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APPARATUS AND METHOD FOR PRODUCING
MAGNESIUM FROM SEAWATER

BACKGROUND OF THE INVENTION
0001] 1. Field of the Invention

0002] This invention pertains to a system and method for
the extraction of magnesium, fresh water, chlorine and
hydrogen from secawater, brines, salinated waters or other
waste streams.

0003] 2. General Background

0004] The production of magnesium from seawater, or
other types of salinated water, 1s currently inefficient and
environmentally unsound. Some attempts to produce mag-
nesium from seawater include the use of open systems
which heat a slurry until oxidation reduces it to its elemental
components. Some such systems and methods are described
as follows.

[0005] U.S. Pat. No. 5,124,012 issued to G. Berleyev, of

Germany, on the application of F. Vomberg, discloses a
process for the desalination of seawater by separating ions
(Mg++, etc.) contained therein into two (2) separate solu-
tions. At Column 5 thereof are chemical equations illustrat-
ing the production of magnesium hydroxide (Mg(OH),) and
hydrogen gas (H,) from magnesium (Mg) and water (H,O).
But here, the slurry of calcium and magnesium 1s heated in
an open system until oxidation occurs and then reduced to
clemental materials with a hydrogen reducing flame.

[0006] U.S. Pat. No. 3,250,691 issued to T. T. Broun, Jr.,
et al., discloses an apparatus and process for, the electrolysis
of an aqueous brine or alkali metal chlorine solution wherein
separate tanks created by a diaphragm or permionic mem-
brane have an electrical current provided to a platinum-
coated anode 1n one tank and a platinum and steel cathode
in the other tank to separate positive and negative 1ons in the
separate tanks. The current 1s constant and the voltage across
the cell serves to drive the process.

[0007] U.S. Pat. No. 3,755,114 issued to Hooker Chemical
Corporation of New York, on the application of M. Tarjanyi,
et al., discloses an apparatus and process for decreasing the
metallic content of a solution wherein an electrolytic cell
containing an electrolyte pumped therethrough has a posi-
five electrode or anode and a negative electrode or cathode
separated by a diaphragm or screen and an electrical current
provided to the anode and cathode to separate positive and
negative 1ons across the diaphragm. The screens prevent the
discharge of particles through the outlet.

[0008] U.S. Pat. No. 5,569,370 issued to RMG Services

Pty. Ltd., of Australia, on the application of R. A. Gomez,
discloses a system for the recovery of metals from metal ores
wherein the reactions are carried out 1n separate tanks, a first
tank having anodes therein and a second tank having cath-
odes therein, the tanks being created by an electrically
conductive wall. Power 1s provided to the anodes and
cathodes to separate positive and negative 1ons i1n the
separate tanks.

[0009] U.S. Pat. No. 4,909,913 issued to Toyo Soda
Manufacturing Co, Ltd., of Japan, on the application of K.
Fukuda, et al. , discloses, an apparatus and method for
producing a metal salt by electrolysis in an electrolytic cell
having separate compartments created by a diaphragm or
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membrane. An electrical current provided by source to the
anode 1n one compartment and the cathode in the other
compartment drives separate positive and negative 1ons into
the separate compartments.

[0010] U.S. Pat. No. 4,804,523 issued to Bechtel Group,
Incorporated, of California, on the application of J. Z.
Abrams, et al., discloses a method for removing sulfur
dioxide (SO?) from a flue gas in fossil fuel power plants
wherein seawater 1s used as the source of magnesium (Mg)
to produce magnesium hydroxide (Mg(OH),) absorbent by
reaction with hydrated lime.

[0011] U.S. Pat. No. 5,814,224 issued to Institute

Geokhimii, of Moscow, on the application of R. Khamizov,
et al., discloses a method for the desalination of seawater
including magnesium separation by producing concentrated
magnesium carbonate (MgCOy,).

[0012] U.S. Pat. No. 4,483,753 issued to Vsesojuzny Insti-
tute, of the former USSR, on the application of I. V. Zabelin,
et al., discloses a method of continuously extracting mag-
nesium (Mg) from magnesium chloride (MgCl,) in a mul-
tiple cell flow apparatus.

