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Introduction

Oil pollution has become one of the most serious threats to the aquatic ecosystem during the last 30 years due to the
development of large-scale off-shore petroleum industry, increase in runoff of oil, increase in accidental spills, discharges of
fuel from land-based sources, oil drilling accidents and increase in marine oil transportation [1-4]. Major sources of waste oil
include petroleum refining, petrochemical plants, vehicle repair garages, metal and steel manufacturing industries, vegetable
and animal oils in household’s wastes and abbatoir wastes [5-7]. Large quantities of oils discharged into the ecosystem can

cause serious environmental problems, including adverse effects on water quality and aquatic biota, clogging of sewage
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treatment plants, increased chemical oxygen demand due to the large amount of bacteria necessary to decompose the oil, as
well as increased biochemical oxygen demand [1-5,8-10]. Treatment of oil spills in affected waters results in improved water

quality, oil recovery, protection of aquatic biota and environmental protection.

Several techniques are used for removal of oily contaminants from contaminated waters; they include in-situ burning,
solidification of the oils, reverse osmosis, filtration, micro-filtration, ultra-filtration, air flotation, bioremediation, gravity
separation, electrocoagulation, chemical coagulation, electro-flotation and physical techniques such as booms and skimmers
[1,3,11-14]. The methods can be categorized into three major groups, viz., chemical, biological and physical processes.
Chemical methods are effective in oil removal from water, but they are costly and can adversely affect zooplankton, a
primary food source in the marine food chain. The treated oil cannot be recovered and is thus hazardous to humans and
animals [1,11]. Bioremediation is effective in oil spill removal, but it is time-consuming and its effectiveness is affected by

oxygen level, temperature and organic moieties in the oil [13,15].

Recently, physical sorbents have attracted attention for oil spill removal, owing to desirable characteristics in some of them
such as low environmental impact, low cost production and low energy consumption. Physical sorbents cam be grouped into
three classes: natural organic sorbents, inorganic sorbents and synthetic organic sorbents. Synthetic adsorbents such as
polyurethane [16], polyvinyl chloride and polyethene [17] are costly and not environmental friendly. To overcome the
environmental challenge, novel synthetic organic sorbents with high oil absorption capacities, high porosity, large surface
area and high degradability rate were developed, e.g., cellulose aerogels [18]. Inorganic sorbents such as manganese oxide
[19], bentonite [6], vermiculite [20], fly ash [21] and organoclay [5] have high oil absorption capacities. Natural organic
sorbents such as peat and cotton grass fibre [22], rice husk and carbonized rice husk [8,23], butyl rubber [10], hydrophobic
aquatic plants [24], activated carbon [25], other carbon-based products [7], coconut husk [26], sawdust [27], Kapok fibre,
sugar cane bagasse [28], chitosan [6] barley straw [29] and other natural fibrous sorbent [2] have also been used for removal
of oils from contaminated waters. This paper was designed to examine the utilization of waste chicken feathers in the
removal of oil spills from contaminated waters as a means of physical treatment to replace the conventional synthetic

adsorbents that are currently used.

Materials and Methods

Materials

Feathers: Chicken feathers were obtained from Rainbow Chicken Limited slaughterhouse in the province of KwaZulu-Natal,
Durban, South Africa.

Cleaning agent: Sodium dodecyl sulphate (SDS) 99.0% was purchased from Sigma-Aldrich.

Oil: High shear stable, multigrade engine oil formulated from crude oil (Havoline formula advanced motor oil, SAE 20W-50
was purchased from CALTEX, Durban, South Africa.

