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Abstrak

Pemanfaatan terak sebagai sumber daya sekunder umumnya diolah dengan proses reduksi dengan reduktor batu bara
atau dengan pelindian. Namun, pada penelitian kali ini digunakan reduktor cangkang kelapa sawit sebagai alternatif
pengganti batu bara. Reduktor ini dipilih karena ketersediannya di Indonesia yang memadai. Tujuan dari penelitian
ini adalah untuk mengetahui pengaruh reduktor cangkang kelapa sawit dan konsentrasinya terhadap proses reduksi
terak feronikel yang telah dilakukan fusi alkali sebelumnya. Bahan awal merupakan terak feronikel yang telah
dihaluskan kemudian dilakukan proses fusi alkali dengan ditambahkan 20 %berat aditif natrium karbonat (Na;COs3)
kemudian dilakukan roasting. Sampel tersebut kemudian dicampurkan dengan reduktor cangkang kelapa sawit
dengan perbandingan (reduktor : sampel) yaitu 15:85, 20:80, dan 25:75 dalam persen berat. Sampel yang telah
dicampur kemudian dikompaksi. Proses reduksi dilakukan dengan menggunakan tube furnace pada temperatur
1100 °C selama 60 menit dengan laju pemanasan 10 °C/menit. Cangkang kelapa sawit dianalisis dengan
menggunakan ultimate dan proximate analysis, sedangkan produk hasil reduksi kemudian dilakukan penghalusan
dan pemisahan magnet secara manual. Produk hasil yang bersifat magnet dikarakterisasi dengan SEM-EDS
(scanning electron microscope-energy dispersive spectrometry) dan XRD (x-ray diffraction). Pada penelitian ini
didapatkan bahwa proses reduksi menggunakan reduktor cangkang kelapa sawit menghasilkan produk berupa
natrium silikat, hematit, magnetit dan logam besi. Konsentrasi reduktor optimum dalam penelitian ini adalah 15
%berat reduktor.

Kata Kunci: Terak feronikel, fusi alkali, proses karbotermik

Abstract

The utilization of slag as a secondary resource is usually processed by a reduction process with coal reducing
agents or by a leaching process. However, this study will use palm kernel shell as an alternative reducing agent to
substitute coal. Palm kernel shell was chosen as an alternative reducing agent because of their availability in
Indonesia. The purpose of this study is to determine the effect of palm kernel shell as a reducing agent and its
concentration (wt.%) on the ferronickel slag reduction process. The raw material is the ground-ferronickel slag,
which had been proceeded by alkali fusion by adding 20 wt.% sodium carbonate (Na.,CO3) as an additive and then
roasted. The roasted product is then mixed with palm kernel shell reductant by the ratio (reductant : sample), which
are 15:85, 20:80, and 25:75 in weight percent. Samples that have been mixed are then compacted. The reduction
process is then carried out using a tube furnace at a temperature of 1100 °C for 60 minutes with a heating rate of
10 °C/minute. The palm kernel shells were analyzed using ultimate and proximate analysis, while the reduced
product was characterized ground and manually separated magnetically. The magnetic samples were then
characterized by SEM-EDS (scanning electron microscope-energy dispersive spectrometry) and XRD (x-ray
diffraction). In this study, it was found that the reduction process using palm kernel shell produces products in the
form of natrium silicate, hematite, magnetite, and iron metal. The optimum reducing agent concentration in this
study is by adding 15 wt.% reductants.
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1. INTRODUCTION

Nickel laterite is the result of natural
weathering from ultramafic processes. Based on
the chemical composition, nickel types laterite
are divided into two, which are limonite and
saprolite. Limonite (FeO(OH)-nH,0) has a nickel
composition of 0.7-1% from the total mass and
has a rich iron (Fe) composition. On the other
hand, saprolite (Ni,Mg)SisOs(OH).) contains 1.5-
2.5% of nickel with a high amount of Mg-SiO;
[1]. The products from nickel laterite by
pyrometallurgical processing are both ferronickel
and its by-product known as slag.

