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Abstract: MoV 3Te23Nby 1,0, catalysts were prepared by the slurry method in a rotary evaporator and used in the selective oxidation of
propane to acrylic acid. The influences of the calcination methods and the calcination temperatures in the two-step calcination method on the
structure and catalytic performance of the MoV, 3Te23Nby 1,0, catalysts were investigated. The results indicated that the catalysts obtained
by two-step calcination exhibited higher catalytic activity and selectivity than that by one-step calcination. Further investigations showed that
the calcination temperatures of each stage for the two-step calcination method, especially those of high-temperature stage, had significant
effects on the structure and the catalytic performance of catalysts. The phase composition of the catalysts was a crucial factor in improving
the catalytic performance, and another important effect on the conversion of propane was produced by more active lattice oxygen, according
to the results of X-ray diffraction and H, temperature-programmed reduction.
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18 BT 15 B i 4L 7] Onestep-600, R &R B 4 550 °C
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Table 1 Results of the propane oxidation on the MoV 3Te 23Nbg 120y

Selectivity (%)

Catalyst C;Hjs conversion (%) AAyield (%)
CO, CO C;H, Ace C,H,4 AcA AA
Onestep-600 12.9 13.7 13.7 0.2 0.4 0.9 58.1 20.8 12.1
L250-H600 12.5 13.7 6.6 0.2 0.5 1.5 65.0 32.7 21.3
L275-H600 12.3 12.8 7.1 0.1 0.4 1.5 65.7 359 23.6
L300-H600 12.1 12.9 6.1 0.1 0.4 1.6 66.7 40.4 27.0
L330-H600 13.8 15.3 9.2 0.2 0.4 1.3 59.7 29.9 17.8
L300-H550 23.1 29.4 11.3 0.1 0.3 0.4 354 18.2 6.5
L300-H580 11.3 12.7 9.1 0.1 0.4 1.3 65.1 29.3 19.1
L300-H620 12.6 14.4 11.6 0.2 0.4 1.3 59.7 259 15.5
L300-H650 12.6 13.5 8.0 0.1 0.4 1.3 63.9 32.3 20.7

Reaction conditions: V(C;Hg): (air): V(steam) = 1:15:12, GHSV = 785 ml/(g-h), m(cat) = 2.14 g, temperature = 380 °C.

Onestep-600: the catalyst obtained by one-step calcination at 600 °C.

Lt1-Hz2: the catalyst obtained by two-step calcination, ¢1 and 2 mean the low and high calcintion temperature, respectively.

Ace = acetone, AcA = acetic acid, AA = acrylic acid.
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Fig. 1. XRD patterns of Onestep-600 and L300-H600.
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Fig. 2. H,-TPR profiles of Onestep-600 and L300-H600.
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Fig. 3. XRD patterns of catalysts calcined at different temperatures of
low-temperature stage. (a) XRD patterns of catalysts calcined only at
low-temperature stage; (b) XRD patterns of catalysts obtained after

two-step calcination.
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B R

H, consumption (a.u.)
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Fig. 4. H,-TPR profiles of the catalysts calcined at different tem-
peratures of low-temperature stage.
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Fig. 5. XRD patterns of the catalysts calcined at different temperatures
of high-temperature stage.
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Fig. 6. H,-TPR profiles of the catalysts calcined at different tempera-

tures of high-temperature stage.

