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Introduction

Topicality of the problem. One of the priorities in management of waste
is to turn waste into products or secondary raw materials for production. This is
a rational and effective way to manage a wide line of technogenic waste, which
may be useful for making of various products including building materials.

The fluidized bed catalytic cracking catalyst (FCCC) is technognic waste
of oil refining industry, aluminosilicate zeolite material. During the technologi-
cal process FCCC is contaminated by various impurities including heavy metals,
what may lead to various problems (toxical, technological and others) if FCCC
is to be used in building materials. In terms of toxicity, its use in building mate-
rials for industrial purposes is most appealing. Since the resistance of FCCC to
temperature is up to 1750 °C, it can be used in refractory castables.

This work deals with the possibility not only to reuse FCCC in refractory
castables, but also to take advantage of FCCC zeolite properties for modification
of physical, mechanical, thermal and other characteristics of these castables.

The object of research. The research object is FCCC waste, refractory
binder material and refractory castables with a FCCC additive.

Main objective. To develop a medium cement refractory castable using, as
an additive, fluidized bed catalytic cracking catalyst waste — zeolite.

Main tasks. To achieve the objective of the work, the following tasks should
be solved:

1. To investigate the properties of FCCC and to determine the effect of high
temperatures on mineral composition, structure and other characteristics
of this material.

2. To assess the impact of FCCC on the properties of refractory binders
with aluminate cement:

a) to investigate how FCCC effects cement hydration,
b) to investigate how FCCC effects the formation of structure during
hardening and after treatment at high temperatures.

3. To develop a refractory castable modified by a FCCC additive, to deter-
mine its physical, mechanical and thermal characteristics.

4. To test the new refractory castable under the real operating conditions of
thermal equipment.

Research methodology. In this work the main properties of refractory

castable were determined basing on the LST EN 1402-(2-8):2004 standards.
The optical and scanning electron microscopy, X-ray diffraction, thermographic,



dilatometric, porosimetric, ultrasonic analyses were employed to assess the struc-
ture of materials.
The differential scanning calorimeter and the egzothermal temperature mea-
surement technique were used to measure the hydration heat of binders.
Scientific novelty. While preparing the dissertation, the following new re-
sults for the materials engineering science were obtained:

1.

The investigated effect of temperature of 800—-1200 °C on the properties
of catalytic cracking catalyst waste allows to determine that FCCC waste
is revelant as an additive in refractory materials.

It was found that the zeolite structure of FCCC changes the aluminate
cement hydration: after mixing with water, the heat release rate increases
immediately as well as the crystallization process rate and the impact on
the structure of hydrates is observed.

The interaction mechanism between FCCC, aluminate cement and water
was explained.

The mineral composition and structure changes were determined for alu-
minate cement and FCCC binder after treatment at high temperatures.
The new medium cement refractory castable was developed using FCCC
as a modifying additive of castable properties.

Practical value. The medium cement refractory castable with chamotte
fillers was developed. It can be used for lining of various thermal equipment
(in industries of oil, ceramics, chemicals, energy and other), for replacement of
chamotte brick masonry or conventional castables. The use of FCCC in refractory
materials allows to solve efficiently the problem of waste disposal.

Defended propositions

1.

The catalyst waste additive of zeolite structure changes the aluminate
cement hydration, effects the formation of structure during hardening
and after treatment at high temperatures.

Catalyst waste can be disposed of not only as an additive in refractory
castables but also used as a valuable additive to improve physical, me-
chanical properties and performance of advanced medium cement refrac-
tory castable.

Scope of scientific work. The dissertation consists of introduction, five
chapters and a summary of results. It also contains two annexes.

The volume of the work is 98 pages excluding annexes. The text makes use
of 14 numbered formulas, 49 figures and 14 tables, as well as 110 references.



1. Fluidized bed catalytic cracking catalyst waste and its application fields

The performed literature review of researches on FCCC and usage of FCCC
in various concretes shows: FCCC is a zeolite material with unique properties
(sorption, porosity, ion migration in water solution), which is presently underused
in the production of cementitious materials. It was also found that until now
FCCC was not used in refractory castables, regardless of the suitability of its
characteristics (chemical composition, particle size).

Subject to operating conditions and catalytic cracking type, FCCC may be
contaminated by heavy metals (Ni), therefore, its reuse is desirable in materials
for industrial purposes — refractory castables.

2. Raw materials. Research methodology

This dissertation makes use of two types of calcium aluminate cement:
Gorkal 70 and Gorkal 40 made by the company "Gorka", Poland.

Gorkal 70 aluminate cement. Content of Al,03 70 %, main mineral phases:
CA (CaO - Al,03) and CA, (CaO - 2A1,03), bulk density 1100 kg/m?, specific
surface by Blaine method 454,8 m?/kg, refractoriness not less than 1630 °C.

