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ENHANCING MECHANICAL PROPERTIES OF COMPOSITE POLYMER 

CONCRETE WITH LANTHANUM OXIDE ADDITIVE FOR POTENTIAL USE  

IN ANTI-RADIATION APPLICATIONS 

Polymer concretes constitute a commonly used group of materials with known and well-studied properties for construc-

tion applications. The following research is a preliminary investigation into the basic mechanical properties and structure of  

a proposed novel polymer concrete with a lanthanum oxide nanopowder additive. The composite material is made from epoxy 

resin binder with milled expanded clay filler and La2O3 nanopowder. The research samples were made by simple and scalable 

casting methods. The conducted mechanical testing included compression and flexural examinations typical for this group of 

materials, as well as Brinell hardness measurements. The microstructure of the manufactured samples was examined utilizing 

scanning electron microscopy supported by EDS analysis. The obtained results reveal acceptable mechanical properties for 

the investigated materials, with slight increases in the measured property values for increasing amounts of the nanoparticle 

addition. The SEM and EDS investigations show the dispersion of filler and nanopowder additive throughout the samples, 

which is advantageous for the macroscopic properties of the material. The slight agglomeration of the lanthanum oxide  

powder could be further decreased with the inclusion of another processing step, for example, resin mixture sonication.  

The mechanical properties of the investigated materials are adequate and further research is suggested to test the possibilities 

of developing the examined polymer concrete for anti-radiation and radiation shielding applications. 
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INTRODUCTION 

Polymer concretes constitute a group of materials 

most commonly defined as composite materials similar 

to concrete, in which standard cement binders have 

been replaced by polymers [1, 2]. The replacement of 

conventional binders with polymeric material has sig-

nificant advantages, examples of which are: heightened 

environmental and chemical resistance, increased me-

chanical properties, and multifunctionality resulting 

from the possibility of using various binders and fillers 

[1]. Through the last few decades, polymer concrete has 

seen plenty of use in industry [1-3] and numerous stud-

ies have been carried out to examine the mechanical 

properties of polymer concretes, with different polymer 

binders, various fillers, and changes to their amounts as 

well as modifications to the curing conditions [3-13]. 

Besides typical mechanical properties, the testing  

of polymer concrete durability and resistance to envi-

ronmental influences has also been performed [14].  

Advanced polymer concrete research includes materials 

that have been strengthened under the influence of ra-

diation [15] and composites with nanomaterial rein-

forcement [16]. More recent investigations expand upon 

using polymer concrete with recycled and waste materi-

als [17-22]. Experiments with polymeric waste [17], fly 

ash [18], recycled PET [19], CRT glass waste [20], tex-

tile waste [21], and automotive glass [22] used as fillers 

show promising results that could lead to the examined 

materials becoming another way of dealing with waste 

difficult to recycle or to more environmentally friendly 

construction materials. Polymer concretes could also 

provide an effective and viable solution in more  

advanced applications – with the addition of functional 

materials like nanoparticles of certain types. Examples 

could include radiation shielding, anti-bacterial, and 

more, depending on the used nanopowder filler. 

Lanthanum oxide has recently seen a great deal of  

interest as a material for anti-radiation applications  

[23-25]. Research has been conducted into using La2O3 

as an additive in composite materials, with promising  

results, yet to our knowledge, there have been no sig-

nificant attempts to incorporate lanthanum oxide into 

polymer concrete-type materials. Polymer concrete with 

an La2O3 addition could provide an interesting and cost-

efficient alternative to conventional construction mate-

rials for advanced applications like radiation shielding. 

If proven to be effective, such a material would be pos-

sible to use in nuclear power plants and other demand-

ing environments. 
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This paper aims to provide a preliminary investig

tion into the influence of a functional nanopowder 

addition to polymer concrete. To consider 

application of such a material, it is crucial to examine 

and ensure that the researched additives have no neg

tive consequences on the mechanical properties of the 

material, starting with small amounts of 

METHODOLOGY 

Samples were prepared by mixing 

epoxy resin system (Ciech, Poland) with 

clay aggregate filler milled with an SK300 cross beater

mill (Retsch, Germany) and La2O3 

chased from Merck (Germany). The

were then degassed using a vacuum pump to prevent 

porosity. After that, the Z-1 curing agent was added to 

the resin and the samples were left to cure.  

ined sample series contained 0 (control group), 0.5, 1, 

and 2 weight percent additions of La

Mechanical testing was carried out 

Instron 4469 universal testing machine (Instron, USA) 

with a 5 kN load and 5 mm/min loading velocity

ness measurements were made with a 

tester HK460 (Heckert, Germany) under 365 N load. 

