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Bentonite quality improvement and consumption reduction technology
in production of untreated iron ore pellets
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( 1. School of Metallurgical Engineering Anhui University of Technology Ma’ anshan 243032 Anhui China; 2. Xinyu
Iron & Steel Co. Ltd. Xinyu 338001 Jiangxi China; 3. School of Minerals Processing and Bio-engineering
Central South University Changsha 410083 Hunan China)

Abstract: Although bentonite as the main binder in pellet production can improve the pelletizing performance and
strength of the pellets the gangue components it contains can lead to a decrease in pellet quality as well as increase carbon
consumption slag formation and carbon emissions during the blast furnace smelting. In order to reduce the amount of
bentonite improve the quality of pellets and promote the low-carbon production in view of the lack of pretreatment process
conditions for raw materials in a steel enterprise a technology on quality improvement and consumption reduction with ore
blending optimization and organic composite binder replacement as the core is proposed. By analyzing the physical and
chemical properties of six iron concentrates four ore blending schemes are designed and the effects of mixing process

bentonite dosage and organic binder type on the strength of the fresh pellets preheating and roasting behavior and

microstructure of pellets are systematically studied. The results show that the pelletizing performance of the mixed ore is
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poor under the condition without pretreatment and the bentonite ratio needs to be =3.5% . The optimized ore blending
scheme (11.5% in mine A and 20% in mine F) is used to reduce the amount of bentonite from 3.5% to 2.5% and
0.02% BASF organic binder is added and the falling strength of the fresh pellets still meets the production
requirements. The compressive strength of the pellets is maintained above 2 600 N/P the iron grade is increased to
62.12% and the mass fraction of SiO, is decreased to 7.55% . Microstructural analysis shows that the reduction of
bentonite can increase the porosity of the pellets ( 11.65% —15.62%) while the addition of BASF could reduce it to
14.43% which is conducive to the improvement of strength. This technology can reduce the amount of bentonite by 1. 0%
without increasing the cost of binder which can provide a practical technical path for pellets production quality and
consumption reduction.
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Table 2 Particle size composition and specific surface

area of iron concentrate
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Table 1 Main chemical composition and loss on ignition of raw materials %
TFe FeO Si0, Al O, CaO MgO S P
A 65. 40 31.12 5.80 0. 646 0.363 0.251 0.934 0. 029 -2.12
B 63.45 24.95 10. 12 0.943 0. 198 0.372 0. 062 0. 046 -1.80
C 62.35 21.02 6.83 1. 110 2.190 0.714 0.431 0.017 -1.60
D 63.08 20. 46 6.96 1.510 0.752 0.714 0.471 0. 024 -0.97
E 64.01 22.25 7.81 0. 900 0.576 0. 546 0.254 0.030 -1.47
F 69.01 28. 64 1.71 0. 406 0.577 0. 847 0.012 0.018 -2.53
5.27 — 54.01 14. 960 5.220 3.180 0.092 0. 260 10. 59
65.4%
62% ~64% Si0, F N
1.71% 5 0 o 3
F B. D B. D. E
E A C o A 0
2 3

Table 3 Static balling performance of iron concentrate

( ) /% /% 1%

>74 <74 (45 74 <45 (et _g,l)/ A 22.10 6. 64 0.43

pm pm pm pm B 18.03 7.47 0.71
A 19.25 80.75 26. 46 54.29 1 116.06 C 22.10 9.87 0. 81
B 10.91 89.09 25.93 63. 16 956. 80 D 25.92 10. 86 0.72
C 18.45 81.55 21.77 59.78 806. 70 E 22. 66 8.68 0.62
D 13.86 86.14 19. 69 66. 45 771.74 F 15.30 6. 60 0.76
E 14.96 85.04 24.74 60. 30 856. 44 6 .
F 3.77  96.23 18. 30 77.93 1049.07 1 “A.B.E F

