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Abstract Plastics have become indispensable materials

in the world. They are non-biodegradable polymers of

mostly containing carbon, hydrogen. Due to their non-

biodegradability and low life, HDPE, LDPE, and PP con-

tribute significantly to the problem of Municipal Waste

Management. Thermal and Catalytic converting of these

materials into the valuable liquids like gasoline and diesel

would be a promising method of waste management.

Current paper focuses on catalytic cracking of the mixed

polyethylene and Polypropylene in the presence of silica

alumina catalyst in a semi batch reactor operating iso-

thermally at ambient pressure with a statistical approach.

The parameters affecting degradation of polymer mixture

studied in this paper include the temperature (410–450 �C),
catalyst (10–50 wt%), and feed composition (1–5). The

statistical Taguchi experimental design method has been

used to optimize the reaction condition in degradation

process in order to maximize the gasoline production. The

liquid and gas products were analyzed by GC/FID to find

out their composition. Using more catalyst leads the reac-

tion to produce more aromatic components. The result of

experiments discussed in this work compared with empir-

ical data shows that the use of Taguchi as a DOE method

has an appropriate approach to the optimum condition.

Arrhenius law as a kinetic model at optimum reaction

condition has been developed and the activation energy

determined. The model gives a suitable representation of

the experimental results.

Keywords Design of experiment � Pyrolysis �
Polypropylene � Polyethylene � Gasoline

Abbreviations

ABS Acrylonitrile butadiene styrene

DOE Design of experiment

GC/FID Gas chromatography/flame ionization detector

GC/MS Gas chromatography/mass spectrometry

HDPE High density polyethylene

LDPE Low density polyethylene

PP Polypropylene

Introduction

Waste plastics cause a very serious environmental problem

due to their non-biodegradability and disposal problems.

Landfill is a way to disposal of the plastics, which is not

recommended due to its extra economic and environmental

problems. Incineration is the second way for waste poly-

mers disposal in which the release of toxic gases into the

atmosphere poses serious air pollution problems (Seddegi

et al. 2002). Tertiary recycling, in which waste plastic is

converted into useful chemicals, is recognized as the most

promising recycling method. The most commonly used

conservative chemical methods for waste polymer
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recycling are pyrolysis and catalytic degradation. Thermal

and catalytic degradation of waste plastics are two types of

chemical recycling processes. In these methods carbon–

carbon chains at high temperatures (about 400–900 �C)
crack into low molecular weight hydrocarbons. Thermal

degradation of polymers into light components has a sig-

nificant problem in which chain structures would break at

high temperatures and more coke and gaseous are pro-

duced (Jozef and Miriam 2008). These problems reduce

the effectiveness of the process due to high cost and low

quality of the products. In addition, these processes require

high temperatures typically more than 500 �C and even up

to 900 �C. However, catalytic degradation occurs at low

temperatures rather than the thermal process (Kumar et al.

2011; Akpanudoh et al. 2005). Moreover, adequate cata-

lysts form hydrocarbons in the range of automobile fuel

(Wei et al. 2010). Some researchers have done studies in

order to find out the effects of various catalysts on the

degradation of polymers (López et al. 2011; Zhou et al.

2004). Lin et al. found that FCC catalyst has a significant

effect in the pyrolysis of thermoplastics (Lin and Yang

2007). Mordi et al. pyrolyzed a number of plastic types

over a zeolite ZSM-5 catalyst and showed that the using

more catalyst leads the reaction to produce more aromatic

components (Mordi et al. 1994). Research results that

expressed by Seddegi et al. show that the conversion of

plastic waste into liquid fuel occurs at about 400–450 �C
on a laboratory scale (Lin and Yang 2007). Elordi et al.

studied several zeolite catalysts for cracking of HDPE.

