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Abstract

The following article presents the results obtained through the modification of sand-lime matter. The modifying filler is
a low-density polyethylene granules (hereinafter referred to as LDPE), formed as a result of the recycling process. The
main purpose of the research was to receive a lightweight, recyclable product with physical and mechanical properties
similar to abovementioned traditional sand-lime products. The filler has given the desired effect, however the compressive
strength of newly created elements has significantly decreased. It is therefore concluded that from the building operation
point of view, modified products that contain less than 9% of LDPE filler are relevant. The paper describes the examination
methodology and the results in the form of tables and graphs.
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1. Introduction

Silicate products are construction materials, in
which the basic ingredient is a sand-lime matter.
These products are primarily characterized by high
compressive strength (to about 20 MPa). Furthermore,
silicates are commonly considered to be environment-
friendly, because unlike cellular concrete, do not
contain cement, characterized by high content of
radioactive isotopes, such as radium, potassium and
thorium. Nevertheless, high bulk density tends to
seek production methods and recipes of lighter blocks
with properties similar to traditional products.

Methods of modification of these products are
not widely known in the literature. More tests are
subjected to cement and silica cement products.

The first known in the literature attempts to modify
mentioned above construction products took place
at the turn of the 19 and 20™ century. A cement-
gypsum mortar was modified. Then, a few years
later, as a result of combination of curing and air
bubbles formation process was obtained the first
modern lightweight concrete, called then a cellular
concrete [1]. In the following years, to the cement-
silica matter many other additives were introduced,
such as polystyrene granules [2], polystyrene foam
[3], comminuted glass foam comes from glass cullet
or blast furnace slag [4], the resin foam particles with
foaming agent [5], or glass foam aggregate reinforced

i.a. by glass, steel, titanium or carbon fibers and with
addition of fly ash [6].

From a practical point of view, in building operating
those silicate products are relevant whose compressive
strength is higher than 10 MPa [7]. Having regard
to environmentally sustainable development and
the progress in science in the field of masonry units
modification, the main purpose of research was
obtaining a light product, which can be recycled and
has a physical and mechanical properties similar to
a.n. traditional sand-lime products.

Among the many products available on the market
that might be helpful in reducing bulk density of
sand-lime elements, special attention is paid to
the low-density polyethylene (LDPE) in granulate
form, which is a result of recycling process. So far
this material has found application mainly in the
electronic, electrical and food industry, household
appliances as well as in civil engineering (in the
manufacture of foam insulations, gas, central heating
and air conditioning pipes, etc.)

Polyethylene referred to in the paper is characterized
by low bulk density (up to 0.91 g/cm®) and water
absorption after 24 hours lower than 0.03%. These
properties have prompted to use this product as a filler
in the silicate matter in order to reduce the density of
the obtained products.
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2. Examination methodology

The starting material to conduct the preliminary
tests was a sand-lime mixture, which consisted of
quartz sand (approx. 90-92% by weight), calcined
lime (about 5-8% by weight) and water. In the
following steps formed by recycling LDPE granules,
in order 3, 6, 9, 12 and 15% of the weight were used
as a filler. The resulting matter was formed in a
rectangular blocks with dimensions of 4 x 4 x 16 cm,
compacted and then autoclaved for 8 hours at 203°C.
The product prepared in this way was weighted and
then subjected to a compressive strength test.

Each of made elements was desiccated in a dryer
with air circulation in order to achieve dry matter
in accordance with the guidelines of the norm EN
772-13/2001 [8]. In the next stage the samples
were weighted and then immersed in water to
determine water absorption (according to EN 771-
2:2003+A1:2005, [9)).

3. Results of research

Tests and calculations of selected physical
parameters were performed on each of the six
samples with identical composition. Further studies
were carried out on separate samples of silicates.
The results obtained were averaged and shown
in Table 1.

