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Abstract 
The extraction of natural fibers from Piliostigma reticulatum and their application in crude oil sorption were investigated in this study. Fibers were extracted using chemical retting with 6% sodium hydroxide, followed by scouring and bleaching processes to improve fiber quality. The physicochemical properties of crude, retted, and bleached fibers were analyzed, including moisture content, density, specific gravity, and swelling ability. Oil sorption experiments were conducted to evaluate the effects of sorbent weight, contact time, oil concentration, and medium on sorption capacity. The unbiased results showed that chemical treatment significantly enhanced fiber properties and oil sorption performance. Bleached fibers exhibited the highest swelling ability and maximum oil sorption capacity of 9.4 g/g in water medium and 11.6 g/g in oil medium. Sorption equilibrium was achieved within 30 minutes, and sorption capacity increased with oil concentration but decreased with increasing sorbent weight. The study concludes that Piliostigma reticulatum fiber is an efficient, eco-friendly sorbent suitable for crude oil spill remediation.
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1. Introduction
Oil pollution in aquatic environments continues to pose a major threat to biodiversity, water quality, and ecosystem health globally. The frequent occurrence of oil spills, stemming from exploration, transportation, and refining of crude oil, often results in severe contamination of water bodies. These incidents can devastate aquatic life, reduce oxygen availability in water, and create long-term ecological and socio-economic consequences [1]. Traditional oil spill remediation techniques such as in-situ burning, skimming, chemical dispersants, and synthetic sorbents are often costly, labour-intensive, and environmentally harmful due to their toxic by-products and non-biodegradability [2]
In recent years, the search for sustainable and eco-friendly sorbent materials has intensified, with a strong focus on lignocellulosic biomass due to its biodegradability, low cost, renewability, and hydrophobic surface chemistry [3]. Natural fibers derived from plant materials have shown great potential for hydrocarbon sorption, especially in aquatic oil spill scenarios. These fibers possess unique physical structures and chemical compositions, including high cellulose and lignin content, which are essential for oil adsorption while repelling water [4].
One underutilized and promising source of natural fiber is Piliostigma reticulatum, a leguminous tree widely distributed across West and Central Africa [5]. Traditionally known for its applications in fencing, firewood, traditional medicine, and soil erosion control, Piliostigma reticulatum is also recognized for its fibrous bark, which may be explored for its industrial potential [6]. Despite its availability, limited studies have investigated the potential application of its fibers for environmental cleanup, particularly in crude oil sorption.
The plant’s bark contains a considerable amount of lignocellulosic material, which when extracted appropriately, can yield fibers with favorable properties for oil absorption. The effectiveness of natural fibers in oil spill cleanup depends on their surface area, porosity, fiber diameter, and the chemical structure of cellulose, hemicellulose, and lignin [7]. When subjected to proper extraction techniques be it chemical, mechanical, or biological these fibers can exhibit superior oil sorption characteristics, reusability, and resistance to water saturation [8].
Previous studies on other plant-based sorbents such as coconut husks, kenaf fibers, and banana peels have shown remarkable oil absorption capacities, ranging from 5 to 12 times their weight [9]. This highlights the possibility of achieving similar or improved outcomes with Piliostigma reticulatum fibers, which have yet to be comprehensively examined. Furthermore, the use of such plant-based materials aligns with the global agenda on circular economy, sustainability, and zero-waste approaches to environmental challenges [10]. So, therefore, the aim of the study is to extract fiber from Piliostigma reticulatum and its application for crude oil sorption in water.
2. Materials and Methods
2.1 Sample Collection and Sorbent Preparation
The fibrous plant Piliostigma reticulatum was collected from a farmland located in Jalingo Local Government Area, Taraba State, Nigeria and identified by a Botanist from Taraba State University, Jalingo.  The plant part obtained was cut from the stem with a knife, the bark removed and washed with distilled water. It was spread on a clean polyethene and allowed to dry in the laboratory for one week.  Crude oil contaminated water was collected from Kogbara Dere community, Ogoniland, Niger Delta, Nigeria and was sealed in an amber plastic container and kept for analysis. 
2.2 Extraction of Fiber Procedure 
The fiber was extracted from the fibrous plant stem using chemical retting extraction process, giving fiber of different lengths and diameters. The fibrous plant (Sample) was treated with 6% NaOH solution in accordance with work done by Dass et al., [6]. 15 g of the sample was submerged in 6% NaOH solution and heated at 100 0C for 30 minutes in a water-bath. The fiber was rinsed in cold water to free fibers strands. It was neutralized with acetic acid and washed with distilled water repeatedly until all sodium hydroxide is eliminated. Finally, the fiber was dried at room temperature for 48 hours.
2.3 Bleaching of Fibers 
Retted fibers were scoured in 2% NaOH solution at 100 0C for 30 minutes.  Scouring of the fiber was carried out before bleaching. Dry scoured fibers were measured and submerged in a solution of 3% H2O2, with sodium pyrophosphate/sodium oxalate as buffering medium at 55 0C for 30 minutes to remove any colouring matter and white fibers were obtained.  
2.4 American Petroleum Institute (API) Gravity 
The API gravity was calculated using the formula:  
										(i)
Where; 
SG = Specific gravity of crude oil calculated.
2.5 Characterization of Crude Fibers 
The physiochemical properties of the sorbents were investigated according to the method described by Donatus et al., [7]. All the following physiochemical properties were determined:  Moisture Content, Density, Specific Gravity and Swell ability. 
2.6 Test for oil Sorption Capacity by Sorbent 
Factors that affect oil adsorption was investigated, namely the effect of variation in sorbent weight, contact time, oil concentration and temperature in water/oil medium and in oil medium. Tests was carried out at room temperature. The methods describe by Al Zubaidi et al., [2] was adopted for the sorption studies. To simulate the situation of oil spill and minimize experimental variation, the crude oil sample was held in beakers for 1 day in open air to release volatile hydrocarbon contents. The crude, retted and pure fibers was subjected to sorption studies to optimize the sorption properties.  
To 100 mL of distilled water in a 250-mL beaker, 10 g of crude oil was being added. A portion 0.10 g of the sorbent was added into the mixture in the beaker and left unperturbed for 30 minutes. After 30 min, the sorbent was removed using a spatula and placed on sieving net and left to drain by hanging the net over a beaker for 10 minutes. The drained sample was weighed and recorded. This was repeated at different weights of 0.2, 0.3, 0.4, 0.5, and 0.6 results recorded.  This experiment will also be conducted at different times of 10, 20, 30, 40, 50, 60 and 70 minutes at constant sorbent weight/ oil concentration and results was recorded [19]. The effect of initial concentrations of crude oil was also studied from 5, 10, 15, and 20 g/100 mL of water at constant sorbent weight and time and results recorded. This will also be repeated in oil medium. The sorption capacity of the sorbent samples was calculated using the expression: 
 g/g						(ii)
and recorded as gram per gram of sorbent. The procedure was carried out in triplicates and the mean of the results reported. 
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Figure 1. Piliostigma reticulatum		        Figure 2. Crude oil contaminated waterbodies
3. Results and Discussion
Table 1: Physical Characteristics of Extracted Piliostigma reticulatum Fibers
	Fiber Type
	Mean Fiber Length (cm)
	Mean Diameter (mm)
	Color After Treatment
	Texture

