Human hair as a biosorbent to uptake some dyestuffs from
aqueous solutions
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Human hair waste has been investigated as an adsorbent for the removal of Basic Blue 69
and Acid Blue 25 dyestuffs from aqueous solutions. Batch experiments were carried out to
determine the effects of contact time on this adsorption process where, it was found that the
uptake of dyes was virtually complete after 100 minutes. The maximum adsorption capacity
(gmax) of BB 69 and AB 25 onto untreated human hair was 16.9 mg/g and 5.4 mg/g
respectively. Equilibrium isotherms have been determined for both dyes where, L-shaped
adsorption isotherms were obtained. The experimental results have been fitted with the
Langmuir, Freundlich and Redlich-Peterson models. It is clear from the results that the
Freundlich model fits the experimental data significantly better than the Langmuir and
Redlich-Peterson models.
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1. Introduction

Water is a basic need of life and is used in
many ways to cater the needs of daily life, so
the control of water pollution is one of today’s
major of scientific activity. In recent years
drinking water has become a major issue for
public and political debate. One area that has
received close attention is that of dyestuffs.

The untreated textile processing effluents
are very toxic, since they contain a large
number of metal complex dyes (e.g. Cr or Co
complexes) [1]. The high concentration of such
dyes causes many waterborne diseases and
increases the Biological Oxygen Demand
(BOD) of the receiving waters. Because of their
complex structure and large molecular size,
most dyestuffs are considered as difficult for
removal by conventional, biological and
physical treatment methods [2].

The adsorption technique has been found
to be a useful means for controlling the extent
of water pollution due to dyes and metallic
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species [3]. The major advantages of an
adsorption system for water pollution control
are less investment in terms of both initial
cost and land, simple design and easy
operation, no effect by toxic substances, and
superior removal of organic waste constituents
as compared with conventional biological
treatment processes.

Most work on adsorption to date has been
undertaken using activated carbon, which has
found wide application in wastewater
treatment operations. Other materials studied
for adsorbing dyestuffs are activated silica,
activated alumina [4], peat [5], wood [6], chitin
[7], bagasse pith [8] and maize cob [9]. To
date, no other adsorbent has proved as
versatile as activated carbon. It has been
reported that it is capable of removing specific
contaminants and is, therefore, likely to make
significant contributions to water purification
in the future.

Biosorbents have caught the attention of
many researchers for the removal of heavy
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metals as environmental contaminants from
aqueous solutions, with an abundant
literatures existing with respect to such
processes. For example, spent animal boned
have been used for the removal of copper and
zinc [10], lignite for the removal of mercury,
cadmium and lead [11], immobilized fungal
biomass for the removal of different metal ions
[12], and peanut hulls for the removal of the
cadmium [13]. Human hair has also been
used as a biosorbent for the removal of
different metal ions [14]. The uptake of metal
ions by thesae materials was attributed to
their constituents which contain such
functional groups as carboxy, hydroxyl,
phosphate and amine that act as binders for
these ions. In contrast, literature on the use of
biosorbents for the removal of dyestuffs is very
limited and there is no one in the use of
human hair.

Human hair is made of a fibrous proteina-
ceous material known as keratin that has a
complicated structure and contains a large
surface area. As mentioned earlier, with and
without chemical treatment, human hair has
been showed to be a good biosorbent for metal
ions [14]. The use of such human hair waste
as an adsorbent would help to reduce the cost
of wastewater treatment and would make a
contribution in cleaning the environment.

In the present work, the ability of human
hair not subject to chemical treatment as an
biosorbent for dyestuffs has been examined.
Human hair was chosen because it is
abundant human waste of no commercial use.
The work is directed primarily towards
studying the adsorption isotherms. The
isotherm data have been analysed using three
models, viz. the Langmuir, Freundlich and
Redlich-Peterson. A comparison of the
experimental data with theoretical isotherms
have been studied in order to develop a model
which both accurately represents the
experimental adsorption results and could be
used for design purposes.

2. Materials and methods

The adsorbent used in this investigation
is human hair waste not subject to chemical
treatment. Human hair waste collected from
various local barber shops, were mixed

together, washed, clean of the adhering dirt
with a detergent, rinsed several times with
distilled water and finally dried in an air oven
at 100 °C before being used in the adsorption
experiments.

The adsorbates (dyestuffs) and their
structures used in the experiments are listed
blow. The dyestuffs are wused as the
commercial salts and were supplied by Bayer.

