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Experimental study on treatment of the tailings containing manganese
using composite agglomeration process
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Abstract: In order to address the issue of poor material permeability and low yield and quality of sinter
when a kind of tailings containing manganese was used in the 100% concentrate sintering process, the
rational utilization of tailings containing manganese was investigated by the composite agglomeration
process. Considering the requirements of blast furnace ironmaking on raw material and slag basicity, the
silica, dolomite and burnt lime were added to adjust the basicity of the composite sinter. Through the lab-
scale sintering pot test, the influencing factors such as fixed carbon ratio of composite material, the ra-
tio of pellet and the distribution mode were systematically studied. The results showed that it was feas-
ible to utilize the tailings containing manganese by the composite agglomeration process. The appropri-
ate fixed carbon ratio could be reduced to 3.3%, and the suitable pellet ratio was 40%. The reduction in-
dex (RI) was 72.49%, which was 3.27 percentage points lower than that of ordinary sinter. The low-
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temperature reduction-disintegration index (RDL,; 5 ,,,) of composite sinter was 79.53%, which was 3.49

percentage points higher than that of ordinary sinter. The melting and dropping property of the compos-

ite sinter was better than those of the ordinary sinter. The microstructure of the composite ore was

mainly porphyritic structure composed of magnetite and a small amount of glass phase. The content of

calcium ferrite binder phase in the matrix parts was significantly lower and the amount of dicalcium

silicate was higher than that of ordinary sinter.

Key words: sintering, tailings containing manganese, composite agglomeration process, metallurgical

performance, mineral microstructure
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Table 1 Chemical compositions of the raw materials %

SRR TFe FeO CaO Sio, MgO AlO; Mn LOI

TR 67.46 27.20 0.12 0.89 0.05 0.80 2.92 —-2.63

Hzf 50.21 3.93 34.33 1.04 7.76

REA 0.13 98.00 0.08 0.25
AR 75.23 5.82 1.93 1.34 12.57
FERY IR ST 2.17 1.50 51.08 1.05 41.29
TE: M Tl oW g . (R E Rk 85.46%, HK4) 1.07%, K5y 13.37%.
F2 R AERAREERK
Table 2 Size distribution of the raw materials
RLEELL /%
JEEL it
>4 mm 4~2 mm 2~1 mm 1~0.5 mm 0.5~0.25 mm 0.25~0.125 mm 0.125~0.063 mm <0.063 mm

TR 0.00 0.00 0.00 0.00 36.57 19.31 14.92 29.20 100
Hzf 0.00 2.07 24.42 13.61 13.21 10.67 16.27 19.75 100
e 0.00 0.00 59.50 39.28 0.96 0.14 0.08 0.03 100
A AR 1.39 7.14 11.71 5.16 5.36 8.13 22.62 38.49 100
l 1.93 13.50 21.82 14.50 10.60 9.09 12.18 16.38 100
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Fig.1 Flow chart of composite agglomeration process of
the tailings containing Manganese
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Table3 Experiment scheme of tailings containing manganese composite agglomeration
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Table 4 Sintering pot test results under regular sintering process and composite agglomeration process

D BARKOKSY % HEROKS % PG (mmomin ) RAEFR%  FIRRUCm )] SR SR %

BRIk FE (kg t )

0 11.30 10.97 52.63 0.52 2.35 61.33 89.27
1 8.28 11.08 18.22 82.61 1.50 0.91 64.80 55.46
2 8.76 11.10 15.30 82.44 1.24 0.89 63.13 52.84
3 8.72 11.07 17.55 80.33 1.41 1.03 62.72 50.04
4 8.36 11.14 21.88 77.16 1.72 1.16 61.14 46.45
5 8.56 11.15 18.03 81.68 1.50 0.97 61.96 48.21
6 8.62 11.19 12.37 79.63 1.00 1.04 63.60 49.71
7 9.16 11.06 11.35 82.66 0.96 0.94 58.33 47.44
8 9.16 11.06 23.78 75.54 1.82 1.25 56.67 52.39
9 8.12 11.28 16.29 80.74 1.43 1.02 60.63 48.87
2.1 PR A 3 64.80%, FIRIRFEIN 46.45 kg/t HEMNE 55.46 kg/t,
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Table 5 Chemical compositions of the sinter products

w/%

PeeE 1Y R (%)
TFe FeO Si0, CaO ALO, MgO K,0 Na,0 Mn S
W m L 56.19 9.46 4.80 9.36 0.45 0.29 0.12 0.025 1.64 0.007 0.011 1.95
HEER 59.63 15.59 3.94 5.51 1.30 1.22 0.14 0.037 2.76 0.009 0.014 1.40
3.2 BRESHR A MERE TEVERES IR GB/T 34211 bR AT, 150 0 a2 45
BUERBEEE T IR R (RL), IR o fbde % W& 6.
(RDL 15 ) HCHE GB/T 13241, 13242 $04T, 06T
F< 6 MmBRET AEMENERIEER
Table 6 Test results of metallurgical properties of the sinter products
I (IR R LRDL; 15)/%  RJEBERD/%  T,0,/°C  Tye/°C  AT/PC Ty°C T/°C  ATY/°C AP, /kPa  S/(kPa-°C)
W LR 76.04 75.76 1061.1 1213.0 1519 12882 14675 1793 10.76 864.6
RERERER 79.53 72.49 1011.6 1160.1 1485 12708 13593 885 8.27 222.0

