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Valorization of Polyolefin /LCO
Blend over HZSM—5 Zeolites

José M. Arandes, Javier Erena, Martin Olazar, Javier Bilbao, and
Gabriela de la Puente

Abstract

The cracking of low density polyethylene (PE) and of polypropylene (PP)
dissolved in LCO (light cycle oil, product of a commercial FCC unit) is studied
in the 450—550 2C range, by using a reactor simulating a FCC riser. The
reaction was carried out on catalysts prepared based on HZSM—5 zeolites with
different Si/Al ratio The results are explained by the shape selectivity of the
HZSM-5 zeolite and by the total acidity, which decreases as the Si/Al ratio
of the zeolite is increased. A feed with polyolefin content higher than 5 wt%
limits the conversion of LCO. The cracking on HZSM—5 zeolite catalysts of
PE/LCO and PP/LCO blends produces a yield of C5—C12 fraction, which is
highly aromatic and with a high content of styrene, and a low yield of C1 and
C2 gases and of coke. A feed made up of polyolefins and LCO contributes
to increasing the yield of light olefins, of which the concentration of ethylene
increases with temperature. When compared to the coke selectivity of LCO
cracking, a feed with PP contributes to increasing it, whereas PE decreases it.
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1. INTRODUCTION

The thermal degradation of pesbnsumer plastics is considered to be the method with higher possibility of large
scale implementation for valorization of these materials in order to obtain fuel or petrochemical feedstock (from
mixtures of plastics) or to recover monomers as styrene or methyl methacrylate (from polystyrene or polymethyl
methacrylate, respectively). The fluidized bed reactor is the more developed technology because it has-good gas
solid contact and bed isothermality (Kamigsk992, 1995; Williams and Williams, 1999).

The use of acid catalyst allows the pyrolysis temperature to be reduced and the product distribution to be
modified. Numerous acid catalysts have been studied in experiments carried out in fixed bed reffitors, @ne
stage, with the catalyst and the plastic mixed (Audisio et al., 1984, Ishihara et al., 1990, 1993; Mordi et al., 1992;
Lin et al., 1997; Aguado et al., 1997; Sakata et al., 1999), or in two stages, by passing the vapours of the thermal
pyrolyss through a catalytic bed (Ohkita et al., 1993; Uemichi et al., 1998; Takuma et al., 2000). Uemichi et al.
(1999) arranged two beds in series (sdalamina and HZSMb zeolite) in a catalytic reactor. In a fluidized bed
reactor, catalytic pyrolysis maye carried out in one stage because bed isothermicity is guaranteed, due to its high
heat transfer rate (Sharratt et al., 1997; Lin et al., 1998; Mastral et al.; 2002 al., 2002). The fused plastic coats
the catalyst particles, which in turn contuile to fluidization, as did sand in thermal pyrolysis.

The fact that the catalytic reforming of the liquid product obtained by pyrolysis is carried out in a second
stage allows for separately establishing the optimum conditions in the reactor of themolgskis and of catalytic
reforming. Songip et al. (1993, 1994a,b) studied the catalytic reforming on differentailicanas and on HZSh
and HY zeolites of the liquid product (mainly paraffinic) obtained by thermal pyrolysis of polyethylene at low
tenmperature (450 °C). Joo and Guin (1997) have studied the reforming of a heavy fraction of the pyrolysis liquid
fraction (boiling point > 205 °C) obtained from mixed plastics (hagmsity polyethylene, polypropylene and
polystyrene) by its hydrocracking dfiMo/alumina catalysts.

Nevertheless, the handling of plastics wastes entails such disadvantages as are the transportation of a
material with great volume to pyrolysis plants and those inherent to feeding this material into the reactor. The
operation in dluidized bed reactor also has problems due to the stickiness of the particles coated with fused plastic,
which are prone to forming agglomerates which lead to bed defluidization.

The transformation of the dissolved plastic is a strategy that has tloeviioy) interesting aspects: 1) The
dissolution of the waste plastics may be carried out at the point where they are collected and classified, which
facilitates their transportation to the refinery, 2) as the catalytic transformation is carried out iefitheryr,
dissolved plastics coming from different places may be treated together and at large scale; 3) the products will be
treated in the existing separation units in order to tailor their composition to market requirements, 4) the products
will be commecialized together with the usual ones; 5) The solvents for dissolving the plastic will be chosen
according to market circumstances. This fact contributes to upgrading secondary streams of the refinery (Fernandez
et al., 2002).

