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A Study on the Mineral processing Technology and
Process on the low grade Ilmenite ore in

Ha-dong Area

Lee Kwang Hoon

Department of Ocean Energy & Resources Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

Titanium ore of more than 90% is processed goes producing titanium
dioxide pigment, which is used as whitening and opacifying agent in the
industries of paints, alcquers, plastics, textiles, papers and etc.. and 5% of
the world production of titanium minerals goes to make titanium metal
which has wide industrial applications in the air craft engines, submarine

bodies, marine structures and etc..

In this study, the head ore was taken from Ha-dong mine located in
Ha-dong city, Kyunsangnamdo province. The head ilmenite are contains
as low as about 6.45% TiO, and is mainely associated with gangue
minerals such as chlorite, albite, tremolite, quartz and magnesiohornblende.
The XRF analysis show that the associate minerals have grade of about

43.14% SiO,, 11.24% Al Os, 24.13% Fe,Os, 0.35% NaxO, respectively

KEY WORDS: Ilmnite, Magnetic separator, Shaking table
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The target grade of titanium concentrate is determined as high as more
then 48% TiO, which can be acceptable for titanium smelting. The
optimum process and conditions to get the high grade ilmenite

concentrate are as follow ;

1) The head ore containing about 6.45% TiO, crushed to -5mm in size.
can be up graded to 10.4% TiO, with 98.4% recovery by High-force
magnetic separator at conditions of 150RPM Roll speed and Splitter

postion at 2.

2) The ilmenite pre-concentrate of about 10.4% TiO, is again up graded
to 44.93% TiO, with 59.3% recovery by using Shaking Table concentrator
at the conditions as followings ; the pre-concentrate reground to
-100mesh, in size, water feed rate 8L/min., sample feed rate 250g/min.,
slope of table 1.1°, length of table 0.9cm, and strokes of table 150times

per min.

3) The intermediate grade ilmenite concentrate of about 44.9% TiO, is
again upgreded to 50.3% TiO, with 49.1% recovery by using Cross belt
magnetic separator at contidions of 4000Gauss magnetic intensity and

20g/min. feed rate.

As a result, it's show that the final ilmenite concentrate of about 50.3%
TiO, which is acceptable goes titanium smelting can be recovered with

aboce optimum conditions and process.
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Fig. 1. Major titanium minerals.

Table 1 Composition of main titanium minerals.

Minerals Chemical composition TiOx(%)
[Imenite FeTiOs 45-65
Rutile TiO, 94-98
Anatase TiO 90-95
Leucoxene FeTiOs 68




Table 2 Mineralogical property of Ilmenite and Rutile.
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Fig. 2 . Uses of Rutile and Ilmenite concentrates.
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Table 3 Magnetic behaviors of minerals.

Magnetic behavior

General
designation

Example

Strongly magnetic

Modestly magnetic

Weakly magnetic

Ferromagnetic
Ferrimagnetic

Ferrimagnetic
Paramagnetic

Paramagnetic
Diamagnetic

[ron, Cobalt, Nickel, and their
compounds ; rare-earth metal
and compounds

Transition metals and their
compounds ; actinides and
their compound

Transition metals and their
compounds light elements,
noble metals and compounds ;
organic compounds
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Table 4 Elemental composition of the raw sample analyzed by XRF.

Chemical Composition(%6)

TiOg SIOZ AlgOg F€203 CaO MgO KQO NaZO P205 MnO
6.45 4314 1124 2413  9.77 2.76 0.35 1.04 0.84 0.28
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Fig. 5 XRD patterns of raw Ilmenite ore sample. (Im : Ilmenite, Qz :
Quartz,, Tr : Tremolite, Ch : Chlorite, Al : Albite, Hbl

Magnesiohornblende).
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g. 6 (A) - (D) Photomicrographs of Ha-Dong Ilmenite ores.(40x,

FI
0.5cm = 70mm) (A) and (B) are crossed nicol images, (B) and (D) are

opened nicol, respecticely. Im = Ilmenite, Pl = Plagioclase, Tr =
Tremolite, Hbl = Hornblende, Grt = Garnet, Chl = Chlorite.

Fig. 7 Photomicrographs of Ha-Dong Ilmenite ores.(40x, 0.5cm = 70um)

(A) and (B) are reflecting microscope images. Im = Ilmenite.



Fig. 8 SEM image and EDS mapping of Ha-Dong Ilmenite ore sample.

Table 5 Size distribution and chemical analysis of various size fraction of

ilmenite ore.

Fracture(mesh) wt. (%) TiOx(%) Cumulate
(TiOx%)
-8/+18 6.39 A\ 4] 5.25
-18/+35 37.33 5.78 38.4
-35/+48 19.61 6.58 58.7
-48/+65 5.71 7.25 65.1
-65/+100 7.63 7.32 73.7
-100/+150 4.24 7.84 78.9
-150/+200 3.71 7.94 83.4
-200/+325 4.22 8.72 89.1
-325 11.16 6.32 100.0
Total 100 6.45 100
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Fig. 9 Rare earth High-force magnetic separator.
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Fig. 10 Process of magnetic separation by using Rare earth

roll-type magnetic separator.
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Fig. 11 Wilfley type shaking table.

Dressing water Feed
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Fig. 12 Arrange of ore particles at table plate with different

particle size and density.



Table 6 Specific gravity of the gangue minerals in this study.

Gangue Minerals Gravity Specific Gravity
Albite 2.6 2.34
Quartz 2.65 2.27

Chlorite 2.7 221
Tremolite 3 1.88
Raw sample
Crushing & Grinding
Screening
Y,
Used Shaking table
Heavy Minerals Light Minerals

Chlorite, Albite, Tremolite, Hornblende

Fig 13 Process of gravity separation used by Shaking table.
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Fig. 14 Cross belt type magnetic separator.
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Fig. 16 Effect of particle size on TiO, grade & recovery in dry magnetic

separation using Rare earth High-force magnetic separator.
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