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APPARATUS FOR HI GH THROUGHPUT CATALYSTS SCREENI NG AND
WORDHAGGBATI ON FI ELD OF THE | NVENTI ON [ 0001] TheCpUs®es 037403

invention relates to an apparatus and a process for

the high-throughput, quick screening, optimzation,

regeneration, reduction and activation of catalysts.

More specifically, the present invention is a nethod

and apparatus to quickly screen, optinmize and
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catal ysts, not one of these previous apparatus or
nmet hods have provided the ability to test one
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screening of catalysts, not one of these previous apparatus or methods have

provided the ability to test one catalyst or set of catalysts while simultaneously
treating a different catalyst or set of catalysts with a different treat gas. In fast
deactivating catalyst, the present invention significantly improves and reduces
catalyst screening and optimization times. Although not as critical in stable
catalysts with very long deactivation times, the apparatus and method of the
present invention still could provide for improvements in catalyst screening and

optimization.

[0003] In many industrially important reaction systems, the catalysts
deactivate on a time scale that is shorter than or comparable to the reaction time
scale. The present invention is designed for high-throughput evaluation of fast-
deactivating catalysts such as those used in cracking of naphtha and gas oils,
methanol to olefins processes, hydrocarbon dehydrogenation over noble metal

catalysts, partial oxidation with metal oxides among many others. The



deactivation is caused by such nonlimting nechanisns
as coking, fouling, poisoning, reduction or phase
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deactivation range frommlliseconds to m nutes.
[ 0004] Previous high throughput catal yst systens are
i nadequate for fast deactivyating catalysts because
t hey cannot neasure the catal yst perfornance in the
react or under the sane tine on stream (TOS), a
prerequisite for co%Barin. . fast deactivati
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redetalesiprs NIMams of thebbdesiphe featore! phraidé] rbactoes disde té provide a
for fast deactivating catal ysts as their reactant

compuorcsfepddy theerpactoss sequentially or in parallel. Many previous
inventions, for example US Patent 5,959,297 and WO 00/29844, present catalyst

screening methods placing numerous small samples on a very thin substrate.
While this method was adequate for stable catalysts, these methods were not
suitable for fast deactivating catalysts as the samples were not tested at the same
TOS. Also, these substrates do not allow for reaction at one substrate site while
regeneration, reduction or some other processes occur at a second substrate site.
Moreover, substrate designs would not allow for the careful individualized
control of high temperatures and high pressures necessary for many catalytic

systems.



not sensitive enough to recover sufficient product
over very short exposure periods. WO 98/15969 sol ved
W kiog/opsebl em by proposing feed and recovery PCD®ES2003/037403
t hat securely attached thensel ves sequentially to each
el ement of the substrate. However, this invention
still could not control the.3J0OS and space velocity
preci sely enough necessary for fast-deactivating
catal ysts, nor would they have the ability for a
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the parallel arrays by different feeds or treat

desictieatimg cBUVWABRWOR additionAIEBSiCNons and balancing efforts, the
TOS for each reactor could theoretically be controlled by using the ‘882 patent

invention sequentially, as opposed to the parallel operations suggested.
However, the device taught by the 882 invention still would not be useful for
fast deactivating catalysts because the catalysts not actually being tested was not
maintained in an initialized state (or individually optimized states) by a

treatment gas other than the feed gas.

[0009] Although many high throughput catalysts screening systems have
been developed, none of them would be effective for fast deactivating catalysts
as they did not simultaneously control TOS and maintain the other catalysts in a

ready condition to be tested. Further, these systems were inflexible even for



[0010] The present invention relates to a systemto
properly screen and optim ze fast deactivating

w@e 200al0ysss by controlling TOS and keepi ng t he PCTE82003/037403
test candidates in an initialized condition ready for
rapi d testing. Mreover, the present invention also
provides the ability to regeperate and reactivate
catalysts in the sanme apparatus that is also testing
ot her catalysts allowng for far higher throughput of

testing and, optim zatjon. e present invention also.
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fromthe testing rig, again significantly inproving
the efficiency of the catalyst testing and
SUMMARYIOBTIIFEISRAENTIONL1] Preferably, the present
Invention provides a systemand a nethod for the
si mul taneous testing, initialization, regeneration and
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Figure 1 schematically illustrates a cross-section of
thtdughpueof tastiagpindeptinizaton.wlhe ppesens inveatipn also provides an

si X-reactor, .one detectipon stream system
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nonstrates how the first order rate
iraivationgroesswi th the TOS (as neasured in grans

react ant per gram of catalyst) for a fast !
deactivating catalyst. [0015] Figure 4 graphically
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thBSimBRABRA testing, initialization, regeneration and reactivation of fast-

deactivating catalysts while maintaining a constant TOS (within the range of
prespecified TOS’s of experimental interest) for all candidate patalysts and
providing one or more detection systems that can monitor one, more than one or
all of the reactor outputs. In this manner cétalyst activity and selectivity may be

compared at the same TOS.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure 1 schematically illustrates a cross-section of this device applied

to a two input stream, six-reactor, one detection stream system.



