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ABSTRACT

Converter slurries at modern metallurgical plants represent a significant part of metal-containing
industrial waste with a high concentration of iron. Currently, there is a problem of their utilization and
use as raw materials for metallurgy. The purpose of this work is to study the processes of briquetting
and recovery of briquetted products, based on a mixture of converter slurries of gas purification and
converter slags. When performing experimental studies on the preparation of sludge briquettes from a
mixture of converter sludge of gas purification and converter slag, their metallization and reduction
melting in laboratory conditions, the optimal composition of the components of the mixture of
converter slag and gas purification sludge was determined by the percentage of iron, which is
appropriate for use as a raw material for steel smelting. Experimental studies on the preparation of
sludge-coal mixtures from dispersed metal-containing and carbon-containing industrial waste with
stoichiometric coal consumption for the recovery of extracted metals have proved the possibility of
obtaining sludge-coal briquettes, which are further subjected to metallization and reduction melting.
Sequential processing of dispersed production waste, namely drying, metallization and reduction
melting, allowed us to obtain at the final stage a metal sample that corresponds to high-quality steel in
its composition. Based on the analysis of the results of experimental studies, the technology of reducing
melting of metal-containing waste has been developed. As a result of the implementation of the
technology, high-quality steels and alloys can be obtained without carburizing the metal, bypassing the
production stages of cast iron and high-carbon alloys. The content of harmful impurities of sulfur and
phosphorus meets the technical requirements of high-quality steel. The proposed technology for
processing slag and sludge from oxygen-converter production will reduce the volume of accumulated
production waste.
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Introduction is

At the traditional
complex "Blast Furnace

two-stage metallurgical
- Oxygen Converter",

associated with the need to reduce the
concentration of carbon in the metal to 0,2-0,5%,
corresponding to the composition of the structural
metal - steel. Removing carbon from cast iron

converter slag [1, 2] is formed during the cast iron
conversion into the steel. Oxidative melting of
molten iron with a high carbon content of 4,2-4,5%

composition is carried out by purging its melt by
technical oxygen in converter, where by the
reaction (1)
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2C+ 1,50, = CO + CO,, (1)

the carbon dissolved in cast iron in gaseous form
CO + COz is removed from melt into atmosphere.

It should be noted, that while purging a bath of
cast iron by oxygen, not only carbon is oxidized.
Allso a significant part of iron and other impurity
alloying metals are oxidized too. They form a slag
melt, which is a converter slag, in the form of
oxides with the injected flux form. Its value is
currently estimated only in the case when it
contains an oxide of such a valuable metal as
vanadium [3]. Vanadium-containing converter slags
are by-products and further used to recover
vanadium. The remaining converter slags
containing iron oxides, partially manganese and
chromium oxides are usually thrown into dumps.
Today, huge masses of waste converter slags have
been accumulated in dumps, the processing of
which is an urgent problem. Processing of metal-
containing industrial wastes, including converter
slags, should be evaluated by the criterion of
economic feasibility of useful metals’ extraction
from the slag (waste) mass unit, dependent on its
chemical composition [2, 3].

The  produced converter slag during
conventional iron ore raw materials smelting at the
Domna-Converter two-stage complex contains up
to 25% iron, 4-5% manganese and a small amount
of chromium. Furthermore, converter slag is
characterized by high basicity on the (Ca0)/(SiO3)
relation at the level of 1,5+2,0. As you can see by
the iron and manganese content, the metal yield
from the slag mass unit will be e, = 0,28 kg/kg. This
means that 3,57 tons of slag, i.e., empty rock, must
be melted to smelt 1 ton of metal. Therefore, the
inexpediency of direct metallurgical processing of
converter slag is obvious. It is necessary to note
that the possibility of its processing is to use as a
component of a concentrate-based burden or
metal-containing industrial waste with a high metal
content. It should be noted that in parallel there
exists and accumulates still a converter sludge with
a high iron content. This symbiosis allows you to
organize the production of a mixture with an
average iron content of 50-55%, which corresponds
to the expediency of its metallurgical processing.

