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Devel opnments in conbinatorial chem stry have |argely concentrated on HEL 2005
.synthesis of chem cal conpounds. For exanple, US-A-5612002 and US-A-5766556
5 disclose a nethod and apparatus for nultiple sinmultaneous synthesis of
conmpounds. WO 97/ 30784- Al di scl oses a mcroreactor for the synthesis of

chem cal conpounds. | ¢ k. - ol sson, A.; Wendel bo,
R Angew Chem Int. Eﬁ@@ggmg%l%OSAﬁkﬁ?gcﬁ%gTéﬁorrbi nat ori al approach
to the hydrothermal synthesis of zeolites, see also WD 98/36826-A. O her
exanpl es include US-A- 56(BRCEGROUND OF PRBEINVENTIOM- 5746982, and

US- A- 5785927, and WD 96/ 11878-Al. More recently, conbinatorial approaches

have been applied to catalyst testing, tao try to expedite the testin
process.  For Devglapreentagnodorabigional Gheriniek Navec(ardelv rancePliatedt anaipst s i n
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measur e etermne the activity of the cata serving t
| i bep at eiscivseah soethed dng appmratspiec mutiplée simultateaus siknthegis theompousds.of t he

reaction _and/ or alyzing the products or reactants. Therpmal inmgi ng had
oo oM a8 e AT  dieRges S SreRalar 46! 5 MBI Of SRORIGH GOMPRLBHS ng
see Hol : =S dit ; | &, € : 998,
37 beadNgkhigve i ESDUMA M. KarlsdbH, 2 Windeind B4 Mhaep e ht, £ 1998,

Ther mal 37re@0R61 hredistlese d@ aombivatoeal mppooaeh2f dleen hygethermak syrthesisooiat i on

regardi ng th tivit f 1 t al , but i ) I d ' Lcat.l t
A e e R T e I by
th . U6ty 4 . ; | g bed i
Senitam. Lo O 740 p S AR AR AP e Trduced
rresonance- enfiMoreetcently, giwbioatdriahappidaches hia28 besadapipliedrtalcatalyst tgsting | ow
oo &S frbialhosk. Fouehaaats Btondss ephonshait

sel f, K-diﬁgﬂérr\’i‘%ratalgatsvi‘ﬁ; a"?ﬁh@@éﬁ hold¥r, Whe%Wogméﬂiﬁin lach1&iPot Bk

484- 488 teaches using a probe with concentric t r gas

del i ver yHoldemisaieasdresiatgptetegmineOttiey actndtyf ofxiingd batdlysts batalisesting ¢hedeabst ed
i's posed to the reactant stream wth the 30 excess reactan bei n

r onded (Bes Bl pHeomRS By 8P cahantiierBRRtcR dXiE the soHEs of the reaction

and/or analyzing the products or reactants. Thermal imaging had been used as part

of other combinatorial approaches to catalyst testing, see Holzwarth, A.; Schmodt, H.;

Maier, W. F. Angew. Chem. Int. Ed., 1998, 37, 2644-2647, and Bein, T. Angew.

Chem. Int. Ed., 1999, 38, 323-326. Thermal imaging may be a tool to learn some

20 semi-quantitative information regarding the activity of the catalyst, but it provides no
indication as to the selectivity of the catalyst.

Some attempts to acquire information as to the reaction products in rapid-

throughput catalyst testing are described in Senkam, S. M. Nature, July 1998,

384(23), 350-353, where laser-induced resonance-enhanced multiphoton ionization is

25 used to analyze a gas flow from each of the fixed catalyst sites. Similarly, Cong, P.;

Doolen, R. D,; Fan, Q.; Giaquinta, D. M.; Guan, S.; McFarland, E. W.; Poojary, D. M.;

Self, K.; Turner, H. W.; Weinberg, W. H. Angew Chem. Int. Ed. 1999, 38, 484-488

teaches using a probe with concentric tubing for gas delivery/removal and sampling.

Only the fixed bed of catalyst being tested is exposed to the reactant stream, with the

30 excess reactants being removed via vacuum. The single fixed bed of catalyst being
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15 JUL 2005 tested is heated and the gas m xture directly above the
catalyst is sanpled and sent to a nass spectroneter. Conbi natori al énj\UEtpo;)
.has been applied to evaluate the activity of catalysts. Sone appli catlons
have focused on determ' ning the relative activity of catalysts in a 5
l'ibrary; see Klien, J.; Lehmann, C. W; Schmdt, H; Mier, W F. Angew
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catalysts. tiple reactors may be Integrated™into a
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t ted t | t th | f h | d
e SEs! B prariols, PRPRIRIY i Bhpicelsaas WhcR ke ded BmiSARAT e Te
purposedﬁlleEﬂﬁw PYOUEOT03 10 SRiclete il st ergawé VehEtidact or

assenbly havi ng lurality of bottonms, each bottom having an open end
and a chrmﬂé isnelnalyzéd theing tl'raalreac;tldmetmr@ asipgospexirdsgopicsanajysisf Soste

SR e Rl Hialebdhaes SPRRARROGAS el RN, SR SHOROIg ot

pl ural i tyroglices §Hj thé“i‘@ﬁ’&@?’ﬁﬁ?e b@ﬁfbﬁh&i‘lrﬁbmﬁfg‘fé ptFduct stream; see US-A-
5304354 and US-A-5489726.

Applicants have developed a reactor particularly suited for use in combinatorial
evaluation of catalysts. Multiple reactors may be readily assembled in an array for the
20 simultaneous evaluation of a number of catalysts. The wells of the multiple reactors
may be integrated into a single block, and the reactor inserts of the multiple reactors
may be integrated into a single top plate thereby allowing for easy handling and

assembly of an array of multiple reactors.

25 SUMMARY OF THE INVENTION

The purpose of the invention is to provide a multiple parallel catalytic reactor
assembly having (1) a plurality of bottoms, each bottom having an open end and a
closed end with the plurality being supported by a single first support; (2) a plurality of
tops supported by a single second support with the plurality of tops engaged with the

