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10 Background of the Invention

Catalytically cracked gasoline currently forms a major part
of the gasoline product pool in the United States and it
provides a large proportion of the sulfur in the gasoline.
The sulfur impurities may require removal, usually by

15 hydrotreating, in order to comply with product
specifications or to ensure compliance with env1ronmental
regulations, both of which are expected to become more
stringent in the future, possibly permitting no more than
300 ppmw sulfur in motor gasolines; low sulfur levels

20 result in reduced emissions of CO, No and hydrocarbons.
In addition other environmental controls may be expected to
impose increasingly stringent limits on gasoline
composition. Currently, the requirements of the U.S. Clean
Air Act and the physical and compositional limitations

25 imposed by the Reformulated Gasoline (RFG) and EPA Complex
Model regulations (U.S.) will result not only in a decrease
in permissible sulfur levels but also in limitations on
boiling range, typically measured by minimum Reid Vapor
Presssure (RVP) and T,, specifications. Limitations on

30 aromatic content may also arise from the Complex Model
regulations.
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without any further treatments, such as purifying
operations, has a relatively high octane number as a result

15 of the presence of olefinic components. In some cases,
this fraction may contribute as much as up to half the
gasoline in the refinery pool, together with a significant
contribution to product octane. Other unsaturated
fractions boiling in the gasoline boiling range; which are

20 produced in some refineries or petrochemical plants, -
include pyrolysis gasoline and coker naphtha. Pyrolysis
gasoline is a fraction which is often produced as a by-
product in the cracking of petroleum fractions to produce
light unsaturates, such as ethylene and propylehe.

25 Pyrolysis gasoline has a very high octane number but is
quite unstable in the absence of hydrotreating because, in
addition to the desirable olefins boilihg'in the gasoline
boiling range, it also contains a substantial proportion of
diolefins, which tend to form gums after stdrage or

30 standing. Coker naphtha is similar in containing
significant amounts of sulfur and nitrogen as well as
diolefins which make it unstable on storage.

Hydrotreating of any of the sulfur containing fractions
which boil in the gasoline boiling range causes a reduction

35 in the olefin content, and’ consequently a reduction in the '
octane number and as the degree of desulfurlzatlon



diolefins, which tend to formguns after storage or 30 standihg Coker

napht ha i swgg;/bﬁﬁ;,l n containing significant amounts of sul f geramekgasied 0gen
as well as diolefins which make it unstable on storage. Hydrotreating of

any of the sulfur containing fractions whigh boil in the gasoline boiling
range causes a reduction 35 in the ol efin content, and consequently a

reduct i on i n3 hheeageane RUTBRk N riiieh® Ui iplasy Rl fon WO

96/ 07713
i ncreases, tH@sedingebRiAing FRNGG: PROdWAY Weaqre@sesgasfanse doithieng range

produislt deCle???&geﬁoﬁi&yOElfsBecﬁﬁ@@%% td&*o&awd ?@ mféagadracg:rackl ng
as well as olefin_saturatiaqn pen i g _on condi t.i-qns o

hydr ot reati n 86épaFFg‘Hra\tféf}P0u I ?"ngg’@ Gonditdens Gt qg"dibw ng

sul fur WhiIehyératneagxngeoparatden rable olefins. The sulfur inpurities
tend to concentrate in the heavy fraction of the gasoline, as noted in U S

Patent No. 3,957,625 (Orkin) 10 whi ch proposes a nethod of renoving the
sul fur by hyﬂﬁﬁéiégﬁl pPyppesalsnhave: heene padel fon iremayinchsuwfva whids |y

cracked gasoi:éﬂ&lﬁﬁlnﬁsthﬁ neral Rekl®aPile? B2 eFAMS.I b"itxieo%tflrﬁ?the ol efins
whi ch are foyund main hter fraction. In_one ty

the |i
conventlonallmEBﬁﬁEF8¥aFeT§ t°oEgP&FP§ﬁa é&@yhﬁéﬁm|ﬂ%§qﬁ%ﬁﬂ|Qﬁ1ﬁn$
treated in tdasoldye, adsnated tiar Uasi veatbm wol.eqt, 1967, 2/601(Orkin)

v odeiy | WehTah' BRobEERR K bRnBkoher rRALY I RIS (00 BY
support |nsthndrodeshéfnnnaa2ﬁon ofinthet heaxly fractian GfSthé 4, 049, 542
(G bson) di sglP5e5+2cR12GCESakbRedg8B03ine so as to retain the octane
contribution from the olefins which are found mainly in the.
lighter fraction. In one type of conventional, commercial
15 operation, the heavy gasoline fraction is treated in this
way. As an alternative, the selectivify for
hydrodesulfurization relative to olefin saturation may be
shifted by suitable catalyst selection, for example, by the
use of a magnesium oxide support instead of the more
20 conventional alumina.

U.S.-A 4,049,542 (Gibson) discloses a process in which a
copper catalyst is used to desulfurize an olefinic
hydrocarbon feed such as catalytically cracked light
naphtha. This catalyst is stated to promote

25 desulfurization while retaining the olefins and their
contribution to product octane. )

In any case, regardless of the mechanism by which it
happens, the decrease in octane which takes place as a
consequence of sulfur-removal by hydrotreating creates a
30 tension between the gfowing need to produce gasoline fuels
with higher octane number and - because of current B
ecological considerations - the need to produce —_—
burning, less polluting fuels, especially low sul,
This inherent tension is yet more marked in the cy

35 supply situation for low sulfur, sweet crudes.
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The octane rating of the gasoline pool may be increased by

15 other methods, of which reforming is one of the most
common. Light and full range naphthas can contribute
substantial volume to the gasoline pool, but they do not
generally contribute significantly to higher octane values
without reforming. They may, however, be subjected to

