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Abstract. The selective reduction process generates products in the form of concentrates and tailing/by-products. There is high percentage of iron and
other elements in the tailings that are not extracted in selective reduction process. Properties of by-products of selective reduction were investigated
using X-ray diffraction (XRD), inductively coupled plasma optical emission spectroscopy (ICP—OES), ultraviolet-visible (UV-VIS), and scanning
electron microscopy energy dispersion spectroscopy (SEM—EDS). Based on the results of this study, the properties of iron-sulfur, iron-magnesium-
aluminium, and silica phases in the tailings can be interpreted experimentally. For future research, it can be the reference for such processes as acid
and base leaching. Pure iron extracted from tailings can be used for metal fuel in the future. The tailings composition data will help future researchers
to find optimal processes for the tailings.
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AnHomayusa. B pe3synsrate M30MparebHOTO BOCCTAHOBJICHHS O0pa3ylOTCS KOHLGHTPAThl M IyCTas 1opojaa (XBocThl). B XBocTax comepxutcs
BBICOKHH TIPOLICHT JKeNe3a U JAPYrHX 3JIEMEHTOB, KOTOPbIE HE M3BJIEKAIOTCS B MPOLECCE CEJIEKTUBHOTO BOCCTaHOBIICHHs. CBOWCTBA XBOCTOB MOCIE
M30UPaTENILHOTO BOCCTAHOBJICHHS HCCIIEI0BAINCH METOIAMH PEHTICHOCTPYKTYPHOTO aHAJIH3a, OTHKO-AIMUCCHOHHOMN CIIEKTPOMETPHH C MHIIYKTHBHO
CBSI3aHHOM IJ1a3MOM, ONITHYECKOH, YD- 1 CKaHUPYIOIIEH JIeKTPOHHON MHUKPOCKOIINH, a TAKKE YHEPTOANCIIEPCHOHHOTO MUKPOAHAIN3a HA PACTPOBOM
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QJICKTPOHHOM MHKPOCKOIIC. 3KCHepI/IMeHTaHBHO YCTaHOBJICHO, YTO XBOCTBI COIACPIKAT Cyﬂb(bl/lllbl JKEJIe3a, COCOAMHCHUA KEJIE3a C aJIFOMUHHCM
M MarfmeM, a TakXKe IHOKCHUJ KPEMHUSI. Ha ocHoBanumn TIOJIy4YCHHBIX JaHHBIX B JNaJIbHEUIIIEM BO3MOYKHA pa3pa60TI<a TEXHOJIOTHH KHUCJIIOTHOTO

U IIEJI0YHOT'0 SKCTPArupoOBaHusl MUHEPAJIOB C LCJIBIO MOJIYYEHUA YUCTOIO OKCHU A KEJI€3a, MPUMEHACMOT0 B KAYCCTBC METAJNIMYECKOTO TOIJIMBA.

Katouesule c108a: coctas, XBOCTHI, (pa3a, MUKPOCTPYKTypa
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[ INTRODUCTION

Extraction of nickel from the widely occurring laterite
ores has become an important task of research [1 — 9]. Pre-
vious studies have shown that direct reduction roasting pro-
cess followed by magnetic separation is an effective method
for recovering nickel from laterite nickel ores [10 — 17].
To obtain nickel alloy powder with high nickel content,
iron reduction needs to be controlled in the direct reduc-
tion roasting process. Selective reduction can be achieved
by adjusting the reducing atmosphere [18 —19] and the
number of additives [20 — 22]. Li et al. [10] found that FeS
is produced by direct reduction with the Na,SO, additive.
The formation of the Fe/FeS eutectic promotes the growth
of Ni/Fe particles; simultaneously, in the magnetic separa-
tion process the nonmagnetic FeS will go to the tailings thus
achieving the purpose of selective reduction. Also, the for-
mation of FeS promotes the growth of metal particles. Jiang
etal. [25] found that Na,SO, reacts with silicates producing
low melting point nepheline and suppressing FeO reduction
by inhibiting the diffusion of the reducing gas; it can also
promote the growth of nickel-iron particles through the for-
mation of FeS. In the FeO reduction process, the diffusion
of the reducing gas was impeded due to the increase in the
amount of liquid phase in the roasting system. All of the
above studies found that FeS plays an important role in the
selective reduction of laterite nickel ore. In direct selective

reduction of laterite nickel ore, FeS also serves as a para-
magnetic film covering the FeO surfaces. That thin layer
blocks the contact between the reducing gas and FeO sup-
pressing the reduction process. Iron-rich, it can be used as
a nanoparticle’s precursor in food technology, biomedicine,
energy and fuel production, etc. [26, 27]. The best possible
application of the iron nanoparticles precursor is for metal
fuel which is illustrated in Fig. 1 [27]. Iron-rich by-product
shall be seen as a primary source for the extraction pro-
cesses to be used in the future.

