Specification A Porous Zeolite of Organosilicon, a Method for Preparing the
Same and the Use of the Sanme Cross Reference of Related Application The
present application clains the benefit of the Chinese Patent Application

No. 200610029980. 3, filed on August 11, 2006, which is incorporated herein by
reference in their entirety and for all purposes. Field of the Invention
The presgg&c#ﬂggahion relates to an organosilicon porous zeolite, synthesis
of the sSane and use of the sane. Background of the Invention In industry,
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net hods, SR8 angpiseapithefasici fic tenpl ati ng agent, al so known as structure

directing agent, is used in the synthesis of a specific zeolite. Such
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supports of catalyst. The porous inorganic oxide materials have relatively high specific
surface area and expedite channel structure, and thus are good catalytic materials and
good supports of catalyst. The porous inorganic oxide materials include amorphous
porous oxide materials, crystalline molecular sieve, modified layered materials, etc.

The basic framework structure of crystalline porous zeolites is based on rigid
three-dimensional TO4 (SiOg4, AlO4, and the like) units, which as tetrahedrons share
oxygen atoms. The change of some tetrahedrons constituting the framework, such as
AlQy, is balanced by the present of surface cation, such as Na* and H*. Thus properties
of a zeolite can be altered by cation exchange. Furthermore, there are many channels
having a certain pore diameter in zeolite structure, and these channels intersect to form a
three-dimensional network structure. Due to such a structure, zeolites not only exhibit
good catalytic activity in many kinds of organic reaction but also have good shape
selectivity to thereby achieve good reaction selectivity (see, US6162416, US4954325,
and US5362697).

Synthetic crystalline porous zeolites are generally synthesized by hydrothermal
methods, and typically a specific templating agent, also known as structure directing
agent, is used in the synthesis of a specific zeolite. Such templating agents or structure
directing agents are often nitrogen-containing organic compounds. Many zeolites and

synthesis thereof have been disclosed in literatures. See, for example, US3702886
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Us4016245 (ZSM 35), Zeolite, 1991, Vol 11, p202 (Beta zeolite), US4439409
(PSH 3), US4954325 (MCM 22), US5362697 (MCM 56), US5236575 (MCM 49),

Nat ure, 1998, Vol 396, p353 (I TQ 2). The above crystalline zeolites have
framewor ks consisting essentially of inorganic silicon oxide and inorganic
al um num oxi de. A zeolite having an organosilicon-containing framewrk and
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Brief Description of the Drawings

Figure 1 is XRD pattern of the zeolite obtained in Example 1.

Detailed Description of the Preferred Embodiments

In the first aspect, the present invention provides an organosilicon porous zeolite
having the following composition on molar basis: (1/n)Al;03:SiO¢.miz):MR:xM, wherein n =
5 to 1000, m = 0.001 to 1, x=0.005 to 2, R is at least one selected from the group
consisting of alkyl, alkenyl and phenyl and connected to a silicon atom in the framework
of the zeolite, and M is an organic amine templating agent.

Solid *°SiINMR spectrum of the zeolite has at least one Si*® nuclear magnetic
resonance peak in the range of from -80 to +50 ppm.

X-ray diffraction pattern of the zeolite exhibits diffraction peaks corresponding to
d-spacing of 12.4+0.2, 11.0+0.3, 9.3+0.3, 6.840.2, 6.1+0.2, 5.5+£0.2, 4.4+0.2, 4.0+0.2 and
3.4+0.1 A

As used herein, the term “organosilicon porous zeolite” intends to means a zeolite
which as synthesized contains, in its framework structure, silicon atoms having at least
one organic substituent, in particular at least one selected from the group consisting of
alkyl, alkenyl and phenyl.

In a preferred embodiment, n is in a range of from 10 to 250, m is in a range of from
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a range of from10 to 150, mis in a range of from0.02 to 0.5, and xis in a
range of from 0.02 to 0.5. In a preferred enbodinent, the Ris at |east one
selected fromthe group consisting of Cl-C8 al kyl, C2-Cl10 al kenyl and
phenyl. In a nore preferred enbodinent, the Ris at |east one selected from
the group consisting of nethyl, ethyl, vinyl and phenyl. The organosilicon
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di phenyl di &inyssoaes of SiO, commonly used in the synthesis of zeolites can be used as the
source of inorganic silicon in the process of the invention. The source of inorganic silicon
useful in the process of the invention is preferably at least one selected from the group
consisting of silica sols, solid silica, silica gels, silicic acid esters, diatomite and water
glass.

The source of organic silicon useful in the process of the invention may be at least

one selected from the group consisting of halosilanes, silazanes and alkoxy silanes.
Preferred examples of the halosilanes include, but are not limited to, trimethylsilyl
chloride, dimethylsilyl dichloride, triethylsilyl chloride, diethylsilyl dichloride, dimethylsilyl
monochloride monobromide, ethyldimethylsilyl chloride, butyldimethylsilyl chloride,
dimethylphenylsilyl chloride, dimethylisopropylsilyl chloride, tert-butyldimethylsilyl
chloride, dimethyloctadecylsilyl chloride, methyl phenyl vinylsilyl chloride, vinylsilyl
trichloride, divinylsilyl dichloride and diphenylsilyl dichloride. Preferred examples of the
silazanes include, but are not limited to, hexamethyldisilazane, heptamethyldisilazane,
tetramethyldisilazane, tetramethyl divinyl disilazane, and tetramethyl dipheny! disilazane.

