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Fig. 1 Schematic layout of combustion furnace
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7 4 — & —ip SEBNTREER I BRBET 2 & & bITEv
Ufzo SFRICIRINE N7 BRBEY NI 35 W T 47 R AL,
Z 0 FIRZERIT 1 RIREE L, MBRMEEAE D 7o H 2 & IREE
YEBRERAS T 3HNTT VI FERKN T2 FHR L - 81
BT 2RMBES Nk, PEARFICHRN B, 71, B
FNTOHN 2 ORI (UG 137 2 fh %2Rk
EGEL, FSVBAREOERT 2L, RE800C, 72
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TH b, RPN 2 2T 25581, Lk
ELTHA A3y VRS Y AT A LE—BEEESEL
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B AZ BB E ¥7, 0, Hy, Cly, Np #7213, FERHEIFHH
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L CTREEIFICEA LT, 714 4%y YETREEY X4
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YEIRE v A T LISARRBEE S X WG| R v 7RG
LEEBFICED LT, LEd->T, De Novo BRRHSIE
FLVbNTWAEEE Y (500 ~ 200C) 4i@EEd 5
ErfiE, EEE 800°C, # A& 2L/min (s.t.p.) DA
WERBEU T T RENEREEINEST 5 &, #03s
L1sBT EMD, De Novo BFXDEEBIZ/NI WV EEZ
SNb, Y44+ VEMITHEEN 2> 7 ) v IR
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HWTY 7y 4 LATHITLE,

2.2 BAOPHTEAEY

BSF PR RIS d MALT 29 (MAterials-orien-
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L T 4,931 MOMEH - ARILEM OB F T — & DI
INTVW3E, IS TOWIEWLEYIRBN¥T— 5 %
EET R LICklifiTE 2, AFETE, 74
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» 5, APETIEN. Menad? 5DF— 5 &2HALL,
UK, EHoboRERE525L9ICAHT %
VE—ZHHABELELF— 492 H0TV 5, RO D10
Fild W.M. Shaub'® 2HEEI L7241 & & ¥ v ORIEK
ROBI )7~ 5 ThH 3,
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3.1 BMEEHICLZTAAFL VEOERRE

Fig. 1 /R LI EBREHBEOMBEFEZH V1., RE
800°C —E I 1 ZMBEEERRM & 714 A+ ¥ VAKX
B OfEH 4 Table 112/°9, Run No.4, 7 2BV,
100% Hft e =— (PVC) ¥iKHE% 0.1 g/min O
s, H50idEhEI2IEEEO C, H, ClDEVR
TR THABEEER % 1T > 725 Run No. 4 ® ClEE I Z
D 1/40, No. 7121/100 TH 5,

Run No. 113 Op, Hy, Cl, ' 2 8 & UM C ¥R 75
bbb, HEMINEL FA4++ v VHEHKT 5 4>05¢
F#FTH5C H O Cl BHAET Bix bR EMLTT
BEAIT > 1AE R TH 5, ABRBEFER T, USENN
WNd 2 HBEA X (O N iBREG A 2) Ffik% 2 L/min
(s.t.p) KEELTEBY, TOHND5%TEHH 100
cm®/min (s.t. p.) @ O THMN L 72 BREEY) % BEER 1)1
BT NTHBETE 5, LHLEADS, 5%0,-95% N,
2L/min (s.t.p.) DOH XK « KB DA, Table 1
VR Ui 2B CO, CO,, O, HEMSDPB LS
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Table 1 Experimental conditions, and Dioxin's and gas concentrations in exhaust gas
Combustion temperature : 800°C, Input combustion gas flow rate: 2L/min (s.t.p.)
Input Exhaust gas [Combustion materials Input ratio Dioxin’s concentration
Run | combustion gas |[compositions (vol%) : powder] é{“::tt p in exhaust gas (s. t. p.)
________________________ e
No. | compositions . X Total TEQ
(vol%) CO | CO, | O Input rate (g/min) (mol/min) | C/O | H/O (ng/d) (ng/md)
Active C+H,, Cl
1 | 5%0,-95%N, | 01 | 37 | o7 ———[——C—‘—v—e———663——3—"3593—]—-- 16X 10-° | 0.36 | 0.54 44 13
100 mass%PVC
2 | 5%0~95%N;| 02 | 30 | 15 f-—-—- (100 m: 21;’ —Sl —————— U 16X 10~ | 0.36 | 054 | 14,000 230
PV
3 | 40% O~ 60% N, | 0 40 | 35 - [ —199—"13—0581%——9 —————— 16 x 10° | 0.045| 0.068] 120 47
5 PVC+ 95 C
4 |40% O~ 60% N, | 0 40 | 35 —[——?—a—s—sg/‘l--665———'9555—%—1 0.04 x 10~ | 0.057| 0.003 7.1 0.13
NaCl+PE
5 5 960,-95% N, | 0.05 3.8 09 F------- [———6—12———] ———————— 1.6 X 1073 0.36 | 0.72 110 1.7
NaCl+F1
6 |40% O 60% N, | 0 P B — (NaClt Flour] _____| 16 % 10~ | 004 | 0051 750 19
Hydrate 0.2
1/100) NaCl+Fl
7 |40% O 60% N.| 0 40 | 35 |-L(L/100) NaCltFl ourl 16,016 x 10-*| 0.04 | 0.051 1 0.57
Hydrate 0.1

