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Promoter Material and Inhibitor Material for Dioxins Formation in Sintering Process

Takazo KAWAGUCHI, Masaru MATSUMURA, Eiki KASAL, Yasuo OHTSUKA and Hidetoshi NODA

Synopsys : Raw materials of the iron ore sinter contain certain amounts of carbon and chlorine sources, which are indispensable elements to form diox-

ins. It has been also pointed out that the properties and contents of the solid fuels and chlorides in the raw mixture significantly affect the

dioxin emissions during the iron ore sintering process. However, their control is not always practically possible because coke is the main fuel

of the process and chlorides are unavoidable impurities contained in the raw materials. It has been reported that some substances act as cata-

lysts to promote the formation of dioxins or as inhibitors to suppress it, although the detailed mechanisms have not been comprehensively un-

derstood yet.

In the present study, the effect of the various additives to the raw mixture was examined by some series of sinter pot tests. Especially, cop-

per compounds, e.g., metallic copper, copper oxide and copper chloride, were employed as catalysts and ammonia and its relating compounds

to release the active nitrogen components in elevating temperatures, e.g., ammonium sulfate, urea, ethylene-di-amine and mono-

ethanolamine, were acted as inhibitors. Further, the effects of the kinds of lime resources and iron ores on the dioxins emissions were studied.

Key words: sintering process; pot test; dioxin concentration; copper content; ammonia; urea; amine.
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BRELT Y —ZRIZH - TR, FEREEGEL Y2V A Y
PESICEDITEERETEL, AdtA0kgl BB KIS
BlA L7, BERORZEIZOWVTE, ZTOEABREBHIEM
AL, FIA3IFH—IcBAL O 2minBRA L, £
LT, ERDEDITKYERNT 508, KEERAEIIO
Ky LREA LT, BEAFMEmICHEMLL, Z0O%, F7
L 3 % — % 5SminfEEER X B CERAFBEZER L 72,
2.2 RMEAFERHE
2-2-1 CulRADOWMEF

Table 3 1Z7RIIT 3 BREDO LB LB 5. BEAFMNSD
SHETET B Culk S DHEH 2 PSCDFsIREICRIZTRE %
FEET -9, BE11Y ) —XI2B W TERE Cu(m-Cu)ilk
ERA . CuO REM K % Cuk T 400 mg/kg TR L 7= 8
Bak R L, CulZy D&\ #k8i (Ore E) BBRELAD 7 —
2 RMRMODr — A L Lz, TDY Y — X TIFKCIK

YRIETCIER & LT 40mg/kg ZRMIL 72,

Table 1. Blending ore ratio and addition CI con-
tent in sinter mixture. (mass%)

Table 3.

ekt T 0 2T B 1T B A A LV EEROIREWE B X UHHIT

7 EA12VY —XITHWT, CuSO,MER K% Cu
.5 T 400 mg/kg TR L - $aRER & e L, BIHRMO 7 —
LWL, 2OV —XTREF LA P TCRT L
L T 104mg/kg ML 7=,

X5z, A3V Y —XITBWT, CuCLiREKER%
CuK /% T 40 mg/kg, CLUE 5} T 44 mg/kg RN L 7= $HRAER & 52
ML, CulRD B LU CURS 1SR & & 5 KCIEAE KB’
BXUCIOREBEABMLr — 2 &, BCu$kdih
(Ore E)HIRF A D 7 — X 35 K UERMO 7 — 2 & KL
77
2-2-2 CaORADTHME

BoA BRI TEEST 5 7 V) — CaO T DHE A 2 PSCDFs
EEORBSRAFETS-0, A4V —XIZEWV
T Ca(OH), A H HK 2.2 mass% & CaOR A FR ThIRA L
Hi L -MRBEERLER L, Z0Y ) — X TIEKC
YA T CLR Y & LT 200mg/kg @R L 7z,

Conditions of added materials in the sinter pot tests and
PSCDFs concentration of exhaust gas.