Preferred examples of the alkoxy silanes include, but are not Ilimited to,
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Preferred exanples of the al koxy silanes include, but are not limted to, 3
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e P L L T

mul ti pl eratiosfaltirgtwithin tthe doliowiggappes.eSi),/AlbQyi—d1pha250, Theisource ahorganic

embodi Mt 8%, = 0.005 to 0.5, OHSIO, = 0.05 to 1.0, H,0/SIO; = 10 to 80, and the organic
amine/SiO; = 0.05 to 1.0, wherein SiO; represents the source of inorganic silicon in terms
of SiO;.

In a preferred embodiment, the reaction temperature for crystallization is in a range
of from 100 to 180 °C, and reaction time for crystallization is in a range of from 2 to 60
hours.

In a preferred embodiment, the reaction mixture is aged at a temperature of from 10
to 80 °C for 2 to 100 hours prior to the crystallization reaction.

In the third aspect, the present invention provides a use of the organosilicon porous
zeolite as an adsorbent or as a component of a catalyst for the conversion of an organic
compound.

The organosilicon porous zeolite according to the invention can be used as an
adsorbent, for example, for separating at least one component from a
multiple-component mixture in gas phase or liquid phase. Thus, in an embodiment, the
invention provides a separation process, comprising contacting a gaseous and/or liquid
mixture with the organosilicon porous zeolite according to the invention, to allow the
organosilicon porous zeolite to selectively adsorb at least one component of the mixture

so as to separate partially or almost completely the at least one component from the
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i nvention provides a separation process, conprising contacting a gaseous
and/or liquid mxture with the organosilicon porous zeolite according to
the invention, to allow the organosilicon porous zeolite to selectively
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Examples

The following examples are given for further illustrating the invention, but do not
make limitation to the invention in any way.

Example 1

6.1 g of sodium aluminate (Al,O3; content = 42.0 wt%) and 1.0 g of sodium hydroxide
were added into 288 g of water, and the mixture was stirred to dissolve the solids. Then
to the mixture were successively added 34.0 g of hexahydropyridine, 60 g of solid silica
and 5.5 g of trimethylsilyl chloride with stirring, and thus the reactants had molar ratios as
follows:

SiO2/Al,03 = 40,

NaOH/SiO, = 0.025,

trimethylsilyl chloride/SiO, = 0.05,

hexahydropyridine/SiO, = 0.50, and

H,0/SiO; = 16.

After stirred homogeneously, the reaction mixture was charged into a stainless steel
reactor and allowed to crystallize at 135 °C for 50 hours with stirring. Then the reaction
mixture was discharged and filtered, and the filter cake was washed with water and then
dried to give a product. The product was found to have a molar ratio of SiO,/Al,O3 of
42.1.

Solid Si?>NMR spectrum was measured on a sample of the dried product, and the
5



reactor and allowed to crystallize at 135 C for 50 hours with stirring. Then
the reaction mxture was discharged and filtered, and the filter cake was
washed with water and then dried to give a product. The product was found
to have a nolar ratio of S102/ A1203 of 42.1. Solid Si 29NVR spectrum was
nmeasured on a sanple of the dried product, and the 5 Si29NWVR spectrum
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Example 2

8.0 g of sodium aluminate (Al,O3; content = 42.0 wt%) and 4.0 g of sodium hydroxide
were added into 360 g of water, and the mixture was stirred to dissolve the solids. Then
to the mixture were successively added 34.0 g of hexahydropyridine, 150 g of silica sol
(SiO; content = 40 wt%) and 3.9 g of dimethylsilyl dichloride with stirring, and thus the
reactants had molar ratios as follows:

SiO,/Al,05 = 30,

NaOH/ SiO, = 0.05,

dimethylsilyl dichloride/SiO; = 0.03,

hexahydropyridine/SiO, = 0.40, and

H,O/ SiO, = 20.

After stirred homogeneously, the reaction mixture was charged into a stainless steel
reactor and allowed to crystallize at 150 °C for 55 hours with stirring. Then the reaction
mixture was discharged and filtered, and the filter cake was washed with water and then
dried to give a product. The product was found to have a molar ratio of SiO,/Al,O3 of
28.6.

Solid Si*®*NMR spectrum was measured on a sample of the dried product, and the
Si®NMR spectrum exhibited a nuclear magnetic resornance peak at -18.4 ppm. The
X-ray diffraction data of the product are shown in the Table 2 below.
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Example 3

3.0g of aluminum oxide and 16.0 g of sodium hydroxide were added into 450 g of

water, and the mixture was stirred to dissolve the solids. Then to the mixture were

successively added 34.7 g of hexamethylene imine, 60 g of solid silica and 5.9 g of

dimethyldiethoxysilane with stirring, and thus the reactants had molar ratios as follows:

SiOz/A|203 = 30,
NaOH/ SiO; = 0.2,

dimethyldiethoxysilane/SiO; = 0.04,

hexamethylene imine/Si
HzO/ SiOz =25.

i0, = 0.35, and

After stirred homogeneously, the reaction mixture was charged into a stainless steel

reactor and allowed to crystallize at 145 °C for 70 hours with stirring. Then the reaction

mixture was discharged and filtered, and the filter cake was washed with water and then

dried to give a product. The product was found to have a molar ratio of SiO,/Al,03 of

30.1.

