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BACKGROUND OF THE INVENTION

[0003] Following the introduction of catalytic cracking processes in
petroleum refining in the early 1930s, large amounts of olefins, particularly light
olefins such as ethylene, propylene, butylene, became available in copious
quantities from catalytic cracking plants in refineries. While these olefins may
be used as petrochemical feedstock, many conventional petroleum refineries
producing petroleum fuels and lubricants are not capable of diverting these
materials to petrochemical uses. Processes for producing fuels from these crack-
ing off gases are therefore desirable and from the early days, a number of
 different processes evolved. The early thermal polymerization process was
rapidly displaced by the superior catalytic processes of which there was a
number. The first catalytic polymerization process used a sulfuric acid catalyst
to polymerize isobutene selectively to dimers which could then be hydrogenated
to produce a branched chain octane for blending into aviation fuels. Other

processes polymerized isobutylene with normal butylene to form a co-dimer
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it is washed with water to remove organic bases and any caustic carryover.

Because oxygen promotes the deposition of tarry materials on the catalyst, both
the feed and wash water are maintained at a low oxygen level. Additional pre-
treatments may also be used, depending upon the presence of various
contaminants in the feeds. With the most common solid phosphoric acid
catalyst, namely phosphoric acid on kieselguhr, the water content of the feed
needs to be controlled carefully because if the water content is too high, the
catalyst softens and the reactor may plug. Conversely, if the feed is too dry,
coke tends to deposit on the catalyst, reducing its activity and increasing the
pressure drop across the reactor. As noted by Henckstebeck, the distribution of
water between the catalyst and the reactants is a function of temperature and
pressure which vary from unit to unit, and for this reason different water
concentrations are required in the feeds to different units. Petroleum Processing

Principles And Applications , R. J. Hencksterbeck McGraw-Hill, 1959.
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[0007]  The tubular reactor is basically a shell-and-tube heat exchanger in
which the polymerization reactions take place in a number of parallel tubes
immersed in a cooling inedium and filled with the SPA catalyst. Reactor
temperature is controlled with the cooling medium, invariably water in
commercial units, that is fed on the shell side of the reactor. The heat released
from the reactions taking place inside the tubes evaporates the water on the shell
side. Temperature profile in a tubular reactor is close to isothermal. Reactor
| temperature is primarily controlled by means of the shell side water pressure
(controls temperature of evaporation) and secondly by the reactor feed
temperature. Tubular reactors usually operate at pressure between 5500 and
7500 kPag (800-1100 psig) and temperature of around 200°C (about 400°F).
Conversion .per pass is usually high, around 90 to 93% and the overall conver-

sion is around 95 to 97%. The space velocity in tubular reactors is typicaily
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as tfeeds to polynerization processes as heavier
polghefrized. Uifigher akrperatures may be used when propylene is included in
the feed. In a well established commercial SPA polymerization process, the
olefin feed together with paraffinic diluent, is fed to the reactor after being

preheated by exchange with the reaction effluent.

[0009] The solid phosphoric acid catalyst used is non-corrosive, which
permits extensive use of carbon steel throughout the unit. The highest octane
product is obtained by using a butene feed, with a product octane rating of
[R+M]/2 of 89 to 91 being typical. With a mixed propylene/butene feed,
product octane is typically about 91 and with propylene as the primary feed
component, product octane drops to typically 87.

[0010]  In spite of the advantages of the SPA polymerization process, which
have resulted in over 200 units being built since 1935 for the production of
gasoline fuel, a number of disadvantages are encountered, mainly from the
nature of the catalyst. Although the catalyst is non-corrosive, so that much of
the equipment may be made of carbon steel, it does lead it to a number of draw-

~ backs in operation. First, the catalyst life is relatively short as a result of pellet
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I sadvant ages are encountered, mainly~fromthe

alkylation and isomerization. Based on olefins converted, MOG yields 60 to 75
weight percent of high-octane gasoline blend stock with specific qualities of the
product depending of the processing severity selected and the character of the
feed olefins. Typically, the octane rating for the product is in the range of 88 to
91 [R+M]/2. The zeolite catalyst used in the process is environmentally safe and
its attrition rate is low, and as an alternative to disposal, the spent catalyst can be

reused in the FCC unit to increase octane quality.

[0012] The MOG process has, however, the economic disadvantage relative
to the SPA process in that new capital investment may be required for the
fluidized bed reactor and regenerator used to operate the process. If an existing
SPA unit is available in the refinery, it may be difficult to justify replacement of
the equipment in spite of the drawbacks of the SPA process, especially in view
of current margins on fuel products. Thus, although the MOG process4 is
technically superior, with the fluidized bed operation resolving heat problems
and the catalyst bresenting no environmental problems, displacement of existing

SPA polymerization units has frequently been economically unattractive. What



nature of the catalyst. Although the catalyst is
non-corrosive, so that nuch of the equi pnent nay be
worame/ opfoocar bon steel, it does lead it to a nup@BEDSING6/007168

draw backs in operation. First, the catalyst life is
relatively short as a result of pelletdisintegration

whi ch causes an increase inghe reactor pressure drop.
Second, the spent catalyst encounters difficulties in
handl i ng fromthe environnental point of view being

[is aeduik&d, theefodé,Lis Bl efonciBRARY T StAkLiad daltitahtivy to the SPA
constraints limt flexible feedstock utilization.
pragiess doisthe, candeasatiopsof lightcdieting todornh amator fiesle. Desirably, the
d_of fer considerabl e operating and

di sad t I
pregesh éﬂﬁ?@ldm&e@f opgyation In gxisting ppfnery equipment, especially

&f 1L 0s-if Q- [ )1 S | OyS . .
as g Bhon 1 B da Bl Benthdr g SEEERRo SRR R cotalyst used in the
SPiA gfd&ﬁ@ §o Bpd Bk PADONREHESIH BRIt AR BE JIRICAY used with
gasoline by the conversion” of reactive olefins suth as
theehdmwy lcatedystn dl s amplies ¢hat théPfocek$ shadld Usetenes-cafrosivie! solid
as higher olefins nay al so be included and converted
catalyst &t fixgd hegrratalystreperstiam cHadhemaors, theseatalyst should present

fev%r_lo_ﬂglg i TE&%&E&%@@{@SH?@%&S? g)l\éﬁqrﬂl%h an %E)ﬂldyﬁ}osipﬂgﬁc acid
an@) FEONREraAbh Ao e:%fsﬁﬁg Iegrfg;ifs, rmﬁeiﬁ‘oag@@%ﬁfm&vgﬁ&%&ibu-

transfer aromatli zal 1 0 ation and 1 soneri zatli on.

tiofi@ sleshldrbeadcahparableanihodecof, th¥3P A ipedetss.60 to 75 wei ght
percent of high-octane gasoline blend stock with

SUMBERRY OF BHELDST PRGNS, 24°5nd the char act er of the

O0RSES, 0 i PUBLY o pHESBELAE ELATAALA of oo ot
sucte®d ER16R, Pripileds,eshd PutylhePoOERSEnk Doiling range motor fuels

environmental |y safe and its attrition rate is Tow,

whisid ismscapablel vérbeang weed casdasyepdadementtefapsolid @livaplstic acid
cat%ﬁrgy qu gj)_;(()ecuessée %n&trs] \’Elllill%h ﬁl%%e upquezfiotu(s)lyI Déen tsed for the SPA process.
The catalyst used in the present process is a solid, particulate catalyst which is
non-corrosive, which is stable in fixed bed operation, which exhibits the
capability of cycle durations before regeneration is necessary and which can be
readily handled and which can be finally disposed of simply and economically
without encountering significant environmental problems. Accordingly, the
catalyst used in the present process commends itself as a "drop in" replacement
for the solid phosphoric acid catalyst used in the SPA catalytic condensation

process for the production of motor fuels.

