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ABSTRACT: Among the methods for the contaminated water treatment for removing heavy metal ions, including those of T1, the most 

widely used are the adsorption methods, and among the sorbents used, the different types of carbon materials. The analysis of the metal ion 

sorption mechanisms from aqueous solutions of carbon materials shows the essential role of surface oxygen groups present in all carbon 

materials (commercial products) for  the sorption process. In the presented publication, the possibility was investigated through liquid phase 

oxidation with nitric acid to prepare oxidized carbon materials which differ both in the parameters of the adsorption texture and the content 

of surface oxygen groups on the carbon surface. The efficiency of the modified samples prepared by liquid phase oxidation for Tl ions 

sorption from aqueous medium was investigated by adsorption process. Increased sorption possibilities were observed towards Tl ions as 

compared to initial carbon materials. 

KEY WORDS: Tl COMPOUNDS AS TERRORISTIC POISONOUS AGENTS, Tl COMPOUNDS AS SOURCE OF WATER 

CONTAMINATION, SURFACE OXYGEN GROUPS (SOG), OXIDATIVE MODIFIED ACTIVATED CARBONS INTENDED FOR 

REMOVAL OF Tl IONS FROM DRINKING WATER 

1. Introduction 

The water purification from Tl ions is of significant interest due 

to the high toxicity of the thallium compounds, especially those of 

the Tl1+. Thallium appears in water as a by-product from various 

chemical processes, as a component of insecticides or as an agent 

used by terrorists for contamination of potable waters. 

Among the methods for purification of water from the heavy 

metal ions, including of Tl, the widest application is of the 

adsorption methods, and among the sorbents used, these are the 

various types of activated carbons.  

The activated carbons appear to be most multipurpose among 

the adsorbents used for water purification characterizing with 

relatively low price and possibilities for regeneration [1]. 

The effectiveness of the activated carbons as adsorbents for 

various types of water contaminants is widely discussed [2-3]. It has 

been established that the activated carbons are very effective 

sorbents for removal of the organic compounds from waters as well 

as of significantly smaller number of inorganic contaminants.  

The electrostatic interaction between the metal ions and carbon 

surface however is generally insufficient for full adsorption by the 

activated carbon of the metal ions [4].  

Adsorption of the metal ions by the unmodified carbon surfaces 

of the activated carbons is explained by their interaction with the π 

sites (Cπ) of the carbon basal surfaces which can further be 

weakened in some cases by the presence of heteroatoms (groups), 

which by electron withdraw could destroy the π electron 

delocalization [5]. 

There are references to publications of various methods [6-10] 

for modification of the surface of the activated carbons with the 

purpose of significant increase of the sorption of the specific 

contaminants (in particular the metal ions) from water medium. 

 

According to L. Monser and N. Adhoum [11], various chemical 

and other types of treatments find application, selected as per the 

pre-defined specific physical and chemical characteristics of 

carbons and other specific factors defining the affinity of the 

sorbents to the various contaminants in waters. 

A trend is in place towards increase of the sorption capabilities 

of the activated carbons against specific contaminants (metal ions) 

from water medium [11] through variation of the types of modified 

chemical agents and methods used for surface modification of the 

carbon surfaces. 

The methods of chemical modification (non-oxidative and 

oxidative) as of the moment find the widest application. Among the 

non-oxidative methods, the primary importance is of the 

impregnation method. The term impregnation can be defined as the 

fine distribution of chemicals and/or metal particles in the pores of 

activated carbons [12]. The activated carbons impregnated with 

Prussian blue excel with increased sorption capability against the 

Tl+1 ions from water medium [13-14] 

Among the most perspective methods for modification of the 

activated carbons for improvement of their water purification 

properties, as per the references, are the oxidative ones [15]. А. 

Bhatnagar et al. [12] emphasize that the oxidation of the activated 

carbons significantly increases their adsorption properties in terms 

of various metal ions under static conditions, despite that parallel 

observation is made of a decrease of the specific surface and their 

porosity after oxidation. 

The oxidative modification of the activated carbons can be done 

by various methods such as heat treatment (microwave treatment), 

ozone treatment [16-17], plasma treatment, during which process 

very little textural changes take place, however there would be a 

substantial change in the surface chemistry of activated carbons 

[18-19], acidic treatment (such as nitric acid and sulfuric acid being 

the most widely studied, besides some other acids used for this 

purpose). Acidic treatment of carbon is generally employed to 

oxidize the porous carbon surface as it increases the acidic property, 

removes the mineral elements and improves the hydrophilic nature 

of surface [20]. Acidic oxidative method is evaluated as the most 

effective one according to cost-efficiency criterion amongst the 

other oxidative methods.  

