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(57) Abrégé/Abstract:

The present description relates to a process for extracting magnesium compounds from magnesium-bearing ores comprising
leaching serpentine tailing with dilute HCI to dissolve the magnesium and other elements like iron and nickel. The resudial silica is
removed and the rich solution is further neutralized to eliminate impurities and recover nickel. Magnesium chloride is transformed in
magnesium sulfate and hydrochloric acid by reaction with sulfuric acid. The magnesium sulfate can be further decomposed in
magnesium oxyde and sulphur dioxyde by calcination. The sulphur gas can further be converted into sulfuric acid.
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(57) Abstract: ABSTRACT OF THE DISCLOSURE The present description relates to a process for extracting magnesium com-
pounds from magnesium-bearing ores comprising leaching serpentine tailing with dilute HCI to dissolve the magnesium and other
elements like iron and nickel. The resudial silica is removed and the rich solution is further neutralized to eliminate impurities and
recover nickel. Magnesium chloride is transformed in magnesium sulfate and hydrochloric acid by reaction with sulfuric acid. The
magnesium sulfate can be further decomposed in magnesium oxyde and sulphur dioxyde by calcination. The sulphur gas can further
be converted into sulfuric acid.



PROCESS TO PRODUCE MAGNESIUM COMPOUNDS, AND VARIOUS BY-
PRODUCTS USING SULFURIC ACID IN A HCL RECOVERY LOOP

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority from U.S. provisional application serial
no. 62/081,151 filed on November 18, 2014.

TECHNICAL FIELD

[0002] The present disclosure relates to the extraction of magnesium metal
from magnesium-bearing ores using sulfuric acid in a HCI recovery loop
producing MgSO4 and MgO.

BACKGROUND ART

[0003] Exploitation of important deposits of serpentine for the asbestos fiber
production in the last decades has generated huge quantities of tailings in North
America. This material consists mainly of lizardite Mg3Si2Os(OH)s with minor
antigorite (Mg, Fe)sSi2Os(OH)4, brucite Mg(OH)2, magnetite FezO4 and awarite
NisFes. Asbestos tailings are an excellent source of magnesium and silica with

appreciable amount of nickel (around 0.2%).

[0004] By hydrometallurgical treatments, serpentine tailing can be transform
in various products, for examples MgCl>, MgSQO4, MgO and amorphous silica,
which confirm the potential of this resource. As its name suggest,
hydrometallurgical processes are closely linked to the use of water. Acidified
aqua media allows to solubilize elements but their subsequent evaporation must
be limited. Water elimination can require a large amount of energy and
consequently makes industrial operation less profitable.

[0005] The use of hydrochloric acid as a leach medium to extract
magnesium in serpentine is known and has been demonstrated to be effective.
In U.S. patent no. 2,398,493, serpentine is treated with HCI 20% at ambient
pressure to produce magnesium chloride. The brine is purified by addition of
calcined serpentine and magnesium oxide to raise the pH until 7.6. The slurry is
filtered and the rich magnesium brine is evaporated to obtain a magnesium

chloride salt. By conventional electrolysis of magnesium chloride, hydrochloric
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acid is regenerated by direct synthesis between chlorine gas and an external

source of hydrogen.

[0006] Although known processes allow to extract magnesium and nickel
with dilute hydrochloric acid, only magnesium is recovered. Nickel is considered
as an impurities and is eliminated together with iron and magnesium silicate.
Also, heating the large amount of ore at elevated temperatures combined with

evaporation of water to recuperate magnesium salt involve a high energy cost.

[0007] Due to the fluctuations in metals prices and the pressure of market
competition, the mining industry is looking to diversify its product offer and to
reduce its production cost. A flexible production combined with an economic

process are the key to remain financially viable.

[0008] Accordingly, there is thus still a need to be provided with an improved
process for extracting magnesium from magnesium-bearing ores such as
asbestos tailings.

