-1- - 3t CATALYST AND PROCESS FOR PRODUCI NG

LONMAROVATI CS DI STI LLATES The invention relates to a catal yst
and “pr-.ocess for 5 decreasing the aromatics content of 'S hydr odesul furi zed
petroleumdistillate, particularly a hydrodesul furi zeg, catal ytically

cracked distillate boiling-range hydrocarhbon #¥dk. The catal yst for
thi.s process conprises a G oup Vi 11 A ¥et al , & material, and
preferably a binder. 10 Under present conditi , petroleum
refineries are - findi ngeAtauyseemmaprotass oo iHrobBeERASI Ngly greater
proportions of crude to premnm unidW+AROMATIIES)|NISFILBATRS Ne and niddle
distillates such as diesel and jet fuel. Catal ytic cracking processes,

exemplified by the fluid 15 . cata i c crackin FCC) process and
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cracking prior tQ the treatnent in thecrf)re ent hydrotreating process.

‘Useful hydr ocr aERPRPL ATaFFEEESasY 0 FUVRRE LACTRRLDG}¥1 I°92RFht in U S.
Pat ent 5, 227, 35Bropdrtions ofpeudgr bai pramiudnSuglshinsiuding gasodlihesi | i cate
identified 30 ana MAd1blapbtilnatesusuat las ayssdesinaedewi #deiBr onst ed acid
sites by incorpeaghi g A bk AP PL8LiysdPOLbRB Efhed by the fluid
15 catalytic cracking (FCC) process and Thermofor catalytic
cracking (TCC) process together, account for a substantial
fraction of heavy liquids conversion in modern refineries.
Both are thermally severe processes which result in a
rejection of carbon to coke and to residual fractions:
20 during catalytic cracking high molecular weight liquids
disproportionate into relatively hydrogen-rich light
liquids and aromatic, hydrogen-deficient heavier
distillates and residues.
_ Hydrocracking may be used to upgrade the higher-
25 boiling more refractory products derived from catalytic
cracking prior'to the treatment in the present
hydrotreating process. Useful hydrocracking catalysts
include the catalysts taught in U.S. Patent 5,227,353, the
most prominent among which is a metallosilicate identified
30 as MCM-41 which is usually synthesized with Brensted acid
sites by incorporating a tetrahedrally coordinated
trivalent element such as Al, Ga, B, or Fe within the
. silicate framework. - -
Catalytic cracking therefore produces significant
35 quantities of highly aromatic, light and middle distillates
which not only have high sulfur and nitrogen levels, but
which may contain as much as 80 wt.% or more of aromatics.
Generally, the level of heteroatom contaminants increases




trival eit »ak@oent such as Al, Ga, B, or Fe within the silicate
franemnrk Catalytlc cracklng t heref ore produces significant- 35
quaﬁtltles of highly aromatic, light and mddle distillates whi ch not
only have high sulfur and nitrogen |evels, but whi ch may contain as
much as 80 w.% or nore of aromati cs. General ly, the level of

het er oat om cont am nants i ncreases -2-

- 2- with the boiling point of the fraction. For exanple, the

l'i ght cycle oil produced as a typical FCC main col um bottons stream
cont ai ns about 80% aromatics, 4.6% sul fur conmpounds, 1500 ppm ni trogen

conpounds, and @thlt%e %ﬁl?nngQFogﬁQhQ' b %%caz:gﬂéuﬁndé’[sie(rbf nt ages by
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15 catalytic hgdepsanul furization (CHD) unit in which the . cycle stock

woul d be admi xed wi tl;# \Qeﬁg'&ﬂéekdkrgqﬁrﬁn L\{:Qtn%ke hlﬂhi ?@J&hgdsane crude

blend fed to the catal ytic fhrefineries,
the light cycl ePEPfuct Strfiki)sqcPoﬁ?tqﬂ$sFCE?{ﬁﬁq?1P§1& }Efiiovlsak® conmponent
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the light and heavy cycle o0ils could be upgraded and sold
as light or heavy fuel oil, such as No. 2 fuel ocil or No. 6
fuel oil. Upgrading the light cycle oil was conventicnally
carried out by a relatively low severity, low pressure
15 catalytic hydrodesulfurization (CHD) unit in which the
cycle stock would be admixed with virgin middle distillates
from the same crude blend fed to the catalytic cracker.
At many petroleum refineries, the light cycle oil
(LCO) from the FCC unit is a significant component of the
20 feed to the catalytic hydrodesulfurization (CHD) unit which
produces No. 2 fuel oil or diesel fuel. The remaining
component is generally virgin kerosene taken directly from
the crude distillation unit. The highly aromatic nature of
LCO, particularly when the FCC unit is operated in the
25 maximum gasoline mode, increases operational difficulties
for the CHD and can result in a product having marginal
properties for No. 2 fuel o0il or diesel o0il, as measured by
cetane numbers and sulfur content. Further, increasingly
stringent environmental regulations limiting the aromatics
30 content of diesel fuel have prompted refiners to focus
research efforts on economical methods for producing the
required low-aromatics fuels.
~ An alternative market for middle distillate streams is
automotive diesel fuel. However, diesel fuel has to meet a
35 minimum cetane number specification of about 45 in order to
operate properly in typical automotive diesel engines.



produceé No. 2 fuel oil or diesel fuel. The renmining conmponent is
gengral ly virgin kerosene taken directly from the crude distillation
uni¥. The highly aromatic nature of LCO, particularly when the FCC
unit is operated in the 25  nmaxi mum gasol i ne node, increases operational -
difficulties . for the CHD and can result in a product having marginal
properties for No. 2 fuel oil or diesel oil, as nmeasured by cet ane
numbers and sul fur content. Further, incrgasingly stringent
environmental regulations limting the aromatics 30 content of diesel
fuel have pronpted refiners to focus research efforts on econom cal
nmet hods for produci ng the required | ow aromat i cs fuels. . An
alternative mar %et for mddle distillate streans aut onoti ve di esel
“fuel. However, Ore¥dfe (FERNAIITRET BT 1258S c’rﬁﬁ‘ﬁlﬁfuﬁf‘i’:e’crﬁ’r?ésﬁ&mth
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and oper ational starfiwsi firomjan economic and operational standpoint, it
10 would be desirable to rely upon the CHD unit for
desulfurization, and to provide a more effective and less
costly method for reducing aromatics content while
providing a product which closely matches the boiling
ranges of the feedstock.
i5 The hydrotreating catalyst of the invention comprises
a Group VIIIA metal on a mesoporous crystalline material
having a a substantially uniform hexagonal honeycomb
microstructure with uniform pores having a cell diameter
greater than 1.3 nm (13 A) and typically in the range of 2
20 to 10 nm (20 to 100 A). The mesoporous crystalline
material typically has a framework S$i0,/Al1,0, ratio of
greater than 20.0, and contains less than 0.5 wt% Na. The
catalyst composition preferably includes a binder or a
matrix material. The term "Group VIIIA metal®” as used
25  herein refers to Fe, Co, Ni, Ru, Rh, P4, Os, Ir, and Pt as
shown in the Periodic Table of the Elements published as
Catalog No. S-18806 by Sargent-Welch Scientific Company,
7300 North Linder Avenue, Skokie, Illinois, 6007?.
This invention provides a process for producing a
30 distillate beiling-range hydrocarbon product which
comprises hydrotreating an aromatic, substantially
dealkylated hydrocarbon feed produced by the catalytic
cracking of a hydrocarbon fraction, which feed has been
catalytically hydrodesulfurized, the feed having an initial
35 boiling point of at least 149°C (about 300°F), an aromatic
content of at least 30 weight percent, a hydrogen content



10 wquld be desirable to rely upon the CHD unit for desul furi zati on,
and to provide a nore effective and | ess costly method for reducing
aromati cs content while provi ding a product which closely matches the
boi li ng ranges of the feedstock. 15 The hydrotreating catal yst
of the invention conprises a Goup VIII A netal on a nesoporous
crystalline materi al having a a suhgtantially uniform hexagonal
honeyconb m crostructure with uniform pores having a cell dianeter
greater than 1.3 nm (13 A) and typically in the range of 2 20 to 10 nm
(20 to 100 A). The rresoporous crystalline material typically has a
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-4 to 8400 kPa (from about 1000 to about 1200 psig).

