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Purpose. This study is conducted on the use of industrial waste (blast furnace slag) from the El-Hadjar steel plant
located in eastern Algeria. The research aims to understand the behaviour of the addition of Slag as raw material (replac-
ing sand) in the preparation of the mixture before baking in the rotary kiln at the Hadjar-Soud cement plant in Skikda.

Methodology. The representative samples taken from the cement plant site are subjected to grinding of the mixture
of limestone, slag, clay and iron ore, the material prepared at a grain size of less than 50 p is subjected to a physico-
chemical characterization. The prepared sample is placed in a furnace with a temperature of up to 1450 °C.

Findings. The results obtained during the tests show that the addition of slag into the raw meal does not affect the
chemical or mineralogical composition of the clinker. However, the clinker obtained reveals significant results and
meets the Algerian standard NA 442 2000 (CPJ CEM I1/A 42.5). The addition of slag to replace the sand has allowed
us to reduce the annual CO, emission rate by about 17.5 %, and contributes to the reduction of pollution.

Originality. The originality of this work is the preparation of the raw cement meal, based on slag (already decarbon-
ated material) instead of sand. As a rule, for the production of cement clinker, the proportion of the raw materials is:
limestone (77—80 %), clay (16—18 %), iron ore (1.5—3 %) and sand (2—4 %). In the present work, the proportions for
the production test of the slag-based clinker are respectively: limestone 70 %, slag 9 %, clay 19.2 % and iron ore 1.8 %.
The estimate of the annual CO, emission rate in the cement plant was carried out by the Software (GEMIS 4.7).

Practical value. The process for obtaining slag-based clinker (steel waste) is probably of great importance for the
production of cement for several reasons: the production of one tonne of Clinker at a minimum cost, along with
management of non-renewable natural raw materials, such as sand and limestone deposits, and work towards sustain-
able development.
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Introduction. Cement is an industrial material, pro- In the case of Hadjar-Soud cement plant, located in
duced from a mixture of raw materials including lime- the Wilaya of Skikda in the north-east of Algeria; the
stone, and clay. Several types of cements such as Port- composition of the raw remains in defining proportions:

land cements, cements of blast furnaces, and others, are limestone CaCO; (77 to 80 %); clay Al,O5 (16 to 18 %);
obtained by means of a baking process which combines SiO, sand (2—4 %); iron ore (1.5 to 3 %).

these raw materials at 1450 °C in a rotary kiln. Cement that is mainly composed of blast furnace
slag and Portland cement has been marketed in China
for more than 20 years and makes about 40 % of the total
© Mekti Z., Bounouala M., Chettibi M., Boutemedjet A., 2018 production of steel slag; this type of cement has the ad-
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vantages of higher cost of abrasion resistance, a decrease
in the evolution of hydration heat and later development
of strength, but the disadvantage is that with the longer
setting time the initial resistance is lower, so the CaO
content of steel slag can cause volume expansion problems.

In the blast furnace, in addition to the iron ore and
the coke, a flux, generally based on lime, is introduced
in order to lower the melting point of the gangue and
thus allow the ore to be extracted at a temperature of
1400 at 1500 °C [1].

The oxides of the filler not transformed into metal
constitute the slag; it is evacuated from a blast furnace in
the liquid state to the melting temperature of the matrix
separating the melt by difference in density. According
to the corresponding cooling process, two types of slag
are obtained; the granulated slag (vitrified) during sud-
den cooling (case studied) and the rock slag (crystal-
lized) resulting from slow cooling.

So, slag is a by-product of the transformation of iron
into steel, it has differences in chemical composition de-
pending on raw materials and process. Fifty million
tonnes/year of steel slag are produced as industrial waste
in the world [2], at present; cement plants use slag as an
addition to gypsum in cement after firing, in order to
improve the cement characteristics and to increase the
production of cement products.

According to the Global Carbon Project [3], 36 bil-
lion tonnes of CO, were emitted to the atmosphere in
2013 due to the burning of fossil resources (oil, gas, coal)
and cement plants. For the cement production industry
0.7 Mt CO, year for a cement plant-type producing
1000000 t/year (0.7 t of CO, per tonne of cement), the
assessment of the various environmental impacts reveals
that the combustion of the natural gas (CH,) contributes

Methods and Materials. Preparation of raw meal. The
representative samples of the tests for the production of
slag-based cement clinker are provided by the Hadjar-
Soud Cement plant, (Skikda, Algeria). The chemical com-
position of the raw materials is presented in Table 1.

