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1. Faujasite 
2. Fluid Catalytic Cracking 
3. Natural clay 
4. Perlite 
5. Aromatization 
6. Aging 
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1. Carbon Nano Tube 
2. Cetyl Trimethylammonium Bromide 
3. Tetramethyl ammonium hydroxide pentahydrate 
4. Tertbutyl alcohol 
5. 1,3,5-trimethylbenzene 
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Figure 1- Experimental setup for activity test of the synthesized catalysts for heavy oil cracking 
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1.  Flame ionization detector 
2. Thermal conductivity detector  
3. Simulated distillation 

Propert ies Amount 

Viscosity (cSt) 6.73 

)3-Density (g.cm 0.8398 

Refractive Index 1.465 

Sulphur content (ppm) 80 

 

Distillation Temperature (°C) 

Initial boiling point 304 

10% 389.5 

20% 403.3 

50% 428.1 

90% 467.9 

Final boiling point 519.3 
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Figure 2- XRD patterns of the synthesized samples and parent Y zeolite. (a): Commercial sample, (b): Synthesized sample with 

pyrophyllite and (c): Synthesized sample with CTAB  
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1. Octahedral 

10 20 30 40 50 60

(a) PY

(b) PyY

(c) CPyY

2θ (degree)

Sample (%) aCrystallinityRelative  b
3O2/Al2SiO 

PY 100 5.21 
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Figure 3- FESEM images of the prepared samples: (a) PY, (b) PyY and (c) CPyY 
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Figure 4- Nitrogen adsorption-desorption isotherm of the prepared samples and pore size distribution of the samples  

(insert in the figure) 
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Table 3- Textural properties of the parent Y and the synthesized NaY samples  

Sample 

Characterist ic  

SBE T  
(m2 g-1)a 

SM i c r o  
(m2 g-1)b 

SM e s o  
(m2 g-1)c 

VT ot a l  
(cm3g-1)d 

VM i c r o  
(cm3g-1)e 

VM e s o  
(cm3 g-1)f 

Acidi ty 
(mmol/g)  

PY 704.5  643.1 61.4 0.3115 0.2449 0.0666  2.54  

PyY 510.7  446.0  64.7 0.2407 0.1707 0.07 1.51  

CPyY 573.7 493.5 80.2 0.2550 0.1793 0.0757  1.75  

a The BET method using adsorption data were applied for determination of total surface areas in P/P0 ranging from 0.005 to 0.1. 
b Micropore surface area evaluated by t-plot method. 
c Mesopore surface area calculated using SBET–SMicro. 
d Total pore volumes were estimated from the adsorbed amount at P/P0= 0.99. 
eMicropore volume calculated by t-plot method. 
fMesopore volume calculated using VTotal–VMicro 
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Figure 5- FTIR spectra of the prepared samples: (a) PY, (b) PyY and (c) CPyY 
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Figure 7- Obtained liquid yield with time on stream for the prepared catalysts 

 I?J7- ��� �!�� %�ER� ��
� �C���&�6 9�� �� ��!�L ���� ���
��V& 9�,� J  

  

 s��E. M^�k]. �!7������! �,.8 7
�FB�  ��,= �! 9#2-� 9d��4  .��
 �,� �!��8 )�� �� e* �!7�� /
"#.

�F#5�0�* )�� �,�"�-� ���#�#4��#� �� )��+0 �F#5�0�* 7
 ���* ��=�0 \��; M��N��
/�	
 �.
 9�
 . �.��W. �,-�! )^��

�F#5�0�* 9�
 e* S��� \��W. �! �� ��
�� �*9#��� M�,; ������� �0�
��
 ),#�
 )�� )�� �,�"�-� ���#�#4��#�  ��


 �! �* \#�]0TPD-3NH ,� ����
 /8 ���� .�F#5�0�* �0^�� �#5�a4 ��� 7
 �!�R��
 �� )"�-� )���#�#4��#� 7�Y �!7�� /
"#. �

/8 7
 ��	#� ��/8 )�� �� ),#5�0 U��. /
"#. "#
 � )��+0 �F#5�0�* .!�� ���* ��)��

�Y �F#5�0�* �5�B5�. o�= � �5�2{ �

 �,�"�-� ��CTAB )CPyY�� ( �
��
 7
 ���* ��=�0 \��; M��NPyY �� �� ���/�	
 �* !�� )��+0 �
��
_0 �,-�! �#b �V�.

