrogen and 1lv% of cyclohexane (internal

35 standard 2) was fed together with the 3-hexen-2-on.

The GC peaks were integrated and the ratio between the

individual components and the internal standards were calculated.



20 nonitor the ratio of the reactant flow rate and the diluent flowrate
for each individual reactor. Also a gas diluent was added consisting of 10
Nm / m n/ re¢@ako922e0 t r ogen with 0.44 volt of He. For the |i qairtkpd2/bisent
addition, gas diluent addition and g®s/liquid separation a set-up was used
as descri bed in figures 1E, 8 25 and 9. The gas/liquid separator has a
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20 monitor the ratio of the reactant flow rate and the diluent flow rate
for each individual reactor. Also a gas diluent was added consisting
of 10 Nml/min/reactor nitrogen with 0.44 vol% of He.
For the 1liquid diluent addition, gas diluent addition and
gas/liquid separation a set-up was used as described in figures 1lE, 8
25 and 9. The gas/liquid separator has a dimension of approximately 0.5
ml, which gives a good separation in a gas/liquid stream and a liquid
stream. The separation block with the gas/liquid separators was
cooled to room temperature to optimise gas/liquid separation. The
liquid stream was collected with a robotic fraction collector in GC
30 vials, for later off-line analysis. The system resembles the system
of figure 9 but then 64 outlets were used instead of 8. Every hour 64
new GC vials were placed under the liquid effluent outlet.
The gas/liquid stream from the separator flows to the selection
valves. The selected stream is then led over a second gas liquid
35 separator, which separates the selected stream in a gas-liquid and a
gas flow. Then the pressure of the remaining gas flow is reduced to

atmospheric pressure from which the online GC takes samples.
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PCT/ EPOZ/ 05322 37 MS 1. R t mbly f | th
ef f | uent 1st RFEAFFr Bﬁ?%{'fbllyeégf a’?lgﬁg&%l ?a%?@ffdﬁytségé?%rta %‘3%‘3?}%"‘\5&9 - at

| eastsone f boerfllbwetighougbaceartokoreqrprfisimi:ng at | east one cheni cal
reaction, the_ ra‘;t)a‘iks’é%%%p!’fié&-”&roh%l rr%@SI;éPrko‘EhBé%rmﬁé%,atC‘i £é Sdn’ég a

reacti on zone e reaction ¢ bei ng connected™to 1 | east
one reactor i n|<étemé391 frgachion e8¢ HICLPERIRALSIN pst r eam of the reactl on

zone, - at |east Qne-da@8cd®!critbeet ({f) éampribeneld | p¥ieishrea@® {2)Qm the
reacti on zone, downstream.of the reaction zone at | east one anal yser (5)

for subjecting t héP&f FRARMPRsTIERST %mtgoc‘é’f‘f‘eﬁﬁﬁ?yts? ng procedure, each
reactor outl et Pbeiatglegonneet edattwratinleast3)ofier artalleset dne awraetddtuent

conduit (6), whergip.the ke é@ea?@ﬁﬁﬁ%){ further conprises - at |east one
dilution fluid sup 'y means or adding at least one dilution fluid

to the effluent- stqtedl?ﬁs‘élo?&ﬁ*%tlfwrzeu‘b]fett Hé)réaét tht obiHderd sReesd or
assenbl y accordi Ngrofl €hedirBadtichhebre N doiRselidatt boreHel vésktistppdne, means

di scharge in the reaction chagber stre re ion zone. 25 3.
React or assenbl 3¢ d€@8F Py "\“STbTeaIi n(lqi\,,\@%e?u Jﬁc{:hréq g:hieuf‘?gfuef‘l FuPE*®uppl y
meanssar e conned echnt 0 apatysiofy t peoeddureent eaxinduieastor}. dRedet or basgenbl y

according to ané/onq.lfecfcg@ 05 eg@dw&tclﬂerrsanaﬁ;@em el efphehfaACLREuRAS
singl e reactor out f or passi ng through™the conplete effluent stream
Py

5. Reactor assetbl-yvhersndr a@Fe‘E‘lPﬂé’ FEEERRN FEMRY iHefs,
- at least one dilution fluid supply means (10), for adding at

least one dilution fluid to the effluent stream, downstream

20 of the reaction 2zone.

