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PP/PAN Fiber Compounds. Inexpen-

sive and light with excellent mechan-

ical properties. Due to their low spe-

cific gravity and balanced property

profile a broad spectrum of applica-

tions, particularly in lightweight con-

struction and as cost effective alter-

natives to technical polymers, is

opening up for fiber-reinforced thermoplastic compounds based on polypropylene

and polyacrylonitrile fibers.

HOLGER GUNKEL

STEFAN REINEMANN

W
ith their excellent properties
fiber-reinforced polymers are
becoming increasingly popular

and displacing classic materials. Techni-
cal polyacrylonitrile (PAN) fibers are ex-
tremely interesting for the development
of thermoplastic composite materials.
They can not only replace glass fibers in
composites , but also open up significant
new potential for the development of a
new class of cost effective materials with
exceptional impact absorption that are al-
so suitable for applications with highly
demanding mechanical property re-
quirements.

The initial path finding results for the
reinforcement of polypropylene with
PAN fibers have already been presented
[1] and possible applications listed.With-
in the framework of a research project at
the Thuringian Institute of Textile and
Plastics Research (Thüringisches Institut
für Textil- und Kunststoff-Forschung e.V.
– TITK), Rudolstadt, Germany, further
investigations have been made into the
manufacturing and processing charac-

teristics as well as an optimization of the
mechanical properties, particularly the
behavior under impact loading. Based on
these, further synthetic fiber-reinforced
polymers with new property profiles were
developed [2].

Producing PP/PAN Compounds

Following the basic tenets of real world
formulation development only commer-
cially available material components were
considered that both from a logistics as
well as a capacity stand point would be
available for an industrial implementa-
tion.

PAN grades, for example Dolanit 10
(manufacturer: Dolan GmbH), that are
primarily intended for technical applica-
tions, such as the reinforcement of ce-
ment and bitumen based products, offer

alongside high mechanical strength ade-
quate chemical and thermal stability for
processing with thermoplastic materials.
They are available as cut fibers (4–12 mm)
in various fiber thicknesses as well as con-
tinuous crimped fiber roving.

The compounds are produced on a co-
rotating twin screw extruder as a cylin-
drical pellet (8 mm long, Title picture).
These are suitable for further processing
using injection molding, extrusion and
blow molding techniques.

Since organic polymer fibers have very
poor solid flow properties due to their low
density and strong fiber-to-fiber attrac-
tion conventional dosing techniques can-
not be used. Special dosing and feeding
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devices were developed to meter the PAN
fibers into the extruder.

Impact Resistant even 
when Cold

In comparison to glass fibers, PAN fibers
are significantly more elastic and so less
fiber breaks occur during the shear in-
tensive processing steps. The extruder
configuration and the process conditions
were designed to deliver a homogeneous
distribution of the fibers with a high de-
gree of fiber impregnation and the least
possible fiber damage. Mid range fiber
lengths of 3 to 5 mm in the component
(Fig. 1) deliver a much higher aspect ra-
tio (> 200) compared to conventional
short fiber-reinforced plastics (approx. 20
to 30).

Mechanical testing of standard injec-
tion molded test bars shows that this re-
sults in exceptionally impact resistant ma-

terials. The skeletal fiber structure in the
compound absorbs the impact energy
and distributes it in the test piece.

The property profile of the compound
varies according to the amount of short
fiber PAN added (Dolanit 10; 1.5 dtex,
4 mm long) (Fig. 2). The degree of rein-
forcement increases continuously up to
about 40 % PAN fiber content. It should
be particularly emphasized that the ex-
tremely high level of notched impact
strength is seen in combination with sig-
nificantly raised strength and stiffness.
This applies not only at room tempera-
ture, but also at low temperatures. Vari-
ants with 30 % PAN fibers offer un-
notched impact strengths (Charpy) of
≥ 75 kJ/m2 and notched impact strengths
of 13 kJ/m2. Table 1 shows an example of
key property values of a PP/PAN com-
pound in comparison to unfilled and
30 % glass fiber-reinforced polypropy-
lene.

