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Abstract

Heavy metals are unacceptable pollutants if present in industrial or urban wastes, due to their
highly toxic effects for humanity. Chromium ions, especially if in the hexavalent form, are
one of these undesirable waste contents. They may be present in industrial solid or liquid
effluents, especially those from tanneries and dyeing plants, which will appear finally in the
effluent liquids, and perhaps solids. The objective of the present investigation is to remove
chromium ions, by the adsorption technique, from liquid and/or solid effluents in order that
these may be safely disposed in rivers, canals or draining exits. Chicken feathers, were chosen
to be the solid adsorbent. This will decrease land environmental pollution by feathers and will
remove chromium ions from liquid wastes, as well. The factors affecting the removal process
were examined such as equilibrium time, feather charges, mixing conditions and the pH of the
waste solution. The best results were obtained at 1 and 2 values of the pH. Equilibrium
modeling has been carried out using Langmuir, Freundlish and Redlish- Peterson models. The
correlation between the three isotherms and experimental data was found to be reasonable in
all cases. A simple kinetic model has been developed to explain the external mass transport of
chromium from water onto chicken feathers and determine the external mass transfer
coefficient, Ks under influence of a number of design variables, namely agitation seep, size
and mass of chicken feathers. By log-log correlation, it has been proved that K varies linearly
with agitation, size and mass of chicken feathers.
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1- Introduction

The presence of heavy metals in drinking water is unacceptable due to their elevated rate of
toxicity for living organisms. The presence of such metals in wastewater, from industrial or
urban sources, limits the free disposal of such water due to their unconformance to
environmental legislations of wastewater disposal. Due to that reason and many sanitary
others, the water containing such metals were subjected to physico-chemical methods [1-3],
biological methods [4-6] and/ or recent non-traditional methods [7-9] of treatments. In that
respect, chromium ions are of special interest due to the abundant use of chromium salts in a
lot of industrial activities, especially in tanneries and dyeing plants.

Egyptian limits for total chrome in liquid effluents reach about one milligram per liter, while
the average tannery raw waste water content may reach 4.9 kilogram per ton of raw hides
processed in the total chrome content. When concentration of chromium reaches 0.1 mg/g
body weight, it can ultimately become lethal [10]. Currently the most common processes for
elimination are adsorption, reverse osmosis and chemical reactions that involve reduction and
precipitation. Among them adsorption has been shown as a feasible alternative method for
removing traces of chromium from wastewater [10-12]. In this regard the use of abundant low
cost and effective adsorbent materials is of interest. Activated carbon has been recognized as a
highly effective adsorbent for the treatment of heavy metals in wastewater [13]. However, it is
relatively expensive to produce. Therefore, efforts are being directed towards finding efficient
and low cost adsorbent materials. A variety of low cost materials like fly ash [14,15], wood
charcoal [16] bituminous coal [17], bagasse and coconut jute [18], rice husk carbon [19], peat
[20], red mud [21], used black tea leaves [22], activated carbon from sugar industrial
waste[23], sugar cane bagasse [24] and many others have been tried [25-28]

In the course of the present investigation, and following the main objective of searching for
local, abundant and economic adsorbents, one of the daily abundant solid wastes is tested for
its feasibility as adsorbent for removal of chromium ions from liquid effluents and wastes;
that is the chicken feathers. The factors affecting the removal process were examined and the
adsorption data were studied and modelized.

2-EXPERMENTAL
Raw chicken feathers were washed with a detergent, rinsed several times with distilled water
and then left to dry at room temperature. The dried feathers were cut to pieces in the range
0.5-2.0 cm length and then used in the sorption tests.
Adsorption experiments were carried out using batch equilibrium technique. Initial
concentrations were prepared in the range 5-50 ppm. A series of 100-ml Erlenmeyer’s flasks
containing 0.1 g chicken feathers and 50 ml chromium solution each were sealed at specified
temperature until equilibrium was obtained. The adsorbents were separated by filtration.
Adsorbate concentrations were measured by spectrophotometric methods. Blank solutions,
without adsorbent, were similarly treated to account for any losses in chrome concentration by
time due to other reasons than adsorption. The concentration of the blank solution after the
equilibrium time was taken as being the initial concentration (Co). The difference between the
initial concentration (Co) and the equilibrium concentration (Ce) per unit mass (m) of
adsorbent was used to compute the amount of chromium removed (ge) in mg/g from its
solution using the relation:

ge =[0.05(Co—-Ce)]/m @
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3-Results and Discussion

