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Fig. 1 Distribution of hematite in ilmenite
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Fig. 2 Partial oxidation and alteration of ilmenite become leu-
coxene
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Table 3 Energy spectrum analysis results of ilmenite

TiO,  FeO  MnO Na,0  MgO ALO,  Si0, Nb,O

48.84  48.57 1.57 0.02 0.44 0.12 0.36  0.07
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Fig. 3 Hematite accounts for the main ilmenite
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Table 4 Energy spectrum analysis of other main minerals

Constituent ~ Fe, 0; Fe;0, TiO, MnO MgO Al O, SiO, V,0; Cr,0,

Hematite 95.41 - 1.88 0.18 - 1.03 1.14 0.35 0.01

Haplotypite  80.05 - 17.80 0.18 0.09 0.86 0.47 0.47 0.08

Titano — magnetite - 77.2120.13 0.31 0.15 0.71 0.84 0.58 0.06
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Fig. 4 Particle size analysis results of Ti rough concentrate
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Table 5 Determination of liberation degree of main minerals

Size class/mm +0.150  —0.150 s

yield 59.54 40.46 100. 00
Content IImenite 80.77 77.61 79.49
Hematite 3.552 7.77 5.24
Titano — hematite 12.74 8.67 11.09
Liberation degree IImenite 84.32 85.68 84.87
Hematite 90.40 91.92 91.00
Titano — hematite 7.25 16.04 10.76
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Table 6 Distribution of Fe and Ti element in magnetic products

with different field strengths in Ti rough concentrate

Magnetic field intensity/T yield — TiO, Fe Main minerals

0.10 1.43  29.80 47.92 [Ilmenite, hematite and
0.12 11.89 37.08 41.64 titano —hematite
Ilmenite,, hematite ,
0.23 45.73 43.00 40.18 titano — hematite
a few leucoxene, garnet
0.42 12.06 44.40 36.80 and monazite

Ilmenite, hematite,

0.48 20.74 37.54 36.04  titano - hematite

a few leucoxene, garnet,

0.52 7.85 35.37 37.38 monazite ‘rll’ld gangue

Nonmagnetic minerals ~ 0.31 16.10 11.76 Gangue

Total 100.00 40.46 38.89
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Table 7 Comparison tests of roasting methods
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e . Content Rate of recovery
Calcination mode Product Yield TiO, Te TiO, T
Direct magnetic separation Iron concentrate 0.02 27.34 51.32 0.01 0.02
Ilmenite concentrate 99.98 42.63 39.08 99.99 99.98
Oxidation roasting test Iron concentrate 8.19 37.22 37.51 7.15 7.94
Ilmenite concentrate 91.81 43.08 38.79 92.85 92.06
Reduction roasting /Iron concentrate 28.67 29.44 49.35 19.75 35.89
Tlmenite concentrate 71.33 48.07 35.43 80.25 64.11
Feed of titanium rough concentrate 100. 00 42.65 39.10 100. 00 100. 00
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Table 8 Comparison tests of cooling methods for reduction roasting

Cooling mode Product Yield  Content rate of recovery
Slow — air cooling Iron concentrate 28.74  29.29 19.73
IImenite concentrate  71.26  48.08 80.27
Water quenching Iron concentrate 28.67  29.44 19.75
IImenite concentrate  71.33  48.07 80.25
Feed of titanium rough concentrate 100.00  42.66 100. 00
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Table 9 Type tests of reducing agents

Type of reducing Product Yield Content Rate of

agent recovery
Lignite Iron concentrate 13.00 29.20 8.88
[lmenite concentrate  87.00 44.75 91.12
Anthracite Iron concentrate 18.71 29.90 13.11
(0.5 ~1 mm) IImenite concentrate ~ 81.29 45.62 86. 89
Anthracite Iron concentrate 20.13 30.61 14.41
(<0-Smm)  enite concentrate  79.87  45.85 85.59
Carbon powder Iron concentrate 27.51 27.63 17.80
Ilmenite concentrate ~ 72.49 48.43 82.20

Feeding of crude titanium concentrate ~ 100. 00 42.68 100. 00
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Fig. 7 Time tests of reduction roasting
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Table 10  Comparison tests of dry and wet weak magnetic separa-
tors
Type of magnetic separator Product Yield  Content rate of recovery
Wet drum type weak  Iron concentrate 28.67  29.44 19.75
TABNEL SPAOT ) nenite concentrate 7133 48.07  80.25
Dry drum type weak  Iron concentrate 28.91  29.56 19.99
MABNEL SEPAOT ) enite concentrate 7109 48.11  80.01
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Table 11  Test results of magnetic separator model
Product Yield

Type of magnetic separator Content rate of recovery

Concurrent Iron concentrate 27.51 27.63 17.80
Tlmenite concentrate 72.49  48.43 82.20

Counter — Current Iron concentrate 28.85  27.53 18. 60
Ilmenite concentrate 71.15  48.85 81.40