Exhaust converter gases carry a lot of dust —
about 10-30 g/m?3, in some cases this amount ups to
60 g/m3. As a result, upper oxygen purge converters
are typically equipped with gas treatment devices.
Wet methods are used to clean converter gases.

Wet gas purification serves as the main source
of sludge formation. The sludge of converter gas
purges usually refers to iron rich by content. Their
composition by main components are: Fe.. - 40 —
65%; CaO - 1,5 -12,9%,; SiO, - 1,4 — 2,8%; Al,05-0,1
- 0,3%; MgO - 0,3 — 1,5%; P - 0,04 — 0,15%; S, -
0,16 - 0,25%; C.. - 0,9 —3,2%; Zn - 0,2 — 1,5%.

The humidity of these sludges can reach 50-
60%, and the iron content - 60%. 10-30 kg of sludge
per 1 ton of smelted steel (1-3%) is formed during
the wet gas purification [4, 5].

The dispersion of converter sludges is quite
high, although in some cases large particles are
contained in the sludge.

The density of converter sludges is 3,5-5,0
g/cm3. The specific dust release depends on the
blasting intensity, tuyere designs, the oxygen
pressure and the granulometric composition of the
bulk materials.

When cooling with scrap, the amount of dust is
1,3-1,7 times more than when cooling with ore. In
addition, the specific yield of dust is affected by the
carbon content of the metal: with its increase, the
yield of dust increases. The concentration of dust at
the time of bulk materials supply can increase by 5
to 6 times [6, 7].

Experimental part

As the initial metal-containing material,
converter slag and sludge of the converter plant of
“ArcelorMittal Temirtau” JSC and coal sludge of
coal enrichment were used.

The highest concentration of iron (Fewt =
68,04%) of the converter sludge was observed in
small fractions less than 0,05-0,1 mm. The
converter sludge’s granulometric composition of
the converter plant of ArcelorMittal Temirtau JSC is
given in Table 1.

The converter slurry must be dewatered before
use. For the experience, 20 L of aqueous
suspension (6000 g of solid) sludge was taken and
the total precipitation time was 6 hours 40 minutes,
from where the precipitation rate was 50 g/min.
Further, the resulting sludge precipitate was dried
in a drying chamber at a temperature of 100°C.

Further, the experiment was repeated under
the directed effect of the magnetic field, depending
on the layer height of the water-slurry phase in the
same proportions. The precipitation time was 5
minutes, it indicates the magnetic field effect on
the iron particles and the acceleration of the
precipitation process.
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Table 1 - Granulometric composition of the converter sludge

Ne Fraction % Fetotal FeO SiO2 Cao MgO | MnO P Al,03 Cu Zn Pb Na20 K20 nnc
1 +1 74 | 42,2 | 43,07 | 6,02 | 2756 | 43 | 096 | 0,36 | 0,86 | 0,021 | >0,5(1,21) | 0,068 | 0,146 | 0,155 | 3,08
2 | 063-1 |3,6]|4688 55386412825 7,25 | 1,46 | 0,65 | 0,74 | 0,019 0,42 0,014 | 0,074 | 0,088 | -7,02
3| 04-063 |38|5603| 687 | 654 | 22,44 | 631 | 1,26 | 0,56 | 0,59 | 0,022 0,23 0,007 | 0,058 | 0,048 12_37
0,315 - -
4 04 8,5 | 59,97 | 72,34 | 4,90 | 19,81 | 6,98 | 1,43 | 0,47 | 0,86 | 0,023 0,20 0,007 | 0,045 | 0,052 | .
0,16 - -
5 6,9 | 67,65 | 83,28 | 3,24 | 1296 | 401 | 08 | 04 | 04 | 0,028 0,20 0,008 | 0,026 | 0,034
0,315 10,95
6 | 0,1-0,16 | 4,0 | 66,96 | 78,97 | 2,82 | 12,95 | 3,83 | 0,72 [ 0,39 | 0,38 | 0,030 0,34 0,013 | 0,035 | 0,036 | -8,86
7 | 00501 | 1,9 | 6804 | 787 | 267 | 10,11 | 3,91 | 0,6 | 0,31 | 0,87 | 0,067 0,44 0,020 | 0,079 | 0,056 | -8,01
8 | 0-0,05 |90 |47,26 | 46,85 | 1,9 | 20,63 | 6,38 | 0,65 | 0,18 | 0,37 | 0,030 | >0,5(1,07) | 0,057 | 0,101 | 0,068 | 6,95
The wet sludge was dried in a 100°C oven. The  phosphorus, the concentration of which

