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Abstract: This study aims to investigate the effect of alkalization and chemical coupling methods on the surface
and adsorption properties of waste cotton and cotton/polyester yarns. The simple and cheap alkali treatment was
performed using 10% and 18% NaOH solution, while the chemical coupling method involved combining cotton
and cotton/polyester yarns and fly ash, using sodium carboxymethyl cellulose and sodium alginate as binders.
Morphological and surface characteristics of unmodified and modified cotton and cotton/polyester yarns were
analyzed by scanning electron microscopy and Fourier transform infrared spectroscopy, while adsorption prop-
erties were assessed by the removal of lead and cadmium ions from aqueous solution. It was found that chemical
modification with 18% NaOH solution positively affected the adsorption properties of only cotton yarns, increas-
ing the removal efficiency of lead ions up to 75%. On the other hand, modification with fly ash improves the ad-
sorption properties of both, cotton and cotton/polyester yarns, increasing the efficiency in removing lead ions by
using sodium carboxymethyl cellulose, and cadmium ions by using alginate as a binder. Using the chemical cou-
pling method, effective adsorbents are obtained starting from waste yarn, which gives it added value, the amount
of non-degradable waste material can be reduced and the criteria of a cleaner environment and circular economy
can be met.
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ADSORBENTI NA BAZI OTPADNIH MATERLJALA
ZA UKLANJANJE TESKIH METALA IZVODE:
UPOREDNA ANALIZA TEHNIKA MODIFIKACLJE

Apstrakt: Prediva pamuka i pamuk/poliestra, dobijena kao otpad iz tekstilne industrije, koris¢ena su kao ad-
sorbenti za uklanjanje teskih metala iz vode. U cilju poboljsanja adsorpcionih karakteristika ispitivanih prediva
primenjen je jednostavan i jeftin postupak hemijske modifikacije koris¢enjem 10% i 18% rastvora NaOH, kao i
modifikacija otpadnih prediva kombinovanjem sa jos jednim otpadnim materijalom, letecim pepelom, uz ko-
ri$¢enje natrijum alginata i natrijum karboksimetilceluloze kao veziva. Karakterizacija ispitivanih materijala
je izvrsena u cilju ispitivanja uticaja primenjenih metoda modifikacije na morfoloske, povrsinske i adsorpcio-
ne karakteristike materijala. Analiza morfologije i povrsinskih karakteristika polaznih i modifikovanih mate-
rijala izvrsena je koriscenjem skenirajuce elektronske mikroskopije i infracrvene spektroskopije sa Furijeovom
transformacijom, dok su adsorpcione karakteristike materijala ispitane kroz efikasnost uklanjanja jona olova
i kadmijuma iz vodenih rastvora. Utvrdeno je da hemijska modifikacija natrijum hidroksidom ne dovodi do
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znacajnijeg poboljsanja adsorpcionih karakteristika materijala, osim u slu¢aju modifikacije pamucne prede sa
rastvorom 18% NaOH, pri cemu dolazi do povecanja efikasnosti uklanjanja jona olova do 75%. S druge strane,
modifikacija otpadnih prediva lete¢im pepelom poboljsava njihove adsorpcione karakteristike, povecavajuci
efikasnost uklanjanja jona olova koris¢enjem natrijum karboksimetil celuloze, odnosno jona kadmijuma kori-

s¢enjem natrijum alginata kao veziva.

Kljucne redi: pamuk, pamuk/poliestar, preda, hemijska modifikacija, lete¢i pepeo, teski metali.

1.INTRODUCTION

The high toxicity, non-degradability, and bioac-
cumulation of heavy metals, their constant industri-
al production, and their presence in wastewater and
drinking water represent threats to the environment
and human health that require an urgent solution [1].
Of the heavy metals, lead (Pb(Il)) and cadmium (Cd(ll))
are often present in contaminated water, which even
in very low concentrations can be very harmful to
human health and the environment. Lead poisoning
causes anemia, disorders of the central and peripheral
nervous system, hallucinations, as well as damage to
the renal, osteo skeletal and cardiovascular systems
[2]. Cadmium poisoning causes disorders of kidney
function, damage to the osteo skeletal, respiratory, re-
productive, cardiovascular, hematological, and central
nervous systems; and has carcinogenic effects [3, 4].

