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This study focuses on the elimination of residual dyes from industrial wastewater 
using talc as an adsorbent. Talc is an easily available, ecological, and inexpensive adsor-
bent. The adsorption process was tested on two model dye samples (Ecozol Blue LR 
Liquid and Cartasol Yellow 3GF Direct Yellow 132), and two samples of real wastewater 
from the pulp and paper industry (PM and TP). Kinetic studies revealed that the adsorp-
tion of Ecozol Blue LR Liquid followed pseudo-second-order kinetics, while the other 
tested samples followed pseudo-first-order kinetics. Langmuir, Freundlich, and Dubi-
nin-Radushkevich adsorption isotherm models were also evaluated. The Langmuir iso-
therm model best fitted the experimental data for the adsorption of model dye solutions 
and wastewater sample TP onto talc. For wastewater sample PM, the Dubinin-Radush-
kevich isotherm model provided the best fit to the experimental data. The results of the 
adsorption isotherms indicated that the adsorption of all tested systems was favorable and 
primarily involved physical adsorption. The adsorption efficiency for the model solutions 
exceeded 90 %. For real wastewater samples, the monitored adsorption efficiency in the 
COD pollution indicator was less efficient, ranging from 43 to 51 %. The lower efficien-
cy of COD may have resulted from the adsorption of residual dyes with lower specific 
COD values before the adsorption of other organics.
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Introduction

Humans are inherently artistic and have strong 
reactions to different styles and colors. Colors can 
also signal various things, such as dangers, alerts, 
notifications, or differentiate objects by appearance, 
and they can simply serve for our amusement. The 
materials used to make objects visually distinct are 
known as colorants. These are widely used in vari-
ous industries, such as the production of clothes, 
paints, plastics, photographs, prints, and ceramics. 
Most people are familiar with colorants known as 
dyes. Dyes are soluble, colored organic compounds 
applied from a water solution onto textiles, creating 
robust bonds with polymer molecules of the fiber.1 
The widespread use of dyes in industry leads to 
their presence in the environment.2 For example, 
residues of dyes in wastewater that are subsequently 
discharged into water bodies can negatively impact 
the aquatic ecosystem. These impacts include un-
natural discoloration of the water, problems related 
to oxygen transfer, absorption, and reflection of 
sunlight entering the water, and the toxicity of some 

dyes. Due to the absorption of radiation by dyes, the 
photosynthetic activity of algae is reduced, which 
consequently affects the entire food chain of the 
aquatic community.3,4

Azo dyes are the most widely used in industry. 
Residual azo dyes in the environment can bioaccu-
mulate in aquatic animals, causing toxicity and mu-
tagenicity. Anaerobic reduction of azo dyes produc-
es amines, which have proven carcinogenic effects 
associated with sarcomas of the spleen, bladder 
cancer, and hepatocarcinoma, causing anomalies in 
experimental animals.4

The removal of unwanted substances and dyes, 
specifically in our case, requires the application of 
water treatment methods. One method is adsorp-
tion, which necessitates a material with a large sur-
face area where pollutants can be sorbed from the 
surrounding medium. The final stage of this process 
takes place on the adsorbent, where the adsorbate 
adheres to suitable sites. The efficacy of this pro-
cess depends not only on the physicochemical con-
ditions but also on the characteristics of the adsor-
bent. The ideal material must be non-toxic, 
environmentally friendly, inexpensive, easy to han-
dle, and as efficient as possible.5 Activated carbon 
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is the most well known and widely used adsorbent 
due to its high adsorption capacity. However, com-
mercially available activated carbon-based adsor-
bents are relatively expensive. Consequently, many 
researchers are seeking more affordable and effec-
tive alternatives for dye removal. Clay minerals 
could serve as alternative adsorbents due to their 
easy availability, low cost, non-toxicity, large sur-
face area, and ion exchange potential compared to 
activated carbon.6–8 Grafia et al. suggested talc as an 
inexpensive mineral for wastewater treatment. They 
compared the adsorption of methylene blue on sepi-
olite (a highly effective adsorbent) and talc, demon-
strating that talc is a good dye adsorbent.9 The ef-
fective adsorption of methylene blue from an 
aqueous solution onto talc has also been confirmed 
in other studies.10,11 A study by Sonba and Ridha 
compared modified kaolin clay and talc as adsor-
bents for removing an industrially important dye, 
Eriochrome Black T. They reported that talc was 
more effective than modified kaolin in removing 
Eriochrome Black T.12 It is important to note that 
both methylene blue and Eriochrome Black T are 
cationic dyes.9–12

