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Abstract

The reaction of 1,1-dichloroethene in an excess hydrogen environment with a CI/H ratio of 0.04
was investigated in an isothermal tubular reactor at a total pressure of 1 atm with residence time
of 0.3-2.0s between 575 and 9@D. GH3Cl and HCI are the primary reaction products from
the decomposition of CHCCl, while the formation of GH,4, CoH», CoHg, and CH, increases as
reaction time or temperature increases.

Modeling used a detailed chemical mechanisminvolving 59 species and 202 elementary reactions;
the results were compared with experimental observations. Sensitivity analyses were also performed
to rank the significance of each reaction in the mechanism. The optimal reaction condition for the
C, hydrocarbons production from the dechlorination of LKl in H> environment was also
determined.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Chlorinated organic compounds are widely used in synthesis and in chemical industry.
Thermal treatment of these chlorinated hydrocarbons provide a source of chlorine atoms
in the initial stages of the process and are thought to be associated with the formation of
aromatics such as di-benzo-dioxins and di-benzo-furans in incinerators, and have gained
much attention due to the fact that some are toxic and in some cases carcirjaégéhic
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Different technologies have been developed for the safe destruction of chlorinated hydro-
carbons. Thermal destruction of organic pollutants in an oxygen-rich atmosphere is the
method most often used in the chemical waste disposal industry. It is reported that the com-
bustion of chlorinated hydrocarbons under severe conditions converts all carborpto CO
[5,6].

While oxygen is involved in the process, oxygen and CI are both competing for the
available fuel hydrogen and this is one reason that chlorinated hydrocarbons serve as flame
inhibitors [7]. Also, C—Cl may persist in an oxygen-rich system of limited hydrogen at-
mospherd5,8], as the emission of toxic chlorinated organic products persists through an
oxygen rich incineration in which carbon species is one of the more stable sinks for the
chlorine.

To obtain a quantitative formation of HCI as one of the desired and thermochemically
favorable products from chlorinated hydrocarbons, one might use a straightforward ther-
mal conversion of these compounds under a more reductive atmosphere of hydrogen.
The “non-oxygen” methods were developed in order to avoid the formation of undesired
oxy-containing products, such as phosgene and dioxins. The chlorocarbons and hydrogen
system contains only C, H, and Cl elements and is expected to lead to the formation of
light hydrocarbons and hydrogen chloride at the temperatures where complete reaction
occurs. Under such a system, carbon can be converted 9 Cilo, CoHg and GHg
[9,10].

Louw et al.[6] studied a series of reactions on chlorinated benzenes, alkenes, and alkanes
with hydrogen. They reported that the pyrolysis process under a sufficient amountof H
a feasible method for dechlorination of organic chlorine compounds. They also pointed out
that the product may be used as a fuel or raw material after trapping HCI.

Manion and Louw10] studied the gas-phase hydrogenolysis of vinyl chloride in a tubular
flow reactor at atmospheric pressure between 872 and 1085 K. They reported thatihe C
C2H», and HCI are the major initial products of the reaction. They also investigated the
effects of addition of HCI and reported that the addition of HCI increased gl
conversion at low temperatures by about a factor of two.

Taylor et al[11] studied the high temperature, oxygen-free pyrolysisaZkzfrom 573
to 1273 K using tubular flow reactors. They reported that the reaction products included
C,Cly, Clp, CCly, hexachlorobutadiene Clg), and hexachlorobenzenedClg). They also
presented the effects of reactor surface area to vol&ier@tio on the initial decomposition
of C,Cly.

Tsang and Walkdf 2] studied the hydrogen atom attack oyGI, under high-temperature
conditions in a single pulse shock tube. They reported the rate constants for the abstraction
reaction: H4 CoCl; — C,Cl3 + HCI, and the displacement reaction:-HC,Cly —
CoHCI3 + Cl.