30 plurality of vessels to form a plurality of sealed independent reaction chambers; (3) a
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2 5 JUL 2005 plurality of vessels for containing catalyst, each vessel

havi ng an open end and a fluid permeabl e end, and positioned within théll 2005
.reaction chanbers so that the open ends of the vessels are in alignnment
with the open ends of the bottons (4) a plurality of first fluid conduits
in fluid conmunication with the reaction chanbers, and (5) a plurality of 5

peci i PUrRfyETRERS s bork e aERTFR! BREhEs Tl itFah SPehsPE FGEFHRL" o
posi t i opeemeablieasiil) antositianedl within ahe PsdtioATHapnitta sotthat thetdpambertizdoft he
reaction chanbers. Anogther specific enbodi mnent of the invention is one

wher e offte ¥essals are dnpignrment wiBdhe erengis efhdedraitams (4) aplusality afdirsind t he

engage NG Gl cGhol BB R LREIsBIRh PR dng e adlafiy” '
seal gd rsea6hd it BERNBGSIn MRdtdhmRricagse with tHeerddttiontdiimbers! A siekificde a
process for conducting multiple parallel catalyst evaluations using the

mul ti pl @npeedimest afathel invebtipedst one Vikerenbng @fe tarebbeatgho\ase vpasitianes

advant agey; gl ' I ends, of ..fhe ol ity of
ot tone Aigterd ¥ SARERH BY osiERs S Rl i DAABEE ARAPHECrHotbR TRty
seal ed iArighendpadific @atiodiment afries nvehtionds idriec waebo dneenit ke tseals are
i nvention al so includes sinultaneously opening all the nultiple seal ed

r ﬁact : oriseghignergageniher plwsalitn @f taedlopisupad ithg cgfreﬁaggdiﬂ@ﬁhl&aﬁ oSt of
one hor ot anelifth s3Por 685 16 ergRGE the PIFARGGTTRRGRR addihe PURINLET o0,

the pl urtaps ty forin thetdezied redttiomshhiblegs.r eactors may take on a variety of

different forpns. In one arrangenent each reactor has a well having an open
énd and a cl Aeethehduipese afi the invgalien,ist ta msavidg anerosgen fendrandueting wel | .

The rea%gftig‘?ét erQ@ @atﬁl;&?"e‘?/a'ﬂ?a‘ﬁoﬂg BSing et niﬂﬁpl@”ﬂa%ngﬁ?a%ﬁgeeépﬁ A

bottom en eeve’is I nserte n the open
flui d pedsseatily descritsédiabove withtthe leelvahtagehsf sitnattaresuslysealking akthe open

cross-section, of the sl eeve and thereby defjni a chamher between the
ol oaa” canns 8t thenblttafty Shrepfaes 1 Merebratin of SofteSEouIa0 00n R daTR 08 he

Shaac: JTURIP S ShaSpaliinachocaner, Reubas Shubinggtranalg o
per meabl iaveniibrofalstheincleides osimudtanesesly edpewingi all tthe multiple sealed reaction
chambers by removing the plurality of tops from the open ends of the plurality of
bottoms. Another specific embodiment of the invention is one where the plurality of

20 vessels containing catalyst are removed from the plurality of bottoms.

The multiple reactors may take on a variety of different forms. In one
arrangement each reactor has a well having an open end and a closed end and a first
seal retained by the open end of the well. The reactor also has a sleeve having an
open end and a bottom end. The bottom end of the sleeve is inserted within the open
25 end of the well. A fluid permeable structure is attached to the sleeve spanning the
cross-section of the sleeve and thereby defining a chamber between the closed end
of the well and the fluid permeable structure attached to the sleeve. The reactor also
has a reactor insert having a fluid permeable end and a top end containing a first and
a second fluid conduit. The fluid permeable end of the reactor is inserted within the
30 open end of the sleeve, The top end of the reactor insert is engaged with the first
seal. The first fluid conduit is in fluid communication with the chamber; and the
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30 open end of the sleeve. The top end;of the reactor i.nsert is engaged with
the first ‘seal. The first fluid condwt Is in fluid communication with th
chanber; and the 3 5 Jul 2005 second fluid conduit is in fluid 5 JUL 2005
- conmmuni cation with the fluid per neabl e end of the reactor insert. A second
'seal retained by the reactor insert is engaged with the sleeve. BRI EF
DESCRI PTION OF THE DRAWNGS 5 FIG 1 is an exploded side view of a preferred

[eaCt OrsedihE ki BB in A Gl Rafbs e He iR BeAREAEIERENRE. FI G

is an en arge VI EW 0 omen e sleev erred

r eact orreakbtd®. indeits Aascasisd nddad detdind \biyetheoteddter nseirielis etgagedotitt thél G 5
is an expl oded side view of a plurality of preferred reactors, FIG 6 is an
assenbl 886§ -de view of a plurality of preferred reactors. 10 DETAI LED

DESCRI PTION OF THE I NVENTION I n general terms, the invention is a reactor

for use in combinatori §h|gp[ﬁE§ehI”ﬂ'ﬁ@N WTPIE%R&WI‘N@@ conducting a

conbi natorial catalyzed reaction conbi nat or | applications, the
reactor of the present invention is used as an array of nultiple reactors
operéating si G .t hissauskylodadsideaview of Ppeferredrsactbe F@a2tis ancandsviewof of

th 1 ' t t t, |
Sl eove, MErdIepYs O 156 PRBIeH rear ahoPo. bt AN GrHiat i of o et Shdyple
const ruftiePdloeys onhé’fBFe%r'réé Feactdr.!FE! 2 i§ Antd\Refbibd Sl \ﬂ@wwﬁ@ppéfah@e The

materials chosen are selected to wthstand the tenperatures sures and
cheni careastorp UGS isfant éxplpded sidel dew osfmopiuwltty oh prﬁreeraﬂlreactofs FuGt sbise

materlals I nc tal.s and thei | 1 oys rade 20 steel, and stainless
steel s, & mﬁq%g‘éel‘”% of ARy %{Ygfmeﬁ/%éﬂd &t’%\l | oy, engi neering
plastics and hi gh tenperature plastics, ceram cs such as silicon carbide and

sil{gon nitride, gl a@ETA«L@bm@scmpﬂmr@owﬂsrlwtmnmgermnt the open end
of the bottomhas the formof a flanged well. The fl ange of the open end of

the well is used to retain a seal such as 25 an o-ring. The seal engages
the reactor imgeneral targwuhe nventiorisa reapiotiay usadn epmbinaierial @ppieatians

o essur b, A oRgel sPRASTsA"S JEhuBRGel RoERRLE odchBf I poPfiegee
applications, the reactor of the present invention is used as an array of multiple
reactors operating simultaneously in parallel. Preferably the reactor consists of three

15 main components, () a top, or reactor insert, (ll) a vessel or sleeve, and (lll) a
bottom, or well. Each of the main components may be constructed out of materials
suitable to the application contemplated. The materials chosen are selected to
withstand the temperatures, pressures and chemical compounds of the particular
application. Examples of suitable materials include metals and their alloys, low grade

(20 steel, and stainless steels, super-alloys like incolloy, inconel, hastalloy, engineering

N plastics and high temperature plastics, ceramics such as silicon carbide and silicon
nitride, glass, and quartz. '

In a preferred arrangement the open end of the bottom has the form of a
flanged well. The flange of the open end of the well is used to retain a seal such as

25 an o-ring. The seal engages the reactor insert (discussed in detail below) and
operates to form a pressure-tight seal between the well and the reactor insert.
Alternate pressure seals may be employed such as VCR, or hoefer fittings, but o-
rings are preferred. Optionally, the well may contain a projection extending from the

side of the well partially into the interior of the well to properly position and retain the
: 4



fromthe side of the well partially into the interior of the well to _§ JUL 2005
.properly position and retain the 4 5 JUL 2005 sleeve (di scussed bel ow) -

Wi thin the well. The projection is located at the closed end of the well, at
‘a location where the bottomend of the sleeve (discussed below) rests on