In addition to several methods used for water
treatment, adsorption is currently the most attractive
for the removal of heavy metal ions from polluted wa-
ters. The reason for this is the flexibility and simplicity
of the process, labor costs, the possibility of adsorbent
regeneration, and the ability to remove low concentra-
tions of heavy metals from water [5]. Special attention
is paid to the selection of adsorbent, which signifi-
cantly contributes to all the mentioned advantages of
the adsorption process [1]. In recent years, adsorbents
based on different waste materials have been increas-
ingly used, which through physical and chemical mod-
ification provide high adsorption capacity, fast adsorp-
tion equilibrium, and simple regeneration [5].

The global textile market is dominated by cellu-
losic cotton fibers and synthetic polyester fibers. The
impact of these materials from production, consump-
tion and final disposal on the environment is the sub-
ject of extensive research today. Due to the difficulty
in recycling or adding value to the resulting textile
waste, most textile waste is landfilled or incinerated,
neither of which is environmentally sustainable [6].
Therefore, efforts are made to propose an easier and
cheaper method to reduce the growing harmful ef-
fects of textile waste. One way of achieving that goal is
the use of environmentally and economically accept-

able modifications to convert these waste materials
into adsorbents for wastewater treatment [7, 8]. Dif-
ferent physical and chemical modification techniques
may be used to improve the adsorption properties
of cellulosic-based materials. Physical treatments for
surface modification, such as corona, dielectric barrier
and plasma discharges, laser and UV (ultraviolet) irra-
diation [9-12] alter the structural and surface proper-
ties of the fibers without the use of chemical agents.
On the other hand, chemical treatments are applied
to alter the physicochemical and mechanical proper-
ties of fibers and to functionalize the fiber surface by
changing the type and amount of functional groups,
which act as active sites for adsorption. The most
commonly used chemical modification methods are
oxidation, alkalization (mercerization), and chemical
coupling methods.

This study aims to investigate the effect of alkali-
zation and chemical coupling methods on the surface
and adsorption properties of waste cotton and cot-
ton/polyester yarns. The simple and cheap alkali treat-
ment was performed using 10% and 18% NaOH solu-
tion, while the chemical coupling method involved
combining cotton and cotton/polyester yarns and
fly ash, using sodium carboxymethyl cellulose and
sodium alginate as binders. Fly ash is another indus-
trial waste material generated in large quantities and
requires safe disposal [13]. Fly ash is produced in the
coal combustion chamber in thermal power plants
and contains particles in the form of fine glass powder
with a size of 0.5 to 100 pm, which rises with the flue
gases [14]. In recent years, awareness has been raised
about the need to reuse fly ash, and numerous kinds of
research have been conducted in the field of using fly
ash to remove heavy metals and organic compounds
from wastewater [15-17]. Therefore, with the intention
of reusing waste materials and meeting the demands
of a cleaner environment and circular economy, two
kinds of waste materials, cotton and cotton/polyester
yarns and fly ash, were combined for obtaining an effi-
cient adsorbent for purification of wastewater pollut-
ed with lead and cadmium ions.
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2. EXPERIMENTAL
2.1. Preparation of adsorbents

As starting materials for adsorbents preparation,
two kinds of waste materials were used: cotton (P)
and cotton/polyester (50% cotton-50% polyester) (P/
PES) yarns, obtained from the production processes
of the textile factory SIMPO Dekor (Vranje, Serbia),
and fly ash obtained from the power plant Nikola Te-
sla, Serbia.