As part of a series of the analyses of chlorinated hydrocarbons in hydrogen-rich environ-
ment[13,14] this study was performed in a tubular flow reactor to examine the pyrolysis
of CH,CCl, with Hy, in a non-oxidative environment. We characterize the reactant loss,
intermediate distribution, and product formation as functions of time and temperature to
describe the reaction process, and to investigate the feasibility of the formation of the
light hydrocarbons, e.g. £4 or C;Hg, from the reaction of chlorinated ethylene in this
study.
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2. Experimental method

The experimental apparatus and the procedures used in this study are similar to those
used in our earlier studigd3—-16] Therefore, only a brief summary of these subjects is
given. Pure 1,1-dichlorethene (GEICl,) was reacted with hydrogen (in the absence gf O
in an isothermal tubular reactor at 1 atm. The products of this thermal degradation were
analyzed systematically by varying the temperature from 575 t6GGihd the residence
time from 0.3t0 2.0s.

Hydrogen gas was passed through a multi-saturator train hefdCatiddensure saturation
with CH,CCl, in order to accurately calculate the vapor pressure. A second stream of
hydrogen diluted the flow of CFCCl, + H2 to achieve the desired mole fraction. The ratio
of the mole fraction of CHICCI, to hydrogen was 1:24, which gives Cl/H 0.04. The
reagent and hydrogen were preheated to°ZDand fed continuously into the reactor.

The quartz tubular reactor.di = 8 mm) was housed within a three-zone electrical
furnace (length= 81.3 cm) equipped with three independent temperature controllers. Tem-
perature profiles were obtained using a type K thermocouple moved axially within the
reactor under representative flow conditions. Tight control resulted in temperature profiles
constant to withint3°C over 75% of the furnace’s length.

The effluent from the reactor was passed through transfer lines, heated© t/mit
condensation, to the GC gas sampling valve and exhaust. An on-line GC (HP 5890) with
FID was used to identify the products. The GC usedbarix 3.2 mm stainless steel column
packed with 1% Alltech AT-1000 on Graphpac-GB.

Quantitative analysis of HCIl was performed for each run. The samples for HCI analysis
were collected independently from the GC sampling line. The effluent from the reactor
was diverted through a two-stage bubbler containing 0.01 M aqueous NaOH before being
exhausted to a fume hood. The concentration of HCI in the effluent was then calculated
after titrating the solution with 0.01 M HClI to its phenolphthalein end point.

3. Resultsand discussion
3.1. Decay of chloroethylenes

Examples of the experimental results for the decomposition gfGH, (DCE) in this
study are presented, iig. 1(a) which shows a normalized concentration ([DCE]/[DgE]
as a function of temperature at 1.0s residence time. As showvriginl(a) DCE con-
centration consistently decreased with increasing temperatures and reaction times in this
reaction system. The thermal stability (defined by the temperature required for 99% de-
struction after a reaction time of 1s) of GEHCl, was determined to be 82& in this
study.

An integrated rate equation plot for the conversion of2,CBl; to fit a first order rate
equation was made iRig. 1(b) The activation energy and Arrhenius frequency factor for
the global reaction (loss) of GICl, in this study was found from the Arrhenius plot as
shown inFig. 1(c) The global Arrhenius equation of GBCl, from this study isk =
4.95 x 10?2exp(—52.9 x 103/7) (s 1).



66 Y.-p.G. W, Y.-s. Won/ Journal of Hazardous Materials B105 (2003) 63-81

1.0 @

0.8
= —e— 750°C
(Llj 06 4 —O— 775°C
a —¥— 800°C
= —v— 825°C
Y04
[a)

0.2

0.0 ‘ y ‘

0.0 05 1.0 15 2.0 25

(@) Reaction time(s)

-In([DCEJ/[DCE],)

0 T T T T T
0.0 0.5 1.0 15 2.0 25 3.0

(b) Reaction time (s)

4l ] Ink = 52.26 - 52928./T
R?=0.992

Ink

0 T T T T
0.00090 0.00092 0.00094 0.00096 0.00098 0.00100

(c) UT(K™Y

Fig. 1. The decomposition of 1,1-DCE. (a) Normalized concentra@@) distributions of 1,1-DCE as a function
of temperature at 1.0 s reaction time, (b) Integrated rate equation plot for the conversion of DCE, and (c) The global
Arrhenius plot.

