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; Y& (e3e0Dl OBBCLEN"EH6HTDI METHODS AND SYSTEMS FOR HI GH THROUGHPUT ANALYSI S
BACK ND OF THE | NVENTI ON The present invention relates generally to the

field of i uation systens, 5 and nore particula ns
for the hmmm\\mmmmﬁt anal ysis of chem cal reactions and“mgw“mmmmw
chemi cal propefhkes. In the search for chemical conpounds and {gf.pore
efficient chem cal reactions, automated systens for experinmentally testing
chem cal reactions have been devel opgd. Typically, these systens subject a
known chemical conposition or set of chenmical 10 conpositions to a
predefined set of reaction variables. If the test reaction or the output of
the reaction exMETHORANDBYSTEMSHORSHGH THROU GHPAT AYaALY

particul ar reaction or conposition nmay be warranted. Automated testing is
frequently used in the area of catal yst devel opment. Cenerally, 15 catal yst
screeni NgRACK EROUNYPOFETEBMNVENFI@Nconpound in a pressure vessel and
contacting the_conmpound with one or nore fluid phase reactants at a

control | ed tenpBf Afagew inyaness leys gengrallyow theafiedd of ehemisalcayiapetine systaauces
sonme m_ni | evel . .of t C rSi i red UG he
compound i GoE S AN KA e b Sl BRI RS RL nabls wotne
such aut opRbedea it Raf pope€iegeni ng catal ysts is disclosed in US Letters
Patent 25 6, 149, 882. i s docunent discloses a systemfor screening
nmenbers of a c&hthienatrek fearlchpmisahegmprunds ardtarinmyje kffbrent ghemispletesctiongh a
test fluid. The system.conprise i.pgl e vol ume of reactant fluid which is
i mul t aneBUSFY EAFHIT N T R LB Ra TS Tt " B ATy (P ENEh-EAr E88si t i ons.
The syst emypigal®s piesk 31 dtymel asij@nednsen thehical do Rhsor@kt dfft@e@abi nat ori al
|'i brary experience an identical fluid flow, under identical pressures and

t enper @t uP@MPIHEONS\ie £ PRgdedinadied of B api vV HEbigs e liyap &st feapiion ofche a8iPhgeftthe

e L

di scl osescohipoditsen @by Betaihedr eactors and a sanpling probe positioned to
sanpl e the vessel effluent There are, however, numerous unsatisfied needs
in the art. | nAyimmatedfesiing Kdreguprdlysusid b thegreaficarparse de6yennasts. SRRETARY:-hods
for simul Eﬁ&ﬁ'%ﬂéénﬁl@.as}/%%h@%\fgﬂ%”éo%ﬁhi 3% &%@%‘&ﬁ&&d 9§§es§{{}£‘€§ssa"a%%%%ﬂ@@mg
sets of reaction conditions. For exanplFe, there is need for a system
wher ei 13 athel dotradouhy with odie Dparoad uiclhhabeahctenynos coitanied ecanpdigiure, pressure,

si mul t aneousl.y anal yzed using different flow rates, under different

pr essur es 2ehH° Ve late CEBPOBIITOGUES SPRAMHBITIY 3001 HaCHRICRT HEEdR & &peed
and f1 exi QHikH%réﬂmUﬂﬁe 3H B g60EHb £8ho AP OURLS e ridREh Ul pERE@LY St
anal ysis. The present invention me&ts these and other needs in the art.
General |y, theQOmeet awambted sydi¢mdor ssoeenmgaatnlypits stdisslaghd it UsdaktysiPategyst em

t hat provi eccapabi lity.to define and execute in rapid succession a
o alt oy b0 aE e TR ARkt b P B SRR e et S B R SRR SRR ot o
may defoi NebaRdb¥eREéteAiRAY MM rhbats GfichexBaiui® T QRews BSmkeel A8MHgle
gquantities of disparate chenical conpositions, using user-defined input

feeds, redplyamcd reqonas flughyhick ppemadiareouply @pplizdkto a combinatorial library of

chemical compositions. The system is especially designed so that all members of the

combinatorial library experience an identical fluid flow, under identical pressures and
temperature. The system is said to provide the benefit of increasing the speed at which

combinatorial libraries of chemical compositions can be screened for catalvtic characteristics.
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In addition, this document discloses the use of multiple reactors and a sampling probe
positioned to sample the vessel effluent.
There are, however, numerous unsatisfied needs in the art. In particular there is a
need for automated systems and methods for simultaneously analyzing chemical
30 compositions under independent sets of reaction conditions. For example, there 15 a need for

a system wherein a plurality of disparate chemical compositions can be simultaneously



STATEMENT OF INVENTION In a first aspect of the present invention there is
provi ded a net hod of anal yzing any one or nore of the follow ng: at |east
one physical property of a reaction product, at |east one chem cal property
of a reaction product, at |east one perfornance 15 property of conposition
used in producing a reaction product, | east one of the effects of any
one or nore reaction conditions on a rea%tlon product, and at | east one of

t he ef fect re rea condi tions
o o merinlRtd BYs 8RRl AV S S Ak ER R Es i leRhet AP S 4,
product, spemelsuld prélideinhenn&asPEpeeaanaflck BA lﬁh@afnaiyk@wmgem@al provi di ng

at least a first and a second reacti on zone, erein said first 20 and said
second r@@@tﬁogndSZm@silaaemalh@t\peala®§OC| ated t her ew t h aplurality of
correspondi ng 4.eac d| tions and rein a t ne Qf the reaction
condi t1ons assHE rear i en oy el S ET Grta bineh B GRRGRE oh Bk R

nodi fied j; apeReN@eNkibl tRbuiiift syeSHaRe Mt pR}deh ﬂ{é &Qﬁlﬂhiyi tORicARS A at ed
with the second reaction zone; h. providing in said first reaction zone at

| east a faxeaute nraaidsiccessigna Murakly of sxpesimeninunder disperpld ighetipn gondiiods.second
reaction t reactan rst
catal yar S00BesEbr HETEnle BRF R R Rb A R IR S AR B A
first reatiipandte Ciddmibsl doReositions, akingiukéredetinted fdpulteeas, deﬁ@medlmeea:ﬁidant d.
subj ecting at | east one of said reaction zones to a set of reaction 30
condi t i orf8MPFrapYdBEPEReSa r eacti on product; and e, anal yzing sai d reaction
produqé to determne at | east one of the follow ng: at |east one physical
property of said reaction product, at |east one chem cal property of said
reacti on STATEMENTIOFANMENTRONer f or mance property of sai d first catal yst,
at | east one performance property of said second cataly at | east one

per f or mance proper t§ afirssagpectsof Ffé’—tPffé%a&tnaﬁ‘@“Ofafthelleéaﬁtovéﬂ?é ayeethed Rhnce
property e one or
or e acr ARl SR R0 rofPGt AP kol link SR Bt Byt AL bF o BacB T o
product ; mbodiceas leastnmeathe trlial pﬁoﬁ)exmy sf ofeaatiyn producy atrmerseoneapmfommnwndl tions

a erfornance ropert of the first or second catal east one
of "t hd3 efHERATY %ffcom 1508 vt el B OGN S A Do | %éﬁﬁf e#
property ? dnB®r blord Pea@ﬁor§@&1‘aﬁ%n§ %ﬁ%tréiwtl%n rg)il&iulcf‘ afid 36N dnedPaklerRELs tohe

invention there Is provid a system fur analyzing any one or nore of the
f ol | owi nganyaine loe awire methahgcmduadns pnepleastyonefpedormewct pmpepy(m«ﬂacy ¢orapositemst
one chem Caclla-P gert% g rea t| on roduc &E) | east. one o nce

property BF¢ § P8 f FeRsEqn PIY B?tom} eHbSﬂé g fllc8ﬁlp[5‘r%soﬂ5& Qé@fl*’one

of the effects of afly OngroOididEDit feakCRfitst BN £ Ghd kMREo®Por, (BRI Qi first
product, and at |east one of the effects of any one or nore reaction 15

condi 2P ons on ad spisksseonshisagiontzeneransh hprepssptiyied thesgwitl 2 aturaliiy ofised in
produci ng. a_r GARL ARl A on HRBLEH o8V RYTLAME RAPE 883 lioh E8RuINC

ol low ng: a. at ast t an second Teaction zone

associ at ed t hexsgodidtbd aithithd fist feacorgionehs cipable df daisig medfieeadtpdtidentdy of

i ntroduced and an outl et through whjich at | east one reaction, product
produced t her & CPEEBLPANE Rctioncqnditipry gssagiated ithdhe seegnd JRICEOR FAE; _
controlling at | easp, oney@ididieinisalil Yl Rfkdlofidcht ANeER A ARtyct 84 4 A 1 7t
reaction zone: its tenperaturé€ profil he rate at at 1east one
react aft is intagauced therein through |ts inlet, and the rate at which at

| east t duct |1 ed therefrom through its out d
econd cont ol | i ng Syat arOPBEBREKSRTHG oA or Rt SRETaretohd Fin ol

reaction condidetMiSreh@hnt2aid Rest §&ﬁ@l§‘pcah%%é mZONBifelchSirbAMARI REME
profile, the rate at which at | east one
catalyst, and said first reactant can be the same or different from said second reactant;

d. subjecting at least one of said reaction zones to a set of reaction
30 conditions to produce a reaction product; and
e. analyzing said reaction product to determine at least one of the

following: at least one physical property of said reaction product, at least one



reactant is introduced therein through its inlet, and the rate at which at
| east one reaction product is expelled therefromthrough its outlet,
wherein at |east one of said reaction conditions associated with the first
reaction zone is capable of being controlled i ndependently of the
correspondi ng reaction condition associated wth the 30 second reaction
zone; and c. an analyzing system for analyzing at |east one reaction
product expelled fromthe first or second reaction zones to determ ne at

