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ABSTRACT 
 
Hierarchical zeolites were synthesized by two methodologies, following desilication procedures of commercial 
zeolites. Starting from USY zeolite (Zeolyst CBV720, Si/Al=15), the effect of the amount of CTAB in the 
desilication media and the hydrothermal treatment time on the synthesized materials were analyzed. The 
results showed that the surfactant amount has a higher influence on relative crystallinity (%RC) and textural 
properties of the materials than synthesis time. All the samples showed a lower BET surface area compared 
with the starting zeolite, although mesopore surface area increased from 210.33 to 467.30 m2/g in the case of 
Z720-75 sample. In the case of USY zeolite with Si/Al=2.6 (Zeolyst CBV500), a previous dealumination with 
H4EDTA and an acid washing with Na2H2EDTA steps were included. It was found that the micropore and the 
mesopore surface areas increased 13.96% and 11.23%, respectively, compared with the parent zeolite; 
furthermore, the %RC was 99% after treatment procedures.  
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INFLUENCIA DE LAS CONDICIONES DE DESILICACIÓN EN LA SÍNTESIS DE LA ZEOLITA 
JERÁRQUICA Y 

 
 

ABSTRACT 
 
Se sintetizaron zeolitas jerárquicas por dos metodologías, siguiendo procedimientos de desilicación de zeolitas 
comerciales. Partiendo de la zeolita USY (Zeolyst CBV720 con Si/Al = 15), el efecto de la cantidad de CTAB 
en el medio de desilicación y el tiempo del tratamiento hidrotérmico fueron analizados. Los resultados 
mostraron que la influencia de la cantidad de surfactante en la cristalinidad relativa (%RC) y las propiedades 
texturales de los materiales fue mayor que el efecto del tiempo. Todas las muestras mostraron una menor área 
superficial BET comparada con el material de partida, pero el área superficial mesoporosa tuvo un incremento 
de 210.33 a 467.30 m2/g en el caso de la muestra Z720-75. Para la desilicación de la zeolita USY con Si/Al = 
2.6 (Zeolyst CBV500), se incluyó una etapa previa de desaluminación con H4EDTA y un lavado ácido posterior 
con Na2H2EDTA. Se encontró que el área superficial microporosa y el área superficial mesoporosa aumentaron 
13.96% y 11.23%, respectivamente, comparado con el material comercial; además, el %RC se conservó en 
un 99% después de los tratamientos.  
 
Palabras clave: Desilicación, CTAB, NH4OH, Tratamiento hidrotérmico, Zeolita jerárquica.  
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1. INTRODUCTION 
 
Zeolites are widely used in catalytic processes due 
to their acidity, stability and microporous channels [1] 
[2]. One of their main applications is in the fluid 
catalytic cracking process [3] in the petroleum 
refining industry in which the heavy hydrocarbons 
(chains with more than 20 carbon atoms) are 
reduced to lighter compounds, in the range of 
gasoline and diesel [4] [5]. However, heavy 
hydrocarbons have diffusional transport restrictions 
into the porous of zeolites, since the molecular size 
of the majority of these hydrocarbons is higher than 
the zeolite channels size [6]. The low diffusion of the 
molecules into the catalyst is responsible of the 
production of undesired compounds like coke, a 
carbonaceous macromolecule that deactivates the 
catalyst [7] [8] [9]. 
 
One of the solutions to this problem is the generation 
of mesoporous channels in the zeolite [1] [10], using 
post-synthesis treatments as dealumination (using 
acid treatments [11] or steaming [12]) and 
desilication [13] [14] (using alkaline treatments), 
treatments in which atoms of aluminum or silicon are 
leached from the framework, respectively [15]. In the 
case of the dealumination process, some acids as 
nitric [16], citric [17] and oxalic acid [11] have been 
tested. While mineral acids are stronger and 
dissociate the zeolites, the best crystalline, textural 
and catalytic properties have been obtained with 
lactic [18] and citric [19] acids, due to their 
bifunctional nature: leaching and chelating nature 
with Al [20].  
 
The desilication process is mainly carried out with 
sodium [13] [21] or ammonia hydroxide [22], at 
atmospheric pressure or under hydrothermal 
conditions at autogenous pressure, with or without 
the presence of directing agents (SDA) [23] that 
protect the structure and avoid the collapse of the 
framework during the treatments [24] [25]. Then, 
among the parameters that can affect the synthesis 
are the amount of SDA, temperature and the 
hydrothermal treatment time [4] [26]. 
 
