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The influences of pH, contact time, solid-liquid ratio, temperature and C60(C(COOH)2)n on Th(IV) adsorption onto the mag-
netic multi-walled carbon nanotubes (MMWCNTs) were studied by batch technique. The dynamic process showed that the 
adsorption of Th(IV) onto MMWCNTs could reach equilibrium in 40 h and matched the pseudo-second-order kinetics model. 
The adsorption of Th(IV) onto MMWCNTs was significantly dependent on pH values, the adsorption ratio increased markedly 
at pH 3.0–5.0, and then maintained a steady state as pH values increased. At low pH, different C60(C(COOH)2)n content could 
enhance the adsorption content of Th(IV) onto MMWCNTs, but restrained it at higher pH. Through simulating the adsorption 
isotherms by Langmuir, Freundlich and Dubini-Radushkevich models, it could be seen respectively that the adsorption pattern 
of Th(IV) onto MMWCNTs was mainly surface complexation, and that the adsorption process was endothermic and irreversi-
ble. 
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1  Introduction 

With the world energy crisis deepening, nuclear power has 
been vigorously developed, and thorium has attracted much 
attention as a potential nuclear fuel. Because the radioactive 
thorium can enter into the biosphere, research on the purifi-
cation of thorium pollutants in water environments is im-
portant. Thorium is only stable at its valence +IV state in 
solution. It is usually used as a chemical analogue of tetra-
valent radionuclides which are difficult to study and keep in 
the tetravalent form [1]. In recent decades, the adsorption of 
Th(IV) onto different sorbents, (e.g., natural clay minerals 
and oxides by precipitation) as well as its surface complexa-
tion and adsorption methods have been extensively studied. 

Guo et al. [2], who studied the adsorption of Th(IV) onto 
TiO2 at different pH values, indicated that the adsorption 
behavior was strongly influenced by the pH changes and 
that the adsorption quantity obviously increased in the 
presence of phosphate in aqueous solution. Wu et al. [3] 
studied the adsorption process of Th(IV) onto attapulgite, 
which was also influenced by changes in pH, and found the 
adsorption process of Th(IV) onto attapulgite was a sponta-
neous process. In addition, the sorption-desorption hystere-
sis indicated that the sorption of Th(IV) was irreversible. 
Chen et al. [4] studied the adsorption of Th(IV) onto silica 
with the presence of humic/fulvic acid; in their work, the 
adsorption process was significantly dependent on pH, tem- 
perature and humic/fulvic acid content. 

Carbon nanotubes (CNTs), a kind of carbon allotrope 
with typical layered hollow structure, are considered to be a 
typical one-dimensional (1D) material. The strong adsorptive 
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interaction between carbon nanotubes and radionuclides or 
organic aromatic pollutants is attributed to - electron- 
donor acceptor interaction between the pollutants and the 
highly polarizable carbon nanotubes; therefore the strong 
surface complexation between metal ions and functional 
groups is considered to be the main mechanism of metal 
ions adsorption onto carbon nanotubes [5–7]. Due to their 
special structure, carbon nanotubes have large specific sur-
face area and high chemical stability. In addition the surface 
modification of MWCNTs to graft functional groups can 
improve the adsorption capacity of MWCNTs in the remov-
al of most radionuclides and organic pollutants from large 
volumes of aqueous solutions [8]. Therefore, carbon nano-
tubes have excellent physiochemical properties and versatile 
applications, especially in the fileds of mechanics, electro-
magnetism, optics, electronics, catalysis, and composite 
materials, and have huge potential research value [9, 10]. 
Some researchers have done many studies about metal ions 
(specifically, adsorption of Pb(II), Ni(II), Cd(II)) onto 
oMWCNTs) [11–13]. Sun et al. [7] studied the adsorption 
behavior of diuron, fluridone, and norflurazon on single- 
walled and multi-walled carbon nanotubes; their results 
indicated that MWCNTs had the potential to serve as an 
adsorbentto reduce the mobility of herbicides in agricultural 
and environmental applications. Wang et al. [14] studied the 
adsorption of humic acid to functionalized multi-walled 
carbon nanotubes and indicated that the adsorption process 
was dependent on the nanotubes’ surface area and meso- 
and macro-pore volumes. 

