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Influence of Alumina Component on Melt Formation
in Sintering Process and Sinter Quality Improving Technology

Yohzoh Hosorant, Norimitsu Konno, Shigehisa Kasuto, Mitsuaki Kiramura and Tefsuya Ase

Synopsis : The bad influence of the Al,O; component in sinter on the product yield and the sinter quality has already been verified
through the experience acquired in the actual operation. It is also reported that much research has been conducted on
a technology for minimizing this bad influence of the Al,O; component in sinter.

A method to suppress the bad influence of the Al,Os component on the product yield and the sinter quality was
examined. The purpose of this method was to form a crystal embedding Al,O; component in a silicate slag phase, while
preventing a rise in the melting point due to the Al,O, component.

The adoption of a method which mixes FeO raw material at a high rate in combination with the use of limestone

coarser than that previously used has raised the product yield and improved the sinter quality as well.

Further, with

this method, a eutectic microstructure made up of “Magnetite + Fine calcium ferrite + Silicate slag” has been increased

in sinter.

The Al,Q; content in the eutectic microstructure is more than twice the average content of Al,O; of the

entire sinter. This condition is such that the Al,O,; component has been embedded in this eutectic microstructure. The
increase in this eutectic microstructure of sinter has resulted in the improvement in the product yield and low-
temperature reduction degradation index (RDI) of sinter.

Key words : agglomeration ; sintering process ; iron ore sinter ; limestone ; alumina component ; reduction degradation of sinter.
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Role of scale
(1) Increase in magnetite
(2) Generation of silicate slag

(3) Melting point decrease of
moliten slag

—— Role of coarse limestone ——

(1) Generation of fine calcium

ferrite with high Ca0 content

(2) Increase in bed permeability
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Effect of the combination

of scale and coarse 1imestone
(1) Increase in magnetite and generation
of silicate slag
(2) Generation of fine calcium ferrite
with high Ca0 content

L

Increase in eutectic structure of magne-
tite, fine calcium ferrite and silicate

slag in sinter

Fig. 1. Effect of the combination of scale and coarse limestone.
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Fig. 2. Schematic flow of the limestone crushing
apparatus.
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Table 1. Results of sintering pot test using scale
and coarse limestone.

Base Test 1 | Test I [ Test I
Scale ratio* of raw materials 0 10 0 10
(mass%)

Mean size of limestone (mm) 1.7 1.7 2.7 2.7

<under lmm (mass¥%)> <45> <45> <0> <0>
Productivity (t/(h-m?)) 1.68 . 1.55 1.76 1.72
Product yield (%) 74.3 80.0 73.1 76.9
Tumble index (%) 50.2 48.3 48.2 54.5
RDI (%) 27.5 30.0 24.6 26.0
JIS-RI (%) 65.8 65.5 66.8 66.3
Fe0 in sinter (mass%) 6.3 8.6 6.1 7.9
NOx(0215%)** (ppm) 182 176 202 189

* Note: Without coke breeze and return sintered fine.

** NOx{0::15vo1%):Value corrected at 15vol¥% of oxygen concentration of
exhaust gas.

Table 2: Sintering performance at Nagoya No.l
Sintering Plant.

Base Test A

Scale ratio of raw materials (mass%) 5 10
Coke ratio of raw mix (mass%) 3.7 3.5
Productivity (t/(24h.m?)) 37.5 37.9
Product yield (%) 78.6 79.4
Tumble index (%) 68.4 69.3
| RDI (%) 28.2 27.0
JIS-R1 (%) 64.3 64.0
FeO content in sinter (mass%) 7.2 v 7.5
A120; content in sinter (mass%) 1.99 1.92
Ca0/5i102 of sinter () 2.01 1.98
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Table 3. Sintering performance at Nagoya No.3
Sintering Plant.

Base Test B Test C
Period (d) 30 30 31
FeO ratio of raw materials (mass¥%) 2.95 3.4 5.22
Mean size of limestone (mm) 1.84 1.99 2.16
Productivity (t/(28h.m2)) 34.7 38.7 39.8
Product yield (%) 82.6 81.9 83.2
Coke breege consumption (kg/t-s) 46.5 51.8 46.1
Quicklime consumption (kg/t-s) 5.3 23.9 22.2
TumbTe index (%) 67.0 64.4 64.2
RDI (%) 35.4 29.7 28.2
JIS-RI (%) 67.1 66.2 66.1
Fe0 content in sinter (mass%) 5.93 8.40 8.04
A1:05 content in sinter (mass¥%) 1.85 1.81 1.82
Ca0/Si0. of sinter (-) 1.79 1.90 2.06
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Ordinary operation

Test operation

M :Magnetite
H :Hematite
CF:Calcium ferrite

Fig. 3. Microstructures of sinters.



Composition calculated based on EPMA
result (mass%)

Si0, | Ca0 | Al:0s Mg0 Iron M :Magnetite
oxide | CF:Calcium
ferrite
1* 30.6|32.8{ 5.63 | 0.22] 29.5 S :Silicate
2%* | 14.3(17.4| 6.19 | 0.37 | 60.8 slag

* : Analysis of area'l (Calcium ferrite and slag)
**: Analysis of region 2 (Calcium ferrite)

Fig. 4. Photomicrograph showing the eutectic

structure of sinter.
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Total pore Mean pore
volume (=300 m)/diameter (<300 m)
(cm3/g) (um)
Base 0.0185 0.1550
Test M 0.0196 0.1344
80
Heating speed : 7 °C/min
Gas content  : C0309% +N,709%
70
,\\ —O—— Base
S - - —-Test II
g 60 F
[ =4
(<]
b
3 sof
&
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40 Base - -5 mm
Test II | 10 mass%* 5~ 1mm

L

'R,atl;o of raw materials
1 L

1,150 1,250 1,350
Temperature(°C)

30
950 1,050

1

1,450

Fig. 5. Reduction behavior of pot test sinter above
1000°C.
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A(Base): Ordinary operation

B(Test): Operation with increased FeQ in
raw mix and mean size of limestone

Fig. 6. Diagram of cooling process in Fe,O;-CaO
system in air??.

