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In this study, the production of magnesium oxide (MgO) from dolomite ore (CaMg(CO3) ,) sourced from a mine in the southern region of
the country was investigated. Following sample collection, dolomite was transported to the Iranian Mineral Processing Research Center for
XRF, ICP, XRD, and TGA-DTA analyses. The results of mineralogical and chemical analyses indicated that dolomite and calcite were
predominant minerals, both critical for magnesium production. The calcination process at a particle size of 3 mm and a temperature of 800°C
converted dolomite into an oxide phase. Magnesium oxide was subsequently produced through acid leaching using 2M HCl at a solid-to-
liquid ratio of 5:15 at 70°C for 3 hours. The precipitation process using NaOH at a pH of 8—9 resulted in the formation of magnesium hydroxide,
which was further heated at 600°C to convert it into magnesium oxide (MgO).The results demonstrated that the complete production of
magnesium oxide is feasible at the Iranian Mineral Processing Research Center. This study highlights the high potential of the dolomite mine
in the southern region as a source of raw material for MgO production and emphasizes the need to develop industrial infrastructure to

complete the value chain of this strategic material.
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1. Introduction

Magnesium, the eighth most abundant element in the Earth’s crust,
plays a vital role in various industries due to its unique properties,
including low density, high strength, excellent formability, and good
electrical and thermal conductivity. Dolomite ore is one of the most
important sources for magnesium extraction. Composed of calcite and
magnesite, dolomite is widely regarded as an ideal raw material for
producing magnesium and its compounds. Formed primarily through
regional metamorphism, this rock typically contains at least 45%
magnesium carbonate and appears naturally white, though impurities
may introduce gray, pink, green, or black hues. Dolomite has a specific
gravity of approximately 2.6 g/cm?, a hardness of 3.5-4 on the Mohs
scale, and a vitreous to pearly luster. Significant dolomite deposits exist
worldwide, particularly in regions, such as Indonesia. This study
explores hydrometallurgical techniques for extracting magnesium from
dolomite ore, which are among the most efficient methods for
producing magnesium and its derivatives. The research focuses on
magnesium oxide production from dolomite sourced from a southern
region of the country, analyzing a composite reserve sampled from
multiple stations with varying compositions. The experimental
procedures and results are presented in detail, offering insights into
optimizing magnesium extraction and production from mineral
resources.

2. Material and methods

This research investigated dolomite sourced from a mine in southern
Iran. Composite samples were prepared by blending material from five
sampling stations with equal weight percentages from different areas of
the mine. The results of XRF and XRD analyses are presented in Table

1 and Figure 1. XRF data revealed that the dolomite samples contained
Caro, MgO, Na;O0, SiO;, Al,O3, P,0s, SO3, K,0, and Fe,O3, with CaO
and MgO as the predominant compounds and the others as minor
constituents. XRD analysis confirmed that most peaks corresponded to
dolomite, with additional minor peaks attributed to CaCOj3 and SiO,
impurities. The composite dolomite samples were crushed to <3 mm
using jaw and roller crushers at the Iran Mineral Processing Research
Center. This particle size was selected to minimize fines (preventing
agglomeration during calcination) while ensuring complete calcination.
The crushed samples were then calcined at 800°C for 5 hours,
decomposing the dolomite into calcium oxide (CaO) and magnesium
oxide (MgO). Subsequent leaching was performed using 37%
hydrochloric acid (2 M concentration) at a solid-to-liquid ratio of 1:3
and 70°C for 3 hours to solubilize the primary dolomite components,
magnesium and calcium. After leaching, the solution was filtered to
remove the negligible insoluble residue. The filtrate was then treated
with 10 M sodium hydroxide to adjust the pH to 8.5-9.5, precipitating
magnesium hydroxide (Mg(OH),). Due to the temperature sensitivity
of Mg(OH),, precipitation was conducted below 60°C. The precipitated
Mg(OH), was collected via filtration and subsequently calcined at
600°C for 1 hour to produce magnesium oxide (MgO). The complete
process flow is illustrated in Figure 2.

3. Results and discussion

3.1 The eftfect of heat on dolomite calcination

The thermogravimetric (TGA) and differential thermal analysis
(DTA) results, presented in Figure 3 demonstrated the thermal behavior
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Table 1. XRF Analysis results of the composite sample from five sampling stations.

