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Tiny carbon parts are
already on sale for universities
and companies
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arbon nanotubes are as yet not in the su-
permarkets nor in specialist shops, but it
is now possible to buy them in Brazil, and
with national technology. These miniscu-
le parts can only be seen using powerful
electronic microscopes. They measure from
1 to 3 nanometers (nm) in diameter and
up to 1,000 nm in length, measurements
comparable to a fine hair divided 50,000 times in a longitudi-
nal manner. The carbon nanotubes are one of the major tech-
nological conquests born in the decade of the 1990s and today
are being produced in the laboratories of the Federal University
of Minas Gerais (UFMG) and commercialized by the Research
and Development Foundation of the same institution.

Among other qualities the nanotubes possess excellent elec-
trical conductivity and a mechanical resistance one hundred ti-
mes greater than that of steel, and at the same time, they have
flexibility and elasticity. These are characteristics that give them
the credentials for an infinity of important applications in scien-
ce and technology. They could, for example, interlink silicon
nanochips in the electronics industry, make up polymers to make
them more resistant or to make cloth impermeable or ceramics
stronger. In the medicine they are also welcome because they
are biocompatible and could, for example, liberate, in a safer and
more gradual manner, a medicine into a specific point of the hu-
man body or carry molecules to the interior of cells and be a ba-
sic component in the architecture of biological nanomachines.

These extremely small tubes have already become merchan-
dise in various parts of the world. Only a few companies pro-
duce the material as yet in a large part for experiments and the
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development of high technology pro-
diiets 0 J.ll.'litl'l, China and the United
States, An example is a bulletproof vest
manufactured with nanotubes that
makes it much lighter, malleable and
resistant than the conventional ones
Perhaps for this and also for a possible
use in nuglear encrgy and in the pro-
duction of armaments and bombs, i i
the réason why the United States has
vetoed the export of this product clai-
|'|!|ir'|5 H[mll..‘*,il.' interesis. The han wiis
confirmed by Brazilian researchers
whio received negatives from American
cormpanies for importing this material.

he produstion of
nanotubes at the
UIFMG, as well as
demonstrating na-
taonal scientific ca-
pacity and form-

ing researchers in
this area, is also
creating technolo-
gical independen-
ce for the country.
This story began to be detailed out in
1999 at the Manomateriaks Laboratory
of the Physics Department, under the
leadership of professor Lukz Ordando
Ladeira, “Our innovations in the synithe-
sis of carbon nanatubes were in the pro-
cess and the equipment used for produ-
cing them on a large scale”, savs Ladeima,
With the advance in our studies, it was
perceived that it was the time 1o make
this material availoble for a greater
numtber af researchers. The sdea was to
make nanotubes available to other uni-

versities, research institutes or Brazilian
companies that would have easier ac-

cess o the material, without the need
o import it Thus, with the sales that
started at the beginning of September
of this vear, the Fundep has already sold
carbon nanotubes to a university and a
Brazilian company. Up until the start of
Moverber, there were 6 granms ﬂsl all
nanotubes sold at a price of USS 30 per
gram, totaling USE 1800, which will be
divided among the researchers, one
third, and the UFMG, two thirds, after
discounting the 5% due to the Fundep

n the international market the price
ranges from USE 60 (o USS 200 per
gram, depending on the degree of pu-

rity. Thus the nationd product, which
is ool high cqueality and offers manipulan-

on GpLIONS i1 Various arcas, has a com-
petitive price.

The first Brazilian sales were to the
Chemistry Institute of Sdo Carlos (1QSC)
of the University of 530 Paulo (USP) and
i 8 530 Paulo company whose name
the rescarchers prefer not to disclose,
"We're negotiating with thrée other ma-
jor companics whose names we can't
reveal due to o confidentiality clause in
the contract’, says Francisco Eduardo
Ferreira da Cunha, the technology
fransfer anabyst at Fundep, responsible
for the product’s commercialization.

In 1991, the carbon
physicist Sumio lijin
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carbomn, al

d.ﬂmmd.in nature. This nes
them the Nobel Prize for Chemistry

The imitial incentive for the deve-
lopment of nanotubes ot UFMG came
from profossor Marcos Pimenta, from
the samie Physics Department, who, in
1997, during a sabbatical vear, worked
at the Massachusetts Institute of Tech-
nology [MIT), in the United States, ¥l
woarked with nanotubes there and
when | returned | encouraged profes-
sor Luiz Ladeira to develop them be-
cause my arca’s the optical spectrosco-
pe and he already had experience in
studving carbon”, the profesor tells
“I'd already been working with special

the fourth form of a moelecule made up exclusivel of carbe
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carbons since 1996 and from there |
started to allempt to make nanotubes”,
adds Ladeira.

