WD 2004/ 060551 PCTI US2003/ 037403 -1 METHOD AND APPARATUS FOR HI CH

- THROUGHPUT CATALYSTS SCREENI NG AND OPTI M ZATI ON FI ELD OF THE | NVENTI ON

[0001] The prvwsswniodespiention relates to an apparatus andp@rhRRR$H0f OF the
hi gh-t hroughput, quick screening, optim zation, regeneration, reduction and
activation of catalysts. Mre specifically, the present invention is a

met hod and apparatus to quickly screen,joptimze and regenerate nultiple
fast deactivating ( catalysts. BACKGROUND OF THE | NVENTI ON [ 0002] Wil e
rhany met hods have been devel oped for high throughput screening of

catal ysts, notrAftiGh ARPSEPPARUAYS FRRPRIIHINROUMIBAI L OfkPYssOV] ded the
treating a different cataly A 1 ']bhadlfferent treat

gas. In fast deactivating catalyst, the present invention significantly

I nproves and reduces catalyst screening and optim zation tinmes. Although
not as critiwm%ts with very long deactivation tines, the
apparatus and nethod of the present invention still could provide for « -

I nprovenents in catal yst screening and optim zation. [0003] In nany

i ndustrial | y[omqrt%bmﬁtmenw&mwmw tﬁkxﬁda prét@acfob et e on a tine

scale that is shorter than or conparable to reactlon time scale. The
present i nverhlglbwl'lblghnét qgmcmmnm grumma&nmgrqmnemam,aaducmnandf ast -
deactivating cat t hose I n cra kln of. na d gas
oils, met haﬁ'Sﬁ1 %8}4&% Blffssé’ﬁ%lﬂcﬂ@ }h&pg?sg %ﬁﬁﬂ %E"?%?‘Pad;ver nobl e
nmetal cat al yshframpas fhi fséat bﬁﬁnﬁﬁbh’iﬂﬁ@é@rat@&tﬂﬁﬁled’ﬂﬁﬂﬁadiﬁﬂﬁngﬂ hers. The
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{ 'catalysts.

BACKGROUND OF THE INVENTION

[0002] While thany methods have been developed for high throughput
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 nechani snms as coking, fouling,

- poi soning, reduction or phase transformations anong others. The tine scal es
of deactivatwoneouasga frommlliseconds to mnutes. [O00fd4duBbBMsRLs high

t hroughput catal yst systens are inadequate for fast deactivating catalysts
because they cannot neasure the catal yst performance in the reactor under
the sanme time on stream (TOS), a prerequihsite for conparing fast
deactivating catalysts. Further, they are al so inadequate in that fast-
deactivating catalysts tequire pretreatnent, regeneration, reactivation and

reducti on und : JatH kS |5 Lhgabl any standard
definition’of %‘Igﬁﬁ ‘sg'@g%&ﬁﬁé? gc@%%%%ﬁgﬁ?gg&éég%fgﬁ&processes per
wei ght of cat abisehingyreductionafr phesectasforpaticrssaesgprthery o Thetinefscalas af yst ,
gram 9f desired | products_produyced per gram of catal yst, anong many ot hers.
One of ordi nQP?ct’é’@q"Frﬁnﬁefll‘?E“éﬂﬁﬁs"xﬁB OPRINP®Si | i ar with other standard
forms of TOS. [0005] The patent literature abounds w th high-throughput
catal yst testing reactor designs. Many of these designs feature parallel
reactors abl e[0804)r oFreidows higlothmouphpershtdlyst shsteme aetinadeqaatgfernfaital |y or in
paral l el. Many previous .inventions, for exanple US Patent 5,959,297 and WO
00/ 29844, pr eSesptivatngcasalysts m%mj carnokBgasuse thei Gaiplyst prederapance i) |

sanples on a ' t; . .t%BPaE:t ' for stable
catal ysts, thgg&%ﬁ@@f‘%ﬁgﬁ%o e%# a Q‘(?SJ?E?%S% eacftafga nggcat al ysts
as the sanpl efastdesetinating eatlpsis. aFurthiee, theyne alsOGnadéhaste in thasfassubstrat es do
not allow for reaction at, on Uybstrate site while regeneration, reduction

s
or some ot her dﬁ%@%%?‘ﬂEﬂﬁl&%@?%@@ﬁﬂmW%& BatuvatoRgpdover

substrat e designeupUd B LLRINART ThnERES pp BRI AY) it control o

hi gh tenperatures and pressures necessary f many cat'alytic systens.
WO 2004/ 06055 defaition/82T0S, 18 24@Bple; AoflOGME] wight dfcreagiantipracesses pehe above

'nventions is “;[e?gar}t oI‘ cr:]aetleXt\.? \lrjtl)lgmg%tf retaja%tant processed per volume of catalyst, gram of

desired {products produced per gram of catalyst, among many others. One of
ordinary skill in the art would be familiar with other standard forms of TOS.
[0005] The patent literature abounds with high-throughput catalyst testing
reactor designs. Many of these designs feature parallel reactors able to provide a
common feed to the reactors sequentiaily or in parallel. Many preﬁous
inventions, for example US Patent 5,959,297 and WO 00/29844, present catalyst
screening méthods 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
contro! of high temperatures and high pressures necessary for many catalytic

systems.



