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DESCRIPTION

BACKGROUND

[0001] Advanced state of the art processes for producing SAPO molecular sieves useful as catalysts in hydroisomerization
processes are described, for example, in International Publication WO 2007/107336, U.S. Pat. Nos. 6,294,081, 6,303,534, and in
Blasco, et al., Journal of Catalysis 2006, 242(1), 153-161. The preparation method of the SAPO-11 material used in U.S. Pat. No.
6,294,081 is described in US. 6,303,534 and in Blasco, et al. While operable, this preparative method makes use of an
environmentally unattractive and expensive route using an alcoholic phase, e.g., hexanol, with an organic silicon source that
readily releases alcohol on decomposition, e.g., tetraethylorthosilicate (TEOS), together with an aluminum source, a phosphorus
source, water, a templating agent such as di-n-propylamine (DPA), and a surfactant, e.g., hexadecylamine (HDA). It is postulated
by the patentees that SAPO-11 prepared from such a complex two-phase liquid system, which involves an aqueous phase and a
surfactant and a non-miscible organic phase, results in a crystalline silicoaluminophosphate having unique silicon framework
distributions with a high silica:alumina ratio. Bifunctional catalysts using Pt,Pd precious metals on SAPO-11 molecular sieves,
prepared as described above from microemulsions containing surfactants, were shown by the patentees to be much more active
and selective for the hydroisomerization of long-chain n-paraffins, e.g., n-hexadecane, compared to Pt,Pd/SAPO-11 molecular
sieves prepared from conventional (single phase) aqueous hydrothermal methods, e.g., as described in U.S. Pat. No. 4,440,871.

BRIEF SUMMARY OF THE INVENTION

[0002] This invention relates to the discovery that it is possible to produce a highly efficient catalytically active
silicoaluminophosphate molecular sieve comprised of an in situ-coproduced AEL structure (SAPO-11) and AFO structure (SAPO-
41) which also contains an in situ-coproduced amorphous portion. This material is produced, pursuant to this invention, by use of
a relatively facile, essentially alcohol-free, aqueous phase hydrothermal process which can, in preferred embodiments, use cheap
and environmentally benign raw materials such as a colloidal silica as silicon source, pseudoboehmite as aluminum source, and
phosphoric acid as phosphorus source, water, a templating agent, such as DPA and a surfactant, e.g., HDA or other suitable long
chain primary amines or mixtures thereof. In addition, it has been found that the use of alcohol can be eliminated with the proper
application of stirring during gel preparation and crystallization stages in combination with the specific properties of both the silica
source and the surfactant used in the process. The absence of both an alcohol and an organic silicon source which can
decompose to release alcohol, is a marked environmental and cost benefit.

[0003] There are several types of molecular sieve compositions provided by this invention. One type is composed of the
uncalcined molecular sieves which type of molecular sieves are the "as synthesized" type. Another type is composed of the
calcined molecular sieves. A third type is composed of calcined molecular sieves impregnated with or otherwise having additional
catalytic species thereon. This third type are bifunctional catalysts in that catalytic activity is provided by both the molecular sieve
and the catalytic species associated therewith. Thus, the discovery and development of these unique molecular sieves, their
preparation and their use in forming new catalysts having catalytic species thereon, such as a noble metal are provided by this
invention. The molecular sieves of this invention having a SAPO-11 constituent (which has AEL topology), a SAPO-41 constituent
(which has AFO topology) and an amorphous constituent enable preparation of especially effective catalysts for use in
hydroisomerization reactions Surprisingly, the performance of such silicoaluminophosphate molecular sieves of this invention
tends to increase when used as a catalyst in certain chemical reactions such as hydroisomerization reactions compared to state-
of-the-art silicoaluminophosphate materials.

[0004] The term "co-SAPO", is sometimes used hereinafter to refer to the silicoaluminophosphate molecular sieves of this
invention, whether calcined or uncalcined, the prefix "co-" being used to denote that the molecular sieve is comprised of two
SAPO components in combination, namely SAPO-11 and SAPO-41 together with an amorphous material.

[0005] So far as is presently known, there is no prior reference to SAPO-11 having a desirable in situ-coproduced SAPO-41 and
amorphous portion, let alone a combination of SAPO-11 and an in situ-coproduced SAPO-41 and amorphous portion that is
highly effective as a catalyst such as in hydroisomerization of substantially linear long chain paraffinic hydrocarbons, such as n-
hexadecane.

[0006] In particular, this novel type of silicoaluminophosphate molecular sieve shows an improved activity and selectivity in
hydroisomerization compared to the crystalline silicoaluminophosphate molecular sieves as described in the advanced state of
the art processes for producing SAPO-11 from microemulsions containing surfactants.
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[0007] So far as is presently known, there is no non-perturbative method for physically separating the AEL constituent from the
AFO constituent of the unique silicoaluminophosphate molecular sieves of this invention. In other words, their respective
topologies as combined in the molecular sieves of this invention are believed to be physically or chemically inseparable without
destroying their topologies. It is also noteworthy that the co-SAPO molecular sieves of this invention cannot be formed by
combining preformed SAPO-11 and preformed SAPO-41, with or without preformed amorphous material.

[0008] This invention also provides, among other things, a process for the production of a silicoaluminophosphate molecular
sieve comprised at least of SAPO-11 and SAPO-41 in combination with an in situ-coproduced amorphous portion of
silicoaluminophosphate, which process comprises:

1. 1) forming an essentially alcohol-free reaction mixture by bringing together, under agitation, the following components
comprising (i) alumina, (ii) silica, (ii) P2Os in the form of 85% (wt/wt) orthophosphoric acid or equivalent amount of H3PO4
in the form of other aqueous phosphoric acid solutions, (iv) templating agent for SAPO-11 and SAPO-41,(v) water, and (vi)
surfactant, wherein the foregoing components are in substantially the following relative molar proportions: 0.6 to 1.4 moles
of (i) : 0.05 to 0.7 moles of (ii) : 0.6 to 1.4 moles of (iii) : 0.5 to 2 moles of (iv) : 15 to 100 moles of (v) : 0.01 to 0.5 moles of
(vi);

2. Iy ageing the reaction mixture for a period of 100 hours or less, with agitation at an energy input in the range of 0.05 to 20
kW/m3, and at one or more temperatures in the range of 10 to 100°C, to form an aged mixture; and lll) heating the aged
mixture at 160°C to 220°C under autogenous pressures for 2 to 100 hours with agitation, to thereby produce in situ a
silicoaluminophosphate molecular sieve comprised at least of SAPO-11 and SAPO-41 in combination with at least 5 wt% of
an amorphous portion of silicoaluminophosphate.

[0009] In conducting I) of the above process, it is preferred that the relative molar proportions be 0.8 to 1.2 moles of (i):0.1 to 0.5
moles of (ii): 0.8 to 1.2 moles of (iii), 0.8 to 1.2 moles of (iv): 20 to 70 moles of (v): 0.02 to 0.3 moles of (vi). More preferred
relative molar proportions are 0.9 to 1.1 moles of (i):0.2 to 0.4 moles of (ii):0.9 to 1.1 moles of (iii):0.9 to.1.1 moles of (iv):25 to 60
moles of (v):0.05 to 0.2 moles of (vi).

[0010] In conducting Il) of the above process, it is preferred that the period of ageing be 10 hours or less, and more preferably 1
hour or less, but in either case, the period can be extended to a longer period if deemed necessary or desirable. Also, it is

preferred that the energy input for the agitation in Il) is in the range of 0.1 to 10 kWIm3, and more preferably in the range of 0.5 to

3 kW/m3. Also note that in conducting 1) of the above processes of this invention, water associated with reaction components
used, e.g., water in aqueous phosphoric acid, is to be included in determining the molar proportions of water given in paragraph 1)
anywhere in this disclosure including the claims.

[0011] In conducting lll) of the above process, it is preferred that the aged mixture be heated at 170 to about 210°C under
autogenous pressures for 10 to 70 hours. It is more preferred that the aged mixture be heated at 180 to 200°C under autogenous
pressures for 20 to 50 hours with agitation. In either case, the time and temperature relationship should produce in situ a
silicoaluminophosphate molecular sieve comprised of SAPO-11 and SAPO-41 in combination with at least about 5 wt% of
amorphous portion.

[0012] In conducting the heating of the aged mixture, the rate or rates at which the temperature increase is accomplished are
typically selected to be in the range of about 0.05°C per minute to about 1500°C per minute. Without desiring to be bound by
theory, it is believed that different phase transitions take place in the aged mixture as the temperature of the aged mixture is
being heated in the foregoing temperature ranges, and that the heating rate also influences the amount of crystalline nuclei and
corresponding crystals formed in the mixtures.

[0013] After conducting lll above, the mixture can be cooled to about 20-120°C, and preferably to about 60-100°C at a rate in
the range of about 10°C/hour (a relatively slow rate of cooling) to about 60-100°C/hour (a relatively rapid rate of cooling).
However, it has been found desirable to rapidly cool the product mixture to 60-100°C at the faster rates, preferably within 1 hour,
to thereby ensure minimization of possible degradation in the product mixture.

[0014] Amounts of in situ-produced SAPO-41 may be up to about 80 wt% based on the total weight of the molecular sieve
composition, however in more cases the total amount of SAPO-41 is below 50 wt%, and most cases even below 30 wt%. Heating
of the aged mixture can be done, for example, with heat transfer through vessel walls, microwave heating, or steaming. In the
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latter case, the composition of the mixture is diluted with water during the heating trajectory to crystallization temperature, where
the total water content remains in the range of 15 to 100 moles of water, using the proportions as described in (i)-(v) above.