The -hydrotreating catalyst of this invention has an
unusually low activity for boiling range conversion, thus
producing a product having essentially the same boiling

15 range as the feed. In one embodiment, the process of this
invention is characterized by a 199°C conversion (390°F+
conversion) of less than 30 wti%, preferably less than 20
wt%, and more preferably less than 10 wt¥. As used herein,
the term "199°C+ conversion" ("390°F+ conversion") is '

20 defined as follows:

(199°C+ in feed) - (199°C+ in product)}

o ,
199°C+ conversion ={ 199°C+ in feed

(390°F+ in feed) - (390°F+ in product)}
390°F+ in feed

(590°F% conversion ={

In another embodiment, the process of this invention
characterized by a 149°C+ conversion (300°F+ conversion) of
25 less than 30 wt%, preferably less than 20 wt%, and more
preferably less than 10 wt%. As used herein, the temm
©149°C+ conversion" ("300°F+ conversion") is defined as

follows:



not noré& than 10.0 wei ght percent and a sul fur content of not nore than
500Q ppnmw, in the presence of a catal yst conpri sing an inorganic,

non-| ayered, porous, crystalline  phase material having pores with

di aneters of at least 1.3 5 nm (about 13 A) and exhibiting, after

cal cination, an X-ray diffraction pattern with at | east one peak with a
relative Intensity of 100 at a d-spa6|5ﬁg greater than 1.8 nm (about

18 A) to evolve product containing | ess than 10 wei ght per cent
aromatics and | ess than 300 ppnw sul fur. The 10 operating pressure
usually falls within the range of 7000 . to 8400 kPa (from about 1000 to

about 1200 psig). The hydroidLqt i al yst oL, t.his invention has
an unusual | 49 o gerveaipnt o (gﬁ?u I%{,P%egéi 11 é*) £ CPL
produci ng a product having essentially the sane goi Ing 15 range as the

feed. |In one enbodinent, the process of this I nvention is
characterized by a 199[err] C conversion (390[err] F+ conversi on) of

| ess than 30 wt% preferably |ess t(glgrp,ig_o. W % _and more prefergbly
| ess than 10 w $3ORF+cenvensions {——H&-@ﬁ%}—}é@%ﬁ%&%ﬂ&&} on”
("390[ err] F+ conversion") is 20 ‘defined as>P3Ifod& *e8q err]

I n anot her enbodi nent, the process of this invention characterized by

a 149[ err] C+ conver sgan I Y ' 2 ess than 30 w %
preferably | ess T fgéé)oiseprélaﬁrﬂg ﬁi;é%ér)éepfeg(ra%gl ?mfde‘%sos than 10 wt % As

t han 20 wt% and nor
used herein, th‘ée?‘g’r%’-“ed’ "‘ipﬁ[‘fﬁ??]%wgmcﬁﬂ?/éﬁqc&ﬁs PL 3T SrEpRDt
conversi on") istgedntion tig reducef gilfugscontent in the feed to less than
5000 ppmw, preferably less than 1000 ppmw, more preferably

5 less than 300 ppmw. In a particularly preferred
embodiment, the feed is hydrodesulfurized to less than 50
ppuw sulfur.

The hydrotreating is operated under low to moderate
pPressure, typically 2860 - 8380 kPa (400 - 1200 psiqg)

10 hydrogen pressure. At the relatively low severity
conditions employed temperatures will generally be in the
range 315°- 455°C (600° - 850°F), more preferably from 290°
to 455°C (about 550 to about 700°F) to maximize aromatics
conversion.

15 Figure 1A is a plot of 199°C+ (390°F+) feed conversion
as a function of reaction temperture for a PA/RE-USY/Al,0,
catalyst (datapoints represented by open circles) and a
Pd/MCM~41/A1,0, (datapoints represented by solid circles).

Figure 1B is a plot of product aromatics content as a

20  function of reaction temperature for a Pd/RE-USY/Al,0,
catalyst (datapeints repreéented by open circles) and
Pd/MCM-41/A1,0, (datapoints represented by solid circles).

Figure 2A is a plot of hydrogen consumption in
standard cubic feet per barrel of hYdrocarbon feed as a

25 function of reaction temperature for a Pd/RE-USY/Al,0,

catalyst (datapoints represented by open circles) and

. Pd/MCM~-41/A1,0, (datapoints represented by solid circles).
Figure 2B is a plot of hydrogen consumption in

standard cubic feet per barrel of hydrocarbon feed as a




[err] ¢ ' The feed is preferably hydrotreated (hydro-

desul furized) upstreamfromthe process of the present I nvention to
reduce. sul fur content in the feed to | ess than 5000 ppmw, preferably
| ess than 1000 ppmw, nore preferably 5 | ess than 300 ppmw. 1In a
particularly preferred enbodi nent, the feed is hydrodesul furized to

| ess than 50 - -ppnmw sul fur. ~§he hydrotreating is operated
under | ow to noderate pressure, typically 2860 - 8380 kPa (400 - 1200
psig) 10 hydrogen pressure. At the relatively |ow severity

conditions enployed tenperatures will generally be in the range
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cat al yst (dat apeirdimsyepresented by open circles) and a - Pd/ MCM 41/
[err] (datapoints represented by solid circles). Figure IBis a

p| ot of pr 09 UCtMgécogrg%%Lg SCQLC Osr't]:taiggng SCo%gonent

The mesoporous crystalline component of the catalyst
is described in detail below. When it is used in the
present catalysts, the mesoporus crystalline material is at
least partly in the decationized or hydrogen form in order

10 to provide the desired functionality for the reactions
which are to take place.

The mesoporous catalytic material is an inorganic,
porous, non-layered crystalline phase material which can be
characterized (in its calcined form) by an X-ray

15 diffraction pattern with at least one peak at a d-spacing
greater than 1.8 nm (about 18 A) with a relative intensity
of 100 and a benzene sorption capacity of greater than 15
grams of benzene per 100 grams of the the material at 345
kPa (50 torr) and 25°C. The X-ray pattern should be

20 determined with the metal-free material since the presence
of the metal component, particularly at high metal
loadings, may obscure the X-ray pattern.

The preferred form of the crystalline material has a
hexagonal arrangement of uniformly-sized pores with a

25 maximum perpendicular cross-section pore dimension of at
least 1.3 nm (13 Angstroms (A)), and typically within the
ranée of from 1.3 nm to 20 nm (13 A to 200 A). A preferred
form of this hexagonal crystalline composition, identified

" as MCM~-41, exhibits a hexagonal electron diffraction

30 pattern that can be indexed with a d,40 Value greater than
1.8 nm (18 A), and a benzene adsorption capacity of greater
than about 15 grams benzene/100 grams crystal at 345 kPa
(50 torr) and 25°C. . This material is described in detail
in U.S. Patents 5,098,684 and 5,102,643 to Kresge et al.,

35 and below.



20 fynction of reaction tenperature for a Pd/ RE- USY/ [err] cat al yst

(dat apoi nts represented by open circles) and Pd/ MCM 41/ [err]

(dat apoi nts represented by solid circles). Figure 2A is a plot of
hydr ogen consunption in standard cubic feet per barrel of hydrocarbon
feed as a 25 function of reaction tenperature for a Pd/ RE-USY/ [err]
catal yst (datapoints represented by open.gircles) and Pd/ MCM 41/ [err]
(dat apoi nts represented by solid circles). Figure 2B is a plot of
hydr ogen consunption in standard cubic feet per barrel of hydrocarbon
feed as a function of total aromatics in the product

for a Pd/ RE- USY/ [err] catal data oints re rese open
circl es) and PEAMVERICFFADERr 1P (iﬁé §°? ? galg’y""?él
circles). 5 madesbpbrusaesl @sy@tqﬂmppn@mﬁpGRenGatalyst has ghee masopor ous

crystal line conpangingfcdmpesceic:yst I s described in detail bel ow
When it is used in the Rregent ? &lysts, the mesoporus crystalline
material is at I eas’fn/géral Wwi'e tée l'&fecat i oni zed or hydrogen formin

order 10 to provide the desired functionality for the reactions
which are to takfereiaC®.is a divalentThtememsnpenohsagat dliyalentefiignsktal is an

L nor gani c, oQPEQHﬁsJ#E% h,gygf eq gt yﬁg@anlegg pmtrrghgrign whi ch can be

characterized (in its calci,ned ay (il__lffrflctlon pattern
with at | east W/ ﬁgafagﬂe%%uﬂlsiﬁi a Yy cobalt. X Ls a triva

element, such as aluminum, boron, iron and/or gallium,

10 preferably aluminum; Y is a ‘tetravalent element such as
silicon and/or germanium, preferably silicon; Z is a
pentavalent element, such as phosphorus; M is one or more
ions, such as, for example, ammonium, Group IA, IIA and
VIIB ions, uéually hydrogen, sodium and/or fluoride ions; n

15 is the charge of the composition excluding M expressed as
oxides; q is the weighted molar average valence of M; n/q
is the number of moles or mole fraction of M; a, b, ¢, and
d are mole fractions of W, X, Y and Z, respectively; h is a
number of from 1 to 2.5; and (at+b+c+d) =

20 A preferred embodiment of the above crystalline
material is when (a+b+c) is greater than d, and h = 2. A
further embodiment is when a and d = 0, and h = 2. The
preferred materials for use in making the present
hydrotreating catalysts are the aluminosilicates.

25 In the as-synthesized form, the catalytic material has
a composition, on an anhydrous basis, expressed empirically
as follows:

RMn/q(Wa X, Yo 'zd 0,)
where R is the total organic material not included in M as

30 an ion, and r is the coefficient for R, i.e. the number of

moles or mole fraction of R. '
The M and R components are associéted with the

material as a result of their presence during

crystallization, and are easily removed or, in the case of



greatertthan 1.8 nm (about 18 A) with a relative intensity of 100 and
a benzene sorption capacity of greater than 15 grans of benzene per
100%grans of the the material at 345 kPa (50 torr) and 25[err]C. The
X-ray pattern should be 20 determned with the netal-free material since
t he presence of the metal conponent, particularly at high netal

| oadi ngs, may obscure the X-ray pattern. _g. The preferred form of
the crystalline material has a hexagonal arrangenent of _
uni form y-sized pores with a 25 maxi mum per pendi cul ar cross-section pore
di mensi on of at Ieast 1.3 nm (13 Angstrons (A)), and typically wthin
t he rangegf frg 3 nmto 20 nm (13 Ato 200 A). A preferred

form of this heXadSRARCER R RPEFTRFYSEAbLLFAGIoN nelasds deggribed as MOM 41,
exhi bits a hexaee¥md. el ectron diffraction 30 pattern that can be indexed

with a [err] value %eﬁﬁére)@tléﬁﬂ des:.reé StKHno(r?LélﬁQl !@nq'. bQS‘&ﬁ#ﬁ

adsor ption capa%p:[% gf greater, .. an_a Qutd %ﬁ énzeriel 100 grans
crystal at 345 ?fbst rFy ﬁasﬁg'f’éeﬁ"]zé mater @l QfcFiis s
described i? deirjention Céfhhs seplapednin &I8a86d wikh Sohdentidkhatlo Kresge
et al., 35 antbdxdxenange techniques. Preferred replacing ions include /-

The inorganic, fgnql g}gﬁge g rQus, Cﬁlﬁsztﬁehl Pfecursd materéal used as a

conponent of the cat ysi corrp05|t'|on 5
[err] _ nium, lons a mxxtures of these ions. Particularly

preferred ions are those which provide the desired metal

10 functionality in the final hydrotreating catalyst. These
include hydrogen, rare earth metals and metals of Groups
VIIA (e.g. Mn), VIIIA (e.g. Ni),IB (e.g. Cu), IVB (e.g. Sn)
of the Periodic Table of the Elements and mixtures of these
ions.

