WO 02/ 092220 PCT/ EPO2/ 013 POV 2005 Title; Reactor assenbly The invention
relates to a reactor assenbly for analysing the effluent stream from at

| east one ‘M)(ag/;%z yough reactor, conprising: at |east onet Iﬁ"g%gﬁ?ﬁ% BY 2005

reactor for Ofm ng at Ieast one hem cal reaction,

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 |east one anal yser for subjecting the effluent streamto an

anal ysi ng procedure, each reactor outlet being connected to at | east one
-anal yser Bytkay Beddtganessaohdyit. Such reactor assenblies are known in the
art for e.g. testing 15 optimal reaction conditions for chem cal reactions,
i ncludi ng biological and pharnacol ogi cal processes, such as testing the
“phar macol ogi cal activity of a test conpound, the activity of a catalyst or
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said compounds,, As . Bfﬁ:ea@%?énqr t@g sebly, i %mgﬁeﬁ' ned for testing and or

screeni ng purposes an uction purposes, the reactor outlets are
connecbed to an arcsagteen cwqeb@irn comgr;quﬁftwnoswwm thomeakbieract or

is analysed. In plagbl MRingedbhndbid£reNt anal ysers are used for testing
and/ or screening &l%rgoses such as _a gas chromat ograph (GC), chromatography
f

devi ces, Such &% netodEaprr dotaFmEeT iat pafet (ﬂEPaFea"rﬁaﬂﬁn pRRSEERHRNCe
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known in the art en e ion of a reaction mxture I1s to be
anal ysed, the ébﬁb@épﬂlwceéﬁf?rh@aé’f‘ﬁww ofutled peirg icoAredre ite ahal ysed

and conpared t@ehdi®one analyser by an effluent conduit.

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 liguid 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, enerqy, etc. However, numerous problems often



conposition of the streamentering the reaction zone, e.g. after and 5 -
before the reaction, respectively. To accurately assess the reac”cmv 2005

perfornanqe)gmggnothe exact mass bal ance of the in- and owlgaipgysssonponents
are to be calcul ated. Especially whenjanalysing a small anount of effluent
stream in particular when operating with a liquid flowrate of |ess than
1.OmMm/mn/reactor, in particular less than 10 0.5 m/mn, and/or a gas flow
rate of |9S6YTtHED VO iOBINTeachPR/ aseeabtiss, knpwp play ttheubal - s ehan BE
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the nonent the reactants of the said steamarrive at an analyser, which is
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product i on%rl%tde \i"hﬁq;hrou %II Lamunt ; l%fféue t stre m, | Su 2%@ for
anal yses par 1Ay ccurs en dea |ng WI h gas u m xtures

exiting the haeamfm presgectpabdz yremlnequdealhlmgommdmtﬂeeth@womﬁﬁwmow ehtes as
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anal ysis of both phases, is very difficult on the snal | ows
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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 undesired for high-throughput
25 experimentation. Further, it is 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 mnentioned above. Gas/liquid separation, which is
essential for subseguent 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 v
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.



whol e effluent stream can be diluted and prepared for analysis, 5 especially
when operating with a liquid flow reginme of less than 1.0 i/ min, §oW2005
parti cul ar Jaess than 0.5 m/mn, and/or a gas flowrate of |ess 100

Nm / mi n/ r 580817 * P eferably 1 ess than 50 Nm/nin/reactor. PFHETIBPERE i s

achi eved by a reactor assenbly accor di3ng to the preanble, wherein the
reactor assenbly further conprises at |least one 10 dilution fluid supply
means, for addhegmain | @gett oo €hd Umventfdnuiid tboptbeidyf fd wenttsio amm

downst r eam of _t ction,zone, B rovi di dilytion flujd. s nmeans,
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conponent &° oproviide ef reakaer SEperhyi Forhendiufing diak| shbstapgiehbt Bhef fici ent

vol une, 1gmQQMPddsSLag t BareafMRAnCHeS HhiutBe ghd! Bedlaslyr eaP dfiyaccurate
anal yses procedures as e.g. indicated above is provided. As indicated above,
t he react PRRFSARLKDENCBCORFAABIRG ddthne 1iguadt flow FBmEe Rifel &S ®PAR tifeni cal

kTeaction hbkels,plaGartidulas Idxsbenaol.6dntidh, tdRi/ehadhels BBy ahte® sONPri se
a first space stream of 20 the reaction zone, e.q. to, allow proper m xing
and/ or evapor étupolls'lmlgfnln}r)rgéﬁY%t ore %h?g]gestshﬁh?“eggt PO "RAHERSTF t om one or
nore reactor Thel @ebgect] nist hehbmied dpasereaneronssadily Acxémindeve celse may be
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said first space, conprise a second space downstrea 1e 25 reaction
zone, 1# or dibitioni AP icheuprlac megns mi Sarurddinmhadi Agasheone gddetion Zéndd
However, b dre @kPieR@SSidkhbR, (dtihstRGn 88CIHORZONGN P&KAIPI €s the conplete
reacti on chanber. | referred that the coggl ete effluent streamis
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diluted with PheTaridimoott Mara; FiHer BERpLyt Rt G &4 S GAPI §° means
are 30 desdgheth sheheffhahtt Beradiql ehetéditdnidisht @aymdheavbtigpniehes react i on
zone receiyes di.lution flui.d; the.skjlle erson will bhe_aware of roper
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ensuri ng reactants, entering the reaction chamber from one or more reactor
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,



proper dilution of the said conplete reaction mxture. 5 1t is preferred to
contact the effluent streamwith the dilution fluid directly after | eaving
of the effluent streamfromthe reaction zone. Thereto the dillijqiwp Thg5ui d

supply meansoRushgrably discharge in the vicinity of the £ end of
the reacti on’zone, preferably such that the dilution fl ui%q.\é%%%/gb g]the

sai d downstream 10 end, so that any |oss or delay of conponents fromthe
reaction mxture is mnimsed. In another enbodinent, the dilution fluid
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20 conduits are present, wherethrough a portion of the effluent stream
is transported, e.g. to an analyser, in undiluted form. With the
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 imn
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 ligquid phase. Also two immiscible
liguid diluents may be added.
Each reactor preferably has a single reacteor 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 1is .
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



f-or | ater anal yses, or to discharge the respective portion of the 5 deluted
reaction products. To get a proper m xing between the effl uent and tﬁk‘(/a\,n
dilutent a_mxing system may be placed downstream fromthe | ddaiiVold ere
the dilutt8H*¥428% supply neans discharge in the reacti ofCHIMHESZ0r the
effluent conduit(s). Also a buffer vessel nmay be present to danpen 10
fluctuations in concentrations that may be caused due to fluctuations in

the flow e cbhgedfeldl Hend p@xfaiﬂg dheireacd @ anddebes abﬁll}éo,tch% beakdrieON zone
conpri ses f xed at al
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reaction mxture after |eavin e said catalyst bed. Further, fixed

catal yst BLHNGacEsHR rtePy ?qeds&Pv&ﬂtrresw £lon ithe JPCBF L0 MBERT nEPe for t he
activity einwmieat aluwist supligf @csed discRaddexed €l aejistidaednampar akiage i n

downf | ow op uen%on?mlt%m@erﬁ | thgufper t,)qot h ngaw g) ag)ggs%l reac% foI I oW ng

t he di I‘eCFI on avi HoweVer so othar f1 £ore operatl on
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upf 1 oW PSRRI APAG: chIUreRMeA oy oee GRhBLYSL bed al so fluidised bed,

ebul | ati ng be continuously stirred tank reactor or a bubble colum can be
used. In the reEerehlzoideyPaciient ypae FMmprasey i dncixedncherlyets Beded, 30

such as, exédati& ¢LaayEONSed hwﬂlrlogaematém NRActd:@NSof, C YrdeRgahé OBhe
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art will understand that many 05 WD 02/092220 PCT/ EP02/ 05322
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catalyst beds are extremely well suited for testing of or screening
for the activity of a cetalyst. Preferred is 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 2zone 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 liquid phase, or in multi-phase where both gas and liquid
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



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 product S1 808y 2005
conti nuougly seRapated fromthe catalyst. This allows an Pecaiﬁ'm%%?at' on
and optimsation of process paraneterg, wthout having to change out the
catal yst after each change of conditions. As outlined above, the reactor
assenblies for testing and/or 10 screening purposes preferably conprise a
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di aneter zofe.1, 7-2,5 mm wherein a chem cal reaction in a very small vol une
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possible. In a preferred enbodi nent, the dilution flui d(s%qﬁsuggl%/ nmeans
di schat ger$artPhefte fLAGLYEs ALY wRd(ion EETPRININT1Eenie r E36% FE2E dBYRISt r eam

end of thgrdRacs iR ZeMEnubiis BASEphNR cHEBEIN GReZONE1170L DCBEPI £3 dwBeark eact i on
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zone, lGsuchereenihg duversieseareéarkblyf eombrkesl eatBloysthivadh Igehter dPst ance,

I n particht gmathegs Jhe f&achl onpchanbel, RAs Chguahoves | daRebfimng sbape and
di aneter, ensures proper dilution of the reaction m xture, substantially
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condi ti ons_used as{liquid mxture often l.eads to neasurement .

i naccur acf'fés,ﬁe'é'.zg.é"%yw 'ﬁ"éeqf"o? n%pﬁmd‘ﬁa]gfreﬁcsf%ng B e GH, °FY (‘)’\Rg‘gmebflghsl ug of
| i qui t5 i nskkl efbhuentisteadmmts esnd Pphipndliypoes aneenoee | Gtrbystm arhe
stream angd,a; 19@; constant flow thereof, 35 |eading to nmeasurement

i naccuracies. Further, another problem caused by the presence of gas in a
liquid effluentt st reegfersed abpgdirenthatthe| ytntdoandlysdsd, s¥pRY dRea@E or

HPLC syst @iiBeksdgB0tinPhBpeibicidt UsdnboRigas Ritbhicds ane o esent dna t he
i quid stream Gas-bugbl es will 1 1 NOV 2005 WO 02/092220 PCT/EP02/ 05322 7
cause a vAPYBIFEAR oL EnE anBintT BEEPHUPES nj Tt E85F n AT AR/ PBsZOne
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wi Il Caus%e?xﬁg Oﬂgcggﬁfeuri%n?ipé Seiélﬂ%%n%‘%én%ﬁ%t%d a%l 3Cdistance of at most
10 mm from the reactor outlet. In case the reaction chamber comprises
a second space downstream of the reaction zone, the dilution £luid
supply means discharge opening is preferably at mest 10 mm from the

25 downstream end of the said reaction zone, such as the downstream end
of a fixed catalyst bhed. 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
liguid analysers, such as GC or HPLC systems cannot properly be used

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



spectroscopi ¢ techni ques, such as U traviolet-Visible spectroscopy, S Near

I nfrared spectroscopy or InfraRed spectroscopy will strongly smﬂfh@N Zﬂi}ﬁom

| ight scattering and |iquid displacenment because of the presence of

Further, f3P f“gﬂ‘i‘ testing/screening,_ the deternination T FW@’%?"‘&ductl on
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increasing its efficiency. In er to quantitativ anal yse' t he gaseous or
liquid stPfearhe productst Thpdr tté’t‘?c@ff’ff&tntt [Fengizky IHr@fPﬁa@ép&PﬂPWeiss acapabl e
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present i nh:gvna%engeusgegcgssible to discard either one of the said phases and to
analyse the not-discarded phase. In some cases it 15 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 also 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 ligquid diluent is
added.

The gas/liguid 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
ligquid 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 guantitatively analyse the gaseous or 1liquid
stream, it is of importance that the gas/liquid separator is capable

of completely separate the gasecus from the liguid flow. However,



stream arranged to one another in a serial fashion. In the first 5 upstream-
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sanpl e coll ection system can be use g Ror tﬁ anal ysis o les. In that
case the §§ﬁbﬁp§ Skkeqm,r €f an internal standard, preferably comprlsa.nq both

a liquid and a gaseous internal standard (see below).

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 liquid
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

v
.



5 collected in collection containers before being transferred to one or nore
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necessary to integrate the anal yser in the whol e apparat us.
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a way that it is compatlble with +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 liquid to fall in the individual
collection containers. When a needle 1is used, the collection

containers can either individually or collectively be sealed with a



5 collection valves may be used, such as made by VICI (Valco Instrunents
Co. Inc.). Preferably the collection systemshould be fully autqqaﬁ[jvcm%

al | owi ng i ge between coll ection containers, or be -
col l ecti orﬁ’%tgﬁ%}%gﬁ}gr and a waste syst in a automatic vvayl% ,BOZZUPB fo XY-Z

robots or the like are suitable for this and are commercially available as
sanple collection robots. A typical manufacturer is Glson Inc.
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the various reactors are connected to_a multitude of connection 5 points.
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can be col ¢eutedll sHarubh arredashy aveiddéb array of collection containers.

will be clear t@.those skil} gﬁleﬂou%wﬁ a&{ﬁ%ﬁgﬁgtg@i@s whlid & R+ ALEEYoE

configurations wl| be possi y  maki n connection points
di sconnect 8#AXOre 1% 94569sti SaFple\faldpctingd system can either be designed

20 to collect samples in a parallel or seguential way, or in a
combination of both. The parallel approach is particular desired,
although the sequential way is alsc 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 iz 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 efflonent 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



5-multitude of outlet of the diluted effluent conduit to nore collection
containers. This allows collection of effluents at different noheh0¥ 280h

tine for aw?gﬂ i e reactor of effluents. By autonating epent of
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pressure, Fﬁ%c%ﬁﬁa?’ftdﬂ?ﬁ’affb%a‘ﬁhﬁ?ﬁb‘é‘d’ FPEFP GARE TFHHPR GdcRe analysed

20 in parallel or, if desired, sequentially. In this respect, reference
is made to the above identified WO 99/64160.