E: AT, (BRI DXIA))= Ty — Tio0s AT, (RFTHIELEE X 8] )= T, (7% FFURIRIE) — T, (AL TP IR ) -

MR G SRR E 251, A0 1Yk i B 54K
RI K 72.49%, AH H 3438 be 25 17 140 i 5 45 KAk 3.27
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Fig.2 The mineral compositions and microstructures of the composite sinter products

I BEASH A B A ARG 2 R s
TR REAR S5 AL R ERTR SRS 45 1% B T2 ) e 4 U
Tz N 3, R XA 2 R BCIR BRI 5 A/
ERIRFERR —A5HTH (DLIE 2(a) ), ZRIRES G S AH A i
2979 10%, Y% RO A ERRR S A BE 1825 .

SEABREEH 10 S A 23 PR 23, FLrh BRIAT I
Vi S B W A R D BT SR A BREIR 454
BERA 2 AL | MBI ROIR, B3 5% /29N 5%,
TCE BT T RESRA Sokial (ILIET 2(b)), 7Bk AT
S S AL Bl AT DL Ak A AR gk (ILIET 2(¢) ) .
SR BRAS T SR o3 (4 S A 5 R AR B
AL, A Sy R B I I s 4R DX A D i AR R 1R AT
FERARGIREG AT HH (DLIE] 2(d) ), TR A g
BIIRBREAFAE o

MBI AT, S A0 BRI AR 73 h b

ARAGRE A FE IR, BATE SR B B R,
SR S AT AR TP ERTR B R 2 AR B A L
LA W b, RERR A A R, O A
Bea ) I SR A LU Re A 6 A TR

5 &%

D) RAE A w T 2B S5 By nT DA =
WA E AR . 3E B A BRI R 3.3%,
BRATEL LB A 40%, R FHASHE A L 7 2CRs, 45 T0ibe
SEERFE bR, (A% AR T 2T SCH:, 4R
FwAT A A T =

2) IR G 155 A Beas i 4k S A R A 59.63%,
Fb Al Be 45 0 i 3.44 S H 4305, SiO, Al CaO 7
IR TEE LS. E50 ZJuhE R=1.40, 11
JCHREE R=1.28, AT LATH & & i ot A b i)



- 120 - 5 £ 9L 5K 2022 45 43 5
R 4) A BahE T WAREE A T B R A E

3) ARG R E AR ECH 72.49%, AH HE-E
BREETIR 3.27 A A 43 a5, ARIEE R e e RE AL T
WERLET . E AT IR RE A G, AT
TR X AT 88.5 °C, e KK 221 bt bt [

B JSOAE) LB AR e AR ZE A . BRI AT D ki LAk vl
WGBTS A W RS S SR o
e X, Hop oA A AR R — A5 AEHIRBRRRES B
A HCE R AEHT, BRI PGS 45 AT 5 W i D,

11K 23%, 1T PERE SAFIEE “S” (HAh 222.0 kPa- °C., RERR Ao 2, IR G0 R IR AT PTG

B2k

[1] Zhao Liqun, Wang Chunnv, Zhang Min, et al. Current exploration status and supply-demand situation of iron ore resources in
China mainland[J]. Geology and Exploration, 2020, 56(3): 635-642.
GRSZAE, A2, ot 2. R S 20T A UK S Bt B 3 A (0], Hu 5 R, 2020, 56(3): 635-642.)

[2] Wu Qiujie, Lv Zhenfu, Cao Jincheng. Study on the current situation of development and utilization of large iron ore resource
bases in China[J]. Modern Mining, 2020, 36(8): 113—115.
R, B A, & e, Fe 2 R A B IR T R FHBRRWFSE (D). BRI, 2020, 36(8): 113-115.)

[3]1 Zhang Xiang. The present situation and countermeasures of iron ore resource safety in China[J]. Fujian Metallurgy, 2021,
50(3): 56-58.
IR I, TR T [ e e Y2 4 A BILR AT S 0. ps i 4, 2021, 50(3): 56-58.)

