PROCESS FOR REDUCI NG BROM NE | NDEX OF HYDROCARBON
FEEDSTOCKS FI ELD [ 0001] The present invention rel ates

wo eood/ops7ex ess for reduci ng the Brom ne | ndex (Per/esione037059
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hydr ocar bon feedstocks hi particular, the present
invention relates to a process for reducing the
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processes. Therefore, these contam nants shoul d be

enpyed from the aromati c hydrocarbon feedstocks

v ! MR INVENIION ot her pr ocesses. [0003]
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isomerization, alkylation and transalkylation. However, aromatic hydrocarbon

feedstocks often contain contaminants comprising bromine-reactive compounds
including unsaturated hydrocarbons, such as mono-olefins, multi-olefins and
styrenes. These can cause undesirable side reactions in downstream processes.
~ Therefore, these contaminants should be removed from the aromatic hydrocarbon
feedstocks before they can be used in other processes.
[0003] Improved processes for aromatics production, such as that
described in the Handbook of Petroleum Processing, McGraw-Hill, New York
1996, 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 a substantial increase
in BI in the reformate streams. These streams are aromatic hydrocarbon

feedstocks for downstream processes. This results in a greater need for more
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olefins and multi-olefins. Olefinic compounds may be objectionable in aromatic
hydrocarbons at even very low concentrations of less than a few weight parts per
million (wppm) for some processes such as nitration of benzene.
[0007] More recently, molecular sieves, and particularly zeolites, have
been proposed as replacements for clays in the removal of olefinic compounds
from aromatic hydrocarbon feedstocks. U.S. Patent No. 6,368,496 (Brown et al.)
discloses a method for removing bromine reactive hydrocarbon contaminants
from aromatic streams by first providing an aromatic feedstream having a
negligible diene level. The feedstream is contacted with an acid active catalyst

composition under conditions sufficient to remove mono-olefins. An aromatic

stream may be pretreated to remove dienes by contacting the stream with clay,
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aromati ¢ hydrocarbon feedstocks are directed to a
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feedstocks are generally operated as swing-bed units. When the clay is spent, the
aromatic hydrocarbon feedstocks are directed to a second reactor containing fresh
clay, while the first reactor is emptied and reloaded. A molecular sieve system
has the advantage of long cycle-length, relative to the use of clay. The major
disadvantage of a molecular sieve system is the high price of the molecular sieve
materials.

[0011] The cost of clays and/or molecular sieves has created a need for an
efficient and cost-effective method for removing contaminants from hydrocarbon
feedstocks such as aromatic hydrocarbon feedstocks. The present invention
solves this problem by extending cycle-length by advantageously using a

hydrocarbon feedstock having less than 5 wppm oxygenates-oxygen.
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present invention, a process for reducing the Brom ne
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In yet another e this invention relates to a
[@oadess f ol yedmothegembediBieotyitine nll\redeml odlatas to a process for
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effluent, wherein the catalyst includes a molecular sieve having a
zeolite structure type of MWW; and
©) recycling at least a portion of the first effluent to step (b).
[0015] In another preferred embodiment, this invention relates to a process
for reducing the Bromine Index of a hydrocarbon feedstock having less than 5
wppm oxygenates-oxygen, comprising the steps of:
(a) retrofitting an existing clay treater with a catalyst; and
(b)  contacting the feedstock with the catalyst at conversion conditions,
wherein the catalyst includes a molecular sieve having a zeolite structure type of
MWW, wherein the conversion conditions comprise a temperature range from
about 150°C to about 270°C, a pressure range from about 136 kPa-a to about 6996
kPa-a, and a WHSV from about 0.2 hr'!' to about 100 hr™', and the feedstock has a

flowrate of at least 10 kg per day.



zeolite structure type of MW and (c) recycling at
| east a portion of the first effluent to step (b).
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herein, ranges from any lower limit to any upper limit are contemplated.

[0021] While the illustrative embodiments of the invention have been
described with particularity, it will be understood that various other modifications
will be apparent to and can be readily made by those skilled in the art without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to the examples
and descriptions set forth herein but rather that the claims be construed as
encompassing all the features of patentable novelty which reside in the present
invention, including all features which would be treated as equivalents thereof by
those skilled in the art to which the invention pertains.

