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N. Z. Lyakhov

Abstract

Metal/oxide composites are perspective materials for applications in
machine industry, instrument engineering, and electrical engineering.
Development of new approaches for the preparation of metal/ceramic
materials is a very topical issue. In the present work, we explore
possibilities of the preparation of copper/zirconium dioxide (Cu/ZrO;)
composites by mechanical activation of the [CuO + (Cu + Zr)] system
followed by self-propagating high-temperature synthesis (SHS).

The CuO + Zr mixture cannot be used directly in the preparation of
Cu/ZrO, composites because the reaction between CuQO and Zr is highly
exothermic (AH = -188 kcal/mol) and proceeds in the thermal explosion
mode. Therefore, we used the combined (double) mechanical activation of
the [CuO + (Cu + Zr)] system to prepare precursors for the subsequent
SHS process. The use of the CuO/Cu/Zr mechanocomposites instead of
those of CuO/Zr changes the mechanism of interactions between the
reactants during the SHS process from the thermal explosion to the
steady-state combustion mode.

Keywords: mechanochemistry, mechanocomposite, self-propagating
high-temperature synthesis

INTRODUCTION

Metal/oxide composites are quite perspective materials for application in machine
industry, instrument engineering, and electrical engineering in comparison to pure metals
due to their improved chemical and physical properties (heat resistance, strength, hardness,
erosion resistance). Chemical mixing, salt mixture decomposition, hydrogen reduction in
solutions, chemical precipitation from solutions, internal oxidation are well-known methods
of preparing such materials having applications in industry [1]. The above-mentioned
technologies allow attaining metal/oxide composites, but they are quite expensive and long-
term. Based on this, a very topical issue is the development of new approaches to
production of metal-ceramic materials.

In this work, we explored possibilities of preparation of copper/oxide composite
(Cu/ZrO,) by methods of mechanochemical synthesis (MS) in planetary mills and of
mechanically activated self-propagating high-temperature synthesis (MA SHS).
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EXPERIMENTAL

Copper, copper oxide CuO and zirconium M-4/ were used in this work as raw
materials. Mechanical activation (MA) was carried out in planetary ball mills with water
cooling [2] (the drum volume — 250 cm’, the balls diameter — 5 mm, the load — 200 g,
sample weight — 10 g, the drums rotation speed about the general axis ~ 1000 rpm). After
MA, the activated mixture was compacted (under a load of 4-6 t) in the mould up of 17 mm
diameter and ~25 mm in height (till sufficient strength for the sample transfer to the
reactor). SHS was carried out in an argon atmosphere; the combustion was initiated with an
electrically heated tungsten coil. The temperature and burning velocity were evaluated by a
thermocouple method (C-A thermocouples @ =~ 0.2 mm), using an outer 2-channel 24-
charge analog-to-digital converter ADSC24-2T.

X-ray diffraction research was conducted with diffractometers X’TRA (Thermo
ARL, Switzerland) with application of CoK, radiation (A = 1.789 A) and URD-63 with
application of CukK,, radiation (A = 1.5418 A). Evaluation of effective sizes of coherent
scattering area was carried out in compliance with the Scherer formula with the strongest
peaks of phases analysed.

The high-resolution scanning electronic microscope (SEM) MIRA/TESCAN
equipped with an INCA 350 accessory for EDX analysis was used for the structure
research. The electron probe diameter was 5.2 nm, excitation area was 100 nm. Images in
direct electrons and back-scattered electrons were obtained and it allowed studying
chemical elements distribution over the surface. Brightness distribution in the image
depends on the average atomic element number in each microarea.

IR absorption spectra were registered by spectrometer IFS-66. The samples were
prepared for the exposure by standards methods.

RESULTS AND DISCUSSION

Mechanochemical reduction of copper oxide with metallic zirconium was initially
investigated in this system. This reaction is quite high-exothermic (AH (2 CuO + Zr =2 Cu
+ ZrO,;) = -188 kcal/mol), i.e. it can be implemented under mechanical activation
conditions. IR spectroscopic investigations have shown that the original copper oxide vCu-
O band is considerably widened at 505 cm™ after 20 s of MA of CuO + Zr mixture of
stoichiometric composition. This widening (Fig.1b) can testify some structural failures.
After 30 s of activation, the following bands are present in the IR-spectrum of the product:
505 cm™ (original oxide CuO), 615 cm™ (the lowest copper oxide Cu,0) [3] and 415, 585,
735 ecm™ (zirconium oxide (Fig.1c) [4, 5]. X-ray-phase analysis shows the presence of a
certain amount of Cu,O already after 20 s of activation. The 30-second activation product
diffractogram shows clear copper (coherent scattering area ~ 80 nm) and zirconium oxide
(coherent scattering area =~ 100 nm) reflection and two copper oxide reflections, i.e.
mechanochemical reduction of copper oxide takes place at such activation duration. This
reaction speed shows that the reaction presumably takes place in the thermal explosion
mode, when especially high heat dissipation speed is needed, what is very difficult to
perform even in the most effectively cooled highly-energy planetary ball mills. As such a
process dimensional scaling seems to be absolutely impossible in conditions of
mechanochemistry, an attempt to produce composite Cu/ZrO, by the SHS method was
made.
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Fig.1. IR-spectra of mixture CuO + Zr before (a) and after MA for 20 (b) and 30 s (c).

At first, CuO/Zr mechanocomposite was used as the SHS-precursor. This
mechanocomposite formed after 20 s of MA of stoichiometric composition mixture has a
small amount of cuprous oxide Cu,O beside the original copper oxide and zirconium. SHS
process proceeds in the heat explosion mode in this system. Burning parameters fixing
failed in this case because of the inertia of the equipment applied.