2.1. Basic blue 69, BB69 (astrazone blue FRR
as supplied)

No structure is available for this dye. It
belongs to the methane class of which
chromophore is a conjugate chain atoms
terminated by an ammonium group, and in
addition a nitrogen, sulpher or oxygen atom,
or an equivalent unsaturated group. A general
structure of methane group is

[ I j—CH
N

N.
%
HsC,

2.2. Acid blue 25, ab25 (telon blue anl as
supplied)

The dye was makeup in stock solution of
concentration 1000 mg/dm3® and was
subsequently diluted to require concentration
using distilled water. The concentrations of
the dye staffs in aqueous solution were
determined wusing a  spectrophotometer
(Spectro-Plus MK1A). All measurements were
made at the wave length corresponding to
maximum absorbance, Amax, Which was 585
nm for BB 69 and 600 nm for AB 25. In
accordance with the Lambert-Bear law the
absorbance was found to vary linearly with
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concentration and a dilution of concentrated
samples were undertaken when the absorb-
ance exceed 0.6 to give accurate results.
Adsorption isotherms were determined
using the bottle- point method. The adsorption
capacity of the human hair for dyes was
determined by shaking a constant mass (0.5 g)
of human hair with a fixed volume of 0.05 dm3
of dye solution, in a range of concentrations.
All experiments were carried out at 25+1 °C to
eliminate any temperature effects using
temperature controlled water bath.

3. Results and discussion
3.1. Effect of contact time and concentration

Preliminary tests were undertaken to
assess the contact time necessary for each
system to come to equilibrium, and for
experimental purposes, each system was given
a contact time in excess of this period. So
such information may be used to predict
experimental conditions required to perform
adsorption isotherms.

A series of contact experiments was
undertaken at varying initial dye
concentrations of 400 and 600 mg.dm-3 for BB
69 and 200 and 400 mg.dm-3 for AB 25. figs. 1
and 3 show that a rapid increase of dye
adsorption occurred in all cases at low solid-
phase concentrations (early stages of contact
time) which may be attributed to surface mass
transfer [16]. Figs. 1 and 3 also show that the
amount of dye adsorbed from aqueous
solutions increased with time, where
equilibrium being achieved within 100 min. at
25%1 °C. The plots of adsorption versus time
for both dyes depicted in both figures are
smooth and continuous, indicating mono layer
coverage of dye on the surface of the
adsorbent. However, the percentage of the dye
adsorbed by the adsorbent decreased with
increasing dye concentration. The average
removal of saturation was found to be 39.5%
and 29.2% for 400 and 600 mg dm- initial
concentrations of BB 69 respectively as shown
in fig. 2, compared to 19% and 12.2% for 200
and 400 mg dm-3 initial concentrations of AB

25 respectively as shown in fig. 4.
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Fig. 4. Effect of initial concentration on the removal of
AB25 by adsorption onto natural human hair.

3.2. Equilibrium isotherm

The purpose of studying adsorption
isotherms is, firstly, to measure the
adsorption capacity of each system and
secondly, to ascertain the liquid-solid
equilibrium  distribution of the solute
concerned. The distribution of dyestuff
between the adsorbent and the liquid phase,
when the system is in a state of equilibrium, is
important to establish the capacity of the
adsorbent for dye. Preliminary experiments
showed that such equilibrium was established
within 100 minutes. However, all equilibrium
experiments were allowed to run for 150
minutes.

Fig. 5 depicts the adsorption isotherms for

the two dyestuffs. According to the
classification of Giles et al., [16-17], the
adsorption isotherms obtained may be

classified as L-type. In this case, adsorption is
very efficient at low concentration, but it
becomes increasingly difficult, as the
concentration increases, for a solute molecule
to find a vacant adsorption site.

Analysis of such isotherm data is
important in order to develop a model which
both accurately represents the experimental
adsorption results and could be used for
design purposes. Several isotherm models are
available for this analysis. In this study three
of these have been selected to simulate the
experimental data, namely the Langmuir,
Freundlich and Redlich-Peterson isotherms.

25
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Fig. 5. Adsorption isotherms for BB 69 and AB 25 onto
natural human hair.
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Fig. 6. Langmuir plot for the adsorption of BB 69 and AB
25 onto natural human hair.

The first isotherm tested was that of the
Langmuir which may be represented by the
equation:

qe = (Kp-Ce)/1+a;.C.). (1)

This may be converted into a linear form
convenient for plotting and determining the
constants, Kr and ar:

Ce/qe = I/K) + (ar/Kp) C- (2)

The plots of Ce/ge against Ce for both dyes
are shown in fig. 6 and are fit to be linear over
a certain concentration range. Linear plots of
Ce/qe against Ce suggest the applicability of
the Langmuir isotherm for the present system,
and demonstrate monolayer coverage of the
adsorbate at the outer surface of the
adsorbent [3].
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Table 1

Estimated parameters of the Langmuir model.