catal yst) for a fast deactivating catalyst. [0016]
Figure 5 graphically denonstrates how the selectivity
wWQ 2004060591 t h the TOS (as neasured in m nut es)PEDUSA03/037403
fast deactivating catalyst. [0017] Figure 6
graphi cal ly denonstrates how the selectivity varies
wth the TGOS (as neasured LR_gramreactant per gram
of catalyst) for a fast deactivating catalyst. [0018]
Figure 7 graphically denonstrates how the selectivity
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long desired in many industries. Although nunerous
hi gh-t hroughput catal ysts screening . i nventions have
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state, nor did they provide a nethod for regeneration,
reactivation or alternate treatnent while in the
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TOS (b fheasured in gram reactant per gram of catalyst) for a fast deactivating

catalyst.

[0018] Figure 7 graphically demonstrates how the selectivity varies with the
TOS (as measured in gram reactant converted per gram of catalyst) for a fast

deactivating catalyst.

DETAILED DESCRIPTION

[0019] Fast screening and optimization of catalysts has been long desired in
many industries. Although numerous high-throughput catalysts screening
inventions have been proposed, none of them provide an efficient method of
screening fast-deactivating catalysts. Each of the previous inventions failed to

properly control TOS, maintain each of to-be-tested catalysts in a desired pre-



GC or mass spectroneters. [0021] The present invention
consists of an array of reactors with at |east one,
wapa4peister ably two sets of selection val ve syRBECEDNS2003/037403
the first distributing various input feed streans,
the second porting the reactor output streans, and a
detection device, such as ggfast-scanning nmass
spectroneter and/or a fast-response GC. At any given
time, any of the reactors may be exposed to any

i ndi vi dual feed streans. Thu one reactor (or npre
testag state.a3qs shid dheYopray, %a&ﬂg?(f Eor e eRsTALP Ry T5gC Yaion Or

eactant of interest, (the "on-duty" reactors), while
al{qlpéatg Cafhent ngﬁén %1?16 ?ﬁin%?ﬂé%ﬂr eactors may be-
pretreated, regenerated, rejuvenated, stripped,
reduced, sulfided or heated under inert environnental
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sydtene nayebe anldng'auk) minutek eFaefassdeadivatingatatalysts with a
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GCajrunessaipedtrohyetelesor ption with an appropriately
chosen gas stream and conditions. The deactivation

rate paraneters (adsorption capacity and the
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inp@fedd siteafattle®esond pyttipdthegeddier puhuk eaxtamstand a detection
process does not harmthe activity and selectivity of

deviiee, sactahy 8 fastrscahaingshassdpegtrometes aad/orpniast-raspense GC. At
present, i nvention may even he T
any given time, any of the reactors may be exposed to any individual feed
streams. Thus, one reactor (or more) may be exposed to the feed stream
containing the reactant of interest (the "on-duty" reactors), while the catalyst
beds in the other reactors may be pretreated, regenerated, rejuvenated, stripped,
reduced, sulfided or heated under inert environmental conditions (the "off-duty"
reactors). One of ordinary skill in the art may easily determine other uses for

various other input streams to the catalyst beds.

[0022] Generally for catalysts, the various pretreatment process conditions
are different than the actual catalyst evaluation or deactivation process. The

regeneration of catalysts may be carried out in the present invention. As a non-



desi gned for manual switching frompre-treatnment to
eval uation under the feed of interest, or,
w@e@ieerbl y, this process may be aut omated. [ OBPQHEHPSZNE037403

present invention provides an apparatus and nethod to
accurately control TOS for each reactor, thus ‘
determ ning the activity and;selectivity in the full
range of TOS in a nultiple, high-throughput system

The TOS preferably wll be controlled fromto O to
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I in one reactor in a nulti- reactor high-throughput
system and sending the reaction product stream from
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the present invention is an apparatus for evaluating
catal ysts that conprises: Two or nore reaction

[0024]s el The paesent/mysatiohprovidesan hppanatiusrend metioddndccurately
control TOS for each reactor, thus determining the activity and selectivity in the
full range of TOS in a multiple, high-throughput system. The TOS preferably
will be controlled from to 0 to 90% deactivation, most preferably from 0 to 50%
deactivation. The present invention has the added advantage of being able to test
one catalyst while simultaneously performing one or more separate processes on
other reactors in the high-throughput system. Preferably, the present system

allows for the accurate testing (by controlling the TOS) of one catalyst in one
reactor of a high throughput system containing many reactors, while
simultaneously allowing pretreatment, regeneration, rejuvenation, stripping,

reduction, sulfiding or heating under an inert environment in any one or more of

the other reactors in the high-throughput system.



