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THE USE OF RECYCLED CARBON FIBERS (rCF) IN PRODUCTION  
OF POLYMER CONCRETE TO IMPROVE MECHANICAL PROPERTIES 

The recycling processes for CFRP waste are difficult due to their complex, and multi-material composition. Consequently, 

there is a need for new solutions to address this issue. The focus of CFRP composite recycling processes is primarily on recov-

ering costly carbon fibers, which are characterized by exceptional mechanical properties. Pyrolysis has been identified as an 

effective method for the recovery of carbon fibers without significant damage. In this study, recovered carbon fibers (rCF) 

were used to produce polymer concrete. The fabricated polymer concretes contained carbon fibers of varying lengths (10, 20, 

and 30 mm) and volume fractions of 1 and 3%. The results showed that the addition of 3% post-pyrolytic carbon fibers re-

sulted in significant improvement in the mechanical properties of the polymer concrete. Specifically, the flexural strength in-

creased by more than 100% compared to the polymer concrete without carbon fibers, while the compressive strength im-

proved by more than 60%. Overall, the study demonstrates that incorporating post-pyrolytic carbon fibers in the production 

of polymer concretes offers a promising solution to the challenge of CFRP waste. The use of these fibers not only helps in the 

recovery of valuable resources but also results in significant improvement in the mechanical strength of the final product. 
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INTRODUCTION 

Polymer composites represent a rapidly evolving 

field of research in the realm of engineering materials.  

The advanced properties of contemporary composites 

surpass those of traditional materials in terms of high 

mechanical strength coupled with low density. As a re-

sult, these materials find widespread applications in  

diverse industries such as construction, aerospace,  

transportation, and modern power generation, among  

others [1]. 

The incorporation of distinct phases with diverse 

properties is a fundamental aspect in the fabrication of 

polymer composites, as it enables the attainment of 

properties that are unachievable by individual phases 

alone. In cases where multiple reinforcing phases are 

employed, hybrid composites are generated. Neverthe-

less, the synergistic effects arising from the interaction 

between the constituent phases, and the resultant com-

bination of material properties may pose challenges 

during the recycling processes [2, 3]. 

Despite their many difficulties, numerous methods 

of recycling polymer composites reinforced with carbon 

fiber have been developed to date. The basic methods of 

CFRP recycling are mechanical recycling [4], chemical 

recycling and thermal recycling [5, 6]. Owing to the set 

of beneficial properties of carbon fibers and their high 

price, recycling processes are focused primarily on  

recovery of the reinforcement material, excluding re-

covery of the matrix material. Currently, high hopes are 

placed on the recycling of CFRP in the pyrolysis process. 

Pyrolysis is carried out in an oxygen-free atmosphere in 

the temperature range of 400-700°C. The decomposi-

tion of the polymer matrix allows the recovery of gases 

and oils with high calorific value. The decomposition of 

the matrix leads to the release of the reinforcement mate-

rial from the composite structure in a way that allows the 

preservation of high properties of carbon fibers without 

the loss of structural integrity [7-9]. 

Despite the knowledge of CFRP recycling methods, 

interest in reusing recycled carbon fibers is limited. The 

main limitation in their applicability is the heterogene-

ity of fiber properties after the recycling process. It may 

be beneficial to define areas that use the potential of 

carbon fiber properties, while accepting deviations in 

the mechanical properties of the recycled material. One 

of the most commonly used building materials is con-

crete, which is mainly made of cement (a binder), water 

and aggregate. The volume fraction of aggregates in 

concrete exceeds the proportion of cement and water. 

Most often, the concrete contains a fine aggregate, e.g. 

quartz sand, and a coarse aggregate, e.g. gravel. As an 

alternative to traditional unrestricted aggregates, it is 

possible to add waste, e.g. plastic waste [10], glass 

waste [11], fly ash waste [12] to the concrete structure, 

which may affect its properties. 
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The advantages of concrete are its ease of produc-

tion, low price, ease of processing, and fire resistance. 

The most important disadvantages of concrete include 

water absorption, susceptibility to corrosion, low frost 

resistance, brittleness, low tensile strength and low 

thermal and acoustic insulation [13]. Because of the 

potential disadvantages of traditional concretes, its use 

in some application areas is limited. An alternative so-

lution to traditional concretes with a cement binder can 

be polymer concretes, where the cement has been re-

placed with a synthetic resin [14]. 

