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Analytical Research for the Improvement in Iron Ore Sintering
Mechanism with the Design of Pseudo-particles

Tetsuzo Haca, Akiyoshi Ousmio and Shunji Kasama

Synopsis

: Several pretreatment methods of raw mix have been proposed to improve sintering reaction, such as, melting reaction

of fine iron ores with limestone fines, assimilating reaction of coarse iron ores with the melt, and so on. For optimizing
these pretreatment processes, it is important to clarify the effect of the structure of sinter mix pseudo-particles made
by these processes on the sintering mechanism including the permeability during sintering and the combustion

efficiency of coke breeze in sintering bed.

In this study, analytical research was carried out for evaluating the change in the sintering mechanism with some
pretreatment methods of raw mix, i.e. the ordinary granulation [a), the high moisture granulation [b] and the fine part
selective granulation method of clayish iron ores ([c] : with limestone, [d] : without limestone). Characteristics of sinter
mix pseudo-particles were investigated and sintering pot tests were carried out under these pretreatment methods.

Permeability of packed bed was improved with increase in 2-5mm even-sized pseudo-particles. For increasing the
amount of coke combustion (CO+CQ,), it was also effective to concentrate coke breeze at the surface of pseudo-
particles. The complete combustion rate of coke (CO,/(CO+CO,)) was improved with limestone concentration at the

surface of pseudo-particles as case [d].

Though sintering speed was improved with these intensified granulating process [b], fc] and [d], the strength of
sinter was decreased due to increasing in the cooling rate of sinter in the case of high moisture granulation [b]. By
contrast, in case of the selective granulation [c] and [d], the strength of sinter was improved due to the increase in
melt formation and the decrease of cooling rate of sinter.

Key words : sintering ; pretreatment of raw mix ; permeability ; melt ; coke combustion ; cooling rate ; granule design ; granulation.
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Table 1. Chemical composition of iron ores and fluxes used in experiments.

(mass¥%) (°C)
Material T.Fe Fel Si0. Cal Al,0, Mg0 W T,
Hematite ore A 61.98 0.18 6.94 0. 04 2.68 0. 06 2.10 1352
Hematite ore B 62. 54 0.14 4.57 0.04 2.76 0. 06 3.00 1353
Pisoliticore ¢ | 692 014 578 011 268 008 850 | 1345
Hematite ore )] 63.52 1.85 1. 08 0. 03 1.55 0. 06 4,56 1325
Hematite ore E 63.29 0.13 6.34 0.03 1.52 0. 06 0.98 1325
Hematite/Magnetite F | 6618 89 436 047 012 032 017 i 1290
Serpentine 5.43 2.23 39. 14 1.70 0.77 37.22 12. 45
Limestone 0.15 0. 05 0.35 54. 96 0.13 0. 32 N.D.
Burnt lime o f...0:8L 009 056 948 178 054 000 |
Coke breeze 0.77 0. 00 8.09 0. 66 3.29 0.16 ( C=86.02 )
* CW : Combined water
** T, : Deforming temperature (°C)
Table 2. Blending ratio of raw materials in sintering pot test.
: (massh)
Pretreatment | Ordinary granulation Selective granulation
Experiment Name a b c-1 c-2 c-3 d
Moisture 6.5 7.5 6.5 6.5 6.5 6.5
0G**, SG*** 06=100 06G=100 06=90 ; SG=10 |0G=80 :SG=20 | 0G=70 : S$G=30 |0G=80 : S6=20
Ore A +3mm 1.9 L9 L9 | - L | - L9 | - 19§ -
-3m 10.1 10.1 7.8 0 23| 55 46 | 32! 69 | 41} 6.0
Ore B +3mm 3.7 3.7 87 - | 87T - | 3Tl - | 87} -
-3mm 8.3 8.3 6.0 i 23| 37 46| L4 69| 23} 60
Ore C +3mm 5.8 5.8 58 . - | 58 - | 58! - | 58} -
. S 122 | 122 | 92 30| 62} 60| 32! 80| 42} 80
Ore D 9.0 9.0 9.0 S N A X X R
Ore E 5.0 5.0 5.0 - 50§ - 50 | - 50 | -
USRI, . SO S 5.0 ... 50 .. 00 & B0 80 - 150
Limestone  -3mm 12.0 12.0 9.6 7 24| 7.2 48 | 48 i 12 (120 T
________ Other matertals | 210 | 200 |20} - |lomoi - |eroi - |ao i -
Coke breeze in sinter mix | 3.1 3.1 3.1 - 3.1 - 3.1 - 10 -
Notes : * Without coke breeze and return sintered fine.
** 0G : Ordinarily granulated materials.
*** SG : Selectively granulated materials.
Lokpa—2 XEE/E}%U@.‘ 4 Eaé\ﬁﬂ"??) Imass%— & Uiz [Ordinary granulation (a,b)] Mixer

372, REBEAESLD B L #4112 Si0, =5. 7mass%, CaO/
Si0,=1.8, AlLLO;=2.lmass% t L7z, Zhiz , L
BT REEDEDAIL L 5 BB~ ﬂiﬁﬂﬁ L 7:o

