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Abstract 
Biosorbent chicken feathers can effectively sorb oil from seawater, making them a promising 
alternative to synthetic sorbents, so it is imperative that plentiful, problematic, and disruptive waste 
feathers are decontaminated. This study aims to evaluate and optimize the chemical treatment of 
waste chicken feathers (white chicken feathers (WCF) and baladi chicken feathers (BCF)) and explore 
their potential as a renewable biomaterial for the pollution of seawater from oil spills. Scanning electron 
microscopy, infrared spectroscopy, and X-ray diffraction are used for feather characterization; 
hydrogen peroxide (H2O2) and sodium dodecyl sulfate (SDS) are used for chemical modification due 
to lipids or grease covering the feather’s surface having a negative effect on the oil sorption process. 
Chemical agents are used to remove them. At maximum lipid removal efficiency, the optimum type 
and concentration of chemical modifications for lipid removal from feathers are Sodium Dodecyl sulfate 
(SDS), with a concentration of 1.5 g/l, which has the highest lipid removal percentage at 58%, while 
hydrogen peroxide (H2O2) is 47%. SEM-EDX analysis indicates that BCF was more efficient than WCF. 
In addition, FTIR spectra confirm that lipids and proteins are presented and observed to have 
absorption properties. XRD diffraction shows the crystallinity index of a BCF was 30% and that of a 
WCF was 50%, and a BCF has a higher amorphous content. 1 g of WCF has an oil sorption efficiency 
of 93.3% at 10 min. contact time and 88.3% during an experiment beginning, while 1 g of BCF has a 
sorption efficiency of 97% at 10 min. contact time and 93% during an experiment beginning. At 50 ml 
of oil feed used, the maximum sorption efficiency was 67.7% (33.9 ml) and 75.4% (37.7 ml) of WCF 
and BCF, respectively. The oil sorption capacity values increased with the oil quantity used but 
decreased the sorption efficiency. Finally, these two feather types, WCF and BCF, achieved promising 
initial results compared to other sorbents, and their application in the petroleum industry will achieve 
a huge breakthrough in the field of the environment to reduce water pollution and save huge amounts 
of money due to the cheapness of feather material. 
Keywords: Sorption; Oil pollution; Chicken feathers; Chemical modification; SEM-EDX; Sodium dodecyl sulfate. 

 

1. Introduction  

Nature offers an almost limitless supply of high-performance materials, but these materials 
need to be rigorously studied to be used as the basis of innovative technology and practical 
raw materials [1-2]. 

Feathers from chickens are an example of this. One of the most sophisticated keratin struc-
tures to be seen in vertebrates, feathers are highly organized, hierarchically branching struc-
tures. Keratin is regarded as these materials' main structural component. In addition to provid-
ing the capacity to fly, feathers are crucial for controlling body temperature and providing 
physical and chemical protection [3-4]. Feathers are distinctive integumentary appendages that 
perform a range of diverse roles and are one of the characteristics that distinguish contempo-
rary birds from other species [5-6]. 

In poultry processing plants, contaminants such as oil, dirt, burrs (dried vegetables), woody 
pieces, and mineral elements contaminate chicken feathers [7-9]. The feathers commonly lie 
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as dirty that include numerous foreign substances, such as offal, diluted blood, grease, skin, 
many biological organisms, fatty and waxy materials. Freshly gathered feathers may include 
a range of microorganisms since chickens are warm-blooded [10]. 

Approximately 91% of chicken feathers contain protein (keratin), 1% are lipids, and 8% 
are water [11-12]. The average amount of lipid per gramme of chicken feathers was 9.0 ± 3.0 mg. 
The estimated total fat content of chicken feathers is 1.53% [13]. A chicken feather's amino 
acid sequence is highly similar to that of other feathers and has a lot in common with reptile 
keratins from claws. Table 1 shows that the sequence mostly comprises cystine, glutamine, 
proline, and serine. Serine (16%) is the most prevalent amino acid, and the OH group in each 
serine residue aids in the absorption of moisture from the air by chicken feathers [10]. 

