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ABSTRACT 

 
Carbon nanotubes are considered like one of the most 

interesting materials in the last fifty years. Inasmuch as 
since their discovery, have opened an interesting gate in 
nanoscience and in different fields of materials science. 
Their outstanding mechanical, thermal and electrical 
properties, together with their size and cristallinity, provide 
great surface area structures which represent excellent 
candidates in order to develop different applications. 
However the compatibility of these structures with other 
materials is required so as to take advantage of the amazing 
properties in other scale and reach in this way, 
multifunctional nanocomposite materials. This work 
presents diverse results which depend on different 
parameters that play an important role in the distribution, 
interaction and synergetic effect in composites developed 
with the incorporation of multiwalled nanotubes in different 
polymeric matrix. 
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1 INTRODUCTION. 
 
Research focus to create nanocomposites with different 

properties has increased in the last ten years with the 
discovery of impressive materials at nanometric level such 
as carbon nanotubes. To employ these nanoforms as 
reinforcement of polymers has opened the possibility to 
develop new ultra-strong and conductive nanocomposites 
never before seen. With this perspective, different studies 
have been developed in order to take advantage of the 
amazing mechanical and electronic properties of carbon 
nanotubes. Nevertheless the challenge to make a new age of 
multifunctional composite materials with these nanometric 
forms is beginning and it is needed to understand the 
behavior on the interface and different parameters that play 

an important role in the final properties in nanocomposites 
materials. This work presents diverse results which depend 
on important parameters that take part in the distribution, 
interaction and synergetic effect in composites developed 
with the incorporation of multiwalled nanotubes in different 
polymeric matrix. The nanocomposites evaluated were 
made by different processing approaches with the 
assistance of additives and ultrasound [1-2]. In addition is 
presented a chemical modification of these carbon 
structures in the surface and tips, showing that it is possible 
take advantage of the physical-chemical changes produced 
in the nanotubes when new moieties are attached in order to 
develop new polymeric nanocomposites with outstanding 
mechanical and thermal properties [3]. The interactions 
caused by functionalized carbon nanotubes with polymer 
chains are presented in figure 1. This interaction has been 
evaluated in our work, improving the thermal and 
mechanical properties, these results are compared with 
other obtained in different papers where chemical 
functionalization was developed [4-5] with diverse results. 
Also here are discussed the behavior and the results 
obtained in these materials when relatively high 
concentrations are incorporated in nanocomposites based 
carbon nanotubes, showing an interesting effect found in 
this and in other works. 

 
 

 

Figure 1. Schematic representation of functionalized carbon 
nanotube and polymer chains 
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2 CARBON NANOTUBES TYPES. 

 
Carbon nanotubes have many characteristics that put 

themselves as a nanofiber with amazing properties that no 
other material has. The small size, structure, novel 
arrangements and excellent mechanical, thermal and 
electronic properties give as result a unique reinforcement 
that could produce interesting multifunctional composite 
materials.  

 
   In fact the fibers used in composites don�t have the 

outstanding modulus and the conductive properties that 
CNs possess. For instance, carbon fibers in composites 
industrial production have functioned as excellent 
reinforcement for polymers, and produce materials with 
high quality, excellent properties, low density and high 
specific strength and specific modulus. Nevertheless CNs 
have superior properties than any carbon fiber. In spite of 
this fact it is important to consider that CNs also have a 
wide range of properties depending on the production 
approach, which is related with the graphitization degree 
and therefore with the structure and the properties of these 
materials. In this context there exist different studies that 
have shown diverse mechanical properties depending on the 
carbon nanotube types including the presented number of 
walls in the material [6-8]. 

 
In addition, there exist other important features that 

place CNs upon the reinforcement fibers used currently in 
polymer composites. In nanotubes, the diameter at 
nanometric scale migth be an important point in order to 
enhance the interface, due to the small size allows to have a 
closed interaction at the molecular scale, which could be 
very useful to diminish the zones without contact in the 
interface, this would enhance the interactions, providing 
compatibility between two materials: CNs and polymer 
matrix. CNs diameter size not only plays an important role 
to provide a scale near to the molecular interactions, also 
the small diameter together with long extension give high 
aspect ratio in nanotubes, sometimes more than 1000, this is 
an important requirement to reinforce composites.  