effective for fast deactivating catalysts as their reactant recovery systens
were not sensitive enough to recover sufficient product over very short
exposure perwooams 00063198/ 15969 sol ved this problem by prappgseaosaed and
recovery tubes that securely attached thensel ves sequentially to each

el ement of the substrate. However, this invention still could not control
the TOS and space velocity precisely engugh necessary for fast-deactivating
catal ysts, nor would they have the ability for a second process to proceed
on ot her substrate nenbers. [0007] U.S. Patent 4,099, 923 solved the high
pressure and fy te St TR t o numerous
paral | el r-eacpglr»g]. Ug%?ﬁggﬁgoﬁ%eﬁ%%%g%%mgevel gg’étgﬁgﬁgar al }iﬁﬂ?’gact or
system t hat erffentivd forfastsizaetivating/catatysts as theiuxgactantratateyy systompwerei ng

bal ancing flow restrictors, between t ‘ComchJ feed anq the reactors and

t hen sendi ng ppltese%tgmqnopghﬁ%egpy@suﬁcgg&paq CLPFEISTY psuré he ' 882

I nventi on woulgigdaet f ' : oVt it . Wth
additional re %ﬁ%t mggrﬁgagﬁﬁ%%%f%ﬂeﬁtgg,ﬁ&{ﬁﬁgﬁg'lf%gl @grle‘l:e%% reactor
coul d t heor et iubas that sesurchnattachedthemselves seguentéaityds 2agiatlement dfitheent i on

sequentially, as o ed to the parall operati ons, su ted. However, the
de\q/i ce: tayg%t S@Vu’? gﬁsoé‘é?ﬁeﬁ’ﬂ%fﬂ Biion st} goufd, potronfel %ggfggmﬂésqaﬁ? fast |
deacti vating Gabalysbeisl§eabHh fdossadf ot Yﬁﬁ-ﬁeékﬁﬁaﬁ% {ﬁlgéfs,%k RQuiest ed was

not maintained in‘an initiallzed state (or Indivi optim zed states)

by a treat nmetheybave thelability foara sebend precksg s proceiD®] other substyite membels. gh

t hroughput catal ysts screening systens have been devel oped, none of them

woul d be effgctive for fast deactivating catalysts as they did not

Sl h“! taneousl E)OW]“ rgls. Palenfd 399029 kalved tHehigl ﬂ%&swﬁ@&ﬂ Yigh ferhpbratured eady

condition to be tested. Further, these systens were inflexibl'e even for WO

2004/ 060551 PEPblesaduscoding @ ommonsfead lenwmerany parsiletreadters. LhyPaestl d not

al | ow { reat megy 9 kbl ofieR's sabhidt Yoabibe bibtorh MEat BRLAL Bl sBEHER, e 01 FF e ent
through a catalyst by placing balancing flow restrictors between the common

i 1
feed and the reactors and then sending the output to parallel detectors.

[0008] However, the 882 invention would not be effective for fast
deactivating cdtalysts. With additional restrictions 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



SUMMARY CF THE | NVENTI ON [ 0010] The present invention relates to a systemto
"properly screen and optinize fast deactivating catalysts by controlling TOS
and keepi ng twe 2aihéss1 t est candidates in an initializedpgﬁﬂgk&hgﬂmgeady for
rapid testing. Moreover, the present invention also provides tﬁe ability to
regenerate and reactivate catalysts in the sane apparatus that is also
testing other catalysts allowng for farg4higher throughput of testing and
optim zation. The present invention also provides an advantage for
relatively stable catalysts in that they also may be tested, regener4ted and

B e T P

agai n signi'ficantly 1‘nproving Ing and
optim zation thegaedi] afr3Iby] differhefeatd o trédb etrgui@ssent i nvention provides a
system and a nethod for the simultaneous testing, initialization,
regeneration and reactivation of fast- deactivating catalysts while

mai nt ai ni ng ag o .range of prespecified TOS s of
experi ment al te catalysts and providing one or
nore detection systens that can nonitor one, nore than one or all of the.

reactor outpufga10] n Theé Reventioh Adlated to%é;}sténitbgﬁ%%\fﬁéd@@ddaﬂdty nmay be
conpared at the sane TOS. BRI EF DESCRI PTI ON OF THE . NGS [0012] Figure 1
schenmat i cal | yoptimize fash deactiyatingeptalyss by eonteslling TOScadikeeping the ether to a two

P Us2003) 05iniaRies oo it G0 S0 ShT AT BN Hushe, MAR AR e 11 ¢ s
order rate cophditinvention Eﬁo%dvgdsm ability(t8 SegERaGY ll refictiVattdagdystd or a fast

de?ct ivating catalyst. [0014] Figure 3 graphically denonstrates how the
fiftst order rixtBe saype apparatus tiaf is alsg;testingiother catalysts alleowdng tog farrhighesns

reactant per gt AhnBh LSl obfiAtioh 2he BRAEAiNntiBH afsBpRbWiads an
advantage for relatively stable catalysts in that they also may be tested,
regenergted and reactivated in the same system without being removed from the -
testing rig, again significantly improving the efficiency of the catalyst testing
and optimization process.
[0011] Preferably, the present invention provides a system and a method for
the simultaneous 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 catalysts and

{ providing one or more detection systems that can monitor one, more than one or

all of the reactor outputs. In this manner ca'talyst 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.



[ 0015] Figure 4 graphically denonstrates how the first order rate constant
"varies with the TOS (as neasured in grans reactant converted per gram of

catal yst) forw@adoasdossleacti vating catal yst. [0016] Fi gurgeHu@bdiaeal |y
denonstrates how the selectivity varies with the TGOS (as neasured in

“mnutes) for a fast deactivating catalyst. [0017] Figure 6 graphically
denonstrates how the selectivity varies.gith the TOS (as neasured in gram
reactant per gram of catalyst) for a fast deactivating catalyst. [0018]
Figure 7 graphically denonstrates how the selectivity varies with the TOS

(as measured jqpagy AMFGAC BbhEANY BEMBRLAR HORAY Pt A iR chnlihe & f At

deactivating catal yst SCRI PTI' ON | 0019] Fast screening and
optim zati on wedriesatith thetlO$és nvaeured omminiees) fer fast deantivatingdasalyst.es.