Table 1. The amino acid composition of chicken feather keratin fiber. 

Functional groups Amino acid Content, %wt. 
Positively charged Arginine 4.30 

Negatively charged Aspartic acid 6.00 
Glutamine 7.62 

Hydrophobic 

Tyrosine 1.00 
Leucine 2.62 
Isoleucine 3.32 
Valine 1.61 
Cystine 8.85 
Alanine 3.44 
Phenylalanine 0.86 
Methionine 1.02 

Hygroscopic Threonine 4.00 
Serine 16.0 

Special Proline 12.0 

Chicken feathers should be cleaned and chemically treated to remove impurities, eliminate 
microbes, and enable beneficiation of the feathers. A variety of processes are available to 
improve the physical, chemical, and mechanical properties of chicken feathers. Cleaning (de-
contamination) of the chicken feathers using detergents removes the accumulation of surface 
contaminants that have resulted from nature, slaughtering, transportation, and storage. 
Chemical treatment of feathers involves the use of chemicals in cleaning activities, primarily 
to remove grease and fat (lipids). Decontamination and chemical treatment can be achieved 
by dissolution in solvents, mechanical detachments, evaporation, or chemical degradation [14-15]. 

The Soxhlet extraction technique is employed for the extraction and separation of chemical 
constituents in the material, such as medicinal plants, feathers, etc. Furthermore, the Soxhlet 
extraction method requires simple and inexpensive equipment that is easy to operate [16]. The 
most common solvent used to extract oils from plant sources is n-hexane, which has a boiling 
point range of about 63–69°C and is an excellent oil solvent for oil solubility and simplicity of 
recovery [17]. Water quality is enhanced, more oil is recovered, aquatic biota is protected, and the 
ecosystem is protected as a result of treating oil spills in impacted waters [10]. Crude oil, diesel, and 
kerosene spills are harmful to the environment [18]. Due to the presence of amino acids, the fiber 
of chicken feathers is both extremely hydrophobic and somewhat hygroscopic [1]. When utilizing 
150 mL of technical oil, chicken feathers have a very high capacity for the adsorption of liquid 
oils at a rapid uptake time of 10 minutes up to 16.21 g of oil per gram of chicken feather [2]. 

2. Materials and methods 

Therefore, this research was done to develop and characterize two unstudied feather types, 
white (WCF) and baladi chicken feathers (BCF), optimize and determine the efficiency of the 
removal of lipids by SDS and H2O2 that can be used as cleaning agents, as well as use these 
feathers in the petroleum industry as sorbent materials, and infer the significance of WCF and 
BCF in sorption processes and their potential applications for addressing environmental pollu-
tion and improving sorption capacity as compared to literature. 
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Baladi and white chicken feathers were obtained from a chicken slaughterhouse, where 
they were heaped as solid waste material. Chemicals (hydrogen peroxide H2O2 and sodium 
dodecyl sulfate) were used. 

2.1. Feather waste preparation 

Chicken feathers (CF) were used as feather waste, and they were obtained from a local 
slaughterhouse poultry processing plant located in Cairo, Egypt. As feathers are a type of 
sample that is not homogeneous and is exposed to various environmental factors, micro- and 
macro-pollution, and dust, they need to be properly prepared prior to analysis. Firstly, feathers 
are typically immersed in a detergent solution, then washed and rinsed thoroughly with tap 
water to remove the detergent, then soaked in distilled water after that and dried at room 
temperature for storing. The samples were dried in an oven dryer at 105oC for 24 hours before 
being cut into small filaments 3 cm long with scissors. This material was treated in a Soxhlet 
apparatus for the optimal time with hexane to remove fatty material, followed by evaporation 
of the residual solvent. The dry feathers were stored at room temperature in closed containers 
and used for experiments [19-21]. 

