
Abstract
The dispersion of carbon nanotubes in composite 
and their field emission superiority have been 
discussed. Four synthesis methods have been 
studied. The CNT-composite, synthesized by the 
combination of the chemical and mechanical 
dispersion routes shows superior dispersion as well 
as field emission characteristics as compared to 
other syntheses methods.  

1. Introduction

Briefly Carbon nanotubes (CNTs) have been 
regarded as a promising electron field emission source 
for the field emission displays (FEDs) and vacuum 
electronic devices. To fabricate high performance 
CNT cathode layers, various techniques has been 
adopted such as those involving the production of 
catalytic chemical vapor deposition (CCVD) grown, 
coating–based, and composite–based field emitters [1-
3]. In general, the CNT–composite cathode layers 
could be prepared by dispersing the CNTs in the 
appropriate polymer followed by the printing, 
annealing, and emitter activation process. The cathode 
layers fabricated by this method have many 
advantages such as they can be screen–printed on a 
large area, have good adhesion properties and are cost 
effective in production. However, to incorporate them 
in real devices, the emission characteristics of the 
cathode layers should be stable at their operational 
condition over a long period of time. Furthermore, the 
dispersion of the CNTs in the composite is a main 
problem to be solved for the emission uniformity. 
Nano–scale tubes exhibit an enormous surface area (~ 
1000 m2/g), which is several orders of magnitude 
larger than the surface of conventional fillers and is 
responsible for the strong tendency of the CNTs to 
form agglomerates. An effective exploitation of the 
field emission parameters of the CNT–composite is 
therefore related to their homogeneous dispersion in 

the polymer matrix or an exfoliation of the 
agglomerate.  

In this paper, a correlation has been established 
between the dispersibility of the thin multiwall carbon 
nanotubes (t–MWCNTs) in the composite to their 
field emission parameters. The details are presented. 

2. Experimental  

The t–MWCNTs have been used as the starting 
material. The diameter of the nanotubes was in the 
range from 5–7 nm and length in several tens of μm. 
To enhance the dispersibility, the functionalization of 
the pristine t–MWCNTs has been carried out by 
soaking them in the H2O2 solution followed by the 
sonication of the solution for about 12 h. Both pristine 
and functionalized t–MWCNTs have been mixed with 

–terpineol and ethyl cellulose and subjected to the 
three roll milling process for a short dwell time ~ 15 
min to disperse t–MWCNTs in the polymer composite 
under the enormous shear forces. Thus, the composite 
have been synthesized using the pristine, 
functionalized, shear mixed and combination of 
functionalized/shear mixed t–MWCNTs. In all the 
cases the weight content of the t–MWCNTs has been 
kept constant i.e. 0.1 wt%. The obtained composite 
has been screen printed on the Indium Tin Oxide 
(ITO) coated glass substrate and kept in the oven for ~ 
30 min for the drying. The volatile organic 
components in the composite cathode layers have 
been removed by curing them at ~ 450 oC for 10 min. 
A large amount of samples has been prepared and kept 
ready for the optical microscopy studies.  

The aggregation of t–MWCNTs in the composite 
has been studied by using an optical microscope 
equipped with an image analyzer. For field emission 
measurements, the composite cathode layers have 
been subjected to the tape activation treatment. The 
activation treatment facilitates the protrudution of the 
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nanotube emitters perpendicular to the surface of the 
substrate. The field emission measurements have been 
carried out in the diode configuration with a fixed 
inter–electrode distance ~ 200 μm. All measurements 
have been carried out at a vacuum level of ~ 10–7 Torr. 

Fig. 1. Synthesis scheme for the t-MWCNT composite. 

