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Carbon nanotubes produced from hexane and ethanol
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The synthesis of multi-wall carbon nanotubes using hexane or ethanol as the carbon source, hydrogen as the carrier gas, and iron
catalyst with a thermal chemical vapor deposition method, is reported. It was found that the use of ethanol as the carbon source unde
temperature (700C) gives better results than other liquid precursors in obtaining long and clean carbon nanotubes on quartz substrates.

Keywords: Carbon nanotubes; chemical vapor deposition.

En este trabajo se reporta [mtesis de nanotubos de carbono de paredétiptes empleando laétnica de descomposici trmica de
vapores. Se emplean hexano y etanol como precurdgrgdds para el carbono, se utiliza Fideno como gas de arrastre y hierro como
catalizador. Se encuentra que la descomp@side etanol a 70 sobre sustratos de cuarzo da lugar a nanotubos largos con pocas impureza:

Descriptores: Nanotubos de carbono; descompasiciérmica de vapores.
PACS: 61.46.fw; 81.16.Be; 81.16.Hc

1. Introduction tem. We have obtained the optimal conditions for growing

. . carbon nanotubes on substrates for future experiments on op-
Carbon nanotubes have proven to be a very interesting ma a1 and transport properties

terial due to their unique physical properties. They are con- -

sidered to be a quasi one-dimensional system which can be- We have chosen the use of liquids and nqt gases as the
have as a metal or as a semiconductor depending on Stmggrbon source because the use of large containers and valves
tural factors. Due to their electronic and mechanical prop—'s avoided; instead a small bubbler with small liquid volume
erties, and because of their hollow structure, many poten(-around 20 ml) is ;ufficient for s_everal exp_erime_nts. Further-
tial applications have been proposed such as nanometer-sizg]%);eégze;ﬁtsﬂﬁivi% \:ﬁirftitr':aesfolr:\grotrﬁéngr‘gggﬂTa?r/ “c?s-e
electronic devices, composites with other materials and also q ! P burp

for hydrogen storage [1]. The methods for the synthesis of'© have selected two liquids as thg carbon source: he""?‘”e
. ... _and ethanol. It has been reported in the past that by using
carbon nanotubes are of great importance, some applicatio - . i
: . . . these liquids and with some variants of the CVD method,
require great amounts of this material, other cases high pu- .
o . .= " very long carbon nanotubes have been obtained. In fact, by
rity is the more important property, or for some applications ~. . ; .
. . X o using an enhanced vertical floating technique, long strands
the growth with special morphology or in specific substrates :
. . . ... (up to 20 cm) of single wall carbon nanotubes (SWNT) have
following particular patterns are the important characteristic

Many techniques have been developed for these purposes, oF produced [7]. Alternatively, with the same method, but

i : . . with ethanol as the carbon source, a continuous production of
example: arc-discharge, laser ablation and thermal chemic WNT and multiwall carbon nanotube (MWNT) fibers has
vapor deposition technique (CVD) [2]. CVD has proven A cen reported [8]. Recently, a very long (up to 4 cm long)
useful method to grow carbon nanotubes due to its versa- ) ' ;
I ) solated SWNT has been synthesized by the CVD method
tility in the use of a great variety of carbon precursors and”™
catalysts. Another advantage of CVD over the other two "9 ethanol as the carbon source [9],
methods is that it is possible to grow carbon nanotubes on In the next few paragraphs we shall describe the exper-

different substrates by covering them with a suitable cata'—mental method and the results for the production of car-

. ) . . bon nanotubes. This method is similar to that reported in
lyst. Moreover, if the catalyst is deposited following some ; . ) :
- Ref. 9, with some differences such as: the carrier gas and the
specific pattern, then the carbon nanotubes can grow on the

substrate with the same morphology as that of the catalysfa chmque fpr depositing the precursor of the catalyst. Be-
ause in this reference very long carbon nanotubes synthe-

pattern. For example, highly patterned vertically organizeac. . .
- i sized at 900C were reported, we primarily chose the same

gg?ac?;i%e[;]t rl:;]tgr;zouﬁggazfngﬂrg?tae;z ?r?;%htulrﬁv[%]tizipemperature in our process, but for purposes of comparison