They indicated that the type of catalysts has a significant

influence on yield and also the component distribution of

products (Elordi et al. 2009). Marcilla et al. showed that

Zeolitic catalysts promote the degradation process and are

suitable to overcome the difficulties of thermal process

(Marcilla et al. 2005). Appropriate catalysts are anticipated

to control the product yield, hydrocarbon distribution, and

reduce significantly the reaction temperature from polymer

degradation (Lin and Yang 2007).

Moreover, Reaction kinetic has usually been calculated

using the Arrhenius method. Encinar et al. worked on

kinetics of the degradation of various polymers such as PS

LDPE, ABS, PET, and PP (Encinar and González 2008).

They have investigated different heating rates in order to find

out reaction constant and activation energy under first order

reaction approximation (Elordi et al. 2009). Salem et al.

investigated the kinetics of degradation of HDPE at different

temperatures. As a method of kinetic study, he suggested a

first order calculation model based on the experiment. In his

model, the kinetic was studied based on liquids, gaseous

mixtures, waxes, aromatics, and char products under first

order reaction approach (Al-Salem and Lettieri 2010).

The literature reveals that in the earlier studies no

efforts have been given to evaluate the catalytic

degradation of the polymers by performing experimental

design method. However, the above review clearly shows

that nearly all investigators have so far investigated vari-

ous catalysts, kinetics, and the components of the products

based on the experimental studies and GC analysis of the

products. In particular, to the best of author’s knowledge,

design of experiment as statistical methods seems to be

non-existent. The primary purpose of the current work is

to fill this gap. There are some DOE investigations on

automotive and other chemical processes which could be

suitable benchmarks for current study (Hossein et al.

2013).

As a method of optimization, Taguchi proposed a sta-

tistical method which assists the researchers to achieve

their target in a precise and short way. Taguchi method for

product and process development and optimization focuses

on three basic design consideration as system design,

parameter design, and tolerance design. System design step

refers to the consideration of the various materials, pro-

cesses, and methods to achieve a goal. Mostly, researchers

use scientific and engineering principles to determine the

basic system configuration. In the parameter design step,

specific values in a system will be determined. This step

would help the scientists to archive nominal condition and

parameters for specific targets. Usually, the objectives do

specify these nominal parameter values such that the var-

iability transmitted from uncontrollable or noise variables

are minimized. Tolerance design uses to determine the best

tolerances for the parameters of a process. Taguchi rec-

ommends that statistical experimental design methods to be

employed to assist optimizations, particularly during

parameter design. The key component of Taguchi’s phi-

losophy is reduction of the variability around the target

value. This paper focuses on parameter design to achieve

the target of the study where it is to study the production of

gasoline and diesel products from catalytic degradation of

the mixed polymers (HDPE/LDPE/PP) by design of

experiment method. A systematic plan of experiments has

been performed on the basis of Taguchi experimental

design. It is a simple, effective approach to investigate

optimum condition to produce maximum yield of gasoline.

Materials and methods

Materials

Polymers

Polyethylene (HDPE, LDPE) and polypropylene (PP) plastic

granule were obtained fromBandar imam petrochemical Ltd

and maroon petrochemical Ltd, respectively. The properties

of the polymers showed that LDPE and HDPE had 0.43 and
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2.2 g/10 min and PP had 16 g/10 min melt flow index,

respectively.

Catalyst

The catalyst was supplied at Abadan Petro Frayande

Polymer Ltd. It is generally made up of five separate main

components like, Zeolite (molecular sieve), Platinum,

Active matrix component, Inactive matrix component, and

Binder.

The inactive matrix component and binder control the

overall activity of catalyst by diluting the high active

components to the proper activity level and providing the

proper particle strength and morphology.

The main components of the catalyst are shown in

Table 1.

