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Abstract

The question of the reduction of waste production and the method of safe, environmentally acceptable and economically profitable
use or disposal of waste has currently been a very widely discussed global issue from the point of view of the environment. According
to data from the statistics of the largest companies in the world and the only global non-governmental organization dealing with the
management of secondary raw materials, the Bureau of International Recycling based in Brussels, it is clear that the industry of sec-
ondary raw materials uses 700-800 million tons of secondary raw materials a year, which is more than 40% of all the materials used
in industry. This article addresses the issue of the use of waste rigid polyurethane foam after the end of its life cycle with a density of
30 to 40 kg.m-3 as a new filler in the segment of lightweight concretes.

The introduction part of this article informs about the current state of the use of secondary raw materials, and it is focused on the
incorporation of waste products in the building industry. It presents the results of research and development concerning the use of
plastic, rubber and metallurgical waste materials in building industry and a general treatment of these waste materials for their
further use. The article describes the individual materials used to prepare the experimental concrete mixtures and the methods used
during the research. The experimental part evaluates the particle-size analysis of the input crushed polyurethane foam and selects a
suitable type for subsequent incorporation into the concrete mixture. It is a new type of filler, which replaces the natural filler in the
amount of 100%. It also presents the individual designed experimental formulas of concrete mixtures based on polyurethane and the
test results of their physical and mechanical properties. The tests performed on the experimental mixtures included slump, density of
fresh concrete mixture and compressive strength tests. The test results have shown that crushed rigid polyurethane foam can be used
as the filler in lightweight concretes, and this new type of lightweight concretes can be produced with different densities, depending on
the different ratios of the added components. The conclusion of this article confirms the possibility of using rigid polyurethane foam in
building industry as a secondary raw material, representing a possible solution of the disposal of these waste materials.
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Introduction

A wide range of utilizations of polymeric and
other wastes can be found directly in building pro-
duction; particularly the countries of Western Eu-
rope and the USA preferentially monitor the pro-
cessing of wastes in the constructions of roads,
dams, high buildings, as well as ground work and
foundation engineering. Thanks to these facts, the
use of waste as a secondary raw material is a popu-
lar subject of research teams from different research
institutions. The frequent application of plastic
wastes in building industry in the world includes
various types of concretes, whether it is conven-
tional concrete, concrete with increased thermal
insulation effect, or lightweight concretes. For ex-
ample, crushed PET bottles are used as filler in con-
crete mixtures for the production of structures resis-
tant to earthquakes (Akcaozoglu et al. 2010). There
are also researches focused on the use of thermo-
plastic waste materials that are very difficult to de-

compose using thermo-chemical methods and are
therefore recycled mechanically and subsequently
used as filler in lightweight concrete (Panyakapo at
al. 2008). Other directions of the researches dealing
with the applications of plastics and elastomers in
building industry include the use of a mixture of
crushed PET bottles with crushed tires as filler in
concretes with increased thermal insulation effect
(Yesilata et al. 2009), or even crushed PET plastics
as an additive to asphalt (Ahmadinia et al. 2011 ).
The use of metallurgical waste is another strong
topic dealing with the use of waste as a secondary
raw material in building production. There are re-
searches dealing with the use of fly ash in the pro-
duction of geopolymers (Svarla et al. 2011), or as
a partial substitute of cement in the production of
concretes (Ondova et al. 2011; Junék et al. 2009).
Other studies focus on the use of waste based tex-
tile materials obtained from recycled used tires in
the production of composite materials (Knapcikova
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et al. 2012). There are researches focused on the
possibilities of the processing of these metallurgical
waste materials for further use (Jursova 2010),(Pus-
tejovska, Jursova 2013)

Materials and methods
Concrete mixture components
Polyurethane Foam

It is rigid or semi-rigid macromolecular foam
with a high share of closed cells. In its raw state, it
is a system of two liquid components, whose mix-
ing under certain conditions creates non-absorbing,
water and thermal insulating material having shape
and dimensional stability, resistant to aggressive
environment. The basic raw materials of modern
polyurethanes are polyhydric alcohols (polyols),
isocyanates.
Cement

The main binding component used in experi-
mental mixtures on the basis of PUR waste materi-
als was CEM 1 42,5R and CEM 11I/S-V 32,5 R (Ce-
ment Hranice, a. s., properties according to CSN
EN 197-1).
Finely Ground Lime Stone

Finely Ground Lime Stone served as an additive
to reduce the water-cement ratio w and to reduce
the costs (according to CSN EN 206-1). Specifica-
tion VMV 15/V (kotou¢ Stramberk, parameters ac-
cording to CSN 72 1217 and CSN 72 1220).
Mixture Water

Drinking water was used as the mixture water in
all experimental mixtures.

