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DLM-1 MOLECULAR SIEVE, MANUFACTURING METHOD THEREFOR, AND USE
THEREOF

Technical Field
The present invention relates to a mesoporous mialesieve, particularly a DLM-1 molecular
sieve, belonging to AI-SBA-15 molecular sieve. Thessent invention also relates to the
preparation process of the molecular sieve ar@pjpdication in organic matter processing.
Background technology
According to the definition of the International idn of Pure and Applied Chemistry (IUPAC), a
material with a pore diameter of 2-50 nm is a mesops material. In 1992, researchers from
Mobil Company used alkyl quaternary ammonium ssilademplate for the first time to synthesize
the M41S series of silica-based mesoporous magerid the end of the 20th century, Zhao
DongYuan et al. (Zhao DongYuan, et al. Triblock @lygmer syntheses of mesoporous silica with
periodic 50 to 300 angstrompores [J]. Science, 1998 (5350): 548-552.) firstly proposed the use
of triblock copolymers (P123) is used as a templatel ethyl orthosilicate, methyl orthosilicate,
and butyl orthosilicate are used as silicon soutoesynthesize a new ordered Siesoporous
material, namely SBA-15 molecular sieve, in an iacghvironment. It is a highly ordered planar
hexagonal phase structure with two-dimensional gemal pores, the pore diameter is between 5
and 30 nm, the thickness of the pore wall is betwBeand 6 nm, and there are mesoporous
materials connected with micropores between the pbannels, and a lot of silanol on the inner
surface thereof.
SBA-15 molecular sieve is a pure silicon orderedsoperous zeolite material with almost no
acidity and poor stability, which limits its industt application in the petrochemical field. The
SBA-15 molecular sieve is usually modified by adiogpta method of introducing the heteroatom(s),
wherein the method of introducing the aluminum atorto the SBA-15 molecular sieve to
synthesize the AI-SBA-15 molecular sieve is onthefmost common modification methods.
Generally, there are two main methods for syntlegithe Al-SBA-15 molecular sieve, namely, a
method of direct synthesis and aluminum supplentientzand a method of post-treatment and
grafting. In the direct synthesis method, in arsgly acidic synthesis medium, Al atoms mainly
exist in a cationic form, and it is difficult fohém to directly polymerize with silicon-hydroxyl
species in the pore walls of SBA-15 to enter theleskn thereof in a significant amount. Al atoms
are not well dispersed in SBA-15, and mostly existan agglomerated form, so that the
introduction efficiency of Al atoms in SBA-15 symttized by the direct method is very low.
Compared with the direct synthesis method, althotigh post-treatment grafting method can

introduce a larger amount of Al atoms, however 8ysthesis method is relatively cumbersome,
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and it is easy to produce some alumina by-produnsgle or outside the pore channels of the
material, resulting in the blockage of the porerste of the material, and the significant reduction
of the specific surface area and the pore volum@chwbecomes an unfavorable factor in the
catalytic reaction.

CN104016369A discloses a process for preparingl&®Bf\-15 molecular sieve by using kaolin as
raw material. CN108946754A discloses a procesgifeparing an aluminum-containing SBA-15
by using a residue from aluminum extraction witiddcom a pulverized fuel ash as raw material.
The above-mentioned processes firstly extract il source and the aluminum source in the
kaolin or the fly ash, and then use the extraci@dos/aluminum source as the synthesis raw
material of the SBA-15 molecular sieve, so thaboe hand, other impurities are easily introduced,
and on the other hand, the defects of the convaaitimethod of direct synthesis and aluminum
supplementation still exist.

Summary of the Invention

The inventors of the present invention have fourad in the Al-SBA-15 molecular sieves made in
the prior art, it is difficult for aluminum to emtéhe skeleton structure of the molecular sieve in
significant amounts, or in order for the entry aeatain amount of aluminum into the skeleton of
the molecular sieve, as cost, a greater amourituofiaum must be attached to the periphery of the
skeleton of the molecular sieve (usually dispemsedhe inner surface of the pore channels of the
molecular sieve). Specifically, for the Al-SBA-15otacular sieve manufactured according to the
prior art, when the aluminum content is low (foaeyle, the content by mass percent of alumina in
the chemical composition of the molecular sieviess than 7 wt%), this type of aluminum can still
achieve a high degree of dispersion in the porartla of the molecular sieve so that the molecular
sieve exhibits a regular mesoporous structurevasade, but as the aluminum content increases (for
example, higher than 7 wt%, especially higher th&nwt%), this type of aluminum begins to
accumulate locally or completely on the pore ché&oé the molecular sieve, causing the pore
channels of the molecular sieve to shrink rapidjgnerally manifested as a rapid increase in the
proportion of small pores with a pore diameter efsl than 4nm) or even block up, and the
regularity of the mesoporous structure of the mabacsieve correspondingly decreases or even
disappears completely. For this reason, the inventd the present invention have discovered a
DLM-1 molecular sieve through diligent researchd aompleted the present invention based on
this discovery.

The present inventors found through the researtttesthe DLM-1 molecular sieve exhibits the
XRD spectrum of the AI-SBA-15 molecular sieve, drelong to the AI-SBA-15 molecular sieve.

Without being limited by any theory, the inventdr tbe present invention believes that in the
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DLM-1 molecular sieve of the present invention,nallium basically enters the skeleton structure
of the molecular sieve, so that even when the alumicontent is very high (for example, the
content by mass percent of alumina in the chentoaiposition of the molecular sieve is higher
than 7 wt%, even for example, up to 85% by weidghig, molecular sieve still shows the regularity
of the mesoporous structure. The regularity careggly be characterized by the pore distribution
of the molecular sieve (especially the pore voluati® of pores with a pore diameter of <4 nm). As
evidence, according to the DLM-1 molecular sievehaf present invention, even if the content by
mass percent of alumina in the chemical compositiotme molecular sieve varies widely between
2% and 85%, the pore volume occupied by pores avigbre diameter of <4 nm is still less than 20%
of the total pore volume, maintaining the integragd regularity of the mesoporous structure,
which is not available in the AlI-SBA-15 moleculagve manufactured by the prior art. Therefore,
the DLM-1 molecular sieve of the present inventisran Al-SBA-15 molecular sieve of novel
structure.

Specifically, the present invention relates tofthiowing aspects.

1. An AI-SBA-15 molecular sieve, wherein the porstribution comprises: the pore volume of the
pores having a pore diameter of <4 nm is 20% s, |pseferably 15% or less of the total pore
volume; in the molecular sieve, the ratio of the B acid to the L acid is 1 orsles

2. The molecular sieve accoridng to any of the aboentioned or the afterward-mentioned aspects,
which is characterized in that in the moleculavsjehe ratio of the B acid to the L acid is 0.8 or
less, further 0.5 or less, still further 0.4 orsléa the molecular sieve the ratio of the B acidhe L

acid is 0.1 or more, further 0.2 or more.

3. The molecular sieve accoridng to any of the aboentioned or the afterward-mentioned aspects,
which is characterized in that in the moleculavsjethe acid amount of the mid-strong acid is
0.6-1.0 mL/g, preferably 0.7-0.9 mL/g.

4. The molecular sieve accoridng to any of the aboentioned or the afterward-mentioned aspects,
which is characterized in that in the moleculaivejethe mass content of alumina is 2%-85%,
preferably 5%-82%.

5. The molecular sieve accoridng to any of the aboentioned or the afterward-mentioned aspects,
which is characterized in that the pore distributod the molecular sieve also comprises: the pore
volume of the pores having a pore diameter of 44ibis 40%-70%, preferably 45%-65%, further
preferably 50%-60% of the total pore volume.

6. The molecular sieve accoridng to any of the aboentioned or the afterward-mentioned aspects,
which is characterized in that the properties efrtiolecular sieve is as follows: the specific stefa
area is 550-850 ffy, preferably 650-750 fify, the total pore volume is 0.7-1.3 mL/g, preféyab
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0.9-1.2 mL/g.

7. A process for preparing the molecular sieve adng to any of the above-mentioned or the
afterward-mentioned aspects, which comprises: aargimous silica alumina dry gel is used as
feedstock, and a P123 triblock copolymer is useteawplate agent to synthesize an Al-SBA-15
molecular sieve.

8. The process accoridng to any of the above-meati@r the afterward-mentioned aspects, which
is characterized in that the properties of said ramaus silica alumina dry gel are as follows: the
specific surface area is 400-656/g) the pore volume is 0.52-1.8 mL/g, the poreritigtion is as
follows: the pore volume having a pore diameted-ds nm is 85%-95% of the total pore volume,
the pore volume having a pore diameter of >15 nB%6sor less of the total pore volume.

9. The process accoridng to any of the above-meadi@r the afterward-mentioned aspects, which
is characterized in that the process for prepasaid Al-SBA-15 molecular sieve comprises:

(1) mixing the amorphous silicAumina dry gel and water to form a slurry;

(2) formulating an acidic solution containing a B1@block copolymer

(3) mixing the slurry prepared in step (1) and #wdic solution containing a P123 triblock
copolymer formulated in step (2) and crystallizingproduce an Al-SBA-15 molecular sieve.

