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ORGANIC DYES ADSORPTION ON CARBON ADSORBENTS
DERIVED FROM WASTE COTTON AND COTTON/POLYESTER
YARN

Marina Maleti¢!, Marija Vuké&evi¢?', Biljana Peji¢**, Mirjana Kosti¢?,
Aleksandra Perié¢ Gruji¢?

!(Innovation Center of Faculty of Technology and Metallurgy, Belgrade, Serbia)
2(University of Belgrade, Faculty of Technology and Metallurgy, Belgrade, Serbia)
*marijab@tmf.bg.ac.rs
3(Academy of Technical and Art Applied Studies Belgrade, Department of Textile for
Design, Technology and Management, Belgrade, Serbia)

ABSTRACT: In an attempt 1o reuse fibrous textile waste, and at the same time (o reduce
its quantity, waste cotton-based yarn was used as a cheap and sustainable precursor for
carbon adsorbents production. Cotton and cotton/polyester yarn samples were
carbonized using hydrothermal and classical carbonization and activated using KOH as
activating agent. Nitrogen adsorption-desorption isotherms, scanning electron
microscopy, Fourier transform infrared spectroscopy, and Boehm titration methods
were used to analyze the structural and surface properties of obtained carbon samples.
The adsorption properties of cotton-based carbon materials were tested through the
adsorption of selected organic dyes from water. The influence of contact time, initial
concentration, and pH value of adsorbate solution on adsorption was examined and
experimental data were processed by theoretical models. 1t was found that the
adsorption properties of carbonized samples were negatively dffected by the presence of
a polyester component in the precursor structure. Nevertheless, the cotton-based carbon
adsorbents obtained by carbonization, and subsequent activation proved to be highly
efficient adsorbents for organic dye removal from water-

Keywords: cotton, polyester, carbonization, chemical activation, adsorption, organic.

ADSORPCIJA ORGANSKIH BOJA NA UGLJENICNIM
ADSORBENTIMA DOBIJENIM OD OTPADNOG PREDIVA
PAMUKA I PAMUK/POLIESTRA

APSTRAKT: U cilju iskoriséenja vlaknastog tekstilnog otpada, kao i smanjenja njegove
kolicine, otpadna prediva na bazi pamuka su koriséena kao jeftina sirovina za
proizvodnju ugljenicnih materijala. Pamucno predivo, kao i predivo mesavine pamuka i
poliestra, karbonizovani su primenom klasicne ili hidrotermalne karbonizacije, i
naknadno aktivirani u prisustvu KOH kao aktivirajuéeg agensa. Strukturne i povrsinske
karakteristike dobijenih ugljeniénih materijala ispitane su analizom adsorpciono-
desorpcionih izotermi azota i rezultata Bemovih titracija, kao i skenirajucom
elektronskom  mikroskopijom i infracrvenom  spektroskopijom sa  Furijeovom
transformacijom. Adsorpcija odabranih organskih boja iz vodenih rastvora je koriséenja

Union of engineers and textile technicians of Serbia
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za ispitivanje adsorpcionih karakteristika, a ispitan Je i uticaj vremena kontakia, pocetne
koncentracije i pH vrednosti rastvora adsorbata na adsorpcione kapacitete ugljenicnih
adsorbenata. Pokazano je da prisustvo poliestarske komponente u strukturi prekursora
ima negativan uticaj na adsorpcione  karakieristike materijala dobijenih samo
karbonizacijom. S druge strane, svi uzorci uglienicnih  materijala dobijeni
karbonizacijom preda na ba-i pamuka i naknadnom aktivacijom pokazuju visoku
efikasnost u uklanjanju boja iz vode.

Kljucne reci: pamuk, poliestar, karbonizacija, hemijska aktivacija, adsorpcija, organske
boje.

1. INTRODUCTION

Various carbon materials have been widely used as adsorbents for the removal of
organic and inorganic pollutants from wastewater. The high adsorption capacity of these
materials is a consequence of the developed specific surface area and porosity, as well as
the presence of a wide range of surface functional groups. These surface characteristics
depend on the nature of the starting raw material, applied method for production, and
production parameters such as temperature program, presence and amount of activation
agents [1]. It has been shown in the literature that by carbonization and subsequent
chemical activation in the presence of KOH, as an activating agent, microporous carbon
materials with a highly developed specific surface can be obtained [2]. In recent years,
great attention has been paid to the use of different types of lignocellulosic waste
materials as starting materials for obtaining efficient carbon adsorbents, due to their
specific structure and chemical composition rich in carbon [3-7]. This kind of
lignocellulosic waste reusage reduces its amount in the environment and reduces a cost
of waste disposal.