Solid Si?°NMR spectrum was measured on a sample of the dried product, and the

Si®NMR spectrum exhibited a nuclear magnetic resornance peak at -19.1 ppm. The

X-ray diffraction data of the product are shown in the Table 3 below.



Si 29NMR spectrum exhi bited a nucl ear nmagnetic resornance peak at -19.1 ppm
The X-ray diffraction data of the product are shown in the Table 3 below. 7
Table 3 d-spacing (A 26 1/10 12.31 7.18 100 11.12 7.95 36 9.25 9.56 37
6.86 12.91 18 6.15 14.40 15 5.51 16.09 13 4.46 19.91 29 3.97 22.40 36
3.41 26.14 78 Exanple 4 16.1 g of sodium alum nate (A1203 content = 42.0
w9% and 2.0 g of sodi um hydrOX| de we-r\?m%%ded into 540 g of water, and t he

ad A t hao BRVE )
m Xt ur e was—sti+red—+o—disselwve—the se+as—Fhen—teo—the M-t ure—were

successilvel y adstemtigp(A) of hexanet hyl en&6i mi ne, 60 of solid/silica and
3.2 g off hexanet qé}fﬁ' silazanel wth sti r7r1gg and thpus the rea%gnts had
nol ar ratios as f ows: Si 02/ Al 203 = NaOH/ Sip = Q0. 05,

hexamet ryl di sil aqqnﬁj Si 02 = 0} 04, hexa;r‘rgs hyl ene imne/Si02 =453, and Hz20/
Sl 02 = U. HI LE] bfl 1 EU IIUII lIbUUbI Yy, L Ilb I bolbLl UTl1 Ili )\t Ul © wWdadsS Lholl gbd
into a stainless $8el reactpr and al I%%@d to crystallize at 3745 C for 38
hours with sti rrléjg(3 Then the| reaction £B1xture was| di schargedﬁand filtered,
and the lfilter was washed with wn'rg and_then ! dried to produgt .
The prodquct was fgygd to have| a nol ar ﬁauoo of Si2[A 233 of 1]57 5. Solid
Si 29NVR rspectrTumwas neasuredyon a sanple of the dried product; andthe

Si 29NMVR |spect rum@Rhi bited a hucl ear md6®% i ¢ resor hance peak & 15.8 ppm
The X-ray di ffra&:kbon data of the proq509t1 are shown in the Taﬁ e 4 bel ow.

C 1

N

3.97 22.40 36
3.41 26.14 78

Example 4

16.1 g of sodium aluminate (Al,O; content = 42.0 wt%) and 2.0 g of sodium
hydroxide were added into 540 g of water, and the mixture was stirred to dissolve the
solids. Then to the mixture were successively added 30 g of hexamethylene imine, 60 g
of solid silica and 3.2 g of hexamethyldisilazane with stirring, and thus the reactants had
molar ratios as follows:

SiOy/Al,05 = 15,

NaOH/ SiO, = 0.05,

hexamethyldisilazane/SiO, = 0.04,

hexamethylene imine/SiO, = 0.3, and

H,O/ SiO, = 30.

After stirred homogeneously, the reaction mixture was charged into a stainless steel
reactor and allowed to crystallize at 145 °C for 38 hours with stirring. Then the reaction
mixture was discharged and filtered, and the filter cake was washed with water and then
dried to give a product. The product was found to have a molar ratio of SiO,/Al,O3 of
17.5.

Solid Si*®NMR spectrum was measured on a sample of the dried product, and the
Si?NMR spectrum exhibited a nuclear magnetic resornance peak at 15.8 ppm. The X-ray
diffraction data of the product are shown in the Table 4 below.



8 Table 4 d-spacing (A) 28 1/10 12.41 7.12 100 11.00 8.04 37 9.31 9.50 23
6.90 12.83 25 6.15 14.40 18 5.54 16.00 9 4.46 19.91 41 4.00 22.23 63

3.39 26.29 89 Exanmple 5 3.5 g of sodium al um nate (A1203 cont ent
wt% and 8.0 g of sodium hydroxide were added into 540 g of water,

= 42.0

m xture was stirred to dissolve the solids. Then to the m xture were
successi vely added 30 g of hexanet hyl eﬂ?olé'ﬁ' ne, 60 g of solid sili ca and
8.0 g of—hexanet hyl eH-st+oxanre—wt+h—st+++n RE; —afd—thus hC reactant had
mol ar ratios daspdaind OAys: S| OR/ Al 203 = 20, NaOH S| O2 = .2, 1M,

hexanet hyl di sil o>§ {Sl 02 0l 05, hexan;a{] yl'ene i mhelSi 0 \%Qa and
Si2 = 30 _After Zd rred hom)genpauql \Vi e reaction m x'rur(a char ged

q

<
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or and al lppgd to crys
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nMxture—was

and the|filter c#kdlwas washed with wat®b0and then |dried to ddde a produg
The product was fé)g@d to have| a nol ar ? o of SI 02{ Al 203 of .5. Solid
Si 29NVR [spectrum nmeasuredl aon a,can% the dried product and the
Si 29NVR spectrum@xbl bited a pucl ear mm_m@tl ¢ resor hance peak fg 16. 8 ppm
The X-ray—diffraction dataof the product—are shown—nthe Tabte 5 betow
Table 5 5.54 16.00

