SOLID STATE PHYSICS,
MINERAL PROCESSING

T. Tahri!,
orcid.org/0000-0002-3953-9914,
N. Bezzi',
orcid.org/0000-0002-5343-5089,
A.Bouzenzana?,
orcid.org/0000-0003-0440-9471,
K. M. Benghadab?,
orcid.org/0000-0002-3423-4273,
A. Benselhoub?,
orcid.org/0000-0001-5891-2860

https://doi.org/10.33271/nvngu/2022-5/039

1 — Laboratory of Materials Technology and Process Engi-
neering (LTMGP), University of Bejaia, 06000, Bejaia, Alge-
ria, e-mail: tahri2008@yahoo.fr

2 — Mining Laboratory, Mining Institute, Larbi Tebessi Uni-
versity, Tebessa, Algeria

3 — Laboratory of Metallurgy and Material Sciences, Badji
Mokhtar University, Annaba, Algeria

4 — Environment, Modeling and Climate Change Division,
Environmental Research Center (C.R.E), Annaba, Algeria

USE OF NATURAL PHOSPHATE WASTES IN THE MANUFACTURE
OF CONSTRUCTION BRICKS

Purpose. Valorization of phosphate waste and diversification of the range of bricks by improving their mechanical properties. In this
context, our work focused on the use of phosphate wastes from Djebel Onk (Tebessa) combined with clays from the Sidi Aich region
(Bejaia) to manufacture a new variety of brick. The principle consists in varying the percentage of these wastes and the firing temperature.

Methodology. After mechanical preparation in the laboratory, which consists of crushing, grinding and sieving operations, the
two materials of “phosphate and clays” are characterized by several analysis techniques (XRD, IR and XRF). The brick manufac-
turing tests from these two materials were carried out for different weight percentages and for different firing temperatures.

Findings. The combination of these two materials constitutes a new approach to the recovery of natural phosphates, which has
a very high waste rate. Tests of making bricks from these two materials have yielded promising results. From a mechanical point of
view, the best flexural strengths obtained at a temperature of 900 °C vary from 3 to 5 MPa depending on the type of phosphate/clay
mixture. The same goes for the compressive strength, which varies from 15 to 27 MPa depending on the type of mixture as well.
These results conform to ASTM-C674, 1999 construction standards.

Originality. The use of natural phosphate wastes from Djebel Onk in various proportions has resulted in a quality of brick that
meets the international standards.

Practical value. The mechanical properties of the brick made from these two materials, such as resistance to bending and com-

pression constitutes a real significant recovery for the phosphate wastes from Djebel Onk.
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Introduction. The major current problems, from an eco-
nomic and environmental point of view, is the treatment of
large volumes of mining waste produced continuously by in-
dustrial and mining activities as well as the excessive consump-
tion of non-renewable natural resources in the field of con-
struction such as clay.

Clay is a raw material used in the manufacture of construc-
tion bricks and is of growing interest for its various industrial
applications, which are constantly diversifying. Among the
clay-based building materials, there is a brick that is made at an
appropriate temperature called “the sintering temperature”. At
this temperature, the clay particles begin to melt and agglomer-
ate to form a mass with a stony character. After firing, the brick
retains certain porosity, which gives it specific properties and
distinguishes it from other construction materials [1].

Several research works have been carried out: on different
qualities and sources of industrial waste used in the manufacture
of fired bricks such as waste from the wood, paper mill, tobacco,
sugar cane and biomass industries are increasingly more used
[2], also recycling different types of waste into eco-friendly fired
clay bricks [3]. Other studies propose the production of bricks
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based on industrial waste by passing through a series of firing,
cementing and geopolymerization [4]. To develop clay brick as a
sustainable construction material, the use of agricultural and in-
dustrial waste is a practical solution [5]. A classification of waste
according to its properties and its origin was carried out accord-
ing to the European waste catalog EWC (European waste cata-
logue, 2002) and according to its role as an alternative material
for the manufacture of fired bricks [6]. Wastes classified in the
EWC 01 code are wastes resulting from the exploration, extrac-
tion or physical and chemical treatment of minerals; they are the
most used in the manufacture of fired bricks.