2.2. Chemically modified treatment 

Chemical treatment can occur due to the chemical nature of the surface that is contami-
nated by a chemical agent exposed to the contaminant on the surface [14-15]. Common chem-
ical cleaning agents that are used include hydrogen peroxide (H2O2) and sodium dodecyl sul-
fate (SDS) [10]. An anionic or non-ionic surfactant was used to clean the feathers without 
affecting their texture. A combination of bleaching and extraction will form high-quality keratin 
from waste feathers [22]. 

SDS is mostly used in laundry detergents with a variety of cleaning uses [23]. Because of 
its capacity to form foam, cut through grease, and suspend dirt particles in such a way that 
they can be readily washed away, SDS is a very efficient surfactant used in any operation 
involving the removal of greasy stains and residues [24-25]. 

2.3. Moisture content 

The moisture evolution temperature of chicken feather fibers and quill fractions occurs in 
the range of 100–110°C. Each oven-dried sample was dried at 110°C+5°C until its change in 
weight was weighed to the nearest 0.1 mg as compared to the original weight of the sample 
that was stored at room temperature (23°C) [13]. 

To achieve a constant mass, the Baladi and White feather samples were dried at 105°C. 
The moisture content was calculated by using equation (1). Which was expressed on a dry 
basis. Analyses were run in triplicate [26]. 
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 𝑊𝑊1−𝑊𝑊2

𝑊𝑊1
 ;   %𝑤𝑤𝑤𝑤.                      (1) 

where: W1= original mass in grams of sample; W2= Oven dry mass in grams of sample. 

2.4. Soxhlet extraction 

The samples of dried materials were removed from the refrigerator and kept at room tempera-
ture (28°C) for 30 minutes to gently release the water vapor from the samples. The Soxhlet 
extraction processes using n-hexane (99% assay) as the extraction solvent were carried out 
to investigate the percentage and the quality of the extraction. A round bottom extraction flask and 
sample were weighted, then the solvent was poured into the flask, which was placed on the 
heating mantle, and a thimble filter containing the sample was placed in the extractor [27].  

Due to the low selectivity of ethanol for oil extraction, the optimization of the extraction 
time was only carried out for n-hexane extraction. Following that, lipid monomers were ex-
tracted in hexane, and the total volume was decreased to a final hexane volume of 200 µl [28]. 

After the extraction process, the round bottom extraction flask containing solvent was 
placed on a rotary evaporator to release the solvent, and the extraction flask containing lipid 
was weighed. The percentage of lipid extraction was calculated by using equation (2) [28].  
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𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝑊𝑊2−𝑊𝑊1
𝐺𝐺

;   % 𝑤𝑤𝑤𝑤.                      (2) 
where: W1 = mass in grams of round bottom extraction flask; W2 = mass in grams of extrac-
tion flask containing lipid; G= mass in grams of sample. 

2.5. Characterization of feathers 

SEM analysis using a scanning electron microscope was used to examine the morphology 
of all types of feathers. For one test, dried chicken feathers were ground into powder using a 
mechanical blender ball mill machine. 

2.5.1. Scanning electron microscope (SEM) 

SEM analysis was used to determine the porosity and surface texture of the sorbent and charac-
terize its surface morphology. Chicken feathers have hollow structures of knots and hooks [29-30].  

The effects of decontamination and chemical treatments on the morphology and elemental 
composition of feathers were studied. Also, bactericidal effectiveness was further analyzed 
using scanning electron microscope (SEM) analysis as well as elemental profile analysis using 
energy dispersive spectroscopy (EDX) [10]. 

The presence of elements such as Na, Mg, Si, Fe, and Cu can enhance adsorption through 
the following mechanisms: biosorption, ion exchange, chelation, co-ordination, and complex-
ation reactions [31-33]. 