Suppor (B0t Mse EBaARRS Wiflh I wBE, B poiptifl] RubeRBR e By
vel | i ngfotheheell, it e loeation wihee Shavebttom! énd 8f tHY SlebvefGibE@sbed BVIBNF Fasts hat
t he sl eeve be sel f-sq‘g{)ﬂortl ngi wthin the well as discussed bel ow. The

bot t om PR e erejeetiany Prajection may behapye of yatiowspostibiltiesOheHPRRbBHEERI ¢

2 Square 3 1688 o Corcd Yl BREHFG R s ol B IFRE P8 bl o YBEP° ©
pi e-sshaped, It3s hfbrégﬂéfbrre’d,mv@f, thaethd Kleevéde %ﬁﬁjﬁﬁorﬂﬂ_}%fv\uﬁﬁi i wehe
bottomis discussed here as having a cylindrical shape. e bottom has a

t op endas glisgussedhelow.bot t om end. The top end is open and the bottomend is

per mnent |y : redp h S .about
b-001 et 1 o BBautom) K pEEEIEY BRI Shend, B b of B oS A 2 e
1 cnB. Shepey. efF@r éﬁ@nglezahefcrbbe-sboﬁamrm thargsttorh rma¥labe151 ltiee gthlapdi efmat er
ratio of about 1 to about 20. It is m)re“Br,eferred that the |ength/dianeter
of the Bo¥dEHEbelligeRaddectangie, A HRlYIoReaP|-vharey. sggment-;af pieshappdda t hat

t hey bot e UGt rdcaks | M

t oty =P ORE 20pSR¥ B HHE RS, Por@bE otk inrand ot i dIeeb R here apy o
the bot havighe cglintbicalishgse. THe battenilids Aayp kadgsiddshaad a betesrh end. The
‘properties, and that the material of construction 20_is inert int

] ] he

f eact i ofPfhENAdS OBRBANNE hettare and igermanspty slased; Thpiprefesrasbyaleme ¢t t he
pl urali (o} i td ) | rg al  of
constr ut(t:ﬁt(el (@ﬁﬂﬁg{% Fggg\%grf@ﬁ %@hmgéq(yﬁgﬁfgggéé\n thﬂnéﬁe\mﬁ %m@yfbr%?:%dof t he
bot t oms volunaed beirgs0.araihhgndnt tmdr The geplendengizeiot tise bbttamgamayes fromavever

significant advantages, are achi eved through attachi ng each _of the bottons
25 19 alengipidiaragiesoFatio ‘ﬂ{eaQPWachn@ntabGP?a?Q- :“héS b nRrafeyr s?\%lﬁ‘e

sanon /G ERGIE d YRR RELRanskiel naf i el PEIGER bBigrc
repl aci nigatathye lwottomhs befcdnstructedi ofi mhateriah thdtdsmbles to withstand temperatures of
from about 10°C to about 1000°C. it is also preferred that the bottoms be constructed
of material having good heat transfer properties, and that the material of construction
20 is inert in the reaction being conducted. While it may be preferred, all the bottoms in
the piurality need not be identical. The geometry, size, volume, and material of

construction may be varied between bottoms within the plurality.
Each of the bottoms is a free-standing unit or independent piece of apparatus,
however, significant advantages are achieved through attaching each of the bottorns
25 to a single support. The attachment of all the bottoms to a single support operates to
provide the benefits of having all the bottoms maneuverable as a single unit, while
maintaining the flexibility of replacing any or all of the individual bottoms as
necessary. For example, it is far more convenient for handling and assembly to be
able to manipulate a single support as opposed to individually manipulating multiple
30 bottoms. Also, robotics, which are frequently used in combinatorial application, are
more readily adapted to manipulating a single tray. Furthermore, as will be discussed
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necessary. For exanple, it is far nore convenient for handling and assenbly

to be able to manipulate a single support as opposed to individually L 2005
-mani pul ating nultiple 30 bottons, Also, robotics, which are frequently uéég

in conbinatorial application, are nore readily adapted to manipulating a

. single tray. Furthernore, as will be discussed 5 5 JUL 2005 in greater

detai | Roi@er'ditapBapblile Sbodifly'aAfit Fhduib TN iPadiieeled wheR vhi ch

si mul t ane us y sea and or s e par a eacto suppor t
may pr omndﬁtaii'\ebuellyesealstandhfmfntsthe ratmlypletndlaﬂelcreactncb vidual bottons. For

exanpl e, ort may attach 48, 9 and 3 botto 5 Ease
of handlin "o BB ohiRP ey RrmddBciverPesafachment ghimsmt nurbek: o Ay

th t t
ot 1 PIGRY ¥oP eKEmERER: LeAboR Moyt ARaci 8L 3BRR 43,08 AR IR LIRS Ced
to s&rpp&raeecmﬁlhymtllmg lmommlynme offiiee bepefiterofitise sepport,| feexibility is anothat. Infa@ynunmber

f bott | t by si npl ddi T bot t t
he. supBben Seblaan ﬁwaséwﬁqﬁ‘ecﬁ{éo‘hﬂ%péh%%sdﬁnei 6f 246 TrocrawPRorn or
damagedcy Q&\b & E\%Béﬁorﬁﬁ (A BRYmMEmA gl D% 98%' pi%;‘?ﬂ 6ﬁﬁ%beﬁ6ﬁws The

replacerret of tonms 1n the |ty ottomitself,
t he suppystermisyverg flesida inuibiaé tha hembansf bcbttomaureusalmeasﬂy alterad diytsiraplyl ow

pol yet narengEer tee e DofieTS.B 3by SURKY T aF IR ofhe R Crer SReR ot 2 FVrBHt he
vesge! S peoR B edarbaBEARR! SHEM botih HaPuideddiel 185165 hitho 2

grid. It Ts preferre pport ave di mensions s ar tot
gl mensi seplacémeotnuboiher botiemsr'mctlne)plumltyt rays. It is preferred that the

) t b trycted of t t hat bl th t t
317 om abouthe1 00 ShELBHTTORERY, Wea HBPOTAGY b SPRTESERe eéa?hées

support mRriaR S8 ir?daaéltrhﬁht héwaﬁénfp@%tw@t Fra%ﬁcé aRgtRg aszcbcﬂ)'?éiﬁ%léhéu'[
300C to about 1000C. The nultiple parall alytic reactor asse th

present pqwmnpylenenalyd pojyetiearaltiey r@mneauTrhmmﬂ may cliowatos tae ta(tiahemenht
! eab, 2 L8R HE35 BLrER 1 BhohBEiont B B M B R ot IF
range. TQ%r@Fé'rr‘é'dth?tHeYSlﬂi d@pha\%rarrﬁays@@s Sipdfae do Ase AirHEdions Bf caPNRMKN
bottom may be individ 'y heated. Al heated bottons may be heated to the
used microtiter trays Itis preferred that the support be constructed of material that is
able to withstand temperatures of from about 10°C to about 1000°C, and for many
catalytic reactions, the support may be required to withstand temperatures ranging
20 from about 300°C to about 1000°C.
The multiple parallel catalytic reactor assembly of the present invention may
r optionally contain one or more heaters to heat at least a portion of one or more of the
bottoms. For many reactions, the catalyst used in the reaction must be heated to a
desired temperature range. The multiplicity of bottoms may be heated'as a unit, or
25 each bottom may be individually heated. All heated bottoms may be heated to the
same temperature, or different individual bottoms may be heated to different
temperatures. The portion of the bottom that is heated is usually that portion closest
to the location of the catalyst (discussed below), and generally, it is preferred that the
closed end of the bottoms be heated.
30 The multiple paralle! catalytic reactors of the present invention further contain a

