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ANYAGTECHNOLOGIA

Impact of nitrogen atmosphere on
sintering of alumina ceramics
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Hagyomanyos szennyezettségl AlO,

jellemzoit.

ALONC kialakulasahoz vezet.

1. Introduction

Several industries, like electronics have been using products
made of very high purity (>99,9%) Al,O, powder because of
their excellent mechanical and electrical properties. These pro-
ducts are mainly produced by dry pressing, sintering. In order
to achieve the special mechanical features the use of the right
technology is as important as the selection of the raw mate-
rial.

Many studies are investigating the sintering behaviour of
alumina, its microstructure [1, 2, 3]. Our work until now has
focused on obtaining deeper knowledge about these properties
and on the description of mechanical characteristics of alumi-
na, heat treated in nitrogen atmosphere [4].

Heat treatment in nitrogen gas is a well-known technology
for steels, resulting the increase of surface hardness of steels,
their wear resistance, resistance to repeated use and corrosion.
In this procedure alloy elements — carbon, nitrogen, silicon,
and aluminum - are entered into the surface layer of the steel
by diffusion - modifying, improving its mechanical and chemi-
cal properties [5, 6, 7].

The purpose of the present study is to present the results of
heat treatment in nitrogen inert gas of alumina ceramics, and to
discover the changes in the microstructure of the surface layer.

According to the literature several authors are dealing with
the use of nitrogen atmosphere by adding other additives (AIN)
(8,9, 10, 11]. During the sintering the nitrogen - entered in the
form of gas or solid substance (AIN) - and its reaction with the
rigid, solid material produces a new substance, a very tough
material, keeping its mechanical properties. The result of heat
treatment in nitrogen inert gas is the production of AIN and
AION, besides ALO,. AIN has several excellent properties, its
thermal conductivity, specific resistance is high, the dielectric
constant is moderately low. AIN cannot be found in the na-
ture. It can be produced by nitridation of metal aluminum
powder, or by the carbothermic reaction of alumina powder
[12]. AION is a kind of polycrystalline material, the structure
of which is just the inverse of spinel. It is a glass-like, pore-
less material of great hardness, but with low heat conductivity.
Among the methods to be used for the production of alumina
nitride phase the most popular are simultaneous reduction and
nitridation of AlZO3, oxynitridation of metal aluminum dur-
ing firing, its gas phase reaction with AICL, direct reaction bet-
ween AL O, and AIN [9].

A nitrogén atmoszféra hatasa az aluminium-oxidkeramiak zsugoritasara
porok semleges nitrogén gazkozegben torténd zsugori-
tasa soran az a-Al,O, mellett egy Uj fazis is megjelenik, amely javitja a keramia mechanikai

A tanulmany ismerteti a zsugoritott minta mikroszerkezetét, amelyet SEM, EDAX s RTG-diffrakcios
modszerrel vizsgaltak. A vizsgalatok alapjan megallapithatd, hogy a hokezelés egy (j fazis, az
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According to the literature the reaction of AL,O, and AIN
produces AION phase above 1650 °C, which can be made by
plasma spraying, adding AIN, sintered in nitrogen gas.

In the plasma spraying technology first the AL O,/AIN com-
posite powder is sintered in Ar/N, plasma (=10000K), which
is direct nitridation of alumina. With this method cubic lattice
AIN can be produced, containing N- and O-ions. The AIN and
y-ALO, content of the thus produced material is growing com-
pared to the AIN and Al O, content of the original (starting)
material. Thus further heat treatment is required in nitrogen
gas at 800-1200 °C for 2 hours with temperature holding. As
a result of later heat treatment the AIN will be of hexagonal
lattice, the AIN quantity will increase, but the y-Al O, content
will decrease. [13]

The quantity of AIN added to ALO, and the sintering tem-
perature influence significantly the material microstructure.
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Fig. 1. Phase diagram of AIN- ALO,

1. dbra  AIN-ALO, fazisdiagram
(Taken from: Allen M. Alper: Phase Diagrams in Advanced Ceramics 29. [14])
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During sintering in nitrogen gas homogenous microstructure
is achieved with lower (<10 mol%) AIN content, AION appears
on the contact surface of alumina. At higher AIN content the
produced AION is around the grain boundary of alumina.

