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ABSTRACT 

This paper presents the results of test runs with the High ToBperaturo Caslflcailon CHTC), a 
newly developed technology of a thermal treatment of hazardous wastB of the VOEST-ALPINE 
Industrleanlagenbau. Whon measuring tho emissions special attention was paid to organic 
pollutants, such as polychlorlnated dlbenzo-p-dloxins (PCDD). polychlorlnated dlbenzc/urans 
(PCDF), polychlorlnated biphenyis (PCB), chlorobenzenes (CB), chlorophcnota (CP). polycycUc 
aromatic hydrocarbons (PAH) and others. The results of the tests with various waste show that 
the HTG pilot plant produces a relatively low emission level as far as organic pollutants am 
concerned. The concentraUons of PCDDs and PCDFs In flue gas raachos from not detectable up 
to 0,04 ng/Nm> of 2,3,7,8-TCDI>-6qutvalent3 a-TEF), thus remaining remarkably lower lhan tho 
Austrian Unit for municipal waste Incinerators of 0,1 ngTE/Nm> 0-TEF). 
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INTRODUCrnON 

Controversial discussions concerning emissions from waste Incineration plants, especially PCDD 
and PCDF emissions, and the fixing of Unlls has brought about the deveV>p>enl of n«w 
technologies with the aim to minimize the emissions of pollutants and to achieve mora Inert 
residues. The concerned citizens have had a say In the whole procedure of testing the HTG 
pilot plant for a thermal treatment of hazardous waste, developed by the VOEST-ALrWE 
Industrleanlagenbau. A special group cf experts fixed tho program tor the test runs and thalr 
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analyses. One of the alms of the testa was to get to know mo<^ details about the functioning 
of the HTC about a possible formation of organlca and thalr destruction. There exists an 
cfricial report on the whole proccdunj of the clUaens" participation [1]. 

EXPERIMENTAL 

Huh Temperature Cra-afy-fiy.. pUpt plant fUTC) 

The HTC is a nflwly technotogy based on a combined current and counter-current gaslflcaUoii 

in tha thermal treatment of waste. In this gasification which, contrary to ordinary 

liKjnei-Btkxi, works under reduced conditions a combustible gas is produced, which may 

provide energy. This technoloey brings about a distinct separation cf drying and gasifying In 

the process from the following burning. TheoretlcaUy this might be advantageous as far as 

the destjocUon of organic substances In contrast to the usual InclneraUon prccesses Is 

concerned. 

Th<> HTC plant can bo roughly subdivided Into; waste entry system, gasifier, heal exchanger, 
8 ^ cleaning system, waste water purification, gas burning. The HTC pUot plant In Llnz, 
Au:>trla. has a capacity of about 5000 t/y. 

l t « gasifier consists of two sones. namely the combustion chamber ond the adjacent second 
chamljer. Uijuld primary fuels or waste oils and solvents are combusted with preheated air at 
a teaperature of about 1600 "C. At this high temperature the charged soUd and pasty waste 
«r« gasified and produce a combusUble reducing gas. This passes a coke bod In the second 
chamber cf the reactor, which Is more or lass used up, according to the working condiuons 
and which Is furthormtre used as a hot gas fUter possibly Including crack-processes. The 
HTC-gaa with lis main components CO (11-24 t ) , H. (8-14 X), CH4 (0,1-0.5 X), CO, (4-9 XI and 
.•), (6O-70 X), depending on the waste, whfch is used, leaves tho coke bod at a temperature of 
about "WO -C Al the bottom of the combustion chamber Uquld slag devekips, which turns Into 
a glassy granulate In a water bath underneath. 

The primary HTC-gas still oontilns dust, HCI and sulfuric compounds (H.S, COS and CSj). The 
gas cleaning system consists cf an electric fUter and two different scrubbers, one eUmlnates 
HCl and tho other one H,S. This cleaned HTG-gas (about 2700 NraVh) Is then used aa fuel. 
Pait of the gas (about 100 Nm'/h) Is burned In o special combustion chamber designed for 
tests and analyses. 

Twt ppyar^m 
Ihc efficiency of this pilot plant oonooming organk; ptdlutants was tested by adding organic 
expounds tu the regular waste, mainly chkjrtnaled organics Uko PCBs, PVC and solvents. 
Tablo I shows the used materials, the Inputs, tho percentage of chkrlnc and the PCB content. 