To change the structural and surface properties
of cotton and cotton/polyester yarns, two types of
chemical modification were applied: modification
with NaOH solution, and modification of cotton and
cotton/polyester yarns with fly ash (FA) using sodium
carboxymethyl cellulose (CMC) and sodium alginate
(Al) as binders. Chemical modification with sodium
hydroxide was carried on by immersing yarn samples
in NaOH solution (10% and 18%), for one hour at room
temperature. In the next step, the yarns were neutral-
ized using 1 % acetic acid, washed with deionized
water, and dried overnight at 60°C. Samples modified
with 10% NaOH were denoted as P10 and P/PES10,
and samples modified with 18% NaOH were denot-
ed as P18 and P/PES18. Modification of cotton and
cotton/polyester yarns with fly ash was performed
through two cycles. In the first modification cycle, 0.1
g of material was weighed and immersed in 4 ml of
a mixture of 0.5% binder solution and 0.1 g of fly ash
for 10 minutes. Obtained materials were dried at 60
°C for 1 h. After drying, the second modification cycle
was performed by re-immersing material in 4 ml of a
mixture of a 0.5% binder solution and 0.1 g of fly ash
for 10 minutes and afterward dried overnight at 60°C.
Samples modified with fly ash using CMC as a binder
were marked as P/CMC/FA and P/PES/CMC/FA, while
samples obtained using Al as a binder were marked
as P/AI/FA and P/PES/AI/FA.

2.2. Characterization of adsorbents

Scanning electron microscopy (SEM JEOL JSM-
6610LV) was used to determine the morphological
characteristics of unmodified and modified materials.

Fourier transform infrared spectroscopy (Nicolet™
iS™ 10 FT-IR Spectrometer, Thermo Fisher Scientific)
was used to examine the content of functional groups
on the material’s surface.

The adsorption characteristics of the examined
materials were tested through the adsorption of Cd
and Pb from an aqueous solution. The unmodified and
modified samples (0.02 g) were immersed in 20 cm? of
an aqueous solution of Pb?" or Cd** of the initial con-

centration 10 mg dm=in a batch system with constant
mixing (150 rpm) for 3 hours. After the adsorption
experiment, the metal concentration was measured
by an atomic absorption spectrometer. Based on the
obtained results, the removal efficiency of examined
samples was calculated using the following equation:
RE =0 =C 100, %
Co

where c_is the equilibrium and c, is the initial concen-
tration of metal ions in solution (mg dm3).

3. RESULTS AND DISCUSSION

The structure and surface morphology of unmod-
ified and modified cotton yarn samples are shown in
Figure 1. Cotton fibers within the structure of unmod-
ified yarns (Figure 1a) are spirally twisted and with a
relatively smooth surface. Applied alkali treatment
leads to increased surface roughness, featured by lon-
gitudinal cracks along the fiber, especially for the sam-
ple P18 (Figure 1c) where mercerization also induced
higher liberation of cotton fibers in the yarn structure.

Figure 2 shows the morphology of unmodified
and modified cotton/polyester yarn samples. The
morphology of unmodified cotton-polyester yarns
(Figure 2a), is characterized by the presence of cotton
components and the presence of polyester fibers with
a uniform tubular structure and smooth surface. It can
be noticed that applied alkali treatment has no influ-
ence on the morphology of the polyester component
(Figures 2b and 2¢).

Figures 1d and 1e, and Figures 2d and 2e show
the structure of cotton and cotton/polyester yarns
combined with fly ash using alginate and CMC as
binders, respectively. Fly ash is incorporated between
cotton (Figures 1d and 1e), and cotton and polyester
components (Figures 2d and 2e), and bound to them
with an added binder.

