-1- TRANSALKYLATI ON OF AROVATI C FLU DS FIELD OF THE | NVENTI ON The present

I nvention relates to transal kyl ati on of al kyl ated nononucl ear aronmatic
conpounds in the presence of polycyclic aromatic conpounds. More
particularly, the present invention relates to the selective transal kyl ati on
of a mxture of nononucl ear aromatic conpounds in the presence of a _
bi cyclic aromati ¢ conpound. Large-scal e ‘refinery production separates crude
oil into many fractions one of which is known as virgin naphtha. Virgin
naphtha is often reformed to make aromatic naphtha or reformate for notor
gasol i ne bl ending and chem cals recovery. The fractionation process is

of'.te.n a corrpl ex disti W@NQ@L&@%A ib _ gl Wiﬂ'ﬂﬁmﬁﬁﬁs di ffergnce in the
boi | i ng points of themmﬁm%m—fmratlon into

various fractions. Many of these fractions pay contain naphthal ene.

Consequent | t here sts a need for aromatic fluids having a reduced
napht hal enﬁ@&&@i@1 %ﬁ %‘fprocess for producing aromatic fluids

having a reduced BRNGRALY ahiafioA! rclRAP! falsaRS 1 ibICsIRNIAkE SAGRmER ¢
napht hal ene-containihg aromatic flurd and ethyl benzene-contai ning uid to
be conver t athmatico compalud siowilichprersdnaa cefdpelgtydicamdmatio comgmwads. byMpreoduct s
for recycling. Addi%on_all , _some o{ the refi nery f_ra‘}clg)igons contain a

m xture of PRICBHEY afg PreschlinyenymTslatepra the el e Srpsa i dation of 2 quxiugme of
1, 2-di neth gt FourieLMEZ SHE 0B ool dTet kD moval
of the et hé#%ggé(gﬂ% E3fa"r}ommtnh(=,l= ‘%g#ene |§s desi Sjébl e(,: but cbcg)IC flp;(z:%?(g o y the
sim | ar bokbmpgugbi nts of the xylene and

Large-scale refinery production separates crude oil into many fractions one

~ of which is known as virgin naphtha. Virgin naphtha is often reformed to make
aromatic naphtha or reformate for motor gasoline blending and chemicals recovery,
The fractionation process is often a complex distillation that primarily relies on the
difference in the boiling points of the components of' the reformate for separation into
various fractions. Many of these fractions may contain naphthalene. Counsequently,
there exists a need for aromatic fluids having a reduced naphthalene concentration
and a process for producing aromatic fluids having a reduced concenfration of
naphthalene. These processes permit naphthalene-containing aromatic fluid and
ethylbenzene-containing fluid to be converted into products with enhanced value and
to recover by-products for recycling.
 Additionally, some of the refinery fractions contain a mixture of xylene and
ethylbenzene. The xylene comprises at least one of 1,2-dimethylbenzene, 1,3-
dimethylbenzene and 1,4-dimethylbenzene. Removal of the ethylbenzene from the
xylene is desirable, but complicated by the similar boiling points of the xylene and
ethylbenzene. The problems of removing naphthalene from aromatic fluids and
| ethylbenzene from a mixture of xylene and ethylbenzene can be solved by
transalkylation of the naphthalene containing aromatic fluid with a mixture of xylene
and ethylbenzene under conditions for the selective de-ethylation of ethylbenzene and

the ethylation of naphthalene. This results in increased value for a naphthalene-



et hyl benzene. The probl ens of renoving naphthal ene fromaromatic fluids and
et hyl benzene froma m xture of xylene and et hyl benzene can be sol ved by
transal kyl ati on of the naphthal ene containing aromatic fluid with a m xture
of xylene and ethyl benzene under conditions for the selective de-ethylation
of ethyl benzene and the ethylation of naphthalene. This results in

i ncreased val ue for a naphthal ene -2-“depleted aromatic fluid and for

et hyl benzene-depl ete xylene. Also this permts the recovery of benzene for
recycle i i : 5@@5@3 I esent
inventioga%gggfggg&gygbgggggqggﬁﬁ Pg uci ng gﬁfa %E%tg¥gf Efﬁ%ﬁggfﬁé a
reduced nepphttyal baeenofor estyclatintohigh®helarmoaidic fl uid conprises at | east one
aromatic conpound, typically a m xture of two or nore aronmati c compounds.
The aromatic fluid nmay conprise an aromati c conpound which is fluid at

anbi ent SINIBIARVIGE THBYINVENTIO® an aromati c conpound that would be solid
at anbient tenperature, but 1s fluid wunder transal kylation conditions; or
may conprise dNAPRETH ENVERtIGMPIEVIGERE PEOCRS IURtICIng anATomatg duiddaynga| i d at
anbi ent  Lenpef ﬁﬁ}i‘l’lﬁ%zleug'c%ﬁ%n‘(ﬁtiélﬂ ﬂehﬂr&ﬂé’& AL BIpFis GO dne 2fAigTOOdI Ment
of the present i'nvention also provides a process for recovering benzene
from a CceB8mpownmtyipicafly ai dixtuFhef Gv@ oamormarpmati¢ cordp@odpriteesoettivyflibdnzene. I n

one enbodi nent according.to the present .inyention, .the C8 aromatic fluid
conpr | SeYarHOmBEnTboratc st iREh 5 B 4 et euBiSene ang

1, 4- di metchyph&aen8matid cordind ehat VRARHbORINI a2 aH@Icit fRehpetrtdbeoipiLBEat
invention, the C-8 aromatic fluid consists essentially of ethyl benzene,

1., 2- di nendsfItsepsedeiomcondiionst Mynyesrieriise aiaixturg of an sEmaiicenibeped,

that would be a solid at ambient temperature, dissolve in a liquid aromatic compound.

One embodiment of the present invention also provides a process for recovering benzene
from a C-8 aromatic fluid. The C-8 aromatic fluid comprises ethylbenzene. In one
embodiment according to the present invention, the C-8 aromatic fluid comprises
cthylbenzene, 1,2-dimethylbenzene, 1,3-dimethylbenzene and 1,4-dimethylbenzene. In
another embodiment according to the present invention, the C-8 aromatic fluid consists
essentially of ethylbenzene, 1,2-dimethylbenzene, 1,3-dimethylbenzene and 1,4~

dimethylbenzene.



-3- EP 0 494 315 Al discloses a process for producing

2- al kyl - 6- et hyl napht hal ene, the process conprising reacting at |east one
napht hal ene conpound sel ected from anong napht hal ene and 2-al kyl napht hl enes
wi th a pol yet hyl benzene at 50 to 400C in the presence of a solid acid
catalyst. -4- In the present inventiggL a process for reduction of
napht hal ene concentration in a mxed aromatic fluid conprises mxing a C8
aromatic fluid conprising ethyl benzene w th a naphthal ene-contai ni ng
aromatic flui gpiPsdo8 8 A1Mixshed s PrBlebC fo I ficing ONAIRGIS Rty nb R ATbAcS d
aromatic fluid with an acid catal yst under conditions suf?|0|ent to effect

t r ansal k{Hegurpesss eamprising lseciing it leastcona napiphal¢ngl compouegsedectad fndm edhong onat i ¢
fluid; a rat e i r al ene-depl.et.ed aromatic
fluid i AeeERaRdls 2 hEpRERERr S S B MR CRT S aRO% Al L7

cat al yst piesemeayf a adiddacif casalfdti ci ent acidity to effect transal kyl ation. The
acid catal yst conprises at |east one of H+ BETA., MCM 22, MCM 49 and USY,
whi ch may be used in any of the enbodi nents described above. BRI EF
DESCRI PTI ON OF THE DRAW NGS Fig. | shows the % napht hal ene conversi on versus
the run tine. DETAILED DESCRI PTI ON OF THE | NVENTI ON -5- The process of the
present invention is defined in the appended clains. In the present

