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revealed no significant chemical change after the nanoparticle synthesis. TEM imaging
Keywords: indicated the synthesis of KNPs with a spherical morphology and mean size of 42 nm. The
Chicken feather DLS results indicated that the synthesized KNPs were stable in agueous media by having a
g?ra“lnat“"partic'e zetapotential of lower than -30 mV. The produced KNPs were then evaluated for the
losorpen

biosorption of Cu (ll) from aqueous solutions. The analyzed adsorption isotherm data
revealed the change from a Redlich-Peterson isotherm to a Langmuir one by increasing the
biosorbent dosage, which could be attributed to the more prepared adsorption sites. The
experiments of the effect of the biosorbent dosage suggested the best removal at a KNP
dose of 3.0 g/L. At this dosage, the maximum Cu (ll) adsorption capacity and Langmuir
constant were 50 mg/g and 10.8x10° L/mg, respectively; the adsorption kinetic followed the
pseudo-second order model.

Adsorption isotherm
Cu(ll) removal

1. Introduction 1% lipids) is a natural biopolymer that can be used for this
purpose. Keratin is a fibrous protein and has approximately
7-20% cysteine residue [14]. The high amount of cysteine
with thiol groups creates inter- and intra-molecular
disulfide bonds. These bonds give keratin a strong
structure and make it unsolvable in polar and non-polar
solvents as well as weak acids and bases. Keratin also has a
great quantity of hydroxyl amino acids, especially serine,
and a large number of amino acids containing -NH, and
—-COOH functional groups. Originating from such amino
acids, keratin is applicable as a biosorbent for the removal
of heavy metal and dye from aqueous solutions [15-19].
Recently, nanoparticles have attracted the interest of
many researchers due to their high surface area, low
diffusion resistance and more active sites [20]. Considering
the advantages of nanoparticles and keratin biosorbents,
keratin nanoparticles were synthesized in this study. They
were then used for copper removal and the adsorption

Heavy metal pollution in the water ecosystem is one of the
most important environmental issues [1]. Among different
heavy metals, copper is widely used in various industries
such as electrical, dying, fertilizer, electroplating and
petroleum [2,3]. Copper is not biodegradable and
accumulates in living organisms. It can disturb biological
functions if it exceeds the established tolerance limit [4-6].
The World Health Organization (WHO) reported the
maximum limit of copper in drinking water to be 2 mg/L in
order to prevent potential health problems [7]. Different
approaches have been developed for heavy metal removal
including  chemical precipitation, ion  exchange,
nanofiltration, reverse osmosis and adsorption [8-10]. The
adsorption process is more popular than the other
separation methods due to its simplicity, relative low cost
and high efficiency. Biopolymers are emerging adsorbents
for heavy metal removal [11-13]. Keratin which is
abundant in chicken feathers (91% keratin, 8% water and
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isotherm and kinetics were studied to understand the
mechanism of the biosorption process.

2. Materials and methods
2.1. Materials

The following materials were used in this study : steam-
treated sterilized chicken feathers (SCF, provided by local
processing  plants); sodium  hydroxide  (299.0%)
hydrochloric acid 37%, acetic acid glacial and nitrate salt of
copper (Cu(NOs;),.3H,0) that were purchased from the
Merck Co.; and Tris(hydroxymethyl)aminomethan which
was purchased from the SinaClon Co. All the chemicals
were of analytical grade and used without further
purification.

2.2. Methods
2.2.1. Keratin extraction

Keratin extraction was done according to the Nomura
method [21]. Briefly, 10 g of the chopped SCF was
hydrolyzed with 300 ml of 0.3 N NaOH solution. The
mixture was blended for 48 h at room temperature (25°C).
The extracted solution was centrifuged at 4000 rcf for 15
min which was followed by filtration to separate
undissolved materials. The filtrate was precipitated by
adjusting the pH to 4.2, the isoelectric point of keratin,
using 1N hydrochloric acid. It was then centrifuged at 4000
rcf for 20 min. The precipitated keratin was washed several
times to become neutral. The extracted keratin powder
(EKP) was dried at -48 °C for 12 h.

