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Abstract

As the consumption of chicken increased in the past years, the discarded chicken feather wastes from the poultry farm and
commercial market are the major wastes in Chennai. Even though chicken feathers are utilized in seat filler, shuttlecock, and
animal feed, their production requires high quality feather so not all waste feathers are used. They are simply dumped into
lands and rivers without treatment. This pollutes soil. The dumped areas may also provide suitable breeding places for flies
which is potentially transmitting many diseases. So, recycling of these feathers may decrease solid waste. The hen feathers are
rich in fibrillar protein keratin. Keratin is a crystalline protein of small molecular weight ~10kDa. The keratin is made of
amino acid cystine, lysine, proline, serine etc., with reactive functional side chains arranged in twisted  sheets. This particular
property can be utilized in environmental decontamination of heavy metals. so, the current study aims at removing heavy
metal which is very toxic and also use of chicken feather as adsorbent thereby recycling it.
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Introduction

Water is undoubtedly a most essential element to life on
earth. Without water life would not exist which is why
polluted water is the biggest concern. There are different
pollutants that contaminate water. They are inorganic
contaminants (metals, heavy metals, and metalloids),
organic contaminants, radiological contaminants, microbial
contaminants, and others. Pollution of water decreases its
purity, make it unsuitable and unsafe. It is a serious threat to
aquatic habitat, plants, and human beings. The pollutants of
concern include, mercury, cadmium, gold, silver, chromium,
lead, copper, uranium, nickel, arsenic, selenium and zinc.
Almost all heavy metals are serious toxicants such as
carcinogens. Therefore, the contamination of water by

heavy metals actually affects all organisms. Humans an
example of organisms feeding at the highest level are more
prone to health problems because the concentration of heavy
metals increase the food chain. Due to non-degradable in
nature of heavy metal, it exists in environment for prolong
time (Srividya and mohanty,2009)*/1. So, it is the need of
the hour to reduce heavy metal contamination.

Materials and Methods

Hen feather procurement (Adsorbent)

Hen feather is collected from Madhavaram poultry farm and
other local poultry farms. All the procured feathers were
country breed chicken feathers (Fig.1). The procured
feathers are about the size of 10cm.

Fig 1: Procurement of Hen Feather

Adsorbent Preparation

Hen feathers collected were first washed several times with
ordinary water to clean and rinsed with distilled water. Then
the washed feathers were dried for 3 days. Chicken feathers
usually contain the soft barb part and the hard rachis. The
hard rachis was removed and the barbs were cut into small
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pieces each about 0.1mm in length using scissors. The barbs
were then treated with acetone solution for 15minutes in
order to remove adhering organic material. The adsorbent
was then filtered through Whatman filter paper No:1 and
rinsed with distilled water and again filtered and dried prior
activation.



Chemical modification of the chicken feather

(Adsorbent)

Activation of the adsorben:

The chicken feather was modified chemically using tannic
acid.

Activation Using Tannic Acid

10grams of chicken feather was soaked in 1 litre of 5%
tannic acid (Fig.2). Then it was stirred in magnetic stirrer
for 20 minutes (Fig.3). The adsorbent then filtered and
rinsed in distilled water and again filtered and kept at
48degree Celsius for 48 hours (Awaluddin et al.,2014)*2

=
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Fig 2: Tannic acid solution

Adsorbent Characterization

Fourier Transform Infra-red (FTIR) spectrophotometry
analysis

The adsorbents were pressed into pellets and then FTIR
analysis is done for feathers those which are unmodified and
modified using tannic acid to evaluate the vibrational
frequency changes in the functional groups of the
adsorbents after activation and how it influences the
additional removal.

Ash Content Analysis

A silica crucible is taken and are weighed in a weighing
balance and the weight is noted. Two grams of chicken
feather modified with tannic acid is taken in a crucible
which were preweighed. It is then burnt by keeping it at
500degree Celsius for 10 minutes. Then, the crucible is
reduced to the room temperature and weighed

The ash content is expressed in percentage.

The ash content is evaluated with the formula given below.
Ash content (%) = (z-x/y-x) x 100

Where,

Weight of empty crucible= x gram.

Weight of the crucible + sample =y gram.

After completing ashing, weight of the crucible+ash = z
gram.

