SYSTEM AND METHOD FOR PERFORM NG A CHEM CAL EXPERI MENT. 5 The
present invention relates to a systemfor performng parallel

chem cal experinments, said systemconprising an array of parallel

fl owthrough reactors each conprising a reaction chanber, a reactor
inlet and a reactor outlet connected to the reactor chanber. 10 ‘
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In a preferred embodiment,‘the‘active pressure regulating
arrangement comprises an actively tunable passage for reactor
25 effluent of each reactor, wherein the actively tunable passage has a
movable member to cause variations of the effective cross-section of
the passage.
Preferably the movable member is in contact with a common
pressure chamber which is filled with a control gas, such that the
30 movable member is moved towards the closed position if the reactor
pressure is lower than the control gas pressure and is moved towards
the open position if the reactor pressure exceeds the control gas
pressure, and wherein the system further comprises a pressure
controller to control the pressure of the control gas in the pressure
35 chamber. The reactors of the array have in this embodiment a pressure
regulating arrangement whereby the system is suitable for performing
reactions in parallel reactors under the same pressure, e.g. 50 bar,
suchjtﬁat'the same pressure conditions in the reactors are

maintained.



such that the sane pressure conditions in the reactors are
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suitable for accurate pressure regulation in a system with a large
range of fluid conditions, e.g. with two phase or three phase flow.

25 In a specifically preferred embodiment, the common pressure
regulating arrangement has a common pressure chamber which is
delimited by the respective flexible wall members and which pressure
chamber is connected to the pressure controller. This has the
advantage that no separate pressure controller is needed for every

30 individual reactor outlet, but that only one pressure controller is
needed for controlling the pressure in multiple reactors. This makes
it a simple and inexpensive solution, in particular when a large
number e.g. when at least 8, or possibly 16, 32 or more reactors are
operated in parallel.

35 With the backpressure regulating arrangement according to the
invention it is possible to keep the pressure of the effluent flow on
a:p;eset level even 1f the effluent flows have a multiple phase, e.g.

a fluid and a gaseous phase.
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which is in practice used for reactions performed at a pressure above
the atmosferic pressure, the reactor pressure is regulated by means
of at least one backpressure regulator. In the method two pressure
reduction steps are taking place. The first pressure reduction is
25 caused by a flow restrictor upstream of the reactor which reduces
feed pressure to the reactor inlet pressure. The second pressure
reduction step is caused by the backpressure regulator that is
downstream of the reactor. The flow restrictor upstream of the
reactors preferably cause the distribution of equal flows to each of
30 the reactors. They can be passive or active restrictors. In the
method the restrictor upstream and the backpressure controller
downstream of the reactor are chosen and eventually controlled such
that the second pressure reduction step is greater than the first
pressure reduction step. In general this allows that reactions can be
35 performed at high pressures.
In a preferred embodiment of this method of claim 12 a system

as described above is used with which the pressure in the reactor is
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20 Fig. 4a and 4b show a schematic view of a part of an

alternative embodiment of the pressure regulating arrangement,

Fig. 5 shows a schematic view of a part of another alternative
embodiment of the pressure regulating arrangement, and

Fig. 6 shows a schematic diagram of a system provided with a

25 pressure regulating arrangement according to the invention and an on-

line sample analyzing arrangement,

Fig. 7 shows a schematic diagram of another embodiment of a
system according to the invention, and

Fig. 8 shows a schematic diagram illustrating a possible system

30 for performing the method according to the invention.

Fig. 1 shows a system for performing parallel chemical
experiments, such as small-scale “high-throughput” experiments. The
system comprises a plurality of flow-through reactors 1, which are

35 arranged in parallel, e.g. the system includes at least 8, but
possibly 16, 32 or more reactors. Each flow-through reactor 1 has a
reaction chamber la, at least one reactor inlet 1b and a reactor

outlet lc. The reactor inlet 1b is connected to the feed conduit 2,
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which the passage 5 with the deformable tube 6 is located. The

pressure chamber 7 is connected to a high pressure gas source 8 via a
gas feed line 9 through which a control gas, e.g. pressurized air,

25 can be fed from the source 8 to the pressure chamber 7. In the gas
feed line 9 a control valve 10 (see Fig.l) is provided which can be
opened and closed accurately to regulate the gas feed to the pressure
chamber 7. The pressure chamber 7 can be pressurized by filling it
with the control gas. The pressurizing process is controlled with a

30 pressure controller 10a which has a pressure sensor (not shown) to
measure the pressure in the pressure chamber 7. The pressure
controller 10a is also connected to the control valve 10.