When the reactor assembly comprises a plurality of flow-through
reactors, the said assembly preferably comprises a selector wvalve
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. Purther, when both a

35 selector valve and one or more gas/ligquid 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



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

back- pressure regul ators, these can be placed at nany different positions
in the assenbly, such as, directly downstream of the reactor putietils
directly dgwmshégam of the gas/liquid separator or directpyr/dpomsineam of a
mul ti-sel ection valve. 10 Back pressune regulators are used to control the
pressure upstream of the regulator and are useful for generating and
controlling the pressure in the reactor to a constant value at a wide range
of flows. STOPFAAr éxafplifdsient Sipgh thackesdrégsif eopapytignofsomraiitgpien in WO
01/ 48575 azBdc#R2@2075491.7 15 The skilled person will be able to determ ne
the optimal position and the suitable requlator type to be used in éhe
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reactign . havi a_reactiaon zone, .conprisi the steps oft A

diluti %g g’?g%‘grset r§8ﬁ/{;a\%%r8f mRerer Y u%nntthset %gg%l%%\%ﬁgt F'ééam%&e 0tfheim%ﬂéacti on
zone Wit h rackipzssuonerdidlatpon, f ket Bn tbanplerad ngt amateadifieneotti on of
the dilutegdsef{dddent, shd eg&aa@%@, NGk N oSt BRI AL} AhodrRR5LanP N6z ARALY SET,
25 C) subjecting the transterred effluent streamto an analysis procedure.
Accor di ng T8t sCwWABbdi HERCtEY EMRStRSEhtSTorthes 98 fhiiidafBP2 R3Ok G of the
ef fl uent stireamy @svadidcbleof QakbitiNseHIBR Javedi luted, i.e. at least 30

w wWg prefer ablx at | east 50w w3, nore 30 preferably at | ea\ﬂst 80 w w8, even
more preferabl P28f PESRTY g5 1GNNS tHE ¥F9Ueh? SPPEHH i §"%i PEEE this is
in particulpstrédne odsetvhemeghlavird @ehpanentusedtl t ivref fénmatisg remd are to
be anal yse t.hat . case st._pnef erahl he whole |.i quj a t he

ef fl uent sc'?)}n gggr%hiblg %Itﬁ & Sﬁs.'uwr%ngléa%hge g%%cte)cgﬁslt%oarrﬁggge% nét ggiﬁggeiﬁ%nt

st ream ar eeange 3%t fdowmalTypéckl grahplest oBGughvback peeesuxsl yequlakenstarSsOv/ vy

nmore prefarbl ¥n 3b b£ARE780.04 ¥Beaseh1 ore preferably at |east 95 v/v8 of
the effluent streamis diluted; nost preferably the whol e gaseous , effl uent

. : y !
streamd s di | utfB8 isFithed easeen THHY ke aAblonitraddetermine R’y 2pbFRalyp
02/ 092220 RGEIALERO2H4ASTRE 3itedIBR| FoghlaRbhOghe KRBOWE uBed NEn ahle, rebe€ts n only

an insigni;si%%gi smal | amount, i.e. less than 5 ww3 or 5 v/iv% of a
reaction mxture'"is withdrawmn fromthe reactor and diluted for analysis. In

this respect, Dhef éneemsteions fvadber Oré)JStBs6td73 GBfhcess for analysing a
fluid effluent stream from a flow-through reactor comprising a
20 reaction chamber having a reaction zone, comprising the steps of:
A} diluting at least 30w/w3 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
liguid 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/v3% 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 purpOKEP 2005 9-

to establi i.oml reaction conditions and for testing/ eenl_
pur poses. \i\gﬂgﬁyﬁg{feact ors are pref erg |y designed to be %é /E%Fﬁf&gs
possi ble, the effluent streamis usualty as lowas 10 1 m/mn or |ess,

preferably 0.5 m/mn or less. As it has been proven to be very difficult
t o anal yseafglGhgehbtiiatl, ho@antn WitHeh ardacCcuh@din idalpakhi GusBdniwhemd he said

stream conprj.,ses_both.gaseous _.and_liguid_c ents or_other imrscible

conponent ggail]’[ PR Keen-Ct &?ﬁ’a Hiel SdYﬁ”uLgst ioﬁggrﬁ};vq\AhS?ea erfefalcgbc'n”t mg?‘}‘éﬁem

downst r eadsofvitiinbra¥b feawt the rzeawrow hda ddilhird ofprf |anadysésul Is khis stream

aof larger ., ﬁ@c‘ér,mréﬁ& nE@N DE ahalysed wi Hhrrg?g_h accuracy. The said diluted
or,

ef fluent stream or at [east a portion there is transferred to at | east

one anél yser, qh atprenggR & eif PaercusdnRAvertRIGond; catend thekRpstion wil |
be clear taxidie ReEs0Dn Skid | @dwlthrlolign aFdactbbatis NRErf2imbiesihol Aidibat ed

effluent streamhas to be transferred to an analyser, but that a portion

t her eof nmEYTRRSeSuf f9-6r erf. SHABE SOsIPTIRALI FERCHC e IRTHEAP A’ D AP

sensi ti Vi tepstind/cepsadugi pidpobys . ids sich pomstbte dre pbéBirabyerdedigaeoduci bl e
and accur at ebanal ySi r esul t%} even agf{ el %ti vely high | q%(-el S qu dilution.
Exanpl es of *25 5Bt vsid® BPYRRAG e arht T AR a8V E A Y | 8 '§¥h&% not ed

t hat tibe di Imivmin ebf | esd, gired¢erabdyn 0be m3phir teed lessnulrsi plee hebr dmes, t hat
can be {ranslalred fo dill atenicy 8180V SRIS o0 Jfen SUbhiGEhe ol Aoyl ihe

anal yses procedures. As nt1 oned above, th the process according to the
present 3@ch¥acant ilpnparticyler gtheposhs adidt gterate conphisasndeth | gaFacase of
each i ndiahladyatn £PMBMPRAERED dhEotHe@UiidmitXibdbe RRFSINtEAS iPhage pelhi s can
be acconplished by accurately recording the amount of diluent(s) added per
Uit of  {iS9E0Y NSAbASEHR RSt Treec ARELht PETIEAC 0P ERER | FORRTFFoEBrBEERES | h

t he dilsut atasoidit i et BetPpr HAdIitoon r BhvEdCc adsbEts 3m detseiahmesfs byargée = C. -
Maol vent 1 NOV, 2005 WD .02/ 092220, PCT/ ERPQ2/ 05322 14 \Were i,s, t.he nol ar
Flow of coBREntRSE (4Afol' ATRITES) Bk Mgt Acommasde, ape ald AP ae e
rati o bet weghuerte stoewentoratt oreast a qenponenthexeps, tise tsahsfieroed (mmoite/ m )

and the coneept Laki QRaBselche o, 50! ¥R ghMP! &/rThdnt Miaui 2ks! SnhiiCadl! ar
flow of the solvent ledading 5 into the apparatus. To tfacilitate the

cal cul ati GtPoBe- Mt i itldr Ral Clearadatle reyspe akiddadt &0t He sBtveRbahindt a
pre-seip CoHeeNdHAk! QGdiluted effluent stream has to be transferred to an

analyser, but that a portion thereof may be sufficient. Since most

analytical 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 liguid
components in the diluted solution the production rate c¢an be

35 determined by:

Mx = cx i Maolvant



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 ment, the effluent streamis diluted in 10 the reaction ¢hathels
downst r earwof2/bfre2r eacti on zone. As indicated above, the wmkeneakiizuent
stream can conveniently be diluted by ttintroducing a single dilution fluid
streaminto the reaction chanber. However, it is also possible for the
dilution fluid to be introduced into a conduit, transferring. the effluent

st ream f rWEhE F8aths A9135 TiednBlreamporReTy: xaﬁ%/%%‘f‘?e%ﬁgb‘é‘r“? e case

mul tipl e eordutfScares coRnesdLdréd theid eaetwerh chmsrbesncdriteatidnut bdbn fl ui d
should preferably he intro ed before,the branching into_the id pultiple
condui t s, "B T 1 rlé‘d&§8d5? n"f(\t&c"éa ‘Hmolflnsig)changgﬁgﬁi gn(‘]er?tt(r)?%leorn t%g gﬂﬁ ut e

t he whol esaffehtiemmederelim 20..0dvait aeousllay, fhopred- $be estlodnbnmadingf

dilutign flay dyes ap%%!eghgﬁ?.d.ioo %&%tﬁfcuyﬁme Seémﬁt%& N upr enihaet ed

amount of dilution Tiqui is meant such an anount that is suitable to
di | ute thetamprdemy e cgidedotautie wpdvext emtht RatPrg-sel fIXICEAt &Nt of

ef fl uent ekd a3kt SuiRherdi8dn29s fHMcbienteacisd dabkRdd NG Ra8CGPeabE
analysis to be perforned. Usually, substantially the whole effluent stream

will be cBfHeEpBeedTARI pise kBRL EPetiP oo it L ifdy 1heFhehafhe form of a single
pul se of dil utd @A htepdcdiva isaomRéntiuats sefliudatOobtpiinsas, dbuited lih

preferably be in the formof a controll c%d nd/ or_.pre-determnined.30
. react#%? ch er o%ps re%m of the reaction. Zohe. 1ndlcagﬁd
cont i nuous T 10w, rew neasur enents On concentrtati ons, uxes an

product i onbw\@t,estfpamt@deyr%ftféhgntbestp@!afnomd.C@ve!ﬁiaerretphly,bea.cuiillulueﬁoh)yf | ui d,
in parti C!'L'J\@xrodﬁcfﬂluﬂlg dinife ﬁi@eﬂtiﬁg.r eyidedetoat hhs S Qeééwogl BRSwiag adver se

effect on the effluent Stream However, a gaseous dilution fluid, or a
conbi nat i BPWETE | Huild 33sarrPsFabied kerdihe et utLen ofsl“éﬂnt%é’%%mfocb’meﬁonal |y
provi ded vhén Sefadate, Oiddisifebr flqUuitlleSUpPlyeniBanseant A aRkYreddt@iodi | Ut ON
fluid, conprises a preferably_inert liquid wherein the, effluent streamis
di 550l TedCBPhEE FRaR1d i paPALIPRTy HOWERr B F345%0 TPHENR IR CBRUTISHRTE 1 NOV
2005 WO 62n(322220 tRCTABPO2&&3323n 1 chahbet, | ehet dilmtlibguiuddnpsineanis of
the efflu For, e se f . - nol 0 nic,C ounds,
the i | ut PobrEPhEs e, (Meebifeed UBIREIRE pardni POIAY, Bhe YAATLG CQIIOLY

wher eas f opndiiigh} yor pbe aintragunee teipagts of esuch neqridaibs | imcexder 4¢i d or

wat er cangbe;i Ygedmothenra Qaseausagi lution fluid is used it preferably has

no adverse effects on the effluent stream and/or on the anal yser. |
20 Advantageously, a pre-selected amount of dilution “fluid is

supplied to the effluent stream.

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 amcunt 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 liguid, 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 used, 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 aI so
shoul d not be the sane gas as used in the reaction m xture, %{}1
estimation ilution ratio by analysis of the gas |on of
the dilute e%‘zwﬁ%ﬁt The skilled persgn is however able 1PC13 erm%e t he
proper (liquid and/ or gaseous) dilution fluid to be used for the envisaged
aim As outlined above, the diluent fluid may al so conprise a gas; the
advant agesfoht Uséarg anhgaseqiisi didmpgbiontsf bai dharefflaﬂﬁﬂgseﬁémr srod5tid By the
addi tion of f Igeg% as, asec_lus corggggegotmso% stl Nde Lhe.. eagglugg zone wl |l
be swept t82HHE ARk Ser® The ence tine Ththe downstTeam

pi pi ng si gnif i cawrhise r@mm; tdlnetuhlqr @Ghrbxacetthd;emﬂrmnbs widd haghlms a
purge gas.. b) Eg&gq}l+éjtc!o%BOQrYd§ he. eurrgeethqaéltm%eeﬁéta d BLessiye cqh 120
corrponentg ] owered. For conponents with a hi gh vapour ressure this
al | ows Skeelﬁleﬁg s ceponentslytiop hélyss ispiieed i&ndrafenis@lEofdendat i on.
The | ower a@&éié@' efHe@85UIR Wd |ef9d1%@n’1: owfeweaﬁmer&y tie agsniRepn the
surface al so eading to lon qil dence ti,nmes. 2 dllutlog by .t he
purge gas éﬁ&e’f Yr d5uPEPHY g‘iﬁ/\e *BaFi mﬁf"esg’%ﬂe t h&® hents
exiting thascearéuld momebel khe bawmergasheschasgeinf thldildﬂ&lcl‘tﬁdn cmarutl ve
reactions ji.n_the i Qi S i |1
reactive colﬁﬁ meqnttg'gsucml Od"loec’ﬁeglg'%)rc{:(i{l%%?1 ggg%gygﬁ agcgz%ys\ﬁ'ﬁo %q*n
preseride cfompogiiiohyst tha)dmﬁdtﬁlﬂﬁw rate of the dilution gas is

moni tored, it hfe BRESILA §dr@ohdlisUhgiérdGHIEodCtdRR hfte Ge [fi&per
i ndi vidual _gaseous conponents based on the concentration of the dllutlon

gas and t hei8BHE dY 9% | AvesRs | ndllukirn JUdf B reetofforidkt eB%iga9ethe

ef fluent gfis. ABi SudlSne¥edbdvd,t hee diidlehtt alvid lﬁl)iyt Beso adeptify Hfgadh
internal standard to tg% diluent at a golwn CQ tration. 1 1 NOV 2005 WO
02/ 092220 PETR PEE3 S 1BYW &) ITFPoRE LSRR él‘/l | i dRPG: BTt i ng t he
react ox5 theajadsyttlon afdiexor achudijeregas gas ! | gdsonki tatmniehts dewnsingeam
gas/liquid separati ol | i i The
advant ages of a |%8L?g cg§ ugér??1 f%ﬁ}(\id]e%r agwagm%(gu% ce!lrné g%’ Djﬁaekt ecﬁg

addi tion of dil ur¢oisepfeui Bimd | g d tB®npaeiEFtseam piping significantly

shorter. In this context the diluent will act as a purge gas.