drying time was 26 minutes. A further increase in
drying time does not result in a decrease in the
moisture content of the test sample. The main
values of the dried converter sludge sample are
given in Table 2.

Table 2 — The main properties of converter sludge during
dewatering process

Parameters Converter sludge

Bulk density, kg/cm? 3,75
Volume of water-sludge 78
samples, ml

Weight of solid component in 6000
water-slurry suspension, gr

The precipitation time under the 5
gravity influence, min

Precipitation rate, gr/min 6,0

The precipitation time under the 4
magnetic field influence, min

Precipitation rate, gr/min 7,5
Temperature in drying chamber, 100
°C

Drying time, min 26

The content of the main components in the
converter sludge dry sample is shown in Table 3.

As shown in Table 3 from the results of the
chemical analysis, the iron content of the converter
sludge is comparable to the iron ore concentrate. In
addition, the converter sludge contains 1,56%
manganese oxide as a useful impurity metal, which
significantly increases the value of the used sludge.

At the same time, converter slag and converter
sludge contain harmful impurities like sulfur and

significantly exceeds the permissible limits (0,02 —
0,03%). However, the P,0s cannot exist in the slag
in the free state, because it is not stable at high
temperatures at which phosphorus is easily
reduced by carbon, manganese and even iron (2).

(P20s) + 5 [Fe] <> 2 [P] + 5 (FeO) (2)
The strongest connection P,0s gives CaO (3).
4 (Ca0) + (P20s) = (4 CaO x P,05) (3)

Hence the total phosphorus removal reaction

can be represented (4):
2[P] + 5(FeQ) + 4(Ca0) = (4 CaO x P,0s) (4)

A compound Cas(P0O4); may also be formed, and
phosphorus  starts  reduction reaction at
temperatures above 1200°C.

Sulfur is completely rigidly bound to calcium
oxide (Ca0) in the form of CaS, from which sulfur
cannot be reduced during reducing melting (5).

(FeS) + (Ca0) <> (FeO) + (CaS) (5)

Therefore, in order to prevent the reduction
and transition of phosphorus to the metal
composition, it is necessary to provide a
temperature-thermal mode of reducing melting of
raw materials prepared from a mixture of converter
slag and sludge [8, 9].

All used materials except converter slag are fine
and dispersed. In order to ensure the dispersion of
the burden, pieces of converter slag with a fraction
of 40+80, 40+20, 20+10, 10+5 mm were crushed on
a laboratory jaw crusher and then on a vibrator.
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Table 3 - Chemical composition of burden components

Component name Chemical composition, %

Fetotar | FeO MnO SiO2 Al203 Cao MgO S P C
Converter sludge 63,7 15,0 1,28 6,66 0,53 15,2 6,9 0,68 0,06 1,8
Vessel slag 25 32,0 4,5 12,8 4,62 30,5 6,56 0,30 0,34 -
Coal sludge - - - 16,07 7,69 1,35 0,35 0,5 - 65,0

As it shown on analysis of the data in Table 3,
in the composition of the converter slag and the
sludge, most of the slag-forming compounds SiO,,
Al;03, Ca0, MgO makes up 40% calcium oxide.

In order to increase the iron content of the
resulting metal product, the converter sludge and
the converter slag were enriched on a single cone
magnetic separator at 0,5A.