CNTs suffer from separation inconvenience, however. In 
order to improve their properties and functions with the aim 
of extending their applications in various technology fields, 
their surface are coated with iron oxide nanoparticles [15]. 
Due to their unique structures, CNT composites have great 
potential as superior adsorbents for removing many con-
taminants. Compared with experimental environments, the 
natural environment is more complicated [16]. Because few 
studies have been done on the behavior of other organic 
materials in the adsorption of metal ions in the presence of 
carbon nanomaterials, it’s important to study the effects of a 
variety of carbon nanomaterials on the adsorption of metal 
ions. The least expensive and most easilyobtained material, 
C60, easily forms - stacking with other aromatic materials 
because of their large numbers of  electrons [17, 18], For 
these reasons, C60 has been used to investigate these materi-
als’ adsorption properties through improving solubility by 
adding the appropriate functional groups to the fullerence 
skeleton [19]. In our work, water-soluble fullerene deriva-
tives were selected as additional factors with in the ternary 
system in order to study the adsorption of metal ions and to 
simulate the interactions of carbon nanomaterials with metal 
ions in real environmental conditions. Our intention was 
through which to provide a theoretical basis for radioactive 
thorium purification issues. 

2  Materials and methods 

2.1  Materials 

Multi-wall carbon nanotubes (L. MWNTs-1030) materials, 
purity > 95% (amorphous carbon  3 wt%, ash content  
0.2 wt%), diameter 10–30 nm, length 5–15 m, specific 
surface area 10–100 m2/g, were purchased from Shenzhen 
Nanotech Port Company (Shenzhen, China). FeCl2·H2O and 
FeCl2·H2O with a molar ratio of l:2 were mixed in deionized 
water. Next, 10 mL of 2 mol/L HCl was added. The solution 
was heated to 30 °C under nitrogen protection and then 
stirred at 30 °C at a constant pH value of 9 for 1 h．The 
precipitates were continuously mixed under constant heat-
ing at 50 °C for 30 min. After being cooled to room temper-
ature, the obtained magnetic nanoparticles were washed 
with water and ethanol several times and then dried under 
vacuum at 60 °C overnight. The typical procedure for the 
preparation of Fe3O4/MWCNT composite was as follows: 3 g 
MWCNTs was dispersed into 150 mL of concentrated 
HNO3, followed by bath heating at 110 °C for 5 h. The so-
lution was diluted with deionized water until the pH value 
of the filtrate almost reached 7. After being rinsed and dried, 
200 mg acid-purified nanotubes and 50 mg Fe304 nanoparti-
cles were dispersed in 40 mL solution of deionized water/ 
ethanol (volume ratio = 1:1). The mixture was ultrasonicat-
ed for 1 h and then stirred at room temperature for 96 h. The 
solution was separated from the residue through 200 m 
filter membrane, followed by vacuum drying at 50 °C for  
16 h [20]. 

Fullerene (C60), purity > 99.9%, was purchased from the 
Yongxin Technology Co. Ltd. (Puyang, China). The C60 and 
NaH were added into toluene; when the color of the mixture 
solution changed from purple to deep red, diethyl bromo-
malonate was added. The solution was stirred at 80 °C un-
der the protection of Ar gas for 10 h and then concentrated 
by rotary evaporator. Next, the residue was dissolved in the 
toluene and NaH was added. Then, CH3OH was added to 
the solution to immediately terminate the reaction, followed 
by 2 mol/L HCl. The precipitate was filtred, collected, and 
washed by toluene, 2 mol/L HCl, H2O, and benzene [21]. 

Unless otherwise noted, materials were obtained from 
commercial suppliers and were used without further pu-
rication.  

2.2  Batch experiments 

Adsorption experiment: after determining the equilibrium 
time and the solid-liquid ratio, a series of polyethylene cen-
trifuge tube were added a certain amount of MMWCNTs, 
NaNO3 and a known concentration Th(IV) solution, such 
that the various components of the system achieved the re-
quired concentration. The extremely small amounts of HCl 
or NaOH solution were added to the system to adjust its pH 
to a desired value. The system was centrifuged at high- 
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speed (12000 r/min) for 20 min after constant temperature 
oscillation for 72 h. A certain volume of supernatant was 
removed to detect the concentration of Th(IV) by using 
spectrophotometer (Perkin-Elmer, USA) at a wavelength of 
664 nm. The adsorption of Th(IV) onto the MMWCNTs 
was calculated from the difference between the concentra-
tions initially concentration and at equilibrium. 

Desorption experiment: the same solution was created as 
in the adsorption experiment above. A certain volume of 
supernatant was removed after the solution was centrifuged. 
The same volume of NaNO3 was added to the rest of the 
solution, and the pH was adjusted. About after 6 d, the sam-
ple was centrifuged and measured. 

