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INFLUENCE OF INDUSTRIAL WASTE FILLERS 

ON THE OPERATIONAL PROPERTIES OF EPOXY AND POLYESTER RESIN 

CONCRETE 

Statement of the problem. Waste management industry is one of the biggest challenges of the 

modern construction materials. Construction garbage in dumps is often suited to be recycled as ac-

tive or passive additives to new composite materials. The paper looks at optimal compositions of 

epoxy and polyester binder using phosphogypsum waste as a filler and a layer in terms of their 

physical and mechanical properties. 

Results. The influence of data on the strength characteristics of polymer concrete waste and water 

absorption was investigated. The effect of heat and UV-ageing on the bending strength of various 

formulations of polymer concrete using waste was discussed. Thermal fluctuation constants to de-

termine the durability of this material and thermophysical properties for epoxy and polyester po-

lymer concrete using clay crumbs were identified. 

Conclusions. Compositions with higher operational properties were suggested for industrial use. 

Keywords: polymer concrete, waste products, strength, durability, water absorption, epoxy and polyester resins. 

Introduction 

Recycling of industrial wastes is one of the major concerns of contemporary construction ma-

terial science. Construction garbage in the dumps can often be recycled as active or passive 

supplements of new composites.  

As the development of phosphorous-containing fertilizers progresses, there are lots of reason 

why the use of phosphorus plaster is becoming increasingly important. They are transporta-

tion of phosphorus plaster into the dumps and its storage involves financial and operational 

costs; for creating phosphorus plaster dumps large areas including agricultural lands will have 
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to be abandoned; the storage of phosphorus plaster has negative environmental impacts. As 

far as ceramsite is concerned, it has had fewer applications recently due to a wide range of 

new types of heat insulation materials hitting the market whose operational performance is 

superior to that of ceramsite. Therefore the problem of recycling haydite waste arises.  

The aim of this paper is to determine the potimum compisition of polymer concrete on epoxy 

and polyester binders based on its physical and chemical properties using phosphrus plaster 

(PP) and haydite chips (HC) as a filler for waste. For this purpose, it is suggested that we in-

troduce phosphorus plaster and haydite chips into polymer concrete as fillers in different ra-

tios (2, 4, 6, 8 and 10 %). 

1. Study of the influence of waste on the physical and chemical properties of polymer 

concretes 

Initially, there was the following mass percentage ratio of epoxy polymer concrete: epoxy re-

sin ER — 20—25 %, large filler (granite crushed stone) — 25 %, filler (very fine sand) — 

47 %, hardener ПЭПА — 3 %. Phosphorus plaster and haydite chips were introduced instead 

of some of the sand. In order to reduce viscocity, epoxy resin was heated up to 50 оС. After 

the hardener ПЭПА was introduced, it was poured into a form and stored for 24 hours. In or-

der to make hardening faster, the form was placed into a furnace and stored there for 2 hours 

at the temperature 80 оС [1—3]. 

Initially, there was the following mass percentage in polymer concrete on a polyester binder: 

polyester resin ПН-1 — 25 %, large filler (granite crushed stone) — 26 %, fine filler (very 

fine sand) — 47.5 %, hardener Butanox М50 — 0.75 %, accelerator (cobalt naphthenate) — 

0.75 % [4]. There were different tests performed: to test physical and mechanical and thermal 

and physical characteristics; lateral and penetrative durability; thermal aging. All the experi-

mental data was statistically processed according to State Standard (ГОСТ) 14359-69*. Their 

reliability is ensured by the experiments performed on the tested equipment, statistical 

processing and a necessary number of follow-up experiments and specified probability.  

Short-term mechanical experiments were carried out on a hydraulic press ИП-500 and laboratory 

setup at a specified loading rate for compression and bending with the samples of 20×20×20 mm 

and 20×20×120 mm respectively. Using the results of the tests, the ratios of the strength and PP 

(Fig. 1) and HC (Table 1) percentage were designed. 
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Fig. 1. Ratios of the 

strength of epoxy po-

lymer concrete for lat-

eral bending (а), com-

pression (b) and water 

absorption (c) and 

PP/sand percentage  

Fig. 1 shows that the ratios are extreme and reach the maximum when PP with a 6 % mass per-

centage is introduced into the composition under compression and bending. An increase in the 

strength can obviously be accounted for by a higher dispersion of the filler and change in the 

structure of the matrix that becomes film. There is a considerably growing lateral strength 

(about 45 %) and not such a high compression one (about 12 %). 

Table 1 suggests that the introduction of haydite chips into polymer concretes leads to a reduc-

tion in the lateral and compressive strength which is considerable for epoxy polymer concretes 

(25 % under compression) and not too considerable (6 % under bending) for polymer concrete 

on a polyester binder. Therefore small amounts of haydite wastes can be used in polymer con-

cretes. For polymer concretes on a polyester binder more concentrated haydite chips can be ap-

plied.  

