A Bl - M CROPOROUS/ MESOPCROUS COVPOSI TE MOLECULAR SI EVE AND PREPARATI ON
PROCESS THEREOF FI ELD OF THE | NVENTI ON The present invention relates to a
catal yst carrier material prepared by conbining zeolites with

bi - m croporous phases (Y type and Beta type zeolites) and a nol ecul ar sieve
W th rresoporous phase (MCM41), and to the preparation process thereof
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in the field of catalysis. Subsequently, X type zeolite is applied to catalytic

cracking by US Mobile Company in 1962, and ultra-stable Y type zeolite
(USY) catalyst is developed by Grace Company in 1969. Besides the
application in cracking and hydrocracking, the catalytic processes using
molecular sieves have been industrialized in the fields of isomerisation of
normal paraffin, low temperature isomerisation of Cg aromatic hydrocarbon,
disproportionation of toluene and shape-selective catalysis at that time.

Microporous molecular sieves have uniform and developed effective
micropores as well as strong acidity. However, the pore of microporous
molecular sieves has a relatively small diameter (smaller than 2 nm) and can
not let macromoleculars in, which severely limits their industrial application.
Since Mobile Company synthesized the M41S family of mesoporous
molecular sieves in 1992, the synthesis technology, property characterization
and crystallization mechanism of the mesoporous molecular sieves with pore
diameters of 2 nm to 50 nm have been the hot topics in international research.
However, the pore wall of mesoporous molecular sieves is amorphous, which
results in their weak acidity and poor hydrothermal stability. From the 1990s,
the desire for novel catalytic materials is growing with the developing of
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petrochem cal industry and fine chem cal industry as well as the increasing
requi rement for environnment protection. Therefore, the researchers intend
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The bi - m cropor ous/ nesopor ous conposite nol ecul ar sieve (Y-Beta/ MCM 41)
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focus on the binary microporous/mesoporous composite molecular sieve,
while the ternary bi-microporous/mesoporous composite molecular sieve has
not been reported yet. With respect to Y type and Beta type zeolites that have
been widely used in hydrocracking industry at present, the present inventors
have combined the characterizations of the two in the hydrocracking process,
that is, the heavy naphtha having a high potential aromatic content and the tail
oil having a low BMCI value are obtained using Y type zeolite, whereas the
Beta type zeolite has high selectivity to middle distillates and high activity but
the heavy naphtha has a low potential aromatic content and the tail oil has a
high BMCI value and have set forth the present invention wherein a novel
bi-microporous/mesoporous composite molecular sieve (Y-Beta/MCM-41) is
synthesized by the hydrothermal overgrowth process in basic system utilizing
the supramolecular assembling effect of mixed cationic and nonionic
surfactants. The present invention is further development of molecular sieve
catalytic material, and the synthesized bi-microporous/mesoporous composite
molecular sieve (Y-Beta/MCM-41) can be used as a novel carrier of a
hydrocracking catalyst, which has potential application in fields such as
petrochemical industry.



The nol ar proportion of the raw materials according to the present

i nvention is as follows: 0.10-0.25 of CTAB/ Si 02, 5-7 of CTAB/ OP-10, 58-78
of Si02/H20, and Si / Al >25; the mass ratio of (Y+Beta)/Si02 is 0.26-0.80;
and the amount of the m croporous phases Y type and Beta type zeolites can
be adjusted in any scale provided. The tenperature for the pretreatnent of
the m croporous phases is 30C 50C, and the pretreatnent tine is

25m n-30m n; the pH value of the synthesis systemis in the range of
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is 2.0h-4.0h. .
reproducible.

The bi-microporous/mesoporous composite molecular sieve according to the
present invention is prepared by combining Y and Beta type bi-microporous
zeolites with MCM-41 molecular sieve, wherein the pore wall of the
hexagonal mesoporous phase is compactly surrounded by the bi-microporous
phases so as to exhibit a number of spherical or hemispherical hollow shell
structures, which form a network by cross-linking, and both the silica-alumina
ratio and the content of the microporous phases can be adjusted.

The bi-microporous/mesoporous composite molecular sieve (Y-Beta/MCM-41)
according to the present invention is prepared by the supramolecular
self-assembling of inorganic precursors (I') of pretreated microporous phases,
silicon source and aluminum source through S*S°I" route under the function of
cationic  (S") /nonionic (S°) mixed surfactants, so that the overgrowth of

mesoporous phase on the microporous phases is achieved.

