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Abstract:

The paper deals with the characteristics of synthesized glass-ceramics obtained by
sintering a mixture of final flotation waste (FFW) with tuff at 1260°C for 7 h, followed by the
annealing of pressed samples at 1080°C for 36 h. The experiments were done in order to find
the possibility for the valorization of waste material (FFW). By thermal treatment of mixtures
of T20 (20 % tuff, 80 % FFW) and T40 (40 % tuff, 60 % FFW) to a temperature of 1260°C
over a period of 7 hours, is obtained glass-ceramics with dendritic structure. The synthesized
glass-ceramics consists of two phases: iron oxide crystals (maghemite, magnetite, and
hematite) and glass with an approximate ratio of phases 32/68 (T20) and 23/77 (T40),
respectively. The relatively small shrinkage of the synthesized material (up to 7 %) enables
reliable control when designing a given shape indicating that such glass-ceramics can be
used as a basis for obtaining construction material. The synthesis of pressed samples of
mixtures (T20 and T40) at 1080°C for 36 h produces glass-ceramics that have a high
coefficient of sound attenuation, which indicates good acoustic insulating properties.
Keywords: FFW; Zeolite tuff; Sintering; Glass-ceramics; Phase composition.

1. Introduction

Copper extraction, especially in the process of flotation enrichment and
pyrometallurgical processing, generates waste materials that pollute the environment [1].
Flotation tailings and smelter slag dumps represent large areas of degraded land and are
permanent sources of soil, water, and air pollution [1-4].

Recycling of industrial waste material is a frequent topic of numerous scientific
papers, in which vitrification provides construction material of appropriate quality and desired
properties [4-10]. Glass-ceramics is an attractive material that can have various applications,
such as: building materials, ceramics for dishes, glass semiconductors for thermal insulation,
optical materials [11-21], materials for orthopedic medicine [22], etc.
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Glass-ceramic materials have great application possibilities because their properties
can be controlled, including strength, abrasion resistance, coefficient of thermal expansion
[23,24]. The general process of obtaining glass-ceramics involves vitrification of silicate
waste or a mixture of waste, followed by crystallization [22]. The synthesis of parent glass is
an important step in the preparation of the final glass-ceramic material because the precursors
and their percentage in the glass composition control the formation of crystalline phases [23].

Glass-ceramic materials obtained by vitrification of waste from the copper [6,10] and
zinc industry [25] are chemically stable and have significantly better characteristics compared
to traditional ceramics and natural building materials. For example, vitrified ash from the
municipal solid waste incineration process (MSWI) has been successfully converted into
strong and chemically stable porous glass-ceramics by a combination of alkaline activation
and sintering [26].

High-strength lightweight glass-ceramics were obtained by sintering coal and clay
tailings at 1370°C [11,27].

Waste galvanic sludge, aluminum slag, and glass were inactivated and incorporated
into glass-ceramics by a sintering process to minimize or completely eliminate the risk of
environmental pollution [19].

Sphene-based glass-ceramics (CaTiSiOs), which is prepared from a mixture of
CaCOQOg;, TiO,, and SiO, powders using vibro-grinding for homogenization, can be used to
immobilize nuclear waste [23].

Basalt-based glass-ceramics (from the Vrelo deposit, Kopaonik) have a very fine and
homogeneous structure, excellent physical and mechanical properties, chemical resistance,
high resistance to wear and corrosion, and can replace metallic materials in metallurgical and
mining equipment [28-36].

Direct sintering of iron-rich metallurgical slag from Belgium (KU Leuven) and
recycled sodium-lime glass yielded lightweight glass-ceramics, with limited water absorption,
mechanical properties comparable to those of lightweight porcelain tiles, and chemical
stability [37].

The application and use of zeolite tuffs in construction (light building stone) have
been known since ancient times [38]. In particular, clinoptilolite zeolite has a wider
application in construction [38], as a pozzolan in cement production [39-43], as an additive
for asphalt mixing and partial replacement of fillers [44], as an additive in the concrete mix
[45,46], for obtaining lightweight concrete or as a thermal insulation material [47].