The passage 5 is an actively tunable passage for reactor
effluent which functions as a valve. The deformable tube 6 is

35 deformable by a pressure difference between the valve control gas
within the pressure chamber 7 and the pressure of the reactor

effluent within the passage 5. The inward or outward movement of the
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difference between the feed pressure of the reactant and the reactor
pressure 1s preferably less than the difference between the reactor
pressure and the discharge pressure at which the samples are
25 collected. Instead of a sample collection device 12, analyzer device
11 could also comprise an on-line analyzing device as is shown in
Fig. 6 and will be described hereinafter.
Another embodiment of an actively tunable passage with the same
working principle as the embodiment of Figs. 1-3 1s shown in Figs. 4a
30 and 4b. In this embodiment a central gas line 9 extends coaxially
through the passage 5 for reactor effluent. The control gas line 9
has a tubular flexible wall member 26, which is arranged within the
passage 5. The control gas line 9 defines a pressure chamber 27.
Control gas is fed to the pressure chamber 27, whereby the pressure
35 in the chamber 27 is increased. The flexible wall member 26 is
expanded and pressed against the wall of passage 5 (see Fig. 4Db).
Passage 5 is thus sealed by the flexible wall member 26 until the

pressure in the reactor 1 approaches the pressure in the chamber 27

6
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result in contraction of chanber 27 and passage of reaction gas

bet weeti&c RahPleroa2Pegpet FEPREFN LG 1 hREBRetS. the Prafitifetteodi nent
of an astduyekyit.unabl e passage with the same wor Ki ng principle as

t he enbodi nent , of essure
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utlet and Jan outlet 5b for .disc

H)u;[ gefil‘?’f’a%%asusgagéeg jf‘las a de}?o arralnped lrﬂ)ga%ggi rh?hegFgﬁ%c’B’f a

def or ntlidteagherdacane lmasThermmJoanehﬂ@errsla, at least one reactor
inlet 1b and a reactor outlet lc. The reactor inlet 1lb is connected
to the feed conduit 2, which is provided with a restriction 63.

25 Without wishing to be bound to this example the restriction e.g.
comprises a capillary or a pinhole. Through the feed conduit 2 and
the restriction 63 a reactant, e.g. a fluid, a gas or a fluid-gas
mixture can be fed to the reactor chamber la from a common feed line
64 for all reactors. The shown arrangement with a common feed line 64

30 and parallel feed conduits 2 with restrictions 63 constitutes a flow
splitter 65 which feeds an equal flow to each reactor 1., In this
embodiment of Fig. 6 for each reactor only one inlet 1lb and one feed
conduit 2 is shown. However, the skilled man will understand that the
reactor 1 can have more separate inlets for feeding different

35 reactants. The flow through the reactor 1 can be continuous or

discontinuous.



10 preferably of an elastoneric material. On the opposite side of the
menbrane 16 is arranged a manifold 18 with a main pressure conduit 19
whi ch di vi deke ipresspressaguéatorm@irrandengntwhi igh Fegehé | isadqtiel aco the

posi ti o] i . passage fsych 4 hat m_ﬁq r LS. lied on
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plurality of flowthrough reactors 1, ich are arranged in
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| east Qpecheatiegrapmlet al hasndpact eagtter @il ke sEhecteactke

inlet Ibis conngc%ged o the feed cor}gui.é 2d whi.ch s glr,ovi ded with

a rest r9%8t foif &% REUTCITSAP Ny 0 b8 BTG ER 1 Y ER fhpPETE he

r esior i cloildaceny 67. CONPr ithes anaapel | dawicera asguipnhob£. thEhrofglentthet

feed copdul %.%xeaggac{cn:es heaLf et QQ}P%dabWﬁnCé Wy € & Anfllig, a
Pui -gas ed to the for’ ¢hanber

gas or a f mXture can be ' reac a from
a commmfffeent |frpe tigy fegpinlpe reactoisl Thadigieohhd ara dhgewasite with a

