H35272PC RI/ Hau/ gzk Device for performng catalytic screening 5 The
present invention relates to a device for performng catalytic screening,
in 10 particular to a reactor for the high throughput screening of
catalysts that is able to support the application of several (at |east
two) nethods of analysis, such as integral (e.g. optical) nethods of

anal ysis and at | east one additional nethod, such as spectronetric nethods
of analysis (e.g. mass spectronetry), preferably in parallel or in rapid
sequence. 15 Due to their design, the reactors known so far fromthe
prior-art are only suited to neasure with one nethod of analysis, either

| R-t her nDgr apiys290PC ERPHau/BBES spec- tronetry. 20 A reactor for the

| R-t her rogr aphy screeni ng of heterogeneous catalysts is de- scribed in WO
97/ 32208. This reactor contains a sapphire window in the cover that allows
for sinultaneously observing by thernography, in this case, 16 cata- |ysts.
The educt gas is dosed in via four gas inlet ports that are arranged
symet - ri cal Hy—rear—thebottom—The—four—gas—outtet—ports—are—arranged in
a simlar way and 25 are positioned close to the cover. The catal ysts are

pl aced approxi mately half . hetween gas | t and outlet and are
arranged in an accessible ﬁgﬁwgror&grgq{ng.pgpaﬁyﬁmc&ﬁnbg di sk. This reactor
is not suiged for the application of methods of -2- analysis other than

t her nography because the products energing fromthe indi- vidual catalysts
cannot be col j

conditions for each individual catalyst pellet are not defined sufficiently
as to

The present invention relates to a device for performing catalytic screening, in
10  particular to a reactor for the high throughput screening of catalysts that is able to
support the application of several (at least two) methods of analysis, such as
integral (e.g. optical) methods of analysis and at least one additional method, such
as spectrometric methods of analysis (e.g. mass spectrometry), preferably in

parallel or in rapid sequence.

15

Due to their design, the reactors known so far from the prior-art are only suited to
measure with one method of analysis, either IR-thermography or, e.g., mass spec-

trometry.

20 A reactor for the IR-thermography screening of heterogeneous catalysts is de-
scribed in WO 97/32208. This reactor contains a sapphire window in the cover
that allows for simultaneously observing by thermography, in this case, 16 cata-
lysts. The educt gas is dosed in via four gas inlet ports that are arranged symmet-
rically near the bottom. The four gas outlet ports are arranged in a similar way and

25  are positioned close to the cover. The catalysts are placed approximately half way
between gas inlet and outlet and are arranged in an accessible manner on an alu-

minum oxide disk. This reactor is not suited for the application of methods of



allow for a detailed analysis of the activity profile of the catal ysts.
Al'so, the alu 5 m num oxi de di sk used for supporting all catalyst pellets
is not optimzed with respect to heat em ssivity. Small differences in
tenperature cannot be detected due to the differences in emssivity.
Therefore, the scope of application for this type of reactor remains
restricted to reactions that are strongf?'exothernic, such as
oxyhydrogen-type reactions. Finally, explosions are possible, in particular
in the 10 case of potentially explosive mxtures, due to the relatively

| arge gas volune. The DE 198 09 477 Al describes a reactor that is used for
screeni ng het 1 UG i d . The
catal ysts areg%ggﬁgﬁ%wfFﬁggggﬁk%%%ﬁygﬁgﬁﬁgFggpﬁgﬁggre agégﬁgggt?%ﬂ?ﬁé form
of a matrix awndusl eatalistslchame destolleeted Idndpoabded geletigvel g afirthermoes theA

central gas inlet port for all, reaction chanpels is - cated at the t

the cover of fIRY PRGB! foasech lﬁéwgcawi\e%%lﬁtrpaﬂ?teaa%ﬂotr%%eﬁ SHICIRIRARIO o

separately gui . : L sed
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and anal yzed sel ective S reactor IS suit to screen
het er ogenebusmimtmaloxsie ditk aséd i suhpatigyplltcatalyst @eldéts hs met bptivized vetial ysi s,

such as gas chromat ogr aphy, ss.speclronetry. and ot her kn

spect r oscopi cr"ﬁﬁﬁéﬂ _eatﬁmg{?ty. §W|a§ ‘%gﬁﬁ?{‘%ﬁg 1p Jeypgra ?P@a“ﬁﬁ% defest?hr mi ng
t her nogr aphy ghdeetehBfitRaEEN dnRiddidlky. Chetdfolel theCRbpE ¥E bpliafiBRfoPthis
detected fromthe outside. 25 The WD 99/ 34206 relates to a reactor that is

simlar to thtypowé rehetorréthaids festrigsd to T¢BLionathatcae ssengly pxethermyeasuelx Anust
take place from.the side. Detectian aof thermal radiation. e ti.n rom
Lhe catalyst PerbafastndFs BEREHs BipeflumbUiors ordBoic.dh RABN s he
cover. Sl aje isscwpbteatalljexplosdad mikhares@uEtd ik rélivedy lar@agalvohirse.

The DE 198 09 477 Al describes a reactor that is used for screening heterogene-
ous catalysts under high throughput conditions. The catalysts are present in sepa-
rate channels that are arranged in the form of a matrix and are simultaneously ex-
15 posed to the reaction gas. A central gas inlet port for all reaction channels is lo-
cated at the top on the cover of the reactor and the exhaust from each reaction
channel is separately guided to the bottom of the reactor where it can be accessed

and analyzed selectively.

20  This reactor model is suited to screen heterogeneous catalyst at a high throughput
rate with methods of analysis, such as gas chromatography, mass spectrometry
and other known spectroscopic methods. However, this reactor is not suited for
performing thermography since the thermal radiation of the catalysts cannot be

detected from the outside.
25

The WO 99/34206 relates to a reactor that is similar to the one described in WO
97/32208. Gas supply and gas exhaust take place from the side. Detection of

thermal radiation emanating from the catalyst pellets is possible by means of a



in this case. However, in this case, too, selective analysis of the
products generated by a spe- 5 cific catalyst is not possible. Simlarly,
the flow conditions around the catalyst naterial are not defined in this
case as well. A nonolithic parallel reactor for the automated screening of
het er ogeneous cata- |lysts is described in US patent 4 099 923. The reactor
consi sts of six conventional 10 test toBes. These tubes are charged with
reaction gas in an automated manner and in sequence. The tubes display a
common gas exhaust over which the product gas is guided towards the online
anal ysis system Only one catalyst at a time can be exposed to the educt

gas due to the,eg %ﬁ(ﬁ)& of h% c%@gr 'Sm[tg s ng& b thBZb%B?&a?é firat il§c->r ura?%gétém ntis

not suited for cata perio ormation

nore, this enhnﬂmmﬁmi onIy al | ows for enploylng conventional val ve
switches. The DE-A 27 14 939 relates to an industrial-scale tubular bundle
reactor wwth nodified gas exhaust ports. Wth these ports, it is possible
to selectively anal yze t he product gas flowi ng away froma specific tube.

However, due jguthe | gseca%g BEDUAL, 49k aﬁﬁkﬁg ¥ the &ﬁe@ endrBib® BY4 eOf

reactor is not SUIte or the rapl screeh- ing catalysts. :
t hi s enbodi neaficicatadyst ti€dof poss«iﬂal Sitilaclyntireoflow rdoypditioksi atdveidnthe eatalyst s
enbodi ment does no al | o ‘ff[ reC| sel PNegnt rolling the tem perature or

for enpl oyi ng™RiER SPQb Hn?ﬁﬁﬁ et-up with 7 to 10 parallel
channel s that are heated by an external fur- nace is described in the DE-A
234 941. However, this application is only suited -4- for reactions with a
| ow heat of reaction and is not suited for enploying | R thernography. A
si x-way m cr oArmandlohici mralked cedchedobthe au@mated ssre¢mng\pp hetegendous 22ta 1986) ,
85. lysts is described in US patent 4 099 923. The reactor consists of six conventional
10 test tubes. These tubes are charged with reaction gas in an automated manner and
in sequence. The tubes display a common gas exhaust over which the product gas
is guided towards the online analysis system. Only one catalyst at a time can be
exposed to the educt gas due to the concept of a gas inlet port. Therefore, this em-
bodiment is not suited for catalysts that display a period of formation. Further-

15  more, this embodiment only allows for employing conventional valve switches.

The DE-A 27 14 939 relates to an industrial-scale tubular bundle reactor with
modified gas exhaust ports. With these ports, it is possible to selectively analyze
the product gas flowing away from a specific tube. However, due to the large
20  amount of catalyst material, this type of reactor is not suited for the rapid screen-
ing of catalysts. Foremost, this embodiment is suited for quality control only.
Furthermore, this embodiment does not allow for precisely controlling the tem-

perature or for employing thermography.