Particle-size analysis

Samples of crushed, rigid polyurethane foam
with the density of 30 — 35 kg.m™ from the follow-
ing companies were acquired for the experimental
research, Unikasset, spol. s. 1. 0.,ING. CASTULIK,
s. I. 0., Profing Piestany spol. s. r. 0., materials and
firm, D&Daxner Technology s. r. o.. The screen
analyses were performed using laboratory sieving
machine with standardized screens according to
CSN EN 933-1.

The particle-size analysis used the following
screens: 0,063, 0,125, 0,25, 0,5, 1, 2, 4, 5,6, 8, 10,
11,2 and 16 mm. At the same time, the average
grain size with 10, 30 and 60% of siftings using
square sieves, the uneven grain size number Cu
according to formula (1) and the curvature num-
ber Cc according to formula (2) have been deter-
mined for all samples of crushed polyurethane
foam.

¢ _do

le

C, — uneven grain size number; d  — grain diameter

corresponding to 60% of siftings [mm]; d, — grain
diameter corresponding to 10% of siftings [mm].

C = (d30)2
‘ (dﬁo'dlo)

C, — curvature number; d,  — grain diameter corre-
sponding to 10% of siftings [mm]; d,  — grain diame-
ter corresponding to 30% of siftings [mm]; d, — grain
diameter corresponding to 60% of siftings [mm].

(1

2)

Tab. 1. The results of the determination of sifting values

Tab. 1. Sktad ziarnowy pianki

Siftings Uneven grain size Curvature
Sample marking 10% | 30% | 60% g
— number Cu number C.
Grain diameter [mm]
Unikasset 10,7 10,9 11,1 1,04 1
Castulik comb. 43 6,7 8,0 1,86 1,3
Castulik 5.8 10,2 10,4 1,79 1,72
Profing 0,7 2.4 5,0 7,14 1,65
968 - B6 34 4,5 5,0 1,47 1,19
968 - B40/5 L1 1,9 2,8 2,55 1,17
968 - B81 3,3 4,7 5,7 1,73 1,17
Tab. 2. Composition of experimental mixtures
Tab. 2. Sktad badanej mieszaniny
Cement
Measuring Lime stone VMV
Markin . PUR CEM 11I/S-V 32,5 Water
& | unit CEMI425R | o ’ 15/V
M1 kg per 1 m® 40 - 544 - 350
M2 kg per 1 m? 40 - 392 - 259
M3 kg per 1 m® 40 - 260 68 221
M4 kg per 1 m® 40 - 260 132 259
M5 kg per 1 m® 40 260 - 132 259
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Preparation of experimental mixtures

Crushed polyurethane foam with the grain size
of 4/8 mm was used as filler during the preparation
of the experimental mixtures in order to produce
lightweight concrete. 5 experimental mixtures of
lightweight concrete based on polyurethane foam
were prepared. We were looking for the optimal
ratio between the amount of the individual compo-
nents and the physical-mechanical properties of the
test specimens.

Testing of experimental formulas

The experimental mixtures were subjected to
tests of physical and mechanical properties. Test-
ing fresh concrete — Part 2: Slump-test (according
to CSN EN 12350-2.), testing fresh concrete — Part
6: Density (according to CSN EN 12350-6), testing
hardened concrete — Part 3: Compressive strength
of test specimens (according to CSN EN 12390-3).