2.2.2. KNP synthesis

The solubility of keratin in water was significantly
improved by adding a Tris base which created a relatively
mild alkaline condition. The ratio of the Tris base to the
keratin weight was chosen to be 0.09 (according to the
experiments which were performed to find the optimum
ratio). The mixture of keratin and Tris base in water were
stirred at 400 rpm for 16 h under room temperature. This
made the particles smaller. It was then sonicated (300 W,
10 min) with a probe ultrasonic device (UP400-A, the
Ultrasonic Technology Development Company) to break
the microparticles into nanoparticles. The generated KNPs
could be stored under 4°C before use. They could also be
freeze dried at -48 °C for 6 h, and be used in a solid form.

2.2.3. Characterization

The FTIR spectroscopy of SCF, freeze dried EKP and
produced KNPs were recorded with the
spectrophotometer (Spectrum 100, Perkin Elmer) at the
frequency range of 4000-400 cm™. XRD was also
conducted (x-ray generator, Philips) to determine the
chemical changes after the keratin extraction. The size
measurement of KNP was done by a particle size analyzer
(Zetasizer, Malvern). The morphology of the magnetic

particles was characterized with TEM (LEO 906, 80 kV).
Negative staining was applied for TEM imaging. The KNPs
were sonicated for 3 min, then a drop of the sample was
placed on a carbon copper grid, dried at room temperature
and observed under TEM.

2.2.4. Batch adsorption experiments

The stock solution of Cu (ll) (1000 mg/L) was prepared by
copper nitrate salt. Different doses of KNP (0.1-5.0 g/L)
were added to the Cu (II) solution of 100 mg/L to find the
optimum biosorbent dosage. The samples were shaken for
1 h to reach equilibrium. After adding the KNPs to the
Cu (ll) solution, adsorption by negative charged KNPs
occurred. This caused the KNPs to become neutral and
KNP precipitation was observed after sorption. The
precipitated KNPs could be simply separated by filtration
or centrifugation. The obtained optimum KNP dose, which
was based on the maximum Cu (ll) removal, was used for
further adsorption experiments. SCF was also tested at the
optimum biosorbent concentration for comparison. The
residual Cu (ll) concentration was measured by
a flame atomic absorption spectrophotometer (Shimadzu
AA-670). Since Cu (ll) precipitation occurs at a pH of more
than 5, the sorption experiments were performed at a pH
of 5. So, metal precipitation does not interfere with
biosorbent function [22-24].

2.2.5. Adsorption isotherm

The Cu (ll) stock solution was diluted in the range of 40-
400 mg/L to study the adsorption isotherm at an ambient
temperature of 25 °C and a pH value of 5. Three different
adsorbent doses of 0.15, 1.5 and 3.0 g/L were studied for
the adsorption isotherm experiments. The following
equation could be applied to calculate the adsorption
capacity of Cu (ll) at equilibrium [25]:
_ V(= Ce)

ge=—"" &

The removal of Cu (Il) was calculated according to the
following equation [25]:

CO_

Ce
R(%) = x 100 (2)

4

where C, and C, (mg/L) were the initial and equilibrium
concentrations of Cu(ll), V (L) was the volume of the
solution, and m (g) was the mass of biosorbent. The
interaction between Cu (Il) and biosorbent was expressed
by adsorption isotherm models. For this purpose, the two
parameter adsorption isotherm models of Langmuir and
Freundlich, as well as the three parameter models of Sips
and Redlich-Peterson, were studied.

2.2.5.1. Langmuir isotherm

The Langmuir model is represented by the following
equation [26]:
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where g. denotes the amount of metal adsorbed per unit
mass of biosorbent (mg/g), C. refers to the copper
concentration at equilibrium (mg/L), K, is Langmuir
constant (L/g), and q,, is the maximum adsorption capacity
of the biosorbent (mg/g). The separation factor (R,) is a
dimensionless constant which can be expressed as:

1
T 1+ K,C,
where C, is the initial metal concentration (mg/L). The
value of R, indicates whether the adsorption is unfavorable

(R>1), linear (R,=1), favorable (0<R,<1) or irreversible
(RL=O).

