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A B S T R A C T 

 

Polystyrene waste is a significant environmental problem, and recycling and repurposing it can reduce its impact 

on the environment. Chicken feather biochar, on the other hand, is a by-product of the poultry industry and can 

be repurposed to produce bio-composites. The goal of this work was to turn waste chicken feathers into biochar 
and then, create composites with the biochar acting as the filler and a polystyrene-based resin acting as the 

matrix. The biochar was prepared with the aid of a top-lit updraft reactor. Composites were fabricated using 

different mixing ratios of biochar (10-40%) and polystyrene resin. The composites were then analyzed using 
FTIR, SEM-EDX, and hardness tests. SEM examination demonstrated that the biochar was distributed unevenly 

throughout the matrix. The alterations and shifts in peak positions shown by FTIR measurement indicated that 

there was a chemical interaction between the matrix and the biochar. It also revealed the hydrophilic nature of 
the composite. Hardness test showed that 20% biochar concentration gave the optimum hardness property (139 

HRB). The EDX result demonstrated that the matrix as well as the composites consisted majorly of carbon 

atoms. The results of this study indicate the potential of using chicken feather biochar as a filler material to 
improve the mechanical and microstructural properties of recycled polystyrene-based bio-composites. This 

approach can provide a sustainable and environmentally-friendly solution to repurpose waste materials from 

poultry and plastic industries. 

Doi: https://doi.org/10.30501/jree.2023.384691.1553

1. INTRODUCTION1 
Globally, there is a pressing need to limit the usage of 

petroleum-based materials and a growing desire to use 

resources from sustainable and renewable sources to create 

biomaterials instead [1, 2]. Some attempts have been initiated 

and are currently being implemented in some countries [3, 4]. 

These attempts are required to meet the needs of the next 

generation. The shortcomings of petroleum-based materials for 

industrial applications have shifted the focus towards the usage 

of agricultural co-products and by-products [5]. The use of 

fibres for material production has grown in recent times [6, 7]. 

Even though synthetic fibres and natural fibres can be used for 

material development, the latter is preferred due to its ability to 

emissions, lower energy  2facilitate the reduction of CO

consumption, bio-degradability, low density, low cost of 

production, and higher usability because they are readily 

available [8, 9]. Natural fibres can be divided into three major 

classes: animal fibres, plant fibres, and mineral fibres [10, 11]. 

According to the United Nation Environmental Program, 

about 140 billion metric tons of waste from biomass is 

generated across the globe in the agricultural sector. Annually, 

approximately 8.5 million tons of chicken feathers are 

produced worldwide [12]. Chicken feather contains 

approximately 95-98% protein, primarily β-keratin, as well as 

numerous functional groups such as carboxyl, hydroxyl, 

amidogen, and sulfhydryl [13, 14]. The Keratin component of 

chicken feather makes it non-lignocellulosic, and if theses 
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wastes are not properly managed, they will lead to 

environmental hazard [15]. Waste Chicken Feather (WCF), a 

type of animal fibre, has been utilized for composite 

development due to its mechanical and physical stability [16, 

17]. The poultry industry pollutes the environment with lots of 

WCF [18, 19]. In a bid to minimize this waste, they are usually 

either burned or buried. However, these waste management 

techniques have negative impacts on the environment [20, 21]. 

The use of WCF as a precursor for composite development has 

emerged because, in addition to solving the environmental 

crisis relating to its disposal, it produces materials that are 

biodegradable, renewable, and cheap [22, 23]. It has been 

demonstrated that adding WCF as a filler to composite 

materials can add features including hydrophobicity, non-

abrasive behavior, acoustical qualities, thermal insulation, and 

light weight [24]. Although numerous studies have examined 

the characteristics and uses of WCF-based composites, 

particularly those with polymeric matrix [25-28], there are still 

certain limits. One of the issues that has prevented the 

commercial viability of polymers with natural fibre 

reinforcement is the presence of hydroxyl groups, which can 

cause thermal instabilities and poor interfacial bonding to the 

polymer matrix. It has been demonstrated that the thermal 

treatment of biomass to create biochar can reduce the amount 

of hydroxyl groups present in the material [29]. 