4.4.3 H@EHHEERE

186 5 38 D o 2% A AT BRORLRS 4 95 458 ) 7K Ak, R
PR O e 1 i — UL E (0. 15 T) Rl — IR e
e, SR A [R5 s 37 568 P % EE i, 25 R L35 12

&2 AR A, /%
Table 12 Test results of scanning magnetic field strength

M'a gneti'c field Product Yield  Content Rate of
intensity/T recovery

Iron concentrate 27.45 27.74 17.84

0.20 Secondary titanium concentrate 0. 53 39.17 0.49

Ilmenite Concentrate 72.02  48.40 81.67

Iron concentrate 27.53  27.67 17.83

0.30 Secondary titanium concentrate 1.75 39.62 1.62

TImenite Concentrate 70.72  48.67 80.55

Iron concentrate 27.51  27.63 17.80

0.45 Secondary titanium concentrate 5. 31 40.55 5.04

Ilmenite Concentrate 67.18  49.05 77.16
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Table 13  Grinding fineness test results of combined iron coarse concentrates
o . Content rate of recovery
Grinding fineness Product Yield Ti0, e Ti0, o
Iron concentrate 64.54 25.10 54.52 52.13 70.81
=0.075 mm Secondary iron concentrate 8.73 38.65 43.33 10.86 7.61
90% Secondary titanium concentrate 26.73 43.04 40. 14 37.01 21.58
Iron concentrate 42.16 21.73 56.73 29.86 48.23
=0.045 mm Secondary iron concentrate 25.14 27.65 51.45 20.65 23.76
90% Secondary titanium concentrate 32.70 43.12 39.45 49.49 28.01
Feed of titanium rough concentrate 100. 00 30.84 49.58 100. 00 100. 00
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Fig. 8 The impact of the kilogram scale expansion test on the ti-

tanium concentrate
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Fig. 9 Flowsheet of the whole process
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Table 14 Test results of the whole process
Rate of
Content

Product Yield recovery

TiO,  Fe TiO, Fe
Tron concentrate 13.50 21.40 56.71 6.75 19.16
Secondary iron concentrate 8.05 27.16 51.08 5.11 10.29

10.88 41.51 39.16 10.57 10.67

IImenite Concentrate 67.57 49.10 35.40 77.57 59.88
Feeding of crude titanium concentrate 100.00 42.77 39.95 100.00 100. 00
21.55 23.55 54.61 11.86 29.45
78.45 48.05 35.92 88.14 70.55

Secondary titanium concentrate

Combined iron concentrate

Combined titanium concentrate
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Table 15 Chemical analysis of titanium concentrate

Constituent  TiO, P Ca0 MgO S Fe, 0, MnO

Content  49.10 0.022 0.27 0.76 <0.005 5.37 1.56

B 10 BTN AR
Fig. 10 The scanning electron microscope of Titanium concen-
trate
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Table 16 Mineral phase analysis results of titanium concentrate

Minerals  Content Minerals Content  Minerals Content
Ilmenite  92.869  Titano — hematite 0. 628 Garnet 2.213
Leucoxene  1.365 Hematite 0.006 Hornblende 1.444

Pyroxene  0.835 Limonite 0.007 Zircon 0.101
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Table 17 Chemical analysis of iron concentrate

Constituent TFe  SiO, S P Cu Pb Zn Sn As

Content  56.71 0.54 0.006 0.019 0.005 <0.001 0.03 0.05 <0.005
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Abstract: Due to the complexity of iron and titanium minerals in Malawian, only low grade titanium concentrate can be
obtained by conventional gravity separation, magnetic separation and electric separation. Through MLA (automatic quanti-
tative analysis system of mineral parameters) and SEM ('scanning electron microscope) , the process mineralogy of titani-
um rough concentrate was studied. The results showed that the content of Ti — hematite and hematite in Ti rough concen-
trate was 16.33% , ilmenite content was 79.49% . It is difficult to effectively separate titanium and iron in titanium rough
concentrate due to hematite formed by oxidation and alteration. Therefore hematite is reduced to magnetite by roasting and
then magnetic separation is carried out in virtue of magnetic difference between magnetite and ilmenite. Iron and titanium
in titanium rough concentrate can be effectively recovered and utilized. Iron concentrate and titanium concentrate were ob-
tained by reduction roasting and magnetic separation process. At the same time, secondary iron concentrate and secondary
titanium concentrate were comprehensively recycled. Fe content in iron concentrate was 56. 71% , recovery rate was
13.50% . TiO, content in titanium concentrate was 49. 10% , yield was 65.57% . Fe content in secondary iron concen-
trate was 51.08% , recovery rate was 10.29% . TiO, content in secondary titanium concentrate was 41.51% , yield was
10.57% . The tests solved the technical problem of separating ilmenite from hematite in titanium rough concentrate, and
provided a technical way for comprehensive and effective recovery and utilization of Malawian ilmenite.

Keywords: ilmenite; hematite; magnetite; process mineralogy; reduction roasting
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