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Abstract: Y-β zeolite composites were hydrothermally synthesized by using high silica Y zeolite as the 
precursor and characterized by XRD, N2 adsorption, SEM and IR spectra of pyridine. The result showed 
that the N2 adsorption-desorption isotherm of the zeolite composites had a distinct hysteresis loop, 
and the SEM result showed that the zeolite composites had a different morphology from Y, β and the 
corresponding physical zeolite mixture. The acid catalytic performance of the zeolite composite catalysts 
was investigated in the hydrocracking and hydroisomerization of n-octane, and the results showed that 
the composite materials exhibited an excellent hydrocracking activity and good hydroisomerization 
performance. The yield of i-C4 over the zeolite composite catalyst was 4.45% higher than that on the 
corresponding zeolite mixture in the n-octane hydrocracking process at 553 K. The isomerization ability 
of n-octane over the composite catalyst was 3.6 fold that of the corresponding mixture at 503 K.
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1 Introduction
As an acid catalytic material, Zeolite Y has been widely 

used in petroleum refi ning (Solis et al, 2004), because of its 
appropriate pore structure, high acidity and good thermal and 
hydrothermal stability (Bataille et al, 2001; Li et al, 1999; 
Bendezu et al, 2000; Kunisada et al, 2004). A large amount of 
work has been done worldwide to improve zeolite Y (Scherzer, 
1984; Isaev and Fripiat, 1999). Zeolite β has attracted many 
researchers’ attention because of its good hydroisomerization 
activity and tolerance to carbon residue (Angevien et al, 1985; 
Ali et al, 2002). Previous studies of the two zeolites were 
mainly focused on their modifi cation, catalytic performance 
and application (Kunisada et al, 2004; Ali et al, 2002; Marin et 
al, 2005; Hassan et al, 2001). Recently, with the development 
of zeolite composites (Zheng et al, 2009a; 2009b), researchers 
have found that zeolite composites have different catalytic 
performance in hydrocracking and FCC processes compared 
with the corresponding physical zeolite mixture (Wang et al, 
2007; Chen et al, 2003; Zhang et al, 2010). Zhang et al (2010) 
reported a method for synthesizing Y-β zeolite composites 
and investigated its hydrocracking performance using vacuum 
gas oil (VGO) as feedstock. The result showed that the Y-β 
composite zeolite as a hydrocracking catalyst for VGO could 
increase the heavy naphtha yield by 5.61 wt% and the jet 
fuel yield by 11.52 wt%, compared with the corresponding 
physical mixture of Y and β zeolites.

In this paper,  a simple method is  presented for 

synthesizing Y-β zeolite composites by using high silica 
Y as precursor. XRD, N2 adsorption, SEM and IR spectra 
of pyridine were used to characterize the as-synthesized 
Y-β  composite zeolite samples. Hydrocracking and 
hydroisomerization of n-octane were selected as model acid-
catalyzed reactions to evaluate the catalytic performance of 
the as-synthesized composite zeolite catalysts and to compare 
it with that of the corresponding physical mixture.

2 Experimental
2.1 Synthesis  of  Y-β  composite zeolites  and 
preparation of catalysts

Y-β zeolite composites were synthesized in a Tefl on-lined 
autoclave under static hydrothermal conditions. Typically, 
0.54 g NaOH, 10.0 g tetraethylammonium bromide (TEABr) 
and 4.0 ml NH4OH were added to 35.0 ml distilled water 
to form a clear solution, then 12.5 g NaY (SiO2/Al2O3=5.0, 
Fushun Research Institute of Petroleum and Petrochemicals) 
was added to the solution. The mixture was stirred at room 
temperature for 0.5 h, and then 20.0 ml silica sol was added 
slowly under vigorous stirring. The fi nal mixture was then put 
into the autoclave and heated at 413 K for 120 -192 h. The 
as-synthesized solid product (Y-β zeolite composites) was 
fi ltered, washed with deionized water, dried in air at 373 K, 
and then calcined at 823 K in air for 3 h in a muffl e furnace. 
The Y-β zeolite composites was denoted as Y-β. 

A physical mixture of Y and β zeolites (denoted as Y+β) 
was prepared by mixing the pure Y (SiO2/Al2O3=5.0, Fushun 
Research Institute of Petroleum and Petrochemicals, China) 
and pure β (SiO2/Al2O3=25.0, Fushun Research Institute of 
Petroleum and Petrochemicals, China) zeolites, and used as 
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the references.
The NH4

+-type of the samples (the zeolite composites Y-β 
and the corresponding physical mixture Y+β) was obtained 
by ion exchange with 0.5 M NH4NO3 solution for 2 h at room 
temperature. The ion exchange was repeated twice, until the 
content of sodium in the zeolites was less than 0.15 wt%. The 
proton-type zeolite was obtained by calcining the NH4

+-type 
samples at 773 K for 5 h.