The increased sorption activity of the oxidative activated 

carbons against the metal ions, water pollutants, is due to the fact 

that the oxidative carbon surface is more negatively charged than of 

the non-oxidative activated carbons, due to the dissociation of 

surface acid groups which increases the electrostatic adsorption 

interactions with the metal cations [21], as the concentration of the 

surface functional groups has a significant importance, and hence 

the method of forming of these groups.  

It must nonetheless be noted that not all surface acidic groups 

(even not all carboxyl groups) take part in the adsorption process of 

the metal ions. This is due to the fact that a part of the metal ions is 

adsorbed on the external carbon surface and/or electrostatically 

expel other metal ions in a solution or block their access to the 

surface acidic groups located in the porous texture of the oxidative 

activated carbons [12].  

Hence the suggestion that besides the oxidation rate of the 

carbon surface, significance is bestowed on the distribution of the 
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mesopores by size for the maximal sorption of metal ions from 

water, as in the event of well developed, appropriate mesopore size 

of porous texture of the oxidative carbons, access is ensured to a 

larger part of the surface oxygen groups, respectively, more 

effective sorption is achieved of the metal ions from the water. 

The objective of this study is to survey the opportunities for 

removal of the Tl ions from drinking waters of the carbon materials 

surface modified with nitric acid (activated carbons – commercial 

products and high temperature coke), specific with various textural 

parameters, via comparison of the effectiveness in the process 

referred of the modified and starting samples. 

 

2 Experimental part 

2.1 Samples  

For the purpose of the study, the following carbon materials 

were used: 

a) activated carbons (commercial products) obtained via steam-

gas activation: 

- based on coals: Filtrasorb 400, Calgon Corp. produced from 

bituminous coal (signified as АСN); AG-K based on anthracite, RF 

(signified as АСK); 

- based on waste biomass: Pharmacopoeian type, on bone basis, 

Institute of Organic Chemistry –BAS (signified as АСB); KRF, 

Trayal Corp., from the shells of coconuts (signified as ACG); 

activated carbon of apricot shells, Institute of Organic Chemistry –

BAS, (signified as ACV); 

b) high temperature coke (signified as C), obtained at "Organic 

synthesis and fuels” department (CTMU-Sofia) in two-sided 

heating laboratory furnace (Nikolaev’s furnace) [22] in a chamber 

of sizes: width 150 mm, length 270 mm, height 300 mm, at 

temperature of coke treatment 1373 К, no extinguishing of the coke. 

To obtain the coke, black gas coals G6 were used from the Donets 

mine basin. 

The main adsorption-texture parameters and values of the IEP 

of the studied carbon materials are given in Table 1. 

2.2. Activated carbons modification 

The selected samples of carbon materials were subjected to 

oxidative modification as for that purpose, in Erlenmeyer flasks, 

these were subjected to treatment with concentrated nitric acid (17.5 

ml /1 g carbon) at 29 K for 14 days [23]. The modified samples 

were removed from the acidic solution and rinsed with distilled 

water. After that modified samples were then converted to H+ form 

before use by contacting them with 0.1 M hydrochloric acid for 24 

hours. Then  the samples were washed with distilled water to 

remove excess acid and dried in oven at 378 K for 24 h. [24]. The 

samples obtained by the referred oxidative-modifying method have 

been signified as the signification of the relevant starting carbon 

material has been added up the letter "О". 

2.3. Methods of investigation 

The starting carbon materials and samples obtained on their 

base via oxidative modification are characterized via low 

temperature adsorption of nitrogen (77.4 К) with Quantachrome 

Instruments NOVA 1200e (USA) apparatus. 

Based on the adsorption desorption isoterms by nitrogen, via the 

specialized software set in the equipment, the following textural 

parameters have been calculated: 

- specific surface (ABET) by the Brunauer-Emmett-Teller 

equation, for the interval P/PO = 0.05 - 0.35 (adsorptive N2, 77.4 K); 

- total pore volume (Vt) as per the Gurvich rule for P/PO = 0.95 

(adsorptive N2, 77.4 K);  

- volume of micropores (VMI) using the Density functional 

theory (DFT) (adsorptive N2, 77.4 K); 

- volume of the mesopores (VMЕS) as a difference between the 

total volume and the volume of the mesopores (adsorptive N2, 77.4 

K); 

- average pore radius (RP) as a ratio of the duplicate Vt and ABET 

(adsorptive N2, 77.4 K); 

The textural parameters calculated by the methods referred of 

the starting and modified samples are presented in Table 1. and 2. 

The isoelectric points (IEP) of the starting and modified 

samples were defined by the method of Noh and Schwarc [25]. For 

the purpose, for each of the samples, three different starting 

solutions were prepared with different рН (accordingly 3, 6 and 11), 

using HNO3 (0.1 M) and NaOH (0.1 M). Six flasks for each of the 

samples were filled with 20 ml of the solutions and different 

amounts of the activated carbon (0.05, 0.50, 0.75, 1.00, 5.00 and 

10.00 g). The balance рН was determined after 24 hours. The 

curves of dependences of рН on the carbon masses demonstrate 

plateau and the isoelectric point is determined as the value at which 

the change of рН becomes zero. 

