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The Softening Behavior under Load of Cold Bonded Pellets

with Cement Binders

Synopsis:

Katsuhiko SATO, Yasumasa SAWAMURA

Kenjiro KANBARA, and Takeo FUrUI

The softening behavior under load was investigated using cold bonded pellets with cement binders, made

from iron ores of several types.

In the case of cold bonded pellets, both the swelling and softening by reduction at elevating temperatures
resulted in a big pressure drop in the softening test. .

The prevention of the swelling was effective when iron-silicate of low melting point was made from wustite
and gangue minerals in a pellet particle in the temperature range from 900 to 1 100 °C at which swelling

usually took place to form slag net works.

For the prevention of the softening, it was essential that the melting point of gangue minerals was transform-—

ed to higher levels.

To satisfy both the requirements, iron-silicate of low melting point, bearing CaO, must be made in the
temperature range from 900 to 1 100 °C and transformed to Ca-silicate of high melting points by reduction

above 1100 °C.

As the suitable composition of the cold bonded pellet including binders to meet the restriction, its gangue
amount must be higher than 220 kg/t-Fe and its basicity (CaO/SiO) more than 1.2.
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Table 1. Chemical composition of ores, binder and additives.
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TN O EFEDEIETERA LD bRNATK 221 @ Ny
FRA—V I V(K- VEE 24kg) VTR LK.
VEIDOZA & 3.3 kg, EMHERE 30 5 Th 5. B
Wz 4 s A v, £ 3 kg OFEE 120 5T
15—16mmg DXLy b Lz N4 E—2 LTk
YEOY =B L, TOBLDIDOEE
HIR TV, GRS (ED 72 DI S i 2 L —8
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S[AILREEE Ul JERIRE MR, 259
2z JIS 1wEd beKERIT X o721,

BIRERITETS SN ERMERKLEZEZE L7z, S<h

Ores T.Fe FeO Si0, | ALO, CaO MgO S C.wW
High grade magnetite 68.4 | 283 | 2.1 | 04 | 05 | 05 | 0.30! _
ﬁ;?g grade magnetite B 64.5 | 25.3 8.8 0.2 0.2 | 0.1 0.010 | —
High grade hematite c 6.7 | 1.1 | 0.8 | 1.2 | 06 | 0.1 | 0.011| —
Low grade hemaiite D 62.2 0.6 4.9 2.9 2.9 0.1 0.024 —
ores E 65.3 7.7 5.8 0.1 0.5 0.3 0.004 —
F 64.3 0.6 5.0 0.1 1.2 0.05 0.010 —
Limonite ores G 57.5 0.2 5.7 2.5 0.2 0.1 0.025 8.3
H 62.1 0.7 3.3 2.0 0.2 0.2 0.023 4.9
I 62.5 0.5 4.1 0.9 0.1 — 0.022 5.3
J 64.2 0.7 1.9 1.2 0.1 0.1 0.013 3.9
Binder Portland 1.8 ’ — | 21,4 | 44 | 66.5 | 1.0 | 0.480| —
Cement clinker
Additives Limestone — — 1.0 0.4 55.6 — 0.003
Serpentinite — — 38.8 1.1 — 38.2 0.026 —
BF-Slag — 33.8 15.8 43.2 38.0 1.100 —
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Fig. 1. Apparatus for the softening test under load.
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Table 2. Test conditions of the softening behavior
under load.

Method T Method T
Heating rate 200~500°C 200~800°C.
10°C / min 10°C / min
500~650°Ci 800~ 1 200°C
7.5°C / min 2°C / min
650~ 1000°C | 1200~ 1400°C
5°C / min 5°C / min
1000~ 1 200°C
1.5°C/ min
Applied load 300~-500°C 800~ 1 400°C
0.182 kg / cm?2 1 kg /cm?
500~-700°C,
0.390 kg / cm?
700~-900°C
0.676 kg/cm?
900~ 1 000°C
0.962 kg / cm?
100~ 1 200°C
1.732 kg /cm?
Reduction gas 309,C0O-709,N, |309,CO-=709;,N,
201/ min 201/ min

Table 3. Cold pellet properties.

Gangue * el 4 Compressive s | Pressure™™|
angue = | Bagicity | Porosity P Swelling | o

T
Ore lamdmtal (- | (@ | ‘iash @ | G
A 178 1.64 20.0 248 17.2 934
B 312 0.72 25.4 198 4.2 276
C 162 2.45 27.1 134 8.2 845
D 269 0.95 25.6 239 0.5 >1000
B 281 0.94 28.8 184 9.1 800

*

Gangue amount=[(SiO;% +Al;,03% + CaO% +MgO %)/
T.Fes%]X 10
**  Pressure drop at 1200°C of the softening test (Method T)
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Fig. 2. Effect of raw materials on the softening
behavior under load of cold pellets.
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Fig. 3. Effect of additives (SiO, source) on the
softening behavior under load of cold
pellets from ore A.
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Fig. 4. Effect of additives (CaO source) on the
softening behavior under load of cold
pellets from ore D.
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Fig. 5. Effects of gangue amount and basicity on
the pressure drop at 1 200°C of the sof-
tening test under load.
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Table 4. Test condition of silicate formation.