Moisture Content Analysis

Crucible was taken and weighed its weight in weighing
balance. Then weigh 0.5 gram of feather modified using
tannic acid and put it into crucible. Then weigh them again.
Now keep the crucibles at 105 degrees Celsius for 15
minutes. After 15 minutes using tongs take out the crucibles
and weigh it and note the values (repeat this step to get
concordant value).

The moisture content is expressed in percentage.

Moisture content (%) =(w-d/w) x100.

Where w=weight of the sample before drying.

d=weight of the sample after drying.
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Fig 3: Chicken fether activation

Metal solution preparation (synthetic waste water)

The divalent copper stock solution of 100 ppm was prepared
from cupric sulphate pentahydrate (CuS .5 ).0.392 grams of
cupric sulphate pentahydrate is dissolved in 1000ml of
distilled water.

Batch adsorption test
The experiments were carried out in the batch mode for the
measurement adsorption capabilities.

Effect of amount of adsorbent

100ml of divalent copper solution is taken in a 4 different
beakers and various amounts of adsorbent (0.25,0.50,0.75,
and 1 gram) was added. The beakers were stirred using
magnetic stirrer at 150rpm for 15mins.Then the solution is
filtered to remove the used adsorbents using Whatman filter
paper No:42. Then samples were acid digested and atomic
adsorption spectroscopy (AAS) is done using (ELICO SL
243 double beam AAS) to determine the remaining
concentration after removal.

Effect of time

100ml of divalent copper solution is taken in a beaker and
the optimum value of adsorbent obtained from doing
previous amount is chosen and put into beaker and stirred at
various timings (15,30,45, and 60 minutes). It was filtered
using Whatman filter paper No:42. Then samples were acid
digested and atomic adsorption spectroscopy (AAS) is done
using (ELICO SL 243 double beam AAS) to determine the
remaining concentration after removal.

Acid digestion of the samples

20ml of water sample was taken in a suitable beaker. 5ml of
conc. nitric acid was added to it. It is then heated slowly and
concentrated to 15-20ml.to this 5ml conc. nitric acid
followed by 10ml conc. sulphuric acid was added and
evaporated until white fumes appeared. An additional 1ml
of concentrated nitric acid was added and evaporated. It was
then cooled and made up to 100ml and estimated by AAS.



Metal Analysis

Preparation of metal standard solutions for the
calibration curve principle

A series of samples containing known concentration of the
compound of interest are analyzed and the corresponding
absorbance is recorded. The calibration curve must be made
at least 3 points plus a zero calibration. If the concentration
of the sample exceeds the limit of calibration curve either
the samples must be diluted to the appropriate concentration
or the calibration curve must be extended with a higher
concentration standard. If on the contrary, the concentration
of the samples is lower than the lowest calibration curve’s
point, a new calibration curve could be prepared (Table.1).

Table 1: Preparation of metal standards

being enhanced by modifying with tannic acid. Amino acid
as a part of keratin in the chicken feather could be modified
to form chelates with many metals as activated by tannic
acid. (Ratna kumara et.al. 2011). To confirm functional
group change in activation process FTIR analysis is
conducted.

Figure 4 and 5 shows clear difference between the chicken
feather spectrum before and after activated. Some new
functional groups were found like alkane, ether in tannic
acid. There was a peak shift in vernacular functional group.
In general, chemical activation with tannic acid was
successful.

Table 2: FTIR results of chicken feather inactivated

Compound Intensity
SL.NO Metal Salt 6 PPM |4 PPM |2 PPM Alkene 1650.77
COPPER Aromatic 1546.00

1. (C'u:+) cud 04 5H,0(0.02352(0.01568 |0.00784

Direct aspiration atomic adsorption

In direct aspiration atomic adsorption or flame atomic
adsorption spectrophotometry (FAAS), a sample is aspirated
and atomized in flame. A light beam from a hollow cathode
lamp (HCL) or an electrodeless discharge lamp (EDL) is
directed through the flame into a monochromator and onto a
detector that measures the adsorbed light. Absorption
depends on the presence free excited ground state atoms in
the flame. Because the wavelength of the light beam is
characteristic of only the metal being determined, the light
energy absorbed by the flame is a measure of the
concentration of that metal in the sample.