Blends series 11,13,22 Blend Series | Test Addition elative rate
NO. 15—18 12 14 19 20,21 NO. Solusion amount P5CDFs Rof PSCeDr;s
OreA - 25 - - - (*powder) (mg/kg) to the ore (ng/Nm3) )
ore® A B2 B Bl o = = 69 1.00
OreD 13 7 13 13 29 Blends 11 111 *m-Cu Cu=400 |whole mixture| 670 9.7
OreE 16 7 16 16 . 112 *CuO Cu=400 |whole mixture| 890 12.9
OreF 21 - 22 21 22 113 NH3 N=1178 |whole mixture 4.3 0.06
Serpentine 2 1 2 2 - (Blends 243) | 2431 no — — 410, 430 6.1
Dolomite - 2 - - - B12 no - - 33 1.0
Limestone 13 I 12 13 K Blends 12 779 *CuS04 Cu=a00 | whole mixture[ 180 5.5
chum e BI3 no - = 140 1.00
ol e Tt T o 100 100 Blends 13 | 31| (NH22€0 N=100_|whole mixture| _ 49 0.04
EP dust aL SP ' - = 04 04 encs 132 | *(NH2)2CO N=100_|whole mixture| 4.0 0.03
dust at BF - 30 - - - 133 | Oil + (NH2)2CO_| N=100 |whole mixture| 3.5 0.03
Addition Cl(mg/kg)  +40 +104 4200 _+18 +18 134 *CuO Cu=40 |whole mixture; 310 2.2
135 |CuCl2(without KCI)] Cu=40 |whole mixture| 310 22
(Blends 243) | 2432 no - - 490 3.5
Blends 14 B14 no - - 540 1.00
141 *Ca(OH)2 22,000 |{whole mixture 210 0.39
Table 2. Blending ore ratio of sinter mixture in Blends 15 |-BlL3 no - - 69 1.00
the tests used various iron ore brands. 11;51 2 NH3 N=1178 } whole mixture ‘1‘-130 ?gg
o, no - - .
(mass) Blends 16 ¢ NH3 N=412_|whole mixture| __1.8 0.02
Blends series 23 24 25 Blends 17 B17 no - = 110 1.00
Test NO. | 231]232|241{242|243| 244|251 1252|253 | 254|255 171 NH3 N=412 |whole mixture] 18 0.02
Ore F 21 21 (Blends 243) | 2433 no - - 930 8.5
Ore C 22 122|22(22}22 (Blends 243) | 2434 NH3 N=412 |whole mixture] 8.1 0.07
Ore D 13 13 BI18 no - - 62 1.00
OreB |22 2|72 s|sls]s]s 181 NH3 N=82 |[whole mixture] 28 045
OreE [ 16 6] |7 Blends 18 |82 | (NH2)2CO N=40 |whole mixture; 4 0.06
Ore G 7 183 (NH4)2804 N=40 | whole mixture 32 0.52
Ore A 50 184 NH4C] N=40 | whole mixture 86 14
Ore H 50 185 | Ammonium water [ N=40 | whole mixtur 48 0.77
Ore 50 B19 no - - 46 1.00
OreJ 72 50 191 (NH2)2CO N=13 |whole mixture 21 0.46
Serpentine | 2 | 222122 |=|—-|—{—|= 192 (NH2)2CO N=40 |whole mixture 1.5 0.03
Limestone | 13 {13113 {13 |13 1311 [11 11} 1i}1l 193 (NH2)2CO N=40 EP dust 1.5 0.03
Dolomite | — | — | =~ —1—121212/]2 Blends 19 194 (NH2)2CO N=40 coke 2.0 0.04
Returnfine | 131313/ 1313 |13]10{10{10]10] 10 195 (NH2)2CO N=40 OreE 20 0.04
Sum 1001 1001 1001 100( 100{100] 100{ 100| 100] 100} 100 196 NH3 N=40 | whole mixture 25 0.54
Addition Cl +18 +40 1o addition 197 |Mono-ethanolamine] N=40 [ whole mixture 2.6 0.06
(mg/kg) |(EP dust) (KCI 198 (NH2)2C2HS5 N=40 |whole mixture 1.9 0.04
B20 no - - 46 1.00
Blends 20 201 *Activate sludge | Sol.N=40 [ whole mixture| 7.5 0.16
Blends 21 B21 no - - 34 1.00
211 *Activate sludge | Sol.N=40 | whole mixture 8.3 0.24
B22 no - - 62 1.00
Blends 22 =)\ ™ *Quick lime | 10,000 |whole mixture] 41 0.66
(Blends 243) : Blending with only Ore E as showed in Table4
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AL R TFE 3 5 N D HE# X PSCDFs M2 D
WHRERHEST 5729, BAE11Y) — X, BE 15~KE
19V ) —ZZHNWT, TV EZTREARE LY NR T B
T40~1178 mg/kg®mM L 728k BR &, R BRE KB K
((NH,),CO) & N7 T 13~100 mg/kg BRI U 7= $a ik Bk 4 32
fEL, HEL 2,
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BLHBRLZ, 202 1) —- X TIZKCIAEK T CLRS &
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W—ICIREFEARBEREARMT 20 TR AL, 2EN+EAT
BENZ, EPX R M, I—2 X, &Cufifa(Ore E)DZhZ
BB R T AKIER A RN U 7= 0B % 470y, BRI N RS
DBFRAOBELE L, 2D Y —X T, EPX
A FTCIET L LT 18 mgkg ATRMIL 7=,