Gorkal 40 aluminate cement. Content of Al,03 40 %, main mineral phases:
CA (CaO-Al,03), ferrite phase, C5A7, C,AS, bulk density 1160 kg/m?, specific
surface by Blaine method 345,5 m?/kg, refractoriness not less than 1280 °C.

Microsilica from the company RW Silicium GmbH, Germany. Content of
SiO; not less than 96 % of composition, bulk density 410 kg/m?.

Reactive alumina of type CTC-20, produced by Almatis, Germany. Bulk
density 2100 m?/kg.

Chamotte aggregate made by crushing of chamotte bricks, density 1920 kg/m>.
The 0—1 mm and 1-5 mm fractions of chamotte aggregate were used in refractory
castables, bulk density 1260 kg/m? and 910 kg/m? respectively.

Dispersive chamotte made by grinding of chamotte of same type in the lab-
oratory ball mill. Bulk density is 1100 kg/m?.

Polycarboxilate deflocculant Castament FS-20 is the commercial product
from the company BASF, Germany.

Water. Cement and FCCC suspensions and pastes were prepared with dis-
tilled water, mortar and castable with drinking water.

The compositions of studied binders are shown in the Table 1, and those of
castables in the Table 2.



Table 1. The compositions of FCCC and cement binders in mass %

Composition AC NK5 NKI10 NKI5 NK20 NK30 NKI100

Cement 100 95 90 85 80 70 0
FCCC 0 5 10 15 20 30 100

Table 2. The composition of refractory castables in mass %
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12 5 5 0 15,0 63 0,15 11,5
12 5 5 2,5 12,5 63 0,15 11,5
12 5 5 5,0 10,0 63 0,15 11,5
12 5 5 7,5 7,5 63 0,15 11,5

* —over 100 % of dry components.

In this work the main properties of refractory castable were determined bas-
ing on the LST EN 1402-(2-8):2004 standards. The optical and scanning electron
microscopy (JEOL JSM-6490LV, Hitachi S4800, EVOS50, JEOL JSM-7600F),
X-ray diffraction (DRON7), thermographic (Linseis STA PT-1600), dilatometric
(Linseis L76), porosimetric (Poremaster PM-33-12), ultrasonic (Pundit 7) analy-
ses were employed to assess the structure of materials.

The differential scanning calorimeter and the egzothermal temperature mea-
surement technique developed by the company Alcoa were used to measure the
hydration heat of binders.

X-ray analysis was performed by means of diffractometer DRON-7 with
copper anticatode, nickel filter, anode voltage 30 kV, anode current 12 mA, go-
niometer apertures (0,5; 1,0; 1,5) mm. For decoding of peaks, the ICDD database
was used.

Thermal analysis The TG, DTG, DSC, DDSC curves were registered by
thermo analytical instrument Linseis STA PT-1600 up to 1400 °C, temperature



rise rate 10 °C/min, air as heating environment for samples in furnance, weight
of samples 30-75 mg.

Thermal stability factor was determined based on methodology developed
by the Science Institute of Thermal Insulation of Vilnius Gediminas Technical
University. For this purpose, the ultrasonic pulse velocity was measured after
treatment of samples at 800 °C temperature and rapid cooling between two water
cooled plates.

The selected analytical equipment and methodologies allow to examine the
structure of the material under investigation, to disclose the processes taking place
during hydration and after treatment at high temperatures.

3. Research on the properties of catalyst waste

FCCC, the aluminosilicate material, largely (89,5 %) consists of SiO, and
Al,O3 minerals. The chemical composition of FCCC waste was determined to
be as follows [in mass %]: SiO, — 50,1; Al,O3 —39,4; SO, — 2,3; Fe,05 — 1,3;
Ca0-0,5; MgO-0,49; Na,0-0,2; K,0-0,07; Mn,03 — 0,06. Average particle
size was 42 pm.

X-ray analysis shows that FCCC is Y zeolite with faujasite structure (Fig. 1).
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Fig. 1. The X-ray diffraction pattern of FCCC

The ecological study was carried out with FCCC coming from the oil refinery
AB "Mazeikiy nafta", Lithuania. The atomic absorption spectrophotometry was
used to find out the concentration of heavy metals Ni, Fe, Cr, Pb, Zn in the waste



(Table 3). The results show that the concentrations of metals are very low except
for Fe. This means that material is suitable for the production of binding material.

Table 3. The results of the analysis of the presence of heavy metals in FCCC

Metal  Average concentration, mg/kg

Ni 45
Fe 5300
Cr 74
Pb 32
Zn 39

As the studied binders are intended to be used at temperatures from 800 °C to
1300 °C, it was important to determine what processes are taking place in FCCC
material at these temperatures.