the

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 ¢} 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 will be swept to the analyser, making the
residence tinme in the downstream piping as short 10 as possi HleN0VTHEs

di l uent wiwd op®tr28s a purge liquid. b) Due to the dil uti opchyehespur ge
liquid the concentration of conponeniss with a high tendency to crystallise
will be |owered thus causing these conponents to stay in the liquid phase.
The | ower concentration in the Iiquid phase of such 15 conponents wll also
| over the teéHdeRBy P8°séifect | FoTAMGHEDr BYSTR t HELSORT 408, T€PCie alitfi tion of

dilution |iqui dauaidlode%rfe@s;er& hlsuﬁ@escgasn Twy.%ll offg%ne_tbtgu]gﬁie eddavidslﬂge?.nhe .
reactor zone. SO articular cases e addi 0 ti i qui
T 007l T ow BRETHEPRE PR PR b m B T Bt PG
sinplified anal ysdsd.of all conponent of the effluent stream e) The dilution -
with the dilution liquid and the resulting | ower concentration of the

di ssol ved conponents exiting the reactor zone will lower the chance of
undesi r ed Thorskweutdgee plactliandd 28 lientt Héubwret rawmmgpediarg: For instance it

is well knowpn that 3Q rt%@Ctdd\ﬁgtWetﬁ[l%t§HEhl§?lﬂ enggnu 04 @aegsncéas.s may
react even wthout the presence of a catal n addition it possi bl e

to add quenchi n@*¢6honkhf sreasddon| ganeotidlt | BRi AYCPtcohohit EI}aJIWFthe

di luent to avoi Ghaitflyg COHIS BGdh hved @aasi ON t!ﬁaf dodhef reeli pifsng fas \WeBLt he

flowrgte of the dilutign Ij |d is nopnjtored, it is oss le to cal cul ate
the prdduction rdt BOBF* ﬁeT dﬁ‘d‘ﬂ%l W1Jg]a§85u§5 CoRpoife ised on the

concentr at i om) ofbueheodtheitdidnt igradyanbe t;hargeomt@mtcr a:heoa:bm:fenthaiiqmdioﬁi dual
gaseous conpone the. ef f Luent .| i.qui hi rt
I‘LI ggn%fg:l :|.tq']c g ekﬂ @e%dlg.hc t dryt%\ég?}_lles% di P:e..'[l be

facilitated by %tion of anlnterna Gent “at a
known concent ratllqwnréée’ehqﬁelwmmlﬁ# omenw 1t°l -‘N@v 2008hPAqERg2/ 05322

g) In case of a gaseli gHLd)SY! &8 draRdord NEn I AL Olgu asRddie | Qranof
extra diluent liquid will facilitate the downstream gas/ iquid separation

si gni fiPcant |y, HPTPPRPRERESY 11 RAGOUT EREr EPRISHAY t YO MPAGS CofpBndtftc™o the
5 purging |iqui deo EReSswx@adiet i oni ng conponent will react with the reaction
products, thlél? C'Jl.'luaéngaidgg.t;.gns (9 ecﬁilﬁgnl.onaqq.quid will decrease the viscosity

of the ligquid exiting the reactor zone.

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 liguid 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 gasecus 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).



physi cal properties. This will inprove the stability of these conponents,
and/or facilitate their sequential analysis. As indicated aboI:/eNgv hgas met hod

accordi ng esent 10 invention is particularly sui 0
scal e reac rémggﬁ{ per form ng analytrgal testing and scrg ﬁﬁ ‘%éctrons

wherein the effluent stream when | edvi ng the reaction zone has a liquid
flow rate of below 1l m/mn, in particular below 0.5 mM/mn, and/or a gas
flow rate ofg) ess tdaaa 10 al\lnhaémlauui NsPehi CHidbing €%Get Iiasbrﬁﬂ- I¢neNm / mi n.

For the case where.the effl uent stre mrs i.luted wi.th li.qui d drluent
the ratio in t h@itifPed o8t U Serad g %ﬁ Beicets | (i li quid

fl ow vol unetri ciorestotean ntasqun.dmef bemmttlbﬂx camgnsfiqameiﬁr abl y 0 2 10 000: 1,

ore pref et aply - 1,000 00 RSty 20cPL eLalablindd 100eded:

where the effluent strea uted vvrt a gaseou eratro in
t he di BPuted efflmﬁea%n@t#@aw b@u@emndwmm r¢%ﬂp@:ﬂemenwﬂg}a§eﬁ¢ew1th

vol uretric reaCttﬁ{e gﬁéacecfli)hue{;&.todfulzew ' SthuQreétFahéﬁ% bﬁ'fsweéﬁlexﬁc&lanﬁndlooo
nore preferably 0,1-1,000:1, nore 25 preferabl nost preferably

10-1:1. By incr e%tyﬁh%flt PEOPeTHIRS: THE gaahlprlf“ﬁgf"?péea F%aqlﬂre%ﬁeaher% bot h

gas and liquid cas@snattish &0y ororadlilitiiconnent isoguaiasUbidignis al advant ages
of the diluent _can, ge obt ined. On . the o{_)}rl]ced' acand .a too hi gh dilution ratio

may result in OfnedS3dgy ef hf‘% Vedi | it "S"EondSTRTEE AR &°F o PTERFNE e
st r earnot 0 imveowviqur oizer partdcataoulyat ®1itankd yEes smaltlhescaﬂal ysrtodhefopt i mal

racio bet uesdoldinodbh sl a0 L6 RS FiesLlea cdenengs amﬁ.&qxerﬁé

factors a ere ore Vary dependi ng on ype€ o i cation. The
upper | i nmaffdpenthiskreani ovlies deeeinddihenagagisiony zene §ws¢tlww1§i &f-o¥ he

anal yti calr28UbPMBRNbwO! IBXiNE ilnl Bhi‘tﬁd:u@é(r 18w ¢ e miVRin,Skhd@/&f aagaguto
collector robot. The_lower |imt defined by the sol ubi | i tX of the

| i quid corrfp}t?Her’fta§eont hessay5sy d@ﬁzf@imémf}/'l NoPasE6sa T/ ke882H8r825% r eact or
effluars and/hyni he rate, desired to transport the effluent Iliquid fromthe

reactor to theanalseree Lol Gley o IAE! LiG SOl R, Ofiehhe. PG
according to the mven?ron he diTut'ed effluent. streami's su%je e toa
gas/ | i qui ddilgegepaihat rmos@erthleeﬂerteebe@ffgusmbjseeeem thetween gpnahwyetinig

pr ocedgr e, a i@kt ditigs A 9RRRAUS; ARRedr il OMadesf f hUga SLFAA/KE S¥eBwais
separat! Onpreferably 0,2-10,000:1, more preferably 1-1,000:1 and most

20 preferably 10-100:1.

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

3¢ consumption and a too dilute stream to allow proper and accurate
analysis in the analyser.

The optimal ratio between the diluent and the effluent strean
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



step can be perfornmed using one or nore gas/liquid separations, as
descri bed above. This enmbodinent is in particular relevant wher 1t k& 2005

ef fl uent glg @aRr2aheavi ng the reaction zone conprises a |i Geirgepangs;az 10

gaseous conponent, or when a gaseous gjluent is added to a liquid effluent

streamor a liquid diluent is added to a gaseous effluent stream The
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| i qui d ankfi9ydeirg GavaRBeLT e a\/\qulga§f5]d}ﬁ5‘rte§t¥?P“t h&ufh q%*‘tf%t‘?’é’a‘?ﬂ For GC

or HPLC sysdpeBn08s pdiidRhes Wiilhl 6R4!SEr andkdr igak) Diulh Eb&x@mum Qts i qw d
injected when. usi ng injection valves. In the inlet capillary

it
will caus¥®sssiked Abgver (ER T CPBASREAE ettt RRTESPHET é@?ﬁt‘fe’dﬁe E‘hc*ﬁheas
W VIS, N é&flaent Rstrekin, sleseoﬁglg ytislfdeett faromonbecdnpghtes cat tiguiagaahd | i qui d

di spl t as bbl es re pr th S g,.cuye and
cven BheniiootCBrRRaR L o By ob REEls | bRy OFE CHdea0 s U 5 Gpiq o0
presence offigant nﬁyrelaeladrt ® lemudt FiQNGE’d- flsowdédd |tioq@ drasgos rafdlonert

col l ecti of \dagl SThé“\%QEQ@ﬁceOB@bifciHﬂds ahd&dRChs o}{@:{t}é %‘Bhé‘éb QRGeypul d like
also to be able to neasure the gas conposition o ortion of the

ef fl uent BYFHERF ARt ﬁBGanﬁb‘S"tesofPrPﬁ%d%ve Ft?énteixéﬂ'é]cﬁrt e‘%hﬁ et ca¥ al so

be set - upréacctaﬂaj Y 19R6@ ObAS asadmt;esf Doqakalips ers @crreiulia@vwnetx@:.BStEe(i st
t hat {geasu% h gorrgonents W t ne i nstrunent. ng enabl e sepaga e
anal ysis © Sé’ Bt a v PrBuitd orf 238 Trera? T ®s8parlt £"2A¥8F s ePRY bR Phases
need to bpreepacatvedidticgt .inl LhAOVIZOEDL \WDrean 0922241 tRGH/ ERO24 05822 19 In
addi ti on, c%@&%ng;‘:ﬁo%n%xsﬁ %e%ﬁ&de%g?ngééu@aﬁﬂéé | §3rlfe \C/)gﬁe "\%}J;ektlggu' d

dropl ets. ruin the colum or injection va liquid
may plug Phesasnped b&ptﬁlfﬁlﬂycw Pﬁoblset?@ct’F*és@GBP%C‘t é@hh’t?ﬁ%Eel‘tOWPF

interfereppid t@lomgtgelagh rd8am aidui1desont am nate the cuvette. Anot her
probl em when deal i ng h reactor effluents consisting of a gas/liquid
m xt uf® is t hé®¥ealf Hﬁ%ttm‘t?ﬁeo’a‘f’ﬁﬁlsv@ﬁ‘l"tﬂleﬂ‘é PRt S clihe presence of gas

in the liquid is the fact that most liguid analysers can not 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 liguid
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 technigues can
alse 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 1liquid on at least two separate

analysers both phases need to be separated first.



in nmeasuring the production rate (mass flow) of both phases to be able to
performa proper mass bal ance over the reactor. 10 The gas-liqui ¢19@pati on

step can he performed by gas/liquid separator devices that n in the
art. By th 03481 t%n of ~ dil uent (s) t?9the ef f | uent strea?ﬁqﬂ@e@ééﬁ%w%i d

separation is highly facilitated. This is caused by the fact that the
gas/liquid separator now can be designed for |arger volunes allowing it to
have a better inladsgpanathan gas amaligswrs hetatliargef diffdchbtiksupo &pef er ably,

both the 92aeae.dlduldaidld. el | el ;3! LEAR, I ARe AL GLT | SeM, saLisgm are
separatel y subj cte §an" ana ysing  protedure, enabling det erm nation of
bot h the gakkousimnad | Muildauednpmvenelndof thte ioflfk uerapidiaramantiovaver, |if

only the gasaQuscslic?QebReiduequid ¢oMPQRen:fe df WiBg ehd | UGAL Bbifagmare to
be anal ysed, the other stream nmay be discarded. Preferably, the dilution

fluid Ps SOPATBELS4PS €ORdtant flow. Herewith, a fixed amount of dilution
fluid i s suppli@hed psobleRl WiHIC lde@N dgat@Sh CoFadtoreasfivenes! essakedhd rom t he

concentrations of_ 25 .certain conmponents i1 the effluent ream based. on nass
bal ance, - Ph = FAR( TN A ifteReafr AP AT AR P08 8110 P REDEBor Me ot Ebe
bel ow). Tanoheéaduriag ptiopeproduxtinme retet easef filoeht oSt betdmpemades heo ok | ut i on

fluid, thenpaid SIHNGNL SbeamA0ddabuli b Lyl ddgmyobe properly mixed at

the | ocation el'n the stream and are conbi ned. An internal
st andaPd ithepagasi-tiduid yseppaptiomheber heanandteysepriqraedotbyabpestldadéd ect the

concent r atseBi Alort REvEiddieifati Nirkh&ndind Uiedenef ety JH Sad®Byibe bhe case
when the concentration of the diluent is too _high causing the anal }e/ger to

run out oft1iEsftds) ofe jthenghfliygnsstrRay thged/1daRtd CERAKILIHE HR(WEEEY by the
anal yser. fabgelita@Baemhiat ioratked g tid danal tisdtaniarghseainmdia eqesatosuch
that is in_the sa order. of ni.tud t he concentration of .th iluted
Foact| on BSR4 BePHE: PoF ot | Thipse AR RRRESTLEY Whie%t gt

PCT/ ERG2/ G%Rapati20 Mhbr fitieed mebatige Stwiddhed-uvp.added to a liquid reaction

mxture or dilgediarabiie, | iGN BBk §$@aﬂar dn&Sedis RELIRIADLY SR HBn I N the
said reaction mxture or diluent IlNquid at its used concentration and it

shoul d be 3asPFilurdtecFHAR bPre heSeRARI SIS FRRIPSSePr ek@ntan nappkYsdPBut ed

ef fl uent Sroeadind, Xtdnabl ify edeerhl yadibnSkhaulvdtnhave aakewis/anuripjuegasure to

avoi d evaporation of .the internal] standapd, and if should be inert to the
Conponentquypo??ﬂgsrggcfg? e}éiuenL stream. ﬁo&ever, 1 oJ&y ége gaseous or

20 the liquid components of the effluent stream are to be analysed, the
other stream may be discarded.

