
 

 https://biointerfaceresearch.com/  1 of 13 

 

Review 

Volume 13, Issue 3, 2023, 264 

https://doi.org/10.33263/BRIAC133.264 

 

Activated Carbons for the Removal of Copper and Iron 

Ions from Wine Samples 

Fragkiskos Papageorgiou 1 , Athanasios C. Mitropoulos 1, George Z. Kyzas 1,*  

1 Department of Chemistry, International Hellenic University, Kavala 65404, Greece; kyzas@chem.ihu.gr (G.Z.K.); 

* Correspondence: kyzas@chem.ihu.gr (G.Z.K.) 

Scopus Author ID 17345938100 

Received: 27.12.2021; Accepted: 24.01.2022; Published: 12.06.2022 

Abstract: Pollution of the planet has gone beyond all bounds. One of these aspects is the burden on the 

environment with heavy metals. The problem with this type of metals is that they accumulate in the 

environment with negative consequences. In this paper, we deal with the removal of copper and iron 

ions from wine. Wine is in our daily life, and its technological interest is located in removing excess 

copper and iron during its production chain. Today, we do not use activated carbon to remove these two 

heavy metals but alternative chemical methods. In the present work to remove these two metals, we 

study the use of activated carbon derived from potato peel (AC-Pot) in one case and the use of activated 

carbon derived from the banana peel (AC-Ban) in the second case.    
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1. Introduction 

In the last century, the planet's pollution has gone beyond all bounds. Climate change 

has made its appearance in extreme weather conditions, and humanity is counting thousands of 

victims because of it [1]. But the pollution of the planet due to the industrial activity and the 

way of life of modern man has many aspects. One of these aspects is heavy metals' burden on 

the environment [2]. This concern led to the elaboration of this dissertation. As we will see in 

detail below, the main problem with heavy metals is that they accumulate in the environment 

with negative consequences [3]. Consequently, the human body is burdened with the 

accumulation of heavy metals, and if it passes, they interfere with the function of vital cellular 

components [4]. The toxic effects of heavy metals like lead, mercury, and arsenic have been 

known for hundreds of years. Studies with certain methods on the toxicity of certain heavy 

metals date back to 1868. In humans, poisoning with heavy metals is usually treated with 

chelating agents [5]. 

By reading the above, we understand how necessary the scientific intervention is to 

either the overall management of heavy metals that will aim to protect the environment and, 

therefore, the protection of the human species. Wine is in man's daily life, and during its 

production chain, the technological interest is located in the removal of excess copper and iron 

[6-8]. We do not use activated carbon to remove these two heavy metals, but we use alternative 

chemical components [9]. In the present work, we study the use of activated carbon derived 

from the banana peel in one case and the use of activated carbon derived from potato peel in 

the second case [10]. 
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AC is a commercial adsorbent material that is widely used for the adsorbing of diverse 

organic compounds, including heavy metals [11-12], surfactants, dyes, and pharmaceuticals. 

According to the US Agency for Environmental Protection, the adsorption with the use of AC 

is considered one of the best available technologies for the control of wastewater [13]. The AC 

can be produced via several methods, including activation with physical, chemical, and 

combination of physical and chemical methods and by microwaves [14]. 

2. Materials and Methods 

2.1. Activated carbon. 

In this experiment, we used two types of activated carbon to remove copper and iron. 

In our first experiment, the activated carbon comes from potato peels, and in our second 

experiment, the activated carbon comes from banana peels. Below are the ways of producing 

each activated carbon separately as well as some characteristics of each one [15]. 

2.2. Activated carbon from potato peels. 

For the production of carbon by the raw potato peels, we activated precursor (PP) with 

KOH, 20 g of dry potato peel precursor were impregnated with 250 mL of the activation agent 

(2M KOH) for 24 hours at room temperature. After that, the mixing was filtrated, and we used 

a furnace to place it. All treatments were made at a stable heating rate of 10 K/min, with a 

nitrogen (99.9% pure) flow of 30 STP cm3/min, which was kept during cooling and heating 

(The activation temperature was 600 °C for 2 h). After that, we let it cool, and the solid 

pyrolysis residues were washed with Milli-Q distilled water until constant pH. The activated 

carbon we have as a result was dried for 24 h at 100 °C in a vacuum furnace. The resulted 

product of activated carbon is labeled as AC-POT. [16-18, 22-23] 

