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BACKGROUND

The disclosure generally relates to aromatization of hydrocarbons with an aromatization
catalyst. Specifically, the disclosure relates to a method for activating and/or enhancing an
aromatization catalyst by the addition of an oxygenate, a nitrogenate, or both.

The catalytic conversion of hydrocarbons into aromatic compounds, referred to as
aromatization or reforming, is an important industrial process. The aromatization reactions
may include dehydrogenation, isomerization, and hydrocracking the hydrocarbons, each of
which produces specific aromatic compounds. These reactions are generally conducted in one
or more aromatization reactors containing an aromatization catalyst. The catalyst may increase
the reaction rates, production of desired aromatics, and/or the throughput rates for the desired
aromatic compounds. Given their commercial importance, an ongoing need exists for

improved methods and systems related to aromatization processes and catalysts.



Not applicable. BACKGROUND The disclosure generally relates to
aromatization of hydrocarbons with an aromatization catalyst. Specifically,
the disclosure relates to a method for activating and/or enhancing an
aromatization catalyst by the addition of an oxygenate, a nitrogenate, or both.
The catalytic conversion of hydrocagamsrgoyaromatic compounds, referred
to as aromatization or reforming, is an important industrial process. The

aranatzaljRoraaestignd soay incidesde hdneganationolsamearisatifdcaRdeomprising
hydrocracking the hydrocarbons, each of which produces specific aromatic

addMBROKINGS el NESErBRGHENSAS BBIEIGIYISANGHEHRE KIreae &F piddace an enhanced

aromatization reactors containing an aromatization catalyst. The catalyst may

hyi@asentRed:RACHNN FaiRsstRIOUMCUaRAt L Byarb MRNRUESaRN@IEN HhCaromatization
throughput rates for the desired aromatic compounds. Given their commercial

catldlpartaneeetan qRe@ikthpees exismiarimovestmethadsand &yeigBhg aromatic
related to aromatization processes and catalysts. SUMMARY In one

hydspeeboie Wisstasune tedudesayRecanbandmxmabzialionpoacassoup VIII metal,
comprising adding a nitrogenate, an oxygenate, or both to a hydrocarbon

angtegRvrig@kogzRan enhanced hydrocarbon stream, and contacting the
enhanced hydrocarbon stream with an aromatization catalyst, thereby

pladieihgran et 2alion ieasiol eé uey dotapsisingoaiai?ation process comprising

hydrocarbons, wherein the catalyst comprises a non-acidic zeolite support, a
adgipgp Mittoxeiak, andoapgean®)afiedddides. hydrocarbon stream to produce an enhanced
hydrocarbon stream, to a hydrogen recycle stream to produce an enhanced recycle stream, or to
both, contacting the enhanced hydrocarbon stream, enhanced recycle stream, or both with an
aromatization catalyst in an aromatization reactor to produce an aromatization reactor effluent
comprising aromatic hydrocarbons, and controlling the addition of the nitrogenate, the
oxygenate, or both to the enhanced hydrocarbon stream, the enhanced recycle stream, or both
in order to maintain one or more process parameters within a desired range.

In yet another aspect, the disclosure includes a hydrocarbon aromatization process
comprising monitoring the presence of an oxygenate, a nitrogenate, or both in an aromatization
reactor, monitoring at least one process parameter that indicates the activity of the
aromatization catalyst, modifying the amount of the oxygenate, the nitrogenate, or both in the
aromatization reactor, thereby affecting the parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a process flow diagram showing one embodiment of an aromatization system;



In another aspect, the disclosure includes a hydrocarbon aromatization
process comprising adding a nitrogenate, an oxygenate, or both to a
hydrocarbon stream to produce an enhanced hydrocarbon stream, to a
hydrogen recycle stream to produce an enhanced recycle stream, or to both,

COMACHAG; IR RARABRE hhYEQ CRID ST 81D, RBRAB ChHRRYCIB SHRABeRlte to the

both with an aromatization catalyst in an aromatization reactor to produce an
aréhmatizatiangactor effluent comprising aromatic hydrocarbons, and
controlling the addition of the nitrogenate, the oxygenate, or both to the

eFianosdiydracarimst aamhdh e L ARdRcadd exysle sk ead) o P EHROKR LBRERN to the

to maintain one or more process parameters within a desired range. In yet
arématheafiaspaelythe disclosure includes a hydrocarbon aromatization process
comprising monitoring the presence of an oxygenate, a nitrogenate, or both

INFAG. aXCIAIAION ARABER EMPBHEsINgH AN At ORGRHAGEERIAGT BibeiRfoliakte to the
indicates the activity of the aromatization catalyst, modifying the amount of

ardRgn@xygenaiel yke nitrogenate, or both in the aromatization reactor, thereby
affecting the parameter. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1

ISFIProce ffufieyyed iagsaR shawiganelgmb ad veyiahnaimmaiizati@sbenate to the
system; FIG. 2A illustrates one manner for adding the oxygenate and/or
arbheafifiiagebateyia.the aromatization catalyst.  FIG. 2B illustrates another
manner for adding the oxygenate and/or the nitrogenate to the aromatization
CHHEBYSIA is a chart illustrating the relationship between water content and time on stream for
an aromatization catalyst;
FIG. 3B is a chart illustrating the relationship between Teq and time on stream for an
aromatization catalyst;
FIG. 4 is a chart illustrating the relationship between yield-adjusted temperature and time
on stream for an aromatization catalyst;
FIG. 5 is another chart illustrating the relationship between yield-adjusted temperature and
time on stream for an aromatization catalyst;
FIG. 6 is a chart illustrating the relationship between the yield-adjusted temperature (Tyiq)
and time on stream for an aromatization catalyst;
FIG. 7 is another chart illustrating the relationship between the yield-adjusted temperature
(Tyie) and time on stream for an aromatization catalyst;

FIG. 8A is a chart illustrating the relationship between feed rate and time on stream for an

aromatization catalyst;



FIG. 2C illustrates another manner for adding the oxygenate and/or the
nitrogenate to the aromatization catalyst. FIG. 2D illustrates another
manner for adding the oxygenate and/or the nitrogenate to the aromatization
catalyst. FIG. 3A is a chart illustrating the relationship between water

cemeeng B¢l 4ieMe Miskeam JahareRNHipaIan &ataStene Hield3RB dstaneN@ tstream
illustrating the relationship between Teg and time on stream for an

forRaMEAtionsatatsfst; FIG. 4 is a chart illustrating the relationship between
yield-adjusted temperature and time on stream for an aromatization catalyst;

FIGGS 88 apathanehnakilivaitatieortng ki nshiebetvagshyieliadiusieendothermic

temperature and time on stream for an aromatization catalyst; FIG. 6is a
acGRa diustiaiing thesalatpnshiphetwern theayslid-adjusted temperature

(Tyid) and time on stream for an aromatization catalyst;

FIG. 8D is a chart illustrating the relationship between Teq and time on stream for an
aromatization catalyst;

FIG. 9 is a chart illustrating the relationship between yield-adjusted temperature and time
on stream for an aromatization catalyst;

FIG. 10 is a chart illustrating the relationship between aromatic production and time on
stream for an aromatization catalyst;

FIG. 11 is a chart illustrating the relationship between well temperature and time on stream
for an aromatization catalyst.

DETAILED DESCRIPTION

Novel methods and systems for aromatizing hydrocarbons and/or activating, preserving,
and/or increasing the productivity of an aromatization catalyst are disclosed herein. Generally,
it has been thought that water and impurities that can be converted to water are detrimental to
aromatization catalysts, causing sintering of the platinum, thereby damaging the catalyst.
Thus, the conventional wisdom is that water, oxygenates, or nitrogenates should be rigorously
purged from the aromatization system. For example, it has generally been considered
advantageous to substantially reduce or eliminate the presence of water and oxygen in the
hydrocarbon feed to the aromatization system and/or a hydrogen recycle stream within the

aromatization system when using the catalysts described herein. Specifically, water levels as

low as a half part per million by volume (0.5 ppmv) in the feed and the hydrogen recycle have



FIG. 7 is another chart illustrating the relationship between the yield-adjusted
temperature (Tyid) and time on stream for an aromatization catalyst; FIG.
8A is a chatrt illustrating the relationship between feed rate and time on
stream for an aromatization catalyst; FIG. 8B is a chart illustrating the

betplationshp Brivernheny abeyieidanbime QMsHEAN JohapralQiv@bizaliamtreaters
catalyst; FIG. 8C is a chart illustrating the relationship between benzene

an@OBMRISIGR , R detaetiierAcihdtiirand Mo mSHiRaEH fakcaalararaatizatiQdnventional
catalyst; FIG. 8D is a chart illustrating the relationship between Teg and

arMRioRisH Bk dean avinatizalieicaatalsion] ¥ ec&hts@wwRadl|ust aliéhtors have

the relationship between yield-adjusted temperature and time on stream for
foandamMtizationeE alddficial in activating, preserving, and/or increasing the productivity
of certain types of aromatization catalysts. Specifically, an oxygenate, a nitrogenate, or
mixtures thereof may be inserted into the aromatization system at various times, in various
locations, and in various manners, thereby causing a specific amount of water and/or ammonia
to be present in one or more aromatization reactors during the aromatization process. In an
embodiment, the presence of the specific amount of water and/or ammonia in the aromatization
reactor activates or enhances the aromatization catalyst.

FIG. 1 illustrates one embodiment of a catalytic reactor system 100 suitable for use in an
aromatization system and process as described herein. In the embodiment shown in FIG. 1, the
catalytic reactor system 100 comprises four aromatization reactors in series: reactors 10, 20,
30, and 40. However, the catalytic reactor system 100 may comprise any suitable number and
configuration of aromatization reactors, for example one, two, three, five, six, or more reactors
in series or in parallel. As aromatization reactions are highly endothermic, large temperature
drops occur across the reactors 10, 20, 30, and 40. Therefore, each reactor 10, 20, 30, and 40 in
the series may comprise a corresponding furnace 11, 21, 31, and 41, respectively, for reheating
components back to a desired temperature for maintaining a desired reaction rate.
Alternatively, one or more reactors 10, 20, 30, and 40 may share a common furnace where

practical. All of the reactors 10, 20, 30, and 40, furnaces 11, 21, 31, and 41, and associated

piping may be referred to herein as the reaction zone.



FIG. 10 is a chart illustrating the relationship between aromatic production

and time on stream for an aromatization catalyst; FIG. 11 is a chart

illustrating the relationship between well temperature and time on stream for

an aromatization catalyst. DETAILED DESCRIPTION Novel methods and
sYatems. far arematiziRgrbyAresarbans angdaiasdty aling, RIS ViRgaandior to form
increasing the productivity of an aromatization catalyst are disclosed herein.

cofrBiRBibbdtshagaen, thauahk that watetanchiiop pibiesd3at CeBRirification process
converted to water are detrimental to aromatization catalysts, causing

SCBHMBIHY RhENE PRJtaLE theielly drmagiteatbecaialysthitRusayh@clude fractionation
conventional wisdom is that water, oxygenates, or nitrogenates should be

andgRreshnpuige th o R @rinatizationssy shersin-eh& tampleiiidiatation” includes
generally been considered advantageous to substantially reduce or eliminate

refh6y RIEHENGE (EfoWaET andrecsensiandrernydioearhan jesdrisciisons. As used herein,
aromatization system and/or a hydrogen recycle stream within the

th@rematizadiamm gy siem R WsNYHTer Gatalysis @aspyiReddneraine SRpeHieallsuch as
water levels as low as a half part per million by volume (0.5 ppmv) in the feed

oxgaentheshydragendegyaligdiavohers esiabinSven JEReralyiaGeppiEd feed 103
wisdom is evidenced by the presence of hydrotreaters and dryers in the feed

m&jrBasdabthelyeld i dRehyesggercocicle Gtieaaiot capv@atianah purified feed 104,
aromatization processes. Contrary to such commonly accepted wisdom, the

wiiiste miays thayebéorsid Binat seme thatetjsdpereiciibiniactivadinehaps B i Groduce a
and/or increasing the productivity of certain types of aromatization catalysts.

repacificalican 08yJeaiesratiliapenaiies @nabduieddltedaoiiheaydoinsertac100 at
into the aromatization system at various times, in various locations, and in

onéasioms i anaas,stherdbyicausivgears pesfic asmaunkahwatet@pdéam 105, as will be
ammonia to be present in one or more aromatization reactors during the

deacoibratinatiore peegeasrdin.an embodiment, the presence of the specific
amount of water and/or ammonia in the aromatization reactor activates or
efMhaneestbie Redmatizatio hocatalysic-hdatél nllustiagte Swnecemidodivhamt dieats the
catalytic reactor system 100 suitable for use in an aromatization system and

hydrocaseastdastibed teaneirtilinethkeerbh padhernit shdimn ivabiés fdedN®7. First reactor
catalytic reactor system 100 comprises four aromatization reactors in series:

feedaldioris 16 26p30aand UY). wieveether htldeocatbdyiscare actothsystevithl @0 mayatization
comprise any suitable number and configuration of aromatization reactors, for

caegsnplelanaiitabiy thiegodivensdipns (aQetraguicnai selipe i) pasalebnfsize one
aromatization reactions are highly endothermic, large temperature drops

oro@out achossntimesraachorsetd, 20r3Q, antedingd hetefovmadackos@atothdfoP0, A first
30, and 40 in the series may comprise a corresponding furnace 11, 21, 31,

reanor £1f] vesp €08 ely pidving eadiagcompenent Sdedckitd atldedinelifocarbon compounds
temperature for maintaining a desired reaction rate. Alternatively, one or

oryrepdeastars 6o ke BGoanthdl imayastvardda common furnace where
practical. All of the reactors 10, 20, 30, and 40, furnaces 11, 21, 31, and 41,
afltlafsaaietedpiiingmmasos rbéerpecticahel éintias Wenddotiorredhewhich heats the

hydrocarbons to a desired temperature, thereby producing a second reactor feed 109. Second
reactor feed 109 is then fed into reactor 20, where the hydrocarbons are contacted with an

aromatization catalyst under suitable reaction conditions for aromatizing one or more



