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Munich/Bangkok, October 8, 2019 - Thailand's construction industry keeps on booming. The
government continues to promote the country's expansion into ASEAN's high-tech hub and
invests massively in various construction projects. As a result, promising market opportunities are
opening up for international companies which are involved in planning, constructing and designing
of buildings. The trade fair architect offers international producers and dealers from the interior
fittings, design and decoration industry a platform to connect with Thai architects, contractors and
other decision-makers. It takes place in Bangkok from April 28 to May 3, 2020 already for the 34th
time. About 850 exhibitors and more than 400,000 visitors are expected at around 75,000 square
meters gross exhibition space.

Thailand's economy, the second biggest in South-East Asia, has been growing steadily for years.
Besides the central position in the heart of the ASEAN region, reasons for this development are
among others the increasing living standard of the growing middle class, state investments into
infrastructure and the flourishing tourism industry. For the construction sector experts expect
public and private investments to increase by seven to nine per cent each year until 2020. This
construction boom entails wide sales opportunities for companies from abroad.

IMAG GmbH, a subsidiary of Messe Munchen, is international sales partner of architect'20. For
more information, please go to www.imag.de/architect.

About IMAG GmbH

IMAG, a subsidiary of Messe Miinchen GmbH, organizes trade fairs around the world and supports participants
in international events outside Germany on behalf of public and private clients. Since its foundation in 1946
in Munich, IMAG has been involved in over 5,000 international exhibitions
abroad. IMAG's annual portfolio encompasses approximately 30 trade
fairs, spanning around 20 countries. The events focus in particular on the

following sectors: automotive, commercial vehicles and auto parts industry fairs
/ construction machinery, building material and mining / machine tools and around the
further industries / environmental technology and analytics. world
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Fresh and hardened properties of
self-compacting repair mortar made
with a new reduced carbon blended
cement

ABouBAKEUR BOUKHELKHAL- Civil engineering laboratory, University of Amar Telidji, Algeria
BencHaa BENABED - Civil engineering laboratory, University of Amar Telidji, Algeria
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Abstract

The present work investigates the effects of the use of waste brick as fine additive material
(FAM) by partial replacement to the Ordinary Portland Cement (OPC) on the fresh and hardened
properties of self-compacting repair mortar (SCRM) in order to produce a new reduced carbon
blended cement. Waste brick which was available in a brick factory, was finely ground to obtain
waste brick powder (WBP) before being incorporated in SCRM at substitution levels of 5%, 15% and
25%. SCM was tested at fresh state with mini slump flow and mini V-funnel flow time. At hardened
state, compressive and flexural strengths and ultrasonic pulse velocity (UPV) were measured.
The results indicated that the particles size of WBP is coarser compared to the OPC. The use of
WBP decreased the slump flow and increased in the same time the flow time. Including WBP in
SCRM decreased not only the compressive and flexural strengths but also the UPV of SCM. WBP
can be suitably used at replacement rate of 5 or 15% to produce a new reduced carbon blended
cement. From environmental point of view, introducing WBP has a positive impact in decreasing
the amount of CO, released from cement plants into the atmosphere. Good correlations were
found between strength and substitution levels of WBP.
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1. Introduction

Self-compacting mortar (SCM) is highly fluid mortar

that can flow and fill all formwork under its own weight.
The self-compactability property allows using SCM as a
repair material for reparation end rehabilitation of damaged
reinforced concrete in congested area or with complicated
shape. For ensuring the self-compactability of SCRM, two
parameters must be taken into consideration: the use of
superplasticizer (SP) and the incorporation cement and FAM
with high volume [1]. Asitknown, SP reduces the water/cement
ratio and provides more fluidity in the mixture and leads to
higher compressive strength. The incorporation of FAM plays
an important role in ensuring the resistance to segregation and
bleeding. Without the use of FAM, self-compacting concrete
(SCC) or mortar need a high content of OPC, and this can lead
to many problems such as the increase in the cost production,
the high consumption of energy and natural resources and
high amount of CO, emitted into the atmosphere.

As concrete is the most widely used building material with
amount of 12 billion tons per year, which corresponds to a
consumption of 1 m? / person / year [2-3]. Its manufacture uses
a binding material which is most often Portland cement. It is
well known that the production of cement is very expensive
in terms of economics, and polluting in terms of environment
impacts. Moreover, the quantity of cement produced globally is
growing remarkably, it was estimated at 3.6 trillion tons in 2011
and will rise to 5.8 trillion tons in 2050, which will increase the

108 . = 2019/4 = Vol. 71, No. 4

CO, emissions from 3.24 trillion tons to 5.22 trillion tons (1 kg
of cement produced emits 0.9 kg CO,) [4-5]. It is noted that the
cement industry sector is responsible for 5% to 8% the global
amount of CO, emitted into the atmosphere [6]. The most
effective solution is to reduce the amount of clinker produced
by replacing it with FAM having similar properties to clinker.
Blast furnace slag, fly ash, silica fume, natural pozzolana,
limestone fillers are the additive materials most used in the
cement industry. The use of FAM have shown a great interest
in the latest years from the industrial and constrictor in reason
of their technical, economical and environmental advantages
impact. Pastes, mortars and concretes incorporating FAM
showed better properties such as the low rate of hydration, low
permeability, low consumption of Portland cement and low-
impact environmental materials related to the low emissions of
CO, [7-9]. Slag, fly ash, silica fume, limestone are the most used
FAM in the world. Another source of FAM is the calcined clays
such as metakaolin, brick powder or bentonite. It is known that
these calcined clays were obtained by calcination or thermal
treatment of kaolin, brick clay or bentonite, respectively [10-11].
Calcined clays are considered as pozzolanic materials and have a
positive effect especially on mechanical and durability properties
of concrete. FAM from agriculture waste such as rice husk ash
(RHA) and sugarcane bagasse ash were successfully used in the
production of SCC [12-14]. The characteristics of concretes and
mortars are strongly influenced by the type, source, chemical,
mineralogical, physical and mechanical properties of FAM [15-
20]. Many researches papers that studied the possible use of
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FAM to prepare mortar or concrete for rehabilitation and repair
of reinforced concrete structures were published in the recent
days [21-25]. Benabed et al. [21] were investigated the effect of
limestone powder as a partial replacement of crushed quarry
sand on properties of self-compacting repair mortars. They
concluded that the use of limestone powder in repair mortar
and concrete application would offer technical, economical and
environmental advantages for concrete producers.

The main objective of this work is to investigate the
effects of waste brick powder as substitute of the Ordinary
Portland cement on the fresh and hardened properties of
self-compacting repair mortar in order to produce a new
reduced carbon blended cement. In this research work, waste
brick powder was incorporated at substitution levels of 5, 15
and 25%, keeping all the other ingredients and proportions
constant. The mortar mixtures were tested at fresh state to
evaluate the flowability, filling ability and the risk to bleeding
or segregation. At hardened state, compressive and flexural
strengths and ultrasonic pulse velocity were determined at ages
of 1, 3,7, 28 and 90 days.

2. Materials and experimental tests

2.1 Materials

According to the European Standards EN 197-1, Ordinary
Portland Cement (OPC, CEMI 42.5) was used in all SCRM
mixes. The waste brick powder, which is used as mineral
admixture, was obtained from brick waste in a brick factory.
The chemical composition and physical properties of the OPC
and WBP are presented in Table 1. It was noted that WBP
is mainly consisted of silica (65.93%) with low percentage
of alumina. Strength activity index showed that WBP has
acceptable pozzolanic reactivity with strength activity index of
0.75 at 28 days.

In order to determine the particle size distribution of cement
and WBD, laser distribution analysis was performed and the
results are shown in Fig. 1. The results indicated that the WBP
has a continuous particle size distribution as the OPC. Table 1
gives the diameter of particles corresponding to 10, 50 and 90%
of passing. It can be observed from this table that about of 50%
of WBP particles have a size lower than 44.32 um, contrary to
the cement in which 50% of particles have a size lower than
12.35 pm. These results demonstrates that WBP is coarser than
the OPC.

Fig. 2 shows the results of SEM of WBP. This test gives a
great idea about the particle shape of the material tested and
confirms the obtained results for particles size distribution
(Fig. 1). Scanning electron microscope (SEM) exam was also
performed on OPC and WBP and it is presented in Fig. 2. It
can be concluded from Fig. 2 that WBP has coarser and more
angular particles shape compared to OPC.

As fine aggregate, river sand was used with a maximum size
of 5 mm, density of 2.6, coefficient of absorption of 0.59%
and water content of 0.03%. The chemical admixture used to
produce various mixtures, is a polycarboxylates based high-
range water reducers superplasticizer (SP). It has a specific
gravity and pH of 1.07 g/cm’® and 8 respectively.

Component OPC WBP
Si0, (%) 18.83 65.93
Ca0 (%) 61.54 6.78
Mgo (%) 1.27 2.25
ALO, (%) 4.20 14.60
Fe,0, (%) 5.31 5.24
S0, (%) 1.96 0.05
K,0 (%) 0.49 3.13
T0, (%) 0.20 0.74
Na,0 (%) 0.21 0.14
P,0. (%) 0.29 0.13
Loss on ignition (%) 5.70 1.02
Specific density 3.11 2.54
Activity index i,, - 0.75
Fir Finesses 3300 2925
characteristics d,, (Hm) 1.19 317
d., (um) 12.35 44.32

dg, (M) 40.53 100

Table 1 Chemical composition and physical properties of OPC and WBP
1. tdbldzat  OPC és WBP kémiai Gsszetétele és fizikai tulajdonsdgai
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Fig. 1 Particle size distribution of OPC and WBP
1. dbra OPC és WBP szemmegoszlds diagrammja

2.2 Mix proportion design

Four mixtures were prepared to study the effect of the WBP
on the fresh and hardened properties of SCM. WBP was
included at substitution levels of 0, 5, 15 and 25%. In all SCM
mixtures, the amount of binder (OPC+WBP), water to binder
(W/B) ratio and dosage of SP were kept equal to 692.65 kg, 0.4
and 0.8%, respectively. The mix proportions of SCM are given
in Table 2.

Constituents

WEBP WBP Sand Water SP SP

P A o

m?d) md) md) m?d)

w/B

OPC
(kg/m?)

OWBP 69265 O 1300 278.89 0.80 5.54
5WBP 658.02 5 34.63
15WBP 588.75 15 103.90
25WBP 519.59 25 173.16

Table 2 Mix proportions of SCM
2. tabldzat Az alkalmazott betonreceptiirdk
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Fig. 2 SEM of: (a) OPC and (b) WBP
2.dbra OPC (a) és WBP (b) pdsztdzo elektronmikroszkdpos felvételen

2.3 Test procedure
2.3.1 Fresh mortar

The mini slump flow and mini v-funnel tests were conducted
to characterize the flowability, filling ability and stability of
fresh mortar. In the mini slump flow (Fig. 3.a), a truncated
cone mold was filled with mortar and lifted upwards. The final
diameter of the mortar through two perpendicular directions
was measured and the mean is calculated. Slump flow ranging
between 27.5 and 33.5 cm are suggested to obtain a slump flow
of 55-85 cm for SCC [26-27]. The flow time T25 is the time to
reach a circle of diameter of 25 cm corresponding to the flow
time T50 measured in SCC was also determined [28]. It can be
noted that it is possible to evaluate the trend to segregation or
bleeding of SCM through visual control. The mini v-funnel was
filled completely with mortar and the bottom outlet is opened
allowing to the mortar to flow out (Fig. 3.b). The v-funnel flow
time Tv which is the elapsed time (s) between the opening of
the bottom outlet and the time when the light becomes visible
from the top was measured [29].

110 . = 2019/4 = Vol. 71, No. 4
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Fig. 3 Self-compacting mortar tests, (a) schematization of the mini-slump flow test,
(b) mini V-funnel test
3. dbra  ontomorodd habarcs vizsgdlat, (a) mini-roskaddsvizsgalat sematikus dbrdja,
(b) mini V-tolcséres vizsgdlat

2.3.2 Hardened mortar

From each mortar mixture, prismatic specimens of
40x40x160 mm in size were cast. After casting, all specimens
were covered with plastic sheets for 24 hours, before they
unmolded and transferred to conservation in conditioned
room at 20+2 °C and 100% relative humidity until the time
of test. For each mix, three specimens were used to determine
flexural strength and pulse velocity values and six specimens
to measure compressive strength at 1, 3, 7, 28 and 90 days. All
these measures were carried out following European Standard
EN 196-3 [30] and ASTM C597-97 [31].

3. Results and discussion

3.1 Fresh mortar properties

The results of slump flow and flow time T, of mortar mixtures
with and without WBP are illustrated in Fig. 4. The values of
slump flow varied between 29.3 and 31.4 cm. The use of WBP
at replacement rate of 5% increases the slump flow, whereas a
replacement rate of 15% slightly decreases the slump flow, but a
replacement rate of 25% decreases significantly the slump flow.
In contrary, increasing the amount of WBP until 5% slightly
reduces the flow time T, but replacements rate of 15% or
25% increases the flow time T,,. For mixtures including 5% of
WBP, the quantity of WBP are very low and it is completely
coated by the cement particles. However, the effect of WBP
is more pronounced in SCM mixtures having 15% and 25%
of WBP since the quantity substituted is higher. In addition,
the angular shape and coarse particles of WBP are assumed to
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reduce the flowability of SCM leading to lower values of slump
flow. It should be noted that, all SCM mixtures were visually
examined and no risk to bleeding or segregation was observed.

