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ABOTRACT 
Tha t h e r m a l dccompoGi t ion of d i c h l o r o m o t h a n e in h y d r o g e n / o x y q e n r i x t u m : 

and arcjon h a t h g a s was c a r r i e d o\it a t 1 a t o o s p h e r p p r e s s u r e i n t u b u l a r floi.-
rcaf j to t i i . A d e t a i l e d k i n e t i c s r e a c t i o n mcchjnisra bar.cd upon f u n d a s c n t a l t h f t r ro -
chomLc-al p r i n c i p l e s and T r n n r . i t i o n S t a t e Theory wa.s d e v e l o p e d and u sed t o r.odel 
rcifjults o b t a i n e d from our e x p e r i m e n t s . S e n s i t i v i t y a n a l y i J i s i s uiicd t o i n d i c a t e 
t h e p r i m a r y r e a c t i o n s wh ich i n h i b i t CO o x i d a t i o n ( b u r n o u t ) a n d t h e o v e r a l l 
l iydrocarbon o o m b u s t i o n p r o c e s s . An o p p o s i t e e f l e c t , r e a c t i o n c n h n n c c n e n t o r 
n c c f ' l e r a t i o n , i s o b s e r v e d i n the p r e s e n c e oi •. .hloroc.irbonn u n d e r fue l r i r h ot" 
p y r t i l y t l c c o n d i t i o n s a t i n i t i a t i o n . 

INTRODUCTION 
Chlorinated hydrocarbons (CIMC) have been used on a large scale by indus

try n;̂  raw materials for products and as solvents. In both casf^s, large anounts 
oC wastes chlorocarbonn are often generated. Reasonable methods for effective 
destruction of these 01HCs include: conversion to HCI and COj (oxidation 
/incineration), and conversion to HCl and hydrocarbons (pyroiysis in a hydrogen 
or methane rich atmosphere). There is, therefore, a significant need to develop 
quantitative insights into the mechanisms of these pyroiysis and oxidation 
processes in order to better understand and ultimately to optinizn thoso reac
tion processe.s and the conversion of chlorocarbons. In this paper, wc present 
rGsuU:s from an experimental study on dichloromethanc (CJIjCl,) reactions In 
H2/O2 atmospheres in a tubular flow reactor. Wo also present a dotdilcd kinetic 
model based upon fundamental thermochemical principles for the reagent and 
product concentration profiles versus time and tomperaturo. Sensitivity results 
clearly illustrate the reactions which cause acceleration in fuel rich pyroiy
sis regimes and inhibition of CO burnout in the later stages. This study pro
vides a bettor understanding of the fundamenta1 combustion processes whIch 
occur during the incineration of 0112̂ 12 or similar chlorinated ncthancA. 

EXPERIMENTAL Tho thermal decomposition of CH2C).2 ^^ **2̂ 2̂ •i'^tures with argon 
bath gas was carried out at 1 atmosphere total pressure in tubular flow reac
tors of different surface to volume (S/V) ratios. Varying the S/V ratio helps 
verify that homogeneous reactions doni.nate our observations, and allows us to 
decouple the apparent wall and bulk phase decomposition rates^. The reactions 
were analyzed systematically over temperature ranges from 600 to 820 *€, vith 
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•vorage residence tines in range of 0.1 to 2.0 seconds. 

Th« high teaperatura quartz tubular flow reactors were heated in a three 
tone Lirtdberg electric tube furnace. Temperature profiles vero obtained using 
a typo K therxocouple probe sovod axially vithin the realtor under representa-
tiv« flov conditions. Tight tenperature control resulted in the reactor being 
isothensal to within ± S'C over the central 80% of the furnace length for all 
teaperatures studied. Argon carrier gas was passed through one set (two in 
series) of saturation bubblers kept at 0°C using an ice bath in order to pick 
up CHjCl2. * second supply of argon (after the bubblers) was brought in as 
salce-up to adjust the initial CHjClj ratio. Feed Oj and H2 wore added into the 
flow stream as required. Complete mixing occurred in an 18 cm section of the 
flow tube, upstrean of the furnace. The reactor effluent was monitored by an 
on-line Gas Chromatograph (GC) equipped with Flame Ionization and Thermal 
Conductivity Detectors. The inlet vapor mixture is transferred directly from 
tha satorator to the GC sanpling inlet via a reactor by-pass line to determine 
th« CC peak area which corresponded to the initial concentrations. The reactor 
effluent gas passed through a heated (80«C) transfer line to the GC gas sample 
valve and exhaust. 

