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he textural, mineral, and chemical composition as well as thermal behaviour of technological

samples representing Um Bogma manganese ore in Um Bogma area were investigated using
several lab techniques. The obtained results were used to assess their potentiality for upgrading and
production of manganese alloys. Pyrolusite and, in a few cases, manganite are the essential manganese
minerals. These are associated with varying proportions of hausmannite, hematite, goethite, and
quartz. The chemical composition data confirm well with those of mineralogy. The ore samples
display various textural patterns in which the essential Mn and Fe minerals have different modes of
occurrence. Combining the various characteristics of the manganese ore samples indicates that some
are amenable for upgrading and beneficiation.
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1. Introduction

Manganese is an essential alloying element in nearly
all types of steel and is used to increase their strength,
toughness, hardness, and hardenability (Singh et al.,
2020). Manganese is used for deoxidation and
desulphurisation of ferrous metals and alloys and the
production of ferromanganese and silicomanganese
alloys for steel/iron manufacturing and cast iron
(Fahim et al., 2013; El-Hussiny et al., 2016). Pure
manganese (produced electrolytically) is utilized
mostly in the preparation of nonferrous alloys of
copper, aluminium, magnesium, and nickel and in the
production of high-purity chemicals (Singh et al.,
2020). Also, Mn oxides are used in the production of
manganous salts or as an additive in fertilizers, a
reagent in textile printing, chemical oxidant in organic
synthesis, and as the cathode material in dry-cell
batteries ((Tan et al., 2004; Liu et al., 2019; and El
Aref et al., 2020).

Concentration of Mn oxides of different geologic
settings and variable economic values exist in several
localities in Egypt (ElI Aref et al., 2020; Fig. 1)
include: Sinai (Um Bogma region; Sharm EI Sheikh),
Eastern Desert (Wadi Araba, East Ras-Zafarana, Wadi
Bali, Gabal Abu Shaar, Ech Elmalaha, W Meialeik,
Halaib-EIBa region), and Western Desert (EI
Bahariya oasis).

Um Bogma area in west-central Sinai is regarded as
one of the main sources of the Egyptian manganese
ore (Salem et al., 2016; El Aref et al., 2020) with
around 1.7 million tons ore reserve. (Fahim et al.,
2013; Fig. 1). These manganese ores are of low grade
and have Mn/Fe <5 (Tan et al, 2004). The manganese
ore is extracted by Sinai Manganese Company (SMC)
and fed directly into the industrial kiln without
beneficiation for manufacturing of silicon-manganese
and ferromanganese alloys by mixing with either
imported high grade Mn ore or Mn sinter to increase
the Mn/Fe ratio of the kiln feed.
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In Um Bogma area, the manganese ore is found in
Um Bogma Formation, which represents a carbonate
succession of Early Carboniferous age (Kora et al.,
1994; Shaaban et al., 2005; El-Anwar, 2014; and
Kordi et al., 2017). It occurs as stratiform ore bodies
present within shale beds (El-Shafei et al., 2022).
Many literatures discussed the genesis of Um Bogma
Manganese ore. Some studies concluded a
hydrothermal origin (Gindy, 1961; Nakhla and
Shehata, 1963; Saad et al., 1994; Khalifa and Seif,
2014; and El-Shafei et al., 2022), whereas others lean
to a sedimentary origin (Mart and Sass, 1972;
Magaritz and Brenner, 1979; Kora 1984; and
ElAgami et al., 2000).

The manganese ore of Um Bogma is classified as
ferruginous Manganese ore, in which pyrolusite and
hematite are the essential minerals. It has varying
chemical composition/grade. (El Shazly and Saleeb,
1959; Fahim et al., 2013; and El-Shafei et al., 2022).
The present work primarily focuses on the
examination of the mineral, chemical, and textural
attributes of the run-of-mine samples sourced from
Sinai Manganese Company (SMC). This examination
aims to assess the feasibility of applying mineral
processing methods on these samples.

2. Materials and Methods

2.1 Materials

Four run-of-mine technological samples representing
the manganese ore from Um Bogma area were
collected. It should be mentioned that SMC extracts
the ores from Um Bogma mines and classifies them

into four different grades according to their chemical
characteristics.

