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| NVENTI-ON The present invention relates to renoving ol efins and di enes*from’
aromatic WO08¥42 | n particular, the present invention PE/EE29%9 a net hod
for selectively converting undesirable 10 conponents such as di enes and
olefins to provide a substantially purified aromatic product. Aromatic
streans are derived from processes such as naphtha reform ng and thernal
cracking (pyrolysis) and can be used as feedstocks in a variety of
petrochem cal processes, ~ such as para-xylene production froman aromatic
stream cont ai ni ng benzene G R PRI _u; ), or toluene

di sproportionation. Howevef —ardirhrfe—stredns- orterr-contai n  hydrocar bon
contam nants includi ng nono-ol efins, dienes, styrenes and heavy aromatic
corrpoimds, such as ant hracenes, which can cause undesirabl e side reactions
in these processes. Ther efBACKGRQUNDOHIDNVENRRON ont ani nants nmust be
renoved fromreformate- derived aromatic streans before they can be used in
ot her pr ocesseJhe ptesé¢nrpventiza reiates eaemevihg plefinparsk diaes roocarahatinstreameh as

t hat descrjbed i.n the Handbook f Petroleum Proc in MG awHi ||, New
Vork 1607 nggticyits e prese iy itinfaren .4 mubed Tor iy Soyveding ifestable,
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hi gh- pressure sem -regenerative refornmers to | ow pressure novi ng bed
reformers results in 25 a substantial increase in brom ne reactive
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greater need for nore efficient an ess expensi ve net hods Tor renoval of
hydr ocar bosrackang (pyrolsis) and ¢canrbeaseshastfeasisorksda myvaritty o€ pétrazhénsicsl\patoaesses,bon

cont am nant s, cont ai_ni ng_ol.efinic bonds ar.e quantifi.ed the, 30 Bragm ne
ndex (Bl ek RS PRSI podSrichl fory 3 SR sHHED it Dhtsng alhene B a

hydr dgar bogylee @TH)y 6 hrhd dispropsitichstionN AHEwERS, dréifatiRestfeant agien @bnEiubl e

.bonds present. Thus, when the type and npl ecul ar weight is known, the
contents oRYdrefarbgp soptaminantsyiacluding mono-olefins, dienes, styrenes and heavy aromatic

compounds, such as anthracenes, which can cause undesirable side reactions in these

processes. Therefore, these hydrocarbon contaminants must be removed from reformate-

derived aromatic streams before they can be used in other processes.

20
Improved processes for aromatics production, such as that described in the Handbook
of Petroleum Processing, McGraw-Hill, New York 1997, pp. 4.3- 4.26, provide increased
aromatics yield but also increase the amount of contaminants. For example, the shift from
. high-pressure semi-regenerative reformers to low-pressure moving bed reformers results in
25 a substantial increase in bromine reactive contaminants in the reformate derived streams. This

in tumn results in a greater need for more efficient and less expensive methods for removal of

hydrocarbon contaminants from aromatic streams.

Undesirable hydrocarbon contaminants containing olefinic bonds are quantified by the

30 Bromine Index (BI). The number of grams of bromine absorbed by 100 grams of a
hydrocarbon or a-hydr_ocarbon mixture indicates the percentage of doublé bonds present.

Thus, when the type and molecular weight is known, the contents of the oleﬁh can be



WO 01/ 30942 PCTI US00/ 29291 cal cul ated. The Brom ne Indices (i.e., nunbers)
of the hydrocarbon feeds and products are nmneasured to determ ne the change
i N conposiWPeN3MAbI| ecul ar sieves and clay treating have RE&POHIRAL {0
reduce the Brom ne |Indices of various hydrocarbon products. 5 The cl ay
treatment of hydrocarbons is widely practiced in the petrol eum and
petrochem cal industries. Clay treating is used to renove inpurities from
hydr ocar b ' ' : heLlyr; of ST aﬂcﬂﬁoclﬂfc?svl r
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meet various quality specifications. As used herein the term"olefinic

conmpound” or "olefinic material" is intended to refer to both nono and
di ol &f i ns. QO eThaickayntreatment| of kysyocadbopsjie widely prncticed, im thenpgtroleum and
hydr ocar bg
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olefinic materials fromthe feedstock. Undesirgble ol efins, including both
di enes andq%fELESRFIOMS Pef Joleg iaé%llsf"?)ef)‘@gﬁo Bh HEAYE 19 r'g‘ﬂ’b\} e om

aromati ¢ $yfdedtBonsS Onb ofthe RB8&¢6HRon feabdnS Ri? chiY Hreitlg¥RRe mafriafs Is to FdmRRMS, by
contacting the aromatic streamw th acid-treated clay. O her materials,

suchllas 2®lefinisi materials, pametimes ealleg) dupming centaminants,” in erderte mest varions qualityn

anor phous : Y- hL L@l e - e | y
expons: vaeaos) ASSEHtEllitine B Wiothc Aptboui R CAHERL bl Cibidet

synt hesi zad refexdiodioth mbhe mef diokefinnoDlefinicpeatetiale maBbt lobjettignabledn asmatices have

very limgted |ifetines in gromatics trea nt, seryi ces. The .l ength of
servi ce. CAMAREPRE VD YHY N SPRCTBRIGRE BT e fo, Bttt HioBs Kt he
f eedst r eargxampRe th e vidaftiuCofoRididl grade! FormaiisGhitudifg BaLeR tdludeandand
zeolites. Indeed, although clay is the |ess exgenswe of the two

al t ebhat i veydenes, jitiis pssentiaf o removg there Plefiain mapraln Femdhaifepdstack. not uncormon for
| arge aromatic plants to spend close to a mllion dollars a year on clay..
Furthernore, since zeolites are considerably nore expensive than clay,
their use in rdimlesirabldglefinse inchidingdot diehescavidsmobnocolefinsy hanel tgpicdllyebern | S
I npractic aéongurlll'egﬁf reE:nQ;%LJ ﬁ'gxx (zznl'o(rana'ltics.a Qt%%xrr]zs,cs%c :«tl)s einggnre?t%fu%glé and xylene (“BTX")
streams, by contacting the aromatic stream with acid-treated clay. Other materials, such as
20 zeolites, have also been used for this purpose. Clay is an amorphous naturally-occurring
material and, consequently, relatively inexpensive. However, zeolites used for this purpose
are usually synthesized and are, therefore, more expensive. Both clay and zeolites have very
limited lifetimes in aromatics treatment services. The length of service correlates with the
level of bromine reactive impurities in the feedstream, since Bl-reactive contaminants rapidly
25 age both clay and zeolites. Indeed, although clay is the less expensive of the two alternatives,
it is still a significant expense and it is not uncommon for large aromatic plants to spend close
to a million dollars a year on clay.. Furthermore, since zeolites are considerably more
expensive than clay, their use in removing hydrocarbon contaminants from aromatic streams
is impractical unless their cycle length can be increased.

30



30 2 WO 01/30942 PCT/US00/ 29291 The high cost. of catalysts and the loss
of produggl en the process is shutdown to replace t at al yst
S ol e

has created néed for an efficient and cost effective nmetho renovi ng
contam nants fromreformate-derived aromatic streans. The present invention
solves this problem by advantageously using a conbination of catalytic
reactors and clay 5 treaters to nore efficiently renove contam nants from

ref or mat e- derjved, ar ti tr i | e extendi the l.ife of the

Catal yots.  SOMRIED e on ey e HE Profiin She M eroipesie shbBmsB on,

i nvent i Geplade e kht citdyRhay trd2ed b ated fopad fficleniill cOét efREGVERhERSd fof Or mat e
to renove olefins therefromby contacting the reformate with a nol ecul ar

si eve t dem@Mingcontaminapts fromy reformaterdariyed apmatic streamss hhgipresent inkentighecul ar
sieve is ' v 3 . ' | e
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corg act i tegtens tohmore effividndy ndravvesioptaminaats froosteforinatetderivebaromatic streame s

cont ai ned, 15 therein t igoners and to partially convert the olefins to
al kyl aro G Qen %&f?f?&lﬁ%ﬂgﬁgﬁ reformate can al so be clay treated after
contacting with the nol ecul ar sieve to substantially convert the renaining
olefins to al kylaromatics. | n another enbodi nent of the present invention,

a nethod i s provided for SYMMARY{QRTHEINVENTION ati cs reformate to renove

di enes and ol efins. The nethod includes: contacting an aromatics refornate
containing dienes and olefins with a hydrotreating catalyst to
sulb®t ant i al | yIncocordance with thti presest inventibn,anethas ia prbvided forrthe tkdtmemtafvert t he

olefins to al kyl ar tics: ntacting,the reformate wth.a | ecul ar sieve
Lo 1 ur ¢ hEPmaRs P i 8 reret B et by Suefed BRIl R o1 1

depl et edsig¥eOrdubhverttheslefiis toatic/ldrbiaatics O Prfdralty) ith©iolcbiarfeveli€h zévlité,n t he
aromatics reformate remain_ in the depleted product; and. cl aﬁqotre_ati ng the

ol ef i n meppeaferablya lgedore size2eqlits. Jtheirefpmmatecan be sontacikd with ahyArolrgativeef i ns t o
al kyl ar O%I%'ﬁgrioxjt@c@htacﬁﬁm R ShoRERRFEERY sz& BétveR dicR&Y &ﬁﬁi&xeﬁf the

dienes and the olefins in the aromatics refornmate are converted. Using the
Br dfi ne thethiix topgligamarsand teepastiallyl convent the nlefing to alkylargmatissnin addition, the

reformate can also be clay treated after contacting with the molecular sieve to substantially

convert the remaining olefins to alkylaromatics.

