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Experiments on the preparation of pellet binder by modification of
high-plasticity tailing mud after beneficiation

XU Jilong' ZHANG Zugang' ZHANG Xin> ZHANG Jin>  WEI Chengzhi® SONG Rui’
(1. Mining Branch Nanjing Baodi Meishan Industrial City Development Co. Ltd. Nanjing 210039 Jiangsu China;
2. School of Minerals Processing and Bioengineering Central South University Changsha 410083 Hunan China)

Abstract: In order to utilize a large amount of tailings generated in the process of tailing mud after beneficiation a new
technology of replacing bentonite as a pellet binder is developed by using high-plastic tailing mud after beneficiation as the
main raw material. The results show that the particle size of the tailing mud after beneficiation is very fine and rich in clay
minerals with a particle fraction less than 0. 038 mm of 98. 79% and a mass fraction of 27. 6% of kaolinite. The modified
tailings are prepared by co—eaction of 80% tailing mud after beneficiation and 20% F binders and the binders with
excellent performance could be obtained. The expansion capacity of the modified tailing mud is increased from 1. 9 mL/g to
18 mL/g. The specific surface area of iron ore concentrate has a significant effect on the quality of fresh pellets. Taking a
weakly spheroidizing iron concentrate as the research object under the specific surface area of the iron concentrate of
850 ¢m’ /g and the optimal pelletizing process parameters adding 1% modified tailing mud for pelletizing the fresh pellet

falling strength can reach 11.10 times/( 0.5 m) the compressive strength can reach 12.60 N/P and the bursting
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temperature >500 °C which is better than the fresh pellet mass of 3% bentonite under the same conditions. During the
roasting process kaolinite dehydroxylation siderite and calcite decomposition occur which affect the strength of the
preheated pellets but the combustion of a small amount of organic matter in the modified tailings can promote the formation
of secondary hematite and improve the strength of the pellets. Under the conditions of preheating temperature of 1 050 °C
preheating time of 16 min roasting temperature of 1 220 °C and roasting time of 12 min the strength of the preheating ball
reaches 466. 1 N/P and the compressive strength of the roasting ball reaches 2 309 N/P which can meet the requirements
of industrial applications.
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Table 1 Main chemical composition and losses on ignition of the tailing mud after beneficiation %
Sio, Al, 0, Fe, 0, CaO MgO K,0 Na, O P S
32.20 14.22 18.76 11.55 2.77 1.76 0.29 0.34 0.90 15. 05
8.50 mL/g.
2 o 2 Dy,
A— . B— c— 2.017 wm. D,y 16.590 pm. Dy,  36.866 pm
b= P B (Dso~ Dgy~ Dy
1 X 50% .« 90% + 99% ) <
Fig. 1 XRD pattern of the tailing mud after beneficiation 0. 038 mm 98. 79%
AlLSi,O, ( OH), 27.6% . ( SiO,
24.0%) . ( FeCO, 20.8%) . ( Fe, O,
14.4%) (CaCO, 13.3%) . 3 3
2 o 2
11.80 g/( 100 g) ;
26. 70% XRD
o { >>( GB/T 20973— 1— ; 2—
2020) 1.90 mL/g 2
. Fig. 2 Laser particle size analysis results of the tailing
38.80% 2 h 174.20% . mud after beneficiation

