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ABSTRACT

This article presents the results of a study of the agglomeration of waste alumina ferrous sands
and the use of sinter as a substitute for metal charge in steelmaking. At this time, in the process
of processing bauxite, JSC "Aluminium of Kazakhstan" produces a large number of fines, which is
of great interest to ferrous metallurgy. Wastes from alumina production include a variety of waste
sludge, including red, gray sludge, and ferrous sands. According to the chemical composition,
ferrous sands can be attributed to iron ore material with a high content of alumina. Most of these
problems are eliminated by preliminary agglomeration of fines. In this work, agglomeration studies
made it possible to establish the optimal parameters for sintering ferrous sands. When using 10%
fuel, the best sintering performance is achieved. The optimal parameters for sintering ferrous
sands mixed with other metallurgical wastes are such as productivity - 0.92 t / m? h, mechanical
strength - 80.0%, sintering speed - 19.3 mm/min, yield - 82.0%, the maximum temperature in the
layer is 1340 °C. The results of laboratory melt carried out in an induction melting furnace indicate
the possibility of using a sinter as a substitute for metal charge in iron and steel smelting. The
conducted melting confirms the fundamental possibility of using a sinter, made from waste
products of alumina production of ferrous sands, is a man-made charge material that is suitable
for use as a 5% additive to the metal charge in the smelting of iron-carbon alloys similar in
composition to cast irons.

Keywords: Ferrous sand, agglomerate, sintering, charge gas permeability, sintering rate, metal
charge, smelting.
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Introduction

preliminary estimates, more than 500 thousand tons
of such waste are generated per year. This is only in

At this time, in the process of processing
bauxite, JSC "Aluminium of Kazakhstan" produces a
large number of fines, which is of great interest to
ferrous  metallurgy. Wastes from alumina
production include a variety of waste sludge,
including red, gray sludge, and ferrous sands. lron
sands are formed as a result of the leaching of
bauxites according to the Bayer scheme. When
bauxite is leached at JSC "AK", a scheme has been
developed for removing the iron component of
bauxite (ferrous sands) [1]. The formed ferrous
sands contain over 50% Fe;0s, which, by their
chemical composition, are suitable for use in the
production of ferrous metals. According to

Kazakhstan. And according to [2], more than 2.7
billion tons of bauxite waste have accumulated in
the world, and annually its amount only increases by
120 million tons.

Currently, the world has a wide variety of works
on the processing of bauxite waste from alumina
production. However, the ongoing research is not all
of the interest from the side of metallurgy. Many
technologies for processing wastes from alumina
production are expensive for the implementation of
the presented studies, and most of them are
accompanied by complexity and multi-stage
processing processes. According to its composition,
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bauxite waste can be used in various industries [[3],
(4], [5], [6], [71].

At present, a large number of different methods
for processing sludge waste from alumina
production have been developed in the world [[8],
[9]]. In the works [[10], [11], [12], [13]], the
technologies for extracting valuable rare earth
metals and components from alumina production
sludge are considered.

In [[14], [15]], the technology of processing
wastes from alumina production (red mud) by
agglomeration was studied. In this direction, many
years of great work have been done on the
processing of red mud by agglomeration, and
positive results have been obtained. It follows that
ferrous metallurgy seems to be the most promising
for the processing of ferrous sludge (ferrous sands).

In Kazakhstan, the research, presented in [16], is
devoted to the study of ferrous sands. The analysis
of the physicochemical data on the composition of
ferrous sands shows that they can be considered a
potential raw material for the production of
pigments and cast iron. In [[17], [18]], a method was
developed for the processing of alumina production
waste - red mud by reduction smelting to produce
cast iron and slag containing rare earth elements
and titanium dioxide. The work [[19]. [20]] shows
the possibility of hydrochemical enrichment of
ferrous sands by leaching with alkali-aluminate
solutions of alumina production.

Industrial waste is often used in metallurgy as
cheap substitutes for iron ores. As a rule,
technogenic wastes have a fractional composition of
less than 5 mm. When working on a fine charge in a
blast furnace, the blast pressure on the tuyeres and
the loss of blast pressure in the charge column
increase significantly. All this leads to the hanging of
the mixture, and gas permeability deteriorates.
There is a deterioration in the degree of use of
chemical and thermal energy. Under such
conditions, it is not necessary to operate the
furnaces normally and achieve the productivity of

Table 1 — Chemical composition of materials

the workshops. It is obvious that most of these
difficulties are eliminated by preliminary
agglomeration of fines.

