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Opening of naphthenic ring in decalin cracking over zeolite catalysts

TANG Jin-lian, XU You-hao, WANG Xie-qing, CHENG Cong-li
(Research Institute of Petroleum Processing, SINOPEC, Beijing 100083, China)

Abstract: Decalin cracking over Y and ZSM-5 zeolites were conducted in a small fixed fluidised bed (FFB)
reactor ; the effect of temperature and catalyst/oil ratio on the opening of naphthenic ring in decalin cracking over
Y zeolite was investigated. The results showed that the products of decalin cracking over zeolite catalysts by
naphthenic ring opening involve non-aromatics ( propane, propylene, butane, butylenes, methylpenptane,
cyclopentane, cyclohexane, etc. ) and monocyclic aromatics ( benzene, and C, _, alkyl benzene) ; polycyclic
aromatics ( tetrahydronaphthalene, naphthalene, alkyl naphthalene, phenanthrenes, pyrenes, etc. ) and even
coke may also be formed through dehydrogenation condensation reactions. The selectivity for naphthenic ring
opening over ZSM-5 catalyst is higher than that over Y catalyst, due to difference in the diffusion and adsorption
of naphthenic hydrocarbon on two catalysts. The relative ratio of naphthenic ring opening to dehydrogenation
condensation reactions ( NRO/DHC ) is higher over ZSM-5 catalyst than that over Y catalyst. Under the
conditions of 450 ~550 T, weight hourly space velocity of 10 h™', and catalyst/oil mass ratio of 3 ~9, with the
increase of the reaction temperature or the catalyst/oil ratio, the bimolecular hydrogen transfer and
dehydrogenation condensation are enhanced and as a result, the selectivity to the products from naphthenic ring
opening is decreased.
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Table 1 Physico-chemical properties of catalyst

Ager/ / d Acid t m/ 1g™)  dyes/ Re,0,)/
Catalyst Main zeolite =~ MAT S ‘;P ., " cid amount m/( pmol-¢ ) ues w(Re,0,)
(m™-g™) (cm’-g) /nm B L nm %
CAT-Y Y 54 81 0.151 1.151 0.79 84.09 2.434 3.9
CAT-Z ZSM-5 56 278 0.127 0.850 0.61 148. 80 - -

MAT: microreactor test; d, :median pore diameter; UCS:unit cell size
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Table 2 Molar composition of products from catalytic cracking of decalin on CAT-Y(w, /% )

Hydrogen Methane Ethane Ethylene Propane Propylene
1.41 0.61 0.35 1.37 11.71 2.18
i-butane n-butane 1-butene i-butene 2-butene Cyclopentane
10.74 4.37 0.15 0.07 0.39 0.86
2-methylbutane Methyl-pentane ~ Methyl-cyclopentane Benzene Cyclohexane Dimethyl-cyclopentane
5.03 4.62 8.65 1.96 0.87 2.86
Methyleyclo- Ethylcyclohexane Trimethylcy- Toluene Dimethyl benzene Metl.lylcyclohexanyl
hexane clohexane isoproplene
1.71 0.54 0.17 6.00 9.73 1.36
Trimethylbenzene Cyclopentanyl Cyclopentanyl Phenyl Butyl benzene Tetralin
benzene cyclohexane butene
4.81 3.03 0.47 1.56 0.70 1.50
Dimethyl styrene Naphthalene Dimethylcyclopentanyl- Dimethylcyclopen- Methyltetralin 2-methylnaphthalene
cyclohexane tanylbenzene
3.33 2.68 0.31 0.37 0.34 0.56
2-methylnaphthalene Dimethylnap- Propylnaphthalene Phenanthrene Pyrene Coke"

hthalene (‘anthracene)
1.17 1.00 0.14 0.06 0.07 0.17

t=500 C; m(catalysts)/m( feedstock)= 6; WHSV=10h""; = 1 min

1) molecular weight of coke sets to 800 kg/kmol"™; 2)¢; injection time
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Figure 1 Reaction pathway from catalytic cracking of decalin
R,is alkyl group, x’ is molar selectivity
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Figure 2 Yield of products on CAT-Y and CAT-Z from
catalytic cracking of decalin
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Table 3 Product selection from catalytic cracking of decalin on CAT-Y and CAT-Z

Selectivity /%

Catalyst x/% - - - - - NRO/DHC
non-aromatics monocyclic aromatics polycyclic aromatics coke

CAT-Y 87.66 42.28 45.68 10.50 1.55 7.31

CAT-Z 72.02 38.46 53.86 5.32 2.36 12.02

t=500 C ; m( catalysts)/m( feedstock)=6; WHSV=10h"; ¢ =1 min

non-aromatic hydrocarbon ; propane, propylene, isobutane, cyclo-propane; monocyclic aromatics: benzene and C, _, alkyl benzene;

polycyclic aromatics : tetrahydronaphthalene , naphthalene and methyl naphthalene , phenanthrenes, pyrenes and so on
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Figure 3  Effect of temperature on NRO/DHC from
catalytic cracking of decalin
m( catalysts ) /m( feedstock)= 6; WHSV=10h""; 7 =1 min
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Table 4 Conversion & product selection from cracking
of decalin under different temperature on CAT-Y

Selectivity /%

/C /% . monocyclic  polycyclic
non-aromatics . . coke

aromatics aromatics
450 67.97 35.72 58.61 4.44 1.23
476 72.28 38.34 54.86 5.46 1.34
500 78.93 44.11 48.04 6.52 1.33
526 81.05 45.52 45.74 7.36 1.38
550 83.14 48.55 41.91 8.04 1.50

m( catalysts ) /m( feedstock)= 6; WHSV=10h""; ¢t =1 min
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Figure 4 Effect of mas ratio of catalysts to oil on
NRO/DHC from catalytic cracking of decalin
t=500 C; WHSV=10h"; ¢t =1 min
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Table 5 Conversion and product selection from cracking of
decalin under different ratio of CAT-Y to feedstock

Selectivity /%

m( catalysts)/  x/ - -
non-aro- monocyclic polycyclic
m( feedstock) % coke

matics  aromatics aromatics
3.01 69.11 42.87 48.98 7.65 0.50
4.58 75.99  44.87 45.90 7.94 1.29

6.22 79.11 45.01 44.90 8.37 1.72

7.44 79.74 43.97 44.83 9.52 1.68

9.10 81.20 43.42 44. 66 10.01 1.91

t=500 C; WHSV=10 h™'; t =1 min
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