Contact time

Figure 1 shows the influence of time on Cr (VI) adsorption. It’s clear that time has evident
influence on the adsorption during the first three hours. Beyond three hours the increase in
adsorption is very small, therefore, an adsorption time of 5 hours could be considered as
almost sufficient to reach equilibrium.

Effect of pH:

Table 1 gives the influence of pH on the adsorption behavior. The experiments were
conducted using 50 ppm chromium solution and 0.1g chicken feathers. The amount of
chromium adsorbed (ge) was found to increase with increasing pH from 1 to 2, reaching a
maximum, then decreases by increasing pH from 3 to 6. This indicates that the solution pH
affects the Cr (VI) adsorption. An acidic solution of a pH value from 1 to 2 is an optimal
condition for the adsorption of Cr (VI). This last observation can be explained by the well-
known reduction of hexavalent chromium to its tri-form within this low range of pH value
[29].

Table i. Influence of ph on chromium adsorption.

PH 1 2 3 4 6 7 | 9

Amo””}ﬂ%‘jzorbe‘jq 739 | 89 | 669 | 503 | 38 | Unfeasible

Adsorption isotherms:

Figure 2 depicts the adsorption isotherm measured for chicken feathers at 25 °C. Three
isotherm models were tested these are: Langmuir, Freundlich and Redlich — Peterson
isotherms. The first isotherm, Langmuir, whose linear form is represented by:

Ce/qe:]./KL +(a.|_/K|_)Ce (2)

can be graphically represented by a linear plot of C./qe against C Figure 3 suggests the
applicability of the Langmuir isotherm for the present system, and demonstrate monolayer
coverage of the Adsorbate at the outer surface of the adsorbent [30]. Values of K, and a_
were determined from the Langmuir plot and found to be 1.436 and 0.176 dm*/ mg of
chromium respectively. The value of constant (K /a_) represent the maximum adsorption
capacity. The essential characteristics of Langmuir isotherm can be expressed in terms of a
dimensionless constant separation factor or equilibrium parameter, R [31], which is defined
by:

R=10+a_Ce) (3)

The equilibrium parameter (R) indicates the shape of the isotherm as follows [31]:
Value of R R >1 R=1 |0<R <1 |R=0
Type of isotherm | Unfavorable | Linear | Favorable | Irreversible

The value of (R) was found to be between 0 and 1 (0.1662) which indicates favorable
adsorption of chromium on chicken feathers.
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The experimental data for adsorption have also analyzed using Freundlich isotherm given in
the equation (4).

e =KrCq (4)

The equation may be linearized via a logarithmic plot which enables the exponent (n) and the
constant (Ky ) to be determined which is:

log ge = log K¢ + (1/n) log Ce (5)

Plots of qge versus log C. are shown in figure 4 where the results are represented by more
than one straight line. The constant (Ks) is a measure of adsorption capacity while (n) the
measure of adsorption intensity. Values of the constant (Ks ) are 1.85 dm® /g and 5.36 dm®/g
for the first and the second section of the plot while those values of (n) are 2.735 and 7.8
respectively. Value of (n) between 1 and 10 show favorable adsorption of chromium on
chicken feathers [31]. The correlation coefficients for the linear regression of the Langmuir
and Freundlich plots are found to be 0.9699 and 0.978 respectively.

Analysis of the results by linear form of Redlich- Peterson was carried out by the equation (6)

log {[ (Krp Ce)/0e ] -1 }=log arp + 3 log Ce (6)

The plots of log {[(Krp C. )/ge] —1} against log C. are shown in figure 5 and can be
considered to be linear, with a correlation coefficient of 0.9602 .

From the above results, it can be concluded that the correlation between the three isotherms
from one side and the experimental data from the other side is reasonable in all cases.