The preparation procedure is as follows:

(1) pretreatment of the microporous phases: mixing homogenously Y type and
Beta type zeolites in proper proportion, and then adding the mixture into
deionized water, stirring the resulted solution until homogenous at specific
temperature and denoting it as Solution A for further usage;

(2) mixing certain amounts of surfactants, i.e., cetyl trimethyl ammonium
bromide (CTAB), and polyoxyethylene alkylphenol ether (OP-10) in proper
proportion, and then adding the mixture into deionized water, stirring
uniformly the resulted solution at room temperature and denoting it as
Solution B after clarification for further usage;

(3) adding the obtained Solution A into Solution B and stirring until



The inorganic acid used in the present invention nmay be any one of
hydrochloric acid, sulfuric acid or nitric acid, or a mxture of any two
thereof; the inorganic base is mainly sodi um hydroxi de or potassium
hydroxi de. Industrial sodiumsilicate may be used as the silicon source of
the basic system according to the present invention, and the al um num
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(4) subjecting the crystallized product obtained by step (3) to filtration,
washing and drying so as to provide a white solid powder, calcining this solid
product in nitrogen stream and then transferring it to a muffle furnace for
calcining in air, ion-exchanging the calcined product in solution of
ammonium salt in proportion, followed by filtration and drying, after final
calcining in air, obtaining a hydrogen-typed Y-Beta/MCM-41
bi-microporous/mesoporous composite molecular sieve.

The molar proportion of the raw materials according to the present invention
is as follows: 0.10~0.25 of CTAB/SiO,, 5~7 of CTAB/OP-10, 58~78 of
Si0,/H,0, and Si / AI>25; the mass ratio of (Y+Beta)/SiO, is 0.26~0.80; and
the amount of the microporous phases Y type and Beta type zeolites can be
adjusted in any scale provided.

The temperature for the pretreatment of the microporous phases is 30°C~
50°C, and the pretreatment time is 25min~30min;

the pH value of the synthesis system is in the range of 10.1~12.1;

the crystallization temperature < 100°C, and the crystallization time is 48h~
72h;

the crystallized product is calcined in nitrogen stream at a calcining
temperature of 500°C~550°C and a calcining time of 1 hour; the temperature
for the calcining in air is 500°C~600°C and the calcining time is 4.0h~6.0h;
the concentration of the ammonium salt in the solution is 0.05mol/L~
0.20mol/L, the ratio between the calcined product and the solution of
ammonium salt is 1g : 150mol/L~300mol/L, and the time for ion-exchange
is 2.0h~4.0h.



Figure 3a is a SEMinmage of My{3-1. Figure 3b is a SEMi mage of My13-1.

Figure 4 conpares the catalytic performance of MYl 3-1 on the probe nol ecul e
a- met hyl napht hal ene with that of the mechanical mxture of three materials
of Y, Beta and MCM41. Figure 5a conpares the XRD pattern of MCM 41 before
and after hydrothermal treatnent (the hydrothermal treatnent is carried out
I n water vapour at 550C for 4 hours), wherein a and b represent before and

after the_ hydrothermal treatnent, respectively. |
The inorganic acid used in the present invention may be any one of

hydrochloric acid, sulfuric acid or nitric acid, or a mixture of any two thereof;
the inorganic base is mainly sodium hydroxide or potassium hydroxide.

Industrial sodium silicate may be used as the silicon source of the basic
system according to the present invention, and the aluminum source may be
any one of aluminum chloride, aluminum sulfate or aluminum nitrate, or a

mixture of any two thereof.

According to the present invention, when the silicon and aluminum sources
are added into the mixture, the stirring time before adjusting the pH value of
the system is typically 1.0h~1.5h, and the time of stirring after adjusting the
pH value is about 0.5 h.

According to the present invention, when the calcined product is
ion-exchanged in the solution of ammonium salt, the ammonium salt used
may be any one of ammonium nitrate or ammonium chloride, or the mixture
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1a is a XRD pattern of MYB-1.

Figure 1b is a XRD pattern of MYp-1.

Figure 2 shows the low temperature N, adsorption/desorption isotherm of
MYB-1 and the relationship between the pore volume and the pore diameter
obtained by BJH desorption (inserted figure).

Figure 3a is a SEM image of MY 3-1.

Figure 3b is a SEM image of MY3-1.

Figure 4 compares the catalytic performance of MY -1 on the probe molecule
a-methylnaphthalene with that of the mechanical mixture of three materials of
Y, Beta and MCM-41.