2.2 Methods

X-ray diffraction (XRD) analysis was conducted to
identify the mineral phases in the studied samples.
This was achieved by using Panalytical X’Pert PRO
XRD device at the Technical Institute, George Simon
Ohm, Germany. The obtained data were interpreted
by using “Match” software.

Fourier-transform infrared spectroscopy (FTIR)
was conducted by using Bruker Alpha 2 FTIR
spectrometer.

Thermogravimetric analysis (TGA) was performed
to determine the thermal behavior. The analysis was
performed by using Shimadzu TGA 50 device.

X-ray fluorescence analysis (XRF) was conducted to
determine the chemical composition of the manganese
ore samples by using PANalytical Axios XRF
spectrometer at the Technical Institute, George Simon
Ohm, Germany.

Polished sections of the manganese ore samples were
prepared and examined by reflected light using
Olympus microscope. Portugal) attached with a
camera and PC Olympus workspace software. The
polished sections were studied for mineralogical and
textural chrematistics of the manganese samples.
Scanning electron microscopy (SEM) was carried
out on the studied manganese ore samples by using
SEM attached with EDX module and PC software at
the NTRC unit, SEM lab at the British University in

Egypt.
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Fig. 1. Localities of Mn ores in Egypt (El Aref et al., 2020).
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3. Results and Discussion

3.1. Mineralogical studies

Fig. (2) presents the X-ray diffraction patterns of the
manganese ore samples. The semi-quantitative
percentages of the recorded minerals are given in
Table (2).

Samples (1), (2), and (3) contain pyrolusite (MnO,,
Card no. 96-901-5695) as a major Mn mineral (47.8,
26, and 859 % respectively). Hausmannite
(Mn#*Mn**,0,, Card no. 96-101-1263) is present in
sample 2 (18.5 %) while manganite {MnO (OH),
Card no. 96-901-6547} is the secondary manganese
mineral in sample 3 (4.1 %). Unlike the previous three
samples, the XRD chart of sample 4 shows that the
main manganese mineral is manganite {MnO (OH),
PDF no. 96-901-6547; 66.7%}, it is followed by
pyrolusite (MnO,, Card no. 96-901-5695; 26.9 %).
The main iron mineral in all samples is hematite
(Fe,03, Card no. 96-900-0140; 24.2, 22.3, 10, and 6.5
% respectively), whereas goethite {FeO (OH), Card
no. 96-902-5697} exists only in samples (1) and (2)
(17.6 and 17.1 % respectively). Quartz (SiO,, Card
no. 96-900-5019) represents the only non-metallic
mineral. It exists in samples (1) and (2) (10.4, and 16
% respectively).

Mng

Intensity, (a.u)

The interpreted mineralogic content in this study is
quite similar to the findings of Fahim et al (2013),
Abd El-Gawad et al, (2014), and El-Hussiny et al.
(2016) which concluded that the essential minerals of
Um Bogma manganese ore are pyrolusite, hematite,
and quartz.

3.2.  Fourier-transform
(FTIR):

The FTIR charts of the studied technological
manganese ore samples are shown in Fig. (3). The
presence of pyrolusite is confirmed by its
characteristic absorbance peak at 558cm™. Hematite
in all samples shows its characteristic two absorbance
peaks at 532cm™ and 647cm™, the former peak
overlaps with the characteristic peak of pyrolusite.
The three absorbance peaks at 1085cm™, 1114cm™,
and 1150cm™ refer to manganite, which is the
essential manganese mineral in sample (4) and an
accessory mineral in sample (3). Goethite in samples
(1) and (2) shows its characteristic peaks at 593cm™,
890cm™, and 910cm™. The absorbance peaks in the
range 1200 — 4000cm™ correspond to the O-H bond of
the free water (moisture) and the connate hydroxides
of the mineral phases (Chukanov, 2014).

infrared spectroscopy

—— Sample (4)
—— Sample (3)
—— Sample (2)
—— Sample (1)
Py
Mng -\Illng Mng®
™ Hm| py  Hm Py: Pyrolusite

m

Hm: Hematite
Go: Goethite
Mng: Manganite
Qz: Quartz

Hs: Hausmannite

Table 1. Semi-quantitative percentages of the main minerals of the studied manganese ore samples.
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Fig. 2. XRD charts for the technological manganese ore samples.