common {ged-{iNg764r30% andupas ald gl nderd FRNAUIN Segudtill " £811JsGti ONS
63 constitutes a flow_ splitter 65 which feeds an equal flow to each
react orthe. efALYSRts SABISEI L AePRSBPLE ¢rile Flf XEERCREXPEELIOM Y hokee
inlet |Rapdrone at-eeskrGRRLYI In 2akr§1 BIOWMIepdiiRVEDn L€ a8kl {4:i@d thRE

wi |l understand that the reactor 1 can have nore separate inlets for
f eedi NP PR e PUBBET SfcEAFEOTSThEL19 BRFE Ry R e hE TR FR? . YEEan be
cont i NU@S cer 61 WasCrAtdnYIOYS . AnEReaRrsaHr en116gel ahd NEiagr dngeaess 4
in Fig., 6 | s equal ,to%hiﬁﬁone S 9;9/0 in F:Lgs. 1-3.and for jts 1
descri ptd SRVRF& Ende § £HIRAR™ T T LHE &BF éep%r‘?&ivhaed]e]s&“ﬁ#bt? oo
her eabous.leEatdn aetied 15b aef is hehosysiemiofl Figul@ bs wernected to a
co n 5 analyzer device 61, ich in the shown embodi nent conprises
a ‘el ector r%d\alllgrve BE" Rt S(]:tgﬁm%%ﬁ &CT | \o/%“flilgpﬁ?y%r%equf:g?rﬁjécat&ut lets 5b
in experiments. The system comprises a plurality of flow-through
reactors 1, which are arranged in parallel. Each flow-through reactor
1 has a reaction chamber la, at least one reactor inlet 1lb and a
reactor outlet lc. The reactor inlet 1lb is connected to the feed
25 conduit 2, which is provided with a flow restrictor 73. Through the
feed conduit 2 and the restrictor 73 a reactant, e.g. a fluid, a gas
or a gas-fluid mixture can be fed to the reactor chamber la from a
common feed line 74 for all reactors 1. The shown arrangement with a
common feed line 74 and parallel feed conduits 2 with restrictions 73
30 constitutes a flow splitter 75 which feeds an equal flow to each
reactor 1. The flow restrictor 73 can comprise a capillary.
Through the feed conduit 2 and the flow restrictor 73 a
reactant, e.g. a fluid or a gas can be fed to the reactor chamber la.
In this embodiment only one inlet 1lb and one feed conduit 2 per
35 reactor is shown. However, the skilled man will understand that the
reactor 1 can have more separate inlets for feeding different
reactants. The flow through the reactor 1 can be continuous or

discontinuous.



fluid conmunication with an anal yzi ng device (AD) 66, e.g. a
gaschromat ograph or a mass spectroneter device. The sel ector val ve
can al so put Ddiw:re;tcbebmroﬁ eachoraadtnrflmrdacgmmnnygagimnmoahalala/vi%e
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and a reactor outlet 1lc. The reactor inlet 1b is connected to the
feed conduit 2, which is provided with a flow restrictor 83, e.g. a
capillary. Through the feed conduit 2 and the restrictor 83 a

25 reactant, e.g. a fluid or a gas can be fed to the reactor chamber la
from a common feed line 84 for all reactors 1. The shown arrangement
with a common feed line B84 and parallel feed conduits 2 with
restrictions 83 constitutes a flow splitter 85 which feeds an equal
flow to each reactor 1.

30 The reactor outlet 1lc of each reactor 1 is connected to a
common discharge line 86. In the common discharge line 86 a single
backpressure controller 87 is provided with a discharge outlet 88 for
discharging reactor effluent coming from all the reactors 1. This
system is used in a method for performing chemical reactions,

