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Low-temperature roasting and consolidation behavior and mechanism

of iron concentrate pellets driven by high—-pressure roller mill

YANG Yongbin'  YANG Zhongyu' WANG Lin'  WEN Xiaoping” XIE Luben® LIU Baixiang’
(1. School of Minerals Processing and Bioengineering Central South University Changsha 410083 Hunan China;
2. Hunan Valin Xiangtan Iron & Steel Co. Ltd. Xiangtan 411101 Hunan China)

Abstract: As an important means of pretreatment of iron ore concentrate high-pressure roller mill technology can
significantly improve the physical and chemical properties of iron ore particles and enhance the pelletizing performance and
roasting consolidation behavior of pellets. In this paper the effects of high-pressure roller mill pretreatment on the
properties of fresh pellets and the strength of roasted pellets are systematically investigated using mixed iron concentrate
from a domestic iron and steel enterprise and the mechanism of strengthening consolidation is revealed. The results show
that the proportion of fine particle size ( <0.074 mm the mass fraction of particle size is increased from 83.70% to
91.77%) and the specific surface area ( from 2 424.07 cm®/g to 3 331. 60 ¢m’/g) of iron concentrate by mechanical
activation and enhance the adhesion capacity between particles. Proper high-pressure roller mill pretreatment (2 times)
can effectively improve the strength of the fresh pellet but excessive roller mill (4 times) will reduce the plasticity of the

fresh pellet and reduce the compressive strength due to the fineness of the particles. In addition the appropriate roller mill
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feeding moisture ( 8%) and bentonite dosage ( 1.2%) can further optimize the fresh pellet performance. During the
roasting process the high-pressure roller mill pretreatment can reduce the activation energy of the solid-phase reaction so
that the pellets can be consolidated efficiently at a lower temperature. The compressive strength of the pellets prepared by
two roller mills can reach 2 599 N/P when roasted at 1 110 “C which meets the production requirements. The untreated
group needs 1 200 °C ( strength 3 496 N/P) to meet the production strength requirements. However excessive roasting
temperatures ( >1 200 °C) can weaken the bridge connections due to the formation of excessive low melting point liquid
phases resulting in a decrease in pellet strength. The high—pressure roller mill pretreatment realizes the low-temperature
and efficient consolidation of pellets ( the roasting temperature is reduced by 90 ~ 100 °C) through mechanical activation
and particle surface modification which can provide theoretical basis and technical support for energy conservation and
emission reduction in the steel industry.
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Table 1 Main chemical composition of raw materials %
TFe FeO Si0, MgO Al O, Ca0 TiO, K,O Na, O S P
64.25 23.80 5.92 1. 00 1.18 0.62 0.75 0. 107 0.356 0. 155 0.053
15.27 51.84 3.17 17.00 2.18 0.193 3.45 0. 055 0.076
2

Table 2 Particle size distribution and specific surface area of iron-bearing raw materials

( ) 1% /
>0. 15 mm (0.10 0.15 mm (0.074 0.10 mm  (0.045 0.074 mm  <0.045 mm (em’+g™")
4.98 6. 88 4.44 11.96 71.74 2 424.07
o Si0, 5.92% . o
<0.074 mm(200 ) 1.2.3
80% ISO 4700 o
o 2 <0.074 mm 10 ~16 mm
83.70% 50
1.2 o
1.2.1 ( SEM)
( 250 mm o N N N
100 mm 23 1/min) ( BSE)
0 ~50 kN ( 30 kN) . N
50 kg( ) o
o 105 C
2
o 2.1
2.1.1
3 o
1.2.2 8.0% .
N N 1.2%
3 kg o 3 o 3
51 000 mm 20 r/min. o
250 mm-. 45°, <0.074 mm
10 ~15 mm 83.70% 2424.07 em’/g;
( GB/T 14201—1993) ( GB/T 14202— 2
1993) | ( ISO 11256: 2015) <0.074 mm 91.77%
( GB/T 14202—1993) ., 105 °C 3 331.60 cm’/g;
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Table 3 Effect of high-pressure roll grinding ( HPRG) on the properties of mixed iron ore and the strength of

green pellets

<0.074 mm / / / %
1% (em’eg™) (0.5 m) ! (NP
0 83.70 2 424.07 2.9 14.0 550
2 91.77 3 331.60 4.3 23.0 460
4 96. 51 3 609. 79 5.6 21.6 395
9%
0 2 2.9 /(0.5 m)
4.3 /(0.5 m) 14.0 N/P
23.0 N/P
4 0
5.6 /(0.5 m) 21.6 N/P
0 4 550 C
395 C
1— ;22— ;33—
19220
° 1
2.1.2 Fig.1 Effect of feed moisture of high-pressure roll
2 . grinding ( HPRG) on properties of greenpellets
1. 2% 2.1.3
o 1 o 1 2 . 8.0%
o 7% 2 o 2
8% o
2.8 /(0.5m) 21.3 N/P 4.3 /(0.5 m) 1. 0% 2.0%
23 N/P. 3.0 /(0.5m) 22.3 N/P

5.9 /(0.5m) 24.2 N/P
455 C 510 C.
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4

Fig. 4 Effect of preheating temperature on the strength
of roasted pellets under different high-pressure

roller grinding times
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Fig. 5 Effect of roasting temperature on the strength
of roasted pellets under different high-pressure

roller grinding times
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Fig. 6 Effect of high-pressure roller grinding pretreatment on particle morphology of iron concentrate
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Fig. 7 Internal mineral phase structure of pellets prepared under different pretreatment times of high-pressure
roller grinding
( : 920 °C 1140 °C)
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