
Oral Session 
 

641 

Production of Carbon Nanoparticles  

and their Compression Strength Evaluation
1
 

T. Yoshimura, K. Takeda, and Y. Kunisada 

Department of Mechanical Engineering, Kure College of Technology, 
2-2-11 Agaminami Kure, Hiroshima, Japan 737-8506 

Phone: +8(1-823) 73-84-49, Fax: +8(1-823) 73-84-49, E-mail: yosimura@kure-nct.ac.jp 

 

_____________  
 

1 The work was supported by research grant of Japan Science and Technology Agency. 

Abstract – The generation of a carbon nanoparticle 

was investigated in an electric arc discharge using 

a carbon electrode containing silicon and oxygen 

while being irradiated with ultraviolet rays. It was 

found that a small number of nanoparticles were 

generated with the arc, but a dramatic increase in 

numbers was observed with ultraviolet radiation. 

The compression strength of the nanoparticles was 

measured to determine the possibility of their use 

as a reinforcing material in composite materials. 

The compression strength of a large particle that 

was an amorphous compound not having a crystal 

structure was not very high. On the other hand, a 

small nanoparticle having a crystal structure did 

not collapse, even for an applied compression stress 

of 50000N. The carbon nanotube, which was ex-

pected to have 100 times higher strength than the 

normal steel, did collapse by the same compression 

condition. Thus, these nanoparticles are promising 

as a reinforcing material in particulate composite 

materials. 

1. Introduction 

The nanomaterials such as carbon nanotube [1] or 

fullerene are applied to the various fields such as elec-

tronic materials and a fuel cell, the reinforcement of 

the composite material, the medical care. In addition, 

the carbon nanotube containing fullerene [2] is found 

as a by-product of fullerene and carbon nanotube. For 
a generation method of the carbon nanotube, there are 

arc discharge method and laser evaporation method, 

CVD method, catalysis method [3]. Although the arc 

discharge method is unsuitable for mass production, 

there are few defects in a nanotube and the nanotubes 
of good quality can be produced.  

We clarified that a nanoparticle (named as a car-

bon ball) which contained carbon and silicon, was 

generated by arc electric discharge using a carbon 

electrode with silicon, oxygen and the other additional 

elements [4]. Furthermore, there was less quantity of 
ultraviolet rays emitted at the time of generation of the 

carbon annotate which is generated. On the other 

hand, the quantity of ultraviolet rays emitted at the 

time of the generation of the nanoparticle was consid-

erably large [5]. 

In this study, high strength ultraviolet rays were ir-

radiated to arc column, and the effect of ultraviolet 

rays to the generation of nanoparticles was investi-

gated. Moreover, the compression strength of 

nanopaticles was evaluated in order to clarify utility as 
the composite material of nanoparticles. The compres-

sion strength of a multi-walled carbon nanotube was 

compared with that of nanoparticles. 

2. Experiment 

The schematic of the production device of carbon 

nanoparticles by the arc electric discharge is shown in 
Fig. 1. 
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Fig. 1. Schematic of the instrument used for the production 

  of a carbon nanoparticle by arc electric discharge 

The vacuum chamber is exhausted with a rotary 

pump. The carbon stick containing silicon, oxygen 

and the other elements in the center part of cross sec-

tion is used as the cathode. The electrodes are sepa-

rated around one or two mm. The pulse DC voltage is 
applied to the electrodes via a rectifying circuit from 

large-capacity slidax power supply, which leads to 

generate an arc discharge. After vacuum exhausting, 

He gas of 40 kPa is introduced into the vacuum cham-

ber. The ultraviolet rays with wavelength having 

365 nm are taken out via an optical fiber from a halo-
gen lamp source. The ultraviolet rays is collected by 

lens and irradiated to the arc column through the 

quartz glass view port.  