In FIG. 1, the hydrocarbon feed 101 is combined with recycle stream 119 to
form combined feed stream 102, which is fed into purification process 80.
The purification process 80 employs known processes to purify the
hydrocarbon feed, which may include fractionation and/or treating the
conyshiRGasbaniegde Ao USBRAEI8ID MdentRINY chhigsiianaleon” INCESS reactor effluent
removing heavy (e.g., C9+) hydrocarbons and/or light (e.g., C5)
1 lyebapRfaRSroadiRedieégiidTectermd i@aHngdRREbBe MaMREnRIeF byproducts
interchangeably to removing impurities, such as oxygenates, sulfur, and/or

artnetals @ rotheRydresarkRasdeed. The resulting purified feed 103 may be
combined with a dry hydrogen recycle 116 to produce hydrogen rich purified

fepgk kedotinisit inafithent ne Comingdtadiiei R Xy analqanstonthevhich heats the
nitrogenate 105 to produce a reactor feed stream 106. Oxygenate and/or

hydiiseg®batednaydbarer tonhedeas i aieysiepioldiak NtRE MAKRIOESIONS IN Third
addition to stream 105 or as an alternative to stream 105, as will be

regl@seriged inmordetail hateiRactorhsoreaster fBedh 5iieambdis iscpeerieaéadyith an
in a first furnace 11, which heats the hydrocarbons to a desired temperature,

arnereRyi produCNg: ailgdr eastasléeechdon Rissidigastordeestdiddtisingd dAto or more
reactor 10, where the hydrocarbons are contacted with an aromatization

cob@ialisit LRk Fodalnde ieRate heRcilians (:genteimpesatusetping RreEs U uent 112
that aromatize one or more components in the feed, thereby increasing the

coatpaticsemmany, thereaficd fust readtoreiflugotcLathcoroprpmnthad anatigsoducts is
unreacted feed, and other hydrocarbon compounds or byproducts are

retecenaraddiaip thedfiesicteadtor 10.  The first reactor effluent 108 is then
pre-heated in the second furnace 21, which heats the hydrocarbons to a
dasicatlite mperatergutierely ipibdugirghe et onthecroion ethdO91 Sekehcheats the
reactor feed 109 is then fed into reactor 20, where the hydrocarbons are

hydentadie with dssatdmatipatiomncatadysiyupaeiusiitabltiedctianepfgitions. Fourth
for aromatizing one or more components in the feed to increase the

rea@Madics dantenhéhekebin®d seaaod4easiasreffheehydribOacornpristngontacted with an
aromatics, unreacted feed, and other hydrocarbon compounds or byproducts

aratetiecoverediiion ihelsecondhleactacttth cdifiitisecofish rasatatieffigesid 16 more
is then pre-heated in the third furnace 31, which heats the hydrocarbons to a

cotlgsiredttamerfdeit eo therely proauaiaga toinciiedeienfeed thiith Teiodor effluent 114
reactor feed 111 is then fed into reactor 30, where the hydrocarbons are

congnisicie dinwitta@es  anaraatizdtieadc atady sthandeydsodabler reaciponresnaitioyygoducts is
for aromatizing one or more components in the feed to increase the

reavoenatifteraahtdiottttereatoAdiird reactor effluent 112 comprising aromatics,
unreacted feed, and other hydrocarbon compounds or byproducts is
rébioy éredhfromtthe fifhirchrdadtortBéh fed hedhity deaciorgfiitaenh pidesdidOnhat uses a
pre-heated in the fourth furnace 41, which heats the hydrocarbons to a

nuidsired famperatocesdiete Byparattucingleofrurteagdetdt Sefechil 4 3efeourite 117. The
reactor feed 113 is then fed into reactor 40, where the hydrocarbons are

refuontateté d Avitinan sexoiratizatiativaadal ysiatiodgrrsditab & omactiotoco i@ iond0, and 40
for aromatizing one or more components in the feed to increase the

(ezromraticsicanténtdin@renfatik fourtpoterisiome Hilldetnirl ¢l apymprisiagedrdendtios] other
unreacted feed, and other hydrocarbon compounds or byproducts is

hydrooméxadcirompotiel foutlymedotos. 40he hijldeofpurthaedetordeffiyent ddedisithdnyer 60,
fed into a hydrogen separation process 50 that uses a number of known

thprdgegsesitp dophydtegarthyanoden ecybiehl b yrornaeatorynkit b7 thEherified feed
reformate 117 comprises the aromatization reaction products from reactors
10, 20, 30, and 40 (e.g., aromatic and non-aromatic compounds) in addition
to any unreacted feed and other hydrocarbon compounds or byproducts. The
hydrogen recycle 115 may be dried in a dryer 60, thereby forming dry o
hydrogen recycle 116, which may then be recycled into the purified feed



103. The reformate 117 goes to a purification-extraction process 70, which

separates the raffinate recycle 119 and reactor byproducts (not shown) from

the aromatics 118. The hydrogen separation processes 50 and the

purification-extraction processes 70 are well known in the art and are
10desarRerkibriaper ppspalants DM eRirRalent a0k 380 (PhMRIti§Mates the

et al. entitled "Reforming Process for Producing High-Purity Benzene", U.S.

rafftept & éie 360 tany it antitinghrémbondiasy dikAtion frsRCESS Wibhatics 118.  The
Downstream Dimethylbenzene Removal”, and U.S. Patent 6,004,452 to Ash

hydideRREPRAIRIQeess ey SoomuerHpgirydraraenldeass peotblghRPLuilye well known

Benzene and High Purity Paraxylene”, each of which is incorporated herein
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recycled into the feed 101 and the aromatics 118 are sold or otherwise used

et a8 dpsired: Reoamakeefssirpieiiubifs HigdopsmotBlastiate e bypody®77,367
streams that are removed from the catalytic reactor system 100 at various

to PWiis dhfigeg rDEhiiR Rystemt diarvexes, warsDisvalessin@insidlibihem Reioval”,
aware of the composition and location of such byproduct streams. Also, while

ant|G.S1 Bhewssihetarsoenaid anglosmitiabePaie k0o ey atdde Hiihydrbge Feed to
rich purified feed 104, persons of ordinary skill in the art will appreciate that

Hilfte RPxygeBatecnadind Mik@gRoaie Mayxhraddeddo enyEitPriecesspRAISherein by
101, 102, 103, 104, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 1186,

refetehck 18, Bryvpidauseaoim i ationsythereotaffiihicarioysi€ misodinentgsdided into the
catalytic reactor system described herein may comprise a fixed catalyst bed

fesystom aadnavingoeatalyst bedisystadnoa dikicized aalalyst krRisyisteRyrothe sake of
combinations thereof. Such reactor systems may be batch or continuous. In

siaplRig A andothecaiiliytiatcemetbymysigimsiseanix athiad syate dasRpiisingtal ytic
one or more fixed bed reactors. In a fixed bed system, the feed may be

refyeheaiethindormaae dubesiandipassashinte aydeast bloeveeactiosrtbat cootdinsry skill
a fixed bed of the catalyst. The flow of the feed can be upward, downward,

inQh¢adially twarigbfthe wacpositionanid Uscatiohasimehtdyprediatalytianieactdso, while
system described herein may be operated as an adiabatic catalytic reactor

FIsystshvos @it iseilaenmalaadlahioseacier BySteingAddised hededaecthectepirified feed
"catalytic reactor" and "reactor" refer interchangeably to the reactor vessel,

10 guispintefaidinandskis ocidtedproidb apprgetqelipinaht, mclgeing hudotmitrogenate
limited to the catalyst, inert packing materials, scallops, flow distributors,

megbteddoiabr) seqciOpoets, scatahyst Alansterladd 10wt iibetitdy systerQIurhdces!, 112,
and other heating devices, heat transfer equipment, and piping. In an

1 18midddin@ént | & e Icatalgtior eadtor syaibimisoar theotnfitization reactor system
comprising at least one aromatization reactor and its corresponding
placessing eqinpdnanbtsishesea digtieimedberteynsiiadencabzdtiordéin may comprise a
"aromatizing," and "reforming refer to the treatment of a hydrocarbon feed to

fixmbvidal yo bed mpties enmohadgooathlcd, hdiclydrmne émdodinentlgabed system, or
product whose aromatics content is greater than that of the feed. Typically,

coarténarinnsr@enipdhehtscof thres feethsimoerde dbaeloonmrorgineforsmihgan embodiment,
reactions to produce aromatics. Some of the hydrocarbon reactions that

thocatal gurirgdioe syoenatiz ativred perdasipematodgpthegehydmogenatiordbed reactors.
cyclohexanes to aromatics, dehydroisomerization of alkylcyclopentanes to

Inardiratibsd desiyoabydiézdtiomydicaonetieatbhy dnotembon site aaodpdaissd anto at least one
combinations thereof. A number of other reactions also occur, including the

regigatkiiationndiatkylbenzkbed, idotine riagtipsi. of Paer affirvs, dydrodieadkiag be upward,
reactions that produce light gaseous hydrocarbons, e.g., methane, ethane,
propane and butane, or combinations thereof. The aromatization reaction
occurs under process conditions that thermodynamically favor the
dehydrocyclization reaction and limit ugdesirable hydrocracking reactions. o
The pressures may be from about O pounds per square inch gauge (psig) to
about 500 psig, alternatively from about 25 psig to about 300 psig. The molar
ratio of hydrogen-to-hydrocarbons may be from



about 0.1:1 to about 20:1, alternatively from about 1:1 to about 6:1. The

operating temperatures include reactor inlet temperatures from about 700 F

to about 1050 F, alternatively from about 900 F to about 1000 F. Finally, the

liquid hourly space velocity (LHSV) for the hydrocarbon feed over the
dowamatizationGalalysienay befem8Roukh0:hiterPerbbaiMeatieinativalyfiiMeactor

about 0.5 to about 2.5 hr 1. The composition of the feed is a consideration
sy\tBeN desiRintheRtalviia A nemapization Sy sieMiabadn empadinmetticih8ystem or an

hydrocarbon feed comprises non-aromatic hydrocarbons containing at least

is@PeARHPRR AR Sedns IRt the atedatizaliaRcSYhe M iS By UXEAtBT and “reactor”
hydrocarbons comprising Co to C8 hydrocarbons containing up to about 10

rei%amadialigraslivaty uRtaabeit 1&wWIYoreidh anehigieranidReses frdeessing
) and containing up to about 10 wt% of C9 and heavier hydrocarbons (C9+).

eqRipeielaviiR1RlmEf ke h@nEnt:e hydreearhans Maim iz ke iedebakikidallops, flow
value aromatics. In some embodiments, an optimal hydrocarbon feed

disaabiiroizescther pepesniagerboies hydndgarbanseSuchdastapatican paeachientdes and
by separating a hydrocarbon feedstock such as a full range naphtha into a

othighidayicrocavien fradifiactirqanshacheaxy piydigcarbon feed fraction, and
using the light fraction. In another embodiment, the feed is a nhaphtha feed.
The aapbiitvisaenmaypdecadight hydwearbafivile aboliogiangRof @Bedt system
70 F to about 450 F. The naphtha feed may contain aliphatic, naphthenic, or

copgrasiinicahidrocashadmalingsenatiphatiarantsnapkiponidiny grocaddansq@ipment. As
converted, at least in part, into aromatics in the aromatization reactor system.

usWihiledatahytieaie matizatioadypicatyoraiirsie thacorferaiay 0k¢taphihae treatment
other feedstocks can be treated as well to provide an aromatics enriched

of pradaeicafbet eteterovhde db ercarvraisigreaficiapphalig © it ihbochnent ddignent is a
present disclosure can be useful for activating catalysts for the conversion or

pradomatizatioaroimatuariedytenfeedstackstauchias panalincbydrasaibaing, otefior more
hydrocarbons, acetylene hydrocarbons, cyclic paraffin hydrocarbons, cyclic

coal@binehydnd das hesisy ada go ixtigres thecaefoanthpashicidaslyosaodatedromatics. Some
hydrocarbons. In an embodiment, the feedstock is substantially free of

of sthtuhydsiedsh @ndeathimkniian peisonkifvpahmatizationtatalyptsatdnd isclude the
initially substantially free of oxygenates and nitrogenates. If present, such

dep@iBopenadonbef riokexhnsing meihids, kirbvwdirdn dhese skilad kikhle aibpgentanes to
some embodiments, the feed can be purified by first using conventional

arbiyetiofinded yaciuyidirasptheh desitlg dorhenisbiansemanentitéc seorainimbinations thereof.
poisons. Such hydrofining techniques and sorbents are included in the

