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Table 1-material used for preparing catalyst

Materials Formula Application Company
Zeolite NaY Nass(AlO,)ss (Si02)136 Catalyst Chemical Pingxiang Naike
ammonium nitrate NHsNO; lon exchange agent Merck
bentonite Al,03.4(Si0,).H,0 binder Daejung
Cond B g 3Lwoslo]

P8 4 b Wish oo g (s paigel slagyg 3l esliel LNAY Colgss a5 5,8 Colgi sjlwoslal jslateas
Vol gy ez slre ez Cond a4 Sl psisel Ve S sl shate cnl sl isd ias NHiY
g A C sles jo Cele ¥ Dowas Jgloe 098 oo adlol NAY culgsy as (Jglome 51 iid due Vo Cldgsy 0,5 5o sl5la)

1 Liquefied Petroleum Gas
2 Levenberg-Marquardt

¥4



03l300,S (maly g (oS 5 1505

das,o.v OARY 9 QB.M}GA ool wgw ).laJLo u—l .‘a..uy OM).J.J 4)5.04 Uy 05....4(59 ‘5:9.' uaaﬁ.u \u.mf).' Ja;‘).w S
ailyd gy )0 Sezge o Cdale palS jalaiedy gl o i el VY Soedy 4z 0 VY- °C gles (o 391 58
0y95 3 Celo ¥ ey lopygin 8 4 (b hiasd ln (ol Wges el 3 0900 S5 K0 i ¥ g pAgaS
Clgsy Se e pbxl Ul Dalead (b,> 486,65 8 6+ mi/min o Llgr 500 °C 0,55 slod 0,5 oo )l,8
dasuive Cpns OLE3a ool 0ol 03,5] ¥ oz 40 55 eddosle] CencdblS Glastin ol oo sols lis VS o

Dyaleat sas @l Jaiia o) Ken 5 g, Lawgs oadplil imgh 55 CoandllS

Zeolite-NaY 1M aqueous NH4NO3
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Prepare a solution with 1gr zeolite/10 ml aq.
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Mixing for 3hrin 80 °C with reflux
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Filtration and washing with distillated water

v

Drying under air flow in 80 °C for 12hr
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Calcination in 550 °C for 4hr with air flow rate 50 ml.min*
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Zeolite HY
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Repeat 3 fold

Figure 1- Steps for ion exchange of zeolite NaY
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Table 2- Properties of the catalyst

Parameter Value
Average pore diameter (nm) 2.1239
Pore volume ® (cm®/g) 0.362
Surface area ° (m?/g) 812.6
Relative Crystallinity © (%) 100
Si0y/ALO; ° 5.18
Acidity (mmol/NHs.g™) 0.88

Total pore volumes were estimated from the adsorbed amount at P/P0 = 0.99.
® Measured by BET

¢ ASTM D5758-01 was applied as XRD relative crystallinity.
4 determined by XRF
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Figure 2- Schematic diagram of the catalytic cracking experimental setup
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Table 3- Properties of feed

Properties Amount
Density (g.cm™) 0.89
Refractive Index 1.56
MW (g mole ) 230
Nitrogen (ppmw) 350

Sulphur content (wt %) 0.05
Aromatics (Wt %) 50
Distillation
10% 241
50% 275
90% 305
Final boiling point 330
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Figure 3- Proposed reaction network of the six-lump kinetic model
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Figure 4- Algorithm for solving discrete lumping kinetic model for calculation kinetic parameters based on experimental data
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Table 4- Frequency factors and apparent activation energies for reaction paths and deactivation function

Reaction path No. Frequency factor (1/h) Activation energy (kJ/mole)
1 226640 48.8
2 486512 44.56
3 9840 39.87
4 2795 35.98
5 1540.8 34.78
6 15746 57.85
7 176420 65.52
8 45906 64.76
9 1610.91 67.47
10 484391 79.51
11 234180 81.04
12 1118.875 78.30
Deactivation function 22.31 74.99
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Six-lumped kinetic model for catalytic cracking of heavy gas oil over zeolite
Y; considering deactivation catalyst
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In this study, a six-lump kinetic model is proposed for describing the catalytic cracking of gas oil over Y
zeolite. The feedstock and products were classified into six discrete lumps, including feed, kerosene, gasoline,
liquefied petroleum gas, dry gas, and coke. A time-on-stream exponential function was used to describe the
deactivation mechanism. Experimental data for 5 temperatures between 500-600 °C and residence time of 60-
120 s were applied for the estimation of kinetic parameters. The estimated activation energies were in the
range of 40-85 kJ.mol—1, the preliminary reactions exhibited lower apparent activation energies than
secondary reactions. By increasing the reaction temperature from 500 ° C to 650 ° C at the reaction time of
240 min, the progress of the secondary reactions of coke production increases, and the deactivation function
decreases from 0.955 to 0.735, After 300 min it reached 0.892 and 0.466, respectively. This means that at
higher temperatures, the catalyst deactivation occurred faster. Analyzing the results for the distribution of
products under different operating conditions showed that a temperature of 550 ° C and a residence time of 60
to 80 s are optimal for the production of gasoline and kerosene.

Keywords: Catalytic cracking, heavy gasoil, Zeolite Y, kinetic, lumping model



