


Corn Cob-Derived Activated Carbon Catalysts for Pyrolysis of Polypropylene Waste into Kerosene-Range Hydrocarbons
Abstract
The widespread disposal of waste plastics, such as polypropylene, in landfills and coastal areas, coupled with the increasing demand for sustainable aviation fuels, has motivated researchers to explore the conversion of waste plastics into valuable hydrocarbon fuels. This study investigates the use of corncob as an alternative to synthetic catalysts in the pyrolysis of waste polypropylene (PP) to produce liquid hydrocarbons within the aviation fuel range (C8–C16) addressing both waste management and the demand for sustainable aviation fuels. The pyrolysis of waste polypropylene was conducted using activated corncob catalyst. the characterization involved analyzing its surface morphology, porosity, and elemental composition through techniques such as X-ray fluorescence (XRF). The pyrolysis process was optimized at a temperature of 6000C with catalyst to feed ratio of 0.1. The characterization of the corncob-activated catalyst revealed a rough surface with heterogeneous cylindrical hollow pores of varying sizes. X-ray fluorescence (XRF) analysis identified phosphorus as the predominant element, with a concentration of 35.542 % mol. The porosity of the activated corncob was measured at 31 %. The pyrolysis process gave an optimal yield of 64.54 % fuel oil. The resulting fuel oil exhibited a carbon distribution of C8–C16 and a specific gravity of 0.775. The physicochemical properties and combustion performance of the produced fuel oil align with the specifications for Jet A-1 and standard Nigerian National Petroleum Corporation (NNPC) aviation fuels. These findings suggest that activated corncob may serve as an economical catalyst for generating kerosene-range fuels through the catalytic pyrolysis of polypropylene waste. This approach not only contributes to sustainable waste management but also enhances energy production by utilizing agricultural waste.
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Highlights
I. Kerosene-range hydrocarbons (C8-C16) can been obtained from the pyrolysis of waste plastics over corncobs activated carbons
II. Optimum yield of 64.54% fuel oil was obtained form the pyrolysis of waste plastics over corncobs activated carbons
III. High concentration of phosphorus in corncobs activated carbon resulted gave room to bulky intermediates and multi-ring aromatics formation. 
1. Introduction
The indiscriminate disposal of waste plastics, including polypropylene (sac bags), on land, in landfills and in water bodies, in addition to the growing demand for sustainable aviation fuels, has led to the investigations into recovering valuable hydrocarbon fuels such as aviation fuel from waste plastics. At the moment, pyrolysis is commonly used to produce aviation fuel using industrial catalysts such as platinum, palladium, and zeolites, which are known to be expensive. Various researchers have worked on the synthesis of catalysts from agricultural wastes (activated carbon), such as corncobs, as substitutes for the industrial catalysts. Corncobs are the hard cylindrical core of a maize (corn) ear that houses the kernels. The cobs can be obtained after removing the kernels and are ubiquitous, especially during the corn season. They are composed of cellulose, hemicellulose, and lignin. The introduction of activated carbon into the pyrolysis process has improved efficiency and resulted in increased product yields (Li et al. 2022). Manyà et al. (2021) assessed the environmental and economic benefits of using agricultural waste, such as corncobs, in energy conversion technologies.  After conducting a life-cycle assessment of activated carbon production from corncobs, the authors found that it had lower environmental impacts than traditional fossil-based carbon materials. Zhang et al. (2020) reviewed the application of corncob-derived carbon in organic waste treatment, emphasizing its effectiveness, preparation methods and environmental benefits. The high surface area and porosity of activated carbon from corncob highlights it as a sustainable catalyst material for pyrolysis process, a suitable adsorbent for waste water treatment. The study by Liu et al. (2020) investigates the catalytic pyrolysis of plastic wastes using activated carbon derived from waste corncob via potassium hydroxide (KOH) activation, demonstrating its effectiveness as a catalyst in converting waste plastics into valuable hydrocarbons. The research highlights that KOH activation significantly enhanced the porosity and surface area of corncob-derived