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PHYSICAL, CHEMICAL AND STRENGTH PROPERTIES
OF DUSTS FROM THE BENTONITE SANDS TREATMENT PLANTS

1. INTRODUCTION

In the dry reclamation systems of spent sands even 10 weigh% of after reclamation
dusts are formed. Significant amounts of remains of binders or clays removed from sand
grains as well as sand abrasion products are cumulated in these dusts. In case of spent sands
with resins these dusts often have high values of ignition losses (above 30%), which indi-
cates the significant content of combustible parts. In such case the separated dusts are
considered the dangerous waste, since there is a danger of an elution and penetration into the
soil of dangerous substances during their storage. Some properties and the way of dusts form
transformation decide on the possibility of the management of the after reclamation dusts.
The most often the chemical composition, grain and phase composition and the in-fluence on
the environment are taken into account [1].

The requirements of the European Union in the scope of the application the Best Avail-
able Techniques (BAT) force foundry plants to limit the amount of wastes or to manage them
rationally [2].

2.  SCOPE AND THE INVESTIGATION METHOD

The scope and sequence of investigations consisted of the following stages:

1 stage: Determination of the active clay content, ignition losses and chemical
reaction (pH).

2 stage: Determination of the specific and bulk densities.

3 stage: Determination of the grain composition of the tested dust.
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4 stage: Preparation of water-dust mixtures of a moisture content being in the range
of 5-15 mass %.
5 stage: Making standard shaped samples (¢ 50 x 50 mm).
6 stage: Performing the following examinations:
— compression strength under wet conditions (R”) and in the dry state (R)),
— splitting strength under wet conditions (R;v),
— permeability (P"),
— compactibility under conditions of a static load (2),
— flowability by a shatter test (P,),
—friability (S).

2.1. Testing of the compression and splitting strength

The compression and splitting strength was determined on the standard, roll shaped
samples, in accordance with the PN-83/H-11073. The principles of the compression (Fig. 1)
and splitting (Fig. 2) strength measurements are presented below.
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Fig. 1. Measurement of the compression strength: measurement principle and the view of the sample in
the measuring apparatus
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Fig. 2. Measurement of the splitting strength: measurement principle and the view of the sample in the
measuring apparatus
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2.2. Determination of the montmorillonite content in bentonites
by the copper complex method Cu-TET

To app. 2g of the moulding sand 35 ml of distilled water was added and dispersed
by ultrasounds for a couple of minutes. The suspension was supplemented to a volume
of 50 ml, and then transferred into a 100 ml beaker. During mixing 10 ml of the copper (II)
complex solution was added. After 3 minutes of the reaction, the suspension was centrifuged
in the laboratory centrifuge at a rotational speed of 5000 rpm for 12 minutes. The supernatant
liquid was then carefully removed and its extinction measured at 620 mm in
a 10 mm developing dish versus water as the zero sample. The measurements were performed
by means of the spectrophotometer VIS ODYSSEY [3].

3. OBTAINED RESULTS

The obtained results of the physical, chemical and technological properties of the after
reclamation dust and water-dust mixtures are placed in Tables 1 and 2 and in Figures 3—10.

Examinations were performed for four moisture contents of water-dust mixtures obtained
by the determined water additions to dusts. The different initial water content in the investi-
gated dust samples causes differences in the final moisture content in relation to the assumed
moisture.

Table 1. Real moisture of water-dust mixtures

Amount of water added Real moisture
to the dust [%] of the water-dust mixture [%]
0 4.82
5 9.15
7 10.95
9 13.12
11 14.85

Table 2. Physical and chemical examinations of the after reclamation dusts

Examinations Test results
Active clay Cu(II)-TET 38.74
content, % Methylene blue 39.29
Ignition loss LOI, % 14.74
Physical density p, g/cm’ 1.92
pH 8.61
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3.1. Investigation results of the physical and chemical properties of dusts

The analysis of data contained in Table 2 indicates, that dust obtained from the bento-
nite sand processing plant contains a lot of active clay, the amount of which is determined by
approximation (average from measuring by means of the complex Cu(II)-TET and the methy-
lene blue adsorption) and equals app. 39%.