AnalYSia prottram 

Samples cf both, the cleaned HTC-gas and the flue gas, were taken. Then slag. fUter sludge 

(PBsldueo from purified waste water) and sulflnt sludge (residues frcm H.S-scrubbers) were 
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a 1: Materials, input, chlorine and PCB contant 

f l 
C 
REDDER HAT.l 
E SLURRIES 
COUER RES.' 
NS 
LVENTS' 
STICIDE RES.» 
B* 
STE OIL-PCB' 
STE o n . 
EL o n . 

tal 
an 

KE 

Tes t r u n 1 
15.11.1968 
I n p u t 
k g / h 

294 
6 

135 

435 

37 

a 
s 

0.78 
46.6 

<0,01 

1.17 

0.01 

T t o t r u n 2 
30.11.1968 
I n p u t 
k g / h 

399 

130 

529 

42 

Cl 
X 

1.95 

0.16 

1.51 

0.01 

T e s t r u n 3 
31.03.1969 

I n p u t Cl PCB 
k g / h X a g / k g 

367.5 0.1 

154 2.4 149 

521,5 
0,78 44 

188 0,01 

Tes t r u n 4 
21.04.1989 
I n p u t 
k g / h 

165 

165 

271 

Cl 
X 

<0,01 

<0,01 

0,01 

Tas t r u n 5 
22.04.1969 

I n p u t Cl PCB 
k g / h X B g A g 

40 
SO 

0.1 42,0 

177 tO.Ol 

297,1 
-0,02 404 

220 0.01 

Teot r u n 6 
24.04.1969 
I n p u t 
k g / h 

200 

8.1 

157 

365,1 

153 

Cl 
X 

0.05 

49.4 

<0,0l 

1,13 

0.01 

Teot r u n 7 
26.04.1969 
I n p u t 
k « / h 

154 

0.5 
154 

164 

472.5 

98 

Cl 
X 

0,05 

32.4 
18,5 

<0,0l 

6,oe 
0.01 

Processed municipal waste 
Remnants from automobUe shredding 
LacQuer residues 
Test run 6: 1,1,1-trlchloroethane, trlchloroethylene, tetrachloroethylene. toluene, styrene (1/1/1/1/1) 
Test run 7: 1,2-dlchlorobenzene 
Residues from pesticide production (Pyrtdate) 
Aroclor 1242 
Waste oil enriched with Aroclor 1242 and 1,1,1-trichloroethane 
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" I R ! sampling of the PCDDs and PCDFs, PCBs, CBs and CI's was carr ied out according to a 

cnndonMtion method, analogous to the LAGA-method [2] . The sampling equipment, completely '. 

aado cf glass, consists of a hoatod (about 100 "C) fUtcr tube, f i l led with two types of quartz j 

W30l (cioEss-socUon of the f ibers: 3 and 9 p). condensation apparatus, two Implnger t ra ins ] 

flUod with trthylenc glycoJc and a XAD-2 adsorption f i l ter. 

The saapl ing cf PAHs was carr ied out v i th an apparatus, also completely made of glass. A I 

quai t j : wcc4 f i l ter was used to separate PHrUclos, followed by the condensation, the separation 

cf alnl-v«rtJck»! through glass fiber filler and after that the adsorpUon of PU-foam or XAD-2 

nrsln 

Ejrtractit i i and cknn up of PCDDs, I'CDFs. PCBs, CBs, and CPs: f i r s t "0-2,3,7.8 labelled 

cocigcners of PCDDa and FCDFs ( t e u a - to cctachlorlnated compounds) wore added as Internal 

standards to the samples. Tho solid saaples were extracted with toluene In a ScKhlet- I 

apparatus, the l iquid sanples also with toluene In a conventional Uqld-Uquld extraction. For • 

the fu r ther extraction KOH (the CPs were separated, HCl was added to the water fraction and 

then tho CPs weie extracted with benzene), HiSO. und HjO were used. The concentrated 

extj-Bcla wore cleoncd up by passing through a combined slUca column (slUca/NaOH, j 

slUca/HiSCU, sUloa) elutod with hexane. Then PCBs and CBs weio separated from PCDDs and 

PCDFs by using hexane/dk:hloromethane mixtures of various polari ty on a basic aluminla 

column. A fur ther clean up of the PCDD/PCDF-fractlon was carr ied out with 
cyckiheaane/ethylaoetate on a DIO-BEADS SX-3 column. i 

Extractlsn and clean up of PAH: The extj-actlon of samples was performed after adding the I 

Internal standards (3.6-dlBethylphenanthrene, 2,2'-blnaphthyle, benzo(b)chrysene) with ^ 

cyclohoxane Ctoan up was carried out by a l lquld- l lquld dlstr lbuUon with i 

cyclohoxane/dlmethylformamlde/water In varied proportions and a chromatographic separation 

on a silica column with cyclohexane. 