In another embodiment of the present invention, a method is provided for the
20 treatment of aromatics reformate to remove dienes and olefins. The method includes:
contacting an aromatics reformate containing dienes and olefins with a hydrotreating catalyst
to substantially convert the dienes to oligomers and to partially convert the olefins to
alkylaromatics; contacting the reformate with a molecular sieve to further convert the olefins
to alkylaromatics to provide an olefin depleted product, wherein less than 30 percent of the
25 olefins in the aromatics reformate remain in the depleted product; and clay treating the olefin
depleted product to substantially convert the remaining olefins to alkylaromatics. In a
preferred embodiment, more than 95 percent of the dienes and the olefins in the aromatics
reformate are converted. Using the Bromine Index as a measure of olefin content, the present
invention reduces the Bromine Index of an aromatics stream from about 300 to 1,000 to below

30 100.



i nvention reduces the Brom ne Index of an aromatics stream from about 300
to 1,000 to bel ow 30 100. 3 WD 01/30942 PCT/ US00/29291 The drotreating
catal yst h¥9QWAMdEal conponent selected fromthe group coﬁgT’Qﬁ%ng%f

ni ckel , cobalt, chrom um vanadium nolybdenum tungsten,

ni ckel - nol ybdenum cobal t - ni ckel - nol ybdenum ni ckel -t ungst en,

cobal t - nol ybdenum and ni ckel -tungsten- titanium The support for the

catalyst is ¢ I n or ilica

al umi na but ot por ous S0 }SM Ehe%°$r§%°n%§t§?iaeh¥?§? rﬂlﬁg{%’?’pg?'fsfsig ei t her
al one or of: xmdkel,wczhba.ltalchmmmnp Wamdiunr;amalybdﬁnnm mgm@dk@l-ﬁi&@ddelﬁﬁl

conveni ent r.efer reatin atalyst,is a nickel

nol ybdenuﬁ?@ﬁﬂﬁ?‘ﬁg@’%ﬁ’g ‘itlf ‘r%‘ﬂﬁﬁeg’l’c‘?béjtﬂ‘éﬂ%qe&‘ﬁp Bickelsyngstan- usi ng a

| arge por Gamhhe TROWphER 5 i | eis
ZSM 4, ZSM 12, rmrdgg?t e, ZSI\%1 ,s{r%gﬁﬂ%%%%gﬁi?gmﬁ%gig ug]ll'—éu j asi a%()%(

Fauj &si t e siica-algminatmtotherporpus solids sches magnesia,titanis orlsflivh, 23 herldldhde B6mixeWOM 49,

MCM 56, Mg refe lites are dzeollte
beta, nost pr e¥ er aEI éﬁca’Jel L*"h?a&nagfoel\i?&w?g a3 Lo FE ?@‘/’Lﬁ%’f'@& YroUedtingn: i cs
reforrratechab'sﬂmemckgldnmybchmmlmﬁda.cont acted with a nolecular sieve to

renove the dienes and at |east 70%of the olefins, it is clay treated to
substantially renove the remaining olefins. The clay treating is carried

out at a tenperas WlefindembvAm %&?&ably je%eﬁ%u@'ﬁﬁﬂ% a%%@po?@ﬁz@&e&t@&?ﬁsure of

from about 100 to about 300 psSig. sul t ffor processi ng
hydri8car b&eleculapsiexe, wh@anthsrzeqlmr iaBs yfl-ﬁﬂééd-hamrdém zsws, ZSM-Qﬂaleomé

Filtrol %Pﬂe

Engel har d%ﬁ%gpfu io ?ZUS%I%E\P q@?&gﬂ%o?#%ﬁr&s %Jdﬁlr% 1%t he
Er Ssent i MEN-49) Mc?ms emonsmﬂ MEM-41. Ompﬁfdn‘?zd @éanesterrieM@d-zzaéfrh%olgée
ydrotreate ore t sieve reactor. In a preferre
enbodi nenttb,e{at @y&fsg'?ﬁg“‘&el\gggéz tion also includes 25
separating the ollgorrers fromthe reformate after contacting with the

hydrotreat| ng catalyst and & lor to contacting with the nol ecul ar sieve.
Thi sl%al | ows t héfisr (e pepmagies rgformate haskeen hydrateatsrind cohtacted ivith e madeatasr t 0 be

carried OUfevl®d Fenﬁ;fvre 'tlﬁ:' cﬁé}feL dnd i‘?éé&t%% of tile olseﬁ}/lms, it 1|s Qla§ r1:11%31%: ‘Pop %bé)t;ntlally

remove the remaining olefins. The clay treating is carried out at a temperature of from about

100 to about 240°C. and at a pressure of from about 100 to about 300 psig. Any clay suitable

for processing hydrocarbons can be used, preferably Engelhard F-24 clay, Filtrol 24, Filtrol ,
20 25, and Filtrol 62, Attapulgus clay or Tonsil clay, with Engelhard F-24 clay being the most
preferred. In one embodiment of the present invention, the aromatics reformate is clay treated

after the hydrotreater and before the molecular sieve reactor.

In a preferred embodiment, the method of the present invention also includes
25 separating the oligomers from the reformate after contacting with the hydrotreating catalyst
and prior to contacting with the molecular sieve. This allows the alkylation of olefins in the
molecular sieve reactor to be carried out more efficiently. However, it is within the scope of
the present invention for the oligomers to be separated downstream of the molecular sieve
reactor and the clay treater.
30



the present invention for the oligoners to be separated downstream of the
nol ecul ar sieve reactor and the clay treater. 30 4 WD 01/ 30942 ’

PCT/ USOOWO®P30P42 | t has been found that the best node fSCTHSHMARY| ng t he
present invention enploys a nickel nolybdenum al um na hydrotreating

catal yst, a self-bound MCM 22 zeolite and Engelhard F-24 clay. This

conbi nation of catalysts and clay. efficiently renoves the contam nants
fromthe aromatics reformate and extends the |ife of the catal ysts. 5 By
usi ng bot h althes beendfounsithatithe bestinade for practining thi pregens snventionsmploysen t akes

advant age, 0ft hi conversion rate of zeogljte ¢ | oy cosiy of clay
to redu%gkﬁlanf}ﬁg?m%’gﬂgﬁ%ﬁy%ﬁ&“%% %ﬁysé’agéf"{#sb?ﬁ?f%c I\é(%? ?Cé’mfcﬁn he system
oper a&i mgﬁlﬁﬁﬂs?-zd&la?l?l Eﬂ_ﬁs [obiibiRatior Wcﬁﬁfig&Elcﬁgf?ﬁcﬁﬁw&@@éﬁgﬁ@ges ﬁnd
attendant features of this _invention w readily appreciated as the

i nvent i GANtABIEGALE Srogite aroMIHERIFE %W"F@ﬁéﬁ’ér\’é@ﬁb"?ﬂ@yﬁl | owi ng detail ed
desgcription when considered in connection with the acconpanying draw ngs
wherein: 15 FIG 1 is a graph showi ng olefin conversion at different

t enper at ur es Bywsing bptixa zeolite Bed andjaslay trgatep thespresennigvesitioh takesalvantags on at

di fferent,t erat ures over iime. Fl G IS aara showi ng .f he di ene
Conver o Vg e BER ShRetistip@ Yoot lia e low bl ot o FecHESBIBH GRS, T 17
4 is a Gxepdcailowilifigandieduet deispsten opeitiigwostsat e of a MCM 22 cat al yst when

used al one and when used in conbination with HDN-60 catalyst. 25 FIG 5 is
a graph show ng the olefin conversion rate of different catalysts over

tige. FIG 6 is a or FRAEFPRSORIFTNIONOF THEFIGUAHES on rate of different
catal ysts over tine. 30 FIG 7 is a flow schematic of a preferred

enbodi ment of the present invention.
Other advantages and attendant features of this invention will be readily appreciated

as the invention becomes better understood by reference to the following detailed description
when considered in connection with the accompanying drawings wherein:
15

FIG. 1 is a graph showing olefin conversion at different temperatures over time.
FIG. 2 is a graph showing olefin conversion at different temperatures over time.

