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* **

SCR(selective catalytic reduction)

2 74~95%

I-TEF

5~7 -Furan + SCR

95% Dioxins

SCR I-TEF
*  
**



52

SCR(selective catalytic reduction)
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Dioxins
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1 ( )

https://proj.ftis.org.tw/eta/index.aspx

2.1

2.1.1

(Polychlorinated dibenzo-p-dioxins and polychlorinated 
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dibenzofurans, PCDD/Fs )

(Olie et al., 1977)

2 1 222 75 

(Polychlorinated dibenzo-p-dioxins, PCDDs) 135

(Polychlorinated dibenzofurans, PCDFs)  12  (Partially Coplanar 

Polychlorinated Biphenyls) (

) ( ) 1.

( )2.

( )3. (

) (

)

2.1.2

4 5

(semi-volatile)

(Phase) (600

)

(Eduljee, 1996  Fiedler, 1996 Halsall, 1997) 

(Enrichment) 2

1.

2.

( )
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2.1.3

75

 PCDD/Fs (250~500 ) 2 1.

( ) ( 250~350 )

de Novo (Milligan et al., 1993) 2. (pyrosynthesis)

PCDD/Fs (Ballschmiter et al., 1985)

(precursor) (Dickson et al., 1989)

2

de Novo 

(Vogg et al., 1986)  de Novo de Novo 2

 PCDD/Fs 2

 PCDD/Fs 

(Dickson et al., 1992 Luijk et al., 1994)

de Novo 

 chlorophenols, PCDDs -naphthalenes, PCDFs, and 

-benzenes 

2.1.4

(1)
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200~500oC 300oC

(2)

+ +

(Buekens et al.,1998)

2.2

(SCR)

SCR V2O5/TiO2

PCDD/Fs (Fujii et al.,1993

Hums et al.,1996 Krishnamoorthy et al.1998) SCR

61.8% 99.9%

3

SCR TiO2

20%~25%

NO

N2 H2O SCR (overall reaction) 3

4NO + 4NH3 + O2  4N2 + 6H2O

2NO2 + 4NH3 + O2  3N2 + 6H2O
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NO + NO2 + 2NH3  2N2 + 3H2O

2SO2 + O2  2SO3

2NH3 + SO3 + H2O  (NH4) HSO4

NH4HSO4

SO2 SO3  SCR

 :

PCDDs/PCDFs + O2   CO2 + H2O + HCl

2.3

(Heidenreich et al., 2008) TiO2 -V2O5 -WO3

NOx NH3/NOx

(Neuffer et al., 2007)

300 C 2 cm/sec

98 NO NO NOx

NO 

1.

(Heidenreich et al., 2008) NO

250 ~350 2 cm/sec

2 NO 300 2

NO 90% 300
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2 NO  ( Heidenreich et al., 2008)

2.NH3/NOx

NH3/NOx SCR

NH3/NOx 1 NH3/NOx 1 (Baukal, 

2013) SCR NH3/NOx 1.05~1.1

NOx 80 ~90 10 ppm

3.

Heidenreich et al. (2008) NO

3 4 cm/sec

Hübner et al. (1996) 

NO 4 cm/sec NO

90

3 NO NO (
Heidenreich et al., 2008)
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SO2 TNMHC HCl NO/NO2

1

1

N I E A  A 1 0 1 . 7 7 C 
A101.76C 2

NIEA A101.77C 2

NIEA A101.77C 2

/ NIEA A101.77C 2

O2 NIEA A432.74C 2

SO2 NIEA A413.75C 2

HCl NIEA A412.73A 2

NIEA A101.77C 2

TNMHC NIEA A758.70B 2

NO/NO2 NIEA A411.75C 3

NIEA A808.75B 3

NIEA A808.75B 3
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4.1

SCR P002 SCR SCR

SCR P002

1

4.2

5/13 2 SCR

SCR SCR

6/20~21

2 (5/13)

Dioxins(ng-TEQ/Nm3) Q (Nm3/min) O2 (%)

