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Mineral Forming and Its Composition Model for Iron Ore Sinter
Shun SATO, Takazo KAWAGUCHI, Minoru ICHIDATE and Mayumi YOSHINAGA
Synopsis:

The minerals and their composition of iron ore fluxed sinter are important factors on sinter qualities as
the constituent of the matrix. The present work was carried out to predict the produced sinter mineral com-
position (hematite, magnetite, calcium ferrite and slag) prior to sintering with the use of material imforma-
tion. On the composition of sinter minerals, hematite and magnetite are determined with the iron oxide form
and coke content in mix, and calcium ferrite and slag are influenced by SiO, and Al,O3 in mix. The model
prediction was in relatively good agreement with the observed values by quantitative X-ray diffraction

analysis.
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Table 1. Chemical composition and size distribution of raw materials.
" Chemical composition (wt%) Size distribution (wt%)
aterials
T.Fe FeO SiO, AlyO3 Ca0 MgO TiOz C.W| +7m/m 7~5 5~2 2~1 1~0.5 0.5~0.25 0.25~0.125 —0.125
A 67.4 0.1 1.6 1.5 0.1 0.1 0.1 3.3 5.5 6.1 14.0 10.7 14.1 19.0 15.4 15.1
B 62.0 0.1 4.3 2.9 0.1 04 0.2 1.2 8.1 0.2 22.2 14.0 10.4 5.6 12.2 17.3
C 64.7 0.1 4.5 0.6 0.1 0.5 0.2 0.7 10.9 9.6 14.2 9.7 7.0 2.6 13.2 35.9
D 61.3 0.1 6.3 2.8 0.1 05 0.2 1.5 8.9 9.4 25.1 17.3 12.0 8.2 9.7 9.4
E 64.9 21.9 3.6 0.4 1.0 0.5 0.1 0.4 0 0 3.4 12.2 25.8 19.9 19.5 19.3
F 64.5 25.6 4.7 0.9 1.6 1.1 0.3 0.1 2.6 10.6 28.9 16.3 11.0 9.6 8.2 12.9
G 57.3 0.1 6.3 3.4 0.1 0.7 0.8 8.1 10.5 12.6 24.1 17.8 12.8 10.2 10.1 1.9
B+E 63.5 11.0 4.0 1.6 0.6 0.5 0.2 0.7 4.0 0.1 12.8 13.1 18.1 12.8 15.9 18.3
B+C 63.9 0.1 4.4 1.7 0.1 04 02 1.0 9.5 4.9 18.2 11.9 8.7 4.1 12.7 26.6
B+ A 63.4 1.5 2.9 2.2 0.1 0.2 0.1 2.3 6.8 3.2 18.1 12.4 12.3 12.3 13.8 16.2
Return fine 53.3 8.3 7.2 2.0 11.0 2.5 0.9 0.1 0.9 10.7 51.7 17.9 9.3 4.3 3.6 1.6
Limestone 0.1 0.1 1.1 0.2 57.6 1.2 0 0 0 0.5 26.8 21.8 11.2 5.1 7.4 27.2
Coke 2.4 1.3 6.3 3.3 0.8- 0.4 0.3 1.3 3.6 3.6 12.9 14.1 16.6 13.3 21.4 14.5
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Fig. 1. Outline of sinter test procedure and
apparatus.
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Fig. 4. Results of mineral compositions of iron
ore mix with 13 wt% limestone after heating

(1300°C or 1 350°C).

BRSO EICEDLEDANY T L7274 M &GN
4 %. Photo. 1 213 & HEBERL IR DL 7 BERERAL M
2RTAS, HICHFACRUGOEMIER S 7y OFEL L
FADHNT I L7294 FOFEFELRBTFL LD, B
TIEREDO AN 5T 25 4 MESSKRLOMKILATHS
"ThHAH.