We are interested in this study, in the manufacture of a
brick using the clays of Oued Remila (Bejaia) on the integra-
tion of the wastes. It is in particular, a question of associating
with these clays and the wastes of natural phosphates of Djeb-
el Onk whose qualities are considerable. They are character-
ized by mixed grains of dolomite-phosphate cemented by a
carbonate cement and clay [7].

Many industries produce waste from industrial waste,
which is considered not only as waste but rather as a by-prod-
uct that can be a means of increasing the life of clays or in-
creasing the profitability of production.

The main objective of this work is to beneficiate further the
phosphate ore; to diversify the range of brick manufacturing
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and contribute to the protection of the phosphate-processing
unit from drunkenness.

The study consists of two materials, phosphate wastes and
clay; bricks are made with different percentages and different
temperatures.

Materials and methods. Characterisation studies. The sam-
ples of phosphate wastes larger than 1mm for the three sub-
layers of Bled El Hadba and the sample of clay taken from the
stock of clays from the Oud Remila brickyard are subjected to
mechanical preparation in the laboratory to reduce the dimen-
sions of the grains, on the one hand, and to obtain representa-
tive samples, on the other hand. These are homogenization,
crushing, quartering and grinding.

The different analysis techniques used are X-ray diffrac-
tion (XRD), X-ray fluorescence spectrometry (XRF) and In-
frared spectrometry (IR).

The phosphate wastes and the clay are crushed in a jaw
crusher, the aim of which is to obtain a maximum diameter of
I mm (i.e. the opening is 1 mm), and then dried in a furnace at
105 °C for 24 hours until weight stabilized. The humidity ratio
measured on clay is about 9 %. The two samples will then un-
dergo grinding to dimensions of less than 100 pm ina FRISCH
RM200 grinder. The grinding conditions used are grinding
time 10 to 15 minutes and speed of rotation 200 rev/minute.

The mixtures of the two samples are then prepared accord-
ing to the desired substitution rates. These last ones change
according to the percentages of phosphate waste (Table 1).

Prior to starting to prepare samples, the prerequisite is to
manufacture the mold to be used. For this, we used a mechan-
ical manufacturing machine at the level of the Technological
Hall of the University of Bejaia. This machine is of parallelepi-
pedal shape and has dimensions of 4 x 4 x 16 cm’. The raw
materials are mixed with a sufficient quantity of water (20 %)
in a mixer then deposited in a mold, pressed with a hydraulic
press to evacuate the air and water, dried in the open air at
100 °C for two days. They are then fired in a furnace at a well-
defined temperature and firing time.

The firing temperature is gradually increased for 5 hours.
This test was carried out for firing temperatures of 850, 900
and 950 °C to determine the important indices of brick quality.
Then a gradual cooling is performed for 5 hours to a room
temperature and then exposed to the open air [§].

Experimental procedure. Using phosphate waste outside the
mine site is one of the methods that could reduce its volume. The
idea is to find ways to recover these wastes that can consume these
large quantities. The manufacture of fired bricks based on phos-
phate wastes presents a specific example of industrial symbiosis.

Results and discussion. Chemical analysis and X-ray Dif-
fraction analysis. The mineralogical study on the phosphate
ore, performed by X-ray diffraction (XRD) focused on the two
crushed samples <100 um.

The obtained results of the phosphate waste sample are re-
ported in Fig. 1, a. They revealed the presence of the following:

- dolomite and calcite as main minerals;

- quartz and fluorpatite in low quantities.

Phosphate wastes from Bled El Hadba are rich in calcite
but low in Fluoroapatite and quartz [9].

The obtained XRD results of the clay sample are reported
in Fig. 1, b. They have highlighted the presence of the follow-
ing minerals:

Table 1
Percentage of phosphate wastes and clay

Sample % Clay % Phosphate wastes
Mixture 1 (MX1) 100 0
Mixture 2 (MX2) 90 10
Mixture 3 (MX3) 80 20
Mixture 4 (MX4) 70 30

- illite, muscovite and calcite as main minerals;

- quartz and dolomite in small quantities.