Results and discussion
Particle-size analysis
The condition of the grain size of 4/8 mm of poly-
urethane foam, which had been specified before the
experimental research, was met by samples Cas-
tulik comb. (4/8 mm), DDT 968 — B6 a, DDT 968
— B8I1. (see figure 1).The following samples were
selected for experimental research DDT 968 — B6
a, DDT 968 — B81, in order to ensure a sufficient
quantity for the entire experimental research (total
of app. 3300 1 of crushed polyurethane foam). The
results of the determination of the sifting values,
uneven grain size number, and curvature number
for the individual samples are presented in Table 1.
According to the uneven grain size number
values Cu, it was found that all the samples of
crushed PUR foam, except for Profing sample,
can be defined as even-grained, since the uneven

grain size number values were ranging below 5.
Only Profing sample was defined as a material
with medium uneven grain size due to the uneven
grain size number of Cu = 7.14. According to the
results of the determination of the curvature num-
ber values of the grain size curve Cc, which ranged
between 1-1.72, the samples of crushed polyure-
thane foam can be characterized as having "good
grain size".

Concept and preparation of experimental mix-
tures

Five experimental formulas (table 2) have been
prepared within the scope of the experimental re-
search, where PUR pulp with the fraction of 4/8
mm and a density of 35 kg.m> was used as the fill-
er. The purpose of the preparation of these formu-
las was to find an optimal ratio among the amounts
of the individual components and the physical and
mechanical properties of the test specimens.

Testing of experimental formulas

Testing fresh concrete — Part 2: Slump-test (ac-
cording to CSN EN 12350-2).

Workability is a very important property of fresh
concrete, which is the ability to be easily transport-
ed, stored and compacted in concrete forms. The
results of this test are shown in Table 3 and they are
graphically illustrated in Figure 2.

Testing fresh concrete — Part 6: Density (accord-
ing to CSN EN 12350-6).

The results of this test are presented in tabular
form in Table 4 and graphically in Figure 3. The
density of fresh concrete mixture varied from 1040
to 1100 kg.m?.

Testing hardened concrete — Part 3: Compres-
sive strength of test specimens (according to CSN
EN 12390-3).

Grain size curves of the monitored samples

e Uniassel —e—Castulik
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Fig. 1. Graphic expression of curves illustrating sample grain fineness
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Rys. 1. Ilustracja graficzna stopnia rozdrobnienia probek
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Tab. 3. Slump test results
Tab. 3. Wyniki rozdrabniania

Marking Slump test [mm] Class Mixture consistence
M1 210 S4 Semi-liquid
M2 130 S3 Very soft
M3 70 S2 Soft
M4 100 S3 Very soft
M5 120 S3 Very soft

Slump-test
250
210
200
E‘ 420
E 150 130 150
g 100
£ 100 70
(]
0
M1 M2 M3 M4 M5
Experimental mixture
Fig. 2. Slump test values of experimental mixtures
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Fig. 3. The values of density of fresh concrete mixture of experimental mixtures

Rys. 3

. Gestos¢ mieszaniny $wiezego betonu z betonem

Compressive strength of test

specimens (after 28 days)

S =

(o] - o

a 35 S © - w

= ~ ~ = ]
3 I i (o] iTe] o~ -

= o~ o9 G ~

2 G

S 25

H

o 2

S

% 1.5

é

2_1

o 0,5

(¥]

M1 M2 M3 M4 M5
Experimental mixtures

Fig. 4. Graph of the values compressive strength of test specimens
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Tab. 4. The test results of density of fresh concrete mixture of experimental mixtures

Tab. 4. Wyniki badania ggstosci mieszaniny $wiezego betonu z mieszankg doswiadczalng

1st form 2nd form 3rd form .
. Density
Mixture mi m Dm mi m Dm mi m Dm
[kg] | [kg] | [kg.m®] | [kg] | [kg] | [kg.m™] | [kg] | [kg] | [kg.m™] | [kg.m’]
M1 0,974 4,503 1046 0,981 4,491 1040 0,992 4,540 1051 1050
M2 0,990 [ 4439 1022 0,988 4,435 1021 0,981 4,419 1019 1040
M3 1,000 | 4,59 1065 0,992 4,611 1072 0,991 4,612 1073 1070
M4 1,002 4,112 921 0,975 4,126 934 0,980 [ 4,088 921 1100
M5 1,005 4,625 1073 0,993 4,633 1079 1,007 [ 4,647 1079 1080
Tab. 5. Test results of compressive strength after 28 days
Tab. 5. Wyniki testow wytrzymatosci po 28 dniach
Compressive strength of concrete after 28 days
Cube | Prism
Mixture markin
g [MPa]
Ml 2,79 3,30
M2 2,76 3,40
M3 2,60 2,75
M4 233 245
M5 2,69 2,85

The test results are presented in tabular form
(Table 5) and graphically (Figure 4). Cube com-
pressive strength of the individual test specimens
ranged from 2.33 to 2.79 MPa, and prism strength
ranged from 2.45 to 3.40 MPa.