The catalyst consists of Lewis and Bronsted acid sites,

which are significant factor in determining the catalytic

activity and product selectivity. Because Bronsted acid

sites play a proton addition role and Lewis acid sites

involve hydride abstraction, cracking of the polymers

occurs as easy as non-catalytic pyrolysis. The provided

Lewis and Brønsted (proton donor) inside catalyst con-

trolled acidity from its crystalline structure. Al content per

unit cell or Si/Al ratio of catalyst has also a remarkable

impact on the cracking reaction. The acid sites are prepared

by Al species in the catalyst which consists of silica and

alumina. High acid site density helps the cracking reaction

of hydrocarbons.

GC analysis

The liquid and gas products derived from the degradation

of the plastics were analyzed to determine the main con-

sisting components. Each product was analyzed mainly by

a capillary column gas chromatography with flame ioni-

zation detection (GC/FID). The GC/FID equipment used

was an AGILENT, US 10420012, GC equipped with an

HP- 5, capillary column (50 m 9 25 lm ID, 0. 5 lm film

of silica gel film). Helium was the carrier gas at a flow rate

of 15.8 ml/min, and the temperature of the injector was

250 �C, at 10 psi constant pressure.

That was possible as the employed capillary column

separated the components of the fractions according to

their volatility/boiling point. A calibration mixture con-

taining normal alkanes and alkenes, Methane to undecane

(C1 C11?) was prepared and used to assign each retention

time observed from the chromatogram to a boiling point.

This enabled the whole analysis of a sample to be divided

into intervals between the boiling points of the normal

alkanes of the calibration mixture.

Quantification of compounds on the GC/FID was done

by an external standard method and relative retention times

once the component has been reliably identified on a gas

chromatography/mass spectrometry (GC/MS) instrument.

Reaction Process

The reactor utilized in this work was a batch autoclave

reactor; a schematic diagram of the experimental set-up is

shown in Fig. 1. A 1,000 mL Pyrex reactor heated by an

external electrical mantle with a heating rate of 20 �C/min.

Nitrogen gas was used as an inert gas to purging the reactor

at the beginning of experiments to ensure an inert pyrolysis

condition.

100 g of sample was used in each experiment. Resi-

dence time was set to zero while the set cracking temper-

ature was attained, and the experiment maintained at that

temperature for the required residence time of each run.

For plastic samples, a set of experiments was carried out

between 410 and 450 �C, to investigate the effect of tem-

perature and catalyst on the pyrolysis of the polyethylene

and polypropylene mixture.

Products have been liquefied by the condenser and

collected in Pyrex bottles to get ready for analysis. The

mass balances written with the weight of gas obtained from

the Ideal Gas Law at room temperature and the combined

weights of oil and residue in the reactor, after discharging

the gas product. Once the weight of residue was determined

after filtration, the difference was ascribed to be the weight

of oil produced. Each experiment was carried out several

times to check for reproducibility.

Finally, liquid samples analyzed by GC (FID) set in

order to determine the quality of the components. Liquids

distilled by fractional method and the physical properties of

the samples investigated by Grabner Co instruments. The

conversion for volatile products was calculated as the

fraction of volatile products to the initial mass of reactant

polymers mixture.

Taguchi experimental design Method

The first step before using the design of experiment (DOE)

technique is to know how many variables (factor) and

Table 1 Catalyst materials

Property Unit Typical Min Max

AL2O3 wt% 43.5 38.5 48.2

Pt wt% 0.001 – –

Total SA m2/gr 40 38 42

Attrition wt% 1.5 – 5.3

Index ABD’ gr/ml 0.4 0.38 0.42
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levels are available. To obtain the optimum point, many

parameters are influential, each of which should be con-

sidered in certain conditions. The parameters affecting the

degradation of the polymer mixture studied in this paper

include temperature, catalyst wt%, and feed composition.

The following levels, which are determined in the light

of literature and preliminary tests, were investigated in our

study:

Temperatures: (1) 410, (2) 420, (3) 430, (4) 440, and (5)

450 �C.
Catalyst: (1) 10, (2) 20, (3) 30, (4) 40, and (5) 50 wt%.

Feed composition: 1, 2, 3, 4, and 5.