. ’ 9 ' 9 we also arbitrarily selected a lower temperature for the syn-

tices of carbon nanotube arrays have been fabricated that Cﬁ'pesis (706C)

be considered a two-dimensional photonic crystal with inter- '

esting optical properties in the visible region of the spectrum.2 E . | detalil

In this work we report experimental results on the syn-<- xperimental details
thesis of carbon nanotubes using two distinct liquids as th®ur system consists of a horizontal furnace with a quartz tube

carbon source and iron as the catalyst in a simple CVD sygwith a 2.2 cm internal diameter, and 2.5 cm external diame-
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hydrogen large nanotubes and fewer carbonaceous particles (Fig. 2b).
bubbler tank [ ] In the case of ethanol, longer nanotubes and clean material
furn. 1 are obtained at 700C (Fig. 2¢c) compared to the case of
ace flow Livalve 900°C (Fig. 2d). The main conclusion of these results is
’» regulators™ — — that the longest and cleanest nanotubes are obtained using
afiz L sample ethanol as the carbon source and a low temperature for the
qu L] argon growth (700 C). The other important fact is that all the ob-
tube tank served nanotubes are of multi-wall nature, such as is shown

in Fig. 3, where a lateral view of a carbon nanotube produced
with hexane (a), and a closed tip of a nanotube produced with

ter) as the reaction chamber in which controlled flows of ar_ethanol (b) are observed in high resolution TEM images.

gon and hydrogen can be introduced directly or via a bubbler On the other hand, the role of oxygen and hydrogen in
with the desired liquid as the carbon source (Fig. 1). the growth process of carbon nanotubes is not clear, but it
We used iron nitrate (Fe(N{s-9H,0) as the precursor Was proposed that these may inhibit the production of other
of iron which acts as the catalyst [10], preparing a 120 mmkinds of carbonaceous material and enhance the growth of the
solution of iron nitrate in ethanol and spin-coated on clearfl@notubes. In the case of oxygen, it is believed that the alco-
fused quartz substrates. These substrates are loaded at ffd molecule is decomposed on the catalyst surface forming
center of the furnace where the temperature in the interior oPH radicals, these then react with neighbouring carbon atoms
the quartz tube has been previously calibrated. At the begin¥ith dangling bonds to form CO and in this way the amor-
ning of the process, pure argon (126 sccm) is directly introPhous carbon is removed at the very early stage [11]. With
duced into the tube furnace for several minutes to displac&lis process, the catalytic particle can always have a clean
the air, then the temperature is raised to the desired valu@!rface that allows for a longer time of activity thus leading
(700°C and 900C in approximately 30 and 40 minutes re- 10 longer carbon nanotubes [9]. Although there are no mod-
spectively). When the target temperature is reached, the a/s to explain the role of hydrogen in the growth process, it
gon flow is switched off and pure hydrogen (450 sccm) iswould be probable that similar reactions on the catalyst sur-
directly introduced for a period of 5 minutes to displace theface may occur where volatile species are formed, preferen-
remaining argon. Then a flow of hydrogen (88 Sccm) is nov\;ia”y with carbon dangling bonds. Other mechanisms have
passed through the bubbler with 20 ml of hexane or ethandPeen also proposed when hydrogenation of hydrocarbons oc-
for 60 minutes. In Ref. 9, a lower flow of the carrier gas is CUrS; in this case the reactions may be exothermic and then
used, but due to technical limitations of the flow controllerthe local temperature on the catalytic particle is raised, thus
used in our experiments, flows lower than 80 sccm are diffiPromoting the growth of nanotubes instead of other carbona-
cult to control, so we decided to use a flow of 88 sccm forceous particles [12]. In other reported experiments, the im-
the carrier gas in all the experiments. Note that at this stagdortance of the use of hydrogen has been confirmed because
hydrogen, which is the carrier gas through the bubbler, andithout the use of hydrogen as the carrier gas, and its replace-
the vapor of the liquid are the only gases that are introduce€nt by argon for example, the yield of nanotube growth de-
into the tube furnace. At the end of this process, the flow ofreéases and no long strands are produced [7,8]. It should be
hydrogen through the bubbler is switched off and is replacedioted that when we use argon as the carrier gas in our exper-
with pure argon directly into the tube furnace (126 sccm, fofiments, the deposition of carbonaceous material on the inte-
15 minutes) to displace the remaining mixture of hydrogerfior wall of the quartz tube in the hot zone is evident, and a
and liquid vapor and therefore, to avoid any deposition of un<lean quartz tube is observed after the growth process when
desired carbonaceous material during the cooling of the furbydrogen is used, obtaining a carbon deposit only on the sub-
nace. Finally, the furnace is switched off and cooled to roon$trates. These facts demonstrate the etching characteristic of
temperature under the argon flow. hydrogen and the importance of the catalyst on the substrate
The synthesized material was scratched off the quartfor growing carbon nanotubes.
substrates and sonicated with ethanol for 10 minutes; a few Returning to our results, we believe that the effectiveness
drops of this suspension were deposited on copper grids faf hydrogen in the case of hexane (Figs. 2a and 2b) is better
transmission electron microscopy (TEM) observation, usingat higher temperatures, because at lower temperatures more
a JEOL JEM-1200 and JEOL 2010 FasTem microscopes. carbonaceous particles are obtained, such as that observed in
Fig. 4a where the catalyst particle is entirely covered with
3. Results carbonaceous material. An EDS analysis on the particle
(Fig. 4b) shows that pure iron is located in its interior and no
Figure 2 shows low resolution TEM images of the obtainedoxygen is detected, indicating that even when the nanopar-
carbon nanotubes. In the case of hexane, at@@Bany nan- ticle has been exposed to the ambient, the carbon works as
otubes with different diameters and other carbonaceous pa@ very effective protecting layer. It is also interesting to note
ticles are observed (Fig. 2a). The growth at @@roduces that, when hexane is used as the carbon source, long iron