Rahman et al. compared three clay adsorbents 
– sepiolite, kaolin, and synthetic talc – for the re-
moval of an anionic dye (Reactive Yellow 138:1). 
Talcum powder exhibited higher adsorption effi-
ciency than the other two adsorbents, primarily re-
moving dyes through physical adsorption. It is im-
portant to note that the anionic nature of the dye 
allows talc to remove it by adsorption and anion 
exchange.13

In the available literature on the adsorption of 
dyes using talc, the focus has predominantly been 
on dyes used in the textile industry.5–13 The novelty 
of this paper lies in its focus on the pulp and paper 
industry, where talc is primarily used to control is-
sues related to dissolved and colloidal material in 
papermaking.14,15 This makes talcum powder a suit-
able choice for adsorption in the decolorization of 
wastewater, as the pulp and paper industry typically 
has a reserve of talcum powder.

In our study, we focused on the potential of us-
ing cationic talc Mistron®75-6 KA to adsorb anionic 
dyes (Ecozol Blue LR Liquid and Cartasol Yellow 
3GF Liquid) used in the pulp and paper industry. 
Since there is no published literature on these spe-
cific dyes, we conducted basic kinetics studies 
(pseudo-first and pseudo-second order) and applied 
adsorption isotherm models (Langmuir, Freundlich, 
Dubinin-Radushkevich). The aim was to determine 
the nature of the adsorption process and the values 
of the constants for the applied isotherm models, 
necessary for designing an adsorption process as a 
potential pretreatment option before the biological 
stage of wastewater treatment.

Materials and methods

Analytical methods

Given that the samples were colored, we used 
spectrophotometric methods to determine the dye 
concentrations after the adsorption process. We an-
alyzed the absorption spectrum in the visible region 
for individual samples using a benchtop DR 6000 
Hach Lange spectrophotometer. The DR 6000 cov-
ers the visible spectrum in the wavelength range of 
320 to 1100 nm using a halogen lamp, while a deu-
terium lamp emits light in the ultraviolet spectrum 
in the wavelength range of 190 to 360 nm.16 Addi-
tionally, the organic matter content was determined 
by measuring the chemical oxygen demand (COD) 
using a Hach Lange LCK514 cuvette test.

Model and real wastewater samples

In this case study, we focused on two problem-
atic dyes used in the pulp and paper industry: Eco-
zol Blue LR Liquid (Waterside Colours Ltd., UK) 
and Cartasol Yellow 3GF Liquid (Archroma, Swit-
zerland). Ecozol Blue LR Liquid is a mid-shade 
blue dye classified as an anionic dye. According to 
the information data sheet, it is a double azo copper 
complex dye.17 The structural formula of this dye is 
not available in the literature. Cartasol Yellow 3GF 
Liquid has a yellow hue and is also an anionic dou-
ble azo dye.18 The structure of Cartasol Yellow 3GF 
Liquid is shown in Fig. 1. Both dyes are classified 
as direct dyes and are used in both the paper and 
textile industries. Direct dyes are characterized by 
an azo group and are sodium salts or metal com-
pounds (such as chromium or copper).19 Basic infor-
mation about these dyes is summarized in Table 1. 

F i g .  1  – Chemical structure Cartasol Yellow 3GF (Direct 
yellow 132)18

Ta b l e  1  –  Basic information about the dyes17,18

Dye Ecozol Blue LR 
Liquid

Cartasol Yellow 
3GF Liquid

Generic name Direct blue 290 Direct yellow 132

CAS number 110444-91-2 61968-26-1

Classification 
based on

use direct dye direct dye

structure azo dye azo dye
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For the adsorption experiments, working solutions 
of individual dyes were prepared with a mass con-
centration of 200 mg L−1.

