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Recipe for an Extra Portion of Conductivity

Graphite Additives Adapt Plastics to Requirements for Thermal and Electrical Conductivity 

Graphite’s good thermal conductivity makes it a suitable functional filler in plastic compounds used for heat 

management in electronic applications, automobiles, and apparatus engineering. However, different graphites 

perform differently. Once a suitable, possibly partially modified graphite has been selected, plastics properties 

can be adapted to the particular area of application.

Demand continues to grow for com-
pounds with good mechanical 

properties in combination with thermal 
conductivity. Graphite-filled plastics are 
freely formable, easy to process and 
light-weight. This mineral multi-function 
additive consists, like diamond, of crys-
talline carbon and, in addition to good 
electrical and thermal conductivity, has 
an anti-abrasive effect. Graphite owes 
these properties to its layered crystalline 
structure. It is a suitable additive, since it 
is chemically inert, non-toxic, and has a 
good price-performance ratio. The elec-
trical conductivity of graphite lies at 
3 x 10⁶ S/m, its thermal conductivity is ap-
prox. 150 W/mK, a value similar to that of 
metals (Fig. 1). This combination of prop-
erties makes graphite an efficient addi-
tive for plastics applications requiring 

high thermal conductivity. The latest re-
sults of a study by the Georg H. Luh 
GmbH of Walluf in cooperation with ZBT 
GmbH of Duisburg, both Germany, show 
that, depending on the requirement 
profile, there are various graphite-based 
filler concepts that achieve appropriate 
results.

Filling Study with Various  
Natural Graphites 

A filling study of various natural graphites 
was carried out with polyamide 6 (PA6) 
and polypropylene (PP). The following 
natural graphites were comparatively in-
vestigated: 

WW Graphtherm, a natural graphite manu-
factured for high filler levels by a spe-
cial processing method;

WW Graphcond, a natural graphite modi-
fied by delaminating for high electrical 
conductivity at low filling levels; 

WW macro-crystalline natural graphite such 
as used in many technical applications; 
and

WW micro-crystalline natural graphite, a 
low-priced standard graphite for sim-
ple applications.

In a twin-screw extruder, the graphite 
samples were added to the polymer melt, 
beginning with a filler content of 10 vol. % 
and increasing it to the corresponding 
maximum filling level possible for pro-
cessing. Subsequently, the material densi-
ty of the compound was detected with a 
gas pycnometer. The thermal conductivi-
ty of injection molded sample parts was 
detected by laser flash analysis at 25 °C 
perpendicular to the plate plane. Laser 
flash analysis is a one-dimensional mea-
surement method by which the tempera-
ture conductivity of a sample body is 
warmed on the underside by a short-term 
laser pulse, and the temperature increase 
is measured on the top of the sample by 
infrared detector. Electrical continuity re-
sistances were detected by the four-pole 
measurement method, and mechanical 
properties in the 3-point bending test. 

Thermal and Electrical Conductivity 
Using Graphite

The fundamentally positive influence of 
graphite on the thermal conductivity of 
plastics compounds could be demonstrat-
ed for all the graphite samples tested. 
Thermal conductivity in a compound also 
increases directly with increasing graphite 
content (Fig. 2). The highest thermal con-

The traditional raw material graphite serves not only for pencils, but is also used as an additive in 

plastics for thermally conductive applications  (© Georg H. Luh)
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compounds, it must be assumed that the 
percolation threshold was not reached at 
which the graphite particles are in con-
tact with each other. Conductivities larger 
that 0.1 S/m do not appear at filling levels 
less than 20 to 35 vol. %, i. e., continuity re-
sistance is lower than 1000 Ωcm.

