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after contalf?¥j. Dienes may be renpved in a pre-treatment step according
to the invention. In petroleum processing, aromatic streans are derived
from processes such g t ] r ing (pyrolysis).
These aromatic streapt@gm%(?glmgggmgbmﬁén cont am nant s

i ncl udi ng nono-ol efins, di enepy ARGVEATEC STRFEMQ aronmatic 10 conpounds
such as anthracenes. The aromafiCc streans are used as feedstocks in various
subsequent petrochem cal processes. In certain of these processes, such as
par a- xyl ene poduction, e.g., froman aromatic sStream containing benzene,
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contanvnants nust be” renoved before subsequent processing of the aromatic
st r earfs hawda pegligible diepe level beforecestsamngfand decreawtlilessofonomt-olefinsamhdiasst hat
descri bg& I n Handbogk of Petrol eum Processing, McGawHil |, w York 1997,
pp. 4. 33Uerxpntastipg; [ienes play be LEMQYSHAR R IppRIeHt BEP agqarding;te khenveniiopease
in bromne-r | ' : ' WolaP ure
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i n a subefoaming ahd theemalagacking (pyoolysis). Thaset dromatiostteanisradsot contain bhdesiraflor mat e
deri ved,streaps. This.in turn,.results if{]glﬁaﬁ reater neeng for nore efficient

and I esSYURFURAP GentABINMBLNTing Biogo-Ale SRUFBTANEAIFRRAPIRARES from the
ar onmgj goﬁggm cl'l-%dfﬁlinr%@é?ile?. hydrocarbon contam nants containing olefinic
iTre y the

bonds are quanti
The aromatic streams are used as feedstocks in various subsequent petrochemical

processes. In certain of these processes, such as para-xylene production, e.g., from an
aromatic stream containing benzene, toluene and xylene (BTX) or toluene disproportionation,
hydrocarbon contaminants cause undesirable side reactions. Therefore the hydrocarbon
15 contaminants must be removed before subsequent processing of the aromatic streams.
Moreover, improved processes for aromatics production such as that described in
Handbook of Petroleum Processing, McGraw-Hill, New York 1997, pp. 4.3-4.26, provide
increased aromatics yield but also with an increase in bromine-reactive hydrocarbon
contaminants. The shift from high-pressure semiregenerative reformers to low-pressure
"20 moving bed reformers results in a substantial increase in bromine reactive contaminants in the
reformate derived streams. This in turn results in a greater need for more efficient and less
expensive methods for removal of hydrocarbon contaminants from the aromatic streams.
Undesirable hydrocarbon contaminants containing olefinic bonds are quantified by the
Bromine Index (BI). Undesirable olefins, including both dienes and mono-olefins, have
25 typically been concurrently removed from aromatic streams such as BTX by contacting the
aromatic stream with acid-treated clay. Other materials, e.g., zeolites, have also been used for
this purpose. Clay is an amorphous naturally-occurring material, while zeolites used for this
purpose generally are synthesized and are therefore more expensive. Both clay and zeolites
have very limited lifetimes in aromatics treatment services. The length of service correlates

30 with the level of bromine reactive impurities in the feedstream. Bl-reactive contaminants
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Brom ne Index (Bl). Undesirable ol efins, including both dienes and

mono- 0l efi ns, have 25 typically been concurrently renoved from ar omaBilcJuL 2002
streans such as BTX by contacting the aromatic streamw th acid-treated

clay. Oher materials, e.g., zeolites, have al so been used for this

purpose. Clay is an anorphous naturally2occurring material, while zeolites
used for this purpose generally are synthesized and are therefore nore
expensive. Both clay and zeolites have very limted lifetines in aromatics
treat menf.:geryi (AATE ; | vel of
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is the | ess expensive of the twq alternatives,, | a}‘rge aromatic plants can
spend ndughemmaressinge zeplitgs axs qoasiderably mgre gxpesnsiyg thap glayptherraise in rpmepying

