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Abstract: In an attempt to reuse fibrous textile waste, and at the same time to reduce its quantity, waste hemp and 
flax fibers, and cotton yarn were used as cheap and sustainable adsorbents for the removal of pharmaceuticals 
from water. In order to improve their adsorption properties, waste fibers, and yarn samples were modified using 
18% NaOH solution. Morphology, surface chemistry, and structural characteristics were examined through scan-
ning electron microscopy, Fourier transform infrared spectroscopy, degree of surface crystallinity, and crystallinity 
index. Adsorption properties were analyzed through the determination of iodine sorption and water retention, as 
well as, the adsorption of selected sedatives. Modification with 18% NaOH increased the content of amorphous 
areas in examined fibers and yarn samples, improving their adsorption characteristics. Utilization of both unmod-
ified and modified samples enables fast and highly efficient removal (adsorption efficiency ranging from 75 to 
100%) of sedatives from water, making waste hemp and flax fibers and cotton yarn samples promising adsorbents 
for water treatment.
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UTICAJ STRUKTURE I HEMIJSKOG SASTAVA 
CELULOZNOG OTPADA NA ADSORPCIJU 

FARMACEUTIKA
Apstrakt: U cilju smanjenja količine vlaknastog tekstilnog otpada, kao i njegove ponovne upotrebe, u ovom 
radu je ispitana mogućnost primene otpadnih vlakana konoplje i lana i pamučnog prediva, kao jeftinih i održi-
vih adsorbenata za uklanjanje lekova iz vode. Izvršena je hemijska modifikacija otpadnih vlakana i prediva 18% 
rastvorom NaOH, da bi se poboljšala adsorpciona svojstva materijala. Morfologija, hemija površine i strukturne 
karakteristike korišćenih materijala ispitane su skenirajućom elektronskom mikroskopijom, infracrvenom spek-
troskopijom sa Furijeovom transformacijom, kao i određivanjem stepena površinske kristaliničnosti i indeksa 
kristalnosti. Adsorpciona svojstva su analizirana kroz vrednosti sorpcije joda i sposobnosti zadržavanja vode, 
kao i određivanjem adsorpcionih kapaciteta ispitivanih materijala za uklanjanje odabranih sedativa. Prime-
njeni alkalni tretman dovodi do povećanja sadržaja amorfnih oblasti u ispitivanim uzorcima vlakana i prediva, 
poboljšavajući njihove adsorpcione karakteristike. Dobijeni rezultati su pokazali da primena nemodifikovanih 
i modifikovanih otpadnih vlakana konoplje i lana i pamučnog prediva omogućava brzo i visoko efikasno ukla-
njanje (efikasnost adsorpcije u opsegu 75 - 100%) sedativa iz vode.

Ključne reči: pamuk, konoplja, lan, alkalna modifikacija, adsorpcija, sedativi.
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1. INTRODUCTION
Pharmaceuticals production and consumption 

have rapidly increased with the development of 
medicine and population growth. The total number 
of pharmaceutically active compounds was deter-
mined to be 11,926, of which 713 compounds were 
detected in wastewater [1]. Water-soluble and phar-
macologically active organic micropollutants or phar-
maceutically active compounds have attracted much 
attention worldwide. As with most organic micro-
pollutants, the origin of pharmaceutical pollution is 
anthropogenic, and they are continuously released 
into wastewater or directly into the environment. In 
addition to the fact that people use different drugs for 
their health in their daily lives, drugs are also used in 
veterinary medicine for treating animal diseases [2].

There are many different ways in which pharma-
ceutical compounds reach surface and groundwater, 
as well as water bodies, in concentrations from sub-
ng/L to more than µg/L [3]. Some of the most impor-
tant sources are effluents from the pharmaceutical 
industry, with high concentrations of pharmaceuti-
cals due to discharges directly from factories; urban 
wastewater; inadequate disposal of expired or un-
used drugs; agricultural and livestock waste, especial-
ly livestock, because in large intensive livestock farms 
animals are fed food containing drugs, but also due 
to the application of untreated animal wastes as a 
soil supplement [2]. Pharmaceutical products, even at 
very low concentrations, can be biologically effective 
causing harmful effects, such as ecotoxicity (acute 
and chronic toxicity, genotoxicity, and carcinogenic-
ity); pharmacological effects (hormone and immune 
system interference) and antimicrobial resistance, 
which is one of the greatest public health challenges 
of the 21st century [4, 5].

Pharmaceutical products are one of the most im-
portant classes of environmental pollutants, due to 
their strong hydrophilicity and low biodegradability, 
which makes them hard to remove from water using 
traditional water treatment approaches. Convention-
al wastewater treatment methods are not designed to 
completely eliminate pharmaceuticals from water [6].