[0015] In conducting the processes of this invention, the preferred dosing sequence for the co-SAPO molecular sieve
preparation is to first prepare an alumina slurry, followed by addition of the phosphoric acid solution, the silica source, and finally
the organic phase (template and surfactant). The water is normally used to prepare the alumina slurry in the initial step, however,
it can also be partly added after each of the other dosing steps. Co-SAPO molecular sieve products of this invention can also be
prepared by other dosing sequences of the raw materials mentioned above. For example, one such other dosing sequence
involves adding the alumina or an aqueous slurry of alumina to a phosphoric acid solution. Another alternative dosing sequence
involves dosing of the silica at the end of the preparation, i.e., after the organics additions. Furthermore, both a suitable dosing
time and sufficiently large reaction and ageing times after each of the dosing steps of all raw materials should be applied in order
to maximize the chemical processes in each step in the preparation sequence. The dosing time as well as reaction and ageing
times are dependent on both the preparation volume (scale) and applied mixing intensity. Typically, in a small scale preparation,
both the dosing time and the subsequent reaction and ageing time can be short, while in a large scale preparation both the
dosing time and subsequent reaction and ageing times are relatively long. Of course dosing times, and reaction and ageing times
for each of the steps in the preparation process can be optimized to suit a particular set of selected operating conditions. For
example, a relatively long period is usually required for the reaction between the alumina slurry and the phosphoric acid solution
to have a high conversion of the raw materials, and thus a high yield of aluminumphosphate intermediate material.

[0016] To determine the amount of AEL and AFO constituents of the co-SAPO molecular sieves of this invention, irrespective of
whether they are calcined or uncalcined, it is necessary to deconvolute each of their respective XRD spectrums. Deconvolution, a
known analytical procedure, indicates that both calcined and uncalcined co-SAPO molecular sieves of this invention have from
about 5 wt% to about 80 wt% of AEL topology (SAPO-11) and from about 5 wt% to about 80 wt% AFO topology (SAPO-41). The
balance of each of the as synthesized and calcined co-SAPO molecular sieve products is an amorphous portion in an amount
from about 5 wt% to about 60 wt%. Deconvolution of preferred calcined and uncalcined co-SAPO molecular sieves of this
invention have from about 10 wt% to about 50 wt% of AEL topology (SAPO-11) and from about 10 wt% to about 50 wt% AFO
topology (SAPO-41). The balance of each of the as synthesized and calcined co-SAPO molecular sieve products is an
amorphous portion in an amount from about 20 wt% to about 50 wt%. The use of these co-SAPO molecular sieves of this
invention in the hydroisomerization of one or more linear or substantially linear hydrocarbons, for example, Cg to C3p, under

hydroisomerization conditions is another aspect of this invention,

[0017] The above and other embodiments and features of this invention will become still further apparent from the ensuing
description, accompanying drawings, and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Fig. 1 shows the XRD patterns of a sample of the co-SAPO molecular sieves ("as synthesized" and as calcined) produced in
Example 1 presented hereinafter.

Fig. 2 shows the Scanning Electron Micrographs of the co-SAPO molecular sieves from Example 1 presented hereinafter.

Fig. 3 shows the 295i-NMR spectra of the co-SAPO molecular sieves from Example 1 presented hereinafter.

Fig. 4 is a plot of the effect of temperature on the amount of cracking to molecules with less than 16 carbon atoms experienced
when using, pursuant to this invention, a platinum impregnated co-SAPO molecular sieve catalyst in hydroisomerization of n-
hexadecane as compared to results reported in Table 4 of U.S. Pat. No. 6,294,081 in which an analogous hydroisomerization
reaction was conducted using a SAPO-11 catalyst prepared in Example 2 of that patent.

Fig. 5 is a plot of the effect of temperature on hydroisomerization selectivity achieved when using, pursuant to this invention, a
platinum impregnated co-SAPO molecular sieve catalyst in hydroisomerization of n-hexadecane as compared to results reported
in Table 4 of U.S. Pat. No. 6,294,081 in which an analogous hydroisomerization reaction was conducted using a SAPO-11 catalyst
prepared in Example 2 of that patent.

Fig. 6 is a plot of the effect of temperature on percentage of hydroisomerization achieved when using, pursuant to this invention,
a platinum impregnated co-SAPO molecular sieve catalyst in hydroisomerization of n-hexadecane as compared to results
reported in Table 4 of U.S. Pat. No. 6,294,081 in which an analogous hydroisomerization reaction was conducted using a SAPO-
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11 catalyst prepared in Example 2 of that patent.

Fig. 7 is a plot of the effect of temperature on percentage of conversion achieved when using, pursuant to this invention, a
platinum impregnated co-SAPO molecular sieve catalyst in hydroisomerization of n-hexadecane as compared to results reported
in Table 4 of U.S. Pat. No. 6,294,081 in which an analogous hydroisomerization reaction was conducted using a SAPO-11 catalyst
prepared in Example 2 of that patent.

Fig. 8 is a plot of the percentage of cracking versus conversion achieved when using, pursuant to this invention, a platinum
impregnated co-SAPO molecular sieve catalyst in hydroisomerization of n-hexadecane as compared to results reported in Table 4
of U.S. Pat. No. 6,294,081 in which an analogous hydroisomerization reaction was conducted using a SAPO-11 catalyst prepared
in Example 2 of that patent.

Fig. 9 shows an example of an XRD pattern-of a sample of the "as synthesized" co-SAPO molecular sieve.

Fig. 10 shows an example of an XRD pattern of a sample of the calcined co-SAPO molecular sieve (the same co-SAPO sample as
in Figure 9).

FURTHER DETAILED DESCRIPTION OF THE INVENTION

[0019] Bifunctional catalysts, using SAPO-11 as support and acid center, and a precious metal (Pt or Pd) as
(de)hydrogenenation active sites, are known to be very effective in selective hydroisomerization of long chain paraffins. Because
of the spatial constraints and low acidity of this type of bifunctional catalyst, a relatively low amount is obtained of both poly-
branched isomers and lower carbon containing molecules originating from cracking reactions as compared to the typical zeolite-
based catalysts as ZSM-5, HY, H-Beta. The product distribution in such processes over bifunctional SAPO-11 containing catalysts
is determined by the average lifetime of the carbocation intermediates, which depends on the pore structure, topology, acid site
density, acid strength and the metallic site to acid site ratio of the molecular sieve catalyst. For the SAPO-11 molecular sieves with
its specific topology (AEL structure), the catalytic properties are strongly related to the nature of the acid sites in the framework. In
such type of molecular sieves it is common that both Brensted and Lewis acid sites are present. However, it is generally accepted
that the conversion of linear n-alkanes to /so-alkanes is especially dependent on both the concentration and relatively mild acid
strength of Brensted acid sites in the framework.

[0020] This specific acidity of silicoaluminophosphate materials is obtained by silicon incorporation into hypothetical phosphorous
T sites of the AIPO4 framework. The framework of SAPO-11 is isotopic to that of AIPO-11, with AEL-type structure. There are two
mechanisms for Si substitution into the AIPO framework as is also described in GomezHortiglela et al., Microporous and
Mesoporous Materials 2009, 121, 129-137:

1. 1. SM2: one Si atom substitutes for one P atom producing an isolated Si(4Al) environment resulting in acid sites of weak
strength.

2. 2. SM3: two Si atoms substitutes for one P atom and one Al atom, resulting in the appearance of silica islands with a
minimum size of five silicon atoms immersed into the aluminophosphate framework.

[0021] The dominating substitution mechanism that takes place during the crystallization of SAPO-11 depends on the gel
composition, synthesis condition and synthesis media. Bransted acid sites are generated within the SAPO region and from the
border of silica domains; the latter having the higher acid strength. The available experimental evidence indicates that we can
control the manner of silicon isomorphous substitution into the aluminophosphate framework to adjust both the acidity of the solid
materials and the specific silicon environment within the silicoaluminophosphate framework using different synthesis methods.

[0022] In the state-of-the-art two phase-liquid (water and alcohol) synthesis, the TEOS silicon source is surrounded by the
surfactant in the organic alcoholic solvent. During crystallization, silicon is released slowly from the organic phase to the aqueous
phase. The aqueous phase is where crystallization occurs and contains the phosphorous and aluminum, and thus, silicon at low
concentrations. It has been theorized by the inventors of this prior state-of-the-art two-phase process, that as the silicon is
depleted from the aqueous phase by the growing silicoaluminophosphate crystals, it will be replenished from the organic phase,
and thereby forming a silicoaluminophosphate product having a more uniform distribution of silicon in the framework. In other
words, this microemulsion process is a two-phase approach of preparing silicoaluminophosphate materials, which attempts to



DK/EP 2440328 T3

reduce the amount of undesirable silica island formation by supplying the silicon from an organic phase to the aqueous phase at

a low concentration during crystallization. In US. 6,294,081, and U.S. 6,303,534 *295i MAS-NMR spectroscopy was applied on
SAPO-11 materials from conventional aqueous and two-phase aqueous/alcoholic synthesis routes, which proved that the SAPO-
11 from the microemulsion route has a beneficial silicon atom distribution compared to the single-phase route. So, a relatively
high amount of Si(4Al) type isolated silicon species (resonance peak around -91 ppm) is present in the SAPO-11 from the
microemulsion route, i.e., according to the SM2 substitution mechanism, while Si(OAl, 4Si)-type silicon species (resonance peak
around -110 ppm) dominates in the SAPO-11 material from the single phase route, implying that Si is surrounded by four Si atoms
and corresponds to a Si-O-Si domain, i.e., according to the SM3 substitution mechanism. These results confirm the difference of
Si substitution in the AIPO-11 structure caused by differences in the synthesis media. The manner of Si incorporation is also
dependent on the amount of Si content in the SAPO-11 samples. At relatively low and high Si concentrations a tendency to either
SM2 or SM3 substitution mechanisms, respectively, seems to exist.