15 . The crystalline {i.e. having sufficient order to
provide a diffraction pattern such as, for example, by X-
ray, electron or neutron diffraction, following calcination
with at least one peak) mesoporous material may be
characterized by its structure, which includes extremely

20 large pore windows as well as by its high sorption

‘ capacity. The term "mesoporous" is used here to indicate
crystals having uniform pores within the range of from 1.3
nm to 20 nm (13 A to 200 A). The mesoporous materials have
uniform pores within the range of from 1.3 nm to 20 nm (13

25 A to 200 &), more usually from 1.5 nm to 10 nm (15 A to 100
A). since these pores are significantly larger than those
of other crystalline materials, it is appropriate to refer
to them as ultra-large pore size materials. For the
purposes of this application, a working definition of

30 “porous" is a material that adsorbs at least 1 gram of a
small molecule, such as Ar, N,, n-hexane or cyclohexane,
per 100 grams of the solid.

The catalytic material can be distinguished from other
porous inorganic solids by the regularity of its large open

35 pores, whose pore size more nearly resembles that of
amorphous or paracrystalline materials, but whose regular



whereint Wis a divalent elenment, such as a divalent first = row
transition netal, e.g. manganese, cobalt and iron, and/ or magnesi um
preferably cobalt; X is a trivalent el ement, such as al um num boron,
iron and/or gallium 10 preferably aluminum Y is a tetraval ent el ement
such as silicon and/or germanium preferably silicon; Zis a

pent aval ent el enment, such as phosphorus; _yLis one or nore I ons, such
as, for exanple, ammonium Goup IA |IIA and VIIB ions, usually

hydr ogen, sodium and/or fluoride ions; n 15 is the charge of the

conposi tion excl udi ng M expressed as ©oXi des q is the wei ght ed nol ar
aver age val ence_of gb nol e fraction of -
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greater than d’mgggjéﬂosF of stali %Iy@% mﬂ%QLL g and d =0,
err

and h = 2. Th pre d¥vaters a use 1'n na Sutc e? present
hydrotreati g cAeRtiFess a'FIE‘e tATeLeFXRA %§FF+%%§ davensy hexaqmain t he
as-synt hesi zed aorangeinkatcet dlaygecopmt chrahelmthat cana mmgnsnésmd on an
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[err] b |sthetot ¢ material not 1nc ué |n Mas 30
an ion, and r g ‘?H‘é co@'f‘?ltcer?nt gqﬁ’al £ inken ﬁﬁab'é‘? %’Fm“pass MATes or
mol e fraction ome’ materials tmﬁeemlemd‘- Raeléﬁmmentléym%'fassom ated with
t he maber i Réxafondll SPnhdtrgl witiein tReebEiis &4l bXferimental
cr ySt-al l'izati OnmeMeﬁEﬁt,eabs&lé %1&8@&% Qithi&gtnr}.%iggﬁt? o%fservable
deviations from that ideal state. A working definition as
applied to the microstructure of the pfesent invention
would be that most channels in the material would be
15 surrounded by six nearest neighbor channels at roughly the
same distance. Defects and imperfections will cause
significant numbers of channels to viclate this criterion
to varying degrees, depending on the quality of the _
material’s preparation. Samples which exhibit as much as +
20 25% random deviation from the average repeat distance
between adjacent channels still clearly give recognizable
images of the present ultra-large pore materials.
Comparable variations are also observed in the d100 values
from the electron diffraction patterns.
25 The most regular preparations of the material of the
present invention give an X-ray diffraction pattern with a
few distinct maxima in the extreme low angle region. The
positions of these peaks approximately fit the positions of"
the hkO reflections from a hexagonal lattice. The X-ray
30 diffraction pattern, however, is not always a sufficient
indicator of the presence of these materials, as the degree
of regularity in the microstructure and the extent of
repetition of the structure within individual particles
affect the number of peaks that will be observed. Indeed,
35 preparations with only one distinct peak in the low angle
region of the X-ray diffraction pattern have been found to



M replidaced by post-crystallization nethods described - bel ow.

To the extent desired, the original M e.g. sodium or chloride, ions
of st he as-synthesized material of this 5 i nvention can be replaced in
accordance with conventi onal I on- exchange techni ques. Preferred

repl aci ng i ons include metal ions, Jygdrogen ions, hydrogen precursor,
e.g. ammoni um ions and m xtures of these ions. Particularly

preferred ions are those which provide the desired netal 10 functionality
in the final hydrotreating catalyst. These i ncl ude hydrogen, rare

earth netals and netals of G .oups VILA (e. M), MILLA (e. Ni),IB
(e.g. Cu), IVB T?t@.msﬁ)‘bsu“t"ﬁg ?“f?é‘“ﬁﬁr‘?%dﬁ"% *I“gﬁfﬁl%]f lf‘hél‘ﬁ’f‘e Tand
m xtures of thetechniquesopss illgstrate tipanignpstanctyxe (of ghidavi ng
sufficient ordefatdrial ar®rtPandRissidinf Lecticn npatbSEdpys 4al @bectirdn
exanpl e, by X- gjee f@Yonel %EE:QPJéPror@E ELP

WEH AT eastoone peak) nesoporous
characteri z8d b§4 & sexaganple arrpnasmenhcPtiderdexchannals 20d theéyr ge pore
wi ndows as wel | caxrdspondsndliellecsoomptdidifiractioc ppatety. gilles agrm

R i e e Gt g 4 5 ol o
mesopor ous nat eft%I% ooaiRACING Of 4%, S eﬁ%?%% %&%ﬁ?ﬁt’t% ptaﬁﬁﬁ%“%fisf rom1.3

nmto 20 nm (13t disftaned hefwpen 3jacADE cSRAfFalhytie g0l pEolestionl0 nm (15
[err] to 100 of the hSkagsndlhesetivy aadai€ wH1gmedi €antHey repeger than those

of other cryst aélé&qlcr"eragerg@wlggni %%%&FEE%MM ei;lotr{eefeﬁ_gc ron 'O themas

ultra-large pore_ size naferia pur poses of this application, -
a working def i nPAFRAFTEPRSOEhrough thR EOFBULA fhyoer FaRot W~ adByF toat | east 1
gram of a spatingnobsemted) isutie &depkrof atiflffrachiborapatbernycl ohexane,
Sert 100 grarrg ]g)éoﬁkygtp%ahgdm the d-spacihBCofa aloyt hﬁ%f@hp‘ﬁa?cﬁhncl%{é lbze oy of

i stinguis rom er . porous in c _soli reqularity o
its |arge ggen il do‘ﬁjgfgg?"%é’gggﬁ%nr é’fs?égq‘?rgoﬁeélﬁéér f?/h%/gs?s ﬁ”ég‘ hat of
anor phous or paPeEResesk BrepFAtigherehithe pRterfdsebratpgdse far have

20-40 distinct spots observable in the electron diffraction
patterns. These patterns can be indexed with the hexagonal
hkO subset of unique reflections of 100, 110, 200, 210,

20 etc., and their symmetry-related reflections.

In its calcined form, the crystalline material may be
further characterized by an X-ray diffraction pattern with
at least one peak at a position greater than 1.8 nm (18
Angstrom) Units d-spacing (4.909° 28 for Cu K-alpha

25 radiation) which corresponds to the d100 value of the
electron diffraction pattern of the material, and an
equilibrium benzene adsorption capacity of greater than 15
grams benzene/100 grams crystal.at 345 kPa (50 torr) and
25°C (basis: crystal material having been treated in an

30 attempt to insure no pore blockage by incidental
contaminants, if necessary).

