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time variation of 15 to 240 minutes, the temperature of 30 °C, 
70 °C, and 100 °C and NaOH concentrations are 9 M, 10 M, 
and 11 M. The XRD (X-ray diffraction) analysis, (XRF 
X-ray fluorescence) analysis, SEM (Scanning Electron Mi-
croscope) analysis, and ICP-OES (Inductively Coupled 
Plasma) analysis were used to observe the initial character-
istics of the ferronickel slag and the results after the leaching 
process. The characterization result towards ferronickel slag 
samples by XRD analysis shows that the compositions of 
the dominant compounds are forsterite (Mg2SiO4), enstatite 
(MgSiO3) and fayalite (Fe2SiO4). Moreover, the result is 
also supported by XRF analysis and SEM mapping analysis. 
The quantitative analysis of XRF shows that ferronickel slag 
contains 45.69 % of SiO2, 29.32 % of MgO and 16.5 % of 
Fe2O3. The results of the SEM mapping analysis show that 
Mg, Si, Fe and O bond together that indicates the presence 
of magnesium silicate and iron silicate. The highest percent-
age of magnesium extraction is 73.10 % under experimental 
temperature conditions of 100 °C for 240 minutes, 10 M of 
solvent concentration and 300 rpm of stirring speed. Increas-
ing percentage of magnesium extraction is caused by the dis-
solution of silica in the leaching process. The dissolution of 
silica is proved by the existence of magnesium hydroxide and 
iron(II) hydroxide in the residue that is shown by the XRD 
analysis. It resulted in the MgO content in the residue in-
crease significantly to 42.8 % as shown by the XRF analysis. 
Moreover, the SEM mapping analysis shows that Mg and O 
bond together that indicated the presence of MgO. It also 
can be determined that MgO is dominant.

Keywords: ferronickel, slag, forsterite, magnesium, silica, 
leaching, reverse leaching, sodium hydroxide, filtrate, resi-
due, % extraction.
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A research based on magnesium extraction of ferronickel 
slag waste processed by reverse leaching using sodium 
hydroxide (NaOH) solutions has been carried out. The 
ferronickel slag has the main compositions of magnesium 
silicate and iron silicate. The early procedure of the research 
was the preparation of ferronickel slag grinding using a ball 
mill until it gets a size of –200 mesh. Secondly, the calcina-
tion of ferronickel slags to remove crystal water and increase 
the size of the porosity so that it would facilitate the leaching 
process. The next procedure was reverse leaching using so-
dium hydroxide (NaOH) to dissolve silica. By dissolving the 
silica, it was expected that the contents of elements such as 
magnesium and iron would increase in the residue. The varia-
tions in this ferronickel slag leaching research were leaching 
time, solvent concentration and leaching temperature. The 
reverse leaching of ferronickel slag was carried out with a 
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cal characteristics – cyclic voltammetry and galvanostatic 
charge-discharge cycling.

By means of scanning electron microscopy, it was found 
that the samples of cold and hot hydrolysis are nano-struc-
tured powders composed of flower-like particles, composed 
of 70–90 nm thick plates. The results of XRD and thermo-
gravimetric analyses revealed that both samples are binary 
Ni-Co oxyhydroxides (hydrated nickel cobaltates with dif-
ferent hydration levels) with the presence of pure nickel 
cobaltate. Hot hydrolysis samples contain less water and 
more nickel cobaltate. Cyclic voltammetry and galvanostatic 
charge-discharge cycling revealed that in the cold hydrolysis 
Ni-Co sample, only the nickel component is electrochemi-
cally active. The maximum capacity of the cold hydrolysis 
sample is 185.7 F/g (at 10 mA/cm2). With the increase of 
current density to 120 mA/cm2, the specific capacity drops 
by 4.47 times. The hot hydrolysis sample was found to have 
both nickel and cobalt components active: the sample hav-
ing increased capacity with increasing current density from 
10 mA/cm2 to 120 mA/cm2 by 1.25 times, up to 192.5 F/g. 
The hot hydrolysis sample was found to possess high revers-
ibility and high effectiveness of the electrochemical compo-
nent from cycle 1. 

