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Development of a Prediction Model for the Mechanical Properties
of Polypropylene Composites Reinforced by
Talc and Short Glass Fibers

Soon Kim*, Dongil Son**, Donghyuk Choi**, Inchan Jeong™**
Young-Bin Park*, Sung Youb Kim*'

ABSTRACT: In this paper, we developed a theoretical model which is able to predict the tensile strength and elastic
modulus of hybrid composites reinforced by two types of randomly distributed discontinuous reinforcements. For this,
we considered two known models; One is a prediction model based on the assumption that the composite is
reinforced by two types of well aligned continuous reinforcements. The other is a statistical model for the composite
which is reinforced by only one type of randomly distributed discontinuous reinforcements. In order to evaluate the
validity of accuracy of our prediction model, we measured the strength and elastic modulus of polypropylene hybrid
composite reinforced by talc and short glass fiber. We found that the present model drastically enhances the accuracy
of strength prediction compared to an existing model, and predicts the elastic modulus within the same order with
experimentally measured values.
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shl ool ba = Bk ol g RW S Fo) v
FE= 553 2 [6] Fukuda= o] & o] 2& o2 =4
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Table 1. Categorized materials used in the experiments

Specimens Components Category

0 PP Pure matrix

1 PP+talc(5 wt%) Composite

2 PP+talc(7 wt%) Composite

3 PP+talc(10 wt%) Composite

4 PP+GF(5 wt%) Composite

5 PP+GF(7 wt%) Composite

6 PP+GF(10 wt%) Composite

7 PP+talc(1.5 wt%)+GF(1.5 wt%) |Hybrid composite
8 PP+talc(1.5 wt%)+GF(3 wt%) Hybrid composite
9 PP+talc(3 wt%)+GF(1.5 wt%) Hybrid composite
10 PP+talc(3 wt%)+GF(3 wt%) Hybrid composite

3. O|2X HZ
3.1 B2 oolal HExAl

sffel 4SS SeAe) st B
S8 o155h7] 912 R of) 7hAl7 Alekslo] gk,
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Table 2. Averaged tensile strength and elastic modulus of pure
polymer, composites and hybrid composites

Specimens O, (MPa) E,. (GPa)

0 25.77 1.36
1 23.49 1.40
2 22.55 1.53
3 21.65 1.59
4 23.51 1.54
5 25.23 1.56
6 28.02 1.74
7 26.96 1.59
8 34.47 1.75
9 24.90 1.61
10 31.22 1.80

30

25F

-----
-------
---------------

[ae]
o
1

Tensile Stress (MPa)
o
1

101 PP+GF(5%)
Pure PP
5k
0 1

0.2

Tensile Strain

Fig. 1. Stress-strain curves for composites reinforced by 5 wt%
of short glass fibers and pure polypropylene.
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Fig. 2. Tensile strength of (a) talc reinforced and (b) glass fiber
reinforced composites, respectively, with increasing filler
weight percent.
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Table 3. Tensile moduli reinforced by talc and glass fiber

Talc reinforced composites | GF reinforced composites
Experimental | Theoretical | Experimental | Theoretical
Weight
8" | E,.(GPa) | E(GPa) | E,.(GPa) | E(GPa)
percent
0 wt% 1.36 1.36 1.36 1.36
5 wt% 1.40 1.42 1.54 1.42
7 wt% 1.53 1.44 1.56 1.44
10 wt% 1.59 1.49 1.74 1.49
20
w
o
g 1.5
wi
=]
3
3
=
2
7]
g- 1.0F Tale Reinforced (Eq.2)
g SGF Reinforced (Fq.2)
o B Talc Reinforced (Exp.)
* SGF Reinforced (Exp.)
1 1 L 1
05 0 0.05 0.1 0.15
Weight Fraction

Fig. 3. Changes in the elastic moduli of composites reinforced by
talc and glass fiber, respectively. Curves represent theoret-
ical value suggested by Nielson (equation (2)).
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Fig. 4. Tensile strength of hybrid composites reinforced by talc Fig. 5. Elastic moduli of hybrid composites reinforced by talc

and glass fiber simultaneously. (a) Strength at constant and glass fiber simultaneously. (a) Elastic moduli at
weight fractions of talc (b) Strength at constant weight constant weight fractions of talc (b) Elastic moduli at
fractions of glass fiber. Blue dashed curves represent the- constant weight fractions of glass fiber (c) Elastic moduli
oretical values proposed by Nielson, ie. Eq. (11) (c) predicted by the present model, i.e. Eq. (16).

Strength predicted by the present model, i.e. Eq. (14).
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