To realize the essay of preparation of the raw meal, a
mixture of four samples (limestone, clay, slag and iron)
is carefully weighed with an electronic balance, then pul-
verized by a disk crusher to (Retesch RS200 type), the
disk crusher plays the role of a perfect Homogenizer of
four elements, the size grading must be lower than 50 um
and the rate of humidity does not exceed 5 %.

Afterward, the obtained mixture undergoes an anal-
ysis by X-ray fluorescence (XFR) of Bruker AXS S8 LION
type. The operation of dosage must be repeated until
obtaining values limiting the percentage of certain ele-
ments in the raw mixture (CaO, Al,O3, Fe,03, and SiO,).

The chemical composition of raw meals, prepared
according to the optimal proportions of raw materials, is
recapitulated in Tables 2 and 3. To determine the perfor-
mances of cement, a calculation of modules of raw meals
was realised.

Production of clinker. For the production of the clinker
with and without slag [4], two samples of the raw meal
were prepared according to the percentage indicated in
Table 2, the applied process of baking is the same for the
production of both types of clinker, the time of staying
of meal inside the kiln is 60 min.

After drying in an oven at 110 °C, the samples were
placed inside the oven at 500 °C (type carbolite RHF 16/8,
temperature max 1600 °C), the temperature was increased

Table 1
Results of chemical analyses of raw materials

to the cooking of meal in the rotary kiln, so the decar- Element | Limestone| Clay Slag Iron
bonatlop phase of llmestone contributes greatly to glob- Ca0 4 S 44 34.04 15.36
al warming by formation of greenhouse gases (GHG).

To this end, the aim of this study is to investigate the ALO; 0.32 17.94 6.61 4.11
behaviour of blast furnace slag as a substitute for sand in Fe, 04 0.29 1.57 4.46 40.26
the natural raw material mixture. It is, thus, part of the SiO, 0.61 53.80 32.89 19
concept of sustainable development applied to blast fur- MgO 0.36 2.01 8.08 2.07
nace slag; this concept leads us to favour a mode of pro- Na,O 0.07 0.89 0.42 _
duction and management that reserves for non-renew- K.O 003 175 067 0.9
able natural resources for future generations, and, in C12> : 0 '01 3 - -
addition, it also participates in the reduction of green- - : - -
house gas emissions in the environment, including CO,. SO, - 0.02 0.42 0.4

Table 2
Proportion limits of the elements and dosage of the raw material
Designation Limestone Clay Iron-ore Slag Sand
Limits of raw material values 68—72 18.9-19.4 1.6—2 8.5-95 )
(slag-based meal), %
Limits of torial val " Total
imits of raw material values (mea 77-83 13—14 15-3 . r—4
without slag or ordinary), %
The quantity taken for the test
Proportion of elements of raw material
taken for tests (with slag), % 70 152 1.8 9 ) 100
Proportion of elements of raw material
taken from test (without slag), % 815 13:5 2 ) 3 100
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to 1000 °C. The samples were left for 30 min inside, and
finally, the temperature was again increased to 1450 °C,
while the samples remained again for another 30 min. In
order to avoid transforming C;S to C,S, the samples were
rapidly cooled down at the end of the process.

The clinkers produced were analysed by chemical
analysis, X-ray diffraction and optical microscopy. Fur-
thermore, the clinkers obtained were analysed by XFR,

XRD and optical microscopy. The results of the analy-
ses are presented in Table 4. The mineralogical phases of
the clinkers and of the slag used are determined by the
XRD, type PANalyticale (X’Pert PRO) and the results
are illustrated in Figs. 1 and 2. The microscopic obser-
vation of polished sections of clinkers, is realized by means
of a computer-assisted optical microscope, type LEICA
DMLM, the results of the observation are shown in Fig. 3.