All the mentioned facts point to the need to pro-
vide a long-term solution based on sustainable tech-
no-economic and ecological principles. In addition to 
avoiding the direct disposal of pharmaceutical prod-
ucts into the environment, a potential solution may 
be using efficient and inexpensive adsorbents to pu-
rify polluted water. Adsorption is considered a simple 
and fast method with low energy and operating costs, 
without the creation of toxic by-products that would 

cause secondary pollution. In recent years the new 
materials are developed and proposed as biosorbents 
for the removal of pharmaceutical products in adsorp-
tion-oriented processes. These biosorbents can be in 
the form of living organisms (e.g. fungi, bacteria, al-
gae and yeasts) and dead biomass (e.g. sawdust, bark, 
peat, natural fibers such as flax, hemp, cotton, plants, 
and other organic substances such as polysaccharides 
or biopolymers) [7].

Cotton, flax and hemp fibers are classified as eco-
logically and economically acceptable materials and 
good candidates as substitutes for commercial ad-
sorbents for wastewater treatment. Hemp, flax, and 
cotton waste fibers from the textile industry are inter-
esting materials for use in wastewater treatment pro-
cesses because at the same time, their added value is 
found and the problem of safe disposal is solved. The 
chemical composition of these fibers, such as mois-
ture content, macromolecular network with numer-
ous hydroxyl groups that can form intra- and intermo-
lecular bonds, as well as specific physical, mechanical, 
and thermal properties [7, 8], allow their design, i.e. 
modification in the direction of achieving high re-
moval efficiency of organic and inorganic pollutants 
from wastewater. There are several chemical methods 
that can improve the physico-chemical and structur-
al properties of waste fibers, and one of the simplest 
and fastest methods is a modification with NaOH [9].
Modification with 18 % NaOH was applied in this work 
to improve the adsorption properties of the waste flax 
and hemp fibers, and cotton yarn. The influence of ap-
plied treatment on the physico-chemical, structural, 
and adsorption properties of fibers and yarn samples 
was examined. Unmodified and modified materials 
were used for the adsorption of bromazepam, loraz-
epam, and diazepam from water, and the influence of 
initial pH value, contact time, and different sedative 
concentrations on adsorption was investigated.

2. EXPERIMENTAL

2.1. Material preparation
Waste hemp (H) and flax (F) fibers were obtained 

from ITES Odzaci (Serbia), and Banja Luka (Republic of 
Srpska, Bosnia and Herzegovina), respectively, while 
waste cotton (Cott) yarn was obtained from the facto-
ry SIMPO Dekor Vranje (Serbia). In order to change the 
adsorption characteristics of fibers and yarn, the mod-
ification with an 18% NaOH solution was performed. 
Fibers and yarn samples were soaked in sodium hy-
droxide solution for one hour at room temperature. 
After modification, samples were neutralized with 1 % 
acetic acid, washed with deionized water, and dried 
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overnight at 60oC. Modified samples are denoted as 
Hal, Fal, and Cottal.

2.2. Material Characterization
The content of chemical components (α-cellu-

lose, hemicelluloses, lignin) in the structure of start-
ing and modified materials was determined by the 
sequential removal of specific components from the 
structure of the fibers and yarns, as it was described in 
the literature [10].

The influence of alkali treatment on the morpho-
logical characteristics of fibers and yarn samples was 
examined by scanning electron microscopy (SEM 
JEOL JSM-6610LV). 

Spectra obtained by Fourier transform infrared 
spectroscopy (Nicolet™ iS™ 10 FTIR Spectrometer, 
ThermoFisherScientific), in the range of 400-4000 
cm–1, were used to determine the content of function-
al groups present on the surface of tested samples. 
From the intensity of characteristic bands present in 
FTIR spectra, the degree of surface crystallinity (Ci)[11] 
can be assessed as a ratio of the intensity of bands at 
1368 cm−1 and 2885 cm−1 (I1368/I2885), which are related 
to the in-the-plane C-H bending and C-H symmetrical 
stretching in cellulose and hemicelluloses, respective-
ly [12].

The Schwertassek method, based on the sorption 
of iodine onto fibers and yarn samples and the deter-
mination of unsorbed iodine by titration with sodium 
thiosulfate solution, was used to determine the iodine 
sorption values (ISV) [13]. The content of crystalline 
phase within the structure of fibers and yarn samples, 
marked as crystallinity index (XK), is calculated from 
the obtained ISVs using the following equation:

                                                                                                     (1)

The ability of tested samples to retain water was 
examined by the standard centrifuge method (ASTM D 
2402-01 2001) and given as water retention value (WRV).