Tho Identl fkat lon and quantif ication of PCDDs and PCDFs were performed on a HRGC-MS (EI, 

70 eV) (Carlo Erba. QMD 1000; Hewlett Packard 5995) with selected lon monitoring. The GC was 

equipped with a fused silica capillary column (SP-2330, 60 n) for the separation of the toxic 

from t l io non loxic Isomers, a second fuw^l silica capillary column (Ul t ra-2 , SOn) and with 

liallUB as carr ier gas. The quantif ication was performed by direct comparison of peak areas of 

mass fngaen tograas (or (M) ' - and tM»2)--ions of PCDD/PCDF isomers and the corespondlng 

lo«« of the •K:-labeUed ncfcronce stand.v tis The quantif ication of PCBs, CBs and CPs was 

done by HRGC-MS (fused sUIca capillary column: Ultra-2, 50 n; HP-1, 25 ra) by comparison to 

external standards Tho recovery of PCBs was determined by an Internal standard. The PAHs 

were Identified by HRCC-FID (Danl 3S6S) and HRCC-HS ( f u » d silica capil lary column: DB-5, 30 

• ), thereby external standards wen? used for the quantification and Internal standards to 

f ind out Iho recovery rata 
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KESULTS AND CONCLUSIONS 

The test run results of the HTG pilot plant ar^ shown In table 2 (sasM) and (rv ub te 3 CaoUd 

residues). 

Table 2: Results of analyses of orssnlc poUutants in HTC-gas and In Hue gas 
all nssults refer to dry gas. flue sos to U X Ot 

Pollutants 

Chlorine-Atoms 
Amount 

Test run 1 
liTG-gas 

Test run 2 
HTC-gas 

Test run 3 
Flue gas 

Test run 4 
HTC gas 

Test run S 
HTC-gas 
Flue gas 

Test run 6 
HTC gas 
Flue gas 

Test run 7 
KTG-g3S 
Flue gas 

PCDD' 
PCDF 
(4-8) 

ng/'N»' 

0.19 

0,20 

nd> 

nd 

nd 
nd 

nd 
nd 

nd 
' 0,02 

0,04» 

PCB 

(3-8) 
ng /Na ' 

1060 

59 

14 

101 
57 

32 
5 

1750 
74 

ca 

(2-6) 
ng /N« ' 

46 

983 

131 

223 
589 

142 
309 

274 
859 

CP 

(2-S) 
n«/Na> 

12S 

17 

6 

10 
11 

10 
s 

12 
38 

PAH' 

dS /Ha ' 

17,4 

19.8 

1.66 

58,3 

0,87 

1 The amounts of PCDD/PCDFa are 2.3,7,8-TCDD-equlvalanta according to I-TEF 
-.1 The PAHs contain the following compounds: acenaphthylene, acar>aphihen*, fluorana, 

phenanthrene, anthracene, 2-aeUiylanthracena, l-methylanthracdne, 9-methylanihrscane. 
nuoranthone, pyrene, benz(a)anthracene, chrysene, triphenylene, b«n20(b)fluoranthentt. 
benzo(J)fluoranthene, ben2»(k)fluoranthene. ben20(a>f1uoranthen«. ban2o(a)pvrBn*, banzo-
(a)pyrene, perylen. lndeno(l,2,3-cd)pyrene. dibenz(a,c)anthracene. dlbsfizCa,h)vilhraoen«, 
benzo(ghl)perylene, anthanthrene, coronone 

3 not delectable (< 0,01 ng/Nm>) 
4 Parallel analysis of a spUt sample by OKOHETRIC. Bayreuther Inst. f. Uawdtforachung 

Polychlorlnated dlbenao-p-dtoxlna and dlbenaoturana (PCDD. PCDF) 

Measuring the HTG-gas proved that there were detectable PCDD and PCDF concentrsUons only 
In the test runs with RDF (processed municipal waste) (0,19 ng/Ma> TE, I-TEF C3); 0,39 n»/M»> 
TE, BGA 145) and remnants from automobile shredding (0.20 nct/Ha> TE, I-TEF; 0.25 ng/MB> TE. 
BCA). The pattern of the tetrachlorinated PCDDs and PCDPs 19 very Interesting. ^~-»i"«« cf 
their strong tendency towards volatile compounds in ooaparison to coaaon ItKlnarator^. No 
traces of 2,3,7,8-TCDD ware detctnble In either test runs. The non-axistance of PCDDs and 
PCOFs In the HTG-gas In the (BSt runs with to>dc waste may be duq to changes In th* 
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. i d j u s t a e n i of tho primary b u r n e r a f te r t h e f i rs t r u n s with RDF and s h r e d d e r material. The re 

Is no Indication Uiat t h e chki r lne con ten t of t h e Input materials influoiiccs t h o amount of PCDDs 

and PCDFs In HTG-gas. 