2.3  Transmission electron microscopy (TEM) analysis 

In order to analyze the molecular level information of the 
adsorbent material, transmission electron microscopy (TEM, 
Hitachi Model H-600, Japan) was conducted (Figure 1). 
Figure 1 shows the tiny nanoparticles consist of Fe3O4 with 
a diameter of 10–30 nm, were well attached to the CNTs. 
Figure 2 shows that magnetic separation process in which 
the magnetic composites were moved from aqueous solu-
tions with a permanent magnet. Figure 2(a) shows the un-
separated MMWCNTs: the solutions are quite muddy. 
Conversely, Figure 2(b) shows that the solution was very 
clear, which means that the magnetic composites could be 
easily separated from the aqueous solution. This magnetic 
separation method can be applied simply and widely in real 
work.  

 

Figure 1  The TEM of magnetic nanomaterials. (a) MWCNTs; (b) 
MMWCNT. 

 

Figure 2  Separation of the magnetic composites in the presence of a 
permanent magnet. 

3  Results and discussion 

3.1  Adsorption kinetics 

Effect of contact time on the adsorption of Th(IV) onto 
MMWCNTs 
The influence of the duration of shaking time on the adsorp-
tion of Th(IV) onto MMWCNTs is shown in Figure 3. The 
adsorption ratio increased with the increasing of time; 
however, after the contact time (about 40 h) was reached, 
the adsorption ratio was substantially unchanged. The initial 
adsorption rate was higher, which might be attributed to the 
great quantity of adsorption sites on the surface of magnetic 
composites. As the sites were gradually occupied by Th(IV), 
the adsorption rate became slower. Figure 3 shows that the 
chemical adsorption or surface complexation was the main 
sorption mechanism, rather than physical adsorption [12]. In 
the following experiments, 72 h was selected as the equilib-
rium time. 

Pseudo-second-order equation 
The pseudo-second-order kinetic equation linear expression 
is as follows: 

  
2

ee

1

t

t t

q qkq
 (1) 

where qe (mg/g) is the equilibrium adsorption amount and qt 
is the adsorption amount of dye at time t. The parameter k 
(g/(mg min)) represents the second-order rate constant of 
the kinetic model. The results of using this equation to fit 
the experimental data are shown in Figure 4. The pseudo- 
second-order equation was y = 146.3x + 59.9; calculated by 
the slope and intercept of k = 361.01 g/(mg min), the qe = 
0.0068 mg/g, and the linear correlation coefficient R2 = 
0.9999. These results show that the adsorption of Th(IV) 
onto MMWCNTs was in keeping with the pseudo-second- 
order kinetic model. 

 

Figure 3  Effect of equilibrium time on Th(IV) adsorption onto MMW- 
CNTs. pH 4.10 ± 0.05, m/V = 0.10 g/L, T = (25 ± 1) °C, CTh

0 = 7.09 × 105 
mol/L. 
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Figure 4  Pseudo-second-order sorption kinetics plot for Th(IV). pH 4.10 
± 0.05, m/V = 0.10 g/L, T = (25 ± 1) °C, CTh

0 = 7.09 × 105 mol/L. 

3.2  Effect of pH on Th(IV) adsorption onto MMW- 
CNTs 

We studied the adsorption of Th(IV) as a function of pH 
under different background electolytes, such as 0.001, 0.01, 
0.05, and 0.1 mol/L NaNO3 solutions. The influence of dif-
ferent pH on the adsorption are shown in Figure 5, the ad-
sorption ratio of Th(IV) onto MMWCNTs was strongly 
influenced by pH and ionic strength. Sheng et al. [22] found 
that the adsorption ratio of Th(IV) on raw diatomite in-
creased rapidly to almost 100% when the pH value changed 
from 2 to 4; in addition, the adsorption ratio was influenced 
by the ionic strength. Our results showed that the adsorption 
rate increased as the concentration of NaNO3 increased 
(Figure 5); Qian et al. [23] and Wang et al. [24] found that 
the adsorption of Th(IV) on zirconium oxo-phosphate and 
oxidized multi-walled carbon nanotubes was effected both 
by ionic strength and pH changes. The experimental results 
of this work further confirmed the previous results. 