(3)

R, (4)

2.2.5.2. Freundlich isotherm

The Freundlich isotherm model, which is an empirical
model, can be expressed by the following relationship [27]:

de = KFCel/n (5)

where K¢ (mg/g) and n are the Freundlich constants related
to the adsorption capacity and intensity, respectively.

2.2.5.3. Redlich-Peterson isotherm

The Redlich-Peterson isotherm is a three parameter model
combining the features of the Langmuir and Freundlich
isotherms. It can be represented as [28]:

_ KRPCe (6)
e appC, PR
where Kgp (L/mg), arp and Pge are Redlich-Peterson
constants. When the value of aRpCeBRP is much bigger
than 1 (Bge tends to zero) this isotherm reduces to the
Freundlich model. It also reduces to the Langmuir isotherm
in the cases where Bgp approaches to 1. The ratio of Kgp/age
represents the adsorption monolayer capacity.

2.2.5.4. Sips isotherm

The Sips equation includes three parameters and is a
combination of the Langmuir and Freundlich isotherms. It
can be expressed as [29]:

B KSCeﬁs
1+ asC,Ps

where Ks (L/mg), as and Bs are Sips constants. The equation

reduces to the Langmuir isotherm when s equals to 1 and

it reduces to the Freundlich isotherm at low
concentrations of the adsorbate.

9e (7)

2.2.6. Adsorption kinetics

The adsorption kinetics was studied at the Cu (ll) initial
concentration of 100 mg/L and pH value of 5. The pseudo-

first [30] and pseudo-second order [31] rate equations, as
well as the intra-particle diffusion model [32], were
applied to model the kinetics of Cu (1) adsorption on KNP.
These models are represented in Equations (8-10):

In(ge —qv) =Inqe — Kyt (8)
t 1 1

TTRaT (9)
qc = kst'/2 + kg (10)

where g. and g; (mg/g) are the adsorption capacities at
equilibrium and time t; k; (min™), k, (g mg'1 min™) and k;
(mg g* min'l/z) are pseudo-first order, pseudo-second
order and intra-particle diffusion rate constants; and ky
(mg/g) is the intra-particle diffusion model intercept.

3. Results and discussion
3.1. Characterization
3.1.1. FTIR spectroscopy

The FTIR spectra of SCF, EKP and KNP are shown in Figure 1
to investigate the secondary structure of the protein. The
bands in the wave numbers of 3298, 3399 and 3349 cm™ of
SCF, EKP and KNP, respectively, and in the wave numbers
of about 2990 cm™ are due to N-H hydrogen bond
stretching related to amide A and amide B [33]. Although
both bands represent N-H hydrogen bond stretching,
amide B is weaker than amide A. The bands at 1638, 1659
and 1647 cm™ (of SCF, EKP and KNP) are correlated with
the C=0 stretching of amide I. The shift of amide | to
higher wave numbers infers the increase of disordering
structures [34]. The wave numbers at 1528, 1532 and 1547
cm™ (of SCF, EKP and KNP) correspond to the secondary
N-H bending of amide Il. The bands at 1230, 1235 and
1285 cm™ (of SCF, EKP and KNP) are as a result of C—N
stretching in amide IIl [35,36]. The bands of amide | and
amide Il suggest the presence of a-helices in KNP
structure; while amide Ill represents B-sheet structures
with weak intensity. In the EKP sample, a small shift at
wave numbers of 3300 cm™ toward higher wave numbers
is seen. This shift corresponds to some hydrogen bond
disruption after the keratin extraction process [17]. As no
shift is seen in the KNP sample, disrupted bonds are likely
regenerated. The bands in the range of 2581 to 2962 em™®
are related to CH, and CHj; stretching vibration. The bands
at 640, 667 and 630 cm™ are assigned to the C-S bond
stretching vibration [33].