Two real wastewater samples from the pulp 
and paper industry were also available. Specifically, 
one effluent was from the outlet of a paper mill 
(PM), and the second from the inlet of the first stage 
of a wastewater treatment plant (TP). The PM sam-
ple mainly contained residual dyes, with a chemical 
oxygen demand (COD) of 1 421 mg L−1. The TP 
sample was a mixed wastewater from a paper mill, 
chemical recovery, pulp mill, pulp bleaching, and 
vapor condensates, also including sewage from the 
industry’s workers. The COD value of TP sample 
was 1 085 mg L−1. The pH value of both wastewater 
samples was approximately 7.5.

Adsorbent Mistron®75-6 KA

We used the adsorbent Mistron®75-6 KA (Im-
erys Performance Minerals, Austria) to remove the 
dyes from the working solutions and wastewater 
samples. This type of cationic talc is used in the 
pulp and paper industry to control pitch and sticki-
ness in papermaking. It is highly effective in reduc-
ing anionic waste, is soft, hydrophilic, economical, 
and has a high affinity for organic substances. This 
adsorbent has an average particle diameter of 3.5 
µm, with only 30 % of the particles smaller than 2 
µm. The specific density and bulk density were 
2.78 g m−3 and 0.4 g m−3, respectively. According to 
the product data sheet of this adsorbent, its specific 
surface area is 8.5 m2 g−1.20 In general, talc is de-
fined as powdered native hydrous magnesium sili-
cate, which can sometimes contain small portions 
of aluminum silicate. The chemical composition of 
talc generally consists of MgO 31.7 %; SiO2 63.5 % 
and H2O 4.8 %, with a formula Mg3(Si4O10)(OH)2.

21

Adsorption experiment

A batch adsorption experiment was carried out 
in this study. The adsorption process took place on 
an orbital shaker RSLAB-7PRO (Kvant s.r.o.; Slo-
vakia), at 150 rpm to achieve the greatest possible 
adsorption efficiency. For the kinetic study experi-
ments, 100 mL of sample and 1 gram of adsorbent 
were added into 5 to 8 flasks. The initial dye con-
centration was 200 mg L−1. For wastewater, the ini-
tial COD value was the same as the COD of the 
original sample. The adsorption time varied be-
tween 0 and 60 minutes. For the experiments to ob-
tain adsorption isotherm data, 100 mL of sample 
and 1 gram of adsorbent were also used. The initial 
dye concentration in these experiments varied be-
tween 50 and 400 mg L−1 , and the initial COD value 
of the wastewater ranged from 150 to 1 421 mg L−1 
(or 1 085 mg L−1). All adsorption experiments were 

conducted at a constant pH (neutral) and a tempera-
ture of 20 °C.

After adsorption, the suspension was processed 
by centrifugation for 5 minutes at 2 900 rpm. The 
absorbance of the supernatant was measured at the 
working wavelength depending on the sample used, 
allowing us to calculate the concentration after the 
adsorption process.

The adsorption process was evaluated by calcu-
lating the amount of adsorbate (adsorption capacity) 
in equilibrium and removal efficiency (adsorption 
efficiency):22
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where q (kg kg−1) is the adsorption capacity, m (kg) 
is mass of adsorbent material, V (m3) is volume of 
sample, and C0, Ce (kg m−3) is concentration of sam-
ple at the start of experiments and equilibrium con-
centration (final concentration).22

Experimental data processing

Adsorption kinetics

The kinetics of the adsorption process was de-
scribed by the pseudo-first order (Eq. 3) and pseu-
do-second order kinetics (Eq. 4). These kinetic 
equations are commonly used to describe adsorp-
tion data obtained under non-equilibrium condi-
tions.22
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where qe, qt (g kg−1) is the adsorption capacity in 
equilibrium and adsorption capacity at time t (h), k1 
(h−1), k2 (kg g−1 h−1) are the pseudo-first and pseu-
do-second order rate constants.22 The pseu-
do-first-order kinetic equation assumes that the ad-
sorption site occupancy rate is proportional to the 
number of vacancies, while the pseudo-second-or-
der kinetic model assumes that the adsorption site 
occupancy rate is proportional to the square of the 
vacancies.23,24