[0022] The term “on-0il” or “on-stream” as used herein means contacting
the feedstock(s) with a catalyst in a reactor e.g., molecular sieve(s), clay(s) or any
combination thereof, under conversion conditions. The term “on-oil time” used
herein means the time when the catalyst in a reactor is in contact with the

feedstock(s) under conversion conditions.
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dimethyl-sulfoxide, n-formyl-morpholine, morpholine, alcohol, and oxygen)
and/or nitrogen components/nitrogen-containing-compounds (e.g., pyridine, n-
methyl-pyrrolidone, pyrrolidine, n-formyl-morpholine, and morpholine). The
amount of the oxygenates and/or nitrogen components varies from about 0.001
wppm to 10 wt.% depending on the source of the feed, the process of extraction,
and separation/purification processes, e.g., distillation. Because there are many
varieties of oxygenates and/or nitrogen components, this invention quantifies the
amount of oxygenates and/or nitrogen-components with the amount of oxygen
contained in the oxygenate and/or the amount of nitrogen contained in the
nitrogen-component. The term “oxygenates-oxygen” used herein means the

oxygen element contained in the feedstocks, i.e., free oxygen plus oxygen from
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Feed

[0028] Hydrocarbon feedstocks such as aromatic streams can be obtained
from reforming and cracking processes. The hydrocarbon feedstocks include,
e.g., paraffins, aromatics, and bromine-reactive compounds such as olefins. For
example, aromatic hydrocarbon feedstocks include mononuclear aromatic
hydrocarbons and undesirable olefins including mono-olefins, multi-olefins, and
styrene, which have an initial BI from about 100 to about 3000.

[0029] Because the exact nature of the unsaturated hydrocarbons may vary

and may even be unknown, indirect methods of measuring the unsaturated
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wppm and nost preferably I&®ss than 0.1 wppm

ni trogen- conponent s-nitrogen. The process of this
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[0032] The hydrocarbon feedstocks to be processed according to the
invention contain bromine-reactive hydrocarbon compounds from about 0.001 to
about 10 wt.%, preferably from about 0.001 to about 1.5 wt.%, more preferably
from about 0.005 to about 1.5 wt.% or a BI from about 2 to about 20000,
preferably from about 2 to about 3000, more preferably from about 10 to about
3000 or most preferably at least 50 to about 3000.

[0033] The hydrocarbon feedstock after processing according to the
invention will have lower BI than the BI of the hydrocarbon feedstock. In one

embodiment the hydrocarbon feedstock processed according to the invention has a

BI no greater than 50%, preferably no greater than 20%, more preferably no
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more preferably that has at least 90 wt.% of Cs-C; aromatics, even more
preferably that has at least 95 wt.% of C¢-C7 aromatics, and most preferably has at
least 98 wt.% of benzene plus toluene. In another embodiment, the hydrocarbon
feedstock preferably has at least 60 wt.% of benzene, more preferably has at least
90 wt.% of benzene, even more preferably has at least 95 wt.% of benzene, and
most preferably has at least 98 wt.% of benzene. In yet another embodiment, the
hydrocarbon feedstock preferably has at least 50 wt.% of Cs-Co aromatics, more
preferably has at least 90 wt.% of C4-Cy aromatics, even more preferably has at
least 95 wt.% of Cs-Co aromatics, and most preferably has at least 98 wt.% of Cs-
Co aromatics, wherein the Cg aromatics are ethylbenzene, para-xylene, meta-

xylene, and ortho-xylene, the Cy aromatics include cumene, and pseudo-cumene.



fromabout 2A to 19 A a clay, and any conbi nation

thereof. Preferably at least 5 w.% nore preferably
w@rooresen3 10 wt . % yet nore preferably at | easPCR0S2006/037059

w.% even nore preferablylat |[east 30 wt.% and nost

preferably at |east 40 wt.% of the treated hydrocarbon

feedstock recycles to the catal yst bed at the

conversion conditions. Recycling the product
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[0037] In one embodiment, the hydrocarbon feedstock is pretreated with a
pretreating catalyst, such as, silica, alumina, silica-alumina, high surface area
carbon (e.g., surface area greater than 100 m?/g, preferably greater than 200 m’/g,
even more preferably greater than 400 m*/g), molecular sieve, zeolite, or clay to
remove the oxygenates and/or the nitrogen components to the desired level.
Selective removal of oxygenates and basic nitrogen compounds is typically
carried out at near ambient temperature, a pressure from about 136 to about 1480
kPa-a, and WHSV of from about 0.1 to about 5 hr™'.

[0038] Such pretreatment steps include, but are not limited to, absorption

processes in which the hydrocarbon feedstock is contacted with an absorbent
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onents to
The preferred embodiment abovementioned may further comprise a step of adding

a catalyst comprising at least one molecular sieve catalyst to the existing clay
treater. In a preferred embodiment, this invention relates to a process replacing at
least 10 wt.%, preferably 25 wt.%, more preferably 50 wt.%, most preferably at
least 50 wt.%, existing clay catalyst in an existing clay catalyst reactor with a
catalyst comprising a molecular sieve catalyst having a zeolite structure of MWW.
In yet another preferred embodiment, this invention relates to a process replacing
the entire clay catalyst in the existing clay treater with a catalyst comprising at
least one mwolecular sieve catalyst. Another embodiment of this invention
comprises a step of adding a catalyst having at least one molecular sieve catalyst
to the existing clay treater.

