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CMD – general info

Principle:
Transfer of copper component into reaction system to effective
destruction, approaching to 100% DE (destruction efficiency)

Conditions:
- temperature 250-300°C – NO INCINERATION
- reaction time 4-6 hours
- no-oxidative, no-pressure
- Cu catalysis, agitated system
- reaction mechanism is not dependent to level and position of Cl
atoms

Applicability:
PCDD/Fs, PCBs, OCPs (x-HCH, DDTs/DDE/DDD, CBz…), …



BIARYL FORMATION 
(ULLMANN REACTION)

DEHALOGENATION

Aromatic reaction intermediate [ArCu]  

ArX  +  2Cu  �  [ArCu]  + CuX

[ArCu]  +  H+ �   ArH  +  Cu+ 2[ArCu]  �   Ar-Ar  +  2Cu0

[ArCu]  + ArX �   Ar-Ar  +  CuX

Reaction mechanism



PCDD, PCDF precursors:  PCBz and PCPh
PCBz:
de novo synthesis: most reactive ortho position 
thermodynamic dehalogenation principle: halogen ortho 
positions destruction

OH OH OH OH
PCPh:

Mechanism of destruction



Development

• Fundamentals of CMD, laboratory scale
• 1996-1999

• First unit
• 2000

• Semi-scale unit
• 2001-today

• Full-scale unit
• 2008-today (2011)
• IMPULS project (Ministry trade and Industry), Czech funding

• 2008 to 2010
• Built-up CMD unit 

• FOKS (Focus on Key Sources), EU funding
• 2008-2011
• Application to selected areas

• Klatovy-Luby (Czech Republic)
• Jaworzno (Poland)

• Configuration:
• Laboratory reaction systems
• Full-scale unit in mobile arrangement



Patent EP1635914  
(Evropa, USA, Canada, 

China)

Method for dehalogenation 
detoxification of 

halogenated aromatic 
and/or cyclic compounds



Overall arrangement



CMD – design/streams



Container arrangement



Mixtures Results

HCB 99,999 % destruction

Pentachlorphenol 99,999 % conversion to phenol

Dekachlorobiphenyl 99,999 % conversion to biphenyl

Octachloronaphtalene 97% conversion to naphthalene

PCB, PCDD/F, HCH, DDT, PCBz 
(solid matrix)

99% dehalogenation (PCBs)
99,97% detoxification (PCDD/Fs)
99,9987% detoxification (HCH)
99,998% detoxification (PCBz, mainly HCB)

Delor 103*) (PCBs) 99.84% dehalogenation

Delor 103*) (PCBs, semi-continual
arrangement)

99.99% dehalogenation

Fly ash (baghouse) (MWI plant) 99.999% dehalogenation
99.992% detoxification

Pesticides (like x-HCH, DDT, DDD, 
DDE), commercial mixtures

99,999 % destruction

*) low chlorinated Aroclor

Results (laboratory/semiscale) various material



   
After 

dehalogenation 
Protocol �    16311 18681 

Original sample �  
 

13515 
 

19934 
F466 

TOC mg/kg 16300  
alfa-HCH mg/kg 37000 2.1 
beta-HCH mg/kg 3800 1.4 
gama-HCH mg/kg 730 <0.5 
delta-HCH mg/kg 400 <0.5 
�  mg/kg 41930 3.5 
HCB mg/kg 4.2 0.64 
o,p-DDD mg/kg 4.6 <0.5 
o,p-DDE mg/kg 0.70 <0.5 
o,p-DDT mg/kg 41 <0.5 
p,p-DDD mg/kg 17 <0.5 
p,p-DDE mg/kg 5.9 <0.5 
p,p-DDT mg/kg 240 <0.5 
tetradifon mg/kg 20 1.3 
�   329 1.3 
 

   
After 

dehalogenation 
Protocol �    16313 18685 

Original sample �  
 

13517 
 

19936 
F468 

TOC mg/kg 130000  
alfa-HCH mg/kg 830000 77 
beta-HCH mg/kg 57000 2.0 
gama-HCH mg/kg 20000 <0.5 
delta-HCH mg/kg 20000 13 
�  mg/kg 927000 92 
HCB mg/kg <0.5 130 
o,p-DDD mg/kg 6.8 <0.5 
o,p-DDE mg/kg <0.5 <0.5 
o,p-DDT mg/kg 4.9 <0.5 
p,p-DDD mg/kg 2.2 <0.5 
p,p-DDE mg/kg <0.5 <0.5 
p,p-DDT mg/kg 26 <0.5 
Tetradifon mg/kg 3400 4.7 
�   3440 6.0 
 

Jaworzno, Laboratory experiments, I. 
trial



Jaworzno, optimised batch, II.
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Average DE: 99,99966% 



Results
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ANALYTICAL BACKGROUND



CHL/NRL for POPs – analytical background

• EN ISO/IEC 17 025
• Recognition ILAC, EA, IAF
• Sampling, analysis
• Intercalibration

• � R, international

• Certification - NRL pro POPs
• Ministry of Health
• Ministry of Agriculture

• NRL in CRL EU
• Community Reference 

Laboratory for Dioxins and 
PCBs in Feed and Food in 
Freiburg

• Technological laboratory
• Designed for optimisation of 

destruction process



PERSPECTIVES



Conclusions/Perspectives

• Patented, verified, novel technology
• Laboratory scale
• Pilot scale – experience to full scale unit (proven scalability � 1E5)
• Full scale – now constructed on requested capacity

• Distributed – mobile unit

• Environmentally friendly
• Inorganic residuals and organic skeletons without chlorine
• No aggressive media
• No combustion (any final media)
• All BAT features
• No waste transport – mobile units

• Various arrangements
• As a unit for concentrated matrixes
• As a unit fitted with pre-concentration unit (e.g. TDU)

• Low risk
• Atmospheric conditions
• Destruction POPs and all of precursors

• Applicability
• Fly ash – detoxification
• Solid waste detoxification (metalurgy, …)
• Soil  remediation
• Water remediation
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