The equilibrium benzene adsorption capacity
characteristic of this material is measured on the basis of
no pore blockage by incidental contaminants. For instance,

35 the sorption test will be conducted on the crystalline
material phase having any pore blockage contaminants and

. . : .
cal ci nation chggg%{)eQﬁe aﬁ&%ﬂa@%



arrangenment and uniforrn"ty of size (pore size distribution within a
singl e phase of, for exanple, 25% usually + 15% or less of the
aver age pore size of that phase) resenble nore those of crystalline

framework materials such as 5 zeolites. The preferred materials have a

The

hexagonal arrangenment of |arge open channels that can be synthesized
with open internal dianmeters from1.3 nmto 20 nm (13 Ato 200 A).
term "hexagonal " is intended to enconpas's'lh'ot only materials that

exhi bit mathematically perfect 10 hexagonal symetry within the limts of

experi nment al

cause

sign

measur enent, but al so those with significant observable
deviations fromthat ideal state. A working definition as applied to
t he m crostruct wateofremoeedrins eardinamemetbnds. Wanerl gdapcd hamowned by

channel s in theqER{@fdtdlonOakithilkBed o.pUkhoRe kR4 Al NEBLeat nei ghbor
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ance.
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for Cu K-alpha radiation), at least one of which is at a
position greater than 1.8 nm (18 Angstrom Units) d-spacing,
and no peaks at positions less than 1 nm (10 A) d-spacing
with relative intensity greater than 20% of the strongest
peak. Still more particularly, the X-ray diffraction )
pattern of the calcined material of this invention will
have no peaks at positions less than 1 nm (10 i) d-spacing

" with relative intensity greater than 10% of the strongest

20

25

30

35

peak. In any event, at least one peak in the X-ray
diffraction pattern will have a d-spacing that corresponds
to the dloo value of the electron diffraction pattern of
the material. _

The calcined inorganic, non-layered crystalline
material may also be characterized as having a pore size of
1.3 nm (13 A) or greater as measured by physisorption
measurements, described below. Pore size is considered a
maximum perpendicular cross-section pore dimension of the
crystél. . .

X-ray diffraction data were collected on a Scintag PAD
X automated diffraction system employing theta-~theta
geometry, Cu K-alpha radiation, and an energy dispersive X-
ray detector. Use of the energy dispersive X-ray detector
eliminated the need for incident or diffracted beanm
monochromators. Both the incident and diffracted X-ray
beams were collimated by double slit incident and
diffracted collimation systems. - The slit sizes used,



positians of these peaks approximately fit the positions of t he hko
reflections froma hexagonal lattice. The X-ray 30 diffraction pattern,

however, is not always a sufficient i ndi cator of the presence of these
materials, as the degree of regularity in the mcrostructure and the
ext ent - of repetition of the structure within individual particles

af fect the nunber of peaks that will be observed. |ndeed, 35 pr epar ations
with only one distinct peak in the | ow angle region of the X-ray

di ffraction pattern have been found to -12- contain
substantial amounts of the material in them O her techni ques to
Illustrate the mcrostructure of this material are transm ssion

el ectron m.croscopy and el ectron diffraction. Properly oriented

speci mens of thaaFRliggi flomd the SHRUyatiex agRek , MhEANARBENL . Of d.3r dfid

channel s and t corre ng n fr I on_patter I ves an
appr oxi mat el y ﬁfa&gnafesgrefgﬁee% D?#F%%\‘ rggt" t nl;jl Cttems mQy prods %

spaci ng of the differing Jdi“?ﬂﬁ&%%?ﬁ)rf%aﬁ%mkﬁs The materlilﬁ) of thet he

di st ance bet wegtrez@dnacCbmientiohsStiat hhee i@ Aaegest imirel@izesfmdyne hexagonal -

lattice andgis g &}ﬁ&@%&& maniﬁr&atnmated dinsiABGE *-5 ]bésweﬁﬁ channel s

observed |n t he ctron orrrula rr] Thi s
[err] spactTHFT Bge’ﬁﬁé’&vﬁnt??]é" I@’g‘%f%r?ea‘?‘f ?F%Bﬁ CpapsRy
corresponds to inmidéntperoiaygbedma | ow angle peak in the X- 15 ray
diffraction patternegh dive-raBteon alata wée Mtbrb@by step-s@digingdat
preparations of t(ne matéaersl %I ?Qt a‘h{&g §0;d q:rhehgy_gqg angl%?'élgddé stinct spots
observabl e in the efeatton difitaction

10 ' counting time of 10 seconds for each step. The interplanar
spacings, d’s, were calculated in A (A), and the relative
intensities of the lines, I/1,, where I, is one-hundredth
of the intensity of the strongest line, above background,
were derived with the use of a profile fitting routine.

15 The intensities were uncorrected for Lorentz and
polarization effects. The relative intensities are given
in terms of the symbols vs = very strong (75-100), s =
strong (50-74), m = medium (25-49) and w = weak (0-24).

The diffraction data listed as single lines may consist of

20 multiple overlapping lines which under certain conditions,
such as very high experimental resolution or
crystallographic changes, may appear as resolved or
partially resolved lines. Typically, crystallographic
changes can include minor changes in unit cell parameters

25 and/or a change in crfstal symmetry, without a substantial
change in structure. These minor effects, including
changes in relative intensities, can also occur as a result
of differences in cation content, framework composition,
nature and degree of pore filling, thermal and/or

30 hydrothermal history, and peak width/shape variations due
to particle size/shape effects, structural disorder or
other factors known to those skilled in the art of X-ray
diffraction.

The equilibrium benzene adsorption capacity is

35' determined by contacting the material of the invention,

after dehydration or calcination at, for example, about



patterns. These patterns can be indexed with the hexagonal hkO subset
of unique reflections of 100, 110, 200, 210, 20 etc., and their

symhetry-rel ated refl ections. In its calcined form the
crystalline material may be further characterized by an X-ray
diffraction pattern with at | east one peak at a position greater than
1.8 nm (18 Angstrom Units d-spaci ngu3=4.909 [err] for Cu K-al pha 25
radi ati on) which corresponds to the d val ue of the

100 el ectron diffraction pattern of the material, and an

equi li brium benzene adsorpt i on capacity of greater than 15 gr ans

benzencl 100 9t a1 YSLAL: 3eadto0kER: L0 ASL urhner coAZL8RH] C (001 <

crystal materi in an I NSUr € no pore
bl ockage by i ncReRassary, in a@oﬁ?—ﬁ?ﬁ%ﬁf’sre‘?‘f"%éé‘éfsﬁ‘a?%bl“kmg The
equi | i bri um benzertanadantt iakn26aparid $0 torr deazané cuntsili eqeflibrian

material iIs ”egfé’r:%Qc?thhetha§é§%lﬁ% of benfkhd Yoenbh Ofkagenby incidental

cont anmi nant s. ance 39 ﬁtlon test will be conducted on the
crystalline® detprmiped as deseribed bglg ore bl ockage contaninants and

wat er renoved by or therasymardumoderm \Nft éhenmmadertﬁenemib} may bejehydrati on

t echni q:JeS e. greatcﬁqa;rrabn&é&%rreattn?mrogen HIraC ki NEhd rA@l 08Fd LomRRT phﬁus
materials, e.g. 11521 ; &0\ Qani.gs r ontact wt
acid or base or(cq\ilc"nSFﬁc’ chgﬁ%c f age%tg%tc %t gg‘qﬁ%{%x#l tal material

will be r eReRARFERAL PO NCAFANT| PR OZI t%ﬁ%cﬁ"ra‘ﬁ thet &epepppture of

10 at least 400°C for at least 1 minute and generally not
longer than 20 hours, preferably from 1 to 10 hours. While
subatmospheric pressure can be employed for the thermal
treatment, atmospheric pressure is desired for reasons of
convenience, such as in air, nitrogen, ammonia, etc. The

1s thermal treatment can be performed at a temperature up to
about 750°C. The thermally treated product is particularly
useful in the catalysis of certain hydrocarbon conversion
reactions.

Synthesis methods useful for preparing the mesoporous

20 crystalline component of the invention is taught in U.s.
Patents 5,227,353 to Apelian et al., and 5,102,643 to
Kresge et al. '

Catalyst Metal Component
The catalyst of the invention comprises a mesoporous

25 crystalline material as described below. The catalyst
further cémprises a Group VIIIA noble metal, and platinum
and palladium are particularly preferred noble metal
components.

The content of the metal component will vary according

30 to its catalytic activity. Thus, the highly active noble
metals may be used in smaller amounts than the less active
base metals. For example; 1 wt. percent or less platinum
will be effective and in a preferred base metal
combination, 7 wt. percent nickel and 2.1 to 40 wt. percent

35 tungsten, expressed as metal. The present sdpport



More particularly, the calcined crystalline non- | ayered material may
be characterized by an X-ray diffraction pattern with at | east two
peaks at positions 10 greater than 1 nm (10 Angstrom Units) d-spacing
(8.842 [err] for Cu K-al pha radiation), at |east one of which is at a
position greater than 1.8 nm (18 Angstrom Units) d-spacing, and no
peaks at positions less than 1 nm (10 [eigl) d-spacing wth relatlve
intensity greater than 20% of the strongest 15 peak. Still nore
particularly, the X-ray diffraction pattern of the calcined nmateri al
of this invention wll have no peaks at positions less than 1 nm (10

[err]) d-spaci th relative | t,er than 10‘V f
strongest "%&&E"a]ﬁa‘é Eﬂ‘éﬁver'a?gfaegst éngha?ta He n°the a)?a ble %
di ffraction patinsindimd la gxeater clirsﬁ'aﬁ-lrfg‘ Pﬁa!‘e‘é%ﬂr r&@PoREeVious to t he
[err] value of duppoetafdtedialls fidcatke ot etier extfaordinatrbby rimreei al .

