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Abstract

One of the greatest challenges in the world is in the final disposal of plastics in order to reduce the effect of its polluting
potential. Thus, the application of pyrolysis processes in generating products of interest such as fuel oils can be part of the
solution. In addition to reducing greenhouse gas emissions to the atmosphere, oil can enter the supply chain after the crack-
ing process in petrochemical industries. In this context, this work used statistical modeling of the response surface linked
to the normal boundary intersection algorithm, aiming at a higher yield of oil production and major selectivity of recycled
polypropylene pyrolysis. From the analysis of the mechanisms proposed in the literature with the modeling and optimization
in this work, it was possible, from a kaolin mass of 9.12 g and a heating ramp of 19.37 °C/min, to obtain higher percentages
of aviation kerosene as well as a satisfactory performance.
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Introduction

In recent years, the development of techniques that enable
recycling has been expanded, especially when it comes
to the class of plastics. In 2020 alone, 367 million metric
tons of this type of input were produced, with only 23%
being recycled. With the threat of a global decrease in the
sources for the extraction of fossil fuels, it becomes feasi-
ble that the class of plastic waste can be recycled for later
application in obtaining fuels from thermal conversion in
specific reactors (Czajczynska et al. 2017). The class of
plastics has gained greater interest in fuel conversion pro-
cesses, since worldwide only 12% has been destined for
incineration processes (Kumar et al. 2013). This incin-
eration process generates large volumes of gases, which
are condensed, transferring only the phase, generating a
large proportion of environmental liabilities in terms of
pollutants.

The union of organic monomer units constitutes the for-
mation of polymers that when heated can return to these
smaller units, or depending on the operating conditions of
a pyrolysis reactor, fuel generation. Hu et al. (2020) stud-
ied the pyrolysis reaction kinetics of plastics (high-density
polyethylene (HDPE), low-density polyethylene (LDPE),
polypropylene (PP), and polystyrene (PS)) and tire, verify-
ing the relationship between the certain mixtures. It was
possible to identify from their work that a large part of the
pyrolysis product was concentrated in gases, mainly CH,.
However, the heating rate, a parameter that was associated
with the adapted Arrhenius equation, can directly interfere
in the selectivity of a given product of commercial inter-
est, especially when associated with the use of catalysts as
presented in the work of Mariappan et al. (2021). In this
work, Mariappan et al. (2021) studied the pyrolysis capac-
ity of HDPE for diesel production under the influence of
the parameters: reaction time, temperature and percent-
age of catalyst (fly ash) checking the reaction yield. How-
ever, in the pyrolysis process, the activation energy values
are much higher when considered with the RT product,
related to the universal constant of gases and temperature.
In this context, high conversions of plastics into oil may
not determine condition processes with high selectivity to
produce a certain type of fuel, making it necessary to com-
paratively evaluate the chromatographic profile of the oil
generated with the desired standard. One of the main dif-
ficulties in pyrolytic processes is the low thermal conduc-
tivity of plastics, which makes it difficult to transfer heat
so that phase change occurs (Lechleitner et al. 2021). In
order to improve this property of plastics, it is possible to
use oxides as catalysts and/or supports, with low cost that
can help reducing the activation energy of the reaction and
at the same time increasing the thermal conductivity of the
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reaction medium. Catalysts for the pyrolysis process were
largely improved by the petrochemical industry, which
currently uses oxides with zeolite structures and some
modified clays such as kaolinite (Srinivasan et al. 2021).
Cai et al. (2021) studied the influence of alumina-based
catalyst supported in different iron ratios on the pyrolysis
of polypropylene, enabling the production of 50% of gases.
Despite the gas production in the work of Cai et al. (2021),
the reactor operating temperature was very high, around
800 °C. This temperature can make the oil or gas produc-
tion process unfeasible. On the other hand, Rahimi et al.
(2021) using ZSM-5 zeolite in polypropylene pyrolysis
obtained at temperature of 525 °C, 94% of hydrocarbons
between C¢_;,. Eze et al. (2021) used a mixture of zeolite
with metacaolin as catalyst in the study of the pyrolysis of
a mixture of plastics: 27 wt% HDPE, 33 wt% LDPE, 13
wt% PP, 18 wt% PS, and 9 wt% PET. With this catalyst,
it was possible to obtain 93% gasoline and also a process
temperature reduction from 450° to 350 °C. Clays and
minerals with aluminum silicate characteristics also have
an excellent ability to catalyze oil production reactions
from pyrolysis processes. Therefore, Luo et al. (2020)
using kaolin modified with HCI in polypropylene pyroly-
sis, it was possible to observe an oil production of 90-97%
with chains between Cg_y.

