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Abstract 

Water crisis is one of the supreme challenges worldwide as clean water is the ultimate 

need for human civilization and all other life on earth. In the present study, continuous 

adsorption experiments were carried out in an adsorption column to survey the efficiency 

of the carbon nanotubes (CNTs) for removal of pollutants from water/wastewater in terms 

of physicochemical parameters, such as electrical conductivity (EC), total dissolved solids 

(TDS), pH, chemical oxygen demand (COD) and total organic carbon (TOC) by using 

both single-walled carbon nanotubes (SWCNTs) and multi-walled carbon nanotubes 

(MWCNTs). Sample solutions were allowed to flow in down flow mode through the 

fixed-bed of CNTs. The CNTs column showed a reduction efficiency of electrical 
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conductivity 80% from effluent treatment plant (ETP) treated water sample, 69.23% from 

raw effluent sample, and 53.33% from the synthetic salt water sample. Similarly, the 

efficiency of total dissolved solids reduction were 78.61% from raw effluent sample, 

66.86% from ETP treated water sample and 62.02% from the synthetic salt water sample. 

COD also reduced 84.71% from raw effluent sample and 39.58% from the ETP treated 

water sample. In case of TOC, the column showed a reduction efficiency of 85.88% from 

the ETP treated water sample and 70.79% from the raw effluent sample. These findings 

suggested that CNTs present a great potential in removal of pollutants in terms of 

physicochemical parameters from water/wastewater. 

Keywords: Carbon Nanotubes, Physicochemical Parameters, Adsorption-filtration 

wastewater, Water pollution  
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CNTs   Carbon Nanotubes  

EC  Electrical Conductivity  

ETP   Effluent Treatment Plant  

TDS  Total Dissolved Solids  

COD  Chemical Oxygen Demand 

TOC   Total Organic Carbon  

SWCNTs  Single-walled Carbon Nanotubes  

(MWCNTs) Multi-walled  Carbon Nanotubes 

 

 



1 Introduction 

Water demand is growing rapidly as a result of increasing population and rapid urbanization 

and industrialization degrading the water quality [1]. The lack of clean and affordable water 

brings about 2 million deaths a year, either directly through dehydration or indirectly 

through grievous illnesses [2]. Worldwide, some 780 million people still lack access to 

improved drinking water sources [3]. Water resources are limited in populated areas, such 

as Bangladesh and other developing countries. The surface water is polluted due to several 

domestic, municipal, agricultural and various industrial activities, which makes the water 

unfit for human consumption and other usage [4]. Various types of pollutions of water boost 

up the water scarcity problem. The deficiency of water resources calls for efficient 

technologies for wastewater recovery and seawater desalination and recently pollution 

exacerbates the water shortage problems. Various conventional & advanced water treatment 

technologies such as coagulation & flocculation, membrane filtration, microfiltration, 

ultrafiltration, adsorption, reverse osmosis, ozonation etc. has been adopted for the 

treatment of wastewater in our country. But, existing water and wastewater treatment 

technologies and infrastructure are reaching their limit for providing adequate water quality 

to meet human and environmental needs. 

 

1.1 Carbon nanotubes 

Nanotechnology provides a significant technology platform in water purification sector as 

nanoscience works at the molecular level, atom by atom, to create larger structures with 

fundamentally new molecular organization, novel properties and functions [5-6]. As a 

relatively modern subject in science, CNTs first observed by physicist Sumio Iijima in 1991 

[2]. CNTs, a new form of pure carbon with diameter in nanometers, length in microns are 

perfectly straight tubules [7]. The walls of these tubes are constructed of a hexagonal lattice 



of carbon atoms and capped by fullerene-like structures. The unique structure of CNTs can 

be divided mainly into multi-walled carbon nanotubes (MWCNTs) and single-walled 

carbon nanotubes (SWCNTs) [8]. CNTs have an exceptional sorption capability and high 

sorption efficiency with their high surface active site to volume ratio and controlled pore 

size distribution, compared to conventional granular and powder activated carbon [8]. CNTs 

show adsorption capability and high adsorption efficiency for removal of organic pollutants 

like 1, 2-dichlorobenzene, trihalomethanes, n-nonane, and carbon tetrachloride (CCl4) [9-