Figure 5a compares the XRD pattern of MCM-41 before and after
hydrothermal treatment (the hydrothermal treatment is carried out in water
vapour at 550°C for 4 hours), wherein a and b represent before and after the



Fi gure 5b conpares the XRD pattern of Myl 3-1 before and after hydrothet nal
treatnent (the hydrothermal treatnent is carried out in water vapour at
550C for 4 hours), wherein a and b represent before and after the

hydrot hermal treatnment, respectively. DETAILED DESCRI PTI ON OF THE | NVENTI ON
The inplementing of the present invention wll be further described with
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After findlCEHE@MPHG in air, a Y-Beta/ MCM 41 bi - ni cr opor ous/ mesopor ous
conposite nol ecul ar sieve is obtained, which is synthesized in the basic
systemin_the m croporous phase proportion of 1 : 1 in the feedstock, and
the rel at E%ample dnt of which is 53% This sanple is naned as My13- 1.
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dropwise slowly 5 ml of sodium silicate (SiO, 25.4%, Na,O 7.4%), and 0.389
g of Aly(SO,);-18H,0 is added slowly 5 minutes later. The molar proportion
of the raw materials is 1 SiO, : 0.15 CTAB : 0.025 OP-10 : x (Y+Beta) : 0.02
Al,O5 : 0.28 Na,O : 60 H,O, wherein the mass ratio of (Y-+Beta)/SiO, is 0.53.
After the system is stirred for 1.0 hour, its pH value is adjusted to about 11.1.
After further stirring for 30 minutes, the colloidal liquid is loaded into a
reactor with inner liner and crystallized at 100°C for 48 hours. The obtained
product is subjected to filtration, washing, drying and calcining, and the
calcined product is ion-exchanged in 0.10 mol/L solution of ammonium
nitrate in the proportion of 1 : 200 for 2.5 hours, followed by filtration and
drying.  After  final calcining in air, a  Y-Beta/MCM-41
bi-microporous/mesoporous composite molecular sieve is obtained, which is
synthesized in the basic system in the microporous phase proportion of 1 : 1
in the feedstock, and the relative content of which is 53%. This sample is
named as MYB-1.

Referring to Figure la and 1b, which are X-ray diffraction (XRD) patterns of
MYB-1, it can be seen that a diffraction peak with strong intensity of the
hexagonal mesoporous phase appears at the position of [100] in the small
angle diffraction zone. [110] and [200] diffraction peaks with lower intensity
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are also distinct, which represents the fine structure within the hexagonal
mesopor ous phase. This result shows that the synthesized

bi - m croporous/ mesoporous conposite nol ecul ar sieve (Y-Beta/ MCM 41) has a
relatively good regularity. In the high angle diffraction zone, the
characteristic peaks of Y zeolite [111] and Beta zeolite [302] are both

di stinct, ‘P@'aﬂﬁb Ot h@hlém%ﬁ?é’s%ﬁféotl%'%xﬂiﬂ%ﬁ%%ttﬁ’eewﬁﬂhncﬂ{@'h%kﬁgéfnal
destroyed In the system Figure 2 provides t |'ow tenper at ure

adsor pt i oﬂiVl@@mTptliS on pheseher thhes Myesuland shioavs el ghatonstliqp beynesizede

i gur o). - P dohOEyRAEs b ETRICieo LRGB! R "ol B NIERIEE o

1.104 cnﬁhgs(a\hmletlvelyh?opdr eegwllam (Iﬁ the:rh)gbreﬁ lies c@ff@atkﬁmnﬂicgie e

aver age po e di anmeter e m)s opor e

G airet or " FHEHGATTS PedkuOh ner il 1] PdKACE ltgrégﬁgi%%ggﬁl dissincta. 52
nm  Ref er RyRightsPowethaEvheé 'M?ég@fodﬁ" Haée@ AL HHL R ?dhsttd Pt e seen
that the nol ecul ar sieve prepar by ‘conbi ni ng two ero or ous phases W th

a nmesopor 8M8{Cphase has a nunber of spherical or hemi -spherical hollow shell
structures, which forma network by cross-linking. Figure 4 conpares the
catal ytic perfor mance of My-1 on the probe nol ecul e a-net hyl napht hal ene
wi th that Foguteh2 previdey tied lamvxttemtmraturemsleetdrsaqﬁrmw/ldssomtibn Bettheandof

t t.he Y-Beta/ cro

MCM 41, | b i

composi t e METRL st S 8thasTE: Pemgean B BOTs VRN BTl NE DAy REicret
activity @bttqﬁedttﬁy BIFOdeRaptiog. (ideah&y ré‘ﬁ I@rtﬁslasgﬁanﬁéaéurf&ea@rdal éf es
are all ggét@én |1y better thanthose e mechani cal m xture.

