
CONTROL OF TCDDa AND PCDFs 
HY TUE m e n TliHPERATUnE/niCn TURIIULENCE INCINERATION 

M. Hi raoka ' , N.Takeda ' , S . S a k a l " , S.OkajUa". K-Sakanoco* 
M, Yamaf f l sh l ' " . E. S h i b u y a " ' 

• Dopt. of Environmental L Sani ta ry Enslnecr lne . Kyoio Univers i ty | 
*» Environment P r e s e r v a t i o n Center . Kyoto Univers i ty | 
** NKK CORPORATION, Yokohama, 230, Japan | 

ABSTRACT 

Control methods of PCDD/PCDF were discussed by the high t e n p e r a t u r e and high t u r b u l e n c e 
Incinera t ion. Field p l a n t t e s t i n g has been done using a 300 t / d con t inuous Inc ine r a to r of water 
wall type with r o t a r y k i ln des igned t o i nc ine r a t e nunlc lpa l aol ld wosif. PCDD/PCDF 
concen t r a t ions wore r e l a t i v e l y lowor than those of o the r s t o k e r type furnaces In Japan, The 
reason of th i s low PCDD/PCDF seems t o bo due t o the high t u rbu l ence condi t ion In the 
inc inera t ion chamber caused by Itn furnace s t r u c t u r e . There Is a pos i t ive c o r r e l a t i o n between 
PCDD/PCDF and CO concontrat ionf l which Is a typ ica l unburnc gas coaponen i a t the o u t l e t of w u t e 
heat boi le r . For the purpose of reducing dioxins and the i r p r e c u r s o r s conta ined In the exhaust 
gas and f ly ashe.s. I t may be an impor tan t f a c t o r t o lower the In le t t e n p e r a t u r e of dus t c o l l e c t o r . 
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INTRODUCTION 

Dioxins, p o l y c h l o r l n a t e d dlbcnzo-fi-dloxlns (PCDDs) and p o l y c h l o r l n a t e d dibeniiofurans (PCDFs) 
discharged from waste Inc ine ra t ion p l a n t s a r c posing a p rob lea In r ecen t y e a r s because of Itf 
high tox ic i ty . The a u t h o r s Inves t iga ted t he r e l a t i onsh ip between ope ra t ing cond i t ions of • 
waste Inc inera t ion p l a n t and PCDDa and PCDFs (PCDD/PCDF). Chloroph*'nol« (CPs) and 
ch lorobenzenes (CDs) known as t h e i r p r e c u r s o r s were a l s o neasured . Cont ro l s e t hods of 
PCDD/PCDF were d iscussed by the high t e n p e r a t u r e and high t u r b u l e n c e Inc inera t ion . 

FIELD TESTING METHOD 

Test P lan t and I t s Operat ing Condi t ions 
The t e s t p l a n t was a 300 t / d con t inuous Inc ine ra to r of water wall type with r o t a r y k i ln designed 
to Inc inera te municipal so l id waste. PCDD/PCDF and the i r p r e c u r s o r s were Measured at four 
sampling po in ts a long the exhaus t gas flow : Inc ine ra to r o u t l e t ^ e l e c t r o s t a t i c p r e c i p i t a t o r I 
(ESP) In le t , ESP o u t l e t and wet s c r u b b e r o u t l e t . F ly ashes were saaplcd a t t he KSP o u t l e t . | 
Measurements were done under four cases of ope ra t ing cond i t ions . The four ope ra t i ona l 
condi t ions a r e shown In Tabic 1, The p l a n t was ope ra t ed a t a n o r a a i loading r a t e In case (D. »nd 
at a high loading in cases <2>. <3>. and ® . In case Qi. t h e p l a n t was o p e r a t e d under t he 
condi t ion t h a t the t empera tu re a t ESP In l e t was high. In cases <D, (J), and <l>. the t e a p e r a t u r e 
a t ESP Inle t was r e l a t i v e l y low. In cases Q) and (J), the p l a n t was ope ra t ed at a l a o s l equal 
condi t ions , however the I n c i n e r a t o r o u t l e t t empera ture In case ® was higher than case (J). 
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A:.djvClcoj ^'9thodj 
l i iapJIng »as carr ied out by a 5-l(npIngor method In Isokinetic conditions and dust co l lec t ing 
;:arts *crc usually placed at outside Che duct. Samples were extracted with toluene (dust was 
extracted af ter digesting with hydrochlor ic acid). The Internal standards of "'C-2.3,7,8-T.iCDD, 
''C-2,3.7,s-T-CDF. '̂ C-OaCDD, " C - O B C D F were added and the mixtures were concentrated and 
cleaned up. Analysis was carr ied out by mass fragmentgraphy using a DD-5 and SP-2331 as 
separation coluans. Quantif ication was carr ied out by the peak area method using M, M*2 o r M*4 
as the Ror.I'orlng ion. For the 2,3,7,8- subst i tut ion standards of each congeners of PCDD/PCDF 
%crc ui<?<J. On the other hand, chlorouenzencs and chlorophenols were analyzed by means of 
G.-,r.S. 