 
Other important point is that CNs present the property 

of recovery their original forms when they are deformed by 
stress and after this is released, This flexibility places these 
materials in other context as possible reinforcement in 
composites, since neither carbon fibers nor other known 
reinforcement present this property [7].  

 
All mentioned above sign on that CNs represent new 

possibilities to develop polymer composite materials, 
however the development of  these composites and the goal 
of reach important links in the interface have found 
different barriers to overcome. Thus the processing of really 
new nanocomposites with relevant properties is beginning 
and it is needed in first place to develop different researches 

to understand the phenomenon that are produced in the 
interface between CNs and polymer. The comprehension of 
the parameters that are relevant in this zone will provide the 
knowledge to manage the nanocomposites properties and 
therefore it will allow to develop nanocomposites with 
diverse properties taking advantage in the best manner of 
CNs properties. 

 
3 CARBON NANOTUBE POLYMER 

NANOCOMPOSITES. 
 
In agree with the mentioned in the later section, carbon 

nanotubes type is a important parameter that must be 
considered. However there are other relevant points such as 
polymer kind, additives and processing methods, which  
play an important role in the interface and therefore in final 
properties of CNs nanocomposites. Thus, different 
approaches have been used to produce carbon nanotube 
polymer nanocomposites (CNPN), some of the processes 
used are: melt blend [9], dissolve and casting [1], �in situ� 
polymerization [3] and extrusion [10] among others. Next 
are discussed and analized the mechanical and thermal 
properties of two different types of nanocomposites, in both 
were utilized Multiwalled nanotubes (MWNTs), however in 
one case were used MWNTs without purification and 
methyl-ethyl methacrylate copolymer (MEMA) dissolved 
with acetone using additives and ultrasound in order to 
improve the distribution of CNs in the polymer. The second 
type of CN composites were developed using 
functionalized Multiwalled nanotubes (f-MWNTs) and �in 
situ� polymerization. This approach allows distribute 
nanotubes when monomer is in solution and the polymer is 
in grown. More experimental details can be found in 
references [1,3].  

 
 
Figure 2 shows the storage modulus (E�) obtained by 

DMA (Dynamical Mechanical Analysis) for the samples 
produced by dissolution of  MEMA copolymer . The most 
outstanding modulus is obtained when only 1 wt % CN 
without additives (sample 1) were used, increasing the 
modulus by more than 200% at 40°C, which represents one 
of the most relevant increment reached until now at room 
temperature with the incorporation of very low quantity of 
CNs.   

 
Figure 3 shows the results of storage modulus (E�) 

obtained in DMA for the samples where an surfactant was 
used (0S, 1S, 5S, 7S, 10S), E� is increased in the samples 
with 1 wt % and 5 wt % of CN with respect to the sample 
with only 1 wt% of surfactant, nevertheless in the samples 
with 7 wt % (7S) and 10 wt % (10S), E� diminish with 
respect to the sample 5S and 1S.  This behavior have been 
presented in other reports where more than 5 wt % of 
nanotubes were used, inasmuch as CNs form cluster zones 
which difficult the interaction at interface, avoiding that 
several nanotubes maintain contact with polymer matrix.  
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Figure 2. Storage modulus of carbon nanotube composites. 
samples: 0 (MEMA), 0S (MEMA -  1wt% surfactant), 0P 
(MEMA - 1wt% plasticizer), 1(MEMA - 1wt% CN), 1S 

(MEMA - 1wt% surfactant- 1wt% CN), 1P (MEMA � 1wt 
% plasticizer- 1wt% CN). [1] Copyright IOP  
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Figure 3. Storage modulus of carbon nanotube composites, 
samples:  0S (MEMA - 1wt% surfactant), 1S (MEMA -

1wt% surfactant- 1wt% CN), 5S (MEMA -5wt% 
surfactant- 5 wt% CN), 7S (MEMA -7wt% surfactant- 

7wt% CN), 10S (MEMA -10wt% surfactant- 10wt% CN). 
[1] Copyright IOP 

The thermal behavior for these samples were obtained 
by DMA, in this case glass transition temperature (Tg) 
results were calculated with the tangente delta maximum 
for all samples. Results shows that in spite of there is not a 
clear tendency in the behavior of Tg when nanotubes are 
incorporated, the samples that contain CNs have higher Tg 
than the polymer samples. 