Methods
Treatment of chicken feathers: Experiments were conducted with treated and untreated feathers. Freshly plucked wet
untreated chicken feathers were purified by washing with a 0.5 g/L aqueous solutions of SDS to remove the grease, other

wastes and kill potential harmful pathogens. Untreated waste chicken feathers (10 g) feather samples were placed in a beaker



www.tsijournals.com | August-2018

to which was added the SDS solution at a liquid to solid ratio of 40:1. The sample was agitated at 500 rpm using a magnetic
stirrer with the beaker on a hot plate maintained at 50°C for 30 min. The treated feathers were further purified by rinsing in
distilled water for 10 minutes and then laid on aluminium foil and dried to a constant mass at 100°C in an air-forced dryer.
Thereafter the sample was placed in plastic bag that was sealed and then stored in a controlled laboratory environment (20°C,
65% relative humidity). The different portions have different characteristics and properties as previously reported. Hence the
different portions were separated (manually) for independent testing. Dried treated and untreated feathers were pulverized to

350 pum size using a heavy-duty milling machine before use to increase surface areas of the feathers.

Characterization of chicken feather fractions: Morphological, chemical and physical characteristics of feathers and

fractions thereof have been described in a number of reports [30-32].

Qil adsorption capacity of chicken feather fractions: 30 g sodium chloride, 0.8 g potassium chloride, 6.6 g magnesium
sulphate, 0.5 g of sodium hydrogen carbonate and 1.3 g calcium chloride were dissolved in 1000 ml of water to simulate
artificial seawater. An oil spill was simulated by mixing 150 ml oil with 300 ml of the artificial seawater. 5 g each of
untreated whole, untreated barb, untreated rachis, untreated whole powder (350 um), treated whole, treated rachis, treated
barb and whole chicken feather powder (350 um) were dispersed in a beaker containing 300 ml simulated water and 150 ml
oil using nylon mesh bag. The oil absorption experiments were carried out at 25 + 2°C for 5, 10, 30 and 60 min. Then bags
were then picked up with forceps and allowed to drain for 2 min until oil began to slowly stop dripping from the bags. The
weight of the bags was recorded (Final weight) and the amount of oil absorbed per unit mass was calculated based on

equation 1:

Oil recovered per unit mass of sorbent=Initial Weight-Final weight of sorbent/Initial weight (1)

Oil desorption capacity of chicken feather fractions: After adsorption, the chicken feather fractions were weighed (Initial
weight) and then pressed (William Apparatus Co., Watertown, NY) for five minutes at 25 + 2°C at Y'Y newtons to squeeze
out adsorbed oils. After pressing, the weight was noted (Final weight) and the amount of oil recovered per unit mass was
calculated based on equation 2:

Oil recovered per unit mass of sorbent=Initial Weight-Final weight of sorbent (2)

Results and Discussion

Characterisation of chicken feather fractions

Morphological structures of chicken feather fractions: A closer look at a chicken feather reveals that it is comprised of
three distinct units: (FIG. 1) the rachis, the central shaft of the feather that runs the entire length of the feather to which is
attached the secondary branching structures; the barbs and tertiary smaller structures; and the barbules (FIG. 1b and c
respectively). These morphological structures of chicken feathers were an indication of large surface areas. The rachis is
composed of many individual fibres (FIG. 1d). As can be seen in FIG. le, the feather barbs exhibit honeycomb shaped
hollow cells in the cross-section direction. The voids inside chicken feathers may be very accessible to fluids or air. The
presence of hollow honeycomb structures provides high resistance to compressibility and also imparts light-weightiness to
barbs and rachis. The honeycomb structure in the cross-sectional view of the chicken feathers, as shown in FIG. 1e, confirms

the existence of extensive air pockets in the feathers. The images in FIG. 1e confirm that the microstructure of feathers is
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nearly round; the medulla in coarse fibres are concentric and irregular in size. Any adsorbent material intended to remove oil
from water surface should ideally float since oil tends to float on water. The presence of extensive air pockets (honeycomb
structure) in the structure of waste chicken feathers imply that feathers can float on top of the water and could thus act as
superabsorbent materials for oils present on water surface. The presence of hooks, hooklets, rough surface appearance,

entangled pores and knots in the chicken feather structure enhance the oil retention properties [30].

a. Whole chicken b. Chicken feather c. Chicken feather
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FIG. 1. Morphological structures of chicken feathers (whole chicken feather, chicken barbs, chicken barbules, chicken

rachis).