Table 3
Chemical analysis results obtained for raw meal
Element CaO AlLO; | Fe,O; SiO, MgO Na,O K,O Cl SO,
meal with slag 42.56 4.09 2.48 13.78 1.36 0.14 0.36 0.005 0.13
meal without slag 43.97 3.65 2.34 12.39 1.19 0.12 0.32 0.006 0.14
Table 4
Chemical and mineral analyses of clinker with and without slag
Element | CaO |AlLO;| Fe,05| SiO, | MgO | Na,O | K,0 | CI’ SO; | C3S | C,S | GA | CAF
Clinker- 1 6598 | 6.34 | 3.84 | 2136 | 2.11 | 0.22 | 0.56 | 0.007 | 0.2 | 57.61 | 17.80 | 10.30 | 11.69
based slag
Ordinary
clinker 66.16 | 5.64 | 3.78 | 22.08 | 1.01 | 0.22 | 0.43 | 0.017 | 0.10 | 57.30 | 20.10 | 8.35 | 11.5
without slag
Counts
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Fig. 1. XRD result of slag used
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Fig. 2. Influence of silicic module on the mineralogical
composition of clinker [8]
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Fig. 3. Influence of the MAF on the correlation between
CAF and C;A[8]
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The assessment of CO, emissions. The assessment of
the CO, emissions during the production of both clin-
kers is done by the means of Global Emissions Model
for Integrated Systems (GEMIS) 4.7, 2011. This software
is a database program for Life Cycle Assessment (LCA),
designed as a tool for the comparative assessment of the
environmental effects of energy, by Oko-Institut and
Gesamthochschule Kassel (GhK) [5]. The software con-
tains an impact analysis system and a database of materi-
als used, processes, means of transport and energy allow-
ing modelling of the product.

The inventories of inputs provided by the Hadjar-
Soud cement plant [6], in the form of data (for the pro-
duction of one tonne of clinker), are as follows:

1. Production of clinker in 2015 is 814,000 t of clinker.

2. Natural gas CH,: to produce 1 kg of the clinker, the
consumption of natural gas (CH,) reaches 0.1 Nm?, or
0.09 kg of fuel.

3. Raw material (meal): 1 kg of the clinker requires
1.89 kg of raw meal.

4. Electricity: electricity consumption is 120 kw/h to
produce 1 tonne of cement.

5. The plant works at 100 % of its capacities.

6. Proportions of the raw materials used to prepare
1 tonne of slag-based clinker are: 700 kg of limestone,
192 kg of clay (marl), 18 kg of iron and 90 kg of the slag.

7. Proportions of raw materials to prepare 1 tonne of
sand-based clinker are: 815 kg of lime, 135 kg of clay (marl),
20 kg of iron and 30 kg of sand.

We noticed that, inventories of inputs are identical
for both types of clinker, unless a change in the propor-
tions of raw materials (limestone, slag, clay, sand and
iron) occurs, see Table 2. The results of evaluation are
recapitulated in Tables 5, 6 and 7.

The tests of preparation and dosage for the produc-
tion of the clinker are realized in the following laborato-
ries:

1. Laboratory of the chemical and mechanical analy-
ses of the cement plant Hadjar-Soud.

2. Laboratory of mineral resources and environment,
USCR “X-rays diffraction” at the University of EI-Manar,
Tunisia.

3. Laboratory of valorisation of mineral resources and
environment of the mining department.

4. Metallurgy and Materials Engineering Laborato-
ry, University of Annaba.

Results and discussion. Chemical and mineralogical
characterization of the slag used. The results of the chem-
ical analysis presented in Table 1, show that the slag is

Table 5

Clinker CO, EQ/T GHG emission results in tonne
Element Quantity Factor equ(i:\gfent Part
(t) 107 (%)

CO, [802.29:103| 1.00 802.29 98.34
CH, [410.77-10°| 25.00 10.27 1.26
N,O | 10.76:10° | 298.00 3.21 0.39
Somme 815.79 100

constituted from 95 to 98 % of a mixture of four oxides:
the silica SiO,, the lime CaO, the alumina Al,O; and the
magnesia MgO. The additive consists of secondary ox-
ides such as FeO, MnO and sulfur compounds. The min-
eralogical composition is determined by XRD, the re-
sults obtained are illustrated in Fig. 1, and they are crys-
tallized constituents, essentially silicates or silico-alumi-
nates of lime. Among others, we also meet oxides, sul-
phides, and, exceptionally, nitrides.

Determination of cement performance. Optimization
of raw material proportions. The proportions of raw ma-
terials for the preparation of ordinary raw meals (sand-
based) are well known, while the slag-based meal requires
prior optimization. To determine the optimum quantity
of raw materials, different dosing tests are performed.
The results show that 9 % of slag addition in the raw
meal can reduce the amount of limestone down to 70 %
(Table 2).