Table 1presents the product distributions identified by the GC and HCI analyses for this
reaction system as a function of temperature at 1.0 s reactionRign& shows the profiles
of the reactant and products at 7%Das functions of reaction time. As showrHig. 2along
with Table 1 CoH3ClI, CoHy, CoH2, CoHg, CH4, and HCI are the major products for the
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Table 1
Material balance of carbon and chlorine in &ECl,/H; reaction system at reaction time1.0 s
Species Mole (%) at different reaction temperatuf€) (

650 700 725 750 800 825 850 875 900
CHgy ND ND ND * Kok Kk ook + +
CoH» ND * * Kk + + *ok *ok *ok
CoHy ND * *ok + ++ ++ ++ ++ ++
CyHg ND ND * *k + + + + +
CoHCI * * * * * * * * *
C,H3Cl Hk Hokok + ++ Hokok *k * ND ND
CHCl, ND ND * * * ND ND ND ND
C4H1o ND ND * * * * * * *
CH,CCl, ++++ A+t Hokok * * * *
CHCICHCI ND ND * * * ND ND ND ND
CgsHs ND ND ND Kok Kk Kk Kk Kk koK
CgHsCl ND ND ND ND * * ok ND ND
HCl - oo + ++ -+
Total C (mole (%)) 99.7 98.6 94.7 1025 101.2 91.2 94.7 98.8 104.5

Total Cl (mole (%)) 101.44 10543 1065 1127 93.38 832 81.09 81.36  78.37

ND<Ol<*x<l<s#sx<b5<x*xxx<10<+<25<++<60<+++ <90< + + ++ < 100mole
(%).

reaction of CHCCl, diluted in H in this study. Among these speciesHzCl and HCl are

the primary reaction products from the decomposition opC8l,, while the formation of
CoHg4, CoHa, CoHg, and CH, increased as reaction time or temperature increased. Some mi-
nor intermediate reaction products, includingHCI, CHyCl, CHCICHCI, GH10, CsHs,

and GHsCI, were found from the experimental data of this stuthble lalso shows an
example of the material balances of carbon and chlorine performed in this study. Taking into
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Fig. 2. Normalized concentratio@(Cy) profiles of 1,1-DCE, @H3Cl, C;H>, C2H4, CoHg, CHCCland HCl as a
function of reaction time at 750C.
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account the uncertainty of experimental analyses, most of the carbon and chlorine balances
show acceptable results (>78%). The formation pathways for these intermediate species
will be discussed with the modeling results in the next section.

3.2. Results of modeling and reaction pathway analysis

The mechanism that we used in this study consists of 59 species and 202 elementary
reactions, including €and G species, and is based on the mechanism described detail by
Wu and Won[13], and Wu et al[14]. Recommended rate parameters were used, as well
as direct experimental measurements, whenever po$$iié 9] The rate parameters and
thermochemical properties of the elementary reactions with the elements C/H only were
mainly adopted directly from the GRI-Mech Version 32D]. Elementary reaction rate
parameters for abstraction reactions were based upon literature comparison, thermodynamic
estimations, and the Transition State Theory methods of Bd2dgnThe computer code
CHEMACT [22] was used to calculate the parameters for the unimolecular reactions and
the chemical activation reactions. The CHEMKINER3] suite of numerical integration
codes was used for calculating actual rates of reaction. All the thermochemical information,
including the heats of formation, specific entropies, and the temperature-dependent specific
heats, were taken from available sources, such as the JANAF Thermochemica[Z4ples
Stull et al.[25], GRI-Mech[20], and Pedley et aJ26]. THERM [27] was used to calculate
the thermal properties for some of the species in mechanism.

A comparison of the calculated concentrations with experimental values is shown in
Figs. 3-5 The curves come from modeling and the symbols are the experimental measure-
mentsFig. 3is for the comparison of C+CCl, and HCl species as a function of temperature
at 1.0 s residence tim&ig. 39 and as a function of reaction time at 8 (Fig. 3. This
figure shows that the modeling of the decay of LTl is in good agreement with the
experiment. The mechanism shows a good prediction on the concentration of HCI for tem-
peratures lower than 77& at 1.0 s reaction time or for reaction times less than 1.0s at
800°C. However, the model then over-predicts the concentration of Fi§l.4 compares
the modeling result with the experiment fogl3Cl and CH, as a function of temperature
at 1.0s residence tim&ig. 49, and as a function of reaction time at 8@ (Fig. 4b). As
shown in both figures, the model prediction matches the experimental resultsHg€C
The model also gives a good prediction on the formation of;,Gktcept in the cases of
higher temperatures. Comparisons of model and experimentads,CCoH2, and GHg
are shown inFig. 5(a)for 1.0s residence time and Fig. 5(b)at 800°C. As illustrated
in both figures, the agreement between model and experiment for the concentrations of
these species is reasonable. The possible routesfds@ formation are the replacement
reaction, CHCCl,+H — CyH3CI+Cl, or the abstraction reaction of GBCI® radical ab-
stract H from H leading to GH3Cl. The dissociation reaction, GECl, — CH>CCI+Cl,
and abstraction reaction, GBCl, + H — CH,CCIl 4+ HCI, can both result in a C¥CCI®
radical.