plurality of tops which correspond to the plurality of bottoms. The tops engage the
6



sane tenperature, or different i ndi Vi dual bot t oms may be heated to different
tenperatures. The portion of the bottomthat is heated is usually that
.portion closest to the location of the catalyst (discussed bel ow),j ﬁﬂdzc?gg
generally, it is preferred that the closed end of the bottons be heated. 30
" The multiple parallel catalytic reactors of the present invention further

The. topbamBae 3 bY @uortio 8l Seaf, FERARN amBSisD istalol R ¥ebbal o

react i bt i eie pIuTQIﬂ{/ ehéreemubPbe %Vc%r)’eé?)%hﬁﬁi@ tioB. L PleUdtdrhy, thB%ﬁs nust
be a corresponding to Li ke the bottons, the tops may be constructed of

the pr evapues ycatstuctdse of rtheepreviausindlesarizetii tmateriatsyande impadslitione lgw ast i cs
such as, pol yet hyl en ol vpr.opyl and pol yet her et her Qng. The tops
my bo PR pETps RObH RS A en kbt b A8 e Bays e fiss Reteil ' %
preferr f tyg 1 | § ' ut 10C
el R R LN L A

const r uz pesfeatdtrange iofi¢ernperturastincludes tdmperatures rangingefomra sdmout 16°Qitb ar | y,
in some applications it nmay be Preferred that the plurality of tops be

gonstru%@%d 3501 heltsanpreferired ithrt gachhepio e rpésrlpbtfydpﬁgcq?atmmctp dpe "
ont y « nelHcu BBl oplc & bof FERISEIY. Rlidlady! Hhafe abplotiont bt BF "ray°

be usedpfepsrrédanapnré r;]glgta'nwﬂ o topBeb& Addr@imictath ©F &h8 OSameaiat&fl Sad the

material may be used for the corresponding tops. It is preferred that the
| enldt h e@rresponsing phusality ©f bottoms, but againt ik i netheecessaryafor myanmyre dottee by

t enper abiatEEae o7 ie BRSHI Y ind BolOfhs b e, (REk FeHalpb plhiRyy 7'
pr ef er r athyt beatust dopes abhstsivtion of thehisottoarps, whefeonon-heat hesistappmanéridihe
correspondi ng bottons so that the tops may adequately engage the bottons to

form sBuyP uead forohegnirasersdingHeps olbds Repfersed ﬁfaﬁtr%g leregth of the hettemy seal
e ooeBa3iiithils SUERELER R Rl Y TR Mett g BB ghATenC, o
mor €5 se#tles bottontsy treedby aallowvingoieweot feripgeratuoe t waseritsl toheet aped tfor fipem t he
seal ed reaction chapnbers. One seal nay be used to engage both the plurality
of bot t 6RESHEMIIONTRS tBe (PR i ty of tops, or
It is preferred that the overall shape of the tops conform to the shape of the
corresponding bottoms so that the tops may adequately engage the bottoms to form
sealed reaction chambers. The tops may be formed so as to merely seal the open
20 end of the bottoms, or the top may extend within the open end of the bottoms to
further define the reaction chambers. If necessary, one or more seals may be used to
engage both the bottoms and the tops to form the sealed reaction chambers. One
\ seal may be used to engage both the plurality of bottoms and the plurality of tops, or
each set of a bottom and its corresponding top may have an independent seal. An
25 advantage of the present invention is that seals that function only at lower
temperatures may be employed even if the catalyst in the reaction chamber is to be
heated to a high temperature. In such a situation, the catalyst is contained near the
closed end of the bottoms and only the closed end of the bottoms are heated. The
length of the bottoms are preferably chosen so that the position of the seal(s) is a
30 sufficient distance from the heater and the seal(s) are not affected by the heat. It is

most preferred that the seals be prevented from exceeding 200°C.
7
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reactors. The support for the tops may provide for the attachnment of any

nunber of i tevsuppart faopthe fops magnmioeideaios the cattacimyerdt ofaaty Gunterldf, 24,
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The support for the tops may be constructed of a the same materials as the
support for the bottom. The support for the tops may be required to withstand
temperatures from 10°C to about 1000°C, but a preferred range of temperatures

20 includes temperatures ranging from about 10°C to about 350°C. The support may
allow for the attachment of the tops in any number of geometrical patterns with the
preferred being a grid arrangement. However, it is important that the arrangement of
the tops be such that it allows for each top to properly engage its corresponding
bottom to form the sealed reaction chambers. It is therefore prefefred that the

25 arrangement of the tops coordinate with the arrangement of the bottoms.

Another component of the present invention is a plurality of vessels to contain
the catalyst. Each vessel has an open end and a fluid permeable end. Catalyst is
added to the vessels through the open end. The same catalyst may be placed in al
the vessels or each individual vessel may contain a different catalyst or mixtures of

30 different catalysts. The same mixture of two or more catalysts may be in each

individual reactor, but each at different relative component ratios. The vessel is
8



