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Formation of PCDD/Fs during Oxidation of Carbonaceous Materials at Low Temperatures

Shunsuke KUZUHARA and FEiki KAsAl

Synopsis : Polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) are unintentionally formed and emitted from various industrial thermal

processes. So far, many researchers have examined formation/emission behavior and inhibition of PCDD/Fs. Generally, following three

routes were pointed out as major formation pathways of PCDD/Fs: (I) through aromatic precursors such as chlorobenzenes and chlorophe-

nols, (II) decomposition reaction of organic compounds having large molecular sizes such as polycyclic aromatic hydrocarbons (PAHs) and

(111) via de novo synthesis from macromolecular carbon. In the incineration and other thermal processes, de novo synthesis is now regarded

as an important route for PCDD/Fs formation. This reaction occurs on macro structural carbon under oxidation atmosphere at relatively low

temperature. Especially, the properties of a small quantity of residual carbon particles, “soot” which suspended the exhaust gas and metallic

chlorides seem to have large effect on formation of PCDD/Fs.

The present paper introduces the topics concerning PCDD/Fs formation and carbon oxidation. The mechanism of PCDD/Fs formation, the

effect of metallic chlorides and various reactions relating to PCDD/Fs formation are reviewed. Further, the mechanism of carbon oxidation at

low temperature and the effect of metallic compounds are discussed.

Key words : dioxins; PCDD/Fs; oxidation of carbon; soot; catalysts; formation mechanism; metallic chloride.
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Fig. 1. Chemical Structure of PCDDs, PCDFs and co-
PCB.

Table 1. Inventory for TEQ emissions of PCDDs, PCDFs and co-PCBs in Japan.

Source Emissions (g-TEQ/year)
1997 1998 1999 2000 2001
*Releasctoair(total) | 7335-7589]  3351-360s|  2.652-2857[  2,194-2214] 17381757
Municipal waste incinerators 5,000 1,550 1,350 1019 . 812
Industrial waste incinerators 1,500 1,100 - 690 555 533
Small waste incinerators 368 - 619 368-6191  307-509 353 -370 185 - 202,
Electric arc furnace (steel) 2285 139.9 141.5 N 131.1 95.3
Ironoresintering 135.0 113.8 101.3 098 ... 650
Secondary aluminum production | 21.3 194 136 128 150
Others 35.1-37.7 34.5-37.2 26.8 -29.5 27.2-29.9 23.9-26.6
*Release to water (total) 12.75 12.28 12.39 8.56 4.59
Total 7,348 -7,602]  3363-3,617 2,664 -2869( 2203 -2223 1,743 - 1,762

Clx Clx da :
PCDDs, PCDFs

. © Clx

Clx Clx
PCDDs, PCDFs

z, CuCl,...)

Fig. 2. Formation route of PCDD/Fs in the combustion process proposed by Takeuchi’.
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Fig. 3. Illustration of T,CDFs formation from coronene.
Incorporation of oxygen occurs from (a) outside of
coronene frame to form 1,2,8,9-T,CDEF, and (b) in-
side to form 1,4,6.9-T,CDFY.

Table 2. Ratios of the PCDD/Fs frames formed by 12C6

or PC.
Molar fraction formed (%)
126.1C ratio 20 e, 208e, B C,

1:1 Experimental (PCDD) 309 29.1 400
(0.5:0.5) (PCDF) 302 19 679
1:2 Experimental (PCDD) 254 153 60.5
(0.33:0.66) (PCDF) 29.0 1.0 69.9
2:1 Experimental (PCDD) 530 219 252
(0.66:0.33) (PCDF) 56.7 09 424
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Table 3. PCDD/Fs formanon potential of various copper

compounds®.

Compounds Copper PCDDs PCDFs
concentration (nmol/g) (nmol/g)
(umol/g)

Cu 220 0.07 0.34

CuCl 160 0.66 3.41

CuCl, 160 0.48 4.06

Cu(NO,) ,,2.5H,0 160 0.02 0.14

Cu,0 240 - 0.48

CuSO,-5H,0 110 - 0.52
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Fig. 4. Residual and reacted Cu(Il) concentrations in the
thermal experiments at 250, 300 and 350°C'?.
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Fig. 5. AOX m thermal experiments at 250°C, 300°C and
350°C"
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Fig. 6. Changes in CO, fraction of outlet gas and the total
amount of PCDDs in outlet gas and solid residue
with time'?.
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Fig. 8. Changes in the rates of CO and CO, formation
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Fig. 9. Effect of metal oxide catalysts in tight and loose contact modes on the combustion temperatures of model soot??.

Table 4. Relative activities of single-component oxides for oxidation of carbonaceous material?®2".

Ref. Ranking of catalysts
[20] Pb>Co>V>Mo>Fe>La>Mn>Sb>Bi>Ca>Cu>Ag>Ni>Cr >>Zr>Ba>Zn>Ce>Mg>Nb>W>Sn> Ge
[21] Pb>Mn>Ag>Cu>V>Au>Ba>Ni>Mg>Ca>Al
[22] V>Mn>Cr>Mo>Fe>Co>Ni>W
[23] V>Ce>La>Ti>Zr>Al>Si
[24] Cu>Cr>Zn>Ag>Mn>V>Au>Co>Zr>Fe=Nb>Ti>Ni>W
[25] Pb>Cr>Co>Mn>Ag>Cu>Ba>Ni
[26] Pb>V>Mn>Co>Cr>Cu>Mo>Ag>Fe>Ni>Ce>Zn>W>Sn
[27] Cu>>Cr>Co=Mn>Ni=Zn>Fe
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