i nvention, the process for reduction of naphthal ene concentration in a m xed
aromatic fluid conprises mxing a C8 aromatic fluid conprising

et hyl benzene with a



napht hal ene-containing aromatic fluid to forma m xed aromatic fl uid;
contacting the mxed aromatic fluid with an acid catalyst at a tenperature
of from270C to 600C and at a pressure of fromO0.07 to 68.95 bar g (from1l
to 1000 psig) to form benzene and a naphthal ene-depl eted m xed aronmatic
fluid; and separating the benzene from the naphthal ene-depleted aromatic
fluid. The napht hal ene-cont ai ni ng aroﬁ%tlc fluid is -6 exenplified by
Aromatic 150TM and Aromatic 200 T, 45 Fluids sold by ExxonMbil Chem cal
Company. | n Olg (RNRESNIFILnioR! £hikakIrk iR HkpeRie Lh QndRR in90- Wt %6 of
the polycyclic conpound is converted to the ethylated polycyclic conpound.

I n one erhiged aromatict fhad p@paﬁpescrselnlw alGr8 targuatior %/@éssoatprusmgsqthydmzmol ite

sel ected f.rom fera

napht hal enléh %]elp'fHJﬂ? Ze °f ﬁolr\{%'\/hn B nral K& qaté)gfgmf' ﬁe{lﬁ] 4] tma?ﬁ&mp § tacu“ﬁt hal ene.
The naphtthalnamai aaneRit flati whh ian adimeaua@phhﬂ@dreamdd@pi %hﬁ'ﬁhﬁﬁﬂ X@Céffaétomitl c
fluid my be f %rther reduced by m xi I% t he hthalene depl et ed m xed
aromat i ¢ FAsylgiamtoaformobeneritadca ne Ffaleesﬁﬁp Pgerﬂ Agixed prmienEtre®o fonn a

reduced naph 5h}@ttﬁ@%&%@bﬂ'tmn%hmﬁﬁnaamkagmmaub@huld contacting the reduced
napht hal ene cont ai ni ng m xed tic flud wth an acid catalyst under

condi ti ons suflfijong @mbOtlmn@t begrdingte Iﬂ@r pnemh slaflekwratth@) acitl safalysmisbanzene and
a napht haj onat ui-d h n ss_than about 1000 ppm
mapnt hal i e e KE Rl SERRb oo s R st AL et e

aromat i c off Hui EEmaylwng e3s M¢Mm9ala@wtus_‘00@;hpmmm§plbﬁ hatene. any?of HeEDSTOCK

The aromatic fluid containing naphthal ene useful Iin this process can be
embodiments descrlbed above.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. I shows the % naphthalene conversion versus the run time.

DETAILED DESCRIPTION OF THE INVENTION




derived froma substantially deal kyl ated feedstock. The type of aromatic
fluid feedstock useful in one enbodi nent of the present invention conprises
one or nore fused-ring polycyclic aromatic conmpounds, although assenblies
of two or nore cyclic systenms, either single ring cyclics or aromatics or
fused systens may al so be present. Ig one enbodi nent according to the
present invention the m xed aromatic ~fluid conprises

1,2,4-trinethyl benzene; 1,2,3-trinethylbenzene; mcynene; a m xture of

al kyl ben%@$r&&gp9#gésprpéxt nﬂeﬁﬁdm Hefifedtin®ink gpéwgétcuu&l@%sthe ?:Pe%&tm kyl
substituent "havi ng to 4 carbon atons and the al kyl benzene conpounds
have a nmteatlomuhtberocoss argbation ofmap}@lmywnﬁg:ohc@mm@l o aIRixehapmaial ene; and

nmet hyl na al ene. The. pol ycy, C.aro c, compound i |caII obt ai ned
from cat gf“y‘{] QMBSES, T oape gt amrlnna 1Bu uﬁlaf Ogﬁjgémﬁee%[bé e ﬁ%m cracki ng
oper at i omgphiBalghe-cdntaititly mﬂmbﬁdﬂmattalfytmca fiad kirogatid@0)d; QontaBitighthe bed

Ther nof or catalytlc cracki ng pi cal | t hese feed stocks have a

hydr ogen Teig¢t Rtmads fH! ‘Qj'rﬂéa‘ﬂ agid ﬁﬁf&fﬁ%@d@mp@z&sﬁ o from 2 He- BrPOG a0t v no
greater tpan,2a;and gg@rfat@s@s%wget%nﬁpté 2680 fa{?%)gtto 188 Wenzele afM a

substantial I'y deal kyl at feedstockis a product was fornerly an al kyl
aromatic mdﬁb&j@mddeptﬂtedmlmﬁed earghatigl Iﬂ]ﬂid arsiracnacatognpeu herzent haem cdint ai ned

bul l'y reI al k chaln ffixed. t e aromatic
noi ety. Thﬁ 8%%§ﬁﬁ?mﬁ%h?@8oﬂgfmg‘ﬁ (ArAR e lnga”%ﬁ%%ﬁkﬁyﬁaving no bul ky

si de chain aIkyI group. Representative exanples of the aromatic conpound
i ncl ude phenant hrene, anthracene, dibenzothi ophene, fl uoroanthene,
fl uorene, benzot hi ophene,



acenapht hene, bi phenyl or naphthal ene. During acid catal yzed cracki ng and
simlar reactions, prior deal kylation generally will renove side chains of
greater than 5 carbon atons while | eaving behind primarily nethyl or ethyl
groups on the aromati c conpounds. Thus, for purposes of this invention, the
pol ycyclic aromati c conmpounds can include substantially deal kyl at ed
aromati ¢ conpounds which contain snall al&yl groups, such as nethyl and
sonetinmes ethyl and the like, remaining as side chains, but with relatively
few | arge al kyl groups, e.g. the C3 to C9 groups renmaining. In one

enbodi ment, the polycyclic aromatic feedstock conprises a m xture of

pol ycycl i c conpaunds, deal kyl at or substanti akl,y_deal kyl ated, which woul d
e 7T ound. ISHCEOREF W SIS SHbiet o5t AU ICAPD G o 6] 14 P Tsombabeinat |
feedst ock ' GRURLD Coinfaty® 1R!dn¥ Shiboith S iR Efl 0N Hoaf Add: 95 A0 Aty 90, One
type of polycyclic aromatic conpound. ‘Representative exanples of “stitabl e
pol ycycl i ¢ vatoohithepalgfyichie cympyuipd xduwatertedenithe dilfytmespelgksclicrootipdand.

refom ate, |ight nge oi|s and heavy cycle oils from catalytic cracking or
pyrol ysis pReBesERRdinSIhdpe preirrprbatdystsompHBTA feastisioriadite felratulieomne
liquid pro r el 1101 f4l wt L S S coker
gas oil, ag%lﬁﬁr% I?L?jé\gzré?é\ﬁéﬁg ggtﬁngnyggbgﬁ%gﬁ%yn@ﬁg{a?jé%%%n??fé lE‘l:eﬁgi,hﬁg. g.,
furfural esinpaedsiless théh boutsbillcssn abplshdltab| €hé eguishadelescomentrdi@dnanheavy
crude fractjon %@gined by. crude fragti.onal ecifically, the

