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Adsorption behaviour of humic compounds and functional multi-
walled carbon nanotubes (fMWCNT) remains a major concern and is 
still poorly understood. Indeed, the effect of functional groups on the 
sorption mechanism is not yet clear. A laboratory incubation 
experiment was conducted to determine the adsorption behaviour of 
K-humate to fMCNT. The doses of fMWCNTs applied to soil were C0= 0 
%; C1= 0.1 %; C2= 0.5 %, and the concentrations of K-humate were: H0= 
0 mg kg-1; H1= 1000 mg kg-1; H2= 2000 mg kg-1. The following 
treatments were: T1: C0H0 (Control); T2: C1H0; T3: C2H0; T4: C0H1; T5: 
C0H2; T6: C1H1; T7: C1H2; T8: C2H1; T9: C2H2. The experiment was 
conducted in a complete randomised design, at three incubation 
periods (0, 30 and 60 days) with three replications. At the end of each 
incubation period, the E4/E6 ratios (wavelengths at 465 and 665 nm) 
and total acidity were measured. The result showed the highest E4/E6 
(2.44) was found in the treatment T9 (C2H2) at 60 days of incubation 
period, while the T1 (control) was lowest (1.64). The total acidity (TA) 
was larger in T5 (C0H2) than in control treatment (no humic acid 
application) were 0.5 and 0.16 meq g-1 of dry soil), respectively. The 
changing of the E4/E6 ratio and total acidity is a good indicator of 
adsorption mechanism due to changing of molecular weight and carbon 
network of K-humate. Furthermore, this changing is strong evidence of 
the direct relationship between E4/E6 ratios and MWCNTs doses, K-
humate concentrations during different periods of incubation. 
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INTRODUCTION 
 
Carbon nanotubes (CNTs) have unique chemical, physical 
and electrical properties such as large surface area, high 
reactivity and their possible applications in an environment 
have been widely studied (Petersen et al., 2009; Yang et al., 
2018). A carbon nanotube is classified as single-walled 
carbon nanotubes (SWCNTs) and multi-walled carbon 

nanotubes (MWCNTs) (Trojanowicz, 2006). Carbon 
nanotubes have been described as having a high sorption 
capacity and this is attributed to a high specific surface 
area. Several types of research demonstrated the MWCNTs 
is a good adsorbent for organic pollutants, chemical 
compounds and  toxic   substances  such  as  heavy metals in  
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Table 1. Technical properties of fMWCNTs and K-humate used in this experiment 
 

fMWCNTs                   K-humate % (w/w) 
Purity > 96 wt % Total organic matter 5.0 
Content of (COOH) 2.2 wt % Total (Humic + Fulvic acid) 12.0 
Outside Diameter 10–20 nm water-soluble potassium oxide 2.0 
Inside Diameter 5-10 nm pH 11-13 
Length 5-10 um   
Specific Surface Area (SSA) 210 m2/g   

 
 

Table 2. Some chemical properties of soil used in this study 
 

pH (1:2.5) EC (1:2.5) (dS/m) N (%) P (%) K (%) O.C (%) HA 
8.15 0.341 0.088 3.48 37.2 0.89 0.079 

 
 
 
the hazard levels (Wang et al., 2014; Abdel-Ghani et al., 
2015; Jang and Hwang, 2018). Extensive studies have 
shown efficiency application of MWCNTs as a novel 
sorbents material to the removal of organic pollutants, ions 
and toxic materials from the aqueous environment (Roy et 
al., 2018). The functionalized MWCNT have high adsorption 
of humic substances from a liquid solution (Wang et al., 
2013; Yang et al., 2018). Single-walled carbon nanotube 
(SWCNTs) has high interaction behavior of dissolved 
organic matter (DOM) with SWCNTs in the environmental 
system (Maya and Benny, 2016).  The natural organic 
matter (NOM) is an important factor in soil environmental 
system and the large portion of it is humic substances 
(∼60%) (Morales et al., 2013). In addition, humic 
substances (HS) are considered key to understanding many 
soil reactions. The humic acid (HA) and fulvic acid (FA) are 
very important compounds of humic substances and HA/FA 
has high ability to make complexation compounds with 
heavy metals in soil that is due to their functional groups or 
organic molecules (Gungor and Bekbolet, 2010). Also, it is 
expected to have a significant effect on behavior of carbon 
nanotube in the soils. However, due to the complexity of the 
soil system in nature, the effectiveness of CNTs on the 
adsorption behavior of K-humate is still uncertain. Also, 
there is a lack of knowledge about the environmental 
behavior of fMWCNTs in the soil. The ratio of optical 
densities or absorbances of dilute, aqueous humic, and 
fulvic acid solutions at 465 and 665 nm (E4/E6) is widely 
used by soil scientists for the characterization of these 
materials. The objectives of this study to assess the 
adsorption behavior of K-humate (HA/FA acid) onto 
functionalized MWCNTs in soil by provided E4/E6 ratios 
and total acidity at different incubation periods.  
 
