PROCESS FOR RECOVERI NG SUBSTANCES FROM HI GH SALI NI TY
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At present, on an industrial scale magnesium oxide, common salt (NaCl), and
potassium chloride (KCl) are produced from sea water. Rare and dispersed elements are
not extracted, and any produced magnesium hydroxide comprises other elements, such
as CaSOy; SiO,, Fe(OH), , and others. After incinerating such magnesium hydroxide at
a temperature of > 800°C, a product of < 95% MgO is obtained, typically used only for
the production of fire-proof bricks.

To produce high-purity magnesium containing compounds, such as magnesium
hydroxide, magnesium carbonate, basic magnesium carbonate (Magnesia Alba) that are
used in the production of plastics, rubber, pharmaceuticals, food additives, and in other
fields, the magnesium based extracted compounds is typically dissolved in acid and
thereafter precipitated to obtainéd purified magnesium-based compounds are
precipitated. Such treatment steps considerably increase the cost for extracting

magnesium based compounds from salinated fluids.
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proportions and of soda ash (NayCOs3) or of carbonates of other alkali metals typically

used for precipitation of calcium.

Further, Irving L published data relating to the precipitation of hydroxides and
carbonates of calcium and of magnesium from sea water at 16°C [J. Marine Biological
Association 14(2):441-446 (1926)]. Thé data teaches that precipitation of calcium and
magnesium using NaOH at pH=11.6 where about 57% of the calcium existing and 86%

of magnesium in the seawater precipitated.

A system and method for producing elemental magnesium (Mg) from seawater
is described in US Patent No. 6,267,854. The system and method make use of electric
“current between an anode and cathode in order to separate between positive and
negative ions. The electric charge associated with the cathode causes the seawater to
decompose into H; and (OH), and positively charged magnesium ions thereby combine

with the (OH), to form magnesium hydroxide precipitates.
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In accordance with another aspect, there is provided a treatment unit for

recovery from high salinity liquid a substance comprising an alkaline earth carbonate,

the treatment unit comprising:

- a liquid treatment module adapted for holding high salinity liquid and

provided with an assembly for agitating the liquid held in said module;

- an assembly for introducing a reagent comprising a solution of alkali

metal carbonate into the liquid held in said treatment module;

- an assembly for introducing gas into the liquid held in said treatment
module;

- an assembly for withdrawing liquid containing precipitated substance;
- an assembly for separating precipitate from liquid.

A further aspect in accordance with the present disclosure relates to a system for

removing ﬂom high salinity liquid a substance comprising an alkaline earth carbonate,
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Fig. 3 is a simplified schematic illustration of a treatment system comprising a

plurality of the treatment modules illustrated in Fig. 2, constructed and operative in

accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

The disclosed technology stems from the development of a simple and cost
efficient process for recovering substances from high salinity liquid, such as brine from
desalination plants. Specifically, the process permits a sequential, step-by-step process
for recovery of various substances from high salinity liquid, each being obtained at an

essentially purified form (>90%w/w, preferably >95%w/w).

Thus, in accordance with a first of its aspects, there is provided a process for
récovering from high salinity liquid a substance comprising a desired, selected, pre-

determined alkaline earth carbonate, the process comprising:

6] adding to said high salinity liquid a reagent comprising a solution of a
alkali metal carbonate in an amount sufficient to allow precipitation of said substance in

said liquid, while continuously introducing into the liquid a gas;



efficient process for recovering substances from high
salinity liquid, such as brine from desalination
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The term “liquid™ as used herein denotes any water containing medium.

The term "substance comprising alkaline earth carbonate" (also referred to at
times as "substance") is used herein to denote any molecule comprising at least one
alkaline earth carbonate (metal) salt. Without being limited thereto, the substance may
include  Sr,COs, BaCOs, CaCO;, hydrates of MgCO; such as
xMgCOseyMg(OH),0zH,0O wherein x, y and z, which may be the same or different
numbers, represent stoichiometric coefficients. The substance having the general
formula xMgCO3zeyMg(OH),0zH,0 may include, without being limited thereto, any
hydrated form of MgCOs, such as, 4MgCO3;eMg(OH),#5H,0 (known as Magnesia Alba
Levis), or MgCOz;eMg(OH),e4H,O (known as Magnesia Alba Ponderosd), or
3MgCO3;eMg(OH),#3H,0 (known as Magnesia Alba). It is noted that the term may



essentially high degree of purity (e.g. above 90%wW w,
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 cobalt, indium, tin, lead, mercury, antimony, arsenic, bismuth, and thallium.

The term "precious metals" as used herein refers to rare metallic chemicals that
are highly valued economically by consumers. The best appreciated precious metals are
gold and silver. Other precious metals include the platinum group metals: ruthenilim,
rthodium, palladium, osmium, iridium and platinum. Rhenium is also regarded as a

precious metal.