Polymer concretes are characterized by better resis-

tance to environmental conditions, including aggressive 

chemical agents and salt solutions, higher mechanical 

strength, frost resistance, low water absorption, and 

short curing time (short production time) [15, 16]. 

Many times the properties of polymer concretes are  

better than those of traditional concretes, which is why 

they displace cement-based concrete from some appli-

cations. A major limitation in the wide application of 

polymer concretes is their high price and more compli-

cated production process. There are known concepts in 

which typical polymer concretes (without the addition 

of cement), traditional polymer-modified concretes 

(cement-polymer binder), polymer-impregnated con-

cretes and surface-coated polymer concretes are pro-

duced [17].  

This article attempts to use post-pyrolytic carbon  

fibers from recycled wind turbine blades in the produc-

tion of epoxy polymer concretes. Quartz sand as a fine 

aggregate and gravel as a coarse aggregate were used to 

produce the polymer concretes. Chopped carbon fibers 

of various lengths and volume additions were added to 

the polymer concrete in order to increase the mechani-

cal properties of the polymer concrete, especially the 

tensile strength. 

EXPERIMENTAL PROCEDURE 

The procedure for the recovery of carbon fibers 

from wind turbines in the pyrolysis process and the 

production of polymer concrete is presented in Figure 1. 

In the first stage, wind turbine blades were dismantled 

and transported to the place where the recycling process 

was conducted. The length of the recovered carbon  

fibers from the wind turbines is limited by the length of 

the semi-trailer in the truck and the dimensions of the 

pyrolysis reactor. The pyrolysis process was carried out 

at a temperature of 500-600°C in a non-oxidizing at-

mosphere (during the process, the atmosphere in the 

reactor gradually decreases in oxygen content, finally 

reaching a content of about 0%). Carbon fibers 3-8 m 

long with a partial epoxy residue on the surface were 

recovered. The pyrolysis process was carried out in 

such a way as to obtain fibers without significant dam-

age or stiffness conditioned by the resin residue on the 

surface, which facilitates the subsequent process of me-

chanical cutting. The long carbon fibers were cut using 

a guillotine into lengths of 10 mm, 20 mm and 30 mm. 

Seven series of polymer concretes were produced, 

the designations and composition of which are pre-

sented in Table 1. All the polymer concretes contain  

a 30% volume addition of epoxy resin acting as  

a binder for solid particles. Epoxy resin LH 288 (Havel 

Composites, Czech Republic) catalyzed by H505 

(Havel Composites, Czech Republic) at a weight ratio 

of 100:27 was used to produce the polymer concretes. 

Gravel was used as the coarse aggregate and quartz 

sand as the fine aggregate. The volume ratio of gravel 

to sand is 4:3. Samples with different volume fractions 

of carbon fibers (1% and 3%) and different fiber lengths 

(10 mm, 20 mm and 30 mm) were produced. 

 
TABELA 1. Markings and composition of samples 

Sample 

Coarse 

fraction 

(gravel) 

Fine  

fraction 

(sand) 

rCF 
Epoxy 

resin length 
volume 

fraction 

REF 40% 30% - - 

30% 

rCF_10_1% 39.5% 29.5% 10 mm 1% 

rCF_10_3% 38.5% 28.5% 10 mm 3% 

rCF_20_1% 39.5% 29.5% 20 mm 1% 

rCF_20_3% 38.5% 28.5% 20 mm 3% 

rCF_30_1% 39.5% 29.5% 30 mm 1% 

rCF_30_3% 38.5% 28.5% 30 mm 3% 

 

 
Fig. 1. Scheme of production of epoxy polymer concretes reinforced with carbon fiber from recycled wind turbine blades 
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The aggregates (sand and gravel) were analyzed to 

determine the particle size distribution. For sand, the 

PSD analysis was carried out using the laser diffraction 

method by means of a Mastersizer 3000 particle size 

analyzer, and for gravel, a sieve analysi

utilizing a Multiserw LPzE-2e laboratory sieve shaker. 

