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Abstract:
In this paper, synthesized (raw) multi-walled carbon nanotube (rMWCNTs) surfaces were modified with chitosan 
and β-cyclodextrin using Chen’s soft cutting technique. Raw and surface modified multi-walled carbon nanotubes 
were observed by transmission electron microscope (TEM). The results showed that chitosan and β-cyclodextrin 
could attach to the outer surface of nanotubes, wrapping the nanotubes axially. In contrast to the chitosan, 
β-cyclodextrin not only would attach to the inner and outer surface of the MWCNT walls but also fill their hollow 
section. It was also found that the surface modified MWCNTs were shorter and their dispersion in organic 
solvent (NMP) was better than r-MWCNTs. Sedimentation test revealed that dispersion of β-cyclodextrin surface 
modified MWCNTs was better stabilized in NMP solvent than the chitosan surface modified MWCNTs. 
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1. INTRODUCTION

In 1991, Iijima discovered for the first time the 
nano sized and tubular structure of the carbon 
nanotubes (CNTs) [l]. Later, in 1993 single-
walled carbon nanotubes (SWCNTs) were 
synthesized by Iijima et al. [2] and Bethune et 
al. [3]. Carbon nanotubes are usually synthesized 
as single-walled or multi-walled form. Arc-
discharge, laser-ablation and catalytic growth are 
the main techniques that are used for production 
of carbon nanotubes [4].  
Nowadays, carbon nanotubes (CNTs) have 
found many applications due to their intrinsic 
thermal, electrical, mechanical and separation 

properties. In particular, they have emerged as a 
new nano membrane material (NMM) for liquid 
and gas separation applications due to their large 
surface area and smooth internal surface. On 
the other hands, researchers usually prefer to 
fabricate nanocomposite materials using CNTs 
as inorganic dispersed phase embedded in the 
polymer continuous phase because they are 
difficult to process, expensive and fragile [5-7]. 
In nanocomposite materials (NCMs) containing 
CNTs the superior properties of carbon nanotubes 
are combined with flexibility of polymeric 
materials. As well, one can fabricate a low price 
high performance NCMs. 
Despite CNTs superior separation, mechanical, 
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thermal and electrical properties, raw (untreated) 
CNTs contain different kinds of impurities and are 
usually long and closed ended [8-14]. Therefore, 
pretreatment of raw CNTs is needed either by 
chemical or physical method [15]. Moreover, raw 
CNTs are insoluble in water and organic solvents. 
Hence, their dispersion in the polymer matrix is 
difficult, which is the most serious problem in the 
NCMs preparation. The insufficient dispersion 
of carbon nanotubes in various organic solvents 
and polymers is caused by the weak interaction 
between the CNT walls (as inorganic phase) and 
the organic polymer chains [16-17].
The methods which have been applied by the 
investigators to disperse CNTs in the polymer 
matrix uniformly by enhancing CNTs-polymer 
interactions [18-25] are:
1. Non-covalent surface coating with surfactants 
2. Non-covalent adsorption of hydrophilic non-

charged polymer chains
3. Polymer coating which allows chemical 

attachment of molecular receptors to CNT 
sidewalls

4. Surface oxidation
5. Surface modification (functionalization) of 

CNTs by soft organic materials (SOMs) 
Among these methods, surface modification 
of CNTs by their physical grinding in SOMs, 
called Chen’s soft-cutting technique [26], has the 
following advantages [26-29]:
1. It is easy to apply. 
2. Due to physical nature of this method, the 

pristine structure of CNTs remains nearly 
constant. 