Ng et al. (1995)have studkd the catalytic cracking of dissolutions containing 5 wt% and 10 wt% of high
density polyethylene in a vacuum gas oil (VGO). The experimentation in continuous operation in a fixed bed was
evidence of the synergistic effect of the feed components.

In a previous paper (Arandes et al., 1997), the catalytic upgrading of polypropylene and polystyrene
dissolved in LCO was studied on a commercial FCC catalyst consisting of a HY zeolite interchanged with rare earth.
The solvent used is a product stream comirggrfrthe FCC unit (and, consequently, partially refractory to catalytic
cracking), which allows for identifying the contribution of the cracking of the dissolved plastics to the product
stream. Encouraging results are obtained concerning the possibilityodfiging a gasoline with a high octane
number, although the yield of gases and of coke is high, which implies a decrease in the yield of hydrocarbons and
aggravates catalyst deactivation.

In this paper, the kinetic behaviour of several HZSNeolites prpared with a different acidity are studied

in order to ascertain the effect of this property on conversion, on deactivation by coke and on the product
distribution in the cracking of polyethylene and polypropylene dissolved in LCO.
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The main interest of #n HZSM5 zeolites lies in their good resistance to deactivation by coke. The high
yield of coke is a disadvantage in the catalytic valorization of plastics and, furthermore, coke depaosition causes rapid
deactivation of the catalyst. The low deposition oke on HZSM5 zeolites in the pyrolysis of polyolefins has been
widely proven in the literature (Aguado et al., 1997; Sakata et al., 1999; Ohkita et al., 1993; Uemichi et al., 1998;
Uemichi et al., 1999; Sharratt et al., 1997; Lin et al., 1998) and istduke moderate and uniform acid strength of
their sites and to the thredimensional structure of their pores (connected by intersections and not by cages), which
facilitates the diffusion of coke precursor products towards the outside (Benito et @a;108isnet and Magnoux,

2001).

2. MATERIALS AND MET HODS

Feed

The plastics studied, supplied by Dow Chemical S.A, are low density polyethylene (PE) (MW, 9'22x10
polydispersity, 5.1) and polypropylene (PP) (MW, 12%1polydispersity, 5.0). By meansf thermogravimetric
analysis (Setaram TAG 24) the degradation ranges have been determined; thesex@ A3@or PE and 41@30

°C for PP. The temperature corresponding to the maximum degradation range of the two materials is 460 °C. The
plastic diluentagent was a LCO whose composition is shown in Table 1. 30.0 wt% of the LCO is made up of
hydrocarbons with a boiling point within the range of gasolingQz). This solvent has been chosen because it is a
product stream of a commercial FCC unit and, senuently, its reactivity for cracking will be low, which will allow

for separately identifying the reactivity of the dissolved plastic. The aromatic nature of the LCO is similar to that
expected for the products of catalytic cracking of polyolefins amahsequently, the synergistic effects of the
products coming from the constituents of LCO and of the plastics will be minimized. The dissolution of the plastics
in LCO was carried out in a stirred tank at 100 °C. The feeds were made up of PE at 5 and,l&naté6 PP at 5

wt% (higher concentrations of PP led to very high viscosity and, consequently, problems of solidification in the
reactor injection system).

Table 1. Characterization data for LCO

Composition wit%
density (15 °C), g/crh 0.9132
sulfur, wt% 0.60 saturates 20.7
viscosity, 100 °C cSt 1.0 paraffins GHop+2 7.9
flash point, °C 93 monocycloparaffins gHop, 5.6
Simulated distillation, wt% °C dicycloparaffins GHon2 2.7
I.P 125 tricycloparaffins GHon 4 4.5
5 175 tetracycloparaffins fHon.6 0.0
10 187
20 203 aromatics 66.9
30 219 monocyclic 33.0
40 231 dicyclic 33.1
50 249 tricyclic 0.8
60 264
70 282 sulfur compounds 12.4
80 302 thiophenes 0.4
90 329 benzothiophenes 12.0
95 350
E.P. 390
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Catalysts

Three catalystsdsed on HZSMb zeolite have been prepared with different Si/Al ratio (Si/Al = 24, 42, and 78). The
method followed is that indicated in the Mobil patemsdauer and Landolt, 1972; Chen et al., 197Bhe zeolite is
agglomerated in an inert matrix made apsilica gel, which is prepared by a conventional method of precipitation
from sodium silicate (Romero et al., 1986). The catalysts are calcined at 570 °C for 4 h str@&in. Under these
conditions, the acid structure is equilibrated and the catalystover their acidity in successive reaction
regeneration cycles when the regeneration is carried out by coke combustion in an air stream at 550 °C (Benito et al.,
1996b).