2.5.2. Fourier transform infrared spectroscopy (FTIR) 

The functional groups in chicken feathers were detected using a Fourier transform infrared 
(FTIR) spectrophotometer. An attenuated total reflectance (ATR) attached FTIR spectrometer 
was used in the wavenumber range of 400–4000 cm-1 and at 30 scans [34]. The FTIR spectrum 
was taken in transmittance mode. The scanning range can be set from 4,000 to 650 cm-1, 
with a precision of 0.8 cm-1 [35]. FTIR confirmed the presence of an amino and a carboxyl 
group in the sample; the two groups confirm the presence of amino acids. As a result, the 
final product confirmed the presence of true keratin proteins with no foreign materials [36]. 

Infrared spectroscopy FTIR investigation was used as an effective chemical bond identifi-
cation tool to assess the structural changes in proteins. FTIR spectra of chicken feather parts 
show characteristic absorption bands assigned mainly to the peptide bonds (CONH) [37]. 

2.5.3. X-ray diffraction (XRD) 

Phillips analytical diffractometer was used to obtain the x-ray diffraction patterns of the 
chicken feathers. The scanning region of the diffraction angle (2ϴ) was from 4o to 90o [38]. 

Crystallinity refers to the degree of structural order in a solid. In a crystal, the atoms or 
molecules are arranged in a regular, periodic manner [39]. Crystallinity makes a material 
strong, but it also makes it brittle. A completely crystalline polymer would be too brittle to be 
used as plastic. The amorphous regions give the polymer toughness, that is, the ability to 
bend without breaking [40]. 

The crystallinity index (Ic) was determined using equation (3) [41]. 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖, % = 𝐼𝐼9𝑜𝑜−𝐼𝐼14𝑜𝑜

𝐼𝐼9𝑜𝑜
∗ 100                  (3) 

where: I9o= maximum diffraction intensity with 2θ at 9o; I14o = minimum diffraction intensity 
with 2θ at 14o. 

3. Results and discussion 

3.1. Moisture content 

The moisture content was measured on BFC after storage at room temperature (23°C). 
Moisture content for BF was around 6%–8%; however, for white feathers, it was around 7%–
10%. 

The moisture content of the white was at 8.7%, which is higher than for the BF at 7.6%. 
The moisture content values for both feather types are very low, indicating that the sample 
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was homogeneous. The ability of chicken feathers and fractions to absorb moisture from the 
environment has important implications. 

However, the average moisture content of the chicken feathers did not exceed 10%; this 
implies that the material could be safely stored for long periods of time with no concerns of 
deterioration. Moisture contents of 6%–10% indicate that chicken feathers are hygroscopic. 
The hygroscopicity of BFC increases. 

3.2. Determination of lipid content for a complete feather sample 

1 g of Baladi or White chicken feathers were used for each trial of extraction lipid percent 
determination, so Figure 1 shows the lipid content of BF ranged from 0.82–1.12%, while in 
White feathers it ranged from 1.13–1.24%. This implies that the percentage of lipids in white 
is greater than in BF. The average lipid content of NF is 1.005% and 1.19% for BFC. 

  
Figure 1. Lipid Content for a complete feather 
sample. 

Figure 2. Lipid content and removal percentages 
of a chemically modified BF with H2O2. 

3.2.1. Determination of lipid content for a chemically modified feather with hydrogen 
peroxide (H2O2) 

The optimal concentration of hydrogen peroxide for chemical modification of feathers was 
discovered. The optimum point is at the lowest residue of lipid content after treatment and, 
accordingly, at the highest value of the lipid removal percentage. As a result, the reference 
percentage of lipids in BWF is 1.005% and 1.19%, respectively. 

Figure 2 illustrates the lipid content and removal percentages of a chemically modified 
Baladi feather treated with hydrogen peroxide (H2O2) at different concentrations. It was found 
that the percentage of lipid content decreases and the percentage removed increases with 
H2O2 concentration, with the lowest value of the lipid content at 100% H2O2 concentration 
being 0.35%. Therefore, it has the highest lipid removal percentage at 65%.  