One of the methods to utilize ferronickel
slag is to reduce the slag by using a reducing
agent. In general, the reduction process uses coal
or coke as the reducing agent. The ferronickel
slag is considered as waste; thus, a low-cost
reduction operation needs to be used. Palm kernel
shells is an alternative reducing agent with a low
selling value compared to coal or even coke.
Similar to that of coal, the reduction reactions of
palm kernel shell will involve the oxidation of
carbon to CO gas, which acts as a reducing gas in
the carbothermic reaction.

The palm kernel shell is considered a
biomass product that has a high-calorie content
and a high net calorific value. It provides a great
number of burning calories and leads to
significant heat generation from its combustion
[2]. Its high calorific value means that the palm
kernel shell has the potential to be also used as an
alternative energy source to replace coal.

The palm kernel shell availability is
relatively abundant because Indonesia is a
tropical country with several palm oil land.
Indonesia is the largest palm oil producer in the
world [3]. As the palm oil industry and land in
the industry developed, the production of waste
from palm oil extraction will also increase every
year. The palm kernel shell waste is usually
disposed of immediately. The waste will give a
negative impact on the surrounding environment
if it is not managed carefully.

Arum Cahyanurani S. et al., [4] reported that
the valuable metals in the slag are difficult to be
separated due to their bonding in the silica-iron
matrix in the fayalite phase, which is a dominant
phase in ferronickel slag. Moreover, M. D.
Alfariz et. al., [5] reported that increasing nickel
and iron content can be obtained by the reduction
process of ferronickel slag using palm kernel
shell charcoal as reducing agent and Na,COs as
an additive in one stage. The use of the additive
in alkali fusion can facilitate the decomposition
of the silica-iron matrix which leads to easier
precious metals recovery. By combining the

alkali fusion and reduction (carbothermic)
process in different stages, this study aims to
analyze the products of the alkali fusion and
carbothermic reduction of ferronickel slag using
palm kernel shell as a reducing agent.

2. MATERIALS AND METHODS

The ground ferronickel slag with particle
size 75 microns was used in this study. The
sample was first treated by alkali fusion
processing. This process was carried out by
mixing the sample with 20 wt.% sodium
carbonate, compacting the sample and heating the
sample in the tube furnace for 1 hour at 1100 °C.
At the end of each experiment, the product was
furnace cooled. Before the carbothermic process
was conducted, the sample was then ground and
mixed by 15, 20, and 25 wt.% palm kernel shell
as a reductant, and the mixtures were compacted.
Proximate and ultimate analysis was carried out
to determine the main content of the reducing
agent used in the experiments. The proximate and
ultimate test results can be seen in Table 1 and
Table 2. Meanwhile, the initial slag composition
from the XRF (x-ray flourescence) analysis is
shown in Table 3.

The carbothermic process was performed by
heating the sample in the tube furnace at 1100 °C
for 1 hour in an inert atmosphere, with a heating
rate of 10°C/minute. The carbothermic product
was then ground and separated magnetically by a
permanent magnet manually. The magnetic
particles from each carbothermic product are then
characterized by SEM-EDS (scanning electron
mycroscope-energy dispersive spectroscopy) and
XRD (x-ray diffraction) for further analysis.

Table 1. Proximate analysis results
Palm Kernel Shell

No. Proximate analysis results (%)
1 Moisture 6.10
2 Ash 3.36
3 Volatile Matter 12.00
4 Fixed Carbon 78.54

Table 2. Ultimate analysis results
Palm Kernel Shell

No. Ultimate analysis result (%)
1 Sulphur 0.02
2 Carbon 80.79
3 Hydrogen 2.85
4 Nitrogen 0.89
5 Oxygen 12.09
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Tables 1 and 2 show that the carbon content
of palm kernel shells is 80.79% and it has a fixed
carbon level of 78.54%. The higher the carbon
content in a reducing agent, the more likely CO-
CO; will be formed and act as the main reducing
agent for the reduction process [6]. The slag's
major components are SiO,, Fe;0s, MgO, Al:O3,
and others as shown in Table 3.

Table 3. Slag initial composition from XRF analysis

Compounds NaO MgO Al0s SiO; CaO

Wt.% 0.56 295 534 46.76  0.81

Compounds Fe20s NiO  ZnO Cr203  Others

Wt.% 13.3 0.085 0.029 1.55 2.066

3. RESULTS AND DISCUSSIONS

The XRD (x-ray diffraction) result of the
alkali fusion product is shown in Fig. 1. The
compounds contained in the product from alkali
fusion, which is named as a roasted product in
this study, are quartz (SiO,), sodium silicate
(NazSiO3), fayalite (Fe.SiOs), and hematite
(Fe20s3). The sodium silicate (Na;SiOs) appears to
form during the alkali fusion process; this was
not identified in the previous study [4]-[5].