The results of the absorption tests are also in Fig.1 and Table 1. The obtained dependence on the 

composition of a filler is extreme and reaches ist minimum when 6 % PP is introduced. Up to 6 

% phosphrus plaster seems to increase the stiffness of a polymer matrix due to it becoming film; 

if more than 6 % PP is introduced, the polymer phase of a composite is no longer continuous 

and there are vessels that enhance water absorption. 
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Table 1 

Dependence of the strength and water absorption of polymer concrete  

on a percentage of the introduced waste 

Characteristics  
Industrial waste filler, % 

0 2 4 6 8 10 

Epoxy polymer concrete with a haydite chips filler  

Compressive strength, МPа 50.7 45.0 44.9 43.0 42.1 37.5 

Bending strength, МPа 24.0 23.1 21.9 20.0 17.5 16.8 

Polymer concrete on a polyester binder with a phosphorus plaster filler  

Compressive strength, МPа 50.5 51.8 51.8 54.0 54.0 53.7 

Bending strength, МPа 29.8 29.9 30.0 29.1 28.5 28.0 

Water absorption, % 0.095 0.065 0.05 0.045 0.07 0.13 

The same with a haydite chips filler  

Compressive strength, МPа 50.5 50.0 48.1 47.6 46.9 46.4 

Bending strength, МPа 29.8 29.8 28.8 27.5 27.3 26.7 

 

2. Study of the influence of thermal and UV-aging on the strength of polymer concrete 

using industrial wastes 

The study of the influence of thermal aging on epoxy polymer cocnrete and polyester concrete 

was performed in an electric furnace. The samples were placed there for 150 hours. Each 

25 hours some of the samples underwent a short-term lateral bending test. In order to compare 

the results, there were also the samples that did not have PP and haydite in their composition.  

As thermal treatment was taking place, it became clear that the samples with phosphorus plas-

ter in their composition change their colour. The results of the study of the influence of ther-

mal and UV-aging on the lateral bending strength are identified in Table 2. Table 2 suggests 

that the composition of the mass including 6 % phosphorus plaster exhibits a better behaviour 

during thermal aging than the composition without phosphorus plaster or with haydite chips.  
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Table 2 

Influence of the introduced waste on the strength  

of polymer concrete during bending following aging  

Investigated material 

Lateral bending strength depending on the time of 

thermal and UV-aging, h 

0 5 25 50 75 100 125 150 

Thermal aging 

Epoxy polymer concrete with  

6 % PP 
30.0 35.0 34.9 33.6 33.0 32.9 32.0 30.8 

Epoxy polymer concrete without waste  

 
24.0 30.0 28.1 26.9 22.6 21.2 21.0 20.1 

Epoxy polymer concrete with  

6 % HC 
20.0 32.6 32.5 31.4 32.0 30.8 30.2 29.9 

Polyester concrete with 6 % PP 29.1 31.0 32.4 28.7 27.7 27.0 26.4 25.2 

Polyester concrete with 6 % HC 27.5 32.2 30.0 27.4 26.1 25.0 24.9 24.9 

Polyester concrete without waste  29.8 28.3 27.7 26.5 24.4 24.0 24.5 25.0 

UV-aging 

Epoxy polymer concrete with 6 % PP 30.0 35.0 31.8 31.8 33.2 33.0 31.1 28.9 

Epoxy polymer concrete without waste  24.0 30.0 29.2 28.9 28.9 28.6 27.4 26.2 

Epoxy polymer concrete with  

6 % HC 
20.0 32.3 27.4 27.6 26.0 26.0 26.0 25.0 

Polyester concrete with 6 % PP 29.1 32.5 31.6 31.6 31.5 31.5 30.9 30.0 

Polyester cocnrete with 6 % HC 27.5 32.0 31.4 31.0 30.1 30.6 30.4 29.0 

Polyester concrete without waste  29.8 32.2 31.3 30.0 30.1 30.7 30.2 29.1 
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A reduction in the strength characteristics was observed in all three compositions. After 150 

hours of thermal treatment, the maximum reduction of the strength of the composition without 

waste was about 30 %, while for the compisites modified by introducing PP and HC it was 

about 10 %. This means that the introduction of PP and HC into epoxy polymer concrete 

causes a reduction in its thermal aging rate. 

Table 2 also suggests that all the three compositions with a polyester binder are characterized 

by gradually decreasing strength properties during thermal aging. This reduction is gradually 

damping in time and after 150 hours of thermal treatment all three compositions have  almost 

identical lateral bending strengths.  

The introduction of phosphorus plaster or haydite chips as a filler into polymer concrete on a 

polyester binder does not cause a significant change in thermal failure and in the end does not 

have either positive or negative impact.  

The study of the influence of UV-aging was performed on a set-up. The samples experienced 

UV-radiation, each 25 hours some of the samples were taken out and their lateral bending 

strength was determined. As there were more and more irreversible changes caused by UV-

radiation taking place, there was a drop in their strength. Aging is a lot more pronounced in 

the samples with haydite chips. Each 150 hours of UV-radiation, there was about 20 % reduc-

tion in the strength of the composition with HC. For the other investigated compositions this 

was lower.  

There is also a reduction in the strength of polymer concrete on a polyester binder caused by 

UV-radiation and it is associated with photoaging. A reduction in the strength of different 

compositions ranged from 6 to 12 %, which is considerably higher than for epoxy polymer 

concrete. Both the initial and final lateral bending strength of the investigated compositions 

were not significantly different, which suggests that the introduction of PP and HC into com-

piste materials does not have a significant impact on aging caused by UV-radiation.  

As polymer concrete is commonly used for facing frame fillings, there were also thermal and 

physical experiments. Sample frame structures with up to 10 % of haydite were made to be 

100×100×20 mm. The tests were performed on a ИТП МГ4(100) device.  

The results of the tests are identified in Table 3.  