It is evident that 9 % of slag replaced partially by the
rate of CaO and the SiO, is, respectively, in the lime-
stone and the sand. The chemical analysis of both raw
meals made by XRF, presents a difference in chemical
composition, although the contents always stay within
the standard proportions (Table 3).

Table 6
Results per tonne CO,/t of clinker
Quantity Part
Process (1)-10°3 (%)
Non-metallic
minerals/cement 545.00 67.93
clinker-DZ-2015
heat-process-CaO-
gas-DZ-2010 192.51 23.99
(end-energy)
gas-CC-DZ-2010-1 48.45 06.04
diesel motor-DE-2010 7.63 951.36-1073
compressor-GT- 10
D7Z-2010-1 4.76 593.61-10
gas-boiler-DZ-2010-1 0.96 119.16-1073
Table 7
Comparison of CO, emission results
Decarbona-| v ction
tion {CO,/ CcO,
2
t CTOZ/ t clinker t/year
t clinker
Sand-based | ¢ 0.231 727716
clinker
Sand-based | 55 0.192 599918
clinker
Difference
CO,/t clinker| 118 0.039
Annual 127798
Difference, 96052 31746
t/year
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Computation and discussion of the obtained modules
and indices. Since the time of “Le Chatelier” (1850—
1936) almost all researchers who have studied the Port-
land cement worked to search the relationship between
the four fundamental oxides CaO, SiO,, Al,O; and Fe,03,
which constitute the different Portland cement [7]. The
relationships between these oxides are named modules.
In practice, the proportion of the principal constituents
of clinker is calculated in the form of rates, modules or
chemical indices, results of studies of many scientists about
the mechanisms of formation and reactions of Portland
clinker.

The values of the modules and indices calculated on
the basis of the results of the chemical analyses of raw
meal based on slag obtained previously; are presented in
Table 8. According to the calculation results, the follow-
ing points can be mentioned:

1. Michaelis hydraulic module MH, generally we
work between 2 and 2.1.

If MH < 1.7, strength cement is low, dehydration is
difficult to adjust. If MH > 2.3, it results in hard baking,
high initial resistance, increasing the volume of cement
following the free lime [8].

2. The Kiihl Silicic Module (Ms) of ordinary ce-
ments is between 2.2 and 2.6. The high silica cements
have a very high silica modulus (Ms > 5).These types of
cement contain a less durable vitreous phase which makes
the cooking of its clinker difficult; otherwise, we noticed
a reduction of dehydrations and hardening in time.
Clinkers with a small silicic module are easily cooked be-
cause of a longer vitreous phase. The latter constitutes a
coating for the rotary kiln.

Within certain limits, the higher the Ms content is,
the higher the (C;S + C,S) content is and the lower the
(C;A + C,AF) content is.

If Ms > 3, the cooking ability of the raw mixture de-
creases due to the percentage reduction of the liquid phase.
The clinker is normally pulverulent; the crusting be-
comes unstable due to its low thermal shock resistance.
The cement will have a longer hold.

When Ms < 2, the baking ability of the raw mixture
increases, as well as the percentage of the liquid phase in
the cooking zone, the strength of the cement decreases
and the hardening time is shortened. Fig. 2 shows the
correlation between mineral silicates and fondants, for a
given value of Ms.

3. MAF (Kiihl Alumino-Ferric Module) is between
1.5and 2.5.

If MAF < 1.5, the clinker does not contain C;A, it con-
tains only C,AF during the formation of clinker minerals
(MAF < 0.64). C;A will form when C,AF is saturated. In
this case, the cement has a low hydration heat and a resis-
tance against the attacks of ions rich in sulphate.

MAF > 2.5: the clinker contains a high content of
alumina, and C;A will be very important in the cement.
The viscosity of the liquid phase increases considerably,
which makes it difficult to form C,S, the initial strength
of the cement increases, the heat of hydration of the ce-
ment increases and the setting time becomes faster. The
strength of cement in aggressive locality decreases [9].

MAF determines the duration of the liquid phase
during the clinker burning process and the properties of
the liquid phase (viscosity and surface tension) [10]. An
increase in the MAF causes increasing in C;A content
and reduces C,AF (Fig. 3).