10. The process accoridng to any of the above-meedi or the afterward-mentioned aspects,
which is characterized in that in step (1) the masi® of the amorphous silica alumina dry gel to
water is 10:90-30:70, preferably 15:85-25:75.

11. The process accoridng to any of the above-meedi or the afterward-mentioned aspects,
which is characterized in that in step (2) the gk$aid acidic aqueous solution is 1-5, preferably
1.2-2.3, in said acidic aqueous solution, the mamstent of the P123 triblock copolymer is
0.5%-5.0%, preferably 0.8%-2.8%.

12. The process accoridng to any of the above-mesdi or the afterward-mentioned aspects,
which is characterized in that in step (2) the PttR8ock copolymer is added to a diluted acid, the
concentration of the diluted acid solution (a9 k$ 0.05-0.3 mol/L, preferably 012 mol/L; in
step (2), the temperature of the system is coetiadt 10-60°C, preferably 20-40°C.

13. The process accoridng to any of the above-mesdi or the afterward-mentioned aspects,
which is characterized in that in step (3) miximg tslurry prepared in step (1) with the acidic
aqueous solution containing a P123 triblock cop@yformulated in step (2), the slurry prepared in
step (1) and the acidic aqueous solution contaiaiRg.23 triblock copolymer formulated in step (2)
are in such amounts that in the mixed system tresmadio of to the P123 triblock copolymer to the
amorphous silica alumina is 0.5:1-5:1, preferabiy3:1.

14. The process accoridng to any of the above-meedi or the afterward-mentioned aspects,
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which is characterized in that in step (3), thedhestallization temperature is 80-120°C, prefeyabl
90-110°C the crystallization time is 10-35 hours, prefeyaldl6-24 hours the pH in the
crystallization process is controlled at 2.0-51@&ferably 3.2-4.8.

15. a catalyst composition, which comprising anS8A-15 molecular sieve accoridng to any of
the above-mentioned or the afterward-mentioned cisper an Al-SBA-15 molecular sieve
prepared with the process according to any of thevementioned or the afterward-mentioned
aspects.

In addition, the present invention also relateth&following aspects.

1. ADLM-1 molecular sieve, which is an Al-SBA-1%fecular sieve and has a schematic chemical
composition as represented by the formula "firatlessecond oxide", wherein said first oxide is
silica, said second oxide is alumina, the contgnimass percent of alumina in said schematic
chemical composition is 10% or more (preferably 1&%nore, 17% or more, 20% or more, 25%
or more or 30% or more), and is 85% or less (pabigr82% or less, 75% or less, 65% or less, or
55% or less).

2. The molecular sieve accoridng to any of the aboentioned or the afterward-mentioned aspects,
wherein in the molecular sieve, the amount of Bl ai0.01-0.50 mL/g (preferably 0.05-0.20 mL/g
or 0.09-0.16 mL/g), and/or, the amount of L acidi$0-0.90 mL/g (preferably 0.30-0.60 mL/g or
0.39-0.46 mL/g), and/or, the ratio of the B acidthe L acid is 1 or less, preferably 0.8 or less,
further preferably 0.5 or less, still further prefiely 0.4 or less, and the ratio of the B acidn® L

acid is 0.1 or more, preferably 0.2 or more.

3. The molecular sieve accoridng to any of the aboentioned or the afterward-mentioned aspects,
wherein the pore distribution of said molecularveieomprises: the pore volume of the pores
having a pore diameter of <4 nm is 20% or lessfepably 15% or less of the total pore volume,
preferably the pore distribution of the molecul@ve also comprises: the pore volume of the pores
having a pore diameter of 4-15 nm is 40%-70%, padly 45%-65%, further preferably 50%-60%
of the total pore volume.

4. The molecular sieve accoridng to any of the aboentioned or the afterward-mentioned aspects,
wherein the acid amount of the mid-strong acidaid snolecular sieve is 0.6-1.0 mL/g, preferably
0.7-0.9 mL/qg.

5. The molecular sieve accoridng to any of the aboentioned or the afterward-mentioned aspects,
wherein the specific surface area of said moleaikare is 550-850 fig, preferably 650-750 ffy,
and/or, the total pore volume of the molecular siégv 0.7-1.3 mL/g, preferably 0.9-1.2 mL/g,
and/or, the average pore diameter of the molesigae is 9-15 nm, preferably 10-12 nm.

6. A process for preparing a DLM-1 molecular siewdich comprises a step of contacting an
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amorphous silica alumina (preferably an amorphdlisasalumina dry gel) (powder), a P123
triblock copolyme and water under a crystallization condition to obtain a molecular sieve; and
optionally, a step of calcining said obtained malacsieve.

7. The process accoridng to any of the above-meedioor the afterward-mentioned aspects,
wherein said crystallization condition at least poises: the crystallization temperature is 80-120°C
preferably 90t10°C; the crystallization time is 10-35 hours, preferably 184 hours; and the pH in
the crystallization process is controlled at 2.0-preferably 3.2-4.8.

8. The process accoridng to any of the above-meedioor the afterward-mentioned aspects,,
wherein the alumina mass content of said amorplsdicss alumina (dry basis) is 10% or more
(preferably 15% or more, 17% or more, 20% or ma&8p or more or 30% or more), and is 85% or
less (preferably 82% or less, 75% or less, 65%s8,lor 55% or less), and/or, the specific surface
area of said amorphous silica alumina is 400-65@ npreferably 450-600 ffy, and/or, the pore
volume of said amorphous silica alumina is 0.52+I8g, preferably 0.85-1.5 mL/g, and/or, the
average pore diameter of said amorphous silicaialum 6 nm to 12 nm, preferably 7 nm to 10 nm,
and/or, the average particle size of said amorplsdica alumina is 1pm to 15Qm, preferably
25um to 7um, preferably 40m to 6Qum, and/or, the pore distribution of said amorphsilisa
alumina comprises: the pore volume having a poaendter of 4-15 nm is 85%-95% of the total
pore volume, the pore volume having a pore diamefterl5 nm is 5% or less of the total pore
volume, and/or, the water content of said amorphsilica alumina is 20-45 wt%, preferably 25-32
wt%, and/or, the mass ratio of said amorphousasiditimina (dry basis) to said P123 triblock
copolymer is 0.5:1 to 5:1, preferably 1:1 to 5:1.

9. The process accoridng to any of the above-meedioor the afterward-mentioned aspects,
comprising:

(1) mixing the amorphous silica alumina (powder) arater to form a slurry,

(2) formulating an acidic solution containing a BlRiblock copolymer (preferably an acidic
agueous solution), and

(3) contacting (for example mixing) the slurry asald acidic solution containing a P123 triblock
copolymer under said crystallization condition tiaon the DLM-1 molecular sieve.

10. The process accoridng to any of the above-meedi or the afterward-mentioned aspects,
wherein in step (1), the mass ratio of said amauptsilica alumina (dry basis) to water is 10:90 to
30:70, preferably 15:85 to 25:75, and/or, in s@yp the pH of said acidic solution is 1-5, prefdyab
1.2-2.3, the mass content of said P123 triblockoboper in said acidic solution is 0.5% to 5.0%,
preferably 0.8% to 2.8%, and/or, in step (3), thessratio of the slurry (on the dry basis of said

amorphous silica alumina) to said acidic solutibasgd on said P123 triblock copolymer) is 0.5:1
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to 5:1, preferably 1:1 to 5:1.

11. A molecular sieve composition, comprising tHeM31 molecular sieve accoridng to any of the
above-mentioned or the afterward-mentioned aspedise DLM-1 molecular sieve prepared with
the preparation process accoridng to any of thevexbwentioned or the afterward-mentioned
aspects, and an optional binder.

Moreover, the present invention also relates tddahewing aspects.

1. A process for treating an organic substancechvbomprises a step of contacting said organic
substance (preferably hydrocarbon oil) with the DILMnolecular sieve accoridng to any of the
above-mentioned or the afterward-mentioned asped)LM-1 molecular sieve prepared with the
preparation process accoridng to any of the abosetioned or the afterward-mentioned aspects, or
the molecular sieve composition accoridng to any the above-mentioned or the
afterward-mentioned aspects.

2. The treating process accoridng to any of thevedmoentioned or the afterward-mentioned aspects,
wherein said treatment is selected from adsors@garation, hydrotreatment and hydrocracking.

3. Use of the AI-SBA-15 molecular sieve accoridmg any of the above-mentioned or the
afterward-mentioned aspects, or the AI-SBA-15 makec sieve prepared with the process
according to any of the above-mentioned or thenafied-mentioned aspects, or the catalyst
composition accoridng to any of the above-mentiooedhe afterward-mentioned aspects in the
hydrogenation catalyst.

Technical effect

Compared with the prior art, the present inventan realize at least one of the following technical
effects, preferably all the technical effects.

