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Synthesis of graphite using laser decomposition

of SiC
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The surface of polycrystalline silicon carbide with and without binder was modified by one
pulse of 5 ms irradiation using an Nd:YAG laser in argon, carbon dioxide and air
atmospheres. At the irradiated area on the surface of the sample, the color of the surface
was completely different from that of the nonirradiated area, with the occurrence of surface
ablation. In addition, Raman spectra indicated a very sharp and intense peak at 1580 cm~’,
suggesting the presence of crystallized graphite. X-ray diffractometry revealed the
existence of the (002) diffraction line that is attributable to graphite.
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1. Introduction

In the last decade, graphite devices, such as lithium ion
batteries, hydrogen storage devices and optical prod-
ucts attracted considerable interests [1-5]. These in-
terests have also become the source of motivation to
develop rapid and convenient formation techniques for
obtaining highly crystallized graphite. It is well known
that carbon is transformed from the amorphous state
to the crystalline graphite state by thermal anneal-
ing. For the thermal annealing process, although var-
ious methods have been proposed, high temperature
and long residence time are required. For example,
Inagaki et al. reported that high-quality graphite crys-
tals were produced from mixtures of vinyl polymers,
poly (vinyl chloride) (PVC), poly (vinyl alcohol) (PVA)
and poly (vinyl pyrrolidone) (PVP), with the coexis-
tence of catalysts such as iron oxides, nickel oxide,
cobalt oxide and iron powder under conditions of an-
nealing temperatures above 1100°C and residence time
of 24 h [6]. Yudasaka et al. also showed that a thin
film of graphite is produced by a chemical vapor de-
position (CVD) method using 2-methyl-1,2’-naphthyl
ketone as a starting material under conditions of an-
nealing temperatures between 700°C and 1000°C, and
residence time of 2—10 h [7]. Furthermore, Noda et al.
attempted the thermal treatment of carbon-iron alloy to
form graphite single crystals. The treatment tempera-
ture for the alloy was rapidly raised to 1800-1900°C so
as to dissolve some carbon atoms, and was then lowered
gradually to temperatures below 1500°C at a cooling
rate of 5°C/min or lower [8].

The high-temperature plasma plume occurs ablation
once the high-power laser is concentrated on the target
solid. The ablation phenomenon induces extreme en-
ergy circumstance with momentary mechanical bom-
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bardment and high temperature in the high-melting-
point target. Several types of the pulsed laser harden
the surface of glassy carbon [9]. A portion of the struc-
ture consisted of sp?-hybridized carbon is modified to
sp>-hybridized carbon network using the laser shock.
We have already reported that the laser shot without
surface melting of tungsten carbide with cobalt binder
(WC-Co) introduces the formation of a graphite layer
on the surface of WC-Co [10]. In this study, silicon car-
bide (SiC) ceramics with and without binder were se-
lected as the high-melting-point carbide. The surface of
SiC was modified by pulsed Nd:YAG laser irradiation.

2. Experimental

Sintered «-SiC (6H-SiC) samples with and without
binder materials (Nihon Ceratec Co.) were provided
for laser modification. A small amount of carbon pitch
and B4C are used as the binder materials. The sam-
ple was fixed in a vacuum chamber evacuated to 1072
Torr using a rotary pump. The reaction gas was intro-
duced into the chamber to over atmospheric pressure.
The reaction gases used here were argon, carbon diox-
ide and air. An Nd:YAG laser facility (A = 1064 nm,
Miyachi Co., ML-2332A) was employed to irradiate an
infrared pulsed laser onto the sample. The pulse dura-
tion, energy density and shot number were maintained
at 5 ms, 150 J/cm? and 1 shot, respectively. After laser
irradiation, the surface of the samples was observed
using a laser microscope (Lasertec Co., ILM21DW).
The atomic content, crystal structure and orientation
of the surface of the samples were evaluated using
scanning electron microscopy and energy dispersive
X-ray spectrometry (SEM and EDX; using JSM-6700F,
JEOL), Raman spectrometry (using Labram Infinity,
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Figure 1 Laser microscope image observed from the surface of the samples, with binder materials after laser irradiation in (a) argon, (b) carbon
dioxide and (c) air, without binder materials after laser irradiation in (d) argon, (e) carbon dioxide and (f) air. (Continued)
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Figure 1 (Continued).
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Figure 1 (Continued).
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Jobin Yvon Co.) and X-ray diffractometry (XRD; us-
ing MO3XHF, Mac Science Co.). Raman spectra were
obtained in a backscattering mode using an Ar™ laser
operating at a wavelength of 514.5 nm and a power of
10 mW. The wavelength resolution was held at 1 cm™!.

3. Results and discussion

Marked color change was observed at the irradiated
area on all samples. The color of the irradiated area
was black with a metallic luster, which is the charac-
teristic color of carbon. Compared with the nonirradi-
ated area, the change in morphology was also clearly
confirmed at the irradiated area. Figs la—f show the
laser microscope images of the surface of the sample
after laser irradiation in argon, carbon dioxide and air,
respectively. There is no difference in the morphology
among the samples with or without binder materials.
However, there is a large difference on the surface im-
age between samples with and without binder materials.
A circular irradiation mark had the ablated hollow at the
center. The diameter of the irradiation mark was in the
range of 1.3-1.5 mm.