iz, RFIE O, b5 1 %k, CO A50.1% RIERIBEN T
WBZEDS, KB ERRTLMBETH 5, Run No. 1
BARZLMBERETH 545, 800°C OFBEMIEICBVT
b4 AF Y VEN -9V T44ng/m® (s.t.p) &
%Y %,

100% PVC M AR E LB L L HE0E R Run
No.2, 3 T& 5, #HE A4 ZHHK 5 %60~ 95% N D R5E
L% (Run No. 2) KBV TR, X zxhof
YA A F Y VIEERBEIZ 14,000 ng/m? (s. t. p),
TEQ #84 230 ng-TEQ/m® (s.t.p.) &7, FHE
BEETHS, Run No. 23 2[EIfT- - EROEHEE
THD, FONIVFIZI0~2% Thb, —FH, MR
#H 2 MR DS 40% O~ 60% N, T, HE# 2 thd O, BB A
35% T&h 5522 (Run No. 3) DBE, BN
2D YA 4 F v yFERBE I 120ng/m® (s. t.
p) TH53, TOfHEid3EHT-» EROFHETHY,
ZONTYEEE0~0% bbb, BERKEVE, 57
LBMEBREDL T4 4+ v VEERBE 3RS
HDERMEEDHI 1 /100 TH %, Run No. 1 £
BRETITAE, 123y VENERICEBEICES
ETFHENS A4+ VEOATBEETHEEEZLS
haZemd, P xho COREH0.1% bRILEH
B RERMBERN TRBEER 1T - 720 100% PVC &R
BRERDIBA LRI, T2BRRHOS1 2+ v
BESREEBRERED 1 /10012755 ERKET 5 &,
Run No. 1042542+ VEBEER, T2BREERY
DIPE 04ng/m® (s.t.p) BELIEFCEREICLS
B, PROWBOSM+F Y VEBERENBEEZDS
ha,

WIZTA &+ v VEERBE RS TEBERRE D
KA NS -9, PVCEE% 5mass%icHo L,
BO DB massBEFEHCHEKIC L LBAKMEKAX%E
PRI A 0.05 g/ min, #REE Y 2 MK 40% O~ 60% N
DELMEERBTRIEL 12, TOHERE% Run No. 41
"% T® Run No. 4 DEFREE I 100% PVC #EED
BA&D1/40TH%, Run No. 4DLF1t+v V8
#EEI2 7.1 ng/m® (s.t.p.), TEQ #ME i 0.13 ng-TEQ/
m? (s.t.p) T&h 3, 100% PVC % (Run No. 2) &
HEBLT2y 12+ YEREIIMN1 /20, TEQBRE
3#91/40 15, BIZPVCEBETHOLLARERE
BLy44+y vVEBERKALTHS,

3.2 YA4FFLUBERETIOHE

BREEHEH 2 2 KPR ZIAL &, BEA RO Y1 2+
v EBE B KPICREAUHIOBED 1 /208
BETIELS T AT EHNTETH B, Kbic RBRBED
Bic AR ONMRTERLAKRRITH2FEC
(h—#Kv), HC (""" Foh—%vY) Br597Eh
TWi, BEEHET2HoB#C, HCERETHILT
FA44+y VEBESERTEEIEPS, F14+Y
YEOB RIS IBRE L THBEhTEY, JOF
WC, HCOIEBETYA ++v vEBEREhTY
EEZ LN D, BEHEBROKEN S, ThoOEE
CBIUBEHCOZENENHBH0.54m, 2 ~10xm
OB RSB EETH 345, MHiEHEK (05~ 1gm) O
BEK (10 ~30um) Dk S BEFICHEEREREL
TVWBHDH T —WEEh TV, H, EBRKRTHR
(RIGBERNOREEYE L) OHEH 2D O,, CO, B
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BZED» S, RIEENCEFELTVS CRYHEG, T
LMBERIE DA LA LEL, Rkt ona
WREFLTWREEZ SN,

