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(57) Abstract: A process is described for improving the fuel quality of hydrocarbon blends hydrotreated, and possibly dearoma-
tized, by reaction with hydrogen, at a temperature ranging from 250 to 350°C, at a pressure higher than or equal to 50 bar and a
WHSYV preferably ranging from 1 to 3 hours™, in the presence of a new catalytic composition comprising: a) a metallic component
selected from: - iridium, in a quantity greater than or equal to 2% by weight with respect to the total weight of the catalytic com-
position, - a mixture of iridium and one or more metals Me selected from Pt, Pd, Ru, Rh, and Re, wherein said mixture is in a
quantity greater than or equal to 2% by weight with respect to the total weight of the catalytic composition and is characterized by
an Ir/Me weight ratio ranging from 2 to 10; b) an acid component containing a completely amorphous micro-mesoporous silico-
alumina having an SiO»/AL;Os molar ratio ranging from 50 to 500, a surface area greater than 500 m*g, a pore volume ranging
from 0.3 to 1.3 ml/g, an average pore diameter less than 40 A. The process of the invention leads to an increase in the cetane in-
dex, a decrease in the density and Tos.
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PROCESS FOR IMPROVING THE FUEL QUALITY OF HYDROTREATED
HYDROCARBON BLENDS

The present invention relates to a process for im-
proving the fuel quality of hydrocarbon blends hy-
drotreated, and optionally dearomatized, particularly gas
0il from hydrocracking and LCO. The process allows high-
gquality diesel fuels to be obtained by the practically
complete removal of the total aromatic compounds, a de-
crease in the density and Tys and an increase in the
cetane number.

The production of fuels for use in new generation
engines which reduce emissions is one of the major prob-
lems of the refinery industry. The definition of future
fuel specifications is still a topic of discussion, but
evolution towards increasingly restrictive regulations
with respect to emissions is certain, and this will re-
quire products with significantly different characteris-
tics than those currently in use, also from a composi-
tional point of view.

With respect, in particular, to gas oil for auto-
vehicles, in addition to the reduction in the sulfur con-
tent, other important aspects linked to the quality which
will probably be the object of stricter regulations in

the near future, are: the content of condensed polyaro-
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matic compounds, the density, the T95 (temperature at
which 95% of the product is distilled) and the cetane
number or index. From this point of view, paraffins are
considered the most desirable components, whereas poly-
condensed aromatic compounds are the least desirable as
they have a very low cetane number and a much higher den-
sity than paraffins (especially if linear) with the same
number of carbon atoms. Most probably, not all of the
characteristics mentioned above will be the object of fu-
ture regulations, however a reduction in aromatic com-
pounds, and more particularly polyaromatic compounds, is
a highly desirable result due to their direct impact on
emissions (Fuel, Volume 82, Issue 4, March 2003, Pages
385-393, “The sources of polycyclic aromatic compounds in
diesel engine emissions”). From a general point of view,
it would be desirable to obtain a reduction in the con-
tent of aromatic structures through their hydrogenation
and subsequent hydrodecyclization until normal and
isoparaffins are obtained, and above all, n-paraffins,
compatibly with the cold properties: the most desirable
components are therefore isoparaffins with a low branch-
ing degree. This causes a distinct change in the proper-

ties of diesel fuels, such as:

e a decrease in the density;
e an increase in the cetane number;
e a reduction in emissions;

¢ a reduction in the boiling point with the same

number of carbon atoms present in the molecule.

Processes commercially available for obtaining me-

-2-
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dium distillates with a reduced content of aromatic com-
pounds are currently: dearomatization and hydrocracking.
In the former case, the dearomatization of the feedstock
essentially takes place by the hydrogenation of the aro-
matic structures with the formation of the corresponding

naphthene structures. In this case there is:

¢ a reduction in the density;
e a reduction in the boiling point;
e a modest increase in the cetane number;

e a limited formation of products with a lower mo-

lecular weight with respect to the feedstock.

A simple reduction in aromatic compounds with cyclo-
alkane structures preserves the yield to diesel but main-
tains undesired cyclic structures and does not signifi-
cantly increase the cetane number (Fuel, Volume 85, Issue
5-6, March-April 2006, Pages 643-656, “Evaluation of dif-
ferent reaction strategies for the improvement of cetane
number in diesel fuels”).

In the latter case, hydrocracking, the opening of
the cyclo-alkane structures to paraffins is obtained,
with significant increases in the cetane number, but with
a production of light fractions and a consequent loss in
medium distillate.

The necessity is therefore felt for an alternative
process which, in addition to saturating the aromatic
rings, causes the selective opening of the naphthene
rings (Selective Ring Opening, SRO); this overall process
therefore converts the aromatic systems, with either one

or more condensed rings, into paraffins which boil within
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the distillation range of gas oil. For this purpose, it
is necessary for the opening of the naphthene ring to
take place by breakage of a C-C endocyclic bond, so that
the final paraffinic product has the same number of car-
bon atoms as the starting naphthene. It is also desirable
for the C-C endocyclic bonds which are broken to also
comprise those adjacent to the tertiary carbocation(s),
in order to form mainly linear paraffins and isoparaffins
with a weak branching degree.

In this respect, US 5,763,731 proposes the use of Ir
together with an acid co-catalyst of the zeolitic type in
order to favour the contraction of the rings having from
6 to 5 carbon atoms, as these can be more easily sub-
jected to hydrogenolysis. This acidity causes the exces-
sive formation of 1light cracking products and highly-
branched paraffins, as a consequence of the skeleton
isomerization reaction of the paraffins initially present
and those formed as a result of the ring opening process.

In order to overcome this problem, US 2002/0050466
describes the use of an Ir-Pt bimetallic catalyst sup-
ported on Al,0;, whose content of each metal 1is Ilower
than 2.0%, and preferably < 1.0%, regardless of the Ir/Pt
ratio. Also in this case, the acidity is not suitably
modulated so as to obtain a mixture of products having a
high cetane number, to the extent that it is necessary to
mix the products obtained with a gas oil having a cetane
number of at least 40.

W02005/103207 describes the upgrading of distil-

lates containing naphthene compounds, by the transforma-
-4 -
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tion of said compounds into the corresponding paraffinic
derivatives, prevalently branched, which uses catalysts
containing Pt, Pd, Ir, Rh, Ru and Re and an acid silico-
aluminate selected from a suitable micro-mesoporous
silico-aluminate and a MTW zeolite.