Hydrogen atom addition to the substituted end gflgCl (yielded from the reactions of
CH2CCl,) and the loss of a chlorine atom from the radical intermediate, or replacement
reaction, GH3CIl + H — CyH4 + ClI, can both lead to the formation ob84. The HCI
elimination reaction of @H3Cl can give the formation of £H,. The abstraction reaction



Y.-p.G. W, Y.-s. Won/ Journal of Hazardous Materials B105 (2003) 63-81 69

1.0

0.8

0.6

0.4

0.2

[DCE)[DCE],;[HCIV[CI],

0.0

600 650 700 750 800 850 900 950
Temperature (°C)

—
Q
=

1.0

0.8 - HCI
/oo 0 e
0.6 / o
o
)

0.4 4

0.2 - /
ctical,

00 & ; . e e .
0.0 0.5 1.0 15 2.0 25
(b) Reaction time (s)

[DCEJ/[DCE],;[HCIV[CI],

Fig. 3. Comparison of experimental data with model prediction for 1,1-DCE and HCI. (a) Reactios-tinfes
and (b) reaction temperatuse 800°C.

of CyH3Cl by H can also lead to the formation of a vinyl radical, which may lose H
to produce GH». CyHg can then be produced through the hydrogenation ¢/ The
possible pathway for the formation of Ghé through the H abstraction of GHrom H, or
HCI, where the CH can be formed from the bond fission oflds.

3.3. Sengitivity analysis

Sensitivity analyses were also performed to identify the rank order of significance of
each reaction in the mechanism for this reaction system. The Sandia program[ZENS
was used to obtain the first-order sensitivity coefficients with respect to their rate param-
eters. The followind~igs. 6—-10present the results of the sensitivity analysis of the major
species, CHICClp, CoH3Cl, CyH2, CoHy, and GHeg, in this reaction system as a function
of temperature and as a function of reaction tifigble 2summarized the most impor-
tant reactions with the rate parameters and heats of reactidhfor the forward reaction
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Fig. 4. Comparison of experimental data with model prediction fgi4C| and CH,. (a) Reaction time= 1.0s
and (b) reaction temperatuze 800°C.

paths for these five species into 20 reactions. TRigs, 6 presents the sensitivity coeffi-
cients for the 10 most important reactions for £LCl, at reaction time 1.0s and at 700
and 750°C. As seen irFig. 6(a) the dissociation reaction, GE&Cl, — CHCCI + CI;

the H abstraction reaction, GBCl, + H — CH>CCIl 4+ HCI; and the replacement reac-
tion, CH,CCl, + H — CyH3Cl + ClI are the primary reactions for the decomposition of
CH,CCl,. Further inspection of the resultshig. 6(a)shows that the dissociation reaction
CH,CClp — CH,CCI+Clisthe most sensitive reaction in the lower temperature range, and
the same phenomena can be found from the curves shdvig.i(b) and (c)The sensitivity
coefficient curves irfrig. 6(b) and (cshow similar important channels at different temper-
atures and show that the abstraction reactiomy@El, + H — CH>CCI + HCI, becomes
competitive with the dissociation reaction, @ECl, — CH,CCI+Cl, astemperaturesrise.
Fig. 6 also suggests that the important reaction channels, e.gCCH — C,HCI + HCI
and CCHCH — C,HCI+CI, are related to the formation ob8CI, or, 2CH; — CyHg and
2CH3; — H + C,Hs for the production of Clj and GHg species. The sensitivity analysis
of these species will be further discussed below.
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The sensitivity coefficients for the 10 most important reactions fot4CI| are shown in
Fig. 7. Fig. 7(a)shows the sensitivity coefficients fopB3Cl as a function of temperature at
reactiontime 1.0 s. As shown ifig. 7(a) the primary reactions for the decay of the reactant
CH>CCl, — CH,CCI + CI, CH,CCl; + H — CHCCI 4 HCI, and CHCCl; + H —
C2H3Cl+Cl consistently show the highest sensitivities foH3Cl in the lower temperature
range. The other reactions>@3Cl + H — CyH4 + CI, CoH3Cl + H — CyH3 + HC,
and CHCCl; + H — C;H3Cl + HCl also become important with increasing temperature.
Fig. 7(b)shows the sensitivity coefficients at 80D for the same 10 reactions. As observed
from this figure, GH3Cl + H — C,H4 + Cl becomes the favorite channel responsible for
the decomposition of &H3Cl for reaction time longer than 0.3 s. There are two reactions,
H + CoHs — CoHg and 2CH — CzHg, which also have high-sensitivity coefficients
under this reaction condition, and which were mainly caused by the productionosf@
hydrocarbons in this range.