2
Table 2 Physical and chemical properties of the tailing

mud after beneficiation and bentonite

2h
/

/
g+(100 g) ™ (mLeg™) /%

1% %

11. 80 26.70 1.90  38.80 174.20

24.00 54.30 8.50  85.00 224.90

(2) o
3 . 3
TFe. FeO. Si0,. CaO
57.40% . 21.42% . 6.35% . 2.86%
3.24% .
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: (a) 500; (b) 5000; (c) 10000
3
Fig.3 Micro-structure of the tailing mud after beneficiation at different magnifications
3 ( )
Table 3 Main chemical composition and losses on ignition of the iron concentrates %
TFe FeO Si0, Ca0 MgO Al, O, TiO, V, 05 K,O0 Na, O P S
57.40  21.42 6.35 2.86 1. 06 1. 19 0.15 0.11 0. 14 0.06 0.03 0.40 3.24
1.19% 2.53%
5.58 mm/min
0.24 o
4
Table 4 The specific surface area and static pelletizing
performance of iron concentrates
/ /
A— - B— - — i (em’+g™") /% /%  (mmemin~")
4 X 555 1. 19 2.53 5.58 0.24
Fig. 4 XRD pattern of the iron ore concentrates (3) . F
o F
1.2
“ F
F ;
— g . 24 h
5 o
Fig.5 Laser particle size analysis results of the iron 4 kg
ore concentrates °
6.040 pm Dy, 288.192 pm <0.075 mm 1 000 mm
55.85% 20 r/min 250 mm
o 45°, 10 ~16 mm
4 o o

555 cm’/g
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° 2% 38. 8%
45% F 8:2
( 50 mm) . 1% 13%
105 C 18. 5% 7.2 mL/g 3.5
mL/g. 2 h
( 2%
Y( GB/T 14201—2018) 2 h 174.20% 95.91% .
0 2.1.2
) F 8:2
2.1 6 o F
2.1.1 ;
. F F ( )
0 5 0 5 0 6
F o
F N
0 F 1.9 mL/g 18 mL/go.
2.2
F 20% 2.2.1
1.9 mL/g 7.2 mL/go 7.5% ~ 2% ~
100% 12 min
5
Table 5 Effect of modifying agent types and dosages on the properties of the tailing mud
/% / / 2 h /
¥ (mLeg™) % 1% g (100g) " ( ) /%
100 0 1.9 38.8 174. 20 11. 80 26.70
100 2 2.0 45.0 95.91 11.02 24.94
80 20 0 7.2 13.0 101. 67 10.53 23.82
80 20 1 3.5 18.5 101. 89 10.97 24. 81
80 20 2 2.8 19.0 100. 44 10. 96 24. 80
70 30 0 5.3 12.5 125. 41 10. 01 22. 65
60 40 0 3.8 11.0 115.38 9.51 21.51
6
Table 6 Effect of modification methods on the properties of the tailing mud
1% / / 2 h /
F (mLeg™) % 1% g-(100 g) ~" ( ) /%
100 0 — 1.9 38.8 174.2 11. 80 26.70
0 F 7.2 13.0 101. 67 10.53 23.82
80 20
0 18.0 14.0 96. 37 11.01 24.91
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o o 1.0%
555 cmz/g 2.7 1 2.0% 5.8 /(0.5 m)
(0.5 m) . 8.9 N/P; 1 7.4 /(0.5 m),
850 em’ /g 500 °C .
7.4 /(0.5 m) . =7.7T%
1.3 N/P; =10 min. =2%
1170, 1492 em’/g 2.2.3
| BN
o 12 min. 7.0%~7.5%
1 850 ecm’ /g o 1%
7 o 7 100%
(1 )
4.20 /(0.5 m) 1%
1— ;22— ;33— K (2" ~47
6 )
Fig. 6 Effect of specific surface areas on the qualities ; 2" 1.5%~2.0%
of the green pellets °
2.2.2 (7" )
7.5% - , F
1 (5" 6 )
850 cm’/g . o
o F 8:2
7 . 7(a) 7(b) .
() » (b) (o)
7

Fig.7 Effect of pelletizing parameters on the qualities of the green pellets
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Table 7 Effect of binders on the qualities of the green pellets
1% / /

F 1% 1% “(0.5m) ™ (NP /C

1" 100 0 0 7.37 7.39 4.20 18. 04 450
2* 80 20 0 7.39 7.85 6. 60 15.90 >500
3* 70 30 0 7.07 7.98 6. 40 15.26 >500
4* 60 40 0 7.35 7.77 5.90 15.51 >500