2.3 Activated carbon from banana peels. 

For the production of the carbon by banana peels, we impregnate 125 ml of H3PO4 

(75% w/w) at room temperature with 20 g of dry banana peels precursor and keep under stirring 

for 24 h. After that, we use a sand bath at high temperature to dry the impregnated biomass 

because we have to remove residual water and then oven-dried at 100 °C for 24 h. Then we use 

a furnace of over 600 to add a weighed amount of these dried samples. All the treatments were 

made with 99,9% pure nitrogen flow of 30 STP cm3/min the latter was kept at the same rate 

during cooling and heating and a stable heating rate of 10 K/min. The activation temperature 

of the treatment lasted 2 h, and after cooling, the solid residues were washed for 24 h in a 

Soxhlet apparatus until neutral pH and then with ethanol. The resulted product of activated 

carbons was dried for 24 h at 100 °C. The activated carbon formed and was labeled as AC-

BAN [19-21] 

2.4. Methods. 

To determine the copper and iron content in the selected wine samples, we used the one 

analyzer described in detail above. However, the principle of the method and the procedure for 

determining each metal is different. 
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2.4.1. Determination of iron content in wine samples. 

The principle of the iron determination method is based on the fact that iron is ionized 

in an acid environment, and Fe(III) ions are reduced to Fe(II), and react with ferene S to give 

a blue-colored complex. After that, we measure the absorbance at 593 nm directly proportional 

to the amount of iron in the same sample [24-26]. The interference due to copper is eliminated 

by adding thiourea. The compositions of the kit we use to determine iron are: 

• R1 Acid buffer > 3%, thiourea >0.05, stabilizers 

• R2 Ethanol >20%, reductant and stabilizer 

• R3 Ferene S> 5g/L, stabilizers 

• BL Acid buffer > 3%, thiourea >0.05%, stabilizers 

The procedure of the experiment described above: 

Table 1. The procedure of the experiment to detect iron content in wine samples 

Wavelength: 593 nm 

Lightpath: 1 cm 
Temperature: 37⁰C 

Dispense Reagent blank Standard Sample Sample blank 

Reagent R1 (mL) 2 2 2  

Reagent R2 (μL) 200 200 200 200 

Sample (μL)   200 200 

Standard (μL)  200   

Reagent blank (mL)    2 

Water (μL) 200   50 

Mix, incubate at 37⁰C for 3 min 

Reagent R3 (μL) 50 50 50  

     

Mix, incubate at 37⁰C for 3 min. 

Read absorbances of standard (As), sample (Ac), and sample blank (Ar) against distilled water. 
The procedure of experiment to detect iron content in wine samples 

 

The result calculation is based on the type above: 

Iron mg/L = 
𝐴𝑐−(𝐴𝑏+𝐴𝑟)

𝐴𝑠−𝐴𝑟
× standard value 

2.4.2. Determination of copper content in wine samples 

The principle of the method of copper determination is based on the fact that the 

chromogenic compound 3,5-Di-BR-paesa (4-3,5 Dibromo-2-pyridylazo)-N-ethy-N-

sulfopropyl Aniline) reacts with Cu(II) in the presence of sodium lauryl sulfate, forming a blue-

violet complex, whose absorbance is measured at 580 nm. The amount of chromophore 

produced is proportional to the copper present in the sample [27-29]. The method is highly 

specific, and interferences from other cations are avoided by suitable pH and reaction medium. 

The compositions of the kit we use to determine copper are: 

• R1 acetate buffer, preservatives, and stabilizers. 

• R2 3,5-di-Br-PAESA 

• BL acetate buffer, preservatives, and stabilizers. 

The procedure of the experiment described above: 

Table 2. The procedure of the experiment to detect copper content in wine samples 

Wavelength: 580 nm 

Lightpath: 1 cm 
Temperature: 37⁰C 

Dispense Reagent blank Standard Sample Sample blank 

Water (μL) 300 - - - 
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Wavelength: 580 nm 

Lightpath: 1 cm 

Temperature: 37⁰C 
Dispense Reagent blank Standard Sample Sample blank 

Standard (μL) - 300 - - 

Sample (μL) - - 300 300 

Reagent (mL) 2 2 - 2 

Blank (mL) - - 2 - 

Mix, incubate at 37⁰C for 10 min. 

Read absorbances of standard (As), sample (Ac), and sample blank (Ar) against distilled water. 
The procedure of the experiment to detect copper content in wine samples 

 

The result calculation is based on the type above: 

Copper mg/L = 
(𝐴𝑐1−𝐴𝑟1)−𝐴𝑐2

𝐴𝑠1−𝐴𝑟1
 × standard value 

2.4.3. Experimental procedure. 

3 commercial wines were selected randomly for the experiment, with the main 

difference being the color. More specifically, we chose a white wine, a rosé wine, and a red 

wine. In these three wine samples, we first determined their iron and copper content. We then 

divided the samples into two groups.[30] We added 1 kg/1000 L activated carbon from potato 

peels to one group. In the second group, we added activated carbon 1 kg/1000 L derived from 

banana peels. Finally, after stirring each sample for 30 minutes, we left it alone, and the next 

day we repeated the copper and iron determination measurements to see the results. The same 

procedure was repeated for seven days on the first day and then once per day. The results vary 

due to the use of different activated carbon, according to Tables 1 and 2. 

