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Abstract

Fine top gas mud from washing the blast-furnace gas was deposited to the waste disposal sites in the
past, because its further processing was not possible because of heavy metal content — particularly lead and zinc
— higher than what is allowed by the relevant regulations [6]. The goal of the project is to monitor the waste
disposal sites with top gas mud in the Ostrava region, taking and analysing the samples and following laboratory
verification of the technology for physical or possibly chemical removal of zinc and lead. Such decontaminated
old ecological burdens could be used as a sinter charge of agglomeration together with other raw materials - by
that the waste would be used and the occupation of the land would be reduced. At the same time the cost of
depositing and disposal of top gas mud from the production would be decreased.

Abstrakt

Jemné kaly z mokrého vypirani vysokopecniho plynu byly v minulosti ukladany na skladky, nebot
nebylo mozné jejich zpracovani z divodi vysSiho obsahu tézkych kovi, hlavné olova a zinku, nez povoluji
piislusné predpisy [6]. V ramci projektu byl proveden monitoring skladek vysokopecnich kali v ostravském
regionu, odebrany a analyzovany vzorky, a posléze provedeny laboratorni ovéteni technologie odstranéni zinku a
olova fyzikalni, pfipadn¢ chemickou cestou. Takto dekontaminované staré ekologické zatéze by mohly byt
vyuzity jako vsazka do aglomerace spolu s ostatnimi surovinami. DoSlo by tak k vyuziti odpadu a odlehceni
zéboru pudy. Zaroven by byly snizeny naklady na ukladani a zneskodnovani vysokopecnich kalti z vyroby.
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Introduction

Selection of locations and drilling survey

The goal for the first phase of the project was the localization of the waste disposal sites for fine-grained
metallurgical wastes — JHO (top gas mud and steel work sludge), and determination of the deposited amount of
the mud and sludge in it. There are three such locations in the area of the city of Ostrava — see Figure No. 1 the
partial map of Ostrava region (Ostravsko), publication KCT 61-62 2, issued in 2000. The waste disposal sites of
Vitkovice, a.s. and Nova hut’ (NH), a.s. are there marked by circles.

The waste bank of Vitkovice, a.s. — which is at the west part of the partial map - where JHO was
deposited into the space created by the mining of slag at the north side of the waste bank in the area of Hrabiivka
city district on the left bank of the Ostravice river. The waste disposal site of JHO or also of the metal-bearing
mud was established at the beginning of the 70s on the top of the nowadays reduced waste disposal site (waste
bank) of Vitkovice, a.s.
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Nova hut, a.s., which celebrated its 50" anniversary of blast furnace operation in 2001, deposited the
mud from the production to two main locations. Mainly top gas mud was deposited at the Rudna location in the
area of the Kuncicky city district and also at the common sludge bed in the area of Bartovice, where fly ash (P),
top gas mud (VPK) and steel work sludge (OK) were deposited. These locations are also marked on the partial
map. We were detecting an amount of deposited JHO both through planar dimensions and average depth of the
drills and from consultations with responsible employees of individual companies.
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Fig. 1: Partial map with the sludge beds of Vitkovice, a.s. and Nova hut, a.s.
Obr. 1: Vyrez mapy s odkalisti Vitkovic, a.s. a NH, a.s.
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Fig. 2: MVS drilling set in action
Obr. 2: Vrtna souprava MVS v akci

Drills were done by an MVS portable drilling set, Figure No. 2, which is able to drill down to a depth of
15 m. The diameter of the drill by spiral bar was 80 mm. The drilling set was developed in cooperation with
VSB — Technical University of Ostrava, the Institute of Geological Engineering and the company Mineco, s.r.o.
and it is determined for taking samples of soil, concrete, masonry and solid rocks by drilling by a spiral bar or by
bars with the boring bit for the core with the water flush. The set is fully hydraulic. The hydraulic aggregate is
driven by the internal combustion engine.

In the case of the Rudna I sludge bed, drillings up to a depth of 17 m were made, because it was drilled
in a relatively shallow environment. For technical reasons it was not possible to drill to a bigger depth.