Figure 2 presents the aggregates used in the produ

tion of polymer concrete. The volume moment mean D 

[3, 4] for the sand is 449 µm. There was a dominant 

fraction of about (D50) 395 µm. In the case of gravel, 

about 90% of the grains are between 2 mm and 6 mm. 

 
a) b) 

c) d) 

Fig. 2. Aggregates used in production of polymer concrete
tion (quartz sand), b) PSD analysis of sand grains, c) coarse fra

tion (gravel), d) PSD analysis of gravel 

The post-pyrolytic carbon fiber was observed by 

means of scanning electron microscopy using the SE 

technique on a Hitachi S-3400N device in order to 

describe the morphology of the fibers after the process 

and to detect resin residues on the fiber surface. The dry 

aggregates were mixed together and then the liquid 

epoxy resin was added. The mixture was homogenized 

using a mechanical mixer at 200 rpm for 5 minutes and 

then poured into silicone molds. Cross

ried out at a temperature of about 25

lowed by post-curing at a temperature of 60

Cylindrical samples with a diameter of 50 mm and 

a height of 100 mm were made for the compression 

test in relation to the standard for plastics PN

ISO 604:2006. Rectangular samples with a length of 

200 mm, a width of 50 mm and a height of 25 mm were 

intended for the three-point bending test performed in 

accordance with the procedure of the PN

14125 standard. 
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Aggregates used in production of polymer concrete: a) fine frac-
tion (quartz sand), b) PSD analysis of sand grains, c) coarse frac-

pyrolytic carbon fiber was observed by 

means of scanning electron microscopy using the SE 

3400N device in order to  

describe the morphology of the fibers after the process 

the fiber surface. The dry 

aggregates were mixed together and then the liquid  

epoxy resin was added. The mixture was homogenized 

using a mechanical mixer at 200 rpm for 5 minutes and 

then poured into silicone molds. Cross-linking was car-

perature of about 25°C for 72 h, fol-

curing at a temperature of 60°C for 12 h. 

Cylindrical samples with a diameter of 50 mm and  

a height of 100 mm were made for the compression  

test in relation to the standard for plastics PN-EN  

6. Rectangular samples with a length of  

200 mm, a width of 50 mm and a height of 25 mm were 

point bending test performed in 

accordance with the procedure of the PN-EN ISO 

RESULTS AND DISCUSSION

Figure 3 shows a single recycled carbon fiber of 

a wind turbine blade obtained in the pyrolysis process. 

The pyrolysis revealed residual resin on the surface 

of the carbon fiber, which allowed the structural inte

rity of the material to be preserved and prevented cha

ring. The diameter of the pyrolysis fiber is 6.75 µm 

and it is estimated that the diameter did not change 

during recycling compared to the diameter of the virgin 

fiber used in the production of the wind turbine comp

nents.  
 

Fig. 3. Single carbon fiber obtained in pyrolysis process. SEM, SE 

technique, magn. × 10 k 

Figure 4 presents the results of the three

ing test of the polymer concretes. The reference pol

mer concrete sample (REF) has a flexural strength of 

about 20 MPa, and the addition of carbo

increases this value. Both the sample reinforced with 

1% fibers with a length of 10 mm and the sample rei

forced with 20 mm length fibers are characterized by no 

change in flexural strength, which may mean that the 

beneficial effect of composite 

achieved. Only carbon fiber with a length of 30 mm 

(at a 1% volume addition) raises the flexural strength to 

about 27 MPa, which means an increase of over 30% 

compared to the reference sample. A significantly better 

strengthening effect was observed in the polymer co

crete reinforced with the 3% volume addition of carbon 

fibers (Fig. 4b). Fibers with a length of 10 mm lead to 

an increase in flexural strength by 34% (27.2 MPa), 

20 mm, an increase by 44% (29.3 MPa), and for 

a length of 30 mm, an increase by almost 100% 

(40.3 MPa). The most favorable strengthening effect 

was achieved for the sample with the 3% volume add

tion of carbon fibers with the length of 30 mm. The i

troduction of higher volume additions and/or longer 

carbon fibers led to numerous problems in the homo

genization and thickening of the mixture; therefore, 

it was considered to be the limit value for the conducted 

research. 
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a) b) 

Fig. 4. Flexural strength of studied polymer concretes: a) for samples 

with 1% CF by volume, b) for samples with 3% CF by volume

Figure 5 displays the results of the compression test 

of the investigated  polymer concretes. As in the case of 

flexural strength, growth in the compressive strength 

was observed with increasing volume a

bon fibers and their length. The compressive strength of 

the polymer concrete without the addition of carbon 

fibers is 50 MPa, which is a satisfactory value co

pared to traditional concrete. The addition of 1% by 

volume carbon fibers with the length of 10 mm raises 

the compressive strength to 68.5 MPa, 20 mm to 

73.3 MPa, and for the length of 30 mm to 77.3 MPa (an 

increase by 53% compared to the reference sample). 

