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ABSTRACT: This naner aims. based on exnerimental data to determine the eauation of correlation between
treatment narameters LF steel nlant tvne and vield of hvdroosen removal. Experiments were conducted in a
steel mill tvne electric furnace eauninned with an EBT. installation ILF and continuous castino nlant
Treatment facility as narameters LF those of arcon bubblino were considered next: bubbling duration. flow
and nressure of aroon. thev were considered as indenendent narameters and as an indenendent narameter
were considered hvdrooen removal efficiencv. Indenendent narameters were determined bv measurino and
control devices and the deoree of hvdrogen remaoval based on hvdrooen content determined from samnles
of steel. taken before and after treatment with arcon. The data were nrocessed in Excel and MATILAB
nroorams. which allowed obtaining simnle and multinle correlation eauations hetween the narameters
chosen in the investisations. Based on the fechnological analysis of correlation equations, the optimum
arameters chanoe of biibblino was established. Results have nractical annlicahilitv in developing steels.
EEYWORDS: Treatment parameters, LF steel plant, experimental data, hydrogen removal

¢ THEORETICAL CONSIDERATIONS

During the process of making steel in electric ovens EBT There are different sources of hydrogen
which, under certain conditions of pressure and temperature, make possible absorption of hydrogen in
metal bath. From the experience accumulated from the operation of such furnaces and research
conducted on a large number of batches produced, we mention that the main sources of hydrogen in
all steel as follows:

» metal load humidity, as there is no technical possibility of drying the tippers loaded with scrap
metal.

= the necessary additions to primary slag formation and slag from refining in the study because of
the way supply (with 22 tons trucks) of lime and dolomitic lime, which during transport and storage
whilst in the bunker, absorbing atmospheric humidity.

= the furnace atmosphere, because of the construction methods (panels, vault and other water-
cooled elements) may appear accidental cases of breaking these elements and thus for short
periods of time, but working with high pressure, cooling water enters the atmosphere to develop
the aggregate.

The hydrogen dissolved in metal bath can be removed by secondary treatment of steel (or by
bubbling with inert gas or by vacuum treatment of steel plants) [1,2]

Metal inert gas injection in the refining of steel melts for agitation and also refining, is a simple,
widely applied method, by which gases are introduced, either on the bottom of the casting-treatment
ladles - through a refractory porous plug or on the top of the pot with a spear or also by submerged
porous plug as deep into liquid steel, a process found in literature as the bubbling of the steels.
Hydrodynamic action of the gas injected into the melt and formation during metal refining treatments
other gases such as CO, CO,, N, gas high expansion trend contributes to the vigorous mixing of melt.
Specific mixing power and thus efficiency of metallurgical processes is dependent on specific
parameters of the bubbling process. [3,4]

When inert gas is injected into liquid steel, hydrodynamic processes have as an essential feature
the fact that the metal bath is in constant turbulent recirculatory motion. Qualitative and quantitative
description of the areas formed in the molten metal at the injection of the gas, of the speed fields and
the turbulence fields is a prerequisite condition for understanding the processes of mixing, dispersion
and mass transfer and energy in these systems. [2]

«» INDUSTRIAL EXPERIMENTS

In the research program developed, there has been a detailed study of making the steel for the
manufacture of pipes in industrial flow electric steel plant (furnace EBT) - secondary treatment
facilities, continuous casting LF TC, the main directions followed being:
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» determining and recording the level of hydrogen in liquid steel and on the finished product, steel
bars for the manufacture of pipes;
» identifying the most important elements of hydrogen generators in liquid steel;
= industrial monitoring and recording all parameters that can influence the absorption or elimination
of hydrogen in metal bath;
* modifying one technological parameter on the flow of industrial production, and study its influence
on the hydrogen content of steel bath;
Experiments were performed on a total of 25 batches at which were determined through
successive measurements and recorded the following parameters:
the quantity of the treated steel;
the quantity of materials needed in LF slag formation and the quantities of ferroalloys;
lime moisture;
the chemical composition of the slag formed in L.F.;
the hydrogen values at the beginning, during, and at the end of the treatment in LF plant;
the bubbling gas parameters (flow and pressure);
the total time of secondary treatment and the time of steel standing in the casting ladle;
The data were analyzed in technological terms and eliminated those where different
technological deviations were found (measurement errors, human factor interventions).

o

«»  EXPERIMENTAL RESULTS

Data processing was done in MATLAB and Excel programs, results are presented both graphically
and analytically.

The graphs below are presented the influence of bubbling parameters on the efficiency of
removal of hydrogen during secondary treatment.

In Figure 1 there can be observed a significant dependence (with a correlation coefficient R2 =
0.8879) between the variation of argon pressure and increasing the efficiency of hydrogen removal
during secondary treatment. Correlation curve shows a maximum pressure of 4.31 bar, point situated in
the technological limits of variation of argon pressure.
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Figure 1. Variation of removal efficiency of hydrogen by argon pressure
Analyzing the graph, shown in the figure above we consider suitable for bubbling pressures lie
within 4.1 to 4.5 bars. At lower pressures the bubbles have a lower speed, so a lower quantity of
hydrogen will be removed. At higher pressures, the steel in the ladle can remain uncovered (without
slag), which would allow an increase through absorption of hydrogen dissolved in steel.
In Figure 2 it is underlined the argon flow influence on yield variation of removal of hydrogen
during secondary treatment.
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Figure 2. Variation of removal efficiency of hydrogen by argon flow
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From the figure above it appears that, if the argon flow values between 540 and 570 | / min,
hydrogen removal efficiency varies between 45-50%. An increased flow of oxygen as a result of
increasing pressure leads to a slight decrease in the efficiency of hydrogen removal, a phenomenon
caused by hydrogen absorption in steel bath due to the fact that it remains uncovered by slag.