20 catalytically reforming so as to increase their octane
numbers by converting at least a poftion of the paraffins
and cycloparaffins in them to aromatics. Fractions to be
fed to catalytic reforming, for example, with a'platinum
type catalyst, need to be desulfurized before reforming

25 Dbecause reforming catalysts are generally not sulfur
tolerant; they are usually pretreated by hydrotreating to
reduce their sulfur content before reforming. The octane
rating of reformate may be increased further by processes
such as those described in U.S.-A 3,767,568 and

30 U.S.-A 3,729,409 (Chen) in which the reformate octane is
increased by treatment of the reformate with ZSM-5.

Aromatics are generally the source of high octane number,

particularly very high research octane numbers and are

therefore desirable components of the gasoline pool. They
35 have, however, been the subject qf severe limitations as a

gasoline component because of possible adverse effects on .
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restored in the second step by a shape-selective cracking,

preferably carried out in the presence of an intermediate
15 pore size zeolite such as ZSM-5. The product is a low-
sulfur gasoline of good octane rating.

Summary of the Invention

As shown in U.S.-A 5,409,956 and 5, 346,609, intermediate
pore size zeolites such as 2SM-5 are effective for

20 restoring the octane loss which takes place when the
initial naphtha feed is hydrotreated. In the conventional
manner, the catalysts comprise the zeolite component to
provide the desired activity together with a binder or
matrix material which is used to provide mechanical

25 strength to the catalyst as well as enabling it to be
formed into extrudates or other shaped forms which reduce
the pressure drop in fixed bed reactors.

We have now found that it is desirable to use a catalyst
which is free of the binder or matrix material in this

30 process. Catalysts of this type have a higher activity
than bound catalysts and permit lower temperatures to be
used during the processing over the zeolitic catalyst for
octane restoration.
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octane so as to reduce the requirement for reformate and
alkylate in the gasoline blend. The use of the self-bound
catalyst offers processing advantages in terms of catalyst
15 activity and-permits lower processing temeperatures to be
used at this stage of the process. The higher activity
also permits higher space velocities to be used, based on

the total catalyst weight.
etajled Descriptio
20 Feed

The feed to the process comprises, as described in U.S.-A
5,409,596 and U.S.-A 5,346,609 and the counterpart EP 641
375, a sulfur-containing petroleum fraction which boils in
the gasoline boiling range, which can be regarded as
25  extending from C; to 260°C (500'F) although lower end
points below the 260°C (500°F) end point are more typical.
Feeds of this type include light naphthas typically having
a boiling range of Ce to 165° (330 °F), full range
naphthas typically hav1ng a boiling range of c5 to 215°C
30 (420 °F), heavier naphtha fractions boiling in the range of
127° to 210°C (260 °F to 412 °F), or heavy gasol;ne
fractions boiling at, or at least within, the range of 165
to 260°C (330 to 500 °F), preferably 165 to 210°C (330 to
412 °F). While the most preferred feed appears at this
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sulfur. From the point of view of volume, however, the

15 main application of the process is likely to be with
catalytically cracked naphthas, especially FCC naphthas and
for this reason, the process will be described with
particular reference to the use of catalytically cracked
naphthas.

20 The process may be operated with the entire gasoline
fraction obtained from the catalytic cracking step or,
alternatively, with part of it. Because the sulfur tends
to be concentrated in the higher boiling fractions, it is
preferable, particularly when unit capacity is limited, to

25 separate the higher boiling fractions and process them
through the steps of the present process without processing
the lower boiling cut. The cut point between the treated
and untreated fractions may vary according to the sulfur
compounds present but usually, a cut point in the range of

30 from 38°C (100°F) to 150°C (300°F), more usually in the
range of 93°C (200°F) to 150°C (300°F) will be suitable.
The exact cut point selected will depend on the sulfur
specification for the gasoline product as well as on the
type of sulfur compounds present: lower cut points will

35 typically be necessary for lower product sulfur
specifications. Sulfur which is present in components
boiling below 65°C (150°F) is mostly in the form of
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constraints and other factors.

The sulfur content of these catalytically cracked fractions
will depend on the sulfur content of the feed to the.
cracker as well as on the boiling range of the selected
20 fraction used as the feed in the process. Lighter
fractions, for example, will tend to have lower sulfur
contents than the higher boiling fractions. Aas a practica1
matter, the sulfur content will exceed 50 ppmw and usually
will be in excess of 100 ppmw and in most cases in excess
25 of 500 ppmw. For the fractions which have 95 perceht
points over 193°C (380°F), the sulfur content may exceed
1,000 ppmw and may be as high as 4,000 or 5,000 ppmw or
even higher, as shown below. The nitrogen content is not
as characteristic of the feed as the sulfur content and is
30 preferably not greater than 20 ppmw although hlgher
nitrogen levels typically up to 50 ppmw may be found in
certain higher boiling feeds with 95 percent points in
excess of 193°C (380°F). The nitrogen level will,
however, usually not be greater than 250 or 300 ppmw. As a
35 result of the cracking which has preceded the steps of the -
present process, the feed to the hydrodesulfurization step
will be olefinic, with an olefin content of at least 5 and
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the feed molecules and converted to hydrogen sulfide, to
produce a hydrotreated intermediate product comprising a
normally liquid fraction boiling in substantially the same
15 boiling range as the feed (gasoline boiling range), but
which has a lower sulfur content and a lower octane number
than the feed.

The hydrotreated intermediate product which also boils in
the gasoline boiling range (and usually has a boiling range

20 which is not substantially higher than the boiling range of
the feed), is then treated by contact with the zeolite beta
catalyst under conditions which produce a second product
comprising a fraction which boils in the gasoline boiling
range which has a higher octane number than the portion of

25  the hydrotreated intermediate product fed to this second
step. The product form this second step usually has a
boiling range which is not substantially higher than the
boiling range of the feed to the hydrotreater, but it is of
lower sulfur content while having a comparable octane

30 rating as the result of the second stage treatment.