[0023] In this invention we show that it is also possible to obtain materials, comprising silicoaluminophosphate molecular sieves
as SAPO-11 and SAPO-41 and an amorphous phase or portion, which are produceable by use of relatively facile, essentially
alcohol-free, and environmentally benign aqueous phase processes, which are very effective for hydroisomerization of n-alkanes.
A prerequisite for the synthesis of such materials pursuant to this invention is the use of a silica source with a low reactivity, i.e.,
low dissolution rate, in combination with the presence of a surfactant, which are homogeneously distributed in the synthesis
mixture prior to, and during both the heat-up trajectory and the crystallization process by means of applying the proper mixing
intensity in all steps. The type and composition of raw materials as well as the conditions during synthesis preparation and
crystallization as described in this specification are thus of primary importance in the practice of this invention. An example of a
silica source with a low reactivity is a colloidal silica with a large particle size, i.e., a low surface area. By selecting proper forms of
silica, its dissolution rate can be controlled so that a low concentration of Si is present in the aqueous phase during crystallization
of the silicoaluminophosphate materials. In this way, it is possible to slowly incorporate Si atoms in the aluminophosphate structure
without the formation of undesired silicon islands in its framework. The presence of a surfactant in the synthesis mixture is
required for obtaining the silicoaluminophosphates materials with specific properties, such as highly active and selective in
hydroisomerization, as described in connection with this invention.

[0024] The XRD pattern of Figure 1 is a typical pattern obtained from a silicoaluminophosphate material of this invention (see
Example 1, infra). Interpretation of this pattern shows that in addition to the crystalline phases AEL and AFO, an amorphous
portion is also present in the material. From the width of the 21.2° 2-theta peak, characteristic of the AEL structure, the average
apparent crystallite size was estimated at about 100 nm. The Scanning Electron Microcopy images of Figure 2 show that the
material from the practice of this invention is composed of agglomerates with an average size of about 5-10 micrometers. These
agglomerates, in turn, are composed of small crystallites and amorphous particles. Both the amorphous part and the
particle/crystallite morphology and size are different from materials prepared from other single aqueous phase mixtures, which
typically have a high crystallinity with a well-defined crystal morphology with sizes in the range of 1-15 micrometers. Also the Si
environment (i.e., Si coordination and the corresponding acid strength) of the materials prepared pursuant to this invention is

clearly different from 29gi-NMR spectra obtained from samples of both single aqueous phase prior art processes and alcohol-

water two phase prior art processes. The 29gi=NMR spectrum of the silicoaluminophosphate material of Example 1 (Figure 3)
after deconvolution shows a broad large peak with a maximum at -63 ppm (peak | in Fig. 3), a large peak with a maximum at -92
ppm (peak Il in Fig. 3), and a small peak at -132 ppm (peak Il in Fig. 3). We contemplate that the first broad peak at -63 ppm
originates from the amorphous part of the silicoaluminophosphate material, having numerous different silicon environments
present in the amorphous nature of the material. The second large peak at -92 ppm can be attributed to the silicon present in the
crystalline silicoaluminophosphate part of the material, which is the contribution of five peaks at ca. - 88, -97, -103, -108, -112
ppm, which can be attributed to Si(4Al), Si(3Al, 18i), Si(2Al, 2Si), Si(1Al, 3Si), and Si(0Al, 4Si) environments, respectively. From
the large peak at -92 ppm, it can be assumed that the crystalline part of the material mainly comprises well dispersed Si(4Al) and
Si (3A1, 18i) environments. It seems that only a very small part is present in the form of (large) patches of Si(OAl, 48i), that are
typically found in the case of conventional materials from single aqueous phase synthesis, since only a very small area of peak |l
correspond to a signal at -110ppm. Compared to materials from state-of-the-art two phase synthesis having a similar high
silica:alumina ratio, it seems that the crystalline part of the materials of this invention even has a higher amount of well-dispersed
silicon compared to silicon-rich patches. Additionally, the small peak at -132 ppm might possibly be attributed to silicon in an
organic environment, e.g., non-removed (after calcination) surfactant or template molecules connected to Si atoms in the
silicoaluminophosphate framework. However, the exact origin of this peak is not known to us.

[0025] All properties described above, i.e., (a) the presence of highly dispersed silicon atoms resulting in mild Brgnsted acidity in
both the crystalline and amorphous part of the SAPO material, (b) the small crystallite size resulting in a large surface area, may
explain the very high activity and isomerization selectivity in the hydroisomerization processing of long-chain n-alkanes.
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[0026] In conducting processes in accordance with the process as set forth in Claim 1 of this application as filed, various different
combinations of conditions can be employed. For example, the components can be brought together in a molar ratio which is
substantially as follows: 1 mole of (i) : 0.3 mole of (ii) : 1 mole of (iii) : 1 mole of (iv) : 15 to 55 moles of (v) : 0.02 to 0.1 mole of (vi),
which is one convenient way of operating. Other ratios consistent with the process as set forth in Claim 1 of this application as
filed can, of course, be used. Similarly, while other time/temperature conditions can be used, it is convenient to conduct the
ageing at one or more temperatures in the range of about 30 to about 100°C for a period that preferably is 10 hours or less, but
which can be longer, e.g., up to about 24 hours, and if necessary or desirable, up to about 100 hours, or even longer. Similarly, it
is convenient to conduct the heating stage at a temperature in the range of 160°C to 210°C for a period in the range of about 12
to about 40 hours, but shorter or longer periods can be employed whenever deemed necessary or desirable. The heating stage
should be conducted for a period in the range of about 1-5 seconds up to about 10 hours. Periods within this span of time such
as, for example, a period in the range of 10 seconds to about 0.5 hours in the case of steaming or microwave heating or for a
period in the range of about 1 to about 10 hours in the case of direct heat transfer through vessel walls can be effectively used.
The heating stage is desirably conducted in a reactor which has suitably inert interior surfaces such as those exposed to the hot
reaction mixture. One example of such a reactor is an autoclave in which the interior surfaces and other auxiliaries such as stirring
means or the like are lined or coated with an inert fluoropolymer such as polytetrafluoroethylene, a material which is available in

the marketplace as Teflon® resin (DuPont) or a polyetheretherketone such as is available under the trademark VICTREX®
PEEK™; Victrex PLC. Similarly, it is also possible to use reactors in which the interior surfaces are fabricated from corrosion-
resistant materials such as special grades of stainless steel or Hastelloy materials. Agitation of the reactor contents can be
effected by stirring, shaking, or rotation of the reactor, with stirring being generally more amenable to use in the practice of the
present invention.

[0027] The alumina used in the practice of this invention is preferably a hydrated alumina (e.g., pseudoboehmite). It is preferred
to use a pseudoboehmite with a relatively high reactivity, i.e., with a low crystallinity. A hydrated alumina with a high reactivity is
preferred, since it will have a higher degree of reaction with the phosphoric acid solution. Furthermore, alumina with a relatively
small particle size is preferred, since it will also have a higher reactivity and therefore a shorter required reaction time with the
phosphoric acid. Furthermore, in case of aluminas with a very large particle size, it is possible to have unreacted alumina present
in the end product (even after crystallization). Having unreacted alumina present in the end product is undesirable.

[0028] Silica sols which are used in the practice of this invention, are in general, finely divided silica particles suspended in a
liquid medium, such as water. Different processes can be used for forming such materials. Without limitations, one manufacturer
indicates that their silica sol is composed of ultrafine silica particles made by hydrolysis of silicate in the presence of an organic
base and gives as among its properties superfine particles (<20 nm), clear transparency, high purity water solubility without ionic
impurity, low viscosity, high adhesive strength, and excellent storage stability. Another type of silica sol described in a published
patent application, U.S. 2007/0237701 published October 11, 2007, comprises water and fine silica particles dispersed therein,
and wherein the fine silica particles have a secondary-particle diameter of 10-1,000 nm, a metal impurity content of 1 ppm or
lower, and a silica concentration of 10-50 wt%. The process used for producing this silica sol involves a two step process. In the
first step a hydrolyzable silicon compound is hydrolyzed and condensation-polymerized to produce a silica sol. In the second step
the silica sol obtained in the first step is concentrated to a silica concentration not higher than a selected value according to the
particle diameter, and the dispersion medium and alkali catalyst in the silica sol are replaced with water to regulate the pH to 6.0-
9.0. Silica sols produced by other procedures can also be used. Besides silica sols or colloidal silicas, other silica sources can be
used, such as silica gels, spray dried silica particles, and fumed silicas, efc. In some embodiments, any one of i) silica sols, ii)
colloidal silicas, iii) silica gels, iv) spray dried silica particles, v) fumed silicas, vi) combinations of i)-v) can be used.

[0029] Suitable phosphoric or orthophosphoric acid, H3PQOgy, is available from various manufacturers. For best results, the

material should have a very high purity.

Preferred Uncalcined and Calcined Molecular Sieves

[0030] As noted above, the preferred uncalcined molecular sieves of this invention are "as synthesized" molecular sieve
products that can be calcined to remove template and other organic values to form the preferred calcined molecular sieves of this
invention. Individual XRD analyses have been carried out on these respective molecular sieves and their respective individual
spectrums are presented in Figs. 9 and 10. These spectra show that the respective products have a molecular sieve topology
that is neither indicative of a pure AEL nor a pure AFO product, but rather, is indicative of a mixture of AEL and AFO topologies.

For references purposes, see "Database of Zeolite Structures" which includes definitional information on AEL and AFO
topologies, which topologies are included within website http://izasc.ethz.ch/fmi/xsl/IZA-SC/ft.xsl. Also see Pure and Applied
Chemistry, vol £8., No. 10, pp 1351-1658, 1986. In the 29 region extending from 5 to 23.5, the calcined products have sharp
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peaks at 9.75, 16.04, 21.50, 21.80, 22.14, 22.39 and 23.41. In the same region, the uncalcined products have sharp peaks at
9.44,21.07,22.18, 22.73 and 23.19.