Element P05 (%) SO; (%) TiO, (%) | MgO (%) | CaO (%) | ALO; (%)
Composition (wt. %) 0.01 0.46 0.01 19.08 3319 01

Element LOI(%) | Fe,O5(%) | SiO; (%) SrO (%) K,O (%) | NayO (%)
Composition (wt. %) 4638 01 0.57 0.01 017 01

of composite dolomite samples within the 750-900°C temperature
range, which was investigated to determine the optimal calcination
conditions. Our analysis revealed two distinct decomposition events at
798.52°C and 915.38°C, corresponding to the decomposition of dolomite
and calcite, respectively, with a total mass loss of 19.47%. Systematic
calcination experiments conducted at 750, 800, 850, and 900°C for 5
hours to monitor the thermal decomposition process, as shown in
Reaction 1:

(€Y)

XRD analysis of the calcination products showed complete dolomite
decomposition at 800°C, resluted in well-defined and high-purity CaO
and MgO. These findings, supported by the data in Figure 4, establish
800°C as the optimal calcination temperature. Moreover, Figure 5
provides visual evidence of the pronounced structural transformations
occurring during calcination at this temperature.

CaMg(CO3), — CaO + MgO + 2CO,
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Figure 1. XRD diagram of the combined sample of five sampling stations.

3.2 The effect of hydrochloric acid concentration on leaching of
calcined dolomite

In the leaching experiments conducted at 70°C with a liquid-to-solid
ratio of 3, the concentration of hydrochloric acid (HCI) varied from 0.5
to 2 M. The results indicated that magnesium extraction increased with
rising HCI concentration. Over a 3-hour leaching period, increasing the
HCI concentration from 0.5 M to 2 M enhanced the dissolution of
calcined dolomite from 2.4% to 99.07%. Images of the hydrochloric acid
leaching process and the filtration of the leachate are shown in Figures
6 and 7, respectively.

3.3, The effect of sodium hydroxide addition on magnesium hydroxide
precipitation

The hydrochloric acid leaching solution has a pH of 2.5, and sodium
hydroxide must be added to precipitate magnesium oxide. The pH
rapidly increases from 2.5 to 8 upon NaOH addition, but the rise from 8
to 9 occurs slowly, during which magnesium hydroxide gradually
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Figure 2. Flowchart of magnesium oxide production test procedures.
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Figure 4. XRD pattern of the calcination of the composite sample at different
temperatures.



Figure 5. Comparative images of the composite sample (right) pre-calcination state
and (left) post-calcination state at 800°C.

Figure 6. Hydrochloric acid leaching of calcined dolomite.

Figure 7. Filtration of the hydrochloric acid leachate.

appears as a white precipitate at pH 8, with complete precipitation
achieved at pH 9. After filtration, magnesium hydroxide can be
separated from the solution. The XRD analysis results of the
precipitated magnesium hydroxide, the supernatant solution, and the
solid magnesium hydroxide are shown in Figures 8, 9, and 10,
respectively. Note that the precipitation temperature must be
maintained at 60°C due to the low solubility of magnesium hydroxide at
higher temperatures.

34. The eftect of heat on the conversion of magnesium dioxide to
magnesium oxide

To produce magnesium oxide (MgO), the thermal decomposition of
magnesium hydroxide (Mg(OH),) was carried out at 600°C for 1 hour.
To optimize the decomposition temperature, Mg(OH), was heated at
500°C, 600°C, and 650°C for 1 hour each. Based on the results, 600°C was
selected as the optimal temperature due to a weight loss of 36% . The
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XREF results and XRD analysis of the thermally decomposed magnesium
oxide are presented in Table 2 and Figure 11, respectively.
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Figure 8. XRD analysis results of the precipitated magnesium hydroxide.

Figure 9. Precipitation solution of magnesium hydroxide.

Figure 10. Solid magnesium hydroxide.
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Figure 11. The XRD patterns of magnesium oxide.
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Table 2. The XRF analysis results of magnesium oxide.

JMGE |}

P05 (%) SO; (%) TiO; (%) MgO (%) CaO (%) Al,0; (%)
0.01 032 0.01> 75.81 5.77 0.99
LOI (%) Fe;0; (%) SiO; (%) SrO (%) K0 (%) Na,O (%)
12.41 0.94 0.64 0.01 0.1> 3.01

4. Conclusions

A hydrochloric acid leaching process for magnesium extraction and
magnesium oxide production from calcined dolomite ore was
successfully demonstrated. Results showed that magnesium extraction
efficiency increased with both rising hydrochloric acid concentration
and an increased liquid-to-solid ratio. The addition of sodium hydroxide
proved crucial for pH adjustment to between 8 and 9 to precipitate
magnesium hydroxide (Mg(OH),), which is essential for optimal
conversion to magnesium oxide (MgO). The optimized conditions
included: dolomite calcination at 800°C, leaching with 2 M hydrochloric
acid at 70°C with a 15:5 liquid-to-solid ratio for 3 hours, and pH
maintenance at 8-9 for hydroxide precipitation. Thermal
decomposition at 600°C was identified as the optimal temperature for

converting magnesium hydroxide to magnesium oxide.
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