McCauley and Corbin sintered in situ the AIN and Al O,
powders, grinded together. Several combinations of produc-
tion parameters were discovered. As shown by Figure 1 the
liquid phase can be found in a very narrow stripe of the solid
phase at high temperature. The results of sintering at 1975 °C
are grain porosities, but the higher temperature (2025 °C) pro-
duces much less porosity and ALON.

The method was improved later, the starting powder is 0,5um
and smaller grain size distribution ALON powder, formed by
preliminary reactions [15]. Reaction of the starting powder:

AIZO3(S) + C(S) + Nz(g) > ALON(S)+ CO(g) (1)

Tabary, Servant and Alary observed, that carbon is present
in two forms. On the one hand in the form of graphite, not
entering into reaction during melting, on the other in a form
embedded into separations, becoming an Al-O-N-C quater-
nary system.

Figure 2 shows the phase structure of ,,AIONC” in Mol quan-
tity along the line connecting points a P, (25% AlL,O, - 75% AIN)
and P, (60% AL O,-20% AIN - 20% Al,C,). The intersection point
of AL,O,-Al,C, section can be 26,5mol% Al,C,, not following the
literature value. Thus Al,O,C can be found at 20 mol% Al,C, and
ALOGC, and also at 50 mol% Al C,. Three dominant AIN based
compositions can be distinguished. The general form is AIN-
ALO, in pseudo-binary system it is ALO,N . In the ALO,-
ALC, pseudo-binary phase this formula becomes Al O . C,
where x = 8; 6; 5; 4,4 and 4; and the M/X = n/n+1 ratio is equal to
4/5, 516, 6/7, 7/8, and 8/9, where M =(n, ) and X = (n_+n,). [16]
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Fig. 2. Content of AIONC phase in Al O-Al N -Al,C, pseudo-terner system

2. dbra Az, AIONC” fazis Osszetétele az Al,O-Al N -Al,C, pszeudo-ternér
rendszerben
(Taken from: Tabary, Servant, Alary: Journal of the European Ceramic Society p. 1918)

2. Test conditions

During the experiment the sintering abilities of alumina
powders of different purity were investigated with the use of
nitrogen gas. Table 1 shows the compound of the powders
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applied by us, according to the datasheet of the manufacturer
partly 3% polyvinyl-ester, polyvinyl-ethanol, polyvinyl-glycol,
partly 6% magnesium-silicate and 5% alkali-earth metal car-
bonate are needed to the preparation of pressing powders. Of
the Kreutz SPG 95 and Alcoa CT 3000 SDP alumina powder,
shown in Table 1. annular specimen were made with bilateral
pressing by the mechanical press of Mikeron Kft, where the di-
ameter of the pressing tool dowel was 34,6 mm, the diameter of
the housing was 47,7 mm.

Compound Kreutz SPG 95 Alcoa CT 3000 SDP
ALO, ~95% 99,7%
sio, 2,2% 0,02%
Mgo 1,40% 0,1%
Cao 1,10% 0,03%
Na,0 <0,2% 0,08%
Fe,0, <0,3% 0,02%

Table 1. Content of applied pressing powder
1. tdbldzat A felhaszndlt préspor dsszetétele

Part of the raw specimen was pre-sintered in normal way, at
1250 °C, the remaining part in nitrogen gas at 1420 °C in com-
position-type resistor furnace. The pre-sintered semi-finished
product was sintered at 1640 °C in Nabel HT128 type furnace
of Mikeron Kift.

The additive content of pressing powders was tested by DSC-
equipment. Microstructure of the burnt specimen was tested
by SEM, EDAX and X-ray diffraction meter.