4. The Lea and Parker saturation factor (LSF) is be-
tween 85 and 100 [8]. This module represents the ratio
of the lime present in the mixture and the amount of
lime that can be bound in the clinker lime standard al-
lows us to know the behaviour of the mixture during
cooking and to provide the quality of cement. The high-
er is lime standard, the higher the resistance of cement
will be, too, and cooking will be difficult and will require
an increase in calorie consumption for firing. Moreover,
a high lime standard has a negative influence on the vol-
ume stability of the hydrated cement (free lime content)

According to the results, it is obvious that they meet
the standards; the slag-based meal is adequately accept-
able for the production of cement clinker.

Mineralo-chemical characterization of the two types of
clinker. The main minerals composing the clinker are:

- (Ca0) 3Si0, or C;S (Tricalcium silicate) or Alite;

- (Ca0) 2Si0, or C,S (Dicalcium silicate) or (Belite);

- (Ca0) 3Al,0; or C;A (Tricalcium aluminate);

- (CaO0) 4Al1,0;Fe,0; or C,AF (Tetracalcium alumi-
no-ferrite).

The contents of these mineral species and the chemical
composition of the two types of clinker were defined by the
XREF. The results obtained are summarized in Table 4.

In both types of clinker, the main phases, C;S, C,S,
C;A and C,AF, were well formed (Figs. 4, 5). The clin-
ker with slag contained more C,AF and less C,S, a dif-

Table §
Modules and indices obtained for raw cement
Modules and indices Formals Values Limits
Michaelis hydraulic module CaO 2.09 -2
(MH) SIOZ + A1203 + F6203 ’ ’
.. - SiO,
Kiihl Sil Module (M S E— 2.1 2.2-2.
iihl Silicic Module (Ms) ALO, + Fe,0, 0 6
Kiihl Alumino-Ferric Al, O,
Module (MAF) Fe,0; 1.65 1.5-2.5
Lea and Parker saturation CaO 90 90—100
factor (LSF) 2.8 SiO, + 1.18 Al,05 + 0.65 Fe,0;
ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2018, N2 1 47
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ference was attributed to the partial replacement of lime-
stone and sand with slag, which is higher in iron than in
other mixtures. As for the distribution in most clinkers,
the phases were developed moderately and distributed in
an inhomogeneous way. The clinker phases were well de-
veloped and the grains of the Alife and de Belite were also
observed, which coincides with the results of P.E.Tsa-
kiridis [4].

The crystals of Belite were uniformly distributed with
respect to Alite, indicating that the clinkerization reac-
tion occurred in the direction of the Alite and that the
raw meal mixture was homogeneous.

The mineralogical and chemical composition of the
clinker is suitable for the preparation of composite ce-
ments (CPJ CEM II/A 42.5) which meets the require-
ments of the Algerian standard NA 442: 2000 [11].

The assessment of CO, emissions by GEMIS 4.7 soft-
ware. Impact indicators. The Global Warming Potential
(GWP), expressed in carbon dioxide, is the contribution
to atmospheric absorption of infrared radiation by an-
thropogenic derived gases such as CH,, CO, and N,O,
which contribute to an increase in global warming [12].
The results given by the simulation are mentioned in the
tables below, the three main greenhouse gases are: CO,,
CH, and N,0, but what we are more interested in is the
emission of CO,.

According to Tables 5 and 6, the processes result in
the following:

1. Non-metallic mineral-clinker: decarbonation.

2. Heat-process-Ca0O-gas-DZ-2010: combustion of
natural gas (Algeria).

3. Gas-CC-DZ-2010-1: electricity used.

Counts
Clinker with slag 1 1 Alite (CsS) : Ca;SiOs
1500 - 2 Belite (CS) : Ca,SiOs
3 C;A @ Ca;AlLOg
1000 4 4 C4AF : Cay(Al: Fe)Os

500

Clinker without slag
2000

1000

Position [°2Theta]

Fig. 4. XRD results of clinker with and without slag

B ) g‘.t -
[ "
-
7
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Bellfe CgS a _4 Tetracalcmm alummoferrtte (wtthe) C,;A;Fl
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.' 9 J..-w. "Ké"?

a

7 &racakmm alumino ferrite ( Wzthe)
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A e

Fig. 5. Optical microscope observation of the polished clinker section:

a — clinker with slag; b — clinker without slag (with sand)

