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1. INTRODUCTION
Carbon allotropy is considered to be one 
of  the richest and most interesting. Due 
to its special physicochemical properties, 

carbon is able to crystallize into materials 
that have record characteristics: diamond 
is the hardest material in the world [1], 
graphene (ideal) has record electrical and 
thermal conductivity [2,3], some carbon 
materials have a record specific surface area 
[4]. The class of  carbon nanotubes stands 
apart, which has a considerable potential 
for practical application because of  an 
interesting combination of  properties, as 
well as the presence of  a large potential 
in the production of  nanotubes with 
programmable properties [5, 6].
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Abstract. The possibility of  obtaining a graphene coating on non-flat (cylindrical) surfaces, 
namely, copper fibers, is shown. Graphene coating is characterized by SEM and KR methods. 
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In this paper, we describe a method for 
the production of  graphene microtubes-in 
some way another allotropic modification 
of  carbon materials. A graphene 
microtubule is a carbon tube consisting of  
grains of  multilayer graphene held together 
by van der Waals forces, which can not be 
attributed either to graphene (mainly due 
to geometry) or to nanotubes (due to the 
polycrystalline multilayer structure ). The 
basis of  the work was the principle of  
making graphene the shape of  the substrate, 
on which it is condensed from the gas 
phase in a CVD reactor [7]. This method 
of  obtaining graphene microtubules differs 
from the method proposed, for example, in 
[8] or [9].

2. MATERIALS AND METHODS
Graphene microtubes were prepared by 
precipitating graphene into copper fiber 
(copper wire) in a CVD reactor. Then 
the copper substrate was poured into the 
solution of  ferric chloride and as a result of  
this a graphene microtubule remained in the 
solution.

The substrate was copper wire type "M2" 
with a copper content of  99.7% with a 
diameter of  200 microns.

The preparation of  wires for CVD 
experiments included the following stages:

• removal of  lacquer residues in 
concentrated (95%) warm (50 ° C) sulfuric 
acid;

• washing in distilled water;

• ultrasonic cleaning first in acetone, then 
in isopropyl alcohol (for 15 minutes);

• electrochemical polishing of  foils in a 
three-electrode cell on a potentiostate-
galvanostate P-30J of  Elins in 87% 

orthophosphoric acid at room temperature 
with copper electrodes in potentiostatic 
mode with a constant voltage of  1400 
mV for 8 min;

• ultrasonic cleaning first in acetone, then 
in isopropyl alcohol (for 15 minutes).

In Fig. 1 shows the copper fiber before 
and after electropolishing. It can be seen that 
after polishing the surface became smoother, 
the surface roughness significantly decreased, 
which positively affects the continuity of  the 
graphene coating.

Graphene was synthesized in the 
planarGROW-2S CVD reactor (Fig. 2) 
from planarTECH LCC (South Korea). 
The operation of  the reactor (including 
auxiliary equipment) is fully automated and 
controlled using the SCADA shell made in 
the LabVIEW environment.
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Fig. 1. Copper fiber before (a) and after (b) electropolishing.

 

Fig. 2. CVD reactor
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Inside the reactor (a quartz tube with an 
internal diameter of  4 cm and a length of  
about one meter), the copper fibers were 
located inside the cylinder of  the quartz stand 
(or in the casing on the stand, see below).

The operating mode of  the reactor for 
obtaining graphene on copper foils was 
selected experimentally. It consisted of  two 
stages. At the first stage, reflected in Table 1, 
the stand was annealed. The second stage, 
which consisted in the synthesis of  graphene, 
is reflected in Table 2.

The cooling of  the reactor immediately 
after the growth of  graphene took place 
naturally with the reactor cover closed: up 
to 700°C on average in 30-40 minutes, then 
the furnace moved along the guide rails and 
the tube cooled to room temperature due to 
active air convection.

It should be noted that after the CVD 
experiments, the copper fibers looked like 
they looked like before, except that after the 
experiments the fibers acquired a natural 
copper luster due to the reduction of  the 
oxide film.

The obtained samples were characterized 
by a scanning electron microscope (SEM, Carl 

Zeiss Supra 40-30-87, Germany), a Raman 
spectrometer (CD, NT-MDT INTEGRA 
Spectra, Russia, wavelength 472.9 nm). X-ray 
spectra were obtained with the LYRA3 
TESCAN scanning electron microscope 
equipped with an x-ray detector from Oxford 
Instruments. Image processing and spectrum 
construction were carried out using Wolfram 
Mathematica and ImageJ software.

