50 3 Vol. 50 No. 3

2025 6 Sintering and Pelletizing Jun. 2025
1 12 1 1 1 1 1
(1. 410205; 2.
341000)

o TFe \TiO, 11.83% 2. 77% NEEN

12. 46% 3.19% N N ;
. . ; Ti N \ o
0 ~10 mm 1.2 m/s. 3500 GS
; <3 mm 3 500 GS o
44.30% TFe 19.44%  77.31% TiO,
4.64%  75.30% o 55.70% - TFe  TiO, 4.54% -

1.21% °

:TD951 TA : 1000 - 8764(2025) 03 -0122 - 10

doi: 10. 13403 /j. sjqt. 2025. 03. 049
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Abstract: As an important strategic mineral resource in China the comprehensive utilization of vanadium titanomagnetite
is facing more and more severe challenges and how to effectively develop it has become an urgent task at present. The mass
fractions of TFe and TiO, in a low-grade vanadium titanomagnetite are 11. 83% and 2. 77% respectively. Except for iron

vanadium and titanium other elements of valuable elements have not reached the level of comprehensive
utilization. Therefore based on the characteristic nature of the mine the dry magnetic separation waste disposal wet
magnetic separation waste disposal and multi-stage waste disposal conditions are tested and a reasonable waste disposal

process and operation parameters are formulated. The results show that the mineral composition of the mine is complex and
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the metal minerals are mainly 12.46% titanomagnetite and 3. 19% ilmenite as well as a small amount of pyrrhotite
hematite magnesium-aluminum spinel and chalcopyrite. Gangue minerals are mainly feldspar diopside chlorite etc. ; Ti is
mainly in the form of ilmenite titanomagnetite and vinyl and V is mostly deposited in titanomagnetite. The optimal
technological process of pre—selection and waste ore discarding: the raw ore is crushed to a particle size of 0 ~10 mm and
the dry magnetic separation discarding tailings is carried out under the conditions of tangential velocity of 1.2 m/s and
magnetic field strength of 3 500 GS. The obtained coarse concentrate crushing is further crushed to a particle size of
<3 mm and wet selection is performed at a magnetic field strength of 3 500 GS. Finally the yield of waste ore discarding
concentrate is 44. 30% the mass fraction and recovery rate of TFe are 19.44% and 77.31% respectively and the mass
fraction and recovery rate of TiO, are 4. 64% and 75.30% respectively. Through this process the waste rock with a yield
of 55.70% TFe and TiO, mass fractions of 4. 54% and 1. 21% can be discarded respectively and the waste ore throwing
effect is good and the grinding energy consumption is reduced and the grade is improved which is conducive to the
subsequent separation operation. The experimental method can provide a reference for the development and utilization of
similar resources and at the same time prove the feasibility and necessity of pre-selection and waste ore discarding
technology for pretreatment of low-grade vanadium titanomagnetite grinding operations.
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Fig.1 Sample preparation process of the pre-selection
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Table 1 Chemical multi-element analysis results of raw ore %
Al O, P,0; Si0, S CaO TFe TiO, V,0; Se( ) MgO
9.04 0.22 44.46 0.22 8.94 11.83 2.77 0.10 0.002 5 6. 14
2 ( )
Table 2 Mineral composition analysis results of raw ore
25.63 12.95 12. 46 9.15 7.74 6. 62 6.22 5.02 3.44 3.19 2.12
0.28 0.21 0.18 0.13 0.13 0.11 1.74 0.83 0.59 0.48 0.33
+
0.09 0.04 0. 04 0.02 0.02 0.02 0.01 0.01 0.01 0.01
3 ( )
Table 3 Chemical phase analysis results of iron %
TFe
11.72 4.97 0.39 0. 09 5.68 0.59
100. 00 42. 41 3.33 0.77 48. 46 5.03
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4 ( 2 700 GS
Table 4 Chemical phase analysis results of titanium % TiO, TFe .
Tio, 3 500 GS
2 700 GS
2.82 0.74 1. 11 0. 87 0.10 TiO,. TFe MFe
100.00  26.09 39.44  30.75 3.72
o ° 4 000 GS
XMQ-67 ~ XTLZ TiO,. TFe  MFe
( @260 mm x200 mm) . CS101-3EB .
. XPM ( 3120 mm x 3 mm) 2.1.3
o 2 o
<3 mm
0 7 0 7
2