(1) The DLM-1 molecular sieve of the present inv@mthas proper acidity, large pore volume and
specific surface area, and concentrated pore ldligion, so as to facilitate the diffusion of
macromolecular reactants, and increase the cardyoosdion resistance.

(2) The DLM-1 molecular sieve of the present ini@mtis particularly suitable for the
hydrodenitrogenation reaction of heavy distillatd, @and is favorable for improving the
hydrodenitrogenation activity.

(3) The DLM-1 molecular sieve of the present inv@mbelongs to a silica-alumina molecular sieve,
the Al content of which can reach up to 85% andngormly distributed in a Si-O-Al bond form,
the agglomeration of Al on the surface of the molacsieve is substantially eliminated, and the
pore channel is smooth. This is an Al-SBA-15 molacsieve with a new structure that has not
been produced in the prior art.

(4) According to the process for preparing the DILNMRolecular sieve of the present invention, in a
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preferable condition, an amorphous silica-aluminagkl is directly used as raw material, so that
the AlI-SBA-15 molecular sieve with the new struetwan be synthesized in situ (also known as
in-situ crystallization), and the molecular siewas lthe advantages of adjustable aluminum content,
adjustable acid content and reasonable pore disitri

(5) According to the process for preparing the DILNMRolecular sieve of the present invention, in a
preferable condition, an amorphous silica-aluminagkl is directly used as raw material, so that
ammonia nitrogen wastewater discharge and hydrachémid consumption can be reduced, the
technological process is shortened, and the pramucbst is reduced.

Brief description of the drawings

Figure 1 is an XRD spectrum of the DLM-1 molecisave obtained in Example 1 of the present
invention.

Detailed description

Reference will now be made in detail to the presgnbodiments of the present invention, but it
should be understood that the scope of the presestion is not limited by the embodiments, but
is defined by the appended claims.

All publications, patent applications, patents, atider references mentioned in this specification
are herein incorporated by reference in their etytirUnless defined otherwise, all technical and
scientific terms used herein have the same meamsag®mmonly understood by those skilled in
the art to which this invention belongs. In casecofflict, the present specification, including
definitions, will control.

When the specification derives a material, a sulogtaa process, a step, a device, an element and
the like with the expression such as "known to ¢hslglled in the art", "prior art”, or the anologou
term, it is intended that the subject matter sovéddrencompasses those having been conventionally
used in the art at the time of filing this applioat but also includes those which may not be so
commonly used at the present time, but will becémawvn in the art as being suitable for a similar
purpose.

In the context of the present specification, theedeination of the alumina content and the silica
content is carried out by elemental analysis.

In the context of the present specification, L aeitd B acid are measured by the infrared
spectrometry. The used instrument is a fourieramngfti spectrometer-6700 from Nicot, US. The
measurement method is as follows: 20 mg of a samipfea particle size of <200 mesh is weighed
and pressed into a sheet having a diameter of 20thersheet is mounted on the sample holder of
the absorption cell; 200 mg of the sample is pwb ithe hanging cup of the instrument; the

absorption cell and an absorption tube are condepete’acuum-pumping treatment is performed,
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and when the vacuum degree reaches #xR@, the temperature is increased to 500°C and
maintained for 1 hour to remove the adsorbed sobstaon the sample surface; the sample is
cooled down to room temperature, adsorbs pyridin¢hé saturation, is continuously heated to
160°C and equilibrated for 1 hour, and desorb thsioally adsorbed pyridine. Then the contents
of infrared total acid, B acid and L acid (acid amts) can be obtained. The units for these acid
amounts are mmol/L.

In the context of the present specification, thiel @mount of the mid-strong acid is measured by
the NH3-TPD method. The used instrument is the Athem Il 2920 type chemical adsorption
instrument from Micromeritics company. Using amngoas the absorption and desorption medium
and helium as the carrier gas, the acid contentdifferent desorption temperature zones are
obtained by a temperature-programmed desorptioncAnaimatographic analysis. The ammonia
desorption temperature corresponding to the aamrecd of the mid-strong acid is 250-400°C, the
unit of the acid amount is mL/g, i.e., the amoumimmonia adsorbed per gram of molecular sieve.
In the context of the present specification, thecdjr surface area, the pore volume and the pore
distribution are measured by an ASAP2405 physicEogption instrument. The measurement
process is as follows: the sample is processed,ttzam analyzed and tested, wherein i the
liquid state is used as the adsorbate, and the@dsotemperature is -196°C. The specific surface
area is obtained by the calculation with the BE®cpss, and the pore volume and the pore
distribution are obtained by the calculation whie BJH process.

In the context of the present specification, therage pore diameter is measured as follows: the
specific surface area and the pore volume of a karem@ measured by an ASAP2405 physical
adsorption instrument from Micromeritics companys,land the pore size is calculated with the
specific surface area and the pore volumgin\the liquid state is used as the adsorbate,tla@d
adsorption temperature is-196°C.

In the context of the present specification, therage particle size is measured with a Mastersizer
2000 laser particle size analysis instrument, whetfee measurement range is 0.02-2Q@9 and

the scanning speed is 1000 times/sec.

In the context of the present specification, theDXRieasurement is performed with a D/max
2500-Type X-ray diffractometer produced by Rigakempany, and the test conditions are as
follows: voltage 40KV, current 80mA, CuKa targetirige selected, incident wavelength: 0.15405
nm.

All percentages, parts, ratios, and the like refério within this specification are by weight and
pressures are gauge pressures unless expliciibaied.

In the context of the present specification, ang tw more embodiments of the present invention
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may be combined in any combination, and the reguitechnical solution is part of the original
disclosure of this specification, and is within 8epe of the present invention.

() DLM-1 molecular sieve

According to one embodiment of the present inventibere is provided a DLM-1 molecular sieve.
The DLM-1 molecular sieve is an SBA-15 moleculavsi with silica-alumina as skeleton, and
therefore belongs to an AlI-SBA-15 molecular sieve.

According to one embodiment of the present inventisaid DLM-1 molecular sieve has a
schematic chemical composition as representedéfjotimula "first oxide*second oxide", wherein
said first oxide is silica, said second oxide isna@ha. It is known that molecular sieves sometimes
(especially immediately after synthesis) contagedain amount of water, but the present invention
does not believe that it is necessary to limitaheunt of water, because the presence or absence of
water does not substantially affect the XRD spewctaf the molecular sieve. In view of this, the
schematic chemical composition actually represémésanhydrous chemical composition of the
molecular sieve. Moreover, it is obvious that tlebesnatic chemical composition represents the
skeleton chemical composition of the molecularasiev

According to one embodiment of the present invention the molecular sieve, the content by mass
percent of alumina in said schematic chemical cantion is generally 10% or more, preferably 15%
or more, 17% or more, 20% or more, 25% or moreQ86 r more. In addition, in the molecular
sieve, the content by mass percent of aluminaich szhematic chemical composition is generally
85% or less, preferably 82% or less, 75% or |e€5%j 6r less, or 55% or less. Alternatively, in the
molecular sieve, the content of alumina can bestégluin a broad range, and for example can be
10%, 15%, 16%, 18%, 20%, 25%, 30%, 32%, 35%, 4®%,5H0%, 55%, 60%, 70%, 75% or the
like.

According to one embodiment of the present invemtiihhe X-ray diffraction spectrum of said
DLM-1 molecular sieve reflects the characterisgals of the AI-SBA-15 molecular sieve.
According to one embodiment of the present inventithe pore distribution of said DLM-1
molecular sieve comprises: the pore volume of irephaving a pore diameter of <4 nm is 20% or
less, preferably 15% or less of the total pore nwu Preferably, the pore distribution of the
molecular sieve also comprises: the pore volumth@ipores having a pore diameter of 4-15 nm is
40%-70%, preferably 45%-65%, further preferably 56086 of the total pore volume.

According to one embodiment of the present inventio said DLM-1 molecular sieve, the ratio of
the amount of B acid to the amount of L acid isegally 1 or less, preferably 0.8 or less, further
preferably 0.5 or less, still further preferablyt Or less.

According to one embodiment of the present inventio said DLM-1 molecular sieve, the ratio of
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the amount of B acid to the amount of L acid isegatly 0.1 or more, preferably 0.2 or more.
According to one embodiment of the present inventtbe amount of the B acid in said DLM-1
molecular sieve is generally 0.01-0.50 mL/g, pradey 0.05-0.20 mL/g, preferably 0.09-0.16
mL/g.

According to one embodiment of the present inventtbe amount of the L acid in said DLM-1
molecular sieve is generally 0.10-0.90 mL/g, praidy 0.30-0.60 mL/g, preferably 0.39-0.46
mL/g.

According to one embodiment of the present inventtbe acid amount of the mid-strong acid in
said DLM-1 molecular sieve is generally 0.6-1.0 gylgreferably 0.7-0.9 mL/g.

According to one embodiment of the present inventibe specific surface area of said DLM-1
molecular sieve is generally 550-858/g) preferably 650-750 ffy.

According to one embodiment of the present invemtithe total pore volume of said DLM-1
molecular sieve is generally 0.7-1.3 mL/g, preférdéb9-1.2 mL/g.