At the initial stage of the temperature treatment of FCCC, water vapor is
emmited from FCCC pores and channels what is shown by endothermic effect
at 87 °C (Fig. 2). This process takes place up to 500 °C and is accompanied
by a sudden loss in mass, 3,5 %. After decomposition of zeolite crystal lattice,
the formation of mullite occurs, this formation is accompanied by the exothermic
effect which is observed at the temperature of 973 °C. A broad exothermic peak
is visible at the temperature of 1282 °C, evidencing the formation of cristobalite.
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Fig. 2. Thermographical DSC and TG curves of FCCC
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Although mineral changes in the structure of FCCC take place after its treat-
ment at 1000 °C, nevertheless, the dramatic changes on the particle’s surface are
observed only at 1200 °C (Fig. 3). New structures are forming at this temperature
on the surface of FCCC. These stuctures are 50—100 nm wide and 50—100 nm
long mullite crystals.

Fig. 3. SEM images of FCCC particles after treatment at the following temperatures:
a) 1100 °C; b) 1200 °C

The results of research as well as porosity, calorimetric, and electro-conduc-
tivity measurements of FCCC-water suspensions show that when FCCC is treated
at the temperature up to 950 °C, the zeolite structure is dominating (X-ray analy-
sis). Nonetheless, treatment at 973 °C results in breakage of zeolite structure and
formation of the germs of mullite crystals, as well as in change of porosity and
decrease in electro-conductivity and sorption. After treatment at 1200 °C temper-
ature, the zeolite structure is fully destroyed, and electic conductivity and sorp-
tion become similar to those of conventional castable additives such as ground
chamotte, mullite, and other.

4. The influence of catalyst waste on aluminate cement binder hydration
and properties

FCCC, as all zeolite materials, is good sorbent. Due to sorption, immedi-
ately after mixing FCCC with water, a considerably greater quantity of heat is
released (Fig. 4a, curve NK100) in comparison with that of aluminate cement. In
the binder with aluminate cement FCCC exerts a great influence on heat release
what is not observed in the binder without this additive. We can see (Fig. 4a) that
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Fig. 4. The heat release rate (W) of cement pastes with FCCC,
a)—in0,5h;b)—in24h

along with increase of FCCC content from 5 % to 20 %, the heat release also is
growing, at once after mixing with water, from 14 W/kg to 23 W/kg in the first
10 min. Most likely, for this reason, the induction period of hydration of binders
(at constant heat release) is cut down almost twice (Fig. 4b) and the crystalliza-
tion of hydration products is going faster (a second sudden effect of heat release).
Though the cement content is decreased thank to increase of FCCC, the quantity
of heat released in 24 h almost equals to that of the binder without additive, ap-
proximately 240 kJ/kg. That means that FCCC additive not only accelerates the
hydration of cement, but also stimulates the process of crystallization (additional
heat release).

It was found that the samples with FCCC additive hardened much earlier
than those without additive (Table 4). So the hardening (1,8 h) of the sample with
the maximum quantity of FCCC (NK30) comes to an end earlier by more than 3
times than the binder without a FCCC additive (6 h).

Table 4. The setting time of cement binders in h

AC NKI0 NK20 NK30
6 5 3,5 1,8

The X-ray analyses show that peaks of CAH ¢ and C,AHg hydrates are low
in intensity in binders with FCCC in comparison with the binder without a FCCC

12



additive. The degree of hydration of such binders can be assessed by the peak
intensity of the CA phase. The higher the intensity of the peak of not reacted
phase, the lower the degree of cement hydration. In the X-ray diffraction patterns
of NK10 and NK20 compositions, the main peak of CA phase (d = 0,297 nm) is
significantly higher in the AC composition without a FCCC additive. However,
the intensity of this peak in the binder with 30 % of FCCC is close to that of AC
composition.

It was found by means of thermal analysis that the maximum loss in mass
after treatment of cement binders up to 1000 °C is found in binder without a FCCC
additive, approximately 22,6 %, while in binder with 10 % of FCCC — 16,3 %,
with 20 % of FCCC — 17,5 % and 30 % of FCCC — 19,7 %. This means that the
degree of hydration (bound water in hydrates) is lower in binders with a FCCC
additive than in the AC composition (without a FCCC additive).

The analysis of adhesion between FCCC particles and cement stone shows
that in many cases a gap between them is formed, separating these components
(Fig. 5). These gaps have width of 50-100 nm (Fig. 5). Upon analysing the
surface of FCCC (Fig. 5), it was found that it is covered by dense and fine ce-
ment hydration products. Furthermore, in the area of a gap, in the contact zone,
characteristic needle-shaped crystal hydrates are formed (Fig. 6). Their loose
arrangement (Fig. 6) suggests that the emerged gap provoked their formation.

