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damage was visible, and no fracture occur-
red within the test time. For engineering
applications, this kind of representation is
very useful and indicates the long-term
load bearing capability of the epoxy resin.

5. Conclusions

The role of filler-matrix interface in par-
ticulate epoxies has been reviewed. Special
attention has been given to the effect of
debonding, i.e. adhesive failure, on crack
initiation, crack propagation, and creep
failure. A brief representation of the three
principal crack propagation modes in filled
epoxies is give in Fig. /1 ; rapid brittle fail-
ure is dominant at low temperatures and
high strain rates. A single debonding event
might be sufficient to initiate rapid brittle
fracture through the matrix. In an interme-
diate region (higher temperatures and/or
lower strain rates), the crack propagates by
debonding: the plastic deformation
around the crack tip induces debonding at
filler grains slightly ahead of the tip. Close
to the viscoelastic transition and at very
low strain rates, the increased compliance
of the matrix lead to global debonding and
to a crack propagation by ‘void coales-
cence’. Obviously, crack propagation
through damaged material is less energy-
consuming, and toughness is reduced.

The effect of surface treatment on va-
rious macroscopic properties can be sum-
marized as follows: the results in the litera-
ture indicate that often a significant impro-
vement can be achieved. However, since
rules with a sufficient reliability are still
lacking, every single situation has to be
considered separately. In particular, very
few data are available on the influence of
filler surface treatments on the balance be-
tween toughness and strength and on the
creep behaviour.
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3. Mineral Filleis in Polypropylene

The classification of fillers according to
their chemical composition makes, due to
the resulting complexity, this frequently
unfamiliar field very difficult on the part of
the processors. A substantial clearer pic-
ture of the influence of the fillers is ob-
tained, when they are classified according
to their mode of action. In this case, the
most important selection factors are:/) as-
pect ratio or shape, 2) coarsest particles
(top cut), 3) specific surface area, 4) sur-
face energy or surface tension, and 5) sur-
face treatment.

3.1. Aspect Ratio (Shape of the Particles)
The so-called aspect ratio or shape of

fillers, meaning the length of the particles

divided by their thickness, determines in
polymers with medium-to-low polarity like
polypropylene, whether they act as a filler
or reinforcing additive. The technical liter-
ature defines five different filler shapes: /)
sphere (glass and silicate spheres), 2) cube
(CaCO,), 3) block (silica, BaSO,), 4)
platelets (talc, mica, kaolin, graphite), and
3) fibres (glass, carbon or cellulosis fibres,
wollastonite, whiskers).

All main mechanical properties of min-
eral filled polypropylene are very much in-
fluenced by the aspect ratio of the fillers
involved.

Reinforcing fibres (glass fibres, wollas-
tonite) increase in polypropylene the ten-
sile strength, the stiffness (modulus), and
the impact strength of the composite. Neg-
ative factors are the decreased three-di-
mensional tension distribution and shrink-
ing behaviour.

Platelets like talc or mica act mainly by
increasing the stiffness of filled polypropy-
lene. Plate-like fillers decrease important
properties like tensile strength, impact
strength, and the three-dimensional
shrinking. From the composite behaviour,
the reduced impact strength (brittleness) is
the limiting factor for many applications.

Spherical fillers like CaCQ,, glass or sili-
cate spheres lead in polypropylene to a
medium stiffness only which is, at the same
filler level, lower than the stiffness when
adding platelets or fibres. In contrast to
plate-like fillers, the impact strength of
homo-polypropylene filled with spherical
additives like CaCO; up to a filler level of
30 wt.-% is practically unchanged.