Al t hough nunerous hi gh-t hroughput catal ysts screening inventions have been
proposed, none of them provide an efficient method of screening

fast - deacti vagy ca %lui‘é i 1 i pl.ed to
properly cont troé)?g]ros, mal %%ﬁf@g@%ﬁé%?ﬁ%g%g%ﬂﬁe &\ggﬁfr%?gﬁwta desi red
pre WO 2004/ O6¢dries wiR(the TEEDES hf¥asuted in gimsesdataht peogram ofantalyst) fohay provi de
a nmethod for fﬂgg ner,atj on, reactivation or alternate treatnent while in the
testing syste ?‘@Gﬁtﬁmﬁﬁa ing fast deactivating exploratory catalysts,
it is essential that all candidate catalysts be tested at the same TCS.
Previ ous reactor array designs would not provide neani ngful data for fast
deacti vati ng (4] ysFipurebgraphiaalhy demoristratea howr tha firss ordsir xatg comamftor s with a
ten second fdr rodl#lc'&1 sis, the. TOS differences hetween the first
reactor and t KEGS3GE e FFasAred LA deaptant GanveriedReT Zamf | ongas 10
m hutes. For !éﬁﬁystﬂﬁﬁgtw%gdmagﬁéaﬂﬁg§ with a deactivation tine scale in
t he order of secdonds or shorter, tThis delay would

[0016] Figure 5 graphically demonstrates how the selectivity varies with the

TOS (as measured in minutes) for a fast deactivating catalyst.
I )

[0017] Figure 6 graphically demonstrates how the selectivity varies with the
TOS (as measured 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-



provi de neani ngl ess data. The only previous solution was to present each
"reactor with its own nonitoring device, which was far too costly wth fast
actiqg GC orwoaso&sactroneters. [0021] The present investi@geengl sts of
an array of reactors witll at |east one, and preferably two sets of
sel ection val ve systens, the first distributing various input feed streans,
the second porting the reactor output stgeanms, and a detection device, such
as a fast-scanning mass spectronmeter and/or a fast-response GC. At any
given tine, any of the reactors nay be exposed to any individual feed
streans. Thus ) . tream
cont ai ni ng 't hggs@ggﬁ:a?ez%ts I%Ptlﬁ‘%%frgg{sc’? a([tgﬁ%&?{)cﬁiig@;%&df)ga%tgg?‘ga)%sgo ile the
catal yst  bedslternate breatnidnewhile icthenestinggyftiempr et r eat ed, regener at ed,
rejuvenated, stripped, reduced, sulfided or heated under inert
environmental conditions (the "off-duty" reactors). One of ordinary skil

in the art my il ) ' kO 1l streans
to the oatalyROZfEth ERE ARt ahe UrRErat Ry cpliffod iy sl Rl
pretreat nent gundidasscatalpsts be tosted anthe sdinkelFOS: NPreivivms rédecoragiay alesigd al yst

eval uation or deactivation prqocess. The regeneration of catalysts may be

carried out i Wouldaohprovide meanyugful data foxdast deaptiveima otalysis o F'gn example,

PCT/ US2003/ 03 2 kit ' agti ion is due
to coke depos?o?lggr?fraigthﬁgéﬂeg%ﬁ)r@gﬁ%Eeé]sgéoei}c%qlﬁlr'lg anéﬁ'anﬂgpﬁahgfe_’f{(gé ol efin
(MrQ react i odiffeteneecisdtwdercihe firstatact@rand the st reactos inha commsy gd- cont ai ni ng

gas to burn off the coke in an "off-duty" _reactqr., K Wien catal yst

deacti vati on F¥StegR@ay eﬁ%:‘%?ﬂ%&%‘}‘“%ﬁ%ﬁé@&ﬁ#ﬁﬁ% Ayt aIithants in the
hydrocarbon f gadsivdiis SBleREloftfRE B BbrRisUr Bl MENRT wolll desor PLi on
wi th an appropriately chosen gas stream and conditions. THe eactivation

rat e par anet epsvidadseanjigless datap Jhe oplyprevicheschitieny was mrpresenseacht ) nay be
obt ai ned by the TOS. data using well, know orption theories, depending on
Phe extont of Fsier Pl 3 S pPiPtiRe deninyBioh SR G Bp SOUGLWHR fast GG

GC or mass spectrometers.

[0021] The present invention consists of an array of reactors with at least one,
and preferably two sets of selection valve systems, the first distributing various
input feed streams, the second porting the reactor output streams, and a detection
device, such as a fast-scanning mass spectrometer and/or a fast—resbonse GC. At
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-