Similarly, in WF after treatment, the lipid removal percentage is shown in Figure 3, with the 
lowest value of the lipid content at 100% H2O2 concentration being 0.63%. Therefore, it has 
the highest lipid removal percentage at 47%. 

3.2.2. Determination of lipid content for a chemically modified feather with sodium 
dodecyl sulfate (SDS) 

The optimum concentration of sodium dodecyl sulfate (SDS) for chemical modification of 
feathers was obtained at the lowest residue of lipid content and at the highest value of the 
lipid removal percentage after the treatment process.  

Figure 4 shows the lipid content and removal percentages of a chemically modified Baladi 
feather treated with SDS at different concentrations. The percentage of lipid content de-
creased, and the percentage removed increased with SDS concentration until at a concentra-
tion of 1.5 g of SDS/1L of water in which the lowest value of the lipid content of 0.26%. 
Therefore, it has the highest lipid removal percentage at 74%. With concentrations above 1.5 g/L, 
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the results are reversed, and at a concentration of 2 g of SDS per 1 L of water, the rate of 
lipid content removal decreases. 

  

Figure 3. Lipid content and removal percentages 
of a chemically modified white feather with hy-
drogen peroxide (H2O2). 

Figure 4. Lipid content and removal percentages of 
a chemically modified BF with SDS. 

 

 

Similarly, in white feathers after chemi-
cal modification, the lipid removal percent-
age is shown in Figure 5, with the lowest 
value of the lipid content at 1.5 g/L SDS 
concentration being 0.5%. Therefore, it has 
the highest lipid removal percentage at 
58%. Also, the rate of lipid content removal 
decreased as the SDS concentration in-
creased above 1.5 g/L and reached 2 g/L. 

Figure 5. Lipid content and removal percentages of 
a chemically modified white feather with SDS. 

 

3.3. Baladi and white chicken feathers characterization 

The results of the scanning electron microscope clearly showed the surface texture and 
morphological characteristics of feathers; the FTIR spectrophotometer investigated the func-
tional groups; and the XRD diffractometer recorded the intensity peaks. 

 

3.3.1. SEM-EDX data analysis 

Figures 6 & 7 display SEM-EDX data for baladi and white feathers respectively, there are 
not many impurities with fatty substances on feather surfaces due to the feathers cleaning 
process to remove contaminants from dust, blood, and other dirt, but these impurities are less 
in the Baladi than the White feathers. The sulfur element percentage in baladi is less than in 
white feathers, Likewise, the unwanted elements in white are more than in baladi feathers. 

Figure 8 shows the SEM structure of chemically modified chicken feathers for Baladi and 
White treated with hydrogen peroxide (H2O2) and sodium dodecyl sulfate (SDS). There were 
no significant differences in the images among the samples, and no damage occurred to the 
samples after chemical treatment. 
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Figure 6. SEM-EDX images and elemental profiles 
for decontaminated Baladi chicken feathers. 

Figure 7. SEM-EDX images and elemental profiles 
for decontaminated White chicken feathers. 

As shown in Figure 9, EDX analysis of the elemental profiles of the samples revealed that 
the carbon content of Baladi feathers treated with SDS was higher than that of those treated 
with H2O2, but that the carbon content of white feathers was lower due to the presence of 
some impurities that affected the treatment process. 

For example, the presence of nickel element in a large percentage in the white feather 
sample before treatment, where the percentage was 3.37 wt.%, but after treatment with SDS, 
the feather sample was free of the element, but after treatment with H2O2, a small percentage 
of the element remains, confirming the efficiency and effectiveness of the SDS.  

 
 

Figure 8. The SEM structure of chemically modified 
chicken feathers: (A) Baladi and (B) White feath-
ers treated with H2O2, (C) Baladi and (D) White 
feathers treated with SDS. 