Biochar, which has a porous structure and a high 

concentration of carbon, is a solid substance made when 

biomass is thermochemically converted in an air-limited 
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environment [30, 31]. It has been utilized as a bio-composite 

filler due to its superior thermal stability and water resistance 

properties, in comparison to natural fillers [32, 33]. Polystyrene 

is among the synthetic polymers that are most frequently found 

in the environment [34]. It is typically utilized as a material for 

food packing, refrigerator liners, and as a cushion for goods 

being transported [35, 36]. However, human ignorance has 

caused its accumulation in the environment with less regard to 

health hazards its accumulation could cause. The use of 

polystyrene for the development of composites not only 

minimizes its accumulation and negative impacts on the 

environment, but also produces a material with a wide range of 

properties. Composites produced from polystyrene have been 

found to be biodegradable and light-weight, and they have high 

mechanical and thermal properties [37]. 

The production and disposal of plastic waste, 

including polystyrene, is a significant environmental problem 

that has raised concerns about the long-term impact of plastic 

waste on the ecosystem. Recycling and repurposing of plastic 

waste can help reduce its impact on the environment. The use 

of chicken feather biochar, a by-product of the poultry industry, 

as a filler material for producing bio-composites from recycled 

polystyrene can provide a sustainable solution to repurpose 

waste materials from both industries. However, there is a 

limited scope of research on the mechanical and microstructural 

properties of such bio-composites. From the authors’ extensive 

search, this is the first study that has utilized chicken waste 

feather biochar and polystyrene waste for composite 

development. In this study, the suitability and efficiency of 

utilizing WCF biochar as the reinforcing material in a 

polystyrene matrix was investigated. The utilization of WCF 

biochar as a potential reinforcement for composite production, 

together with the utilization of polystyrene wastes from the 

environment, contributes to the novelty of this study. 

 

1. Experimental 

1.1.  Materials 

Waste polystyrene was procured from electrical appliance 

retailers in Ilorin. Polystyrene is commonly used as a packaging 

agent to protect electronics and appliances during transit before 

being discarded. A clean towel was used to clean the waste 

polystyrene material surface of any dirt. Chicken feathers were 

derived as poultry waste from Unity Chicken Market in Ilorin, 

Nigeria. The chicken feathers were rinsed with water to get rid 

of sand and other contaminants, dried in the sun for 2 hours, 

and subsequently dried in the oven for three hours at 105 °C. 

This is to remove all the moisture trapped in the waste [38]. 

1.2.  Biochar Production 

A top-lit updraft reactor was used to produce the biochar. 

The reactor's design and operation were extensively detailed by 

Adeniyi et al. [39]. Briefly, the dry particles were placed within 

the reactor’s inner chamber and then, properly sealed in order 

to reduce the amount of oxygen that the feed comes into contact 

with and to prevent contamination. Following that, the reactor's 

inner chamber was adequately surrounded by the biomass 

material employed as fuel. The reactor was then ignited and 

combustion was encouraged for about two minutes by leaving 

the reactor uncovered. Thereafter, the oxygen supply was cut 

off by carefully placing the lid on the reactor. The process 

lasted for 2 hours, after which the generated biochar was 

allowed to cool. The system produced biochar with a yield of 

28.2 wt% while operating at a high temperature (417.2 °C). The 

produced biochar material (hereinafter referred to as CFB) was 

pulverized and sieved using a 100-micron sieve. 

1.3.  Composite Production 

The composite was made by mixing the biochar with 

polystyrene-based resin (PBR). As previously detailed [40, 41], 

the PBR was created by saturating Nigerian-grade gasoline 

with expanded polystyrene at room temperature. The composite 

was made using cold and hand mixing. A weighed sample of 

the biochar was mixed with the resin, after which it was 

mechanically agitated with a rod before being poured into the 

mold and left to be cured for three days at room temperature. 

Four different mixing ratios of the resin and biochar were 

, 100prepared and cured. The materials were tagged as PBR

, 40CFB60, and PBR30CFB70, PBR20CFB80, PBR10CFB90PBR

representing 100% of the resin, composites having 10% of the 

biochar, 20% of the biochar, 30% of the biochar, and 40% of 

the biochar, respectively. 

