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Behavior of Dioxins in the Sintering Process of Iron Ores
Eiki Kasal and Teruhiko AoNo

Synopsis : The new “law concerning special measures against dioxins” is promulgated in January, 2000 in Japan and the emission control of dioxins has

been enforced to the iron ore sintering plants and some other plants/processes for metals recycling.

In 1997, a collaborative research project was formed by the researchers and engineers of Japanese integrated steel makers and universities,

in order to investigate the behaviors of dioxins and relating substances in the sintering process of iron ores and to search for new technologi-

cal principles for suppression of the emissions rather than waste gas treatments. The project has carried out the examination of previous liter-

atures and data, several plant measurements and tests, experiments using process simulators (sinter-pots) and fundamental researches.

The present paper reports a part of the results of the measurements and analyses of a sintering plant equipped with several waste gas treat-

ment processes. Characteristics of behaviors and flows of dioxins in the sintering bed, windboxes and gas treatment processes are discussed.

Further, the effect of additives to raw materials, especially chlorine-bearing materials, on the discharged amount of dioxins in exhaust gas is

examined based on the results of sinter-pot tests.

Key words : sintering of iron ores; dioxins; PCDDs; PCDFs; co-PCBs; chlorine content; EP dust; plant measurement; sinter-pot; fingerprint; precursor.
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Table 1. Inventory for major dioxin source of environ-
mental releases to atmosphere in Japan: 1997,
1998 and 1999 (including co-PCBs, unit in g-
TEQ/year (WHO-TEF (1998))).

Sources 1997 1998 1999
Domestic waste incinerators 5000 1550 1350
Industrial waste incinerators 1500 1100 690
Small waste incinerators 340~591 340~591 279~481
Electric arc furnace (steel) 228 139.9 1415
Iron ore sintering 135 113.3 101.3
Secondary zinc production 423 204 18.4
Secondary aluminum production 213 19.4 13.6
Rolled copper production 3.16 3.16 116
Paper manufacturing 53 53 53
Copper smelters 491 491 0.46
Crematories 2.1~4.6 22~438 22~438
Steam power plant 1.63 1.55 1.64
Electric wire & cable production 221 221 121
Cement kilns 247 247 2.32
Aluminum rolling 1.61 1.61 1.46
Smoking 0.1~0.2 0.1~0.2 0.1~02
Exhaust gas from automobiles 1.12 1.12 1.12
Others (including release to water) 73 6.8 48
Total 7300~7550 3310~3570 2620~2820
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Fig. 1. Flow sheet of exhaust gas treatment in the plant.

Table 2. Major production parameters of the plant.

Production 9,600 t-dry/d
Blended ore* 10,200 t-wet/d
Limestone 560 t-wet/d
Raw Burmnt lime 120 t-wet/d
materials Coke 310 t-wev/d
Return sinter 620 t-dry/d
Ni-slag 70 t-wet/d

Mixing water 230 m*/d

* Dusts 4%, LD slag 4%, Mill scale 2%, others 4 %
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Fig. 2. Distribution of temperature and concentration of
gas species in exhaust gas.
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Fig. 3. Distribution of temperature and PCDD/Fs concen-
tration of exhaust gas among windboxes®.
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Fig. 4. Congener patterns of PCDD/Fs observed in the ex-
haust gas of the sintering process.
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boxes.
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Table 3. PCDD/Fs concentration of raw materials, mixed
material and produced sinter.
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° 20 0 0 20 700 Returned ore 0.027 0.016 0.043
Cumulative ratio of CO+CO, in exhaust gas (%) Mixture 0.033 012 015
Fig. 6. Relation between cumulative ratios of NO,, SO, Produced sinter 0.004 0.0008 0.005
and PCDD/Fs, and CO+CO, in exhaust gas.
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Fig. 7. Distribution of PCDD/Fs concentration and their ratio during gas treatment.
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Fig. 9. Possible reactions and phenomena occurred in the
sintering process.
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Table 4. Experimental conditions for sinter-pot tests.