Sodium hydroxide is stronger than ammonia 
hydroxide; furthermore, NaOH dissociates 
immediately in the aqueous media, while NH4OH 
forms an equilibrium and its dissociation occurs 
slowly, giving a controlled desilication of zeolite [27]. 
Furthermore, if NaOH is used for the treatments, an 
ion exchange step is necessary later to reactivate the 

catalyst [28]. Then, the use of ammonia hydroxide in 
the production of hierarchical zeolites using 
desilication process, is preferred instead of NaOH. 
 
The Si extraction is efficient in zeolites with a Si/Al 
ratio higher than 25 [28]; otherwise, acid and alkaline 
treatments are necessary to obtain mesoporous in 
zeolites [29]. Verboekend et al. [30] synthesized 
hierarchical zeolites from a zeolite Y with a Si/Al ratio 
of 2.6. The authors included acid treatment with 
H4EDTA, alkaline procedure with NaOH and washing 
with Na2H2EDTA to clean the surface of the material 
from debris generated in the other steps and ion 
exchange step to remove sodium cations.  
 
On the other hand, Javier García et al. [23] 
synthesized a hierarchical zeolite Y using NH4OH 
and cetyltrimethylammonium bromide (CTAB) in a 
hydrothermal treatment for the desilication 
procedure, starting from a zeolite with Si/Al = 15 
(0.84 g CTAB/g NH4OH, 10 h of hydrothermal 
treatment, 150°C). High mesopore surface area was 
obtained and crystallinity of the material was 
maintained with this procedure. Although the 
mesoporous surface area increased, the effect of the 
treatment parameters on the crystalline and textural 
properties was not specified. In this research, the 
effect of the amount of CTAB and the hydrothermal 
treatment time on the desilication process of a zeolite 
with a Si/Al = 15 (CBV720, from Zeolyst), based on 
the synthesis reported by Javier García et al. [23] is 
analyzed.  
 
In a complementary study, a zeolite with a Si/Al lower 
than 15 was dealuminated, desilicated and acid 
washed, and the obtained material was compared 
with the material reported by D. Verboekend, et al. 
[30]. The desilication process was carried out with 
the amount of CTAB and hydrothermal treatment 
time selected from results obtained with CBV720 
material. H4EDTA and Na2H2EDTA were used for the 
dealumination and acid washing steps, respectively. 
The objective was to analyze the effect of this 
desilication step with NH4OH assisted by CTAB in a 
zeolite with a Si/Al < 15 avoiding the use of NaOH.  
 

2. METHODOLOGY 
 

2.1. Reagents  
 

The parent zeolites used in this research were zeolite 
Y with Si/Al = 2.6 (CBV500) and zeolite Y with a Si/Al 
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= 15 (CBV720), both purchased to Zeolyst 
International. Ammonia hydroxide solution (NH4OH, 
28-30%) and ethylenediaminetetraacetic acid 
(H4EDTA, 99.8%) from Merck, 
ethylenediaminetetraacetic disodic acid 
(Na2H2EDTA, 99%) from Sigma-Aldrich, and 
cetyltrimethylammonium bromide (CTAB, >97%) 
from J.T. Baker. All the reagents were used as 
purchased. 
 
2.2. Synthesis of materials  

 

2.2.1. Effect of the amount of surfactant in the 
desilication process  

 
For the analysis of the influence of the amount of 
surfactant on the desilication process, the synthesis 
proposed by Javier García et al. [23] was followed. 
Different amounts of surfactant were mixed with 64 
mL of ammonia hydroxide solution 0.37 M in a mass 
ratio of 0 to 1.25 of CTAB/NH4OH, then 1 g of the 
parent zeolite Y (CBV720) was dispersed in the 
solution and mixed at room temperature for 20 
minutes. Then, the dispersion was autoclaved for the 
hydrothermal treatment 10 h at 150°C. After the 
treatment, the samples were washed until achieving 
the pH of deionized water, filtered and dried at 80°C 
for 14 h. Finally, the calcination of samples was 
made at 550°C with a temperature rate of 5°C/min, 2 
h under nitrogen atmosphere and then 2 h with dry 
air.  
 