The more relevant physical properties of the catalysts are set out in Table ZxoFbus structure and the
surface area (BET) of the catalysts have been characterized from the isotherms of adseguiption of N
obtained in an ASAP 2000 equipment from Micromeritics. The micropores of the catalyst correspond to the HZSM
5 zeolite,whose pores are elliptical channels of two types which cross perpendicularly to each other, some are
arranged in a straight line (0.53 x 0.56 nm) and the others in zigzag formation (0.51 x 0.55 nm). The silica that
makes up the matrix of the catalyst has exclusively mesoporous structure with pores of diameter between 30 and

300 A.
Table 2. Properties of the catalysts
Chemical properties
catalyst Si/Al ratio acidity, Bronsted/
number in the HZSM5 mmol NH; g'1 Lewis
zeolite ratio
1 24 0.15 3.63
2 42 0.10 3.40
3 78 0.04 2.86
Physical properties
catalyst BET micropore pore micropore micropore mesopore
number surface area, surface, volume, volume, diameter, diameter,
m’g* m’g* cnig? cnig? A A
1 200 106 0.5459 0.0584 55 30-300
2 195 101 0.5387 0.0587 55 30-300
3 181 87 0.5228 0.0578 55 30-300

The studies on acidity have consisted of: 1) the determination of the Bronsted/Lewis sites ratio, Table 2, by
analyzing the FTIR spectra of adsorption of pyridine at 250 °C and so ascertainirggithbetween the intensity of
the bands corresponding to 1550 tB-pyridine) and 1455 cih (L-pyridine). This study has been carried out by
means ofin situ FTIR spectroscopy in a catalytic chamber (Spectra Tech) connected in series with the FTIR
spectophotometer (Nicolet 740 SX) (Aguayo et al., 1994a); 2) the analysis of acidic strength distribution, Figure 1,
and total acidity, Table 2, has been determined by differential adsorption gf Which has been carried out in a
differential scanning calameter (Setaram DSC 111) connected to a Hewlett Packard 6890 gas chromatograph. The
calorimeter is used to evaluate the adsorption heat (heat associated with the neutralization of acidic sites) of pulses
of the base (at 150 °C) and the chromatograph is tsadsess the amount of base adsorbed (Aguayo et al., 1994b).

It has been proven that the acidity of the catalysts prepared using the three-bBlZ8Mites is almost
identical to that of the pure zeolites, which indicates that the silica matrix haginiichnt acidity. By analysing a
silica gel prepared independently by the aforentioned techniques, it has been confirmed that its acidity is
insignificant.

In Figure 1 it is proven that the Si/Al ratio hardly affects the acid strength of the sitéseodflZSM5
zeolites, which is between the range from 100 to 180 kJ (mol d¢)Nat the adsorption temperature used, 150 °C.
Nevertheless, when the Si/Al is increased the total acidity, measured as the amoury ad$dirbed at 150 °C, is
noticeably affeted.
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Figure 1. Distribution of the acid strength of the catalysts determined by calorimetric
measurement of the differential adsorption heat okNH

Reaction Equipment

In order for the results of catalytic cracking to be interestisgaa indication of the reaction in the industrial FCC

unit, the experiments must be carried out under similar conditions to those of an industrial riser (Sedran, 1994). The
equipment used in this work is a Riser Simulator Reactor, Figure 2. It is an ahtezoycle reactor specially
designed for catalytic cracking and has been previously described (Kraemer, 1991; Kraemer and de Lasa, 1988; de
Lasa, 1992). The equipment is easy to operate and its main characteristics are: 1) capability for operating with lo
and precise values of contact time in the rangE0ls; 2) a suitable feedatalyst contact, as the reaction occurs in a

dilute fluidized bed regime with perfect mix for the catalyst and for the reaction mixture. The catalyst is in a basket
and the gasesirculate through the basket, impelled by a turbine located in the upper part. At zero time the
established amount of feed is injected and a timer is activated. Once the programmed time has elapsed, a valve is
opened and the reaction products pass tocaiva chamber, maintained at 300 °C. These products are sent through

a thermostated line to a gas chromatograph by means of@osixalve. The good behaviour of this reactor for the
kinetic study of catalytic cracking has been proven in previous papeandes et al., 2000, 2002).