Table 1. The average physical properties of modified
silicate products

Granules mass Gross Water Compressive
percentage in sample density absorption strength
[%] [g/cm’] [%] [MPa]
0 1.72 15.90 20.51
3 1.68 15.10 18.4
6 1.58 14.49 163
9 1.5 13.04 10.23
12 127 12.07 9.35
15 1.08 11.40 8.51

Fig. 1. Impact of LDPE granules on gross density of
received sand-lime product

The obtained values of gross density confirm the
assumption that the partial modification of lime-
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cement mixture by the used filler affects (reduces) the
mass of the product, which clearly presents Figure 1.

Interference in the composition of the mixture has
not shown the expected results, because together with
the decrease in density decreases the compressive
strength of tested silicate product (Fig. 2).

Fig. 2. Impact of LDPE granules on gross density of
received sand-lime product

The absorption of the silicate material was
calculated according to the procedure laid in the norm
PN-EN 771-2:2003+A1:2005 [10] and presented in
Table 1.

From the obtained results a growing trend in water
absorption of the received product with decreasing
compressive strength was noticed (Fig. 3).

Fig. 3. The relationship between water absorption and
compressive strength of the modified silicate material

4. Conclusions

The additive in form of low-density polyethylene
granules (LDPE) to the silicate matter, applied in the
study, is a recycling product. The partial, increasing
share of'the filler in sand-lime mixture has contributed
to achieving the desired reduction in gross density.
Unfortunately, despite the high compressive strength
of LDPE, with increasing content of granules, there
is a decrease in compressive strength in relation to
the standard samples. In building operating only these
modified products may be applied which contain no
more than 9% by weight of LDPE.

Furthermore, it is noted that the series of obtained
products is characterized by a significantly lower than
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traditional products water absorption, which means a
smaller amount of absorbed water in the examined
materials.

To summarize the above observation, there is an
implication that further research in order to achieve
the highest possible strength with the lowest bulk
density, should be carried out with other fillers,
which improve the compressive strength of the newly
manufactured products.
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elementow

Wtasciwosci uzytkowe wyrobow silikatowych
modyfikowanych granulatem LDPE

1. Wprowadzenie

Elementy silikatowe to materiaty budowlane, ktorych
podstawowy sktadnik stanowi masa wapienno-piasko-
wa. Wyroby te charakteryzuje wysoka wytrzymatosé
na $ciskanie, osiggajaca nawet 35 MPa. Niemniej duza
masa objetosciowa sktania do poszukiwania metod
1 receptury wytwarzania lzejszych bloczkow o witasci-
wosciach podobnych do wyrobow tradycyjnych.

W literaturze nie sa powszechnie znane metody mo-
dyfikacji tych wyrobow. Czgséciej badaniom podda-
wane s3 wyroby cementowe i cementowo-silikatowe.
Pierwsze znane w literaturze proby modyfikacji tych
wyrobow miaty miejsce na przetomie XIX i XX w.,
kiedy to modyfikacji poddano zaprawe cementowo-
-gipsowa. Nastepnie kilkanascie lat pozniej w wyniku
potaczenia procesow utwardzania z procesami powsta-
wania pecherzykdéw powietrza po raz pierwszy uzy-
skano nowoczesny lekki beton, zwany 6wczesnie be-
tonem komorkowym [1]. W latach kolejnych do masy
cementowo-silikatowej wprowadzano wiele innych
dodatkow, np.: granulki styropianowe [2], pianki po-
listyrenowe [3], rozdrobniong piank¢ szklang pocho-
dzaca ze sthuczki szkta lub zuzla wielkopiecowego [4].

Z praktycznego punktu widzenia w eksploatacji bu-
dowli wtasciwymi wyrobami sg te elementy silikato-

we, ktorych wytrzymato$¢ na Sciskanie jest wicksza
niz 10 MPa. Celem wykonanych do$wiadczen byto
uzyskanie lekkiego bloczku o wlasciwosciach fizyko-
mechanicznych podobnych do wtasciwych wyrobow
wapienno-piaskowych.

Wsrod wielu produktow oferowanych na rynku
mogacych stuzy¢ obnizeniu gestosci objgtosciowe;
wyrobow wapienno-piaskowych szczegolng uwage
zwraca si¢ na polietylen o malej gestosci (LDPE)
w postaci granulatu, powstaty w wyniku recyklingu.

