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Abstract

The paper presents the issue of the production of ceramic materials with the use of waste additives. Many types of waste
can be added to clay in order to produce ceramics. In the paper the test results of SEM analysis have been presented
for 26 x 26 x 10 mm samples made of clay and clay with additives (20% sewage sludge and 20% fly ash). 2000 times

magnification was used.
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1. Introduction

Waste generation is currently a global issue and
a serious problem to both highly developed and
developing nations. There are many types of waste that
can be reused ranging from organic components such
as sewage sludge to inorganic ones (glass, plastics,
textiles, paper, etc). Waste might cause environmental
and health hazards so its proper treatment is crucial.
However, the technologies available nowadays are
expensive or lead to other problems like in the case
of landfilling. This method is most common due to
low cost, but requires a lot of area — which is less
and less available especially near big cities — and
causes environmental treats related, among others, to
uncontrolled biogas and leachate emissions. However,
waste can and should be reused so that materials or
energy can be recovered. In this way the demand for
raw materials might be reduced. Energy recovery is
linked to both direct incineration in special incineration
plants or indirect thermal treatment. In this case the
consumption of fossil fuels for energy generation is
lower. All in all, the reuse of waste is advantageous
and much is done to implement it on a broad scale. One
of the industries, in which waste can be reused, is the
building industry. The analysis of this issue and detailed

discussion can be found in [1]. For example waste
can be applied in the production of ceramic materials
such as bricks. Balgaranova et al. [2] presented the
concept of the utilisation of sewage sludge and coke —
chemical production wastes in the brick manufacturing
process. Other authors [3] focused their experimental
analyses on sewage sludge, which — as proven in the
paper — can be used in the production of keramsite
aggregate in the amount of 5 to 15% of dry mass. It
was pointed out that sludge contains a lot of organics:
50 to 85% of dry mass and after its introduction to the
keramsite a porous structure was formed. Liew et al.
[4] investigated physical properties like shrinkage,
density and compressive strength of bricks made with
the use of sewage sludge. The content of dry sewage
sludge ranged from 10 to 40% by weight. The paper by
Wiebusch et al. [5] dealt with bricks produced with the
addition of fly ash made after the incineration of sewage
sludge. The maximal considered ash content reached
40% by weight. However, the addition of sewage
sludge might not be very advantageous in terms of the
properties of the final products — for example the use
of sewage sludge as an ingredient in bricks’ production
may lead to problems related to shrinkage or soaking,
as presented in Figure 1.
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Fig. 1. Shrinkage and soaking as a function of sewage
sludge content [6]
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2. Test results

In order to determine the impact of the addition
of selected (organic and inorganic) waste materials
to clay in the process of ceramics production the
samples were produced and their surface structure
was then analysed. These samples made with different
component compositions by weight were tested,
namely those containing 100% clay, 80% clay and
20% fly ash, 80% clay and 20% sewage sludge. The
samples were formed as small rectangular elements of
the dimensions 26 x 26 x 10 mm. They were sintered
in a laboratory furnace at the temperature of 850°C,
chosen based on the literature data considering the
subject. The samples were kept in the furnace for ca.
8 hours (1 hour at the maximal sintering temperature).
After sintering, the ceramic elements remained in the
furnace until their temperature reached some 100°C.

The outer surfaces of the sintered ceramic samples were
investigated basing on images from the scanning electron
microscope (SEM). The test results have been shown in
Figures: 2a for 100% clay specimen, 2b for the specimen
with clay and 20% sewage sludge and 2c for the specimen
with clay and 20% fly ash. All the images have been
presented with the magnification of 2000 times.
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Fig. 2a. SEM image of the outer surface of the sample of
100% clay; magnification x2000
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Fig. 2b. SEM image of the outer surface of the sample of

80% clay and 20% sewage sludge; magnification x2000
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Fig. 2c. SEM image of the outer surface of the sample
of 80% clay and 20% fly ash; magnification x 2000

Fig. 3a. SEM image of the outer surface of the sample of
80% clay and 20% fly ash; magnification x 200
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Fig. 3b. SEM image of the outer surface of the sample of
80% clay and 20% fly ash; magnification x 5000

Figure 2c reveals the presence of spherical
elements in the sample. Such a structure is the result
of the use of fly ash. There might even be smaller
spheres inside the larger ones. This phenomenon has
been presented more clearly in Figure 3b, in which
5000 times magnification was used. While in Figure
3a only a coarse surface structure can be seen at
the magnification of 200 times. This is due to very
small dimensions of the spheres. In [7] a thorough
discussion and literature review together with SEM
images related to the use of fly ash were given.

3. Results analysis and conclusions

The images of the outer surface of the specimens
give an insight into the structure of the ceramic
elements. There is a glass phase present in the sample
made with the addition of sewage sludge. Besides,
cracks on the surface might suggest higher porosities.
It can lead to better thermal properties of the materials
produced with waste additives due to possible lower
thermal conductivity but strength properties of such
materials might be worse. This phenomenon should
be further investigated experimentally.
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Odpady jako substrat do produkcji
spiekow ceramicznych