Density of chicken feather fractions: The density values of various chicken feather fractions are shown in FIG. 2. The
density of whole feathers and feather fractions showed clear differences among them but that of the whole feather was very
close to that of the barb density in almost all cases. The mean relative density of the barbs was 0.91 g/cm?® with Cv 24.29%, a
relatively low variation indicative of sample homogeneity. The data in FIG. 2 show that the mean recorded relative density of
rachis was 0.44 g/cm?® with Cv 28.99%, a relatively low variation indicative of sample homogeneity [30]. The mean density
of whole chicken feathers was 0.68 g/cm® with Cv 18.91% again, the Cv was relatively low and indicative of sample
homogeneity. SEM micrographs of cross-sections of a rachis (FIG. 1) show an open cell porous structure, which very
probably, is responsible for the low-density value of the rachis. The mean wet density of rachis was 0.76 g/cm?® with Cv
27.48%, a relatively low variation indicative of sample homogeneity. The mean density of whole chicken feathers was 0.97
g/cm® (Cv 31.96%) and barb was 1.31 g/cm® (Cv 30.26%): Again the Cv is relatively low and indicative of sample
homogeneity. The result from FIG. 2 shows that the density of chicken feather fractions after drying, indicating that a
significant amount of moisture was present in the fractions. The density of chicken feathers and fractions thereof, were
measured to be 0.44-0.91 g/cm?: these values correlated well with literature values for protein and cellulosic fibre but were

lower than those of animal and plant fibres such as wool (1.31 g/cm?), silk (1.27 g/cm®), jute (1.3 g/cm?®), coir (1.2 g/cm®) and
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cotton (1.5-1.6 g/cm?), etc. As it seen clearly in the Figure no natural or commercially available synthetic fibres today have a

density as low as that of chicken feathers. Considering that the density of chicken feather fractions they could float in water.
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FIG. 2. Density of chicken feather fractions.

Hydrophobicity analysis of chicken feather fractions: Chicken feathers contain approximately 91% protein (keratin), 1%

lipids and 8% water. The amino acid sequence of a chicken feather is precisely the same as that of keratin from reptilian

claws [33]. The amino acid sequence is mainly composed of cysteine, glutamine, proline and serine as shown in TABLE 1.

Serine (16%) is the most abundant amino acid in chicken feathers. As can be seen clearly in the table the chicken feather

fractions are therefore highly hydrophobic and partially hydrophilic (TABLE 1).

TABLE 1. Amino acid content in keratin fibre from chicken feathers [33].

Functional group Amino acid Percent content
Positively charged Arginine 4.30
Negatively charged Aspartic acid 6.00
Glutamine 7.62
Tyrosine 1.00
Leucine 2.62
Isoleucine 3.32
Valine 1.61
Hydrophobic Cysteine 8.85
Alanine 3.44
Phenylalanine 0.86
Methionine 1.02
Hygroscopic Threonine 4.00
Serine 16.00
Special Proline 12.00
Asparagine 4.00
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The majority of the amino acids present in chicken feathers are hydrophobic in nature [33]. As shown in FIG. 3, also it is
evident that cotton and wood pulp were aggregate in the second layer (water layer) showing the complete wettability of the
fibres. However, the chicken feather fractions (barb and rachis) aggregated in the interphase between the water and ethyl
ether layers. This indicates poor wettability of chicken feather fractions compared with cotton fibre and wood pulp; these
observations confirm the hydrophobic properties of chicken feather fractions [31]. Being hydrophobic in nature, the feathers
will naturally be attracted and bind to the hydrocarbons in the oil until they are saturated. Thus, chicken feathers are ideal
materials for oil adsorption. A nonwoven or handsheet can be made from waste chicken feather to be used for oil removal

from contaminated waters [32,34].

FIG. 3. Hydrophobicity test on wood pulp, cotton fibre and chicken feathers [31].