Adsorption isotherms

Adsorption isotherms were used to describe the 
adsorption process. They show the dependence of 
the adsorption capacity on pressure or the adsorbate 
concentration under equilibrium conditions at a 
constant temperature. In this study, the Langmuir, 
Freundlich, and Dubinin-Radushkevich adsorption 
isotherm models were used to describe this depen-
dence.
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The Langmuir isotherm assumes monolayer 
adsorption onto a surface with a finite number of 
uniform strategy adsorption sites, and no adsorbate 
transmigration on the plane surface. Once a site is 
filled, it cannot be used for further sorption. This 
suggests that the surface has reached a saturation 
point at which its maximum adsorption is 
achieved.25–27 The Langmuir isotherm is expressed 
by the following equation (Eq. 5):27

  (5)

where qmax (g kg−1) is the maximum adsorbent ca-
pacity, and KL (m3 g−1) is the Langmuir constant.27 
The equilibrium parameter, or separation factor RL, 
is an important component of the Langmuir iso-
therm model. It is used to determine if adsorption is 
favorable or unfavorable and is dependent on the 
Langmuir constant KL:27
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If the RL value is less than 1, adsorption is con-
sidered favorable; if it is close to 0, it is irreversible; 
if it equals 1, the adsorption isotherm is nonlinear, 
and if it is greater than 1, adsorption is unfavor-
able.24,28,29

The Freundlich isotherm describes an empirical 
model for multilayer adsorption at heterogeneous 
sites. It assumes that the adsorption heat distribu-
tion and the affinity for non-uniform surfaces are 
not uniform.24,30 The mathematical model is ex-
pressed as follows:31
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where KF (g
(1–1/n) kg−1 m−3) and n are empirical con-

stants.31 The n value indicates the degree of nonlin-
earity between solution concentration and adsorp-
tion, as follows: if n equals 1, adsorption is linear; 
if n is less than 1, adsorption is a chemical process; 
if n is more than 1, adsorption is a physical process. 
The definition of surface heterogeneity or adsorp-
tion intensity is 1/n. It is considered that adsorption 
is favorable when 0 < 1/n < 1. When 1/n > 1, unfa-
vorable adsorption takes place and becomes irre-
versible at 1/n = 1.30–32

The empirical Dubinin-Radushkevich isother-
mal adsorption model is commonly used to express 
the adsorption mechanism with Gaussian energy 
distribution on heterogeneous surfaces. It is usually 
applied to differentiate between physical and chem-
ical adsorption.33,34 The mathematical expression of 
the Dubinin-Radushkevich isotherm is as follows:35
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where ε is Polanyi potential (kJ mol−1), β (mol2 kJ2) 
is Dubinin-Radushkevich constant, R is gas con-
stant (8.31 J mol−1 K−1), T (K) is thermodynamic 
temperature, and E (kJ mol−1) is mean adsorption 
energy.35 The E value resulting from the Dubi-
nin-Radushkevich isotherm can determine whether 
a physisorption or chemisorption process has oc-
curred. Physisorption processes have adsorption en-
ergies in the range of 1–8 kJ mol−1, while chemisorp-
tion processes have an adsorption energy greater 
than 8 kJ mol−1.34–37

The values of the constants of the adsorption 
kinetics and adsorption isotherms were determined 
using the nonlinear regression analysis technique in 
Origin Software version No. 8.50013.

Results and discussion

Absorption spectrum

The absorption spectrum in the visible region 
of 380−700 nm was measured for each sample to 
determine the working wavelength. For a diluted 
Ecozol Blue LR Liquid dye solution, the maximum 
absorbance was at wavelength 591 nm. For the Car-
tasol Yellow 3GF dye solution, the maximum wave-
length was found at 438 nm. Spectrophotometric 
analysis of the real wastewater samples determined 
the working wavelength for the PM sample at 396 
nm and for the TP sample at 398 nm. After deter-
mining the working wavelength, we prepared sets 
of solutions with different concentrations for the in-
dividual dyes and wastewater samples to construct 
calibration curves, which were used to determine 
the concentration of dyes after the adsorption pro-
cess.