SEM examination was conducted utiliz

Pro X desktop scanning electron microscope (The

moFisher, USA). Data curation was carried out with 

Origin software (OriginLab, USA). 

samples for the conducted investigations

in Figure 1. 

 

Fig. 1. Sample size comparison (in millimeters)
pression test, b) samples for flexural test, c) samples for hardness 

testing 

RESULTS AND DISCUSSION 

Compression testing 

Compression tests were carried out on 

three samples for each examined material. The resulting 

averaged curves are presented in Figure 2.

As can be seen in Figure 2, the presence of 

nanopowder in the composite material i

compressive strength, although the increase is slight. In 

comparison to typical compressive strength values r
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This paper aims to provide a preliminary investiga-

functional nanopowder  

on to polymer concrete. To consider the future 

it is crucial to examine 

researched additives have no nega-

mechanical properties of the 

material, starting with small amounts of the additive. 

Samples were prepared by mixing the Epidian 6  

epoxy resin system (Ciech, Poland) with an expanded 

SK300 cross beater 

 nanopowder pur-

The mixed materials 

were then degassed using a vacuum pump to prevent 

1 curing agent was added to 

samples were left to cure.  The exam-

ined sample series contained 0 (control group), 0.5, 1, 

of La2O3 nanopowder. 

Mechanical testing was carried out by means of an  

Instron 4469 universal testing machine (Instron, USA) 

5 kN load and 5 mm/min loading velocity. Hard-

a Brinell hardness 

tester HK460 (Heckert, Germany) under 365 N load. 

tilizing a Phenom 

Pro X desktop scanning electron microscope (Ther-

moFisher, USA). Data curation was carried out with 

Origin software (OriginLab, USA). The sizes of the 

investigations are presented 

 
Sample size comparison (in millimeters): a) samples for com-
pression test, b) samples for flexural test, c) samples for hardness 

Compression tests were carried out on a series of 

three samples for each examined material. The resulting 

averaged curves are presented in Figure 2.  

As can be seen in Figure 2, the presence of the 

composite material increases the 

compressive strength, although the increase is slight. In 

comparison to typical compressive strength values re-

ported in the literature, the mechanical properties

examined material land within the range expected from 

polymer concrete materials. Taha et al. 

parison of polymer concretes with compressive 

strengths from around 60 to 180 MPa [

placing the strength of our polymer concrete

the lower range of typically acceptable compressive 

parameters. Since the intended application described in 

this research involves specialized elements which 

most likely bear less weight and stress th

struction material, the values in the range of conve

tional polymer concrete are highly advantageous and 

promising for further research.

 

Fig. 2. Average compression test curves for examined sample series

a) control group sample (white ci
b) 0.5 wt.% La2O3 addition (black curve), c) 1

addition (dark gray curve), d) 2

curve) 

Flexural testing 

The average flexural stress/strain curves achieved 

during the investigation are shown in Figure 3.

 

Fig. 3. Average three-point bending test curves 
series, a) control group sample (bottom dark gray curve), 

b) 0.5 wt.% La2O3 addition (black curve), c) 1

addition (gray curve), d) 2 wt.% 

The measured flexural strength shows differences 

between the control group material and 

with the nanopowder addition. For 

mer concretes, there is a significant increase in flexural 
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mechanical properties of the 

land within the range expected from 

erials. Taha et al. made a com-

parison of polymer concretes with compressive 

strengths from around 60 to 180 MPa [1], therefore 

our polymer concrete near  

the lower range of typically acceptable compressive 

parameters. Since the intended application described in 

this research involves specialized elements which will 

most likely bear less weight and stress than typical con-

values in the range of conven-

tional polymer concrete are highly advantageous and 

promising for further research. 