The agglomeration of ore materials makes it
possible to involve various technogenic wastes in
metallurgical processing [20], such as screenings of
ores, sludge, mill scale, flue, and aspiration specks of
dust [21], and pyrite cinders. The agglomerated
high-quality charge prepared for smelting will make
it possible to utilize existing waste, improve the
operation of furnaces, reduce dust removal, reduce
the specific consumption of coke, and increase
metal smelting.

Experimental part

Ferrous sands were used as the material under
study. Ferrous sands are waste products of alumina
production, as are waste sludges, including red, gray
sludge, and ferrous sands. According to the chemical
composition of the studied material presented in
Table 1, ferrous sands can be attributed to iron ore
material with a high content of alumina.

When conducting experiments on the
agglomeration of alumina production waste, iron
sands of a fraction of 0-5 mm were used as a charge
in a mixture with mill scale, in a ratio of 70:30.
Screenings of coke were used as fuel. The fraction
0.1-1.6 mm has the most unfavorable effect on
pelletization [20]. It is in this fineness range that
many man-made wastes and the material under
study (iron sands) fall, the granulometric
composition of ferrous sands is presented in Table 2.
The aspiration dust of steelmaking was used as a clay
component to improve the compressibility of the
charge [21]. The use of aspiration dust had a
favorable effect on pelletization, which accelerates
with an increase in the number of nuclei in the
charge. Pelletization was also facilitated by the use
of return in the charge, in which the bulk has the
presence of the smallest particles [[20], [21], [22]].

Materials Fegen SiO2 MnO Al203 MgO Cao S P C
Ferrous sand - waste of 61.0 7.8 - 19.0 0.5 5.7 0.2 - -
alumina production
Rolled scale from mill 76.8 0.8 1.7 - - - - - 0.10
Aspiration dust 50.9 1.7 2.0 3.5 2.0 3.0 0.021 | 0.002 3.2

— 74 ——
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Table 2 - Granulometric composition of iron sands

Fraction, mm

-0.06

-0.2-0.06

-0.5-0.2

-1-0.5

Unit. %

2.0

14.7

43.2

20.5

Table 3 - The chemical composition of the ash and the technical composition of screening coke fraction 0-10 mm, %

SiOz

CaO

MgO

Al>,03

Fe203

A

\Y

w

47.2

10.9

7.0

10.2

11.6

23.0

4.8

6.2

Mixing of the mixture was carried out in a drum
mixer. The optimal moisture content of the charge
was selected empirically, by a gradual increase from
5 to 10%. The use of clay components contributed to
the improvement of the properties of the mixture
during its preparation before sintering, it turned out
to be friable, and the improvement in gas
permeability reduced the sintering time. The
experiments were carried out on a laboratory
sintering plant, according to the established
methodology in the laboratory of the Department of
Metallurgy, Toraighyrov University (Pavlodar).

Before pelletizing, iron sand was subjected to
pre-drying at 100-150 °C in a drying oven, since after
leaching evaporators, iron sands have a high
humidity (70-80%). The moisture content of the
material was reduced to 5-15%.

The following seeds were used as sintering
charge: iron sand, scale (20%), coke breeze (5-10%),
return (20%), and aspiration dust. Mixing and
pelletizing was carried out in a drum mixer. For
better pelletization of iron sand in the mixture,
aspiration dust of a fraction of 0-5 mm was used,
since this material in the composition has a finely
dispersed clay part. Due to the use of waste sludge
as part of the sintering charge, the degree of
pelletization of the material under research is
improved. Screenings of PRC Coke were used as fuel
(Table 3). The return was used from the previous
sinter. Agglomerate was used as a bed. The
incendiary mixture consisted of a mixture of sawdust
and coke breeze, lightly moistened with water.
Ignition mixture - wood shavings moistened
with kerosene.

Bowl parameters: diameter 100 mm, bowl
height allows sintering charge up to 500 mm. The
sinter plant is equipped with a VVN-1.5 vacuum
pump, a TXA, BP thermocouple, and a multi-channel
automatic temperature recorder (ART-2) of the
sintering process (fixing the temperature of the gas
outlet, charge layer at different heights).