3. Results

The DSC diagram of AL,O, powders was taken into account to
the establishment of test conditions (Figure 3). The investigation
confirmed that in the presence of oxygen the organic materials
begin to evaporate at 240-250 °C out of the 95 and 99,7% content
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Fig. 3. DSC analysis of 95% ALO,
3. dbra  95% tartalmii Al,O, kerdmia DSC vizsgdlata
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pressing powder. The evaporation process lasts nearly until the
attainment of 800 °C. Thus in our test during the pre-sintering
process the N, gas had been continuously flown from 500 °C. It
is known that with the reduction of oxygen the dissociation of
organic materials cannot be completed, thus some percentage
carbon is left in the biscuit baked, sintered ceramics [17].

Fracture surface of samples pre-sintered in nitrogen gas and
burnt in normal atmosphere (Figure 4) was tested, analyzed.

It can be seen on Figure 4, that in the external layer of the
specimen a new, characteristically different — form the tra-
ditionally sintered AL, O, ceramic - structure had developed.

HV: 25.0 KV DET: BSE De - SE Dete
Satellite ©Tescan DATE: 03/08/07 10 um

Fig. 6a. Fracure surface of N, heat treated, sintered 95% AlO,
6a. dbra  Nitrogén védigdzban elbégetett 95% AL O, toretfeliiletének felvétele a felszin
kozelében

HV: 25.0 KV DET: BSE De - SE Dete -
Satellite ©Tescan DATE: 03/08/07 10 um

Fig. 6b. Innert part at fracure surface ”sz heat treated, sintered 95% A1203
6b. dbra N, védigdzban eloégetett 95% Al O, kerdmia belsd részének toretfeliilete

Figure 5 shows the spectrum of the average composition of the
fracture surface. The picture shows that besides aluminum and
oxygen, carbon has also appeared.

Fig. 4. Fracure surface of N2 heat treated, sintered AL,O, by SEM

(95% ALO; pressure: 177,1MPa; max time of pressure: 155) Figure 6 shows outer layer of the fracture surface of 95%
4. dbra  Nitrogén atmoszféraban hokezelt probatestek toretfeliiletének SEM felvétele A1203 ceramic with M = 10000X enlargement. Square granu]es
(95%-o0s AlO,, sajtolényomds: 177,1 MPa, a sajtolényomds max. hatdideje:

159 typical of alumina, as well as the great number of tiny granu-
les left out of consideration until now were observed! The tiny
granules are only of 0,1-1 um size. Here the traces of a new
phase in the middle of the specimen could be seen.
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Fig. 5. Fracure surface of N, heat treated, sintered Al,O, by EDX Fig. 7. Roentgen diffraction of ceramic sample
5. dbra  Nitrogén atmoszférdban hékezelt prébatestek tiretfeliiletének EDX felvétele 7. dbra A vizsgdlt minta rontgendiffrakciés felvétele
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The structure of ceramics heat treated in nitrogen gas was
determined on the basis of X-ray diffraction test. The results
are shown on Figure 7. It can be seen that next to the tips of
AL O, carbon in crystal form, and also Al N,CO (ALONC) had
appeared. Most of the ALON tips fit to the diffractogram, its
presence is still not completely proved. The results of our experi-
ments are significant, since we have proved, that already at rela-
tively low temperature ALONC is produced in alumina ceram-
ics of traditional ,,contamination” pre-sintered in nitrogen gas.

Observations of Tabary, Servant and Alary support our find-
ings, that carbon is present in two forms. Once in the form of
graphite, which does not enter into reaction during melting,
and in the form of Al-O-N-C quaternary system.

4. Conclusion

1. Our tests clearly confirm that during sintering of Al O,
nitrogen gas exercises similarly positive impact on the material
structure and mechanical behaviour of the ceramics, as is the
case with nitridating, or carbo-nitridating of steel alloys. It was
proved by SEM photos that close to the surface of the sintered
body 0,1 um granules develop and distribute in large volume
in the material structure, owing to the presence of which the
water and gas compactness and mechanical stability of the ma-
terial system is significantly increasing.

