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General Description on the Experimental Results

A, Mineralogical Studies

A-1

We used the test ore samples from Pomalaa mine. These test ore
samples were composited of serpentinic and limonitic ore, and the
mixed ore from serpentinic and limonitic ore was utilized for
hydrometallurgical investigations.
As the results obtained from an ethylene glychole leaching test,
heating test at 550°C and X-ray diffraction on limonitic ore, it
was clarified that clay minerals in limonitic ore is consisted of
halloysite, chlorite and montmorillonite,
Clay minerals in serpentinic ore were so scanty that can be
neglected.
Main minerals in limonitic and serpentinic ores were as follows:
A3-1 Limonitic ore

Goethite, Hematite, Magnetite, d-quartz,

gibbsite, Halloysite, Chlorite, Bayerite
A3-2 Serpentinic ore

Antigorite, @-quartz, Clino-enstatite,

Magnetite, Chrysotile
As the results of heating test, X~ray diffraction and infrared
absorption spectrum, antigorite was decomposed and recrystal

lization to forsterite was begun at 870-900°C,

B. Reduction Roasting Researches

B-1

When the external iron powder as substitutional reagent was used,
many excessive iron oxides remained in the reduction roasted ore
and it seemed wustite mainly, and the iromn solubility therefore,
was kept high level,

To decrease the solubility of iron, wustite should be transformed
to maghemite, hematite and/or magnetite, We adopted, therefore,
the reduction-steam reasting-oxidation-autoclave leaching
procedure, and by these procedures the solubility of iron could be
depressed perfectly.

To utilize the iron oxilde as the substitutional reagent, the iron
oxlde in which be reduced by the reduction procedure from goethite

in limonitic ore was ultimately considered,



B-10

B-11

As a hydrometallurgical procedure of serpentinic ore, the use of
a small amount of the external additive silica and limonite ore,
and the following reduction-steam roasting-autoclave leaching
process with diluted sulfuric acid appeared an available
procedure, However, solubility problem of magnesium still
remained.

Addition of the combination of calcium chloride and pyrite
differed an appearance of extraction curve of nickel.
Notwithstanding pyrite of 1.0 percent was added, extraction of
nickel had no-detrioration.

The combinations of the additive sodium chloride and pyrite were
also tested.

Nickel extraction was deteriorated conslderably in comparison of
the combination of calcium chloride and pyrite. Nickel
extraction was deteriorated with increasing of sodium chloride
dosage.

The experimental results were clarified that 0.5% pyrite, 2 to 3%
calcium chloride, reduction temperature of 700°C to 800°C and
reduction time of 60 minutes were encugh.

From these results, new process by the additive calcium chleoride
and pyrite and ammonla leaching seemed to be applicable procedure
to Pomalaa mine ore.

Reduction gas compositions of hydrogen gas and carbon monoxide
gas were also changed in wide range. In spite of variation in the
gas composition in wide range, nickel extractions were kept at a
certain value,

Comblnation tests of Indonesian low sulfur bhearing coal and
sodium chloride were also carried out for the improvement of
nickel extraction. Optimum dosage of sodium chloride was 5.0
percent.

Australian high sulphur bearing coal consumption of 2 - 3 percent
improved nickel and copper extraction.

Comparison of powder and pellet under using of 10 to 15 percent
coal addition was also carried out.

Investigations of pellet reduction under using of 10 to 15 percent
coal addition were clarified to be enough as hydrogen and carbon

monoxide gas producer.



We investigated the antogenus reduction process. In using of 10
- 15 percent coal, 2 - 3 percent calcium chloride and pyrite less
than 1.0 percent or native sulfur less than 0.5 percent, pellet
antogenus reduction process was most applicable for Pomalaa mine
ore. This process was not necessitate the external reduction

and/or non-reduction gas.

C. Purificatlon of the Ammonia lLeached Liquor.

Purification of the ammonia leached liquor by ammonium dihydrogen

phosphate was carried out.

The

experimental results were statistically analyzed. Magnesium

impurity was predominatly rejected.

0.76

equivalent concentration of ammonium dihydrogen phosphate was

needed for 80% rejection of magnesium, in that case, nickel and copper

rejection were 3% and 1.2% respectively.

Solvent Extraction

D-1

Before sclvent extraction, the ammonia leached liquor was acrated
at 70°C for ammonlia stripping and cobalt oxidation.

