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Abs t rac t . There are many formulas proposed by different authors in order to determine 
elastic modules for composite filler particles This article aims to present the experiment's 
results and to review some formulas for determining Young's modulus of elasticity E of 
the polyester filler titanium dioxide particles cdmposite. The results showed that there 
was a relatively good fit between theory and practice of some formulas. 
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1, INTRODUCTION 

Composite material consists of two or more distinct components to obtain a new 
material with better properties. Such components include matrix material and filled ma­
terials including fiber, fabric, particles, and so on. The matrix material aims to ensure 
the linkages among all the composite components, which will resist aU external acting on 
the composite including heating, physical, and chemical loads, while the filled components 
are used to improve the mechanical properties (stiffness and strength) of the composite 
[1, 2, 3]. The composite reinforcement components typically are composed of fiber, fabric, 
or particles. The fibers and fabrics increase the bearing capacity of the composite structure, 
while the particles often reduce crack, plastic deformation and increase the waterproof­
ing capacity. Hence, the combination of fiber and particles in the composite material is 
able to make the composite product more perfect and meet the requirements of modem 
technology [4, 5, 6, 7]. 

Recently, the reinforce of polymers using piezoelectric particles, ferromagnetic par­
ticles, titanium dioxide particles,... not ordy increases the strength of the material but also 
makes the composite product own its new physical characteristics. Therefore, the authors 
are interested in studying the polymer composites reinforced by additional particles in this 
study [4, 5, 7]. 

When using composite materials, we need to determine their mechanical and phys­
ical properties, and also to find out their elastic module and Poisson's ratio that are the 
most significant mechanical properties of composite material. Composite with filled par­
ticles is often considered as an isotropic homogeneous elastic material, and it has two 



BO Nguyen Dinh Due, Dinh Khac Minh 

independent elastic constants, including Young's modulus (E) and Poisson's ratio. At 
present, many authors have proposed the different formulas to determine Young's mod­
ulus E of composites. In the article [5], the authors empirically tested the modulus E to 
the polystyrene and titanium dioxide particles composite. This article presents the re­
sults of an experimental testing for determining the Young's modulus of the polyester and 
titanium dioxide particles composite. 

2. DETERMINATION OF Y O U N G ' S M O D U L U S OF COMPOSITE 
MATERIALS 

Nowadays, many authors have stated formulas for determining Young's modulus of 
the particles composite [4, 5, 6]. 

We can summarize that currently there are three approaches for determining the 
elastic modules of composite material including experiments, inductive methods, and using 
mechanical models. The details of each approach arc presented as the following: 

- The experimental approach. The advantage of this method is able to determine ac­
curately the elastic modulus of composite. However, the main disadvantage of this method 
is that it does not reflect the influence of material composition on the composite material 
because composite is material comprised a variety of components. 

- The inductive methods. Based on the repeated experiments, the authors can predict 
the rules and give the formula for determining the elastic module E of the material. This 
approach is used more effectively with the materials which are surveyed, but less suitable 
for other materials. 

- Using mechanical models. In the mechanical model, the particles are usuiiliy the 
spherical particles. The advantage of this method is easy to determine the relationship 
between the components of composite materials and elastic modulus. Therefore, we can 
also calculate and predict their values which are a basis for calculating and optimizing 
the design of the characteristics for new material. However, the results calculated by the 
mechanical model depend on the model of calculation and such results may vary according 
to different composites. 