In the non-magnetic part, 5% of the fraction
was separated from the starting mass of 1035 g of
converter slag, and in the converter sludge, the
non-magnetic part also amounted to 5% of the
starting mass of 730 g.

It should be noted that the type of reducing
agent should be selected depending on the content
of the reducing element in the metal-containing
feedstock. For example, if the iron content of the
sludge is about 20%, it is inappropriate to use coal
flotation waste as a reducing agent, since the iron
from the sludge will practically not be reduced, and
the amount of slag which is formed during the
smelting process will be very large.

In this case, the industrial waste used in the
reduction is a mixture of converter slag and sludge
having an iron content more than 50%.

Therefore, it was decided to use coal sludge
formed during coal enrichment as a reducing agent.

The composition of coal sludge contains a large
number of slag-forming oxides about 15%. In order
to separate the coal particles (having a small
specific gravity) from the slag-forming particles, the
coal sludge was subjected to gravitational
enrichment. Small and lightweight particles were
blown into a special gas outlet, then entered the
second container in the form of a dust collector.
The caught dust mainly contains carbon particles.

Repeated chemical analysis of enriched metal-
containing materials and coal sludge showed a
significant increase in iron content. The chemical
composition of the enriched components is shown
in Table 4.

Studies were carried out with burden, in the
ratio of converter sludge to converter slag 90:10,
respectively. The chemical composition of the

mixture of converter sludge and converter slag is
shown in Table 5.

The solid carbon reduction process was carried
out in a temperature range of 900-1200°C. The
choice of these temperatures is explained, on the
one hand, by the impossibility of melting the
material, on the other hand, by the impossibility of
reducing phosphorus.

As noted earlier, coal sludge is used as a
reducing agent. For the complete reduction of
metals, the stoichiometric flow rate of coal sludge
was calculated per unit of iron-containing material
according to the method of Tleugabulov S.M. [10,
11]. As a result of the calculations, the consumption
of coal sludge per unit of iron-containing material in
the amount of 0,300 kg/kg was obtained. Obtained
mixture of converter slag with converter sludge and
coal sludge results to chemical composition
changes of mixture. The mass fraction of the iron-
and coal-containing parts was calculated as follows:
ye = 1,0: 1,300 = 0,76 and y, = 0,300:1,300 = 0,23.
After mixing the ore-coal mixtures, sludge-coal
briquettes were obtained on the laboratory mold.
Liquid glass was used as the binder in the
briquetting process.

The resulting briquettes were dried at 300-
350°C in a muffle oven.

The drying temperature was selected according
to the following principle. At a temperature of
350°C, solid carbon in the mixture of converter
sludge and slag is practically not oxidized in the air
atmosphere. Its reaction with metal oxides does
not occur.

After drying, the briquettes acquired higher
mechanical strength for processing in two stages: 1)
reduction firing in a shaft furnace at 1000-1200°C;
2) smelting reduction in a melting furnace at a
temperature of 1600°C.

For metallization, briquettes with size of 5x4cm
and a mass of 125 g. entered into a chamber
furnace SNOL-1,6.2.0.0,8/9-M1-U4 preheated to
500°C. During the experiment, the time and
temperature of the start of gas evolution was fixed
at 900°C, it indicated the onset of a direct reduction
reaction.
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Table 4 - Chemical composition of enriched components

Components Chemical composition, %
Fetotal FeO MnO SiO: Al20; |CaO MgO |S P C
Converter sludge 71,15 16,4 1,33 3,0 0,34 9,2 5,7 0,59 0,03 1,8
Vessel slag 32 33,4 4,7 9,2 4,43 30,5 5,3 0,21 0,31 -
Coal sludge - - - 8,6 5,65 0,85 0,35 0,5 - 65,0
Table 5 - Chemical composition of converter sludge and converter slag mixture
Name Fetotal FeO MnO SiO: Al203 Cao MgO P S
Ratio 90:10 62 16,5 1,5 3,2 0,6 10,2 5,2 0,05 0,51
Table 6 - Chemical composition of metalized product
. Chemical composition, %
Material -
Fetotal FeO | Femeta | MnO SiO2 Cao MgO P S Al203
Metal briquette 1 80 3,2 78,4 1,2 12,2 9,8 4,7 0,07 0,69 4,5

Then, as the temperature increased to 1000°C,
the CO and SO; gas were strongly released by the
reaction (6).