Aeration at 70°C and 180 minutes was encugh for these purpose,
Alkyl phosphoric, alkyl phosphoric and carbonlc acid extractant
were investigated to the ammonia stripped 1liquor, Alkyl
phosphorlc extractant was selectively excellent, Ammonia
stripping and base metal stripping from the loaded organic phase,
however, were very difficult,

Cobalt complex changed to cobalt (III) after ammonia stripping
and oxidation.

Because of 1t, straight deferential process was ultimately
investigated.

In this process, nickel and copper were primarily co-extracted by
carbonic acid extractant and that raffinate was then reduced from
cobalt (III) to cobalt (IL) by cobalt metal.

Ammonia concentration in finally stripped nickel and cobalt
electrolyte was negligible and separation of nickel and cobalt
was perfect,

This process seemed to be applicable process,
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EXPERIMENTAL SCHEDULE IN NEAR FUTURE

1.

Investigation of reduction-roasting and leaching procedure on

Gag/Gebe mine ore with small scale electrofurnace.

Investigation of autogenus reduction roasting with large scale

electrofurnace,

Investigation on dimpurity ions rejection from ammonia leached

liquor.

Investigation on recrystallization of nickel and cobalt metal from

ammonia leached liquor and making of metal oxide powder,

Investigation on BNC and following solvent extraction.

Investigation on bulk and selective differential solvent extraction

from ammonia leached liquor.

Investigation on reduction from cobalt (III) to cobalt (II) with

cobalt metal shot,

Investigation on electrowinning,
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OUTLINE OF THE PROJECT

Project Title :
Research and Development of Indonesian Low Grade Nickel Laterites.
Location
Puspiptek in Serpong, the Republic of Indonesia.
Executing Agency !
Research and Development Centre for Metallurgy, Indonesian Institute
of Sciences
Implementation Time :
5 years (2 years for building and equipment installation),
Project Description @
Research and development and utilization of low grade nickel
laterites play a significant role in foreign exchange earnings and
contribute in the Indonesian economic development., It is, therefore,
immediate supply of a complete set of pilot plant including building
is urgently needed.

BACKGROUND OF THE PROJECT

Among Indonesian's abundant natural resources, minerals have become
an important and a growing factor in the national development.

Although far from being extensively exploited, minerals have already
become one of the main resources for the economic advantages and play a

significant part in foreign exchange earnigns.

Nickel laterites is one of the most strategic mineral resources for
Indonesia. From the point of view of its nickel reserves, recent
calculation shows that Indonesia ranks No.2 in the world. Unfortunately,
the utilization of these resources is still limited to the high grade ore

(2.0% Ni up), which represents only a small part of the reserves.

The utilization of the low grade part of the deposits will be
indispensable to Indonesia for the future. However, this effort of
utilization will present many big problems technically as well as
economically. To overcome these problems, careful and systematic research

and development should be undertaken,.



In this Research and Development, investigation of the nature of the
ore and the appropriate metallurgical methods of treatment will be the
most important subject.

This Research and Development programme should be realized through a
cooperation between the Government of Indonesia and an advanced country in
the field of nickel-metallurgy, to carry out laboratory experiment as well

as pilet plant test.

Since 1981, Indonesia has been performing a basic test on Nickel
lLaterite in Research and Development Centre for Metallurgy, which gives
quite good results and is now in final stage. However, Research and
Development GCentre for Metallurgy laboratory-analytical equipment is not
completed. Therefore, in order to proceed all test quickly and precisely,
as well as to set-up basic activities 1n The Research Centre for Science
and Technology Complex, the Puspiptek, in Serpong, complete set of
buildings, pilot plant equipment and laboratory are urgently required. In
the meantime the RDCM - LIPI has been requesting separately dispatch of
Japanese Experts and acceptance of Indonesian counterpart personnel in

Japan on this Project.

NICKEL RESERVES IN INDONESIA

Resarves 10985 Ni metal
Company and deposits  —===—-m----o-———s—scwmememano—— content
Million of DMT Avg. grade, Thousand
{ore) ¥ Ni of MT
PT ANEKA TAMBANG
Pomalaa 6 (sil) 2,45 147.0
130 (ox+sil) 1.28 1,664.0
SE Kalimantan 56 {ox+s1l) 1.50 840.0
Gehe 90.6 L.47 1,331.,8
Obi 87.9 (ox) 1.20 1,054,8
Gag
- cog ¢ 0.8 % 170.2 1.49 2,536.0
-cog ! 1.2 % 122.9 L.71 2,101,6
- cog ! l.4 % 92.8 1.87 1,735,4
~cog ! 1.6 % 66.1 2,02 1,335,2
- cog ¢ 1.8 % 46.2 2,21 1,021,0
~cog ! 2,0 % 31.8 2.37 753.7
Pakal -
- cog + 1.4 % : 5,5 1.77 97.3
PT INTERNATIONAL NIGKEL
INDONESTA
Soroako-3ulavesi 180 (sil) 1,68 3,024.0
TOTAL INDONESIA 1.086.0 1.62 17,641.8
Rem. : ox=oxlide ore, sill=silicate ore,.