4.46 19.91 41

4.00 22.23 63

3.39 26.29 89

Example 5

3.5 g of sodium aluminate (Al,O3; content = 42.0 wt%) and 8.0 g of sodium hydroxide

were added into 540 g of water, and the mixture was stirred to dissolve the solids. Then

to the mixture were successively added 30 g of hexamethylene imine, 60 g of solid silica

and 8.0 g of hexamethyldisiloxane with stirring, and thus the reactants had molar ratios

as follows:
SiO,./AILO3 = 70,
NaOH/ Si0, = 0.2,

hexamethyldisiloxane/SiO, = 0.05,

hexamethylene imine/SiO; = 0.3, and

H,O/ SiO; = 30.

After stirred homogeneously, the reaction mixture was charged into a stainless steel

reactor and allowed to crystallize at 135 °C for 35 hours with stirring. Then the reaction

mixture was discharged and filtered, and the filter cake was washed with water and then

dried to give a product. The product was found to have a molar ratio of SiO,/Al,0O3 of

68.5.

Solid Si?>NMR spectrum was measured on a sample of the dried product, and the

Si?NMR spectrum exhibited a nuclear magnetic resornance peak at 16.8 ppm. The X-ray

diffraction data of the product are shown in the Table 5 below.
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d-spacing (A) 26 1/1 12.39 7.14 100 10.96 8.07 48 9.28 9.53 21 6.90
12.83 24 6.12 14.47 15 5.56 15.94 17 4.46 19.91 39 4.00 22.23 57 3.40

26.21 79 Exanple 6 2.4 g of sodium alum nate (Al 203 cont ent
40 g of sodium hydroxide were added into 900 g of water,
was stirred to dissolve the solids.
added 20 g of hexarret hyI ene imne,

Then

= 42.0 wt% and
and the m xture

to the mxture were successively
60 -gat9g§olld S|I|ca and 48.5 g of

had el
1y Cd.bl. d.lll. S—rat—1orat

50.
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Si 29NWVR spect rum@xgl bited a nhucl ear magmertl c resorpance peak & -15.5 ppm
The X-ray diffraction data of the product are sho rm the Tapl e 6 below
10 Table 6 d-spac?-Af (A) 20 1y1 12.41719.9% 100 17

4.46 19.91 39

4.00 22.23 57

3.40 26.21 79

Example 6

2.4 g of sodium aluminate (Al,O3 content = 42.0 wt%) and 40 g of sodium hydroxide

were added into 900 g of water, and the mixture was stirred to dissolve the solids. Then

to the mixture were successively added 20 g of hexamethylene imine, 60 g of solid silica

and 48.5 g of divinylsilyl dichloride with stirring, and thus the reactants had molar ratios

as follows:
SiOz/A|203 = 100
NaOH/SiO, = 1.0,

divinylsilyl dichloride/SiO; = 0.3,

hexamethylene imine/Si
H,0/ SiO; = 50.

02 = 0.2, and

After stirred homogeneously, the reaction mixture was charged into a stainless steel

reactor and allowed to crystallize at 135 °C for 35 hours with stirring. Then the reaction

mixture was discharged and filtered, and the filter cake was washed with water and then

dried to give a product. The product was found to have a molar ratio of SiO2/Al,O3 of

105.3.

Solid Si**NMR spectrum was measured on a sample of the dried product, and the

Si*NMR spectrum exhibited a nuclear magnetic resornance peak at -15.5 ppm. The

X-ray diffraction data of the product are shown in the Table 6 below.

'he



10.95 8.08 57 9.29 9.52 36 6.91 12.81 23 6.12 14.47 19 5.55 15.97 25
4.46 19.91 43 4.02 22.11 58 3.40 26.21 81 Exanple 7 1.6 g of sodium

al um nate (A1203 content = 42.0 wt% and 24 g of sodi um hydroxide were
added into 720 g of water, and the m xture was stirred to dissolve the
solids. Then to the m xture were successively added 50 g of hexanet hyl ene
imne, 60 g of solid silica and 19 SHE?HE gehenyl trinet hoxysilane with

I I nd—+ ht t ha t t -
sti rri ng—and—thus—the+eactapnts—had—rolar—+ati-os—as—eHows:—SH-C2-A-203

150, Ncl(]—v S| @spading(A) pheny| tri rret hoxy’Z@r | ane/ Si 02 0.1, heXAgret hyl ene
i mne/ Sif02 = 0. 5»] and H20/ SO f\i er stirrefd hormgenegﬁal the
reacti on_nixture 'Gd charged into a q'r ess steel| reactor al Loved fo
crystalllize at 139 dg for 35 hours V\Ath§98rr| ng. Then the reao§ion mxtune
was di scharged—and—fittered,—and—thefitter—cakewas—washed—wth—water—and
then dried to gi%@9a pr oduct| The produd2 was found to have &6Gwlar ratio
of Si 02/|Al 203 of 6§i . Solid S 29NVR 2%:-:1'ctrum was| neasur ed g;sra sanpl e of
the dri ed product nd the 29NMVR anl um exhibifed a nucl nmagnetic

resor nance peak 631245 1 ppm The X—rqx@ffractl oh data of tfe product are

[ 19 A2 o 4 11

shown i —theTable—7below—itTabte 7 d-—spacing (A 29 t+++o 1243711100

10. 94 8.08 57 9.2659.52 36 15.9 25
4.46 19.91 43

4.02 22.11 58
3.40 26.21 81

Example 7

1.6 g of sodium aluminate (Al,O3; content = 42.0 wt%) and 24 g of sodium hydroxide
were added into 720 g of water, and the mixture was stirred to dissolve the solids. Then
to the mixture were successively added 50 g of hexamethylene imine, 60 g of solid silica
and 19.8 g of phenyltrimethoxysilane with stirring, and thus the reactants had molar ratios
as follows:

SiO2/Al,05 = 150,

NaOH/SiO, = 0.6,

phenyltrimethoxysilane/SiO; = 0.1,

hexamethylene imine/SiO; = 0.5, and

H,O/ SiO; = 40.

After stirred homogeneously, the reaction mixture was charged into a stainless steel
reactor and allowed to crystallize at 135 °C for 35 hours with stirring. Then the reaction
mixture was discharged and filtered, and the filter cake was washed with water and then
dried to give a product. The product was found to have a molar ratio of SiO,/Al,O3 of
142.0.

Solid Si*NMR spectrum was measured on a sample of the dried product, and the
Si®NMR spectrum exhibited a nuclear magnetic resornance peak at -45.1 ppm. The
X-ray diffraction data of the product are shown in the Table 7 below.
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Example 8

3.5 g of sodium aluminate (Al,O3 content = 42.0 wt%) and 8.0 g of sodium hydroxide

were added into 540 g of water, and the mixture was stirred to dissolve the solids. Then

to the mixture were successively added 30 g of hexamethylene imine, 60 g of solid silica

and 1.6 g of hexamethyldisiloxane with stirring, and thus the reactants had molar ratios

as follows:

SiO,/AlLO3 = 70,
NaOH/SiO, = 0.2,
hexamethyldisiloxane/SiO; = 0.01,

hexamethylene imine/SiO, = 0.3, and
HzO/ SIOZ = 30.
After stirred homogeneously, the reaction mixture was charged into a stainless steel

reactor and allowed to crystallize at 135 °C for 38 hours with stirring. Then the reaction

mixture was discharged and filtered, and the filter cake was washed with water and then

dried to give a product. The product was found to have a molar ratio of SiO2/Al,O3 of

68.0.

Solid Si®®NMR spectrum was measured on a sample of the dried product, and the

Si®NMR spectrum exhibited a nuclear magnetic resornance peak at 16.3 ppm. The X-ray

diffraction data of the product are shown in the Table 8 below.
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5.57 15.91 17 4.48 19.82 39 4.02 22.11 57 3.46 25.75 79 Exanple 9 50 g
of the powdery product as synthesized in Exanple 1 was exchanged with 150
m of 1 M aqueous solution of anmmoniumnitrate for four tinmes, and then the
solids were filtered out and dried. Then the dried solids were conpletely
m xed wth 20 g of alum num oxide, and then 120 g of 5 wt%nnitric acid was
added thereto. The resultant m xture lelgheaded and then extruded to form
bars w th—sizebetrng—XI—6—x—2rmm—TFhen—the—extrudates—were—dried—at—126-€
and then cal cidhephcing ¥80 C fof 6 hours, 2600 forma (esired catidd yst. Liquid
phase alkyl ati on ? t1on between propy; e@e and bengene: 1.0 g Qf t he
4P 0 9

cat al ystl_as prep above was | oaded | fixed bed reactor, dthen a
m xed feed consi gpigy of propyl ene and hgpzene was | ntroduced 4gito the

react or.—The—Teactiom conditfons were as _foltows:—WHSY of —propytene—=—=610
h-1, the nolar ra®#6 of benzene to prdb§Pene = 2.0/ reactionAlenperature|=
165 C, and reacti€§1pressure = 3.0 I\/Paf ‘Iihe reactof was contijyuously
operatedfor 6 days. |t was fpund that ngn\.mr sion o propyl ede” was 98% and
the effljuent contgiped 0.4 w | % of propyleme, 43.8 Mt % of berzene, 46.6|wt
% of i sgpropytbenzene, 8- 0 W% of diTsopropytbenzene, 05 W % of
triisoprlopyl benze®®’ and 260 ppm by weil§81 of n- propyl benzene.1™Conpar ati ve
Example |1 6.1 o) odi um al um nate (A content £ 42.0 wt?9 nd 3.2 D f
sodimtjm yar-oxi ge 1"f}v'ere added-j-nto 28§3 ;@? rethe rrix/23u9?e WAS 2
stirred to dissol4@2the solids. Then 2@.1the m xture were sucdssively added
34.0 g df hexahydropyridine apd 60 g of _solid I3 s{fica wth stirring, and
thus the_reactant34Rad nolar ratios as?Pdi¥ ows: Si /Al 208 = 74D, NaOH/ Si (2
= 0.08, hexahydropyridine/Si02 = 0.50, and H2O SIiQ2 = 16. After stirred
honbgeneousl y, the reaction m xture was charged into a stainless steel
react or Brampld @wed to crystallize at 150 C for 45 hours with stirring. Then

the reacti N5 g of the powdery product as synthesized in Example 1 was exchanged with 150

wat ar
VAT O

ba ]
y X

¢

ml of 1M aqueous solution of ammonium nitrate for four times, and then the solids were
filtered out and dried. Then the dried solids were completely mixed with 20 g of aluminum
oxide, and then 120 g of 5 wt% nitric acid was added thereto. The resultant mixture was
kneaded and then extruded to form bars with size being ¢1.6 x 2 mm. Then the
extrudates were dried at 120 °C, and then calcined at 520 °C for 6 hours, to form a
desired catalyst.