48

ISSN 2071-2227, HaykoBun BicHuKk HI'Y, 2018, N2 1



®I3BNKA TBEPAOTO TINA, 3BATAYEHHA KOPUCHUX KONAJNWNH

4. Diesel motor-DE-2010: trucks used in the iron
mines, limestone and marl.

5. Compressor-GT-DZ-2010-1: compressors used in
the transport of natural gas.

6. Gas-boiler-DZ-2010-1: gas consumed in boiler
annexes processes.

The natural gas (CH,) used in the clinker produc-
tion, contributes to 23.99 % (0.192 tonne of CO,) of the
total emission balance GHG (802.29x10-3 tonne of CO,
EQ/T of clinker). The main source of CO, emission is
the decarbonation phase, mainly due to the transforma-
tion of limestone into lime and CO,, based on the fol-
lowing chemical reaction: CaCO; ~ CaO + CO.,.

The decarbonation phase contributes to 67.93 % of CO,
emissions (e.g. 0.545 t CO,/tonne of clinker produced).

If we repeat the modelling of CO, emissions by the
program (GEMIS 4.7) for the sand-based clinker, we keep
the same input data used for slag-based meal; except for
the proportion of raw materials: limestone 78 %, clay 18 %,
iron 2 % and sand 3 %. The results obtained are given in
the Table 7.

The simulation results by the software GEMIS 4.7,
shows that the substitution of sand by the slag in raw
materials at the Hadjar-Soud cement plant, has led to a
decrease in the annual CO, emission from both process-
es, decarbonation and combustion, down to 17.56 %
(127798 tonne).

The main cause of CO, reduction is mainly due to the
partial replacement of limestone (CaCQOs) in the raw ma-
terial, by an already decarbonated products (slag), know-
ing that over 60 % of CO, emissions in cement manufac-
turing come from the decarbonisation process (in our
case study, the emission rate due to decarbonation is 67 %).

Conclusion. The present study is based on the addi-
tion of slag issue from the blast furnace as a substitute of
sand in the natural raw material of limestone, iron ore
and clay. The conclusions we have drawn from these re-
search studies are as follows:

1. The steel complex of El-Hadjar is located about
50km from the cement plant, while the natural sand comes
from the Tebessa region, located about 300 km south-
east of the cement plant.

2. The addition of 9 % of slag in the raw material did
not affect the chemical or mineralogical composition of
the clinker obtained. On the contrary, a reduction in the
use of limestone in raw material down to 10 % has been
noticed. The chemical composition of the meal is main-
tained within the standard values, the quality of the
meal is checked by the modules and the control indices.

3. The crystals of Belite are uniformly distributed
with respect to the Alite, which shows that the clinker
reaction was in the direction of the Alite and that the
mixture of the raw meal has a homogeneous granulo-
metric and chemical composition.

4. Laboratory tests on representative samples show
that the clinker obtained with the slag, widely meets the
Algerian strict standards (NA 442-2000).

5. The production of clinker based on the blast fur-
naces slag shows a significant decrease in the annual
CO, rate, around 18 %, which represent 128000 t/year,
which is explained by the use of industrial material envi-

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2018, N2 1

ronmental friendly, having interesting properties with re-
spect to its porosity, a light density and homogeneous
and stable granular-chemical distribution; furthermore,
a tonne of slag is about 6 times less expensive than a tonne
of sand.
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Merta. [laHe n0CTiIKeHHS MPOBEIeHE CTOCOBHO BU-
KOPUCTaHHST IPOMUCIOBUX BiIXOMIB (IOMEHHOTO I11a-
Ky) cTajienuBapHoro 3aBoay Enb-Xamxkap, po3raiiona-
HOTO y cximHOMY AJkupi. MeTolo ToCTiIKeHHSs € po-
3yMiHHSI OCOOJIMBOCTEI J10JaBaHHSI 1IJaKy B SIKOCTI
CHPOBUHH (1110 3aMIIITy€ TiCOK) TIPU ITiATOTOBIII PO3UM-
Hy Tepe/ o0IajeHHsIM B 00epTOBili 00Na toBaIbHil revi
B YMOBax LieMeHTHoro 3aBoay Xamkap-Cyyn y Ckikje.