 
Figure 4 shows DMA results for samples where f-

MWNTs were incorporated to poly (methyl methacrylate) 
(PMMA) polymer matrix. In this characterization, samples 

with 1 wt% of MWNTs and 1 wt% and 1.5 wt% of f-
MWNTs were analyzed and compared with polymer 
matrix. It is evident that the sample which contains 1 wt% 
of the f-MWNT has a better behavior, in terms of storage 
modulus (E�), than the sample which contains 1 wt % of 
MWNT without chemical treatment. Sample with 1.5 wt% 
of f-MWNTs shows the same behavior than the sample 
with 1 wt% of f-MWNTs. However the most significant 
increment is reached at relatively high temperature. The 
curves show that the Storage modulus at 90°C for the 
samples which contain f-MWNTs raise in more than 1000 
% with respect to the polymer sample, and in comparison 
with only 250% of the sample with MWNTs. This effect is 
caused by the interaction at molecular level between the 
chemical moieties on CNs surface with polymeric chains. 
Details of diverse chemical functionalizations on carbon 
nanotubes can be found in reference [11,12]. Spectroscopy 
characterization about the interaction between nanotubes 
and polymer is presented in detail in reference [3].  

Figure 4. Dynamical mechanical analysis of CN composite. 
Storage modulus. [3] Copyright ACS  

In addition, thermal results of nanocomposites than 
contain f-MWNTs shown a relevant increment in the Tg 
(obtained with the tangent delta maximum) around 40°C 
with respect to polymer samples. Nanocomposites which 
include MWNTs only raise Tg in 3°C with respect to 
polymer matrix. 

 
Figure 5 shows an image obtained by Scanning Electron 

Microscopy (SEM) on fractured zone of a nanocomposite. 
This composite was developed with functionalized 
nanotubes. Here is notable that nanotubes interact with 
polymeric matrix at the interface level and take part in the 
stress when the material is fractured, proving that chemical 
interaction improve the transfer of mechanical load, which 
is reflected in mechanical and thermal properties of these f-
MWNT nanocomposites. 
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Figure 5. SEM image of a fissure after tensile test, in f-
MWNT composite fracture zone, where it is possible to 

observe different fractured nanotubes. [11] Copyright Nova 
Science Publishers.  

Chemical functionalization in this case shows that take 
advantage of moieties on CNs surface in order to interact 
with polymer matrix could be an important approach in 
order to form interesting multifunctional nanocomposites. 
Table 1 shows different results where functionalized 
nanotubes have been employed. Functionalization in these 
studies consists of: oxidized COOH terminated MWNTS (f-
MWNTs) and PMMA as matrix in reference [3], 
fluorinated single walled nanotubes (fl-SWNT) and 
poly(ethylene oxide) as matrix in reference [5] and in situ 
functionalized imidazole moieties- MWNTs (i-MWNTs) 
and phenoxy resin as matrix. These researches present 
interesting improve of thermal and mechanical properties, 
however different results have been found in other work 
[4]. 

 
Parameter f-MWNTs 

[3] 
fl-SWNT 

[5] 
i-MWNTs 

[13] 

E� blank (MPa) (at 40°C) 
1561 

(at 20°C) 
400 

(at 30°C) 
2025 

E� 1 wt % f-
MWNT 

(at 40°C) 
2593 

(at 20°C) 
600 

1.5% wt% 
(at 30°C) 

2150
Increment in E� (1 
wt % f-MWNT) 

66% 50% (1.5 wt %) 
6% 

Tan Delta Max. 
(Tg °C) blank 

97.1 ---- 95 

Tan Delta Max  
(Tg °C) 1 wt % f-
MWNT  

136.4 ---- 98 

Increment in Tg 
°C 

39.3°C --- 3°C 

Table 1: Thermal and mechanical properties of 
functionalized nanotube composites. 

4 CONCLUSIONS 
 
CNs promise be an important nanomaterial in the field 

of new advanced multifunctional materials, however 
diverse results have been found in the research developed 
nowadays, showing that different parameters such as: 
polymer kind, nanotubes type, chemical functionalization, 
additives, processing method between other important 
points must be considered in order to form and control this 
kind of nanocomposites.  

 
Chemical functionalization could be a good option to 

reach the best interaction in interface in nanocomposites, 
however chemical conditions and functional groups are in 
currently research around the work with the target of 
manage and control this parameter in the best way. 
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