| east one of tdhemicaj propeity R§saigdreacias progigt: HHO B¢ PHITGPENES PioPeyphisaid
reacti on prod e ] i idr t] oduct,
at | east one E%%‘%C& rlr%rt]’cag%parsg%%r eeﬁ)g%l ggéerpgégﬂéf Sﬁgc{ascf%?%g%ar@g%bétggasggne
reaction prodygtforrindegasperons safd filseredfticitdeBt ofdyertitthaate Ifjmp@ty &fgid on
conditions on a reaction product, and at |east one of the effects of any
one or nore r&&eAAIRAGHH AR IPAsHENGEf the effeis of YeoNserfBeREPREEOP LOLHORS of ~ any

r éaeuIcoRCe . T
prasent i mventiORCa RAaRERar AT bEALRBHNThrod P el e PRBR s kB,

of catalysts, ¢herphidcié Rgiclibn temitiodshepetfothandertgopeky of. thé ety idtgnd eact i on
i nput data defining a plurality of chem cal reactions to be performed under
di stinct reactabysEonnd &4 leas onp ohthgieffesls of gnpeng eBpegRac PREENdifons on a

comuni cat i ngﬁ%%%ﬁﬁgéﬂgg ﬁgﬁﬁ?f}‘&g?‘% ﬁela@ﬁﬁtts one of a plurality of

. t . :
i nput control 0 Create plurall chem cal reactions defined by the
reaction input data in the plurality of reaction zones; 15 c. conmmuni cating

with at | east one valve to control an output f]ow out of one_ of the
pluralfty of rBASEFYN 28FRES! therigventiondhsreits RIQYidag 2wy tiamAoprabiaing anypne

anal yze t ut : it r i . 20
A L D PR oy Rar U8R it dlprdbed Ardbafon AR ARIRANTS, DO
further ahpaiahpraperty bbHsecaofiowprhidner it 1sdsit bhe perfdrranae propenyof heeathl wead ng
detail ed description of certain ecific e diments of the invention taken
' con urieorSHC e SRR NP LA FECHTt AMYICOR:0f AIGERECTON o
schenat i %oﬂﬂ%ﬂ@% erezéﬂoﬁﬁﬁﬂ%é‘ﬁb{d bR bRt thekredts %F@:’x?’h SheSorH Sk 8Mcdivn | N

accordance wth the present invention; Figure 2 is a schematic diagramof a

react 0§ bloodkionnometleadane pesipintanan proppry df afy tchetaptusseé it piodu@ng a oerctiéd gur e
3is an exgl l%?edlh&vi ew 1'%:‘ atFr eact or . .cone Si % Z.Cﬁo&/da,nce w th an aspect of the
present i RTORHE BHErelg Saig; system PrRIises it 1GastifedP A 8act or core in accordance
with an aspect of thie pragefntakifvand h9ftond réactibdbke, 2adiShAimeaidenad Vi ew
of a reactor core in accordance with an aspect of the present invention;
therewith an inlet through which at least one reactant is introduced and an outlet
through which at least one reaction product produced therein is expelled,
20 b. a first controlling system for controlling at least one of the following
reaction conditions for the first reaction zone: its temperature profile, the rate at
which at least one reactant is introduced therein through its inlet, and the rate at which
at least one reaction product is expelled therefrom through its outlet, and a second
controlling system for controlling at least one of the following reaction conditions for
25 the second reaction zone: its temperature profile, the rate at which at least one
reactant is introduced therein through its inlet, and the rate at which at least one
reaction product is expelled therefrom through its outlet, wherein at least one of said
reaction conditions associated with the first reaction zone is capable of being
controlled independently of the corresponding reaction condition associated with the
30 second reaction zone; and
c. an analyzing system for analyzing at least one reaction product

expelled from the first or second reaction zones to determine at least one of the
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Figure 6 is a block diagram of software conponents conprised in an

exenpl ary enbodi nent of a systemin accordance with the invention; 5 Figure
7 depicts an exenplary user interface screen for the input of data relating
to test sanple reaction conditions in accordance with an aspect of the
invention; Figure 8 depicts an exenplary user interface screen for the

i nput of operator tenperature settings iA accordance with an aspect of the
invention; Figure 9 depicts an exenplary user interface screen for the

i nput of data fadlodtiegl etdeaspomra physicat Rropeyhx elbiaid reagléiopradwteatigashonn aspect
of the inventign; .Fi 0. depi : I r.dnterface reen
related to tes eéfrgrcr%)l&’ggéeﬁél ?@ rgéﬁxgﬁ{ﬂ)ﬁg&é?g%# g%tcc’é%%e {ﬂﬁﬂg%ncgggcggﬁ(igf gt he
invention; Fi giaetaddusdep pioduéing hovactiba@raiicQht lehg oak oo tHeteifdt s @f afyert &g
test sanple experinents in accordance with an aspect of the invention. 15
DETAI LED DESCRIPTE GRCIETM CPHgitioNyBINTIreIqtipn graduct and atleass waeraf ihe cffeatgofmiof an
exenpl ary enbodj f . a S| t 0_1] n th

Tnvent pon. - SysoasoiaraRiiondBitEbg; G Siel bt por bR RRGT SRPEGY 4 iy
house a react oasegidh@rddidingRe@edtion pgedizt.114 houses one or nore reaction
zones 116 20 that receive sanple catalysts that are the subject of

anal ysis. Each reaction zone 116 conprises an inlet through which at |east
one reactant i, iRt : t Rr. O i I :
reaction pr odugﬁg@{)dgéég%g%{ %&é%ﬁ@%@%& P’ggﬁg 5%@%%@%?8?@%%@%%@% s in
fluid comhgninaigtis of cavhlybts v@mmistng apedst o fdlioliagt hat include, for exanple,
one or nore reactant feed sources 118 and associ ated val uing 119, mass 25
flow cdntrollers |28: an&c8ivinpicastipndnpitdatadedining apluraddy eh i regcgonse 1,
the components, pf, éé}ﬁ)rﬂl@@h}{ﬁér%sﬁ%ﬁ x%g%f?cfneco%tﬂ%ﬂﬂrﬁg M'rzﬁit%SFféa&ﬁd?m%nE??’ and
ot her associ ated piping. Reaction product produced Bithih reaction zones
116 flows to reacti bn zonemgeheating withlateatidelaineathandsat dqaetr adel of atpdurality of
selectively route the reacti on produgt ner a{ ly, . gghliio zt%ne sel ect or

p : re
val ve 124 rout 89U FRAGRSHOITHE B PYettyiaf SRy Bife! 1eackiqns §8°%BHY o

reaction 30 corg;s8he%t @k YNNG oF2ctivhizbifes OUt i ng the output flow fromthe
remai ni ng reaction zones 116 t0 waste. In enbodi nents conprising multiple

reaction bl ocks 112cand cemctunicatiog esthhl leasionehaive th nofrguneulput flow sy ef em
conprises a react of+COr e sel ?ct or. valve |28 that receives 6
one ot the plurality of reaction zones; an
d. communicating with a detector to analyze the output flow out of one of

the plurality of reaction zones.

20 BRIEF DESCRIPTION OF THE DRAWINGS
Other features of the invention will be further apparent to those of ordinary skill in the
art from the following detailed description of certain specific embodiments of the invention
taken in conjunction with the accompanying drawings, of which:
Figure 1 is a schematic diagram of an exemplary embodiment of an analysis system
25 in accordance with the present invention;
Figure 2 is a schematic diagram of a reactor block in accordance with an aspect of the
present invention;
Figure 3 is an exploded view of a reactor core in accordance with an aspect of the
present invention;
30 Figure 4 is top view of a reactor core in accordance with an aspect of the present

invention;



\
desi gnated reaction product streans from each reactor core 114 and is
capabl e of selectively routing the reaction products to a waste stream or
to the detector 126 for analysis. Qutput flow |line heating el enment 125
operates to heat reaction product flow lines 127 to prevent exhaust gases
fromcondensing in lines | 27. Reactor core heating el enent operates to heat
5 reactor core 114 to the desired experifental tenperature. Analysis system
110 further conprises one or nmore control conputers |30 that communicate
wi th ot her conptgveadds apeqtivaalsyiew @ teaciyigefreinderRrigneeoritl & asphet afélect i on
condi tion - .feaction zone 116 and selectively analyze the reaction
products é?%gﬁgﬁggPﬁﬁrein. As shown in Figure 1, control conputer 130
communi cat es WFidure6heh biyxkidedprdm of eaiwine RbMmpon&its ComiprkedGabh exendplaryl 31. 1 n
enbodi ments_having nore than one reactor block 112, each reactor block 112
may be asewbpdimsat of a s vRgeendanceowith Hie isvantigher 130. Alternatively, a
singl e _control ter. |30 optrol. e of ralit react or
bl ocks °114. Exg?ﬁ%‘r;gg G%’ mkse%{lc{g‘l%é}?%ggRﬁa?rtlf]tgﬁ(é&csocme?lo {telllg lﬁutéf)g{‘t? 6?qgtclzrgﬂ1t1‘)jut er
130 i ncl ughgs sah@le setig ndithds i Arerdihtd @ itBraafaspeet of theé@@ntion, zones | 16,
the rate at which at |east one reactant 15 is introduced to reaction zones
116, and the rHiguraf dgpiceanxemplay ussidnieefacs scsrengpodgdipyt f ergsator ed from
reaction DR, i cates with detector
conput er %%ﬁﬁﬁg |%ﬁ?§g£&{£%3§@y5|sﬁégéggggéaqﬁgr[hegﬁgre, control conputer
130 communi cat Figuse Yhiegatswamehiplay assrpntece Sbedndonteitiait of dita aglated ve of
the anal ysis paraneters and results. 20 Figure 2 |s a schematic
r epr esént HPWJAtesPNHOLIN RGP dpnes WiHY apaspeq of 182 inpe{idnar bl ock 112 conprises a
plurality of r L 2 f 1 be
Bl yzed Al t o opEEBRE ek bmpBRE i inblthce ol RUETo R AR Blaly
cat al yst dmality sscordanbewithtanlagsdct obhe ieveatign,conposi tion, |iquid or solid,