2.3 HIMAHWEERR

BLA23~FlA253 ) — X T, SR AEEEHEL 7-
BERGSEABR A 1T, BARRO TCIKS, Cula B LU
KEENB S DOYEH 2 PSCDFs I RIT T B8 4 /A L,
AR B 7T D PSCDOFs RIS IZ RIF TR L W L 7=, i
LU 72 8kFA D T.CI 5, Culik % ¥ & UVKIE N 4% 4 Table
412, FlAZK% Table 212 F,

72, NP2 EHTA2MEELT, BA182 Y —X
TRI—- 2ATHTRET 2RKE, BLE20, BEL 21
U — X TIZ T ARLBS TRAE L - RROEMER Y, &
BBV Y - X TEBERREAESFRNCIRMU 72 655 8
B A FEL, KRR A L 72, ZARIZIZEADONG
HWELAEENDD, CIURDEED SN S, HMEIENK
S T40mg/kg & U7z, WEMWHRISERH T, LEMTIT
N7 71 6.0mass% TH %, WEEEIEIZEH LA, KA
N7 1.37mass% & K<, Z Z T3 AKE NS 4 40
mgkg LA SEAEHRML 7=,

EHIC, BAH2Y) - I TRHAKAE2EAIKIZ CaORK
57 T 1.0mass% B 48 U 7= BERS SRk BR % 2 L, Ca(OH),D
KashREe B L 72,

2-4 EHEESOMIEE
2-4-1 IBIFRCHERS

0.25mm LU MIZRE U 72300 2.0 g 2 IR ARSI IZ & K
BClad L, KBEWlEA A v r7u~ VETERBT B L
L8, KB Th BIKAE 1200°C THRBEL , NaHCO,
KBEBR TR E A A 0w PV ETERL, M543

LCTCIZEH L7,

2-4-2 §H(Cu)R5Y

0.25mm LU F IS8R U 72580K0.5g & BULEE U T, EHEWR
MEIZ & % ICPS BB 4 # & 474, R TR 10mg/kg L
NNLETHML 72,

2-4-3 KEEFE(Sol.NYEKR T

0.25mm L FIZBHiE U 723808 4.0 g IR A S I L b K
WML, KB A SRR L -1, OB AT,
H,BO, KB TR L 7 I FIiBE CHEER L 7=, &,
SHEE FIEZ ANZBEIIRE - 7 I VA EET 272
BDTHY, IR E X OEHOFEEM I IS-G1228 127K
SNBDTNGHIZ BT SBAMBEONELILF—Td
5,

3. KEBRRER

3.1 DXNs&ERDRE - HFIRIR & LURKH/ N4 — >
DEE
DXNs (2358 4 DEIEEBTEAES 5 55, S¥hakEss 7o
Y 2281 2 HE A A DXNs D RIEARDO R ILRIE, 131F—
EEENBY, Fig 11Zid, BIMFRYICBWTAER L
[Al-— ClR 73 R L ~OIL T Cu 4y %2 NEC AT % 7RI U 72 WA
BER (N—ZFA LIRR) DHRERES 2 B DXNs
MER D LCABREERLEELTRT, 2L T, KAERICK
7 % DXNsZERAEEDHI & LT, & Cufifh (Ore E) BilkE!
£ (Test. No. 2431)DHEH 2 DXNs D M % B B & ORIIEE
WL AR T L & 12, DXNsAERIFIOFE LT, R
FRAREE IR (Test. No. 192) D #EM S & I & O FIEARMER
WHEERT, Ore ESFLAHIRAIA 13N — ZAFIA & Hs L
THUEFEEN 175 LA L, PCDFs DR IEZETIZE CIF
RAKLEE M 2 @A R o 55, BmkRE Uik
DI TH 5, EURIZIZNAS DERERIIZHIBL TS,
F/o, REKRBIEEMIN— ZEE & L CEMSRE R
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Fig. 1. Effect of Cu and N content in sinter mixture on the
concentration and congener pattern of dioxins in
exhaust gas.
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DXNs JRIE 512 PSCDFs 2 & D FEfii§5 Z &2 L 7=,