Fig.2 Test flow of pre-selection and waste ore discarding
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Table 5 Waste ore discarding test results of raw ore of all particle sizes at different belt speeds
/ ( ( ) 1% ( ) /%

(mes ) /mm ) 1% TiO, TFe MFe TiO, TFe MFe
38.25 4.32 19.20 11. 09 61.15 58. 61 79. 15

0~30 61.75 1.70 8.40 1.81 38.85 41.39 20. 85
100. 00 2.70 12.53 5.36 100. 00 100. 00 100. 00

35.00 4. 64 20. 14 11.59 59. 09 59. 54 87. 89

0.4 0~10 65. 00 1.73 7.37 0. 86 40.91 40. 46 12. 11
100. 00 2.75 11. 84 4.62 100. 00 100. 00 100. 00

38.87 4.74 17.55 11.37 60. 47 59.94 90.71

0~3 61.13 1.97 7.46 0.74 39.53 40. 06 9.29
100. 00 3.05 11.38 4.87 100. 00 100. 00 100. 00

34.35 4.50 19.34 11. 68 57.90 54.81 81. 88

0~30 65. 65 1.72 8.35 1.35 42.10 45.19 18. 12
100. 00 2. 67 12. 12 4.90 100. 00 100. 00 100. 00

31.25 4.76 19.95 12.57 55.43 52.70 85. 87

0.8 0~10 68.75 1.74 8. 14 0.94 44.57 47.30 14.13
100. 00 2. 68 11. 83 4.57 100. 00 100. 00 100. 00

31.31 5.10 22.89 15. 60 54.26 57.25 89. 66

0~3 68. 69 1.96 7.79 0.82 45.74 42.75 10. 34
100. 00 2.94 12.52 5.45 100. 00 100. 00 100. 00

29. 49 4.78 20.58 13. 16 53.19 50.70 80. 19

0~30 70. 51 1.76 8.37 1. 36 46. 81 49.30 19. 81
100. 00 2. 65 11.97 4. 84 100. 00 100. 00 100. 00

28.57 4.92 19. 65 13.98 52.51 48. 85 80. 21

1.2 0~10 71.43 1.78 8.23 1.38 47.49 51.15 19.79
100. 00 2. 68 11. 49 4.98 100. 00 100. 00 100. 00

28.97 5.21 23.95 16. 84 49. 94 54.55 87.96

0~3 71.03 2.13 8. 14 0.94 50. 06 45.45 2.04
100. 00 3.02 12.72 5.55 100. 00 100. 00 100. 00

6
Table 6 Waste ore discarding test results of raw ore of all particle sizes at different magnetic field strengths
/ ( ( ) 1% ( ) 1%

GS fmm ) 1% TiO, TFe MFe Ti0, TFe MFe
38.25 4.32 19. 20 11. 090 61.15 58. 61 79. 15

0~30 61.75 1.70 8.40 1. 810 38.85 41.39 20. 85
100. 00 2.70 12.53 5.360 100. 00 100. 00 100. 00

35.00 4. 64 20. 14 11. 590 59. 09 59.54 87. 89

2 700 0~10 65. 00 1.73 7.37 0. 860 40.91 40. 46 12. 11
100. 00 2.75 11. 84 4. 620 100. 00 100. 00 100. 00

38.87 4.74 17.55 11.370 64. 42 59.94 90.71

0~3 61.13 1. 67 7.46 0. 740 35.58 40. 06 9.29
100. 00 2.86 11.38 4.870 100. 00 100. 00 100. 00
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6( )
( ( ) 1% ( ) 1%

GS fmm ) 1% TiO, TFe MFe TiO, TFe MFe

51.87 4.07 16.06  9.490  77.33 7212 96.52

0~30 48.13 1.29 6.69  0.370  22.67  27.88  3.48
100. 00 2.73 11.55 5100  100.00  100.00  100.00

52.10 430  18.26  8.890  80.59  76.78  98.13

3 500 0~10 47.90 .13 6.01  0.180  19.41  23.22 1.87
100. 00 2.78 1239 4.720  100.00  100.00  100.00

48. 69 4.66 18.63  10.780  80.75  67.25  99.22

0-~3 51.31 1.05 577 0.082  19.25 3275 0.78
100. 00 2.81 10.77  5.290  100.00  100.00  100.00