R T e

hydr ocarbon contam n s can o anma I pro

st abi |13 tiseainient 56 Mt itlidir &clerlemdthirgracieal hat their cycle length is practical.
An object of the invention is to provide a nethod for renoving

br omi ne- r eactAnebipsthf shainpemion shiorPvide g nethesior remaying bromirerreactive h | onger
¥ I e ! . ; S
b o no 2y afRéfikSa FRAI TR h A Btlsehmhith dbheel YR Bydig | BlsCP

crystal line raistker objecs bethe ih@hidr/iste remslerbrOmineidadiive hdioesibeni ng cat al yst
stability sufficient to provide econom c_jncentive to replace clay for this
pur pﬁ;."oﬂ‘éﬂ“m&ﬁﬁi@ﬂ aphypatist stispme HEing prysialling maleculap sisve gatalysts updehod of

A ot oaopaSHERHili S SR T Ry EREA 6008 s BRI PRl "

A net
aromat i dorlthisipapesear bon stream conprises providing an aromatic feedstream

whi ch has a neg%l I gibl e diene level, and cont acw the feedstreamw th an
aci d active cHtangber ebiggs&éthe ipyentinndstoguavide a od, piinretreatingasomatifoy e

nono- ol %friazﬂﬁsctobrr Rﬁivgﬂieﬁx@sat?JfJ)Pé?elpffﬂﬁanB%e ntam nants. The acid active

catalyst I's prefterably a crysta nol ecul'ar sieve material having ten or
mor e nmenber ech mestpdifor fengevingmominerrei@iva thlygrogarbay esrdmimnesrfrerh anQrdthatic
aromatiglghydrgcarbon streamto be contacted with the acid actiye catal yst

T

i s arl e SEUREATRON FireATR FRIMPRIES PERVIFIRS PR ARG fehdstaram B ias Areagible diene
fFeedstr g8 TRY c5ME&EHE Hlé RldBstream with an acid active catalyst composition under conditions

sufficient to remove mono-olefinic bromine-reactive hydrocarbon contaminants.
The acid active catalyst is preferably a crystalline molecular sieve material having ten
or more membered oxygen rings, more preferably a layered material.

20 The aromatic hydrocarbon stream to be contacted with the acid active catalyst is an
essentially diene-free aromatic hydrocarbon feedstream. This feedstream may emerge diene-
free from another petroleum processing procedure, or a diene-containing stream can be pre-
treated to selectively remove dienes. The stream can be pre-treated by contacting with clay or
a hydrotreating catalyst under conditions sufficient to substantially remove dienes but not

25 mono-olefins.

Fig. 1 is a graph illustrating the results of Example 4.
Fig. 2 is a graph illustrating the results of Example 5.

The present invention is a method for removing bromine-reactive hydrocarbon

contaminants from aromatic streams.



free from anot her petrol eum processi ng procedure, or a di ene-containing
stream can be pre treated to selectively renove dienes. The stream csr’b ?{?
pre-treated by contacting with clay or a hydrotreating catal yst unde L 2007
conditions sufficient to substantially renove di enes but not 25
nmono-olefins. Fig. 1 is a graph illustrating the results of Exanple 4. Fig.
2 is agraph illustrating the results of Exanple 5. The present invention
is a nethod for renoving brom ne-reactive hydrocarbon contam nants from
aromat i FEgyEans. 3 0 (UL 2002 FEED S Aromatic streans can be obtained
fromrerormng and cracking processes. The streans include, e.g.,
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t hey endfogeatic streamp sughasdeagdsiormate deriyad lom seiwegRn RrECqsEesicoBtAiRd
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st.

r eac2Pv ebjgrteonabledevs! efolgfiric sontamingnisds frpm 03 tordpereightenereent (Wkte) oa@
3 09U £280%00 to 3000.

Using the method of the invention, the olefinic contaminants in the aromatic streams
are decreased to a level which does not interfere in subsequent aromatics processing.
PRE-TREATMENT

25 An aromatic hydrocarbon stream to be treated to remove mono-olefins according to
the invention is essentially diene-free, i.e., has a negligible level of dienes. If the aromatic
stream contains dienes above these levels, the stream can be pre-treated according to the
invention to remove the dienes. Dienes are more selective for catalyst deactivating coke
formation than mono-olefins. Therefore, these highly reactive diene species are substantially

30 removed over a first catalyst.