Thus, it is noted that one of the major difficulties for the
production of aviation kerosene in the plastic pyrolysis pro-
cess is to determine the process conditions that enable selec-
tivity and yield at the same time.

Thus, the pyrolysis of polypropylene was conducted using
normal boundary intersection models and algorithms, ena-
bling the optimization of both responses (selectivity and
yield) with a high degree of assertiveness and lower tem-
peratures, enabling process cost reduction.

Materials and methods
Feedstock and catalyst

The polypropylene used in the pyrolysis tests was recycled
polypropylene from tips used in micropipettes collected in
the Chemical Engineering laboratories of the Alto Paraopeba
Campus of the Federal University of Sao Jodo del Rei. The
polypropylene tips were shredded using an Arno model K3
shredder with 110 V power supply. With this fragmenta-
tion, the polypropylene was separated into sieves (14 and 12
mesh), and the polypropylene retained in the 12-mesh sieve
was used in the work. Kaolim PA CAS number 1332-58-7
was purchased from Sigma-Aldrich was used as the catalyst,
mainly due to its application in production processes of oils
and petroleum derivatives (Erawati et al. 2020).
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Pyrolysis reactor

The pyrolysis reactor was designed and built, being com-
posed of a 5000 W resistor of the collar type, with a propor-
tional integral differential (PID) controller model M5 and
Koel brand coupled to a type K thermocouple. The reactor
has a useful volume of 5500 mL and a side outlet at the top
to collect the gas generated during the pyrolysis process.
The gases generated are forced to pass through a condenser
so that the condensate is collected in a glass container. The
reactor as well as the apparatus for condensing the gases is
shown in Fig. 1. The reduction in the area at the exit of the
reactor favors the increase in the velocity of the gases com-
ing from the pyrolysis process, favoring the condensation
process (Thahir et al. 2019).

Pyrolysis process

To model the polypropylene pyrolysis process for oil produc-
tion was carried out according to a central composite design
(CCD) response surface for two factors (heating ramp and
catalyst mass) composed of four factorial points, five axial
points and four central points, concluding an experimental
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Fig. 1 Pyrolysis reactor (A), condenser (B)

matrix with 13 experiments as shown in Table 1. This type
of arrangement favors a larger area of process analysis,
showing areas of less variability (central points) (Myers
et al. 2013). Thus, the problem evidenced by the pyrolysis
process aiming at greater kerosene production and at the

Table 1 Composite design central arrangement for oil production

Std order Kaolim mass Heating ramp
1 5.00 20.00
2 22.50 20.00
3 5.00 40.00
4 22.50 40.00
5 1.38 30.00
6 26.12 30.00
7 13.75 15.86
8 13.75 44.14
9 13.75 30.00
10 13.75 30.00
11 13.75 30.00
12 13.75 30.00
13 13.75 30.00

Oil from pyrolysis
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same time greater selectivity can be described as a model
of mean and variance attributing the antagonistic responses
to the application of the normal boundary intersection algo-
rithm for the construction of the Pareto Frontier (Naves
2019). Kaolin mass (according CCD) was incorporated
50 g of polypropylene and allocated in pyrolysis reactor.
The heating ramp was adjusted according to CCD, and the
time reaction was fixed in 60 min, after reaching steady-
state temperature inside the reactor. For each experiment, the
crude oil generated was reprocessed in a column distillation
system keeping the temperature between 120 and 270 °C.
This temperature range was used in order to separate frac-
tions that could possibly include aviation kerosene, which
could possibly be part of the pyrolyzed oil. The factors were
chosen according to the works developed in the literature
(Erawati et al. 2020).

In order to optimize the model generated through the
CCD response surface, the normal boundary intersection
(NBI) algorithm developed by the researchers Das and Den-
nis (1996) was used, in order to maximize the yield and, con-
comitantly, to minimize the difference between the analyzed
pattern in the GC-MS and the oil.

The development of the process was instituted according
to the flowchart shown in Fig. 2.

