;e3e.\L6T.| T Device for performng catalytic screening 5 The present
invention relates to a device for performng catalytic screening, in 10 G@D
particular to a reactor for the high throughput screening of catal ysts that
is able to support the application of several (at |east two) nethods of

anal ysis, such as integral (e.g. optical) nmethods of analysis and at | east
one additional method, such as spectronetmmeMﬁmmMQEMOf anal ysis (e.g. mass
spectronetry), preferably in parallel or i uence. 15 Due to their
design, the reactors known so far fromthe prg®art are only suited to
measure with one nmethod of analysis, either |IR-thernography or, e.g., nass
spec tronetré. 20 A reactor for the |R-thernography screening of

het er ogeneou 3@%1%1@/&1@{%'%8% scribed in WO 97/32208. This reactor contains
a sapphire window in the cover that all (il t aneousl y observi ng by
t her nography, in this case, 16 catalystﬁWﬂHM@MWﬂmwm gas is dosed in via
four gas inlet ports that are arranged symmgtrically near the bottom The
four gas outlet ports are arranged in a sim T8t way and . 25 are positioned
close to the cover. The catal ysts are placed approxi mtely half way between
gas inlet and outlet and are arranged in an accessi ble manner on an alu

m num oxi de di sk. Thi s redbdévice fos pepforming edalytic stieenimgpl i cati on of net hods
of -2 anal ysis other than thernography because the products energing from
the indivi*dual catal ysts cannot be collected and anal yzed sel ectively.
Furthernore, the flow conditions for each individual catalyst pellet are
not defined sufficrently as to alTow for a detalled analysis of the
activity profile of the catalysts. 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
di f f er ences i Fhepiesenitvinvgntiomelagdsdoea deviee suropssfosmingpeatalyds seF§emBe, Phj s

type of reactor,.r i ns restrict react | . ha I

ot hor m B St dE B R ap bl ah TR RSenilRls A K Sl bleo,
possi bl e, in Qppbitcb Applitetioheofl Severs faofeagiofv@)téthbds R phalgsiv,esuthxdsur es,
due to the relatively l'arge gas volunme. The DE 198 09 477 Al describes a
reactor that integraldegf epticabrmeethedspiiranlysis gadalgast ene additenal methad, Mihh

throughput copdid I oRer ] fadifidd! JPhIIRE BESHEH bORFRALA! rfhangelns that

are arranged h%¥%E 6 m o matri X are s nmuf t aneousty” ex
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



15 posed to the reaction gas. A central gas inlet port for all reaction
channels is located 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 anal yzed sel ectively. 20 This reactor
nodel is suited to screen heterogeneous catal yst at a high throughput rate
wi th net hods of anal ysis, such as gas ct-omat ography, mass spectronetry and
ot her known spectroscopi c nmet hods. However, this reactor is not suited for
perform ng thernography since the thermal radiation of the catal ysts cannot
be detected fromthe outside. 25 The WD 99/34206 relates to a reactor that

is simlar to the one described i 97/ 32208. , Gas suppl y_and_gas, exhaust
t ake place f raBWflﬁé’%é‘iré'%‘im m%rﬁé}ﬁ' ?Ca’t‘??e&‘ﬁéﬁmq%éﬁ PIginge ramathe Adit r om t he

catal yst pel gkl cst St hst BY cBBaRS 7 Ioki Qﬁw t cover.
Slate is used as tchgggﬁbst rate rcramtt?eri algﬁc%c %Fal}ézlela %ﬁ%ﬁ@!ﬁ int 0|Pe§ ti(:1gse.
However, in tflovscandgmnstforogack sldiditlinal eatalyat pediesaremot Hefined sdffientlyessdo at ed by
a spe 5 cific,catalyst, i.s.not. possible.. Simlarl the fl ow.conditjons
around the &gy f‘y’r‘?tgfaélﬁi épalggﬁ oﬁg}e qg@yl&g@fﬁﬁo?mesc_a@%sés. \Qgs%gﬁ? ?‘f“A

monol i thi ¢ pakialmedxidé Akkalsed Tbr Mp@oﬁmtgomaéﬁagacgr&ﬁfy BGo0lophRiRUOgRACOUS
cata lysts is described in US patent 4°099 923. The reactor consists of six
convent i onal respeeteiot haay saussivitye Smalludiérences inhtempsthtuvietdannetabe detactgds i n an

t omat ed d i . Tk bes di spl : haust
over whi cn « rae e SO, eltad e B Efissl s, ThRtFhnS 1 RE st E 2 e BS e
Only one cat alysdf rédctér rein@fsGadtritied frdeagREs Rt hleatrodiy lexomsmaTeSscR akhe

concept of a gas inlet port. Therefore, this enbodinent is not suited for
catal ysts t haxydydpgaytyne geactigns. dlinglly; penlpsiens #ra popwble, i pastieulan iy the

enbodi ne on|J . for I o) . I ] . The DE-A
27 14 9300 olta¥e. S RoBiay oo RR G N B AR IR kB BILYGRE [)
nodi fi ed gas exhaust ports. Wth these ports, it is possible to selectively
anal yze the product gas flowi ng away froma specific tube. However, due to
the large 20 ampunt of catalyst material, this type of reactor is not
suited for tr%lerlagilaf%@@rﬂéénf?xﬁgewbe%@ gagtor dhat fouseddar screaming baiereaenfent i s

ited f i | , The) '
311 oo SRS Rt BERRO: ThE BT Ay 5o

t her mogr aphy.rate channels that are arranged in the form of a matrix and are simultaneously ex-

e,

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



25 A reactor set-up with 7 to 10 parallel channels that are heated by an
external furnace 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 IR thernography. A six-way mcro-reactor is
described by J.G Creer in Appl. Catal. 22 (1986), 85. 5 The reactor
consists of two reactor blocks wth eacid of the six channels having a

di aneter of 6 nm The exhaust gas flow from each channel can be anal yzed
sepa rately by neans of gas chronmat ography. However, the use of

| R-t hermography is not possible in this set-up either. to In sumary, the
reactors disclosed so far are only capabl e of neasuring wth one nethod of
anal ysis at m#ésd Windowdn the eover ndlateds pegshas the suhistrte rpatgrial fopald cafplysts
trometry. A degjisgkor the conbinatorial production and screening of
libraries of materials 15 under application of at |east two nethods of
~analysis is described in the application DE-A 100 12 847.5-52, however,
only in general terns. The nethods of neasurenent applied for analysis in
t he af orenentioned appl.ication are,  preferabl | R-f her mography in

conbi nati on WA¥EYeR 1§ this gases 10, seleriiifed ,Slsg%gth%m U5t SFGPEREAHOIOR SBR-her
met hods of; s . I gt t i 1 O+ , the
obj ect of 5t hFe&?%Ir égs{gﬁ?p?én%%?ﬁ%sghie\'/\g@l %lgi}ﬁrtggifg’&pgﬁ@ﬁ%égo@ggmggﬁ {(’::aetﬁ? ﬁat is
sui t ed, anongnaétieass ndtalefinedsrthisatsd asswell.by usi ng a conbi nation of a
plurality of methods of analysis. 25 A further object of the present

i nvention was to optim ze the gas supply of such a device with respect to
hi gh t hroughput screening of catalysts and to thereby facilitate, anong

other things, s 3eaR%hit Batallel fERGH! &5 the alSrdaBUCR AR heferfgereilatst -5

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



probes, preferably under reaction conditions and for nultiple, preferably
different, systens of analysis. These and other tasks are solved, according
to the invention, by a device that is 5 suited, in particular, for

perform ng catalytic screening with a reactor elenent that contains at

| east one gas inlet port and a plurality of channels, as well as a
plurality of reaction chanbers that are 4 nterconnected by channels,
characterized in that these channels form an 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. No restrictions are specified with
respect to t%@f FecheRsavithoa hew (hsat of sgaction: apd At et swiednintempledngilRg to t he
i nvention, SQh%—H{&%reﬁ\yt he materials chosen are able to withstand the stress
that is inposed o the reactor elenent. Preferably, nmetals or netallic
all oys are enployed, such as brass, alum num and stainless steel as defined
in, e.g., DIN 14401, DI N 14435, DI N 14541, DI N 14571, DIN 14573, DI N | 4575,
DI N 24360/ 24366, DI N 24615/ 246] 7, DI N 24800/24810, DI N 24816, DIN 24851,