3:1:3 SRS BT T SLA KL DR R

WE B O FiRBRE TRIE - MY Us I EICE
R TFIE O EREOERILERE BIKE DO VYT
LT 24 VEREESRTWBEMN), ZowWESI VY
L7 x4 MZEAL Ca0-Fe,03 FKY OBE A S




PRELABERSSL O ST & £ ORERCF B E 7oL 959

FiRi > CREB OGRS £ FML s ¢ o 2 IRAMS %
BEPLAATZORMEAE 2S¢ Tw 2 L ATIREE
B e FBENDL, Fig 6 1CI3@H 52 XL % 3
KERD 2N ZNFRETAE % 4 KER{L S 27280
JEEALEE O BERARSLIE A~ DB 2R . 4 B %218
EBE LT0.15~2mm OB TER LADLDICERER

Ao

n
(o]

I~ Heating test conditions :
o 1300°Cx5 min.
o [3wt. % limestone

0 0.15-0.30mm
(particle size)

-)

I

2

2]

£

o

h=d

. B
°

[

5 L.O|-

L

=

~

e oF

E

2

_S of 4D oG

)

o

(&) o .C

6 02 04 06 08 10
Al20s / Si02 In iron ore (-)

Fig. 5. Effect of Al,03/SiO, in iron ore on

mineral forming in sinter.

‘ore B

1300¢|

keep
Smin.

sl?,w

cooling
ore

particle
size

0.15~0.30
mm

1350°¢ |

keep

S5min.

slow
cooling

ore
particle
size

0.15~0.30

h: Hematite cf: Calcium ferrite

Photo. 1.

0.15~0.3mm OHEIKFA 13% —EE4 L. = OfEE
WX, SAERELLOBET 1300°C L0 &
W THN, B THLIINI LT 254 M B
DEALCELCHIE L TW A, 72 1400°C DR T
DIV I AT 2I4 VIS LC= 294 ek
BRIGA 2 7B, BB AR (3 BER R O 8L L2
FEAEEE Lawv. Fig. 6 ® 1200°C, 1300°C D4k
RIZETE, Fig 7 W CREARMREOFEZE ANV VY A
7274 VERELOBFRERLZ. SO ERSHA
A RO S Al CRRY EE (A SAL E S B Ay N A I G N
DERICES L, B TR L-E5, BN
PREFNEAN ST LT 254 VOEKEEEGERT &
Al & O PULFERE KT T 5.
3-2 BENRERER

3-2:1 BEHERIGIEI ARSI A, v 7 %254+ D

21k

IR E TR U ERBEERE R 2 SE L L T,
TR ER I B s b 2R L 72, 84
DEBMOPAEL L VEEZ ONLFEE 1100°C £ TOE
1L RO SR & W — b5k 2 5 L e LIS 2R
RICEHE GEMIBE) <& 5. 33RO BEERAT

s: Silicate slag p: Pore

Microphotograph of iron ore reactivity test with 13 wt% limestone.



960

g% & M & 734 (1987) ¥ 8 &

YIS &, FeO B4 XT=r 42414 b, #a
BT RTHy =44 MR LED OBbikz ~= 5 4 b
EARE T L, T SE LS OB FETE 5.
RICAEBED Igloss L2 EBELELZEZE LD

HEAT | 1200°C x Bmin.

1300°C x Smin.| KMOO°C x S5min.

Ore B with 13 wt% limestone
Fig. 6. Effects of iron ore particle size on miner-
al composition of sinter.

30

1300°C x 5min - O~

;\—3 o/
E 20 o] //
2 /
.g o
ha 1200°C x 5min e~
£ prad
3 10 —==
o o_~-T “e
O -
(&} ’r’
% =2 3 4 5

Reciprocal number of iron ore
particle size (1/mm)

Fig. 7. Effects of iron ore particle size on cal-
cium ferrite formation.

Fig. 3 DR PO BILETEAWIET 5 & 1100°C
ERECTOREEFERPEMELSFHTE L. Table 2
I OFERR L ERICERE TSR LT T
BONTBEHESSIMERE RN L, 2OES T LD
T/HRL7Z:, TORERICINE, FIE 1100°C OB
R COIAEOBERFEL L 5] &t AR O wAIFE LI E
LBROFEWEILOZLsRIEWICH L O TE D,
KRR TOINI YL T 254 bEOMEIE AT
1h, 254 VEOEPHFICROOND, B
BOHINTT LT T4 MOBEINGAIKSOERBFEILT
»0, BALSEwoOEILIETE Fig. 3 oMM o%1L

EHMLT, REE, BEILRDEROANT Y A NS
R T—IMBITEN, WMEKERIEAOT /AT A4 M
—EREE L% B, ZDZtid Fig. 8 ICRT 33— %
A2 2 b s 2 728 BRIC BV TR~~~ 7 1 b
EORENFABICLOTIREI—ETHAH I L v ERE
TE, BEERICE, RBEREGR—EoBA ST O
ey A FEREBMPER PO PETRETES
ETFHENL., <7551 PEOEICOVWTHIERY
Widnws A4 b ERBFICEZ OR, Fig. 9 TE#EE
Bho<wr4s 4 b GHEERR) (33 5Bk USH
Bo<rx 54 bEOELE Table 2 I2it2> TR L 7.
MEOBICRSEFRHEMHEICLS T —HOBEENES L
7z.