outlet; Each inlet being in direct conmunication wth

at |l east one feed distribution systemS Each
waele@unedsst i on system having at | east two i nconP@ImyUS2003/037403

streans, the distribution systembeing able to

channel any one or nore of the incomng streans to

any one or nore of the reactikan vessels At |east one

detector that is in comunication with any one or nore

of the output streans. [0027] In another enbodi nent,
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l'east” two “input streans” to at |east one _
thae a&dctor toanradr, modd fast-responsydevisesscwhile sipultarstoushheither
one or nore of the other reactor_vessels_in the hi ?hd
an

testing tlghpther sgtalysts withrtheis oavwiy(Rassibb v padnt) feest stream
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programed order so that at any tinme the feed

systerhai ni ng at | eéast one reactant of interest enters

only one reactor, the "on-duty" reactor. Each of the
reactors may have mass flow controllers to provide
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catalyst activity drops to a preset |evel, for
exanpl e half of -the original activity. During this
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r educetiet;

e Each inlet being in direct communication with at least one feed

distribution system

e FEach distribution system having at least two incoming streams, the
distribution system being able to channel any one or more of the

incoming streams to any one or more of the reaction vessels

e At least one detector that is in communication with any one or more of

the output streams.

[0027] In another embodiment, the present invention is a method of testing

catalysts by:



as necessary to prepare themfor their exposure to the
feed containing at | east one reactant of interest.

W 2®204055n a nore specific, non limting exanpP@l/Us2003/037403
reactor array of 16 reactors in a single unit
accommodat es two stream sel ection val ves sending two
different feed streans to tde reactors. The 16 units
are mounted into two or nore separately heated netal
bl ock to provide a constant but i ndividualized,
temperature_to all ?ctors The catalﬁgz Ioadln I,n
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tenperatures vary from 150 WO 2004/ 060551 -10
PCT/ US2003/ 037403 to 700C, and reactor pressure varies
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simlar flowrates to the off-duty reactors using a
single mass controller, the variations in conductive
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i ndi'vi trictors upstream of each off-duty
reactor. In actual operations, these off-duty
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& catal ytic ~properties nmay ‘be instantly neasured.
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e P SR 55 e B Bl LICRHhBa of
1nte?{;lsrt %ﬂ#:?? 81&@’3 orfe AR Cthe ¥ &jdtgutéééfbro rEz[Hthﬂﬂe Weddlors may

pol sbns beforé entering the stream
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exgittﬁepqghgllf%?rtﬁe oﬂgﬁlal activity. During this process, the catalysts in the
off-duty reactor may be rejuvenated, regenerated, sulfided, activated or reduced

as necessary to prepare them for their exposure to the feed containing at least

one reactant of interest.

[0029] In a more specific, non limiting example, a reactor array of 16 reactors |
in a single unit accommodates two stream selection valves sending two different
feed streams to the reactors. The 16 units are mounted into two or more
separately heated metal block to provide a constant, but individualized,
temperature to all reactors. The catalyst loading in each reactor can vary from
several tens of grams to 1 mg. In this example, the weight hourly space velocity

ranges from 0.1 to 1000 g feed /g cat/hr. The reactor temperatures vary from 150



hydr ocar bon or hydrocarbon) to the off-duty reactors.
A second stream sel ection valve may be used to direct
w0 b@4oentsput stream from a specific reactor to PEEUS2003/037403
nonitoring device. [0032] The on-duty reactor is fed
for a predetermned TOS, with its output being
directed to the nonitoring_dgvice. At presel ected
intervals, the two selection valves are simultaneous
rotated placing a new reactor on-duty, and taking the
previ ously on-duty reactor off-duty, The q ut. stream
to JO0P G eand weastor RIGESTe ¥alEeHToNLatRRRPAGriE 4o d ﬁ@B psig. The

noni t ori ng} devi.ce. The.t%ﬁ? str%ﬁl ecti on val ves
1egGlon§Jpay &g rarde P F et F MR Paneousl y. In sone
enbodi nents it may be WO 2004/ 060551 - 11

