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Abstract
The present work provides an investigation of the recovery of manganese from a relatively low-grade

ore (37.5% Mn) located in Um Bogma, Sinai area, Egypt. Several leaching experiments have been per-
formed in HNO3 acid medium to which molasses as an additive was used to benefit from the reduction
action of glucose and fructose. Leaching parameters were optimized as 2.7 M HNO3 in the presence of
molasses (20% of the input weight) in a solid-liquid ratio of 1:12 at 95°C for 2 hrs. Under these conditions,
the recovery efficiency of manganese attained about 98%, whilst iron dissolution did not exceed 12.9%.
The recovery efficiencies of the interesting associated metal values (Cu, Co, Zn, Ni and Cr) have also been
investigated. Manganese oxide was recovered from leach liquor in basic media after removal of major
gangue impurities by precipitation technique. High purity manganese oxide products namely, (Bixbyite
Mn2O3) and activated manganese oxide (hausmannite Mn3O4) were prepared. The latter was obtained via
precipitation in basic media followed by activation using HNO3 as oxidant and ignition. The obtained
products were suitable for several industrial applications besides, ammonium nitrate as added by product.

Introduction

Manganese plays a key role in the development
of various industrial activities such as steel produc-
tion, dry batteries, dietary additives preparation, ferti-
lizers, fine chemicals and some medicines [1]. The
world annual production of the total manganese alloys
passed 10.3 million metric tons and it is destined to
increase. Exhaustion of relatively rich manganese
ores has focused attention on the possible exploita-
tion of its low grade ores. Besides, the low grade
manganese ores has also generated a lot of interest
as a potential source of associated metal values such
as cobalt, nickel, copper, zinc, chromium, vanadium
and molybdenum. Therefore, several hydrometallur-
gical processes have been developed for these ores
involving, dissolving manganese as soluble chloride,
sulphate or nitrate and subsequently purifying the ob-
tained liquor each by different technologies such as
precipitation (as hydroxides, sulphides or basic salts),
solvent extraction, electro-winning and adsorption
onto activated matrices.

Um Bogma Mn-Fe deposit is located in the marine
intercalation within the clastic Paleozoic section at the
south west Sinai, Egypt. The ore bodies are generally
irregular in shape and tend to be lenticular. In some
parts, the ore body is present as different vien fillings
cutting through the surrounding dolomite [2]. Many
processes have been investigated for the treatment of
low grade manganese ores either by reduction roast-
ing followed by acid leaching [3] or directly by reduc-
tive acid leaching using different kinds of reducing
agent and acids [4]. These include mainly sulphuric
acid and hydrogen peroxide [4,5], phenol [6], oxalic
acid [3], iron sulphate [7], pyrite [8], aqueous sulphur
dioxide [9-11], hydrochloric acid and nickel matte
[12], pyrite [13-16], H2O2 [17]. Processes in basic
media involve essentially the use of ammonium sul-
phite [18], or ammonium thiosulphate/sulphite [19].
Adopting a zero-waste approach, carbohydrates from
agriculture wastes are low-cost, renewable and non
hazardous and can be used reducing agent for man-
ganese leaching under mild acidic conditions [20-28].

The aim of this work is to investigate a new leach-
ing process of the relatively low grade manganese
ore from Um-Bogma locality by nitric acid in pres-
ence of molasses as reductant. This method would
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provide low iron dissolution during the leaching pro-
cess as well as it would decrease the leaching effi-
ciency of the associated metal values. Molasses, as
obtained from conventional sugar extraction proce-
dures, are essentially composed of glucose and fruc-
tose together with some residual sucrose in varying
proportions depending upon the source. In case of
sugar cane, the produced molasses may contain glu-
cose, fructose and sucrose. While both glucose and
fructose are reducing agents, sucrose is not because
both anomeric carbons are involved in acetal forma-
tion, it can be inverted to glucose and fructose ac-
cording to the following reaction:

C12H22O11 + H2O → C6H12O6 + C6H11O6

Glucose and fructose would indeed reduce MnO2

in its ores according to the following reaction [18,19]:

C6H12O6 + 12 MnO2 + 24H+ →

→ 6CO2 + 12Mn+2 + 18H2O

In particular, molasses used as a reducing agent
undergoes a series of degradation reaction giving
different organic compounds able to complex ions in
solutions and then increasing their solubility [29].