Fig. 5. The zone between a FCCC Fig. 6. The structure of the contact zone
particle and cement matrix in cement stone between cement stone and FCCC particle
with 10 % of FCCC in a binder with 10 % of FCCC

To improve the adhesion of FCCC particles with cement stone 0,1 % and
0,2 % of Castament FS-20 polycarboxilate deflocculant were added to binder with
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10 % of FCCC. In binders with deflocculant FCCC particles very well adhered
to the cement matrix and no gaps formed around particles. As for the binders
without deflocculant (Fig. 6), as well as for the binders with deflocculant, the
formation of crystal hydrates occur in the contact zone between FCCC particles
and cement matrix. However, in case of deflocculant, their layout is much denser
than in the sample without deflocculant.

Basing on the results of research, the diagram of interaction between FCCC,
aluminate cement and water can be drawn. At the first stage, FCCC sorbs water
(Fig. 7a), at the second stage after the start of the formation of crystal hydrates,
some water from FCCC particles is released (Fig. 7b). Due to it, at the third stage
the layer of crystal hydrates is formed around FCCC particles (Fig. 7¢).

Cement parti-
cles

Unhydrated
cement particle

CCC with th
Hydrates {:} Eyer 0¥v Illydra?es

Sorption di-
Pores /v rection

Water

FCCC

d)

Fig. 7. The diagram of hardening for the binder with aluminate cement and FCCC:
a) immediately after mixing with water; b) formation of cement stone structure;
¢) formation of hydrate layers around FCCC particles; d) legend

The effect of temperature on the properties of binder was studied. In the
process of dehydration (100 °C), the decay of CAHy and C,AHg hydrates and
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the formation of cube-shaped C3AHg crystal hydrates takes place. This transfor-
mation is observed in the contact zone between FCCC particles and cement matrix
(Fig. 8a). Long particles (Fig. 6) are transforming into cube-shaped particles of
the average size of 250 nm (Fig. 8a).

Fig. 8. The SEM image of the binder of cement stone with 10 % of FCCC:
a) in the contact zone after treatment at 100 °C and b) 1200 °C temperature

After treatment of binder at 900—1200 °C temperature, the FCCC additive
induces greater contraction of binder, in comparison with binder without a FCCC
additive, from 1,5 % to 2,2 %. At 1200 °C the anorthite is formed in the binder:
the higher the content of a FCCC additive, the higher the intensity of peak is ob-
served in the X-ray diffraction pattern. The contraction and transformations result
in the improved contact between FCCC particles and cement matrix (Fig. 8b) and
in the absense of gaps in contrast to untreated binder (Fig. 6).

5. The influence of catalyst waste on the properties of medium cement
refractory castable

The results of the investigation of binders enable to design medium cement
refractory castables. Such castables were developed using aluminate cement con-
taining 70 % and 40 % of Al,03 and a FCCC additive, respectively 2,5 % and
5,0 %. It was found that a FCCC additive, due to its zeolite structure, increases the
intensity of the hydration of MCC castable: the time of the maximal temperature
of exothermic process shortens about 2—3 times, and the value of this temperature
increases 2-9 °C, subject to type of cement used.
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The results show that the compressive strength of castables increases up to
40 % after curing for 3 days. The compressive strength after treatment at various
temperatures depends on the type of aluminate cement. Using aluminate cement
containing 70 % of Al,0Oj3, the compressive strength of castable with 2,5 % of
a FCCC additive is the highest within range of temperatures studied (Fig. 9a).
While increasing the content of FCCC in castable, the compressive strength de-
creases. The highest compressive strength of castables with aluminate cement
containing 40 % of Al,Oj5 after treatment at 800 °C and 1200 °C temperatures is
achieved with 5 % of a FCCC additive (Fig. 9b).
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Fig. 9. The compressive strength of castable after treatment at various temperatures
with aluminate cement containing: a) 70 % and b) 40 % of Al,O3

The thermal stability factor of castables with a FCCC additive is higher in
castable with cement containing 70 % of Al,O3 — at 800 °C temperature with
2,5 % of a FCCC additive is 0,79, while without an additive 0,7, meanwhile in
castable with cement containing 40 % of Al,03 and 5 % of a FCCC additive 0,73
and without an additive 0,67.

Experimental tunnel kiln car lining blocks made of medium cement refrac-
tory castable with aluminate cement containing 70 % of Al,O3 and 2,5 % of
a FCCC additive were made (approximately 2 t) at the factory AB "Palemono
keramika", Lithuania in November 2006.

