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Abstract
he comparative studies of the effect of calcium oxide (Ca0)

The study examines t

and zeolite catalyst on waste plastic pyrolysis. The primary objectives of the

study are characterization of CaO and seolite catalyst using XRF and XRD,
CaO and zeolite ca

waste plastic pyrolysis using talyst, and optimi .
parameters of pyrolysis using CaO and zeolite catalyst. The XRD and XRF a_nglysm
shows that the crystal structure of zeolite corresponds to those of ZSM_-S a silica to
alumina ratio of 29.4 CaO catalyst contains mainly CaO 1n 1ts.crysta1

structure with 98.848% . _

The optimization study <hows that the OPHITUT v

Pé?tlng rate and catalyst type for maximum oil y1€ o
min heating rate using Jeolite catalyst 5P ve 8 B a0

Pyr(_)lysis oil yield of 58.3 85% while 60 d- 0 oC/m}n€USIHg_ aCaO as catalyst is

 yield of 54.868% which shows that the yield Obftﬁig also shows

$lat1vely comparable tO that obtain 4o ' :

% o much sighinear difference e }';lierefore, considerng cos

‘C’gtimum condition for both catalySt B isis
uld be useful as catalyst for waste plastic pyrolys®

Jite, Pyrolyss:
ing Author

Corfesp"”d’

zation Of the

Keywwds: XRD, XRE CaO, Zeo
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P

Background to the Study

In recent times, there have been rise in environmental concern ove o )
and disposal worldwide, resulting from the rise in population and industrializatiort Plastics
are materials that comprises of a wide range of synthetic and natural compound, iic are
malleable and can be molded into different shapes and sizes. Plastics have become an
indispensable material used in several countries of the world, due to their durability,

lightweight as well as flexibility and are utilized in a range of industria! a.nd domestic areag
(Khan er al., 2016). In 2015, global plastics production was about 388 million tonnes and hag
nd this figure 1s estimated to

reached over 407 million tonnes per annum in recent times a
double in the next 20 years (Morten, Ryberg, and Michael, 2018). In the last decades, the
utilization of plastic and its waste generation has continuously growz in several countries of
the world and count for a reasonable part of solid waste generation. According to Meid|
(2018), nearly 8.3 billion metric tons of plastic have been produced since 1950, and 6.3 billion
tons of plastic waste have been generated, of which 9% has been recycled, 12% incinerated,
and 79% accumulated in landfills or abandoned in the environment.

~

r plastic waste generation

=

S N U A

Y = Y4 s aa

In Nigeria, cities and towns are currently facing serious environmental problem arising from _
solid waste generation. The rate of solid waste generation, particularly plastic waste in :
Nigeria has increased with rapid urbanization, due to their end-of-life management
challenges and a larger fraction of waste plastic end up at dumpsites, landfills and even !
clogging of drainages (Babayemi et al., 2018). A large proportion of plastics waste is being ¢
disposed of in landfills and dumpsites than ever before. Plastic wastes generated in Nigeriaare '
predominantly plastic bottles, bags and packages and remain a large proportion of municipal B
solid waste. According to the Nigeria Federal Ministry of Commerce and Industry, the *
production of the most common and cheapest source of drinking water, popularly knownas !
“pure water” is one of the largest contributors to plastic waste generation in the country, and !
these waste accounts for about 20% of total waste generation (Akinola, Adeyemi and !
Adeyinka, 2014). These plastic wastes generated are not biodegradable, but take about 100 1
years to degrade in the environment (World Environment Day, 2018). Added to the
degradability challenges are risks of flooding by clogging of drains and degradation of I

quality from open dumps, 2 serious concern of its management. These necessitate the need 0

source for an effective and sustainable plastic waste management system.

Over the years, different management methods have been developed to mitigate the thred!
posed by rising amounts of plastic waste generated by conversion t0 valuable and Ufzec :
products that will significantly reduce the volume of waste generated. There have beett an

on sustainable methods in the conversion of plastic waste to a valuable source of €ﬂ€fé}l’ ’

chemical substances, as landfills and burning have resulted in serious cnwronm‘t"‘; fcti®
health hazards (Dogan et al., 2012). This makes energy recovery processes the mosotentiauy
approach to reducing the volume of plastic waste significantly as they focus Osgp colysis
converting the plastic waste into other useful products such as fuel products ‘I“LSC din rcceﬂ;
process (Baiden, 2018). Pyrolysis, as a method of waste conversion, 15 wide Zki ng dOV0 On
times for waste conversion to useful product. It simply implies th¢ e vebee

chemically bonded material with the aid of thermal energy in the absenc

: s i s an
carried out in the presence of catalyst to convert waste plastics into fue
materials (Bursali, 2014).