20 FIG. 3 is a graph showing the diene conversion per pound of catalyst at different

temperatures over time.
FIG. 4 is a graph showing the olefin conversion rate of a MCM-22 catalyst when used
alone and when used in combination with HDN-60 catalyst.
25
FIG. 5 is a graph showing the olefin conversion rate of different catalysts over time.

FIG. 6 is a graph showing the olefin conversion rate of different catalysts over time.

30 FIG. 7 is a flow schematic of a preferred embodiment of the present invention.



5 WD 01/ 30942 PCTI US00129291 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Comnmerci al hydrotreating catal ysts have proved active and stable for the
conver si orwoeoisdav | evel s of ol efins and di enes in refor nmassw2a2bi goners.
The nethod of the present 5 invention inproves the profitability of these
processes by using catal yst beds and a clay treater to reduce the anmounts
of catalysts that are used and to extend the life of the catalysts. In the
met hod of the present_| ' ' first contacts
the reformate and Qﬁféﬁﬁ‘éﬁ%@%ﬁ%&@%ﬁ?@%@% i goners, while
partially converting 10 ol efins. Adjusting the weight hourly space

vel ocity (WHSV) of the drotreating catal yst bed controls the anmount of

ol efin convert@dmmfm:lal ma%mﬁpmﬂ adtive laud stablg forithg cdnaersien
product . the ent nt i-|n tream
fromthe oﬁloﬁgﬁvglga?g%%"gg? &8s a?eg)o% %'ss aﬂ'zem%tg&e;gf%gic onverts
nmost 5of t Iimreﬂmmmptdvgs thé piolﬁtmhqt of thdsk prlodssedtbly nsifig catalyst beds ahé 4 Slay fr@ater30% of

the olefins init aII in the reformate r These
al kyl ar omi@ fed¥ HBPIG ot tiagspsgd an gﬁl&ﬁﬁr—%ﬁh@m
hydrotreati ng cat aI yst. In-a preferred enbodl ment of the present

invention, all or a portion of the effluent fromthe hydrotreating
catal yst bed idn !;hesm'ﬁﬂhbé@ftthﬁ pressntinventios, @ hyydrotreating cptalyst Girss corftaats thee

conver si on he i,sol.ation a of t roducts
From t he. feioeniy 34 sphdlhullly Sor/ 0l gy of ShRimRY BR: BEREIL poryitinl
convir si orolefins.OAdjinsting @ise mg:tmmadel velociof (WHSVIefake/hydeotfehtirpriatalyist eidned
downst r eam of tg{ee zeol 'foge d When t he condensed pr.oducts are col |l ected

for sal e \FOBirels thejamoynt I} gpuvested,sad.heace. the compesitien attbe esulting BEA1Ft s can

vary basegygduct.nen apérﬁcéxﬁﬁodaﬂéﬁtaéﬂ 188 pRALR TRV &ition, th@CﬂrH&iicf‘Guéa?x? fieR the
tenperature, pressure, and WHSV. Cay treaters used for the treatnment of

aromati cs. lwémmgatslypteaamramawmhm whcm®mmw%df@smmy@eﬁhsum ts.
wWen the g, faﬁmﬁﬂ Mﬁsg??aﬂ\%ﬁ‘%lo?ﬁ}e g ¢ ifle fefo Zgﬁzgﬂg

react or COI‘] ni ng OI‘ 'S errp
rel omded. 'mem/alkydmmnabmeﬁoﬂwﬂﬁé)ﬁdrﬁon oftthe ﬁroﬂiitﬂs ﬁahamwl@t@ommg:aﬂlysms much

as $60/1b..  For this reaso process Wwhi ch rmakes the_nos ff i ent use
of catal ysP@ "%‘5\?'%‘5’-%6‘88“8 B preseRt mgntiony all or yeestien g e © Msie, it

can be adviatoxesitigTatalystbddicdistiiRa 2o Bbiaté thResligofRAE Bfodits bfdies @nvetisn ar €
In addition to allowing the isolation and sale of the products from the first bed, the removal

of the oligomeric products of diene conversion also changes the composition of the heavy
20 stream obtained downstream of the zeolite bed. When the condensed products are collected

for sale via distillations, the properties of these condensed products can vary based on the

process operating parameters, including the unit temperature, pressure, and WHSV.

Clay treaters used for the treatment of aromatics reformate streams are generally

25 operated as swing-bed units. When the clay is spent, the aromatics stream is directed to a
second reactor containing fresh clay, while the first reactor is emptied and reloaded. Clay

costs about $0.50/1b, while the catalysts can cost as much as $60/1b. For this reason, a process

which makes the most efficient use of catalysts for swing-bed operation is highly desirable.

For example, it can be advantageous to switch to a clay bed reactor while catalysts are

30 replaced or regenerated and reloaded, instead of using a spare reactor with a catalyst fill.

6



30 replaced or regenerated and rel oaded, instead of using a spare reactor
wth ac I fill. 6 WO 01/30942 PCT/ US00/ 29291 advant ages
of usinga%ﬂ%éﬁéﬁyst systemis stable, or nearly stablg?%ggg?a ?3n. The
maj or di sadvantage of a catal yst systemis the high price of the catal yst
materials. It is, therefore, nore economcal to operate the catalyst
system at the highest possible WHSV in order to increase the productivity

of the catal ysts, even though catalyst cycle |engths usually 5 decrease as
WHSV i ncr _easé%‘.“m‘_e Va&?_ﬁ'ﬁé’?}’%%g?) ¥t B eF’b‘ﬁ""ﬁW&&éwye‘é"z’éﬁaf’P%ﬁtﬁF all of
the ol eftjeRthidatkadiaRB8Sof dbatalRt YoleRATHRANE Prite B the RBRNSCnABSALS Ot ONVer si on

rates nust be close to 100 percent. However, the anmount of catalyst
r equi r edhereforee moveeconomiodl te hperae tiei catalygheystenn as thedhighesypossible YHBHtn cs i s

only one-fourth . r | r tics
(3. " g i3 ity 8 o P e, ot S P ol 1eh s npfTE

catsal ystdeerasde asIWHSY intreases.eth amaromatiesi pugificitionf proveks, bfsimiidilytdieofathef i ns and
di enes. One enbodi mg\né1 of t e‘éeprigent isaved;stion reduces the catal yst cost
by usi ncPlefingapddienssnifiefieampaye oibe 2mqyed an °W9M?Wﬁ§“&‘?ﬁ P40 is used
Lo 1 endVRyolfafeestt, eﬂ@ﬁ%ng e it 6 QN sk Feuirdd '@ rein61e0% PHR A s ah@am i s

then sent t'o a second bed where a zeolite is used to 15 renpbve nore than
70% of tdienes|fepn the aromagiceisonlyeme-fourtrasimuch:as the amouptrequizeddo purifyshe t hir d

bed wher h i kAL St 4 olef | et E“HQQ he
hydr ot r eaéﬁn%tgg@gef’g%%e aﬁ%ﬁ §§l}t%! ﬁié&e 2 ieeglp% ?‘g c%ge}%s)ér@%’ Rg A’g@@%e cg%gbe
con®i nedisiintufredinremeving the final MeGafithe clefindend diemes.be in  separate reactors.
The choice primarily depends on the conposition of the aromatics stream
and the aging characteristics of the catal ysts. 20 The nethod of the

present i nvenbidinbedRyent6Eihd presehit Mvedtion detucasdn kAPt Sost by isihg albed |ife of
the clay is extended because the catal ysts renove over 70% of the ol efins

before t$ystemar bnatfiretsbed: ¢ ydrotenting catalyshis wsrdo remays, the dienes fpmi ey equi red
to femvgglns&& &H@&E&g g%r;?égedés S & il to g@e&n&u@g&%@wﬁw udggtors (o

operat e I ext ende ore the ay Int reactor has to be

r ep5 ac e drentoee ook, than #9% afehaxflefingc The effluenefromahe zeelite bedisistns tamthindtbed f

g)r(rgﬁgts ! \é?vhgrgg:l?clag ?:fa? isqlggﬂggunisg thre%fé%\rlx?er}lglv%l j%{).eﬂerhsydro%%gtin%)ga%'ts{aﬂe\é, Jﬂg IT of the
zeolite bed and the clay bed can be combined in a single reactor vessel or they can be in

separate reactors. The choice primarily depends on the composition of the aromatics stream
and the aging characteristics of the catalysts.