Blocks were in operation for about 3 years and withstood about 400 cycles
until significant breakage (large gaps, and separated pieces of castable falling).
The new castable lining allowed to increase the durability of the car lining about
2 times in comparison with that of conventional castable blocks.
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The accomplished research and development work at the ceramics factory
enables to reuse FCCC as an additive in refractory castable.

General conclusions

1. The investigated effect of 800—1200 °C temperature on the properties of
catalytic cracking catalyst waste, allows to describe waste, as a proper
additive for refractory materials. It was assessed that the zeolite structure
at 1000 °C temperature transforms into mullite, and after treatment at
1200 °C cristobalite forms, the 10 % decrease of an average diameter
and of about 2 times decrease in porosity is observed.

2. The carried out study of binding material consisting of aluminate ce-
ment containing 70 % of aluminium oxide and catalytic cracking catalyst
waste shows the following:

e catalyst waste exerts an impact on aluminate cement hydration: im-
mediately after mixing with water (V/C = 0,5), the heat release rate
increases 20—40 % in proportion to the quantity of catalyst 520 % in
cement paste; the crystallization process is accelerated about 2 times,
the changes in the ratio of CAH( to CoAHg hydrates are observed.
The temperature of endothermic effect accompanying the dehydra-
tion of these hydrates grows from 153 °C up to 170 °C along with
increase in content of catalyst from 10 % up to 30 %.

e The temperatures have the following effect on aluminate cement
stone with catalyst waste: after treatment at 100 °C temperature in the
area between catalyst waste particles and cement stone cube-shaped
particles of the average size of 250 nm were formed. After treat-
ment at 1200 °C in the structure of contact zone, small crystals are
still prevailing. By increasing the catalyst content in cement stone
from 0 % to 20 % and after treatment at 800—1200 °C temperature,
one can observe the contraction of a sample from 1,5 % up to 2,2 %,
also at this temperature in the binder with a catalyst waste additive
in comparison with the binder without the additive, the anorthite is
formed.

3. The mechanism of interaction between catalytic cracking catalyst waste,
aluminate cement containing 70 % of aluminium oxide and water was
explained:

e after mixing the dry ingredients with water, the catalyst waste, due to
its high sorption properties, absorbs a certain amount of water used
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for mixing. In result, the saturation of solution with cement mineral
ions occurs earlier than in solution without a catalyst waste additive.
This also causes the earlier formation of cement crystal hydrates;

o after the start of the formation of crystal hydrates, some water from
catalyst waste particles is released into the cement matrix and takes
part in the further cement hydration process. There is an additional
release of heat, due to it the hardening of binders is accelerated;

e water around catalyst waste particles is released and around these
particles a crystal hydrate layer is formed, up to 100 nm wide.

4. Medium cement refractory castables were developed using aluminate
cement containing 70 % and 40 % of aluminium oxide and a catalytic
cracking catalyst waste additive, 2,5 % and 5,0 %, respectively. It was
found that the advantages of new castable over castable without a cat-
alytic cracking catalyst waste additive are the following:

e Faster by 6 h hardening of castable with aluminate cement containing
70 % of Al,0O3 and 13,5 h with 40 %;

e up to 40 % higher compressive strength after curing for 3 days;
up to 20 % higher compressive strength at operating temperature of
1200 °C using aluminate cement containing 70 % of Al,O3;

e higher thermal stability: in castable with cement containing 70 % of
Al,05 the thermal stability factor at 800 °C temperature is 0,75-0,79,
without a catalyst waste additive 0,70.

5. The dry castable mixture was produced (approximately 2 t), it was used
to manufacture tunnel kiln car lining blocks at the factory AB "Palemono
keramika", Lithuania. It was found that the used new castable allowed to
increase the durability of the car lining about 2 times. The accomplished
research and development work at the ceramics factory enables not only
to reuse catalytic cracking catalyst waste in refractory castables, but also
to use it, as a valuable additive, for improvement of physical, mechani-
cal properties and performance of advanced medium cement refractory
castables.
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NAFTOS KREKINGE NAUDOTO KATALIZATORIAUS
POVEIKIS UGNIAI ATSPARIU BETONU SAVYBEMS

Mokslo problemos aktualumas. Paskutinio deSimtmecio tendencija — ug-
niai atspariy medziagy naudojimo maz¢jimas. Tai 1émé pramonés, naudojancios
ugniai atsparias medziagas, o ypa¢ metalurgijos, restruktiirizacija, nauju efek-
tyviy medziagy suktirimas, globalizacijos procesas. Kita tendencija — forminés
medziagos (plytos, blokai ir kiti gaminiai) kei¢iamos ugniai atspariais betonais,
kuriy konstrukcijos (iSklojos) turi svarbiy privalumy: sutaupoma laiko ir 18y Si-
luminiams agregatams statyti, remontuoti ir eksploatuoti, palengvéja Siluminiy
agregaty projektavimas i§ monolitiniy konstrukcijy, nes naudojamos nesudétin-
gos isklojy pagaminimo technologijos. Tikimasi, kad ateityje forminiy medziagy
panaudojimas tebemazés, o betony poreikis pastoviai didés. Todél aktualu kurti
naujos kartos ugniai atsparius betonus, kuriy technologijoje sickiama kuo labiau
sumazinti cemento ir vandens kiekius, naudojant jvairius efektyvius priedus.