A puuifibatioof podeassedescniedsbelawur, limandemgbddiménatkglato/geihalkykbenzenes,
nitrogenate, or both may be added to one or more process streams and/or

is@apnpatientsfipdidioataiyticoreadtoresysiginnt GBatysrobhed hieteigatbeutehydrocarbons,
oxygenate" refers to water or any chemical compound that forms water under

e.gatatybianay ethaiiz gtiopagonddimsnsusitasioxygens teygen-containing
compounds, hydrogen peroxide, alcohols, ketones, esters, ethers, carbon
dithedapaldemydesrecativoxytiaiacidslclaptorss ,conditensahao therondyidendrally favor
combinations thereof. In one embodiment, water and/or steam is used as the

thexighedake clivamnotheaciobadirient, exganbiedyydeusekias tbeitxygeilhtepressures
wherein such oxygen converts to water in situ within one or more

may b &tipatiboutdaptorsis peesdyipic al dr gauati Zatien oarbditiod 3 grwithirmaevety from
more hydrofining catalyst or sorbent beds under normal hydrofining

aboondftipeig. eurtioetBddepsiige dhygankteratayddadp @oahdiydomntaibémg may be from
compound. Specific examples of suitable alcohol-containing compounds are
methanol, ethanol, propanol, isopropanol, butanol, t-butanol, pentanol, amyl
alcohol, hexanol, cyclohexanol, phenol, or combinations thereof. As used
herein, the term "nitrogenaterefers to gmmonia or any chemical compound o
that forms ammonia under catalytic aromatization conditions such as
nitrogen, nitrogen-containing



compounds, alkyl amines, aromatic amines, pyridines, pyridazines,
pyrimidines, pyrazines, triazines, heterocyclic N-oxides, pyrroles, pyrazoles,
imadazoles, triazoles, nitriles, amides, ureas, imides, nitro compounds,
nitroso compounds, or combinations thereof. While not wanting to be limited
abBUctheery, i iskslie ved thakdhe@reromishilibieaprovie eatahsi agtivity ¥he operating
much the same way as the water. Additionally, all the methods of addition
teAPErSAREOL foruasy sanaiesisleschgd et aamalivhe folly applietibout 1050 °F,
additionally or alternatively to the methods of addition and control for
aliRiegeNAtasm MDeroTh ool ins skoborrthe Biavil appIRgiRIedialapa&@f velocity
the oxygenates, nitrogenates, or mixtures thereof described herein may be
(LeEsd) alengicih paiathiiibatioRe@rovuihe: cesmbingditd Rieslysemilesestidablgout 0.1 to
oxygenates or nitrogenates. In some embodiments, the oxygenate and
abdiifqoandielmanbeEoRtaNabitindhe&ames hifinctional compound. The
oxygenate and/or nitrogenate may be added in any suitable physical phase
sugh ag@@RidgwH (e esnbinationsithesaeh Wheroxygenaie andipfic aromatization
nitrogenate may be added to one or more process streams and/or
syS@MPONENtH ViandoYi sldtablaceansciebsheiearldibiaprites examplmatiRUm@rocarbons
injector, sparger, bubbler, or the like. The oxygenate and/or nitrogenate may
coa@ihiiigditaeskasia biessh Widha . carrie ek 3one: erhedimants s e @aiyiarisxture of
hydrogen, a hydrocarbon, nitrogen, a noble gas, or mixtures thereof. In a
hylaretartea crhagiviant, dyetsaiehigdrydidgas. codth@igxyagnase Mddon0 wt% and
nitrogenate may be added at various locations within the aromatization
alBysiamnigessivatddiereinwboraxample lifleexygeoeitand/oC Njtipdetvaliaining up to
may be added to one or more process streams in the catalytic reactor system
abd00,1® 0ne asMCy exed]Uipimint ioprpartens ygsssisbfihe tatalytisf regetand Cs
system 100, or combinations thereof. In an embodiment, the oxygenate
hydns/aboitsagetaieaby beladdeadeat anecairopteckochiionsswinbodineadtjem optimal
zone defined by the reactor system 100, wherein the reaction zone
hydesoprieasi@o aessiflies line peaguipprait Camhoyabsals \Sheieailaebetams achieved
are undergoing an aromatization reaction. In one embodiment, the oxygenate
byaswhonimigagapaiecistaadtd Beivkearihes pufificaiior pepbess idt antdhehydocarbon
furnace 11, either before the addition of the dry hydrogen recycle 116, or
feadténthioradditideof g dine dipdnofged fiacyole dibuai gepidight iftabtiGn.1.
Alternatively, the oxygenate and/or nitrogenate may be added within the
puiiificatio:r probedisndot, Hiowksedr jdt asmisiateo fitednplEbedrithaitihef@xly genate a light
and/or nitrogenate can be added at various other locations within the catalytic
hyrractobsystarh AGihikar exam ple aboatodygenatatand/é5hitfogdhateaphithbefeed may
added to the feed 101, the combined feed 102, the first reactor feed 107, the
cofitsir edipiiort efflugpitti8¢ the gecdificire agtvpéedwdild9, Thessedgdtie aatdrnaphthenic
effluent 110, the third reactor feed 111, the third reactor effluent 112, the
hykbortirseactoe teadeittd, arleaminipationsdhesentidsniadbitioontie axygerater system.
and/or nitrogenate could be added to the fourth reactor effluent 114, the
Whyldregelytie ayolaatizatithetgriciiydrobes recheleohibistbe odfoaphaba, IdietHeedstocks
raffinate recycle 119, or combinations thereof. Furthermore, the oxygenate
caanbéotreatrogesnateltan heeididie crioaoy o kmationl ofthiafordertionedvhile the
streams, directly to any of the reactors 10, 20, 30, or 40, directly to the
cofwreramasot naphthalis 4heomdomibireaticths tiveseaf disdewiseciheoxypghidte activating
and/or nitrogenate can be added directly to any other process equipment or
cacdyspofenthef tha catabytioreactoatsastemdl0d sachtpoé fredyockalumichoas, paraffin
tee, manifold, etc. Finally, it is possible to add the oxygenate and/or
nitrogenate to any process equipment or component upstream of the catalytic
reactor system 100 such as a tank, pump, value, port, tee, manifold, etc. that
supplies the feed 101 to the catalytic reactor system. The oxygenate and/or o
nitrogenate may be added to the aromatization process at any time during
the service life of the aromatization catalyst. As used herein, the term "time"
may refer to the point in the service life of the aromatization catalyst at which



nitrogenate is increased from 0 to 2 ppmv at a start point, and thereafter at a

rate of 0.2 ppmv/day. In such an embodiment, the increase in oxygenate

and/or nitrogenate at a steady rate may be preceded by an initial step, as

shown in FIG. 2B, or may lack the initial step (i.e., may start at 0 ppmv). FIG.
hydfothustiates]thip Gara Wheshiha@met aleaamme apeier piaagnmM@nscarbons,

decreased at a steady rate over time. Such would be the case when the
cyCKYORiTai ANeQrTYHQa8AAle i deaieasehad paraiteaty). SaRiPARd BMrdBasbisiy .

an embodiment, the increase in oxygenate and/or nitrogenate may be

pracadeghydand!iglsterisasckRNowibiiahtfal ¢ Ge@omay fiackib@lnitiad $@er known
such as when it is desirable to reduce the oxygenate and/or nitrogenate

pdRYE!S f&l Grahiliistsatestheseasemwherentngl QX ygpiate ARdREN IO RNRARes and
added as a pulse. Such would be the case when the oxygenate and/or

niffisegaeataipieeitasath FerRbADOM Boppmyviel abidt hHRRINKTOW NS Gays skilled in
then returned to 2 ppmv. The oxygenate and/or nitrogenate may be added in
théntigie usesnibdasied, thd/hilectevadaitiaadrofiies ilkisirataddmiolalhydrofining
2A, 2B, 2C, and 2D are shown near the end of the catalyst life, those addition
te¢HBibleS ey heippdepaantedrahany deirinehining fgseaialgatliieydpesifisaliyhniques
the addition profiles illustrated in FIGS. 2A, 2B, 2C, and 2D may be
aninple@eniediat ik baginongiatiiecpialyst titscsbalthelatier the beginning of
the catalyst life, at any point during the catalyst life, or at the end of the
catalysthieodimagdition o i@ axyd enaieanraios, ndirageinatayray Krlatdediss or more
any combinations of the above manners, such as two pulses followed by an
prifteseasisghamatmi cbaxygrnatenamd/ ontilnagenateralyateonstant rateisedTieein, the
addition of the oxygenate and/or nitrogenate to the aromatization process
tefimayoRecarfusttioft8ftanyditbe afpremeantiorethjooatians: funas,vanelemder catalytic
manners. For example, the sole consideration in adding the oxygenate and/or
artitogatatectmditoasprnali Zatxy grocesgthayohaitfiadiooenphenishRydrogen peroxide,
oxygenate and/or nitrogenate is added to the aromatization process, the
aldohalipRatdirere dhreroxthenateudod/ dionidegadaiedssadaiedigitheacids, lactones, ozone,
aromatization process, or the manner in which the oxygenate and/or
carbosogenaieids acdeabinthierardim@iationm eadsslionvevarethadisly genatés used as
and/or nitrogenate will typically be added to the aromatization process using
tha @oyphiaatiom ehthkeccotnsltdecatiansgenmexahepicedns hxygengieas)diberein such
nitrogenate may be added in a combination of times and locations
oxiykespeciivef tmanner,ilimgs avichinanres iniespacdivathtoaatiensonsr under typical
locations and manners irrespective of times. Alternatively, the time, location,
aramdtinainnecondiyi alsber coinlsinlerati @n sweine hatidiing ith e axijge nateoamaiobeds under
nitrogenate to the aromatization system. In an embodiment, the addition of
nooxyd)drydte fandgoc mittiogenatEtatitrencatayiicoreacicnsyatgnbd @Ayaslcohol-containing
described herein functions to activate the aromatization catalyst, wherein
cosyshucdtalyiariifht othepitseobesinablivenlwobidplaytans ufficiemipactidityare thethanol,
absence of the addition of oxygenate. For example, certain types of
etlanorhatjrapenotatéyptesnoh abutaneblite suppartepeptatiolmoghtaiahingobnehexanol,
or more halogens such as F and/or ClI may not activate or may have
cyrlabequatephetivityondvenbithe deethéeetiie reactors, e.g., 10, 20, 30, 40, is
substantially free of oxygenate, for example containing less than about 1
ppmuteddiaxiyg dnatersntioraptrogs hateraiteanatively tesstharembediicObpound that
ppmv total oxygenate and/or nitrogenate in the hydrogen recycle stream 115.
fofithusmmeomendarbatiipentspthaiaaditicrodioxyg endteiandfogaeninigegeatecastaining
described herein may serve to activate and maintain such catalysts resulting
in desirable conversion rates of reactants to aromatics as well as other
benefits such as improved fouling characteristics and catalyst operating life
as described herein. Thus, catalyst ac{iti/ity or activation may be controlled o
with addition or removal of an oxygenate and/or nitrogenate. In an additional
embodiment, a nitrogenate may similarly be added to the catalytic reactor
system 100 and function to activate the aromatization catalyst, wherein such



In an embodiment, the addition of the oxygenate and/or nitrogenate
increases the selectivity and/or productivity of the aromatization catalyst. As
used herein, "selectivity" may refer to the ratio of aromatic products produced
by the aromatization catalyst for a given set of reagents. As used herein,
corRpRAHESIVIlKyMavikRIeT iR theiameuisOfiamatc pyadabteRredHaadiRs therazines,
aromatization catalyst per unit of feed and unit time. When the oxygenate
tridAdQr Rirqeenate 19-adrlrg tpyinel@yopyAdiZAlONGAtRNMIbsAMiRESRAS@triles, amides,
amount of one or more aromatic compounds may be produced. Specifically,

urdas addition gtiheaxyeenale andior aikigganale & hipdinmatizatiereatalwatile not
may increase the amount of aromatics in the effluent by at least about 20

wRRIEERS, 5 1RABE QB UhddHNET G BblRY IRPGh 8 BRUARMSIRE R 0h@IriRast O activity
1 percent over pre-addition levels. Also, the addition of the oxygenate and/or
inRitfeFeRataie Weyedomatizaton AataistamainHe aseHo® catalyslselaedivititrol for
to desirable aromatics, such as benzene. In an embodiment, the addition of
oxijieeatygensteialiansiiregenate teetialBrapdiEatiadicotalyst sMayteieseass to the
the catalyst selectivity to desirable aromatics by at least about 20 percent, at
migasisaliaddidparcerin@bleashialgsihdeercent, or at least about 1 percent
over pre-addition levels. In a specific example, benzene production may be
iINREaRSE bfredi e uk #linveig At pencappiecalpo tHaf Gnyeig epergemtagdthatrogenates,
effluent, without decreasing the production of any of the other aromatics.
or mighuwo tdridicaiaided heremasadn bataybhpimductontsngtisalestivihelicombined to
some embodiments, such effects may be independent of each other such as
prodied beBZ 8(iaplo dHOLiOMiSsIREEiasREnHiEs. Nthiscitast bodxeial, anerogiigenate and
production. In an embodiment, the methods described herein may yield
niabgenabvaeneithdiosexamiplehdf thncatinrtionochspomevaihs oxygenate and/or
maintained at a specified level, then the reactors may be operated at lower
nit&ypprratugshaviiaadrasuiig doiabdngeystatbpskifaichlternativeiyuitithe combinations
reactor temperatures are maintained at a specified level, then the space
thsrelaficityMathivytha aeastidrsrnmayolgenineraasete whikid pooduces additignadess streams
amounts of aromatic products. Finally, the methods described herein may
anylieldadgitionak adyamniagesabht spaaificallyhdiscldsseshhéseiexamipiean pump, injector,
embodiment, the effects of the addition of the oxygenate and/or nitrogenate
spargefabtibbldrtevratibike Fahexayyeeste/hedl dheaiosygenat@antéantridogehatea blend
is added to the aromatization catalyst, the oxygenate and/or nitrogenate
wiblegicatieraflaciihe arbmditizationheatalyist (€ lgdiogeeasasdaotivbonwiiinitigen, a noble
about 100 hours, within about 50 hours, within about 10 hours, or within
gaahauhik fuoey tiisievlariy, aomeéethel exyjgelata arid/oamitiag éndtegesnremoved
from the aromatization catalyst, the aromatization catalyst may revert to the
cdtiatysiaitvitle anadraticstyigtthatr anamnabic sasidkattivityvagems pliarattiie within the
addition of the oxygenate and/or nitrogenate within about 500 hours, within
araipatit 0 kgutes) datoitbadhuten® Haursx anplithie alsgpéddehmdrsr nitroggnate may be
embodiment, the existing oxygenate and/or nitrogenate content of a stream
adtizdvinchrih eoxrygenateandioeaitsogethateds ytib eaddedsis emeallffe tband/anr more
adjusted prior to addition of the oxygenate and/or nitrogenate. For example
eqapnaithcrefpreros tor FiGels, ditbaocanbrecfesdtstremtesmsiith asdoydrmoadmenhereof.
feed 101, recycle stream 119, combined feed stream 102, hydrogen recycle
In Jib6erobedimbmatienextyEresd mealjdoantmegsuntechifay bxyaleledtet ame/or more locations
nitrogenate content and the oxygenate and/or nitrogenate content thereof
widldju stecigrior zonthdefidditiby the tiea adory syestrate 180 dYdranédiro denatetibikewisepmprises
the same streams may be measured for nitrogenate content and/or the
nitrogenate content thereof adjusted prior to the addition of the nitrogenate.
Generally, a raw or untreated feed stream such as hydrocarbon feed stream
101 may contain some amount of oxygijsnate or nitrogenate when it enters the o
catalytic reaction system described herein. In addition, depending on the
plant configuration, the duration of feed storage and weather conditions, the
feed may absorb oxygenates or nitrogenates from the air. In order to