The mixture of kaolim and polypropylene was initially
carried out in a 300-mL beaker. Therefore, the mixture was
inserted into the reactor under the heating ramps and kaolim

Comrunution of ]
polypropylens

Start +

aviation kerosene |

Validation I-;

4| NBI Optirnization ]*

Fig.2 Flowchart of the development of the pyrolysis process
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masses established according to the CCD shown in Table 1.
After production, in order to further improve the reaction
selectivity, an oil distillation process was carried out, sweep-
ing between 120 and 270 °C. This range is sufficient for sepa-
rating gasoline, kerosene and diesel products (Sivagami et al.
2020). After the distillation process, it was possible for each
experiment to perform gas chromatography analysis in order
to identify the main products.

Analytical methodology

For the analysis of X-ray diffraction of kaolim, an X-ray dif-
fraction meter (XRD-6000 Shimadzu) was used. Thermal
analysis was performed on a Shimadzu DTG-60 device, at
20 °C/min 26 °C/min at 881 °C, in an inert atmosphere (N,).
The TG/DTG analysis made it possible to obtain the thermal
polymerization profile for bio-oil formation.

Through CG-MS Agilent 7820 column C18, it was possible
to identify the closest proximity of the pyrolytic oil by compar-
ing the peak areas with diesel, gasoline and aviation kerosene
standards. Along with GC-MS analysis, the reaction yield
determined in terms of Eq. (1) was also used as a response.
Yield = QLMass a0 (1)

PP mass

The corresponds to the polypropylene mass (50 g for all

experiments).

[ Distillation Temperatum Ra.nges

[ 120°C ] [ 170%C ] [ 2?D|°C ]

Grreater volume of

distillate

—[ CG- WS Analysis ]

similarity?

-[ Kerosene pattern ]
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Results and discussions

The used Kaolim catalyst was subjected to X-ray analysis
to verify its composition as shown in Fig. 3.

The diffractogram peaks representing kaolinite dem-
onstrate that this oxide can be used as a catalyst. In petro-
chemical cracking processes, the kaolin content directly
influences the separation efficiency of petroleum deriva-
tives fractions. This is because the active sites of kaolin
are mainly formed by acidic sites of tetrahedral aluminum,
which can favor cracking with a reduction in the tempera-
ture of the pyrolysis reactor (Czajczyriska et al. 2017). The
significant influence of the catalyst can be verified in both
responses analyzed from the ANOVA table constructed
from the response surface model as shown in Tables 2 and
3.

In both tables, the p-value was less than 0.05 related
to the level of significance. The use of the catalyst pro-
vided an increase in the conductivity of the PP kaolin
mixture inside the reactor, demonstrating the possibility
of solving a process gap that is still much discussed by
researchers (Lechleitner et al. 2021). The increase in the
conductivity of the reaction medium can still be propitious
to keep the molten material inside in the liquid phase,
since the high viscosity can lead back to solidification if
the medium temperature is not kept constant, above the
melting point, and the losses of heat to the external envi-
ronment is reduced through coatings. The homogeneity
of the liquid phase in the reactor favors greater dispersion

1389
Table2 ANOVA yield
Source DF AdjSS AdjMS F-value P-value
Model 5 731363 146273 52.44 0.000
Linear 2 244108 122.054 43.76 0.000
Kaolin mass 1 218.325 218325 78.28 0.000
Heating ramp 1 25.783  25.783 9.24 0.019
Square 2 175908 87.954 31.53 0.000
Kaolin mass * Kaolin 1 123.890 123.890 44.42 0.000
mass
Heating ramp * heating 1 74.004 74.004 26.53 0.001
ramp
2-Way interaction 1 311.346 311.346 111.63 0.000
Kaolin mass * heating 1 311.346 311.346 111.63 0.000
ramp
Error 7 19.524 2.789
Lack-of-fit 3 11.052 3.684 1.74  0.297
Pure error 4 8.472 2.118
Total 12 750.887

DF Degree freedom, Adj SS Adjusted sum of squares, Adj MS,
Adjusted mean of squares, F-value Test F, p-value P test

on the catalyst surface, enabling better effectiveness in the
development of the reaction mechanism.