25 A reactor set-up with 7 to 10 parallel channels that are heated by an external fur-
nace is described in the DE-A 234 941. However, this application is only suited



5 The reactor consists of two reactor blocks with each of the six channels
having a dianmeter of 6 nm The exhaust gas flow from each channel can be
anal yzed sepa- rately by neans of gas chromat ography. However, the use of

| R-thernmography is not possible in this set-up either. 10 In summary, the
reactors disclosed so far are only capable of measuring with one nethod of
anal ysis at nost, either with thernography or with, e.g., nass spec-
trometry. A device for the conmbinatorial production and screeni ng of
libraries of materials 15 under application of at |east two nethods of
analysis is described in the applica- tion DE-A 100 12 847.5-52, however,

only in gener gl &lths L MRANAER O realRASHIIERS: AABLIBA of fogﬂ{gi%ﬁi sin

the af orenmentioned application are, prefera- bly, I R-thernogra

conbi nat i on wiletmography. mass spectrometry, gas chroma- tography or other
met hods of spectroscopy. 20 In light of the aforedescribed prior-art, the
obj ect of the present invention was to provide an inproved device that is
suited, anmong others, to screen catalysts by wusing a conbination of a

plurality of m&‘-@&%’ rﬁfcr@-ﬁ@aﬁ(ﬁ’ '1§des@§beﬁ l;yul' Gh@'feei)lﬂi Rﬁf)l fatdi e {1‘9@5)9 ’5.

invention was to optimze the gas supply of such device w réspect to
hi gh t hr ougghpihe seactagwiongjste fof ¢wio a¢agtnr dlavksl thth dable pétly: fimchainelsthavimg aanong

ot her things, acce sstoth ul e be.i nvesti.gat ed - 5-
probes, pref eflglﬁ} 3&8 iglbar\lsi%aﬁg] v Bpae 5?5115 lgaﬁflelrﬁff‘ ?ﬁ“ ‘f)ora%%gr ably
different, sya&é@msj Iﬁfsan%rlﬁ"g‘ﬁ b&omﬁk@@h@nﬂo%b@r th%a@&s@fm&h@ﬁﬂogﬁ@h is
according to the invention, by a device that is 5 suited, in partl cul ar,

for perform ngotpassiblaindhisseieem@ifsrwi th a reactor el ement that

10  In summary, the reactors disclosed so far are only capable of measuring with one
method of analysis at most, either with thermography or with, e.g., mass spec-

trometry.

A device for the combinatorial production and screening of libraries of materials
15 under application of at least two methods of analysis is described in the applica-
tion DE-A 100 12 847.5-52, however, only in general terms. The methods of
measurement applied for analysis in the aforementioned application are, prefera-
bly, IR-thermography in combination with, e.g., mass spectrometry, gas chroma-

tography or other methods of spectroscopy.
20

In light of the aforedescribed prior-art, the object of the present invention was to
provide an improved device that is suited, among others, to screen catalysts by

using a combination of a plurality of methods of analysis.

25 A further object of the present invention was to optimize the gas supply of such a
device with respect to high throughput screening of catalysts and to thereby fa-

cilitate, among other things, access to the modules to be investigated, e.g. catalyst



contains at |east one gas inlet port and a plurality of channels, as well
as a plural- ity of reaction chanbers that are interconnected by channel s,
characterized in that these channels forman angle not equal to zero
degrees with the, at |east one, gas inlet port. 10 The reactor el enent
whose outer shape is, in principle, not restricted in any way may be
realized, e.g., in the shape of a disk. Iélo restrictions are specified with
re- spect to the material to be used for the reactor el enment according to
the invention, so long as the materials chosen are able to withstand the
stress that is inposed on 15 the reactor elenent. Preferably, nmetals or
metal | i c al | opsbey, prefefabbyeder fsdctivrasnditions and fruniltiple) pretersilaiditffess, st eel
as defined in, e.qg.,. DIN 14401, DI N 14435, DI N 14541, DN 14571, DN
14573, DI'N 14§7Fmsmfr@n2h@60/ 24366, DIN 24615/24617, DI N 24800/24810, DI N
24816, DI N 24851, DI N 24856, DIN 24858, DI N 14767, DIN 24610, DI N 14765,
DIN 14847, DIN 14301, as well as 20 ceram c materi aI s. Particularly
preferred, the reactor elenment is made of V2A or VA4A steel. The reactor
el enent may cOhdsaiandrethasisgs drbablvediracesdingdtotthe tilnentipn, by adavice tiatps ng

el ements in nunber, shape and orjentatio In additign to these esses,
further retes®B&daingary gHPie pBNipg satalydicisgrecming vd arﬁiﬁ‘F‘@Féﬁ"&kﬂn ?ﬁaéal
ized as borin I le, to
charge 25 thegﬂqeé\l}?%g{%%tﬁn{g?; Hﬁét%logt‘)%n'dg%ﬁl 3%?11%?5/ E eéllg) “gtWéglgis fgﬁ?gelrmved
by nmeans of thpsé€reabtion nkyanbeTmélat wastsmnn@ye@b)sdldnaelsmhamwlmﬂ iththagdl ves,
such as nul ti rs,1s | ocated
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may be desi gnggetgerit hat it consists of two parts. In this case, a reactor
cent er pi ece whosé outer shape is preferably disk-like, is
10

The reactor element whose outer shape is, in principle, not restricted in any way
may be realized, e.g., in the shape of a disk. No restrictions are specified with re-
spect to the material to be used for the reactor element according to the invention,
so long as the materials chosen are able to withstand the stress that is imposed on
15  the reactor element. Preferably, metals or metallic alloys are employed, such as
brass, aluminum and stainless steel as defined in, e.g., DIN 14401, DIN 144335,
DIN 14541, DIN 14571, DIN 14573, DIN 14575, DIN 24360/24366, DIN
24615/24617, DIN 24800/24810, DIN 24816, DIN 24851, DIN 24856, DIN
24858, DIN 14767, DIN 24610, DIN 14765, DIN 14847, DIN 14301, as well as
20  ceramic materials. Particularly preferred, the reactor element is made of V2A or
V4A steel. The reactor element may contain recesses that correspond to the op-
tional clamping elements in number, shape and orientation. In addition to these
recesses, further recesses are machined into the reactor element, preferably real-
ized as borings. By means of these borings it is possible, for example, to charge
25  the device with gas. It is also conceivable that gas is removed by means of these

borings. The recesses may also be equipped with valves, such as multiport valves.



enbedded in a ring-shaped outer part of the reactor elenment. The individual
reac 5 tion chanbers are preferably isolated fromeach other by neans of
suitable sealing elenents. Such sealing elenments are preferably all neans
of sealing that hold up under the reaction conditions present,
characterized by, e.g., high tenperaturegand high 10 pressure. Possible
exanpl es of application are graphite seals, copper and/or |ead seals. The
expression "channel" as used in this context refers to a connection between
two openi ngs that enable, for exanple, the penetration of a fluid through
parts of 15 the reactor elenment or through the entire reactor elenent. The
channel can dAsxhkra}jtya)f(remisns:hmnbmédloaateéwtﬂlm theaedcéw eddnoeny. Inhaefutthergt h of
t he channel or 1 refe odi onstant

t ca [
cross- sect i ondRb %fﬁ’é‘ﬁnt @Wé@%?t%%leesﬁtt%ﬁﬁ? Seségr? SBftHEtH{e“?ﬂsfg WO e, for
exanpl e, of ap @Yatase! QYBELIAT céﬁ@ér}!ﬁ@@@dho@é’bﬁtrer sﬁéﬂ%t Btﬁrefegdb'?ﬁhﬁlﬂlﬂ& & rai ght
or curved connections between the corner points of pol'ygon. However, a
round or an e@mb&@lt:émah rm@+shgm@utmpﬁe‘ts0fétéemagtvrleknmnef"ﬁrerledmduiheacnanneI S
can run styrai and/or_in referre
the channd o SbopRer e Brinabs e naet earh by Byr & “r{%BP STy o
the reacti on slbasher s can be described in the framework of "channel s"
as well. The reaction chanbers as such are preferably connect ed to
openings at the surface of the reactor element by vertical reaction
channels that are adjacent to the reaction chanbers. The reaction chanbers

are used in ps ! tgx' felé{}%% tefeme%{s E%gcjf_ ﬂx%gg{ :ilp eotcsaetaﬁ}ﬁ%ﬁ{at %@ﬁp& ﬁ?c}_ler Zﬁe

Accor di ng to 1 on an one se ar e

geonetry, i nrepétidd eohdifiomy pdsents anﬁaaemeﬁ By:c& gQﬂllgﬂderhb@aﬁwfand em h.
This helps to ensure
10  pressure. Possible examples of application are graphite seals, copper and/or lead

seals.

