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AUSTRACP: Catalytic formaiion of dioxins and furans is iiivcsiigaicd ihcorci io l ly bssed upon the 
incinerator observations and Ihc laboratory dala. Tlic rales ai which Ihcy form arc diffcter.i 
under laboraiory and incinerator condilions. Wc have tried to resolve ihcsc discrepancies using a 
unified theory model. 

INTRODUCTION: Pormalion of polychlorinated dioxins and furans (PCDD/F) during incinerilion of 
municipal waste is of public concern and this topic is under invesiigaiion al several leading 
re.-iearch centers. Some pathways leading to ihcii formation have been proposed, but quaniilaiive 
dala is siill lacking. In a previous paper (Aliwicker. el al., 1990), a global hclerogeneouj 
mechanism was proposed based upon the dala available from incinerators, i c.. 

REACTION: P,, -i- Pg - . Dj k| = 5.0 i 10^ ^ Exp(.20.800/RT) 

DESORPTION: D s - . Dg k2 = lO'^ R,p(.5j.400/RT) 

DECHLORINATION: Ds - Dc K3 = iO' Lxp(-15,000/RT) 

DECOMPOSITION: D j - » De k4 = 10l3 Exp(-37,500/RT1 

The rale consianis for desorpiion, dechlorination and decomposition were obtained 
empirically by matching wiih corresponding liieraiurc values (Dickson, ei al.. 1986 ind Eiceman 
and Rghci. 1985). The aclivalion energy for Ihe rirsi reaction was obtained by matching the 
observed icmperaiure al which maximum PCDD formaiion occurs (aboui 300*C). This leaves the 
prc-cxpnneniial facior of ihc first reaclion as a free parameter. Theoieiical calculations indicated 
that the empirically fined value is near the upper limit (5.0E(8)) (Zhdauov. 1988). The other 
importani paramclers arc ihe panicle diamcler (Dp), panicle loading (N„ ) , surface coverage («) 
and average molecular weighi of the precursor molecule which are assumed 10 be constant in ih i i 
analysis. Scnsiiiviiy of ihis model 10 all parameters and empirically obiained prc-exponeniiaif 
and aciivanon energies is siujicd numeiically snrJ lationaliKd analyiicil ly. Due to space 
limitation, only Ihe scnsiiiviiy of the model 10 the prc-exponeniial of ihe reaclion step and the 
significance of the cxieni of the desorpiion arc discussed. 

SENSITIVITY OF THE MODEL TO k|: Figure I shows Ihc predicted surface tnd total dioxin 
conccniraiion in the stack, D, = Dg + (Np)oui D j , gjs as the prc-cxponemial of k i is D, as well at D, 
conccniraiions do noi change with an increase in k| above I0», close 10 ihe value used in our 
previous calculations. However, decreasing it influences the predicted values significanily. 

SENSITIVITY OF THE MODEL TO THE EXTENT OF DESORPTION; Since the rue constant for the te«lU.n 
step remains consiani and the two solid phase and gas phase concenlraiions remain consitni ihe 
loial amount of dioxin gcncraicd should be constant. However, the pini i ioning changes We can 
f i i Ihis paniiioning ratio 10 an incinerator paniiioning factor we calculated (Konduri 1989) The 
pariiiioning wil l have some effect on the lolal dioxin leaving ihe ESP because ihe gas leaving the 
ESP has a fixed panicle loading. The asymplolics of k j leads 10 two limiling siluilions-
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J Lillle Desorpiion The k2 is very s.-nall, i c , k| » k2. The k3 and k4 arc small 
^,v:i;.irc4 i.i 1.1. based on ihe cslimilion of ran constants al 30n°C. Under ilicse conditions. 

Dj/Ug = 28 I 10-5 and D, = 4S.3 ng/m' 

b Significant Desorpiion: The k2 is very large, i.e.. k| « k2. The analysis under these 
coridilions yielded 

D s u r f n c / D g „ = 3S X 10** and 1), = 750 ng/m^ 

In calcdlaiing D,. a ouilcl panicle loading of 0 058 gm/m' is used which is an average value 
ubKr^ed in incineraioiv The D j /Dg ratio seems to be very sensitive lo Ihc k2/k i ratio Moreover 
I jrfc dciorfiicn also yields large loial dioxin in ihc slack. When desorpiion is small, most of ihc 
d.o.in lenlei in the ESP. On ihe conlrary, when k2 is small, due Io high concenlralion of dioxin on 
Ihc surface. Ihe D, is very sensiiive 10 the outlet panicle loading in ihe gas stream leaving the ESP 
Iht shift m desorpiion iiself can explain an order of magniiudc difference warraniing a ihoroucl'i 
slud;, o l Ihis aspect. ^ 