3. Dispersion of CNTs is almost stable.
4. CNTs can be cut and dispersed easily in water 

and solvents.
Among different SOMs, cyclodextrin and chitosan 
have been extensively used for modification of 
carbon nanotube surfaces [26-29]. 
Cyclodextrins are relatively water soluble, 
bottomless bowl shaped or truncated cone like 
macro-rings from cyclic oligosaccharides family 
which can bind to the nonpolar compound and 
CNT molecules and thus increase the solubility of 
these materials in water and other solvents [30]. 
Three major cyclodextrin types, their structure, 
and their properties have been reviewed by 

Szejtli [31]. In particular, a review was made 
by Schneiderman and Stalcupon cyclodextrin 
applications in the separation science [32].
Similarly, chitosan is a biodegradable, 
biocompatible, non-toxic, low price and 
hydrophile low molecular weight polymer 
(LMWP) from linear polysaccharide family, 
synthesized from partial deacetylation of chitin 
[33-34]. Due to its functional group (reactive 
hydroxyl and amino groups), chitosan is able to 
wrap the surfaces of carbon nanotubes [34-35].
The objective of this paper is to modify MWCNT’s 
surfaces with chitosan and cyclodextrin, both 
known as SOMs, and to characterize MWCNTs 
before and after surface modification by 
transmission electron microscopy (TEM) and 
sedimentation (settling) test. Thus, the ultimate 
goal is to know the effect of SOMs on the surface 
modification of MWCNTs. 

2. EXPERIMENTAL

2.1. Materials

Ethanol (EtOH) was purchased from Merck 
and used as diluent agent during the surface 
modification of CNTs. Chitosan (MW 100000-
300000) was supplied by Acros Organic (CN). 
β-cyclodextrin was purchased from Sigma-
Aldrich. Chitosan and β-cyclodextrin were used 
as received and employed as SOMs, in surface 
modification procedures. Multi-walled carbon 
nanotubes (MWCNTs) were synthesized by 
CCVD method in AMTEC (UTM) by the authors. 
1-Methyl-2-pyrrolidone (NMP) was supplied 
by Merck Company and used in MWCNTs 
sedimentation test as organic solvent.   

2.2. Surface modification of multi-walled carbon 
nanotubes

Surface of raw MWCNT walls was modified 
with chitosan and β-cyclodextrin as SOMs by 
applying Chen’s soft cutting technique [26]. The 
surface modification procedure is as follows: 
raw MWCNTs and SOM (e.g. chitosan or 
cyclodextrin) were dried in an oven overnight to 
remove any adsorbed water. MWCNTs and the 
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SOM (1:30 wt. ratio) were mixed and ground in a 
mortar and pestle system for 10 min while ethanol 
was being added gradually to give a sticky and 
grayish mixture. This sticky mixture was further 
ground without addition of ethanol for 2 h to 
obtain a homogeneous black powder, hereafter 
called MWCNTs/SOM mixture (MSM), which 
was further dried in an oven at 80 ◦C overnight. 

2.3. Characterization of raw MWCNTs and 
surfaced modified MWCNTs

2.3.1. Transmission electron microscope (TEM)

Structures of raw MWCNTs (rMWCNTs) and 
surface modified MWCNTs (smMWCNTs) were 
observed by a transmission electron microscope 
(TEM: JEOL JEM-2100). Preparation of 
rMWCNTs sample for TEM was made as follows. 
A small amount of the rMWCNTs was added to 
chloroform. Then the rMWCNTs/chloroform 
mixture was sonicated for 15 minutes. After 
sonication, rMWCNTs were picked up on the 
sample stub (a small blade shape plate) surface. 
In case of smMWCNTs, dried MSM was added 
to chloroform and the mixture was sonicated for 
15 minutes. The residual SOMs are dissolved in 
chloroform during sonication and the particles 
left undissolved are thought to be smMWCNTs, 
which were picked up on the sample stub surface.

2.3.2. Dispersion stability (sedimentation test)

Usually, rMWCNTs are insoluble in water and 
organic solvents and they are immediately settled, 
while smMWCNTs are dispersed for a longer 
period. This is because of the presence of SOMs 
at the surface of MWCNTs, which enhances the 
affinity to the liquid media allowing smMWCNTs 
settle only slowly. Hence, the time required for 
the sedimentation of particles is considered a good 
measure of dispersion stability.
For the stability test (sedimentation test), 0.1 
g of MWCNTs (rMWCNTs or smMWCNTs) 
were added into 20 cm3 NMP in glass tubes 
and the mixture was sonicated for 30 min. The 
MWCNTs/NMP suspension was kept stagnant 
and the sedimentation time of MWCNTs in glass 
tube was measured.