4 The pre-treating step is conducted at tenperatures preferably of 50 or
100F to 500F, nore preferably 150 to 450F. A wei ght hourly space veldotilgly200?
(WHS V) is preferably from0.1 to 10 and the pressure is preferably 50 psig
to 500 psig. The pre-treating is carried out in the absence of added
hydrogen. Preferred catalysts for the pgretreatment step include 5 acid
treated clay such as bentonite or traditional base netal -containing

hydr ogenati on or hydrotreating catal ysts such as Ni Mo/ A 1203, Cowb/ A1203,

Ni 1A1203 and THe/pré-2atingstepis@ohditddent temperatures prefechblysoftsveor §0G@¥ 19d over a
second catal yst to substantially renmove the nono-ol efins. CATALYSTS ' ~10

The cat aP9ds are preferpblyt15QeiaA0eho i weghtdoyriyspace yelasity OWHIRV ) is preferablye. g. |
| . . . _
i or i aftom GEt. 100 REMEWSHE Rolotea SR B00BH | Phede TRAMRCI MiFicn.

mat er i abgt inZROhbseRSe Sf RISH Hydiogen. rRrefeired estalyels $or (e Pratfeabfiéi spNAklhde t hei r
pore/ channel systens. These systens include 8-nenbered oxygen ring systens,

10- medbesid dreategdaplay suichgs benteritesor tgitipnalhasp metadtcontpiging hyidnagesstianeors, ~ and
| genarufolEyin iy fep A Ao Rl ob ! RERL TR0, dfRusicha oPse "o

zeol i tes proqpeQirélerehte@ AtdinaticTeddds AN )P h 88Fond THEARR: &YBb&IRtadlye nore
conpletely described in Atlas of Zeolite Structure Types, International

Zeol i t er¢meavgche nfemoyalefinst al Book Service, Plattsburg, 1978. ~20 The

chem cabﬁmgiﬁgi on of zeolites can vary widely and they typically consi st
of S 02 sonme of the silicon atons may be replaced by tetraval ent

i ons Jguch as The cafalyst foPSeldRively rarabwig moRe-Dleincdndsulds inBud&e, g HargeYordy
bi val ent ions such as Be, or by other nenbers of oup Il of the Periodic

t abl e otealites, paticularly MEMbI2 type siatarials MepORSTOYsRatarials meludingthest teomed \When
there i bttt i b Lval ent. or. t.rival ent ions, cations such as Nat,
Cat++, N&Qfﬁlé ;Ms, ﬁﬂ&éer ear@{o‘gg%yﬁ{edl rﬁgtfhgelk‘as- synt hesi zed zeolite, also

or gani ¢ i ons zeuktes afe diGitedined hﬁéa&ﬁhjﬁﬁgl(o'ﬁmac,ordiﬂ% f@ﬂ:temﬂommnéﬂ?ﬁéﬁ&. and
others. The organics are t%;gl cally renoved by calcination prior to use of

t he zeolThesg systems inchudefymemperned OxyRen| ring-sypigms, 1Q-membergd oxygenying systems, i s

genergl gf.r.ie% egagg&ﬁgxn mg eggeam, gn%g% dgapg%%ﬁ@ﬁs ﬁ%iuqingcnﬁ%& Es.-mé?ﬁt?efr%f ' ﬁd

catalysts 1nc ura r-synt o ne no ar sreves,
ri ng 30osygenaingrapeninis.t Argeneral, ukdyvare nefamed © arsnpilemediom dripge potd sige
nol ecul ar _si eves useful as czﬁ%al %t s . ncl ude ﬁs non-limting exanples,

| ar ge potalitesgupresdingeam 3- 1, ered systeips Teseigystems aregmoye rompigtely o
described in Atlas of Zeolite Structure Types, International Zeolite Assoc., Polycrystal Book
Service, Plattsburg, 1978,

20 The chemical composition of zeolites can vary widely and they typically consist of SiO,

) in which some of the silicon atoms may be replaced by tetravalent ions such as Ti or Ge, or by

trivalent ions such as A1, B, Ga, Fe, or by bivalent ions such as Be, or by other members of

Group III of the Periodic table of the Elements or by a combination of the aforementioned

ions. When there is substitution by bivalent or trivalent ions, cations such as Na+, Ca**, NH,*

25 or H' are present in the as-synthesized zeolite, also organic ions such as tetramethylamine
(TMA"), tetraethylamine (TEA") and others. The organics are typically removed by
calcination prior to use of the zeolite. Ion exchange of residual cations with, for example,
NH,*, is generally followed by calcination to produce the acidic zeolite.

