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Summary:

Several fillers and reinforcements for polyethylene were discussed
along with the properties of the filled resins. The fillers discussed
include silica fillers, calcium carbonate, talc, fiberglass, asbestos
fibers, 2n0, wood flour calcium sulfite, and calcium sulfate.
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Conclusions:

1. Due to the large varieties of fillers, and the variability of
a particular filler (particle size, surface treatment, etc.) a filler
system needs to be evaluated with each resin to determine process-
ability and end use properties.
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2. In general fillers impart the following properties to polyethylene:

a. Greater stiffness

b7: "Reduced mold shrinkage

c. Lower melt index and higher melt viscosity
~ - di.. Decreased tensile and impact strength

AR - e.. Increased density

~f. Improved creep and heat distortion temperature
. 4’./’\:':

Discussion:

Fillers may be divided into three groupi: low cost fillers (extenders),
functional fillers, and reinforcements. An extender decreases the cost
of a plastic material while a functional filler contributes a partic-
ular property to a plastic material such as improved electrical in-
sulation. A reinforcement such as glass fibers, asbestos fibers, car-
bon fibers, etc. are added to improve the strength and may increase
the.cost of a plastic material. In general a filler imparts the fol-
lowing properties to a plastic material:
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a. Greater stiffness

b. Reduced mcld shrinkage

¢. Lower effective melt indexes

d. Higher melt viscosity

e. Decreased tensile strength

f. Increased density

g. Lowered impact resistance

h. Improved creep

i. Improved heat distortion temperature

Several commerical tgpes of fillers have been used in poly-
ethylene2'3:4:5:6,7, ,10,13

a. Silica fillers, Kaolin clays

b. Calcium carbonates

c. Talcs

d. Fibers such as glass, asbestos, etc.
e. Metal oxides, Mg0O, ZnO

£. Wood flour

g. Calcium sulfate and calcium sulfite.

Silica fillers such as Superfloss increase the stiffness of poly-
ethylene with the greatest increase in stiffness corresponding to
the smallest particle size of the filler. The silica fillers also
reduce the impact strength, tear resistancs. reduces mold shrink-
age and degrade the electrical properties. 5 calcium carbonate
increases the stiffness, lowers the tensile strength, lowers the
impact resistance, lowers the tear ris%syance of films, reduces
mold shrinkage and improves opacity.<’?¢ Talcs increase the
stiffness, decrease impact strength by a smaller amount than
silicas and calcium carbonate, increases melt tensign4 gecreases
tear resistance of film and reduces mold shrinkage.“r®’

The fiber materials, asbestos and glass give good mechanical
properties to polyethylene. Asbestos imparts increased stiffness,
lower tensile strength, and lower tear strength of films. Asbestos
fibers, however, have been associated with lung cancer and the
asbestos requires special handling equipment. Glass fibers reduce
mold shrinkage, increase stiffness, improve heat resistance, and
increase tensile strength.4/8® The impact strength of pclyethylene
filled with glass seems to depend on the resin used. Some resins
show improved impact strength with glass while the impact strength
of some resins remains unchanged, and still other resin exhibit
reduced impact strength when filled with glass fibers.®/11 Fiber-
glass should be "sized" with a suitable coupling agent for good
wetting and bonding of the polyethylene to the glass fiber. A
typical "sizing" agent is an organic silane. Zinc oxide compounded
into polyethylene has been reported to impart increased hardness
and stiffness without affecting melt flow and toughness.8 Another
investigator has shown that zinc oxide lowers the melt index,
increases stiffness and increases melt tension.® Wood flour in
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.concentration of 0 to 50% has been used to fill polyolefins. The
wood flour is reported to_improve impact resistance and humidity
tolerance of polyolefins.lz An extruder with a vacuum part for
moisture removal is necessary for compounding with wood flour.
Wood flour normally has a high enough moisture content to produce
severe foaming in the resin. Lion Fat and Oil Company (Japan)
have patented the use of calcium sulfite and calcium sulfate as
fillers for polyolefins. They report improved flexural and ten-

sile strengths and non-flammability with the use of these fillers.13

In terms of cost per pound, the fi&lfrs listed above rank in cost -
from highest to lowest as follows:”/ 0 2zinc oxide>fiberglass>
asbestos>silica>Xaolin clay>talcs>calcium carbonate. It is im-

- portant to achieve good wetting of the filler by the polymer when
compounding. The wetting is related_to melt viscosity, processing
pressure and processing temperature. In general, the processing
pressure and temperature of a filled polymer is higher than that of
an unfilled polymer. To complicate matters, a particular filler
may be obtained in different forms, particle sizes, surface treat-
ment, etc., and these differences will affect the properties and
processability of the filled polymer. Therefore, any filler system
needs to be evaluated on the particular resin in question to deter-
mine the proper means of processing and to check desired end use
properties.
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Table I

Effects of Fillers on Resin Properties9

FILLER I,
None T.25
5% Aluminum Silicate 7.49
5% Zinc Oxide 5.73
5% Talc 5.82
10% Talc 5.15
5% Aluminum 5.95

Base Resin:

Lio/1z
8.7
8.4
9.5
9.0
9.4
g.0

06067 (HDPE)

gnjen®  pat x 1%
0.9644 17.5
0.9887 16.9
'0.9812 17.5
0.9876 18.s5
1.0174 20.6
0.9884 17.4
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Table V4

Talc Filled 06067 (HDPE)

Property - 0% 5% 10%
Melt Index 7.25 5.82 5.15
Tensile 3225 - -
Yield 4745 - -
% Elongation 115 - -
Rigidity 1.75 x 104 1.85 x 104 20.6 x 104
Density 0.9644 0.9876 1.0174
62.76 52.67 _ 48.52
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