The expression “channel” as used in this context refers to a connection between
two openings that enable, for example, the penetration of a fluid through parts of
15  the reactor element or through the entire reactor element. The channel can display
a cross-sectional area that varies along the length of the channel or that can be, in
a preferred embodiment, of a constant cross-sectional area. The cross-sectional
area of the channel can be, for example, of an oval, round or polygonal outer
contour, displaying straight or curved connections between the comer points of a
20  polygon. However, a round or an equilateral polygonal cross-section is preferred.
The channels can run straight and/or in curves, however, in a preferred embodi-

ment, the channels are running along a straight equatorial axis.

The geometry of the reaction chambers can be described in the framework of
25  “channels” as well. The reaction chambers as such are preferably connected to
openings at the surface of the reactor element by vertical reaction channels that
are adjacent to the reaction chambers. The reaction chambers are used in particu-

lar for accommodating the catalyst samples.



the equipartition of the fluid flow of reaction gas. Only by inplenenting
the sanme 5 geonetry for the channels branching off froma recess or from
anot her channel is it possible to ensure that the reaction gas is equally
distributed in the direction of the reaction chanbers both with respect to
the ampbunt and to the flowrate of gas. _~It is therefore possible to define
a specific level of pressure within the reactor elenent by nmeans of
geonetry. In this context, the term"segnent"” refers to a part to within

t he device according to the invention that contains a plurality of channels
t hat connect the sane el ements, respectively. To ensure the equipartition
of the fluid flow, the reaction chanbers are equidistant wth respect to

t he channel s sup- plying themw th reaction gas. These reaction gas supply
channel s are RE&%&&%Q&MW1ﬁ€&ﬁﬁheQIMﬁhhM§6fbMeﬁ@ﬂwﬁ@ﬁ@bf%&sa&k%&@ﬁ@ﬁ& y, four
hori zontal channel s that branch 15 off and nmerge, for their part, into the
reaction chanivepartioulp efftak |sa13ae@fossea¢itommmd thﬁami%lgthﬂﬁthlﬂ belpy th‘m}Grt in the

formof a matpix is t fo thi urpart 0 tances for the
reaction cha egulp‘?ﬂﬂlogc 33%? fl%la(ﬂo“f 8 Wé‘rﬁ?@l nlé’f ytlﬂ]é’fl% 18 GRS y
branchi ng of f g@nedtgnfoetheddhafiélg binvhih B offhorfl @drecdsd oR ERLENDIRGEhRRIH id | on
of the flow of fluids in all four channels that branch off, is referred to
as a so 20 cartlpeéslhi@et@ ensvap {hat (het reastion gen ineqiplly distiibntedhin thealinepticrot
enbodi e nt fo{ ergapc% Luﬂgertslﬂ thrvgﬁﬁ!;rés 9ct%‘fdéb Y\ﬁr{kgto tﬁg(ﬁtokwoﬁt S.
According to the |nven Ion, € de vrc con As an transp are Bver

adj acent to nne tls¢xeﬁ>r@fposdilﬂe reaktiae aeipeaiﬁntleve&toftmessmlthinnmp reldtsr cover
defines the bound- 25 ary of the reaction chanber on the g dfe that is
opposite to trﬂémeefaw meﬁlmfﬁﬂepey byfhis comtexty tedprat evsemeBy de eF%tor?rléaF%rabl y
di sk-shaped f

|nvolvrng sever I g?%%ﬂg%ﬁ&%i&%t%g%i?ﬁ?ﬁo %£?$%@% y%““?%9 covers.
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appl i cabl e, preferabl however ire,..zinc . .sulfide, i fluoride,
sggi um pﬂu{c ﬁ t¥13 reac)celgn chamberg) gre equidistant with respect to t anne S sup-

plying them with reaction gas. These reaction gas supply channels are preferably
oriented vertically and comprise, preferably, four horizontal channels that branch
15  off and merge, for their part, into the reaction chamber. A plurality of reaction
chambers that is arranged in the form of a matrix is the result of this equipartition
of distances for the reaction chambers. The scenario of four channels of the same
geometry branching off a channel of origin with the goal to achieve equipartition
of the flow of fluids in all four channels that branch off, is referred to as a so-
20  called quaternary system. Such a system is the preferred embodiment for supply-

ing the reaction chambers with reaction gas.

According to the invention, the device contains an IR-transparent cover adjacent
to one side of the reactor element. At the same time, this cover defines the bound-
25  ary of the reaction chamber on the side that is opposite to the reaction channels.
This IR-transparent cover is preferably disk-shaped and can also consist of several
parts. Such embodiments involving several parts can also consist of a plurality of
smaller covers. In principle, all materials that are transparent to IR-radiation are
applicable, preferably, however, sapphire, zinc sulfide, barium difluoride, sodium

30  chloride and/or silicon (e.g. Si wafers) are employed. It is possible, by virtue of



30 chloride and/or silicon (e.g. Si wafers) are enployed. It is possible,
by virtue of -8- this design of the device, to position the thermal canera
out side of the device and thus isolated from adverse reaction conditions.
The device according to the invention contains at | east one mask that is
positioned 5 between the reactor element and the |IR-transparent cover and
that displays uni- formIR emssivity. Preferably, the mask is positioned
in one of the recess areas of the reactor elenment. In case of a design of
the reactor elenent in two parts, the centerpiece of the reactor is
reduced in its thickness, preferably corresponding to the thickness of the
mask, so t hat thishdesipnesfahd deévice ko esstiaf theadhatni canateupidce! thadelioe amd k
corresponds to the thjckness of the outer, ring-shaped part of the reactor
element. In a ?Eﬁolﬂ%?dﬁ%@évﬁré?/r%@tl%f‘?ﬂn@&ioé‘ison for a disk-shaped el enent
that is |ocated between the mask and the reactor el enment and that inproves
the equipartition of 15 the fluid flow. To ensure a sufficient degree of
seal i ng with Thsgedte dcootdneg fol the thviertioveemtainanaitleast or¢ swaelnthat gwisitmnedd

| R-transpareni cover rovi sj ons, may b de for additi | ..l R-transparent
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made to the materials discussed above in the context of isolating the
reaction chantherrsacig¢lament. dachseovhhe detign g€ dhesregetos element i Feerparts . the n

principle, however., the.mask .can b de.of..al |l sujtabl terials that ap-
D5, browi nat o Peepicat 4F e 60R Bt dR i iRlhes® ety TR Ebghtifi b
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em ssivity. Such materials are, for exanple, (3-Si 3N4 and graphite.

Accor di ng1® o #Heek spewands ky thet thinkness| ft tejapter, ring-shaped part of the reactor

element.

In addition, there may be a provision for a disk-shaped element that is located
between the mask and the reactor element and that improves the equipartition of

15  the fluid flow.

To ensure a sufficient degree of sealing with respect to the fluid between reactor
‘element, mask and IR-transparent cover, provisions may be made for additional
IR-transparent seals between reactor element and mask and/or between mask and
20 IR-transparent cover. With respect to the sealing material, reference is made to the
materials discussed above in the context of isolating the reaction chambers against

each other by means of sealing elements.

In principle, however, the mask can be made of all suitable materials that ap-
25  proximate the radiation properties of a black body and, as a consequence, do not
introduce temperature artifacts due to differences in emissivity. Such materialsk
are, for example, B-Si;Ny and graphite. According to the present invention, slate is
used as the preferred material for the mask. The thermal radiation may be super-
imposed on the differences in temperature between the catalyst material and the