Referring eDapﬁpter\rrﬂume - 1. 5)141 em rg/dmdteﬁ@mhe tRQLgt ehtme rof

Figure 5by, RN P f 100]
diffracti onlbIE)O ?@O ﬁ raglléﬁr%%?@ Eé’ﬂL ?@g@ t)B/Qerﬁ'hMere H{m and
[ 200] di fm(‘e&tqarobalmleakmsoporebdlametﬁgmszié(M nmj; aadr a@adrhi waHatiptlenass
hexagonal _order ed structure and good order degree of structure
Meanwhi | em‘?SQr%QF?% i 8}?‘8 ﬁrlﬁ)@@ patterns of MOM 41 after hydrothermal 8
treatment in Figure 5a, after the hydrothermal treatment, the diffraction

R SRR TN S e d T s R

reducti ongpft the mOldalardGevE Hrepatld b Bhfbining two microporous phases with
a mesoporous phase has a number of spherical or hemi-spherical hollow shell
structures, which form a network by cross-linking.

Figure 4 compares the catalytic performance of MYB-1 on the probe molecule
a-methylnaphthalene with that of the mechanical mixture of three materials of
Y, Beta and MCM-41. It can be seen that the Y-Beta/MCM-41
bi-microporous/mesoporous composite molecular sieve has stronger acidity
and better catalytic activity since its ring-opening, dealkylating and
isomerizating abilities are all substantially better than those of the mechanical
mixture.

Referring to the XRD patterns of MYp-1 after hydrothermal treatment in
Figure 5b, it can be scen that, after the hydrothermal treatment, the [100]
diffraction peak of MY[-1 has a relatively high intensity, and the [110] and
[200] diffraction peaks can be recognized, indicating this sample remains
hexagonal ordered mesoporous structure and good order degree of structure.
Meanwhile, referring to the XRD patterns of MCM-41 after hydrothermal
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Example 2 0.47 g of Y type and 0.47 g of Beta type zeolite powders are

m xed and pretreated and then added to a bl ended sol uti on containing CTAB
and OP-10. After stirring at roomtenperature for 30 mnutes, the mxture
is added dropwise slowy 5 nl of sodiumsilicate (Si02 25.4% Na20 7.49%,
and 0.156g of Al 2(SO4)3.18H20 is added slowy 5 minutes |ater. The nolar

proportio a ry Al S X
propor s okl parimmke Sl g hedy Ogyieni Tl A48 BiriCiop

( Y+Bet a) / Sh@Rsity of. [SQO] Aiﬁfmttmp%tmnﬁimnt}y édcneaseCL anchthe [110] angH

value is 1 t he
col | oi dal T??@E?@‘f’fiatscﬁf)@a@%ﬁ&(% %‘Pépg%leilé‘{ll&aﬁ tsﬁgﬁm’] & ?ﬂé&%ﬁ&@% 8t i zed
at 100C f degh® bbstractufée obt ai ned product is subjected to filtration,

washi ng, drying and cal cining, and the cal ci ned product is ion-exchanged in
0.15 nol /L solution of amonium chloride in the proportion of 1 : 300 for
2.0 hoursEggﬁ,;y@d by filtration and drying. After final calcining in air,
a Y-Betal/ NCM 4 nlcroporous/neso orous conposite nol ecul ar sieve is

obt ai ned, Ovthf (%10ifs shiitchasil 2647 g ehddasiypesyeelee ppwidess sire aniped emd5 in

t he feeds I e
and O. 23585’&?63&5{?51%@%1@ zzg% e pom%@es&/g&e&%qn%@l% rgmgr(e:? {%gtsd glg and {)yp
added to Aﬂ)ﬂ:lelsdﬂ?ngoamwom d;em;mrﬂtlumg forABOantnGRes] OtheAiniestust iis raddpdat
0f *sod: unEWiS: SRt s 58! i, sodid Riliege” S5 Ba0e ofan s (B S B 150
i s added 8| I)Sf@lgé & mm@g@@ 41@%@ fEhedaed aglowigper trhﬁﬁlt@sf labe. rﬁhe nﬁlb%ﬂ al's
is 1S, : CAB 3 X (Y+Beta) : A1303 120