‘PCT/ US2003/ 037403 preferred to di sconnect on-duty

[0086F t OThbrfofedGrf IRty edctdig atepiosadedihn awirt) hoarhydroedrbon
gas to purge the nonitoring stream and then |ater

containimgamch ydrocarbantcontaningditepm Giroigha aisjreainf selesgion valve.
val ves are rotated si | t aneousl the outl et stream
0
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BB % BUEH T SRR o AR for P
in@fg'?%%%a%%%&%?%@ﬂn RPEhENBFL By REstoL! I AbtRAISerations,

next reactor interest allowng that reactor's

th&dd bfELdBY reamdisvdiddderkept énla readihessnate tsorthatthe eatatytic
that was previously purged. The mass flow controller

propeiiticateay bo instanthhmeaswed.eact or ensures the same
space velocity and TCS. [0033] The present invention
provi des superiority over the previous known devices

[Ohﬁ%;] I_q?t%’h% t %tf@a% QL1eC3h #ﬁlﬂ/g reﬂ\%%e% $h&le fféé?f@ﬁ;ntér@sﬁs on,ly_

roughp manner . e the on-dut

fed $a ElPHn duty BSdctdly THeefeb@of isibreza i tie dmteryesdactor gy be
of f-duty reactors may be reactivated and kept in the
proeiidy diteatly tbdhe ferstor therughythe firssstresgn selgetiorralvehprsmay
.system provides for a natching TOS.for each . reactor
Firg b AR 0 B ALRBIHe o N G BRI Ot dTtaas or
resent. i nvent. a
T e N

acﬁ?#a%dlz'%éasum fPMRIduct hRafRpFIA4E, Gristlefl selédlidnhealve
of f-duty reactors can be , :

porting feed to the on-duty reactor has its own mass flow controller. The stream
selection valve simultaneously provides a different steam (inert, non-
hydrocarbon or hydrocarbon) to the off-duty reactors. A second stream selection
valve may be used to direct the output stream from a specific reactor to the

monitoring device.

[0032] The on-duty reactor is fed for a predetermined TOS, with its output
being directed to the monitoring device. At preselected intervals, the two
selection valves are simultaneous rotated placing a new reactor on-duty, and
taking the previously on-duty reactor off-duty. The output stream of the new on-
duty reactor is ported to the monitoring device. The two stream selection valves

are not required to be rotated simultaneously. In some embodiments it may be



pretreated at individually optim zed conditions. This
is an inportant feature of the present
whe@hottsspughput system since different catal yBtBUS2003/037403

require different pretreatnent conditions. And it is
important to evaluate a candidate catalyst at its own
opti mum pretreatnent condi g'%pns. EXAMPLE 1 [0034] The

i nventor used the above nethod to produce a conplete
performance history of a nethanol-to-ol efin catal yst

contai ning 40 wt % SAPO 34. Table 1 shows the, catal yst
prﬁ@nﬁdrtﬁﬂlmnaectﬁ% etyFRacteE f1omm fie pontipgng Cf%% Bﬁ%%}ﬂg an

. 20 to, 40 psig as funct i f .t -

g SR8 e o RSk o 05 S Rt on-
e e i aht i o0 £
oSS A VL gl i RS, B QU s rom
thé€ 6AMRILS kedttdranby Be déwesrianfrandmeaitering systgnt, semlacdsd bpdn
et hyl ene (C2) and propylene (C2) are in tows D and E
inere pprget | Waley therherge iaicempiatedetticotdvasonaytenis s. Row

.F shows the a nt qf t hanpl . passi hr ough .one
simgpimesns b Eg B RO BRaN® G Mot aryl i ee Bar gac O fyspest
h ; ' . .
I 5E A S B GG el b RN g ha
wis rkvﬁ\ﬁ@lygplﬁgwemeaﬂésscfmw ebhadlleededicant ¢atial yisduty
OH converted/ g cat). The first order rate constant,
redctor ensuadscthe ahme spacovelioogytandtF@S. f ol | owi ng equati on:

. k = (weight hourly space velocity) x In(1/(1-x/100)) x
(density of catalyst/density of gaseous nethanol at

cti condi tions) where.x | - I :
005K o r She AR 98 0o PSRl Al TR BP R meeyigys known
il Yhe ba@ftAlditimay dn8er@oGes GWH pIEAES i &%ish-tifethput

degtﬁ%%%cta?o% condi tnil%}r,]sna?tg/ol 3x10-p£ and 14.7x10- 4Qghp
maimee. Thos ehilads opduty mactords sestiag thé f&@l siredinal Of pgerest,

respectively. Methanol densjty is cal culated from %;e
the affadutyacadtany mipbeagadtivgtadsad kephig therepdyiate for kst
ca%)tfsrt]:ltgstlzngtnfpu%%i tEgS)SSys%erh% p%gxtfiﬁleg $or a matching TOS for each
reactor as it becomes the on-duty reactor. Finally, the present invention allows
for the rapid incremental monitoring of change in feed composition on various
catalysts. Moreover, the candidate catalysts in the off-duty reactors can be
pretreated at individually optimized conditions. This is an important feature of
the present high-throughput system since different catalysts require different
pretreatment conditions. And it is important to evaluate a candidate catalyst at

its own optimum pretreatment conditions.