SUMMARY

[0009] In accordance with the present description there is now provided a
process extracting magnesium metal from magnesium-bearing ores, comprising
the steps of (a) leaching the magnesium-bearing ores with HCI obtaining a
slurry containing chloride compounds; (b) filtering the slurry to obtain a liquor
containing the chloride compounds and silica, the silica being extracted from the
liquor; (c) purifying the liquor by increasing the pH by adding a neutralizing
agent producing a brine chloride solution enriched in magnesium containing
precipitated iron and impurities; (d) filtering the brine to extract the precipitated
iron and impurities contained in the brine; (e) neutralizing the brine to extract the
precipitated nickel content by adding a base; and (f) adding the magnesium
chloride brine into sulfuric acid forming magnesium sulfate and hydrochloric acid

which is recycled.

[0010] In an embodiment, the process described herein further comprises
the step (g) of thermally decomposing the magnesium sulfate in sulphur dioxide

gas and magnesium oxide.
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[0011] In another embodiment, the magnesium-bearing ores are magnesium

silicate ores or tailings.

[0012] In a further embodiment, the magnesium silicate ores are serpentine

mineral, lizardite, antigorite, olivine, talc, sepiolite or a mixture thereof.

[0013] In a particular embodiment, the magnesium-bearing ores are leached
with 4-9M HCI at 70-120°C.

[0014] In another embodiment, the silica is extracted by a solid/liquid
separation.

[0015] In an additional embodiment, the silica is extracted by using a filtered
press or a band filter.

[0016] In a further embodiment, the neutralizing agent is serpentine tailing.

[0017] In another embodiment, the process described herein further
comprises adding an oxidizing agent to convert the iron in solution in a bivalent

form to a trivalent form.

[0018] In another embodiment, the oxidizing agent is chlorine gas, hydrogen

peroxide, potassium permanganate, O, air, or a mixture thereof.

[0019] In another embodiment, the neutralization step (e) is conducted at a

temperature between 60-110°C.

[0020] In another embodiment, the base is magnesium oxide, sodium
hydroxide, potassium hydroxide or a mixture thereof.

[0021] In another embodiment, the base is added until the pH of the brine is
2-4.

[0022] In an embodiment, the nickel is recovered by precipitation or

alternatively on an exchange resin.
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[0023] In another embodiment, the process encompassed herein further
comprises the step (e’) of precipitating the contained manganese from the
neutralized brine.

[0024] In a particular embodiment, the process encompassed herein further
comprises adding an oxidative agent to convert the manganese in solution from
a bivalent form to a quadrivalent form.

[0025] In another embodiment, the oxidative agent is chlorine gas, hydrogen
peroxide, potassium permanganate O, air or a mixture thereof.

[0026] In another embodiment, the oxidative agent is added until the

oxidation/reduction potential reach 650 mV.

[0027] In another embodiment, the neutralized brine is maintained at around
80°C.

[0028] In another embodiment, the process encompassed herein further
comprises the step (e”) of precipitating by crystallization the magnesium
chloride contained in the enriched magnesium chloride brine using dry gaseous
hydrogen chloride obtaining a crystal of magnesium chloride and a solution of
magnesium chloride and filtering to separate the crystal of magnesium chloride
from the solution of magnesium chloride, the filtrated magnesium chloride
crystal being added to sulfuric acid to form magnesium sulfate and hydrochloric

acid.

[0029] In a further embodiment, the dry gaseous hydrogen chloride is

sparged or bubbled through the enriched magnesium chloride brine.

[0030] In an additional embodiment, the dry gaseous hydrogen chloride is

sparged or bubbled up to a concentration of 32-37%.

[0031] In another embodiment, magnesium chloride crystal is added to

sulfuric acid.
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[0032] In another embodiment, hydrochloric acid mixed with the magnesium
sulfate is stripped of by the use of a gas producing gaseous and wet
hydrochloric acid, the gaseous hydrochloric acid being recycled.

[0033] In an additional embodiment, the gas is air or nitrogen.

[0034] In another embodiment, the wet hydrochloric acid and the filtrated
magnesium chloride solution are further dehydrated in a dehydration unit in
contact with a concentrated hydrochloric acid solution producing dry gaseous
hydrochloric acid which is recycled and a diluted hydrochloric solution which is

reused in the leaching step (a).