13], heavy metals (e.g., Cu2+, Pb2+, Cd2+, and Zn2+) such as oxidized CNTs with H2O2, 

KMnO4, and HNO3 [14-15] from water, Fluoride adsorbed from water by amorphous 

Al2O3 supported on carbon nanotubes (Al2O3/CNTs) [16]. This study has been carried out 

to investigate the efficiency of CNTs as an adsorbing material from raw effluents; ETP 

treated effluent and synthetic salt water wastewater.   

 

2 Materials and methods 

2.1 Preparation of adsorption column 

The column has been packed with both SWCNTs and MWCNTs (Fig. 1). The packing 

materials consists a height of 15 cm and diameter 4 cm of the Pyrex glass tube (column) with 

a length of 46 cm (Fig. 2). The packing materials were weighted in Digital Balance, JD210-4. 

The weight of SWCNTs and MWCNTs were 43.36 g and 10.42 g, respectively. Packing 

density was 0.02326 gm/cm3. Three different types of sample water has been used for this 

experiment such as- raw textile effluent (I), textile effluent treated by ETP (O) & synthetic 

salt water (S) prepared in laboratory. 

(Fig. 1 is to be inserted here) 

 



2.2 Characterization of the CNTs with SEM and TEM 

Images of the polymer were recorded using a Hitachi S-4000 scanning electron microscope 

(SEM; Ibaraki, Japan) on aluminum stubs adhered to graphite support units using carbon 

tape [17]. Transmission electron microscopy (TEM) images were obtained by dispersed the 

CNTs homogeneously in 2-propanol under ultrasonication for 30 min. A few drops of the 

suspension were deposited on the TEM grid covered with a Formvar membrane, dried, and 

evacuated before analysis. Ultra-thin sections were stained with 2% uranyl acetate and lead 

citrate. The preparations were observed using a Hitachi H-800 TEM. The acceleration 

voltage was 75 kV. 

2.3 Experimental steps 

Continuous fixed-bed experiments were performed to remove impurities from aqueous 

solutions using CNTs as adsorbent. First, 500 ml of distilled water was passed through the 

packed bed to make the packing more compact packing. Sample solutions were allowed to 

flow in down flow mode through the fixed-bed of CNTs controlled by a valve with a 

different flow rate like 2, 4, 6, 8, 10, 12, 14, 16, 18, 20 ml/min. 

Total 1000 ml water has been passed through the column of each sample, and each 

100 ml of treated water collected separately after column treatment. Each of 100 ml treated 

water of 1000 ml i.e., 1st 100 ml to 10th 100 ml step leveled as A, B, C, D, E, F, G, H, I and 

J, respectively. The treated water of each sample collected in ten separate beakers, and each 

beaker contained 100 ml collected water separately with 3 replications. The treated water 

was collected properly and various physicochemical measurements, like as, pH, EC, COD 

(Chemical Oxygen Demand), TDS (Total Dissolved Solids), EC (Electrical Conductivity), 

TOC (total Organic Carbon) were done by appropriate equipment and method to measure 

the parameters and compare the results with previous physicochemical measurements. 



 (Fig. 2 is to be inserted here) 

The column efficiency for different parameter (such as pH, COD, TDS, EC, TOC) has 

presented in percentage. In the raw textile effluent (I) and ETP treated industrial effluent 

(O), physicochemical parameters, EC, TDS, pH, COD and TOC(NPOC) were observed 

3900 µS/cm, 2620 mg/l, 10.9, 788.8 mg/l, 1010 mg/l, respectively and  500  µS/cm,   528 

mg/l, 6.7, 132.4  mg/l,  45.81mg/l, respectively (Table 1).  

(Table 1 is to be inserted here) 

 

Efficiency (%) = (A-B)/A×100 %; Where, A=Initial value and B=Final value. 

All of the data were subjected to statistical analysis using MSTAT version 1.2. 