Hydrotreating

The temperature of the hydrotreating step is suitably from
220°to 454°C (400° to 850°F), preferably (260 to 427°C)
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octane nurTberc ?%% E@%ctla%s in this step. A temperature rise of 10° '

to 110°C (20° to 200°F ) is typical under most

15 hydrotreating conditions and with reactor inlet
temperatures in the preferred 260° to 427°C (500° to 800°F)
range, will normally provide a requisité initial
temperature for cascading to the second step of the
reaction. When operated in the two-stage configuration

20 with interstage separation and heating, control of the
first stage exotherm is obviously not as critical; two-
stage operation may be preferfed since it offers the
capability of deéoupling_and optimizing the temperature
requirements of the individual stages.

25 Since the feeds are readily desulfurized, low to moderate
pressures may be used, typically from 445 to 10443 kPaa
(50 to 1500 psig), preferably 2170 to 7,000 kPa (300 to
1000 psig ). Pressures are total system pressure, reactor
inlet. = Pressure will normally be chosen to maintain the

30 desired aging rate for the catalyst in use. The space
velodity (hydrodesulfurization step) is tYpically 0.5 to

-] 3
10 LHSV (hr™ = preferably 1 to 6 LHSV (hr). The
hydrogen to hydrocarbon ratio in the feed is typically 90

to 900 n.l.l-l. (500 to 5000 SCF/Bbl), usually 180 to 445

35 n.1.1"!. (1000 to 2500 SCF/B). The extent of the
desulfurization will depend on the feed sulfur content and,

of course, on the product sulfur specification with the
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be adjusted RAGCOBARMPILY-10 obtain the desired degree of desul furization

but also to produce the required inlet tenperature for the second step of
e Brocess Ra"BabRatiRiea Up 35 bRt A e e L oot ons
suitably .a conventional desulfurization catalyst made up of
a Group VI and/or a Group VIII metal on a suitable
15 substrate. The Group VI metal is usually molybdenum or
tungsten and the Group VIII metal usually nickel or cobalt.
Combinations such as Ni-Mo or Co-Mo are typical. Other
metals which possess hydrogenation functionality are also
useful in this service. The support for the catalyst is
20 conventionally a porous solid, usually alumina, or silica-
alumina but other porous solids such as magnesia, titania
or silica, either alone or mixed with alumina or silica- .
alumina may also be used, as convenient.

The particle size and the nature of the hydrotreating

.25 catalyst will usually be determined by the type of
hydrotreating process which is being carried out, although
in most cases this will be as a down-flow, liquid phase,
fixed bed process.

Octane Restoration - Second Step Processing

30 After the hydrotreating step, the hydrotreated intermediate
product is passed to the second step of the process in
which cracking takes place in the presence of the acidic
catalyst comprising an intermediate pore size zeolite,
preferably ZSM-5, although other zeolites of this type may .
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octane rating of the original, cracked feed at least to a
partial degree. The reactions which take place during the

i5 second step which converts low octane paraffins to form
higher octane products, both by the seiective cracking of
heavy paraffins to lighter paraffins and the cracking of
low octane n-paraffins, in both cases with the generation
of olefins. Ring-opening reactions may also take place,

20 leading to the production of further guantities of high
octane gasoline boiling range components. The catalyst may
also function to improve product octane by
dehydrocyclization/aromatization of paraffins to
alkylbenzenes.

25 The conditions used in the second step are those which are
 appropriate to produce this controlled degree of cracking.

Typically, the temperature of the second step will be 150
to 480°C (300° to 900 °F), preferably 177 to 400°C (350°
to 750 °F) although the higher activity of the self-bound

30 catalysts permits temperatures below 370°C (700°F) to be
used wit!: advantage. As mentioned above, however, a
convenient mode of operation is to cascade the hydrotreated
effluent into the second reaction zone and this will imply
that the outlet temperature from the first step will set

35 the initial temperature for the second zone. The feed
characteristics and the inlet temperature of the
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ZSM 35 445 to 10445 kPa (50 to 1500 psig), preferably 300 to 1000
psig ( 2170 to 7000 kPa) with space velocities, typically
from 0.5 to 10 LHSV (hr'), normally 1 to 6 LHSV (hr™).

15 The self-bound catalysts permit higher space velocities to
be used relative to the bound catalysts because of their
higher zeoclite content. Hydrogen to hydrocarbon ratios
typically of 0 to 890 n.1l.1"'. (0 to 5000 SCF/Bbl),
preferably 18 to 445 n.l.17'. (100 to 2500 SCF/Bbl) will be

20 selected to minimize catalyst aging.

The use of relatively lower hydrogen pressures
thermodynamically favors the increase in volume which
occurs in the second step and for this reason, overall
lower pressures are preferred if this can be accommodated

25 by the constraints on the aging of the two catalysts,
essspecially that of the zeolite catalyst. In the cascade
mode, the pressure in the second step may be constrained by
the requirements of the first but in the two-stage mode the
possibility of recompression petmits the pressure

30 requirements to be individually selected, affording the
potential for optimizing conditions in each stage,
although, as stated above, lower pressures are favored for
the second stage.

Consistent with the objective of restoring lost octane
35 while retaining overall product volume, the conversion to
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The catalyst used in the second step bf‘the,process
possesses sufficient acidic functionality to bring the
desired cracking reactions to restore the octane lost in
the hydrotreating step. The preferred catalysts for this

20 purpose are the intermediate pore size zeolitic behaving
catalytic materials are exemplified by those acid acting
‘materials having the topology of intermediate pore size
aluminosilicété zeolites. These zeolitic catalytic
materials are exemplified by those which, in their

25 aluminosilicate form would have a Constraint Index between
2 and 12. U.S.-A 4,784,745 gives a definition of
Constraint Index and a description of how this value is
measured.