2. Reactor assembly according to claim 1, wherein the dilution fluid
supply means discharge in the reaction chamber, downstream of the
reaction zone.

25
3. Reactor assembly according to claim 1, wherein the dilution fluid

supply means are connected to each of the effluent conduits.

4. Reactor assembly according to any of the preceding claims,
30 wherein each reactor has a single reactor outlet, for passing

through the complete effluent stream.

5. Reactor assembly according to any of the preceding claims,
wherein the reaction zone comprises a fixed catalyst bed.
35
6. Reactor assembly according to any of the preceding claims,

wherein the reaction chamber is of elongated shape, having a



wherein the reaction zone conprises a fixed catal yst bed. 35 6. Reactor
assenbly according to any of the preceding clains, wherein the reaction
chanber iwowb/ogl2eongat ed shape, having a WO 02/ 092220 PCT/ EROXPOLE322 38

di aneter of at nost 5 cm preferably 3t nost 2 cm nore preferably at nost
1 cm nost preferably between 1,7 and 2,5 nm . Reactor assenbly

according tg; an of Jhe.progeding chai fhodd, %‘?‘3’ el tagdi] ULhon i d

supply nmeans arge I'n the reactof ‘asse w thin at nost nm from
t he downst r exeficanlilnfatt mest rlegey | BIptz pRefer@blReiween asJentd y2/:ZcBBr di ng to
any of the preceding clains, 10 wherein the effluent conduit conprises a

gas/liquid se ar ator React or assenbl accordl ng.to any of the
pr ecedi ng- cR&THS ﬁf@&“@?’gﬁ (AR B 1Y Hs el ‘Frcﬁﬁefg‘é“’g?r ofip2ims.

consisting wﬁeraelnlﬁhgasllmltliowafhgldaphp;(m)n;eahs Ot set he hge ndat ageaphac(ﬂﬁ) hi gh
pressure |iqQui r §ogr aph, LHPLO) , R %“ﬁ e Q )

di ffractonetggére?“?gg %’Ft@r avi o e?-%Psllc%l e (UV-VIS 3 ?ﬁgc?ﬁ)%réntgr}@ OfaItr%lfer aRed
(IR) spectroagataen zoear InfraRed (NIR) spectroneter, a Nuclear Magnetic
Resonance (NMR) spectroneter, a viscosity neter 20 or density net er.

10. Reactor assenbly ac din of the pregceding cl aipns, erein the
assenbl y8cofpiFaEs asspﬁ"@ﬁa ﬁqV ?‘”f‘%/oﬁ?t Iﬁnéfug?f ngict FESeAP YT 7 i n
claiml. 25whdreiReadteoreffdsent| yondaisr dianprigesc| ai gpdlliqetidr elepasatzel ect or
valve 1is p ded bet ween effluent conduits of nultiple reactors and at

| east one a a yser for selectively connecting one of the said nmultiple
reactors to the said analyser. 30 12. Process for analysing a fluid

ef fl uent g5t rReAFOIr! Oéﬁs'tmi)h.?w‘awabﬁag'h; esacdngr &pmhésimcaﬁ@acua{h&hamer

having a reactiaqn z ne, npri.si ng t he %gepfsth . A) dilutin at Ifeast 30
w W% of t heVBFF90e SFP%]a’rﬁ dodfis CFRETR Fhd P ®4ct |°8ﬁl% g Wit B at
| easts one dighsit¢toemhtogmhphBYGE)Y ankigeidi elgramatogaash dLPpr thigh presdmedi | ut ed

ef fl uent o] te to at t er 02/ 092220
ef {1 uent _siLeam olhabRatby:ips! o) | O 8 hAASt BgeARRYECT (msiQ 0Y

diffractometer, an Ultraviolet-Visible (UV-VIS) spectrometer, a
InfraRed (IR) spectrometer, a Near InfraRed (NIR) spectrometer, a
Nuclear Magnetic Resonance (NMR) spectrometer, a viscosity meter

20 or density meter.

10. Reactor assembly according to any of the preceding claims,
wherein the assembly comprises a plurality of flow-through
reactors as defined in claim 1.