 

3 Results and discussion 

3.1 Characterization of the CNTs with SEM and TEM 

The morphology of CNTs was understood using SEM images. Fig. 3(a-b) showed typical 

SEM images revealing the morphology of the of the CNTs. The ribbon shaped CNTs were 

observed which exhibited chemisorption properties to bind target materials in 

solution.  Fig. 3(c-d) shows a TEM image of the CNTs, which exhibited a typical smooth, 

porous and crisscrossed structure with the corrugation and scrolling that are fundamental to 

similar types of materials. The morphological characterization of CNTs revealed that these 

compounds are capable to bind and remove the targeted materials from solution. 

Fig. 3 (a) SEM images of carbon nanotubes bundles; (b) SEM micrograph of SWCNTs; (c) 

TEM images of SWCNTs and (d) TEM images of MWCNTs.  

(Fig. 3(a-d) is to be inserted here) 

http://www.sciencedirect.com/science/article/pii/S0008622311003915#f0010


 

3.2 Analysis of the physicochemical parameters  

Various types of pollution loads are presents in textile wastewater in terms of high pH, 

temperature, COD, TDS, EC and TOC of the sample water have been determined before 

and after the treatment procedure to observe the significant changes. 

3.2.1 Electric conductivity reduction  

Electric conductivity of the raw effluent, ETP treated effluent and synthetic salt water 

reduced after treatment by CNTs. It is observed that, CNTs has excellent efficiency to 

remove pollutants from wastewater in the field of water treatment technology. The results 

show that the column made with CNTs can efficiently reduce the extent of pollutants in 

terms of physicochemical parameters from the collected sample water.  

After treatment by CNTs electrical conductivity (EC) of the raw effluents were observed as 

1201 µS/cm for the 1st 100 ml treated effluent (I) and the maximum (3111 µS/cm) was 

observed in 10th 100 ml treated effluent(I) which was less than the initial value (3900 

µS/cm). For ETP treated effluent, it was observed as a 100 µS/cm, 400 µS/cm, 492 µS/cm,  

for the 1st 100 ml, 2nd 200 ml and 3rd 100 ml,  respectively. In synthetic salt water, EC of the 

treated water were observed as 1400 µS/cm,  2990 µS/cm and 3009 µS/cm for 1st 100 ml, 

2nd 100 ml and the 3rd 100 ml, respectively (Table 2).    

(Table 2 is to be inserted here) 

Carbon nanotubes hold great potential for various applications because of their unique 

properties, such as high thermal and electrical conductivities, high strength, high stiffness, 

and special adsorption properties [18]. Carbon nanotubes have cylindrical pores and 

adsorbent molecules interact with their carbon atoms on the surrounding walls. This 

interaction between molecules and solid surface depends on the pore size and geometry of 



pores. When a molecule is placed in between two flat surfaces, i.e., in a slit- shaped pore, it 

interacts with both surfaces, and the potentials on the two surfaces overlap. The extent of 

the overlap depends on the pore size [19]. However, for cylindrical and spherical pores, the 

potentials are greater because more surface atoms interact with the adsorbed molecule [18]. 

In addition, carbon nanotubes are highly graphitic (much more than the activated carbons). 

Hence, the carbon nanotubes can absorb molecules much stronger than activated carbons, 

which have slit-shaped or wedge-shaped pores [18]. 

 

Maximum EC removals were observed in the treatment of 1st 100ml for all three 

types of wastewater. Maximum EC removal efficiency for  raw effluent (I), ETP treated 

effluent(O), synthetic salt water were observed as 69.21%, 80.20 % and 54.69%, 

respectively.   The EC removal for raw effluent (I) were observed as 23.00%, 22.90%, 

23.157% and 23.18% for the treatment of 2nd 100 ml, 3rd 100 ml, 4th 100 ml and 10th 100 ml, 

respectively (Fig. 4).  

(Fig. 4 is to be inserted here)   

For ETP treated effluent EC removal was observed as 20.79%, 2.93%, 0.79 % and 

0.99% for the treatment of 2nd 100 ml, 3rd 100 ml, 4th 100 ml and 10th 100 ml, respectively. 