The term “alkali metal carbonate” denotes any substance comprising alkali
metal carbonate and which can react with one or more of the alkaline earth ions in the
high salinity liquid to form an alkaline earth carbonate or a substance comprising
alkaline earth carbonate. In accordance with one embodiment of the invention, the alkali
metal carbonate is Na,COs, in other embodiments the alkali metal carbonate are K,COs,
Li;CO3, Rb,CO3 or Cs,CO:s.
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or purified water, it is economically advantageous to use salted or salinated liquid
recovered from the process disclosed herein. Thus, in accordance with one embodiment,
the process provides, in addition to the recovered alkaline earth carbonate, treated
liquid. This treated liquid may then be utilized for producing the solution of alkali metal
carbonate. The term “treated liquid® denotes a liquid from which at least one substance
including alkaline earth carbonate has been removed. The treated liquid typically
includes one or more chloride salts, such as NaCl. Thus, the amount of alkali metal
carbonate to be dissolved in the treated liquid depends on the amount of such chloride
salts in the liquid and the solubility coefficient of the salts, so as to reach optimal (e.g.
maximal) dissolution of the carbonate in the liquid. The alkali metal carbonate dissolved
in the treated liquid thus forms the stock “solution of alkali metal carbonate” or, as
also termed herein, “a reagent”’, which is to be introduced into the high salinity liquid.

As an example only, when using a treated liquid comprising 6.4 % w/w of NaCl, 25.1
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glgeg sﬁﬁ:pgp pf %V\Ai'yaﬁowmg Streotg),eBa@&h,%de%, Ca@b3, ﬁﬂl‘f‘at@ gngCO3 such
as xMgCO3°yMg(OH),+zH,0, wherein x, y and z represent stoichiometric coetficients.
In accordance with one embodiment, namely under selected process
conditions(hereinafter 1 process conditions, or 1% treatment), the substance comprising
alkaline earth carbonate includes an admixture of StCOs, BaCOs, FeCO;. In another
embodiment, (hereinafter 2°¢ process conditions, or 2" treatment) the substance
comprises CaCOs; in yet another embodiment, (hereinafter 3" process conditions, or 31
treatment) the substance comprises 3MgCO3;eMg(OH),#3H,0. The conditions for
selective precipitation in accordance with the 1%, 2™ or 3" process conditions are

described hereinafter.

In accordance with the process disclosed herein, the recovered substance is
obtained with a high degree of purity. The term “high degree of purity” used
interchangeably with the term “essentially purified” is used herein to denote a

substance comprising at least 90% (w/w) of one or more alkaline earth carbonate. In an
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I'n ano eréinafter 2nd process

di
con |t oalr%gd o r%f‘ﬁog%er g@hg@%&%&{gﬁoc}ﬁ&?é@% t&ea?ﬁ%? gﬁ%ﬁe cathode.

%@C@&ﬁ)dé Qli&ibfot@ Blsould be Jretiodically removed for treatment so as to remove

(strip) therefrom the precipitated heavy and precious metals. In one embodiment, the
electrolytic pre-treatment step employs at least one cathode coated with a removable
electric conducting material. The removable electric conducting material may comprise
a fabric coated or impregnated with conducting material, such as conducting paint. The
removable fabric may in due course, e.g. when deposited with the metals and requiring
replacement, be washed with a suitable acid, decomposed, burned or treated in any
other manner so as to recover the metal(s) from the conducting material. The use of a
conducting coating material will save the labor-intensive and thus costly process of

stripping the cathodes from the deposited metals.

In accordance with one embodiment, the substance comprising one or more
alkaline earth carbonate preferably includes an admixture.of SrCO3, BaCO3 and FeCOs.

For the recovery of this admixture, the process comprises the addition of an amount of
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liquid an amount of the solution of the alkali metal carbonate. The amount of the
solution is determined, inter alia, to obtain a pH in said liquid in the range of between
about 8.8 to about 9.0. This pH range was found to be optimal for selective precipitation
of said CaCOs. Optimally, the temperature of the liquid for precipitating CaCOs3 is
greater than 20°C, preferably, equal or greater than 60°C.

In yet another embodiment (the 31 process conditions), the process is utilized
for the precipitation and removal of a substance comprising hydrates of magnesium
carbonate. Specifically, the hydrate of the general formula xMgCOs*yMg(OH),°zH,0 is
precipitated. A hydrate of magnesium carbonate of particular interest is

3MgCO3;eMg(OH),#3H,0, known as magnesia alba or basic carbonate magnesia.

The hydrate of magnesium carbonate thereof is preferably recovered from the

liquid from which the carbonates of Fe, Ca, Ba and Sr has already been removed.
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Each of the substances thus recovered are dried, e.g. by heating to a temperature

of between 110°C-120°C, optionally under vacuum conditions, and then are ready for

commercial.

The present disclosure also provides a treatment unit for recovery from high
salinity liquid a substance comprising an alkaline earth carbonate, the system
comprising:

- a liquid treatment module adapted for holding high salinity liquid and
provided with an assembly for agitating the liquid held in said module;

- an assembly for introducing a reagent comprising a solution of alkali

metal carbonate into the liquid held in said treatment module;
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preparation of the reagent. Thus, in other words, the system is operated as a closed

circuit system.