uses wi |1 pbecone evident to those

sought to be apal yzed.. These_ot her
ekilled in the%ss(ti/reigtdepwfse?a%?% 13gFAra O e Al§qritlp; fghquensny wﬁfl@afq y, a solid

chem cal coMPAKI] ARcESdshoe AR ADYSTOF theSin$éRl €d to reaction zones 116
inthe formof a fixed bed. The catal yst may be supported on solid

particlses or may itself be granular or a porous solid. Reaction zones 116
pr ef er abl (] i ified dinmensions that is capable
of supporﬁm@mﬁmmﬁéﬁgﬁﬁﬁ§§w¢ action zone nay be any
vessel or cont @ighes | ¢APaibeRaft dRBRIRObE AMékeptal ahybotimdR Re Bel gy pdsyisfeen 30
property or reaction condition beln% anal yzed, each catal yst may be | oaded
into a di fli@imesecordanest wih thednentipg. iSustefel Ianpmnpsiseyd plusrlsnof eppiiamockst t he
same or dllﬁi ﬁ{‘a?gé sQ%‘rgztlckgr’co?nfilw I%r%ac[ r}%o?eaﬂ% h%ru éjslgnfe%rr nc;re ?eaalz:{llrgzlz ene%'ﬁgs:
In accordance W th the speC|?|c enbodl ment of the 1 nventlon 11T ustrated in
Fi gur egol , tlaneeceive BBhplercaadysanthat drs thenfubedusfethalygisone or nore reaction zones

116. Each reaction zone 116 is in fluid comunication with one or npre
i nput cont rol s EaeReTeagtionzansddp spmprisespndpls teoughgvhich at lsastope misctaptis

enbodi nen i (R\VA i : i | i jcation
w th one %F“ﬁﬂfipgggkﬁﬁﬁ%t?§§§%g@ﬂ?%§§@%%éﬁe%?E%?ﬁ%?QE&Jﬁ?ﬁgéiﬁgﬂ?ﬁﬂtsed to

sel ect onexmalledpEech macianioe 1l A igint ferid admumnaabod imtbnisipuoimputr @agdkrbatf eed

source 118 e used to supply a reactant to h reactio one 6
o eh e e, R skl oo Rark aSockart B et | BEhd RS el AR a8 e
feed sgur g@wlcbAiuBRNs 180 AHARG NS flrdNabhltaBACTRl NEl stothaah FIAAEY Ohe G%ﬁorlileéqf]s-

The reactants may be |iquids or gases and may include, for exanple,

hydr ocar bohthecgoaysis isystonsire eanahctad viafosklinesni2dianil wgheapssoeiatd mpiegof t he
foll ow ng: nethan et han opane, . but ane, propyl ene,. etc.. Another i nput
control Tn f1uRa GHRIRTEEPFERCET PRl roben b oY wdp st 28heSsl dor e
nmass fl owygieBt RO HEISIs bfabRSo deBtBleBroute the @dbcBor produb@ Genkt0M, Ratidmo! | er
120 controls the flow rate of each reactant introduced into an I ndividual
reacti on zomreseler®r vabedrdirages the rsaqties ipsedicbirommnefeaction zoag | Kot fogaaction
reactign zone reacti zone C i the e . . t
bei ng fiht FOdaeisaer ER7 AR PR o EAALS Aol bt g sReIGERBRLS on
zone, cat @ waste P drhBdBmShEompriding afudliyistredetidn beicghl 12 ihdmactat €oreRyi 408
varied over a range of rates that wll correspond to a range of residence
time. Resiiemei Fighe F oie 1v8ies cQIeRiseh @ rasis drresstectos Vakve| lﬁgdhaésecr%s time
the reactants) is in contact with the catal ysts) under a 20 specific set of
reaction conditions. In addition, control of the rate of flowrate into a
reaction zone 116 al so serves to control the rate at which a reaction
product is expelled froma reaction zone 116. Optionally, one or nore
reaction zones 116 may be in fluid communication with a noisture controller
such as a noisture saturator 122. In this specific enbodi nent, noisture 25

T A NS - — ] e— - e o, " T g 4



5 reactor core 114. Reactor core tenperature profiles are typically defined
by their tenperature ranges, their ranp rates and/or their dwell tines.
These paraneters can be regul ated by any suitable neans. In the specific
enbodi ment illustrated in Figure 1, they are regul ated by control conputer
130. Reactor core tenperatures, ranp rates and dwell tines for a specific
system nade in 10 accordance with the pr%sent i nvention depend, in part,

upon the product bei.ng made, the Qro erhy bei ng anal yzed, and/or the

mat er i al sISPIBBACMFTACHOR REPIVGSYIEAIS r@eiﬂff& SPREOTHOE HrEmifdds Capadee ohaglsstively
practici ng,fifd ghe 28ReML cRto hREsleYRAH o HMR8& 1 SHKI2b 60 dallystsNO@phe

after reading this disclosure, wll be able to determ ne tzf'ue core

t enper at uit@s Jine aepingaiasemnds dpehies to hes raaaon pesiticsilow dneshEl7rtopeadat All
such configurations are deened.to be_15_enconpassed, by the present

vent | orf B S8R THOheaTS CANTBIN B ip BERGIOR o PEATINEEe BT P RIF By P
basis, 51 TeadhodidBIU & GO RgeibitkfpbRAGLor cores, Tt is also within
the scope of this Invention for the terrperpature profile of individual
reaction zonesAtayheswiamill{@hetes bgmprses ede oAmooneoneroh nmhputersfi 30hbatsy st em
illustrated in Figure 1 is designed.for the catalytjc 20 conversion of

hy i ocar ERGRSTERICHE With QBT homRBFTS} OThE SYAIERAS INEBFACSPY RRRtFALLeR SAEUTN ¢ o
unsat ur at @AafHeBY SRS Bdctidfizdse lié‘ﬁxdrs“ei%%ﬁ@ély%ﬁﬁl?zé ﬁx@ﬁ@ic%h‘ij»?od%ﬂs' rbyiREgal 1y
range from 150C to 1000C, and nore typically from 250C to 750C. Nt/)br eover,
the ranp theea. whd $howynpindagirg 1y eonges] foroputer | Jerhmunisa@s@ithiother apgtemor e
typically from1C/ mn to 10C m [h XE? g]esi gn .of r%%ctor core 114 aids the
overal? tIGOIRYE VI rCAHBUUGHHOBAUS AR oK1 @RBAEIMEPS NaXINE dnore ARansine T8 3ieTor
core 114 pisciden, ehd@thehdtoFbIgLKE €52 %a?beﬁ%o@ﬂ@é@\vitl‘i@ Pdte MBI LdthpGRIMBH SES a
cylindrical block 310 having a holTow center 312. Bl ock 310 can be nade of
any sui t ablternatéredy, iasinglt:eentedgompetas i Hhahay kentpelreacke of aplurdipef weretoeblocks i | e
and/ or reaction conditions to ich it s, to b ubj ect e I n the.specific
nbod et (5T e ope g GO opleglit &9 il YRBRE o0, R e P e f
such as, dx@ampRQ tiexanpkRngt ptdtl1esreat @] zonBe A L4, itRNrazONEShidH & 18458 ofié Edatiahut ed
symmetrically around block 310 at a uniformradius fromthe center of the
cyl i nd&r . is Mitiodgeed fogarcitongeseot 16 ardthe safe Abwaichyt dasstonsl reedtiog pooducdisar e,
however , ) pr.es j ' L. ' f act or
b1 ook 3107ReRo 2o5eCutibn aPler 15" TpuisTRRRE 30 Lt porRufiETes SRty hecliEd

W th the deguitands tb inpearht anlystreguebst Furthachae, dinokcadfuted 130 typi cal |y
have a relatively large thermal mass. Wen used to nake unsaturated

al dehydesCOHRMBRFYES WHB HRlAGHRH Y CFRITPRISR I Je AR BRI RHYS Pt (he gaalysis

t enper at uézﬁﬁn%}smnarés%?tg.t or block 310 typically can reach as high as 1000C
At these tenperatures, It is often desirable to uses insulators 314

posi tizoned on Bigpesd ise sehetsatof repeagrttaionbifacknBd eacwribbwkdtld. Rehaor slpsk em

conponents. fromthe intense_heat. Insulajior 314 be manufactured from
2y sui t ab R APl o5 KRS | Srrr P ER e G HR6A Car et fite
speci fi c grbedi MMhoudGE lpddsert iddhtion Mdiebe stk el iH t@ths Jf@htaBXeamlRis, Bét Of
ceram c lo conposite material. In the systemillustrated in Figure I, input
mani f ol dscagalpstanay heomiytdogineditiqn; liavéhor $atisly peaugdt t 131 analiimgd. sEhese other pisgst her
thermal |y i,solate reactor, blo 1.0., Geperally,. a,cooli.ng fluid can be
circul at e‘c‘fﬂﬁ?\eclorr?ﬁﬁtv I%ﬁ%tloftg % s&gTé,m |ﬂ'fe e%?erré%%/dlrf%glﬁ% Spﬁ%ﬁ??t&ﬂnds are
msm_u]f Qﬁi ured fgpmarw asulid aldntic iMbaiposition (A gl RicataBROGS Suppliedro@hemsi zonkdput
mani f ol ds can be

116 in the form of a fixed bed. The catalyst may be supported on solid particles or may itself

be granular or a porous solid. Reaction zones 116 preferably comprise a reaction tube of

specified dimensions that is capable of supporting a catalyst bed. Generally, the reaction

zone may be any vessel or container capable of supporting a catalyst. Depending on the

30 property or reaction condition being analyzed, each catalyst may be loaded into a different
reaction zone 116 in the same or different amounts, at the same or different heights, and with

the same or different particle sizes.



