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The Behavior of Chlorobenzenes and Chlorophenols
in Fly Ash by Thermal Treatment
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Abstract

This study was performed to investigate the behavior of chlorobenzenes (C1Bzs) and chlorophenols (CIPhs) in a
thermally treated MSWI fly ash. The experiment was carried out in a fixed bed reactor at the temperature range of
300~ 600°C. Reaction time range was between 30 and 120 minutes, and N, and O, gases were used as carrier gas.

The decomposition rate of Cl1Bzs was more affected by reaction time than by the reaction temperature. The
decomposition rate of CIPhs was affected by both parameters. Decomposition rate of ClBzs and CIPhs reached
80.4% and 96.6% at 600°C, 120 min, respectively.

Considering the effect of O, content, decomposition rate of CIBzs and CIPhs was the highest at 10% of O,
content.

Declorination and decomposition reactions were investigated by analyzing homologue distribution. Higher
chlorinated ClBzs and CIPhs homologue decreased but lower chlorinated compounds increased with the increase of
temperature. Effect of O; on the homologue distribution of these compounds was not clear in the range of our
experiment conditions.
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Table 1. Expenmental Conditions.

Reaction temperature (°C) 300, 500. 600
Reaction time (min) 30, 60, 120
Oxygen percent (%) 0, 10, 21

Gas flow rate (L/min) 2
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A: N; gas, B: Os gas, C: Flow meter, D: Mixing chamber, E: Electrical furnace (3830W)
F: Fly ash port, G: Reaction tube, H: Filter, 1: Impinger, J: Amberite, K: Wet gas meter

Fig. 1. Schematic diagram of the experimental apparatus.
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Table 2. Operation condition for gas chromatography

analysis.
Detector T Electron Capture Detector (ECD)
Column DB -3, 30m, 0.25mm ID
Oven temperature (°C) 70°C, 8°C/min o 300°C
Detector temperature (°C) 320
Injector temperature (°C) 250
Flow rate (mL/min) 30
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Table 3. Recovery of CIPh and Cl.Ph. (Unit @ %)

—
ClPh Cl,Ph
30°C 40°C 30°C 40°C
Run-1 68.1 57.0 820 550
Run-2 70.0 57.8 78.0 63.0
Run-3 72.9 60.4 74.3 70.0
Average 70.3 584 78.1 62.7
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Table 4. Concentrations of CIBzs & CIPhs in a non—treated fly ash and treated fly ash according to reaction

221(40.8) 164(56.()) 228(38.9) | 274(21.3) | 144(58.6) | 254(27.0)
183(50.9) | 116(68.9) | 177(52.5) | 120(65.5) | 135(61.2) | 152(56.3)
87(76.7) | 9T(74.0) | T5(79.9) | 66(81.0) 1 T279.3) | 5983.0)

158(57.6) | 119(68.1) | 147(60.6) | 185(46.8) | 107(69.3) | 122(64.9)
141(62.2) | 102(72.7) | 14461.4) | 4786.5) | 82(76.4)| 75(78.4)
89(76.1) | 45(87.9)| 61(83.6)| 36(89.7) | 36(89.7)| 14(96.0)
[ -

conditions.
experiment reaction | reaction

temp. time

cCy (min)
! 30
2 300 60
3 120
4 30
5 500 60
6 120
7 30
8 600 60
9 120

treated fly ash(ng/g)

 SCIB7s 3 SClPhs
N

1()&( O, 21% O 0% O 10% O, 219% Os

S

151(59.5) | 73(80.4) | 123(67.0) | 59(83.0) | 63(81.9) | 39(88.8)
121(67.6) | 64(82.8) | 110(70.5) | 26(92.5) | 23(93.4)  19(94.5)
4| 4089.3) | 55(853) 12(96.6) | 9974) . 10(97.1)
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Fig. 6. Homologue distribution of CIBzs as a function
of O, content (reaction temperature, 500°C;
reaction time of 60 min).

200
S 150 b
3
c
S
2iob
(6]

50

T
o . 7
CIPh cizPh CI3Ph CI5Ph
Homeiogue
[D21% 10% D 0% &nontreated |

Fig- 7. Homologue distribution of ClPhs as a function
of O; content {reaction temperature, 500°C;
reaction time, 60 mins).

