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Abstract— the chemical functionalization of CNTs is a well-

known approach to control and engineer the interface for 

CNT-Polymer composites and surface functionalization of 

CNTs has been one of the important reasons for diverse 

results in reinforced CNT-polymer composites. The present 

work, the influence of functionalization of CNTs on the 

conductivity of CNT-Polymer composite has been studied 

systematically. CVD prepared MWCNTs are purified and 

then functionalized by three types of functionalizations, the 

hydroxyl OH, carboxyl COOH and the Silane O-Si-O. 

Further, composites with two polymers Polymethyl 

methacrylate (PMMA) and Polycarbonate (PC) are prepared 

using functionalized MWCNT with varying concentrations to 

see the effect on the conductivity of CNT-Polymer 

composites. Conductivity results show that for all cases of 

functionalizations, the conductivities for the PC polymer 

matrix are higher compared to the polymer matrix. Also, non-

covalent functionalization adopted for the MWCNT (by –Si-

O group) favors for achieving the enhancement in 

conductivity of the composites by about one order of 

magnitude compared to covalently bonded (OH and COOH 

groups). The other conclusion from the results is that the 

lowest percolation threshold does not ensure high value for 

the conductivity as observed for the case of composites with 

OH-MWCNT fillers.  Waviness and geometric structure of 

CNTs, the extent of dispersion of CNTs in the polymer matrix 

also play a role on the conductivity of composites. 
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I. INTRODUCTION 

With advances in nanotechnology fabrication techniques, 

carbon nanotubes are becoming more accessible for applied 

research in both industrial and academic settings. As such, 

research has shifted from production of carbon nanotubes 

(CNTs) to how they can be applied in new applications. 

Incorporating the CNTs in polymer matrix results in polymer 

composites with dramatically improved strength, modulus, 

thermal conductivity and electrical transport properties, for 

use in a wide range of multifunctional and high performing 

applications. It is well known that the electrical conductivity 

of polymers can rise by 8-10 orders of the magnitude by 

adding fairly low content of CNTs, which is at or above the 

percolation mass fraction (pc) with most increase occurring 

around pc [1]. An ever increasing interest exists in producing 

conductive polymer composites using carbon nanotubes as 

fillers in polymeric matrix. 

The previous research reviewed shows that the 

interfaces at CNT and polymer matrix have crucial role in  

controlling  the properties of the composite, besides the  

dispersion of CNT in the matrix. When interfacial contacts 

and good dispersion are achieved by nanometric CNT fillers, 

interactions at molecular level, increasing synergic effects 

between matrix and nanostructures have been observed. 

Specifically, the enhaned reinforcement of polymers by CNT 

fillers by controlling the interfacial properties has been well 

recognized and widely practiced. There is enough literature 

that substantiates to this fact [2]. Apparently, in these studies, 

the interface at the CNT/polymer has been influenced by the 

processing related factors; particularly the dispersion of 

CNTs and their surface functionalization has been one of 

important reasons for diverse results in reinforced CNT-

polymer composites as stated above. 

The chemical functionalzation of CNTs is a well 

known approach to control and engineer the interface and has 

been a subject of several reviews [3]-[7]. It has been shown 

that unless the interface between nanotube and polymer is 

carefully engineered, poor load transfer between nanotubes, 

when in bundles, and between nanotubes and surrounding 

polymer chains may result in interfacial slippage [8] and as 

such this effect clearly is detrimental to the properties of 

CNT-Polymer composites. On the other hand improved 

mechanical properties by controlled interface strategy have 

also shown to enhance the electrical conductivity [3]-[7]. This 

means that a poor interface results not alone to degraded 

mechanical integrity of the composite but also to degradation 

of various other properties particularly the electrical 

conductivity of the composite. Besides, the electrical 

properties are crucially dependent on the inter-connectivity 

and overlap of CNTs in desirably dispersed manner. The 

conductivity mechanism of CNT-polymer composites 

depends on direct conduction by the percolation phenomena 

along the CNTs interconnected network and the tunneling 

mechanism via an interface between the CNTs and the 

polymer matrix. The role of interface becomes crucial and 

requires a careful engineering by processing parameter as 

well as modifying or functionalizing the CNT surface 

properties. Suitably functionalized CNT surfaces can be 

expected to offer mechanically strengthened the interface as 

well as opportunity of enhanced conductivity when the 

desired conductive percolation paths can be created. In the 

present work, CVD prepared MWCNTs are purified and then 

functionalized by three types of functionalizations, the 

hydroxyl OH, carboxyl COOH and the Silane O-Si-O. 

Further, composites with two polymers PMMA and PC are 

prepared using functionalized MWCNT with varying 

concentrations to see the effect on the conductivity of CNT-

Polymer composites. 