In an embodiment, the oxygenate and/or nitrogenate content of a given

stream such as a feed stream may be measured, for example with a

real-time, in-line analyzer. In response to such measurement, the oxygenate

and/or nitrogenate content of the stream may be adjusted by treating and/or
pro€dingrRxyganale 06RNaIH0gRAAE tPethaStreaskla oRtamJdes edndergoing an

amount of oxygenate and/or nitrogenate therein. In an embodiment, a control

arlPRRi kSRS ARMY 8 IR anthBalRkAN thad QYNGR RABPRCAFUKREERA®Ied between

injector such that the amount of oxygenate and/or nitrogenate in one or more

thStfRAMSaisoRopiHelad 80 resPaNseite: F0AXYanate @eaoiy ABENAEIRSL of the dry
point for such streams. In an embodiment the measuring and/or adjusting of

hyiie Qxyaendate 16 REraBe hadai6a e RAGQcE e fadiPIsaRt &pehtaSin FIG.
treaters and/or chemical injectors are included as part of the purification

1. pragessafleilhenexygpnaiaandimsmiieganate theaters WanedaseeionHOurification
type and amounts of oxygenate and/or nitrogenate. In embodiments where

prifiese8@endie samatiseaMaivhtbegaelisorhant wajesmeaaY/ fenigésenate can be
These sorbent beds are commonly known as driers. In embodiments where

addiel QX y@eivate Ghep NHsaHOX YgitiintAg: UsLabftiteriaisIaBre OIE It e example, the
oxygen to water can be used in combination with driers. In further

oxgathatimedts wWheetae iropenatR Campesesalvasitchomicatdords 002, the first
sorbent materials may be used. In an embodiment, one or more streams
re&ti6h fasdhyoirogarben fegdol Qifluesy el stieagrdikPreaotvbived foedistreaghd reactor
102, hydrogen recycle 116, or combinations thereof are treated prior to the
efAdgitian@fiaxypenatacandfesitiogarate ihesater sfsueht an Bnikotimenteactor feed
measuring the oxygenate and/or nitrogenate content of the streams before
11sych éteatbaditioay bpteially heédioiitebe Bihereats aodapparaigsmios ceatdilye added to
measuring the oxygenate and/or nitrogenate content of the feed, then it is
thelifbiotth tedebaklylneaintain thelesiesktevaldnctbd B¥pmhalizationireasiatsycle 116, the
Treating one or more streams prior to the addition of the oxygenate and/or
refutrogenat® mhayasiichace the yavendld conttohbinthambesd Of Riatkerandiothe oxygenate
ammonia in one or more streams entering the aromatization reactors by
antBoneving statiabilitybenathie dxy genatenbidiosnif oe dfte wententisseahms, directly to
streams. Treating such streams provides a consistent, baseline amount of
an@yQgrataand/dOnitogenateli direbtlstreais fiohtoesaiddifion3af dxygeratebinations
and/or nitrogenate to form an oxygenated stream such as reactor feed
thateeinLike6.i\ ke dhegeaciantZednisreptiaiently treeddtdxygetintesaanadther process
nitrogenates, precise quantities of the oxygenate and/or nitrogenates can be
eqagdechtothengacion feeds suchytihatdneameunh df0oxyghnata anaarvalue, port, tee,
nitrogenates in the reactors may be reliably maintained. In an embodiment,
milngqdyificatibmgigcass $owsibly itnchddetibehydrgaaitb amdiorenithatednestohany process
hydrocarbon feed (e.g., streams 101, 119, and/or 102) to a suitable water
eq@peiehn otlengmizodinpstreanthe pheifisatigic peacess BlemalOinsivtieas a tank, pump,
reduced copper bed (such as R3-15 catalyst available from BASF) or a bed
vabfeygittytealumindioidoersilica $oppises ihe éend\inhtoxlygematpsc hnastidr furttoan.
embodiments, the reduced copper bed (such as BASF R3-15 catalyst) or a
bdiobduyetimpkahmbiounitogesilicans ydechiil ed nobimatiomattimtiva pydresarbomy time
dryer. Similarly, the dryer 60 can be used to dry the hydrogen recycle and/or
duptihe thersmess difeafitbesacimaszh0dn t1Q]wndAs 162 te@isuitablewatendéuehy refer
In an embodiment a suitable oxygenate level in one or more streams such as
todrpaantbontfeesthids teeyofetlstreamadiiZdfioonchingst faedlsirkahe 13 genate and/or
hydrogen recycle 116, is such that the combination thereof produces less
than about 1 ppmv, alternatively less than about 0.5 ppmv, or alternatively
less than about 0.1 ppmv of water in the untreated hydrogen recycle stream
115. In an embodiment, one or more tgeams fed to the aromatization o
reactors such as hydrocarbon feed 101, recycle stream 119, combined feed
stream 102, hydrogen recycle 116, or combinations thereof are substantially
free of water following drying thereof. In an embodiment, the precise amount



In another embodiment, the amount of oxygenate and/or nitrogenate added

to the aromatization process may be regulated to control the catalyst activity

or to preserve the useful life of an aromatization catalyst. The catalyst activity

can be measured by a number of methods including the endotherm, or AT,
niREERAKONE LIRS IRACHAE QA ALK, TthMersstementa/of agiviynaHChay be

as reactor temperature, inlet temperature, yield-adjusted temperature, fouling
adRI® a£1Re GROIPANE: AFVLIBFAS A1 VR DRAINRISICRRfyRasiankhin hiestRactielt a new

zone. As used herein, the term "yield-adjusted temperature” or "Tyid" refers

bateHhE aveIage catalysithaditrmpaistiie oI Idl-ssale feRcial LY Siard sWhieh may be
has been adjusted to a specified yield (conversion) level. As used herein, the

ad@idno TIRCcARMRKS ttharauiyalRineartne WelgeehavalagainigtRoparaitren may
(WAIT) that would be required to run a catalytic aromatization reaction to a

besiesiinn-aqryiesr Sion ¢t tBeshanHads GatabsaariemprI R0 conEitans Suehaas time-
hydrocarbon feed rate, recycle hydrogen-to-hydrocarbon molar ratio, average
bakeadifetRresside aanchoonkeRtealies, Arfaadmpnutitihaeampanaatsxddgisandefined
either be established by running at standard conditions or by using a suitable
vab@srelatianado Estimace bit:haseaked upeapHseety Almaatineatiphy asiaibe snAdlurgy.
used herein Teg parameters include running the catalytic aromatization
Fugiasti g iox b S 8ndiSe aanyenstomnal 6o ahrdessitia§&ishy during the lifetime of the
hydrogen-to-hydrocarbon ratio of about 4.0, a space velocity of about 1.2 hr
cafaliRtasix adiabatied ebetertiigs Witidhghintellipeets wietD thedasty@astakah offline.
about 50 psig, with a feed composition comprising a Co fraction greater or
Figglual dee X ypdeaa Ghlfsactieodesadhadyseqiiddadid Yroandiaof-catalyst at any
fraction less than or equal to 5 wt%. As used herein, the conversion of Co
cobtiuativhles efersitoctieurneisite b Lmmglacdigsivithone aciema lifetime, but
branches into aromatic compounds. In various embodiments, the amount of
nodxygenasasiyd/or nitrogenate added to the catalytic reactor system 100 is
regulated such that the LI is from about 900 F to about 1000 F, from about
910 dddaiab ot 368 denate fradion b S2QtE ik albe ul8dd b theistoaraxiaidon process in
because any increase in catalyst activity is evidenced by a decrease in Lig,
aninauindrieasenie caraysed tidviiy,ahs @lso ‘beameasuredrakatpaicaddagen profile of the
decrease in the Teg of an equivalent reactor system running an equivalent
oxggeintdrandrbo migegerd iy afiousemipdeimentshtheddnauntodf deygenaimate and/or
added to the catalytic reactor system 100 is controlled such that the Lig is
nifroganalout @hpecarihisio ciaopts?bweerdart, alEiSatize)y?2Bord@baut Qb illustrate four
percent to about 10 percent, or alternatively from about 1 percent to about 5
maerasrih lehscthiie the ddgaaf anlequivalgntate acigrbeysided fonimrgoamtization catalyst.
equivalent substantially dry hydrocarbon feed, for example resulting in less
SitaficaleuUFIGp vl ivstiatei theec iyedndgen theaycigstieamd dSninftermativalyadded as a
less than about 0.5 ppmv total water. In related embodiments, the amount of
conitrogdaatesagdadrtastheSardnvatidd thertlproegss ImayHeeokgguiate ciiid/coninoigenate is
the catalyst activity in many of the same ways used for the oxygenate.
inéraatedrinoneatibet 2sppofithe ebygeHaipavddoringribgenatyinlifie cHialytép may be an
reactor system may have a beneficial effect on the fouling rate of the catalyst.
inGedsdystsandayrbaecia usgdahiife el/ondiwbgehateidavellondéGelBndinitallys the case
advantageous to use the catalyst. A commercially valuable catalyst will
wieedailtit sansdativelly doygemdestaldierfautingerate . ik iscemghplatpdcthagthendsiden at a
of the oxygenate and/or nitrogenate as described herein increases and
stendyntans thecposemtial dife) ofvtireisata ysthwhew dbe thtingseimden conditj@esate and/or
substantially free of these chemicals, for example, containing less than about
1 ppmv total oxygenate in stream 107 alternatively less than about 0.5 ppmv
total oxygenate in stream 107. Various types of catalysts may be used with
the catalytic reactor system described herein. In an embodiment, the catalyst o
is a non-acidic catalyst that comprises a non-acidic zeolite support, a group
VIII metal, and one or more halides. Suitable halides include chloride,
fluoride, bromide, iodide, or combinations thereof. Suitable Group VIII metals



Zeolite materials, both natural and synthetic, are known to have catalytic
properties for many hydrocarbon processes. Zeolites typically are ordered
porous crystalline aluminosilicates having structure with cavities and
channels interconnected by channels. The cavities and channels throughout

nithe&iyetallineraterialaenemnlly spmbarhasizefamllQndsterivr at a rate of 0.2
separation of hydrocarbons. The term "zeolite" generally refers to a

ppR@ftiylangraien ah kyakatesicaty stallitesmetal alipénagilicries. nilhesa #eolitassteady
exhibit a network of 5104 and A104 tetrahedra in which aluminum and silicon

raRaRy e QIsinkedinnithraepdinensianal Femewons M shan@omigsstep (i.c.,
atoms. In the framework, the ratio of oxygen atoms to the total of aluminum

mandigHicRraipme) MabexTunld@tesTine Famewerk eaxdhibiisimnegaiiygenate and/or
electrovalence that typically is balanced by the inclusion of cations within the

nigoysialisucheanelalsa alkaly netalsetkaling Rartbonatedshe chydiagahe oxygenate

L-type zeolite catalysts are a sub-group of zeolitic catalysts. Typical L-type

andesil@soseniainsrietechati@stof @KdEDID Bseerday ch Wilth the dplbdwifment, the increase
formula: M2110AI1203xSi02yH20 wherein "M" designates at least one

in@%shangeable/ Giadivn stitlicasfaptifccedetuBy 66 il iipins RIRGNESIURG. 2C, or
potassium, sodium, strontium, and zinc as well as non-metallic cations like

miytienibkeimng sepnanivm ioRswhichesayibeoraplaactdyxgihehte and/or nitrogenate
exchangeable cations without causing a substantial alteration of the basic

leeéist@lSirotimnasehitbethetype seelitahd beysenindhedomiutagapieseatriéaas a pulse.
valence of "M", "X" is 2 or greater; and "y" is the number of water molecules

Swantaifdbintibe Shannesherdkjeeanaciea Notdgenitb ihmaealida. frofabodt 2 ppmy
potassium L-type zeolites, or KL zeolites, have been found to be particularly

tod@siuialiephhe fommwidasolien aswsed kereppiiefersio bxtypaaeQlii@simitrogenate

which the principal cation M incorporated in the zeolite is potassium. A KL
magbbtalhaybacaijinpaxehangesiedimpregnated with another metal and one

or more halides to produce a platinum-impregnated, halided zeolite or a KL

suphiksted Rddiadinl@oendieltatalyst.in FIGS. 2A, 2B, 2C, and 2D are shown near the end
of the catalyst life, those addition profiles may be implemented at any point during the catalyst
life. Specifically, the addition profiles illustrated in FIGS. 2A, 2B, 2C, and 2D may be
implemented at the beginning of the catalyst life, shortly after the beginning of the catalyst life,
at any point during the catalyst life, or at the end of the catalyst life. In addition, the oxygenate
and/or nitrogenate may be added in any combinations of the above manners, such as two pulses
followed by an increasing amount of oxygenate and/or nitrogenate at a constant rate.