DI N 248S6, DIANsx4wsgmigioneacionis dessrged bgIdr. Gieny insmpd, Catpin23 £596). 8- N

| 4301, as wel am terl J . react or
el emont 1§ ol 5P SO Vb Bl fpalSih S he BEEHERAR hahiis
recesses thatdiameteespo ndnt The éxhanp ighofiel fronaaphrobasict tanbsanatyzed sger, shape
and orientation, In addition to these recesses, further recesses are

machi ned i nt gatekeby @gans Pl gassiiEpmatogiaphy gyysyer & ?Pszee"(‘fr Igéﬁ‘ﬁﬁ??gﬁ&hy By nmeans
of these boriﬂtﬂfaoéﬁbﬂe%ﬁﬁ Shhbeithor exanple, to charge 25 the device with
gas. It is also"conceivable that gas is renmoved by nmeans of these borings.
The recesses may al so be equi pped with val ves, such as nultiport val ves.

6 Aplurality of reaction chanbers is |located within the reactor el enent.
In a further enbodi nent, the reactor, el enent be designed so.that it
conei sts Ur - (FUBERE, e e1ciens iasioged $p 18 46 R Leatols O BEB UG L e er
shape is pref yfdd'n%- i 0+ S o i i g r rt of
the reactor eﬁé@n’ggt? T gysllsn%?\r/l?é ’ug@?ﬁﬂpgleﬁ%%aiﬁgg‘%bgpgpggéq%lésgfsgébgbI y

i sol at ed fronremaety.ot her by means of suitable sealing elenments. Such
sealing elenments are preferably all neans of sealing that hold up under the
reaction conditions present, characterized by, e.g., high tenperature and
hi gh 10 pressure. Possible exanples of application are graphite seals,
copper and/ or Al &%iicesi%ﬁhge cohMin@SRAIST8RAon GAESGEnin@SF HERFes Bf fldicbialkont ext
refers to a connection between two openings that enable, for exanple, the
penet rati of ofnder fapplichtioh rof g keaptamtosmethodsof analysisas described it e applietr ough

the entire react I . oA hannel can. displa CroSg: QN ar ea
that varies aﬁ%’?‘ngﬁ?%b?ﬁgﬁét %4%?—5% O‘E%va?ﬁn%rpyd? R lgeéwsb;ﬁe ﬁe?%&%r%é erred
enbodi ment,  ofeasugeshtApplied FanaBetsi it aRf@entibhel siplisaticieat] prfdraar ea of
t he channel can be, for exanple, of an oval, round or polygonal outer

contour, di spblyRdhermography incombination Bithneet NeAss SPRETREISH Yt BAS MY
points of a 2 olyaon,, Ho er., r an equil ateral pol ygonal
Cross-secti On?q@apg&gqu)tttpé&l%g Og%%gﬁﬁgﬁgpgan run straight and/or in curves,

however, i251 a preferred enbodi

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



ment, the channels are running along a straight equatorial axis. The
geonetry of the reaction chanbers can be described in the franework of 25
"channel s" as well. The reaction chanbers as such are preferably connected
to openings at the surface of the reactor elenment by vertical reaction
channel s that are adjacent to the reaction chanbers. The reaction chanbers
are used in particu lar for accommodati-iy t he catal yst sanpl es.

According to the invention, all channels of one segnent are of the sane
geonetry, in particular of the same cross-section and the sane | ength. This
hel ps to ensure the equipartition of the fluid flow of reaction gas. Only

by i nplenenting the sa 5 geonet.ry fof..the nnel.s. br.anchj off froma
recess or fr@#&?ﬁ’&rﬁ@aﬁ%%%é IreqC§°¥P © d(’Bt %'}Sbalng}?romgh?&f? @r?qgfﬁbf}t%ﬁﬁgﬁeg{dcti on
gas is equal lsystethsbfaiiiystgl in the direction of the reaction chanbers both
with respect to the anbunt and to the flowrate of gas. It is therefore
possible to define a specific level of pressure wthin the reactor el enent
by neans of geonmetry. In this context, the term"segnment" refers to a part
1 owthint evi ' t ' ' I _cpt ai lyrality
of channel s hﬁlg éé%‘f\ﬁ%‘%f ?#%égh%gsr‘?&‘%gt g%é’%\dt%s{g%r {ehggg&?nﬁl\? r§?’ a‘l‘%)eggcﬁ?ﬁé{elgt he
equi parti i oRuidd, il particulat] f64 getforinle datdglid techitadWRA 4 radctoraddethétitshant with
respect to the channels supplying themwith reaction gas. These reaction
gas supply cleapigiisst dpast wreegaérlalﬁ? poré ancha phyalitx of ichanoels, anwell gppmiwal-
preferably, f i f or
their part, iI%r’?%'réb?lce&g%@)%%q@ﬂ%%@ﬁégﬁbg%ggggp 3%;}1 5 ’Flé%rg Flg%dgﬁgh ters
that is arrangsd chanidiefdrmran aiglendedgualdoizerd depreaswilth thef at leas one, gas

equi partition of distances for the reaction chanbers. The scenari o of four
channel s of tIAELRYEe geonetry branching off a channel of origin with the
goal to achieve equipartition of the flow of fluids in all four channels
that bran®h off, is referred to as a so 20 called quaternary system Such a
systemis the preferred enbodi nent for supply ing the reaction chanbers

Wit h reacti orTlgasactéc clenediinghose duhea shapeist iroprindiple, get\testeicted in any svagn

| R-transparent cover .adjacent to one side.of the reactor elepent,. At the
sane tine, tHPYY RHIRAIZeh €88 the,ghapg @ 3%2%‘ Lﬂ‘veﬁﬁlc?% Fe S0t Rtk FSer on

he side th ‘ | i
the side that k& gﬁ@?ﬁlﬁgf?_ﬁam ﬁegﬁg{l] g@gﬁ& %cﬁ?@ﬁﬂﬁh?acc-gmlﬁé hink higraRas,ent

cover is pr efsgr shape an al so consi st of Several parts. Such
enbodi ment s isoohg astheseaterialb cheseh sracabie td withstanbthststreds thatpk impésed pnof
smal | er cover

. In principle, .all. materials at are transparent to '
Rt adi at on 6 £easis o\ eapite Brogfablur Rt Or il ol ok FREISYn e 1 e,
bari um di f I uoghde a1 3QeimMndostsiflesd ke ANGYREd 3,/ d.£ ODINEL 01 SDINAA8S) are
enpl oyed. It Is possible, by virtue of
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.