3.1.2. XRD

The wide-angle XRD patterns of SCF, EKP and KNP are
shown in Figure 2. There are two distinct peaks at 20 of
9.8° and in the range of 19.5° to 21.2° which correspond to
a and B-keratin, respectively [37]. The peaks are wide
because of the amorphous structure of keratin. The
presence of these two peaks in the XRD pattern of EKP and
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KNP confirms that no chemical change occurred after
keratin extraction and nanoparticle synthesis. However,
the intensity of both peaks decrease as the sample change

— KNP

amide B

amide A

Transmittance (a.u.)

v(CH2) and v(CH3)

from SCF to EKP and KNP which is due to the reduction of
the particle size [38].
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Fig. 1. FTIR spectra of SCF, extracted EKP and KNP. The presence of amide A and B as well as amide I, Il and Il indicate no chemical

change after keratin extraction and KNP synthesis.
3.1.3. Particle size analysis

The mean hydrodynamic diameter of the KNPs was
measured with a Zetasizer at different concentrations of
0.25, 0.50, 1.0, 1.5 and 3.0 g/L. The measured data are
presented in Table 1. It can be seen that the KNP
diameters vary in the range of 21.6 to 46.1 nm. The
relationship between the particle size and concentration is
complicated and not monotonic. Different parameters
such as viscosity and T potential had an effect on this
relationship. The size of the synthesized KNPs in the
current research was compared with available KNP
synthesis techniques in Table 2. To the best of our
knowledge, the obtained nanoparticle sizes in this study
are the smallest yet to be synthesized.

Table 1. The mean size and { potential of KNPs at different doses

Concentration (mg/ml)  Mean size (nm) { potential (mV)

0.25 1.0 -33.2
0.5 29.0 -40.8
1.0 46.1 -42.9
1.5 26.6 -44.7
3.0 30.9 -59.5

Table 2. KNP size reported in different studies

Method Reported Size

Electrospraying [39] 53 nm
Enzymatic hydrolysis [40] 215 nm
Desolvation [41] 150 nm
Phase separation and ultrasonication [42] 70 nm
The present method in this study 42 nm

SCF EKP KNP

Intensity (a.u.)

20 (degree)
Fig. 2. XRD patterns of SCF, extracted EKP and KNP; the decrease
of the intensity might be attributed to the reduction of the
particle size.
3.1.4. Nanoparticle morphology

The morphology of the KNPs is shown in the TEM image in
Figure 3(a). As it can be seen, the particles have an almost
spherical structure. The distribution curve of the particles
(Figure 3(b)) shows the mean size of the particles which is
about 42+3.6 nm. This value is in good agreement with the
obtained results from DLS.
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Fig.3. (a) TEM image of isolated KNPs after negative staining; the
image confirms the presence of spherical nanoparticles. (b)
particle size distribution of KNPs; as it can be seen KNPs have a
mean diameter of 42.2+3.6 nm.

3.2. Cu (ll) adsorption studies
3.2.1. Effect of adsorbent dose

Different KNP doses (0.1-5.0 g/L) were examined to
investigate the relationship between adsorbent dosage
and Cu (ll) removal. The Cu (ll) concentration in all the
tests was 100 mg/L, pH was adjusted to 5, and
temperature was 25°C. As it is obvious in the graph of g
versus the KNP dosage in Figure 4, lower KNP doses
resulted in higher adsorption capacity. However, these
doses of KNP were not enough to remove any considerable
amount of Cu (Il). For KNP doses in the range of 0.5 to 3.0
g/L, the Cu (ll) adsorption capacity was almost constant
and about 30 mg/g. Considering the diagram of R (%)

versus the KNP dosage in Figure 4, it seems more suitable
to choose a biosorbent dosage of about 3.0 g/L due to
higher Cu (ll) removal since both q and R% decreased with
increasing KNP concentration in the range of 3.0 to 5.0 g/L.
As KNP dosage increased, more available sites and surface
area were prepared; hence, Cu (ll) removal increased
[6,43]. However, there was a maximum value for Cu (ll)
removal, and the KPN inter and intra-particle interactions
and its agglomeration at the concentrations higher than
3.0 g/L had reverse effects on Cu (ll) removal [44,45].