[0014] -~ According to the present invention, a light olefin stream such as
ethylene, propylene, optionally with butylene and possibly other light olefins, is
polymerized to form a gasoline boiling range [Cs + - 200°C] [Cs+ - 400°F]
product in the presence of a catalyst which comprises a member of the MWW
family of zeolites, a family which includes zeolites PSH 3, MCM-22, MCM-49,
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[0015]  The conversion of an SPA process unit to operation with the present

molecular sieve based catalysts therefore comprises, in principle, withdrawing
the solid phosphoric acid [SPA] catalyst from the unit and loading an olefin
condensation catalyst comprising an MWW zeolite material into the reactor of
the process unit. Following the conversion to operation with the MWW zeolite
catalyst, the unit may be used for production of the gasoline and, if desired, other
liquid hydrocarbon fuels by polymerization of the refinery olefins using the

appropriate conditions as described below.

- DRAWING
[0016]  Figure 1 shows a process schematic for the olefin polymerization unit

for converting light refinery olefins to motor gasoline by the present process.
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by esehanganwithrifie amactor effluent, after which it is charged to the reactor
where the polymerization (condensation) takes place. Control of the heat release
in the reactor is accomplished both by feed dilution and by the injection of
recycled quench between catalyst beds in the reactor. The reactor effluent,
cooled in exchange with the feed, is directed to a flash drum where the flash
vapor is condensed and the condensate cooled. Some of the condensate is
recycled for use as feed diluent and quench. Flash drum liquid flows to a
stabilizer where the polymer gasoline product at the desired Reid Vapor Pressure
[RVP] and light ends are separated. The light ends may be sent to a C3-C,
splitter depending on the refinery needs. SPA units of this kind can be directly
converted to use the catalysts of the present process without significant changes
since the present catalysts are a straight forward "drop in" replacement for the

solid phosphoric acid [SPA] catalyst used in the conventional process

technology.
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This will typically be a simple matter to arrange using the spent catalyst
discharge equipment of the SPA unit. Similarly, the SPA charging equipment

lends itself directly to the charging of the zeolite catalysts into the reactors.

Unit Conversion

[0020] A schematic for a converted olefin condensation unit made by the
conversion of an existing SPA unit is shown in simplified from in Figure 1. A
light olefin feed, typically C,, C; or C, olefins or mixtures of these olefins from
“an FCC gas plant, is led into the unit through line 10 and combined with
recycled hydrocarbon as diluent before passing through heat exchanger 12 in
which it picks up heat from the reactor effluent before being brought to reaction
temperature in heater 13. The olefin charge plus diluent passes through a guard
bed reactor 14a to remove contaminants such as organic nitrogen and sulfur-
containing impurities. The guard bed may be operated on the swing cycie with

two beds, 14a, 14b, one bed being used on stream for contaminant removal and
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catal ysts of the present process w'thout significant

suitdtd y gpelsglti paraffirhangbrasgeopans thatamst andha poatien philghpolymeriza-

forward "drop ipn" replacenment_for the
tion pr\g%uct, is palgsec{1 to recpyc e drum 21 and Prom there by way of recycle

pump 23 and line 24 to feed line 10 for feed dilution and to recycle line 16 for
injection as interbed quench in reactor 15. The olefin polymer product passes
out of flash drum 20 through line 22 to the fractionator 25 to provide the final
stabilized gasoline blend component in line 26 with reboil loop 28 providing
column heat; light ends including unreacted olefins pass out through line 27
from reflux loop 29. As noted below, there is the potential for iso-paraffinic
components to undergo reaction with the olefins in the ‘feed to produce highly
desirable branched chain reaction products of high octane value in the gasoline
boiling range. The use of the recycle as feed diluent is therefore desirable not
only for controlling reaction temperatures but also since it may also result in an

increase in product octane.

Catalyst

[0022]  The catalysts used in the present process contain, as their essential

catalytic component, a molecular sieve of the MWW type. The MWW family of



solid phosphoric acid [SPA] catal yst used in the
conventi onal process technol ogy.[001 9] Like SPA, the
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suﬁgﬁ?@gﬁzﬁ'@? mmbefsobf dhe Fameyt athohe MOM-22deRs &upNhaped
cavities combine together to form a supercage. The MCM-22 family of zeolites
has attracted significant scientific attention since its initial announcement by
Leonovicz et al. in Science 264, 1910-1913 [1994] and the later recognition that
the family is currently known to include a number of zeolitic materials such as
PSH 3, MCM-22, MCM-49, MCM-56, SSZ-25, ERB-1, ITQ-1, and others.

Lobo et al. AIChE Annual Meeting 1999, Paper 292J.

[0023]  The relationship between the various members of the MCM-22 family
have been described in a number of publications. Four significant members of
the family are MCM-22, MCM-36, MCM-49, and MCM-56. When initially
synthesized from a mixture including sources of silica, alumina, sodium, and
hexamethylene imine as an organic template, the initial product will be MCM-22
precursor or MCM-56, depending upon the silica: alumina ratio of the initial
synthesis mixture. At silica:alumina ratios greater than 20, MCM-22 precursor
comprising H-bonded vertically aligned layers is produced whereas randomly
oriented, non-bonded layers of MC-56 are produéed at lower silica:alumina

ratios. Both these materials may be converted to a swollen material by the use of



conversion of an existing SPA unit is shown in
sinplified fromin Figure 1. Alight olefin feed,
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heat exchanger 12 a I"as O in which
the di]luent is separated fromthe ol efin polyner
[008#bducthe prefered zsalitighnaterial feriusatinythg gatgyst of the present

pr %{9{}&% 'MC?S—%B aalﬁloodg%p%&ﬁitebﬂfﬁ{)[%& qga}‘? o2 cglino to fhatwra1 Certain
advantages relative to MCM-22. It has been found that the MCM-22 may be
either used fresh, that is, not having been previously used as a catalyst or
alternatively, regenerated MCM-22 may be used. Regenerated MCM-22 may be
used after it has been used in any of the catalytic processes for which it is
suitable, including the present process in which the catalyst has shown itself
remain active after even multiple regenerations. It may also be possible to use
MWW catalysts which have previously been used in other commercial processes
and for which they are no longer acceptable, for example, MCM-22 catalyst
which has previously been used for the production of aromatics such as ethyl-
benzene or cumene, normally using reactions such as alkyaltion and transalkyla-
tion. The cumene production (alkylation) process is described in U.S. Patent No.
4,992,606 (Kushnerick et al). Ethylbenzene production processes are described
in U.S. Pat. Nos. 3,751,504 (Keown); 4,547,605 (Kresge); and 4,016,218
(Haag); U.S. Pat. Nos. 4,962,256; 4,992,606; 4,954,663; 5,001,295; and

5,043,501 describe alkylation of aromatic compounds with various alkylating



tion product, is passed to recycle drum2 1 and from
there by way of recycle punp 23 and line 24 to feed
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for example, as described in U.S. 4,908,120. When used, matrix materials

suitably include alumina, silica, silica alumina, titania, zirconia, and other
inorganic oxide materials commonly used in the formulation of molecular sieve
catalysts. For use in the present process, the level of MCM-22 in a finished
matrixed catalyst will be typically from 20 to 70% by weight, and in most cases
from 25 to 65% by weight. In manufacture of a matrixed catalyst, the active
ingredient will typically be mulled with the matrix material using an aqueous
suspension of the catalyst and matrix, after which the active component and the
matrix are extruded into the desired shape, for example, cylinders, hollow
" cylinders, trilobe, quadlobe, etc. A binder material such as clay may be added
during the mulling in order to facilitate extrusion, increase the strength of the
final catalytic material and to confer other desirable solid state properties. The
amount of clay will not normally exceed 10% by weight of the total finished
catalyst. Seif-bound catalysts (alternatively referred to as unbound or binder-

free catalysts), that is, catalysts which do not contain a separately added matrix



zeolite, i.e., there is no conmunication along the c
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shapes such as cylinders, hollow cylinders, trilobe, quadlobe, flat platelets etc.

[0027] The catalyst used in the guard bed will normally be the same catalyst
used in the alkylation reactor as a matter of operating convenience but this is not
required: if desired another catalyst or sorbent to remove contaminants from the
feed may used, typically a cheaper guard bed sorbent, e.g a used catalyst from
another process or alumina. The objective of the guard bed is to remove the
contaminants from the feed before the feed comes to the reaction catalyst and
provided that this is achieved, there is wide variety of choice as to guard bed
catalysts and conditions useful to this end. The volume of the guard bed Will

normally not exceed about 20% of the total catalyst bed volume of the unit.

