
P a g e  1 | 5 

 

Study of the impact of the crosslinking of a polyester resin on 

the properties of a 30% polyester resin/glass fibre composite 

 

Thibaud Bedjiah, Bastien Frouin, Guillaume Bauer 

University of South Brittany 

December 2018 

 

 

 

Abstract 

The impact of the crosslinking of a polyester resin on the properties of a 30% resin / fiberglass 

composite was studied. The studies were carried out on two plates composed of 12 folds of glass fibers 

and on unit fibers. One of the plates underwent a heat treatment of 72h at 65 ° C while the other does 

not. Three-point bending tests on short beams showed an increase in resistance to shear stresses by 

increasing the crosslinking of the resin induced by the heat treatment. The microscopic study by 

wettability tests confirms these results. That is to say that the heat treatment, allowed a better adhesion 

of the resin on the fibers and thus at the macroscopic scale an improvement of the mechanical properties 

(in shear). Finally, an increase in Tg demonstrated by Differential Scanning Calorimetry (DSC) study 

confirms the increase in crosslinking. 
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1. Introduction 

The need composite materials is continuously 

increasing in industry and therefore represent an 

important part of new materials. Unsaturated 

polyester resins are commonly used as matrices 

for fibre-reinforced composites [1]. Polyester 

resins are among the most used resins for 

composites design [2]. These resins have good 

properties but remain fragile and easily accept 

the propagation of endomations [3][4]. The 

incorporation of the polyester resin between the 

fibres and its crosslinking are important  

 

 

parameters for the future properties of the 

composite. Crosslinking is the key. Generally, 

polyester resins are dissolved in styrene [5]. The 

crosslinking consists of two phases : the heating 

period and the crosslinking reaction. The impact 

of the crosslinking of the polyester resin on the 

properties of the composite was studied in 

different ways. The studies commenced with 

shear tests, then a calorimetric study with a DSC 

machine was used and finally by mooring 

analysis. 
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2. Experimental 

 

2.1 Materials 

 An experimental product DCPD Polyester 

resin HQ 708 wich is an unsaturated polyester 

resin with low styrene content in comparison 

with standard resin. The main characteristics of 

this resin, as provided by the manufacturer, are 

as follows : viscosity @25°C : 140 – 160 mPa/s, 

Gel Time @25°C : 10-14 Minuti, exothermal 

peak : 140-160°C, gel to peak time : 6-10 

minuti, styrene content : 34-38%. Glass fibers 

was also used and had the following properties: 

density = 2,55 , weight = 500g/m2 ; a catalyst,  

an accelerator, a bending machine, a DSC 

machine, an oven, an optical microscope. 

 

2.2 Preparation of polyester resin/glass fibre 

composite 

Two composites plates (20cm x 20cm) were 

made. Each plate contains 18 folds of glass 

fibres connected by accelerated and catalysed 

polyester resin. The plates will then used for the 

various characterization tests. The first plate 

remains in the free air and the second undergoes 

a heat treatment for 72h at 65°C. This kind of 

composites is often used for stratification, for 

example in the nautical field [6]. 

 

2.3 Interlaminar shear tests on composite 

materials 

Bending tests on composite short beams are 

widely used in industrial environments. It is a 

simple method both in terms of its 

implementation and the manufacture of 

specimens. It is mainly used for quality control. 

Each sample measures 65mm x 20 mm x10 mm 

and udergoes a bending speed V = 1 mm/min. 

The maximum stress and the type of rupture are 

then noted. The protocol used here is the 

protocol written by Pr.KRAWCZAK [7] 

 

 

 

2.4 Differential Scanning Calorimetry (DSC) 

study 

Calorimetric heat flow analysis is a technique 

very commonly used to the sudy of polymers. 

The glass transition temperatures of the baked 

resin and the unbaked resin (that remained in the 

fridge) were determined, as well as their state of 

crosslinking. 

The liquid resin endured the following 

program : 

 

Table 1 

The other resin endured the following 

program : 

 

Table 2 

 

2.5 Determining of composite interfaces 

characteristics 

To  compare the effect of crosslinking at the 

microscopic scale between the catalyst-cured 

epoxy resin and the non-cured resins with and 

without the use of a catalyst, it is possible to 

compare the interfacial properties of the resins 

on the glass fibre. The characteristics studied 

here are the wetting angle θ (in rad), the reversal 

work of adhesion Wa (in mJ/𝑚3) and the 
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interfacial shear resistance ꞇIFSS. These 

characteristics result from measurements of the 

wetting angle with respect to the 

length/diameter ratio of drops of resins 

deposited on unit glass fibre. The measurement 

are performed under an image acquisition 

microscope. 