Sample Mineral | pyrolusite | Hausmannite | Manganite Hematite Goethite
Quartz
Sample 1 47.8 - - 242 17.6 10.4
Sample 2 26 18.5 - 223 17.1 16
Sample 3 85.9 - 4.1 10 - -
Sample 4 26.9 - 66.7 6.5 - -
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Fig. 3. FTIR spectra of the technological manganese ore samples.

3.3. Thermal behaviors:

The TGA charts of the manganese ore samples are
shown in Figs. (4 to 7). In each of these charts, the
first weight loss (below 200°C) frequently represents
the evaporation of free water (Long et al., 2015). The
sequential ~ transformation and  decomposition
reactions for all the mineral phases that exist in the

studied samples were discussed by Foldvari (2011) as
follows:

1- The endothermic equation of the manganite of
MnO(OH) - Mn,0; occurs at 350-400°C.

2- The endothermic peaks of pyrolusite that represent
the reduction equation MnO, > Mn,0; is frequently
located at the temperature range 625-725°C.

TGA DrTGA
X mg/min
0.10
100.00 _ Start 42.14C Start 297.68C
Erd\n:‘“ 133.01C End 372.66C -1.965mg
Weigh s -0.206mg ‘Weight Loss -0.443mg -8.091%
L6507 -1.823% soc 10.00
788.77C
Start 374.37C ‘Weight Loss -0.130mg
Start 134.68C End 591.76C -0.535
End 297.68¢ I2500C  wweiont Loss -0.339mg 010
Weight Loss -0.358mg ~1.398% 615.27C :
_1.475%
95.00 141 \
é\an 595.12C
En 656.99C -0.20
Weight Loss -0.450mg
a0 L L L L L
0 200.00 400.00 600.00 800.00
Temp[C]

Fig. 4. TGA curve and its derivative of technological manganese ore sample (1).
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3- The decomposition reaction Mn,0O; = MnzO,
usually occurs at the range 700-800°C (Song et al.,
2023).

4- The transformation of goethite to hematite
(FeO(OH) > Fe,05+H,0) is located at temperature
range 290-330°C.

5- The characteristic endothermic peak of hematite
(Curie-point) appears at 675-680°C.

6- The distinct structural transition of quartz (trigonal
- hexagonal) is represented by endothermic peak at
573°C.

Table (2) summarizes the interpretation of the TGA
charts of the four manganese ore samples (Figs. 4 to
7) integrated with other analyses interpretations with
mentioning all the presented peaks with their
equivalent reactions. Some peaks of different minerals

overlap with each other.

TGA DrTGA
i mg/min
100.00] - 0.10
38.75C f2.55|]r|'_|g
5.34C Start sgg.iac - 7-988%
‘Weight Loss -0. End 682.98C
98.00 -2.423% ‘Weight Loss -0.780mg
-2 4374 . {-0.00
96.00
Weight Loss -0.722mg
_2.254% ~0.10
' 5\22.91 c
94.00
-0.20
Start 84.72C
a2.00 End 79317C
) ‘Weight Loss -0.254mg
-0.793%
L L L ) T
%u 200.00 400.00 600.00 800.00
Temp[C]

Fig. 5. TGA curve and its derivative of technological manganese ore sample (2).

TGA DITGA
I3 mg/min
110.00 .20
Start 622.03C
Etad" igi;gg End 775.52C
Wr"leighthss " ﬁg4mg Weight Loss -0.130mg
o -2.368% 0.10
N -1.704%
100.00 — — | ~0.554mg
= -10.054%
Start 457.6
End 1.25C __ lowe
Weight Loss -0.142 e
Start so.0oc  209.69C -2 5807 \
ao.gol EM 266.25C 573.75C .
‘Weight Loss -0.016mg 431.07C
02871 Start 532.58C 010
End 620.28C
‘Weight Loss -0.177mg
-3.216%
% L L L .
0 200.00 400.00 600.00 800.00
TemplC]

Fig. 6. TGA curve and its derivative of technological manganese ore sample (3).
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Fig. 7. TGA curve and its derivative of technological manganese ore sample (4).