The digested sample were analyzed using (ELICO SL 243
double beam AAS) to check the remaining concentration of
copper to find out the percentage removal. The instrument
was fitted with specific lamp of particular metal. Acetylene
gas was used as fuel and air as the support. The current flow
was adjusted such that the mean of the energy profile was
between 2.5 and 3. The instrument setting and operational
conditions were done in accordance with the manufacturer’s
specifications (Modified CIBA,2004).

Data Analysis
Percentage removal of divalent copper ions from initial
solution concentration was calculated from the following
formula

R=(-/)x 100

Where is the intial metal ion concentration (mg/l) and is the
metal ion concentration at the time t(mg/I)

Results

Adsorbent Characterization

FTIR analysis were carried out to identify the functional
group present in the absorbent (Fig.4). From the results, we
can conclude that the inactivated chicken feather consists of
alkene and aromatic groups (Table.2). Similarly, FTIR
analysis was carried out to the activated absorbent (Fig.5).
From the results, it was confirmed that the chicken feather
activated with tannic acid consists of phenol, alkene, alkane,
aromatic and ether groups.

The change in functional group of adsorbent becomes an
advantage, it gives ability to bind and sequester metal ions
selectively. In this study, metal uptake and sorption capacity
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Fig 4: FTIR analysis of chicken feather inactivated

Table 3: FTIR results of chicken feather activated with tannic acid

Compound Intensity
Phenol 3426.66
Alkene 1622.37
Alkane 1343.69

Aromatic 1546.84
Ether 1264.86

TAN  Sample 003 By Analyst Date Friday, Fabeusry 07 2020

Fig 5: FTIR analysis of chicken feather activated with tannic acid

Ash Test
The activated chicken feathers were burnt to calculate the
ash content (Fig.6)
The ash content is expressed in percentage.
The ash content can be calculated using the below
formula.
Ash content (%) = (y-z/y-x) x 100
Where,
Weight of empty crucible= x gram =34.00gram
Weight of the crucible + sample = y gram=36.00 gram



After completing ashing, weight of the crucible+ash = z
gram=35.60 gram
Ash content = (36.00-35.60/36.00-34.00) x100
Ash content of chicken feather activated with tannic acid
is= 20%.
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Fig 6: Ashing of modified chicken feather

Moisture Content
The moisture content of activated chicken feather was also
calculated.
The moisture content is expressed in percentage.
The moisture content can be calculated from the following,
Moisture content (%) =(w-d/w) x100.
Where w=sample weight before drying
d=sample weight after drying.

Weight of the sample before drying (w) = 0.50 gram.
Weight of the sample after drying (d) = 0.45 gram.

Moisture content (%) = (0.50-0.45/0.50) x100.

Moisture content (%) of chicken feather activated with
tannic acid = 10%

Removal of metal by adsorbent

Effect of adsorbent dosage

The effect of initial adsorbent dosage was investigated,
since it can determine the biosorption capacity under given
operating condition. The adsorption at various dosages is
given in the data below. As expected, the rate of divalent
copper removal increased along with the increasing of
sorbent dosages. This can be explained since more active
sites of sorbent were exposed when the sorbent dose
increased. After sometime the percentage removal declined.
The highest of copper removal was obtained by tannic acid
activated adsorbent with corresponding dosage 0.50 is 49%.
So, the optimum dosage is fixed to be 0.50. The optimum
dosage is very important in accordance to economical
reason if will be applied in real scale wastewater treatment
process (Table.4)

Table 4: Concentration data 1

Sample Absorbance| Concentration (mg/l)
0.25 grams gdsorbent at15 0.0373 0.89
minutes
0.50 grams gdsorbent at 15 0.0339 0.81
minutes
0.75grams gdsorbent at15 0.0472 1.1
minutes

Percentage Removal
Effect of amount of adsorbent
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The absorption of heavy metals by the absorbent depends on
various factors. The amount of absorbent was studied using
the following method (Fig.7)

Initial concentration of divalent copper = 1.61mg/L.
Percentage removal was calculated by,

R =((C-C,)/C,)x 100

Percentage removal by 0.25gram of adsorbent = ((1.61-0.89)/1.61) * 100
=0.4472*100
=44.72%