_g_ this design of the device, to position the thermal canera outside of
the device and thus isolated from adverse reaction conditions. The device
according to the invention contains at |east one nask that is positioned 5
bet ween the reactor elenent and the I R-transparent cover and that displays
uni formIR emssivity. Preferably, the (gask is positioned in one of the
recess areas of the reactor elenent. ase of a design of the reactor
elenent in two parts, the centerpi ece of the reactor is reduced in its
t hi ckness, preferably corresponding to the thickness of the mask, so that
the overall thickness of reactor centerpiece and 10 nmask corresponds to the
t hi ckness of AR RITED
addition, t heAr gﬁrﬁlﬁ gf‘reaEh(?lgc\:” Si o%dlfS gféagedgflgﬁlgﬁgh%&%%BPFlgﬁn%nf t%’lg%rh{lag
| ocat ed bet westbotimeentbk rmﬁbrtetmmmmwdwe desigmedso ﬁradxttcbasistis optvoy pats he
equi partitio i5 the fluid flow To, ensure suff|0|en deqr af
ceal 'ng wi t h 17 QU BE o reBRET FPEP e EOH TLGoRERe df BIRSHADY Ik h e
| R-transpar eRinhe@yé in LR bl%ip@&‘ %uf@}f)ax@ o f MedRadir ciefehi TRE ?Adu'nﬁhél rré‘e{és par ent
seal s between reactor elenent and mask and/or between mask and
| R-t r anspéar ettioncbembers e prefesaipy tolates from esednbihaybyrmeans cfl spitaldé eeabnge is
made to the terials discussed above in the context of isolating the
reaction cha @%gai nst each other by nmeans of sealing el ements. 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 tenperature artifacts due to differences in
em ssivity. $wch saaling ¢laments aes prfeﬁaraléxaﬂmaeans (cf-seplgrgathainapld uppiiderthe

According to th S i_nvent ate.i.s used, a k referr terial
for the mask.F ﬂeﬁlgg é\%ﬁm S &R ﬁraﬁg %bé'u pets H@s vl’tgptlfrﬁe &E‘ rences
in tenpergt unRedBicVPassitib@xambRE &S?Tapﬁfﬁiaﬁbh ate gﬂﬁm'fté”l@ea&Q cﬁ%ﬁeﬁ aHddt hgd and

may t herefore dll stort the neasurenents. In a preferred e
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  “charmels” 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.



-9 nent, the openings in the slate nmask correspond to the openings in the
reacti on chanber in nunber, cross-section, and orientation. Preferably, the
mask is | ocated between the reaction chanbers and the thermal canera. It is
conceivable as well that several different thernmal canmeras are enpl oyed. 5
Preferably, the thermal canera consists of one or several IR thermnal
cameras, enployed to determine the différence in tenperature between active
materials on the one hand and surrounding or inactive materials on the

ot her hand, with spatial resolution. The results fromthe neasurenents
taken with the thermal camera can |0 then be analyzed, e. g., by neans of a
data processing unit or a conputer, so that individual reaction chanbers
can be resolved. Preferably imediately afterwards, these chanbers can then

be subjected to further exam.,nin t hods, such as nass. spectronetry, gas
chr omat ogr apHiecordaRgie téﬁ&é’@%@b Bﬁflqe e%dlfr‘)iné SRS ﬂ%qfih? FHCOMRGIrY,

spect roscopy,;, &l P tHevd il h¥s-Qtid i i frrits f 15
t hese net hodslII.1 %ﬁtlilatﬁ aé og@eﬁ‘ éer r edr bgsn%g?ﬂeaﬁfﬂah%ﬂm{g\} g’r&,tﬂ'n’%@l\é\%se%gég?gﬁng?r y
and/ or gas chhoeptpatiamhyf the dluipfibwed readtoi gasoOaly e amplageotingstheisamat i ons

of nmethods of analysis. are |R-thernopgr [ GC- M5, |R-ther r gphy/ Raman
spect r oscépy B°PRE .Z‘?rntBS PE?}H’S%S&F?E@F ‘?a/fg%)é’?" ¥ ROSiret ‘HE@‘BE@‘ T %g‘f‘é?l 18
det ection W i, @M fAlnsliRdtheahe &idxggn gaﬁé ﬁfquiﬁif&igﬂrﬂﬂte\ﬂ‘ ih M & Bedsiealof

i ndicator/GC, color detection wt chem cal "i ndi cator/dispersive FT-IR
spect r oscopy,theteactionehambers itk stithockpeai todhe swawwrand 4o thenfdow rase b€ gasror e.

Further details wth respe 0.conbi ni n t hods _of anal.ysis, are given in
the appl | cat ilbre Betstorroppeamiosley Eie s Sp e i o2 oo B8 St dnieelry T

furthermore RYGHERLS rhéhns OF EEsihetiy) En tHESdbntekt,Ahe tohe “TBASHIe FETeE $o hpartt her mal
background radi ati o occurring under reaction conditions. Details 25 hereto

are gi vent0i n withigghadees agopted & thedneanbion ithes sontiginstapluralifeaf Fhaangsyi ce i s

furthernore characterized in that the r Ol e ng .C ' st two
heati ng el erretﬁgtscc{nﬂsgt ?éa%a?iﬁﬁ%?mss ﬁ?}gg‘%ﬁ% d Té)r %@ﬁgee%leaet%ﬂ&%hgﬁ’&a%f i!rkllgt equal
to zero degr e@sid TRWAthe/Rattonetambeishes equidistaht Witk Gesgeg e @t drhigds ke
preferred angle. Additional enbodinents in which plu - 10 ralities of

heati ng coi | sPlgingithemiwith reapiian gas. Ahesedpachinp&as Fypphe Fhangpels asgpesderedblyc or

zi gzag shapes %&?edcy&ﬁalwgfcgﬁ%xﬁﬁgw%@g, rf&ﬁq{ogszﬁ%aﬁ%ﬁlgfthét hgadcRventive

device is heated in-a <u neans o ese heating elenents.
No restripdi osff afd en&peclot itlesdr part,nintoethp aeiction dchambete A piuralitytdfacadmhi ng
el enent so long as it ensures that the reactar .el ement i s heated '

suf fi ci ent | y. Cambersethet i grangsddnithe Brmiafe maug it e of RisABIPETIRIoRr ap) y
realized as e F&Et&ﬁ&e@lf?lhﬁlgtrb&90ﬁ ght bermvs?érgﬁ%r@ Hey é}{%ﬂgag QPHEOQHEEN S

are concei vabl e as wel channe at are y heated fluids and that
are arranged gemeh§ brasghimgloffa dhantd@f begini with &leegmahtosachigveequiparthimat i ng
capsul es or acjive, hea uppl y means of heati gjerre ts that are
attached out s @ecﬂ?"i’l‘? fﬁ’éﬁ‘dpcﬁlpéuéﬁgmn.e&ﬁh@ W@ﬁ‘%}?ﬂ > | 1§ SOAS P BT fitted
into the pecesiry fihfeRthy ¥ydm [ RN LaclR is&hePRErY 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 [R-radiation are
applicable, preferably, however, sapphire, zinc sulfide, barium difluoride, sodium

30  chloride and/or silicon (e.g. Si wafers) are employed. 1t is possible, by virtue of



they can be part of the bottomplate that is attached to the surface of the
reactor elenment with the surface displaying the openings for the reaction
channels. The 15 preferred material for manufacturing the bottomplate is
brass. Preferably, the heating elenents are arranged in neander patterns on
the bottomplate in between an array of recesses. Hereby, the recesses
preferably correspond to the nunber of T&action chanbers. Preferabl y, the
heating el enents are | ocated 20 in grooves of a, e.g., u-shaped
cross-section. Provisions for these grooves are nmade on both sides,
preferably only on one, in particular only on the side that is directed
towards the O +ahl hﬁﬁg{ : is of a
simlar di ma?}tg?g%]s‘? sgit.ﬁg%ﬁglg'? i trEl) oglltlg?ré%% téh%ggalg at (ﬁjemﬁéeg%lﬁ%g&gfbg\r?eﬁﬁt s do
not pr ot r ude tlasasdated roguadvarse redctibheoiditionsn pl at e after they have been
inserted into 25 the grooves. Hereby, an even contact area is provided for
attaching the bottomplate to the reactor elenent. In order to distribute

t he heat eve ' : Mg i | St L or, for
xanpl o it HaC SR e deqeito ety R e RAIRR L PisAnciinatf that il phidctish

el enent, bs betvweenuhbreacts elghént ahdghd ERttradsmrentidoueioand thapdisplaysnhiy

directly athg.che to.the s'cés Ol;l ttﬁ]le boi t om BI ate.t hat f‘cBntai ns 30 the
heating el end?s I AEpSSHIY Erefgradly, fhe guask i Postaned ypus of the reeesicdltasdtanat i ng
-11 from t he thealab g cRInfIE NhScalé of RedBiht Mo r@cfor¥MRerdtNg th8asakisOthe
chanbers of the reactor elenment. In the preferred enbodi nent of using two
heating el enmsatterpidnetdf the staciey ieteduest in ity digknesse prefitrgblyroomesponding tone