5/13 SCR SCR P002 SCR SCR P002 SCR SCR P002

Dioxins-1 1.535 0.011 0.591 430.4 382.3 344.5 12.6 13.5 16.6
11:55

~ 
13:18

Dioxins-2 1.183 0.018 6.666 429.0 384.0 333.6 12.7 13.6 14.6
14:35

~ 
15:56

Dioxins-3 1.887 2.42 7.731 415.7 390.4 340.8 12.7 13.4 14.4
17:15

~ 
18:37

Average 1.535 0.816 4.996

Temp (oC) 388 162 166
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6/20~21 3

SCR SCR 4

SCR

P002 SCR SCR

Duo and Leclerc 

(2004) HCl Cl radical

Olie et al,,(1998)

(205~450 C) PCDD/F

Deacon Reaction Cl2 PCDD/F Karademir & 

Korucu (2013).

de novo mechanism KCl AlCl3 CaCl2

PCDF NaCl MgCl2 PCDD

Kolluri and Altwicker (1994)

O OH cholorophenoxyl

chlorophenol PCDD

NOx O2 SCR

HCl

3

74.4~95.3%
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4

 3 (6/20~6/21)

SCR SCR P002 SCR / P002/SCR

Dioxins-1 16.3704 0.1973 0.7742 0.0121 3.9240
Dioxins-2 0.2546 0.0297 1.9919 0.1167 67.0673
Dioxins-3 0.5978 18.3835 4.6746 30.7519 0.2543
Average 5.7409 6.2035 2.4802 1.0806 0.3998

SCR SCR P002 SCR / P002/SCR
Dioxins-1 5.5744 0.3853 7.8679 0.0691 20.4202
Dioxins-2 22.5823 0.5974 108.9513 0.0265 182.3758
Dioxins-3 59.9866 39.962 133.4757 0.6662 3.3401
Average 29.3811 13.6482 83.4316 0.4645 6.1130

+ SCR SCR P002 SCR / P002/SCR
Dioxins-1 21.9448 0.5829 8.6422 0.0266 14.8262
Dioxins-2 22.8368 0.6271 110.9434 0.0275 176.9150
Dioxins-3 60.5841 58.3454 138.1504 0.9630 2.3678
Average 35.1219 19.8518 85.9120 0.5652 4.3277

SCR SCR P002
Dioxins-1 25.4% 66.1% 91.0%
Dioxins-2 98.9% 95.3% 98.2%
Dioxins-3 99.0% 68.5% 96.6%
Average 74.4% 76.6% 95.3%
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3