The Oued Remila clays have a poly-mineral composition.

IR infrared spectroscopy analysis. Analyses by infrared spec-
troscopy were carried out for the two ground samples < 100 um
of phosphate wastes and clay. The obtained results are illustrated
in Tables 2, 3 and Fig. 2. They highlighted several main bands, in
particular those attributed to calcite carbonates with a deforma-
tion vibration of Si—O—Al for phosphate wastes and for clay.

Chemical compositions. The mechanical preparation of
the two samples (phosphate wastes and clay) was performed at
the LTMGP laboratory, University of Bejaia.

The chemical composition of these two samples was deter-
mined by XRF, at the laboratory of Farhat Abes University, Se-
tif. The obtained results showed the existence of the following
elements: Ca, Si, Al, Fe, P, Mg, K, S, Na, Ti, F, Sr, Mn, and CI
as presented in Table 4 and Fig. 6. From these results, the clay is
rich in silicon (34.9 %), aluminum (12.2 %), iron (11.6 %) and
potassium (4.23 %) unlike phosphate wastes which record:
4.82 % silicon, 1.35 % aluminum, 1.18 % iron and 0.51 % po-
tassium. It should be noted that phosphate wastes are charac-
terized by high contents of: calcium (71.4 %), phosphorus
(9.32 %) and magnesium (5.90 %) compared to clay: calcium
(30.6 %), phosphorus (0.18 %) and magnesium (2.21 %).

Silicon (Si) plays a role as a filler material and is used in the
manufacture of fired bricks to reduce plasticity and increase its
hardness.

Alumina (Al) makes it possible to improve the plasticity of the
mixtures and to obtain pressed products with significant reliefs.

Calcium (Ca), potassium (K), sodium (Na) and magne-
sium (Mg) are also considered fluxing elements and tend to
combine with silicates during cooking [10]. The rest of the
chemical elements are presented at similar levels.

Manufacture of fired bricks. In this study, we used phos-
phate wastes to manufacture fired bricks. The principle is to
formulate bricks by substituting the natural clay of Oued
Remila with phosphate wastes in different proportions, rang-
ing from 0 to 30 % phosphate waste.

Analysis of fired bricks by XRF. The obtained results of the
chemical analysis of the bricks, by XRF at a temperature of
850 °C, are shown in Table 5 and Fig. 4. These results show that
the contents of silicon (34.3 %), aluminum (11.9 %) and iron
(11 %) obtained for MX1 are higher compared to the other
MX2 bricks (Si: 30.1 %, Al: 10.6 % and Fe: 10.1 %), MX4 (Si:
23.6 % Al: 8.53 % and Fe: 7.8 %) and MX3 (Si: 26.3 %, Al
9.47 % and Fe: 8.87 %). On the other hand, the contents of cal-
cium (31.7 %) and phosphorus (0.189 %) recorded by the MX1
brick are lower than those for the other MX2 bricks (Ca: 36.3 %
and P: 1.84 %), MX3 (Ca: 39.9 % and P: 3.16 %) and MX4 (Ca:
43.7 % and P: 4.34 %). On the other hand, the contents of the
other elements are very close for four other types of bricks.

The obtained results by XRF at a temperature of 900 °C are
illustrated in Table 6 and Fig. 5. It appears from these results that
the contents of the elements of silicon (33.4 %), aluminum
(11.7 %) and iron (11.2 %) for MX1 are higher compared to those
of three other MX2 bricks (Si: 29.7 %, Al: 10.4 % and Fe: 10.2 %),
MX3 (Si: 26.4 %, Al:9.11 % and Fe: 8.81 %) and MX4 (Si: 23.2 %
Al: 8.29 % and Fe: 7.84 %). On the other hand, the calcium con-
tent (32.2 %) recorded by the MX1 brick is lower compared to the
MX4 (Ca: 44.3 %), MX3 (Ca: 39.9 %) and MX2 (Ca: 36.4 %).