Q distillation.
pol ycycl i ¢ i eplthaleneeiRpliiFhmbtsc Bnpedt SWdoBat Ap Avther req?%“aét%gzn@mﬁhs gr oups
and up t0 b difaste-de el ! Gi@hOMB Rt TR RyiBe aacb%/%&ﬁ&i@%id %@'ﬁhﬁkiﬁgng up
to 5 or nor énzene rings I n any arrangenment including fixed behzen
ethylbenzene to form a reduced naphthalene containing mixed aromatic fluid;
contacting the reduced naphthalene containing mixed aromatic fluid with an acid
catalyst under conditions sufficient to effect further transalkylation to form benzene
and a naphthalene-depleted mixed aromatic fluid ha\_fing less than about 1000 ppm
naphthalene; and separating the benzene from the naphthalene-depleted aromatic

fluid having less than about 1000 ppm naphtbalene.



rings in linear arrangenent. It can be alnost entirely or predom nantly
"carbocyclic and can include or be part of a heterocyclic systemin which at
| east one of the cyclic -9- elenents of the nolecule contains at |east one
heteroat om such as sulfur, nitrogen amd/ or oxygen. In one enbodi nent
according to the present invention the mxture of aromatic conpounds may be
Aromatic 150 TM or Aromatic 200 TMfluids sold by ExxonMobil Chem cal
Conmpany. Aromatic 150 TMfluid conprises approximately fifty conponents

wi th some of the principle conmponents conprising about 1.7 wt.% of
1,2,4-trinethyl benzene; about 3.0 wt.%of 1,2,3-trirethyl benzene and net a-
cunene; a mxture of about 81.6 wt.% C 10 to C 12 benzene conpounds, having
one or nore substituents selected fromnethyl, ethyl, propyl, and butyl;
about 8.6 wt.% naphthal ene; and about 0.3 wt. % net hyl napht hal ene.
Alternatively, the Aromatic 150 TMfluid may be distilled at atnospheric
pressure to renove about 60 wt.%of the |ighter conponents to | eave an
Aromatic 150 TMfluid concentrate that is about 40 wt.% of the total
material prior to distillation. The Aromatic 150 TMfluid concentrate
conprises about 20.4 wt.% naphthal ene. Aromatic 200 TM fl ui-d conpri ses
approximately 25 to 30 conponents with sone of the principle conponents
conpri sing naphthalene (10 w% ; various a icylnaphthal enes (75 wt%,

i ncl udi ng 2- et hyl napht hal ene (26 W%, 1- nethyl naphthal ene (13 wt %,

2- et hyl napht hal ene (2%, dinethyl naphthalenes (18 w%, and trinethyl
napht hal enes (7 wt% ; and the remaining 15 wt % conprises primrily

al kyl benzenes, as _determ ned by gas chromat ographi c anal ysi s. -

FEEDSTOCK

The aromatic fluid containing naphthalene useful in this process can be

derived from a substantially dealkylated feedstock. The type of aromatic fluid
feedstock useful in one embodiment of the present invention comprises one or more
fused-ring polycyclic aromatic compounds, although assemblies of two or more
cyclic systems, either single ring cyclics or aromatics or fused systems may also be
present. In one embodiment according to the present invention the mixed aromatic
flud comprises 1,2 4-trimethylbenzene; 1.2,3-trimethylbenzene; m-cymene; a
mixture of alkylbenzene compounds having from 1 to 4 alkyl substituents, each alkyl
substituent having from 1 to 4 carbon atoms and the alkylbenzene compounds have a
total number of carbon atoms ranging from 10 to 12; naphthalene; and
methylnaphthalene.

The polycyclic aromatic compound is typically obtained from catalytic
reforming operations but may also be obtained from cracking operations, e.g.
fluidized bed catalytic cracking (FCC) or moving bed Thermofor catalytic cracking
(TCC). Typically, these feed stocks have a hydrogen content of no greater than about
12.5 wi. % and API gravity no greater than 25 and an aromatic content no less than
50 wt. %,

A substantially dealkylated feedstock is a product that was formerly an alkyl
aromatic compound, or mixture of alkyl aromatic compounds, that contained bulky

relatively large alkyl group side chains affixed to the aromatic moiety. The



Aromatic 100 TMfluid may al so be used. Aromatic 100 TM fluid conprises a

m xture of conponents with sonme of the principle conponents conprising

al kyl benzenes having 9 to 10 carbon atoms, the al kyl groups primrily being
met hyl and ethyl groups, and sone of t&e principle conponents conprising
propyl benzene (5%, ethyl nmethyl benzenes (28%, 1,3,5-trinethyl benzene
(1099, and 1,2,4- trimethyl benzene (32% . -10- ALKYLATING AGENT The

napht hal ene-contai ning aromatic fluid is contacted with a C8 aromatic fluid
conpri sing ethyl benzene. The source of nonocyclic aromatic conmpound

(et hyl benzene) conprises a reformate fraction or any other ethyl

substituted | ¢ aromatic-rich feed. Liic exanples i.nclude.a
reformate f rdg%wﬁgl% sev%\l/l hlgo d%gg 130&11%%@?}?80 bcggmpg?@?%&gg AP ﬁ@fr}g ﬁld:? C}%%% fta éef ul
source of thesip. MRRpRYEIthGVAERTRSIES of HEPSORMASC | dnponsd ahiale pheamtirem,

ot her useful sources include pyrolysis gasoline, coker naphtha,

net hanol -t o2ghsasenpe, dbengnthiophenso| i flacreanthrssst  dilerene. or bsnyefhivabenc,
conversi on proce taein signifj.cant aromatics product is obtained.
Anot her souraﬁeé’apéélf é% ?g@yfg?xggﬂ%@% tict ~of various aromatics conversion
processes (e.g., tDhignecid spLgRaT biekaki A sndlax\Wesitns) pEOEdedRYIa06) -

Anot her advantage to _using the nonocyclic aromatic conpound as_a
transal kyl agenrgalligent!, remndecside shaias iof| sreateigthant h careoal etomen wile dergmtal i de,
5 e L SRR SRS ACAT, OF 08 JOASCHEAS BRI LERERRRTIAD B
et hyl al kyl bgipesns of tids berzeten, Wien pbieyclic aromatic compounds can include
substantially dealkylated aromatic compounds which contain small alkyl groups, such
( as methyl and sometimes ethyl and the like, remaining as side chains, but with
relatively few large alkyl groups, e.g. the C; to Cq groups remaining.

In one embodiment, the polycyclic aromatic. feedstock comprises a mixture
of polycyclic compounds, dealkylated or substantia'lly dealkylated, which would be
founcéi in a refinery by-product stream. Alternatively, the polyaromatic feedstock
c‘omérises a relatively pure feed consisting essentially of one type of polycyclic
aromatic compound.

Representative examples of suitable polycyelic aromatic refinery by-product

derivéd feedstocks include reformate, light cycle oils and heavy cycle oils from
catalytic cracking or pyrolysis processes. Other examples of suitable feedstocks
include the liquid product from a delayed or fluid bed coking process, such as a coker
gés 6il, an aromatics-rich fraction produced by lubricant refining, e.g., furfural
e?xtraction. Other sources of suitable feedstocks include a heavy crude fraction
obtained by crude fractional distillation.