activated carbon (CCAC), making it a suitable catalyst support for pyrolysis reactions. Corncob-derived activated carbon, prepared via KOH activation, achieved a surface area exceeding 1000 m2/g, with well-developed microporosity and mesoporosity, which enhances its effectiveness as a catalyst in pyrolysis reactions. The high surface area facilitates greater exposure of active sites, improving catalytic (Liu et al. 2020). In catalytic pyrolysis of biomass, feedstock lignocellulosic composition affects bio-oil quality. Corncob, rich in cellulose and hemicellulose, produces higher levoglucosan and furans compared to lignin-rich feedstocks like sawdust, which generate more phenolic compounds (Zhang et al. 2020). When used as a catalyst support, corncob-derived biochar enhances deoxygenation and aromatization due to its porous structure and surface oxygen groups, improving bio-oil stability (Duan et al. 2022). During catalytic co-pyrolysis, hydrogen -rich plastics can donate hydrogen to biomass via hydrogen transfer reactions, while the resulting co-pyrolysis intermediates may undergo Diels-Alder reactions at the catalyst active sites, collectively promoting the synergistic formation of value-added products (Lin et al. 2023). Catalysts play a critical role in enhancing the quality of co-pyrolysis oil. Among the catalysts investigated, ZSM-5 zeolite is the most widely employed due to its relatively strong acidity and distinctive microporous framework, which together favor the selective production of aromatic hydrocarbons. Numerous studies have examined how operating parameters influence aromatic formation over ZSM-5, confirming its outstanding deoxygenation capabilities (Lin et al. 2023.). Nevertheless, the high cost of zeolite and its rapid deactivation via coke deposition hinder the large-scale commercialization of ZSM-5, highlighting the need to develop low cost, stable, and highly alternative catalysts. 
The characterization of corncobs- an abundant agricultural waste as a potential catalyst in the pyrolysis of waste polyethylene plastics to kerosene-range hydrocarbons aligns with the principles of circular economy by converting biomass residues into a useful catalytic material. Using waste corncobs as catalysts not only mitigates solid waste disposal challenges but also offers an eco-friendly alternative to conventional zeolite-based synthetic catalysts (Zhang et al. 2020). This paper investigates the catalytic role of activated carbon derived from corncobs in the pyrolysis of polyethylene waste plastics (sack bags) and provides a comprehensive assessment of its effectiveness in producing kerosene-grade hydrocarbons.
2.Materials and Methods 
2.1. Materials
Fresh corncobs were collected from a farm in Etchie, Port-Harcourt, Rivers State, Nigeria and transported to the laboratory for processing. Similarly, waste polypropylene sac bags were obtained from rice traders in Oroigwe, Port Harcourt, Rivers State, and phosphoric acid (85 % purity) was purchased from Emma continental Chemicals co ltd Aba, Abia State. The equipment used included muffle furnace (J.P. Selecta, S.A,582543 S/N,230 VAC,00-C/2000367,50/60 Hz,35000W, Spain), electric blender (Original Millennium Nakai blender, model 333 special, voltage 220V/50Hz 350W), Electro-magnetic sieve shaker (Cisa BA 200N,01996,230V,50/60 Hz,450 VA, Spain), Weighing balance (RADWAG, Poland WLC 6/A2 max 6 kg, min 5 g) and Stainless Steel batch reactor.
[bookmark: _Toc96352943][bookmark: _Toc84577438]
2.2. Methods  
[bookmark: _Toc84577439][bookmark: _Toc96352944]2.2.1 Synthesizing activated carbon catalyst from corn cobs
A 50 kg of fresh corns were de-seeded manually. The cobs were collected and washed to eliminate dirt under running tap water. The corncobs were sliced into smaller particles to increase the surface area and speed up the drying process. This was followed by chemical activation according to the method prescribed by Zhang et al.  (2018). A 200 g of the corn cobs were steeped in 1400 mL of phosphoric acid solution (85% pure) for 18 hours using a plastic container. The corn cobs were separated from the acid solution by decantation method and dried at 110 oC, until a constant weight was achieved. It was thermally activated at 600 oC for 15 min in muffle furnace (J.P. Selecta, S.A,582543 S/N,230 VAC,00-C/2000367,50/60 Hz,35000W, Spain). After activation, the corncobs were grinded using an electric blender (original Nakai blender, model 333 special, power 220V/50Hz,350W), then particle size of 1mm was obtained using Electro-magnetic sieve shaker (Cisa BA 200N,01996,230V,50/60 Hz,450 VA, Spain.