+ 100
100
80
80
60
g 60 g
o
£ 40
> 40
20 20
0 0
0 1 2 3 4 5
KNP dosage (g/L)

Fig.4. The effect of biosorbent dosage on adsorption capacity and
removal of Cu (Il) at copper concentration of 100 mg/L, pH=5, and
T=25 °C.

3.2.2. Effect of initial Cu (Il) concentration

The effect of the initial Cu (Il) concentration (40-400 mg/L)
was studied on KNP adsorption capability at three different
doses: 0.15, 1.5 and 3.0 g/L. As it can be seen in Figure
5(a), the graph has two distinct regions. In the first region,
Cu (ll) removal increased with increasing of the initial
metal concentration. This was mainly due to the higher
available copper ions for adsorption [46]. Furthermore, the
higher initial metal concentration caused a higher driving
force which helped overcoming mass transfer resistance
[47]. In the second region, Cu (ll) removal decreased,
which might be attributed to the adsorption site saturation
[27,48]. It appeared that at a KNP dosage of 0.15 g/L, the
adsorption sites were saturated even at the minimum
copper concentration of 40 mg/L. Hence, the removal was
almost constant. However, the adsorption capacity at a
KNP dose of 0.15 g/L was much more than KNP doses of
1.5 and 3.0 g/L (Figure 5(b)), showing multilayer
adsorption at the saturated sites.
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Fig. 5. The effect of initial Cu (Il) concentration on (a) adsorption capacity and (b) removal of Cu(ll), at three different KNP doses of

0.15, 1.5 and 3.0 g/L.
3.2.3. Adsorption isotherm

Figure 6 shows the nonlinear form of the best fitted
adsorption isotherms at different KNP doses of 0.15, 1.5
and 3.0 g/L. The calculated parameters of these models
are summarized in Table 4. Based on the calculated
correlation coefficients, the Redlich-Peterson isotherm is

best fitted to the experimental data of Cu (ll) adsorption at
KNP doses of 0.15 and 1.5 g/L. The exponent Bgp (listed in
Table 4) is in the accepted range of 0-1 [49]. As the KNP
dosage increases, the tendency to form a plateau
increases, which confirms reaching equilibrium (Figure 6)
[50].
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°
PRl 70 -4 [ )
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Fig. 6. The best fitted isotherm models to the experimental data.
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The Langmuir model is applicable to describe the Cu (ll)
adsorption process at a KNP dosage of 3.0 g/L. As
presented in Table 4, the Sips model could not be
generated when using a KNP dose of 0.15 g/L. At a KNP
dose of 1.5g/L, the data could not be explained by the Sips
isotherm because of the negative value of the
parameter[49]. It seems that at low KNP doses, each
adsorption site can adsorb more than one Cu (ll). So, the
Redlich-Peterson isotherm fits the equilibrium adsorption
data which is proper for heterogeneous systems. However,
at higher KNP doses, more adsorption sites are provided.
Hence, the adsorption isotherm changes from the Redlich-
Peterson to the Langmuir model, which shows the
monolayer adsorption with equal binding energy on the
KNP surface. The value of the separation factor in the
range of 0.06 to 0.38 indicates the favorable adsorption
process (0 < R, < 1). Comparing the results with other
research which used keratin as a biosorbent demonstrates
that the maximum adsorption capacity of KNP
considerably improved in comparison to the adsorption
capacity of the treated chicken feather which was about 9
mg/g [51]. The results are also in good agreement with

