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Abstract: At this article we give a brief review about the additives effects for cast polyamide 6 engineering
plastics. The natural grade Magnesium catalyzed polyamide 6 has unique mechanical properties. Our target is
to keep the mechanical and tribological properties with the development od antistatic and ESD composite
version. Graphite can be a potential additive to modify the surface resistivity, and impact strenght modifier
performed antistatic results.
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1. INTRODUCTION
The spread of plastics in electronic use was quite fast as its insulating characteristics had an
invaluable count. By now, with more wide use of plastics a demand rose for such special
compounds, which have lower resistance or are antistatic. Plastics considered like
conventional ones (insulating plastics) are not able to conduct the charge, therefore they get
charged. There are more disadvantages of electrically charged plastics: their surface can get
contaminated easily, they can adhere (foils), charges can be taken away by humans that can be
observed as a „strike”. Sparks can emerge, which can cause - in special surroundings explosion or burn. In agricultural point of view this latest effect is not negligible as several
times the ambient condition is critical (seeds powder mixed with air, pneumatic transport) in
which a spark is enough for explosion (powder explosion). In such fields it is beneficial to use
antistatic engineering plastics.
2. ANTISTATIC BEHAVIOUR AND ITS EXAMINATION
To classify the antistatic behaviour the surface resistance and half-period of materials are
commonly used. These values are not independent from each other, the relation between them
is the discharging process of condensators, which can be characterized with an exponential
equation (in more details: Gächter R., Müller H. 1989). Based on surface resistivity the
following categories are used in engineering practice (table 1) (Kalácska 2007).
Meaning of surface resistance was standardized log time ago. Now the second edition of „IEC
60093 Methods of Test for Volume Resistivity and Surface Resistivity of Solid Electrical
Insulating Materials” is valid since 1980 (figure 1.). For our research the measuring
instrument was set with 100V potential for 105 - 2·1011 Ω surface resistivity range. That is the
investigated range of the cast polyamide 6 versions. The accuracy in this range is ±5 %
according to the manufacturer’s data that were controlled, as well.

Surface resistance (Ω)
<10-3
10-2-100
101-102
103-105
106-109
1010-1012
>1013

table 1. Classification of materials by surface resistance
Group
Electrically conductive range of metals
Conductive range of natural coal
Electrically shading polymers
Electrically conductive polymers
Continuously conduct the electrical charges (beside little
resistance), Esd materials
Polymers having antistatic characteristics (beside high
resistance)
Insulating polymers

Fig. 1. Measuring layout of surface resistivity
3. SPECIMEN MATERIALS AND PREPARATION
In Germany PA6 was first produced in 1938. This is a polycondensational procedure
(Kalácska 2007). Natrium-catalyzed cast PA6 was developed only later, but it did not fulfil
the requirements. It was not appropriate for fiber production but it was excellet for block
casting. The industrial-scale production technology of magnesium catalysed cast PA6 was
worked out by Hungarian researchers in the 1990s. The use of the magnesium catalyzator did
not solve the problem of the fiber production, it only modified the characteristics of cast PA6.
Nowadays the Quattroplast Kft. produces magnesium catalyzed cast PA6 with a unique
production technology in the world. It takes the advantage of ring opening polymerisation.
(Macskási 1996). The surface resistance of natural PA6 is 1013 Ω (produced with the
Hungarian technology).
In plastic industry several additives are used for increasing the volumetric conduction
characteristics of the matrix. These materials are (Kalácska 2007): black carbon, graphite,
carbon fibre, metal coated graphite, glass fibres, metal coated glassballs. Characteristics
change can only be reached by using more additives than a specific concentration. With this,
they are able to compose a continual frame in the material. Conventianally more than 30%
additive is given to the base matrix to reach electrical conductivity.
One of the additives of material development was grapithe. Graphite was often used as
additive, eg. Novák (2004) determined, that antistatic characteristics can be reached with