For the other elements, the contents are very close for four
other types of bricks manufactured.

The obtained results by XRF at a temperature of 950 °C are
presented in Table 7 and Fig. 6.

These results show that the contents of silicon (33.9 %), alu-
minum (11.9 %) and iron (11 %) elements for MX1 are high com-
pared to the other three MX2 bricks (Si: 29.8 %, Al: 10.6 % and
Fe: 10 %), MX3 (Si: 26.4 %, Al: 9.47 % and Fe: 8.96 %) and MX4
(Si: 23.4 % Al: 8.54 % and Fe: 7.82 %). However, the calcium
content (Ca: 32.2 %) recorded by the MX1 brick is lower than
that for the other MX2 bricks (Ca: 36.4 %), MX3 (Ca: 40.3 %)
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Fig. 1. X-ray diffractograms:
A — Phosphate wastes; B — Clay
Table 2 Table 3

Identification of IR bands for the clay sample

Identification of IR bands for phosphate wastes

and MX4 (Ca: 44.3 %). The rest of the elements presented very
rocky grades for the other four types of bricks manufactured.
Bending and compressive strength tests for bricks. Mechani-
cal resistance is one of the quality indicators required by con-
struction standards. The mechanical characterization includes
uniaxial compression and bending tests on the manufactured
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l’i(r)ls;trlli)f}s in tlgfl:i(tiies Band identification POS::;)RS n in tzﬁ;?ies Band identification

586.36 | Strong Deformation vibration of Si—O—Al 588.29 Strong Deformation vibration of Si—O—Al
873.75 | Weak Asymmetric vibration Si—O—Al 856.39 Weak Asymmetric vibration Si—O—Al
1047.35 | Very strong Calcite CaCO; 1053.13 Very strong | Calcite CaCO;

1436.97 | Very strong Carbonate CO3? 1429.25 Strong Carbonate CO;2

2524.82 | Weak P—H bond 1579.70 | Average Aromatic C=C

3425.58 | Strong Hydroxyls OH

specimens and allows the evaluation of the suitability of a ma-
terial for use in the field of construction.

We carried out the physical tests on different samples of bricks
using the CMA compression device, Ko3313 at the laboratory of
the Ain Kbira cement plant. It has the following characteristics:

C1: compressive strength test number 1.

C2: compressive strength test number 2.
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Fig. 2. Infrared spectrum of the sample: Ca 31.7 36.3 39.9 43.7
A — Phosphate wastes; B — Clay Si 343 30.1 26.3 23.5
Al 11.9 10.6 9.47 8.53
CM: average of the two compressions 1 and 2. Fe 1 10.1 8.78 78
F: resistance to bending. P 0.19 1.84 3.16 4.34
The qbtalned res:llts ofthe ﬂexqral and compressive strength Mg 266 319 389 429
of the bricks at 850 °C are shown in Table 8 and Fig. 7. These
results show that the flexural strength of the bricks for the 100 % K 3.93 3.48 3.03 2.65
clay mixture (MX1) 4.43 MPa is greater compared to that of the S 119 1.29 1.4 1.47
other MX2 mixtures: 3.62 MPa; MX3: 3.07 MPa and MX4: Na 1.38 1.37 1.38 1.24
2.89 MPa. Also, the compressive strength of MX1 (23.89 MPa) Ti 17 107 17 0.9
is higher than those obtained for the three mixtures MX2 - - - -
(20.25 MPa), MX3 (17.12 MPa) and MX4 (16.03 MPa). F - - 0.9 0.9
The obtained results of the flexural and compressive Sr 0.19 0.24 0.26 0.28
strength of the bricks at 900 °C are given in Table 9 and Fig. 8.
M 0.0 0.08 0.0 0.08
It appears from these results that the flexural strength of 100 % 1 ) i
clay bricks (MX1) 5.03 MPa is greater compared to those of Cl 0.15 0.22 0.18 0.29