The charge was loaded using a special device,
which makes it possible to significantly reduce the
segregation and compaction of the charge. Ignition

was carried out for one minute at a rarefaction of
300-350 mm wg. incendiary and ignition mixture.
Sintering was carried out at a constant vacuum
under a grate of 1000 mm of water column. The
thermocouple readings - the temperature in the
bed, and the temperature of the exhaust gases,
were recorded on ART-2. The start of sintering was
determined by the moment of ignition of the coke,
and the end of the process was determined by the
time of reaching the maximum temperature of the
exhaust gases. The flue gas temperature was
measured with a thermocouple (TCA) installed on
the gas outlet pipeline. After the end of sintering,
the cake was unloaded from the bowl, cooled for 10
minutes in the air, weighed on a laboratory balance,
then dropped from a height of 2 m onto a steel plate
according to GOST 25471 - 82, after which the yield
of classes was determined (including the good
fraction +8 mm). Further samples of the
agglomerate fraction +5 - 40 mm were subjected to
the determination of mechanical strength according
to GOST 15137 - 77.

The discussion of the results

During the research, the amount of coke was
changed from 5 to 10%. Figures 1, 2, and Table 4
present the results of laboratory studies. From the
figures and tabular data (table 4), it can be seen that
the amount of fuel has a positive effect on the
sintering performance. At 3—-5%, the sintering rates
are quite low. Changes are observed with an
increase in the amount of fuel from 6%. At 7 - 8%
fuel, the sintering speed increases slightly to 16.3 —
16mm/min, the plant productivity increases to 0.69
-0.70t/ m2 h, mechanical strength 75.0 - 77.3%, the
yield of suitable sinter is 66.9 - 70%.

A noticeable change is observed with an
increase in the amount of fuel in the sinter charge by
9-10%. Changes are visible in the sintering speed,
there is an increase from 18.4 to 19.3 mm/min, the
productivity of the plant increases from 0.86 to 0.92
t/m?h, mechanical strength is 79.0 - 80.0%, and yield
79 - 82%.
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The best results in terms of strength and yield of
suitable sinter were obtained with an increase in the
amount of fuel by up to 11%. However, there is a
slight decrease in the sintering speed and
productivity of the sinter plant. This is obvious since
the carbon of the fuel during combustion releases
the heat necessary for the sintering of the charge. If
there is not enough fuel in the charge, then the
temperature required for sintering (at which liquid

phases begin to form) will not be reached and
physicochemical transformations in the charge will
be poorly developed. The mixture with insufficient
fuel will not sinter to the end (a sufficient amount of
bonding of all particles among themselves is not
formed throughout the entire layer), which will lead
to a weak strength of the resulting sinter, which is
demonstrated by the data in Figures 1 and 2.
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Figure 1 — Influence of the amount of fuel on the sintering performance in terms of productivity and sintering speed
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Figure 2 — Influence of the amount of fuel on the sintering performance in terms of strength and yield of suitable sinter
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On the other hand, excessive consumption of
fuel causes the development of high temperatures,
which will cause excessive melting of the sinter and
a decrease in mechanical strength, such as with an
increase in fuel up to 11%. It is necessary to have
such a fuel consumption at which the agglomerate
would have good mechanical strength and would
not be strongly melted [[21], [22]]. These studies
were carried out in order to determine the
appropriate fuel consumption for such a sinter.

Thus, the use of 10% fuel should be considered
the optimal parameter for sintering iron sands in a
mixture with other metallurgical waste, since the
best indicators of the sintering process were
achieved: productivity - 0.92 t/m? h, mechanical
strength - 80.0%, speed sintering - 19.3 mm/min,
good yield - 82.0%, maximum temperature in the
layer - 1340 °C. Figure 3 shows photographs of iron
sand (a) and iron ore sinter (b).

The chemical composition of the produced iron
ore sinter is shown in table 5.

Further research work was carried out to assess
the possibility of using iron ore sinter as a substitute
for metal charge in steelmaking. For this purpose,
induction melting was carried out in an ITP-0.005
furnace. The agglomerate was loaded into pre-
molten metal. The melting of the metal was carried
out according to the basic technology of melting
steel grade St40. The average specific power
consumption in melts using a sinter is higher by 0.52
kW/t than in base melts, which is 0.2%, i.e. the
average specific power consumption is practically at
the same level. The outlet metal temperature was
1450-1500°C. The temperature was measured using
a tungsten-rhenium thermocouple (VR) and an MRT-
6 multichannel temperature recorder. The average
duration of the melts was 1 hour 30 minutes. Data
on the chemical composition of the metal are
presented in Table 6.