The addition of the oxygenate and/or nitrogenate to the aromatization process may be a

function of any of the aforementioned locations, times, and/or manners. For example, the sole

consideration in adding the oxygenate and/or nitrogenate to the aromatization process may be

the time when the oxygenate and/or nitrogenate is added to the aromatization process, the



In an embodiment, the Group VIII metal is platinum. The platinum and
optionally one or more halides may be added to the zeolite support by any
suitable method, for example via impregnation with a solution of a
platinum-containing compound and one or more halide-containing

1oEABRWNGS thobLyamaleatif PlatiodskOMaIAIRE &P MPAHGIHABAHR PRYcess, or the
decomposable platinum-containing compound. Examples of such compounds

minekide, Rutiaternoblkiitedto aaIsRafitpialiachlatapiptnate. sRIfaRIAiRiCprocess.
acid, diammineplatinum (ll) nitrite, bis-(ethylenediamine)platinum (1) chloride,
HehatiRHMhé bxeeivircaigoatardiehlarodiamyming plstinumsd Riatipumdid)ization process
chloride, tetraammineplatinum (1) hydroxide, tetraammineplatinum chloride,
ussdAbAdmatoe RItHudencOhsRisaiRns. IFan &mbprinienbthe-satail/is Aitrogenate
large pore zeolite support with a platinum-containing compound and at least
mNSOGRRIEC aminasiibmhaidecampound. i(bbaiorganiespramenifMdiaigetimes and
compound may comprise one or more compounds represented by the
mianrdlaifébpbrvwvhere Koigisalide anehwditrenaepasats aRypogan of atimes.
substituted or unsubstituted carbon chain molecule having 1-20 carbons
ANdgigirIgacheRimay loeathvh same washlereal WllabeerohsidingivhsRvaen adding the
selected from the group consisting of methyl, ethyl, propyl, butyl, and
oxgesMatsakians eogehamesetsnasiiaalyinetiyleinxamples of suitable organic
ammonium compound is represented by the formula N(R)4X include
ammanduibeiaside tramimadsioflusyden asdiaiaalkybpeimenivinhd alid@sgic reactor
such as tetramethylammonium chloride, tetramethylammonium fluoride,
sytedradiiy lanmiaeribsd boleiridanteivasbydammenisaiiueiideation catalyst, wherein such
tetrapropylammonium chloride, tetrapropylammonium fluoride,
catelyabuijmeagsiivize dhdoticlesi tetrabdiypdapmasnitfividhiosigity in the absence of the
methyltriethylammonium chloride, methyltriethylammonium fluoride, and
addiriohiohtignsctheredor ckuaple ebagimeptstbepsganicadonncanlyss Ratbas L-zeolite
compound comprises at least one acid halide and at least one ammonium
suppoinedigperepresentechiny e armota hRY4BHueay & R drydregenmmert activate or
substituted or unsubstituted carbon chain molecule having 1-20 carbon
mayonne: Whdeejinmeaehi Rtynaehelibdesdmetior didtesent. i, 40, @nBodHoeiRtsidsiantially
selected from the group consisting of methyl, ethyl, propyl, butyl, and
freonthinatiensichéoeafxanpie specificagylescthyh Bhamplespaisuitablexygenate and/or
ammonium hydroxide represented by the formula N(R")40H include
niaogemany aithydroxigelctetraakyteutnddh ppm i ydrdxidegesiach @sl/or nitrogenate in the
tetramethylammonium hydroxide, tetraethylammonium hydroxide,
hyidisgprapylehastasinn Hydhixideinatimb utylbodineniymhsyaidixicke oddygenate and/or
combinations thereof. Examples of suitable acid halides include HC1, HF,
nitrti@enk; as desnbibrdticnsithergofervéin@nctivibo dird entitheiorgahicaahytomasniting in
halide compound comprises (a) a compound represented by the formula
debl(Rié X onteesiXriga bilideand wherenRtimpre setitasaokyarbgefisrsach as improved
substituted or unsubstituted carbon chain molecule having 1-20 carbons
foulher elmeachi i an aydoa tilgss apeeadngififerentescditb) htleasttne, anid hstlweivity or
and at least one ammonium hydroxide represented by the formula N(R")40H,
acuneren Ry ydrageniled svshistiittedooremsublstfute doarbore chdilomndiegateite. In
having 1-20 carbon atoms wherein each R' may be the same or different.
an additional embodiment, a nitrogenate may similarly be added to the catalytic reactor system



The halide-containing compound may further comprise an ammonium halide
such as ammonium chloride, ammonium fluoride, or both in various
combinations with the organic ammonium halide compounds described
previously. More specifically, ammonium chloride, ammonium fluoride, or

1000ihdTaychenigestmiie(eas RscrIIRA RERMIAYSIVh @SR RRAWMhIPRIBSeRBtherwise

by the formula N(R)4X, where X is a halide and where R represents a
belMeERYE BN pRYIRLIHREAN ddasU SHie dbsaboprehatrimabaciaiiayindte.

1-20 carbons wherein each R may be the same or different and/or (b) as
desarilRethpaavigiisiie alileast onmeaeid balide afwoahlaasteRe Aganis the useful life
ammonium hydroxide represented by the formula N(R")40H, where R' is a

of B Siistiegi Atidasthsiitedcarhantehain melesule-dainglite?hearkeRr to the time
atoms wherein each R' may be the same or different. For example, a first

belwetideher el arsiaacontaintaghBRIMPpLRECAN ALt oG8 Asn or more parameters
tetraalkylammonium halide with a second fluoride- or chloride-containing

ingRaP Bt HackeeLhBSTALANYSIGRBIT halitlendhcanteimbaainent. ., reaching a Te,
tetraalkylammonium chloride is used with ammonium fluoride. EXAMPI FS

minkaving desarihed WainneHodséonaekivating B RtheasTCHg dbeafy AMBUZ ali@Hcenate
catalyst with an oxygenate and/or nitrogenate and controlling the amounts

addigenaiyaPranitesing ANOcRSSk Pias aroaiatisation tablavdngnexapiaiasearetiivaitiition of
as particular embodiments of the method disclosed and to demonstrate the

thpastiea Ao dradvanitages iteceninteaibetioloving Rxanmasialyat®yait least about 5
oxygen was injected into the aromatization feed prior to the first reactor as

pestiynindaks aBoand Sigsecinedonericisadiniess Ahearisatdeseubied nb®liments, the
examples. It is understood that the examples are given by way of illustration

addntbares nid bepeledetadinit Hiespasibcaionaeihe mblaumsio Koo i aayalyst by at
manner. EXAMPLE 1 In a first example, the water in the recycle hydrogen
leavasbnaiftained hdtowt abautiSpgay. dhe lexpebtientwasysonducted in a
series of 6 adiabatic reactors operating at a liquid hourly space velocity of
albouh @rBbadahentt the daditica by diegenstarhydrodarbr gatiofnabaige Ste selectivity
about 6, and a sixth reactor inlet pressure of about 50 psig. Each individual
antBactoodvat dtyadti dldlewmadzidowititansintamnaediamaier of i baivieg nnabotef & to the
and about 10 feet. The feed was treated prior to use such that less than
raad ot tatoth pien afuexy gesthiesl wergpreseiatizhtios, dhidysolifigurgtien soes reagents.
not contain any added oxygenate and/or nitrogenate and can be used as a
Agefei€herin, “productivity” may refer to the amount of aromatic products produced by the

aromatization catalyst per unit of feed and unit time. When the oxygenate and/or nitrogenate is
added to the aromatization catalyst, an increased amount of one or more aromatic compounds
may be produced. Specifically, the addition of the oxygenate and/or nitrogenate to the
aromatization catalyst may increase the amount of aromatics in the effluent by at least about 20
percent, at least about 10 percent, at least about 5 percent, or at least about 1 percent over pre-
addition levels. Also, the addition of the oxygenate and/or nitrogenate to the aromatization

catalyst may increase the catalyst selectivity to desirable aromatics, such as benzene. In an



EXAMPLE 2 The process of example 1 was repeated except that the water

in the recycle hydrogen was varied from about 2 to about 9 ppmv through the

addition of water to streams 107 or 109 of FIG. 1. FIGS. 3A and 3B illustrate

the effect that the presence of water as an oxygenate has on the Tel for the
enfSaIMRIRCINBAR RN RIE 9y 38ithR. AnBRR HiRAYeTal StoRedRBif S FREOATBANRSt may

of water present in parts per million in the hydrogen recycle gas stream 115

inéRE-gxanPIa il MG QXML B, WHIRFBRS fTimadB: d8pigtscthe FRhin HegEeest, at least

Fahrenheit for the same two examples. The hollow diamonds in FIGS. 3A

abalfl 13Bpareflata fram svamplRdefidod AL RasURstantialt it sondgiengdthah levels.
is without the addition of any water to the system. The solid squares in FIGS.

In3ApERR AR slatdERehEpRmnach he DdRIireaRUifvhishoieloxygenaiRcent to

was added to the system prior to the first aromatization reactor. As can be
absaeAg el % pldcandf3Be iR &vRYSI@MaMREHE thadabsuhssariatyy dfthe other
conditions, the catalyst activity continually decreased, as represented by a
ar6@AtIBYUOBIRCIRAGE indidder INaremaltisalion yaasiaiscdocandrasicohiy. tha some
same process used the same catalyst but with the addition of the oxygenate
enisiniebbe firsh afmaizatiog irRRptadde-catalysthaaintaine o ik el énitigtoduction
activity as represented by the low and relatively constant Teq shown at the
is btk Shcredsbenrelatignshimheiwasindhienvater content of the
hydrogen recycle stream and the catalyst activity may also be reversible. On
alpe uindapnboafrifeaoxieg anatiastsuietExeen pie réinthaaddition Hiewateretddaefits.  For
system ceased, as shown by the reduced water in the hydrogen recycle on
exbfiplSAL Hitaiogatdsydudiencrialys! aclivilihde ceaspebak e videnatehbyie reactors
the increased Lig shown in FIG. 3B. By about day 10, the amount of water in
mijbbygeogen sekycle wapahauws? whirty ralveh agphrgachingthaifevelstseatvely, if
at the beginning of the substantially dry run, about 1.5 ppmv. When the
thadeition ehgxygeratarcesumeshen dayspocithel catalysiactivtypretuvordite itsthin the
previous levels as evidenced by the decreased Lig shown in FIG. 3B. This
reiidargasayabel ideersagevinich fproda @ slighitiounh pritotihes gibg@bHartiexasdptes? Finally,
at the bottom of FIG. 3B between days 6 and 12. EXAMPLE 3 The
theelatihoghipldetived nhtireinvabay coipienidfithadyatogangscyiole sieeidicnAndiscussed
the catalyst activity may also be catalyst specific as shown in this example.
hefginexperiment was conducted to determine the short-term affect of
oxygenate addition on aromatization catalyst activity for two different catalyst
folimmuil atiomslimieetfirst effedysvivas additpsiset] the loszeelitec inndregnaiegendth are fast
platinum, which had not been further impregnated with the halogens chloride,
andnekbflesitde (PForzeddiigjleT hehsecdrd cayatysitavasdiompiisegiofit -7ealidded to the
impregnated with
aromatization catalyst, the oxygenate and/or nitrogenate begins to affect the aromatization

catalyst (e.g., increases activity) within about 100 hours, within about 50 hours, within about
10 hours, or within about 1 hour. Similarly, once the oxygenate and/or nitrogenate is removed
from the aromatization catalyst, the aromatization catalyst may revert to the catalyst activity,

aromatics yield, or aromatics selectivity seen prior to the addition of the oxygenate and/or



platinum, along with the halogens chloride, and fluoride (Pt/CI/F/L-zeolite). In

this example, the two catalysts were first brought to stable operating

conditions without the addition of an oxygenate at about 3.0 liquid hourly

space velocity (LHSV); about 140 psig; about 3.0 H2/hydrocarbon feed ratio;
niftb S IRAMBRAHAIHSHAIBONSURY Rishan Hikant e mals Yialkn@pes SJ@blsurs, or within

operations had been established the processes were then perturbed by the
abadditionbefsequal amounts of oxygenate, specifically a trace amount of 02 in

the hydrogen feed, for a period of about 24 hours. The oxygenate addition

WRSMeasyathas WaeikiRthe offgasdanibefieastontDusient &S stream to which
short-term perturbation tests, the catalyst bed temperatures were held

th€ORSLaAktd halrespiansemidhes ¥alric-agt vityatahE.ad bt ad eiaxygenaiaddition of

and the subsequent cessation of oxygenate addition, was measured using

théhsx Jyddate AfiErArLBINNIE SRadypipldand yidhndiende tbernresense af ihge feed
oxygenate did not have an affect on the activity of the Pt/L-zeolite catalyst.

stredmiashcihe rapieyalbbihecedy genatecdidenotrhiave1an, afigebprdheactitidam 102,
of the Pt/L-zeolite catalyst either, as the plot of Tyid in FIG. 4 remained

hyslieady befotes duBndrapshasieitibes onygestaiadnertioneduani@siotytenbte and/or
shows that the addition of the oxygenate increased the activity of the

niftdeliitd-coaalite eatalystx ageavidenaed bitthedeceaseninibediyidjfetéd@rior to the
aromatization reactor during the interval of oxygenate injection. Moreover,

adaifion diehexygepaie: addiioniwagtareninatedidhehtwehie ek tdaksbe measured for
previous, higher levels. As noted previously, for an endothermic

niebgematz atimieieantion @s aarsashauidontbe: Bxasoplaguadi gt TyithéSaddition of the
associated with a lower catalyst activity and vice-versa. EXAMPLE 4 This

niesgenple figtheratiyemplifies ohthawsa@iongensies e improvatandieantigdam 101
catalyst activity. In this example a feed of having a C6 concentration of less

mifaco oo sahto aheurt 63 Widaea 45 @oneeiriio wokless shiers ahedual yec reaction
about 5 wt%; a C7 concentration of less than or equal to about 27 wt% C7,

systach al&s8riednieantnation afdeks [hpaakigguah tthalpdarit Jddigaradamfatidalaration of
single reactor. The single reactor was operating at a pressure of about 65

fepdigomiih b yeragenctordiyidrecarb e dnatay ibiatodapauih2zO@ndtafeptitts from the
hourly space velocity of about 1.6 hr 1. The downflow reactor was a packed

aibedhreatioroviitvantisitecoatdiathe ten@fmbdub dyge ek of hétfegthaasentering one or
pretreated using a combination of Type 4A molecular sieves and reduced

m&A SF-R3-dbriAbanivin cepper} i@ lessdimoraiou, B paty, akygenatat Dfikrggenate
the run of this example, the amount of oxygenate in the reactor feed was

andéariad thypajtestingri erfiowreafke ok G2aimatcahkat gasrohimydbegaabakdy adjusted, or
injected into the feed stream. The results of this example are presented in

bofiG. 6. As shown, the substantial variation in Tyid corresponds to variations
in the measured water in the recycle hydrogen stream. EXAMPLE 5 This
expearimetodinstratebetlos witaatethat watétrrhgsote thmide of angarematizaticnch as a
catalyst. In this example, two side-by-side laboratory scale isothermal

feedfemmaimgmendtonsystends fuexstgrte dvithderethiaisemia-birecess yendifionsponse to
both using the same halogenated Pt/K-L zeolite catalyst. Both reactors

suelmieHad dhvertypleab spikeadre water (mezsnred donteet rebittosipradunhgs)adjusted by
during the initial 4 to 6 hours of operation, which subsequently decayed for

tretiten peamddondaetdod g v Fd el phoMoiseneTgn oy éa khnstréow teedkheaity cdendlitid asiount of
were 3.0 LHSV, 3.0 H2/hydrocarbon, 140 psig, with 60% aromatics in the