OBJECTIVE OF THE PROJEGT

The objective of the project is to transfer the appropriate
technology for the treatment of Indonesian low grade nickel laterites.

The pilot plant for low grade nickel laterite processing will he
built in the Laboratory of Metallurgy in The Research Centre for Science
and Technology Complex, the Puspiptek, in Serpong, West Java.

The pilot plant is planned to be able to treat about 1 - 3 tons of
low grade ore per day.

The low grade nickel laterite ore will come from the PT Aneka

Tambang mine or nickel deposit.

HARDWARE REQUIREMENT

The Fquipment of the Pilot Plant

Equipment for the ore Preparation (Cap. 3 t/day)

Equipment for the Reduction Furnace (Cap. 3 t/day)

Equipment for Ammonia leaching (Cap. 5m3/day)

Equipment for Basic Nickel Carbonate Recovery (Cap. 90 kgs/day)
Equipment for the Solvent Extraction (Cap. 5 m3/day Pregnant Solution)
Equipment for FElectrowinning for Ni and Co (Cap. 450 litres/day
Electrolyte)

The Supporting Equipment (Laboratory Eguipment)

Analytical Equipment

Laboratorium Test Equipment

Buildings
Laboratory Building Pilot Plant Building
Ore 3tore house Canteen

Other Buildings

PROPOSED PROCESS STEP

PURIFICATION AND

Ore -» |PREPARATION|-~< |REDUCTION|--> |LEACHING|{--> METAL RECOVERY

- .
- .

v
Ni metal Co matal



MANAGEMENT SYSTEM FOR OPERATION OF THE PILOT PLAN

JICA | - LIPI
] 1
¥ N3
Chief Adviser Project Coordinator
\l’ R \.L
JICA Experts Project Leader
L —ee——% [Administration
1! :
Coordinator for Coordinator for
Laboratory Test Pilot Plant Test
—~ Ore Concentration - Preparation
- Pyro Metallurgy - Roasting
- Hydro Metallurgy ~ Leaching & Solvent
Extraction
- Electro Metallurgy ~ Electrowinning
— Analysis - Maintenance
PERSONNEL

Project Coordinator :

Project Leader :

Coordinator for Laboratories Test

Coordinator for Pilot Plant Test

-

Researchers

Technicians
Administration and H

Supporting Staff

Head of RDCM

Head of Extraction Metallurgy
Division

1 person

1 person

13 - 20 persons

15 - 25 persons

5 - 8 persons




HOUSING

Staff housing

Apartments, total rooms

+ 10
v 15

Those housing are expected to be ready before the completion of the

physical construction of the project facilities in Serpong.

INFRASTRUCTURE

- Permanent road

~ Electricity
- Gas
- Water

- Telephone

Will be provided and managed by Puspiptek Project.

ESTIMATED OPERATIONAL COST REQUIREMENT

(in thousands Rp)

Preparation Operation Evaluation
Fiscal year
87/88| 88/89 89/90 90/91 91/92 92/93
ITtems
Additional Salary|19,500] 30,000| 60,000| 60,000( 40,000 20,000
Material 14,000( 40,000| 75,000f 75,000] 40,000 30,000
Travel 1,500( 20,000( 30,000 30,000( 30,000 20,000
Utilities - 20,000 75,000| 75,000 45,000 25,000
Others 500( 10,000| 30,000( 30,000| 15,000 5,000
TOTATL 35,500(120,000(270,000(270,000(170,000 10G,000




ERSONNEL OF EXTRACTION METALLURGY DIVISION

Head of Bxtraction Metallurgy Division : Ir. Yusuf

Head of Ore Concentration Laboratory ¢ Ir. Kamarijanto

Head of Pyro Metallurgy Laboratory t Ir. Djusman Sajuti
Head of Hydro Metallurgy Laboratory t Ir, Arifin Arif

Head of Blectro Metallurgy Laboratory : Ir. Eddy Dwi Tjahjono
Head of Process Development : Ir. Ronald Nasoetion

Ir. Rustiadl P.