Table 1 (i, ERRTH W 128k8E /A 3 & CRIBRI O FRR
LY OIS ERT, SLA OV T, Bt D
AR & U TR (T,) 2% Hki0 L1z, T, 138812
tRl—DaBEE L L SRR C > THIEL I, T
Db, RFE—0.5mmDERIA L AL R, BEELTS0: 20
CEEAL, B 8Smm, E3HImmOMEEX vy b %
BUYEL 72, 22 BAFNTHIL00°C/mind F-i845 0 F Tl
BLICE SIS, 27 vy MY EBPEKBT 2105 2540
h, T,(°C) &£ L1z,

BELAA, B, ClX, IRA2%EH 83k Gkl R) Tk
A DALO» &, IR D AETMR (HER) DEkEA4D,
E, FCIRTT,YECEATH 5, 2D & 5 L8440
BOMBEREIFOZCEHED LT, UTFCRTERSERR
BEPEBLI, ZOMELEL 2 LR TREEDED, Bk
EBREFEIOZEITT T {, B SR I RIZTHEY
fili L 72,

[ Selective granulation (c-1,2,3, d)]

Mixer

.- Sintering pot test

Fig. 1. Schematic flow of pretreatment and granula-
tion of raw materials for sintering pot test.
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Fig. 2. Effect of granulation degree of pseudo-parti-
cles on the permeability of raw mix before
ignition.
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Fig. 3. Influence of suction air velocity on the com-

plete combustion rate of coke (srue;) for
different granulation method a, b, ¢-2 and d.
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Fig. 4. Influence of suction air velocity on the
amount of coke combustion (CO+CQ,) for
different granulation method a, b, c-2 and d.
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( Suction air velocity : 0.53~0.58m/s )



WLSEBIEHVMEMNTHS LARTS 5,

Fig.5 23T, 2 DAY O FR QLD & 3l
T 5L, BEBRIIUEERMDTIR, B2 —2 20HE
PR FHE~DIE E b AADREH RS (, HE4a L Y IRBE
CEMVETT 5, #Hta, I X8, BINBRZHEML 2c-1,
2, 3, dT, BELRIE S Lk 2 — 2 2 DB - NER
~DW T HYALDRE L T, BEBCEYEILT 5,
3:2:2 ¥ a— 2 RELMBEREIO R ENT

Fig. 6 12, 58 2&BRBER O FHl 7o ST D 12 8 12, BRI |
R #0.53m/s—E & L TER L 728ER O IR R & 7
T R LURL F — 0. Smmbr 53 DCa0/Fe, 0, TH b,
0.5mmbl ORI DR FWNEB~DAIKADH L hiAAL
A GBS, CORBREART S, ZOMELTESH
B L ORI IEFig. 6 R THROCHEE R LNE, 2D
Eh G, ARG RELRFRECEACAD T, kR
BERES LS 2 LT, TEBRBEIRFS NS LHER
Ta 3,

Table 2 I RT BN EGEED? G, COBRBRIUTOL 512
ZEIND, RAFERPDOEALO ML, BRIF L EhE%
SETRLEM 2L A i N30T, RIKAY IO LA
T 5 LR FREICEL VAR T RS, LICh -
T, BRI FHE~DORIKADEE VAL TR DL (L
5 DI, £ TORIKARELEEH DL I KALO 5 =
L TC2BIRERAD r —ATH 5, EIRERICIE, BIK
HD—EWHEALO, DRFGER AL AD LN T DT,
EALOEBAFCFEL TV A RIKARIXAL b w, BE
HEhiady & UbldB—RAIN TV 2DT, ARG OHE{K
FHE~OH 3 Y AARIR, ERUKFZEL E0 & 5 HHAL
TIaEELDOHBBLYZ T 5,

—F, BEE € RICB T B MIREBRRICIREIA A
IR L DESA»GREE 5 2 L H 619, CaO/Fe,0,D KNIk
ANT Y b7 2T A4 b (CF)RBMIBAEBRKIB KRS LRE
5% 5, L ->T,Fig.6 &) aHa—27 2D%EK

84 -

80 |

NFuel [CO2/ (CO+CO2) X 100] (vol%6)
3
¥

(n=14)

78 i I {
0.10 0.15 0.20

Ca0,/ Fe203 in —0.5mm pseudo—particles {(—)

Fig. 6. Effect of limestone concentration at the
surface of pseudo-particles on the complete
combustion rate of coke (7rye1).

( Suction air velocity : 0.53m7 s)
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Fig. 7. Influence of suction air velocity on permea-
bility in sintering and cooling rate of sinter
for different granulation method a, b, c-2
and d.

173 .



M 174 &% $RVol. 83(1997)Ne. 3

c-2

< B ®
3 d
8
E
5
g O a
2 x
R
& 5}

1 1 1 .

26 28 30 32
Productivity  (t/m%d)

Fig. 8. Influence of productivity on strength of
sinter (SI) for different granulation method
a, b, c-2 and d.
( Suction pressure : 10.8kPa )
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