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Abstract - Nowadays, researches related to adsorption has shifted to nanostructured materials such as nanotubes. Carbon nanotubes 

(CNTs) have been widely used in the removal of organic and inorganic many contaminants due to their high porosity, large surface area, 

hollow structure and strong affinity for pollutants. CNTs are classified into single-walled carbon nanotubes (SWCNT) and multi-walled 

carbon nanotubes (MWCNT) according to the principle of layers of carbon atoms in the wall of nanotubes. The presence of natural 

organic matter (NOM) in the water is a major concern because the reaction between chlorine and NOM leads to the formation of hazardous 

disinfection by-products (DBPs), which pose risks to human health. The main objective of this work was to investigate NOM removal 

from drinking water using SWCNT (CNT-1) and MWCNT (CNT-2). For the adsorption experiments, water samples were taken from 

influent of coagulation unit of Konya Drinking Water Treatment Plant (Turkey). Kinetic and isotherm tests were performed with 

employing the variable-dose completely mixed batch reactor bottle-point method. The NOM removal was characterized by ultraviolet 

absorbance at 254 nm (UV254) and dissolved organic carbon (DOC). Kinetics data for the removal of NOM were obtained and were best 

fitted by the pseudo-second-order model. Isotherm experiments were carried out 10-600 mg/L adsorbent dosages. Maximum DOC 

removal for CNT-1 and CNT-2 were 32% and 57% respectively, after 72 hours of contact time. The highest UV254 removal occurred for 

CNT-2 was 73% for 72 hours of contact time. Isotherm experiment results were fitted well with a modified Freundlich isotherm model 

(R2 value of 0.99). Freundlich capacity parameters (KF) were 0.32 and 1.95 (mg DOC/g carbon)1-n and Freundlich logarithmic term (n) 

values for CNT-1 and CNT-2 calculated as 0.93 and 1.58, respectively.  

 

Keywords: Adsorption, Carbon nanotubes, Drinking water, Natural Organic Matter, Ultraviolet absorbance, Water treatment.  

 

 

1. Introduction 
Natural organic matter (NOM) is a heterogeneous mixture of humic substances, hydrophilic acids, proteins, lipids, 

carbohydrates, carboxylic acids, amino acids and hydrocarbons [1, 2]. NOM many cause problems with indirect health 

impacts in drinking water treatment plants and water distribution systems as well as operational and aesthetic issues. Some 

of NOM-caused issues are i) increased coagulant dose; 2) shorter filter run times 3) membrane fouling 4) regulated and non-

regulated disinfection by-products (DBPs) formation 5) bacterial growth and biofilm formation in drinking water distribution 

systems 6) carrier for hydrophobic organic (pesticides) and metals [3,4]. Accordingly, several processes have been employed 

to remove NOM from water, including coagulation, membrane filtration, ion exchange, advanced oxidation processes, and 

adsorption technology (technology (e.g. powdered activated carbon and granular activated carbon) [5]. Among them, 

adsorption is considered as one of the most effective methods [2, 6]. Although activated carbon is the most widely used 

adsorbent in the adsorption process, recently carbon nanotubes (CNTs) have been gradually applied to the removal of organic 

contaminants from water through adsorption processes. [3, 6]. CNTs, with their high surface areas, hydrophobicity, porosity, 

and rapid sorption kinetics, have been exploring as one of the next-generation adsorbents [7]. The comparisons of CNTs with 

other adsorbents made by the foregoing researchers suggest that CNTs are promising adsorbents for water treatment 

applications. CNTs are classified two main species; single-walled nanotubes (SWNTs) and multi-walled nanotubes 
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(MWNTs) [8]. The CNTs have nanometer-sized diameters SWCNTs<2 nm and 2<MWCNTs<100 nm [9, 10]. The main 

purpose of this study was to investigate the effectiveness of SWCNTs and MWCNTs in removing NOM from drinking 

water.  

 

2. Materials and Method 
Water samples were taken from the influent of the coagulation unit in Konya Drinking Water Treatment Plant. 

Original SWCNTs and MWCNTs used in adsorption tests were supplied commercially (Sigma Aldrich). Adsorption 

isotherm experiments were carried out using the bottle-point method in completely mixed batch reactors (CMBR) by 

applying different doses. The NOM removal was characterized by ultraviolet absorbance at 254 nm (UV254) and total 

organic carbon (DOC). For CMBR kinetic experiments, fixed adsorbent doses of 300 mg/L were tested for 2, 4, 8, 12, 

24, 36, 48, 72, and 96 hours. All isotherm experiments were carried out based on determined contact time to reach 

equilibrium condition from the kinetic tests for the adsorbent doses of 10 mg/L - 600 mg/L at a mixing speed of 100 

rpm. In order to evaluate NOM removal performance of CNTs, supernatant was analyzed for DOC and UV254 

absorbance. UV absorbance values were measured at 254 nm using a UV-visible spectrophotometer (UV1700, 

Shimadzu). DOC content was determined in the TOC-L CPH (Shimadzu) instrument according to the high temperature 

combustion method (Standard Method 5310B).  