[0035] In an embodiment, the process described herein further comprises
the step (f) of converting the magnesium chloride contained in the enriched

magnesium chloride brine into magnesium metal by electrolysis.

[0036] It is also provided a process for extracting magnesium sulfate from
magnesium-bearing ores, comprising the steps of: (a) leaching the magnesium-
bearing ores with HCI obtaining a slurry containing chloride compounds; (b)
filtering the slurry to obtain a liquor containing the chloride compounds and
silica, the silica being extracted from the liquor; (c) purifying the liquor by
increasing the pH by adding a neutralizing agent producing a brine chloride
solution enriched in magnesium containing precipitated iron and impurities; (d)
filtering the brine to extract the precipitated iron and impurities contained in the
brine; (e) neutralizing the brine to extract the precipited nickel content by adding
a base; (e”) precipitating by crystallization the magnesium chloride contained in
the magnesium chloride brine using dry gaseous hydrogen chloride obtaining a
crystal of magnesium chloride and a solution of magnesium chloride; ()
filtering to separate the crystal of magnesium chloride from the solution of

magnesium chloride; and (e’’) adding the magnesium chloride crystal to sulfuric

acid to form magnesium sulfate and hydrochloric acid which is recycled.

BRIEF DESCRIPTION OF THE DRAWINGS
[0037] Reference will now be made to the accompanying drawings, showing

by way of illustration, a preferred embodiment thereof, and in which:
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[0038] Fig. 1 illustrates a bloc diagram of a process according to one

embodiment for extracting magnesium metal.
[0039] Fig. 2 illustrates a bloc diagram of a process according to another

embodiment encompassed herein for extracting magnesium metal.

DETAILED DESCRIPTION
[0040] It is provided a process for extracting magnesium metal from

magnesium-bearing ores.

[0041] The process described herein provides more specifically a method for
the production of various magnesium products, amorphous silica and nickel
hydroxide from a magnesium silicate ore, including regeneration of hydrochloric

acid using sulfuric acid.

[0042] The method generally comprises leaching serpentine tailing with
dilute HCI to dissolve the magnesium and other elements like iron and nickel.
The residual silica is removed and the rich solution is further neutralized to
eliminate impurities and recover nickel. Magnesium chloride is transformed in
magnesium sulfate and hydrochloric acid by reaction with sulfuric acid. The
magnesium sulfate can be further decomposed in magnesium oxide and
sulphur dioxide by calcination. The sulphur gas can further be converted into
sulfuric acid. Thus, contrary to the process described in International application
no. PCT/CA2015/050670, production of MgSQs is favored and MgSQOy is then
calcinated to recover MgO. The magnesium chloride in solution can be
crystallized, then dehydrated and subsequent electrolysis of anhydrous

magnesium chloride produces pure magnesium metal and hydrochloric acid.

[0043] The process of the present disclosure can be effective for treating
various magnesium silicate ores such as for example, and not limited to, group
of serpentine mineral, lizardite, antigorite, olivine, talc, sepiolite or mixtures

thereof which can be used as starting material.

[0044] Mineral processing allows to separate the valuable fraction from the

uneconomic fraction (gangue) of an ore. After recovery of the desired mineral ,
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tailings are left over. Tailings, also called mine dumps, culm dumps, slimes,
tails, refuse, or leach residue, are the materials left over which can be treated by
the process described herein.

[0045] The process describe herein allows processing and extracting
magnesium from tailing, such as asbestos mine tailing, obtained after
processing of magnesium-bearing ores.

[0046] Hydrochloric acid is an expensive product and for this reason, in
mineral extractive processes it has to be recover. One way of producing HCI is
by reacting sulfuric acid with a chloride salt. In the denominated “Leblanc
Process” from the 18" century, sodium chloride was used to form sodium
sulfate which was afterward transformed in sodium carbonate by reaction with

calcium carbonate and carbon.
2 NaCl + H;S0O4 — NaxS0O4 + 2 HCI
Na:;SO4 + 4C + CaCOs — NaCOs + 4 CO + CaS

[0047] In order to regenerate hydrochloric acid, the use of sulfuric acid as
described hereinabove allows the production of magnesium sulfate during

serpentine transformation.