No. Gas flow rate  Additives Mixing Coke T.CI content
ratio added in mix.
(Nm’/min) (mass%)  (mass%) (mg/kg)
A—1 Variable PVC 0.18 45 1050
A-2 Variable NaCl 0.17 45 1050
-3 Variable Oil for rolling 0.10 45 50
A—4 Variable NaCl + Oil 0.17+0.10 44 1050
B—1 13 PVC 0.09 4.0 580
=2 13 NaCl 0.08 4.0 580
B—3 13 QOil for rolling 0.05 4.0 90
B—4 1.3 NaCl + Oil 0.08+0.05 4.0 580
Cc—1 1.6 Anthracite 30 1.5 62
Cc-2 1.6 Mill scale 5.0 42 55
C-3 L6 EP dust (Sintering) 1.0 45 84
C—4 1.6 BF dust 3.0 37 90
C-5 16 Anth. + EP dust 3.0+1.0 15 370
C—6 1.6 Anth. + Mill scale 3.0+5.0 12 170
c-17 1.6 Mill scale + EP dust ~ 5.0+1.0 42 250
C—8 1.6 Anth. + Mill scale 3.045.0 0.42 400
+EP dust+ BF dust  +1.0+3.0

®
3
x
i3 Base (1) PVC (2) NaCl __ (3) il __ (4) NaCI+Oil
4
E-)
22
"]
[
g 1
(=]
e 0 0.05 o4
5, Base (1)PVC_ (2)NaCl (3)Oil  (4) NaCHON
€
g 1.6
£
< 4 I I
0  mal® 0.083 0.10 0.090
T, / (e
0 g, 2 f% N 0/ ;as%/%/
S "e., K

%o

Fig. 10. Effect of additives on PCDD/Fs formation.
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Fig. 11. Effect of chlorine content on the amount of
PCDD/Fs in exhaust gas.
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Fig. 12. Enrichment behavior of dioxins due to their recir-
culation in the process. (¢ Recirculating fraction
of dioxins in exhaust gas)

DHEH AT L, BELZ MESEDOETHitEh s &
FhP, ThOITEEAROEL, HRENAHKTIEE
NhHbH,

Fgu@,beﬁuwﬁﬂwuﬁébtﬁ4ﬁ#vvﬁ
MNEOFE FHEH BT T BEE (B) IS LT, BRI
DEAFF L VHOBEEAHEL LD TH D, PO
ald, WA ANBIT L2 Z A 4 F 2 VNPT X
M- D EERIESh, VAL Eh3EEEET.
ARED, ar@OBRATE pro2BEUT ToaE,
ERADF 4 A F 2 VEOBREEH30% L FO LN
CHIRITRE T S B, EViRAIS, PR 2ZLBEOMKE &
Itk DHEH AR A A A F L VEHOMIREES EHLTY, B
OEA/DN XTI A x AFEICRE S 50, BOMEIR, IR
Eheh & 4 & o v EOBR B A RE S K UBR T — F&H
EREIF AU NXEE B, RSB K ONRIEP X
£ %S VA IR/ & < (Table 3), BREZII/PIOLHE
FEAN, ko THIIBR P AEELHR T 2BRICH D L
1605,

KEBTIE, BEBEP 2 FBXY, WFhdPCTT
~ 1 ¥ 4 L 72 O8CDF, 2378-T4CDF, 246-CP (7 0o 7 x
J =) BREARMLUEE Y PARBRICKD, #4AF
VHESOMREERECET AR ET o, G, B
EP# A Fha 4 %y VEORKEEREE (2 -,
H ADISE — (Fig. 4) L BOMIEAH 57280, HXEIC
TACDFs IRE A &Y,

Table 5 ICTRIMIME A Z D £ $HEH 2 IBITT 284 (B
Ad, BCTINRY v LERRERMU Y — 2 TE,
HEF7 Z s D BC THERX X 5 PCDD/Fs ¥ & UFCPs & EL &
BBz Lk prkowohs, —F. BHEEEPF X
FRIO 7 — 2 Tl WEMOBAIZHER L 72 TACDFs &
LnEE, HANBITLEZBERELTBERMLZ,
g4 AFL VBT S BIRRA3Tmass% TH D, {LhH
F TR X VIET 5., Zhis, RRMEEOHS

235 I




I 236

$% &R Tetsu-to-Hagané Vol. 87 (2001) No. 5

Table 5. Fractional amount of PCDD/Fs and chlorophenol
in the mixture transferred into exhaust gas during

sintering.
Congeners added Mixing ratio Transferred ratio (5)
(ng/kg-mixture) (mass%)
T4CDFs in EP dust 46 3.7
13C-2378-T4CDF 200 26
13C-08CDD 142 0.13
13C-246-TCP 20000 40
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