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Abstract

The performance of chemically modified textile waste for a heavy metal treatment is reported in this study. Two sorbents,
which were prepared by a simple and concise method, were able to bind two heavy metals including Pb(II) and Cr(VI), with
very high efficiencies. The binding mechanisms were studied through adsorption tests such as the influence of contact times,
heavy metal concentrations as well as elution study. The overall results showed that the adsorption kinetics was very fast and
attained an equilibrium within 180 min in all metals studied. The maximum single metal uptakes were 11.81 mg/g and 1.97
mg/g, for Pb(II) and Cr(VI), respectively. The sorbent could potentially be effective in treating large volumes of wastewater.
c⃝ 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Due to the high toxicity associated with heavy metals, their continuous output by industries and their presence in
our surrounding water bodies pose environmental threats that need to be addressed urgently. The most commonly
found heavy metals are chromium (Cr(VI)) and lead (Pb(II)), which when present in high concentrations may be
very fatal to human health and the surrounding environment as well [1]. Several methods are available for the
treatment and removal of heavy metals. Currently, adsorption has become the focus of attention for the removal of
heavy metal ions from water and wastewater. This focus is due to the regeneration of adsorbent, the minimization
of chemical and or biological sludge, its high efficiency, the possibility of metal recovery, its flexibility and the
simplicity of the design [2]. New types of adsorbents arose in recent years based on chemically modified textiles
because it has a high adsorption capacity, a fast adsorption equilibrium and easy regeneration.

One adsorption technique is through the chemical modification of cellulose whose high-affinity functional groups
including sulfur-bearing groups that can be introduced for metal binding. Sulfur-bearing groups in particular have
higher affinities for heavy metals and low affinities for light metals. Different sulfur-bearing compounds include
thiols, dithiocarbamates, dithiophosphates and xanthates. Of these, xanthates are the most well-known and are
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widely used owing to their easy preparation from inexpensive reagents, their high insolubility, and their ability to
form stable xanthate metal complexes with heavy metal ions. They are predominantly used in the mining industry
as flotation agents to separate hydrophobic materials from hydrophilic ones. Xanthates function similarly to the
much-used hydroxide precipitation method. However, unlike precipitation, the sludge formed from xanthate metal
complexes can easily settle, can be dewatered and disposed of, and have very promising removal efficiency and
kinetics. Furthermore, metal hydroxide precipitates may release metals into the environment during disposal, and
thus further treatments such as solidification/stabilization should be required [3].

The amount of textile waste has been increasing rapidly in recent years. The increasing world population
inevitably leads to outstripping demand in consumer products such as textiles and apparel. These textile wastes
give rise to many disposal problems and governance issues, and should be recycled in order to achieve sustainable
development. Therefore, this study aims to investigate the effect of chemical modification of textile waste by amino
bearing. Heavy metal removal was evaluated through several factors including the influence of contact time, the
initial metal concentration, the adsorption kinetics, adsorption isotherms as well as the study of elution.

2. Materials and methods

2.1. Adsorbent preparation

Two sources of textile waste, household and industrial, were prepared by chemical modification processes. The
two textile wastes were washed with acetone, and dried at 40 ◦C in a hot air oven before chemical modification.
The chemical modification process was carried out with the following two steps [4]:

• The graft copolymerization of textiles by poly-acrylic acid (PAA) was carried out using free radical
polymerization. Briefly, 5.000 g of pre-treated textile was soaked in 250 ml distilled water in a conical flask.
Then, the redox initiator system [Benzoyl Peroxide (BPO), toluene, Tween-80] was added and the mixture
which was then vigorously shaken for 5 min. The AA monomer was added and the reaction was conducted
for 8 h with stirring at 363 K. The products were filtered and washed with distilled water. Then, the grafted
copolymer was dried at 313 K until achieving a constant weight.

• The finally chelating textiles were prepared by the action of the above Textile-AA with 1000 mL, 10%(v/v)
ethylenediamine solution. The mixture was stirred at 313 K for 8 h. Then, the chelating fibers were filtered
and washed with absolute ethanol then dried at 313 K.