Specifically, the polycyclic aromatic compound contemplated contains at
least 2 cyclic groups and up to at least 5 cyclic groups. It can be a hydrocarbon
containing up to 5 or more benzene rings in any arrangement including fixed benzene

rings in linear arrangement. It can be almost entirely or predominantly carbocyclic

and can include or be part of a heterocyclic system in which at least one of the cyclic



nmonocyclic aromati c conmpound is ethyl benzene. The pol yal kyl ated al kyl ati ng
"agents, having both an ethyl substituent and at |east one nethyl
substituent, are not entirely dealkylated by the reaction. The ethyl
substituent is selectively transferredgpreferentially over a nethyl
substituent when the ethyl substituent and the nethyl substituent are on the
sane nononucl ear aromatic -11- conpound. The ethyl substituent is also
selectively transferred from ethyl benzene in a mxture also containing

met hyl - or pol ynmet hyl benzene conpounds. An advantage of using the nonocyclic
aromatic conmpound as a transal kylating agent, instead of alkylating with an

al cohol or é'}éxjﬁé(ﬂtp%f' e ’méﬂém%@%onlraﬁﬁlﬁlttﬂe#g oh® Wl%fﬁﬁ'éé-t&ﬂ Qon LR&RAL Y rgé@ ated
monocyclic aronati ¢ conpound to a gasoline boiling range proddct o T he
conver si on gid/wtdxybbenzene to benzene, which nmay be separated and recycl ed.

I n one enbodi nent _accordi ng to the present jinvention, the al kylating agent
is a C8 aromati ¢l |QRedemBAYRIEEE mgcargmante g el BateRier thy Mmixaseher
enbodi nent ' e i nyentiton, I al i tpis a
C '8 ar omat i ROPHLy gbﬂ‘g@%@?i?‘?‘?{g epzril?ﬁrr%%qcl Wf %;' | %}ndgﬁ%t%dm& hylf@gdnsi%ﬁgb The

t ransal kyl aEteaMifbibChahjmay Clonpaay.onsbietic dffothfniduahprases apprkithatine,
with an al kyl substituted.nmonocyc]jc aragnptic conpound, such_as

et hyl benzendly FYNBANEGUMREPMSATBABENGRC RENRGTSHIS SORPEsEgraboyt 1.y et.%

cau Ly b LV o Eeka shpdadet, o Wby \emstalygenRoouptign
al kyl at i ng cugent; amyxtoe detbertd hédviBy C-idid CrE beebasngpmpounds, having one
. or more substituents selected from methyl, ethyl, propyl, and butyl; about 8.6 wt.%
(-- naphthalene; and about 0.3 wt.% methylnaphthalene.
Alternatively, the Aromatic 150 ™ fluid may be distilled at atmospheric
pressure to remove about 60 wt.% of the lighter components to leave an Aromatic
150 ™ fluid concentrate that is about 40 wt.% of the "tc'r[aI material prior to distillation.
The Aromatic 150 ™ fluid concentrate comprises about 20.4 wt.% naphthalene.
Aromatic 200 ™ fluid comprises approximately 25 to 30 components with
some of the principle components comprising naphthalene (10 wi%); various
aélicylnaphthalenes (75 wt%), mcluding 2-methylnaphthalene (26 wi%), 1-
1131%athylnaphthalene (13 wt%), 2-ethylnaphthalene (2%), dimethyl naphthalenes (18
wt%), and trimethyl naphthalenes (7 wi%); and the remaining 15 wt% comprises
ﬁ;ﬁmaﬁly alkylbenzenes, as determined by gas chromatographic analysis.

(' h _ Aromatic 100 ™ fluid may also be used. Aromatic 100 ™ fluid comprises a
mmtme of components with some of the principle components comprising
a?lkylbenzenes having 9 to 10 carbon atoms, the alkyl groups primarily being methyl
and ethyl groups, and some of the principle components comprising propylbenzene
(5%) ethylmethylbenzenes (28%), 1.3,5-trimethylbenzene (10%), and 1,2,4-

trimethylbenzene (32%).



The equilibriumof the transalkylation is affected by the ratio of the
al kyl substituted nonocyclic aromati c conpound to napht hal ene-cont ai ni ng
aromatic conpound containing fluid. A higher nono-al kyl substituted benzene
to naphthalene ratio increases the equilibriumconcentration of the
substituted napht hal ene and benzene L(ﬂ t he transal kyl ation. By controlling
the ratio of nono-al kyl substituted benzene to napht hal ene-cont ai ni ng
aromati c conmpound containing fluid, while !l | holding other paraneters
const ant 4t agSeNAGENPN of naphthal ene in the transal kylation product
m xture Ay be mnim zed and the concentrati on of benzene maxim zed. In one
enmbodi ment acdbe dipghalenctdostapries emmatin et is opptasted with pht adrematic fwat ai ni ng
aromatic flﬁiiqn' 8 clﬁgtzacé ed with an acidic catalyst in the presence of an
al hyl subStTPUY B% YEne cont ai ni ng fluid, wherein the ratio of the
al kyl substi t uttke solie bena@nReydle aplatibat@RRun@n@esiHehgamepomiprildd ho about 1
and nore preferably from about 5 to about 1. Alternatively, a_ larger
napht hal &fermpase g’ﬁwnsqmm'm gdhybutbstitied mgnogyclic feeragiicadceh %’(?éd'e?ﬂ??llﬁF bri um
concentr %&Aﬁ&e&fmcﬁﬁ@zaefé%orfrﬁf@ﬁgmdé‘@!mﬁ BedCort faMRa vy | Bl Rk AllBugs
enbodi nent according to the present i1nvention, the naphthal ene-containing
ar omat i ¢ nfdsupsefilssoapenst elcthesk wionpeyghc avinatitic eampolgds isi n refhangie doeiors of an
al kyl subst,i cont aiyni fl.ui i rati o of. the
napht hal Z)Enhee% # %e%ﬂa%%ﬁ%gfr}%ls Cif%tpg?(gg% I%gansgielﬁ%%? léér%gleéﬁt*lg’d%}gﬁ%)g{mﬁasfh% |5r ef erably
about 1: bther Qrelitce shialgiimeidifinaoc wxgbtigitd @ofiteesii g86tHss | Wiwa€ihi signifisar@ process
of recovering benzene, féﬁ{gﬁg C-8 aromatic fl u{]d conprisin 1xing a C8

a

aromatic @ $1REedUEt iy © Another source 1s the heavy side product of varicus
aromatics conversion processes (e.g., toluene disproportionation and xylene
isomerization).

Another advantage to using the monocyclic aromatic compound as a
transalkylating agent, instead of alkylating with an alcohol or alkylhalide, is the resulting
conversion of the monocyclic aromatic compound to a gasoline boiling range product
when the monocyclic aromatic compound is an ethylalkylbenzene or to benzene when the
monocyclic aromatic compound is ethylbenzene. The polyalkylated alkylating agents,
having both an ethyl substituent and at least one methyl substituent, are not entirely
dealkylated by the reaction. The ethyl substituent is selectively transferred preferentially
over a methyl substituent when the ethyl substituent and the methyl substituent are on the

same mononuclear aromatic



napht-hal ene-cont ai ni ng aromati ¢ conpound containing fluid in the presence of
"an acidic catalyst under conditions sufficient to effect transal kylation to
form a benzene containing, naphthal ene depleted aromatic fluid and
separating the benzene fromthe benzemne-containing, naphthal ene depl eted
aromatic fluid. A naphthal ene depleted aromatic fluid refers to a reduction
of nore than about 10% of the naphthal ene present in the starting

napht hal ene-contai ning aromatic fluid. In one enbodi nent of the process of
recovering benzene froma C8 aromati c conpound containing fluid, the C8
aromatic fluid conprises primarily xylene and ethyl benzene. In another

enbodi nent of pr - orrpound
cont ai ni ng ‘f"ﬂ?ﬁ El%dt k@%%%hé H \e(?%%lgﬁf ‘ﬁg{{éﬁgﬁtr&{s ﬁéal f%[gst ﬁ%%e‘gﬁ%enzene
ranges from mabotalto tantdbogtmelyl- pfpél@ﬁﬁbi%eﬁﬁ@ia@hmhndlsto about 5. Also,

the equilibriumis affected by the catal yst, as, shown in Figure 1.