[0013] While the previously disclose attempts at a pre-
cipitator comprising a container having a membrane or
baffle which creates anodic and cathodic compartments and
has a source of electrical current to charge the compartments
so as to allow an electrolyte or aqueous brine solution to pass
and the 1ons to be separated; and, further provide means to
remove hydrogen and chlorine gases from the solution; and,
still further a method using seawater as the source of
magnesium (Mg) to produce magnesium hydroxide
(Mg(OH),) precipitates and, still further separating ions
(Mg++, etc.) contained in seawater by producing magne-
sium hydroxide (Mg(OH),) and hydrogen gas (H,) from
magnesium (Mg) and water (H,O) and magnesium (Mg) and
water (H,O) from magnesium oxide (MgO) and hydrogen
gas (H,), none of these prior art patents teach applicant’s
system for producing elemental magnesium (Mg) from
scawater comprising: a cell having compartments separated
by a pair of permeable membranes which create anodic and
cathodic compartments, the anodic compartment having an
anode therein and the cathodic compartment having an
cathode therein; a space provided between the pair of
membranes through which seawater 1s allowed to freely
flow; a source of electric current connected to the anode and
cathode to charge the compartments so as to allow seawater
to pass from the space between and through the membranes
and 1nto said compartments whereby positive and negative
1ons are separated; means for collecting magnesium hydrox-
ide (Mg(OH),) precipitate in the cathodic compartment;
means for removing the collected magnestum hydroxide
(Mg(OH),) precipitate from the cathodic compartment to
means for reducing the collected magnesium hydroxide
(Mg(OH),) to elemental magnesium (Mg) and water vapor,
the reduction being effected by introducing hydrogen gas
into the means for reducing wherein it contacts the collected
magnesium hydroxide (Mg(OH),) precipitate. Still further
none of these prior art patents teach applicant’s method for
producing magnesium hydroxide (Mg(OH),) precipitate and
pure water from seawater comprising: providing a cell
having compartments

[0014] separated by a pair of permeable membranes which
create anodic and cathodic compartments; providing a space
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provided between the pair of membranes through which
scawater 1s allowed; to freely tlow; passing electrical current
through the Cell so as to allow seawater to pass from the
space and through the membranes and into the compart-
ments whereby positive and negative 1ons are separated;
collecting magnesium hydroxide (Mg(OH).,) precipitate that
forms 1n the cathodic compartment; passing the magnesium
hydroxide (Mg(OH),) precipitate to a magnesium reducer
wherein it reacts with hydrogen (H,) gas to produce elemen-
tal magnesium (Mg) and water vapor.

0015] Accordingly, it is seen that a need remains for a
system and method for producing magnesium from seca
water 1n an efficient manner. It 1s to the provision of such
therefore that the present invention 1s primarily directed.

SUMMARY OF THE PRESENT INVENTION

[0016] The preferred embodiment of the system and
method of the present invention solves the aforementioned
problems 1n a straightforward and etficient manner. What 1s
provided 1s a system for producing elemental magnesium
(Mg) from seawater comprising: a cell having compartments
separated by a pair of 1on permeable membranes which
create anodic and cathodic compartments, the anodic com-
partment having an anode therein and the cathodic compart-
ment having an cathode therein; a space provided between
the pair of membranes through which seawater 1s allowed to
freely flow; a source of electric current connected to the
anode and cathode to charge the compartments so as to allow
scawater to pass from the space between and through the
membranes and into said compartments whereby positive
and negative 1ons are separated; means for collecting mag-
nesium hydroxide (Mg(OH),) precipitate in the cathodic
compartment; and, means for removing the collected mag-
nesium hydroxide (Mg(OH),) precipitate from the cathodic
compartment to means for reducing the collected magne-
sium hydroxide (Mg(OH),) to elemental magnesium (Mg)
and water vapor, the reduction being effected by mtroducing
hydrogen gas into the means for reducing wherein it contacts
the collected magnesium hydroxide (Mg(OH),) precipitate.
Also provided 1s a method for producing magnesium
hydroxide (Mg(OH),) precipitate and pure water from sea-
water comprising: providing a cell having compartments
separated by a pair of permeable membranes which create
anodic and cathodic compartments; providing a space pro-
vided between the pair of membranes through which sea-
water 1s allowed to freely flow; passing electrical current
through the cell so as to allow seawater to pass from the
space and through the membranes and into the compart-
ments whereby positive and negative 1ons are separated;
collecting magnesium hydroxide (Mg(OH).,) precipitate that
forms 1n the cathodic compartment; and, passing the mag-
nesium hydroxide (Mg(OH),) precipitate to a magnesium
reducer wherein it reacts with hydrogen (H,) gas to produce
elemental magnesium (Mg) and water vapor.