Experimental

Characterization of the Manganese Ore

The working manganese ore sample was collected
from Um-Bogma area which is located in west cen-
tral Sinai, Egypt. The ore sample was first crushed
to +60 mesh (+250 µm) and then ground to the re-
quired particle size of (–74 µm). To define the min-
eralogical composition of the collected manganese
ore both bulk and sieved samples were subjected to
X-ray diffraction (XRD) analysis. Sample character-
ization by XRD showed the presence of variety of
manganese minerals mainly pyrolusite, cryptomela-
ne, hetaerolite and jacobsite. The presence of iron
minerals like goethite and hematite were also observ-
ed, as well as dolomite. From the obtained analytical
and mineralogical results, the following potential
mineralogical composition of the working Um-Bog-
ma low grade Mn ore is given in Table 1. In the latter,
certain assumptions have been taken in consideration.
Thus the total iron is assumed to be mostly hematite
while goethite is of minor importance. This has been
deduced from the corresponding ignition loss of about

1.42% as H2O+. In the mean time, all the present CaO
(6.50%) has been calculated as dolomite (21.31). the
analyzed Mn has however, been included as MnO
due to its presence in mixed oxide states.

(1)

(2)

Table 1
Potential mineralogical composition of studied ore

*Silicates are mostly clay
**Involved mainly hematite and minor geothite

Mine ar l/Oxide w %.t

Quartz/silicate* %86.11

Dolomite %13.12

I or n o ix de minerals ** %00.71

M agna n ese minerals e(%11.64 qui av len Mt n )O

ZnO %05.1

Tot la %06.79

Analytical Procedures

The ore was analysed for its major, minor and
trace elements using the proper analytical methods
[30,31] as shown in Tables 2 and 3. Total iron was
titrimetrically determined against EDTA using sulfo-
salicylic acid while the ferrous content was analyzed
titrimetrically against standard potassium dichromate.
The spectrophotometric determination of titanium
content was performed at 430 nm using tiron as
complexing agent (Unicam UV2-100). Both calcium
and magnesium were titrimetrically determined aga-
inst EDTA using murexide and Eriochrome Black T
indicators. The molybdate reagent in the presence of
tartaric acid has been used for determination of the
silica content. Aluminum was analyzed colorimet-
ricly using alizerine red as indicator. Analysis of the
trace elements present was performed by means of
an atomic absorption (Unicam 969 Model).

Leaching Procedure

The performed leaching tests were carried out to
which varying amounts of molasses were added us-
ing 10 g sample portions of ore and 120 ml of HNO3

in closed glass flasks. The obtained ore slurry was
then agitated at the required temperature using a hot
magnetic plate for a specified reaction time. At the
end of each leaching experiment, the slurry was filter-
ed and the filtrate (leach liquor) was analysis for leach-
ed manganese and other associated metal values.
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Results and Discussion

Leaching Results

Effect of Acid Concentration

The effect of HNO3 acid concentration between
0.5 and 3.5 M on the reductive leaching of Um-Bog-
ma manganese ore in the presence of molasses is il-
lustrated in Fig. 1. The other leaching conditions were
fixed at 100°C for 3 hrs, in presence of molasses (20%
of the input sample weight) and using ore sample
ground to 74 µm grain size. From the obtained re-
sults, it was shown that recovery of manganese
sharply increased from 29.22% to 99.9% when us-

ing 0.45 M to 3.38 M HNO3. Recovery of Cu, Zn
and Co exhibits a relatively sharp increase by increas-
ing the acidity from 0.45 M to 1.8 M after which a
slight increase has been observed. However, Cr and
Ni in particular have only exhibited a low rate of re-
covery. At 2.7 M acidity, the dissolved iron content
did not exceed 13%. Those relatively low efficien-
cies are most probably due to decreased acid strength
due to reaction with the manganese minerals and
dolomite beside molasses. In addition, the possible
reduction of some of these metallic associates in this
complex medium into their less soluble reduced spe-
cies might occur. Alternatively, the decreased solu-
bility of the associated metal values might be due to
their presence in some minute refractory mineral forms.
By increasing the HNO3 concentration to 3.38 M, Mn
recovery has attained 99.9% while that of iron amo-
unted 18.5%. Therefore, it can be mentioned that a
concentration of 2.7 M HNO3 would be sufficient
for almost complete recovery of manganese while
keeping minimum iron dissolution.