Adsorption process

Adsorption kinetics

In the first step of the adsorption process, it 
was necessary to determine the equilibrium time 
 -the point at which the adsorption capacity stabiliz-
es. Time dependencies of adsorption capacity were 
constructed for individual samples using pseu-
do-first and pseudo-second order kinetic equations. 
Based on the value of the kinetic constant qe of the 
more suitable kinetic order, the equilibrium time 
was determined. The time profile of adsorption ca-
pacity for dye solution is shown in Fig. 2, and for 
the real wastewater sample in Fig. 3. For all sam-
ples, we observed a rapid increase in adsorption ca-
pacity in the first 5–10 minutes, likely due to the 
abundant availability of active sites on the surface 
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of the adsorbent.38 The values of the 
constants of the used kinetic equations 
are listed in Table 2. Based on the sta-
tistical characteristics, the pseudo-sec-
ond-order kinetic model was more 
suitable for the Ecozol Blue LR Liquid 
sample. The equilibrium adsorption 
capacity constant (qe) from pseudo- 
second-order kinetics was 21.0 g kg−1. 
However, the adsorption capacity be-
gan to stabilize after 17.5 minutes, 
with experimental values of approxi-
mately 19 g kg−1. Therefore, the equi-
librium time for the adsorption of Eco-
zol Blue LR Liquid was found to be 
17.5 minutes.

For the other samples, the pseu-
do-first-order kinetics was more suit-
able. For the Cartasol Yellow 3GF sam-
ple, the value of qe was 36.2 g kg−1, 
with an equilibrium time of 20 minutes 
on the Mistron®75-6 KA adsorbent. For 
the PM sample, the value of the qe con-
stant from pseudo-first-order kinetics 
was 64.4 g kg−1. The experimental val-
ues of adsorption capacity reached ap-
proximately this value in 30 minutes, 
after which the experimental values of 
adsorption capacity remained relatively 
unchanged. Thus, the equilibrium time 
for the PM sample was determined to 
be 30 minutes. For the TP sample, the 
experimental values of the adsorption 
capacity began to stabilize 10 minutes 
earlier compared to the PM sample. 
The value of the qe constant from the 
better-fitting kinetics order was 54.2  
g kg−1, which also corresponded to the 
experimental values at the time of stabilization, as 
shown in Fig. 3. Thus, the equilibrium time for the 
TP sample was determined to be 20 minutes.

Adsorption isotherms

Additional adsorption experiments were con-
ducted under equilibrium conditions for all samples  
to evaluate the adsorption isotherm. These experi-

ments were conducted at the established equilibri-
um times. The values of the empirical constants of 
the adsorption isotherms were determined using 
nonlinear regression and are listed in Tables 3, 4, 
and 5. Based on the parameters of individual ad-
sorption isotherms, we can assess whether the ad-
sorption process is reversible or irreversible, favor-
able or unfavorable, and whether it is chemisorption 
or physisorption.24,28,29 The graphic representations 

F i g .  2  – Time profile of adsorption capacity during adsorption of dye solutions

F i g .  3  – Time profile of adsorption capacity during adsorption of wastewater 
samples

Ta b l e  2  –  Kinetic and statistical parameters of the applied kinetic models

Pseudo-first-order kinetics Pseudo-second-order kinetics

qmax

(g kg−1)
k1

(h−1)
SSE R2 qmax

(g kg−1)
k2

(kg g−1  h−1)
SSE R2

Ecozol Blue LR Liquid 19.1 14.0 5.08 0.984 21.0 1.10 2.88 0.991

Cartasol Yellow 3GF 36.2 11.1 5.66 0.983 39.2 0.50 15.66 0.949

PM 64.4 4.4 29.30 0.992 75.0 0.07 48.39 0.934

TP 54.2 5.7 27.43 0.988 55.0 0.24 94.19 0.946

t (min)

t (min)

q,
 q t (

g 
kg

–1
)

q,
 q t (

g 
kg

–1
)
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of the adsorption isotherms are shown 
in Figs. 4 – 7.

