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In this paper, the possibility of purifying textile industry wastewater using 

metallurgical adsorbents: anode dust and waste moulding mixture was 

studied. The wastewater of the textile industry was simulated in such a way 

that a laboratory solution of copper and zinc ions was made and the 

competitive adsorption of the two ions was monitored. The obtained results 

indicated that the adsorption efficiency of both adsorbents is very high (52.3 

to 94.8 %) with a slightly higher affinity towards copper ions. The 

experimental data were modeled by the Langmuir and Freundlich isotherm. 

The obtained results indicated that zinc adsorption takes place according to 

the Freundlich model, and copper according to the Langmuir model. 
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1. Introduction 

 

It is known that the main role of 

clothes is to protect the body from 

external influences. In the 

beginning, it was made by hand 

from natural materials, most often 

leather and fur. With the develop-

ment of civilization, clothing 

indicates strategic affiliation, indi-

cates status, becomes a feature of 

organized groups, such as the 

army, judiciary, etc. With the 

further progress of civilization, 

clothing becomes a "means" for 

beautification. All of the above 

leads to the improvement of 

clothing production procedures, 

including the use of special means 

for dyeing, bleaching, washing, 

etc., which to a greater or lesser 

extent end up in the wastewater of 

the textile industry. This is pre-

cisely one of the reasons why the 

textile industry is considered an 

industry that significantly burdens 

the environment. Various heavy 

metals (copper, iron, manganese, 

chromium, zinc, etc.), surfactants, 

softeners, dyes, etc., can often be 

found in textile industry waste-

waters [1-5]. Heavy metals found 

in wastewater pose a significant 

threat to the environment. These 

metals have the possibility of 

accumulation in living organisms, 

especially in the human body. In 

addition, heavy metals often enter 

biochemical cycles in the human 

body, causing various disorders. 

Some of the heavy metals are 

carcinogenic, mutagenic and/or 

genotoxic [6]. Heavy metals are 

most often introduced into the 

wastewaters of the textile industry 

through the dyeing process. 

During this process, dyes are used 

that usually contain chromium, 

zinc, cadmium, copper and some 

other heavy metals, which de-

pends on the type of dye used. In 

addition, they also enter the water 

from metal parts of various 

machines used in production, but 

also from various chemicals used 

in production. Heavy metals in 

textile industry wastewater can 

come from both natural and 

artificial fibers [7]. 

On the other hand, the metal-

lurgical industry that does not 

generate large amounts of waste-

waters generates large amounts of 

waste materials, such as slag, va-

rious dusts, blast furnace sludge, 

waste mould mixture, etc. The 

mentioned waste materials cannot 

be recycled. The only way is dis-

posal in landfills. Since metal-

lurgical production produces va-

rious waste in large quantities, the 

burden on the environment is also 
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significant in this industry [8, 9]. 

The removal of various contami-

nants from water is necessary, and 

therefore various water purify-

cation procedures have been de-

veloped. Which of the procedures 

will be used depends primarily on 

the water pollution. Adsorption 

can be used to remove heavy 

metals from wastewater, including 

wastewater from the textile 

industry. Activated carbon is most 

often used during adsorption, as 

one of the adsorbents that showed 

the best adsorption properties. 

However, activated carbon has a 

very high price, so cheaper adsor-

bents are often used. Today, this is 

the most common application of 

some waste materials, especially 

industrial waste. In this way, in 

addition to the removal of heavy 

metals from water, the amount of 

waste materials at the landfill is 

also reduced [10, 11]. 

This paper studies the possibility 

of removing heavy metals, copper 

and zinc, which can be found in 

wastewater from the textile 

industry using metallurgical waste 

- anode dust and waste mould 

mixture. Anode dust (AD) is a 

waste produced during the pro-

duction of anodes that are used in 

the electrolytic production of 

aluminium. During the production 

of anodes, pressing, baking and 

transportation are carried out, 

during which dust is generated. 

The resulting dust has the same 

chemical composition as the 

anodes, but due to the inappro-

priate granulometric composition, 

it cannot be used or returned to the 

anode production process. A 

mould mixture consisting of silica 

sand, bentonite as a binder, water 

and additives is very often used in 

foundries to make moulds into 

which the melt is poured during 

the production of metal castings. 

After cooling and solidification of 

the melt, the mould is broken, and 

the mould mixture is refreshed and 

used again in the casting process.  

The reuse of the mould mixture is 

limited to a certain number of 

casting cycles, depending on the 

temperature, type of melt, type of 

mould mixture, etc. After the 

mould mixture loses certain pro-

perties, it can no longer be used in 

the casting production process and 

becomes waste, i.e. waste mould 

mixture (WMM). 

 

2. Experimental  
 

A laboratory prepared solution of 

Zn(II) and Cu(II) ions was used as 

adsorbate, which simulated waste-

water from the textile industry. 

Two types of metallurgical waste 

were used as adsorbents: anode 

dust and waste mould mixture.  