15 manufactured from stainless steel. Reactor core 114 al so conprises
sealing rings 318. If used, sealing rings 318 operate to provide a tight
seal around the inlets of the reaction zones w thout having to exert |arge
anounts of pressure. This is especially useful when the reaction zones are
made froma nore fragile material such as gl ass or quartz) as opposed to a
nore rigid material such as stainless 20’ st eel . However, is wthin the

scope of this jnvention to ﬂfe sealing rin th t e rigid reactlon
Zonbs such as Tibeenatte SuitespeS e mfotingl oftne foyepen %trﬁegu}@gwe
det ect or  J6rinforB et Alkis it RBLY Bore bR Md?@ a8 PERYYEE. EXRElhH 708 t he

reaction zones 116 to determne at | east one of the followng: at |east one
physi cal hitapér flyidaformsaimdcatmactitlooneeravere tigpusicohte@s sudnas aeastim dtedmooper t y
of said regaction 25 product, .at | east .on erformanc of  a

react ant b da¢Ed H!l%r@é&”?q?db?%tﬂ‘H%‘V&F“f‘g'ﬁé‘fti‘%hzoﬁ?gdg fﬁ%ﬁl}qlﬂél£t one of
the ef § ecdotnBhni@AonOREh Bfie H0MBre B AGA PELACRNLES I| PRS AQRIeRidr $ARE 1190 iPIRAUST -
and at | east one of the effects of any one or nore reaction conditions on
at | east &chagt p@r¢rdnmrrca:tep1taphmtlgermﬂtlvaraynhoeaocranton@rrequpsltsomed18 may
producin ﬁCtIO? groduct 30, De endln 35 Lﬂg anahﬁt % deV|ce

enpl oyed, et‘h?& Q HPPDLT BRGHBLY 5L IR < ol dVifip &p Andiyigu ée%fé%fc?ofeo

anal yze amyadapaes dBfer@YSdceah fecaRBiice 2l 8 ﬂfa_}g%rafsﬁcmﬁlth edéh RORRGAL | es of
reactants, catalysts or reaction products he specific properties being
anal yzed macttbr @Epéhﬁ iljbvarﬁat:tlaetssp%cbefM@l@oalgsgsﬁmdamkmﬂude ooexamrée,end
user h h rg)o é\/n Q ysten& i s t:;l Sg ﬂ@lk hmslatura

a1 dehyBosheFodEras cORRouRER, Pt Hag EPh B HUFRE ahe o Sl PRk R,
properti eéhgr{éaFm@g,ﬁb lggtaagaér},ggﬂgmare@ 5 as foI | ows. Exanpl es of physi cal
properties that can be anal yzed included thermal conductivit adsor ption)
porosity, Vi sc/bs@tinyr mspte@nfrpbmghadp@mmuh@atloma/piécmoylondpmé inckudesoprst et |

d the Ik I f
oroper t1 oSt Fuinel ). o8 oo REn e g pRRREhRE b ol

and the | ink@lowbsargtieash ffacRaf fneoamRaenBRanedividasl I«aﬁcttdmezohea% aAtcddingly,
catal yst include reactivity, conversion, percent 10 yield, absorption,

st abi 117t yresidencedime may be yatied frem fepgion zopeioutepesionizoge o3 shprgianhihe dlomt &Ea e
devi ce. f d I r i ment
of 'thi s 1 ety tefg MR g 41 BEIRTE SHERIG IR SN RIORH T3
However, zdnet dsrmlysm@artfcﬂe:snwhodl lcﬂltﬂl’ySt vdderedihn, fldve rzﬁyatagmenanb@bm aualegé d@fo
make unsat urat ed al dehydes or acids, detector %@6 isty

ly a .
spect r oscOSANE VIl IFPBRRGG A BRIES OB rRRuiFRERtimen é‘rd‘?%‘ierf“B‘F é*elﬁ agroific
enbodi mendfpodiehSis @BMhH ANBE dil@thedBact i AfsGH c§1&§&tvlh‘€}{7ﬁmfe%taly%t(!;b&ﬁﬂei ey
generate an infrared spectrumof the reaction product; and Pdrtial Least
Squar €8 (fleSicisst Qfsre@bttom quathlmenat m@edﬂityonsmmoapétmnate@rﬂéuomtq inghi asieaietain

anal yze cong t| on so be desi gned t ovi de | ow
doad” vol caBEHEapedfiRs sEuRE! e b g o AR R R e MRl o i g a
hi gh t hr opegdtppitzdnen1ghe system 2o Although the systemdepicted in Figure 1
shows a single detector 126, it is within the scope_of this invention that
a number of dePederslly, eamonyROEgEeRELioN FoBRsd 16iTBaY bejat fnd spmIpBiceign WthE

conpri se S shld'g lcgnt%f%pggfjhs staomf)ﬁ{utr@?arturg@ 9951 ﬁla{h %9 %lc%ﬁ'lb%ri%e%gﬁﬁgls&uﬁé gure

6 is a bloc ragra e conponentst

exenplaar ysamn’amlumaﬁn prfovaiesmazoe i@ duliatéLche el sun eec ohdtd i of te reavvannds) emd/orile
shown, the specific 25 control conputer 130 conprises the follow ng
sof t war e @6?1"&5%’?&:‘??% ®est sanple control 610, spectroneter control 612; and

transfer Ii nesIr{tﬂF@i{J%‘fﬂ ﬁ%tlﬁ%%v.ﬁé/ll eal:fl RAYh gorl%eH F?xgusteﬁfﬂ reafiot E6re

reading this disc ose skifTled in t e art earn
114. Specifically, in this exemplary embodiment, eight reactor zones 116 are housed in a

single reactor core 114. Of course, more or less reactor zones 116 may be associated with a
30 single reactor core 114.
In one specific embodiment, the temperature of each reaction zone 116 can be

controlled at the reactor core 114 level. Under such circumstances, each reactor core 114 can



how t o make nodifications to the block diagram Such nodifications are
deened to fall within the scope of this invention. For exanple,

spectroneter control 6 |2 can be any control 30 for any anal ytical device.
Simlarly. transfer lines heater control 6l4 can be a noisture control, or
the like. Set out belowis a description of a fairly specific block diagram
of software conponents enconpassed by th¥s invention. In this specific
enbodi nent, test sanple control npdule 610 provides a user interface and

al so comhgrn sharesl carmunisaiaowvite glheatinmelemer. J¥ithSipppagiiocoafiigomtiandha 28 of

the syst g%@&!{atﬁé Bfaéa%g rée[}t&icgi'g 14lar\tdqtsi e{ggc%p@ﬂgd;{%gﬁi&l %n@L ilig CER’lf e;r%g\r&]l {eﬁ”s

specifie e operator. In the exenp nent, a sIng stance
of sanpl éyc furtexamplepdedtel Gbfpuer 8% ponsi bl e for the 5 experinents

i npl enented at_a single reactor core. For each reactor core 114 that is
used, a uni quek§REPHARNES I 6 tyiu¢allyiane BICCOREBNPHAEGT BrodiDas theis Gpgespandiaged.
Thus, i i i | : I Ln
i gur & 6.2l E16 BB @00Elre bR SR AR S Red By Tl SemBifct
Fur t her notiggesetaein ramp raecendddr theis iwstiples. ThederpararfictOrseay be pubite] onargy
separate conmputing device. 10 In the specific block diagramillustrated in
Fi gure 6,Suitalle meaph| B the pracHic srabrdimen) ifugtegsh inddgure ds they argpreeulagd Y nodul e
620, reaqctoﬁ{mf @iupe control module 622, flow control nodule 624, and
sanpl e analysis nitor nodule 626. Test sanple input nodule 620 provides
for defining. Rewatoreste tsmpplamress pemp rapest s1d dSpdicirhescial b gpedifistyseanplade imput
nodul e 620 allows the operator to define the reaction conditions for a

pl uralft fcs?rdf"é@tw‘é%ﬁﬁlpée%t @X%H“r@ﬁ%ﬁ IpYTEUPPR SR E’fﬁgk‘%%&‘“&i‘%@eo re,
those skilhd hifdenaded Wil RErARkGIs b WHidHOME Sy daha ter
screen i raﬁgpkffﬁ?té@%unber(%# mgggl é&gﬁﬁiné uponytﬁg?r sﬁggﬁ??%%needs
and obj eahadacturene Véheanphaicafg thistesrodimeerdf dweingsentmanthobaskideahinbbe art,
associated with, input. nodule 620 for defining test sanple reaction

ondi 1 oref SAinE BT Wil Jaral 0 SHETERANE Coie FEAF S dSTRBNES Hihg a
new test Riaf @60 iRl Y8S thdPRdddb Y AMGudh 8MTuRatidnl GreS@ARle8 15 bIBSS, the
sanpl e's height, and a residence tine. For exanple, a user nay define that
sanpl &5 X, erhampasgedbyrttesprefenpingeatinmn. dnddditiceitghlterolg t4mperatuirg prodilesrubey o
testing with residence. tine of 5.seconds. The residence ti. i,s defined
ns"t he s e R e oG Rl e reRety TP ear R o st i i O
enbodi menhs, invdheiod dsaxhe tetMpedirere srofilRefeydil iadsl readtionoHeEoibe siiglt@ab@ly st 25
tube, which in the exenplary enbodinment is equal to the sanple height

mul tiplie@isd 11r2, where r represents the radius of the catal yst tube.