Table 2. TGA data for the technological manganese ore samples.

Sample Temperature (°C) Wel(%;)t) loss Iozst((’;)) Transformation reaction

42,14 -133.01°C 0.85% Free water and volatiles
134.68 — 297.68° C 1475 % Free water and volatiles

1 279.68 — 372.66° C 1.823 % 8.091 % Goethite {FeO (OH)) = Fe,03}
374.37-591.76° C 1.398 % ) Quartz (trigonal > hexagonal)
595.12 - 656.99° C 1.855 % Pyrolusite (MnO; = Mn,05)
658.6 — 788.77° C 0.535 % Hematite + (Mn,O; = Mn30,)
38.75-325.34°C 2423 % Free water and volatiles

9 327.05-584.49° C 2.254 % 7.907 % Goethite {FeO (OH)) = Fe,O3} + Quartz
586.19 — 682.98° C 2.437 % ' Pyrolusite (MnO; = Mn,0s)
684.72 —793.17° C 0.793 % Hematite + (Mn,0; > Mn;0,)

60 — 266.25° C 0.287 % Free water and volatiles

269.48 — 455.93° C 1.704 % Manganite {MnO(OH)) > Mn,03}

3 457.69 - 531.25° C 2.58 % 10.155%  Manganite {MnO(OH)) > Mn,0O3}
532.58 - 620.28° C 3.216 % Pyrolusite (MnO2 - Mn,03)
622.03 - 775.52° C 2.368 % Hematite + (Mn,O3 > Mn30,)
38.94 —296.05° C 1.791 % Free water and volatiles
297.68 —390.90° C 2.101% Manganite {MnO(OH)) - Mn,03}

4 390.90 - 536.25° C 0.879% 9.366 %  Manganite {MnO(OH)) - Mn,03}
536.25 - 661.98° C 4.101 % Pyrolusite (MnO, = Mn,0s)
665.31 — 793.63° C 0.494 % Hematite + (Mn,O; = Mn30,)

3.4. Geochemical studies
Table (3) presents the chemical composition data for

the studied samples. It shows that MnO (33.93 -
69.37 wt.%) and Fe,O3 (11.39 — 44.07 wt.%) are the
major oxides. The enrichment of sample (1) in Fe,04
(44.07 wt.%) is attributed mainly to the dominance of
hematite (24.2 %; Fig. 2 and Table 1). On the other

hand, MnO is the major oxide in samples 2, 3, and 4

Egypt. J. Geo. Vol. 68 (2024)

(55.4 - 69.37 wt.%) in which the Fe,O3 contents range
from 11.39 to 21.68 wt.%. This could be interpreted
based on the enrichment of samples (2) and (3) in
pyrolusite (26 and 85.9% respectively; Fig. 2 and
Table 1), in addition to the enrichment of sample (2)
in hausmannite (Mn?*Mn**,0,) and sample (4) in

manganite {MnO(OH)} as well as pyrolusite (MnO5)



CHARACTERIZATION OF SOME UM BOGMA MANGANESE ORES IN UM BOGMA AREA AND THEIR ... 155

and manganite {MnO(OH)} in sample (3) (18.5 and
4.1 % respectively, Fig. 2 and Table 1).

In general, the existence of high percentage of iron in
Um Bogma manganese ore is expected, as it is a
ferruginous ore type (Kordi et al., 2017; Araffa et al.,
2020; and El-Shafei et al., 2022). The MnO contents
in the samples are in sample 1 (33.93 wt.%), sample 3
(55.4 wt.%), sample 2 (55.55 wt.%), and sample 4
(69.37wt.%). The concentrations of Fe,Os are in the
reverse order (Table 3) which was explained in Fahim
etal. (2013).

The significant existence of SiO, in samples (1) and
(2) (6.18 and 7.9 wt.%; respectively) is attributed to
the presence of considerable concentrations of quartz
(10.4 and 16 %; respectively; Fig. 2 and Table 1).
According to Johnson and Meccartney (1965), the
manganese ores could be classified based on the Mn
contents into iron ores (having Mn contents less than
5%), manganiferous iron ores (in which Mn contents
range from 5 to 35 wt.%; sample 1), and manganese
ores (that have Mn content more than 35%; samples 2,
3, and 4).