Table 4 — Sintering performance with changes in fuel consumption

Ne of The amount of coke in Sintering speed, Productivity, t/m? | Strength according | Yield, %
Experiment the charge, % mm/min hour to GOST - 15137-87
1 3 10.4 0.38 - -
2 4 11.3 0.47 50.1 47.2
3 5 12.5 0.54 68.0 54.0
4 6 15.7 0.65 72.0 55.0
5 7 16.3 0.69 75.0 66.9
6 8 16.4 0.70 77.3 70.0
7 9 18.4 0.86 78.0 79.0
8 10 19.3 0.92 80.0 82.0
9 11 19.0 0.90 83.0 85.0
Table 5 — Chemical composition of iron ore sinter.
Material name Chemical composition, %
Fegen Al,03 Si02 Cao MgO S P
Iron ore sinter 53.0 15.82 11.36 4.96 4.86 0.59 0.066

Figure 3 — Iron sand (a) and iron ore sinter (b)
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Table 6 — The chemical composition of the metal

Ne of smelting Content of elements, %

C Si Mn S P
1 4.70 0.200 0.250 0.020 0.020
2 3.20 0.004 0.015 0.008 0.020
3 0.20 0.009 0.010 0.009 0.008

Table 7 — Chemical composition of the metal part of the charge, %

C Mn Si S P Cu Al

0.40 0.45 0.25 0.020 0.015 0.10 0.020
Table 8 - Chemical composition of the resulting ingots, %

C Mn Si S P Cu Al

0.45 0.20 0.15 0.020 0.015 0.08 0.08

The analysis showed that the obtained alloys
have a low content of harmful impurities: the
content of sulfur and phosphorus is not more than
0.02%. When conducting experimental heats, steel
scrap of steel grade St-40 was used as the metal part
of the charge and iron ore agglomerate in the
amount of 0.80 kg.

The chemical composition of the metal part of
the charge is presented in Table 7.

The total weight of the mixture was 5.8 kg. The
average duration of heat is 1 hour 30 minutes, and
the temperature of the metal at the outlet is 1600
°C. During melting, slag was induced by the following
composition of materials:

- quicklime (Ca0) - 45%;

- silica (SiO3) - 25%;

- metallurgical alumina + fluorspar (CaF;) - the
rest.

During the melting process, the formation of
foamy slags was observed. Foamy slags affect the
process of oxidation of solid carbon particles in the
sinter with the formation of carbon dioxide. Under
production conditions, when using agglomerate, it
will allow obtaining a reduction in the specific
consumption of electricity and reducing agents. This
statement is confirmed by individual heats, where
the specific consumption was 480-510 kW in terms
of a ton of good products.

The resulting iron-carbon alloy was deoxidized
with aluminum and cast into cast iron molds. As a
result of experimental melting in an induction

furnace, 5 ingots of 5 kg each were obtained, the
chemical composition of which is presented in Table
8.

The vyield of suitable metal was 95.0%.
Estimating the content of permanent impurities in
obtained samples, the following conclusions can be
drawn:

- low content of sulfur and phosphorus due to
the use of iron ore sinter containing a minimum
amount of harmful impurities;

- the use of iron ore sinter as part of the charge
leads to an increase in the carbon content in excess
of the calculated amount. This means a higher
degree of carbon uptake when using iron ore sinter
compared to using carbonaceous materials added
during carburization smelting.

The results of melting with the use of iron ore
sinter obtained in this work indicate their successful
application as a substitute for the metal part of the
charge for steel melting. In the process of research
in laboratory conditions, 20 kg of steel and iron-
carbon alloys were smelted using a sinter of various
compositions.

Thus, the fundamental possibility of steel
smelting using a sinter is shown. A carbonaceous
reducing agent, which is part of the sinter, has a
positive effect on the reduction process of
steelmaking. It should also be noted that the most
important thing is that the agglomerate allows you
to partially replace cast iron and steel scrap,
significantly reducing the cost of metal.
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Conclusions

1 Agglomeration makes it possible to involve in
the metallurgical process of various production
wastes, such as ferrous sands, sludge, mill scale, flue,
and aspiration dust. The high-quality agglomerate
charge prepared for smelting in the form of iron ore
will make it possible to dispose of existing waste,
improve the operation of furnaces, reduce dust
removal, reduce the specific consumption of coke,
and increase metal smelting;

2 Sintering studies made it possible to establish
the optimal parameters for the sintering of ferrous
sands. When using 10% fuel, the best sintering
performance is achieved. The optimal parameters
for sintering iron sands mixed with other
metallurgical wastes are: productivity - 0.92 t / m?h,
mechanical strength - 80.0%, sintering speed - 19.3
mm/min, yield - 82.0%, the maximum temperature
in the layer is 1340 °C;