 

3. Results/Discussion 
This study evaluates NOM removal from effluent of coagulation process using CNT-1 (SWCNT) and CNT-2 

(MWCNT) in drinking water treatment plant receiving from a dam. In the study, kinetic tests were performed at a dose 

of 300 mg/L carbon nanotube in 9 different contact times. As a result of the kinetic experiments, the contact time required 

for reaching equilibrium was observed as 72 hours. Kinetics data for the removal of NOM were best fitted by the pseudo-

second-order model. Figure 1 shows the UV254 absorbance removal of the adsorbents after 72 hours of contact time 

under isotherm test conditions. In general, as the adsorbent dose for CNT-2 was increased, the removal efficiency of 

UV254 absorbents increased. The highest removal efficiency for CNT-2 was 73% at 500 mg/L. In Figure 1, it is seen that 

the UV254 removal efficiency of multi-walled carbon nanotubes is higher than that of single-walled carbon nanotubes. 
 

 
 

Fig. 1: UV254 absorbance reductions (%) obtained by CNT-1 and CNT-2 

 

Figure 2 shows the DOC removal for CNT-1 and CNT-2 at different adsorbent doses for 72 hours of contact time. 

Similar to UV254 removal efficiency, CNT-2 has higher DOC removal efficiency than CNT-1. The highest DOC removal 

for CNT-2 it is 57% at 400 mg/L. Modified Freundlich isotherm was applied for adsorption isotherm modelling. 
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Considering the determination coefficients (R2 value 0.99), the concordance of the NOM adsorption equilibrium data with 

the Freundlich isotherm model was quite high. In addition, the correlation between the calculated qe values and experimental 

qe experiments is quite high. Freundlich isotherm parameters for NOM adsorption of CNTs are given in Table 1. 

 

 

 
Fig. 2: DOC reductions (%) obtained by CNT-1 and CNT-2. 

 
Table 1: Freundlich isotherm parameters for NOM adsorption of adsorbents. 

Adsorbents qe KF n R2 

CNT-1 1.25-93.23 0.32 0.93 0.99 

CNT-2 2.85-63.80 1.95 1.58 0.99 

*KF: Freundlich capacity parameter (mg DOC/g carbon)1-n; n: Freundlich logarithmic term 

qe: adsorption capacity (mg/g); R2: Determination coefficient. 

 

Joseph et al. [3] studied the NOM removal of water containing low DOC and carbon materials such as single-walled CNT, 

multi-walled CNT and PAC in the natural water source with Freundlich isotherm. Joseph et al. [3] reported that the isotherm 

parameters KF and n values for SWCNT were in the range of 2.28-2.82 and 0.486-0.644 in the adsorption experiments in 

different water sources, respectively. On the other hand, KF values were varied from 1.080 to 2.663 and n values were ranged 

from 0.185 to 0.750 for MWCNT. In the results of the study performed by Su and Lu [7], the values of n, KF and R2 were 

calculated as 1.51, 7.84 and 0.94, respectively for Freundlich model at 25 oC temperature. Shimuzi et al. [2] showed 

compatibility with the Freundlich model of different types of NOM adsorption with MWCNT in water resources, KF, n and 

R2 values were calculated as 1.13, 0.38, and 0.99, respectively. 

 
4. Conclusion 

In recent years, carbon nanotubes have become promising adsorbents for water treatment especially, in removing organic 

and inorganic contaminants. This study focused on removal of NOM using CNTs. The highest NOM and UV254 removal was 

obtained after adsorption with multi-walled carbon nanotube. This results are very important in the type of adsorbent to be 

chosen in NOM removal. Study results showed that carbon nanotubes can be a promising adsorbent in NOM removal. Carbon 

nanotubes can also be effective in controlling the formation of disinfection by-products during drinking water treatment, as 

they preferentially remove large amounts of UV-absorbing NOM fractions. Nowadays, activated carbon is a widely used 

adsorbent in water treatment plants due to its low cost and easy applicability. However, as production costs begin to decrease 
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and research / applications on NOM removal increase, carbon nanotubes become competitive with activated carbons. 

Carbon nanotubes are preferred as new generation adsorbents thanks to their high surface area, hydrophobicity, porosity, 

fast adsorption kinetics and simple regeneration techniques. Recent studies in the literature have been investigating the 

removal of pollutants as a result of treatment carbon nanotubes with various modification methods. Modification 

methods may be used in further studies to increase the adsorption capacity of selected carbon nanotubes in this study. 
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