3.1. Alkali Fusion Results

Sodium silicate is formed by the reaction
between (Na,COs) and quartz according to
reactions (1) to (3) [7].

Na,COs; — Na,O + CO, (1)
Na,O + SiO, — NaySiO; (2)
Na,COj3 + SiO; — NaySiO;+ CO, 3)

Reactions (1) to (3) in this study occurs
between sodium carbonate and silicate from the
ferronickel slag which produces Na;SiOs. First,
the additive sodium carbonate (NaxCOs)
decomposes into sodium oxide (Na.O) and
carbon dioxide (COz) via reaction (1). The
sodium oxide (NaO) is then reacted with quartz
(SiOz) to produce sodium silicate (NaxSiOz)
according to reaction (2) [7]. The sodium
carbonate additive (Na,COs) can react with the
fayalite phase (Fe»SiOs) which produces several
compounds such as hematite (Fe20s), sodium
silicate (NazSiOs), and carbon monoxide gas
(CO) based on the reaction of (4) [8]. The
products formed in this study are similar to those
reported in the literature from the roasting
process using sodium carbonate (Na,COs;) at a
temperature of 1100 °C [7].

Fe,SiOs + Na,CO3 — Feo O3 + NaoSiOz + CO (4)

SEM-EDS (scanning electron microscope-
energy dispersive spectroscopy) analysis for the
roasted products (before the carbothermic process
is conducted) is shown in Fig. 3. Figure 3 shows
that 4 different locations in the sample have been
analyzed to determine the elemental content of
the roasted product, which is shown in Table 4.
Figure 3 shows that the morphology of the
roasted product consists of dominant colors of
black and gray (dark) which indicated the
domination of oxygen/oxide compound.

The observation areas of numbers 1 and 4
have a similarity based on their white color's
appearance. According to Table 1, it can be
analyzed that the Fe levels in the observation
areas of numbers 1 and 4 are the highest
compared to other observation areas. The white
areas have high iron content, i.e. 10.7 and 14.8
wt.% for areas number 1 and 4 with, respectively.
In the area of number 2, a dominant gray (dark)
color can be observed. This indicates the
predominant constituent of oxygen at 41.3 wt.%.
While in area number 3, a slightly mixed gray
(dark) and white content can be observed. Area
number 3 consists of 39.2 wt.% oxygen.

3.2. Carbothermic Process Results

After the carbothermic process is done, all
of the samples were ground into a powder,
separated magnetically using a permanent magnet.
Almost all of the particles were attracted to the
magnet. This carbothermic product was then
characterized by XRD and SEM-EDS analysis.
The effect of palm kernel shell utilization as a
reductant on the carbothermic process of the
roasted product from the XRD analysis is shown
in Fig. 3. The combination of alkali fusion and
carbothermic process shows a tendency to
decompose the fayalite phase producing some
compounds that can be reduced easier during the
carbothermic reduction process. This results in
the formation of hematite, magnetite, and iron
metal.

Hematite formed due to the fayalite reaction
with the additives will be reduced to magnetite,
to wustite (FeO), and eventually to ferrous metal
(Fe) according to the reaction (5) to (7)[9].

3Fe, 03 + CO — 2Fes304 + CO, (5)
Fes04+ CO — 3FeO + CO, 6)
FeO +CO — Fe+ CO; @)

Besides, it clearly shows the inequality between
one and two stages of the alkali fusion and
reduction (carbothermic) process. Fe phase
formed when two stages of heat treatment were
performed, while Fe was bonded in the phase of
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fayalite when heat treatment carried out in one
stage [5].
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Figure 1. XRD analysis result of the roasted product

Figure 2. SEM-EDS analysis showing elemental mapping
analysis of the roasted product

The effect of variation of palm kernel
concentration on the formations of iron (Fe),
hematite (Fe-Os), and magnetite (FesO.) detected
in the carbothermic products can be analyzed by
XRD analysis. Based on the analysis of the peak
height of the iron metal phase, the palm kernel
shell addition of 15 wt.% appears to give the
highest Fe peak, followed by the palm kernel
shell addition of 25 wt.% and 20 wt.%.