Both types of waste were dried at 

105 °C to a constant mass before 

adsorption. Their characterization 

was carried out using inductively 

coupled plasma optical emission 

spectroscopy (ICP-OES) to deter-

mine chemical composition (Per-

kin Elmer Optima 2100), Fourier 

transform infrared spectroscopy 

(FT-IR) to determine functional 

groups (Perkin Elmer Spectrum 

One) and the Brunauer-Emmett-

Teller method (BET) (Micro-

metritics ASAP 2000) to deter-

mine specific surface area, volume 

and pore diameter. 

Batch adsorption experiment was 

carried out by putting in contact 

0.5 g of adsorbent and 50 cm3 of 

solution (25 ml Zn(II) + 25 ml 

Cu(II)). The solutions were pre-

pared by diluting the standard 

solution of 1000 mg/dm3 to 

working solutions with concentra-

tions of 10, 15, 20 and 30 mg/dm3. 

Adsorption systems were in 

contact for 10, 15, 20, 30 and 40 

minutes at room temperature. 

After the contact time had expired, 

filtering was carried out through a 

blue ribbon filter paper. The 

concentration of Zn(II) and Cu(II) 

ions after adsorption was deter-

mined in the filtrates using ICP-

OES.  

From the obtained results, the 

adsorption capacity was calculated 

using the following equation: 
 

     𝑞𝑒 =
(𝑐0−𝑐𝑒)

𝑚
∙ 𝑉   (1) 

 

Where is: 

c0  - initial adsorbate 

concentration, mg/dm3, 

ce  - equilibrium concentration of 

adsorbate, mg/dm3, 

m  - adsorbent mass, g, 

V  - adsorbate volume, dm3. 
 

The following equation was used 

to evaluate the adsorption effi-

ciency: 

   

𝐸 =
(𝑐0−𝑐𝑒)

𝑐0
∙ 100  (2) 

 

Where is: 

E - adsorption efficiency, % 

c0  - initial adsorbate 

concentration, mg/dm3, 

ce  - equilibrium concentration of 

adsorbate, mg/dm3, 
 

Experimental data were modeled 

using the two most common 

isotherms, the Freundlich and 

Langmuir isotherms, which are 

shown by the following equations. 

Freundlich isotherm: 
 

n/1

eFe cKq    (3) 

 

Where is: 

qe - adsorption capacity, mg/g, 

ce - equilibrium concentration of 

adsorbate, mg/dm3,  

K and n - Freundlich constants. 
 

Langmuir isotherm: 
 

qe = 
eL

eLm

1 cK

cKq




    (4) 

 

gdje je: 

qe - adsorption capacity, mg/g, 

ce - equilibrium concentration of 

adsorbate, mg/dm3,  

qm - maximum adsorption 

capacity, mg/g,  

KL – Langmuir constant. 
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3. Results and Discussion 

 
Tables 1 and 2 show the chemical 

compositions of the tested 

adsorbents, waste mould mixture 

and anode dust.  

 

 

 
Figures 1 and 2 show the results 

obtained using FTIR. 

From the results obtained after the 

characterization of the samples, it 

is evident that these are two com-

pletely different adsorbents. 

  

 

 

The waste mould mixture has the 

most silicon in its composition, 

which comes from silica sand, 

which makes up most of the waste 

mould mixture. Carbon 

predominates in the anode dust, 

since coke is the main component 

in the production of anodes. Figs.1 

and 2 show that there are vibra-

tions at wavelengths correspond-

ding to the groups Si-O, Si-OH, 

Si-O-Si (Fig.1) and (C-H) group 

(Fig.2). Data on the chemical 

composition and data obtained by 

FTIR analysis indicate good 

adsorption properties of the 

adsorbents used, since it is known 

that substances based on SiO2 and 

carbon have good adsorption 

properties and are successfully 

used as adsorbents. According to 

literature data, adsorption on 

carbon materials is somewhat 

better than adsorption on other 

materials, regardless of the type of 

adsorbate [12, 13]. It can be 

expected that the investigated 

systems will behave in a similar 

way since there are differences in 

the specific surface area, volume 

and diameter of the pores between 

the anode dust (specific surface 

area 6.48 m2/g, pore volume 

2.37·10-2 cm3/g, pore diameter 

13.22 nm) and waste mould 

mixture (specific surface area 4.33 

m2/g, pore volume 0.0134 cm3/g, 

pore diameter 11.28 nm). 