[0040] In yet another embodiment, the molecular sieve catalyst and clay

catalyst may also be packed in separate reactors. When the molecular sieve
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porous partlculate material can also be very important for the performance of the

material in a given application. The morphology of the porous particulate
material (e.g., molecular sieves) can also be another important factor for the
performance of the material in this invention. For example, a morphology of
small particle size or a morphology of thin layering/plate material can have a large
accessible interface. Optionally, the molecular sieve(s) used in this invention has
a morphology of small particle size such as an average particle size less than 1
um, preferably less than 0.1 um, more preferably less than 0.05 um or a thin
layering/plate morphology having a ratio of the thickness over the average of the

other two dimensions less than 0.5, preferably less than 0.1, more preferably less
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and clay catalytic conversion may be pérformed over
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m%ﬁmc\llliar gs1e*:3vreg ma:t%%r;{h%%sc tr{n\i/tgna S, npme }g Séllfc%n aluminum silicate and
aluminum oxide, have been used as catalyst supports. A number of long-known
techniques, such as spray drying, prilling, pelletizing and extrusion, have been and
are being used to produce macrostructures in the form of, for example, spherical
particles, extrudates, pellets and tablets of both micropores and other types of
porous materials for use in catalysis, adsorption and ion exchange. A summary of
these techniques is described in “Catalyst Manufacture,” A. B. Stiles and T. A.
Koch, Marcel Dekker, New York, 1995.
[0044] Intergrown molecular sieve phases are disordered planar
intergrowths of molecular sieve frameworks. These are generally described in the
“Catalog of Disordered Zeolite Structures”, 2000 Edition, published by the

Structure Commission of the International Zeolite Association and to the
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capacity, Sspec
term “spent molecular sieve” used herein, means a non-fresh molecular sieve, i.e.,

a molecular sieve been exposed for a substantial amount of time (such as 24
hours) to hydrocarbon feedstocks under conversion conditions. Examples of spent
molecular sieves are regenerated or rejuvenated MCM-22 after being exposed to a
transalkylation feedstock under transalkylation conditions or an alkylation
feedstock under alkylation conditions. Typically, a spent molecular sieve has
lower catalytic activity than the corresponding fresh molecular sieve.

[0048] Molecular sieves/zeolites useful in the present invention include
any of the naturally occurring or synthetic crystalline molecular sieves. Examples

of these zeolites include large pore zeolites, intermediate pore size zeolites, and



area and acidity. [0043] A sunmary of existing

technol ogy, in terns of production, nodification and
w@barasgres i zati on of nol ecul ar sieves, is descPCDEs2006/037059

t he book "Mol ecul ar Sieves15 Principles of Synthesis

and ldentification"; (R Szostak, Blackie Academ c &

Prof essi onal, London, 1998, Second Edition). In

addi tion to nol ecul ar sieves, anorphous materials,
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[0049] The molecular sieve useful for this invention is usually a large pore
size zeolite or an intermediate pore size zeolite having a silica-to-alumina molar
ratio of at least about 2, specifically from about 2 to 100. The silica to alumina
ratio is determined by conventional analysis. This ratio is meant to represent, as
closely as possible, the molar ratio in the framework of the molecular sieve and to
exclude silicon and aluminum in the binder or in cationic or other form within the
channels.
[0050] In one embodiment, the molecular sieves for selectively removing
mono-olefinic and multi-olefinic compounds include, e.g., large pore zeolites,
particularly a molecular sieve having a zeolite structure type of MWW, e.g.,

MCM-22 (U.S. Patent No. 4,954,325), MCM-49 (U.S. Patent No. 5,236,575),
MCM-56 (U.S. Patent No. 5,362,697), and ITQ-1 (U.S. Patent No. 6,077,498).
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lesgmsples ataagey pors aedlited tho‘M-ﬁa(Dmd@) qr$.ePpndiNwg 3,925639),

BRSSOy 558 SR e o
3est701o8B), yze@_m@ lBe[d (S OParsik mdieti 308%9%&'1%' TE4TY, | EEMSRE X

si eves. of these zeolites include ['ar ge pore
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Fourth Edition,

(o STt N BYORERE)-endlore pretsigé poleeulse sidvee include 12
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BeRLid &f lower oxygenates, and/or lower nitrogen components, and optionally,
lower dienes in the feed, the catalyst of this invention may operate at more severe
conversion conditions, e.g., higher temperature and higher space velocity, than
conventional clay catalyst. The catalyst of this invention therefore has even longer
cycle-length, wider operating window, and higher throughput potential. As shown
in the examples, it is possible to secure at least 2 fold or greater cycle-length
improvements through use of the present invention. It is known to those skilled in
the art that the advantage of increased cycle-length at constant conditions can
often be traded for higher throughput at similar cycle-lengths. Thus the process of
the invention provides for debottleneck potentials for existing plants using clay as

catalyst for clay treaters. Alternatively, the process of the invention can be used to