Qualitative analysis of the functional groups
present on the surface of unmodified and modified
samples was analyzed by Fourier transform infrared
spectroscopy. FTIR spectra for unmodified and alka-
li-modified cotton and cotton/polyester yarn samples
are shown in Figure 3. The wide band between 3350
and 3250 cm™' is assigned to the stretching vibra-
tions of the O-H bond (hydroxyl groups), whereas the
bands around 2920 and 2850 cm™' are to be ascribed
to asymmetric and symmetric C-H stretching vibra-
tions, respectively. The broad peak around 1630 cm™
can be attributed to the aromatic skeletal vibration
or C=0 stretching vibrations of carbonyl groups [18].
The bands in region 1150-1000 cm™" are assigned to
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Figure 1: SEM photography of unmodified and modified cotton yarns:
a) P b) P10, c) P18, d) P/AI/FA, and e) P/CMC/FA

Figure 2: SEM photography of unmodified and modified cotton/polyester yarns:
a) P/PES, b) P/PES10, c) P/PES18, d) P/PES/AI/FA, and e) P/PES/CMC/FA

cellulose, indicating C-O and C-C stretching. Peaks at
1710 and 1240 cm™ (Figure 3b) originated from the
ester group, while peaks at 1505 cm™ originated from
aromatic systems in polyester chains [19].

Applied alkali treatment increased the availabili-
ty of surface functional groups which is visible from
the increase in the peak intensity of hydroxyl (bend in
the range 3350-3250 cm™) and carbonyl (1240 cm™)
groups. Also, absorption shoulders at 3487 cm™ and
3444 cm™ (Figure 3a), observed for sample P18, are
characteristic for the general and specific O(3)H...O(5)

intramolecular hydrogen-bonding of hydroxyl groups
in cellulose Il, respectively. This confirms that treat-
ment with 18 % NaOH caused the polymorphic trans-
formation of the origin cotton fibers crystal structure
of cellulose (cellulose I) to more reactive cellulose 1 [20,
21]. Applied modification, and an increase in NaOH
concentration, lead to the increase in the intensity of
bands at 1710 and 1240 cm™' (Figure 3b) and alter the
surface chemistry of cotton components (changes in
the region 1150-1000 cm™). Applied treatments in-
duce the opening of the yarn structure, making ester
groups more available.
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Figure 3: FTIR spectra of unmodified and alkali-modified a) cotton and b) cotton/polyester yarns

FTIR spectra of cotton and cotton/polyester yarns
modified with fly ash in the presence of the binder,
along with the FTIR spectra of FA, are shown in Figure
4. Compared to the FTIR spectra of unmodified P and
P/PES samples, no additional bands are displayed on
the FTIR spectra of samples modified with fly ash. A
noticeable decrease in the intensity of the character-
istic bands in the FTIR spectra of samples P/Al/FA and
P/PES/AI/FA indicates that using alginate as a binder
result in higher coverage of the surface of the yarns.

Unmodified and modified cotton and cotton/
polyester yarns were used as adsorbents for lead and
cadmium ions from the single-ion solutions. The effi-

ciencies of the examined samples in removing the lead
and cadmium ions from water are given in Figure 5.
Unmodified cotton yarn shows slightly better lead and
cadmium ions removal efficiency than unmodified cot-
ton/polyester, due to the low adsorption capacity of a
smooth and non-porous polyester component.

According to the results of characterization,
applied alkali treatment leads to increased surface
roughness, while mercerization induces higher libera-
tion of cotton fibers and polymorphic transformation
into more reactive cellulose Il. Therefore, it could be
expected that alkali treatment will have a positive ef-
fect on the adsorption properties of yarns.

Figure 4: FTIR spectra of a) cotton and b) cotton/polyester yarns modified with fly ash

Figure 5: The removal efficiency of unmodified and modified
a) cotton and b) cotton/polyester yarns for the removal of lead and cadmium ions
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However, applied alkali treatment only positively
affects the adsorption properties of cotton yarns for
lead ions removal, increasing the removal efficiency
of P18 up to 75%.

Generally, examined yarn samples show higher
efficiency in removing lead ions. The exceptions are
the samples modified with fly ash using alginate as
a binder since they show a higher ability to remove
cadmium ions from water, with a removal efficiency of
approximately 85% for sample P/PES/AI/FA.

Modification by the chemical coupling method
has a higher impact on the adsorption characteristics
of cotton polyester yarns due to the coverage of the
polyester surface with binder and fly ash, which have
a higher adsorption potential.