Fig. 8(a)presents the sensitivity coefficients for the 10 most important reactionsiy C
as afunction oftemperature atreactiontime 1.0 s. The reaction€£CH — CH>CCI+Cl,
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Fig. 6. Ten most important reactions for DCE and their sensitivity coefficients. (a) Reactior=tihé s, (b)
reaction temperature 700°C, and (c) 750C.
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CH>CCl; +H — CHCCI+HCI, and CHCCl, +H — CyH3CIl+Cl, as discussed above,
are also sensitive to the source species for reaction. The reactigisCC—~ CoH,+HCI,
CoHCI+H — CoH» +Cl, CoH3Cl+H — CyHs + Cl, CH3CCl, +H — CyH3CIl+HCl,
CClILCH — CyHCI + CI, H + C3;H2 — CoHgz, and 2CH — CyHg have high sensitivity

in this system. The sensitivity coefficients fosid; as a function of reaction time at 860G

for the same 10 reactions are showifrig. 8(b) There are two groups important to these 10
reactions. In the first group, most of the reactionBim 8(b)show that the high-sensitivity
coefficients are not related to the reaction times. Second groupChH, — CyH3 and
2CHs; — C3Hg, not only shows their high sensitivity but also shows the effect of a changing
reaction time.

The sensitivity coefficients for the 10 most important reactions fdtfas a function of
temperature at 1.0 s are showirig. 9(a) The difference between the sensitivity coefficients
ofthese 10reactions is easily observed for temperatures lower tha€880d the reactions
responsible for the decomposition of @EICl, and GH3Cl retain their high sensitivity.
However, the curves of the sensitivity coefficients merge into two main regions and suggest
that2CH — H+CyHs and 2CH — C;Hg dominate for temperatures higher than 800
The sensitivity coefficients for the 10 most important reactions fgffas function of
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reaction time at 700, 750, and 800 are shown irFig. 9(b)—(d) respectively. The curves

of the sensitivity coefficients ifrig. 9(b)show that the dissociation reaction of &ELCly,
CH2CClp, — CH,CCI + ClI, is the most dominating reaction at lower temperature, such
as at 700C as shown irFig. 9(b) As shown inFig. 9(c) and (d)the differences between

the sensitivity coefficients decreases with increasing temperature. Also, as with the results
shown inFig. 9(a) the hydrocarbon formation channels;HHC>H2, — CoHz and 2CH —

C,Hg, become important with increasing temperature.

The sensitivity coefficients for the 10 most important reactions fdtdas a function of
temperature at 1.0 s are showiirig. 10(a) and the coefficients as a function of reaction time
at800°C are shown irfrig. 10(b) As with the previous figures of the sensitivity coefficients,
the dominant reactions for the decomposition ofCi€l, and GH3Cl show a consistently
high sensitivity here. The reactionstH,H4 — CyHs and 2CH — CyHg are also impor-
tant. The shape of the curves showrig. 10(a)is also similar to those iRig. 9(a) which
merged to two regions for temperatures higher thart&%&nd 2CH — CyHg is the most
dominant channel. The curves showrig. 10(b)suggest that the dechlorination reactions
dominate at an earlier stage of the reaction under a higher temperature environment. The
sensitivity coefficients of these reactions decrease with increasing reaction time and the
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Fig. 9. Ten most important reactions fopldy and their sensitivity coefficients. (a) Reaction timel.0s, (b)
reaction temperature 700°C, (c) 750°C, and (d) 800C.
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Fig. 10. Ten most important reactions fosids and their sensitivity coefficients. (a) Reaction timel.0s and
(b) reaction temperature 800°C.

reactions containing only hydrocarbon species become important and compete with these
dechlorination reactions.