[0031] Since none of these preferred products is isostructural with pure AEL or pure AFO, to determine the amount of the AEL
and AFO constituents of the calcined products and the uncalcined products, it is necessary to deconvolute each of the respective
XRD spectrums. Deconvolution is an art recognized technique and indicates that the calcined and uncalcined products have from
about 10 wt% to about 50 wt% AEL topology (SAPO-11) and from about 10 wt% to about 50 wt% AFO topology (SAPO-41). The
balance of each of the respective products molecular sieve products consists essentially of an amorphous portion in an amount
from about 20 wt% to about 60 wt%. From the AEL spectrum obtained by deconvoluting the XRD spectrum of these preferred
calcined products, indicate that the AEL constituent has an intense peak at 21.8° 29 and no or almost no peak at around 21.2°
28. The intense peak at 21.8° 28 interprets as a significant amount of AEL Pna2 space group, while the lack of a peak at 21.2° 26
interprets as a substantial lack of AEL Imy21 space group. Also, from the deconvolution of the XRD spectrum of these preferred
uncalcined products, it is seen, for its AEL constituent, that an intense peak is at 21.07° 20 and that no or almost no peak is seen
around 21.8° 28. The intense peak at 21.07° 28 indicates that these preferred uncalcined products contain a significant amount
of AEL Ima21 space group, while the lack of a peak at 21.8° 28 indicates a substantial lack of AEL Pna2 space group.

[0032] The preferred uncalcined molecular sieves of this invention are produced by the use of a templating agent that guides
crystallization. The templating agents used in the practice of this invention, such as di-n-ptopyl amine, remains as a contaminate
in the uncalcined molecular sieve and is removed via calcination to yield the calcined product. In addition, the production of
uncalcined product involves the use of an organic surfactant and a flocculant. Generally, the preferred uncalcined products
contain about 9-11 wt% template material, surfactant, flocculant, and their calcination residues within the sieve pores. After
calcination of the uncalcined product, the resultant calcined product is essentially free of template, surfactant, flocculant, and their
residues, having typically about 0.5 wt% C.

[0033] The preferred uncalcined and calcined molecular sieves of this invention are comprised of 10-oxygen-membered ring AEL
and AFO structures having elliptical pore openings larger than 5 A, i.e. measuring about 4.4 x 6.4 A. Their micropore volume is
<0.15 cc/g and is generally in the range of about 0.06 to about 0.12 cc/g. Their molecular sieve crystal size is from 1 to 1,000 nm,
and typically in the range of 50 to 200 nm, and they are of medium pore size with a pore size greater than 5 A. The molar
proportions for their Al, P and Si contents are about 44 to 56 mol% Al, about 34 to 46 mol% P, and about 5 to 8 mol% Si.

[0034] Any templating agent suitable for use in generating SAPO-11 or SAPO-41 that does not release alcohol during reaction
or under thermal decompostion is deemed suitable for use in the practice of the processes of this invention. Di-n-propylamine,
isopropylamine and diethylamine are suitable in this respect, with di-n-propylamine being more commonly used. Mixtures of
templating agents can also be used, such as a mixture of di-n-propylamine and isopropylamine. Also, it may be possible to use a
mixture of diethylamine with di-n-propylamine and/or isopropylamine.

[0035] The water used in forming the reaction mixture should be free of excessive metal content. Thus, deionized water or
distilled water are desirable for use in the process. However, ordinary tap water, if sufficiently pure may be employed.

[0036] Various commercially-available surfactants can be used in the practice of the processes of this invention, with long chain
amine surfactants, such as hexadecylamine, being among those which are readily available and highly suitable for this use.
Nonlimiting other useful surfactants include one or more of long chain monoalkylamines such as octylamine, decylamine,
dodecylamine, tetradecylamine, hexadecylamine, and octadecylamine, commercially-available mixtures of these being preferred
because of cost. Still other suitable surfactants include dimethyloctylamine, dimethylhexadecylamine, trimethylhexadecyl-
ammonium chloride, and the like.

[0037] One of the important features of the present process is the use in the combination of features specified in the process as
set forth in appended Claim 1 as filed, of a suitable energy input during the reaction and ageing of the gel phase formed by
mixing the stated components in the proportions referred to herein. As noted above, the energy input expressed in terms of
kilowatts per cubic meter of reaction mixture during the ageing and agitation of the reaction-mixture should be in the range of

about 0.1 to about 10 KW/m3, especially when using temperatures in the range of about 25 to about 100°C. Energy inputs in the

range of about 0.5 to about 3 KW/m3, such as, for example, 1 KW/m3, can, in many cases, be used thus limiting the overall energy
input to the process.

[0038] The energy or power input can be defined in several ways, e.g., as installed power to actual volume, or as a
measurement of the power consumption (e.g., amperage) to actual liquid volume, or as a calculation of the power input on the
basis of tip speed (or rpm) and surface area of the stirrer blades. The specific energy input in the mixture as specified herein
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takes care of a homogeneous distribution of molecules and particles on both a micro and macroscopic level during all preparation
stages of the mixture resulting in an optimal contacting, reaction, and transfer of raw materials, intermediate and final molecules
and particles. Optionally, the mixture can be treated with a high shear mixing device which has a typical energy input in the range

of 10-150 kW/m3.

[0039] Another important feature of the present process is the use in the combination of features specified in the process as set
forth in appended Claim 1 as filed, of a suitable energy input during the heating period. The specific energy input in the mixture
takes care of a homogeneous distribution of molecules and particles on both a micro and macroscopic level during the heat up
trajectory and the crystallization phase of the mixture resulting an optimal contacting, reaction, and transfer of raw materials,
intermediate and final molecules and particles. We found that mixing energy input is dependent on specific volume scale. Below
about 200 mL scale it is preferred to have static conditions for the crystallization phase. In larger volumes it is important to have a
specific mixing intensity which is sufficient to obtain homogeneous suspension during both the heat up trajectory and

crystallization phase. A typical value for the mixing intensity is 0.5 kWm. However, a broader range is also applicable.

Preparation of Preferred Uncalcined and Calcined Molecular Sieves

1) Formation of Preferred Uncalcined Molecular Sieves of this Invention

[0040] In general terms, uncalcined molecular sieves of this invention are produced by, (i) formation of a premix of a phosphorus
source, an aluminum source, a silicon source, a template and a surfactant, (ii) formation of a crystallized intermediate from the
premix by hydrothermal treatment, and (iii) work-up of the crystallized intermediate to yield a dry, particulate uncalcined molecular
sieve product.

[0041] In order to form the preferred uncalcined molecular sieves of this invention, the following components are introduced to a
reactor, preferably in the following sequence to form a premix

1. (a) from about 30 up to about 40 mole parts of deionized water;
2. (b) about 1 mole part of pseudo-boehmite (expressed as Al203),

3. (c) about 1 mole part of phosphoric acid (expressed as P2Os, the phosphoric acid solution having a 75% to 85%

concentration);
4. (d) about 0.3 to about 0:4 mole part of silica (expressed as SiO»), dosed as a solid or a sol; and

5. (e) as a template, about 1 mole part of di-n-propylamine (DPA) and about 0.1 mole part of a surfactant.

[0042] The temperature of the premix during its formation increases from about 20 to about 70°C after all components have
been added. The premix is prepared while stirring continuously. After the addition of all the components, the reaction mixture is
mixed, preferably by a mixer, more preferably with high shear and high pumping agitation, typically for about 60 minutes.

[0043] To form the crystallized molecular sieve, the premix in the form of a flowable gelatinous material is then conducted into a
stirred reactor in which crystallization is to occur. Steam is directly injected into the reactor for about 30 minutes to heat the premix
up to about 140°C-160°C. The steam adds a considerable amount of water to the reactor. After steam heating, the premix is
heated via reactor wall heating for about 16 to 40 hours at a temperature of about 190°C. The reactor contents are stirred during
all of the crystallization period. The reactor is a sealed reactor and the reactor pressure rises to about 200-300 psig
autogenously. It is during this hydrothermal treatment period that crystallization occurs to produce the uncalcined molecular sieve
in an aqueous suspension.

[0044] After the crystallization step, the uncalcined molecular sieve suspension is cooled to a temperature of less than 100°C. In
some embodiments, this cooling is effected by removing the uncalcined molecular sieve suspension from the reactor and
conducting it to a stirred cooling vessel to which a suitable liquid for lowering the temperature of the uncalcined molecular sieve
suspension to a temperature less than 100°C has been previously charged. In some embodiments the suitable liquid is deionized
water, or in other embodiments, the suitable liquid can be the washliquid from the centrifuge. The slurry with continuous stirring is
cooled to about 60°C and is then fed to a centrifuge. Prior to the slurry entering the centrifuge, a suitable mildly acidic flocculant
is added. The flocculant is added to the slurry and the slurry and flocculant mix, preferably by means of a mixer. The flocculant
assists the liquid-solids separation function of the centrifuge.
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[0045] The uncalcined molecular sieve in the form of a wet cake is recovered from the centrifuge and is washed with DI water.
The washed wet cake is then dried to yield particulate uncalcined molecular sieve.

1) Formation of Preferred Calcined Molecular Sieves of this Invention

[0046] Calcination of the uncalcined molecular sieve yields the calcined molecular sieves that are free or essentially free of the
template, the surfactant and the flocculant. Calcination is accomplished by heating the uncalcined molecular sieve to
approximately 400-625°C, (desirably, at 550-600°C) for about thirty minutes. The calcination preferably occurs in a mostly
nitrogen atmosphere that contains less than 1 volume percent oxygen.