The addition of 3% by volume of carbon fibers leads to 

a greater rise in compressive strength than 1% by 

volume. In the case of the polymer concretes with the 

3% CF addition (Fig. 5b), increases in the compressive 

strength by 21% for fibers with a length of 10 mm 

(61.2 MPa), by 43% for fibers with a length of 20 mm 

(72.6 MPa) and by 66% for fiber lengths of 30 mm 

(84 MPa) were observed. The mechanical tests demo

strate  that the addition of carbon fibers increases the 

mechanical strength of the material. 

 

a) b) 

Fig. 5. Compressive strength of researched polymer concretes: a) for

samples with 1% CF by volume, b) for samples with 3% CF by 

volume 

Figure 6 shows the nature of the polymer concrete 

cracking depending on the length of the carbon fibers. 

The reference polymer concrete sample (REF) without 

the addition of carbon fibers cracks violently and disi

tegrates. The addition of carbon fibers prevents disint

gration of the material during bending. The force acting 

on the material causes cracks, but the material mai

tains its integrity, which is extremely important for the 
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Compressive strength of researched polymer concretes: a) for 

samples with 1% CF by volume, b) for samples with 3% CF by 

Figure 6 shows the nature of the polymer concrete 

cracking depending on the length of the carbon fibers. 

The reference polymer concrete sample (REF) without 

acks violently and disin-

tegrates. The addition of carbon fibers prevents disinte-

gration of the material during bending. The force acting 

on the material causes cracks, but the material main-

tains its integrity, which is extremely important for the 

safety of use when a structural element is damaged. 

The polymer concrete sample containing carbon fibers 

30 mm long (Fig. 6c) is characterized by a crack prop

gating to half the height of the sample (at maximum 

strength), while the sample containing 10 mm fibers 

(Fig. 6b) has a crack along the entire height of the 

material. 

 

Fig. 6. Samples of polymer concrete after bending, arrow indicates 
crack: a) reference sample (REF), b) sample with 3% CF add

tion, length 10 mm (rCF_10_3%), c) sample 

tion, length 30 mm (rCF_30_3%)

In article [18], the influence of carbon fibers (20

-30 mm long and 2% volume addition) on the mechan

cal properties of the reactive powdered concretes was 

investigated. It was shown that the concrete with the

addition of carbon fibers had about a 12% higher co

pressive strength and flexural strength higher by about 

28.5% compared to the concrete without the addition of 

carbon fibers. In [19], the influence of the carbon fibers 

(CF) on the mechanical properties

coral concrete was investigated. Researchers will co

firm the possibility of increasing the mechanical prope

ties of concrete (compressive strength and tensile 

strength) by adding carbon fibers to a 2% content. 

It was found that the increase in the amount of carbon 

fibers with a length of 5 mm raises the compressive 

strength; in the case of the concrete with a strength of 

20 MPa the growth was 17%, for concrete of 30 MPa 

by about 10% and for concrete of 40 MPa it was 11%. 

The tensile strength of the concrete is the most favo

able for the amount of 1.5%, where in the C20 concrete 

the strength increased by 17%, in the C30 concrete by 

14% and in the C40 concrete by 13% after 28 days. 

In publication [20], carbon fiber reinforced concrete

(10 mm long) were tested with a volume fraction of 

0.1-0.3%. The studies show that the additions of 0.1% 

and 0.3% do not cause a significant change in the co

pressive strength, and the intermediate addition of 0.2% 

leads to an increase in strength by ab

[21], a polymer concrete reinforced with carbon fibers 

with a length of 10 mm was examined, and the CF co

tents were 1% and 2% by weight. It was found that the 

addition of carbon fibers increased the compressive 

strength by about 16% com

polymer concrete. An increase in the compressive 

strength from 36.1 to 55.1% was observed for the ca

a) 

b) 

c) 

use when a structural element is damaged.  