It was found that 5 % of ground zeolite (from Lyulinskoe deposit, Russia) with
granulation of 5-10 mm increases the compressive strength ofcement by 15 % in 7 days and
21 % in 28 days [42].

The addition of natural zeolites and fly ash (waste material obtained from thermal
power plants) as an additive has a positive effect on the mechanical and physical properties of
concrete [48].

Melting 30 % slag from copper flotation, 30 % blast furnace slag, and 40 % zeolite
tuff in electric furnaces, in an air atmosphere, for 30 min at 1400°C, obtained a mixture of
high crystallization, suitable for the production of glass-ceramics [10].

In addition, since the exchangeable cations in the zeolite structure ((Na*, K", Ca’, and
Mg?") are not toxic, zeolites are also tested as ion exchangers and adsorbents for use in
wastewater treatment, reclamation of flotation tailings, adsorption of mycotoxins [49-51].
Also, the use of zeolite as an adsorbent in veterinary medicine [52] and the removal of heavy
metals from industrial wastewater [53-55] is being studied.

Many studies cite zeolite as a cost-effective adsorbent because of its good metal-
binding capacity, local availability in large quantities, simple operation technology, and
avoidance of secondary pollution [54].

Zeolite tuff (Igro$ near Brus, Serbia) in certain relations with FFW (RTB Bor, Serbia)
can be used for the production of glass-ceramic material [4,18].
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The previously published papers [18,34,56,58] present the basic and most important
characteristics of the raw materials, as well as the production and characterization of glass-
ceramics synthesized at different temperatures and different time intervals.

The results of additional research of starting materials (DTA FFW, tuff microscopy,
IR tuff, XRPD tuff) and characteristics of glass-ceramics (crystal phase content, ultrasonic
damping coefficient) presented in this paper complete the presentation of the possibilities of
their application.

2. Materials and Experimental Procedures

The waste smelter slag flotation process has been described previously [34,56]. In the
process of flotation of waste smelter slag, the tailings of the basic flotation are formed, which
is the final flotation waste - FFW. A sample of FFW was taken before transport to the landfill.

The sample of zeolite tuff was taken from the deposit "Igro$ - Vidojevi¢i" (Serbia),
located about 8 km east of Brus, and 3 km northeast of the river Rasina. Zeolite tuff is
interstratified in the Miocene-Pliocene series of marly green clays that form the bottom and
brown clays and sandstones that form the overburden. The layer of zeolite tuff is light gray to
white, 1-4 m thick, with a general east-west extension and an average slope to the north at an
angle of about 10 degrees [57]. Prior to analysis, the material was prepared by crushing and
homogenizing.

The tests are divided into two parts. The first part included the characterization of
starting materials: FFW and tuff. Their phase, chemical composition, and thermal properties
(sintering, softening, and melting interval) are presented in previous works [34,58]. In order
to better understand the type of crystal phases in sintered glass ceramics, DTA of FFW was
performed. In order to identify fine-grained hydrated minerals - zeolites, which are part of the
tuff, the infrared spectrum was recorded, then microscopy was performed (on a Leitz-
orthoplan wetzlar microscope in transmitted light) and XRPD of tuff.

The phase composition of the samples was determined by X-ray powder diffraction
analysis (XRPD). Diffractograms were obtained using a Siemens D500 diffractometer with
CuKa radiation (A = 1,54184 A) and Ni-filters at a current of 20 mA and a voltage of 35 kV
in the range of 5 - 85 degrees (26) with a step of 0.02 degree and an exposure of 0,5 s per
step. The phase ratio was determined by Powder Cell (PCW) software using structural models
of fayalite [59], magnetite [60], clinoptilolite [61], biotite [62], plagioclase [63], quartz [64],
smectite [65] hematite [66] and maghemite [67].