pl ane, with e.heatin | enept  bei rotated. rel ati.ve to the other

Bl onnt - pr el Lot LB G Resafof e oVell dfightest ol el chEmitediing, ; ng

el ement s jios Rh&kedorlbponds ab itES chibkRER bhehe baler, Hingd §RpEPph@BfRhatréactothe heat
distributor is preferably disk-shaped, wherein its outer contour preferably
corresponds telemdnd. cent er pi ece of the reactor, and it is attached adjacent
to the 10 centerpiece o f the reactor. Thereby, the heat distributor
borders on the one side to the mddle part of the reactor and on the other
side direct! yinGidditiel tess may B efpRowdsibh fofliardisk-shaped @lchivat ek tionodatedt €. The
heat distributor furthernore contains recesses that correspond, preferably,
to the nunberbetwessthe srasksad itheregeios glemand andthat frapioves therquipgtiid ef t hat
branch Of{5 veth%)hﬁi%lté}]&fromthe reacti on chanmbers. These 15 recesses
preferably enable e t hroughput of reaction gases. Preferably, the heat
distributor is nade of a material of high thermal conductivity such as

brass or copper. @Guiding elenents for the reaction a‘as rrg)g be inserted into
the reaction EhERWE: & spidicient degipe 0 sepling| Withyrespard & el Pepiesatedfioyas.

These el ementg.6al sk Gnd m-tfﬁggdggrﬁscogﬁré jpgél}{fééBﬁ's mRY HeShad! Yor HadRionh

ceramic materials or stal nless Ing efenents for the reaction
gas are part|R-oansparept sdalsl hetweaerepetdr eletment drel mesicariddor hetaeanaingsk anglich

t hrough the exhaust el enment and the bottom plate, .and protrude referably,
into the #khafsHaRRBATHETOVSF Vi resprede i aterial FedbRyncs Handslsta, g 25
el ements pr evﬁg&ﬂafs 'ﬂis&%s%ﬂ%l%@er in tRe EGRGHtI0? Nolitink 16e ﬁ%&%ﬁﬁéhaﬁfb@%‘h?ﬁin‘éﬁ th the

tl
material of t eat distributor or with the bottomplate. In a further
enbodi nent of eachethee hy means of sealingelemients. gas is pre-heated to a specific

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 materials
are, for example, B-SizsNy4 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-



tenperature while the gas passes through the inlet port and the channels in
t he -12 reactor elenent. Preferably, this tenperature is in the range +/-
50 Kelvin around the reaction tenperature. Hereby, it is also conceivable
that the reaction gas flowing into the reactor ele 5 nent is already
pre-heated and is brought up to reactiomytenperature within the reactor

el enment or that it is brought to reaction tenperature solely within the
reaction elenment. The advantages of heating the reaction gas to reaction
tenperature within the reactor elenment are the followng. First, unwanted
reactions are avoi ded between the reaction gas and the materials with which
it gets in cafyngChe @pehings Wathelsdatt andskeoieamindan thhaphithgs iRatopehctibhe
heating of the reaction gas can be controlled by selecting the | ength of
the gas i nl etchimbgr iginupber sHRssseetion; ard pracntatiog. étﬂfﬁfﬁblbff the eask dnlocptgd

el ements, so I i E%ﬁh . or on
the reaction b‘é@‘?‘““éﬁ?ﬁ F‘%aﬁg&? lﬁgﬁ?%eggtgﬁé ?1&::{& grr%az rcfri Ugﬂs %ﬁﬁ‘g/&{%}aé)%fa‘?gﬁyst
probe react s thitséverdlalifferent therina) @amerkS afaempieysi. de of the bottom pl ate that
is opposite to the heating elenents, an optional exhaust el enent may be
envisioned. It borders on one side to the bottom plate and enabl es the
confl uence of - NGhi, V4 fWatar $itrtdaPGhndPaLRE,-Si Nal e
exhaust st r R oty B/ et R CdiRisAR oplt oF Berel I T B B8
steel, parti qldyedlty dpteehmertbel diff2ferce ivibtnperaete. betweeal sstive omteaialssomthe
matrix-type arr f recesses that, represent a continuation of. the.recesses
in the bottorﬂnﬁﬁé‘l’a agﬂéupﬁgyggg@rimaqt 8%%%‘%}%@%‘?‘8 .haﬁd’. Wb sRetirlexhaust
chanmber. The ;gafiaith THE resufts h@th ihR rh&RuRKIANI bk He themthl $ahaadad.
preferably, via a recess in the formof a through-hole out of the exhaust
el ement. @5 Abaobelamajyzed, tlge byrmeansiafra, dathprogessingeundoon acompuiar, e ibaist

ensor, such Beviltalismion ey ey Syl BrseEe imsbdinaVaBETHES ©

element. - 1BeRBY%hHSbAE cal et YRRl 16 BN exdrhiniy MOHSHL sEH & mass
sel ectively access the product gas flow (reaction gas enmerging fromthe

reacti on charspestiondtrysrges ichupimategraphy; aorancpedioasem orahehries trangfpym dRt he

products wit or. with several .ngt.hods of . anal ysis. [ chi eved

by penetrat | g iR refiensdnd it imeEigaetsy of sl dintPaten AEFE B o d e The
nmenbr anesys Fuhtahsmbds. Iﬁiltlﬁ@ﬁﬁef@ﬁeﬁeﬁﬁbddﬁnéﬁt,ehwmﬂ,%ag%*Feé&dhvét@yanmnS of a
sensor, wthout using a nenbrane, is conceivable as wel| if the sensor can

be attached tgpsshramaipgrapluairerapplied. dxiditinnshmeaningfil gersbingiens ofapmedspy
th i tabl . i | i i
may “be' useq sTAENAAsE IR JusbloatankWGEREs ARB IS nt ARt BeblrhecBhy 200007 S

the results 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 t;) 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-



10 of | R-thernography, the sensors can be positioned at the reaction

channel s that are connected to reaction chanbers with particularly active

catal ysts to performfurther 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 analysis

of individual product gas streans, rrulﬂcb1e capillaries may 15 al so be

envi sioned for the product exhaust from one reaction channel. Therewth,

t he product gas stream of one reaction channel can be investigated

simul taneously with several different nethods of analysis, such as nmass

spectronetry, 7%1\5? r opy,

I nfrared spe g@ié’g%@&wy%”’r 0 8§8§&@§g%}nu%ge§§@H@%ESR

spect r oscopy zighifshapedar2 colBivabtermsgvelphy, and Moessbauer spectroscopy.

. Other sensible conbinations of nethods of analysis are IR thernography/

. GC-M5, IR thernography/ Raman spectroscopy, 1R thernography/dispersive FT-IR
spect rOSCOPYThE% tordéi%f/% t‘ thed Melﬁﬂgrﬂe%'e is ﬁféht%ﬁtlﬁre/ Q@tabﬁ%‘éﬁn&%ﬁc“ on

wi th chem cal ca or , color detector wmth chem ca

i ndi cat or #di amansof/meFeThealﬁngptﬁmantssbbpystriaﬁmiswé sp&ffiadi wih e¢spedtrtorthe and

el ectrochem ny others nare. The ranes c be .desi gned
as sinple pi ﬁ%g% °ﬁﬁ€?<i‘e§ﬁ¥r? ﬁ‘@¥ eﬁmgl‘?é eﬂ%ﬁ’s thggg% W&(}tobgflé"tﬁﬁ‘? pbed with
one or nore $eRtR sQfﬁc'i@%ﬂS}sTBQ'he&tﬁ%”él&ﬁenﬁ@@f%é)ﬁiv@ﬂn'e“&’év‘{éedbi@' rbfet By

simlar to, e.g., the iris of a canera. The material for the -14
menbr anes cameaﬂnesed es gleptnsall lieatimgcails. Hewptéfrrathqrfellw\wgmtvdnmmaﬂewonat erials

such as Kapt on. | ar con ctjo t.h a i e _mask, a
punp nay be ﬁFléf?l eﬁl#ﬁg 18&8% te%gar ged\éﬁ‘ﬂ%sg?;ms\&}gp @E@{}ﬁe Winhin the
exhaust %en‘%&ipon&lﬁg S HRTRalng SlefkeatsloY, ©f., hebdinalchpsulds dr acEwSheat!Siigpdy i ng,

thus ensuring that no reaction gas can |'eak info the environment in an

uncont r ol | ed byansass of eating|etendnissthgt axe altached pwéldgﬁéwga@@b@@mw&m | owi ng