Therefore, to reduce the activation energy of the pyroly-
sis system so that high yields with satisfactory selectivity
are possible, an increase in the entropy of the thermody-
namically closed system can be favored to ensure a more
homogeneous and homogeneous fusion of the polymeric
material in the reactor, with this, better productivity of

Fig.3 X-ray diffraction analysis 9 2
for kaolin .
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Table 3 . ANOVA for CG areas Source DF Adj SS Adj MS F-value P-value
comparison response
Source 5 2,53E+10 5,052E+09 75,771.88 0.000
Model 2 7,14E+09 3,568E +09 53,514.62 0.000
Linear 1 4,37E+09 4,375E+09 65,616.76 0.000
Kaolin mass 1 2,76E+09 2,761E+09 41,412.47 0.000
Heating ramp 2 1,81E+10 9,061E+09 135,913.57 0.000
Square 1 2,58E+07 25,847,473 387.70 0.000
Kaolin mass * Kaolin mass 1 1,80E+ 10 1,797E+10 269,481.25 0.000
Heating ramp * heating ramp 1 2,02E+05 2,02E+05 3.02 0.126
2-way interaction 1 2,02E+05 2,02E+05 3.02 0.126
Kaolin mass * heating ramp 7 4,67E+05 6,67E+04
Error 3 1,72E+05 5,74E+04 0.78 0.564
Lack-of-fit 4 2,95E+05 7,37TE+04
Pure error 12 2,53E+10

DF Degree freedom, Adj SS Adjusted sum of squares, Adj MS Adjusted mean of squares, F-value Test F,

p-value P test

condensable gases, mainly in the aromatic class. Thermo-
dynamically entropy can be stated as follows in Eq. (2).

_do
=7

ds 2)
where dS represent the entropy differential, dQ the heat flux
differential associated with the reactor and coming from the
electrical resistance and T the temperature of the reaction
medium. Considering that the pyrolysis reactor is insu-
lated with refractory material to reduce thermal exchanges
with the external environment and considering the constant
temperature in the steady state of 512 °C, an alternative to
increase entropy was the modification in the heat flow of the
system with kaolin insert. Thus, as the heat flux variation
is related to the specific heat of the PP and kaolin mixture,
considering that the specific heat of PP in relation to kaolin
is about 100 times lower. The increase in kaolin mass can
help in increasing the thermal conductivity of the rational
system and with it in the increase in entropy, favoring bet-
ter polymer decomposition into compounds with higher
molecular weights. The kaolin mass factor coefficient in the
regression function estimated by ordinary least square (OLS)
determined from the CCD model in terms of yield response
was +2.126, indicating that the increase in mass favors yield.

Although the yield in a reaction is a response of interest
in pyrolysis processes, there is a restriction that must be
considered in terms of reaction selectivity, which needs a
better targeting of the rational mechanism to condition the
production of a given compound of commercial interest in
majority percentages. In this context, the GC-MS analysis
showed that pyrolysis for all experiments produced chro-
matograms described in an interval referring to organic
compounds with carbon numbers between C6-18, as well
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as the distribution of liquid, gas and solids as shown in
Fig. 4.

Among the condensed compounds of crude oil extracted
from pyrolysis after distillation, it was possible to estimate
from the GC-MS analysis, for each experiment, the per-
centage of aromatic and aliphatic compounds present. The
increase in aromatic compounds in the oil can considerably
improve fuel quality by improving the octane property. Fig-
ure 5 presents the relationship for each experiment of the
levels of different organic groups.

It is possible to verify that the higher percentages of aro-
matic compounds from Fig. 5 are due to the greater masses
of kaolin used in the experiment, referring to experiments 2
and 6. Even when we comparing this range of organic com-
pounds in the pyrolyzed oil with the kerosene standard of
aviation, it is possible to verify that all the peaks contained
in the oil are part of the kerosene standard, but some with
lower concentrations as shown in Fig. 6.

Aromatic compounds that have higher numbers of car-
bons interconnected by ring unsaturation have higher vapori-
zation points than aliphatic compounds. Thus, it is possible
to see in Fig. 6 when comparing the pyrolysis oil chroma-
tograms with the kerosene standard that there is a need to
reduce the concentration of the organic compound referring
to the peak between Cqy and C;, and at the same time to
increase some peaks referring to the intervals C,;, C,,, Cy3,
Ci4, Cisand Cyq.