30  surroundings and may therefore distort the measurements. In a preferred embodi-



used as the preferred material for the mask. The thermal radiation my be
super- inposed on the differences in tenperature between the catal yst
material and the 30 surroundings and nay therefore distort the
measurenents. In a preferred enbodi -9- nent, the openings in the slate
mask correspond to the openings in the r@action chanber in nunber,
cross-section, and orientation. Preferably, the mask is |ocated between
the reaction chanbers and the thernmal canmera. It is conceivable as well
that several different thermal canmeras are enployed. 5 Preferably, the

t hermal canmera consists of one or several IR thermal caneras, em ployed to
det er ni ne t he™§hk flag aprrangsnint thgslate mask coBespeB? tadhg oreningsdnithg seagiion he

one hand and ad] ' o3 teri gl t it h
opatial 1 esof i B LRSNGY RS, Y Gt Bn et R EneE el

t her mal caner betoaen I tehetivrbehaabelsyaelthe ehgymal bymereahss ednc@ivdbleaaspréltessi ng
unit or a conputer, sq.that _indjividual reaction chanbers can be resol ved.
Preferably i H?WF’@?Q’@W@WHP@ CameIRBaE € rs can then be subjected to
further exam ning nethods, such as mass spectronetry, gas chromatography,
Raman spectroscopy or Fourier transformIR (FT-1R) spectroscopy, either

i ndi vi dual | y Breférablypthisithertriab namératonnsists ofroneondevédral Ihtdeemaletameds, ethn t he

preferred enbodi t, however, .mass spectronetry and/ or,. gas chro ogr aphy
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Wi th respect i1divi@adlirBAchion PBAMBES can be resolved. Preferably immediately afterwards,

these chambers can then be subjected to further examining methods, such as mass

spectrometry, gas chromatography, Raman spectroscopy or Fourier transform IR
(FT-IR) spectroscopy, either individually or in combination of two or more of
15  these methods. In the preferred embodiment, however, mass spectrometry and/or
gas chromatography are applied. Additional meaningful combinations of methods
of analysis are IR-thermography/GC-MS, IR-thermography/Raman spectroscopy,
IR-thermography/dispersive FT-IR spectroscopy, color detection with chemical
indicator/MS, color detection with chemical indicator/GC, color detection with
20 chemical indicator/dispersive FT-IR spectroscopy, electronic or electrochemical
sensors and many other more. Further details with respect to combining methods
of analysis are given in the application DE-A 100 12 847.5. Using the data proc-
essing unit, it is furthermore possible to correct the results of the measurements
for thermal background radiation occurring under reaction conditions. Details

25  hereto are given in WO 99/34206.

A preferred embodiment of the inventive device is furthermore characterized in
that the reactor element contains at lest two heating elements that are meander-
shaped and arranged at an angle not equal to zero degrees relative to each other,

30  with 90 degrees being the preferred angle. Additional embodiments in which plu-



of analysis are given in the application DE-A 100 12 847.5. Using the data
proc- essing unit, it is furthernore possible to correct the results of the
nmeasurenents for thernmal background radi ati on occurring under reaction
conditions. Details 25 hereto are given in WO 99/34206. A preferred

enbodi ment of the inventive device is furthernore characterized in that
the reactor elenent contains at |est two heating elenents that are neander-
shaped and arranged at an angle not equal to zero degrees relative to each
other, 30 with 90 degrees being the preferred angle. Additional enbodinents
in which plu -10- ralities of heating coils or heating capsules are
arranged i n helilieabf heating eoils ot heatingziapudes b apesgal i Irdiogle comishicas wel | .
The reactor el.enent of the inventive device is heated in a suitable manner
by 5 means of'&f PHALE PP %€ No restrictions are specified with
respect to the design of the heating elenment so long as it ensures that
the reactor elenent is heated sufficiently. The heating el enents of the

i nventive devlbereactormlehentalf] the inesative ddvige it heded i al suiighblei mgnnspitys .
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surface of the reac ace ayl ng e openi ngs
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bottomplate is brass. Preferably, the heating el enents are %%Hgggeg,in
meander p& t eFasROTSHNG tocthp Heatg elanents or, §-2odt capsulss prgctye healcirlys.

Hereby, the rgoeRsRs PR Blinn: hdi GRPRAAEhed outside of the reactor element. The

heating elements can be fitted into the recesses directly at the reactor element or
they can be part of the bottom plate that is attached to the surface of the reactor
element with the surface displaying the openings for the reaction channels. The

15  preferred material for manufacturing the bottom plate is brass.

Preferably, the heating elements are arranged in meander patterns on the bottom
plate in between an array of recesses. Hereby, the recesses preferably correspond
to the number of reaction chambers. Preferably, the heating elements are located
20 in grooves of a, e.g., u-shaped cross-section. Provisions for these grooves are
made on both sides, preferably only on one, in particular only on the side that is
directed towards the reactor element. Preferably, the diameter of the groove is of a
similar dimension as the heating elements so that the heating elements do not
protrude above the surface of the bottom plate after they have been inserted into
25  the grooves. Hereby, an even contact area is provided for attaching the bottom
plate to the reactor element. In order to distribute the heat even more uniformly,
the implementation of a heat distributor, for example in the shape of a thin disk
between bottom plate and reactor element, is conceivable as well. The heat dis-
tributor is preferably directly attached to the side of the bottom plate that contains

30  the heating elements and serves the purpose to evenly distribute heat emanating



to the nunber of reaction chanbers. Preferably, the heating el enents are

| ocated 20 in grooves of a, e.g., u-shaped cross-section. Provisions for

t hese grooves are nade on both sides, preferably only on one, in
particular only on the side that is directed towards the reactor el enent.
Preferably, the diameter of the groove igjof a simlar dinension as the
heating el enments so that the heating el enents do not protrude above the
surface of the bottomplate after they have been inserted into 25 the
grooves. Hereby, an even contact area is provided for attaching the bottom
plate to the reactor elenment. In order to distribute the heat even nore

uni formy, tfiemithpheating elements off the hettam dlaje phtsutherreadtion chrambpiseofithet he

shape of a thin disk Db en bpttom pl ate and r.eactor elenent, .
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heati ng el eneplate. bei ng rotated relative to the other el enment, preferably by
90 degrees. Here, energy 5 supply for the heating elenents is preferably
realized fromthe side of the bottom plate. The heat distributor is

preferably di $k; fHARRHLMNES Bldterab AU SapE@ it Ein B ShRk 3Bhtdur SRESRPONAS
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t he nunber, position and the orientation o
bly directly, to the bottom plate. The heat distributor furthermore contains re-

cesses that correspond, preferably, to the number, position and the orientation of
the reaction channels that branch off vertically from the reaction chambers. These
15  recesses preferably enable the throughput of reaction gases. Preferably, the heat
distributor is made of a material of high thermal conductivity such as brass or

copper.

Guiding elements for the reaction gas may be inserted into the reaction channels
20 to achieve a well-defined flow of reaction gas. These elements can be, €.g., cas-
ings or jackets, preferably made of ceramic materials or stainless steel. The guid-
ing elements for the reaction gas are partly or completely inserted into the reaction
channels, reach through the exhaust element and the bottom plate, and protrude,
preferably, into the exhaust chamber of the exhaust element. Thereby, the guiding
25  elements prevent, in particular, a reaction of the product exhaust with the material

of the heat distributor or with the bottom plate.

In a further embodiment of the reaction, the reaction gas is pre-heated to a specific

temperature while the gas passes through the inlet port and the channels in the



t he reaction channels that branch off vertically fromthe reaction
chanbers. These 15 recesses preferably enable the throughput of reaction
gases. Preferably, the heat distributor is made of a material of high
thermal conductivity such as brass or copper. @Quiding elenments for the
reaction gas nmay be inserted into the reagtion channels 20 to achieve a
wel | -defined flow of reaction gas. These el enents can be, e.g., cas- ings
or jackets, preferably nade of ceramic materials or stainless steel. The
guid- ing elenents for the reaction gas are partly or conpletely inserted
into the reaction channels, reach through the exhaust el enent and the

bot t om pl at e, reavidr plenienti Rrefergbly fleis atrhperatund 8 it tiee wxpatist50cKelmnesrondd t he
exhaust el enment. Th.erebl}lx, the guiding 25 elements prevent, in particular, a
reaction of tHETRISGUIFIRXARGt with the material  of the heat distributor
or with the bottomplate. In a further enbodi nent of the reaction, the
reaction gas is pre-heated to a specific tenperature while the gas passes
t hrough t he i Hlembypdris alsedcankeivethiariima| the reactibie gasl fowmegaintathealeastemele-
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its way 10 to the reaction chanber. Second, the heating of the reaction gas
can be con® r ofq &g reanjionchamper geeand, thefgatingef thecaghan Bay ean e ¢patrglled,

respect tot h%y Q&@I}tﬁﬂkgthg Pt Gf tnk Qgs inlet line with respect to the heating power of the

heating elements, so that the reaction temperature is reached shortly before or on
the reaction gas entering the reaction chamber. Thus, only the catalyst probe re-
acts with the reaction gas.

15
On the side of the bottom plate that is opposite to the heating elements, an op-
tional exhaust element may be envisioned. It borders on one side to the bottom
plate and enables the confluence of the individual reaction gas streams, resulting
in one single exhaust stream. The exhaust element is preferably made of stainless

20  steel, particularly preferred V2A or V4A steel. It also contains a matrix-type array
of recesses that represent a continuation of the recesses in the bottom plate and
that end in the exhaust element in a common exhaust chamber. The exhaust col-
lected in the exhaust chamber is discharged, preferably, via a recess in the form of
a through-hole out of the exhaust element.