The catalysts were prepared by the incipient wetness 
impregnation method. A required amount of metal ion (Ni, 
Mo or Pt) solution was added to proton-type zeolite samples 
at room temperature. The metal-loaded samples were then 
dried at 393 K overnight and calcined at 723 K in air for 3 
h producing the hydrocracking catalysts Ni-Mo/Y-β and Ni-
Mo/Y+β containing 8.0 wt% Mo and 2.4 wt% Ni and the 
hydroisomerization catalysts Pt/Y-β and Pt/Y+β containing 0.6 
wt% Pt. 

2.2 Characterization
XRD patterns of the samples were recorded using a 

Rigaku D/max-2500 X-ray powder diffractometer (Rigaku, 
Japan), with CuKα radiation at 40 kV and 80 mA. A working 
plot of physical mixtures Y+β can be obtained by plotting 
the intensity of the diffraction peak at 2θ = 6.16 versus the 
mass fraction of Y zeolite by measuring a series of physical 
mixtures with known mass fractions of Y zeolite. The mass 
fraction of Y zeolite in the composite Y-β can be therefore 
estimated from the intensity of the XRD diffraction peak at 
2θ = 6.16, which is the characteristic peak of Y zeolite. The 
nitrogen adsorption and desorption isotherms at 77 K were 
measured using a Micromeritics ASAP2400 system (Mi-
cromeritics Co., USA). The SEM morphology was obtained 
on a JEOL JSM-6301F scanning electron microscope (25 
kV, 10 μΑ) (JEOL, Tokyo, Japan). The TEM exam  ination of 
the prepared materials was undertaken with a Tecnai G220 
field emission electron microscope (JEOL, Tokyo, Japan). 
Samples were prepared by dispersing the powder of zeolite 
composites Y-β or corresponding physical mixtures Y+β 
in methanol via sonication for about 20 min followed by 
evaporation on a 300 mesh continuous carbon fi lm TEM grid. 
IR spectra of the samples were recorded on a BIO-RAD FT-
IR spectrometer (FTS165) (BIO-RAD Co., USA). The acid 
types (i.e. Brønsted or Lewis type) were recorded by in-situ 
pyridine adsorption. XPS (X-ray photoelectron spectroscopy) 
was performed on a Multilab-2000 spectrometer equipped 
with a hemispherical electron analyzer and an MgKα X-ray 
source (ThermoFisher Co., USA). 

2.3 Test of catalytic performance of catalyst
The test of catalytic performance of the catalysts for 

n-octane was carried out on a standard micro-activity test 
(MAT) unit WF-9100П (Fushun Research Institute of 
Petroleum and Petrochemicals, China). The reactor was 
connected to an online GC-8A gas chromatograph (Shimadzu 
Corporation, Kyoto, Japan). The reaction products were 
analyzed using a 150m×0.20mm×0.32μm capillary column 
and a fl ame ionization detector (FID) detector. 

Experimental conditions: For hydrocracking: H2 to 

n-octane volume ratio of 1000, pressure of 3.0 MPa, 
temperature of 510-570 K, liquid hourly space velocity 
(LHSV)=1.5 h-1; For hydroisomerization: H2 to n-octane 
volume ratio of 1000, pressure of 0.3 MPa, temperature of 
470-520 K, LHSV=3 h-1.

3 Results and discussion

3.1 XRD
Fig. 1 shows the XRD patterns of the Y-β zeolite 

composites with the same contents of Y and β .  The 
characteristic peaks corresponding to zeolites Y and β can 
be observed, indicating the co-existence of Y and β zeolite 
phases in the composite Y-β. The analysis by XRD also 
showed that th e Y-β zeolite composites prepared from β 
zeolite intergrowth on Y zeolite was of high crystallinity, 
although Y zeolite was treated by alkali solution at 413 K 
during the synthesis process of Y-β zeolite composites. This is 
because that the formation of the shell layer of β zeolite also 
prevents excessive dissolution of Y zeolite crystals by the 
synthesis solution (Zhang et al, 2010; Bouizi et al, 2006).
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Fig. 1 XRD pattern of a Y-β zeolite composite 
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3.2 N2 adsorption-desorption isotherms
The formation of Y-β zeolite composites induced a 

significant change in the pore structure. N2 adsorption-
desorption results of the as-synthesized Y-β composite 
samples and the corresponding physical mixture Y+β samples 
are shown in Fig. 2. A large hysteresis loop appears in the 
adsorption-desorption isotherm of the zeolite composites 
Y-β, and the pore size distributions are centered at 35Å and 
400Å, indicating the existence of mesopores in the zeolite 
composites. This is attributed to the treatment of Y zeolite 
with alkali solution and the polycrystalline aggregation 
of β zeolite. During the synthesis process, Y zeolite as the 
precursor was etched by the synthesis solution and the silica 
in the framework was partially dissolved, causing enlargement 
of micropores and resulting in the formation of mesopores 
(Zhang et al, 2010). The polycrystalline aggregation of β 
zeolites around zeolite Y particles also played an important 
role in the formation of mesopores in the composites. The 
mesopore structure helped improve the hydrocracking of 
bulky molecules.
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3.4.2 Test of catalytic performance 
Fig. 4 shows the conversion of n-octane in hydrocracking 