 ,#5�0 � �F#5�0�* !�B��� )�� �� �". M
�R�eV� U��. ��k]. �0��
 .  
  

 %� L4-  �!�� %�ER� P��2 � D\�ER� ��
�����
�� �) �C���&�6 9�� ��Z��F� 9�,  
Table 4- Products yields and properties of the obtained liquid product for the different catalysts   
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Sample  PY PyY CPyY 

Product Yield, wt%     

Coke  0.2462 0.1164 0.1538 

Liquid  92.3633 91.9663 83.3135 

Gas  7.3905 7.9172 16.5327 

Total  100 100 100 

     Liquid Properties

Refractive Index 1.461 1.459 1.458 

Density (g.cm-3) 
2 h 0.8234 0.8249 0.8139 

4 h 0.8303 0.8267 0.8206 

Viscosity (cSt) 
2 h 2.7 2.75 2.04 

4 h 3.6 3.16 2.23 

Molecular weight 
(g.gmol) 

2 h 190.1 191.6 167.4 

4 h 212.5 202.5 174.6 



���� ���	
-  ��� ��
���
 � ���� �	�����"# ���� ���
 ����� � �!1399 

62 

 /
"#.6�� � 9#2-� 9d�� \�,V0�F#5�0�* )���� ),#5�0 U��. ��k]. �-��*��,#� s��E. )�� \B� �! s��E. )��

8  .��
 �,� �!
! /�	
�� �#5�a4 ����F#5�0�* �0^�� )�� �,�"�-� 7
 �!�R��
 ���#�#4��#� �� � �F#5�0�* ���� �,�"�-� ��

 7
 �!�R��
CTAB/8 \�,V0 /
"#. � .!�� )��+0 �
��
 7
 ��	#� ��S�E�

9�"-� 6�� )��O�  �
��
 )
��CPyY �� \��; M��N

�
��
 7
 ��	#� ��=�0/�	
 �* !�� �2�! )��=� �V�. �#b�0 �,-�!1���! �! � C��-. �c; �� �". M
�R� !����� /!�� )��

 ),#�
 )
���FB�  eV� M^�k]. ,#5�0 ���
�� .��* ��D� �. /
�0�* �4�Y �+#�
 S�E�

 �� eV� M^�k]. )��O�

�F#5�0�* )�� )�� �,�"�-� �
,a. �!�. 7
 �!�R��
 ���#�#4��#� �� )��+0 �
��
 7
 ���� C0
�.��
 7
 �.
 9�
 .��Y,�! 

/
7�
 �#5�
 !
�. 7
 �!�R��
 �� )!����* � )!�k�;
 ��#; )
�� �#��
 ":�� ��#F� �#5�:7 "�-���
 .  

 
Figure 8- Hydrocarbon cut and heavy oil conversion over the prepared catalysts 
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Figure 9- GC analysis of the gaseous products of the heavy oil conversion with time on stream 
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Figure 10- TGA analysis of the spent catalysts after 4 h of time on stream 
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Figure 11- FTIR spectra of the spent catalysts: (a) PY, (b) PyY and (c) CPyY 
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Synthesis of mesoporous Y zeolite from pyrophyllite as Si and Al source 
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Zeolite Y was successfully synthesized using alkali-fused pyrophyllite as the source of Si and Al without 
using template. Surfactant (CTAB) was used in order to create the mesopores in the synthesized Y zeolite. 
Physicochemical properties of the synthesized samples were investigated using XRD, FESEM, BET, FTIR, 
NH3-TPD, EDX, and TGA characterizations. The properties and catalytic performance of the synthesized 
zeolites using pyrophyllite were compared with commercial Y zeolite. The results of XRD analysis showed 
that a pure Y zeolite has been synthesized using alkali-fused pyrophyllite in the presence of CTAB. 
Furthermore, the use of CTAB resulted in improving the textural and acidity properties of the synthesized 
sample. Moreover, the catalytic activity of the synthesized zeolites was tested in a fixed bed reactor. The 
synthesized sample with CTAB, for the case of heavy oil conversion to light fuels showed a conversion of up 
to ca. 60%. It was observed that the light fuels selectivity such as gasoline and gasoil as well as gaseous 
production over modified zeolite with CTAB was higher than the other samples. Due to the presence of 
mesopores and better accessibility of the feed molecules to the catalytic active sites, the CTAB-synthesized 
sample showed higher catalytic activity as well as gaseous products formation.  
 
Keywords: Y zeolite, pyrophyllite, CTAB, heavy oil cracking 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  