The chemical composition of FFW was determined by X-ray fluorescence analysis
(PANalytical AXIOS XRF Spectrometer). The microstructure of the synthesized glass-
ceramics was obtained by Scanning Electron Microscopy (SEM) on an instrument of the
JSM-6610 LV type, under high vacuum conditions. LaB6 filament was used as the electron
source. Chemical analyzes of the samples were performed on an Energy Dispersion
Spectrometer (EDS) of the X-Max Large Area Analytical Silicon Drift (Oxford) type, on
polished samples using external standards. The samples were evaporated with carbon on a
steamer type BALTEC-SCD-005. The thickness of the vaporized layer was 18 nm [34].

A modernized Chevenard Joumier Instrument A.D.A.M.E.L. was used for differential
thermal analysis (DTA) of FFW. This instrument was equipped with a Pt — PtRh
thermocouple and a computer system for data acquisition. T and dT data were collected by
USB-2523 DAC board with a sampling rate of 1 Hz and a heating mode of 8 °C/min. In this
way, 7350 values were collected in the temperature range from 20 to 1000°C. The reference
material was a-Al,Qs. Interpretation of thermograms was performed on the basis of literature
data [68].

Infrared spectroscopic analysis was performed by using a Perkin Elmer 597
spectrometer with the KBr pellet method in the region 200- 4000 cm .
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The second part of the study included the determination of additional characteristics
of glass-ceramics obtained by sintering samples, in the presence of a liquid phase from a
mixture of FFW with tuff: T20 (20 % tuff, 80 % FFW) and T40 (40 % tuff, 60 % FFW) at
1260°C/7 h [34,58].

The glass-ceramic bodies (diameter 30 mm, thickness 20 mm) were synthesized at
1080°C for 36 h, by pressing FFW and mixtures of T20 and T40. Their characteristics were
evaluated in a previously obtained paper [34] by measuring: Vickers hardness (measured with
a durometer, by imprinting a small diamond pyramid with a square cross-section on the
surface of the sample), density, speed of propagation of ultrasonic longitudinal waves, and
exposure to thermal shockby successive heating of samples from 100 to 800°C and sudden
immersion in water at room temperature. Before measuring the propagation rate of the
ultrasound, the samples were dried to remove adsorbed moisture). Changes in the hardness
and speed of ultrasound propagation were monitored after the thermal shock [34]. The
volumetric mass before and after sintering and the damping coefficient of ultrasound before
and after exposure to thermal shock were additionally measured in order to a full examination
of the possibility of application of the synthesized glass-ceramics.

3. Results and Discussion
3.1. Characterization of starting material

3.1.1. Final flotation waste (FFW) characteristics

X-ray diffraction analysis of FFW powder identified two crystalline phases: fajalite
(Fe,SiO,) [59] and magnetite (FeO-Fe,05) [60] and a significant amount of amorphous matter
were observed, while chemical analysis revealed a high content of iron (IIT) oxide (= 52 %)
and silicon dioxide (=34 %), then about 5 % Al,O; and CaO, and about 1% KO, while the
content of other oxides is below 1 % (Fig. 1).

The phase composition of FFW was calculated on the basis of X-ray diffraction
analysis, chemical composition analysis and using theoretical, stoichiometric formulas of
magnetite, and fayalite. The obtained values of phase content in FFW: fajalite (= 40 %),
magnetite (~ 25 %), and glass (= 35 %) represent a significant basis for the production of
glass-ceramics [34,58].
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Fig. 1. X-ray powder diffraction diffractogram and chemical composition of FFW.
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Possible phase transitions of FFW during the formation of glass-ceramics are partially
defined by DTA analysis (Fig. 2). DTA analysis showed that as a consequence of the loss of
adsorbed moisture at 110°C, a pronounced endothermic reaction occurs. An exothermic
reaction occurs at 400°C as a consequence of the oxidation of magnetite to hematite y -Fe,O3
(on the grain surface). As a consequence of the oxidation of magnetite to hematite v -Fe,O;
(in the grain core), an exothermic reaction at 575°C also occurs [68]. At a temperature of
705°C, an exothermic reaction of the transition of y -Fe,0s to a- Fe,O3 occurs [58].
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Fig. 2. DTA diagram of FFW.
3.1.2. Characteristics of zeolite tuff