According to one embodiment of the present inventihe average pore size of said DLM-1
molecular sieve is generally 9-15 nm, preferabhd20hm.

(I) Process for preparing the DLM-1 molecular siev

The above-mentioned DLM-1 molecular sieve of thespnt invention can be prepared by the
preparation process described below in the presgtification.

According to one embodiment of the present inventithe process for preparing the DLM-1
molecular sieve comprises a step of contacting morphous silica alumina, a P123 triblock
copolymer and water under a crystallization conditio obtain a molecular sieve.

According to one embodiment of the present inventgaid amorphous silica alumina is a powder
of mixed oxides of silicon and aluminum, in an aptwus form. In addition, said amorphous silica
alumina powder can also be mixed with a liquid sashvater in any desired ratio to form a slurry.
According to the present invention, as the raw neltdor preparing the molecular sieve, the
amorphous silica alumina (a silica-alumina soursdjirectly used in a powder form (including a
granular form), and the powder is converted in @tystallized in situ) into the DLM-1 molecular
sieve, which is completely different from the pramt that provides a silica source/alumina source
(particularly, an alumina source) as the raw makdor preparing the molecular sieve in a solution
form (or after being converted into a solution fprm

According to one embodiment of the present inventithe P123 triblock copolymer is a
polyoxyethylene-polyoxypropylene-polyoxyethylene potymer (commercially available from
Aldrich, Ma is about 5800). The schematic molectditamula of the P123 triblock copolymer is

generally EQPO;,0EOx or a similar structure thereof, and functions ateraplate agent in the
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present invention.

According to one embodiment of the present inventia the process for preparing the DLM-1
molecular sieve, as the crystallization conditiotisg crystallization temperature is generally
80-120°C, preferably 90-110°C.

According to one embodiment of the present inventia the process for preparing the DLM-1
molecular sieve, as the crystallization conditiahg, crystallization time is generally 10-35 hours,
preferably 16-24 hours.

According to one embodiment of the present inventia the process for preparing the DLM-1
molecular sieve, the pH in the crystallization @sx is generally controlled at 2.0-5.0, preferably
3.2-4.8.

According to one embodiment of the present inventio the process for preparing the DLM-1
molecular sieve, the alumina mass content of saidrphous silica alumina (dry basis) is generally
10% or more, preferably 15% or more, 17% or mo@8p 2r more, 25% or more or 30% or more.
In addition, the alumina mass content of said ammaug silica alumina (dry basis) is generally 85%
or less, preferably 82% or less, 75% or less, 65% 35, or 55% or less. Alternatively, the mass
content of alumina can be adjusted in a broad raang® for example can be 10%, 15%, 16%, 18%,
20%, 25%, 30%, 32%, 35%, 40%, 45%, 50%, 55%, 6@%, 775% or the like.

According to one embodiment of the present inventia the process for preparing the DLM-1
molecular sieve, the specific surface area of sambrphous silica alumina is generally 400-650
m?/g, preferably 450-600 ffy.

According to one embodiment of the present inventia the process for preparing the DLM-1
molecular sieve, the pore volume of said amorphsilisa alumina is generally 0.52-1.8 mL/g,
preferably 0.85-1.5 mL/g.

According to one embodiment of the present inventia the process for preparing the DLM-1
molecular sieve, the average pore size of said jgimoais silica alumina is generally 6 nm to 12 nm,
preferably 7 nm to 10nm.

According to one embodiment of the present inventia the process for preparing the DLM-1
molecular sieve, the average particle size of aamdrphous silica alumina is generallyui’® to
150um, preferably 2bm to 75um, preferably 4@m to 6Qum.

According to one embodiment of the present inventia the process for preparing the DLM-1
molecular sieve, the pore distribution of said gohowus silica alumina generally comprises: the
pore volume of pores having the diameter of 4-15$186%-95% of the total pore volume, and the
pore volume of pores having the diameter of >15516% or less of the total pore volume.

According to one embodiment of the present inventia the process for preparing the DLM-1
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molecular sieve, the mass ratio of said amorphdies @lumina (dry basis) to said P123 triblock
copolymer is generally 0.5:1 to 5:1, preferably tib:1.

According to one embodiment of the present inventithe process for preparing the DLM-1
molecular sieve specifically comprises the steps of

(1) mixing the amorphous silica alumina (powden) arater to form a slurry,

(2) formulating an acidic solution containing a B1@&block copolymer, and

(3) contacting (for example mixing) the slurry asmid acidic solution containing a P123 triblock
copolymer under said crystallization condition tiaon the DLM-1 molecular sieve.

According to one embodiment of the present inventim step (1), the mass ratio of said
amorphous silica alumina (dry basis) to water iaegally 10:90 to 30:70, preferably 15:85 to
25:75.

According to one embodiment of the present inventin step (2), the pH of said acidic solution is
generally 1-5, preferably 1.2-2.3. Herein, as saidic solution, an acidic aqueous solution can be
particularly enumerated.

According to one embodiment of the present inventio step (2), in said acidic solution or in said
acidic aqueous solution, the mass content of sakBRriblock copolymer is generally 0.5% to
5.0%, preferably 0.8% to 2.8%.

According to one embodiment of the present invemtio step (2), the P123 triblock copolymer is
added to a diluted acid (for example, a dilutedrbghloric acid). As an example, the concentration
of said diluted acid solution (as"His generally 0.05-0.3 mol/L, preferably 0.1-0.®lt, further
preferably 0.13-0.18 mol/L. Herein, in order tofsuéntly dissolve the P123 triblock copolymer, it
is preferable to control the temperature of thetiea system to 10-60°C, preferably 20-40°C, and
further preferably 25-35°C.

According to one embodiment of the present invemtio step (3), the slurry and said acidic
aqueous solution containing a P123 triblock cop@ymre mixed, and the amounts of the slurry
and said acidic aqueous solution containing a RdB®ck copolymer are such that the mass ratio
of the P123 triblock copolymer to the amorphougaialumina in the mixed system is 0.5:1 to 5:1,
preferably 1:1 to 5:1, further preferably 1:1 td.3n other words, in step (3), the mass ratichef t
slurry (on the dry basis of said amorphous silitan@ga) to said acidic solution (based on said
P123 triblock copolymer) is generally 0.5:1 to Sieferably 1:1 to 5:1, further preferably 1:1 to
3:1.

According to one embodiment of the present inventafter finishing the crystallization step of
step (3), the DLM-1 molecular sieve can be sepdrdtem the obtained mixture by any

conventionally known means, for example at least step of filtering, washing, drying and the like.
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Specifically, for example, the filtering may be fsemed through the suction filtering, the washing
may be performed by using deionized water as a iwgskolution, and the drying may be
performed at 80-150°C, preferably 90-130°C for 2hb2rs, preferably 3-6 hours. The drying may
be performed under an ordinary pressure.

According to one embodiment of the present invemtias an optional step, the process for
preparing the DLM-1 molecular sieve may further poise a step of calcining said obtained
molecular sieve to remove the template agent asdilply water and the like. For this purpose, the
calcining may be performed in any manner conveatlgnknown in the art, for example the
calcining temperature is generally 450-600°C, peddly 480-580°C, further preferably 500-560°C,
and the calcining time is 2-10 hours, preferabl§ Beurs. In addition, the calcining is generally
carried out in an oxygen-containing atmosphereh siscair or an oxygen atmosphere.

According to one embodiment of the present inventia the process for preparing the DLM-1
molecular sieve, as said amorphous silica alumara,amorphous silica alumina dry gel is
preferable. Herein, the so-called "dry gel" refexsan amorphous silica-alumina having a water
content of 50wt% or less. For example, the watetertt of said amorphous silica alumina dry gel
is generally 20-45 wt%, preferably 25-32 wt%.

According to one embodiment of the present invemtibe average particle size of said amorphous
silica alumina dry gel is generally @ to 15Qm, preferably 2bm to 75um, preferably 40m to
60um.

According to one embodiment of the present inventtbe amorphous silica alumina dry gel may
be prepared by using a carbonization method. Asdhigonization method, the following steps may
be specifically included.

Step a: respectively formulating a sodium alumirsati@tion and a sodium silicate solution.

Step b: adding a part of or all of the sodium atkcsolution into the sodium aluminate solution,
then introducing a C&gas, controlling the reaction temperature to bdQC, preferably 15-35°C,
and controlling the pH value of the gel formationbe 8-11; wherein when the introduced&as
comprises 40-100%, preferably 50-80% of the tat&doduction amount, introducing the residual
sodium silicate solution.

Step c: ventilating and stabilizing the mixture id-30 minutes at the controlled temperature and
the pH value of step b.

Step d: filtering the solid-liquid mixture obtainadstep ¢, and washing the filter cake.

Step e: adding water into the filter cake obtaimedtep d and vigorously stirring, then performing
the hydrothermal treatment, filtering and dryingdiotain the amorphous silica alumina dry gel.

