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Preparation of high quality magnetite concentrate from
pyrite cinder by composite pellet reduction-roasting and
magnetic-separation
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(1. School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China;
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Abstract: A new technology of composite pellet reduction-roasting and magnetic-separation (CPRM) was developed for
utilization of pyrite cinder, a common by-product in vitriol industry. Pyrite cinder, containing 45.56% Fe, 0.19% Cu and
1.45% S, was pelletized with addition of 5% composite agent in balling disc. Green balls after drying were reduced at
700-800 ‘C for 20 min with 300 kg/t pulverized coal injection in rotary kiln. After two-stage ball-grinding and four
stages magnetic separation, magnetite concentrate with iron grade of 66.23% Fe and containing 0.048% Cu and 0.053% S
were made. And iron recovery of 73.32%, desulphurization degree of 96.34% and decoppering degree of 74.73% were
achieved. Key technique is that composite agent can accelerate reduction of Fe,Os3 and transfer copper and sulphur into
water-soluble inorganic salts, which are removed during wet magnetic concentration. This new technology can be used to
fully utilize pyrite cinder and produce high quality magnetite concentrate as iron-bearing feed for steel industry, which
will help to solve the pollution of pyrite cinder and extend raw material sourcing for Chinese steel industry.
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Table 1 Size distribution of pyrite cinder

Size/mm >3 3-1 1-05 0.5-0.074 <0.074
Content/% 0.85  0.88 0.88 12.7 84.69
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Table 2 Main mineral contents of pyrite cinder

Hematite & Magnetite & Metallic Quartz &

Mi 1
mera limonite martite sulphide  others
Volume 57 13 2 28
fraction/%
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Fig.1 XRD spectrum of pyrite cinder
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Fig.2 SEM images of replacement of remnant by pyrrhotite in
hematite: (a) BEI image of pyrrhotite; (b) Elemental

face-scanning of Fe; (c) Elemental face-scanning of S
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Table 3 Effect of agents on copper and sulfur content of magnetic concentrate(%)

Agent Dosage Sample TFe Cu S Decoppering Desulphurization
- Pyrite cinder 45.560 0.190 1.450 - -
5 3.0 Magnetic concentrate 66.890 0.180 0.150 5.260 89.660
35 Magnetic concentrate 66.420 0.086 0.090 54.740 93.790
4.0 Magnetic concentrate 67.330 0.083 0.067 56.320 95.380
F 5.0 Magnetic concentrate 66.830 0.053 0.058 72.110 96.000
6.0 Magnetic concentrate 66.160 0.060 0.080 68.420 94.480
R4 WL HLERIR SR
Table 4 Results by magnetic concentration tube
Test code Condition Sample Yield/% w(Fe)/% Fe recovery/%
Concentrate 53.14 61.92 69.20
B8-24-1 No external Tailing 46.86 31.25 30.80
reducing agent
Feed 100 47.55 100
Concentrate 58.27 64.45 80.62
B8-24-3 External 3% fine Tailing 41.73 21.63 19.38
bituminous coal
Feed 100 46.58 100
External 2% fine Concentrate 56.70 63.39 77.11
B8-24-4 and 1% coarse Tailing 43.30 24.64 22.89
bituminous coal Feed 100 46.61 100
External 2% fine Concentrate 53.23 64.15 72.81
B8-24-5 and 1% coarse Tailing 46.77 27.26 27.19
coke breeze Feed 100 46.90 100

Notes: (1) Size of fine bituminous coal and coke breeze is less than 1 mm; size range of coarse bituminous coal and coke breeze is

1-3 mm.

(2) External dosage is calculated on basis of taking pellet mass as 100%.
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Fig.3 Relationship between temperature and equilibrium gas

composition when iron oxide reduced by CO: 1—3Fe;04+
Co=2F6203+C02; 2— F6203+C0=3F€O+C02; 3— FegO4+
CO=Fe+CO,; 4—FeO+CO=Fe+CO,
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Table 5 Effect of reduction roasting temperature on magnetic separation

Reduction roasting Magnetic

Total mass content

temperature/‘C susceptibility/% Sample Yield/% of Fe/% Fe recovery/%

Concentrate 56.95 61.42 75.46

650 2.84 Tailing 43.05 26.42 24.54
Feed 100 46.35 100

Concentrate 58.29 64.39 80.58

700 2.36 Tailing 41.71 21.69 19.42
Feed 100 46.58 100

Concentrate 58.73 64.47 81.24

750 228 Tailing 41.27 21.19 18.76
Feed 100 46.61 100

Concentrate 58.59 64.18 80.86

800 2.19 Tailing 41.41 21.49 19.14
Feed 100 46.5 100

Concentrate 54.31 62.43 71.44

850 1.74 Tailing 45.69 29.67 28.56
Feed 100 47.46 100
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Reduction roasting
pyrite cinder 100%D)
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Grinding for 3 min
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65.11%" £ P
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Y
Grinding for 5 min 34.89%1)
=| 0,
0.074 mm 96.42% X 2131%2). 15.96%3
50.07%) Magnetic separation 1l
2 3
62.26%2), 78.95%3) 7561 mT
Y
54.90%1) Magnetic separation [l1 Y 6.04%1)
64.75%2), 76.32%?3) 75.61 mT X2 352599, 5.00%
Y Y ]
. 0,1)
Magnetic separation [V X3 L
29.38%2), 2.63%3)
75.61 mT .
1) Total yield;
L | Y 2) Total content of Fe;
K 51.57% X4 % 3) Recovery of Fe
0, 0,
66.23%2), 73.32%3) 41.96%7), 3.00%)
B4 GRERVE Y — T R R

Fig.4 Open circuit flowsheet of ball-grinding and magnetic separation process
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Table 6 Chemistry contents of magnetic concentrate(mass

HIZE 6 PR, BRAED™ 2 i, B Rkt 15808
TR 2 R KR S FRAR, (R A L REE 45 R 5 e

fraction, %)

IR 5, FRIUE T AR F ol )

Sample TFe FeO Si0, ALO; CaO
I concentrate  66.10 25.80  3.80 153  0.65 {578 L N e S TOIvE N R e
7Y b B 322
2 concentrate  66.23 2680  3.65 151  0.64 74.73%, BilitFRIIE 96.34%.
Sample MgO Cu P S
1” concentrate ~ 0.35 020  0.023  0.33 3 Zi
2% concentrate 0.33 0.048 0.021 0.053

Note: 17 and 2" concentrate are obtained by reduction-roasting

and magnetic-separation with the addition of 3% composite
agent B and 5% composite agent F, respectively. And other
conditions of reduction-roasting are listed in Table 4 (B§8-24-3).
Flowsheet of magnetic separation is shown in Fig.4.

1) B IAR(A R i 45.56%6) M ANGR & i
(Cu0.19%, S1.45%)HERRIE, BN 5% 5 AN
F, RS ERAL Bl & 2 a5k B, THE, &
700~800 ‘Cik J5ikE 20 min, PPRHRFHN 15.73%.
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