Usi ng val ues f i I I I | , I .ate for
the test sarrpl'gg ?lgfh%a u%,gf@gsy#hrgqgggg%&dgrﬁﬁ ser1 ‘?? n%é%@gg%ﬁgg c&wd/&?e 7

al so po ovdodesrsioarof ingléricaibyhn@. 4. heropaeeandfor e ypmet-yeodtdining téaegintsheo sanpl e,
a description of the sanple, and the contents of the sanple. 3o Al though
not showPnsaturaied ddehsies pyacds, Sefeagospse Emperaecvitldypice uange fram 150

I nventi Or}8fll6prte,ranHrr19\f!3 BiRcANGSHRBERE I ¥50°€. SMSEOLYr, G lBRHE i Gl RS 1S
to be used. "For’exanpl &,”*ah
range from 0.10°C/min to 25°C/min, and more typically from 1°C/min to 10°C/min.
The design of reactor core 114 aids the overall throughput of the system. An
25 exemplary embodiment of reactor core 114 is depicted in Figures 3-5. As shown, reactor
core 114 comprises a cylindrical block 310 having a hollow center 312.

Block 310 can be made of any suitable material that can withstand the particular
temperature profile and/or reaction conditions to which it is to be subjected. In the specific
embodiment illustrated in Figure 1, block 310 can be made out of a material such as, for

30 example stainless steel.

Reaction zones 116 are distributed symmetrically around block 310 at a uniform

radius from the center of the cylinder. All configurations of reaction zones within block 310



12 operator of the systemmay specify that the input fluid is to be

hydr ogen as opposed to sone other feed source gas. Thus, a systemin
accordance with this enbodi nent of the invention provides for entering a
plurality of test sanples, each of which may have different nasses,

hei ghts, and 5 residence tines. Further, each test sanple experinent may be
specified to be conducted with a particuPar reactant feed source.

Col l ecting this information, which defines the reaction conditions for a

pl ural i t yares heyyier.carompassed binthe patseoiis vensionddf it s drgirad farueastortbjodst3 10mogue

experi nmen | . ' . ris existin
yet em. openeetd B ngRudity bt GHul PRV bR OMBR LR B EUGR fores
confi gur at i@meacto? bock@O0#illt Bpically bhwcodteldelindede thérends aimes.f | ow rat e.
Accordingly, a _systemin accordance with this enbodi nent of the present

i nvent i onI pr OVM@§|“\§%4 kg ltf?aft‘l:?é%d aldehysies pr %ﬁ}iﬁlj@@:dgwwl@m mgilrwgh@nsa
oy s > Pt ) : .
£ gur <SP RIS SR Al RCH 1 o Bl ot WA AT syt 1

onprrses reacto era co
Gener al | y At frRaCteRipe i, i ERTEE A B AbEOBLI & inflaierL3 @ﬁ@osﬁldn@&‘fén bgpositB@nds
operator of the systemto specify tenperature 15 conditions for reactor

core 114.offfisagiockinciaB Edtopsolaseshar sysipmsiofmponetip &oat e éntensadicat dnsilaser 314

defi ned sections. o he, react or e _such,that the te rature ndi {ions
of the aoriehis ablachiiSe BER Y e BRI s IEtutARU T S Bl ele i o
condi t i ongigdRcifieRheyEnhad, insulfieas i PEantsy BadiFdctuRd, MAex&hpleDse ofledramed
sections, while the test sanple experinents, which have been specified as
expl ailAedcpprsiie mpteiétnecti on with Figure 7, are executed. 20 One specific
exanple of a s t. (2 J A LUk ontr ol
modure 622 for TLEEREF g SE ety PR E TRb R M Bl e PEORRI LGRS, |
Fi gure 8. inklilasts B BAsid@ridtoSudhe chagiatle isolhosacskibldck@ 10N Geherahy ta svollhg be

able to configure this data on an interface screen in an infinite nunmber of
ways depeflBidfgnda cirraated je apyt BaBifelds 440, i depireds Ingws wanifalds gee Bprdagared
screen il tr.at i | e -t : I i f initial

t enper at ulrrrgﬁlvzg]l &gﬁgﬁr}g ngltegg?i 161 h%s()s?&%ﬁ?%hl%%)glgl eﬁ?ﬂ??@ﬁ%@%@?ﬁ@ §F’e is to be
hel d. 1Fheraafifaetured fhemtsevipdessatagt.e may be increased by an operator defined

gradient until _reachin operat or defjned plajeau value, In this specific
exanpl e, the oB\E?Cé?fo‘}Of%éﬁ‘{] %‘6‘28?‘?9“%?5 Sﬁ%mlgirvhés) éiéh?ﬁ'{fs& ah%ﬁ”&ﬁ% 3&2@136““3
execut ed gLAYGRAE LI h.‘t/seapé'xgﬁg%ﬁqme%fofttﬁérfé‘ﬁ&t%dlicﬁleg M osELN IS RAY gdr%gen

defined, they nay be sav recalled for use in #uture tests. 3 st
sanpl e coampaits phpnghsir® 10hisfs ¢shecislhiewdiefilovisinabk rediaer zone hieusadedtad ainmre
Figure 6 further conprjses, flow control nodule 624.. Flow control nodul e 624
can pr ovi baednereF 8 Rich &5 Blase ARG & heafiengo Eraos it AteF DB SRR |
as al 1w ggelt HoWSEF, it @ valhan e sthRser thisoEentiGh € 8RRk LrifsaANEN Be@hord uUser
interface screen which can correspond with flow control nodule 624 is

i 11 ust r at gaidiraqtiogzoaespuciAgs SlRewmade ent &fgtwl.of the eight reaction zones 5
the actual 11 o TEVEE Sk P REFELE SEh, 1 BherhblB SHRIRANE By GEBGT)

t he desi r expelledfronnthe setion ecadesUllate detbasiad aulean ohbef tesolenng: hi kestdati ned
oper at or  CAIFGhBRGECE RE T Giiena BOSHG A OB Rt 51 GUOBH e BySERRT | mpl y
by i nty.odygi i i j [~ trol
el a2 B K o B B L G e e T hi 1
react or comnetidilgrofloct, atrledsy snesof thlaffects bbamycanet arohomwehstien 6@rtlidonshm aused to

determ ne whi.ch experinent is to i npl enented within a particul ar reactor
Cor e 114, HHHGEORBRCRTY & 1ESREORA & 0% PO S BT GIme b RUce st RIEoTs S
sanpl es Widy i dhederfolR@ick Profedly®f ARy BeaktahBbr dafalfdt uSdd RUWroMRAS Sa Wiy @ test

sanple is next in the queue, fhe fYom115 control nodul'e can be configured
t o conmmunpoaliet. Wi t h t he vari ous conponents of the test apparatus including

feed sgurce selector valves 11 ss _flow contraol 2 and, saturators 122
o | mibament ¢ REDPRUN SelfE g9 by dRe e s At e MR iz P Raghen
sequence. dikbrsed hdro caRBE LSd o bilyee Wﬂ&ﬂlﬁbﬂdﬂ?ﬂ%di&b{, MehGéhl bepdrfdrinah& be
anal yzed and activate the various conponents o he apparatus to insure
that the reaction conditions correspond to those 20 specified by the
operator. Once the reaction conditions have been established, flow control
nodul e 624 can be designed to communicate with reaction zone sel ector val ve
124 to direct the output flow fromthe queued test reaction to reactor core
sel ector valve 128. Test sanple control nodule 610 of the specific block
diagramillustrated in Figure 6 further conprises sanple anal ysis nonitor
nodul e 626. Sanpl e anal ysis nonitor nodule 25 626 can be configured to

o o b o b g, oy I 1



15 sanple that has been waiting the | ongest across the reactor cores 114 is
sel ected for evaluation next. However, if there is a |ong purge del ay
associated with that particular test sanple, and another one of the queued
experinments can be perforned before the delay el apses, the other test
experinment may be inplenented first. Another enbodi ment of this invention
pertains to an algorithmfor queuing test® 20 sanpl e experinents. One
exampl e of a flow diagram of such an algorithmis illustrated in Figure 11
As shown, Prapertieseqf reactantyfcatahysts ergancdion gFeimcrs |ihstspegifie prapertieg heiag pnglyzed
spectrong 2 6 C . I of time that each
test sanp gfﬁggg%géﬁlﬁggg%ﬁ%:é%ﬂ%%hgﬁg$§§§%§P§Feggg%glllz, the sanpl e that
has been queuel thbembodigrat wherefethekystdindks usdt t6 hkRe Ahsatdritd aldedyd® B! 2
determ nes_whet her any of the test sanples that are waiting to be anal yzed
can be i msidnehexnnlea of plysical. ehemisghandneripemagceyapitias diat ¢ints anplyzedare

sanpl e. t hat , | e i | ected as
he nokt bdelO%s ERInLEYEYNR rORHER! al dorirach b RIS plePd! 20Ty
test sanpdoadbdibiitycadsobRioanpdryzied vivcbdiiynspdesficiahayy, thenicapssigc tirteediom t h t he
test sanple that has been queued the | ongest, the test sanple that has been
30 queuedcanpiant, gy stlikes Examptes of chespicalayppsigesinckide specirpscopi prepepest | 20,
reactor cor t i Cil 0 ct- from
tho. appr oaress HoREEa, K Kol sl Shalt QYR Uk Enk Bl AR L RS, 1 €61 2
det er m negerformbue @pprtey ofahe radelaayort damdysa sisdedeat sdividyf donvedsonppergémg gas

feed lines 127 has, el apsed. If so, at Stfﬁ 1124, nodul e 612 communi cates to
spect rBnetiel: AsPEteacY RIE Yy 8568yt 1dJ8§HIKSi npl enent i ng the queued t est
experinment. R I t i:fL C gl Iy i
Fibure 6 contPart hiztRitbd By lapactite T, QRKifs AR A c Bl Rl
control nudeticdngddemBodimshesf thisneentieaweall depehd| & G b4 thespropspentsditd e f or
controll ia%% thg geati ng. ofh | i nefs | 27 | eadi ng out of the reaction zones to
det ect or ABHZEEQHOVEY §raiming SRESITIG mbRAiMBRT WRRIPINARE &Y St ifeheeaishd {3 Bk er
lines |27 ¢h 41 id2 dPle Do ¥8 LSUPEkIRS AERctiD i
condensi ntér{ggf@a?he ree cte I gﬁ%cllsé\gvg%ﬂbwés@ \/?/agiﬂf‘é £[rl gslm rlgegcrt ?Cgﬁgggrgggmﬁ(?&?@ €

det ectidr de¥e. Tn aertdie prdfemebseheatiments ohtsremivistingd ¢claat abenfcoed sppatredieteois
operate with heating elenment to bri the transfer li.nes. t 0, _and/ or

ai o - SRR O T ERLSRSE RS o e R Ao i Leb RS afre
referri ngPpagks dsed thRaeRamitilsy Rbacle Mdagtaae iddivigdtdahegzd Soncb@bdtRnS.
detector conputer 132 conprises spectroneter interface server 630.

