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OBJECTIVES The processing of mining products in Indonesia
has not been utilized optimally. One of them is manganese
ore. Way Kanan is one of Indonesia’s potential manganese
ore sites. METHODS The manganese leaching study used a -
200 mesh Way Kanan manganese ore that was reacted with
sulfuric acid at concentrations of 0.1 M, 0.5M, and 1 M, as well
as corncob as a reductant. To separate the dissolved iron in
the leaching process, the manganese sulfate solution was pu-
rified with sodium hydroxide and then filtered to have a man-
ganese sulfate solution free of iron. Manganese was precipi-
tated using oxalic acid. The manganese oxalate precipitation
was calcined at a temperature of 350 °C for two hours. RE-
SULTS The best manganese extraction obtained at 92.3% was
atasulfuric acid concentration of 1M, a temperature of 80 °C,
and a solution volume of 400 ml. CONCLUSIONS Calcination
of manganese oxalate converted the material into hausman-
nite (Mn304).

[CEYWORDS corncob; leaching; manganese; manganese ores;
sulfuric acid

1. INTRODUCTION

Indonesia has a large variety of mineral resources, one of
which is manganese ores(Sujoto et al. 2022). Manganese ores
in Indonesia are distributed in many areas such as West Su-
matera, Lampung, Yogyakarta, East Java, Kalimantan, and
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TABLE 1. Chemical composition of manganese ore from Way Kanan Regency
using XRF.

Elements Concentration, %

Mn 36.775
Fe 6.598
Si 4.132
Pb 1.143
Zn 0.548
Al 0.455
S 0.312
Cu 0.108
Ni 0.104
other 49.825

TABLE 2. Chemical analysis of corncob.

Biomass constituent Concentration Unit
Hemicellulose 36.9262 %
Cellulose 28.5673 %
Lignin 9.0092 %
Other 25.4973 %

East Nusa Tenggara (Kisman and Edya 2016). However, de-
spite having so many resources, manganese ore in Indonesia
has not been utilized and processed optimally. Even to ful-
fill Indonesia’s manganese demands, it needs imports. Man-
ganese is a valuable metal widely utilized in metallurgy, the
chemical industry, batteries, electronics, and various other
industries (Sun et al. 2017).

Manganese ores can be categorized into two, namely
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FIGURE 1. XRD pattern of manganese ore from Way Kanan Regency, Lam-
pung Province.
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TABLE 3. The 33 factorial design for Mn-leaching: the size of ore -200 mesh.
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Variables Low level Base level High level
X1 Temperature (°C) 30 55 80
X2 Concentration of sulfuric acid (M) 0.1 0.5 1
X3 Volume of sulfuric acid (mL) 100 200 400
L/S Ratio (mL/g) 3.34 6.68 13.36

high-grade manganese ore and low-grade manganese ore.
The processing of manganese ores is dependent upon the
Mn content of the ore where high-grade manganese ores
are processed into suitable metallic alloy formed by pyromet-
allurgical processes, the hydrometallurgical processing of
low-grade manganese ores is performed after conventional
pyrometallurgical reductive roasting for the manufacturing
of chemical manganese dioxide (CMD) or electrolytic man-
ganese dioxide (EMD) (Jing-sheng 2007). Manganese ore
which was found in Way Kanan Regency, Lampung Province,
is a low-grade manganese ore (Mufakhir and Sumardi 2013).
The manganese ores with low manganese levels can be pro-
cessed by hydrometallurgy (Liu et al. 2014). To recover and ex-
tracts manganese from manganese ores, it can be extracted
by adding a reducing agent and followed by acid leaching (Is-
mail etal. 2004; Sahoo and Rao 1989). Ismail et al. (2004) used
sulfuric acid (H,SO4) as the leaching agent or solvent and ob-
tained 90.5% manganese from manganese ores.