The cal ci ned i nSQ.{ an' C%Jrenaqn Jl'ﬁlg%e%gl()%yn%ﬂeln'tnﬁa% exce@ﬁt §§ Jéﬁi‘. al so be

characterized as havin ore-sl ze %err Qn greater as
measur ed bys phyafisssept} gpintain f bdgh eiRfase aﬁg‘i‘,r?’ﬁ’é’& %Pore size is
considered a The maxanwmenmnd:amubaremege@mmmhposepmMns| on of the

g (r) yst ;i(l N r??.{ aylt ikl ﬁ@@étd QRtdai d&ebﬁy§ﬂdtzéﬁ(§¢] @dnoRed WEehnt atg PADQJ
aut omat e raction sys ap a onetry,
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the energy di spats the Xngspporesd WpPOrt, ltmmy Hat‘&}"et h§°ﬁe%’éF%P'| nci dent

or diffracied hﬁarﬁreatlncj'ranCbé@Iﬁeowi;th Botpilathauh nos tehd rtoatalidingf r act ed

X-ray 35 b ear’q_sonvyer gufé)altl e iggl%gg thdd lihelddd d8Abrapfatinic
diffracted col | ]1 It sizes used
ac1d platlnous chloride and various compounds containing

the platinum ammine complex. The metal compounds may be
either compounds in which the metal is present in the

15 cation of the compound and compounds in which it is present
in the anion of the compound. Both types of compounds can
be used. Platinum compounds in which the metal is in the
form of a cation of cationic complex, e.g., Pt(NH3)4C12 are
particularly useful, as are anionic complexes such as the.

20 vanadate and metatungstate ions. Cationic forms of other
metals are also very useful since they may be exchanged
onto the crystalline material or impreqnated into it.

Mesoporous catalysts similar to those disclosed here

are described also in U.S. Patent 5,288,395 which discloses

25 mesoporous lube hydrocracking catalysts and U.S. Patent
5,173,286 which discloses mesoporous catalysts used for wax

hydrocracking/hydroisomerization.

Feedstocks
The feedstocks used in the present process are _

30 hydrocarbon fractions which are highly aromatic, which may

also be hydrogen deficient, and which can contain up to 0.5

wt: sulfur. These feedstocks generally comprise fractions

which have been substantially dealkylated, as by a

catalytic cracking operation, for example, in an FCC or TCC
35 unit. Ccatalytic cracking characteristicly removes alkyl



-12- + starting fromthe X-ray tube source, were 0.5, 1.0, 0.3 and
0.2 mm respectively. Different slit systenms may produce differing
inténsities for the -peaks. The materials of the present invention
that have the | argest pore sizes may 5 require nore highly collimted

I ncident X-ray beans in order to resolve the | ow angle peak fromthe
transmtted I nci dent X-ray beam -15- The diffraction data were
recorded by step-scanning at 0. 04 degrees of [err] where [err] is the
Bragg angle, and a 10 counting tine of 10 seconds for each step. The

i nterpl anar spacings, d's, were calculated in A (A), and the relative
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experi nment al rePolymucieagr aromaticsy ¢PNAd)oguahhas (HtARgESne B4 appear as

resol ved or phﬁﬂéﬁﬂr&leh)é f@ﬁplcﬁedhum%uH§ Sfdute fcé,}gﬁb%k,l ogr aphi c

changes can incl, nog,.changes.in_u gr anet ers and/ or a
change in ¢ry staF gk&l rrhe WTROIT™ 3 < néuﬁﬁ"gn lyzed crackige apdstructure.

These mi nort® ef f é(’:f‘é ag ﬁ@PEHi‘Pﬂf reMOV%tfez-ﬂgeshﬁms eﬂfagrvetemtthaal $ies, can
al SO occur as acaelsets while Diavdingf steimRie sho bt Ccétid&naﬁﬁﬁl PHou ;ramework

conposition,  prifatiyienapsl eg,(l@e R er mal and/ or 30
hydr ot hermal i sth.)r X angl1 € h 9\1/at#a Pond Hfife 2TomaTIY harticle

e
si ze/ shape effecf’% r'uc? %(I Be so?‘ﬂﬁtag”ﬁlany derhkylatrt"ocTa®iningh t o
those skilled i E’-‘?ﬁé‘:tér ingiude thpse aromditfifsacititosmall alkyl grdiiss,

equi | i bri uaBbenzece AdKQERYI ORnAARAKLY ahd &5e 1&& §££'11“"r%m Yn£RPLACtI NG

the materi al  of ti f tlon or cinati on at,
for exarrp| e. abSi&@ dhg\{gg &IE with r&att%(feg arge kyl groups,

1 e., the C,-C, groups, remaining. More than one of these
short chain alkyl groups may be present, for example, one,
two or more methyl groups.
20 Feedstocks of this type may have an aromatic content
in excess of 50 wt. percent; for example, 70 wt. percent or
80 wt. percent or more, aromatics. Highly aromatic feeds
of this type typically have hydrogen contents below 14 wt.
percent, usually below 12.5 wt. percent or even lower, e.qg.
25 below 10 wt. percent or 9 wt. percent. The API gravity is
also a measure of the aromaticity of the feed, usually
being below 30 and in most cases below 25 or even lower,
e.g. below 20. In most cases the API gravity will be in
the range 5 to 25 with corresponding hydrogen contents from
30 8.5-12.5 wt. percent. Because the feeds useful in the
process of this invention are desulfurized, the feeds
typically contain less than 5000 ppmw sulfur, preferably
less than 1000 ppmw sulfur, more preferably less than 300
ppnw sulfur. In a particularly preferred embodiment, the
35 feed contains no more than 50 ppmw sulfur. The nitrogen



- 13- ¥ 540[err] C for at |east about one hour and other treatnent, if

necessary, in an attenpt to renove any pore bl ocking contam nants, at
25[érr] C and 50 torr benzene until equilibrium is reached. The wei ght
of benzene sorbed is then 5 determ ned as descri bed bel ow. The
ammoni um form of the catalytic material may be readily converted to
the hydrogen form by thermal treatnent (calcination). This thernal
treatment is generally ~ perfornmed by ¥eating one of these forns at a
tenperature of 10 at least 400[err]C for at least 1 mnute and generally
not | onger than 20 hours, preferably from1 to 10 hours. Wile

subat nospheri c pressure can be enpl oyed for the thernal treat nent,

at nospheri ¢ pr essureati of degsd rfeddf typicaaspnsamfes fromCHNURNILOH6 SppriiCh as in
air, nitrogen, ROTDWsEal1f} Ceroh8ol 655h€5!“ﬁ-| treatnent can be performed at
he t her

a tenperature up to_ ., about 75g C,.T mal ly treated product is
particul arly uSBAERPTS, feRds A% NPEi REGte e PEQFRShiyaRe0car bon conver si on
reactions. substangyal le siealkplateds cozciing fprodpeepirractjonde nMesopor ous
20 crystasli nsupanpengadadbrt beid Rypal itmdde taLdhtoily Yron Patents

gat2 zzirygtS BI\/L'? aﬁp%oﬂa gﬁg%tgéa'dkiggduéi%ge, g‘g alt{)%‘ﬁeo?yaegsq%ﬁ\?g%??lcﬁ? conpri ses
a Mesopor ous ZS“SEEry"QFa?’FﬁWéena?‘éH drngs Mt crete bullewwithhe catal yst

boiling range of 195° - 400°C (385°-750°F), e.g., 205° -
370°C (400°-700°F) or, alternatively, cycle oil fractions

10 may be employed such as heavy cycle oil or light cycle oil
fractions. When operating with an extended boiling range
feeds such as a full range light cycle oil (FRLCO),
conversion should be limited so as to avoid excessive
catalyst aging; a maximum conversion to a product

15 containing 5 wt% aromatics is preferred. However, if a
light cut cycle oil is used, higher conversions may be
tolerated. For this reason, lower boiling range fractions
of that type are preferred. Thus, cycle oils with end
points below 345°C (650°F), preferably below 315°C (600°F)

20 are preferred. Initial boiling point will usually be 150°C
(300°F) or higher, e.g. 165°C (330°F) or 195°C (385°F). -

Feeds having higher endpoints tend to age the catalyst

of the invention more rapidly. For this reason, less
severe operating conditions (principally LHSV and

25 - temperature) are preferred for higher endpoint feeds. In a
preferred embodiment, the maximum feedstock endpoint is
399°C (750°F), more preferably 370°C (700°F). Light cycle
oils generally contain from 60 to 80% aromatics and, as a
result of the catalytic cracking process, are substantially

30 dealkylated, as described above. Other examples of
suitable feedstocks include the dealkylated liquid products
from delayed or fluid bed coking processes. If a cYcle oil
fraction is to be used, it may be obtained by fractionation
of a full range light cycle oil or by adjustment of thé cut

35 points on the catalytic cracker fractionation column.



furtheg conprises a Goup VI | A nobl e netal , and platinum and

pal | adium are particularly preferred noble netal conponents.

The content of the netal component will vary according 30 toits
-catalytic activity. Thus, the highly active noble netal s may be used
in small er amounts than the | ess active base netals. For exanple, 1
wt. percent or |ess platinum wll be effective and in a preferred base
nmet al "~ conbination, 7 wt. percent niel and 2.1 to 40 w. percent 35
tungsten, expressed as netal. The present support

-14- materials are, however, notable in that they are capabl e of

I ncl uding a greater proportion of netal than previous support
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zeolite wt nyum rre% t abl, ati num

nt ai n
conpounds i ncl ude cﬁPb?o‘b‘T"(ﬁelsﬁl gecreaseﬁc?ﬁ"miﬁlﬁﬁ foy e'ﬁ’nl‘"&??%ét and vari ous
‘conpounds cont asuhstgntially ishapgind e heid ing cengeext thiee feedatiockenpounds

may be f hel tﬂercoq.qugygdﬁ si. npaerid st,be9 [Elaltol RipkQSAH alD €dnbs ]
cation of the conmpound an CO (0] | (Y| in the
zaaﬁa g'(lﬁ]f’lnqt ype!gﬂgfsasltgbw % lltte ¥ &(t%%.%]i: which

ani on of the con n’g
10 cracks the feedstock to lighter products. '

The invention will now be illustrated by the following

Examples.
EXAMPLES
Example 1
15 A USY zeolite with a framework Si0,/Al,0, ratic of 200

(as measured by Al-NMR) and no detectable silanol content
(as measured by Si-NMR) was exchanged with a rare earth
chloride solution at pH = 5. 65 parts by weight of this
RE-exchanged USY was mixed with 35 parts by weight Al,0, on

20 a dry basis. Enough water was added to form an extrudable
paste. This mixture was formed into 1.59 mm (1/16")
extrudates. The extrudates were dried at 121°*C (250°F) and
air calcined at 538°C (1000°F) for 3 hours. The calcined
extrudates were humidified and then exchanged with a

25 solution containing Pd(NH;),”. The Pd-containing
extrudates were then calcined at 288°C (550°'F). This
material is referred to as Catalyst A and has properties

summarized in Table 1.