[0048] As can be seen from Fig. 1, and according to one embodiment, the
process comprises a first step of grinding the starting material. The process
described herein takes advantage of the low MgSQOs solubility at first in a
sulfuric acid background and thereafter with an increased background of
hydrochloric acid. Fig. 1 is characterized by the crystallization of magnesium
chloride in a concentrate HCI media, which is afterwards transformed in sulfate
salt.

Classification (step 1), leaching (step 2) and filtration (step 3)

[0049] Tailing, and particularly asbestos tailing, can be crushed
(grinding/milling, step 1). To perform the leach step, serpentine tailing is

crushed and milled until the particles pass through a screen of 400 microns. A
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fine fraction is separated to further be used as a neutralising agent to precipitate
impurities. In an embodiment, the ore can be further subjected to a magnetic
separation to concentrate the contained nickel, which is mainly recovered in the

magnetic fraction.

[0050] The crushed classified tailing then undergoes acid leaching (step 2).
The leach of serpentine by an hydrochloric acid solution allows dissolving
magnesium and other elements like iron, nickel and manganese in chloride
compounds. A significant portion of the silica is inert to HCI digestion and
remain solid in the reaction mixture due to its inability to solubilize in this

agueous environment.

[0051] The leaching is conducted for example in 4-9M HCI at a temperature
around 70-120°C for a period between one to 4 hours under a strong agitation
to promote the kinetic dissolution. The amount of acid used is fixed at 1 time the
stoichiometric requirement. At the end of the HCI digestion process, the pH of
the slurry is less than one.

[0052] The slurry is afterward filtrated (step 3) to recover silica (SiO2) on an
amorphous form characterised by a very large surface area. A solid/liquid
separation of the slurry by suitable filtration equipment known in the art is used,
such as a filter press or band filter to recuperate silica (SiO2). This silica has a
good purity given the high extraction efficiency of soluble elements in
hydrochloric acid solution. Amorphous silica is a marketable product in various
sectors and has an economical importance. Amorphous silica recovered can be

used for example in cosmetics and paint.
Purification (step 4) and decantation (separation, step 5)

[0053] The rich solution from step 3 then undergoes a purification step (step
4) to remove by precipitation undesirable elements accessible at the targeted
pH value. The addition of a neutralizing agent allows to increase the pH and

precipitate impurities in hydroxide or oxide form.

[0054] Iron in solution is in two oxidation states. It is known that bivalent iron
precipitates at higher pH than trivalent iron and in the same range as nickel. To

prevent the jointed precipitation, an oxidizing agent is added to convert Fe?* into
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Fe3*. Chlorine gas, hydrogen peroxide, potassium permanganate, O, air, or a

mixture thereof are examples of such oxidizing agent.

[0055] The use of crude serpentine tailing as a neutralizing agent at this
stage constitute an economic advantage by reducing the use of further chemical
addition and/or transport. The ore is available on the site of extraction and
transformation and the magnesium oxide is manufactured in sifu as proposed
herein. Serpentine is a basic magnesium silicate material and contains variable
amount of brucite giving its acid-neutralizing capacity. The elimination of a
serpentine calcination step, which is normally used in processes known and
used in the industry, allows substantial energy saving. Also, the use of a
magnesium base content as proposed herein allows enriching the resulting
brine in desired elements. The MgO content neutralizes the acidity of brine and
metals precipitate in hydroxide form. The acidity is determined by the amount of

free hydrochloric acid and by the amount of oxidic contaminants.