I-TEF 5/13

4 5 5~7

I-TEF 5~7

4 I-TEF (5/13)

Percentage based on I-TEF

I-TEF Species SCR SCR P002

0.1 2,3,7,8-TeCDF 6.2% 1.9% 1.2% 1.3% 1.5% 0.3% 1.9% 0.4% 0.3%

0.05 1,2,3,7,8-PeCDF 3.6% 1.8% 1.3% 1.1% 1.1% 0.8% 1.9% 1.1% 0.9%

0.5 2,3,4,7,8-PeCDF 53.6% 38.5% 30.0% 24.1% 23.9% 34.4% 41.6% 35.3% 32.9%

0.1 1,2,3,4,7,8-HxCDF 6.5% 9.0% 7.0% 10.7% 10.8% 11.4% 13.2% 15.1% 14.0%

0.1 l,2,3,6,7,8-HxCDF 7.0% 10.1% 9.7% 15.4% 15.2% 16.2% 16.5% 17.7% 18.1%

0.1 2,3,4,6,7,8-HxCDF 7.1% 19.8% 31.6% 28.2% 28.8% 27.2% 16.0% 20.2% 23.1%

0.1 1,2,3,7,8,9-HxCDF 0.4% 0.7% 0.5% 1.0% 0.9% 0.4% 0.3% 0.4% 0.3%

0.01 1,2,3,4,6,7,8-HpCDF 1.5% 5.6% 8.4% 15.6% 14.7% 8.8% 6.9% 9.3% 9.9%

0.01 1,2,3,4,7,8,9-HpCDF 0.2% 0.7% 1.1% 1.4% 1.3% 0.3% 0.3% 0.2% 0.3%

0.001 OCDF 0.1% 0.5% 1.2% 1.0% 0.9% 0.1% 0.1% 0.1% 0.1%

1 2,3,7,8-TeCDD 4.7% 2.0% 1.2% ND ND ND 1.1% 0.1% 0.0%

0.5 1,2,3,7,8-PeCDD 6.6% 5.2% 3.3% ND ND ND ND ND ND

0.1 1,2,3,4,7,8-HxCDD 0.7% 1.1% 0.7% ND 0.4% 0.0% 0.0% 0.0% 0.0%

0.1 1,2,3,6,7,8-HxCDD 0.9% 1.2% 1.0% 0.3% 0.4% 0.0% 0.1% 0.0% 0.0%

0.1 1,2,3,7,8,9-HxCDD 0.4% 1.0% 0.7% ND ND 0.0% 0.0% 0.0% 0.0%

0.01 1,2,3,4,6,7,8-HpCDD 0.3% 0.9% 0.8% 0.2% 0.2% 0.0% 0.0% 0.0% 0.0%

0.001 OCDD 0.1% 0.2% 0.3% 0.1% 0.1% 0.0% 0.0% 0.0% 0.0%

I-TEF 0.629 1.177 1.880 0.011 0.018 2.420 0.561 6.611 7.642
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5 I-TEF (5/13)