Another influential parameter is the length of the bubbling - figure 3.
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Figure 3. Variation of hydrogen removal efficiency depending on the length of argon bubbling
As it results from the chart shown in Figure 3, the secondary treatment duration has a decisive
influence on the efficiency of removal of hydrogen, the ideal duration of treatment is between 85 and
105 minutes.
Next the results obtained in the case of multiple correlation nH = f (Tb, Db, Pb) are shown.
Since we can not graphically represent (in the space of four dimensions) such correlation, the equation
with three independent parameters, through permutations we assigned to a parameter the medium
value so we got equations with two independent parameters, the equation can be graphically
represented in the space with three dimensions. Obviously we can get directly from the processing of
the data the equation with two independent parameters, but we wanted to obtain an equation with
three independent parameters.
The correlation equation with three independent parameters is of the form:
Ni2= 5,503-103-Dy? + 21,1831-Py? -2,846-102-T,% +1,7275-10-Dy- Py,
-3,3:10%-P,- Ty - 2,444-10* - Ty,-Dy, -6,2556-D, -188-P, + 1,014-T,, + 2,195-10° (1)
The correlation coefficient R= 0,7147. The saddle point coordinates: Db = 570,5209; P, = 4,5198;
Ty, = 127,4225; nu, = 49,7965
Substituting into equation (1) for Pb = Pb,,q it results an equation (2) of the form:
Ni2= 5,503-103-D,2 -2,846-103-T,,2 -2,444-10*-T,-Dy, -6,248-D,, +0,868-T,, +1776,86 (2)
Figure 4 show that the correlation surface presents a saddle point in the technological field. For
the hydrogen removal yield, the medium value is Nyeq = 46.8215.
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Figure 4.The Influence of argon flow and duration of bubbling in the removal of hydrogen yield

To obtain higher values for a value near the saddle point, for example over 48%,the values for
two independent TB parameters Db must vary so that nH, values are always located in the area
hatched.

It has been found that the highest values for nH2 are obtained to the upper limits of TB and DB.
For db = D,eq €quation (1) has the form:

Nio= 21,1831-P,2-2,846-10°3-T,2-3,3-10%-P,- Ty, - 87,28-Py, + 0,874-T,, +4,174-10? (3)

Correlation surface is shown in Figure 5, from the surface analysis it results that higher values of
nH, are obtained as in the previous case for values of Tb to the upper limit. Regarding Pb, higher
values for nH, are obtained for extreme values of this parameter. For the supreme value of nH,, we
must be situated in the field hatched.
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nH2f= AH2f(Dbrmed Pb,Th)
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Figure 5. The influence of duration and bubbling pressure on the yield of dehydrogenation at an
average flow of inert gas
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Figure 6. The influence of flow and bubbling pressure on the yield of dehydrogenation at an average
duration of bubbling
From Figure 6 it results that at a flow of 560-580 N m 3 / h and a pressure of 4.35 to 4.65 bar of
the bubbling gas, metal bath is found favoring the absorption of hydrogen in the atmosphere. Under
pressure of 4.5 bar and at a higher rate because the metal bath remains discovered and the contact
between the steel and gas bubbling is more intense, that hydrogen diffusion in steel argon bubbles
occurs at much higher parameters, a high dehydrogenation level of steel occurs.
For the average duration of bubbling Tb = Tb med. equation (1) becomes:
NH2=5,503-10"-Dy? + 21,1831-Py? +1,7275-10-Dy-Py, - 6,275-Dp, -190,93-Py, + 2,258-10°  (4)

«»  CONCLUSIONS

The quality of finished steel products may be influenced by hydrogen content of liquid steel.
Therefore, in the literature are presented many methods and processes of dehydrogenation of steel,
but the selection of optimal variant must be made in correlation with specific technological
characteristics of the technological flow, as well as in conditions of maximum economic efficiency.
The investigations carried out have resulted in a number of conclusions with practical
application, namely:
= between the parameters of the steel bubbling with argon and hydrogen vyield there can be
established significant correlation equations both mathematically and technologically;
= the equations obtained in Excel program allow the determination for the independent parameters of
some the limits of variation for these values;
» the multiple correlation equations, determining the variation fields of the bubbling parameters,
given their complex influence;
= by getting the range of variation of the bubbling parameters there can be obtained improved values
for the degree of removal of hydrogen.

% ACKNOWLEDGMENT

This work was partially supported by the strategic grant POSDRU/88/1.5/S/50783, Project ID50783 (2009), co-financed by
the European Social Fund — Investing in People, within the Sectorial Operational Programme Human Resources
Development 2007-2013.

«¢» REFERENCES

[1.] GEANTA, V. Methods and technologies for refining steel. PRINTECH Publishing House. Bucharest, 2003.

[2.] NicA, GHE., SOCALICI, A., ARDELEAN, R., HEPUT, T., Technologies for improving steel quality, Mirton Publishing House,
Timisoara, 2003.

[3.] GRABNER, B., HOFFGEN, H., Application and wear of Porous Plugs in Secondary Metallurgy. Radex-Rundschau, nr. 3,
1985.

[4.] STEFANOIU, R., GEANTA, V., Inert gas injection systems used in secondary metallurgy, in Metalurgia, no.7, pag.37,
2005

440 Tome IX (Year 2011). Fascicule 3. ISSN 1584 - 2673




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /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 300
  /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 0.15
    /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /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
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


