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ABSTRACT

The fly ash catalyzed oxychlorination of ethylene, using hydrogen chlonde and moiecutar oxygen
producod a wide range of chlorinated C, ang C, compounds in the lemperafure range 250-500 *C  Apan
from chlorination, oxidation is an imponant pathway as well, especially above 350 “C The laner process
primarily produces carbon monoxide.
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INTRODUCTION

It has been recognized that fly ash is a potent catalyst for the formation o! hazardous compeurxis Irom
resldual organic matter in the flue gas of a municipal waste incinerator. Expenmentally  has been
demonstrated that a varicty ol organic compounds can act as precursors lor the formation of polycnlorinated
dibenzofurans (PCDFs) and dibenzo-p-dioxins (PCDDs). Laboratory stucies revealed thal, under apopropnale
reaction conditions, aromatic structures like toluene {De lLeer el al, 1989) and phenol (Borm ! al, 1990)
can lead to conslderable amounts of PCDODs.

Our studies (Bom ot al., 1989, 1990) on the behavior of fiy ash have shown thal (substiuted) pheng! - i
the presence of this catalyst, hydrogen chloride and air - can be owdized almosi completely wihin 3 1ew
seconds at 350 °C. However, besides phenol oxidation, chlonnalion was chserved as well Atrgady at 150
°C, this reaction primarily lcads to ¢ and p-chigrophenol. By conseculive cnlonination higher chionnated
phenols were formed with increasing temperatures. Under comparable conditions cyclohexeng {Valk and
Mulder, 1990) yielded an array of reaclion products. Chlorination, dehydrogenation, aromatzation and
combustion of this substrate produced inter alia tetra- and pentachlorobenzene.

In order to disentangle this complex reaction pattern, a more systemauc investqgation of Ihe conversion ol
nonaromatic model compounds is necessary. In the present paper tha behavior ot ethylane s dealt with.
Industrially (Weisserme! and Arpe, 1988) ethylene is converied into the bulk chemical 1.2 dichlorgethylene
(EDC} both by direct chlorination with Cl,, and by oxychlorination, using hydrogen chlonde and oxygen by
means of a Cu(ll)-containing catalyst. Since copper is one of the reactive components in lly 3ash we have
investigated he oxychlorination of ethylene using Ny ash as the catalyst in e presence of hydrogen
chloride, oxygen and waler over a lemperature range o 250-500 °C.

EXPERIMENTAL SECTION

The title reaction was studied in a llow sysiem. The expenmentai setup has been descrbed n delad
elsewhere (Born et al, 1989). Reactions were conducted in a tubular quarz reactor {length 20 cm, internal
diameter 8 mm) packed with lly ash obtained from a Dutch municipal solid waste incinerator. A hxed bed of
lly ash (length 9 cm) was placed in the center of the reactor. The reactor was mounted horizontally in an
electrically heated tubular oven.

Once inslalled, the fly ash bed (weight 2.5 g) was pretreated al 550 °C in a strgam ol aw for 24 houis 10

Organohalogen Compounds 3 17

1990




remove ak urgans compounds and particulate organic carbon initially present. Residence times of the
re3zenis under the reaction conditions varied between 1.4 and 0.9 seconds based on the remaining free
reaclos space

aegre (39 3% punty) and ag {lechnical grade) were used as such. Flows wero regulated and moetered
u"znrq mass fow controllers. Using a plaskc 50 ml syiinge driven by a motorized syringe pump,
cankentraigd nyorogen chiofide was introduced via a gas-tight rubber septum in the ethylene-air gas flow
n:ed tefore entering the reactor. The effluent flow was maintained at 150°C by heating tape to
B he conaensaton of less volatile products.

Angdysis of icacton gas mixtures was performed by collection of 0.50 ml samples of exit gas - gathered
ive umes) tollowing wet HCt scrubbing - via a gas tlight syringe. Ethylene, CO and CO, were
drarppd by GC usng a Carboplol {10 m x 0.53 mm 1D} wide bore column equipped with a methanizer and
a fame 1on.zaion getector. Absolute amounts were based on peak surface areas relative to those given by
el of calbraion gas mixlures. Chlorinated compounds were analyzed using GC-FID with a CP-Sil-5-
CB {59 ) cap- ary column (temp. program: 40 °C {5 min), 8 °C/min 80 °C, 20 °C/min 250 °C (3.5 min)).
Absowie amounts were based on peak surtace areas ielative to that ol ethylene. F|naIIy, oxygen
censumpticn was measured by GC-TCD with a packed Molsieve 5 A (2 m x 1/87) column, using nitrogen as
an internyl standard.