The fibers sticking out of the fracture
surface (Fig. 3) demonstrate just how
long they are in the compound. It is in-
teresting to note that the fibers do not
break at the fracture surface, but instead
are pulled out of the matrix, which is
known as the fiber pull out effect. This
advantageous effect can also be clearly
seen with biaxial impact loading, which
occurs much more often in practice than
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Fig. 2. The dependence of relative changes in mechanical properties of PP/PAN compounds on 
fiber content
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Fig. 3. The fracture surface of the component
shows a fiber pull out effect

Compound PP PP / PAN PP / GF

Fiber content                                      [%] 0 30 30 

Density [g/cm2] 0.90 0.98 1.14

Tensile E-modulus [MPa] 1,670 2,850 4,800–8,300

Tensile strength [MPa] 34 61 55–80

Flexural E-modulus [MPa] 1,320 2,500 3,800–7,600

Normal flexural stress [MPa] 33 55 48–140

Impact strength 23°C [kJ/m2] 124 85 15–45

Impact strength -30°C [kJ/m2] 13.2 75 8–42

Notched impact strength 23°C [kJ/m2] 2 25.6 6–10

Notched impact strength -30°C [kJ/m2] 1,1 13 4–7

HDT/A [°C] 52 66 138

Vicat / B [°C] 90 112 110–130

Ball indentation hardness [N/mm2] 72 93 110

Table 1. PP/PAN compound in comparison to unreinforced PP and PP30GF

Based on the research and development
achievements of the Institute for Textile
Technology of Synthetic Fibers (Institut für
Textiltechnologie der Chemiefasern) the in-
dustrial research of the Thuringian Institute
of Textile and Plastics Research (Thürin-
gisches Institut für Textil- und Kunst-
stoff-Forschung e.V. –  TITK), whose ini-
tial focus was purely on the use of fiber
materials in the textile industry, has devel-
oped into a globally recognized institute for
functional and construction polymer mate-
rials.

As a research facility with a strong com-
mercial bias the TITK conducts preliminary
and also applied research in close coopera-
tion with the industrial sector. The TITK sup-
ports innovation efforts of small and medi-
um sized enterprises with interdisciplinary
expertise, innovative ideas, industry knowl-
edge as well as a modern technical infra-
structure.

The objective of this cooperation is the de-
velopment of processes and competitive
products according to individual require-
ments of clients from a wide range of chem-
ical, polymer and textile technology back-
grounds.
www.titk.de
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pure impact bending or tensile impact
loading. The pictures of the ball drop test
at low temperatures (Fig. 4) show that
even at low fiber loadings the brittle
break with a strong tendency to splinter

which is common for pure polypropy-
lene can be prevented. Above 20 % fiber
content the material is only lightly dent-
ed and no longer shows any crack for-
mation.

A Question of Length

Since the behavior of the composite ma-
terial is largely determined by the char-
acteristics of the fibers and the degree of
impregnation the modification of the PP
matrix has only a marginal effect on the
properties of the compound.

The key mechanical values are direct-
ly related to the length of the reinforcing
material in the finished component. The
median fiber length in the compound can
be raised by a further 1 to 2 mm by the
use of uncut input fibers, which further
improves the properties (Fig. 5).

Surprisingly the excellent reinforce-
ment can also be achieved using coarser
PAN fibers with approx. 30 % lower spe-
cific strengths (Dolanit 12) (Fig. 6). Since
such families of fiber deliver compounds
with even better flexural properties than
the high strength grades and only come
in slightly behind on tensile strength these
can also be recommended for some ap-
plications.

Conventional adhesion promoters as
used mainly for glass fiber reinforcement
show only limited effects in the polypro-
pylene/PAN system. Test results with
products based on maleic anhydride
grafted polypropylene and functional-
ized amino silanes are shown in Fig. 7.
Whilst tensile properties and impact
strength are positively influenced across
the board the addition of adhesion pro-
moters has in some cases a negative in-
fluence on the flexural strength and
notched impact strength. In this context
account has to be taken of the fact that
the PAN fibers contain production relat-

Fig. 4. Pictures showing damage in a ball drop test (temperature: -30°C): a = unreinforced PP, 
b = PP with 10 % PAN, c = PP with 20 % PAN, d = PP with 30 % PAN
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Fig. 5. The dependence of relative compound properties on fiber length 
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ed treatment additives whose influence
on the fiber matrix adhesion has not yet
been studied.

Outlook

Compounding polypropylene with PAN
fibers delivers an interesting combination
of material properties that could signifi-
cantly expand the application spectrum
of reinforced polypropylene – not only in
the automobile segment.

As a low cost alternative to technical
plastics the new compounds offer the fol-
lowing advantages:
■ they fulfill exacting demands for im-

pact loading even when cold,
■ high heat distortion resistance and

softening temperature,
■ reduced material use and low density

make light weight construction possi-
ble,

■ high cost effectiveness through low
material and manufacturing costs.

In lightweight construction new potential
is opened up by the replacement of glass
fiber due to the following advantages:
■ low material density of < 1g/cm3 up to

30 % fiber content,
■ exceptionally high notched and un-

notched impact strength combined
with raised strength and stiffness,

■ simple and low wear manufacture and
processing,

■ residue-free thermal recycling possible.

However, they are also suitable as addi-
tives. Particularly in combination with
embrittling additives such as natural
fibers and flame retardants they behave
as excellent impact modifiers even at low
concentrations. ■
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