3. RESULTS  AND  DISCUSSIONS

3.1. TEM results

The used rMWCNTs were synthesized by catalytic 
chemical vapor deposition (CCVD) technique 
as presented in details elsewhere [36-37]. The 
synthesized rMWCNTs were characterized 
by TEM micrograph and the details of results 
reported in our recent publications [28, 38]. As 
Shown in Figure 1, TEM micrographs revealed 
that the average inner and outer diameters of the 
raw MWCNTs were nearly 3-3.5 nm and 10-13 
nm, respectively. 
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Fig1. TEM micrographs of MWCNTs (inner and outer diameter have been shown by numbers)  

 
 
 
 
 
 
 

Figure	1: TEM micrographs of MWCNTs (inner and 
outer diameter have been shown by numbers) 

As shown in Figure 2a [28], the impurities and 
surface defects were detected inside the carbon 
nanotubes. Figure 2b [28] shows that rMWCNTs 
are long and generally closed ended [28]. Moreover; 
as shown in Figure 2c [28]; the rMWCNT tips and 
also their outer surface are defective. 
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Fig2. TEM micrographs of rMWCNTs [28, 38]; impurities and closed tips of the rMWCNTs have 

been shown by arrows 
 Figure 2: TEM micrographs of rMWCNTs [28, 38]; 

impurities and closed tips of the rMWCNTs have been 
shown by arrows

After surface modification of rMWCNTs with 

chitosan and β-cyclodextrin, smMWCNTs were 
observed by TEM.  As shown in Figure 3, chitosan 
polymer chains attach to the outer surface of the 
MWCNTs wall probably by van der Waals forces 
[26]. 
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Fig. 3: TEM micrograph of the chitosan smMWCNTs 

 

Fig. 4: TEM micrographs of the β-cyclodextrin smMWCNTs 
 

 
 
 
 
 
 
 
 
 

Figure 3: TEM micrograph of the chitosan smMWCNTs

Figure 4 shows that, similar to chitosan, 
β-cyclodextrin wraps also around the MWCNTs 
and attach onto the MWCNTs wall.

3 
 

 
Fig. 3: TEM micrograph of the chitosan smMWCNTs 

 

Fig. 4: TEM micrographs of the β-cyclodextrin smMWCNTs 
 

 
 
 
 
 
 
 
 
 

Figure 4: TEM micrographs of the β-cyclodextrin 
smMWCNTs

In contrast to the chitosan, β-cyclodextrin enters 
inside the hollow of the rMWCNTs and can not only 
attach to the inner and outer surface of the MWCNT 
walls but also fill their hollow section (see Figure 
5). It can be probably attributed to the size of the 
β-cyclodextrin molecules, i.e. β-cyclodextrin’s 
outer diameter, 1.66nm [30], is smaller than the 
inner diameter of the MWCNTs, 3-3.5 nm (see 
Figure 1). 
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Fig2. TEM micrographs of rMWCNTs [28, 38]; impurities and closed tips of the rMWCNTs have 

been shown by arrows 
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Fig. 5: TEM images of theβ-cyclodextrin smMWCNTs (arrows show the cyclodextrin layers on tips 

of MWCNTs and also inside and outside of the MWCNTs) 
 

 

 
Fig. 6: TEM image of theβ-cyclodextrin around the impurities, inside the smMWCNTs and outside 

of the smMWCNTs (the slightly changed structure of MWCNT walls is distinguishable in this 
picture)

 
 

Figure	5: TEM images of theβ-cyclodextrin smMWCNTs 
(arrows show the cyclodextrin layers on tips of MWCNTs 

and also inside and outside of the MWCNTs)

It is interesting that β-cyclodextrin not only attaches to 
the inner and outer surface of the MWCNTs but also 
can wrap around the impurities surface (Figure 6). 
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Fig. 5: TEM images of theβ-cyclodextrin smMWCNTs (arrows show the cyclodextrin layers on tips 

of MWCNTs and also inside and outside of the MWCNTs) 
 