Emp'c,g a rmass seleclive detector products were positively identified. In addition, less volatile products,
A4 ary. wiie ether collected in tubes Nlled with Thermotrap, and consequently analyzed in a Chrompack
[ 191 ard rap rector, of trapped in an ice/salt-cooled two layer system, consisting of aqueous alkali (in
ngi-ze HCL ang eventually tree cnlofine) and pentane (to dissolve possible products). The
cblangd wrtane soiulion was analyzed by GC-MSD.

RESULTS AND DISCUSSION

Tre reactindy of ly ash towards elhylene was followed over a temperaturo range of 250-500°C.
Accorgng o cecmmon practice in haterogenous catalysis both the degree of conversion and the product
seiecivilies were determined in two series of experiments. Employing one sample of fly ash the temperature
range was scanned from 250 to 500 °C and back again to 250 °C in order to verify it any activity loss of
the catalyst hat ccowred: this was not the case. The results are presented in table 1.

As eapectled. in the low temperature range 1,2 dichloroethylene (EDC) is the main, it not exclusive,
product Win increasing temperalure saveral changes occur. Approaching 350 °C, oxidation sets in; at 500
*Goateacy cu 70 % ol the carbon in decompased ethylene is converted into CO and CO,. Moreover, the
sradulte (¢ winyichionde (VC), together with C, and C, chlorinated compounds, increases substantially with
5 mutanasus earease in EDC formation. Typically, CH,C!, > CHCI, > CCl, > CH,CL In a separate blank
expaiam wincut ly ash, even at 500 *C no oxidation/chlorination products could be detected.

rne sesuis 0 table 1 aliow a kinelic analysis of the major reaction routes. At first approximation the
cemersan ¢! elhyleng can be modeled by two distinct pathways: ethylene is either converted into
chonnated products or comnpletely oxidized (Gel'perin ot al,, 1979).

HCI
C,Cl, / CCI,
K, K,
Ethylene
CO / CO,
k.l

i an excess of hydrogen chionide and oxygen the two processes can be assumed o be first order
Jeng the tubular flow knelic equations the individual rate constants ( k, = overall conversion, k,

= %, - ovIaten) can be denved. In an Arrhenius plot the calculated values show excellent hnoar
cowtt v T r 2 0.99), Ieadng to the followmg Arrhenius parameters : k, = 1. 54x107exp(-12.9/T), k,
: ez 96T; and K, = 3.16x10"exp(-20.4/T) s~ (note that the catalyst luncuon is incorporated in lhe
ca'cu'aleo rre-exponential tactors). We aiso found that, under our experimantal conditions, rates were
peope e 2na’ 1) 1he utial ethylene cancentration and the amount of fly ash.

5o cHerence 13 noliced when ethylene is replaced by phenol; at 350 °C ca. 99% of the iatter
rd 15 suhect 1o deep oxidation. This process is about 3000 times fasier than ethylena oxidation,
~; hat a phenolic OM group has @ much higher affinity towards the fly ash swface. Under
-rons benzene is atmiost compleiely inert.

’ isirs o tormation of G, and C, chlorinated compounds, general frends can
“uhdi preduct £om ethylerne is EDC. Thermal unimoleculair ducompositon
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yielding VC under homogenous gas phase conditions is only o be expected above 550 ~0 (Benson anc
O'Neil, 1370). However, gas phase pyrolysis of EDC to VC at 450 °C normally procecds via a radical chan
process with chlorine atoms as the chain carrier. This may be vahd, but actual rales strongly sugges? hat a
contribution from some surface-catalyzed HCH elimination is mportant. In oxychiorinaton of olefins witn
copper{lf)chloride up to 300 °C free molecular chloring is not involved (Magwtro and Cowter, 1286) Atve
ca 300 °C the production of free molecular chiorine becomes imporiant (according ta the Deacon process),
as has becn exparimantally verified.