Preferred catalysts include natural or synthetic crystalline molecular sieves, with ring

30 structures of ten to twelve members or greater. Crystalline molecular sieves useful as catalysts

include as non-limiting examples, large pore zeolites ZSM-4 (omega) (U.S. Patent No.



3,923,639), nordenite, ZSM 18 (U. S. Patent No. 3,9s0,496), ZSM 20 (U. S
" Patent No. 3,972,983), zeolite Beta (U S. Patent Nos. 3,308,069 and 3 Jui 20}
28,341), Faujasite X (U. S. Patent No. 2,882,244)) Faujasite Y (U S. Patent
No. 3, 130,007), USY (U S. Patent Nos. 3,293,192 and 3, 449,070), REY and
other forms of X and Y, MOM 22 (U. S. Fatent No. s 4, 954,325), MOM 36 (U.S,
Patent No. s, 229,341), MCM49 (U S. Patent No. s, 236,575), MCM 56 (U.S.
Pat ent No. s, 362,697) and nesoporous naterials such as M4l S (U S. Patent
No. s, 13223463p),ancrdbid, ZEM-US (B.S. PatennNo\B,956,408)8 Z68420 (M08 ePapér Ny, 1 ed
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materlal and, i m 20 108
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extrudate | obed form(e.g. tril er. 5 PROCESS CONDI TI ONS |
gener al rate hedmnbmdinftbe Jauimeal péﬁﬁamalsmoi’ohtﬁrlop A%S1(11980)i STheanatalysis bave annder

conditio di ng a rately el evated tenperature preferably ranging
from 206{;’3?" He °Pbﬂ)9(}6|§%g§mre preferably from 250 to 450F, a space

vel ocity pfe&%@@sﬁu %n@&uﬁs&%%a} békisdd Inooom@fé/)ﬁﬁ‘{e ,WBhfpokit&d witRl! y from
1 WHSV to 30 pressure ranging from50 ~I0 psig to 1000 psig,
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by capillary colum 20 gas chronat ography for ol efin conversation and for
total brom ne reactives using the ASTM defined brom ne index test D
2710-92. day (F-24, Engel hard, Menlo Park, Nn was cal cined at 250C for at
| east one hour to renove water before being | oaded into the reactor and
used for aromatics feed treatnent. EXAMPLE 1



25 The clay was used for aromatics feed treatnent. Conditions and results
are shown in Table 1. 30 ~u~zooz 7S 10 15 Table 1 - Case Resul3BBgd 200
TenpPDTTot al Bl Bbl MBDEG FWHSVDOSBl ep r #

cat 03904139040. 6720201239042. 6720801339043. 67201101439044. 21451263539045. 77
91710639047. 672142301 739048. 675328260388901. 69. 6768272293901. 610. 67612842Bl
BBL/# Renoved Each Day at 1.6 WHSV=120 Projected Clay Life at 1.6 WHSV=24
Days MB is mass bal ance DOS i s days on stream PDT is product The begi nni ng
of the pwpwﬁmmﬁcnysmlhieendlem steve miaretiab and aktrixonesy earpivddel S 1 to 20 or der
to shorten the tine needed shown in Tagle 1,.the clay ljfetine at 1.6

VHSV wa¥tdetusuaiinadta 80 Wé"@ﬂ'@ﬁa%a]%&a‘? Al8o be yseddn thecahsencgeaf mastx opbingder; r of s

per pou arrels
o ¢ hi s s witopid L STEARyet O nOREaRR Aot o pbiidaley 1SRG orty 8T o7
of 70. wHObE)Lbr \35er| n a second aging run F-24 clay was used to selectively
convert dienes fo s at tenperatures bel ow 291 F. The test run

r 96 da
condi Bi BROGESS C@WITSI % reported in Table 2. 3 0 JUL 202

In general, the method for the removal of mono-olefins is carried out under conditions
including a moderately elevated temperature preferably ranging from 200° or 250°F to 500°F,
more preferably from 250° to 450°F; a space velocity preferably ranging from 0.1 WHSV to
100 WHSYV, more preferably from 1 WHSV to 30 WHSYV; and a pressure ranging from 50

>]0 psig to 1000 psig, more preferably 100 psig to 500 psig.