. The preferred intermediate pore size aluminosilicate

30 zeolites are those having the topology of 2ZSM-5, ZSM-11,
ZSM-12, ZSM-21, ZSM-22, ZSM-23, ZSM-35, 2ZSM-48, ZSM-50 or
MCM-22. Zeolite MCM-22 is described in U.S.-A 4,954,325.
Other catalytic materials having the appropriate acidic
functionality may, however, be employed. A particular

35 class of catalytic materials which may be used are, for
example, the large pore size zeolite materials which have a
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The preferred acidic component of the catalyst used in the
second step is a zeolite such as 2SM-5. The
aluminosilicate forms of this zeolite have been found to

15 provide the requisite degree of acidic functionality and
for this reason are the preferred forms of the zeolite.
The aluminosilicate form of ZSM-5 is described in U.S.-a
3,702,886. Other isostructural forms of the zeolite
containing other metals instead of aluminum such as

20 gallium, boron or iron may also be used.

The acidic zeolite catalyst possesses sufficient acidic
functionality to bring the desired reactions to restore
the octane lost in the hydrotreating step. The catalyst
should have sufficient acid activity to have cracking

25 activity with respect to the second stage feed (the
intermediate fraction), that is sufficient to convert the
appropriate portion of this material as feed. suitably with
an alpha value of at least 20, usually in the range of 20
to 800 and preferably at least 50 to 200 (values measured

30 prior to addition of the metal component). The alpha value
is one measure of the acid activity of a catalyst; it is a
measure of the ability of the catalyst to crack normal
hexane under prescribed conditions and is described in U.s.
Patent-A 3,354,078 and in J, Catalysis, 4, 527 (1965); s,
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sectional distance). The catalyst can be said to be
binder-free or self-bound since it is formed into the
15 desired shapes without the aid of the normal binder. The
catalysts will therefore consist essentially of the zeolite
itself or, when a metal component is used, of the zeolite
plus the metal component. In either case, no binder is

present.

20 Methods for making catalyst particles consisting
essentially of the crystalline zeolite are described in
U.S.-A 4,582,815, to which reference is made for a
description of the method. Briefly, the method described
in that patent enables extrudates having high strength to |

- 25 be producéd on conventional extrusion equipment by mulling
the zeolite crystal with water to a soids level of 25 to 75
weight percent in the presence of 0.25 to 10 weight percent
of a base such as sodium hydroxide (calculated as solid
base, based on total solids content). The use of a metal

30 component in addition to the acidic zeolite component may
be desirable and any metal component may be added in the
muller. A preferred metal component is molybdenum.
Molybdenum is suitably used in an amount from 1 to 15
weight percent of the catalyst, more usually from 2 to 10

35 weight percent.-5The metal component has the capability of
improving catalyst stability. When the metal can be



alum nosilicate zeolites. These zeolitic catalytic materials are
exenplifieqwﬁ hose which, in their 25 alum nosilicate formwould have a
Gonst r ai nt é@ "Bhtween 2 and 12. U.S.-A 4,784, 745 gi ves a BETURIY93¥ of
Constraint Index and a description of howthis value is nmeasured. The
preferred internmedi ate pore size aIunrnoSFPrcate 30 zeolites are those

having the to oI %%F g és 5 ZSM 1 ZSM I%aél SM 22, ZSM 23,

ZSM 35, 7ZSM #8C 85e8, PyolPPrexshgnge. Hhanta, thes - A
4,954, 325. ozaehter, ahyiing tdst dikely avibeg rrelaacmaprbg'pmrmie:m:@ Gthe

functi onal i { 4oBBY4 cBENCKRT ool THPLAK ool KU Ttcn Gl G

catal ytic nate usea are
zeolite nateFPalétﬁhlcﬂeﬁalg §u°h - T2) 96F6¢113nd platlnum Whlch can be

PCT/ US9F 09386t - iﬁtoca&ﬁhbﬁénkoh.ﬁé%ngf ofPtheiz Catildhs dudh WSiHiba@le
form. Zeolite é thlésﬂige i ncl ude ,nordenite, zeolite beta, faurasrtes

such as zeol P+EFFCEnAD tinnmsamping complexese camybs Psd time thisol ogy
and pore 5 swawycture of suitable acid-acting refractory solids; useful

catal ysts are not confined to the.alum nosilicates and ot her refractory
solid materials which have the desired acid activity, pore structure and

t opol ogy nayThesoabelnsta a¥ecused| inetlesiforat ioEnsoldidgr shaped above, for
10 exa I t p 0¥ 0 n 1t sitions
of the sool i FTECbonay MiLARE § KeOBYL1RBEIEA1"0r PETVRCRR, 1 RRR
conponérft ofs?ﬁﬁleﬁtaf9§teﬁée Pn tnéageeéﬁa'ssapare Qrz heMagenadc ieras

ZSM'5. The ahugbprativeaye ﬁaynseoaftﬁbiyaeshuteoheﬁguEe%&okoueﬂgto 15
provi de the rfgg te degree of acidic functionality and

erleat:
The particle size and shape of the zeolite catalyst will
usually be determined by the type of conversion process

15  which is being carried out with operation in a down-flow,
mixed (vapor/liquid) phase, fixed bed process being typical
and preferred.

The advantage of the self-bound catalysts relative to the
bound catalysts is that stability is improved since there

20 is no place for coke to be deposited, blocking access to
the zeolite component of the catalyst. The self-bound
catalysts is also more active and can be operated at lower
temperatures where thermal and catalytic side reactions are
less prevalent: dealkylation as well as the production of

25 light gas by non-selective cracking are likely to be less
favored at the lower operating temeperatures associated
with the self-bound zeolite catalysts.