Example 2 _ :
30 An MCM-41S catalyst was prepared in accordance with

the procedure of U.S. Patent 5,102,643 to Kresge et al.

Example 3
65 parts by weight of the MCM-41S material prepared in

Example 2 (which contained a high concentration of silanol



be used. Pl ati num conpounds in which the netal is in the -formof a
cation of cationic conplex, e.g., [err] are particularly useful, as
are ani oni ¢ conpl exes such as the 20 vanadat e and net atungstate ions.
Cationic forns of other netals are also very useful since they may be
exchanged onto the crystalline material or inpregnated into it.
Mesoporous catalysts simlar to those disgl osed here are descri bed
also in U'S. Patent 5,288,395 which discloses 25 mesopor ous | ube
hydrocracki ng catal ysts and U. S. Patent 5,173, 286 whi ch di scl oses
mesopor ous catal ysts used for wax hydr ocr acki ng/ hydr oi soneri zati on.
Feedst ocks The feedstocks used i-n the present process are 30
hydr ocar bon fr SEPRRfIS Wil anpaismheyhanggdendried, whdckhemymixed witthso be
hydr ogen defi czenpartandyvdieidhtc an,o;00m a Arypbasid. 5 Enough WdkezUasir . These

fecastocks 0enehALd Y QUBL! P dABEALAND paste. "cl) hE¥ELREGAS RSN 12l |y

deal kyl at ed Jtic cracking operation, exa in an
FCC or TCC 35 mﬁﬂu’t 59 may GIAMS Ei‘%ﬂﬁscha‘F%teé‘FF&??Hi/ "’F€Fm‘3’é’§dal Kyl
- 15- 5  agr 02X ((g80er)al heabed Kyo 48aFQt (908 °F)| anghy, ahedd igr §ypsS,

typically but rfet.- e&cddﬁl Vghd/ a[&r Ehldired &k, smc.chlabs m for gttached to

aronatic m)let dtac ed s formthe

bul k of the ga 8Fﬁ1e B‘P’Sdﬁ%fc’f"r fﬁm =S Wldl’ﬂ\% fﬁl‘ rrgl? % noieties

such as benzené&xchanged Haﬁht%eﬁ%ﬁémfbé?%ﬁhﬂb%éﬁ’dﬁﬂdl benPhr Mlophenes and
containing extrudates were then calcined at 288°C (550°F).

10 This material is referred to as Catalyst B and has
properties summarized in Table 1.

Example 4 _
The catalysts described above in Examples 1 and 2 were

used to treat a low—-sulfur (<10 ppmw) distillate fuel

15 containing 45 wt% aromatics (Feed-I, Table 2). Example 3
demonstrates catalyst performance for hydrogenation of -
low-sulfur fuels derived from a conventional high-pressure
(7105 kPa (>1000 psig)) hydrotreating process. Each
catalyst was crushed and sized to 14/24 mesh, and evaluated

20 - at 1 LHSV and 7105 kPa (1000 psig) H, pressure. Each
catalyst was reduced in 2550 kPa (350 psig) H, at 177°C
(350°F) for three hours prior to introducing the feed. The
results for the three catalysts are summarized in Table 3
and Flgures 1A through 2B. While both catalysts reduce

25 aromatics content to below S wt%, Catalyst B gives a hzgher
yield of low-aromatics distillate while consuming less
hydrogen. Further, Catalyst B exhibits a lower activation
energy for conversion to products having atmospheric
boiling points at or below 199°C (390°F).

30 Example S _
Catalyst A and Catalyst B were evaluated using a

feedstock produced from a conventional catalytic
hydrodesul furizer (4410 kPa (625 psig)), Co-Mo or Ni-Mo
hydrodesulfurization catalyst). The feedstock (Feed-II,



pol ynugl ear aromatics (PNAs) such as ant hracene and phenant hrene form
the high boiling products fromthe cracker. The nechani sns of

acisdd- cat al yzed cracki ng and 10 simlar reactions renove side chai ns of
greater than 5 carbons whil e | eaving behind short chain al kyl groups,
primarily methyl, but also ethyl groups on the aromatic noi eti es.
Thus, the "substantially deal kyl ated" cracking products include those
aromatics with small al kyl groups, 15 sweh as nmethyl, and ethyl, and the
like still remaining as side chains, but with relatively few | arge

al kyl groups, . i.e., the [err] groups, remaining. Mre than one of

t hese short chain al kyl groups nmay be present, for exanple, one,

two or nore net rQu t t have an
aromatic cont en?’ﬁalg 'P) ﬁ:%:odgged fr}pmﬁ&f@% Qﬁﬁ %)Jntg}.hgd ytpoelpgﬁ¥7o W,
percent or SYSLHE . ﬁde?ct‘?ﬁ aFemabies. él“éﬁﬁ?? c%Pm"‘I-lF‘gﬁF?/g%ﬂ-orratlc f eeds

of this type typesalty drevenhdwdringabbont. encathanAlﬂawteffect:.vaej:xsent
usual Iy bel ow 12..g,¥ng g RERERIcOLoRLER: LA onfy % naﬁor P@ésovx 9

percent or w . ercent ITE&SU

aromaticity “of CREAFERY Bugiafis °thgr%baé1d¥ga83?w §6’ ﬁd‘“‘??l nost cases
bel ow 25 or evempbdieable for feqs pentAirdag LessiiitancQses wiie saRfugyavity

will be in the range 5 to 25 with correspondi ng hydrogen contents from
30 8.5-12.5 wt. percent. Because thepfigedg useful in the process of
this invention are desul furized, tdRal§ ropertidi cally contain | ess than
5000 ppnmw sul fur, preferably | ess than 1000 ppnw sul fur, nore
preferably | ess[han 300 ppnw Surtar. 111 a Tﬁﬁﬁ'ﬂd
enbodi nent, the ' a s fatalystrRe
ni trogen Crystalline Catalytic Material ' UsyY MCM-41
10 Framework Sio./Al.O, 200 40
Crystalline catalytic 65 65
Material, wt.%
Binder _ Al,Q, Al,0,
Binder wt.% 35 as
15 RE-_.O’, wt.% 0-09 -
Palladium, wt.% D.63 0.83
Sodium, ppmw 320 78
C,-C, Sorption, wt.% 16.9 : -
Pore Volume, g/ml 0.67 0.97
20 Particle Density, g/ml 0.95 0.73
Surface area, m‘/g 451 682
Chemisorption
H/Pd ratio 0.74 1.06
O/Pd ratio : - 0.54 0.52



contenf of the feed typically ranges from50 to 1000 ppnw,

usually from50 to 650 ppnw.
precess are

nor e

Suitable feeds for the present

Suitabl e feeds of this type include cycle oils from

units. Full
light cycle oils with a

(385[err]-750[err]F), e.g., 205[er
or, alternatively, cycle oil fract
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-17- ., VWhile the aromatics content of the product stream
varies wth process severity, the product typically contains |less than
20 *wei ght percent aromatics, preferably | ess than 15 wei ght percent
aromatics, and nore preferably 5 bel ow 10 wei ght percent aronatics.

Thi s process decreases aromatics content w thout substantial ly

-changi ng the boiling range of the feedstock. In contrast, U S. Patent
5,219,814 to Kirker et al. teaches a process using an ultrastable
zeolite Y catalyst which 10 cracks the feedstock to lighter products.