According to the oral statement, the thickness of the mud/sludge in this sludge bed should be about
18 m. The height of the dam is 22 m. The Rudna I sludge bed is located north of the area of NH, a.s. over the
Rudnd 1* class road, left in the direction of Havitov. It is of a rectangular shape with the longer side in the east-
west direction. This sludge bed does not use the natural dip of the terrain but is built by the slag dam around the
whole sludge bed. In the east part it is partially extracted and about half of it is covered by sparse self-seeding
woods. Drills and surface samplings were provided diagonally at the west part of the sludge bed, where the
surface is not covered by the woods.

Bartovice’s sludge bed, which is at the east side of the NH, a.s. area and in the area of the Bartovice city
district, is partly using the terrain unevenness and partly the slag dam. This sludge bed is divided into several
segments: in three of which - light ash (P) is deposited, in the biggest western part - top gas mud (VPK) is
deposited and in two of the eastern segments below the hill - steel work sludge (OK) is deposited — see Figure
No. 1. Several testing drills were also done here. Drillings were made down to the bedrock at this location. The
biggest drilled depth in the steel work sludge section was 12 m — there was steel work sludge down to a depth of
11.7 m and the rest was clay.

The cubage of Bartovice’s sludge beds is also calculated from the average depth and area. Particularly
for the OK it is a rough estimation only, because the steel work sludge is deposited in the hill and a detailed
drilling survey could not be done for financial reasons. VPK Bartovice - 270 000 m® which corresponds to
404 000 tons of dry mud. Steel work sludge deposited in the north segment is at a volume of approximately
324 000 m® which at the volume mass of 2 600 kg.m™ corresponds with 635 440 tons of dry matter. Steel work
sludge contents in average 60 % of Fe.

According to previous work done at our and other workplaces an option of VPK recycling by physical
separation on hydrocyclones can already be assumed. The content of Zn and Pb in component of interest
including Fe, can be lowered several times by this technology. The iron yield is at this procedure is over 80 %.

If we would consider only the Rudna I and Bartovice sludge bed with VPK, where the total estimated
weight is 854 000 tons in dry matter with a mean moisture of 35 % and Fe content of 50 %, then we could obtain
341 600 tons of Fe.

In the case of the sludge beds, where steel work sludge is deposited, the situation is somewhat
complicated, even when the Fe content is here higher then at VPK. OK are usually a lot finer and recycling by
physical method must be subjected to further research. Pyrometallurgical processes, by which Fe could be
obtained from this sludge, are very high cost at the primary investments and also at the process [7,9,10].

Experimental

Physical methods of decontamination

In the following phase of the project technological tests on laboratory hydrocyclone were done at
different parameters of the jets, angles of the conical part and pressures. The goal was to obtain a product with
the highest content of iron together with the lowest content of zinc and lead. From the previous tests it was
obvious that the decontamination of steel work sludge will need to be done by the chemical methods.

In 2002 a number of technological tests were done, on laboratory hydrocyclone with a 60 mm diameter
of the cylindrical part and with the interchangeable input, outlet and overflow jets. Also the cone part of the
hydrocyclone was interchangeable. Several angles of the outlet part of the hydrocyclone were used here. Tests
were also done with variable input pressure of inflowing suspension. The pressure was regulated by the fixtures
on the inlet piping — from the pump to hydrocyclone. A diagram of the hydrocyclone work is on Figure No. 3
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and the photograph of the HC station with the vessel for the preparation of suspension and testing hydrocyclone
is on Figures No. 4 and 5.

The experiments done with the samples of top gas mud and steel work sludge confirmed in the
principles the assumption - of transition of non-iron metals to the overflow of the hydrocyclone, and of the iron
concentration in rough product. By comparing of achieved results at different settings of the hydrocyclone it is
obvious (yield of Zn 30-80 %, Pb 10-70 %) that to reach the required goal — the hydrocyclones with bigger
crown angles (30, 60°) are better for the case of top gas mud.