The runs have been carried out at 1 atm, in the-850 °C range, with a catalyst/feed ratio C/O = 6 by
weight (0.75 g of catalyst and 0.125 g of blend) and with a value of contact time of 3 s. These conditions correspond
to those of industrial FCC units, with a lower contact time established because the catalysts studied here are
expected to have higher activity (due to the high acidity) than that of equilibrated FCC catalysts (Arandes et al.,
1997). The low value of residentiene minimizes the contribution of thermal cracking.

IMPELLER
GASKET
HEATER CARTRIDGE
RISER CATALY ST
SIMULATOR

POROUS PLATE

IDEAL RISER

Figure 2. Diagram of the riser simulator reactor
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Product Analysis

Product analysis has been carried out by means of a device for reaction product sampling connected to a Hewlett
Packard 6890 chroatograph. The sampling is activated by a timer that controls the desired value of contact time.

Product identification was carried out-tine by GGFTIR using a Nicolet/Aldrich library, by means of a
FTIR Nicolet 740 SX spectrophotometer connected téeavlett Packard 5890 Il chromatograph. The results were
verified by GGMS (HP 6890MS Engine with electronic ionization). The product stream of the riser simulator was
analyzed ofline with either MS or FTIR.

In order to check and assign the retentiond#nin the chromatographic analysis of compounds in the C
C,, range, pure compounds and mixtures were used as standards. The assignment of the retention times of the
components of the gasoline lump has been carried out by using Alphagaz PIANO (Air Liqratibjation
standards, which consist of 39 aromatic components, 35 isoparaffinic, 30 naphthenic and 25 olefinic. The amount of
the G-Cy, lump has been determined as that corresponding to the components with boiling point bet@een n
paraffins (Apentangand rC,,(n-dodecane).

The coke deposited on the catalyst was measured by thermogravimetric analysis in a Setaram TAG 24

thermoanalyser. The deactivated catalyst from the reactor is dried at 110 °C in a nitrogen stream and is subsequently
subjected taombustion with air at a programmed temperature ramp (5 °C)rim to 700 °C.

3. RESULTS AND DISCUSSION

Conversion and Yields

The conversion is defined in weight percent and calculated as the sum of the yields in weight of gaSgs (C
gasoline (G-C;,) and coke. Each yield is calculated as:

masof lumpi
total mas:in the feec

Yield of lump i = 1)

The results of conversion and yield of dry gases @), LPG (G,C,4), gasoline (G-C;,) and coke are set
out in Table 3 for the feeds LCO, PE(5)/LCO, PE(10)@Gnd PP/LCO, and for the three catalysts. When
evaluating these results, it must be taken into account that the LCO is made up of 30.0 wt% of hydrocarbons with a
boiling point within the range of gasoline. Consequently, this fact must be taken into adcdle actual results of
both conversion and yield of gasoline shown in Table 3. Given the fact that the mass balance has been closed at
98%, the difference has been added to all the yields proportionally to their measured value. The experiments have
been replicated three times and the average relative error obtained is 2 wt%. The values indicated in Table 3 are
average values.

As is shown in Table 3, the actual conversion of LCO follows an order for the three catalysts according to
their total acidity, No. 1 > No. 2 > No. 3, although the difference in the conversions is small. Furthermore,
conversion increases with temperature for the three catalysts. The increase in conversion from 450 °C to 550 ° C is
approximately 3 wt% for catalyst No. 1 and 1 wt% fratalysts Nos. 2 and 3.