Conclusion

The individual physical and mechanical tests of
the prepared experimental mixtures M1 — M5 have
revealed that experimental mixture M3 showed the
most optimal values in terms of its future use. Mix-
ture M3 was defined as soft (class S2), i.e. with good
workability and fresh concrete density of 1070 kg.m
and the final compressive strength from 2.60 to 2.75
MPa. Lightweight concrete could be used in mono-
lithic structures, or as filling material, e.g. in hori-
zontal roof structures, in floors or ceiling structures.

The experimental research has shown that crushed
rigid polyurethane foam with a grain size of 4/8 mm
and density of 30-35 kg.m> can be used as filler
in lightweight concretes. A new type of lightweight
concretes can be produced and processed with dif-
ferent densities, assuming low final compressive
strengths.

Since this type of polyurethane wastes is cur-
rently kept in landfills or incinerated, it is apparent
that the use of these waste materials as new filler in
the segment of lightweight concrete is one of the
possible solutions

Acknowledgements
This work was financially supported by Student
Grant Competition reg. no. SP2015/16.

Literatura - References

retrieve/pii/S0956053X09003870>.

1. AKCAOZOGLU,S. et al. 2010. "An investigation on the use of shredded waste PET bottles as
aggregate in lightweight concrete." Waste Management 30(2): 285-290 [cit. 2015-05-29], doi:
10.1016/j.wasman.2009.09.033. ISSN 0956053x. Available online: <http://linkinghub.elsevier.com/

2. AHMADINIA, E., M. ZARGAR, M.R. KARIM, M. ABDELAZIZ and P. SHAFIGH. 2011. "Using
waste plastic bottles as additive for stone mastic asphalt." Materials ¢ Design 32(10): 4844-4849
[cit. 2015-08-29], doi: 10.1016/j.matdes.2011.06.016. ISSN 02613069. Available online: <http://
linkinghub.elsevier.com/retrieve/pii/S0261306911004225>.

Inzynieria Mineralna — LIPIEC - GRUDZIEN <2015> JULY - DECEMBER — Journal of the Polish Mineral Engineering Society

55



3. CSN EN 12350-2. Testing fresh concrete — Part 2: Slump-test. Prague: Czech Standards Institute, 2009.
4. CSN EN 12350-6. Testing fresh concrete — Part 6: Density. Prague: Czech Standards Institute, 2009.

5. CSN EN 12390-3. Testing hardened concrete — Part 3: Compressive strength of test specimens.
Prague: Czech Standards Institute, 2009.

6. JUNAK, J. et al. 2009. "Coal fly ash benefit and its utilization in concrete." 9th International Multi-
dicsciplinary Scientific Geoconference and EXPO SGEM 2009, Albena,14-19.06 2009: 465-470.

7. JURSOVA, S. 2010. "Metallurgical Waste and Possibilities of Its Processing." 19th International
Conference on Metallurgy and Materials: Metal 2010, Roznov pod Radhostém, 18-20.05. 2010, Tan-
get, spol. s r. 0., Ostrava: 115-120.

8. KNAPCIKOVA L. et al. 2012. "Testing of new composite materials based on fabric from used
tires." Chemicke listy 106(S): 450-452.

9. ONDOVA M., STEVULOVA N. 2011. "Benefits of coal fly ash utilization in the area of a pavement
building." Environmental Engineering S(1-3): 1156-1159.

10. PANYAKAPO, P, M. PANYAKAPO. 2008. "Reuse of thermosetting plastic waste for lightweight
concrete." Waste Management 28(9): 1581-1588 [cit. 2015-05-29], doi: 10.1016/j.wasman.2007.08.006.
Available online: <http://linkinghub.elsevier.com/retrieve/pii/S0956053X07002644 >.