2.3. Adsorption of sedatives
The adsorption of selected sedatives (bromaze-

pam, lorazepam, diazepam) from aqueous solution was 
performed in a batch system, with constant shaking 
(170 rpm), at room temperature. For all adsorption ex-
periments, the concentration of adsorbent was 2 g/dm3. 
The influence of the initial pH of the aqueous solution 
(the concentration of each sedative was 500 µg/dm3) on 
adsorption capacities was tested by setting the initial pH 
to 2, 4, 6, and 8. Additionally, the adsorption of sedatives 
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was performed without the pH adjustment (measured 
initial pH was 5.5). To examine the effect of contact time 
on adsorption from 500 µg/dm3 sedative solution, at 
specified time intervals (5, 15, 30, 60, 120, and 180 min-
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liquid chromatography with tandem mass spectrome-
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tained experimental results were analyzed by theoreti-
cal models: pseudo-first (PFO) [14] and pseudo-second 
(PSO) [15] order kinetic models, as well as Langmuir [16] 
and Freundlich [17] adsorption isotherms.
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column of the Surveyor HPLC system (Thermo Fisher 
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in the table embedded in Figure 1. For the detection 
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of tested sedatives is given in Figure 1. 

The influence of alkali treatment on the morphological characteristics of fibers and yarn samples 
was examined by scanning electron microscopy (SEM JEOL JSM-6610LV).  

Spectra obtained by Fourier transform infrared spectroscopy (Nicolet™ iS™ 10 FTIR 
Spectrometer, ThermoFisherScientific), in the range of 400-4000 cm–1, were used to determine the 
content of functional groups present on the surface of tested samples. From the intensity of 
characteristic bands present in FTIR spectra, the degree of surface crystallinity (Ci)[11]can be 
assessed as a ratio of the intensity of bands at 1368 cm−1 and 2885 cm−1 (I1368/I2885), which are related 
to the in-the-plane C-H bending and C-H symmetrical stretching in cellulose and hemicelluloses, 
respectively [12]. 

The Schwertassek method, based on the sorption of iodine onto fibers and yarn samples and the 
determination of unsorbed iodine by titration with sodium thiosulfate solution, was used to determine 
the iodine sorption values (ISV) [13]. The content of crystalline phase within the structure of fibers and 
yarn samples, marked as crystallinity index (XK), is calculated from the obtained ISVs using the 
following equation: 
 

 𝑋𝑋𝑋𝑋𝐾𝐾𝐾𝐾 = 100 − �𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
412

∙ 100� , %                                                                                                     (1) 

The ability of tested samples to retain water was examined bythe standard centrifuge method 
(ASTM D 2402-01 2001) and given as water retention value (WRV). 
 
2.3. Adsorption of sedatives 

The adsorption of selected sedatives (bromazepam, lorazepam, diazepam) from aqueous solution 
was performed in a batch system, with constant shaking (170 rpm), at room temperature. For all 
adsorption experiments, the concentration of adsorbent was 2 g/dm3. The influence of the initial pH of 
the aqueous solution (the concentration of each sedative was 500 µg/dm3) on adsorption capacities 
was tested by setting the initial pH to 2, 4, 6, and 8. Additionally, the adsorption of sedatives onto 
unmodified and modified fibers and yarn samples was performed without the pH adjustment 
(measured initial pH was 5.5).To examine the effect of contact time on adsorption from 500 µg/dm3 
sedative solution, at specified time intervals (5, 15, 30, 60, 120, and 180 minutes), the sedative 
concentration was measured using liquid chromatography with tandem mass spectrometry (HPLC-
MS/MS). The influence of initial concentration was examined using a sedative solution with different 
concentrations (250, 750, 1000, and 1250 µg/dm3). Obtained experimental results were analyzed by 
theoretical models: pseudo-first (PFO) [14] and pseudo-second (PSO) [15] order kinetic models, as 
well as Langmuir [16] and Freundlich [17] adsorption isotherms. 
 
HPLC-MS/MS analysis 

The analyte was separated on a reverse-phase column of the Surveyor HPLC system (Thermo 
Fisher Scientific, USA). The mobile phase gradient is shown in the table embedded in Figure 1. For 
the detection and quantification of selected sedatives, an ion trap mass spectrometer (LCQ 
Advantage, Thermo Fisher Scientific, USA) was used, and a mass chromatogram of tested sedatives 
is given in Figure 1.  
 

 
Figure 1. Mass chromatogram of selected sedatives and gradient of mobile phase 

 
3. RESULTS AND DISCUSSION 
 

The influence of alkali treatment on the morphological characteristics of fibers and yarn samples 
was examined by scanning electron microscopy (SEM JEOL JSM-6610LV).  