Naujyju ugniai atspariy betony savybés — mechaninés, terminés ir kt. aki-
vaizdZiai pranasesnés nei forminiy gaminiy bei iprastiniy betony. Reikia pazy-
méti, kad tokie betonai yra labai jautriis gamybinéms salygoms: aplinkos tempe-
ratlirai, mai§ymo parametrams, vandens kokybei ir kt., dél to kartais nepavyksta
pagaminti kokybisko produkto. Tai rodo, kad naujy betony hidratacijos procesas
sunkiai valdomas, nepavyksta deramai reguliuoti struktiiry formavimosi mikro ir
nano lygmenyje.

Naujos kartos betony gamybai reikia tokiy priedy, kurie galéty modifikuoti
betono reologines savybes, cemento hidratacijos procesa (reguliuojant risimosi
laikus) ir betono struktiiros formavimasi kietéjimo metu. Veikiant aukStoms tem-
peratiiroms yra aktualu, kad tokie priedai efektyviai veikty kietafazése reakci-
jose, mazinty destrukcijos procesus eksploatacijos temperatiirose. D¢l ypatingy
savybiy (gera sorbcija, didelis savitasis pavirsius, tinkami daleliy matmenys ir
cheminé sudétis), naftos krekinge naudoto katalizatoriaus (NK) priedas ugniai
atspariame betone galéty atlikti auksciau minétas funkcijas.

Planuojant naudoti NK ugniai atspariose medziagose, reikia pazyméti, kad
Sios medziagos, kuriy sudétyje yra nemazai Al ir Si oksidy, yra brangios, todél
NK naudojimas turi ne tik ekologinj ir technologinj, bet ir ekonominj pagrinda.

Tyrimy objektas. Darbo tyrimy objektas yra NK atliekos, ugniai atspari
riSamoji medZziaga ir ugniai atsparis betonai su NK priedu.

Darbo tikslas. Sukurti vidutinio cemento kiekio ugniai atspary betona su
naftos kataliziniame krekinge naudoto katalizatoriaus priedu — ceolitu.
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Darbo uzdaviniai. Darbo tikslui pasiekti iSkelti Sie uzdaviniai:

1. Istirti NK savybes, nustatyti auks$ty temperatiiry poveiki Sios medziagos
mineralinei sudéciai, struktiirai ir kitoms charakteristikoms.

2. Nustatyti NK poveiki ugniai atspariy kompozicijy su aliuminatiniu ce-
mentu savybéms:

a) istirti NK poveiki cemento hidratacijos procesui,
b) istirti NK poveiki struktiiros formavimuisi kiet¢jimo metu ir aukStose
temperaturose.

3. Sukurti ugniai atspary betong modifikuota NK priedu, nustatyti pagrin-
dines jo fizikines, mechanines ir termines charakteristikas.

4. Isbandyti nauja ugniai atspary betona realiomis eksploatacinémis saly-
gomis Siluminiuose agregatuose.

Tyrimy metodika. Pagrindinés ugniai atsparaus betono savybés Siame dar-
be buvo nustatomos remiantis LST EN 1402-(2-8):2004 standartais. Medziagos
struktiirai vertinti buvo naudojami optinés ir skenuojancios elektroninés mikros-
kopijos, rentgenografinés, termografinés, dilatometrinés, porozimetrinés bei ult-
ragarsinés analizés metodai.

RiSamuyjy medziagy hidratacijos Silumai jvertinti naudota diferenciné kalo-
rimetrija ir egzoterminio proceso temperatiiros nustatymo metodika.

Mokslinis naujumas. Rengiant disertacija buvo gauti Sie medziagy inZine-
rijos mokslui nauji rezultatai:

1. Istirtas 800—-1200 °C temperatiiros poveikis kataliziniame krekinge nau-
doto katalizatoriaus savybéms, leidZiantis nustatyti NK atlieky panaudo-
jimo ugniai atspariose medziagose tinkamuma.