Fig. 2 K8 FEHEIC X 3 ¥4 4 F v v HUERR
DERT, 44+ Y VHOARK - HREEEHERT
Bidi, BA¥HEHEY 7 F MALT2 2HWT, ¥
BEtE %77, Zo—HlE LT, H=1, Cl=1mol
DHWIS T B VT, 800°C icB1F 5 T,CDD DARKIC
KiZd 0 & C DEEAFNIFER% Fig. 2(@) WWRT,
Krh DA e HIZ, ABEELERICH T 5 R5E2MBE (Run
No.1, 2, 5) &5E2#8 (Run No.3, 4,6, 7) D%
BEUOMBEEZNZFNRLTWS, &6 5 DFEBREH
KBWVWTSH TCDD B EAEERS LB VEHK (HL
W) whb B, L Lass, CEEEMmtE-T,
O BEOEWEER (FSfm) »54 Lo C O REMN
BEVERIRIC 2 i T T,.CDD BE O S W (BRI
DBEET 5, COBERRMO Y1 A+ VEHIOWTH
ETH B, T, ¥4 4+ EHEREY & RS
#xRdoh, Fig 2 (b) iR Lk CO/CO, HDZEAL
THb, THbb, ¥4 4+ vEIECO/CO A
1025 ~ 10" L FEFICE VIR S i —E O SIS TR E
N3 Eicib, TOXHIC, SRICBIFELTFA+FY
VE DR IR CO/CO D& W T K R S 1L 7 I 15
BTiRI-Tw3EEZI LN,

600°C % 5 WIZ 700C LA ETIR & A & % v v EML
BINFLELBVWE VDR TWAS, il L7 FEREEER
BLUBNENPEARRERD» S, 800°C D#BESIFI
BOTHHAZPIIBEECH 5 VW HCHELT S
B, S AFy vEBESEL ST EAKHIAL .
INSDT EMD, 800C DEEBERETL I 1A+ Y
HEMERShBEF VG, vy 70-=080, BEIRAE
THLEHA 2T O, BEXEVWEETS, BiliC
HC © & < REE I 1E CO/CO, hhsFEH i i W IEF
BIBOBEEL, TORTYA 4% v VESERSNTT
W LRSI D, FlEC, HC O < Rl CO/
CO, OB VB THRR L1z 54 A F v VEEISBEBRET
FhoEHEC HCIBE L THiH s LS h

63—5)0

3.3 BRESIUVERERICLZTAF+2 v EER
NDFE

Run No.2, 3T, #EEDRE L THBERILEY

TH B =—1 (PVC) BMIRRAEEM VI, Th

REBYESCCIBEALTEY, TOHBREETR

bHEOERRICE W TCIEF ISR Cl kR E L5 C

Lictsd, Lich-TEEC, HC S VWIEZE

187

(@)
5 Y T,CDD=1ng/m’(s.t.p.
800°C

3
g
o
s
E °]

; .

Tnfitial € fmol

-30 -15 0
log,o{Partial pressure (T,CDD)} /(—)

(Initial condition : H =1, Cl1 =1 mol)

Fig. 2 (a) Influence of O and C on the formation of

T,CDD by thermodynamic evaluations

4 (b)
101

CO/CO,=1 1025

800°C 105

107.5

1010

Initial O /mol

0
log,o{CO/CO,} /(—)
(Initial condition : H =1, Cl = 1 mol)

Fig. 2 (b) Influence of O and C on CO/CO, ratio

by thermodynamic evaluations

NoBHBOERECIAEEFNTVWE, COT LTk
DEYAFF v vy BERBESARTLBREESRMA (Run
No. 2) TI314,000ng/m® (s. t. p.), SERMMBESM
(Run No. 3) BV TH 120ng/m® (s.t.p.) EFH
WEB-kEZEZI LN 5,
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WICHERFE L CEBERTH2HELF Y 9 A
(NaCl) MKAELZHVT, shifFlTHs £ =
FLv (PE) AAELEZRA L THRBEL LR %
Run No. 5 IZ/R9, EHEHFES NaCl TH BT &5 54
A ¥ v VHEREE MEV EEZ SN, RoERmREER:
THRBERER 1T - 720 06 C, H, Cl E/VEIIEEE I 100
%PVC BEEDEG A & 13IFE LIt L /2o Run No. 5
DLFA A&+ v VEERRE R, 110ng/m® (s.t.p.)
& 100% PVC REe2BERHFDEE (Run No. 2) O
1/130 TH 5, TH3BRBEARIC T 2 ERFEGBT)
FRREER NaCl THA ShTwb T Lickyh, A
BFRILEYTH S PVC OGE L RT Y, FilEC, HC
K B EH S CL BIEF DBV HTH b, Run
No.1, 2, 3, 5 DH#RE D, BPEA 2 hOVHEIERIRE
£0b, CEZETREMZNAZICCIBEETNTVD
DI T A ¥ VHOEREEIC K S HEEE X
BEEILNG,