4. CONCLUSION

The impact of textile materials from production,
consumption, and final disposal on the environment
is the subject of extensive research nowadays. Fly
ash is another industrial waste material generated in
large quantities and requires safe disposal. One way
to reduce the growing harmful effects of industrial
waste is the use of environmentally and economically
acceptable methods to convert these waste materi-
als into adsorbents for wastewater treatment. In this
study the effect of alkalization and chemical coupling
methods on the surface and adsorption properties on
two kinds of waste materials, cotton and cotton/poly-
ester yarns and fly ash was investigated. Applied alkali
modification, and an increase in NaOH concentration,
alter the structure and surface chemistry of cotton
yarns and induce the opening of the yarn structure.
This treatment also makes ester groups in the polyes-
ter component in cotton/polyester yarns more avail-
able. However, this method of modification positive-
ly affected only the adsorption properties of cotton
yarns for lead ions removal, increasing the removal
efficiency to 75%. The chemical coupling method of
modification had a greater impact on the adsorption
properties of cotton polyester yarns, where the cov-
ering of polyester fibers with fly ash and binder con-
tributes to the increase in the number of active sites
for binding metal ions. The relatively high removal
efficiencies obtained for lead ions on P/PES/CMC/FA
(77%) and cadmium on P/PES/AI/FA (85%) indicate
that these materials can be used as adsorbents for
heavy metals removal from water. Thus, the success-
ful reuse of waste materials was carried out, and at
the same time, the goals of sustainable development,
circular economy, and environmental protection were
achieved.

ACKNOWLEDGMENT

This research was supported by the Science Fund
of the Republic of Serbia, GRANT No 7743343, Serbi-
an Industrial Waste towards Sustainable Environment:
Resource of Strategic Elements and Removal Agent
for Pollutants - SIWA4SE.

REFERENCES

[1] Gupta, A., Sharma, V., Sharma K., Kumar, V., Choud-
hary, S., Mankotia, P, Kumar, B., Mishra, H., Moulick,
A., Ekielski A., Mishra, PK. (2021). A Review of Adsor-
bents for Heavy Metal Decontamination: Growing
Approach to Wastewater Treatment, Materials, 14
(16),4702.

[2]Wani, A.L., Ara, A., Usmani, J.A. (2015). Lead toxicity:
a review, Interdisciplinary toxicology, 8 (2), 55-64.

[3] Rafati-Rahimzadeh, M., Rafati-Rahimzadeh, M., Ka-
zemi, S., Moghadamnia, A. (2017). Cadmium toxicity
and treatment: An update, Caspian Journal of Inter-
nal Medicine, 8 (3), 135-145.

[4] Genchi, G., Sinicropi, M.S., Lauria, G., Carocci, A,
Catalano, A. (2020). The Effects of cadmium toxicity,
International Journal of Environmental Research and
Public Health, 17 (11), 3782.

[5] Racho, P, Waiwong, W. (2020). Modified textile
waste for heavy metals removal, Energy Reports, 6,
927-932.

[6] Subramanian, K., Sarkar, M.K., Wang, H., Qin, Z,,
Chopra, S.S., Jin, M., Kumar, V., Chen, C, Wing, C,
Tsang, A., Lin, C.S.K. (2021). An overview of cotton
and polyester, and their blended waste textile val-
orization to value-added products: A circular econ-
omy approach - research trends, opportunities and
challenges, Environmental Science and Technology,
52(21),3921-3942.

[7]1 Bediako, J.K., Wei, W., Yun, Y. (2016). Low-cost re-
newable adsorbent developed from waste textile
fabric and its application to heavy metal adsorption,
Journal of the Taiwan Institute of Chemical Engineers,
63, 250-258.

[8] Mihajlovi¢, S., Vukcevi¢, M., Peji¢, B., Peri¢-Gruiji¢,
A., Risti¢, M., Trivunac, K. (2021). Waste Cotton and
Cotton/Polyester Yarns as Adsorbents for Removal
of Lead and Chromium from Wastewater, Journal of
Natural Fibers, 19 (15), 9860-9873.