The samples were named Z720-X, were X 
corresponds to CTBA/NH4OH mass ratio (0, 25, 35, 
75, 100 and 125) in the aqueous media used in the 
desilication step. The amounts of CTAB used in the 
procedure was higher than the critic micellar 
concentration (CMC = 9.2x10-4 M) of CTAB [31] [32], 
to guarantee the formation of micelles in the media. 
 

2.2.2. Effect of the hydrothermal treatment time 
on the desilication process 
 
To analyze the influence of the hydrothermal 
treatment time on the desilication process, the 
synthesis reported by Javier García et al. [23] was 
followed. A solution was prepared with 0.2075 g of 
CTAB and 64 mL of ammonia hydroxide solution 
0.37 M, then 1 g of commercial zeolite Y (CBV720) 
was added and the mixing continued for 20 minutes 
at room temperature. Then, the dispersion was 
autoclaved for the hydrothermal treatment for 3, 5, 
10 and 20 h at 150°C.  

After the treatment, the samples were washed until 
pH of deionized water was achieved, filtered and 
dried at 80°C for 14 h. Finally, the calcination of the 
samples was made at 550°C with a temperature rate 
of 5°C/min, 2 h with nitrogen and then 2 h with dry 
air. The samples were named as Z720-YH, with Y 
the hydrothermal treatment time.  
 

2.2.3. Effect of the desilication agent type on 
the hierarchical zeolite synthesis 
 
For the modification of the zeolite Y with Si/Al = 2.6, 
the commercial zeolite CBV500 was dealuminated 
and acid washed following the procedure reported by 
D. Veboekend et al. [30] and desilicated according to 
Javier García et al. [23], with the amount of CTAB 
and hydrothermal treatment time found with the 
samples Z720-X and Z720-YH. First, 6.7 g of zeolite 
Y was added to H4EDTA 0.15 M at 100°C for 6 h. 
The alkaline treatment was carried out using a ratio 
of 1 g zeolite to 64 mL of NH4OH 0.37 M, CTAB was 
added in this step in a ratio of 0.25 g CTAB/g NH4OH; 
then, the suspension was stirred for 20 min at room 
temperature. After that, the suspension was 
autoclaved for hydrothermal treatment at 150°C for 
10 h. The solid was filtered and washed until pH of 
deionized water. Finally, the acid washing of the 
zeolite was carried out at 100°C using Na2H2EDTA 
0.11 M for 6 h in a ratio of 6.7 g of zeolite to 100 mL 
of solution.  
 
Between all the steps, the material was washed and 
dried at 65°C in the case of acid treatments and at 
80°C for the alkaline treatment. The powder was 
calcined at 550°C for 5 h twice with a heating rate of 
5°C/min under static air. The modified sample was 
named as Z500-VG. 
 

2.3. Characterization of samples 
 
X-Ray diffraction (XRD) analysis was carried out 
using a Panalytical Empyrean X-Ray diffractometer 
with a Co Kα radiation (λ =0.154 nm) generated at 40 
kV and 40 mA. The 2θ was scanned from 5 to 55°.  
The relative crystallinity (%RC) was calculated for all 
the samples following the ASTM D3906-03 [33], 
using Equation (1) and the PANalytical X’Pert 
Highscore Plus software. The peaks selected for the 
analysis were at 2θ = 22°, 24°, 28° and 32° that 
correspond to the crystallographic planes of (544), 
(440), (533) and (642), respectively. 

 

%RC = (100)
(sum of area under the curve of the peaks)sample

(sum of area under the curve of the peaks)parent
 (1) 
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With the N2 adsorption/desorption isotherms the 
textural properties of the samples were obtained, 
using a Micromeritics ASAP 2020 Plus equipment. 
With the t-plot method the micropore surface area 
and volume were calculated; the mesopore surface 
area and volume were obtained with the BJH 
correlation and the surface area with the BET 
method, using the adsorption branch of the 
isotherms. With this information, the hierarchical 
factor (HF) was calculated; the HF brings information 
about the relation between the destruction of 
microporous and the generation of mesoporous. 
Zheng et al. [34] proposed a way to calculate that 
factor including textural properties obtained from the 
nitrogen physisorption analysis, Equation (2).  
 