wic, [ UIERSERIE T b NaCl OfFEHEIc LD &
14+ v Y BERBESEEEZT 20 L5 pEFHN,
NaCl 25 Y L E—IcBAS € 5 2%, 100% PVC
DA L RIZR%D C, H, Cl E VED/NEW & NaCl ¥
KEA & v RZWKITHED LiAd, 20 HEZESPTHAR
AR L%, BFEL o RO TIERER AT 12 b
DH Run No. 6 TH 5, Tabel 1iZ/xL7-& DI Run
No. 6 D&% 1 4+ v VEEE IR, 40% O;-60% Np @
TEMEEHT TH 2 bbb o, EFICEHEE
750 ng/m3(s. t. p.) £72 9, Run No. 3 ® 100% PVC #
BOBEALV bEWMETH 5,203, C, H, O THERE
ha/hERh (KSR T Y 7Y CHp0s) i NaCl
DL DBKIYT B b b REBOHEHR S 5 Wit Cl
4V ELTHEAELTWVWSEHIZ, Run No. 5D PE
& NaCl OEAMRZRES 156 L0, BREEARET
HERR L 7cEC, HC T AM® 2V IEZDbDHEIC
EHRCIBHELELTVWE I ELD, ¥4 4+ VHHE
EREL B o7cEZERAOND, RICHT A+ + v VR
BEEICKIFT NaCl BEOEEL TS 12, NaCl &
B4 Run No. 6®1/100ic LT, Run No. 6 &[&k
IT/NEERY & KR & L ARREHR L 1o R DI BE K B %
To1o FDFERD Run No. 7 TH 3, Run No. 6 &
LT/ 1 4+ VEEBERBLZ1/700 11
ng/m® (s.t.p.) IC% Y, NaClEE &L 514 4+ v V1
BEREIRAIL TV 3,

Piko & 9ic, NaCl 2#&T HE © A #HEY) b &
THBEEBRRICB T B 54 A F v VARSI > TV
b EEZ N, BEEVMOEHRERE, HWHRED 5 VRELE
IEFRFTH > T Z OEROFAE, THEOLLEE

M o R K - hE KR - B B8R

I TH B, TEHESEYS 5 L ERIIRED
CIBBEHETEDLELICL->T, ¥4 24+ VEOER
BEMSKEIETEERES,

3.4 BRIEENITAFF UV ERE

Run No. 1 ~ 7 O FALERN V1 &+ + v v HEE
(74 v H—r88—v) %Fig. 3~9ZRd, Bl/N—
BEAFFv Y, KEBT7SVvERLTVS, F14+
Y DWVWTIR, —HRHEARE (N.D) SR o0 B 5, &
DEBEMH BV T OEERLED bOVE L EKT S

50

Run No.1 [C+H,, Cl, gas]
800C  5%0,-95%N,
40+ Total Dioxins 44 ng/m? (s.t.p.)
Total TEQ 1.3 ng-TEQ/m? (s.t.p.)
(A1,O, ball bed) ]
301 a

Dioxin's concentration (ng/m>(s.t.p.))

4Cl1 5Cl1 6Cl1 7cCl 8Cl
Chlorine number N

Fig. 3 Effect of gaseous reaction on Dioxin’s
concentration under incomplete combus-
tion condition

5000
Run No.2 [100mass%PVC]
800C 5%0,-95%N,

Total Dioxins 14,000 ng/m:(s.t.p.)
Total TEQ 230 ng-TEQ/m’ (s.t.p.)

(ALO; ball bed)

4000

Dioxin's concentration (ng/m 3(s.t.p.))

4Cl1 5Cl 6Cl1 7C1 8Cl

Chlorine number N
Dioxin’s
combus-

Fig. 4 Effect of organic chloride on
concentration under incomplete

tion condition
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50
Run No.3 [100mass%PVC]
800C 40%0,-60%N,
a0k Total Dioxins 120 ng/m? (s.t.p.)
Total TEQ 4.7 ng-TEQ/m? (s.t.p.)
i (Al,O4 ball bed)
a
<
30 &

Dioxin’s concentration (ng/m>(s.t.p.))