From Fig. 6, it is possible to predict that compounds with
higher molecular weights that are separated by CG-MS in
longer times have even lower concentrations compared
to the kerosene standard, which favors an increase in the
ratio between the total areas of each of the chromatograms,
increasing the selectivity for the generation of aviation ker-
osene. Similarly, the yield response according to the high
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Fig.4 Distribution of phases in
experiments

Fig.5 Relationship between
aliphatic and aromatic groups
for experiments

Fig.6 Comparison between
pyrolysis oil and aviation kero-
sene chromatograms
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calorific capacity of kaolin, there is an increase in the heat
flux inside the reactor, which favors the formation in pyroly-
sis of compounds with smaller carbon chains, as shown in
Fig. 7.

The interaction between the kaolin mass and the heating
ramp for the comparison response of the CG-MS peak areas
demonstrates that smaller kaolin masses and smaller ramps
favor a better overlap between the pyrolysis oil and aviation
kerosene chromatograms.

Thus, it is possible to state a tradeoff problem where the
increase in yield does not favor the selectivity of the gen-
eration of aviation kerosene, which will be solved concomi-
tantly using the NBI algorithm.

Reaction Mechanism

According to the reaction mechanism proposed by Kruse
et al. (2003), the first phase of chain fission can happen
in a reversible reaction due to the action of heat between
the polypropylene and some radicals formed in the prod-
ucts, which can occur the phenomenon of recombination
and, consequently, a decrease in the pyrolysis yield. In this
context, from Fig. 7, it is also possible to predict that the
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increase in the heating ramp up to a value of 33 °C/min does
not favor the selectivity of the reaction in the production
of kerosene determined from GC-MS. However, above this
heating ramp value, the selectivity can be favored due to
the direction of the reaction to the side of the formation of
products in the first stage of the mechanism that has a lower
number of moles through the increase in steam in the system
and consequently the pressure increase. The next steps in
the mechanism of thermal decomposition of polypropylene
are characterized by the hydrogenation of carbon chains,
which can be established by the kaolinite structure present
in kaolin. In this context, kaolin samples with larger surface
areas can lead to a better selectivity process for kerosene
production.

Optimization of responses

The optimization of both responses simultaneously was per-
formed according to the NBI algorithm from the construc-
tion of the Pareto Frontier (Pinto et al. 2019). This frontier
has numerous process setups that will be used later for pro-
cess validation. Table 4 presents the optimized responses as
well as the setups for each factor.
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Fig. 7 Main effects and interactions graph for yield and comparison of CG-MS peak areas
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The Pareto Frontier for the trade-off solution of the bio-
objective problem related to Table 4 is shown in Fig. 8.

Table 4 NBI-optimized values for responses difference between
the areas of the CG-MG and yield (%) and setups for each pair of
responses

Yield (%) Difference between the  Kaolim mass (g) Heating

areas of the CG-MG (%) ramp (°C/
min)
47.09 42.61 22.73 24.03
46.95 41.26 22.14 23.00
46.56 40.08 21.54 22.15
46.00 39.00 20.94 21.43
45.31 38.02 20.33 20.81
44.50 37.11 19.72 20.28
43.61 36.26 19.10 19.82
42.63 35.46 18.48 19.43
41.59 34.71 17.85 19.09
40.49 33.99 17.21 18.80
39.34 33.31 16.55 18.57
38.14 32.66 15.89 18.38
36.90 32.04 15.20 18.24
35.61 31.45 14.50 18.16
34.28 30.89 13.77 18.13
32.92 30.35 13.00 18.16
31.52 29.83 12.18 18.26
30.07 29.34 11.30 18.46
28.58 28.88 10.31 18.80
27.03 28.47 9.12 19.37
Fig. 8 Pareto boundary for yield 50
and comparison of CG-MS peak
areas
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To validate the optimization, three points on the Frontier
were chosen as shown in the circles in Fig. 8. These points
were performed in the setups shown in Table 5.

The number of three repetitions necessary for validation
was determined from the power sample size test, attributing
a value of 0.8 to the test power. The oil extracted in the three
experiments is shown in Fig. 9.

After the construction of the Pareto Frontier by the NBI
algorithm, the points chosen as outlined in Fig. 8 were
validated under the experimental conditions as shown in
Table 5.

The values of the two responses for comparison of the
areas of the chromatograms and yield are shown in Table 6.

In the optimized and validated experimental condition
of temperature ramp and catalyst mass 19.37 °C/min and
9.12 g, a TG-DTA analysis demonstrated that the first exo-
thermic decomposition of PP occurs at 161 °C as in the
same experimental condition without the use of kaolin the
temperature was 171.6 °C. This temperature reduction in
the pyrolysis process can influence the cost reduction in the
process, especially when it comes to attribution to process
scale up.