Here, the ultraviolet rays in the arc column have  

a power density of 4000 mW/cm2, which is irradiated 
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to arc column. The total amount of ultraviolet rays 

ranges approximately from 200 to 400 mW, and the 
focus distance of lens is 120 mm. In addition, the 

value and the duration of discharge voltage are in the 

range from 10 to 40 V and from 1 to 5 s, respectively. 

  The carbon balls are generated around the end face 

of both carbon electrodes. It is supposed that the 

plasma shell would be formed by arc column. The 
phenomenon that an electric current is concentrated in 

the center of arc column occurs. When the electrons 

are concentrated in the center of arc column, the ions 

which are evaporated from both electrodes move to 

the outer part of arc column. The ions such as silicon, 

oxygen and carbon are recombined at the time of cool-
ing and form a carbon ball. Finally, the carbon balls 

adhere to the edge side of the electrode. It is expected 

that the irradiation by ultraviolet rays affects the re-

combination of this ion.  

The arc electric discharge with pure carbon sticks 

as both electrodes without the irradiation of ultraviolet 

rays leads to the generation of carbon nanotubes. This 

experimental condition is the conventional method of 

carbon nanotubes production. In this study, the carbon 

nanotubes are also produced by the arc discharge in 

order to compare the strength of carbon ball with the 

carbon nanotubes. 

The nanoballs generated in the electrode end face 

were collected and soaked in the acetone. The 

nanoballs in acetone were separated by the supersonic 

wave for 15 min. In the case of carbon nanotube, the 

ethanol was used instead of acetone. In addition, the 

carbon balls were separated from the by-products such 

as graphite and carbon nanotube by a centrifugal ma-

chine with the rotation speed of 6600 rpm for two 

minutes.  

The acetone containing carbon balls was collected 

with a micropipette, was uniformly put on the surface 

of the sample stage, which was made of a gray cast 

iron (FC10) or a carbon steel (SK3).  

The surface of sample stages was polished by 

buffing, until the surface roughness of sample stage 

reaches the centered line average height roughness Ra 

of 0.1 micron or less. Otherwise, there was a possibil-

ity that the load is not applied to the carbon ball and 

carbon nanotubes.  

The surface of sample stage with nanoparticles and 

nanotubes were observed by Scanning Electron Mi-

croscope (SEM) and the photographs of nanoparticles 

and nanotubes were taken before the compression test. 

The compression of 5000N load was applied to both 

of the samples stage by autograph machine as shown 

in Fig. 2.  

After the compression test, the surface on the same 

position as the observation position before the com-

pression test was observed and it was evaluated 

whether the nanoparticle was collapsed or not, or 

whether the nanoparticle was buried in the materials 

surface of sample stage. 
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Fig. 2. Schematic of strength evaluation method of  nano- 

  particle 

3. Results and discussion 

Figure 3 shows a SEM photograph (a) obtained in the 

condition of ultraviolet irradiation and a photograph 

(b) in the condition without ultraviolet irradiation, 

when the applied voltage was 10 V. It should be noted 

that the size of nanopaticle reduced and the minute-

ness of particles occurred by the ultraviolet irradiation. 
Furthermore, it was found that the size of nanoparticle 

increases with increase of the applied voltage.  

 
a 

 
b 

Fig. 3. Minuteness of nanoparticles by ultraviolet radiation 

(applied voltage 10 V): a – no ultraviolet rays; b – ultravio- 

  let rays 

In the case of applied voltage of 40 V as well as 

10 V, it was recognized that the minuteness of parti-
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cles occurred by the ultraviolet irradiation as shown in 

Fig. 4. These results suggest that the ultraviolet rays 
irradiation might influence the recombination of ions 

evaporated at the time of cooling. 

 
a 

 
b 

Fig. 4. Minuteness of nanoparticles by ultraviolet radiation 

(applied voltage 40 V): a – no ultraviolet rays; b – ultravio- 

  let rays 

The carbon balls have various sizes from 50 nm to 

several microns. On the other hand, the chemical 
composition of carbon balls does not depend on the 

particle size as shown in Table I. 
 

