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Large scale synthesis of the geometrically controlled carbon coils
using Al,O3; ceramic boat for the supporting substrate
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Abstract : Carbon coils could be synthesized using C,H,/H, as source gases and SFg as an
incorporated additive gas under thermal chemical vapor deposition (CVD) system. Prior to the
carbon coils deposition reaction, two kinds of samples having different combination of Ni catalyst
and substrate were employed, namely, a commercially-made Al,O3; ceramic boat with Ni powders
and a commercially-made Al,O3 substrate with Ni layer. By using a commercially-made Al,Os
ceramic boat, the synthesis of carbon coils could be enhanced as much as 10 times higher than
that of Al,Oj; substrate. Furthermore, the dominant formation of the microsized carbon coils could
be obtained by using Al,Os; ceramic boat. The surface roughness of the supporting substrate of
AlLO3 ceramic boat was understood to be associated with the large scale synthesis of carbon coils
as well as the dominant formation of the larger—sized, namely the microsized carbon coils.

Keywords . Carbon coils, A,Os; ceramic boat, Ni catalyst, Geometry control, large scale synthesis,
Thermal CVD

1. Introduction coils have been attracted as the high potential

materials for nanomechanical engineering.'™

Due to their unique spring-like single helix Furthermore, carbon coils was supposed to
or DNA-like double helix geometry, carbon have unique electrical and optical properties

that could be used in nanoelectronics.”™®

t+ . The synthesis of carbon coils is usually
Corresponding author | ¢ hei licati .
(E-mail : shkim@silla.ac.kr) too low or thetr applications mn

diverse nano/micro electronics or mechanical
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engineering field, therefore the enhancement

of their production is preferential problem to

overcome, ! catalytic  chemical
vapor deposition (CCVD) method has been

noticed for the enhancement of the

Recently

synthesis of carbon coils. For the research
of CCVD method for carbon coils synthesis,
the system parameters for CCVD
the reaction temperature and the gas flow

such as

rate have been understandably considered.
Besides the system parameters, the used
metal catalyst, the incorporated additives,

and the supported substrate would be also
the important factors for the synthesis of

carbon coils. For the metal -catalyst, iron
family (Fe, Co, Ni), especially Ni, were
known as an effective catalyst for the
formation of carbon coils.''?  For  the
incorporated additives, meanwhile, a trace of
the sulfur—incorporated species was
regarded as the promising additives for the

synthesis of carbon coils.”™ Despite many

efforts to enhance the synthesis of carbon
coils, the reports regarding the supporting
substrate effect on the synthesis of carbon
coils are few up to the present.

In this work the enhancement of carbon
coils synthesis is presented by using ALOs;
ceramic boat as a substrate and Ni powders

LBl dag

also added in the
source gases to take an advantage for sulfur
and fluorine

as a catalyst. SF¢ was

species properties which can
enhance the formation of carbon coils.'® To
avoid the highly hazardous problem to the
health and the environment, the amount of
sulfur incorporated chemical species, namely
SF¢ in this work, was minimized by reducing
the SFe¢ injection time down to 5 minutes.
By using Ni powders and Al,Os
boat, the geometry control as well as the

enhancement of the

ceramic

synthesis ~ for  the
could be achieved.
different
catalysts, the

microsized carbon coils
According to  the supporting
substrates  and characteristics
of the as—grown carbon coils, namely the
formation density and the

examined and discussed.

geometry, were

2. Experimental

A commercially-made Al,O; ceramic boat,
usually used for crucible, and a commerciall
y-made Al,O3; substrate (about 1.0 X 1.0
prepared (see Fig. 1). For Ni
powders on Al,Oj; ceramic boat, about 1.0 g
Ni  powders directly dropped and

ar) were

Were

b

0.5cm

Fig. 1. Photographs of (a) Al,O; ceramic boat and (b) the as—grown carbon materials on AlLO;

ceramic boat.
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Table 1. Experimental conditions for the deposition of carbon coils
Conditions| CH H. SF Total The injection time of
™| Flow | Flow | Fiow | Total Deposition| ~ source gases flow Substrate ;’.‘;".;‘.’:
Processes Rate | Rate | Rate [Pressure| o (min) temperature and
Samples (sccm)] (scem) (scem)) - (Tom) min | CH; | Hy | SFg 0 Substrates
Ni powders on
I Sample A | 15 | 35 | 35 | 100 90 90 | %0 | 5 750 ALO, boat
Ni layer on
35 100 20 90 750
I SampleB [ 15 | 35 % 5 ALO; substrate

manually spread on the surface of the boat
and then placed into the reaction chamber.