The high yield of G-C;, fraction obtained from LCO with the three catalysts is evidence that even a
catalyst with an HZSVb zeolite of small acidity, as is the case of No. 3, is very active for cracking a wide range of
molecules, from those of high molecular weight of LCO to those corresponding to the lump of gasoline.
Furthermore, the maximum yield ofs€C,, is obtained for the three catalyst at the lowest temperature studied, 450
°C. As temperature is increased, the lump afega(G,C,), LPG and coke increase.
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Table 3.Results (in wt%) of conversion and yield of dry gaseg (g, LPG (G,C,), gasoline (G-C;,) and coke in
the cracking of LCO, PE(5)/LCO, PE(10)/LCO and PP(5)/LCO on the different catalysts synthesized

Ci-C, Cs-C, gasoline

conversion, gases, gases, Cs-Cyo, coke,

feedstock catalyst T,°C wit% wit% wt% wit% wit%
LCO 1 450 56.41 0.21 2.78 50.69 2.72
500 57.06 0.54 4.17 49.50 2.85

525 57.56 0.78 4.40 49.48 2.90

550 59.56 1.67 5.37 49.45 3.07

LCO 2 450 55.93 0.26 2.56 50.75 2.36
500 56.52 0.52 2.75 50.69 2.56

525 56.73 0.69 2.83 50.64 2.57

550 57.05 1.28 3.05 50.08 2.64

LCO 3 450 5457 0.29 2.34 50.01 1.92
500 55.03 0.50 2.73 49.86 1.94

525 55.36 0.75 2.74 49.64 2.22

550 55.54 1.21 3.14 48.63 2.56

PE(5)/LCO 1 450 56.28 0.63 4.60 48.89 2.16
500 56.71 1.58 5.16 47.67 2.30

525 57.04 1.92 5.85 46.89 2.38

550 59.15 2.76 7.76 45.79 2.84

PE(5)/LCO 2 450 55.82 0.50 4.11 48.72 2.49
500 56.08 0.97 5.09 47.81 2.21

525 56.16 1.28 5.58 46.65 2.65

550 58.01 2.35 7.19 45.67 2.80

PE(5)/LCO 3 450 52.89 0.47 3.89 46.44 2.09
500 54.11 0.98 4.62 46.31 2.20

525 55.27 1.16 5.47 46.56 2.08

550 55.53 1.39 5.81 46.08 2.25

PE(10)/LCO 1 450 42.21 1.06 4.67 33.89 2.59
500 44.59 1.10 5.96 34.77 2.76

525 4571 1.40 6.17 34.28 3.86

550 50.30 2.17 8.43 34.42 5.28

PE(10)/LCO 2 450 41.16 0.41 4.57 33.58 2.60
500 43.29 0.83 6.03 33.72 2.71

525 44.86 1.20 6.09 34.01 3.56

550 48.46 2.07 7.53 34.03 4.83

PE(10)/LCO 3 450 40.45 0.30 4.33 33.19 2.63
500 43.49 0.77 6.51 33.57 2.64

525 44.28 1.10 5.95 33.90 3.33

550 48.11 1.97 7.24 34.27 4.63

PP(5)/LCO 1 450 56.85 0.81 3.65 49.07 3.32
500 57.20 1.44 4.86 47.18 3.72

525 57.53 2.18 5.38 46.22 3.75

550 59.39 3.18 5.50 46.48 4.23

PP(5)/LCO 2 450 55.52 0.51 3.52 48.56 2.93
500 56.14 0.90 4.24 47.48 3.52

525 56.21 1.73 4.63 46.32 3.53

550 58.49 2.74 5.09 46.87 3.79

PP(5)/LCO 3 450 53.62 0.43 2.92 48.04 2.23
500 53.70 0.79 3.06 46.95 2.90

525 54.38 1.06 3.59 46.84 2.89

550 54.90 1.66 3.64 46.66 2.94

http://www.bepress.com/ijcre/vol1/A8
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When the yields of transformation of LCO are compared for the three catalysts, it is observed that as the
catalyst acidity is increased the yield of coke, of dry gases and, more significantly, that of LPG increase. As a
consequence of the effect ofidity whereby there is an increase in the conversion and yield of the other fractions,
the yield of G-C,, fraction has its maximum for catalyst No. 2, which has an intermediate acidity.

By analysing the results of conversion of the PE(5)/LCO and PP{&)/lblends shown in Table 3, it is
observed that conversion is very similar to that obtained for LCO. This result is evidence that the conversion of PE
and of PP contained in these blends is very similar to that of the solvent under all the operatingestidied.
Nevertheless, the results of conversion of the PE(10)/LCO blend are noticeably lower, which is evidence of the
effect of the plastic content in the blend. It may be the existence of a maximum plastic/catalyst mass ratio above
which the crackig is limited by blockage of HZSMb zeolite pores by macromolecular chains. This limitation will
also affect the cracking of LCO components because the decrease in the conversion of the PE(10)/LCO blend over
that of LCO is higher than 10 wt% (which is tikentent of plastic in the blend).