Catal ysts The cat &fystdvasiage | ﬁf t‘?ﬁén%or@éeé%o”é’ﬁ"%l?ﬁ PG FURPPEdarRsac d
catal yst. Sy i pe

otal Vosi 1 1 RpatVARRE el SUULAPLE IAIC LR BE ALY SIBIARE, 15

acidi c oxi deﬁalﬁﬁg @nsersie 96ithabiddyaliyiees ﬁmhocychcairahmat scaaigoundetaula i n
fluird and flx‘ed bed catal ysis, and, being hetero t%eneous to.the reactants,
are readi | yBa5R légthd?rP@‘Fﬁt o1 the GO CEIRY ehe Ibemeear Jo eperae. Byl for
this proce: he feedstock and, in sone cases, to the
product degfiﬁr};eg &Eﬁ%‘%ﬁgﬁrﬁp Véth the | arger poI ycyclic aromatic that
contai ns over aboli oie atli}b@ﬂitﬂeﬂt fidcogling tthepaesens inveniddn, tealkghtiab gentnust  be

sufficiently |large since the pore size const nts of _the zeolite_ can
xg/ a C- 8gal omatlc ﬁmd comprlrsmg xy%ene and et{l‘ﬁ'benzene. In anoﬂ%er embodiment

(' accprdmg to the present invention, the alkylating agent is a C-8 aromatic fluid
coﬁfs.{sting primarily of xylene and ethylbenzene.
| The transalkylation of a polycyclic aromatlc compound,  such as
:naphthalene with an alkylsubstituted monocyclic aromatic compound, such as
| ethylbenzene is an equilibrium reaction. As shown in Figure 1, the equilibrium is
: estabhshed faster at higher temperatures. The optimal temperature for a particular
;catalyst naphthalene-containing feed -and alkylating agent may be determined by
rogﬁcme testing.
- "Z The equilibrium of the transalkylation is affected by the ratio of the
alkylsubstltuted monocyclic aromatic compound to naphthalene-containing aromatic
| compound contatning fluid. A higher mono-alkylsubstituted benzene to naphthalene
(‘ 21'3,1210 increases the equilibrium concentration of the substituted naphthalene and
benzene in the transalkylation. By controlling the ratio of mono-alkylsubstituted
;benzene to naphthalene-containing aromatic compound containing fluid, while
fholdmg other parameters constant, the conceniration of naphthalene in the
tlansalkylauon product mixture may be minimized and the concentration of benzene
maxu"mzed. In one embodiment according to the present invention, the naphthalene-
containing aromatic fluid is contacted with an acidic catalyst in the presence of an

alkylsubstituted benzene containing fluid, wherein the ratio of the alkylsubstituted



-catalytic

hi nder adm ttance of these bul ky nol ecul es. Thus, the preferred catal ysts

‘for this invention are the large pore zeolitic behaving catal ytic

material s, including HtBeta, MM 22, MCM 49, and USY. These zeolitic
catalytic materials are exenplified byl2those that, in their alumnosilicate
formwoul d have a Constraint Index ranging from up to about 2, preferably
fromabout 0.2 to 2 and nore preferably, less than 1. Reference is here made
to U S. Pat. No. 4,784,745 for a definition of Constraint Index and a
description of how this value is neasured. The preferred catalytic
materials having the appropriate functionality include nordenite, zeolite
bet a, faul |te J | I ngeolitic
§%&§k@35§§35 %gﬂg gﬁﬂu#%tggg§%§ﬁﬁﬁ%é?ggl¥é&n§%y%?eedsthat

are pr edonhmtslt)zs abonpnsed of poI ycycl ic systens having two rings, such as
napht hal ene and al kyl - substituted napht hal enes such_as nonget hyl napht hal ene.

A part icular clé@ngivelat al jaree rapebilans Radladsubsdvigds lhsprangt gatio

1oL e SR o 5950 A e, 12
ZSM 23, ZSh 3hg erBNHﬂﬂent 280Mrdh@ tarl;ﬁe I‘p@deﬁﬂ invEh#eg the alphthsleas-eomtaiird bed in

the foll owi ng patent_ and patent tlppl i cations which are fully incorporated
by ref er ent@mang\RIG s UC‘S?"&CF’%Q e‘ﬁ a%dl?ofé'@b’s'[ Zawthe presdges opatent No.

3, 709, 979; i t
Applicati ongﬁg‘:1 tﬁgg .L]Begé%l,% 59%534@;%& h PI%%N%)F%EI H%E{T@%IP ng;
ZSM 23 in Mkﬁsumaﬂ H‘dﬂzen@ ﬁiﬁ@c@%}m Z50u3%: 1 no Whr8erdBht ebbut NAO. , ¥l 6, 245;

ZSM48 in U S. _applicatjon Ser. No. 13,640, filed on FEeb. 21, 1979 ZSM 50
inAL S SefPBYJINGIT 2eRoTdiDg to fthq RigsInd BPIRBDPN IR 2 RI9EESs MEMESD STiRE Pegzensat ent

g'gfe“ 956, fdda 269 bich:18%h A0 bbmbliShe BALER 808 2338 BBPordl AulMAS i n U. S
naphthalene-containing aromatic compound containing fluid in the presence of an

acidic catalyst under conditions sufficient to effect transalkylation to form a berizene
containing, naphthalene depleted aromatic fluid and ééparating the benzene from the
benzene containing, naphthalene depleted aromatic fluid. A naphthalene depleted
aromatic fluid refers to a reduction of more than about 10% of the naphthalene
present in the starting naphthalene-containing aromatic fluid. In one embodiment of
the process of recovering benzene from a C-8 aromatic compound containing fluid,
the C-8 aromatic fluid comprises primarily xylene and ethylbenzene. In another
embodiment of the process of recoveriﬁg benzene from a C-§ aromatic compound
containing fluid, the ratio of the naphthalene to alkylsubstituted benzene ranges from
( about 1 to about 10, preferably from about 1 to about 5.

Also, the equilibrium is affected by the catalyst, as shown in Figure 1.

Catalysts
~ The catalyst used in the process of this invention is an acid catalyst. The
classes of suitable catalysts include crystalline metallosilicates, such as zeolites,
inc]ﬁ_ding molecular sieves. Other acidic oxides may also be suitable. These solid
catalysts are useful in fluid and fixed bed catalysis, and, being heterogeneous to the

reacfants, are readily separable therefrom.



No. 5, 236,575. -14- The catalytic materials described are exenplary of the
" topology and pore structure of suitable acid-acting refractory solids;
useful catalysts are not confined to the alumnosilicates, and other
refractory solid materials which have 13he desired acid activity, pore
‘structure and topol ogy nmay al so be used. The crystalline zeolites have a
porous franmework. The franmework typically conprises primarily silicon
tetrahedrally coordi nated and interconnected with oxygen bridges. O her
framewor k conponents, for exanple, may include Goup Il1B elenents of the
Periodic Table, e.g. alumnum boron and gallium Oher elenents such as

phosphorus and irqﬁem-ce%éam&%%&t%eﬂ %iewisme@ggngraﬁpéﬁen%g&iw

phosphat es and sili co- a1 um num -~ phosphates are specitically contenplated.
The zeol it decibddcinatd, ansomefeasesedo the pdodud, desired. Erampdnaplededthrbe tifvger

topol ogy only and do not restrict the c ositions of the zeol.iticg-behaving
catal o) o S bA o TED CaGes SRbap AP SR e e BEFEER 0] ey and
sel ectivity.t8vq rlﬁ@tb% sulffGefiy Yrad 90é tgg@p&eléﬁé %n‘sﬁﬁints”@ﬂ‘ feSReSH é@a' ly