Figure 11shows the calculation results of the mechanism for the production of light
hydrocarbons, ¢Ha (Fig. 1139, CoH, (Fig. 119, CoHe (Fig. 119, and CH; (Fig. 119,
as a function of temperature. It is seen fréiig. 11(a) the formation of GH4 reaches
the highest production at 87& and 0.5s, however, the production ofHG can reach
over 50% of the reactant at 80Q if reaction time is long enough (e.g. 3.0 s in this case).
Fig. 11(b)shows that the formation offEl, reaches its highest at 80G and 0.5 s, but that
the maximum production of £, is not much different for different reaction conditions.
Also, the maximum @H» can be formed at lower temperatures if in a long reaction time.
As shown inFig. 11(c) the temperature for the highest formation ofHg decreased as
the reaction time increased. As showrfig. 11(d) the formation of CH increased with a
temperature or reaction time increase.

The mechanism also was used to simulate different reactant input conditions to find the
optimal condition for the production of Chydrocarbons. Here, we have assumed that the
effect of reaction, which includes more than three carbons number, is not significant and
hence are ignored. There are seven input ratios of the reactants pEELR4, 1:15, 1:9,
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Table 2
Summary of the rate expressions for the 20 most important reactions 2 ClpIH, with each rate constant of
the formAT" exp(—E/RT)

Reactions A n E (kJ/mol) AH (kJ/mol)  References
1 CH;CCl, — CoHCI + HCI 4.10E+13 0 304.2 119 [13,14]
2 CH;CCl, — CH,CCl + ClI 1.40E+14 0 341.8 371.2 [13,14]
3 CH;CCl, + H — CyH3CIl + ClI 1.00E+13 0 24.3 —78.7 [13,14]
4  CHCCl + H — CHCCI+ HClI  1.20E+13 0 23.0 —-60.1 [13,14]
5 CH;CCl, + H — CCILCH + H» 1.58E+13 0 25.1 23.1 [13,14]
6  CH3Cl — CyH» + HCI 7.64E+33 —6.3 303.4 114.9 [13,14]
7 CyH3Cl + Cl — CH,CCI + HCI 3.00E+13 0 23.0 18.6 [13,14]
8 CGH3Cl+ H — CyHs + HCI 1.00E+13 0 27.2 —-31.5 [13,14]
9 CoH3Cl + H — CyH4 + Cl 292E+13 -0.1 24.7 —65.5 [13,14]
10 CCLCH— CyHCI+ Cl 5.03E+30 —6.3 91.1 91.2 [13,14]
11 CH,CCl+ H — CyH3 + CI 1.02E+14 0 0.3 -50.1 [13,14]
12 GHCI+H — CyHz + Cl 2.00E+13 0 8.8 —-82.7 [13,14]
13 CH;CCl; + H — CH3CHCl, 5.93E+10 0 —-31.6 —-395.4 [13,14]
14 CHCCly + H — C,H3Cl + HCI 4.69E+12 0 -2.9 —336.7 [13,14]
15 H+ CoHa(+M) — CoH3(+M) 5.60E+12 0 10.0 —146.4 [20]
16 H+ CoHa(+M) — CoHs(+M) 5.40E+11 0.5 7.6 -151.8 [20]
17 H+ CoHs(+M) — CoHg(+M) 5.21E+17 -1 6.6 —420.5 [20]
18 H+ CoHg — CoHs + H» 1.15E+08 1.9 31.5 —-15.5 [20]
19  2CHy(+M) — CaHg(+M) 6.77E+16 —1.2 2.7 —377.6 [20]
20 2CHy— H+ CyHs 6.84E+12 0.1 44.4 42.8 [20]

The unit ofA are cni/mol s for bimolecular reaction: s for unimolecular reaction.