65. 80 3.53 14.91  7.620  85.08  82.31  98.31

0~30 34.20 1.19 6.17  0.260  14.92  17.69 1.69
100. 00 2.73 192 5.100  100.00  100.00  100.00

59. 56 4.04 1551  7.850  86.55  81.68  99.06

4 000 0~10 40. 44 0.92 512 0110  13.45 1832  0.94
100. 00 2.78 11.31 4720 100.00  100.00  100.00

64. 00 392 1632 8.240  89.28  86.68  99.69

0-~3 36. 00 0.83 4.45 0,052  10.72  13.32 0.3l
100. 00 2.81 12,05 5.290  100.00  100.00  100.00

7 0 ~3 mm

Table 7 Wet waste ore discarding test results of 0 ~3 mm raw ore samples at different magnetic field intensity

/GS ( ( ) 1% ( ) 1%
) 1% TiO, TFe MFe TiO, TFe MFe
24. 64 4.61 16.72 8.36 41. 60 43. 64 81.76
2 000 75.36 2.12 7.06 0.61 58. 40 56. 36 18.24
100. 00 2.73 9.44 2.52 100. 00 100. 00 100. 00
52.79 4.16 16.52 8. 87 77. 87 75.21 94. 60
2 500 47.21 1.54 6. 48 0.57 22.13 24.79 5.40
100. 00 2.92 11.78 4.95 100. 00 100. 00 100. 00
62. 64 4.10 15.47 8. 04 88. 56 83. 46 98. 18
3 000 37.36 0. 88 5.14 0.25 11. 44 16. 54 1. 82
100. 00 2.90 11. 61 5.13 100. 00 100. 00 100. 00
64. 34 3.72 13.93 7.53 90. 19 82. 60 98.76
4 000 35. 66 0.73 5.30 0.17 9. 81 17. 40 1.24
100. 00 2. 65 10. 85 4.91 100. 00 100. 00 100. 00
2.2 o 9 o 9
22,1« (30 mm) (10 mm) ” 0 ~30 mm “ 7
“ ” 50.56% . TiO,
o 0 ~ 30 mm 3.78% « TFe 16.03% . MFe
4 000 GS. 1.2 m/s 9.00% . MFe 93.65%
; 0 ~10 mm “ 7
3 500 GS. 1.36 m/s o
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8
Table 8 Dry waste ore discarding test results of combined roller belt magnetic separator
L ( ( ) 1% ( ) 19%
) 1% TiO, TFe MFe TiO, TFe MFe
71.95 3.38 14. 51 6.52 90. 31 86.70 98. 88
0~1 28.05 0.93 5.71 0. 19 9.69 13.30 1.12
100. 00 2.69 12. 04 4.74 100. 00 100. 00 100. 00
72.58 3.37 14. 63 5.84 91.39 89.53 99.36
0~3 27.42 0. 84 4.53 0.10 8.61 10. 47 0. 64
100. 00 2.68 11. 86 4.27 100. 00 100. 00 100. 00
9 « ”

Table 9 Dry waste ore discarding test results of one coarse and one fine type under fixed magnetic field strength

