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A short review is presented of prospects for using nanomaterials in various refractory technologies, and an es-

timate is given of existing and future directions of their use for improving the operating properties of

refractories. The possibility of controlling material properties at the atomic level makes it possible to create

new innovative refractory materials and technology.
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The main stimulus in the development of the contempo-

rary refractory industry is improvement of existing and the

development of new high-temperature technology with even

more severe specifications for refractory operating condi-

tions, i.e. temperature, chemical erosion, mechanism, etc.

Here the task of improving the service properties of

refractories is inseparably connected with the question of re-

ducing the cost of production, observation of ecological stan-

dards, the possibility if utilizing waste products, and recy-

cling refractories.

The requirement for finding comprehensive solutions has

led to use in the majority of heating units, in particular fer-

rous metallurgy, of complex multicomponent composite ma-

terials, including oxide ceramics, metals and carbon. During

the last thirty years significant success has been achieved in

optimizing the physicochemical properties and chemical

composition of these refractories for specific operating con-

ditions. Currently the main areas of development include a

change-over to controlling the refractory properties for an

evermore finer size level, since the microstructure of any ma-

terial is mainly determined by occurrence within it of differ-

ent physicochemical processes.

In view of this use in refractories of highly- (0.1 – 1 mm)

and nanodispersed (10 – 100 nm) systems with a controlled

composition and morphology is very important. In fact, the

refractory branch, for tens of years and thousand of tons of

consumed technical grade carbon (soot) and silica

(microsilica, aerosil) is already one of the largest world users

of nanomaterials. Development of new refractory technology

has a favorable effect on formation of the market for new in-

dustrial nanomaterials, stimulating an increase in the volume

of their production and a reduction cost.

Interest in this class of materials is due to the possibility

of a marked change in properties of normal substances by

converting them to a nanosize condition [1]. An increase in

the relative proportion of atoms or molecules, that are at the

surface of particles, leads to an increase in the contribution of

surface energy in practically all physicochemical processes

of nanodispersed system reaction with the surroundings.

Such a change, important from the point of view of dispersed

refractory systems, may be a reduction in the melting and

sintering temperatures, an increase in chemical activity and

the rate of occurrence of chemical reactions, the possibility

of preparing alloys, compounds and composites, impossible

in traditional materials from a thermodynamic point of view.

In turn, an increase in the relative interphase surface of bulky

compacted refractories leads to a marked improvement in the

mechanical properties, since the typical sizes of defects that

grow during failure of a component becomes less than the

size of structural elements of the material.

These features of nanosize systems create good prerequi-

sites for effective and comprehensive solution of questions

connected with forming the required structure and properties

in situ in refractories, i.e. directly in the course of heating

unit lining operation [2]. As examples of the practical use of

nanomaterials it is desirable to refer to experience of the

main Japanese companies that are currently leaders with re-

spect to innovative activity in the field of refractories [2]. In

the refractory industry of Japan since the middle of the 1990s
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nanosize materials have been used for improving the rheo-

logical properties of unmolded refractories, increasing their

erosion resistance, strength, and a reduction in monolithic

and piecewise lining porosity, including in converters. In par-

ticular, in molded periclase-carbon objects for converters as

antioxidants there is more extensive use of aluminum metal

and silicon. An increase in the fineness of the antioxidants

increases their capacity and facilitates formation of carbide

phases during operation. A carbide layer not only consider-

ably reduces the rate of carbon matrix particle oxidation in

molten slag, but it improves the hot failure modulus. A com-

bination of these nano-oxidants with graphite of the lamellar

type, densely encapsulating periclase particles and compen-

sating their thermal expansion (Fig. 2), has made it

possible to reduce the carbon content in converter

refractories, used by the firm Nippon Steel, to 5 – 7%.

Thus, a change in nano-additions has provided a

marked increase in the erosion resistance of refractory

without worsening its mechanical properties, includ-

ing thermal shock resistance.

In other classes of refractories, such as mixes for

hot semidry torcreting of converters, the increased

chemical activity of metal additions may be a negative

factor due to the possibility of their oxidation by water

before contact with the working layer of the lining.

One way of resolving this problem is creation at the

surface of antioxidants of a thin (50 – 100 nm) oxide

or polymer layer, that prevents contact of aluminum

and silicon particles with water. Apart from protection

from oxidation, oxide nanocoatings based on silicon

oxide (Fig. 2) or aluminomagnesia spinel [3], are able of

confer hydrophobic from hydrophilic properties to metal and

carbon particles, and to accomplish control of rheological

characteristics of a torcrete mix. In particular, a complex

combination of these measures has made it possible to Japa-

nese producers to reduce the relative water content required

for applying torcrete mixes to the working layer of a con-

verter lining from 9 – 11 to 5 – 6% and correspondingly to

increase considerably the stability of the torcrete layer.

Nanosize oxide powders are very promising from the

point of use in other types of unmolded refractories such as,

for example, low-cement corundum thixotropic mixes that

are used extensively in ferrous metallurgy [4 – 6]. In particu-

lar, studies performed in MISiS show that addition of

0.05 – 0.20 wt.% of nanopowders makes it possible to in-

crease the ultimate strength in compression for corundum

monolithic components by 25 – 30%. (Fig. 3).

Undoubtedly the high cost of nanomaterials has so far

been the main factor in delaying their extensive use, includ-
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Fig. 1. Formation mechanism and microstructure of carbide layer formed by

nanosize antioxidants and lamellar graphite (materials of Krosaki Harima

Corp., Japan).

Fig. 2. Formation scheme (a) and microstructure (b ) of hydropho-

bic nanoparticles of nickel in a shell of hydrophilic particles of sili-

con dioxide (material prepared in NITU MISiS).

Fig. 3. Results of testing fro ultimate strength in compression of

concrete specimens prepared from mix grade SMN-72: a) speci-

mens without addition; b ) specimens modified with 0.2% silicon di-

oxide nanopowder.



ing in the refractory branch. It should be noted that now use

of nanomaterials is capable of adding a marked economic ef-

fect. In particular, experience of the Japanese companies

TYK and Krosaki Harima has shown that microadditions of

carbon nanotubes to material for submersed lances increase

their cost by 5%; here the indices for resistance to erosion

and thermal shock resistance increase by 15 – 20%. Experi-

ence of overseas colleagues merits attention, especially that

Russian producers pf refractories have an undoubted com-

petitive advantage, i.e. the cost of domestic nanomaterials is

considerably lower than in developed countries, and the

range produced is very varied (Fig. 4).

Experience of MISiS in the field of practical use of dif-

ferent nanomaterials indicates that nanotechnology undoubt-

edly is not a panacea for resolving all existing questions of

either the refractory branch or neglected problems of the

Russian economy. However, the possibility of manipulating

the properties of materials at a level close to atomic opens up

broad perspectives for resolving specific applied problems in

refractory material technology, creating new innovative

highly competitive products.
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Fig. 4. Examples of nanomaterials developed by Russian scientists: a) hollow nanostructured corundum microspheres (NITU MISiS), b ) sili-

con nanopowder (NITU MISiS); c) silicon carbide nanopowder (NITU MISiS); d ) carbon nanotubes (NP IVTs, SO RAN, Novosibirsk).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