WO2007/006473 describes a process for improving the
fuel quality of hydrotreated hydrocarbon blends by en-
richment in alkyl benzene compounds, at least partly de-
riving from the conversion of the naphtha-aromatic struc-
tures contained in said hydrotreated blends.

The Applicant has now found that it is possible to
improve the fuel properties of suitable hydrocarbon
blends, in terms of a decrease in the density, increase
in the cetane number, reduction in emissions and a reduc-
tion in the boiling point with the same number of carbon
atoms present in the molecule, by eliminating their con-
tent of aromatic structures through their contemporaneous
hydrogenation and hydrodecyclization, until a product is
obtained prevalently containing n-paraffins, isoparaffins
and mono-cyclic alkyl-naphthenes. The conversion of poly-
cyclic naphthenes is higher than 50%. The new process
which allows these results to be obtained uses a particu-
lar catalyst and suitable reaction conditions.

In particular, for the process of the present inven-
tion, a catalytic system has been found, which is capable
of improving the fuel properties of suitable hydrocarbon
blends, under appropriate reaction conditions, with a
high selectivity to ring opening products, i.e. naphthe-

nes containing only one ring, n-paraffins and isoparaf-
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fins, limiting cracking processes
- of the alkyl chains bound to the naphthene rings

- of the paraffins present in the feedstock

- of the paraffins formed initially by the hydro-

5 genolysis process.

The overall advantage is to obtain a product which

boils within the range of a gas o0il cut, but which has a

reduced density and an increased cetane number.

A first object of the present invention therefore

10

relates to a process for improving the fuel properties of

hydrotreated, and possibly dearomatized, hydrocarbon

blends, by reaction with hydrogen, at a temperature rang-

ing from 250 to 350°C, at a pressure higher than or equal

to 50 bar, in the presence of a catalytic composition

15 comprising:

a) a metallic component selected from:

- iridium, in a quantity greater than or equal to 2%

by weight with respect to the total weight of the

catalytic composition,

20 - a mixture of iridium and one or more metals Me se-

lected from Pt, Pd, Ru, Rh, and Re, wherein said

mixture is in a quantity greater than or equal to 2%

by weight with respect to the total weight of the

catalytic composition and is characterized by an

25 Ir/Me weight ratio ranging from 2 to 10;

b) an acid component containing a completely amorphous

micro-mesoporous silico-alumina having an SiO,/Al,03; molar

ratio ranging from 50 to 500, a surface area greater than

500 m?’/g, a pore volume ranging from 0.3 to 1.3 ml/g, an

-6-
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average pore diameter less than 40 A.

The process of the present invention allows a sub-
stantial increase in the cetane index (number) to be ob-
tained, a decrease in the density and Tss of the blends
thus treated. The product obtained is considerably en-
riched in n-paraffinic, iso-paraffinic compounds and al-
kyl-naphthene compounds with only one ring.

According to a particularly preferred aspect, the
hydrotreated hydrocarbon blends are subjected to dearoma-
tization, before being treated according to the process
of the present invention. This treatment can be particu-
larly useful for blends which would otherwise have the
necessity of operating under excessively severe process
conditions for reducing the content of aromatic com-
pounds.

The particular catalytic composition selected and
particular reaction conditions allow the characteristics
of the hydrotreated hydrocarbon cuts to be significantly
improved by saturation of the aromatic rings immediately
followed by the selective opening of the naphthene ring
in the corresponding aliphatic chains with the smallest
possible formation of low-molecular-weight products; in
this way there is a maximum gain in terms of density,
boiling point and cetane number.

Component (b) preferably contains a silico-alumina
with an 8i0,/Al,0; molar ratio ranging from 50 to 300. Ac-
cording to another preferred aspect the silico-alumina
has a porosity ranging from 0.4 to 0.5 ml/g.

Completely amorphous, micro-mesoporous silico-

-7-
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aluminas which can be useful for the present invention,
called MSA, and their preparation, are described in US
5,049,536, EP 659478, EP 812804. Their powder XRD spec-
trum does not have a crystalline structure and does not
show any peak.

Catalytic compositions which can be used in the pre-
sent invention, wherein the acid component is a silico-
alumina of the MSA type are described in EP 582347.

The silico-aluminas which can be adopted for the
process of the present invention can be prepared, accord-
ing to EP 659,478, starting from tetra-alkylammonium hy-
droxide, an aluminum compound hydrolyzable to Al;0;, and
a silicon compound hydrolyzable to SiO,, wherein said
tetra-alkylammonium hydroxide is a tetra(C,-Cs) alkyiam—
monium hydroxide, said hydrolyzable aluminum compound is
an aluminum tri(C,-C4)-alkoxide and said hydrolyzable
silicon compound is a tetra(C;-Cs) alkyl orthosilicate.
These reagents are subjected to hydrolysis and gelifica-
tion operating at a temperature equal to or higher than
the boiling point, at atmospheric pressure, of any alco-
hol which is formed as by-product of said hydrolysis re-
action, without the élimination or substantial elimina-
tion of said alcohols from the reaction environment.

The gel thus produced is dried and calcined, pref-
erably in an oxidizing atmosphere at a temperature rang-
ing from 500 to 700°C, for a period of 6-10 hours.

The procedure comprises preparing an agqueous solu-
tion of tetra-alkylammonium hydroxide and aluminum tri-

alkoxide; the tetra-alkyl orthosilicate is added to this
-8-
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aqueous solution, operating at a temperature lower than
the hydrolysis temperature, with a quantity of reagents
which is such as to respect molar ratios of Si0;/Al.0;
ranging from 30/1 to 500/1, tetra-alkylammonium hydrox-
ide/Sio, from 0.05/1 to 0.2/1 and H,0/SiO, from 5/1 to
40/1, and the hydrolysis and gelification are triggered
by heating to a temperature ranging from about 65°C to
about 110°C, operating in an autoclave at the autogenous
pressure of the system or at atmospheric pressure in a
reactor equipped with a condenser.