25
According to the invention, the device contains an exhaust element with a plural-
ity of membranes, as well as at least one movable sensor, such as a capillary, cap-

illary system or a movable sensing element.



heating el enents, so that the reaction tenperature is reached shortly
before or on the reaction gas entering the reaction chanber. Thus, only
the catal yst probe re- acts with the reaction gas. 15 On the side of the
bottom plate that is opposite to the heating elenments, an op- tional
exhaust el ement may be envisioned. It bojders on one side to the bottom

pl ate and enabl es the confluence of the 1 ndividual reaction gas streans,
resulting in one single exhaust stream The exhaust elenment is preferably
made of stainless 20 steel, particularly preferred V2A or V4A steel. It

al so contains a matri x-type array of recesses that represent a
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gas-tight l(gra ngte {R-thermo graphy, the sensors can be positioned at the reaction channels that are
connected to reaction chambers with particularly active catalysts to perform fur-

ther analysis. The sensors are designed to allow for free positioning, preferably, in

two dimensions but particularly preferred in three dimensions. To achieve an even
more effective analysis of individual product gas streams, multiple capillaries may

15  also be envisioned for the product exhaust from one reaction channel. Therewith,
the product gas stream of one reaction channel can be investigated simultaneously

with several different methods of analysis, such as mass spectrometry, gas chro-
matography, GCMS spectroscopy, Raman spectroscopy, Infrared spectroscopy,
UV-VIS spectroscopy, NMR-, fluorescence- and ESR spectroscopy, NMR- and

20  ESR tomography, and Moessbauer spectroscopy. Other sensible combinations of
methods of analysis are IR thermography/ GC-MS, IR thermography/Raman
spectroscopy, IR thermography/dispersive FT-IR spectroscopy, color detection

with chemical indicator/MS, color detection with chemical indicator/GC-MS,
color detector with chemical indicator/dispersive FT-IR spectroscopy, analysis

25  with electronic and electrochemical sensors and many others more.

The membranes can be designed as simple pinhole masks. Furthermore, the pin-
hole mask may be equipped with one or more septa or means for opening and

closing individual holes, similar to, e.g., the iris of a camera. The material for the



by other suitable neans. In a still further enbodinent, a plurality of
sensors may be used sinultaneously for a plurality of product gas streans.
Based on the results 10 of |R-thernography, the sensors can be positioned
at the reaction channels that are connected to reaction chanbers with
particularly active catalysts to perform4fur- ther analysis. The sensors
are designed to allow for free positioning, preferably, in two dinensions
but particularly preferred in three dinensions. To achieve an even nore
effective anal ysis of individual product gas streans, nultiple capillaries
may 15 al so be envisioned for the product exhaust from one reaction

channel . Thermsmbianes cdnebq)recgd,wi]licognasr sempraatuef regigtant plastid matevhlasnel acan be
i nvesti gated Ig | taneously with several different nethods of analysis,
such as nmass ggu ®rometry, gas chro- matography, GCMS spectroscopy, Ranan
spectroscopy, Infrared spectroscopy, UV-VIS spectroscopy, NVR-,
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By using one or several multi-port valves, it is possible, for example, to distribute
the discharged product gas flow of a reaction channel among several devices of
15  analysis. Also, the merging of selected product gas streams is easily possible this
way. Thereby, the individual product gas streams flowing out of individual, sev-
eral, or all reaction channels can be discharged separately and subsequently ana-

lyzed separately via a valve switch.

20 In a further embodiment, the device according to the invention may contain at
least one geometrical constraint located at the gas inlet and outlet with the purpose

of controlling the gas flow.

According to the invention, geometrical constraints refer to the tapering of the gas
25  inlet and outlet channels either before and/or after the reaction chamber in order to
ensure an ideal distribution of the gas flow. The individual geometrical constraints
per gas inlet and/or gas outlet are preferably the same and have a pressure range

Ap from 107 to 10° bar.



5 that is used to create a negative pressure within the exhaust el enent,
for exanple laterally or radially via a gas suction ring, thus ensuring
that no reaction gas can |eak into the environment in an uncontrolled
manner. To selectively analyze the gaseous substances flow ng out of the
respective reac- 10 tion chanbers, the deyice according to the invention
may contain at |east one nulti-port valve. By using one or several

mul ti-port valves, it is possible, for exanple, to distribute the

di scharged product gas flow of a reaction channel anmong several devices of
15 analysis. Also, the nerging of selected product gas streans is easily
possi bl e t hi sThayevitheacetryding he thendiventthnalis prebuaaldy gasogtd éanperformitigng out
of i ndividual eral.

ex- or all reaction chan can be di scharged
cepar at ol y antP QT EioeRine, Dafrtoulo G SHyF S0 I eaRaseary B SEER. 20 11
a further embggh (BMtat 1AL oS YIGERE GRHEINSS Ardlyse Pef@itht QBrall¥ s6RBA-AI N at
| east one geonetrical constraint |ocated at the gas inlet_and ouflet with

the purpose big in s nuinhériyith o ddferdnt owthods 06 arilyss is slesarbed,ravnimi R,

geonetrical cqn L efer to th ri of th J.nbet. and
out | et cha%ne?‘sﬁ}ealrl?%&'g'b%?%?%”%#d?’&& Sé‘%{%& Wqﬁéeslpg%tctt%i %ﬁﬁ%rh%eﬁ%ig'r i)f%rtllc%r der to
ensure an i degilyqirsfetrelUthe @Bviet i§ BRpb¥ed td Steenl@eropélicsudbablyge tmttd cal

constraints per gas_inlet and/or gas outlet are preferably the same and
have a pressuP#t phadbraxpifmygiiale- i ragticuder gsggnometalic Sy \PFEABICEWHT di ng

(0L, et bl e AP E IRFRIEE. Blpstohibits
with at | east patieuladdi¢h dnalarereiddedofopolgmalsyaidsinoReanfcomatenglsc atddoy the
Zg; grein I)e:j,rll el_ &e%hgd?gc%%g?negrto%g leér\p[?ondclayine Ir)requéiplg%te r21(;)>1g11?<3d0tfo a?lr!cgc!h)lllfclaf areas

in which formulations, i.e. compositions with more than one constituent, are pro-

duced and investigated with respect to their useful properties. Areas of application

outside of materials research are, e.g., pharmaceutical formulations, formulations

of food, nutritional supplements, feed, feed supplements as well as cosmetics

15 products.

The expression “library of materials” used in the context of the subject invention
relates to an array of at least two, preferably 10, further preferred 100, particularly
preferred up to 1000, and even more preferred up to 100,000 modules that are
20 localized in at least two different reaction chambers of the reaction element that

are separated from each other.

Here, the expression “module” refers to a single defined unit that is located in one
of the reaction chambers of the reaction element, with the reaction chambers being

25  separated from each other. The unit may consist of one or of several components.

Preferably, the modules to be screened as defined above are made of non-gaseous
materials, such as solids, liquids, sols, gels, paraffin-based substances or mixtures
of substances, dispersions, emulsions, or suspensions, with solids being particu-

30 larly preferred. The modules used in the context of the subject invention can be



5 A 10012847.5. Reference is nmade hereto with respect to further details.
Particu- larly preferred, the device is enployed to screen heterogeneous
catal ysts that are part of a library of materials, in particular
organonetal lic systemnms, organic com pounds, such as pharnaceuti cal

subst ances, polyners, conposite naterlalﬁg in particular such that are
made of polyners and inorganic materials. Also, the 10 method according to
the invention can in principle be applied to all technical areas in which
formul ations, i.e. conpositions with nore than one constituent, are pro-
duced and investigated with respect to their useful properties. Areas of
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As far as the IR transparent cover is concerned, separating the plurality of reaction
chambers from the thermal camera, a silicon wafer or a sapphire disk is utilized in

15  the particularly preferred embodiment.

By using the device according to the invention (reactor), it is possible to simulta-
neously apply two or more methods of analysis for the screening of a library of
catalysts. The methods of analysis include, for example, thermography combined
20  with an additional method, such as mass spectrometry. Thereby, it is possible to
charge each reaction channel with reaction gas separately and without cross-talk

between individual channels.

Therefore, by using the device according to the invention, it is possible to rapidly
25  identify active components, such as catalysts, by means of a thermal camera and,

in a second step, to selectively determine and to quantify the products contained in

the discharge of these components, e.g. catalysts, by means of, e.g., mass spec-

trometry or gas chromatography.