Keywords: binary Ni-Co oxyhydroxide, nickel cobaltate, 
high-temperature two-stage synthesis, specific capacity, su-
percapacitor.
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Binary Ni-Co compounds, namely oxyhydroxides and 
cobaltates of nickel, are promising active compounds for 
supercapacitors. The characteristics of binary Ni-Co oxyhy-
droxides synthesized using the method of high-temperature 
two-stage synthesis with hot and cold hydrolysis were 
studied. The crystal structure of the samples was studied by 
means of X-ray diffraction and thermogravimetry, particle 
morphology –scanning electron microscopy, electrochemi-
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ore raw materials have been investigated. This is necessary 
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processing of ore materials and the use of metallized chromi-
um doping additives in steelmaking. It has been determined 
that the increase in processing temperature from 1,250 K to 
1,450 K led to an increase in the manifestation of Cr23C6 and 
(Cr, Fe)7C3. In this case, the diffraction maxima of Cr2O3 
corresponded to the trend of weakening and, having been 
treated at 1,450 K, had a residual character. Cr3C2 on the 
diffractograms was only evident after processing at 1,250 K. 
The phase of the metallic Cr was traced in the samples after 
processing at 1,350 K and 1,450 K with the increased inten-
sity of manifestation when the heating temperature rose. It 
has been determined that the microstructure of reduction 
products is heterogeneous with the presence of particles 
of different sizes and chemical compositions. The increase 
in the reduction temperature from 1,250 K to 1,350 K and  
1,450 K and the development of reduction processes were 
accompanied by particle sintering with the formation of 
a spongy microstructure. We have detected regions that 
characterized inclusions and the phases where Cr content 
amounted to 65.10 % by weight, Fe ‒ to 16.13 % by weight. 
Some local areas with particles with a relatively high content 
of ore impurities and carbon have also been found. It follows 
from the results of our study that the most acceptable tem-
perature for reduction is 1,450 K. In this case, the reduction 
is ensured with a predominance in the phase composition of 
the metal Cr and carbides (Cr, Fe)7C3 and Cr23C6 relative 
to the oxide component of Cr2O3. In this case, the lower re-
sidual carbon content was due to the higher efficiency of the 
reducer compared to other temperature regimes.

The spongy microstructure allows for a faster dissolution 
compared to standard ferroalloys, thereby reducing the dura-
tion of smelting.

Keywords: chromium-containing oxide ore raw materi-
als, phase analysis, carbon thermal treatment, carbide, dop-
ing, reduction.
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The experimental results show that adding 4 %, 8 %, and 
12 %Mn to a Ti–9Mo–6Nb alloy stabilizes the formation of 
the β-phase titanium, implying that the alloys have similar 
microstructures but different grain sizes. Potentiodynamic 
polarization measurements show that an increase of the Mn 
content in the Ti–9Mo–6Nb alloy decreases the corrosion 
resistance. At 4 %Mn, the alloy has an elastic modulus of 
93 GPa and better corrosion resistance, with a relatively low 
corrosion rate amounting to 0.00290 mm per year, than those 
of a commercial Ti–6Al–4V alloy.

Keywords: titanium, titanium alloy, β-type titanium, 
TiMoNb alloy, biomaterial, mechanical properties, elastic 
modulus, corrosion resistance, implant material.
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Titanium alloys are widely used for biomaterial appli-
cations since they have special characteristics, especially 
better biocompatibility, superior corrosion behavior and 
lower modulus of elasticity compared to other conventional 
biomaterials. The development of existing Ti6Al4V alloys 
by creating new β-type Ti-Mo-Nb based alloys by modifying 
the addition of the Mn element as a beta phase stabilizer, so 
that the beta phase structure can have an effect to increase 
strength and reduce elastic modulus with good biocompat-
ibility and toxicity. In the present work, Ti–Mo–Nb–(x)
Mn alloys (x=0, 4, 8, and 12, mass fraction in  %) were pre-
pared using an electric vacuum arc furnace with a tungsten 
electrode. The samples were homogenized at 1050°C for 6 h 
under a controlled argon atmosphere, and the effects of add-
ing Mn on the mechanical properties and corrosion behavior 
of the alloys were investigated using X-ray fluorescence 
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The phase composition of the coatings was calculated by 
the CALPHAD method using the Thermo-Calc and Dictra 
software to simulate equilibrium and non-equilibrium alloy 
cooling, respectively. The results of calculations show that 
the cooling conditions at hardfacing lead to the formation 
of the structure of metastable manganese austenite and mi-
nor (0.2 % by weight) amount of carbide of cementite type 
M3C. This amount of the carbide phase cannot adversely 
affect the ability of austenite to deformation strengthening. 
Crystallization of titanium and niobium carbides begins at a 
high temperature of ~2,400 K and does not affect the phase 
transformations of austenite into the liquid and solid state. 
Thus, after cooling, the coating structure mainly consists of 
two phases, specifically, austenite and niobium or titanium 
carbide MC in an amount of ~9 vol. %.