Olefin Feed
[0028]  The light olefins used as the feed for the present process are normally
obtained by the catalytic cracking of petroleum feedstocks to produce gasoline

as the major product. The catalytic cracking process, usually in the form of fluid
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chain Cg, C; and Cg products which are so highly desirable in gasoline from the

view point of boiling point and octane. Besides the FCC unit, the mixed olefin
streams may be obtained from other process units including cokers, visbreakers
and thermal crackers. The presence of diolefins which may be found in some of
these streams is not disadvantageous since catalysis on the MWW family of
zeolites takes place on surface sites rather than in the interior pore structure as
with more conventional zeolites so that plugging of the pores is less problematic
catalytically. Appropriate adjustment of the process conditions will enable co-
condensation products to be produced when ethylene, normally less reactive than
its immediate homologs, is included in the feed. The compositidns of two
typical FCC gas streams is given below in Tables 1 and 2, Table 1 showing a
light FCC gas stream and Table 2 a stream from which the ethylene has been

removed in the gas plant for use in the refinery fuel system.



and for which they are no | onger acceptable, for
exanpl e, MCM 22 catal yst which has previously been

W@ s@d/o9406 t he production of aromatics such as PCT/US2006/007168
et hyl benzene or cunene, nornmally using reactions such
as al kyaltion and transal kyl ati on. The cunene
production (al kylation) proegess is described in U S.
Patent No. 4,992,606 (Kushnerick et al). Ethyl benzene
producti on processes are described in U S. Pat. Nos.
3,751,504 (Keown); 4,547, d@blg Kresge); and 4,016, 218
(Haag); U.S. Pat. NoBCCALi262GASSirednP92, 606;
4,954, 663; 5,001, 295; and 5,043,501 descri be
al kyl at i onCompanehat i c cBfpBetnds wi MolvEet-ous
al kyl ati ngBglemmes over ca8dl ysts conpri sing MW
zeol i tes spgiiése PSH 3 op7MCM 22. . U$ Pat ent No.
5,334, 795 Lbes the tjiquid phas nt hesi s of
et hyl benz ﬁlgci)\%ﬁl h I\/CMZZM' 0025] ng%ed above,
MOM: 22 cat BIQP 8y be Fedenerat ed¥8f er catal ytic
use in thelse-Pradesses ahd%ot her ar dRexics producti on
processes mButem&ent i onaB.3ai r oxi daifn techni ques
simlar toButepes used wi2hilot her zedBi3e catal ysts.
Convent i o\rxzéntghés oxi datign techni qugy are al so
sui tabl e en regenerating the catalysts after use in
the present process. [0026] In addition to the MAW
active conponent, the catglgpsd® for use in the present
process will often ¢enpaipr@qRigeanfat erial or binder
in order to give adeqhaf‘e strength to the catal yst as
wel | as to prdUomponemt desired poMdtiRcy.
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1-Butene

n-Butane 15.1
Trans-2-Butene 8.7
Cis-2-butene 6.5
Isopentane 1.5
C3 Olefins 18.7
C4 Olefins 25.6
Total Olefins 44.3

[0027] While the catalysts used in the present process are robust they do have
sensitivity to certain contaminants (the conventional zeolite deactivators),
especially organic compounds with basic nitrogen as well as sulfur-containing
organics. It is therefore preferred to remove these materials prior to entering the
unit if extended catalyst life is to be expected. Scrubbing with contaminant
removal washes such as caustic, MEA or other amines or aqueous wash liquids
will normally reduce the sulfur level to an acceptable level of about 10-20 ppmw
and the nitrogen to trace levels at which it can be readily tolerated. One

attractive feature about the present process is that although activity benefits are
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may justify feed pre-treatment to operate at lower water contents.

[0028] The use of the guard bed is particularly desirable in the operation of the
present process since the refinery feeds customarily routed to polymerization
units (as distinct from petrochemical unit feeds which are invariably high purity
feeds for which no guard bed is required) may have a contaminant content,
especially of polar catalyst poisons, such as the polar organic nitrogen and
organic sulfur compounds, which is too high for extended catalyst life. The use
of a cheaper catalyst in the guard bed reactors which can be readily regenerated
in swing cycle operation or, alternatively disposed of on a once-through basis, is
therefore desirable in ensuring extended cycle duration for the active

polymerization catalyst.



10 wt % of basic material such as sodi um hydroxi de.

Further details are to be found in U S. Pat. No.
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_objective of the guard bed is to renove the ) L
highenttampeaturest poth neranalbe bepappriopriafee for dgedyotrith tagnificant

amtaﬂﬁ SreQ%aeQ?oinﬂ%? }‘?%[S,‘X'isf%}" &i‘gg])g%é) fl'gl\% %ﬁgﬂtm%gﬂtt% i@ ﬁe {@eéﬁ it from
PG En S AR PRASSL bt g oo

1100 %Ysiy) wilk beotyplcat dualnpstaligdowetr pressufred kdlluse sufficient, for
Oefin Feed [0028] The light ol efins used as the feed
exdmple; belqy abewt 7,0P0depag tabound QR4 psighpndilower presswge opera-

o Sl B B oL S0, KBS P B e,

oCasS : . :

o2 ek R Bl S5t e produc

renf&i@VR, tHy Fdwlﬁﬁe beiliag mgd! | Spese etldcityhinagl Ied ignitealsigh, for
wel | as ol efinic gasplines and by-products such

example, up to 50 WHSV (hr) but more usually in the range of 5 to 30 WHSV.

Gasoline Product Formation

[0030] With gasoline as the desired product, a high quality product is obtained
from the polymerization step, suitable for direct blending into the refinery
gasoline pool after fractionation as described above. With clean feeds, the
product is correspondingly low in contaminants. The product is high in octane
rating with RON values of 95 being regularly obtained and values of over 97
being typical; MON is normally over 80 and typically over 82 so that
(RON+MON)/2 values of at least 89 or 90 are achievable with mixed
propylene/butene feeds. Of particular note is the composition of the octenes in
the product with a favorable content of the higher-octane branched chain
components. The linear octenes are routinely lower than with the SPA product,
typically being below 0.06 wt. pct. of all octenes except at the highest conver-

sions and even then, the linears are no higher than those resulting from SPA



as cycle oil which are thensel ves subject to further

refining operations. The olefins which are primarily
waiz@bid40061 t he present process are the |ighterpol/e810n6007168

fromethylene up to butene; although the heavier

olefins may al so be included in the processing, they

can generally be incorporated directly into the

gasol i ne product where they provide a val uabl e

contribution to octane. The present process is highly
catabjstin tlgehighet nctahatdiitrandhed ayenest @rermatdwbythydn amisistently .

W th butepne and propilene but also with ethyl ene and V

being abqyieotR Fés pst-\efl alhocienes again SXCePfcalc s igheyrcarversions

hi sC Kiq{ -pr.ogu Q. t desi aspli ne
ouf i, GRS Y UGS L TRV, FERELRched octencs
wilt V@i dt 38Ask 9DYwt, 'i)ck 8f 9 odttdies hhd §f fh%brﬁbfe%ﬁs?@ hi/leall 9Bt pct.
ol efin streans 'such a FCC Of-Gas streans (typically
The dexels of rig-mahyhahectepeane wypicallydlowdrehas thoseyrdselting from
used. Conversion of the C3 and C4 olefin fractions .
thef B prosesy aspaciajpprbbighscorvsrsions withilest thanodtwt. tpgt being
t he. branch in. C and C products ich are so
ynk ey 2GR o i digTest, SaBTTREnR B R ot el mof i octemes
I R R o A hioweisify. In the
C512000€ gmodact: fractio, ddgin devadk of di-byamihedaB® hydadehrbons may be

thermal crackers. The presence of diolefins which may )
foupd, rwithdati leasb®S wreighieparcentr ehribei ectape components being di-

di sadvapgt ous ,since cat,gl ysi s, on t MAWV f am.l.y of
brapgBfd | G8 RSN apiate cofr Shr 1.c areledt  BRen diiefhed C
hydﬁ&@ IHypgri or pore structure as with nore conventional

zeolites so that plugging of the pores is |less

grobl ematic catalytically. Appropriate adjustnment of
[008He Hlepeadingcomdiead enmpoditipn.dicapliens othss dirpefrolefin poly-

mePlLRuE (5o Subep ALOdYFRd wher o iyl ane, noriBLLY bessomple,
from the paraffinic diluent stream, olefin-isoparaffin alkylation reactions may
take place, especially at the higher conversion levels to which the process is well
suited, leading to the production of branched-chain, gasoline boiling range
products of high octane rating. The reaction between butene and iso-butane and
between propylene and iso-butane is of particular value since it will result in the
product containing very desirable, high octane gasoline components. At low to
moderate olefin conversion levels, the isoparaffin-olefin alkylation reaction is
not significant but at higher conversions above about 75% (olefin conversion),
e.g. at conversion levels of 80% or more (olefin conversion), particularly at 90%
or higher, this reaction will increase markedly with the production of high

octane gasoline components.