For Ni layer on AlLOs substrate, a 0.5 g Ni
powder (99.7 %) was evaporated for 1 minute
to form Ni catalyst layer on the substrate
using thermal evaporator. The estimated Ni
catalyst layer on the substrate was estimated
about 400 nm.

For carbon coils deposition, thermal CVD
system was employed. C;H, and H, were used
as source gases. SFs, as an incorporated
additive gas, was injected into the reactor
during the reaction. SFs was injected for 5
minutes during the initial reaction stage. The
flow rate for C,Hp Hj, and SFs were fixed at
15, 35, and 35 sccm, respectively. The reaction
conditions were shown in Table 1. Detailed
morphologies  of  carbon  coils—deposited
substrates were investigated using field emission
scanning electron microscopy (FESEM). The
qualities of carbon coils according to the
samples were investigated in the range of 800
~ 2000 cm™ by a micro-Raman spectrometer
(Renishaw 2000) with about 50 mm spot size
of Ar-ion laser.

3. Results and Discussion
carbon  coils  were

simultaneously both  Ni
powders—boat (Ni powders spreading on Al,O;

The syntheses of
carried out on

ceramic boat) and Ni layer—substrate (Ni
layering on Al,Os substrate). Figure 1 shows
the photographs of the boat (Fig. la) and the
as—grown carbon materials on the boat (Fig.

1b). As a naked eye, a lot of carbon materials
seemed to be formed on the boat. The density
of the deposited carbon materials were about
0.5g/cm® for Ni powders—boat. Microscopic
images for the as—grown carbon materials
were also investigated using FESEM. Figure 2
shows FESEM image revealing the formation
of carbon coils on Ni powders—boat. For Ni
powders—boat case, the dominant formation of
the microsized carbon coils having a few
micrometer—sized coils diameters could be
observed.
For Ni
morphologies of the as—grown substrates were
measured by FESEM as shown in Fig. 3.

layer—substrate,  the  surface

Figure 3a shows the formation of carbon
materials on Ni layer—substrate. Figures 3b, ¢
and d show the magnified images of Figures
3a, b and c, respectively. As shown in these
figures, for Ni layer—substrate, this regular
carbon coil has constant coil pitch of ~
0.2mm without any coil gap and have coil
diameter of ~ 1.5mm. The as—grown carbon
coils have the slightly reduced diameter
compare with that of Ni powders—boat. The
carbon nanofilaments that built up the carbon
coil have a circular type shape. Furthermore,
the nanosized carbon coils with the microsized
carbon coils were also observed on the surface
of Ni-layer substrate. The estimated density of
the deposited carbon materials was about
0.05g/cm”*  for Ni layer—substrate. ~ The
combined results of Figures 2 and 3 indicate
that the use of Ni powders—boat could
dramatically enhance the amount of as—grown
carbon coils as much as 10 times compared
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Fig. 2. (a) FESEM images for the formation of carbon coils on Ni powders—boat and (b)
the high—magnified image of Fig. 2a.

15.8kV _XS. 04

Fig. 3. (a) FESEM images for the formation of carbon coils on Ni layer—substrate, (b)
high-magnified image of Fig. 3a, (¢) high—-magnified image of Fig. 3b, and (d)
high—-magnified image of Fig. 3c.
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Fig. 4. FESEM images for as—grown carbon coils on (a) the center and (b) the side positions

of Ni powders—boat.
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Fig. 5. FESEM images for as—grown carbon coils on (a) the center and (b) the side positions

of Ni layer—substrate.

with that of Ni layer—substrate. Furthermore,
Ni powders—boat can provoke the dominant
formation of the microsized carbon coils.

carbon
coils—related geometries could be formed on
the substrate, so they could be usually
classified into four geometrical categories,

In  general, many types of

namely linear, microsized coil, nanosized, and
wave-like nanosized types."” Interestingly, Ni
powders—boat may give rise to the dominant
formation of the microsized carbon coils with
few amount of nanosized ones (see Fig. 2).
On the other hand, Ni layer—substrate gives

rise to the formation of the microsized carbon
coils with the nanosized ones (see Figs. 3c and
d).

