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Introduction 
Carbon nanotubes (CNTs) have been highly 
attractive materials due to their unique structure 
and extraordinary mechanical, electrical, and 
thermal properties. CNTs are ideal reinforcing 
fillers for fabrication of high strength and 
lightweight polymer composites [1].  Two key 
factors for development of high performance 
CNT/polymer composites are (i) homogeneous 
dispersion of CNTs in a selected polymer matrix 
and (ii) strong interfacial adhesion between CNTs 
and the polymer matrix. However, since 
commercial raw CNTs have a great tendency to 
form bundles due to strong van der Waals 
attraction between individual tubes, it is extremely 
difficult to disperse CNTs into a polymer matrix. 
Functionalization of CNTs is an effective way to 
prevent carbon nanotubes from aggregating, 
which can help CNTs to achieve uniform 
dispersion and stabilization within a polymer 
matrix. In addition, for an ideal functionalization 
of CNTs, it is not only to prevent carbon 
nanotubes from aggregating for homogeneous 
dispersion of CNTs, but more importantly 
functional groups attached to CNTs can act as a 
compatibilizer (i) to enhance interfacial adhesion 
between CNTs and a given polymer and (ii) to 
stabilize the dispersion of CNTs in the polymer 
matrix. As a result, overall properties such as 
mechanical, thermal and electrical properties of 
CNT/polymer composites will be enhanced 
significantly.   
 
In the present study, we have used a liquid 
crystalline polymer (LCP) and multiwalled carbon 
nanotubes (MWCNTs) to develop high 
performance polymer composites using a melt 
mixing method.  Recently we have selectively 
introduced two types of chemical moieties (i.e. 
carboxylic, -COOH, and hydroxyl benzoic acid 
groups, HBA) on the sidewalls of MWCNTs and 

mixed them with LCP in order to improve their 
dispersion in LCP and interaction with LCP [1].   
At the same time, a strong interfacial adhesion 
between the functionalized CNTs and LCP is 
achieved through formation of hydrogen bonds 
and between them. The effects of CNT 
functionalization and loading on the rheological, 
mechanical, dynamic mechanical and thermal 
properties of LCP have been investigated in detail.  
SEM, FTIR and Raman spectroscopy were used to 
examine the interaction between the 
functionalized MWCNTs and the LCP.  The 
strong interaction between the functionalized 
MWCNTs and LCP has greatly contributed to the 
improvement in the dispersion of MWCNTs in the 
polymer matrix as well as the interfacial adhesion.  
 
Experimental 
The liquid crystalline polymer (LCP) used in this 
study was a copolymer of 4-hydroxybenzoic acid 
(HBA) and ethylene terephthalate (ET), with a 
proportion of 80 % HBA to 20 % ET, which  was 
manufactured by Unitika Ltd. (Japan) with a trade 
name of Rodrun LC 5000. The multiwalled 
carbon nanotubes (MWCNTs) were purchased 
from Iljin Nano Tech, Korea. The diameter and 
length of MWCNTs were about 10–20 nm and 20 
mm, respectively.  The synthesis of MWCNT-
COC6H4COOH (MWCNT-HBA) was followed 
according to our previous report [1]. 
 
The LCP and MWCNTs were melt-mixed using a 
Haake microcompounder at 300 oC and a screw 
speed of 50 rpm. The MWCNT/LCP 
nanocomposite samples were injection-molded 
using a Haake micro-injection machine. The 
content of MWCNT-HBA in the LCP composites 
was varied to be 0.5, 1, 2, and 4 wt %. For 
comparison, we have also prepared the LCP 
composites containing 1 wt % of raw MWCNTs 
and 1 wt % of MWCNT-COOH, respectively. 
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Results and Discussion 
 
The comparison between the FTIR spectra of LCP 
and MWCNT-HBA/LCP composites have shown 
that the -C=O groups of LCP chains might form 
the hydrogen bonds with -COOH groups of the 
MWCNT-HBA. The possible mechanism for the 
improved interfacial interaction between 
MWCNTs and LCP is proposed in Figure 1.  
 

 
 
 
Figure 1.  The functionalized MWCNT with 
hydroxyl benzoic acid groups (HBA) and the 
possible formation of hydrogen bonding with LCP 
chains. 
 
At the same time, the dispersion of the MWCNT-
HBA became much better than that of raw 
MWCNTs.  This result has also been supported by 
the observed good dispersion of the MWCNTs in 
the LCP matrix using SEM. Especially, the longer 
chemical moieties (like HBA) containing benzene 
rings attached on the surface of the MWCNTs 
may provide stronger interactions with the LCP 

chains via not only H-bonding but also π-π 
interaction. As an important result, the stronger 
interaction between the HBA-functionalized 
MWCNTs and the LCP matrix greatly enhanced 
the dispersion as well as the interfacial interaction 
as compared to –COOH functionalized 
MWCNTs.  
 
The rheological properties of MWCNT/LCP were 
also significantly affected by the stronger CNT-
polymer interaction in the composites than that in 
a raw MWCNTs/LCP composite at the same CNT 
loading.  The functional groups attached on 
MWCNTs contributed to the increased CNT-LCP 
interaction, thus leading to the increase in melt 
viscosity and storage modulus.  
 
The overall mechanical performance of 
MWCNT/LCP composites could be improved 
greatly by a proper functionalization of 
MWCNTs.  For example, the addition of 4 wt % 
HBA-MWCNTs to LCP could result in the 
considerable improvements in the tensile strength 
and modulus of LCP by 66 % and 90 %, 
respectively. The incorporation of a very small 
quantity of MWCNT-HBA improved the 
elongation at break for the composite. However, 
when the MWCNT-HBA loading was higher, the 
elongation at break was reduced.  In conclusion, 
the presence of the HBA groups on the MWCNTs 
surface is likely to strengthen the interfacial 
interaction between the LCP matrix and the 
nanotubes in the composites. 
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