more than 20% graphite addition, independently from the type of base material (polyuretan
and epoxy resin)
For measuring the surface resistance, the specimen should be prepared, as polyamides are able
to absorb humidity, and the absorbed water makes fake the measured results. Casting of test
samples took several weeks, so the first samples have time enough to absorb more humidity.
To exclude the effect of humidity from measurement, 2 mm of the materials were machined
from the surface. The remove the upper 2 mm is sufficient for polyamides because the
absorption is in accordance with the law of diffusion (the diffusion speed slows from the
surface to the depth of the materials). Beside the measurements in dry conditions, we also
made humid condition measurements to investigate the potentially best surface conductivity,
as well. The specimens were pre-soaked for 24 hours in 20°C water before the wet
measurements. Then we let them dry for 5 minutes on 20°C air before the test.
4. RESULTS
Table 2 and figure 2 shows the effects of graphite content on surface resistance.

Identity number
of specimen
236
230
225
223
224

Graphite
content (%)
1.50 %
2%
2.50 %
3%
3.50 %

Table 2. Effects of graphite content on surface resistance
surface
Catalysator Dry
surface Wet
resistance (Ω)
content (%) resistance (Ω)
2%
4.55·1010
2.01·107
2%
2.70·1010
1.44·107
2%
1.58·1010
2.27·107
2%
3.61·109
3.36·107
8
2%
2.12·10
2.51·107
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Fig. 2. Effects of graphite content on surface resistance
5. EVALUATION
Four important circumstances should be taken into consideration when evaluating the results:
1. The producer delivers semi-finished products (blocks), which is machined by the enduser
or customer according to their needs. Therefore the use of coating-like antistatics makes no
sense (e.g. by milling the removal of the surface results no antistatic behaviour later.
2. The agricultural circumstances does not mean stable environmental conditions, so the
surface resistance of machine parts independently of environmental effect (in worse case

despite of it) should stay below 109 Ω (the quality limit of the antistatics determined as a
target.)
3. During the evaluation it is enough to examine only the surface resistance of specimen: in
the agriculture the environment may change, the surface resistance of the cast PA probably
follows it with change of magnitudes.
4. The primary (basic) value is the surface resistance measured under dry conditions, as
during the use, this is the value which can be provided by the material in the worst
environmental circumstances, too (under wet conditions the antisatic characteristics are
always better).
In dry condition, with the inceasing of the graphite content, the value of the surface resistance
is decreasing, which is in harmony with the literature. It can be stated that in this system, the
antistatic effect can be reached also with less additives, there is no need for eg. more than
20% of additive content, as in case of PUR and EP. At 3% of graphite content the 109 Ω
magnitude can be reached, which means a good antistatics behaviour. It can be seen that for
the effect of humidity the surface resistance of specimen decreases to 107 Ω. On the basis of
tendency, the sample reaches this magnitude under dry conditions with 4% of graphite
content, so there is no significant difference between the dry and the wet value. These
materieals are less independent from the environmental effects in case of electrical
characteristics. However it should be noticed that the graphite content rise over a certain limit
does not have notable surface resistance change. In case of such surface resistance decrease,
the 5-6% graphite content means an electrically conductive polymer compared with the
originally insulating PA6.
Further examinations showed that the catalysator content shows opposite tendency in case of
dry and wet state. In dry status the catalysator content can decrease by magnitudes the
measured value, while in wet status it is less significant, but increases the value of surface
resistance. In practical point of view it is better to have less catalysator content, as in case of
dry, it can be change the material’s characteristics from the upper limit of antistatistics (1012
Ω) under the selected antistatic limit (109 Ω). The advantage of the higher catalysator content
can be utilized only in case of mechanical parts working under wet conditions, where there is
typically no statical charging problem, as the water in the environment provides the
conductivity of the charges.
6. CONCLUSION
Graphite efficiently develops the antistatic characteristics in case of magnesium catalyzed cast
polyamide 6. Despite of other researchers’ earlier experiences, in this system 2-4% of additive
was enough for the development of good antistatic characteristics (at least 109 magnitude).
The surface resistance values measured under wet conditions are in 107 Ω magnitude. PA6
with more than 3% of additives decreases surface resistence to 109-107 Ω. With this
characteristics they are able to conduct the charges well under dry and wet conditions, too. On
the basis of these it can be stated that antistatic characteristics were managed to reach by
magnesium catalysated poliamid 6 with effective additives.
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