2. Nustatyta, kad ceolitiné NK priedo struktiira veikia aliuminatinio cemen-
to hidratacija: padidina $ilumos i$siskyrimo greitj iSkart po sumai§ymo
su vandeniu, pagreitina kristalizacijos procesa, daro itaka besiformuo-
janciai hidraty struktiirai.

3. IsaiSkintas naudoto katalizatoriaus, aliuminatinio cemento ir vandens sa-
veikos mechanizmas.

4. Noustatyti aliuminatinio cemento ir NK riSamosios kompozicijos minera-
linés sudéties ir struktiiros kitimai aukstose temperatiirose.

5. Sukurtas naujas vidutinio cemento kiekio ugniai atsparus betonas, pa-
naudojant betono savybes modifikuojanti NK prieda.

Praktiné reik§mé. Sukurtas vidutinio cemento kiekio ugniai atsparus be-
tonas su Samoto uzpildais, kuris gali biiti naudojamas ivairiy $iluminiy agregaty
(naftos, keramikos, chemijos, energetikos ir kitose pramonése) iSklojose, pakei-
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¢iant Samotiniy plyty mira arba moraliSkai pasenusius jprastinius betonus. NK
panaudojimas ugniai atspariame betone leidzia efektyviai (ekologiniu ir ekono-
miniu pozilriu) iSspresti Siy atlieky utilizavimo problema.

Ginamieji teiginiai

1. Ceoliting struktiira turintis naudoto katalizatoriaus priedas keicia aliu-
minatinio cemento hidratacija, veikia struktiiros formavimasi kietéjimo
metu ir aukStose temperatiirose.

2. Naudotas katalizatorius gali biti ne tik utilizuojamas ugniai atspariuose
betonuose, bet ir naudojamas kaip vertingas priedas gerinantis pazangiu
vidutinio cemento kiekio betony fizikines, mechanines bei eksploataci-
nes savybes.

Disertacijos struktiira. Darbo apimtis yra 98 puslapiai, neskaitant priedy,
tekste panaudotos 14 numeruoty formuliuy, 49 paveikslai ir 14 lenteliy. RaSant
disertacija buvo panaudota 110 literatiiros Saltiniy.

Disertacija sudaro ivadas, penki skyriai, bendrosios i§vados, naudotos litera-
tiros ir autoriaus publikacijy disertacijos tema sarasai. Taip pat yra du priedai. [va-
diniame skyriuje aptariama tiriamoji problema, tyrimo objektas ir metodika, dar-
bo aktualumas, formuojami darbo tikslai bei uzdaviniai, apraSsomas darbo moks-
linis naujumas, nurodoma darbo rezultaty praktiné reik§me, jvardijami ginamieji
teiginiai. [vado pabaigoje pristatomos disertacijos tema autoriaus paskelbtos pub-
likacijos ir praneSimai konferencijose ir disertacijos struktiira. Pirmasis skyrius
skirtas literatiiros apzvalgai. Skyriaus pabaigoje formuluojami apibendrinimai ir
i8vados. Antrajame skyriuje apraSytos naudoty zaliavy charakteristikos, naudoti
metodai ir jranga. Tre¢iajame skyriuje pateikiami naudoto katalizatoriaus tyrimai.
Ketvirtajame skyriuje nagrinéjamas naudoto katalizatoriaus poveikis aliuminati-
nio cemento kompozicijy hidratacijai ir savybéms. Penktajame skyriuje aprasomi
naudoto katalizatoriaus poveikio vidutinio cemento kiekio ugniai atsparaus beto-
no savybéms tyrimai.

Bendrosios iSvados

1. Istirtas 800—1200 °C temperatiiros poveikis kataliziniame krekinge nau-
doto katalizatoriaus savybéms leidzia apibiidinti Sias atliekas kaip tin-
kancias naudoti ugniai atspariose medziagose. Nustatyta, kad ceolitiné
struktiira 1000 °C temperattiroje virsta { mulita, o 1200 °C — susidaro
kristobalitas, 10 % sumazéja katalizatoriaus daleliy vidutinis skersmuo
ir iki 2 karty sumazéja jy poringumas.
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2. Atlikti riSamosios medziagos, susidedancios i§ 70 % aliuminio oksido
turin¢io aliuminatinio cemento ir naudoto katalizatoriaus, tyrimai leidzia
konstatuoti:

naudotas katalizatorius daro itaka aliuminatinio cemento hidrataci-
jai: uzmai$ius cemento tesla su vandeniu (V/C = 0,5) Silumos issi-
skyrimo greitis didéja 2040 % proporcingai katalizatoriaus kiekiui
5-20 % tesloje; apie 2 kartus pagreitéja kristalizacijos procesas, pa-
sikei¢ia susidariusiy CAHq ir CoAHg hidraty santykis. Siy hidra-
ty dehidratacija lydin¢io endoterminio efekto temperatiira, padidinus
katalizatoriaus priedo kieki nuo 10 % iki 30 %, padidéja nuo 153 °C
iki 170 °C.