L I R R R L

several mult 'th%%dn deapate s thet botdnPplate hhteis att@crheaxanm aurfdce ofitlsd réabiot e t he
di schar ged pr ct gas flow of a reaction channel anong several_ deyices of

15 anal ysi s. chmaent wikletheesugfang digplayingdbe é'ﬂerbngﬁdf%tth@é@c%?li ehappelss Thesi | y

possi bl e this streans fl ow ng out
of i ndi V|1(§ualpr¥¥§%$%;rl;nfg Pydré"f' ﬁﬁggﬂ{ on c tanngllgs a%@%e di schar ged
separately and subsequently ana |yzed separately via a valve switch. 20°'In

a further enbodi nent, the device accordin o the jnvention ntai n at
| east one gedirelerablyithe featingzl W{leﬂt%é@t"é'@ngf‘{ f‘h’é‘ea?ii?r PRitEns Hﬁgﬁ%mt?%? with

the purpose qfiag ibeldchafl & 09??0ﬁ§6?‘§% ré*&mﬁéﬂfeesﬁ,slw% Realhiy (6fbdRfd

geonetri cal strarnts refer"to eri'ng of inlet and
out| et channabshehtinber dsﬁn‘eaustmnauhdmbersahte&rabm,ethcé)aa:tung)demhm locatedr der to

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



ensure an ideal distribution of the gas flow The individual geonetrical
constraints per gas inlet and/or gas outlet are preferably the sane and
have a pressure range Op from 10-4 to 102 bar. -15 The devi ce accordi ng
to the invention is preferably enployed far perform ng catalytic screening,
in particular for analysis with IR therngraphy in conbination wth at

| east one additional nethod of analysis. Perforning catalytic screening in
this manner with two different nmethods of analysis is described, e.g., in
DE 5 A 10012847.5. Reference is nmade hereto with respect to further
details. Particu larly preferred, the device is enployed to screen

het er ogeneougroaiitl heatifig eitatenty S tA8Wott6n Fatel Jatctne RhetiBil éHahﬁJe?s of the
particul ar organonetal | | c systenms, organic com pounds, such

phar maceut i c adactontsiamant.ds th@praﬁfrreadsemhrdrrpesn of aisingtteoi herting shnpatsr bethl ar
such that ar de .of in n| C met hod
accordi ng to%{%ﬁ‘51 &IS 5’% ierfl yﬁﬁaﬁé 1eo15eP é%eplv?igho?éa‘haa?Tgt g%fﬂﬁ'?qcm

areas in whi %Bmfv%mﬂd%laﬁ% to fhe ®thet QERQsHIL, gjr@fefabw by90rdegrebd) #erq tergy
constituent, are produced and investigated with respect to their useful

propertie§. Avrpl¥ forrthgbentingelemants i Breéréalar repdized i&éznbthﬁéyka@fcthe hptome g
phar maceuti cal _formul ations, formulations of food, nutritional suppl errent S,
feed, feed s& %’6 Tenents as wel| as cosnetics 15 products The expression

"l brary of materials" used in the context of the subject invention relates
to an array of at least twp, preferably 10, further preferred 100,

parti cul arl y Thedeadiggbuter !SCPTP@U@IY ﬁﬁlﬂ‘sb%l@ﬁ WB‘?fémp‘FSe‘T'-E‘FfrC@&t% prederebly, 000
ol es hat e 20l 06l Erledy o SlackPOudd 1T 8BlORSIIRD S RTDCT

of the reaction e Separate rom each ot

expressi o " reefdipiecerofithe seattor. aﬁ‘h‘eirélgll Ehed&afat memmmrtbordm on thel @eadidadtoi n one

of the reaction chanbers of the re with th act i
FrigdiEsH

chanber s bei i prddie payt of &be FP‘E}H{ dlﬁ"rﬁ“‘?’ -4 E’i‘a?eg‘l" one or
of several c Q:pegﬁofi-to%efmm fatd. fﬁ\em&w wmbfurggchﬁefeeebrﬁﬁnsi@y ned

above are made’ o - gaseous na erira suc as so , liquids, sols,
gel s, paraf f icressieaslmﬂ cottbsoad cprefavably; totthe eambér pobisvmané she diigpatia @ihs,

enulsrons suspensi ons, th so bel articu 30 |arl referred.
The nour es. JBSEFAPROR Hemasls st ran eVt BCRot theitar tn Slamhstr. Thet,
mol ecul ar,s0r BORs DL LAY eﬁslﬂm@{m@@mavsﬂmﬁ&r BAeqt PrRAsallY, rmreur es or
mat eri al s. The expression” "non-nol ecular” thereby refers to subst ances t hat
can be alt er afistebutptis mazlecbf(mmatemahlolf)hlgnﬂlenhdt canduetivityt sushegsobrass pi
contrast to "nol ecul ar” substances, whose structural expression can only be
varied in di sS©PBfe 5 steps, such as by varying the pattern of substitution.
The nodul es of the conbinatorial library of materials can be simlar or
di ssim | ar _ _ .
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, e.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



Wi th respect to each other, with the latter being the preferred case.
However, in the case of optimzing screening, reaction or process
paranmeters, 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
excl usively contains identical substancii. As far as the IR transparent
cover is concerned, separating the plurafi'ty of reaction chanbers fromthe
thermal canera, a silicon wafer or a sapphire disk is utilized in is the
particularly preferred enbodi nent. By using the device according to the
invention (reactor), it is possible to sinultaneously apply two or nore
met hods of a i i | pr a :

nmet hods of aﬁ%cﬁ ééerflﬂ{é]% g?ré@g’?ﬂeyxtgrﬂr%l@%@% Fuée#rﬁntgég}l%‘%éﬁ C%ﬂﬁéﬁ’tgg arf-(l)u-ﬁ\&/evi th an
addi ti onal nehdeedcticuempastirass spectronetry. Thereby, it is possible to
charge each reaction channel with reaction gas separately and w t hout
cross-tal k between individual channels. Therefore, by using the device
accor di ng to grdigyy, I &NisPBondelvabR BESHE L&A %@Fﬂo@&}iﬁ{g #fto iteRlabioy eRCt i ve
conponents, such as catal ysts, by neans of a thernmal canera and, in a
second st ép, metdekbeadyvpkshedst andiindreught up tojueastiph yemprsatpreowitbinsthe

contained in the di,schar f. these onents. e.g. C ts means
o o oY IaatRESnRY e i b BEEEnERERIEE oo AR BT e oy o
catal ysts canjdpcelembne TaE alivarfadds Gff he&tiipt B rédciBn ighé & Wattidlichipinitas been
possi ble with the nethods and devi ces di scl osed previously. -17 An

embodi nent ofwithia thenspetor clementrare dre folowing. Bixg wnwanted ieactiopapre aypidedans of
t he encl osed .drawi ngs. 5..Fig.l . .Sch { C. i.0 . di nent
o the. dovi coREenn R repite Bascord (REREB I RhRHLRAS konller B AETRICT T2
view Fi gy 2:10968 iAot cagitie SSebad, it hédting RE tHeo@adtivh @k earbé cortfvlledg. 3:

Schematic representation of the arrangement, of heating_ el enents.
by selecting the length of the gas 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.



