
���

��������	
� ��� �����
� ��	�������	� �� ����� ���� ������ ���� �

� �����	
��
����������
��
�������
���
���������� 
!��"���
��
#�����
$����������
���
%��"������
&�'("���
�������� 
)��*�+ 
������,
�-'���	
*".���/������"�(�

�����  !"�!�#��$% ���&'(' )*+,������������'�

#���*�
)"0���� 
#��������
1�.'"�-�2���*�+�*�� 
���"�
�.�3����� 
4�3�����
5��.�*�

��������	�
������	�	���������	���������

��	���	����
����

�� �
�������


Refractory ceramic materials are used in the processes taking place at high temperatu-
res. In most refractory materials consist of oxides and combinations thereof. Refractory
materials are mostly produced from six oxides: SiO2, Al2O3, MgO, CaO, Cr2O3 and ZrO2,
which are located in the melting temperature of 1700 oC to 2825 oC [1, 2]. Depending on the
prevailing operating conditions of the various refractory lining. They are used in several
industries: iron and steel, foundries, glass, cement, etc. Approximately 656 of the world
consumes refractory iron and steel. In Poland, as a result of activities of the Polish steel
industry iron and steel consumed is about 50% of the total refractory materials. Refractory
materials are used both in steel furnaces (arc furnaces, induction furnaces, oxygen con-
verters) in blast furnaces for smelting pig iron and ladle during casting and machining of
steel (including the main steelmaking ladles and indirect). In the manufacture of steel using
a variety of types of refractory materials.

They are used as lining the shaft electric arc furnace (including materials magnesia,
magnesia-carbon) and the materials used in the main tanks (materials dolomite, dolomite-
magnesite, magnesia-spinel, magnesia-chrome). In both cases, the constant and direct con-
tact with the liquid steel, undoubtedly affect the chemical composition of the materials used
refractories. Wear of refractory materials used in the above-described objects is greatest
due to the virtually constant contact with the liquid steel. Steel melted in steel furnaces or
converters tapped into the ladle. Poured into a vat of steel slag with an average temperature
above 1600 oC. Slag is a protective layer in the tank steel bath before cooling too quickly.
Along with the high temperature affects the ladle lining therefore also slag.
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The most aggressive of the slag are oxides FeO, MnO and MgO. Destructive to the
working refractory impingement steel poured from the furnace, and the turbulence in
the same vessel [3, 4]. The decrease in steel ladles life is affected by types of secondary
metallurgy run (argon, heating, vacuum degassing). Fuel ladle refractory is in the range
3–30 kg/ton of steel. Refractory materials are subject to continuous wear, thereby genera-
ting a significant amount of waste. It is, therefore, to obtain information about the chemical
composition changes, especially in terms of metal content and harmful substances. This
information will be helpful in choosing the appropriate form of re-use and waste refractory
materials utilized.
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The study used part of the main ladle linings designed for repair. Portion downloaded
came from a refractory tank with a capacity of 150 ton of parts exposed to constant contact
with the liquid steel (metal zone). Tests were also performed for new materials for the
refractory lining of the vessel. Samples were taken from the Steelworks ZWW (Rolled
Product Plant), Celsa 8 Huta Ostrowiec ��
9����+���
:+�;��*�.��*�.
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The surface of the ladle refractory samples were tested with the main scanning electron
microscope, Hitachi (SEM) S-3500N equipped with manual Noran EDS analyzer. The stu-
dy included both test scanning surface of the melt in contrast secondary electron (technique
– SEM SE), as well as the chemical analysis was performed using X-ray spectroscopy of
an energy dispersive (EDS). The samples of the new and waste material derived from the
refractory lining of the ladle steelmaking performed a qualitative and quantitative analysis
of chemical composition by X-ray spectroscopy of an energy dispersive (EDS). Using EDS
qualitative analysis can determine what elements are present in the different areas of the
sample based on the presence or absence of the characteristic peaks in the spectrum. The
purpose of the quantitative analysis is to determine the relationship EDS element content
based on the comparison of the peak intensities of the elements in practice. The quantitative
analysis of the content of all elements is normalized to 100%. Point analysis was performed
for both the chemical composition as well as an analysis of selected areas of the charge.
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Chemical analysis performed using X-ray spectroscopy with an energy dispersive
(EDS) showed in the unused material presence of refractory elements such as C, Mg, O, Al,
Ca, Si. Figure 1 shows photomicrographs of the analyzed areas of new refractory materials.
Figure 2 presents spectrograms of
the analyzed areas of unused refractory materials.
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Marked points of point analysis are presented in Figure 3a. Chemical composition of
analyzed new material are shown in Table 1 and Table 2. Analogous tests have been performed
for the used refractory material. The results of which are summarized in Table 3 and Table 4.
Photomicrographs of the analyzed areas are shown in Figure 4 and the corresponding