3 -4 {KRDI - BFeOBE#E L BE

RO & ek L Ry (8kHE2.5t/d/m?) # K 2 s 109
AW E 3 A CERDI - S FeOBERS S # B L1c, 27
Ay =PRI ARA ML (2 Fva2PFRE) OREA
PRMAEI, 36a—27 ARSI L ASERED T
S OERIKEAEMIC L b, BERNIEEST P &SaE
PRPLERIGIAFRDO N NE—~ I L2, 2005 DA
BbETFeOv v 8 %tk T LA 8¢ T, RDIF &E
L72.RDLIX30% itk % BREICHE L THRBT 5 2 LTS,
SO EBRECEIRT A 2 LTS 1, 2 OBEROB
FEELAHAE P EBAMGEBIZE T A L, NI THHLIL T=24
ZA D HHHCEF+ R 527 AEHEEHT I L T T,

LB DSIO, ZRIKT 5 b, BB EPRDIYEALT
B ERBAMONT 5, 2 DA, FeO-SIORR 52
IESIO, T b BEZ AR T 27 6etEdD D 5 DT, EFeOHE
B 138 ESIO, ZIKSIOM BENT 5 5 WREMED D 2,
KR 5 7 BeESL am T 5 A0, BFeOER 2 BEARA
KARKIAL, 2L TZ2RCOMAADELRED L b BEEL
RoTKBEHEET B,

4. B8

- ALO; DAL B, PRSI E ~ DB E
TAHRRELT, T2 A ZA P+ ANE Y AT 254

b+ A5 7 RO E b ALHN (TFeORBISE A +AIKA
MR LI DM AA bR D THRER T & (512 THEER
THET L, LT EEr,

()T=ZA%4 VBRIV VL7254 b+RT2
MO E Y IAAT, ALO; DK SHHE, Bk E~DER
BEIHIT S 5, "TFeOREIEELA 11 L TFeOlFRL S LA +

AR L I A A b IR AR X BN S €, BB E

m_ bR tkE gL EIm b, NOKREIRZ b 126§, 868
"FeOIRBHREC & + A IR b R A A bR, & O
Lo, AEErHERET 5,

(2)F=Z' A4 P+HA NS T L2254 P +R527
ARG L, ALO VRS SE FHEAD 25U LEH 3N S
2 t EPMAGHICHERR L 12 AHER D T A v o T 0 7
74 P+ AT 27 I ALOYE CAD 6 IckEEI e 5
DT, AL,O; DR, BERGILHE~DEHBELIHIT S
BEELOLND,

(3)TFeORRHEBCA + AIKGHBALI DM A A b EED
THHEERRT, BaB1.3% Mk, RDI1.5%eE L ¥ OFE
THER LT,

X 3

1) B3R, MGFE= | 8% L 4R, 75 (1989), 1957.

2) Kk K, RMTEMAL, (LREEKED D 8K L&, 58 (1972), S48.

3) BHKR, BEES, LWTFR—, WWA—1E gL, 66 (1980),
S697.

4) BRR—, Wk 35 NEEIEE . gL, 57 (1971), S385.

5) fexKEe, HEFEXR, E@E—, PiR3ER LM, 59 (1973),
1209.

6) MEFT B, SRR, MGHRE gk L&, 69 (1983), S119.

7) FLEBE, X FE o LE, 68 (1982), S89.

8) F_=p, FHXS {FK&RE, 31 (19791, 1.

9) MYPHEZ, SAARFEF, BREMN, S R, EEBE | FIR54E -
1583, #ill—5614, (BEFO574-2H).

100 N, FEAELL, FRMEK, EEBE  Met>eex, 3
(1990), 1066.

1) A %, 85 E, SHEFEAN, ETEHE 2 L6, 70 (1984), 512.

12) JE bR E, M T, HRIBE, BF A M RMBRER, 34
(1984)4, 22. ’

13) Li-Heng Hsieh and J.A.Whiteman : ISIJ Int., 29 (1989), 625.

14) R.A.Button and P.A.Lundh: Ironmaking Steelmaking, 16

(1989)3, 151.

AT, mer 8, fAtE—, LINEXR, SEEM C $ L,

78 (1992), 1021.

16) FRMW=, KEEEK, BH —, ENIEX, FNIIEE, S48 !
&k L8, 71 (1985), S805.

17) NAE=, T, FlE B, SHH= 8k LHW, 76 (1990),
1642.

18) AT, RIHALSR, 2] & B & FBREMN LM,
73 (1987), S768.

19) FHBIH, MBIEE, Wek=, B F: 8 L#H, 68 (1982),
2200.

20) KARSHE, BUSE, KFFEE gL LM, 72 (1986), S86.

21) AEThk, MIEEE=, W —R, ¥t B FRARIL | HE5ME -
No.2056, (FR84F1A).

22) A.Muan and E.F.Osborn : Phase Equilibria among Oxides in
Steelmaking, ed. by A.Muan et al., (1971), 81.

23) P.R.Dawson, J.Ostwald and K.M.Hayes: Trans.Inst.Min.
Metall.(Sect.C : Mineral Process. Extr. Metall.), 94 (1985), C71.

24) AETE, WHEERE, SRMEE, BERE, WEEWE ML
a2, 6(1993), 18.

15

~