Preparation of Preferred Bifunctional Catalysts of this Invention

[0047] To form the preferred bifunctional catalysts of this invention, a calcined molecular sieve of this invention is used as a
component in the finished catalyst. The bifunctional catalyst comprises the calcined molecular sieve embedded in an extrudate,
preferably an alumina extrudate, which extrudate is impregnated with at least one, preferably only one, Group VIl noble metal,
preferably Pt or Pd, more preferably Pt. The amount of the at least one noble metal used herein is typically in the range of up to
and including about 10 wt%, typically about 0.1 to about 10 wt%, preferably up to and including about 5 wt%, more preferably in
the range of from about 0.1 to about 5 wt%, most preferably 0.1 to about 2 wt%. In some exemplary embodiments, the amount of
the at least one Group VIIl noble metal used herein is in the range of from about 0.1 to about 1 wt%, in other exemplary
embodiments in the range of from about 0.3 to about 6 wt%, and in other exemplary embodiments about 0.5 wt%. The bifunctional
catalyst typically is formed by combining the calcined molecular sieves of this invention with up to about 60 wt% alumina as binder,
preferably about 20 wt% to about 60 wt%, more preferably about 20 wt% to about 40 wt%, most preferably about 25 wt% to about
35 wt%. In some of these embodiments, the bifunctional catalysts of this invention typically comprise or contain about 2 wt% to
about 6 wit%, preferably about 3 wt% to about 5 wt%, more preferably about 4 wt% SiO2, about 25 wt% to about 40 wt%,
preferably about 30 wt% to about 37 wt%, more preferably about 32 wt% to about 35 wt%, in exemplary embodiments about 33
wt% P20s5, and about 45 wt% to about 75 wt%, preferably about 55 wt% to about 65 wt%, more preferably about 60 wt% to 65
wt%, in exemplary embodiments about 62 wt% Al2O3 and has a micropore volume of about 15 to 25, preferably about 18 to about
22, more preferably about 19 to about 21, most preferably about 20 microliters per gram. The calcined molecular sieve
constituent has an acidic function, while the platinum constituent has a hydrogenating function. One having ordinary skill in the art
will understand that as the amount of binder is increased or decreased, the relative ranges or amounts of individual components
within the bifunctional catalysts will also vary, and these variations are contemplated within the present invention.

[0048] The process involves two principal stages: (i) production of a catalyst carrier extrudate and (ii) impregnation of the
catalyst carrier extrudate with a noble metal. Methods for carrying out both of these stages are conventional except for the use in
the process of a calcined molecular sieve of this invention which results in the formation of a superior catalyst, especially for use
in hydroisomerization of long chain normal paraffins to form branched chain paraffins of essentially the same molecular weight.

[0049] In order to describe the effect of reaction conditions upon the makeup of the product formed in the process in the practice
of this invention, it is deemed convenient at this point to restate the overall set of conditions used in the processes of this
invention. Thus, the overall process is characterized by:

l) forming an essentially alcohol-free reaction mixture by bringing together, under agitation, and in substantially the amounts
specified, the following components comprising:

» (i-a) 0.6 to 1.4 moles of alumina, (ii-a) 0.05 to 0.7 moles of silica, (ii-a) 0.6 to 1.4 moles of P2Os5 in the form of 85% (wt/wt)
orthophosphoric acid or equivalent amount of H3PO4 in the form of other aqueous phosphoric acid solutions, (iv-a) 0.5 to 2 moles

of templating agent for SAPO-11, (v-a) 15 to 100 moles of water, and (vi-a) 0.01 to 0.5 moles of surfactant; or

» preferably: (i-b) 0.8 to 1.2 moles of alumina, (ii-b) 0.1 to 0.5 moles of silica, (jii-b) 0.8 to 1.2 moles of P2Os in the form of 85%
(wt/wt) orthophosphoric acid or equivalent amount of H3POg4 in the form of other aqueous phosphoric acid solutions, (iv-b) 0.8 to
1.2 moles of templating agent for SAPO-11, (v-b) 20 to 70 moles of water, and (vi-b) 0.02 to 0.3 moles of surfactant; or

» more preferably: (i-c) 0.9 to 1.1 moles of alumina, (ii-c) 0.2 to 0.4 moles of silica, (iii-c) 0.9 to 1.1 moles of P2Os in the form of

85% (wtiwt) orthophosphoric acid or equivalent amount of H3PO4 in the form of other aqueous phosphoric acid solutions, (iv-c)



DK/EP 2440328 T3

0.9 to 1.1 moles of templating agent for SAPO-11, (v-c) 25 to 60 moles of water, and (vi-c) 0.05 to 0.2 moles of surfactant;
Il) ageing the resulting mixture, at one or more temperatures in the range of about 10 to about 100°C, for a period which:

» normally is 100 hours or less, but which can also be for a longer period if deemed necessary or desirable, with agitation at an

energy input in the range of 0.05 to about 20 KW/m3, or

» preferably is 10 hours or less, but which can also be for a longer period if deemed necessary for desirable, with agitation at an

energy input in the range of 0.1 to 10 KW/m3; or

» more preferably is 1 hour or less, but which can also be for a longer period if deemed necessary or desirable, with agitation at
an energy input in the range of 0.5 to 3; and

Il heating the aged mixture:

» up to a temperature in the range of 160°C to about 220°C at a rate in the range of about 0.05°C per minute to about 1500°C
per minute, and then at one or more temperatures in the range of 160°C to about 220°C under autogenous pressures for 2 to
100 hours with agitation to thereby produce in situ a silicoaluminophosphate molecular sieve comprised of SAPO-11 and SAPO-
41 in combination with at least about 5 wt% of amorphous portion; or

» preferably up to a temperature in the range of 170°C to about 210°C at a rate in the range of about 0.1 °C per minute to about
100°C per minute, and then at one or more temperatures in the range of 170°C to about 210°C under autogenous pressures for
10 to 70 hours with agitation to thereby produce in situ a silicoaluminophosphate molecular sieve comprised of SAPO-11 and
SAPO-41 in combination with at least about 5 wt% of amorphous portion; or

» more preferably up to a temperature in the range of 180 to 200°C at a rate in the range of about 0.2°C per minute to about
4°C per minute, and then at one or more temperatures in the range of 180 to 200°C under autogenous pressures for 20 to 50
hours with agitation to thereby produce in situ a silicoaluminophosphate molecular sieve comprised of SAPS-11 and SAPO-41 in
combination with at least about 5 wt% of amorphous portion; and

IV) cooling the product to below 100 °C, preferably within one hour.

[0050] The particular recipe and conditions used in the above process typically affects the composition of the molecular sieve
product comprising SAPO-11 and at least an amorphous portion that is formed. With certain recipes and under some conditions,
the product will comprise predominately a combination of SAPO-11 and SAPO-41 with a small amount of an amorphous portion.
Under some other conditions, the product will comprise a combination of SAPO-11, SAPO-41 molecular sieves, and a greater
amount of an amorphous phase portion. It is contemplated that the amorphous molecular sieve portion of the catalyst may have
active sites analogous to SAPO-11. sites with regard to acid strength and larger pore size than the crystalline components of the
catalyst thereby rendering the overall catalyst better suited for dewaxing operations.

[0051] Experimental results to date have indicated the following effects of the above reaction conditions and component
proportions used in the practice of this invention on the composition of the molecular sieves comprising SAPO-11 and SAPO-41 in
combination with amorphous portion material:

1. 1) Higher percentages of SAPO-41 can, amongst other variations in conditions, be achieved by lowering the water content
in either reaction or crystallization mixture, by lowering the heating rate or type of heating, by reducing the silicon amount or
variation in silica source, by increasing the crystallization period, and by reducing the mixing intensity during reaction
mixture preparation, heat-up, and/or crystallization. Combination of such conditions may also lead to higher a SAPO-41
percentage in the co-SAPO product.

2. 2) Higher percentages of SAPO-11 can, amongst other variables, be achieved by increasing the silicon levels in the
reaction mixture, by changing the dosing order of silica, by optimization of the silica particle size or silica source, or
combinations thereof.

3. 3) Higher percentages of the amorphous portion can be obtained by reducing the mixing intenstity during preparation of the
reaction mixture, heat up, and crystallizion process, or by changing the heating trajectory during heat up, or combinations
thereof.

[0052] Recovery of the product after heating is conveniently conducted by physically separating the solid product particles from
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the liquid phase by a suitable procedure such as filtration, centrifugation, settling and decantation, or the like. The isolated solids
are then typically washed with water and then dried, typically at room temperature or slightly elevated temperatures, e.g., at about
110°C. Use of a circulating air oven is a convenient way to conduct the drying.

[0053] Among the uses for the novel products of this invention is use as a catalyst, especially for catalytic hydroisomerization of
linear hydrocarbons, for example Cg to C3g linear hydrocarbons. Such hydroisomerization process comprises contacting one or
more linear or substantially linear Cg to C3g hydrocarbons under hydroisomerization conditions with a silicoaluminophosphate
molecular sieve of this invention and/or as produced by a process of this invention. Typically, such silicoaluminophosphate
molecular sieve is loaded or impregnated with a catalytically active species such as a Group VI noble metal, such as Pt and/or
Pd. Amounts of such metal(s) used in the catalyst may be in the range of about 0.1 to about 5 wt% based on the total weight of
the catalyst. More usually, such amounts are in the range of about 0.15 to about 1 wt%.

[0054] Typical hydroisomerization conditions used in a hydroisomerization process as applied to linear Cg to C3p hydrocarbons
involves temperature in the range of 250-350°C, pressures of about 20 to 40 bars, Ho/HC ratios of 2-50, and a Weigh Hourly
Space Velocity of 1-10 kg/kg.

[0055] Other uses for which the silicoaluminophosphate molecular sieve compositions of this invention are deemed well suited
are referred to in U.S. Pat. No. 6,294,081 and/or in U.S. Pat. No. 6,303,534, the disclosures of which are incorporated herein by
reference. For example, the molecular sieve compositions of this invention can be used in forming novel catalyst compositions
containing any of a number of catalytic metals useful in performing a variety of chemical reactions.

[0056] The following Examples are presented for purposes of illustration. They are not intended to limit the scope of the claimed
invention to only that which is described therein.