Chemical composition [% wt.] 
Area analysis 

C Mg O Al Ca Si 

A 65.98 14.41 18.26 0.22 0.76 0.38 

B 67.42 14.29 17.39 0.21 0.37 0.31 

C 70.36 13.57 15.19 0.25 0.42 0.21 

Chemical composition [% wt.] 
Point analysis 

C Mg O Al Ca Si 

1 48.65 26.11 24.93 0.20 0.01 0.09 

2 93.71 2.16 3.02 0.66 0.13 0.32 

3 36.28 30.18 31.93 0.91 0.69 0.02 

4 72.26 10.31 15.64 1.23 0.48 0.08 

5 88.84 7.65 2.83 0.09 0.56 0.03 

6 13.79 50.42 35.11 0.20 0.27 0.20 
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spectrograms are presented in Figure 5. It also provides micrographs of the point analysis
of the A′ area (Fig. 3b). Quantitative chemical analysis and EDS new and used materials
showed that the chemical composition was different.
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The appearance of small amounts of potassium and iron can be observed in the used
refractory materials (Tabs 3, 4). Potassium is one of the group of alkaline elements, and its
penetration into the structure of the ladle lining accelerates degradation. Alkalis penetrate
the crystal lattice of carbon and causes intergranular stress and cracking units. In the test
material was not observed the presence of lead and zinc, which also show a destructive
effect on the lining of the ladle. The absence of lead, is probably related to the fact that lead
is usually collects in the lower part of the furnace or ladle and samples were 1/2 ladle wall
height. We currently offer material for steelmaking ladle working lining covers the area of
slag products, bath and bed. They are often used magnesia-carbon materials, with small
differences in chemical composition depending on the zone. These are products having
a low content of fluxes containing carbon, preferably in the form of graphite, which is
a component of magnesite is limited by the wetting material and the steel slag [5]. They are
becoming an alternative to the existing solutions, which are used in metal products dolo-
mite. Durability of MgO-C lining ladle steelmaking depends on many factors including
the capacity of the tank, the composition of the slag and is approximately several melts.
In addition to changes in the chemical composition of the used refractory materials is also
observed increase porosity of the work within the 9–12� [6].
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The research provided information on how to change the concentration of elements in
new and used refractory materials. The change in the observed level of concentration does

Chemical composition [% wt.] Area 
analysis C Mg O Al Ca Si K Fe 

A' 49.10 21.87 24.56 0.34 1.04 0.41 0.51 2.17 

B' 44.78 22.32 25.98 0.37 2.19 0.61 0.30 3.46 

C' 68.90 13.15 15.27 0.56 0.47 0.14 0.31 1.20 

Chemical composition [% wt.] Point 
analysis C Mg O Al Ca Si K Fe 

1 10.59 52.54 33.99 0.49 0.97 0.42 0.00 1.00 

2 97.55 1.16 0.00 0.12 0.07 0.16 0.94 0.00 

3 50.01 18.22 28.29 0.38 0.69 0.46 0.18 1.78 

4 10.87 51.07 33.49 0.14 2.33 0.86 0.21 1.04 
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not limit the use of these wastes in the industrial processes. The Polish metallurgical plants,
which produce waste refractories, their selection is made to re-incorporation in thermal
devices. Refractory waste that can not be re-built, and the state allows you to use them again
in the production of refractory materials are bought by producers and recycled. Refractory
waste that can not be reused because of the degree of destruction and slagging are dumped
in landfills. The search for alternative methods of waste management of refractory materials
should be taken into account first of all the type and amount of material, the content of the
ingredients, impurities, lining life and economic benefits.

Possible directions of disposal of waste refractories are used in the blast furnace pro-
cess (as a flux), sintering ore, alteration in the oxygen converter, road aggregate, in the
production of ferroalloys, tiles, glass, and as a thickener sludge. Consider also the possibili-
ty of refractory materials used as fertilizer to fertilize the soil. For this purpose, it would be
necessary to conduct further analysis taking into account the diversity of materials, samples
from different heights vat and migration of elements.

������
���

F�G ���������"#�
�����������
���	���H��
��
������H���
�	�H��
��
�������
���

���
	��� 	�����!
"��	���H�
�	������
	#
@D
A$IIB>
�#
B%�B

F$G 	
����"#�
&�H�J	
��
��
������H	
 �	���
�
���K��	L
��	 �
���#
'&M(
�)*#
������#
�EEE

F+G 	��$���
� �#�� �������
� �#�
 "��	���H�
 ��
������H	!
 &H�
�N��
 �
 �������
�	
 �
 ���K��	
����
 ��	��H�����#
,��
�#
&��!
���?
������	
���
"��	���H��
-�
������H���#
./,�*
%
-�����H
"��	���H�
-�
������H	#
)�����	#
�EEB

F�G %
������ &#�� ������ "#�� &�������� �#�� '���� �#�� ��������
� (#�
 ���������
 ����������
 ���K����
�
��H�J	
��
��
������H��
�����
�
����
��
��	�����
 �	���#
*��
��
%
&������N��
*��
���	#
CD
A$I��>#
E#
C�D%C$I

F@G &
����
����� �#�� )��
*���� +#�� &
�
��� �#�
 & H��
 ��?��
���
  ����	����
 �	���������
���
 
�
 ��J���	
��H�J	
��
��
������H	��
��
�	������
,="
�
O(#
*��
��
%
&������N��
*��
���	#
BE
A$II$>#
�#
C%�I

FBG ��������&#��,��
��(#�
"��	�
��� �	���	�
��?�����
�����
�����
���	�
����?���
"�-0�#
��
"��	���H�
��
������H	�
��������
�	#
?���
��
�
�������
�	
�
 ���	���
�	���������
���!
"��	���H�
P
"�1���
���0
���	�
��
�	�	
���
*��
���	�#
'���L#
$II+#
�	������!
�����
=���	��

�	������
�
C@
A$II+>#
�+$%�+C

2	�	�3	�
M�3	�?	�
$I�$



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /PLK ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