5Fe0 + 4C = 5Femetar + 3CO + CO; (6)

The experiments continued until gas release
stoped. This meant almost complete or marginal
reduction of iron at a temperature of 1000-1200°C.

Initial mass of the sample before the test: m1 =
126 g; mass of the sample after the test: m2 = 111
g; loss of mass: Am=m1-m2=149g.

On the basis of experimental studies, the mode
of the reduction process was established, during
which a metallized product was obtained. The
characteristics of the metallized product is shown in
Table 6.

Sludge-coal briquettes weighing 250 g were
placed in an alund crucible and installed in a
“Tammana” smelting furnace. Immediately after
turning on the furnace, in order to avoid secondary
oxidation of the metallized product, the surface of
the crucible was blown with argon for 10 seconds
at 90A. The temperature inside the reaction
crucible was controlled by tungsten/tungsten-
rhenium VR5/20 thermocouple. When the
temperature reached 1600°C, the briquettes
completely converted to melt. The exposure in the
furnace was 25 minutes. Further, argon was purged
to cool the melt, then the melt crucible was
removed and cooled in air. The results of the

chemical analysis of the resulting metal casting
sample are shown in Table 7.

Table 7 - Chemical composition of the obtained metal
sample

Metal Chemical composition, %
[Mn] | [C] [si] [s] [P]
1,20 0,32 0,26 0,025 0,03
Conclusion

1. The optimal composition of the components
of the converter slag and gas cleaning sludge
mixture is established in terms of the percentage of
iron, which is expedient for use as a raw material in
steel smelting.

2. The metal yield was 38% and the slag yield
62% from the starting 250 g of sludge-coal
briquettes.

3. According to the results of chemical analysis,
the melted metal sample is natural alloy steel. The
content of harmful impurities of sulfur and
phosphorus meets the technical requirements of
qualitative steel.

4. The proposed technology of processing slag
and sludge of oxygen-converter production will
reduce the volume of accumulated production
wastes.
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TYWIHAEME