MeToauka. 3anpornoHOBaHi Mpobu, 1110 B3SITi Ha Lie-
MEHTHOMY 3aBO/li, MiAAAI0ThCS MOAPIOHEHHIO B CyMillli
3 BaIlTHSIKOM, LIIJITAKOM, TJIMHOIO i1 3a/1i3HOI0 pya010; Aai
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3MiCHIOETBCS (hi3UKO-XiMiYHA JTiaTHOCTUKA TOTOBOTO
MaTepiaay y BUTJISIII 9aCTOK po3MipoM He Oinbire 50 .
T'oToBUi1 3pa3oK po3MillYIOTh Y Mevi Ipu TeMIiepaTypi
1o 1450 °C. Ouinka nmoka3Huka piuHoro Bukumy CO,
Ha LIeMEHTHOMY 3aBOJIi 3[iliCHIOBaacs 3a JOIMOMOTI0I0
Software (GEMIS 4.7).

Pe3ynbTaTu. PesynbraTu, oTpuMaHi min yac Tecty-
BaHHSI, MOKA3yI0Th, 1110 T0AaBaHHSI 11LJIAKy 10 CUPOBUH-
HOI CyMillli He BIUTMBAE Ha XiMiYHUI 41 MiHepasoriy-
HUI cKJIaj KJliHKepa. TUM He MeHI, OTPUMaHUI KITiH-
Kep IeMOHCTPYE 3HAUHI pe3yJbTaTu i BiAMOBiAA€ CTaH-
nmaptam Amkupy NA 442 2000 (CPJ CEM II/A 42,5).
JlomaBaHHS 1IJIaKy 3aMiCTh MiCKY TO3BOJIMIIO CKOPOTHU-
tn piuni Bukuau CO, Ha 17,5 % i cripusiti 3MeHILIEH-
HIO 3a0pYIHEHHS.

HaykoBa HoBu3Ha. [lossirae y miarotoBliii CMUpOBUH-
HOIT LIEeMEHTHOI CyMillli, 1110 TPYHTYEThLCS Ha LIJIaKy (yXe
JeKkapOOHi30BaHUI MaTepiai) 3aMiCTh Mmicky. 3a3Buyait
IUIST BUPDOOHUIITBA 1LIEMEHTHOIO KJIiHKEpa 3aCTOCOBY-
FOThCSI HACTYITHI ITPOTOPILii CMpOBUHM: BartHsIK 77—80 %,
rvHa 16—18 %, 3anmizHa pyna 1,5—3 % ta nicok 2—4 %.
Y HanmaHiit poOOTi mMponopliii A1 BAPOOHUIITBA 3pa3Ka
KJIIHKepa, B OCHOBI SIKOTO 1IUIAK, HACTYITHI: BarHsK 70 %,
nutak 9 %, rnvna 19,2 % Tta 3anizHa pyna 1,8 %.

IIpakTuyna 3HaunmicTb. [Ipoliec oTpuMaHHS KJIiH-
Kepa Ha OCHOBI IIUTaKy (BiIXOMiB BUPOOHMIITBA CTai)
Ma€ BeJIMKe 3HAYCHHS Ui BUPOOHMIITBA IIEMEHTY 3a
KiJIbKOMa MpUYMHAMU: BAPOOHULITBO OHIET TOHU KJTiH-
Kepa 3a MiHiMaJIbHOI BApTOCTI, a TAKOXX BUKOPUCTaAHHS
i1 BiITBOpPEHHSI HEBIAHOBIIOBAHOI HATYpaJabHOI CUPO-
BUHM, TaKOI SIK MIiCOK i BaITHSIK, i poOOTa B HAMPSIMi CTili-
KOT'O €KOJIOT00e3MeYHOI0 PO3BUTKY.

Kmouesi cnoBa: Aaxcup, uemenmuuii 3a600 Xaoxcap-
Cyyo0, winak, HaBKoAUWHE cepedogulle