BET analysis of chicken feather fractions: As it is seen from FIG. 4 and 5, the physiosorption property of the chicken
feather fractions (barb and rachis) show significant differences in BET surface area. The difference in surface area of both
samples may be due to the microstructural difference between the two samples as can be seen in the morphology
characteristics (FIG. 1). Since the pore size of both fractions falls in between 2-150 nm, it can be concluded that the chicken
feather fractions were mesoporous and microporous material. The surface area of the rachis was 1.25 m2/g with a single point
surface area at P/P0=0.20:1.29 m2/g. The pore volume of barb for single point adsorption total pore volume of pores less than
168.91 nm diameter at P/P0=0.99 was 0.02 cm?d/g. The chicken feather rachis has a pore size of adsorption average pore
width (4V/A by BET) 55.47 nm, BJH adsorption average pore diameter (4V/A):42.92 nm and BJH desorption average pore
diameter (4V/A):28.78 nm. The surface area of the barb was 0.7845 m2/g with a single point surface area at P/P0=0.20:0.87
mz?/g. The pore volume of barb for single point adsorption total pore volume of pores less than 139.39 nm diameter at
P/P0=0.99 was 0.01 cm3/g. The chicken feather barb has a pore size of adsorption average pore width (4V/A by BET): 40.29
nm, BJH adsorption average pore diameter (4V/A):87.03 nm and BJH desorption average pore diameter (4V/A):25.81 nm.

FIG. 4 shows the BET specific surface area of chicken feather fractions. It can be seen that the rachis data were much more
linear and the data is uniformly distributed compared to that of the chicken feather barbs. FIG. 4 demonstrates that the
amount of the adsorbed nitrogen is noticeably lower for barb compared to the rachis part. This region is representative of

adsorption in micropores, which are the internal adsorption sites inside the chicken feather fractions. These results showed



www.tsijournals.com | August-2018

that the material produced from rachis has very stable adsorption and desorption characteristics resulting in the higher surface

area compared to material produced from chicken feather barbs.
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FIG. 4. BET Specific surface area analysis of chicken feather fractions (Tesfaye et al., 2017 (a)).

Nitrogen adsorption/desorption isotherms at 77 K of the barb and rachis of the chicken feather samples are shown in FIG. 5.
Both fractions exhibited the type-1ll isotherms and explain the formation of multilayers. FIG. 5 shows considerable
differences between the adsorption/desorption isotherms of barb and rachis of the chicken feather: the uptake amount at low

pressure by rachis were much higher than barb this is the indication for the presence of more mesopores.

The uptake of nitrogen at very low pressures is due to mesopore and micropores filling from the enhanced adsorbent-
adsorbate interactions in the mesopores and is distinct from adsorption in macropores because adsorption in mesopores
material is due to multilayer adsorption and capillary condensation.
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FIG. 5. Adsorption/Desorption isotherm of chicken feather fraction [30].
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FIG. 6-7 show the obtained pore size distribution of chicken feather fractions. The chicken feather fractions have both
micropores and mesopores. The pore size distribution shows a maximum at the pore size of 11.8 nm for rachis and 2.89 nm
for barb. There is a secondary maximum at a pore size of around 13.95 nm for rachis and 37.55 nm for barb and there are

pores in the larger microporous and mesoporous regions, but all these pore distributions are much smaller than the primary

maximum.
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FIG. 6. BJH adsorption pore distribution of chicken feather fractions.
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Experimental Data

Oil adsorption capacity of chicken feather fractions

Motor oil is immiscible with water; hence it floated on the surface of artificial seawater. In all sets of experiments the chicken
feathers did not sink to the water layer but floated and interacted with the oil layer: this is possibly due hydrophobicity and
oleophilicity of the feather fractions (FIG. 8). These are important properties of chicken feathers and that are an indication
that chicken feathers would interact with and adsorb oil at the surface rather than sink and mix with the water below the oil

slick. This observation further confirmed that the surfaces of chicken feather fractions were hydrophobic in nature (FIG. 3)
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FIG. 7. BJH desorption pore distribution of chicken feather fractions [30].
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FIG. 8. (a) Simulated oil spill; (b) chicken feather fraction floating on top of the oil layer; (c) chicken feathers
saturated with adsorbed oil after 30 minute contact time; and (d) material remaining after removal of the feathers.