Changes of the apparent density of the water-dust mixtures in dependence of their
moisture content are presented in Figure 3. The various states of the material compaction,
obtained by two or three times compacting of the sample on the typical moulder’s rammer,
were taken into account. It was found that the highest density in both cases is obtained
at moisture of 12%, while its decrease at moisture of 13%. The more compacted is the given
mixture the higher its apparent density and thus the lower porosity.

1,18

o= 1,16 L
E 5] + Zx-twio stokes
5 1.4 + of the
= moulder's
%" 1,12 * — rammer
5 1,10 M 3x-three
= stokes of the
E 1.08 ¢ moulder's
= 1,08 rammer
=3
‘% 1,04 *

1,02 T T T

] 5 10 15 20

Moisture [%]

Fig. 3. Dependence of the apparent density of shaped samples on the moisture content of the water-dust
mixture, 2x — two strokes of the moulders rammer, 3% — three strokes of the moulder s rammer

3.2. Grain composition

The results of investigations of dusts compositions (Tab. 3) determined by the laser
diffraction methods in the Analysette 22 NanoTec apparatus of the FRITSCH Company are
listed in the measurement sheet.

3.3. Results of strength investigations of water-dust mixtures

The results of the compression strength investigations of samples made of dust-water
mixtures in a wet state and after drying are placed in Figures 4 and 5 — respectively. The samples
were of standard dimensions ¢ 50 x 50 mm. Dependence of R, as the moisture content function
(Fig. 4) is characterised by the maximum strength at moisture of app. 11%. Exceeding this value
causes a negligible strength decrease. An initial moisture increase of the water-dust mixture in
case of R’ curve causes the decrease of its value. When the moisture content exceeds app. 11%
a quite fast strength increase occurs and achieves maximum at 13%. A comparison of the
results of the compression strength R (Fig. 4) and the splitting strength R;V (Fig. 6) indicates
nearly analogous shape of curves and a maximum shift to a higher moisture content. Values of
R are nearly 10-times larger than R;V, which indicates that samples of the investigated mixture
have a significant tendency to disintegrate under a load.
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Table 3. Measuring sheet obtained from the laser grain analysis

Size d03(x) Q3(x) Siz¢ CIass 1 Sige Class High | Q3(x)
Class
% % wm Um %
1.910 10.000 10.000 0.001 1.000 0.005
2.519 10.000 20.000 1.000 56.000 83.115
3.365 10.000 30.000 56.000 71.000 85.002
8.495 10.000 40.000 71.000 100.000 85.623
14.247 10.000 50.000 100.000 160.000 89.533
16.523 10.000 60.000 160.000 315.000 99.438
19.123 10.000 70.000 315.000 400.000 99.501
31.475 10.000 80.000 400.000 630.000 99.971
102.855 10.000 90.000 630.000 800.000 100.000
356.173 9.900 99.900 800.000 1600.000 | 100.000

Statistical calculations

Model Automat Calculation error 0,7811057
Homogeneity 271 . Deviation of the mean 46,08 pm
Surface area cm7g 971521 emg
Diameter of the arithmetic 40.46 m Span 10,46
The geometric diameter 13,94 pm Kurtosis 11,45
Diameter of the harmonic 6,18 pm
Diameter square 80.53 3 =
Variance 439?_,3';111 2 MEASTREMENT
Coefficient of variation 172.97% Cell positions 2
Meodal 16,79 pm Number of channels 102
100% Pyl Starachowice 2 Prosze wplsaé nazwe. 10%
90% 9%
80% s 8%
70% 7%
50% &%
Q3 50% 5% dQalK) d40 6.19 ym
40% 4%
0% i M 3% d30 3.31 um
20% T 1 29
0% 1. AT " d20 2.42 um
e T e BT o e
[um]
— dlo 2.16 ym
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Fig. 5. Dependence of R. on the water-dust mixture moisture content, roll
shaped elements dried at a temperature of 150 °C for 3 hours
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Fig. 6. Dependence of R,‘f on the moisture content of the water-dust mixture
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Fig. 7. Dependence of the permeability P on the moisture content of the
water-dust mixture