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.



zone effluent. Those who are skilled in the art will recognise that the
proper choice of such internal standard will largely depend on 10 the
application and on the anal yser used. Sonme exanples for useful

internal sfandasds, are e.g. octane, xylene and dibutyletheper; %hﬁhgﬂt er nal
standard is preferably added before stgp c). Said internal standard can be
added to the reaction zone, e.g. together wth the reactants and/or being
incorporated in the dilution fluid. 15 However, other ways of adding the

i nternal standdékeh atle alizsteqpedsittlaadasgiic hs asddyd separat éigquigddierytiher eof in

the ef f | UGRLyu,GORAUGE {ifhe , ALRP jRRLEAD %thﬂéa%rd“ﬁlseét%“gé‘égéra%@? Qcﬁu@@ge‘j

e.g. a conbination of a I|qU| d and a gaseous standar hat ey be added
toget her &P sEifar &Péfly TeRGLieR sHAELWecPEl Hdyest odd ey #ddi £FdnaEEY add

one or rmrcenc&mmuwmnaglgcymey@d{eS)sa&plyt h@téﬁﬂa‘é@@tb}f ltMedanalRb8r when
condi ti onin conpou ne or, nore of the conponent of t he

reactor &FFPERNER FE%LH’tH“ﬁ‘@d #fgg??ﬁaﬁﬁrﬁgmd&ﬁﬁﬁ%m%re\f‘ﬂwlg dFff

chemi cal p:ra&perat ylos:uojapaﬁrf pfesmtaartee #olidwerapratt owi by thé ghﬁteﬂﬁl

stability Qqr rr. SI e Suc thdma al s u dt ener at e
corrponents%vm ??? di fafngr e%t %?lyqsdlsc%ael %r o%g'r??léls OX'Bﬁ“en ® °f %g vi g%cot% ty,

hi gher boidanrgepbivent . | Twse Bbe | d0eg spolled i gherantelwtlllhgremnnse ovhati gher
sol ubi I'i t YneSyehy &Jﬁmcgf of ARSI &xt@ryalf a¢hhad A %n&h@aldqwg%a handl i ng

of the corrponents ke meth are 30 known in analytical chemstry
and kridwn thed@pplHatianeaiyd OIHéth‘v&f‘?%YSr‘Fg” dgent sSong WB‘F@%S é?ﬁnﬁ?‘éf"df such

condi ti oni NGueaMN3AYRAal IstafifZRMBEH NG . t BalanBRYxy1RA6t add WRbMNe¥REAL T | €
organi ¢ aci ds tg groduce the far pore vol atile, npre soluble and Iess

corrosive met hyPe SRteHRaL HARIRER dts iR RIS AETRH BATEEE 1R 57 estitS at a

35 concent fretlerpal hitgiadepnducHn the @ddv@rto allle treectipadaal Seidl tdagetkieact or
effluent t&;f%hh%r 985{1—1%% onding, C %‘ﬁn;gi' ”§9p detiyall Vg HRPSE WG RLE.

skllled in recogni ze Horce © he“con tlonlng
mpoukfd |%09@tve9nglqrhe19peﬁdantofof ad%@t}appm camrcemaw) eRdrglZA2 (rx2] also NOV

2005 PCT/ ERfL/i09822 a0 hhe banaéégfakgeélymm‘ag ldhebbt BE th@areftf*ia&n{mny
di fferent = nmet hods and conpounds can be used. "Also to ql%cﬁdidﬁuent an
f

internal stAWHSEES barblse Adbtpleyinkeragintandpedss oan flal #t9,, ¥Use and
constrai nt Sorfinatidh tde d igduida Snd N efdr@bust ardidadd, | thaOnayase Wabédt he

;Lglwdd mtgr naklhms:tgrn%%gglré)trﬁ;gr ably it should have a high vapour pressure to
20 In some special cases one may additionally add one or more
conditioning compound{s) to the diluent fluid. This conditioning
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 he 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



condensation of the internal standard. Also it should not dissolve
significantly in the liquid diluent. Those who are skilled in \UP? @Pm w | |
recogni se that the proper choice of such internal standard w | 8 argely
depend on YRIXMPPP} cation and on the anal yser used. Exanpl BsUVERBP{ef ul
internal standards are e.g. krypton, ¥énon, helium carbon dioxide or

nmet hane. The invention also relates to a process as descri bed above, for

anal ysi ngah8e thé UnfhaBithibaenhesidaeans fanianpl eiaki t ynof Adpwdiltceugh 15
reactors, each, reactor conpri si [IP% a reactor chanber having a reaction zone,
conpri si n§eHHESs PR §°B’f".’“"2§‘5 gft G B4t 1 east 30 wwbor at | east 30 v/v8

effluent stresmooftocapl Keacsr aOViIRSEredm bl reactbeonddode wigi h a
dilution flui sel egt.ively transferring,at.l.east a.portion_of.a first
ef fluent &f 'td!é%mt% ?Qo%née TTetorgact or soebtagflgl nec glt]ﬂ lsritg'pgi\)m‘t? o at qllglgls one
anal ysér, i@resnddj ediepdgrd-helsf i capttrapanwiey rde effduidntingerwdmstendard

anal ysi s %&Q@@éﬂ%ﬁ? 20 Dnodghecidwe! ¥ LhafsT ubbd dres8@8d aoPORLLAN Of a

second 30 effluent streamof a second reactor obtained in step A) to at

| east one 2RGERAELON 9T SRS dEtPFplt ARG ENd AL FANSY efwddeP?t LEFECST? eam t o
an ap?: ys;iignpfmadw?n amfl,llilqpigl @iakdnt. E&ogegpﬁﬁtaﬂg sRieRe B wedaky }‘orI
any effluent streamo ol | owi ng reactor._ Such a process i articularly
advant agedUs  uFRETORETS i BPE TEAE PR RPESC AN FACR OOt oFRe parariae pail

t est/ sor ecrarbely elegendpin thé appddcation ewhdint tbasanaiyeev ersedt exagnpdus
descri bed %g?tﬂ?&ﬁuhaknée%m' 119,032 JPLPQY %@“r@sp%nbexe%ﬂd %iim} ;cggkgﬁess’

al though, for sanpling procedures, par al’l’e anpling as scr ove is
pref err ed.dipede arheeth@agti on products, produced in the reaction zone of the

reaction chankgt afvent8Viadgdothaasal dJ gagtdRsZRNAsr Bidd UBBe Sicbgam the
1 1 NOV 2005 WO 02/ 092220 PCT/ EP02/ 05322 2 said significant portion of the

ef fl uent ANPSEME thgchlHiCactbiuept stfeplis ctPr At PLREANILY BHHCEREACShCh a
di | ut ad effdagesis Skeacrmehtodt comprBfintghe reabthr ehcinpeS hagitd ansésruied to at

| east one anal yser or. ogﬁl%io%cal I yo{_o a plurality of analysers, wherein is

al so possiﬁnéa't?l%"fpréshngp iTrof Cthe said diluted effluent streamis

di scarded. I n order&) diluting at least 30 w/w% or at least 30 v/v% effluent
stream of each reactor downstream of the reaction =zone
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) subijecting 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 is 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 zone as effluent stream, the



to avoid the necessity to have a separate anal yser for each reactor, the
effluent streams fromthe nultiple reactors are selectively ttatgféited to

t he anal yseo(5)92220hi s neans that the effluent stream fronr@r/EPmats3zeact or
is transferred to one or nore anal ysees, whereas 10 the effluent stream of
other reactors are refrained frombeing transferred or e.g. being stored in
a buffer artnment for later analyses. As the transferred effluent stream
has been §E|g$ IR 1Y RET B e dhPr BESHERE FHrSHe CAn4PGReTSACERE ARal yser
wi || be raatitedf Ot aleext aapakysas qir eceidud edfutadf ef f MisinAgsefddrlErbm St r eam

Then, 15 at | e ortion of a second eff nt_.s m from a second
Toattor Bhe!GAthe2RRl LgR: Bl B BERteREe U e LR\ TR RREORE,
anal yses pp’guexaﬂlhe tﬂhesb::sﬂeps clapndeyserpeiededntid aflhe mgupls&d thatimber of

ef fluegt gt pEATEA S h@f/et&egglétﬁmewdeftfguéﬂe s%gma&e%mg%adlexﬁsefn RiQgedur es.

The plurality of flowthrough reactors can be 20 arran n a parallel i
manner, et§. 2¥RiCoFBR MPoeEsthie teleth g SBPAIADS 997 BIRFE0 foTIRACPNYRAI T8N i s now

further ilhustdzat@htbystdfnk0ld-oMi Nlle MEBETYIRS, radtebek N by Wesot Rrellyshow
schematlcal cross sections of  reactor _gssenblies accordin tg-,uto t he present

i nvent i on *F3B398TGAT et° £Ns gPalessidmht iTHE BPAYT A tofRai SRt 58! nent s
of the redebnra &Sseﬂhleyaca@r:(]rsdltﬂg‘lstferté’tﬁ tpr esentr move inadpseds], gulie@s=as, 7 and

B ShowoSChSIReale ] AR Ol 20LEAC e85 LY AGEOIANGAR gy eoent

|nvent|on ‘tors, a selector valve and a sa
col | ector traasﬂqrrfadgwr eelg, t&lnea@t@edassenbbyfﬁeg sieopar; treghpEesi hgea f | ow

Lhr ough 1 GaGH fes CRIPERS | fhferbeBE] | O1GRATG el ASEOBIRIA G A fiGACT T ON

zone 2, such a catalytic fixed bed and an inlet 3 for inflow of at |east
one of thé?hFeéﬁi‘]d’r?F§ PTPREdfireedPi Bhe gmalkees nithswanplysaromithi bh 28adyw | .

The react Glorf Wr hdrey acaampgésseg&oaeaﬁxrestafsaamﬂmsé spshefamleanerdieagct i on
zone space,. gownstreg f%fs}gt he reactkon zone. The downstream

a.s d
Lo o3 bty TS o BaEiom 0¥ R FeeoS ePS HEG By 5P A GRS BRI ¢ ho
fixed cat alapt ite bBednsfepledceto Twe sasctaaliset heo denpubsesedn toutdhet 4 for

CCactor . CREGFodobaTy B ESthe ah, S epeoe el 1€ PR ow

111, The Jwmber afl§féhm@ct%ve@95aﬁawapmrssbwtaﬁ teffqheerﬁnvemﬁt 6.

Al 't hough %lﬂlggéﬁ féb@lrand meSipigha i@l f beeRiow GARAUEL +ehctBBWeard N second

space 3 may ¢ rise nultiple outlets,
rrang d in a parallel manner, e.g. according to the teaching of WO

99/64160.

The invention is now further illustrated by the following
examples, wherein figures la-f show schematical cross sections of
reactor assemblies according tc the present invention.