33 5
[ ==Slump flow =o=Flow time T25 |

32 L4
) — >
E 31 4 ‘.,NT
g 3 °
o= 1 [
= L2 E
£ 291 S
w -

28 rlm=

27 . . . 0

0 5 15 25
WBP (%)

Fig. 4 Slump flow and flow time T,, of mortar mixtures with percentage of WBP
4. dbra  Roskaddsos teriilés és folydsi idé (T,,) a WBP mennyiség fiiggvényében

Fig. 5 depicts the evolution of flow time Tv for all mortar
mixtures. The v-funnel flow time increases with increasing the
percentage of WBP. The values of v-funnel flow time ranged
from 3.8 to 5.2 s, these values are in the range recommended by
EFNARC 2-10 s [29]. Incorporation of WBP at 5, 15 and 25%
increases the v-funnel flow time by 9, 13 and 38%, respectively.
Generally, the mortar viscosity is expressed by the T25 or
Tv flow time. This means that the use of WBP increases the
viscosity of SCM which is attributed to the angular shape and
to the coarse particles of WBP which increase the resistance to
the flow and consequently the viscosity of SCM.

6

Flow time Tv (s)
£

0 5 10 15 20 25 30
WBP (%)

Fig. 5 Flow time T, of mortar mixtures with percentage of WBP
5. dbra Folydsi id6 (Tv) a WBP mennyiség fiiggvényében

3.2 Hardened mortar properties

Fig. 6 presents the values of the compressive strength for
mortar mixtures with plain cement and WBP. It was observed
that the compressive strength of all SCM mixtures increases
with increase in age of curing which attributes to the continuous
of the hydration. SCM with plain cement presented the highest
values of compressive strength at all age of curing, exception
for 3 days of curing in which mixtures contained 5% of WBP
shown the higher compressive strength. Introduction of the
WBP in SCM mixtures slightly decreased the compressive
strength for substitution rate of 5 or 15% but considerably
for substitution rate of 25%. The decrease in the compressive
strength of 5SWBP, 15WBP and 25WBP mixes at 28 days is
about 6.3, 10.6 and 35.3%, and about 9.8, 13.6 and 38.6%. This
means that there is no strength gain in mixtures containing
WBP after 28 days. WBP is considered as pozzolanic material
but it is coarse than the cement which meaning that its fineness
is low, so the pozzolanic activity did not take place at 90 days

since the fineness played an important role in the pozzolanic
activity [32].
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Fig. 6 Compressive strength of mortar mixtures with percentage of WBP
6. dbra Nyomészildrdsig a WBP mennyiség fiiggvényében

The values of UPV of all mortar mixtures are shown in
Fig. 7. UPV is a non-destructive test that allows assessing the
internal structure of the mortar or concrete without damaging
the tested element. UPV increases with increase in the age of
curing. The use of WBP in SCM mixtures caused a decrease in
the UPV. The UPV of mixtures containing 5 or 15% of WBP
are slightly inferior to those of control mixture, but mixtures
with 25% of WBP show a high reduction in the UPV. Similar
results were reported by Sahmaran et al. [32].
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Fig. 7 Ultrasonic pulse velocity of mortar mixtures with percentage of WBP
7. dbra  Ultrahangos impulzus sebesség a WBP mennyiség fliggvényében

5

mO0WBP O5WBP @15WBP E.IZSWBP|

Flexural strength (MPa)

28

7
Age of curing (days)

Fig. 8 Flexural strength of mortar mixtures with percentage of WBP
8. dbra Hajlité szildrdsdg a WBP mennyiség fiiggvényében

In Fig. 8, the flexural strengths of mortar mixtures with plain
cement and WBP are plotted as a function of the age of curing.
Due to continued hydration, it was observed that the flexural
strength increases with an increase in the age of curing.
Compared to the mixture with plain cement, it appears that
the introduction of WBP decreases the flexural strength and as
the amount of WBP increased the flexural strength decreased.
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3.3 Environmental benefit of WBP blended cement

Cement industry is one the most source of CO, emission
in civil engineering field. The production of 1 kg of cement
releases into the atmosphere about 0.9 kg of CO,. Fig. 9 shows
the quantity of CO, emission related to the binder for all SCRM
mixtures. The results have shown a reduction in the amount of
CO, when cement is replaced by waste brick powder. Using
replacement level of WBP of 5%, 15% and 25% reduces the
CO, emission to 401.85, 359.55 and 317.25 kg, respectively. In
recent study, Kavitha et al. [33] have reported that replacing
cement by metakaolin with rates ranging from 5% to 15%
decreased the CO, emission by 4% to 11%.
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Fig. 9 Environmental impacts of mixtures with percentage of WBP
9. dbra Kiilonbozé WBP adagoldsii keverékek kornyezeti hatdsa

3.4 Correlation between mechanical properties and
substitution levels of WBP

In order to understand the relationship between mechanical
properties (compressive strength f, flexural strength f) and the
percentage of waste brick powder, correlations were realized
between them and the results are shown in Figs. 10 and 11,
and Table 3. It was noted from the obtained results that the
polynomial correlation between mechanical properties and the
substitution level of waste brick powder for differentage of curing
was found good to excellent with very acceptable coefficient of
regression. It should be noted that other correlations were also
explored, but obtained results showed that these correlations
are not strong compared to the used correlation.
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Fig. 10  Correlation between compressive strength and percentage of WBP at different ages
10. dbra  Nyomoszildrdsig és WBP mennyiség dsszefiiggése kiilonbozé korii keverékek
esetén
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Fig. 11 Correlation between flexural strength and percentage of WBP at different ages
11. dbra Hajlité szildrdsdg és WBP mennyiség osszefiiggése kiilonbozé korii keverékek
esetén

Correlation between f_and
percentage of WBP

Correlation between f_ and
percentage of WBP

Regression equation R?
1 y=-0.0005x?-0.3937x + 16.789 0.98

Regression equation R?
y=0.0004x?-0.0537x + 1.7889 0.98
3 y=-0.0012x2-0.4032x + 28147 0.91 y=0.0009x2-0.0542x +2.8866 0.90

7 y=-0.0207x* + 0.0671x + 385 0.96
28 y=-0.034x*+0.0641x + 58.962 0.96
90 y=-0.0306x*-0.1808x + 65.676 0.94

y=0.0012x2-0.0757x + 3.5806 0.86
y=0.0022x*-0.1134x +3.969 0.95
y=0.0006x?-0.0613x + 4.6069 0.96

Table 3  Regression equations and coefficients for different ages
3. tabldzat  Regresszids Osszefiiggések és koefficienseik kiilonbozé korii mintdk esetén

4. Conclusions

Based on the experimental results and the analysis performed,
the following conclusions can be drawn:
= SEM analysis indicated that the particles size of waste
brick powder are coarser compared to the cement.

= At fresh state, self-compacting repair mortars with
waste brick powder have shown low fluidity and high
viscosity. But, values of slump flow and flow time are
acceptable by the recommendations of self-compacting
mortars production.

= The use of waste brick powder with a fineness
lower than the cement resulted in a decrease in the
compressive, flexural strength and the ultrasonic pulse
velocity.

= WBP can be suitably used at replacement rate of 5 or
15% to produce a new reduced carbon blended cement.

= Adding WBP could be positive from the environment
point of view because of its availability as a local waste.
This means also that WBP is an interesting alternative
material to produce eco-friendly self-compacting
mortar.

= Several correlations between hardened properties
(compressive and flexural strength) and the percentage
of waste brick powder were explored. These results
show that there is a good polynomial correlation
between the studied properties compared to other
correlations.
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Abstract

In this research work, the possibilities of producing advanced ceramics from traditional, relatively
inexpensive raw materials were studied. Powder mixtures from kaolinite and IG-017 bio-original
additive were milled and uniaxially pressed to pellets, then pre-sintered in the electric kiln under
oxidation and oxygen-free atmosphere at 1250°C. The pre-sintered specimens were then further
sintered in nitrogen gas at 1600°C. The produced specimens were tested on composition,
microstructures and morphologies using several characterization techniques including X-ray
diffraction (XRD), scanning electron microscopy (SEM) and energy dispersive spectroscopy
(EDAX). The conducted experiments by the authors have shown that it is possible from traditional
kaolinite to develop technical ceramic specimens with increased physical and mechanical
properties based on formed amorphous phases, mullite crystals, micro and nano carbon fibers.
Keywords: carbonization, ceramic, composition, microstructure, mullite, sintering

Kulcsszavak: karbonizacio, keramia, 0sszetétel, mikroszerkezet, mullit, szinterezés
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1. Introduction

In recent years, there is a huge demand in many industries for
new low-density materials with enhanced physical, electrical,
magnetic, mechanical, thermal or chemical properties [1-34].
Thanks to these continuously increased requirements, more
and more ceramic materials and ceramic-based composites
are being developed and used in various fields of industry
and technology [35-46]. Mullite is a stable intermediate phase
under atmospheric pressure in the ALO, - SiO, system (Fig.
1) [47]. Despite the rare occurrence of mullite as mineral, the
sintered mullite crystals are playing an important role both
in traditional and modern technical ceramics. Fig. I shows
how the various crystals and phases are depending on the
temperature and also reveals that pure mullite (3A1,0,-2Si0,)
melts at 1870 °C. Generally, at normal (atmospheric) pressure
mullite crystals are capable to incorporate several transition
metal cations and other foreign atoms into their structures
depending on sintering environment and temperature [48-50].
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Fig. 1 SiO,-Al,O, phase diagram [47] (Taken from N M Bobkova: Fizicheskaya
Himiya Tugoplavkih Nemetallicheskih i Silicatnyh Materialov, 2007)
L dbra SiO,-ALO, fizisdiagram [47] (Atvéve: N M Bobkova: Fizicheskaya Himiya
Tugoplavkih Nemetallicheskih i Silicatnyh Materialov, 2007)

Generally, non-oxide technical ceramics and nitride ceramics
have a much higher surface hardness and compression
strength than metals and metal alloys or oxide ceramics, but
their production costs are usually very expensive [51]. Nitride-
based (SiAION or Si,N,) materials are considered as significant
and attractive structural ceramics/refractories because of
their excellent properties, like high mechanical properties
(e.g., strength, hardness, toughness), chemical inertness, good
corrosion resistance and outstanding thermal resistance.

Silicon nitride is a non-natural mineral that needs to be
synthesized by different methods [52-54]. The easiest way to
produce silicon nitride from kaolin or other clay minerals
is through carbothermal reduction and nitridation. The
following reaction equations show the steps in which silicon
carbide, silicon oxynitride, silicon nitride, and sialons are
formed during the process [53-56].

1. Decomposition of kaolin at a temperature of 450 °C

Aly 05 - 2510, 2H,0 — Al 05 - 25i0,(metakaolin) + 2H,0(vapor) (1)
2. Formation of mullite (3AL,0, - 2Si0,) as decompound of
metakaolin at a temperature at 1087°C

3 (Al,05 - 2Si0,) - 3Al,05 - 25i0, + 4Si0, (amorphous) 2)
While the temperature raises up to 1360°C, amorphous SiO,
begins to transform into crystalline SiO..

Carbothermal reduction and simultaneous nitridation occur at
a temperature above 1400°C

Si0, + € — Si0(g) + CO(g) 3)
341,05 - 25i0, + 2C - 3Al,05-25i0(g) + 2€0(g) (4)
3. Formation of silicon oxynitrides takes place progressively in
environment richer in nitrogen under the reducing influence
of the carbon

35i0,+3C+ N, > Si,N,0 (5)
25i0(g) + C + N, = SizN,0 + CO(g) (6)
4. Formation of x-phase sialon and {’-sialon from mullite

3 (Al,03 - 25i0,) (mullite) + 12C + N, —

Si3Alg01; N5 (x — phase sialon) + 6 AIN + Si0, + 12 C (7)
Si3Alg01,Ns + 3Ny + 9C — SizAl;03N5 (B — sialon) + 2 AIN +9 CO (8)

5. Formation of SiC

Si0, + 2C - SiC + C0,(g) 9)
6. Formation of Si,N,

35i0,+6C+2N, > SisN, +6CO (10)

The Si-N bonds are formed at 1200°C in the presence of
carbon. These bonds are progressively formed in N-rich
environment and lead to a continuous formation of silicon
oxynitride compositions. Usually, these bonds are not detected
by XRD but appear later in the reaction, when crystalline
silicon oxynitride persists throughout the reaction and possibly
containing a little amount of Al (like O-sialon and x-phase
sialon). After the destruction of the mullite, the Si-O bonds
survive and remain throughout the reaction, especially in the
kaolinite starting material. Later in the reaction, Si-C bonds are
formed. The created SiC phase behaves more like a secondary
product than a transitory intermediate [54-56].

Based on the studied literatures, it can be said that mullite or
mullite containment taken from kaolinite can be successfully
used as a matrix material for silicon nitride particles or whiskers
reinforced ceramic composites. Si,N, particles and whiskers can
considerably enhance the mechanical strengths and toughness
of both kaolinite and mullite based ceramic composites. Using
conventional kaolinite or other types of clay minerals as
starting materials, different micro and nano-size reinforcement
materials can be produced like, SiC, Si,N,, Si ON, or SiAION
through carbothermal reduction and nitridation.

The aims of this work are to develop ceramic composites
material with superior physical and mechanical properties
using relatively inexpensive processing technology and raw
materials like conventional kaolinite or other clay minerals. In
this work, the authors present a part of their research on the
production of carbon-containing ceramics using kaolin and a
biological additive. Further these produced ceramic composite
could be a potential candidate for many applications showing
better mechanical properties.