preferred being a grid arrangenent. However, it is inportant that the
arrangenent of the tops be such that it allows for each top to properly
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be prevent edTheakssxieersy be iR8ALof HieshvgasadascRbid R®ove iGme Wottohes, shapes
descri bed above for the bottons, and _may be constructed of any of the
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cont ai nment devi ce, which nmay be constructed of any material that is capable
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T en P ORlHE ERUCSL R iy LS ed RAELAE b e o b 0l e bl o
I nt er nalrediringselid pafticddewhits atdwinggasdreliuid to pass through, The microporous
containment device is attached at or near the fluid permeable end of the vessel and
extends across the cross-section, or internal diameter, of the vessel. Examples
20 include frits, membranes, or fine meshed screens. Suitable frits include sintered
metal, glass, sintered glass, and raney metals. Suitable membranes include electro-
bonded films and etched alloy films. Frits are preferred for the microporous
containment device, and it is preferred that the frit cover as much of the cross-section
of vessel as possible, and most preferred that the frit cover as close to 100 percent.of
25 the cross-section of the vessel as practical. It is most preferred to have a frit with
small passages so that the fluid is well dispersed after passing through the frit. The
interior volume of space defined by the top, the sides of the vessel, and the
microporous containment device at the fluid permeable end of the vessel is a catalyst
zone and contains the solid catalyst particles.
30
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the SUpphambbaer white tthe sothed fluid tondult eryTbe earinediediitd thehisotieras tdrohe
chanbers, while the other fluid conduit nmay be connected to the bottons or
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t he below, assembling the key components may be simplified when the fluid conduxts are
all positioned on the same side of the apparatus. Furthermore, placement of the
apparatus of the invention into other devices may be simplified by having all the fluid
20 conduits on the same side of the apparatus. For example, placing the closed ends of
the bottoms of the assembled apparatus into a heater is simplified when all the
conduits are located on the same side of the apparatus.
The fluid conduits for the inlet of the reactant are positioned so that the fluid
flow of the reactant enters the reaction chambers and passes through the fluid
25 permeable end of the vessel to enter the catalyst zone and contact the catalyst. The
fluid conduits for the withdrawal of the effluents are positioned so that the effluents
are withdrawn from the catalyst zones without disrupting the flow of reactants. The
seals also help to control the fluid flow in the proper direction.
The fluid conduits may further contain a structure to prevent solid catalyst
30 particles from being removed with the effluent. Where the fluid flows into the vessel
through the fluid permeable end of the vessel an additional fluid permeable structure
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apparatus of the invention into other devices may be sinplified by having
all the fluid 20 conduits on the same side of the apparatus. For exanpy SUL 2005
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be opened "and cl oSed with ease. Wth all the bottons attached to a single
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reaction chambers provide the conduits for the introduction of reactant into the
reaction chambers and the withdrawal of effluent from the reaction chambers without
20 opening the reactors. Repeated opening and closing of the reactors to introduce
reactants and remove products are not necessary. The reactor may remain closed
until solid catalyst particles need to be added or removed. When the reactors need to
be opened to add or remove solid catalyst paricles, all the reactors are opened
simultaneously in a single step by removing the top support containing all the tops
25 from alignment over the corresponding bottom support containing all the bottoms.
The fit of the tops into the open end of the bottoms may provide enough of a
seal to maintain the sealed reaction chambers. However, if necessary, the tops may
be held in place over the bottoms by a locking device. Numerous locking devices are
known in the art for holding two supports together. For example, clamps, bolts,
30 frames, and springs are all known locking devices that may be successfully employed
in the present invention.
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effluent fromthe reaction chanbers w thout 20 opening the reactors.
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reactor insert and the well. e sleeve formof the vessel has a top end,

si des, thediop dlotheosicevel. sitee of dpe slepvenanddheonicsepiyous contaisment device open,

The mcr ro ntal nnent deyice, is _.attache r..near .t he bottom end
ot he eftedl BFERRLRTE RisPBlis nns 3raTbhREt o bR RouihS: ol anet or
of 1#1e sl eevyhe Tdigeinal Aidraétey @f UNE siiev@Digcliesslehamale iteridiliarptedloftthe

sl eeve, sides of the sleeve, and the m croporous contai nnent device

at t achewellcsq featstheesleeve may &g inssitesoindo dhet welhtlai ABe simbedigentiojdhe
particl fRrention, the length of the sleeve may be less than the length of the well so that a

chamber is formed between the bottom end of the sleeve and the bottom end of the
well. It is preferred that the length of the sleeve be from 70% to 95% of the length of
20 the well. In another more preferred embodiment of the invention, the sleeve extends
the entire length of the well with the bottom end of the sleeve resting on the bottom of
the well. In this embodiment, the microporous containment device is located near but
not at the bottom end of the sleeve. Furthermore, in this embodiment, the sides of the
sleeve at the bottom end of the sleeve have portions removed so that as the bottom
25 end of the sleeve rests on the bottom end of well, channels are formed through which
fluid is able to flow. For example, the bottom end of the sleeve may have ridges, or

may be scalloped or grooved.
The sleeve and the well are sized so that with the sleeve inserted into the well,
the external surface of the sleeve and the internal surface of the well form channels
30 through which a fluid is able to flow. it is preferred that either the external surface of
the sleeve or the internal surface of the well, or both, define grooves that upon
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'15 The external dianmeter of the sleeve is less than the internal dianmeter of
the well so that the sleeve may be inserted into the well. In one

- enbodi nent of the invention, the length of the sleeve may be |ess tl"ﬁaﬁmtwg’
length of the well so that a chanber is fornmed between the bottom end of
the sleeve and the bottomend of the well, It is preferred that the Iength
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cont act Erow for good heat transfer fromt t he sleeve Many
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internal diameter of the sleeve so that the reactor insert may be inserted into the

sleeve. The length of the reactor insert is less than the length of the sleeve measured
20 from the top of thersleeve to the fluid permeable structure attached to the sleeve, so

that a reaction zone is formed between the bottom end of the reactor insert and the

fluid permeable structure attached to the sleeve. Solid catalyst particles are retained

within the reaction zone. It is preferred that the length of the reactor insert be from 5%

to 70% of the length of the sleeve measured from the top of the sleeve to the fluid
25 permeable structure attached to the sleeve.

As stated above, the bottom end or the sides of the reactor insert contains at
least a portion that is permeable to fluid. The portion permeable to fluid may be any
material that is capable of excluding solid particles while allowing gas or liquid to pass
through. Examples include frits or membranes as discussed above for the sleeve.

30 Frits are preferred for the permeable portion of the bottom of the reactor insert, and it
is preferred that the frit cover from 20 to greater than 90 percent of the bottom of the
13



channel s.” The 'pattérn chosen for the grooves may vary dependi ng upon the
degree of preheating needed for the reactant and the particular reaction
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reactor rt. The |nt r,of the reactor in rt for a passage .to all ow
Frui d tEhTTiReacin Re eh Birbier mRSA L) o981 CPgAdh i siREVE 2HGO@anp 6.
the flug rééb%tre tl?ﬂf 58ARIWEBh W Fedér iREEMBARISe BRIGVEON Of the bottom end of
t he reac I nsert may 5 pass to the top end of the reactor insert and exit

t he react or Optionally, f thei oeamqardinsterhmawm eqpippad wﬂht&ndhemc&mrple}.ﬂbet.
ot Sl RO r o o 20, sk BB ARG R e, 1
Fanoeeredat ?Lﬁ‘%@a@f&f'ﬁ%?f?f’%"n‘*‘ﬁ’”°“@2”?%28?@?‘ ctoeeaersian ot
o-ring g'éguhegleach@u Zopet %@ef ihenmecople Hpovides accurate measurements of the
temperature at which a reaction in the reaction zone is occurring. It is preferred that
the thermocouple be housed within a guide tube that also extends from the top of the
20 reactor insert, through the interior passage of the reactor insert, and through the
bottom of the reactor insert into the reaction zone. The guide tube, which is open at
both a top end and a bottom end, allows for easy insertion or removal of the
thermocouple.
One fluid conduit is typically located at the top end of the reactor insert.-A
25 preferred location for the second fluid conduit is for the conduit to pass through the
flange of the reactor insert and conduct fluid into a volume of space between the
flange of the reactor insert and the flange of the well. Alternatively, the second fluid
conduit may pass through the side of the well and provide a passage for fluid to flow
into or out of the channels formed by the sleeve and the well. In a specific
30 embodiment of the invention either the first or the second fluid conduit is in fluid
communication with a reactant reservoir. Similarly, the fiuid conduit that is not in fluid
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well to forma pressure-tight seal between the reactor insert and the well
via the o- ring. The reactor insert is further equi pped with a seal j)
engage the sleeve and form a pressure-tight seal between the react or LB ¢
~and the sleeve. Optionally, the reactor insert may be equipped with a