60 1LO mﬁé‘?@rﬁloﬁlh@ rfh@slar‘?‘étmém&al% YSBEtSinSI 0215 SCEAZ_B? AO2Sr QH |lpr| r?Fg For
1.0 hour, thF@.e‘? %B%C’Al e . S(Y?tSeNa' & aCHOJ?F?? %eﬁ@ﬁy%llmé]rgé%s 8T of
1l a urd s Toa

further stirrin es, the ¢ol ol d into a

react or W YtBata SI(DQ 0. ﬁndAﬁeykh@BystszlmtlﬂedcfordrO&fsburhﬁsur;ﬂ{ vahee is

obtalned BERNEL hoaBl TPl LA AR BOSE 00 RS RO Rl 1o

amoni um higtidiseldadetihate la(lﬁaéﬂdrqmthfmi;er lizep aﬁdrcr?sﬁllh@ed at 1OOPC(fwd¥8by

f||trat|o and After i nal n air, a Y-Betal
-mi crop8f B{%/ﬂ%%&gga |kSeS‘3?%1I€§Ef‘qu % BlERHOn, swaphgs %.8&4@1 s
5 y nt hesi Z@Qlcirﬂngh ené %ﬁé Q:aisdiﬁé& 'ﬁrbﬂu&thfs iBCé Bhr@slg rﬂ?@/ﬂ?%lh@i’@)noéf

1 in the feedst he relative content I's sarrpe

i's V\SamEd AR MYRIZIM E)kgﬁﬁﬂé i thespgomrtmgt 9pd a&&DOofcaza Q)hoees afallpeeddyl i te
Pont ai ni ntEAToARECARY BE At B Sl | RARNED i Brpef adcpstPAENER
?5nzg/esmggmlaz%gom§ﬁlmga§§g@ug; A Zselgi lmwlecubamticot 1SO(§I:(bjtamei1 Iwhﬁﬁﬁls(n 5}( gg
Coi e oS bedr B the PO Htam e A SALPE 623 gy feedhladk oh s

0.025 OP-dfinpledisinarBedak MYP3004 Al 203 : 0.28 Na20 : 60 1120, wherein the
mass ratio o? (Y+Beta)/Si02 is 0.53. After stirring for 1.0 hour, the pH
val ue of the systemis adjusted to about 11.1. After further stlrring for
30 m nutep hg@ IIO|daI liquid is loaded into a reactor with inner liner
and cry stal,xla 8 at 100C for 48 hours. The obtained product is subjected to
filt rat| ob.23bgs bif Ny, tygey amd (hQGSgabﬁantagtyp@nde(blm{@ paiv\cdmechmrmimcd dmsl

i on- excha d in,0, nol / ol uti nium chlori d rtion
o1 XL At §nd3nrR s lstia riByfed PRI S B e DR

cal ci ni ngAlf‘d@:raStlirrlr@g YatBﬁé@ﬂiN%{‘r@%r@ﬂur@ fgroBOr ﬁﬁﬁht@soﬂ&r @Hﬁ(tﬁﬁ&ﬁ@sad.@d

nol ecul ar _si eve i s obtained, which is synthesized jn the basic s% tem

the mcr d?)‘&ﬁﬂ@ p Qé’\él}’péoﬁ&r pif osp@nm silipaten (K F22ed<e,0dNe2Oanad Yhe an
relative g8RYEN, O WRICE), 18P0 isShALFLERwITNISS [ATRES Tate"aTRE ARIMY- 4.

proportion of the raw materials is 1 SiO, : 0.15 CTAB : 0.025 OP-10 : x
(Y+Beta) : 0.02 ALLO; : 0.28 Na,O : 60 H,O, wherein the mass ratio of
(Y+Beta)/Si0, is 0.27. After stirring for 1.0 hour, the pH value of the system
is adjusted to about 11.1. After further stirring for 30 minutes, the colloidal
liquid is loaded into a reactor with inner liner and crystallized at 100°C for 48
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I ndustrial applicability The novel bi-m croporous/nesoporous conposite

nol ecul ar sieve (Y-Bcta/ MCM41) set forth by the present invention has the
foll owi ng characterizations: (1) Wth regards to the mcro norphol ogy,
significantly differing fromthe nmechanical mxture, the

bi - m cropor ous/ mesoporous conposite nol ecul ar si eve exhi bits a nunber of

spheri cal hggrdeThe %ﬁfﬂéﬂagrcﬁlﬂldt% §ﬁ1?leb%e FYI G Wa8ion, Wt ﬁﬂn@o dfgﬁqrg;%hwm k

by cross-linking, and the pore wal mesopor ous Eaase IS actly

sur r ounde@algyninge apildhe setaned praduet is ippyexthangedndt.dpanolis/ sedybpBrodus

conposite, ur, f g, a
pore vol un@ggﬁ%@ﬁ%@%ﬁah@%ﬂ@r@&ﬂt eggzlré VO fﬁe%?uﬁ?%m%ﬂgg%d;% 046
cnB/g), aﬁlﬁahoagandorchfym@m&er ofinal 32a]r¢mmm‘gneme|alrt ree YDBEtaVSDVIIbI&bHé
mesopore dianeter is nm f or neso res% gqc} ore t.hi Ess of
nmesopor es PHTUEEYRRTOPS e?ﬁﬁ“"%)“ﬁ@" le6H Bl?g é’gﬁ% st e
mol ecul ar sﬁm@‘églzjeﬂ @bl Badc témhhzt'h'&gm‘ié‘r%p%ﬁd@xﬁs@ﬁﬁh@@%b'r Eoﬁﬁ%ﬁ@?'l' ng

ef fect of mg Hrfact ants (CTAB and OP-10) hyd [ ot ermal overgrow h
synt hesi Slrb,t e deedstock, and the relative content of Wthh is 27%. This sample 1s

named as MY[-3.