2. Materials and Experiments

Particle-reinforced mullite composite ceramics
prepared via carbothermal reduction and nitridation
techniques, commercial kaolinite powders KKA-MB and IG-
017 refined bio-original additives developed and produced by
IGREX Ltd. were used as starting raw materials. Stochiometric
amount of these ceramic powders were weighted using 6
different mixtures compositions as shown in Table 1. The
prepared ceramic mixtures were well milled in a laboratory
ball mill for 20 minutes in the speed of 200 rpm. The milled
powders then uniaxially compacted at 150 MPa pressures to
produce 24 cylindrical disc specimens with diameters of 20
mm for each mixture. The filling weights of specimens were
8 grams in each case. After compacting, half of the specimens
were pre-sintered in normal (oxidation) atmosphere and the
other half of the specimens were pre-sintered in an oxygen-
free atmosphere. In both cases, the maximum pre-sintering
temperatures were 1250 °C. After these, the pre-sintered
specimens were well studied and later they were burned at
1600 °C using nitrogen gas in the high-temperature kiln. Fig. 2
shows the sintered specimens.

were
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Mixture Kaolinite 1G-017
1. 85 15
1. 75 25
m 65 35
V. 55 45
V. 45 55
VL. 35 65

Table 1. The volumetric relationship between components in m%
2. tabldzat Az EDAX vizsgdlat sordn kapott elemi Gsszetétel

IG-017 additive in m%
35

Heat treatment

Pre-sintered in normal (air) |
atmosphere

Pre-sintered in an oxygen-
free atmosphere

Sintered in a nitrogen
atmosphere at 1600°C

Fig. 2 The specimens after the sintering process
2. dbra A szinterelt probatestek

3. Results and discussions

Part of the authors have already shown in their earlier work
some properties of the pre-sintered specimens, like volume
shrinkage, weight losses, density, porosity and microstructure
[57]. In this work are shown how the properties change due to
sintering the specimens at a high sintering temperature (1600°C)
in nitrogen gas. During pre-sintering of the specimens, firstly,
drying of the samples takes place, followed by removal of the
crystalline waters from kaolinite structure at approximately
450°C, parallelly gasification of the 1G-017 additives occurs.
Pre-sintering kaolinite at a temperature of 1250°C is high
enough for the formation of mullite crystal phases and free
SiO, components. Some of the specimens from each mixture
were further sintered at 1600°C, where SiC and Si,N, can be
formed in the ceramic product. Figs. 3 and 4 show the volume
shrinkages and weight losses of the sintered samples.

Fig. 3 compares the volume shrinkage of the heat-treatmed
ceramic products to that of the pre-sintered and crude product
volumes. Oxygen deficient pre-sintered ceramic specimens
exhibit higher shrinkage. In contrast, the total volume
shrinkages of the two type of pre-sintered specimens were
almost the same.

Fig. 4 shows the weight loss of the specimens fired at 1600°C
in an Oxygen atmosphere and Oxygen-free environment. In the
case of the use of a larger amount of bio-original additive, the
weight of the oxidation pre-sintered samples is increased, this
could be possibly due to the incorporation of Nitrogen gas into
the samples. In the case of oxygen-free pre-sintered specimens,
some of the carbon remaining in the material structure is
discharged during sintering at 1600°C. Examination of the
microstructure and elemental composition of the samples was
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done by scanning electron microscopy (SEM).

Comparing the sintered specimens
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Fig. 3 The volume shrinkage after sintered the specimens at 1600 °C
3. dbra A térfogati zsugorodds az 1600 °C-os szinterelés utin
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Fig. 4 'The weight losses after sintered the specimens at 1600 °C
4. dbra A tomegveszteség az 1600 °C-os szinterelés utdn

Fig. 5 shows the outer surface and breaking surface of a specimen
made with 15 m% bio-additive pre-sintered in an oxidation
atmosphere and then heat-treated in nitrogen at 1600°C. It can
be clearly seen on the crushed surface that it has a high degree of
porosity, from which the open pores and capillaries are significant
on the surface. Based on the elemental composition determined
by EDAX, the sample has a significant carbon and titanium at
the surface, indicating that carbon and titan-containing surface
layer has been formed during higher-temperature combustion.
In the case of specimens with higher biological additive content,
the surface of the pressed ceramic specimens was slightly nitrated.
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Based on the EDAX test, the specimen contains 45 m% IG-017 has
1.51 m% nitrogen content (Table 2).

Signal A=CZBSD Date :21 Feb 2019
EHT=2000kv  Time 10.0945

Mag= 150X
WO =135mm

"o Si

i B3
Na K ca ‘ Fe

m . I

Fig 5b
Fig. 5 'The breaking surface (a) and outer surface (b) of the examined specimen from
the I. mixture
5.dbra A I keverékbdl szdarmazé minta belsd, toretfeliilete (a) és kiilsé feliilete (b)

The authors measured the oxide and phase composition of
the sintered specimens with XRD test. After pre-sintering the
specimens, the main phase was mullite with a large amount
of amorphous glass phase and a small amount of quartz or
cristobalite. During oxygen-free pre-sintering, carbon fibres
were formed. After high-temperature heat treatment, the
oxygen-free pre-sintered samples consisted of 60% mullite,
32% amorphous phase and 8% carbon fibres. Compared to the
pre-sintered sample, the amount of carbon fibres in the sample
was reduced (Table 3).

=
Al'Si
)
n M K
Nj Na Aca T Fe

Fig 6b
Fig. 6 'The microstructure (a) and elemental composition (b) of the examined
specimen from the IV. mixture
6. dbra A IV. keverékbdl szdrmazé minta mikroszerkezete (a) és elemi dsszetétele (b)

Mark of test specimen mixture q \"A
Location of EDAX test inside surface surface
N 0 0 1.51
°§° c 1.88 11.61 0
£ 0 24.00 32.81 31.81
g Na 0.47 0.54 0.81
-§ Mg 0.37 0.39 0.84
g Al 26.28 24.70 23.30
8 Si 40.04 16.71 32.75
s K 459 1.15 4.33
E Ca 0.61 0.42 0.46
= Ti 0.67 10.98 2.83
Fe 1.09 0.69 1.37

Table 2 The elemental composition based on EDAX test
2. tabldzat Az EDAX vizsgdlat sordn kapott elemi Gsszetétel

Sintered Phase SUM Mullite Quartz Cristo- Amorph Carbon

atm. % balite  glass fiber
AlSi,0,, S0, Si0, Si0, c
100 53 2 5 40 0
Oxidation S0, 6195 14.95 2 5 40
ALO, 3805 3805
100 48 4 1 32 15
Oxygen- SO, 5054 1354 4 1 32
free ALO, 3446 34.46
CO, 54.96 54.96
100 60 0 (] 32 8
Nitrogen  sjo 4892 16.92 32
(153300) ALO, 43.08 43.08
Co, 29.31 29.31

2

Table 3 The oxide- and phase composition of the sintered specimens from IV mixture
3. tabldzat A IV. keverékbdl késziilt minta oxid- és fazisosszetétele
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4. Conclusion

In this research, the authors have successfully produced
carbon-reinforced mullite ceramics using conventional
kaolin minerals and IG-017 biological additive. Moreover,
they continue their research on the production of mullite
ceramics reinforced with silicon nitride particles or whiskers.
Compared to the green products data, the weight loss and
volume shrinkage of the prepared specimens after sintering at
1600 °C were not influenced by the pre-sintering atmosphere.
However, the elemental and phase composition of the final
products are significantly influenced by the type of applied
pre-sintering process. In the case of specimens with higher
biological additive content, the surface of the pressed ceramic
specimens was slightly nitrated.
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Abstract

In this research work, new zeolite-alumina composite materials were prepared by mechanical
activation and reactive sintering method. A detailed investigation of structure and microstructure
of the raw materials and the produced ceramic samples have been precisely examined using
X-ray diffraction (XRD) and scanning electron microscopy (SEM). Based on the raw material
compositions, microstructure, and firing temperature, different characteristics were examined
including, density, shrinkage, porosity and water absorption. The authors have found that the
compositions and the firing temperature play a major role in the microstructure and the properties
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1. Introduction

The research work in the field of ceramics technologies
has been highly grown in the recent years [1-34]. Among
ceramics materials, zeolites which represent a class of
crystalline minerals have been highly utilized in a wide
range of applications including chemical and petrochemical
industries for catalysis, adsorption and the elimination of
heavy metal ions from industrial wastewaters. Zeolites offer
fascinating properties like high surface area, ion-exchange
capacity, high adsorption efficiency and the ability to act as a
host in preparation of nanocomposite materials [35]. These
outstanding characteristics assigned to the unique structure of
zeolites which contain a large number of uniformly distributed
micropores. The research work in zeolite is motived not only by
the need to synthesise new materials with expected potential
applications [36]. But also the necessity to understand the
formation of these interesting materials and to control their
microstructure [37]. Zeolite-based composite materials have
attracted a great deal of interest as technical materials due to
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the interesting complex composition and good mechanical
behaviour [38]. Despite the huge research works conducted
on zeolite-based composite materials [39-43], view previous
works have been conducted concerning the influence of
ceramic reinforcement in zeolite-based ceramic composite
[44-46].

In this research study, zeolite-based Alumina ceramic
composite materials were produced through mechanical
activation and reactive sintering technique. The structure
and microstructure of the raw materials and the final product
have been investigated via X-ray diffraction (XRD) and
scanning electron microscopy (SEM), moreover, the effect of
composition, firing temperature on the density, porosity, and
shrinkage was studied. These new zeolite-alumina mixtures
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which relatively inexpensive materials could be a potential
candidate for many technical applications showing better
properties.

2. Experimental method

2.1. Synthesis of Zeolite - alumina composite materials

Zeolite-based alumina composite ceramic materials were
prepared through the mechanical activation and reactive
sintering method. Zeolite powders from Tokaj region
(Hungary) and ALO, powder (98 %; MOTIM) were used
as raw materials. An appropriate amount of these ceramic
powders was carefully weighted using different compositions
as shown in Table 1, then the prepared mixtures were milled
and mixed in Retsch PM 400 planetary ball mill for 15 minutes
in 150 rpm using silica balls. The milled powders then used
to make cylindrical discs with a diameter about 25 mm and
thickness of 10 mm using uniaxial pressing machines under a
pressure of 500 MPa. The prepared specimens were sintered at
different temperatures (1100°C, 1150°C, 1200°C and 1250°C)
in a programmable furnace for 3 h, with a heating rate of 60
°C/h.

Zeolite % Alumina %

100 0
90 10
80 20
70 30
60 40
50 50

Table 1 'The composition of the raw materials used to prepare the mixtures
1. tdblazat Az alapanyagokbil készitett keverékek Osszetétele

2.2. Characterization

The raw materials were characterized by Rigaku Miniflex II
X-ray diffractometer (XRD) operated in the Bragg-Brentano
geometry and the samples were scanned between 26 of 0-70°
with a scanning rate of 1°/min and a step size of 0.01016°
using CuKa radiation (A= 1.54184 A). For the computer-based
investigation, DIFFRACT measurement software was used.

The topographical feature and the surface morphology of
both raw materials and the prepared ceramic samples were
examined using scanning electron microscopy (SEM) (Model
TM-1000, HITACHI). The prepared samples were examined
under several magnification values using secondary electrons.

3. Results and discussion

3.1. Structures

The relationship between the sintered temperatures and
composition of the produced ceramics is shown in Fig. 1. It
is well seen that using different sintering temperatures lead
to varieties on the colour of the ceramic samples as well as
differences on the shrinkage of the prepared discs. These
could be attributed to the fact that above 1100°C zeolite starts
to recrystallize and leads to physicochemical reactions which
could highly affect the microstructure of the complex ceramics
structure, as well as the properties.

1100°C  1150°C 1200°C 1250°C
100% Zeolite | :
0% Alumina

90% Zeolite
10% Alumina

80% Zeolite
20% Alumina

70% Zeolite
30% Alumina

60% Zeolite 3
40% Alumina

50% Zeolite
50% Alumina

Fig. 1 Samples with different composition sintered at different temperature (1100 °C,
1150 °C, 1200 °C and 1250 °C)
1. dbra Az osszetétel és az égetési homérséklet (1100 °C, 1150 °C, 1200 °C és 1250 °C)
hatdsa a szinterelt zeolit mintdkra

Fig. 2 exhibits the XRD pattern of natural zeolite. The analysis
of the sample confirms the existence of different minerals,
Table 2 reveals the chemical composition and the percentages
of the different compounds.

100 — — — — — — —

Intensity [Arbitrary units]

0
)

Fig. 2 XRD diffractogram of the natural Zeolite
2. dbra A természetes zeolit XRD diffraktogramja

Cristo- Montmo- Calcite Clinopti- Total

balite rillonite lolit
wt % 8.00 50.00 30.00 2.00 10.00 100.00
Ca0 112 112
Sio, 8.00 50.00 19.13 5.79 82.92
ALO, 4.06 1.89 5.95
Mgo 3.21 3.21
Na,0 0.74 0.57 1.31
co, 0.88 0.88
H,0 2.87 1.60 447
:;’:‘i:i:: 00 0.00 287 088 175 550

Table 2 Mineralogical constituents, chemical composition and loss on ignition (LOI)
of the natural zeolite in wt%, resulted from XRD analysis

2. tdblézat A természetes zeolit dsvdnyi XRD vizsgdlata sordn megdllapitott Gsszetevdi,
kémiai Osszetétele és izzitdsi vesztesége (LOI) tomeg%-ban

3.2. SEM investigation of the raw materials

Fig. 3 shows secondary electron images of the natural zeolite
and alumina powders. The typical grains size of zeolite and
alumina were found to be in the range of 0.5 -25 um and 0.5-
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50 pm, respectively. While Fig. 4 shows the fractured surface
of the produced ceramics samples (80% zeolite-20% alumina)
sintered at 1100 °C and 1200 °C, it is clear that increasing the
firing temperature leads to reduce the pores of the produced
ceramics hence increase the density.

x1.0k 100 um

TM-1000_9732

(b)
Fig. 3 SEM images of a) natural zeolite and b) alumina powders
3. dbra A természetes zeolit a) és az aluminium-oxid por b) mikroszerkezete (SEM)

(b)
Fig. 4 SEM images of the fractured surface of 80% zeolite-20% alumina sintered a)
at 1100 °C, b) at 1200 °C
4. dbra Az 1100 °C-on a) és 1200 °C-on b) szinterelt 80 m% zeolit és 20 m%
aluminium-oxid felhaszndldsdval késziilt mintdk toretfeliilete (SEM)
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The composition and sintering temperature show a
substantial impact on the final density of sintered ceramic
samples. The pure zeolite exhibits low density, this could be
assigned to the highly porous structure of the zeolite. As the
amount of alumina % increasing, the density of the produced
samples is gradually increased, likewise, increasing the
sintering temperature also leads to increase in the density
of the prepared discs, which also confirmed by SEM (Fig.
4). Pure zeolite sintered at 1100 °C offers the lowest density
about 1.6 g/cm?, on the other hand, 50% zeolite- 50% alumina
samples sintered at 1250 °C displays the highest density of
approximately 2 g/cm®. The ffect of composition and sintering
temperature is shown graphically in Fig. 5.