Fig.3 shows the diagram: 

   qe = f(ce) 

It can be seen from Fig.3 that the 

adsorption capacity increases with 

the increase in the concentration of 

Cu and Zn ions. During the 

adsorption of copper and zinc ions 

on the anode dust, the adsorption 

takes place very quickly, which 

indicates a large number of free 

places compared to the waste 

mould mixture. This can be related 

to the larger specific surface area 

Tab.1  Chemical composition of waste mould mixture 

Element Si Al Na Fe Ca Mg K P Mn Ba 
Other 

elements 

wt. % 89.4 1.48 0.62 0.59 0.37 0.25 0.17 0.02 0.01 0.01 7.08 

Tab.2  Chemical composition of anode dust 

Element C Al Si Ca Fe Na Mg Ni 
Other 

elements 

wt. % 96.8 1.27 1.27 0.22 0.19 0.13 0.07 0.02 0.03 

 
Fig.1 FTIR  analysis of waste mould mixture 

 

 
Fig.2 FTIR  analysis of anode dust 
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of the anode dust, the volume and 

diameter of the pores, as well as 

the specific functional groups. 

Fig.4 shows the dependence of 

adsorption capacity on adsorbent-

adsorbate contact time. 

It can be seen from Figure 4 that 

copper adsorption takes place 

relatively quickly in the first ten 

minutes. After fifteen minutes of 

contact of copper ions with the 

adsorbent, there is a slight drop in 

adsorption, and after thirty minu-

tes equilibrium is established. This 

course of adsorption indicates a 

large number of free sites on the 

adsorbent at the very beginning of 

adsorption. Adsorption of zinc 

takes place somewhat slower; 

equilibrium is established after 

fifteen minutes, and a slightly 

lower adsorption capacity is 

achieved compared to the adsorp-

tion of copper on both tested 

adsorbents. This phenomenon 

occurs probably because the tested 

adsorbents have a higher affinity 

for copper ions than for zinc ions.  

In general, the adsorption of both 

copper and zinc is better on the 

anode dust than on the waste 

mould mixture. This theory is also 

supported by the results obtained 

by BET analysis, which indicate 

that anode dust has a larger 

specific surface area, volume and 

pore diameter. Furthermore, the 

functional groups on the anode 

dust are in the form of organic 

functional groups, which are 

easier to bind than Si-O and Si-O-

Si groups. 

In support of the above is the fact 

that the adsorption efficiency for 

an initial concentration of 10 ppm 

(mg/dm3) and at the moment of 

establishment of equilibrium 

moves in the following way:  
 

AD-Cu > WMM-Cu > 

 >AD-Zn > WMM-Zn.  
 

Very high efficiency values 

ranging from 52.3 to 94.8 % also 

indicate good adsorption pro-

perties of the tested adsorbents. 

Table 3 shows the parameters 

obtained on the basis of modelling 

with the Freundlich and Langmuir 

isotherms. 

As a rule, to determine the 

adsorption model that best 

describes the adsorption process, a 

comparison of determination 

coefficients, R2, is used. In this 

case, by comparing the coeffi-

cients of determination, it could be 

concluded that zinc adsorption 

takes place according to the 

Freundlich model, and copper 

adsorption according to the 

Langmuir model. For a more 

accurate definition of adsorption 

according to the Langmuir model, 

the obtained maximum adsorption 

capacities qm should certainly be 

taken into account. By comparing 

the maximum adsorption capacity 

(qm) and the equilibrium adsorp-

tion capacity (qe), it is evident that 

the stated capacities are very 

similar for the AD-Cu and WMM-

Cu systems, which could also 

indicate that in the mentioned 

systems adsorption takes place 

according to the Langmuir model. 

This statement is supported by the 

fact that the Freundlich constant 

1/n is negative for the WMM-Cu 

system. 

 
 

Fig.3 Dependence of adsorption capacity on the equilibrium concentration of 

adsorbate 

 

 
 

Fig.4 Dependence of adsorption capacity on adsorbent-adsorbate contact time 

(c0 = 10 mg/dm3) 
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It is known from the literature [14] 

that the Freundlich model refers to 

physical adsorption, and the 

Langmuir model refers to 

chemisorption. Therefore, it can 

be concluded that the adsorption 

of zinc on both tested adsorbents 

takes place as physical adsorption 

in one layer, and the adsorption of 

copper as chemisorption. 

 

 

4. Conclusion 
 

From the obtained results, it can be 

concluded that both tested 

adsorbents, anode dust and waste 

mould mixture can be used for the 

purification of wastewaters from 

textile industry that contain Cu(II) 

and Zn(II) ions in its composition. 

These conclusions are indicated 

by the results obtained after the 

characterization of the samples, 

but also based on the adsorption 

experiment. The results of the 

determination of the chemical 

composition indicate that there is 

carbon in the anode dust, and 

silicon in the waste mould 

mixture, which are otherwise good 

adsorbents. Furthermore, the 

results of the FTIR analysis show 

the presence of SiO, Si-O-Si and 

Si-OH, or C-H groups that 

contribute to the adsorption 

properties. Since it is a 

competitive adsorption in which 

copper and zinc ions compete with 

each other, the results showed that 

both adsorbents have a greater 

affinity for copper ions. Despite 

this, the adsorption experiment 

showed that both adsorbents 

simultaneously show high 

removal efficiency for both ions. 

Adsorption of zinc on both 

adsorbents takes place according 

to the Freundlich model, and 

adsorption of copper according to 

the Langmuir model. 
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