Liquid phase alkylation reaction between propylene and benzene:

1.0 g of the catalyst as prepared above was loaded in a fixed bed reactor, and then
a mixed feed consisting of propylene and benzene was introduced into the reactor. The
reaction conditions were as follows: WHSV of propylene = 6.0 h”', the molar ratio of
benzene to propylene = 2.0, reaction temperature = 165 °C, and reaction pressure = 3.0
MPa. The reactor was continuously operated for 6 days. It was found that conversion of
propylene was 98%, and the effluent contained 0.4 wt % of propylene, 43.8 wt % of
benzene, 46.6 wt % of isopropylbenzene, 8.0 wt % of diisopropylbenzene, 0.5 wt % of
triisopropylbenzene, and 260 ppm by weight of n-propylbenzene.

Comparative Example 1

6.1 g of sodium aluminate (Al,O3; content = 42.0 wt%) and 3.2 g of sodium hydroxide
were added into 288 g of water, and the mixture was stirred to dissolve the solids. Then
to the mixture were successively added 34.0 g of hexahydropyridine and 60 g of solid

13



m xture was di scharged and filtered, and the filter cake was washed wth
water and then dried to give a product. The product was found to have a
nolar ratio of Si 2/ Al 203 of 42.8. Solid Si29NVR spectrum was nmeasured on a
sanple of the dried product, and the Si29NVR spectrum did not exhibit a
nucl ear magnetic resornance peak in the range of from50 to -80 ppm The

X-ray di f hdy e 9 below Table
9 d- spac”&%aaw“p%ﬂrrﬁ% RreithlS e fessis Ha AOBYEatdh AORIBHR:S 9. 28100 55
9.58 40 6. §202'ZAI2Q3 -240 6.18 14.33 16 5.65 15.70 15 4.44 20.00 48 3.98
22.35 59 3@6@,\%@ g3-40 26.21 100 3.31 26.92 53 Conpar ati ve Exanpl e
2 50 g of the po ?y p 'duct as synthesized in Conparative Exanple 1 was
exchanged whekatyelopyridihe/Bi®L aqi60usngol ution of ammoniumnitrate for four
times, and l_ég(z% the solids were filtered out and dried. Then the dried
solids were Q29 mixed with 20 g of al um num oxi de, and then 120 g of

S Wo%nitri %ﬂ@?éﬂrré@ﬁoﬁﬁ%@ﬁebﬂ@%eﬁr% reE'&ﬁoﬁﬁjlit%?é’%'Bhégbé& H{tSﬁV‘Qélr{f%%aﬁsgl

and then extrud to f bars si ze being 4
ext r udat eeactarranddallovedato argstalizeaatd 5tOh°e€th1:eﬂl5dn0we| wath §tiréing Thoen fhehrﬁacson to

forma d red t | . LLqui. a at i reactl n berwe Iene
and benz@ﬁgurelw %8%2 Q?J %rgqjhﬁ?/'pseg éﬁd ﬁt& V&@%V‘(ﬁé efjgﬂ&b di
bed reacdiged tcaghdefafmduat mrveqﬁoﬂaemg@mrﬁitbma\@fa m&mﬂ&aw«m@zw was
i ntroducgd into the reactor. The

Solid Si¥®NMR spectrum was measured on a sample of the dried product, and the

Si®NMR spectrum did not exhibit a nuclear magnetic resornance peak in the range of
from 50 to -80 ppm. The X-ray diffraction data of the product are shown in the Table 9

below.
Table 9
d-spacing (A) 26 /o
13.66 6.47 59
12.51 7.065 83
11.29 7.83 47
9.23 9.58 40
6.92 12.80 24
6.18 14.33 16
5.65 15.70 15
4.44 20.00 48
3.98 22.35 59
3.54 25.19 42
3.40 26.21 100
3.31 26.92 53

Comparative Example 2

50 g of the powdery product as synthesized in Comparative Example 1 was
exchanged with 150 ml of 1M aqueous solution of ammonium nitrate for four times, and
then the solids were filtered out and dried. Then the dried solids were completely mixed
with 20 g of aluminum oxide, and then 120 g of 5 wt% nitric acid was added thereto. The