1.4.  Material Characterization  

For each of the materials created, two main types of 

characteristics were identified: the mechanical properties 

(hardness test) and microstructural characteristics (SEM-EDX 

and FTIR). The functional groups of the composite materials 

were determined using Fourier transform infrared spectroscopy 

(Shimadzu, FTIR-8400S, Japan). A scan number of 4 and a 

were used to apply FTIR  1-4500 cm–scan range of 650

measurements to the samples after they had been taken and 

placed on the sample holder of the FTIR machine. The 

transparent disc was put into the machine's slot after it had been 

turned on [42, 43]. The automatic analysis was activated along 

with the graph. Scanning electron microscopy (SEM; Phenom 

ProX, Phenom-World BV, Netherlands) was used to 

investigate the resin’s and composite's morphology. The 

material's composition was calculated using dispersive X-ray 

spectroscopy (EDX) on a hydrogen-free basis. A HTP 1700 

integrated palm-sized hardness tester with an integrated probe 

and controller was used to measure the hardness of the 

materials. The ASTM D785 Rockwell hardness standard was 

used to determine the hardness of both the resin and the 

composites. 

 

2. Results and Discussion 

2.1.  Materialsô Hardness 

The matrix and composites' hardness was examined 

using the ASTM D785 Rockwell hardness test. The findings of 

a study on the load-bearing capacities of the matrix and 

composites are shown in Table 1. From the table, the mean 

hardness value of the polystyrene-based resin was 87 HRB. 

This value is similar to that obtained by Adeniyi et al. [44], but 

lower than the hardness value of polystyrene (274 HRB) 

obtained by Adeniyi et al. [45]. The difference in the resin’s 

hardness results from possible differences in the size of the 

material undergoing the hardness test or the weight of 

polystyrene dissolved in the solvent. Another reason could be 

inadequate mixing of the polymer in the solvent [46, 47]. That 

could make the polymer more concentrated in one part of the 

material than in another. The mean hardness value dropped 

from 87 HRB to 65.7 HRB with the addition of 10% biochar 

made from chicken feathers. Poor interfacial adhesion between 

the polar biochar material and the non-polar polystyrene matrix 

could be the cause of this drop [48]. Further addition of the 

biochar (20%) to the polymeric matrix improved the 

composite’s hardness by more than twice its initial value. This 

might be brought on by the biochar's increased penetration 



 

 

modulus in the resin structure. However, when the biochar 

content in the polymeric resin increased, the composite's 

hardness declined. This may be due to the aggregation of the 

, which weakened 20CFB80nd PBRbiochar that occurred beyo

the intercalated structure of the composite and further exposed 

it to breakage. A similar result was observed with the 

introduction of clay filler to polystyrene resin, as demonstrated 

by Adeniyi et al. [45]. 

Table 1: Mean hardness value of the matrix and 

composites. 

Material Composition Mean Hardness value 

(HRB) 

100PBR 87.0 

10CFB90PBR 65.7 

20CFB80PBR 139.0 

30CFB70PBR 106.3 

40CFB60PBR 96.0 

 

2.2.  FTIR Analysis 

 The functional groups in the resin and composites were 

studied using FTIR. This was examined in order to draw 

important conclusions according to the nature of the 

interactions prevalent in the composites made with various 

filler concentrations. As CFB filler is added, this can be utilized 

to monitor changes in polystyrene-based resin (PBR). Figure 1 

displays the composites' FTIR spectra. The spectra show that 

the peaks of different composites are comparable across the 
-, 1028.74 cm1-peaks at 693.28 cm board. In the composites, the

appeared in  1-, and 3026.59 cm1-, 1599.02 cm1-, 1449.93 cm1

various composites, but differed in peak strength. Some shifts 

in peaks were also observed in the comparison of the spectra. 

were  1-and 2847.68 cm 1-For example, the peaks at 2918.50 cm

observed in the composite having 10%, 20%, and 30% biochar 

at 2922.23  40CFB60concentrations, but were not present in PBR

, respectively. Another shift was 1-and 2851.41 cm 1-cm

, 10CFB901 appeared in PBR-observed as the peak at 1155.47cm

. However, the peak appeared at 40CFB60, and PBR20CFB80PBR

for the composite having a 30% biochar  1-1151.74 cm

concentration in the matrix [49, 50].  