When pH < 3.0, the adsorption ratio was low and 
changed hardly at all as the pH increased. In the range of 
pH 3.0 to 5.0, the adsorption ratio increased rapidly. When  

 

Figure 5  Effect of pH on Th(IV) adsorption onto MMWCNTs. m/V = 
0.10 g/L, T = (25±1) °C, CTh

0 = 7.09 × 105 mol/L. 

pH > 5.0, the adsorption ratio changed inconspicuously, 
which indicated that the system was in equilibrium.  

It was necessary to inspect the speciation of Th(IV) in 
solution with different pH to discuss the possible species of 
Th(IV) in the systems. Calculations were performed for 
0.01 mol/L NaNO3 solutions containing 7.09  105 mol/L 
of total aqueous Th(IV) with pH varying from 1.0 to 10. As 
shown in Figure 6, the main forms were Th4+, Th(OH)3+, 
Th(NO3)

3+, Th(OH)2
2+, Th(CO3)5

6 and Th(OH)3CO3
. 

When pH  3.0, the main species was Th4+ at pH 3.0–5.0; 
the Th(OH)2

2+ in the system accounted for its absolute 
dominance. However, at pH > 5.0, the two species 
Th(CO3)5

6 and Th(OH)3CO3
 existed in the absence of CO2 

because their low solubility in aqueous solution lead to an 
increase of the content of Th(IV) in the solid phase; there-
fore, the adsorption ratio of Th(IV) onto MMWCNTs 
maintained the maximum and no longer changed. In our 
previous works, we have shown that the point of zero 
charge was about 5 [5]; the surface charge of MMWCNTs 
was positive at pH < pHzpc; and that the electrostatic repul-
sion between Th4+, Th(NO3)

3+, and the positive surface of 
adsorbents was strong, which caused the electrostatic repul-
sion for the adsorption of Th4+ on MMWCNTs. With the 
increase of pH, the negative charge of the site increased as 
well; therefore it was reasonable that Th(IV) sorption sig-
nificantly increased. At pH > pHzpc, the mechanism was the 
same as pH < pHzpc. Becausethe interaction between 
Th(OH)3CO3

 and MMWCNTs was also an electrostatic 
interaction the effects of ionic strength were almost negligi-
ble (Figure 5).  

3.3  Effect of solid-liquid ratio on the adsorption of 
Th(IV) onto MMWCNTs 

Figure 7 showes that the adsorption ratio of Th(IV) onto 
MMWCNTs increased with the increase of MMWCNTs 
concentration. As the concentration of MMWCNTs in-
creased, the surface adsorption sites also increased, which  

 
Figure 6  Relative species distribution of Th(IV). T = (25 ± 1) °C, CTh

0 = 
7.09 × 105 mol/L, 

2COP = 103.26 atm. 
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Figure 7  Effect of solid-to-liquid ratio (m/V) of Th(IV) adsorption onto 
MMWCNTs. pH 4.10 ± 0.05, T = (25 ± 1) °C, CTh

0 = 7.09 × 105 mol/L. 

promoted the adsorption of Th(IV). This phenomenon is 
also present in other adsorption systems [25, 26]. 

3.4  Effect of temperature on the adsorption of Th(IV) 
onto MMWCNTs  

The influence of different temperature on the adsorption is 
shown in Figure 8. The thorium concentrations of solid 
phase (Cs (mol/g)) increase with the increase of Th(IV) in 
solution (Ce (mol/L)), and the adsorption isotherms of 

Th(IV) in 323 K were much higher than for Th(IV) in 298 
K. This means that the adsorption of Th(IV) on 
MMWCNTs was endothermic. 

It was necessary to propose a suitable model to gain a 
better understanding of the mechanism. To optimize the 
adsorption of Th(IV) from aqueous solutions, the Freun-
dlich, Langmuir and D-R sorption isotherms were applied to 
calculate the relative adsorption data [27]. The results of 
experiments at different temperatures are shown in Figure 9. 
The three models were used most commonly used by other  

 

Figure 8  Effect of different temperature on the adsorption of Th(IV) onto 
MMWCNTs. pH 4.10 ± 0.05, m/V = 0.10 g/L, CTh

0 = 7.09 × 105 mol/L. 