2.2. Batch sorption study

The adsorption capacity of the amino chelating textiles for Pb(II) and Cr(VI) ion were investigated by the
batch method and a single element system. This study evaluated the influence of contact time and the initial metal
concentration. Dried samples of 0.100 g of the chelating textile wastes were added in a 250 mL Erlenmeyer flask
including volumes of 100 mL of the metal ion solution. The mixture was stirred at 25 ◦C. The flask was agitated
on a shaker for 4 h. After filtration of the solution using 40 grade filter papers, the ion concentrations of the filtrates
were analyzed with an atomic adsorption spectrophotometer (AAS), Perkin Elmer, Model: PinAAcle 900F [4].

2.3. Elution study of ions

The elution of metal ions was studied with HNO3 in batch experiments. The metal ion loaded textiles were
placed in an elution medium and stirred at 25 ◦C. The final metal ion concentration in the aqueous phase were
determined with an AAS [5].

3. Results and discussion

3.1. Effect of contact time on the removal of Pb(II) and Cr(VI)

The effect of contact time on the Pb(II) and Cr(VI) adsorption were evaluated in a range of 10 – 210 min and
the initial heavy metal concentration was 50 mg/L.
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As shown in Fig. 1. The adsorption capacity increased gradually as the contact time increased up to 180 min,
thereafter the equilibrium adsorption capacities were recorded, as in the study by Racho and Phalathip [6] that
proposed Pb(II) and Cr(VI) removal by using amino-textiles with equilibrium times of 150 and 180 min, respectively.
The maximum adsorption capacity for Pb(II) and Cr(VI) removal for the modified household textile waste was 2.17
and 1.85 mg/g, respectively, and for the modified industry textile waste it was 2.05 and 1.97 mg/g, respectively.

Fig. 1. Effect of contact time on the removal of (a) Pb(II) with initial concentration 50 mg/L and pH 5 and (b) Cr(VI) with initial
concentration 50 mg/L and pH 3.

3.2. Effect of initial concentration on the removal of Pb(II) and Cr(VI)

The effect of initial concentration on the Pb(II) and Cr(VI) adsorption were evaluated in a range of 10 – 250
mg/L and the contact time was 180 min.

As shown in Fig. 2. The adsorption capacity increased gradually as the initial concentration increased up to 100
mg/L. Above that, the equilibrium adsorption capacities were obtained, as in the study by Coşkun and Soykan [5]
that proposed Pb(II) and Cr(VI) removal by modified textile waste, which become saturated when the metal ion
concentration reached 100 mg/L. The maximum adsorption capacity of Pb(II) and Cr(VI) were about 11.81 mg/g
and 2.19 mg/g, respectively, on modified textile waste from households and for the modified textile waste from
industry the capacities were about 11.58 and 1.63 mg/g for Pb(II) and Cr(VI), respectively.

Fig. 2. Effect of initial concentration on the removal of (a) Pb(II) with contact time 180 min and pH 5 and (b) Cr(VI) with contact time
180 min and pH 3.

3.3. Adsorption kinetics

The data for the uptake time was treated in the form of two simplified kinetic models including the pseudo-first-
order and pseudo-second-order equations [7,8] and the equations are expressed as:

log (qe − qt) = log qe −

(
k1

2.303

)
t (1)
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The pseudo first and second order equations are described by Dong et al. [9]. The values of R2 show that the
pseudo second order equation gave a better fit to the sorption process than a pseudo first order model. The smallest
values of R2 were 0.9567 and 0.9906 for Pb(II) and Cr(VI), respectively as shown in Fig. 3 (see Table 1).

Fig. 3. Pseudo-First-Order Model of (a) Pb(II) and (b) Cr(VI) and Pseudo-Second-Order Model of (c) Pb(II) and (d) Cr(VI).

Table 1. Pseudo first order and Pseudo second order rate constants.