2.4.3.1. Experimental procedures using activated carbon derived from potato peels. 

We have two different activated carbons that we use in three different wines. The 

difference between the wines concerns the color and the way of vinification. Of course, there 

are also small differences in alcohol content, total acidity, and active acidity. Our research, 

however, focuses on the effect of two different activated carbon on three wines of different 

colors [31-33]. The difference in color and the way of vinification is also understood by the 

difference in the content of phenolic compounds [34-36]. 

Table 3. Results of iron and copper reduction experiments using activated carbon derived from potato peels. 

 Iron (mg/L)  Copper (mg/L) 

Sample White Rose Red Day White Rose Red 

Neat wine 4.231 1.156 3.432 0.00 0.096 0.111 0.190 

Wine/AC-Pot 3.451 1.134 3.382 0.25 0.093 0.105 0.188 

 2.598 1.110 3.361 0.50 0.088 0.101 0.186 

 2.205 1.08 3.335 0.75 0.084 0.098 0.185 

 1.987 1.056 3.312 1.0 0.078 0.095 0.184 

 1.902 1.041 3.306 2.0 0.073 0.095 0.184 

 1.855 1.031 3.306 3.0 0.069 0.094 0.183 

 1.831 1.031 3.306 4.0 0.067 0.094 0.183 

 1.830 1.031 3.306 5.0 0.066 0.094 0.182 

 1.828 1.031 3.306 6.0 0.066 0.094 0.182 

 1.827 1.030 3.305 7.0 0.066 0.094 0.182 

As we can see in Figure 1, when applying the activated carbon derived from potato 

peels to white wine according to the measurements, we have a total reduction of 56.7% in the 

iron content. 94.64% of the total reduction must be achieved on the first day and the remaining 

5.36% in the next 6 days. 
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Figure 1. The curve of iron reduction (mg/L) related to time (Days) in white wine sample using AC derived 

from potato peels. 

As we can see in Figure 2, when applying the activated carbon derived from potato 

peels to rose wine according to the measurement, we have a total reduction of 10.8 % in the 

iron content. Therefore, 80.55 % of the total reduction must be achieved on the first day and 

the remaining 19.45 % in the next six days. 
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Figure 2. The curve of iron reduction (mg/L) related to time (Days) in rose wine sample using AC derived from 

potato peels. 

As we can see in Figure 3, when applying the activated carbon derived from potato 

peels to red wine, according to the measurements, we have a total reduction of 3.7 % in the 

iron content. 94.60 % of the total reduction must be achieved on the first day and the remaining 

5.40 % in the next 6 days. 
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Figure 3. The curve of iron reduction (mg/L) related to time (Days) in red wine sample using AC derived from 

potato peels. 

As we can see in Figure 4, when applying the activated carbon derived from potato 

peels to white wine, we have a total reduction of 31.3% in the copper content according to the 

measurements. 60.06% of the total reduction must be achieved on the first day and the 

remaining 39.94% in the next six days. 
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Figure 4. The curve of copper reduction (mg/L) related to time (Days) in rose wine sample using AC derived 

from potato peels. 

As we can see in Figure 5, when applying the activated carbon derived from potato 

peels to rose wine according to the measurement, we have a reduction of 15.3% in the copper 

content. We consider important the fact that 94.11% of the total reduction is achieved on the 

first day and the remaining 5.89 % in the next 6 days. 
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Figure 5. The curve of copper reduction (mg/L) related to time (Days) in rose wine sample using AC derived 

from potato peels. 

As we can see in Figure 6, when applying the activated carbon derived from potato 

peels to red wine according to the measurements, we have a total reduction of 3.20 % in the 

copper content. It’s very important that 76.19% of the total reduction is achieved on the first 

day and the remaining 23.80% in the next six days. 
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Figure 6. The curve of copper reduction (mg/L) related to time (Days) in red wine sample using AC derived 

from potato peels. 

2.4.3.2. Experimental procedures using activated carbon derived from banana peels. 

As we can see in Figure 7, when applying the activated carbon derived from banana 

peels to white wine according to the measurements, we have a total reduction of 49.1 % in the 

iron content. 95.11% of the total reduction must be achieved on the first day and the remaining 

4.89% in the next 6 days.  
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Table 4. Results of iron and copper reduction experiments using activated carbon derived from banana peels. 

