
 
 

Implementation and characterization 
of composite materials 

 
 

Effect of post-curing on the mechanical and physical properties 

of polyester/glass fiber composites 

 

Gwendoline Guillouroux & Jean Huret  

 

Abstract 

The composite polyester/glass fiber has large applications in the industry such as building, 

transport, sports equipment. In this paper, change of interlaminar shear strength and 

interfacial shear strength of polyester/glass fiber properties after post-curing was studied. For 

that we used different methods; a DSC study, a wettability study and a bending test on short 

beam. After annealing create ordered area within the matrix. The post-curing matrix have 

higher reticulation rate that improve mechanical properties of this material and improve 

adhesion between fiber and matrix. At a macromolecular scale the structure is more 

organized.  

Keywords: Polyester resin, glass fiber, post curing, Interlaminar shear strength, Interfacial shear 

strength 

 
 

1. Introduction 

 
Fibers reinforced by polymer are 

composite that are used in many 
applications (aero naval, aeronautics…) 
Most of time, composite was reinforced by 
plastic thermoset polymer. Thermoset is a 
polymer that after polymerization is 
irreversibly cured form. We are used to 
using thermoset in composite because 
they are more rigid and stable than 
thermoplastics [1]. For example we use 
polyester, epoxies, phenolic and 
polyurethanes. For this study we use 
polyester [2]. 

As you know, mechanical 
performance of composite materials 
depends of his matrix, his fibers and also 
the interface between fiber/matrix.  
Therefore we need to take into account 
this area to characterize the interfacial 
shear strength. We try in this study to 
determine the influence of annealing on 
the adhesion and on the interlaminar and 
interfacial shear strength [3] [4].  

This study focuses on the 
mechanical and thermal behavior of a 
reticulated resin at ambient temperature 
and with a post curing. For the post-curing 
plate we did a treatment at 65°C for 72 
hours [5] [6]. 

At first we made 2 plates of 
polyester/glass fiber by contact molding. 
These two plates were our samples for the 
rest of experiences. On these samples we 
did three tests; First we did a Differential 
Scanning Calorimetry (DSC), a bending 
test on short beam [7] [8] and a wettability 
test [9] [10].  

  

2. Materials and methods 

2.1. Materials 

The resin considered to make our 
composite plates is a blend of unsaturated 
polyester resin called HD 708, with lower 
styrene content than a standard resin, 
which has a certain advantage because it 
allows for better compatibility with glass 
fibers. 
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Table 1: Resin properties 

 

Characteristics Range Unit 

Viscosity (at 25°C) 140 à 160 mPa.s 

Gel Time (at 25°C) 10 à 14 minutes 

Styrene content 34 à 38 % 

Density 1,17 g/m
3
 

 

To optimize the manufacture of the 
composite, for a mass of resin of 100g, it is 
necessary to adjust an accelerator 
quantity, which represents 0.2% of the 
mass of resin, and catalyst, which 
represents 2%, quantities recommended 
by the manufacturer. 

The composite reinforcement is 
made of glass taffeta with a grammage of 
500 g/cm² and a density of 2.55 g/m3. 

The dimensions of the plates are 
20x20, composed of 18 folds of 
reinforcements. 

 

2.2  Methods 

 

2.2.1: Contact molding: 

 

To make our plates, we used the 
method of contact molding. It is a widely 
used method because it is easy to 
implement and inexpensive from a point of 
view concerning material. It consists of 
applying a layer of resin on a 
reinforcement, prepared beforehand 
(accelerated, catalyzed), then repeating 
this action until the desired thickness is 
obtained. 

Before carrying out this operation, it 
is necessary to carry out preliminary work: 

In our case, we made two 
composite sheets: 

 

 

 

 

Table 2: Resin ratio 

 

Composite 
sheet 

Real 
resin 
mass 

(g) 

 

Acceler
ator 

Weight 
(g) 

Catalyst 
weight 

(g) 

 

Ambient 367,4 0,734 7,34 

Post 
annealing at 

65 °C during 
72h) 

 

329,8 

 

0,659 

 

6,59 

 

2.2.2: DSC: 

 

Differential Scanning Calorimetry 
(DSC) is a method of differential thermal 
analysis. This technique is based on the 
principle of measuring the variations in the 
thermal energy supplied to the sample 
(here, the resin) to be analyzed in 
comparison with that provided to a 
"control" sample under the influence of a 
controlled temperature variation. This 
technique allows quantitative analysis of 
transitions (glass, fusion) in energy terms. 

All phase transformations are 
easily studied in thermal analysis: this is 
the fundamental method for the 
determination of state diagrams. 

We obtain a result as a graph 
showing the heat flux (mW/mg) as a 
function of temperature (°C). 

 

2.2.3: Determination of wettability: 

 

The theory of wetting is based on 
the assumption that adhesion is due to 
some intermolecular forces, forces created 
by chemical bonds such as Van der 
Waals, between a liquid polymer and a 
contact surface [11]. 