Adsorption kinetics:

In a well-agitated batch adsorber, the concentration of Adsorbate in the liquid phase C; and
the concentration of adsorbent particles in the liquid ms are assumed to be uniform throughout
the vessel. Consequently, ms may be determined from the measured mass of adsorbent (m)
and the volume of particle — free liquid (v) according to the equation:

ms = @ (7)

If particles are assumed to be spherical, the surface area (Ss) of particles can be obtained from
ms for mass transfer calculation as:

So= 6mls 8)

Where d, can be calculated from the length of feather pieces, which ( if whose main branch
is curved to be a circle) will form a particle shape whose surface is curved by a sub feather
branches and thus the length of its main branch will form the perimeter of the considered
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particle shape. The change in chromium solution concentration (C;) with time is related to the
fluid particle mass-transfer coefficient by the equation:

dCt/dt:'Ks Ss (Ct_Cs) (9)

With Ci=C, at t=0
If effective diffusion coefficients are neglected, then, since Cs approaches zero and C;
approaches C, as t — 0, equation (9) becomes:

{d (Ct /CO)} =Ks Ss (10)
dt _0

Effect of agitation:

A series of experiments was undertaken to study the influence of agitation on the external
mass transfer coefficient. The external mass transfer coefficient K for different agitation
speeds may be expressed by an equation of the general form:

Ks =X (variable)” (11)
or in the logarithmic form
Log Ks=1log X +Y log (variable) (12)

Where the variable can be any of the agitating speed, size, or mass of chicken feathers.
The experimental results for the effect of agitation on the adsorption of chromium are shown
in figure 6 as a plot of (C;/ C, ) against time for the adsorption of chromium on chicken
feathers. The data show that the rate of chromium removal was influenced by the degree of
agitation and the uptake increases with stirring rate . The results listed in table 2 and figure 7
indicate that external adsorption of chromium onto chicken feathers is affected by the degree
of agitation; the effect of increasing agitation being to decrease boundary layer resistance to
mass transfer and increase the mobility of the system [32 ]

Effect of chicken feather length:

The influence of length of chicken feather’s pieces (size) has also been studied and the
experimental results obtained are depicted in figure 8 as plot of (C; / C,) against time for the
adsorption of chromium onto chicken feathers. The external mass transfer (Ks) have been
determined (table 2) and these results have also been plotted as log Ks versus log length using
equation (12).

The data in table 2 show that increasing feather’s length results in a decrease in the external
mass transfer coefficient Ks. This may be explained by the fact that smaller lengths move
faster in solution than larger size ones and hence there are more shear on their surfaces.

Effect of chicken feather mass:

The effect of chicken feather mass on the adsorption rate has also been studied when keeping
other experimental conditions constant. The results are shown in figure 10 as plot of (C; / C,)
against time of adsorption of chromium onto chicken feathers . The data show an increase in
the rate of chromium adsorption with increasing chicken feather mass. The external mass-
transfer coefficient, K; were determined using equation (12) as log (Ks) versus-log mass
(figure 11). The resulting linear graph indicates that ks varied with chicken feather mass in a
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logarithmic manner. The values of constants X and Y for equation 12 is also determined and
are listed in table 2.

The external mass —transfer coefficient depends on the driving force per unit area and in this
case, since C, is constant, increasing the mass of feather increases the surface area for
adsorption and hence, the rate of chromium removal is increased. For a constant feather
length, the surface area will be directly proportional to the mass of chicken feathers in the
system. The (Ks) values shown in table 2 indicate a small dependence on mass, since (K¢
decreases with increasing mass of feather. This effect is probably due to the fact that for small
masses a small amount of external surface is available for adsorption of chromium; despite
there are being a large driving force from chromium per unit surface area of chicken
feathers [29, 32-34].