Spectra obtained by Fourier transform infrared spectroscopy (Nicolet™ iS™ 10 FTIR 
Spectrometer, ThermoFisherScientific), in the range of 400-4000 cm–1, were used to determine the 
content of functional groups present on the surface of tested samples. From the intensity of 
characteristic bands present in FTIR spectra, the degree of surface crystallinity (Ci)[11]can be 
assessed as a ratio of the intensity of bands at 1368 cm−1 and 2885 cm−1 (I1368/I2885), which are related 
to the in-the-plane C-H bending and C-H symmetrical stretching in cellulose and hemicelluloses, 
respectively [12]. 

The Schwertassek method, based on the sorption of iodine onto fibers and yarn samples and the 
determination of unsorbed iodine by titration with sodium thiosulfate solution, was used to determine 
the iodine sorption values (ISV) [13]. The content of crystalline phase within the structure of fibers and 
yarn samples, marked as crystallinity index (XK), is calculated from the obtained ISVs using the 
following equation: 
 

 𝑋𝑋𝑋𝑋𝐾𝐾𝐾𝐾 = 100 − �𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼
412

∙ 100� , %                                                                                                     (1) 

The ability of tested samples to retain water was examined bythe standard centrifuge method 
(ASTM D 2402-01 2001) and given as water retention value (WRV). 
 
2.3. Adsorption of sedatives 

The adsorption of selected sedatives (bromazepam, lorazepam, diazepam) from aqueous solution 
was performed in a batch system, with constant shaking (170 rpm), at room temperature. For all 
adsorption experiments, the concentration of adsorbent was 2 g/dm3. The influence of the initial pH of 
the aqueous solution (the concentration of each sedative was 500 µg/dm3) on adsorption capacities 
was tested by setting the initial pH to 2, 4, 6, and 8. Additionally, the adsorption of sedatives onto 
unmodified and modified fibers and yarn samples was performed without the pH adjustment 
(measured initial pH was 5.5).To examine the effect of contact time on adsorption from 500 µg/dm3 
sedative solution, at specified time intervals (5, 15, 30, 60, 120, and 180 minutes), the sedative 
concentration was measured using liquid chromatography with tandem mass spectrometry (HPLC-
MS/MS). The influence of initial concentration was examined using a sedative solution with different 
concentrations (250, 750, 1000, and 1250 µg/dm3). Obtained experimental results were analyzed by 
theoretical models: pseudo-first (PFO) [14] and pseudo-second (PSO) [15] order kinetic models, as 
well as Langmuir [16] and Freundlich [17] adsorption isotherms. 
 
HPLC-MS/MS analysis 

The analyte was separated on a reverse-phase column of the Surveyor HPLC system (Thermo 
Fisher Scientific, USA). The mobile phase gradient is shown in the table embedded in Figure 1. For 
the detection and quantification of selected sedatives, an ion trap mass spectrometer (LCQ 
Advantage, Thermo Fisher Scientific, USA) was used, and a mass chromatogram of tested sedatives 
is given in Figure 1.  
 

 
Figure 1. Mass chromatogram of selected sedatives and gradient of mobile phase 

 
3. RESULTS AND DISCUSSION 
 

Figure 1: Mass chromatogram of selected sedatives and gradient of mobile phase



7

TEKSTILNA INDUSTRIJA · Vol. 71, No 3, 2023

3. RESULTS AND DISCUSSION

3.1. Material Characterization
Applied treatment with 18% NaOH leads to the 

removal of hemicelluloses from interfibrillar regions, 
partial removal of lignin from the secondary fiber wall 
(especially in lignocellulosic fibers), as well as a cer-
tain shortening of macromolecular cellulose chains. 
A decrease in hemicelluloses and lignin content, as 
a consequence of modification, is given in Table 1. 
These structural changes lead to a change in the su-
pramolecular structure of fibers in favor of increasing 
the content of amorphous areas. The increase in the 
content of amorphous areas in modified samples is 
visible from better iodine sorption and an increase 
in ISV, and consequently, a decrease in the degree of 
fiber crystallinity (XK) (Table 1). On the other hand, the 
degree of surface crystallinity (Ci) increases after the 
treatment with NaOH. With the removal of lignin and 
hemicelluloses from the fiber structure during modifi-
cation, cellulose chains become more available on the 
surface of the fibers. Having in mind that cellulose has 
a higher degree of crystallinity than hemicelluloses, 
the higher surface availability of cellulose results in an 
increase in surface crystallinity.