 Iron (mg/L)  Copper (mg/L) 

Sample White Rose Red Day White Rose Red 

Neat wine 4.231 1.156 3.432 0.00 0.096 0.111 0.190 

Wine/AC-Ban 3.782 1.145 3.427 0.25 0.091 0.106 0.189 

 3.121 1.132 3.421 0.50 0.089 0.104 0.187 

 2.491 1.121 3.411 0.75 0.087 0.103 0.186 

 2.254 1.105 3.405 1.0 0.084 0.102 0.185 

 2.195 1.096 3.401 2.0 0.082 0.100 0.185 

 2.189 1.094 3.399 3.0 0.078 0.099 0.184 

 2.165 1.094 3.399 4.0 0.074 0.099 0.184 

 2.157 1.094 3.399 5.0 0.073 0.099 0.184 

 2.155 1.094 3.399 6.0 0.071 0.099 0.184 

 2.154 1.094 3.399 7.0 0.071 0.099 0.184 
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Figure 7. The curve of iron reduction (mg/L) related to time (Days) in white wine sample using AC derived 

from banana peels. 

As we can see in Figure 8, when applying the activated carbon derived from banana 

peels to rose wine according to the measurements, we have a total reduction of 5.40 % in the 

iron content. 81.48% of the total reduction must be achieved on the first day and the remaining 

18.51% in the next 4 days. 
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Figure 8. The curve of iron reduction (mg/L) related to time (days) in rose wine sample using AC derived from 

banana peels. 
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As shown in Figure 9, when applying the activated carbon derived from banana peels 

to red wine according to the measurements, we have a total reduction of 1% in the iron content. 

80% of the total reduction must be achieved on the first day and the remaining 20% in the next 

6 days. 
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Figure 9. The curve of iron reduction (mg/L) related to time (days) in red wine sample using AC derived from 

banana peels. 

As shown in Figure 10, when applying the activated carbon derived from banana peels 

to white wine according to the measurements, we have a total reduction of 26% in the copper 

content. 48.07% of the total reduction must be achieved on the first day and the remaining 

51.93% in the next 6 days. 
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Figure 10. The curve of copper reduction (mg/L) related to time (Days) in white wine sample using AC derived 

from banana peels. 

As we can see in Figure 11, when applying the activated carbon derived from banana 

peels to rose wine according to the measurements, we have a total reduction of 10.8% in the 
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copper content. It is very important that 75% of the total reduction is achieved on the first day 

and the remaining 25% in the next six days.  
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Figure 11. The curve of copper reduction (mg/L) related to time (Days) in rose wine sample using AC derived 

from banana peels. 

As we can see in Figure 12, when applying the activated carbon derived from banana 

peels to red wine according to the measurements, we have a total reduction of 3.2% in the 

copper content. 81.25% of the total reduction must be achieved on the first day and the 

remaining 18.75% in the next 6 days.  
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Figure 12. The curve of copper reduction (mg/L) related to time (Days) in red wine sample using AC derived 

from banana peels. 

4. Conclusions and Perspectives 

According to the experimental data, we can safely say that the activated carbon derived 

from potato skins, when applied to white wines in a quantity of 1 kg/tn, has impressive results 

in reducing the content of iron and copper. But the same cannot be said of rosé and red wines. 
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With a closer look at the results, we could make the following rule. The redder the wine or, the 

richer in phenolic compounds, the lower the activity of activated carbon derived from potato 

peels in reducing iron and copper. This conclusion follows from the fact that in our 

experiments, the reduction of iron and copper content in wine samples decreases the wine's 

redder. This is also true in the case of activated carbon from potatoes and the case of activated 

carbon from bananas. In order to have iron turbidity, the iron content in the wine must be 

greater than 12 mg/L, and of course, there must be contact between the wine with oxygen. In 

the case of copper, turbidity is only found in white wines if we have a concentration greater 

than 0.5 mg/L and a reducing environment. In wines that are rich in tannins (phenolic 

components) due to their antioxidant action, we have natural protection against iron turbidity. 

So except in rare cases, there is no need to remove iron from rosé and red wines. Based on 

these data, we consider that the activated carbon derived from potato peels is an ideal material 

for removing these two metals in white wine, which is essentially the wine with a technological 

interest in their removal. 

Let's compare the effectiveness of two different activated carbons in the same wines. 

We will notice that the activated carbon derived from potato peels is more efficient than the 

activated carbon derived from banana peels. More specifically, in the case of iron, we have 

higher removal rates in all categories of wines. The same is true in the case of copper in white 

and rosé wine, but in the case of red wine, the total percentage removal is exactly the same. 
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