	Crude fiber
	8.40 ± 0.30
	0.42 ± 0.02
	Brownish
	Coarse

	Retted fiber
	9.10 ± 0.40
	0.36 ± 0.01
	Light brown
	Moderately smooth

	Bleached fiber
	9.60 ± 0.50
	0.31 ± 0.01
	Whitish
	Smooth




Figure 1: Physical Characteristics of Extracted Piliostigma reticulatum Fibers

Table 2: Physicochemical Properties of Piliostigma reticulatum Fibers
	Property
	Crude Fiber
	Retted Fiber
	Bleached Fiber

	Moisture content (%)
	12.80 ± 0.40
	9.60 ± 0.30
	7.20 ± 0.20

	Density (g/cm³)
	1.41 ± 0.02
	1.32 ± 0.02
	1.26 ± 0.01

	Specific gravity
	1.39 ± 0.01
	1.30 ± 0.01
	1.24 ± 0.01

	Swelling ability (%)
	46.20 ± 1.30
	58.70 ± 1.60
	71.40 ± 2.00




Figure 2: Physicochemical Properties of Piliostigma reticulatum Fibers


Table 3: Specific Gravity and API Gravity of Crude Oil Used
	Parameter
	Value

	Density of crude oil (g/cm³)
	0.882

	Specific gravity (SG)
	0.882

	API gravity
	28.5° API



Table 4: Effect of Sorbent Weight on Oil Sorption Capacity (30 min Contact Time)
	Sorbent Weight (g)
	Crude Fiber (g/g)
	Retted Fiber (g/g)
	Bleached Fiber (g/g)

	0.10
	4.20 ± 0.10
	5.60 ± 0.20
	7.80 ± 0.30

	0.20
	4.00 ± 0.10
	5.30 ± 0.20
	7.50 ± 0.20

	0.30
	3.70 ± 0.10
	5.00 ± 0.20
	7.10 ± 0.20

	0.40
	3.50 ± 0.10
	4.60 ± 0.10
	6.80 ± 0.20

	0.50
	3.20 ± 0.10
	4.20 ± 0.10
	6.30 ± 0.20

	0.60
	2.90 ± 0.10
	3.80 ± 0.10
	5.90 ± 0.10




Figure 3: Effect of Sorbent Weight on Oil Sorption Capacity (30 min Contact Time)






Table 5: Effect of Contact Time on Oil Sorption Capacity
(0.10 g sorbent, 10 g oil / 100 mL water)
	Contact Time (min)
	Crude Fiber (g/g)
	Retted Fiber (g/g)
	Bleached Fiber (g/g)

