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ABSTRACT 
Decomposiiion of inorganic carbon, caialyzed by copper, is Ihe fiisi reaclion step in foimaiion 
of a variety of polychloiinaiod compounds on fly ash of wasle incinerators The otKeived 
concenlraiions depend on ilic lelaiive leaclioii speed ol loimaiion. docomposilion and vapori
zation as compeling processes 

INTRODUCTION 

In 1986 Sliegljlz el al (I) suggesled. Ihal ihe de novo synthesis of PCDD and PCDF piocecds 

from residual carbon and inorganic chloime al lemperaluies of about 300°C on iho surface 

of the Hy ash. 

In our expeiimcnis wo exiond ihese invesiigalions lo olhei chloijnaied compounds in order 

(o define geneial conditions ol foimaiion Dosides PCDD and PCDF we doieiminod Ihe quan 

lilies of polychloiinaiod naphihalenos. benzenes, phenols, benzofuians. benzoniinles. ihio 

phenes and bonzolhjophoncs depending on tempeialure. 

EXPERIMENTAL 

Maieiials: The fly ash. obiained liom ihe elecliofillei system of a MWl, was ground and ro 

Duxed 12 hours al pontons of 20g wilh 200ml loluene The fly ash was filloied. combined 

dried al BO°C under reduced pressure (SOmbaiJ for 5h and dividr?d inio idontical liaciions 

Experiments-. Fly ash samples ot lOg each v/eie healed in a lumace tot two liouis al lompoi 

alures of 250. 300. 350. 400, 470 and 550°C (see fig I) The temperature ol Ihe ny ash was 

measured by a thermocouple to •/- 5°C During thermal lieaimeni a stieam of iynihoiic a:r 
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(50 '^•'/:„in ) cr.niaining iZOmg waiei vapor per lilei was passed through the samples To 

cnsi:ic close coniaci Ijeiweon the yas piase and Ihe fly ash. itie sample was placed '.n a 

^l^aiz tube wilh a hit at Iho boltoir;. using an ascending gas flow. At Ihe gas outlet of Iho 

aiiar.gument two inipmger boillos where installed to trap volatile coinpounds. Ihe fust filled 

with lOOinl tienzene and the second with the same amount of cyclohexane. 

Sample pioparation Tho lieaiod fly asi-. was digested with 60ml of 4N HCI. Ihe residue 

contiifugated. washed two times with v,'atei and freeze diied as reported by Vogg and 

Siioglnz (2) The weight loss of the fly a-ih by this procedure was determined by weighing 

'•:; Ix' stx;ui t ' i l Txi'sciion was (:or(oirod with 3 to 4g of ihe residue, under addiiion of 

^•c'assijm njci i- ie to complex iron ions To avoid chemical roaclions on the suifaco of tho 

Hy ash dunng (7Xtia'.-,iion wo used the solup desciibed in fig 2. wilh 250ml benzene fo: 24 

^ou:s ai'd additionally tho same tune ,viih 250ml cyclohexane By this method, the sol

vent lenpciaiuie in ihe exiiacltor> llask was adjusted to 40°C 

Clean ijp For quaniiialion Ihe f.oluiions wore concenlraled lo alxiul SOOpI Fiaclionation into 

two parts was earned oui by semiprep.sralive high pressure liquid chromaiogiaphy using 

an RPI6 column (250mm length. lOr'im i-.-) and melhanol as mobil phase with UV detection 

31 254nm waveJongih 

'-Mur co.icciitialion ol ihe two mcth.inol : olulions to Iml. 50ml cyclohoxano were added and 

<iga,n conconi;alo<l up lo [OOiil ui substitute Ihe alcoholo As intornal standard 1500ng di-

nromieiiafluoitienzcnc- woie added lo iln^ solutions 

Gy -̂̂ S was performed on an Cailo Rrba Gaschiomaiogiaph with spliiless on column injector 

on an uncoaied piecolumri (5 in) coupled lo a DBS column (30m length. 025 mm id.. 02pm 

filmihickrcss) using helium as earner g.as The lempeialui piogiamm was. 3 minutes iso-

thermally al 75°C. 5°/min to 150". 10°/mi:i lo 300° 10 min isothormally 
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A Finnigan Mat mass spectrometer wilh an Incos dala system opeiaiod in oleciion impaci 

mode was used al 0.755/cycle. To get higher sensiiivily. iho cbseived mass range was 

changed during Iho run as follows. Mass 122 lo 320 from start lo 27min. 245 443 from 27 to 

35min and 294 lo 492 until 50 min lelenlion lime 

Identification of Ihe compounds was carried oul by retention lime, isolope raiio of ihe patent 

masses and by Ihe mass speclra Ouaniiialion was made by integralion of the two mosi in. 

tensive patent masses, coirecled foi relative lesponse lo Ihe dibiomieiiafluoiotjenzene 

which was deleimined by slandaid solutions. 