Y, zeolite X, onega, Beta, ZSM 3, ZSM 4, ZSM 12, ZSM1
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S CUQSIiHIRIN. S”Flheeé‘riﬁeﬁﬁ{eﬁtal eoMAMtidHE JTARO Rt ededl 1ﬁcl@ﬂk§ja constant
mul ti-ol efm c conpounds include, e.g., |arge por

tegwietaturs , of pXa8E T .canda | arighlgoliese ubigrassdesombadais Ia?umal of

e r f MW , MCM 22 (U S.
el 651{0@535%%)%) MOM 49 (U, 8. Patent o,
[i).OB@ﬁ 575) In deMrbioditders, thRaheletuliMosieve(SGds @A 7Alphavdlue at

TQ 1 (U S..  Patent No. 6,077, 4982 Preferred catalfyshf
1eﬁ$§|1u geclerablyab least Joemopprefrahly of lepgtn05eyengpore-prgfprably at

Mahon sbgoses prenie 4B 22 (anly of s
MOSSR2 t ypEheratysriliak snaleoplaneieve may be used in bound form, that is,
composited with a matrix material, including synthetic and naturally occurring
substances, such as clay, silica, alumina, zirconia, titania, silica-alumina and other
metal oxides. Other porous matrix materials include silica-magnesia, silica-
zirconia, silica-thoria, silica-beryllia, silica-titania, as well as ternary compositions
such as silica-alumina-thoria, silica-alumina-zirconia, silica-alumina-magnesia, .
and silica-alumina-zirconia. The catalyst can be used in the form of an extrudate,
lobed form (e.g. trilobe), or powder.

[0056] The clay catalyst useful for this application is usually an acidic
naturally-occurring clay or a synthetic clay material. Naturally-occurring clays
include those of the montmorillonite and kaolin families. Clay catalyst system is
used herein to refer to the passage of a hydrocarbon stream through a fixed bed of

contact material, which possesses the capability of reacting olefinic compounds



considered to contain a simlar comon | ayered

structure unit. The structure unit is described in
wor@r/ofavent Nos. 5,371, 310, 5, 453,554, 5, 493, PEBHUSI0A6/037059

5,557, 024. Each of the patdBts in this paragraph

descri bing nol ecul ar sieve materials is herein

i ncorporated by reference. [0051] In another

enbodi ment, other natural or synthetic crystalline
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0l0P§2h- r i ngAstireideusle dispssrd. 2claynspigbist sstenzdgnope conducted

ngkeg’r \xg € te“lfp%%éﬁ%qg% éﬁ?gﬁi‘ ou?ggq%%[%ggt;%ﬁcllsThe conditions
| olgAetiin Whehalay Ic@uag@r sal erel dﬂpgﬂid@n’oeﬁ auskydvbcarimonefeedstocks

oxy enat es, /or | ower nitrogen conponents, and
‘@ﬁ&lqdypftheo%)‘cﬁléﬁé@eqn the feed, the catalyst of

t nvent hHo ﬂamg Re R G FEMSHE S|
Emg |ons ﬁe i gher tﬁ%oecglg)tggre anda?] ﬁﬁer spac ratmg
vedmlitidng, t\ntdmrmm@rwmm ohagltr eateayessa]ls ahy be useﬁmn an altematmg
catalyst of this invention therefare has. even Ionigqe

cYCh-SWIBRGRAS (i RFGYIIE 58P G RFTIHEM, ‘A lHicgtiay can also be

t aug Wlﬂ%&wﬂgtr@c‘[&dr%r th@?noﬁaﬁlm sier\}e bBg weA R @8lechlbr bisve is
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chahgrdpdaegd br fegprasstedrent s t hrough use of the present
[ R A TIE I ST
CRARIEPE sEBiHY henstiaan BfiiRMmdaevitiiiages bk Wouhd Gletheory, we
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improves dramatically the catalyst lifetime. Optionally, recycling at least a
portion of the processed feedstock co-mixing with the fresh feedstock may
decrease the amount of dienes in the feedstock which may further extend the
catalyst lifetime. The improved BI reduction process can be advantageously
operated to a higher end of cycle temperature than conventional processes. The
conventional processes typically operate no higher than 210°C. The improved
process may be able to operate at temperatures up to 270°C.
[0060] The clay has a similar lifetime regardless of the level of trace
oxygenates in the feedstock. It is therefore advantageous to lower the oxygenates

and nitrogen compounds, optionally the dienes, in the feedstock to be processed

by a catalyst having a molecular sieve catalyst.