t hernocoupl e. The 15 thernocouple my extend fromthe top of the reactor

I nsert, through the interior passage of the reactor insert, and through the
bot t om admmnlneicatient with | aseattdnd mseermir mayt det fire fluddaddnomunicadon Thigh a

t her nocou rovi des accurate neasure of .t he erature at which a
oaer T g S Bt B GRS s Bl ATt AXting (5P CRBREa L hat - t he
thermocoupl erjpe pheraned mabmrrkg]@scelﬂbeeaﬁmelstélﬂ%ceeéﬁmy%%nﬂscérhe.%%&%utOp of
t he 20 reactor |nsert t hrou the interior passage of the reactor 1|nsert

and thrampjicnatmles bonst praferfred htdaat dhetmmltlpﬁsevellsu nfcatnmmberaot ireactoenare The
n a

[ d a | | f
Jnsr i ratacnedtosd s REPoRt st Ay ARk S maltstubsd aRiveh s mitpe ' '
typi cal jgactdGiab&ds are Y fJRa‘?er%B gftadiy foe§C§| |el§a@§bh sdth gé_’aptro%f;ﬂéfeed

| ocation for the second fluid conduit is for t duit to pass through the
f 1 ange Bér chemhiraiotial appb@’tlonandi singiridop fplaied is mwgagedammm @ﬁngal@araek

between the. .fl an of the act or rt an Ihe

A tor naconiainys FREfRBuRl 1S T % aline oraghiel® rrfdn | inPErdEed o ne
vel | angaps the geeaespaésme.dhany Hd#aﬂlé ﬁkoé\%’V Th@trea@tbr Qldeves mdiebé hdegel s
formed by the sleeve and the well. In a specific 30 enbodi ment “of the

i nvkht i onths swﬁhe&a@ffdlfrf@tenbr:ata’wts,e@aﬂmme slgedesostiucontaminntiie gatalysts,

Co ot A rifghrlbd JoB RN, 4 HBh e Atelk, afid) aABiddel o E X vbe: "y
.(be in fblnthaAiBANaMd ¢atd|pst t%ﬁé?eﬁs@@nﬂhté‘%@%ﬁté%tt\ﬁ@jld'réma‘ir?(ﬂw e SRERkEe the

effluent exiting the reactor. The preferred reactor described above is
successfram yheuélmp of swatmsmtmpuam th@ﬁgﬁstmgaprms It isj prefereack to daveHhe t he

such as SaMEeRofin FedVOR I By BT BAGRM T v Rshtf 1R e Bodaser S ar e
al sps pr ef er ablefertingae!md. 110 ad @iphgded SBRASW of Hed réscter dothefihdértion, hall

conbi nat ori al Fpl I cations, a single to é) late is _engaged with a single rack
cont ai nn§amA Cigsed erd Bsand ancPpeR end| ép@ncﬁnd fdrantainala flange & whicht i s

preferr ‘?Qta o-rlng 10. Sleeve 14 has open end 16 and bottom end 12. Near the bottom
end 12 is frit 18. The walls of sleeve 14 have material removed to form grooves 20 as
shown in FIG. 2, an end view of sleeve 14. The bottom end 12 of sleeve 14 has

20 material removed to form ridges 13, as shown in FIG. 3, and external side view of
bottom end 12 of sleeve 14. Reactor insert 22 has fluid permeable end 24 in fluid
communication with fluid conduit 30 via hollow center 40. Reactor insert 22 has
flanged end 26, fluid conduit 32, and o-ring 28. Thermocouple 34 extends through
guide tube 42 which in turn extends through reactor insert 22 and beyond fluid

25 permeable end 24 of reactor insert 22. Referring to FIG. 4, bottom end 12 of sleeve
14 is inserted into open end 6 of well 2 with bottom end 12 of sleeve 14 resting on
closed end 4 of well 2. Fluid permeable end 24 of reactor insert 22 is inserted into

open end 16 of sleeve 14. A reaction zone 38 is formed between the fluid permeable

end 24 of reactor insert 22 and the frit 18 of sleeve 14. Catalyst is retained in reaction

30 zone 38. Chamber 36 is formed by closed end 4 of well 2 and frit 18 of sleeve 14.
Flange end 26 of reactor insert 22 engages o-ring 10 retained by flange 8 of well 2 to
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have the sl'eeves be individual |y novabl e however. The reactor sleeyegjng§ be
used 10 in the synthesis of different catalysts, and the sl eeves, still
containing the catalysts, are inserted into the wells as descri bed above.
The advantage would be the elimnation of a catalyst transfer step since
the catalyst would remain in the sleeve fromthe time of synthesis through

the t esfgrita PFOERSS tight séa‘i (D[rﬁf¢28 of réébt&aiﬁgeﬁt*ﬁ erfgHfes' GG 16 BRI HOI I 1 N

fluid conmuni cation With each the nultiple reactors. 15 Referrlng to FIG
1, an epigissdeadtightéeali ew of the reactor of the invention, well 2, has a

closed end g cAHED S0P e BEROLR, SRUILE A rubb BL9E 0dleEiinp
bottom wan® fetrd éaiédg%sléilo h@fmﬂ fromPéorsd 8E32 1d 4lohAtHrolFH Srdces Zomargd to

form grooves 20 as own in 2, an end view of sleeve 14. The bottom

end G2 groovesddtolahambend6 iameed by clasedvend 4 of veln? einddet 18 of sigevehtn i n

FIG 3, t I f nd 1 14.. React

Mnsert EBmaerrLaond i Eeloie IR 8" dPeve 4 mna R SRl ROR 3B
condui t t3@oiiadt ke b@wnﬁsen‘rr@é fla ﬂd?@@ﬁégpbelaisa?féteaa reagit in haMdide® Md2st,

fluid conduit 32, and o-ring 28. Thernocouple 34 extends through guide tube

42 whi cRalalyst emivee bﬁdsOft eatalygh whiabever isnesuiredfoane pesifie applicatios

Sl eove Mgorie I kAo sREHARS edilrgite Mnbfell B fonrBn P i **
sl eeye Pdter esdritagting) th@lmslqstend réaaiom/e_bhe 238 Fing diuRerpaeeds ehrsugh fluiefl
reactor insert 22 is inserted into open e 6 of sleeve 14. A reaction

zone 38 Pesmpablesrndhe4 wkeracioranseri2g., Béw%bpléow@ﬁatezé%ﬁnﬂé%&m@vedn&@mt 22

and t he Catalyst is retained in reaction 30 zone 38.
Chanber tlg%'réaclrg éé@licgggﬁq 0S 0cl end 4 of well 2 and frit 18 of sleeve 14.