[0023] While nonitoring catalytic properties of the "on-duty" reactors,
extendi ng the pretreatnent process does not harmthe activity and

sel ectivity olondapedsef al yst in the "of f-duty” reactor. TbysiszebdiBs4desesent

i nvention may even be designed for manual switching frompre-treatnent to
eval uati on under the feed of interest, or, preferably, this process nmay be
automated. [0024] The present invention_provi des an apparatus and nethod to
accurately control TOS for each reactor, thus determning the activity and
selectivity in the full range of TOS in a nultiple, high-throughput system
The TGOS pref efiﬁﬁ’tﬁﬁg il r Rl -ﬁtﬁm-gg O1d & ' lon, nost
preferably fromO 0 b /gl?{gtgg%tﬁtfa atéll%g'.l{’ elprgsent k?(r%{\)/ ntlor’lb%g{sésﬁ}qe added
advant age of haphtite abtldng and methanclre-clefim(MIO) wkrickion sthevbkedroatalystsyare
perform ng one or npre separate processes, on her reactors . in the

hi gh-throughpsﬁate%m@mn g%_?%wyl,ngtmnpbw&f? #%manamf@qgtywr the
accur ate test idagiof OWieaRhfaile kofsivitfoni03ke 8 pABSAEbRI P boddin@ifon T SaCT T Of
a high throughput system contal ning nany reactors, I'1Te sinmultaneously

al | owi ng pr et caatmbrahts in dgcnelredartson, feed jthy doaativaiad cablyste prengjuvenstedict i on,
sul fiding or heating, under an inert environnment in any ope or re of the
ot her react or 8Y fgs Wﬁﬂﬂﬁ%&%ﬁlﬁ GRS SUERD 60d FoRtisens. The

PCT/ US2Q03/ 03 - g,g%ﬂm . . |l ows for
the testing o;éaggg%mﬁlcfga tlva%%ga%gﬁﬁ?@%y%&tﬂé% uozl)oe%%r&gi?t?i ng TOS in
one reactor i magbewbtairedrbyathe TOSdaghudihg eelipow slgaipion tleodes endi ng t he
reaction prodyct streamfrom that reagtor ong or, nore fast-response

devi ces while eﬁﬁnns g eF Nt Ve“tsg’élftp’r?;%?%%ﬁﬂmé’? PEAE3i-ysts with their
ow (possibly variant) feed stream (and similtaneously sending those out put
streans to different detectors), or providing retreatnent, regeneration,
rej uvenat i on, [(23] ppWhile mendtecing satalytiel proptirties ofrthe heoradutyreantosy, an i nert

envi ronment  t g L @ il Bret G AGLN prodes S gt Altd B GBI ina RIHEHR of

the catalyst in the "off-duty" reactor. Thus, the present invention may even be

) 1
designed for manual switching from pre-treatment to evaluation under the feed

of interest, or, preferably, this process may be automated.

[0024] The present invention provides an apparatus and method to accurately
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 catatyst 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.



[0026] In one embodi ment, the present invention is an apparatus for
eval uating catal ysts that conprises: Two or nore reaction vessels, each

vessel havi ng‘,(pg_ﬂ(,)ﬁg@sg; one inlet and outlet; Each inl %ﬁégﬂﬁogg%ﬂi rect
em 'Eac

communi cation wth at | east one feed distribution syst I'Stribution
system having at least two inconmng streans, the distribution system being
abl e to channel any one or nore of the _jncom ng streans to any one or nore
of the reaction vessels At |east one detector that is in conmunication with
any one or nore of the output streans. [0027] In another enbodi nent, the

present inventl [ net hod .of ,test| cat al yst.s : 2004/ 060551

PCT/ Us2003/ 049988 m"@rgg‘?‘%@%ﬁh_ﬂ P‘éeég’i}%_é!ﬁ%m@iif’é’ﬁf%‘i B sestiP PR bt two or more
reactor vessedeactivdtih@ calilystpiPidchtdidly dofttdiing TOSUA bR teatisif Bmulf St ri buting
a first input stream selected fromat |least two input streans to at |east

one reactor wesget hightthiosghpit systemaandescoding ithgneactinnrpaduatstreams fromx nore of
the other reagtor vessels in the high thrpughput.syst ni.t.ori ng the
out put of at ALERCBLe FeLLLBY© 5%‘&'_5%!’9"33_[‘@6‘%%0‘%3 é@ﬁ{%@%@ Fiting
embodi nent,  tRQintAE BfHer LAMISEE vAth their 40 (BOR5bly §riarlt) £8d bheah ghiaut

eval uation of fast-deactivafing catalysts. After being charged to the

reactors, theimulianegusly serding those oulput stepgms do diffenent detectogs); or propding

programed order so that at any tine t.he feed.contai.nin . | east one
reactant of NP §?t’5‘?$98?r§€%%lr§r', VERECPSERRIPE, If‘i"eg ")Bhsgl&ﬁ 8% cactor. Each

of the react Heatin@inddiar SnérB&ivilonBidntOthé 6ihefretctof iRAY high-theoaghpdt! ow of any
of the feed streans to any of the reactors. The GO/ nass spectroneter .

moni tors the $¥8&8%i on products
i
[0026] In one embodiment, the present invention is an apparatus for -
evaluating catalysts that comprises:

[} .
¢ Two or more reaction vessels, each vessel having at least one inlet and

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

distribution system

o Each 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

¢ At Jeast 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:



of the on-duty reactor until the catalyst activity drops to a preset |evel,
for exanple half of the original activity. During this process, the

catal ysts in tvoeoeodbdssduty reactor nmay be rejuvenated, rsgER&hfdBEH0s

sul fided, activated or reduced as necessary to prepare themfor their
“exposure to the feed containing at | east one reactant of interest. [0029]
In a nore specific, non limting exanpleg.a reactor array of 16 reactors in
a single unit acconmodates two stream sel ection valves sending two different
feed streans to the reactors. The 16 units are nmounted into two or nore
separately heated . Vel iagdiyi dual i zed,
tenperature to gll r%’a‘g%?@%%?%ﬁga@?taﬁh%g%eaftgg@?}%gﬂxﬁr%ggqﬁ‘Jrggéaegsfor can vary
from several tensthekbgeanpridiog 4 high-thtoughputsysteanpl e, the wei ght hourly
space velocity ranges fromO0.1 to 1000 g feed /g cat/hr. The reactor
tenperatures vary from 150 WD 2004/ 060551 PCTI US2003/ 037403 -10 to 700C,