Feed compositions are shown in Table 2.

Orthogonal array of methods used to find the number of

experiments, while the number of factors and levels were

identified. Considering all the mentioned conditions, one

has to run eighty-one (53 = 125) experiments to cover all

possible scenarios. Taguchi experimental design method

was adopted to reduce the number of the experiments.

Although the experiments are less through Taguchi, the

ultimate effect is the same and the same conclusion may be

achieved. Therefore, using Taguchi technique, the number

of experiments was reduced down to 25, which are shown

in Table 3.

As mentioned above, the Taguchi method was used to

design the experiments via selection of optimum number of

parameters. As seen in Table 3, the orthogonal array con-

sists of 3 columns and 25 rows indicating 25 experiments

need to be carried out. The Taguchi design was selected

according to three working parameters (controllable fac-

tors) with five levels of each.

Table 4 illustrates L25 array, being filled with parame-

ters and levels of the experiments. Each experiment was

repeated three times to obtain the accuracy of the data.

Results and Discussions

Optimization of the process

In order to determine the effect of each variable on the

output, the signal-to-noise ratio is required. Signal-to-noise

ratio could be calculated by Eq. (1), where ŷi is the mean

value, si is the variance, and yi is the value of the perfor-

mance characteristic for a given experiment.

S=N ¼ 10 log10

Xn

1

ŷ2i
S2i

; ð1Þ

where

ŷi ¼ 1

N2

Xn

1

yi ð2Þ

S2i ¼
1

Ni� 1

XNi

u¼1

ðYiu� ŷiÞ ð3Þ

Fig. 1 Schematic of the experimental set-up

Table 2 Feed composition No PP HDPE LDPE

1 40 40 20

2 30 60 10

3 20 50 30

4 50 10 40

5 10 30 60
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i = experiment number

u = trial number

Ni = Number of Trials for the experiment i

The most indispensable principle in the Taguchi method

for analyzing experimental data is signal/noise ratio. In

order to optimize the operating parameters, the S/N ratio

calculation was performed. In this study, the S/N ratio

should have a maximum value to obtain optimum gasoline

components. Also, liquid production should be maximized

following the Taguchi method. Based on the Taguchi

model, for maximum desired liquid, calculation was cho-

sen based on ‘‘the larger is better.’’ In this case, the S/N

ratio is calculated from Eq. (1).

S=N ¼ �10 log10

Xn

1

ð1=Y2
i Þ

n
: ð4Þ

The maximum S/N ratio calculated for each parameter

shows the optimum condition for liquid production. Thus,

the optimum degradation condition for maximum liquid

production was found as 450 �C, 30 % catalyst, and feed

3, respectively, in L25 orthogonal array Taguchi investi-

gation method. Level values of the factors obtained,

according to the Taguchi design, are given in Table 5 and

Fig. 2.

The different values of S/N ratio between maximum and

minimum are also shown in Table 5 as Delta. The Tem-

perature and the catalyst are two factors that have the

highest difference between values, 6.54 and 3.96, respec-

tively. Based on the Taguchi prediction, the maximum

difference between values of S/N ratio will have the most

important effect on surface roughness (Ra).

According to Fig. 2, it seems that increasing of the

temperature will increase the liquid production. Conse-

quently, the optimum liquid production determined from

the experiments and Taguchi method will be 450 �C for the

Temperature, 30 % catalyst, and feed 3.

