Crana h Sl 5y 5 aladdialy dlially CLU (o 58ad) (g ) jad) Jladl)
hiia g S g Jiludl Jﬁjt&\ doldS 3aL |

A Glaa 2y

oaldiall

G LaBY) gaill A A8lia 3305 B (Gn £ o) R smad) A el ASLaall b ASELOU L) e
bbis ) paldill Cuwy Adeall bl e %)Y 4SS cdulall Jia bl (5 siue gl )
0 sl Ay ol ASLaal) 88yl pa¥) ML 5 dabad) ol 3Ll Jie A 5 dnoa JSLe i) 038 (e
sl AHA Al Cangs Al 28Ul l g5 3 b ol ¥ s 43Sl cillaall 3 sale) an 53y
A Can il e 5 il gl all Sl e g ol o5 Al ) SOl clll
Alakin o3 a8y Al A )i g Al il didee & Jaine JEaS ¥ gl aladinl Lo 5
& Cun AL (e Adlida ) Y (58l 5 (ol all auSill ol aY nad (lie 5) s Jelic
Slo A8 Vo s dygia da j0 £00 Laa g il WG G 3 5 T 8 ) jaldl s 50 Bad ) Jsaaa sl
oo g Laby G il sal) (e IS (londl auSEll (e QAT (o8 il ) ST A iS5l
Ce g Aale B pay g ofiall Sl 4S5l A Gy 3l e Yy aed cplii) Jall (55l )all il

Sl g dbiall ol pall e 8 Lay i ga A (K1 ) (51l il
(H-SDUSY) Glae culsy) 5 (mnlall cu¥ g3l il e JS padial Ll 4l s o3 a8
Sl Alae e Gle e cp sl IS G aa g G il dlee a ju g gll) a3l B3 g Gpeeail]
ailuos A€ 5l )k Saeal) o 81 3,08 el Cul g 3l sl Lagae 3l B35 (e iy g

2 Al omaall sl o aa g a8y eVl dlaes 5 Jil BET b dalie s daalise 5 Sl



LeS Al o Al 0 oy phae LS je e 0585 U S 3 O 5 A i) oandall oY 5 3115508 (e
G Cgs o) Cs ol (8 450 S Judls o g 38l 5 sl ol el dlae (e il 30 0 5y
G g3l 8 HHV o 4l il il o WS Crg s ol Cag 0o Ao S0 Aluduad) Julis ) asll oo

(gl J ) adl Aliles adll 028 5 5l e 43.7 MJ/kg 5 41.8 MJ/Kg
C/MNCUAI- ) ) abisd 5 admand o855 Gliwdll dlad (e 55U 8lS (L) sla)ll aean a3 8
o Gangs Aile Jillas (e slpeall g €l dapa paliaed) & Caadinl W sn Sl (LDOS
de 488y VYA« 5 )8 Juall () e 345mg/g 2 4.5 Snsone ol die daliaaal) g e
il Jyeadl sac) 5 48y yha 5 jiall gl adl il dlee o Al all cadl By Y 35 s A )
A pad) ASLaall 8 ASEnOL el 3 Y saaa 3k iy Lae A8Ua g Al <13 o) g ) AL

A saeall



CATALYTIC PYROLYSIS OF PLASTIC WASTES
USING MODIFIED NATURAL ZEOLITE TO
ENHANCE PRODUCTION OF LIQUID FUEL AND
ACTIVATED CARBON

Rashid Miandad

A thesis submitted for the partial fulfillment of the requirements
of the degree of Doctor of Philosophy
in
[Environmental Sciences]

Supervised By

Prof. Dr. Mohamed Abu El-Fetouh Barakat

Dr. Asad Siraj Abu. Raziza

FACULTY OF METEOROLOGY, ENVIRONMENT
AND ARID LAND AGRICULTURE
KING ABDULAZIZ UNIVERSITY
JEDDAH-SAUDI ARABIA
Ramdaan 1438 H — June 2017 G



ABSTRACT

In the Kingdom of Saudi Arabia (KSA), plastic wastes consumption is increasing at an alarming
rate due to rapid economic growth and urbanization and raised living standards. It is the second
largest waste (around 17.4%) in the municipal solid wastes of KSA. The unplanned landfill
disposal of plastic wastes in KSA is causing several environmental and public health problems
such as fire outbreak, and storage for toxic gasses, and disease-causing vectors. In KSA, neither
resource recovery of plastic wastes nor wastes to energy facility exist. This study, therefore, aims
to convert the plastic wastes into energy (liquid oil) and value-added product (char) through
catalytic and non-catalytic (thermal) pyrolysis. A special focus was also given to natural zeolite

for its potential catalytic role in the pyrolysis process as being a cheap indigenous resource.

A small pilot-scale pyrolysis reactor was commissioned for performing thermal and catalytic
pyrolysis of different types of plastic wastes. Initially, the experiments were performed to find
out the optimum temperature and reaction time for pyrolysis process. The obtained results
revealed that 450°C and 75 min were the optimum temperature and reaction time for the
pyrolysis of different plastic wastes. Maximum liquid oil (up to 82%) was produced from
thermal pyrolysis of polystyrene (PS), whereas polyethylene (PE) thermal pyrolysis produced
wax instead of liquid oil due to its branched structure. Overall the thermal pyrolysis produced
maximum liquid oil, however the quality of liquid oil was deteriorated with the presence of solid

residues, tar, and sulfur.

Synthetic (zeolite (H-SDUSY)) and natural zeolite catalysts were used to enhance the yield of
pyrolysis products and quality of the liquid oil. The use of both catalysts increased the cracking
process and improved the quality of the liquid oil. However, the use of natural zeolite showed
less catalytic performance due to its microporous structure, low BET surface area, and high
acidity. Whereas, the thermal and acid activation of natural zeolite improved the catalytic
characteristics of natural zeolite. The liquid oil produced from both thermal and catalytic
pyrolysis of different types of plastic wastes consists of aromatics, olefins, paraffin and
naphthalene compounds. The produced liquid oil from thermal and catalytic pyrolysis consists of

carbon chain ranging from Cs to Cgs. However, the use of catalyst decreased the carbon chain



from Css to Cyg. In addition, the liquid oil has HHV values of 41.8 MJ/kg and 43.7 MJ/kg

respectively, which is similar to conventional diesel.

Char was collected as a by-product of pyrolysis and modified into carbon-metal double layered
oxide (C/MnCuAl-LDOs). The synthesized C/MnCuAl-LDOs was used for the adsorption of
Congo red dye from synthetic wastewater. The results showed that C/MnCuAl-LDOs has an
adsorption capacity of 345mg/g of Congo red at pH 4.5 with 180 min of the contact time during
30 °C of temperature. This study concluded that catalytic pyrolysis is a promising way to convert
the plastic wastes of KSA into energy and valuable char. Therefore, the findings of this study
will facilitate the sustainable plastic wastes management in KSA along with production of fuel

and energy.