25

11. Reactor assembly according to claim 10, wherein a selector valve
is provided between effluent conduits of multiple reactors and at
least one analyser for selectively connecting one of the said
multiple reactors to the said analyser.

30

12. Process for analysing a fluid effluent stream from a flow-through
reactor comprising a reaction chamber having a reaction 2zone,
comprising the steps of:

A) diluting at least 30 w/w% of the effluent stream downstream
35 of the reaction zone with at least one dilution fluid,
B) transferring at least a portion of the diluted effluent

stream obtained in step A) to at least one analyser,



39 O subjecting the transferred effluent streamto an analysis procedure.
13. Process according to claim12, wherein in step A) at least 50 5 w w¥
pr ef er ablwoa/oveast 80 w web and nost preferably at | east PET/BROMIS3RS t he
effluent streamis diluted. 14.Proces¥ for analysing a fluid effluent
streamfrom a flowthrough reactor conprising a reaction chanber having a
reaction zo Q n di g.at _le v/ v% of
the effl uen?FstsruJeb e&? Sdreegtrr% g‘%fg%’ﬁe r%gafcltuf%% zsgﬁéé&gm %% {' %z'g%?&one
dilution fl ui d,PrBFe@IF%wsferrr ng at least a portion of the diluted effluent
stream obtained in step A) to at | east one anal yser 15 C) subj ecting the
transferred effluent streamto an analysis procedure. rocess

accor di nd3t SFEFSA APEOTHRG dich G718t dp7 AYDSfeiPe 48t SEEP 97 v%' braterdol y at
| east 580 v/ wYwgNbriebetaqlyeher bdasy 80 w/a@sbtn®Snos20pwé ficiably tdte 1least esnt
streamis di] r.qi ny of the clains 12-15,
wherein the /H% dfué'gri'f(§ %%lggﬁrssgqg&?u%eggll%% eyreacti on chanber. 25 17.
Process according to claim 16, wherein a pre-selected anount of dilution

fluid is guprbé&sh trorthigbihdiantsisid eamud$e RH-OER SHEoACEOF tHl@ntSugdny oOf
the clains 12-17, wherein the dilution fluid cor‘r})rrses a liquid. 30 19.

Process accGPAFTRF tSPRAYSHY theTeIGHIRR £h2 881 1A drRACEF PR PR
conprnbses | icouprhismng/ e gaspoug :conponent s, vvherel n the liquid effluent

o bl v RLATEMng"aE M olRY 480y Iie rfeégggfmgn@ dtteahChdiisty Oadllde NUt &,

preferably I"ow /mnute, and aseous uent stream if
present, when theamwgl?fhéqﬂéa‘ﬁfﬂbﬁt ik P%e selepiaod1ngd/ ni nut e,

preferably BelewnhsferNihg diulgst VD 5&&@8122&9 tReTAERA0882R1end0s2fednl OCESS
according to any of the clains 12- wherein ttie diluent fluid conprises

a liquid, and°Rhetni®isFend) diq &Feﬁeaé‘ftf Pheft"® $%¥¢am the volune ratio of
t he I1'5qui d d) Isubféctfingi cthe effdnsgrtred seOf Rieh®, OHedmpref eamblapalyslis000: 1
and nost pref ﬁggﬁé Yark0- 5 100:1. 21.Process according to any of the clains
12- 20, wherei difuent fluid conprises a gas, and wherein, in the
effluent stream the

15. Process according to claim 14, wherein in step A) at least 50
v/v%, preferably at least 80 v/v% and most preferably at least 95
20 v/v% of the effluent stream is diluted.

16. Process according to any of the claims 12-15, wherein the

effluent stream is diluted in the reaction chamber.

25 17. Process according to claim 16, wherein a pre-selected amount of

dilution fluid is supplied to the effluent stream.

18. Process according to any of the claims 12-17, wherein the

dilution fluid comprises a liquid.

30
19. Process according to any of the claims 12-18, the effluent stream
comprises liquid and/or gaseous components, wherein the liquid
effluent stream, if present, when leaving the reaction zone is
below 1,0 ml/minute, preferably below 0,5 ml/minute, and the
35 gaseous effluent stream, if present, when leaving the reaction

zone is below 100 Nml/minute, preferably below 50 Nml/minute.



volune ratio of the gaseous diluent fluid:effluent is 0.1- 10 1,000:1,
preferably 0.5-100:1 and nost preferably 10-1:1. 22.Process according to
any of thwookabireo 12-21, wherein the diluted effluent strearmpPozosebj ected
to a gas/liquid separation step befote being subjected to the anal ysing
procedure, providing a 15 gaseous and a liquid effluent stream 23.