keratin/PA6 blend nanofiber adsorption capacity (61.7-103
mg/g) [18]. The maximum Langmuir adsorption capacity
KNPs for copper removal is also compared with some
nanoadsorbents in Table 4.Redlich-Peterson isotherm fits
the equilibrium adsorption data which is proper for
heterogeneous systems. However, at higher KNP doses,
more adsorption sites are provided. Hence, the adsorption
isotherm changes from the Redlich-Peterson to the
Langmuir model, which shows the monolayer adsorption
with equal binding energy on the KNP surface. The value of
the separation factor in the range of 0.06 to 0.38 indicates
the favorable adsorption process (0 < R, < 1). Comparing
the results with other research which used keratin as a
biosorbent demonstrates that the maximum adsorption
capacity of KNP considerably improved in comparison to
the adsorption capacity of the treated chicken feather
which was about 9 mg/g [51]. The results are also in good
agreement with keratin/PA6 blend nanofiber adsorption
capacity (61.7-103 mg/g) [18]. The maximum Langmuir
adsorption capacity KNPs for copper removal is also
compared with some nanoadsorbents in Table 4.

Table 3. The calculated parameters of Langmuir, Freundlich, Sips and Redlich-Peterson isotherms at three KNP doses of (a) 0.15 g/L, (b)

1.5g/Land (c)3.0g/L

Adsorption model Parameters KNP dose of 0.15 g/L KNP dose of 1.5 g/L KNP dose of 3.0 g/L
556 85 50
Langmuir 2.3 10.8 40.8
0.52-0.91 0.19-0.70 0.06-0.38
0.75 0.88 0.98
n 1.4 1.9 4
Freundlich 3.7 33 11.5
0.98 0.84 0.62
- 0.24 0.20
- 3.52x10° 1.61
Sips - -0.98 4.06x10°
- - 68
- - 0.81
Kgrp 3.19x10° 4.22x10° 1.66
Redlich-Peterson 0-20 . 048 . 0-95
1.33x10 1.22x10 0.04
0.99 0.95 0.80

3.2.4. Adsorption kinetics

The pseudo-first order, pseudo-second order and intra-
particle diffusion models were applied to investigate the
adsorption kinetics of Cu (ll) with KNPs. The fitted models
are shown in Figure 7. As the value of the correlation
coefficient (R?) and the difference between the calculated
adsorption capacity (deca) and the experimental one
(Qe,exp) suggested, the pseudo-first order kinetic model
(Figure 7(a)) did not fit the experimental data. However,
this model is usually useful to describe the adsorption

kinetics at the initial time steps. As it is shown in Figure 7c,
the plotted intra-particle diffusion model (Figure 7(b)) had
two distinct steps. The first linear region represented intra-
particle diffusion, and the second one represented the
adsorption-desorption equilibrium [57]. It seems that the
nano-size, the large surface area and the negative surface
charge of KNPs caused the fast adsorption of copper ions.
Hence, the intra particle diffusion was not a rate limiting
step in this process. Based on the correlation coefficient
listed in Table 5, the pseudo-second order kinetic model
(Figure 7(c)) was best fitted to the experimental data. The
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calculated adsorption capacity (geca) Of this model was step in the process of metal ion adsorption and involved
also in good agreement with the experimental one (qe,exp)- electron exchange between Cu (Il) and KNP as a biosorbent
This model assumed chemical sorption as a rate-limiting [31].

Table 4. The reported maximum Langmuir adsorption capacity of different nanoadsorbents for copper removal