3 The results of laboratory melts carried out in
an induction melting furnace indicate the possibility

of using a sinter as a substitute for metal charge in
steelmaking;

4 The results of the melts carried out in the ITP-
0.005 induction furnace in order to assess the
effectiveness of replacing scrap iron showed that the
resulting iron-carbon alloy is similar in chemical
composition to gray cast iron SCH15 GOST 1412-85;

5 Conducted smelting confirms the fundamental
possibility of using an iron ore sinter, made from
waste products of alumina production of iron sand,
is @ man-made charge material that is suitable for
use as a 5% additive to a metal charge in the
smelting of iron-carbon alloys similar in composition
to cast iron. The content of harmful impurities in the
resulting alloys is minimal and is: 0.009-0.026%
sulfur and 0.008-0.022% phosphorus. Yield of
suitable metal during melting in an induction
furnace is 95.0%.
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BokcutTepai Kauta eHAey KanablKTapblHaH Temip KeHi ariomeparbiH
anyabl 3eprrey

MyHicoBa A.K., bbikos N.0., }KyHicos A.K., KeH}xebekoBa A.E.

Topalireipos yHUsepcumemi, Masnodap, Kasakcma

TYWIHAEME

Makana kengi: 26 cayip 2023
CapantamagaH eTTi: 25 mameip 2023
Kabbinganabl: 24 mameis 2023

KangplKTapbiHaH

KenTipinreH. Kasipri yakpiTta "KasakcraH antoMUHWUII
npoueciHae Ken meslwepae yCaKk-TyWekTep Tysineai, onap Kapa MEeTannyprusa YWiH yAKeH
KbI3bIFYWbIMbIK TyAblpadbl. XMMMUANbIK Kypambl 6oMblHWA TemMipai Kymaapabl, KypambiHAA
KOFapbl Temip KeHAi MmaTepuanfa KaTkbidyfa OGonagbl. ATanfaH
macenenep ycak-TyWeKTi anaplH ana KecekTey — arlomepaumanay apkbiabl wewwinegi. byn
JKYMbICTA arfiomepauuanblK  3epTreynep Temipai KymaapaplH, KyHWexKeHTeKTeydiH OHTalnbl
napameTpiepiH aHblKTayfa MYMKIHAGIK 6epai. OTbIHHbIH, 10 % nanpanaHfaH Kesze,
arlomepaumaAHbIH,  €H, XKaKCbl KepceTKilTepiHe KON KeTKisingi. backa MmeTannypruanbik
KaNAblKTapMeH Kocnaga Temipii KyMAapAblH, KyMexXeHTeKTeyaiH
Kenecigen 6onapl: eHimainik - 0,92 1/ m2-caf., MexaHuKanblk 6epikTiri — 80,0 %, KyNeKeHTeKTey
KbiNAamabifbl-19,3  MM/MUH., Kapamabiiblk Tycimi — 82,0 %, kabaTtafbl MaKkcumangpl
Temnepatypa - 1340
6ankbITyNnapapiH, HaTUXKeNepi WorbiH MeH 601aTTbl 6anKbITy KesiHAe MeTann WUKIKYPamMbIHbIH,
OpHbIHA arnoOMepaTTbl KOAAaHY MYMKIHAITIH KepceTTi. MyprisinreH 6ankplTynap TexHOreHAiK
WKKIKypam maTepuanbl 6onbin
JKacanfaH arnomepatTbl NalganaHyfblH, MYMKIHAIMH pacTaigbl, Kypambl

ANOMUHUI  Menwwepi

6OMbIHLIA LIOMbIHFA YKaKbIH
WKKiIKypamFa 5% Kocna peTiHAe nanganaHyFa Kapamapl.

Byn maKanaga Temipai Kym astoMUHMIN KanablKTapblHbIH, ar/loMepaumacbiH 3epTTey XaHe 6onat
6anKbITy KesiHAe arnomepaTTbl METaAN  LWMKIKYPaMbiHbIH, OPHbIHA KO/MZ4AHy HaTukenepi