Percentage based on I-TEF

I-TEF Species SCR SCR P002

0.1 2,3,7,8-TeCDF 1.3% 2.0% 0.8% ND 8.5% 0.1% 0.2% 0.1% 0.1%

0.05 1,2,3,7,8-PeCDF 1.7% 2.4% 1.5% 1.4% 4.6% 0.2% 0.7% 0.4% 0.3%

0.5 2,3,4,7,8-PeCDF 34.3% 41.2% 24.7% 24.6% 48.1% 9.6% 25.1% 15.7% 9.4%

0.1 1,2,3,4,7,8-HxCDF 11.4% ND 7.5% 10.0% 4.4% 7.1% 13.3% 11.5% 9.3%

0.1 l,2,3,6,7,8-HxCDF 12.8% 11.6% 8.5% 15.1% 4.1% 11.7% 17.6% 14.6% 13.9%

0.1 2,3,4,6,7,8-HxCDF 20.4% 20.6% 30.0% 29.0% 4.1% 39.7% 25.4% 32.6% 31.1%

0.1 1,2,3,7,8,9-HxCDF 0.9% ND ND 1.5% ND 0.7% 0.8% 0.8% 0.5%

0.01 1,2,3,4,6,7,8-HpCDF 6.0% 10.6% 11.1% 15.1% 1.1% 28.0% 15.6% 22.3% 32.6%

0.01 1,2,3,4,7,8,9-HpCDF 0.6% 1.2% 1.9% 1.4% ND 1.4% 0.5% 1.0% 1.2%

0.001 OCDF 0.3% 1.4% 4.0% 1.0% 0.2% 1.3% 0.3% 0.7% 1.2%

1 2,3,7,8-TeCDD 1.1% ND ND ND ND ND ND ND ND

0.5 1,2,3,7,8-PeCDD 3.9% ND ND ND 18.5% ND ND ND ND

0.1 1,2,3,4,7,8-HxCDD 1.3% 2.4% 1.6% ND 1.1% 0.0% 0.1% 0.1% ND

0.1 1,2,3,6,7,8-HxCDD 1.6% ND 2.1% ND 1.9% ND 0.2% 0.1% 0.1%

0.1 1,2,3,7,8,9-HxCDD 1.4% ND 1.9% ND 1.1% ND 0.0% 0.1% 0.0%

0.01 1,2,3,4,6,7,8-HpCDD 1.0% 4.4% 2.3% 0.2% 0.7% 0.1% 0.1% 0.1% 0.1%

0.001 OCDD 0.1% 1.5% 1.9% 0.1% 0.3% 0.1% 0.0% 0.0% 0.1%

I-TEF 0.9064 0.0051 0.0075 0.0059 0.0027 0.3711 0.0301 0.0544 0.0889

5/13 6/20~21 2 P002 + I-TEF

5~7

2 7

Furan
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+ 95% 95%

1,2,3,7,8-PeCDF 2,3,4,7,8-PeCDF 1,2,3,4,7,8-HxCDD

90% 6

6 P002 I-TEF

Profile based on I-TEF Concentration based on mass 
Concentration

Species 5/13/2022 6/20-
21/2022 5/13/2022 6/20-

21/2022 Gas Particle Total

2,3,7,8-TeCDF 0.9% 0.8% 0.3% 0.6% 99.2% - 98.7%

1,2,3,7,8-PeCDF 1.3% 1.1% 0.9% 1.6% 99.3% 47.7% 99.0%

2,3,4,7,8-PeCDF 36.2% 28.4% 2.3% 4.5% 99.1% 68.8% 99.1%

1,2,3,4,7,8-HxCDF 14.1% 10.0% 4.0% 8.6% 97.6% 99.4% 98.4%

l,2,3,6,7,8-HxCDF 17.4% 15.1% 6.0% 10.7% 96.8% 90.3% 98.0%

2,3,4,6,7,8-HxCDF 20.0% 27.5% 11.0% 12.1% 95.3% 94.3% 97.8%

1,2,3,7,8,9-HxCDF 0.4% 0.6% 0.3% 0.2% 96.5% 98.9% 98.0%

1,2,3,4,6,7,8-HpCDF 9.0% 13.0% 52.1% 54.5% 88.7% 96.4% 95.8%

1,2,3,4,7,8,9-HpCDF 0.3% 0.7% 2.8% 1.7% 91.5% 98.5% 96.7%

OCDF 0.1% 0.5% 18.5% 5.1% 91.4% 95.8% 95.9%

2,3,7,8-TeCDD 0.4% ND ND 0.0% - - -

1,2,3,7,8-PeCDD ND 1.3% 0.1% ND - - 99.2%

1,2,3,4,7,8-HxCDD 0.0% 0.2% 0.1% 0.0% 99.5% 75.0% 99.3%

1,2,3,6,7,8-HxCDD 0.0% 0.4% 0.1% 0.0% 99.5% - 99.5%

1,2,3,7,8,9-HxCDD 0.0% 0.3% 0.1% 0.0% - - 99.7%

1,2,3,4,6,7,8-HpCDD 0.0% 0.1% 0.6% 0.1% 99.4% 95.4% 99.6%

OCDD 0.0% 0.0% 0.9% 0.2% 99.0% 94.9% 99.3%
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5

 

SCR Dioxins

Dioxins

1. 5/12~13 6/20~21 2

2.  HCl Cl radical

Dioxins Dioxins

3.Dioxins 74~95%

4.  2 7 Furan

5 Furan 5~7 Furan

5.  Dioxins 95% 90% +

98%



156 (Nov. 2022) 67

 http://teds.epa.gov.tw/new_main2-0-1.

htm

https://www.epa.gov.tw/niea/A048BA729D1F7D58

Ba l l s chmi t e r,  K . ,  Zo l l e r,  W. ,  Buche r t ,  H . ,  &  C la s s ,  T.  (1985) .  Cor re l a t i on 

b e t w e e n  s u b s t i t u t i o n  p a t t e r n  a n d  r e a c t i o n  p a t h w a y  i n  t h e  f o r m a t i o n  o f 

polychlorodibenzofurans. Fresenius  Zeitschrift für analytische Chemie, 322(6), 

587-594.

Baukal Jr, Charles E., ed. The John Zink Hamworthy Combustion Handbook: Volume 

1-Fundamentals. CRC press, 2012.

Dickson, L. C.; Lenoir, D.; Hutzinger, O. Quantitative Comparison of de Novo 

and Formation of Polychlorinated Dibenzo-p-dioxins under Simulated Municipal 

Solid Waste IncineratorPostcombustion Conditions  Environmental Science and 

Technology, Vol.  26, pp. 1822-1828, 1992.  

Dickson, L. C.; Lenoir, D.; Hutzinger, O. Surface-catalyzed Formation of Chlorinated 

Dibenzodioxins pue Dibenzofurans during Incineration , Chemosphere, Vol.  19, pp. 