The following non-limiting examples illustrate the invention:

Experiments were conducted in a down flow fixed-bed unit in which a 18", 142" Outer
Diameter (0.D.) stainless steel reactor with " O.D. internal stainless steel thermowell is
centered inside a 10", single -zone furnace. The feedstreams were a C,* aromatic stream and

15 sloppy-cut toluene derived from a C,” aromatics feedstock (Beaumont). The initial Bromine
Index (BI) of the feedstream was 850. Feed was introduced using two high pressure
displacement pumps. The reaction pressure was held at 200 psig using a grove loader. The
product stream flowed from the grove loader into a stainless steel collection pot attached to a
vent. No gases were fed or produced. The liquid product was analyzed by capillary column

20 gas chromatography for olefin conversation and for total bromine reactives using the ASTM
) defined bromine index test D 2710-92,

Clay (F-24, Engelhard, Menlo Park, NJ) was calcined at 250°C for at least one hour to

remove water before being loaded into the reactor and used for aromatics feed treatment.
EXAMPLE 1

25 The clay was used for aromatics feed treatment. Conditions and results are shown in

Table 1.
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In a second aging run F-24 clay was used to selectively convert dienes for 96 days at

temperatures below 291°F. The test run conditions and results are reported in Table 2.



5 pent adi enes.

by any ot her

These nolecul es have a nmass ion of 94, which is not s

hydr ocarbons likely to be co-boiling with tol uene.

T

B

he

and MB-15 product were submitted for GC-MS anal ysis equi pped with selective
ion nonitoring. The mass ion 94 response in the toluene region of the feed

and product were conpared. Four peaks & e clearly
providing further evidence that dienes are J10

absent

I n the product,

_ pr

esent

in the feed and

selectively converted over the F-24 clay bed at 17SF. The anal yti cal

results
that co
di enes

Pr oduct
aging r
conpar e

unit wa

Bl C +
was 770
catal ys
produgt
t he agi
aging r
self bo
ext ruda
were)te
stream

br om net

functio
resull0s
for sel
zeolite
was not
stabl e
streans
cont am

15

20

25

prove that dienes ar

1

eact1ve than ol efi ns ove

 clay and

ndi ti ons can be deter conpl etely convert the feed
ile leaving the feed olefins largely unconverted. EXAMPLE 4 15
on of & ree feedstock to thejsec cat|al rieduces the
éj’ a-aof hn Secvnd bed Tn oNe—t hl S a ﬂ edet 'y\&rélnB?lﬁglrl nt was
[l tMBa pnepDegdCt of EWHBY Vi mgnt . DORe f| rst BEact dr qier#h@two react or
5 —wrtt—ctay and-operated— at 6 YHSY—gmd—t75Fwrth t he 850
reormpte 1By 7 daysl6At {he drfdl of 7 @3%7 tHe red@for outlet BI
Then {he ond reactor was st eangd gl%g sellt boggg MCM 22 ~20
at” 101 WHSV "and PO0E.Agihg was nmnnilt o 2 % aily asurements of
Bl 5 .1 |Figy7sl plpts ;@e aglngguates foqugg t vjo rquzand shows t hat
Rrg—Fat-etef—t+he—twp—Feactorsystemstsar-H—earqty—stoewer—f han t he
ctor6systenllEKANPﬂE 5 SWEM 23/ al ussha exf rudat e,
e, nydrogen T rm 4eo0l 1 Le 2o |[OSY/ at um g
ta/kPiic f dat ¢ and>2l ay |( F- 2480 Engel har d)
5t egi foy reppval bf b gm ne- i ve |cont narts fr an promatic
P ng i%an i nl 1 { 85 8_”:“1 hnn\ﬁ;g.‘c| fa¥a 79&“
regrtiye corgt ampatessin {he alamatlc steoeam Was rrmasured as a
ot e on bLIEEHIdL TO—YWHSVY, 390F and—200pyrg._Catatyst Agi ng 30
ar?0 shown 1% Fi gure b6 3 0 2766~ 11 THESs ode of ke agj ng curve
bound| MCM I's[ 6.5 I/ day, MCW 22/ glkumnja is Bl /day, for
hn2§/< Lich %? 9£_BLL§a¥_4uué£§u_¢LQlaﬁgb LS 1229RI1 y. Cay
acyg velat i} MHQV The re;ultg4shom/thaw4wcw$42 | s ggmexpert edl y
m—the—tenovar—oftbronme reactTvecontammatirom—fromarpmat i ¢
33 0f (1U1752002 12 LA M L. AdHet hod for779emJ| ng b¥23ni ne} reactive
1an§f T om &L aromatlf6hyd ocarpgn streaqHThlck conpy,ses:
39 200 1.6 52.6 674 1169
40 200 1.6 55.6 610 1272
45 200 1.6 60.6 710 1378
48 200 1.6 65.6 764 1476
54 200 1.6 73.6 772 1587
55 225 1.6 75.6 729 1615
56 250 1.6 78.6 626 1711
61 250 1.6 85.6 630 1922
62 290 1.6 88.6 485 2078
67 290 1.6 95.6 495 2444
70 390 1.6 98.6 29 2792
74 390 1.6 104.6 31 3485
83 390 1.6 117.6 60 4986
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Clay was at 390° F for 24 days.
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ppm dienes proven to be in the light end of the feed. Since we knew from the above analysis
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1025 i 5P ) BBl kil
' $109%& ekperith&nt< & he)fir@ureastomndfThe twoysacfar@9@ was-loaded with clay and operated at 1.6
WHSYV and 175°F with the 850 BI C, + reformate for 7 days. At the end of 7 days, the
reactor outlet BI was 770. Then the second reactor was streamed with self-bound MCM-22
20 catalyst at 10 WHSYV and 290°F. Aging was monitored by daily measurements of product BI.
Fig. 1 plots the aging rates for the two runs and shows that the aging rate of the two-reactor
system is significantly slower than the aging rate of the one-reactor system.
EXAMPLE 5
MCM-22/alumina extrudate, self-bound MCM-22 extrudate, hydrogen form zeolite
25 USY/alumina extrudate, 65% zeolite Beta/silica extrudate and clay (F-24, Engelhard) were
tested for removal of bromine-reactive contaminants from an aromatic stream and having an
initial BI of 850.