Herein, the hydrothermal treatment conditions idelufor example: treating at 120-150°C under a
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water vapor pressure of 0.5-4.0 MPa for 2-10 hours.

According to one embodiment of the present inventia said step a), the concentration of the
sodium aluminate solution is 15-55g.@k/L, and further can be 15-35ga8k/L, the concentration
of the sodium silicate solution is 50-200g Z10 and further can be 50-150g SIO

According to one embodiment of the present inventio said step b, a part of or all of the sodium
silicate solution is added, i.e., 5-100 wt% of tb&l of the sodium silicate solution is added. The
concentration of the COgas is 30-60 v%. The aeration-agitation is peréadnduring the gel
formation of step b.

According to one embodiment of the present inventitbe step b may be performed in one or a
combination of the following manners: (1) adding sddium silicate into sodium aluminate, and
introducing the C@gas; (2) adding a part of sodium silicate intoiggdaluminate, introducing all
of the CQ gas, and then adding the remaining sodium silisakation into the mixture; (3) adding
a part of sodium silicate into sodium aluminatentinmtroducing a part of GQ@as, and then adding
the remaining sodium silicate solution while intuothg the CQ gas.

According to one embodiment of the present invemtibe slurry obtained in step d is filtered and
washed to near neutrality with deionized waterGa®5°C.

According to one embodiment of the present inventwater is added to the filter cake obtained in
step e according to a solid-liquid volume ratidBdi-12:1 and vigorously stirred.

According to one embodiment of the present inventibe drying in step e may be performed by a
conventional method, and may be performed at 110 3or 6-8 hours.

(1) Use of the DLM-1 molecular sieve

The DLM-1 molecular sieve provided by the presemention can be used in any physical form,
for example in form of powder, granule or moldedoduct (for example, strip-shaped,
trefoil-shaped, and the like). These physical fomas be obtained in any manner conventionally
known in the art, and are not particularly limited.

According to one embodiment of the present inventid also relates to a molecular sieve
composition, containing the aforementioned DLM-1lecalar sieve, or the DLM-1 molecular
sieve prepared according to the aforementionedegeofor preparing the DLM-1 molecular sieve.
In addition, the molecular sieve composition masthfer contain other materials, such as at least
one selected from active materials and inactiveerrads, particularly inactive materials. Therefore,
the active material may be other molecular sieasgrphous silica-alumina, macroporous alumina,
and the like, or may be an active metal componieréddition, as the inactive material (generally
referred to as a binder), it may be clay, alumgil&ca gel, and the like. These other materialstman

used alone, or some of these are used in combmiatiany ratio. As the used amount of said other
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materials, the conventional used amount in thecart be referred to, and there is no special
limitation in this regard.

According to one embodiment of the present inventibe present invention further relates to a
method for treating an organic substance, comgyisirstep of contacting the organic substance
with the DLM-1 molecular sieve as described abakie, DLM-1 molecular sieve prepared by the
preparation process as described above, or thecotatesieve composition as described above.
Herein, as the treatment, for example, the ads@@eparation and the conversion reaction can be
enumerated. In addition, as the organic substdnyckpcarbon oils, particularly heavy distillatespil
can be particularly enumerated.

According to one embodiment of the present inventtbe molecular sieve or the molecular sieve
composition of the present invention is particylasuitable for use as an adsorbent for the
adsorptive separation, for example, to separateast one component from a mixture of multiple
components in the gas or liquid phase.

According to one embodiment of the present inventtbe molecular sieve or the molecular sieve
composition of the present invention is particylalitable as a catalyst or as an active component
of a catalyst in a conversion reaction of hydrooarbil. The example of the conversion reaction of
hydrocarbon oil includes the hydrotreatment, thelrbgracking and the like. Herein, as the
hydrocarbon oil, particularly heavy distillate a8, mentioned.

According to one embodiment of the present invemtias the reaction condition of said
hydrotreatment, for example, the following can hareerated: the total reaction pressure: 3.0 MPa
to 18.0 MPa, the liquid hourly volume space velacit.2 h' to 4.0 h, the hydrogen/oil volume
ratio: 200:1-2000:1, and the reaction temperat2@8°C to 430°C.

According to one embodiment of the present invemtias the reaction condition of said
hydrocracking, for example, the following can beimerated: the total reaction pressure: 8.0 MPa
to 18.0 MPa, the liquid hourly volume space velpcr.2 h' to 4.0 h, the hydrogen/oil volume
ratio: 500:1-2000:1, and the reaction temperat286°C to 440°C.

According to one embodiment of the present inventibe molecular sieve of the present invention
or the molecular sieve composition of the presamemtion are particularly suitable for use as a
support or a support component for a catalyst grwh which an active component is supported in
any manner conventionally known in the art, suchbgssolution impregnation. These active
components include, but are not limited to, actnetal components (including Ni, Co, Mo, W, Cu,
or the like), active inorganic auxiliaries (for emple F, P, and the like), and organic compounds (fo
example, organic acids, organic amines, and tled,lé&nd the like. These active components can be

used alone, or some of these are used in comhmiatiany ratio. As the used amount of said active
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components, the conventional used amount in theaartbe directly referred to, and there is no
special limitation in this regard.

Examples

The present invention will be described in furtdetail with reference to examples, but the present
invention is not limited to these examples.

In the following examples and co MParative exampédisthe agents and raw materials are either
commercially available or can be prepared accortbrtge prior knowledge.

Example 1

(1) An amorphous silica-alumina dry gel A1 and arr$l were prepared with a sodium aluminate
solution having a concentration of 20gB84L and a sodium silicate solution having a
concentration of 100g S, by putting 0.25L of the sodium aluminate sabdatinto a gel forming
tank, then adding 0.35L of the sodium silicate 8oty controlling the reaction temperature at 20°C,
introducing a C@gas having a concentration of 40 v%, when th@thiced CQgas comprised 50%
of the total introduction amount, introducing 0.50the sodium silicate solution while introducing
the gas, controlling the pH value of the gel forimratat 9.5, then ventilating and stabilizing for 20
minutes, filtering the slurry and washing with 65d€ionized water to be neutral, adding water into
the filter cake according to the solid/liquid volamatio of 10:1 and vigorously stirring, treatirgy f

2 hours at 130°C under a water vapor pressuresoMBa, drying for 6 hours at 120°C, crushing
and sieving to obtain the amorphous silica-alunpr@duct A1. Properties of the amorphous silica
alumina dry gel A1 was shown in Table 1. The pregaamorphous silica alumina A1 was mixed
with deionized water and vigorously stirred to foenslurry; wherein the mass ratio of the
amorphous silica alumina dry gel to water was 20:80

(2) An acidic aqueous solution containing a P1#&8dck copolymer was formulated by adding the
P123 triblock copolymer into a diluted hydrochloaicid solution, wherein the diluted hydrochloric
acid solution had a concentration of 0.13mol/L, #wdic aqueous solution containing a P123
triblock copolymer had a pH of 1.2, the temperatofehe acidic agueous solution containing a
P123 triblock copolymer was 25°C, and the masserdntf the P123 triblock copolymer in the
acidic aqueous solution containing a P123 tribloggolymer was 1.5 wt%;

(3) The slurry prepared in step (1) was mixed wiite acidic aqueous solution containing a P123
triblock copolymer formulated in step (2); and tméxture was crystallized, filtered, dried and
calcined to produce a DLM-1 molecular sieve, named-S-1, the mass ratio of the P123 triblock
copolymer to the amorphous silica alumina in theedi system was 1.2:1, the crystallization
temperature was 90°C, the crystallization time @@k; the pH in the crystallization process was

controlled at 3.3, the drying temperature was @bieirl at 100°C, the drying time was 3h, the
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calcining temperature was controlled at 550°C clileining time was 3h.

The XRD spectrum of the DLM-1 molecular sieve preplain Example 1 was shown in Figure 1,
which showed characteristic peaks of the Al-SBAri&ecular sieve.