[4] Teng Fei, Zeng Zhiyan, Guo Peimin. Experimental study on pellets performance of a kind of manganese-containing iron
concentrate[J]. Sintering and Pelletizing, 2021, 46(5): 47-53.
(B &, G, SRR, — PSR 07 BRI PERE IR W IE ()], BREEERIAL, 2021, 46(5): 47-53.)

[5] Jiang Tao, Li Guanghui, Zhang Yuanbo, et al. Composite agglomeration process [C]//Proceedings of 2010 National
Ironmaking Production Technology Conference and Annual Ironmaking Conference. Beijing: The Chinese Society for Metals,
2010: 181-186.
(25, 200, SKRITHE, 56, Bk B A i HUL[C/20104F 42 B BRAE P HOR S5 BSUBIR BAR 25 SCEE. bt T E G R 2
£%,2010: 181-186.)

[6] Chen Ge, Wang Ruijun, Shen Maosen. Application of superfine iron ore concentrate in composite agglomeration process[J].
Mining and Metallurgical Engineering, 2011, 31(3): 100-103.
(B, EHA, VLSRR, AR 75 B T2 B[], 57k TR, 2011, 31(3): 100-103.)

[7] Rao Jiating, Hu Peng, Qin Xingguo, ef al. Parameters optimization of composite sintering titanium magnetite concentrate[J].
Iron Steel Vanadium Titanium, 2017, 38(3): 83—87.
(GEABE, WIS, ZE% [, 45 PUKREPRS 0 2 S b s S ARALRTTE[T]. SERPLEK, 2017, 38(3): 83-87.)

[8] Zhang Zhanlei, Yu Heng, Song Zhifang, et al. Experimental study on composite agglomeration of vanadium-titanium
magnetite concentrates[J]. Sintering and Pelletizing, 2014, 39(4): 1-5.
(skJd, THE, R&D5, 45 PURREEOR 2 G Ju g i e )], bediek A, 2014, 39(4): 1-5.)

[9] Wan Xinyu, Lv Qing, Zhang Shuhui, et al. Researches on vanadium-titanium magnetite concentrates by composite
agglomeration process[J]. Iron Steel Vanadium Titanium, 2014, 35(3): 63—68.
BT, BIK, iR, 55, MERRPUBRBE DR B0 A2 A3 I DRBITIE (). AWK LEK, 2014, 35(3): 63-68.)

[10] Zhang Ronghua, Liu Bingbing, Zhang Yuanbo, et al. Research on preparation of low-medium basicity BF burden from high-
MgO content iron ore concentrates by composite agglomeration process[J]. Sintering and Pelletizing, 2017, 42(6): 27-33.
(ot XL, SRoTIE, 5F. ST B Ak hil & h Ik & I B (], begbEk A, 2017, 42(6): 27-33.)

[11] Zhang Yuanbo, Du Minghui, Li Guanghui, et al. New advances on application of composite agglomeration process in hard-to-
treat iron-bearing mineral resources[J]. Sintering and Pelletizing, 2016, 41(4): 39—44.

(TRITTE, FEIDE, ZO0RE, 45, 2 Al BIEEXERE B &5 BRGEIEH A DL TR RE (0], Be2t BRI, 2016, 41(4): 39-44.)

[12] Maarten Geerdes, Renard Chaigneau, Oscar Lingiardi, e a/. Modern blast furnace ironmaking (Fourth edition)[M]. Sha
Yongzhi's Translation. Beijing: China Science and Technology Press, 2021: 84-86, 145-149
(LTS fldl, Sngh e - e 8, BT -bRks B, 25 SUACRE I R R (ARROIMY. Pk k. JE st i ERRAHOR A,
2021: 84-86, 145-149.)

[13] Jiang Tao. Technical manual of sintering pellet production[M]. Beijing: Metallurgical Industry Press, 2014: 875.

(. BRI A P HOR FHIM). dbat: 14 Tl ih ik, 2014: 875.)

g A E


https://doi.org/10.3969/j.issn.1674-6082.2020.08.034
https://doi.org/10.3969/j.issn.1674-6082.2020.08.034
https://doi.org/10.3969/j.issn.1672-7665.2021.03.015
https://doi.org/10.3969/j.issn.1672-7665.2021.03.015
https://doi.org/10.7513/j.issn.1004-7638.2017.03.015
https://doi.org/10.7513/j.issn.1004-7638.2017.03.015
https://doi.org/10.7513/j.issn.1004-7638.2014.03.014
https://doi.org/10.7513/j.issn.1004-7638.2014.03.014

	0 引言
	1 试验条件与方法
	1.1 原料性能
	1.2 试验流程及方法

	2 试验结果及分析
	2.1 配碳优化试验
	2.2 球团配比优化试验
	2.3 布料方式优化试验

	3 烧结矿化学成分及冶金性能
	3.1 烧结矿化学成分
	3.2 烧结矿冶金性能

	4 烧结矿矿物组成和显微结构
	5 结论
	参考文献