80
mCly = Phosphate wastes

s D

Contents in (%)
= [ [ P 4 (=1 -1
o (=] [=] o (=] (=] (=] (=]
n TR 306
2 I | 4

bl [t}
o = o
- o

© = = o
o [V [0 =]
M a2 HE o= G fm 8" Ry Hs d an -3 F_
I - - = I lcf (=l =1 = f==3 P==2 [==3

- - | — B B mm_ . _
Si Al Fe P Mg K s Na Ti F Sr Mn Cl

Chemical Elements

Fig. 3. Chemical composition of the used clay and of the phosphate wastes
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Fig. 5. Chemical composition of the bricks by XRF at a temperature of 900 °C

Table 6 Table 7
Chemical composition of bricks at 900 °C Chemical composition of bricks at 950 °C
Contents in (%) Contents in (%)
Elements Elements

MX1 MX2 MX3 MX4 MX1 MX2 MX3 MX4

Ca 32.2 36.4 39.9 443 Ca 32.2 36.4 40.3 44.3
Si 33.4 29.7 26.4 23.2 Si 33.9 29.8 26.5 23.4
Al 11.7 10.4 9.11 8.29 Al 11.9 10.6 9.47 8.54
Fe 11.2 10.2 8.81 7.84 Fe 11 10 8.96 7.82
P 0.24 1.77 3.21 4.51 P 0.19 1.78 3.05 4.38
Mg 2.73 3.16 3.83 4.34 Mg 2.61 3.06 3.62 4.13
K 3.92 343 2.96 2.63 K 3.69 3.24 2.29 2.44
S 1.3 1.39 1.35 1.4 S 1.26 1.33 1.29 1.32
Na 1.37 1.44 1.3 1.23 Na 1.45 1.56 1.39 1.31
Ti 1.22 1.11 1 0.89 Ti 1.18 0.97 0.93 0.75
F 0.5 0.73 F - 0.54 0.94 0.94
Sr 0.26 0.24 0.256 0.29 Sr 0.21 0.23 0.26 0.29
Mn 0.1 0.059 0.01 0.08 Mn 0.1 0.11 0.07 0.08
Cl 0.26 0.23 0.19 0.2 Cl 0.14 0.17 0.17 0.15

other mixtures MX2: 3.94 MPa, MX3: 3.76 MPa and MX4:
3.43 MPa. Also, the compressive strength of MX1 (26.76 MPa)
is higher than that of the other mixtures MX2 (25.32 MPa),
MX3 (19.59 MPa) and MX4 (15.03 MPa).

The results of the flexural and compressive strength of the
bricks obtained at 950 °C are shown in Table 10 and Fig. 9.

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2022, N2 5

These results show that the flexural strength of 100 % clay
bricks (MX1): 3.76 MPa is greater than those of the other mix-
tures MX2: 3.07 MPa, MX3: 2.63 MPa and MX4: 2.53 MPa.
The compressive strength of MX1 (23.50 MPa) is higher than
that of the other three mixtures MX2 (19.40 MPa), MX3
(18.26 MPa) and MX4 (12.74 MPa).
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Table & Table 9
Results of the flexural and compressive strength of the bricks Results of the flexural and compressive strength of the bricks
at 850 °C at 900 °C
Flexural and compressive Mixtures Flexural and compressive Mixtures
strength in (MPa) MX1 MX2 | MX3 | MX4 strength in (MPa) MX1 | MX2 | MX3 | MX4
F 4.43 3.62 3.07 2.89 F 5.03 3.94 3.76 3.43
Cl 23.25 20.7 15.3 17.23 Cl 29.88 | 24.31 21.58 12.72
C2 24.54 19.81 18.94 | 14.83 2 23.64 | 26.34 | 17.61 | 17.35
CM 23.89 20.25 1712 | 16.03 CM 26.76 | 25.32 | 19.59 | 15.03
30 qEE mF  mCl 3 o ——
25 A& rg & " C2 wcM 4G mod C2 mcM
T ] 28 8_o 2% S 385y
90 £l el S 25 a SRR a
E - T - = 20 == W= S
g1s &2
g g 15 =
10 o - 3 o
g, 3 g 5 2 i0oE 3 € :rl I
o5 o o o~ ~ 5 o o o
. I i n N . I ] il
ME2 Mixtures MX3 Mxa M2 Mixtmcs
Fig. 7. Histogram of resistance (M PA) to flexural and compres- Fig. 8. Histogram of flexural and compressive strength of bricks
sive brick at §50 °C at 900 °C
The obtained results of the physical tests showed that the Table 10
best flexural strengths are recorded at a temperature of 850 °C Results of the flexural and compressive strength of the bricks
for the four types of bricks (MX1: 5.03 MPa, MX2: 3.94 MPa, at 950 °C
MX3: 3.76 MPa and MX4: 3.43 MPa ). However, the best
compressive strengths are recorded at a temperature of 900 °C Flexural and compressive Mixtures
for the other bricks (MX1: 26.76 MPa, MX2: 25.32 MPa strength in (MPa)
’ > MX1 MX2 MX3 MX4
MX3: 19.59 MPa and MX4: 15.03 MPa). On the other hand, 376 30 > 63 35
the best compression result is recorded by the 100 % clay MX1 F 7 07 : -3
brick because of the high content of silicon (34.3 %) and low Cl 21.98 21.62 | 1945 | 12.89
calcium (31.7 %) compared to the other MX2 bricks (30.1 and C2 25.03 17.19 17.07 12.59
36.3 %), MX3 (235 and 43.7 %) and MX4 (263 and 39.9 %) CM 23.50 19.40 18.26 12.74

