
 

 

 
Abstract—Composite material is an important area that has gained 

global visibility in many research fields in recent years. Composite 
material is the combination of separate materials with different 
properties to form a single material having different properties from 
the parent materials. Material composition and combination is an 
important aspect of composite material. The focus of this study is to 
provide insight into an easy way of calculating the compositions and 
formulations of constituent materials that make up any composite 
material. The compositions of the matrix and filler used for fabricating 
composite materials are taken into consideration. From the composite 
fabricated, data can be collected and analyzed based on the test and 
characterizations such as tensile, flexural, compression, impact, 
hardness, etc. Also, the densities of the matrix and the filler with regard 
to their constituent materials are discussed. 

 
Keywords—Composite material, density, filler, matrix, 

percentage weight, volume fraction.  

I. INTRODUCTION 

OMPOSITES are materials made of two constituents that 
are at a microscopic scale and have chemically distinct 

phases, they are different from heterogeneous material but 
comprises of strong fibers, with continuous or noncontinuous 
layers, and are surrounded by a weaker matrix material. They 
are made up of at least two separate elements coming together 
to form a material that will possess different properties from the 
properties of the separate parent materials [1], [2]. Practically 
speaking, most composites consist of a bulk material known as 
matrix, and a reinforcement of some kind, which is to give an 
addition to the strength, and stiffness of the matrix which is 
usually in fiber form.  

According to Kamal [3], composite materials were described 
as a major class of advanced elements and are either used or 
been considered as an alternative to metals/traditional materials 
in aerospace, automotive, civil, mechanical, and other 
industries because of their lightweight, flexibility, impact 
strength, fatigue strength, and high corrosion resistance. Some 
of the excellent performance of composite can be seen in their 
high strength, high specific stiffness, and controlled anisotropy, 
which make them very attractive materials.  

The specific characteristics feature of composites is in their 
ability to tailor their finished product towards a unique 
engineering requirement by careful consideration of the matrix 
and filler. Such characteristics make them useful for different 
applications [3]. There are natural composites such as wood and 
there are man-made composites such as structural beam, which 
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is an inhomogeneous mixture of cement (matrix), stone 
(reinforcing particle), and steel rod (reinforcing fiber) [4]. 
There are different kinds of matrix material such as ceramics, 
glass, polymer, metal, organic material in solid (plate or 
powder) or semisolid form. The filler or reinforcement also 
comes in different forms like fiber (short and long), glass, 
particle, etc.  

The composite materials (CM) have been described as 
materials having strong fibers either continuous or 
noncontinuous and surrounded by a weaker matrix material [5]. 
Characterization studies for composites are performed for their 
evaluation in the targeted areas like mechanical, thermal, 
electrical, magnetic, piezoelectric, tribological, rheological, and 
biological [3].  

Chen et al. [6] studied the mechanical behavior of sandwich 
composite structure with foam core and fiber-reinforced 
polymer skin under crushing load. The crushing behavior, 
failure mode, and energy absorption of the CM are correlated 
with the number of fiber layers in the face-sheets in both 
longitudinal and transverse directions, and the density and 
thickness of the core material. Mohamed et al. [7] studied the 
thermal degradation temperature (DT), heat stability, 
degradation kinetics, and water uptake of CM made of epoxy 
resin and wheat gluten. It was observed that the DT increased 
at higher heating rates of the CM.  

Also, Shunmugasamy et al. [8] studied the viscoelastic 
properties of syntactic foam composite material made from 
hollow glass particles and vinyl ester using dynamic 
mechanical analyzer. It was observed that the increased in 
volume fraction of the particles improved the storage modulus, 
loss modulus, and Tan δ, of the composite material. Meanwhile, 
it has been observed that most work focused more on the 
mechanical properties [9]-[11], characterizations [7], [12]-[16], 
density [17]-[19] and applications [20]-[22] of composite 
material either by using single filler [8], [18] or hybrid fillers 
[23]-[25].  

The mathematical and compositional aspect of concentration 
in composite material is not commonly discussed. Therefore, 
the focus of this study is to give an insight to mathematical 
composition of constituent formulations in composite 
materials. The densities and volume fractions of constituent 
materials are also taken into consideration.  
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II.  MATERIALS AND PROCESSING 

A. Material Selection 

For the purpose of this study, the materials for consideration 
will be matrix, filler, and possible reinforcements. For the 
matrix, epoxy resin (ER) and hardener (HN) will be considered, 
and for filler, hollow glass microspheres (HGM), and 
nanocellulose (NCL) will be considered. 

B. Processing 

The mound size is considered as 275 x 100 x 3 mm3 (length 
x width x thickness). The matrix comprises of the combination 
of ER and HN in 10:2 as recommended by the supplier. The 
filler which comprised of the HGM and NCL, the volume 
fraction of HGM is maintained as 5 vol%, while NCL volume 
fractions varied as 0.5, 1.0, and 1.5 vol%.  