Although maximum liquid production is one of the

most significant aims of this study, liquid production is

not the main purpose. The main purpose of this study is

to find the optimum condition to produce maximum

gasoline quantity which directly depends on the liquid

production. Due to the maximum desired yield of gaso-

line, calculation was chosen based on ‘‘the larger is

Table 3 Orthogonal array L25

Columns of L25 (5**6) Array

Level Temperature (�C) Catalyst (Wt%) Feed

1 1 1 1

2 1 2 2

3 1 3 3

4 1 4 4

5 1 5 5

6 2 1 2

7 2 2 3

8 2 3 4

9 2 4 5

10 2 5 1

11 3 1 3

12 3 2 4

13 3 3 5

14 3 4 1

15 3 5 2

16 4 1 4

17 4 2 5

18 4 3 1

19 4 4 2

20 4 5 3

21 5 1 5

22 5 2 1

23 5 3 2

24 5 4 3

25 5 5 4

Table 4 Parameters and levels of the experiments in L25 array

Number Conversion SNRA MEAN Gasoline Diesel

1 52.8 34.35 52.21 52.21 47.78

2 43.8 34.00 50.16 56.22 44.76

3 81.7 33.67 48.29 60.41 39.59

4 78.4 32.15 40.54 66.10 33.89

5 22.3 28.62 26.98 85.74 14.25

6 64.5 34.99 56.22 50.16 49.83

7 92 34.51 53.18 53.18 46.81

8 82.2 34.15 51.02 54.17 45.82

9 80.2 32.57 42.53 59.11 40.88

10 92.6 31.62 38.13 74.01 25.98

11 93.8 35.62 60.41 48.29 51.70

12 93 34.67 54.17 51.02 48.97

13 94.9 34.33 52.11 52.11 46.34

14 89.3 32.68 43.06 55.56 44.43

15 90.2 32.04 40.01 61.36 38.63

16 94.3 36.53 67.10 40.54 59.45

17 93.9 35.89 62.36 42.53 57.46

18 92.6 34.89 55.56 43.06 56.93

19 92.3 33.08 45.12 45.12 54.87

20 99.3 32.40 41.70 48.72 51.28

21 94.6 37.38 74.01 26.98 73.01

22 97.7 36.17 64.36 38.13 61.86

23 96.2 35.43 59.11 40.01 59.98

24 97.8 33.75 48.72 41.70 58.29

25 99.7 33.46 47.12 47.12 52.87
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Table 5 Taguchi analysis: liquid versus temperature; catalyst; feed

composition

Level Temperature Catalyst Feed

1 31.76 36.17 37.35

2 36.84 36.72 35.14

3 37.55 37.98 38.20

4 37.99 37.56 37.15

5 38.31 34.03 34.61

Delta 6.54 3.96 3.59

Rank 1 2 3

Fig. 2 Optimum condition for

maximum production of liquid

Table 6 Taguchi analysis: gasoline % in liquid versus temperature;

catalyst; feed composition

Level Temperature Catalyst Feed

1 26.39 28.95 31.11

2 3240 29.94 30.08

3 32.52 30.56 30.29

4 31.05 30.87 30.33

5 30.24 32.29 30.79

Delta 6.13 3.34 1.03

Rank 1 2 3

Fig. 3 Taguchi analysis:

gasoline % in liquid versus

temperature; catalyst; feed

composition

1878 B. Roozbehani et al.

123



better’’ as well. The maximum S/N ratio calculated for

each parameter shows the optimum condition for gaso-

line production. The optimum degradation condition for

maximum gasoline production was found, 420 �C, 50 %,

and 1, as temperature, catalyst portion, and feed num-

ber, respectively, in L25 orthogonal array Taguchi

investigation method. Regarding the Taguchi design, the

obtained level values are given in Table 6 and Fig. 3.

According to Delta (the difference between maximum

and minimum values of S/N ration) from Table 6,

Temperature, Catalyst, and Feed are the most significant

variables in this process, respectively. It reveals that the

process is utterly sensitive to the temperature alteration.

Increasing of the temperature weakened the polymer

chain structure. As a result of this fact, more light

hydrocarbons produced. The temperature and the cata-

lyst are two factors that have the greatest influences in

gasoline production.