For synthetic salt water efficiency of EC removal were observed as 3.24 %, 2.62%, 2.54% 

and 0.29% for the treatment of 2nd 100 ml, 3rd 100 ml, 4th 100 ml and 10th 100 ml, 

respectively.    

The experiment of this work shows that, the CNTs column can remove EC 80% from ETP 

treated water sample (O), 69.23% from the raw effluent sample (I) and 53.33% from the 

synthetic salt water sample (S). Its high adsorption capacity mainly stems from the large 

specific surface area and the diverse contaminant-CNT interactions. According to several 

studies, SWCNT filters are ideal for water desalination because of their small sizes and their 



hydrophobic structures. The salt ion is trapped in the middle of the nanotube structure. 

Depending on the size of the nanotube, 60% to 100% of ions are successfully filtered from 

the water [20]. 

3.2.2 Effects on pH  

After treatment by CNTs water pH vary significantly. In raw effluents, pH was observed as 

9.50, 9.52 and 9.60 for the 1st 100 ml, 2nd 100 ml and 3rd 100 ml respectively. Maximum pH 

value was observed in 6th 100 ml (9.89) which was less than the initial pH value (10.90).  

For ETP treated effluent, it was observed as 6.92, 7.48, 7.45 for the treatment of 1st 100 ml, 

2nd 100 ml and 3rd 100 ml, respectively. In synthetic salt water, pH of the treated water was 

observed as 8.95, 8.95 and 8.63 for the treatment of 1st 100 ml, 2nd 100 ml and the 3rd 100 

ml treated water, respectively (Table 3). 

(Table 3 is to be inserted here) 

 

The pH variation efficiency of raw effluent(I) for 1st 100 ml to 10th 100 ml were observed as 

12.84%, 12.66%, 11.92%, 11.19%, 10.18%, 9.27%, 10.92%, 10.92%, 11.65%, and 11.92%, 

respectively. Maximum pH variation efficiency was observed (12.48%) in the treatment of 

2nd 100ml, for ETP treated effluent (O), and for synthetic salt water, it was observed 

(26.95%) in both of 1st 100 ml and 2nd 100 ml of the treatment (Fig. 5).  

 

 (Fig. 5 is to be inserted here) 

Significant changes of pH have been observed after the column experiment with 

CNTs in this study. pH has reduced up to 12.84% for sample (I), and all the values of three 

samples after treatment, is within the recommended value. The pH is of major importance in 

determining the corrosivity of water. In general, the lower the pH, the higher the level of 



corrosion. Exposure to extreme pH values results in various health effects such as irritation 

to the eyes, skin, and mucous membranes. pH values greater than 11 causes eye irritation 

and skin disorders; solutions of pH 10–12 causes hair fibers to swell and sometimes in 

sensitive individuals, gastrointestinal irritation may also occur. Below pH 4, redness and 

irritation of the eyes have been reported & below pH 2.5, damage to the epithelium is 

irreversible and extensive [21]. 

     

3.2.3 Effect on TDS  

Total dissolved solid of the three types of effluent significantly varied after treatment by 

CNTs. In raw effluents, TDS was observed as 55.00 mg/L, 11.00 mg/L and 11.20 mg/L for 

the 1st 100 ml, 2nd 100 ml and 3rd 100 ml respectively. Maximum TDS value was observed 

in 5th 100 ml (15.30 mg/L) which was less than the initial TDS value (26.00 mg/L ).  For 

ETP treated effluent, it was observed as 17.00 mg/L, 41.00 mg/L and 46.00 mg/L for the 

treatment of 1st 100 ml, 200 ml and 3dr 100 ml wastewater, respectively. In synthetic salt 

water, TDS of the treated wastewater was observed as 61.00 mg/L , 16.00 mg/L  and 14.90 

mg/L for the treatment of 1st 100 ml, 2nd 100 ml and the 3rd 100 ml treated water, 

respectively (Table 4).  