[0032] The following examples are given by way of illustration.



its imredi ate honologs, is included in the feed. The

conpositions of two typical FCC gas streans is given
whedoemo4ome Tabl es 1 and 2, Table 1 showi ng a | ipg/USI0G/007168

gas stream and Table 2 a stream from which the

et hyl ene has been renoved in the gas plant for use in

the refinery fuel system Tallle 1 FCC Light Gas Stream

Corrponent W. Pet. Mdl. : Ethane 3.3 5.1 Ethylene 0.7

.2 Propane 14.5 15.3 Propyl ene 42.5 46.8 |so-butane
JIBMO 2-Butsne SliggngizationBuite SedidZhospheric Addént anes

4 Table 2 C3-C FCC Gas Stream Conponent W. Pet.

[00§3] p%ﬁ@mqsla? sphid hespharia acido@iRAneatalysy wasngized to 14-24

mesh P 8 g?ove %ox. In a glove bag, one gram of this sized catalyst was diluted
with sand to 3 cc and charged to an isothermal, down-flow, 9 mm (outside
diameter) fixed-bed reactor. The catalyst was dried at 150°C and atmospheric
pressure with 100 cc/min flowing N, for 2 hours. The N, was turned off and
reactor pressure was set to 5270 kPaa (750 psig) by a Grove loader. A 2-butene
feed (containing 57.1% cis-butene, 37.8% trans-butene, 2.5% n-butane, 0.8%
isobutene and 1-butene, 1.8% others) was introduced into the reactor at 60 cc/hr
until desire reactor pressure of 5270 kPaa (750 psig) was reached. The reactor
temperature was then ramped at 2°C per minute to 170°C. During the tempera-
ture ramp, the feed flow was reduced to a desired level and kept at this level for
12 hours before data collection. Liquid products were collected at 50%, 70%,
then 90% conversion (not necessary in this order) in a cold-trap and analyzed

off-line.

[0034] ‘Product carbon number distribution was determined with a HP-5890 GC
equipped with a 60 meter DB-1 column (0.25 mm id and 1000 nm film thick-
ness). Product branching was determined with an H,-GC using a HP-5890 GC
equipped with (a) a 100 meter DB-1 column (0.25 mm id and 500 nm film thick-
ness); (b) hydrogen as the carrier gas; and (c) 0.1 g of 0.5% Pt/alumina catalyst
in the GC insert for in-situ hydrogenation. Both GC's use the same temperature
program: 2 min at -20°C, 8°C/min to 275°C, hold at 275°C for 35 min.

| [0035] Representative data collected at 50%, 70%, and 90% nominal conver-
sion are shown in Tables 1-3.

Average Branching = 0 x % linear + 1 X % mono-branched + 2 x % di-branched
+ 3 x % tri-branched :

where: % linear + % mono-branched + % di-branched +% tri-branched =-100%



1-Butene 8.1 n-Butane 15.1 Trans-2-Butene 8.7

Cis-2-butene 6.5 Isopentane 1.5 C3 Oefins 18.7 4
wWOr@biomoR5. 6 Total O efins 44.3 [0027] Wi | e PEEUS2006/007168

catal ysts used in the present process are robust they

do have sensitivity to certain contam nants (the

conventional zeolite deactiyptors), especially organic

compounds with basic nitrogen as well as

sul fur-containing organics. It is therefore preferred
ExhRipl&aove-Biese Oddhéidfidl with A BisdéreFies MUOM-2Mi t
extended catalyst life is to be expected. Scrubbing

wi t h _contanmi nant renoyal .washes such a austic, MEA . .
10381 o CHAT Y 257 THRITRTE b R I ORP IR UG I nyaining
d sul I C
100FHFCY25, K 0hi0 it Saatls BF 4BETARATRY, EnoBE! 1 Jm tength
wadht§Bd ifbr 2utbge bERBIleriZabR NRtRH the e Pro@sdury &lescribed in
eature about the present process is that although
Exantple il 1 Repeesehtdiiveadataate showch iy Tables 3s® of | ow or
very low water levels in. the feed, it is not others
Wi se unduly sensitive to water, nmaking it |ess
Exampés 3ar 2-Butene @ligomewizasionewith rA ugninad3 ouub MEEM-Ban
it isin SPA units. Unlike SPA, the zeolite catal yst
S €6 R@SE/ Hrdrie wRredate @ hgt -
[Odégfm'f;ﬁcﬁg va?vtgitaglng thereforealt he feed c&ggﬂ%egd%qgé\dCM

22 b fd B§%€ alveina chinder. uhi .20 fgrameod thik ecatdipsipehopp@d o 1.6mm

ppnw wat er or ] Lo .
length, was tested for 2-butene oligomerization using the same procedure

described in Example 1. Representative data are shown in Tables 3-5.

Example 4 2-Butene Oligomerization with a Spent-Regenerated MCM-22

[0038] The same MCM-22 catalyst, as described intExample 3, was used in a
commercial petrochemical catalytic process until it became unsuitable for further
service in this application; it was then commercially regenerated in full air at
455°C (850°F) and about 60 torr partial pressure of water. The catalyst was
treated at these conditions for about 1 hour to achieve complete regeneration. A
0.15 gram of this catalyst, chopped to 1.6 mm length, was evaluated for 2-butene
oligomerization using the same procedure described in Example 1. Representa-

tive data are shown in Tables 3-5.

Example 5 2-Butene Oligomerization in with a Spent-Regenerated-Steamed
MCM-22

[0039] The same Spent-Regenerated MCM-22 catalyst, as described in
Example. 4, was steamed at 510°C and 1 atm for 5 hours with 100% steam. A
0.20 gram of this "spent-regenerated-steamed" catalyst, chopped to 1.6 mm
length, was evaluated for 2-butene oligomerization using the same procedure

described in Example 1. Representative data are shown in Tables 3-5.



| ower, e.g. below 50 or even 20 ppmw. I n conventi onal

SPA units, the water content typically needs to be
whedodopwbdesveen 300 to 500 ppnw at conventi onal PEEDS100610P7168

tenperatures for adequate activity while, at the sane

time, retaining catalyst integrity. The present

zeolite catal ysts, however.2pmy readily tolerate

hi gher |evels of water up to about 1,000 pprmw wat er

al t hough Ievel s above about 800 ppnmw nay reduce

acti_vi ty, Fendl ng on .tenperature. Thus

Examnle 6 e @-Buiane Oligemeization waldicp WﬁalanRag«mra%M@M 22
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eed pre-treatnent to operate ower water contents.