2. On the basis of the tests it can be stated, that with the use
of the right production technology (pressing, sintering atmos-
phere, sintering temperature) excellent quality products can be
produced of the 92 - 99,7% Al O,-content basic materials of
traditional ,contamination’, which had only be produced until
now of the 4th and 5th generation high purity ALO..

References

[1] Shui, A. - Kato, Z. - Tanaka, S. - Uchida, N. - Uematshu, K.: Develop-
ment of anisotropic microstructure in uniaxially pressed alumina compacts.
Journal of the European Ceramic Society 22 (2002) 1217-1223

[2] Shui, A. - Saito, M. - Uchida, N. - Uematsu, K.: Origin of shrinkage ani-
sotropy during sintering for uniaxially pressed alumina compacts. Powder
Technology 127 (2002) 9-18

[3] Sathiyakumar, M. - Gnanam, E. D.: Influence of additives on density, micro-
structure and mechanical properties of alumina. Journal of Materials Pro-
cessing Technology 133 (2003) 282-286

[4] Csanyi, J. - Gémze,A. L.- Kovér, Zs. 1.: Néhdny nagytisztasdgii Al,O, mii-
szaki kerdmia hajlitészildrdsdgi vizsgdlata. Epitdanyag, 56. évf. 3. szam
(2004.) pp.101-107

[5] Zorkéczy B.: Metallogrdfia és anyagvizsgdlat. Tankonyvkiado, Budapest 1968.

[6] Verd J.- Kéldor M.: Fémtan. Tankonyvkiadé, Budapest, 1977.

[7] Toth, T.: Fémtan II-III. Nemzeti Tankonyvkiado, 1993.

[8] Tabary, P. — Servant, C. — Alary, J. A.: Effects of a low amount of C on the
phase transformations in the AIN-ALO, pseudo-binary system. Journal of
the European Ceramic Society, Vol. 20. (2000) pp. 1915-1921

[9] Kim, Y. W. - Park, H. C. - Lee, Y. B. - Oh, K. D. - Stevens, R.: Reaction sin-
tering and microstructural development in the system Al,O -AIN. Journal of
the European Ceramic Society, Vol. 21 (2001) pp. 2383-2391

[10] Maghsoudipour, A. - Moztarzadeh, E - Saremi, M. - Heinrich, J. G.:
Oxidation behaviour of AIN-ALO, composites. Ceramics International 30
(2004) pp. 773-783

[11] Nivot, C. - Valdivieso, E. - Goeuriot, P.: Nitrogen pressure effects on non-
isothermal alumina sintering. Journal of the European Ceramic Society
Vol.26 (2006) pp. 9-15

[12] Okasa, T. - Toriyama, M. — Kanzaki, S.: Journal of European Ceramic
Society. Vol. 20, 2000. pp.783-787

[13] Cao, L. H. - Khor, K. A. - Fu, L. - Boey, E.: Journal of European Ceramic
Society. Vol. 89-90, 1999. pp.392-398

[14] A. M. Alper: Phase Diagrams in Advanced Ceramics. Academic Press, Inc.,
London, 1995. pp.15-83.

[15]Hongyu, G. - Yansheng, Y. - Aiju, L. - Yingcai, L. - Yuhua, Z. -
Chunsheng, L.: Materials Research. Bulletin, Vol. 37, 2002. pp.1603-1611

[16] Tabary, P. - Servant, C. - Alary, J. A: Journal of European Ceramic Society.
Vol. 20, 2000. pp.1915-1921

[17] W. D. Kingery, H. K. Bowen, D. R. Uhlmann: Introduction to Ceramics.
John Wiley & Sons, New York, 1976.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated 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 /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /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 false
  /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 false
  /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 false
  /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 <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