Silicon played a role as a filler material, generally used in the
manufacture of fired bricks to reduce the plasticity and in-
crease the hardness of the brick. Silica is known for its role in
the formation of the skeleton of baked products [11].
Conclusion. The characterization of our samples made it
possible to define the nature of the clay rich in silicon (34.9 %),
aluminum (12.2 %), iron (11.6 %) and potassium (4.23 %)
compared to the phosphate wastes: silicon (4.82 % ), alumi-
num (1.35 %), iron (1.18 %) and potassium (0.510 %). Phos-

phate wastes are characterized by high calcium (71.4 %) and
magnesium (5.90 %) contents compared to clay: 30.6 % (cal-
cium) and 2.21 % magnesium.

The presence of silicon in high contents plays a role of
filler materials, used in the manufacture of fired bricks to re-
duce the plasticity and increase the hardness of the brick. Alu-
minum makes it possible to improve the plasticity of the mix-

44 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2022, N2 5



[ ] (78]
h [=]
25,03
23,5
17,07
L |
s
n
Q

| BERS

M 307
I 21,62
17,19
[ e
H 263
I 1045
W 253
L EEE

Resistances in (MPa)
[— e [
[l [¥] (=] L (=]
L BERE
. EE

:

MX2 M3 M4
Mixtures

Fig. 9. Histogram of flexural and compressive strength of bricks
at 950 °C

tures and to obtain pressed products with significant reliefs.
Calcium, potassium, sodium and magnesium are also consid-
ered fluxing elements and tend to combine with silicates dur-
ing firing. The rest of the chemical elements have similar con-
tents. The high calcium content of over 30 % allows it to be
categorized as a very workable and plastic calcareous clay.

The obtained results of the mechanical tests made it pos-
sible to determine the best flexural strength at a temperature of
900 °C for the four types of bricks (MX1: 5.03 MPa, MX2:
3.94 MPa, MX3: 3.76 MPa and MX4: 3.43 MPa). The same
applies to the best compressive strengths (MX1: 26.76 MPa,
MX2: 25.32 MPa, MX3: 19.59 MPa and MX4: 15.03 MPa)
since the verification mechanisms generally start at around
900 °C and end at around 1,050 °C [11].

On the other hand, the best compression result is recorded by
the 100 % clay MX1 brick because of the high content of silicon
(34.3 %) and low calcium (31.7 %) compared to the other MX2
bricks (30.1 and 36.3 %), MX3 (23.5and 43.7 %) and MX4 (26.3
and 39.9 %). Silicon played a role as a filler material, generally
used in the manufacture of fired bricks to reduce the plasticity
and increase the hardness of the brick. The increase in the quan-
tities of phosphate wastes decreases the presence of silica, alu-
mina and iron and results in a loss in the compressive strength.