Tuff 'Igros - Vidojevi¢i' (Fig. 3a) is built mainly of fine-grained amorphous volcanic
ash, which is largely zeolitized, i.e. transformed into clinoptilolite. In addition to
clinoptilolite, biotite leaves, plagioclase grains (Fig. 3b) and quartz appear in the examined
tuff, and amphibole and zircon appear in subordinate quantities. Plagioclase is well preserved
with developed polysynthetic lamellae and sometimes pronounced zonal structure. Quartz
grains are sparse, anhedral, broken, with frequent undulatory eclipses. The grain size of the
listed minerals belongs to the class above 0.06 mm [58].

Fig. 3. a) Tuff outgrowth 'lgros - Vidojeviéi'; b) micrograph of tuff (PI - plagioclase, Bt -
biotite).
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X-ray diffraction analysis confirmed the presence of zeolite - clinoptilolite [62], then
biotite [62], plagioclase [63] and quartz [64]. In addition to these phases, X-ray diffraction
analysis also determined the presence of smectite [65] (Fig. 4). The high content of total water
in the chemical analysis of tuff indicates that clinoptilolite is the dominant mineral phase.
Although CaO and Na,O partly participate in the construction of plagioclase, the relatively
high content of CaO (> 5 %) in relation to Na,O (< 1 %) (Fig. 4) indicates that Ca-
clinoptilolite is most likely present.
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Fig. 4. X-ray powder diffraction diffractogram and chemical composition of tuff.

The presence of clinoptilolite was also confirmed by infrared spectroscopy. A series
of absorption maxima on the spectrum shown (Fig. 5) correspond to clinoptilolite. The bands
at 3595 cm™ and 3427 cm™ originate from the valence vibrations (OH) of the group, and the
bands at 1630 cm™ from H,O molecules in the variable structural positions characteristic of
zeolites. Absorption maxima between 800 and 1300 cm™ are due to vibrations of the silicate
lattice.
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Fig. 5. IR spectra of investigated tuff.
3.1.3. Thermal characteristics of raw materials and raw material mixtures

The results of previously performed tests of thermal characteristics of starting
materials determined by thermal microscope at 12 °/min indicate that tuff has a higher
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temperature of the beginning and end of sintering, but less volume change (5.4) and
significantly narrower sintering interval (20) compared to FFW [34,58].

Due to dehydration of clinoptilolite (which is the dominant mineral in tuff) at 240 -
350°C, shrinkage occurs (2 %). The large contraction caused by the collapse of the
clinoptilolite structure occurs in the temperature range of 850 to 950°C producing a shrinkage
of 31.5 %. Structural collapse is absent in mixtures of T20 and T40, which is a consequence
of the development of the liquid phase from FFW which begins at the matching temperature
by occluding/closing/ preventing clinoptilolite grains. This blocks the emptying of structural
channels and stops structural collapse. The reaction of FFW particles with tuff particles
dominated by clinoptilolite does not allow its structural collapse. At T40, a minimal
contraction (—0.7 %) at 850°C was observed, indicating the onset of the collapse of the
clinoptilolite structure. The beginning of sintering in both mixtures is at the temperature of the
end of sintering FFW (1080°C). The end of sintering at T20 and T40 coincides with the
sintering end temperature of pure tuff (1160°C). With increasing tuff content, there are no
temperature changes [34,58].