The invention will now be illustrated by 21Tie fol | ow ng Exanpl es.
EXAMPLES Exanple 1 15 A USY zeolite with a framework [err]

rati o of 200 (as nmeasured by Al-NVR) and no detectable silanol content
(as nmeasured by Si-NWVR) was exchanged with a rare earth ﬁl ori de
solution at pH = 5. 65 parts by wei ghtTatile Bj s RE- exchanged USY was

m xed with 35 parts by wei ght [efpmasy 98 Exﬂ“ﬁiﬁy:’bam s. Enough water was

added to forman extrudabl e .pas t s forned,.into 1.59
nmm (1/ 16") ext ?{ﬁizft'@smﬁ’ﬁ%rsé? r%%sad on ?gen&cflr&@g g? T ESHFFC
(250[err]F) and Catakist dal cPwoﬁleéaYéﬁHQ’i (1000[err]F) for 3 hours.
The calcinegd . cexdiystaees perMeMranyali,b) ed and then exchanged with a 25

sol uti on cont ai ni ng [err] The Pd- cont ai ni ng extrudat es vere t hen
cal ci ned at . 28=etid-E~(Ebofattdpmp—yirs—————prater- =s—referred=teyas
Cat al yst A and has pr opertr es s 11T) rerrr@ducn f:asimke 1Product from
reaction with | reaction with
Catalyst A Catalyst B
LHSV - 1.0 1.0
Pressure, kPa - 7000 (1000) 790 (100)
(psiqg) '
LHSV, hr ~ 1.0 1.0
10 Temperature, °C - 316 (600) 316 (600)
CF)
Conversion, wt.$% - 44.4 21.7
Yield, wt.% 97.7 54.3 76.6
H, Consumption, - 1491 1432
15 SCF/B (Standard
Cubic Feet per
Barrel of Feed)
Sulfur, ppmw <12 <10 <10
Aromatics, wt.% 45 2.7 <1.0




Exanpl @ 2 30 An MOM 41S catal yst was prepared in accordance with

the procedure of U S. Patent 5,102,643 to Kresge et al. Exanple 3
65¢parts by weight of the MCM41S material prepared in Exanpl e 2
(whi ch contained a high concentration of silanol

groups) was ammoni um exchanged, dri ed, aggkjhen m xed with 35 parts by
wei ght [err] on a dry basis. Enough water Wwas added to form an .
extrudabl e paste. This m xture was forned into 1.59 mm (1/16")
extrudates. The extrudates were dried 5 at 121[err]C (250[err]F), heated
to 482[err]C (900[err]F) in [err] held in {err] for 6 hours, and air

calcined at 538[err]C (1000[err]F) for le 4 hours. The cal ci ned
extrudates were humidified and t hB{pRaxrY °§f?ﬁ§ﬁ8§d‘mﬁth a sol ution
containing [err] T?e Pd- Je¥at 8h WAL e B hT 1sttEe S 39Rk £y tARN ehei ned at
288[ err] C (550[ err ﬁ’ﬁdded_C%' al i { ) 1

I's material is referred to as Catalyst B and

has pr oper : T Exanpie o The
catal ysts descr|bed above in Exampl cE2e8 anjdPZodRste from |, Prgduert tflr,étg’tC a
| owsul fur (<10|ppmy) distillate fuel 15 RIS IR S sy eE
2 daonanctle o a S
(Feed-1, Table . 3 SRS or
hydr ogenati on o} LHSV - 1.0 1.0
5 Pressure, kPa - 7000 (1000) 7000 (1000)
(psig)
LHSV, hrt - 1.0 1.0
Temperature, °C - 343 (650) 343 (650)
(°F) :
10 Conversion, wt.3% - ' 15.5 1.1
Yield, wt.3 91.0 76.9 90.0
H, Consumption, - 33000 (1853) 10400 (584)
v/v of feed :
(SCF/B (Standard
15 Cubic Feet per
Barrel of Feed))
Sulfur, ppmw 500 <10 260
Desulfurization, 3% - 96 48
Aromatics, wt.$ 41.3 8.3 40.6
20 Changes and modifications in the specifically

described embodiments can be_carried'out without departing
from the scope of the invention which is intended to be
limited only by the scope of the appended claims.



| ow- sul,fur fuels derived froma conventional high-pressure (7105 kPa
(>1000 psig)) hydrotreating process. Each catal yst was crushed and

si ?ed to I4/24—+esh—and evaluated 20 at 1 LHSV and 7105 kPa (1000 psig)

H2 pressu
at 177[er

f eed.

catal yst was reduced in 2550 kPa (350 psig) [err]

Le ﬁm”’l?”mm,f ]F) for three hours prior to introducing the
e

the three catalysts are summari zed in Table 3

and Figures 1A througﬁ 2B. Wile both catalygis.reduce 25 aronmatics

content to below 5 wt %

catal yst B gives a higher yi el d of

| ow-aromatics distillate while consum ng |ess hydr ogen. Furt her,
Catal yst B exhibits a | ower activation energy for conversion to

products havi ng at nospheric . boiling points at or below |99[err]C
(390[err]F). "

eval uated using a

30 CEAZNSd e 5

feedst ock produced froma conventional catalytic

Catal yst A and Catal yst B were

hydrodesul furizer (4410 kka. (822 f5ui ?H:duc.qﬁigﬂ/g QisMIMe boiling-range

hydr odesul furi zati on catal
Tabl e 2) produced fromt
wt % ar omati cs,

m nor

loss in yield. 5

10

reﬁ)ar'a?ﬁt oS RIS EETRHASS DYSreETeRRingg 3

and 200 prydwodesubtuxmized aromaddgl t substantiedy| deaidylatad
Catal yst A was gffecti Venjdrocarbor &fliédi Podiicedbbiy CEh& QHtaNlt 1 tdradlifigdos

10

15

20

a Fdotiindh et ORE" 0ADGaARBERE Sidi2 108 MOST-

boxllng point of at least 149°C, an aromatic content
of at least 30 weight peréent, a hydrogen content not
more than 12 weight percent and a sulfur content of
not more than 5000 ppmw, in the presence of a catalyst
comprising an inorganic, non-layered, porous,
crystalline phase material having pores with diameters
of at least 1.3 nm and exhibiting, after calcination,
an X-ray diffraction pattern with at Least one peak
with a relative intensity of 100 at a d-spacing
greater than 1.8 nm, the material containing at least
one Group VIII metal and less than 5000 ppm Na to
evolve product containing less than 10 weight percent
aromatics and less than 300 ppmw sulfur at a 199°C+
feed conversion of less than 30 weight percent.

A process acccording to claim 1 in which the
crystalline phase material has, after calcina;ion, a
hexagonal arrangement of uniformly-sized pores with
diameters of at least 1.3 nm and exhibits a hexagonal
electron diffraction pattern that can be indexed with
a d, 49 value greater than 1.8 nm. -

The process of claim 1 in which the crystalline phase
has én_x—ray diffraction pattern following calcination
with at least one peak whose d-spacing corresponds to
the dloo value from the electron diffraction pattern.



appli cabl ming | ess than 0.05 wt % sul fur.

Cat al yst Properties

-IC-:at‘aI yst - Anlﬂl‘ﬂ“g‘“mﬂ“! l!l Cryst aI line Catalytic Material- usy
MCM 41 10 200 40

Crystalline. Catalytlc 65 65 Material, w.%
Bi nder _ [err] -24=- LErT] Bi nder wt. 0/
35 : 35 15 [err] w.% 0. 09 -
Pal | adi um wt . % 0. 63 0. 83 Sodi um pprmw
320 78 [err] Sorption, wt.% 16 9 .
Pore Vol une, g/m 0.67 % éi\L
Density, g/m 4. The pragess of cla:.at §31n wh:.c Sﬁ??a‘é‘é’s lnT éfl}a]se
451 . 682 exhibits a benzene adsoQPfuivirs GRpa¢NY of greatéPdhaati o
8- gg : 1.06 19 Fadsfilefzene per 100 grams 38 145 kFa afdd 25°c.
Tabl e 2 | - |
5. The process of claim 1 in which the crystalline phase
5 has a composition expressed as follows:
n/q(waxbyczdoh)

wherein M is one or more ions; n is the charge of the
composition excluding M expressed as oxides:; g is the
weighted molar average valence of M; n/q is the number
of moles or mole fraction of M; W is one or more
divalent elements; X is one or more trivalent
elements; Y is one or more tetravalent elements; Z is
one or more pentavalent elements; a, b, ¢, and d are
mole fractions of W, X, ¥, and 2, respectively; h is a
15 number of from 1 to 2.5; and (a+b+c+d) = 1.

6. The process of claim 4 wherein W comprises a divalent
first row transition metal or magnesium; X comprises
aluminum, boron, gallium or iron; Y comprises silicon
or germanium; and Z comprises phosphorus.

20 7. The procesé of claim 4 wherein a and d are 0 and
h = 2.

8. The process of claim 7 wherein X comprises aluminum,
boron, gallium or iron and ¥ comprises silicon or
germanium.

25 9. The process of claim 8 wherein X comprises aluminum
and Y comprises silicon.

10. The process of claim 1 in which the caﬁalyst-comprises
. at least one metal of Groups VIA, VIIA or VIIIA of the
Periodic Table. '



Feedst oeks Properties

Feed- |

Feed-11 . G avity, API 31.8 32.1

Sul fur, ppmw <10 500 5 Ni t rogen, ppnmw
2 200 Aronatics 45

(AsT LI T AR 50 rer Ler1C
(ASTN$D288 |ght Per cent Tenperature, [err]C
([err]F) 10 °© 172 (341) 184 (363)
30 253 (488) 237 (458) 2 50

283 (541) 267 (513) . #0 311 (592)
298 (569) : 95 ' 369 (697) 355 (672)
-21- Table 3

Summary of Exanple 3 , .

11. The process of claim 1 in which the catalyst comprises
at least one metal of Group VIA and at least one metal
of Group VIIIA of the Periodic Table.

12. The process of claim 1 in which the feed is contacted

S with the catalyst at a pressure of from 2860 to 8377
kPa, a temperature from 260° to 454°C.

13. The process of claim 12 in which the feed is contacted
with the catalyst at a temperature from 288° to 399°C.

14. The process of claim 5, in which the distillate

10 comprises the fraction boiling above 196°C.

15. The process of claim 5, in which the feed comprises a
hydrodesulfurized catalytic cracking cycle oil.

16. The process of claim 5, in which the feed has a
hydrogen content of 8.5 to 12.5 weight percent.

.15 17. The process of claim 5, in which the feed has an API
gravity not more than 25.

18. The process of claim 1 in which the 199°C+ feed
conversion is less than 20 weight percent.

19. The process of claim 18 in which the 300°F+ feed

20° conversion is less than 20 weight percent.