It is interested in this regard to mention that cal-
culation of the acid requirement (stoichiometric) for
manganese dissolution according to reaction (2) in
which all Mn is assumed to be present as MnO2 re-
vealed that 1 ton ore necessitated about 0.90 ton
HNO3. To the latter, about 0.3 ton acid would be re-
quired for dissolution of the present dolomite 21.35%
according to the following reaction:

(Ca,Mg)O + 2HNO3 →

→ (Ca,Mg)(NO3)2 + H2O

The chosen 2.7 M HNO3 in a solid/liquid ratio of
1:12 indicate that the input acid is equivalent to about

Table 2
Chemical composition of major and minor elements of

Um-Bogma studied ore

Table 3
Trace elements composition of Um-Bogma studied ore

*Loss on ignition at 1000°C

Com op nent w %.t

SiO2 %19.9

TiO2 %12.0

Al2O3 %52.1

eF 2O3 %00.71

MnO %11.64

MgO %10.50

CaO %05.60

Na2O %12.0

K2O %13.0

P2O5 %11.0

LOI* %36.11

oT t la %52.89

Component Con ec ntratio mpp,n

nZ 00051

uC 762

Co 511

iN 114

rC 704
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Fig. 1. Effect of HNO3 acid concentration upon the re-
covery efficiencies of Mn and associated metal values
from Um-Bogma ore (20% stoichiometric of molasses,
1:12 pulp density, 100°C, 3 hrs).

(3)
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2 ton per 1 ton ore. The optimized conditions deter-
mined in an Italian pyrolusite ore [20,21] and using
sequential factorial design and evaluating the statis-
tical significance of the different factors by analysis
of variance (ANOVA) involved indeed stoichiomet-
ric HNO3 acid together with less than 20% of the
calculated stoichiometric glucose amount and using
ore grain size of 295-417 µm.

Effect of Molasses Amount

In order to evaluate the effect of molasses addi-
tion upon the manganese reduction, a series of leach-
ing experiments were carried out using 2.7 M HNO3.
These experiments were performed in the absence and
presence of different amounts of molasses varying
from 10% to 40% of the input sample weight. The
other leaching conditions were fixed at a solid/liquid
ratio of 1:12 at 100°C for 3 hrs and using –74 µm for
ore grain size. From the obtained data as shown in
Fig. 2, it is evident that while only about 10.76% of
input Mn has been dissolved in the absence of mo-
lasses, the leaching efficiency of the associated metal
values were lowered to 46.72% Zn, 52.32% Cu,
20.26% Co, 13.16% Ni and 3.55% Cr. These data
reveal that these metal values might be at least par-
tially incorporated in the Mn minerals. Thus the re-
duction of manganese in its minerals to its bivalent
state is a pre-requisit for its dissolution as mentioned
above. On the other hand, increase the molasses amo-
unt beyond 20% of the input sample weight has a
pronounced effect upon iron dissolution which incre-
ased from 12.9% to 31% at 40% of the input sample
weight of molasses.

Effect of Time
In a trial to improve the leaching conditions, an-

other experimental leaching series was performed
using < 2 hrs leaching time. In these experiments, the
leaching conditions were kept fixed; namely, 2.7 M
HNO3 in the presence of molasses (20% of the input
sample weight) at 100°C in a solid/liquid ratio of 1:12.
From the results shown in Fig. 3, it was ascertained
that at only half an hour leaching time, the obtained
recovery efficiencies of Mn lowered to 76.57%,
61.8% for Cu, 46.04% for Zn, 47.08% for Co, 24.30%
for Ni, 10.49% for Cr and iron down to only 5.7%.
Whilst after 1 hour the recovery efficiencies of Mn
sharply increased to reach 94.36% and after 90 minute
it was slightly increase giving 97.1%. Therefore, it
can be concluded that 1.5 to 2 hrs leaching time would
be adequate and considered as optimum.

Effect of Temperature
In order to reduce the heat energy and in turn of

the leaching costs, four leaching experiments were
carried out at room, 50, 75, 85 and 95°C under the
same conditions previously used at 100°C. The re-
sultant recovery efficiencies as shown in Fig. 4 indi-
cate that the temperature plays a critical role in
leaching Mn and the associated metal values. For ex-
ample, working at room temperature the obtained
recovery yield for Mn and Cu was decreased down
to only 51.6% and 34.88% as compared to 97.27%
and 68.32% at 95°C respectively.

Effect of Pulp Density
Working with the fixed concentration of 2.7 M

HNO3 in presence of molasses (20% of the input

Fig. 2. Effect of molasses addition upon the recovery effi-
ciencies of Mn and associated metal values from Um-
Bogma ore (2.7 M HNO3, 1:12 pulp density, 100°C, 3 hrs).