The conditions of operation and the catalysts can be
selected, together with appropriate feed characteristics to
30 result in a product slate in which the gasoline product
octane is not substantially lower than the octane of the
feed gasoline boiling range material; for example, not
lower by more than 1 to 3 octane numbers, although
slightly greater losses, typically 4 to 6 octane numbers,
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eason are the preferred forns of the zeolite. The alumnosilicate '
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15

20

hydrotreatment step will normally_result in a higher
initial temperature for the second step. Where there are
distinct first and second conversion zones, whether in
cascade operation or othérwise, it is often_desirable to
operate the two zones under different_conditiqns. Thus the
second zone may be operated at higher temperature and lower
pressure than the first zone in order to maximize the
octane increase obtained in this zone.

The second stage of the process should be opérated_under a
combination of conditions such that at least half (1/2) of

-the octane lost in the first stage operation will be
. recovered, preferably such that all of the lost octane will

25

30

be recovered. 1In favorable cases, the second stage can be
operated so that there is a net gain of at. least 1 % in -
octane over that of the feed, which is equivalent to a
gain of at least 5 % based on the octane of the
hydrotreated intermediate. The process should normally be
operated under a combination of conditions such that the
desulfurization should be at 1east '50_%, preferably at
least 75 %, as compared to the sulfur content of the feed.

*



&ianeter, typically of 3mm (0.125 inch) dianeter in the case of cylinders
(with othe agﬁ t he maxi mum cross- sectional distance). t
can be saiév§g f:t)inder free or self-bound since it is fornggﬁwﬁg&ﬁ+%§
desired shapes wi thout the aid of the norpmpl binder. The catalysts wll

t heref ore consi st essentlally of the zeolf'fe itself or, when a netal

conmponent i sgpys e8f the zeolite plus the netal conponent. In either case,
no binder is 20 Met hods for making catalyst particles consisting

essentially of the c}ystalline zeolite are described in U S.-A 4,582, 815,
to which refgggﬂggeii nade for a description of the nethod. Briefly, the
nmet hod described in %atent enabl es extrudates having high strength to

25 be prodBEEHaBﬂt&BHVB t PoRgEePoMRg; &y 2S¥ndp @t Ml 1ing the zeolite

crystal with water to a soids level of 25 to 75 weight percent in the
presence of 25t n f as _sodi dr oxi de
(cal cul ated gg §g|?gﬁgg§§59E§ 2% % P@%a#ﬁg;lds cggFEh nﬁ#??%e of a
metal 3G coapendal.i nAaddilutiont oft NaOHc icdntaiadingt & om%pm wasy be
desirabl e angaagy HRUGhuERERONCRL aagmoaqqe%oﬁ.ﬁh diftini /0P R e

metal conponent is_nol ¥ enum enum |1 s suit & used I han anount
from1l to 15¥38i dReedekLechPrBf af‘h@"&&'ﬁé??&? pRste -us fae pigtane was 10 35

wei ght perceaﬁz erTégtFadald esmosant (haiet Imcmp 1lindricfall EHape Ng

Eg}?béég/gggg% rﬁgatFﬁCBPéogﬁgghaﬁﬁcigﬁb§XCh3£§ /07dﬁgﬁﬁ wers dheht o the

zeol i t &0 agi njtregénkeh}clinelcategnged ifyri Bhhburisngnidheoddedsi t imie of coke
in the interggicgggs ﬁ&&g&&giewgg Lﬂﬁoniﬁm exchanged two times with 1M
NH,NO, solution (5 cc solution/ g catalyst) for 1 hr each.
The exchanged catalyst was washed with deionized water and
dried overnight at 127°C. The dried catalyst was calcined
15 for 6 hours in air at 538°C. The catalet was then steamed
in 100% steam at 480°C for 5 hours. The properties of the
final catalyst are listed in Table 1 below. The properties
of hydrotreating catalysts are also reported in Table 1.

Example 2
20 Preparation of a Self-bound Mo/2SM-5 Catalyst

An as-synthesized ZSM-5 was mulled to form a uniform
material. A solution of NaOH containing 2 wt% NaOH was
added and mulled. An additional amount of deionized water
was added to form an extrudable paste. The mixture was

25 auger extruded to 1.6mm (1/16inch) cylindrical shape
extrudates and dried at 127°C. The extrudates were then
nitrogen calcined at 538°C for 3 hours and cooled. The
calcined material was ammonium exchanged two times with 1 M
NH4NO3 solution (5 cc solution/ g catalyst) for 1 hr each.

30 The exchanged catalyst was then washed with deionized water
and dried overnight at 127°C. The dried catalyst was
calcined for 6 hours in air at 538°C and was steamed in
100% steam at 480°C for 5 hours. The steamed extrudates
were impregnated with 4 wt% Mo and 2 wt% P using an



zeolite. Metals such as nickel and platinumwhich can be 5 put into
aqueous gé@g@; of their cations such as nickel nitrate and plati num
anmi ne co can be used in this way. The catal ysts arBCT/Y82/09336t he
formof solid, shaped particles which may be cylindrical or polygonal in
cross- 10 section for exanpre trianﬁg? square or hexagonal or,
alternativel

cqnfl ratlon . cloverleaf. The
particle SF?§18ﬁ8%§h§ﬁ *E%gggl P@hc SOput1gn F%Ug@ﬁqﬂ}uﬁb det er ni ned
by the typheptamanybdatenapﬁophSSphBrchhbﬁh | S The Hghpeighat@dout W th
operation EQFguggggsfkgwé dd@ orllag5|g) hazg tb@ﬁﬁhb rocess

bei ng typica pre erre

relative téttﬁeob6uﬁ9rcéthpysss |Ehﬁharcpex&ubstpf'&henﬁﬁmaadcltam@s&here
20 i$ noapkagesten ggkgabgebg deposi ted, blocking access to the zeolite
conponent of the catal yst. The sel f - bound catalysts is also nore active and
can be operated at |ower tenperatures where thermal and catal ytic side .
reacti ons Bxampes3preval ent: deal kyl ation as well as the production of 25

i ght gas - ective grackin re likely t ess favored at the
1 over oper§¥ﬁﬁ§QFgﬁgﬂeP£tBr§§i§§§BgP§tgﬁ/§Fgﬁ Fﬁga3¥§F bound zeolite
catal ysts. The conditions of operation and the catal ysts can be sel ected,

