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Ihe da-novo synthesis of PCEO/r a t about 300*C in the I rc lnara t ion f a c i l i t i e s 

involves a Deaocm type ca ta ly t i c react ion. 

Ihe unimolecular r a t e theories can give an i n t e r e s t l n j i n a l c ^ i n to PcnVT foina-

tJ.on, while the phase duotjes ploy an Inportant ro le In fonoaticrv'ailBslan. Die 

PCDD/F eimlBslons are a function of ex i t gas tenperature. PCCO/F aarosol fona t i cn 

t h r c u ^ nucleaticm can be a prcfclem. 

DEACON PROCESS 

Unti l a ocuple of years ago PCDO/F fomation was thought t o taJm place in th t 

cantustlcm zone and remedial actions revolved around the three T ' s of ocBtnotion. 

In the reoant years a nutber of resoarchers dejtonstrated tha t the fona t l cn of 

P a » / F takes place through de-novo synthesis a t about 300'c t h r o u ^ the ca ta ly t ic 

act ion of ccpper a l a Deacon process. 

Ihe Deacon process for the ca ta ly t i c oxidation of HCI t o CI ptoceads urder ca ta

l y t i c ac t i v i t y of Cuclj/cucl. In the vapor phase the throe lo lecu les CuQ , CuCl, 

and Clj co-exist in equillhirlum governed by the constant which i s a rigorous 

function of the tetrperature. I t i s essent ia l t ha t a l l cuprious i om az» pr«s«it in 

the melt and the vapor, while the a p r i c ions are present in the l iquid, solid ard 

vapor phases. 

Of special inportance i s t ha t the formation of 01^ la etfunced by a lka l i halids as 

shown by SachUer and Helle (1970). vajg e t a l . (1989) found a s lTi i f icanUy high 

oorra la t ion coefficient between RXC/F and C, CI, Cu* arxJ Cu** in flua gas froi cne 

hBW incineration f ac i l i t y . 

Since inetalloenzyiiie ca ta lys is plays an Inportant role in the biological tvactions, 

i t would be in teres t ing t o know whether the ocfjper plays aane r o l e in the fate of 

PCt»/F in the hunan body. 

K 3 » / F rCWmnoN/DESIRJCnCN BtKnUBRIA 

The fonnatlon of l a o / F from carbon, chlorine, oxygen arxl hydroqan vrOa- eer ier 
c a t a l y t i c action can be considered in the terns of uninolecular gaa-Thas« rMct icn 
theory visualized in Figure 1. 
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As shewn by Heber and Harti (1986) unimolecular reaction rate theories can be 

allied to the chlorinated dioxins and rialated ccrpounds. In these theories the 

educt molecules are involved In a process which may be regarded as of three stages: 

energization, transiticn to an activated ocnplex and decay of this ccoplex into the 

product. 

In PCWJ/T foiTOtlon Qi*, Qi** ions plays an essential part In the chlorination step 

and are possibly Involved in the formation of an activated ccnplex A*, the energy E* 

ot an acTivatod ocnplex is distributed among all its internal degrees of freedan. 

The energy v e i l s in Figure 1 can illustrate the energy levels of A*, A* and B for 

the rcEO/F fomation. The large ancxint of the internal energy E* is distrlbutea 

a.-crg the vibrational and rotational degrees of freedan. A snail rCTalniiq part X is 

the enei^ in the reaction coordinates. Dils part X gives rise to the transition of 

the activated ccoplex either in the direction towards the product or back to the 

edLtct molecules. 

V*er a,Td Kurti (1986) reported that a linear mechanical madel along the lorqest 

axis ocreisting ot five rigid groups for 2, 3, 7, 8 TCDO has been solved, they 

r^wrt frejiency factor of dechlorination of IO®''' 1/s. 

As In sLillar reactions the formation rata equation for FCDD/F - p * z * e"̂ '̂̂ '̂  

vhere P - probability factor, i - collision frequency, E - activation energy, R -

gas constant, and T - tesperaturo. 

PWSE CMKJ3E W D HUCUMICH 

The reaction of PCOyF formation Bay involve both gas and ooodensed phase reaction. 

Laidler (1970) develcpcd the equations describing the reaction rates in the vapor 

and condensed phase: 

K - e<^' ̂  exp ( S/R) . exp '-^^» 

Where T - te jpera ture , )c, h, R - Boltzminn, Planck, universal gas constants and s, 

E - entrcpy and energy of act ivat ion. The cnly difference between gas atxl crartensed 

phase raact ion r a t e constants i s the e i s squared in the gas [iiase expression. The 

theriKxiynamic of FCEO/F phase changes was s tu l icd by Rortiorf (1986). 

Voi^ and S t i e g l l t z (1986) studied the effect of thermal treatment of fly ash on the 

behavicur of PaX5/r in the tenperature range between 120'and 600'C. Vihile a t 300-C 

p rac t i ca l ly a l l o t PCEO/F were on the fly ash, a t 400-C irost of them were In the gas 

phase. 
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PCDO/F's present in a gas phase can upon tarporature reduction c i the r oondertse on 

the f ly ash or undergo hcnogencus raicleation. The expression for the c r i t i c a l drop 

s i ze d for a hcrogencus nuclaatlon at a given saturation r a t i o SR, and tarperacure 

was given by Ralst (1984): 
,* 4VM 
• »= 

pRT In (SR) 

Where Y = surface tension, H « irclecular weight, p - det^ity. 

Since the aerosols formed thrcxKih the haicgei»3us rocleation of PCDtyF would he in 

the Bubmicron range they would be very difficult to oollec* in the particulate 

control equipnent. Ihe PCDD/F condensed on the fly ash are readily cjollectad in the 

particulate control equipnent and can be subsequently destroyed through the thenaal 

treatment. 

DEPEHDEMCy OF PCDD/F EMISSION OH TEMFERAUIRE 

The Danish Ministry of Environment study, MiljcBtyrelsen (1989) on praXt/F enission 

from MSW incineration showed a c lear correlat ion between the emission arrf ex i t gas 

tenperature (Figure 2) . Ihe corre la t icn indicates that the e x i t gas te tpera tu i* can 

serve as a surrogate for PCEO/F emissions with the several advantages i r c l u i i j ^ 

simplici ty and the real time measuronant. 

Ihe dependency of the eonissions on the flxia gas teitperature i s supported by the 

above theore t ica l considerations sinoe PCOD/F fomatlorv/aiiisslon i s a o o ^ l e x 

function of ccrper ca t a ly t i c ac t iv i ty , formatiorv'destruction, and evaporatictVoon-

densation equi l ibr ia a l l goverrwd by the tenperature. 
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