oxigeithjoradiiot. viir &G hetbanistréamm ¢iO&)irhoth seactors nardisiet tochigdyzer to a
severity. High severity conditions were 3.0 LHSV, 0.5 H2/hydrocarbon, 140
psig, with 76% aromatics in the liquid product. Both reactors exhibited the
typical spike in water in transition to high severity, which subsequently
decayed. For the 19 o



first 100 HOS, both reactors were subject to the same experimental
conditions and both reactors had comparable performance. Run 1 was
continued from 50 to about 1600 HOS without the addition of water, e.g. was
run substantially dry. Run 1 leveled off at about 2 ppmv of water in the off-gas

trdeP RN LR QR f3ehacThRINAIIR¢ahIP Rdbidr S@yethatBOaH A RNV APESHAR and/or

about 1600 HOS. In contrast, water was added to Run 2, the substantially

nitSeitie PRAGTizal¥@EHANEIR St waten levebwasinaTeasRM ik hRIAREMReenate

reactor, e.g. the reactor associated with Run 2, via controlled addition of trace

seOpYIRMoNsthe bireirgemfeadnihirlitientdHy eistidigiipval dRrchpd @ost e oxygenate
ppmv water by 500 HOS, where it stayed through about 1600 HOS. In this

an@¥aiMplegtherStareltRua 4SO yieldrashiustiesh raastakiempaiaion eBelaidapthjectors
Run 1 and Run 2 were about 940 F. The End of Run (EOR) temperature for

arénigcRxRMBlepMaS Hafinadias LR oot UITEE QR yiekatdhaJigldiadjustad treaters

reactor temperature for both funs is about 985 to 990 F, and thus both runs

vagyebaiareaching pheiQimhsamporaikige ke aeaoe nityo iROUInl 688 dd@Bnts where
the water level in both Run 1 and Run 2 was increased by about 5 to 6 ppmv

th¥at§pesardhaintpasBiw aleie BeteopKogasinareared i nbe ut &l Py i@ anekds are
the Run 2 reactor off-gas increased to about 13.5 ppmv water. The Run 2
coigaRigy aaiinied dadeadivatb ol samekaiee dhptdsbedngpassedtoped the use
to 13.5 ppmv water did not change the fouling rate or the catalyst activity. In
ofcegtrast vihr IcaialystagidviyygetheoRuiiel @acker uscdciaseshssihatidntiaiih driers. In
when the water in the off-gas changed from 2 to 8 ppmv, as seen by the
fulRereasboditie readiorcy ibldl-pigiostact decopghaies eafroasid GPRnicdl) HEAS. At sorbent
about 1750 HOS, the Run 1 reactor activity began to decay again, but at a
migtatsdasaydatedhan prior to the water increase.  FIG. 7 illustrates the
results of this example. No data is plotted during the first about 50 HOS of
FI& ard siiitioliregre santsrthest s iip periacimwiiialathen eagtons, aeeycle stream 119,
operated under non-standard operating conditions. Run 1 was used to predict
coptbiited fead sedenmine, pihiogennbeyers! Roir2 wabnaadio tHetarmmirtenpaiad prior to
B. The substantially dry run, Run 1, is predicted to reach EOR at point A. The
theulddidotialfyowpidine Rudioz, nidhigeragd thbetd. 8 Ipmmh afnvea@oimenosinefitigng the
run, had an EOR at about point B. However, the best run length is achieved
oxy¢crper atidégoatminogenate yemanwatethée sge2npp bafp it raughtreast ahilyeopyickeally be
and then adding water to the feed to achieve 8 ppmv water in the off-gas just
onpitied fo Fealehindsthe EQRtem peiataadily hiscappioache sokgfiarathasmtiier twiorogenate
previous, and results in endpoint C. The difference between points A and B is
coatxoitio? O Heed sthahiths sldfiduic east i vhotihthif/a desrqobiete jardd thematization
difference between points B and C is about 200 hours. Thus, a late addition
reaftwrater to the catalyst system can result in about 400 more hours of useful
catalyst life, which is an increase of about 20% over the dry run. EXAMPLE 6
Treating one or more streams prior to the addition of the oxygenate and/or nitrogenate may

aid in the overall control of the amount of water and/or ammonia in one or more streams
entering the aromatization reactors by removing variability in the oxygenate and/or nitrogenate
content in such streams. Treating such streams provides a consistent, baseline amount of

oxygenate and/or nitrogenate in such streams for the addition of oxygenate and/or nitrogenate



An experiment was conducted on a full-scale reactor system similar to the
one described in FIG. 1. Specifically, the aromatization process was run
under normal conditions to develop a baseline for the trial. FIGS. 8A - 8D
illustrate the reactor history and performance. On day 623, water injection

toWWasrStartedyatsite@ ik ifuthGas lrafcorateeaf sk 4nillilvers pafemithetectRtor feed is
produce an estimated water content in the recycle gas of 5 ppmv. The water

suEQA Rty e rasyaiends sHeeMieatdl pitiiGuuhhinereasat BRdndte and/or

ppmv to 4 ppmv. On day 624, an increase in catalyst activity was observed,

niROsEHARYWAN Hkagides ensrel Rickor Fedad 3Rk tandtbearfaiolosPe6Renate and/or

velocity (hr 1) was increased by 0.75%. On day 625, the water injection rate

niaERedyGadeorhdidmiminge RImbRimieneantd| ¢atalyshdoluténineieas ification
and to improve H2 production purity. The WAIT was decreased from 529 C to

prog880 nanyd bR deagion vastoRitAnatedibe highrirspasenvRiet k. g Aieéams 101,

day 626, the catalyst activity was expected to follow the activity decay of the
119rexigws catalshchardts hatsryieldindiaothstisntediadditional mmtalid process 80

days on stream. Table 1 shows the results: Table 1 Days on Stream 588
may include a reduced copper bed (such as R3-15 catalyst available from BASF) or a bed of
triethyl aluminum on silica for use in removing oxygenates. In still further embodiments, the
reduced copper bed (such as BASF R3-15 catalyst) or a bed of triethyl aluminum on silica is
used in combination with the hydrocarbon dryer. Similarly, the dryer 60 can be used to dry the
hydrogen recycle and/or other process streams such as 101, 119, and/or 102 to a suitable water
level. In an embodiment a suitable oxygenate level in one or more streams such as
hydrocarbon feed 101, recycle stream 119, combined feed stream 102, hydrogen recycle 116, is
such that the combination thereof produces less than about 1 ppmv, alternatively less than
about 0.5 ppmv, or alternatively less than about 0.1 ppmv of water in the untreated hydrogen
recycle stream 115. In an embodiment, one or more streams fed to the aromatization reactors
such as hydrocarbon feed 101, recycle stream 119, combined feed stream 102, hydrogen
recycle 116, or combinations thereof are substantially free of water following drying thereof.
In an embodiment, the precise amount of the oxygenate and/or the nitrogenate may be added
by partially or fully bypassing such treatment processes. Alternatively, the precise amount of

the oxygenate and/or the nitrogenate may be added by partially or fully running the hydrogen

recycle stream through a wet, e.g. spent, mole sieve bed.



595 602 616 623 624 625 626

In one embodiment, the amount of oxygenate added to the aromatization process may be
regulated to control the water content in the hydrogen recycle stream 115. Specifically, the
amount of oxygenate present in one or more of the reactors 10, 20, 30, and 40 may be
controlled by addition of the oxygenate as described and monitoring the amount of water
exiting the last reactor, for example the amount of water in effluent stream 114, the hydrogen
recycle 115 (upstream of dryer 60), or both. Having a sufficient water level present in the
hydrogen recycle 115 indicates that sufficient oxygenate is present in the reactors 10, 20, 30,
and 40 so that the catalyst is activated as described herein. However, the water level in the
hydrogen recycle stream 115 should also be limited because excess water can decrease the
useful life of the catalyst. Specifically, the upper limit of water addition should be determined
based on the long-term catalyst activity. In various embodiments, the amount of oxygenate
added to the catalytic reactor system 100 is controlled such that the hydrogen recycle stream
115 contains from about 1 ppmv to about 100 ppmv, alternatively from about 1.5 ppmv to
about 10 ppmv, or alternatively from about 2 ppmv to about 4 ppmv of water. In related
embodiments, the amount of nitrogenate added to the aromatization process may be regulated
to control the ammonia content in the hydrogen recycle stream 115 in many of the same ways
used for the oxygenate.

In another embodiment, the amount of oxygenate and/or nitrogenate added to the
aromatization process may be regulated to control the catalyst activity or to preserve the useful
life of an aromatization catalyst. The catalyst activity can be measured by a number of
methods including the endotherm, or AT, across one or more reactors or alternatively Teg.
Measurements of activity such as reactor temperature, inlet temperature, yield-adjusted

temperature, fouling rate, etc. compare activities at a given conversion of reactants in the



WAIT, C 529 530 530.5 527 531.5 531.5

reaction zone. As used herein, the term “yield-adjusted temperature” or “Ty4” refers to the
average catalyst bed temperature in a lab-scale reactor system which has been adjusted to a
specified yield (conversion) level. As used herein, the term “Te " refers to the equivalent
reactor weighted average inlet temperature (WAIT) that would be required to run a catalytic
aromatization reaction to a specified conversion at a standard set of reactor operating
conditions such as hydrocarbon feed rate, recycle hydrogen-to-hydrocarbon molar ratio,
average reactor pressure, and concentration of feed-convertible components. Teq can either be
established by running at standard conditions or by using a suitable correlation to estimate Teq
based on measured values of reactor variables. As used herein Ty parameters include running
the catalytic aromatization reaction to about 88 wt% conversion of Ce convertibles at a
hydrogen-to-hydrocarbon ratio of about 4.0, a space velocity of about 1.2 hr', in a six adiabatic
reactor train with the inlet pressure to the last reactor at about 50 psig, with a feed composition
comprising a Cg fraction greater or equal to 90 wt%; a Cs fraction less than or equal to 5 wt%;
and a C;' fraction less than or equal to 5 wt%. As used herein, the conversion of Cg
convertibles refers to the conversion of Cg molecules with one or fewer branches into aromatic
compounds. In various embodiments, the amount of oxygenate and/or nitrogenate added to the
catalytic reactor system 100 is regulated such that the T4 is from about 900 °F to about 1000
°F, from about 910 °F to about 960 °F, or from about 920 °F to about 940 °F. Furthermore,
because any increase in catalyst activity is evidenced by a decrease in Teq, the increase in
catalyst activity can also be measured as a percentage decrease in the Ty of an equivalent
reactor system running an equivalent dry hydrocarbon feed. In various embodiments, the
amount of oxygenate added to the catalytic reactor system 100 is controlled such that the T, is

from about O percent to about 25 percent, alternatively from about 0.1 percent to about 10

23 °
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percent, or alternatively from about 1 percent to about 5 percent less than the Teq of an
equivalent reactor system running an equivalent substantially dry hydrocarbon feed, for
example resulting in less than about 1 ppmv water in the hydrogen recycle stream 115,
alternatively less than about 0.5 ppmv total water. In related embodiments, the amount of
nitrogenate added to the aromatization process may be regulated to control the catalyst activity
in many of the same ways used for the oxygenate.

Furthermore, the use of the oxygenate and/or nitrogenate in the catalytic reactor system
may have a beneficial effect on the fouling rate of the catalyst. Catalysts may have a useful life
beyond which it is no longer economically advantageous to use the catalyst. A commercially
valuable catalyst will exhibit a relatively low and stable fouling rate. It is contemplated that the
use of the oxygenate and/or nitrogenate as described herein increases and maintains the
potential life of the catalyst when operating under conditions substantially free of these
chemicals, for example, containing less than about 1 ppmv total oxygenate in stream 107
alternatively less than about 0.5 ppmv total oxygenate in stream 107.

Various types of catalysts may be used with the catalytic reactor system described herein.
In an embodiment, the catalyst is a non-acidic catalyst that comprises a non-acidic zeolite
support, a group VIII metal, and one or more halides. Suitable halides include chloride,
fluoride, bromide, iodide, or combinations thereof. Suitable Group VIII metals include iron,
cobalt, nickel, ruthenium, rhodium, palladium, osmium, iridium, and platinum. Examples of
catalysts suitable for use with the catalytic reactor system described herein are the AROMAX®
brand of catalysts available from the Chevron Phillips Chemical Company of The Woodlands,
Texas, and those discussed in U.S. Patent 6,812,180 to Fukunaga entitled “Method for

Preparing Catalyst”, and U.S. Patent 7,153,801 to Wu entitled “Aromatization Catalyst and



47.1 48.6 48.9 47.8 Toluene Yield, Wt% 16.2 16.3

Methods of Making and Using Same”, each of which is incorporated herein by reference as if
reproduced in their entirety.

Supports for aromatization catalysts can generally include any inorganic oxide. These
inorganic oxides include bound large pore aluminosilicates (zeolites), amorphous inorganic
oxides and mixtures thereof. Large pore aluminosilicates include, but are not limited to, L-
zeolite, Y-zeolite, mordenite, omega zeolite, beta zeolite and the like. Amorphous inorganic
oxides include, but are not limited to, aluminum oxide, silicon oxide, and titania. Suitable
bonding agents for the inorganic oxides include, but are not limited to, silica, alumina, clays,
titania, and magnesium oxide.

Zeolite materials, both natural and synthetic, are known to have catalytic properties for
many hydrocarbon processes. Zeolites typically are ordered porous crystalline aluminosilicates
having structure with cavities and channels interconnected by channels. The cavities and
channels throughout the crystalline material generally can be of a size to allow selective
separation of hydrocarbons.

The term “zeolite” generally refers to a particular group of hydrated, crystalline metal
aluminosilicates. These zeolites exhibit a network of SiO4 and AlQO, tetrahedra in which
aluminum and silicon atoms are crosslinked in a three-dimensional framework by sharing
oxygen atoms. In the framework, the ratio of oxygen atoms to the total of aluminum and
silicon atoms may be equal to 2. The framework exhibits a negative electrovalence that
typically is balanced by the inclusion of cations within the crystal such as metals, alkali metals,
alkaline earth metals, or hydrogen.