Textile Heavy metals Pseudo-first-order model Pseudo-second-order model

Textile waste from household

Pb (II)
qe(meq /g) 2.67 qe(meq /g) 2.52
k1(min−1) 0.024 k2(g/meq .min) 0.026
R2 0.7497 h(meq /g.min) 0.17

R2 0.9666

Cr (VI)
qe(meq /g) 4.33 qe(meq /g) 2.28
k1(min−1) 0.026 k2(g/meq.min) 0.07
R2 0.7497 h(meq /g.min) 0.36

R2 0.9045

Textile waste from industry

Pb (II)
qe(meq /g) 1.68 qe(meq /g) 2.40
k1(min−1) 0.161 k2(g/meq .min) 0.01
R2 0.9195 h(meq /g.min) 0.06

R2 0.9599

Cr (VI)
qe(meq /g) 1.80 qe(meq /g) 3.13
k1(min−1) 0.014 k2(g/meq .min) 0.01
R2 0.7671 h(meq /g.min) 0.12

R2 0.8199

The adsorption process is generally known to be controlled by the transport of the species to be adsorbed from
the bulk solution to the surface of the adsorbent and then the attachment of the transported species on the surface
of the adsorbent. The rapid adsorption equilibrium for both Pb(II) and Cr(VI) is an indication that the surface of the
modified textile waste was readily available for adsorption. This is different from the activated carbon mechanism
in which many micropores are used. Adsorption takes a very long time to reach adsorption equilibrium or it cannot
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be accessed, which is attributed to the slow internal pore diffusion transport effect and is also dependent on the
micropore dimensions [10].

3.4. Adsorption isotherms

The equilibrium adsorption isotherms of Pb(II) and Cr(VI) on chelating textiles at 293 K were calculated for the
interpretation of the adsorption data, using the Freundlich [11] and Langmuir [12] isotherm models (Eqs. (3) and
(4)):

Ce

qe
=

1
qmaxKL

+
Ce

qmax
(3)

log qe =
1
n

log Ce + log KF (4)

The results suggest that the equilibrium data was described well by the Freundlich isotherm, probably due to
the real heterogeneous nature of the surface sites like –NH3+ and = NH2+ involved in the chromium uptake. To a
lesser extent, the isotherm also gave an acceptable fit indicating that the hexavalent ions were absorbed from the
monolayer coverage on the adsorbent surface. Generally, the application of the Langmuir model seemed to be more
appropriate than that of Freundlich model. This interesting Pb(II) and Cr(VI) adsorption behavior was also found
on polyaniline that contained abundant amine groups ([9]; Deng et al. 2004) (see Table 2).

Table 2. Freundlich isotherm constant.

Textile Heavy metals Freundlich

Kf (mg/g)x(L/g) n R2

Textile waste
from household

Pb(II) 0.05 1 0.9999
Cr(VI) 0.05 1 0.9999

Textile waste
from industry

Pb(II) 0.05 1 0.9997
Cr(VI) 0.05 1 0.9997

3.5. Elution study

An important characteristic of an adsorbent is the possibility for its regeneration for further use. This is why the
elution of the metal loaded fibers was studied. The elution was performed with 1M HNO3, and the elution degrees
of heavy metal ions are presented in Fig. 4. As shown in Fig. 4, the elution degree of Pb(II) is higher than for the
Cr(VI) metal ions. This may be attributed to the weaker coordination bonds between Pb(II) ions and the adsorbent
functional groups. However, the amount of Pb(II) and Cr(VI) adsorbed on the modified textile waste decreased after
each adsorption–regeneration cycle, implying that it was not completely desorbed from the surfaces of the modified
textile waste for each regeneration process.

Fig. 4. Elution degree of heavy metal ions; Pb(II) and Cr(VI).
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4. Conclusions

The following conclusions could be drawn from this conducted experiment:

(1) The adsorption capacity increased gradually as the contact time increased up to 180 min, thereafter the
equilibrium adsorption capacities were obtained.

(2) The adsorption capacity increased gradually as the initial concentration increased up to 100 mg/L., thereafter
the equilibrium adsorption capacities were obtained.

(3) The values of R2 show that the pseudo second order equation gave a better fit to the sorption process than
a pseudo first order model.

(4) The results suggest that the equilibrium data were well described by Freundlich isotherm, probably due to
the real heterogeneous nature of the surface sites like –NH3+ and = NH2+ involved in the chromium uptake.
Generally, the application of the Langmuir model seemed to be more appropriate than that of Freundlich
model. This interesting Pb(II) and Cr(VI) adsorption behavior was also found on polyaniline that contained
abundant amine groups.

(5) The elution degree of Pb(II) is higher than that for the Cr(VI) metal ions. This may be attributed to weaker
coordination bonds between Pb(II) ions and the adsorbents’ functional groups.
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