Kasipri meTtannyprua KombuHaTTapbliHAa KOHBEPTEpP LWAaMAapsbl TeMip MeLepi }KoFapbl meTanfa 6ait
OHepKaCiNTiK KanaplKTapfa KaTafbl. Kasipri yakblTTa ocbl KangblKTapApl Naifafa »kapaTy »KaHe
MeTannypruaga LWWKI3aT peTiHae naiganaHy maceneci TyblHAAM oOTblp. Byn »KYMbICTbIH MaKcaTbl
rasrtasapTyAblH, KOHBEPTEP LWNAMAAPbl MEH KOHBEPTEP KOXAAPbIHbIH, KOCMAckl HerisiHae 6puKkeTTey
KoHe BpUKeTTeNreH eHiMaepAi TOTbIKCbI3AaHAbIPY NpoLecTepiH 3epTTey 60bin Tabblnasbl. Makanaga
KoHBepTep/i 6anKbITy KanAblKTapblH, aTan aWTKaHA4Aa  KOHBEPTep/i KOMAbIH, ras TasapTyAplH,
KOHBEpTEp/i WNaMbIMeH KOCMacblH MeTaNnypruanblk KahTa eHaeyre TapTy MYMKiHAiKTepi
KapacTbipbinFaH. Ocbl Herisae 60naT 6ankpITyfa apHanFaH GpuKeTTepai 6GanKbITy KanablKTapbiHbIH,
KOCMACbIHAH LWbIFApy YCbiHbIAAAbl. [a3Ta3apTyAblH KOHBEPTEP/IiK LWAaMbl MEeH KOHBEPTEPAiK KOX
KOCMacblHaH LWAamKeMipnik GpuKeTTepai AalibiHAAy, onapAbl METaNAaHAblpy KoHe 3epTXaHasblK
aFfanaa TOTbIKCbI3AAHAbBIPbIN  6ankbiTy 6OMbIHIWA IKCMEPUMEHTTIK  3epTTeynepai opbiHAAY
bapbicbiHga 60natTbl GanKkbITyFa LIKMKI3aT peTiHAe nailganaHyFa NaliblkTbl 6onatbiH  Temipaid,
NabI3apblK, Kypambl 60VibIHIWIA KOHBEPTEPAiK KOX 6eH rasrasapTy Liam Kocnacbl KOMMOHEHTTEPIHIH,
KONalnbl  Kypambl  aHblKTangbl. AnblHAaTbIH - MeTangapapl  TOTbIKCbI3AaHAbIpyFa  KemipaiH
CTEXMOMETPUANDIK LUbIFbIHBI KIHE METaNAaH TYPaTbiH aHe KypamblHAa KemipTeri 6ap eHepKacinTik
KanablkTapAaH LWAamMKeMmipaik Kocnanapabl AaviblHAay 6OMbIHIWA 3KCNEPUMEHTTIK  3epTTeynep
MeTanfaHAbIPYFa KaHe TOTbIKCbI3AAHALIPbIN BankbITyFa KaTaTblH WAAaMKeMipaik bpukeTtepai anyra
MYMKiH 60naTblHbIH Aanensesi. OHAIPICTIH, AUCNepcTi KanablKTapblH Ke3ek KeserimeH eHaey, aTtan
aWTKaHAA KenTipy, MeTanaaHabipy XKaHe TOTbIKCbI3AAHABIPbIN BANKITY, eH COHbIHAA cananbl 6onaTtka
COliKec KenleTiH MeTann YATICiH anyFa MyMKIHAIK 6epai. IKCNepuMEeHTTIK 3epTTeynepaiH, HaTUXKenepiH
Tanpay HerisiHae KypambliHaa meTann 6ap KanablKTapabl TOTbIKCbI3AAHAbIPLIN 6ANKbITY TEXHONOMMACHI
wacangbl. TeXHONOrMAHbI EHridy HITUMKEeCIHAE LWOWMbIH MeH >KOfapbl KeMIpTeKTi KopblTnanap
OHAIpICiHIH, Ke3eHAepiH aiHanbIN eTin, MeTanabl KOMIPTEKTEHAIPMEN XofFapbl cananbl 6onatrap MeH
KopbITnanapAapl anyfa 6onagpl. KykipT neH docdopablH 3MAHAbI KOCNanapbiHbIH, Kypambl KOFapbl
cananbl 60NaTTbiH, TEXHUKANbIK TafanTapblHa caikec Kenegi. OTTeri-koHBepTep OHAIPICIHIH, KoXAapbl
MeH LWNaMaapbiH eHAEYA[H YCbIHbINFAaH TEXHOMOTUACH! KWMHaKTanFaH OHAIPIC KanAbIKTapbiHbIH,
KenemiH as3aiTyFa MyMKiHAiK bepepai.

TyliiH ce30ep: KOHBEPTEPAi KOX, KOHBEPTEPAi LWAamM, Kemip wWaambl, BPUKET, TOTbIKCbI34aHAbIPY,
6ankbITy.
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AHHOTALUMUA