II. EXPERIMENTAL 

MWCNTs were prepared by Chemical Vapor Deposition 

method using home-made thermal reactor set-up. The 
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camphor (purity >99% Aldrich) as precursor for carbon and 

ferrocene (98% purity in weight, Aldrich) were chosen as a 

catalyst source. The mixture of camphor/ferrocene begins to 

evaporate over 220°C (ferrocene: melting point 174°C, 

boiling point 249°C; camphor: melting point 180°C, boiling 

point 204°C – both at atmospheric pressure) and a 

homogeneous mixture is produced in the gas phase. Silicon 

wafers of device grade high purity and high crystallinity 

diamond sawed to 2cmX2cm and Quartz (high purity 

crystalline SiO2) plates were used as substrates. High purity 

dried Nitrogen gas was used as carrier gas. Further the 

prepared MWCNTs were purified by a three step purification 

process. First, CNTs in lumped and bundled were placed in a 

quartz crucible and heat treated at 340-3500C in air ambient 

for durations of 4-6 hours. Next, the so thermally treated CNT 

samples, typically, 300 mg were added to a 250-ml three-neck 

flask containing 100 ml of 6M hydrochloride acid (HCl; 

Fisher Scientific, ndia) and mildly sonicated for 30 min. After 

being refluxed at 80–90°C for 4 h, the suspension was 

naturally cooled down to room temperature and subsequently 

centrifuged. The resulting supernatant was removed by 

decantation. Black precipitates were repeatedly washed using 

deionized water and ethanol, followed by successive 

centrifugation and decantation until the pH value reached to 

6.0–7.0. The resulting powders were dried in a vacuum oven 

at room temperature overnight under vacuum to remove 

eventual moisture. 

The purified CNTs were functionalized by three 

types of functionalizations, by HNO3 (for hydroxyl OH 

groups), HNO3+ H2SO4 (for carboxyl COOH group) and 

polyelectrolyte PAH/ alkoxide TEOS (for siloxane O-Si-O 

group). Further, CNT-Polymer composites were prepared in 

varying concentrations (0.1-10 wt%) of MWCNTs with two 

polymer matrix, PMMA and PC. To measure conductivity, 

samples (200µm thick) cut in a strip form of dimensions 

40mmX10mm (allowing electrode separation of 30mm) were 

placed onto an insulating board with tin solder islands to 

provide electrical connections for the voltage source. A 

multimeter, a high resistivity meter Model 6517A, Keithley 

Instruments, Inc. is used that contains a set of picoammeter 

and voltage source. To create the connections directly onto 

sample’s surface, in an easy, fast and reproducible way, the 

silver conductive paste was chosen to make electrical 

contacts. Each sample was measured three times to have a 

statistical average value for the resistance and to see if the 

behavior observed was reproducible. For this purpose 

electrical connections between the voltage source and the 

fixture board were removed every time before each 

measurement. A low voltage range (±10 V or ± 20V, with a 

step of 0.1 V) was chosen for samples with wt% of CNTs ≥ 1 

mainly for two reasons: to avoid samples warming due to 

high current flow; and to maintain a threshold cut-off for 

currents higher than 1 A as prescribed for the multimeter. The 

Joule heating has been observed especially with samples with 

a CNTs load equal or higher than 4 wt% and justifying this 

precaution. For this reason the range was moreover reduced 

between ±7V or smaller for some highly conductive samples. 

III. RESULTS & DISCUSSIONS 

The distinction between differently functionalized CNTs is 

not on the basis of functionalization alone; there are 

differences in their aspect ratios (Length/diameter) as well, 

though all of these using the same as-synthesized CNTs as 

noted in Table 1. 

Property 
CNT Type/Functionalization 

Purified OH COOH -Si-O 

Type 
MWCN

T 

MWCN

T 

MWCN

T 

MWCN

T 

Purity 85-90% 85-90% 85-90%  

Length 
2-

120µm 
2-15µm <5µm 2-15µm 

Diameter 
~60-

90nm 

~60-

90nm 

~60-

90nm 

~60-

90nm 

Curlyness yes yes lesser yes 

Agglomerati

on 
yes no no yes 

Table 1: Properties of functionalized MWCNT 

The first type of MWCNTs are purified by HNO3 

acid and heat treated that get oxidized and the composites 

prepared using these as fillers have been labeled as o-CNT. 

The surface functional group of the OH-MWCNT is 

predominantly the hydroxyl –OH group the morphology and 

dimensions remain about the same as of as-synthesized and 

purified CNTs. The second type of MWCNTs are 

functionalized with carboxyl –COOH group (their 

composites labeled c-CNT) using acids H2SO4+HNO3 

replacing most of –OH of the pre-functionalized CNTs. This 

functionalization is led by defect sites on the sidewalls and 

the end caps. Hence, the length of COOH-MWCNT is 

considerably shortened compared to as purified ones. Both 

the –OH and –COOH functionalizations are covalent type 

where the π-electron structure of CNTs may get destroyed. 

Finally, the third type of MWCNTs (their composites labeled 

s-CNT) are functionalized with the polyelectrolyte 

(PAH)/TEOS with non-covalent bonding where the 

polyelectrolyte PAH wraps around the side walls of CNTs. 