From the KL constants of the Lang-
muir isotherm for each sample, the sep-
aration factor RL was calculated accord-
ing to the Eq. 5. The values of the 
calculated separation factors are given 
in Table 3. For each examined sample in 
the tested concentration range, the RL 
value was less than 1, indicating that the 
adsorptions of the individual samples on 
Mistron®75-6 KA adsorbent were fa-
vorable. Also, the RL values being close 
to zero suggest that this process is irre-
versible.24,28–29

From the Freundlich isotherm, it is 
possible to determine whether the ad-
sorption is chemical or physical. Addi-
tionally, the favorability and irrevers-
ibility of the adsorption process can be 
confirmed or refuted from the reciprocal 
value of the empirical constant n. For 
each sample, the value of the empirical 
constant n was greater than 1 (Table 4), 
indicating that the adsorptions were 
physical. Since the values are greater 
than 1, the reciprocal would be less than 
1, confirming the favorability of the ad-
sorption from the Langmuir isotherm, 
indicating that the adsorptions are re-
versible.30–32

The value of adsorption energy E 
resulting from the Dubinin-Radushkev-
ich isotherm can determine whether a 
physisorption or chemisorption process 

Ta b l e  3  –  Parameters and statistical values of the Langmuir isotherm

qmax

(g kg−1)
KL

(L mg−1)
C0

(mg L−1)
RL SSE R2

Ecozol Blue LR Liquid 19.8 0.58 200.0 0.01 1.80 0.994

Cartasol Yellow 3GF 68.6 0.08 200.0 0.05 48.72 0.979

PM 85.1 0.02 1 421 0.03 422.38 0.926

TP 31.0 0.01 1 085 0.08 29.89 0.955

Ta b l e  4  –  Parameters and statistical values of the Freundlich isotherm

KF

g(1–1/n) kg−1 m−3 n 1/n SSE R2

Ecozol Blue LR Liquid 17.5 74.0 0.01 7.58 0.955

Cartasol Yellow 3GF 20.0 4.05 0.25 223.92 0.905

PM 10.2 2.94 0.34 238.48 0.984

TP 7.69 5.00 0.20 51.63 0.922

F i g .  4  – Adsorption isotherms for dye solutions of Ecozol Blue LR Liquid

F i g .  5  – Adsorption isotherms for dye solutions of Cartasol Yellow 3GF

q,
 q t (

g 
kg

–1
)

Ce (mg L–1)

q,
 q t (

g 
kg

–1
)

Ce (mg L–1)
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has occurred. In Table 5, we can see the 
parameters resulting from the Dubi-
nin-Radushkevich isotherm. For each 
sample, the adsorption energy value is 
less than 8 kJ mol−1, indicating phy-
sisorption. This finding aligns with the 
Freundlich isotherm, confirming that the 
adsorption of all tested samples on the 
Mistron®75-6 KA adsorbent was physi-
cal.34–37

Based on the R2 values of the ap-
plied isotherm models for individual ad-
sorption systems (Table 6), the best-fit-
ted isotherm model was evaluated. The 
Langmuir isotherm model provided the 
best fit to the experimental data for the 
adsorption of model dye solutions onto 
talc. The R2 value of the Langmuir iso-
therm for the Ecozol Blue LR Liquid 
sample was 0.994, and for Cartasol Yel-
low 3GF, it was 0.979. The R2 values of 
the other isotherm models for these mod-
el dye solutions was less than 0.960. The 
Langmuir isotherm model also provided 
the best fit to the experimental data for 
the TP sample, with a calculated R2 val-
ue of 0.955. For the Freundlich and Du-
binin-Radushkevich isotherm models, R2 
values were 0.922 and 0.862, respective-
ly. The Dubinin-Radushkevich isotherm 
model was the best fit for the PM waste-
water sample, with an R2 value of 0.984, 
while the Langmuir and Freundlich iso-
therm values were 0.926 and 0.958, re-
spectively.