e of aira? of caluab
0

4
|JARSSEST | o7
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an environmentally friendly means of plasti : .
| ! pecome a7 alternative an.d sustainable method of waste-to-energy ¢ 0, In recent times,
pas fuel while also mitigating the environmental degradation Chgs{l onversion to substitute
fOsste disposal. Despite the environmental friendliness of the metho?i enges caused by plastic
1 rocess 1S high and a wide product distribution occurs for non-cat;ﬁ;«gzrsyrg?n%umpﬁon of
1cE the use of f:atalyst to inﬂuenc_e tbe product distribution and relativei,y rﬁfc?fjf;ﬁ
qmperatire and time, as well as maximize product efficiency (Bursali, 2014; Osayi, Iyuke and
gbeide, 2014). The-use of catalyst during pyrolysis enhances the reaction by cracking down
jigher molecular we ight hydrocarbon compounds to lighter hydrocarbon products. Ithas been
rted by several authors that catalyst utilization in plastic waste pyrolysis process can
geatly influence prqducts yield, composition and quality (Williams, 2013; Osayi et al., 2014;
irydom, 2017). This resulted growing interest in the investigation of catalyst utilization in
astic wastes pyrolysis to enhance selectivity of products through appropriate selection of

atalyst type-

P)TolySis is

T G R - ’_
i P —
= =2 [

tudied have reported the use of zeolite catalyst for plastic waste pyrolysis (Williams,
Strydom, 2017). Zeolite catalyst is expensive and would

d to source for a cheap and readily available catalyst in
CO,. This led to the investigation of the comparison

ketween zeolite and kaolin catalytic pyrolysis by Gandidi, Susila and Rustamaji (2018). All
ilis study has deeply examined the effect of zeolite catalyst on pyrolysis oil from different
prspectives, however, no studies have been reported to the best of my knowledge on the
wmparative studies of the effect of a cheaply source catalyst like CaO from CaCO, which is
wdilt available in large quantity in Nigeria with zeolite catalyst which is expensive, on waste
flastic pyrolysis liquid. These therefore, necessitate the need for this study. The study aims to

| vestigate the comparative studies of the effect of CaO and zeolite catalyst on waste plastic
{ Bolysis. The objectives are characterization of CaO and zeolite catalyst using XRF and
i XRD, waste plastic pyrolysis using CaO and zeolite catalyst, and optimization of the

Mrameters of pyrolysis using CaO and zeolite catalyst.

j Several s
| 13; Osayi et al., 2014; Ryan, 2015;
| impact cost of pyrolysis, thus the nee
Nigeria such as CaO obtainable from Ca

S

i iw

..

=22

Nethodology

A aterials
; e catalyst zeolite was obtained from zeolist, UK while CaCO, was obtained from NARICT

{ “0aand the calcinated at 850 °C t0 obtained CaO which was used as catalyst in comparison
@ ;&th zeolite for waste plastic pyrolysis. Waste plastic material; were sourced from around
71 duna State metropolis. All other chemical used were of analytical grade.

#4C ,

-?? h:mct?nzation of Catalyst Materials _ o 1 (and
/ 'd:eohte and CaO adsorbent were characterized USINg XRF to determine the ementa a? ;
4% compositions of the catalyst materials nd XRD was used to examine the crysta

¢ Cture of catalyst materials.
P

Scannex d with CamScanner



EXp ‘
eri
Th “entq] Desj
OPtimiyyy; . PYTolysis te
W allon of oil yj Tap Crature, heatin
as useq f, Yield from piag, S rate and capg|y
a I the optim;y,.: 1C pyrolysis, ISt type were
nd Catalyst ty Lization to determ; ull factoria desi €Onside,
factorig) desiglr)l = OTIL the prodyt yield T}i:: ) f;he effect of Pyrolysis %:rgf eXperime;tdn';Or the
Une - 1he levelg : Eliect of the seject DI, g 00
Oded levels of the factore of the factors were selected ba:d;'actors Was gty dlilgan{lg e
are presented in Tab] ¢d on Prelimj, g fyg
Tablel.cod e].. arys dy'rh
. e I ¢
Forom and uncodeq level of the independent variab]
) es
Pyro%ysls Temperatyre o) Type | e
Heating Rate (o0 Numeric L
min) ; 300
Catalyst Type Numeric 10 ' il :
W
eolite