5" 80 20 1 7.31 7.90 6.90 16. 07 480

6" 80 20 2 7.25 7.82 6.70 15. 88 480

7 100 0 2 7.23 7.59 4.40 17.86 450

80% +20% F (2% 1% 1" ~ 1% 8"
)
o 8 o 8 o 8( a) o 8( a)
(8" 5 min 16 min
) ; 1% o
11.10 /(0.5 m) 2% > 1%
3% : >1% o 16 min
2.3 394.3, 240.1. 180.4 N/P.
2.3.1 10%
950 C
8
Table 8 Effect of modification methods on the qualities of the green pellets
/ /

1% 1% /% “(0.5m) ! (NP7 /°C

Y 1 6. 80 7.78 11. 10 1. 60 >500

s 2 7.26 8.09 25.60 15. 89 >500

N 1 7.39 7.85 6. 60 15.90 >500

2 2 7.21 7. 81 15.70 14. 45 >500

(a) » (b)
1— ;22— (1F ); 3— (8" ) o
8

Fig. 8 Effect of preheating parameters on the qualities of the preheated pellets
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1240 C
16 min 1 240 C. 12 min
o 8(b) o
o 8(b) 950 C (2% 1% 17
1 050 °C 1% 8* )
1240 C. 14 min
2% > 1% > 1% 10 o 10 N
o 1 050 C : N 4
N 413, 2940.1. 3 300 N/P.
61.2. 466.1. 290.7 N/P,
2.3.2 . .
1 050 C. 16 min
o TG-DSC 11 o
9 o 9 11 30 ~1 000 C
14. 86% 1
o o DTG
D 2% > 1% > 1% 3 : 30 ~159.94 C
o 1220 C. 2.95%
12 min N N DSC
2996, 2 309. 1 589 N/P. 159.94 ~427.36 C
1 240 C

4276, 3241. 2 460 N/P.
1220 C.

12 min

(a) » (b)
9

1.26% DSC ;
427.36 ~641.96 C
641.96 ~802.70 C

DSC

; (o)

Fig.9 Effect of roasting parameters on the qualities of the roasted pellets
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10
Fig. 10 Micro-structure of the roasted pellets with different binders

1—DTG; 2—TG; 3—DSC; Am—

11 TG-DSC
Fig. 11 TG-DSC curves of the tailing mud after beneficiation
6.84%
802.70 ~1 000 C 1 000 °C
876.87 C  961.45 C.
1
o Fe,0, o
Fe, 0,
Fe,0, Fe,0,
FactSage Fe,0, °

12 o 12
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1—2% ; 2—1% v 3—1% o
12
Fig. 12 Effect of binders on the liquid amount of
the pellets

3
(1) o
F
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+20% F o N
18 mL/go
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=7.7% =10 min.
=2% . 850 cm’ /g o
1%
11.10 /(0.5 m)
3% 0
(3) N
1 050 C.
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J. 2023 43(6) :41 -53.
YIN Chen BAI Limei LI Shaoying et al. Research
progress of comprehensive utilization of iron tailings J .
Conservation and Utilization of Mineral Resources 2023

43(6) : 41 - 53.

J. 2024 33(2):115 -
124.
DU Xin FU Guohui CHU Huichao et al. Characteristics
analysis of iron tailings and current status and prospects

of its utilization technology J . China Mining Magazine
2024 33(2):115 -124.

J/OL . 2024:1 - 14. (2024 -
12 — 09) . https: //kns. cnki. net/kems/detail /51. 1251.
TD. 20241209. 1502. 002. html.
LUO Jiaxin TANG Min FU Jiahao. Current status and
research progress of comprehensive utilization of
vanadium-titanium magnetite tailings in China J/OL .
Multipurpose Utilization of Mineral Resources 2024: 1 —
14. (2024 - 12 - 09) . https: //kns. cnki. net/kems/
detail /51. 1251. TD. 20241209. 1502. 002. html.

D . : 2021.
ZHOU Yan. Applied fundamental study on extraction of
iron and rare earth from iron tailings of Bayan Obo rare
earth iron ore D . Shenyang: Northeastern University

2021.