 
test curves for examined sample series:  

a) control group sample (white circles with black border),  
addition (black curve), c) 1 wt.% La2O3  

addition (dark gray curve), d) 2 wt.% La2O3 addition (light gray 

The average flexural stress/strain curves achieved 

shown in Figure 3. 

 
point bending test curves for examined sample 

control group sample (bottom dark gray curve),  

addition (black curve), c) 1 wt.% La2O3  

 La2O3 addition (light gray curve) 

easured flexural strength shows differences 

between the control group material and the samples 

nanopowder addition. For the examined poly-

a significant increase in flexural 
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strength, with the highest value up to 14.3 MPa for 

samples with the 0.5 wt.% La2O3 addition, and 13 and 

12.8 MPa for the 1 and 2 wt.% La2O3

tively. Despite a noticeable increase in the strength of 

the material with the nanopowder additive in compar

son to the control group samples, there is seemingly 

little difference in the flexural parameters between each 

composite material sample series. In comparison to 

existing research, some reports [7] show results of 

around 10 MPa for polymer concrete flexural strength

while more comprehensive literature places typical va

ues in the range from 14 to 28 MPa [

experimental research achieving higher flexural 

strength [20, 21]. With values of 13 to 14 MPa

vestigated material exhibits acceptable propert

Hardness measurements 

The hardness measurement results are presented in 

Figure 4. 

 

Fig. 4. Average hardness values for examined sample series

TABLE 1. Values and standard deviations for examined 

sample series 

Wt.% addition of La2O3 Hardness [HB]

0 65.9 

0.5 67.7 

1 71.3 

2 80.1 

 
While the difference in the hardness values could be 

noticed in Figure 4, it is important to consider that a

most all the reported hardness test results lie within 

another’s standard deviation range. Only in 

with the 2 wt.% addition of La2O3 can the 

sult be reliably assumed to be higher than in the control 

group sample series average. The m

hardness values fall within a 65 to 80 HB range, which 

is expected for the used epoxy binder and amounts of 

filler. The results point to a small but potentially insi

nificant rise in hardness with increasing amounts of a

ditive nanoparticles. The achieved results are 
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value up to 14.3 MPa for the 

addition, and 13 and 

3 samples, respec-

tively. Despite a noticeable increase in the strength of 

nanopowder additive in compari-

control group samples, there is seemingly 

flexural parameters between each 

composite material sample series. In comparison to  

] show results of 

around 10 MPa for polymer concrete flexural strength, 

while more comprehensive literature places typical val-

ues in the range from 14 to 28 MPa [1], with more  

experimental research achieving higher flexural 

With values of 13 to 14 MPa, the in-

acceptable properties. 

ardness measurement results are presented in 

 
Fig. 4. Average hardness values for examined sample series 

Values and standard deviations for examined  

Hardness [HB] SD 

4.7 

7.0 

4.5 

6.9 

hardness values could be 

noticed in Figure 4, it is important to consider that al-

reported hardness test results lie within one 

other’s standard deviation range. Only in the material 

can the hardness re-

sult be reliably assumed to be higher than in the control 

The measured Brinell 

65 to 80 HB range, which 

used epoxy binder and amounts of 

esults point to a small but potentially insig-

in hardness with increasing amounts of ad-

chieved results are a such 

probably due to the small amount of nanopowder used

in which case, the greatest influence on 

comes from the epoxy resin matrix and 

clay filler properties. 

SEM examination 

SEM micrographs of the 

crete material are presented in Figures 5 and 6. 

magnification and the applied 

be seen on the marker for each respective micrograph in 

Figures 5 and 6. The samples for 

were cut through the middle, with the in

for potential segregation of the 

additive in the sample. The m

Figures 5 and 6 were taken roughly from the center of 

the sample cross-section. 