3.2. Phase and chemical composition of synthesized glass-ceramics

Thermal treatment of mixtures of FFW with tuff, ie samples: T20 (20 % tuff, 80 %
FFW) and T40 (40 % tuff, 60 % FFW), up to a temperature of 1260°C for a period of 7 hours,
synthesized glass-ceramics [34,58]. X-ray diffraction analysis in both synthesized glass-
ceramics (T20 and T40) identified hematite [66], maghemite [67] and magnetite [60] (Fig. 6),
which indicates a structural variation of iron oxides [34,58]. In addition to iron oxides, a
glassy phase also occurs in glass-ceramic samples T20 and T40.

A significant difference in the chemical composition of the synthesized glass-ceramic
T20 in relation to T40 is in the higher content of iron (111) oxide and lower content of SiO,,
Al,O3 and CaO (Fig. 6).
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Fig. 6. X-ray powder diffraction diffractogram and chemical analyses of the obtained glass-
ceramics.

The crystalline phase, i.e. iron oxides in the examined glass-ceramics (T20 and T40)
identified by X-ray diffraction analysis as magnetite, hematite and maghemite (Fig. 6) mainly
appear in the form of dendritic aggregates (Fig. 7a,c). Individual crystals are most
morphologically reminiscent of hematite because they appear in the form of subhedral
rhombohedral crystals (Fig. 7b,d). A similar glass microstructure has been described by
Romero & Rincon [7].
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Fig. 7. Microstructure of synthesized glass-ceramics: a) dendritic aggregates of the crystalline
phase in glass-ceramics (T20), b) detail of dendrites and individual crystals (T20), c) dendritic
aggregates of the crystalline phase in glass-ceramics (T40), d) detail of dendrites and
individual crystals T40).

The crystal content in the synthesized glass-ceramics was determined by integration
using digital image analysis based on the surface they occupy in the observed cross-section.
T20 is 32.3 % (Fig. 8 a,b) and T40 is 23.3 % crystals (Fig. 8 c,d).
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Fig. 8. a) integrated surface of glass-ceramics T20, b) computer simulation of integrated
surface T20, c) integrated surface of glass-ceramics T40, d) computer simulation of integrated
surface T40.
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3.3. Mechanical properties of synthesized glass-ceramics

In a cylindrical mold (diameter 30 mm, thickness 20 mm), lozenges (from 35 g of the
FFW, T20, and T40 sample) in the form of a cylinder (Fig. 9a) were made and pressed at a
pressure of 70 MPa [34]. Glass-ceramic bodies were synthesized at 1080°C for 36 h the
characteristics of which were determined by measuring: volumetric mass, ultrasonic
propagation velocity and ultrasonic damping coefficient before and after exposure to
thermoshock at different temperatures.

The volumetric masses of samples FFW, T20, and T40 before sintering were 2.7, 2.1,
and 1.8 while after sintering they were 3.1, 2.4, and 2.5, respectively (Fig. 9a). The percentage
of shrinkage in FFW is 13 % (which is in accordance with the results of thermal tests), and in
mixtures, with tuff, it is about 12 %.

The results of the propagation velocity of ultrasonic longitudinal waves (Fig. 9b)
show that the samples have velocities in the domain of compact materials (glass 3600 to 6100,
concrete 2500 to 5000, cast iron 4410 m/s): FFW (4500 m/s), T20 (4150 m/s) and T40 (4100
m/s) [34]. In FFW, the speed of ultrasound decreases relatively slowly to the temperature of
thermal shock at 400°C. Above this temperature, a sudden drop in the speed of ultrasound is
observed, which indicates the appearance of discontinuities in the structure (cracks, fissures).
In the T40 sample, a decrease in velocity is observed at a temperature of 200°C, and in the
T20 already at 100°C, after which it decreases linearly towards a temperature of 800°C (Fig.
9b) [34].