70D002Bhinthe, 465 085090 agida60l (e partialppresswael aff Wyiter for 1 hour.

desirable in the operation of the present process
Thei weatmans was irtmayed decatiditionalotimes| gn the samet gample, with the

r zat as distinct. fro em cal
in@RidH e gﬁ@lﬁﬂmrnegswa pBh ShuRE (A pdE iormmprcially
be e
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especr al al yst suc

chbpged W6 MhYRMigth, Wis' ©@genatad dop2drieee Sligdmerization using the

conmpounds, which is too hi ?h for extended catal yst
sainief procedureydescatbed ivh ¢ ak.al Representative glaga drpehiown in
Tai: %grs whi ch can be readlly regenerated in sw ng

&?I S~operation or, alternatively di sposed of on a

once-through basis, is therefore desirable in ensuring
Ccﬁnpa&iydm%f@ahgrsd%ﬁbnﬁméam 4 Fixed<Béd Repofoymer i zat i on

catal yst. Process Paraneters
[0041] Tables 3-5 compare catalyst performance at 50%, 70%, and 90%

conversion of 2-butene. Table 4 further compares catalysts activity and deactiva-
tion rate. Relative activity of each catalyst is determined by measuring the first-
order rate constant for 2-butene oligomerization at 170°C relative to that of SPA
catalyst. Deactivation rate is given as conversion drop observed per day per

WHSV.

[0042] The data in Tables 3-5 show that, when compared to SPA at constant
conversion level, MCM-22 provided comparable product selectivity and average
branching. MCM-22 produced slightly more di-branched and less tri-branched
octenes than those of SPA.



[0029] The present process is notable for

capability of being operated at
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Average Branching
Me/C8 1.98 1.97 1.98 1.99 1.98 1.99
Me/C12 2.47 2.45 2.44 2.44 2.45 2.44
QOctene Distribution, %
Linear 0.08 0.04 0.06 0.03 0.02 0.02
Mono-branched {6.28 4.65 4.59 3.09 3.20 2.94
di-branched 89.28  [93.63 92.81 94.85 95.09 95.24
tri-branched 4.36 1.68 2.54 2.03 1.68 1.80
Sum 100.00 }100.00 100.00 100.00 100.00 100.00
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Octene Distribution, %

Linear 0.08 0.06 0.06 0.03 0.03
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Me/C12 2.47 2.41 2.43
Octene Distribution, %
Linear 0.12 0.12 0.09
mono-branched  |6.63 6.85 5.08
di-branched 81.67 |87.87 88.65
tri-branched 11.58 [5.16 6.19
Sum 100.00 [100.00 100.00

[0043] Data in Table 6 show that MCM-22 catalysts are more active than SPA.:

nine times more active with binderless MCM-22 and five times with alumina-
bound MCM-22. A comparison of deactivation rate shows that MCM-22
catalysts are significantly more stable than SPA. The data also show that spent-
regenerated and multiple-regenerated MCM-22 catalysts

performance as fresh

MCM-22.

have

similar
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[0044]

ut ene .A |

gp RO LR AR

ext rudat e contai ni ng
A Spent-Regenerated MCM-22 catalyst (SiO,:Al,O5; 25:1) in the form

Hegbnerapeq MOM-22

65% I\/CI\/I-

of a chopped 1.5 mm extrudate 1.5 mm long, alpha value 330, was evaluated for
propylene oligomerization in a 9 mm outside diameter downflow stainless steel
three-zone reactor. Conditions used included a nominal temperature of 170°C,
pressure from a nominal 5270-6550 kPaa (750-950 psig)and a WHSV of 8.0
he.

impurities.

The propylene was first flowed over an alumina guard bed to sorb

[0045] Representative data are shown in Table 7 below .



22 and 35% al um na bi nder.

cat al yst,

A 0.20 gramof this
chopped to 1.6mm |l ength, was tested for

WQ@2manetes ol i goneri zati on using the sane pr oceRF/ES2006/007168

descri bed in Exanple 1.

Representati ve data are shown

in Tables 3-5. Exanple 4 2-Butene digonerization wth
a Spent - Regenerated MCM 22.$P038] The sane MCM 22

cat al yst,
commer ci al

pet rochem cal

as described in Exanple 3, was used in a
catal ytic process until

becane unsui tabl e for furfhble Bervice in this

t

appl i cati on; | O regenerated in

full air at 55C Lgl"o'd E) a9 Egﬁfgﬁl?h%%nt orr partial
SapipdsNo.e of yatel. The &atallyst3was| trdated atSthese 6
TifeWH $tredip, T qrajabout | §5hour |ty achi pygs conpligie | 175
ho Ll%generatl on.] A 0.15|gram off this cpatal yst,| choppefd to
qudg rr-Hengt—was—eyatdvateg—for—2=putene

ri zatilon using the sdme procedure descri-bed-in

Tem@nbl e 1. R4d69sent h169ve dd6Q are| EHdwn i[d 7Pabl ek170
PrégsgskPEg(arrpl e{5 2-Butpne digonerizafion in{fwith a
FIGH We TR0 AT 3 43 St pamed MIY.23 [0PSIB The s48e | 5.43
Wﬂﬁ&lﬁ ETTET % VgV .64 Ldl%é‘SI g oesc ISI?GG In 8.0
Cqﬂirpfslqw%, ot F;’%‘.’SEK“B 17,‘ngr‘§ ““h',“ 35 85 192,50 "5 .41
Setestizity;%egendr at ed- sf eaned” |cat al yst. chopped to 1|6
Csmmikengt h, wds79e¥Aal up8edsf or| 8.6t ep80.OUi ggBLOkz at | 94.83
C3SINg The sarfiy pg ocepgiug decmﬁed g.36xamiei.  [0.22
C@“Kﬁ amu?‘u S taH ﬁl,?.bhuwb 1.1] | {)ﬁ? 35, fémpi pgtio
: ana s Fava L7z b, wa t Ny “i DAagARhar ot .
CAM 22 100407 Otk sahB18pon Gbdench G40y vdkoh | 0.06
Cxat al yst, as |db4Gri bb@.55n ExXdnile 4|04ds fJ3@r | 0.34
Cgreated in the gpborpsdey tq 3x98ul af 444ul tij[H.63 6.59
cregnercral 545 6.23 6.06 6.05 5.95 5.80
C9 29.14 34.66 37.80 41.71 45.55 47.77
C10-C11 11.44 11.54 11.70 11.22 11.08 10.08
C12 29.10 28.75 28.60 26.04 24.41 23.44
C15 10.20 8.63 6.71 6.10 4.69 3.66
C16+ 10.04 5.13 4.08 3.45 1.86 1.13
Total 100.00 |100.00 |100.00 |100.00 | 100.00 | 100.00
Me/C6 1.01 1.02 1.01 1.00 1.00 0.99
Me/C9 2.47 2.47 2.48 2.48 2.48 2.48
Me/C12 2.55 2.54 2.54 2.61 2.62 2.65
[0046] The results reported in Table 7 show that the catalyst retains its activity

and selectivity for propylene conversion over extended periods of time with
good selectivity to products below C;; and moderately good selectivity to

gasoline boiling range products no higher than Cy,.

Example 9 Butene Oligomerization/Alkylation over MCM-22
[0047] A C4 feed comprising isomeric butenes and isobutane was reacted over

a regenerated MCM-22 catalyst in a laboratory scale reactor unit at 3790 kPag



regeneration (oxidative) conditions. The sanple was

treated in flowng air at 700 v/v/m nute, 455C (85Q0F)
waeae®verr partial pressure of water for 1 hPCF/USZh€007168

treatnment was repeated 4 additional tinmes on the sane

sanple, with the intention of sinmulating 5 additional

regenerations of the already conmmercially regenerated

MCM 22. A 0.20 gramof this nultiple regenerated

catal yst, chopped to 1.6 nmlength, was eval uated for
(550 pHib P REteRlp IS el DM Ui 786° @ 56a08l 56° By, atitigone, two or

described i'n Exanple 1. Representative data are shown

three r&admdn 3equerCenprder ssnthernatdDadryadialpasic @hheorditipps. o The
Fi xed- Bed Reactor [004]1]_ Tables 3-5 are catal yst .
feegegamapaifien Vs acowIbY, Tablg B9l b BF Shish Tafctors Contained,

2- but ene abl ur.t | ysts activity
resgﬁgn‘{]eggt%.ﬁg & tl;%orli}h %‘a%néi.%é? mggéﬁ?’?/@t y of each
catalyst is determ ned by nmeasuring the firstorder
rate constant for 2-butendablei§onerization at 1700C
relative to that of @Eﬁe@a@mp@siﬁ@eactivati onrate is
gi ven as conver sicandrop_observed . perday per WHSV.
[0042] The data jkbutgnees 3-5 sho f\fQ%at. When conpar ed
to SPA at const afdis 2cnuterissi on | evég@% MCM P2 provi ded
conpar abl e produffased eatdnel ty an(b%veragle br anchi ng.
MCM 22 produced 16191'1{51 more di-t %ched and | ess
tri-branched oct ghes—than—thoese—ot —SPA—Taple 3
Conpari son of Caft L nal 50%
Conver si onTabl e hpercppieR of Caldpt Per f or mance
at Nom nal 70% atersi onTabl e 5 [250ppm

[0048] The results are shown in Table 9 below. Selectivities are reported

consistently on a C8+ basis.