This hypothesis about the limitation to the access of the channels of the Eiz&3dlite in the cracking of
the PE(10)/LCO blend is ratified by the effect of temperature on conversion and by the results of yields. As
temperature is increased, conversion increases significantly as a consequence of the decrease in the capacity for
adsorption of macromolecular chains and of the increase in the coefficients of diffusion of reactants and products.
Furthermore, when the yieldd oracking of the PE(10)/LCO blend are compared with those corresponding to the
cracking of LCO, it is observed that the yield 0f-C,, fraction is lower for the blend, whereas the yields of coke,
gases (C,) and LPG are higher. These results are a eqauence of the retention of the plastic chains adsorbed on
the catalyst surface. The partial blockage of the porous structure by the macromolecular chains causes the
overcracking of LCO components retained within the pores.

In the cracking of the PE(5)/LG and PP(5)/LCO blends the yields of-C;, fraction are lower than those
corresponding to the cracking of LCO, whereas the yields of gasg€,JCLPG and coke are generally higher.
These results agree with the afarentioned effect of overcracking ohé components trapped in the porous
structure. When these results are compared with those corresponding to the cracking of PE(10)/LCO, it is concluded
that this effect is noticeably reduced when the content of plastic in the blend is decreased.

Figure 3 fiows the effect of temperature on the selectivity of the lumps of gaseS,JALPG (G,C,), Cs-
C,, fraction and coke, for LCO, PE(5)/LCO and PP(5)/LCO. The results correspond to catalyst No. 1, for which the
selectivity is the highest. The selectivitydhbeen calculated as:

masof lumpi
totalmassof theproducts

Selectivity to lump i = 100 (2)

The results of Figure 3 show that the selectivity to gasesCdL (Figure 3a), from LPG (Figure 3b) and
from coke (Figure 3d) increases as temperature is increased, wileeesslectivity to G-C;, fraction (Figure 3c)
decreases. The results of Figure 3 are average values corresponding to three experiments and the relative error
estimated is 2 wt%.

The presence of dissolved polyolefins has an important effect on the mgackithe solvent LCO in the
blend. In Figure 3c it is observed that the decrease in the selectivity to lyrdh,Gas a consequence of feeding
polyolefin) is important and is even more important than that corresponding to theomtribution of dissolve
polyolfin to the formation of this lump. Consequently, polyolefins inhibit the formation of this lump. Furthermore,
polyolefins in the feed contribute to increasing the selectivity to LPG and gaseS,@nd to decreasing the
selectivity to gasoline asompared to the results corresponding to the cracking of LCO.

When the selectivities corresponding to the feeds PE(5)/LCO and PP(5)/LCO are compared, it is observed
than those corresponding to gases,@s) and G-C;, are similar. Nevertheless, in theacking of PE(5)/LCO the
selectivity to LPG is higher and that to coke is lower. The higher yield of coke corresponding to PP(5)/LCO is a
consequence of the greater degradability to coke of propylene (main primary product of polypropylene cracking)
over tha of ethylene idem of polyethylene cracking), via oligomerization and Didlsler condensation (Dimon et
al., 1993). This higher coke deposition agrees with the slight yield increase in dry gases, where the main product is
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methane. The formation of metharnncreases simultaneously to the formation of coke because it is a product
obtained in the cracking of side chains of the aromatic constituents of the coke (Gayubo et al., 2002).

16
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Figure 3. Effect of temperature on teelectivity to products (in wt%) in the cracking of LCO, PE(5)/LCO
and PP(5)/LCO, for catalyst No. 1. Graph a, gases&{. Graph b, LPG (gC,). Graph ¢, G-Cy, fraction.
Graph d, coke

Cs-C12 Composition

Table 4 shows the composition ofsCy, fraction obtained as a product of cracking LCO, PE(5)/LCO and
PP(5)/LCO. The results correspond to catalyst No. 1. The results corresponding to the other catalysts are
qualitatively similar.