14



reaction conditions were as follows: WHSV of propylene = 2.0 h-1, the nolar
ratio of benzene to propylene = 2.0, reaction tenperature = 155 C, and
reaction pressure = 3.0 MPa. The reactor was continuously operated for 6
days. It was found that conversion of propylene was 97.5% and the effl uent
contained 0.5 wt % of propylene, 43.9 wt % of benzene, 46.3 w % of

i sopr ODYHeQQF?érﬁﬂﬁbxtL?re%véM k%éﬂedjéhé %@&&Fm&%rm%a'?f With’8i2é being ¢1.6 x 2
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1000, nMPa0TBelretotot was=@orﬁﬂﬁ|omely2opé?ated for 6l m&st ltowas selied trexd donomsﬂdreof

o om i b BREvEr g e S @Heatb e corflanetia B3 % gharomieinet S % Phg
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of from Wig®prepysenzane, apd ZElﬁepmngamelght eom-ppepydbenzane.it e according to
claim1l1, wherein a X-ray diffraction pattern of the organosl | i con por.ous
zeolite exhi Erh@ﬂoamtﬁra@&enbapeléat@néorﬁ%@atﬂm|llwggat%es and jestinggmsthods citgdo
11.00.3,.9,30.3,.6.80.2, 6.10.2, 5.50. 4.00.2 and 3.40.1 A 3.
The or ga'ﬁdé?lspéﬁ'ﬂcﬁt'ﬁ'baée nSeIRqratesieset %ré@re@cg, m1l or 2, wherein n is in
a range FOK 0)

a range of f%ﬂ@gﬁgiﬁ%rﬁ%ﬂ hé} b%ﬂéaggcr!;ms' \tlﬁ’i%f%Fé’r(ﬁ;Bregt&é%rg @Pgeg@?gr |ng to
cl ai m 3, it whiébei mnders@odnb;ath@&mgehtbéd ﬁn the a0 that yaﬂousnchanges andamgdificatiémsom
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or ous _2dan et ovihad BrallE st hF SErRiahd SeBp? cline Ivehione THERFIELLEE
ORe SFI eplentidr 98N Adieliralted PtoC eits ipdridifaro bnfbbdirentsk iscldeedChe ek eyl neodk
Pheny contemplated for carrying out this invention, but the invention will include all

embodiments falling within the scope of the appended claims.
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6. The organosilicon porous zeolite according to claim5, wherein Ris at

| east one selected fromthe group consisting of nethyl, ethyl, vinyl, and
phenyl . 7. A process for preparing the organosilicon porous zeolite
according to claiml1, conprising: a) mxing a source of organic silicon, a
source of inorganic silicon, an alum num source, an alkali, an organic

am ne t eyatd Q9infetet and water to forma reaction mxture, wherein the
reaction mxture has a conposition in terns of nolar ratios falling within
the foll owlndnreiggessili@rppmiusEeatites whereiobe argenssilicaeporfousrzgmiitechas the

The or galalaving tdeh.bp el b35S TniRtubSnepmericbERian A S48 IPaa”cr

i nor gani m =0l00ciato 1, ix=0e0085to2, Rid Bt leaston®) sélbtted frgmtthe gf@gs tomsistingbaleylt o
react at ﬁ terrpe[}g{urg of from90 to 200 Cfor, 1 to 10(0J hours to forma
cryst al | iKeNYEERAENYAARd epnpeetsdde arrdliconatem igithe fiamewersqidhe sgelienand M om
step b),; i kLo ; Iy bV, he:2 kiGN us
ceoli ¢, SpRTBG8hiL artiridoiAp Bling Heberl hddrncrBinda Eoikd SR SPELIGfoP fe

i nor gani erganbsiioon iporaits zéelidethasnat lastone Sifr ouclede Mmagoefic cessnatdengeal in

silica sgts | i ild ilica gels, silicic acid esters, diatomte and
wat er glﬁ‘?sr?négé)fg@m E:éed:@'@(? Qaﬁ\'c silicon is at |least one 16 selected from
the group canFhetdrggnedilidtnl peidugneslitesatcrdingto ainmal kakgrein laaxeay diffi@ction

al um num source is at | east one selected fromthe group consisting of sodium
al uni nat Ratteraqefi the retaneslicgPh RYOUs ZeRiiteurxRibits stiffractienmeaks ¢rrfesaading to

al um numythi g [ | Y [ | grq g8, | in

ont rmor | FIBa g Oy Rere] B, TORY'S, BKY, 6.840 2. Ul 2 02 P 24 8862 and
consi sti 3g+06f1 Ai t hi um hydr oxi de, sodi um hydroxi de, potassi um hydr oxi de,

rubi di um hygr L'Ilﬁl de andl. cesi um h%dr@xi de; t.he, or ani1c aﬂ1 nﬁ is at. .|least one
sel ected from ﬁé)r%?%%'qp%?@fjf §° e ACRIHIRA Ly P ned’ fre¥ At hDI'_ HEA A Te,
cycl ohexyf fag i@, tol s IR i £ gendffom Dapt RNBBhIhE@RSs inh Rngdf fréfinE01 to 1.
hexahydr opyri di ne, butyl am ne, hexyl am ne, oc;e/l am ne, Y\ﬂg nam ne,

dodecy!| am né; ThRedraaBesiliean RRrOUSMLAIE] aserdingnionelaing 3, WErgingt s acergelPhg

vty 0T, 1O S04SR SR RFam O 49D, 8 S LS e S P 0 05

di met hyl si | %l Themmgamdsilicatheponous zeoliiedaccoeding ltdiamgtdng sfi digims domitdeein R is

DL TR AL e ST ALY L) LU aspytana o

\O/I: g\;lt [;y: §|Ct sdanil srighMbsifidwpbrus FE3IY lacBERIMY to/ LR S, |Where R isdft least one
selected from the group consisting of methyl, ethyl, vinyl, and phenyl.