Product identification was confirmed by GC/Mass Spectrometry (Finnigan 
•»000, 50 n X 0.22 mm I.D. methyl silicon stationary phase column) on batch 
sanples of gas drawn fron the reactor exit into evacuated 25 ml stainless steel 
or Pyrex sasple cylinders. 

Quantitative analysis of the HCI product was performed for all reactions. 
Sanples for HCI analysis were collected independent from GC sampling. In this 
analysis, the effluent was passed through a two stage bubbler containing O.OIM 
NaOH before exhausting to the hood. The HCI produced by reaction was then 
calculated based upon titration of the bubbler solution with 0.01 M HCI to its 
phunolphthalcin end point. 

KESOLTa VKD DIGCOSSION It was found that complete decay (99 %) of the CHjCl, 
at a 1 second residence tine occurs at about 820°C for all the reactant ratio 
sets studied. The major products of CHjClj decomposition were CH3CI, CH., CO, 
and HCI. The quantity of chlorinated products decreased with increasing tem
perature and residence tine. oxygen had alnost no effect on the decay of 
CHjClj when conversion was below 50 » (less than VSO'C) and/or the initial Oj 
concentration was below 5 %. Formation of CHjCl as one of the major products 
increased to a aaxinuB at an 80% CHjClj conversion level. This was observed for 
all reactants ratio sets. The CH3CI concentration dropped quiclcly with increas
ing tenperature and/or increased Oj. The higher the ratio of Oj to H,, the 
lowor the teeperature needed to observe the formation of CO and COj- The major 
products observed for CH2CI2 conversion levels in excess of 90* are HCI and 
non--chlorinatod hydrocarbons : CH^, CjH^, C2H4, Co, and COj. Minor interroedi-
ato products whose concentrations were also monitored include: CjHjCl, 1,2-
CjHjClj, and l.l-CHjCClj. 

A detailed kinetic reaction nechanisn was developed and used to model 
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results obtained from the experimental reaction systems. The kinetic reaction 
mechanism includes 144 elementary reaction steps involving 67 stable conpound 
and free radical species. The addition, beta scission and rocoBblnatlon type 
reactions were all analyzed by Quantum Rice-Ramsperger-Kassel (QRnX) theory'-^ 
Species thermodynamic properties were devoloped with Therm*. All rate constants 
involving chlorocarbon species were evaluated and generated in this laboratory. 

Experimental data are compared with model predictions in Figure 1 tor 
reagent decomposition and product distribution between 600»c and 800'C. The 
calculated mole fractions for CH^cl^ are in very good agreement with those 
determined experimentally. For CO, CH4, and CK3CI, model, predictions also are 
in reasonable accord with the experimental data. The nodol predicts tha aole 
fraction levels of cOj versus time and temperature reasonably well, it slightly 
over-predicts CO2 at higher temperature, and slightly under-predicta chlorinat
ed C2 products. 

Sensitivity analysis under CO burnout conditions indicates that the reac
tion OH + HCI > HjO + CI is a major sink for OH. This decrease in OH effec
tively stops the CO conversion by OH + CO —-> cOj + H. The reaction of CO t 
HOj — > CO2 + OH becomes the primary mechanism for CO conversion to CO,. The 
OH reaction with HCI will occur in preference to CO conversion because of its 
higher rate constant, provided chlorocarbons which lead to HCI levels conpara-
ble to that of CO are present. The inhibition effect is doninant in th. CO 
burnout regime where significant levels of HCI can dramatically effect conver
sion. 

A synergistic effect now occurs. The reaction of cl + HOj, part of which 
goes to HCI + Oj (termination), now becomes an inportant part of tha inhibition 
process. Decreased CO burnout results in lower temperature and nakes the HO, 
radical more important since its unimolecular decomposition Is slowed. 

The model tells us one more interesting component relating to the effects 
of chlorocarbon inhibition. The addition of limited quantities ot high tempera
ture H2O to the oxidation system, where Cl or O atoms are present, shifts th. 
reactions OH * HCI < — > HjO + Cl and OH + OH < — > H,0 + O to left, thereby 
increasing the OH concentrations and improving CO conversion. 

We also observe that chlorocarbons initiate reactions in fu.l rich re
gions of Clc/HC/02 mixtures at rates higher than those which occur during 
normal oxidation of hydrocarbons (HC). This results In pyroiysis or molecular 
weight growth reactions in tha fuel rich zones and increased possibility 
of soot formation. Tha reason for the increased HC reactions is again th. 
presence of chlorine. carbon-chlorine bonds are known to be we.k.r than 
carbon-hydrogen, carbon-carbon or carbon-oxygen bonds. The c-Cl bond will 
break at lower temperatures resulting In chain branching. 
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Fig. 1 model prediction 
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