Although the aromatic content ofs€C,, fraction obtained in the craaky of LCO is high, approximately 80
wt% at 450 °C and almost irrespective of temperature, the presence of plastics in the feed notably increases this
content. The aromatic content is approximately 89 wt% for the cracking of PP(5)/LCO and 87 wt% fordkiagra
of PE(5)/LCO. The capacity of the HZS®! zeolite for synthesizing aromatic components has been emphasized in
the literature in the pyrolysis of polyolefins above 400 °C in fixed bed (Uemichi et al., 1998, 1999; Takuma et al.,
2000) and irfluidized beds (Ali et al., 2002). Ohkita et al. (1993) attribute this capacity for aromatization to the
Bronsted sites of the catalyst. Furthermore, a high reactivity is attributed to the radicals of polyethylene and
polypropylene (the latter are more reactive) faking part in the successive steps of oligomerizatiacking
Diels-Alder together with the olefins obtained as product in the cracking of LCO. Likewise, the results agree with
the high reactivity of propylene over that of ethylene for the reactions ligiomerization and Diellder
condensation (van den Berg et al., 1983).

http://www.bepress.com/ijcre/vol1/A8



Arandes et al.: Valorization of feedstocks over HZSM-5 9

Table 4.Composition of the €C,, fraction obtained by cracking of LCO, PE(5)/LCO and PP(5)/LCO on catalyst

No. 1
feedstock T,°C n-paraffins i-paraffins olefins naphthenes aromatcs
LCO 450 4.97 3.66 8.39 2.86 80.12
500 5.22 3.78 9.14 3.05 78.81
525 5.18 3.56 8.43 2.70 80.12
550 4.94 3.25 8.28 3.08 80.44
PE(5)/LCO 450 5.09 1.83 4.96 0.43 87.69
500 5.34 1.87 5.09 0.38 87.32
525 5.45 1.73 5.46 0.31 87.04
550 5.20 1.68 7.96 0.33 84.84
PP(5)/LCO 450 2.41 2.72 4.79 1.26 88.83
500 3.26 2.56 4.47 1.15 88.55
525 3.09 2.37 4,71 1.09 88.74
550 3.05 2.25 4.52 1.09 89.09

Due to the strong aromatic content of-C,, fraction, the potential interest for valorization of the blends
studied in this paper lies in the separation of the aromatic components, whose commercial interest is expected to
increase in the next decade, except for toluene (Zehnder, 1998). Figure 4 shows the effect of temperature on
composition, in wt%, of the differentomponents and lumps of the aromatic fraction within theCg fraction
obtained in the cracking of LCO, PE(5)/LCO and PP(5)/LCO. The results correspond to catalyst No. 1.

In graphs a and b of Figure 4 it is observed that the contents of benzene ({@uth @f toluene (graph b)
increase with temperature for the three feeds. A feed with plastic contributes to increasing the concentration of these
aromatics.

Cs fraction (Figure 4c) also increases with temperature and its concentration is higher indietmstream
obtained by cracking dissolved PP. In the cracking of LCO this fraction is mainly constituted (> 80 wt% of the
whole G) by xylenes and to a lesser extent by ethylbenzene and styrene, which are present in a similar proportion.
In the product seam obtained by cracking dissolved plastics, styrene concentration has its maximum value at 550
°C and is approximately 50 wt % ofgQraction for the cracking of dissolved PE, and lower, 40 wt%, for the
cracking of dissolved PP. This important formatiohstyrene is attributable to the reduced capacity for hydrogen
transfer of the HZSNb zeolite and, consequently, the double bond is maintained in the side chain subsequent to the
Diels-Alder condensation of the olefins obtained as products of the prioracking.

The content of @aromatic compounds is lower in the product stream obtained in the cracking of dissolved
plastics than in the cracking of LCO (Figure 4d), which implies that a feed with polyolefins does not contribute to
the generation of thesaromatic compounds on the HZSB/keolite.

The result corresponding to the composition qf-C;, aromatic fraction, Figure 4e, is evidence that the
cracking of dissolved PE contributes to increasing this fraction. This result and those corresporttiegtioer
graphs of Figure 4 must be interpreted on the basis of the ability of the radicals obtained in the cracking of
polyolefins to react with the heavy components of the thermal cracking of LCO. Furthermore, it is expected that the
aromatic compound€y and GgC;, will mainly come from mechanisms of alkylatidrydrogenatiorcracking of
the aromatic molecules contained in the LCO feed.
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Figure 4. Effect of temperature on the compositionvif) of aromatic components in the-C,, fraction of the
cracking of LCO, PE(5)/LCO and PP(10)/LCO on catalyst No. 1. Graph a, benzene. Graph b, toluene. Ggaph c, C