Component (b) of the catalyst which is used in the
process of the present invention is preferably an ex-
truded product, with traditional ligands, such as for ex-
ample aluminum oxide, bohemite or pseudobohemite. The ex-
truded product can be prepared according to methods well-
known to experts in the field. The micro-mesoporous
silico-alumina and the ligand can be premixed in weight
ratios ranging from 30:70 to 90:10, preferably from 50:50
to 70:30. At the end of the mixing, the product obtained
is consolidated into the desired final form, for example
in the form of extruded pellets or tablets.

According to the most preferred embodiment, the
methods and ligands described in EP 550922 and EP 665055
can be used, the latter, whose content is incorporated
herein as reference, being particularly preferred.

In accordance with this, a particularly preferred
aspect of the present invention therefore uses a cata-
lytic composition in which component (b) contains micro-

mesoporous silico-alumina in the form of an extruded
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product with alumina, and is prepared, according to EP
665055, by means of a process which comprises the follow-
ing steps:
(A) preparing an aqueous solution of a tetra-alkyl ammo-
nium hydroxide (TAA-OH), a soluble aluminum compound ca-
pable of hydrolyzing into Al,0; and a silicon compound
capable of hydrolyzing into SiO,, in the following molar
ratio with each other:
S10,/ Al,0; from 30/1 to 500/1
TAA-OH/ SiO, from 0.05/1 to 0.2/1
H,0/ 81O, from 5/1 to 40/1
(B) heating the solution thus obtained to cause its hy-
drolysis and gelification and obtaining a blend with a
viscosity ranging from 0.01 to 100 Pa sec;
(C) adding to said blend first a ligand belonging to the
group of bohemites or pseudo-bohemites, in a weight ratio
with the mixture A ranging from 0.05 to 0.5, and then a
mineral or organic acid in a quantity ranging from 0.5 to
8.0 g per 100 g of ligand;
(D) heating the mixture obtained under point (C), under
mixing, to a temperature ranging from 40 to 90°C, until a
homogeneous paste 1s obtained which is subjected to ex-
trusion and granulation;
(E) drying the extruded product and calcining it in an
oxidizing atmosphere.

In step (C), plasticizing agents, such as methyl
cellulose, are also preferably added to favour the forma-
tion of a homogeneous and easily processable paste.

In this way, a granular acid component (b) is ob-
-10-
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tained, preferably containing a quantity of 30 to 70% by
weight of inert inorganic 1ligand, the remaining amount
consisting of amorphous silico-alumina essentially having
the same porosity, surface extension and structure char-
acteristics described for the same silico-alumina without
a ligand.

With respect to the metallic component of the cata-
lytic compositions used in the process of the present in-
vention, this is selected from:

- iridium, in a quantity greater than or equal to 2%
by weight with respect to the total weight of the
catalytic composition,

- a mixture of iridium and one or more metals Me se-
lected from Pt, Pd, Ru, Rh, and Re, wherein said
mixture is in a quantity greater than or equal to 2%
by weight with respect to the total weight of the
catalytic composition and is characterized by an
Ir/Me weight ratio ranging from 2 to 10.

A preferred aspect of the present invention is to
use Ir or mixtures of iridium and platinum as metallic
component.

The iridium, when present alone in the catalytic
composition, is preferably in a quantity ranging from 2
to 10% by weight, even more preferably greater than or
equal to 2% and less than 5% by weight. Excellent results
are obtained by operating with Ir in a gquantity which
varies from 3 to 4% by weight with respect to the total
weight of the catalytic composition itself. When the me-

tallic component consists of Iridium and one or more met-
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als Me, said mixture is preferably in a quantity ranging
from 2 to 10% by weight, even more preferably greater
than or equal to 2% and less than 5% by weight. Excellent
results are obtained by operating with a mixture of Ir
and metal Me in a quantity which varies from 3 to 4% by
weight with respect to the total weight of the catalytic
composition itself.

The weight percentage of iridium and the metals Me
refers to the content of element expressed as metallic
element; in the end-catalyst, after calcination, these
elements are in oxide form.

Before being used, the catalyst is activated using
known techniques, for example by means of a reduction
treatment, and preferably by means of drying and subse-
quent reduction. The drying is effected in an inert at-
mosphere at temperatures ranging from 25 to 100°C,
whereas the reduction is obtained by thermal treatment of
the catalyst in a reducing atmosphere (H;) at a tempera-
ture ranging from 300 to 450°C, and a pressure preferably
ranging from 1 to 50 atm.

With respect to the metallic component (a) of the
catalyst, consisting of iridium or a mixture of iridium
and one or more metals Me selected from Pt, Pd, Ru, Rh,
and Re, this can be introduced by means of impregnation
or ion exchange. According to the first technique, when
the composition contains iridium alone, the component of
an acid nature (b), also in extruded form, is wet with an
aqueous solution of a compound of iridium, operating, for

example, at room temperature, and at a pH ranging from 1
-12-
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to 4. The resulting product is dried, preferably in air,
at room temperature, and is calcined in an oxidizing at-
mosphere at a temperature ranging from 200 to 600°C.

In the case of alcohol impregnation, the component
(b) is suspended in an alcohol solution containing irid-
ium. After impregnation, the solid is dried and calcined.

According to the ion exchange technique, the compo-
nent (b) is suspended in an aqueous solution of a complex
or salt of Iridium, operating at room temperature and at
a pH ranging from 6 to 10. After the ion exchange, the
solid is separated, washed with water, dried and finally
thermally treated in an inert or oxidizing atmosphere.
Temperatures useful for the purpose are those ranging
from 200 to 600°C.

Iridium compounds which can be appropriately used
are H,IrClg, (NH,),IrCls, [CH3;COCH=C(O")CHj]:;Ir.

When the catalytic composition comprises, in addi-
tion to Iridium, one or more metals Me, the impregnation
is carried out as follows: component (b), also in ex-
truded form, is wet with a solution of a compound of
iridium, the resulting product is dried, it is optionally
calcined, and is impregnated with a solution of a com-
pound of a second metal Me. It is dried and a calcination
is then effected in an oxidizing atmosphere at a tempera-
ture ranging from 200 to 600°C. The sequence can be in-
verted and the metal Me can be introduced before the
Iridium. Alternatively, a single aqueous solution con-
taining two or more compounds of Iridium and metals Me

can be used for contemporaneously introducing said met-
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als.