Only in t he tes t r u n with r e s i d u e s f roa pes t ic ide pt rxiucuon PCDDs a n d PCDFs were found In 

tho Hue g a s in a parallel ana lys i s performed by OKOHETRIC and FTU (OKOHETRIC: 0,04 ng/Nm> 

TE, I-TF.F and BCA; FTU: 0.03 n g / N ' TE. I-TEF and BGA). This d i f fe rence can be explained by 

t h e fact of deviation cf measurements at s u c h tow concen t ra t ions . 2,3,7,8-TCDD was de tec ted In 

t h e s a a p t e by both InsUtutffl a t a level cf 0,01 ng/Nr. ' . I i Is In te resUng t o note t ha t t h e 

simuHaneous measuring cf tJie HTC-gas showed no t r a c e s of PCDDs and PCDFs. Th i s s u g g e s t s a 

d e novo s y n t h e s i s In t h e coabus t t on chamber (of t h e HTG-ga.,) d u e l o a n obv ious Insufficient 

effkJency cf tho combusUon chamber . 

In t h e solid r e s i d u e s cf tho te=t r u n s only PCDDs a n d PCDFs « e r « found in U.e samples of t h e 

t e s t with PVC^nr lched RDF. aU of t h e . with h igher chlor inated compounds . The i r amount In 

t h e slag cf tJ.e tes t run with RDF Indtaa lss a n Incomplete de s t ruc t i on of o rgan ic s . 

Po lvchkf ina t jd b lohenvl^ <FC^) 

Tho PCB amounts In t h e HTG-gas r e a c h e s from 14 ng/Nn> In t h e t e s t r u n with c o k e up to 1750 

ng,'Km> in i t * t es t with r e s i d u e s from pest icide product ion. The flue g a s r e s u l t s show a level 

f n o . 5 to 74 ng/NaJ. Test r u n s with added PCBs (Uquld and soUd waste) r e s u l t e d in flue g a s 

ea l s sk jns of 59 , e s p . 57 ng/Nm' and a r e t h u s within t he limits of t he o the r r e s u l t s . PCB-

enr iched solid Input caused an Increase of PCBs In t h e flue g a s because of t h e Inefficient 

combustion c h a . b e r The two o t h e r t e s t r u n s with s imultaneous measur ing showed a decrease . 

The des t ruc t ion r a t e s for PCBs a r e 

- Tha PCB-enriched Uquld Input amounted t o 23 g PCDs/h ( r e s p . 44 ppm wlU, an Input 

without coke) and brx^ught about 0.47 mg PCBs.^ m flue g a s which means a DRE 

cf 99,9980 X 

- The PCB^ni-lched solid Inpu l amounted t o 120 g PCBs/h ( r e s p . 404 ppm with an Input 

without coke) and b r o u g h t ab.,ut 0,43 mg PCBVh In flue g a s which means a DRE of 

99,9996 X 

The unexpectedly high amount cf PCBs (1750 ng/Nm') in HTC-gas. when r e s i d u e s from pesUclde 

product ion were used, d e e s no t c c r e s p o n d t o t h e level of t h e t e s t r u n s with PCB-addl t lons 

and r e q u i r e s addltloniil t e s t ing . 

No PCBs were fcand In tf* fUter s l udge du r ing the t e s t r u n with PVC-enriched RDF. 

Chbr ina t ed t,«'naeoes (CB) 

T l « r ^ u l t s cf the HTC-gas a r e between 46 and 274 n g / N . . and t h o s e for t h e flue g a s between 

309 «>d 9«3 n g NmV These values make evident t ha t all t h ree s imul taneous measu r ings show a 

very s t r o n g Increase of CBs In t h e p rocess of Incineration. 
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The test run with PVC-enrlched RDF shows A1.6 (ift/kg (PPb) of CBs In the fUter sludge uhlch 
proves an Incomplete destruction of organic coapounds. 