Conparison of Catalyst Performance at Nom nal
Data in Table 6 show t hat
ni ne ti MERCTYUSE06/007168

Conversi on [0043]
W@ 2008/09906 are nore active than SPA:

90%
MCM 22

active with binderless MCM 22 and five tinmes with
al um nabound MCM 22. A conparison of deactivation rate
MCM 22 catal ysts2&re significantly nore
stable than SPA. The data al so show t hat
spentregenerated and nul ti pl e-regenerated MCM 22
catal ysts have sinmlar peflablefthnce as fresh
MCM 22. Tabl e 6 Canp@lefinfPaedfficaCatwessioActivity and

shows t hat

Stahilit Vi l:varrnl e 8 Pronviene Q. ﬂmncg,r_H_afl oY= 2T I 3 A
Dags spSteaRegdrdr at a7 MIMEP [ 0bha] [ Al%Beht 268gdnat §t ¢d25.8
MCM 22 cafalyst |[(SIQR|A 12 25:1)] in the formof a
[Opetadipped 1[5 dm ¢xt Audat eAl. % nmin | ongl allphA val ud 330, A
La%s eval udt edsighr psa@pyl @] ol ig@rer 3zag i on.43) a 1%5m 1.65
—outsi de dj anet ef_downil ow sjal nl €$S St e¢l t Nr ge- Zzong
Roh&aLT Or - Conar i [ons Uy edTngruded|a nom nar
TSl 6 A I 5 A PTG i;}iﬁ‘fJ o k401" 47, | 160| 186
|OutigteT (e h oy L;'nm?Ié“Fl’f L t1hed Wab, oIoL 1010 o 178 200
Repaior 0 soih inpuritieg. [0045] Represenfiativeldata are
InletfW@) i n TabINAT béV/dw . RVATabINNAY _Pr | enb56 177 207
[Ou€lei DODEr i zat INVA|[ ONVA] TANA] esIN/A$ r elfi@|t edl7lp TatB% 7 217
Regqmthat the catalysy retalns it$ actiyity and
mieer fOL VI TY TR | PT apR| eNay/aPNVey/al ON NweT €xfndetks| 213
[OETTES O th/R|™ NA|  NA| NA| NA[ 191 205 236
|Conversions ,
|Overall olefin 17%| 23%| 25%| 27%| 56%| 64%| 80%| 90%
(C4) convsn
1+iso 31% 40%| 43%| 45% 87%| 93%| 95%| 97%
conversion
cis 2 conversion 4% T% 8% 11% 40% 56% 73% 87%
trans 2 0% 1% 1% 1% 2% 8%| 50%| 8%
conversion
iso-butane 0% 0% 0% 0% 0% 0% 13%] 40%
conversion
Product comp
(Wt%)
1+ Iso 14.1 12.6 12.0 114 2.7 1.5 1.2 0.7
Cis 2 9.0 8.7 8.6| 8.3 5.7 4.2 2.7 1.2
Trans 2 9.5 9.3 94 9.2 9.3 8.8 5.1 2.1
C8s 7.1 8.4 9.0 9.2 12.6 114 12.7f 23.5
IC12+ 0.6 1.0 1.3 1.8 3.6 4.1 5.8 11.0
C16+ 0.03 0.1 0.1 0.1 1.6 2.2 5.3 4.3
C8 Selectivity 92% 88%| 86%| 83%| T1%| 65%| 53%| 61%
C12 Selectivity 8% 11% 12% 16%| 20%| 23%| 24%| 28%
C16 Selectivity 0% 1% 1% 1% 9% 12%| 22% 11%
C12-C13 (wt%) 0.60 1.01 1.26 1.76 3.65 4.09 4.67] 11.17
[C14-C15 (wt%) - - 0.00] 0.00 0.12 0.04 0.04 0.04
[c16+ (wt. %) 0.04 0.1 0.1 0.1 1.7 2.1 2.3 4.1




good selectivity to products bel ow C12 and noderately
good selectivity to gasoline boiling range products no
wohe@hevsovdhan Cl2 . Exanpl e 9 Butene PCT/US2006/007168
A i gomerization/ Al kyl ati on over MCM 22 [0047] A C4
feed conprising isoneric butenes and isobutane was
reacted over a regeneratedsyCM 22 catalyst in a
| aboratory scale reactor unit at 3790 kPag(550 psig)-
at tenperatures from 124 to 236C (256 to 456 OF),
(00481 NBhO&ults Wep&iited M TableeRehOW ShatCS seleviivirylind®ases at the
I Sothermal (1) or adiabatic (A) conditions. The feed
highestpolefini conversicas lsvelswwith iFabliang bedversionhenarhasseg at a
reactors contained, respectiyely, 4.()%4 , 17.74 g.,and .
songewhat lpvsw lewel dpdigptjng  thahplkylgion ofe Wfeps st Rpbjitane is
ggl}clMS%l Th 1r eslults are shown in Table 9 bel ow
occaHing ot SHEI8¥ClSy ¢ reported consistently on a C8+
basis. Table 9 C4 A efin/Paraffin Conversion[0049] The
Exdfipil 0> Comphtisth WithISPhPdlymbialibaPréducte) ect i vity
reases at the highest olefin conversion levels wth
[0058 ObAL REReBPFTE Bhdsirédif conrinifg dlefinsopruiaiwiopslymerized
I evel indicating that al kylation of butene with_
over aatfRA cetalyst 6¢ producecp gasodine hoilingrangemradpetewhizh was then

Co ' i th SPA_Pol ' ' Pr oduct A .
hydiRPEd 650 G ad 300 A e AP DoPEFE s FYF o Byegpircating
' -C QXB 5. . :
carl8, SR PR PHE 300 ) S WAL AR i, 1o
satiP4el eletRR! qheahy@ofreaiddlOffoduantvai3tiea2alried ¥er camposition
Pt/Pd hydrotreating catal yst at 2410 kPag (3560 psi g),
andtheroctanaHaungs (R Oy AVHQN) Mreire dieterman¢d by temgine test. The same

olefinic stream was also polymerized over an MCM-22 catalyst in a unit of the

ot

same configuration and the same determinations made. The simulated distilla-
tion data (ASTM D 2887) are given in Table 10 below for the polymerized
products and the hydrotreated (93°C) products. The results of the octane testing
are shown in Table 11 below. The hydrotreating technique was used to
demonstrate more clearly the extent of branching in the two polymerization
products: hydrotreatment saturates the olefins so that their contribution to
product octane is eliminated with the differences remaining then being
attributable to the branching of the paraffin chains, the product being essentially

free of aromatics.



saturate ol efins. The hydrotreated product was then

anal yzed for conposition and the octane ratings (RON,
woip/onene det ermi ned by engine test. The sanePOl/E881006/607168

stream was al so pol ynerized over an MCM 22 catal yst in

a unit of the sane configuration and the sane

determ nati ons made. The sigul ated distilla tion data

(ASTM D 2887) are given in Table 10 below for the

pol yneri zed products and the hydrotreated (930

products. The results of tTHebledilane testing are shown

in Table 11 bel ow Tglglﬁlygaqpfsgﬁhh@ﬂ oechni que was

used to demonstrate nore clearly the extent of

bSamEhis,ng i sPhe | vM@dFdre! i 2 Satusation od{cyasuration Product

hyde.adffeat Pesductal uiPrbdsctt he Pebdidtios sPA { hef MEBI-22 Feed
contributfion to pfoduct octangdeg (98 nat ed wg3ryhe

ti-fferencie e herm—perT [Irl butabt 0 tne
-bx-a:?i f' ﬁhe %%} 0.4, duﬁi i

essdftialll y Prbe £ 208mmr i be 19 ;“Tnp'q.\"r;;u d_
Di s20l | ati 0r88.9C [TabP2.811 SPA B2dluct Octlan®9.2
Conpar i son [19234 ] ThmIqsuI S i14abl e 11 sHOA.T hat