Example 4

0.31g of Y type and 0.62g of Beta type zeolite powders are mixed and
pretreated and then added to a blended solution containing CTAB and OP-10.
After stirring at room temperature for 30 minutes, the mixture is added
dropwise slowly 5 ml of sodium silicate (SiO, 25.4%, Na,O 7.4%), and
0.078g of Aly(SO4);:18H,0 is added slowly 5 minutes later. The molar
proportion of the raw materials is 1 SiO, : 0.15 CTAB : 0.025 OP-10 : x
(Y+Beta) : 0.004 AlLO; : 0.28 Na,O : 60 H,0O, wherein the mass ratio of
(Y-+Beta)/Si0; is 0.53. After stirring for 1.0 hour, the pH value of the system
is adjusted to about 11.1. After further stirring for 30 minutes, the colloidal
liquid is loaded into a reactor with inner liner and crystallized at 100°C for 48
hours. The obtained product is subjected to filtration, washing, drying and
calcining, and the calcined product is ion-exchanged in 0.05 mol/L solution of
ammonium chloride in the proportion of 1 : 300 for 3.0 hours, followed by
filtration and drying. After final calcining in air, a Y-Beta/MCM-41
bi-microporous/mesoporous composite molecular sieve is obtained, which is
synthesized in the basic system in the microporous phase proportion of 1 : 2
in the feedstock, and the relative content of which is 53%, Si/Al=125. This
sample is named as MY [-4.

Industrial applicability

The novel bi-microporous/mesoporous composite molecular —sieve
(Y-Beta/MCM-41) set forth by the present invention has the following
characterizations:

(1) With regards to the micro morphology, significantly differing from the
mechanical mixture, the bi-microporous/mesoporous composite molecular
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(4) The Y-Beta/ MCM 41 bi-m croporous/ mesoporous conposite nol ecul ar sieve
can be synthesized in a basic systemand both the silica-alumna ratio and
the content of the m cropores of the m croporous phases can be adj usted.
(5) The bi-m croporous/ mesoporous conposite nol ecul ar sieve has good

hydrot hetinal stability, and it remains good order degree of structure even

after treafdvedeiliibgeiumdeeul sphefefiColl BEmA-shpBfigal hoRdwIeII structures,
bi - mi cropor.ous/ mesopor ous conposite, nol ecul ar_ si eve has stronger acidity

and conbi NE¥CHHETEGY a6t wges buf cigwsHinkingpandribie merg WlelzZdsl mesapoioushe
hydr ocr ac hﬁ%%@&ﬁ@émlg%ﬁrﬁdﬂfﬁeﬁ, gpo i&ﬁp@rxﬁégh&? ormance. The novel
por e nol ecula |

bi -m croporous/ nest us conposi ar sreve (Y-Beta/ MCM 41) set
forth by (BeThedsemicropoeons/oresopoarusegoripositt mataiuyat sieaerliasra speafical

thr e, " BobHHELR TS S B B20uth v bmmcpdisorolitte Me La04 g R TR RiB Lt he
m cr opor Op@r@h@hﬁﬁefﬁfdnﬁmtp@é@@()@% oin3se. b dvieeagoppes diamerirasius 30

sieve are generated by controlljpg the synthe5|s co i on_and i ntroducing
two zeol | A1 E\Vileaftlwge @ﬁ@&tgerogzﬁbfecweaa@]mayn@@éhs BE] FF TRSPERQICH),

si eve exhihh#it. t Alext | AW | ytic reaction of the
pr obe nol ggglazp%?n\g?ﬂﬁlnap etgﬁg?éﬁ%d&’\sﬂi%Otfﬁg_["é%t%%@@eq ) )

bi - m cr op&? blibe esvpuepasOUIMEssporo Ut @upbsite snelesular-Bevainohaingd bivt s