B SMEAER I I 1 B HEH 2 D PSCDFs 2 4 Table 3 127K
T, REBEFETHRRALSIZ, BEAL Y — AR TRER
BoAWENR LS Z L EH D, HEH 2 PSCDFsIRE IZIH

—BLEERMETH > TEMEREE L TESFIET S, 2T,

Table 3 TIZFAIEMEIR /~ — X (Table 39 B)PD P5SCDFs &%
A1.0& LT, REFMTr — 2D P5CDFs BE DEE %R
L7z, B, BBV —X2E%Kk 54 — 2D P5CDFs i
EOFHIIZDWTiZ, ZDP5CDFs BD B S THERT
5Z L2795,
3.2 CuB9dOE

Fig. 212, CuOREDIRME & 2L L 724584 D PSCDFs
R ERT, ClORIMEDRNMIZ & > T P5CDFs {53 38
m¥ 5, 72, Fig. 31I3EE 132 ) — X2k T 5 CURS
6] L XL T Cu O RN, CuO KR, CuCl, KT
¥ & U'& Cukfifr (Ore E) BIKEDA D HE T 2 PSCDFs iR %
ENT . Cufk DIRM ¥ & U Ore E L HL A HIKAI A,
PSCDFsiRE % FH 22 %, HRIMCuk 7y DREEE LT
CuO¥I KR & CuCL, KB % I 5% &, PSCDFsifE - %
Mo E W, UL, Ore ESHLABHIKREASDER Cu
B i CuO B R & CuCl, KRIEHRD Culk 7 & D & KA - 7=
26 b5, PSCDFsIREIFEWRERE L, &5
12, Fig. 41213, CulZRMICBI# 38 A ) — Xtk
t} B HE4 X PSCDFsIRIE DREMAEE £ §, Ore EgLFLH
HIKAL A XA CuCL, R CuORM & 0 S {K CulREIZ & »
PH 56T, PSCDFsfENE NI L FMERE I N, 7=,
PRI Culk % A% +400 mg/kg L v ¥ TiX, A CuOD
PSCDFsf R 2 & <, &BH A CuO, BAK CuSO,DIEIZ{K
{ZE->TWwW5,
3.3 N2 $H LU CalOH), kA DEE

Fig. 512, 7 ¥V & = 7 KB (NH) K & U IR E KB 1
((NH,),CO) & iR L 7= #35RBR D PE # 2 PSCDFsf5 £ % 7R3 .
WG D ERMTPSCDFs 533 RMFITIEM L 7228, R
FARBR TR 40mg/kgmMT, 7 v =7 KBE T
400 mg/kg IRMITRERIT 01 LI T & k572, £72, Fig. 6i=
i, BRFE - 7 I VHE LTREKRBE, = FL VT IV
(NH,),C,H)KBHRB XV E/ T4 ) - LT IV
(NH,C,H,OH) K& & D PSCDFs DK R AR T & & &
2, TYESZTHELT, Ty EDTREHE, RET VE
=7 LKA TE (NH,),S0,), ¥ K OIEILT v & = L KB
(NH,C) DK R AR L 72, RF - 7 I VHOIWER
RIMNBEE 5 40mg/kgFEE & 22 b 654, PSCDFs#RE I
K<, fFERTOIL T EEBIRIIAE, 2L T, 39
BRI I KA RO ZITAE TIE 0,

—F, TYEZTHOT v EZTRER, g7 =
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Fig. 2. Effect of the amount of CuO added to the mixture
on the PSCDFs concentration of exhaust gas.
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Fig. 3. Effect of Cu in the mixture on the PSCDFs concen-
tration of exhaust gas. (Addition Cl=+40mg/kg)
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Fig. 4. Effect of Cu in the mixture on relative rate of
P5CDFs concentration of exhaust gas. (Addition

Cu: mg/kg)
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Fig. 5. Effect of the amount of N added to the mixture on
the PSCDFs concentration.
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Relative amount of PSCDFs (-)

N or CaO addition / no addition

+100f +1%
mg/kg+%%
s+ T < 5 % 5
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|—Reagent solusion——j I—Materia]—J

Fig. 6. Effect of the urea, amine, ammonium and free lime
addition to the mixture on the PSCDFs concentra-
tion.