It can be concluded that the best flexural strength results
are obtained at a firing temperature of 850 °C. For the four
types of bricks, the resistance is greater than 2.5 MPa. This
meets well the construction standards of American Standard
and Testing Materials (ASTM-C674, 1999).
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Merta. Banopu3zaiis dochatHux BiaxodiB i auBepcudi-
Kallisl aCOPTUMEHTY LIETJIA 3a PaXyHOK MOKpalIeHHs 11 Mexa-
HiuHMX BiactuBocTeil. Hama poGoTa y 1IbOMY KOHTEKCTi
Oya 3ocepemKeHa Ha BUKOPUCTaHHI BimxomiB docdarty i3
Jxeb6enbp Onk (Tebeccn) y KomOiHallii i3 IMHAMU perioHy
Cini Aiix (bemxast) 3 MeTOI0 BUPOOHUIITBA HOBOTO COPTY IIe-
. CyTb inei mosisirae y 3MiHi MpOLIEHTHOT'O BMIiCTY LIMX Bifl-
XO[IiB i TEMIIepaTypu BUMAIYy.

Metoauka. [Ticisg MexaHiuHOI MiATOTOBKHU B 1abopaTopii,
IO CKJIAAEThCS 3 Olepalliii pobaeHHs, MOAPiOHEHHS Ta
MPOCiIOBaHHS Yepe3 rPOXOT, BiIOYBAETHCS aHAJIi3 IBOX MaTe-
pianiB «docaty Ta rmmHU» nekinbkoMa metogamu (XRD, IR
ta XRF). BunpoOyBaHHsI LerIU, BUTOTOBJIEHOI 3 LIUX ABOX
MaTepiayiiB, MPOBOAWIMCS TMPU Pi3HUX BaroBUX BiICOTKaX i
Pi3HUX TeMIIepaTypax BUTIATY.

Pesymbrati. [ToenHaHHST LIMX TBOX MatepialliB SBJSIE CO-
0010 HOBMI MimXil A0 BUKOPUCTaHHS MpUpodHUX (ocdartis,
110 MalOTh IyXXe BUCOKY HOpMY BimxomiB. BunpoOyBaHHST BU-
TOTOBJIEHHSI LIEMIM i3 IIUX JBOX MaTepiaiB JAaau oOHaiilIvBi
pe3ynbTaTi. I3 MexaHiyHO1 TOUKM 30py, HaliKpalla MilTHiCTb Ha
BUTMH oTpuMaHa 3a Temnepatypu 900 °C, 3HaxoauThCs B Hia-
nma3oHi Bin 3 mo 5 MIla 3anexHo Bin Tvry cyminr docdary/
rHU. Tak camMo i MillHiCTb Ha CTUCKAHHSI, 1110 BapilOETHCS Bil
15 mo 27 MIla B 3anexHocTi Bif Tvmy cyminri. Lli pesyabratn
BiANOBinaoTh OyniBebHUM HopMaM ASTM-C674 1999 poky.

Haykosa HoBH3HA. BuKoprcTaHHS BiIxomiB IPUPOTHOTO
docdary i3 JIxxedenb OHK y pi3HUX MPOIOPLISIX 103BOJIUIO
OTPUMMATHU SIKiCTh LIEIJIM, sSKa BIAINOBiIA€E MiXHAPOIHUM
CTaHJapTaM.

IIpakTyna 3HaYMMicTh. MeXaHiYHi BJIACTUBOCTI LIETJIH,
BUTOTOBJICHOI i3 IIMX IBOX MaTepialiB, TaKi K Mil[HiCTb Ha
BUT'MH Ta CTUCKAHHSI, CTalOTh OCHOBOIO HiliCHO e(heKTUBHOTO
crnocoOy yTuitizalii BinxoniB (pocdaty i3 JIxkedenb OHK.

KumouoBi cioBa: gidxoou gocghamie, enuna, eupobHuymeo,
yeena
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