Table II: External Mass Transfer Coefficient Ks for Different System Variables (A, B, C)

Table Il A: Agitation Speed

Agitation speed (rpm) | 400 700 900 X Y

K*10° 1.137 4.69 6.17 6.725%10° | 2.03

Table 1l B: Length

length (cm) | 0.5 1.0 1.5 2.0 X Y
K*10° 2.04 1.85 1.7 1.47 -1.806*10° | -0.2126
Table Il C; Mass

Mass () 0.85 1.7 3.4 4.25 X Y
K*10° 4.3 3.9 3.42 3.02 4.28*10° -0.209

4- Conclusions

The experimental results from laboratory-scale studies indicate that chicken feathers have the
ability to adsorb considerable quantities of chromium. Removal of hexavalent chromium is
highly pH dependent, the best results where obtained at land 2 values for the pH of the
solution. The adsorption of chromium is assumed to be governed by the reduction of Cr (V1)
into Cr (1) and subsequently by the formation of surface complexes. Adsorption isotherms
have been determined and the data obtained were analyzed using Langmuir, Freundlich and
Redlich- Peterson isotherms. The correlation between three isotherms and experimental data
was reasonable in all cases. The variable affecting the external transport of chromium from
water onto chicken feathers have been studied and correlated against the external mass-
transfer coefficient, Ks , by a mathematical relation. By a log-log correlation, it has been
proved that the external mass-transfer coefficient varies linearly with agitation, size and mass
of chicken feathers .
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5-Nomeclature

Parameter of Langmuir isotherm (dm*/mg)

Parameter of Redlich-Peterson isotherm[(dm*/mg)**]

Equilibrium liquid-phase concentration (mg/dm®)

Initial liquid-phase concentration (mg/dm?®)

liquid-phase chromium concentration at particle surface (mg/dm?®)
liquid-phase chromium concentration at time t (mg/dm?®)

Feathers particle size ( diameter calculated from the length of the feather pieces)
(nm)

Parameter of Freundlich isotherm (dm®/g)

Parameter of Langmuir isotherm (dm®/g)

Parameter of Redlich-Peterson isotherm (dm®/g)

External mass transfer coefficient (cm/s)

Mass of feathers in the adsorber (g)

Mass of feathers per unit volume of feathers — free solution (g/dm®)
Freundlich exponent ( dimensionless)

Equilibrium solid —phase concentration (mg/g)

Dimensionless equilibrium parameter, defined by equation (4)
Outer surface area of clay particle per unit volume of particle — free solution (cm™)
Time (min)

Volume of chromium solution (dm®)

Pre-exponential constant, defined by equation (13)

Exponential factor, defined by equation (13)

Redlich- Peterson exponent ( dimensionless)

Porosity of feathers texture (dimensionless)

True density (g/cm®)
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Fig. 1. Effect of Time on Equilibrium Isotherm for Chromium onto Chicken Feathers
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Fig. 1. Effect of Time on Equilibrium Isotherm for
Chromium onto Chicken Feathers

Fig. 2. Adsorption Isotherm for Chromium onto Chicken Feathers

s | *_
7,
6,
= 5
2
g 4]
3 m=0.1g
5 ] T = 25°C
N V =50dm®
(0] T
0] 5 10 15 20 25 30

Fig. 2. Adsorption Isotherm for Chromium onto
Chicken Feathers
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Fig. 3. Langmuir Plot for Adsorption of Chromium onto Chicken Feathers.
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Fig. 3. Langmuir Plot for Adsorption of Chromium
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Fig. 4. Freundlich Plot for Adsorption of Chromium onto Chicken Feathers
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Figure 5: Redlic-Peterson Plot for Adsorption of Chromium onto
Chicken Feathers

Effect of Agitation on the Adsorption of Chromium onto Chicken Feathers
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Fig. 6. Effect of Agitation on the Adsorption of
Chromium onto Chicken Feathers
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Fig. 7. Plot of ks Versus log rpm for the Adsorption of Chromium onto Chicken
Feathers
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Fig. 7. Plot of ks Versus log rpm for the Adsorption
of Chromium onto Chicken Feathers

Fig. 8. Effect of Length on the Adsorption of Chromium onto Chicken Feathers
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Fig. 9. Plot of log ks Versus log Length for the Adsorption of Chromium onto Chicken

Feathers
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Fig. 10. Effect of Mass of Chicken Feathers on the adsorption of Chromium
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Fig. 11. Plot of log ks Versus log Mass for the Adsorption of Chromium onto Chicken
Feathers.
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