218
Z
2
s 18
E
2 1,7

16

15

40 50 60 70 80 90 100
Zeolite composition (%)

W1100°C A 1150°C @1200°C ¢1250°C

Fig. 5 'The density of the zeolite-alumina samples sintered at different temperatures
5. dbra A kiilonbozé hémérsékleteken szinterelt zeolit-aluminium-oxid mintdk siiriisége

The firing shrinkages of the produced specimens as a
function of zeolite composition prepared at different sintering
temperatures (1100 °C, 1150 °C, 1200 °C and 1250 °C) are
shown in Fig. 6. 50% zeolite- 50% alumina samples fired at
1100 °C exhibits the lowest shrinkage of approximately 5%,
with decreasing the % of alumina in the sample, the firing
shrinkage is progressively increased, furthermore, increasing
the sintering temperature is highly increase the firing
shrinkage. Pure zeolite sintered at 1250 °C shows the highest
firing shrinkage about 23%.

y=0.2163x+0.453

y=0.1587x+1.361

Shrinkage
s
BN
Sa 2
8 \&
3

40 50 60 70 80 90 100
Zeolite composition

m1100°C A 1150°C @1200°C «1250°C

Fig. 6 'The bulk shrinkage of the zeolite-alumina samples sintered at different
temperatures
6. dbra A kiilonbozo hémérsékleteken szinterelt zeolit-aluminium-oxid mintdk
térfogati zsugoroddsa

Fig. 7 demonstrates the weight loss of the different
composition of the zeolite-alumina samples sintered at variable
temperatures, with increasing the sintering temperature from
1150 °C to 1250 °C the weight is highly increased from about
6% to more than 11%. Pure Zeolite shows the highest weight
loss.
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o

Weight loss

~

40 50 60 70 80

Zeoilts compesition

w
S
3

m1100°C A 1150°C @1200°C ¢ 1250°C

Fig. 7 The weight loss of the zeolite-alumina samples sintered at different temperatures
7. dbra A kiilonbozé hdmérsékleteken szinterelt zeolit-aluminium-oxid mintdk
tomegvesztesége

Fig. 8 and 9 show the water absorption and apparent porosity
of the prepared ceramic samples with different composition
sintered in a range of temperature (1100 °C, 1150 °C, 1200 °C
and 1250 °C) the two graphs are quite similar to each other, the
two graphs exhibit low values of water absorption and apparent
porosity when a large amount of zeolite and high sintering
temperature are used.

>0

?

Water absorption
/
L 4

@ m O M

70 an 30 100

40 50 60

Zeolite composition (%)

A41150°C @1200°C ¢1250°C
Fig. 8 'The water absorption of the zeolite-alumina samples sintered at different
temperatures
8. dbra A kiilonbozd hémérsékleteken szintereltt zeolit-aluminium-oxid mintdk
vizfelvevd képessége

§ y=-0.1449x +45001
Z
B 30
g —
. T—
g s dina
3
a
=
<20

15

40 50 60 70 80 S0 100
Zeolitecomposition (%)
m1100C A1500C @1200C < 1250C

Fig. 9 'The apparent porosity of the zeolite-alumina samples sintered at different
temperatures
9. dbra A kiilonbozdé hémérsékleteken szinterelt zeolit-aluminium-oxid mintdk
latszolagos porozitdsa

4. Conclusion

In conclusion, the important notice to be enlightened is that
the composition and the firing temperature can highly influence
the characteristics of the final ceramics products such as density,
sintering weight loss, porosity and shrinkage. The data examined in

this research work could be used to control the microstructure and,
hence, the properties of sintered ceramic materials such as thermal
conductivity, dilatation, thermal expansion coefficient, mechanical
strength and other physical, chemical and mechanical properties.
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Abstract

The application of mineral raw materials and their wastes to modify composite materials
becomes one of the promising areas of science and industry. This work presents conditions to
produce composites in various systems: epoxy polymer matrix/rocks (zeolite + montmorillonite);
aluminosilicate waste (coal fly ash). The properties of the initial material and the synthesized
composites were studied by standard techniques, XRD and SEM. The operational properties
of composites were determined: heat resistance, bending strength, tensile strength, linear
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1. Introduction

The growth of industrial production and consumption of
functional materials results in reducing mineral resources
and forming large volumes of wastes [1-5]. Environmental
problems are becoming more pronounced, special solutions
are needed. The application of mineral raw materials and
recycling of mineral raw wastes is one of the promising trends
of modification of composite materials, an integral part of the
regional economy, including creation of new technologies for
the construction industry, for the regeneration of ecosystems,
etc. [6-10]. The main purpose of modification of the epoxy
composite material is to reduce costs and improve operational
properties. We noted that the physical-technical properties of
the composites based on the epoxy binder could be improved
by introduction of modifying additives [11]. Natural layered
and porous silicates (montmorillonite or zeolite) are used as
such additives [12-14].

The specified natural materials are convenient test objects for
modeling composites with desired properties. Depending on
the amount of impurities, a change in the structure is possible
(increasing volume of intracrystalline cavities or “swelling”
of lattices) and the formation of a hybrid nanocomposite
[14]. For modeling it would be interesting to show the effect
on the physical and chemical properties of the composite by
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the organomodifier, which is a mixture of rocks containing
montmorillonite and zeolite. Deposits of montmorillonite or
zeolite formed over several thousand years. Therefore, they can
have very different mineralogical, chemical, morphological
and grain size structures, depending on their position and
location within the deposits and strata. We presented results of
study of the physical and chemical features of the synthesis of
the polymer composite material in the epoxy-polymer matrix/
rock system containing zeolite and montmorillonite.
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Component loi
Analcime-mont- o550 595 1942 771 028 004 068 162 154 165 0.0 - 9.35 99.84
morillonite rock
Coal fly ash 6124 106 1687 1269 230 006 186 201 KO NaO PO 011 09 99.87

Table 1. The chemical composition in wt. % of analcime-montmorillonite rock and fly ash
1. tdblazat Az analcime-montmorillonit dsvdny és a pernye kémiai Osszetétele

The application of aluminosilicate wastes for composite ceramics
is also becoming a modern innovative trend. For example, the
possibility of obtaining glass ceramics and ceramics from coal
fly ash with the addition of natural raw materials and industrial
wastes: quartz, clay, talc, broken glass, dolomite, wastes from the
processing of borax and titanium was shown [15-19]. However,
there are very few studies in the field of ceramics synthesis with
application of only fly ash [20, 21]. In this paper we showed the
possibility of obtaining ceramics from fly ash without addition of
other components and revealed conditions for obtaining materials
with optimum strength and water absorption properties.

The aim of the work is to obtain new knowledge in the field
of formation, stability of phase transformations and aggregation
of ultrafine substances and creation of composite materials with
desired properties based on natural and technogenic raw materials.

2. Materials and experiments

2.1. Materials

Montmorillonite - (nanoclay) - clay mineral of the subclass
of layered silicates. The crystalline structure of montmorillonite
allows using surface active centers and changing the dimensions of
interlayer voids and injecting “foreign” molecules into them [13].

Zeolites — aluminosilicates of alkali and alkaline-earth metals
- are porous bodies characterized by a specific framework
structure and regular pore geometry (intracrystalline cavities
and channels) into which foreign molecules can penetrate after
dehydration. By variation of the exchangeable cations and the
aluminosilicate framework (i.e., type of zeolite), it is possible
to regulate the physical and chemical interactions involving
sorbed molecules [22, 23]. In this paper the aluminosilicate
minerals of the zeolite class were represented by analcime.

Samples of analcime-montmorillonite rocks, selected from
the Veslyana zeolite deposit (Koinskaya zeolite area, Komi
Republic, Russia), were used as the mineral component. The
mineral composition of the analcime-montmorillonite rocks:
montmorillonite - 35, analcime - 25, quartz - 20, feldspars - 10,
kaolinite - 5, calcite - 5 %. The chemical composition is presented
in Table 1. We described more details of the mineral composition
of the analcime-montmorillonite rocks, their physical and
chemical properties and their application in [4, 10, 24, 25].

The present study used a commercially available epoxy
resin based on diglycidyl ether of bisphenol-A (DGEBA)
with the trademark ED-20, and the curing agent was iso-
methyltetrahydrophthalic anhydride (iso-MTHPA). The
chemical structures of the materials are shown in Fig. I 4, b.
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Fig. 1 Chemical structures of diglycidyl ether of bisphenol-A, n=0.98 (a) and iso-
methyltetrahydrophthalic anhydride (b)
1. dbra A biszfenol-A, n = 0,98 (a) és izo-metil-tetrahidro-ftdlsav-anhidrid (b) kémiai
szerkezete

Coal fly ash and slag are industrial wastes from the combustion
of coal in thermal power plants. To obtain ceramic materials we
used the coal fly ash from thermal power plants of Vorkuta town,
which use hard coal from the mine “Vorgashorskaya” (Pechora
coal basin, Russia). XRD analysis revealed quartz, mullite,
magnetite, hematite and amorphous phase (probably silicate or
aluminosilicate glass). The chemical composition is shown in
Table 1. Detailed information on the composition and structure of
the fly ash and methods of its utilization are presented in [5, 26].

2.2. Preparation of composite materials

The stoichiometric quantities of epoxy resin and anhydride
hardener were mixed ata mass ratio of 100 to 80 at a temperature
of 75 °C. The components were stirred for 15 minutes at the same
temperature to obtain a homogeneous mixture. The product is
added analcime-montmorillonite rock in the required ratio.
The distribution of dispersed powder was carried out on an
ultrasonic generator (Il - 10-0.1) for 20 minutes. Then the
mixture was poured into a metal mold with non-stick coating.
Degassing was carried out inside the vacuum chamber at 0.1
bar. Preparation of the epoxy composite was carried out by a
three-stage curing cycle. First, the mixture was kept at 100 °C
for 1 hour, then at 120 °C for 1 hour and the polycondensation
mode was completed at 160 °C for 3 hours. Polymer composite
sheets were cooled in the desiccator to room temperature.

To obtain ceramic materials from fly ash, the technique described
in [27], was used: 150 pl of distilled water was added to 1.5 g of
ash (particle size is less than 0.05 mm) and mixed thoroughly in
a mortar. The resulting mixture was pressed by a hydraulic press
under pressure of 7, 21 and 35 MPa and 5 min exposition. As a
result, cylindrical tablets with a diameter of 10 mm and a height of
9-13 mm were obtained. For pressing the tablets under a pressure
of 35 MPa, 5 % polyvinyl alcohol with a volume of 500 pl was used
instead of water. Before sintering, the pressed samples were dried
at 103 °C for 8 h to remove moisture. The annealing was carried
out in a muffle furnace at temperatures from 800 to 1250 °C (800,
900, 1000, 1050, 1100, 1150, 1200, 1250 °C) for 2 hours.
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Analcime-montmorillonite rock, % (mass.)

Onset temperature, °C 81 60 81 83 85 90
Max temperature, °C 123 105 124 127 128 130
End temperature, °C 149 126 140 163 161 160
Energy effect, J/g 222 246 229 218 236 211

Table 2 DSC data for the process of composite obtaining
2. tdbldzat DSC adatok a kompozit elddllitdsi folyamatihoz

Analcime-montmorillonite filler, wt. %

Martens heat resistance, °C 110+ 2 132+2 123+ 2 123 +2 118+ 2 115+ 2 105+ 2
Tensile strength, MPa 44 + 4 63+4 55+4 53+4 50+ 4 45+ 4 35+4
Bending strength, MPa 110+5 145+ 5 125+5 125+5 120+5 110+ 5 100+ 5

Table 3 Characteristics of the composite with analcime-montmorillonite filler
3. tdbldzat A kompozit tulajdonsdgai analcime-montmorillonit fillerekkel

2.3. Methods of investigations

The phase composition was determined by DRON-4M
and Shimadzu XRD-6000 diffractometers. The chemical
composition was determined by the method of silicate analysis
for 12/14 components.

The study of the processes, occurring at the preparation
of the composite material, was carried out by the methods
of differential scanning calorimetry (DSC) by Schimadzu
DSC-60 device and chemical analysis for functional groups.
The content of epoxy groups in epoxy oligomer and carboxyl
groups in iso-MTHPA was determined by chemical analysis
using standard methods [20]. The strength properties were
studied by IR 5057-60 tensile testing machine, which stretched
the sample with a given constant rate of movement of active
clamp and load measurement with an error of no more than
1% of the measured value.

The apparent density, open porosity and water absorption
were determined according to [28]. The microstructural
features were examined by TESCAN VEGA 3 LMH scanning
electron microscope with Oxford Instruments X-Max energy
dispersive attachment. The crush strength was measured using
a universal testing machine (model WDW-T100) at a loading
rate of 1 mm/min.