EXAMPLE 1

Preparation of a Molecular Sieve Comprised of SAPO-11, Amorphous Phase, and SAPO-41

[0057] The following starting materials were used for the synthesis: pseudoboehmite (containing 74.67 wt% of AloO3 and 25.33
wit% of water); orthophosphoric acid (85 wt% in water); 24:0 wt% SiO2 colloidal silica (with an average particle size of 200 nm and

typical surface area of 80 g/m2); di-n-propylamine (DPA) as template; hexadecylamine (HDA) as surfactant additive, and distilled
water as solvent. To prepare the synthesis gel the source of aluminum was firstly added to the distilled water at 50°C for 1 hour;
then the phosphoric acid solution was added in a 30-minute period to the alumina slurry and kept at 70°C for 1 hour; then the
colloidal silica was added in a period of 15 minutes and kept at 70°C for 15 minutes, and finally a liquid mixture of the organics
(DPA and HDA mixture at 70°C) was added in 30 minutes to the synthesis mixture and kept at 70°C for 1 hour. All steps were

carrier out under vigorous mixing with an energy input of 0.7 KW/m3 in a 50-L vessel. 10-L of the synthesis gel was transferred
into a 10-L stainless-steel autoclave. The synthesis gel was heated up at a rate of 0.6°C per min to 190°C for 38 hours under
vigorous mixing with a continuous energy input of 0.7 KW/m3. The molar composition of the resulting gel was AloO3 : P2Os5 : SiO9 :
HoO : DPA: HDA=1:1:0.3:55:1:0.1. After the crystallization was finished the product was cooled to below 100°C in 2 hours
under continuous slow mixing. Directly after opening of the autoclave the solid products were recovered from the mother liquor by
centrifugation (9000 rpm), washed twice with distilled water and dried at 120°C overnight. The solids were calcined in a rotary
calciner in a nitrogen atmosphere with a 140 minute ramp to 300°C (i.e., 2°C/min from 20°C to 300°C) followed by heating after
the ramp for two hours at 300°C. This first calcinations step was followed by a second subsequent heating trajectory with a 50
minute ramp to 350°C (i.e., a ramp 1°C/min from 300°C to 350°C) followed by heating after the ramp for two hours at 350°C.

Product Characterization

[0058] X-ray diffractograms (XRD) of the solid as-prepared were recorded with a Bruker D4Endeavor using Cu Ka radiation
operated at 40 kV and 40 mA, and scanning speed of 0.05°/sec. Diffraction pattern was recorded in the range of 4-70° 2 theta to
determine the crystalline phases as well as the degree of crystallinity. Figure 1 shows the XRD patterns of the SAPO product in
the calcined and non-calcined form. The SAPO sample prepared as such shows the presence of following crystalline phases: the
main phase is the SAPO-41 structure (including template), together with an amount of SAPO-11, and some traces of AIPO 4 o-
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crystoballite and HDA. The calcined SAPO material shows the present of the similar phases as in the dried sample, except for the
HDA component. Both XRD patterns show that in addition to the crystalline phases, an amorphous part is present in the samples
(the area between the baseline and the crystalline peaks). For determination of the crystallite size of calcined SAPO-11 by PXRD,
we need AEL | only, not the rehydrated AEL P (due to the severe overlap between these phases). Therefore, the samples were
heated from room temperature (RT) to 540°C at a heating rate of 5°C/min. They were kept at 540°C for 3 hours and afterwards
cooled to 120°C overnight. The samples were prepared in a glove box and measured in an airtight sample holder. The average
crystallite size was estimated by means of a Pawley fit between 5 and 20°2-theta using an analytical profile function. Pawley fitting
is a process in which observed peaks in a powder pattern are fitted without a structural model but at 2-theta values constrained
by the size and symmetry of the unit cell. The line broadening due to crystallite size was modeled using both the Lorentzan and
Gaussian contributions. They were constrained to yield a single value; an estimate for the crystallite size. From the XRD spectra,
the topology of this molecular sieve was 23% AEL (SAPO-11), 44% AFO (SAPO-41) and 33% amorphous material within a
calculated error of + 5%. The average apparent SAPO-11 and SAPO-41 crystallite sizes were estimated at about 150 £ 25 nm
and 80 * 15 nm, respectively. Chemical analysis of oxide forms of Al, P and Si of the calcined samples were performed using

PANaIyticaI® PW2400 wavelength dispersive X-ray fluorescence spectrometer (PANalytical B.V. Corporation, Netherlands), which
showed amounts for AloO3; P2Os, SiO2 of 42.3, 50.8, and 7.0, respectively. No-specific surface area of about 260 m2/g was
obtained on a Micromeritics® ASAP 2400 equipment (Micrometrics Instrument Corporation, Norcross, Georgia) at liquid nitrogen
temperature. All the samples were pre-treated at 300°C under vacuum overnight. Scanning electronic microscopy (SEM)
micrographs were taken on JEOL® 5800 LV equipment (JEOL LTD., Japan), operating at 20 keV and50 mA. Figure 2 shows
typical SEM-images of the SAPO material from Example 1. 29gi-NMR spectra were recorded on a Chemagnetics ss-600 MHz
system equipped with 6mm triple resonance probe (Chemagnetics). 295-NMR spectrum was recorded using 90°-single pulse on
29g; and 1H-decoupling during acquisition. The sample was set to spin at 4.75 kHz in MAS condition. The number of
accumulations (scans) was 7401 with a recycling delay of 60 sec. The 29gi-NMR spectra are shown in Figure 3. Interpretation of

the SEM and 29Si-NMR data is described in the text in the paragraph presented hereinabove referring to the XRD pattern of
Figure 1.

EXAMPLE 2

Preparation of a Molecular Sieve Catalyst in Extrudate and Pelletized Form

[0059] The calcined solid material from Example 1 was prepared as a catalyst in two different forms, viz,. (I) as an extrudate
sample (containing 70 wt% of SAPO material), and (ll) as a pelletized sample (containing 100% SAPO material).

1. (I): The calcined powder was mixed with a peptised (with about 0.04 - 0.25 mol equivalent HNO3 cid to Al2oO3) alumina
hydroxide (binder) and water to a dough with a water content in the range of 38-48 wt%. The dough was extruded in
cylindrical shaped extrudates with a diameter of 1.5 mm and an average length of about 3 mm. The extrudates were dried
for 16 hours at 120°C, and were subsequently calcined for 1 hour in air at 550°C. The final support contained 30 wt% of
the binder and 70 wt% of the SAPO product. The carrier was impregnated with a tetra-amine Pt(ll) nitrate solution by a wet
impregnation procedure. Finally, the extrudates were dried overnight at 110°C followed by a calcination treatment for 2
hours at 450°C with a ramp rate of 5°C/min. The concentration and volume of the Pt solution was precisely calculated in
order to obtain 0.5 wt% of Pt in the final catalyst.

2. (II): The calcined powder from Example 1 obtained a second static calcination treatment with a ramp of 5°C/min at 550°C for
2 hours in air. The sample was directly impregnated with a Pt(ll) nitrate solution. The concentration and volume of the Pt
solution was precisely calculated in order to obtain 0.5 wt% of Pt in the final pelletized catalyst. The impregnated product
was dried overnight at 120°C. Then a tablet was pressed with 15 tons of pressure for 1 minute. Subsequently the tablet
was crushed and sieved to a particle size in the range of 200-1000 micrometers. Finally the particles were calcined for 2
hours at 450°C with a ramp rate of 5°C/min.

EXAMPLE 3

Hydroisomerization of n-hexadecane Using Molecular Sieve of Example 1
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[0060] In order to evaluate the effectiveness of molecular sieve produced as in Examples 1 and 2, several hydroisomerization
reactions were carried out on a sample of n-hexadecane and representative samples of platinum-impregnated molecular sieve
catalyst of this invention produced in Example 2. In order to achieve a comparative evaluation with highly advanced prior art
SAPO-11 catalyst samples, i.e., samples 2-a and 2-b of U.S. Pat. No. 6,294,081, Example 2 and Table 4 thereof, preliminary
experiments were carried out to determine whether the conversion level in reaction equipment available in our laboratories is
stable at molar ratios above 5 moles of hydrogen per mole of the n-hexadecane. This determination was needed since Example 2
of the foregoing patent used a ratio of 50 moles of hydrogen per mole of hexadecane and in our laboratories it was not possible
to perform a test at a molar hydrogen:hexadecane ratio higher than 15:1. These preliminary experiments established that the
conversion level in our laboratory equipment was independent of the hydrogen:hexadecane molar ratio over the range tested,
namely, from a hydrogen:hexadecane molar ratio of 5:1 to 15:1. The results obtained in these preliminary tests showed that with
hydrogen to hexadecane molar ratios of 5:1, 10:1, and 15:1, the respective conversions in our equipment were 77.0%, 77.7%,
and 77.5%. It was concluded that the conversion level of the catalyst of Example 1 is comparable to the samples 2-a and 2-b of
Example 2 of the foregoing patent. The performance tests on samples of catalyst prepared in Example 1 hereof were carried out
under reaction conditions comparable to those in the above patent. In particular, the activity and selectivity of the catalyst
samples in n-hexadecane hydroisomerization are measured using a continuous flow reactor with an internal diameter of 16 mm.
This reactor is equipped with a thermowell of 3 mm diameter. The catalyst sample is diluted 1:1 (by volume) with SiC particles of

46 mesh. The tests are performed in upflow with a pressure of 4 x 103 kPa, a Weight Hourly Space Velocity (WHSV) of 3.58 kg/kg,
a molar hydrogen:n-C16 ratio of 5.0:1, 10.0:1 and 15.0:1, and at a temperature in the range of 300 to 340°C. The catalyst is
activated in a hydrogen stream of 10 NL/hr at 400°C (where NL stands for Normal Liter) for two hours. The n-hexadecane used in
these experiments is of greater than 99.9% purity from Merck & Co., Inc. The reaction products were analyzed by GC. From the
GC data the conversion was calculated as 100 minus the percentage of remaining n-hexadecane. Cracking <C 16 was calculated
as the percentage of products with less than 16 carbon atoms. Isomerization was calculated as the sum of the percentages of
isomerization products with 16 carbon atoms. Isomerization selectivity was calculated as the ratio of isomerization and conversion.