 

Fig. 5. SEM micrographs of sample with 0.5

e to the small amount of nanopowder used, 

the greatest influence on the hardness 

epoxy resin matrix and the expanded 

the examined polymer con-

crete material are presented in Figures 5 and 6. The 

the applied examination modes can 

marker for each respective micrograph in 

amples for the SEM investigation 

were cut through the middle, with the intent to check 

the filler and nanoparticle 

The micrographs presented in 

Figures 5 and 6 were taken roughly from the center of 

 

Fig. 5. SEM micrographs of sample with 0.5 wt.% addition of La2O3 
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The top micrograph in Figure 5 shows 

cross-section morphology, with a dark grey epoxy m

trix with lighter dispersed expanded clay particles and 

grain-like agglomerates – a in Figure 5. 

filler dispersion is satisfactory. In the bottom micr

graph, small, white particles of La2O

seen between the larger expanded clay pieces 

Figure 5. Small amounts of La2O3 correspond to the 

intended volume of the sample (0.5 wt.%

 

Fig. 6. SEM micrographs of sample with 2 wt.%  addition of La

Figure 6 displays examples of micrographs for 

samples with the 2 wt.% addition of lanthanum oxide. 

In the top micrograph, the morphology of the cut cross

section of the polymer concrete sample can be

The dark grey epoxy matrix is sprinkled with lighter 

expanded clay particles mixed into the resin (shown 

in a). The milled expanded clay grains sizes are within 
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Figure 5 shows the sample 

section morphology, with a dark grey epoxy ma-

trix with lighter dispersed expanded clay particles and 

a in Figure 5. The achieved 

n the bottom micro-

O3 powder can be 

seen between the larger expanded clay pieces – b in 

correspond to the 

wt.% addition). 

 
%  addition of La2O3 

examples of micrographs for the 

addition of lanthanum oxide. 

morphology of the cut cross-

section of the polymer concrete sample can be seen. 

ark grey epoxy matrix is sprinkled with lighter 

expanded clay particles mixed into the resin (shown  

illed expanded clay grains sizes are within 

the 20 to 50 µm range. In the bottom micrograph, 

smaller agglomerates of La2
seen as white granules, with sizes around 2 µm and 

lower (b). In comparison to the sample with 0.5

La2O3 added, a larger amount of nanopowder additive 

can be seen, while the morphology of the sample r

mains roughly the same, with 

expanded clay filler in the epoxy matrix.

To prove the presence of the 

proper dispersion in the manufactured samples

examination was performed as qualitative analysis, with 

a result example shown in Figure 7.

 

Fig. 7. Example of EDS examination result (single point scan) from sa

ple with 2 wt.% addition of La

nanopowder agglomerates distributed within sample structure

The noticeable La2O3 particle presence in the cross

section of the sample center has been confirmed. La

is distributed throughout the sample without larger se

regation in specific sections of the examined sample

which is significantly advantageous for the material

however, the nanopowder used in 
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n the bottom micrograph, 

2O3 nanoparticles can be 

seen as white granules, with sizes around 2 µm and 

lower (b). In comparison to the sample with 0.5 wt.% 

added, a larger amount of nanopowder additive 

can be seen, while the morphology of the sample re-

mains roughly the same, with relatively well-dispersed 

epoxy matrix. 

of the nanoparticles and their 

manufactured samples, EDS 

examination was performed as qualitative analysis, with 

gure 7. 

 
Example of EDS examination result (single point scan) from sam-

% addition of La2O3, showing presence of La2O3 

nanopowder agglomerates distributed within sample structure 

particle presence in the cross-

ction of the sample center has been confirmed. La2O3 

is distributed throughout the sample without larger seg-

regation in specific sections of the examined sample, 

which is significantly advantageous for the material; 

nanopowder used in the composite still 
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suffers from agglomeration, typical for the applied 

manufacturing method (casting). Lanthanum oxide par-

ticle agglomerates can be seen in the micrograph in 

Figure 7 as small, round, white, grain-like dots and 

specks, of sizes below 5 µm. Further improvements in 

powder dispersion could be made by the inclusion of 

additional processing steps, for example, sonication 

treatment of the mixture before casting; nevertheless, 

deagglomeration to a such extent might not be neces-

sary for this type of material and its application, which 

will be investigated in the future. 