According to the results from studying the microstruc-
ture using scanning electron microscopy and energy-disper-
sive X-ray spectroscopy of the selected area, the MС carbide 
phase is released as evenly distributed small particles of the 
shape that is close to cubic. Carbide particles are mainly lo-
cated inside austenite grains. 

Measurement of the hardness of hardfacing coatings 
shows that at alloying high-manganese austenite steel with 
niobium and titanium carbides, the hardness significantly 
increases in hardfacing state from 22 to 35 HRC and after 
cold plastic deformation from 44 to 52 HRC. The research of 
wear resistance under conditions of wear by the “dry sand – 
rubber roller” pattern shows that TiC and NbC additives can 
significantly (by 1.6–1.8 times) improve wear resistance of 
hardfacing coatings.

Due to the ability to deformation strengthening in 
combination with high abrasion resistance, the obtained 
materials for hardfacing the systems Fe–Mn–Nb–Si–C and 
Fe–Mn–Ti–Si–C can be recommended for application to 
working surfaces of digging machines.

Keywords: flux-core wire, high-manganese steel, nio-
bium carbide, titanium carbide, deformation strengthening, 
abrasive wear, arc welding.
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The formation of the phase composition, structure, and 
properties of electric-arc coatings by electrode materials based 
on high-manganese austenite steel, which is strengthened by 
twinning steel alloyed by titanium and niobium carbides, was 
studied. Hardfacing alloys were applied using flux-cored arc 
welding (FCAW), which consisted of a shell of low-carbon steel 
filled with a powder mixture containing ferrosilicon manganese, 
graphite, rutile, fluorite, carbide of niobium or titanium. 
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Quenched and Tempered Steel is classified as high 
strength and hardness steel mostly used for armor steel. 
Hardness and wear stability is essential for steel armor 
quality standards. On the other hand, austenitization and 
tempering temperature affect the impact value of the en-
ergy absorbed and the Quenched and Tempered Steel wear 
resistance value. This study aims to evaluate the effects of 
austenitization and holding time on energy and hardness of 
Hot Rolled Plate Steel. The research material is a hot roller 
plate made by Krakatau Steel Indonesia Company Limited 
with a carbon content of about 0.29 %. The method used 
was heating of three specimens at 900 (held 45 minutes), 
900 (held 30 minutes), and 900 (held 15 minutes), and all of 
them cooled into the water when the end of heating. Three 
specimens were heated at 885 (for 45 minutes), 885 (for  
30 minutes), and 885 (for 15 minutes) and cooled into the 
water. Three specimens were heated at 870 (kept 45 minu- 
tes) 870 (held 30 minutes), and 870 (kept 15 minutes) 
and cooled into water. Then the final cooling of the nine 
specimens was heated at 150 for 30 minutes and cooled to 
the atmosphere. Five specimens tested for the hardness of 
Charpy and Vickers. Then arranged into an orthogonal 
matrix; calculate degrees of freedom; signal to noise ratio, 
quadratic parameters; average squared response; the ratio 
between the average response of the square of the source 
and the error; contribution parameters; predictive value 
and confidence interval. From the calculation above, the 
heat treatment parameters have a strong influence on the 
energy impact and the specific wear obtained. The most in-
fluential parameter on the energy impact is the tempering 
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temperature because this parameter is softening caused by 
a reduction in residual stress due to the previous cooling 
process. The fine-grain structure increases strength and 
the energy impact directly.
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