F i g .  6  – Adsorption isotherms for PM wastewater sample

F i g .  7  – Adsorption isotherms for TP wastewater sample

Ta b l e  5  –  Parameters and statistical values of the Dubinin-Radushkevich isotherm

qmax

(g kg−1)
β

(mol2 kJ2)
E

(kJ mol−1)
SSE R2

Ecozol Blue LR Liquid 21.0 2.0 · 10–6 0.49 12.89 0.958

Cartasol Yellow 3GF 58.4 1.0 · 10–5 0.22 84.69 0.954

PM 83.9 1.2 · 10–3 0.02 91.96 0.984

TP 25.6 1.6 · 10–4 0.06 91.53 0.862

Ta b l e  6  –  Comparison of the R2 values of the applied isotherm models

Langmuir isotherm Freundlich isotherm Dubinin-Radushkevich isotherm

Ecozol Blue LR Liquid 0.994 0.955 0.958

Cartasol Yellow 3GF 0.979 0.905 0.954

PM 0.926 0.958 0.984

TP 0.955 0.922 0.862

q,
 q t (

g 
kg

–1
)

Ce (mg L–1)
q,

 q t (
g 

kg
–1

)

Ce (mg L–1)
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Adsorption efficiency

In general, the adsorption efficiency was high 
under equilibrium conditions, exceeding 90 % for 
dye solutions with a concentration of 200 mg L−1. 
Specifically, the adsorption efficiency was 98 % for 
Ecozol Blue LR Liquid and 94 % for Cartasol Yel-
low 3GF. A lower adsorption efficiency was ob-
served for the wastewater samples. However, a de-
crease in COD was recorded for these samples to 
evaluate whether talc as an adsorbent is also effec-
tive in removing organic pollutants. The removal 
efficiencies are shown in Fig. 8. The COD removal 
efficiency was 43 % for the sample from the paper 
mill (PM). The lower COD removal efficiency for 
this sample was likely due to the preferential ad-
sorption of residual dyes over other organic sub-
stances. A higher COD removal efficiency (51 %) 
was observed for the wastewater sample from the 
entrance to the wastewater treatment plant (TP) on 
the premises of the pulp and paper industry. Resid-
ual dyes in wastewater can have an adverse effect 
on the biological stage of wastewater treatment or 
may not be removed in the activated sludge process, 
leading to their release into the environment.39 Ad-
sorption on the tested talc could therefore be a suit-
able method for pre-treating wastewater before it 
enters the biological stage of the WWTP. The re-
sults indicate that this adsorbent is effective in the 
elimination of dyes used in the given industry.

The tested adsorption process has several ad-
vantages: cationic talc is an easily available, eco-
logical, and inexpensive adsorbent. At the same 
time, it is assumed that anionic pollutants, such as 
dyes used in the pulp and paper industry, are prefer-
entially adsorbed onto talc. However, the main dis-

advantage is the form of the adsorbent. This study 
used powdered talc, which presents challenges in 
solid–liquid separation, transmission loss, and poor 
permeability due to its small particle size and diffi-
cult settling characteristics.40,41

Conclusion

This study investigated the adsorption of indus-
trial dyes using a cationic type of talc for the re-
moval of anionic dyes. This adsorbent was tested on 
both model wastewater containing the studied dyes 
and on real wastewater from the pulp and paper in-
dustry. The results of this study indicate that talc is 
applicable for the pretreatment of wastewater in this 
industry. Kinetic studies revealed that the adsorp-
tion of Ecozol Blue LR Liquid followed pseu-
do-second-order kinetics, while the other tested 
samples followed pseudo-first-order kinetics. The 
adsorption isotherms indicated that the adsorption 
processes for all tested systems were favorable and 
involved physical adsorption. The adsorption effi-
ciency for the model solutions exceeded 90 %. For 
real wastewater samples, the adsorption efficiency, 
as measured by the COD pollution indicator, was 
lower, ranging from 43 to 51 %. Future work should 
focus on the design, modeling, and implementation 
of the adsorption process as a pretreatment step be-
fore the biological stage of the wastewater treat-
ment plant. The design of the adsorption process 
should be specifically tailored to the pulp and paper 
industry, from which the wastewater samples were 
obtained. The results of this study provide a solid 
foundation for the practical design of the adsorption 
process.

F i g .  8  – Adsorption efficiency
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