Fl ange end 2@leinatbedy, diuid me®y belddtredgest o the rewrtdOvinelidd nesdolt 30.amge 8 of
well 2 to 15 5 JUL 2005 forma pressure tight seal. Orin ﬂ 28 of reactor

i nsert Jpicpgsansstheguaiyoliow F%ntﬁbﬂﬂwoéfeilﬁ*@fs@#j?@ 22 and thypugh fivid peameabler s t he
reagkor e\H ﬁOij‘r’é%c[t dn@rf’%eﬁwtgore%@ Yugl 36 t\/gﬂ‘?tthﬁrfm"ﬁtfibwmgdh Osf orm

passages a OV\A n Fom condul t rou rooves
gr ooves diction c:lrltmp@ferwd thatrtrel flow @t®beduehdhét thie mhllysﬂreatmln‘s aista fixbdf

Sl eeve 14, BlLuid basces [ hrouah fluld permeable frif 480l sheeve 14 and
of sleeve 14 and into chamber 36. The fluid then flows through passages formed by
grooves 20 and 13 of sleeve 14 together with well 2 to the open flanged end 6 of well

20 2. The fluid exits the reactor via fluid conduit 32.

Turning now to FIG. 5 which is an exploded side view of an array of reactors
having wells 2 sleeves 14 and reactor inserts 22. The wells 2 are as described above
including retaining o-rings 10. However, the muitiple wells 2 are attached to a support
44. The sleeves 14 are as described above, including the attachment of frits 18.

.25  Reactor inserts 22 are as described above including having fluid permeabie ends 24
in fluid communication with fluid conduits 30, thermocouples 34 extending through
guide tubes 42, fluid conduits 32, and o-rings 28. Reactor inseris 22 are attached to a

top plate 46.
Referring to FIG. 6, sleeves 14 are inserted into wells 2. Fluid permeable ends
30 24 of reactor inserts 22 are inserted into sleeves 14, Reaction zones 38 are formed
between the fluid permeable ends 24 of reactor inserts 22 and the frits 18 of sleeves
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to contact the catalyst. The fluid fIOM/nay be at a rate to result in a
fluidized bed of catalyst or fixed bed of catalyst, whichever ig jeqypred
for the specific application. Thernocouple 34 is used to accurately neasure
the tenperature of reaction zone 38. 10 After contacting the catalyst in
reaction zone 38, the fluid passes through fluid perneable end 24 of
react o 4i r ﬁﬂﬁ*ﬁgb

reactor14vp§ I?%tﬁ%r%trgﬂf @Wg%@ﬂr%?%rﬁ%%iﬁvgtﬁ%?bgf@% are e |ntrogéuced to the
r eact offritgi £8 of rsledaveenbmr E{eaﬂor ‘me@rtsfmredgpgesesingzhﬂﬂu@l’namedIhwwetbmrzeto 40 of

22 h fl bl d 24 of i
D5 nt doTR B Paseoft s8al W inGs BB G PEREstrs 2% stiaqecs By T bfor °F L
pr ef er r.eshelsBale fidht sféaPVHée?th@% saahoﬁé@hdﬁ BntRbR 2~°erndr r‘é@&tréﬁ z8fe938! xed

bed. After contacting the catalyst in reaction zone 38, the fluid passes
t hr 5unghﬂrd| tormiitso32 sire ep@negtesintd solvenic Imrelomrr 50, anneflyitl danduie B0F rens

el 13 S BB aise Houas ot ) Atragte, Smipsine . & 1wl e Yhact or

via Tl yhdy (Nedhhectéd tdUa rﬁd\iérﬁoré’séﬁroﬁ' %nd5ﬂmﬁ'6c§hdu$tsa@2 HEPLQGBPed ivilth Vi ew
of an array of reactors having wells 2 sleeves 14 and reactor |nserts 22.

The \Nelsrasnmlr@r@e\acseaieéorqptﬁedabtn;ﬁt@4 i$ nsedids mgockingimemgento segue 1e tapwever ,
the nmul ti wells 2 are attached to a support 44. The sleeves 14 are as
descrrﬁﬁﬁpgﬁgvg WPR8 Edrng the attachnent of frits 1.8. 25 Reactor inserts
22 are as described above including having fluid perneable ends 24 in fluid
comuni cation with fluid conduits 30, thernocouples 34 extendi ng through

gui de tubes 42, fluid conduits 32, and o-rings 28. Reactor inserts 22 are
‘attached to a top plate 46. Referring to FIG 6, sleeves 14 are inserted
into wells 2. Fluid perneable ends 30 24 of reactor inserts 22 are inserted
into sleeves 14. Reaction zones 38 are fornmed between the fluid perneable
ends 24 of reactor inserts 22 and the frits 18 of sleeves 16 5 JUL 2005

14. Catalyst is retained in reaction zones 38. Chanbers 36 are fornmed by
wells 2 and frits 18 of sleeves 14. Reactor inserts 22 engage o-rings 10
retained by wells 2 to forma pressure tight seal. Orings 28 of reactor
inserts 22 engage sleeves 14 to forma pressure tight seal. Heater 48 is
positioned adjacent wells 2 and reaction zones 38.

R ]
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5 Fluid conduits 32 are connected to solvent reservoir 50, and fluid
conduits 30 are equipped with sanpling devices 52. In an alternate

enbodi ment, Fluid conduits 30 may be connected to a solvent reservoi.r aﬁ&
~fluid conduits 32 be equi pped with sanpling devices. An optional bolstJl%4 S
~used as a | ocking nenber to secure the top and bottom supports. 17 5 JUL
2005 dainms: 1. Amultiple parallel catalytic reactor assenbly conprising:
a) a plQaahsty of bottoms (2), each bottom having a closed end (4) and an
open end (6), said plurality of bottonms supported by a single first 5
supgort}. b) IAnmhIti;]glalparalle(lfca;alm (e%@)orsaﬂspmbl)ﬁdompgaingi ngl edsecond fsupﬁort,
sai plurality o ops, (2 cooperating w t ai d openp ends of the
plurality o) botwﬁfﬁaﬁty)oftsztmﬁi%), &1388£th Bfavmacpeﬁgﬁsarﬁmf @é@mcban
chanbers (38); c) I TSR |, S ( r W ; St.oi€ach
vessel having a Tge'?léd{dg (%)térsrr%gb'}“gﬁaﬁe%s%fl%ﬂ?rﬁgtSé@iﬂe:ac g %a Ig pés!'rsftl ow
and ;san open end $dgport,with the fluid permeable end of each of said vessels

adopted to extend intg_said ind ndent reaction chanbers (38) through said
said open eBd (6% Hf—"ag'é)( d’fb"é’Pﬁoﬁe#?(%ppé’ﬂGF' By %%ﬁ?a?qqoﬁdoﬁugﬁqr%tm' ui d

dui t 30) (32% Lot Lui . : : . ] . oy
chanbers (38): antluighity, ob b 22T Bopetag it fabi oo chdt )Bhe pllafignct ' o
fluid comruni cati ohbeitdrhs (2te fpiraraaplutalitbf indepéndent cbaciiner chgr@grs (38); The
I tipl | 1 el talyti t ly. of Caiml wh in th

oiur a1 £y" of) 111 8PP ¥o5a05 1 4BIcTcBRindsREheh Far KPR having @

I it ft 22 . | ; '
PeatSoly of al o) i hemeabic ent ey tnhl e Shafst Aahead e IS 51
comuni cat e fl ui d(18)r ewiphtheofltitdepgrmeable endadf dmdh ofrsaid( Wssels adbptedtiot i pl e

et L Yo ReleRAChEY BB IBUn iy o ol b B e eh i e 55
open end (6) of said bottoms (2) and;
d) a plurality of first fluid conduits (30) (32) in fluid communication with the
15 plurality of reaction chambers (38); and
e) a plurality of second fluid conduits (30) (32) in fluid communication with
the plurality of reaction chambers (38).