20

The method of the present invention provides two significant advantages. First, the

life of the clay is extended because the catalysts remove over 70% of the olefins before the
aromatics stream contacts the clay. Thus, the clay is required to remove less than 30% of the
olefins. This allows the clay reactors to operate for extended periods before the clay in the

25 reactor has to be replaced. Second, the use of the clay reactor reduces the amount of
expensive catalysts needed to remove the olefins. Approximately half of the amount of
catalyst used in prior art aromatics purification processes is required by the method of the
present invention to remove 70% of the olefins, while the balance.of the olefins are removed
using inexpensive clay.
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catal yst used in prior art aromatics purification processes is required by
the method of the present invention to renove 70% of the olefins, while

t he bal anc®WOof/30M¢ ol efi ns are renoved using i nexpensi vePEIH§002%917 WO
01/ 30942 PCT/ US00/ 29291 The hydrotreating catal yst used for renoving

di enes and the zeolite used for olefin renoval generally have different
aging rates. If one of the catalysts is nore stable, it can be

advant ageous t ve the hydrotreating catal yst and.the zeolite in_separate '
reactors. Thi sfhcgﬁ‘%%eagﬂ%}é%ﬁl?gl"ﬁgfof%3{‘“’5’&%%?%&1?’5& t&me&{ﬁ;ol?ﬁ%r ef ore,
has to berengphiogacaliphidve diffaeit afiny ratdd. (foneof iReamlyst is More $aH16)GrdaRde
fashion, while the stable catal yst can. be otggrat ed in a single vessel.

The zeol i pdvaniagpRyisdo baysothe hydrofreating satalyptandithr zeolite inyseparateveactass.ofis at e at

hi gher ' st . '

Catal yst | AOOHIS IRERES nkR ARl &R, BRI bhy By bl BER SRk

pl acng t hebeeperatedeini asving-bedifashien, vdile ther statil¢ catalystivam be operated nalsingle
regeneration of.speni zeolite, w.thout 6 the cost aqf stripping, coagl]ng,
unl oadi ng V&%g" %p?gﬁt&éﬁﬁ?ée FAPSRIIVE 3, this provides p 1pceays Elggge?ﬂ%a@ggléqr yst.
Process Caviitt h6wily dpcerreladitibs (WHSV) idinithehydhrettdtihg ba9&iih 6Rler {oiRcrafieve
descri bed feedstock may be contacted with the catal yst system under

sui t abl e desrtalyst qysledensth. « Theppfore plecing the geoliteinagsepasate rectsr aliowrshangend
olefins t ' . ' kL i,ncl ude
o Cempor atuE kLSRR G epeh A (it 16 58 oF B Bind, OINIEE ahddali ol 1€ 197

t o aiout I¢lodling the lagger ampentifhydroweating sgtalyst. vel ocity (WHSV) of bet ween
about 0.1 and about 200 hr'. Alternatively, the conversion conditions nmay
i nclude a tenperature of from about 350F to about 480 F, a pressure of
f r om aboutPrbésé Conditivhs 400 psig, a WHSV of between about 3 and 20 about 50
hr'. The WHSV |s based on_the wei ght of catalyst conposition, i.e., the

total weight & acfordapes Withdhs sresqat inventign. Grenthove drseribed fwésqul meE bet he
D SR 8ol o5 i B oA ey R
ol efi5n comligemeérsand alefinsde alkylaromatics. Examples of these conversion conditions include a
temperature of from about 100°F to about 700°F, a pressure of from about 15 to about 1,000
psig, a weight hourly space velocity (WHSV) of between about 0.1 and about 200 hr.
Alternatively, the conversion conditions may include a temperature of from about 350°F to
about 480°F, a pressure of from about 50 to about 400 psig, a WHSV of between about 3 and
20 about 50 hr'. The WHSYV is based on the weight of catalyst composition, 1.e., the total weight

of active catalyst plus any binder that is used.

When the hydrotreating catalyst and zeolite are in separate reactors, each reactor can
have different operating conditions. In a preferred embodiment, the olefin conversion reactor
25 is maintained at temperatures ranging from about 300°F to about S00°F. Operating pressures
are, usually, greater than atmospheric, above about 20 psig (239 kPa), specifically above
about 50 psig (446 kPa) up to about 1000 psig (6996 kPa). The catalyst space velocity is,
- typically, from about 5 to about 30 WHSV.



25 is maintained at tenperatures ranging fromabout 300F to about 500F.
Operating pressures are, usually, greater than atnospheric, above about 20
psi g (23wWO0lm39942 specifically above about 50 psig (446@&)9“%92210 about
1000 psig (6996 kPa). The catal yst space velocity is, typically, from
about 5 to about 30 WHSV. 8 WD 01/30942 PCT/ US00/ 29291 The clay treating
zone may be of any type and configuration which is effective in achieving

the desired _degree of purificatign. It may utjlize either ward or
downwar d f | JWe clay; treRting, 7ansamay e of gny, bips g F@*@*ﬁé‘ﬂ Wh‘Fgl FdBin the
clay tr, aﬁﬁg«ﬂgﬁé%@m& Hégiééjoflﬁﬁnﬁc'i’d&f Ixemsﬁwmma?am&u%m hRWL

condition normal |y be a pressure of Trom about 50 fo about
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on- st r cresswreref the hydrgcatbons %ﬁ‘&?'ﬁ‘k& 1o (Phe) zape, - Thig fempergurg s ¢ 10.

Preferr Pvithin! vel
dependllﬁgggif o(ri}l he %&tﬁgkl gggggkﬁg&%aoep tOSb&m?Z?ﬁa?{agg%h%a#%?e System The

ar onat i pesfornaddmvena broatbmangead liquid bawly @wmvdcbcaieﬁy'fbl@ ig often set by
hydr ot r I 0 st,a II i goners. .
Tﬁe hyd‘ﬁﬁ%?sgg??lﬁ%mgﬁ%i ystﬁ %gs and a}g%xrﬁg é)ﬁp&ygh%‘ﬁ%'% g g single

med al  f 4re Hiptai Bovehy sphod velacitidd dflﬁemﬂt 0 tde0 B'q:rendxdg on ifa:hhao:nat be:hg aeateﬂ ckel ,

cobalt, chrom um vanadium nolybdenum tungsten, or a conbination of
metal s such as nickel - nol ybdenum cobal t - ni ckel - mol ybdenum

cobal t - ﬁphm%ﬁugt,tﬂ*ﬁbﬂ“ﬁ,ungst en or nickel-tungsten-titanium GCenerally,
the nmetal conponent is selected for good hédrogen transfer activity and

t he cat al ystThesaromatigs|reforynaterferivied seeagp isdni W‘@OWF}F ahydretrealing i ni mal
B e
CQpénani shetal dérapanehiavlyieh cansbeussmglmetaltfrom Graups VIAdnd NdHAtdf therReriadiact ur er
o ose R oSl T RRRR o St B ke, o oo 0"l 1 2
of metals such as nickel-molybdenum, cobalt-nickel-molybdenum, cobalt-molybdenum,
nickel-tungsten or nickel-tungsten-titanium. Generally, the metal component is selected for
good hydrogen transfer activity and the catalyst as a whole should have good hydrogen
20 transfer and minimal cracking characteristics. A preferred hydrotreating catalyst is a
commercial NiMo/Al,O, catalyst, such as HDN-60, manufactured by American Cyanamid.
The catalyst is used as it is received from the manufacturer, i.e., in its oxide form. The
support for the catalyst is conventionally a porous solid, usually alumina, or silica-alumina
but other porous solids such as magnesia, titania or silica, either alone or mixed with alumina
25 or silica-alumina may also be used, as convenient. A preferred hydrotreating catalyst is a
nickel molybdenum/alumina.