RESULTS AND DISCUSSION 

Table I shows the concentrations of differeni chloiinaied compounds in ng/g healed fly ash 

depending on tempeialure. The liisl row of each compound class contains ihe sum of all 

degrees of chlorinaiion. As tha fly ash was exliacled befoie thaimal tteaimani. ihe picso.-:9 

of those newly formed compounds is a proof for Ihe de-novo synthesis from residual caic-Dn 

and inoiganic chloiine. 

Table 1: Concenlialions ot Chloiinaied Compounds (ng/g) in Dependance ol Tempeiatjie 

Tei^ratuio 

Benzenes 
Dichloro-
Trichloro-
Totrnchloro-
Pencachloro-
Haxathloro-

Ihioptiones 
Dichloco-
Trichloro-
Tctrachloro-

Banzothiopticnes 
Dichloco-
Trichloro-
Totrjthloro-
Pcntachloro-
lla\acl»loro-

Denzonicriles 
Dichloro-
Trictiloro-
Totrachloro-
Pentachloro-

PCDO 

Dichloro-
Trichloro-
TotTachloro-
Pontachloro-
He.xachloro-
Itoplaclilurcr-
Octftcliloro-

250 300 350 «X) 470 

1819 27'ilO 27600 20W. 375« 
TM 

193 
1720 
6180 

2050 
7230 

752 12020 lOeOO 
710 
IW 

167 

e 
79 
80 

% 
10 
26 
32 
21 
5 

«) 
ll 

9 
22 
5 

53 
3 
1 
"i 

8 
12 
21 

•i 

6670 
820 

770 
122 
456 
192 

936 
113 
250 
315 
193 
35 

765 
316 
353 
93 
3 

ll'i9 
31 
96 

IW 
287 
y ^ 
222 
23 

6150 
1570 

287 
33 

118 
136 

666 
200 
256 
237 
117 
26 

1'.99 
717 
567 
189 
26 

'.68 
75 

157 
100 
58 
45 
31 
2 
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884 
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603 
3670 

7S40 21764 
6430 10600 
1580 

323 
20 

133 
170 

569 
104 
175 
180 
96 
14 

1074 
IM 
392 
211 
30 

109 
19 
49 
29 
8 
4 

n.il. 
n.d. 

912 

363 
n.d. 

67 
296 

1388 
58 

517 
570 
155 
88 

2051 
327 

1100 
524 
100 

246 
78 
79 
46 
28 
12 
3 

n.d. 

550 

3181 
9« 

538 
1460 
789 
296 

17 
n.d. 
n.d. 

17 

212 
n.d. 

6 
81 

107 
18 

105 
n.d. 

70 
16 
19 

60 
n.d. 

10 
31 
16 
3 

n.d. 
n.d. 

Maphtlialuns 
Dichlor^' 
Trichloro-
Totrachlor»-
Itatachloro-
ltoocMon>-
HsptKhloro-

Bantofurans 
Oichloro-
Tcithlor*-
TetrBChloto-
PsntacMoro-
HexBchlorff-

RHnolas 
Dichloro-
TTicWoio-
TattacMoro-
l^cacMoro-

KW 
Dichloro-
Trichloro-
Tatrachloto-
PoniacMoro-
HexKhloc^ 
llepcacliloro-
Octachloro-

250 

134 
24 
37 
44 
25 
4 

n.d. 

115 
6 

28 
44 
28 
9 

340 
1 

29 
234 
76 

131 
15 
37 
38 
25 
16 

n.d. 
n.d. 

3C0 

2318 
430 
700 
810 
320 
58 

n.d. 

856 
214 
377 
223 
36 
6 

8 
1 
2 
5 

n.d. 

4380 
530 

104S 
13» 
972 
503 

n.d. 
n.d. 

350 

3589 
967 

1150 
1040 
387 
42 

3 

1880 
450 
550 
472 
330 

78 

53 
14 
14 
25 

n.d. 