and reactor press . fr,om at i 0 1 o e, _reactions
may be carried Jult-,15 g?%gﬁ%é?gugﬁn?ﬁls@%%%%%&d[ U"ug?l%#%lz{vg i]'?léggéﬁe%-duty '
reactors are provigegleast ond edctorvessel) Wil Gt a secoid Ripit Stgead to one

hydr ocar bon- cont ai ni ng stream through a stream sel ection valve. To provide
sinilar flow rat esortepre Rbtheratheryesctorawesselyia tipshigh throughmtsysiems controller,
the variations in conductive restrictioiis is accounted for by installing

i ndi vidualized restrictors upstream of each off-duty reactor. In actual
operations, thasevighitoriligithe 6@Pat O 41 104t BAtéOREsdln a readi ness state so
that the catalytic properties may be instantly neasured. [0031] The first
stream sel ection valve ensures that the feed of interest is only fed to the
onlduty react'[028]rhelnfamethenhon-litriting emboditert, tie-pesent inventiar isdeyigies

i ded diregtly.to th . th the first L ect i | ve,
by 1 1 st e B R lystion b REEReap factae BB HTREIE w th ot her
Iggledfm g{ bgoaﬁa@g&ltb@ieqwct&rsz&eicaﬂdiaﬁtecﬁmy@@r&@@ht@akémnﬁawﬁ-a;ﬁ»‘é- mass flow

programmed order so that at any time the feed containing at least one reactant of
interest enters only one reactor, the "on-duty" reactor. Each of the reactors may
have mass flow controllers to provide exact flow of any of the feed streams to

any of the reactors. The GC/mass spectrometer monitors the reaction products

of the on-duty reactor until the catalyst activity drops to a preset level, for

example half of the original 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



accurately measured to produce nmeani ngful data, the stream sel ection valve
porting feed to the on-duty reactor has its own mass flow controller. The

stream sel ecwibeoswalssie si nul taneously provides a differgplbyusheaBigl nert.,
non- hydrocarbon or hydrocarbon) to the off-duty reactors. A second stream
"selection valve may.-be used to direct the output streamfroma specific
reactor to the nonitoring device. [0032)p.The on-duty reactor is fed for a
predetermned TOS, -with its output being directed to the nonitoring device.
At preselected intervals, the two selection valves are sinultaneous rotated

pl aci ng a nev‘iorﬁ)%eéoﬁncf@é%#q} #S@E%v%%gv@#a%&l}gyﬁéﬁg%%@%orléty react or

of f-duty. The output s Feactor ed to the

noni toring dehéa@@nsﬁ@ﬁd@xﬁéd@uﬁms%ﬁigwﬂrﬁmwlﬁia\s&s are not required to be
rotated sinmultaneously. In sone enbodinents it may be WD 2004/ 060551

PCT/ US2003/ 037403 -11 preferred to di sconnect on-duty reactor fromthe

and then at of005PL, . The BiRch S8 nb{1Ehdcafl e by PR T, PR My Ricatol o v
rotated sinul ¢citdamglor hytRRa®dh cohtamingareahl Gfdugdhestanielectib a8 nay be

diverted fromnonitoring system replaced by an inert purge. \Wen the purge
i s conpl et ed,Tt)n@vma;@gl gw irpfes totbe offrduly Tepctass usips ewingle@assporting t he

feed of inter e J al | ow [ for's

outlet str eam@q%@oggr,%\é%}%ﬁén{ %ﬁ%ﬁg&%ﬁ}%ﬁﬁﬁo&s aéeé‘f"?%‘r"‘?‘ﬁi&%v% 8vi ousl y
purged. The nadbiddalived @Rtrictdrs epstebadh cfaactdoffQiti feadtor I dotudl ©peraBbnsSNSUr es
t he sanme space velocity and 0033] The present invention provides

superiority otpgse Qfﬁé“b’rré%t%g@%i%{(e&!é%%@inﬁs statersodhatihe extalytie may
ey | bl HRpRERERRD syt dedliguobul  TEnner ThUS, WL e e
reactors nmay be reactivated and kept in the ready state for fast

[0031]  The first stream selection valve ensures that the feed of interest is only
fed to tHe on-duty reactor. The feed 6f interest to the on-duty reactor may be ’
provided directly to the reactor through the first siream selection valve, or may
first be introduced to a chamber for dilution or mixing with other fluids or

poisons before entering the stream selection valve. As mass flow rate must be
accurately measured to produce meaningful data, the stream selection valve
porting feed to the on-duty reactor has its own mass flow contoll&. 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 simonitaneous 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 siream selection valves |

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



catalyst testing. Further, this systemprovides for a matching TOS for each
‘reactor as it becones the on-duty reactor. Finally, the present invention

al lows for twe260apéo8sii ncrenental nonitoring of change i pef8&ausfh sition
on various catalysts. Mreover, the candidate catalysts in the off-duty
‘reactors can be pretreated at indivi dual | y optimzed conditions. This is an
inportant feature of the present high-tihroughput system since different
catal ysts require different pretreatnment conditions. And it is inportant to
eval uate a candidate catalyst at its own optinum pretreatnent conditions.