Graph d, G. Graph e, G-C;,
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Gas Composition

Figures 5, 6 and 7 show the effect ofritperature on the composition of the gas fraction, for each one of the feeds.
Figure 5, corresponding to the cracking of LCO, shows that at 450,2C;@action (Figure 5a) is mainly made up

of propylene and that as temperature is increased the concentodtethylene increases and the concentrations of

the gaseous paraffins are low. This increase in the concentration of ethylene is a consequence of the cracking of
butenes, Figure 5b.

o 60 o 50
% wf a | b
o r Q 40
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8 4¢ 3 .
& ol g
< - S r
O r O 20t
20 b C2 i
10 ; 10 ;
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Figure 5. Effect of temperature on the compositidithe gas fraction in the cracking of LCO on catalyst No. 1.
Graph a, G. Graph b, ¢

In the G-C; fraction obtained as product of the cracking of PE(5)/LCO, Figure 6a, the concentration of
propylene is almost equal to that corresponding to the crgakin.CO, Figure 5a. Nevertheless, ethylene is present
in a concentration of 10 wt% above 450 °C. The concentration of ethylene increases with temperature, which is
partially due to cracking of butenes, whose concentration decreases as temperatureagedas is shown in

Figure 6b.
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Figure 6. Effect of temperature on the composition of the gas fraction in the cracking of PE(5)/LCO on catalyst No.
1. Graph a, @ Graph b, G
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In the cracking of PP(5)/LCO the concentration of propyldfigure 7a, is similar to that corresponding to
the previous feeds, Figures 5a and 6a, and the concentration of ethylene is similar to that obtained in the cracking of
PE(5)/LCO. Likewise, the concentration of butenes decreases as temperature is inaeeasszhsequence of the
increasing the level of cracking, Figure 7b.
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Figure 7. Effect of temperature on the composition of the gas fraction in the cracking of PP(5)/LCO on catalyst No.
1. Graph a, @ Graph b, G

The result obtainedor the three feeds whereby the concentration of ethylene increases and that of
propylene and butenes decrease as temperature is increased agrees with tkeowvellmechanism of
oligomerizationcracking of these light olefins on HZSM zeolites in ordeto form ethylene as the final product
(Buchanan et al., 1996). Other authors have proven the high selectivity of ethylene in the cracking oF5HZSM
zeolites (Biswas and Maxwell, 199Buchanan and Adewuyy, 1996; Corma et al., 1996; Arandes et al., 208A). D
Hollander et al. (2002) attribute the higher ethylene yield on HZSkeolites to the small pores of this zeolite and
to the associated high electrical fields and interaction with adsorbed carbenium ions.

4. CONCLUSIONS

In the 450550 °C range and aier conditions similar to those of commercial units of catalytic cracking, HBZSM
zeolites only require a moderate total acidity level for being active in the transformation of polyolefins dissolved in
LCO. The diffusional restriction to access into theqes structure explains that a feed made up of a mixture with a
polyolefin content higher than 5 wt% reduces the cracking of the solvent. This is explained by the blockage of the
access of macromolecular chains of the dissolved polyolefin to the charitieészeolite.

The cracking on HZSMb zeolites of PE and PP dissolved in an aromatic LCO stream of a commercial
refining unit produces a high yield ofs€C;, fraction (highly aromatic) with a low yield of Cand G gases and
coke. The joint feeding of pgblefins contributes to increasing the yield of LPG, which is mainly made up of light
olefins and in which the concentration of ethylene increases with temperature according to a mechanism of
olygomerizatiorcracking. These results agree with those obtiinehe literature in the cracking of heavy feeds of
different compositions on HZSNs zeolites and in the pyrolysis of polyolefins fed in solid state into fixed and
fluidized bed reactors.

A feed of dissolved polyolefins increases the yield of aromatimpounds and, to a great extent, affects the
composition of this fraction, which has a higher styrene concentration and a loyso@atic concentration than
those corresponding to the cracking of LCO.
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The aforementioned results are encouraging for ddasng that the valorization of secondary interest
feeds in the refinery, as is the case of LCO, for its use as a solvent of polyolefins ingrestmer plastic wastes is a
way of upgrading both materials through an optimum use of the refinery capacity.
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