L-type zeolite catalysts are a sub-group of zeolitic catalysts. Typical L-type zeolites

contain mole ratios of oxides in accordance with the following formula:
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M,;,00Al,030xSi0,0yH,0
wherein “M” designates at least one exchangeable cation such as barium, calcium, cerium,
lithium, magnesium, potassium, sodium, strontium, and zinc as well as non-metallic cations
like hydronium and ammonium ions which may be replaced by other exchangeable cations
without causing a substantial alteration of the basic crystal structure of the L-type zeolite. The
“n” in the formula represents the valence of “M”, “x” is 2 or greater; and “y” is the number of
water molecules contained in the channels or interconnected voids with the zeolite.

Bound potassium L-type zeolites, or KL zeolites, have been found to be particularly
desirable. The term “KL zeolite” as used herein refers to L-type zeolites in which the principal
cation M incorporated in the zeolite is potassium. A KL zeolite may be cation-exchanged or
impregnated with another metal and one or more halides to produce a platinum-impregnated,
halided zeolite or a KL supported Pt-halide zeolite catalyst.

In an embodiment, the Group VIII metal is platinum. The platinum and optionally one or
more halides may be added to the zeolite support by any suitable method, for example via
impregnation with a solution of a platinum-containing compound and one or more halide-
containing compounds. For example, the platinum-containing compound can be any
decomposable platinum-containing compound. Examples of such compounds include, but are
not limited to, ammonium tetrachloroplatinate, chloroplatinic acid, diammineplatinum (II)
nitrite,  bis-(ethylenediamine)platinum (II) chloride, platinum (II) acetylacetonate,
dichlorodiammine platinum, platinum (II) chloride, tetraammineplatinum (II) hydroxide,
tetraammineplatinum chloride, and tetraammineplatinum (II) nitrate.

In an embodiment, the catalyst is a large pore zeolite support with a platinum-containing

compound and at least one organic ammonium halide compound. The organic ammonium
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halide compound may comprise one or more compounds represented by the formula N(R)4X,
where X is a halide and where R represents a hydrogen or a substituted or unsubstituted carbon
chain molecule having 1-20 carbons wherein each R may be the same or different. In an
embodiment, R is selected from the group consisting of methyl, ethyl, propyl, butyl, and
combinations thereof, more specifically methyl. Examples of suitable organic ammonium
compound is represented by the formula N(R)sX include ammonium chloride, ammonium
fluoride, and tetraalkylammonium halides such as tetramethylammonium chloride,
tetramethylammonium fluoride, tetraethylammonium chloride, tetraethylammonium fluoride,
tetrapropylammonium chloride, tetrapropylammonium fluoride, tetrabutylammonium chloride,
tetrabutylammonium fluoride, methyltriethylammonium chloride, methyltriethylammonium
fluoride, and combinations thereof.

In an embodiment, the organic ammonium halide compound comprises at least one acid
halide and at least one ammonium hydroxide represented by the formula N(R’),OH, where R’
is hydrogen or a substituted or unsubstituted carbon chain molecule having 1-20 carbon atoms
wherein each R’ may be the same or different. In an embodiment, R’ is selected from the
group consisting of methyl, ethyl, propyl, butyl, and combinations thereof, more specifically
methyl. Examples of suitable ammonium hydroxide represented by the formula N(R’),;OH
include ammonium hydroxide, tetraalkylammonium hydroxides such as tetramethylammonium
hydroxide, tetracthylammonium hydroxide, tetrapropylammonium hydroxide,
tetrabutylammonium hydroxide, and combinations thereof. Examples of suitable acid halides
include HCI, HF, HBr, HI, or combinations thereof.

In an embodiment the organic ammonium halide compound comprises (a) a compound

represented by the formula N(R),X, where X is a halide and where R represents a hydrogen or
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a substituted or unsubstituted carbon chain molecule having 1-20 carbons wherein each R may
be the same or different and (b) at least one acid halide and at least one ammonium hydroxide
represented by the formula N(R’)4OH, where R’ is hydrogen or a substituted or unsubstituted
carbon chain molecule having 1-20 carbon atoms wherein each R’ may be the same or
different.

The halide-containing compound may further comprise an ammonium halide such as
ammonium chloride, ammonium fluoride, or both in various combinations with the organic
ammonium halide compounds described previously. More specifically, ammonium chloride,
ammonium fluoride, or both may be used with (a) as described previously, a compound
represented by the formula N(R),X, where X is a halide and where R represents a hydrogen or
a substituted or unsubstituted carbon chain molecule having 1-20 carbons wherein each R may
be the same or different and/or (b) as described previously, at least one acid halide and at least
one organic ammonium hydroxide represented by the formula N(R’);OH, where R’ is a
substituted or unsubstituted carbon chain molecule having 1-20 carbon atoms wherein each R’
may be the same or different. For example, a first fluoride- or chloride-containing compound
can be introduced as a tetraalkylammonium halide with a second fluoride- or chloride-
containing compound introduced as an ammonium halide. In an embodiment,
tetraalkylammonium chloride is used with ammonium fluoride.

EXAMPLES

Having described the methods for activating and enhancing the aromatization catalyst with
an oxygenate and/or nitrogenate and controlling the amounts thereof by monitoring process
parameters, the following examples are given as particular embodiments of the method

disclosed and to demonstrate the practice and advantages thereof. For the following examples,
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water or oxygen was injected into the aromatization feed prior to the first reactor as shown in
FIG. 1 and described herein, unless otherwise described in the examples. It is understood that
the examples are given by way of illustration and are not intended to limit the specification or
the claims to follow in any manner.
EXAMPLE 1

In a first example, the water in the recycle hydrogen was maintained below about 1 ppmv.
The experiment was conducted in a series of 6 adiabatic reactors operating at a liquid hourly
space velocity of about 0.8 to about 1.2 hr', a hydrogen-to-hydrocarbon ratio of about 3 to
about 6, and a sixth reactor inlet pressure of about 50 psig. Each individual reactor was a radial
flow reactor with an internal diameter of between about 3 and about 10 feet. The feed was
treated prior to use such that less than about 1.0 ppmv of oxygenates were present. Thus, this
configuration does not contain any added oxygenate and/or nitrogenate and can be used as a
reference.

EXAMPLE 2

The process of example 1 was repeated except that the water in the recycle hydrogen was
varied from about 2 to about 9 ppmv through the addition of water to streams 107 or 109 of
FIG. 1. FIGS. 3A and 3B illustrate the effect that the presence of water as an oxygenate has on
the Teq for the catalyst activity in examples 1 and 2. Specifically, FIG. 3A depicts the amount
of water present in parts per million in the hydrogen recycle gas stream 115 for example 1 and
example 2, whereas FIG. 3B depicts the T, in degrees Fahrenheit for the same two examples.
The hollow diamonds in FIGS. 3A and 3B are data from Example 1, run under substantially
dry conditions, that is without the addition of any water to the system. The solid squares in

FIGS. 3A and 3B are data from Example 2, the experiment in which the oxygenate was added
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to the system prior to the first aromatization reactor. As can be seen in FIGS. 3A and 3B, when
the system was run under substantially dry conditions, the catalyst activity continually
decreased, as represented by a continuous increase in Teq for the aromatization reactors. In
contrast, when the same process used the same catalyst but with the addition of the oxygenate
prior to the first aromatization reactor, the catalyst maintained its high initial activity as
represented by the low and relatively constant T, shown at the bottom of FIG. 3B.

The relationship between the water content of the hydrogen recycle stream and the catalyst
activity may also be reversible. On about day 6 of the oxygenated run (Example 2) the
addition of water to the system ceased, as shown by the reduced water in the hydrogen recycle
on FIG. 3A. Starting at day 6, the catalyst activity decreased as evidenced by the increased Teq
shown in FIG. 3B. By about day 10, the amount of water in the hydrogen recycle was about 2
ppmv, a level approaching the levels seen at the beginning of the substantially dry run, about
1.5 ppmv. When the addition of oxygenate resumed on day 10, the catalyst activity returned to
its previous levels as evidenced by the decreased T.q shown in FIG. 3B. This increase and
decrease in Teq forms a slight hump in the graph for Example 2 at the bottom of FIG. 3B
between days 6 and 12.

EXAMPLE 3

The relationship between the water content of the hydrogen recycle stream and the catalyst
activity may also be catalyst specific as shown in this example. An experiment was conducted
to determine the short-term affect of oxygenate addition on aromatization catalyst activity for
two different catalyst formulations. The first catalyst was comprised of L-zeolite, impregnated
with platinum, which had not been further impregnated with the halogens chloride, and

fluoride (Pt/L-zeolite). The second catalyst was comprised of L-zeolite, impregnated with
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platinum, along with the halogens chloride, and fluoride (Pt/Cl/F/L-zeolite). In this example,
the two catalysts were first brought to stable operating conditions without the addition of an
oxygenate at about 3.0 liquid hourly space velocity (LHSV); about 140 psig; about 3.0
Hy/hydrocarbon feed ratio; at a temperature that achieved a significant aromatic yield. Once
stable operations had been established the processes were then perturbed by the addition of
equal amounts of oxygenate, specifically a trace amount of O, in the hydrogen feed, for a
period of about 24 hours. The oxygenate addition was measured as water in the off-gas from
the reactor. During these short-term perturbation tests, the catalyst bed temperatures were held
constant. The response of the catalyst activity to the addition of oxygenate, and the subsequent
cessation of oxygenate addition, was measured using the Tyqg.

As shown by the steady plot for Ty in FIG. 4, the presence of the oxygenate did not have
an affect on the activity of the Pt/L-zeolite catalyst. Similarly, the removal of the oxygenate
did not have an affect on the activity of the Pt/L-zeolite catalyst either, as the plot of Ty in
FIG. 4 remained steady before, during, and after the oxygenate injection. In contrast, FIG. 5
shows that the addition of the oxygenate increased the activity of the Pt/CI/F/L-zeolite catalyst,
as evidenced by the decrease in the Ty for the aromatization reactor during the interval of
oxygenate injection. Moreover, when the oxygenate addition was terminated, the Ty returned
to its previous, higher levels. As noted previously, for an endothermic aromatization reaction
as carried out in the Examples, a higher Tyiq is associated with a lower catalyst activity and
vice-versa.

EXAMPLE 4
This example further exemplifies of the use of oxygenates to improve and control catalyst

activity. In this example a feed of having a C¢ concentration of less than or equal to about 63



523.9 EXAMPLE 7 The results reported in examples 7 and 8 were
obtained using experimental units such as those described in examples 5
and 6 of U.S. Patent 6,190,539 to Holtermann and entitled "Reforming using
a bound halided zeolite catalyst.” In this example and the following example,
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was plotted in FIG. 9. Furnace temperature was held constant and changes
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EXAMPLE 5
This experiment illustrates the effect that water has on the life of an aromatization catalyst.
In this example, two side-by-side laboratory scale isothermal reforming reactor systems were
started under the same process conditions, both using the same halogenated Pt/K-L zeolite
catalyst. Both reactors exhibited the typical spike in water (measured in the reactor product
gas) during the initial 4 to 6 hours of operation, which subsequently decayed for the remainder
of the 50 hour low severity “break-in.” Low severity conditions were 3.0 LHSV, 3.0
Hy/hydrocarbon, 140 psig, with 60% aromatics in the liquid product. At 50 hours on stream
(HOS), both reactors were set to high severity. High severity conditions were 3.0 LHSV, 0.5

Hy/hydrocarbon, 140 psig, with 76% aromatics in the liquid product. Both reactors exhibited

the typical spike in water in transition to high severity, which subsequently decayed. For the



EXAMPLE 8 In this example, furnace temperature was again held steady

so that reactor endotherms could be monitored precisely with time and water

content. This run operated at 65 psig, 1.6 LHSV, 2.0 H2/hydrocarbon mole

ratio. From the outset, there was low water concentrations (<2 ppmv, with
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decreasing catalyst activity almost immediately following the extended
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addition caused an increase in the catalyst activity up to about 4 or 5 ppmv
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addition was stopped at 3,900 HOS, catalyst activity started to fall again
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hydrofining system at 3,900 HOS. The reaction rate in the aromatization
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by the increase in the reactor endotherm (reduction in thermowell
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that the reactor internal temperatures started to move (temperatures
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catalyst activity) about 11 hours prior to detection of water in the reactor
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benzene was adversely affected. The conversions to toluene and xylenes
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levels were increase via oxygen addition at about 1,600 HOS, the benzene
at adoaenteoidion the ettueiivislcie dseh dbautl 8fadiRin 200midmB84ased by about 5 to 6
ppmv water, so that the Run 1 reactor off-gas increased to about 8 ppmv water and the Run 2
reactor off-gas increased to about 13.5 ppmv water. The Run 2 reactor continued to deactivate
at the same rate. That is the increase from 8 to 13.5 ppmv water did not change the fouling rate
or the catalyst activity. In contrast, the catalyst activity in the Run 1 reactor increased
substantially when the water in the off-gas changed from 2 to 8 ppmv, as seen by the decrease
in the reactor yield-adjusted temperature from 1600-1750 HOS. At about 1750 HOS, the Run

1 reactor activity began to decay again, but at a lower decay rate than prior to the water

increase.



While preferred embodiments of the disclosure have been shown and
described, modifications thereof can be made by one skilled in the art without
departing from the spirit and teachings of the disclosure. The embodiments
described herein are exemplary only, and are not intended to be limiting.
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EXAMPLE 6

An experiment was conducted on a full-scale reactor system similar to the one described in
FIG. 1. Specifically, the aromatization process was run under normal conditions to develop a
baseline for the trial. FIGS. 8 A — 8D illustrate the reactor history and performance.

