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Laterite ore is one of the mineral resources contains several kinds of metal elements,

such as nickel, cobalt, iron, silicon, aluminum and chromium. It is widely distributed in the

equatorial region such as Indonesia and is mainly used as a nickel resource. However, the

utilization is limited to only the laterite containing Ni more than 2 mass%. While the

Ni-less laterite ore has never been used effectively in spite of the huge deposit, it sometimes

has high content of iron about 50 mass%. As Indonesia has no deposit of high grade iron ore,

the high-grade Fe laterite is quite attractive as a domestic iron resource. When the

high-grade Fe laterite is used in iron and steel industries, the complicated chemical

structure brings about some difficulties. A series of process to utilize the Indonesian

high-grade Fe laterite ore as an iron resource is proposed. This thesis contains seven

chapters as described below:

Chapter 1. In this chapter, the background, proposed process and the purpose of this

study were stated. Figure. 1 shows the flow diagram of laterite processing proposed in this

work. The purpose of the process is to separate the impurities from laterite ore by a

combination process of selective reduction, leaching and magnetic separation. The

selective reduction of the laterite ore by CO/COz (30/70 vol.%) mixed gas produced in

metallic nickel and cobalt, together with hematite changes to magnetite. The nickel will

be extracted by leaching from selective reduced laterite without insoluble iron, based on

the difference affinity between metallic nickel and other metal oxides to acid. There will

be a residue containing iron in the form of magnetite and other metal oxides. The residual

solid after the extraction of nickel can be further treated by magnetic separation to

recover the iron. Finally, the products of this process will be a high iron content of
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Fig. 1 Flow diagram of laterite processing

magnetic concentrate that can be further process as raw material for ironmaking,.

Chapter 2. This chapter describes the physical and chemical characteristics of laterite ore
including effect of dehydration on its properties. X-ray diffractometry and DTA revealed
that the iron mainly formed iron oxide hydrate (goethite), and it decomposed at the range of
530-673 K resulted in crack generation. The experimental results showed that preheating
treatment promoted in increasing the crushing strength of briquette and decreasing of
energy consumption for the grinding of laterite ore.

Chapter 3. This chapter describes the selective reduction test of laterite ore. Reduction
of laterite using CO-COz (30/70 mol/mol) resulted in reducing of iron from hematite to
magnetite where nickel and cobalt completely reduced to metallic. According to one
interface unreacted core model for cylindrical briquette the reduction rate of laterite was
mixed control of chemical reaction and intraparticle diffusion through the reacted laterite
layer. The apparent activation energy was obtained and given as follow:

In ke = 14.38 — (50.96 x 103/ RT)
In De = 1.54 x 10 - (32.92 x 104/ RT)

Chapter 4. This chapter describes leaching process to separate nickel from the
selectively reduced laterite ore. The results indicate that the influence of selective

reduction can speed up the nickel extraction and obstruct the iron dissolution.
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The extraction rate of nickel is very high in the early reaction. It slows down after that.
The optimal indication of the test can be obtained at the leaching temperature of 343 K,
0.05 mol/l H2SO4 and 4 g/l sample. The leaching rate of nickel was chemically controlled by
the cathodic reaction of the solid surface. For the rate controlling process, the obtained
activation energy was about 42.2 kJ/mol.

Chapter 5. This chapter describes the magnetization of laterite ore and magnetic
separation process using Davis Tube Tester to recover the magnetite in the ore. The
results show that the ore has similar magnetic property with goethite. Heated of the ore
at 673 K does not improve significantly on its properties whether goethite changes to
magnetite. However, reduction treatment increases the magnetic properties of the ore due
to the formation of magnetite. The magnetic susceptibilities of the original, heated and
reduction treated laterite ores are 2.36, 2.18 x 105 and 23.57 x 103 emu/g, respectively.
Magnetic separation was applied only to recover iron from the laterite ore after treated by
selective reduction in which produced magnetite. Magnetic separation was upgraded the
concentrate up to 93.9 % with recovery of 90 %. The correlation between magnetite
content and magnetization of the magnetic concentrate shows in a linier equation, which
can be used for prediction of magnetite content in the sample based on its magnetization.

Chapter 6. This chapter describes the reduction test of oxidized laterite concentrate.
Reducibility test of laterite pellet produced from magnetic separation using CO gas was
obtained about 53 %, where 68 % for Carajas hematite pellet. Kinetics reduction of pellets
were examined according to one interface unreacted core model for the reduction using He
gas. The reduction of laterite and Carajas hematite pellets proceed topo-chemically
according to the unreacted core model. And the process was mixed control plots of
chemical reaction and intra-particle diffusion. However, the rate of laterite pellet was slow
at the upper degree of reduction due to high diffusion resistant.

In chapter 7, the main results of the present work were summarized.
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