3. Results and discussion 

Fig. 1 is the synthesis scheme for the t–MWCNT 
composites. One can see that four different 
approaches have been adopted to synthesize the t–
MWCNT composite. For the method (a) the pristine t–
MWCNT has been admixed with the terpineol 
solution and sonicated for ~ 0.5 h, followed by the 
stirring with the ethyl cellulose for about 1 h. These 
samples were designated as the raw–composites. In 
method (b), the mechanical dispersion route (MDR) 
has been adopted, in which the t–MWCNTs along 
with the ethyl cellulose and terpineol has been 
premixed for a period of 10–15 min. Following this, 
the composite has been subjected to the three roll 
milling process for a short dwell time and the 
viscosity of the composite has been monitored 
constantly. The mechanical interlacing of the 
nanotubes presents significant processing challenges. 
A high degree of nano-scale dispersion is desired but 
large aspect ratios are preferred for property 
enhancements. For t–MWCNTs, adequate shear 
stresses must be applied so that the nanotubes 
untangle and disperse uniformly in the ethyl cellulose 
matrix but not damage the nanotubes by substantially 
reducing their length. The three roll milling approach 
offers nearly pure shearing as compared with the other 
types of milling process which relies on compressive 
impact as well as shear stress [4]. Under high shear 
stresses t–MWCNTs could be dispersed and untangled 
effectively where as the short dwell time could 
constrain the cleavage of the nanotubes. In the present 

work, the calandering process, for dispersing t–
MWCNTs, has been carried out by utilizing a 
commercially available laboratory scale three roll mill. 
The samples synthesized by the mechanical dispersion 
method were designated as the MDR–composites. 
 In method (c), the chemical dispersion route (CDR) 
has been adopted, in which the pristine t–MWCNTs 
have been functionalized by refluxing them in the 
hydrogen per–oxide (H2O2) solution for 12 h and 
filtered. The filtered nanotubes followed the same 
process sequence as described in the method (a). 
These samples were designated as the CDR–
composites. In method (d), initially, the chemical 
functionalization of the nanotubes has been carried 
out followed by the three roll milling of the composite 
at the end of process sequence. Since, the method (d) 
was the combination of the method (b) and (c), the 
samples synthesized by this method were designated 
as the CMDR–composites.   

Fig. 2. Recorded optical micrographs for (a) raw-, 
b) MDR-, (c) CDR- and (d) CMDR-t-
MWCNT composite. 

Fig. 2(a)-(d) shows the four typical optical 
microscopy images recorded for the composite 
samples prepared by the methods (a)-(d). The dark 
spots have been observed for the raw–composites, as 
seen in the photograph (a). The spot size and density 
is observed to be varied locally. This indicates that, a 
large amount of t–MWCNT aggregation has been 
occurred in the raw–composite. For the MDR–
composite, the spot size as well as the areal density of 
the spots is reduced significantly as seen in the 
photograph (b). This indicates that, dispersion of the 
t–MWCNTs is uniform in the composite. The 
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achieved dispersion reveals that, the three roll milling 
could effectively disperse and exfoliate the nanotubes 
in the ethyl cellulose matrix. However, one can still 
observe a small amount of t–MWCNT aggregation 
spots as shown by the arrows and circles. Photograph 
(c), recorded for the CDR–composite shows the 
aggregation of nanotubes in the composite as well. In 
contrast, the photograph (d) shows uniform 
dispersibility of the t–MWCNTs in the CMDR–
composite. The observed reduction in the t–MWCNT 
agglomeration indicates that, the nanotubes maintain 
their dispersibility even after mixing them in the ethyl 
cellulose polymer. It seems that, the presence of O– 
and EtO–legend in the backbone of the ethyl cellulose 
[R] offers stearic hindrance to the bulky –COOH 
functionals present on the side wall of the t–MWCNTs. 
In addition to primary chemical dispersion, further 
agglomeration of the nanotubes might have hindered, 
during the mechanical dispersion process. The 
composite experiences the knead–vortex between the 
rolls in which the final exfoliation and dispersion of 
the nanotubes occurs in the area between the rolls. 
Thus, the shear mixing could provide good dispersion 
of the nanotube in the composite including 
intercalation and exfoliation from the shear force. In 
this process, the degree of intercalation or exfoliation 
depends on the type of polymer composite and the 
surface modifications of the nanotube fillers [5]. Thus, 
the –COOH surface modified CNTs positively 
participates in the mechanical dispersion process. As 
result, the composite obtained by the method (d) has a 
high dispersibility of the t–MWCNTs as compared 
with the other samples synthesized by other routes. 

Fig. 3. I-V characteristics of (a) raw-, b) MDR-, (c) 
CDR- and (d) CMDR-t-MWCNT composite. 
Inset is corresponding F–N plot. 