EXAMPLE 1

[0034] The inventor used the above method to produce a complete
performance history of a methanol-to-olefin catalyst containing 40 wt% SAPO-
34. Table 1 shows the catalyst performance at 450 °C and methanol partial

pressure at 20 to 40 psia as a function of time-on-stream (TOS). The run was



experiences both activation and deactivation. The

first order rate constant increases from88 to 196.4
wW@ea40bism dr ops to 8.9 sec-1. Figure 3 is sinPEF/USIH03/037403

Figure 2 except that the TOS is defined as a

di mensionless tine in terns of gram of nethanol fed

per gramof catalyst. Figurgp4 is also simlar to

Figure 3 except that the TOS is expressed in terns of

gram of nethanol converted per gram of catalyst. The

caélﬁég%ﬁq"%ivﬂ%%" L hounly goncs EI0GHETHOM LRbi 83 AT frow B in
i h . LY .
RE11 Agh el % REB BISPLSRE 3] Lo Gghined
! et i = e . _

B (LT MR Gt ATt Ry, T e
1108913 d3 6P AndWXBROR 0GON shovetthe amount GDmetmODpaghiay through

rnCcl oO-MNNNO v o ONd-OOrt "1 ON a QOONOMONNM n
oneQerapf-capdyst-in@ach@d the analysis period. F'rom these data one can

calculate the TOS in term of minutes, gram methanol fed per gram catalyst

(g MeOH/g cat) and gram methanol converted pér gram catalyst (g MeOH
converted/g cat). The first order rate constant, k, is calculated according to the

1l

following equation:

k = (weight hourly space velocity) X In(1/(1-x/100)) X (density of catalyst/density of
gaseous methanol at reaction conditions) ' ,
'
where x is the methanol conversion in wt%, In is the natural log function,
density of catalyst = 1.5 g/cc and densities of MeOH at reaction
conditions are 7.3x10 and 14.7x10* g/cc for methanol partial pressure

of 20 and 40 psia respectively. Methanol density is calculated from the

ideal gas law.

[0034]  Figure 2 shows in a short time, within 2 minutes TOS, the catalyst
expeﬁences both activation and deactivation. The first order rate constant
increases from 88 to 196.4 and then drops to 8.9 sec’’. Figure 3 is similar to
Figure 2 except that the TOS is defined as a dimensionless time in terms of gram
of methanol fed per gram of catalyst. Figure 4 is also similar to Figure 3 except
that the TOS is expressed in terms of gram of methanol converted per gram of
catalyst. The interconversion between the three different TOS is shown in Table
1. Figure 5, 6 and 7 shows the prime olefin (ethylene plus propylene) selectivity
as a function of the three different forms of TOS. The prime olefin selectivity

increases with
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TOS but later decreases. This example shows the importance of obtaining a
complete performance history of the catalyst in order to compare catalyst

performance when catalyst deactivation is fast.

EXAMPLE. 2

[0035] The present invention was used to provide kinetic parameters for
catalyst poiéoning, specifically organonitrogen poisoning of two
hydrodesulfurization (HDS) catalysts. The first catalyst was a commercial
sulfided CoMo/Al,05-SiO, catalysts. The second is an unsupported CoMo
sulfide catalyst. Two feed mixtures were prepared. Feed A contained 0.8 wt%
4,6 diethyldibenzothiophene (46DEDBT) in dodecane. Feed B contained 80
ppm of total nitrogen (N) as 3-ethy1carbazole‘and 0.8 wt % 46DEDBT. The
conditions tested were 265°C at 250 psig and a hydrogen treat gas rate of 650
SCF/B. For each catalyst, the test started with feed A to line out the, catalyst
activity in the absence of organonitrogen poison. Then the reactor was switched

to feed B.

[0035] As expected, switching to feed B caused a rapid decline in HDS
activity due to site blocking by the nitrogen species. Two key poisoning rate
parameters were determined using the chemisorption theory as described by H.