The polymer concrete sample containing carbon fibers  

30 mm long (Fig. 6c) is characterized by a crack propa-

gating to half the height of the sample (at maximum 

strength), while the sample containing 10 mm fibers 

(Fig. 6b) has a crack along the entire height of the  

 
Samples of polymer concrete after bending, arrow indicates 

a) reference sample (REF), b) sample with 3% CF addi-

tion, length 10 mm (rCF_10_3%), c) sample with 3% CF addi-

tion, length 30 mm (rCF_30_3%) 

In article [18], the influence of carbon fibers (20- 

30 mm long and 2% volume addition) on the mechani-

cal properties of the reactive powdered concretes was 

investigated. It was shown that the concrete with the 

addition of carbon fibers had about a 12% higher com-

pressive strength and flexural strength higher by about 

28.5% compared to the concrete without the addition of 

carbon fibers. In [19], the influence of the carbon fibers 

(CF) on the mechanical properties and microstructure of 

coral concrete was investigated. Researchers will con-

firm the possibility of increasing the mechanical proper-

ties of concrete (compressive strength and tensile 

strength) by adding carbon fibers to a 2% content.  

increase in the amount of carbon 

fibers with a length of 5 mm raises the compressive 

strength; in the case of the concrete with a strength of 

20 MPa the growth was 17%, for concrete of 30 MPa 

by about 10% and for concrete of 40 MPa it was 11%. 

strength of the concrete is the most favor-

able for the amount of 1.5%, where in the C20 concrete 

the strength increased by 17%, in the C30 concrete by 

14% and in the C40 concrete by 13% after 28 days.  

In publication [20], carbon fiber reinforced concretes 

(10 mm long) were tested with a volume fraction of  

0.3%. The studies show that the additions of 0.1% 

and 0.3% do not cause a significant change in the com-

pressive strength, and the intermediate addition of 0.2% 

leads to an increase in strength by about 6%. In article 

[21], a polymer concrete reinforced with carbon fibers 

with a length of 10 mm was examined, and the CF con-

tents were 1% and 2% by weight. It was found that the 

addition of carbon fibers increased the compressive 

strength by about 16% compared to non-reinforced 

polymer concrete. An increase in the compressive 

strength from 36.1 to 55.1% was observed for the car-
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bon fiber composite compared to the matrix and 85% 

higher strength compared to traditional concrete. Com-

parison of the literature data with the results of the ob-

tained mechanical tests allows the conclusion to be 

drawn that the introduction of carbon fibers for rein-

forcing concrete is beneficial and increases the tensile 

strength and compressive strength. A greater increase in 

the mechanical properties after adding the carbon fibers 

is observed in polymer concretes, which is related to 

better adhesion of the resin matrix to the fiber surface 

and the final effect of composite strengthening. 

CONCLUSIONS 

The conducted research demonstrated that it is pos-

sible to use carbon fibers from recycled wind turbine 

blades. The employed pyrolysis process allowed the 

recovery of carbon fibers with an unchanged morphol-

ogy compared to the virgin carbon fibers used for the 

production of the wind turbine components. The resin 

(matrix) remaining on the surface of the carbon fiber 

after the pyrolysis process allows partial preservation of 

the stiffness of the fiber, which is conducive to the 

processes of mechanical cutting of the fibers into 

shorter sections. Post-pyrolytic carbon fibers were used 

for the production of polymer concretes with the addi-

tion of gravel as the coarse aggregate and quartz sand as 

the fine aggregate. The conducted research allowed the 

following conclusions to  be formulated: 

− with the increase in the length of the carbon fibers, 

the flexural strength and compressive strength of 

the polymer concrete increase, 

− the 3% volume addition of carbon fibers was set as 

the maximum due to difficult homogenization (the 

higher the fiber content, the more difficult the ho-

mogenization processes), 

− the reference polymer concrete (without the addition 

of carbon fibers) has a flexural strength of 20 MPa 

and a compressive strength of about 50 MPa, 

− it was found that the best properties of polymer 

concrete can be achieved using a 3% addition of 

carbon fibers with a length of 30 mm, then the 

flexural strength is about 40 MPa (an increase of 

100% compared to the reference sample) and the 

compressive strength about 84 MPa (an increase of 

66% compared to the reference sample), 

− the addition of carbon fibers protects the material 

against disintegration at the time of cracking, which 

improves the safety of use, especially in the event 

of damage to the structure. 
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