over catalysts Ni-Mo/Y-β and Ni-Mo/Y+β at different 
temperatures. It can be seen that the hydrocracking activity of 
catalysts Ni-Mo/Y-β and Ni-Mo/Y+β for n-octane increased 
with increasing temperature, and that the catalytic activity of 
catalyst Ni-Mo/Y-β was higher than that of Ni-Mo/Y+β. At 
low temperature, such as at 513 K, the conversion of n-octane 
over catalyst Ni-Mo/Y-β was about 91 wt%, much higher 
than 67 wt% over Ni-Mo/Y+β. Compared with catalyst Ni-
Mo/Y+β, the conversion of n-octane over the catalyst Ni-Mo/
Y-β increased gently with increasing reaction temperature, 
especially after 550 K. With increasing temperature from 513 
K to 573 K, the difference between n-octane conversions over 
catalyst Ni-Mo/Y-β and Ni-Mo/Y+β decreased from 24 % to 
7 %. The high conversion of n-octane over catalyst Ni-Mo/
Y-β may be attributed to the mesopore structure as observed 
in the SEM and N2 adsorption-desorption experiments. The 
mesopore structure is favorable to transporting reactants to 
the active sites and transporting products departing from the 
active sites in its channel, and favorable to accessing strong 
acid sites (Zheng et al, 2009a; 2009b). The hydrocracking 
products at 553K are listed in Table 2. The yield of i-C4 over 
Ni-Mo/Y-β catalyst was 45.0 wt%, higher than the 40.5 wt% 
over Ni-Mo/Y+β. 

Fig. 5 shows the i-octane yield in hydroisomerization 
of n-octane over catalysts Pt/Y-β and Pt/Y+β at different 
temperatures. The i-octane yield on Pt/Y-β catalyst was 
much higher than that on Pt/Y+β. The products of n-octane 
hydroisomerization at 503 K are listed in Table 3. The 
conversion of n-octane over Pt/Y-β was 3.7-fold that on Pt/
Y+β. The yields of mono-branched and di-branched isomers 
on Pt/Y-β were 27.97 wt% and 11.54 wt%, respectively, much 
higher than those on Pt/Y+β.
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Fig. 4 Conversion of n-octane hydrocracking over zeolite composite catalyst 
Ni-Mo/Y-β and zeolite mixture catalyst Ni-Mo/Y+β at different temperatures

Fig. 5 n-Octane hydroisomerization over zeolite composite catalyst 
Pt/Y-β and zeolite mixture catalyst Pt/Y+β at different temperatures
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Table 2 Hydrocracking products

 Products, wt%
 Catalyst

Ni-Mo/Y–β Ni-Mo/Y+β

n-C3 13.04 8.83

i-C4 44.99 40.54

n-C4 15.55 10.34

i-C5 16.87 15.53

n-C5 4.51 1.90

i-C6 3.44 3.28

n-C6 0.85 0.64

i-C8 - 4.52

n-C8 0.76 14.4

Table 3 Hydroisomerization products

 Products
Catalyst

Pt/Y-β Pt/Y+β

Conversion of n-octane, wt% 52.3 13.8

Mono-branched isomers, wt% 28.0 5.91

Di-branched isomers, wt% 11.5 1.45

Cyc-C8, wt% 0.21 0.17

Cracking product, wt% 12.60 6.24

Isomerization product/cracking product ratio 3.14 1.19

Apparently, zeolite composite catalysts have superior 
hydrogenat ion act ivi ty.  I t  i s  known that  cata lyt ic 
hydrogenation  reaction can take place on both metallic sites 
and acid sites close to the metal particles, implying hydrogen 
spillover from the metal surface or the metal-support 
boundary. Zeolite composite catalysts with more surface acid 
sites supply extra active sites for hydrogenation (Zheng et 
al, 2009a; 2009b). Hence, their activity is higher than zeolite 
mixture catalysts. The high activity of zeolite composite 
catalysts can be explained by their mesoporous structure. The 
mesoporous structure created in the zeolite composites may 
lead to better dispersion of metal particles (Li et al, 2009) 
and more metal active sites than zeolite mixture of Y and 
β supports. The high Ni-Mo (or Pt) dispersion can increase 
the metal surface for reactant conversion and the hydrogen 
dissociation on metal, hence is favorable to hydrogen 
spillover. In addition, the high hydrogenation activity on 
zeolite composite catalysts can be achieved by improving the 
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transportation of the reactants to and from the active sites in 
its channels, and more acid sites can be easily obtained due to 
the existence of the mesopores.

4 Conclusions
The Y-β zeolite composites were successfully synthesized 

with a more feasible method. The characterization results 
showed the morphology of as-synthesized Y-β zeolite 
composite is different from the single Y and β zeolites, and 
a new mesopores structure was created in the as-synthesized 
zeolite composite. Zeolite composites displayed high 
hydrocracking activity and good hydroisomerization of 
n-octane, resulting from the introduction of the mesopores 
structure, which is attributed to enhanced dispersion of the 
supported metal particles as well as improved acid sites 
accessibility. 
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