BRIEF DESCRIPTION OF THE DRAWING

[0017] For a further understanding of the nature and
objects of the present mnvention, reference should be had to
the following description taken in conjunction with the
accompanying drawings i which like parts are given like
reference numerals and, wherein:

[0018] FIG. 1 is a schematic illustrating the method and
system of the present invention;
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[0019] FIG. 2 is a cross-section of a basic precipitator
illustrating the primary reaction of the method of the present
invention at the cathode which allows separation of solid
Mg(OH) from the cathodic supemate;

[10020] FIG. 3 1s a side view in cross section of the
precipitator of the present invention;

10021] FIG. 4A 1s an end view in cross section of the
precipitator of FIG. 3;

10022] FIG. 4B is a side view of the precipitator of FIG.
4A.

[10023] FIG. 5 is a schematic illustrating the magnesium
collection, recombination and balancing steps of the method
of the present invention;

10024] FIG. 6 is a schematic illustrating the magnesium
reduction step of the method of the present mnvention; and,

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0025] Referring to the drawings, the system 10 of the
present 1vention 1s schematically illustrated. Seawater 1s
provided 1n a source 12 of raw material which may be
provided by the open sea or a large containing area such as
a tank.

[0026] The system includes a precipitator 20 having a
housing 18 divided 1nto a cathodic compartment 22 having
a cathode 26 therein, preferably made of stainless steel, and
an anodic compartment 24 having an anode 28 therein,
preferably made of carbon. Cathodic compartment 22 and
anodic compartment 24 are separated by a common wall
having 1on permeable membranes 30a, 30b. Such 1on per-
meable membranes are discussed 1n detail in U.S. Pat. Nos.
3,755,114; 4,909,913 and 4,804,523, which are specifically
incorporated herein. Membrane 30a 1s designated the
cathodic 1on permeable membrane while membrane 30b 1s
designated an anodic 10on permeable membrane. Housing 18
can be opened or closed, but by closing it fresh water can be
captured as will be described further herein. Providing
conventional electrical current, in the preferred range of
between 2.5 volts and 12 volts, to the cathode 26 (negative)
and anode 28 (positive) produces ion drift indicated by
arrows 33 such that the positive 1ons 32 migrate through
cathodic 1on permeable membrane 30a toward cathode 26
while the negative 1ons 34 migrated through anodic 1on
permeable membrane 30b toward anode 28. The voltage
may be used as a throttle for the speed of action and reaction.
The 10on drift creates OH-molecules 1n the cathodic com-
partment 22. The cathodic cell 1s fully charged when the
majority of the anions are removed from compartment 22.

[0027] The primary reaction at cathode 26 decomposes
water 2H,O (g) into hydrogen H, (g) and (OH—), (aq). The
OH— 10ns move from cathode 26 toward anode 28 wherein
they combine with the first positive 1on encountered. Hydro-
oen gas 15 produced at cathode 26 which migrates in
compartment 22, in the direction of arrow 36, to hydrogen
cgas compartment 23, in the upper portion of compartment
22. The hydrogen gas compartment 23 has a vent 21.

[0028] The production of hydrogen gas and the increase of
OH— 10ns continues until all Mg 1ons are depleted. Since
the Mg++ 10ns have a greater 1onic attraction than does the
other 10ons within the seawater, such as Na+, K+ or the Ca++



US 2002/0179435 Al

ions, the Mg++ (aq) will combine with or take OH— (aq)
away from the other compounds that have formed so as to
form magnesium hydroxide. Magnesium hydroxade
(Mg(OH),) precipitates 42 within the seawater and settles in
the lower portion of compartment 22 as a solid, as it 1s not
soluble 1n seawater at the ambient temperatures.