Most manganese in nature is a pyrolusite mineral known

TABLE 4. Results of 33 full factorial experiments.

as MnO,, which is stable in acid and alkali leaching. There-
fore, manganese is leached from manganese ore in a re-
duced state. Previously, many reducing agents, such as coal,
pyrite, iron sulfate, sulfur dioxide, and peroxide were utilized
(Zhang and Cheng 2007). The reducing agents like iron sul-
fate, sulfur dioxide, and peroxide are harmful to the environ-
ment. Thus, many researchers currently use organic reduc-
tants as reducing agents. Instead of coal and pyrite, corncob
is more effective as a reduction agent in this process because
corncob has a lesser number of impurities than coal such as
volatile matter (Putra et al. 2015).

Many researchers also use carbohydrates-based materi-
als as reductants such as glucose, sucrose, lactose, and cellu-
lose and utilize organic acid reductants such as oxalic acid,
citric acid, and tannic acid (Astuti et al. 2019b). Carbohy-
drates are harmless, low-cost materials and easy to be ob-
tained, both in pure and waste forms. Carbohydrates are re-
ductants or reducing agents that effectively work at temper-
atures lower than 90 °C.

Leaching efficiency of Mn

N X1 X2 X3
(%)

1 30 0.1 400 7.28
2 30 0.5 400 11.99
3 30 1 400 21.44
4 55 0.1 400 8.65
5 55 0.5 400 37.77
6 55 1 400 64.6
7 80 0.1 400 49.16
8 80 0.5 400 75.23
9 80 1 400 923
10 30 0.1 200 0.54
11 30 0.5 200 2.65
12 30 1 200 395
13 55 0.1 200 4.27
14 55 0.5 200 20.5
15 55 1 200 43.09
16 80 0.1 200 13.96
17 80 0.5 200 44.19
18 80 1 200 64.32
19 30 0.1 100 0.42
20 30 0.5 100 1.64
21 30 1 100 2.66
22 55 0.1 100 1.35
23 55 0.5 100 6.95
24 55 1 100 9.69
25 80 0.1 100 4.01
26 80 0.5 100 15.96
27 80 1 100 49.58

X1: Temperature (°C); X, : Sulfuric acid Concentration (M); X3 : Volume of Sulfuric acid (mL); Extraction of Mn (%) obtained from the results of XRF Analysis.
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TABLE 5. RSM summary.

S R-sq R-sq(adj) R-sq(pred)
11.8186 82.51% 80.23% 74.74%
TABLE 6. Coefficients.

Term Coef
Constant -59.97
Sulfuric acid Concentration (M) 32.25
Volume of Sulfuric acid (mL) 0.1012
Temperature (°C) 0.791

Corn (Zea mays L)) is one of the agricultural products
widely produced and consumed by the society of Indone-
sia. After East Java and Central Java, Lampung Province is
the third-largest corn producer in Indonesia. Lampung’s
corn production in 2018 reached 2,582,224 tons (Badan Pusat
Statistik Lampung 2019). Corn crops generate solid waste,

Different mineral content from each location has differ-
ent maximum operating conditions. The researchers chose
to extract manganese ore from Way right because it has a
fairly high manganese content, which reaches almost 40%.
Thus, researchers are interested in the reductive leaching
of manganese ore found in Way Kanan Regency (Lampung
Province) by utilizing corncob as a reductant in sulfuric acid
leaching solution and investigating the effect of temperature,
acid concentration, and solution volume on the percent of
manganese extraction in this study.

2. MATERIALS AND METHOD
2.1 Materials

Manganese ore used in this study was obtained from Way
Kanan Regency, Lampung Province (Indonesia). The raw ma-
terial was characterized using X-ray Fluorescence (XRF, PAN-
alytical, Epsilon 3XLE) and X-ray Diffraction (XRD, PANalyt-
ical, X'pert 3 Powder). Table 1 shows that the manganese
content in the manganese ore used was around 36%. XRD
pattern of raw ore (Figure 1) show that the manganese com-
pound in raw ore was in the form of MnO, (Pyrolusite type).
Corncob as a reducing agent was obtained from a corn plan-
tation in Lampung. The dried corncob was analyzed using
X-ray fluorescence (XRF, Epsilon 3XLE, PANalaytical, Nether-
land) and Atomic absorption spectroscopy (AAS, AA 7000,
Shimadzu, Japan). to calculate the cellulose content in the
corncob (see Table 2).

TABLE 7. XRF analysis of precipitated manganese oxalate.