35 preferably at a high pressure. Typically in this method the pressure
difference over the restrictions 83 is lower than the pressure

difference over the backpressure regulator 87. This system can also



restriction 76 is provided which is connected with the reactor outl et
1c. In a possible enbodi mrent each flow restriction 76 is controllable
i ndi viskiabyidahingihr £ saddiyzify alesy6é eMotheh@rhachuh 8aL0r ochaged 5

i ndi vi dual backpressure controller. However, in a preferred
enbodiW%ﬁPrFﬁ%P 6ﬁFF€§VFFCtions 76 are conmonly control | abl e, nost
preferably in the way that is described hereabove with reference to
Figs. 1-6. In any way the flow restrictors 76 function as
backpressure controllers. Fromthe outlet of each backpressure 10
controller reactor effluent is for exanple discharged in a sanple
col l ection container 13 which can be analyzed in an off-Iline

anal yzing device. Alternatively, the outlet of each backpressure
controller is connected to a cormmon anal yzer device 61 as is shown in
Fig. 6, which in the shown enbodi nent conprises a selector valve 65
15 which can selectively put one of the backpressure controller
outlets in fluid comunication with an analyzing device, e.g a
gaschromat ograph or a mass spectroneter device 66. In Fig. 8 another
system for perform ng parallel chem cal experinents is shown. The
system conprises a plurality of flow 20 through reactors 1, which are
arranged in parallel. Each flowthrough reactor 1 has a reaction
chanber la, at |east one reactor inlet Ib and a reactor outlet 1c.
The reactor inlet Ib is connected to the feed conduit 2, which is
provided with a flowrestrictor 83, e.g. a capillary. Through the
feed conduit 2 and the restrictor 83 a 25 reactant, e.g. a fluid or a
gas can be fed to the reactor chanber la froma conmmon feed |line 84
for all reactors 1. The shown arrangenent wth a conmon feed |line 84
and parallel feed conduits 2 with restrictions 83 constitutes a fl ow
splitter 85 which feeds an equal flow to each reactor 1. 30 The
reactor outlet |Ic of each reactor 1 is connected to a common

di scharge line 86. In the common discharge line 86 a single
backpressure controller 87 is provided wth a discharge outlet 88 for
di scharging reactor effluent comng fromall the reactors 1. This
systemis used in a nmethod for perform ng chem cal reactions, 35
preferably at a high pressure. Typically in this nethod the pressure

10



difference over the restrictions 83 is |lower than the pressure

di fference over the backpressure regulator 87. This systemcan also 9
be provided with a anal yzi ng device (not shown) downstream of the
backpressure controller. 10 CLAIMS 5 1 A systemfor performng
paral |l el chem cal experinments, said systemconprising an array of
paral l el flow through reactors eagh £pgi sing a reaction chanber, a
reactor inlet and a reactor outlet connected to the reactor chanber,
wherei n downstream of each reactor an individual active pressure

regusl ati ng AlsyB@esRIfohSing® bK<l B8k rhiBs| eRSdrimeRtsy s3i€ Sibtéth cotaprishy an
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nmenber the RaspaRdar leaGar effuanhel aach saagtop 8P therein the pRidvelydaRabi PasPaSs Ur e

i's | owelas bineabi8 bl {o-ausBvarialib RSt e iR B el FosIREENIPMRASsdgBe open
position if the reactor pressure exceeds the control 20 gas pressure,

and~wherein the systemfurther conprises a pressure controller to
cont rol2. t hesydusre 35¢brd@in@fo ddiR 1¢ ARéeRl thgmBvadle MBMLBY i FSdohtactligder, 3.

o e RE S  Ra S e R o R B B P B Bl
passageés movedrteaatiotheeddsbd poditionvithe reast bresaure arlowéihaepacaitesgishe

o ng. FPsEUREREf BPR YoMt PR sPeRRET R af HASPERest IS el Bri PR R
bei2fg ¢e$ presmbé andwhargr the system fulthef esneprses b@tass@n cbihienliettcouattol thas
within pk gurero?t%%%ﬁroqﬁ &l @{gn&@ gha%b[%isure of the reactor effluent

W t hin € passage, and wher € active pressure regulating
arrangenment further conprises a pressure controller to control the

pressure of : i h :
Bccor dig t &/ aT ol dfm (2, RS R, R Sompfecs YRLEIR
def or magll eembperedefpingriesadtinely tuneble wresaga il reantor siftuest woith wakmerier or

ef hEuert,PAes Ad&ctivMY R pAIEDHEM bWR&sli® chamber, the wall member being in
contact with a control gas in said pressure chamber and being deformable by a pressure
difference between the control gas within the pressure chamber and the pressure of the
reactor effluent within the passage, and wherein the active pressure regulating arrangement
further comprises a pressure controller to control the pressure of the control gas in the

30  pressure chamber.