Polietylen, o ktorym mowa w niniejszym artykule,
charakteryzuje mata ggsto$¢ objetosciowa oraz niska
chlonnos$¢ wody. Wiasciwosci te zadecydowaly o wy-
korzystaniu tego produktu jako wypetiacza w masie
silikatowej w celu zmniejszenia ggstosci otrzymywa-
nych produktow.

2. Metodyka badan eksperymentalnych

Materiatem wyjSciowym do wykonania badan
wstepnych byta mieszanka wapienno-piaskowa,
w ktorej sktad wchodzi piasek kwarcowy (ok. 90—
92% masy), wapno kalcynowane (ok. 5-8% masy)
oraz woda. W kolejnych krokach jako wypetiacz
wprowadzono granulat LDPE powstaty w wyniku re-
cyklingu, stanowigcy kolejno 3, 6,9, 12 1 15% udzia-
hu masy.
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Zarowno dla tradycyjnych, jak i modyfikowanych
wyrobow wapienno-piaskowych okreslono nastepu-
jace wilasciwosci uzytkowe zgodnie z polskimi nor-
mami [8, 9]:

— gestos¢ brutto,

— absorpcja wody,

— wytrzymato$¢ na $ciskanie.

3. Wyniki badan

Badania i obliczenia wybranych parametrow fi-
zycznych wykonano na kazdej z szeSciu probek
o identycznym sktadzie jakosciowym. Kolejne bada-
nia wykonywane byly na odrgbnych prébkach sili-
katowych. Otrzymane wyniki usredniono i przedsta-
wiono w tabeli 1.

Otrzymane warto$ci gestosci brutto potwierdza-
ja zalozenie, ze czgsciowa modyfikacja mieszanki
wapienno-cementowej stosowanym wypelniaczem
wplywa redukcyjnie na mas¢ wytworzonego elemen-
tu, co wyraznie przedstawiono na rysunku 1.

Ingerencja w sktad mieszanki nie wykazata zakta-
danych rezultatow, poniewaz wraz ze spadkiem gg-
stosci maleje wytrzymalos¢ na $ciskanie badanych
elementow silikatowych (rys. 2).

Absorpcja elementu silikatowego zostala obliczona
zgodnie z procedura zawarta w normie PN-EN 771-
2:2003+A1:2005 [9]. Na podstawie otrzymanych
wynikéw zauwazono rosnacy trend absorpcji wody
przez otrzymany wyrob silikatowy wraz z malejaca
wytrzymatoscia na $ciskanie (rys. 3).
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4. Wnioski

Czesciowy, wzrastajacy udziat wypetniacza (granu-
latu LDPE) w mieszance wapienno-piaskowej przy-
czynil si¢ do zamierzonego zmniejszenia gestosci
brutto. Niestety, pomimo wysokiej wytrzymatosci na
sciskanie LDPE, wraz ze wzrostem zawartosci granu-
latu zauwaza si¢ spadek wytrzymatosci na $ciskanie
w stosunku do probek wyjsciowych. W eksploatacji
budowli zastosowanie mogg mie¢ jedynie te wyroby
modyfikowane, ktore zawieraja nie wigcej niz 9%
udziatu w masie.

Ponadto zauwaza si¢, ze seria uzyskanych wyro-
bow charakteryzuje si¢ wyraznie mniejsza absorpcja
wody niz tradycyjne wyroby, co oznacza mniejszg
ilo$¢ pochtanianej wody w badanych wyrobach.

Reasumujac powyzsze spostrzezenia nasuwa si¢
stwierdzenie, ze dalsze badania, w celu osiagnigcia
mozliwie wysokiej wytrzymato$ci przy mozliwie
najnizszej gestosci objetosciowej, nalezy prowadzic¢
z udziatlem innych wypehiaczy, wptywajacych na
poprawe wytrzymatosci na $ciskanie nowo wytwa-
rzanych elementow.