Um Temperature Adsorbent dosage

nanoadsorbent H Ref.
(mg/g) P (K) (8/1)
anatase nanoadsorbent 23.74 6 298 0.15 [52]
chitosan-bound Fe;0, magnetic nanoparticles 21.5 5 300 21 [53]
gum Arabic modified magnetic nano-adsorbent 35.5 5 298 5 [54]
amino-functionalized magnetic nano-adsorbent 12.43 5 298 20 [55]
Fe;0, magnetic nanoparticles coated with humic acid 46.3 6 298 1 [56]
ch|tosan-c'oate.d magnetic nanoparticles modified with a- 91.15 6 298 5 (4]
ketoglutaric acid
amino-functionalized magnetic nanoparticles 25.77 6 298 0.1 [3]
Carboxyn.1ethyI-B-cycIodextrm conjugated magnetic 472 6 298 12 (8]
nanoparticles
KNPs 50 5 298 3 Current
research
2 5 4 35
(c)
1 (a) 4 30 -
25 +
04 [ ]
= N 34 20 A
S X
% téﬂ 2 g 15 A
£ -2 = . 10
3 A 7
‘4 T T T T T 1 O T T T T T 1 0 - T T T T T 1
0 10 20 30 40 50 60 0 20 40 60 80 100 120 0 2 4 6 8 10 12

. tO.S
t (min) t{min)

Fig. 7. The linear forms of (a) pseudo-first, (b) pseudo-second and (c) intra-particle diffusion models fitted with experimental data. The

pseudo-second order kinetic model fits the experimental data best, showing chemisorption as a rate-limiting step in the adsorption

process.

3.2.5. Desorption of Cu (Il) 27.0
The precipitated KNPs after Cu (ll) adsorption were Qe.cal 4.0
separated via centrifugation (3.0 g/L KNP; 100 mg/L Cu Pseudo-first order 8.5x10°
(). They were then treated with 1% acetic acid for an 0.8

hour. The number of hydrogen ions increased as the pH
value decreased, resulting in the hydrogen ions
replacement with Cu (I1) ions and KNP-NH;* formation. The ~ Pseudo-second order 0.2
amount of released Cu (ll) was measured using AAS. The

Ye.cal 27.0

desorption ratio was calculated by dividing the value of the 1o
desorbed Cu (Il) into the acetic acid solution to the value of The first 9.7
the adsorbed metal onto the KNPs. The ratio of 86% was region 7.2
achieved at this desorption condition. Intra-particle 0.8
diffusion The second 6.5x10°
region 26.3
0.9

3.2.6. SCF and KNP adsorption efficiency of Cu (ll)

Various experiments were performed for the comparison

Table 5. The calculated parameters of pseudo-first, pseudo- O.f SCF and KNFT effICIency. for Cu (Il) removal. The
second and intra-particle diffusion models biosorbent dose in all experiments was 3.0 g/L, Cu (Il)

Kinetic model Parameters Value concentration was 100 mg/L, pH was 5 and the

temperature was 25 °C. The SCF adsorption capacity was
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about 8.5 mg/g, while the KNP capacity for Cu (Il) removal
was about 30 mg/g. The higher value of KNP adsorption
capacity might be attributed to the size reduction of the
KNPs, leading to more functional groups becoming
available on the KNP surface and adsorbing Cu (ll).
However, SCF functional groups were involved in inter and
intra-molecular interactions and they were not free to
adsorb metal ions.

4. Conclusions

In the present research, a straightforward method was
used to synthesize the keratin nanoparticles of about 42
nm. The produced nanoparticles were characterized with
FTIR, XRD and DLS analysis. The results indicated the
presence of the original functional groups in the
synthesized nanoparticles and no significant structural
change. The DLS analysis also confirmed the negative
surface charge of KNPs, which was low enough (< -30 mV)
to stabilize KNP dispersion. The KNPs were then applied for
Cu (Il) removal from aqueous solutions. The experiments
revealed that the KNP dosage of 3.0 g/L resulted in better
Cu (Il) uptake. At this dosage, the Langmuir isotherm with
a maximum adsorption capacity of 50 mg/g fitted best,
indicating monolayer adsorption. However, at lower KNP
doses of 0.15 and 1.5 g/L, the Redlich-Peterson adsorption
isotherm fitted the data, showing multilayer adsorption.
The pseudo-second order kinetic model was best fitted to
the experimental data which indicated that chemisorption
was the dominant phenomena during the adsorption
process. Considering these results, the synthesized KNPs
seems to be applicable for Cu (ll) removal from
contaminated water.
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