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

Figures 6, 7 and B 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 B, 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



5 each being connected to an effluent conduit and wherein each effl uent
conduit may be connected to an analyser. Further, dilution fluid supply
means designed as a tubing 10 discharge in the reaction champenjy @gynstream
of the re 1,00 e, in the second space S. The directio | ow of
dilution f E’iﬂgﬂrjé%ﬂndr cated by arrow ,J. 10 In figure Ib, ﬁ;tﬂ&mtz{ﬂarzfzr eact or
assenbly is shown, wherein the reference nunbers of figure 1 are used for
simlar or analogous features. The dilution fluid supply neans have a

di schar ge tepeméartg;orlothdi decdcitAgn acst tleane Ofludnt ustoranf Iueildgtmm:els:edo t he

bott om of e.reac bed. |..e.. the.downstrea nd_of ag one
The 15 ef f"llﬁgn?rrcogn ui f @h%r%{lrr? eslar ﬁgcg?r urct%sgggo n %éamg'sgﬁ thal%
condui t s IsdEhgendorpedtidd 6.0 Adpheushl pseingisy CezﬁélefébafFCESmeétlmB%I %/fflrlﬁﬂ‘fil gur e

lc, the dlclouhmn ik yh@lﬂﬁueﬂgysmas spdleELs WG coRAGEOR GRS utakes e

upstream si de thereof, and bei ng directed parallel to the direction of the
i nfl ow>1. =PRB ‘iﬂlPﬂt‘f%‘rﬁ‘eFF%ﬁ dostmtF 1o theaRdu it @afprhereinrashopffd*&8 t ubi ng

11 enteri r@nbie: NMEaCtidedhashbel tatad h&mﬂ@&bfeaﬂhﬁim t el egifon FakEat ubi ng

extendin thr h the first ace reactj.on zone 2 avin .di schar ge
o en ng S GREPRY DRed ddtighed SRR S, /esBaly o TBE LiRBnAEE o, bRty Bfacign e
reacti on zhasbéx, dE&tiduream m:ﬁ)rtdar reaﬁztpomrmches im ﬁmdecond)rs@acér BaTand 6b

respeC“V%Béec@l% 89%19, f%@%‘fhaﬁ & h8h rﬂu(ignfge(i%\ﬁgcéé%daﬂ Lysgf. 5. Conduit

branch 6b be connected to a wal st outlet or a u er vessel . In
figurdold, the Ieaﬁ:leiueﬁ Bhaabeinilag orgRatessasseably ois Abaen, whesestthnt i al | y

fully OCCLJ:Fé\fieP&xcfeh%uErﬁéEéi 8R ehaurker: Jhe $dd0l for rEARERF GHt kelidhous
connected to analyser 5 by effluent conduit 6. in 30 this case, the dilution

fluid supdi®ftheis The diEdoRndteet TePlhemeds adft ac @heRhards. RSP iPFgure | e
a schemat 1@ ,CHOsectiagt hoa&}eaw oy &flwrhofeAdid toRaFdNgRMRNAEL abBéoii g t 0 t he

present | ent| oq:or ) sgowp F}_1r])‘art I‘yrtsirssenbléed fstf1 Fas hce syz Lem anglrrprr ses

a housing T f&F Usi"fg* a Gr &P essen f'edct’on
chanbdiss Z2fifavery camdunit i brhactafrad imnconddidts 58 anh the wbosfteh%rmd

thereof. TheeactLs %o%ﬁXctelaetgrQ%OQhQQb a3 tabes 08y %%gbcﬁve% her SU' tabl e
material. WO 02/ 09222 % CI/ EP02/ 05322 The housi ng

conprises a bas&"blfdgRT®s dAd FhreovERvkiehehtvis sypRlypaBEANs| cﬁﬂ%e's I"Fd’oe a

plurality @fact bsrougamger ngef LSt ugdtaenge! side fxureBe, t B ebdinhotiFrermmaabl y

housing the sact ars . dheceover.c BLemtod |5 RLOYIRIeES Y Ly T

20 means 7 comprise an elongated tubing 11 entering the reaction chamber
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. Cenduit 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 conmnected 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.



5 an inlet 13 of the reactor 2. The first channels 6 are forned here as
bores in the solid base block 5. However other designs, whergej QORI r st
channel 6 irely or partly fornmed by a tubular part e bl ock
5 are al sg*”é%%@ts‘?{‘h e. 10 The reactors,2 have a | ength such ﬂg{lﬁleogc react or
2is entirely accoonmpdated within the first channel 6. It can be seen that
an extension channel 25 is fornmed extending coaxial and in line with the
first channel The Thesima dnspupricieanacbase Dlegk ehdand et wosart tkereshel - end of

the firstqoghanngl pandk @%%,GQOP%QQMC&: 8ifoulieqbase AkeeKeunnkhS s
extension channel 25 has a smaller dianeter thanthe first channel 6, so
that an afPifiedr WIEEELHerfor6 GeROVARIYERPUSERS 88 cERCEPERN2be THBSITPHEA to

rest uponeidientadnid drovsieulindee wfh 20iA fdnbhhefnQ8 daéd doneeboisg Bbock 5
is facing towards_ the cover elenent 9. The cover elenent 9 is rel easable

at t achabl 8" o iEfie* 1 iFsthe EREY9 of the base block 5. There may be fastening
nmeans provi dedrhe Shedk ahasgss NS, at® fAirinagd hhdvee as ovsreselisnent sB1id Halse base

bl ock 5. g‘E&"i@%ﬂ‘ DSl Sindr2G8s R &lt‘e%tiﬁ‘sa? ek aRd & Ne BeLLom, 25
surface 107 0f the cover element o & number of Igh pressure resistant
0-rings ltraperprovicdaddabyf ar subskwl imagtelodmibes baFhebbodk T igngs @lBoare

pl aced sughsifiat.the O-ring 11 is near the inlet 13 of the first channel 6
and surrounds this inlet 13. Hereby | eakage between nei ghbouring first
channéPs 6 is PrevErRE@rs3d MARaves shberfthantifharttgtoRires Hed<pPovrded in the
first facen?irdly Rbt&SGtncaat@l WieReh Whegsrihe Onddded 1. This al so prevents

novenent  of tge O-r'%ngs 11 in case of a hor{ézon a% rmvg\?rrent of . the, cover
el ement 9. Al t&F F&Y 98§20 FB2hrHUICEFeRHEEV E a'H’§‘§'7 2 FR S5 PHEY bot t om
surface l@oetidlhandoverliiemenh fhe ISrFhechwmeilng. 1THes ektetdion phawneded Wit h

resilient .Q-rj 1 cli a c i ng .ele 0-r] 12
are | ocat ezg %%%%ﬁegﬁv?es%n gﬁ%nﬁoé% g %c%f&?%éé B%ggtb o%{?%%. IF@?:%%%%E WO
02/ 092220 fpeq| EPoD/UR3 XRse 2B1lqde 5-eZbt opxtepspa hehapnehi 25 shasegctsmahlefone 17,

for exanpls®an&@dit @hhh Nched reakal dtthnbD 4,h&of OR4p G antatal ¥gdyilied. 2dhes base
bl ock 5 conprises fourth channels 16 opening into zone 14, i.e. the space

infirst cRAMA™ 6 outside the reactor 2 and below 5 the second seali ng
el enent 12, douwnst reast®¥ thecarcabd i aasz@ed lto rest upon this annular

shoulder 26.

20 A first face 7 of the base block 5 is facing towards the cover
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 npumber 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 chamnel 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.



The fourth channels 16 can be used for exanple for purging or diluting
purposes. For exanple the fourth channel 16 may be in fluid tomiuniati on

with a prqfibj@ﬁ%g source of an inert fluid such as N2, QET@XZI%%@W ot her

dilution f at also may conprisg a liquid. 10 To prevent condensing of
t he product obtained in the reactor Zone 17, if a gaseous product is
obt ai ned, an inert gas such as N2 can be fed by fourth channel 16 to force
t he product olhai nedtbis heactexpreaiieat rédttaughzdnbel puttbet exdathpoé fir st

channel 6. Herewith a . ver ea i luti of, the, product gas can be obtained
and condeRERG th? i%agggibrlélvg%? géd’.ml%yg ﬁ%%as]iyﬁfgb%dgpl i cati on of the system
of figure |e, Thefbasedbleak Becampaases fiogrfledhanzelshilf dopsmdngeintdszeng t he

-inlet 3 of,the, vg3sgla iﬂ_?&jcts%kgt{aQngba@%lGLs& Whil rQbeGOW %ﬁ?maw y be

provided “wi th further sealing neans or valves to prevent the fed fluid from
20 retlur ntbry seecrcheerhinad etenaitel 2 1 Jownihepn pofs ShAagreassire ZM8r 1 zone 17 the

‘treated fluid el FodRhesndna@1ZaRecd4 rrNdsbe i SGhpd8deor dupdildeebr 18. In
practice second channels 16 are preferably used for feedi ng dilution fluid,
such as ayH¢eBEPYPPIRT 0R°F I‘iﬁaﬂp%ﬁéttl’ga?%ﬁf‘rﬁ‘%e&hbﬁﬂéﬁ's 9 3Raf E 45 ef er abl y
used for tesdinAgati®achayn a pressheisddeashranpfsarclinast |81quddsuchuls pgssi bl y

al so gasequs reactants.. For.. the feedi.ng .of a.liquid for.instance,.a
capill ar yoﬁanilaybee uasngd?tt\l/\eﬁi 8?111“&'39 %‘E”Sa?‘f‘?aatl F%/écl' ﬁ?@r‘fc’em(?rﬁﬁet%elgﬁdr'd channel
15. Ih0this dfa engementoxdensind wifi oke forgfectpabtainpd hr cughredshomel 16 is 30

subj ect ed 50, HLENPEF Al YE&L.FANGEIAuBR! 110 oBEa iR, I SRGHRARE SgdsN shéME as’ RACL 1 ON

zone. The assenbly furthernore shows the possibility to arrange a dilution
fluid conf@ftbe28ed jyhfeprith Fhanbedehfiso fP%rS fhhe BRodhst abtaéppthisl thes, A

fourth seakpérdmeRanmrddgt Ther eiidedis kbt biSstexnamled 0 mSese@l at Beryannul ar
gap between the. second_fluid c nguit 28 a}gd Lge.b e .block 5 The second
i CEpiP

fluid con8BFY BEEHT 8F b BEP YIS IAL 4 atyed apd Fondgpsinga ity a
| i qui d5di batpmavehted.d i nto the space bel ow the 11 NOV 2005 WO 02/092220

PCVEPO2/ 05322 b a2amed1-i It e g ¢t er gt
condi tioned r egg% %ﬁ%%éﬁeépﬂﬁgaEﬁnu?ggéhgf P?ﬁ%érlﬁ Qgtf& g%ng(qgeﬁ geﬂrlgr%ved vi a
t he exten$Pope tEhavatelis2fed Waathirdopitinnel 2 its Phesehet cofdiie 16 an be

absent or yebges€drfiQr tRINEhRAK036Syi18. 8f dRks@diuaglf Mdbtédpeng fluid, 5
wi thout diluent fluid. _, .
with further sealing means or valves to prevent the 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 gasecus 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 te 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 ¢onduit 28 could be designed as a capillary,

e.qg. for feeding a liguid dilution fluid into the space below the



In the arrangenent according to figure 1f, a liquid dilution fluid supply
nmeans 10 enters the reactor 1, the diluent fluent supply neans having a

di scharge opening, close to grid 9 and directing a strean1of1dﬁN&MﬂBg
liquid towspdzoedase said grid. Effluent conduit 6 10 enter sP@I/gas/assui d
separator 15, conprising a chanber 55@6having an outlet 6b for transporting
a representative portion of the liquid effluent to an analyser (not shown).

Qut | et 6a transports all eous ef | uent , and any remai,nder of |iquid
ef fl uent. ar1 Ef 550 Wlth “ge %t‘ﬁfllﬁ'ﬁetd‘e @ L1018 AT Cof’eﬁ'el F°§9 (o ERBwn) . The
i quid di komnt Th&@muSeﬂlaar@ede:ﬁtr Ghrédre dangbs dedo*qmmastimoleytmm 10,

contacts ggid 9, zst RRLEWM, tdnaL X NG ﬂtg}etsl@st' 'cgy ich +CQEPQD G §ba=.fntt be

effluent stream | eavi ng the reaction zone 2. e mxture o
dil uti on PRuisdafier ather|purpPdeso®poncifrs aéqllftqhemé‘*lftllaémg §tllaé‘%vm (dr opl ets

800) age weehdwchethdnt ehgyrer 550 of the gas/liquid separator 15. A 20
representative portion of the liquid conponents of the effluent_ _ stream

m xed with the ¥ ddied 3gFpREsTenE| ﬁ?‘ifrdF%%lvE% TiRRrgaliy  Jutimidepiisisr 15 via
outl et 6bfiwbhersepply hféagaSHDlé&tﬁﬁT&ﬁBEfﬁaﬁztaﬂdl ARtYe diANRnB0Emeat dipgpaiyd

ef fl uent Ieavethe as/ |.iqui d separator out.let 6a. ln t
ar r angeme At HEHBE 358’%‘%{?59& B I )? ﬁ%e a'hd 934 BuPPs: déﬁecpfb %t is
to be undetsemodft Halutive aigqahtemwatds ofhet Iseuefdﬂlaenﬁffbmdup@lsd‘amdtS

reactign e b gggé‘% : her. It
i's hO\%/gve%lﬂtf3 gpie ﬁﬁgéir% 44 §e¢1ata‘:?ﬁaﬂ a??‘la%erreﬁ %?hqmﬁ I u? ?glnt?gpl%hll d
suppl y nme&d§lenodh nfqy gtnﬂe§P¢Ié‘-1@93@ asgreésengative rardien 28 theflymnid | e)

may di schaggenddt td Nunt m%aﬁ@&on(dm%peﬁew@nd/&uw weteéﬁfsbuem £ANdiHet S when
a second space is _present I1n the reaction_chanber. en the reacti on

chanber d&@SetvvRhifdrenbt ando Y SEm3indsr a°§e&b‘ﬁ’ddsﬁ§éeue‘l§: -9 £ha@bsm F3%ur e
Id, it is mapreéeerqueﬂpéco diaﬂeni:hagdﬂlembhem (fmbowi gimsmpplmermaqmd:ﬂmmeaited to
t he 3!‘15ef fc{ le g}:ﬁiﬁﬂ \c/]g ent| ISI ustrat ed | heng%l I ovmr{l 9,
drawi ngs. Tt i £ sy sf‘% fiﬁa PR Y ORatT ts ARE FoP

control li rtg\etrhveﬁh e Vg3 1) ‘bethprtbeehiqulgucmmeptes%ﬁjrwer edflwngr strdan, NOV
2005 VO 0%%%23&%@@453 gﬁoﬁ& 2 o an@Mr%SLEIﬁR;qaa dlﬂult&sﬁ sﬂq&dcmk

val ves. Typi cal ~exanpl es estrictor are needl e val ves,
capi | | ari dde fHiquads coppenantecef. fher tefdiuent gakyeamgUidropEl a8UH cakE be

present irnedinecedd | yuant chasaaui 660 AlfSO tRBaANGas/hiqbid f @eblthtard adldi ta onal
m xin Canre%eresgn artgusrgntportlolypl gal hEUflﬂg\I;:{dngcgi{]p%nrennt):% ngfsx:%gen;flfﬁua vessel
or ot
stream, mixed with the liguid 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 separatoxr 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 1l&) 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 1d, 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 understoed that in the conduits, mnmeans for