Component Concentration Unit
S 0.312 %
Ca 0.127 %
Ti 47.4 ppm
Mn 98.233 %
Fe 0.495 %
Ni 295.5 ppm
Cu 0.284 %
Zn 0.210 %
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FIGURE 2. Effect of temperature upon the leaching efficiencies of Mn with
sulfuric acid concentration at 1 M and 400 mL volume of sulfuric acid.

2.2 Methods

The experiments used manganese ore from Way Kanan, Lam-
pung. Manganese ore and corncob were prepared through
sampling and milling. The sampling process was carried out
directly from Way Kanan, Lampung. Meanwhile, the milling
process goes through several stages. The first stage is the
crushing process using a crusher. The next stage is the re-
fining process using a ball mill. The last stage is the shieving
process to get a more uniform particle size by using a size of
-200 mesh. 20 g of manganese ores and 9.94 g of corncobs
(The use of ore and reductant compositions is based on previ-
ous research conducted by Astuti et al. (2019a). were then re-
acted with sulfuric acid. Various sulfuric acid concentrations
(01; 0.5;1M), various sulfuric acid volumes (100; 200; 400 mL)
at different temperatures (30; 55; 80 °C) stirring speed of 200
rpm was used. After four hours, the slurry was filtered. Then,
the leaching filtrate was analyzed using an Atomic Absorp-
tion Spectrophotometer (AAS, AA 7000, Shimadzu, Japan).
To precipitate the ferrous hydroxide, the leachate from the
filtered leaching solution is heated at 60 °C along with 10%
NaOH until pH 6. Therefore, the solution was filtered to sep-
arate ferrous hydroxide. The remained solution was heated
to 60 °C and added with oxalic acid 1 M, ratio (1 filtrate from
leaching (mL): 2 oxalic acids (mL)) for four hours with a stir-
ring speed of 200 rpm to get precipitated manganese (II) ox-
alate dihydrate. Then, manganese (II) oxalate dihydrate was
calcined in a furnace (Nabertherm Muffle Furnace LT 9/14) at
350 °C for two hours.
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FIGURE 3. Effect of sulfuric acid concentration upon the leaching efficien-
cies of Mn with the volume of sulfuric acid of 400 mL and a temperature of
80°C.
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FIGURE 4. Effect of sulfuric acid volume upon the leaching efficiencies of
Mn at 1 M of sulfuric acid concentration and a temperature of 80 °C.

In the present work, a 33 full factorial design was selected
for conducting the leaching experiments. The variables se-
lected were temperature, sulfuric acid concentration, and
volume of sulfuric acid. The analysis was carried out using
the response surface method (RSM) with the help of Minitab
software. The levels of variables are given in Table 3.

3. RESULTS AND DISCUSSION

The use of corncob as a reductant is the novelty of this re-
search. However, the reaction that occurs can be approxi-
mated by using the reaction of leaching of low-grade man-
ganese ore in sulfuric acid media that can be explained by the
following reaction (Unal and Mahmut 1988):

12MnOy + CgHygOs + 12H50,4 — 12MnSO, + 17H30 +6COy (1)

FEQO3(S) =+ 3H2504) — F€2(504)3 + 3H2O (2)

After conducting a regression analysis on the effect of ex-
perimental variations on manganese ore extraction results
using Minitab applications, the regression analysis results in
this study are as Table 5.

Which, R squared (R-sq) is a number that ranges from 0
to 1 which indicates the magnitude of the combination of in-
dependent variables that together affect the value of the de-
pendent variable. Adjusted R-Square (R-sq(adj)) only mea-
sures R-Square with significant independent variables. Pre-
dicted R-squared (R-sq(pred)) is used to determine how well
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FIGURE 5. XRD analysis of precipitated manganese oxalate.
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a regression model makes predictions. The R-sq in Table 5
showed that the effect values of the three variations in the
experiment on the percentage of manganese ore leaching re-
sults.