These weak and undirected 
connections are formed only in contact 
with the two planes. The term "wetting" is 
used when the surface of the material to 
be laid on another surface spreads over it. 
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(2) 

(1) 

(3) 

This involves the surface tension of the 
material. 

To illustrate this phenomenon, we 
can take the example of the drop of water 
which, when it is placed on a greasy 
surface or room, will not spread out. This 
is due to an increase in the surface 
tension of the water. Conversely, if the 
surface is clean and degreased, the drop 
will spread perfectly. This is called 
complete mooring. 

This complete wetting increases 
the contact area between the two 
materials, thus increasing the number of 
Van der Waals connections that will form. 
These bonds are of low strength, but if 
their number is high, it still allows a good 
adhesion of the structure. 

 

The test consists of applying resin 
in small quantities to a fiber. Using a 
microscope, driven by Stream Essentials 
software, we were able to measure the 
height and width of each symmetrical 
drop, while the others were not usable to 
determine the contact angle and aspect 
ratio L/d. 

Thanks to the contact angle 
obtained, it is possible to calculate the 
adhesion work Wa: 

But also, the shear stress of the drop with 
the relation of Nardin-Shultz: 

 

 

2.2.4: Interlaminar Shear Test 

 
Shear is a result of bending tests. 

These are the tests most commonly used 

in industry because they determine the 

limits of materials, that is to say, from 

when they can no longer resist an applied 

force: when there is a break in the 

material.  

There are several types of bending 

tests such as 2-point bending, 3-point 

bending that we have used in order to get 

as close as possible to a real situation, or 

4-point bending.  

To perform a 3-point bending test, 

place our specimen on two supports and 

apply a force in the center of the part, 

where there is the greatest risk of shearing 

or breaking. The NF ISO 14130 standard 

qualifies this test.  

The results of this test vary 

according to the dimensions of the piece 

and its positioning. Indeed, in order to be 

able to position it properly, it is necessary 

to measure its thickness and thus to be 

able to determine the distance at which 

the two supports are placed from each 

other, in order to optimize handling. We 

obtain this distance according to the 

equation:  

𝐿 = 5. 𝑒 ± 0.3 𝑚𝑚 

 

 Table 3: Size of samples  

 

Sample Ambient 

Post 
annealing at 
65 °C during 

72h 
Mean 

thickness 
(cm) 

 

0.80 0.87  

Distance 
between 
the two 

supports 
(cm) 

4 4,35 

 

Figure 1: Illustration of a wettability test 
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(4) 

It is by measuring the breaking 
strength value that we can calculate the 
apparent interlaminar shear stress τapp or 
ILSS (Interlaminar Shear Strenght) [12]: 

 
 
 
 
 
 
 

3. Results & Discussion 
 

3.1 Interlaminar shear Test 
 

We performed the bending test on 
about ten samples of the two composite 
sheets: the first one was reticulated at 
room temperature, and the second one 
was annealed at 65°C for 72 hours. 

 
 
Table 4: Force applied on samples  
 
 

Sample Applied force (N) 

Reticulated sheet at 

ambient 

temperature 

3263,22 

Sheet With an 

annealing at 65°C 

during 72h. 

6237,65 

 
  
 
 

Based on our results, we noted that 
the plate annealed at 65°C has a better 
bending strength: it can withstand twice as 
much force as the plate crosslinked at 
ambient temperature. 
 Based on the force required to 
break the sample, we could calculate the 
associated shear stress using equation 
(4): 
 
 
 
 
 
 
 

Table 5: Results of interlaminar shear test 
(ILSS) 
 

Sample 
Thickne
ss (cm): 
h 

Width 
(cm): 
b 

Interlami
nar 
shear 
(MPa) 

Reticulate

d sheet at 

ambient 

temperatu

re 

0.80 1.98 15,40 

Sheet 

With an 

annealing 

at 65°C 

during 

72h. 

0.87 1.96 27,12 

 
Therefore, we notice that the 

sample of the annealed plate has a higher 
shear stress than the other sheet. This 
sheet is therefore more resistant to 
bending. 

However, this plate still breaks: the 
failure propagates parallel to the plane of 
the break but also perpendicular to the 
front of the break. 

 

        

Figure 2: Pictures a) annealing sample after 

test b) sample ambient crosslinked before test 

 
Comparing the shear mode of the 

two samples, we notice that the annealed 
plate sample is more resistant to bending 
because the break is more distributed over 
the volume of the part. [7] [8] 

 
 
 
  

a b 
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3.2 DSC 
 

With the DSC method, it’s possible 
to determine glass transition temperature 
(Tg), crosslinking degree can be calculated 
with the peak value. The result can be 
observed in Figure 3, 4, 5 and are 
recorded in Table 6. 
 

 

Figure 3: Crosslinking peak and glass transition 

of resin annealed at 65°C for 72h. 