 

3. Results and discuss 

 

3.1 Preparation of polyester resin/glass fibre 

composite 

With mass measurement necessary for the 

realization, it was possible to determine the 

actual volume fraction of each plate. For the 

first plate a volume fraction of 29,92% was 

determined and 30,00% for the second plate. It 

was possible to determine these results by the 

following calculations : 

Plate 1 : 

 

 

 

Plate 2 : 

 

 

3.2 Differential Scanning Calorimetry (DSC) 

study 

With the differential scanning calorimetry study 

it was possible to determine the glass transition 

temperature of each composite and calculate 

their crosslinking rate as shown in the following 

table : 

 

 

Table 3 

 

𝑪𝒓𝒐𝒔𝒔𝒍𝒊𝒏𝒌𝒊𝒏𝒈 𝒓𝒂𝒕𝒆 (%) =
𝜟𝑯(𝒓𝒆𝒔𝒊𝒏)

𝜟𝑯(𝒍𝒊𝒒𝒖𝒊𝒅 𝒓𝒆𝒔𝒊𝒏)
× 𝟏𝟎𝟎 

 

We can see here that the passage of the resin in 

the oven allowed it to crosslink better than the 

resin placed in the fridge. The heat treatment 

therefore had a real impact on the crosslinking 

degree of the resin. 58,82% for the resin placed 

in the oven against 11,03% for the resin placed 

in the fridge. Moreover, it is possible to find the 

same conclusions in the Tg’s values. Indeed, the 

Tg of the resin kept in the fridge is 97°C against 

114,9°C for the resin placed in the oven, wich is 

normal being since the second resin is more 

reticulated, it is necessary to rise to a higher 

temperature. 

 

3.3 Interlaminar shear tests on composite 

materials 

Shear tests were done to mechanically 

characterize the two composites. The results 

obtained are as follows : 
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Postbaked resin : 

 

Table 4 

Fridge resin :  

 

Table 5 

 

With :  - H = the thickness of the samples 

With :  - B = the width of the samples 

With :  - L = the length of the samples 

 

It is possible with these data to assert once again 

that the baking process improves the 

mechanical properties of the composite. In other 

words, if we look at the stress values it is 

possible to see that the breakage stress of the 

samples are much higher for the composite 

having undergone the bake, up to three times 

more. With the postbaked resin, it was therefore 

possible to increase the degree of crosslinking 

of the polyester resin, which resulted in an 

improvement in the mechanical properties of 

the composite. Concerning the fracture facies of 

the samples, it has been possible to observe 

experimentally that the fracture takes place 

perpendiculary to the folds of the composites as 

a result of progressive propagation of the 

cracks. Each of these breaks has been described 

as fragile. The progressive propagations have 

been studied in more details by R.LECHELAH 

and al. [8]. 

 

3.4 Determining the characteristics of 

composite interfaces 

To begin with, the evolution of the wetting 

angle as a function of the L/D ratio (figure 1) 

shows that θ is roughly in direct relation to the 

L/D ratio of the drops of resins. This linearity 

relation has been studied by A.Sielbold and al. 

[9]. It is also observable, on a 40 measurements 

for each resin. We can also observe that on 

average, the wetting angle is smaller with the 

parboiled resin for very close L/D ratios, which 

shows that the resin has more contact area with 

the fibre when it is cooked. 

 

Figure 1 Evolution of the deflection angle as a function of the L / 

D ratio of an epoxy resin baked for 72 hours at 65 ° C 

In a second step, the adhesion work Wa and 

interfacial shear strength ꞇIFSS were calculated 

using the following formulas: 

 

Wa = γ l (1 + cosθ) 

 
With: γ l = The surface energy of the epoxy resin. 

 

ꞇIFSS = (
𝑾𝒂

𝜹
) × (

𝑬𝒎

𝑬𝒇
)

𝟏

𝟐 

 

Relation of Nardin and Schutlz [10]. 

 
With: - Em = The modulus of elasticity of the epoxy resin 

With: - Ef = The modulus of elasticity of fiberglass 

With: - δ = Interatomic distance of the system 
 

The adhesion work of the baked (crosslinked) 

resin (Table 6) is stronger than ththe unbaked 

resin and its interlaminar shear strength is close 

to 1,5 times more than the uncrosslinked epoxy 

resin. On a microscopic scale, the crosslinked 

resin is better adhered to the glass fiber and is 

more resistant to interlaminar shear if we follow 

the relationship of Nardin and Schultz, hence 

the need to crosslink the resin for a long time. 

 

 

Table 6 Influence of the crosslinking of a polyester resin on the 

physical characteristics of adhesion on a unit glass fibre 
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4. Conclusion 

 

Crosslinking of the polyester resin enhanced by 

heat treatment is a key element of the cohesion 

and mechanical properties of the 30% 

resin/glass fibre composite. It has been possible 

to highlight this aspect in different ways. The 

Tg is higher for a composite that has undergone 

a heat treatment, which is a proof of the increase 

in the degree of crosslinking. This crosslinking 

has made it possible to increase the composite’s 

resistance to shear stresses because the adhesion 

between the resin and the fibres has also been 

improved. 
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