 
MATERIALS AND METHODS 
 
functionalized Multi-walled carbon nanotubes 
(fMWCNTs) 
 
fMWCNTs-COOH were purchased from Nanografi Co. Ltd., 

Turkey, with properties mentioned in Table (1). The 
Confocal Raman Spectroscopy (CRS) was used for 
characterizing the nanotube and its detailed bond 
structure. Raman measurements were performed with a 
Thermo DXR spectrometer from powder sample. The 
machine is equipped with a 780 nm laser, an electrical 
cooled charge coupled device (CCD) detector with an 
Olympus optical microscope which has a different growth 
(10X, 20X, 50X and 100X) long focused objectives. 
Objectives are used for focusing the laser spot on the 
sample surface. Raman spectra were taken at a resolution 
of 2 cm-1 in the range between 100–2800 cm-1. 
 
K-humate (humic and fulvic acid)  
 
K-humate (H) were purchased from Turkey Coal 
Enterprises (TKİ) - Turkey, was used in this study and their 
properties are shown in Table (1). 
 
Soil samples 
 
The soil samples (0-30 cm) were collected from the faculty 
of agriculture- Ankara University (Table 2). 
 
A laboratory incubation experiment  
 
The soil was divided into plastic containers containing 100 
g soil each, with three replicates. The doses of fMWCNTs 
applied to soil were C0= 0 %; C1= 0.1 %; C2= 0.5 %, and the 
concentrations of K-humate were: H0= 0 mg kg-1; H1= 1000 
mg kg-1; H2= 2000 mg kg-1. The treatments were as follows: 
T1: C0H0 (Control); T2: C1H0; T3: C2H0; T4: C0H1; T5: C0H2; 
T6: C1H1; T7: C1H2; T8: C2H1; T9: C2H2. The soils were then 
well mixed to ensure homogeneity before incubation in an 
incubator at 25°C ± 3°C for 0, 30 and 60 days. The positions 
of containers were randomize designed and randomly 
interchanged every 5 days and to allow free gas exchange to 
the soil microbial community the containers were not 
covered. Soil was kept at (34.33%) moisture of field 
capacity. At the end of each incubation time samples were 
collected  and at the time (0), the  samples  were taken after 
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Figure 1: Raman spectra of MWCNT-COOH 

 
 
 
 3 hours from adding fMNCNTs and K-humate to the soil. 
 
Preparation of the K-humate standard solutions 
 
For this purpose, from the stock solution (1000 mg kg-1) 
specified concentrations (80 to 320 mg kg-1) were prepared 
by diluting with distilled water. Then, to preparation 
standard curve of K-humate the series of the specified 
solution was transferred into a spectrophotometric cell and 
was recorded its absorbance in two wavelengths 465 (E4) 
and 665 (E6) nm, respectively. 
 
Analysis of incubated soil samples 
 
E4/E6 ratio  
 
The humic substances (K-humate) extraction prepared 
from the collected soil samples at end of different 
incubation periods, based on the method described (Pleven 
et al., 1967). 
 
Total acidity (meq g-1 of dry soil) 
 
The total acidity for all collected samples were determined 
according to Page et al. (1982). 
 
Statistical analysis       
 
The analysis of variance (ANOVA) to discriminate among 
the means by the Duncan´s least significant difference 

(LSD) procedure. Also, data within each of incubation 
periods were evaluated by repeated measurement variance 
analysis (repeated measures ANOVA). Averages were 
determined by the “Bonferroni” test. 
 