Figure 9. EDX images of the elemental profile of 
chemically modified chicken feathers: (A) Baladi 
and (B) White feathers treated with H2O2, (C) 
Baladi and (D) White feathers treated with SDS. 

3.3.2. FTIR spectroscopy data 

Figure 10 showed the FTIR spectra of Baladi and White chicken feathers. In the FTIR spectra 
of BF, peptide bonds were observed in the region from 600 to 1300 cm-1, whose absorption 
band peaks of 685 and 1236 cm-1 were attributed to the stretching vibrations of N-H and O-H 
bonds. 

The presence of C-O and N-H bonds, which were confirmed at wavelengths of 1078 and 
685 cm-1 respectively, indicate that carboxyl and amino groups and the contents of amino 
acids were presented, so it is confirmed that protein is present. 
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Figure 10. FTIR spectra of Baladi and White chicken 
feathers. 

The stretching of long-chain hydro-
carbons (alkyl, alkene, alkane, and al-
kyne) was measured at 1452, 1500-
1700, 2800-3000, and 3296 cm-1. 
These signals can be attributed to 
groups of amino acids and lipids. 
Similarly, the FTIR spectra of white 
feathers confirmed amino acids, pro-
teins, and lipids, but with lower ab-
sorption band peaks. However, the 
FTIR of the baladi had more peak 
points, which combined made them 
have better absorption properties than 
white feathers. 

3.3.3. XRD diffraction data 

 
Figure 11. XRD Patterns of baladi and white chicken 
feathers. 

The XRD pattern of the baladi and white 
chicken feathers was presented in Figure 
11. The XRD results confirmed that the 
Baladi chicken feathers reveal a single 
broad peak at 26o, which is the most intense 
in the crystalline pattern, whereas the 
White chicken feathers reveal three peaks 
at 19o, 24o, and 40o. It was observed for the 
White chicken feather with different peaks 
and accordingly different intensity values, 
but the Baladi had one peak, which indi-
cates a reduction in crystallinity. 

The crystallinity index of a baladi chicken 
feather is 30%, according to the previously 
mentioned equation, whereas the crystallin-
ity index of a white is 50%. The decrease in 
crystallinity could improve the extraction 
and dissolubility of the feather keratins. 

3.4. Chicken feathers as a sorbent for oil spills 

Using feathers in the oil sorption process in the petroleum industry has an effective result 
in oil spill cleanup. Whether used as a powder, fiber, or intact feather without grinding, the 
duration of oil-feather contact, as well as the best type between WCF and BCF, can be studied, 
and the desired results can be deduced.  

As shown in Figure 12, the oil sorption capacity was 17.65 mL per 1g of WCF at the begin-
ning of contact time, which means in the first seconds, through a slight gradual increase with 
the contact time, it reached 18.65 ml per 1g of WCF at 10 minutes. Figure 13 exhibited the 
oil sorption efficiency increases with contact time, so it was 88.3% at the beginning and 
reached 93.3% at 10 minutes, and this indicates that with contact time increasing, the rate 
of sorption increases, but the difference rate is slight. Therefore, from an environmental and 
safety point of view, it is preferable to conduct operations at the beginning for the speedy 
disposal of pollution harmful to the marine environment. 
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Figure 12. Optimization of oil-white chicken 
feather contact time. 

Figure 13. Oil sorption efficiency of white chicken 
feather vs. contact time. 

3.5. Sorption capacity of fiber or powder size of WCF 

As shown in Figures 14 and 15, oil was sorbed by powder (size: < 1mm) and fiber (size: 5mm 
to 1cm) applied at any rpm rotation speed to accelerate the sorption process and ensure that 
the total amount was sorbed. In addition, intact feathers were used to sorb oil at different quantities 
to prove the effectiveness of feathers as a sorbent, and Figure 16 revealed that at a constant oil 
spill quantity, the oil sorption capacity decreased as the chicken feather size decreased and 
the amount of feather required to recover all the oil increased. So, the sorption process for intact 
feathers without cutting or pulverizing was 1g per 20 ml, 3.5g per 20 ml for fiber, and 5.5g 
per 20 ml of oil for powder. It was noticed that with this large amount of powder consumed, 
it gathered, formed a slurry with the oil, and was recovered, leaving no trace of the oil. 