3.2. Coarsest Filler Particles (top cut)
Modern air classification technology

used by the filler producer allows a very

sharp top cut of the filler distribution curve

to be made. This top cut markedly influ-
ences the mechanical properties of filled
polypropylene. The coarsest foreign parti-
cles are the places of the highest stress con-

centration at which cracking or fracture

occur upon the application of stress. More-
over the top cut affects the following
parameters:

impact strength (increased)

surface finish (higher gloss)

burst strength of films (increased)
abrasion of screws and barrels (reduced)

3.3. Specific Surface Area of the Filler

The specific surface area of fillers (m?/g)
is measured with the BET method using N,
as adsorbent. The filler surface area deter-
mines the number of possible adsorption
places between the polymer chains and the
additive. A large filler surface area gives
rise to an important number of possible
adsorption sites and, thus, to better me-
chanical values than a smaller surface area.
Increasing the specific surface area of a
filler means producing an increased
amount of very fine particles. Very fine
particles lead, in relationship to the gravi-
tational forces, to much higher van der
Waal’s interaction forces than coarse par-
ticles. This can be demonstrated by the well
known filler agglomeration leading some-
times to feeding problems in the com-
pounding equipment, therefore, increasing
considerably the dispersion problems of
polar fillers in unpolar polymers like poly-
olefins. However, in the processing or
compounding with insufficient shearing
forces, a too large filler surface area can
lead to dispersion problems in polypropy-
lene. If non-divided filler agglomerates are
thereby formed, they act like a coarser top
cut. Therefore, filler level and filler surface
area should always be adjusted to the
shearing conditions of the compounding
equipment so that the additive can be dis-
persed without problems.

3.4. Surface Energy or Surface Tension
The surface energy (mJ/m?) of fillers can
not be determined directly, but mathemati-
cally the surface energy is the same as the
surface tension (mN/m) which can be mea-
sured even of powders. The surface energy
is determined by the outmost atomic layer
of the filler surface. The surface energy or
surface tension determines the magnitude
of the interaction forces between plastic
molecules and the filler surface, and, thus,
decisively effects the mechanical properties
of the polypropylene compounds. The val-
ues of surface energies for fillers, reinforce-
ments and polymers vary very much:
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mica 2400 to 5400 mJ/m*
glass fibres 1200

kaolin 500-600

CaCo, 65-70

talc 60-70
polypropylene 31

Teflon 18

Also in this case as with the surface area,
too high surface energies, e.g. mica or
kaolin, may cause dispersion problems in
polypropylene. Like this, the advantage of
the high interaction forces between filler
and polymer is removed. The filler pro-
ducer can change the surfaceenergy up toa
certain degree by surface coating of the
products. To obtain a better susceptibility
to dispersion, attempts to decrease the sur-
face energy are, therefore, usually made.

3.5. Surface Coating
Many discussions among the users of
fillers and reinforcing materials for
polypropylene are circling around surface
coatings, coupling agents, or similar addi-
tives. The chemicals offered on the market
may include: silanes, titanates, zirconalu-
minates, Cr complexes, fatty acids or es-
ters, fatty metal soaps, esters or waxes.
The possibilities of surface coatings for
mineral fillers for polypropylene can best
be explained taking mica, talc, and CaCO,
as samples:
Talc : no chemical coupling possible; coat-
ing with lubricants like metal stearates, es-
ters or waxes
Mica: chemical coupling possible; silanes
(azido silanes), organic silicones
CaCO;: coupling with acids possible;
chemisorbed dispersing agents, specialized
surface coating for rapid filler dispersion.
A good surface treatment covering most
of the filler surface and having a good
chemical or physical bond with the filler
surface is an important asset for a mineral
filler leading to the following advantages in
polypropylene: /) hydrophobicity, 2) de-
crease of surface energy, 3) better disper-
sion, 4) easier compoundability, 5) better
flowability, 6) reduction in stabilizers and
lubricants, and 7) better surface finish.
The main function of most surface coat-
ings is to decrease the surface energy of the
filler. In this way, the attraction forces be-
tween the mostly polar filler particles, es-
pecially in unpolar plastics like polyolefins,
are greatly reduced. In contrast to un-
coated fillers, less agglomerates are formed
which can cause negative effects as men-
tions above. Moreover, surface coatings of
fillers decrease the adsorption of phenolic-
type stabilizers on the filler surface and,
thus, improve the thermo-oxydative stabil-
ity of filled polypropylene considerably.