perf or mance. SRy o pRAERE ot R0 riclforail B RO UM W 68 L os sapo

34. Table 1 ahawgast tmqm@mbmimtpﬁng W@d&heﬂﬁ&r@a@édnmémmbr qartial
pressure at 20 to 40 psia as a function of tinme-on-stream (TOS), The .run was

WO 2004/ 06055ty Cimiteslypif thsvalves are otated simalipngoyslyytheouist g'ﬁ%am\&em y space.

velocities frg gtlmﬂf apCONVer sion
to hydrocarbon an?ﬁg}e]l%a I VI Bép{ eﬁéggone@%mt%;?ﬁﬁ %nﬂee}:?é% propyl ene' (C3)
are in rows DOnergulger &élgmcthe pﬂgms a'dmpleteﬂr&;e valvep efayahien beor anal ysis. Row F

shows the anouynt_ of nethanaol passing throu one Tgram of catal yst in each
of the anal ysﬁl@u%@}e PBHY swehadnosing Eedo‘ﬁgn@ﬁfﬁ“% £ AEXLIERCTHAEIR i n term

of m nutes, Wn? 5 tr%ﬁﬁ‘ gram
met hanol convert %gfégétgltrﬁe@g{%? %—% ctggg%h@%l%%g%%c e first
order rate cowsstpratiously pungeda'll‘helh-ﬂkeﬂowmomrdlﬂergledmﬂebeo tHeadn-duty ng equat i on:

(wei ght hourly space velocity) x I.n(l/(l-x/100)) x (density of
cat al yst / dendPRGJOIANSILES, éa@eﬁﬁﬂ‘%%a‘fﬂﬂc‘%(tanp i on conditions) where x is the

mef hanol conbersion in W% In is the natural log function, density of
catalyst = 1.5 g/cc and densities of MeOH at reaction
[0033] The present invention provides superiority over the previous known

devices in that each reactor may undergo its own process in a high-throughput

manner. Thus, while the on-duty reactor is testing the feed stream of interest,

the off-duty react(;rs may be rea‘ctivated and kept in the ready state for fast

catalyst testing. Further, this system provides for 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

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



conditions are 7.3x104 and 14.7x104 g/cc for nethanol partial pressure

20 and 40 psia respectively. Methanol density is calculated fromthe

gas

cat al yst
const ant
is simlar to

also simlar to Figure 3 except
of methanol  cearrRilAtwRRwelgRMoltly s @dealewuesm Qﬂswmn

| aw. [ 003240 2084/q5095¢ 2 shows in a short time, wthin Zgtuibdesss 3ES,
experiences both activation and deactivati on.
I ncreases from88 to 196.4 and then drops to 8.9 sec 1. Figure 3

of
i deal
t he

The first order rate

Figure 2 except that the-TS is defined as a di nensionl ess
time in terms of gram of nethanol fed per gramof catalyst. Figure 4 is

that the TOS is expressed in terns of gram
iR Bghween the

three different TOS is shown in Table : gure 5, 6 and hovxs the prine

ol efin (ethyl élhéledl)uMeﬁla@@km@ﬁ@)smdbéﬂdﬂrwmbyn aa@ S%ietTterhthD@nnIbinedhe t hree

Spthes ) ol Frspiele (65l gSuS D i Koo A 980 11 o

different for
2004/ 060551 P

S's ~~IOIq l“p%n@ds‘foﬂa@aly:fih (R&Cv ¢ sBothd\dn%dﬂt bf ﬁieﬁrlm@ pdds

QN .
a

O. Ga NN

of mO oo ™'
one gram of catalyst in each of 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

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] FiQure 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

1%&901‘1@1 yyu p M
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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 kinétic parameters for
catalyst poiéoning, specifically organonitrogen poisoning of two
hydrodesulfurization (HDS) catalysts. The first catalyst was a commercial

( sulfidcd CoMo/Al,04-Si0, 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-ethylcarbazole.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/AlL03-8i0, catalyst. The adsorption rate constant for the bulk CoMo
catalyst is six times that for the supported CoMo/AlyO;-SiO; catalyst.



TOS but | ater decreases. This exanple shows the inportance of obtaining a
conpl ete performance history of the catalyst in order to conpare catal yst
per f ormance when catal yst deactivation is fast. EXAMPLE2 [0035] The present
invention was used to provide kinetic paraneters for catal yst poisoning,
specifically organonitrogen poisoning of two hydrodesul furization (HDS)
catal ysts. The first catalyst was a cohfrercial sulfided CoMo/Al O-Si 2 1
02 catalysts. The second is an unsupported CoMb sulfide catalyst. Two feed
m xtures were prepared. Feed A contained 0.8 wt% 4,6

di et hyl di benzot hi ophene (46DEDBT) i x_gg%nﬂq@ane. Feed B contained 80 ppm of
total nitrogen (N) as 3-ethyl carbaz 0.8 wt % 46DEDBT. The conditions
tested were 265C at 250 psig and a hydrogen treat gas rate of 650 SCF/ B.
For each catal yst.,. the test started wth feed A.to |line out the, catalyst
activity in thé b ahiouEh gy ﬁf%#“%&@#ﬂﬁbﬁgj%waﬂ?ﬁ@ﬁakYﬁté PRREIES was
switched to feRE oBmolddR8RionASsRKREARtaREhg Iyt RadiDoft @id RadioB veaeged a rapid
decline in HDS activity due to site blocking by the nitrogen species. Two

key poi sorianiggehleast operdghstresn andatdeasbeneravtipietireasi wherein enereaetiosoiegsel on