HF =
VmicroSmeso

VmesoSBET

 (2) 

 
Where micropore volume (Vmicro), specific surface 
area of the mesopores (Smeso), mesopore volume 
(Vmeso) and the BET surface area (SBET) are related.  
Transmission electron microscopy (TEM) was 
carried out in a Tecnai F20 Super Twin TMP 
equipment using an accelerating voltage of 200 kV. 
The samples were added to a mixture of water and 
ethanol and dispersed for 10 minutes using an 
ultrasonic equipment; a drop of the suspension was 
placed in the Cu grill.  
 
 

3. RESULTS AND ANALYSIS 
 
3.1. Effect of the amount of SDA on the 
desilication process 

 
In this step, different amounts of CTAB were added 
to the alkaline solution, previous to the desilication of 
the zeolite Y CBV720. Fig 1 shows XRD pattern of 
Z720-X samples. When a surfactant was not used in 
the synthesis (Z720-0), the crystalline phase of the 
zeolite was completely lost. However, when the 
surfactant was used in the desilication process 
(samples Z720-25 to Z720-125), the typical peaks of 
zeolite Y were obtained; the lower intensity of the 
peaks of the desilicated samples compared with the 
parent zeolite (CBV720), it is related with the 
desilication of the sample, which partly destroys the 
crystalline phase of the samples.  
 
Fig 2 shows that there is an inverse relation between 
the CTAB/NH4OH mass ratio and the %RC; an 
increase in the amount of CTAB reduces the %RC of 

the zeolite. This could be owing to the increase of the 
amount of micelles formed in the aqueous media. 
Consequently, an interaction of CTAB exists with the 
framework of the zeolite that is partially dissolved at 
an alkaline media [17] [23]. 

 
Fig 1. XRD of Z720-X samples and the parent zeolite 
(CBV720). 
 
The interaction between the micelles and the 
framework is good with low amount of surfactant, but 
when it increases, the recrystallization of the 
framework is altered and the correct rearrangement 
of the atoms is disturbed, generating amorphicity in 
the material. When the CTAB/NH4OH mass ratio 
increases from 0.25 to 1.25, a decrease of 20% is 
observed in the %RC.   
 

 
Fig 2. Effect of CTBA/NH4OH mass ratio on relative 
crystallinity. 
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Table 1. Textural properties of the samples (Z720-X) and the commercial (CBV720). 

Sample 
SBET 

(m2/g) 
Smicro 
(m2/g) 

Smeso 
(m2/g) 

Vtotal 

(cm3/g) 
Vmicro 

(cm3/g) 
Vmeso 

(cm3/g) 
Dp 

(nm) 
HF 
(-) 

CBV720 770.44 560.11 210.33 0.494 0.232 0.262 2.56 0.24 

Z720-25 621.38 353.09 268.29 0.446 0.148 0.298 2.87 0.22 

Z720-35 663.21 299.98 363.22 0.455 0.127 0.328 2.74 0.21 

Z720-75 730.28 262.98 467.30 0.504 0.112 0.391 2.76 0.18 

Z720-100 715.55 266.88 448.68 0.498 0.114 0.384 2.78 0.19 

Z720-125 698.51 257.79 440.72 0.479 0.110 0.369 2.75 0.19 

 
 

Fig 3 shows that the modified samples have a type 

IV isotherm, which means that the material, including 
the parent zeolite, have mesoporous channels in 
their structures. The value of P/P0 in which the 
hysteresis loops starts suggests that the modified 
samples have a higher average pore diameter than 
the CBV720 sample. 
 
In the same way, the hysteresis loops have a type II 
hysteresis, which is related with interconnected 
channels, an important characteristic of the materials 
for a good diffusion of molecules through the 
channels [35]. 
 
Table 1 shows the textural properties of the modified 
(Z720-X) and parent zeolite (CBV720). Specific 
surface micropore area decreases when the amount 
of CTAB increases in the desilication step; the HF 
values have a slight variations. J. van Alest et al. [27] 
obtained similar results, they reported a high 
Vmeso/Vmicro values without change in the HF value. 
Therefore, the HF does not give a representative 
information about all textural properties variation 
after the procedures used for obtaining hierarchical 
zeolites.  