1:4,1:3, 1:2, and 1:1 used in this analysis, which result in G¥18.04, 0.0625, 0.1, 0.2,
0.25, 1/3, and 0.5, respectively. The concentration profiles of DGH4OCoH2, CoHg,
and CH, from the model prediction as a function of temperature at 2.0 s, and as a function
of reaction time at 825C are presented iRig. 12 As shown inFig. 12(a) the difference
of the ratio of Cl to H in the decomposition of DCE is not significant at temperatures
lower than 800C, and the effect is observed at temperatures abové @08t higher
temperatures, the rate of the decomposition of DCE decreased as the CI/H ratio increased,
but the differences are in tenths of order of magnitude. The formationldf @creased
with increasing temperatures in most cases and the optimal formatiaidafcan be found
in the CI/H= 0.25 case at 850C. Also, in cases with CI/Hc 0.25, the formation of gH4
follows the trends of values of CI/H and then decreases in the €13 and 0.5 cases as
shown. The formation of §H increased with increasing values of CI/H, and the C¥H.5
case presents the highest production in this analysis. For the cases with higher CI/H value,
the GH»> remained at a relatively stable level in a higher temperature range. The formation
curves of GHg all show a peak shape and a decrease in the productionttf & CI/H
increased. Cl/H= 0.04, the reaction condition of this study, showed the highest production
of CoHg at 800°C and 2.0s. The trends on the formation of Olere similar to those of
C2Hg, in which the lower value of CI/H yielded the higher gproduction, but the quantity
of CH4 increased as the reaction temperature increased.

The relationship between CI/H, the decay of DCE, and the production of hydrocarbons is
shown inFig. 12(b)as a function of reaction time at 826. As with the results as a function
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Fig. 11. The calculation profiles of light hydrocarbons as a function of temperature for reactios tih 1.0,
2.0, and 3.0s. (a) £4, (b) G:H», (c) GHg, and (d) CH.

of temperature as shown kig. 12(a) the effect of the difference of CI/H on the decay of
DCE is not significant in a shorter reaction time range. The formationbfsGhowed a
more complicated situation with the difference of CI/H. For reaction times within 1.0 s, the
reaction with lower CI/H yielded a higher production ofi;. For reaction times longer
than 1.0 s, the concentration ofl@4 decreased as reaction time increased in the three cases,
CI/H = 0.04, 0.0625 and 0.1. In the other cases, the formationpbf;Cemained steady or
increased at a stable rate, and the CG#H.25 case gave the highest production oHg

for reaction times longer than 2.0 s. The prediction resultsbf£as a function of reaction
time show that the higher value of CI/H causes a higher and more stable productigthof C
The predictions on the s and CH, all show that the higher value of CI/H yields a higher
production of GHg and CH;. Among the results dfig. 12(a) and (h)one can observe that
temperature is more important than reaction time for optimal condition determination. From
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the results of this analysis, assuming thatii is the subject of production, we suggest that
the optimal condition for the pyrolysis of DCE inpts DCE:H, = 1:3 at 825°C and 2.0s.

4. Conclusions

The reaction of excess hydrogen with &ECl, was studied in a tubular flow reactor
at 1atm and from 575 to 90@. The global Arrhenius equation of GBCl is: k =
4.95x 1072 exp(—52.9 x 10°/T) (s~1). The major products in this study includegH;Cl,

CoHg4, CoHa, CoHg, CHy4, and HCI, and the number and quantity of chlorinated hydrocar-
bons products decreased with increasing temperature. Some minor intermediate reaction
products, such assEICl, CH,Cl,, CHCICHCI, GH1g, CgHg, and GHsCI, were found.

A detailed reaction mechanism containing 59 species and 202 elementary reactions was
assembled. The model was used to compare calculated concentrations with experimental
values and agreement was satisfactory for major species involving a reduction bied
sensitivity analysis shows that GACl, — CH,CCI+-Cl, CH,CClr+H — CH,CCI+HCI
and CHCCl+H — C,H3Cl+Clare the primary reactions responsible for the decomposi-
tion of CH,CCl,. The optimal reaction condition for the@ydrocarbons production from a
CH,CCly/H3 reaction system is recommended as 82%nd 2 s with CHCCIly/H, = 0.25.
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