The study of the sorption of the thallium ions (Tl1+) in drinkable 

water from the starting and modified samples obtained on their 

ground, has been run by the method of the periodic adsorption 

(concentration 0,91 mg/l and pH in the interval 3-7.5, 293 К), as a 

difference from the concentrations before and after adsorption, 

determined via atomic-absorption analysis (spectrometer type Pye 

Unicam SP 90B). 

The sorption effectiveness (S, %) of the starting and modified 

samples obtained on their ground, in terms of the thallium ions 

(Tl1+) in drinkable water, depending on the рН of water is expressed 

in percentage against the starting concentration (100 %)  

2.4 Adsorption studies 

The dependence of the adsorbed quantity of Tl ions on their 

starting concentration at pH between 4 and 7.5 has been obtained by 

the following method: 

From standard solution of Tl (I) with C- 2000mg/l via dilution 

with 0.1 N HNO3 two stock solutions of Tl are prepared of 

concentration С0 - 2 mg/l. Via adding drops 0.1 М NaOH, рН of the 

stock solutions is adjusted to values pH 4 ± 0.1 and pH 6 ± 0.1. In 

centrifugal tubes of 15 ml, about 0.1 g adsorbent is weighed. In 

each tube, 10 ml of each of the stock solutions are added. The 

suspensions are stirred at 20סС of the shaker for 24 hours. The 

adsorbents are removed through filtration. The initial (C0) and 

balance concentration of the metal ions in the filtrate (Ce) is 

determined using the ICP-MS method (Inductively coupled plasma-

mass spectrometer “X SERIES 2”– Thermo Scientific with 3 

channel peristaltic pump; concentric nebulizer;  

 

Peltier-cooled spray chamber (4◦C); Xt interface option; Ni 

cones and forward plasma power of 1400 W was used for the 

determination of Tl.)  

The adsorption (%) is calculated by the formula 

𝐴  % =
(𝐶0 −  𝐶𝑒 ) 100

𝐶0
 

whereat С0 and Се are the initial and balance concentration of 

the metal ions (mg/l). 

Inductively coupled plasma-mass spectrometer “X SERIES 2”– 

Thermo Scientific with 3 channel peristaltic pump; concentric 

nebulizer; Peltier-cooled  

spray chamber (4◦C); Xt interface option; Ni cones and forward 

plasma power of 1400 W was used for the determination of Tl. 
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3. Discussion of the experimental results 

Table 1. exhibits the main adsorption-texture parameters and 

values of the IEP of the initial carbon materials. The selection of the 

starting carbon materials is done so as to present samples with 

specific surfaces varying within wide limits of the values, 

characterizing with well-developed microporous texture or only the 

presence of mesopores as well as with practically non-porous high 

temperature coke. 

 

Table 1. The main adsorption-texture parameters and values of the IEP of the initial carbon materials  
Samples ABET, m2/g Vt, cm3/g VMI, cm3/g VMES, cm3/g RP, Å IEP 

ACG 819 0.48 0.25 0.23 11.7 6.5 

ACV 774 0.41 0.26 0.15 10.6 7.6 

ACB 93 0.28 - 0.28 60.2 7.1 

ACN 942 0.54 0.31 0.23 11.5 6.4 

ACK 1093 0.56 0.37 0.19 10.2 7.3 

C 3.0 0.012 - 0.01 80.0 6.9 

 
Table 2. The main adsorption-texture parameters and values of the IEP of the oxidase-modifying carbon materials  

Samples ABET, m2/g Vt, cm3/g VMI, cm3/g VMES, cm3/g RP, Å IEP 

ACGO 774 0.46 0.22 0.24 11.9 6.1 

ACVO 720 0.38 0.21 0.17 10.6 7.1 

ACBO 90 0.28 - 0.28 62.2 6.7 

ACNO 895 0.54 0.27 0.27 12.1 6.2 

ACKO 1051 0.57 0.35 0.22 10.8 7.1 

CO 3.1 0.012 - 0.01 77.4 6.6 

 

As a result of the oxidation modification (Table 2.) insignificant 

alterations are observed in the values of some of the adsorption - 

texture parameters. In this sense, the values of the specific surfaces 

of the modified samples decrease between 3.5 and 7 %. An 

exception is in place for the oxidized coke (СО), whereat there is a 

very slight increase (with 3.2 %), related to the fact that the 

oxidizing modification also performs the function of an activation 

process. Alteration is observed in the porous structure of the 

modified samples, mainly at the expense of the increase of the 

volume of mesopores, respectively decreasing the volume of the 

micropores.  