7. A process for preparing the organosilicon porous zeolite according to claim 1,
comprising:

a) mixing a source of organic silicon, a source of inorganic silicon, an aluminum
source, an alkali, an organic amine templating agent and water to form a reaction mixture.
wherein the reaction mixture has a composition in terms of molar ratios falling within the
following ranges: SiO,/Al;03 = 5 to 1000, the source of organic silicon/SiO, = 0.001 to 1,
OH7/SiO; = 0.01 to 5.0, H,0O/SiO; = 5 to 100, and the organic amine/SiO, = 0.01 to 2.0,
wherein SiO; represents the source of inorganic silicon in terms of SiO,; and

b) allowing the reaction mixture to react at a temperature of from 90 to 200 °C for 1 to
100 hours to form a crystalline product, and

c) recovering the crystalline product obtained from step b), washing it with water and
drying, to give the organosilicon porous zeolite.

8. The process according to claim 7, wherein the source of inorganic silicon is at
least one selected from the group consisting of silica sols, solid silica, silica gels, silicic

acid esters, diatomite and water glass; the source of organic silicon is at least one
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trichloride, divinylsilyl dichloride and di phenylsilyl dichloride; the
sil azanes include hexanethyl disilazane, heptanethyl disil azane,
tetramet hyl di sil azane, divinyl tetranethyldisilazane, and di phenyl
tetranmet hyl di sil azane; and the al koxy silanes include trim

et hyl et hoxysi | ane, di nmet hyl di et hoxysil ane, trinethyl methoxysil ane,

di met hy|ﬁl@&bayﬁémstrieagﬂauf%ﬂwshﬁg B¥t RASYiRNe’N&ilagafes and alkoxy silanes; the,
di phenyl di et hoxysi | ane rocess according to any one of clains 7-9,

wher ei n alHEIRWASOURE I aitlaé%t onﬁagelact@drfm ithe groumcersis¥Ndof sediam alamntrfsie

or gani ¢ S0 HeBahRgH, BIFERGRE syl sAgiuG: ghitals?, Sk BE, @BHGREeT,
to 80, aaidmlﬂrwndmghoxldeamummﬁhoaxrdeok@5l|rl andl. mpnMGnlkimteSitlﬁé dilegir Bsatnkeast
t he source of nic silicon in terns of progess accor.di ng

to any o ot '%& om 1he GRRYR; FPRRNGe &Lt I F@l’\umt %@rx &ir §OfiyM  hydroxide,
crystal | haaksiam hydroRide, F@Jl@@n?ﬁy@ﬂo&fﬂelgﬂdt&sm h?drcﬁmje rtﬁé‘btrgé’rﬂcta'nﬁﬁe i®ht

crystalllzatlon IS 1IN arangeo rom to hour s. . he Process
accor di nigastongmgelepteddrorsithe gsoup ¢ansisting @feethmlanpd iamlng Ia@ta«igem@ned@mneon

Cryst ol 1 eheRERE, o heRb kA, ' e, o bk Rs, oL EoBh  byiinb®
accor di nIgeXahydrt}pymndmeqf batydamminel - Gerpamine, adstyldraire, oqumnaneprﬂndwytarmhea
cat Al St decyBmine. and ofadley@mine 92" ¢ compound. 17

9. The process according to claim 8, wherein the halosilanes include trimethylsilyl
chloride, dimethylsilyl dichloride, triethylsilyl chloride, diethylsilyl dichloride, dimethylsilyl
monochloride monobromide, ethyldimethylsilyl chloride, butyldimethylsilyl chloride,
dimethylphenylsilyl chloride, dimethylisopropylsilyl chloride, tert-butyldimethylsilyl
chloride, dimethyloctadecylsilyl chloride, methyl phenyl vinylsilyl chloride, vinylsilyl
trichloride, divinylsilyl dichloride and diphenylsilyl dichloride; the silazanes include
hexamethyldisilazane, heptamethyldisilazane, tetramethyldisilazane, divinyl
tetramethyldisilazane, and diphenyl tetramethyldisilazane; and the alkoxy silanes include
trimethylethoxysilane, dimethyldiethoxysilane, trimethylmethoxysilane,
dimethyldimethyoxysilane, phenyltrimethoxysilane, and diphenyldiethoxysilane.

10. The process according to any one of claims 7-9, wherein the reaction mixture
has a composition in terms of molar ratios falling within the following ranges: SiO2/Al,03 =
10 to 250, the source of organic silicon/SiO, = 0.005 to 0.5, OH/SiO; = 0.05 to 1.0,
H,0/SiO, = 10 to 80, and the organic amine/SiO; = 0.05 to 1.0, wherein SiO, represents
the source of inorganic silicon in terms of SiO,.

11. The process according to any one of claims 7-10, wherein the reaction
temperature for crystallization is in a range of from 100 to 180 °C, and reaction time for
crystallization is in a range of from 2 to 60 hours.

12. The process according to any one of claims 7-11, further comprising aging the
reaction mixture at a temperature of from 10 to 80 °C for 2 to 100 hours prior to the
crystallization reaction.

13. Use of the organosilicon porous zeolite according to any one of claims 1-6 as an
adsorbent or as a component of a catalyst for the conversion of an organic compound.
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