the invention provides for debottl eneck potentials for

existing plants using clay as catal yst for clay
wWoe@anss7s3 Al ternatively, the process of the i POEOB1006/037059

can be used tosave on capitltal costs. The process of

the invention can achieve a typical clay cycle-length

of 3 to 12 nonths using as little as 1/1 Oth the

wei ght of conventional acid treated clay. The process
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a‘;ﬂlg naélmlgag&{@\q‘lﬁsng catal yst taken as an Al pha of
Constant = 0.16 sec 1) . The Al pha Value is
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experinmental conditions of the test used include a
cmmsmgta temppratuae tange of asRg 80°Giincrbaul, 200°ebe Brepswsarange f

$ouPFRSR00) LBsi v st BLaHbRl VL. dobgioge’
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as silica-alumna-thgri.a,. silica-alu zirc
e T e HABH o DL A PSR PrE S ERPf 4R ARkl of he
LSt ERIRENiS) &eRIbBRIdgsed in the formof an extrudate,
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[0065] Three hydrocarbon feedstocks having different level of olefinic

compounds were used in the following examples. These feedstocks were
analyzed using standard gas chromatograph (“GC”) analysis and the ASTM BI
test (BI). The multi-olefins (mainly dienes) in this invention, were analyzed as
follows: 0.50 grams of maleic anhydride (Sigma-Aldrich Corporation, Milwaukee,
WI, USA) was added to in a round bottom flask containing 300 grams of the
hydrocarbon feedstock. The flask was equipped with a condenser, placed in a

heating mantle, and brought to reflux. After 20 hrs the flask was cooled to room



| obed form(e.g. trilobe), or powder. [0056] The cl ay

catal yst useful for this application is usually an
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the nontnorillonite and kaolin famlies. Cay catalyst

systemis used herein to refer to the passage of a
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[ 0057] As previously discussed, clay catal yst system
i's now conducted over a wi de tenperature range of from
about 930C to about 3710C. The conditions utilized in
the clay catal yst system are dependent on the

hydr ocar bon feedstocks and the kind of the clay

catal yst used. [0058] Depending on the hydrocarbon
feedstock and the operating conditions, two or nore
separate clay treater vessels can be used on an
alternating (i.e., swing) basis to provide continuous
operation. A clay reactor can also be used as the

swi ng reactor for the nol ecul ar sieve bed when the
nol ecul ar sieve is being replaced or regenerated.
[0059] Surprisingly, the catal yst of the present

i nvention has proved to have high stability and
activity. Wiile not wishing to be bound by theory, we
believe that |owering the oxygenates and nitrogen
conmponents in the feedstock inproves dranmatically the
catalyst lifetime. Optionally, recycling at |east a
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Example 2
[0067]
gel placed upstream of the fixed bed rea

preferred enbodi nents. ]t
ignss). SCenueEsi g Wasmenitered asd fipngtion of Hmsuy rﬂheéﬁsults
n liters per kg of catalyst.
€ cal cul ated by

[0064]. The

ctor.

ECR B

The ECR BI

The experiment of example 1 was repeated with a bed of dry silica

Feed A first passed through the

silica gel at WHSV 0.2 hr' and room temperature before passing across the

MCM-22 catalyst. The purpose of the silica gel was to remove trace oxygenates

from the feedstock. The results are plotted
[0068]

in Figure 1.

Analysis of feed A identified the presence of oxygenates including

tetracthylene glycol solvent and plasticizers. The tetraethylene glycol was present

in a range from about 21 to about 200 wppm. The silica gel is known to be an

effective means of selectively removing oxygenates from the feedstock to as low

as less than 5 wppm oxygenates-oxygen. As shown in Figure 1, the examples

prove that the stability of the MCM-2

2 catalyst for the BI reduction is dependent

upon the amount of oxygenates in the feedstock. Removing the oxygenates leads

to a great improvement in catalyst stability.



mul tiplying the space hour velocity, the hours on
stream the average Bl conversion, and the average B
wo eoozhss7deedst ock di vi ded by the density of therCT/US2006/037059
feedstock (kg/liter) as folRRowing: ECR Bl liter/kg =
VWHSV x average Bl conversion x average Bl in feed x
TOS Density (kg/liter) [0065] Three hydrocarbon
feedst ocks having different |evel of olefinic
gs were used in the follow ng exanples. These

f eedst ocks were anal yzed usi ng standard gas
dA0&Hat ogr apMEMEE? yatalyal Qﬁsdéév aneb, tartickSTike Bbottels tnm) was

B8 Ao 4 LB L | SRS s e s

rael 28170 lanhy dricde, asi QNHSJN d00 ¢’ COTROHaddueN was sampled and
M | waukee, W, USA) was added to in a round bottom

fpalyred: Bitthe RPMETHOD of teryoming eactiigdnelearlpon the feedstock.
f C
T
Al tlire BOR Bl ditdrie it BEEMI2catabat edthifeed ® Q. 2510 a08BUlRr/kg.
LTFE‘I 51 )‘re contents of the flask were concentrated
H*rotary evaporator at 750C and a pressure bel ow
0@7?) kPa-a.A Aredy-5£ e | neg
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Example 5

[0072] A clay catalyst (F-24) was loaded into a fixed-bed reactor. Feed A

(Table 1) was pumped through the reactor at 2170 kPa-a, 210°C, and WHSV 2 hr’
', The product was sampled and analyzed for the conversion of the bromine
reactive molecules in the feedstock. Conversion was monitored as a function of
time. The EOR BI liter/kg was 1.05 x 10° BI liter/kg.