However. Ihe controversy beiween ihe l.iboralory and ihe incincralor dala still prevails 
r.-icrc cxisii several orders of magnitude difference in the formaiion rales under incincralor 

^nJiiir-ns and Ihe laboralory condilions. An unified ihcory is required lo explain the differences 
between ihese dua scis Wc introduce a layer type solution to unify incinerator and laboralory 
Kir.ciic oDservalions ^ 

^ M F l t O THEORY: LAYER TYPE BEHAVIOR: I: is proposed llial ihe.e exisi iwo differeni lime scales 
n Ihc Linclics of f ^DD/F formaiion: ihey are 

l-ail Time-Scule Here, probably ihe li.-nc inlerval of ihc 0(10-3 . iQ-l sec) dioxin 
k..:nj;.cn rales place, beyond Ihis formaiion rcjdion is rjuenched. Thi.s involves scaling ihc real 
ii-ne I - * , i . , a paramcier. t , which could be a lunclion of Ihe fraction of the number of vacanl silo; 
Jvj,utile for reaction. The lly ash fomied in ihe combuslion region is fresh and in the holler 
rcEi.-ns remains so. As ihe ny ash panicles enier ihc colder regions (ihc air polluiion conlrol 
cquipmcni) Ihe) rapidly equilibrate wiih gas-phase precursor molecules (assuming fasl 
idsoiplmn rates) and reaclion lakes place very quickly. Thus a sleep increase in dioxin 
co.-,:eniralion is observed in the boundary layer. If wc also assume that the desorpiion of dioxin 
riclctules IS neg.igiblc, ihe number ol available sites wil l be small after this inilial time period 
t.c.nce mi l ing ihe parameicr £ small. This siluil ion can be exoresscd m3ih^maiir:allv >,, iiion can be expressed maihcmaiically as 

- H r ^ = f̂ M.Ps.Pg, 

wl-.crc 1 = o't F Ifraciion of atlive silei available, surface siruciure) 

!.lo» Time Scale in the fasl lime sca:c. the rales of decomposiiion, declilorinaiion and 
J:s=rp-,,fn Jle very slow and hive insigniucanl .ntluence on the global tale of formaiion \ ' . 
iir.e increases, these processes wil l lend lo dominant. Maihcmaiically 

d ^ OUlcr 
" d i " ^ • <k2 * k3 + k4) Vouicr =- Youlcr = Expl-C»(k2 + k j + k4)«i) 

Tiicoreiically an analytical and smoolh solution can be obiained by matching ihcsc two .solutions 
T outer snd Y,„ner al ihe ouier limit of ihe boundary layer (as 1/c - . ~ and 1 -> 0) The cxacl dciails 
Ol Ihe model are under dcvelopmenl. This soluiion can explain bolh Ihe incincralor and the 
Ijl-oraiory rales The incincralor data falls imo ihe former category and the laboratory falls in 
Ihc laiier category Represcniaiive laboratory daia and incincralor dala are plotted in Figure 2 
J<rj,ons,r.i.ng ihe usefulness of ihis iheory. This iheory can poicnlially explain bolh caialylic 

S t - i iboraioo d*iJ usmg selected gas phase precursors and calculalions on the effcci of 
r*riiv-ic ^i?c »re Ml piogress 
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NOMENCLATURE 

C = consiani of integration 

l̂ c =• dcchlorinaied surface dioxin molecule (ng/g) 

De = decoposed surface dioxin molecule (ng/g) 

1̂ 8 = gas phase dioxin molecule (ng/m^) 

Dp - panicle diameter 

Ds = surface dioxin molecule (ng/g) 

Dl = total dioxin concenlralion (ng/m^) 

Ki,K2.K3,K4 = rale consiants 

Np = number panicles in the gas siream (g/m^) 

' ' s = S»s phase precursor molecule (molecules/cm') 

I's = surface precursor molecule (molecules/cm^) 

I = lime 

1 = temperalure 

Y i n n e r , Y o u i c r = concenlralion solutions in their respective regions 
Greek Svmhpls 

0 = surface coverage of precursor molecules 

f - small paramcier, a function of sites available 

T = lime scale, i/e 
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