Table 3. Chemical composition of the studied technological manganese ore samples.

Classification Marilrg::i(;f:;ous Man()grznese Man()grznese Man(;graenese
% Z‘;is;eys )(as Sample (1) Sample (2) Sample (3) Sample (4)
MnO 33.93 55.55 55.4 69.37
Fe20; 44.07 20.93 21.68 11.39
SiO2 6.18 7.09 2.52 2.57
Al,O3 227 1.48 0.67 0.73
CaO 1.82 1.93 1.98 0.56
Na:O 0.18 0.16 0.16 0.12
MgO 0.92 1.36 0.47 0.72
K20 0.25 0.26 0.35 0.16
BaO 0.76 0.8 0.52 1.77

Cl 0.2 0.06 0.11 0.06
SO; 0.23 0.2 0.38 0.93
LOI 8.35 8.84 12.25 10.64

As % Metal
Mn% 26.26 43.00 42.88 53.69
Fe% 30.80 14.63 15.15 7.96
Mn/Fe ratio 0.85 294 2.83 6.74

3.5 Ore microscopic studies

The examination of the polished sections of the
manganese ore samples by using RLM, which is
based on Pracejus (2015), shows that the main

manganese mineral is pyrolusite (MnQO,). It appears in
yellowish to yellowish/greyish tint white color and
has moderate to high reflectance (Figs. 8 to 10). In
sample (4), the identified manganese mineral is

Egypt. J. Geo. Vol. 68 (2022)
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manganite {MnO (OH)} which displays a medium
grey color and has a high reflectance (Fig. 11).

The texture of sample (1) consists of microcrystalline
manganese grains disseminated among iron oxide
particles represented by light bluish grey hematite and
grey with bluish tint goethite together with other black
gangue minerals (mainly quartz) (Fig. 8).

The disseminated texture indicates high difficulty in
the ability of ore processing (Craig and Vaughan,
1994).

On the other hand, the textures of samples (2), (3),
and (4) consist of polygonal, non-equant to
equant/prismatic  manganese  patches set in
groundmass made up of iron oxides and quartz (Figs.
9to 11).

This implies that these samples have larger possibility
of processing than sample (1) because of its
disseminated. Also, sample (3) has almost regular

distribution of manganese patches -with average
diameters ranging between 250 and 500 um- among a
groundmass made up of iron oxides and other gangue
minerals (Fig. 10). This textural pattern facilitated the
estimation of the mineral liberation size as an
essential step in processing procedures (Craig and
Vaughan, 1994).

3.6. Microchemical studies:

The SEM examination supported with EDX analysis
of the studied technological manganese ore samples
1), ), (3), and (4) (Figs. 12, 13, 14, and 15;
respectively) revealed the presence of different micro
regions of various contrasts. Those having creamy
grey color represent manganese minerals (pyrolusite
and manganite) whereas areas with darker grey color
correspond to the iron minerals (hematite and
goethite).

Fe
minerals

Mn
minerals

Fig. 8. Photomicrograph of sample (1) showing yellowish white microcrystalline manganese particles
disseminated in a groundmass composed of iron oxides and other gangue minerals (RLM).

Fe
minerals

Mn
minerals

Fig. 9. Photomicrograph of sample (2) showing yellowish white manganese patches together with iron
oxides and other gangue minerals patches (RLM).
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Crystals of the manganese minerals have different
morphologies.

In sample (1), pyrolusite exists in the form of colonies
of columnar prismatic crystals (Fig. 12a). In samples
(1), (2), and (3), pyrolusite exists as radial fibrous and
acicular crystals (Fig. 12a, Fig. 13b, Figs. 14a, b, and
c; respectively).

Manganite occurs as colonies of prismatic crystals in
sample 4 (Figs. 15a and b). Hematite appears as
pseudo-cubic and platy tabular crystals in sample (1)
(Figs. 12b and 6c¢) and as prismatic crystals in sample
2 (Fig. 13a). Quartz occurs as dense grains with light
grey contrast in sample 2 (Fig. 13a).