[0056] Accordingly, the neutralization is conducted at a temperature between
60 to 110°C to favor the dissolution of serpentine or mixture with magnesium
oxide. The magnesium concentration in the brine thus increases and the iron
content dissolves at first and precipitate afterwards. Oxidizing agent is
introduced to convert the new bivalent iron in solution. The base is added until
the pH is 2-4. Iron and other impurities precipitate together with the undissolved
portion of serpentine which are separated by known methods, such as for

example decantation (step 5).
Nickel recovery (step 6)

[0057] The nickel content in the enriched brine chloride solution obtained
from step 5 is recovered by precipitation together with other elements
accessible at the targeted pH value, such as around 4-7 (step 6). The
neutralisation is conducted at 80°C and the base used can be magnesium
oxide, sodium hydroxide, potassium hydroxide or a mixture thereof. The
precipitate, rich in nickel, is separated from the magnesium solution by filtration
and can be purified further to increase their level of purity. The nickel hydroxide
-Ni(OH).- with impurities is first dissolved in dilute hydrochloric acid and then

passed on an exchange resin which catch specifically the nickel. For example,
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in U.S. patent no. 5,571,308, the use of a selective resin to remove the nickel in
an acidic chloride media is described. The absorbed element is furthermore
recovered from the ion exchange resin by contacting it with a mineral acid in
order to elute the nickel. Nickel oxide (NiO) or nickel (Ni) can be obtained by

pyro-hydrolysis or electrowining of the nickel solution.
Purification at neutral pH (step 7) and brine filtration (step 8)

[0058] The residual impurities in solution from step 6, mainly manganese,
are removed by precipitation (step 7). The oxidation/reduction potential (ORP
potential) is increased and the pH is maintained at neutral value. By adding an
oxidative agent, the bivalent manganese is converted into quadrivalent

manganese and is therefore precipitated at lower pH.

[0059] For purification, the temperature of the solution is maintained at
around 80°C and the oxidative product is added until the ORP reach 650 mV.
As a basic agent, magnesium oxide, sodium hydroxide, potassium hydroxide or
a mixture thereof in dilute concentration can be used.

[0060] The undesirable metals are eliminated from solution by a solid/liquid
separation (step 8), such as for example a filtration, to obtain a relatively pure or

enriched magnesium chloride brine.
MgCl..6 H20 crystallization (step 9) and filtration (step 10)

[0061] Dry hydrogen chloride is then used in a crystallization step to
precipitate the magnesium chloride contained in the solution, thus concentrating
the magnesium chloride. Crystallization is conducted in a crystallizer known in
the art and the HCI is sparged or bubbled through the liquid (procedure also

known as gas flushing).

[0062] Accordingly, in concentrated hydrochloric acid solution, the solubility
of magnesium chloride is low due to common ion effect. Thus, when gaseous
HCI is sparged (step 9) in the rich magnesium chloride brine, the magnesium
salt is crystallized by the conversion of the aqueous environment in acid media.
A better yield of crystallization is obtained if this step is performed at cold
temperature due to the higher solubility of gas and inversely the lower solubility

of salt. A dry gas injection also helps to recover magnesium chloride by avoiding

Date Regue/Date Received 2020-10-28



11

additional water introduction. This technique allows saving energy compared to

commonly used evaporation of water processes.

[0063] Dry HCI gas from subsequent step 11 and a dehydration unit are
used on the brine at around 9% magnesium content until the HCI concentration
reach 32-37%. The presence of small amounts of other salts in the media, such
Ca, K and Na, does not affect significantly the solubility. The resulting slurry is
filtrated (step 10) to separate magnesium chloride hexahydrate from
hydrochloric acid solution with small amount of non-crystallized salt. The
concentrated acid solution is further used to dehydrate wet HCI gas from step
12. A portion of magnesium chloride can be converted to a magnesium metal by
an electrolysis process as described in International application no.
PCT/CA2014050102.
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MgSO4 formation (step 11) and HCI recovery (step 12)

[0064] To restore the acid strength of the magnesium chloride and recovered
the metal value as a sulfate, concentrated sulfuric acid is used. The simplified

reaction is presented follows:
MgCl2.6 H2O ) + H2SO4) — MgS04.0-1 H2O ) + HCl () + HCI g

[0065] According to the amount of water in the reaction from magnesium
salt, hydrogen chloride is formed in two states. It is known in the art that the
maximum concentration of HCI in solution is around 37% due to its respective
solubility in this media. As well, the magnesium sulfate produced has a very low
hydration state that involved a reduction of the energy for further decomposition
in magnesia (MgO).