The aim of this work was to examine the possibility of using textile waste in the form of
yarn, as precursors for obtaining carbon materials. Waste cotton and cotton/polyester
yarn samples were transformed into carbon materials using hydrothermal and classical
carbonization, as well as activation of the carbonized material in the presence of KOH.
The adsorption properties of cotton-based carbon materials were tested through the
efficiency of materials to adsorb selected organic dyes from water. The influence of
contact time, initial concentration, and PH value of adsorbate solution on adsorption was
studied, and experimental data were processed by theoretical models. Also, the influence
of the starting raw material on the surface and adsorption characteristics of obtained
carbon materials was examined.

2. MATERIALS AND METHODS
Textile waste in the form of cotton and a mixture of cotton and polyester (1:1) yarn,

obtained from the Simpo Dekor factory (Vranje), was used as a raw material for
obtaining carbon adsorbents by hydrothermal and classical carbonization, as well as

Savez infenjera i tehnicara tekstilaca Srbije
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chemical activation. Hydrothermal carbonization of the yarn was carried out in an
autoclave at a temperature of 180 °C, under increased generated pressure, for 24 hours.
The carbonization reaction mixture consisted of 6 g of yarn, 400 cm?® of distilled water
and 0.015 g of citric acid, which was used as a catalyst. After hydrothermal
carbonization, the solid product was filtered and washed with methanol and distilled
water. Classical carbonization was performed in an inert nitrogen atmosphere at 900 °C,
with a heating rate of 5 °C/min. After hydrothermal and classical carbonization, the
obtained materials were activated in the presence of KOH, as an activating agent, where
the mass ratio of KOH and carbonized yarn was 1:2. Activation was performed in an
electric furnace, in an inert nitrogen atmosphere at a temperature of 900 °C, with a
heating rate of 5 °C/min. Eight carbon materials were obtained, marked with Cottn,
Cott/PESy, Cott., Cott/PES., AcCotth, AcCott/PESy, AcCott. and AcCott/PES., where
Cott stands for cotton yarn as the starting raw material, Cott/PES for a mixture of cotton
and polyester, h for hydrothermal, and ¢ for classic carbonization, while Ac represents
the designation for activation.

The morphological characteristics of the obtained materials were determined by
scanning electron microscopy (Mira Tescan 3X, Tescan Orsay Holding, Czech
Republic). The specific surface area (Sper), and microporous surface area (Smicro) Of the
material, as well as the total pore volume (Vioal), Were obtained by the BET method,
using a Micromeritics ASAP 2020 instrument. Fourier transform infrared spectroscopy
(FTIR) was used to characterize functional groups on the surface of carbon materials.
FTIR spectra of the samples were recorded in the range of wave numbers 400-4000 cm',
on Bomem MB-Series, Hartmann Braun. The Boehm method was used for the
determination of acidic and basic oxygen groups, present on the surface of the carbon
adsorbents. For the determination of the acidic sites, 0.1 g of tested samples were mixed
with 10 em® of 0.1 M NaOH solutions in 25 cm® beakers. The beakers were sealed and
shaken for 24 h. The solutions were then filtered and titrated with 0.05 M H2SOs.
Similarly, the basic sites were determined by mixing 0.1 g of the examined materials
with 10 em® of 0.1 M HCI. The obtained solutions were titrated with 0.1 M NaOH.
Adsorption experiments were performed in a batch system, with constant mixing (200
rpm). For adsorption efficiency examination, a sample of carbon adsorbent (0.02 g) was
immersed in 25 cm® of an aqueous dye solution with an initial concentration of 10
mg/dm’. For this purpose, solutions of methylene blue (MB), brilliant green (BG),
Congo red (CR), methyl orange (MO) and crystal violet (CV) were used. The influence
of contact time was examined by adsorption of methylene blue onto 0.05 g AcCott. and
AcCott/PES. from 100 cm® of MB solution (50 mg/dm?®). At certain time intervals (3, 5,
10, 15, 30, 60, 120, and 180 minutes) samples were taken, and the MB concentration
was determined by a visible spectrophotometer. The experimental data were analyzed
using the pseudo-first (Eq 1) and the pseudo-second order model (Eq 2):

g = (1 — "%} (1

-1

L
qe =Qe“(;;+k:f) (2)
where g (mg/g) is the equilibrium adsorbed amount of adsorbate per unit mass of
adsorbent, q, (mg/g) is the amount of adsorbate per unit mass of adsorbent in time t

Union of engineers and textile technicians of Serbia
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(min), ki (1/min) and k» (g/(mg min)) are the pseudo-first, and the pseudo-second order
rate constants.