The conversion activity of bromine-reactive contaminates in the aromatic stream was

measured as a function of time on stream at 10 WHSYV, 390°F and 200 psig. Catalyst Aging

30 results are shown in Figure 2.
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22/alumma is 30 BLl/day, for zeolite beta/silica is 90 Bl/day, and for USY/alumina is 140
Bl/day. Clay was not active at 10 WHSV.
The results show that MCM-22 is unexpectedly stable in the removal of bromine-

S reactive contamination from aromatic streams.
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5. The method of claim 1 wherein the acid active catalyst composition comprises a crystalline molecular
sieve material with a pore/channel system having ten or more membered oxygen ring openings.

6. The method of claim 5 wherein the crystalline molecular sieve material is selected from the group
consisting of materials having 10 membered oxygen ring openings, 12 membered oxygen ring openings,
both 10 and 12 membered oxygen ring openings, and combinations of these materials.

7. The method of claim 5 wherein the crystalline molecular sieve material comprises a layered material.

8. The method of claim 7 wherein the crystalline molecular sieve material comprises MCM-22, MCM-
36, MCM-49, or MCM-56.

9. The method of claim 5 wherein the crystalline molecular sieve material is in bound or unbound form.

10. The method of claim 9 wherein the crystalline molecular sieve material is bound with a binder
matrix comprising alumina.

11. The method of claim 1, wherein said acid active catalyst comprises self-bound MCM-22.

12. The method of claim 1 wherein the conditions comprise a temperature from about 200.degree. F. to
about 500.degree. F., a space velocity from about 0.1 WHSV to about 100 WHSV, and a pressure from
about 50 to about 1000 psig.

13. The method of claim 1 wherein the aromatic hydrocarbon feedstream has a negligible diene level as
it emerges from a previous petroleum processing procedure.

14. The method of claim 1 wherein the aromatic hydrocarbon feedstream has a diene level which has
been decreased by pre-treatment of the feedstream to decrease dienes to a negligible level.

15. The method of claim 14 wherein the pre-treatment comprises contacting an aromatic hydrocarbon
stream containing dienes with a diene-removing catalyst composition at conditions sufficient to remove
dienes to a negligible level but not mono-olefins.
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