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Effect of Copper Compounds on Formation of PCDD/Fs on Fly Ash
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Abstract : This study investigated the influence of copper compounds in de novo synthesis on fly ash generated from
MSWI. Amount and its homologues profiles of dioxins formation from fly ash heating in a tubular furnace were
evaluated. The change in the chemical form of copper compounds was analyzed under heating by in situ XAFS
analysis in SPring-8, and the relationship of the chemical form of copper compounds and dioxins formation was
investigated. It was found that when fly ash was heated, the carbon in fly ash worked as a reducing agent, decreasing
the valence of the copper chloride and copper oxide. Therefore when the balance of redox reaction (which is chlorine
and oxygen supply to copper, and chlorine supply to carbon from copper) was equilibrated, dioxins were formed.
Above all, it was suggested that CuCl under heating played the primary role in de novo synthesis. In addition, the
relationship between the amount of generated dioxins and the chemical form of the copper compounds in fly ash was
found in each temperature region.

Key Words: fly ash, dioxins, de novo synthesis, copper compounds, XAFS, CuCl, redox reaction

1. BFgeis & B

DORE ORI ENL, BRI REL L & HICHDNT CTUVSHIDIEMR LA X 5 = L N T X B RER
WLFRITARTE L CUND— T 3B S ARERIERR 25 DX A F % RO LR - PR RIE L 7> TN D,
HCHHEHEIA DY 70% LA EDOFRIKIZIUNTIE, PRBEEZREBLDOE UAMN TH A A5 o N FAR L,
F DERREI I IRIERAE OFGERNC L D b D L. AW L BRI & OB B R
FOSZHRERIT B de novo SR $H D Z ENAMBNTWE, BAMRICITESE. &0 biTgitemnm
UM EF 2773 2 E MR STV B3, D A 1 = X AR 2 M 72 i T F 725 Tk,
AWFFETIE. RIRTOFULEMOALFIEREINZ A A% VO A KIETHELZFT5 2 & 2
L L, SHEAEOER L LT, FA AL D D WITHIEMAE DO BRI O L | REFEDOB
B, RFE~OEFEOMIGIEH LT, EEORIK & BEERIK 2 %5 & LT EREITo 72, BRRY
Wik, RIRIS K OMEHERYR 2 il B RIF N TN L, 3825 L7= & A A o VD B & BRIy
Hirpg EEFHET D & E b, 7 ua XU B DY TAX A LFHUDND XA A5 o U HERR ORI
FH =, S 51T SPring-8 (Z331F 5 in situ XAFS SHTIC & - T O8O A RE A . LLE
DFEBFERI G, SHLEDDIFIRE L XA 4% L DA RO BRI DN TEZR LT,



2. FRIK - EEFEIRK D NEA TR

RFEE RFE HEEZ TN TNRIR T OREDITVMEIZZR S X ) IZTHRE L2 b OZRHERIR & L,
i & L COHEEMIE CuO X° CuCl 72 D 9 fifHE L, 5 FHOFEEREORIK & & HIZFHZRO UG
B Uiz, W@z o B RIEN T 200°C, 300°C, 400°C. 0,728 10% (N, /3T 2 R) OSAE R TINEGEER
ATV, XA X U HH, CBzs, PCBz OEREE AT Lz (K), ZOfER, HEFRIKIZIBW T,
SRR L3 K OSRARU LA CIESRBR L DA TR 3 D AR EDN A b3y, HHEFE LT
KC1 Ci72 < S b DO A D55 TIEPCBs OARKEDTE L < LT\ e, ETRIREOFEL LT,
400°CIZH1F % PCBs A2k & 1T 300°C O AT T 10%FRELL TS/ 5 Z &£ NRD BTz, ERIKD
BA TR, FRIK OFEE & IEVREEIC ko TAEREICREX RIEL X N o7,

3. BT K D HE

SRR IS I OMHEAK DANEMRF D EH AL A BHTIC Lo TRz, # U T RS LTo K
¥ O L BT B G DA R S AL, SR OB O RFEOREEN IR S S, &
72 200°C Tl EDREHZI DWW T HHERBIIZT L A ER LRI T,

4. in situ XAFS T2 £ 5 Cu OARFEGHT

FEFREIK 3 L ONHEEFREIK DINEAH DAL FTERE 2 38T 5 72 8DIZ, SPring-8 123517 5 XAFS B B — A
T A AR T BRI TN L 7= 50RHI ERE X 2 B L C Cu OIFRE T 21T > 12, & OFER,
FHEERIK Tk, dibiE 200°C TEIL T L, —flid 2 WITHRD A7 MBI STz, S
512 300°CTIHEALAHETT L, 400°C TITE LT LT D Z E DR ST, ZHUL, SeDhnEssh
BT D HA AL AHF IR EOAERELE O ENT-, o, SR, 300°C, 400°CV TS
BWTHEHERERED LA R SR D3 o T2, BT 300°CIC BV TERE L DO 3E CuCl iR Sz
23, SRR L CIIMERR CE oo Tz, FERIKFIZE END Cu 1T L LM OIRERTH D . N
BN 2 TR DFEFEIC K - TES D E 235 - 7205, 42 200°C Tl Cu DTS T4 HEHIH)
AR5, 300°C, 400°C TlE CuCl S K& REIE % b Tz,

5. F&®
U EDOFEBRNOH/ELNTEMAEZLUFICE L5,

< IREIENT 5 & RIKFRDORFEDIEITCAI L LT THE LSO b oz TiF 5, 2
DEE HiZHh e LT, $i~OEPHOHESR O OHEFRMHE, 0,260 O Oftfs, dilns5 R
~OHEFEHHE & W o TeBIETTSUS DN T o AT TIe S D L XA Fx 2 PRR EDERKT D &
Bz b,
FIRHCIRFITE L SN Cu” (CuCl) (X, KCl 72 &
OREFIATET S Cl LFEA LTV, F A 4% | 0 |
AR Y DAERA~D Cl ORI E 72> TG | B |

ZENRBEINT, z" 000 |

BHEEAEK Cl1E 400°C TIEEM N R & 72> TPCBs Y | 820 |

AR LICS Do T, 0

FERIK TITWTHOEETH CuCl BEET D8, & °i§®wo»°°% &L Ooéoiiﬁ&o o

9

PCBs OEREIZIZES >E 03 H D, Ziuk, milkiAY
T & B IEDHFEBRKE DTS DNTNS & 300°CHIERRIRAT R (PCBs)
EZz b0,




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