t heory as .desqri . SCOF t = t em cal Reaction En
'nlg eeri r{ggﬁgmygﬁgt%FgﬁW@s%fﬁml%égﬂ)ﬁ ”%Eg%%ze QEFﬁIe adsorption capacity
of the bul k Colshiddmtdinesms being irodirdt tonmindcBiodGvith an iNegdisibuticrosypeemed Wit h
0.0085 g N g cat, for, the su or(tj.ed Mo/ A 20@- SLOZ catal yst. The adsorption
rate constant fof %He sHgems Ir é“td%yfé‘toufgt TV At for the

suppor t ed CoMo/s4il28ier dbtBulicH Fhtémthavink2wo BelsYBamslwhéeindnb fédarsgpghput devi ce

for evaluating fast deactivating catalysts con&plri sing: two or nore reaction
vessel s conmpripgsridrydeacarbps reactantfor pertigg taithe epvluhoisastwasesss! and the

second feed stream comprises a treat gas for simultaneously porting to the remaining one
or more off-duty reaction vessels,

wherein said treat gas is selected from the group consisting of rejuvenation fluids,
regeneration fluids, sulfiding fluids, activation fluids, poisoning fluids and reduction
fluids and contains one or more components that react with the catalyst to assist with
rejuvenation, regeneration, sulfiding, activation, poisoning or reduction,

said inlet distribution system being able to channel said two feed streams to any
one or more of said reaction vessels or eliminate feed to any one or more reaction reactor
vessels,

said outlet distribution system ports the outlet stream from the on-duty reaction
vessel to at least one monitor and simultaneously ports the outlet streams from the off-
duty reaction vessels through a treat gas purge valve,

wherein said inlet and outlet distribution systems include a means to control the
onduty reaction vessel’s TOS in going from about 0% catalyst deactivation to about 90%

catalyst deactivation based on a signal from said at least one monitor.

2. The device of claim 1 wherein the at least one monitor is selected from the group
consisting of gas spectrometers, mass spectrometers, IR, gas chromatograph, UV, liquid
chromatography, flow meters, elemental analyzers, hydrogen, steam, hydrogen sulfide,

oxygen, carbon monoxide, carbon dioxide monitors and combinations thereof.



having at |east one inlet streamand at | east one outlet stream wherein one
reaction vessel is on-duty and the remaining one or nore reaction vessels
are off duty, said inlet streans being in direct comunication with an inlet
distribution system said outlet streans being directed by an outl et
distribution system said inlet distribution systemhaving two feed streans
wherein one feed stream conprises a hy6lrocarbon reactant for porting to the
on-duty reaction vessel and the second feed stream conprises a treat gas
for sinultaneously porting to the remaining one or nore off-duty reaction
vessel s erei i L: l. i ng of

rej uvenat:@;n fITglle?g{,qge Irjg(ggi%ne?‘g ?rglﬁ S?@d‘?g{s(ﬁgrlwt?dp d“&%gmg le gﬁl 4l?etlat| on
fluids, possosinsgjdsinguldsvandporecact tivorfeedf straarts tocangt one ot mor&ssameamonnor e
corrponents th t react with the catalyst to assist with rejuvenation,
regenerati‘6fc>sul fiding, activation, poisoning or reduction, said inlet

di stribution systembeing able to channel said two feed streans to any one
or nore of said reaction vessels or_elimnate feed to any one or nore
reaction react dihe dgwise ag i clajmi lgwhereinsaid gudetrdigibution sysiemdng piogular t he out | et
stream fr h

si mul tannguBs\IFei/%h&Q n%ﬂﬁs(gﬂggﬁz{ﬁﬁg?@ ?r%%ﬁgdnf iog%@%%ﬁgﬁijuagﬁ%t&gﬁégog Ion vessel S
t hrough a drmeat saidsopitolge val ve, wherein said inlet and outlet distribution
systens include a nmeans to control the onduty reaction vessel's TOS in

goi ng from about 0% catal yst deactivation to about 90% cat al yst

deactivatinn basgdthen o@te%hﬂé‘f&lstdelé&maﬁﬁg Eht@Ysts Erprisppe monitor. 2. The device
of claim1l wherein the at least one nonitor is selected fromthe group

consi sting of deaslingasdeasiomnsteatatyst %s@fﬂsib'@tﬂtﬁﬁé?ﬁét%eaqms egelsregetpomat ogr aph,
w, |iqui dvesé%hﬂé?”%%ﬁéﬁe?ﬁ%dﬂ&ﬁé’t HFeta el enental anal yzers, hydrogen,

steam hydrogen ygen, on nonoxi de, carbon di oxi de nonitors
and conbi nat i ondrettivgy£faéd stidam amtaTlhﬁg aldvise enedifydedcarbon Teastunt ®ian islet d i nl et

di stri but i(gn _E%/tstem is a singular valve, wherein said singular valve ports
said two fEBHOUNSEHE™t 0 any one or nore said reaction

simultaneously directing a treat stream to said inlet distribution system wherein
said treat stream is selected from the group consisting of rejuvenation fluids, regeneration
fluids, sulfiding fluids, activation fluids, poisoning fluids and reduction fluids and
contains one or more components that react with the catalyst to assist with rejuvenation,
regeneration, sulfiding, activation, poisoning or reduction,

porting said feed stream containing at least one hydrocarbon reactant from said
inlet distribution system to one reactor’s said inlet stream,

wherein said reactor having said feed stream containing at least one hydrocarbon
reactant ported to it is known as an on-duty reactor,

simultaneously porting said treat stream from said inlet distribution system to at
least one other reactor's said inlet stream