Example 6

[0073] A clay catalyst (F-24) was loaded into a fixed-bed reactor. Feed B
(Table 1) was pumped through the reactor at 2170 kPa-a, 210°C, and
WHSV 2 hr''. The product was sampled and analyzed for the conversion of the

bromine reactive molecules in the feedstock. Conversion was monitored as a

function of time. The EOR BI liter/kg was 0.38 x 10° BI liter/kg.



Exanpl e 2 [0067] The experinment of exanple 1 was
repeated with a bed of dry silica gel placed upstream
wotooriss7h3 xed bed reactor. Feed A first passedpP€Tus20961037059
the silica gel at WHSV 0.22Br 1 and roomtenperature
bef ore passing across the MCM 22 catal yst. The purpose
of the silica gel was to renove trace oxygenates from
the feedstock. The results are plotted in Figure 1.
[db%ﬁ] Anat&sﬁlb&—ugg edafififesS drdeith Iesmnm@@s REEBENGECIOr that
oxygenates including tetraethylene glycol sol vent and
pledd €VER2 eatslystiitae mushdergehgatapis lige yerous thaglayrce@éﬁt in
a range fromabout 2 1 to about 200 wpopm The silica
gel is known to be an effective neans of selectively
renovi ng oxygenates fromthe feedstock to as | ow as
| ess than 5 wppm oxygenat es- oxygen. As shown in Figure
1, the exanples prove that the stability of the MCM 22
catal yst for the Bl reduction is dependent upon the
anmount of oxygenates in the feedstock. Renoving the
oxygenates |l eads to a great inprovenent in catalyst
stability. Exanple 3 [0069] A MCM 22 catalyst (Si/Al 2
25, particle size about 1 mm was |oaded into a
fi xed-bed reactor. Feed B (Table 1) was punped through
the reactor at 2170 kPa-a, 2100C, and WHSV 100 lir 1
The product was sanpl ed and anal yzed for the
conversion of the brom ne reactive nolecules in the
feedst ock. Conversion was nonitored as a function of
time. The results are plotted in Figure 2. The EOR B
liter/kg for MCM 22 catalyst with feed Bis 2.95 x 106
Bl liter/kg. Exanple 4 [0070] A MCM 22 cat al yst
(Si/AI2 = 25, particle size about 1 mMm was | oaded
into a fixed-bed reactor. Feed A (Table 1) was punped
through the reactor at 2170 kPa-a, 2100C, and WHSV 100
hr 1. The product was sanpl ed and anal yzed for the
conversion of the brom ne reactive nolecules in the
feedst ock. Conversion was nonitored as a function of
time. The results are plotted in Figure 2. The EOR B
liter/kg for MCM 22 catalyst with feed Ais 1.93 x 106
Bl liter/kg.



[0071] Feed A has oxygenates-oxygen in a range from
about 2 1 to about 200 wppm The feed B has
WwW@00gessaes- oxygen in a range from about 0.1 tBCL0S2006/037059

wppm As shown in Figure 224the catal yst showed at

| east 10 fold inprovenent in stability for feed B

versus feed A. The inventors believe that the

st ep- change i nprovenent in performance for the feed B

i eLpaMd:y a result of |ow oxygenatesoxygen levels in

feed B. Exanple 5 [0072] A clay catalyst (F-24) was

| oaded into a fixed-bed reactor. Feed A (Table 1) was

\K;\Eigl\g/eagmthrough the reactor at 2170 kPa-a, 2100C, and
hr ' . The product was sanpl ed and anal yzed for

the conversion of the brom ne reactive nolecules in

tPe feedst ock. Conversion was nonitored as a function
of ti me.Pretfss foRrqducingthe Begmines Indepxe hpdpparbon feedstock

liter/kg; & 3« A I E- 24 S

| oade dﬁ(aiglnntg?%gyﬁl%e d- {B,ggl%r ]é}é@egérlt.@y E}ge% gB)é?EFgé%:lgg 1%16 mszeé) of
punpedcontactngbrid fedstedctvith aahtaRt7a doRPeersion 2d8BGonsadorm a
VWHSV 2. h The product, was sanpl ed and anal yzed for

t he c%‘ﬁ@é?é‘%ﬁn 6"1“4%{% S%‘fio‘iﬁaa@t rRARYSS Ve Mpbtcakag] siayehigving a
t he f%@ﬁ&@%etu@@@BWs nonitored as a function