Therefore, much more catalysts can be screened in a much shorter time interval

30  than has been possible with the methods and devices disclosed previously.



materials. The expression "non-nol ecul ar” thereby refers to substances that
can be altered or optimzed continually and that stand, therefore, in
contrast to. "no- |ecular" substances, whose structural expression can only
be varied in discrete 5 steps, such as by varying the pattern of
substitution. The nodul es of the conbinatdrial library of materials can be
simlar or dissimlar wth respect to each other, with the latter being
the preferred case. However, in the case of optim zing screening, reaction
or process paraneters, it may very well be 10 the case that the library of
substances contains two or nore identical substances, or that the library
in fact exclusively contains identical substances. As far as the IR
transparent caMembodifB&GIthe dubjsatAavaitionds ho® dxlpWidd hydebdil be acdahdBf
chanmbers fromthe thermal camera, a silicon wafer or a sapphire disk is
utilized in thsep¢lesqdadrawvingsarly preferred embodi ment. By using the device
according to the invention (reactor), it is possible to simulta- neously
apply two or nore nmethods of analysis for the screening of a library of
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canera and, in a second step, to selectively determne and to quantify the
products contained in the discharge of these conponents, e.g. catalysts,
by means ¢f , Bigd3. SIHRABLIS P&ﬁéseﬁfaﬁﬂﬁbfﬁqe%aﬁ@ém&ﬁ%@H@attﬁlge@é?ﬂéﬁts.Ther efore,
much nore catalysts can be screened i1n a muCh shorter tine interval 30

t han has been possible with the nethods and devi ces di scl osed previously.

Fig. 4: Cross-sectional view along the line IV-IV shown in Figure 3.

Figure 1 shows a device 10 for performing the screening of catalysts. The device
15 enables complete access to the catalyst samples under reaction conditions by
means of a thermal camera while simultaneously, completely and physically
shielding the environment from the reaction gas. The shielding contains most of
the thermal radiation emanating from the device material and distorting the tem-
perature differences between the catalyst material and the environment.
20
The embodiment of the inventive device 10 shown in Figure 1 contains a Silicon
wafer 14, a slate mask 25, a reactor element 16 with a gas inlet port 18, a bottom

plate 20 with a heating element 22, as well as an exhaust element 24.

25  Cohesion between the individual elements can be achieved, e.g., by means of
clamping elements and/or fasteners (not shown). The clamping elements are pref-
erably realized as ring-shaped rotatable devices, where e.g. an upper clamping
element holds the IR-transparent cover in place on the one side of the device
while, e.g., a lower clamping element is located on the other side, which is pref-

30 erably designed to hold the fastening elements. No particular restrictions are



-17- An enbodi nent of the subject invention is now explained in detail by
means of the enclosed drawings. 5 Fig. 1. Schematic representation of an
enbodi ment of the device according to the invention, showi ng a
cross-sectional side view Fig. 2: Schematic representation of the reactor
elenment. 10 Fig. 3: Schematic representatdon of the arrangenent of heating
el ements. Fig. 4: Cross-sectional viewalong the line IV-1V shown in
Figure 3. Figure 1 shows a device 10 for perform ng the screening of

catal ysts. The device 15 enables conplete access to the catal yst sanples

under reaction conditions b ans, of hermal. camera whil e

si mul t aneousl| ?,eclg’gﬂﬁ‘(lé‘% 'éq.S?/e%.r’i‘El gfﬁﬁ@ﬁeﬁllﬁll &/ﬁ‘e §ml?ﬁ/%§teﬂ?§\,\ég?’f9?ql§) ﬁ?ﬁ?ﬁ‘t from
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emanating fromthe device materral and distorting the tem perature

di fferences biéeibey arexpoatdatoy Breferablyr ngtalnermetabicabioys averammloyelo suhe

enbodi nent of, .the inventive.device shown. i n Eiqure 1. cqontalng Silicon
warer 14 a shAES,alEEkn 4 FEMES gl ERentrinkds frdie g WMl 167
bottom plat eDRQ 1M484) BINeA41NDIN RSENIDIAR 14573, DEN|148%5,aDMNe 243605143662 ment
24. 25 Cohesion between the individual elenents can be achieved, e.qg., by
neans of cl aRPNRGoE Bkl PINNHROP/ 24859, dARY 84%WGDI§W},.DW84%56&H¥%M

elements are pidl irAPbY 8N 288 ADIN NErs3NPIRGI Ay 3hAN! £iafpvi/ags,, wher e
e.g. an upper claiping el ément hol'ds the I'Rtransparent” cover in place on
the one side VhAtdesldeypaticulahty pesfered Theaist ofesrasli@npichiglsak eomdtivabie

| ocated on the other side, which is pref 30 erably designed to hold the

fastening el efeWed B clanning glementssconfain f5cg358s, gy eferaply. realized as through-

10 holes, that are used to accommodate the fastening/connecting elements.

The upper clamping element particularly serves the purpose of holding an IR-
transparent material in place and is preferably realized as a disk. The selection of
materials for this disk is not restricted, so long as the materials can be manufac-

15  tured to provide the desired dimensions and are transparent to infrared radiation.
The disk, preferably a silicon wafer, has, according to the invention, the particular
purpose of serving as an IR-transparent window. Hereby, other materials may be
used as well, such as sapphire, zinc sulfide, barium difluoride, sodium chloride,
ALOs, CaF,, Ge, Si, GaAs, CdTe, ZnSe, quartz glass, KRS-S, IKS materials, as

20  well as IG materials. However, sapphire and, particularly preferred, silicon are the
preferred materials. It is also conceivable to employ any combination of the
aforementioned materials. In a particularly preferred embodiment, the disk is a
silicon wafer and borders on the one side to the upper clamping element and on
the other side to the reactor element.

25
The upper clamping element that is envisioned as an optional element of the de-
vice can furthermore serve, for example, as a sealing device and/or it can prevent
unwanted IR-reflections, which may occur at certain positions of the thermal
camera, by means of angling/slanting. By selecting such embodiments, adverse

30 effects such as back coupling can be avoided.



specified with respect to the material of the clanping/fastening elenents
accord- ing to the invention, so long as the materials are capabl e of

wi t hstanding the stress that they are exposed to. Preferably, netals or
netallic alloys are enployed, such as brass, alum num and stainl ess steel,
e.g. stainless steel according to DIN 14401, 5 DI N 14435, DI N 14541, DI N
14571, DIN 14573, DI N 14575, DI N 24360/ 24366, DI N 24615/24617, DI N

24800/ 24810, DI N 24816, DI N 24851, DI N 24856, DIN 24858, DN 14767, DI N
24610, DI N 14765, DI N 14847, DI N 14301. V2A or VAA steel are particularly
preferred. The use of ceramc materials is conceivable as well. Both

cl anping el enents contain recesses, preferably realized as through- 10
holes, that atge 6SRE Ik EIEM@?@SiM}%dfo%%é R} RUHBAREH! thBYpplrSIRApS: The
upper cl anping el enent pariicularly serves the purpose of hoPdlng an | R
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The upper cl adpment EHienierdgritbdiintéd theemxtiaust elerdnas an optional el enent of the
de-

The main function of the lower clamping element is to hold the exhaust element in
place and to, if necessary, contain elements of the analytical devices. Furthermore,
15 another function may be to hold the other elements of the device together, in com-

bination with the upper clamping element.

The lower clamping element, being an optional element just like the upper
clamping element, may furthermore serve as a sealing element, for gas suction
20  (e.g. radial gas suction), as a capillary guiding element as well as for positioning a

pattern for image recognition of, for example, the individual holes.

The preferred fastening elements are nuts and bolts. Alternatively, other clamping
elements may be employed, such as spring clamps, or fastening elements that are
25  part of the preferably ring-shaped components, for example bayonet locks. An-
other possibility to connect the individual components is to press all components

against each other in a dedicated rack.

As shown in Figure 1 as well, the reaction gas 32 is supplied to the device 10

30  preferably from the side via a gas inlet port 18 and the adjacent recesses 40 that



vice can furthernore serve, for exanple, as a sealing device and/or it can
prevent unwanted |IR-reflections, which nay occur at certain positions of
the thermal canera, by neans of angling/slanting. By selecting such

enbodi nents, adverse 30 effects such as back coupling can be avoi ded. -19-
The | ower cl anpi ng el enent positioned on20he side opposite to the upper
clanp- ing elenent term nates the device. The | ower clanping elenent is
connected to the exhaust el enment and establishes, in conmbination with the
upper clanping ele 5 nent, the gas-tight cohesion of all elenents in

bet . Th hesion i fera-. bl lized b f
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cl anps, or fadtenithegeettemeciombetsad6 iatoethe reaction channels 48. These originate from

the reaction chambers 46 and are directed vertically towards the exhaust element

24. Originating therefrom, the reaction gas 32 flows into the recesses of the bot-

tom plate 20 including the casings or jackets made of an inert material, continuing

15 on through these into the recesses of the exhaust element 24 und therefrom, fi-

nally, into the exhaust chamber 54. The reaction gas 32 (product exhaust) is col-

lected therein and actively directed out of the exhaust element 24 in form of ex-

haust 34, preferably to the side through a gas outlet port 30. The horizontal chan-

nels 44 as well as the recesses in the exhaust element 24 function as the preferred

20 realization of geometrical constraints 38, preferably by being tapered. This allows

for controlling the gas flow.