 

 
Fig. 6: TEM image of theβ-cyclodextrin around the impurities, inside the smMWCNTs and outside 

of the smMWCNTs (the slightly changed structure of MWCNT walls is distinguishable in this 
picture)

 
 

Figure	6:	TEM image of theβ-cyclodextrin around the 
impurities, inside the smMWCNTs and outside of the 

smMWCNTs (the slightly changed structure of MWCNT 
walls is distinguishable in this picture)

Figures 6 and 7 show that pristine structure of the 
both chitosan smMWCNTs and β-cyclodextrin 
smMWCNTs have been changed slightly after 
functionalization. 
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Fig. 7: TEM image of the slightly changed structure of chitosan smMWCNTs  

 
 

 

 
Fig. 8: TEM micrographs of the short length smMWCNTs (black dots represent the impurities) 

 

 

Figure	7:	TEM image of the slightly changed structure 
of chitosan smMWCNTs 
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Fig. 7: TEM image of the slightly changed structure of chitosan smMWCNTs  

 
 

 

 
Fig. 8: TEM micrographs of the short length smMWCNTs (black dots represent the impurities) 

 

 

Figure	8: TEM micrographs of the short length 
smMWCNTs (black dots represent the impurities)
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Figure 8 shows that the smMWCNTs have shorter 
length than the pristine rMWCNTs. It is likely that 
during the physical grinding of MWCNTs in the 
SOMs (chitosan and β-cyclodextrin) they were cut 
to the shorter length [28].
Although surface modification can reduce the length 
of MWCNTs, it cannot remove the impurities, as 
shown in Figures 6-8. 

3.2. Dispersion stability of smMWCNTs and 
sedimentation test results

Raw MWCNTs were settled in nearly 30 min while 
it took more than 5 and 14 days respectively, for 
chitosan and β-cyclodextrin smMWCNTs to be 
settled. Dispersion stability of smMWCNTs in 
NMP (as an organic solvent) can be attributed to 
the attached SOMs on the surface of the MWCNTs 
walls (as proved by TEM micrographs). Because of 
the stronger affinity of SOMs to NMP, smMWCNTs 
are allowed to settle more slowly, enhancing 
the dispersion stability. The difference between 
chitosan and β-cyclodextrin as SOMs for surface 
modification of MWCNTs can be explained by:
1. Solubility of chitosan in NMP is less than 

β-cyclodextrin in NMP.
2. β-cyclodextrin modified MWCNT surfaces 

better than chitosan maybe due to its functional 
group. 

3. β-cyclodextrin can diffuse into the MWCNTs 
and attach on the inner surface of the MWCNT 
walls.

Another explanation is that SOMs on the surface 
prevents the agglomeration of MWCNTs particles 
by the steric hindrance, increasing the dispersion 
stability. The higher stability of the β-cyclodextrin 
smMWCNTs than the chitosan counterpart is 
probably due to the thicker absorbed layer of 
β-cyclodextrin than chitosan (see Figures 3 and 4).

4. CONCLUSIONS

Chen’s soft cutting technique was applied and 
rMWCNTs were surface modified by using 
chitosan (a low molecular weight polymer) and 
β-cyclodextrin (an oligosaccharide) successfully. 
TEM micrographs revealed that rMWCNTs have 

been surface modified with both SOMs successfully. 
Dispersion of smMWCNTs and rMWCNTs was 
also characterized by measurement of sedimentation 
time of the MWCNTs in NMP. This experiment 
showed that smMWCNTs are more soluble in NMP 
(as an organic solvent). Although both chitosan and 
cyclodextrin could modify the MWCNT’s surfaces, 
there were two important differences between 
cyclodextrin and chitosan as follows:
1. In contrast to chitosan, β-cyclodextrin can not 

only attach on the inner and outer surface of 
the MWCNT walls but also can fill their lumen 
side.

2. Dispersion of the cyclodextrin smMWCNTs in 
organic solvent (NMP) is better than that one 
for chitosan.
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