Upon contact with the hydrotreating catalyst, the diene contaminants in the aromatics
reformate-derived stream are substantially converted to oligomers. At the same time and to
30 a lesser extent, olefins are converted to alkylaromatics. The effluent from the hydrotreating



but other porous solids such as magnesia, titania or silica, either alone
or mxed w Ina 25 or silica-alumna may al so be u veni ent .
A preferr&aﬁyg‘*’g{nr eating catalyst is a nickel nol ybdenﬁé"%ﬁﬁz%g? Upon
contact with the hydrotreating catalyst, the diene contam nants in the
aromatics reformate-derived streamare substantially converted to
oligoners. At the sane tine and to 30 a |esser extent, olefins are

conver t edstdge cah fbg lpassedrdiréctly.to THeseainkl] orcslefid reniovhl) stapey dithdutasapdrating the VO

01/ 30942 PCTI US00129291 stage can be passed directly to_the _second, or

ol efin reﬂlﬁ?ﬁ\eﬁ%#ﬁﬁﬁ%ﬁ ggs?ﬁtﬁé t?FFé“"VSFI}ed’i}ﬁé"PE‘SS‘?m’Fﬂg‘ firstent can
be sent t Qage Separator to renove the oligoners forned in the first stage 5
Zeolite Catal yst System It is contenplated that any nol ecul ar sieve having
a pore size appropriate to catalytically alkylate the aromatics can be
enpl 9yed 29 l#@b% ;Igt%&g%e purification process. The nol ecul ar sieve
useful fof the ore I'n“conversion step of this invention is usually a |large

pore size zeolilttie doatempiptal that kny niclecalavsieve Hawingra podel siz®approplifasé about
10 about 2 to 100. The silica to alumina ratio is

2, i fi [ Ly f .
det eroanp Inelﬁac‘a)“égﬁ\r?@&]t‘ar‘%% I“%Fi/%ﬁn?ie W@’ ed in be" refosmgig PRFfiCRHONPEICESent , as
closely agnhpRskbihSsievehSefiloAthe bRfh Qonvirsidifstéy fithhs %Weﬁﬁﬁfﬁgh%@ﬁg% eof the

zeolite crystal and to exclude silicon and al'um numin 't nder Or in
cat i oni c peregizhaeolits having 4 dilidarfoalvmivhmplaetatio of Adeastiabduy 31 spe¢ibeallydtamet i vel y

re I ng i . . e. 0, 4.l arge.. 1 re olites,
papﬁpcul ar: Yy %&ﬁ&%g%gp%gt eria s,ggngg%e%irgg%gy%&gﬁlfﬁgg@x%f'a@lﬁﬁg? hose
termed Miis ficanGAREPrasentpas dlaselyas possibley the mobar esliorin therigid anionlié frivaewdken f ound

t hat the st ..effective type,of.. MCM zeolite cataglyst is. a, self-bound
MOM 22 cathf3relite é@ﬁ 'ﬁdg"g %aléd’tﬁ‘%%éﬂgéquhfne‘@e roTdR GefiRgic of othsF di ng t o
t hei r por g witga theschad@s. 20 These systens incl ude 8-nmenbered oxygen
ring systenms, | O-nenbered oxygen ring systens, 12-nenbered oxygen ring

systenms, and t Abe gafalystpérselsstivelyrsmpviog meinacpleafn comporndsrinelizde, ., lagg gen
ringsopen lpgg.szeoii{gs,%%ly MEWZf‘{yﬁe ;n%;e?irafs?gneg‘so%o%%s ?nna?érials 1%%1%&“ 105se | ar ge

pore size
termed M418S, SAPO's, pillared and/or layered materials. It has been found that the most

effective type of MCM-22 zeolite catalyst is a self-bound MCM-22 catalyst.

Zeolites are divided into three major groups, according to their pore/channel systems.
20 These systems include 8-membered oxygen ring systems, 10-membered oxygen ring systems,
12-membered oxygen ring systems, and the dual pore systems including 10 and 12-membered
oxygen ring openings. In general, they are referred to as small, medium or large pore size
zeolites proceeding from 8 to 12 membered systems. These systems are more completely
described in Atlas of Zeolite Structure Types, International Zeolite Assoc., Polycrystal Book

25 Service, Plattsburg, 1978.

The chemical composition of zeolites can vary widely and zeolites typically consist
of SiO, structures, in which some of the silicon atoms are replaced by tetravalent ions such
as Ti or Ge, trivalent ions such as Al, B, Ga, Fe, bivalent ions such as Be, other members of

30 Group III of the Periodic table of the Elements, or a combination of the aforementioned ions.

10



zeolites proceeding from8 to 12 nenbered systens. These systens are nore

conpl ete described in Atlas of Zeolite Structure Ty nat i onal
o ROpE0E HE sty

Zeolite 42 po| ycrystal Book 25 Service, Plattsbu The

chemi cal corrp03| tion of zeolites can vary widely and zeolites typically
consist of SiO2 structures, in which sonme of the silicon atons are
repl aced by tetravalent ions such as Ti or Ge, trivalent ions such as Al,

per i ot SeRRefE sRbysh SR bR SRAIGHE o Rl Nty BRBRRE, B NER RPN O e
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such as repigied Bm&iﬂalnaﬂbasm(ﬂé\%me id 8bd. A6H B¥dhakhevF rdsidudtatianicwid, igtr S-  The

organics are t |caIIy renoved by cal ci nation before the zeolite is used.
| oA exc lexample, ,essmlyé@lhwﬁbymmanqndp proguesthepridic zaglite. i s general |y
foll owed by calcination to produce the acidic zeolite. Preferred catal ysts
i nclude natural or synthetic crystalline nolecular sieves, with ring
struct ur es oPrefetred taralysteinclademamivalros symthetjc exystalline :ﬁnlpeulad diévnsg withi ringu| ar

si eves usef ul catal ysts include as ngn mtl
zeol i t eSTYEHes © ?&%@a‘)"’etl %emlﬁﬁ 855”%5' Ng: Sgl“ 9‘? iﬁ?dﬂarggsﬁfrlg

(U.S. P%ﬁﬂ%ts MeludSasto- 1196 2Dlafge/pSre zE’aitmtsm (om3g 5)12: 9®3ent zeol ite
Beta (U.S. Patent Nos. 3,308,069 and Re 28, 341 Fau a5| te X (U S. Pat.
NAO 2, 8@¥p. 3,923,639 anqrdenitecZSM{18 (H.S. Batent Ng, 3.930.4%9), 8 tNopat . Nos.

3,293, 1 U S
Pt No_S12gs) Al b, JeN e s ghneee m&‘%ﬁ‘?“éﬁﬁ“’%“‘ % W s pat.
No. 5, 290 B8 244 RhuBi . (55. Pat. Nohio 30,00 4185 40 60R3:. How msadgbmus

et o | 108 RE MR oM 5 MO B AR R

st r uct urers. 2aViNG2 5,209 84D "MCM-4Z26ULS. tPat. Béd. 5,236/575), MOMESEe(UNE X4t. WO- 12

rrenbere xégg)mp{glmr;g@gructures fr@g]réaf%%g&%ﬁézf%m I gi Wf{}?gf materi al s

mD' ecul Par,S5,00€684). vwms#e p:efehu&l%oledes?&es iela3 612 Mﬂo&ygmuw 56. The
MCM 22 type materials may be considered to contain a simlar
structures ZSM-12, mordemte, Zeolite Beta, USY, and the mixed 10-12 membered oxygen .
ring structures from the MCM-22 family, layered materials and mesoporous materials. Most
preferred are the MCM-22 family of molecular sieves, which includes, MCM-22, MCM-36,
20 MCM-49 and MCM-56. The MCM-22 type materials may be considered to contain a similar
common layered structure unit. ‘The structure unit is described in U.S. Pat. Nos. 5,371,310,
5,453,554, 5,493,065 and 5,557,024. Each of the patents in this paragraph describing

molecular sieve materials is herein incorporated by reference.