of tinme. The EOR liter/kg was 0.38 x 106 BI

liter/kg.[0074] Conparing exanples 3 and 4 with
ek anpl & Procesh dorpredneing she [Beeminehbadex lod aVinydra@reat &egstock

has - C. st. . Life versus the.cla y
cat a2 gt e GhBp ol ARLEE P e tres a6

the Brom ne I ndex of a hydrocarbon feedstock having

| ess t(han Setwifitngxy gRizehE 8la@Xieg A witoATPAthIS i tghvidiea zeolite
step of contacti n?/Bsa}d feedstock with a catal yst at
conver si on SEYAYTSWBRS MY Vorrd a first effluent,

wherein said catal yst includes a nol ecul ar sieve

havi ngbp z %@htiaEt%g'ét dattf t fe&std P &yl %c%algﬁ R% OC&RRrsion

for reducing the Brom ne Index of a rocarbon

f eedst ock lkanditignd, ess than 5 wppm oxygenat es- oxygen,
conprising the steps of:

wherein said conversion conditions comprise a temperature range from
about 150°C to about 270°C, a pressure range from about 136 kPa-a to
about 6996 kPa-a, and a WHSV from about 0.2 hr’! to about 100 hr'!, and
said feedstock has a flowrate of at least 10 kg per day.

3. A process for reducing the Bromine Index of a hydrocarbon feedstock,

comprising the steps of:

(a) pretreating said feedstock with a material sufficient to reduce

oxygenates-oxygen in said feedstock to less than 5 wppm; and
(b)  contacting said pretreated feedstock with a catalyst,

wherein said catalyst includes a molecular sieve having a zeolite structure

type of MWW to form a first effluent.



(a) retrofitting an existing clay treater with a
catal yst having a zeolite structure type of MAW and

w@ bjo7ossToact i ng sai d feedstock with said cat al peT/U81006/037059
conversion conditions, wher& n said conversion
conditions conprise a tenperature range from about
15Q0C to about 27Q0C, a pressure range from about 136
kPa-a to about 6996 kPa-a, and a WHSV from about 0.2

Ifﬂ.r 1 A%88Q4tHo A Piubing lthe BEmaR Thdbeed s Bedtodrbora feedstock,
| owrat’'e of at |east 10 kg per day. 3. A process for

r educéamgprisieg Be oiepnief:| ndex of a hydrocarbon feedst ock,
conprising the steps of: (a) pretreating said

feedsfock with a mat.er] f{ g I §AHERNt to red
oxyge&ﬁtesmg FyEs ﬁﬂ8§§%%u§%eg?§ogah?%ﬁ?ess than b oeuee
wppm  and §B)ochBi-agidendn sad testetlr edesdhdredppmgk
with a catalyst, wherein said catal yst includes a

nol ecul ar si eve having a zepli trycture. type .of A
[ fofth o Fomaingrpidgrreast kegodettf i g A £ e
Brom ne In : PelolectRIRIe S had
the steps cg)@el?‘g)‘ﬁg%l??%gt@i&ﬁg&s@i@%gﬁedst%ck with a e

mat eri al swgédlite stanture gypeed MW Voyxangenat es- oxygen in
said feedstock to I ess than 5 wopm (b) contacting

ot RFH ftimg ol foosPhbLsfy R PRl bcpder @

nol ecul ar sieve having a zeolite structure type of

MW andrdceds foe Gydidimgtirt Bloatind Iiadepooft & hwdotarban deedstock,
first effluent to step (b). 5. A process for reducing

t he BeompriEng Hgetersa hydrocarbon f eedst ock,

conprising the steps of: (a) contacting said feedstock

Wi th gcat ahyslinsMies RLausRthafabadys! ncludes a

nol ecul’ar sieve laving a zeolite structure type of MW

and a material sufficient to reduce oxygenates-oxygen
in wherein said catalyst includes a molecular sieve having a zeolite’structure

type of MWW and a material sufficient to reduce oxygenates-oxygen in

said feedstock to less than 5 wppm.

6. The process of any preceding claim, wherein said molecular sieve has an

alpha number of at least 1.

7. The process of any preceding claim, wherein said molecular sieve includes
an intergrown phase having at least a portion of said intergrown phase

containing a zeolite structure type of MWW.

8. The process of any preceding claim, wherein said feedstock has at least 50

wt.% of Cg- C; aromatics.

9. The process of any preceding claim, wherein said feedstock has at least 90

wt.% of Cs- C; aromatics.