According to one embodiment, the treatment unit preferably makes use of a
Pachuca tank the function and operation of which is described by Shekhar R and Evans
J.W. (Metallurgical Transactions B, Volume 20, Issue 6, pp.781-791 (1989)). The

system disclosed herein is thus constructed from a series of Pachuca tanks.

Reference is now made to Figure 1 which provides a block diagram of the
multi-stage process (100) for sequential recovery of different substances from high

salinity liquid according to one embodiment disclosed herein.

As a 1% treatment stage (the 1% process conditions), high salinity liquid is fed
with air and an amount of stock solution of Na,COs (Step 110). The introduction of



and recovery of a different substance (the

precipitation of a single substance being regarded as
WQ200908J69 in the nulti-stage process). For exB@pIg008/001100
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(lfI C(Iqellj(llgg is formed (122). Liquid comprising the precipitated substance is withdrawn
(124). From the withdrawn liquid precipitated CaCO; is separated from the liquid,
washed and dried to a form ready for commercial use (128). It has been found that
under ﬂlese conditions it is possible to recover at least 99%w/w CaCQOj; from high
salinity liquid.

The liquid form which CaCO; was removed is then subjected to a 3™ treatment
stage (130). In this 3™ stage, solution of Na,COs concomitant with the introduction of
air (e.g. bubbling or air jets) is added to the treateci liquid in an amount providing a pH
in the range of 9.5-10.5 and at a temperature greater than 25°C, (130). As a result, a
liquid including precipitated hydrates of magnesium carbonate (mainly, Magnesia Alba)
is formed (132). Liquid comprising the precipitated substance is withdrawn (134). From
the withdrawn liquid precipitated hydrates of magnesium carbonate, particularly, basic
magnesium carbonate (Magnesia Alba) is separated from the liquid, washed and dried
to a form ready for commercial use (138). The Magnesia Alba thus produced may also
be further processed to form other magnesium-based products, such as MgO, Mg(OH),,
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Figure 2 provides a simplified schematic illustration of a treatment unit
generally designated 200 for recovery from high salinity liquid a substance comprising
an alkaline earth carbonate. According to this non-limiting embodiment, treatment unit
200 comprises a liquid treatment module 210, which may be a tank (e.g. plastic tank) or
any other suitable receptacle adapted for holding high salinity liquid. The liquid
treatment module 210 has a bottom surface 212, top surface 214 and side walls 216. The

top surface is preferably closed or essentially closed.

The liquid tréatment module 210 is equipped with a gas supply assembly 220 for
introducing gas, e.g. air, into the liquid held in said treatment module. The gas assembly
is illustrated herein as comprising a conduit 222 and having at the end of the conduit
disposed in the liquid within the treatment module 222 a multiplicity of gas supply
nozzles 226 arranged along the gas supply conduit 222. The gas supply nozzles 226
receive and inject into the liquid gas under pressure from a pressurized gas source (not
shown). To this end, the gas supply assembly may comprise a compressor 224 for

compressing and injecting said gas into liquid held in the module 222. The gas supply



with air and an anount of stock solution of Na2CO
(Step 110). The introduction of pressured air forns
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rd treatnent stage (130). In this 3rd stage, solution

dilquida2CCB8 concomitant with the introduction of air

(e.g. bubbling or air jets) is added to the treated

| i qui @hierlicaid &eatment prib208ialry conppiises a reagent supply assembly (250)

for supplying and discharging a solution of alkali metal carbonate, e.g. Na;COs, (the
reagent) into the liquid held in said treatment module 210. The reagent supply assembly
250 comprises a conduit 252 for discharging the reagent into the treatment module 210.
The conduit 252 may be connected to a pump 254 for pumping the reagent, from a

source of the reagent (not shown) into the treatment module 210.

The liquid treatment unit 200 also comprises a liquid discharge assembly 260
comprising a conduit 262 for discharging fresh high salinity liquid.into the liquid
treatment module 210. The transfer of fresh liquid may utilize a pump 264.

The liquid treatment unit 200 may also comprise an environment control module
270 for e.g. monitoring and controlling the temperature or pH, of the liquid held in the
treatment module 210 the reagent concentration in the liquid, for determining the

concentration of a selected substance in the liquid, etc.
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comprising the precipitated substance into a separation assembly 340A. In separation
assembly 340A the 1SAt precipitated substance is filtered out of the liquid via conduit
342A equipped with pump 344A. The 1% precipitated substance may then be washed
and dried (not shown). After separation between the 1% precipitated substance and the
liquid in the separation assembly 340A, the treated liquid, namely that filtered out in the
separation assembly 340A, is conveyed via conduit 346A into a 2" treatment unit 310B.
In this subsequent treatment unit 310B, a 2™ precipitated substance, e.g. comprising
CaCOs, is produced under a 2" condition treatment as described herein, and liquid
including the same is withdrawn from the treatment unit 310B via precipitate
withdrawal assembly 330B into a subsequent separation assembly 340B. Similarly to
Figure 2, reagent is introduced into treatment unit 310B via assembly 350B. After



an al kaline earth carbonate. According to this
non-limting enbodi nent, treatnent unit 200 conpri ses

WQ 2000414760 t r eat nent nodul e 210, which may be aPE€EHHKR008/001100
(e.g. plastic tank) or any other suitable receptacle
adapted for holding high salinity liquid. The liquid
treatnent nodul e 210 has a beytom surface 212, top
surface 214 and side walls 216. The top surface is
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ﬁfeﬁﬁf?§ SktNBy, B @ata processing and analyzing utility, a momtor etc, and has

appropriate operating utilities for generating operative signals for managing the

operation of the modules and other components of the system.