( ( ) 1% ( ) 1%
) 1% TiO, TFe MFe Tio, TFe MFe
0 ~30 mm 31.82 2.02 6.52 0.82 23.12 18.31 5.37
0 ~10 mm 17. 62 1.29 6.53 0.27 8.13 10. 16 0.98
0 ~10 mm 50. 56 3.78 16. 03 9.00 68.75 71.53 93. 65
100. 00 2.78 11.33 4.86 100. 00 100. 00 100. 00
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Table 10 Dry waste ore discarding test results of one coarse and one fine type under different magnetic field strength
( ( ) 1% ( ) 1%
/GS ) 1% TiO, TFe MFe Tio, TFe MFe
0 ~10 mm 47.20 1.21 5.75 0.18 19. 88 23.46 1. 63
5 500 0~3 mm 17.36 2.34 6.55 0.72 14.13 9.84 2.39
0~3 mm 35.44 5.35 21.77 14. 15 65.99 66.70 95.98
100. 00 2.87 11. 64 5.22 100. 00 100. 00 100. 00
0 ~10 mm 46.92 1. 18 5.86 0.20 19. 69 24.61 1.82
3000 0~3 mm 15.33 1.83 5.95 0.51 9.98 8.17 1.51
0~3 mm 37.75 5.24 19. 89 13.24 70. 33 67.22 96. 67
100. 00 2.81 11.17 5.17 100. 00 100. 00 100. 00
0 ~10 mm 46. 80 1. 19 5.65 0.23 19. 86 23.29 2.06
0~3 mm 12.55 1.35 5.55 0.18 6.05 6. 14 0.43
3500 0~3 mm 40. 65 5.11 19.71 12.55 74.09 70. 57 97.51
100. 00 2.80 11.35 5.23 100. 00 100. 00 100. 00
0 ~10 mm 47.12 1.24 5.72 0.19 20. 68 24.11 1.82
4 000 0~3 mm 7.36 1. 14 4.88 0.48 2.97 3.21 0.72
0~3 mm 45.52 4.74 17. 85 10. 55 76. 35 72. 68 97.46
100. 00 2.83 11. 16 4.93 100. 00 100. 00 100. 00
1 <0 )
Table 11 Waste ore discarding test of one coarse ( dry) and one fine ( wet) type under fixed magnetic field strength
( ( ) 1% ( ) 1%
) 1% TiO, TFe MFe TiO, TFe MFe
0 ~30 mm 31.85 2.01 6. 60 0. 80 22.86 18.41 4.84
0~3 mm 14.51 1.52 7.01 0.30 7.79 8.91 0.83
0~3 mm 53. 64 3.62 15.47 9.25 69. 35 72. 68 94.33
100. 00 2.80 11.42 5.26 100. 00 100. 00 100. 00
12 )y
Table 12 Waste ore discarding test of a coarse (dry) and a fine ( wet) under different magnetic fields
( ( ) 1% ( ) 1%
/GS ) /% TiO, TFe MFe TiO, TFe MFe
0 ~10 mm 48.20 1.21 5.75 0.18 20.91 23.81 1. 66
5 000 0~3 mm 20. 58 2. 64 7.03 0. 80 19. 45 12. 44 3.13
0~3 mm 31.22 5.33 23.77 15.95 59. 64 63.75 95.21
100. 00 2.79 11. 64 5.23 100. 00 100. 00 100. 00
0 ~10 mm 47. 60 1. 08 5.93 0.18 18.90 24. 80 1.71
0~3 mm 16.93 2.34 6.28 0.51 14.59 9.34 1.72
200 0~3 mm 35.47 5.10 21.13 13. 64 66.51 65. 86 96. 57
100. 00 2.72 11.38 5.01 100. 00 100. 00 100. 00
0 ~10 mm 48.50 1. 17 5.57 0.21 20. 56 23.09 1.96
0~3 mm 7.15 1. 88 5.83 0.96 4.88 3.56 1.32
3 000 0~3 mm 44.35 4.64 19.35 11.34 74.56 73.35 96. 72
100. 00 2.76 11.70 5.20 100. 00 100. 00 100. 00
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12.( )
( ( ) 1% ( ) 1%
/GS ) 1% Tio, TFe MFe Tio, TFe MFe
0 ~10 mm 50. 68 1.13 4.31 0.19 21.05 19. 60 1.83
3 500 0~3 mm 5.02 1.99 6. 86 0.58 3.65 3.09 0.70
0~3 mm 44.30 4. 64 19. 44 10. 35 75.30 77.31 97.47
100. 00 2.73 11. 14 4.94 100. 00 100. 00 100. 00
TFe 19. 44% 11.83% . 2.77% Si. Al
77.31%; 10. 35% ° N
97.47%, 4. 64% N 0
75.30% -
(12.46%) (3.19%)
0 ~10 mm \ . o
( . .
<3 mm o ). N N N
2.3 \ o Fe
N ;o Ti N
0 3 500 GS o V
“ (<10 mm ) .
(<3mm )7 (2)
1.2 m/s. 4 13 o 0~
10 mm 1.2 m/s.
3 500 GS
<3 mm
3 500 GS 0
44.30% TFe 19.44% TFe
77.31%; TiO, 4. 64%
TiO, 75.30% o
4
Fig. 4 Optimal flow of waste ore discarding test (3)
; ( | . 55.70% - TFe
Table 13 Optimal result of waste ore discarding test % Ti0, 4. 54% 1. 21%
( )/ ) 1% ) 1% )
% TFe  TiO, TFe  TiO,
44.30 19.44  4.64 75.29 44.30
55.70 4.54 1.21  24.71 55.70 !
100. 00 11.14  2.73 100.00 100.00 U 2024(11)
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