ethyl ati on/transethyl ation, reactfons I easonabl e tenperatures an
cat al yst spandervetmitthndeest thtsabhsldykybletilon Tdwsspheqiréfenatl loptadiets fredthiver ei n

as the transfer, of one or nore |ower.allcyl groups, such.as ,et fromthe
al kyl substPYEe4 %E‘b"ct}é@q ROTE (RS Eg@ﬂﬁ%ﬁ)?fﬁﬂwgmc ‘%%PV@%P% B}ﬂ%ﬁftﬁ%n&t ic
conpound, syef193, ﬂ/mt{}iﬁlaﬁ&@sihﬁhe%etzwﬁa& SAR9NE Eﬁa_té}fhalé 51% SRERNRE bye- 9

the zeolite, wll usually be used in conbination with a binder or substrate

because t hehgmrthat e thsizawnofostlivete Jorme waddhatd £ Corfivantnipderatangirg Gomr e
of t E‘n too Su%%l)labg{lltdz, lp?e era][;]?f % 81%:508.& Y52 BT Rdre Sregerrgﬁy, less than 1.

C,  Reference is here made to U.S. Pat. No. 4,784,745 for a definition of
Coﬁsffaint Index and a description of how this value is measured. The preferred
catalytic materials having the appropriate functionality include mordenite, zeolite
beta, faujasites such as zeolite Y, and Ultra Stable Y (USY).

|  Other zeolitic catalytic materials.a;fb useful in this process particularly with

' feed§ that are predominantly composed of polycyclic systems having two rings, such
as Iiaiiéhﬂlalene and alkyl-substituted naphthalenes such as monoethylnaphthalene. A
_ part:icular class of catalytic materials having the appropriate functionality, in any
em’é&ﬁment disclosed herein, includes, but is not limited to, those having the
topollogy of ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-

50 a|nd MCM-22. These zeolites are described in the following patent and patent

Q, apph‘catlons which are fully incorporated by reference: ZSM-5 in U.S. Patent No.
| 3,70 886, ZSM-11 in U.S. Patent No. 3,709,979; ZSM-12 in U.S. Patent No.
; 3,832,449, ZSM-22 m U.S. Patent Applications Ser. Nos. 373,451 and 373,452 both
ﬁle& cém Apr.30, 1982; ZSM-23 in U.S. Patent No. 4,076,842; ZSM-35 in U.S. Patent
No.:jf!15016,245; ZSM-48 in U.S. application Ser. No. 13,640, filed on Feb.21, 1975;
ZSMl-SO in U.S. Serial No. 705,822, filed Febrnary 26, 1985 MCM-22 in U.S. Patent
No: .4},95 6,514; zeolite beta in U.S. Patent No. 3,308,069; and MCM-49 i U.S. Patent

No. 5,236,575




i na! catal yst bed. This binder or substrate, which is preferably used in this
".service, is suitably any refractory binder material. Exanples of these
materials are well known and typically include silica, silica-alun na,
silica-zirconia, silica-titania, alumdma, Titania or zirconia. The catal yst
may be in the formof a powder or extrudate. The catalyst conprises the
zeolite as an active conponent in the range of 0 to 100 wt% and a binder in
the range of fromO wm%to about 40 wt% The particle size and the nature of
the conversion catalyst will usually be determ ned by the type of
conversion process which is being carried out, such as: a 15- dovvn flow,

l'i qui d phase, fixeg,d b I
“process; an ebul | Zﬁ nggﬂgﬁ alsag?ézdfeagétﬁ)%? r?}ﬁ%ry ggsﬂogﬁbgye cess or
a liquid or strgamepjfmﬁablbramdsmmz refidctiorgt spbds; bﬂdfubmtabsis axeaﬁomxmtnﬁdecahnve

with the fixed-bed type of operat on preferred Th lower limts on
-catal yst actigal Wn%éPBWSW@Q&m?féE eyt 10 Biaén%ltfﬂéa% Yichhaisthe fesigdgist t at
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t he napht hal en ., the dégree of hal ene reduction, ranges trom
about 20 t oe. QOaImnﬁhum,rlEfrem ad yalﬁumm@he:t daments abcuts dophThe antbgor enayf

e

phosphates are specifically contemplated. The zeolite de&gnaﬂons referred to above,
for example, define the topology only and do not restrict the compositions of the
zeolitic-behaving catalytic components.

The catalyst should have sufficient acid aéfivity and selectivity to promote
the alkylation/transalkylation, more specifically ethylation/transethylation, reactions
at reasonable temperatures and catalyst space velocities.  Tramsalkylation is
sﬁeciﬁcally defined herein as the transfer of one or more lower allcyl groups, such as
etiiyl, from the alkyl substituted monocyclic aromatic compound to the polycyclic
arfoﬁ]atic compound, such as naphthalene.

The active component of the catalyst, e.g., the zeolite, will usually be used
in: ci:ombination with a binder or substrate because the particle sizes of the pure
L’ :zeoiitic behaving materials are often too small and lead to an excessive pressure drop

injaé}catalyst bed. This binder or substrate, which is preferably used in this service, is
-suitébly any refractory binder material. Examples of these materials are well known
and typically include silica, silica-alumina, silica-zirconia, silica-titania, alumina,
Ti’éai]ia or zirconia. The catalyst may be in the form of a powder or extrudate. The
catalyst comprises the zeolite as an active component in the range of 0 to 100 wit%
and a binder in the range of from 0 wt% to about 40 wt%.

The particle size and the nature of the conversion catalyst will usually be

;de’j[eﬁnined by the type of conversion process which is being carried out, such as: a



| east about 20 wt % even nore preferably fromat |east about 30 wt% and
“.nost preferably froth at | east about 50 wt % The degree of ethylation of
napht hal ene is nost preferred when the concentration of naphthal ene in the
‘total mxture of aromatic conpounds-ils-less than about 1000 ppm Wth nost
catal ysts, the followi ng reaction conditions can be used in any of the
enbodi nents di scl osed herein. Tenperatures nmay range from about 270C. to
600 C. (513 T. to 1100 F.), nore preferably at about 275 C. Al though
fluidized, fixed or noving bed reactors can be used, the relative ratios of
feed to catalyst, as applied to fixed beds wll be provided. Wight hourly

space vel ociigweslop\\HEMIA ghhasd, riadabeliprétebs; ta dp-flomprxesipeed, f il | phatg om
about 1 to about 10 w || usual lﬁ gi ve ood results. Pressures may range

f r om at mospPieesss; amebellasings vt Huisiaedrhes liayid progasiphpat Yracesm opadisid es and
usual ly wil]_r . i ' rtial, pressures
w ll normal af P?%%Sé‘f a¥1 gﬂ(?nrg gg%gl}%ejdl%% ]%Q?%E%%%ggeg% og%()vgpt)lglthéi% Xﬁddgﬁrdotg'gﬁo S not
essential , bpdratideeprpfepedss may benefit fromits presence, particularly in
extending catalyst_life. Wen hydrogen is added it typically ranges, from
about -16- 0.5: 1. Ghedeyes lgnis on catsligpteactindy ppd pRoFsREtivT condiiongec syiicient

hydr ocar bo i T, | e. At ) ' 1 .G 4,0 ocyclic
aromatic fa0In;gc[n\(/%vlfdt:tﬂ%ltngf'i ﬁegbf"é“hrgﬁ@ g’?' /9215%%&? Eﬁfpa%p 1% %%1%9 fggﬁ{l;rgg ‘gtpé}cfjf}h%al |y
from about dolfeyictic ardmaticheompdumldy st thd feed meSonversipnodOthg eshiyayyclie reyth i
contam nants such _as water_ and .oxygenates. Any. solid dri/iigig agent known to
t hose ski | |@apRoyngs, gefgtsitothg additign of melscayyeght (ve2- i) sidridersr atheon in

8 L R ATy g gaee s
_ be about the sarne as the total moles of polycyclic aromatic compounds in the feed to

the reactor. The degree of ethylation of the naphthalene, i.e., the degree of
naphthalene reduction, ranges from about 20 to 50 wi%, preferably from at least
about 40%. The degree of ethylation of the ‘polycyclic aromatic compound,
preferably naphthalene, ranges from at least-about 10 wt.%, more preferably from at

least about 20 wt%, even more preferably from at lIeast about 30 wi%, and most
preferably from at least about 50 wit%. The degree of ethylation of naphthalene is
most preferred when the concentration of naphthalene in the total mixture of aromatic
compounds is less than about 1000 ppm.