Sample Rod (12mmgX15mm ) formed by pressure (2 T/cd)
Apparatus Blectric furnace (Diameter of vessel 50 mn )
Heating rate Room temperature ~ 800C not determined
800C~ 11007 10 C /ain
1100C 6071 holding
Condition of Room temperature~800C N,
atmosphere 800°C~ 1100C 50%CO+50%C0,
Flow rate 1 £ /mia(Both cases)

Determination Microscopic analysis by Q.T.M.-720
of silicate amount [ (sample is quenched in N2 gas)

200mmAq DITFOHAZRS L IEEER 1.2 DLET,
TRE RS 220 kg/t-Fe DL B2 755, T BBRELA TR
a2z 7358 Td 55, IRE DRSS FHET &MLk
BEEMISBEORACIDTLHIETHS. 20X
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Fig. 6. Correlation between SiO,(9) in the ore
and silcate amount formed at 1 100°C
a) ore size —44pm 509,
by 7 —44pm 859,
c) 7 —44pm 859, basicity 1.4
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ore D
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L1004

G : gangue mineral

Photo. 1. Microstructure of the samples after the test of silicate formation.

G : Gangue mineral S : Silicate formed at 1100°C

a) —44u50%
c) —44485%

b) —44u450% Basicity 1.4
d) —44u85% Basicity 1.4

Photo. 2. Microstructure of the samples from ore E after the test of silicate formation.
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Table 5. A sample for microscopic analysis.

Raw materials (%)

Gold pellet properties

Ore C | Ore E| Ore G Lime- ‘ Binder T.Fe Basicty | Gangue Comprescive | Pressure
stone amount | strength drop
21.2 38.1 25.4 5.3 \ 10.0 55.1 1.69 ‘ 319 138 67

A : hematite from ore E B : hematite from ore C G : limonite from ore G
E : hydrated cement compound

D : gangue from oreE

Photo. 3. Microstructure of the cold pellet.
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100°C Z & RASRMDZEL L IRTTOEIT R 1K & XiR
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WL BEEICeEAE (R L ESA GHRD o~
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Vo h =N VIROIKFIMETER LIzd D L ixD
Tnb. )
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BRI I ARIEICD hematite 235D T 5. T —ER
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1000°C crasii o BB ER L, LA B
L, OBV wostite FCERIGIWTWS. T2 T4
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Photo. 4. Microstructure of cold pellets after the softening test without load.

Table 6. Silicate amount determined by
Q.T.M.-720 (%).

- 1000°C 1100°C 1200°C 1.300°C

20.2 26.9 21.4 12.7

1300°C iz % L gk > CaO %4 ¢ iron-silicate
HBLKED FeO RFETLEIHTWS

1w00fﬁ¢&%%éﬁﬁﬁ%mbmm+m9®e
CELTCWS.

Silicate DK EE QTM-720 iz X > CHlET 2 &
Table 6 7”73 X 51z 1 100°C Z Tt 528, Fh
ML®YFﬁmémL;%F&)®%%®tbkﬁ¢?
L5 bbb,

ZOFERMPS I — W KR v;b@““¢®%£®ﬁm
BICBITTOEFFICIIRD X 5 TSRO LN 5.

@ BTTLOESTIE topochemical TH 5.

@ H<NOBHIkEREE L LN P silicate 13
CaO- % 4:¢p iron-silicate ‘TH b, 900°C THELENELD

Hiv, 1000°C T3 209,
REEFTS.

® HEERTiE 1200°C ¥Cic CaO %49
silicate |3EITLEN T FeO %Mk L dicalcium-silicate
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Table 7. Chemical composition of agglomerates,

Agglomerates |T. Fe |[FcO|$i0;| CaO [M:04 |MgO| S |Ca0/Si0, | Sange
Cold pellet |55.1]2.9] 59 100! 1.5 | 0.2]0.052| 1.69 319
Sinter 56.0|7.8| 56 | 9.9] 1.9 | 1.5]0.018 1.77 335
Fluxed pellet |62.1] 1.0 | 8.7 56| 1.4 1.1]0.051 1.49 188
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iron-silicate ‘CH» 5720 TH 5. ZHIETHERI VW
iz 1200~ 1300°C GETIN TRADE calciun-
silicate T X h 5.

(6) MHRAGKADOIRABRFIREBELZE L LTIKAE
220 kg/t-Fe DIk, WHEE 12D EiCHFHE L -V EF
RUy MMIERBERE L RROMIREZRML S 5.

a— KRV y hOBETIIIERER TH 5 7cdiT o

il

Table 8. Properties of agglomerates at cold and elevating temperature.

Compressive Porosity Swelling Reduction test (JIS) Degree of redu-
ction after the
strength (JIS) Degree of Strength after| softening test
Reduction reduction (%)
0,
(keg/p) (%) (%) (%) (kg/p)

Cold pellet 232 26.6 —-0.5 92.3 60.2 95.7

Sinter n.d. 20.2 n.d. 60.0 n.d. 95.0

Fluxed pellet 270 23.6 11.4 84.0 51.8 95.9
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