Fig. 3. Effect of time upon the recovery efficiencies of
Mn and associated metal values from Um-Bogma ore (2.7
M HNO3, 20% stoichiometric of molasses, 1:12 pulp den-
sity, 100°C).
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sample weight), another three leaching experiments
were performed using the pulp densities 1:8, 1:10
and 1:15 for 2 hrs and at 95°C. In these experiments,
the total acid input would thus be according to varia-
tion in the input wt./vol. ratio. From the obtained re-
sults shown in Fig. 5, it was found that when using
1:8 and 1:10 pulp ratios, the recovery efficiencies of
all the studied metal values have been lowered how-
ever, in varying degrees. Increasing the acid amount
by applying the pulp ratio of 1:15 did not however,
being about any perceptible improvement in the re-
covery efficiency of Mn, Cu, Ni, Co, Cr and Zn but
increased the iron dissolution to 19%.

Recovery of Manganese Product

To eliminate the concomitant elements released
in the leach liquor, precipitation technique was em-
ployed. Complete iron precipitation as Fe2O3 and

other impurities was achieved by using ammonium
hydroxide at a pH value of 7. After filtration, the
manganese value left behind in the filtrate by pre-
cipitation at pH 9 using sodium hydroxide. The ob-
tained product was then ignited 1000°C for 1 hour
and was found to be is a typical (Bixbyite Mn2O3) as
indicated by XRD analysis, [card No. 10-69], Fig. 6.

Fig. 4. Effect of temperature upon the recovery efficien-
cies of Mn and associated metal values from Um-Bogma
ore (2.7 M HNO3, 20% stoichiometric of molasses, 1:12
pulp density, 2 hrs).

Fig. 5. Effect of pulp density upon the recovery efficiencies
of Mn and associated metal values from Um-Bogma ore (2.7
M HNO3, 20% stoichiometric of molasses, 2 hrs, 95°C).

On the other hand, it has also been possible to
activate the activated hydroxide using HNO3 as oxi-
dant [32] and baking at 200°C. A typical hausmannite
(Mn3O4) product was thus obtained after ignition at
1000°C as recorded by XRD analysis, [card No. 1-
1127], Fig. 7.
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Fig. 6. XRD analysis of manganese product without treat-
ment with nitric acid.
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The chemical analysis of the latter product was
found to attain in a purity of 99.95%. In the latter,
only Zn was found as impurity (120 ppm). The SEM
micrograph and EDX of the latter are depicted in Fig.
8. Two peaks in the Fig. 8 were related to K and L
shells of manganese atom. The block diagram of the
suggested hydrometallurgical process is given in Fig.
9. Residual nitric acid from the activation step could
be recycled and reused. Also, NH4NO3 can be recov-
ered as a secondary useful product which is used as a
fertilizer.

Fig. 8. SEM analysis of the highly concentrated and pure
manganese product.

Fig. 9. Block diagram for the hydrometallurgical production of activated and non activated manganese products.
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Conclusions

In this work, high-purity manganese oxides were
obtained from acid reductive leaching of a relatively
low grade Sinai manganese ore using a proper molari-
ty of nitric acid in presence of molasses as the reduc-
ing agent. In this proposed method, the other associ-
ated metal values have also been leached in varying
efficiencies; namely Zn, Cu, Co, Ni and Cr. The studi-
ed relevant leaching factors were optimized as 2.7 M
HNO3 in presence of molasses (20% of the input
sample weight), 95°C in a solid/liquid ratio of 1:12
for 1.5 to 2 hrs leaching time and using an ore ground
to –74 µm grain size. Using this relatively low leach-
ing time is justified by decreased energy consumption.
Under these conditions the leaching efficiency of
manganese attained about 98% together with 68.32%
for Cu, 71.39% for Zn, 52.40% for Co besides rela-
tively low results of 27.80% for Ni and 16.19% for
Cr. On the other hand, the iron dissolution was as low
as 12.9%. Environmentally, this leaching process can
be considered friendly where the possibility of using
molasses (industrial wastes) as a non-hazardous waste
material has been realized. Moreover, exhausted sol-
ids can be made inert and re-used in building-block
production according to a zero approach. For the re-
covery of the dissolved manganese value, a precipi-
tation technique has actually been applied and two
products have been prepared. In the first, bixbite
(Mn2O3) was prepared by stepwise precipitating the
co-dissolved impurities at pH 7 followed by precipi-
tation of manganese at pH 9 using NaOH and air as
oxidant followed by ignition at 1000°C. The second
product was prepared by activation of the precipitated
manganese using HNO3 and baking at 200°C to ob-
tain γ-MnO2 while can be followed by ignition at
1000°C to obtain hausmannite (Mn3O4).
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