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The Behaviour of Softening and Melting of Hematite Pellet and
Sinter during Heating in a Reducing Atmosphere

Katsumi MOR1, Ryoichi HIDAKA, and Yasuji KAwAIL

Synopsis:

Softening and melting characteristics of some pellets and sinter during heating in a CO gas stream were
examined by using an X-ray TV apparatus. The effect of load applied to the burden on its behaviour

was also examined.
The results are as follows:

1) In the case of experiments without load, the reduction of iron oxide was nearly completed at the
temperature lower than the melting point of wustite and the separation of slag from the metallic shell was

not observed until the reduced iron began to melt.

When some residual iron oxide existed at temperature

higher than the melting point of wustite, the flowing out of molten slag was observed at relatively low tem—

peratures, depending upon the reduction degree.

2) Under load, the temperature at which the permeation of slag into the metallic shell and its flowing
out of the pellet began was lowered and strongly depended upon the properties of the formed slags.

3) The EPMA analysis showed that the slag formed in Hirohata pellet at 1 360°C contained a small
amount of iron oxide but that in Robe River pellet at 1 168°C contained much iron oxide of about 50%,.
Such a high content of iron oxide lead to the formation of slag of low melting point and brought about the
lowering of dripping temperature of Robe River pellet.
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Fig. 1. Setting of samples in crucibles.
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Table 1. Chemical composition of samples (wt%).

. CaO Melting point Porosity
\ T.Fe FeO CaO | MgO | SiO, Al,Oq —Si0, | of gangue (°C) (%)
Whyalla P. 64.51 — — — 4.04 2.14 0 1777 19.1 o7
Brazil P. A 68.7 0.14 0.063 | 0.05 1.18 0.31 0.05 1510 21.9 i
Brazil P. B 68.0 0.14 0.57 0.05 1.38 0.31 0.41 1 280 24.5 ! I
Marcona P. 64.4 3.10 0.49 0.67 3.3 0.95 0.15 1 300 20.7 44y
Robe River P. | 60.2 0.43 0.84 0.12 3.50 3.00 0.24 1610 12.2
Hirohata P. 62.0 0.93 4.40 0.96 3.40 1.30 1.29 1 500 19.3
Sinter 57.5 11.7 7.5 1.1 6.7 3.0 1.12 1430 17~54
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R.D. (%) 0 4 86 100 - - =
L Photo. 1. X-ray photographs of pellets during reduction (Experiment A).
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Photo. 2. X-ray photographs of pellets and sinter during reduction (Experiment B).
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Fig. 2. Relation between melt down temperature 0!
and reduction degree (Experiment B). 0 100 150
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Fig. 3. Change of reduction degree with time
(Experiment -C).

T T
o Hirohata R
0 e WhyalaP
™ » Brazi PA
\ ‘\ a Brazil PB
— 20 AN\ o RobeRiverP _|
) - » MarconaP
N * Sinter
[J] b,
g\ 40 \ A\ \\
X \ x.
g [ .\\
— Q.
c 60 \ .\\
n 2 \\XA\N e
80 Im] \
100 Bme—d em

1000 100 1200 130 1400
Temperature (°C)

Fig. 4. Change of shrinkage of pellet and sinter
with time (Experiment C).
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Photo. 3. X-ray photographs of pellets and sinter during reduction (Experiment C).
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Fig. 3. Relation between melt down temperature
-and reduction degree (Experiment C).
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Photo. 4. Section and microstructure of Hirohata pellet (Experiment B).
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white : M.Fe(M), grey : wustite(W), dark grey : slag(S), black : pore
Photo. 5. Section and microstructure of Hirohata pellet (Experiment C).

Fig. 2 D% B DBAWC AT, HE T Tk = ORI
ERMCBTLTERD, MEIRISH LUH LRI ED
BIhD. Ei BHOEE T OWTL, IRABEAEL,
BICHER O X\ b i3 5 PG S, SET
Rl o ThH b ERARbh 5.

fxD<Vvy b, BEREHE, BRELE OIS T RBRAEIT
DOITEH bW =25 P, v—F Y- P, o
T, 1350°~1500°C X AREBREFRCHENTEHVGETER
Er#EL T35, HH0RBRTIE 90% Ll T
BILENICRABEFRALCW%DT, 235 7480 FeO
DA R T ISR DL D DOIIDTHA 5.

4. % =

4-1 SHHEPORFERHLC EPMA G547

ERB, CTESNC L » BILERIZEENIC ) 7 b D%
BpRD bR, 22T, RIFZEI%Z/R LAE P.
ESRVIFE LS Dlce—F Y- P. koW CHE
wrh O 4 OIS HEE L 7k i % 872,

Photo. 4,5 12528 B, CTOEM P. im0 T DiER
TH%. cOPMEDOEEDN W B X 51z, 1200°C
D EoFBHIV-ThE 70% L EOBTER T, HEDOH
b b3 = 7 r PRI SNBER O BITEER & dup,
HORBEIL=27 225 ROTW5. KETIE AE v ok
(Photo. 4e) THOIBILEBITAS 7D LAH LBz
B X Vi E R (Photo. 4f. g. 5d) wZk+3. —
75, A5 7 WEREO WTFhoBEicd 1100°C ¢
IR TE I oths, 1200°C Clia 7D oA 21 b
K% < &6 7z (Photo. 4a;5a). £ B o 3
a, AR LA 713 1300°C b bo—3dmakss ~
LAH L, 1470°C T2 v, b EE~OFHMAED Bh
7z, L L, EBRC o854, 1200°C ¢ CrRRgB~ Dl
BDAZ 7 OREN 2 7 CET HHEBTH Hh (Photo.
da), 1360°C TV, FREIND AZ 70 FHiilisi4g
M THE L T35 (Photo. 5¢; 5d &), iz, 25 7D
LA LB O—Eficiz v 2 2 1 MR d&REHEG
(Photo. 4g ;5b; 5d) 2EBIS. a2 7HDAS ~,

— 17 —




1294 % X W

% 66 4 (1980) 9 Z

Table 2. Analytical result of slags by EPMA (wt%;).

Sample FeO Si0, | GaO AlL,Og | MgO Remarks
89.9 — — — 8.6 magnesiowiistite
(gfrf 5q)| 185 | 8.1 | 385 | 163 | 238 Lated sl
Hirohata P oto- 5.7 | 36.3 | 54.4 1.4 | 3.5 coaguiated siag
1 360°C 7.3 29.7 51.9 1.3 12.4 intergranular slag
R.D. 899
Shell 5.3 | 40.4 | 48.6 1.9 9.3 1 350°C
(Photo. 5d) 3.4 | 42.7 | 39.3 18.2 2.3 | WP
Surface 1.0 37.6 42 .4 14.0 7.7 o
(Photo. 5¢) | 1.0 | 42'2 | 46.1 3.3 | 9’3 | mp ~1400°G
100. — — — wustite
Core
. 44.0 — — 56.7 — dark spot
Robe River P. (Photo. 6d) | 4975 | 37.3 | 16.8 | — main slag, m. p.~1100°C
R.D. 53% Shell 6.0 | 2.9 | 0.8 | — — g
(Photo. 6c¢c) | 24.6 | 55.6 9.5 | 18.6 — main siag
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1097°C, R.D.30%

1130°C, R.D.51%

a) 1097°C(wustite), b) 1130°C (metallic shell+core), c) 1 168°C(metallic shell+core), d) 1 168°C(core)

1168°C, R.D.53%

white : M.Fe(M), grey : wustite(W), dark grey : slag(S), black : pore
Photo. 6. Section and microstructure of Robe River pellet (Experiment C).
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