TaiJle 1 Operating Conditions of the Test Plant 

R u n N o . 

L o a d l i . I r a t e I x l 0 " k i r / l i | 
Tc3p. at Inc inera t ion ch.aaber 1 "C ) 
T c « p . a t t a s p U l n t z o n e CC) 
T c D p . a t B S P I n l e t C C ) 
T e n t . , a t E S P o u t l e t [ t ] 

® 

11.8 
927 
876 
257 
250 

® 

15.1 
863 
909 
306 
292 

a> 

14.8 
918 
895 
271 
204 

® 

14.8 
1018 
921 
264 
255 

HliSULTS A^D DISCUSSIO^S 

rC03/PC0F and the i r Precursors In the Trst Plant 
The changes In Ihc ci jncentrations of 1:.3.7,8-TCDD equivalents by 1-TEF (Internat ional Toxic 
EqglTalent Factors) In each test run are shown In F ly . l . CDs and CPs are shown In FlK.2-
PCDO/PCDF concentrations were re la t ive ly lower than those of other stoker type furnaces In 
Japan. The reason of th is low PCOD/PCOK secas to be due to the high turbulence condit ion In 
the Incineration chanber caused by Its furnace st ructure. PCDD/PCDF Increase In the waste heat 
bo i ler In a l l cases, however, precursors decrease In some of the cases. Both PCDD/PCDF and 
the i r precursors show alaost the sane Increasing trend In ESP. The higher the ESP In let 
tcBp«rature. the larger thei r concentrrclons tend to Increase. In wet scrubber, both dioxins 
and their precursors tend to decrease. 

• Furnace outlet 
ESESP in let 
OESP outlet 
^ S c r u b b e r outlet 

furnace 927X; 
EP Out ZSO'C 

Run 4 
2. yppni 
1018X; 
255'C 

Fig. I PCDD/PCDF Concen t ra t ions as 2,3.T.8-TCDD Eq. 
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•IFurnace outlet 
G3ESP inlet 
S E S P outlet 
EaScrubber outlet 

• i r u r n t c e ou t le t 
• ESP in let 

ESP outlet 
[^Scrubber ou t le t 

" ~ Run 1 
CO 4.4ppm 

Furnace 927t; 
EP Out 250*C 

Run 2 
5.3ppni 
863"C 
292*C 

Run 3 

i . 7ppm 
918*C 
2 6 K 

Run 4 

2. 7PPB 

10I8X; 
255t; 

r i g . 2 Conccntra t io iui of ChLorophCDoLs (CPs) and ChlorobcDzcncfl (CDs) 

I 4. 1 1 

1 1 '* I I 

|. I 1 1 

I 1 ^ 1 I 

I 1 ^ 1 I 
I X I I • 

CO Ippol 

FlC. 3 CO versus 2.3,T.g-TCDl) Eq. of Exliausl Cas 
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i/^rrjiL-:;:;^-. XC-.^OIT: Jr.cir.cratlon P a r a r p t c r s nr.d PCpp/PCDF 
•;.i,-t ir r^jrco.xido iCy'i Is s.ild to be on'; of the parameters of the complete Inclncr/ i t lon for so l id 
^•^•"-•: TS •-> the corri '^TiJon bett^ern CO and PCDD/PCDF a t Iho o u t l e t of waste hea t boIJcr (i;sp 
.'.-..'::•'. a ; : ; i f ; (vi : c- r r rcJJ t lon cvlscs .is s.'ionn In Fig.3. The CO value Is thrt measured value 
;i;*a:r.i;J ly r.Mr.s of t a s chrora :oer , ip : )y wJiich said to t c more a c c u r a t e without being Influcnned 
Ly •;:^.•v^ .-•,r;io:icr^ts -'ICa M\A KiOi In the exhaust gns. 