2.2.2 Catalyst Characterization.
[bookmark: _Toc96352948][bookmark: _Toc84577444](i).  Determination of particle size distribution of the activated carbon catalysts
This was conducted to ensure uniformity of the catalyst particle size. The ground corn cob activated carbon catalyst was placed on an electro-magnetic shaker with five standard sieves. The shaker was set at a speed of 350 rpm for 30 min. The sieves were carefully removed from the shaker and the mass of the activated carbon catalyst from each sieve was determined
[bookmark: _Toc96352950][bookmark: _Toc84577446](ii). Determining the porosity of the synthesized corn cob activated carbon catalyst
The synthesized corn cob catalyst was placed in an air-tight container up to 80 % of the container's capacity. A 100 mL of distilled water was added into the container. After the synthesized catalyst has been saturated, the residual water in the container was measured with a cylinder, and the porosity (%) was determined porosity using the equation prescribed by Flint and Flint  (2002).

[bookmark: _Toc96352951][bookmark: _Toc84577447]2.2.3 Determining the surface morphology of the synthesized corn cob activated carbon catalyst
This was done using scanning electron microscope. The images of the activated carbon catalyst at various magnifications were produced to explore the surface morphology. The specimen stub was covered with a platinum coating and 2 g of each activated carbon catalyst was placed on it. The sample was observed at a voltage of 15 kV, and working distance of 10.0 mm and the pressure maintained at 70 Pa.
[bookmark: _Toc96352952][bookmark: _Toc84577448]
2.2.4 Determining the elemental composition of the synthesized corn cob activated carbon catalyst
The sample cup was prepared with polypropylene thin film to ensure smoothness of the thin film surface. A 5 g of the synthesized catalyst was poured into the thin film covered cup. The lid of the cup was covered and tightened to ensure that there was no leakage of particles on the thin film layer. The cup containing the synthesized catalyst was then inserted into sample turret of Genius –IF XRF. The X-ray Lamp was turned on and allowed to stabilize in two min on the RUN tab. Voltage and Emission current values were set to ensure that observed dead time is between 35-40 kV. The analysis was then RUN to obtain spectrum data. XRS-FP Software was opened and the Master elements tfr file was uploaded and the obtained spectra file of the sample was processed, saved.
[bookmark: _Toc96352953][bookmark: _Toc84577449]2.2.5 Production of fuel oil through the pyrolysis of waste plastics using a corn cob synthesized catalyst 
The catalytic pyrolysis was carried out in a fixed bed stainless steel batch reactor with two outlets that allowed the produced gas to exit through the top and nitrogen to flow in via the outlet by the side. The internal diameter and height of the reactor were 300 mm and 100 mm, respectively. The ratio of the synthesized catalyst -to- waste plastic fed into the reactor, at various temperature are presented in Table 1. After feeding the catalyst and waste plastics into the reactor, the reactor was tightened before putting into a muffle furnace. The reactor was purged by the inflow of nitrogen gas at 10 mL/min for 10 min to eliminate any trace of oxygen before turning on the furnace. The reactor was connected through the upper outlet to a condensation unit consisting of a reflux condenser and a round bottom flask with two openings which is immersed in an ice bath. The condensable gaseous product of the pyrolytic process was condensed to the fuel oil and the incondensable gas was recovered using a Teflon bag. The pyrolysis process ended when condensation of the gaseous product stopped fuel was dropped 
Table 1. Experimental conditions for the pyrolysis of corn cob to fuel oil 
	S/N
	Temperature (oC)
	Catalyst-to-waste plastics ratio

	1.
	660
	0.3

	2.
	680
	0.1

	3.
	640
	0.1

	4,
	640
	0.3

	5.
	620
	0.1

	6.
	600
	0.3

	7.
	680
	0.3

	8.
	660
	0.1

	9.
	600
	0.1

	10.
	620
	0.3


  






2.2.6. Characterization of fuel oil produced from the pyrolysis of waste plastic sac bags using catalyst synthesized from corn cobs
(i). Specific gravity, density and API specific gravity test
These were determined using Metler Toledo Densito 30PX according to ASTM DI1298 for commercial aviation kerosene (sample A), commercial cooking kerosene (sample B), fuel oil produced with the use of corn cob synthesized catalyst (sample C), and fuel oil produced without the use of the synthesized catalyst (sample D) 
(ii). Freezing point test
The freezing point test for the commercial aviation kerosene (sample A), commercial cooking kerosene (sample B), fuel oil produced with the use of corn cob synthesized catalyst (sample C), and fuel oil produced without the use of the synthesized catalyst (sample D) was determined according to ASTM D97-17b/ASTM D2500-17a 