The influence of initial adsorbate concentration on adsorption was examined
through the adsorption of MB (25 cm?, initial concentration of 10, 30, 40, 50, and 70
mg/dm®) onto 0.02 g AcCott. and AcCott/PES.. Collected data were fitted with
Langmuir (Eq 3) and Freundlich (Eq 4) adsorption isotherm:

o Qﬁbfz
T = o ()
i ;" £
g. =K: 7 (4)

where C. (mg/dm’) is the equilibrium concentration of adsorbate in the solution, Qo
(mg/g) is the maximum adsorption capacity, b (dm*/mg) is the Langmuir constant, and
K¢ ('mg'!'""dm’/ng™) and 1/n are empirical Freundlich constants.

3. RESULTS AND DISCUSSION

The adsorption efficiency of hydrothermally and classically carbonized and activated
cotton and cotton/polyester yarn to remove selected organic dyes from water is given in
Figure 1. Generally, among the selected organic dyes, all tested cotton-based carbon
adsorbents show good adsorption efficiency for the removal of MB. It was found that
samples obtained by hydrothermal and classical carbonization show lower adsorption
efficiencies than activated samples. For all tested dyes, samples AcCott. and
AcCott/PES), showed the highest adsorption efficiencies. It seems that the presence of a
polyester component in the starting material affects the adsorption efficiency of activated
samples differently, depending on the applied carbonization method: for the samples
obtained by hydrothermal carbonization and activation, the presence of PES component
increases adsorption efficiency, while for the samples obtained by classic carbonization
and activation adsorption efficiency decreases. In order to examine the influence of the
PES component on surface and adsorption properties, characterization of the samples
AcCottc and AcCott/PES. was performed, along with the detailed examination of the MB
adsorption.
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Figure 1: Adsorption efficiency of cotton-based carbon adsorbents for removal of

selected dyes from water
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Scanning electron micrographs of starting cotton and cotton/polyester yarn samples are
shown in Figures 2a and 2b, while Figures 2c and 2d show the morphology of
carbonized and activated samples.

Figure 2: Scanning electrn microahs of a) cotton yarn, b) cotton/polyester yarn, c)
AcCott. and d) AcCott/PES.

The cotton fibers within the structure of starting cotton and cotton/polyester yarn
samples are spirally twisted, with the structure looking like a twisted ribbon (Figures 2a
and 2b). Also, the polyester component from the structure of starting cotton/polyester
yarn is characterized by a straight filament, with a noticeably smooth surface. According
to Figures 2c and 2d, carbonized and activated cotton components retain their fibrous
structure, while in the case of the AcCott/PES. polyester component most likely
decomposes and disappears during activation, and appears to form a thin coating on the
activated cotton component.

Figure 3 shows the FTIR spectra of the tested samples. Both samples show a broad band
in the region of 3450-3650 cm’', which originates from stretching vibrations of the O-H
bond in carboxyl or hydroxyl groups. Peaks at 2855 cm™ and 2925 cm’ originate from
the symmetrical and asymmetrical vibrations of the C-H bond in methyl and methylene
groups [8]. Also, a band at 1640 cm™ can be observed, which originates from the
bending vibrations of the O-H bond, or the stretching vibrations of the aliphatic C=C
bond, while the peak at 1384 cm! originates from the deformational vibration of the C-O
bond in the carboxyl group [9].

Union of engineers and textile technicians of Serbia
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Figure 3: FTIR spectra of AcCott, and AcCott/PES,

The specific surface area (SBet), microporous surface area (Smicro), and the total pore
volume (Vi) of AcCott, and AcCott/PES,, are given in Table 1. It is evident that
starting from cotton and cotton/polyester yarn as carbon precursors, microporous
materials with a highly developed specific surface area can be obtained by carbonization
and activation in the presence of KOH. This double pyrolysis procedure of
cotton/polyester yarn leads to some higher Sper and Suico values in the case of
AcCott/PES,, due to the decomposition of the synthetic component (also confirmed by
SEM photographs) with the opening of the pores upon activation in the presence of
OH.