Thermal analysis evaluation

Thermal analysis was performed using a heating ramp equal
to the optimal point identified by the experimental design
equivalent to 18.80 °C/min. The thermogram of polypro-
pylene (PP) shown in Fig. 10 shows an initial degradation
temperature of 378 °C. The differential temperature analy-
sis (DTA) shows the PP phase changes, with the endother-
mic peak at 171 °C with an activation energy of —98.5 J/g

325 350 375 400 425

Difference betwasen chromatographic peak areas between aviation keroszne

standard and pyrolysis product
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Table 5 Setups chosen for validation of optimization

Yield (%) Difference between the  Kaolim mass (g) Heating
areas of the CG-MG (%) ramp (°C/
min)
47.09 42.61 22.73 24.03
40.49 33.99 17.21 18.80
27.03 28.47 9.12 19.37

Fig.9 Detail of pyrolysis oil under optimized NBI conditions after
distillation process

representing the polymer melting temperature, while above
400 °C endothermic events represent mass loss related to the
release of volatile products and decomposition.

Kaolinite has an endothermic peak at 550 °C referring to
the dehydroxylation of kaolinite and formation of methacho-
line in exothermic pixo near 1000 °C (Santos et al. 2019).
The maximum temperature of the bio-oil production reaction
medium is limited to 512 °C, allowing the thermogram of
the PP kaolin mixture to be evaluated based on only polymer
changes.

The thermogram of the mixture Fig. 11 shows that there
was a reduction in the initial degradation temperature to
261 °C and formation of thermal decomposition steps for the
polymer. The melting temperature of the mixture occurred
in an endothermic event at 165 °C (AH = —22.4 J/g) requir-
ing less energy when compared to pyrolysis in the absence
of catalyst. The next intense exothermic event occurs at
272.54 °C (1.13 kJ/mol) indicating the occurrence of radi-
cal recombination and oxidation between the temperatures
of 250 °C and 350 °C. The last exothermic event at 400 °C
with an activation energy of 35.73 J/g refers to the complete
oxidative degradation of the polymer. The thermograms
indicate that the presence of kaolin slows down the polymer
degradation process, allowing the occurrence of oxidation

Table 6 Responses to compare

h ¢ the chr Average yield SD* Difference between the areas  SD* Kaolin mass (g) Heating
the areas of the chromatograms (%) of the CG-MG (%) ramp (°C/
and yield min)

45.03 0.32 41.87 0.02 22.73 24.03
38.07 0.65 32.68 0.03 17.21 18.80
26.98 0.28 25.46 0.03 9.12 19.37
*SD Standard deviation
Fig. 10 TG-DTG analysis for TGA DTA
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Fig. 11 TG-DTA analysis for DTA
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and recombination reactions that allow better selectivity of
the pyrolysis process.

The evaluation of thermal analysis together with the
mechanisms demonstrates that the process from the optimi-
zation can be glimpsed in a scenario of transposition from
a laboratory scale to a pilot scale to verify the variability in
conditions with higher production volumes and efficiency of
heat exchangers applied in oil condensation and distillation.
In many works, the production of kerosene can be found
(Joshi and Seay 2020); however, in the present work, it was
possible to optimize concomitant selectivity for kerosene
production as well as process yield.

Conclusions

In this study, it was possible, through CG-MS, to predict
the production of aviation kerosene from the pyrolysis of
polypropylene using kaolin as a catalyst. The presence of
kaolin made it possible to increase the heat capacity of the
reaction system and thus increase the polymer vaporization
rate. However, it was necessary to optimize the reaction sys-
tem aiming at a higher yield and at the same time greater
selectivity, which was possible using the NBI algorithm.
From the analysis of TG-DTA, it was possible to verify a
reduction in the temperature of 10 °C of the degradation of
polypropylene using a catalyst and thus favoring the direc-
tion of the reaction so that it can produce a greater amount
of aromatic compounds using a 19.37 ramp °C/min and a
kaolin mass of 9.12 g. Thus, it was simultaneously possible
to solve a multiobjective and multivariate problem for the
production of kerosene from the thermal decomposition of

Temp [C]

polypropylene, with improvement in the selectivity and yield
of the process.
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