In the manufacture of the frste
examples there was no lack of creativity
and even an original recycling method

of scientific instruments, “I'd been
thinking about how o make nanoiubes
when | remembered an obsoléte piece
of equipment for growing orystals that
had been -Ijl:lillB :I!I.III'iiI:IE i1 imy laksaca-
mr:.-", says Ladeira, “Then | transfor-
mved it into a machine that would make
carbon nanoibes.” How muwch did this

imagination iurmm.ﬁng the carbon manotubes,
Another aspect, this indeed taken seriously, is the

possible interferences of these miniscule parts in the

natural enviconment or in the human body, such as

pdaptation cost? "Practically nothing.
One coubdn’t even add up a bill”

Continuous process - Lsing the adap-
ted machine, the researchers managed
tor produce the first nanotube in 2001.
“This was a semi-continuous process in
which, during the production, it was
necessary to open the chamber in which
they were being produced various ti-
mes. Afterwards we found a way of pro-
ducing in a comtinuous form for a long
time”, revieals Ladeira. “At this momen
we're developing a new process of con-

bio-distribution

Manotube structure: a rolbed
up leal of carbon atoms avallable
in & hexagonal lorm
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tinuous synthesis that could reach o
production rate of 20 to 25g per day.”
An availability of nanotubes for the
schentific and innovation research sys-
tem in Bracl] s of extreme :i||:|.|:r|.|r!.1nq.|:
a1 the moment in which these carbon
parts are candidates for a mumber of
scientific experiments and industrial
use. The very acquisition of USPs ISC
shorws the diversity and the possibilities
that open up with carbon nanotubes.
Sérgio Spinola Machado and his mas-
ter's degree student Clindia Razzing
have acquired 20g of Fundep’s product
in the form of a black powder similar 1o
the mineral of its origin, namely gra-
phite, within a small glass recepracle,
They are going 1o use these nanotubes
in the formation of biosensors capable
of ientifying the contamimation by pes-
ticidies in foods or in river water, “We're
using the nanotubes o immobilize an
enzyme; the acetvicholinesterase, which
has its action inhibited by pesticides
during the analviical process”, assures
Machado, “Thus we're going to solve a
problem of electrodes (for the passage
of an electric current 1.1ll:rillE the analy-
sis) made of vitreous carbon that has a

uf our organism, but we

this for certain”. For Marcos Pimenta,
' G, "cardiac valves are made of carbon

risks exist, they would be very small like,
ple,'in the case that they would perforate

possible environmental possibilities

warld and in Brazil.

are in this dﬁ-cumm stich as what would happen if
nenotubes fell into a river? These are questions. that
are beginning to be analyred in various parts of the
“We imitiated a project with the
Biological Sciences Institute of UFMG o study the
of carbon nanotubes in human
beings”, says Ladeira,
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smooth surface and serves as support
for the eneyme. This molecule’s 3-di-
mensional structure adapts itself better
in the pores of the nanotube that are fi-
xed in the electrode.” Suck only on the
smioth surface, the eneymie rermains es-
tablished as if it were flattened and s
sctivity diminished. Thus, with the na-
notubes, the analyss process of pestici-
des should be more precise and efficient,

The nanotubes thai the UFMG ha-
wve available are of the r;:i:ngl:' wall 1y
pe, in which only one sheet of carbon
atoms gains the formal of a tube. Ano-
ther form exists and that 15 multiple
witlls, in which various sheets of carbon
are rolled wgether e the form of a
tube. This type of nanotube is alse one
of the objecis of the UFMG study
group, which duning the period bebwe-
en 200 and NG5, For c:ul:l]:lle. I!uh]f.}-
hed four scientific papers in the jowrnal
Pliysical Review Letters,

The namotube with the single wall i
a potential candidate for two expected
technological revolutions for this century
in the electro-clectronic industry and
:ln.-dil::ill.-::. In the |;ll|!|.r|'. rl,:ﬂt.‘.l.r:.ill.."!‘i. all
over the world are scarching for ways to
send the nanotubes, full of antibodies and
CYHMDXInG, to 3 canderous fumor, with

together
nnnnr'ﬂrtu:ln that catabyzed their I'ummhnn ruﬂim.
“We vaporized carbon in a chamber with helium gas,
mogether with metals such as mickel, al lemperatures
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Spaghettic single wall chﬁtubl'l
produced on a large scale

the objectnve of anmibalating the ssck cells.
“Oine of our dreams here at the UFMG is
to produce these intelligent nano-missi-
les for cancer treatment’, explains Ladeira

In the electro-electronic industry
the single wall carbon nanotube is
pointed to as the ideal link for future
nanochips, tofally substituting the ali-
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con chaps used today. In this case the
nanotubes will make the linkage betwe-
en the transistors and diodes of an elec-
tromic circuit, in a situation that wall
improve the components’ performan-
ce and that of the whole system. Simi-
lar conneciions, Between silicon diox-
de posts, with nanotubes have already

