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Abstract
Carbon nanotubes (CNTs) have used as an electron 
field emitter of the field emission display (FED) due 
to their characteristics of high-electron emission, 
rapid response and low power consumption. However, 
to commercialize the FED with CNT emitter, some 
fundamental problems regarding life time and 
emission efficiency have to be solved. In this study, we 
investigated the metal coated CNT as a field emitter 
on which metal nanoparticles were coated by 
chemical modification. Metal nanoparticles, such as 
Ru, Pd, were synthesized by solution reduction 
method. The size of the metal nanoparticle has the 
range of 2 – 5 nm. Surface was modified chemically 
with the use of ionic surfactant which changed the 
surface charge of nanoparticles. 

1. Introduction 

Recently, there are many efforts to develop the field 
emission display (FED) using the carbon nanotube 
(CNT) as an emitter. The properties of CNT, such as a 
high aspect ratio, sharp tip, excellent chemical and 
mechanical properties, are favorable for field emitter 
[1]. However, there are still problems to be solved in 
order to make a practical CNT-FED. One of the key 
issues is to improve the emitter performance, 
especially the life time. Nanoparticle coating on CNT 
results in increasing the emission site, concentrating 
of electric field at nanoparticle, decreasing the work 
function of CNT, increasing the electrical 
conductivity and decreasing the turn on voltage and 
consequently  improving the life time. 

In this study, various nanoparticles were synthesized 
and coated on the CNT. Surfaces of CNT and 
nanoparticle were modified chemically to form the 
functional group which anchored nanoparticle to CNT. 

Metal nanoparticls were synthesized by chemical 
solution method. Based on polyol process, a metal 
precursor is heated in an ethylene glycol. The metals 
are reduced by the ethylene glycol to form 
nanoparticle. Particle size and distribution could be 
controlled by optimization of the synthesis parameters, 
such as temperature, concentration, capping or 
dispersing agent. In order to coating metal 
nanoparticle homogeneously on CNT, chemical 
surface modification was carried out with 
polyelectrolyte.  

The properties of CNT coated with Ru and Pd 
nanoparticles were characterized by TEM, XRD, Zeta 
potential meter, and XPS analysis. 

2. Results 

Ethylene glycol acts both as a solvent and reducing 
agent. The size of synthesized Ru nanoparticle has the 
range between 2 and 4nm (average size of 2.97nm) 
and very narrow size distribution. The shape of the 
nanoparticle was spherical. Pd nanoparticle ranged 
from 1.7 to 11.8nm (average size 4.89nm). Compared 
with the Ru, Pd has much broader size distribution.  
The TEM images are presented in Fig. 1. 
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Fig. 1. TEM image of synthesized nanoparticle; 
(upper: Ru, lower: Pd). 

XRD pattern of the Ru nanoparticle was shown in Fig. 
2. Peaks were matched with the hexagonal Ru crystal 
(JCPDS 06-0663) but the crystallinity was slightly 
low. 
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Fig. 2. XRD pattern of the Ru nanoparticle.

 In the case of Pd, the crystal structure of the 
nanoparticle was cubic phase (JCPDS 01-1201) (Fig. 
3) and crystallinity much higher than Ru. 
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Fig. 3. XRD pattern for the Pd nanoparticle. 

The formation of elemental Ru and Pd was confirmed 
by XPS analysis. Using the Ru 3p (3p3/2 at  462eV and 
3p1/2 at 483.9eV) and Pd 3d (3d5/2 at 334.5eV and 3d3/2
at 339.8eV), chemical states of elemental Ru and Pd 
were found. (Fig. 4, 5) [2-4] 
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Fig. 4. XPS spectra for synthesized Ru nanoparticles. 
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Fig. 5. XPS spectra for synthesized Pd nanoparticles. 

The surface of Ru nanoparticle was positively 
modified with PEI (polyethylenimine) and 
PDADMAC (poly(diallydimethylammonium 
chloride) to induce the electrical attraction force 
between CNT and nanoparticle. Positively charged Ru 
nanoparticle through PEI and PDADMAC were 
coated on CNT surface by electrostatic interaction as 
shown in Fig. 6 and 7. 
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Fig. 6. TEM image of CNT coated with Ru 
nanoparticle modified by PEI. 

Fig. 7. TEM image of CNT coated with Ru 
nanoparticle modified by PDADMAC. 

Pd nanoparticles were also coated on CNT surface 
using the electrostatic attraction by polyelectrolyte 
similarly to the Ru coating experiment as shown in 
Fig. 8 and 9. 

Fig. 8. TEM image of CNT coated with Pd 
nanoparticle modified by PEI. 

Fig. 9. TEM image of CNT coated with Pd 
nanoparticle modified by PDADMAC. 

Ru and Pd Nanoparticles could be coated on CNT 
surface homogeneously in both cases. From the facts 
described above, we conclude that homogeneous 
coating could be achieved by the electrostatic 
attraction results from the chemical modification of 
the CNT and nanoparticle by polyelectrolyte. This 
was confirmed by the measurement of the surface 
charge using zeta-potential meter experimentally. Ru 
and Pd nanoparticle had an isoelectric point (pHiep) at 
5.8 and 5.9, respectively. Isoelectric point (pHiep) of 
CNT presented at 3.1. Zeta potential values of Ru, Pd 
and CNT were -26.2mV, -23.0mV and -20.8 mV in 
pH 7, respectively. Therefore, electrostatic repulsion 
force was generated between nanoparticle and CNT 
surface. Thus, this negatively charged surface should 
be modified by cationic polyelectrolyte to produce the 
electrostatic attraction force between two surfaces. 
Zeta potential values of modified Ru nanoparticle by 
PEI and PDADMAC were presented 21.4 - 25.6mV 
and 26.2-30.4 in pH7, respectively. In the case of Pd, 
zeta-potential was increased and changed from 
negative to positive charge. The zeta-potential values 
of modified Pd were 20.45 - 23.44mV (with PEI) and 
24.22 - 26.3mV (with PDADMAC) in pH 7. 
PDADMAC could increase to slightly higher surface 
charge than PEI because PDADMAC is much 
stronger cationic polyelectrolyte than PEI. This may 
result in the strong electrostatic attraction and thus 
higher concentration of nanoparticle coating on CNT 
surface and more homogeneous coating can be 
possible. 

From field emission analysis of Ru coated CNT 
emitter, Turn-on voltage was slightly decrease 
compared to raw CNT emitter but the effect was not 
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large. Turn-on voltage of Pd nanoparticles coated 
CNT emitter was slightly reduced in compared with 
the raw CNT emitter. The reason why the emission 
performance of metal nanoparticle coated CNT did 
not come up to expectation is organic barrier between 
the nanoparticle and CNT surface, such as capping 
agent, dispersing agent and polyelectrolyte. In the 
future, burn out process of these organic materials and 
then the emission properties test is being required. 

3. Conclusion 
The study has shown the methods to coat the metal 
nanoparticle on CNT surface. First, Ru and Pd 
nanoparticles were synthesized by polyol process with 
the size of several nanometers scale and shape of 
monodispersed spherical type. Then the surface of 
these nanoparticles was modified positively by the 
cationic polyelectrolyte to induce the electrostatic 
attraction force between CNT and nanoparticle during 
coating process. Surface charge of the nanoparticle 
was analyzed by the zeta-potential measurement 
experimentally. Surface charge modified metal 
nanoparticles were coated homogeneously on CNT 
surface. Field emission properties of these metal 
nanoparticle coated CNT emitters were characterized. 
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