Table 7 Liquid components at different reaction conditions

Component 420 (�C) Over various catalyst portion

10 % (vol%) Cat 20 % (vol%) Cat 30 % (vol%) Cat 40 % (vol%) Cat 50 % (vol%) Cat

Pentane 0 0 0 0 0.1

2,2- dimethyl butane 0.43 0.46 0.46 0.54 0.61

Cyclopentane 0.12 0.13 0.14 0.16 0.16

3-methylpentane 0.85 0.91 0.92 1.01 1.01

n- hexane 1.46 1.53 1.65 1.89 1.91

benzene 0.78 0.81 0.73 0.81 0.82

cyclohexane 0.52 0.52 0.58 0.64 0.68

2-methylhexane 0.17 0.17 0.1 0.16 0.12

3-methylhexane 0.87 0.89 0.72 0.81 0.82

3-ethylpentane 1.13 1.14 1.6 1.82 1.77

i-octane 2.87 3.01 2.93 3.26 3.31

n-heptane 1.63 1.69 1.7 1.98 2.18

M-Cyclohexane 1.02 1.12 1.08 1.26 1.27

Toluene 1.66 1.82 1.74 1.99 1.85

2,2,4-Trimethylhexane 0.56 0.61 0.68 0.74 0.73

n-octane 3.49 4.1 3.9 4.3 4.4

Ethylebenzene 18.36 18.95 19.7 23.2 24.5

(M ? P) xylene 7.43 8.1 7.9 8.8 9.1

Styrene 0.65 0.64 0.65 0.73 0.67

o-xylene 0.56 0.6 0.59 0.69 0.77

n-Nonane 0.14 0.15 0.18 0.21 0.22

3-Ethyltoluene 0.07 0.07 0.06 0.07 0.06

4-Ethyltoluene 0.89 0.95 0.98 1.1 1.1

Mesitylene 0.48 0.51 0.6 0.75 0.77

2-Ethyltoluene 0.62 0.68 0.72 0.91 0.92

Pseudocumene 1.75 1.9 1.81 2.18 2.22

Isobutylbenzene 0.58 0.62 0.75 0.96 0.98

n-decane 1.07 1.1 1.3 1.39 1.41

Hemmimellitene 0.7 0.71 0.65 0.52 0.54

n- undecane 1.1 1.3 0.98 0.72 0.73

C12? 48.04 44.81 44.2 36.4 34.27

Table 8 Taguchi prediction Levels

Level Temperature Catalyst Feed

1 2 1 1

2 2 2 1

3 2 3 1

4 2 4 1

5 2 5 1
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Liquid and gas products were qualified with gas chro-

matography analysis. While comparing the oil products

from mixed polymers degradation over various amounts of

catalyst at different temperatures, the results reflect the

differing cracking effect of the reaction condition because

of the catalyst, temperature, and feed composition inter-

actions. The individual volatile hydrocarbon products of

feed (1) degradation at 420 �C and over various catalyst

portions are demonstrated in Table 7 (Sakaki et al. 2013).

GC analysis of the liquid products illustrates that Ethyl

benzene is the main component of the liquid products.

Product distributions with current catalyst portion consist

Fig. 4 Taguchi perdition in comparison with experimental gasoline production

Fig. 5 Taguchi analysis:

gasoline quantity versus

temperature, catalyst, and feed

composition

Table 9 Composition of the gas products at optimum reaction

condition

Component Composition Vol%

Methane 0.09

Ethylene 0.31

Ethane 0.12

Propane 0.07

Propylene 0.23

N Butane 0.03

I butane 0.06

others 0.09

1880 B. Roozbehani et al.

123



more Ethyl benzene with over 30 wt% in the range of C5–

C10. Nevertheless, high temperature reaction condition

resulted in more heavier streams with potentially large

amounts of C11? (12 wt%). The liquid hydrocarbons were

in the range of C5–C11?. As known, the hydrocarbons in

the range of C5–C10 belong to gasoline cut. The compo-

nents peak before 112 min retention time belongs to gas-

oline cut.

In order to obtain maximum production of the gasoline

quantity from the polymers, another analysis was done.