As will readily be appreciated by the artisan, the above described specific
embodiments are intended for illustrative purposes only of the much wider scope of the
invention as defined above. As will further be appreciated, many routine modifications
of these embodiments, as well as a large amount of other embodiments are possible and
within the reach of an artisan applying ordinary skills in the art, within the general

scope of the invention as defined herein.

As used in the specification and claims, the forms "a", "an" and "the" include
singular as well as plural references unless the context clearly dictates otherwise. For
example, the term "an alkaline earth carbonate" includes one or more, of the same or

different alkaline earth carbonates.



subsequent treatnment nodule (see as an exanple, Figure

3) or any other receptacle (not shown). The separation
W2l 799 240 extends fromthe precipitate w tPCF/E2808/001100

assenbly 230. The separation assenbly 240 conprises a

filter press device 242 as known to those versed in

the art, and may be equi ppedigith punp 244 for

renmovi ng pressed precipitated substance and an
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was brine produced from one of the Israeli desalination plants

The following examples are based data derived from an Israeli Seawater
Osmosis Plant which desalinates 300 x 10° m?/ year of sea water to produce 100 x 108

m°/year of desalinated water and 116 x 10° m®/year brine.



Fi gure 2,
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conponents having a simlar function.
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210 in Figure 2 is a treatnment noduP€l/H2008/191100

the same function as treatnent nodules 310 in Figure

3. As can be seen in Figure 3,

t he system conpri ses
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@ Density of the sea water was 1.0277 t/m’, total salt concentration 3.95%;

® Density of the brine is 1.06 t/m>, the salt concentration is 7.35%. The concentration of salts

was increased 1.86 times.




the precipitated substance is conveyed via conduit

342B for washing and drying. The conduit 342B nay be
Weuppeed with a suitable punp 344B for faciliPEE/ILEG08/001100

wi t hdrawal of the precipitated substance. The treated
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within the reach of an artisan applying ordinary
skills in the art, within the general scope of the
WO pa08/01976h as defined herein. As used in the PCT/IL2008/001100

specification and clainms, the fornms V, "an" and "the"
i nclude singular as well as plural references unless
the context clearly dictates gtherw se. For exanpl e,

the term "an al kaline earth carbonate” includes one or
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As |2.010° 2.12:10” 2459.2 37.686
Sb [9.310° 9.86-107 114.4 1.753
Bi |3.710° 3.9:107 45.24 0.693
Pd |3.7-10” 3.9:10° 4.5 0.069 144.7
Pt |1.910™" 2.0-10 0.02 0.0003 0.64
TI |1.9-10 2.0-10° 2.0 0.031

Total: 6525.44 100.0

In the extraction of ~ 80 %, the weight of the concentrate will be 5520 kg/year

From the data presented in Table 2 it is evident that when using brine (form the
Israeli desalination plant), it was possible to separate within a year 5220 kg concentrate
of heavy and precious metal. In the purified brine there remained 1305.44kg of heavy

and precious metals.




nB/year of desalinated water and 116 x 106 nm\year

brine. Table 1: Conposition of seawater and brine
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Cd 2.1 24.6 23,429
In 1.428 4524 63,361
Sn 1.11 689.0 1,241,441
Pb 3.87 689.0 356,072
Heg 3.74 6.9 3,690
As 0.93 24592 5,288,602
Sb 1.52 114.4 150,526
Bi 2.6 45204 34,800
Pd 1.99 45 4,523
Pt 1.82 0.02 22

Tl 2.55 2.0 1,570

Total: 6.525.44 11,297,905
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The reagent used for precipitating these carbonates is Na,COs dissolved in brine
at a concentration of 270g/liter brine. This solution is used as a stock solution for the

subsequent precipitations.
Preparation of stock solution of Na,COs (also known as soda ash solution)

It is well appreciated that producing a stock solution of Na;CO; with pure water
will require later evaporation of a substantial amount of water, and thus, the inventor

has envisaged that high salinity liquid per se may be used to prepare the stock solution.