Changes in permeability under wet conditions P* in dependence of the moisture content

are presented in Figure 7. A dust obtains the maximum permeability at the moisture being app.

13%. It can be noticed that the permeability curve (P") is of an analogous shape as the

compression strength curve in the dry state (R.).

The indicator of the suitability of the tested material for press moulding is its com-

pactibility. The compactibility changes depend on the amount and quality of clay in the

mixture, including the water-clay ratio, while at the constant clay content on the water content

in the mixture [6]. The dependence of compactibility on the moisture content of the water-dust

mixture is presented in Figure 8. The performed tests revealed that the moisture content

increase in the water-dust mixture causes its compactibility increase.
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Fig. 8. Dependence of the compactibility on the moisture content of the water-

dust mixture; the constant clay content = 75 parts by mass
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Fig. 9. Dependence of the flowability on the moisture content of the water-dust
mixture; the constant clay content = 75 parts by mass

4,00

3,50 "
N

3,00

2,50 v \

X
2,00
1,50 :\

1,00

0,50

o0 —r"t 1 —171n 7 0070000

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Moisture [%]

Friability S [%]

Fig. 10. Dependence of the friability on the moisture content of the water-dust
mixture; the constant clay content = 75 parts by mass

The sand ability of the uniform compactibility can be characterised by means of its
flowability measurements. The flowability depends, first of all, on the water-clay ratio, and at
constant clay content — on the moisture content in the sand. The flowability was measured by
a shatter test and the results are presented in Figure 9. Increased moisture content to app.
13% causes the flowability decrease P, which in case of granulating dusty materials is
a positive feature. Exceeding this moisture content causes a small flowability increase.

A property known as friability is a feature, which decides of the form durability of the
material being granulated. This friability mainly depends on the kind of clay and the water-
clay ratio, (at its constant content — on the water content in the material) [6]. Figure 10
presents the friability change in dependence of the moisture content. As can be seen, the



dust obtains the maximum friability at moisture of app. 11%, which decreases with the mois-
ture increase.

4. SUMMARY

The performed investigations of the strength properties of water-dust mixtures provide
information essential for the determination of the expected ranges of the granulated products
as well as for the selection of dust granulation parameters in the bowl granulator and their
after the process properties.

The obtained results allow to state, that the assumed methods of the assessment
of physical and mechanical properties of the tested dusts — analogous to the ones applied
in moulding sands investigations — can be applied for the preliminary determinations
of the range of moisturizing the after reclamation dusts containing water wettable compo-
nents.

Acknowledgements

The study was performed within the ‘Dean’s Grant’ 2011 No.15.11.170.417

REFERENCES

[1] Kaminska J., Danko J.: Investigation of the selected properties of dusts from the reclamation of spent
sands with bentonite, Archives of Foundry Engineering, 11 (2011) 4, 177-181

[2] Bobrowski A.: Charakterystyka bentonitow i pyldéw z suchego odpylania mas z bentonitem metoda
spektroskopii w podczerwieni, Krakowska Konferencja Mtodych Uczonych 2008

[3] Holtzer M., Grabowska B., Bobrowski A., Zymankowska-Kumon S.: Methods of the montmorillonite
content determination in foundry bentonites, Archives of Foundry Engineering, 9 (2009) 4, 69-72

[4] Lewandowski J.L.: Masy formierskie i rdzeniowe, Wydawnictwo Naukowe PWN, Warszawa 1991

Received
November 2011




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