Furthermore, the exhaust element 24 contains membranes 36, which can be pene-
trated by a capillary 50 that can be moved to any desired position. Here, the
25 moveable capillary 50 is the preferred embodiment of a sensor, thus allowing to
access the product outlet flow of one reaction channel 48 selectively. The move-
able capillary 50 is connected to the unit of analysis 70 by means of connecting
lines 52. This unit of analysis 70 can contain one analytical device as well as a
plurality of analytical devices, such as a combination of mass spectrometer and

30 gas chromatograph. The connecting lines 52 are preferably realized as tubes,



25 part of the preferably ring-shaped conponents, for exanpl e bayonet
| ocks. An other possibility to connect the individual conponents is to
press all conponents against each other in a dedicated rack. As shown in

Figure 1 as well, the reaction gas 32 is supplied to the device 10 30
preferably fromthe side via a gas inlet2lport 18 and the adjacent recesses
40 that -20- are preferably horizontal, inside the reactor elenent 16. The

hori zontal recesses 40 are preferably a part of the gas inlet port 18
since the gas inlet port 18 and the horizontal recesses 40 can only be
part of different reactor elenents_if the em bodinent consists of several
parts. The reblRses BlRdgad a8 kepipr. E’lﬁpam@]hn%glaﬁwpﬂ@%ﬁp%orrq@e&§a§1~4o of
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continuing 15 on through these into the recesses of the exhaust elenment 24
and t her ef r onpeat¢d bynajcpynecting dine A2 thet inteslizedrrsrrapilbay bundle teackhinangas 32
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in the exhaust elenent 24 function as the preferred .
Thereby and preferably, one capillary of the capillary bundle is connected to one

corresponding unit of analysis.

15  The moveable capillary 50 is preferably connected to a unit of control (not shown
in Figure 1) that in turn is connected to a data processing unit or a computer (not
shown in Figure 1). This data processing unit processes the results from the meas-
urement with, preferably, a thermal camera 60 and moves correspondingly by
using the unit of control, the moveable capillary 50 to these reaction channels 48

20  that are connected to reaction chambers 46 that in turn contain active catalysts as
identified by the thermal camera 60. Therefore, effective screening is enabled by
means of further analyzing only the product flow from active catalysts. The effec-
tiveness can be enhanced even more, for example, by employing a plurality of
moveable capillaries 50 or by parallel analysis using a plurality of methods of

25  analysis. Furthermore, it is conceivable that a plurality of thermal cameras 60 is
employed thus achieving an even finer resolution of the temperature gradient be-
tween catalyst material on the one hand and surrounding or inactive materials on

the other.



20 realization of geonetrical constraints 38, preferably by being tapered.
This allows for controlling the gas flow. Furthernore, the exhaust el enent
24 contai ns nenbranes 36, which can be pene- trated by a capillary 50 that
can be noved to any desired position. Hepg,  the 25 noveable capillary 50
is the preferred enbodi nent of a sensor, thus allow ng to access the
product outlet flow of one reaction channel 48 selectively. The nove- able
capillary 50 is connected to the unit of analysis 70 by neans of connecting
lines 52. This unit of analysis 70 can contain one anal ytical device as
well as a pl drsabifogherfoeneisipld maFiguevi, zedatesusk 23spantedribitheadirationfofmass

spectroneter and_ 30 gas chro raph. The connect I|n 2 are
preferably regli‘q hegmalscanpa & coz'gs tﬁ%éﬁ%"g%ﬁ“g@n?ﬁ ée Tgle Prg HF@;PUYR@EG of
capillaries, ghgsmsanbl bm &Sp l%oalt%r%lga«aﬁﬁ@ AR dué%ﬂﬁ?ereﬁé’@é fhelgye the
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noveabl e capillaries 50 are envi- sioned, but that one noveable capillary
50 contains ao&apclivamptenalsdnghe ofhenhanddn ag aprifersneceaffasi-t hin t he capill ary
bundl e of the noveable capillary 50 being con- nected by a connecting line
52 that is realized as a capillary bundle, too. This en 10 sures that the
exhaust is di W sitidoanang 14kevérsthesdlste dask 2] plefrilds pofntddia theldgécionatd
directed, preferably, towards the different units of analysis,
respect i vely. therfhgradcamger Gt @XdaSentss 9 2 HReU@RAIGns MndSW-t he capi | | ary
bundl e is connected to one corresponding unit of analysis. 15 The noveabl e
capillary 50 is preferably connected to a unit of control (not shown

Figure 2 shows the flow of the reaction gas within the reactor element 16 with

respect to the point of view II-II shown in Figure 1. It can be seen that the reaction
gas 32 flows into the reactor element 16, preferably through parallel horizontal
15 recesses 40, therefrom the gas flows into the vertical channels 42 and finally

through the horizontal channels 44 into the reaction chambers 46.

In the case of an embodiment of the reactor element in two parts, the centerpiece
of the reactor contains recesses in the horizontal direction that can be arranged in
20 between the rows of reaction chambers 46, just as was the case for the one-piece
reactor element 16. If the centerpiece of the reactor is fitted into the outer, ring-
shaped part of the reactor element, these recesses lie in the same plane and are of
the same direction (in the vanishing line) and, preferably, of the same diameter as
the through holes that are envisioned to be in the outer, ring-shaped part of the
25  reactor element and used for gas supply. Therefore, the gas can flow through the
boreholes of the outer, ring-shaped part of the reactor element into the recesses,
preferably blind holes, of the centerpiece of the reactor. Sufficient gas tightness
between the two elements, without implementing additional sealing devices, can

be achieved by selecting proper shape and tolerances for the outer dimensions of



in Figure 1) that in turn is connected to a data processing unit or a
conputer (not shown in Figure 1). This data processing unit processes the
results fromthe nmeas- urenent with, preferably, a thernmal canera 60 and
noves correspondingly by wusing the unit,of control, the noveable capillary
50 to these reaction channels 48 20 that are connected to reaction chanbers
46 that in turn contain active catalysts as identified by the thernal
canmera 60. Therefore, effective screening is enabled by nmeans of further
anal yzing only the product flow fromactive catal ysts. The effec- tiveness
can be enhancthd cenierpieger & tht meaceoraamil the iimer elimpémyonsgpfahe butes| didgtstaped
noveabl e capil |l s 50 or arallel analysis using a plurality of

met hods of ZSP%ﬁ%ﬁ§EF§w“FG nore, it is conceivable that a plurality of
thermal caneras 60 is enployed thus achieving an even finer resolution of
the tenperature gradient be- tween catalyst material on the one hand and
surroundi ng oWithnadhd devicmi @r¢chmhselod2 brhnclnbffarertieaﬂg froxm the hbrizdrtgrmer e

visible in Fi ure at e k 25 p n the rec nof t he
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shown in Figure Be séen t
from a part of the sides, with charging from four sides being the preferred em-

bodiment.

15 In order to achieve equipartition of the gas, in particular equipartition of the gas
flow, all channels branching off from a recess or a channel, respectively, are of the

same geometry (with respect to cross-section and length).

The design of the reactor element as shown in Figures 1 and 2 ensures separate
20  charging of each reaction chamber 46 with reaction gas 32 without crossing-over

(back diffusion of reaction gas 32 from one reaction chamber 46 into another).

A preferred arrangement of two heating elements 22 in the bottom plate of device
(10) is shown in Figure 3, with the heating elements being arranged meander-

25  shaped at an angle of 90 degrees relative to each other. This arrangement enables
the targeted heating of the reactor element 16 close to the reaction chambers 46
while simultaneously allowing for guiding the product outlet flow of each reaction
chamber 46 right through the heating elements 22 by means of the reaction chan-
nels 48.