3. RESULTS AND DISCUSSION
3.1. ImpurIty structures

The first CVD experiments with the 
production of  graphene on a wire revealed 
a number of  features compared to the 
production of  graphene on a flat surface. 
In Fig. 3 shows the surface of  the copper 
fiber after the CVD experiment. It can be 
seen that it is all strewn with light impurities 
(against the background of  the copper 
fiber surface and grains of  graphene) by 
impurity structures that interfere with 
the formation of  a continuous graphene 
coating. X-ray spectra of  similar structures 
showed an increased content of  silicon 
and oxygen in comparison with the rest 
of  the surface (Fig. 4). From this it can 
be concluded that the impurity structures 
are a phase containing silicon oxides. 

NANOSYSTEMS

Table 1.
Stage 1. Annealing of the stand (preset parameters).
Step T°C t, min Ar, 

sccm
H2, 

sccm
CH4, 
sccm

NH3, 
sccm

P total. 
Torr

1 1000 30 800 50 0 - 0

2 1000 20 800 50 0 - 0

3 0 60 800 50 0 - 0

Table 2.
Stage 2. Growth of graphene (preset parameters).

Step T°C t, min Ar, 
sccm

H2, 
sccm

CH4, 
sccm

NH3, 
sccm

P total. 
Torr

1 0 5 100 30 50 - 7

2 1005 60 200 30 0 - 7

3 1005 30 200 30 0 - 7

4 1005 20 200 30 20 - 7

5 20 30 200 30 0 - 7

 

Fig. 3. The surface of  the copper fiber after the CVD 
experiment without the use of  a copper casing.

GRAPHENE MICROTYBES - NEW TYPE 
OF CARBON MATERIALS
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Impurity particles of  similar morphology 
on copper fibers were observed in [10] 
and [11].

Apparently, the quartz tube of  the 
reactor and the quartz substrate for the 
substrates are the main source of  silicon 
in the core of  the CVD reactor: at high 
temperature and in vacuum, silicon (or 
silicon oxides) sublimates and can condense 
on copper substrates. A large number of  
impurity structures can be explained by the 
fact that the nucleation of  these particles 
containing silicon occurs to a large extent 
on the grain boundaries, which, due to the 
geometry, are very much on the fibers. This 
is also confirmed by SEM micrographs, 
which show an increased concentration of  
impurity particles near grain boundaries 
(not shown here).

3.2. Growth of  graphene on copper fiber
An attempt was made to reduce the content 
of  impurity structures on the surface of  
copper fibers and to improve the morphology 
of  the graphene coating by using a copper 
casing, inside which was placed copper 
fiber. The results were encouraging: on a 
fiber placed in a copper casing (graphene 
growth actually occurs in copper vapor), the 
graphene coating looks quite solid with an 
average characteristic island size of  about 
10 microns. At the same time, impurity 
structures were practically not observed. The 

Raman spectra also show that the graphene 
coating on the wire has a poorly defective, 
multilayered character (Fig. 5).

To verify the continuity of  the graphene 
coating obtained on the wire, an attempt was 
made to obtain a graphene microtubule by 
etching out the substrate (copper) on which 
it was obtained (Fig. 6).

For etching copper, a 1 M solution of  
ferric chloride in water was used. Within a 
few hours the copper core was dissolved, 
exposing the graphene shell - a graphene 
microtubule. The resulting microtubule 
proved to be strong enough to not break down 
when moving in a liquid by disturbing it with 
vibrational motions. To seize it, however, 
tweezers fail because of  its destruction. In 
part due to this, it was virtually impossible 
to characterize the received tube. However, 
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Fig. 5. The surface of  the copper fiber after the CVD 
experiment using a copper casing. On the inset, the Raman 

spectrum of  a graphene coating.

 

Fig. 6. The process of  etching copper fiber in FeCl3 solution: 
a) beginning of  etching, b) after 40 min, c) after 2 hours.

Fig. 4. X-ray spectrum of  the impurity structure on the 
surface of  the copper fiber that was formed during the CVD 

experiment.
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with some confidence, it can be argued that 
the Raman spectrum of  such a microtubule 
is similar to that obtained from a copper 
fiber on which the graphene coating was 
prior to etching.

4. CONCLUSION
The paper shows the potential to extend 
the class of  flat graphenes (obtained on flat 
surfaces) to graphenes of  a rather arbitrary 
shape, depending on the geometry of  the 
substrate on which graphene is grown.

Using as a substrate a copper fiber 
(cylindrical surface) with a diameter of  200 
μm, it was possible to obtain a graphene 
microtubule in the work, which retained its 
integrity after dissolving the carrier substrate.

To get rid of  impurity structures 
(presumably silicon oxides) on the surface 
of  copper fiber and improve the quality and 
continuity of  graphene, a copper casing was 
used during its growth. In addition, graphene 
islands on fibers obtained with a copper 
casing have an increased average characteristic 
size compared to experiments without a 
casing, which reduces the number of  grain 
boundaries and improves the uniformity of  
the coating.

The work was carried out within the 
framework of  RFBR grant 16-03-00132.
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