 

 

Figure 9  The sorption isotherms of Th(IV) onto MMWCNTs. (a) Langmuir isotherm; (b) Freundlich isotherm; (c) D-R isotherm. 
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researchers to describe the adsorption characteristics of ad-
sorbent in water and wastewater treatment, and the relative 
parameters calculated from Eqs. (2–6) are listed in Table 1. 
It is well known that the Langmuir model was one of the 
most widely used models for modeling equilibrium data and 
that the isotherm was valid for monolayer adsorption onto a 
surface that containing a finite number of identical sites [27]. 
This process could be described by the following form [28]: 

 e s a

s a max

1 



C C K

C K q
 (2) 

where qmax (mg/g) is the capacity of adsorption at saturation 
and Ka (L/mmol) shows the adsorption coefficient that is 
related to the energy of adsorption. The Langmuir isotherm 
could be expressed as: 

 a
L 0 0

1 1
 


K

R C C
 (3) 

where C0 (mol/L) is the concentration of initial metal in the 
solution. The value of RL indicates a good sorbent for the 
sorbate if it is between 0 and 1. The Freundlich expression 
is an empirical equationthat describs adsorption onto the 
heterogeneous surface [29]. The Freundlich isotherm model 
stipulates that the ratio of solute adsorbed to the solute con-
centration is a function of the solution. The Freundlich 
model also allows for several different kinds of adsorption 
sites on the solid, and represents the adsorption data at low 
intermediate concentrations on the heterogeneous surfaces 
[27]. The linear equation could be presented as:  

 s F eln( ) ln ln n C n K C  (4) 

where KF (mmol/g) is the adsorption capacity. When the 
value of n at 1 and 10 indicates a favorable adsorption. Be-
cause the D-R isotherm neither assume a homogeneous sur-
face nor constant adsorption potential, it is more ordinary 
than the Langmuir isotherm. And the linear form of D-R 
equation is [27, 30]: 

 2 2 2 e
m s

e

1
ln ln ln

 
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C
q C KR T

C
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where K shows the constant that is related to the adsorption 
energy, qm (mol/g) shows the theoretical saturation capacity; 
R (kJ/(mol K)) shows the gas constant and T (K) is the 
temperature. The free energy of adsorption E (kJ/mol) is 
defined as when one molecule of ion is transferred from 
infinity in solution to the surface of the solid and the free 
energy changed. It could be calculated from the value of K 
using the following equation [27]: 

 
1

2
E

K
  (6) 

The magnitude of E is widely used for estimating the 
type of adsorption reaction. If the value of E is between 8–16 

Table 1  Comparison of the Langmuir, Freundlich and D-R adsorption 
constants of Th(IV) onto MMWCNTs 

Isothermal model parameters 298 K 323 K 

Langmuir 
Ka (L/mmol) 1.019 × 105 6.011 × 105 

qmax (mmol/g) 0.001 0.003 
RL 0.122 0.023 
R2 0.991 0.993 

Freundlich 
KF (mmol/g) 2.168 1.639 

n 1.961 2.364 
R2 0.957 0.931 

D-R 
K (mol2/kg2) 1.900×109 1.200×109 
qm (mol/g) 0.186 0.191 
E (kJ/mol) 16222.142 20412.415 

R2 0.980 0.973 

 
kJ/mol, the adsorption must be governed by chemical ion- 
exchange; if E > 16 kJ/mol, it could be supposed that parti-
cle diffusion may affect the adsorption [27]. The adsorption 
may be effected by physical forces if E < 8 kJ/mol [27, 31]. 

It could be concluded from the constants that the Lang-
muir and D-R models fitted the experimental data better 
than the Freundlich model did. In all cases, the Freundlich 
isotherm represented the poorest fit of experimental data as 
indicated by R2 values. The fact that the Langmuir isotherm 
fit the experimental data very well indicated almost com-
plete monolayer coverage of the adsorbent particles. The 
adsorption capacities qm derived in the D-R model for the 
adsorption of Th(IV) was 0.186 mol/g at 298 K, and 0.191 
mol/g at 323 K. These values were quite different from the 
adsorption capacity qmax values at the Langmuir region. This 
difference, which has been reported in other works [27, 32, 
33]. might be attributed to the different assumptions con-
sidered in the formulation of the isotherms.  

