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increase options in plastics

In order to produce antistatic or even electrically conduc-
tive polymers there are several choices of additive - ranging
from carbon black, carbon fibres, metal powders or fibres
through to intrinsically conductive polymers. Until now,
graphite as a conductive additive has largely been neglected
in spite of its high conductivity and its other important
properties for plastics applications. However, German com-
pany Graphit Kropfmuehl AG has developed a new group of
highly conductive graphites. Plastics Additives &

Compounding reports.

Like diamond, natural graphite is a modi-
fied form of pure carbon. The basic struc-
ture of graphite consists of hexagonal
groups of carbon atoms, which form sta-
ble planar grids with only weak interlayer
bonding (see Figure 1). These characteris-
tics are the principal reason for the unique
chemical and physical properties of
graphite:

Excellent electrical and thermal
conductivity

Excellent lubricating properties

High resistance to oxidation,
particularly at elevated temperatures
The ability of chemical molecules to be
intercalated between the graphite layers.

According to Graphit Kropfmuehl AG
(GKAG), from the outset, the company's
recent investigations concentrated on the
selection of those grades of graphite that
would be the most effective as conductive
additives to polymers. In addition, the
work considered how these grades could
be optimized and how they perform in
comparison to other carbon-based con-
ductive additives.

In order to evaluate different carbon-
based conductive additives, the company
says that it used an experimental method
that would rapidly yield significant data
without complex instrumentation (see
Figures 2 and 3).

Figure 1:The basic structure of graphite.

According to GKAG, experimental work
confirmed that the results were applicable
for both polypropylene and polyethye-
lene.

GKAG says that comparison of different
graphites showed a wide range of conduc-
tivity berween different grades. Under
identical experimental conditions, con-
ductivity dara between 0.8 kOhm and
several thousand kOhm were obtained
using the company’s experimental meth-
ods.

The company adds that close examina-
tion of the experimental data showed
that electrical conductivity is only mini-
mally influenced by carbon content and
particle size of the graphite used, while
particle structure was shown to have the
greatest influence.

The higher the "aspect ratio' (the ratio
between the maximum particle diameter
and the particle thickness), the higher
the resultant conductivity. This particle
structure both depends on the original
material used for production of a certain
grade, as well as the processing methods
used (for example, purification and
grinding).

GKAG claims that by choosing the
appropriate production methods to opti-
mize conductivity, a minimum resistivity
of 0.8 kOhm was found to be achievable.
Secondly, the company says that highly
conductive graphite can be achieved
through particle modification. In order
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to obtain further improvements in con-
ductivity, trials were carried out with
modified grades of graphite. The aim of
these trials, says the company, was to
reduce contact resistance between single
graphite particles by building ‘conduc-
tive bridges’ (see Figure 4). As a result a
new process was developed where it was
prssible 1o imprave the alrsdy high con-
ductivity of conventional graphite grades
significantly. GKAG says that the resulc
of the work has been the development of
a new group of highly conductive
graphites called COND-graphites.
Finally, the company says that it went on
to compare different carbon-based con-
ductive agents. In order to evaluate the
newly developed conductive graphites
comparisons were made between these
materials, conventionally produced
Kropfmuehl graphites for conductive

Figure 4: Conductive bridges are built between graphite

particles.
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applications, another trade conductive
graphite and a commonly used additive -
carbon black. The result of these compar-
isons is shown in Figure 5.

Conclusions

GKAG explains that by careful choice of
raw material and processing method the
suitability of natural graphite as a conduc-
tive agent in polymers can be optimized.
However, particle structure was shown to
be the most important factor.

The company claims that the investiga-
tions show that conventionally produced
graphites can provide conductivity that is
superior to that of carbon black and by
surface modification of the graphite parti-
cles - resulting in the production of ‘con-
ductive bridges' - conductivity can be
improved significantly. As well as their
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conductive properties, GKAG also says
that its natural graphite grades are envi-
ronmentally-friendly and also show
advantages during processing in polymers,
such as easy dispersion and chemical
inertness.

In addition, the company believes that
there is a good balance between the costs
and benefits the additives provide.

The company says that applications range
from conductive coatings and antistatic
plastic components to highly filled poly-
mers, which are used in bipolar plates for
fuel cells.
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