'ffhe relationship between the

res .
ull factoria] method. D ponses product yield and s

. elected fact ,
esign Expert 10.0.1 01 Were defined y,

ftware pack
Implementation of the meth i s pAABE Was used for
od.D - <
Table 2 esign of experiment for the studied factors are presenteqyy
Table 2: Design of Experimental of the factors in uncoded values
Run Factors Response
Pyrolysis Temp. (°C) Catalyst Type  Heating Rate (°C/ min) Yield (5)
1 600 Zeolite 30
2 400 CaO 30
3 400 Zeolite 15
4 400 Zeolite 30
5 500 Ca0 -
6 500 Ca0 2;(-]5
CaO
7 ol Zeolite 22.5
g 500
CaO 15
9 400
600 CaO 15
10 Zeolite 225
11 2t Zeolite 15
12 600
¢d
' wasuS
s siS ) ; t ABU Zana i
Waste Plastic Pyroly actor in Chemical Engineering Department -

howd
toris ass . 4
rim ic setup of the reaC il

nt. The schematic s€ ey

o e tor system where the temperature WO colnn st Lh;
he reactor 1S © ol side?

ing through B 4 and %

of the clcarlCO e it
e conditl(’n:ite(10"/'0)at
coﬂdiuons

An improvised pyr_olysis TSi
vaste plastic pyroly )

fo'r - ‘1 The setup is an improvised reac e o

Flgu:lel 'desired heating rate set. The conden

and the

i ith water pass
ctor by cooling w1F :
vapoun'zed products from the triiapyronSis was carried out using 50g

i th
. 0/)) catalyst accordmog tot 260
ith 5g (10%) cataly t to 600°C using g(zheset
1 (*
resente
np - g raté of 3 5

a hea 3.4 using the same Pr

in Table

0°C/min. Subsequert
cedure.

6
IJARSSEST I p.2

-
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e 1; Pyrolysis reactor setup

psults and Discussion
) Analysis of Catalyst

; Y XRD, Figyr
gnthatthe 'diffra.ction peakat 28 angleof 33, 340§?ta71?':§ ;251;2081ve£y. From Figurg”;jtij‘;%ﬁ
getypical d'1ffract10n peak_of lime and shows that the CaO’cat;ﬂOft , 64.48?,0 and 67.503° was
iththe main peak appearing at 29 angle of 37.487° These peakys ' g;)rmpnses mainly of lime
), (311) and (222) planes of CaO phase assigned to €Spond to (111), (200),
10 catalyst is consistent with tho

respectively, The XRD result of the
S€ reported for CaQ/ 8-CN, composites and i
calyst s consi (RamaChary 3+Y4 LOMposites and synthesis of

ulueral., 201 7; Habte etal., 2019). However the diffracti
pkat 20 angle of 18.054°, 28.952°, 34.309°, 47.229°,51.011°, and 64.483° ’was the typilgaﬁ
ifuction peak of portlandite and shows that the CaQ catalyst contains small quantity of
liOH),. The XRD analysis shows that the CaO cat

alyst contains mainly CaO and small
wtity of Ca(OH), as shown in Fi gure 2.

Ca0 -

Lime

:

g Cu))
Position [*2Theta] (Copper (CU.

I I
10 30

atalyst

Figure 2: XRD analysis Of — 3, it can be seen that
From FIg 0. 108°, 45.260°
the XRD ) . also analysed- 4° 29 4770, 301 ,
li, .. - analysis zeolite catalyst Wase oL 93.254°, 24.094°,  a scolite type. These
45;?103;386 a'k ai; > ariﬁle:' t;f& 1c(tjllor;. f).egafo’f zeolite 7SM-5 and be
Similar to the diffra

|JARSSEST | p. 271
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peaks are similar to those reported by Heman et al. (2019). It also shows thay the crystafiine j

structure of the zeolite catalyst contains mainly silicate CI‘YSFals. As canbe Seen, all the pegys ’
litic structure with well-defined d ’

show the presence of a hj i iffracti
. ghly crystalline z€o raction peaks
of a high structural order that are comparable to XRD pattern of ZSM-5 from JCPDg card

No. 44-0002 (Phan ez al., 2017). The presence of other non-zeolitic phases was not detected,
which indicated the purity of the zeolite catalyst samples.