According to the data of Table 1, the Na* ion concentration in the initial brine of
the example given herein was found to be 1.966 %w/w, which at a brine density of
d=1.06 g/cm® was calculated to be 20.84 g/l of Na'. This quantity is equivalent to 52.96
g/l (kg/m3) of sodium chloride NaCl. During the extraction of all products by means of
Na,CO; in accordance with the present disclosure an additional quantity of sodium
reaction is formed. Based on the amount of strontium in the brine (see Table 4), it was

thus calculated that in order to precipitate strontium carbonate it is necessary to use 0.03



Specifically, the brine is subjected to a series of
sel ective precipitation steps for the sequenti al

WO 20008799 of high purity carbonate salts i ncl uBCTHE.2008/001100
SrCB CaCO, and Magnesia Al ba. The sel ective
precipitation is based on the differences in the
solubility limt of the diff.egent carbonates to be
precipitated as will be elucidated bel ow. The reagent
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1m® of purified solution of alkali metal chiorides while stirring and at a temperature of

~30°C. After a contro] filtration, the obtained stock solution of Na,COs contained 25.1
weight % of NayCOs (266 kg/m®) and was used to precipitate all the products, as
described below. Using a stock solution of NayCOj3 from brine, allowed both to decrease
the consumption of desalinated water, and to increase the NaCl concentration in the
filtrate after the separation of all the products. Na,COs, was also used to separate alkali
metal chlorides (NaCl, KCl, LiCl, RbCl, CsCl), as well as to produce bromine and

borates (e.g. borax NayB407 ¢ 10 H,0) in accordance with the existing technologies.

First precipitate: SrCOj

Brine is intensively air bubbled to which a solution of Na,CO3 was added until 'a
pH of < 8.7 was reached. The approximate amount of Na,COj; added is equivalent to
105-110% of the stoichiometric amount that is needed for the precipitation of SrCOs
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hydrolysis may be represented by the following equation (2):

FeCO; + H;0 > Fe(OH), + CO,  (2)

Similarly, Mn(OH), and other metal hydroxides precipitate with SrCOj3 as well
as CaCOj3 (about 0.1%). Both Mn(OH), and Fe(OH), have very low solubility limit

(respectively, 4.8x107'° (gr-mole)/liter and 4.0x10™* (gr*mole)/liter.

The composition of the first precipitate is provided in Table 4. As shown, the
percentage of strontium carbonate in the first precipitate is > 94.37 % of SrCOs. This
concentrate may thus be an excellent product for utilization in glass industry, ceramic

industry in the pyrotechnical and other industries.
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%
About 0.1% of the calcium contained in the brine was co-pre

e the quantity of brine is 116 - 10° m? /year

El
Sr
Ba
Ca*
Fe
Mn
Be
Ce
La
Sc
Y

Table 4: composition of matter in the first precipitate
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Without being bound by théory, it is assumed the following reactions occurred
in the system:
CaCl; +Na,CO; > CaCO:, + 2NaCl;
CaSO04+ Na,;CO;3 2> CaCOs+ NaSOy
Ca(HCO3), + Na,CO;3; > CaCO;+ 2NaHCO3
- 2NaHCO; > Na,CO3+ CO, 1 +H,0

The purification of the brine from calcium is carried out by more than 98.9%,
because the solubility of carbon dioxide in water at a temperature of carrying out the
process (>60° C) is decreased ~ 3 times with 0.169 weight % at 20°C to 0.058 % at
60°C, and also the solubility of CO, is decreased even more to < 0.01 weight %,
because it was ’intensively removed by the bubbling of air. This accelerated the

precipitation of CaCOs.

It was also concluded by the inventor that the use of elevated temperature,
namely, of >60°C lowered the solubility of CaCOj3 (by about 4 times, (solubility limit
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' n bflllen&lrﬁilg Qs 2t GRCER1ChAR, dhichaRbfited)in ithe BR3ipitation of a
basic magnesium carbonate (also known as Magnesia Alba (M.A.)). It is noted that

the solubility of Magnesia Alba was decreased when the temperature of the system
was increased. Accordingly, at 20°C the solubility of M.A was 0.02 weight%, and the

magnesium content was 26.6%.

At a Mg® ion content in brine of 0.251% (according to Table 1) it was
calculated that in 1m°> brine there are 2.66 kg of Mg®* ions, and from this quantity it
was concluded that from 1m® brine, 10kg Magnesia Alba can be produced.

Further calculations show that at a Magnesia Alba solubility of
0.011weight %, 0.11 kg of Magnesia Alba is dissolved in 1m® of brine. In the solid
state it is thus possible to recover 10 kg — 0.11 kg = 9.89 kg, ie. 98.9%
(0.00989 ton/m®) of Magnesia Alba.