The hematite compound's peak height
appears to be at the highest at 25 wt.% palm
kernel shell addition, followed by the 15 wt.%
and 20 wt.% palm kernel shell. Meanwhile, the
magnetite compound's peak height appears to be
at the highest at 15 wt.% palm kernel shell

addition, followed by 25 wt.% and 20 wt.% palm
kernel shell addition.
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Figure 3. XRD analysis results of the carbothermic products

from 75:25, 80:20 and 85:15 (roasted product : palm kernel
shell reductant: 25, 20 and 15 wt.% respectively)

Based on the three prominent peaks in this
study, the carbothermic process seems to give the
most to the less optimum result at the palm kernel
shell addition of 15 wt.%, 25 wt.%, and 20 wt.%.
To further validate the result, the elemental
mapping by SEM-EDS analysis is performed on
the carbothermic product from the 15 wt.% palm
kernel shell addition as shown in Fig. 4.

Figure 4. SEM-EDS analysis showing elemental mapping
analysis of the carbothermic reduction product from 15 wt.%
palm kernel shell addition
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Tabel 4. SEM-EDS analysis of the initial roasted product
shown in the Fig. 2

Observation Area

Element

(Wt/%) 1 2 3 4
O 304 413 392 261
Na 352 274 312 217
Mg 068 019 013 051
Al 519 107 730  4.63
Si 7.8 114 892  6.03
P 304 220 544 274
Sn 087 056 0.6 4.56
Ca 142 276 181 458
Ti 065 045 116  3.92
Mn 081 029 034 437
Fe 107 1.96 295 1438
Co 135 044 044 321
Ni 135 035 051 285

As shown in Fig. 4, it indicates that the
carbothermic product from the 15 wt.% palm
kernel shell addition consists of Fe-containing
particles formed after the alkali fusion and
carbothermic process. The SEM-EDS result
shown in Fig. 4 is in agreement with the XRD
result provided in Fig. 3.

Figure 5. SEM-EDS analysis of the carbothermic reduction
product from 20 wt.% palm kernel shell addition

It is expected that the more palm kernel shell
addition, the more metallic iron would be
produced since there is more carbon source.
However, the present result shows contradiction.
The contradiction can be explained by SEM-EDS
analysis of the carbothermic products from the 20
wt.% palm kernel shell addition is shown in Fig.
5. Figure 5 indicates that the more palm kernel
shell addition, the more dark particles are

observed in the carbothermic product (area
marked with a dashed circle in Fig.5). According
to EDS analysis shown in Table 5, the particles
are dominantly composed of carbon. The result
indicates that the carbon source was not
completely oxidized into CO or CO, gas which
may be caused by the lack of carbothermic
reduction time. The residual carbon may be
avoided by the use of the finer size of palm
kernel shell to accelerate the formation of
CO/CO; gas during the carbothermic reduction
process.

Tabel 5. SEM-EDS analysis of the carbothermic reduction
product shown the Fig. 5

Element  \wtos AL%

C 7331 8255
0 1463 1237
Na 386 227
Mg 051 028
Al 08 041
si 133 064
P 067  0.29
sn 081  0.09
Ca 104 035
Ti 044 012
cr 016  0.04
Mn 026  0.06
Fe 134 033
Co 051 012
Ni 031 0.07

The present study demonstrates the possible
application of the combined alkali fusion and
carbothermic process for the treatment of
ferronickel slag processing as a secondary source
of iron. However, the energy consumption of the
combined alkali fusion and the carbothermic
process is relatively high due to the two separate
heating stages applied in the process.

4. CONCLUSIONS

The use of alkali fusion followed by the
carbothermic ~ process  results in  the
decomposition of the ferronickel slag. The silica-
iron matrix in the fayalite phase appears to
change into different compounds, one of which is
NazSiOs. The carbothermic reduction products
can be separated by a magnetic separation
process. The optimal addition of palm kernel
shell was at 15 wt.% which produced various
carbothermic products, such as natrium silicate,
hematite, magnetite, and iron metal.
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