exw. JlanHOE MCClIeqoBaHMe TIPOBEICHO KacaTelb-
HO MCIT0JIb30BAHUS IPOMBIIILJICHHBIX OTXOI0B (IOMEH-
HOIO 1IJ1aKa) CTaJIeIMTEHOrO 3aBoaa Diib-XamKap, pac-
IOJIOXKEHHOTO B BOCTOYHOM AJnkupe. Llenbio nccieno-
BaHUs SIBJIIETCS IOHMMaHKE 0COOEHHOCTE nobaBe-
HUS 1JIaKa B KQ4eCTBE ChIPbs (3aMeIlalolIero mecok)
IIpY MOATOTOBKE pacTBOpa Mepet 00XKUIOM BO Bpalllaio-
LIeiCcsT 00XKUTaTeIbHOM MeYr B YCIOBUSIX LIEMEHTHOIO
3aBona Xamxap-Cyyn B Ckukie.
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Metoauka. [TpeacraBuTesbHbIe MPOObI, B3SIThIE HA
LIEMEHTHOM 3aBOJI¢, TTOIBEPTa0TCsI M3METBUCHUIO B CME-
CH C U3BECTHIKOM, LIUIAKOM, IJIMHOM W XEJIE3HOU py-
TIOI; majee OCyIIeCTBIsIeTCs (PU3NKO-XUMUIECKas I -
arHOCTHMKA TOTOBOIO MaTepuajia B BUIE YaCTHUL] pa3Me-
poM He 6oJiee 50 u. ['oToBbII 0Opa3el MoMelaloT B IeYb
npu temnepatype 10 1450 °C. OueHka rmokasarteJisi ro-
noBoro Beiopoca CO, Ha IEMEHTHOM 3aBOJI€ MPOU3BO-
nuiack ¢ moMolunbio Software (GEMIS 4.7).

Pesyabrartel. Pe3ynbTaThl, ToydeHHBIC BO BpeMsI Te-
CTUPOBAaHUS, MMOKA3bIBAIOT, YTO JOOABJICHUE IIJIaKa B
CBIPBEBYIO CMECh He BIUSICT Ha XUMUUYCCKUIN W MH-
HepaJOTMIeCKMil cocTaB KIIMHKepa. TeMm He MeHee, TT0-
JIY9eHHBIN KIIMHKEP IEMOHCTPUPYET 3HAYUTEIbHBIC pe-
3yJbTAaThl U COOTBETCTBYET cTaHmapTaM Aikupa NA
442 2000 (CPJ CEM II/A 42,5). HobaBiaeHue II1aKa
BMECTO TecKa MO3BOJIUIO COKPATUTh TOOBbIE BHIOPO-
cbl CO, Ha 17,5 % 1 crioco6cTBOBATh YMEHbIIEHUIO 3a-
I'pSI3HEHMUSI.

Hayunas noBusna. CocTOUT B ITOATOTOBKE CHIPEBOiA
LIEMEHTHOI CMecH, OCHOBAaHHOM Ha nuiake (yxe ne-
KapOOHM3MPOBAHHBIN MaTepuat) BMecTo Tiecka. OObIu-
HO IIJIST TIPOM3BOACTBA LIEMEHTHOTO KJIMHKEpa IprUMe-
HSIOTCS CJIEOYIOIINE IIPOITOPIINM CHIPhS: M3BECTHSIK
77—80 %, rnmuna 16—18 %, xene3nas pyna 1,5—-3 % u
necok 2—4 %. B npencraBieHHON pabOTe IMIPOMOPLIUMI
IIJIST TIPOM3BOICTBA 00pa3iia KIMHKepa, B OCHOBE KOTO-
poro 1ak, cienyoinue: n3BectHsak 70 %, uutak 9 %,
ravHa 19,2 % u xene3Hasi pyna 1,8 %.

IIpakTyeckas 3HauumMocTb. [Ipoliecc monayyeHus
KJIMHKepa Ha OCHOBE Ilaka (OTXOJ0B MPOM3BOJCTBA
CTaJIn) UMeeT OOJIbIIoe 3HAYeHUEe JUISl POM3BOJCTBA
IIEMEHTA IO HECKOJBKMM IPUYMHAM: ITPOU3BOICTBO
OIHOI TOHHBI KJIIMHKEpa M0 MUHUMAJIBHON CTOMMO-
CTH, a TaKXe MCIOJIb30BaHNWE W BOCTIPOU3BO/ICTBO He-
BO300HOBJISIEMOTO HATYPaJIbHOTO CHIPBSI, TAKOTO KakK
IIECOK M M3BECTHSK, M paboTa B HAIIPABICHUHN YCTOM-
YHUBOTO 9KOJIOT00E30IMaCHOTO Pa3BUTHSI.

KmoueBble cioBa: Anocup, uemenmuolii 3a600 Xao-
acap-Cyyo, winak, okpyscarouwas cpeoa
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