Fe
minerals

Mn
minerals

Fig. 10. Photomicrograph of sample (3) showing yellowish/greyish white manganese particles having
equant-prismatic shape and approximately similar dimensions that are set in a groundmass made
up of iron oxides and other gangue minerals (RLM).

Fe
minerals

Mn
minerals

Fig. 11. Photomicrograph of sample (4) showing medium grey patches of manganese oxides randomly
distributed among other iron oxides and gangue minerals (RLM).

Egypt. J. Geo. Vol. 68 (2022)
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Fig. 13. BS-SEM images and EDX data of sample (2).
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3.7.  Utilization of manganese ore in

manufacturing of the different manganese alloys

According to Sully (1955) and Abd El-Gawad et al

(2014), the manganese ores with more than 35%

Mn and Mn/Fe > 5 (Tan et al, 2004) could be used

in the iron and steel industry to produce manganese

alloys.

Based on the geochemical studies of the present

technological manganese ore samples 1-4, only

sample 4 (Mn% = 53.96; Mn/Fe = 6.47) could be
classified as suitable commercial grade in
manganese alloys production, while the other three

samples 1, 2, and 3 (Mn% = 26.26, 43, and 42.88

respectively; Mn/Fe = 0.85, 294, and 2.83

respectively) need to be upgraded to match the

industrial demands.

Applying the reduction methods on Um Bogma

manganese ore is a possible way to upgrade the ore

to match the needed qualifications for the
production of ferromanganese alloys (Fahim et al,

2013) and silicon-manganese alloys (El-Faramawy

et al, 2022).

4. Conclusions

The integration of the data obtained from the

various analytical laboratory techniques led to the

following findings:

- The studied technological manganese ore
samples are composed of varying proportions
pyrolusite (26% - 85.9%), hausmannite
(18.5%), and hematite (6.5% — 24.2%) as oxide
minerals. However, the hydroxide minerals are
manganite (4.1 — 66.7%) and goethite (17.1 —
17.6%). The silicate mineral is only quartz
(10.4 — 16%).

- Based on the Mn and Fe contents, the samples
could be classified into manganiferous iron ore
(sample 1; Mn% = 26.26 wt.%) and manganese
ore (samples 2, 3, and 4; Mn% = 43%, 42.88%,

and 55.695 respectively). As the manganese

Egypt. J. Geo. Vol. 68 (2024)

percentage increases, the iron percentage
decreases proportionally.
Two main textures are recorded in these
samples. The first, pyrolusite exists as
interlocking crystals and aggregates
disseminated in a groundmass made up of
hematite and goethite (sample 1). The second
microfabric characterizes the rest of the
samples and is characterized by the presence of
separated islands of Mn-dominated granular
patches set in a groundmass composed of
hematite and goethite.

Based on the textural, mineral, and chemical

composition of the studied samples, the

followings could be concluded:

1. Sample (1) is not potential to be processed
for Mn-content upgrade mainly due to its
lowest manganese content (33.93 wt.%) in
addition to the interlocking growth of the
metallic ~ minerals  (pyrolusite  and
hematite).

2. Although sample (4) has the maximum
MnO content (69.37 wt.%), however, it
exists mainly in the form of the manganite
(66.7 %) instead of pyrolusite.
Accordingly, this sample represents an ore
that is not suitable for mineral
beneficiation, because it has manganite as
the main Mn mineral instead of pyrolusite,
which will not be representative of the four
samples.

3. Samples (2) and (3) have almost similar
MnO content (55.55% and 55.4 wt.%;
respectively). However, sample (3) has a
higher potentiality for upgrading by
applying different mineral processing
mainly due to its granular textural fabric.
In addition, this sample consists of
pyrolusite (85.9 %) and hematite (10 %),

an association that is potential for



BIOLOGICAL NANO-SELENIUM FOR EGGPLANT BIOFORTIFICATION UNDER SOIL NUTRIENT 161

processing. On the contrary, sample (2)
has a non-uniform microfabric (random-
sized patches of Mn minerals between Fe
minerals) and a complicated mineral
composition  (pyrolusite, hausmannite,
hematite, goethite, and quartz). This
demands additional mineral processing

facilities and costs.
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