3.5  Effect of C60(C(COOH)2)n on the adsorption of 
Th(IV) onto MMWCNTs  

The effect of C60(C(COOH)2)n on the adsorption of Th(IV) 
is shown in Figure 10. At the initial state of the adsorption, 
C60(C(COOH)2)n enhanced the adsorption, but the adsorp-
tion was restrained at higher pH. As is well known, there 
are many benzene ring structures of C60(C(COOH)2)n that 
can form a strong - interaction with MMWCNTs. The 
previous discussion showed that the adsorption process of 
Th(IV) onto MMWCNTs was mainly surface complexation 
(Figure 3). C60(C(COOH)2)n also had some macromolecular 
structures that could interact with Th(IV) through surface 
complexation or chemical adsorption. It is reported that the 
- interaction is stronger than that of surface complexation 
[5]. Therefore, in this experiment, at the same concentration 
of MMWCNTs system (or at the same adsorption sites), the 
Th(IV) was adsorbed onto MMWCNTs through surface 
complexation until to get maximum adsorption ration in the 
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absence of C60(C(COOH)2)n (about 100%, Figure 10). 
When the C60(C(COOH)2)n presented in the adsorption sys-
tem, it occupied the sites of MMWCNTs first through - 
interaction. C60(C(COOH)2)n could also interact with Th(IV) 
by surface complexation or chemical adsorption, however, 
because its macromolecular structures were smaller than 
those of MMWCNTs. In other words, the specific surface 
area of C60(C(COOH)2)n was larger than that of the MMW- 
CNTs, meaning that the interaction ability of Th(IV) with 
C60(C(COOH)2)n was stronger than with MMWCNTs Ther- 
efore, the presence of C60(C(COOH)2)n could improve the 
adsorption rate of Th(IV) onto MMWCNTs depending on 
the concentration of C60(C(COOH)2)n, but it would not af-
fectthe maximum adsorption rate (Figure 10). However, 
when the pH of the solution was higher than 6, the Th(IV) 
adsorbed by the C60(C(COOH)2)n and MMWCNTs could 
desorb into solution (Figure 10). This result might be at-
tributed to the species changes of Th(IV) in different pH 
solutions, which preventedthe interaction of Th(IV) with 
C60(C(COOH)2)n. The sites of the MMWCNTs were also 
occupied by C60(C(COOH)2)n, however, which means that 
the adsorption ratio of Th(IV) onto MMWCNTs decreased 
with the increase of pH in solution.  

The effect of C60(C(COOH)2)n concentration on the ad-
sorption ratio when the ratio of solid to liquid is at pH 4.10 ± 
0.05 are shown in Figure 11. The adsorption ratio increased 
with the increase of the m/V untill the adsorption process 
reached the maximum value at the experimental conditions, 
which might be attributed to the increase of surface adsorp-
tion sites. It might also be possible that the C60(C(COOH)2)n 
was was favorable to the adsorption. 

3.6  Adsorption and desorption isotherms 

Figure 12 shows that, whether or not C60(C(COOH)2)n was 
present, the desorption isotherm was obviously higher than 
the adsorption isotherm. This result indicates that Th(IV) 
adsorbed onto solid particles could not be desorbed from 
solid to liquid phase to reestablish equilibrium under the 

experimental conditions. Instead, the adsorption-desorption 
hysteresis actually occurred and the adsorption process was 
irreversible. These results indicate that strong surface  

 

Figure 10  Effect of C60(C(COOH)2)2 on the adsorption of Th(IV) onto 
MMWCNTs. pH 4.10 ± 0.05, m/V = 0.10 g/L, T = (25 ± 1) °C, CTh

0 = 7.09 
× 105 mol/L. 

 

Figure 11  Effect of solid to liquid ratio (g/L) and C60(C(COOH)2)n con-
centrations on the adsorption of Th(IV) onto MMWCNTs. pH 4.10 ± 0.05, 
T = (25 ± 1) °C, CTh

0 = 7.09 × 105 mol/L. 

 

Figure 12  Sorption and desorption isotherms of Th(IV) onto MMWCNTs (a) and in the present of C60(C(COOH)2)n (b). 
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complexes were produced at the surface of MMWCNTs by 
chemical sorption rather than physical sorption. Similar 
experimental results were also reported by previous resear- 
chers [3, 27, 34–36]. 

4  Conclusions 

The effects and behavior of Th(IV) adsorption onto MMW- 
CNTs were studied in the presence of C60(C(COOH)2)n. The 
adsorption and desorption isotherms shows that the adsorp-
tion of Th(IV) on MMWCNTs was endothermic and irre-
versible. The adsorption of Th(IV) onto MMWCNTs was 
affected strongly by pH, and the presence of C60(C(CO- 
OH)2)n obviously influenced the adsorption ratio. Therefore, 
for the appropriate adsorption system of Th(IV) in practical 
work, some macromolecular structures with - interactions 
may improve the adsorption effect. 

This work was financially supported by the National Natural Science 
Foundation of China (J1210001). 
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