3. Results and discussion

3.1. Epoxy polymer matrix/ analcime+montmorillonite
rock

The data obtained by DSC and chemical analysis for functional
groups showed no interaction between components of the
polymer matrix and the filler particles, i.e. we can say that the
improvement of the operational properties of the material is
resulted from the physical adsorption caused by hydrogen bonds,
forming an additional strong lattice compensating for the growth
of heterogeneity and imperfection in the boundary layers.

Fig. 2 shows a characteristic view of DSC curves of the
hardening process upon receipt of a composite material.
Table 2 shows the onset, maximum and end temperatures of
the exothermic peak, as well as observed exothermic effect of
the reaction. It is noted that with the increase of the content

of analcime from 1 to 15 wt.%, there is a slight increase of the
temperatures of the onset of the reaction during preparation
of the composite material. At the same time for ED-20+iso-
MTHPA+analcime-montmorillonite rock mixture at low
concentrations of the filler (about 0.5 wt.%), oligomer
molecules in the adsorption layer are likely to be ordered
because of orientation of its polar groups (glycidyl, hydroxyl)
with respect to the particles of analcime-montmorillonite
containing rock, which creates a “kinetically advantageous”
order in it and catalyzes the hardening process, which starts
at 20 °C lower temperature. The thermal-temporal mode of
hardening was at: 100 °C - 2 h, 120 °C-2h, 160 °C - 3 h.

y Heat flow, mW /\ A
. / }(/ \\
% : /] J \ K \ Temperature, °C
-6 2 \ 170 220
6
16 \
1 \\ 1
-26 )

Fig. 2 DSC curves of polymerization process in the systems: 1 - ED-20+iso-MTHPA;
2 - ED-20+iso-MTHPA+0.5 wt.% analcime-montmorillonite rock
2. dbra A polimerizdciés folyamat DSC gorbéi: 1 - ED-20 + izo-MTHPA valamint
2 - ED-20 + izo-MTHPA + 0,5 témeg% analcime-montmorillonit
dsvdnyrendszerekben

The study of the performance characteristics of the
composite (Table 3), such as Martens heat resistance, bending
strength, tensile strength, showed that for samples with
a filling of 0.5 wt.% had the best results due to the effect of
small additives. The improved performance is associated
with the formation of reinforcing frame filler particles, the
orientation of macromolecules and their transition into thin
hardened films, but the main factor is the adhesion of the
polymer to solid surfaces. Generally, adhesion in polymers
is resulted from physical (including hydrogen) bonds, which
form an additional strong lattice, which compensates the
growth of heterogeneity and imperfection in the boundary
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layers. However, with increasing interaction of the polymer
with the surface of the filler particles, internal stresses also
increase and weaken the composition. This interaction changes
the structure and properties of the material in the boundary
layers, the latter increases proportionally with the growth of
the specific interface.

The increase of the content of the filler (from 1 to 10 wt. %)
results in the decrease of modifying effect, and filling more
than 15 wt. % affects properties of the polymer matrix.

3.2. Ceramics on the basis of coal fly ash

The experiments showed that sintering of samples occurred
at 1050 °C and above. The chemical composition of the sintered
samples did not generally differ from the chemical composition
ofinitial coal fly ash. The sintered samples showed a low content
of FeQ, associated with it oxidation to Fe,O, when heated, and
sulfur, which had volatilized at burning of the organic part of
the ash (unburned carbon).

Fig. 3 showed diffraction patterns of the initial fly ash and
ceramic materials obtained at temperatures from 800 to 1200
°C. Unlike the original fly ash in the sintered samples, peaks
of magnetite, converted to hematite, were not diagnosed. With
the increase of burning temperature, the intensity of reflections
of quartz decreased, and the intensity of mullite increased. At
1200 °C cristobalite was formed.

N
<]

Qtz
Hmt + Mit

2an

coal fly ash

T T T T T T T T T T T T T

10 20 30 40 50 60 70
2 theta, ’

Fig. 3 XRD patterns of fly ash and samples annealed at temperatures of 800-1250
°C. Mlt - mullite, Qtz - quartz, Mgt - magnetite, Hmt - hematite, Crt -
cristobalite

3. dbra  800-1250 °C hémérsékleten ldgyitott pernye XRD mintdi. Mt - mullit, Qtz -
kvarc, Mgt - magnetit, Hmt - hematit, Crt - cristobalite

We determined linear shrinkage, apparent density, open
porosity, water absorption and crush strength for the obtained
ceramic samples.

Linear shrinkage of the samples pressed at 7 and 21 MPa
and annealed at 1100-1150 °C was 7.6-11.6%. Annealing at
1200 °C and higher temperature results in increasing in sample
diameter by 2.6-4.8% with formation of internal pores, i.e.
porous ceramics is obtained. The behavior of samples obtained
at a pressure of 35 MPa is somewhat different: shrinkage is
fixed only at 1100 °C; with increasing temperature the sample
diameter increases by 8.1%.
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The apparent density of the sample pressed at 7 MPa increases
from 1.5 to 2.0 g/cm’ in the temperature range of 1050-1150
°C. With the increase of apparent density, a significant decrease
of open porosity and water absorption occurs. Thus, the open
porosity is reduced by 20 times (from 38 to 1.9%), water
absorption - 26 times (from 25 to 0.9%). Annealing at 1200
°C and higher temperature contributes to the formation of
internal pores and, accordingly, to the decrease of the apparent
density up to 1.2 g/cm?. The open porosity of porous ceramics
was 1.1-1.4 V %, water absorption was 0.8-1.1 wt. %.

Pressing at 21 and 35 MPa allows increasing apparent density
of ceramics, reducing open porosity and water absorption at a
given firing temperature. Thus, a sample obtained at 35 MPa
and a firing temperature 1100 °C is characterized by a rather
high apparent density (2.46 g/cm?) and low open porosity and
water absorption (0.4 and 0.2 wt. %, respectively).

Fig. 4 shows SEM images of the surface of ceramics obtained
at various temperatures and pressing pressures. The surface
of the samples pressed at 7 and 21 MPa and sintered at 1100
°C looks rough and uneven, which indicates relatively poor
sintering. As the temperature rises to 1150 °C, the ash particles
stick together, forming a smoother and more uniform surface,
which leads to the increase in density and strength. In the
samples sintered at 1200 °C, large pores with sizes up to 200 and
600 mm are observed for pressing pressures of 7 and 21 MPa,
respectively. The formation of pores is resulted from softening
of glass phase of the ash simultaneously with formation of gas
phase. The sample, pressed at 35 MPa and sintered at 1100 °C,
has the densest and flat surface. Pore formation of samples
pressed at 35 MPa was detected at a temperature of 1150 °C.

500 um,

500:um

500 pum

Fig. 4 SEM images of the surface of ceramics obtained at the following values of
pressing pressure and firing temperature, respectively: a) 7 MPa, 1100 °C, b) 7
MPa, 1150 °C, ¢) 7 MPa, 1200 °C, d) 21 MPa, 1100 °C, e) 21 MPa, 1150 °C,
e) 21 MPa, 1200 °C, g) 35 MPa, 1100 °C, g) 35 MPa, 1150 °C, and) 35 MPa,
1200 °C

4. dbra A kerdmia feliiletének SEM képei az aldbbi sajtolé nyomds és égési

hémérsékleteknél: a) 7 MPa, 1100 °C, b) 7 MPa, 1150 °C, ¢) 7 MPa, 1200 °C,
d) 21 MPa, 1100 °C, e) 21 MPa, 1150 °C, e) 21 MPa, 1200 °C, g) 35 MPa,
1100 °C, g) 35 MPa, 1150 °C, and) 35 MPa, 1200 °C
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It was established that the annealing temperature significantly
affected the crushing strength, unlike the pressing pressure.
Thus, the crush strength of samples pressed at 7 and 21 MPa and
sintered at 1100 °C was 63 and 76 MPa, respectively. At a firing
temperature of 1150 °C, this parameter increased significantly
and amounted to 135 and 129 MPa, respectively. Increasing the
firing temperature to 1200 °C leads to the formation of large
internal pores, as a result of which the crush strength is sharply
reduced to 39 and 21 MPa.

Thus, we showed that the pressing pressure and the firing
temperature affected the characteristics of ceramics: apparent
density, water absorption, open porosity, crush strength.
According to their technological characteristics, the materials
obtained can be used for the production of building ceramics.

4. Conclusions

The paper is devoted to composites based on analcime-
montmorillonite rocks and aluminosilicate wastes (coal fly ash).
We emphasize an important role of integration of mineralogical
and technological features of the material composition for
predicting behavior in the technological processes of composite
formation and their operational characteristics.

The conditions for obtaining a composite polymer material
in the epoxy-anhydride matrix/analcime-montmorillonite
system have been studied. The optimal conditions (T, P) for
the formation of the operational characteristics of composites
(heat resistance, bending strength, tensile strength, etc.) are
shown.

Improving performance properties of composites is
associated with P, T conditions, physical adsorption and effect
of “small additives”.

It is shown that the mechanism of phase transformations
in the considered systems (epoxy polymer matrix/
analcime+montmorillonite or aluminosilicate waste (fly ash))
can form new phases, the physical and chemical parameters of
which meet the requirements of materials exploitation, expand
the list of goods and reduce environmental risks.
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Abstract

This work presents data on the mineral and chemical composition of zeolite-containing and
clay rocks considered as carriers for oil-oxidizing microorganisms, as well as their textural
characteristics. The authors proved the use of mineral sorbents based on clay and zeolite-
containing rocks for design of a biogeosorption material of destructive type. The minerals met
the requirements for oil sorbents (environmental compatibility, oil capacity, feasibility), and
were biocompatible with Biotrin consortium. Hydrocarbon-oxidizing microorganisms combined
with mineral sorbents had a significant destructive potential. The degradation of petroleum
hydrocarbons by biogeosorbents modeled on 551, 541-31, 539-40 samples were 77, 60 and
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1. Introduction

Today, zeolite and zeolite-alumina composites, based on
zeolite and clay rocks, are used in a wide area of industry and
everyday life primarily as sorbents because of their technical,
chemical, biological and medical properties. Water and soil
pollution with hydrocarbons during exploration, mining,
transportation, storage and processing should be noted to
remain a significant environmental problem.

Many oil sorbents [1-8] are known to be divided into
inorganic, natural organic and organic-mineral, and synthetic.
Sorbents are evaluated mainly by their capacity to hydrocarbon
pollutant under static conditions, the degree of hydrophobicity,
the potentials for desorption, regeneration or utilization of the
sorbent. Of course, the availability of raw materials and their
cost must not be forgotten. Inorganic both sorbing and filtering
materials include various types of clays, diatomite rocks, sand,
zeolites, tuffs, pumice, etc. The methods for regenerating
sorbents are processing with extractants or surfactants and
burning, which causes secondary environment pollution [9].

The experience of the authors [10-13] shows that
decontamination techniques using sorbents, biopreparations

petroleum hydrocarbons,
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and zeolite and clay based biogeosorbents, which correlate
with similar studies of zeolite and zeolite-alumina composites
[14-16] are economically and environmentally desirable.
Biopreparations composed of viable cells of microorganisms
able to degrade hydrocarbon pollutants set the new trend
in these studies. Such microorganisms are characterized by
different physiological and biochemical properties, such
as thermotolerance, osmophilicity, optimal pH for growth,
capability of metabolize different classes of hydrocarbons.
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Sample No Rock Description Deposit/occurrence

551 Analcime-containing Brownish-gray argillite "Veslyana", Koinskaya zeolite area

541-31 Clinoptilolite-containing clay Dark gray clay Chim-Loptyuga oil shale deposit, Yarenga oil shale region
539-40 Glauconite-containing Green calcareous clay Chim-Loptyuga oil shale deposit, Yarenga oil shale region

Table 1 Collection of zeolite-containing and clay rocks for use as mineral carriers of oil degrading microorganisms
1. tdblazat  Zeolit és agyagtartalmii anyagok kollekcidja olajpusztité mikroorganizmusok dsvdnyi vivéanyagaként valé felhaszndldsra

The production of biopreparations involves several
disadvantages of freeze drying. Firstly, the supernatant
fluid, containing pool of extracellular enzymatic activities, is
removed, and secondly, the freeze drying may cause death of
the most of the microorganisms. Thirdly, not all associations of
microorganisms can restore destructive activity after freezing
exposure, which eliminates the feasibility of the use of many
biological products in winter [17].

The production of biogeosorbents based on mineral raw
materials solves problems both of increasing efficiency
of microorganism cell immobilization, preserving their
viability and biochemical activity by replacing freeze drying
with the immobilization of microorganisms with a sorbent,
and utilization of sorbent materials. In environmentally
unfavorable conditions, sorbents act as a transport base
for microorganisms, which allows up to 10 years anabiosis.
Another advantage, compared with biopreparations, is the
economic efficiency associated with a decrease in the amount
of biogeosorbent used in the process of bioremediation [8, 18].

High ion-exchange and sorption capacities of clay and zeolites
result in their wide use in environmental protection: to purify
drinking water and industrial effluents, to regenerate soil, to
remove harmful gases from industrial emissions [19-24]. The
ability of clays and zeolites to absorb and retain water allows
effectively immobilizing microorganisms and their metabolites
on the surface. The sorption binding of hydrocarbons reduces
toxicity of the environment to the microorganisms and fixes
the substrate in close proximity to the microbial community.
As a result, this raw material is a mineral fertilizer; it is not
necessary to utilize the biogeosorbent [25].

To describe the interaction of oil and clay particles in
aquatic microcosms, Lee et al. [26] suggested the term oil-
mineral aggregates (OMA) and identified three types of
the aggregates: droplet, solid, and flake aggregates. Droplet
aggregates are represented by the smallest oil droplets
surrounded by individual mineral particles or their floccules.
In solid aggregates, oil and mineral bodies of various shape
up to tens of micrometers are mixed. Flake aggregates are
ordered thin sheets and can reach the millimeter size range.
Solid oil-mineral aggregates, formed in microcosms with the
participation of clays and zeolites, attach to minerals, which
increases their size [27].

