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Abstract

The degradation of high-density polyethylene (HDPE) was studied alone and in presence of silicoaluminophosphate type
silicoaluminophosphate (SAPO-37) as catalyst. This material was synthesized by the hydrothermal method using tetrapropy-
lammonium hydroxide and tetramethylammonium chloride as organic templates. The characterization by X-ray diffraction,
infrared spectroscopy, thermogravimetry and scanning electron microscopy showed that typical faujasite structure for the
SAPO-37 was obtained. The total acidity, determineaiyutylamine adsorption, it was equivalent to 0.558 mmdl,gor-
responding to moderate acid strength. For catalytic reaction, a physical mixture of 25%SAPO-37/HDPE was decomposed in a
thermobalance at heating rates of 5, 10 ané@min—1, from 380 to 520C. At the maximum degradation rate, the products
were collected in a cold trap and analyzed by a coupled gas chromatograph/mass spectrometer. The degradation of HDPE
without catalyst was carried out at the same conditions for comparison with the obtained data with SAPO-37. The HDPE
alone suffers decomposition to a wide range of hydrocarbogsG4s) while in the presence of catalyst, light hydrocarbons
(Co—Cy2) were obtained. By the application of the Vyazovkin model-free kinetic method, it was observed that the activation
energy decreased from 290 kJ mbfor HDPE alone, to 220 kJ mot for 25%SAPO-37/HDPE, evidencing that SAPO-37
is an effective catalyst for polyethylene degradation. © 2002 Published by Elsevier Science B.V.
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1. Introduction the introduction of silicon into its aluminophosphate
framework [2]. The SAPO-37 has faujasite structure

Recently recycling of residual plastics by combus- and is an attractive material for catalytic application
tion or pyrolysis has received significant attention in due to the presence of specific Bronsted and Lewis
the world [1]. Pyrolysis of plastics is of great interest acid sites in its structure. The use of acid catalysts
because they are an alternative source of energy orenhances the thermal degradation of synthetic poly-

chemical raw materials. This process is not well under- mers [3].

stood; however, the use of various solid acid catalyst For designing recycling of plastics in large scale,
is a promising way to improve the yield and selectiv- the kinetics of decomposition must be known. Ther-
ity to a desired hydrocarbon range. In addition, this mogravimetry (TG) and gas chromatography/mass
process contributes to solve environmental problems. spectrometry (GC/MS) have been used to investigate
Silicoaluminophosphate (SAPO) molecular sieves the performance of different catalysts on decomposi-
represent an important class of materials generated bytion reactions of waste plastics (mainly polyethylene)
[3]- In this work, we studied the catalytic degradation

* Corresponding author. Fax:55-84-211-9224. of high-density polyethylene over SAPO-37, using
E-mail address: asa-ufrn@usa.net (A.S. Araujo). TG and GC/MS techniques. By using integral TG
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curves and the Vyazovkin model-free kinetic method
[4], the activation energy, the conversion rates and
polymer degradation time as a function of temperature
were estimated.

2. Experimental

The silicoaluminophosphate (SAPO-37) catalyst
was prepared by the hydrothermal method, start-
ing from precipitated silica, pseudobohemite, 85%
phosphoric acid, water and the organic templates:
20% tetrapropylammonium hydroxide (TPAOH) and
25% tetramethylammonium chloride (TMACI). These
reactants were mixed according to the following
stoichiometry:

1.0(TPA)20 - 0.025TMA ),0 - 0.25Si0,
-1.0A1,03 - 1.0P,05 - 120H,0

The hydrogel was charged into a Teflon-lined vessel
and autoclaved at 20@ for a period of 24 h under
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20°Cmin~1. The Vyazovkin model-free kinetic
method was applied to this process. To each exper-
iment was used ca. 10mg. In order to identify the
hydrocarbon fractions resulting from the polyethylene
degradation, the evolved products were collected in a
cold trap and analyzed by a Shimadzu QP-5000 gas
chromatography/mass spectrometry.

3. Results and discussion

The characteristic properties of the SAPO-37
material were evaluated by means of several meth-
ods. From thermogravimetry, it was observed weight
losses in well-defined temperature ranges, corre-
sponding to water desorption (from room temperature
to 150°C), and thermal degradation of TPAOH and
TMACI templates. The decomposition mechanisms
involve complex steps; however, from 150 to 58D
all organic materials were thermally decomposed,
evidencing that the SAPO-37 should be calcined
at 550°C without affect its thermal properties [6].

autogenously pressure. The product was recovered byX-ray analysis for the calcined SAPO-37 presents

filtration, dried and calcined at 55C for 7 h, in air
atmosphere flowing at 60 ml mid.

The SAPO-37 catalyst was characterized by sev-
eral physicochemical techniques. The chemical com-
position was determined by X-ray fluorescence.
The thermal behavior of the sample was investi-
gated by thermogravimetry, using nitrogen flowing at
100 mimirrL, in the temperature range 25-10@
The infrared spectrum was obtained in the 4000-
400cnt?! region using the KBr technique. X-ray
diffraction was determined in the range of 20—
40, using radiation of Cu K. The shape and size
of the crystals were evaluated by scanning electron
microscopy. The acidity of the SAPO-11 was de-
termined by n-butylamine desorption followed by
thermogravimetry [5].