Example 2

(1) An amorphous silica-alumina dry gel A2 and arr$l were prepared with a sodium aluminate
solution having a concentration of 259 84L and a sodium silicate solution having a
concentration of 50g S, by putting 0.4L of the sodium aluminate solatimto a gel forming
tank, then adding 0.6L of the sodium silicate golytcontrolling the reaction temperature at 22°C,
introducing a C@gas having a concentration of 35 v%, when th@ticed CQgas comprised 50%
of the total introduction amount, introducing 0.@Lthe sodium silicate solution while introducing
the gas, controlling the pH value of the gel forimratat 9.5, then ventilating and stabilizing for 20
minutes, filtering the slurry and washing with 75d€ionized water to be neutral, adding water into
the filter cake according to the solid/liquid volaematio of 8:1 and vigorously stirring, treating @
hours at 120°C under a water vapor pressure o¥iB.8, drying for 8 hours at 120°C, crushing and
sieving to obtain the amorphous silica-alumina poddd2, the properties of which were shown in
Table 1. The prepared amorphous silica alumina A#s wnixed with deionized water and
vigorously stirred to form a slurry; wherein the ssaatio of the amorphous silica alumina dry gel
to water was 22:78;

(2) An acidic aqueous solution containing a P1#&8dck copolymer was formulated by adding the
P123 triblock copolymer into a diluted hydrochloaicid solution, wherein the diluted hydrochloric
acid solution had a concentration of 0.15mol/L, #wdic aqueous solution containing a P123
triblock copolymer had a pH of 1.4, the temperatof¢he acidic agueous solution containing a
P123 triblock copolymer was 28°C, and the contdrthe P123 triblock copolymer in the acidic
aqueous solution containing a P123 triblock cop@ymas 1.8 wt%;

(3) The slurry prepared in step (1) was mixed wiite acidic aqueous solution containing a P123
triblock copolymer formulated in step (2); and tméxture was crystallized, filtered, dried and
calcined to produce a DLM-1 molecular sieve, named-S-2, the mass ratio of the P123 triblock
copolymer to the amorphous silica alumina in theedi system was 1.7:1, the crystallization
temperature was 100°C, the crystallization time @2is; the pH in the crystallization process was
controlled at 3.5, the drying temperature was abieird at 110°C, the drying time was 4h, the
calcining temperature was controlled at 520°C ctileining time was 3.5h.

Example 3

(1) An amorphous silica alumina dry gel A3 and @rsl were prepared with a sodium aluminate

solution having a concentration of 20gB4L and a sodium silicate solution having a
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concentration of 75g Sl by putting 1.25L of the sodium aluminate sadatiinto a gel forming
tank, then adding 0.5L of the sodium silicate gohytcontrolling the reaction temperature at 22°C,
introducing a C@gas having a concentration of 52 v%, when the gatined 9.8, the introduction
of the CQ gas was stopped, then ventilating and stabilikan@?0 minutes, washing to be neutral,
adding water into the filter cake according to ftedid/liquid volume ratio of 9:1 and vigorously
stirring, treating for 3 hours at 130°C under aevatpor pressure of 3.9 MPa, drying for 8 hours at
130°C, crushing and sieving to obtain the amorphsilica-alumina product A3. Properties of the
amorphous silica alumina dry gel A3 was shown ibl@d.. The prepared amorphous silica alumina
A3 was mixed with deionized water and vigorousiyretl to form a slurry; wherein the mass ratio
of the amorphous silica alumina dry gel to wates ®&:75;

(2) An acidic solution containing a P123 triblockpolymer was formulated by adding the P123
triblock copolymer into a diluted hydrochloric agdlution, wherein the diluted hydrochloric acid
solution had a concentration of 0.16mol/L, the mcabueous solution containing a P123 triblock
copolymer had a pH of 1.8, the temperature of ttidi@ aqueous solution containing a P123
triblock copolymer was 33°C, and the content of i23 triblock copolymer in the acidic aqueous
solution containing a P123 triblock copolymer wa3 &t%;

(3) The slurry prepared in step (1) was mixed whté acidic aqueous solution containing a P123
triblock copolymer formulated in step (2); and tméxture was crystallized, filtered, dried and
calcined to produce a DLM-1 molecular sieve, named\-S-3, the mass ratio of the P123 triblock
copolymer to the amorphous silica alumina in thexedi system was 2:1, the crystallization
temperature was 93°C, the crystallization time Wak; the pH in the crystallization process was
controlled at 4.1, the drying temperature was ableird at 120°C, the drying time was 4h, the
calcining temperature was controlled at 530°C cileining time was 5h.

Example 4

(1) An amorphous silica alumina dry gel A4 and @rsl were prepared with a sodium aluminate
solution having a concentration of 289 84L and a sodium silicate solution having a
concentration of 90g Sl by putting 0.85L of the sodium aluminate sadatiinto a gel forming
tank, then adding 0.58L of the sodium silicate 8oty controlling the reaction temperature at 35°C,
introducing a C@gas having a concentration of 60 v%, when the gatined 9.5, the introduction
of the CQ gas was stopped, then ventilating and stabilitand?0 minutes, washing to be neutral,
adding water into the filter cake according to ftedid/liquid volume ratio of 8:1 and vigorously
stirring, treating for 2.5 hours at 130°C underatawv vapor pressure of 3.2 MPa, drying for 8 hours
at 130°C, crushing and sieving to obtain the amawptsilica-alumina product A4. Properties of the

amorphous silica alumina dry gel A4 was shown ibl@d. The prepared amorphous silica alumina
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A4 was mixed with deionized water and vigorousiyretl to form a slurry; wherein the mass ratio
of the amorphous silica alumina dry gel to wates 1/8:82;

(2) An acidic aqueous solution containing a P1#&8dck copolymer was formulated by adding the
P123 triblock copolymer into a diluted hydrochloaicid solution, wherein the diluted hydrochloric
acid solution had a concentration of 0.16 mol/le #ridic agueous solution containing a P123
triblock copolymer had a pH of 1.8, the temperatof¢he acidic agueous solution containing a
P123 triblock copolymer was 33°C, and the contdrthe P123 triblock copolymer in the acidic
aqueous solution containing a P123 triblock cop@ymas 2.2 wt%;

(3) The slurry prepared in step (1) was mixed whté acidic aqueous solution containing a P123
triblock copolymer formulated in step (2); and tméxture was crystallized, filtered, dried and
calcined to produce a DLM-1 molecular sieve, named\-S-4, the mass ratio of the P123 triblock
copolymer to the amorphous silica alumina in theedi system was 2.5:1, the crystallization
temperature was 98°C, the crystallization time 2@R; the pH in the crystallization process was
controlled at 4.3, the drying temperature was abieirl at 120°C, the drying time was 5h, the
calcining temperature was controlled at 540°C cileining time was 5h.

Example5

(1) An amorphous silica alumina dry gel A5 and @r$l were prepared with a sodium aluminate
solution having a concentration of 20g84L and a sodium silicate solution having a
concentration of 85g Sk, by putting 0.75L of the sodium aluminate sadutiinto a gel forming
tank, then adding 0.15L of the sodium silicate 8oty controlling the reaction temperature at 23°C,
introducing a C@gas having a concentration of 45 v%, the pH ferghl formation was controlled
at 9.8, then ventilating and stabilizing for 20 otws, filtering the slurry and washing with 65°C
deionized water to be neutral, adding water intofilter cake according to the solid/liquid volume
ratio of 10:1 and vigorously stirring, treating f2rhours at 130°C under a water vapor pressure of
3.5 MPa, drying for 6 hours at 120°C, crushing am¥ing to obtain the amorphous silica-alumina
product A5. Properties of the amorphous silica ahandry gel A5 was shown in Table 1. The
prepared amorphous silica alumina A5 was mixed wélonized water and vigorously stirred to
form a slurry; wherein the mass ratio of the amorhsilica alumina dry gel to water was 22:78;
(2) An acidic solution containing a P123 triblockpolymer was formulated by adding the P123
triblock copolymer into a diluted hydrochloric agdlution, wherein the diluted hydrochloric acid
solution had a concentration of 0.14mol/L, the mcabueous solution containing a P123 triblock
copolymer had a pH of 1.6, the temperature of ttidi@ aqueous solution containing a P123
triblock copolymer was 33°C, and the mass contérthe P123 triblock copolymer in the acidic

aqueous solution containing a P123 triblock cop@ymas 1.8 wt%;
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(3) The slurry prepared in step (1) was mixed whtd acidic aqueous solution containing a P123
triblock copolymer formulated in step (2); and tméxture was crystallized, filtered, dried and
calcined to produce a DLM-1 molecular sieve, named\-S-5, the mass ratio of the P123 triblock
copolymer to the amorphous silica alumina in theedi system was 1.5:1, the crystallization
temperature was 95°C, the crystallization time ®28; the pH in the crystallization process was
controlled at 3.4, the drying temperature was @bleird at 110°C, the drying time was 4h, the
calcining temperature was controlled at 550°C clileining time was 3h.