KoHBepTepHble  WamMbl  Ha COBPEMEHHbIX METa//lypPruyeckux KOMBWHaTax npeacTaBasioT
3HAUUTENbHYIO YacCTb METaNNIOCOAEPHKALLMX MPOMbILIIEHHBIX OTXOAOB C BbICOKOM KOHLEHTpauuen
)enesa. B HacToswee Bpems cywecTsyeT Nnpobaema vx yTUAU3aLMU U NPUMEHEHMSA B KaYecTse Cbipbs
ana metannypruum. Lienbio faHHOM paboTbl ABAAETCA MUCCeA0BaHUE NPOLECCOB BPUKETUPOBaHMA U
BOCCTaHOBNEHUA GPUKETUPOBAHHbLIX MPOAYKTOB, Ha OCHOBE CMECM KOHBEPTEPHbIX LUIAaMOB
rasoouMCTKM M KOHBEPTEPHbIX LWAAKOB. [Py BbINOJIHEHUM 3KCMEPUMEHTA/bHBIX WCCNEL0BaHMIA MO
MOATOTOBKE  LIIAMOYrO/IbHbIX BGPUKETOB M3 CMECM KOHBEPTEPHOrO LWJ/iama ras’oouucTKU U
KOHBEPTEPHOro wnaka, nx metannmsauum u BOCCTaHOBMTeﬂbHOl)‘I nnaBke B na60paTopr|x ycnosusax,
YCTaHOB/MEH ONTUMa/IbHbIM COCTaB KOMMOHEHTOB CMECU KOHBEPTEPHOTO LW/AKa U LWAaMa ra3ooumCTKM
MO NPOLEHTHOMY COAEPKaHUIO XKenesa, NPeACcTaBafioLemMy LeiecoobpasHoCTb A4/18 UCMO/b30BaHUA B
KauecTBe Cbipbsi MPU BbIMNNABKE CTa/JM. JKCMEPUMEHTaNbHbIE MCCNEA0BaHWA MO MOATOTOBKE U3
[LMCNEPCHBIX METANIOCOAEPHKALLMX 1 YINEPOACOAEPHKALLMX MPOMBbILLNEHHBIX OTXOA0B LWIAMOYTO/IbHbIX
CMecei CO CTEeXMOMETPUYECKUM PacxXofOM YrAs Ha BOCCTAHOBJEHME W3B/NEKAaeMbIX METaisIos,
[0Ka3anu BO3MOMHOCTb MOMYYEHWA LWAAMOYrO/bHLIX BPUKETOB, KOTOpble Aasnee MOABepraTcs
METaNNN3aLMM U BOCCTAHOBUTENbHOM nnaske. MocnegosatensHas o6paboTka AMCNEPCHBIX OTXOA0B
NPOM3BOACTBA, @ UMEHHO CYLLIKA, METa/l/IM3aLmnsa U BOCCTAHOBUTE/IbHAA NNaBKa NO3BOUAA NOYYUTb
Ha 3aBepwatowein cragumu obpasey, MeTanna, KOTOpbId MO CBOEMYy COCTaBy COOTBETCTBYHOT
KayecTBEHHOM CTasM. Ha OCHOBe aHanuW3a pesynbTaToB 3KCMEPUMMEHTAsIbHLIX UCCAeL0BaHMiA
pa3paboTaHa TEXHOOTMA BOCCTAHOBUTE/IbHOM MAABKM METaN0COAEPIALLMX OTXOA0B. B pesysibrate
peannsaumm TeXHOIOMMU MOTYT BbITb MONYYEHbl KAYECTBEHHbIE CTAN U CMNaBbl 63 HayrNepoKUBaHUA
MeTanna, MWHYS CTaguu MPOU3BOACTBA YyryHa M BbICOKOYINIEPOAMCTbIX crnnasoB. CopepaHue
BPEeAHbIX Npumecei cepbl v Gochopa COOTBETCTBYET TEXHUHYECKUM TPEHOBaHWAM KauecTBEHHOI CTanu.
Mpegnaraemas TexHonorus nepepaboTKM  Wlaka WM LWNAMOB  KWUCNOPOAHO-KOHBEPTEPHOro
NPOU3BOACTBA NO3BOJIUT COKPATUTL 06 BEMbI HaKaNIMBaeMblX OTXOL0B MPOM3BOACTBA.

Knioyeeble cn108a: KOHBEPTEPHbINM LUNAK, KOHBEPTEPHbIA LWNAM, YrolbHbIA Wwnam, 6puker,
BOCCTaHOB/EHUWE, NNaBKa.
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