2.2.7 Determining the chemical composition of the fuel oil produced from the pyrolysis of waste plastic sac bags using catalyst synthesized from corn cobs
This was conducted using Agilent 7890B gas chromatography according to  ASTM D 2163. 
[bookmark: _Toc96352962][bookmark: _Toc84577458]
3. Results and Discussion
[bookmark: _Toc96352964][bookmark: _Hlk50950712][bookmark: _Toc84577460]3.1  Determining the particle size distribution of the activated carbon catalysts
The particle size distribution was carried out to ensure uniformity in the size of the catalyst used for the pyrolytic process, thereby enhancing the yield and quality of the fuel oil. This was achieved using electro-magnetic shaker as described in section 2. The result obtained are presented in Table 2, and it shows that the largest size of the catalyst was 710 µm as shown by the particle size distribution (29.024 %). The least size of the catalyst was  ≥1 µm as d.



3.2 Determining the porosity of the synthesized corn cob activated carbon catalyst
Porosity is an important factor in determining the effectiveness of a catalyst. The method used in determining porosity of the synthesized corn cob has been described earlier in section 2, and the result obtained was 31.5 %. This result is within the 30 - 35 % porosity required to ensure optimal mass transfer, reduced cooking and improved stability during the pyrolytic processes.

	[bookmark: _Hlk50950696]S/N
	Size (µm)
	Weight (g)
	Particle size distribution (%)

	1.
	<300
	451.3
	17.446

	2.
	300
	134.1
	5.184

	3.
	425
	397.7
	15.374

	4.
	500
	746.6
	28.860

	5.
	710
	750.8
	29.024

	6.
	≥1
	107.1
	4.140


[bookmark: _Toc96352966][bookmark: _Toc84577462]Table 2.  Particle size distribution of corn cobs activated carbon catalyst

[bookmark: _Toc84577463][bookmark: _Toc96352967]
3.3 Determining the surface morphology of the synthesized corn cob activated carbon catalyst

The texture and pore structure of the activated carbon catalyst was analysed at different magnifications (8000 x, 9000 x, and 10,000 x) using scanning electron microscopy (SEM). The results obtained are presented in Figure 1. These show that the micrographs of corn cobs activated carbon catalysts contained predominantly heterogeneous cylindrical hollow pores, and  rough surfaces.
3.5 Determining the elemental composition of the synthesized corn cob activated carbon catalyst

This was conducted using X-ray Fluorescence (XRF) as described earlier in section 2. The result obtained are presented in Table 3, and it shows that 28 elements are present in the corn cobs synthesized catalyst with the predominant element been phosphorus. Other elements included oxygen, magnesium, phosphorus, calcium, aluminum, and silicon. The absence of sulphur in the synthesized catalyst shows there would be no sulphur contribution to the liquid fuel from the catalyst. Phosphorus is known to promote aromatization and selectivity of aviation range hydrocarbons (Zhang et al. 2019). The high composition of Phosphorus in Table 3 is in agreement with previous works which have shown that the presence of phosphorus in activated carbons create acidic and dehydrogenation sites, tailor pore structure, which promotes cracking, cyclization and aromatization of plastic -derived intermediates (Chen et al 2022, Yang et al. 2024). Lin et al. 2023 describes how phosphorus activation increases surface area and pore volume, especially mesopores, giving space for bulky intermediates and multi-ring aromatics formation. 
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     Figure 1. Corn cobs synthesized catalyst using different magnification (A) 8000 X, (B). 9000 X and (C.) 10000 



3.6 Production of fuel oil through the pyrolysis of waste plastics using a corn cob synthesized 
The fuel oil was produced at different experimental conditions of temperature and catalyst-to-waste plastics ratio as has been presented earlier in Table 1. The result obtained is presented in Table 4. The lowest yield of the fuel oil (2.92 wt. %) was obtained at a temperature of 680 oC using a catalyst-to-waste plastics ratio of 0.3. The highest yield of the fuel oil was 64.54 wt. % obtained at a temperature of 600 oC with 0.1 catalyst-to-waste plastics ratio. This is higher than 

Table 3. Elemental composition of corn cobs activated carbon synthesized catalyst
	S/N
	Element
	Concentration (%)
	S/N
	Element
	Concentration (%)