",.• i.i.'J^r.-^^.K.t.'U *vcr ?C'J['/VC\)F fi.nd th* jr P r e c u r s o r s 
j r i a Inv ( i i u ,-.b* aM'.oc! through the r-.-nsurements. PCDD/I'CDF cnnnot be seen t o c o r r c l n l e wil.h 
C;3i jr,d CTs. .Ml cKhflust gas a t e e r y sanpl ing po in ts were sliown tha t t h e l'f:uDs li.id the 
l*;3t;-:*ric p a t t e r n t;f ihc hlgiior chlorJ:iatIori degree . On the o the r hand, with the PCIM's, ihc 
'i^' er ch;';r:::.T.lo:i fJp^roe w-ere tJomlnuted for the exhaust gas of FSP Inle t . FSP o u t l n t and rns 
s ' . r : l b c r oj- . lot . In ilie case of furnace o u t l e t exhaust gas, Isomers p a t t e r n of PCDI's wnre 
a; ' ' :sL The s = Tn. 

'•7.'-:'•'.'i* '̂OK -i".!J-hplr.rrc.^i'I£OXSJli J''>'..\s'.\ 
r "•.".•'• rcr-r 3.r.t i.'ioir p r e c u r s o r s in f'.y nshes have tlie btroriK posIUve c o r r e l n t l o n with ESP 
:c-:^critL;rc as 5h?T*n i:, Flg.-l. Trie i-oicers p n i t e n i *c rc shown to be d i s t r i b u t e d on the high 

I I 1 1 
1 + 1 1 

1 1 — ^ 1 
I I I I , J 1 , 
I I I I 
I I I I 

I 1 ! ! ^ 1 1 1 1 
1 T 1 -\ 
1 + 1 1 

j- 1 - j — - - j 
I I I I 
1 1 X 1 I 

, . . . . _ L i — : : J i 
, J 1 , 
1 1 1 1 

1 1 1 1 

1 1 1 I 
1 1 1 . . 1 

Fig. 

300 Z20 240 260 280 300 

FSF TcBpera turc I "C ] 

4 I-SP tCMpcraturc ve r sus 2,3.7.8-TCDD Eq. Of Fly Ash 

CO.SCLL'SIONS 

'C T^c.••c i<; a pos i l lvc c o r r e l a t i o n between PCDD/PCDF and CO concen t r a t i on which Is a t yp i ca l 
unDurnt ^as co.ipor,cnl a t the OL*..let of *a s t e heat boi ler , the In l e t of dust c o l l e c t o r . Also, 
chlorcph-iT.r.'ls have t he s,i»e cor re la t lo r - with CO. It nay be said t ha t the complete combustion of 
•.;r,vjrnt R^S i.-; the :n: : lneratIon plant is one of the c r i t i c a l f ac to r s t o c o n t r o l the PCDD/PCDF 
f cmt i t . . : . . 
; j Thirr; Is ft pObUlve c o r r e l a t i o n bet»-:cn the dus t c o l l e c t o r In le t t empera ture and the dioxins 
juid tnc i r preriursor? f r o r the da ta un^ler a lnos t the same Inc inera t ing condi t ions l ess than CO 
v^C'iTLcntrjticr. of 7 ppn. Lowering th* dust c o l l e c t o r In le t t empera ture Is a l s o one of t he 
jBpcr tan i f ac to r s . 
3> For tfi<; purpose cf reducing dioxins i»nd t h e i r p r e c u r s o r s conta ined In fly ashes , I t may be nn 
eJt t renely i npo r t an t condi t ion lo lover the In le t t empera ture of dus t c o l l e c t o r . 
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