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The observation of active carbons by scanning tunmeling microscopy
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Scanning tunneling electron microscopy {STM) has
been used extensively for the study of well organized
carbons. As a consegquence, synthetic graphite of the
HOPG type (Highly Onented Pyrolytic Graphite) is
uzed as a calibration standard in STM (1], owing o s
good conductivity and its almost perfect planar
structure at the atomic level. Other carbonaceouns
materials, such as carhon fikers [2] and, more recently,
carhon blacks [3], have also becn examined
syccessfully by 5TM. From these stodies, a number of
ohsarvations have been made and conclusions have
been drawn, which could not have been obtained by
other meins.

As far as we know this technique has not yet
been applied to active carbons, This material 15
eonsideted 10 be a bad conductor and therefore it was
assumed that a stady by STM would prove difficult.
The aim of this communication is to show that this
possibility exists, provided a number of precautions are
taken. The stady of active carbons by 5TM also
requircs & great deal of patence,

For our preliminary study, we wsed a sample
provided by Sociéié PICA {France), resolting from the
gctivation of coconut shells by stieam near E%I)—W.
Its equivalent surface arca, measured by argon
adsorpiion at =77 K. is 2300 m2/g, which indicatwes a
high depree of burn-off and consequently the presence
of relatively large micropores (widths, L, in the range of
1-2 nm {41). In order o remove oxidation by-products
from the surface, which are poor condyctors of
electricity, the sample has been subjected for two days
to wluene extraction in a ‘soxhiet’. Finally it was dried
i vacuem at 1007C. A small particie of the carbon 1o
be examined by STM is fixed 0 a glass plate by a
conducting glue which casures electrical conductivity.
Onservations were camied oul with a Nanoscope [T
microscope (Digital Insruments), equipped with & PV
(BOV20N b working at 20 mV and 1-5 nA. Filtering

Figure |. Schermatic structure of an active catbon.

was only applied w micrographs at relatively low
magnifications, in drder o improve their interpretation

Active carbons are essentially microporous and
their physico-chemical properties, such as the
micropore volume, the internal and external surface
arcas and chemical centers, can be assessed by standard
icchnigues [4-5].  Avemage micropore sizes. and in
some cases their distribution, can also he assessed on
the basis of adsorption experiments combined with the
use 0f molecular probes [6], Such distributions have
hean shown 0 he in gond agreement with direc
ohservations by HRTEM (High Resolution
Transmission Electron Microseopy) [T]. However, this
technigue only applies to the edges of thin particles and
the real structure of active carbons has nod vet been
ohserved dirc:cdsy. A !mssihle model (Fig. 17 has been
suggested by Stoeckli {5]. It describes the three-
dimensional structure as a loose packing of curved
aromatic surfaces, similar w0 wood-shavings, The
resulting spaces. often slit-shaped at the molecular
level. correspond to the micropores. The larger pores
{meso-and macropores) result from voids hetween
aggregates. :

Fig. 2 shows a selection of 5TM micrographs
obwined in our laboratory. At low magnifications
(miceograph 1), corresponding to an aren of 2000 x
2000 nm, the surface appears 1o be smooth, with some
irenches extending over S00-1000 nm. As suggested by
the corresponding profile, they are relatively deep and
cormespond Lo macropores, AL 2 higher magnification
(micrograph 23, corresponding o an area of 50 x 50 nm,
the surface now appears to be rugged and one can
obgerve Lypical mesopores with dimensions bepwesn 2
and 50 nm. These pores are filled by capillary
condensation when vapors are adsorbed st relative
prassures pip, > U.4. The picture also sugpests (he
presehee of smaller cavities, clearly visible at sull
higher magnifications {micrographs 3 and 4).

On magrograph 3, with an ares of 15 1 15 A,
one Observes 3 central region with dimensions of less
than 2 nm and slits comverging wewards ik The overall
siructure is similar w0 that of Fig. 1. The dimension of
these slits is close o | nm as revealed by micro h 4,
covering an area of only 5 x 5 nm.  Such pores ?Elw:
also heen observed in 3TM in acivated carbon fibers.

Further information is provided by micrographs
5 and 6. They show the same area of 5 x 5 nm,
respectively in the “height' sod ‘cuarent’ observation
modes. These pictures suggest that active carbons
display a much higher degree of Jocal organization ot
the atcinic level, then assumed previowshy.

This first study shows that 5TM can be a
powerful tool for the characterization of sctive carbons,
where it confirms, by dircel ebacrvation, the goneral
picture postulated for their porous structore.  Detadled
results, relating the structure, the physico-chemical
propertics ond the mode of activaton of this type of
carbon will be reporied later,
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Figure 2. Scanning tunnelling microscope photos of active carbon,
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