Fig. 2 shows the typical surface roughness profile of
the irradiation mark on the samples (a) with and (b)
without binder materials. The maximum depths of the
ablated hollow are (a) 29 um and (b) 38.5 um. There
is a possibility to modify the surface of the sample in
the irradiation area. We assume that the modification
proceeds with the decomposition of silicon carbide into
carbon and silicon.

The EDX image and spectrum were obtained across
the boundary between the irradiated area and the non-
irradiated area on the surface of the sample with binder
materials, as shown in Fig. 3. EDX spectra were ob-
tained from points on the nonirradiated, boundary and
irradiated areas denoted by “a”, “b” and “c”, respec-
tively, in the EDX image inset in Fig. 3. The signal for
carbon was clearly observed in Fig. 3¢ while it was only
slightly observed for the nonirradiated area in Fig. 3a.
In addition, the EDX image indicated that carbon was
uniformly distributed throughout the irradiated area.
Fig. 3bindicates that the amount of carbon at the bound-
ary area was less than that at the irradiated area. These
results suggest that the surface of the irradiation mark
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Figure 2 Surface roughness profile of the irradiation mark on the sam-
ples (a) with and (b) without binder materials.
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Figure 3 EDX spectra obtained from the surface of the sample with
binder materials: (a) nonirradiated area, (b) boundary area and (c) irra-
diated area. Inset represents the EDX image. Amount of carbon present
increases from (a) to (c) areas.

created by the laser shot is completely covered by the
carbon layer. The EDX image and spectrum were also
obtained on the surface of the sample without binder
materials, as shown in Fig. 4. The signal for carbon was
clearly observed in Fig. 4c while it was only slightly ob-
served for the nonirradiated area in Fig. 4a. In addition,
the EDX image indicated that carbon was uniformly
distributed throughout the irradiated area.

The structure of the carbon layer was confirmed using
Raman spectroscopy. Fig. 5 shows the Raman spectra
obtained from the surface of the samples with binder
materials. Before laser irradiation, a Raman peak at
795 cm~! and 968 cm™! were obtained from the sample
surface. These peaks is assigned to the planar mode with
E| symmetry and A; phonon Raman modes of «-SiC
[11, 12]. After laser irradiation, these peaks completely
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Figure 4 EDX spectra obtained from the surface of the sample without
binder materials: (a) nonirradiated area, (b) boundary area and (c) irra-
diated area. Inset represents the EDX image. Amount of carbon present
increases from (a) to (c) areas.
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disappeared and two new peaks appear: an intense sharp
peak at around 1580 cm~! and a weak peak at around
1360 cm™!. There is no change in the shape of the in-
tense peak among samples. Since there are no reports
and no evidence that ¢-SiC and Si have Raman scatter-
ing peaks around 1580 cm ™!, the Raman peak obtained
here is attributed to graphite Eog [11, 12]. The metallic
luster observed on the irradiation mark on the sample
also supports this result. On the other hand, there is little
variation in the intensity of the very weak peak among
samples. This peak is assignable to the Raman mode of
the disordered structure of solid-state carbon [13—17].

Fig. 6 shows the Raman spectra obtained from the
surface of the samples without binder materials. Be-
fore laser irradiation, a Raman peak at around 970 cm ™!
was obtained from the sample surface. This peaks is as-
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Figure 5 Raman spectra obtained from the surface of the samples with

binder materials after laser irradiation in (a) argon, (b) carbon dioxide,
and (c) air, and (d) from the sample with binder materials.
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Figure 6 Raman spectra obtained from the surface of the samples with-
out binder materials after laser irradiation in (a) argon, (b) carbon dioxide,
and (c) air, and (d) from the sample without binder materials.

signed to the longitudinal optic plasmon coupled modes
in-SiC[11]. After laser irradiation, the peak height de-
creased, and graphite £, mode and mode of the disor-
dered structure appear: an intense sharp peak at around
1580 cm~! and a weak peak at around 1360 cm™!.

Fig. 7 shows the 6—26 XRD pattern obtained from
the irradiation area. The XRD indicated the existence
of a diffraction line that is attributable to (002) graphite
[6]. These results lead us to the conclusion that graphite
layer is formed on the surface of the «-SiC sample. Our
results suggest that the laser modification process is one
of the candidates for synthesizing a graphite layer on
carbide materials.
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Figure 7 X-ray diffraction pattern obtained from the surface of the sam-
ples (a) after and (b) before laser irradiation.

4. Conclusion

The surface of «-SiC with and without the binder ma-
terial was modified by pulsed Nd: YAG laser irradiation
in argon, carbon dioxide or air under atmospheric pres-
sure. A crystallized graphite layer was formed on the
surface of ¢-SiC using this efficient technique.
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