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



systemwith a low length to dianmeter ratio. Also static mXxers can be used.
In figure 2, a sinple arrangement of the assenbly according toNUV 36

i nventionj tically shown. Reactor 11 conprises ar out | et
4, being &ﬁiﬂ’z@?%ﬂto an effl uent con? it 6, which is rﬁ@{"@a"%g ef f |l uent
conduit 10. The dilution fluid is stofed in container 12. Ef fl uent conduit

6 conprises a pressure regulator 13, and branches into conduit branch 6a

and 6b. Cgngyi tedtrapedrHia fi3refPrirecdeekt Oaﬁﬂasan@hrﬁﬁﬁl Bexdmpneltli fobranch 6b
can be conpected tp 15 anot her anag%(ser or as waste .outlet (not

Chown) . THAST GEEELIPER: B TRSFHINEAVET SAPLAI! Rt LI Se T BT OB ¢ he
dilution flui dtht}hpty areasdliquiaf $épsentoxondube Gedennsiinr ehen eff Llhbet

-pressure tor, C S el | | yi; of the
pressure reg%?ltt% |légp?qe%?¥el?rg§§ gs |trt‘LV\§I Iag{iam%%tei%ai EuQ#qu? % 0 of
the pr ésstnreE*#féCguIAalecal-lioheﬁ@‘rmﬂna%mxe%@yﬁ‘-a@m%-"rcm‘f@émhtqrea)ﬂwebf t he

pressure reQultQknis lBEvei@rHtﬂdto [Qbmd NS RRER WRELL WGLLS MiQkrs GRARARLE 1N
pressurising the dilution fluid. One may al so decide to have one dil uent

upstr eam 6¥°fhe pressure regul ator and one other diluent fluid downstream

of the pressur @nrsg;alrat o . a&mbmfamh@e@anﬂ be e RsEeNIERGBoruikgeEs are
used as in f| gure for siml aréﬁ{:y sna 0ogous Leat res; in this case

gas/ | i qui ™% ‘b‘éer“é:t‘S? 1% SCEePES MBS Se SRS ?h’éeﬁécgjéous
conpornent suwfiet ha,efddingntcsineetary  to ansf esrfrfedettto thedwgftf | Gentwhicondsait 6

into effl i e fLtue nguit 62
for liqui 3%}1 om%tccjgrgjglrﬂos F&%‘L %ﬁte%%iggﬁgu@ng%g Ia&f%%%ﬁe%? g%& ¢ Q‘%ﬁ%ﬁl gH
anal yser 5xntpparhdlef Efffmentceoerfiyilt 62CoRprpaeyp o FEFeSsuyR elsesﬁﬁat@oﬁéui t 61

branches iJHoO vzapgidd &3, JBRaNGE araRest 68 add @AS (ﬁﬂah}'l§eﬁra5mha%g ijgt o
conduit 61b. In flq'éhe 4, a S|mlar assenmhly as in figure 3 is shown,

wher ei n t HEPPEAY Ton ARy SBR1YSET, 535083 R Prapfl ot i AT MSbSFERBECtedn B gur e
5, an E&S&iﬂﬂt}ieﬁOéﬂiﬂ&[ﬁeﬁdbﬁgc&m bdatseal dd gisee 3outletshaon, swhwiri mrhehe

pressure rg?q%l gt or Srch 13 | s.n i/ymtosagr?daﬂmfg% ream%of t.he0 ;as | i %id separ at or

15. As now the gas qwéis ator 1's
PCT/ EPO2/ 06B22Z s@ﬂnlapeuleamedtcatefalmrgh cprasigu e dopnatyedl, ofrathen emebsuneepl aced

by a flow Leaul &l | i (RN CRsS4CIARGR 1 LE C81u3nLaARLL P YpstelRSSE LW
controller or a needle valve. Figure 6 shows a _reactor assenbly conprising

reactors 1RYessube jnegulelar i preferiedyi Ay Buriidd sfagilizate sthe, fynghion

respects Veby,the pressure regulator. However, in some cases addition downstream
of the pressure regulator is preferred, for instance when one is not
capable in pressurising the dilution fluid. One may alsc decide to
have one diluent upstream of the pressure requlator and one other
diluent fluid downstream of the pressure regulator.

25 In figqure 3, the same reference numbers are used as in figure
2 for similar or analogous features; in this case, a gas/liguid
separator 15 1is present in conduit 6, separating the gaseous
components of +the effluent stream, transferred to the effluent
conduit 6 into effluent conduit 61 for gaseonus 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 6lb. In figqure 4, a similar
assembly as in fiqure 3 is shown, wherein the liguid 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 liguid separator 15. As now the gas liquid separator is



bei ng connected to a selector valve 17 by effluent conduits 611, 612, 613
and 614 respectively. Features already discussed in previous T ifi{dulgs have

correspongydeydeeiar ence nunbers. The dilution fluid suppl yeBssifd;are
connected to each of 10 the effluent,gonduits 611, 612, 613 and 614 of
which only the connection with effluent conduit 614 is shown.

Alternatively, the dilution fluid supp%%/1 means can be connected to effl uent
conduit 6°PEIRERRSIY SafiBl RIFESYEF edBP Ud WEY1 ROV thfe @RI EFEDIY &t £ t he

necessi t yrégiaeoie@el 0f t QueRChndf ot hEicef f | erndaps gty t s aupsdgscamed 15 the
sel ection va,cl vg' this indidgate by dotted arrow 14. Further, effluent
conduit 6°TER5hHeFed 19594° g8PF qui d separator 15 according to the
assenbly of fi (liger®. 6 Ashad ed nataatererdsseniignt canprahovn tencftbgsir @17,

wherein t assenfl.y npy, | r ors,. 11 ng,,112, ch ' nect ed
foa 20 WAt 5o e dary oyl (FRELEY urindio ey o B3 oUpLORERIOTT
Ef f | uent boiiuceBrEtedatnl acsQlentercorivecl eyt effluanti oanddigedé BuppLy, neans

101 and 19231 gaRegid VebipechObd, f 8 bhP0 DI LGy Va5 3Ehsseli? it Nikeviéds
respectively. Preferably the buffer vessels 121" and 122 are one and the

same. Di | GLFHPSt PRy cotiRsppdirmh SeferengR i RTRy each 25 conprise of a
capillary of eomal dieagidn andidi aegH19r nkemdli 1Y 4:@ FonneGkEd tol @Wchoogach

ef fl uent ndui t. also other flow constrjictin ns, knog in the_art may
be uszﬁ fg etﬁf?‘fi‘i‘ﬁct‘?é‘ﬂ‘?”ﬁf?ﬁ%nt ﬁcon%i’tﬁ t§g%1g?§n8f6f§‘l\é\€e°86¥ﬁn38?ed each
to a separatmecydsh| wijth deffdepat atordulbl camd is53howsperlderehyiveile ¢as/ | i qui d

separ at or I t iquid effluent an e ffLuent
into effl &%ﬁﬁ&go%g‘gﬁ g’tubg% an%n%2gy+ ceLsepec(? Ve eftgf %Fﬁe‘%%%cgﬁlg%ﬁ? E22 is
connect eddovpstirigamsetfocttbe \adlectdy7, vahee edd (ef theravithorehyilpt 82 itge

connect edneb@s thyl SO oA SR to ARERTSH RELYerahbhtienat Wbk tBdsh b8
connected to gas/liquid separator 151, separating the gaseous and |iquid 35

L Or . 19 P
conpofant $6f SEREFEPR| Jahteist Pism ddiepteduidit RFIARGi (BT8P 1 LAngFeaiher .
respecti velryluddtf | eeifuicongluiik Gebhnesteédnmect£d ghe/1hfnigel agla@btowalise,
wher eas efale uent c?n it 631 %s cfognecte to aliquid analyser. The
sel ector VSFVES FUrtRe?> R ed FY S ondui ts 650 and 11 NOV 2005 WO
02/ 092220 PCPERPQ2ADE322ti R0 H8dimenth Tonghrawsi ng £iguessis evherirattde 131

T S SRR ol TG00 SR B, AL LE bR S
gas afal y¥dtirImho¥dvehd7ab® Séflvent i¢poduétar 1l prdr Btbgnespectig@lnt-he 5
concept shFwiluémt fcoSidfs76CAMNMABILL Yake BXhEARAl 25 €4l 11 iBRT A iBaBuppY
means 101 and 102 respectively, being 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 liguid 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 1liguid

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



reactors, by sinply nultiplying all the conponents. In figure 8, an assenbly
arrangenment simlar to that of figure 7 is shown, wherein hopweWéy i@ach

ef fl uent LS connected to two serially arranged ga QUi d..separators
(151a, 15%%62%592%)2& 152b 10 respectiyely). In the upstrzllaénﬂ“g{g'g%?gui d

separators 15l1a and 152a, a representative anount of liquid is separated
fromthe effluent stream and analysed by a |iquid sanple collector 52b.
Downst r eahb®f easbperprdsind la medsuBP aegsbpraildt sand 113 2amdsdsatvale

arranged, cof&G8l ¥eBIbtiifen8hl | HoMstTbah USE ORISR t e fasoAndsStid | al so
15 liquid of the original effluent stream In the said separators 151b and

152b, a r EPrBEEnteRLi PBdafetRtitof 6tfas FRkEDalPet ed® afaMRPIYPsd® ih I¥as
anal yser &naikgerNothdsePahat ek rasndedl iefdleuant it WeRohhisedithgar dggl from
t he asserrbli( t hr oucg,h ven%.s 700a and 70.(1b é%sgecti veIt ., Figure 9 shows a

li qui d°safBFEPEFPEe 6P F4995Br & <48t 8154 CShPRTIEtHY & fec‘%fﬂuﬁ‘f‘é (1-8)
for transpeattong, tihe shimgLy chul 0iglegingrelly skel compereaits .each conduct is

connected to n . for i ar gi li.qujd i |l ectian
cont ai ners 903&%@%%@%“ eagl 55%&&%? ecr’%lea{}%e%%ﬁa g'rlggi()gr atr%m%glég %%a *9tan be
aut omat i cdl by showparvheireyn hpweydr easht hbfluene $ixpaindis diwpented tor owe a

needl e, caR bf ¢l SPEORRA g2=/11AdPLUEA dtbYs Of 149QNT 4isAET §nd0352.%efi8bK1 Ng to
t he above firgurlgls, t he aCtgi%OI{l {)11 theggssgan halccorgi ngZ?o th2e rlgsent

i nventtPon TREPSENIVELY) t AR the MBEtTRY g8/ YigythSeparakars 1§ gpeh 2"=‘e-x'i')l ai ned.
Ref erring reprédc@theive amoddtliod 1iduiawis Geppfrateldngrait theastfieratr stehgact ant
is entered i,n tf;; redacgi on chanber and i’s sugﬁegt ed Stzg a _chem cal rgacti on
in the red®fi HERET 2PYAs? t HATRYY | GEPR St FREIRSFPEM>Phe PRRELFTIP 28Fe
enters theeppecter/ i5nat adr d5Chi Osepiaatbes 151b dewhsiipZamané wheangedct i on
zone, the i ffl.uent eam i n Mt h i i on -flu

i nt roduced&i@h?‘(’)ﬁtq{]etlﬁgaieﬁg%ace '%lj?tgggt %%E%rlqgﬁx}[{\% oﬁh% I ﬁ?sg éﬂ&pp y 1&959&%010' I n
space 18, nilgpfg/ el Ithei enigimalt Rt loepE yeFReadt r Bantlien sphé senagerers f153Pd t akes

place, wheir@ uPA) bhEprEsXhtdi8 vk dindiht OHE igssfwtsaﬁsrétreansf,@rarn%dy&éa tine
anal yser 5 through effluent conduit 6. In case the dilution fluid supply
means are 94D §9200530 TEe1 190V SFHEEICTIEPESR b5 85 51t - Y B 0 1Bhe
ef fl uent ciiBdatded fanmt thet asksdhargiceggh venhe 700aasid 0B hpedHpectitdly.

ef fl uent strea?eii s copt ag‘toeg vgl tbithg dsialmgg_i on luid in the effl eJ.Lr}t'

. . 1 .
conduit. In ordéf to obtarn pr operqurh Xi ng, The® eTT1 tent condui fjerraa

conpride movipngsHigerrahs, condirtas (3t @) | foxritdangporting the liquid to be
analysed, wherein each conduct 1is c¢onnected to needles 901 for
discharging the liquid in collection containers 903. The needles %01
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 1is further transferred to the analyser 5 through

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



5 el enents, however, the effluent streamand the dilution fl Uld can be
contacted to one anot her and mixed without the aid of nixingld AV,  The
ef fl uent cwewduaiob2zomy conprise a back-pressure regul ator, agcrgposéemn in
figure 2. Downstream or upstream of thm pressure regul at or, awgas/liquid
separator can be present in the effl uent conduit 10 separating the gaseous
component s of the efflyent conduijt gmthe qui d cgonponents thereof. The

liquid cofPBREHtE afe Titand¥eresl €8ttt daaﬂalnﬁgerdlgﬁhﬁgtlﬁgt He &% of a
punp 16. Heweviam, camybazthEhe eieflnest kiaeani s tdoatactedanthetis @dléoion

transport gl;4hs, LhaUALLM 480250 IgHLd SeRRLAILT et Quildigs! | gl d
anal yser . Ina’sp etial enbodr hent , e con fRect 1 nNg the
gas/ |i qui c#féép%rrtatcendlalrtd mhecomprqaﬁMHmbys@mmﬁer%s ag ebgdiic] anQThi s

confi gyr atd1@Redss hhgtaéaer,wht a@ﬂﬁu@n@w@%aédmhat dﬂtﬁ‘iéﬁeﬂlu‘lﬁeééﬁ”ﬁ? Due
to the pressure difference over the capil g a small streamof liquid wll

be creat &PPERFHAMEOLHE ga_ihggard @éﬁér"é‘t"@f’“ nﬁ‘%ﬁﬂér?ﬁw@lﬁh@ [delifF 20

anal yser. THae eg8pidrtalchn&yit GkEyN 3mbseadV HabRISrddbdke | BediOWL6PStas £ASY 1O
install and highly robust, allowing it to operate at ver hi gh pressures.