By using Minitab, it can be drawn an equation that relates
the % of Mn leaching results with the independent variables
and the equation applies effectively to variables between low-
level and high-level variables, as follows:

Leaching efficiency of Mn = —59.97 4+ 0.791.Temperature (°C)
+32.25.Sulfuric acid concentration (M) (3)

+0.1012.Sulfuric acid volume (mL)

3.1 Effect of temperature

Sulfuric acid concentration at 1 M, 400 mL volume of sulfu-
ric acid, and leaching time of four hours. Figure 2 presents
the effect of temperature on manganese and iron leaching
efficiency. As a result, when temperatures were increased
from 30 °C to 80 °C, the efficiency of manganese increased
from 21.44% to 92.3%. Accordingly, the extraction of iron in-
creased from 4.47% to 46.49%. Based on the analysis data, it
can be concluded that the higher the temperature, the faster
theleaching reaction will occur. This isin line with the theory
of the effect of temperature on the reaction rate (Levenspiel
1999).

3.2 Effect of sulfuric acid concentration

Leaching experiments were performed at different sulfuric
acid concentrations of 01-1M, and the other conditions were
fixed at a corncob of 9.94 g (stoichiometric ratio). The vol-
ume of sulfuric acid was 400 mL, with a stirring speed of 200
rpm, and a temperature of 80 °C. Figure 3 showed that the
leaching efficiency of manganese increased with the sulfu-
ric acid concentration. With an acid concentration of 1M and
a leaching time of four hours, approximately 92.3% of man-
ganese was extracted. However, iron dissolution rose from
494% to 46.49%. The higher the concentration of the reac-
tants, the closer the distance between the particles, as a re-
sult, the probability of the particles colliding will be greater.
The reaction rate will be faster if the effective collisions that
occur are also getting bigger (Levenspiel 1999).
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FIGURE 6. XRD analysis of calcined manganese oxalate.
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3.3 Effect of sulfuric acid volume

The effect of sulfuric acid volume on manganese’s leaching
efficiency was investigated in the range of 100 mL - 400 mL.
The other leaching conditions were fixed at 1 M of sulfuric
acid concentration, a corncob of 9.94 g (stoichiometric ra-
tio), a stirring speed of 200 rpm, and a temperature of 80
°C. Leaching experiments at the different volumes of sulfuric
acidwere carried out, as shown in Figure 4. The result demon-
strates that the leaching efficiency of manganese and ironin-
creases as the volume of sulfuric acid increases. The leach-
ing efficiency of manganese increased from 49.54% to 92.3%
for four hours, while iron increased from 17.62% to 46.49%.
Leaching using several other reducing agents has been car-
ried out as was done with sawdust as a reducing agent where
the efficiency is only 90.50% (Ismail et al. 2004). In addition,
using molasses as a reducing agent only produces an effi-
ciency of 86.26% (Sumardi 2014). This shows that corncob is
a good reducing agent.

3.4 Precipitation and calcination

The best Mn extraction used 1 M of sulfuric acid concentra-
tion was 400 mL of sulfuric acid volume and 80°C of tem-
perature. The leachate was purified from a ferrous ion with
sodium hydroxide (NaOH) and precipitated ferrous. The re-
mained solution was heated to 60°C and added with oxalic
acid 1 M for four hours with a stirring speed of 200 rpm to
get 6.789 grams of precipitated manganese oxalate. Figure
5 showed an XRD analysis of the precipitated mineral com-
position. Analysis of XRD affirmed the precipitate was man-
ganese (II) oxalate dihydrate. Chemical composition of man-
ganese oxalate is presented in Table 7.

The manganese (II) oxalate dehydrate was calcined in a
furnace at 350 °C for two hours. In this process, manganese
(IT) oxalate dehydrate was oxidized to hausmannite (Mn3z0y).
The product is shown in Figure 6.

4. CONCLUSIONS

Corncob has a good ability as a reducing agent when com-
pared to some other reducing agents such as molasses and
sawdust. In this leaching experiment, the maximum man-
ganese extracted was 92.3% for 1M of sulfuric acid concentra-
tion and 400 mL of sulfuric acid volume at 80 °C of tempera-
ture for four hours. Precipitation of Mn from manganese sul-
fate leachate can be conducted using oxalic acid. Calcination
at 350 °C for two hours can oxidize manganese (II) oxalate de-
hydrate to haussmannite (Mnz04).
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