The values obtained for water retention (Table 
1) follow different trends for all examined samples: 
WRV decreases after flax modification, increases for 
modified cotton, and retains almost the same in the 
case of hemp fibers. Generally, water is retained in the 
micropores and microcracks of the fibers, which are 
most abundant in lignin in the case of lignocellulosic 
fibers (F and H). As can be seen from Table 1, a more 
significant decrease in lignin content after hydroxide 
treatment is observed for flax fibers, compared to the 
hemp fibers. The higher content of lignin in both the 
unmodified and alkali-treated hemp fibers provides 
the presence of micropores and microcracks, in which 
water is retained by capillary action, leading to the 
highest WRV values. In the case of cotton fibers, which 

usually contain a small portion of lignin, the ability to 
retain water can be conditioned by the presence of 
cellulose hydroxyl groups that bind water by hydro-
gen bonds. Although modified cotton fibers have the 
lowest lignin content, a significant increase in WRV for 
the Cottal sample can result from the highest content 
of α-cellulose. Also, a yarn form, in which the cotton 
samples are present, i.e. the degree of twisting of the 
cotton yarn, can be the reason for such values of wa-
ter retention.

The morphologies of examined samples are 
shown in Figure 2. Unmodified flax (Figure 2a) and 
hemp fibers (Figure 2b) are characterized by a rough 
surface, while spirally twisted cotton fibers (within the 
yarn structure) are characterized by a smoother sur-
face. Applied alkali treatment led to the removal of 
hemicelluloses from interfibrillar regions, resulting in 
the pronounced fibrillation and separation of elemen-
tary fibers in the fiber structure of samples F and H. 
For the modified cotton sample only a relative peeling 
of the surface of the fibers is visible on the Figure 2f.

Figure 2: Scanning electron microscopy of a) F, b) H, 
c) Cott, d) Fal, e) Hal, and f ) Cottal

The type of surface functionalities of examined 
samples and changes in surface chemistry resulting 
from the modification were analyzed using FTIR spec-

Table 1: Chemical composition and characteristics of examined fibers and yarn samples

Sample
Chemical composition

ISV, mgI2/g XK, % Ci WRV, %
α-cellulose hemicelluloses lignin

F 75.8 7.84 4.03 118 68.2 0.981 39.9

Fal 92.8 2.89 2.18 149 63.7 0.991 31.8

H 78.2 10.7 6.06 161 60.8 0.963 60.0

Hal 79.7 3.60 5.41 212 48.5 0.988 61.5

Cott 93.9 2.09 2.16 85.7 79.2 0.979 33.1

Cottal 97.9 1.14 0.90 100 75.9 0.984 43.8
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tra. The broadband, observed around 3300 cm-1 for all 
samples, is assigned to the stretching vibration of the 
O-H bond in hydroxyl groups. In this wavenumber 
area, on the spectra of modified samples, two shoul-
ders (3478 cm-1 and 3436 cm-1) attributed to hydrox-
yl groups in cellulose II and to the specific hydrogen 
bonds, were observed [18]. The FTIR spectra of ex-
amined fibers and yarn samples display two peaks at 
2850 cm-1 and 2920 cm-1 that can be assigned to the 
symmetrical and asymmetrical vibrations of the C-H 
bond in methyl and methylene groups of cellulose, and 
hemicelluloses [19]. The visible changes in intensities 
of these two peaks, observed after modification, are 
the consequence of hemicelluloses removal. The band 
near 1730 cm-1, attributed to C=O stretching of carbon-
yl or ester groups of hemicelluloses [19, 20], decrease 
in intensity for modified hemp and flax fibers and dis-
appears for modified cotton yarn sample. The bands in 
the region 1000-1370 cm-1, related to the C-O and C-C 
stretching in polysaccharides, cellulose, and hemicellu-
loses, behave in a similar way. Also, the band at 890 cm-1 
indicates the presence of a glucopyranose ring in the 
structure of all examined samples. Obtained results of 
FTIR analysis also confirmed that applied modification 
induces changes in the distribution of hemicelluloses 
in the structure of tested fibers and yarn samples.

3.2. Adsorption of sedatives
The initial pH value of the adsorbate solution is 

one of the parameters that could affect the adsorp-
tion efficiency, since the ionization of surface groups, 
which can act as active sites for adsorption, depend 
on the pH of the solution. The highest adsorption ef-
ficiency of examined samples was obtained for initial 
pH values ranging from 4 to 6 (Figure 4). The varia-
tions in surface chemistry induced by alkali treatment 
led to the highest influence of initial pH on adsorption 
efficiencies for modified samples. Generally, all exam-
ined samples showed good adsorption efficiency in 
solution without pH adjustment (the measured pH 
of the starting sedative solution was 5.5), and this pH 
value was chosen for further adsorption experiments.