With most catalysts, the following reaction conditions can be used in any of
the émbodiments disclosed herein. Temperatures may range from about 270°C. to
(; 600 °C. (518 °F. to 1100 °F.), more preferably at about 275 °C. Although fluidized,

ﬁ};ed or moving bed reactors can be used, the relative ratios of feed to catalyst, as
applied to fixed beds will be provided. Weight hourly space velocities (WHSV) of
from about 0.5 to 15, more specifically from about 1 to about 10 will usually give
good results. Pressures may range from atmospheric, or even subatmospheric to
relatively high pressures and nsually will range from about 1 to about 1000 psig. Oil
partial j)l‘essures will normally range from about 100 psia to about 500 psia.
Hydr_ogén is not essential, but the process may benefit from its presence, particularly

in extending catalyst life. When hydrogen is added it typically ranges from about



reference. Non-limting exanples of suitable drying agents include al um nas,
"silicas, silica-alumnas, and zeolites. The alum nas, silicas, and
silica-alum nas nay be crystalline or anorphous. Zeolites are crystalline
m croporous alum nosilicates that havis{framework structures formally
constructed from (Si 04) and (A104) tetrahedra that share vertices. Each
framewor k topol ogy contains a regular array of pores, channels, and/or
cages that vary in size, shape, and dinensionality. Exanples of suitable
zeolites include erionite, chabazitey rho, gisnondine, Linde 13X, Linde type
A (LTA) nol ecul ar sieves, such as 3A, 4A, and 5A. A description of these

zeolites, f I r Iﬁﬁg %ﬁt c be
found in th (Il)lol’ Eéﬁ‘?w ﬁjé?%%%@g{% %Pci e etguﬂ% %rbg%g{g&% ﬁo
Breck, John if¥lkeyti& 0$qm$){cy&19c74romaﬁbl tasmofiocgelit iatcn:ior falll wiiehid y}mmngardi ed.

W M Meier and D. son, Butterworth- I nemann, 1992; and Handbook of
-Mol ecul ar SiaQeikt: lﬁemé%smax@sp@iﬁ&ﬁ#b}hfr@mm}l %Né\ir Nork, 1992; whi ch are

| ncor por at ed her ei by distie B¥nfLd b elﬁg\bggpgﬁ?mma}#ﬁgs'ﬁ@ﬁas ldrcas,

ﬂﬁae be .';6}
silica-al um nas, Zeo |tes ar mrefci a y pre ert ed
dryi ng agentaadmmasnm léiﬁﬁsnhdkhjtmg agdnh Ehonth ngthdde sldied @rttle b mayrbeadddt i on
to Linde zeolite 13X and Sel exsorb brand al um pa, Benzene and
subst i t ut ed HEHBERHEE VAR %ﬂn§6ﬂtﬁaélﬁflé? ftﬁ%ﬂéﬂ“%ﬁﬁ“%‘? ]a@on s&rigesppedch The

equi | i brium, gqggfenh{séfokéHH g’?&%{ No & @F@l’?""\éﬁl@h'@ ﬂilg\esiﬂéﬁgra an}éasur o

unsubstitute enzene at a out” out 300 ppm by
by an oxyge«femmat.y Nemn;limsitiah easnples @F mum[blaedmr@(wam 1Madia/ahmn&ﬂsdeﬂhc&6083 or

any other cgnventi onal th d of _oxygen.anal SI S. anl genat are
deE ned as St F@é‘rﬁirﬁméﬁ i Jﬁ‘%%ﬂﬂ@@e wphofnd n %H@Yogﬁ/ge

i m ti ngrycafline or amorphous. Zeolites are crystalline microporous alum11108111cates that
have framework structures formally constructed from (SiO4) and (AlO4) tetrahedra
that share vertices. Each framework topology contains a regular array of pores,
channels, and/or cages that vary in size, shape, and dimensionality. Examples of
sujtable zeolites include ertonite, chabazite, rho, gismondine, Linde 13X, Linde type
A (LTA) molecular sieves, such as 3A, 4A, and 5A. A description of these zeolites,
their structures, properties, and methods of synthesis can be found in the following
references: Zeolite Molecular Sieves, Donald W. Breck, John Wiley & Sons, 1974;
Atlas of Zeolite Structure Types, 3rd ed., W. M. Meier and D. H. Olson, Butterworth-
Heinemann, 1992; and Handbook of Molecular Sieves, R. Szostak, Chapman & Hall,
New York, 1992; which are incorporated herein by reference. Many of the suitable

(' alurninas, silicas, silica-aluminas, and zeolites are comumercially available. The
preferred drying agents comprise LTA zeolites, including 3A, 4A, and 5A, in addition
to Linde zeolite 13X and Selexsorb CDO™ brand alumina.

_ Benzene and substituted benzenes can also contain oxygen and organic
oxygenates. The equilibrium concentration of molecular oxygen which is dissolved
in unsubstituted benzene at about 23 °C. is about 300 ppm by weight, as measured by
an oxygen analyzer, such as an Orbisphere Oxygen Analyzer Model 26083 or any
other conventional method of oxygen analysis. "Organic oxygenates” are defined as

organic compounds which comprise carbon, hydrogen, and oxygen. Non-limiting



exanpl es of organi c oxygenates, which nmay be found in benzene and
“.substituted benzenes, include organic hydroperoxides, ketones, aldehydes,
and phenols. The organic oxygenates may be natural inpurities in the
.aromatic hydrocarbon as it is obtainad-fromcoal tar, or froma gasoline
refinery, or froma benzene extraction unit, or a hydrodeal kyl ation unit
typically present at naphtha steamcracker facilities. Alternatively, the
organi ¢ oxygenates may be produced by the reaction of oxygen wth
hydrocarbons present in the feed. In addition to oxygen and oxygenates,
aromati ¢ hydrocarbons may al so contain small anmounts of other inpurities,

including g Bf R B! api iy s e,
traces of e‘l%%érn!rl ct&?on sol vgg{?%nggeg’cﬁhggcﬁgyne%teﬂ%ﬁggrlgﬁe?g%ﬂr%?ﬁ#?l%&ﬁﬁgg#i me of
any al kyl at barzétnesansebdty losganon hpdipperpsides aretdyees| nkicbpdosd aby phishels. The

above-descri bed. process to renove water and/or organi c oxygenates. Exanple |
AT of the PREAMSHREFRRPOREY RTBHS TREPESoRIE BAPRHC BAGERACR ()it 1

stainl ess - sfe@kd Foh o681 OF ﬁ@mfba%’eisBHné: I%Eﬁé@?br ¥ohtaBs-@he L3r&fiontiRL were
heated to about 275 C by placing The mni-réactor into a silicone oil bath

preheat ed tor 27MydBdehieylationt whiy SypitdiyApoeseti ot 2&ththd wiedny atdchemésilabut 0. 1
grani gram (ﬁ);pe rea(iti@lr% tine is about fi E’e ho?lrs flgoglthe time_the
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was not stirred.” The reactor contents were cooled to room tenperature by
submer si ng arhmatie hxdwocatbpuomap eksp coprinesmathameeais b pthepimenitesweckdingool ed

to roomte rature, .the liquid phase s .separated fromthe soljd catalyst
by, decant i HYCEHECTIEHTE TEaNs REPRIH LI PRI Shrrindt st el e qui d
phase was gojvents, such as N-methylpyrrolidone.