(a) ~(f) A~F
1

Fig.1 The microstructure of iron concentrate particles
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1 min 1% 1%
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B 1.61 18.70
C
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E
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Fig. 2 Device diagram of tube baking furnace A 11.5% . 5
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Table 5 Ore blending scheme prices and mixture properties
( ) 1% / <74 pm ( ) 1%
A B C D E Fooo( ) 1% TFe Sio,
1 1.5 14.0 14.0 22.0 18.5 20.0 1 644.70 77.88 62.25 7.49
2 11.5 18.7 21.8 14.0 14.0 20.0 1 641.58 77.90 62.13 7. 64
3 1.5 18.5 25.5 14.0 15.5 15.0 1 621. 88 77.22 61.85 7.90
4 1.5 18.5 22.5 14.0 15.5 18.0 1 633.83 77. 64 62.03 7.73
; 4 A
11.5% 3 3% F
C o
o 5 C 4 1
Si0,
7.49% 62.25%;;
Si0, o
8.0%; 4 <74 pm 2.1.3
2.1.2 5 min, 7%
1 6% ~ 0 3 o 3
7% ~ 3.5%
o 3.5%
6 o 6 5 /(0.5m) 4
2> 1> 3>
5 min 4, 1.75%
6 /(0.5 m) ; 12 N/P
4
495 C o 2> 1> 4> 3.
6
Table 6 Effect of mixing time and moisture content on
the quality of green pellets 3.5% 4
! / / / 2>
/% min (0.5 m) ™ (N-P™') € (NP > 4> 3
6 5 6.0 16.9 535 104.8 22
6 10 6.6 15.7 530  140.0 6
6 20 7.2 16.9 510 162.3
6 30 8.2 1.9 505 136.4 3.5%
6 60 10. 1 14.0 495  143.9
5 5 6.3 14.8 540  140.7
7 5 6.2 15.3 523 132.3 o
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(a) » (b) ; ()

1 ~4— 1~4,
3 4
Fig. 3 Effect of bentonite dosage on the quality of green pellets in four kinds of ore blending schemes
BASF. PAM. 7ZM 5 /(0.5 m) o
CMC 30 000, 7 500, 4 000. 4
12 000 /t 600 /to BASF > PAM > CMC = ZM
BASF 3
7 0 7 0
3.5% It 35 kg It 7
21 It Table 7 Scheme and cost of adding binder for pelletizing
3.5% 2.5% 4 ( ) /% /
. 4 BASF PAM ZM CMC ( <t™")
3.5 - = = - 21.0
. +BASF 2.5 002 — — — 21.0
1 4 +PAM 2.5 — 010 — — 21.0
4 . 4 +ZM 2.5 — — 015 — 22.5
2.5% 4 +CMC 2.5 — — — 0.05 21.0
1.2 4 1% (
CMC > PAM =Z7M > BASF. 3.5% 2.5%) 4
3 o
(a) » (b) » (e
1—2.5% ; 2—0.02% BASF; 3—0. 15% ZM; 4—0. 1% PAM; 5—0.05% CMC.,
4 4

Fig. 4 Effect of composite binder type on the quality of green pellets in four kinds of ore blending schemes
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(al) ~(a3) 3.5% . 1250 C ; (b1) ~(b3) 3.5% L1270 C ;
(cl) ~(c3) 2.5% . 1250 C D (dl) ~(d3) 2.5% +0.02% BASF. 1250 C
8
Fig. 8 Mineral phase structure diagrams of pellets prepared at different conditions
( : 920°C 18 min 20 min)
8 9 ( )
Table 8 Pellet porosity prepared at different Table 9 Main chemical composition of pellets %
conditions
% TFe FeO Si0, Ca0 ALO; MgO0 K,0 Na,O
/C /% 1 6212 1.24 7.55 0.854 1.48 0.689 0.186 0. 123
3.5% 1250 11.24 11.97 11.74 11.65 2 62.36 1.19 7.83 0.882 1.38 0.683 0.197 0.112
3.5% 1270 18.10 17.58 16.17 18.61 4 62.25 1.01 8.01 0.785 1.56 0.722 0.170 0.135
2.5% 1250 15.24 16.36 15.27 15.62
2.5% + 4

1250 15.82 13.43 14.04 14.43
0. 02% BASF

3.5%
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