Counts
ZEOLITE CATALYST SAMPLE

2000 —

JWW wmhﬂwﬂﬂw M sin VA WM

Position [‘2Theta) (Copper (Cu))

Figure 3: XRD analysis of zeolite catalyst

i Iyst _ , ) oS Using
XRF Analysis of Qata haracterized for their chemical composItions,
The CaO and zeolite catalyst used were char lyst samples. From table 3, 1t Was

: iti f the cata -
Y RF. table 3 shows the chemical composition o 592 356% Si0,, to give asilica to

= catalyst contains 3. 133% Al_z(-)J an ) s,
i t}lfczzezgt(’:l‘chis ailyrso confirms the high silicate presence from the XRD analyst
alumina ratio Of 27.%°-

. - tin
; . Gj hile other oxides preseit ™,

- .+ i the zeolite catalystare; SiO, and ALO;, W iy
The dOmmatmlg otx sl;isrt;zzhviere <1%. It was also observed that CaO catalyst contalZl: :)nfa ay j](
. s !
fhe Zegc}/mzjca%aa)x,ld all other oxide were < 1%. m
08.848% RD analysis of CaO catalyst. \
formtheX ‘[

This further confirms the high presen
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.3 Chemical Compositions of Catalyst

| e —
; Metal Oxide Zeolite
,.* Fe:05 0.048 Cad
* ALLO; 3.133 0:07
2
: s 051 0.000
i ol 0.050 98.848
: 0.069
Cr,0s 0.005 0.000
CuO 0.001 0.000
K,O 0.000 0.001
MgO 0.950 0.630
MnO 0.001 0.003
Na;O 0.000 0.051
Nb;Os 0.002 0.002
NiO 0.341 0.000
P,0s 0.229 0.004
PbO 0.004 0.000
S 0.000 0.103
SiO, 92.356 0.505
SrO 0.000 0.563
SO; 0.223 0.000
Ta;Os 0.000 0.001
TiO: 0.010 0.001
WO; 0.003 0.000
Y,0; 0.000 0.002
7n0 0.005 0.001
Optimization of Plastic Pyrol sis Oil Yield )
yr ny opumlzauon of plastic pyroly51s oil parameter for maximum
e was used for the

® 12 softwarc packag d for |
ial expenmental design. The optimization

ental desigh approach. The results of the

Theresult of the productlo
il yield are presented in ta

mplementation of the 3 factor 2- level full factorl

stludy was executed using Full Factorlal expcrlinu f the input parameters (temperature,
lastic pyrolysis oil yield for each experlmeﬂdfain L ble 4 The cxpenmental values for the
rs1in actual form are also presented

catal e rcsente
yst type and heating rate) arc P and the three facto

"ponse parameter (pyrolysis oil
mtﬁble 4.
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nalysis of oif :
S Oilyielq
mperature Catalyst  Heating A Resno.nse (Oil Yielq)
T ctual  Predicted Deviag:
 ———— Type  Rate eViations
n 6((;0 i : "C/min %o % T
Zeolite 30 5 5877 ——
i 100 ol - 8.34 58.77 o
5 " ' 25.16 26.54 138
0 Zeolite 15 452 '
y p i 24 45.67 04317
: 00 Zeolite 30 4056  39.8 138
: 500 CaO 225 4354 4342 0.1167
¢ 500 Ca0 225 452 43.42 1.78
600 Ca0 30 55.3 54.87 0.4317
8 500 Zeolite 225 57.78 58.46 0.6767
9 400 CaO 15 19.94 19.51 0.4317
10 600 CaO 15 19.9 21.28 138
11 500 Zeolite 225 5724 5846 122
12 600 Zeolite 15 40.08 38.70 138

From the production and optimization of plastic pyrolysis oil yield, the t-distribution,
coefficients and p-values for the experimental results were obtained. The sum of squares @d
the F-distribution were also determined. The 95% confidence level was used for the statistical
calculations. The regression equation coefficients were also established from the fllt I;)lfc :1:
pyrolysis oil yield. The statistical signiﬁcanqe of a particular resultbased on ;hxgg;s -
were determined using F and T distributions. Values for the t- and Ffr 13 e o5
compared to tabulated values balsed on tII;e nux(rillzgre ;tibili(;ire?ih ce)fs tat?:ﬁcal et
confidence interval. Also, the p-value was o use e ifcance v

e model and the parameters. The p—valqe is the smallest levt o atsicll
?efagl to the rejection of the null hypothesis 1alndigt)he< OC(())?Cht]i(la?ln t}tll;atfai?or - satisial
significant (Montgomery, 2004). If the p-value .05,

significantat the 95% confidence level.