2 7R AETI A A 14 H A 45

10% Abassel s 7hah v F3E velhle b
Holl FaA 47 o] el ME 21% AbAig el A
7hg ek CIPhs?] 53w datdabpel oot of
E 5AE BelRa vk dadAs 1w 3
B 7 SEAE Az, dadat 2 =
t 0E Zhe CIPhsS 21% Abstedelr 7hg @

& &eke molFelv} CiBzs3 ClPhs % dAe
Aell wlsf Freko] Fadhe ez vfehdid). o
el rbg-o] FAlel dojuA|nt
Apab Gastaree] kel A FohekA w2
42 oo o RaubSe] o AR delde
A s Eet wat 7 2 mF nydadt s
2 ApE Abge)] 28 ofske]l 7o) gle e

epte,

Hd

e

4.8 B

=
S
ClPhs®] #a & 3 554 FEEAE ool A7

L}E}‘;kdr.
2) CIBzs®} CIPhsS AbA% % 0%xcl 10%9)
2%l M e Bl &S veplin, £3] 500°C o
sheoll A} AbAe) edzke] E 7oz ehdelh T8y
a2 wl b Zhe] 31 2ol M AbAe] ofgle
A2l gy Aoz Vel
3) £-xo] o= CIBzs3} CIPhs®] &4 Xz E
By pdas) #gEe 257t 371 uke)l o)
o vheo gk vehd kel A4z} shghEl
2 gty HoFglv) o) d Ak
Aol A i Ad) BhEEe] A Aas) ez
gl 43t nhg-h Ralubgo] FAl dofutr] wiE-
o7 R}
4) CIBrs#} CIPhs®] WhS-Al 7kl uh-& F3A
Eis 2yof up ok vLak HEFE MelF

|
[

Al Rl o 7 o

[+
.'dn

ol

oY

3% e

5) Atax ol ub# ClBzs¥ ClPhse] 54 &



25 1A, oA ot o2 SA4E HeF
oot CiBzse] A$ o ol

L 10% A Eels M e
Avt 2 oelge] e 2
Ak EdlA e ¥AEE HelFgleh ClPhs?)
734 CIPhe} CLPhe FAbaZ o)A, ClPha}
CIPhe 21% AaxsolA 713 2o BHalgs B
o] Fieth.

AP AL
2 AFE et (FHAHE 961-1202-
006-2)2) 18] X Qlel o8] WahH.ow, oo

g zas

ga&EE

\oh

A

AfE (197) 27424 & gel sl § RIAE
A el #g AT BofdiEgn 87
AF 4, 391pp.

Addink, R., K. Olie (1995) Mechanisms of formation and
destruction of polychlorinated dibenzo-p-dioxins
and dibenzofurans in heterogeneous systems, Envi-
ron. Sci. Technol., 29(6), 1425-1435.

Altwicker, E.R., R. Kumar, N.V. Konduri, M.S. Milligan

(1990) The role of precursors in formation of poly-

chloro-dibenzo-p-dioxins and polychloro-diben-

zofurans during heterogeneous combustion, Che-

o9 FzaAz Feaee 9% 7% 301

mosphere, 20(10-12), 1935-1944.

Froese, K.L.. O. Hutzinger (1994) The formation of chlorinat-
ed benzens and phenols in fly ash catalysed reac-
tions of trichloroethylene, Chemosphere, 28(11),
1977-1987.

Hoffman, P.V., G.A. Eiceman, Y.T. Long, M.C. Collins, and
M.Q. Lu (1990) Mechanism of chlorination of
aromatic compounds adsorbed on the surface of fly
ash from municipal incinerators, Environ. Sci.
Technol., 24(11), 1635-1641.

Milligan, M.S., E.R. Altwicker (1993) The relationship
between de—novo synthesis of polychlorinated di-
benzo-p-dioxin and dibenzoturans and low-tem-
perature carbon gasification in fly ash, Environ.
Sci. Technol., 27(8), 1595-1601.

Milligan, M.S., E.A. Altwicker (1996) Chlorophenol reactions
on fly ash. 2. Equilibrium surface coverage and
global kinetics, Environ. Sci. Technol., 30(1), 230—
236.

Olie, K., P.L. Vermeulen, O. Hutzinger (1977) Chlorodi-
benzo-p-dioxins and chlorodibenzofurans are
trace compounds of fly ash and flue gas of some
municipal incinerators in the Netherland, Chemo-
sphere, 6, 455-459.

Paasivirta, J. (1988) Organochlorine compounds in the envi-
ronment, Water Science Technol., 20, 119-129.

Takasuka, G., M. Itaya, S. Kojima (1994) Thermal decom-
position of PCDDs/PCDFs in MSW incinerator fly
ash, Dioxin "94. 19, 491 -494,

J. KAPRA Vol. 14, No. 4(1998)