10.  The process of any preceding claim, wherein said feedstock has at least 95

wt.% of C¢- C7 aromatics.



said feedstock to less than 5 wopm 6. The process of
any preceding claim wherein said nol ecul ar sieve has
wa@eoodlogdres nunber of at |east 1. 7. The processPOf/Us2996/037059

preceding claim wherein sa&d nol ecul ar sieve includes
an intergrown phase having at |east a portion of said

i ntergrown phase containing a zeolite structure type

of MAMN 8. The process of any preceding claim wherein
sBi d Teepsteslofhag pedcediggslainOvhdreidsaidGesistdCk has at least 98
aromatics. 9. The process of any preceding claim

wher eWh%s@f kenz@sdst ock has at | east 90 wt.% of C 6- C7
aromatics. 10. The process of any preceding claim

yher eirfe él%'f%s oi Ef%%gdiﬂgélgg‘i‘ﬁ wikgsh sda n‘Ml@cﬁ’l:QC sf®e heing a

aromatic roces any preceding claim
wher etzevlsastchchere dﬁtemf RMWAE camnptiseast 1608 ane. df/d\d)(f?M~°2 MCM-

benzen éﬁ/& qu ess of any preceding claim
wher e|§¥ 3 réﬁl r sieve having a zeolite
structure type of MAWW conprises at |east one of

MEM 22he MiVbesd Yof Malt pRecedilig | cléd, - whéreinThgidpic@aBgs fafther

any preceding clainm wherein sai d cat al yst further
conprp@eBrl@S@IC#W 14. The process of any preceding
claim wherein said nol ecul ar sieve conprises a spent

Wl eClﬂ‘nQr r%bufs\éeof 5L y é%@e c%gcké%aﬁl %h@@l}‘l 951801%@ Blar fsieve

rern sai eds a§ a Brom ne ex o
at Iea@hpﬁsesh&peﬁfhmolammeme.of any precedi ng cI aim
wherein said catalyst is sufficient to reduce at |east

% of . t he Bro ne | ndex o .sal f eedst
3306 024 BOCET L RE SEH e Eletfy SURErEI Sedsqph Has & Bomine
converqsicRRfeORalt5i ons conprise a tenperature range
from about 1500C to about 27Q0C, a pressure range from

about 136 kPa-a to about 6996 kPa-a, and a WHSV from
about The process of any preceding claim, wherein said catalyst is sufficient to

reduce at least 50% of the Bromine Index of said feedstock.

17.  The process of any preceding claim, wherein said conversion conditions
comprise a temperature range from about 150°C to about 270°C, a pressure
range from about 136 kPa-a to about 6996 kPa-a, and a WHSYV from about
0.2 hr'' to about 100 hr'".

18.  The process of any preceding claim, further comprising a step of
contacting at least a portion of said first effluent with said catalyst at said

conversion conditions.

19.  The process of any preceding claim, further comprising a step of
regenerating said catalyst with an oxidative agent under regeneration
conditions having a temperature range of about 30 to 900°C, a pressure
range of about 10 to 20000 kPa-a, and a WHSV from about 0.1 hr! to
about 1000 hr".

20.  The process of any preceding claim, further comprising a step of

rejuvenating said catalyst with a reductive agent under rejuvenation



0.2 hi- 1 to about 100 hr 1 . 18. The process of any
preceding claim further conprising a step of
wa@osnrasgong at | east a portion of said first ebpéT/usrne/037059
with said catal yst at sai d2tonversion conditions. 19.
The process of any preceding claim further conprising
a step of regenerating said catalyst with an oxidative
agent under regeneration conditions having a
t enpesHditiShs'BRER Ple re3dnge0 o BRI, 3020PI®SE Uk Sressure
range of about 10 to 20000 kPa-a, and a WHSV from .
about rapgg ofirabautt ) &bh30R001KIGe, rand1a VWIASV Thiemmbeuie@d luf to
any pr.ecedj glaim further conprising a step of
rej uv%l??éﬁi?h@@ ard catalyst with a reductive agent
under rejuvenationconditions having a tenperature
DaNgeTRE pARedtlof Iy peec@A& clagn PRGN Rid RBELodk hag AGlttwrate
10 to 20800 kPa-a, and a WHSV from about 0.1 hr 1 to
about ofigdersh00kg pdayThe process of any preceding
claim wherein said feedstock has a flowate of at
ast g p Yy '
e R f O 2 breobdins RERRGRRS A BV RLERIRL 1o
wppm tfandi vepyes of @i8nesThe process of any one cl ai m of
clainms 3, 4, and 5, wherein said material in step (a)

nprises at least one.of silica,, alumpa,, . . )
GBI T CABE el B G SlA R SIFER: Bt WissriR i gpaterial
si evein geplA)t &mpHses hfleastthe ofNElidA ARMSIH, iliRMMUAMR, high
claimof clainms 3 and 4, further conprising a step of
r ecy c Fiifage arealcagon, molsevler Bevepreadifg. @1 Flayst ef fl uent to
step (b). 25. The process of any one claimof clains 3

apd 4 r i : d r.e i .. ‘
S8 EPS PSR 40 B b IR D35
of recycling at least a portion of said first effluent to step (b).

25.  The process of any one claim of claims 3 and 4, further comprising a step

of recycling at least a portion of said first effluent to step (a).