2 HCI + 0.5 0, == H,0 + Cl,

The theoretical chiloring equilibrium concentration can be derived using thermodynarmne values (Stull and
Prophet, 1971) and, accepling that [H,0] and [O,] remain constant, - typicatly, al 5x10°M ang 2.6x10°h
respect]vol){ - at 600 K for example with an initial amount of 1.4x10°M HCI, [HCI), and [CL], wili ba 4x10°M
and 5x10°M respectively. In separale axperiments without ethylene we observed a decrease in chionne
concentration with temperature. However, the absolute amounts (al 350 °C 7.6x10'M) were lower than the
calcutated equilibriurm concentrations. Prosumably the copper content of the fiy ash is nol hugh enough 13
ensure rapid equilibration (Vatk and Mulder, 1990).

Over the temperature range employed, cven above 300 °C, it scems unhkely, lor kmnetc and
thermodynamic roasons, that EDC is produced by homogenous radical ddition of Cl+ 1o the double bong.
The only alternative homogenous route availabie will be direct formation of VC from sthylene - wa k-
abstraction by Cl+ from ethylena followed by chilorine transler from Cl,. Therelore we suggest that EDC
production will be largely fly ash catalyzed. From table 1 can he inferred that EDC formation decreases
above 430 °C because free chlorine atoms will induce HCI elimination trom EDC to give VC. Analogousty.
VC can yield 1,1,2-trichloroathane which, in turn, can loose HCI.

At low degreos of ethylene conversion, besides £DC only CH,CI and CH.CI, are foimed, which can serve
to rationatize the C, formation.

Presumably, these products stem from a commaon intermediate, such as a CiCH,CH,-(metal).Cl enuty. EDC

will result from reductive elimination, whoreas isomerization to a CICH,-(metal)(ChH{CH,) configuration can
give way to formation of the C,-chlorides. Analogous processes involving higher chlorinated C,-denvatives
can lead to CHCI, and CCl, as well. Furthermore, gas phase free radical chlornmation is also Lkely 10 occur.
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Table 1.
Temp. (C) 252
7 (atm) 1.036
Res. time (s)® 1.36
Inflows (m.Mol/h)b
C,H, 3.61
Total 205.03
Qutflows (mMol/h)
02 26.C8
CZHq 3.57

Outflows (uMol/h) S

co ND
CO2 ND
cHy ND
C,h, ND
ch.t: ND
CRoCL ND
CH8132 ND
ce ND
ClHé-CH,,(\'C) ND
Ci,CmCHS §D
C1Ac-cHblicist  ND
T1HC-CHCi (trans) ND
C1,C-CHCL ND
clic-cel ND
CLLHC-CH ND

C1R,C-CHLCL(EDS) 3.5

2

ci,Ac-CHSCL N
C1k,T-CHOH N5
:2.%0 m:n): N
2. 6% mxn:d ND
(2.85 mun: Rh
a

Resaidence Uame,

278
1.
1.30

4.10
.53

.08
3.87

038

302 327
1.042 1.051
1.24 1.28
3.7 4.52

205.14 205.98

26.08 26.05
3.68 5.36
ND NLC
ND NC
ND ND
ND ND
NG ND
0.9 3.1
ND ND
ND ND
sD KD
N2 ND
HD ND
N ND
ND ND
ND KD
ND ND

15.0 36.0
Nk ND
o ND
1.0 3.6
0.4 9.7
ER | ND
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352
1.048
1.14

5.05
235.49
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{14.24):

Oxychloxination and oxidation of sthylene: conditions

and product pattern.
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275 402 527 452
1.049 1,053 1.C56 :.
1.10 1.05 1.02 0.
4.60 4.89 5.04 4

205.42  206.32  206€.47 205

25.97 25.68 25.3% 24
3.11 §.23 4.36 3
22.7 213.9 498.7  1131.
3.4 48.6 89.6 4.
0.2 2.3 5.7 8
ND ND ND 0
4.9 5.3 17.3 22,
9.7 2C.9 28.8 39.
ND 2.8 8.7 24,
N5 ND 5.1 15,
4.8 27.7 94.3 244,
ND NU 1.3
ND ND 0.9
ND 8D 0.6
ND 3] NT
ND ND ND
ND D 0.7
10.6 134.8 170.3 13
ND 1.3 3.3
il 1.8 1.6
0.7 4.3 ND
2.2 4.5 5.7
ND ND ND
H,0 (52,200,

and C.H,CiY are 1dentafied (GU=MSD) .
yiene at 273€ min and EDT at 4,52 mind: quant:fied
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