The attenuation coefficient of ultrasound is higher in samples T20 and T40 compared
to FFW (Fig. 9c). This speaks of elastic properties, as well as the texture of the material,
where the size and distribution of pores and other discontinuities caused by thermal shock,
produce ultrasonic signal scattering, ie amplitude reduction. High damping coefficients
indicate good acoustic insulating properties of the material. On the other hand, high damping
coefficients indicate weaker mechanical properties (pressure resistance, bending) due to the
appearance of cracks.
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Fig. 9. Mechanical characteristics of FFW, T20, and T40 glass-ceramics a) bulk density
before and after sintering and shrinkage b) propagation velocities of ultrasonic longitudinal
waves of samples exposed to thermalshock, c) ultrasonic damping coefficient.



68 M. Cocié et al.,/Science of Sintering, 54(2022)59-71

3.4. Comparison of FFW glass-ceramic characteristics with T20 and T40 glass-
ceramics

It should be mentioned that with increasing sintering temperature and time, the crystal
content in FFW glass-ceramics increases. For example, if the sintering conditions are 1100
°Cl4h, the crystal phase content is about 27 %, under 1150 °C/4h conditions the crystal
content is about 32 %, while by synthesis at 1480 °C/6h the crystal phase content reaches 44
%. The morphological characteristics of the crystal phase also change, from anhedral to rarely
subhedral forms at lower synthesis temperatures to almost completely regular, euhedral
crystals in synthesis at higher temperatures [34]. This confirms that by changing the heat
treatment conditions and cooling regime, the microstructure and properties of the product can
be controlled, i.e. glass-ceramic material with predetermined properties can be produced.

In general, FFW glass-ceramics is a "bubble™ structure, as a consequence of gas
emanation due to thermal treatment. It is made of hematite as a crystalline phase and a glassy
phase, and due to its "hollow" structure, it has good thermal insulation properties, i.e. it is an
excellent thermal insulator [34].

Glass-ceramics obtained from mixtures of T20 and T40 also consist of a glassy phase
and a crystalline phase, but the crystalline phase is represented not only by hematite but also
by other iron oxides, maghemite, and magnetite, which occur in the form of individual
subhedral to euhedral crystals and/or in in the form of acicular dendrites. The crystal content
in the synthesized T20 and T40 glass-ceramics approximately corresponds to the crystal
content in FFW glass-ceramics synthesized at lower temperatures (up to 1150°C): T20 - about
32 % and T40 - about 23 % (Fig. 8). In some crystals in these glass-ceramics, chemical
zonation is observed, which refers to the distribution of Fe.

The data obtained by Vickers hardness [34] single out sintered FFW as a very hard
material, with values up to 10800 MPa. The high hardness is primarily affected by the high
content of iron oxide crystals (hematite) that are formed in the sintering process. Under the
action of thermal shock, the hardness of FFW glass-ceramics drops sharply (from 10800 to
1730 MPa). Minor changes in hardness were found only at lower temperatures of thermal
shock (up to 600°C), which is why this glass-ceramic could be used for the needs of building
ceramics where resistance to thermal shock of 200 and 400°C is required.

On the other hand, although glass-ceramics obtained from mixtures of T20 and T40
have a significantly lower hardness (T20 - 2491 MPa, T40 - 1157 MPa), they do not suffer a
large change in hardness due to thermal shock at higher temperatures than glass-ceramic FFW
[34]. This is most likely due to the different bond strengths between the sintered particles in
the samples of different compositions. The damping coefficient of ultrasound of the tested
samples of glass-ceramics at room temperature is even over 30 % higher in glass-ceramics
T20 and T40 in relation to glass-ceramics FFW. This tendency continues at higher
temperatures (Fig. 9c). Therefore, mixtures with tuff would find their application in the field
of building ceramics, especially in areas where good sound insulation is required. Finally, it
should be emphasized that according to the data obtained in [1,2,34] in the areas around the
industrial plant in Bor (Serbia), the total amount of waste smelter slag disposed of in the
landfill is about 16 million tons. This now significantly increased deposited material should
certainly be used, both for economic and environmental reasons. One of the ways to use them
is precisely synthesized glass-ceramic materials (pure FFW and mixtures of T20 and T40)
which would certainly find their significant application in various building materials.