The TEOS coated on PAH, after hydrolysis forms the 

siloxane O-Si-O groups and replace some of the present –OH 

groups of the MWCNT. The curved morphology of these 

functionalized SiO-MWCNTs is maintained about the same 

as of pre-functionalized purified MWCNTs though rather in 

agglomerated state. 

 
Fig. 1(a): Selective plots of Conductivity (σ) of composite 

with filler concentration (ϕ) for the two polymer matrix 

PMMA and PC and –OH Functionalized MWCNT 
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Fig. 1(b): Selective plots of Conductivity (σ) of composite 

with filler concentration (ϕ) for the two polymer matrix 

PMMA and PC and -COOH Functionalized MWCNT 

 
Fig. 1(c): Selective plots of Conductivity (σ) of composite 

with filler concentration (ϕ) for the two polymer matrix 

PMMA and PC and –Si-O Functionalized MWCNT 

Based on the characterization results of the 

functionalized MWCNTs and their composites along with the 

results of the electrical V-I measurements, the DC 

conductivity behavior are analyzed. 

Here, we analyze and discuss the influence of above 

functionalization schemes for MWCNTs on the conductivity 

of MWCNT-polymer composites particularly related to the 

dispersion/agglomeration of MWCNTs, the conductivity 

percolation threshold and their conductive network forming 

ability. Selective plots of σ for o-MWCNT, c-MWCNT and 

s-MWCNT composites for the cases of polymer matrix 

PMMA and PC are shown in Fig 1. Resistivity ρ of the 

respective filler amounts ϕ for variously functionalized 

MWCNTs (OH-MWCNT, COOH- MWCNT and SiO-

MWCNT) are determined from the V-I measurements. The 

plots in Fig1 (A,B & C), clearly show that for both type of 

polymer matrix, the ultimate highest σ values of the 

composites and   the percolation threshold ϕc for the different 

cases of functionalizations of MWCNTs  differ significantly. 

Generally, for all cases of functionalizations, the 

conductivities for the polycarbonate (PC) polymer matrix are 

higher as compared to the polymethylmethacrylate (PMMA) 

polymer matrix. The ultimate σ of composites for ϕ> ϕc is 

highest (σ ≈ 8 Sm-1) for the case for the composite s-CNT (in 

PC matrix) while lowest for the c-CNT (σu ≈ 0.43 Sm-1) in 

PMMA matrix, with intermediate value for the o-CNT (σ ≈ 

1.2 Sm-1 and 1.43 Sm-1, respectively for PMMA and PC 

matrix). 

 
Fig. 2: Comparative values of ultimate σ of composites for 

the three functionalizations of MWCNT and two polymer 

matrix (PMMA and PC) summarized from Figs 1A, 1B & 

1C 

The comparative achievable σ values for the 

composites with differently funtionalised MWCNT fillers in 

PMMA or PC matrix are better visualized in Fig 2. On the 

other hand, the ϕc is smallest (ϕc≈2.2 wt%)  for the case of 

OH-MWCNT fillers and largest for the COOH-MWCNT 

(ϕc≈4.6 wt%)  with intermediate value (ϕc≈2.75 wt%)   for the 

SiO-MWCN. 

Two immediate conclusions can be drawn from the 

above observations for the conductivity and percolation 

threshold. First, that the non-covalent functionalizations 

adopted for the MWCNT (by –Si-O group) by the 

PAH/TEOS scheme favors for achieving the enhancement in 

conductivity of the composites by about one order of 

magnitude compared to covalently bonded (OH and COOH 

groups). Here, it is worth mentioning that OH-MWCNT 

fillers and SiO-MWCNT have similar morphology and length 

(Table 1) or aspect ratio  and in this respect expected to offer 

similar influence on conductivity for the respective 

composites which is not the case observed here hence 

indicating a differing conductivity mechanism for these two 

cases. On the other hand, the σ max for COOH-MWCNT 

fillers has been observed to be lowest among the studied 

functionalizations. This is understandable since COOH-

MWCNT possess much shorter length (Table 1) or are of 

smaller aspect ratios with larger inter-tube separation with 

larger tunneling  resistivity and thus accordingly percolation 

threshold also is observed to be higher. The other conclusion 

from the above results is that the lowest percolation threshold 

does not ensure high value for the conductivity as observed 

for the case of composites with OH-MWCNT fillers. The 

above observations and conclusions particularly one order of 

higher conductivity in composites for the case of non-

covalently functionalized MWCNT fillers have significant 

relevance in explaining the comparative roles of 

functionalizations for ability to create  the conductivity 

networks of CNTs in the insulating polymer. 

The conductivity and the percolation threshold of 

CNT/polymer composites depend on various other factors, 

such as the waviness and geometric structure of CNTs, the 

extent of dispersion of CNTs in the polymer matrices.  
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