Dye K. ar Qgmax. ) Correlation
(dm3/g) (dm3/mg) (mg/g) (-) Coefficient

BB69 0.389 0.023 16.9 0.72 0.94

AB25 0.097 0.018 5.4 0.91 0.93

Values of K. and ar have been calculated
using the least-squares method and are
tabulated in table 1. The values of constant
Ki/aL are important since they represent the
maximum or monolayer adsorption capacity
(gmax) of the natural human hair waste for a
particular dyestuff.

The influence of the isotherm shape on
whether adsorption is favorable or unfavorable
has been considered. For a Langmuir-type
adsorption process the isotherm shape can be
classified by the dimensionless equilibrium

parameter, R , given in eq. (3):

R = 1/(1+a; .Cy). (3)

The equilibrium parameter indicates the
shape of the isotherm as follows:

Values of R Types of isotherms
R>1 Unfavourable
R=1 Linear

0< R<1 Favourable

R=0 Irreversible

Values of Rfor BB 69-hair and AB 25-hair
systems have been calculated and are
tabulated in table 1. The values of R are
depicted in fig. 7, which is a plot of the
dimensionless solid-phase concentration, Q,
against the dimensionless liquid-phase
concentration, Xe for each system. The general
relationship for the equilibrium parameter (R )
for any isotherm is:

J_Q = Xe (1 - Qe) / Qe (1_Xe)7 (4)
where,

Xe = Ce/cre > and Qe = Qe/qref

For a single solute adsorption system, Cref,
is usually  the highest liquid-phase
concentration encountered and grs is the
equilibrium solid-phase concentration co-
existing with Crer. Substituting eq. (4) into eq.
(3) and simplifying, eq. 3 becomes:

R=1/0+ a;.Cy). (5)

Since Cre is the highest liquid-phase
concentration encountered (i.e. Cry = Cp), it
follows that egs. (3) and (5) are identical. The
degree of "favorability" is generally related to
the reversibility of the system. Indeed, the
degree of reversibility of the dye-hair systems

are, 0<R <1, which represents the reversible
isotherm case in the favorable range.

The experimental equilibrium data for the
adsorption of BB 69 and AB 25 onto natural
human hair have also been analyzed using the
Freundlich isotherm as given by eq. ().

q.=Kp.C/™. (6)

The equation may be linearized via a
logarithmic plot which enables the exponent,
n, and the constant, Kr, to be determined from
eq. 7.
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Fig. 7. Equilibrium parameter plot for the adsorption of
BB 69 and AB 25 onto natural human hair.
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log g, = log Kp + (1/n) log C,. (7)

Inspection of the results derived from the
Freundlich analysis and depicted by eq. (7)
shows that a plot of log ge versus log Ce
exhibits some curvature. Indeed, the results
can be better represented by more than one
straight line [18]. A general equation for the
entire concentration range may be expressed
as:

qe =Kp;.C/™ . (8)

Fig. 8 shows the Freundlich isotherms for
both dyes on the basis of eq. 8. The
Freundlich parameters, Kr and n have been
calculated using the least-squares method
applied to the straight lines shown in fig. 8
and are listed in table 2 together with the
appropriate concentration ranges and the
correlation coefficients obtained.

Two important conclusions can be derived
from the data presented in table 2 that the
Freundlich model successfully describes the
adsorption isotherm of the BB 69 and AB 25
over a wide concentration range and suggests
that the adsorption sites were not saturated at
any of the concentration considered in this
study. The magnitude of exponent, n, gives an
indication of the favorability and capacity of
the adsorbent-adsorbate system. Values of n >
1, represent favorable adsorption according to
Treybal [19]. In this work the values of n are
greater than one (n > 1) for both sections of
plot which indicates that the dyes show
favorable adsorption by natural human hair.

Another isotherm which incorporates
intermediate terms between the Langmuir and
Freundlich equations describes the isotherm
better than the classical isotherm models
because of its mathematical flexibility. The
Redlich-Peterson isotherm has been used in
this work and is represented by the eq. (9):

gde = (Kgp- C. )/ (1+ agpe.CE). 9)

For =1, eq. (9) converts to the Langmuir
isotherm; and forl < (agp.C#) it is identical

with the Freundlich isotherm. The linear form
is shown in eq. (10) from which the constants,

Krp, arp and B, which characterize the

isotherm, can be determined:
log {(Kgp-Cc/qc)1} =log agp + B log C,. . (10)

The plot of log {{Krr.Ce/ge] — 1} against log Ce is
shown in fig. 9 and is seen to fit linear over a
certain concentration range. The Redlich-
Peterson parameters have been calculated
using an iterative computer program for data
fitting and minimizing the correlation
coefficient, and are tabulated in table 3.