The aim of the work is to model biogeosorbents based on
clay and zeolite rocks and Biotrin biopreparation, to study
their sorption and oil degrading properties.

2. Objects and methods of research

The objects of study were:
1. Zeolite-containing and clay rocks of the European
Northeast of Russia (Table 1).
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2. Strains of microorganisms in the composition of Biotrin
biopreparation [28]:

= bacteria Pseudomonas yamanorum VKM B-3033D,
isolated from highly contaminated soil of the railway
bed in the area of Syktyvkar [29];

= yeast Rhodotorula glutinis, VKM Y-2998D [30];

= microalgae Chlorella vulgaris Beijer. f. globosa V. Andr.
IPPAS C-2024.

2.1 Biogeosorbent Modeling

The biomass of bacteria was cultivated meat-peptone broth:
per 1 dm’ of tap water: peptone — 20 g, NaCl - 3.0 g; KCI -
1.0 g; MgSO,x7H,0 - 0.5 g at a temperature of 15-25 °C for
3-5 days of liquid phase fermentation process.

Yeast biomass was cultivated on the Capek medium: per
1 dm® of water: sucrose - 20 g, NaNO, - 5.0 g; KH,PO, - 1.0
g KCl - 0.5 g; MgSO, x 7H,0 - 0.5 g, at a temperature of
15-25 °C for 5 days of liquid phase fermentation process.

Microalgae biomass was cultivated on the Tamiya medium:
per 1 dm’ of water: KNO, - 5.0 g; FeSO, x 7H,0 - 0.003 g;
MgSO, x 7H,0 - 2.5 g; KH_PO, - 1.25 g, at a temperature of
15-25 °C for 10 days of liquid phase fermentation process.

The suspensions obtained were combined into Biotrin
biopreparation. The biogeosorbents were produced by
application of Biotrin biopreparation (cell titer 10°) directly to
the mineral carriers with a particle size of 0.1-0.25 mm in the
ratio of 1 part of the biopreparation to 6 parts of the sorbent.

2.2 Preparation of oil polluted water (model water sample)

0.5 g of oil was added to 100 cm’ of Czapek’s medium without
sucrose. It was aerated in a shaker at 180 rpm for 4 days at room
temperature and natural light. The water was filtered. The total
petroleum hydrocarbon (TPH) content in the reference sample
was 0.121 ppm, which was 2.4 times higher than the standards
of maximum permissible concentrations in the water of fishery
reservoirs in Russia [31].

2.3 Experimental design

Prepared water polluted with oil was poured into 250 cm?
flasks and 1 g of initial sorbents and biogeosorbents based on
them were added. The experiment was carried out for 4 days
at room temperature, natural light, aeration in a shaker (180
rpm).

TPH in the model water sample, in the oil-mineral aggregates
formed was analyzed fluorimetrically using Fluorat-02 liquid
analyzer [32].

The qualitative and quantitative determination of the content
of n-alkanes was carried out by Trace DSQ (Thermo) chromato-
mass spectrometer in the mode of selective ion detection
(SIM) at an electron energy 70 eV. SIM scanning was carried
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out in three ions with masses 57, 71 and 85, characteristic of
saturated hydrocarbons. N-alkanes in the chromatogram were
identified previously in the mode of the full ion current using
their standard solutions. The quantitative content of #n-alkanes
was studied by the internal standard method (the internal
standard - n-decane, 0.05 mg/cm’®) [33].

3. Results and discussion

The mineral and chemical compositions of the initial mineral
carriers are previously published by Shchemelinina et al. [34].

Cultured strains of microorganisms were immobilized on
the sorbents, and their surface was studied using a scanning
electron microscope. As seen in Fig. 1, there are clusters of
Biotrin microorganisms, fixed on the surface of mineral

carriers.

Fig. 1 SEM images of the surface of mineral carriers (light) with immobilized oil
degrading organisms (dark) in the mode of backscattered electrons: a — d - R.
glutinis yeasts, e - f -C. vulgaris f. globosa microalgae

1. dbra  SEM képek az immobilizdlt dsvinyok (vildgos) valamint olajjal roncsolt
organizmusok (sotét) feliiletérél visszaszort elektronok médszerével: a - d - R.

glutinis éleszté, e - f - C. vulgaris f. globosa microalga

The sorption was evaluated in relation to TPH of the initial
sorbents and biogeosorbents modeled. Earlier researches
pointed out analcime-containing rock 551, clinoptilolite-
containing clay 541-31, and glauconite-containing rock 539-
40 as the most promising as sorbents and carriers for Biotrin
biopreparation.

The analysis of the water in the microcosms after application
of both analcime-containing rock 551, and biogeosorbent
based on it confirms the reliable high water purification
levels, but variations in treatments with sorbent/biogeorbent
are insignificant, and important differences are noted in
sample 551. Samples of clinoptilolite-containing clay 541-31
and biogeosorbent based on it showed the efficiency of TPH
reduction. Significant differences in TPH content in both
water and OMAs of 539-40 glauconite-containing sample are
observed (Table 2).

Sample TPH content in water, ppm TPH content in OMA, mg/g

551 0.1110.015 5749
0.044+0.005 250430
541-31 0.058+0.008 10016
0.035+0.004 250130
539-40 0.072+0.009 2043
0.024+0.003 58+9
Reference sample 0.121+0.015 -

Table 2 TPH content in the microcosms when the initial sorbents and biogeosorbents
based on them applied
Note: in the numerator — biogeosorbent applied, in the denominator - sorbent
applied. The indicated values did not exceed 1% variance for TPH.
2. tabldzat Az elemi térfogatokban a TPH-tartalom jelentkezése szorbensek és
biogeoszorbensek alkalmazdsa esetén

0,14

0,12 A
0,1 4
0,08

0,06 -

TPH, ppm

0,04

0,02

0 4

551 541-31 539-40

reference

mBiogeosorbent @ Sorbent

Fig. 2 TPH content in water samples when applying various sorbents and
biogeosorbents based on them
2. dbra A TPH-tartalom a vizmintdkban kiilonbozé szorbensek és biogeoszorbensek
alkalmazdsa esetén

The experiment showed (Fig. 2) that the initial samples of these
sorbents exhibited adsorption activity with respect to TPH. Asa
result of the application of these samples into oil-contaminated
water, the content of pollutant in water decreases in 4 days by
63, 71 and 80% for samples 551, 541-31, 539-40, respectively.
When the biogeosorbents based on clay and zeolite-containing
rocks are applied into polluted water, water purification
efficiency decreases (8, 52, 40%, respectively), which indicates
a decrease in the sorption properties of mineral carriers after
immobilization of microorganism cells. The decrease in the
sorption properties of the biogeosorbents is probably caused by
decreasing specific surface because of adhesively fixed biomass
of microorganisms. This is confirmed by experimental data
on the specific surface area of sorbents and biogeosorbents
(Table 3). In almost all the cases, the specific surface area of
the raw sorbents is higher than the specific surface area of the
biogeosorbents. When microorganisms are immobilized on the
sorbents, the specific surface area decreases by 1.01-8.75 times.

The hydrocarbon biodegradation in samples 551, 541-31,
539-40is 77, 60 and 65.5% for 4 days, respectively (Table 2).

Sample Specific surface area, m?/g
No. without degassing with degassing at 25 °C, 2 hours
551 13.65 8.24
13.79 i6.67
541-31 8.56 11.32
10.60 10.03
539-40 217 2.72
8.19 23.80

Table 3 Specific surface area of sorbents and biogeosorbents
Note: in the numerator - biogeosorbent, in the denominator - sorbent.
3. tdbldzat A szorbensek és a biogeoszorbensek fajlagos feliilete
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We identified C16-C33 n-alkanes in the water samples
studied (Table 4).

551 5.54 0.22
6.55 0.42
541-31 2.28 0.15
2.36 0.29
539-40 0.7 0
8.97 0.23
Reference 13.53 0.52

Table 4 Alkanes in oil-contaminated water after application of sorbents and
biogeosorbents
Note: in the numerator — biogeosorbent, in the denominator - sorbent

4. tablézat  Alkandk olajos vizben szorbensek és biogeoszorbensek alkalmazdsa utdn

The major part of normal alkanes covers the homological
series in the range C16 to C33 with maxima of C29 and C31.
Odd alkanes in the range of C25, C27, C29, C31, C33 prevailed.
The ratio of light (XC<23) to heavy molecules (£C>23) is 0.52
(Table 4, Fig. 3).

When sorbents applied, the qualitative and quantitative
distribution of alkanes is significantly different in oil-
contaminated water. After analcime-containing rock 551
application (Table 4, Fig. 3A), the alkane content decreased 2.1
times compared with the reference. Mass concentrations of
C28 and C30 prevailed over all other individual compounds.
Light (£C<23) to heavy molecules (£C>23) ratio was 0.42.
When the biogeosorbent applied, no important differences
were observed in the total content of n-alkanes, while light
to heavy molecules ratio was 1.9 times lower, and the ranked
homological series are dominated by hydrocarbons with the
numbers of carbon atoms C27, C29, and C31.

Application of sorbent and biogeosorbent based on
clinoptilolite-containing clay 541-31 reduces the amount
of n-alkanes by more than 5 times (Table 4, Fig. 3B), but
the differences within the variants are not significant. The
distribution curve of the mass concentrations of alkanes in
water after applying of biogeosorbent became identical to the
curve after applying of sorbent.

The bulk of alkanes in water after processing with glauconite-
containing rock 539-40isrepresented by C17 — C33 homologues
and amounts to 8.97 pg/dm’ (Table 4, Fig. 3C), reduced by 34%
relative to the reference with a reliable concentration of C27,
C29, C31 homologues in the microcosm. Due to the low mass
concentrations of homologs, the identification of patterns of
distribution is difficult.
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Fig. 3 Distribution of mass concentrations (ug/dm?) of alkanes in the aqueous

samples. A - after application sorbent 551 and biogeosorbent based on it;
B - after application sorbent 541-31 and biogeosorbent based on it; C - after
application sorbent 539-40 and biogeosorbent based on it

3. dbra Az alkdnok tomegkoncentrdcidjanak (ug/dm?) megoszldsa a vizes mintdkban.
A - 551 szorbenssel és biogeoszorbenssel kezelve; B - 541-31-es szorbenssel
és biogeoszorbenssel kezelve; C - 539-40-es szorbenssel és biogeoszorbenssel
kezelve

Our experiments confirm the data obtained by Netzer
et al. [35] that the formation of aggregates contributed to
TPH removal from the water because of accumulation and
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biodegradation. Solid oil-mineral aggregates can be attached
to minerals, which increase their size [27]. It was noted
(Fig. 4) that TPH accumulation in the aggregates formed by
biogeosorbents was significantly lower (by 77, 60, 66% for
biogeosorbents modeled on 551, 541-31, 539-40 samples,
respectively) than in the aggregates based on the minerals
studied, which is most likely related to the biodegradation of
hydrocarbons accumulated by the cells of Biotrin consortium.

In OMA sample of the analcime-containing rock 551
(Table 5, Fig. 5A), we identified C16-C32 n-alkanes, the total
content was 11.84 pg/g, the proportion of light alkanes in the
composition was 2.33. C17, C18 homologues dominated. The
data indicate that the sample is capable of holding light alkanes,
which under natural conditions undergo weathering processes.
In OMA of 551B, the amount of alkanes is threefold decreased
(3.89 ug/g), C19-C31 compounds were identified without a
clear predominance of any homologs. The light (£C<23) to
heavy molecules (XC>23) ratio was 0.57.

300

551 541-31

539-40

MBiogeosorbent ESorbent

Fig. 4 TPH content in OMA
4. dbra TPH-tartalom az OMA-ban

The decrease in the n-alkane content in the water of the
microcosm was also accompanied by the accumulation
in OMAs [26, 36, 37]. Different homolog sequences were
identified in the samples.

Sample :gc/aﬁg %
551 131%94 %
541-31 g% %
539-40 % 8—:143

Table 5 Alkanes in oil-polluted water after the use of sorbents and biosorbents
Note: in the numerator - biogeosorbent, in the denominator - sorbent
5. tdbldzat  Alkdnok olajjal szennyezett vizben szorbensek és biosorbensek haszndlata utdn.

The major part of normal alkanes in the OMA sample based
on clinoptilolite-containing clay 541-31 covers the homological
series in the range of C16 - C30, the mass concentrations of
Cl17, C19 prevail over other individual compounds. The light
(2C<23) to heavy (2C> 23) ratio was 1.14 (Table 5). In OMA
of the biogeosorbent, the amount of alkanes is lower by 42%
and amounted to 5.14 pg/g, the pert of light alkanes is 0.34. Fig.
5B shows that the distribution of alkanes C>23 in OMA of the
sorbent and the biogeosorbent is identical.
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Fig. 5 Distribution of mass concentrations (ug/g) of alkanes in OMAs. A - sorbent
551 and biogeosorbent based on it; B - sorbent 541-31 and biogeosorbent
based on it; C - sorbent 539-40 and biogeosorbent based on it

5. dbra Az alkdnok tomegkoncentrdcidinak (ug/g) megoszldsa az OMA-kban.
A - 551 szorbenssel és biogeoszorbenssel kezelve; B - 541-31-es szorbenssel
és biogeoszorbenssel kezelve; C - 539-40-es szorbenssel és biogeoszorbenssel
kezelve

In OMA of sorbent and biogeosorbent of glauconite-
containing rock 539-40, C19 - C31 n-alkanes were identified,
there were no significant differences in the total content of
alkanes (8.28 and 9.11 ug/g, respectively (Table 5)). However,
the distribution pattern of individual compounds is different
(Fig. 5C): OMA of the biogeosorbent accumulates C24-C28
compounds, while C27 homologue prevails in OMA of the
sorbent.