CONCLUSIONS 

The addition of nanopowder to polymer concrete- 

-type materials increases the mechanical properties, as 

seen in the results from the compression and three-point 

bending tests. The most significant increase can be seen 

for the compressive strength, though the examined ma-

terials do not stand out in comparison to conventionally 

used and investigated polymer concretes. The flexural 

strength increases slightly compared to the control 

group material, whereas the hardness change falls 

mostly within the standard deviation range between the 

examined sample series. This may result from the syn-

ergistic interactions between the micro and nano pow-

der. While the increase in the mechanical properties is 

not as great as in comparable research, it must be noted 

that with the used amounts of nanopowder, the achieved 

results are more significant, especially considering the 

fact that the further supposed application of the pro-

posed material does not demand higher mechanical 

properties than those obtained in this investigation. 

Overall, the preliminary mechanical properties exami-

nation gives promising results, and further research 

could be carried out to examine the functional proper-

ties of polymer concrete with La2O3 additions for fur-

ther development of the material for its suggested  

application. 

REFERENCES 

[1] Reda Taha M.M., Genedy M., Ohama Y., 17 – Polymer 

concrete, In: Developments in the Formulation and Rein-

forcement of Concrete (Second Edition), ed. S. Mindess, 

Woodhead Publishing, 2019, 391-408. 

[2] Frigione M., 16 – Concrete with polymers, In Eco-Efficient 

Concrete, eds. F. Pacheco-Torgal, S. Jalali, J. Labrincha, 

V.M. John, Woodhead Publishing, 2013, 386-436. 

[3] Vipulanandan C., Dharmarajan N., Ching E., Mechanical 

behavior of polymer concrete systems, Materials and Struc-

tures 1988, 21 (4), 268-277, DOI: 10.1007/BF02481825. 

[4] Gorninski J.P., Dal Molin D.C., Kazmierczak C.S., Study of 

the modulus of elasticity of polymer concrete compounds 

and comparative assessment of polymer concrete and portland 

cement concrete, Cement and Concrete Research 2004, 34 

(11), 2091-2095, DOI: 10.1016/j.cemconres.2004.03.012. 

[5] Bedi R., Chandra R., Singh S.P., Mechanical properties of 

polymer concrete, Journal of Composites 2013, 2013, 

948745, DOI: 10.1155/2013/948745. 

[6] Vipulanandan C., Paul E., Characterization of polyester 

polymer and polymer concrete, Journal of Materials in Civil 

Engineering 1993, 5(1), 62-82. DOI: 10.1061/(ASCE)0899-

1561(1993), 5:1(62) (acccessed 2023.02.19). 

[7] Abdel-Fattah H., El-Hawary M.M., Flexural behavior of 

polymer concrete, Construction and Building Materials 1999, 

13(5), 253-262, DOI: 10.1016/S0950-0618(99)00030-6. 

[8] Vipulanandian C., Paul E., Performance of epoxy and poly-

ester polymer concrete, ACI Materials Journal 1990, 87(3), 

DOI: 10.14359/2187. 

[9] Bedi R., Chandra R., Singh S.P., Reviewing some properties 

of polymer concrete, The Indian Concrete Journal 2014, 

88(8), 47-68. 

[10] Reis J.M.L., Ferreira A.J.M., A contribution to the study of 

the fracture energy of polymer concrete and fibre reinforced 

polymer concrete, Polymer Testing 2004, 23(4), 437-440, 

DOI: 10.1016/j.polymertesting.2003.09.008. 

[11] Orak S., Investigation of vibration damping on polymer 

concrete with polyester resin, Cement and Concrete Re-

search 2000, 30(2), 171-174, DOI: 10.1016/S0008-8846(99) 

00225-2. 

[12] Reis J.M.L., Fracture and flexural characterization of natural 

fiber-reinforced polymer concrete, Construction and Build-

ing Materials 2006, 20(9), 673-678, DOI: 10.1016/j. 

conbuildmat.2005.02.008. 

[13] Xiao R.Y., Chin C.S., High performance polymer concrete, 

In: Advances in Building Technology, eds. M. Anson,  

J.M. Ko, E.S.S. Lam, Elsevier 2002, 921-928. 

[14] Gorninski J.P., Dal Molin D.C., Kazmierczak C.S., Strength 

degradation of polymer concrete in acidic environments, 

Cement and Concrete Composites 2007, 29(8), 637-645, 

DOI: 10.1016/j.cemconcomp.2007.04.001. 

