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ABSTRACT: Nowadays, waste disposal, is one of the most important environmental problems. Since the usage 

of composite materials has put down all areas of industry, recycling processes of composite materials have been 

becoming of keen interest. As is known, composites are divided into two primary groups: thermoplastic and 

thermoset materials. The thermoplastics are easily managed with conventional methods of recycling, while it is 

difficult to do so in the thermoset ones. In this work, glass fiber reinforced polyester (GFRP) particles of waste 

materials are mixed with pure polyester by certain mass fractions and various particle sizes. The mechanical 

properties (Elastic modulus and strength) are investigated using tensile and compression tests. It was found that 

mixing GFRP smashed particles of (2.36mm) size by 10% of its weight with pure polyester increases the modulus 

of elasticity by 100% compared with the pure polyester keeping the value of failure stress for both tensile and 

compressive tests.       

KEYWORDS: composite materials; polyester; GFRP recycling; sustainability 

INTRODUCTION 

One of the most important research which are considered in the 21st century is the clean energy recourses and 

preserving the environment through rationing and recycling waste and how utilize them in order to economize 

the consumption of raw materials and get rid of waste disposal. Steadily, the use of composite materials has been 

increasing because of its high strength, high stiffness and lightweight properties. Such properties help composite 

materials to be attractive for architects in many branches of industries [1]. Although the service life of composite 

materials in many applications is between 15 and 20 years, these almost keep the physical properties beyond this 

time [2].  

Composite materials are branching out into two main parts, thermoplastic, and thermoset. Thermoplastics are 

much easier in recycling because of their properties while, there are many problems in recycling thermoset 

polymers. Thermosetting polymers are cross-linked and cannot be remolded [3].     

Thermoset resins like epoxy and polyester are the most common matrix materials for composites because of its 

good chemical resistance, strength and low moisture absorption. Fiber reinforced polymer composites (FRPC) 

like Carbon (or glass) fiber / epoxy (or polyester) composites are frequently used in different applications like 

sports equipment, yachts, aerospace and automotive components [4]. 

By their nature, composites are mixtures of various materials as polymers, fiber reinforcements and often fillers. 

They are manufactured in most cases integrally bonded with other materials like metal inserts or foam cores.  

Having cured thermosetting polymers, they cannot be remolded on the contrary, the thermoplastic polymers can 

be remolded. Hence, the methods of thermoplastic recycling cannot be applied for thermosets; instead, the 

applications of recycling of thermosets are carried out by either mechanical or chemical and thermal recycling. 

The mechanical method goes by reducing the size of the waste composite materials in order to be converted into 

powdered and fibrous materials which may be used as constituents in new composites. Chemical and thermal 

methods are applied to remove the polymer from the fiber reinforcements producing recycled fibers to be utilized 

in new composites. Extensively, Fiber-reinforced composites are used in manufacturing various components in 

engineering structures [5]. The industrial solutions for disposing of thermoset composites waste that widely 

available until now have been landfill or incineration. Several projects have investigated the potential for 
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reclaiming valuable (expensive) carbon fiber from composites waste. Recycled carbon fiber Ltd in the UK, for 

example, operates a plant based on a continuous pyrolysis process, which converts carbon fiber epoxy composite 

waste into carbon fiber products for re-use without recovering the resin [4]. 

Ribeiro et. al. [6] made an assessment of the added value considered of recycling solution, evaluating flexural 

and compressive loading of PC specimens which modified mechanically with recycled GFRP wastes. Many 

advantages are raised from the point of environmental and economic benefits.  

Oliveux et al [7] presented a complete review for most of the techniques developed to recycle fiber-reinforced 

polymers in more than 120 articles. They mentioned about 5 recent articles which discussed the mechanical 

recycling of glass fiber reinforced composites (GFRCs). Where most of these articles deal with the methods that 

enable the components of the composite material to be separated using mechanical methods involving fracking 

and milling and also to reuse these materials as reinforcements or as fillings. 

Kouparitsas C.E et al [8], investigated the feasibility of using short fibers which are recovered from recycled 

thermoset composites in order to produce new composites. Glass‐polyester composites are used to recover glass 

fibers from, carbon and aramid fibers were recovered from epoxy based composites. After grating, a specific 

fibrous fraction was chosen from different fractions obtained for reuse. First, they characterized the recycled 

fraction in terms of length of the fibers and residual content of the matrix, and later included into pure polymer 

matrices preparing new thermoplastic composites. The performance of these composites is evaluated through a 

comparison of tensile test results between them and with similar measurements performed on composites 

containing short virgin fibers of similar length. They found in most cases that recycling does not have 

disadvantages on the mechanical performance of the new composite. They explained this overall behavior in the 

expressions of fiber length reservation, fiber dispersal mechanism and fiber‐matrix adhesion.  

Palmer et. al. [9] discussed the first attempts to develop a new sheet moulding compound (SMC) using recycled 

low cost carbon fiber (CF) as reinforcement component instead of using conventional glass fibers. Their report 

showed that a recently designed manufacturing system makes large rough recycled fibrous materials to be utilized 

within existing SMC production lines. They claimed that with precise control of virgin and recycled fiber 

distribution, an applicable SMC grade utilizing recycled CF could be obtained. 

This work is an attempt to configure the effect of filling recycled GFRP particles with various sizes and weight 

fractions into polyester resin from the concept of mechanical properties. The GFRP particles were gathered from 

isolated scrap of automobile parte, cleaned, washed and dried. These parts were smashed, grinded and sorted in 

three groups according to particles size. The particles were mixed with pure polyester to manufacture samples 

for mechanical testing to find the role of adding the particles on the properties of polyester and wither it is valuable 

for recyclability [10-13].  