277-282,1989.

Duo, W. and D. Leclerc (2004) Thermodynamic and Kinetic Studies of Dioxin 

Formation and Emissions from Power Boilers Burning Salt-Laden Wood Waste,  

Thermal Process,: 66, 992-1000.

Eduljee, G.H., Dyke, R.A., 1996. An updated inventory of potential PCDD and PCDF 

emission sources in the UK. The Science of the Total Environment 177, pp. 19 303-

321. 

Ertl, Gerhard, Helmut Knözinger, and Jens Weitkamp, eds. Handbook of heterogeneous 

catalysis. Vol. 2. Weinheim: VCH, 1997.



68

Fenimore, C. P. (1971, January). Formation of nitric oxide in premixed hydrocarbon 

flames. In Symposium (International) on Combustion (Vol. 13, No. 1, pp. 373-380). 

Elsevier.

Fiedler, H., 1996A. Sources of PCDD/F and impact on the environment, Chemosphere 

32, pp. 55-64. 

Ha l sa l l ,  C . J . ,  Co leman ,  P. J . ,  Jones ,  K .C ,  1997 .  A tmosphe r i c  depos i t i on  o f 

polychlorinated dibenzo-p-dioxins/dibenzofurans (PCDD/Fs) and polycyclic aromatic 

hydrocarbons (PAHs) in two UK cities, Chemosphere 35, pp. 1919-1931 

Heidenreich, S.,  Nacken, M., Hackel, M., & Schaub, G. (2008). Catalytic filter 

elements for combined particle separation and nitrogen oxides removal from gas 

streams. Powder Technology, 180(1-2), 86-90.

Hübner, K., Pape, A., & Weber, E. A. (1996). Simultaneous removal of gaseous 

and particulate components from gases by catalytically activated ceramic filters, 

Conf. Proc. High Temperature Gas Cleaning, 1.

Kolluri, R., & Altwicker, E. (1994). The effect of the electric field on the formation of 

PCDD in electrostatic precipitators. Hazardous waste and hazardous materials, 11(1), 

145-156.

Karademir,  A.,  & Korucu, M. K. (2013). Assessment of emissions and removal 

of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) at start-up 

periods in a hazardous waste incinerator. Journal of the Air & Waste Management 

Association, 63(7), 788-795.

Milligan, M. S.; Altwicker, E. The Relationship between de Novo Synthesis of 

Polychlorinated Dibenzo-p-dioxins and Dibenzofurans and Low-Temperature Carbon 

Gasification in Fly Ash , Environmental Science and Technology.  Vol 911 27, pp.  

1595-1601, 1993.



156 (Nov. 2022) 69

Olie, K., Addink, R., & Schoonenboom, M. (1998). Metals as catalysts during the 

formation and decomposition of chlorinated dioxins and furans in incineration 

processes. Journal of the Air & Waste Management Association, 48(2), 101-105.

Schaub, G., Unruh, D., Wang, J., & Turek, T. (2003). Kinetic analysis of selective 

catalytic NOx reduction (SCR) in a catalytic filter. Chemical Engineering and 

Processing: Process Intensification, 42(5), 365-371.

Sillman, S. (1999). The relation between ozone, NOx and hydrocarbons in urban and 

polluted rural environments. Atmospheric Environment, 33(12), 1821-1845.

Wu, R., Jin, J., Li, K., Zhao, L., & Zhang, H. (2021). High-performance FeaTibOx 

catalyst loaded on ceramic filter for NOx reduction. Materials Research Express.

Zeldovich, Y. B. (2014). 26. Oxidation of nitrogen in combustion and explosions. 

In Selected Works of Yakov Borisovich Zeldovich, Volume I (pp. 404-410). Princeton 

University Press.

Zürcher, S., Hackel, M., & Schaub, G. (2008). Kinetics of Selective Catalytic NO 

x Reduction in a Novel Gas-Particle Filter Reactor (Catalytic Filter Element and 

Sponge Insert). Industrial & engineering chemistry research, 47(5), 1435-1442.



70