III. CALCULATIONS OF CONSTITUENT PARAMETERS 

A. Density of Materials 

Table I shows the densities of raw materials.  
 

TABLE I 
THE DENSITIES OF ER, HN, HGM, AND NCL 

Materials Density (g/cm3) 

ER (DER) = 1.13 

Hardener (HN) (DHN) = 0.94 

HGM (DHGM) = 0.7083 

NCL (DNCL) = 1.35 

B. Density of Matrix and Filler 

1. Matrix 

The matrix comprises of the ER and the HN in the ratio 10:2. 
To get the volume fraction of each constituent element, the ratio 
is added together, i.e., 

 
 10 + 2 = 12.                (1) 

 
Then, the volume fraction of ER in matrix ሺ𝑉ாோ ሻ  

 

  = ൫10
12ൗ ൯ ൈ 100 ൌ 83.3% 𝑜𝑟 0.833              (2) 

 
and the volume fraction of HN in matrix ሺ𝑉ுே ሻ 

 

   =  ൫2
12ൗ ൯ ൈ 100 ൌ 16.7% 𝑜𝑟 0.167           (3) 

 
Density of matrix ሺ𝐷 ሻ  = density of ER ሺ𝐷ாோ ሻ ൈ 𝑉ாோ  + density of 

HN ሺ𝐷ுே  ሻ ൈ 𝑉ுே                            (4) 
 

𝐷 =ሺ1.13ሻ ൈ ሺ0.833ሻ  ሺ0.94ሻ ൈ ሺ0.167ሻ               (5) 
 

𝐷 = 1.0983 g/cm3                 (6) 

2. Filler 

Fillers in this study are maintained as HGM and NCL. The 
fillers are considered in the ratio 5: 0.5-1.5, i.e., 5vol% of HGM 
and 0.5-1.5 vol% of NCL.  

At 0.5vol% nanocellulose (NC), the ratio is added to get each 
volume percent in the filler, i.e., 

5 + 0.5 = 5.5                 (7) 
 

Then, the volume fraction of HGM ሺ𝑉ுீெ ) in filler  
 

 ൌ  ቀ5
5.5ൗ ቁ ൈ 100 ൌ  90.91 % 𝑜𝑟 0.9091        (8) 

 
and the volume fraction of NC ሺ𝑉ே ሻ in filler 

 

ൌ  ቀ0.5
5.5ൗ ቁ ൈ 100 ൌ  9.09 % 𝑜𝑟 0.0909             (9) 

 
Density of filler ሺ𝐷 ሻ=density of HGM ሺ𝐷ுீெሻ  ൈ  𝑉ுீெ  

density of NC ሺ𝐷ேሻ  ൈ 𝑉ே              (10) 
 

𝐷 ൌ ሺ0.7083ሻ  ൈ  ሺ0.9091ሻ    ሺ1.13ሻ ൈ ሺ0.0909ሻ   (11) 
 

𝐷 ൌ 0.7666 𝑔/𝑐𝑚ଷ            (12) 

C. Composition of Matrix and Filler in the Composites 

In calculating the composition of the matrix and filler 
formation in any composite, the mold size in terms of the 
length, width, and thickness must be known. The size of the 
mold can sometimes be a function of the type of experiment to 
be carried out and the thickness of sample in view. For this 
study, the mold size has been stated to be: 

 
 275 x 100 x 3 mm3 = 82500 mm3          (13) 

Matrix Composition 

The volume of mold (vmold) = 82500 mm3 
 
Taking the percentage of matrix in the composite to be ‘a’, 

from the formula: density = mass/volume: 
 

𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑚𝑎𝑡𝑟𝑖𝑥 ሺ𝐷ሻ  

ൌ 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑎𝑡𝑟𝑖𝑥 ሺ𝑀ሻ
′𝑎ᇱ ൈ 𝑣𝑜𝑙𝑢𝑚𝑒𝑜𝑓 𝑚𝑜𝑙𝑑 ሺ𝑣ௗሻ൘     (14) 

 

1.0983 ൈ  10ିଷ  ൌ  𝑀
𝑎 ൈ 82500ൗ             (15) 

 
𝑀  ൌ  ሺ1.0983 ൈ 10ିଷሻ  ൈ ሺ𝑎 ൈ 82500ሻ      (16) 

 
𝑀 ൌ 90.61𝑎 𝑔                (17) 

Filler Composition 

Taking the percentage of filler in the composite as ‘b’: 
 

𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑓𝑖𝑙𝑙𝑒𝑟 ൫𝐷൯  

ൌ
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑙𝑙𝑒𝑟 ൫𝑀൯

′𝑏ᇱ ൈ 𝑣𝑜𝑙𝑢𝑚𝑒𝑜𝑓 𝑚𝑜𝑙𝑑 ሺ𝑣ௗሻ൘   (18) 