. ijance (ANOVA) VA 2
jssmz:-l};?;:lo gzzl;l:ilsl ofg the model was performed to evaluate the ANO atic respone
tatista

. dr
VA for fitting the qud
:rical model. The results of ANO sients 0 :
adegulaﬁy ofrgzzzn;g;r;: method are summarized 1n Table 5. The coeffi ach of t
model by 4

ionificance 0 eac
actorial method mo 1 W {so evaluated. The signiti* ey
f 1 thod model 1n actual factor were a aluz : -y
t '1 checked rom p-values, which also indicate the interaction
coefficients were hecked fr trengh

parameter.

e | A 280
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AN OVA for factor of full factorial analysis of oil yield

Sum of Df
Source Mean k
F-value p-value Remark

Squares Square
1755.64 6 292 :
{jodel -61 87.00  0.0003 signi
emperature 228.12 1 22812 67.83 00013 :;gn'l?cm
B'CatalystType 678.00 1 678.00 201.59 0.0001 si?ln;f;zam
¢ Heating Rat€ 3?;-?2 1 367.20 109.18  0.0005 signiﬁciﬁﬁ
3 352.72 ; 38.19 11.36 0.0280 significant
i 91.40 1 352.72 104.87  0.0005 significant
" ; 91.40 27.17  0.0065 significant
gesidual 13.45 4 3.36
Lack of Fit 11.93 2 5.96 7.83  0.1133 not signifi
 pure Exror 1.52 2 0.7618 not stgntiestt
o Total 2211.13 11

e discrepancy of thefitof a model or the strength
. othesis that there is no association between the
examined for the response factor (pyrolysis oil yield)

im, 2015). To quantify the strength of evidence against
s a standard level for concluding that there
gression coefficients was

h is an index measuring th

The p-value whic
the null hypothesis (the hyp

of evidence against
fictors and 1esponse variable) was

(Gelman, 2013; Magsood and Ibrah
ull hypothesis, p < 0.05 (5% significance) is used a

< evidence against the hypothesis tested. The significance of the re

tsted using F-value and the p-values, and was also used to test the significance of the effect of
seen that the model p-value is 0.0003

ach variable in the model. From Table 5, it can be
(p<0.05), which implies that the oil yield model is significant (Gelman, 2013; Sedgwick, 2014;
Magsood and Ibrahim, 2015). It was also observed that the p-value for all model term are
sgnificant (p<0.05).
cance of the model in predicting
he model (Montgomery, 2006,
5, it was observed that the model F-
d that there is only a 0.03%

e to noise in the experiments (Adepojut and

onstrating high signifi

el p-value of 0.0003 dem
d the suitability of t

the oil yield an
ermore, from Table

t the model is significant an

However, mod
the response values of
Magsood and Tbrahim, 2015). Furth
wlue is 87.00, which also implies tha

thance that an F-value this large could occur du [ i
Olawale, 2015; Magsood and Ibrahim, 2015). The model F-value with low probability value

00003 (p<0.05) indicated the high significance of the fitted model (Sf:]-lefe, 2005{.
Additionally, the Lack of Fit is also an important index to evaluate 'thc rel{abl}lty of mlod_e :
|Fom Table 5, the Lack of Fit F-value of 7.83 implies the Lack of Fit1s not significant 1€ atnl/(e1
Othe pure error and that there is 11.33% chance that a Lack of Fit F-value this large cou

*eur due to noise (Jia eral., 2018)- Non-significant lackof fit is good well fitted model.
ctor (independcnt

¢ relationshi
ps of the response¢ (pyr : evaluated
: regres
egression model. The 73 model in terms of coded

1 )
N {11:1;8) were explored by using the I e regression
: . : . : . The ;

way linear-linear interaction of the factors © 1o stfactors j—— din Table

Aty .
1 ts that correlates the pyrolysis oil yield to the vario

Pactaes .
torial Method Modelling of Pyrolysis Oil Yield
olysis oil y1€
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e : of coded factor for pyrolysis of] ield
Coefficient Df Standard 959 e
Estimate el sa

Intercept o — -

i p 38.07 1 0.6484 3626 3987

-Temperature 5.34 1 0.6434 3.54 71
B-Catalyst Type -7.52 1 0.5294 8 99 6 (;1 o
i-;{cating Rate 6.77 1 0.6484 497 3 585 igggo
. . 0000

o 2.19 1 0.6484 0.3848 3.99 1.0000

> 6.64 1 0.6484 4.84 8.44 1.0000
3.38 1 0.6484 1.58 5.18 1.0000

R? 0.9924 |

Adjusted R? 0.9810

Predicted R? 0.8237

The regression modeled in term of coded factors as shown in Table 4.4 is therefore expressed
as Equation 1.