LPICLeT vhhABRRYARNER! BebeElot 18E ReRR ShkCinTed o TR b WhidR Lo

slate in octane Ts
t he octaneméFthélieeG §9§§Fiﬁ§ §§|Nﬁﬁ§ cangeimdngr Gawtsf JaOHxaasl e, not

| owerady naaaeahaﬁdlmhmadoctaﬁeaaa@%ﬁalahhbamho%' bebhy 28ae#hatle,) OSSES,
typically & as agdegtggefggm an extrudable paste. The mixture was !
auger extruded to 1l.6mm (1/16inch) cylindrical extrudates
and dried in an oven overnight at 127°C. The dried
material was ammonium exchanged two times with 1 M NH,NO,
15 solution (5 cc solution/ g catalyst) fof 1 hr each. The
extrudates were then nitrogen calcined at 482°C for 3 hours
- and air calcined for 6 hours at 538°C. The calcined
extrudates were steamed in 100% steam at 480°C for 4 hours.
The steamed extrudates were impregnated with 4 wt% Mo and 2
20 wtg P using an in01p1ent wetness method with a solution of
ammonium heptamolybdate and phosphoric acid. The
impregnated extrudates were then dried at 120°C overnight
and calcined at 500°C for 3 hours. The properties of the
final catalyst are listed in Table 1.




WD 96/ 07713 PCT/ US95/ 09336 -18- may
be opti nal e econom c point of viewwth highly ol efipj I t
S preferrg‘t(f;gﬂ"gﬁ hat the volunme of the product should not %ijgp%%g;%
substantially | ess than that of the feed, for exanple, from88 to 94 vol une
percent of the 5 feed. In sone cases, ®h® volunetric yi el d and/ or octane
of the gasoline boiling range product nmay wg&l ge hi gher than those of the
feed, as noted above and in V2% Q e %asgg .Fg @C Q %ﬁgels (that is

t he octane nunber of the pro of the
product will be 10 hi gher n e ogt _harre e f ’ e
operating conditions in theckpgsgbgnd geggﬁdgstepgﬁég§M%§ thgﬁggﬁ%ghr

different bugebiergxothermfrom the hydggureat ment ggiem W I |1 mrl |y

result ish a péghetel Nvkkal tenperature fonppbhe secondost ep. Ware there are
15 distinct first and second conversi on zones, whether in cascade

operation oraDpherw se, it is often desirabbe to opaoate the R@z*zones
under differsatfacadareapsm2fgugéthe secos86zone nagibe oper aiddd at hi gher
't enper at ur e n¥lekaner sptagswtd t kan the fi2rdt zone 0.8 der to-maxi m ze the
20 oct ane cyeHerameobptnpewthn-t his zon&Z.3The secomd stage af6.tthe process
shoul d be operated under a conbination of conditions such that at |east
hal f (/®) ofothet¥ctane | ost iRA-#he first-stage operation wll= be
recovered, pesevt®ly such thalOaBl of the-lost ocBaf® will 23-7 be
recovered. Pn ¥h¥orable cases, The second~stage caf-Be operate® so that
there is a net gain of at_least 1 %in octane over that of the feed, which
is equival ent To Be§arf ¥p IPPFEIRAt399;pased on the octane of the
hydrotreated internedi ate. The process should normally be 30 oper at ed
under a conbination of conditions such that the desul furization should be
at | east5 50TResereataipsysaareeintendéd¥toashowngardddesuillfardziation

content of tQﬁdeEQane-uplift activities for various refinery streams,
such as FCC naphtha, coker naphtha, and a LCO/FCC naphtha
blend. Physical properties of the potential feeds are
summarized in Tables 2 though 4 below.
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Exanpl es @ e 1 Preparation of a Self-bound HZSM5 Catal yst An

as-synt he 72%!\/#5 was mulled to forma uniform5  nat ePCHUSISAA3IS0| uti on .
of NaOH containing 2 wt% NaOH was added and mul | ed. An additional anount of
dei oni zed water was added to form an eX®Rtdabl e paste. The mi xture was
auger ~extruded to 1.6mm (1/16 |nch) cyl i orlcal shape extrudates and dried
at 127[err]C. 'The extrudates. L hen < al cined at 538[err]C
for 3 hours and cooled. Theé&= et e e pciiiaieind #n exchanged two
times with 1M [err] sol ution (5 cc solutlon/ g catalyst) for 1 hr each. The
exchanged gkl %¥§?é¥&? W d i zed dr| r ht at
127[err] C. The drie yst vvaﬁd}pq?wed 15%§{ ourggel%%ei,l%cgt
538[err] C. The catal yst was then stearred in 10 ﬁﬁ} eam at 4% er rr]% for 5
hour s. 5Thenmmpgdy1qslgofnatﬂgé fignalgg=aigy yst are |1§I2§Uﬁb in Tabi-ﬁ-, | ow.