	1
	O
	51.745
	15
	Co
	0.009

	2
	Mg
	4.356
	16
	Ni
	0.064

	3
	Al
	0.508
	17
	Cu
	0.100

	4
	Si
	0.703
	18
	Zn
	0.034

	5
	P
	35.542
	19
	Zr
	0.005

	6
	S
	0.000
	20
	Nb
	0.020

	7
	Cl
	0.000
	21
	Mo
	0.007

	8
	K
	3.904
	22
	Ru
	0.879

	9
	Ca
	0.530
	23
	Rh
	0.635

	10
	Ti
	0.110
	24
	Ag
	0.000

	11
	V
	0.001
	25
	Sn
	0.000

	12
	Cr
	0.111
	26
	Ba
	0.000

	13
	Mn
	0.041
	27
	Ta
	0.000

	14
	Fe
	0.696
	28
	W
	0.000

	15
	Co
	0.009
	
	
	



the fuel oil yield of 61.64 wt.% obtained using coconut shell activated carbon obtained by Iheonye et al. (2021).  The difference in the yields could be attributed to the effect of the different catalyst materials used and also the different types of reactors used.

3.7. Characterization of fuel oil produced from the pyrolysis of waste plastic sac bags using catalyst synthesized from corn cobs
This was carried out to ascertain the suitability of the fuel oil for cooking and possibly used as aviation fuel, and the results obtained are presented in Table 5. From the table, the density, specific gravity and freezing point of the fuel oil obtained with the synthesized catalyst  (sample C) are 0.768 kg/m3, 0.771, and -0.9 oC, respectively. The density, specific gravity, and freezing 
Table 4. Yield of fuel oil produced from the pyrolysis of corn cob synthesized catalyst at various operating conditions of temperature and catalyst loading 
	S/N
	Temperature (oC)
	Catalyst loading
	Yield (wt.%)

	1.
	660
	0.3
	16.31

	2.
	680
	0.1
	8.10

	3.
	640
	0.1
	28.55

	4,
	640
	0.3
	18.00

	5.
	620
	0.1
	34.73

	6.
	600
	0.3
	49.53

	7.
	680
	0.3
	2.92

	8.
	660
	0.1
	26.73

	9.
	600
	0.1
	64.54

	10.
	620
	0.3
	26.77















point of the fuel oil obtained without the catalyst (sample D) were  0.778 kg/m3, 0.70, and -0.22 oC, respectively. The difference in the properties of the fuel oil produced with the corn cob synthesized catalyst (catalytic cracking) and the fuel obtained without catalyst (thermal cracking) may be attributed to the change in the chemical structure of the fuel oil (hydrocarbons). This enhances the formation of branched alkanes and aromatics instead of linear chains formed via thermal cracking. The density, specific gravity and freezing points of the commercial aviation kerosene (sample A) were 0.792 kg/m3, 0.794, and -44 oC, respectively, and those of the commercial cooking kerosene (sample) were 0.805 kg/m3, 0.806 and -39 oC, respectively.  The properties density, specific gravity, and freezing points of the reference fuel oil from NNPC were 0.775 kg/m3 , 0.775 and -47 oC max, respectively. Comparing these results with the properties (density, and specific gravity) of the fuel oil produced using the corn cobs synthesized catalyst show close similarities, and suggests that the fuel oil maybe used as kerosene for cooking or for aviation purposes. Usually, aviation fuel, and commercial kerosene are commonly made up of complex mixtures of hydrocarbons including alkanes, cycloalkanes, and aromatics which contain primarily C9 - C16 carbon chains (kerosene range). The result of the carbon disrtibution, although published earlier shows a hydrocarbon composition of C5 - C18 (Iheonye et al, 2021). Comparing this with the aviation fuel and kerosene show that a kerosene range fuel can be obtained from the fuel oil product of the pyrolysis of waste plastic sag bags using catalyst synthesized from corn cobs as catalyst. 



Table 5. Property of fuel oil produced from the pyrolysis of waste plastic sac bags using catalyst synthesized from corn cobs
	Property
	Unit
	Sample A
	Sample B
	Sample C
	Sample D
	Ref,erence (NNPC standard)

	Density
	Kg/L
	0.792
	0.805
	0.768
	0.778
	0.775

	Specific gravity
	
	0.794
	0.806
	0.771
	0.780
	0.775

	Freezing point
	oC
	-44
	-39
	-0.9
	-0.22
	-47max



4. Conclusion
[bookmark: _GoBack]The use of activated carbon from corn cobs in the pyrolysis of waste plastics has shown promise in producing kerosene-grade hydrocarbons efficiently and sustainably. By leveraging agricultural waste as a catalyst in energy conversion technologies, researchers would not only reduce the environmental footprint of these processes but also contribute to the development of a circular economy. Further research and implementation of these technologies are crucial for advancing sustainable energy solutions and reducing dependency on fossil fuels.
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