[0066] For a maximum yield of conversion, magnesium chloride is added to
hot and concentrate sulfuric acid, such as around 98% and at 80-130°C (step
11) The reagents are mixed in a stoichiometric ratio or with an excess of acid.
The HCI gas released is reintroduced in step 9 for the next magnesium chloride

recovery.

[0067] Due to the low quantity of water in the system, a little volume of
hydrochloric acid solution is obtained, which wets the solid. In the aim of
returning all the acid on gaseous form in the previous crystallization step, the
acid mixed with the magnesium sulfate is stripped off by the use of a gas, for
examples air or nitrogen (step 12). The high vapor pressure of HCI gas allows to
use this recovery technique. The wet HCI gas is further directed into a
dehydration unit where it is drying by contact with the concentrated hydrochloric
acid solution from step 9. Hydrochloric solution at 34-37% with amount of
magnesium chloride serves as a dehydrating agent. In an almost saturated
solution, the solubility of HCI gas is weak. The gas tends to volatilize and the
solution enriches in water. Also, the presence of chloride salt in the acid solution
reduces the solubility of HCI gas and increases their volatility. The residual
diluted hydrochloric solution with low magnesium content is returned to the

leaching step 2.
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[0068] Alternatively, the magnesium chloride brine can be added directly into
sulfuric acid to restore the acid strength of the magnesium chloride brine (see
Fig. 2). The reaction is carried out under the same conditions as described
previously. This alternative allows to limit the dilution effect of the acid by
contact with water making it less reactive. For an interesting yield of reaction
and magnesium sulfate precipitation, the chloride brine have to be saturated or
supersaturated. Also, the brine temperature has to be at 80°C or more. In this
case, only hydrochloric acid in liquid form is generated and a magnesium sulfate
with one or less water hydration is obtained. Depending on the initial brine
concentration, a variable amount of magnesium sulfate stays dispersed in the
HCI solution. To recover it, the acidic solution can be evaporated, which has a
boiling point of 108°C. Thus, hydrochloric acid vapor gas at azeotropic
composition is released, such at around 20%. The acid vapor is recycling to the

leaching step 2.

[0069] As the above method, the hydrochloric acid trapped in magnesium
sulfate is stripped off using air or nitrogen, generating a salt with a low total

chloride content, such as less than 0.01% (step 12).
Calcination (step 13)

[0070] The magnesium sulfate may be sold directly or thermally
decomposed in sulphur dioxide gas (SO2) and magnesium oxide (MgQO), also
called magnesia. Also, a portion of magnesia obtained could be used as a
neutralizing agent to meet the internal need of serpentine transformation

process.

[0071] The further conversion of dioxide gas into sulfuric acid allows to
recycle back the sulfate content necessary to the hydrochloric acid
regeneration. Manufacturing processes of sulfuric acid are known in the art,
such as described in King et al. (Sulfuric acid Manufacture, Second Edition:
analysis, control and optimization, 2013, Elsevier Science Press, Oxford,
England).
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[0072] Accordingly, it is described a process to produce several commercials
products from serpentine tailing. The tailing could be converted to MgO, MgSOQOs,
MgCl2, Mg metal, amorphous silica or Ni(OH).. The process present advantage

of products throughput modulation and low evaporative costs.

[0073] The present disclosure will be more readily understood by referring to
the following examples which are given to illustrate embodiments rather than to

limit its scope.