Example 6

(1) An amorphous silica alumina dry gel A6 and @r$l were prepared with a sodium aluminate
solution having a concentration of 20gB4L and a sodium silicate solution having a
concentration of 55g S, by putting 0.75L of the sodium aluminate sadutiinto a gel forming
tank, then adding 0.15L of the sodium silicate 8oty controlling the reaction temperature at 23°C,
introducing a C@gas having a concentration of 48 v%, the pH ferghl formation was controlled
at 9.3, then ventilating and stabilizing for 20 otws, filtering the slurry and washing with 75°C
deionized water to be neutral, adding water intofilter cake according to the solid/liquid volume
ratio of 11:1 and vigorously stirring, treating f2rhours at 120°C under a water vapor pressure of
3.5 MPa, drying for 6 hours at 120°C, crushing aie¥ing to obtain the amorphous silica-alumina
product A6. Properties of the amorphous silica ahandry gel A6 was shown in Table 1. The
prepared amorphous silica alumina A6 was mixed wélonized water and vigorously stirred to
form a slurry; wherein the mass ratio of the amorhsilica alumina dry gel to water was 24:76;
(2) An acidic solution containing a P123 triblockpolymer was formulated by adding the P123
triblock copolymer into a diluted hydrochloric agdlution, wherein the diluted hydrochloric acid
solution had a concentration of 0.16mol/L, the mcabueous solution containing a P123 triblock
copolymer had a pH of 1.5, the temperature of ttidi@ aqueous solution containing a P123
triblock copolymer was 28°C, and the mass contérihe P123 triblock copolymer in the acidic
aqueous solution containing a P123 triblock cop@ymas 2.1 wt%;

(3) The slurry prepared in step (1) was mixed whtd acidic aqueous solution containing a P123
triblock copolymer formulated in step (2); and thmixture was crystallized, filtered, dried and
calcined to produce a DLM-1 molecular sieve, named\-S-6, the mass ratio of the P123 triblock
copolymer to the amorphous silica alumina in thexedi system was 2.2:1, the crystallization
temperature was 100°C, the crystallization time ®@is; the pH in the crystallization process was
controlled at 3.3, the drying temperature was adeirl at 110°C, the drying time was 5h, the
calcining temperature was controlled at 550°C clileining time was 4h.

Comparative Example 1
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6.2g of P123 was added into 600mL of 0.18mol/L bgtiforic acid solution. The mixture was
warmed up to 26°C, and then stirred for 6 hoursagistant temperature. The solution was in a
transparent state after P123 was completely disdolv.2g of the Y zeolite slurry was added, and
the pH was controlled at 3.3. The mixture was mgcinder stirring at constant temperature for 6 hr,
warmed up to 98°C, and hydrothermally crystallifed24 hr. Then the mixture was filterred, the
filter cake was washed, dried at 120°C for 6 hoarg] calcined at 550°C for 6 hours to produce a
molecular sieve, named as A-S-7, the propertieghoth were shown in Table 2.

Comparative Example 2

7.2g of P123 was added into 600mL of 0.13mol/L bgtiforic acid solution. The mixture was
warmed up to 26°C, and then stirred for 6 hoursagistant temperature. The solution was in a
transparent state after P123 was completely disdolg of the beta zeolite slurry was added, and
the pH was controlled at 3.7. The mixture was mgcinder stirring at constant temperature for 6 hr,
warmed up to 98°C, and hydrothermally crystallifed24 hr. Then the mixture was filterred, the
filter cake was washed, dried at 120°C for 6 hoarg] calcined at 550°C for 6 hours to produce a
molecular sieve, named as A-S-8, the propertieghath were shown in Table 2.

Comparative example 3

Kaolin was calcined and activated at 700°C for 4rBo12g of calcined kaolin was weighed and
impregnated in hydrochloric acid (6 mol/L) for 4ums. Then deionized water was used, and the
suction filtration was performed. The filter cake@svwashed to neutrality and dried. The dried
sample was calcined at 900°C for 2 hours, thenimot 5 mol/L NaOH alkaline solution and
reacted for 3 hours under high temperature and pighsure (the temperature was 160° C and the
pressure was 0.5MPa). After the reaction was fedshhe pH value was adjusted to 14.0. Then the
resulting material was added dropwise to a mixddtiem of a surfactant and hydrochloric acid
(n(FSO-100)/n(P123)=5.5), wherein the hydrochlosicid concentration was 7.5 mol/L. The
resulting mixture was reacted under stirring atG@r 2 hours and hydrothermally reacted at
160°C for 48 hours, and filtered. The filter cakeswashed, dried, and calcined in a muffle furnace
at 550°C for 6 hours to produce a mesopore matar&l9, the properties of which were shown in
Table 2.

Comparative Example 4

49 of P123 was added to 125 mL of 2mol/L hydrodblacid solution, and the mixture was stirred
at 40°C until P123 was completely dissolved; 8.3gethyl orthosilicate was added to the
P123-containing hydrochloric acid solution, stirfed4 hours, aluminium nitrate was added so that
the Si/Al molar ratio was 35, the stirred was coméid for 20 hours. The aforementioned solution

was added to a 250mL autoclave, stirred at 100¥@&hours, cooled to room temperature, and
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adjusted with ammonia water to the pH value of Wiader the continuous stirring, the mixture was
warmed up to 100°C, stirred for 72 hours, and reite The filter cake was washed at 60°C
overnight and calcined at 550°C for 6 hours to poeda mesopore material A-S-10, the properties
of which was shown in Table 2.

Comparative Example 5

The P123 triblock copolymer as template agent ahgl eorthosilicate as silicon source were
weighed respectively, wherein the mass of the tatapgent P123 was 5.5g and the mass of ethyl
orthosilicate was 10.2g; the template agent andsii@n source were added to a HCI solution
(pH=2.8) and intensively stirred at 28°C for 30 fguhe stirred mixture was allowed to stand and
crystallized at 120°C for 20 hours, washed wittodeged water, and dried to produce SBA-15. The
obtained SBA-15 molecular sieve was mixed with watel vigorously stirred, wherein the solid to
liquid ratio was 1:10, then the hydrochloric acidusion containing 23g of aluminium isopropoxide
was added, the resulting material was warmed UD@sC, stirred for 20 hours, and filtered. The
filter cake was washed, dried at 60°C overnight ealcined at 550°C for 5 hours to produce a
mesopore material A-S-11, the properties of whielneashown in Table 2.

Comparative Example 6

5.2g of P123 was added into 500mL of hydrochlodw aolution (0.13mol/L). The mixture was
warmed up to 28°C, and then stirred for 8 hoursoaistant temperature. After being completely
dissolved, the solution was in the transparenésite solution was added to a slurry containing 6g
of alumina and 8g of silica sol (having a silicantamt of 30%), the pH was controlled at 3.5, and
the mixture was reacted under stirring for 8 hatreonstant temperature, warmed up to 98°C, and
hydrothermally crystallized for 26 hours. Then thixture was filterred, the filter cake was washed,
dried at 120°C for 6 hours, and calcined at 5508C& hours to produce a mesopore material
A-S-12. It was known through the experimental asialyhat the mesopore material A-S-12 had no
structural feature of AI-SBA-15, and had no refeeegignificance.

Table 1: Physical and chemical properties of amauglsilica alumina dry gel

ltem Al A2 A3 A4 A5 A6
Alumina content (dry basis), wt% 12.5 25 40 31.31 4 5| 64.5
Average pore diameter, nm 8 9 10 8 9 10
Average patrticle sizegm 45 48 55 50 58 60
Water content, wt% 28 25 30 31 30 28
Specific surface area,¥q 485 513 506 515 525 513
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Pore volume, mL/g 1.32 1.28 1.30 1.33 1.28 1.3
Pore distribution, %

4-15 nm 85 88 86 87 86 91
>15 nm 3 4 2 3 2 3
Table 2: Properties of molecular sieves

ltem A-S-1| A-S-2| A-S-3| A-S-4| A-S-5

Specific surface area,fqy 745 747 742 750 735

Alumina content, wt% 125 25 40 31.31 54

Pore volume, mL/g 1.18| 1.13 1.09 1.16 1.16

Acid amount of mid-strong acid, mL/g0.75 | 0.78 | 0.82 | 0.85| 0.77

Amount of B acid, mL/g 0.095 0.115 0.103 0.120 0.10

Amount of L acid, mL/g 0.404 0.434 0.427 0.399 641

B/L 0.235| 0.265| 0.243 0.304L 0.243

Pore distribution, %

<4 nm 11.19| 13.03 12.08 14.35 10.19

4-15 nm 54.77) 53.89 52.02 55.36 55.p5.

>15 nm 34.04| 33.08 359p 30.29 34.16

Table 2 (continued)

ltem A-S-6| A-S-7 | A-S-8| A-S-9| A-S-10| A-S-11
Specific surface area,fg 748 720 731 695 708 706
Alumina content, wt% 645 4 6 8 13 17.25
Pore volume, mL/g 1.15| 0.85 0.91 0.78 1.05 1.04
Acid amount of mid-strong acid, mL/g0.76 | 0.53 | 0.48 | 0.41| 0.43 0.45
Amount of B acid, mL/g 0.106 0.258 0.299 0.314 0.300.374
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Amount of L acid, mL/g 0.41g 0.2183 0.2 0.389 0.2340.467

B/L 0.256| 1.21 | 1.15| 1.24| 1.32 1.25

Pore distribution, %

<4 nm 12.07| 42.69 48.32 46.28 45.3p 43.05
4-15 nm 57.25| 38.25 30.6/ 35.69 36.45 37.%6
>15 nm 30.68| 19.06 21.00 18.03 18.19 19.39
Example 7

A hydrotreatment catalyst support and a hydrotreatntatalyst were prepared by using A-S-1
prepared in Example 1:

135g of alumina dry glue powder (having a spedificface area of 313%yg, a pore volume of 1.12
mL/g and an average pore diameter of 14 nm), Db molecular sieve A-S-1 and 4g of sesbania
powder were added to 115mL of an aqueous solutomiaming nitric acid and citric acid (the
amount of nitric acid: 8.3g and the amount of citacid: 3.5g), the mixture was kneaded, rolled,
extruded into strip shape, dried at 120°C for 4re@nd calcined at 550°C for 4 hours to obtain the
final alumina support containing the molecular sigavamed as Z1.