The precipitate was then thickened and filtered. The filtered product was then
dried at 110 — 120°C under vacuum conditions. The composition of the dry product
comprised > 99.9% 3MgCO5;-Mg(OH),-3H,0. The Magnesia Alba thereby produced



calculated that in InB brine there are 2. 66 kg of M2+
ions, and fromthis quantity it was concl uded t hat
wonrawois®o bri ne, 10kg Magnesigy Al ba can be pro#ATA2008/001100
Furt her cal cul ati ons show that at a Magnesi a Al ba
solubility of OQIweight % 0.11 kg of Magnesia Al ba
carSb&l@IgRARs b ubd® B prbdude Qherbﬁoﬁlr}ﬁa%{églhﬁl %ﬁ& nd h‘lagﬁesmm
t hus possible to recover % . 89 kg,
hydrexideg:.@ouccardogogghe ﬁ:ﬂom;l)g Bt emgn e@caomd nia: fiffhbeing carried

ate.was t hen. t hi ck tered. The
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e SRR AL e AERATGAL U8 g o g e
stbblesdtitiorkofdd,00;0n OFNa CO . Table 1 shows that about

0. 251% of nagnesium are contained in the brine. Wen

ext r aghle NOstRivls thBLabitR® VX1 4Tof habhesikdaraR @bnthRed & the brine.

car bonat e, esia Al ba 3MyCO3- My( OH) 2- 3H20O from the
VWhen rtragtingngl b%‘q Bragegsiung és Hie foami @nbasicaearhonate, Magnesm Alba

SSRESHMBEIT ) b BB Gk ISR AT i i

cdldfiate@fhar is pasiiblt itd prodfucdt16a0° & .10 5 005186 k$.737e= 1, 159,

ens of  the brine; 0.251 %.is the content in the
65 P 2350 o @usdiiny 2f Brncishd %ﬂmﬁés Hbr densi of the
bifhe; UMBITR) S Me WHE indthe MAADCS 37 41 BR SRAtciG: shoping the
relatioA off dre swldomtarr weighie oif gagresim Ailhgh tcs dhé midlycularqueight of

a substance Ci I.Sing a selected al kaline earth
RgRISBA e n%‘ﬁ cess conpri sing:




(i) adding to said high salinity liquid a reagent

conprising a solution of an alkali netal carbonate in
wano@memd sufficient to alloyyprecipitation oPCTALIHS/001100

substance in said liquid, while continuously

introducing into the liquid a gas whereby a

preci pitated substance is fornmed in the liquid; (ii)

: sa! ’ﬂ%l ng said precipitated substance fromthe |iquid,
C reci pitated substance conprising at | east 90%

ww of the selected alkaline earth carbonate. 2. The
1pr ocAswrocdss Ghatenvleridpefremrhighisaliggsliquidpr substened comfising a

he process o aiml or 2, wherejn said gas is
selthi ARAIEE Srh ST TS Prost S EOTRESISE o ¢ ho 11 qui d. 4.
The process_of any one of Clains 1 to 3, wherein the

anoutil ~ of addipgitorithigh stlitydiqud p sepgemicFonmrisingtfesolution of an
| a > Qr
e G e T o Rty 96 BU O A A fRh AR Sostance
inpsaEdi hquidt while ofontineowsty antrathcaigk alto nihe eldquith a gas whereby a
carbonate, tenperature of the liquid, concentration in
pﬁeﬁ]é’ltPﬁeaéﬁ?l?fta@Fefsré@ E’c&%&q'éﬁdkal i ne earth carbonate,
soluhility of the selected_ alkaline earth_carbonate

concEht r alsplsting Faidiweeipitalpd swistance m&%ki@iﬁi,rﬁaidqﬁ?e’cipitated
sﬂbgﬁﬂgé]éor%&sﬂg AeasPo0b P P ?ﬁss%{eg{efi%ﬂééligg Eart b RafB
1to 4, er Intty Tiqui

n sald high sa conpri ses a
i qui~d. havi I t.ent.,of at | t . about 1000
2] e BRI SR Dol b B DO 1000
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pREWd A% thélighle process of Caim5 or 6, wherein said
high salinity liquid is selected frombrine, salinated

glnat efy, gﬁ@é{%to?rany Bﬁ@&#@%ﬂné"@&@ 8, le%gj%ﬁflé iuﬁbli\{tltog %%d reagent to

wast . e proocess of any one o ai ns
bavintirodireedsiatocths lilgsidain cletecmineditaes] amomd &ambreepaeanéthrs selected

car hgn r hydrat.e theregof sel.ected om { he gro

G g Lo etre bR GRS IR e, Siecpd Hipe earth
cArBERS eRinpbfAfure of the liquid, concentration in the liquid of the selected
alkaline earth carbonate, solubility of the selected alkaline earth carbonate,

concentration of the alkali metal carbonate in the reagent solution.

5. The process of any one of Claims 1 to 4, wherein said high salinity liquid
comprises a liquid having a salt content of at least about 1000 ppm of total dissolved
salts (TDS).

6. The process of Claim 5, wherein said high salinity liquid comprises a liquid

having a salt content of at least about 10,000 ppm TDS.

7. The process of Claim 5 or 6, wherein said high salinity liquid is selected from

brine, salinated water, seawater, brackish water, industrial fluid waste.