[0061] The results of these hydroisomerization experiments are summarized in Table 1 and presented graphically in Figures 4-8.
In Table 1, in which the following abbreviations are used: "HC" is Hydrocarbon, "Temp." is Temperature, "Conv." is Conversion,

"Isomer." is Isomerization, and "Ex." is Example. The results in Table 1 referred to as "Test A" are the results of the tests

performed with representative Pt impregnated extrudates (SAPO-11 from the invention and alumina binder) samples from the
product produced in Examples 1 and 2 at the three Hy/HC ratios shown. The results in Table 1 referred to as "Test B" are the
results of the tests performed with representative Pt impregnated extrudates (SAPO-11 from the invention and alumina binder)
samples from Example 2 at a Hy/HC ratio of 10 and at various temperatures. In the Figures of the Drawings, the test results of the
present invention shown as Test A are the results obtained at the Ho/HC ratio of 10:1, whereas the test results shown as Test B
are the test results obtained at various temperatures and at the same Hy/HC ratio of 10:1. Test C data show the results of the test

performed with representative Pt impregnated SAPO-11 from the invention (crushed pellets without binder).

[0062] As previously indicated, the comparative results shown in the graphs of the figures of the drawing for samples 2-a and 2-b
are plots of data presented in Table 2 of U.S. Pat. No. 6,294,081 referred to above. It can be clearly observed from present
TABLE 1 and Figures 4 to 8 that the catalysts of this invention show both a higher activity and a better selectivity for the desired
isomerization products than the reference state of the art catalysts.

TABLE 1
Ho/HC | Temp, §{ Conv. § Isomer. { Cracking to Mono- Di- Tri- Isomerization
Rato{ °C % % <C16, % | branched % § branched { branched } selectivity %
% %
us.
6,294,081,
Table 4
Sample2-a { 50 { 300 { 316 § 26.5 5.1 22.8 3.0 0.8 83.8
310 | 476 | 43.1 4.5 30.8 10.9 1.5 90.6
330 § 709 { 60.7 10.2 35.0 19.0 6.6 85.6
340 § 839 | 76.0 7.9 355 26.5 14.0 90.6
Sample2-b | 50 | 280 { 248 | 178 | 67 16.0 1.9 0.0 72.7

13



DK/EP 2440328 T3

Ho/HC { Temp, § Conv. { Isomer. § Cracking to Mono- Di- Tri- Isomerization
Ratio{ °C % % <Cqp % | branched % § branched | branched { selectivity %
% %

301 § 56.3 §{ 30.3 26.0 18.9 9:4 2.1 53.7

316 § 714 | 338 377 19.8 11.5 25 47.3

320 §{ 814 | 371 44.3 20.7 12.7 37 456

325 §{ 893 § 29.9 59.3 154 11.0 3.6 335
Present
Invention

TestA 15 {3210§ 775 { 738 3.6 57.0 16.8 <0.1 95.3

10 {3204 77.7 { 739 3.7 57.1 16.9 <0.1 952

5 32093 77.0 § 74.0 29 57.6 16.4 <0.1 96.1

TestB 10 {2926§ 186 { 18.1 0.3 16.4 1.7 <0.1 97.5

10 {3032 346 { 339 0.6 29.7 4.2 <0.1 98.0

10 {312.7§ 609 { 59.3 1.5 48.2 11.1 <0.1 97.3

10 {3225 866 { 83.3 3.2 56.4 26.9 <0.1 96.2

TestC 10 {2924 711 67.7 34 49.6 18.1 <0.1 95.2

10 {3025 938 i 86.7 7.0 43.6 43.1 <0.1 925

TestD 10 {2981 69.0 { 654 35 55.4 10.1 <0.1 94.8

10 {3029 798 { 76.5 3.1 61.9 15.1 <0.1 959

10 {3082} 894 { 845 47 50.8 24.9 <0.1 94.6

10 {3135] 946 i 86.6 7.9 48.2 39.4 <0.1 915

TestE 10 {3029 35.7 | 34.66 1.0 3117 349 <0.1 97.0

10 {3079 48.1 | 46.33 1.61 40.44 5.89 <0.1 96.4

10 313 §{ 62.0 | 57.97 3.9 491 8.87 <0.1 93.6

[0063] The improved results achieved by use of the silicoaluminophosphate molecular sieve of the present invention as
compared to the comparable samples of the patent is deemed self evident from the data in Table 1 and the graphs of Figs. 4-8.

[0064] It is to be understood that no significance is to be attributed to the use of various terms used in this application to refer to

the same thing, such as "amorphous portion", "amorphous material", "amorphous part", "amorphous phase portion", or the like.

These terms are merely variations in language to refer to the same portion, material, part, phase, phase portion, etc. of the
compositions or materials under discussion.

EXAMPLE 4

Larger-Scale Preparation of a Molecular Sieve Comprised of SAPO-11, Amorphous Phase, and SAPO-41

[0065] The following starting materials were used for the synthesis: pseudoboehmite (containing 74.67 wt% of AloO3 and 25.33
wt% of water); orthophosphoric acid (85 wt% in water); 24.0 wt% SiO» colloidal silica (with an average particle size of 200 nm and

typical surface area of 80 g/mz); di-n-propylamine (DPA) as template; hexadecylamine (HDA) as surfactant additive, and distilled
water as solvent. To prepare the synthesis gel the source of aluminum (78 kg) was firstly added to the distilled water (238 kg) at
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30°C for 3 hours; then the phosphoric acid solution (132 kg) was added in a 30-minute period to the alumina slurry and kept at
70°C for 4 hours; then the colloidal silica (43 kg) was added in a period of 15 minutes and kept at 70°C for 1 hour, and finally a
liquid mixture of the organics (DPA (58 kg) and HDA (15.1 kg) mixture at 70°C) was added in 15 minutes to the synthesis mixture

and kept at 70°C for 3 hours. All steps were carrier out under vigorous mixing with an energy input of 0.7 kW/m3 in a 1000-L
vessel. The molar water to alumina ratio of the synthesis gel was 34.5. The synthesis gel was transferred into a stainless-steel
autoclave. The synthesis gel was heated up to 155°C by direct steam injection (260 kg) followed by wall heating at a rate of 0.1°C
per minute to 190°C. The molar water to alumina ratio of the synthesis gel increased to 59.6 after steaming. Crystallization at

190°C was carrier out for 28 hours under vigorous mixing with a continuous energy input of 0.7 KW/m3. After the crystallization
was finished the product was quenched to 60°C by dilution of crystallized product in water (dilution ratio of 3.6 : 1) under
continuous slow mixing (100 rpm) in a separate vessel. The solid products were recovered from the mother liquor by
centrifugation (9000 rpm), washed twice with distilled water and dried at 120°C overnight. The solids were calcined in a rotary
calciner in an air atmosphere to 300°C with a ramp of 10°C/min, followed by heating after the ramp for two hours at 300°C. This
first calcination step was followed by a second subsequent heating trajectory to 550°C with a ramp of 5°C/min for two hours.

Product Characterization

[0066] Similar chemical and physical analysis techniques and methods were applied as described in Example 1. The SAPO
sample prepared as such shows the presence of following crystalline phases: the main phase is the SAPO-11 structure (including
template), together with an amount of SAPO-41. The calcined SAPO material shows the presence of the similar phases as in the
dried sample. Both XRD patterns show that in addition to the crystalline phases, an amorphous part is present in the samples
From the XRD spectra, the topology of this molecular sieve was 48% AEL (SAPO-11), 13% AFO (SAPO-41) and 39% amorphous
material within a calculated error of £ 5%. The average apparent SAPO-11 and SAPO-41 crystallite sizes were estimated at about
150 + 25 nm and 80 + 15 nm, respectively. Chemical analysis of oxide forms of Al, P and Si of the calcined samples showed

amounts for AloO3, P20Os5, SiO2 of 41.7, 50.4, and 7.9 wt%, respectively. A No-specific surface area of about 260 m2/g was

analysed on the calcined product.

[0067] The calcined solid material was prepared as a catalyst in an extrudate form (containing 70 wt% of SAPO material),
according to the method described Example 2.

[0068] The catalyst extrudate sample was tested in the hydroisomerization reaction of n-hexadecane according to the method
and conditions as described in Example 3. The results are shown in Table 1, and Figures 4 - 8 as Test D.

EXAMPLE 5

Larger-Scale Preparation of a Molecular Sieve Comprised of SAPO-11, Amorphous Phase, and SAPO-41

[0069] The following starting materials were used for the synthesis: pseudoboehmite (containing 74.67 wt% of AloO3 and 25.33
wt% of water); orthophosphoric acid (85 wt% in water); 95.0 wt% micro granular SiO2 (with an average particle size of about 300

pum and specific surface area of about 200 m2/g); di-n-propylamine (DPA) as template; and a mixture of alkyl amines (containing
greater than 98% of primary alkyl amines having straight alkyl chains of C12-C14) as surfactant additive, and distilled water as
solvent. The preparation conditions of the synthesis gel, the conditions used during heating up by steaming and wall heating, the
crystallization conditions, the product recovery and calcination conditions, and the molar recipe of the synthesis gel (before and
after steaming) were identical to Example 4.

Product Characterization

[0070] Similar chemical and physical analysis techniques and methods were applied as described in Example 1. The SAPO
sample prepared as such shows the presence of following crystalline phases: the main phase is the SAPO-41 structure (including
template), together with an amount of SAPO-11. The calcined SAPO material shows the presence of the similar phases as in the
dried sample. Both XRD patterns show that in addition to the crystalline phases, an amorphous part is present in the samples
From the XRD spectra, the topology of this molecular sieve was 14% AEL (SAPO-11), 60% AFO (SAPO-41) and 26% amorphous
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material within a calculated error of £ 5%. The average apparent SAPO-11 and SAPO-41 crystallite sizes were estimated at about
150 £ 25 nm and 80 £ 15 nm, respectively. Chemical analysis of oxide forms of Al, P and Si of the calcined samples showed

amounts for AloO3, P20s, SiO2 of 42.5, 50.1, and 7.4, respectively. A N 2-specific surface area of about 300 m2/g was analysed

on the calcined product.