25 One measure of the acid activity of a zeolite is the Alpha Value. The Alpha Value is
an approximate indication of the catalyst acid activity and it gives the relative rate constant
(rate of normal hexane conversion per volume of catalyst per unit time). It is based on the
activity of the highly active silica-alumina cracking catalyst taken as an Alpha of 1 (Rate
Constant = 0.16 sec’"). The alpha test is described in U.S. Patent No. 3,354,078, in the Journal
30 of Catalysis, Vol. 4, p. 527 (1965); Vol. 6, p. 278, and Vol;. 61, p. 395 (1980), each of which
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01/ 30942 Realt LOWERY abBRAD00. S herein incorporated by reference as to that
description. The experinental conditions of the test used include a
consPant tenperature of 538C., and a variable flow rate as described in

t he Jour nal of—[@&?ﬂﬁﬁ' . i an
Al pha Val ue from abouté?%lga{lgsgégg{aﬂfgg%égégéﬁgfg%%ﬁ'%%ﬁﬁfgwar
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mat eri al cl udi na.synt het.i.c and.nat yral | CURri subst ances, .such as
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silica-al ygh pa-.zi i m t hese conponent s, can ,akso . used.
The rel at i SR ubERR Aeofa Wi B ot S EpGRIRIAT NS e Bkal B0 ity

mat ri X carpropottionsofiaystalfitiefolbcihlar Séve hintepai gl maafik efivary widety frgmalo9d 20 to
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of an extrudate, lobed form (e.g. trilobe), or powder.

D

Clay Treating

20 Clay treating is used herein to refer to the passage of a liquid phase hydrocarbon
stream through a fixed bed of contact material which possesses the capability of reacting
olefinic compounds present in the hydrocarbon stream. Preferably the contact material is an
acidic aluminosilicate. It may be either a naturally occurring material, such as bauxite or
mordenite clay, or a synthetic material and may comprise alumina, silica, magnesia or zirconia

25 or some other compound which exhibits similar properties. A preferred clay is Engelhard F-
24 clay. However, several other types of clay are available commercially and are suitable for
use in the present invention, including Filtrol 24, Filtrol 25 and Filtrol 62 produced by the
Filtrol Corporation, Attapulgus clay and Tonsil clay. In a preferred embodiment, the clays
are pretreated with concentrated HCl or H,SO, acid.

30
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Clay Treating 20 Clay treating is used herein to refer to the passage of a
l'i quid puéﬁﬁam%grocarbon ~stream through a fixed bed OECQREB Emnateria

whi ch possesSes the capability of reacting ol efinic conmpounds present in
t he hydrocarbon stream Preferably the contact material is an acidic

alum nosilicate. It may be either a naturally occurring material, such as
bauxite or nordenite clay, or a synthetic material and may conpri se

alumna, sil, Gevi ' ' | Qlf & nd whi ch
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Howev eraf fomy atroit 203 1o abyyrely5 o oihane. dhe exactitémyerature atitivedcinahé plapnd are
suitable for wuse in.the present inventjon, jncludi Filtrol. .24, Filtrol
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Tonsi | tefh@fatuleWhichls Rl@itddTer tBEQMAG BAkbrial tdBmét pcf'gr.ermgéhf Wi th
concentrated HQ or HZSO4 acid. 30 12 WO 01/30942 PCT/ US00/ 29291 As
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t enper r r . - . , exact

t ermor arsiid ef APy drcohd ialiat ol el ed ReipeblnlH ferclolf, ©°22,
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Fenper VP 15 OFSE gl THS if AEPES to T AT Fayed ErarrBie 9t .2 quant i ty
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The mninumrequired tenperature is therefore affected by the prior use of

t B@ cl a8pd other properties, sech@s usefuldife, whighimustbeitaken igto aspousprFardestange.i al  whi ch
< bei G _ G . T out i
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I ndependent ctor since 1 ndividual contac eri It differing
degr eesofuhtalytic ectivityi forundesird ccactidne ms gescibedibelsy. such as useful |ife, which
must be taken into account. For instance, at the sane |evel of col or body
renoval activity two different clays nay have varying degrees of catalytic
activity fOrFitdIEe e pimufPEldy B€dting Serfisefetiive el acepalidertiondhirinsictaié opti num
clay treating tenperature w be dependent on intrinsic and_ 15 extrinsic

|
qdal i t | edrinsic quakities,of the hydyosarben stieam, bsing tgated .o Ahese qualities ioclyde thegte s i el ude

the rat g fiow of the hydrocarbon stream and the concentration of olefinic compounds in it.

Depending on the aromatics feedstock and the operating conditions, two or more

separate clay treater vessels can be used on an alternating (i.e., swing) basis to provide

20 continuous operation. A clay reactor can also be used as the swing reactor for the zeolite bed
when the zeolite is being replaced or regenerated.

EXAMPLE 1
A heavy reformate with a BI of 850 was used as a feedstock. The heavy reformate

25 was a C;" cut of full-range cyclic catalytic reformer (“CCR”) reformate containing 39 wt %
toluené, 40 wt % C, aromatics, 20 wt % C," aromatics, and 0.45 wt % olefins. No dienes
were detected in this feed using standard gas chromatograph (“GC”) analysis. This feedstock
was processed at 10 WHSYV over self-bound MCM-22 at 290, 323, 356, 371 and 390°F. FIG.
1 shows the aging rate as a plot of the activity of the self~bound MCM-22 (i.e., SB MCM-22)

30 versus the time (number of days) on stream.
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of flow of the hydrocarbon stream and the concentration of olefinic
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er e o o3 MR AR AUPBL G S0 BT AL e Bl 0BG |, o

of 380 wawass6sl catoffull-segsCOR eforfimte doatining S0 wrdadhtene, 37 Wide GraGmities)t  Of

full-rang ef or %.t ol uene 37\M % romatics,
15 w5 OB P o RIS, G 210k Aygte o fituen etk demctea fo i Beudve | n
this feed mmcmydﬁrmﬂ&@f&kw&océsud&t szeﬂdiﬁws%r mm:&{xﬂ%éﬁ/ﬁﬁz at 52
VWHSV over sel f bound MOME22 -~ at 390, 410 and 440 F. FIG shows the aging

rate of tAE30ef10 ARSI KOG shovs the aging ratnpEiths sglgb@,m@MQI\bﬂz GieafSH
conVer si ORENIRY S ARSI bbRRMd Verso8 ) s b TRELA b&h tthieratfire. FIG. 2

15 shows that as the operating temperature is raised, the olefin conversion increases.

EXAMPLE 3

A light aromatics extract containing 61 wt % benzene and 37 wt % toluene was used

as the feedstock for this example. The feedstock contains both olefins and dienes in amounts

20 that can be monitored using a gas chromatograph. The feedstock had a BI of about 80 and
contained about 10 ppm of cyclopentadiene, 110 ppm of mixed methylcyclopentadienes, and

125 ppm of olefins. The light aromatics extract was contacted with a HDN-60 hydrotreating

catalyst, sized to 60/200 mesh, at 18 WHSV, 150°F, 18 WHSV, 300°F and 48 WHSV, 450°F

and 350 psig. Gas chromatograph analysis showed that for each run only the diene peaks

25 underwent significant conversion. This demonstrated that HDN-60 has excellent selectivity

for diene versus olefin conversion.

At the beginning of the 300 and 450°F runs, diene conversion was complete. FIG. 3
shows total pounds of dienes converted per pound of catalyst versus time (in days) on stream
30 for each run. The curves for this type of plot are typically linear for a stable catalyst. As the
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15 shows that as the operating tenperature is raised, the olefin conversion
I ncreases. EXAMPLE 3 A light aromatics extract containiggQg @%n@6beﬁzene
and 37 WO ene was used as the feedstock for thi& #ﬁ The
feedstock contains both olefins and dienes in anbunts 20 that can be

nmoni tored using a gas chromatograph. The feedstock had a Bl of about 80 and
cont ai ned about 10 ppm of cycl opent adi ene, 110 ppm of m xed

net hyl cycl.opent adi enes, and, 125 of,.olefins., The l.ight aronmafics
Ot 1 et Cplee? B i b B ket o GR gh e asstoiigonta tef i ShEs,
60/ 200 pashletedidedddiviib EIG LD SHows kRat \KdDdtalyst ifed 3teddifhBin\daEh rund ThE totaind 350

psig. Gas chromat ograph anal ysis showed that for each run only the diene
peaks 2diengrligomenzation eanadity cambe estimated by exirapqlpting the piMatorherizentalh By HDN- 60

bogi nni R EDmREbERhl g bl HERTREEREA S R e b '

shéws t péunid cptalystieer oyclaiwen ebtained f@rthetlirep eunsp dhest refults showed sotaldiereus ti me