The propersiggs gyfcchydrotreating cggaiass are al gpggported inp, e 1.
Exanpl e 2 ZotalPseylsuat,i ettof a Sel foaaund M/ ZSM, Gat al yst Ao

as- synt hesiNi¢grogem,Sppms nulled to formea uniformmaerial. A Srdo.ltl on of
NaOH cont aBriomjne NMutbexOH was added a&l nul | ed. A% .8ditionaligmpunt of

dei ont8ed Reseanghs Ogtdd® to form a®3s@ rudabl e p®&2.8 The midewse was 25
auger extr ¥@fen @ctamenm ( 1/ 16i nch) @A.drical sh@® ¥xtrudatest.and dri ed
at 127[err]C. The extrudates were then nitrogen calcined at 538[err]C for 3

hours and lapiony 5 ICDE88 Tatr¥)al  was anmoni um exchanged two ti mes
with 1 M NH4N§PSO| ution (5 cc sol uti ér?/ g cat al yst)57f5)r 1 hr eacihég
15 10% S a2 182 '
30% 92 114 209
50% 127 142 228
70% _ 162 - 169 : 235
290% 203 207 255
20 95% 214 . 217 265
EP 231 - 245 - 280
Distillation,°C(D86, volt)
IBP 35 ' 74 90
5% : 57 102 194
25 - 10% 63 108 201
30% 86 123 215
50% 115 142 224
70% 149 167 233
90% ' 187 194 247
30 95% 198 203 ' 253
EP 214 219 266
Notes:

1. The full FCC naphtha and the light FCC naphtha (75°C
fraction) are from same FCC naphtha source.
35 2: A 182°C+ fraction of a different FCC naphtha.



?:0 The exchanged catal yst was then washed wi th dei oni zed water and dried
over ni ght r]C. The dried catalyst was cal cined for Lo oair
at 538[err?¥‘,oé§’§%\?v%s steanmed in 100% steam at 480[err] C for gélﬂ%é‘(’s%gls e
st eanmed extrudates were inpregnated vvith_§3\gt%l\/b and 2 wt % P using an
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i nci pient wetness nethod with a sol ution qfabalrgr%ni um hept anol ybdat e and

phosphoric acid. The i npregnbﬁgke@girégjq;@%ﬂgﬁle ﬁ%ﬂ" Y igbpt 120[err]C
overni ght and cal cined at 50 or ours. properties of the final -
catal yst 5 are listed in Table 1. Exanple 3 Preparation of a Self-bound
Mo/ Beta Catal yst An as-synthesized zeNdr daptha\as Mddiask tagtia arx

uni f or m nat eGenlerad Frloplerdriead NaCH containing 6 wt % NaCH was 10  added
and nulled. An additional amount of deionized water was added to form an
extrudab$e p¥ems. Bbid imgkRangejas Caugar7ext Added to 1. 6mugd/46ioeh)
cylindrical &G,rgd&ces and dried in an ovén7d2erni ght at 127[®&77ZL. The
dried materi Totads Swhfml,umtdxchanged two tidws with 1 M NHANOD 16

sol ution (5 ¥3tTegem,oPPMy catalyst) for 1 h7leach. The extrudB®s were

t hen nitrogeRromigendymber132 C for 3 hourd2afd air cal cined f&%-% hours at
538[ er r}€&.  TRESESHHOFtANS udat es were st &3 in 100% st eam&R-%80[err] C
for 4 hours. MPROTSOELRDE extrudates were i A% &nated with 4 w28V and 2 20

wt % P using an_ingi.pi.ent wetne hod with a solution of anmoni um
hept anol ybdaﬁé‘s glﬁﬁ"d’&%ori C (}%B JThe inpregnated extrudates wer e7é|_hen
dried at 120[er overni ght and cal ci ned at 50 7err] Cfor 3 hours.95 he
propertigs of t %%fi nal catalyst are listed in le 1. 100
30% ' 96 129
50% 123 153
70% 147 173
90% 172 199
20 95% 177 . 204
EP 212 227
Table 4

Properties of Hea CC_Naphtha 0, and 90/10 Blend

25 Heavy FCC Naph Full LCO 90/10 v/v
Heavy naphtha/LCO
" Nom. Boiling Range, °C 175-255 315-400 175-270
SG, g/cc . 0.916 - 0.922
Total Sulfur, wt% 1.9 - 2.0
30 Nitrogen, ppm 180 400 230
Bromine Number 10.4 2.3 15.0
Research Octane 96.4 - ) 95.5
Motor Octane 84.0 - 83.7
Distillation, °C (D86)
35 IBP 90 304 92
5% 194 331 192
10% 201 337 202
30% 215 353 . 217
50% 224 365 227
40 70% 233 377 238
90% 247 393 260
95% _ 253 398 279

EP 266 398 324
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Table 1 Rbb%ﬁﬁlsPropertles of Catal ysts.CoMd HDS H ZSM 5 Mo/ ZSM 5

Mo/ Beta Zeol ite ZSM 5 ZSM 5 PELPSISH9336
Zeolite, W% - - 100 100 100 Al pha

- 100 . 100* 202* SurTdde area, n2/g 260 356
317 cf4Pmg: Hexane sptn, w% - 12.0 10.8 . -
cy- Hexane Sptn, W % - 7.3 - _ 16.0 10 Co, Mm%
3.4 - ' - Mo, Wt% 10. 2 -
3.95 . 3. 1.9 *

1.3. X Bro&b%g of up%rading’a crackegreo}ﬁféﬂéc s?%fsﬁbw good

Bef Mo |
d:sa{furlzégﬁg gﬁiﬂgog?ﬁ% fﬁﬁ??%?"ab??%iggeénfBPevﬁﬁﬁehénFePPhéiygstreanB
such as FOtangehbyahydpbdesubpurbaingnthe tfatkéeq, nepsehnibl eqdsuphysi cal
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bel ow.
PCT/ US95/ (peeduch conprising paopernably ol igaix Nfpachiorewhichchasah

Properti esregiidéd Eﬁi%ur contéhfNan Cg:ﬁﬁ@é@%&yoggghgbﬂgﬁgggzaﬁ Napht ha

Napht ha 5 Nom Boj || Range, [err
172 255 EK§°EP%€ed to t e feed L@¢ en contacting the gasolinep 916

boiling range portion of the intermediate product with a
second, acidic catalyst, to convert the gasoline boiling
10 range portion of the intermediate product to a product
comprising a fraction boiling in the gasoline boiling range
having a higher octane number than the gasoline boiling
range fraction of the intermediate product,
characterized in that the second catalyst comprise Shaped'
15 particles of a self-bound acidic zeolite.