Thus, the course of the process of biodegradation of
hydrocarbons can be traced quite clearly by the distribution
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of alkanes in OMAs. The ratio of normal alkanes changes,
lighter alkanes degrade more quickly. The predominance of
odd chains occurs when alkanes are formed in the microcosms
as a result of microbiological transformation of organic matter
[37]. The dominance of odd long-chain homologues of alkanes
indicates that both oil and biomass characterized by a similar
type of n-alkanes spectrum are the main sources in OMAs of
biogeosorbents [39]. Probably, microorganisms convert them
into the corresponding fatty acids, followed by incorporation
directly into cellular lipids.

4. Conclusion

Our experiments resulted in modelling of biogeosorbents,
in which clay and zeolitic rocks of the European Northeast
of Russia are carriers for oil-oxidizing microorganisms of
Biotrin biopreparation immobilized on them. Among the
samples studied, the most promising as a sorbent and carrier
of Biotrin biopreparation are analcime-containing rock
551, clinoptilolite-containing clay 541-31, and glauconite-
containing rock 539-40. Samples of the initial sorbents show
high adsorption of hydrocarbons.

During the immobilization of microorganism cells on the
surface of mineral carriers, we revealed decreasing sorption
properties, but at the same time, the microorganisms supported
the oxidation of hydrocarbons. The TPH biodegradation in the
biogeosorbents modeled on 551, 541-31, 539-40 samples for 4
days is 77, 60 and 65.5%, respectively. The analcime-containing
rock 551, clinoptilolite-containing clay 541-31 are capable of
holding volatile low molecular weight alkanes.
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Abstract

Possibilities for reducing the permeability of normal and lightweight aggregate concrete

In the present study, concrete mixtures with various porosity and low water-cement ratio were
investigated. In case of concrete mixtures with low water-cement ratio, there is a practical benefit
to the use of porosity reducing surface treatment agents in order to reduce permeability. Normal
and lightweight aggregate concrete mixtures were tested for the purpose of extended researches.
Based on this information obtained, we could choose the corresponding aggregates for the
concrete mixtures and the necessary tests for water penetration. Quartz gravel with 4/8 aggregate
fraction as normal concrete and 4/8 aggregate fraction type 7N of expanded clay aggregate for
lightweight concrete was used. Treatment layers with different behaviour in case of testing were
chosen. From the point of view of selecting the concrete type, it was easy to see that the subject
had available antecedents. The water-cement ratio, the paste content and the consistency
of these two concrete mixtures were the same, so we could make relevant comparisons. The
specimens were separated into four groups in both cases. The first group was tested with
untreated surface, the other specimens applied different surface treatments. The purpose of
the compressive strength tests was to measure the strength differences between normal and
lightweight aggregate concrete mixtures. The next step was to measure the permeability of the
concrete types with water tightness test, Karsten-tube test, German Water Permeability Test
and determine the apparent porosity. Test results based on current standards were evaluated.
We compared the results of different surface treatments per group and determined the best
performing surface treatment per assay and overall.

Keywords: concrete, permeability, water tightness, additional water insulation, sufrace treatment,
lightweight aggregate concrete, expanded clay gravel
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duzzasztott agyagkavics

1. Bevezetés

A Dbeton egyik legfontosabb tulajdonsaga, a sok mads
anyagjellemzGjét is nagyban befolyasolé porozitas. A
porozitashoz (pérusméret eloszlds, teljes és latszolagos
porozitas) szorosan kotheté tovabba a beton élettartama,
tartdssaga.

Kozelitésként alkalmazhaté, hogy egy térfogatszazalék
porustartalom novekmény kb. 5 % nyomoszilardsag-
csokkenést eredményez. A kiilonféle karosité anyagok is
a kapillaris poérusokon keresztiil jutnak a betonba, illetve
a kornyezeti hatasokbdl szdrmazdé betonkarosodasokat is
jelentdsen befolyasolja a beton porozitasanak mértéke, jellege.
Fontos ezért a porozitas ismerete, ami tobbféle modszerrel is
vizsgalhatd.

A pérusok szazalékos aranyat mérhetjitk kozvetleniil, de a
latszolagos porozitasra kovetkeztethetiink kozvetett mddon,
a beton viz- vagy gazatereszt6-képességének mérésével is.
Bizonyos vizsgalatok azt mutatjak, hogy a beton levegd- és
vizatereszté képessége kivaléan jellemzik a betonnak a gaz-
, illetve folyadékallapotu agressziv kozegek behatolasaval
szembeni ellenalloképességét, ami igy egy adott beton
tartdssaganak jellemz6 mértéke lehet. [1] Az épitéanyagok
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teststiriségének csokkenetése (lehetSleg a szildrdsag minél
kisebb mértéki csokkenése mellett) fontos eszkoze az
onsulycsokkentésnek, igy karcsubb, esztétikusabb megjelenésii
szerkezetek  épitheté6k, ami kisebb
eredményez. A lehetséges tamaszkoz (1) a szildrdsag (f) és a

anyagfelhaszndldst

testliriség (p) hanyadosaval egyenesen aranyos:
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1. dbra A kénnytibeton szildrdsdgdnak vdltozdsa a testsiiriiség fiiggvényében [3]
Fig. 1 'The compressive strength of lightweight aggregate concrete in function of the
body density [3]
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Ez az aranyszam a betonok teststirtiségének csokkentésével,
illetve  szilardsaganak novelésével jelentésen javithato.
Konnytibeton széles szilardsagi és testslirtiiségi tartomanyban
készithets. A kisebb testslirtiségli konnytibetont hészigeteld
célra készitik, LC 16/18 szilardsagi osztalytol felfelé pedig
szerkezeti betonként, egészen LC 80/88-ig. [2]

Az ltalam vizsgélt konnyt adalékanyagos konnytibeton és
a kézonséges betonok kozt alapvetd kiilonbség az erédtadodas
modja, ugyanis a konnyd adalékanyagot tartalmazo
konnytibetonoknal a teherhordasban nagysagrendileg nagyobb
aranyban vesz részt a cementkd, mint az adalékanyag.

2. Célkitlizés

A kutatas célja annak elérése volt, hogy a mar jol mikodo
Osszetételnek olyan alternativajat dolgozzuk ki, ami képes
maradéktalanul teljesiteni a vele szemben tdmasztott
kovetelményeket, azaz nagy nyomoszilardsag és kis vizbehatolas
jellemezze a minél kisebb teststiriség elérése mellett,
tovabbd koltséghatékony legyen. A kutatds végsé célja egy
hidgerendakhoz megfelel betonosszetétel kifejlesztése konny
adalékanyagok alkalmazasaval, amin beliill mi foglalkoztunk a
feliileti porozitas és permeabilitds problémakorével.

Korabban végeztek mar vizsgalatokata kutatas eldzményeként
e kutatds alapjaul szolgalé betonosszetételekkel, ezek koziil
a legnagyobb szildrdsagot eredményez6bdl kiindulva
kezdtik meg egy sajat Osszetétel kidolgozasat, az eredeti
betonosszetétel ugyanis amellett, hogy kivdléan megfelelt
minden kovetelménynek, sét messze tal is 1épte azokat (pl. a
nyomoszilardsagot), gazdasagtalannak bizonyult a felhasznalt
anyagok magas koltségei miatt.

Ezért arra torekedtiink, hogy a kénnytibeton szilardsaganak
és kornyezeti hatasokkal szembeni ellendllasanak valtozasa
ne legyen aranyos a keverék el6allitdsanak koltségeivel, azaz
nagyobb aranyban csokkenjen a beton bekeriilési koltsége,
mint a mindsége. A masik kritikus pont a tartdssag, ami
a nagy magassagu vagy fesztavi szerkezeteknél is kiemelt
fontossagu. Hidak esetén sarkalatos pont a felhasznalt beton
vizzarosaga, kloridionok behatolasaval szembeni ellenallosaga,
illetve fagyallosaga. Amennyiben a vizsgalt beton eleget tesz a
vizzardsagi kovetelményeknek valdszintileg a fagyallosaga is
megfelel$ lesz, ugyanis csekély feliileti porozitas esetén a viz
kis mennyiségben jut a szerkezetbe, igy kisebb valoszintiséggel
okozhat kart az esetlegesen bejutott és megfagy6 viz és egyéb
vegyi agensek.

Az altalunk készitett kisérleti terv tartalmazza két Iényegesen
eltérd betonosszetétel keverését, az ezekbdl késziilt probatestek
permeabilitdsanak  kisérleti mérését GWT-késziilékkel,
Karsten-cséves modszerrel, illetve a latszélagos porozitas és a
nyomdszilardsag mérését. Fontos volt szem elétt tartani, hogy
a betonok porozitdsa lényegesen eltéré legyen, amit elsésorban
a szemcseporozitassal szabalyoztuk, ezért készitettiink egy
betonkeveréket kvarckavics adalékanyaggal, egyet pedig igen
porozus (feliiletén nyitott pérusokkal) duzzasztott agyagkavics
adalékanyaggal.

A kiilonboz6 betonosszetételekbdl késziilt probatesteken,
a vizsgalatokat megel6zGen eltéré feliiletkezelési eljarasokat
alkalmaztunk (a gyart6 altal megadott alkalmazasi Gtmutato

alapjan), amivel a permeabilitas javitasdra torekedtiink, ezeknek
az eredményességét Osszevetettitk az etalon probatestekkel
(kozonséges beton) és a felilletkezelés nélkiili konnytibeton
probatestekkel.

3. Felhasznalt anyagok, kisérleti és vizsgalati
eljarasok

Vizsgalataink soran az etalon, kvarckavics adalékanyagos
beton mellett duzzasztott agyagkavics kdnnyt(i adalékanyaggal
késziilt betonnal foglalkoztunk. Fontos megemliteni, hogy
a keverések soran felhasznalta cement, a kvarc adalékanyag
és a duzzasztott agyagkavics is killon- kilon ugyanazon
szallitmanybdl szarmazott, igy az anyagmindség egyenletes
és az eredmények jol Osszehasonlithatok. A duzzasztott
agyagkavics gyartashoz els6 1épésként iiledékes, duzzadoképes,
finom eloszlasban szerves anyagot tartalmazé agyagot
banyasznak ki, az agyagot finomra 6rlik, majd homogenizaljak,
granuldljak és apr6 darabokban a forgé klinker kemencében
1200 °C hémérsékleten kiégetik. Itt el3szor az agyagdarabok
megszaradnak, majd a kiils6 feliilet megolvad. A hé befelé
haladdsaval a belsé rész szervesanyag tartalma kiég, a
keletkez$ gazok az agyagszemeket felftijjak, majd a kopenyt
felszakitva tévoznak. Igy a kihiilt golyé kiils6 kemény klinkeres
héjjal és egy porusos belsé szerkezettel rendelkezik. [5] A
duzzasztott agyagkavicsot tobbféle stirtiségben, tobbféle
szemcsenagysagban, torten, vagy egészben, vagy a kettd
keverékeként is allitjak el6 és forgalmazzdk. A duzzasztott
agyagkavics adalékanyagként sok pozitiv anyagtulajdonsaggal
bir, szamunkra kiilonosen fontos a kis teststiriségén felil, a
kozel gomb alakja és szildrd kiilsé burkolata, ami hozzgjarul a
nagyobb betonszilardsag elérhetdségéhez. [6]

Az 1. szamd betonkeverék (kvarc adalékanyagos)
el6allitasahoz a korabbi kutatasokat alapul véve, a legnagyobb
nyomoszilardsagu kénnytibeton &sszetételbdl indultunk ki és
cseréltik az adalékanyagok kvarcra (a megfelelé korrekciok
elvégzése mellet).

A 2. szamu betonkeverékhez mar az Gj hagyomanyos keverék
adatait vettitk alapul. Az alkalmazott vizmennyiség kiindul6
értéke az etalon, azaz a kvarckavics adalékanyagos Osszetétel
vizmennyisége volt, ezt a konnyl adalékanyag éltal felvett
viz mennyiségével korrigaltuk. Ebbdl kiindulva a receptet
addig finomhangoltuk, amig a két betonkeverék megegyezé
konzisztenciaval nem birt, a frissbeton konzisztencijat
teriilésméréssel ellendriztiik.

Hérom gyarté eltér6 hatasmechanizmusu feliiletkezeld
termékeit valasztottuk ki a vizsgélatokhoz, ezek alapjan
soroltuk be a probatesteket négy csoportba:

Az T-es jeli mintdk mindkét betonkeveréknél a
kontrolcsoportot jelentik, ezek a prébatestek nem estek at
semmilyen feliiletkezelési eljarason.

A IlI-es szamu feliiletkezelszer hasznélata az épitéiparban
elterjedt, bar mas teriileteken. Leginkabb ipari padlok
feliletkeményitésére hasznaljak, mivel egy ellendllé réteget
képez a betonok feliiletén, ezéltal megvédi a kiils6 fizikai
és kémiai behatasoktdl. Esetiinkben azért volt relevans a
hasznalata, mert kivalé porustomits is. Egyetlen hatranya
a masik kett6hoz képest, hogy hosszan tartd, vizzel valo
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érintkezés hatdsara kismértékli kioldddas jelentkezhet a
betonfeliileten. [7]

A III-as szamu felilletkezelGszer egy sziliciumvegyiileteken
alapulé diszperzid. Betonfeliileteken alkalmazva hidroféb
hatast fejt ki és a szennyezédésekkel szemben is ellenallobba
valik. Ezéiltal a beton id6jarasallobba valik és csokkenti a
vizbehatolas mélységét.

A IV-es szamu feliiletkezeldszert elsésorban eloregedett
vagy hibds betonszerkezetek javitisara hasznaljak. A vizzel
telitett betonszerkezetben kémiai reakcio utjan fejti ki hatasat,
a porusokba behatolva kikristalyosodik.