3.3. Comparison of theoretical isotherms with
experimental results

Using the appropriate constants of the
Langmuir, Freundlich and Redlich-Peterson
models, the theoretical isotherm curves were
predicted using known values of C.. Figs. 10
and 11 show a comparison of the experimental
points with the Langmuir, Freundlich and
Redlich-Peterson models, in order to establish
which model yields the "best fit". Both dyes
showed little significant difference between the
three isotherm models. This means that each
equation was able to adequately predict the
equilibrium behavior, but the Freundlich
models gave good agreement with the
experimental data for the two dyestuffs.
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Fig. 8. Freundlich plot for the adsorption of BB 69 and AB
25 onto natural human hair.
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Table 2
Estimated parameters of the Freundlich model.

First section of plot

Second section of plot

D
ye Kr n C.R. Corr. coeff. Kr n C.R. Corr. coeff.
(dm3/g)  (-) (mg/dm3) (dm3/g) (-) (mg/dm3)
BB 69 1.44 2.14 9.4-113.3 0.99 8.58 10.69 113.3-580 0.95
AB 25 0.25 1.79 29.3-189.3 0.98 3.32 15.46 189.3-650 0.94
C.R. Concentration Range.
Table 3
Estimated parameters of the Redlich-Peterson model.
Dve Krp arp B Correlation
¥ (dm3/g) (dm3/g)1/e (-) Coefficient
BB 69 0.390 3.557 0.92 0.98
AB 25 0.097 0.031 0.90 0.97
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Fig. 9. Redlich-Peterson plot for the adsorption of BB 69
and AB 25 onto natural human hair.
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Fig. 10. Comparison of theoretical isotherm plots with
experimental data for the adsorption of BB 69 onto
natural human hair.

Fig. 11. Comparison of theoretical isotherm plots with
experimental data for the adsorption of AB 25 onto
natural human hair.

4. Conclusions and recommendations

The utilization of human hair waste for the
removal of basic dye (Basic Blue 69) and
acidic dye (Acid Blue 25) from aqueous
solutions was investigated experimentally.
Although the samples were left to equilibrate
for 400 min., the rate of dyes uptake was
almost complete after 100 min. The
experimental results obtained indicate that
the natural human hair has an ability to
adsorb considerable quantities of basic dye,
namely 16.9 mg/g for Basic Blue 69. Lower
capacity was obtained with the acid dye,
namely 5.4 mg/g for Acid Blue 25. Difference
in adsorption abilities of dyestuffs under study
may be due to the relation between their
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functional chemical constitution and that of
the proteinacous adsorbent used.

Equilibrium isotherms have been
determined for both dyestuffs and the data
obtained correlated using equations based on
the Langmuir, Freundlich and Redlich-

Peterson models. Equilibrium parameter (R)
was used to assess the nature of the
equilibrium for dyestuffs and the results
indicated that the two dyestuffs exhibit
"favorable" adsorption onto natural human
hair. Theoretical isotherms were compared
with experimental data and the general results
of this study reveal that the Freundlich
isotherm better fitted the experimental
adsorption data since the correlation
coefficients obtained from its plots were higher
overall than those obtained from the other
models. The present study confirms the
capability of human hair for the removal of
organic pollutants such as some members of
dyestuffs from aqueous solutions and opens
the door for further research designed to
increase this capability by chemical treatment
for human hair (activation process).

Nomenclature:
ar is the parameter of Langmuir isotherm
(dm?/mg)

aRrp is the parameter of Redlich-Peterson
isotherm [(dm3/mg)'-"]

Co is the initial liquid-phase concentration
(mg/dm?)

Ce is  the equilibrium
concentration (mg/dms3)

Crer is the reference
concentration (mg/dms3)

liquid-phase

liquid-phase

Kr is the parameter of Freundlich
isotherm (dms3/g)
KL is the parameter of Langmuir isotherm

(dm3/g)
Krp is the parameter of Redlich-Peterson

isotherm (dm3/g)

n is the Freundlich exponent
(dimensionless)

Qe is the dimensionless solid-phase
concentration at equilibrium

ge is the equilibrium solid-phase

concentration (mg/g)

Qref is the reference solid-phase
concentration at onset of monolayer
coverage (mg/g)

R is the dimensionless equilibrium
parameter, defined by eq. (5)
Xe is the dimensionless liquid-phase

concentration at equilibrium
Greek symbols

p is the Redlich-Peterson
(dimensionless)

Amax  is the wavelength of light at which
absorption is a maximum (nm)

exponent
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