There are some popular formulas for determining Young's modulus of the composite 
filler particles as follows: 

i) Einstein and Guth [1]: 

ii) Guth [2]: 

iii) Kerner [3]: 

£:E = ^ m ( l + l,25fa). (1) 

EG = Em{l + 2,5^a -I-14,1^1). (2) 

"-"-hdS'-ro:-.!- (3) • io-^„)J' 
where Um Poisson's ratio of matrix material, 

iv) Quemeda [5]: 

^ « = -^" ' - ( l _ 0 , 5 * 0 ' '^^ 
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with k = const (k = 0.25). 
v) Thomas [5|: 

BT = B m ( l + 2 , 5 { „ + lC,05?^ + 0,00273exp(16,65„)). 

vi) Kristensen [6]: 
9 A - £ G B 

E = 

where 

OE = Cm 

KE = Km + -

ZKE + GE' 

7 - Sfm + (8 - Wl/m) -fT-

(Ka-Km)C 
\ + {Ka-Km)(Km+^) ' 

vii) Vanin - Nguyen Dinh Due [4, 7]: 

^3A: + G 
e 

1 + l^aGmL {iK^nf^ 
K = K, 

G 

1 - 4{;GmL (3iir™)-'' 

l - ^ l ( 7 - 5 i / m ) g 

l + &{ 

On, 

Ga 

(6) 

(6) 

(7) 

(8) 

(9) 

^a + ^ 8-10i'„ + ( 7 - 5 ! / „ ) ^ 
o G â 

In the equations (1) - (9), the terms E^, fm, KmGm, G are, respectively, Yoimg's 
modulus, the Poisson's ratio, volume module and shear modulus of matrix material. The 
subscript "o" belongs to the particle. 

In formulas (1) - (5), ^a is the mass ratio of particle. Other while, ^^ in the formula 
(6) and (8)-(9) is volume ratio of particle. In our formula (8)-(9) [4, 7], we have taken into 
account the interaction between particle and matrix material. 

The values ^^ and ^a is according to volume ratio and mass ratio, which are deter­
mined as below: 

ma 
y Va ^ Pa ^ 'i- _ 1 ^ Pm 

1 + — ( - - 1 ) ^ - + ^ ' ^ ( | ; - i j (10) 
Va + Vrn 

rria 

mm + T^a 

ma mjn . mmpa 
Pa Pm Pm^a 

1 _ , IThn TThn 

^^^ TTid 771(1 
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W'v have I he correlation between tho volume ratio and mass ratio as below: 

- ^ ^ - BB (11) ^a = 
Vn + Vm Pm + pa 

where \',„. \'„ iirc volumes of nuiirix polyester and Titanium oxide, respectively. 
Pm ""*' Pn *irc (len.sitii's nf matrix p<)lyeHt,<T and Titanium oxide, respectively. 

3. E X P E R I M E N T A N D R E S U L T S 

3 .1 . Mak ing t h e samples 

To verify 'I'oiingV modulus for 3-phn.se composite, we tested the samples made of 
polyester A K.WIN.A and titanium dioxide, having properties shown in Table 1. 

Table 1. Propcrlics of each composite component 

Compos i t e componen t s 
Matrix polyester AKAVINA (Vietnam) 
Titanium dioxide Ti02 (Australia) 

Young ' s modu lus E 
i . i ;K;Pa 
5,58 GPa 

Poisson ' s ratio i/ 
0.345 
0.20 

The experiments were done at the Laboratory of Shipbuilding Technology Institute, 
Nha Trang University. The samples were made according to Vietnamese standard code: 
TCVN 6282:2008 [8]: 

- Add titanium dioxide particles to polyester: using magnetic mixer, the needed 
time for the mixture to be well blended is 15 minutes. The mixture then is poured into a 
smooth-wall mould. During the hardening process, a vacuum pump is used to remove gas 
and dust. 

- Ambient properties: room's temperature was (20±5°C), humidity was 65%±2G%. 
- Preliminary checking before test: the mould is removed after 24 hours, the samples 

have smooth surface and uniform thickness and no void. 

=1= 

Fig. 1. Dimensions of the composite sample 

The dimension of the sample is given in Fig. 1. 
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3.2. Property tests 

The tests were done on HOUNSFEILD H50K-S tester whose maximum tensile load 
of 50000N (Fig. 2) using BS EN ISO 527-1: 1997 method. 

We experimented three cases, when the volume ratios of titanium oxide particles are 
5%, 10% and 15% (the corresponding mass ratio is 18%, 31% and 42%). Seven samples 
are used for each case. 