Bor e hn MR e e BRI L sk BbIitE. Rleh 05 TERAA ftacht b 2
e B g B QO e OO ot s o

char act er f%)e&%i%%-ﬁﬁm{igﬂ%h iwmé@m%pé%s/nsesgg@ﬁwe&0@913%%irﬁp ufar ype
and Beta &ipe @a‘fn Bb Gy oRRER4Sd R0 a8k ¥dtbrniVEN HotArtHecsl Rh-ALfYiRa rker ei n

the pore wall_ of the“hexagonal nesoporous phase 1s conpactly surrounded by
the bi-m andple s0stephaddhe saicagporesexiniisi micronandies pbasasptasy be afjusted.

hem - sphef4\c | ' 1 or -
cross-1i ngq)ngfhé;% Iﬁ#ﬁ?% héeuiﬁe:ég)gﬂ gﬁsmc\rgghﬁg);%l?eg rg]ﬁgm{ﬁ%%ﬁ%masofgotoge
m cr opor eBydfothbemal statphtyuengphasemainn gowddirdst edgree ofAstpucites sevieor
preparing_ghe bi-m croporous/ neso Y onposi te nol ecul ar si eve accordi ng
Co ol ai maltCEEniEEdn WEaar FAPPHEAL 50Ty M RIS t ype and Beta type
zeol i tes @)t Mheehiomicehoreh &ineiporblis 'dogpoitd mdletnnendese HRNGkbAGer hi s
m xture as ,%lxtur(iaqur further "usage; . )
actdity and combines the advantages of both Y type and Beta type zeolites in
the hydrocracking process, and thus has good catalysis performance.
The novel bi-microporous/mesoporous composite molecular sieve

(Y-Beta/MCM-41) set forth by the present invention is an excellent catalyst
carrier material , which structure substantially differs from the mechanical
mixture of the three. Both synergistic effect of microporous phases and that
between the microporous phases and the mesoporous phase in the composite
molecular sieve are generated by controlling the synthesis condition and
introducing two zeolite structure units, and consequently such composite
molecular sieve exhibits better catalytic activity. For the catalytic reaction of
the probe molecule o-methylnaphthalene using the synthesized
bi-microporous/mesoporous composite molecular sieve (Y-Beta/MCM-41), its
conversion is more than double of that using the mechanical mixture of Y,
Beta and MCM-41. Therefore, this novel bi-microporous/mesoporous
composite molecular sieve has wide potential application in industry.



(2) mxing cetyl trinmethyl amoni um brom de and pol yoxyet hyl ene al kyl phenol
ether as surfactants with deionized water and stirring until honobgenous,
denoting this solution as Solution B for further usage; (3) mxing Mxture
A with Solution B and stirring until honbgenous, and then addi ng dropw se
both silicon source and al um num source, or adding dropwi se only silicon
source; aWaatds cldint@ ig:nt roduci ng i norgani ¢ aci ds and/ or bases so as to
adj ust the pl4 value of the system followed by further stirring;
crystallization, filtration and drying so as to provide a white solid

powder; cal Bﬁ-@ﬁc%é‘bé’ro’iﬂhh%%%"s dd?n%‘i@%?&e%ﬁfa?as”éf{dcﬂagﬂ%t%i‘%'éa’lﬂ' ng

the cal cined product”  in a so nium sa ﬁ/ ['tration
and dryi nghatasaidr nfaleeulac sievaiingreparid byobomibinmg & Hype cayeh f\;taetype

the. mol ar T SOV RPIGRO RES IR RECRR S, BRTBCTe! FigtR REtergin BlHGee R <"
CTAB/ Si 02pf5tle oheXTgB{DP-méofBoud 8 bhsSi 2/ dorhBlctlpnduioundéd>2h; thee

mass rati Q. of. Y—1-Beta/Si02is 0.2 -0. and t he anount. of .t he
M cr opor ogé QRQrOS S&Ad Bet 85 t ei‘g%lP‘l tt s BUMOSE £ff vshedical My

scal e pr Ohbﬂﬁﬂb HelRal ﬁ@H@WEHﬁEl? Sfﬂ&tﬂr@@ ??H ?&%ﬁ%ﬂiet%rﬁ% efYfss- lﬁﬁngql ]

pretreatrrent tII'TEIS 5m n-30m ue of he synt hesi s syste
in the radBé lwthldlelszﬂzcatalumﬁ@ caty@taand th@tqomlmemteﬁﬁéhatmn@oiooxo‘s)@f thed the

crystalli é@r e@r\gggpg;m% ggh%%t%déﬁgggcr ystallized product is calcined in

ni trogen calrcrni ng ature of 500C-550C and a cal ci ning

time of 1. Oh the tenperature for the calcining in air is 500C 600C and the

cal cini ng ge i S 4.0h-.6.0h; the concen[%t)ratlon of t e anmoniumsalt i.n the
t