Yield = 38.07 — 5.34A— 7.52B + 6.77C + 2.194B + 6.64AC + 3.38BC Eq.1

The coefficient estimate in table 6 represents the expected change in response per unit change
in factor value when all remaining factors are held constant. The intercept.in an orthogonal
design is the overall average response of all the runs. The coefficients are ad_]l;S[tIH'.I:‘lcntS allr;l[ll?li
that average based on the factor settings. When the factor§ are orthogonal the V1E's asr; e
VIFs greater than 1 indicate multi-collinearity. The higher the V{dF the ﬂﬁee e
correlation of factors as such VIFs less than 10 are toler?lble ankeacrcezlzcﬁon.s abou,t Py
regression model in terms of coded factors (Eq 4) can be useh ti 'mlfl levl«?:ls "¢ the factors ¢
response for given levels of each factor which by default, the hig

' r coefficien
identifying the relative impact of the factors l_)y f:ompanng ﬂllle f?::oonse 1 actual term. The
this equation is not suitable for make predictions about the ! 1 f o erefore, CXPICSS® 4
regression model in terms of actual factor for pyrquSIS oil yie
Equation 2 and 3 for CaO and zeolite catalyst respectively.

ature — 307267 *
0il Yield (CaO Catalyst) = 62.05833 ~ 0.12395 * Temperature Eq!
Heating Rate + 0.008853 * Temperature* Heating Rate _ 3974  Heating Ratet
OilYield (Zeolite Catalyst) = 119.22167 — 0.16765 * Temperature = > EqJ3
0.008853 « Temperature = Heating Rat 5
alyst type
edinEq.2and3 for cataly mak

The model equations in terms of actual fac'l'ors gre prcscrltf ctual factors guitable for )
CaO and zeolite respectively. The equation 1n terms O ar in its actual term. ASl‘lt‘;b,lcil
predictions about the response for given quation isno! Slllaled u
levels are specified in the original units for efficients arc ce.
determining the relative impact of each factor because the coO e 'gnspa

he intercept is notat the cen

¢ of the des!
accommodate the units of each factor andt

levels of each facto !
each factor. However, thise

IJARSSEST l p. 282
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Jel's equations were also evaluated based - .
) i"redicted R? of the model. R? value is a mg;lilrl: ;?%;fsglggdﬁzf:igt{egtts (;flz’ Ad({uSteg
‘ _een 0 and 1., z'ind the closer the.R2 value is to 1, the better the model mod'el-' R
,dda anenietal., 2007', Jia etal., 2018). This is because as R” value approaches 1 1:}rle iction
(b fined 2t dmosts poime. Tl}e Adj usted R’ plateaus when insignificant terms a;'e Z?Odel

and the Predicted R” will decrease when there are too many insigniﬁcar?t tei?ntso

ge mOdeL -
ule of thumb is that the difference between Adjusted and Predicted R’ values

gerefores 217
5h0u1‘1 pe within 0.2 of each other (Montgomery, 2006).

oodness of fit of the model was checked usin i i

nation. The R’ Ad-j usted R” and Predicted R’ for pyfolty}:s (r;lg;f:lsc;cglosglegl: t)eg;;lf
0.8237 respectively (Table 6) which implies that 99.24% of the experimentE;l date;
ble by the r_nodel and the high value of R’ (0.9924) further indicates high
f the model in predicting the response variable (Akossou and Palm, 2013). From
be seen that the difference between the Adjusted R’value Predicteéi R’ vaiue are
s than 0.2, which further implies that there is good agreement between the experimental
qta and predicted data for pyrolysis oil yield (Adepoju and Olawale, 2015; Jia et al., 2018).
tisconfirms that the accuracy and general ability of the model was good, and analysis of the

sociated response trends was reasonable

he £°
jeterml

p810and
¢ explaina
ggificance O
rble6, it can

luthermore, the validity of the model the plot of actual against predicted.
1 or experimental responses against the predicted

figure 4 presents the plot of the actua
wponses. It can be seen from Figure 4 that the waste plastic pyrolysis oil yield both
th R® of 0.9924. This further suggest that

werimental and predicted results are very close w1
te model's equation generated can be used to predict waste plastic pyrolysis oil yield and
1 data (Akossou and Palm,

uicate that the models adequately represents the experimenta 1
II3; Adepoju and Olawale, 2015). Therefore, the developed models provide good

redictions for average outcomes.

predicted vs. Actual -

was checked using

wd

Actual

b
By T
fe4: Plot of Actual against Predicted pyrolysis oil yield.
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Figure 5 presents the effect of the temp
plastic pyrolysis oil yield at the cente

increases with the increase in the temperature and heating rate. Moreover, waste plastic
pyrolysis oil yield is more sensitive to both temperature and heating rate. Hence, high oil yieg
is obtained at high temperature and heating rate, and decrease as temperature and heating rate
decreases for CaO catalyst. This is attributed to the fact that increasing pyrolysis temperature
and heating rate tends to accelerate chemical degradation of hydrocarbon molecule into oil,
Also, the high yield at relatively low temperature could be attributed to fact tha-t CaO could the
rate of degradation of the plastics (Zhang et al., 2008). This corroborate with the fact that

plastic waste pyrolysis depends upon sets of parameters such as catalyst type, temperatureetc.
(Alfa, Zubairu and Alhassan, 2019).