Fig. 2. HOUNSFEILD H50K-S Tester 

- Ambient properties: room's temperature was (20±5'^C), humidity was 65%±20%. 
- Test speed: Imm/minute 
- Load range: 20000N 
- Extension range: 8.000 mm 
- Gauge length: 50mm 

Pos t processing 

The tensile strength is calculated as 

?̂( 
here P is the ultimate tensile load and F is the cross area of the sample. 

The expression for the composite's Young's modulus E is 

(Tfc = - (N/mm^) , 

4 (^) («/--'; 
here, I is the distance between the clamps, AP is the variation of load and Al is the 
absolute elongation. 

Since the number of samples is not large and the deviation between the tests is 
small, the final result will be calculated as the arithmetic mean of all the tests' results, 

_ X1+X2 + XZ + Xj +X5+XQ + x^ 
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The theoretical results for Young's modulus with different particle volume ratios are 
given in Table 2. The columns (3), (6) and (9) are correspond to the three experimental 
values of the particle mass ratio 0.18; 0.31; 0.42. The experimental results are included. 

Table 2, The theoretical results and experimental results for YoungOs modulus E 
with different part irlc volume ratio 

1 
2 
3 
4 
5 
6 
7 
8 

E 

E E 

E G 
EK 

E? 
E r 

EKr 
ED 

E-Test 

ia 
0 

(1) 
1430 
1430 
1433 
1430 
1430 
1430 
1430 

0,1 
(2) 

1608.8 
1989.1 
1773.1 
1448.1 
1951.7 
1474.6 
1533.5 

0,18 
(3) 

1746.1 
2693.0 
2093.5 
1488.2 
2585.3 
1513.8 
1624.0 
1626.0 

0.2 , 
(4) 

1787.5 
2951.5 
2202.0 
1505.3 
2827.8 
1526.6 
1653.6 

0,3 
(5) 

1966.3 
4317.2 
2753.4 
1611.3 
4363.9 
1588.3 
1795.8 

0,31 
(6) 

1987.7 
4508.1 
2830.3 
1628.1 
4637.6 
1596.5 
1814.6 
1727.2 

0,4 
(7) 

2145.0 
6086.1 
3488.6 
1787.5 
8146.3 
1662.5 
1967.9 

0,42 
(8) 

2179.0 
6467.8 
3656.9 
1832.0 
9545.4 
1678.3 
2005.0 
2052.5 

0,5 

(9) 
2323.8 
8258.3 
4517.9 
2080.0 
22519.0 
1753.4 
2182.4 

Fig. 3. The experiment results of Yoimg's modulus of the polyester/titanium diox­
ide composite for different particle mass ratios 
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Comparisons between the experimental results and the results calculated from for­
mulas (1) - (6) and (8) of Young's modulus of the polyester composite reinforced with 
titanium dioxide particles are shown in Table 2 and Fig. 3. 

4. CONCLUSION 

From the theoretical and experimental results represented in Table 2 and Fig. 3, 
we have some conclusions for the experiment of polyester-titanium dioxides composite as 
below: 

When the ratio of particles are small (less than 20%), the calculated results of elastic 
module E according to the formulas from (1) to (8)-(9) are quite consistent with the 
experiment results. The calculated results according to the formulas of Guth (2), Kerner 
(3) Thomas (5) are different from the experiment results when the ratio of particles is 
greater than 20%. 

The formulas for calculation of the Young's modulus values of composite of Einstein 
&; Guth (1), Quemada (4), Kristensen (6) and Vanin - Nguyen Dinh Due (8)-(9) are 
consistent with the experimental results. 

In all above formulas for calculation of the Young's modulus values of composite, 
the formula (8)-(9) is the best consistent with the experiment. In the formula (8)-(9), the 
authors considered the interaction between particle and matrix polyester. 

The authors would like to thank the Laboratory of Technology, Shipbuilding Tech­
nology Institute of Nha Trang University for its assistance on experiments. 
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