30



gas 32 flows into the reactor elenment 16, preferably through parallel

hori zontal 15 recesses 40, therefromthe gas flows into the vertical
channels 42 and finally through the horizontal channels 44 into the
reaction chanbers 46. In the case of an_gpbodi ment of the reactor el enent
intw parts, the centerpiece of the reactor contains recesses in the

hori zontal direction that can be arranged in 20 between the rows of
reaction chanbers 46, just as was the case for the one-piece reactor

el enent 16. If the centerpiece of the reactor is fitted into the outer,
ring- shaped Ppmailyohe bbttomgsiatcho®hénBigure B RESRWIERES&BEs-$dcBond) idieirSane

pl ane and are_of ﬁhe sane direction (in the vanishing |line) and,

pref erabl vy, of '&'He*same dianeter as the t hrough hol es that are envisioned
to be in the outer, ring-shaped part of the 25 reactor elenment and used for
gas supply. Therefore, the gas can flow through the boreholes of the
outer, ring-shaped part of the reactor elenent into the recesses,
preferably blind holes, of the centerpiece of the reactor. Sufficient gas
ti ghtness between the two el enments, w thout inplenenting additional
seal i ng devices, can be achieved by selecting proper shape and tol erances
for the outer dinensions of -23- the centerpiece of the reactor and the

i nner di mensions of the outer, ring-shaped part of the reactor elenent.
Wthin the device 10, channels 42 branch off vertically fromthe horizontal
re- 5 cesses 40. These vertical channels 42, which branch off fromthe

hori zontal re- cesses 40 within the centerpiece of the reactor in the case
of the enbodinment of the reactor in two parts, end preferably just short
of underneath the mask that forns the black body, preferably realized as a
sl ate mask 25. Horizontal channels 44 then branch off the vertical
channels 42, with the horizontal channels being 10 connected with one
correspondi ng reacti on chanber 46. Therew th, each i ndivid-



ual reaction chanber 46 can be charged wth reaction gas 32 fromall sides
or only froma part of the sides, with charging from four sides being the
preferred em bodinent. 15 In order to achieve equipartition of the gas, in
particul ar equipartition of the gas floy& all channels branching off from
a recess or a channel, respectively, are of the sanme geonetry (with
respect to cross-section and length). The design of the reactor elenent as
shown in Figures 1 and 2 ensures separate 20 charging of each reaction
chanber 46 with reaction gas 32 wi thout crossing-over (back diffusion of
reaction gas 32 fromone reaction chanber 46 into another). A preferred
arrangenent of two heating elenents 22 in the bottom plate of device (10)
is showmn in Figure 3, with the heating el enents being arranged neander- 25
shaped at an Reftkéncefis®0 degrees relative to each other. This arrangenent
enabl es the targeted heating of the reactor elenent 16 close to the
reaction chanbers 46 while sinultaneously allow ng for guiding the product
out | et floyloﬁoeach reacti on chanber 46 riggt through the heating el ements
22 by mean3 of “the reaction chan- nels 48RVEBIVESBVICE nal |y, the bottom
plate shown im4Figure-3 is shown in a crogBeckSgiePnal viewin Figure 4.
-25- Reference list: 5 10 - inventive device 14 - silicon wafer 16 -

react or el en’eﬂ]@ - reactor element

18 - gas inlet port
20 - bottom plate

10 22 - heating element
24 - exhaust element
25 - slate mask
30 - gas outlet port
32 - reaction gas

15 34 - exhaust
36 - membrane
38 - geometrical constraint
40 - horizontal recess
42 - vertical channel

20 44 - horizontal channel
46 - reaction chamber
48 - reaction channel
50 - moveable capillary
52 - connecting lines

25 54 - exhaust chamber
60 - thermal camera
70 - unit of analysis

30



18 - gas inlet port 20 - bottomplate 10 22 - heating elenment 24 -
exhaust elenent 25 - slate nmask 30 - gas outlet port 32 - reaction gas
15 34 - exhaust 36 - nmenbrane 38 - geonetrical constraint 40 - horizontal
recess 42 - vertical channel 20 44 - hogdzontal channel 46 - reaction
chanmber 48 - reaction channel 50 - nov&able capillary 52 - connecting

| ines 25 54 - exhaust chanber 60 - thermal canmera 70 - unit of analysis
30 -26- Cains 1. Device (10), in particular for performng catalytic
screening, containing a 5 reactor elenent (16) with at | east one gas inlet
port (18) and a plurality of

Claims

1. Device (10), in particular for performing catalytic screening, contaihing a
5 reactor element (16) with at least one gas inlet port (18) and a plurality of
channels (42,44) as well as a plurality of reaction chambers (46) that are
connected with the channels (42,44), characterized in that the channels
(42,44) form an angle not equal to zero degrees with the, at least one, gas
inlet port (18).
10
2. Device (10) according to claim 1, characterized in that all channels of a
segment have the same geometry, in particular the same cross-section and

the same length.

15 3. Device (10) according to claims 1 or 2, characterized in that the reaction
chambers (46) are terminated on one side by at least one cover that is

transparent to infrared radiation (14).

4. Device (10) according to any of the preceding claims, characterized in that

20 it contains at least one mask (25) characterized by uniform IR emissivity.

5. Device (10) according to any of the preceding claims, characterized in that
the reactor element (16) contains at least two heating elements (22) that
are arranged in meander shapes and at angles not equal to zero degrees

25 with respect to each other.

6. Device (10) according to claim 5, characterized in that the angle is 90 de-

grees.



channels (42,44) as well as a plurality of reaction chanbers (46) that are
connected with the channels (42,44), characterized in that the channels
(42,44) forman angle not equal to zero degrees with the, at |east one, gas
inlet port (18). 10 2. Device (10) according to claim1, characterized in
that all channels of a segnent have the ¥ame geonetry, in particular the
sane cross-section and the sane length. 15 3. Device (10) according to
claims 1 or 2, characterized in that the reaction chanbers (46) are

term nated on one side by at |east one cover that is transparent to

infrared radiatign Devi.ce. (10 cordi tp.any,of the preceding
clai ns, charact ergi Z].(gévq%%(l,?)i)]ggcorégg ch ar@%)?ﬁg? Rgecg{i% g%gps,&h%raﬁtﬁg%ed?%ﬁat
characterized by unthtesattibiRg@d1{323 iiy/piedheated to RRIKAE {ehiPerAteanid o Rgany of
the preceding clains, characterized in that the reactor elenment (16)

contains at |east tHipugbdbs s ialet part($3)(ane)the ghannels (42.4¢) une dedctormbaander
shapes and at angl eyglﬁctti@equal to zero degrees 25 with respect to each
other. 6. Device (1 53 according to claimb5, characterized in that the angle
is 90 de- grees. -27- 7. Device (10) according to any of thﬁ pregedi ng
clainms, characterized.in that the reactiaon gas (32) is pre-heated to a
defined tenper at gr éﬁ%ﬂ?‘? @Os%wrﬁf@g o5 cg%réctsaéed 1) that the temperghyiraisd t he

channel s (42, 44) i ptherahg@6t OL 56'1&1vilBR iherdibtion Pemperature.

9. Device (10) according to any of the preceding claims, characterized in that

10 it contains an exhaust element (24) with a plurality of membranes.

10. Device (10) according to any of the preceding claims, characterized in that

it contains at least one moveable sensor (50).

15 11. Device (10) according to any of the preceding claims characterized in that
it contains at least one multi-port valve for the selective analysis of the

gaseous substances from the respective reaction chambers.

12. Device (10) according to any of the preceding claims characterized in that
20 gas inlet (18) and gas outlet (30) port contain at least one geometrical con-

straint (38) for controlling the gas flow.

13. Use of a device (10) according to any of the claims 1 to 12 for the per-
formance of catalytic screening of modules of a library of materials, in
25 particular for the analysis by means of infrared thermography combined

with at least one further method of analysis.



8. Device (10) according to claim7, characterized in that the tenperature
is in the range of 50 Kelvin of the reaction tenperature. 9. Device (10)
according to any of the preceding clains, characterized in that 10 it
contai ns an exhaust elenent (24) with a38urality of menbranes. 10. Device
(10) according to any of the preceding clainms, characterized in that it
contains at | east one noveable sensor (50). 15 11. Device (10) according to
any of the preceding clains characterized in that it contains at |east one
mul ti-port valve for the selective analysis of the gaseous substances from
the respective reaction chanbers. 12. Device (10) according to any of the
precedi ng cl ai C | et
(30) port cont gﬁ ﬁ gtgé gf;%%%lb%lﬁgafep r?ig'?é |coca?t n?ﬂagt}f(gaflr%%é)ona@q?@% (%l)t
controlling the gawﬂhh@mmmleaﬂMgembmnmadéﬁDce (10) according to any of the
clainms 1 to 12 for the per- formance of catalytic screening of npdul es of a
library of materials, in 25 particular for the analysis by neans of

i nfrared t hernography conbined wth at | east one further nmethod of

anal ysis. -28- 14. Use of a silicon wafer (14) to cover the plurality of
reaction chanbers (46) with respect to a thermal canera (60).