Spect r onePetectonl A may alsededesigaaoipsoyide frondeds) witoe thee eaguirehehortanugst s to
i mpl enent.. t ter.scr I . f 1,0 te ntrol nodule 612 and
comruni ca”?lgsg&)vf\}l ﬁﬁg 2‘? éncﬁgﬁ?ﬁqélgg? c? 1%}1{%@2’% §§fgﬁr§‘eib§%tfg}§1Mnt the request.
Spect nonet er i AltksfghaRe Sytare deibidd ¢aHigatess DsevCosihglguderdiok 026,61 3ywitHne the
readi ngs from detector |26 back to spectroneter control nodul e 6l 2.

Ref er r i ngSc8Re & Bisn¥entionhgf fringPer ghteiedpisisal ¢ Bifh U @dition. detipint leednay
archive d @?@ﬁ : : L t j ] for maintaining
an archi v%go tﬁééﬁlgéﬁ?ﬁéxﬁgﬁsﬁ?ﬁ%?xgégg %%gﬁﬁgée}‘?? %O?Enﬁd. Accordi ngly, as
test sanpl es aFigumrfaisyzddck dihgradetfaofw aresccamminents dhat magrbetanvo ddtiallase 640
for later retrieval and anal ysis. As stated above, the preferred .
conf | gur aPGIFIEY STHEIRTSh Of hYSUTRLRC-Car et TRAEF IHBTYAT Al BNy specific

di scl gsedcdhelotsmpl@ReMioonhptisBaite folddwinB ofRaie @ehpdassls: ants.abiiesddngs of
the end user. Those skilled in the art will, however, be able to design
such pr ef @r, epecsipaictarsoninel GHat sdisansfer diney eaweraguregostroli®ddl osure. Sone

Chr oughput syt eI AB naRARY i Hbfiesf ROBLCTRR aPlieh Eyrg v diar
bel ow.  how to make modifications to the block diagram. Such modifications are deemed to fall
within the scope of this invention. For example, spectrometer control 612 can be any control
30 for any analytical device. Similarly. transfer lines heater control 614 can be a moisture
control, or the like. Set out below is a description of a fairly specific block diagram of

software components encompassed by this invention.



Specifically, in certain preferred enbodi nents, the reaction product
produced in the high throughput systemis not injected into a nobil e-phase
detector. Instead, once the desired reaction product sanple is sel ected,
the entire anmount of the sanple passes directly through 30 the detector. In
thi s enbodi nent, no separate nobile phase is necessary or utilized. In
other preferred enbodi nents of the high throughput systens disclosed
herein, a sanpling probe is not used to renbve and transport a reaction

product sanpl eptg;s B&‘?ftice&hl%di entl Gest &nﬁglk u)ntfbtl%du%@f@éﬁo?fae?ﬂg@iiﬁgg@% , a

selection valve I1s used to select a si e streamof a reaction pr
sanpl e t andelweommmitdes el sator coten Hhasd platarvabdsildaed 428 af tanpitemg

val ve whi.ch di ver a portion of the reaction.product. ow of the single
st oam t ditwe i ede T3 P Brer PEROTAGH RS B RER Fro by fis CreiaiS 40 it eam
via a retyempldrPembsditeht, UsidglZRGtantd st @athle Sritrd] h@dﬁle%’ﬂ@qgkéigé”ﬁsibl& s t{{engh

t hroughput systemdirects the entire selected streamto the detector.
yet ot herexpemhents gdplenisodid measinglettaectdi gpe.t Roroaagh paactos getechhduthatlis need, a

valve to select the desired reaction product stream That valye, however,
toes ot DR IOECEIE R VEF Gode Suoriie SLEt SRbBER iz Tt RefE only Grmer
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on a computer screen in an infinite number of ways depending upon their specific needs and
objectives. One example of a user interface screen that can be associated with input module
620 for defining test sample reaction conditions is illustrated in Figure 7.  As shown therein,
20 establishing a new test protocol involves identifying a sample, the sample’s mass, the
sample’s height, and a residence time. For example, a user may define that sample X, having
a mass of 2 grams and a height of 4 c¢m, is to undergo testing with a residence time of 5
seconds. The residence time is defined as the sample volume divided by the flow rate. In
certain preferred embodiments, the sample volume is the cylindrical volume in the catalyst
25 tube, which in the exemplary embodiment is equal to the sample height multiplied by I,
where r represents the radius of the catalyst tube. Using values for the residence time and the
sample volume, a flow rate for the test sample is calculated.
The exemplary user interface of Figure 7 also provides for identifying the name of the
party submitting the sample, a description of the sample, and the contents of the sample.

30  Although not shown in the exemplary screen, a system in accordance with the invention

further provides the capability to specify the input feed that is to be used. For example, an



rate of sanpling was determ ned by the control conputer in accordance with
the present invention. Although it nay be varied, the reactant feed
conposition was fixed at 1.0 nol % propane in air saturated with water at
anbi ent conditions for each reactor core experinent. 30 Residence tinme was
vari ed from sanpl e-to-sanpl e by changing the reactant feed gas flow rate
over the range of 5m/mn to 20m /mn. This corresponded to a range of
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Tenp (O fGaRM-doRpri¥bLledAbr temperature control module 622. Generally, reactor core
temperature control module 622 allows for the operator of the system to specify temperature
15 conditions for reactor core 114, This can also be used to specify temperature conditions of
defined sections of the reactor core such that the temperature conditions of the defined
sections can be controlled independently.  These temperature conditions are implemented
in reactor core 114, or one or more defined sections, while the test sample experiments,
which have been specified as explained above in connection with Figure 7, are executed.
20 One specific example of a screen that can be implemented by reactor temperature
control module 622 for gathering operator temperature settings is illustrated in Figure 8.
After reading this disclosure, those skilled in the art would be able to configure this data on
an interface screen in an infinite number of ways depending on their needs and objectives.
As shown in the specific screen illustrated in Figure 8, the operator can specify an
25 initial temperature value and a period for which the initial temperature is to be held.
Thereafter, the temperature may be increased by an operator defined gradient until reaching
an operator defined plateau value. In this specific example, the operator can specify up to
five such “ramps” which are executed sequentially. Once a set of temperature ramp settings
have been defined, they may be saved and recalled for use in future tests.
30 Test sample control module 610 of the specific block diagram illustrated in Figure 6

further comprises flow control module 624. Flow control module 624 can provide an
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forth apparatus including feed source selector valves 119, mass flow controls 120, and saturators
122 to implement the flow settings associated with the particular test sequence. Thus, flow
control module 624 can identify which test is to be analyzed and activate the various
components of the apparatus to insure that the reaction conditions correspond to those

20 specified by the operator. Once the reaction conditions have been established, flow control
module 624 can be designed to communicate with reaction zone selector valve 124 to direct
the output flow from the queued test reaction to reactor core selector valve 128.

Test sample control module 610 of the specific block diagram illustrated in Figure 6
further comprises sample analysis monitor module 626. Sample analysis monitor module

25 626 can be configured to provide an interface to the test screening that is presently being
analyzed at detector 126.

One specific example of a user interface screen which can correspond to sample
analysis monitor module 626 is illustrated in Figure 10. As shown, the test sample
experiment presently being analyzed is identified along with the physical readings for that

30 test sample.

