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Abstract: The migration and transformation of low-content heavy metals during the magnetization roasting of refractory
iron tailings are key factors affecting the quality of magnetite concentrate and the comprehensive utilization of tailings. In
this paper Dabaoshan iron tailings was studied with municipal sludge of different consumption as a reducing agent and in
combination of study methods such as BCR sequential extraction and SEM-Mapping elemental distribution to systematically
investigate the evolution of occurrence states and migration behaviors of Cu Zn and Pb during magnetization roasting. The
results show that in the raw ore Cu Zn and Pb primarily are hoisting in limonite through isomorphic substitution and
encapsulated intergrowth. During magnetization roasting heavy metals undergo multi-path migration and transformation into
sulfide phases iron and its oxide phases fayalite and gangue phases. Cu migrates to magnetite as limonite is reduced; Zn

reacts with quartz to form iron silicate stablizing within the gangue phase; Pb migrates to iron and gangue phases following
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the decomposition of drugmanite and carminite. The consumption of the reducing agent influences the migration path. When
the dosage exceeds 25% over—reduction intensifies inhibiting sulfide path and causing more heavy metals to migrate to the
fayalite phase. In subsequent separation processes flotation can enrich heavy metals in sulfide phases with enrichment
factors of Cu Zn and Pb reaching 1.4 2.2 and 3.7 respectively. Magnetic separation efficiency is affected by the
magnetic properties of fayalite. When the sludge dosage is 30% the removal rates of Cu Zn and Pb increased to 20. 55%
48.08% and 47.84% respectively. The findings of this study can provide a theoretical basis for optimizing the
collaborative process of “desulfurization impurity removal and iron extraction” in refractory iron tailings.
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Fig. 2 SEM Mapping analysis of element distribution in iron tailings
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Table 3 Effects of sludge addition on migration of heavy metals in MRT %

S Cu Zn Pb Fe
15 0. 68 34. 67 0.154 0.62 0.171 0.29 0.116 0.63 48.55
20 0.69 39.54 0. 148 0. 67 0. 164 0.41 0.111 0. 65 47.99
25 0.67 46.51 0. 144 0.77 0. 160 0.55 0. 109 0.69 47.56
30 0. 68 49.91 0. 141 0.82 0. 156 0.57 0. 106 0.70 47.75

/%: 1—30;, 2—25;, 3—20;, 4—15.
A— i B— ; C—
3 MRT XRD 1—F1; 2—F2; 3—F3; 4—F4,
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Fig. 3 XRD patterns of magnetic roasted tailings

obtained with different sludge additions

Fig. 4 Speciation distribution of Cu Zn and Pb in
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Fig. 5 Microscopic images of MRT obtained under different sludge addition amounts in both plane-polarized light

and orthogonal polarized light conditions
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Table 4 Effects of sludge addition on migration of heavy metals in POFS %
S Cu Zn Pb Fe
15 0.20 74. 15 0. 149 12.78 0.137 27.78 0. 089 30. 84 49.09 91.15
20 0.18 75.38 0. 146 10. 86 0.132 27.36 0. 086 30. 31 49.51 93.13
25 0.21 69. 41 0. 143 10.48 0.127 28.32 0. 081 32.75 50. 38 95.25
30 0.23 64.77 0. 144 7. 49 0. 130 24.76 0. 085 27.63 50.53 95.63
BCR POFS Cu~ Zn. Pb (F3
)
8 o 8( a) . Cu POFS
15% POFS Cu F4
: 1—Cu; 2—7Zn; 3—Pb. 86.92% 259
. 4—Cu; 5—Z7Zn; 6—Pb,
! ! 45.66%
6 POFSC Cu. Zn. Pb
Cu F4 Cu
Fig. 6 Effects of sludge addition on contents and
enrichment factors of Cu Zn Pb in POFSC ° 30% F3. F4
R 11.06% . 56.50% F2( )
Cu 12. 78% 34.94% 19. 66% Cu
o 15% - °
30% Cu. Zn. Pb 12.78% « 8(b) D Zn ¥4
27.78% « 30.84% 7.49% « 24.76%  27.63% 86% Zn

o/nke, 0, 7Zn

o



2025 6

97

(a) Cu; (b) Zn; (c¢) Pb

7 Cu. Zn. Pb

Fig.7 Reactions and Gibbs free energy changes between reducible fractions of Cu Zn Pb and sulfur-containing gases
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Fig. 8 Effects of sludge addition on speciation distribution of Cu Zn and Pb in POFS
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Table 5 Effects of sludge addition on migration of heavy metals and recovery of Fe during magnetic separation %0

Fe Fe Cu Cu Zn Zn Pb Pb

15 28.80 61.49 24.21 85.80 0.167 0.099 20.20 0.107 0.10 44.29 0.081 0.115 35.20
20 27.92  61.11 24.01 86.46 0.168 0.101 17.06 0.103 0.109 43.76 0.078 0.123 34.63
25 22.71 60.08 23.72 89.31 0.159 0.111 14.06 0.103 0.112 37.31 0.070 0.121 33.20
30 33.83  60.35 30.58 79.53 0.173 0.110 20.55 0.102 0.110 48.08 0.067 0.121 47.84

85.60% « 37.37%; 30% Cu.
Zn. Pb  F4 65.46% - 85.50%
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Fig. 10 Effects of sludge addition on contents and

enrichment factors of Cu Zn Pb in tailings
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