Metal compounds which can be used in the prepara-
tions described above are: H,PtClg, Pt (NH;3) 4 (OH) 2,
Pt (NH,) ,Cl,, Pd(NH;),(OH),, PdCl,, RuCl;, RhCl;, NH4ReO,.

The catalytic compositions used in the present in-
vention are new and are a further object of the present
invention.

The hydrotreated hydrocarbon blends which can be
subjected to the process of the present invention are
blends having boiling points within the range of about
150°C to 450°C, preferably from 180°C to 360°C, even more
preferably from 220°C to 360°C.

In particular, particularly suitable are hydrocarbon
cuts obtained from the hydrotreatment of oil cuts such as
naphtha, gas oil, the latter regardless of the original
refinery treatment, kerosene, jet fuel, light cycle oil
(LCO), HVGO or FCC heavy fractions, or by the hydrotreat-
ment of cuts of a petrochemical origin, such as, for ex-
ample, FOK (fuel oil cracking). A particularly preferred
aspect of the present invention is to use gas oil as hy-
drocarbon blend, preferably from hydrocracking or FCC,
the latter corresponding to Light Cycle 0Oil.

The hydrocarbon cuts subjected to hydrotreatment for
providing the hydrotreated hydrocarbon blends used in the
process of the present invention have a content of aro-
matic compounds preferably greater than 20%, and even
more preferably greater than 40%, mainly consisting of
mono-aromatic compounds, diaromatic compounds and, to a

lesser degree, triaromatic compounds. In addition to re-
-14-
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ducing the sulphur and nitrogen content, the hydrotreat-
ment varies the nature and composition of the hydrocarbon
cut subjected thereto and, among other things, enriches
the cut in benzonaphthene compounds which, under the con-
ditions of the present invention, using the particular
catalytic composition described above, are transformed
into alkyl-naphthenes with one ring only, n-paraffins and
isoparaffins.

Hydrotreatment is a process which is well-known to
experts in the field and is described, for example, in
Catalysis-Science and Technology, Edited by R. Anderson
and M. Boudart, Volume 11, Springer-Verlag, of 1996. It
can be effected in one or more fixed bed reactors, and
the catalytic beds can contain the same or different
catalysts. Catalysts based on metallic compounds of Group
VI, and/or Group VIII, are usually used, on a carrier,
preferably amorphous, such as, for example, alumina or
silica-alumina. Metals which can be well used are, for
example, nickel, cobalt, molybdenum and tungsten. Exam-
ples of suitable catalysts and their preparation are de-
scribed in Hydrocracking Science and Technology, J.
Scherzer and A.J. Gruia, Marcel Dekker, 1996.

The hydrotreatment catalysts are used in sulfidated
form. The sulfidation can be obtained, for example, by
sending a suitable charge onto the catalyst, containing a
sulfurated compound such as Dimethyldisulfide (DMDS), Di-
methylsulfoxide (DMSO) or other compounds which, upon de-
composing, lead to the formation of H,S.

The hydrotreatment is preferably carried out at a

-15-
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temperature ranging from 200°C to 400°C. The pressure
normally range from 20 to 100 bar, depending on the cata-
lyst used, an expert in the field can easily identify the
best conditions for the catalyst selected. During the hy-
drotreatment, the heteroatoms N and S are eliminated and
the feedstock also undergoes saturation reactions of the
aromatic rings with a reduction in the content of aro-
matic carbon. and an enrichment in naphtho-aromatic com-
pounds which are particularly suitable for being treated
according to the process of the present invention to give
mainly linear paraffins.

According to a particularly preferred aspect of the
present invention, the hydrotreated hydrocarbon blends
are subjected to dearomatization before being fed to the
process. During this dearomatization treatment, the hy-
drotreated hydrocarbon blend is reacted with hydrogen in
the presence of a catalyst consisting of noble metals
supported on Si0, or Al,03;, at a temperature ranging from
200 to 300°C and a pressure of 20 to 60 atm. It is pref-
erable to operate at a WSHV ranging from 0.5 to 3

hours™.

The ratio between hydrogen and feedstock (H,/HC)
preferably ranges from 600 to 1,000 N1t/kg.

The process of the present invention which allows an
increase in the cetane number, a decrease in the density
and Tss of hydrotreated, and possibly dearomatized, hy-
drocarbon blends, is preferably carried out at a tempera-
ture ranging from 250 to 350°C, at a pressure higher than

50 bar and lower than 100 bar, even more preferably

higher than 50 bar and lower than 80 bar. The WHSV can
_16_
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range from 1 to 3 hours™

and a ratio between hydrogen
and feedstock (H,/HC) ranging from 400 to 2,000 Nlt/kg
can be used.

The following experimental examples are provided for
a better illustration of the present invention.
Example 1
Preparation of catalyst A: Silico-alumina MSA-Al,0;/4% Ir

1) Preparation of the acid component (b): silico-alumina

MSA, in extruded form with alumina

23.5 litres of demineralized water, 19.6 kg of aque-
ous solution at 14.4% by weight of TPA-OH and 1,200 g of
aluminum tri-isopropoxide are introduced into a 100 litre
reactor. The mixture is heated to 60°C and maintained un-
der stirring at this temperature for 1 hour, in order to
obtain a limpid solution. The temperature of the solution
is then brought to 90°C and 31.1 kg of tetra-ethyl sili-
cate are rapidly added. The reactor is closed and the
stirring rate is regulated at about 1.2 m/s, the mixture
being maintained under stirring for three hours at a tem-
perature ranging from 80 to 90°C, with thermostatic con-
trol to remove the heat produced by the hydrolysis reac-
tion. The pressure in the reactor rises to about 0.2
MPag. At the end, the reaction mixture is discharged and
cooled to room temperature, obtaining a homogeneous and
relatively £fluid gel (viscosity 0.011 Paes) having the
following composition molar ratios:

Si0,/Al1,0; = 100
TPA.OH/Si0, = 0.093

HzO/SiOz = 15
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After removing a sample to be used for the charac-
terization of the silico-alumina, the gel is subjected to
extrusion to prepare the silico-alumina MSA in extruded
form with alumina, to be used as component (b) of the
catalyst A and subsequent catalysts B (example 2) and C
(example 3) in accordance with the invention, and cata-
lyst D (example 4): 1,150 g of alumina (VERSAL 150), pre-
viously dried for 3 hours in air at 150°C are introduced
into a plough mixer, maintained at a stirring rate of 70-
80 revs per minute. 5,000 g of the homogeneous gel ob-
tained above are then added, over a period of about 15
minutes, and the mixture is left to rest for about 20
hours. It is left under stirring for about 1 hour. A so-
lution at 50% of glacial acetic acid, equal to 100 ml is
slowly added over a period of 15 minutes; the temperature
of the mixer is brought to about 70-80°C, continuing with
the stirring until a homogeneous paste having the desired
consistency for the subsequent extrusion, is obtained.