(in days) on strea 0 far, FURew TN ur f this type of plot are
{ypi cal Plesrerafonr 0.2 wsps Jaleiter by St A5y, Hysuprstng hicher
PCT/ USO @ngsedides, SR IEEDN 5D cRaREttembRedifiduter ahidufs bF Giem Bom thel feedoend and
becones horizontal when the catalyst is conpletely deactivated. FIG 3
shows that the catal yst aged steadily in each run. The total diene
ol i goneri zat { | : ' ard ;n?' Flg%#g rve to
hori zont al . 5‘3’?“ gg??ﬁ%%*%‘%ﬁﬁ%hﬁ?ﬁ%g In CF%&%?Q{% | eﬁg’cﬁ
0l10gome 47e°R, without hapdmg to eddadditiopaliheats Tle testoresuits irbExamplel3 shiavathgtdienger cycl e
wer e obtai nef for.the thre%\ runs, ti}l’hesetrgs.llts showed toégl ‘@Q e
ol i gomeFTBAYE SAPAGHY FOPEUST t0) £ S 105 FEFton JHRPARIT3 S o8 IR gﬁop’er ating
at  hi ghamerefdpéRRdsa tést RSultst showHbi-HO p&rfinbite of hediouesling catlyst inodienent s of
diene fromthe feed. Froma practical perspective, clay treaters _can be
oper at edemmeval sryies i qptiguzed s the OPEMAURE (HIPERITIIE SRPTORCHSS HiF KRN Wldi t i onal
heat. The,t&sirel €Sults in Exanple 3 show that diene renoval capacity
continues to rise as the reactor tenperature is increased to 450F.
Thidr ef ore, these test results show that the performance of hydrotreating
catalyst in diene renoval servi ' i mzed as the operating
t enper at ure approaches the naxi%%ﬁ%%ﬁ?@ﬁﬁ

The same light aromatics extract used in Example 3 was used in this example. The

light aromatics extract was run through a bed of self-bound MCM-22 catalyst at 40 WHSV,
450°F and 350 psig. Once each week the feedstock flow rate was increased to achieve 100

20 WHSV and partial olefin conversion. Olefin conversion versus days on stream is plotted in
FIG. 4.

EXAMPLE S
The same light aromatics extract used in Examples 3 and 4 was used in this

25 example. The light aromatics extract was run through a bed of HDN-60 hydrotreating
catalyst at 8.5 WHSYV followed by self-bound MCM-22 catalyst at 40 WHSV, 450°F and
350 psig. Once each week the feedstock flow rate was increased to achieve 8.5 WHSV on
HDN-60 and 100 WHSV on MCM-22 and partial olefin conversion. Olefin conversion
versus days on stream is plotted in FIG. 4.

30
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tenperature. 15 EXAVPLE 4 The sane |light aromatics extract used in Exanple
3'was used in this exanple. The Ilight aromatics extract was run through a
bed of selWVOBYMME MOM 22 catal yst at 40 WHSV, 450F and TPl ce each
week the feedstock flow rate was increased to achieve 100 20 WHSV and
partial olefin conversion. Oefin conversion versus-days on streamis
plotted in FIG 4. EXAMPLE 5 The sane |ight aromatics extract used in

Exanpl es 3 andryd ri@gs 9. 4 Shdvihat the useTiid HDNISPupstrédih ofthe MICMED ext ract
was ‘run through a bed of HDN-60 hydrotreating catalyst at 8.5 WHSV

f ol | owed meducsetheapging eithedMEdS22at al yst at 40 WHSV, 450F and 350 psig. Once
each week the feedstock flow rate was increased to achieve 8.5 WHSV on

HDN- 60 and 100 WHSV on MCMt 22 and partial olefin conversion. Qefin
conversion versus days on streanExamples®6ti2d in FIG 4. 30 15 WO 01/30942

PCT/ US00/ 2929 e results.in FIG .4 show,t use qf the HDN- 60
upst%J eam of t#@r&wggsgﬁ%g%(?g@a‘fyﬁgﬁgﬁ?tﬁ&‘ %%Efimaﬁﬁs.eg@ﬁ& -12 5
For ExanprRshedvy fefdrinatedwdd@aVy chtff FilRinge BCR Yeforite bntBiafhg\w@swtesed as a
feedstock. The heavy reformate was g C cut of full-range CCR refornmate

cont ai ni nplBBe.&7 W% Co PYomatics, 3% wis G @gemagtishang 827 witds gleling. N digpetat i cs,

and 0. 27 % ENS: F@E%ﬁ cted in this feed using standard
GC anal ys%‘e%kﬁm@%‘% -eé’%’?%r(g orngsfe f eedst ock was processed at 52
VWHSV over self-bound MCM 22 at 410 F. Total ol efins converted versus days

on %reamis plotted in FIGs. 5 amm

The heavy reformate feedstock was processed at 52 WHSYV over self-bound MCM-
22 at 410°F. Total olefins converted versus days on stream is plotted in FIGs. 5 and 6.

EXAMPLE 7
15 The heavy reformate feedstock was processed at 52 WHSYV over F-24 clay at

410°F. Total olefins converted versus days on stream is plotted in FIGs. S and 6.

EXAMPLE 8
The heavy reformate feedstock was processed at 52 WHSV over a 65 wt %
20 mordenite / 35 wt % alumina binder catalyst, sized to 14/40 mesh, at 410°F. Total olefins
converted versus days on stream is plotted in FIGs. 5 and 6.

EXAMPLE 9
The heavy reformate feedstock was processed at 52 WHSV overa 75 wt % REY /
25 25 wt % alumina binder catalyst, sized to 14/40 mesh, at 410°F. Total olefins converted
versus days on stream is plotted in FIGs. 5 and 6.

30
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EXAMPLE 7 15 The heavy reformate feedstock was processed at 52 WHSV over
F-24 cl a t 10F. Total ol efins converted versus day mis

pl otted %ﬂ%ﬁ’f"{ﬁ% 5 and 6. EXAMPLE 8 The heavy reforrrat%g% esg‘%é?%ck was
processed at 52 WHSV over a 65 wt % 20 nordenite / 35 wt % al um na bi nder
catal yst, sized to 14/40 nesh, at 410F. Total olefins converted versus
days on streamis plotted in FIGs. 5 and 6. EXAMPLE 9 The heavy reformate

f eedst ock was processed at 52 wﬁ_ﬁ 75w %REY/ 25 25 w % al um na
bi nder catal yst, sized to 14/4 : 410 F. Total olefins converted

ver sus days The heivyaefdtmate Rle@itdckOvdsiprdckésed ats22WEISY. ovdDa 16 WA US¥30942
PCT/ US00/ 29291 EXAMPLE 10 The heavy reformate feegﬁtock was processed at

52 HS\2SoWi%e alpmyina Rjndeg,catalysy sizedtfo #7149 meshyat £ 105 rfetal olelipspopyertedsi 204 to

14/ 40 nRsdie . F ' onverted versus days on streamis
plotted 1n g%éog%e%és%&egm&ﬁbﬁgﬁig The heavy reformate feedstock was
prodcessed at 52 WHSV over- M CT-6 catal yst, sized at 14/40 nesh, at 410F.
Total ol efins converted ver_SursTM%ream is plotted in FIGs. 5 and 6.
10 EXAMPLE 12 The heavy refornm ck was processed at 52 WHSV over a
sel f - bound TRUehiErebpinate feeidstbokowas processdd abSAWHEY awes MICTL6 ehtdlyst, Tot al

ol efins converted versus days .on_streami.s Ioé.-t ed in FI.Gs, 5 and 6.

sized at 14/40 mesh, at 410°F. Total olefins converted versus days on stream is plotted in
FIGs. 5 and 6. :
10
| EXAMPLE 12
The heavy reformate.fee'dstock was processed at 52 WHSV over a self-bound
zeolite beta catalyst, sized td 14/40 mesh, at 410°F. Total olefins converted versus days
on stream is plotted in FIGs. 5 and 6.
15

Examples 6 to 12 show that the catalyst materials tested have a wide range of
stabilities at the constant conditions of the test. The most stable materials are MCM-22
and zeolite beta. FIG. 5 shows that MCM-22 and zeolite beta have approximately the
same level of stability over the first five days on stream. However, over longer periods of

20 time, FIG. 6 shows that MCM-22 is significantly more stable than zeolite beta and the
other catalyst materials. For example, MCM-22 is over 100 times rﬁore stable than the

current commercially used F-24 clay.