11. PUSTEJOVSKA, P. et al. 2013. "Effect of Waste and Alternative Fuels on Blast-Furnace Opera-
tion." Metallurgist 56(11-12): 908-911 [cit. 2015-05-29], doi: 10.1007/s11015-013-9673-5. Avail-
able online: <http://link.springer.com/10.1007/s11015-013-9673-5>.

12. SVARLA J. et al. 2011. "The potential use of fly ash with a high content of unburned carbon in
geopolymers." Acta geodynamica et geomaterialia 7(2): 123-132.

13. YESILATA, B.et al. 2009. "Thermal insulation enhancement in concretes by adding waste PET
and rubber pieces." Construction and Building Materials 23(5): 1878-1882 [cit. 2015-05-29], doi:
10.1016/j.conbuildmat.2008.09.014. Available online: <http://linkinghub.elsevier.com/retrieve/pii/
50950061808002808>.

Badania nad uzyciem odpadow ze sztywnej pianki poliuretanowej przy produkcji betonu lekkiego

Zagadnienia obnizenia ilosci produkowanych odpadéw i metod bezpiecznego, niegroznego dla srodowiska oraz oplacalnego uzycia,
jak rowniez pozbywania sig odpadow, sq omawiane na przykladzie rozwigzan swiatowych. Wg danych ze statystyk najwiekszych
Swiatowych firm oraz jedynej pozarzgdowej organizacji zajmujqgcej sie zarzgdzaniem materiatami wtdrnymi, Miedzynarodowego
Biura Recyklingu (ang. The Bureau of International Recycling) z siedzibg w Brukseli, jasno wynika, ze przemyst materiatéw wtdrnych
zuzywa 700-800 milionéw ton tych materiatow rocznie, co stanowi ponad 40% wszystkich materiatéw uzywanych w przemysle.
W artykule przedstawiono kierunki wykorzystania odpadow ze sztywnej pianki poliuretanowej, szczegdlng uwage poswigcono odpa-
dom pianki o gestosci od 30 to 40 kg/m3 i ich zastosowaniu jako wypetniacza w przemysle betonéw lekkich.
Na wstepie artykutu zawarte sq informacje na temat obecnego stanu wykorzystania materiatéw wtérnych oraz zamiaru wprow-
adzenia produktow z odpadow do przemystu budowlanego. Pokazano wyniki bada# oraz rozwdj metod wykorzystania plastiku,
gumy oraz odpadow metalurgicznych z przemystu budowlanego oraz ogélne procesy, ktorym sqg poddawane odpady w celu dalsze-
go wykorzystania. W artykule opisano wybrane materialy do przygotowania probnych mieszanek betonowych i metod zastoso-
wanych w trakcie badan. W czesci badawczej przeprowadzono analize wielkosci czgsteczek w uzytej skruszonej poliuretanowej oraz
dokonano wyboru najodpowiedniejszego typu do dalszej aplikacji do mieszanki betonowej. Jest to nowy rodzaj wypetniacza, ktéry
w 100% zastepuje wypetniacz naturalny. W artykule pokazano réwniez opracowang metodyke badan nad mieszankami betonowymi
o podlozu poliuretanowym oraz wyniki testow wlasciwosci fizycznych i mechanicznych. Testy przeprowadzone na badanej mieszance
uwzglednily metode opadania stozka, gestos¢ Swiezej mieszanki betonowej oraz test sity kompresji. Wyniki testéw pokazaty, ze skru-
szona pianka poliuretanowa moze by¢ uzyta jako wypelniacz do betondw lekkich, oraz ze moze on by¢ produkowany w réznych
gestosciach, w zaleznosci od proporcji uzytych skladnikéw. We wnioskach potwierdzono mozliwos¢ wykorzystania sztywnej pianki
poliuretanowej w przemysle budowlanym jako materialu wtdrnego, co jednoczesnie jest metoda utylizacji tych odpadéw.

Stowa kluczowe: pianka poliuretanowa, odpady, wykorzystanie ponowne , beton lekki
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