Fig. 4. Cross-sectional view along the line V-1V showmn in Figure 3. Figure
1 shows a device 10 for perform ng the screening of catalysts. The device
15 enabl es conpl ete access to the catal yst sanples under reaction
conditions by neans of a thermal camera while sinultaneously, conpletely
and physically shielding the envi ronrrenﬁ fromthe reaction gas. The

shi el ding contains nost of the thermal” 3di ati on emanati ng fromthe device
material and distorting the tenperature differences between the catal yst
material and the environment. 20 The enbodi ment of ,the inventive device 10
shown in Figure 1 contains a Silicon wafer 14, a slate mask 25, a reactor
el ement 16 V“B}huﬁngéécﬂ A lnfdvabRrdendkB; it 3s Béﬁs%l’é’”td?ké}é&wgﬂr WcbR e ?@&dcf‘g

el ement 22, as wel an exhaust el emeht 24. 25 Cohesion bet

i ndi vi dual elgesrélows (rcagtionegascémerging, fr@nqhqt réaction ghambér) oif aongi mglvuluelrent S

and/ or fastener o] el enent s

realized as rrFar‘fB éﬁﬁ PP%@?{%‘BB@C&%% EP@GQI&I{WB Lﬁr{hé’a&ﬁ& ng

el ement hol d%nmls»ﬁslﬁcéers@rssme@ea b9?>\éﬁétrdtlﬂg r@rl@ﬁenrerhntehﬁ anevéhfoedblé he
device while, e’ g., a lower clanping elefrent is | ocated on the other side,

which is pr efselwrsembwdd@slrgmbran@ gtthermoze, fdikscieadaogss ol dgemoduct igas
h respect .t erlal of

Phe. cf ampi ngriosPEmAARE of armel WeRBR s X moihinry oanor kIS 8 PBlgTas "t ne

nmaterial s ar ah€ spebd nte aatinel tandiin@vidas! BhdtRaThhma id Elfg)is-ﬂ% & expesed to.
Preferably, nmetals or netallic all olys are enpl oyed, such as brass, alum num

and st ai ni esPysather suitablg magng; In|acssidl Birthen erahadimentng plusality 1f sgqusgns may pi N

240157 24617, BIRCS RDGRIFERY, B R8T Mot il Aoty el B ils Jhc,
DIN 147670 Didf IR4héitho CfEMHy;LFhE Génsofsl diin bé PésitionddNt fiIBhctio2hamiclvidt ateel are

particularly preferre The use of ceramc materials i s conceivabl e as

vel | . Both clanpiay 1 maenschapbersi with pagisulady aghivg eatalysty to parfonm dura s
through lo h%@ﬁmb@ﬁt TRE ?en‘éérﬁqret&ési mﬁ%&}ﬁ%@ baabanl ,;tﬂ/ AeGh! g

el ements. The upper cl anpi ng el enent” particul ar erves pur pdse of

hol ding an | mempﬁsrlemﬁbummrcuhﬂyrprefmabe thired drmemrcmisermwyeweml g¢verd as a

di sk. The selectiq l.s. for this disk is not tri so | ong
as the mat eriBPE & ﬁt%f'e (g ndigidpalneduch 835 ey Wﬁlgpf?e@i"ﬁéﬂeﬁimﬁﬁny ons
and are tyanspgy ﬁ@&n\tlﬁoh&f t';c])?'ﬁfe rB&'lgdt Ah chfra-lﬂeong'rédﬁloﬁrcﬁ&ﬁfeﬁbf%rﬁwﬁi l'i con
waf er, has, according t ent i1 on, e particular purpose of serving
as an LR-t rarihp@rcelmbt gasrsdemm olﬂenetbpptum ¢lennclmtebe alvestigajedosmuBatoasywel |,

such as sapphl [ um.di.fluqride, sodiumchlorid A1203

fid
Car2, G & Agver%odrif” reg'%@gfhoaaar By SUch geabs SPEREOTIETY: 428 CB1O 5 20

well as 1G rr%ﬁro P mnﬁﬁ%pea%sbbﬁwlmfrbﬁedwpemswgy
silicon are the preferred materi al S. is also conceivable to e oy any

combi nati on oUViWiS apestropenyi DIVERF, fhwtestaace- andhESR ppeetiasaoRy, INMBr@Flér red
enbodi nen |sk|sa5|llco waf er and borders_on. N edo the
upper cl %jpl ngg%q@??ﬁﬁﬁapg%cfngr]lv{??‘f %‘Fﬁg)recg?%gpi' ogflﬁr S@é@i‘?gﬁ%ﬁg ong Oft 25 The
upper cl anpi nge@b8RITt adafldls % FROVhehRBEPhHS @lwtmmﬁmgmmaﬁrant he
device can furthernore serve, for exanple, as a sealing device and/or it

can prevent usnesmossapy.RR dhermogtaphy dispersivn IFRIR DeeiFoseeDy: ciolari detersiont i ons
of the ther | bt\f)a glCalb%dﬁ%P/idgf cdilid ldEt@&{o%l %' E}ﬂ:mlgaﬁ ﬁlﬂicﬁfb&)é@-m(:h

enbodi nent s,

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



30 effects such as back coupling can be avoi ded. -19 The | ower cl anping
el ement positioned on the side opposite to the upper clanp ing el enent

term nates the device. The | ower clanping elenment is connected to the
exhaust el enent and establishes, in conbination with the upper clanping ele
5 nment, the gas-tight cohesion of all eL%nents in between. The cohesion is
prefera bly realized by nmeans of screw cohnections. The tightness of the

i ndi vidual elenents with respect to each other is achieved by flush contact
bet ween polished surfaces; if necessary, additional tightening can be .

achi eved by nmeans of a graphite foil. The function ascribed to the | ower
clanping ele f gggm th the
mai n functloﬁgﬁﬁ¥£%ﬁ E#Eﬁﬁ%? gﬁ%%ﬁﬁtﬂﬁ nenpyBg¥ﬁ8? %?@g%gtegﬂﬁﬂ%%agke
exhaust el enKaptonThe main function of the |ower clanping elenent is to hold
t he exhaust elenent in place and to, if necessary, contain elenents of the
anal yti cal devices. Furthernore, 15 another function may be to hold the

ot her el enen t r

ol anpi ng. of crep oAt QU ERGb I E el phRGIethid b Mhulf fuly b RS

just 1ikest héhatpoesed ¢d arqatemgn@aanepteﬁsmawﬂmr thlqe’IthSé clemend, fas exampleal i ng

el ement, for_gas,suctio radi a as..2..£ap y

gui di ng el enmtAErally, offqdia q&'s“ﬁ%’r g%o%‘f"ﬂ?”oﬁ%gﬁ P fﬁf‘fmgg r@q‘tﬁo TeRAUEE éagé%{ém tion
of , for examplaRinthMee éfiionhdHedn dalmesntrdiled ndmeker red fastening el ements are
nuts and bolts. Alternatively, other clanping elenents my be enpl oyed,

such as spring clanps, or fasteni ng el errents that are 25 part of the

preferably ring-sh dc mpo ent s et er
possibility ,l['[’ggsggaﬁﬁge‘é ﬁ i ﬁ}?l W%’ﬁlsula bﬂ?’% &H O(der}‘?gésg?eawa rg%('}:rponent S
agai nst  ggch (igh NBhmbBrsa tifkedivied asbokdRK to Aﬁe sieWion Iihzﬁl gottginlatalsasteink, t he
reaction gas 32 is supplied to the device 10 30 preferably fromthe side

via a gas i nmatltiporttval®. and t he adj acent recesses 40 t hat

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 10™ to 10° bar.