Scott Fogler, Elements of Chemical Reaction Engineering, 2. Ed., Prentiss Hall,

11992, p. 256. The adsorption capacity of the bulk CoMo catalyst was found to
be 0.0044 g N/g cat, compared with 0.0085 g N/g cat for the supported
CoMo/Al,05-Si0, catalyst. The adsorption rate constant for the bulk CoMo
catalyst is six times that for the supported CoMo/Al,05-Si0O; catalyst.
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decreases. This exanple shows the inportance of
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catalyst in order to conpare catalyst performance

when catal yst deactivation is fast. EXAVMPLES 2 [0035]

The present invention was uged to provi de kinetic

paraneters for catal yst poisoning, specifically

or ganoni trogen poi soning of two hydrodesul furization
CéH[l)ﬁ catal ysts. The first catal yst was a commerci al

il %ed CoMb/ A1203-Si Q2 catal ysts. The second is an

unsupported CoMb sulfide catalyst. Two feed mixtures

were prepared. Feed A contained 0.8 W% 4,6

di et hyl dA hesizeirbhghpardevicorBBauating dathdysine. Feed B

contained 80 ppmof total nitrogen (N) as
cBnptisiggcar bazol e and 0.8 w % 46DEDBT. The conditions

tested were 265C at 250 psig and a hydrogen treat gas

rate of 650 SCF/B. For each catalyst, the test |

st art ed twotdr meeajreaction Vessels gach paid reagtar yessel having

ctivity in the abgsence of organonitrogen poi son. Then
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expected, switching to feed B caused a rapid decline
in HDS activity due to site blocking by the nitrogen

speci es gajiNRldaYreRR BENERA dirRtecomalumi®itionswithaeleast
determ ned using the chem sorption theory as descri bed

rofilyinfet dissobutiokeystem, El enents of ' Cheni cal Reaction
Engi neering, 2. Ed., Prentiss Hall, 1992, p. 256. The
adsorption capacity of the bul k CoMo catal yst was
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The adsorption rate constant for the bul k CoMo
catalyst is six tines that for the supported
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more of said feed streams to any one or more of said reactor vessels or

eliminate feed to any reactor vessel,

any or all of said outlet streams being directed to at least one

monitor.

2. The device of claim 1 wherein said outlet streams are directed

by an outlet distribution system.

3. The device of claim 2 wherein said outlet distribution system

ports any of said outlet streams to any one or more of said monitors.

1

4. The device of claim 3 wherein one of said feed streams is a

feed stream containing at least one reactant of interest.



1. A high-throughput device for evaluating catal ysts
conprising: PCT/US2003/ 037403 two or nore reaction
wWoemgobess1 each said reactor vessel having at PERES20081@37403

inlet streamand at | east one outlet streamsaid inlet
stream being in direct conmunication with at |east |

one inlet distribution systgg._ said inlet distribution
system having at |east two feed streans, said ihlet

di stribution system being able to channel any one or

nore of said feed streaps_to.an ortle. r ncriwre of sa}'hd
reacd-or Thedeviee of claymismvhgredn Pé%é? tsi’al%afﬁ? PGPy Other
el | | .of [ '
i e feadeodn atebingsd st Shs e T RRG o,
' ' | ingt di ted b
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2 wherein said outlet distribution system ports any
of said outlet streans to any one or npre_of said
moni t or sinext fluitly repwienatiorn flvidsi regeneraioa; fuighesudfdiag d
feed streans_i.s a .feed stream.containing at dl east one -
flnigscaciation fuidesEppingduidy Hodwpdng flujgs or Teduction
flF’. / US2003/ 037403 5. The devi ce of. claim 4 wherein one
Ssaid feed streans, other than said feed stream
containing at |east one reactant of interest, is a
stream sel ected fromthe group consisting of inert
fluies, Ties derdoabf ol Limtisrein yemenitor tnod of Bhore
sul fiding fluids, activation fluids, stripping
mphifprisselensed fiomn ther grovpsopsisiag of €% ﬁpeqt{qw%@f% magpe -

sp%%&logr?etgrfs, ,aéarspc%rg\fhng{o%'rgpﬁ, Iifvpﬁaﬁitdot{hrbﬁla%ﬁaﬁﬂy,rﬁgﬁ
meters, elemental analyzers, hydrogen, steam, hydrogen sulfide, oxygen,

carbon monoxide or carbon dioxide monitors.

7. The device of claim 1 wherein said inlet distribution system

is one or more valves.

8. The device of claim 7 wherein said inlet distribution system
is a singular valve, wherein said singular valve ports any one or more of

said feed streams to any one or more said reactor vessels.

9. The device as in claim 2 wherein said outlet distribution

system is one or more valves.