3-2:2 BERRIGCHEI ANV T T LT 2T b,

7 DR,

RO NS I LT 2 T4 M AT 7EOTH
B LT $ERBES I o 2 s 8 o bk o
WTHREN L7z, Table 3 i3RI TOFEKEL & D
WAL OIRESD T oaEL B L TRLA. &
NICKXB EERBEEBEHOILI Y LTI 4 MiZ
Fey05, CaO % 5 & LTI 12 Si0,, Al,03 O —E
MHEE L, Whwai o™ ORIB LA 4KTRY
VW Ah7x54 Mb L < I Hanearr 529 @ SFCA
(V27294 VAN ILTLIF—}) THDOT,

AT

Table 2. Changes in mineral content during sintering.

Sy Mineral composition at Mineral composition of Difference of mineral

Mix Iron oxide in mix Chemical 1100°C{calc.) <A> sinter (obs.) <B> content <B-A>

blend yield
H M G H M CF H M CF S AH AM ACF AS

OreB | 61.6 4.6 7.8 89.7 65.1 3.2 3.5 28.2 33.7 12.4 4.4 9.5 | ©31.4 9.2 40.9 ©18.7

C 64.1 4.6 4.6 90.0 64.7 4.3 3.5 27.5 35.7 12.7 25.3 26.3 | ©29.0 8.4 21.8 1.2

A 57.7 10.8 21.5 88.3 54.2 11.7 3.6 30.5 13.0 10.2 37.0 39.8 |©41.2 ©O1.5 33.4 9.3

E 16.2 51.2 0 90.5 10.3 50.2 3.5 36.0 14.7 22.8 25.4 37.1 4.4 ©O27.4 21.9 1.1

F 6.6 59.1 0 90.5 4.6 58.5 3.5 33.4 11.0 33.4 15.9 39.7 6.4 ©25.1 12.4 6.3
B+C 62.9 4.6 6.2 89.8 64.9 3.7 3.5 27.9 32.7 9.5 26.1 31.7 | ©32.2 5.8 22.6 3.8
B+A 59.7 7.7 14.6 89.0 59.7 7.4 3.6 29.3 23.4 8.7 31.5 36.4 | ©36.3 1.3 27.9 7.1
B+E 38.9 27.9 3.9 90.0 37.6 26.7 3.5 32.2 29.5 11.3 24.8 34.4 ©8.1 ©15.4 21.3 2.2

H : Hematite M : Magnetite G : Goethite CF : Calcium ferrite S: Slag
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Table 3. Chemical compositions of calcium ferrite
and silicate slag in plant sinter measured by X-ray
micro analyzer.

Chemical composition (%) :
Sinter Liter-
Fe;03 FeO  CaO  Si0; Al | Atures
1 69.0 — 15.0 7.3 7.6 14)
2 2 69.7 — 14.7 8.0 6.9 15)
o 3 71.6 — 14.3 6.8 5.4 16)
& 4 70.6 — 15.3 6.4 7.5 17)
£ 5 63.7 — 21.6 8.7 6.8 18)
2 6 70.0 . — 156 9.6 4.2 ] this
] 7 76.4 — 13.2 5.0 3.4 work
© Mean 70.1 — 15.7 7.4 6.0 | Total 99.2
Mol (%) 48.7 —_ 31.1 13.7 6.5 —
- 1 — 120 455 36.4 @ — 18)
-~ 2 — 12.4 41.1 36.3 — 14)
: 3 — 26.7 35.6 32.2 — 21)
< 4 — 13.0 39.4 38.1 — 22)
-2 5 — 11.8 42.7 34.4 — 22)
0 Mean — 15.2 40.8 35.5 — Total 91.5
Mol (%) — 13.8 47.6 38.6 — —
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Fig. 10. Calculating flow diagram of mineral
formation in sinter.

X: Fe in calcium ferrite (wt%)

Fig. 11. Relationship between iron con-
tent in calcium ferrite and iron content in
hematite and magnetite of pot sinter.
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Fig. 12. Relation between observed value and
calculated one on mineral content.
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