-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 enbodi ment consists of several parts. The
reaction gas 32 flows through the hori i zontal recesses 40 of the reactor
element 16 into the channels 42 branching off vertically therefrom
continuing on into the horizontal channels 44 that branch off the vertical
channel s 42, all the way into the reaction chanbers 46. Assum ng the proper
geonetry, it is also conceivable that the channels 42 and 44 are nerged
into one cha I t : i i hapg i ﬁg“%

reacti on gas qr{lgodeﬁlte%c%és&ﬁ{?% tgﬁfé@gﬁgf@g# ?anpl glgplénr}g !{oﬁ%??éxlag%'rfoon 1c anber,
and aft er war dstalyticfscoseningy anpértieulare fart dnalysis it &R shetfograpby tilheombmat i on

Vertcally i GREMIE ilsaa i ddETgRe BRSS! Y A O e A E G Phe
reaction gas j32inf thAWRarmt Yithheo rd?ff&%ﬁt%ﬁet%dstcff%nlﬁl%iﬁ m&&@@bag.simtudi ng

the casings or jackets nmade of an inert material, continuin on t hrough

these inté theld@X843ss Referetne ievtagdteratd evithrmespest imfirthne dethido Martfcu- nal |y,
into the exhaust chanber, 54. .The reacti.qn gas 32 roduct h t) 1s

col | ect od t hafly Rre ?{g°%aé‘%q JRYiS? 1§i§ doved 1 stregn ﬁ?‘ﬁ‘édpg&%er?éf&&a SR
form of exhayst ot‘s 1ib¥a®f 6f Aaletials) id patishigeolghhabanilie s@@tém@,UcSrEﬁiic pomt 30.
The horizontal channels 44 as well as the recesses in the ex aust el enent

24 function dounds sychfasrphasmacsutieal| substencss, pelygetmwompesite awigialsaiimt s 38,

ferably by hei d. Thi | L ing. t f1LOW.
Pt her ror e, ReAE 0 AR O e opde, Bt Bl anf AMSEAL MertdiG, AR, dho™,
pene trat@d byetBod adokding o B itveatios s iriNeiprbd spplisy telsls iccladcatasdat i on.

Here, the 25 noveable capillary 50 is the preferred enbodi rent of a sensor,
t hus al | owi ngntwhiek famailatieas,préo gompoBiinsayith meye Bran one cpriiticnh T PRnnel 48

sel ectively. The.noyeahl e |l ar hS: . gsgr% -0f- _anal ysi s
70 by neans odfuceé‘%ﬁlﬁaéglt%?%lggafel%ﬁ*é%h %fgec?gc} {gﬁlﬁﬁlgémgﬁ&g%gké;é% g Pglﬁ&élgﬁt ain
one anal yti cajutsi@y bf matdialelebeadch @repé.gy pharinacefticahfurmulaciahs, dewidadnssuch as
a conbination of mass spectroneter and 30 g&a\s chronatggrwe;ag. The éonnecti ng
lines 52 are ¢r®pdr apirifionalypyppleanends, 1 fgerb fecd supplemepis as gpsmalicy

kapt on, P, cg‘%}b&&cq{l es, glass capillaries and or quartz capillaries, which
have the function to guide the product outlet flow, or parts thereof, to
the unit of analysis 70. A bundle of capillaries may al so be envisioned as

a connecting lLine 52, gujding the product outlet flowfrom.one or several
moveabl e 5 capiq ?@F?Sé’s?“ggg_rﬁg Oﬁél?ﬁtg‘éf%é’rs%fr,’ Lriec?oateﬁﬂ Bf DeisPIeEnYRRiPE of

anal ySi's. FUTIORITIS arlal of 8t TR YBIAN 0, (0her QRS YO Burticidyi ual

noveabl e capi ries re envi si oned, but t'hat one noveabl e capillary 50
contains a capmefarmdyubtndi0@), andtdven meore guéfetrad upoviiOOI0N medulesathpl argr y

R e R e e

exhaust is di yidethrReBRInt BRhioktrvi dual capillaries of the bundle and
directed, preferably, towards the different units of analysis,
respectively. Thereby and preferably, one capillary of the capillary bundle

i s connected one correspandi.ng,und t  of | ysd T I
capillary 50 repﬂﬁ’feéﬁpéﬁfvgc Hﬁ%%t é?:fe{sotgg Sﬂn%lﬁ? é{eg#n%g(‘)l%l{ri rﬂ?)# ?S( frz?g%gd:ﬁxo&mﬁ
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



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 nmeasurenent with, preferably, a thermal canera 60 and
nmoves correspondingly by using 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 catalyst80as identified by the therm
canmera 60. Therefore, effective screening is enabled by neans of further
anal yzing only the product flow fromactive catal ysts. The effectiveness
can be enhanced even nore, for exanple, by enploying a plurality of

bl | | | | el | I ] f
ot hods of -2l SoretoRhe bR tal ERRbARR ORI ik & 1y o

thermal canemgserfils.  Theedrprayiod ‘hbhl-%lcﬂ@dﬁlaf’\/ltmeli}nr&&@% fsibstincee gk Whh on of
the tenperature gradient between catal yst material on the one hand and
surroundi ng &e altergdtarvaptimrzas contisually Wi’ethé"t stand, therefpye, Ag CPBtﬁFS{E 9 h@enor e

visible I n Phaidi: Lundadel! \ohdRMerrd WdtRdoh 2ah I eyi'b n Yischdle

t hermal canera covers t’he reactor ele erre pur pose of
this slate natls,duch s bpvayigain piteapef substitation.t i facts due to differences
in emssivity that are nostly caused by the heating up of elenents of the
device. This 5 unwanted thermal radiation could distort the desired

measur ement rial on
t he one handqulﬁélbsﬁ%fﬁ é%ﬂ%@aﬁﬁg{:ﬁ \E/I?(ﬁé’?%%l aFga%ﬁgsﬁgtﬁltOKgerSlﬁgrnag in an
i nter f er ence viflf egpect o eich lothm wiglf #he 1dter being il proferet atee. Hawlev@bsin the

preferably pointed inp the direction of to the thermal canmera 60 al?g serves
as an 1Rt r afeiaP Rz g iR ceping FeaclonqT RRRCESH RAPMFT S PRY VPERREH BR gas

within thg r Qﬁ@&&% thatGHE 'i‘iBra}f o%ﬁﬂ%tah@@sp&ﬁﬁalﬁ@tv@d"@r %fé’fdeﬁﬁca!’ s§W¥tdnked, | shown

in Figure 1. It can be seen that the reaction gas lows 1 nto the reactor
el ement 16, pordfiattiabliyratynindang lexglasingly ebntaips ncteuncellsuhﬁanceeesses 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

enbodi ment of Ad fagag ﬁfé@%an@ﬁaﬁ‘&ﬁ%bvérﬂs bR eRRA! feparatifig BRPI@RRIyRTGestiohhe
reactor contains recesses in the horizontal di rectl on that can be arranged

in 20 betweerchambersdimn die therawal camerehaisitieorswasr of asapphire digk is nélizedsa f or
t he one-pjece,rea 1 the centerpiece of the reactor is
fitted inito tthgpgﬁfzﬁfarlyrpﬁ? da%rgl&odb F’i‘t of the reactor elenent, these
recesses lie in the sane plane and are of the sanme direction (in t he

vani shing line) and, preferably, of the sane dianmeter as the through holes
that are enviBy ssiag thedeyicy spcoidingiorthe Mvention GraGiRIY 1hisrRossible RSimEa-eact or

el ement and U@%ﬁslguatpg ﬁvosglpﬂlo gl%ﬁset)f Ell?%ly%l{:?oIQHé s Ehlfl Q‘f*’atlmriﬂ#%'f the

bor ehol es of rng- s ape par e reac enent to the
recesses, predaedladis. yerI etlodwobmalyeis ihdiade dot e:ram;ﬂe,ethm‘mdgk'@hye:ambmed

Sufficient gas_ tlghtness between the two el ements ﬂn h@l;lt. i mpl epenti ng
addi t i onal® sewith g agdifiongkmethgd, e é‘éW%%éEFOH)?“?EVe FTRYY gt 5%531 tﬁe and
tolerances f Oéha}&eeé%ﬂtrgﬁctghrﬁgrﬂe? WithOfeaction 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.