We also investigated the geometry shapes of
as—grown carbon coils according to the
position on Ni—powders boat and on Ni
layer—substrate. Figure 4 shows FESEM images
showing the formation of carbon coils on the
center (Fig. 4a) and side (Fig. 4b) positions of
Ni  powders—boat. ~ The  geometries  of
microsized carbon  coils  were  dominant
irrespective  of the position difference on
Ni—powders boat. Figure 5 shows FESEM

- 427 -



o))
o
o,
r-{0||

LBl dag

Fig. 6. FESEM images for the surface morphologies of (a) Ni powders—boat and (b) Ni
layer—substrate after immediately terminating the reaction process when the substrate

temperature reaches up to 750° C under vacuum.

images showing the formation of carbon coils
on the center (Fig. 5a) and side (Fig. 5b)
positions of Ni layer—substrate. As shown in
Fig. 5, Ni layer—substrate gave rise to the
formation of many types of carbon
coils—related geometries, namely the nanosized
carbon coils as well as the microsized carbon
coils irrespective of the positions on Ni
layer—substrate.  The combined results of
Figures 4 and 5 confirm that the use of Ni
powders—boat surely provide the dominant
formation of the microsized carbon coils on
the whole surface of the boat.

Based on the results of Figs. 1 ~ 5, it is
understood that the geometry control to the
microsized carbon coils could be possible
merely via Ni powders—boat usage. The cause
for this result was understood as follows. Fig.
6 shows FESEM images showing the surface
morphologies of Ni powders—boat (Fig. 6a)
and Ni layer—substrate (Fig. 6b) after
immediately terminating the reaction process
when the substrate temperature reaches up to
750° C under vacuum. By comparing FESEM
image of Fig. 6a with that of Fig. 6b, it is
understood that the surface roughness of Ni
powders—boat would be much higher than that

of Ni layer—substrate. Because higher surface
roughness would provoke the interaction
between as—growing carbon elements, they
may enhance more active sites for the
initiation of the microsized carbon coils.
Consequently, the higher surface roughness of
the boat seems to produce the dominant
formation of the microsized carbon coils. The
suggestion based on the surface roughness
difference for the main cause of the microsized
carbon coils formation could be confirmed
even in a same Ni-layer substrate case. Fig. 7
shows the entirely different coils geometries
between the cross section area and the edge
area on Ni-layer substrate. Indeed, the cross
section of Ni-layer substrate could give rise to
the dominant formation of the microsized
carbon coils. Namely, various microsized
carbon coils could be dominantly observed at
the cross section area. So, it is understood that
the rougher surface like the cross section may
give rise to the active properties for the
interaction of as—growing carbon elements and
consequently  producing  the  microsized
Finally, Ni
powders—boat having the rougher surface than

geometries of carbon  coils.

that of Ni layer—substrate would give the
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Fig. 7. FESEM images for (a) the cross section and the edge areas of Ni-layer substrate and (b)

the magnified images of the circle area of Fig. 7a.
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Fig. 8. Micro-Raman spectrum of the individual carbon microcoil. The inset shows the

focused image on the individual carbon microcoil. Curve—fit data were also shown.

higher production of carbon coils as well as
the dominant formation of the larger—sized,
namely the microsized carbon coils.

Previously, a few researchers reported that

tuning of carbon morphology could be
achieved by appropriately modifying  the
supporting substrate, the catalyst and the

interaction between them.'®" Bai obtained a

more or less controlled morphology of carbon
coils according to the different alumina
substrate pore size.'® Veziri et al. reported that
the morphology of carbon nanostructures
grown by CVD on porous supports is strongly
affected by the porosity of the supporting
substrate.”” In this work, we suggest that the
surface roughness of the supporting substrate
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would be a primary step to control the
geometry of carbon coils.

Meanwhile, the qualities of the individual
carbon coil was also investigated in the range
of 800 ~ 2000 cm™' by a micro-Raman
spectrometer as shown in Fig. 8. The D and
G peaks in all the samples were observed
around 1350cm™ and 1600cm™, respectively.
Curve fitted values of the area intensity ratios
of I(D)/I(G) for the individual carbon coil are
around 2.1, which indicates the existence of
the nanocrystalline aromatic p—bonded clusters
in the carbon coils.? Based on the value of
I(D)/I(G), we could conjecture that the
well-developed polycrystalline structure would
be somewhat existed in this carbon

microcoils. ™%

4. Conclusions

Large scale synthesis of carbon coils could
be possible simply by AlLOs; ceramic boat
usage. Using Al,O3 ceramic boat, furthermore,
the formation of micro—sized carbon coils
could be achieved. So, the
geometry control of carbon coils to the
microsized one could be possible. The higher

dominantly

surface roughness of the boat seems to be the
main cause for the dominant formation of the
microsized carbon coils.
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