4. System according to claim 3, wherein the flexible wall member is a deformable tube
connecting the inlet and the outlet of the reactor effluent passage, which deformable tube is
arranged to be closed when the pressure of the control gas is higher than the pressure of the

35  reactor effluent.

5. System according to claim 3, wherein the fiexible wall member is a deformable

membrane.

11



arranged to be closed when the pressure of the control gas is higher
than the pressure of the 35 reactor effluent. 5. System according to
claim3, wherein the flexible wall nenber is a deformable nenbrane.

i oYL ETSRRAREcRIN  HBS OE ol SEA R RN T o1 Bl e

wal | menber rrses an e oneric nateri

accor di ﬁ@nmr@eaﬁye@ﬁtoméc metesiedi ng cl ai ns, wherein the flowthrough
reactors each have a gas feed passage and/or a fluid feed passage ,
connected to the reactor inlet wwth a flow control arrangenent.
Syst@m &ccorSHY 8O 19fany REhp PEaceANhgaiETSal pRISINWRH-fhraiiah a&a&toysler

devi ce bgeh nkle @@aaeééa%qsga@etah@/opyﬁu@teeafpagsl&ge A6hrie¢RbYo henadh s imaswage
of the reactors. ﬁﬁtem according to claim8, wherein the analyzer

devi ce EH%FP@E’éarzﬁa@ﬁ col l ection device. 15 10. System according
to clai m 8 wherein the anal yzer device conpri ses an on-1line

anal yt| a%p rat uscﬁ ntnect etjt @ nor e | ect or Y | ves. to the
outlets tHE TRAEPEIY 0RO H%F’E?ﬁ?%‘l 2 ‘F%eée'a@f‘la%b’%f’ GH%&)'Fe
pas$(agesonnédied Methb odtlet of thp ectivelyriumelpleclassagealf thexpastoraent s, wherein an
array of parallel flow through 20 reactors is used, one or nore
flows of reactant(s) being fed fromone or nore conmon feed lines to
each of 91 he ystem agoordindie clairo® Whesein decnafyeerdievice compriseg agemplded over
the reagigkdnQbvic®r ovi di ng between each reactor and the feed line a
flow restrictor, said flowrestrictor producing a pressure drop
(AP1) between the feed line and the reactor, the pressure in the

reags or o bei S}@te@&édcﬁ&iud@ b %&!H) 81 \okkrOy tr%tanb@ﬁértde()@@ cHAGHRE 88 %H—ﬂlﬁ’e
regul ator that is provided 25 downstream of the reactors,

whi ¢
backpr ed¥itigal appe/p 6Pnrr?&gedanap<ases°&@aor? e 4bEs todhs pilete of ReREeed

to the yigartamtists omle%cm@wsta@ané\,@égsa%sa di scharge outlet for _
di scharging reactor effluent, the backpressure regul ator producing a

pressure drop (AP2) between each reactor and the discharge outl et
whi ch i $1.9r eadtRéd ﬁohpéﬁdrﬂnmgmhaa&ulrapmmts( Nﬁér)elrb@t mmfbaeneﬂ ﬁaml tHrburgaa

SysPhm ERBRdT P B oan e TP o FaTAEL Lo 65 ke o 8T Ot 6P
per f or niirneg tacadhefiiheakast@acthe Gow frameach feed lirsyisdimgmlieidebodr thg reactas ey of
the 35pr%\|/i8iing%et%v'e8n iegchur%gabr aln2d the feed line a flow restrictor, said flow restrictor
producing a pressure drop (AP,) between the feed line and the reactor, the pressure in the
reactors being actively regulated by at least one backpressure regulator that is provided
25  downstream of the reactors, which backpressure regulator has a passage for reactor effluent
connected to the reactors, said passage having a discharge outlet for discharging reactor
effluent, the backpressure regulator producing a pressure drop (AP,) between each reactor
and the discharge outlet which is greater than the pressure drop (AP4) between the feed line
and the reactor.
30
12. Method according to claim 11, wherein a system according to one of the claims 1-9 is

used.

13. Method for performing a chemical reaction, wherein a system according to one of the

35  claims 1-9 is used.
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