J. 2020( 6) : 100 - 109.
QIN Yufang MA Ying LI Na. Research overview of
Bayan Obo tailings pond and its resource utilization J .
Multipurpose Utilization of Mineral Resources 2020( 6) :
100 - 109.

2023 39(7):210 -212;215.
WEI Jiangwei. Optimization of ultrafine tailing mud
cementing agent in Baixiangshan iron mine J . Modemn

Mining 2023 39(7) :210 -212;215.

J. 2008 17(3) : 63 —64; 68.



2025 3

69

GUO Xingwei WANG Juan XU Yanhui et al The

calculation and ascertain of critical-grade for the
exploitation of polymetallic deposit J . China Mining

Magazine 2008 17(3) : 63 —64;68.

2023.
LU Chang. Applied basic research of porous material
derived from iron tailings D . Changsha: Central South
University 2023.

8 11
J. 2009(3) 1 1 -4;83. J. 2021 37(9) : 1 -4;24.
JIA Wenlong CHEN Jiabin. Economic analysis of the ZHANG Zugang XU Jilong OU Zhangwen. Study on fine
exploitation of low—grade iron ore resources J . Metal grain wet tailings characteristics of Meishan and
Mine 2009(3) :1 -4; 83. discussion on its resource utilization J . Modern Mining
9 2021 37(9):1-4;24.
I 2022(9) :9 -13. 12 “ 7
WANG Yingjie. Research progress on the application of N . 2024 -09 - 11(5) .
iron tailings in the field of construction materials J . HAO Shuhui. Meishan ~ Mining: To promote the
Ceramics 2022(9) :9 - 13. construction of “waste free mine” in the whole life cycle
10 D . N . China Metallurgical News 2024 —09 - 11(5) .
( 19 ) based catalysts at low temperature D . Hangzhou:
33 YANG B HUANG Q CHEN M D et al. Mn-Ce-Nb-O_ / Zhejiang University 2023.
P84 catalytic filters prepared by a novel method for 37 DVORAK R CHLAPEK P JECHA D et al New
simultaneous removal of particulates and NO J . Journal approach to common removal of dioxins and NO, as a
of Rare Earths 2019 37(3) :273 -281. contribution to environmental protection J . Journal of
34 . PTFE@ SMCC-8/P84- Cleaner Production 2010 18:881 - 888.
HCl ] 38 FINO D RUSSO N SARACCO G et al A
2022 50(10) : 214 -219; 225. multifunctional filter for the simultaneous removal of fly—
XU Mutao ZHI Xiaohuan JI Wenyu et al. Study on ash and NO, from incinerator flue gases ] . Chemical
preparation and performance of PTFE @ SMCC-8/P84— Engineering Science 2004 59:5329 -5336.
HCI filter material J . New Chemical Materials 2022 39
50( 10) : 214 -219; 225. J. 2018(2):56 -
35 W% . 58.
D . : 2004. ZHAO Guodong LI Qingmei ZHANG Ling et al.
LU Shengyong. Mechanism and experimental study on Application of domestic polyimide fiber filter material on
PCDD/Fs formation emission and control during Solid dust pollution control of cement kiln J . Cement 2018
Waste and coal combustion processes D . Hangzhou: (2):56 -58.
Zhejiang University 2004. 40 e
36 o D . : 2022.
D . : 2023. QIU Juan. Catalytic destruction of PCDD/Fs over Mn-
MA  Yunfeng. Study on the catalytic degradation based catalysts and performance of catalytic filters D .
mechanism of chlorobenzenes and PCDD/Fs over cerium— Hangzhou: Zhejiang University 2022.
( 37 ) 29 WANG D SERVIN M BERGLUND T et al

28

LI C Z MORENO-ATANASIO R O’DEA D et al
Experimental study on the physical properties of iron ore

granules made from Australian iron ores J . ISIJ

International 2019 59( 2) : 253 -262.

Parametrization and validation of a nonsmooth discrete
element method for simulating flows of iron ore green

pellets J . Powder Technology 2015 283:475-487.