Table I. Chemical composition of nanoparticles 
 

Particle, % 
Element 

Electrode, 

% 1 2 3 4 

C 69.89 88.32 86.06 86.09 85.98 

O 14.12 8.74 10.47 10.41 10.51 

F 3.13 0.36 0.08 0 0.08 

Na 1.85 – – – – 

Si 8.02 2.03 2.75 2.83 2.77 

S – 0.08 0.02 0.04 0.03 

K 2.77 0.39 0.61 0.61 0.6 

Ca – 0.09 0.01 0.02 0.02 

Zn 0.22 – – – – 

Size, nm – 130 430 900 1000 

 

The concentration of silicon was in the range from 

2 to 3 at %, while the concentration of oxygen was 

from 8.5 to 10.5 at %. Here these data were analyzed 

by SEM-EDS (refer to Table I).  

However, the crystal structure tended to depend  

on the particle size. The carbon ball with the size of 

100–200 nm has a multi-layer structure (onion struc-

ture [6]), which is recognized from TEM observation as 
shown in Fig. 5, a. On the other hand, the carbon ball 

with the large size of more than 500 nm is observed as 

the amorphous particle (refer to Fig. 5, b).  

 
a 

 
b 

Fig. 5. TEM photograph of carbon balls: a – solid multi- 

  layered particle; b – amorphous particle 

The results of compression test on the carbon balls 

are shown in Fig. 6. 

 
a 

 
b 

Fig. 6. Collapse and burial of carbon balls by compression 

test: a – carbon balls before compression test; b – carbon 

  balls after compression test 

550 nm 
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The sample stages used in this test was a gray cast 

iron (FC10). If the carbon ball has a lower strength 
than the sample stage, the carbon ball would be col-

lapsed. If the carbon ball has a higher strength than the 

sample stage, that would be buried on the surface of 

sample stage without collapse. If the carbon ball has a 

size of more than 0.1 micron, the load should be ap-

plied to the carbon balls, because the centered line 
average height roughness Ra is 0.1 micron or less. 

Here, the SEM photograph Fig. 6, a was taken from 

30 diagonal degrees before compression test, whereas 

the SEM photograph Fig. 6, b was taken from the up-

per side after compression test. Carbon ball of about 

2 microns, which is located on the center of the pho-
tographs, was collapsed. On the other hand, the small 

particles indicated by a–b were not collapsed and 

those seem to be buried by observing the reduction of 

surface area of particles. These results suggest that the 

small carbon ball with a multi-layered structure indi-

cated in Fig. 5, a might have a higher strength, 
whereas the large carbon ball with an amorphous 

structure indicated in Fig. 5, b might have a lower 

strength. Anyway, further experiments are necessary. 

  In order to compare the carbon ball with the car-

bon nanotube, the same compression test for a multi-
walled carbon nanotube was carried out as shown  

in Fig. 7. 

The sample stage used in this test was carbon steel 

(SK3). It should be noted that the carbon nanotubes 

marked with a–c were collapsed by the compression 

load. A multi-walled carbon nanotube was tested to 

have a tensile strength of 63 GPa [7]. However, it is 

found that the multi-walled carbon nanotube does not 

have a higher compression strength than that of the 

carbon ball. There is a possibility that the carbon balls 

can be used for a reinforcing material in particulate 

composite materials. 

4. Summary 

The carbon nanoparticles generated by irradiating ul-

traviolet rays to the arc column in arc discharge were 

investigated, and the strength of nanoparticles and  

the strength of multi-walled nanotubes were evaluated. 
  1. The carbon nanoparticle tends to become minute 

by ultraviolet irradiation.  

2. The tendency that the compression strength of 

nanoparticles increases as the diameter of nanoparti-

cles becomes small is recognized.  

3. The multi-walls carbon nanotube does not have 

a higher compression strength than the carbon ball. 
 

 

a 

 

b 

Fig. 7. Collapse of multi-walled carbon nanotubes by com-

pression test: a – carbon nanotubes before compression test; 

  b – carbon nanotubes after compression test 
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