Referring back to the specific block diagram illustrated in Figure 6, control computer

130 further comprises spectrometer control module 612. Spectrometer control module 612



in the followi ng clainms. Accordingly, reference should be nade to the
appended clains as indicating the scope of the invention. 20 CLAIMS A
nmet hod of anal yzing any one or nore of the follow ng: at |east one physical
property of a reaction product, at |east one chemi cal property of a
reaction product, at |least 5 one performance property of reactant or

catal yst used in producing a reaction product, at |east one of the effects
of any one or nore reaction conditions df a reaction product, and at | east
one of the effects of any one or nore reaction conditions on at |east one
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t he reactieagiocenielil 14 ndetepseroldibasrbiovgormurtents withtdefestas compuieohd? stocelsabl e
of beipg caontrolled i ndependent | f the corresponding reaction condition
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in said second reaction zone at |east a second reactant and a second

cat al yst , pasa¢wlarfrpacier qosadt ardtoveemntiob moduledidfas mspensitile farmidertifping sdiich &fecond
react ant, ., an id fi | 3 . rdif.ferent i d
second catthglrygﬁ&sigftéeﬁes}s%@?@g#?\ét %Spﬁagtgcs%l&}gh%égg Cés)oaﬁhg“{yeag icgﬁirélgrﬁ\m(é@lﬁ 0 a
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said reaction product to determne at |east one of the follow ng: at |east
one pHYsiwaPipVBpera pagionsare! Felide PoanPysduct, at | east one cheni cal
property of saiglelEackl 00y PHIMEYe 6 B cdh GRbnARGREI LARMRDGERLORSE YT
said 25 first reactant, at least one performance property of said second
react ant , vate 128asid therebyp etehafynmhick tg3t sqpeplé ycroks thairehctarrcotesdatocieysilyzed.

| east one_performance property of said second catal yst, at |east one of the
effects ofPenailoHkthéySheitis embiodimen, Scps%ﬁr{lfft%%onéroglﬂvgpkaﬁ12&@6%@@
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nore reaction con ions a ormance property o second
react ant , sadplarhdt xts Heemstaitorpehofonghe aefokedk seatoranyesalid ioselemedforeact i on

conditions on .a perfqrnance property of the first or secqnd catal yst. 21
> "The. netHOEIGR DEita PV BB AloTRRSe® b irpt Bl oaag S ot griSes a
catal yst. sagpldRd Hﬁ&th&dorféfof%@q%gusd c%ﬁl@iﬁﬁén& @h He§Reforméd Betbld ht dsigpct ant

conpri ses a gaseous conponent. . The method of claim 3, wherein at |east
sai d firstlapseachanthecioppxpsament myboisenigoentedfirsthe met hod of claim 1,
wherein said rgﬁlgt%roepr%lfgd?@'eﬁt' SR iﬁ\%nwgﬂ ﬁ@rtzﬁr@t t% afnI arlc%rithr% t‘g?&{f%ﬁ{gﬁj{esﬁecpnd
reacti on zones are subjected, each conprise at |east one 0 e reéeaction

condi thonsangst eqietichehtsO rOAd e agpll LOMS idierdig odfuchtdaenlgattBmat ilwkired sai d
first or said second reactant is introduced into said first or said second
reaction E’@H@sl,l-respecti vely; the tenperature profile of said first or said
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reactant remains wt rst or sal second reactron zo
respect i vednyrol ibbdole 61Beaketasdhofengihait minte thuheckitest sampleasd beznevaiting focbe
reaction gn%?}%‘eé.l Xrtlgtei[:)? 112, the sample that has been queued the longest is determined. At step
25 1114, module 612 determines whether any of the test samples that are waiting to be analyzed
can be implemented in less time than the delay associated with the test sample that has been
queued the longest. If so, that sample is selected as the next test sample to be analyzed at
step 1116. If there is not another test sample that can be analyzed within the delay time
associated with the test sample that has been queued the longest, the test sample that has been
30 queued the longest is selected for testing at step 1118. At step 1120, reactor core selector
valve 128 is set to route the reaction product from the appropriate reactor core. At step 1122,

spectrometer control module 612 determines if the appropriate delay time associated with



which said first reaction zone is subjected is different fromthe
correspondi ng reaction condition to which said second reaction zone is

subj ected. 20 7. The nethod of claiml, wherein at |east one of the
following conditions is present: a. said first catalyst is different from
said second catalyst; b. said first catalyst is the sane as said second
catalyst; c. said first reactant is different fromsaid second reactant; 25
d. said first reactant is the sane as saPd second reactant; e. said first
catalyst is different fromsaid second cataly and said first reactant is
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physi cal property of 'said reaction product, at |east one
reaction product sample is selected, the entire amount of the sample passes directly through

30 the detector. In this embodiment, no separate mobile phase is necessary or utilized.
In other preferred embodiments of the high throughput systems disclosed herein, a

sampling probe is not used to remove and transport a reaction product sample to a detector.



15 chem cal property of said reaction product, at |east one perfornmance
property of a reactant used in producing a reaction product, at |east one

of the effects of any one or nore reaction conditions on a reaction

product, and at |east one of the effects of any one or nore reaction
conditions on at |east one performance property of any reactant used in
produci ng a reaction product. 20 12. The systemof claim 1l wherein said
first and second reaction zones conpris? a reaction tube. 25 13. The system

of claim1l erein,said.first controlli system and sai d secand
control 11 ng STSTEHtasdrehaed SinSaentrhe Lo rowTeR e B EeSuhar e e
first angr spReaemsh Iﬁﬁﬂﬂicrt%r!nbl@go Y LRNE tH RtdckbrC W@b&?&de‘ﬂ!}g&\ée&g a'sﬁﬂgﬁno
controls that are in fluid communication with each of said first 30 anhd

second r edet whichzbvers o mortisepbthateicyion pritduot flowgf tHesingt sreatm whihehlegttok east
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the follow ng: a reactant feed Source, a nmass flow controller, and a

noi st ur edgesivor.ol | er. 16. The systemof claim 11 wherein said first and
second controlling.systens are in comunicatjon with a heating element that
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second reaction zones. 10 17. The system of claim 11, further conprising a
first refuoidmommunicdtion biebyssnmg inert Huid sogtceragd dioongstzisives sinek an ised puge

react gr @ore for hgusing said second reaction zone. 18. The system of claim
17, wWRer BFIY 18 3PPy st and second reactor cores conprise an i nput nanifol d
and an output manifold and wherein said inlet of each of said first and 15
second reaction zones is positioned in said input manifold and said outl et
of each BXAMPLES rst and second reaction zones is positioned in said

outl et manifokd, 19, mof .claim.Jl? I rising.a first
reaction zonebg@PB% g%?§gﬁ%§&%gfgggﬁé§$¥%gfggfgéﬂﬁﬁgfﬁﬁ@e %%E@H%%]product
expel | editro@ihpaedydichi. r Bteatieacinmpsle, AffBR@nt, Muleslp @MaB/s2eoriostiond afEvaatedon
fromsaid first controlling systemand a second reaction zone sel ector
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of claim1l, wherein said amal'yzing system 'conprises at [east one evi ce
t o amal yperelbadeelsst hebgte vath samitak esadydt dad peighulstisg dhinch i s sel ected from
the group . . .
The analysis system consisted of three reactor cores, each containing a reactor core
that has eight reaction zone positions. Position one in each reactor core was reserved for a
blank tube used to obtain a background spectrum for effluent gas analysis of the remaining
reaction zone samples. Accordingly, seven catalysts were analyzed in each reactor core run.
25  Analysis of the effluent gas was by a single infrared spectrometer. Requests for analysis and
rate of sampling was determined by the control computer in accordance with the present
invention.
Although it may be varied, the reactant feed composition was fixed at 1.0 mol%
propane in air saturated with water at ambient conditions for each reactor core experiment.
30 Residence time was varied from sample-to-sample by changing the reactant feed gas flow

rate over the range of Sml/min to 20ml/min. This corresponded to a range of residence time



consi sting of spectroscopic detection devices and chromatographi c detection
devi ces. 25 22. A method for controlling high throughput sanpling,
conprising: a. receiving reaction input data defining a plurality of

chemi cal reactions to be performed under distinct reaction conditions in a
plurality of reaction zones; b. comunicating with a heating el enment and at
| east one of a plurality of input 5 controls to create the plurality of
chem cal reactions defined by the reacti’on input data in the plurality of
reacti on zones; c. conmunicating with at | east one valve to control an
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conmmuni ¢ f one of the
lo pIurd%{t ey%%%%%%ﬁgﬁﬁgéﬁé%&gfggg ﬁgﬁwggﬁggg%gﬂhf%%n1Egy&mﬁerein
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one of a_sanple mass, a sanpl e hei and residence tinme for each of the

plural i t«}eswna%éﬁﬁneame raeaétvr—s igne. 3 t@zal of Prigmpend st ey segmantsconld hays beray
Comrssmé&%meﬁ Rl NGy EAQYE dt. &&Mb&&&g&ﬂg&g {hg& f2d toldfhedEt hod

of cl ai ereinTeceliving reaction I nput 20 conpri ses
receivi n@omtaﬁposedeﬁthbfpyesagt emampmsua rzfnqeﬂoﬁcﬁOO%WMﬁ“Ctajné%Whumab faljowadd t he
chem cal reacti gns. hod of claim 23, wherein receiving reaction

i nput dal%d FamR Fem %Q%rt? é%% Craéde?/wlﬁgeméwpae? e dystl Detraseniiiong Mape
t enper at %%ﬁ]ggagy H§a$g1§. &3 1}9539{1]%}5 s %?algééaf&'dhftféfe&fteﬁg&gtufr‘@s' reactions.

27. The c alm ereln recelving tenperatur ta conprises
recei vi ng t enpethatolievingepamplesdahch cBflyst 26 mmarammdmmg Glatatysasaml2s
wherein c nnunlcatlng%mnth heatln | enent a d at ast one of a

pl ur dPi t 9 SRR MRSHEHAE dihRBY S AL TIB FRA AT ?rwgdl fee 168t or core
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source selection valve to select an 1| nput Into a reaction zone, a mass
f1 ow con¢vablatedocarnontremsly ztsrgompqdun tre@separteredciontaretrivs. rideatsudis tm&md and a
nDisture.sPturator to.contr e water co on nHﬁ of thggjrgut feed. 29.

th
The met higGUgF (Y ‘ﬁF%e"z”’é“re\%BBl&ihr‘i %ﬂ%ﬁ?‘@éﬁ PRICePE ve to

converted to any other product (Conv.), the percent of propane feed converted to carbon

15 monoxide or carbon dioxide (COx Yield), percent of propane feed converted to acrylic acids
(AA Yield), the percent of converted propane that form acrylic acids (AA Select),
composition of the catalyst, and the calcination temperature and atmosphere used to prepare

the catalyst.