2. The process as claimed in claim 1 in which the feed
fraction comprises a catalytically cracked naphtha fraction
having a boiling range within the range of Cg to 215°C.

3. The process as claimed in claim 1 in which the feed
fraction comprises a catalytically cracked naphtha fraction
having a boiling range within the range of 165 to 260°C.,
preferably 165 to 215°C.

4. The process as claimed in any of claims 1 to 3 in which
the feed fraction comprises a naphtha fraction having a 95
percent point of at least 193°C, preferably at least
205°C,

5. The process as claimed in any of claims 1 to 4 in which
the feed fraction comprises a thermally cracked naphtha
fraction such as a coker naphtha.

6. The process as claimed in nay of claims 1 to 5 in which
the acidic zeolite is in the aluminosilicate form.



Tot al Sul fur, w% 0.14 0.23 2.0 Nitrogen, ppm

76 180 Brom ne Nunber

54.3 W?B"Qﬁ’lb Research COct ane 93.2 gérmggj_/ogsss

96.4 Mdtor Cctane 81.0 80.3 84.0
Distillation,[err]C(D2887, wto/() | BP =25~ 13 - 575
110 5% 73 0%
52 7. gge process afgf;ﬁ&?ed in any of clalms 1 éf élln whic

114 thepacidis zeolite comprises Z§M75. 142 228
70% 162 169 - 235 90%

203 255 20 95% 214

217 8.26ghepprocess as claimed in any of claims 1 4057 in which 2g(

Distillationthers&€6h86stuge%is|l BRrried out at a tempera&ﬁre of 150 to 74

[0) O

gg 5% 482188 a pressurggaf 36&§ to 10%9%3 kPaa, a spgge ?re].oc::gty0

123 0£216.50% 10 hr."? LHSV, and albydrogen to hyditarbon 224
70% s 9 -1 v 9

187 5 ratlggﬁf 0 &3 890227136. . %&bg%grogen pe%B%é%Qéi of ;ﬁﬁ?’

203 preferably at a temperature o0f21377 to 482°C, ajpressure of 266
:c\lot ets 15 i'h‘f?oft'b'7F&@gggzﬁhéhaaaQSaEEevEngg%tﬁCana@g&?gg( E§L]elrcghaf@,v t

raction) are fr na a source err raction
of "o 11 e CRRAFOCPYARRIRA. to RygrogasboRsratio of 17.8 £o 445 h.
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9. The process as claimed in any of claims 1 to 8 in which
the shaped particles of the self-bound zeolite catalyst
consist essentially of the acidic zeolite, optionally with
a metal component, preferably molybdenuh.

10. The process as claimed in any of claims 1 to 9 in which
the particles of the self-bound zeolite catalyst are formed
by the extrusion of a mixture of the zeolite with water in
the presence of a basic material, preferably sodium

5 hydroxide an amount from 0.25 to 10 weight percent based on
the total solids.
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‘50 194 331 192 10%

201 337 202 30% 215 353
217 500 WO96107713 224 365 227 4BCT/USISNISI6710,
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260 95% 253 398 279 EP

266 398 324  \\B 96 07713

PCT/ US95/ 09336 -24- Clains: 1. A process of upgrading a cracked, olefinic
sul fur- containing feed fraction boiling in the gasoline b0|I|ng range by
hydr odesul furi zing the cracked, olefinic sulfur- containing feed fraction,
to produce an internediate 5 product conprising a normally liquid
fraction which has a reduced sul fur content and a reduced octane nunber as
conpared to the feed and then contacting the gasoline boiling range p ion
of the internedi ate product with a second, acidic catalyst, to conver he
gasoline boiling 10 range portion of the internedi ate product to a
product conprising a fracfkgn boiling in the gasoline boiling range Vi ng
a hi gher octane nunber than the gasoline boiling range fraction of th

i nt ernedi at e product, Pgra érized.in that the second catal ysjp conpr ;s
shaped 15 particles of} %%If{bound acidic zeolite. 2. The pfgocess=n
claimed in claim1l in he f-eed fraction conprises a cat tical
cracked napht ha fractlo @®ng apoiling range within the range of C5 to
215[err]C. 3. The proce clalms inclaiml in which the faed fragtion
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ﬁavi ng a boiling range within the range of 165 to 260[err]C., ‘:;_ux;;.“ y
165 to 215[err]C. 4. The process as clainmed in any of clains ﬂf}l’ﬁ{?}‘- I n
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(54) Title: [GASOLINE UPGRADING PROCESS

(57) Abstract

out at lower temperatures.

A process for catalytically desulfurizing cracked fractions in the gasoline boiling range to acceptable sulfur levels uses an ix}itial
hydrotreating step to desulfurize the feed with some reduction in octane number, after which the desulfurized material is treated with a
self-bound or binder-free zeolite to restore lost octane. The process may be utilized to desulfurize catalytically and thermally cracked
naphthas such as FCC naphtha as well as pyrolysis gasoline and coker naphthas, while maintaining octane so as to reduce the requirement
for reformate and alkylate in the gasoline blend. The self-bound catalyst offers advantages in activity and permits the process to be carried
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