 

0.7666 ൈ  10ିଷ  ൌ  
𝑀

𝑏 ൈ 82500ൗ     (19) 
 

𝑀  ൌ  ሺ0.7666 ൈ 10ିଷሻ  ൈ ሺ𝑏 ൈ 82500ሻ     (20) 
 

𝑀  ൌ  63.24𝑏 𝑔           (21) 
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D. Mass Concentration of Constituent Materials in 
Composite  

Mass of ER and Hardener in the Composite  

Case 1: At 100vol% of Matrix 

When the composite is made of 0 vol% of filler, i.e., matrix 
is 100 vol%. Therefore, the composition of matrix in the 
composite 

 
 ‘a’ = 1              (22) 

 
Then, from (17) the mass of matrix is calculated as: 

 
𝑀 ൌ 90.61 ൈ 1 𝑔 ൌ 90.61𝑔            (23) 

 
Also, from (2) and (3), mass of ER and HN in the matrix is 
calculated as: 
 

𝑀ாோ ൌ ሺ90.61 ൈ 0.833ሻ 𝑔 ൌ 75.48𝑔        (24) 
 

𝑀ுே ൌ ሺ90.61 ൈ 0.167ሻ 𝑔 ൌ 15.13𝑔        (25) 

Case 2: At 95vol% of Matrix 

When the matrix is 95vol%,  
 

‘a’ = 0.95           (26) 
 
Then, (23) becomes: 

 
𝑀 ൌ ሺ90.61 ൈ 0.95ሻ 𝑔 ൌ 86.08𝑔      (27) 

 
and (24) and (25) become: 

 
𝑀ாோ ൌ ሺ86.08 ൈ 0.833ሻ𝑔 ൌ 71.73𝑔    (28) 

 
𝑀 ൌ ሺ86.08 ൈ 0.167 ሻ𝑔 ൌ 14.35𝑔    (29) 

Mass of HGM and NCL in the Filler 

At 5vol% of Filler 

When the composite consists of 5vol% of filler, i.e., at 95vol 
% matrix; therefore, the composition of filler in the composite 

 
‘b’ = 0.05             (30) 

 
Then, from (21) the mass of matrix is calculated as: 
 

𝑀 ൌ ሺ63.24 ൈ 0.05ሻ𝑔 ൌ 3.16𝑔      (31) 
 

When a single filler is used, i.e., HGM alone, 
 

𝑀 ൌ 𝑀ுீெ ൌ 3.16𝑔          (32) 
 
Also, from (8) and (9), the mass of HGM and NC in the filler 
is calculated as: 
 

𝑀ுீெ ൌ ሺ3.162 ൈ 0.9091ሻ 𝑔 ൌ 2.88𝑔    (33) 
 

𝑀ே ൌ ሺ3.162 ൈ 0.0909ሻ 𝑔 ൌ 0.29𝑔    (34) 

IV. DISCUSSION 

Fabrication of composite materials require series of 
calculations to arrive at the desired formulation. All the 
equations above, (1)-(34) have just demonstrated insight to 
procedures to consider while calculating the grams each 
material in the composite will be required. This varies from 
composite to composite, based on the materials to be used and 
the volume percent of the filler in the composition.  

The densities of both the matrix and the respective fillers are 
used at various stages of the calculation. From (1)-(6), the 
density of the matrix is calculated from the densities of ER and 
hardener by considering their mixing ratio. Equations (7)-(12) 
also highlighted the steps to getting the filler density by 
considering the densities of the HGM and NCL. In the case of 
a single filler, the density of the filler remains the same. 

The mold size constitutes an important factor for 
consideration in determining the overall composite 
formulation, (13). The mass of the matrix in the composite 
formulation is calculated using (14)-(17), while the mass of the 
filler is calculated using (18)-(21). The percentage composition 
of the matrix and filler in the composite is determined by the 
desired volume percent of each required in the composite 
material. This is determined by an individual based of the type 
of material in view. For the base sample (i.e., neat sample, or 0 
vol% of filler), the matrix percentage is 100% or 1 and the ER 
and HN percentage for it is calculated using (22)-(25). 
Variation in volume percent of the matrix to filler in the 
composition of the composite material can be calculated using 
(26)-(34). The input for each equation differs based on an 
individual, the type of materials used, and the volume fraction 
for consideration.  

V. CONCLUSION 

Material composition in composite formulation is an 
important aspect for consideration in fabricating composite 
material. This study has highlighted the importance of mold 
size, matrix density, filler density and volume fraction as it 
affects the overall composite material fabrication. The different 
stages involved and step by step ways of calculating the 
constituent material compositions were discussed. In general, 
the percentage composition of matrix and filler in a composite 

material is a function of their respective densities.    
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