The homogeneous paste thus obtained is charged into
an extruder of the HUTT type, extruded and cut into cy-
lindrical pellets of the desired size (approximately 2 x
4 mm). The product is left to rest for about 6-8 hours
and then dried maintaining it in a stream of air at 100°C
for 5 hours. It is finally calcined in a muffle at 550°C
for 3 hours under a flow of nitrogen and for a further 8
hours in air. The resulting material is an MSA silico-
alumina in extruded form with alumina and is used as com-
ponent (b) of catalyst A, of the following catalysts B

and C (examples 2 and 3), all according to the invention,
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and the comparative catalyst D (example 4).

For characterization of the silico-alumina, the sam-
ple of gel previously removed is left to rest for about
6-8 hours, dried in a stream of air at 100°C until the
weight becomes constant and is then calcined in a muffle
at 550°C for 8 hours in air. The resulting porous solid,
with acidic characteristics, consists of silica-alumina
with an 8i0,/Al,0; molar ratio of 100, a surface area of
794 m?/g, a pore volume of 0.42 ml/g, an average diameter
of 21 A. Upon X-ray analysis, the solid proves to be sub-
stantially amorphous, the powder XRD spectrum does not
have a crystalline structure and does not show any peak.

2) Deposition of iridium (4.0% by weight Ir)

In order to disperse the iridium on the acid compo-
nent (b) prepared according to the previous point (1), an
aqueous solution of hexachloroiridic acid (H;IxClg), hy-
drochloric acid and acetic acid in the following molar
ratios: Ir/HC1l/CH;COOH = 1/2.1/0.3, having a concentra-
tion of iridium of 2.89 % (w/w). 23.63 g of this solution
were added to 16.4 g of the acid component (b) prepared
as described in the previous point (1), so that all the
solid is covered by the solution. The mixture thus ob-
tained is maintained under stirring for about an hour at
room temperature and uﬁder vacuum (about 18 mmHg), subse-
quently removing the solvent by heating to about 80-90°C
under vacuum. The drying was completed at 135°C for 18
hours. The dry product was finally calcined in a stream
of air with the following temperature profile 25-330°C in

2 hours, 330°C for 1 minute, 330-360°C in 1 hour, at
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360°C for 3 hours.

An extruded product is obtained, whose acid compo-
nent is a silico-alumina of the MSA type in extruded form
with alumina and the metal is iridium in a quantity equal
to 4% with respect to the total weight of the catalytic
composition. For the catalytic tests, the extruded prod-
uct was ground and sieved at 20-40 mesh.

Example 2
Preparation of catalyst B: Silico-alumina MSA-Al,05/2.5%

Ir/0.5%Pt

1) Preparation of the acid component (b): silico-alumina

MSA, in extruded form with alumina

The same procedure is effected as described under
point (1) of the previous example 1.

2) Deposition of iridium (2.5% by weight Ir) and platinum

(0.5% by weight)

In order to disperse the iridium and platinum on the
acid component (b), the following solutions of the two
metals were mixed:

- a solution of hexachloroiridic acid, hydrochloric acid
and acetic acid in water in the following molar ratios:
H,IrCle/HC1l/CHCOOH = 1/2.1/0.3, and with a concentration
of iridium of 2.89 % (w/w)

- a solution of hexachloroplatinic acid, hydrochloric
acid and acetic acid in water, in the following molar ra-
tios: H,PtCle/HC1l/CH;COOH = 1/0.84/0.05, having a plati-
num concentration of 1.39 mgr Pt/gr solution.

In the final solution (consisting of 18.0 gr solu-

tion Ir + 75.0 gr solution Pt), the molar ratio Ir/Pt =
_20_
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5.1/1.

About 1/2 of the solution obtained is dripped onto
20.99 gr of the acid component (b) prepared according to
point (1); this quantity of solution is sufficient to
completely cover the solid. The mixture thus obtained was
maintained under stirring for about an hour at room tem-
perature and under vacuum, the solvent was subsequently
removed by heating to about 80-90°C under vacuum. The
dripping operation of the Ir/Pt solution onto component
(b) and subsequent removal of the solvent was repeated
until all the solution had been used up. The drying was
completed at 135°C and the dry product was calcined under
the conditions described for example 1. An extruded prod-
uct is obtained, whose acid component is a silico-alumina
of the MSA type in extruded form with alumina and the me-
tallic component consists of Ir and Pt. For the catalytic
tests, the extruded product was ground and sieved at 20-
40 mesh.

Example 3

Preparation of catalyst C: Silico-alumina MSA-Al,05/3.35%

Ir/0.65%Pt

1) Preparation of the acid component (b): MSA, in ex-

truded form with alumina

The same procedure is effected as described under
point (1) of the previous example 1.

2) Deposition of iridium (3.35% by weight Ir) and plati-

num (0.65% by weight)

In order to disperse the iridium and platinum on the

acid component (b), the following solutions of the two
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metals were mixed:

- a solution of hexachloroiridic acid, hydrochloric acid
and acetic acid in water in the following molar ratios:
H,IrClg/HC1/CH;COOH = 1/2.1/0.3, and with a concentration
of iridium of 3.677 % (w/w)

- a solution of hexachloroplatinic acid, hydrochloric
acid and acetic acid in water, in the following molar ra-
tios: H,PtCl¢/HC1/CH;COOH = 1/0.84/0.05, having a plati-
num concentration of 1.39 mgr Pt/gr solution.

In the final solution (consisting of 8.65 gr solu-
tion Ir + 43.85 gr solution Pt), the molar ratio Ir/Pt =
5.2/1.