The influence of contact time on adsorption is 
shown in Figure 5. All samples have shown relative-
ly high adsorption capacities with equilibrium ad-
sorption reached in 60 minutes for flax and hemp 
samples and 15 and 30 minutes for Cott and Cottal, 
respectively. Sedative adsorption onto lignocellulos-
ic samples seems to be controlled by the slow diffu-
sion of adsorbate through the porous fiber matrices 
since rough surface, presence of micropores and mi-
crocracks, along with the fibrillation of lignocellulosic 
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methylene groups of cellulose, and hemicelluloses [19]. The visible changes in intensities of these two 
peaks, observed after modification, are the consequence of hemicelluloses removal. The band near 
1730 cm-1, attributed to C=O stretching of carbonyl or ester groups of hemicelluloses [19, 20], 
decrease in intensity for modified hemp and flax fibers and disappears for modified cotton yarn 
sample. The bands in the region 1000-1370 cm-1, related to the C-O and C-C stretching in 
polysaccharides, cellulose, and hemicelluloses, behave in a similar way. Also, the band at 890 cm-1 
indicates the presence of a glucopyranose ring in the structure of all examined samples.Obtained 
results of FTIR analysis also confirmed that applied modification induces changes in the distribution of 
hemicelluloses in the structure of tested fibers and yarn samples. 
 

 
Figure 3. FTIR spectra of unmodified and alkali-modified a) flax and b) hemp fibers, and c) cotton yarn 
 
3.2. Adsorption of sedatives 
 

The initial pH value of the adsorbate solution is one of the parameters that could affect the 
adsorption efficiency, since the ionization of surface groups, which can act as active sites for 
adsorption, depend on the pH of the solution. The highest adsorption efficiencyof examined samples 
wasobtained for initial pH values ranging from 4 to 6 (Figure 4). The variations in surface chemistry 
induced by alkali treatment led to the highest influence of initial pH on adsorption efficienciesfor 
modified samples. Generally, all examined samples showed good adsorption efficiency in solution 
without pH adjustment (the measured pH of the starting sedative solution was 5.5), and this pH value 
was chosen for further adsorption experiments. 
 

 
Figure 4. Adsorption capacities of examined samples as a function of initial pH value on  

 
The influence of contact time on adsorption is shown in Figure 5. All samples have shown 

relatively high adsorption capacities with equilibrium adsorption reached in 60 minutes for flax and 
hemp samples and 15 and 30 minutes for Cott and Cottal, respectively. Sedative adsorption onto 
lignocellulosic samples seems to be controlled by the slow diffusion of adsorbate through the porous 

Figure 3: FTIR spectra of unmodified and alkali-modified a) flax and b) hemp fibers, and c) cotton yarn

Figure 4: Adsorption capacities of examined samples as a function of initial pH value
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fibers, especially modified ones, require a longer time 
to establish the equilibrium adsorption. On the other 
hand, adsorption onto cotton samples with relatively 
smooth and unporous surfaces occurs through exter-
nal adsorption, providing fast removal of sedatives 
from an aqueous solution.

Experimentally optained data were analyzed by 
pseudo-first (PFO) and pseudo-second (PSO) order 
kinetic models, and obtained kinetic parameters are 

given in Table 2. Based on the comparison of exper-
imentally obtained and calculated adsorption ca-
pacities and correlation coefficients (R2 values given 
in Figure 5), it has been noted that neither of these 
two kinetic models fully described the adsorption of 
sedatives onto examined materials. Therefore, it can 
be assumed that sedative adsorption occurs through 
a complex mechanism that includes both chemisorp-
tion and physisorption.

fiber matrices since rough surface, presence of micropores and microcracks, along with the fibrillation 
of lignocellulosic fibers, especially modified ones, require a longer time to establish the equilibrium 
adsorption. On the other hand, adsorption onto cotton samples with relatively smooth and unporous 
surfaces occurs through external adsorption, providing fast removal of sedatives from an aqueous 
solution. 
 

 
Figure 5. The influence of contact time on adsorption and fitting of experimental data with PFO and 

PSO models for a) F, b) H, c) Cott, d) Fal, e) Hal, and f) Cottal 
 

Experimentally optained data were analyzed by pseudo-first (PFO) and pseudo-second (PSO) 
order kinetic models, and obtained kinetic parameters are given in Table 2. Based on the comparison 
of experimentally obtained and calculated adsorption capacities and correlation coefficients (R2 values 
given in Figure 5), it has been noted that neither of these two kinetic models fully described the 
adsorption of sedatives onto examined materials. Therefore, it can be assumed that sedative 
adsorption occurs through a complex mechanism that includes both chemisorption and physisorption. 
 