Veikiant aliuminatinio cemento akmenj su naudotu katalizatoriumi
temperatiira nustatyta, kad po kaitinimo 100 °C temperatiiroje nau-
doto katalizatoriaus daleliy ir cemento akmens saly¢io zonoje susi-
formuoja vidutinio 250 nm skersmens kubinés formos dalelés. Po
degimo 1200 °C temperatiroje salycio zonos strukttiroje ir toliau vy-
rauja smulkiakristaliné struktiira. Didinant cemento akmenyje kata-
lizatoriaus kieki nuo 0 % iki 20 % po degimo 1200 °C temperattiroje
padidéja kompozicijos susitraukimas nuo 1,5 % iki 2,2 %, taip pat
Sioje temperatliroje cemento akmenyje su naudotu katalizatoriumi,
palyginti su kompozicija be priedo, formuojasi anortitas.

3. IsaiSkintas naudoto katalizatoriaus, 70 % aliuminio oksido turin¢io aliu-
minatinio cemento ir vandens saveikos mechanizmas:

sumaisius sausus komponentus su vandeniu naudotas katalizatorius
dél savo gery sorbciniy savybiy igeria dali sumaiSimui sunaudoto
vandens. Dél to tirpalo isisotinimas cemento mineraly jonais pasie-
kiamas greiciau, anksc¢iau prasideda cemento kristalohidraciy forma-
vimasis nei kompozicijoje be naudoto katalizatoriaus priedo;
pradéjus formuotis kristalohidrac¢iams dalis vandens i$§ naudoto kata-
lizatoriaus daleliy patenka i cementing matrica ir yra naudojama to-
lesniame cemento hidratacijos procese. Vyksta papildomas Silumos
i$siskyrimas, pagreitinantis kompozicijos kietéjima;

dél atsilaisvinusio i§ naudoto katalizatoriaus daleliy vandens aplink
Sias daleles susiformuoja kristalohidraciy zonos, kuriy plotis siekia
iki 100 nm.

Sukurti vidutinio cemento kiekio ugniai atspartis Samotbetoniai su 70 %

ir 40 % aliuminio oksido turin¢iais aliuminatiniais cementais ir naudoto
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katalizatoriaus priedu atitinkamai 2,5 % ir 5,0 %. Nustatyta, kad naujo

betono pranasumai palyginti su betonu be naudoto katalizatoriaus priedo

yra:

e 6 h greitesnis betono kietéjimas naudojant 70 % Al,Oj3 turintj aliu-
minatinj cementa ir 13,5 h — 40 %;
iki 40 % didesnis gniuzdymo stipris po 3 pary kietéjimo;

o iki 20 % didesnis gniuzdymo stipris eksploatacinéje 1200 °C tempe-
ratiiroje, kai naudojamas 70 % Al,O3 turintis aliuminatinis cemen-
tas;

e didesnis terminis patvarumas: betone su 70 % Al,O3 turin¢iu ce-
mentu terminio patvarumo koeficientas 800 °C temperatiroje —
0,75-0,79, betone be naudoto katalizatoriaus priedo — 0,70.

5. Pagaminta bandyminé sausyju betono miSiniy partija (apie 2 t), kuri pa-
naudota AB ,,Palemono keramika“ gamyklos tunelinés krosnies vagono
iSklojai pagaminti. Nustatyta, kad naujo betono panaudojimas leido pa-
didinti vagono i$klojos ilgaamziskuma apie 2 kartus. Atlikti moksliniai
tyrimai ir diegiamasis naujos medziagos darbas keramikos gamykloje su-
daro galimybes ne tik utilizuoti naudota katalizatoriy ugniai atspariuose
betonuose bet ir naudoti kaip vertinga prieda gerinantj pazangiy viduti-
nio cemento kiekio betony fizikines, mechanines bei eksploatacines sa-
vybes.

Trumpos Zinios apie autoriy

Marius Aleknevicius gimé 1979 m. birzelio 18 d. Vilniuje.

2003 m. igijo telekomunikacijy fizikos ir elektronikos inzinerijos bakalauro
laipsni Vilniaus universiteto Fizikos fakultete. 2005 m. jgijo telekomunikacijy
fizikos ir elektronikos inZinerijos magistro laipsni Vilniaus universiteto Fizikos
fakultete. 2006-2010 m. Vilniaus Gedimino technikos universiteto doktorantas.
Siuo metu dirba tyréju Vilniaus Gedimino technikos universiteto Termoizoliacijos
mokslo institute.

24