i b A5 T i 2 A R R 2
3 it

5Bl pe 77 UM e, Wy B 48 07 U 2%
e 3 T MoV 3Teq23Nbg 120, i A6 71 3% PE AR M1 Y
A2 R, AT Ak 35 L OSCSE T A A AR AR T b R A AL
i VA 0 1 S N o ) Ak AL P BE . 5 Onestep600 AH L,
L300-H600 {1 1A 4 R YL 48 I 12.1% 4 1 8] 27%. &
A Hy-TPR 1) 25 B 55 A% 70 1) 4 1 1 fig wT AR IR, i
AT b2 TR P s 4 A 1 0 B0 A e R B P AT P
R, B0 VR TR R SR B R 2 A T B I A AT
Wl R s Ab T 540~550 °C (13K J5UIE 5 VUE Hy AR
HR R JEAT 9 AT %, T VB A A i R o R AR AR X
N PR3 PR, DR 3 J il B2 1) v I AR 1T f 52 ) 2]
AR S Y. D3 4b, 00 25 e oy B U B 7 AAAN TR
B B R A8 U B X MoV .3 Te 23N 120, HE AL 714 A
D e R AR A B, R ML D 77 A R 3 T A A
S (FE A 52 Pk JE W67 A 540~550 °C) 1) AE Bk
FREAR ) PR 3% P AT B A 2 TR . Rk e D,
HRE S 2% A B 2 BOS TR A 201K M1 A MoV
SR AL, R A Ak BB R S RN, AR R
TAE, R ae e 45 & Lo R 7 T BOR, an X 9y 26
O LT R, 6T Ak 0 ) 2 TR T 3 A ORI A A
ATl A T IR 90, R 2 VOV L g Y
B AT Wy T 120 SR Y 2D A Joe T X e A4 77 2 T 1R

1/,
AT



496 o o W %30 4%
7‘;/% % b's ik 14 Grasselli R K, Burrington J D, Buttrey D J, DeSanto P,
Lugmair C G, Volpe A F, Weingand T. Top Catal, 2003,
1 Lin M M. 4ppl Catal 4, 2001, 207: 1 23: 5
2 AiM. J Catal, 1986, 101:389 15 Grasselli R K, Buttrey D J, DeSanto P, Burrington J D,
3 Han Y F, Wang H M, Cheng H, Jin R H, Deng J F. New J Lugmair C G, Volpe A F, Weingand T. Catal Today, 2004,
Chem, 1998, 22:1175 91-92: 251
4 FEfE, #h—WL, EMRW. fihfl T(Cheng H, Han Y F, 16 Chen L Q, Liang J, Lin H, Weng W Zh, Wan H L, Védrine
Wang H M. Petrochem Technol), 1999, 28: 803 J C. Appl Catal 4, 2005, 293: 49
5 Krieger H, Kirch Ls. US 4 260 822. 1981 17 Yang X J, Feng R M, Ji W J, Au C T. J Catal, 2008, 253:
6 Lyons J E, Volpe A F Jr, Ellis P E, Karmakar S. US 57
5990 348. 1999 18 Oliver I M, Lépez Nieto J M, Botella P, Mifsud A. Appl
7 UL, EEE, OBER, MR, kAW, Bk RSER Catal A, 2004, 257: 67
22 4R (LI X K, Lei Y, Zhao J, Ji W J, Zhang Zh B, 19 KEH, Futik, Bt MY, s, i Fm
Chen Y. Chem J Chin Univ), 2005, 26: 1716 (Zhu B Ch, Li H B, Sheng Sh Sh, Yang W Sh, Lin L W.
8 Bartek J P, Ebner A M, Brazdil J R. US 5 198 580. 1993 Chin J Catal ), 2004, 25: 277
9 Ushikubo T, Nakamura H, Koyasu Y, Wajiki S. US 20 Desanto Jr P, Buttrey D J, Grasselli R K, Lugmair C G,
5380 933. 1995 Volpe Jr A F. Z Kristallogr, 2004, 219: 152
10 Mitsubishi Chemical Corp. JP h10-57813. 1998 21 Lin M M. 4ppl Catal A, 2003, 250: 305
11 LinM H, Linsen M W. EP 0 962 253. 1999 22 Asakura K, Nakatani K, Kubota T, Iwasawa Y. J Catal,
12 Baca M, Aouine M, Dubois J L, Millet ] M M. J Catal, 2000, 194: 309
2005, 233: 234 23 Baca M, Pigamo A, Dubois J L, Millet ] M M. Top Catal,
13 Holmberg J, Grasselli R K, Andersson A. Appl Catal A, 2003, 23: 39
2004, 270: 121 24 ZhuY H, Lu WM, Li H, Wan H L. J Catal, 2007, 246: 382




<<
  /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 /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 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 600
  /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 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /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 <<
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