As i ndi catT@*Betdbrid TR 1 PRUPHEER % SPSHEEe™ | o tEENPrFSRTBf Tepulaify o
col l ecti ona sysiﬂmusmchemaa;oparc&lnl dle SpigdemtCcOoid e€h®r pffBuen?5 cdﬁﬁﬁ[t.bed
above @0 Jaftleing WSS 'abblnd of "Ta0OSEOLRAEORONSY! 3,00 Lhe

ef f | uent are er Ferr 60 PTo A gas anal yser ) 5\ fus &
gaseous cokmmmén@@nmyntﬁe ttmrseér dBe: \lnauubrmhmppn@bts Hmeveansmrdd comdui t

may al so bﬁq‘ﬁ@ﬁnﬁﬁéﬁ@ert Qzawiu‘?t?o{'ﬁe 988 YR Y Sffmp_ 118 .1 RGO, | AhGACLRE

configuration of 30 figure 6, nultiple reactors 111-114 are ‘connected, via a
sel ector 9eYige MiEmaigadre gt ﬁa’s@ﬁa}‘%‘t%rf%ottww‘al 9&dihe, Ligidy SFOl t he

ef fluent siHeeaas/DiquiibesénaRecti Y& {£36EOE Squild) a8hUPserd G2aN8 VS &sdebal
different effluent streans, _ ori gl nat i n?ﬁfromthe different reactors t he

sel ectbt VERRPERGHedDE SHAYE CREVGTAIARR® FFd I TeIS FEPETH Y0 288 EBRdui t
6, therew ligdidoekangepasasgciset &heapflfibugntTisisr eaniduramiod hiss otilgdly

effluent cg %Eé b er gog»‘égkhr?q 45 10016 %@eé?& & HIE ¢ fchéJ ﬁﬁﬁes%i@am s

diluted eit int urt ‘connecting actor to he self ector val ve
(condui t GQHf@Iﬂ?C‘%)rOY?F c’@hfdupﬁpﬂlameal SPENQJSZGQQNV\QfOZIlGQJZQZBlll be

PCT/ EP02/ 08324 ea3bxet {dd eftfe S&&seﬁlr{huﬂﬁs§é§b&att9£0ldgﬁ theeSHIECHY Mg can

be anal ysed as indicated above by a liquid anal yser 52 and_ a gas anal yser

5. After PRYYEET anthe il cft?ﬁﬁé’&t’i“%fn 158t AT ARE dhat hés of W Ot
condui ts 6ddsHlb am€taDNddtid HighsyClesrd, bylibeingeliecttor opatare: ad very

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 he 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



5- anot her effluent conduit, originating froma follow ng reactor is
connected to conduit 6, therewith enabling analyses of the efifjlpgnfyy stream
originati rwofo%%&)he said reactor. This process can be r eRaat s, mgﬂgil al |
effluent streans are anal ysed. If desi;fed, nultiple analyses of €ach
reactor can be perforned. The effluent 10 streans of reactors, that are

bl ocked by the selector valve are led to a waste outlet (not shown). The
skill ed peesnienwi birdam, apass ngl thpsuwpethe hgdieetandv{leoel thomacmafiysach a
maste outlety, e, se! slor walve ean, alsq,be. posi Lipnedyln dig,Lgact of
assenbly art er Separation o t*he ‘Jaseots rom the 11 qui%‘acorrpo ents " 15 from
t he ef fl udhtestprprs. ahalyske, athangameations Heiweem figuet The tdiflyetntect or

val ve is eenm%eelimqormié&duﬁea@Si;@réﬂha;nga;e% ﬁegg@mwl_%ef faly
different reactors to the gas analyser. The gaS/li1quid separation and

anal ysfs oRrothefuisfidveforiamdsits pRloriorkey F%t redinldpvwite arECSel®ct or

val ve by gaghddt@di 8o S&uat 065 dizkedi¥h 2028bkhg aRd1panle €nd | &ct1aest 52A and
52B respectively; however, it is also possible to |ntroduce an addiﬁ%i onal

sel ector VEFTR cOMILETHY BF ®ndidis BPF3hd 8%5° f 8FOFI%ui L ofponent s
of the di rkpedid eddilueall sefehmmt (otm@assNgre | atfliydeanallfsedesicednect ed

downstrea o -the sajd second sel valve, 25 1t is.als0. p ible to
connect o%ﬁ%%%le&ffagﬂg %3 t‘(e)alc?ll %%%g{”f el nsal?r':f)l ge%tz)olrf“%%t i ?)rhe s‘gé él%ngl | owi ng
si mul L8nectseans lofcreartagk, thadk @ireubkrrked| byt tivn selectm vehve iqper de®, the

effluent sirgaguidedPukedet Qlotllhofi).Chfe SRSYehOPbfhiCRARAINL Anld, opherein
a representative portion of the 30 liquid effluent streamis separated and

passed t o PFPRET Fredfmia@dcengidiening9h. suffeagiasdusutdiefl uent stream possibly
still containibge 8ep&ftdrONvaivet haanl | Liod KONPOSEIILEe®f ibherirf f LatRibrst ream

t t by .th f 5 t [1iquid s t Slb,
uner ei n & PEBRENeRE ST VEPRGP E1h B Thhes THOHBLE FbrBBneHTL DEothEesss

ef fl ught strosatheaeéf bepar ste@nandirpabs etk taogguentanakgweerinStigugentl tthe
sel ector vahygJ/. v'a\'Fye S Qgrg!%xﬁ%cli:gél dual cSIu;di &Nt M XLVES g PEssifds 1O

vent 700b. Accordin t he Uent streamirom reactor 1120 s passed to
gas/ | i qui Fogepegneor STI52differrs2hreadinsst | vl ythenhgpreasamlysaoy Aes WO

02/ 092220 LEThERBY 0684AtidR de aneiysiepakal Athitesbibalenes f1diQatroametiur e
t hereof is discarded _through vent 700a. In this arrangenent, gas/liquid

separ at or SRFFTEE™ (O8] 5BF A SPHNTET dERTEn PR AFAHE 1R H SCRATIRE Sg A3k AR 1 i qui d

m xtura® afszt, henefddmpent celllecetor€lciza R0l hZR/ erespedicivedpp| Bivevgr sefrariat ed i n

a also possible to introduce an additional selector valve, connecting
e.g. conduits 631 and 632 for ligquid 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/liguid separator 15la, wherein a representative portion of the

30 liquid effluent stream is separated and passed to ligquid sample
collector 52b. The gaseous effluent stream, possibly still containing
a portion of the liquid 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, whereas



5 quantitative manner, as indicated above. Exanples The reduction of
3-hexen-2-on to 3- hexen 2-ol was perfornmed 10 both in gas phase]d\lﬁmﬂm

trickle flgygmesa, A fixed reaction pressure of 10 bar and, @Tc{kﬁ@ﬁfnkﬁn
tenperature of 100 C was chosen in both cases. The saturated vapour

pressure of 3-hexen-2-ol at 100 Cis approximately 20 kPa and at 25C it is
0.3 kPa. 15 Exanple; 1 Reduction of 3-hexen-2-on to 3-hexen-2-ol in the gas
phase Thetheagfbr ssetrafigdageshdne iefifpenl enixtugad thegeefe ¥ wiisrardedhowever

the pr ese@ﬁemn;fh FefaShboLUI G IRRAT AhQhgBRcha |dagwlﬁhﬁ@als%§:§fatorgo ofNg
equi pnent pped 64 reactors in parallel wth one brary of

het er ogené8 gi‘&l JHIR S, 9PRLER FPRePY 9oy B8R FRe WRERPEAIWEAPBYIHY BN was
| oaded i notfheher eFEl ot sIlaea:armuﬂtndtf hacattal yet comsiet@ly dpakatedliivi dual .
react og. 5 Nm__ltmtn‘lré eact or (0 N rg:gg /m n/react or) of hydrogen gas and 0. 004
mol / ntn SUREKERT YDA PSS | i "4 EEhEEYR3d to each reactor. Thus the gas

in the reaction zone may just consist of 2v% 3-hexen-2-o0l. The reaction

m xture flow ng, oub.pf the reactor was led through traced lines to the GC
anal yser. To increase speed to the analyzer and prevent condensation the
reactor mxture exiting the reaction 30 zone was diluted with 50

N / mi n/ react ofhdli LEQAR&RonWRE! B-hBEeJaSoNass 3dHefe 000l diAg tR-EbSEse 1E.
To neasure all reaction m xtures rot a)g./l@ sel ection val ves are used. For
ol

accur de LB UI®MAESt BRYSR SEndd Wigkle natdest Andarert TREFRLQMS eSS aUTF, of
hel ium (i Rfeenpgabast 808 a% drdaeti YRSt mg,@rsa%t Rer 1%t Ao e hydsegenn agstnl v% of

cycl ohexane (internal 35 standard 2) was fed together with the
3- hexen- 2-c@§es ThEheCF glagrtederapcunt ppesttued 2fd 3thexemt2i-ol bat weeh ithets

i ndi vi dual onent s the in Stan were calculated. 1 1 NOV
2005 WO Of/pgjggg]% P /%E%E Oq:fﬁfzﬂge{?gélfr o tﬂ sq%ﬁé production rate and the
conversion, selectivity and vyield could be calculated. See table 1. Exanple

2: Reduction of,daliexen- Recﬂﬁtl&. SeN8%Rlken-9lod d Behez?e —E' LeK! s FEH@-S{ESBY

addi ng significantly nore 3-hexen-2-on the majority o react an
remain i n R%&e| i qui d phase causing the reactant to trickle through the
catal yst bed. The term "trickle phase" nmeans that 10 a m xture of gas and

liquid is fed to a reaction zone, erei,n the uid passes (trlc | es)
t hrough the salg e ERCEY SPEVIR 51 \gg‘&"@’ ™ flgure b and”Hgire 7 Wit out

however the presence of a gas/liquid separator and a liquid analyser.
20 The equipment was equipped 64 reactors in parallel with one GC.
A library of hetercgeneous 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-2Z-on

25 liquid 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 Mml/min/reactor nitrogen, where the gas was
added according to fiqure 1E. 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 lvi 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.



t-hi s experiment a 3-hexen-2-on feed of 0.083 nmmmole/mn/reactor (20 tines
nore then in the precedi ng exanple) was used. To the outl et ofal_]q@qrmgeactor

di - i sopr opy|§hied,Hi | uent was added at 100 15 ng/ m n/react <8, punp
and a di st riﬁut orzzvvi th capillaries. Thg; diluent contai nedq)r(gféﬂ.sdgg 333‘”%)| e% of

hexadecane i nternal standard. The hexadecane flow rate was 0.83
mcronole/mn. To the liquid reactor feed also |vol % heptadecane was added
as an intefref Shinddred . profictionnretaabndt red odvertjerhesehtdtivithy and

hexadecane ,standagdy ald QWcdistb®. 240, the ratio of the reactant flow
rate and the diluent flowrate for each individual reactor. Al so a gas

di l uent was added consisting of 10 Nm/m n/reactor nitrogen with 0.44 vol %
of He. For the kigspid @:l ueahctidd tdfOB-r@asn-Gi-berb addbiédrn-andingassdl iquid
separati_on 1:a.se#-ug was used as described in figures IE, 8 25 and 9. The
gas/ | i qdi d ®E&P5t%aP8?°has a dinension of approximately 0.5 ni, which gives a
good separation in a gas/liquid streamand a liquid stream The separation
bl ock with the sikiqui g r r c d,to room r.at yr o]

opt i i se. gasi | 20 e, LRRALAREL® 193 SCRERCH L ARG Fhba
robotic fraeeFbanteotilécreraim iBCtye vigpid whese} ataysioif theneeagtangsits. The

system r esaibgfe thecsys kgl cRh1figwea . IrilitethOR -4 RULhELS WekEs USRE
instead of S. Every hour 64 new GC vials were placed under the liquid

ef f1 uent® out "éftunsh iy H2p| pRi IR id ebiin §5% Pt AeteaSTAPAL 8PS| SHET %I tHhe
sel ecti on wMahv@SpasEee selieeled) Hnreadh ithet Babd | £heO¥Qr gBaERGOREr@AS Thi qui d