1. Wprowadzenie

Wiasciwa gospodarka z wciaz rosnacg iloscia odpa-
dow staje sie wyzwaniem zarowno dla krajow rozwi-
nietych jak i rozwijajacych sie. Istnieje wiele rodza-
jow odpadoéw, ktére mozna wykorzystaé ponownie.
Sg to zarowno substancje pochodzenia organicznego
np. osady S$ciekowe jak i nieorganicznego — szklo,
tworzywa sztuczne, papier, itp. Odpady moga powo-
dowaé zagrozenie dla srodowiska naturalnego oraz
zdrowia ludzi 1 zwierzat, dlatego tez wlasciwe metody
ich przerdbki sa niezbedne. Jednak technologie dostep-
ne obecnie sg czesto kosztowne lub powoduja szereg
niedogodnosci czy problemoéw tak, jak deponowanie
na sktadowiskach. Metoda ta jest powszechna z uwa-
gi na niski koszt, ale wymaga znacznych terenéw pod
inwestycje, ktore sg coraz mniej dostgpne w rejonach
duzych aglomeracji. Ponad to moga pojawic si¢ zagro-
zenia zwigzane z niekontrolowana emisja biogazu czy
skazeniem wod gruntowych odciekami. Odpady nale-
zy utylizowa¢ w taki sposob, aby umozliwi¢ odzysk
materialowy 1 energetyczny. W ten sposob zmniejsza
si¢ zapotrzebowanie na surowce. Odzysk energii moze
odbywac sie w specjalnych instalacjach do bezpo-
sredniego spalania lub w innej technologii obrobki.
Jednym z przemystow, w ktérym mozliwe jest wyko-
rzystanie odpadow, jest przemyst budowlany. Anali-
za tego zagadnienia i wnikliwa dyskusja znajduje si¢
w [1]. Na przyktad odpady moga by¢ substratem
w procesie produkcji materiatow ceramicznych takich
jak cegly. Balgaranova i in. [2] przedstawili koncepcje
wykorzystania osadow Sciekowych wlasnie przy wy-
twarzaniu cegiel. Latosinska i Zygadto [3] eksperymen-
talnie analizowali uzycie osadow $ciekowych, ktore —
jak udowodniono w pracy — moga stanowi¢ substrat
do produkcji kruszywa (keramzytu) w ilosci 5-15%
suchej masy. Wskazano, ze osady zawieraja znaczng
ilo$¢ substancji organicznych (50-85% suchej masy)
i w wyniku ich zastosowania w keramzycie tworzy
si¢ struktura porowata. Liew i in. [4] badali parametry
fizyczne cegiet (kurczliwosé, gestosé, wytrzymatosé
na $ciskanie), wykonanych z dodatkiem osadow Scie-
kowych. Zawarto§¢ wysuszonych osadow wahata si¢
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w zakresie 10%-40% (masowo). W artykule Wiebuscha
1in. [5] znalez¢ mozna wyniki badan dla cegiet wytwo-
rzonych z dodatkiem popiotow lotnych, powstatych ze
spalenia osadow S$ciekowych. Maksymalna zawartos$¢
popiotow wynosita 40% wagowo. Nalezy przy tym za-
znaczy¢, ze dodatek osadow $ciekowych moze nie by¢
korzystny z uwagi na osiagnigcie wymaganych wtasci-
wosci produktow koncowych. Na przyktad wykorzy-
stanie osadow $ciekowych do produkcji cegiel moze
powodowac¢ problemy zwigzane z kurczliwo$cia czy
nasigkliwoscia, jak pokazano na rysunku 1.

2. Wyniki badan

W celu okreslenia wplywu dodatku odpadowego (or-
ganicznego i nieorganicznego) na wlasciwosci materia-
lowe, wytworzono spieki ceramiczne. Probki zawiera-
ly 100% gliny, 80% gliny i 20% popiotow lotnych jak
réwniez 80% gliny i 20% osadow Sciekowych. Badane
elementy miaty wymiary 26 x 26 x 10 mm. Zostaly one
wypalone w temperaturze 850°C, dobranej na podsta-
wie literatury. Probki pozostawaty w piecu przez ok.
8 godzin (w tym | godzina w temperaturze maksymal-
nej). Po procesie pozostaty one w srodku, az do wy-
chtodzenia do temperatury ok. 100°C.

Zewngtrzna powierzchnia wytworzonych spiekow
zostala poddana analizie przy uzyciu mikroskopu
skaningowego. Wyniki badan przedstawiaja rysunki:
2a — probka o 100% zawartosci gliny, 2b — probka
z gling 1 20% zawartosci osadow $ciekowych, 2¢ —
probka z gling i 20% zawarto$ci popiotow lotnych.
Wszystkie obrazy cechuje powigkszenie 2000 razy.

Rysunek 2c ujawnia obecno$¢ elementow sfe-
rycznych w probce. Taka struktura jest typowa dla
popiotow lotnych. Wewnatrz wigkszych sfer moga
znajdowa¢ si¢ mniejsze. Zagadnienie to przedsta-
wiono bardziej szczegdtowo na rysunku 3b, gdzie
uzyto powiekszenia 5000 razy. Natomiast rysunek 3a
ukazuje powierzchni¢ przy powigkszeniu 200 razy.
W [7] przedstawiono szczegotowa dyskusje i prze-
glad literatury facznie z obrazami z mikroskopu ska-
ningowego dla materiatow, w ktorych produkcji uzy-
to popiotow lotnych.
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3. Analiza wynikéw i wnioski

Badania zgtadow spiekoéw daja poglad na ich struk-
ture. W probkach wykonanych z dodatkiem osadow
sciekowych obserwuje si¢ faze szklista. Oprocz tego
spekania powierzchni probek moga sugerowac wiek-
sza porowatos$¢. Moze si¢ to przektadac z jednej stro-
ny na lepsze wlasciwos$ci termoizolacyjne w zwiaz-
ku z mozliwa mniejsza wartosciag wspotczynnika
przewodzenia ciepta, ale z drugiej strony wlasnosci
wytrzymatosciowe moga si¢ pogorszy¢. To zjawisko
nalezy zbada¢ w toku dalszych prac.
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