Taguchi also can predict the results of the experiments. In

this investigation, Taguchi method was used to predict the

levels and factors. In order to approach close predictions

with the real results, Taguchi needs series of the practical

results. Levels and factors required for Taguchi method

for prediction of the maxim gasoline quantity in the liquid

products are presented in Table 8. Both experimental and

predicted results are shown in Fig. 4. The prediction also

enables the researchers to investigate the influence of each

factor on the Gasoline quantity production. Figure 4

clearly shows the impact of temperature, catalyst, and

feed as effective factors on the quantity of gasoline pro-

duction. From both figures, it is evident that a close

approach to the experimental results has been obtained by

prediction from Taguchi method. The graphic mean of

S/N ratios versus factor levels for maximum Gasoline

Quantity production is shown in Fig. 5. It could be con-

cluded from Fig. 4 that the maximum gasoline production

has been obtained from degradation of feed 1 at 420 �C,
50 % catalyst. According to the effect of the catalyst and

the temperature in the previous studies, these results

from Taguchi are expectable. The addition of catalyst is

anticipated to moderate the decomposition temperature,

to raise the decomposition rate, and to modify the

components.

Gas products were also captured in a cylinder in order

to be qualified and quantified with gas chromatography

analysis. Table 9 indicates the composition of the gas

products at optimum reaction condition. Regarding

Table 9, maximum components of the gaseous are Eth-

ylene and Propylene, which are by-products of the PE&PP

cracking. It seems that these hydrocarbons are broken tails

of the long chain structures because of the weakness of

the tails in comparison with the other parts of the chain

structures. The important thing is that these hydrocarbons

could be a great source to perform required energy of the

reaction.

Kinetic Study

The Arrhenius model is proposed in this study for calcu-

lating the kinetics of the reaction; a method in which the

rate constant of the reaction is expressed and defined as

K Tð Þ ¼ K0 e� E

RT

� �� �
: ð5Þ

Isothermal investigation is one of the trusted procedures

for calculating the kinetic parameters of the reaction. In

this procedure, the below formulae for rate constant and

reaction order shall be used to calculate the activation

energy.

dW

dt
¼ K f Wð Þ; ð6Þ

where W is the mass of polymer, K can be expressed by the

constant of Arrhenius law, and n represents the order of the

reaction.

To calculate the order of reaction, F is assumed as a

function of W with the order of n (Encinar and González

2008). Equation (8) is obtained via integrating Eq. (6).

F Wð Þ ¼ Wn ð7Þ

Ln
dw

dt

� �
¼ Ln Kð Þ þ nLn Wð Þ: ð8Þ

A plot of left side of Eq. (7) versus Ln (W) should draw

a straight line whose slope is n.

The kinetic parameters of the reaction at optimum

reaction condition are presented below in Table 10.

Conclusion

Although plastic wastes cause significant environmental

problems, they also could be regarded as an economical

and valuable source of chemical feed stocks and energy.

The Taguchi experimental design was used to obtain

optimum condition on catalytic degradation of the poly-

mers. The purpose of the current study was to determine

the maximum quantity of gasoline production from the

degradation of the mixed Polyethylene and polypropylene

using Taguchi as a DOE method. Our findings suggest that

Taguchi is the most promising DOE method in order to

investigate the optimum condition to produce a maximized

factor such as gasoline. The second major finding was that

about 51 % of the polymers could be degraded to gasoline

Table 10 Kinetic parameters of the reaction at optimum condition

Temperature (c) Catalyst/polymer ratio (%) Feed N K K0 E (J)

420 50 1 0.7567 0.001854389 3.86E ? 35 508467.6
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components which can be used as automobile fuel. Finally,

Taguchi suggested that 420 �C and 50 % catalyst is the

most promising condition for maximum production of the

gasoline from 40, 20, and 40 % HDPE, PP, and LDPE as

mixed polymers, respectively.
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