(Table 4 is to be inserted here)   

The TDS removal efficiency of raw effluent (I) were observed as 23.08%, 57.69%, 56.92%, 

42.31%, 41.15%, 57.31%, 56.92%, 57.69% and 57.69% for the treatment of 1st 100 ml to 

10th 100 ml,  respectively. 

The TDS removal efficiency for ETP treated effluent were observed as 67.31%, 21.15% 

11.54% 0.83%, 11.93%, 1.51%, 0.57%, 10.61%, 9.09%, 6.82%, 6.82 and  6.82% for the 

treatment of 1st 100 ml, 2nd 100 ml and 3rd 100 ml, respectively. Treatment of 4th 100 ml and 

5th 100 ml observed 0% efficiency.  



For synthetic salt water, the TDS removal efficiency were observed as 31.25%, 6.88% and 

6.25% for the treatment of 2nd 100 ml, 3rd 100 ml and 4th 100 ml, respectively (Fig. 6). 

 

 (Fig. 6 is to be inserted here) 

 

From this study it is found that, the TDS load of the sample water has been reduced 

significantly after treatment with CNTs. The CNTs column significantly remove TDS 

78.61% from the raw effluent sample (I), 66.86% from the ETP treated water sample (O) 

and 62.02% from the synthetic salt water sample (S). The nano-tubes act as a kind of 

molecular filter, allowing smaller molecules (such as water) to pass through the tubes, while 

contaminants are too large to pass through. Due to their electronic configuration smaller 

ions that would otherwise pass through are also blocked [22]. 

 

3.2.4 Effects on COD  

Chemical Oxygen demand CNTs treated effluent significantly varied. In raw effluents, 

COD was observed as 120.30 mg/L, 198.50 mg/L and 286.60 mg/L for the 1st 100 ml, 2nd 

100 ml and 3rd 100 ml respectively. Maximum COD value was observed in 5th 100 ml 

(473.10 mg/L) which was less than the initial COD value (788.80 mg/L).  For ETP treated 

effluent, it was observed as 80.00 mg/L, 92.70 mg/L and 102.00 mg/L for the treatment of 

1st 100 ml, 2nd 100 ml and 3rd 100 ml wastewater, respectively (Table 5).  

(Table 5 is to be inserted here)   

The maximum COD removal efficiency for both of raw effluent (I) and ETP treated effluent 

(O) were observed for the treatment of 1st 100 ml, which were 84.75% and 39.57%, 

respectively. Efficiency of COD removal were observed as 74.84%, 63.67%, 53.06%, 

40.02%, 46.63%, 42.93%, 49.70%, 53.00% and 55.01% for the treatment 2nd 100 ml, to 10th 



100 ml, respectively for raw effluent  and 29.98%, 22.96%, 23.79, 27.64%, 26.74%, 

24.92%, 24.02% 29.15% and 28.10% for the treatment 2nd 100 ml, to 10th 100 ml, 

respectively for ETP treated  effluents (Fig. 7).   

 (Fig. 7 is to be inserted here)    

 

The present study have shown that, the CNTs column removed COD 84.75% from the raw 

effluent sample (I) and 39.57% from the ETP treated water sample (O). Because of the 

hydrophobic nature of their outer surfaces, CNTs have a strong affinity to organic chemicals, 

especially to nonpolar organic compounds, such as naphthalene, phenanthrene, and pyrene 

[23]. The morphology of CNTs including nanoscale curvature and chirality of graphene 

layers is expected to have a great influence on the adsorption of organic pollutants. 

Although activated carbon possesses comparable measured specific surface area as CNT 

bundles, it contains a significant number of micropores inaccessible to bulky organic 

molecules such as many antibiotics and pharmaceuticals. Thus CNTs have much higher 

adsorption capacity for some bulky organic molecules because of their larger pores in 

bundles and more accessible sorption sites. 