LU, RESRRED L -7, ZHIE, BT v E=
7 LKBHIZEEND ClIEST (NED251F) OREICK
230 Ebhb, BAAKIZ, NKT40mgkg 2R L CIK
M2 100mg/kgmRIME N Z L1240, BIEDD CLUR TR
MEDOPEH 2 PSCDFs R I MITTHEBRER» O HER T 5
&, CLEAEIRIZ K D PSCDFs ¥R IE 200 ng/Nm> FE 18 & &
%, U724 > T, NH,CIRMOD PSCDFs #ié% A3 86 ng/Nm® &
W EERFER A S, NH, 4 4 ¥ OIKIEEIRIZ 0.5 5F2% T,
LD T V=T KBEERPHEE T € =T L KETERDIKI
MREIFIFTEL XL TELA LTS,

%72, BCu#k¥ifi(Ore E)HBRECARIIRICK T Y, 7
vEZ T KB ETRMU 727 — Z(Table 3: NO. 2434, NO.
2435)k K IR FAKEWE 2 WM L 7= 7 — Z (Table 3: NO.
2436) & 12 PSCDFs fiF3RIZ AIRIZIK T L 72, EAFRHZIE
HEH SO0 mg/kg AR L 72 Rit2IC B VT Y, FREKBHK %
WML 72 — 2 (Table 3: NO. 1333 EAEMER L ~ILE T
PSCDFsRIEIZME T L7z, lE&kD, RELEENEGEME
@ DXNs’EB O PIHI R IE, DXNAERK & (e % EHK T
&3 CIERS, Calr, MAOWTHIZEEWNTH 5,

X 512, AFE Ca(OH), MK % 2.2 mass% I L 72 R %
Fig. 6122 T/ 9. Ca(OH), fK & HEH A PSCDFsiRfE %
BT 23R ERTH, RE - 7IVEPT v ETHE
BT USRI RIS 2 KEEERISER I 0,

Fig. 74213, FRFBHRMO DXNs I x # = X 2 ZFHET
57:%, REOFRHIRFRI A ZE L - sl R e
AT, ECudifi(Ore E), Ml —2 2, BKXVEPH X b
ICEFEICEML 20T r — 2 HEH X PSCDFs 28
12X EL, £, RABOESENIH—FML =T —
ZDOHPEH 2 PSCDFsIRE & & Z 3D 6 hixiy,

3.4 EFEEAOEE

Fig. 812, $k¥iFsoiid K O RIAd A TLR & 2550 L 7= #iadk
BRlZ B\ 5 2 PSCDFsIRE DO FRER 2 /87, BLA R
D CURS & B Z BT 5 L BE4A2B/RWT, Qo L
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Fig. 7. Effect of the way of addition of urea on the
P5CDFs concentration.
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Fig. 8. Effect of iron ore brands on the PSCDFs concentra-
tion.
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TH5,

72, NROEEETHERE LTRK, mEER, B
KIRFEATRML 727 — 2 OHEH X PSCDFs K sak%h R % Fig.
62T, MBAETES TENKDEEHTIWEDOR
iz, HEH 2D PSCDFs KW R FER SNz,
72, AIKAEEBERIK(CaOY B L 2B ADOHHN X
PSCDFs #IHI%h R & Fig. 6 12T . BHEAKOBERIZEK S
e 2 PSCDFs 2% DK R & HERR S iz,

4. EE
4.1 BEFHCURDICLDDXNERDRELA =X L

Fig. 912, B#E 70 ¥ 21261 3 BERBNO B IKIGH &
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Fig. 9. Concept of reaction zone, heat pattern and behavior
of Cu, NH,, Ca(OH), and dioxin in sintering bed.
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Table 4. Trace chemical component of iron ore.

Brands T.Fe T.C1 Cu Sol.N
mass% | mg/kg | mg/kg | mgkg
Ore F 63.4 75 10 13
Ore C 59.3 33 10 18
Ore D 64.2 12 10 13
Ore B 572 36 10 19,
Ore E 679 22, 40~70 12
Ore G 64.4 404 30 11
Ore A 62.3 80 10 12
Ore H 61.8 280 10 19
Ore | 61.9 720 10~40 1
OrelJ 62.5 57 20 52
Airation sludge - 800 21| 13700
Ammonia water — 2310 — 4670

Table 5. Metal content of dust in the exhaust gas at sinter

pot test.
Blends NO. 251 255
Main Ore Ore A Ore E

Sinter Cu (mg/kg) 20 50
Filter dust Cu (mg/Nm3) 0.093 0.034
(mg/kg) 3,000 2,000

Filter dust Pb  (mg/kg) 11,000 21,000
Filter dust Zn (mg/kg) 5,000 2,000
Filter dust Na  (mg/kg) 29,000 14,000
Filter dust K (mg/kg) 149,000 106,000
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Fig. 10. Released NH, concentration from sinter mixture

added urea and ammonium under the condition of
rising temperature (10°C/min).
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