About 1/3 of the solution obtained is dripped onto
9.11 gr of the acid component (b) prepared according to
point (1) (quantity of solution sufficient for completely
covering the solid). The mixture thus obtained was main-
tained under stirring for about an hour at room tempera-
ture and under vacuum, the solvent was subsequently re-
moved by heating to about 80-90°C under vacuum. The im-
pregnation of the Ir/Pt solution onto the carrier and
subsequent removal of the solvent was repeated 3 times,
until all the solution with the metals had been deposited
on the acid component (b). The drying was completed at
110°C and the dry préduct was calcined under the condi-
tions described for example 1.

An extruded product is obtained, whose acid compo-
nent is a silico-alumina of the MSA type in extruded form
with alumina and the metallic component consists of Ir

and Pt. For the catalytic tests, the extruded product was
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ground and sieved at 20-40 mesh.

Example 4 (comparative)

Preparation of catalyst D: Silico-alumina MSA-Al,;0;/1% Ir

1) Preparation of the acid component (b): MSA, in ex-

truded form with alumina

The same procedure is effected as described under
point (1) of the previous example 1.

2) Deposition of iridium (1.0% by weight Ir)

In order to disperse the iridium on the acid compo-
nent, an aqueous solution of hexachloroiridic acid, hy-
drochloric acid and acetic acid was used in the following
molar ratios: H,IrCle¢/HC1l/CH;COOH = 1/2.1/0.3, having a
concentration of iridium of 3.0 % (w/w).

6.73 g of the solution with Iridium at 3.0% were di-
luted with 15 ml of water and then dripped onto 20 g of
the acid component (b) prepared as described in the pre-
vious step (1). The suspension thus obtained was kept in
a closed container at 40°C for 1 hour, the water was then
eliminated by heating to 80-90°C for 2 hours and the dry-
ing was completed at 120°C for a night. The dry product
was finally calcined in a stream of air with the follow-
ing temperature profile 25-330°C in 2 hours, at 330°C for
2 hours, 330-360°C in 60 minutes, at 360°C for 3 hours.

An extruded product 1is obtained, whose acid compo-
nent is a silico-alumina of the MSA type in extruded form
with alumina and the metal consists of Ir in a quantity
equal to 1% with respect to the total weight of the cata-
lytic composition. For the catalytic tests, the extruded

product was ground and sieved at 20-40 mesh.
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Example 5 (comparative)

Catalyst E: commercial silico-alumina/1% Ix

A guantity of Ir equal to 1% by weight is deposited
on a commercial silico-alumina (PK200 SOLVAY) having the
following characteristics:

- weight % composition = 90% SiO;, 10% Al,0;

- molar ratio S8i0,/Al,0; = 15.3

- surface area = 450 m?/g

using an aqueous solution of hexachloroiridic acid, hy-
drochloric acid and acetic acid in the following molar
ratios: H,IrClg/HC1l/CH;COOH = 1/2.1/0.3, having a concen-
tration of iridium of 3.0 % (w/w).

10.10 g of the solution with Iridium at 3.0% were
diluted with 25 ml of water and then dripped onto 30 g of
the commercial silico-alumina, so that all the solid is
covered by the solution. The suspension thus obtained was
kept in a closed container at 40°C for 1 hour, the water
was then eliminated by heating to 80-90°C for 2 hours and
the drying was completed at 120°C for a night. The dry
product was finally calcined in a stream of air with the
following temperature profile 25-330°C in 2 hours, at
330°C for 2 hours, 330-360°C in 60 minutes, at 360°C for

3 hours.

Example 6 (comparative)

Preparation of the catalyst F: ZSM-12/1% Ir

(1) Preparation of the ZSM-12 zeolite

127 grams of tetra-ethyl ammonium hydroxide at 40%
by weight, in aqueous solution are added to 24 grams of

demineralized water. 4 grams of sodium aluminate are then
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added to 56% by weight of Al,0;. The limpid solution thus
obtained is poured, under stirring, into 350 grams of
colloidal silica Ludox HS 40. After brief stirring, a ho-
mogeneous limpid gel is obtained, which is poured into a
1 litre autoclave, made of AISI 316 steel, equipped with
an anchor stirrer. The gel is left to crystallize under
hydrothermal conditions at 160°C for 60 hours. At the end
of this phase, the autoclave is cooled to room tempera-
ture. The slurry obtained is homogeneous and has a lates-
cent appearance. The slurry 1is centrifuged. The solid
discharged is washed by re-dispersion in water, centri-
fuged again, dried at 120°C and calcined at 550°C for 5
hours. Upon X-ray diffraction analysis the solid obtained
proves to consist of pure ZSM-12. The solid obtained is
subsequently exchanged into ammonia form by treatment
with a solution of ammonium acetate 3 M. Upon subsequent
calcination at 550°C for 5 hours, the zeolite is obtained
in acid form.

)

2) Deposition of iridium (1.0% Ir)

A quantity of Iridium equal to 1% by weight is de-
posited on the zeolite prepared according to the previous
point (1), having an Si0;/Al,0; ratio = 100, using an
aqueous solution of hexachloroiridic acid, hydrochloric
acid and acetic acid in the following molar ratios:
H,IrClg/HC1l/CH3COOH = 1/2.1/0.3, having a concentration of
iridium of 3.0 % (w/w).

6.66 g of the solution with Iridium at 3.0% were di-
luted with 20 ml of water and then dripped onto 19.80 g

of ZSM-12, so that all the solid is covered by the solu-
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tion. The suspension thus obtained is kept under stirring
for about an hour at room temperature under vacuum, the
solvent was then removed by heating to 80°C under vacuum.
The drying is completed at 100°C for a night and the dry
product is subsequently calcined in a stream of air with
the following temperature profile 25-330°C in 2 hours, at
330°C for 2 hours, 330-360°C in 60 minutes, at 360°C for
3 hours.

A ZSM-12 zeolite is obtained with 1.0% of Iridium.

Examgle 7

Catalytic test

The catalytic activity tests were carried out on a
continuous laboratory plant shown in Figure 1. The system
consists of a tubular fixed bed reactor (4) with a useful
volume of feedstock of 20 cm’ corresponding to a height
of the catalytic bed in the isotherm section of 10 cm.
The feeding of the feedstock, contained in the tank (1)
and hydrogen to the reactor are effected by means of a
dosage pump (2) and a mass flow meter, respectively. The
system is also equipped with two gas lines (air and ni-
trogen) which are used in the regeneration phase of the
catalyst. The reactor operates in an equicurrent down-
flow system. The temperature of the reactor is regulated
by means of an oven with two heating elements (3) whereas
the temperature control of the catalytic bed is effected
by means of a thermocouple (10) positioned inside the re-
actor.