Table 2. Kinetic parameters for adsorption of sedatives onto examined samples 
 Sedative* F Fal H Hal Cott Cottal 

Pseudo-first order 

qe, cal, 
µg/g 

B 215 225 182 209 223 209 
L 259 269 196 208 211 221 
D 284 311 227 231 233 237 

k1, 
min-1 

B 8.3x10-2 2.2 x10-1 2.9 x10-2 1.0 x10-1 6.7x10-2 2.7 x10-1 
L 2.9 x10-2 3.0 x10-2 4.2 x10-2 1.6 x10-2 3.2x10-1 1.3 x10-1 
D 3.9 x10-2 2.4 x10-2 4.0 x10-2 2.7 x10-2 6.9x10-1 1.5 x10-1 

Pseudo-second order 

qe, cal, 
µg/g 

B 194 210 225 227 255 220 
L 216 219 230 291 222 238 
D 238 244 271 282 235 253 

k2, 
g μg-1min-1 

B 3.0 x10-4 6.8 x10-4 1.3 x10-4 6.7 x10-4 2.9x10-4 2.1 x10-3 
L 1.2 x10-4 1.4 x10-4 2.1 x10-4 4.3 x10-5 2.4x10-3 8.0 x10-4 
D 1.5 x10-4 1.1 x10-4 1.5 x10-4 1.0 x10-4 1.8x10-2 9.7 x10-4 

qe, exp, 
µg/g 

B 207 230 187 224 230 224 
L 218 223 197 188 242 223 
D 237 241 222 228 242 250 

*B-bromazepam, L-lorazepam, D-diazepam 

 
Figure 6 shows the influence of the initial concentration of the sedative solution on the adsorption 

capacities of all tested samples. Adsorption capacities constantly increase with the initial concentration 

Figure 5: The influence of contact time on adsorption and fitting of experimental data with PFO and PSO 
models for a) F, b) H, c) Cott, d) Fal, e) Hal, and f ) Cottal

Table 2: Kinetic parameters for adsorption of sedatives onto examined samples

Sedative* F Fal H Hal Cott Cottal

Pseudo-first order

qe, cal,
µg/g

B 215 225 182 209 223 209
L 259 269 196 208 211 221
D 284 311 227 231 233 237

k1,
min-1

B 8.3x10-2 2.2 x10-1 2.9 x10-2 1.0 x10-1 6.7x10-2 2.7 x10-1

L 2.9 x10-2 3.0 x10-2 4.2 x10-2 1.6 x10-2 3.2x10-1 1.3 x10-1

D 3.9 x10-2 2.4 x10-2 4.0 x10-2 2.7 x10-2 6.9x10-1 1.5 x10-1

Pseudo-second order

qe, cal,
µg/g

B 194 210 225 227 255 220
L 216 219 230 291 222 238
D 238 244 271 282 235 253

k2,
g μg-1min-1

B 3.0 x10-4 6.8 x10-4 1.3 x10-4 6.7 x10-4 2.9x10-4 2.1 x10-3

L 1.2 x10-4 1.4 x10-4 2.1 x10-4 4.3 x10-5 2.4x10-3 8.0 x10-4

D 1.5 x10-4 1.1 x10-4 1.5 x10-4 1.0 x10-4 1.8x10-2 9.7 x10-4

qe, exp,
µg/g

B 207 230 187 224 230 224
L 218 223 197 188 242 223
D 237 241 222 228 242 250

*B-bromazepam, L-lorazepam, D-diazepam
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Table 3: Isotherm parameters for adsorption of sedatives onto examined samples

Sedative* F Fal H Hal Cott Cottal

Langmuir isotherm

Q0,
µg/g

B 162863 55382 122 47980 5178 12638

L 224 34326 238 11728 17162 348

D 102618 437 381 45395 289848 96864

b

B 2.0x10-06 8.0x10-04 1.5x10-07 1.4x10-4 1.3x10-04 1.1x10-03

L 7.2x10-27 4.0x10-05 2.6x10-29 1.9x10-13 1.4x10-14 6.1x10-04

D 8.7x10-05 1.6x10-03 3.7x10-12 1.9x10-05 1.5x10-06 1.1x10-04

R2

B 0.68353 0.28970 0.98292 0.29368 0.86263 0.96831

L 0.17470 0.35924 0.88704 0.27057 0.86804 0.99537

D 0.53500 0.54426 0.83142 0.98466 0.43979 0.83528

Freundlich isotherm

Kf,
µg1-1/nL1/ng−1

B 0.332 44.034 0.841 6.749 0.838 13.940

L 1.537 1.389 0.258 0 0 2.570

D 8.899 12.603 0.041 0.895 0.440 11.150

1/n

B 0.936 0.247 0.726 0.497 1.060 0.402

L 0.738 0.806 1.056 4.107 4.655 0.672

D 0.533 0.550 1.496 0.934 1.057 0.502

B 0.84189 0.64513 0.83943 0.64705 0.93124 0.98437

0.97521

0.91782

R2 L 0.79811 0.67971 0.48484 0.64269 0.93964

D 0.76769 0.73785 0.85588 0.99244 0.72003

*B-bromazepam, L-lorazepam, D-diazepam

of sedative, without reaching the characteristic plot of adsorption isotherm, which led to the very high 
values of Langmuir maximal adsorption capacities (Q0) (Table 3). 
 