5801 
1520 
2270 
1350 
480 
180 

1 
n.d. 

400 

2340 
596 
845 
672 
207 
20 

n.d. 

1888 
313 
525 
640 
346 
64 

188 
88 
57 
29 
14 

}40i 
1340 
1116 
668 
219 
61 

n.d. 
n.d 

470 

42J7 
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1710 
1590 
323 
41 

n.d. 
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58/ 
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2200 
40) 

)4 
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65 
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14) 

n.d. 
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3115 
3610 
liso 
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I t 

n.d. 
n.d 
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2 

40 
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31 
2 

)W 
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y. 
9) 
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M 
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;r,i.- .jiloiobcnzenes are Ihe most favourized compound class followed by PCDF and chloio-

n.jpM(>aloncs Accoiding lo Iho ratio between PCDD and PCDF. monobenzodioxms aio noi 

j fo j idbJG wheieas the monobenzofurans and .ihiophenes occur in all degrees of chlorination. 

Tho cnloiophonols which aie discussed as precuisoi compounds of PCDD and PCDF. show 

•_:i;y iiy.all concenlialions. 

i : : r f chloiobonzonos Ihe highest concerlialions are found for Iho leirachloio-compounds 

•.:Jcc«?ndent of tempeiatuio Genzoluians and benzoihiophones show accoiding to Iheii 

;.';T;~a;^blo chemical siiuctuie a similai p.sllein with Ihe highest concenlialions foi Ihe Hi-

.;irj 'fii-'irhloiocompounds At tempeiatutes above 350°C Ihe amounis of tho benzofuians in-

.;cii;o -T.'jch moie lhan these of the ben7.olhtophenes. The thiophonns leach the highest 

:...-• j(.niiat;ons (or Ihe maximum possible degi<?e of chlorination For a belter undeislanding 

• .I -r-;- ir.v.chanisms of foimaiion we also doieimined di- and liichloiodioxins and -fuians. al-

:;...':L)r, :hey aie of minci loxicological inteiesl. The dala show. Ihal tho decieaso in dogiCQ 

•I ':--.lo'mation ai highoi lompoiaiuies. as described by seveial auihois. does noi stop at the 

•vtroc.orocompounds. txjl is ccniinued lo the di- and liisubstiiuled congoneis. An unambigu-

.';!S explanation ol this e(foc; by dechloiinalion leaclions is not yol possib'-s. as in depend-

• '.?••; ' f s;jl>3iiiuiion pailein some isomcis should decompose lastei lhan oiheis. A qualitative 

:r.r •jaiiscn of the chiomaiogiams foi diffeient tempeiatuies shows no signir:cant differences 

~t cjnipaiablo cxpeiimenis we found, thai al tempeiatuies above 350°C rrioie lhan 90% of '. 

"\Q :oi;a and penlafuians occur in Iho impingei txiiilos The decrease in degree of chloilna- I 

lO.i ::an be explained by ihe lelattve leaclion speed of decomposiiion o r one hand and ^ 

vapr.i'zation on Ihe oihei The lowei chloiinaied compounds evaporate, accoiding lo Iheii 

lower Lioiiing points and suivive in the impingei. wheieas the high chloiinaied dioxins and : 

,^'a'-'; 5ci desJioyod on ihe hoi suifaco of ihe fly ash 

--;.rr-.i rlc.^eIal tiends can be diawn from ih^; data Ai 250°C only small foimaiion foi all com-

r>.i'j:.-.: classes can be found Besides the chloiophonols. which show a different pallein. Ihoie i 

•i.-'- -Avj iraxima of foimaiion the (irsi -TI 30ri°C and iho second al 470°C Fc; Ihe PCDD and ; 

P-D'" ih.s second maximum occuis cspocially for the low chloiinaied cor.geneis. wheieas [ 

I' o DihGi cited compounds show no signilicani change in degiee of chloiination with inciea-

b .-ig concenlialions al 470°C A compaiiscn of Iho values al 300°C and 470°C shows Ihe . 

iaigesi incicase ol conceniiaiion for the benzofuians fiom 856 to 5144 ng/g. followed by ihe i 

tX'nzoniiiiles with values of 765 and 2051 ng/g The naphthalenes reach an inciease by I 

.1 f.icirii of Iwo. bonzoihtophenes and Ijenzenes by a facioi of 14 lo 15 .Ai 550°C nearly 

•JUaniiiaiivc dcsliuction occuis foi all et.)mpound classes 
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