 
.

 

Figure 4: Crosslinking peak and glass transition 

of resin annealed at ambient temperature. 

 

 

Figure 5: Crosslinking peak of non-annealed 

resin. 

 
 
Table 6: Glass transition temperatures and 
crosslinking rate.  
 

Resin 
Peak 
(J/g) 

Tg(°C) 
Crosslink
ing       
rate (%) 

Liquid 
Resin  

224,4   / 100 

Ambient 
Crosslinked 

70,79 109,3 68,5 

Crosslinked 
at 65°C for 
72 h 

21,2 91,2 90,55 

 
 

According to Table 1, post-curing 
resin has a glass temperature below 
ambient crosslinked resin. But we were 
hoping to get opposite. Indeed normally, in 
a crosslinked system, glass transition 
temperature depends to crosslinking rate, 
glass transition temperature moves to 
higher temperatures as the crosslinking 
rate increases [5].  

Taking the peak of liquid resin we 
can calculate the crosslinking rate. We see 
the crosslinking rate increase when we did 
post-curing to the sample. When reactions 
occur at high temperature (post-curing) 
system mobility is also high and this 
generally allows the monomers greater 
opportunity to achieve a relaxed 
conformation. With annealing, the 
introduction of radicals occurs at a slow 
and steady pace; this, coupled with high 
mobility, results in the slow process of bulk 

network formation. [5]    
 

3.3 Wettability: 

 

A material's wettability test can be 
used to determine when we apply a liquid 
(here, the resin), whether it adheres well to 
the material, or whether there is a good 
bond between the two materials (fiber and 
resin). The tests were performed at room 
temperature. 



Gwendoline Guillouroux & Jean Huret/ Implemetation and charaterization of composite materilas  2017

 

6 
 

The test of wettability that we have 
performed on the glass fibers present in 
the prepared composite sheets allows us 
to obtain these results: 

 

Table 7: Results of Wettability test 

 

Polyester 

resin 

Angle Θ  

(°) 

Work 

adhesion 

(mJ/m²) 

Resin liquid 43,75  30,35 

Reticulated 

resin at 

ambient 

temperature 

41,91 36,07 

Reticulated 

resin with an 

annealing at 

65°C during 

72h. 

40,58 44,25 

 

The results of the adhesion work 

(Wa) were obtained by taking the equation 

(1) with γL=30.7mJ/m² for the liquid 

polyester resin and 44.1 mJ/m² for the 

65°C annealed resin. 

We can notice that there is a difference 

concerning the adhesion work between 

the three samples:  

- The work adhesion of liquid resin and 

cross-linked resin is close, with a 

difference of 15%. 

 

- The annealed resin has more adhesion 

work than other resins, which presents 

a difference, with the liquid resin, of 

31% and with the reticulated resin, a 

difference of 18%.  

Looking at the Figure 1, and 

comparing the different angle values, we 

can see that when the angle Θ is low, the 

resin spreads better over the material but 

does not stick better to the material.  

However, a higher contact angle 

favours the creation of a good quality 

interface (fiber/matrix). 

As the results show, when the angle is 

greater, the resin adheres better to the 

material: this is the case for resin 

annealed at 65°C for 72 hours. 

Table 8: Interfacial shear strength (IFSS) 

Polyester resin 

Shear 

stress 

(MPa) 

Resin liquid 12,22 

Reticulated resin at ambient 

temperature 
14,53 

Reticulated resin with an 

annealing at 65°C during 

72h. 

17,82 

 

Concerning the results of Shear 

stress, we based the equation (2) with Em, 

the elastic modulus of the matrix (3000 

MPa), Ef the modulus of fibers (74000 

MPa) and δ the interatomic distance of our 

system, equal to 0.5 nm. 

As for the adhesion work, we notice 

that the resin with a better shear stress is 

the annealed resin. 

Thanks to our results, we can 

confirm that the resin which adheres best 

and therefore allows a better resistance to 

shear stress, is the resin annealed at 

65°C. From a mechanical point of view, it 

is therefore recommended to use the 

cured resin at 65°C for 72 hours to obtain 

more resistant composites.  
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4. Conclusion:  
 

 The study focused on the 
characterization of interlaminar shear 
strength as well as crystallization and 
interfacial shear strength of our samples. 
So we saw the importance of annealing on 
the performance of composite materials. 
Indeed, this process has a positive change 
in the physicochemical properties of 
matrix. First we saw the increase of 
interlaminar shear strength and therefore a 
greater adhesion of interfacial fiber/matrix 
due to the raise of the cross linking rate. In 
fact, wettability test show us resin, 
microdroplets cured have better interfacial 
shear strength than resin microdroplets 
less crosslinked. When we cross our 
results we saw a difference between IFSS 
and ILSS for the sample which was 
annealing. 
 Other tests could be achieved by 
varying measurement techniques in order 
to improve the accuracy and relevance of 
the results. 
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