3.2.5 Effect on TOC (NPOC)  

Effect on TOC (NPOC) significantly varied after treatment of wastewater by CNTs . In raw 

effluents, TOC was observed as 295.00 mg/L, 348.80 mg/L and 480.90 mg/L for the 

treatment of 1st 100 ml, 2nd 100 ml and 3rd 100 ml, respectively. Maximum TOC value was 

observed in 5th 100 ml (656.50 mg/L) which was less than the initial TOC value (1010.00  

mg/L).  For ETP treated effluent, it was observed as 6.47 mg/L, 7.20 mg/L and 7.01 mg/L 

for the treatment of 1st 100 ml, 2nd 100 ml and 3rd 100 ml wastewater, respectively. 

Maximum TOC was observed as 8.14 mg/L in the treatment of 4th 100 ml (Table 6).  

 



(Table 6 is to be inserted here)   

In the present study it is found that the load of total organic carbon (TOC) has been reduced 

significantly. Maximum TOC removal efficiency were observed in the treatment of 1st 100 

ml as 70.79% and 85.88% for both of raw effluent (I) and ETP treated effluent (O), 

respectively. the TOC removal efficiency for raw effluent were observed as 65.47%, 

52.39%, 43.50%, 35.00%, 42.50%, 48.48%, 47.51%, 49.24% and 51.23% for 2nd 100 ml to 

10th 100 ml, respectively. For ETP treated effluent 84.28%, 84.70%, 82.23%, 83.85%, 

82.71%, 82.51%, 84.94%, 84.15% and 84.46% for 2nd 100 ml to 10th 100 ml, respectively 

(Fig. 8). 

 

 (Fig. 8 is to be inserted here)    

 

The column experiment in this study has shown significant reduction of TOC from the water 

samples. The CNTs column can remove TOC 85.88% from the ETP treated water sample O 

and 70.79% from the raw effluent sample (I). CNTs have higher efficiency on adsorption of 

various organic chemicals [24]. In the aqueous phase, CNTs form loose bundles/aggregates 

due to the hydrophobicity of their graphitic surface, reducing the effective surface area. On 

the other hand, CNT aggregates contain interstitial spaces and grooves, which are high 

adsorption energy sites for organic molecules [24].  

TOC detection is an important measurement because of the effects it may have on 

the environment, human health, and manufacturing processes. TOC is a highly sensitive, 

non-specific measurement of all organics present in a sample. It, therefore, can be used to 

regulate the organic chemical discharge to the environment in a manufacturing plant. In 

addition, low TOC can confirm the absence of potentially harmful organic chemicals in 

water used to manufacture pharmaceutical products. TOC is also of interest in the field of 



potable water purification due to disinfection of byproducts. Inorganic carbon poses little to 

no threat. 

As revealed in Fig. 6 the TDS removal efficiency of the raw effluent (O) was 

initially 78.61% for 1st 100 ml treated water. But it decreases gradually to 57.06%, 57.06%, 

39.69%, 39.04% and then again a few increases to 57.25%, 55.72%, 55.34%, 54.89%, and 

54.58% respectively, but not as the initial value. If the packing materials in columns are 

being washed with de-ionized water, then the column perform very well as before, with a 

very high efficiency. But, it’s a problem to wash the column materials again and again in a 

continuous adsorption experiment. So, this is the main limitation of this study. 

CNTs, with their unusual properties, large sorption capacity, wide surface area and 

the presence of a wide spectrum of surface functional groups have generated a great interest 

in their use as sorbent materials in a wide variety of analytical processes. The presence of 

the inner cavities, active sites on the surface and inter nanotube space can contribute to the 

high pollutants removal capability of CNTs. In several comparative studies the results 

showed that CNTs were more effective than or as effective as other commonly used 

adsorbents such as C 18 bonded silica, activated carbon or macro porous resins. It was 

reported that CNTs may be re-used more than 100 times after proper cleaning and 

reconditioning. Carbon nanotubes have excellent adsorption ability for many kinds of 

substances such as inorganic and organic compounds. Smaller carbon nanotubes, such as 

SWNTs could potentially be used as a future desalinator, due to their size and ability to 

filter out the small ion particles found in seawater [2]. So, CNTs can play very important 

role in the field of water/wastewater treatment and purification technology. 