The4gr OGU|C[ 11330 [Ne 3322 pg:llyﬁ:rsg: ;a}l: E)ne:lquflg alTy
t hﬂé of lth J LZ%‘A by U lﬁﬁ W-a-oedg naf1|24

LIL| L\J

remPe ol lof i43.9 al a9t e het dAS-Credit [rell@ile 1o
t he 7OPA prodiédt8 i 5 cdH8i6st ept | yi58ed nt ai ngd, 159.2

I ndiggat | njgt rlayt64he M3» 42 ptrodugy.gs nore hilgdly
d%'rj.eo. nal@gt@e prQESJgt TTomAg0e] IbPA P ol YRg, gation.
) J;LL HUIIQJA i 13 U%@&ﬁ..;‘f |ucn32|9' eSS S cn§4|3|de

ly!

b

b+ 5

Table 11
SPA Product Octane Comparison
Sp. API | Br;No | RON | MON | R+M)/2

Grav.
MCM-22 0.7373 | 604 106.3 96.8 82.7 89.75
Product
Hydrotreated | 0.7446 | 58.5 63.5 92.9 83.2 88.05
65°C
Hydrotreated | 0.7426 | 59 49.3 90 82.8 86.4
93°C

SPA Product | 0.7296 | 62.4 113.7 96.2 82.2 89.2
Hydrotreated | 0.7315 | 61.9 58.9 89.1 82.3 85.7
65°C
Hydrotreated | 0.7322 | 61.8 51.5 86.2 81.5 83.85
93°C

[0051] The results in Table 11 show that the product from the MCM-22
polymerization initially has octane numbers which are slightly higher than those
of the SPA product but upon hydrogenation to remove olefins, a moderate

octane credit relative to the SPA product is consistently maintained, indicating



[0052] A feed containing iso-butane and m xed but ene
i soners was passed into a three-reactor unit which
w@e owbaodoes oper at ed under isothermal or adi abatPCT/US2006/007168
condi tions containing a supported MCM 22 zeolite '
catalyst. The feed conposition is given in Table 12
bel ow. In successive runs, .gne, two or three of the
reactors were used to sinulate the operation of a
chanber type unit. Reaction tenperatures (first
thdtedhe! MICMM 2 throdidt iie dnbreohigh?y Gridfed) thaa th86fto(867 fjom the
The product conpositions are given in Table 13 bel ow
SPopelymagrization. tTheddisio, theobromise mwebesis lesy SSALINR ¢
[0053] The results indicate that at nore severe

condi t.i,0 nat |y i.s polymerization taking place but
%@%%&égoﬁﬁ?‘i%uy ene al kyl ation, as evidenced by
cpnVersion. Q e - . .
odR] TRTEBLEDBinhe 1 myale D MG LAOAT bR Vs Pyssed imto
a MrseSefdof §RGtTHHich dulktl () @pBLHtEd QurfeRi VRbEiepiel ArMadiabatic
1. A nethod tor the conversion of an SPA olefin
condit@nseconaiiniag ar soppertedii MUM-28 izaolitedesmtalysteactlhe feed
in which light olefin feed is oligonerized to form

cogmesitioneistgiven iy Trblegl? PElame iy BISHCHBRITINS, Ofey ¥yp or three of

conversion neth convent.s e SP It ot i .
th% TERCOTS oY EE u}l%le?{jé? eggm&%tg egl%o IO§F ﬁ#bgﬂ iogg o%e&%‘?élro?ﬂ)e unit.
i | (3 ' | Daris@ téhn PITAPCh@S6eF REd 486°C
R0 Sl RS e oY Pt St PO ?
(36PN erBlad pesducaicalnpesitions are given in Table 13 below together with

the conditions for present in the unit.

[0053]A The results indicate that at more severe conditions not only is
polymerization taking place but also a degree of isobutene alkylation, as
evidenced by the conversion of the iso-butane towards the end of the run period

with three series reactors.

Table 12
Mixed C4 Feed
Isobutane ,wt. pct. 60.2
1-C4= plus iso C4=, wt. pct. 21.0.
Cis 2-C4=, wt. pct. 9.4
Trans 2-C4=, wt. pct. 94
Water, ppmw 250.0
Butyl mercaptans, ppmw 15.0




conprising an MAWW zeolite material into the reactor of
the process unit and carrying out oligonerization of a
WO edosnetoys st ream of |ight olefins in the C - CAPCHO®06/007168
produced by the catalytic cracking of a petrol eum
feedstock in a catalytic cracking unit in the presence
of the olefin condensation.gpatalyst in the process
unit. 2. A nethod according to claim1l in which the
MAW zeol ite material conprises a zeolite of the MCM 22
famly. 3. A method accormipp@iso claim2 in which the
ol efin condensati a regenerated
- VP aSER e EGIIE O o

zeolite of the nmet hod according to

Dag¢d & Birdahn whi ch a| 2ght| DV ef i NBO f elelb.8ef 20ch ed Ao 25.8
LEsh-ane, propene, [ psisenels.@nd| msst ures4 of 1.6hega.65 | 1.65
PreRiurt (%g) S O 'JOME[ 5760 [0¥Rh T187920( 3792 CR13! YS¥79al] 3992
t CITpET dl ur © I onmT ITPU 0 |SUU T dnd d pr essure 0O1] not
Prddiu€eCShpbdiaohs/000 kPag. 5. A ngt hod laccordi ng tlo cldi m
1C4=1 ']ch@i—C“ The of T JeaTgr | Z@Lg ON[ [8aCt[ PR T51.6ar 1iedl qify
Cig2iCA=r ot o7 O SpNT R P T Rle Y 08 £y U Of| 1
TragS eor ¢ ho bode BOSA d 0t ocnl Pdr koo LaR |, Pzl
C8hi gh actane gasal|hd bdi¥fng QDH&H“ZEKA %‘n} lgi 123:5
Cl2he condensation of06i ghtl-®l ef [ A3 i o] 3-Ae (Blca [rahgd 11.0
Clp+oduced by the cat@ogti|d.trackDdg ofl.6 pe?Pol s |43
eedstock in a fluld catlalytictrackiing unst,
Conditiph$ si ng passinglthe dlefini¢t feed ta al fixed bed |of
Reantorol ef i N _condensation clatal yst conprising as tihe
Inl&cTdnye CCat al yti c conpi@dent , 126 MRIzleol4Q | c 14dt|erlioll| 186
Oufltt Perthger ature f1omd00 t p363P0 138 o preessuice |nat7g 209
R1AT,C 4 7 7 6 14 18 23
Reactor 2 ‘
Inlet Temp, C 144 156 | 177 207
Outlet Temp, C 156 171 | 189 217
R2 AT, C 12 15 12 10
Reactor 3
Inlet Temp, C 173 | 186 213
Outlet Temp, C 191 | 205 236
R3 AT, C 18 19 23
Av. Bed Temp, C 127 133 136 | 150 1741 188 216
Overall AT, C 4 7 7 18 47 511 - 56
Isothermal/Adiabatic 1 A A I A A A
Steady State N Y Y N Y Y Y
Conversions
Overall C4 olefin 17 23 25 56 64 80 90
1C4= + isoC4= 31 40 43 87 93 95 97
Cis 2C4= 4 7 8 40 56 73 87
Trans 2C4= 0 1 1 2 8 50 78
Isobutane 0 0 0 0 0 13 40
C8 Selectivity (C8+ basis) 92 88 86 71 65 53 61
C12 Selectivity (C8+ basis) | 8 11 12 20 23 24 28
C16 Selectivity (C8+ basis) |0 1 1 9 12 22 11
C12-C13, wt. pct. 10.60 |1.01 1.26 |3.65 {4.09 |[4.67 |11.17
C14-C15, wt. pct. - - 0.00 |0.12 {0.04 |0.04 |0.04
C16+, wt. pct. 0.04 |[0.1 0.1 17 |21 23 |[4.1




greater than 7000 kpa, and a space velocity of not
nore than 50 WHSV [hour 1] . 7. A process according to