On day 623, water injection was started at stream 107 in FIG. 1 at a rate of 12 milliliters
per minute to produce an estimated water content in the recycle gas of 5 ppmv. The water
content in the recycle gas stream (stream 115 in FIG. 1) increased from 1.2 ppmv to 4 ppmv.
On day 624, an increase in catalyst activity was observed, and the WAIT was decreased by 1.5

°C to 530 °C, and the reactor space velocity (hr'") was increased by 0.75%. On day 625, the

water injection rate was reduced from 12 ml/min to 6 ml/min to control catalyst activity



adding an oxygenate, to a hydrocarbon stream to produce an enhanced

hydrocarbon stream containing from about 2 pm to 12 ppm water;

contacting the enhanced hydrocarbon stream with an aromatization catalyst

in a reaction zone, wherein the catalyst comprises a non-acidic L-zeolite
in&RROIHhPIGHNBovarH pRAGIHRIPHRMSIAES MNAIMEGaVeIBEABEIBRDI °C to 528.5

comprising aromatic hydrocarbons. 2. The process of claim 1 further
°CCMPligingsanakak %@Mﬂé@%%@@g@ﬁﬁfﬁm%e&ﬁ&% wherais catalyst

the hydrogen recycle stream has a water content of from about 1 ppmv to
acBPRYLARR R 3o THRRraresgiofiglabony Jufhaseruy isingyt vingdhenus yielding

hydrogen recycle stream to produce a dried hydrogen recycle stream having
andWiatefeaia@nb el essuihesn abw@nl JoRa. ansghfeedinguhaérigdiRydrogen

recycle stream to the hydrocarbon stream or the enhanced hydrocarbon

stream. 4. The process of claim 1 furtipgsieamprising controlling the addition

of the the oxygenate to the hydrocarbon stream to maintain one or more

process parameters within a desired range.

Days on Stream 588 | 595 602 616 623 624 625 626
WAIT, °C 529 | 530 | 530.5| 527 | 531.5|531.5| 530 | 529
Benzene Yield, Wt% 474 | 47.7 48 474 | 47.1 | 48.6 | 489 | 47.8
Toluene Yield, Wt% 162 | 163 | 155 | 153 | 157 | 153 | 15.1 | 15.1

Cg Precursor Conversion, % 874 88 88 86.3 | 87.7 | 90.7 | 90.8 | 89.5

Ce Precursor Selectivity to | g5 4 | g67 | ¢70 | 87.1 | 854 | 865 | 87.7 | 85.9
Benzene, Wt%

Total Endotherm, °C 399.4 | 398.7 | 396.9 | 388 | 395.8 | 392.9 | 388.5 | 385.3
Teq, °C 528.6 | 528.3 | 528.3 | 528.6 | 528.7 | 525.4 | 523.6 | 523.9
EXAMPLE 7

The results reported in examples 7 and 8 were obtained using experimental units such as
those described in examples 5 and 6 of U.S. Patent 6,190,539 to Holtermann and entitled
“Reforming using a bound halided zeolite catalyst.” In this example and the following
example, the experimental equipment was routinely operated with less than 1 ppmv H,O in the
recycle hydrogen. The experimental equipment was modified so that oxygen could be added to
the recycle hydrogen stream. This oxygen was then converted to water as it passed through the
catalyst within the hydrofining section. The oxygen addition was then controlled by measuring
the water level in the recycle hydrogen. In this example, oxygen was injected into the recycle
and the resulting yield-adjusted catalyst average temperature was plotted in FIG. 9. Furnace
temperature was held constant and changes in catalyst activity were monitored by measuring
changes in the yield-adjusted catalyst temperature. Specifically, about 400 ppmv of O, in H,

was added at a rate of 0.08 cubic centimeters per minute per gram of catalyst (cc/min * Scaalyst)

35 °




5. The process of claim 1 further comprising controlling the addition of the
oxygenate to the hydrocarbon stream to increase the production of one or
more aromatic compounds in the reaction zone effluent by at least about 1
percent over pre-addition levels. 6. The process of claim 1 further comprising

stiaRgoliathetaduitinoued, therpxyaepads tadnadiy dipeamen s¥Ratkdow about 0.17
increase the catalyst selectivity to benzene in the reaction zone effluent by at
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further comprising prior to the addition of the oxygenate, treating the
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produce a treated hydrocarbon stream. 8. The process of claim 7 wherein the
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wherein the treated hydrocarbon stream has a water content of less than
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comprises a plurality of reactors, and the oxygenate is added to one or more
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oxygen, oxygen-containing compounds, water, carbon dioxide, hydrogen
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carboxylic acids, lactones, or combinations thereof.
fouling rate of the catalyst after the water addition was 0.28 °F/day.
EXAMPLE 8

In this example, furnace temperature was again held steady so that reactor endotherms
could be monitored precisely with time and water content. This run operated at 65 psig, 1.6
LHSV, 2.0 Hy/hydrocarbon mole ratio.

From the outset, there was low water concentrations (<2 ppmv, with levels reaching <1
ppmv at times) in the recycle hydrogen and the result was decreasing catalyst activity almost
immediately following the extended reactor idle time at about 500 HOS. As shown in Figure
10, when water was added to the reactor system via oxygen addition to the recycle gas at 1,600
HOS and activity was restored. When water addition to the aromatization reactor was stopped,
the activity decayed once again in the period between 2,000 and 3,100 HOS. Subsequently,
increasing water levels via oxygen addition caused an increase in the catalyst activity up to
about 4 or 5 ppmv water. Further increases in water did not raise activity further. When water
addition was stopped at 3,900 HOS, catalyst activity started to fall again immediately.

The oxygen (O,) addition was initiated upstream of the hydrofining system at 3,900 HOS.

The reaction rate in the aromatization reactor started to increase in a (top down) wave through



11. The process of claim 1 wherein the oxygenate comprises methanol,
ethanol, propanol, isopropanol, butanol, t-butanol, pentanol, amyl alcohol,
hexanol, cyclohexanol, phenol, or combinations thereof. 12. A hydrocarbon
aromatization process comprising: adding an oxygenate to a hydrocarbon

thereamtaadUCanephantethbYieaahR T siteareaMaiNNatoRRRAhddrogen
ppm to 12 ppm water, to a hydrogen recycle stream to produce an enhanced
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contacting the enhanced hydrocarbon stream alone or in combination with
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catalyst comprises a non-acidic Lzeolite support, platinum, and one or more

InlFAGles; ieanRing aReituent cRPAERIRG atematichydraeasinrs; afleen 1,600 and
controlling the addition of the oxygenate to the hydrocarbon stream, the
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within a desired range. 13. The process of claim 12 wherein the oxygenate is
th€epiradierhiampibiaiaranieg ASHRES N O (RAFPIRAGIDY 9dBriaeAreAasE.- indicates an
increase in the reactor endotherm, and catalyst activity) about 11 hours prior to detection of
water in the reactor outlet.

During periods of low moisture operation, only the conversion to benzene was adversely
affected. The conversions to toluene and xylenes remained invariant. This behavior is
illustrated in FIG. 10. When moisture levels were increase via oxygen addition at about 1,600
HOS, the benzene concentration in the effluent increase about 8% from 40% to 48%.

While preferred embodiments of the disclosure have been shown and described,
modifications thereof can be made by one skilled in the art without departing from the spirit
and teachings of the disclosure. The embodiments described herein are exemplary only, and
are not intended to be limiting. Many variations and modifications of the disclosure disclosed
herein are possible and are within the scope of the disclosure. Where numerical ranges or
limitations are expressly stated, such express ranges or limitations should be understood to
include iterative ranges or limitations of like magnitude falling within the expressly stated
ranges or limitations (e.g., from about 1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10
includes 0.11, 0.12, 0.13, etc.). Use of the term “optionally” with respect to any element of a
claim is intended to mean that the subject element is required, or alternatively, is not required.

Both alternatives are intended to be within the scope of the claim. Use of broader terms such



14. The process of claim 13 wherein the Teg in the one or more reactors is
decreased in comparison to a Teg that occurs in the absence of the
oxygenate. 15. The process of claim 12 wherein the Teg decreases from
about 0.1 percent to about 25 percent. 16. A hydrocarbon aromatization

asRARBFHSE MG X VPRI LI NEh IEINE S RAGR 66 R b PRYGRIBAIDH Po @ narrower terms
aromatization process; monitoring at least one parameter of the

sudhQiabizatian: RIOeesS dad Hsiaates bie ashiviyealsabsanammizatiap. catalyst,
wherein the catalyst comprises a non-acidic L-zeolite support, platinum, and

ONRQraMY R hidkdespand prowedifiing toe 1amedrs pitbaaxyganateiniebove but is

aromatization process to maintain the water content in the reaction zone from
ondP OlhiZe@PylaRbEHIAS WRIth toatshyirifesiipg thelrarnm@tetuivalents of the subject
matter of the claims. Each and every claim is incorporated into the specification as an
embodiment of the present disclosure. Thus, the claims are a further description and are an
addition to the preferred embodiments of the present disclosure. The discussion of a reference
herein is not an admission that it is prior art to the present disclosure, especially any reference
that may have a publication date after the priority date of this application. The disclosures of
all patents, patent applications, and publications cited herein are hereby incorporated by

reference, to the extent that they provide exemplary, procedural, or other details supplementary

to those set forth herein.



17. The process of claim 16 wherein the parameter is benzene production,
and wherein upon the modification of the amount of oxygenate in the
aromatization process, benzene production is increased by at least about 1
percent as compared to the benzene production prior to modifying the
wamedahphéhgsoxygenate. 18. The process of claim 16 wherein the parameter
is a useful life of the aromatization catalyst, and wherein the useful life of the

1. aiQmtieRlAb £ atBIvatilaing pased v alpadsiabout 5 percent as compared
to a similar catalyst in which the amount of oxygenate has not been modified.

194dife piessssmkclaim BRiwbansin thesmadificatior 60 RHMISESINGRaSMEbN stream
an amount of oxygenate in the aromatization process to a first level, then

cofesraasinenih® ARt ©f yeeNakesrin the aromatization process to a
second level. 20. The process of claim 19 wherein the parameter is a useful

lifeoafihim aromnatigaiien eatatysihandkuwhaien thenmestiiiaatitioineieasesithereaction
useful life of the aromatization catalyst as compared to either a first similar

zoREOMAdzatiaR catalystdonvwhish theoameunt DiZzexygenaisos, Plaitanes@bieer more
first level or a second similar aromatization catalyst in which the amount of
halig¥gendte is maintained at the second level.

recovering an effluent comprising aromatic hydrocarbons.

2. The process of claim 1 further comprising separating a hydrogen recycle stream from the
effluent, wherein the hydrogen recycle stream has a water content of from about 1 ppmv

to about 100 ppmv.

3. The process of claim 2 further comprising drying the hydrogen recycle stream to produce
a dried hydrogen recycle stream having a water content of less than about 1 ppmv and
feeding the dried hydrogen recycle stream to the hydrocarbon stream or the enhanced

hydrocarbon stream.

4. The process of claim 1 further comprising controlling the addition of the the oxygenate to
the hydrocarbon stream to maintain one or more process parameters within a desired

range.



10.

The process of claim 1 further comprising controlling the addition of the oxygenate to the
hydrocarbon stream to increase the production of one or more aromatic compounds in the

reaction zone effluent by at least about 1 percent over pre-addition levels.

The process of claim 1 further comprising controlling the addition of the oxygenate to the
hydrocarbon stream to increase the catalyst selectivity to benzene in the reaction zone

effluent by at least about 1 percent over pre-addition levels.

The process of claim 1 further comprising prior to the addition of the oxygenate, treating
the hydrocarbon stream to remove all or a portion of any oxygenates therein to produce a

treated hydrocarbon stream.

The process of claim 7 wherein the oxygenate removed from the hydrocarbon stream
comprises water, and wherein the treated hydrocarbon stream has a water content of less

than about 1 ppmv.

The process of claim 1 wherein the aromatization process comprises a plurality of

reactors, and the oxygenate is added to one or more of the reactors.

The process of claim 1 wherein the oxygenate comprises oxygen, oxygen-containing

compounds, water, carbon dioxide, hydrogen peroxide, an alcohol, ozone, carbon

monoxide, ketones, esters, aldehydes, carboxylic acids, lactones, or combinations thereof.
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11. The process of claim 1 wherein the oxygenate comprises methanol, ethanol, propanol,
isopropanol, butanol, t-butanol, pentanol, amyl alcohol, hexanol, cyclohexanol, phenol,

or combinations thereof.

12. A hydrocarbon aromatization process comprising:

adding an oxygenate to a hydrocarbon stream to produce an enhanced hydrocarbon stream
containing from about 2 ppm to 12 ppm water, to a hydrogen recycle stream to produce an
enhanced recycle stream containing from about 2 ppm to 12 ppm water, or to both;

contacting the enhanced hydrocarbon stream alone or in combination with the enhanced
recycle stream with an aromatization catalyst, wherein the catalyst comprises a non-acidic L-
zeolite support, platinum, and one or more halides;

recovering an effluent comprising aromatic hydrocarbons; and

controlling the addition of the oxygenate to the hydrocarbon stream, the recycle stream, or

both in order to maintain one or more process parameters within a desired range.

13. The process of claim 12 wherein the oxygenate is controlled to maintain a Teq across one

or more reactors in the process.

14. The process of claim 13 wherein the Teq in the one or more reactors is decreased in

comparison to a Teq that occurs in the absence of the oxygenate.

15. The process of claim 12 wherein the T, decreases from about 0.1 percent to about 25

percent.

41 °



16. A hydrocarbon aromatization process comprising:

monitoring the presence of an oxygenate in the aromatization process;

monitoring at least one parameter of the aromatization process that indicates the activity of
an aromatization catalyst, wherein the catalyst comprises a non-acidic L-zeolite support,
platinum, and one or more halides; and

modifying the amount of the oxygenate in the aromatization process to maintain the water

content in the reaction zone from about 2 pm to about 12 ppm, thereby affecting the parameter.

17. The process of claim 16 wherein the parameter is benzene production, and wherein upon
the modification of the amount of oxygenate in the aromatization process, benzene
production is increased by at least about 1 percent as compared to the benzene production

prior to modifying the amount of the oxygenate.

18. The process of claim 16 wherein the parameter is a useful life of the aromatization
catalyst, and wherein the useful life of the aromatization catalyst is increased by at least
about 5 percent as compared to a similar catalyst in which the amount of oxygenate has

not been modified.

19. The process of claim 16 wherein the modification comprises increasing an amount of
oxygenate in the aromatization process to a first level, then decreasing the amount of

oxygenate, in the aromatization process to a second level.



20. The process of claim 19 wherein the parameter is a useful life of the aromatization
catalyst, and wherein the modification increases the useful life of the aromatization
catalyst as compared to either a first similar aromatization catalyst in which the amount
of oxygenate is maintained at the first level or a second similar aromatization catalyst in

which the amount of oxygenate is maintained at the second level.
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