20. The process of claim 1 wherein the endpoint of the
hydrodesulfurized feedstock is less than 399°C.

21. The process of claim 1 wherein the catalyst comprises

at least 0.1 wt% of the Group VIIIA metal.



Yi el d and Conversion based on 199[err]C (390[err]F) cut point *
Catal yst A—Pd/(200/1) USY/ [err] 5 * Catalyst B: Pd/MCM 41/ [err]

Feed- | Product from Product from

reaction wt i : : Cat al yst A

caratyer o ITMACREAMIEN 10 g

Pressure, kPd ¢ - " s ~ 7000 (1000) 790 (100) - (psi Q)

LHSV, hr[err] - . - 1.0 1.0 10 Tenper at ur e,

[err]C . 316 (600) 316 (600) ([err]F)

Conversion, w.% - ' 44. 4 =26~ 71,7 Yield, w.%

97.7 54.3 76. 6 [err] Consunpti on, -

1491 1432 15 SCF/ B (St andard Cubi ¢ Feet per Barrel of

Feed) Sul fur, ppnmw <12 <10 <10

Aromatics, w.% 22.45The proces of.dlaim 1 wherein<th@® Group VIIIA metal is

- 22- selected from the grEﬁQ'ébd%isting of platinum and
palladium. '

23. The process of claim 1 wherein the product contains
5 ~ less than 15 weight percent aromatics.



Sunmary« of Exanpl e 4 Yi el d and Conversi on based on 199[err] 199 s
(390[err] F) cut point F& l
Product from react] oH

W th "Catal yst Al = S

LHSV - 1.0 1.0 5 Pr essure, kPa
- 7000 (1000) 7000 (1000) (Psi gy LHSV, hr-[err]

- .0 1.0 Tenperature, C - 343
(650) 343 (650) ( F 10 Conversion, w.% -

15.5 1.1 Yi el GATARYSE, AND PROCESSOEQR) PRODUCING 76. 9

90.0 [err] Consunpti on, . LOW=AROMATI S 10400 (584)
v/iv of feed (SCF/ B (St andard 15 Cu per Barrel of
Feed)) Sul fur, ppmN 500 bi&xﬁi'& 260

Desul furization, % 96 48 Aromati cs,

Wt . % . 48.3 TBiB invention pro#fldés a prdQ@ess for p@ﬁ&ﬁ@ﬁﬁg and

modi fications in thedz%%‘i?ci%&%o'ﬁm _ra&gsp!?a;%; | nveﬁ%l Rl V\HI g be carried

out without departi rom cO
i ntended to be %“PFP@?F de§°5§e?"ﬂéi%séo Weﬁﬁéf‘é’b’p’éﬁ’déa%ﬂ‘%’r%.

substantially dealkylated hydrocarbon feed produced by the
catalytic cracking of a hydroccarbon fraction, the feed

0 having an initial boiling point of at least 149°C (300°F),
an aromatic content of at least 30 weight percent, a
hydrogen content not more than 12 weight percent and a
sulfur content of nat more than 5000 ppmw, in the presence

of a catalyst comprising an inorganic, non-layered, porous,

15 crystalline phase material having pores with diameters of
at least 1.3 nm (13 A) and exhibiting, after calcination,
an X-ray diffraction pattern with at least one peak with a
relative intensity of 100 at a d-spacing greater than 1.8
nm (18 &), the material containing at least one Group VIII

20 metal and less than 5000 ppm Na, the process being carried
out at a hydrogen partial pressure of not more than 1000
psig to evolve product containing less than 10 weight
percent aromatics and less than 300 ppmw sulfur at a 390°F+
feed conversion of iess than 30 weight percent.

—_—
ThkSMmt

MG



-23-- CLAI Ms: 1. A process for producing a

di st I¥at e boiling-range hydr ocar bon product which conpri ses
hydrotreating a hydr odesul furized aromatic, substantially

deal kyl at ed 5 hydr ocar bon feed produced by the ;
cracki ng of a hydrocarbon fraction, the fess=Favino apsigEEN §l
boiling point of at least 149[err]C, an aromatic content THIS SH f &t

| east 30 wei ght percent, a hydrogen content not
wei ght percent and a sul fur contensgof:'+cos|05Rs|oN W%

DT € than 5000

ppmw, in the presence of a catalyst o.orrpr kg ay i norganic,
non-| ayer ed, porous, °o° r\mP avi ng pores
with diameters o of at |east 1.3 nmand exhibitin , after

cal ci nation, | an X-ray diffraction pattern with gt | east one
peak 15 with a.rjelative intensity of 100 at a d-spadi ng

greater than 1.8 nm the rfateri al containing at |east one
Goup VIIl netal and | esgfthan 5000 ppm Na to evol ve pr oduct
containing less than 10 8@+ght per cent e aromaticqg and | ess

than 300 ppmw sul f em aflo9ferr] C+ 20" ion of |ess

than 30 weight percg ntg ' 2. A process gcccording td claim1l in
whi ch t he yst al l'i ne phase materi cal ci nation,
a h@g y-sized p W th

el ectron
err] val ue
af~Claim1l i ndwhi ch the

di anmeters of at Ie-a-st
diffraction patter, dan be indexed with
greater than 1.8 nm m 8 ~ 3. The proce
crystal line phase -n

cg ar rangenent of unifor
loy
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has an X-rdy diffr
at
val ue fromthe ele
-24-

| east one peak whose d- ng
ctron m?%??%t
4.

action pattern foIIovm ng
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pat ter

on

The process of claim1 in which the

exhi bits a benzene adsorption capacity of greater than

199/3°s “NOLLJWNSNOD 2H

grams benzene per . 8
process of claim1}in which the crystalline phase 5 ]
conposition expresped as foll ows: [err]
“wherein Mis one of nore ions; n is the charge of th_ggo
conposi tion excludfng M expressed as oxides; q is the g 32
wei ghted nol ar avefage valence of M n/q is the numbgr =
noles or nole fracfion of M Wis one or nore =
elenents; X is onefor nore trival ent elqgeai
nore tetraval ent efenents; Zis one or jmorg
elenents; a, b, c,|and d are mol e fract]i onfg
Z, respectively; hjis a 15 nunber of fromjl t&
(atb+c+d) = 1. 6. The process of claim 4 wﬁeéﬁ
di val ent . first rowtransition netal or |rdg
al um num boron, galliumor iron; Y conprises silico o
germani um and Z cpnpri ses phosphorus. |
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20 - 7. The process of claim4 wherein a and d are 0 and

h = 2. ~8.. The process of claim7 wherein X conprises alum num
boron, galliumor iron and Y conprises silicon or gernanlum
25 9. The process of claim8 wherein X conpri{

and Y conprises silicon. 10. The process of %‘F@T'ﬁn@’ﬁﬁ w
catal yst conpri ses at | east one netal o

Vl | | A Of the Perl Odl C Tabl e. ..............................

- 25- 11. The process of €37 m 1 in which the catal yst

conpri ses at | east one netal of ~Goup VIA and at |east one
met al of s 12.

The process of claim1l i

This invention provides a process for producing a
distillate boiling-range hydrocarbon product which
comprises hydrotreating a hydrodesulfurized aromatic,
substantially dealkylated hydrocarbon feed produced by the
catalytic cracking of a hydrocarben fraction, the feed
having an initial hoilin& point of at least 149°C (3Q0°F),
an arcmatic content of at least 30 weight percent, a
hydrogen content not more than 12 weight percent and a
sulfur content of not more than 5000 ppmw, in the presence
of a catalyst comprising an inorganic, non-layered, porous,
crystalline phase material having pores with diameters of
at least 1.3 nm (13 A) and exhibiting, after calcination,
an X-ray diffraction pattern with at least one peak with a
relative intensity of 100 at a d-spacing greater than 1.8
nm (18 &), the material containing at least one Group VIII
‘metal and less than 5000 ppm Na, the process being carried
out at a hydrogen partial pressure of not more than 1000
psig to evolve product containing less than 10 weight
percent aromatics and less than 300 ppmw sulfur at a 396‘F+
feed conversion of less than 30 weight percent.

{FIGURE 1A IS SUGGUESTED FOR PUBLICATION)




5 with the catal yst at a pressure of from 2860 to 8377

kPa, "a tenperature from 260[err] to 454[err]C 13. The process
of claim12 in which the feed is contacted : yst
at a tenperature from288[err] to 399[err]C. . || RERUACHMENPISHEBETS |jof
claim5, in which the distillate 10 conpriges th ”ﬁ% '
boi Il i ng above 196[err]C 15. The process Deﬂeau - n I.c
the feed conprises a hydrig@esul furi zed
cycle oil. 16. The process of claim5, in which the feed has a
hydrogen content of 8.5 to 12.5 wei ght percent. .15 17. The
process of claimb5, in which the feed has an API gravity not
nore than 25. 18. The prIgOrs+ CUNVERSION) Wi ch the 199[ err] C+,
f eed conversion is |less than &0 wei ght peRc@nt . Q9
19. The process of clai n%
conversion is |less than wei ght percent .. 20. The process of
claim1 wherein the endpoipt of the hydr odesul f uiji zed
feedstock is less than 399[err]C. 21. The process off claim1
wherein the catal yst conpr|ses at least 0.1 mt% gf the G oup
VIIIA netal . ~ 0 1
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percent aromati cs.
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26 22. The proces of claim 1l wherein the Goup
sel ected fromthe group consisting of platinum and
process of clai'm1 wherein the product contains
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