AK-pa 6okcuTTepai KailTa eHaey

OHTalNbl napameTpnepi

°C. WHAayKkumanbik 6ankplTy newiHae »KyprisinreH 3epTxaHanbik

TabblnaTtblH  TEMIP  KYMbIHbIH,  a/lOMUHUI  BHAIPICIHIH,

TEMIP-KOMIPTEKTI  KopbiTnanapapl 6GankbiTy KesiHae MmeTann
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TyiiiH ce30ep: Temip/ii KYyM, arIoOMepaT, KYMeKeHTEKTeY, LWNKIKYPaMHBbIH, ra3 eTKi3riwuTiri,
KYMEXEHTEKTeNY XblAAAMAbIFbl, METa Nl WWKiKYpambl, bankpima.
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AHHOTALUMA

B AaHHOM CTaTbe NPMBOAATCA Pe3y/ibTaTbl UCCNEA0BaHMA ariomepaLmmn OTX0408 rMUHO3EMHOTO
YKENe3UCTbIX MEeCKOB M UCMO/Ib30BaHMM arioMepaTta B KadecTBe 3aMeHMTEeNA METaINOLWNXTbI NpKr
BbIN/iaBKe cTanun. B gaHHoe Bpemsa B AO «AntomuHuii KasaxctaHa» B mpouecce nepepaboTtku
6oKcMTOB Obpasyetca 60/blIOE  KO/IMYECTBO Me/IouM, NPeACTaBaAAloWMA  Ana  YepHOM
MeTannyprum  6onblwoin MHTepec. K OTX0A4amM  [IMHO3EMHOro MPOWM3BOACTBA OTHOCATCA
pasHoObpasHble OTBaJ/ibHble LWAAMbl, CPeaM KOTOPbIX KPacHble, cepble Waambl U KenesucTble

Moctynuna: 26 anpena 2023 neckn. o XMMWYECKOMY COCTaBy, XenesncTble MNEeCKM MOXKHO OTHEeCTU »Kene3opyaHomy
PeueHsupoBaHue: 25 mas 2023 MaTepuany c NOBbILEHHbIM COAEP!KAaHNEM rNHO3eMa. Bonblan YacTb NepeuncieHHbIX Nnpobiem
MpuHAaTa B Neyatb: 24 ageycma 2023 YCTpaHAETCA npefBapuTe/ibHbIM OKYCKOBAHMEM MeNIoun - arnomepauumein. B gaHHol pabote

arnomepaLlmoHHble UCCef0BaHUA NO3BO/INAN YCTaHOBUTb ONTUMAJIbHbIE MAPaMeTpbl CNeKaHus
Kenesnctblx neckos. Mpu ucnonbsosaHum 10 % TonavMBa AOCTUFHYTbI HaWAyYlMe MOKasaTenu
cnekaHusa. ONTUManbHbIMW NapaMeTPammn CreKaHUA KeNe3nCTbiIX NecKoB B CMECU C ApYyrumu
METaIyPruyeckMMmn OTXOA4aMM ABISIOTCA: NPOU3BOAMTEIbHOCTL - 0,92 T/M2-yac, mexaHu4ecKas
npoyHocTb — 80,0 %, CKOPOCTb cnekaHua — 19,3 MM/MUH, Bbixod roaHoro — 82,0 %, MakcumanbHas
Temnepatypa B cnoe — 1340 °C. PesynbTaTbl nabopaTopHbIX NAABOK, MPOBEAEHHbIX B
VHAYKUMOHHOW NAaBU/IbHOM Neyu, CBUAETENbCTBYIOT O BO3MOXKHOCTM NPUMEHEHUSA arnomepaTa B
KayecTBe 3amMeHUTeNs MeTa/l/IoWMXTbl MPU BbINIaBKe YyryHa W cTanu. MNposeaeHHble MaaBKu
NOATBEPKAAIOT NPUHUMMUANBbHYIO BO3MOXKHOCTb MCMO/b30BAHMA arloMepaTta, M3roToBAEHHbIX U3
OTXO40B [MIMHO3EeMHOr0 NMPOW3BOACTBA XKEJIe3UCTOro Necka, ABMAETCA TEXHOrEHHbIM LIMXTOBbIM
MaTepuasiom, KOTOpbIA MPUroAeH K MWCMONb30BaHUIO B KayectBe 5 %-HoW p[o6aBkuM K
MEeTa/I/IMYECKON LIMXTE NPU BbINJIABKE YKENe30yrnepogmncTbix Cnaasos, 6AM3KMX MO cocTasy K
YyryHam.

Kniouesbie cnoea: Henesucrblli Necok, arnaomepart, cnekaHue, rasonpoHUUaemMoCTb LWNXThbI,
CKOPOCTb CNEeKaHUA, MeTa/IZIOWNXTA, N/1aBKa
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