4. Conclusion

Thermal treatment of mixtures of FFW and zeolite tuff T20 (20 % tuff, 80 % FFW)
and T40 (40 % tuff, 60 % FFW) to a temperature of 1260°C over a period of 7 h, synthesized
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glass-ceramics made of iron oxide crystals (maghemite, magnetite, and hematite) and glass
(with an approximate ratio of phases 32/68 (T20) and 23/77 (T40), respectively). Crystals
most often appear in the form of dendritic aggregates, which represent a kind of
reinforcement in glass and improve the general mechanical properties of glass-ceramics.

FFW glass-ceramics could be used for the needs of building ceramics where thermal
shock resistance up to 200°C is required. (above 200°C, there is an increase in structural
discontinuities, which can be seen from the large attenuation of the ultrasound signal.)
Mixtures with tuff would also find their application in the field of building ceramics,
especially in areas where good sound insulation is required. The relatively small shrinkage of
the synthesized material (about 7 %) allows reliable control when designing a given shape.
This indicates that it can be used as a basis for obtaining construction materials.
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Casxcemax. Pao ce basu xapaxmepucmuxama CUHMemu3osamne cmarkioxepamurke ooodujene
cunmeposarem cmewe unannoz gromayuonoz omnaoa (FFW) ca mygom na 1260°C y
mpajary 00 7 camu, Hakon ue2a je ycneouno dcaperse npecosanux yzopaxa na 1080 °C y
mpajary 00 36 camu. Excnepumenmu cy palenu y yusny npoHanaxcera mozyhnocmu 3a
sanopusayujy omnaonoe mamepujana (FFW). Tepmuurxom obpadom cmewa T20 (20 % myea,
80 % FFW) u T40 (40 % myga, 60 % FFW) na memnepamypy 00 1260°C y mpajarsy 00 7
camu, 0obuja ce cmakiokepamuka  Oenopumcke cmpykmype. Cunmemu306ana
CMAKIoOKepamMuKa ce cacmoju 00 0se hasze: Kpucmana okcuoa 280xcha (mazemum, macnemum
u Xemamum) u cmaxia ca npubaudicHumM ooHocom aza 32/68 (T20) u 23/77 (T40),
pecnexmugno. Penamugno Mmano cKynmare cunmemuszoeanoe mamepujara (00 7 %)
omozyhaea noyzoany KOHmMpOLY NpuU NPojekmoeary 0amoe 00auKa wmo yKazyje oa ce maxea
CMAKAOKEePAMUKA MOHCEe KOPUCHUMU KAO 0CHO8A 3a dobujarse epalegunckoe mamepujaid.
Cunmesom npecosanux ysopaxa cmewa (T20 u T40) na 1080 °C y mpajary 00 36 camu
0obuja ce CMaxknoKepamuKa Koja uma UCOK KoeguyujeHm npueyuierba 36yKa, wmo ykasyje
Ha 006pe akyCmu4Ho U30aayuoHe ocoduHe.

Kuyune peuu: FEW; 3eonum mygh, cunmeposare, cmaxiokepamura, (pasuu cacmas.

© 2022 Authors. Published by association for ETRAN Society. This article is an open access
article distributed under the terms and conditions of the Creative Commons — Attribution 4.0
International license (https://creativecommons.org/licenses/by/4.0/).



https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Thermal treatment of mixtures of FFW with tuff, ie samples: T20 (20 % tuff, 80 % FFW) and T40 (40 % tuff, 60 % FFW), up to a temperature of 1260oC for a period of 7 hours, synthesized glass-ceramics [34,58]. X-ray diffraction analysis in both synthes...
	A significant difference in the chemical composition of the synthesized glass-ceramic T20 in relation to T40 is in the higher content of iron (III) oxide and lower content of SiO2, Al2O3 and CaO (Fig. 6).
	/
	/