2. The multiple parallel catalytic reactor assembly of Claim 1 wherein the plurality

of first conduits (30) (32) communicate fluid through the plurality of tops (22).

20 3. The multiple parallel catalytic reactor assembly of Claim 1 wherein the plurality
of first conduits (30) (32) communicate fluid through to the plurality of bottoms
(2).

4. The multiple parallel catalytic reactor assembly of Claim 1 further comprising at
least one heater adjacent the plurality of bottoms (2) and wherein the tops (22)

25 engage the bottoms (2) at a location distant from the heater and a temperature
not to exceed 200°C.

5. The multiple parallel catalytic reactor assembly of any of Claims 1-4 further
comprising a plurality of seals (10), each seal engaging a bottom (2) and a
corresponding top (22) to form the sealed independent reaction chambers (38)

30 and comprising one or more seals (28) engaging the vessels (14) and the

corresponding tops (22) or bottoms (2).
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25 engage the bottons (2) at a | ocation distant fromthe heater and a
tenperature not to exceed 200C. 5. The nmultiple parallel catalytic rgﬂ Qg
~assenbly of any of Clainms 1-4 further conprising a plurality of seal*t ? @
each-seal engaging a bottom (2) and a corresponding top (22) to formthe
seal ed i ndependent reaction chanbers (38) 30 and conprising one or nore

seal s 8) a e 4 res I.n ). or

Dot t o (2) g altiRlp " BeibRC eackdr s PRRL o1 Y i EMYERC Y} SBlbtEle, "ot
any of C ai miclopbrodiestrustuse (24) eetictsicatdlydidlow throdgh thesbenadr it shif yst

fl ow through the open end if said vessel. 7. The apparatus of Clains 1-4
wherein in ¥88%eloarallel reactor said bottom (2): 5 Conprise a well having a
first al ¢ sai d
vessel S7?14) Ti?nrﬁﬁggﬁe& é@%mﬁhgﬁ? %ng%}? ggsaﬁlgarle%fc qrsﬁcfpbperrhééﬁl e end
by 6et ai ni ndCamptise d wall havdbg @ first sedl i e) (etdihet pmoxieataté etasbperpendl(a) by spans

e STy oo 70 enhEare e el S
end (25) coyahfiapt dnd b V\itre(a”iaﬂw a??ﬂ@g gg@%tggoémjdtﬁ‘r'e S%”ﬁtﬂt aofofea§f’“ d

pluralities of conduits sal e portio apted for
i nsertion i rmpatialbi slpmmmeatrane‘fersalaioss secteon( ¢bpaidosldeve mM)aSalddapt(Za)

portion of the reaction 3)8é sai d,t.op end %f th 5} | nsert
(26) engageUaPIFeY BAANSen ¢22) tavng S aiBiretiesble baficncEs Wi th
regetor | “Seddte\( éRd (2%1 dontaiffig aCfFrstfd P‘énﬁ' é"é’e@@ﬁd"%@@) ﬁtﬁd%oﬁ'dﬁﬁ‘ﬁ? sfaid‘) and

said insert e apparatus of claimwherein the bottomend and
outers si despluralli;as dof @peéwés (with) saick flyidparmeable wla@p(aﬂaatwmd Coai ns 5

‘or 7 wherein said fi and, s nd_sea 0 10. The
‘appar at us ofNSPioR itk &e‘? ISUNE EISEFﬁ?lPFVGZ é)\,ﬁ P% lrasE & iprfipn ok ty
of reactor th@seéatcﬁoh%%hnﬁfee (89y: BRI tbbcéﬁdaofsthéQééctéﬂlﬁseﬂf(zeﬁéﬁgégﬂs sald. The
multiple parallel catalytic reactor assenbly of Claim1 further co r| sing a
first seal (10), and a second seal (28) cooperatlng with reactor insert (22
15 restrict fluid flow between said sleeve (14) and said insert (22).
8. The apparatus of claim wherein the bottom end and outers sides of said
sleeve (14) are grooved.
9. The apparatus of Claims 5 or 7 wherein said first (10) and second seals (28)
are o-rings.

20 10. The apparatus of Claim 7 wherein said plurality of wells (2) or said plurality of
reactor inserts (22) are formed from a single unit of material.
11.  The multiple parallel catalytic reactor assembly of Claim 1 further comprising a
locking device engaging both the first support and the second support.
12. The multiple parallel catalytic reactor assembly of Claim 1 and 7 further
25 comprising a plurality of thermocouples (34) extending into the plurality of
reaction chambers.
13. A process for conducting multiple parallel catalytic reactions using the
apparatus of any of Claims 1-9 comprising:
a) sealing, simultaneously, the open ends (6) of the plurality of bottoms (2)
30 with a plurality of corresponding tops (22) supported by a single second
support to form multiple sealed independent reaction chambers each
19



| ocki ng devi ce engagi ng both the first support and the second support. 12.
The multiple parallel catalytic reactor assenbly of aiml1l and 7 further

25 conprising a plurality of thernocouples (34) extending into the pl ud dik 405
of reaction chanbers. 13. A process for conducting nultiple parallel

catal ytic reactions using the apparatus of any of Clains 1-9 conprising: a)
seal ing, simltangeitfly. sdd18d op@ependsnt( Fdactibnt BRalber ahbisingfthBovbesa (2)
30 with a plurality of corresponding tops (22) supported by a single second
support to form n{ifi4)icontaigiagicaialystdependent reaction chanbers each 19 5 JUL

contai ning o8l aryvote N B e S0E iR Re RENRE o AR SR R BRGnt o
each seal ed i ndeppsiigioh cha@@sdritetonbYiies chrlywd baftaitdtbirenéinl art ® foant ai ned

therein and to form 5 a plurality of reaction m xtures, one reaction
m xture in each seaplamlity micpeati@mtmixtiges.i one oraatien mixide dn eacheealedng,
si mul t aneously, an CIeffl Hen{ from eﬁch i nderpdendent reacti on chanmber. 20
indépendent reaction chamber; a
C) withdrawing, simultaneously, an effluent from each independent

reaction chamber.
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