[0071] The calcined solid material was prepared as a catalyst in an extrudate form (containing 70 wt% of SAPO material),
according to the method described Example 2.

[0072] The catalyst extrudate sample was tested in the hydroisomerization reaction of n-hexadecane according to the method
and conditions as described in Example 3. The results are shown in Table 1, and Figures 4 - 8 as Test E.

[0073] Components referred to by chemical name or formula anywhere in the specification or claims hereof, whether referred to
in the singular or plural, are identified as they exist prior to coming into contact with another substance referred to by chemical
name or chemical type (e.g., another component, a solvent, or etc.). It matters not what chemical changes, transformations and/or
reactions, if any, take place in the resulting mixture or solution as such changes, transformations, and/or reactions are the natural
result of bringing the specified components together under the conditions called for pursuant to this disclosure. Also, even though
the claims hereinafter may refer to substances, components and/or ingredients in the present tense ("comprises”, "is", etc.), the
reference is to the substance, component or ingredient as it existed at the time just before it was first contacted, blended or mixed
with one or more other substances, components and/or ingredients in accordance with the present disclosure. The fact that a
substance, component or ingredient may have lost its original identity through a chemical reaction or transformation during the
course of contacting, blending or mixing operations, if conducted in accordance with this disclosure and with ordinary skill of a
chemist, is thus of no practical concern.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not form part of the European patent
document. Even though great care has been taken in compiling the references, errors or omissions cannot be excluded and the
EPO disclaims all liability in this regard.

Patent documents cited in the description

o WO2007107335A [8001]

o USHI0CAE341 [R001] 00811 [3022] [B0AS]
o US4440871A (8001}
o USRGQT0237701A {0028]

Non-patent literature cited in the description

e BLASCO et al.Journal of Catalysis, 2006, vol. 242, 1153-161 {881}

e Pure and Applied Chemistry, 1986, vol. 58, 101351-1658 {{#{38]

16



10

15

20

25

30

DK/EP 2440328 T3

Patentkrav

1. Fremgangsmade til fremstilling af en silicoaluminophosphat-molekylsigte,
der bestar af mindst SAPO-11 og SAPO-41 i kombination med en in situ-
medfremstillet amorf del af silicoaluminophosphat, hvilken fremgangsmade
omfatter:

l) dannelse af en i det vaesentlige alkoholfri reaktionsblanding ved under om-
rgring at sammenbringe folgende bestanddele omfattende (I) alumina, (ii)
silica, (i) P2Os i form af 85 % (v/v) orthophosphorsyre eller tilsvarende
meengde af H3PO,4 i form af andre vandige phosphorsyreoplgsninger, (iv)
templating-middel til SAPO-11 og SAPO-41,(v) vand og (vi) overfladeaktivt
stof, hvor de neevnte bestanddele i det vaesentlige har falgende relative mo-
leere proportioner: 0,6 til 1,4 mol af (i) : 0,05 til 0,7 mol af (ii) : 0,6 til 1,4 mol af
(iii) : 0,5 til 2 mol af (iv) : 15 til 100 mol af (v) : 0,01 til 0,5 mol af (vi);

Il) seldning af reaktionsblandingen i et tidsrum p& 100 timer eller mindre, un-
der omrgring ved en energitilfarsel i omradet 0,05 til 20 kW/m?®, og ved en
eller flere temperaturer i omrédet 10 til 100 °C, til dannelse af en aldet blan-
ding; og

lIl) opvarmning af den aeldede blanding ved 160 °C til 220 °C under autoge-
ne tryk i 2 til 100 timer under omrgring, s& der derved fremstilles en si-
licoaluminophosphat-molekylsigte in situ bestdende af mindst SAPO-11 og
SAPO-41 i kombination med mindst 5 vaegtprocent af en amorf del af si-
licoaluminophosphat.

2. Fremgangsmade ifolge krav 1, hvor:

de relative molaere proportioner i 1) er 0,8 til 1,2 mol af (i) : 0,1 til 0,5 mol af
(i) : 0,8 til 1,2 mol af (iii) : 0,8 til 1,2 mol af (iv) : 20 til 70 mol af (v) : 0,02 til
0,3 mol af (vi);

aldningsperioden i Il) er 10 timer eller mindre, og energitilfarslen til omrarin-
genill) eri omradet 0,1 til 10 kW/m>; og

den zldede blanding i lll) opvarmes ved 170 °C til 210 °C under autogene
tryk i 10 til 70 timer.

3. Fremgangsmade ifolge krav 1, hvor:
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de relative molaere proportioner i 1) er 0,9 til 1,1 mol af (i) : 0,2 til 0,4 mol af
(i) : 0,9 til 1,1 mol af (iii) : 0,9 til 1,1 mol af (iv) : 25 til 60 mol af (v) : 0,05 til
0,2 mol af (vi);

aeldningsperioden i Il) er 1 time eller mindre, og energitilfarslen til omraringen
i 1) eri omrédet 0,5 til 3 kW/m®; og

den eldede blanding i lll) opvarmes ved 180 til 200 °C under autogene tryk i
20 til 50 timer under omrgring.

4. Fremgangsmade ifglge et hvilket som helst af kravene 1-3, hvor, ved udfg-
relse af opvarmningen af den aeldede blanding under de betingelser, der er
specificeret deri, hastigheden eller hastighederne, hvormed temperaturstig-
ningen opnas, er udvalgt til at vaere i omradet 0,05 °C/min til 1500 °C/min.

5. Fremgangsmade ifolge et hvilket som helst af kravene 1-4, yderligere om-
fattende
IV) afkeling af silicoaluminophosphat-molekylsigten til under 100 °C.

6. Fremgangsmade ifglge krav 5, hvor afkalingen sker inden for en time efter
fuldfgrelse af opvarmningen.

7. Fremgangsmade ifolge et hvilket som helst af kravene 1-6, yderligere om-
fattende (i) genindvinding af silicoaluminophosphat-molekylsigten ved en
fast-stof/veeske-adskillelsesprocedure, til dannelse af et genindvundet pro-
dukt, og (ii) vask og tarring af det genindvundne produkt, idet operationerne
(i) og (ii) udfgres inden for 5 timer efter fuldfarelse af opvarmningen af den
&ldede blanding.

8. Fremgangsméade ifalge krav 7, yderligere omfattende kalcinering af det
genindvundne produkt ved en eller flere temperaturer, som mindst er i omra-
det 300 °C til 550 °C.

9. Fremgangsmaéade ifalge et hvilket som helst af kravene 1-8, hvor bestand-
delene bringes sammen i et molforhold, der i det vaesentlige er som falger: 1
mol af (i) : 0,3 mol af (ii) : 1 mol af (iii) : 1 mol af (iv) : 25 til 55 mol af (v) : 0,02
til 0,1 mol af (vi).
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10. Fremgangsmade ifalge et hvilket som helst af kravene 1-9, hvor opvarm-
ningen gennemfgres ved en temperatur i omradet 180 °C til 200 °C i et tids-
rum i omradet 12 til 40 timer.

11. Fremgangsmade ifglge et hvilket som helst af kravene 1-10, hvor &ld-
ningen gennemfores ved en eller flere temperaturer i omradet 30 til 100 °C.

12. Fremgangsmade ifolge et hvilket som helst af kravene 1-11, hvor det an-
vendte templating-middel er di-n-propylamin eller isopropylamin.

13. Fremgangsmade ifalge et hvilket som helst af kravene 1-11, hvor det an-
vendte templating-middel er di-n-propylamin, og det anvendte overfladeaktive
stof er hexadecylamin.

14. Fremgangsmade ifalge et hvilket som helst af kravene 1-11, hvor silicaen
er udvalgt blandt i) silicasoler, ii) kolloide silicaer, iii) silicageler, iv) spraytor-
rede silicapartikler, v) raget silica eller vi) en hvilken som helst kombination af

i)-v).

15. Fremgangsmade ifalge et hvilket som helst af kravene 1-13, hvor mole-
kylsigten omfatter op til 80 vaegtprocent af SAPO-41-molekylsigte.

16. Silicoaluminophosphat-molekylsigte fremstillet ved en fremgangsméade
ifalge et hvilket som helst af kravene 1 til 15.

17. Silicoaluminophosphat-molekylsigte ifglge krav 16 bestaende af SAPO-
11 og SAPO-41 i kombination med mindst 5 veegtprocent af in situ-fremstillet
amorft materiale af silicoaluminophosphat, idet SAPO-11 og SAPO-41 er fy-
sisk eller kemisk uadskillelige fra hinanden uden forstyrrelse.

18. Silicoaluminophosphat-molekylsigte ifelge krav 16 eller 17, omfattende 5
veaegtprocent til 80 vaegtprocent af SAPO-11, 5 vaegtprocent til 80 veegtpro-
cent af SAPO-41 og 5 vaegtprocent til 60 veegtprocent af in situ-fremstillet
materiale med amorf fase.
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19. Silicoaluminophosphat-molekylsigte ifglge krav 17, omfattende 10 vaegt-
procent til 60 vaegtprocent af SAPO-11, fra 10 vaegtprocent til 60 vaegtpro-
cent af SAP0-41 og 20 veegtprocent til 50 vaegtprocent af in situ-fremstillet
materiale med amorf fase.

20. Katalysatorsammensaetning omfattende et silicoaluminophosphat-
molekylsigteprodukt ifglge et hvilket som helst af kravene 16-19, som er ladet
eller impreegneret med en katalytisk aktiv art af et gruppe Vlll-aedelmetal.

21. Katalysatorsammensaetning ifglge krav 20, hvor sedelmetallet er platin.

22. Katalysatorsammensaetning ifelge krav 20 eller 21, hvor aedelmetallet
udger op til 10 veegtprocent af katalysatorsammensaetningen.

23. Katalysatorsammensaetning ifolge et hvilket som helst af kravene 20-22,
hvor op til 60 veegtprocent alumina er til stede i katalysatorsammensaetnin-
gen.
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