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Abstract

Amorphous porous carbon was synthesized by chemical vapor deposition on copper substrates.
The average size of the pores is around 1.2 microns with some small pores decorating the big ones.
Lamellar samples of this carbonaceous material can be separated from the copper support and
may be useful as electrode due to its low electrical resistivity of the order of 0.4 Qcm.
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1. Introduction

The synthesis and study of porous carbons have attracted great attention due to their novel physical and chemi-
cal properties [1] [2] and for their possible applications, between others, for energy storage as a component in
supercapacitors [3] or for their use in the purification of water [4]. Two of the main characteristics of porous
carbons are the high aspect ratio of surface area to volume, and the existence of reactive sites, such as dangling
bonds which make this material useful for many potential applications. In the last years, graphene, a novel two
dimensional carbon nanostructure, has received much attention ought to its physical properties, such as its high
electrical mobility, and for its potential applications in electronic devices [5]. A usual technique to synthesize
graphene is by thermal decomposition of hydrocarbons (chemical vapor deposition, CVD) on copper surfaces
[6]. In the search to find experimental conditions for the synthesis of monolayer and multilayer graphene by the
CVD technique [7]-[10], we found the existence of a carbonaceous porous material. The main purpose of the
present letter is the report of the finding and structural characteristics of porous carbon obtained by the CVD
technique.
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2. Experimental Details

Copper foils (~5 mm x 5 mm, 100 microns of thickness) inside fused quartz crucible were loaded on the center
of a tubular furnace, in some runs fused quartz plates were also put together with copper substrates. The sub-
strates were heated to 1000°C in argon ambient, at this temperature argon was cut off and replaced by pure me-
thane (flux = 7 sccm) at ambient pressure during 15 minutes. After this period methane was cut off and pure ar-
gon was admitted again and immediately the furnace was turned off for cooling naturally to room temperature.
In the case of fused quartz, the carbonaceous material is a lustrous continuous film well adhered to the substrate,
but in the case of copper substrate a grayish layer poor adhered to the foil is obtained. It is observed that only the
carbonaceous material covering the cooper foils has porous morphology.

Optical (Iroscope MO-64), scanning (SEM, Jeol 7600F), transmission (TEM, Jeol JEM-1200EX) electron
microscopes, and X-ray diffraction (Bruker AXS, D8 ADVANCE) were used for structural characterization. For
TEM studies, a small piece of the porous carbonaceous layer was sonicated for some minutes in ethanol and
drops of the obtained suspension were put on copper grids. For electrical measurements the copper foil was dis-
solved in a ferric nitrate solution.

3. Results and Discussion

In Figures 1(a)-(c) SEM images of the material synthesized on copper foil are presented. After cutting the cop-
per foil for a SEM sample, the carbonaceous material delaminated easily as is observed in Figure 1(a). An
overview of the porous carbon mainly shows two levels of porous average size: 1.2 microns (Figure 1(a)) and
195 nm (Figure 1(b)); the existence of the small porous inside the great one is clearly observed in Figure 1(c).
In Figure 1(d) an image of the same sample observed with an optical microscope is shown.
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Figure 1. Scanning electron micrographs of the porous carbon with different scale bars (a) 100 microns; (b)
1 micron; and (c) 100 nm; (d) is an optical image taken with total amplification of 400.
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Figure 2(a) shows X-ray diffractograms of the porous as well as the continuous film. It is noted that both
carbonaceous materials are amorphous, showing a broad peak centered around 26 = 25.6°, indicating a high de-
gree of disorder in the phase, similar to carbonaceous material deposited on other substrates [11]. Amorphous
phase of the porous material is corroborated by electron diffraction, as is shown in Figure 2(b), where no spots
related to any crystalline phase are observed.