W@ b@is/vH06 N whi ch the average branchi ng of theP@BUDOEN0T7168

product is at least 1.8 [ME/C8]. 8. A process
according to claim6 in which the average branchi ng of
the C5-200C fraction is at-3east 2.25 [ME/C12]. 9. A
process according to claim6 in which the feed has a
wat er content of 300 to 800 ppmw. 10. A process

Clagogsding to claim6 in which the octene conponents of

1.

t he C5-200C product conprise at | east 85 wei ght

P55y eRahossh b g opimetpinggraces, i

twhichentivdes brAcalr inhwhivbndgiseletianfeedtialoligonerideddiesform
a recycled olefin polyner product in the gasoline

kgzaisblim@ bailige sangt |hydnecarbon epipdchedthieh ganyersion. method
12. A proce according to, clai.m 11 i ich.the .
soawei (B8 cOBASTGn G eRetation Rith. 4 FIdlgfat Sidyéabased olefin

rgact or. . risi a Ly ' ‘ . .
ABEPREARER, A bR [y Aol bee, A5H8.phobitrc acd
PRy Chfdyst! Bon? 8R) iR, Wadiiictan rolefie gesddnsation catalyst
boi I i'ng range injected between the beds to renove heat

ofomrising an. MYEW scpliteansteriat iue dheteactorcofzihgrprogess unit and

whi ch the feed incluydes_a bpanched- chai.n. raffin.
VHEBRNE et PHEMERZatien Of aEFHRFRY StRaT Of Jight gletms i e C,-C

Cr%}lgé ypsrbd{lgerf %Whe catalytic cracking of a petroleum feedstock in a

catalytic cracking unit in the presence of the olefin condensation catalyst in

the process unit.

A method according to claim 1 in which the MWW zeolite material
comprises a zeolite of the MCM-22 family. '

A method according to claim 2 in which the olefin condensation catalyst

comprises a regenerated zeolite of the MCM-22 family.

A method according to claim 1 in which a light olefinic feed selected from
ethylene, propene, butene, and mixtures of these olefins is oligomerized over
the zeolite catalyst at a temperature from 100 to 300°C and a pressure of not

greater than 7000 kPag.

A method according to claim 1 in which the oligomerization reaction is
carried out in a reactor comprising a plurality of fixed beds of the olefin

condensation catalyst with diluent injected between the beds.

A process for the production of high octane, gasoline boiling range blend
component by the condensation of light olefins in the C,-C4 range produced

by the catalytic cracking of a petroleum feedstock in a fluid catalytic



branched chain paraffins in the gasoline boiling

range. 14. A nethod for the conversion of an SPA olefin
W@bkiogom®né zat i on process unit which includes aPCEHS1006/007168

in which light olefin feed is oligonerized to form

gasol i ne boiling range hydrocarbon product and

produci ng gasol i ne boiling 4sange product w th extended

catal yst cycle life, which conversion nethod converts

the SPA unit to operation with a nol ecul ar sieve based

%k@d‘l%ﬁg ahitgesmpgiaki RsiatAE Yidfinie 2680 iS4 fiked bed of an olefin

w thdrawi ng solid phosphoric acid [ SPA] catalyst from
tcoadensation| catdlysy compiisiignas dhdeacting eatalyial gamponent, an
conprising an MW zeolite materi_al

MVt sealiic mikanal  ieTmRTHE OB 4A0S iq A0’ ok prggstre not
LS oS s Y OB bl o s

gﬁo ge produced by the catalytic cracking of a
e

trolleum feedstock in a fluid catal ytic cracking
unit, by passing the olefinic feed and a fluid diluent"

7. 10 probéssedcdirdingf t@rclgingfé incohidnshe iaverapet diymthing of the
conprising as the active catal ytic conponent, an MAW
Lep20Q°Coproduet isait least 4.& BPéC8l.ure from 100 to 300 C,

a pressure not greater than 7000 kPag, and a space

vel ocity of nqot nore _than 30 WHS our 1]. 15. A. .
8. rbtpredetscasiiig to dpiam i 18 W@%n i['gﬁ %*1?@3’-’1 %F%Pchmg of the

I onprise r | uid including olefin
ﬁﬁ'mﬁ@%ﬁl%ﬂgﬁaﬁwéﬁ%ﬁw A nethod for the
producti on of a gasoline boiling range product by the

0. %:pgg&‘%& iaE@&jdg@ g{ 1@ o RCRimgaswatdf dondest 300

conpris rgonmerizing the light olefin feed in
&bgopqgﬁgwpe of an ol efin condensation

10. A process according to claim 6 in which the octene components of the
Cs-200°C product comprise at least 85 weight percent di-branched Cg hydro-

carbons.

1. A process according to claim 6 in which the olefinic feed passed to the fixed
bed of the condensation catalyst includes a recycled olefin polymer product

in the gasoline boiling range as diluent to remove heat of reaction.

12. A process according to claim 11 in which the olefin condensation reaction is
carried out in a reactor comprising a plurality of fixed beds of the olefin
condensation cﬁtalyst with a diluent comprising a recycled olefin polymer
product in the gasoiine boiling range injected between the beds to remove

heat of reaction.

13. A process according to claim 1 in which the feed includes a branched-chain
paraffin which reacts with the olefin in the presence of the catalyst to form

branched chain paraffins in the gasoline boiling range.
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300 C, a pressure not greater than 7000 kPag, and a
space velocity of not nore than 30 WHSV [hour 1], the
gasol ine boiling range proddéet including octene
conmponents in the C5-200C fraction conprising at | east
85 wei ght percent di-branched C8 hydrocarbons. 17. A
process according to claim?24 in which the octene

| 14¢ o’mnmthmxi $omothet domvessia OF afr SRAI alafin mii;goinsfa‘izfatiom @8cess unit

15.

16.
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[SPA] catalyst from the unit, loading an olefin condensation catalyst
comprising an MWW zeolite material into the reactor of the process unit and
producing a high octane rating, gasolirie boiling range blend component by
the catalytic oligomerization of light olefins in the C, - C4 range produced by
the catalytic cracking of a petroleum feedstock in a fluid catalytic cracking
unit, by passing the olefinic feed and a fluid diluent to a fixed bed of an
olefin condensation catalyst comprising as the active catalytic component,
an MWW zeolitic material at a temperature from 100 to 300°C, a pressure
not greater than 7 000 kPag, and a space velocity of not more than 30 WHSV

[hour'l].

A method according to claim 14 in which the fluid diluent comprises a

paraffinic fluid including olefin oligomer C; and/or C, paraffins.

A method for the production of a gasoline boiling range product by the
oligomerization of light C,-C4 FCC off-gas olefin feed which comprises
oligomerizing the light olefin feed in the presence of an olefin condensation
catalyst comprising an MWW zeolite to form gasoline boiling range
hydrocarbon product and producing gasoline boiling material at a
temperature from 100 to 300°C, a pressure not greater than 7000 kPag, and a
space velocity of not more than 30 WHSV [hour'l], the gasoline boiling
range product including octene components in the Cs-200°C fraction

comprising at least 85 weight percent di-branched Cg hydrocarbons.
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17.

18.

19.

20.
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A process according to claim 24 in which the octene components of the
Cs-200°C fraction comprise from 88 to 96 weight percent di-branched Cg
hydrocarbons.

A process according to claim 24 in which the tri-branched Cg hydrocarbons
comprise not more than 4 weight percent of all octene components of

product.

A process according to claim 24 in which the feed has a water content of

300 to 800 ppmw.

A process according to claim 24 in which the average branching of the

C5-200°C product is at least 1.8 [ME/CS].