'ﬁumﬂum. wi-

chambe: ﬂlmmhﬂhmm and
tmirﬂ'ﬂ:h also contains a ceramic powder with
metallic nanoparticles, In this process, the carbon na-
notubes are formed upon this ceramic material. The
CVID technology is cheaper and currently more in
use. The Manomaterials Laboratory st UFMG has
P sets of CVD apparaius. One of them we impor-
ted and the other we made here”, says Ladeira
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Forest: carbon nanobubes
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been tested at UFMG and proven
through scanning electron microscope
images, Some research groups: in the
world, such as the pionecring group at
Harvard University in the United 5ta-
tes, i 1998 had experimentally produ-
ced transistors and disdes using carbon
nanotubes, The American company,
Mantero, in Wobarn, Massachu-
setts, for example, developed a
svstem for the manufacture of
Complementary Metal Oxide
Semiconductor (CMOS), and is
now planning o memory sysiem
for computers based on nano-
tubses that will be offered to the
market as a substitute for the
current BAM memory, Random
Access Memory.

The first steps in electronics
have already allows researchers to 1ma-
gine that the nanotubes are candidates
tor b installed within computers and in
any other type of dlectronic devices over
the next few vears. "Today all of the se-
miconductor research community 15
interested in carbon nanotubes”, savs
Pimenta, Many problems have vet to be
resolved in the production of these parts
for ebectronic ende and o exaablish the
linkapges between the elements of an
electromic circuir, for exampbe, ~ The re-
search is still at a stage distant from
commercial applhication.”

A characteristic of the nanotubes
that favors its inclusion in the ebectro-

nic world, although carbon 15 not a
conducting element par excellence, is
the capacity for ebectrical conductivity
that it possesses. The secret lies in the
form of rolling the graphite sheet, the
miaterial can then behave with distine
electronic properties, like a semicon-
ductor or a metal’, explains Ladeira.

he dectronic properties are
obtained by the form with
which the hexagonal atomic
carbon structures arc oricn-
tated in relation o the axie
of the tubse (3 phenomenon
calbed chirialivy), “In the ex-
tremcly small thread of the
manoiube, the electrons are
confined and move in only
ome direction in a unidimen-
sl form, They move withowt colli-
ding with the nuclei of carbon, which
endows them with an elecirical con-
ductivity much better than that of cop-
et savs Ladeira,

With a long wall of one atom in
thickmess, Hexibie and highly resistant,
the carbon nanotubes are also good ab
sorbers and accumulators of gases. One
of the forecast uses for nanotubes is in
the transport and storage of hydrogen
in Fuel cell systems, the equipment that
tramsforms this gas and oxygen into was
ter and ebectrical energy. ™ Their charac-
teristics permit the accumulation of ga-
ses between and within the tubes placed

side by side like twosoft drnk straws,
s well as fixing gascous molecules on
their surfages for some type of analyss
such as an electronic nose, for exam-
|~1r:'. \.uﬁ:,d',:.h Pimsenta. This PI'I.'II;-IL'L'I 15
one of the lines of study of the recently
eatablished MNatwonal Besearch Merwork
into Carbon Nanotubes, funded by the
Mational Council of Scientific and Tech-
nologecal Development {CNPg). "We've
brought together 15 universities, such
as UISP, the State University of Campi-
nas { Unicamp}, and the federal univer-
sities of Rin de Janeiro (LUFRTS, Flumi-
mense (UFF), of Parand (UFPR), of
Maranhao (UFMA) of Pard (UFPA), of
Santa Marza (UFSM, in Rbo Grande do
Sul, and of Juiz de Fora (UF]F) and La-
vras [ LFLAL, in Minas Gerais State’, ad-
vised professor Pimenta, the network’s
conrdinator,

Technological transference - The
apphications Iooked wpon within the
projects, now united into & network,
are varied such as the mixing of nano-
tubes with polymers or resins in such
as mulnner as 1o increase the mechani-
cal and thermal propertics of the coa-
ting on aircraft, gaining maore resistan-
co and lightness in relation 1o steel (six
fimes lighter).

"A Tundamental aspect of the net-
work is to have nanotubes available on
a large scale for the work groups wi-
thout their presccupation of having
to produce them”, says Pimenta, There
again comees in the imporiance of the
production by Luiz Ladeiras group,
The UFMG has already been passing
nanotubes for free to the research pro-
jects in wiich the university's research
group had been involved. This is hap-
pening with Unicamp, the Federal Lini-
versity of Ceard and the Muckear Tech-
nology Development Center of the
Mational Muclear Energy Commission.
With a growing demand and the uni-
versity not being truly a location for
|H.115prcni|.1|:thl1 of & scientific and tech-
nical nature on a large scale, the ressar-
chers are already imagining the forma-
tiorn of a company for the manufsctire
of nanotubes, “This s going to depend
on the market”, says Ladora, Another
possibility & the transfer of technology
o a company that invests in the pro-
duction, paying rovalties to the research-
ers and umiversity. .
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