Not pure metal, but solid solutions, intermetallic compounds or nano-composites
where metal-reducer (zirconium in our case) is distributed in the inert matrix can be used as
a reducing agent to decrease the system reaction capability. At the same components ratio
chemical energy of the raw mixture would be considerably lower and as a consequence heat
release would reduce.

In this work, mechanocomposite, formed during mechanical activation of mixture
Cu + 20 wt.% Zr for 20 min was used for copper oxide reduction.

X-ray research of the product of joint activation of mixture CuO +
mechanocomposite Cu / Zr (the mixture composition corresponds to the stoichiometric ratio
of copper oxide and zirconium) for 2 and 4 minutes shows that copper oxides diffraction
reflections are retained in all cases, although they are substantially widened (Fig.2). The
zirconium oxide reflection is not observed, i.e. mechanochemical copper oxide reduction
does not take place in this time interval. CuO/Cu/Zr mechanomposite formed as a result of
joint mechanical activation of mixture CuO + mechanical composite Cu 20% Zr for 4 min,
was used as a precursor for SHS.



Mk Powder Metallurgy Progress, Vol.11 (2011), No 3-4 287

500+

4004 v CuO

300+

Intensity, a.u

200+

100

0 , . , : , : : : : : , .
40 50 60 70 80 90
20,degree

Fig.2. Diffractogram of sample CuO + Cu/Zr after MA for 4 min.

Usage of mechanocomposite CuO/Cu/Zr instead of CuO/Zr as the SHS precursor
changes a mechanism of interaction between the reactants during the SHS process from the
thermal explosion (for CuO/Zr mechanocomposite) to the steady-state combustion mode
with the burning velocity = 2 mm/s, temperature rise speed about 730°C/s and burning
temperature 1044°C. The combustion temperature record (Fig.3) shows 2 isothermal
plateaus. The first one is fixed at temperature maximum and most probably indicates the
melting process. The second one is fixed at 580 — 590°C and accounts for post-processes in
the after-burning zone of the combustion wave.

1200

. _LLL‘-nuDN
800

O
i Thermocouple 1 _EE\:‘\_'
2 600
s =
(]
g' 200 L— Thermocouple 2
]
'_

200

O T T T T T 1
0 20 40 6 80 100 120

0_
Time, s

Fig.3. Temperature record of the SHS process from the mechanical composite CuO/Cu/Zr.
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X-ray-phase analysis has shown that the SHS product consists of copper and
zirconium oxide with Cu,O traces (Fig.4). Electron microscopy with the EDX analysis
confirms composite structure formation (Fig.5, Table 1).
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Fig.4. Diffractogram of the SHS product from mechanical composite CuO/Cu/Zr.
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Fig.5. SEM-image of the SHS product from mechanocomposite CuO/Cu/Zr.
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Tab.1. Results of the EDX analysis (from Fig.5).

Number of spectrum 0 Cu Zr
1 3.82 87.44 8.74
2 7.14 81.52 11.34
3 28.03 2747 44.50
4 16.53 46.40 37.06
5 23.14 29.14 47.72
CONCLUSION

Thus, our investigations have shown that copper oxide can be mechanochemically
reduced with zirconium, resulting in formation of zirconium oxide and copper, but the
reaction takes place in the thermal explosion mode.

To produce composite Cu/ZrO, by the method of MASHS wusage of
mechanocomposite Cu/Zr instead of pure zirconium seems to be more promising. The
MASHS product is a copper-based composite with inclusions of ZrO, and some amount of
Cuzo.

REFERENCES

[1] Vityaz, PA.: Mechanically alloyed alloys on the basis of aluminum and copper. Minsk:
Bel.nauka, 1998. 351 p.

[2] Avvakumov, YG., Potkin, AP., Samarin, OI.: Author’s certificate of USSR 975068.
Planetary mill. BI, 1982, No. 43

[3] Batsanov, SS., Bokarev, VP., Lazareva, YV.: Inorganic Chemistry Journal, vol. 22,
1977, no. 4, p. 888

[4] Boldyrev, Al: Infrared spectra of minerals. Minsk : Nedra, 1976

[5] Kaminsky, BT., Plygunov, AS., Prokofyeva, GN.: Ukrainian Chemical Journal, vol. 34,
1973, 1n0. 9, p. 946




	Cu/ZrO2 COMPOSITES PREPARED BY SELF-PROPAGATING HIGH-TEMPERATURE PROCESSING OF THE MECHANICALLY PRE-ACTIVATED CuO/Cu/Zr SYSTEM 
	T. F. Grigoreva, V. Šepelák, I. Vorsina, A. I. Letsko, T. L. Talako, A. F. Ilyushchenko, N. Z. Lyakhov( 
	Abstract 
	Keywords: mechanochemistry, mechanocomposite, self-propagating high-temperature synthesis 
	INTRODUCTION 
	EXPERIMENTAL 
	RESULTS AND DISCUSSION 
	Fig.1. IR-spectra of mixture CuO + Zr before (a) and after MA for 20 (b) and 30 s (c).
	Fig.2. Diffractogram of sample CuO + Cu/Zr after MA for 4 min.
	Fig.3. Temperature record of the SHS process from the mechanical composite CuO/Cu/Zr.
	Fig.4. Diffractogram of the SHS product from mechanical composite CuO/Cu/Zr.
	Fig.5. SEM-image of the SHS product from mechanocomposite CuO/Cu/Zr.

	Tab.1. Results of the EDX analysis (from Fig.5).

	CONCLUSION  
	REFERENCES  







<<
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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