10. The device as in claim 9 wherein said outlet distribution
system is a singular valve, wherein said singular valve ports any one or

more of said outlet streams to any one or more said monitors.



nonitors selected fromthe group consisting of gas
spectrometers, mass spectroneters, IR gas

we@ koostratssgr aph, UV, |iquid chromatography, fl oRCT/US2003/037403
neters, elenental analyzers, hydrogen, steam hydrogen
sul fi de, oxygen, carbon nonoxide or carbon dioxide
nmonitors. 7. The device of _graim 1l wherein said inlet
di stribution system is one or nore valves. 8. The
device of claim7 wherein said inlet distribution

vai i pate ety B it St SRR doRdu A
B e S R b e S

diSESuAbn VALR pty/asy oddor Hoge BE vaid@ualet stteahaikorafy one
erein said outlét distribution systemis a singular

ortabnessaidvhemétions.sai d si ngul ar val ve ports any one or
nore of said outlet streans to any one or nore said
nonitors. WD 2004/ 060551 -17 PCT/ US2003/ 037403 11. The

ayetioh Penighcfndont iy Retofe b i Ay oo O "

co ﬁ*,%%l said singular outlet distribution valve ports
a one or nore of said outlet streans to any one or

nmore said nonitors. 12. A high-throughput device for
eval uating catalysts conprising: a reactor vessel

ar r ayreattonivessshetray @fat lesst fasr geaciansh eaghraagtor ayingy
at least one.inlet, and outlet streamat |east two

i nl et least eneinlet and PRHEtHEAM but i on systems porting at
| east two feed streans to said reactors, wherein a
first inlet streamdistribution systemports a feed

contRi|&ishBw@inleEapéarn RElecBBL Uttibafion systems portinght
| east one on-duty
least two feed streams to said reactors,

wherein a first inlet stream distribution system ports a feed

containing at least one reactant of interest to at least one on-duty

reactor vessel, and

wherein at least one inlet stream distribution system other than
said first inlet stream distribution system ports a stream selected

from the group consisting of

inert fluids, rejuvenation fluids, regeneration fluids, sulfiding
fluids, activation fluids, stripping fluid, poisoning fluids or

reduction fluids

to at least one off-duty reactor vessel, which is a reactor vessel

other than said on-duty reactor, and



reactor vessel, and wherein at | east one inlet stream
distribution systemother than said first inlet

W@ Roe@amsdi st ri buti on system ports a stream sel BCT/882003/037403
fromthe group consisting of inert fluids,
rejuvenation fluids, regeneration fluids, sulfiding
fluids, activation fluids, _ggripping fluid, poisoning
fluids or reduction fluids to at |east one off-duty
reactor vessel, which is a reactor vessel other than
said on-duty reactor,  .and, WD 2004/ 060551 -
BT/ aRb OR P AP S OB L SRPE R TP ORIER YIRS y

Cor ! gFs
ot aupts PGy O IR o iR BP RS
spe eeﬂ%fn%feﬁ, ﬁ%%sssp%féﬁ%ﬁéwﬁlm[ gas Caro#@gograph, UV,

‘chr ormat ogr ap i qui d chromat ography, tlow

et eliguid ehesmatogtaphyaflpreneters hgldmegtal anslysers oxygen,
~hydrogen sul fide, carbon nonoxide, or ar bon di.qxi de
noni hyslregemistaash, wxygen iy HPLen iSHIf}C@a(é@‘%Pn\Pé%%‘@Pge Rhy

Si rrultgne usl,g be said on- duty reactor vessel. 13.
The GERPRE10%AG MOBIQIS 2 wherein at | east one of said
feed streans is feed containing at | east one reactant
of interest and the other feed streans are treat gas,

whOkif R @b IfREi Preh &BE WatielP imaysignd sineossly befsaition-
containing at | east one reactant of interest being

dipgseadot vesseln- duty reactor vessels said pretreatnent
streans being ported to off-duty reactor vessels
wherein said inlet and outlet distribution systens are

' d,so t hat e . :
cont 1t THE 9id fria i 2 el ke YR ofaibRe®
sl 9 Fed PebntIRASE hiviRhéttthecrRhalans bb i@l ikl the:other o

feed stréams are treat gas, not containing a reactant of interest,

said feed containing at least one reactant of interest being ported to

on-duty reactor vessels

said pretreatment streams being ported to off-duty reactor vessels

wherein said inlet and outlet distribution systems are coordinated so that

each on-duty reactor’s TOS is controlled to a predefined range.
14. A method of testing fast deactivating catalysts comprising:

Joading at least one catalyst of interest into at least two reactor

vessels, each reactor vessel having an inlet and an outlet

directing at least one feed stream containing at least one reactant of

interest to an inlet distribution system



| oadi ng at | east one catal yst of interest into at
| east two reactor vessels, each reactor vessel having
w@roosfobessl and an outlet directing at | east oneP€PE2003/037403
stream contai ning at |east one reactant of interest
to an inlet distribution system W 2004/ 060551 -19
PCT/ US2003/ 037403 directing @t | east one treat stream
not containing a reactant of interest, to said inlet
di stribution systemporting at | east one of said feed
streans containing at |east one reactant of interest
fromsaid inlet distributing systemto one reactor's
said,. | t rei [ i j d
ot e o R e WSRO orR At Rkt OFC.
intereROtd 8dtiflet HistSbkisgyséeman on-duty reactor,
porting at | east one of said treat streans fromsaid
inlet distributing systemto at |east one other
reactor’'s said inlet wherein said other, reactor i s not