The pressure of the reactor is regulated by means of
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a valve (8) downstream of the reactor. The reaction prod-
ucts are collected in a separator (5) which operates at
room temperature and atmospheric pressure. The products
leaving the separator (5) pass into a condenser (6)
cooled to 5°C and are subsequently sent to a gas meter
(C.L.) (7) and then to the blow-down (B.D.). (9) is the
breakage disk. The distribution of the products and con-
version level are determined by means of mass balance and
gas chromatographic analysis of the reaction products.

In the apparatus described above the catalysts A, B,
C, D, E, F of examples 1-6 are tested in the process of
the present invention. Hydrotreated and dearomatized LCO
(Light Cycle 0il) is used as substrate, whose character-

istics are indicated in Table A below.

Table A

Density 15°C, g/cm’ 0.8370
Density 15°C, g/cm’ 180°+ 0.8432
Distillation ASTM D86

IBP (Initial boiling point)°C 166.5
10%v, °C 193.0
30%v, °C 212.0
50%v, °C 225.0
70%v, °C 248.5
90%v, °C 285.0
FBP (final boiling point)°C 334.0
Tgs ©C 307.6
Tgs °C 180°+ 32912
Cetane index (4V) 41.4
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Cetane index (4V) 180°+ 41.8

Aromatic compounds (HPLC)

Mono-aromatic compounds, w% 0.4
Di-aromatic compounds, w% 0.1
Tri-aromatic compounds, W% 0.0
Total, w% 0.5
Sulfur, ppmwt 0.48
Nitrogen, ppmwt 0.85
Carbon, ppmwt 85.40
Hydrogen, % 14.34

The feedstock indicated in Table A was obtained by
the dearomatization of a hydrotreated LCO, whose charac-
teristics are indicated in Table B.

The dearomatization was effected in a fixed bed pi-
lot plant using a commercial hydrogenation catalyst based
on Pd and Pt (Albermarle KF-200) under the following op-
erating conditions:

P = 50 bars,
WABT (weight average bed temperature) = 230°C
LHSV = 1.25 hours™

H,/LCO = 800 N1/1

Table B

Density 15°C, g/cm’ 0.8794
Distillation ASTM D86

IBP, °C 180.3
10%v, °C 209.3
30%v, °C 226.2
50%v, °C 242.3
70%v, °C 262.2
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90%v, °cC 298.8
FBP, °C 335.1
Toes ©°C : 317.0
Cetane index (4V) 33.0

Aromatic compounds (HPLC)

Mono-aromatic compounds, w% 65.4
Di-aromatic compounds, w$% 5.2
Tri-aromatic compounds, w$% 0.4
Total, w% 71.0
Sulfur, ppm 6.6
Nitrogen, ppm n.d.
Carbon, wt% 87.79
Hydrogen, wt% 11.98

Before being tested, the catalysts were activated as
follows:
1 hour at room temperature in a nitrogen stream;

2) heating from room temperature to 300°C with a pro-
file of 1.5°C/min in a hydrogen stream;

3) the temperature is kept constant at 300°C for 30
minutes in nitrogen and for the following 4 hours
in a hydrogen stream, and is then brought to the
test temperature.

During the activation, the pressure in the reactor
is maintained at between 2.0 and 6.0 MPa (20 and 60 atm).

The results of the conversion of the hydrotreated
feedstock of Table A, in the presence of catalysts A, B
and C, according to the invention, and D, E and F, com-
parative, are indicated in Table C, in which:

- The Yield to gas oil is the percentage of products
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with a boiling point higher than 150°C (gas oil frac-
tion), determined by simulated distillation SIMDIST

2887;

- The Cetane Index (4v) is the cetane index of the gas
0il fraction of the products, calculated, on the basis
of the formula of the 4 variables, from the data of the
distillate D86 and density at 15°C, measured on the
same gas oil fraction.

All the tests were effected using a H/HC ratio of
2,000 Nlt/Kg.

The data in the first line of Table C refer to the
characteristics of the hydrotreated and dearomatized
blend (Table A), before being fed to the process of the
present invention.

The data indicated in the table show that the use of
catalysts A, B, C according to the invention lead to a
considerable increase in the cetane number, up to 5.7
units, against a yield to gas oil higher than 80%. Fol-
lowing the treatment according to the process of the pre-
sent invention, the density undergoes a considerable re-
duction (even of 4.8%), again for yields higher than 80%.
Furthermore, with the catalysts of the present invention
a reduction in the Ty is obtained, which also reaches a
value of 13% with catalyst C.

With the comparative catalysts D, E and F, on the
contrary, there is no increase in the cetane number and

there is a more limited reduction in the density.
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Table C
Catalyst T P WHSV | Gas oil | Tes Cetane Density
°C |atm | hrs' | yield | °C | Index4V | 15°C
% Kgl/l
LCO-HDT
- - - 100,0 3292 418 0,8432
(tab.A)
A 290 | 70 1 92,0 [2925] 450 0,8261
A 300 70 1 850 |2734]| 46,0 0,8154
B 280 | 70 1 915 [3149] 435 0,8334
B 310 | 70 1 810 [2695| 471 0,8125
C 310 | 70 1 90,0 | 2760 471 0,8148
C 315| 70 1 731 [ 2624 496 0,8047
1%Ir/MSA
280 | 70 3 945 |3195| 417 0,8401
(D)
1%Ir/MSA
310 | 70 3 88,0 |3080| 41,9 0,8346
(D)
1%Ir/PK200
280 | 70 1 96,3 |3115| 41,9 0,8344
(E)
1%Ir/PK200
300 | 70 1 83,0 |2836| 421 0,8245
(E)
1%Ir/ZSM-12
280 | 60 1 916 |2852| 39,1 0,8394
(F)
1%Ir/ZSM-12
- 300 | 60 2 840 |2915| 37,9 0,8407
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CLAIMS
1) A process for improving the fuel properties of hy-
drotreated, and possibly dearomatized, hydrocarbon

blends, by reaction with hydrogen, at a temperature rang-
ing from 250 to 350°C, at a pressure higher than 50 bar,
in the presence of a catalytic composition comprising:

a) a metallic component selected from:

- iridium, in a quantity greater than or equal to 2%
by weight with respect to the total weight of the
catalytic composition,

- a mixture of iridium and one or more metals Me se-
lected from Pt, Pd, Ru, Rh, and Re, wherein said
mixture is in a quantity greater than or equal to 2%
by weight with respect to the total weight of the
catalytic composition and is characterized by an
Ir/Me weight ratio ranging from 2 to 10;

b) an acid component containing a completely amorphous
micro-mesoporous silico-alumina having an SiO,/Al.0; molar
ratio ranging from 50 to 500, a surface area greater than
500 m?*/g, a pore volume ranging from 0.3 to 1.3 ml/g, an
average pore diameter less than 40 A.

