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Figure 1- Experimental setup for activity test of the synthesized catalysts for heavy oil cracking
S (5 gy oSy Wil 53 (5 ks GBI U1S Cllad 51 GBI LT ailabis - JSCi

Of



4555 ssell 5 52955 Lo) sem sy oo coslinn S el 0o Lo 3l sonnl il e ( SBT (850

SSorded S Sl ool 18 heSse s 4 Suop g ey S e 50 ead s S cen B 5l 6 5 Sy
SN oy SaSdy STyes ol odd 00,51V Jaa (o ol Slaseie 45wl solaiw] Slhyem Glgicas (Jposn!) (usiw
2 0SS Gy sles il i jeST) gy 4 bl G lsiear 3508 Gl SIS Ly ol it 5SS ey &
ools )8 Ledpa 5 (Sen Sy )by ol jlaiedr 35068 O3 5l s o ST, glal 5o 0l @ i ¥ °C sles
5 osliiwl 2STly sles s pSosll sl Kogsi hisSeess o9 (2STs slo)S (ool sl (S pS 0)sS S 51l
Solae dlad Sty G55 Vgame S S pleer @l Jpame 5 Bad S5 & ol jelasS I jge b Y pame
&b esliwl TCD 4 FID Slulis L (Agilent, 7890A) (55 31,5 g5log,S oKiws 51 (655 <V game Judo (sl 050
SpSoslail g JBs s puSejlail (9,3,5 (5,05l Judsl calises sl T 5 soliiwl b sdelcassas golo Jgamo (olgs
ASTM2887  ys3, 5 SImMDis Jud= 5| mle Jgame (sgzalais @565 (5,505l (gl ¢ pmizran .o plosil Sl g
Jezs3l8 o(F - D-YVOC) s i oY oY+ 0°C) ciin Uit s &2 pulo Upamo Ligmralais ayjg8 ool s oliciul
A s CFOOC) M Jg55 5 (YFO-FOL'C) (nKows Jug)8 (YYO-YFOC) S

(U292 Shygs olgs -) Jgua
Table 1- Feed properties (Iso-diesel)

Properties Amount
Viscosity (cSt) 6.73
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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Table -2- Relative crystallinity and SiO,/Al,O; ratio of the prepared catalysts

Sample Relative Crystallinity® (%) Si0,/ALO5°
PY 100 5.21
PyY 46.6 3.33
CPyY 533 3.47

* ASTM D5758-01 was applied as XRD relative crystallinity
® EDX
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Figure 3- FESEM images of the prepared samples: (a) PY, (b) PyY and (¢) CPyY
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Figure 4- Nitrogen adsorption-desorption isotherm of the prepared samples and pore size distribution of the samples
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Table 3- Textural properties of the parent Y and the synthesized NaY samples

Characteristic
Sample SgeT Swicro Sueso V1otal VMicro VMeso Acidity
(m* gy (m* g’ (m® ) (cm’g)! (cm’g"y* (cm’® g')f (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

* The BET method using adsorption data were applied for determination of total surface areas in P/P, ranging from 0.005 to 0.1.

® Micropore surface area evaluated by t-plot method.
¢Mesopore surface area calculated using Sger—Swicro-
4 Total pore volumes were estimated from the adsorbed amount at P/Pg= 0.99.

‘Micropore volume calculated by t-plot method.
"Mesopore volume calculated using Vrour—Vwicro
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Figure 5- FTIR spectra of the prepared samples: (a) PY, (b) PyY and (c) CPyY
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Figure 6- NH;-TPD analysis of the synthesized and parent sample
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Figure 7- Obtained liquid yield with time on stream for the prepared catalysts
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Table 4- Products yields and properties of the obtained liquid product for the different catalysts

Sample PY PyY CPyY
Product Yield, wt%
Coke 0.2462 0.1164 0.1538
Liquid 92.3633 91.9663 83.3135
Gas 7.3905 79172 16.5327
Total 100 100 100
Liquid Properties
Refractive Index 1.461 1.459 1.458
. 2h 0.8234 0.8249 0.8139
Density (g.cm-3)
4h 0.8303 0.8267 0.8206
. . 2h 2.7 2.75 2.04
Viscosity (cSt)
4h 3.6 3.16 223
Molecular weight |2h 190.1 191.6 167.4
(g.gmol) 4h 2125 202.5 174.6
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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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English Abstract

Synthesis of mesoporous Y zeolite from pyrophyllite as Si and Al source
used in gasoline and gasoil production from heavy oil
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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
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