crature, heating rate and CaO ca

talyst type on v
r level of the parameters. It can be seen that ol yﬁz

QhYed Q)

& Hesting Raw (oC/mun) 18

15 400

1 Ca
1 vield using 0
ing value on oil y1€
f temperature and heating v
5: 3D surface plot effect O b
Figure -

on
. zeolite catd that©!
catalyst. he t emperature, heating ratc aﬁivas also observe
ffect of the
ents the €

ters.
I of the parame
Figure 6 pre; sis oil yieldat the centerleve
ic pyroly
plastic P

84
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.+ the increase in the tempe
I
ste plastic pyrolysis (I)Dﬂ aiu;:f. and heating rate yg;

! pﬂﬁl mslys pe. Hence, high oil yield)i, © ls_also sensitive t using zeolite catal
1P g remperature and heating rat S (‘;btalned at high te oboth temperaturey;t' This also
€ decreases for zeolitmperalture and heat,i cating rate
e catalyst. This corrobarag. <

. This corrobora ’

te with

e85 ]
:fw el plaS(f:\clfwazstebperIySiS depends upon
: reetc. (Alld, ubairuand sets of
" eraty Alhassan, 2019). parameters such as catalyst
type,

 HF
ni
| e

600
550

A Taaparataa s}

18

C Heatiwg Rate (o mmun)

15 400

’Wrc 6: 3D

s, surface plot effect of temperature and heating value on oil yield using zeolite
using zeolite catalyst was
o the fact that high Si/Al
Gi/Al ratio and affect
The Si/Al ratio in the
oil yield obtained

Waratively, |
ty highzryt’;ﬁ;:@s observed that waste plastic pyrolysis oil yield
yield that CaO catalyst. This could be attributed t

0In zeglj
Ohte ort . R i
portends acid site which decreases with increasé in
reases crystallinity.

' uct di .. B .
Ut distribution while higher Si/ Al ratio inc
ammmwmmmm@

e yseq
. as catalyst has 29.5 Si/Al ratio, which is

Zeolite
! .

.
Presents .

M the yield of oil obtained from waste plastic P

d increascs from

Ut Tt ¢
kﬁp@ an be seen that, though the oil yiel
the yield was very low whe

yrolysis in the absence of
12.18 - 31.24% as the

1 compared t0
roved by using

%e With Catagzsses rom 450 — 600 °C, howeverh _
’ (Table 4). The performance of pyrolysis process ¢an be P

cule degradation (Kolsoom etal., 291 7_;

on pyrolysis 15

e
e will enhance the rate of plastic mole
e presence of catalyst

o 2 201
» 2019
{ lCant. ). Hence, shows the influence o
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Table 7. :
) 7: Plastic pyrolysis oil yield without catalyst

No.

1 :‘Se(l)nperaturc (O Yiid o .
2 500 12.18

3 600 21.42

31.24

Optimum Waste Plastic Pyrolysis Parameter

The primary obiectj imizati
ctive in thi
] y obj of optimization in this study was to find the conditions wh;
Imum waste plastic pyrolysis oil vi Wch gave the
yrolysis o1l yield. table 8 present the optimizati
parameters that maximum i is oi D 11 Zation result of the
_ ; waste plastic pyrolysis oil yield usin i irahil;
function with the Setup constraint for temperature, heating rate and ; ;) v esuabily
be — . 2 rate and catalyst type tobe inra
Oilmfeclx; the lowerand uppf:r limit while the constraint for the response (waste plastic pyrolysgi.:
o yiel ) V\;las set. at maximum, ]?esuability is an optimization function that is used to
ﬂcrmmc the Optimum result (region) that satisfied the set criteria or optimization goal. It
er ects the c-ie51rable ranges for each response. The desirable ranges are from zero to one (least
0 most desirable, respectively). The simultaneous objective function is a geometric mean of
all Frapsformed responses. The optimum factors and corresponding response generated for
optimization study are presented in table 8.