sol ution ORIRSEPY 0 [P0 mBtearingnethes ]oHB‘é‘EQPé)éHu§ COREPHR d CPPYRRE and
the sol utnﬁﬂe@a‘ﬂaa@fwa at!r?o'iféir{g tosclhidh 1,186hrBBletized i3QBafol /L, and the tine

for ion-exchange is 2.0

C) mixing Y type and Beta type zeolites with deionized water and stirring
until homogenous, denoting this mixture as Mixture A for further usage;
(2) mixing cetyl trimethyl ammonium bromide and polyoxyethylene
alkylphenol ether as surfactants with deionized water and stirring until
homogenous, denoting this solution as Solution B for further usage;
(3) mixing Mixture A with Solution B and stirring until homogenous, and then
adding dropwise both silicon source and aluminum source, or adding
dropwise only silicon source; after stirring, introducing inorganic acids and/or
bases so as to adjust the pH value of the system, followed by further stirring;
crystallization, filtration and drying so as to provide a white solid powder;
calcining said solid powder in nitrogen stream and ion-exchanging the
calcined product in a solution of ammonium salt, followed by filtration and
drying; after final calcining in air, obtaining a hydrogen-typed
Y-Beta/MCM-41 bi-microporous/mesoporous composite molecular sieve;
wherein the molar proportion of the raw materials is as follows: 0.10~0.25 of
CTAB/S10,, 5~7 of CTAB/OP-10, 58~78 of SiO,/H,0, and Si / Al>25; the
mass ratio of (Y+Beta)/Si0, is 0.26~0.80; and the amount of the microporous
phases Y type and Beta type zeolites can be adjusted in any scale provided,;
the temperature for the pretreatment is 30°C~50°C, and the pretreatment
time is 25min~30min;

the pH value of the synthesis system is in the range of 10.1~12.1.



3. A process for preparing the bi-m croporous/ mesoporous conposite
nol ecul ar sieve according to claim2, characterized in that said inorganic
acid is any one of hydrochloric acid, sulfuric acid or nitric acid, or a
m xture of any two thereof said inorganic base is sodi um hydroxi de or
pot assi um hydroxide. 4. A process for preparing the

AnkdsdeH 10 2,

bi - m cr opghe € o
characteri zeﬁ%@?ﬁ%fﬁﬁéﬁgﬁﬁﬂﬁ slgul?rgélgirgilt nd&\s’}%ﬁﬁg?%ggl um silicate;

said aluni’@lm i s any one of al umi num chloride, alumnumsulfate or al um num

o1 - or opopSushielisE o ruBMiebaS: AR I pefet S aabot GoldHina 2

c har act er ltemq:l)eratutél af 510|®€045I5©°@f arid hoaldlgimetieieo fdiIs tthe Yemberary %lue of
t he syste ]té;plcallyl h-1.5h, and the tinme of stirring after adjusting
1

the pH val ingnin aig is AOPPGC688° Eamndpihepesliingng e is 4.0h~6.0h;
Ohar net or) r%ﬁcsér?f%nﬁ%?r e P FR g G dn ol Saod g %ﬂﬁtdfmol
sol uti on @f2GmERM, U aﬂatno tBé%w%@HDﬂhé’ A r{edlﬁ:%dh?t amhd one bLABRNLLM

nitrate or anmmoni um ch] ori de, m xture
ammonium saltis 1 g : 150 mol/L 300 mol/L, and the time for ion-exchange
is 2.0h~4.0h.

3. A process for preparing the bi-microporous/mesoporous composite
molecular sieve according to claim 2, characterized in that said inorganic acid
is any one of hydrochloric acid, sulfuric acid or nitric acid, or a mixture of any
two thereof; said inorganic base is sodium hydroxide or potassium hydroxide.

4. A process for preparing the bi-microporous/mesoporous composite
molecular sieve according to claim 2, characterized in that said silicon source
is industrial sodium silicate; said aluminum is any one of aluminum chloride,
aluminum sulfate or aluminum nitrate, or a mixture of any two thereof.

5. A process for preparing the bi-microporous/mesoporous composite
molecular sieve according to claim 2, characterized in that the time of stirring
before adjusting the pH value of the system is typically 1.0h~1.5h, and the
time of stirring after adjusting the pH value is 0.5h.

6. A process for preparing the bi-microporous/mesoporous composite
molecular sieve according to claim 2 characterized in that when
ion-exchanging the calcined product in the solution of ammonium salt, the
ammonium salt used is any one of ammonium nitrate or ammonium chloride,
or the mixture thereof,