20



control an output flow out of one of the plurality of reaction zones
conprises communicating to with a first reaction zone selection valve to
selectively route the flow out of one of the plurality of reaction zones,
conmuni cating with a second reaction zone selection valve to selectively
route the flow out of a second one of the plurality of reaction zones, and
comuni cating with a reactor core selection valve to selectively route the
output flow fromone of the first reactifon zone selection valve and the
second reaction zone selection valve, 15 30. The nmet hod of claim 22,
further conprising identifyi ng theWﬂ_@w fromone of the pl ural ity of
chem calf ﬁdb TTOTTS ™ T0 s y'eX by—ttre—detector—3T C | ai m
30, whelef|r S |fyi§§’3 h{% {g fs‘ 1Low fr. m one of the ’218 ;E‘SPSFP‘E%?S
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out put fl jw frcm t hel| one pf the pl uraI ity of chem cal reactl ons that Has

been quéus et owfrom ond—of—{t he
plurali ?9 e%r?&' 3? thd/én (‘t)% tlg[%é‘?laq3§%9§dNB%/‘2{ he ¢ qoebgfzﬁ‘fmﬁ? THe

nmet hod 122, f--rf hg. comprising—determ-ni-ng—whether—a delay tige for
pur gi ng Ghe%@neﬁ%ed%%s ekPi e%%prmFOY@SéwNﬁW’tatl mPOwG HNEroger ectlor to
anal yze |t le_outiput fl ow fromomne of |the plurality of re¢action zones. []J0 35.
A conputing device conprising: a processor; and instructions adapted to be
executed on said processor for performng the nmethod of claim?22. 15 36. A
conput er readabl e nmedi um havi ng conputer executable instructions thereon

for %rforrri ng the nethod of cl ai %QMPLEZ’
.ABy. AL Al . AS?. Al & Al . Al . AHL. Al . A[.. - AL A AH v. A5, AE. AYE. A)

. AFr . AYIl. AlTefdp |A- A. AYCOX AYEN' T IAQ Calcination process
(°C) |Conv.| Yield | Yield | Select |Composition

Al 352 | 51% | 26% | 21% | 54% |Mo1oVosTeq2sNbo 1251001 |600 °C / Nitrogen
Bl 382 | 52% | 26% | 29% | 57% Mo, ¢Vg3Teg23Nbg 125 600 °C / Nitrogen
[C|[ 362 | 49% | 24% | 27% | 56% [Mo, oVo3Teo23Nbg,125Ing o5 |600 °C / Nitrogen
D|| 402 | 20% | 16% | 0% 0% |Mo1oV03Sbgi5GagosNby; {575 °C/ Nitrogen
E|l 392 [ 25% | 14% | 9% | 36% Moy 0V 3Sbg 15Gag 03Nbyp gs; {600 °C / Nitrogen
F|[ 369 | 62% | 43% | 17% | 27% [Mo,oVo3Teo2sNbo 1) 600 °C / Argon

G| 361 | 49% [ 25% | 28% | 58% |MoioVo 3Teg23Nbg 125 575 °C/ Nitrogen
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While the invention has been described and illustrated with reference to specific

embodiments, those skilled in the art will recognize that modification and variations may be
15 made without departing from the principles of the invention as described above and set forth
in the following claims. Accordingly, reference should be made to the appended claims as

indicating the scope of the invention.
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(- gl = providing in said second reaction zone at least a second reactant and a

second catalyst, said first reactant can be the same or different from said second
reactant, and said first catalyst can be the same or different from said second catalyst;
20 e. subjecting at least one of said reaction zones to a set of reaction
conditions to produce a reaction product; and
f. analyzing said reaction product to determine at least one of the
following: at least one physical property of said reaction product, at least one
chemical property of said reaction product, at least one performance property of said
25 first reactant, at least one performance property of said second reactant, at least one
performance property of said first catalyst, at least one performance property of said
second catalyst, at least one of the effects of any one or more reaction conditions a
physical or chemical property of the reaction product; at least one of the effects of any
one or more reaction conditions a performance property of the first or second reactant,
30 and at least one of the effects of any one or more reaction conditions on a

performance property of the first or second catalyst.
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or said second reactant remains within the first or said second reaction zones, respectively.

15
6. The method of claim 5, wherein at least one of the reaction conditions to
which said first reaction zone is subjected is different from the corresponding reaction
condition to which said second reaction zone is subjected.
20 7. The method of claim 1, wherein at least one of the following conditions is
present:
a said first catalyst is different from said second catalyst;
b. said first catalyst is the same as said second catalyst;
c. said first reactant is different from said second reactant;
25 d. said first reactant is the same as said second reactant;
e. said first catalyst is different from said second catalyst, and said first
reactant is different from said second reactant;
f. said first catalyst is the same as said second catalyst, and said first
reactant is the same as said second reactant;
30 g. said first catalyst is different from said second catalyst, and said first

reactant is the same as said second reactant; and
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conditions selected from the group consisting of: the rate at which said first or said second
reactant is introduced into said first or said second reaction zones, respectively; the
temperature profile of said first or said second reaction zones; and the length of time said first

10  or said second reactant remains within the first or said second reaction zones, respectively.

9. The method of claim 8, wherein at least one of the reaction conditions to
which said first reaction zone is subjected is different from the corresponding reaction

condition to which said second reaction zone is subjected.

15
10. The method of claim 1, wherein at least one device is used to analyze said
reaction product which is selected from the group consisting of: spectroscopic detection
devices, and chromatographic detection devices.
20 11. A system for analyzing any one or more of the following: at least one

physical property of a reaction product, at least one chemical property of a reaction product,
at least one performance property of a reactant used in producing a reaction product, at least
one of the effects of any one or more reaction conditions on a reaction product, and at least
one of the effects of any one or more reaction conditions on at least one performance property
25 of any reactant used in producing a reaction product, wherein said system comprises at least
the following:
a. at least a first and a second reaction zone, each having associated
therewith an inlet through which at least one reactant is introduced and an outlet
through which at least one reaction product produced therein is expelled,

30
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a first controlling system for controlling at least one of the following reaction
conditions for the first reaction zone: its temperature profile, the rate at which at least
one reactant is introduced therein through its inlet, and the rate at which at least one
reaction product is expelled therefrom through its outlet, and a second controlling
system for controlling at least one of the following reaction conditions for the second
reaction zone: its temperature profile, the rate at which at least one reactant is
introduced therein through its inlet, and the rate at which at least one reaction product
is expelled therefrom through its outlet, wherein at least one of said reaction
conditions associated with the first reaction zone is capable of being controlled
independently of the corresponding reaction condition associated with the second
reaction zone; and

c. an analyzing system for analyzing at least one reaction product
expelled from the first or second reaction zones to determine at least one of the
following: at least one physical property of said reaction product, at least one
chemical property of said reaction product, at least one performance property of a
reactant used in producing a reaction product, at least one of the effects of any one or
more reaction conditions on a reaction product, and at least one of the effects of any
one or more reaction conditions on at least one performance property of any reactant

used in producing a reaction product.

12.  The system of claim 11 wherein said first and second reaction zones comprise

a reaction tube.

13.  The system of claim 11 wherein said first controlling system and said second

controlling system are the same.

14.  The system of claim 11 wherein said first and second controlling systems are
in communication with input controls that are in fluid communication with each of said first
and second reaction zones for separately controlling the rate at which at least one reactant is
introduced in said first and second reaction zones, and the rate at which at least one reaction

product is expelled therefrom.
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15.  The system of claim 14 wherein said input controls comprise one or more of

the following: a reactant feed source, a mass flow controller, and a moisture controller.

5 16.  The system of claim 11 wherein said first and second controlling systems are
in communication with a heating element that is in thermal communication with each of said
first and second reactions zones for controlling the temperature profile of each of said first

and second reaction zones.

10 17.  The system of claim 11, further comprising a first reactor core for housing

said first reaction zone and a second reactor core for housing said second reaction zone.

18.  The system of claim 17, wherein said first and second reactor cores comprise
an input manifold and an output manifold and wherein said inlet of each of said first and
15 second reaction zones is positioned in said input manifold and said outlet of each of said first

and second reaction zones is positioned in said outlet manifold.

19.  The system of claim 17 further comprising a first reaction zone selector valve
for selectively routing the reaction product expelled from said first reaction zone in response

20 to a communication from said first controlling system and a second reaction zone selector
valve for selectively routing the reaction product expelled from said second reaction zone in

response to a communication from said second controlling system.

20.  The system of claim 19, further comprising a reactor core selector valve for
25 selectively routing the reaction product from one of said first reaction zone selector valve and
said second reaction zone selector valve to said analyzing system in response to a

communication from said first or second controlling system.

21.  The system of claim 11, wherein said analyzing system comprises at least one
30 device to analyze at least one of said reaction products which is selected from the group

consisting of spectroscopic detection devices and chromatographic detection devices.
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20 plurality of chemical reactions to be analyzed by the detector comprises determining the
output flow from the one of the plurality of chemical reactions that has been queued the

longest.

32.  The method of claim 31, wherein identifying the output flow from one of the
25  plurality of chemical reactions to be analyzed by the detector further comprises
selecting the output flow from the one of the plurality of chemical reactions that has

been queued the longest to be analyzed by the detector.

33,  The method of claim 31 wherein identifying the output flow from one of the

30 plurality of chemical reactions to be analyzed by the detector further comprises:
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if the output flow from a second of the plurality of chemical reactions can be analyzed
in a time less than the delay period associated with analyzing the output flow from the one of
the plurality of chemical reactions that has been queued the longest, selecting the output flow

from the second of the plurality of chemical reactions to be analyzed by the detector.

34, The method of claim 22, further comprising determining whether a delay time
for purging the line feed has expired prior to communicating with a detector to analyze the

output flow from one of the plurality of reaction zones.

10 35. A computing device comprising:
a processor; and

instructions adapted to be executed on said processor for performing the method of

claim 22.

15 36. A computer readable medium having computer executable instructions

thereon for performing the method of claim 22.