EXAMPLE |
MgClI: brine production

[0074] 300g of serpentine tailing passing through 400 um was leached with
23% hydrochloric acid on stoichiometric requirement for 2 hours. The material
contained 0,11% MnO, 0,27% NiO, 0,27% K20, 0,15% NaxO, 1,40% CaO,
1,73% AlOs, 8,32% Fex0s, 36,6% MgO and 38,3% SiO. and 13,3% loss on
ignition. The temperature was maintained at around 90°C throughout the
digestion process. 1769 of undissolved residue, such silica, was separated from
the slurry and 1042 ml of acid solution was obtained. Solid was washed with a
small amount of water and conserved for a next acid digestion to avoid water
addition. The extraction yield of magnesium, iron and nickel was 97%, 98% and
100% respectively. The solution mainly rich in magnesium and iron was
oxidized then neutralized in three successive stages with the use of serpentine,
magnesium oxide and sodium hydroxide. Table 1 show the chemical
composition of the solution at each stages. At the end of the neutralization

process, the brine contained only alkali metals.
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Table 1

Composition at different pH

s e
pH 0,3 pH 2,3 pH 7,0 pH 6,8
) (@) (@) (@)
Al 1.26 0 — —
Co 0.002 0.01 — —
Fe 15.24 0.21 0 —
Mn 0017 0.17 0.15 0.04
Ni 0.57 0.45 0.01 0
Ca 0.42 0.42 0.42 0.42
K 0.28 0.28 0.28 0.28
Mg 56.93 60.28 60.28 60.28
Na 0.03 0.03 1.11 1.45
EXAMPLE I

Solubility of MgCl..6H20 in concentrated HCI solution

[0075] 167g of MgCl..6H>0O was dissolved in 37% HCI 37% at 35°C for 15
minutes, such in comparable solubility conditions in water. The slurry was

further cooled at 15°C and filtrated to remove the salt from acid solution. 13% of

magnesium chloride was dissolved.
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EXAMPLE Il
MgSO4 production

[0076] Magnesium chloride on liquid and solid form were reacted with 1.1
stoichiometric requirement with 96% H>SO4. The acid was heated at 125°C.
The temperature was maintained at around 100°C throughout the MgCl
transformation process. These tests were performed under the following

conditions.

Table 2

Experimental conditions

(9) (9) (9)

1 75.5 16.1 184.0 Saturated MgClz brine
75.5 14.8 137.7 Supersaturation MgClz brine
755 16.0 88.4 MgCl2.6H20

[0077] For the first and second tests, the brine added were previously at
80°C. At the end of the reaction, the solid-liquid mixture were separated by
filtration. The amount of magnesium in the acid solutions were determined. In

test 3, a small volume of liquid was generated, which wetted the MgSO4 formed.

[0078] Table 3 below presents the volume of hydrochloric acid solution
produced and the percent of magnesium recovered according to the original

concentration.

Table 3

Volume of HCI solution and magnesium content

130 44.4
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[0079] Solids from tests 1 and 2 were dried at 80°C overnight then analyzed
to know their composition. The amount of Mg and sulfate were very close to the
MgSQO4. H20 formula.

Table 4

Magnesium and sulfate contained in MgSQO4. H>O

eoretica
Obtained
e—Test 1 15.8% 68.0%
e—Test 2 16.5% 66.9%

[0080] The solid from test 3 was put in the oven for one hour at 200°C to
release the HCI trapped. Only 0.01% of chlorine was measured in the
magnesium sulfate, making it possible to conclude that the yield of magnesium
chloride transformation was near to 100%. Also, the result confirm the ease of
HClI recovery.

[0081] While the invention has been described in connection with specific
embodiments thereof, it will be understood that it is capable of further
modifications and this application is intended to cover any variations, uses, or
adaptations of the invention, including such departures from the present
disclosure as come within known or customary practice within the art to which
the invention pertains and as may be applied to the essential features

hereinbefore set forth, and as follows in the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A process for extracting magnesium sulfate from magnesium-bearing ores,

comprising the steps of:

(a) leaching the magnesium-bearing ores with HCI to obtain a slurry

containing chloride compounds;

(b) filtering the slurry to obtain a liquor containing the chloride

compounds and silica;

(c) purifying the liquor by increasing the pH by adding a neutralizing
agent producing a brine chloride solution enriched in magnesium

containing precipitated iron and impurities;

(d) filtering the brine chloride solution to extract the precipitated iron and

impurities contained in said brine chloride solution;

(e) neutralizing the brine chloride solution at a temperature between 60-
110°C to extract nickel by adding a base, to produce a neutralized

enriched magnesium chloride brine; and

(f) adding the neutralized enriched magnesium chloride brine to sulfuric
acid forming magnesium sulfate and hydrochloric acid which is

recycled.