Table 8: Factorial Optimization Result for Pyrolysis oil yield
Number Temperature Catalyst Type Heating Rate Oil Yield Desirability

1 597.269 Zeolite 29.909 58.385 1.000  Seclected
2 600.000 Zeolite 30.000 58.772 1.000

3 598.171 Zeolite 29.820 58.354 1.000

4 599.467 Zeolite 29.857 58.529 1.000

5 598.389 Zeolite 29.975 58.581 1.000

6 596.915 Zeolite 29.992 58.459 1.000

7 596.164 Zeolite 29.979 58.369 1,000

8 598.387 Zeolite 29.902 58.484 1838

9 599.198 Zeolite 29.735 58.341 1.000

10 599.888 Zeolite 29.789 gg;gg 1000

11 599.949 Zeolite 29.718 o Loo

12 599.101 Zeolite 29.796 g Lo

13 599.494 Zeolite ;g.ggg g 506

. gy Do 30.000 56.981 0.965 d
> 581715 Zeolie 30.000 54.868 0.910 Selecte

16 600.000 CaO 30.000 g P

17 598.995 CaO s Py 0,893

18 600.000 CaO 278 ey o
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e

was observed that the established optimum values for maximum waste plastic
oil yield are 597°C ter'nperature_, ze.the catalyst type and 29.909 °C/min heating rate

?}101}’515 - pimum waste plastic pyroly_sm oil yield of 58.385% at a desirability of 1. However,

e mO catalysttype and 30 oC/min to obtained a yield of 54.868% at 0.9097 desirability

i . 'E;igufe 6 shows the optimization plot of the established optimum from table 8.

et

r;ofﬂtable 8,1t

A: Temperature (0C) B: Catalyst Type C: Heating Rate (oC/min)

Zeolite ca0
| 1
i

-
1 —

} e,
i ——g

Desirability

Oil Yield (%)
5 5 8 3
111
_..HlH_.
(=¥

‘°: L/\-/

L————’—’_—_‘,—‘

fure 7: Factorial Optimization plot
e reliability of the optimu1m factors for

1ond? . . 1 eth . . 0
talidation experiment was conducted to determiy rolysis was carried out using zeolite

twaste plastic pyrolysis oil yield- Waste plastic PY ' dingtothe procedure

o 1 tin rate acco it
:*mysttypc at 597 °C temperature and 29909 C/}iglr‘l,:lletygof the Optlmum Condltlons, 3

Ylighted in the methodology- To estz
?;lffiments were conducted. The obtalricd wa
,‘dation experiment conducted aré Jo. i validation €
4367%. The waste plastic pyrolysis oil.yield ob;a;ned for the s
u?" very close to the predicted maximum O
Micated that no much significant difference Wé‘-St :
| {4validate value. This therefore, indicated tha
[y was reliable.

E“llcl . ds to those of ZSM'S

\lSl()tl . Correspon S . .-

N : cture of zeolite tains mainly silicate

/ *‘Eri(c}t{i?na; alism,;ht(;ws thatt irll;:?tsrt\?itsut:: of the zeolite c}:latf»lyst contalf® ystal of
€a crysta tha

- als while th;,l r)l(RDea.na?’lysis of the CaO catalyst Shtivr?. The XRF analysis =

and small quantity of Ca (OH). 11 its crystal struc
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eoli
2 48te altl?;lyst Conta.
» Confir Ins 3.1339
Ntain maurﬁ the high sihﬁ) ALO, ang 92.356% s;
aOfy Y, 98.848% ate presence 08i0,, ¢ :
rmth 0Ca0a from BIve a 5|
= analys;i nd all other € XRD angjygi. 0
Pyrol ysisof CaQ catalyst oxide were <19, . YSf}s While g o Rtigof
Ysis of wa - » COntirmg the p. 1 Ctal
Showsg ste plaStiC for -
that the optimu, vaht: prfoducﬁon of fucl ol ence of
o) assuccessfu], T
h

the 3-validati
ation experim m parameters sh
e ows th : .
nt are 58.60%, 57.94% and 58 ;;‘E/hinmthstlcpwoly A
207 with an average o] yi
yield of :

58.367%. W
) . hereas th cq L
shows that th , the validation of the establi -
and 53.96% ;iﬁiasnc pyrolysis oil yield for tﬁzlgs_tzﬁé’;’?mum parameters for CaO catlyy
siEnificait diﬁ‘erezr(:ea\\:ragi oil yield of 54.50%. The r;;:ﬁl tse)cti)enlme.nt are 54.60%, 54.91%
both CaO and zeoli as observed between the predi carly indicated that no much
zeolite catalyst. Thi predicted optimum and valid
" : , s therefore, indi m anc alidate value for -
?n(gtif;nt .Stluddy ;N(a:’ s reliable, The study also shows tlll(;:tt;i :leli)l: the optimization achieved inthe
yield o . _ as no much signi ;
Therefore Consiii(griz_?d zegliteiat th‘? established optimum condition fcs)lrg‘tl)lcl)ftl}:iitt:llf:iren?
’ g cost of zeolite CaO could be useful as catalyst for wastg pltayszi(‘: :
{

pyrolysis.
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