The oil adsorption capacities of the chicken feather fractions were evaluated and are depicted in FIG. 9. It is evident that
treated chicken feather fractions could absorb oil to about 16 times of its original weight. On the other hand, untreated waste
chicken feathers only absorbed oil to about 6 times of its original weight. This is due to the presence of high grease content
and other waste contaminants on the surfaces of raw untreated waste chicken feathers (FIG. 9). The treated chicken feather
fractions absorbed oil rapidly as shown in FIG. 9. The result from oil absorption experiment indicates that there was a
statistical significant difference between the amount of absorbed oil by untreated and treated chicken feather this is due to the
removal of greases and other waste materials from waste chicken feather that could hinder absorption. The high rate of
sorption of the oils onto chicken feather fractions can be attributed to the hollow structures, hydrophobic characteristics, high

keratin content and strong disulphide bonding in the materials.
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FIG. 9. The amount of oil adsorbed by chicken feather fractions.
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The oil absorption capacity of chicken feather fractions as a function of time is shown in FIG. 9. It is clear that as the
adsorption time increases the amount of oil adsorbed by chicken feathers increases. There is an increase in oil absorption of
about 35% when the contact time is increased from 5 min to 30 min. It can be seen in FIG. 9 that the rate of oil uptake in the
adsorption process was rapid initially in the first 10 min and the weight of adsorbed liquid oil had reaching equilibrium in
about 30 min, indicating that the chicken feather fractions were saturated. The observed initial rapid sorption may be due to
the movement of oil molecules from the higher concentration regions to the surface of the adsorbent. The data indicate that
30 minute contact time would be ideal for oil spill cleanups. The data also show that whole chicken feathers were more

effective in oil removal than individual feather fractions. Thus, there is no need to fractionate the feathers.

Qil desorption capacity of chicken feather fractions: The oil recovery efficiency of the chicken feather fractions adsorbent
properties were evaluated by pressing using a Carver hydraulic press. FIG. 10 shows that substantial amounts of the
adsorbed/absorbed oil (85-95%) were recovered from the chicken feather fractions and the recovery was low for chicken
feather powders. This could be due to the adsorption of oil on the surface is greater than its absorption in the void of chicken
feathers and the oils are attracted and held to the chicken feather fractions surface, including internal fibre walls by physical
bonds that becomes easily broken on pressing. The adsorbed sorbates on the surfaces are easily desorbed than the sorbates
absorbed within the voids.
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FIG. 10. Amount of recovered oil from chicken feathers fractions.
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Conclusion

Both treated and untreated waste chicken feather fractions were evaluated for their potential beneficiation as oil spill sorbents
from contaminated waters. Treated chicken feather fractions absorb oil up to about 16 times their weights whereas untreated
waste chicken feathers only absorbed oil up to about 6 times of its original weight due to high grease content and other waste
contaminants on its surfaces that impeded oil adsorption. Characteristics of feathers such as oleophilicity, hollow structure,

high keratin content, pore size and volume distribution, indicate that chicken feathers are ideal oil spill sorbents.

The only processing requirement on feathers for such application is pre-treatment to degrease and decontaminate the
materials from microbial contamination. From the experimental results it can be concluded that the rate of oil uptake in the
adsorption process was rapid initially in the first 10 min and then gradually increased with increase in contact time up to 30
minutes. Both untreated and treated chicken feathers show promising potential as oil absorbents as they are available
abundantly and exhibit high oil absorption capacity. However, use of untreated feathers is not recommended due to the
hazardous nature of the waste products. Thus, the only processing requirement on feathers for such application is pre-
treatment to degrease and decontaminate the materials from microbial contamination. The effects of contact time, the weight
of adsorbents, viscosity of oil and the concentration of adsorbate and temperature on the oil adsorption will be studied and

optimized in the future.
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