FIGURE 1. Schematic diagram of the CVD system.
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FIGURE 2. Low magnification TEM images of carbon nanotubes obtained using hexane as the carbon source at the synthesis temperatt
(a) 700C, (b) 900 C, and ethanol as the carbon source at (cYT0@d) 900 C.

FIGURE 3. High resolution images of the multiwall carbon nanotubes obtained &C0@) from hexane and (b) from ethanol carbon
sources.
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FIGURE 4. (a) Carbonaceous particle obtained with hexane at°@@nd (b) EDS analysis showing that no oxygen is present in the
core (b), the un marked peaks correspond to the copper grid of the sample holder. (c) Z-contrast image of a carbon nanotube filled with iron
synthesized under the same conditions as (a).

nanowires inside carbon nanotubes are frequently observeshough that not only the amorphous carbon is eliminated, but
(Fig. 4c). Why this filling process occurs at low temperaturealso the growing nanotubes suffer the attack of the etchants.
(700°C) is not clear to date (the melting temperature of bulkin the second possibility, the OH radicals may react with hy-
iron is around 153%C) and it deserves further investigation. drogen to form water, making the elimination of the amor-

It should be noted that carbon nanotubes have been filled withhous carbon on the catalyst less effective and so depressing
high melting temperature compounds, such as FeCo alloyshe growth of nanotubes (see discussion above).

using synthesis temperatures as low as°€5{L3], but the
filling mechanism is not clear. On the other hand, it is known
that the melting temperature of nanoparticles can be consid="
erably lower than the corresponding value in bulk. For exam-

ple, in the case of nanoparticles of iron with sizes around ults using a simple thermal chemical vapor deposition sys-

e e e soecos oo o o™ fr OB catbon nanotbes. The man achaniag o
) ) e method is the great variety of liquids that can be used as
alloy has been found to be in the order of 7GJ15]. With 9 y d

L2 ) . carbon source. Hexane and ethanol were used as the source
this information we may speculate that in our case some cat;

. i o . 5f carbon and under our synthesis conditions, multiwall car-
alyst nanoparticles may be in the liquid state, promoting thE‘bon nanotubes were obtained using iron as the catalyst. Our

nanotube growth and filling them with iron by means of aé{experimental results indicate that longer nanotubes can be ob-

Conclusions

n conclusion, we have presented here the experimental re-

catpr)]ll_lary effectt). Thle Iagtttht?]t only s_?_me nart'lr:)tubeds_tgre fille ained with the use of ethanol at 70D, probably due to the
\t,)w |ronhmay erelatedtothe Sfptic' IC gtr(l)wt co?h ! |on§ ?n effect of OH radicals which inhibit the production of amor-
Yy non-homogeneous zones ot the catalyst on the Subs ra@ﬂous carbon, activating the catalytic property of the iron par-

where in Some regions thg siz€ Of. th? catalyst nanopartic| cle and enhancing the growth of longer nanotubes.
meet the conditions for being in a liquid state.

In the case of ethanol as the carbon source, a low tem-
perature appears to be better than higher temperatures for oBcknowledgement
taining long carbon nanotubes. We believe that in the case of
higher temperatures, two processes that inhibit the growth ofe would like to thank Carlos Flores (IIM-UNAM) for
long nanotubes may occur. In one case, the combined etchis help in obtaining low magnification TEM images, and
ing characteristic of OH radicals and hydrogen may be strong- Rencn (IF-UNAM) for high-resolution TEM.
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