Table 3; Results of analyses of organic pollutants In slag, filter sludge and sulflnt siudg 
Results refer to dry weight 

Pol lutants 

Chlorine Atoms 
Amount 

Tes t r u n 1 
Slag 
FUter s l udge 
Sulflnt s ludgo 

Test r u n 3 
Fil ter s l u d g e 
Sulflnt s l udge 

Tes t r u n 7 
Fi l ter s l udge 
Sulflnt s ludge 

PCDD" 
PCDF 
(4-8) 
n g / k g 
(pp t ) 

0,96 
2,18 
1.54 

nd 
nd 

nd 
nd 

PCB 

(3-8) 
( ig/kg 
(ppb) 

nd 

CB 

(2-6) 
y g / k g 
( p p b ) 

41,6 

CP 

(2-5) 
ueAg 
( p p b ) 

52,6 

PAK 

B»/Vg 
( p p a ) 

70.0 

1500.0 

361.0 

1 The omounts of PCDD/PCDF are 2,3,7,8-TCDD-<iqulvalent3 according to I-TEF 

Chlorinated ohenolq (CP) 

The amounts of CPs In HTG-gas reach fron 6 to 128 ngyNB^ thoao In flue gas froe 8 to 3B 
ng/Nm^. Again there wtuj a de novo synthesis In the coaibustton chamber. In Che same way as 
with tho PCDs here with the CPs, but not so massively. 

Desldes PCDDs. PCDFs and CBs chlorinated phenols (52,& Mg/kg> vera detected In the filter 
sludge In the test run with PVC-enrtched RDF. 

PoVvcvcllc aromatic hvdnpcarbona (̂ PAH) 

The amounts for PAHs In HTC-gas aro between 17,^ to 58.3 fig/Ne>, the highest are In the toat 

run with coke. Flue gas results are remarkably tower, naaely 0.87 to 1,66 us/H^^- There Is a 

main amount of the more volatile PAHs In the eoiisslons. 5 to 15 X of the coaptete ealask^n ol 

PAHs are carclnogenous compounds. 

Very high amounts of PAHs were to be found In filter sludge saaples (TD to 1500 ag/kg 
(ppn)). The highest amount (of three test) was found in the filter sludge of test run 3 Ihls 
high PAH oontent of the filter sludge requires a further treetaent cf the aaterlal In order to 
make possible an ecologically correct deposit of such sludge. 

Further ortt^nlc cotipounds 
When working with the PAH samples one group of substances Interfered. It could be Identified 
as phthallc acid esters. Results concerning the quantity cf this subst&ncn group aro not 
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available yet. But wo day assume that the quanUty Is considerably higher than that of PAHs, 
twpoclally In filter sludges 

In cooclustoo wc can aay ttiat the HTC pilot plant, as far as organic poUutants are concerned, 
can he regarded poslUv on the whole. Starting with test run 3, when the primary burner had 
tw-n altered, no PCDDs and PCDFs were detectable In the HTG-gas. The cooccntraUons of 
PCDDs and PCDFs In the flue gas cf the HTC pUot plant teach from non dedectable to 0.04 
ng/Na> e* 2.3.7.B-TCDD-oqulvalents according to I-TEF. Thus tho achieved results are lower 
lhan the Austrian Halt fixed In the "Luftrelnhalceverordnung fUr Kesselanlagen" 1990 [5] for 
thu pcUuUon cf air by aunicipal waste Incinerators (0,1 ng/Nm' TE, I-TEF) used for an 
anologlc evaluation. Its technical standard lan compete wlih the usual InclneraUon plants for 
h.-vzardous waste In the fields of PCBs, CBs, CPs and PAIIs. the same Is t rue with tho 
destruction tote for PCBs It Is definitely negoUve that the combusUon of the HTG-gas In the 
insufficient coabustion chaabcr caui«?d de novo synthesis of organic pollutants. Another 
problea Is the prxiducing cf soot particles in the primary chamber of the HTG reactor which 
«ay alsD lead to the foraation of organic compounds. Il turned out that beside the two abovo 
Joscrlbed shortcomings the Installed gas clajnlng system did not meet the ecological demands. 
for UM time the expertences made In the tnst runs are being used to plan a new HTG plant 
with another gas cleaning concept. 

"Dte auszugsweise VerdrfentUchung geschleht alt freundUcher Genehmlgung der ."JitgUeder des 
HTV-Belrates der Stadt Lini. Der Origlnalberlcht enthSUt auch andere und weitergehendere als 
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