8. The process of any one of Claims 1 to 7, wherein said substance comprises an
alkaline earth carbonate or hydrate thereof selected from the group consisting of
SrCO3, BaCO3, CaCOs, xMgCO3-yMg(OH),zH,0, wherein x, y and z represent the

same or different stoichiometric coefficients.



same or different stoichiometric coefficients.- 9. The

process of any one of Clains 1 to 8, wherein said
woeepane7ogonpri ses a sol uti o3 Na2CO . 10. TheCpADDes®1100

of 9, wherein said solution of Na COis obtained by

di ssolving Na2Cq 3 in water or in |liquid obtained by

9t he Phooemsssabf &ty osobAUldigsiher &f whdheal sdi® aoeMmprises a

. d ailﬁagl ine earth carbonate or hydrate thereof. 11.

Soiﬁéonb‘? §930f any one of daims 1 to 10, for

obtajining a precipitated substance conprising at | east
1950, Iy Rpocets afid Whareiptsaid solution; of Na£IQshis obtaimdabye dissolving

; fro . rogcess of ai 1, .for
NGO TR ARS8 ke ondile B BRR5 el adleton nfitinmnyt least
omef saichalkalrleeatth dabblatt onBydattiherésl bonat e or hydrate
thereof. 13. The process of any one of Cains 1 to 12,

1L 0NPThe iphsbely Of tangabHee BF @Ejn%ahdtohh@,hf&abiat&!_ §15.\¥ lol Bidkfitated
onPenD\I/)g@Qg{e or gore metal s fromthe [iqui ,gsalgllég’
sySFlange eURpPHLE alolepsti o&s (Wi efcthe welecthé allaljne dattly carbonate or
hh8EWeplofSi s. 14. The process of Caim 13, wherein

sald e?ec'trol ysis is carried out at a D.C. voltage

t 5V and t .a current density
lééﬂihe%rok%éiofkﬂgﬁl Bhoki oPiaings presifieie CHPBEERS abjeast 99%
Viovgbhd Jeletted 4lkaWheE RO RHate RS RS @biokS Sel ect ed
S w A, AL CUN TG e, FLR Bt Mg, As, sb,
18I, b pridkess Uf-andne @fn‘fsc ?%ﬁ 19f &l riﬁﬂ? Ip?é-gc%ia P of said
13 to 15, wherein said electrolysis s carried oU
higl palpityrismit teergmepe lnod e nxae theprlo front ﬂhle iquidt, ahidesteeatment
£ t he cathode with a renovable electric
cogng)%ﬁé%%bheﬁgﬂ%ﬁ’@gf%q %I‘\)Al SCEPSISor ocess of O aim 16, I
wh [ id renovabl e el ectric conducting materia
14 orp 1eoReCess et i dda pderedh SRifpIeAESaThed out at a D.C.
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11tg 17, d npri ses

wherein sal d substance co
10A/m”.

1S.  The process of Claim 13 or 14, where one or more metals is selected from Ag,
Au, Cu, Nj, Co, Cd, In, Sn, Pb, Hg, As, Sb, Bi, Pd, Pt, TI.

16.  The process of any one of Claims 13 to 15, wherein said electrolysis is carried
out using protected cathode, said protection obtained by coating the cathode with a

removable electric conducting material.

17.  The process of Claim 16, wherein said removable electric conducting material

comprises a fabric coated or impregnated with conducting paint.

18.  The process of any one of Claims 1 to 17, wherein said substance comprises
one or more alkaline earth carbonate selected from SrCOs, BaCOs, FeCOs, and said
process comprises adding an amount of said reagent sufficient to obtain a pH in said
liquid equal or less than 8.7 so as to permit precipitation of the one or more alkaline
earth carbonate.

19.  The process of Claim 18, wherein said substance comprising one or more of
said alkaline earth carbonate selected from SrCO;, BaCOs, F eCO;s, is precipitated in

said liquid, and the precipitate is removed from the liquid.



one or nore al kaline earth carbonate selected from
SrCO, BaCO3, FeCO, and said process conprises addi ng
wano@mpemp of said reagent sugficient to obtai RCwIP0$/601100
said liquid equal or less than 8.7 so as to permt
precipitation of the one or nore alkaline earth
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stance conprising one or nore of said alkaline
zéogf‘?‘}ﬁia%g%%%gtpe sel ected from SrCO8, BaCOB, FeCOB, is
recipitated in said liquid, and the precipitate is
2}.enp¥bel pracesn efhanyl onpudfdClain®0] B8, wheetssidfutistaabércdBprises

r f or yred  at nperature o between about 25C
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FefefPe of SrCO, BaCO8, FeCO8. 23. The process of COaim

2 1 or 22, conprising addi ng an anount of said reagent

2%uf  The processofolinm A1 ar @B ot ddin 6n kol A0Ragent

.bet ween .about . 8.8 to about 9.0 so as to permt
eI P CoboA Bl irsaidliguiann the sangernbenaipbh Saybout 9.0

s0QR80 PErnGit BiBitdtidn bsabBea®@! formed at a tenperature
grea?er tgaegﬁ)éoclic. ZSE?. T?]e |5orocess of Cl aim 24,

2qer fppdgdead or_Qreater than 600C.
26. The p?ocgggﬁ %p}? i%@é%{ﬁgs %ﬁ%é%ipﬁ%fgﬂn?&oaﬁfd?mméﬂ‘é? greater
them@Gubst ance conpri ses hydrate of Magnesi um

Carbonate of the general formula xMyCO3"yMy( COH) 2*zH20
250hereneZprogednt €lah©4, HerfsaE 9 4 ¢ En’) e

st oi chorr)ret ric coeffici 2\% s. 27. al'héﬁ ér}%t?fe}ssgqug} O&Igé?artﬁr than
6036, wherein said substance conprises Magnesia Al ba.