 The alkene stretch of C-H was observed in the 

polymeric matrix as well as the various composites under study. 

for the polymeric  1-The band was observed at 3022.87 cm

, 10CFB90for PBR 1-, and 3060.14 cm1-matrix, 3026.59 cm
-, 3026.59 cm20CFB80for PBR 1-, and 3060.14 cm1-3026.59 cm

for  1-14 cm, and 3060.1-, 3026.59 cm30CFB70for PBR 1

H bending of alkene was observed in -. C]51, 48[ 40CFB60PBR

both the matrix and the composites. It was observed in the 

, and 1-, 749.19 cm1-; 693.28 cm100for PBR 1-022.87 cmregion 3

, 842.37 1-, 752.92 cm1-; 693.28 cm10CFB90for PBR 1-905.74 cm

, 749.19 1-; 693.28 cm20CFB80for PBR 1-, and 905.74 cm1-cm

; and 30CFB70for PBR 1-, and 879.65 cm1-, 838.65 cm1-cm

, and 905.74 1-, 875.92 cm1-8.65 cm, 831-, 749.19 cm1-693.28 cm

. The polystyrene utilized, the gasoline 40CFB60for PBR 1-cm

solvent, or even both of these factors could be the cause of the 

alkene C-H bond peak [45, 52]. 

 It was discovered that both the matrix and the 

composites contained the hydroxyl stretch of alcohol or 

for  1-ic acid. The peak was observed at 2881.23 cmcarboxyl

; 20CFB80, and PBR10CFB90for PBR 1-; 2918.50 cm100PBR

; and 3160.78 30CFB70for PBR 1-, and 3615.51 cm1-3183.14 cm

. The peaks at 1360.48 40CFB60for PBR 1-and 3567.06 cm 1-cm

 1-, 1371.66 cm10CFB90PBRfor  1-, 1375.38 cm100for PBR 1-cm

, and 1267.29 30CFB70for PBR 1-, 1375.38 cm20CFB80for PBR

H bending -O-were attributed to the C 40CFB60for PBR 1-cm

mode. The C-O stretch of alcohol or ether was also observed to 

be present in the matrix as well as the composite. It occurred at 
-, 1066.01 cm1-; 1028.74 cm100for PBR 1-the peaks 1181.57 cm

, and 10CFB90for PBR 1-, and 1177.83 cm1-, 1155.47 cm1

; 30CFB70for PBR 1-, and 1151.74 cm1-; 1028.74 cm20CFB80PBR

for  1-cm  , and 1155.471-, 1069.74 cm1-and 1028.74 cm

.]53[ 40CFB60PBR 

 C≡N stretch was responsible for the peaks at -The 

for PBR80CFB20,  1-for PBR100, 2374.31 cm 1-2351.95 cm

for  1-for PBR70CFB30, and 2374.31 cm 1-2370.58 cm

PBR60CFB40. The alkene stretch of C=C may be responsible 

for  1-R100, 1599.02 cmfor PB 1-for the bands at 1513.80 cm

PBR90CFB10, PBR70CFB30, and PBR60CFB40, and 

for PBR80CFB20. For PBR90CFB10 and  1-1654.93 cm

, 1-and 3242.78 cm 1-PBR80CFB20, the peaks at 3280.05 cm

respectively, were attributed to the C-H stretch of the alkyne 

H was assigned the peaks at -retch of Cgroup. The aldehyde st

for PBR90CFB10, PBR80CFB20, and  1-2847.68 cm

. The ]54[for PBR60CFB40  1-PBR70CFB30, and 2751.41 cm

FTIR spectra of the composites indicate that the shift in peaks 

as well as changes in peaks (disappearance and appearance) 

may be caused by chemical interactions between the CFB and 

the polymeric matrix. The existence of hydroxyl groups in the 

different composites suggests that the nature of the composites 

is hydrophilic. 

 

(a) 



 

 

 

 

 
composites.40 CFB60, (d) PBR30CFB70, (c) PBR20CFB80, (b) PBR10CFB90FTIR spectra of (a) PBR Figure 1: 

 

2.3.  SEM-EDX analysis 

SEM-EDX was utilized to gather more information 

pertaining to the resin and the composites. For this, only one 

) was analyzed as a 40CFB60composite sample (PBR

representative of the composites to distinguish it from the pure 

polystyrene resin. The energy dispersive X-ray 

spectrophotometer is a useful technique for composite 

characterization as it helps to quantitatively determine the 

elemental composition of the composite. The EDX analyses of 

the polystyrene resin and chicken feather filled polystyrene 

resin are presented in Table 2 and Table 3, respectively. EDX 

analysis of the polystyrene resin (Table 2) showed that the 

elements carbon, oxygen, and silicon were present in the resin. 