35 separataor,. which separates_the sel ected strea n a s-1liquid and a gas
flow. Then THE 6?‘%%%llTF§€of’ ? ﬁréextggﬁ%_ioﬁ‘l nggeegagrff ﬁ(‘)@ i smfoé'g&&—% rg%cmét n&gpheri c
pressure fromenhnete thenonl ithe Beckdkes wanples vaf\i.09222¢ ddtiet of

PCT/ EP?2/ 0-3\2005, Haeo£C ReaksbbobRidhokhe dinguid phgse andad hejas plgase

were integrated and the ratio between the indivi _conponents and the
i nt er nal® stR{BAP(EeaREPE CHiNgUP aPWR Aodorh GRS iPHECH M"tidlic CrpH YRaLes anthe t he

conver si on, ai9QkREt dohithYnaN @ . ¥i 6350 okt dobehegadsdiinat efer?@e t@Hd@ra. 2rnel0 WO

02/ 092220 BCT] ER02105422 3511, \Of 2008, caprvorn T mye b opynQ slemio

R6CNT 7414068600@03d 1044068 1304a634ris1 0681 06068 1450 a4058430b10684kk3d. This

Vel onek 4oL EO LA S PIARES LN SRS C R bl (P Ee SRRy TEEEEP s ue o
4|OS|1|h@ﬁl@¥@$¢£lﬁﬁﬁ5@@¥’F@OW@OIEE?@E@JG@@W?@ES%&E@&E?@dﬂ#“@@ﬂ@@@lli@@-
256- 0. 500-%%%'é%@i-ﬂﬁﬁiv@aé¥%4QQacQSEZ Also a gas diluent was added consisting

of 10 Nml/min/reactor nitrogen with 0.44 vol% of He.
For the liguid diluent addition, gas diluent addition and
gas/liquid separation a set-up was used as described in figures 1E, 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/liguid separators was
cooled to room temperature to optimise gas/liguid 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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React or assenbly for analysing the effluent streamfromat |east 5 one
f1 owt hrough reactC8RIeEHifor Fei AG: ‘50°F e58F GRBLYFBY PUr SgitfiddEPor cPBAuLE
performng at |eagk)onenerdieni-gal répachki absedibls, racher @@m&rﬂs&gng - a
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connecged to: - atiehsfstnonginedchoniini@ttd 3Jhd orffatueheastreme, réactsamtan
upstream of the r%§c%gnrezaoc o zca)trtleleast one reactor outlet (4) for the

effluent stream

2. Reactor assembly according to c¢laim 1, wherein <the dilution
ligquid supply means discharge in the reaction chamber, downstream

25 of the reaction zone.

3. Reactor assembly according to c¢laim 1, wherein the dilution
ligquid supply means are connected to each of the effluent
conduits.

30

4. Reactor assembly according to any of the preceding claims,

wherein each reactor has a single reactor outlet, for passing

through the complete effluent stream.

35 5. Reactor assembly according to any of the preceding claims,
wherein the reaction chamber is of elongated shape, having a
diameter of at mwost 5 cm, preferably at most 2 cm, mwmore

preferably at most 1 cm, most preferably between 1,7 and 2,5 mm.



fromthe reaction zone, downstream of the reaction zone, 15 at |east one
anal yser (5) for subjecting the effluent stream to an anal ysing procedure,

each reactor outlet being connected to at *Peast one anal yser tM @W@ﬁﬁ” uent
conduit (6), wherein the reactor assenbly further conprises at 1east one

dilution Ijquid_ supply nmeans (10 for addi ng_at 0. |east one.dilutian
liquid to %heh%??lfcglgntasss 5 a&%\%%ﬂ' a%o ogmf héjtfeélgfi opnrezcgﬁéflnglﬁelé“gt’or
assenbly accordengin ched aiimdjombereiid tihe ldi kekhendiddtguiced supphy mesns -
di scharge in Earh tion .ch e oywstream, 2 f th i zaone. . 3.
React or asse Fyea%%gr%?%gﬁtgg%ﬁla?srﬁdlwmﬁér el%lmt %ggdiqtoﬁqﬁisggg i%ﬁ?dggup}p ey
nmeans are conféetedt Fog&ch of the effluent conduits. 30 4. Reactor

assenbly according to any of the preceding clains, wherein each reactor has
a single reactor outlet, for passi ng. t hrough the conplete effluent stream
35 5. React or R33Skib| 2 SECEBE Ui MFC6aRy o t RBY prfcedi'g BTSGAYE NS whbt &y

the reaction ¢haprbes itseOfereliongat ednghapecchgyi NG aa djaanet gri Of saba st - S
cm preferably_at nost 2 cm nore preferably at nost 1 cm nost preferably
between 1,7 ard®2;5 nm - 38 5 1 1 NOV 2005 6. Reactor assenbl y accordi ng

to any of the preceding clains, wherein the dilution liquid supply neans

di scha{(?e i8n &he Feactor Hg;senb%)ét[\éyi,thi n at nost 10 nmfromthe downstream
end of "the® ré&etidoh ZAIE™ 7Y RE rAsSEbRYY actor dilfig POSE gF that™s .
precedi ng cl aiwhereimhenei ant heseaf filsuetttoseandubt: corprirses, acgasidtiigu bt a
separator (15). 1 . React or enbly according to any the precedin
claims, wherérn t 5%%% %/rsagr i(géihggé " f roc%rtoﬁgga :(:)aar} E:Lg{r%éi shtlfgﬁgpégg‘iéugaas
chromat ogr aph 1(6Q) ¢ | cquemkclurerht ogHaph (LG ,mdwgh gregsuneteti e, a
chr omat ogr aph el Ghy of (RSS SpesiLONALEL: (M1 ﬂ&\f_fvg@?t %@@p_@m@&r, a

Utraviolet-Visible -VI'S) specironmeter, a 15 InfraRe I spectroneter,
a Near 19 nfraRdafCRRR) Sshbctirererercter. Nudkear IVBgHEd I NRES oPREIEE CORVRY - @

spectrometer, \&cMk§e0fhiYe B! 8lesc@hndeNSiniy) MBIlitroletRACE OFi ASSERYI Yerer
according to any of the preceding clains,
or density meter.

9. Reactor assembly according to any of the preceding claims,

20 wherein the assembly comprises a plurality of flow-through
reactors as defined in c¢laim 1, and wherein preferably 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.

25
10. Process for analysing a fluid effluent stream from a flow-through
reactor comprising a reactlion chamber having a reaction zone,
comprising the steps of:
A) diluting at least 30 w/w% or at least 30 v/v% of the effluent
30 stream downstream of the reaction zone with at least one
dilution liquid,
B) transferring at least a portion of the diluted effluent
stream obtained in step A) to at least one analyser,
C) subjecting the <transferrad effluent strsam te an analysis
35 procedure.

11. Process according to claim 10, wherein in step A) at least 50
w/w%, preferably at least 80 w/w% and most preferably at least 95

w/w3% of the effluent stream is diluted.
40



20 wherein the assenbly conprises a plurality of flowthrough reactors as
defined in claiml, and wherein preferably a selector valve is provided

bet ween ef fluent conduits of nultiple reactiddrs and at |east oned bNay 8%r
for selectively connecting one of the said nmultiple reactors to the said
anal yser. 22 30 10. Process for anal ysi ng a fluid effluent streamfroma

f1 owt hrough' FESEEDF ROTMIGSPng a 7628t ilon ERERBET RAVEAGPa ™Y eddt i'6h zond
conprising the/stepsrofsraB)ydil utda3g at + eastand0mebwop os fatadigast B0sad W% of
t he ef fl uent Vz%geagntqlom%tﬂeang oft t he readctli gn zone with at |east one
dilution Iiquid Byt t¥EnsforTihg “Af °Fiakt H B6Ftion of the diluted effluent
streamobtained in step A) to at | east one analyser, C) subjecting the

transfegred,effl str anal ysi pr oc re,,1 Pr .
accor di gng gg'glrgg%g%o,ac\ﬁﬁg%%?ow ;’:}_Ir}]) siag%) Afgfsat%ﬁfeas a%%% vlwpwg‘;q prwg]fgggg%l ytklla?
| east 80 w wirddduemist spreefreriabldr latefieast 85 revwidbcof diRebeff | avdt wiE reaam
s diluted. 40 :39.510 1 NV 2005.42. JPrgeess: arconding hgyehatm 1o1i0q
wherein in stg)f):eA at )%eas 50 v \t/I, %re erably ‘at tIé)ast lg[(L)l v/ v% an%pn%%t
preferably at Heibe 95 lughiosbfeathe ef fl uent streamis diluted. 5 13.

Process according to any of the clainms 10-12, wherein the effluent stream
is diluted in the reaction chanber, and wherein preferably a Pre-sel ected
amount 18f ditlr HCGRSPI EFFiisdstipprivedt ttdet Rea BhF | Werdt  stPRapt fitgnigstrean
Process accor dichgrt8eanyighid hengld ngadddnlk3, cdnftenehth venhesteanhe conpliiges
i quid and/ or qfajeous conponents, wherein the liquid effluent stream if
present, when 9eaVrig fhE"#actt oA LT i ¢ BellGAYiM® M PnitRGEECr 78T abPy
bel ow 0,5 m / Menutee, 1 andmt heingaseops: refrbbuenthesbveams i il piesent,, ahenthe

| eaving th tion 1 i s, bel ow 100 N / i ferably bel ow 50
Nt put o 16 BPORe 63 CRECET o b 0. ay B 1HE I A, LA G S T"

rein,”in
the dilbuted efdreuent bsiawed®0 thée/wiolwure patiorafliyvt heldw| yentnll/mgoiids .

effluent is 0.2-10,000:1 preferably 1-1,000:1 and nost preferably 20
10-100: 1. 16. Process according to any of the clains 10-15, wherein the
diluted efifd.utmtcestr earrirdizubfecead td ahgasylaiigai dOsépar ateospist epn the

diluted effluent stream, the wvolume ratio of the diluent liguid:

effluent is 0.2-10,000:1 preferably 1-1,000:1 and most preferably
20 10-100:1.

16. Process according to any of the claims 10-15, wherein the diluted
effluent stream is subjected to a gas/liquid separation step

25 bpefore being subjected to the analysing procedure, proeviding a
gaseous and a liquid effluent stream, and wherein preferably both

the gaseous and the liquid effluent streams from an effluent

stream are separately subjected to an analysing procedure.

30 17. Process according to any of the ¢laims 10-16, wherein the

dilution liguid is supplied as a constant flow.

18. Process according to any of the preceding claims 10-17, wherein

at least one internal standard is added during the process, such

35 that the diluted effluent stream comprises the said internal
standard, and wherein preferably at least one internal standard

is added to the reaction =zone and/or at least one internal

standard is incoxporated in the dilution liquid.



25 before being subjected to the anal ysing procedure, providing a gaseous
and a liquid effluent stream and wherein preferably both the gaseous and
the liquid effluent streans from an efflueq% stream are separat € yNOV 2005
subj ected to an anal ysing procedure. 30 17. Process according to any of the
clainms 10-16, wherein the dilution liquid is supplied as a constant flow
18. Processga ing ny..of .t pr.ecedin i 10- 17, wherein,  aty .

| east one ?%iggﬁ% Egtﬁi'éﬁﬁxgstgdggé ggr?ﬂé ?ﬁglﬁ%gﬁ%égi %ﬂbh 35%123? %Re

di luted effl uéhtistaddreebnprises fhersairlinmtietnabt Standard candadierein
preferably at.lLeast.Qpe,i ntc%rna@isi%g}angarr@aptjﬁo@dgggmg@f the reacti op..Zone
and/or at least one internal standard is incorporated in the dilution
liquid. 5 10 £8"%t JWRSESIBI-CHp0sTEAS IO V 2005 19. Process according to any
or the claims 10-18 fprqaanaliysi ng thestfhyi d/ef fhuentr sty eansof romavs or
plurality of flowthrough_reactors, each_reactor congrisin a reaction
chanber having a reacti oRfL24HE, Toms sPhg “fhR EEpsCHf dORJ'SHFFditi A at'®

| east 30 W wob and/ or r@ictieastodd Mirvoaoli Lithierefif buemt stream of each

react or domnstrean1o$ the reaction zone wi.th a%q4lu§ion IiEuid, ) £

sel ectively transfertiny at” €8sy FPOrErondrda 195°5t 2 EPFLu8ht °5tF earm T om
a first reactor obtatfgdidm sttepazi) fome anal yserpeaCrosubpestinay) irhestfapr st)
transff red ef fluent gté@gﬁg&g an E§£&|¥§£5 procedure, D) selectively
transferring at | east®a portion of a sécontd  effluent stream of a second
react or obtained in €t eputiedtangathé¢ ebststoneaandtyset < E)lusobj ectéay thern
second transferred effl Q&s%&B%§ﬂh&9 an analysis procedure, and,

optionally, F) repeating ste and E) for any effluent streamof a
foll owi ng reactor. D) selectively transferring at least a portion of a second

effluent stream of a second reactor obtained in step A) Lo
15 at least one analyser,

E) subjecting the second transferred effluent stream Lo an

analysis procedure, and, optionally,

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

following reactor.