Figure 14. Chicken feathers fiber and powder size 
as a sorbent  

Figure 15. Intact chicken feathers as a sorbent 

In Figure 17, at a constant sorbent quantity of 1 g, the oil sorption efficiency of WCF de-
creased with an increased oil volume, which was 83.3% at 20 mL and 67.7% at 50 mL, and if 
the oil volume increased again, the sorption efficiency decreased due to the stability of the 
feather quantity and the increase in the amount of oil spill. For the BCF had a sorption effi-
ciency of 93% at 20 mL of oil volume and 75.4% at 50 ml of oil spill and the sorption efficiency 
decreased as in the white feathers at the same rate as shown in Figure 18. 
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Figure 16. Oil sorption capacity of chicken feath-
ers at different sizes 

Figure 17. Oil sorption efficiency for 1g of white 
chicken feather 

As shown in Figure 19, Compared to BCF, the rate of oil sorption efficiency is greater than 
that of WCF, but with the stability of the feather quantity at 1g and the increase in the amount 
of oil, the sorption efficiency was 67.7% of WCF and 75.4% of BCF indicated that the BCF is 
better than WCF due to the preferability of BCF in sorption capacity. 

From the foregoing, it became clear that the feathers have great effectiveness in treating 
and absorbing any quantities of oil and are also much better than other types mentioned in 
previous studies, as the efficiency did not exceed 16 grams of oil( about 18 mL) per gram of 
feathers, and 150 mL of oil was used, but here, using 50 ml, the absorption rate exceeded 37 
ml with an efficiency of 75%, and this is an achievement. It is possible to delve deeper into 
case studies to make the most of feathers as a sorbent material for removing oil pollution. 
Table 2 summarizes the optimization of the sorption process conditions. 

  

Figure 18. Oil Sorption efficiency for 1g of Baladi 
Chicken Feather 

Figure 19. The sorption capacity of BCF vs. WCF 
at 50 ml of oil 

Table 2. Specifications of different categories for the sorption process.  

Category Sensitivity Reason 

Chemical treatment Sodium dodecyl sulfate highest lipid removal percentage at 74% 
with concentrations above 1.5 g/L 

Oil feather contact time At the beginning respect to the environmental overview 
 At 10 minutes respect to the maximum sorption capacity 
Feather size Intact then fiber then powder respect to sorption capacity per 1 gram 
 Powder then intact then fiber respect to clean-up efficiency 

Feather type Baladi chicken feather lower lipid content and a high oil sorption 
capacity 
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4. Conclusion 

WBF have lower moisture content, requiring higher moisture content for better yield and 
quality. To determine the optimal treatment, tests with various chemicals are conducted. So-
dium dodecyl sulfate is the optimal chemical modification for lipid removal from feathers at 
1.5 g/L, achieving maximum removal efficiency. SEM-EDX analysis shows BF are more effi-
cient than white feathers, with varying functional groups and absorption properties. FTIR spec-
tra reveal lipids and proteins, while XRD diffraction reveals a lower crystallinity index in BF. 

The oil sorption efficiency of 1 g of BCF was found to be 93.3% at 10 minutes of contact 
time and 88.3% at the start of the experiment. The highest sorption effectiveness was 75.4% 
(37.7 mL) with 50 mL of oil feed. As more oil was used, the oil sorption capacity values in-
creased but the sorption effectiveness decreased.  

The application of chicken feathers as a sorbent material for oil spill removal in the petro-
leum industry was highly appreciated for the great results, so it is recommended later to do 
further in-depth research into the oil biosorption processes. 
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