Fig. 3 is the plot of variation in the measured 
current density (mA/cm2) as a function of applied 
electric field (V/ m) for the composites prepared by 
the methods (a)-(d). Each plot is the average of five 
recorded profiles. Inset shows the corresponding 
Fowler–Nordheim (F-N) plot. From Fig. 3 one can see 
that, the magnitude of the current density 
monotonically increases with increase in the applied 
electric field, however, no major variations in the 
current density has been observed upto ~ 2 V/ m, for 
the plots (a)-(d). Moreover, the J–E behavior typically 
follows the F–N tunneling mechanism at low electric 
field, from 2– 2.5 V/ m, and current densities. With 
subsequent increase in the field, from 2.5–3 V/ m,
and increased current density (> 0.5 mA/cm2), the plot 
(d) exhibit a marked current density variation that 
sharply deviates from the plots (a)-(c). With further 
increase in the applied electric field, from 3–3.5 V/ m, 
and current density, the J–E characteristics yield to the 
electron tunneling behavior governed by the F–N 
theory. For each plot, the magnitude of the turn–on–
electric field has been estimated at a current density ~ 
10 A/cm2, where as, the magnitude of measured 
current density, J, is coated at 3 V/ m. Table 1 shows 
the field emission parameters enlisted for the 
composite synthesized by various methods. One can 
see that, for the raw–composite, the turn–on–field is ~ 
1.698 V/ m and is decreased upto ~ 1.649 V/ m for 
the MDR–composite. The magnitude of the turn–on–
field is lowered further, ~ 1.574 V/ m, for the CDR–
composite. And the turn–on–field has achieved the 
lowest value ~ 1.374 V/ m, for the composite 
synthesized by the combination of the chemical and 
mechanical dispersion routes i.e. the CMDR–
composite. Thus, significant improvement in the turn–
on–field parameter has been achieved for the CMDR–
composite. Furthermore, the magnitude of current 
density is ~ 467.8 A/cm2 for the raw–composite and 
gradually observed to be increased from 613.7 to 
824.4 to finally 2030.2 A/cm2 for the MDR–, CDR–, 
and CMDR–composites, respectively. As compared 
with the current density of the raw-composite, the 
magnitude of current density is almost twice and ~ 4.5 
times for the CDR– and CMDR–composite, 
respectively. From the F–N plot (inset of Fig. 3), we 
estimated the mean field enhancement factor, m, and 
emitting area (A) for the raw– as well as the other 
CNT composites. The work-function of the nanotubes 
was assumed to be a constant ~ 5 eV. The m
computed for the raw–composite is 6881.7 and 
decreased down to 6760.3 for the MDR–composite 
and thereafter, a gradual increase has been observed 
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TABLE 1. Field emission parameters for t-MWCNT composite. 

from 7123.9 to 7851.4 for the CDR– and CMDR–
composite, respectively. Thus, the computed m
increases by ~ 14 % for the CMDR–composite as 
compared to the raw cathode layers. For the raw 
composite, the computed geometric area participating 
in the electron field emission process is 5.9 × 10–18 m2

and increases gradually from 8.5 × 10–18 to 8.7 × 10–18

and upto ~ 1.2 × 10–17 m2 for the MDR–, CDR–, and 
CMDR–composites, respectively. The active area of 
the field emission is increased approximately two 
times for the CMDR–composites as compared with 
the raw–composite. One can that superior field 
emission parameters have been obtained for the CNT–
composite synthesized by the combination of the 
chemical– and mechanical dispersion routes. It is 
interesting to note that, the weight content of the t–
MWCNTs in the composite was 0.1 wt% which is 
order of magnitude smaller as compared with the other 
reports [6] presented before.   

4. Summary

In conclusion, the field emission parameters of the 
composite, synthesized via various dispersion 
techniques, have been influenced by the dispersibility 
of the t–MWCNTs in the composite. The superior 
field emission parameters have been obtained for the 
composite synthesized by the combination of the 
chemical and mechanical dispersion routes. This 
dispersion technique is scalable and can easily be 
integrated in synthesis process of the composite. 
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