The Boehm method was used to determine the amounts of acidic surface oxygen groups
(carboxyl, lactone, phenol), and basic functionalities (chromene, ketone, and pyrone
groups, along with the delocalized m-electrons of graphene layers). It was found that
sample AcCott. contains a higher amount of surface oxygen groups, both acidic and
basic, and that the surface of both examined samples has a distinctly acidic character,
due to the much higher amount of acidic surface groups.

Table 1: Surface properties of AcCott, and AcCott/PES,

Amount of  Amount of

Sample SBET, M2 Siicros MYZ View, cm’/g gz:zf;, g?glsxgs,
mmol g! mmol g'!
AcCott, 885.8 663.3 0.518 3.939 0.713
AcCott/PES, 913.1 756.1 0.511 3.763 0.361

The influence of the initial pH value of the MB solution on the adsorption capacities of
AcCott. and AcCott/PES, is shown in F igure 4. Adsorption of MB onto AcCott. does not
depend on the initial pH, since this sample completely removed MB from the water
solution. On the other hand, adsorption on AcCott/PES. is influenced by the initial pH
value of MB solution and the highest adsorption capacity was obtained on pH=$.
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Therefore, all following adsorption experiments were performed from MB solution with

initial pH value adjusted on 8.
12
1

- - . -
12
-
o 114 -
>
£ -
104
o L]
o = AcCott,
« AcCott/PES_
8

pH2  pH4  pHE  pH8
Figure 4: The influence of the initial pH value of MB solution on adsorption

The influence of contact time and initial MB concentration on adsorption is shown in
Figure 5, along with the fitting of experimental data with theoretical models. Adsorption
capacities of both samples increase with time and initial concentration, whereby AcCott.
shows a significantly higher adsorption capacity, despite the lower specific surface area.
It is evident that specific surface area does not have a crucial influence on adsorption
performance, and that a higher amount of surface oxygen groups increases the
adsorption capacity of cationic MB. Sample AcCott. exhibits fast adsorption, reaching
the equilibrium within 10 minutes, while adsorption onto AcCott/PES. slows down after
60 minutes, but does not reach equilibrium in examined time interval of 180 minutes
(Figure 5a). According to the correlation coefficients (R?) MB adsorption on both
samples follows the pseudo-second order kinetic. Although adsorption capacity increases
with the initial concentration, there is no characteristic plot on the qe-C. dependence
(Figure 5b), which indicate the lack of surface saturation in an examined concentration
range, especially in the case of AcCott.. Adsorption equilibrium data were fitted with
Langmuir and Freundlich isotherm models and obtained parameters are summarized in
Table 2.

Table 2: Langmuir and Freundlich parameters for MB adsorption on AcCott. and

AcCott/PES.
Langmuir isotherm Freundlich isotherm
Sample , ) Ky, mg" 2
Qomg/e  4im = !"dm’/ng’! Li =
AcCottc 82.57 27.93 0.93757 73.30 0.178  0.75507

AcCott/PES. 79.45 0.157 0.92797 14.40 0.401 0.91954
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Figure 5: The influence of a) contact time and b) initial concentration on MB
adsorption onto AcCott, and AcCott/PES,

Adsorption equilibrium data were fitted with Langmuir and Freundlich isotherm models
and obtained parameters are summarized in Table 2. Based on the correlation
coefficients (R?) adsorption of MB onto examined samples can be better described by
Langmuir isotherm model.

The higher adsorption capacity of AcCott. is confirmed by the values of Qo and K.
Obtained values of heterogeneity factor (I/n) were less than unit, indicating that
adsorption on examined cotton-based carbon adsorbents was a chemical process that
occurs on the surface functional groups [4].

4. CONCLUSION

Different carbon adsorbents were obtained by classical and hydrothermal carbonization,
and chemical activation, using textile waste in the form of cotton and cotton/polyester
yarn as carbon precursors. Adsorbents obtained by carbonization and subsequent
activation proved to be the most effective for the removal of selected organic dyes from
water. It was found that the chemical composition of starting material, i.e., the presence
of a polyester component in the structure of the yarn, affects the surface properties,
morphology, and consequently, adsorption properties of the resulting cotton-based
carbon adsorbents. In the case of cotton-based carbon adsorbents obtained by classic
carbonization and consequent activation, the presence of the polyester component
induced a higher specific surface area. but also a lower amount of surface oxygen
groups, which led to the lower capacity for adsorption of methylene blue. Nevertheless,
obtained results have shown that waste cotton yarn can be utilized for the preparation of
highly efficient carbon adsorbent for the fast removal of methylene blue from water.
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