[9] Bledzki, A.K, Gassan, J. (1999). Composites rein-
forced with cellulose based fibres, Progress in Poly-
mer Science, 24 (2), 221-274.



TEKSTILNA INDUSTRIJA - Vol. 71, No 1, 2023

[10] Belgacem, M.N., Gandini, A. (2005). The surface
modification of cellulose fibres for use as reinforc-
ing elements in composite materials, Composite In-
terfaces, 12 (2), 41-75.

[11] Mukhopadhay, S., Fangueiro, R. (2009). Physical
modification of natural fibers and thermoplastic
films for composites — A review, Journal of Thermo-
plastic Composite Materials, 22 (2), 135-161.

[12] Faruk, O., Bledzki, A.K., Fink, H-P, Sain, M. (2012).
Biocomposites reinforced with natural fibers: 2000-
2010, Progress in Polymer Science, 37 (11), 1552-1596.

[13] Mishra, A., Tripathi, B.D. (2008). Utilization of fly
ash in adsorption of heavy metals from wastewa-
ter, Toxicological & Environmental Chemistry, 90 (6),
1091-1097.

[14] Nordin, N., Abdullah, M.M.A.B., Tahir, M.F.M., San-
du, AV, Hussin, K. (2016). Utilization of fly ash waste
as construction material, International journal of
conservation science, 7 (1), 161-166.

[15] Hatas, P, Kotodynska, D., Ptaza, A., Geca, M., Hu-
bicki, Z. (2017). Modified fly ash and zeolites as an
effective adsorbents for metal ions from aqueous
solution, Adsorption Science & Technology, 35 (5),
519-533.

[16] Ochedi, F.O,, Liu, Y., Hussain, A. (2020). A review
on coal fly ash-based adsorbents for mercury and
arsenic removal, Journal of Cleaner Production, 267,
122143.

[17]1 Zhovu, J., Xia, K., Liu, X., Fang, L., Du, H., Zhang, X.
(2021). Utilization of cationic polymer-modified fly
ash for dye wastewater treatment, Clean Technolo-
gies and Environmental Policy, 23 (4), 1273-1282.

10

[18] Zhang, H., Ming, R,, Yang, G., Li, Y., Li, Q., Shao, H.
(2015). Influence of alkali treatment on flax fiber for
use as reinforcements in polylactide stereocomplex
composites, Polymer Engineering and Science, 55
(11),2553-2558.

[19] Younis, A.A. (2016). Evaluation of the flammabili-
ty and thermal properties of a new flame retardant
coating applied on polyester fabric, Egyptian Jour-
nal of Petroleum, 25, 161-169.

[20] Oh, S.Y., Yoo, D. I, Shin, Y., Seo, G. (2006). FTIR anal-
ysis of cellulose treated with sodium hydroxide and
carbon dioxide, Carbohydrate Research, 340 (3), 417-
428.

[21] Siroky, J., Blackburn, R.S., Bechtold, T, Taylor, J,,
White, P. (2010) Attenuated total reflectance Fou-
rier-transform Infrared spectroscopy analysis of
crystallinity changes in lyocell following continuous
treatment with sodium hydroxide, Cellulose, 17 (1),
103-115.

Primljeno/Received on: 29.12.2022.
Revidirano/ Revised on: 09.03.2023.
Prihva¢eno/Accepted on: 10.03.2023.

© 2021 Authors. Published by Union of Textile Engi-
neers and Technicians of Serbia. This article is an open
access article distributed under the terms and condi-
tions of the Creative Commons Attribution 4.0 Inter-
national license (CC BY) (https://creativecommons.
org/licenses/by/4.0/)



	naslovna korica casopis 2023 prvi
	Page 1

	unutrasnja prednja korica casopis 2023 prvi
	Page 1

	tekstilna industrija 1-2023 final color 71
	zadnja unutra korica casopis 2023 prvi smanjena
	Page 1

	zadnja korica spolj casopis 2023 prvi
	Page 1