HDPE was purchased from Palmann of Brazil
Company, in powder form. The polymer was blended
in ball mill. Then, the SAPO-37 catalyst was added
to the HDPE at a concentration of 25% in weight.
The thermal degradation of HDPE alone and mixed
with the catalyst (SAPO-37/HDPE) was carried out
using a thermobalance Mettler-STGA 851, at tem-
perature range from 30 to 90C, under nitrogen
flow (60 mImin~1) and heating rates of 5, 10 and

similar characteristics to that of faujasite structure
[7], and from infrared spectra, it was observed vibra-
tion bands due to tetrahedral TQT = Al, Si, P)

in the 1300—-400 cm* range. The morphology of the
SAPO-37 crystals is visualized in Fig. 1.

From scanning electron microscopy, crystals with
typical faujasite morphology were observed with
good crystallinity. Concerning the acid properties
of this material, the total acidity, as determined by
n-butylamine adsorption in the range 340-4€0 it
was equivalent to 0.558 mmotg, corresponding to
moderate acid strength.

The thermal and catalytic degradation for HDPE
and SAPO-37/HDPE, respectively, it was evaluated
by thermogravimetry, at heating rates of 5, 10 and
20°Cmin~1. For thermal degradation of HDPE, no
significant decomposition occurred until ca. 42%)
however, by the addition of SAPO-37 catalyst, the
decomposition started at ca. 38D. Also, it was ob-
served that the samples exhibit a well-pronounced
weight loss in the 370-55@ temperature range.
This range was selected for kinetic studies, and plots
of conversion in function of temperature were ob-
tained, as shown in Figs. 2 and 3, for HDPE and
SAPO-37/HDPE, respectively.
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SAPO37

Fig. 1. Scanning electron micrography of the SAPO-37 crystals.
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Fig. 2. Conversion of HDPE as function of temperature. From left to right: 5, 10 af@ gon—1.
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Fig. 3. Conversion of 25%SAPO-37/HDPE as function of temperature. From left to right: 5, 10 amhd6 1.

The conversion of the HDPE over SAPO-37 occurs where « is the conversion,T the temperaturek

with less energy. This is evident by the plots of degree the rate constant () and the activation energl

of conversion versus time, as shown in Figs. 4 and 5, is constant for a certain conversion (iso-conversion
respectively. For complex reactions, such as polymer method). A chemical reaction is measured at least
degradation, theth-order algorithm causes unreason- at three different heating rates and the respective
able kinetic data. Applying the Vyazovkin model-free conversion curves are calculated out of the TG mea-
kinetic method, accurate evaluations of complex reac- sured curves. The estimated activation energy for
tions can be performed, as a way of obtaining reliable HDPE degradation process was ca. 290 kJthol
and consistent kinetic information about the overall whereas for SAPO-37/HDPE, this value decreased to

process [4]. The theory is based on 220kJ mot?, evidencing the catalytic activity of the
SAPO in the process.
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Fig. 4. Conversion of HDPE as function of time for different temperatures.
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Fig. 5. Conversion of 25%SAPO-37/HDPE as function of time for different temperatures.

estimated, noting that the time decreases considerablytime, the temperature required for processing 90% of
as a function of temperature. Also, it was possible SAPO-37/HDPE is 406C.

to estimate the temperature for the polymer degra-

dation allowing to estimate the time required for the

Regarding the product characterization, the GC/MS
analysis demonstrated that thermal degradation of

process at a given temperature, as summarized inHDPE gave rise to products distributed over a wide
Table 1. It was observed, for instance, that for 90% range of carbon atomsgECy6 [3]. The catalytic reac-

of polyethylene degradation in a period of 5h, it is
necessary to process at 422, whereas for the same

Table 1
Iso-conversion kinetic parameters for HDPE and SAPO-37/
HDPE

Time Kinetic parameterC) at

min
(min) 10% 25% 50% 75% 90% 95%
HDPE

0 — — — — — —

60 4151 4289 4379 4435 4475 449.8
120 405.0 4193 428.2  433.6 437.3 4395
180 399.2 4138 4227 4279 4315 4336
240 395.2  409.9 418.8 4239 4274 4295
300 392.1  407.0 4158  420.9 4243  426.3
SAPO-37/HDPE

0 — — — — — —

60 389.9 4047 4154 4226 430.2 436.7
120 377.4 393.1 404.3 4116 419.6  426.5
180 370.3 386.4 3979 4053 4135 4207
240 365.3 381.8 3935  400.9 409.3  416.6
300 361.5 378.3 390.1 397.6 406.1 4135

tion (SAPO-37/HDPE) led to lighter products, mainly
C1—Ci12, distributed as the following carbon fractions
and wt.%—G: 8.0%; G: 18.4%; G: 12.8%; G:
19.6%; G: 3.6%; G: 11.5%; G: 9.2%; Go: 2.4%;
Ci1: 7.4% and G2 7.1%. This catalytic activity may
be due to presence of acid sites in the SAPO-37,
which can promote polymer chain cracking. The se-
lectivity for products with 3, 5, 6, 8 and 12 atoms of
carbons was attributed to the specific channel system
of the faujasite structure of the SAPO-37.

4, Conclusions

The SAPO-37 molecular sieve synthesized by
hydrothermal treatment showed to be a promising
catalyst for the high-density polyethylene degrada-
tion. From TG analysis and by the application of the
Vyazovkin model-free kinetic method, it was demons-
trated that the activation energy for degradation
of HDPE without catalyst decreased from 290 to
220 kJ mot ! for SAPO-37/HDPE. For a given degree
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