The Influence of Various Graphites  
on Processing

All of the graphites tested can be easily 
processed and are suitable both for 
compounding and for injection mold-
ing. When processing graphites in ex-
truders, it is generally the case that the 
smaller the graphite particles and the 
higher the specific surfaces are, the 
harder it is to process the compound. 
Conversely, larger graphite particles can 
be processed better in a compound. In 
principle, graphites can be filled higher 
in PP due to the polymer’s lower density, 
thereby achieving higher thermal con-
ductivity values. The PP compound ex-
hibits better flowability than the PA6 

ductivity (> 25 W/mK) was achieved by 
adding 75 vol. % Graphtherm to polypro-
pylene. This, as well as low filling levels of 
micro-crystalline natural graphite, effects 
clearly lower thermal conductivities than 
the other two products. When Graph-
cond was used, comparatively high ther-
mal conductivities could be achieved at 
low filling levels up to 40 vol. %. Thus, a 
25 vol. % filling level caused 2.8 W/mK 
thermal conductivity. This corresponds to 
a factor of 100 compared to unfilled PA6. 
40 % macro-crystalline graphite effected 
a remarkable 4 W/mK thermal conducti
vity, markedly higher than the thermal 
conductivity values achievable by other 
mineral additives, such as aluminosili-
cates or boron nitride. 

The additive Graphcond caused the 
significant electrical conductivity of 
0.05 S/m (continuity resistance 2035 Ωcm) 
at a low 10 vol. % filling level. No other 
samples with this low filler content exhib-
ited any electrical conductivity within the 
measuring range (10-2 Ωcm up to 10⁶ Ωcm) 
of the analytics used (Fig. 3). For these 

Fig. 1. Electrical and 

thermal conducti­

vity in comparison: 

graphite unites both 

properties in a 

single additive   

(source: Georg H. Luh)
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Fig. 2. Thermal 

conductivity in a 

compound increas­

es with the filling 

level. At high addi­

tive contents, the 
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conductivity  
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compounds, so that less injection pres-
sure is required for injection molding 
(Fig. 4), thus enabling the production of 
thin-walled parts, for example. By con-
trast, the heat resistance of PA6 com-
pounds is higher than that of PP com-
pounds, whereby applications with 
higher temperatures can be served (e. g., 
in vehicle engine compartments). PP 
compounds exhibit good chemical re-
sistance to acids and alkaline solutions, 
thus enabling them to be applied in the 
chemical industry.

As is to be expected of all mineral ad-
ditives, stretchability falls with rising 
graphite filling levels. The flexibility of the 
compound can be increased at first by 

natural graphites. When 30 vol. % Graph-
cond is used, the critical point is reached 
for graphite wetting in the polymer, and 
flexibility falls. With the other natural 
graphites, this point is not reached until 
higher filling levels are used.

Summary

The wide variety of natural graphites en-
ables a wide variety of conductivity appli-
cations. For thermal conductivities of up 
to 25 W/mK and very good processability, 
Graphtherm is suitable even at high filling 
levels. At low filling levels, Graphcond 
achieves a good combination of high 
electrical and good thermal conductivity. 

Fig. 3. A small amount with a large effect: at the very low filler content 

of 10 %, one of the graphites already indicates significant conductivities  

(source: ZBT/Georg H. Luh)
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Fig. 4. Measurement of the processing parameters based on the 

required filler content and injection pressure. The more graphite in 

the compound, the higher the required injection pressure  (source: ZBT/

Georg H. Luh)
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Above and beyond that, the study 
has shown that both Graphtherm and the 
micro- and macro-crystalline natural 
graphites can be used at low filling levels 
for thermally conductive applications 
that permit little or no electrical conduc-
tivity. Since, in most cases, only moderate 
conductivity values are required, graph-
ites represent suitable additives for ther-
mally conductive applications in plastics 
with or without electrical conductivity. 
This information allows to conclude that 
graphites can also be used for applica-
tions which, on the one hand, do not re-
quire high thermal conductivity values, 
and on the other hand permit little or no 
electrical conductivity. W

Healthcare Grades

Designed for Specific Use by Medical Device Manufacturers

Ineos Styrolution Group GmbH, Frank-
furt/Main, Germany, introduces Novodur 
HD M203FC G3 and Styrolux 

 M203FC G3 is a glass-
fiber-filled medical ABS grade which is 
certified for the relevant parts of the bio-
compatibility standard ISO 