Carbon nanotubes are relatively expensive and upon large scale application, there 

are several issues that must be overcome in order to make them feasible practically. The 

high cost of synthesis is always one of the main issues blocking the application of CNTs on 

http://gravity.wikia.com/wiki/Water_purification?action=edit&redlink=1


a larger scale. However, recent experimental studies have demonstrated the possibility of 

mass producing high quality CNTs at lower cost [7, 25-26]. The possibility of mass 

production of CNTs has catalyzed the vision to commercialize and apply CNT technology 

in large scale applications [8]. As a new and emerging technology, CNTs can be used from 

pilot scale to larger scale application in water treatment processes, such as in household 

water purification facilities and in industrial sectors. 

 

3.2.6 Comparative analysis with other conventional low-cost adsorbents 

This study also revealed that CNTs have high potential to separate large quantity of 

pollutants compared with other conventional low-cost adsorbents (Table 7). In this study, 

we investigated that a large number of researches were so far conducted to remove the EC, 

TDS, COD and TOC where synthesized natural materials ranked high in terms of efficiency. 

Among all those materials, activated charcoal, wood ash and bagasse were found the most 

effective ones. In case of pH, CNTs showed the pH increases significantly high in solution 

in compare with the synthesized materials that indicated that the pollutants compounds 

present in water either neutralize or reduce by the effect of CNTs. The concentration of 

COD, TDS, EC and TOC were reduced drastically from solution in compare with the high 

efficient activated charcoal, wood ash and bagasse [27]. Wang et al. (2009) and Deepa et al. 

(2015) also found similar results in case of COD and TDS, respectively [28-29]. So, it can 

be stated that the CNTs induced nanotechnology will be efficient on an industrial scale.  

(Table 7 is to be inserted here)   

 

5 Conclusion 

In this study feasibility of CNTs column adsorption in removal of pollutants in terms of 

physicochemical parameters was investigated. The parameters such as electrical 

http://docserver.ingentaconnect.com/deliver/connect/wef/10614303/v86n4/s2.html?expires=1468577246&id=88173883&titleid=11548&accname=HOKKAIDO+DAIGAKU&checksum=4B286175B01C6283BDC8E76748821823#i00296-t03


conductivity (EC), total dissolved solids (TDS), pH, chemical oxygen demand (COD) and 

total organic carbon (TOC) of all samples were studied before and after the treatment with 

CNTs. The results showed efficient reduction in EC, TDS, pH, COD and TOC from their 

initial value. The efficiency of CNTs, both SWCNTs and MWCNTs as an adsorbing 

material in removal of pollutants in terms of physicochemical parameters were significant. 
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Fig. 2 Experimental column with passing sample solutions 

 

 



Fig. 3 (a) SEM images of carbon nanotubes bundles; (b) SEM micrograph of SWCNTs; (c) 
TEM images of SWCNTs and (d) TEM images of MWCNTs 

 

 

Fig. 4 Efficiency of CNTs for Electric conductivity removal of raw industrial effluent, ETP 
treated industrial effluent and synthetic salt water  

 

-30

-25

-20

-15

-10

-5

0

5

10

15

A B C D E F G H I J

E
ff

ic
ie

nc
y 

(%
)

Treatment (1st 100 ml to 10th 100 ml)

Change of pH  

Raw effluent  

ETP treated effluent

Synthetic salt water

 

Fig. 5 Efficiency of CNTs in pH variation of raw industrial effluent, ETP treated industrial 
effluent and synthetic salt water 
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Fig. 6 Efficiency of CNTs for TDS removal of raw industrial effluent, ETP treated 

industrial effluent and synthetic salt water 
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Fig. 7 Efficiency of CNTs for COD removal of raw industrial effluent and ETP treated 
effluent   
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Fig. 8 Efficiency of CNTs for TOC (NPOC) removal of raw effluent and ETP treated effluent 

 

 

 

 

 

Table 1 The physicochemical parameters wastewater before treatment  

Sample Water EC 
(µS/cm) 

TDS 
(mg/l) 

pH COD 
(mg/l) 

TOC 
(NPOC) 
(mg/l) 