 
The maximum values of BET area and specific 
surface mesopore area were obtained with Z720-75 
sample. The increment can be explained due to the 
amount of micelles in the media, related with the 
amount of CTAB added in the desilication step. The 
hydrolysis of the Si-O-Si bonds in the zeolite drives 
to the rearrangement of its atoms [17] [23].  
 
Increasing the amount of micelles formed in the 
aqueous media, the structure rearrangement could 
increase the amount of mesoporous channels in the 
zeolite, but exists a point of inflexion for the CTAB 
amount, where the micelles disturb the framework 
rearrangement instead of protect it, evidenced in the 
high variation in the %CR and the textural properties 
with the increment of the amount of CTAB [36]. The 
decrease in the microporous surface area is in 
accordance with the decrease of the %RC of the 
materials. For the generation of mesopores, many 
microporous channels are destroyed or collapsed. 
[37] 
 

Fig 3. Nitrogen adsorption/desorption isotherms of 
Z720-X samples and the zeolite CBV720. 
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The average pore diameter (Dp) of the modified 
samples increased after the treatment respect to the 
parent zeolite, suggesting that the procedure was 
successful. Pore size distribution in Fig 4 is in 
accordance with the results in Table 1, all the 
modified samples have a similar Dp, which is higher 
than the Dp of parent zeolite, but the sample Z720-
75 has the highest amount of pores in the range of 
10 and 30 Å. The narrow pore distribution is related 
with the use of the surfactant, which acts as pore 
directing agent. Results of this research allowed to 
decrease the CTAB/NH4OH mass ratio to 0.75 
respect the value used in the procedure reported by 
Javier Garcia et al. [23] that was 0.84. 
3.2. Effect of the hydrothermal treatment 
time on the desilication process 
 
In this case, in the desilication step a constant 
amount of CTAB was used, while the hydrothermal 
treatment time changed between 3 and 20 h.  

 
Fig 4. Pore size distribution of modified samples 
(Z720-X) and parent zeolite (CBV720). 
 
Fig 5 shows that all Z720-YH samples conserved the 
crystalline phase of the zeolite Y. The samples have 
isotherms type IV that means that they have 
mesoporous channels, Fig 6, with hysteresis loops 
associated with capillary condensation of nitrogen 
and interconnected channels as the modified 
samples Z720-X. The value of P/P0 in which the 
hysteresis loop starts show that all the materials 
have a higher average pore diameter respect the 
commercial sample, but the difference is low 
between the samples.  
 

 
Fig 5. XRD of Z720-YH samples and the parent 
zeolite (CBV720). 
Fig 7 shows the relation between the %RC and the 
hydrothermal treatment time. In the first three hours 
the %RC is ca 90%, probably because ammonia 
hydroxide is a weak alkaline solution and its 
dissociation in the aqueous media is slow; at three 
hours the hydrolysis of the Si in the framework is not 
complete. After 5 h of treatment and until 20 h, the 
%RC remains approximately constant at ca. 75%. 
This is probably because at this time, the hydrolysis 
is finished and until the autoclave is opened, the 
framework is in a constant rearrangement due to the 
alkaline pH in the media and the presence of the 
micelles of CTAB [38]. 
 

 
Fig 6. Nitrogen adsorption/desorption isotherms of 
Z720-YH samples and the parent zeolite (CBV720). 
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Fig 7. Effect of hydrothermal treatment time on 
relative crystallinity. 

 
 

Table 2. Textural properties of the samples (Z720-YH) and the parent zeolite (CBV720). 

Sample 
SBET 

(m2/g) 
Smicro 
(m2/g) 

Smeso 
(m2/g) 

Vtotal 

(cm3/g) 
Vmicro 

(cm3/g) 
Vmeso 

(cm3/g) 
Dp 

(nm) 
HF (-

) 

CBV720 770.44 560.11 210.33 0.494 0.232 0.262 2.56 0.24 

Z720-3H 665.96 418.53 247.43 0.448 0.175 0.273 2.69 0.24 

Z720-5H 646.27 386.96 259.31 0.454 0.162 0.292 2.81 0.22 

Z720-10H 621.38 353.09 268.29 0.446 0.148 0.298 2.87 0.22 

Z720-20H 527.26 288.01 239.25 0.396 0.122 0.274 3.00 0.20 

 

 

Table 2 shows that the hierarchical factor of the 

samples is approximately constant as happened with 
the Z720-X samples, except for the sample Z720-
20H (HF = 0.20). In general all the textural properties 
of the Z720-20H samples are lower than the others. 
Probably at 20 h the structure of the material starts 
to collapse by itself in irreversible way.  
 