The extent of the oxidizing modification depends on the nature 

of the precursor for obtaining the starting carbon materials. The 

results from the adsorption studies of Tl+1 ions are presented in 

Table 3. and 4. The impact of рН on the adsorption of the Tl1+ ions 

has been studied within the рН range 4-7.5 (due to the possibility at 

рН > 7.5 for processes of precipitation/hydrolysis) at room 

temperature and fixed initial adsorption concentration (as noted 

above in 2.4). Exceptions, for рН > 7.5, have been made for some 

of the samples for final determination of the nature of their sorption 

trend. 

 
Table 3. Sorption effectiveness of the initial carbon materials in terms of the thallium ions, depending on the рН of water 

pH sorption effectiveness, % 

ACG ACV ACB ACN ACK C 

4.0 66.84 45.91 57.51 65.13 37.20 23.36 

5.0 67.93 48.06 58.86 66.20 40.66 27.32 

6.0 68.84 50.25 59.94 67.12 42.94 29.77 

7.0 68.60 50.17 60.02 67.06 43.06 31.09 

7.5 68.76 50.31 59.98 67.15 43.14 31.80 

8.5 - - - - - 31.58 

 
 
Table 4. Sorption effectiveness of the oxidase-modified carbon materials in terms of the thallium ions, depending on the рН of water 

pH sorption effectiveness, % 

ACGO ACVO ACBO ACNO ACKO CO 

4.0 95.25 73.21 84.93 92.01 37.42 34.33 

5.0 95.84 76.38 85.81 92.42 40.36 37.78 

6.0 96.21 78.25 86.49 93.05 42.94 40.96 

7.0 96.55 80.00 87.15 93.40 44.79 43.17 

7.5 96.36 80.19 87.18 93.34 44.94 43.62 

8.0 - 80.21 - - 44.86 43.81 

 

The test results presented in the tables demonstrate that the 

sorption of the Tl1+ ions at oxidation modified samples is higher 

compared to the unmodified ones at the same рН, and the 

differences between the sorption effectiveness (S, %) of the starting 

and modified samples for рН among the lowest and highest values 

within the studied interval are kept valid with small exceptions. 

The high specific surfaces do not necessarily ensure the highest 

sorption of Tl1+ ions for the entire interval of studied рН. In this 

sense, the samples ACB and ACBO (ABET accordingly 93 and 90 

m2/g) are characterized with higher sorption effectiveness than the 

samples ACG (ABET = 819 m2/g), ACV (ABET = 774 m2/g) and 

ACVO (ABET = 720 m2/g). This especially applies to the samples on 

anthracite base АСК (ABET = 1093 m2/g) and АСКО (ABET = 1051 

m2/g) whereat the sorption is lower than 9.5 % to double (compared 

to the sample АСВ). Furthermore, for the sample ACКO, S (%) is 

quite close for the entire interval of studied рН to the one for the 

oxidation coke (sample СО). 

The relatively low sorption of Tl1+ ions for the entire studied 

interval of рН for АСК and versa the relatively high sorption of the 

sample СО most likely witness that the higher acidity of the surface 

of the carbon material is not an adequate condition for the higher 

adsorption of Tl1+ ions of water medium in case of inappropriately 

developed mesoporous (transport) texture, respectively impeded 

access of the ions to the SOG. Therefore, except the high extent of 

oxidation of the surface of carbon materials, also an appropriate 

volume of mesopores is needed with favorable size distribution. 
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4.Conclusion 

 
In general, the adsorption of the Tl1+ ions depends on various 

factors but mainly on the рН of the water medium and pHIEP of the 

sorbents, i.e. the nature of the carbon materials. The studies run 

(Tables 3 and 4) demonstrate expressed functional dependence of 

the adsorption of the Tl1+ ions of the studied carbon materials on the 

рН of the water medium. The test results demonstrate that the 

adsorption of metals strongly depends on рН and increases (in our 

case) with the increase of рН to 6 or 7 (for the various samples), as 

the further increase of the рН displays stabilization of the values of 

adsorption or even some decrease. For values of рН below 4, the 

surface acidic functional groups are protonated and thus become 

inaccessible for interaction with the thallium ions of the solution. 

The increase observed of the sorption of the Tl+1 ions, along with 

the increase of рН (in our case above 4) as per Kalyani et al. [4] is 

probably due to decrease of the electrostatic repulsion between the 

cations and positive charged surface of carbon materials at рН> 

pHIEP (Tables 1 and 2). At pH below the values of the relevant 

pHIEP the carbon surface is positively charged [5], under these 

conditions the absorption of metal ions is impeded due to the 

electrostatic repulsion. At pH of water medium above pHIEP, the 

acidic surface oxygen groups are deprotonated, the negative charge 

on the surface of carbon materials increases, thus increasing the 

adsorption of the Tl+1 ions from water.  
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