 
Figure 6. Langmuir and Freundlich isotherm for sedatives adsorption onto a) F, b) H, c) Cott, d) Fal,  

e) Hal, and f) Cottal 
 

According to the isotherm parameters given in Table 3, sedative adsorption behavior at equilibrium 
can be described by Freundlich isotherm for all examined samples, except for unmodified hemp fibers. 
Experimental data obtained for unmodified hemp fibers fit well with the Langmuir isotherm model, 
indicating the most homogenous distribution of active sites on the surface of the H sample. 
 

Table 3. Isotherm parameters for adsorption of sedatives onto examined samples 
 Sedative* F Fal H Hal Cott Cottal 

Langmuir isotherm 

Q0, 
µg/g 

B 162863 55382 122 47980 5178 12638 
L 224 34326 238 11728 17162 348 
D 102618 437 381 45395 289848 96864 

b 
B 2.0x10-06 8.0x10-04 1.5x10-07 1.4x10-4 1.3x10-04 1.1x10-03 
L 7.2x10-27 4.0x10-05 2.6x10-29 1.9x10-13 1.4x10-14 6.1x10-04 
D 8.7x10-05 1.6x10-03 3.7x10-12 1.9x10-05 1.5x10-06 1.1x10-04 

R2 
B 0.68353 0.28970 0.98292 0.29368 0.86263 0.96831 
L 0.17470 0.35924 0.88704 0.27057 0.86804 0.99537 
D 0.53500 0.54426 0.83142 0.98466 0.43979 0.83528 

Freundlich isotherm 

Kf, 
µg1-1/nL1/ng−1 

B 0.332 44.034 0.841 6.749 0.838 13.940 
L 1.537 1.389 0.258 0 0 2.570 
D 8.899 12.603 0.041 0.895 0.440 11.150 

1/n 
B 0.936 0.247 0.726 0.497 1.060 0.402 
L 0.738 0.806 1.056 4.107 4.655 0.672 
D 0.533 0.550 1.496 0.934 1.057 0.502 

 B 0.84189 0.64513 0.83943 0.64705 0.93124 0.98437 
R2 L 0.79811 0.67971 0.48484 0.64269 0.93964 0.97521 
 D 0.76769 0.73785 0.85588 0.99244 0.72003 0.91782 

*B-bromazepam, L-lorazepam, D-diazepam 

 
 
4. CONCLUSION 
 

Through the utilization of textile fibrous waste as adsorbents in water treatment, this kind of waste 
gains a new life in the value chain, making the process of textile production more 
sustainable.Accordingly, this work was focused on the use of waste hemp and flax fibers, and cotton 

Figure 6: Langmuir and Freundlich isotherm for sedatives adsorption onto  
a) F, b) H, c) Cott, d) Fal, e) Hal, and f ) Cottal

Figure 6 shows the influence of the initial con-
centration of the sedative solution on the adsorption 
capacities of all tested samples. Adsorption capacities 
constantly increase with the initial concentration of 

sedative, without reaching the characteristic plot of 
adsorption isotherm, which led to the very high val-
ues of Langmuir maximal adsorption capacities (Q0) 
(Table 3).



11

TEKSTILNA INDUSTRIJA · Vol. 71, No 3, 2023

According to the isotherm parameters given in 
Table 3, sedative adsorption behavior at equilibrium 
can be described by Freundlich isotherm for all exam-
ined samples, except for unmodified hemp fibers. Ex-
perimental data obtained for unmodified hemp fibers 
fit well with the Langmuir isotherm model, indicating 
the most homogenous distribution of active sites on 
the surface of the H sample.

4. CONCLUSION
Through the utilization of textile fibrous waste as 

adsorbents in water treatment, this kind of waste gains 
a new life in the value chain, making the process of 
textile production more sustainable. Accordingly, this 
work was focused on the use of waste hemp and flax 
fibers, and cotton yarn, as adsorbents for the removal 
of pharmaceuticals from sedative class from water, as 
well as on the influence that fiber structure may have 
on its adsorption properties. Heterogeneous chemi-
cal composition and the presence of components of 
non-cellulosic origin in the fiber structure, along with 
the presence of fibrillation, cracks, and cavities on the 
surface of the fibers are key factors that affect the effi-
ciency of waste fibers as adsorbents. Modifications in 
surface chemistry and chemical composition induced 
by applied alkali treatment improved the adsorption 
properties of hemp and flax fibers and cotton yarn. 
Utilization of both unmodified and modified samples 
enabled fast and highly efficient removal (adsorption 
efficiency ranging from 75 to 100%) of sedatives from 
water, making waste hemp and flax fibers and cotton 
yarn promising adsorbents for water treatment.
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