The lifetime of any alkylation/transalkylation catalyst can be increased by

the above-described process to remove water and/or organic oxygenates.

Example 1

All of the transalkylation reactions were conducted in Swagelock® stainless

stee] mini-reactors, having internal volumes of 13 cc, that were heated to about 275

- °C by placing the mini-reactor into a silicone oil bath preheated to 275 °C. The

catalyst to Aromatic 150 fluid ratio was about 0.1 gram/gram. The reaction time is

~ about five hours from the time the mini-reactor was placed into the preheated silicone

- o1l bath to removal of the mini-reactor from the preheated silicone oil bath. The
L‘ ieaction mixture was not stured. The reactor contents were cooled to room
;t;;amperature by submersing the reactor into water. After the reactor contents were

jcjc»oled to room temperature, the liquid phase was separated from the solid catalyst by

&écanting the liquid from the sclids. No sclvent was added. The liquid phase was

| ahalyzed by gas chromatography using a Hewlett-Packard 6890 with a 30-meter non-

pbla;r HP-1 (cross-linked methylsiloxane) column. The starting temperature of the

gas chromatograph column oven was 10 °C and it was programmed to heat to 300 °C

at a rate of 5 °C per minute. A response factor of 1 was used for all components.



.anal yzed by gas chromat ography using a Hew ett-Packard 6890 with a 30-neter

non- polar HP-1 (cross-linked nethylsiloxane) colum. The starting
tenperature of the gas chromatograph colum oven was 10 C and it was
programmed to heat to 300 C at a rate18t 5 C per mnute. A response factor
of 1 was used for all conponents. -18- Table |I Naphthal ene Reduction In
Aromatic 150 Fluid Under Conditions in Exanple 1 Catalyst Description %
Napht hal ene Renoved Val for C 80613 H+zeolite 89.S beta, powder 65% MCM 22,
35% A1203 68.1 binder 65% MCM 22, 35% Al - 703 70.8 binder 80% MCM 22, 20%
A1203 58.5 binder 100% MCM 22, 0% A1203 73.9 binder 100% MCM 22, 0% A12C3

70.3 binder 40% MCM 22, 40% 56.4 Mordenite, 20% A1203 bi nder

Table 1
Naphthalene Reduction In Aromatic 150 Fluid Under Conditions in Example 1

Catalyst Description - | % Naphthalene Removed
Valfor C-806f H+ zeolite 89.8
beta, powder
65% MCM-22, 35% Al>O3 68.1
binder it
65% MCM-22, 35% Al»O;3 70.8
binder

( - 80% MCM-22, 20% Al,O3 - 58.5

: , binder

100% MCM-22, 0% Al,Os 73.9
binder ,
100% MCM-22, 0% AlLO; 70.3
binder o
40% MCM-22, 40% 56.4
Mordenite, 20% ALO; | .
binder
65% Tosoh 360 HUA 68.6
USY, 35% Al,O3 binder
65% Beta, 35% Al;O3 39.6
binder : B

Example 2
The general procedure of Example 1 was.used except that the Aromatic

(" Fluid 150 concentrate containing about 20.4% naphthalene was heated in the presence
of H+BETA catalyst for 5 hours at about 275 °C. Approximately 82% of the

naphthalene was converted to ethylnaphthalene.

Example 3
The general procedure of Example 1 was used except that the Aromatic

Fluid 150 concentrate containing about 20.4%.naphthalene was heated in the presence
of MCM-22 catalyst, as a powder, for 5 hours at about 275 °C. Approximately 74%
of the naphthalene was converted to ethylnaphthalene.



65% Tosoh 360 HUA 68.6 USY, 35% A1203 bi nder 65% Beta, 35% A1203 39.6

“.bi nder Exanple 2 The general procedure of Exanple 1 was used except that the
Aromatic Fluid 150 concentrate contai ning about 20.4% napht hal ene was
heated in the presence of H+BETA cat.dloyst for 5 hours at about 275 C.
~Approxi mately 82% of the naphthal ene was converted to ethyl napht hal ene.
Exanpl e 3 The general procedure of Exanple | was used except that the
Aromatic Fluid 150 concentrate containi ng about 20.4% napht hal ene was
heated in the presence of MCM 22 catalyst, as a powder, for 5 hours at
about 275°C. Approximately 74% of the naphthal ene was converted to

et hyl napht hal ene. -19- The present invention may be enbodied in other

specific forms wthoutesd@Pfvkhtiich f9Md tSiboRieli it Qhe® d @ thout
characteristics. Thegégscr?%éd en%jﬁ]nents arellfb %eﬁ%%n5|déggdwiﬁmzll

respects agjeparting oat ity @pRloY ARG RO haFRedIstEs. | TBe ddNLibes CRMoMmenthAe
invention is, therefore, indicated by the appended clains rather than by the

foregoi Ng deee chptiilesd irall efroges iktelive orlr md hitrefthietivealha gopadfr ange

of equivalency of the clains are to be enbraced within their scope. C C._.
the invention is, therefore, indicated by the appended claims rather than by the
foregoing description. All changes which come within the meaning and range of

equivalency, éof the claims are to be embraced within their scope.



-20- CLAIMS 1. A process for reduction of naphthal ene concentration in a

m xed aromatic fluid, the process conprising; mxing a CG8 aromatic fluid
conpri sing ethyl benzene with a naphthal ene-containing aromatic fluid to
forma m xed aromatic fluid; contactingdthe m xed aromatic fluid with an
acid catalyst at a tenperature of from 270 Cto 600 C and at a pressure of
from0.07 to 68.95 bar g (from1 to 1000 psig) to form benzene and a

napht hal ene-depl eted m xed aromatic fluid; and separating at | east a portion
of the benzene fromthe naphthal ene-depleted aromatic fluid. 2. The process
of Clain1ﬁgk33&é§in the acid catalyst is a zeolite. 3. The process of Claim
2, Wwherei olite is at |east one of H+Beta, MCM 22, MM 49, and USY.
4. The process of any of the preceding Cains, wherein the C-8 aromatic

stream further conprises xylene. o . o
L. A process for reduction of naphthalene concentration in a mixed aromatic fluid, the

process comprising;
mixing a C-8 aromatic fluid comprising ethylbenzene with a naphthalene-containing
aromatic fluid to form a mixed aromatic fluid;
~ contacting the mixed aromatic fluid with an acid catalyst at a temperature of from
270 °C to 600 °C and at a pressure of from 0.07 to 68.95 bar g (from 1 to 1000 psig) to form
benzene and a naphthalene-depleted mixedé aromatic fluid; and

separating at least a portion of the benzene from the naphthalene-depleted aromatic

fluid.
2. The process of Claim 1, wherein the acid catalyst is a zeolite.
3. The process of Claim 2, wherein the zeolite is at least one of H+Beta, MCM-22,

MCM-49, and USY.

4. The process of any of the preceding Claims, wherein the C-8 aromatic stream further

comprises xylene.