EXPERIMENTAL WORK 

To get three diverse sizes of particles (fine 2.36 mm, medium 4.75 mm and coarse 9.5 mm) illustrated in figure 

1, GFRP waste pieces were mechanically treated by crushing and grinding operations. Different sieves (shown 

in figure 2) were used to sort of the particles.  

 

(A)                                         (B)                                        (C) 

https://www.sciencedirect.com/science/article/pii/S1359835X1000134X#!
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Figure 1. GFRP recycled particles: (A) fine, (B) medium and (C) coarse.  

 

The particles were mixed with pure polyester resin into three different weight fractions 10, 15 and 20%. To 

produce the specimens for static tensile and compression testing, the mixture material was poured in the molds 

manually. The geometry and the dimension of the specimens are according to the specifications of ASTM-(D638)  

and ASTM-(D695M-89) for tensile and compression testing respectively. 

 

 

 

 

 

Figure 2. Sieves used to isolate the particles 

The length and diameter of cylindrical specimens for compression test are 36 and 18 mm respectively, knowing 

that the ratio of Lo/do is from 1.5 to 3. . The dimensions of the tensile specimen are shown in figure 3. Figure 4 

shows the photographs of the samples for both tensile and compression testing. Figure 5 shows the LARRY brand 

material testing machine.  

     

 

Figure 3. tensile test specimen 

 

                                      (A)                                                                                    (B) 

Figure 4. The test specimens: (A) for compression test (B) for tensile test 
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Figure 5. LARRY compression/tensile testing machine 

RESULTS 

The experimental results are presented as stress-strain curves as shown in figures (6 to 11).  Figure 6 represents 

the results of the tensile test of the particle size (2.36 mm) mixed with polyester of three weight fractions 10, 15 

and 20% compared with the pure polyester case. The value of the modulus of elasticity (E) for the pure polyester 

case is 3.2 GPa, the maximum (failure) stress is 51 MPa and the maximum strain is 0.034. Mixing 2.36 mm 

particles size with the polyester of 10% weight fraction changed the value of the elastic modulus to be 6.1 GPa 

which means a 100% increase. The maximum (failure) stress is 53 MPa and the maximum strain is 0.012. The 

value of modulus of elasticity reduced to 4 GPa for the samples of 15% mixing ratio, the maximum stress reduced 

to 42 MPa and the maximum strain is 0.063. The modulus of elasticity for the third mixing ratio (20%) is 3.8 

GPa, the maximum stress is 38.5 MPa. The results of stress – strain curves for all the cases are translated from 

the figures to table 1. 
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Figure 6. Tensile stress – strain curve for 2.36mm particles size mixed in polyester with three different weight 

fractions. 

 

Figure 7. Tensile stress – strain curve for 4.75mm particles size mixed in polyester with three different weight 

fractions. 

 

Figure 8. Tensile stress – strain curve for 9.5mm particles size mixed in polyester with three different weight 

fractions. 
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Figure 9. Compressive stress – strain curve for 2.36mm particles size mixed in polyester with three different 

weight fractions. 

 

Figure 10. Compressive stress – strain curve for 4.75mm particles size mixed in polyester with three different 

weight fractions. 

 

Figure 11. Compressive stress – strain curve for 9.5mm particles size mixed in polyester with three different 

weight fractions. 

Table 1. Results for stress – strain curves for all samples 

Sample 

Tensile test Compression test 

Elastic 

Modulus  

(E)  GPa 

Failure 

stress    

MPa 

Maximum 

strain 

Elastic 

Modulus  

(E)  GPa 

Failure 

stress    

MPa 

Maximum 

strain 

Pure Polyester 3.2 51 0.034 5.5 106.5 0.0487 

2
.3

6
 m

m
 

10% 6.1 53 0.012 7.57 101.3 0.0145 

15% 4 42 0.0063 4.8 85 0.0095 

20% 3.8 38.5 0.0064 5.07 81 0.0089 

4
.7

5
 m

m
 

10% 4.3 49 0.0099 4.5 98.8 0.0131 

15% 5.7 40.5 0.0098 4.2 84.2 0.0128 

20% 4.36 37 0.0072 3.15 78 0.0123 
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9
.5

 m
m

 

10% 7.8 44 0.0051 5.8 94.18 0.0081 

15% 13.1 41.6 0.004 12 83.23 0.0079 

20% 9.24 29 0.0036 13.4 74 0.0061 

CONCLUSIONS  

GFRP particles were re-used from waste materials mixed in polyester resin with three weight fractions 10, 15 and 

20% and three particle grades 2.36, 4.75 and 9.5 mm size. Based on the results of this study, the effect of the GFRP 

particles on the mechanical properties of the polyester are shown in table 1 listed above and it is found that these 

particles have an influence on the modulus of elasticity. In other words, the polyester turns to be more brittle and 

this property changes simultaneously with the change of the weight fraction and the particles size. It is noticed that 

this change is nonlinear and proportional to the particles size, when minimizing the particles’ size the elastic modulus 

increases as cleared for the case of 10% mixture keeping the maximum (failure) stress and minimizing the strain for 

both tensile and compression tests.  This work gives an idea that the use of non-recyclable composite waste like 

GFRP by smashing these materials mechanically to small particles and reuse it as fillings with polymer resin helps 

to have new composites, which later may be used for different industries like furniture, covering, construction, 

structural applications, automobile… etc. This method improves new possibilities for the sustainability of 

composites. The experimental results also confirm that the value of the modulus of elasticity for tensile and 

compressive load situations in composite materials is not the same and this difference is obvious in materials with 

more ductility property than brittle ones. 
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