[ MATERIAL AND METHODS

Data on tailings/by-products is taken from selective
reduction process at the Research Unit for Mineral Tech-
nology, National Research and Innovation Agency of
Indonesia, South Lampung, Lampung, Indonesia. First,
the by-product was brought through a 200-mesh shaker
sieve. After that the sample was dissolved in aqua regia for
5 days, diluted 50 and 1000 times, and analysed first by the
ICP-OES Analytika Jena PQ9000 (with the resulting data
converted in excel from ppm to weigh percent); and then
by the XRD PANalytical X Pert3 Powder (in the 200 mesh
sample size, the 20 is in the range of 10 — 80°, step size
0.05, and analysis data by High Score Plus) (Fig. 3). For
SEM-EDS Thermo-scientific Quatro 6 with magnification
5000x was used and Bruker for EDS.

Metal fuel redox cycle

Clean zero-carbon power

Fuel reduction
(electrolitic
metal-fuel recycling)

Metal fuel

Clean zero-carbon energy
for transportation
& power generation
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Metal-oxide
products
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Fig. 1. Metal fuel in the future [27]

Puc. 1. Ilpumepsl NpUMEHEHHs METAIUTMYECKOTO roprovero B Oyymiem [22]
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- RESULTS

ICP and UV-VIS Study

Table 1 gives tailing specific chemical composition:
0.74 wt% Ni, 39.45 wt% Fe, 5.1 wt% Mg. Fig. 2 gives Fe,
Ni, Mg, Mn, Al, and Co ratios in the tailings according to
their absorbance and wave lengths [28]; therefore, the same
elements are detected by UV—VIS and ICP. The agree-
ment of the ICP and UV-VIS result shows that the aggre-
gate amounts of components in both tests are the same; for
example, iron is the greatest ingredient while cobalt, nickel,
and manganese are the least ones.

XRD Study

In the sulfide phase, iron occurs in a higher percentage
than in magnesioferrite, forsterite, and quartz phases, where
there is less iron which occurs together with constituent ele-
ments magnesium or aluminium. The Rietveld refinement
calculation results agree with the XRD results in Table 2.
Significantly, it is the first time that the tailing product is
addressed as raw material.

SEM-EDS Study

This study gives the same results for the elements
and phases of the tailings which can be further identified
in microstructure. The morphology of tailings, as shown
in Fig. 4, convincingly proves that the major elements in

Table 1

Chemical composition of tailing

Tabruya 1. XuMudecKknii cOCTaB XBOCTOB

Element RE Ni | Mg | Mn | Al Co
Amount, wt% [39.45| 0.74 | 5.1 | 0.55 | 2.63 |0.074
6 .
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Fig. 2. UV-VIS analysis of tailing

Puc. 2 Pesynbrarsl YO- u onTHuECKOif MUKPOCKOITMH XBOCTOB

Table 2

Rietveld refinement calculations of tailing

Tabnuya 2. ®a30BbIii cOCTAaB XBOCTOB 10 PuTBe/bay

Compound Total, %
Pyrite 32.5
Wauestite 243
Magnesioferrite 21.5
Forsterite 16.3
Quartz 5.4

Table 3

Chemical composition of tailing in EDS

Tabnuya 3. XUMHUYeCKHUH cOCTAB XBOCTOB, NMOJIYYeHHBIH
€ MOMOUIHI0 YHEPTOAUCITEPCHOHHOTO MUKPOAHAIN32

Sampling Element (%wt)
spots Fe | Ni | Mg | Al | Mn | Co
1 5748 | - 1.37 - 0.63 -
2 4777 - 3.77 | 1.70 | 0.97 —
3 37.64| - 1.99 | 5.13 | 1.03 -
4 2045 - 6.47 | 14.50 | 1.01 —
5 0.98 - - - - -

the tailing are iron-sulfur, iron-magnesium-silica-oxide,
natrium, and quartz extracted in selective reduction with
sulfur appearing in XRD. From Table 3, the magnesium-
iron-aluminium is appearing in spots 2 and 4 indicating the
magnesioferrite and forsterite phases.

- CONCLUSIONS

Based on the results, the tailing includes such phases as
iron-sulfur, iron-magnesium-aluminium, and silica which
can be interpreted so that the tailing is iron-rich and not
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Fig. 3. XRD analysis of tailing:
@ — pyrite, [l — wuestite, ¢ — magnesioferrite, A — forsterite, ¥ — quartz

Puc. 3. Pe3ynbraTsl peHTT€HOCTPYKTYPHOTO aHaIM3a XBOCTOB!
@ — nuput; [l — BIocTuT; ¢ — Marnesnodeppur; A — dpopcrepurt; ¥ — Kapi
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Fig. 4. SEM EDS of tailing in x5000 (a) area magnification mode:
b — carbon, ¢ — oxygen, d — sulfur, e — natrium, f — magnesium,
g — aluminium, % — silica, i — iron

Puc. 4. Pe3ynbpraTsl 2HEProguCIepCHOHHOTO MUKPOAHAIN3a XBOCTOB
Ha PacTPOBOM NIEKTPOHHOM MHKPOCKOIIE:
a—x%5000; b — yrepon; ¢ — KHCIOPO.; d — cepa; e — HaTpHii;
f— Maruumit; g — aqOMHHHHN; /i — IByOKHCh KPEMHUSL; [ — KEJIE30

usable after process. The process under consideration can
serve as reference for further processes such as acid and
base leaching. Pure iron extracted from tailings can be used
for metal fuel in the future.
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