2. The process of claim 1, further comprising the step (g) of thermally
decomposing the magnesium sulfate into sulphur dioxide gas and

magnesium oxide.

3. The process of claim 1 or 2, wherein the magnesium-bearing ores are

magnesium silicate ores or tailings.
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4. The process of claim 3, wherein the magnesium silicate ores are serpentine

mineral, lizardite, antigorite, olivine, talc, sepiolite or a mixture thereof.

5. The process of any one of claims 1-4, wherein the neutralizing agent is

serpentine tailing.

6. The process of any one of claims 1-5, further comprising adding an oxidizing

agent to convert the iron in solution in a bivalent form to a trivalent form.

7. The process of claim 6, wherein the oxidizing agent is chlorine gas, hydrogen

peroxide, potassium permanganate, O, air, or a mixture thereof.

8. The process of any one of claims 1-7, wherein the base is magnesium oxide,

sodium hydroxide, potassium hydroxide or a mixture thereof.

9. The process of any one of claims 1-8, further comprising the step (e’) of

precipitating manganese from the neutralized brine.

10. The process of claim 9, further comprising adding an oxidative agent to
convert the manganese from a bivalent form to a quadrivalent form.

11. The process of claim 10, wherein said oxidative agent is chlorine gas,
hydrogen peroxide, potassium permanganate, O, air, or a mixture

thereof.

12. The process of any one of claims 1-11, further comprises the step (e”) of
precipitating by crystallization the magnesium chloride contained in the
neutralized enriched magnesium chloride brine using dry gaseous
hydrogen chloride to obtain a crystal of magnesium chloride and a
solution of magnesium chloride and filtering to separate said crystal of
magnesium chloride from said solution of magnesium chloride, the
filtered magnesium chloride crystal being added to sulfuric acid to form

magnesium sulfate and hydrochloric acid.
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13. The process of claim 12, wherein the dry gaseous hydrogen chloride is

sparged or bubbled through the enriched magnesium chloride brine.

14. The process of 12, wherein the hydrochloric acid and the filtered
magnesium chloride solution are further dehydrated in a dehydration
unit in contact with a concentrated hydrochloric acid solution to produce
dry gaseous hydrochloric acid which is recycled and a diluted

hydrochloric solution which is reused in the leaching step (a).

15. The process of claim 13 or 14, further comprising the step (f) of converting
the magnesium chloride contained in the neutralized enriched

magnesium chloride brine into magnesium metal by electrolysis.

16. A process for extracting magnesium sulfate from magnesium-bearing ores,

comprising the steps of:

(@) leaching the magnesium-bearing ores with HCI| obtaining a slurry

containing chloride compounds;

(b) filtering the slurry to obtain a liquor containing the chloride

compounds and silica;
(c) purifying the liquor by increasing the pH by adding a neutralizing
agent to produce a brine chloride solution enriched in magnesium

containing precipitated iron and impurities;

(d) filtering the brine chloride solution to extract the precipitated iron and

impurities;

(e) neutralizing the brine chloride solution to extract nickel by adding a

base to produce a neutralized enriched magnesium chloride brine;

(e”) precipitating by crystallization the magnesium chloride contained in

the magnesium chloride brine using dry gaseous hydrogen chloride to
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obtain a crystal of magnesium chloride and a solution of magnesium

chloride;

333

(e™) filtering to separate said crystal of magnesium chloride from said

solution of magnesium chloride; and

3333

(e’) adding the magnesium chloride crystal to sulfuric acid to form

magnesium sulfate and hydrochloric acid.

17. The process of claim 16, further comprising the step (e’) of precipitating

manganese from the neutralized brine chloride solution.

18. The process of claim 16 and 17, further comprising step (g) of thermally
decomposing the magnesium sulfate in sulphur dioxide gas and

magnesium oxide.
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