4Cl 3Cl 6Cl JCl 8Cl1
Chlorine Number N

Fig. 5 Effect of organic chloride on Dioxin’s
concentration under complete combustion

condition

50
Run No.5 [68mass%NaCl + 32mass%PE]
800C 5%0,-95%N, 1
40+ Total Dioxins 110 ng/m? (s.t.p.)

Total TEQ 1.7 ng-TEQ/m’ (s.t.p.) |
(ALO, ball bed) |

] W
(=) (=]

—_
=

Dioxin’s concentration (ng/m*(s.t.p.))

0
4Cl1 5ClI 6Cl 7Cl1 8Cl
Chlorine number N
Fig. 7 Effect of inorganic chloride on Dioxin’s

concentration under incomplete combus-

tion condition
EREichd 5, —4, 73 vicoWTld Run Nol (Fig.
3)DIEM: C & Hy, Cle # 2DI5A, 7, 8IEFLED D
215 W, Run No.2, 4 (Fig.4, 6) D PVC D54, 8
BEHREDO bDOHZ VY, Run No. 3 (Fig. 5) 3 71
FALED b DL 1> T, Run No. 5 (Fig.
7) @ PE & NaCl 0858y, @R LB H o EHERALE
NET S VRBENRECHEML TV, EERLED 7
5 VIBESHEMT 2 ERD 1 2& LT, HEREREGSBEIF
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5
Run No.4 [95mass%C + Smass%PVC]
800°C  40%0,-60%N, ]
4+ Total Dioxins 7.1 ng/m3 (s.t.p.) |
Total TEQ 0.13 ng-TEQ/m? (s.t.p.)
(Al)O; ball bed)
3 - -

Dioxin’s concentration (ng/m3(s.t.p.))

4Cl1 5Cl1 6Cl1 7C1 8Cl

Chlorine number N

Effect of PVC concentration on Dioxin’s
concentration under complete combustion
condition

Fig. 6

500
Run No.6 [NaCl + Flour] Hydrate

800C 40%0,-60%N,
Total Dioxins 750 ng/m? (s.t.p.) |
Total TEQ 19 ng-TEQ/m? (s.t.p.)

(AL, ball bed)

3001 §

200

100

Dioxin’s concentration (ng/m*(s.t.p.))

4Cl1 5CI 6Cl1 7Cl 8Cl

Chlorine number N

Fig. 8 Influence of NaCl hydrate on Dioxin’s

concentration under complete combustion
condition
FICZEETE NaCl TR Wi LS5, F72, Run
No.2, 5 (Fig.4, 7) O &5 AT AMEEERMHILE -
XD &L T 4 v -y —vERTMERICH B, Run
No.6, 7 (Fig.8, 9)® NaCl &/NEB oK D5E,
BIEFRB LOEERLED 7 7 v OERESDIS W,
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5
Run No.7 [(1/100)NaCl + Flour]Hydrate
800C 40%0,-609%N,
ab Total Dioxins 11 ng/m? (s.t.p.) |
Total TEQ 0.57 ng—-TEQ/m? (s.t.p.)
(A1,0; ball bed)
3 - -

Dioxin’s concentration (ng/m(s.t.p.))

4Cl 5CI 6Cl 7CI 8ClI

Chlorine number N

Fig. 9 Influence of concentration of NaCl hydrate
on Dioxin’s concentration under complete
combustion condition

3.5 BHRE -EREEECLZSMF+ VEREOR
®
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Abstract

Chlorine sources and forms are considered to be the most important factors in the formation of
Dioxins/Furans (Dioxins) due to the fact that Dioxins are organochlorine compounds. In the present
work, effects of chlorine sources and forms on the formation of Dioxins in the combustion process
have been investigated, mainly through combustion experiments and also through thermodynamic
evaluations on the formation of Dioxins in the combustion furnace of a laboratory scale at 800°C.

Dioxins are formed even at the combustion temperature of 800°C by the existence of four
constituents, i. e. C, H, O and Cl. The formation concentration of Dioxins is nearly proportional to the
chloride concentration of combustion materials under the conditions of the same chlorine sources and
forms, and is significantly influenced by chlorine sources, i. e. organochlorine compound or inorganic
chloride. Even in the case of inorganic chloride, Dioxins of high concentration are shown from
combustion experiments to be formed by the existence of an active chlorine such as the hydrate, made
from salt and flour.

Key words : chlorine source, chlorine form, dioxins/furans, hydrate, formation model of dioxins



