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I n t r oduc t i on 

Laboratory s tudies of PCDD/F format ion over municipal sol id waste 

inc ine ra to r (MSWI) f l y ash have shown a temperature peak f o r format ion 

centered a round 300°C. This appears to be t r u e f o r the so-cal led de Novo 

synthes is react ions (1,2) as well as fo r react ions using speci f ic gas phase 

p recu rso rs , i.e., chlorophenols (3). In add i t ion , most of t he measured PCDD/F 

p roduc ts and unreacted chiorophenol p recu rso rs have been found adsorbed to 

the f l y ash, in con t ras t to some actual i nc ine ra to r data which suggest t ha t 

much of the PCDD/F are in the gas phase. I n th is work we r e p o r t on 

con t inu ing studies of the format ion rates of PCDD from gas phase ch iorophenol 

p recu rso rs . 

Experimental 

2,3,4,6-Tetrachlorophenol (2,3,4,6-T^CP) was reacted over actual MSWI f l y 

ash in a labora to ry f i xed-bed reactor under both non -b reak th rough (no 

p recu rso r detected in the downstream t r a p ) and b r e a k t h r o u g h ( p r e c u r s o r 

detected in the downstream t rap ) condi t ions. In the middle of a t empe ra tu re -

cont ro l led 1.2 cm diameter and 45 cm long t u b u l a r reactor is a glass f r i t 

hold ing 0.1-1.0 gram samples of MSWI f l y ash in place. Mixtures of oxygen 

and n i t rogen are f lowed us ing Tylan mass f low cont ro l le rs at f low rates 

rang ing f rom 20-100 ml/min at react ion temperatures f rom 250-400°C. 
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Chiorophenol p recursors are added to the reactant stream by passing 

oxygen/n i t rogen mixtures over a perpend icu la r l y mounted stainless steel 

reservo i r contain ing about 10 mg of p recursor . By care fu l ly con t ro l l ing the 

precursor reservo i r temperature, a constant f l ux of p recursor to the gas 

stream is at ta ined, resu l t i ng in a constant gas-phase concentrat ion of 

precursor . In these experiments, gas-phase p recursor concentrat ions ranged 

f rom 150-700 ng/ml . Before an experiment, the reactor is b rough t to the 

reaction temperature under a helium flow. Oxygen/n i t rogen/ch loropheno l 

mixtures are then f lowed, whi le the out le t stream from the reactor is bubbled 

th rough a hexane impinger t r ap . Af ter the desi red reaction time, the reactor 

is qu ick ly cooled w i th a helium stream. The out le t impinger sample and f l y 

ash extract are separately analyzed by GC/MS for chlorophenols and PCDD/F 

(4). 

Results 

Figure 1 shows PCDD formation rates in j i g /g -min f rom 2,3,4,6-T^CP as a 

func t ion of temperature fo r two d i f fe ren t quant i t ies of f l y ash charged to the 

f ixed-bed reactor: 1.0 and 0.10 grams. I n the la t te r case, the f l y ash was 

d i lu ted wi th 0.90 g of glass beads prev ious ly determined to be inact ive to 

PCDD formation react ions. The precursor concentrat ion was maintained at 350-

400 ng/ml f o r react ion times rang ing from 2-15 minutes. Pr ior experiments 

have shown that PCDD format ion rates were constant w i th time under these 

condit ions. For the case of 1.0 g of f l y ash, all of the PCDD produc t was 

found adsorbed to the f l y ash and no p recursor was found i n the downstream 

t rap . The yield of PCDD peaked at 325''C w i th a maximum format ion ra te of 1.6 

Mg/g-min. However, when only 0.10 g of f l y ash were charged to the reactor 

and ident ical experiments r u n , the resu l ts were markedly d i f f e ren t . I n these 

cases, unreacted 2,3,4,6-T4CP was recovered in the downstream t rap along w i th 

the major i ty of the PCDD product . Under these precursor b reak th rough 

condit ions, the rate of formation of PCDD increased w i th temperature to about 

10 ng /g-min before level ing at 400°C. 

Ident ical experiments were run under these b reak th rough condi t ions 

(0.10 g of f l y ash) fo r two more gas-phase p recursor concentrat ions: 150 and 

700 ng/ml of 2,3,4,6-T4CP. F igure 2 compares these resul ts w i th those shown 

in f i gu re 1 fo r 0.10 g of f l y ash. At a p recursor concentrat ion of 150 ng /m l , 
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a PCDO formation peak was noticed at 350°C. When 700 ng/ml of p recursor 

was flowed through 0.10 g of f l y ash, the PCDD yie ld increased w i th 

temperatures up to 400°C. In all cases a s ign i f icant f ract ion of unreacted 

precursor was found in the downstream t rap , along wi th almost all of the 

PCDD product (a small f ract ion was found adsorbed to the f l y ash). HgCDD 

was the major product in all of these reactions, al though H^CDD and OgCDD 

was detected in s l ight ly increasing amounts as temperature increased. The 

amounts of HgCDD and lower congeners were about two orders of magnitude 

less, and PCDF (mostly HgCDF) were about 2-3 orders of magnitude less. 

These experimental results can be in te rp re ted in terms of a simple 

adsorpt ion-react ion-desorpt ion sequence. Because the PCDD product desorbs 

into the gas phase, decomposition and dechlor inat ion reactions on f l y ash 

cannot occur, par t icu lar ly at the higher precursor concentrations where the 

PCDD seemed to be preferent ia l ly displaced by the incoming chiorophenol 

molecules. The p recu rso r / f l y ash rat io (i.e., the number of gas-phase 

precursor molecules available per adsorpt ion/react ion site) c lear ly p lays an 

important role in contro l l ing PCDD-yields and formation rates. 
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Figure 1. PCDD yields from the gas-phase precursor 2,3,4,6-tetrachlorophenol 
under breakthrough (0.10 g of f l y ash) and non-breakthrough (1.0 g of f l y 
ash) condit ions. 
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Figure 2. PCDD yields from the gas-phase precursor 2,3,4,6-tetrachlorophenol 
under breakthrough conditions for three gas-phase concentrations. 
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