t hekmtildllgt%i leass oneof saddecdaEeans CoBiNIBE AL (€aSLARE or
' ff-dut t ' ' ~PU
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in &I et distribution system such that at | east one of
%ard feed streans containing at |east one reactant of
interest is directed to a new on-duty reactor,
previously an off-duty reactor, and ' at |east one

sai d t r eawhstein aaidi rsactior beviag sail fcedesfreans ceuipiping at
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on-duty reactor,

porting at least one of said treat streams from said inlet distributing
f ' .
system to at least one other reactor’s said inlet '

wherein said other reactor is not the on-duty reactor, and

wherein said other reactor is known as an off-duty reactor,
porting said on-duty reactor’s outlet stream to a monitor
manipulating said inlet distribution system such that

at least one of said feed streams containing at least one

reactant of interest is directed to a new on-duty reactor,

previously an off-duty reactor, and '

at least one said treat stream is directed to a new off-duty

reactor, previously an on-duty reactor,



wherein the TOS of each on-duty reactor is controlled
to a predefined range. 15. A nethod of testing fast
wa@le@ansosat i ng catal ysts conpri sing: | oadi ng at PCEES1003/037403
one catalyst of interest into at |east two reactor
vessel s, each reactor vessel having an inlet and an
outlet directing at | east omgpfeed stream contai ni ng
at |least one reactant of interest to an inlet
di stribution systemdirecting at | east one treat ‘
stream t, cont aini a reactant of. jnterest. a
wheraindhe 1O Shragh osaioracE S foseliad g SpERktingd e
of said feed streans containing at |east oiie
ttant of interest fromsaid inlet distributing
systemto one reactor's said ‘inlet, wherein said
reactor having said feed streamcontai ning at | east
one 16ad amthad of testingfastideagtovationg eagalystsiconkmsamg:as
an on-duty reactor, porting at |east one of said
treat streanms fromsaid second inlet distributing

wher S Aeafie Al f P fdibtatsh e g o
v%&%}sd\g?@{ flaltor Vedsd A ngd SAHHG andSarkGIgt as an

r

reactor, porting sald on-duty reactor's
outlet streamto a nonitor WO 2004/ 060551 t hat
PCT/ US2003/ 037403 -21- mani pul ating said first and
secoditectmngat l¢astorietlieed streamsrontainingoH least paggeaciaet off
.said feed, strea contai ning at | east one reactant of
Intggest Wsan 1"3‘%‘?1? nSySIhew on- duty reactor, ‘
previously an off-duty reactor, and at | east one said
treat streans is directed to a new off-duty

directing at least one treat stream, not containing a reactant of

interest! to a second inlet distribution system

porting at least one of said feed streams containing at least one

reactant of interest from said inlet distributing system to one reactor’s said

inlet,

wherein said reactor having said feed stream containing at
least one reactant of interest is ported to it is known as an

on-duty reactor,

porting at least one of said treat streams from said second inlet

distributing system to at least one other reactor’s said inlet

wherein said other reactor is not the on-duty reactor, and

wherein said other reactor is known as an off-duty reactor,

porting said on-duty reactor’s outlet stream to a monitor



reactor, previously an on-duty reactor, wherein the

TOS of each on-duty reactor is controlled to a
wee@dobisaed range. 16. The nethod as in cl ai m BAT/US2003/037403

further conprising an outlet distribution system

wherein said any one or nore of said reactor's said

outlet streams are directedhq said outlet

di stribution systemwhich then distributes said

outlet streanms further to one or nore nonitors or

receptacles. 17. The nmethod as in claim15 further

conprising an outlet distribution systemwherein said
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ﬂkpen distr!butes said outlet streans further to one
Of nore nonitors or receptacles.

at least one of said feed streams containing at least one
reactant of interest is directed to a new on-duty reactor,

previously an off-duty reactor, and

at least one said treat streams is directed to a new off-duty

reactor, previously an on-duty reactor,

wherein the TOS of each on-duty reactor is controlled to a predefined

range.

16. The method as in claim 14 further comprising an outlet
distribution system wherein said any one or more of said reactor’s said
outlet streams are directed to said outlet distribution system which then
distributes said outlet streams further to one or more monitors or

receptacles.

17. The method as in claim 15 further comprising an outlet
distribution system wherein said any one or more of said reactor’s said
outlet streams are directed to said outlet distribution system which then
distributes said outlet streams further to one or more monitors or

receptacles.