[15] Szajerski P., Celinska J., Gasiorowski A., Anyszka R.,  

Walendziak R., Lewandowski M., Radiation induced strength 

enhancement of sulfur polymer concrete composites based 

on waste and residue fillers, Journal of Cleaner Production 

2020, 271, 122563, DOI: 10.1016/j.jclepro.2020.122563. 

[16] Jo B.-W., Park S.-K., Kim D.-K., Mechanical properties of 

nano-MMT reinforced polymer composite and polymer 

concrete, Construction and Building Materials 2008, 22(1), 

14-20, DOI: 10.1016/j.conbuildmat.2007.02.009. 

[17] Pacheco Torgal F., Ding Y., 13 – Concrete with polymeric 

wastes, In: Eco-Efficient Concrete, eds. F. Pacheco-Torgal, 

S. Jalali, J. Labrincha, V.M. John, Woodhead Publishing 

2013, 311-339. 

[18] Rebeiz K.S., Serhal S.P., Craft A.P., Properties of polymer 

concrete using fly ash, Journal of Materials in Civil Engi-

neering 2004, 16(1), 15-19, DOI: 10.1061/(ASCE)0899-

1561(2004)16:1(15) (acccessed 2023.02.19). 

[19] Jo B.-W., Park S.-K., Park J.-C., Mechanical properties of 

polymer concrete made with recycled PET and recycled con-

crete aggregates, Construction and Building Materials 2008, 

22(12), 2281-2291, DOI: 10.1016/j.conbuildmat.2007. 

10.009. 

[20] Smoleń J., Tomaszewska K., Junak G., Kozioł M., Polimer-

obeton zbrojony krótkimi włóknami szklanymi, z dodatkiem 

odpadowego szkła kineskopowego Short glass fiber rein-

forced polymer concrete with addition of waste cathode-ray 

tube (CRT) glass, Cement Wapno Beton 2022, 27(2), 102-114, 

DOI: 10.32047/CWB.2022.27.2.2. 

[21] Reis J.M.L., Effect of textile waste on the mechanical  

properties of polymer concrete, Materials Research 2009,  

12. 

[22] Smoleń J., Değirmenci B., Tekeli B.D., Nowacki B., 

Wykorzystanie odpadu szkła samochodowego do produkcji 

epoksydowego polimerobetonu (The application of automo-

tive glass waste in the production of epoxy polymer  



Enhancing mechanical properties of composite polymer concrete with lanthanum oxide additive for potential use … 

Composites Theory and Practice  23: 2 (2023)  All rights reserved 

109 

concrete), Cement Wapno Beton 2021, 26(5), 402-412, 

DOI: 10.32047/CWB.2021.26.5.4. 

[23] Almuqrin A.H., Hanfi M., Mahmoud K.A.-O., Sayyed 

M.A.-O., Al-Ghamdi H., Aloraini D.A., The role of La(2)O(3) 

in Enhancement the Radiation Shielding Efficiency of the 

Tellurite Glasses: Monte-Carlo simulation and theoretical 

study, LID - 10.3390/ma14143913 [doi] LID - 3913. (1996- 

-1944 (Print)). From 2021 Jul 13. 

[24] Issa S.A.M., Ali A.M., Tekin H.O., Saddeek Y.B., Al-Hajry 

A., Algarni H., Susoy G., Enhancement of nuclear radiation 

shielding and mechanical properties of YBiBO3 glasses  

using La2O3, Nuclear Engineering and Technology 2020, 

52(6), 1297-1303, DOI: 10.1016/j.net.2019.11.017. 

[25] Alzahrani J.S., Hessien M., Alrowaili Z.A., Kebaili I., 

Olarinoye I.O., Arslan H., Al-Buriahi M.S., Fabrication  

and characterization of La2O3–Fe2O3–Bi2O3 nanopowders:  

Effects of La2O3 addition on structure, optical, and radia-

tion-absorption properties, Ceramics International 2022, 48(16), 

22943-22952, DOI: 10.1016/j.ceramint.2022.04.255. 

 

 

 

 

 