26.  The process of any one of Claims 1 to 20, wherein said substance comprises
hydrate of Magnesium Carbonate of the general formula xMgCO3;°yMg(OH),zH,0

where z, y and z are the same or difference stoichometric coefficients.
27.  The process of Claim 26, wherein said substance comprises Magnesia Alba.

28.  The process of Claim 27, comprising adding an amount of said reagent
sufficient to obtain a pH in said liquid in the range of between about 9.5 to about 10.5

S0 as to permit precipitation of the Magnesia Alba.

29.  The process of Claim 26 or 28, performed at a temperature equal or greater
than 25°C.

30.  The process of Claim 29, performed at a temperature equal or greater than
60°C.

31.  The process of any one of Claims 1 to 30, wherein steps (i) and (ii) are
continuously repeated for sequential precipitation in a 1% process stage of substance
comprises one or more alkaline earth carbonate selected from SrCO;3, BaCO3, FeCO4
at a pH equal or less than 8.7 and at a temperature in the range of 25°C to about 30°C;

in a 2™ process stage a substance comprising CaCOs at a pH between 8.8 and 9.0 and



28. The process of Caim 27, conprising adding an

anount of said reagent sufficient to obtain a pHin
woeaiw/hdmei d i n the range of_fprtween about 9. 5PCT/IEINORI001100

10.5 so as to permt precipitation of the Magnesia

Al ba. 29. The process of Claim26 or 28, perforned at
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i).and_(ji) ar
es(ﬁ?%’@ﬁ}ﬁ of &{%ga?ﬁlq b, thet3” Jreeess stage Hislizing a phiefihetween about 9.5
oGP % 4 iall f t 1st process
os?ggﬂe%ﬁlﬁilaglén éalt'gljﬁ %aggfggerggﬁréﬁ%a?ﬁgn 8.7, and a
enpgrature.in. the range.of 250C to about 300C, in a _ .
30 ‘SP%%@’? “EP%S%Y tReQiots framdEh s @ §ubsiance perypprising
ancIk Al Quth bAoAl tRE BfiesmSigge Utilizing a pH bet ween
8.8 and 9.0 and a tenperature greater than 20C, and in
a 3rd proCgssdsie R i@l l.
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of wovidehwith@ntas@nibly forapvatinglibe Hqaidchedd Inesafiemaduls;e
equal or greater than 25C. 33. A treatnent unit for
recovery dur asserhblyhfos dhtroddcing borehgbnd oFUDSSIBAGE of alkali metal

conpri.sing.an al kal.ine earth carbonate, the unit
co %ﬁf@pﬁ into the Equ.td held m said treatment module;

- a gas assembly for introducing gas into the liquid held in said treatment

module;

- precipitate withdrawal assembly for withdrawing liquid containing

precipitated substances;
- an outlet for conveying liquid held in said treatment module.

34. A system for recovery from high salinity liquid a substance comprising an
alkaline earth carbonate, the system comprising a plurality of treatment units
according to Claim 33, each unit being operated according to the process of any one
of Claims 1 to 33, for precipitating and withdrawing a different substance, the system
comprising a control unit for controlling the operation of the plurality of treatment

units.

35. The system of Claim 34, wherein said plurality of treatment modules are
arranged in a series, such that liquid removed from one treatment module is conveyed

into a following treatment module.



a liquid treatnment nodul e adapted for hol ding high
salinity liquid and provided with an assenbly for
wagiwandng the |iquid held imggsai d nodul e; an 2eT&NIHY001100
for introducing a reagent of a solution of alkal
nmetal carbonate into the liquid held in said treatnent
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liquid held in said treatnment nodule; precipitate
c%@%ﬁ%ﬁ%ﬁéY“%%senbly for withdrawi ng |iquid containing
preci pitated substances; an outlet for conveying
liquid held in said treatnent nodule. 34. A systemfor
recovery fromhigh salinity liquid a substance
conprising an al kaline earth carbonate, the system
conprising a plurality of treatnment units according to
Claim 33, each unit being operated according to the
process of any one of Clains 1 to 33, for
precipitating and withdrawing a different substance,
the system conprising a control unit for controlling
the operation of the plurality of treatnent units. 35.
The system of Claim 34, wherein said plurality of
treatment nodul es are arranged in a series, such that
liquid renoved fromone treatnment nodule is conveyed
into a follow ng treatnent nodule.. 36. The system of
Claim34 or 35, constructed for operation as a
continuous closed circuit system