Minden elvégzett vizsgalatnak 3 szabvanyos 150 mm
élhosszuisagu probatestet vetettiink ald az egyes feliiletkezelési
csoportokbol, keverékenként, azaz 6sszegségében 24 probatest
eredményeit hasznaltunk fel minden vizsgalat kiértékelésénél.
A nyomoszilardsagi értéket 28 napos korban, az MSZ 4798:2016
szabvany szerint vizsgéltuk. [8] A kozonséges betonkeverék
C60/75, a konnytibeton esetében LC 35/38 jeliiek az emlitett
szabvany szerint.

4. Eredmények

A vizzarésag vizsgalatbol kapott eredményeket az 2. és 3.
abran tuintettiik fel a mért értékekkel egyiitt.

1.) K8z6énséges beton
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2. dbra  Kozionséges beton vizbehatolds értékei
Fig. 2 Water penetration of normal weight concrete
2.) Kénny(ibeton
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3. dbra Konnyiibeton vizbehatolds értékei
Fig. 3 Water penetration of lightweight concrete

A GWT kisérleti 6sszeallitasa a 4. dbran, a kapott eredmények
az 5. és 6. abran lathatoak.
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4. dbra  GWT permeabilitdsvizsgdlo késziilék [4]
Fig. 4 GWT appliance [4]
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5. dbra Kozionséges beton GWT vizsgdlati eredményei
Fig. 5 Normal weight concrete GWT results
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6. dbra Konnyfibeton GWT vizsgdlati eredményei
Fig. 6 Lightweight concrete GWT results

Az emlitett abrakon megfigyelhet6k a IV. feliiletkezelési
csoport kiugréan magas értékei. Erre a kezel6anyag maga utan
hagyott vékony, feliileti rétegének nagy révid idejl vizfelvétele
lehet a magyarazat. A korabbi vizzarépadon végzett vizsgalattal
egyiitt szemlélve ezek az értékek arra mutatnak, hogy a
pordzus feliileti rétegen tdl a beton felillete ald hatolva fejti
ki pérustomitd hatdsat, ezért a rovid idStartamtl viznyomas
és vizbehatolas ellen végzett vizsgalatok félrevezetdk lehetnek
ebben az esetben.

A Karsten-csoves vizsgalati eredmények a 7. és 8. dbran
lathatok, ahol a konnyti adalékanyagos beton esetében jol
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érvényesiil, a felilleten 1évé adalékanyag szemcsék poérusait
eltomito feliiletkezel3szerek hatasa.
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7. dbra  Kozonséges beton Karsten-csoves vizsgdlat eredményei
Fig. 7 Karsten-tube test of normal weight concrete
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8. dbra Konnyfibeton Karsten-csoves vizsgdlat eredményei
Fig. 8 Karsten-tube test of lightweight concrete

Az latszolagos porozitasvizsgalat soran az egyes probatestek
altal térfogatszazalékosan felvett viz mennyiségét mértiik, ezek
az eredmények lathatok a 9. és 10. dbran.
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9. dbra Kozonséges beton térfogatszdzalékos vizfelvétele
Fig. 9 Water absorption of normal weight concrete by volume

A TV. feliiletkezelési csoportnal ismételten mért nagy értékek
a korabban részletezett fizikai tulajdonsagoknak tudhatok be.
A jovében érdemes lehet a habarcszer( réteg eltavolitdsa utan
megismételni a kisérletsorozatot, mivel a vékony réteg nagy
porozitasa miatt nagymértékben torzithat az eredményeken.

Ennél a vizsgalatnal a III. feliiletkezelési csoportnal enyhe
visszaold6das volt tapasztalhatd. Az a viziiveg mennyiség, ami

nem képez kovasavat, tartds viz hatdsara képes tjra feloldodni
és lemosddni a feliiletrdl.
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10. dbra  Konnyiibeton térfogatszdzalékos vizfelvétele
Fig. 10 Water absorption of lightweight concrete by volume

5. Konkluzio

A kiértékelés alapjan  kijelenthets, hogy konnyil
adalékanyagos betonokndl van létjogosultsaga a porustomitd
feltiletkezelé szerek alkalmazdsanak alacsony viz-cement
tényez6 mellett is. A vizsgalatok soran kapott eredményekbdl
lathato, hogy az egyes kezelések hatdsa konnyt adalékanyagos
betonnal fokozottan érvényestil.

Osszességében a vizsgalatok ramutattak, hogy vizfelvétel
és vizzardsag szempontjabol is elényosebb a II. és III. szamu
szer a IV-nél. A mérési eredmények alapjan a III. szamu
feliiletkezelGszer javasolt tovabbi vizsgalatokhoz és ilyen te-
rilleten torténd alkalmazasra, jobb tartdssaga miatt. A kutatas
soran tapasztaltak arra mutattak ra, hogy a hosszabb ideig tartd
vizsgélatok és a nyomads alatt végzett vizsgalatok valdszintleg
relevansabb értékeket adnak, mint pl. a gyors lefolyasi GWT
vizsgalat. Ezért az ilyen irdnyultsdgu vizsgalatokhoz a tovab-
biakban ezek a moédszerek/eljarasok lehetnének mértékadok.
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FN ROCKWOOL

A TETOTER BEEPITES KONNYEBBEN

Budapest - 2019. szeptember 25.

Idén marcius 15-t6l valtozas tortént a tetotér-beépitésére vonatkozo
szabalyozasokban. Szamos kedvezé valtozasok koziil az egyik, hogy
mar a beépitési szazalékba nem kell beleszamitani a tiizvédelmi el6-
irasok teljesitését szolgalo épitményeket és a felvondt, valamint ezek
a kotelez6 zoldteriiletbél is elvehetnek. De mindez csak a mar meglé-
v0 tetoterekre érvényes - Uj épités esetén nem!

Az épitési torvény mddositasaval mar olyan tet6terek beépitésére
is lehet6ség nyilik, amelyekre kordbban nem volt. Ez nem csak csa-
ladi hazakéra, hanem orszdgosan minden tet6térre alkalmazhato.
Mar a magastetds régi bérhazak, miemléki épiiletek padlasterei is
beépithetbek lettek, raadasul nemcsak lakhatasi célra. Az épitkezés
az OTEK értelmében nem szamit bévitésnek, ha a beépitéssel nem né
az éplilet térfogata — azaz nem valtozik a teté formdja, valamint nem
keriil hozzé&épitésre semmi, pl. felvond, Iépcséhdz. Ez még nem jelenti
azt, hogy tlizvédelmi vagy egyéb szempontbdl ne kellene a hasznos
alapteriilet bévitését a vonatkozo eléirdsok szerint értékelni.

Latszdlag ugy néz ki, hogyha nem bdvitjiik az épiiletet, az esetek tobb-
ségében mindehhez sem épitési engedély sem egyszerii bejelenté-
si eljaras sem kell. Ennek megitélésében igen dvatosan kell eljarni,
ugyanis ha az épitési tevékenység miiszaki tartalma alapjan barmely
hatoséag részérdl eljarast igényel (pl. lift, jelz6 oltd berendezés ter-
vezés), vagy eltérést kell kérniink a vonatkozé elGirasoktol (épitési,
tlizvédelmi, miemlékvédelmi, stb.) akkor persze mindez nem éllja
meg a helyét. Meglévd éplilet esetében igen ritka, hogy minden jelen-
legi eléiras betarthatd. Ha engedélyekre nem is, de kiviteli tervre en-
gedélyt nem igényl6 esetekben is sziikség van, ha a Kiviteli kddexben
meghatdrozott feltételek fennéllnak.

Fontos tovabba, hogy az uj szabalyozas nem érinti az Orszagos Tiiz-
védelmi Szabalyzatban (0TSZ) meghatarozott kovetelményeket, ame-
lyeket tovabbra is kotelezo betartani.

TUZVEDELMI ELOIRASOK VALTOZASA

Kordbban megeshetett, hogy a tlizvédelemhez sziikséges épitmények
(pl. menekiilésre szolgald IépcsGhaz, felvond) létrehozasa tillépte
volna a telek maximalis beépitési szazalékat. Mostantdl ezek a zold-
terliletbdl is elvehetnek, igy egy ujabb szabalyozasi engedmény teszi
lehet6vé a tetbterek beépithet6ségét, ami tobb lakasos tarsashazak
esetén koltséghatékonységot jelent. Arra azonban figyelni kell, hogy
a tlizvédelmi el6irdsok teljesitését szolgalod épitmények csak a telek
beépithetd részére keriilhetnek. A hozzaépités, még egy tlizvédelmi
Iépcsd esetén is bovitést jelent, amit kdtelezd bejelenteni, vagy enge-
délyeztetni!

MILYEN HOSZIGETELES ALKALMAZHATO A TETOTEREK ESETE-
BEN?

A magastet6k szigetelésénél itthon leggyakrabban kézetgyapot, vagy
liveggyapot szélas szigetel6anyagokat szokas hasznalni. Kedvezd
tulajdonsdgain tdl azért is, mert tlizvédelmi szempontbdl nem érinti
korlatozas a beépithetségiiket.

Az OTSZ ugyan az egylakésos lakd és alacsonyabb kockazati osztaly
besorolasu épiiletek esetében alacsony tlizvédelmi osztaly besorola-
sU szigetelés hasznalatét is megengedi, de ettél fliggetleniil érdemes
olyan szigetelé anyagot valasztani, amely egy tiizeset soran jobban
teljesit. Az alacsony tiizvédelmi osztaly besorolasu hészigetels anya-
gokkal az a probléma, hogy éghetd anyagok, melyek tiz esetén ko-

moly problémdkat okozhatnak, beépithetdségiiket a tlizvédelmi eld-
irasok Iényegesen korlatozzak. Ezért magasabb kockazati osztélyba
sorolt épiileteknél nem is haszndlhatok. Mindig ellenérizziik, hogy a
szigetel6anyag teljesitménynyilatkozata milyen tiizvédelmi osztalyt
tartalmaz, az megfelel-e arra célra amire haszndlni kivanjuk.

A ROCKWOOL kézetgyapot szigetelé anyagai nem éghetdek, tlizeset
sordn szamottevd fiistot nem fejlesztenek. Vannak a csalddi hazaknal
tetGszerkezet szarufai kdzé akar utdlag is beépitheté megolddsok, és
ezek példaul barmelyik budapesti belvérosi magasépiilet, bérhaz tetd-
beépitésénél is alkalmazhatdak.

ALATET FOLIA

Az alétét féliaknak csapadék és a szél ellen is védelmet kell nydijta-
nia a megfelelé hészigetelési hatékonyséag érdekében, de tlizvédelmi
szempontbdl is sokat szamit, hogy milyet vélasztunk. A legtdbb félia
E-tlizvédelmi osztélyy, konnyen éghetd anyag. Az OTSZ szerint, ez
alatti tzvédelmi besorolasu fdlia (F tizvédelmi osztaly) nem hasznal-
hatd, és ezt a legtobb termék teljesiti is. Kaphatdak azonban olyan f6-
lidk, amelyek B osztélyuak, azaz jéval nagyobb tlizvédelmet nydjtanak.

A TETGSZERKEZET TUZVEDELMI KOVETELMENYEI

Az OTSZ el6irdsa szerint a tetészerkezetnek, a szerkezet egészé-
re vonatkozéan, magas A1-A2-es tiizvédelmi osztaly besorolast
kell teljesitenie. Utdlagos tettér-beépitése sordn tehat nem csak a
szigetelésnek, hanem a szerkezetnek is teljesiteni kell az OTSZ-ben
eléirtakat! Ez kordntsem egyszer( kérdés, mivel bar az egyes épité-
si anyagok kiilon-kiilon dltaldban rendelkeznek tlizvédelmi vizsgala-
ti eredményekkel, de ha dsszeépitiink két terméket mar nem olyan
egyszerd megdllapitani az adott szerkezet tlizvédelmi osztalyat és
t(izalldségi teljesitményét. A tiizvédelmi osztaly besorolds szinte min-
dig fiigg attol, hogy milyen tiizvédelmi osztalyi hdszigetelé anyagot
épitiink be a tetészerkezetbe. Bar alacsonyabb kockazatu épiileteknél
megoldhaté mindez alacsonyabb tlizvédelmi osztélyd anyagokkal is,
de sokkal jobb, ha mar ezekben az esetekben is nem égheté szélas
szigeteléseket alkalmazunk, amik nem csak tiizvédelmi, hanem pél-
daul akusztikai szempontbdl is elénydsebbek.

Végezetill tartsuk észben, hogy jovére a tlizvédelmi eldirasok meg-
valtoznak. 2020. janudr 22-t6l mar a moédositott OTSZ szerint kell
majd tervezni az épiileteket!

Tovabbi sajtéinformacio:
VM.komm Kommunikdcidés Tanacsadd Iroda * Vidor Eszter
Tel: 350-6351, 20/417-2570 + E-mail: nagy.akos@vmkomm.hu
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OBJECTIVES OF THE SOCIETY

ESCM is a European, non-governmental, non-profit scientific and engineering organisation
with the following objectives:

N To encourage the free interchange of information on all those aspects related to
composite materials which of are interest to the scientific and engineering community.

N To provide a Europe-wide forum for the discussion of such topics, e.g. by organising the
ECCM (European Conference on Composite Materials) and more specialised symposia
related to composites.

N To guide and foster the understanding and utilisation of the science and technology of
composite materials.

N To promote European co-operation in the study of topics in composite materials science
and technology.

N To promote liaison with engineering and scientific bodies throughout Europe with
similar aims and to serve as a facilitator for communication between such bodies.

N To foster an environment for timely and cost-effective research, development and
implementation of advanced technology in composites.

N To encourage the education of young specialists in the disciplines supporting
composite materials science and technology.

N Torecognise individuals of outstanding achievement in the science, technology,
engineering, and application of composite materials.
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