Ir. Rahardjo Binudi
Ir, Sumantri

Ir. Agus Haryomno

Ir. Puguh Prasetiyo
Ir. Asdiman Naibaho
Ir. Mining Harsantil
Ir. F. Firdiyono

Ir. Adil Jamali

Ir. Rudy Subagja

Ir, Akskadi Djohari
Wismail Siregar, B.E,
13. Immanuel Ginting, B.E.
14, Deddy Sufiandi, B.E.
15. Sudarjat, B.E.

16. Suharis, B.E.

17, Ismi Handayani, B.E.

Researchers :

el
M= Ow® ~h b b

Samsu Bekti
Gunawan T.D.P,
Suhud

Mimin Suminar
R. Koeswara
Dibyo

. Muhammad Yahya
David Herwana
. Teteng Sobandi
Waluyo

Memet Slamet

. Karlan

13. Sukiman

14. Asep Suhana
15, Ngadiyo

16, Yosep E. Kusmayadi
17, Eli Saut L.

Technicians :

O~ O P L b

P e
Mo O o
.
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INDONESIAN INSTITUTE OF SCIENCES

Chairman

Vice Chairman

Deputy for
Social Sciences
& Humanities

Deputy for Deputy for Deputy for
Natural Technical Scientific
Sciences Sciences Infrastructure

RDC for Applied Physics

RDC for Applied Chemistry

RDC for Telecommunication, Strategic
Electronics, Component & Materials

RDC for Informatic & Computer Science
RDC for Electric Power & "Mecatronic"
RDC for Metallurgy

Deputy fog
General
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THE MAIN OBJECTIVE AND ACTIVITIES OF RESEARCH AND DEVELOPMENT CENTRE FOR
METALLURGY

The Research and Development Centre for Metallurgy (RDCM) as one of
the government research institutes under the Indonesian Institute of
Sciences has main objective to promote the development and
dissemination of science and technology in the field of metallurgy. In
line with the above objective, the activities of the RDCM cover a.o.:

* Research and development

* Studies

* Dissemination of information

* Technical and consultancy services

- Contract research

- Training and courses
- Consultancy

- Technical services

- Information services
- Etc.

In the field of metallurgy (Extractive Metallurgy, Metal
Technology, Corresion) to public as well as to other government

agencies,

RPCHM DEVELOPMENT SCHEDULE

Fiscal Year |87/88|88/89|89/90(90/91|91/92(92/93|93/94|94/95|Floor
space
Division
Administration ___ 2300 2500
Science & Technology 1500 15&0 3000
Service
Corrosion 2250 2250
Metals Technology 1800 2000 3800
Extraction Metallurgy __WZI?O 20#0 4100




MANPOWER AND FLOOR SPACE (1994 - 1995)

Division Man Power Floor Space (MZ)
Administration 51 2500
Science & Technology Service 85 3000
Corrosion 62 2250
Metals Technology 83 3800
Extraction Metallurgy 89 4100
TOTAL 370 15650




LOCATION OF PUSPIPTEK SERPONG

LAYOUT OF PUSPIPTEK SERPONG
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IMPORTIANGE OF THE PROJECT FOR THE NATIONAL ECONOMIC DEVELOPMENT

1. Development of mineral industries, especially the low grade nickel

laterites will improve the Indonesian economic profile in the form
of:

- export earnings

- supply of raw materials for industries

- remote area development

~ employment opportunities

2. Research and Development in the mineral processing field and its

technology transfer will be very important in the development of

Indonesian mineral industries,.

Pilot plant for nickel laterite processing which covers almost every
aspect of mineral processing, a.o ! preparation, roasting, leaching,
solvent extraction and electrowinning will hecome a strategic

infrastructure for solving the mineral processing problems,

IMPORTANCE OF THE PROJECT FOR THE DEVELOPMENT OF RDCM

1,

The project will provide Research and Development Centre for
Metallurgy with basic facilities for the Extractive Metallurgy
Division of the centre, and will become a fore runner for Research

and Development Centre for Metallurgy activities in Serpong.

The project will provide Research and Development Centre £for
Metallurgy personnel wilith wvaluable knowledge and experiences

necessary for its future development.
The project will provide Research and Development Centre for

Metallurgy with experilences in the industrial cooperation, both in

the national and international lewvel.
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