Z1 was isometrically impregnated with an impregoatsolution containing Mo, Ni and P, dried at
140°C for 3h, and calcined at 450°C for 2h to fiyabtain a catalyst, named as C-1. In the catalyst
C1, the content of molybdenum oxide was 22.0wt%,abntent of nickel oxide was 3.57wt%, and
the content of phosphorus oxide was 1.20wt%.

The catalyst C-1 was subjected to a catalyst agtewvaluation experiment, and specifically the
experiment was performed on a 100mL small scalerdgghation unit, and the catalyst was
pre-sulfurized before the evaluation. The catadystluation conditions were as follows: the total
reaction pressure was 14.5 MPa, the liquid houyume space velocity was 1.11hthe
hydrogen/oil volume ratio was 750:1, and the resctemperature was 375°C. The properties of the
feedstock oil were shown in Table 3, and the resniltthe activity evaluation were shown in Table
4,

Example 8

A hydrotreatment catalyst support and a hydrotreatntatalyst were prepared by using A-S-3
prepared in Example 3:

125g of alumina dry glue powder (having a spedificface area of 328%yg, a pore volume of 1.11
mL/g and an average pore diameter of 13.5 nm)gabmolecular sieve A-S-3 and 4g of sesbania

powder were added to 120mL of an aqueous solutiraming nitric acid and citric acid (the
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amount of nitric acid: 7.8g and the amount of citacid: 3.89g), the mixture was kneaded, rolled,
extruded into strip shape, dried at 120°C for 3re@nd calcined at 550°C for 4 hours to obtain the
final alumina support containing the molecular sigavamed as Z2.

Z2 was isometrically impregnated with an impregoatsolution containing Mo, Ni and P, dried at
130°C for 3h, and calcined at 460°C for 3h to fyabtain a catalyst, named as C-2. In the catalyst
C2, the content of molybdenum oxide was 22.1wt%,abntent of nickel oxide was 3.45wt%, and
the content of phosphorus oxide was 1.19wt%.

The catalyst C-2 was subjected to the catalystiacgvaluation experiment in the same manner as
in Example 7. The properties of the feedstock aravshown in Table 3, and the results of the
activity evaluation were shown in Table 4.

Compar ative Examples 6-10

The preparation of the support and the catalysttheasame as in Example 7 except that A-S-7 to
A-S-11 prepared in Comparative Examples 1 to 5 wesed instead of A-S-1 in Example 7,
respectively, to obtain supports Z3 to Z7 and gatalC-3 to C-7, respectively.

The catalyst activity evaluation experiments wezefgrmed on the catalysts C-3 to C-7 in the same
manner as in Example 7. The properties of the feelil were shown in Table 3, and the results
of the activity evaluation were shown in Table 4.

Table 3: Properties of the feedstock oil

Feedstock oil

Density (20°C), g-cm 0.916

Nitrogen contentyg- g* 1482

Distillate range,°C 310-540

Table 4: Results of the catalyst activity evaluatio

Catalyst C-1 C-2 C-3 C-4 C-5 C-6 C-7
Nitrogen conten pg-g* 5.2 5.8 25.25 | 28.56| 29.05 28.94 27.9|8

As can be seen from Table 4, the hydrotreatmeatysts prepared by using the DLM-1 molecular
sieve of the present invention had significantlght@r denitrification activity than the catalysts of

the Comparative Examples.
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Claims

1. ADLM-1 molecular sieve, which is an Al-SBA-1%fecular sieve and has a schematic chemical
composition as represented by the formula "firatle’second oxide", wherein said first oxide is
silica, said second oxide is alumina, the contgnimass percent of alumina in said schematic
chemical composition is 10% or more (preferably 1&%mnore, 17% or more, 20% or more, 25%
or more or 30% or more), and is 85% or less (pabigr82% or less, 75% or less, 65% or less, or
55% or less).

2. The molecular sieve according to claim 1, wheneithe molecular sieve, the amount of B acid is
0.01-0.50 mL/g (preferably 0.05-0.20 mL/g or 0.0260 mL/g), and/or, the amount of L acid is
0.10-0.90 mL/g (preferably 0.30-0.60 mL/g or 0.398mL/g), and/or, the ratio of the B acid to the
L acid is 1 or less, preferably 0.8 or less, furgweferably 0.5 or less, still further preferably or
less, and the ratio of the B acid to the L acid.isor more, preferably 0.2 or more.

3. The molecular sieve according to claim 1, whetble pore distribution of the molecular sieve
comprises: the pore volume of the pores havingra gameter of <4 nm is 20% or less, preferably
15% or less of the total pore volume, preferably pore distribution of the molecular sieve also
comprises: the pore volume of the pores havingra gameter of 4-15 nm is 40%-70%, preferably
45%-65%, further preferably 50%-60% of the totalgpeolume.

4. The molecular sieve according to claim 1, whetbe acid amount of the mid-strong acid in the
molecular sieve is 0.6-1.0 mL/g, preferably 0.7@9Q.

5. The molecular sieve according to claim 1, whetee specific surface area of the molecular
sieve is 550-850 ffg, preferably 650-750 ffy, and/or, the total pore volume of the molecular
sieve is 0.7-1.3 mL/g, preferably 0.9-1.2 mL/g, /andthe average pore diameter of the molecular
sieve is 9-15 nm, preferably 10-12 nm.

6. A process for preparing a DLM-1 molecular siewdich comprises a step of contacting an
amorphous silica alumina (preferably an amorphdlisasalumina dry gel) (powder), a P123
triblock copolymer and water under a crystallization condition to obtain a molecular sieve; and
optionally, a step of calcining said obtained malacsieve.

7. The process according to claim 6, wherein saydtallization condition at least comprises: the
crystallization temperature is 80-120°C, preferdfyl110°C the crystallization time is 10-35 hours,
preferably 16-24 hoursand the pH in the crystallization process is aalgd at 2.0-5.0, preferably
3.2-4.8.

8. The process according to claim 6, wherein tlienala mass content of said amorphous silica
alumina (dry basis) is 10% or more (preferably 1&%nore, 17% or more, 20% or more, 25% or

more or 30% or more), and is 85% or less (prefgr@@®o or less, 75% or less, 65% or less, or 55%
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or less), and/or, the specific surface area of sabrphous silica alumina is 400-65G/m
preferably 450-600 Ay, and/or, the pore volume of said amorphousasititumina is 0.52-1.8
mL/g, preferably 0.85-1.5 mL/g, and/or, the averpgee diameter of said amorphous silica alumina
is 6 nm to 12 nm, preferably 7 nm to 10 nm, andfug, average particle size of said amorphous
silica alumina is 1pm to 15Qum, preferably 2bm to 75um, preferably 40m to 6Qum, and/or, the
pore distribution of said amorphous silica alumgw@mprises: the pore volume having a pore
diameter of 4-15 nm is 85%-95% of the total porkiree, the pore volume having a pore diameter
of >15 nm is 5% or less of the total pore volunrej/ar, the water content of said amorphous silica
alumina is 20-45 wt%, preferably 25-32 wt%, andtbe mass ratio of said amorphous silica
alumina (dry basis) to said P123 triblock copolynsed.5:1 to 5:1, preferably 1:1 to 5:1.

9. The process according to claim 6, comprising:

(1) mixing the amorphous silica alumina (powder) arater to form a slurry,

(2) formulating an acidic solution containing a BlRiblock copolymer (preferably an acidic
agueous solution), and

(3) contacting (for example mixing) the slurry asmid acidic solution containing a P123 triblock
copolymer under said crystallization condition tiaon the DLM-1 molecular sieve.

10. The process according to claim 9, wherein &p $f.), the mass ratio of said amorphous silica
alumina (dry basis) to water is 10:90 to 30:70fgmably 15:85 to 25:75, and/or, in step (2), the pH
of said acidic solution is 1-5, preferably 1.2-218 mass content of said P123 triblock copolymer
in said acidic solution is 0.5% to 5.0%, preferabl8% to 2.8%, and/or, in step (3), the mass ratio
of the slurry (on the dry basis of said amorphdlisasalumina) to said acidic solution (based on
said P123 triblock copolymer) is 0.5:1 to 5:1, prably 1:1 to 5:1.

11. A molecular sieve composition, comprising theMd1 molecular sieve of claim 1 or the
DLM-1 molecular sieve prepared with the preparaporcess of claim 6, and an optional binder.

12. A process for treating an organic substancéshwtomprises a step of contacting said organic
substance (preferably hydrocarbon oil) and the DLNolecular sieve of claim 1, DLM-1
molecular sieve prepared with the preparation m®cef claim 6, or the molecular sieve
composition of claim 11.

13. The treatment process of claim 12, wherein saatment is selected from adsorptive separation,

hydrotreatment, and hydrocracking.
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