Process according to claim?22 whe e bo seou l'iquid
ef f uentZ%t?’%‘%?ﬁng?%crﬂrghn‘éftf‘:l GB¥(° étt:’h tlg {)J;r gg%f?/m %Bj eTHE, e&n?o

anal ysi ng pflciedwoepr 2{s24. lﬁlqod:e,ssarabo:medeng. t tn arhe ofiluhed cétflvent2- 19
wherein thege bt LAl Jdidhd bac R kR @%@dcgq&a@,m QY. ; 28 £ RYenEESS

according to any prece cl alns wherein 25 at_|east one

i nt er nal staﬁdéﬁa'losoaﬂﬂbdpﬁﬂfqrﬁglff hé-pr R&Eds, and,cHosk harekerabyy | dPad

ef fl ugnt stiggm.conprises the said internal standard. 26. Process
according to claim25, wherein at |east one internal 30 standard is added
to the reaction zone. 27.Process according to claim?25 or 26 wherein at

| east on2li mteresal acgirdndgrtd iagyi it dhporddiad iL1R-2the wiieresn dhef diliugnt35 28.
Process aCC?I&d”%FRQrPéEé Qf glég'e SR8 rd P 21 fQ‘i\eaQﬁh}ﬁ%n@g st P&an,f leikd

effluent strea roma plurality of fTow'th rou% reactors, each react or
conpri si ng YEECct T hefrbaPehAASRE S (AR on T 1Y HETELesRs | §% nd -the steps
of : WD 02/ 092620 1 PG £BO2H B35 328-10bt 1Adndlidobit | pr:fekabBAID-BOL W WO and/ or at

| east 30 v/Iv% of the effluent stream of each reactor downstream of the
reaction zone with a dilution fluid, B) selectively transferring at |east a
portion f.Brddesst acdordfifig usntangt eedief comms flRr2t, whareby tbptdilvdddi n step
A) 1o at lg@f?l.tuegf'e s208LySeL . shhjeaMRiuecld g LB/ fiqhsh ephafgbhedtepf | uent

streamto an analysis procedure, D% selectively transferring at |east a
portion of hefscl?@or?éflnios‘étﬁelcﬁéﬁt tat FRanfRALlYS 188 BIRPSMERL oPFOHEAPRed i n

stepid) to gadeduasid @NEiqulial ¥EELTuenk) sGrdymect i Nng the second transferred
effluent streamto an analysis procedure, and, optionally, F) repeating

steps D) and E) for any effluent streamof a
23. Process according to claim 22, wherein the both the gaseous and

the 1liquid effluent streams from an effluent stream are

separately subjected to an analysing procedure.

20
24. Process according to any of the claims 12-19, wherein the
dilution fluid is supplied as a constant flow.
25, Process according to any of the preceding claims 12-24, wherein
25 at least one internal standard is added during the process, such
that the diluted effluent stream comprises the said internal
standard.
26. Process according to claim 25, wherein at least one internal
30 standard is added to the reaction zone.

27. Process according to claim 25 or 26 wherein at least one internal

standard is incorporated in the dilution fluid.

35 28.Process according to any of the claims 12-27 for analysing the
fluid effluent streams from a plurality of flow-through reactors,
each reactor comprising a reaction chamber having a reaction

zone, comprising the steps of:
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A) diluting at least 30 w/w% and/or at least 30 v/v% of
the effluent stream of each reactor downstream of the
reaction zone with a dilution fluid,

B) selectively transferring at least a portion of a first
effluent stream from a first reactor obtained in step A)
to at least one analyser,

C) subjecting the first transferred effluent stream to an
analysis procedure,

D) selectively transferring at least a portion of a second
effluent stream of a second reactor obtained in step A) to
at least one analyser,

E) subjecting the second transferred effluent stream to an
analysis procedure, and, optionally,

F) repeating steps D) and E) for any effluent stream of a

following reactor.