Percentage removal by 0.50gram of adsorbent= ((1.61-0.81)/1.61) * 100

=0.4968*100
=49.68%

Percentage removal by 0.75 gram of adsorbent= ((1.61-1.1)/1.61) *100

=0.3167*100
=31.67%

EFFECT OF AMOUNT OF ADSORBENT

—8— Percentage Remova

Fig 7: Effect of amount of adsorbent

Effect of contact time

Effect of contact time on divalent copper removal by the
adsorbent is determined. The optimum time could not be
obtained as the removal is alternatively increasing and
decreasing as time increases. But the maximum removal
was at 15 minutes (Table.5)

Table 5: Concentration data 1

Sample Absorbance| Concentration (mg/l)

0.50gram of_adsorbent at15 0.0339 0.81mg/L
minutes

0.50grams of adsorbent at 30 0.0631 1.52mg/L
minutes

0.50grams of adsorbent at 45 0.0414 0.99mg/L
minutes

0.50grams of adsorbent at 60 0.0513 1.23mg/L
minutes

Percentage Removal

Effect of time

Initial concentration of divalent copper = 1.61mg/L.
Percentage removal was calculated using the formula below,

R =((C,-C.)/C,) =100

Effect of contact time:
Initial concentration of divalent copper= 1.61 mg/L.



Percentage removal at 15minutes = ((1.61-0.81)/1.61) *100
=0.4968*100
=49 .68%.

Percentage removal at 30 minutes = ((1.61-1.52)/1.61) *100

=0.0559*100
=5.59%

Percentage removal at 45 minutes = ((1.61-0.99)/1.61) *100
=0.3850*100
=38.50%

Percentage removal at 60 minutes = ((1.61-1.23)/1.61) *100
=0.2360*100
=23.60%

EFFECT OF TIME

Fig 8: Effect of Time

Discussion

Pin et al., (2014) extracted keratin from hen feather and
developed it as adsorbent for the dye methylene blue
removal. Muhammed A. Bharosa et al., (2014) studied the
effect of chemical modification of chicken feather in arsenic
removal. They modified feathers with for dopants like, N-
isopropylacrylamide, allylalchohol, trisinol cyclohexylposs
and reported that allyl alcohol, and poses biosorbents
executed high removal. Ita et al., (2011) reported the usage
of chicken feathers for chromium removal from aqueous
solutions. Alok et al., (2007) used hen feather for the
removal of indigo carmine dye. Sameer et al., (2003)(*]
used chemically treated chicken feather for zinc removal.
They concluded alkaline solutions 0.2N NaOH can be used
in absorption process and 0.6wt% solution of dodecyl
sulfate, as anionic surfactant followed by untreated chicken
feather. Guadalupe et al., (2008) used chicken feathers to
remove lead from aqueous solutions and reported
equilibrium studies at different temperature, pH and metal
concentrations. Wei et al., (2016) treated chicken feather by
two step pyrolysis and used it as an adsorbent to remove
calcium, manganese from the synthetic waste water. Kong
et al, (2016) prepared chicken feather protein-based semi
impenetrating polymer networks adsorbent resin for the
uptake the of heavy metal ions from aqueous solutions.
Sayeed et al., (2005) used chicken feathers treated with
0.95N NaOH and 0.6 NaOCI solutions as regenerable
sorbents to remove calcium, manganese, iron and
magnesium and successfully treated waste waters from
industries in Egyptian industrial areas.

In our current study, Hen feathers from Madhavaram
poultry farm were modified using tannic acid. Synthetic
metal solution containing copper ions is made from copper
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sulphate pentahydrate. Then modified hen feather is
characterized using FTIR, and moisture test and ash test is
done. Batch adsorption test was done. Effect of amount of
adsorbent and effect of time was studied. The removal was
maximum at 15minutes. The optimum amount of adsorbent
was found to be 0.50gram at which removal is maximum.
Thus, modified hen feather is very useful for heavy metal
removal and waste water management.

Conclusion

The above study demonstrated the usage of modified hen
feathers as adsorbent significantly removed copper ions
from aqueous solution. The maximum amount of copper
removal by tannic acid activated hen feather is 49.68%. The
optimum amount of adsorbent is 0. 50gram. The attempt to
find optimum time couldn’t be achieved. It could be verified
from earlier studies that unmodified hen feather has lesser
removal capacity compared to tannic acid activated hen
feather. Tannic acid activation has enhanced the removal
capacity of chicken feather. Thus, modified feather is
proved to be a good adsorbent in future for largescale waste
water treatment.
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