 
RESULT AND DISCUSSION 
 
Characterization of fMWCNTs 
 
The fMWCNTs has a strong Raman shift in 1303–1601 cm-1 
and a weak shift in 2608 cm-1 (Figure 1). Figure 1 shows the 
main graphite bands are present in the Raman spectrum of 
fMWCNTs-COOH bundles. The band located at 1303.60 cm-1 

(D band) which is related to disorder in carbon systems and 
the band at 1601.39 cm-1 (G band) which is related to the 
structural integrity of hybridized carbon atoms (C–C bond) 
of the nanotubes. The vibration located at 2608.70 cm-1(G' 
band) is attributed to the overtone of the D band (Bokobza 
and Zhang, 2012). Also, the D and G bands (ID/IG) ratio is 
used to evaluate the defect density of the CNT structure. 
 
The E4/E6 ratio of K-humate (H) standard solutions 
 
The UV-Vis absorption spectra were used at two 
wavelengths 465 (E4) and 665 nm (E6), to measure the K-
humate standard solution (H) absorbance. The E4/E6 ratio 
was fitted in a linear curve was shown in (Figure 2). The 
result showed a high correlation coefficient (R2= 0.999) of 
E4  and  E6  values (close to 1). This finding is in accordance 
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Figure 2: The E4/E6 ratio of K-humate (H) standard solution 

 
 

 
 

Figure 3: The effect incubation periods on E4/E6 ratios of different doses of fMWCNTs and K-humate 

 
 
 
with the results obtained by Javanshah and Saidi (2016). 
 
Changes in E4/E6 ratios during different incubation 
periods 
 
Significant difference (p< 0.05) of E4/E6 ratios between T1, 
T2, T3, T4, and T5 without a combination of them at 
different incubation periods (Figure 3). The E4/E6 ratios of 

extracted soil humic substances increase when decreasing 
the degree of condensation, aromaticity of the carbon 
structure and the molecular weight (MW). K-humate used 
in this study as an act of soil organic matter (NOM). Also, 
the results were demonstrated differences of E4/E6 values 
between each of the incubation periods. This could be 
explained by the fact, the E4/E6 have inversely related to 
molecular    weight   due    to     polymerization     for   humic  
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Figure 4: (A & B): the effect of MWCNTs doses on K-humate adsorption 

 
 
 
substances in soil over incubation time (Filcheva et 
al., 2018).  
 
Influence of fMWCNTs doses on E4/E6 ratios  
 
The results demonstrated a significant difference (p < 0.05) 
between a control and other treatments. Figure 4 (A & B) 
demonstrates the effect of fMWCNTs doses on K-humate 
adsorption at 0, 30 and 60 days of incubation periods. The 
E4/E6 ratio ranged from 1.41 to 2.44 during incubation 
periods for the treatments. This changes of the E4/E6 ratio 
is an indicator of changing of molecules size and carbon 
network of K-humate due to organic material humification, 
soil enzymatic activity and/or inorganic oxidation 
(Zbytniewski and Buszewski 2005). Also, it is considered 
clear evidence of the direct relationship between E4/E6 
ratios and fMWCNT doses, K-humate concentrations during 
different periods of incubation. 
 
Influence of incubation periods on E4/E6 ratios 
 
According to the E4/E6 findings, a significant difference 
was observed between 0 and 60 days of incubation periods 
(p < 0.05). The E4/E6 ratios were started increase until 30 
days for T2 (2.15), T4 (1.87), and T8 (2.02), then were 
slightly decreased at 60 days were 1.72, 1.51 and 1.77, 
respectively. While observing that E4/E6 values of T1, T5, 
and T7 were decreased from 0 days until 30 days and 
increased at the end of experiment (60 days). It is noted T6 
and T9 were significantly increased during incubation 
periods and the opposite of these were observed in T3 
(Table 3). As mentioned above the E4/E6 ratio reflects of K-
humate acid humification level and degree of aromatic 
structures (Fuentes et al., 2006). This increase or decrease 
in E4/E6 values can also be explained by changes in organic 

compounds content such as phenolic and benzene-
carboxylic groups in K-humate and carbon structure. 
Indeed, MCNTs was functionalized with a carboxyl group (-
COOH) on their surface that is effecting on adsorption 
mechanism with other sorption factors such as pH, 
hydrogen-bonds, hydrophobic interaction and π-π 
interaction (Kun and Baoshan 2008). The π–π interaction 
energy (electron transitions) in organic compounds of K-
humate such as phenolic arenes, polyenes, and polycyclic 
aromatic (C=C) hydrocarbons, and benzene rings of 
fMWCNTs. It plays a major role in adsorption process (Chen 
et al., 2007; Hyung and Kim, 2008). 
 