-23 the centerpiece of the reactor and the inner dinmensions of the outer,
ri ng-shaped part of the reactor elenent. Wthin the device 10, channels 42
branch off vertically fromthe horizontal re 5 cesses 40. These verti cal
channel s 42, which branch off fromthe horizontal re cesses 40 within the
centerpiece of the reactor in the case_gf.the enbodi nent of the reactor in
two parts, end preferably just short of underneath the mask that forns the
bl ack body, preferably realized as a slate mask 25. Horizontal channels 44
then branch off the vertical channels 42, with the horizontal channels
being 1 o connected with one correspondi ng reaction chanber 46. Therew th,
each individ ual reaction chanber 46 can be charged with reaction gas 32

fromall sides or,only froma part. of .the sides, .with.charging from. our
L o el g e afimbnd GO0 JBRH ikEnt oo W Brotthtd i ARRE R bR 11 o
of the gas, iHe dmlosbEWadingdui partition of the gas flow, all channels

'. branching off froma recess or a channel, respectively, are of the sane
geonetry (with respect to cross-section and |l ength). The design of the

cach react | R Eehanenays e AR n W ihe S s SR Rl G ok

di ffusi on of ixwatéh GRo@RE a3ctofsuationg sideadsdw.on chanber 46 into another). A
preferred arrangenent of two heating elenents 22 in the bottom plate of

device (10) is shown in Figure 3, with the heating el enents being arranged

meander 25 s d . . 90 ive to each other. This
arr angenent 2?%%’ ggﬁ?ﬁ%mtarg Se?ngic}lol%eoﬁ%gg@r%@%’gltrlféactor el ement 16 close to
the reaction chanmbers 46 while sinmultaneously allow ng for guiding the
product outlef flow of each reaction chanber 46 rjght through the heating
el enent s 192 {8 e aplematic igRresaiaiianp thiamangsmentsef heapng elemants; na) 1y, the
bottom plate shown in Figure 3 is shown in a cross-sectional viewin Figure
4.

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



-25 Reference list: 5 10 -inventive deviceld4 -silicon wafer16 -reactor

el ement 18 -gas inlet port20 -bottomplatel 0 22 -heating el enent 24 -exhaust
el enent 25 -sl ate mask30 -gas outlet port32 -reaction gasl5 34 -exhaust 36
-menbrane38 -geonetrical constraint40 -horizontal recess42 -verti cal
channel 20 44 -horizontal channel 46 -reagglion chanber48 -reaction channel 50
-noveabl e capillary52 -connecting |ines25 54 -exhaust chanber60 -thernal
camera’ 70 -unit of analysis 30 -26 Clains 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 channels (42, 44)
as wel | as aspciftedl withy respectaadhé materihabtheslimpng/fasteming elewenaactad wi t h

t he channel s. (42,44 characteri z i n t.hat the channel s 2. 44) form an
hngl & not - eqilt Bie ek 5 b e et e (aE o RitnSghRe il seRl
(18). 10 2. ey drd Gxpcies &, Préfrably, (ﬁ{e@éléfbﬂmeﬁhﬁfﬂﬁiy_@rafez@ﬂplbged, Rkaéh all
channel s of a segnment have the sanme geonetry, in particular the sanme

cross- sect i ofs bieds, hunighnrend stednlpss stesl, 3.8. gainless stechappordinsliod?yl4491el ai ms 1

or 2, chagac i [ t [ ' ed on
one.si do by S Hags DS 135k PN BT BIVIASTEBIN 14535, BRF 2 Spnaiislt’ o
(14). 4. DeviDI® 14616)248CT,dDEN R4RO0R4819, DIN RH814)HdE21I3Y, DINi2A856, DIN
characterized in that 20 it _contains_at | east one mask 25%%Ochar cterized
by uni f orm | R4&M, RN i1¢Y67, PINHEGO EE DING| 4 %e SN h@WoDé#yl Ly Neﬁppécedi ng
cl ai ms, charagietized.i I : : tal | east
two heating 3{:4(5,Ax né"]ﬁ%lsﬂf ? %t fcp ﬁ%lty tﬂggfghgt}ﬁ;t%% Q?n%fr%}erg%ggaa@%ﬁ%g%e%hgﬁ‘éﬁﬁ angl es
not equal to agevell. Begr clampidy eMdrhénts eapsintredesses gmbfeedbihe realifed fethramh{ 10)
according to claim5, characteri zeg igxéhat .the angl_e i.s 90 de grees. - 27
7. Devi ca0( 18plescibiat e Hipdite agermmpdate the fastening/ APREFINEECMENS act er i zed i n
that the reaction gas (32) is pre-heated to a defined tenperature while
flowi ng through the gas inlet port ( 18) and the channels (42,44) in the
react or el e rihetupped)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,
AL Os, 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.




5 8. Device ( 10) according to claim?7, 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 contains an exhaust element (24) with a plurality of nmenbranes.
10. Device (10) according to any of thejpreceding clains, characterized in
that it contains at | east one noveable sensor (SO . 15 11. Device (10)
according to any of the preceding clains characterized in that it contains
at |east one nmulti-port valve for the selective analysis of the gaseous
substances fromthe respective reaction chanbers. 12. Device (10) according
to any of the preceding clains characterized in that 20 gas inlet ( 18) and

gas outlet ( ort cont ain at least o eonetrical stral nt. (38) for

control ling t%%é ‘S‘&%f § P@anleiem%é’oélltloﬁecg%‘%ﬂtees”% 81313035669‘ SRPPEDC z)f t he
claims 1 to Jrr?ge&@ ehh%nﬂﬁgagégrtﬁgﬂ%ﬁc le‘fé‘Io%Jeth'lﬁnéﬂﬁé %f‘e&ﬁéﬁg 1@30&@9&&&% of a

library of mat rla , I'n partlcu ar for the anarysis neans of

infrared t herthmga’rmpmelmeﬂblané(dsmb]ndheam Icembmat)mewﬁuhrthhappere:ﬂdmpingfele-
anal ysi s. - waf er cover .t he ;f%clatlér ality of

reaction éha%"éﬁt sth? %ﬁ'uﬁl?tt q‘l’th%g lgf‘ﬁ F&Wq%@rﬁge@a%P Solestpn is Ta-

.ACAE. Ar. ALA
Ay, A3yr Al alb?’ féélﬁ%ed%y 'ﬁ{éanﬁof\scréw'%onﬁ%tﬁﬁs A neMgaaRs Af @AIndAdual AIANS. A [

ments with respect to each other is achieved by flush contact between polished
surfaces; if necessary, additional tightening can be achieved by means of a graph-
ite foil. The function ascribed to the lower clamping element can also be per-

10 formed by the exhaust element, with the main functions of the lower clamping

element being integrated into the exhaust element.

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
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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 specirometer and

30 gas chromatograph. The connecting lines 52 are preferably realized as tubes,
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5  capillaries 50, or parts thereof, to a plurality of units of analysis. Furthermore, it is
conceivable that not only several individual moveable capillaries 50 are envi-
sioned, but that one moveable capillary 50 contains a capillary bundle, with the
capillaries within the capillary bundle of the moveable 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 divided among the individual capillaries of the bundle
and directed, preferably, towards the different units of analysis, respectively.
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.
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unwanted thermal radiation could distort the desired measurement of the tem-
perature difference between the catalyst material on the one hand and surrounding

or inactive materials on the other hand in an interference effect.

A silicon wafer 14 covers the slate mask 25, preferably pointed in the direction of

10  the thermal camera 60 and serves as an IR-transparent window.

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
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cesses 40. These vertical channels 42, which branch off from the horizontal re-

cesses 40 within the centerpiece of the reactor in the case of the embodiment of
the reactor in two parts, end preferably just short of underneath the mask that
forms the black body, preferably realized as a slate mask 25. Horizontal channels
44 then branch off the vertical channels 42, with the horizontal channels being
10 connected with one corresponding reaction chamber 46. Therewith, each individ-
ual reaction chamber 46 can be charged with reaction gas 32 from all sides or only

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
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14 - silicon wafer
16 - 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
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1. Device (10), in particular for performing catalytic screening, contaiﬁing 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.
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8. Device (10) according to claim 7, characterized in that the temperature is

in the range of +/- 50 Kelvin of the reaction temperature.

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.
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