A similar composition of pure polystyrene resin was reported 

Table ( 40CFB60. The EDX result of PBRAdeniyi et al. [45]by 

(d) 

(b) 

(c) 



 

 

3) showed that the composite sample was made up majorly of 

carbon at a higher concentration (84.3%) than that of the 

polystyrene resin (67.7%), which is due to the presence of the 

biochar sample [55, 56]. In addition, the composite showed a 

decrease in the concentration of oxygen from 28% in the matrix 

to 6% in the composite. This can be the result of the biochar 

filling up any open pores in the structure of the composite. In 

addition, it was found that the composite contained trace 

amounts of additional elements like silicon, potassium, and 

aluminum. These elements could be as a result the chicken 

feather biochar, which was reported in a study by Adeniyi et al. 

[57]. 

The SEM micrograph of the polymeric matrix, as 

presented in Figure 2, indicates that its surface is smooth, 

slivery, and shiny. However, beneath this surface, tiny micro-

fillers were observed, which may be particles of polystyrene 

that remained undissolved in the solvent. In addition, the 

micrograph showed that the cured resin was not homogenous 

as the surrounding structure of the material looked different 

(lighter) in comparison with the centre (darker). A similar 

observation was made for the cured polystyrene resin by 

40 CFB60. The SEM micrograph of the PBRAdeniyi et al. [44]

composite (Figure 3) depicts the presence of a rough surface 

having some crevices. It also clearly depicts the presence of the 

polystyrene resin, observed in the slivery portion of the 

micrograph, and the biochar, observed in the darker portion of 

the micrograph. It could be seen that the mixing of the biochar 

in the matrix was not properly done, and this could be due to 

the hand-mixing method or the curing at room temperature. 

Though curing at room temperature saves both cost and energy, 

it produces less homogenized composite materials than 

thermally cured composites. When stress or load is applied, the 

composite fissures may enable an elongation break, increasing 

the composite durability. Moreover, the gaps might facilitate 

the movement of oxygen between the materials beneath and the 

surrounding air, which would increase the materials’ 

flammability.  

.100EDX result of PBR Table 2: 

Element 

Number 

Element 

Symbol 

Element 

Name 

Atomic 

Conc. 

Weight 

Conc. 

6 C Carbon 74.75 67.73 

8 O Oxygen 23.27 28.09 

14 Si Silicon 1.98  

 4.1

9 

 

.40CFB60EDX result of PBR Table 3: 

Element 

Number 

Element 

Symbol 

Element 

Name 

Atomic 

Conc. 

Weight 

Conc. 

6 C Carbon 91.20 84.32 

8 O Oxygen 4.90 6.04 

19 K Potassium 1.60 4.80 

13 Al Aluminium 1.64 3.41 

14 Si Silicon 0.66 1.43 

 

 
.100The SEM micrograph of PBR Figure 2: 

 

 



 

 

 
40CFB60PBR The SEM micrograph of Figure 3: 

 

3. Conclusion 

In this study, the authors investigated the mechanical and 

microstructural properties of a bio-composite produced from 

recycled polystyrene and chicken feather biochar. A top-lit 

updraft reactor was used to thermochemically convert the waste 

chicken feathers (WCF) into biochar. Hand lay-up and manual 

mixing techniques were utilized to create the composites, 

which were then allowed to be cured at room temperature. The 

chicken feather biochar-polystyrene resin composites were 

created utilizing various biochar-polystyrene resin mixing 

ratios. The composites were analyzed through FTIR, SEM-

EDX, and hardness tests. The SEM examination revealed that 

the biochar was unevenly distributed in the matrix. FTIR 

analysis demonstrated the chemical interaction between the 

biochar and polystyrene matrix, as demonstrated by changes 

and shifts in peak positions, highlighting the composite's 

hydrophilic nature. The results showed that the addition of 

chicken feather biochar to recycled polystyrene improved the 

mechanical properties of the composite, as evidenced by the 

increase in the material hardness. The improvement of 

mechanical properties can be attributed to the good interfacial 

bonding between the biochar and polystyrene matrix, as 

observed in the SEM images. The findings of this study have 

important implications for the repurposing of waste materials 

from both the plastic and poultry industries. The use of chicken 

feather biochar as a filler material can provide a sustainable 

solution for both industries while also reducing the 

environmental impact of plastic waste. The improved 

mechanical and microstructural properties of the bio-composite 

from this study make it a promising material for use in various 

industries, including automotive, construction, and packaging. 

In lieu of this, further studies are needed to investigate the 

potential of this material for other applications and to optimize 

its properties for specific uses. 
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