Total acidity (meq g-1 of dry soil) 
 
According to the statistical analysis, there was a significant 
difference in total acidity values between treatments and 
control at different incubation periods (p < 0.05). The 
values of total acidity were ranged between 0.02 to 0.50 
during this study. No significant difference was observed at 
0 (days) between T3 (0.11), T8 (0.06) and T9 (0.11), also at 
30 (days) between T3 (0.02) and T6 (0.022), and between 
T4 (0.04) and T8 (0.04). These findings are similar to 
E4/E6 ratios of these treatments (Table 3). This could be 
explained by the high relationship between E4/E6 ratios 
and total acidity. Moreover, no effect of K-humate 
concentrations and fMWCNTs at (C1) dose on the total 
acidity values. At this period of incubation (60 days) the 
reaction was more stable, no changing of carbon structure 
and molecular weight (MW), also can be ascribed to fact 
that humic acid a content large quantity of carboxylic and 
phenolic groups and may act as hydrogen-bond donors 
while benzene rings of CNTs may act as hydrogen-bond 
acceptors (Wang et al., 2013). This phenomenon promotes 
the   hypothesis  of   changing  molecular weight and carbon  
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Table 3. Shown data of E4/E6 ratios and total acidity (TA) (meq g-1 of dry soil), 
during different incubation periods (days) 

 
 Treatments 
 

Incubation periods 
0 30 60 

E4/E6 TA E4/E6 TA E4/E6 TA 
T1 1.64 cd 0.04 g 1.61 e 0.13 d 1.64 fg 0.16 e 
T2  1.80 b 0.46 a 2.15 a 0.26 a 1.72 de 0.43 c 
T3  1.76 bc 0.11 e 1.72 d 0.02 g 1.63 g 0.50 a 
T4  1.60 de 0.24 c 1.87 c 0.04 e 1.51 h 0.30 d 
T5 2.78 a 0.17 d 1.83 c 0.21 b 3.78 a 0.50 a 
T6  1.55 de 0.02 h 1.69 d 0.02 g 1.70 ef 0.46 b 
T7  1.78 b 0.41 b 1.68 d 0.15 c 1.91 c 0.46 b 
T8 1.50 ef 0.06 ef 2.02 b 0.04 e 1.77 d 0.09 f 
T9 1.41 f 0.11 e 2.15 a 0.03 f 2.44 b 0.30 d 
*LSD 0.122 0.001 0.051 0.003 0.064 0.003 

 
*Different letters indicate significant differences at p < 0.05 level. 

 
 
 
structure of K-humate as a result of interaction with 
fMWCNTs. This scenario is noted through the difference in 
total acidity values (Riffaldi et al., 1983). 
 
Conclusions 
 
Several articles have been focused on the application of 
MWCNTs in the aquatic environment. Here, this study 
highlighted the environmental behavior of K-humate with 
fMWCNTs in the soil system. Overall, the adsorption 
behavior of K-humate onto fMWCNTs in the soil it is 
affected by fMWCNTs doses, K-humate concentrations and 
incubation periods. This study also was confirmed that the 
E4/E6 ratios and total acidity (TA) are useful methods to 
determine the interaction humic substances and CNT. The 
results demonstrated T5 (C0H2; H2= 2000 mg kg-1) was the 
highest value of E4/E6 (higher degree of decomposition) 
and TA at the end of the study compared with other 
treatments. According to the results, the lower degree of 
condensation for aromatics (carbon structure) and smaller 
of molecular weights. The data of this research were also 
shown E4/E6 ratio for the high concentration of K-humate 
(T5) was decreased with fMWCNTs doses (C1 and C2) and 
significantly with C1. Moreover, more specific studies on 
the interaction behavior between humic compounds and 
fMWCNTs are needed in soil complex system.  
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