It is known that the carbonaceous material obtained by the CVD method is mainly amorphous up to 1700°C
and some crystalline structure is observed above 2000°C, but the kind of substrate can modify the structure of
the material. For example, deposited material on Fe and Ni substrates has graphitic structure at temperatures as
low as 1000°C, in contrast amorphous carbon on Cu substrate is obtained at the same temperature, even if me-
thane is 30% diluted in argon [12]. Recent studies on CVD technique using methane as the carbon precursor and
copper as the substrate have clearly established that crystalline structures (graphene and few layer graphene) are
obtained at 1000°C only if methane is highly diluted in other gas (argon and/or hydrogen) or in vacuum condi-
tions [6] [13] [14]. The result obtained in the present work is consistent with that reported in the literature be-
cause, using pure methane at atmospheric pressure and 1000°C, the obtained carbonaceous material is amorph-
ous. In a more recent experiments in our laboratory we have synthesized few layer graphene on copper sub-
strates using highly diluted (1%) methane in argon at atmospheric pressure (results not presented).

We propose the following explanation for the formation of porous structure of the amorphous carbon depo-
sited on copper. The Cu and fused quartz substrates are in the same conditions of temperature and flux of me-
thane because they are near each other at the interior of the furnace. Methane molecules are thermally decom-
posed on the surface of the substrate and hydrogen is liberated; in this process heat is absorbed from the sub-
strate. Being copper a good heat conductor, we believe that the heat exchange between copper and the sur-
rounding methane is an efficient process, and due to the high concentration of molecules (atmospheric pressure),
high quantities of hydrogen is produced in the decomposition of methane. The hydrogen is liberated to the flow
and breaks the growing carbonaceous film producing holes, which finally gives the porous morphology. On the
fused quartz substrate the heat exchange is less effective than in copper, hence thermal decomposition of me-
thane is slower producing less hydrogen, and no effect on the morphological structure of the growing carbona-
ceous film is expected.

Respect to the electrical properties of the synthesized porous carbon, its electrical resistance above room
temperature was measured. For these measurements the copper foil was dissolved, the resultant lamella was
washed several times with deionized water and captured on a glass slide. Once the carbonaceous lamella was
dried, two parallel electrical contacts were carefully put using silver paste on the glass substrate. Prior to mea-
surements, the sample was annealed in vacuum (~10* Torr) at 120°C during 15 minutes. In Figure 3(a) the
current against voltage curve is presented, where an ohmic behavior is clearly observed, and in Figure 3(b) re-
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Figure 2. (a) X-ray diffractograms of the carbonaceous material deposited on fused quartz (continuous
film) and porous carbon; (b) Electron diffraction pattern of the porous material, showing the typical

annular form of an amorphous material.



D. Mendoza

55.0
1.07
0.57 _
T <)
£ 00] %
c
=
© 12
05 535-
-1.0
T T T T T T T T T T T 53.0 T T T T T T T T T T T
-60 -40 -20 0 20 40 60 300 320 340 360 380 400
Voltage (mV) Temperature (K)

@ (b)

Figure 3. Electrical characteristics of porous carbon. (a) Current against voltage showing an ochmic behavior; (b) Elec-
trical resistance as a function of temperature where a linear dependence with a slope of —0.011 Q/K is observed.

sistance (R) against temperature (T) is plotted. It is observed that the resistance of the porous carbon material
slightly decreases almost linearly as the temperature increases. Using a profilometer we made an estimation of
the thickness of the lamella of ~75 microns, which gives a resistivity of ~0.4 Qcm. For comparison purposes, the
resistivity of the continuous film deposited on fused quartz substrate is ~1.8 x 10~ Qcm, the difference between
these two values may be due to the discontinuous morphology of the porous material. It should be noted that
even taking the greater value for the resistivity of 0.4 Qcm for our porous carbon, it is comparable with that re-
ported for graphene foams [15].

4. Conclusion

We have reported the synthesis of porous carbon by the thermal decomposition of pure methane at 1000°C on
copper substrates. At this high concentration of hydrocarbon, copper does not work as a catalyst for the growth
of graphene or multilayer graphene, instead, amorphous carbon grows. The important characteristics of the ob-
tained material are: 1) porous morphology, 2) low electrical resistivity, and 3) due to the lamellar form, its size
can be scaled and its geometry can be controlled using the appropriate form of the copper foil substrate. We be-
lieve that this material may be useful as electrode for supercapacitor applications using an ionic liquid absorbed
within their pores.
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