The effect of the hydrothermal treatment time is 
lower than the effect of the amount of CTAB in the 
media, i.e., a minimum change in the amount of 
surfactant in the media brings significantly variations 
in the crystalline and textural properties of the 
materials, while increasing to double the 
hydrothermal treatment time does not give 
significantly changes in the textural properties after 5 
hours. In general, all the modified samples have a 
higher average pore diameter than parent zeolite 
CBV720.  
 

The time that gives the maximum value for the 
mesopore generation in the framework is 10 h 
(sample Z720-10H). However, the BET and the 
micropore surface area decreased with the increase 
of treatment time. With 5 h of treatment under 
autogenous pressure, is possible to obtain almost 
the same crystalline and textural properties that at 10 
h. We suggest that only 5 h are necessary to obtain 
mesopore channels in the zeolites. This analysis 
allows to reduce the hydrothermal time from 10 to 5 
h, decreasing costs and energy consumption.  
 
After 10 h of treatment, the generation of mesopores 
decreased with a conservation of the crystalline 
phase. The %RC with 10 and 20 h of treatment 
remains constant. Then, after 10 h the Y zeolite 
framework reaches its most stable form, and the 
rearrangement continues only in the amorphous part 
of the material guiding the pores to collapse or get 
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blocked, the final consequence is the reduction of the 
Smeso of the sample.  

 
Fig 8, in accordance with data in 

Table 2, shows that all the modified samples have a 

higher average pore diameter than the parent zeolite, 
and the average pore diameter increases with 
hydrothermal treatment time. Furthermore, in Fig 8 is 
observed that when the time increases until 10 h, the 
amount of pores (10 < Dp < 30 Å) enhanced.  
 

 
Fig 8. Pore size distribution of modified samples 
(Z720-YH) and parent zeolite (CBV720). 
 
3.3. Effect of the desilication agent  
 
In this analysis, the desilication step with ammonia 
hydroxide was tested over a Y zeolite with Si/Al = 2.6 
in a full desalumination-desilication strategy. Fig 9 
shows that the XRD of Z500-VG and the parent 
zeolite (CBV500) is the same. Fig 10 shows that the 
parent zeolite (CBV500) and the modified Z500-VG 
sample have isotherms type IV, and that the modified 
sample has best textural properties than the parent 
zeolite.  

 
Fig 9. XRD pattern of Z500-VG sample and the 
parent zeolite (CBV500). 
 
Mesoporous surface area was higher in sample 
reported by D. Verboekend et al [30] (Z500-Ver), but 
its %RC was lower (ca. 20%) to the properties found 
for Z500-VG, Table 3. This difference could be owing 
to the use of NaOH 0.1 M as desilicated agent that is 
a strong basic compound, and it dissociates 
completely in aqueous media; the desilication is fast 
and without control, generating a high amount of 
mesoporous, but without protection of the framework 
of the zeolite [21].  
 
The use of a weaker basic solution as ammonia 
hydroxide brings more control of the desilication 
step, due to its dissociation equilibrium in water [27]. 
The assistance of the surfactant contributes to the 
decrease of the collapse of the structure [18] [23], 
and the acid washing in the last step helps to clean 
the channels of the solid from the debris generated 
in the dealumination and desilication steps [39]. 
Furthermore, the use of NH4OH instead of NaOH 
avoided the additional ion exchange step in the 
synthesis, because there is not sodium deposition as 
happens when sodium hydroxide solution is used as 
desilication agent.  
 
The sample Z500-VG has a higher micropore 
surface area than the parent zeolite, which means 
that a secondary micropore system was generated 
over the sample with the procedure employed. The 
H4EDTA has a higher molecular size than the 
micropore channels of the zeolite guiding the 
dealumination only to the external part of the 
particles. Furthermore, ammonia hydroxide can get 
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into the micropore system, extracting Si atoms from 
the framework and generating the secondary pore 
system.  
For the Z500-VG sample, the mesoporous surface 
area had a slightly increase from 58.47 m2/g to 65.04 
m2/g while the microporous surface area increased 
from 706.32 m2/g to 804.94 m2/g, it means that the 
procedure was successful in the generation of pores, 
but needs improvement to generate pores with a 
higher pore diameter, an enhancement that could be 
reached by changing the dealuminating agent or the 
conditions of the treatment.  
 