2) The process according to claim 1, wherein the
silico-alumina has an Si0,/Al,0; molar ratio ranging from

50 to 300.

3) The process according to claim 1, wherein the
silico-alumina has a porosity ranging from 0.4 to 0.5

ml/g.

4) The process according to claim 1, wherein the
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silico-alumina has a powder XRD spectrum which does not
have a crystalline structure and does not show any peak.
5) The process according to claim 1, wherein component
(b) of the catalytic composition contains silico-alumina
in extruded form with a ligand.

6) The process according to claim 5, wherein the ligand
is selected from aluminum oxide, bohemite or pseudo-
bohemite.

7) The process according to claim 1 or claim 6, wherein
component (b) contains silico-alumina in extruded form
with alumina and is prepared by means of a process which
comprises the following steps:

(A) preparing an aqueous solution of a tetra-alkyl ammo-
nium hydroxide (TAA-OH), a soluble aluminum compound ca-
pable of hydrolyzing into Al,0; and a silicon compound
capable of hydrolyzing into SiO;, in the following molar
ratio with each other:

Si0,/ Al,0; from 30/1 to 500/1

TAA-OH/ SiO, from 0.05/1 to 0.2/1

H,0/ 810, from 5/1 to 40/1

(B) heating the solution thus obtained to cause its hy-
drolysis and gelification and obtaining a blend with a
viscosity ranging from 0.01 to 100 Pa sec;

(C) adding to said blend first a ligand belonging to the
group of bohemites or pseudobohemites, in a weight ratio
with the mixture A ranging from 0.05 to 0.5, and then a
mineral or organic acid in a quantity ranging from 0.5 to
8.0 g per 100 g of ligand;

(D) heating the mixture obtained under point (C), under
-33-
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mixing, to a temperature ranging from 40 to 90°C, until a
homogeneous paste is obtained which is subjected to ex-
trusion and granulation;

(E) drying the extruded product and calcining it in an
oxidizing atmosphere.

8) The process according to one or more of the previous
claims, wherein the meﬁallic component (a) 1s selected
from iridium or mixtures of iridium and platinum.

9) The process according to claim 1 or 8, wherein the
metallic component is iridium in a quantity ranging from
2 to 10% by weight with respect to the total weight of
the catalytic composition.

10) The process according to claim 9, wherein the irid-
ium is in a quantity greater than or equal to 2 and less
than 5% by weight.

11) The process according to claim 1 or 8, wherein the
metallic component consists of Iridium and one oOr more
metals, and is in a quantity greater than or equal to 2
and less than 5% by weight.

12) The process according to claim 1, wherein the hy-
drotreated hydrocarbon blends are blends having boiling
points within the range of 150 to 450°C.

13) The process according to claim 12, wherein the hy-
drotreated hydrocarbon blends are blends having boiling
points within the range of 180 to 360°C.

14) The process according to claim 13, wherein the hy-
drotreated hydrocarbon blends are blends having boiling
points within the range of 220 to 360°C.

15) The process according to c¢laim 1 or claim 12,
-34 -
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wherein the hydrotreated hydrocarbon blends are obtained
from the hydrotreatment of oil cuts such as naphtha, gas
0il, the 1latter regardless of the original refinery
treatment, kerosene, jet fuel, 1light cycle oil (LCO),
HVGO or FCC heavy fractions, or by the hydrotreatment of
cuts of a petrochemical origin, such as, for example, FOK
(fuel o0il cracking).

16) The process according to claim 15, wherein the hy-
drotreated cuts are obtained by the hydrotreatment of gas
oil from hydrocracking or FCC.

17) The process according to claim 1, wherein the hy-
drotreatment is carried out at a temperature ranging from
200°C to 400°C, at a pressure ranging from 20 to 100 bar.
18) The process according to claim 1, wherein the hy-
drotreated hydrocarbon blends are dearomatized by reac-
tion with hydrogen in the presence of a catalyst consist-
ing of noble metals supported on Si0, or Al,0;, at a tem-
perature ranging from 200 to 300°C and a pressure of 20
to 60 atm.

19) The process according to claim 18, carried out at a
WSHV ranging from 0.5 to 3 hours™.

20) The process according to claim 18, effected with a
ratio between hydrogen and feedstock (H;/HC) ranging from
600 to 1,000 Nlt/kg.

21) The process according to claim 1, carried out at a
temperature ranging from 250 to 350°C, at a pressure
greater than or equal to 50 bar.

22) The process according to claim 21, carried out at a

WSHV ranging from 1 to 3 hours™.
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23) The process according to claim 21, effected with a
ratio between hydrogen and feedstock (H;/HC) ranging from
400 to 2,000 Nlt/kg.

24) A catalytic composition comprising:

a) a metallic component selected from:

iridium, in a quantity greater than or equal to 2% Dby
weight with respect to the total weight of the catalytic
composition,

a mixture of iridium and one or more metals Me selected
from Pt, Pd, Ru, Rh, and Re, wherein said mixture is in a
gquantity greater than or equal to 2% by weight with re-
spect to the total weight of the catalytic composition
and is characterized by an Ir/Me weight ratio ranging
from 2 to 10;

b) an acid component containing a completely amorphous
micro-mesoporous silico-alumina having an SiQ,/Al,0; molar
ratio ranging from 50 to 500, a surface area greater than
500 m?/g, a pore volume ranging from 0.3 to 1.3 ml/g, an

average pore diameter less than 40 A.
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