25 The present invention can be used to produce alkylaromatics and diene oligomers
from extracted benzenes and toluenes. FIG. 7 shows a process flow scheme, wherein
a light aromatics extract feed 10 containing primarily benzene and toluene with small
amounts of diene and olefin contaminants is sent to a first reactor 12 for contacting with -
first catalyst, where the diehes in the feed 10 are substantially converted to oligomers and
30 the olefins are partially converted to alkylaromatics. The reactor effluent 14 is then
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15 Exanples 6 to 12 show that the catalyst materials tested have a w de
range of stabilities at the constant conditions of the test. The nost

st abl e nat WOAB®4xre MCM 22 and zeolite beta. FIG 5 shoREIUSEZINCM 22 and
zeolite beta have approximately the sane |evel of stability over the first
five days on stream However, over |onger periods of 20 time, FIG 6 shows
that MCM 22 is significantly m)re stable than zeolite beta and the other
catal yst materials. For exanp MCM 22 is over 100.tines nore stable than

the cur r@ﬁ%émmléaqoy%dﬁmemaﬁ&yohzsmmelspﬂ@seheomwealﬁeén can be
used to JoXap-ie ﬁn;m ‘%Q‘n& %F ted benzenes
and tol ugﬂne%gﬁl‘c@@géﬁ#@{]om ar@%;dgggsvgie owgsc ene%‘%v\ﬂié‘geg?r? ?dg:;ht aromati cs
extract fakylatfhation t'Elerefﬂlgnp% fivan ithqsetxmdzmmrdnds sent toendistillatibn sveer |

amounts of_di.ene and o tamn to a reac 12 for
cont act i n%G e" [amig{l %‘é&f’ﬂ@ ’Fﬁa?%@[‘ﬁ?e g g
subssanti gl do)he(‘eﬁfvéaiiﬁéﬁfb dfmregmesmaﬂ GheXSHth et 29/iSeht ' aldy tﬁﬁféfr 't@l I y
converted to al kylaromatics. The reactor effluent 14 is then

01/ 30942 uthen sonwprpthe olefing i plkvlaramatics before being sent taghe fiwén!éanomowzéermve t he
ol igoners 18. The oligoner depleted stream20 is sent to a second reactor

22 where a nol ecul ar sieve converts olefins to alkylaromatics. The

ef fl uent 24 frTimst while eonbhve deat desciibedithe preferred@mbodinknts dfahe presémwer 26,

wher e benzene an t ol,u i ar.ated from al | benzenes d

al kyl t ol uBHYER" °2‘8 f‘ﬂﬁ%g‘ﬁég%ﬁ@f%@h%%&‘sﬁ ‘[“Ffe “S?”g ?%%m%@ t he

ef fl10ent  3Athbst depatting Eromh the spirit 6EBE Bivehtion, bl §t1e it G@BY & fnckud€alb@l NS 0

al kyl aromati cs before being sent to the distillation tower 26. Thus, whil e

t here hav@TBEemodificationsand Changss asicome yjthin s druesaens offthe plains sst fosth
inventionpedeffose skilled in the art will realize that other enbodi nents can
be made 10 wit hout departing fromthe spirit of the invention, and it is
intended to include all such further nodifications and changes as cone
within the true scope of the clains set forth herein. 18
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WO 01/30942 PCT/ US00/ 29291 What we claimis: | . A nethod for the .
treatment of aromatics reformate to renmove olefins therefrom said nethod
conpri si WQ0B#MActing said reformate with a nol ecul ar P&TAB@/Iconvert
said olefins to al kylaromatics. 2. The nethod according to Claim1, wherein
said nol ecular sieve is an internediate pore size zeolite selected from
the group consisting of ZSM4, ZSM 12, nordenite, ZSM 18, ZSM 20, zeolite
beta, Faujasite X, Faujasite Y, USY, REY and other forns of X and Y,

MCM 22, MCM 36, MCM49, MCM 56, MA1S and MCM41. 3. The nmet hod accordi ng

to Caim 1Wﬁat%vecfl#ﬁti§'.er conprising . contacting said reformate with a

hydrotreating catal ySt prior to contacting with said nolecular sieve to

substantially cgnver | ' ' [ gﬁmr and to
partially conve?f sa%ﬁ%ﬁgﬁﬁgg%%%f%&gﬁ@ﬁ&gg&n%et e rrvgt hod accordi ng
to any pr emdefing thefdfrimysaifl nrethodrcomprizing eintagtingdaidreformateiwith asai d ref ormat e

after contacting wth said nol ar sjeve to substantially convert said
remai ni ng SPYFS SFBCQ%W%%@@%&péLﬁWE’aH@[ hod according to daim3 or
4, wherein said hydrotreating catalyst has a netal conponent selected from

the group consi 3ting ThE mettod kEdordinE @ Chitn 1, WhefiH 4l myBAA&Hsivve ismol ybdenum
tungsten, nickel -nol ybdenum cobalt- nickel-nol ybdenum_ nickel -tungsten,
cobal t - nol ydisERadiaIPare sikereolitpsglestad fromithegipupsongstingof Z8M-flod according to

daim 3, V"fgﬁilﬂ, :%@éd@nit}%’ﬂéﬁ-fseékivﬂﬂ), 26k AbetS Faljssi® X Falfadite v, _

mol ybdenuni'al um ha catalyst. 7. The method according to ancélf)recedl ng
daim wheré$Ys REY and ethérdfomisanf Xsand\¥s MEM=22, MﬁMﬂ@eM%M’ -é9d€/ -si ze zeolite.
19 This Shes%t M#As aﬁ@mﬁqﬁ[ aced 111111211211221 2222 LEber ol

3. The method according to Claim 1 or 2, further comprising
contacting said reformate with a hydrotreating catalyst prior to contacting with
said molecular sieve 1o substantially convert dienes contained therein to oligomers

and to partially convert said olefins to alkylaromatics.

4. The method according to any preceding Claim, further comprising
clay treating said reformate after contacting with said molecular sieve to

substantially convert said remaining olefins to alkylaromatics.

S. The method according to Claim 3 or 4, wherein said hydrotreating
catalyst has a metal component selected from the group consisting of: nickel,
cobalt, chromium, vanadium, molybdenum, tungsten, nickel-molybdenum, cobalt-
nickel-molybdenum, nickel-tungsten, cobalt-molybdenum and nickel-tungsten-

titanium.

6. The method according to Claim 3, wherein said hydrotreating

catalyst is a nickel molybdenum/alumina catalyst.

7. The method according to any preceding Claim, wherein said

molecular sieve is an intermediate pore size zeolite.

—_—
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* CL s Il WO 0150942 PCT/ US00/ 29291 8. The nethod according to Caim4,
wherein the clay is selected fromthe group consisting of Engel hard F-24
clay, Filtwolo1R®42Fi[trol 25, and Filtrol 62, Attapul guspct/usoozsedl Tonsi |
clay. 9. The nethod according to C aim 3, furt her conprising separating
said oligoners fromsaid hydrotreated reformate prior to contacting with
said nol ecular sieve. 10. The nmethod according to Caim3, wherein said
hydrotreating catalyst is a nickel nolybdenum alum na, said zeolite is
MCM 22 and said cl ay is Engel hard F- 24 cI ay, and wherein nore than 95
percent of said di enes f| n I d arorr%tlcs reformate are

converted. 11. Th& met Stafﬁ% cin s ceayAs srlecliddr® n sai d

nol ecul ar si a4egroip B@hﬁ&goﬂ&ng&lk&dmm Pm?dmdllfiﬂroms 20 FAR6I2di ng O ai m
wherein said nmolecular sieve Is self-bound MCM 22. 13.” The net hod

accordi ng t o Atappiges elayand Fonsilclysai d ol ecul ar sieve is zeolite beta.
This Sheet Has Been Replaced I 1"I"™1 110 ter vl 1 Hi
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9 The method according to Claim 3, further comprising separating

said oligomers from said hydrotreated reformate prior to contacting with said

molecular sieve.

10.  The method according to Claim 3, wherein said hydrotreating
catalyst is a nickel molybdenum/alumina, said zeolite is MCM-22 and said clay is
Engelhard F-24 clay, and wherein more than 95 percent of said dienes and said

olefins in said aromatics reformate are converted.

11.  The method according to any preceding Claim, wherein said
molecular sieve is MCM-22.

12. The method according to any preceding Claim, wherein said

molecular sieve is self-bound MCM-22.

13. The method according to Claims 1-9, wherein said molecular sieve

is zeolite beta.
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