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 at least one monitor

manipulating said inlet distribution system such that

said feed stream containing at least one hydrocarbon reactant is directed to a new

on-duty reactor, previously an off duty reactor, and



vessels. 4. The device as in claim1l wherein said outlet distribution system

is a singular valve, wherein said singular valve ports any one or nore of

said outlet streanms to any one or nore said nonitors. 5. A nethod of

testing fast deactivating catal ysts conprising: |oading at |east one

catal yst of interest into at |least two reactors, each reactor vessel having

an inlet and an outlet streamdirectinffZa feed stream containing at | east

one hydrocarbon reactant to an inlet distribution system sinultaneously

directing a treat streamto said inlet di stribution systen1mherein sai d
uvenation fluids,

f.
treat stream i %iu r&gt s&rgu dlrecieraﬁ %ffc&) rca%:g r?“?ﬂs 2 AT YSni ng 1 ui ds

regeneration
and reductregetorf | ui ds and cont a| ns one or m)re conponents that react with

the catal yst to assi natlon eration, sulfidjng,
activation, pm“%‘?ﬁ“h@]‘ J\rgstr ty FIFiOr ﬁ@ogtg?lgedf"é§8‘“§tf‘i°§hﬁ‘H°<‘,’bh? %ai ni ng at

| east one cQﬁéﬁfsPd‘e%Etli)&Aﬂoﬁ ?@%ﬁﬂ@o%%&my%egctnﬂaﬂbﬂ)as% Sh b isiprAll fid SHEhEM tO one
reactor's sai'd inlet stream wherein said reactor having said feed stream

cont ai ni ndeastorlegugrtitoone hydr ocarbon reactant ported to it is known as an
on-duty reactor, sinultaneously porting said treat streamfromsaid inlet
distribution systemto at |east one other reactor's said inlet stream

wherein sa&.d otThemettedcis i claiin Bdirtleh orfprising an dutlecdiskibutididsystetewkdréinsai d
ot her reactor is known as an off- duag reactor, en‘ﬁrtln sai d @g-duty
reactor' s SBdENEENE ermgEn ol said reaciorstaidomtichrams prarrelsdiiasaihgudeti d i nl et

di stri but 'ﬂi‘rnlﬁﬁfi%h%ﬁ@téﬂ%héhﬁﬁ&n §idtrBule SFd ShtleR dRARTLARR 18 ShidnohRESSr One
hydr ocarbon reactant is directed to a new on-duty reactor, previously an

of f duty rthraughos tread gds purge valeg.d treat streamis directed to a new of f - duty
reactor, previously an on-duty

7. The method as in claim 5 wherein the TOS of each on-duty reactor is controlled
in going from about 0% catalyst deactivation to about 50% catalyst deactivation based on

a signal from said at least one monitor.

8. The device of claim 1 wherein the on-duty reaction vessel’s TOS is controlled to
go from about 0% catalyst deactivation to about 50% catalyst deactivation based on a

signal, from said at least one monitor.

9. The device of claim 1 wherein said hydrocarbon reactant is methanol, naphtha or

gas oil.

10.  The device as in claim 1 wherein said inlet distribution system and said outlet
distribution system arc manipulated after TOS is measured for said onduty reaction vessel
to port the hydrocarbon reactant to a new on-duty reaction vessel, previously an off-duty
reaction vessel, and to port the treat stream to a new off-duty reaction vessel, previously

an on-duty reaction vessel, such as to measure TOS of the new on-duty reaction vessel.

11. The method of claim 5 wherein said at least one monitor is selected from the

group consisting of a gas spectrometer, mass spectrometer, IR, gas chromatograph, UV,



reactor, wherein the TOS of said on-duty reactor is controlled in going from
about 0% catal yst deactivation to about 90% cat al yst deactivati on based on
a signal fromsaid at |east one nonitor. 6. The nethod as in claim5
further conprising an outlet distribution systemwherein said any one or
nore of said reactors said outlet streans are directed to said outlet

di stribution systemwhich then distribl@es said outlet streans further to
said nonitor or through a treat gas purge valve. 7. The nmethod as in claim
5 wherein the TOS of each on-duty reactor is controlled in going from about

0% cat al ysi ' ' 9 | LN d on a
signal fr 3@“@?&*@%@%& hg‘ﬁg#%i etﬁ%r{g.n?%m%%%}% g?}?]@géﬁés& %@a?%&v\her ein the
on-duty r dgdiogensuifide; earben oBoxide, carbbn dioxélt manitogantircombalatons théfeefat al yst
deactivation to about 50% catal yst deactivation based on a signal, from
said at | east one nonitor. 9. The device of claim21 wherein said hydrocarbon
reactant ij9, metypaifthodHFRMM S vHereif 86id Bldrocatbon rEhQarf§Y neamd, Iya%hmb@r m1
wherein said inlet distribution systemand said outlet distribution system
arc mani p#eaeidd after TOS is neasured for said onduty reaction vessel to
port the hydrocarbon reactant to a new on-duty reaction vessel, previously
an off-duty reaction vessel, and to port the treat streamto a new of f-duty
reaction vessel, previously an on-duty reaction vessel, such as to neasure

TOS of the new on-duty reaction vessel. 11. The method of claim5 wherein
said at |least one nonitor is selected fromthe group consisting of a gas
spectroneter, nmass spectroneter, IR gas chromatograph, UV, - 18 liquid

chromat ography, flow neters, elenental anal yzers, hydrogen, steam oxygen,
hydr ogen sul fide, carbon nonoxi de, carbon di oxide nonitors and conbi nations
thereof. 12. The nethod of claim5 wherein said hydrocarbon reactant is
nmet hanol , naphtha or gas oil.