Raw effluent (I) 3900 2620 10.9 788.8 1010 

ETP treated effluent (O) 500 528 6.7 132.4 45.81 

Synthetic salt water (S) 3000 1606 7.1 - - 

 

Table 2 Determination of changes in EC after treatment by CNTs 

Treatment Electric conductivity (µS/cm) 
Raw effluent (I )  ETP treated effluent (O) Synthetic salt water (S)  

Control  3900.00 500.00 3000.00 
A 1201.00 100.00 1400.00 
B 3003.00 400.00 2990.00 
C 3007.00 492.00 3009.00 
D 2997.00 500.00 3011.00 
E 2989.00 500.00 3013.00 
F 2999.00 502.00 3014.00 



G 2995.00 507.00 3020.00 
H 2996.00 501.00 3070.00 
I 3130.00 500.00 3080.00 
J 3111.00 500.00 3081.00 
 

Table 3 Determination of changes in pH after treatment by CNTs 

Treatment pH  
Raw effluent (I) ETP treated effluent (O) Synthetic salt water (S) 

Control  10.90 6.65 7.05 
A 9.50 6.92 8.95 
B 9.52 7.48 8.95 
C 9.60 7.45 8.26 
D 9.68 7.40 8.25 
E 9.79 7.40 7.97 
F 9.89 7.37 7.85 
G 9.71 7.34 7.69 
H 9.71 7.32 7.85 
I 9.63 7.41 7.92 
J 9.60 7.39 7.80 

(A, B, C to J define 1st 100ml, 2nd 100ml, 3rd 100ml to 10th 100ml treated water, respectively ) 

 

 

 

Table 4 Determination of changes in TDS after treatment by CNTs  

Treatment Total Dissolved Solid (mg/L)  
Raw effluent (I) ETP treated effluent (O) Synthetic salt water (S) 

Control  26.00 52.00 16.00 
A 55.00 17.00 61.00 
B 11.00 41.00 11.00 
C 11.20 46.00 14.90 
D 15.00 52.00 15.00 
E 15.30 52.00 15.10 
F 11.10 47.00 15.90 
G 11.30 48.00 16.00 
H 11.20 49.00 16.20 
I 11.00 49.20 16.00 
J 11.00 49.00 15.00 
(A, B, C to J define 1st 100ml, 2nd 100ml, 3rd 100ml to 10th 100ml treated water, respectively ) 

 

Table 5 Determination of changes in COD after treatment by CNTs 



Treatment  COD (mg/L) 
Raw effluent (I) ETP treated effluent (O) 

Control  788.80 132.40 
A 120.30 80.00 
B 198.50 92.70 
C 286.60 102.00 
D 370.30 100.90 
E 473.10 95.80 
F 421.00 97.00 
G 450.20 99.40 
H 396.80 100.60 
I 370.70 93.80 
J 354.90 95.20 
(A, B, C to J define 1st 100ml, 2nd 100ml, 3rd 100ml to 10th 100ml treated water, respectively ) 

 

 

 

 

 

 

 

Table 6 Determination of changes in TOC (NPOC) after treatment by CNTs 

Treatment  TOC(NPOC) (mg/L) 
Raw effluent (I) ETP treated effluent (O) 

Control  1010.00 45.81 
A 295.00 6.47 
B 348.80 7.20 
C 480.90 7.01 
D 570.60 8.14 
E 656.50 7.40 
F 580.80 7.92 
G 520.40 8.01 
H 530.10 6.90 
I 512.70 7.26 
J 492.58 7.12 
 

Table 7 Comparative analysis of removal efficiency of CNTs with some low-cost efficient 

adsorbent.  



 Activated 
charcoal 

Wood ash Bagasse CNTs 

pH 6.6 5.9 6.1 6.65 
COD mg/L 968.4 941.34 739.65 80.00 
TDS mg/L 761.45 777.04 480.12 11.0 
EC µS/cm 170 µS/cm 210 µS/cm 105 µS/cm 100 µS/cm 
TOC 931.02 934.12 803.00 6.9 
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