 
Fig 10. Nitrogen adsorption/desorption isotherms of 
Z500-VG sample and parent zeolite (CBV500). 

 
The pore diameter increased from 7.38 nm to 9.74 
nm. Probably using another organic acid for the 
dealumination of the sample that does not have 
diffusional problems with the zeolite would increase 
the amount of Al extracted from the framework 
turning the desilication process more efficient.  
 
Fig 11 shows that the pore size distribution of 
modified sample Z500-VG has a maximum peak at 
ca. 120 Å, while the parent zeolite has its maximum 
value at 100 Å. Finally, there is a high dispersion of 
the pore sizes in the modified sample, related with 
the three steps mesopore formation in the material.  
 
The mesoporous formation in Z500-VG sample was 
tested with TEM (Fig. 12A) and HR-TEM (Fig. 12B) 
analysis. Fig 12A shows the presence of mesopores 
with at least 20 nm of diameter and the 
interconnection between them. The crystals 
conserved their morphology and have a high amount 
of mesoporous channels. Fig 12B indicates that not 
only the material conserves its morphology, but also 
their lattice fringes, information that corroborates the 
presence of a crystalline phase in the particles. 
 
 

Table 3. Textural properties of the sample Z500-VG, Z500-Ver (Ref. [30]) and the parent zeolite (CBV500). 

Sample %RC 
SBET 

(m2/g) 
Smicro 
(m2/g) 

Smeso 
(m2/g) 

Vtotal 

(cm3/g) 
Vmicro 

(cm3/g) 
Vmeso 

(cm3/g) 
Dp 

(nm) 

CBV500 100 764.79 706.32 58.47 0.386 0.293 0.093 7.38 

Z500-Ver 20 n.d. n.d. 296.00 0.60 0.13 0.47 n.d. 

Z500-VG 99 869.98 804.94 65.04 0.469 0.333 0.136 9.74 

n.d. = No data reported. 
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Fig 11. Pore size distribution for the modified sample 
Z500-VG and parent zeolite (CBV500). 
 
Mesoporous channels, which open to external 
surface are also identified. From images, is 
concluded that the material Z500-VG conserves its 
morphology and crystallinity due to the mild 
treatment conditions, that allow generate mesopores 
in the zeolite, increasing its surface area and 
average pore diameter without a significant change 
in relative crystallinity and textural properties of the 
material.  
 
 

4. CONCLUSIONS 
 
The effect of the amount of surfactant CTAB on the 
desilication step and the hydrothermal treatment time 
on the crystalline and textural properties of the 
zeolite Y with Si/Al = 15 was analyzed. A higher 
effect of the amount of surfactant respect to the time 
was observed. An inverse relation between the %RC 
and the amount of surfactant was found. The 
hydrothermal treatment time had the same effect 
than the amount of surfactant on the crystalline and 
textural properties of the samples but softer. It was 
possible to improve the synthesis proposed by Javier 
Garcia et al. [23], reducing the amount of CTAB and 
the hydrothermal treatment time.  
 
It was found that the use of ammonia hydroxide 
assisted by the cationic surfactant CTAB instead of 
sodium hydroxide in combination with the acid 
treatments with H4EDTA and Na2H2EDTA allowed to 
generate microporous and mesoporous channels in 
the commercial zeolite Y with Si/Al = 2.6, with better 
textural properties and conserving the crystalline 
phase of the material. Further, the desilication step 
with ammonia hydroxide avoided the ion exchange 

steps necessary in the synthesis of hierarchical 
materials using sodium hydroxide as desilication 
agent, reducing cost and time in the synthesis. 
Owing to properties of hierarchical synthesized 
materials, they could be a good option for cracking of 
probe molecules as 1,3,5-triisopropylbenzene. 
 

 
Fig 12. TEM (A) and HR-TEM (B) images of the 
sample Z500-VG. The zone shown in the rectangle 
in (A) corresponds to image in (B). 
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