At the processing of steel work sludge, the results of separation on hydrocyclones are less favourable
than at the processing of top gas mud. The yield of non-iron metals at the enriched product (overflow of
hydrocyclone) fluctuates in a wide range from 40 to 90 %. But the higher values of this index are caused
particularly by the high mass return of finer product, which eliminates the effect of enriching the overflow of
pursued metals. From the content values of Zn and Pb in individual products of the separation it is clear that
some enriching of the overflow is occurring according to the outlet of hydrocyclone. The ratio of the metallic
content of outlet and inlet fluctuates in the range from 1.2 to 3.5. But the concentration level (the ration of
metallic content of overflow and inlet) reaches very low values, which in the case of zinc and lead fluctuates
around the value k=1,2. The iron is distributed into both products approximately evenly. Based on experimental
work and achieved results, and due to desired higher outputs, the hydrocyclone of the 90 mm diameter, with the
conical part of the crown at an angle of 60°, was designed by the theoretical recount for the processing of
pursued materials. After the successful semi-operation testing, this hydrocyclone has all conditions for possible
use in the form of a hydrocyclone battery (in the connection with relevant pumps) [1,2,3,4,10,11,12].

Fig. 3: Schematic diagram of the hydrocyclone Fig. 4: Hydrocyclone station

Obr. 3: Schematické zndzornéni hydrocyklonu Obr. 4: Hydrocyklonova stanice
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Fig. 5: Hydrocyclone with a 60° angle conical part

Obr. 5: Hydrocyklon s konusovou éasti o vhlu 60 °
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Resumé

Experimenty provadéné se vzorky vysokopecnich a ocelarenskych kali v zasadé potvrdily predpoklad o
pfechodu nezeleznych kovt do prepadu hydrocyklonu a o koncentraci Zeleza v hrubém produktu. Porovnanim
dosazenych vysledki pfi rizném nastaveni hydrocyklonu je ziejmé (vytéznost Zn 30-80 %, Pb 10-70 %), Ze pro
dosazeni pozadovaného cile se v piipadé¢ vysokopecnich odpadi jako nejlepsi jevi hydrocyklony s vétsimi
vrcholovymi tihly (30, 60°).

Pfi zpracovani ocelarenskych kali jsou vysledky separace na hydrocyklonech méné ptiznivé nez pii
zpracovani kalli vysokopecnich [6]. VytéZznosti neZeleznych kovii do obohaceného produktu ( pfepadu
hydrocyklonu) se pohybuji v Sirokém rozmezi od 40 do 90 %. Vyssi hodnoty tohoto ukazatele jsou vSak
zpusobeny predevs§im vysokymi hmotnostnimi vynosy jemnéj$iho produktu, coz eliminuje efekt nabohaceni
pfepadu sledovanymi kovy. Z hodnot obsahii Zn a Pb v jednotlivych produktech separace je ziejmé ze k
ur¢itému nabohaceni piepadu vzhledem k vytoku hydrocyklonu dochéazi. Pomér kovnatosti pfepadu a vytoku se
pohybuje v rozmezi 1,2 az 3,5. Stupent koncentrace ( pomér kovnatosti pfepadu a piivodu) v§ak dosahuje velmi
malych hodnot , které v piipadé zinku i olova kolisaji kolem hodnoty k=1,2. Zelezo je distribuovano do obou
produkti hydrocyklonu vcelku rovnomérné. Na zékladé experimentalnich praci a dosazenych vysledkl a
vzhledem k poZzadovanym vys§im vykoniim byl teoretickym piepoctem navrzen pro zpracovani sledovanych
materialt hydrocyklon priméru 90 mm s konickou &asti o vrcholovém thlu 60°. Tento hydrocyklon ma po
ptipadném uspéSném poloprovoznim odzkouSeni vSechny piedpoklady pro mozné pouziti ve form¢ baterie
hydrocyklontl ( ve spojeni s pfislusnymi ¢erpadly) [1,2,5,8,10].
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Prof. Ing. Miroslav Kursa, CSc., VSB-TU Ostrava.

60



	POSSIBILITIES OF RECYCLING OF FINE-GRAINED METALLURGICAL WAS
	MOŽNOSTI RECYKLACE JEMNOZRNNÝCH HUTNÍCKÝCH ODPADŮ ZE STARÝCH
	Abstract
	Abstrakt

	Introduction
	Selection of locations and drilling survey

	Experimental
	Physical methods of decontamination

	References
	Resumé



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