	10
	2.60 ± 0.10
	3.80 ± 0.10
	5.10 ± 0.20

	20
	3.50 ± 0.10
	4.90 ± 0.20
	6.90 ± 0.20

	30
	4.20 ± 0.10
	5.60 ± 0.20
	7.80 ± 0.30

	40
	4.30 ± 0.10
	5.70 ± 0.20
	7.90 ± 0.30

	50
	4.30 ± 0.10
	5.70 ± 0.20
	7.90 ± 0.30

	60
	4.30 ± 0.10
	5.70 ± 0.20
	7.90 ± 0.30

	70
	4.30 ± 0.10
	5.70 ± 0.20
	7.90 ± 0.30




Figure 4: Effect of Contact Time on Oil Sorption Capacity

Table 6: Effect of Initial Oil Concentration on Sorption Capacity in Water Medium
	Oil Concentration (g/100 mL)
	Crude Fiber (g/g)
	Retted Fiber (g/g)
	Bleached Fiber (g/g)

	5
	3.10 ± 0.10
	4.30 ± 0.10
	6.20 ± 0.20

	10
	4.20 ± 0.10
	5.60 ± 0.20
	7.80 ± 0.30

	15
	4.90 ± 0.20
	6.40 ± 0.20
	8.60 ± 0.30

	20
	5.50 ± 0.20
	7.10 ± 0.30
	9.40 ± 0.40




Figure 5: Effect of Initial Oil Concentration on Sorption Capacity in Water Medium
Table 7: Oil Sorption Capacity in Oil Medium (No Water Present)
	Sorbent Type
	Sorption Capacity (g/g)

	Crude fiber
	6.80 ± 0.30

	Retted fiber
	8.90 ± 0.40

	Bleached fiber
	11.60 ± 0.50




Figure 6: Oil Sorption Capacity in Oil Medium (No Water Present)

Table 8: Comparative Oil Sorption Efficiency of Fibers
	Fiber Type
	Maximum Sorption Capacity (g/g)
	Relative Efficiency (%)

	Crude fiber
	5.50
	47.40

	Retted fiber
	7.10
	61.20

	Bleached fiber
	9.40
	81.00



Figure 7: Comparative Oil Sorption Efficiency of Fibers

The extraction and modification of Piliostigma reticulatum fibers significantly influenced their physicochemical properties and oil sorption performance. Chemical retting using 6% NaOH effectively removed non-cellulosic components such as lignin, hemicellulose, waxes, and pectins, resulting in longer, finer, and more flexible fibers compared to the crude fibers. Subsequent bleaching further enhanced fiber whiteness and smoothness, indicating successful removal of residual coloring matter and impurities [12].
The physicochemical analysis revealed a progressive decrease in moisture content from crude to bleached fibers. This reduction can be attributed to the removal of amorphous components during retting and bleaching, which improved fiber hydrophobicity [13]. Lower moisture content is desirable for oil sorbents, as it minimizes water uptake and enhances oil affinity. Similarly, density and specific gravity values decreased with treatment, suggesting increased porosity and surface area—key factors that enhance oil sorption efficiency.
Swelling ability increased markedly from crude to bleached fibers. This improvement is associated with increased exposure of hydroxyl groups on the cellulose backbone, allowing greater expansion and oil entrapment within the fiber matrix. The enhanced swelling capacity of bleached fibers explains their superior oil sorption performance observed in subsequent experiments [14].
The crude oil used in this study exhibited an API gravity of 28.50°, classifying it as medium crude oil. This characteristic is relevant, as medium crude oils typically possess moderate viscosity, allowing effective interaction with porous sorbents such as plant fibers [15].
Oil sorption capacity decreased with increasing sorbent weight for all fiber types. This inverse relationship can be explained by particle agglomeration at higher sorbent dosages, which reduces the effective surface area available for oil uptake. Among the fibers, bleached fibers consistently demonstrated the highest sorption capacity, followed by retted and crude fibers, confirming the positive impact of chemical modification [16].
Contact time significantly influenced oil sorption up to 30 minutes, beyond which equilibrium was reached. The rapid initial uptake observed can be attributed to the availability of abundant vacant adsorption sites, while the plateau phase indicates saturation of the fiber pores. The attainment of equilibrium at relatively short contact time highlights the suitability of Piliostigma reticulatum fibers for rapid oil spill response [17].
Increasing initial oil concentration led to a corresponding increase in sorption capacity. This trend is driven by a higher oil-to-sorbent ratio, which enhances the driving force for mass transfer. Sorption capacity was notably higher in oil-only medium compared to water–oil medium, due to the absence of water competition for adsorption sites.
Conclusion
This study successfully demonstrated the extraction of fibers from Piliostigma reticulatum using chemical retting and their subsequent application as crude oil sorbents. Chemical modification through retting and bleaching significantly improved the physical appearance, physicochemical properties, and oil sorption capacity of the fibers.
Among the three fiber types investigated, bleached fiber showed the highest oil sorption capacity, lowest moisture content, enhanced swelling ability, and superior overall efficiency. Sorption performance was influenced by sorbent weight, contact time, oil concentration, and medium, with optimal sorption achieved at lower sorbent dosages, 30 minutes’ contact time, and higher oil concentrations.
The results confirm that Piliostigma reticulatum fiber is a promising, low-cost, biodegradable, and environmentally friendly alternative to synthetic oil sorbents for oil spill remediation.
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