[0029] Within anodic compartment 24 the chemical reac-
tion of the mnputed elements reduces species such as chlorine
gas depending on the species 1n solution which migrates, in
a direction indicated by arrow 38, to chlorine gas compart-
ment 25 located 1n the upper portion of compartment 24.
Chlorine gas compartment 25 has a vent 31.

[0030] Magnesium hydroxide (Mg(OH),) 42 is pumped
out of cathodic compartment 22 at outlet 27 and 1nto pipe
line 47. Pipe line 47 delivers the collected Mg(OH), pre-
cipitates and the accompanying cathodic supernate to stage
50 for purification, as discussed 1n more detail hereinafter.

[0031] In an alternative embodiment, shown in FIGS. 3
and 4, it can be scen that precipitator 20 has a series of
alternating or staggered cathodic and anodic compartments
22, 24. Here, the cathodic and anodic membranes are
separated from each other to form a space or arca 35
therebetween through which a flow of sea water passes,
which allows production of magnesium hydroxide
(Mg(OH),) 42 1n the several compartments 22 as previously
discussed. As 1llustrated in FI1G. 4, tank 18 may contain such
series of cathodic and anodic compartments 22, 24 m any
orientation, as long as scawater 14 tlows through areas 35 to
allow 1on drift described. The greater the length of com-
partments 22, 24, and therefore the greater the length of flow
through area or space 35, the greater the collection of
magnesium hydroxide (Mg(OH),) 42 in the several com-
partments 22.

10032] Referring next to FIG. 5, at stage 50 the collected

magnesium hydroxide (Mg(OH),) 42' and cathodic super-
nate (collectively designated as specimen 142") is deposited
upon a filter 52. The Mg(OH), 42' is filtered from the
cathodic supernate by filter 52 and transported by belt 69 to
a belt type washer 61. The washer 61 has an inclined, endless
loop of washing tanks 66. As the magnesium hydroxide is
poured 1nto the lower most tank 66 water obtained through
a process discussed hereinafter, 1s poured 1nto the uppermost
tank 66. This water flows 1n sequence through all the tanks
as they move upwardly, as indicated by the arrows m FIG.
5. The washed magnesium hydroxide i1s then dumped from
the uppermost tank 66 onto a belt 72. The belt 72 1s driven
past a dryer 70 which heats the magnesium hydroxide so as
to remove the residual water. The dried magnestum hydrox-
1de 1s transported by belt 72 to magnesium reducer 80.

0033] Simultancously, the cathodic supernate passes
through filter 52 into collector funnel 54 which then conveys
the supemate to blending tank 60. The cathodic supernate
mixes 1n tank 60 with anode supernate delivered thereto
from anodic compartments 24 through outlets 29 and pipe
lines 59. Chlorine gas vented from chlorine gas compart-
ment 25 1s also delivered to tank 60 through pipe line 43.

10034] Within blending tank 60 all of the tailings from the

various processes are combined and balanced to the consis-
tency of secawater. To this end air 1s pumped into the tank 60
through inlet 56 so as to bring the mixture to the consistency
of scawater with a slightly higher salinity level and with less
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magnesium. This clean mixture 67 1s removed at outlet 62 1n
tank 60 and returned to the source of origination.

[0035] Referring now to FIG. 6, magnesium reducer 80
has a tank 81 having an inlet 73 communicating with feed
belt 72 so that tank 81 receives the filtered and washed
magnesium hydroxide (Mg(OH),) 82 therein. Hydrogen
ogas, or other reducing gases, are fed into tank 81 from
hydrogen compartment 23 via vent 21 and pipe line 41 at a
metered rate to control the speed of the reaction, as dis-
cussed further herein. Natural gas 1s fed into an 1gnited fire
chamber 100 via line 92, from an unshown source of natural
oas, to heat the interior of reducer tank 81 to approximately
675° C. Within tank 81 the hydrogen gas from line 41
reduces the filtered and washed magnesium hydroxide
(Mg(OH),) 82 to molten magnesium (Mg) and water vapor
84 by the following reaction:

H,+Mg(OH),—(Mg) and 2H,O

[0036] The molten magnesium (Mg) is removed through
outlet 85 so that it can be made and cooled into finished
ingots, such as 86. The water vapor 84 resulting from the
reduction 1s removed at outlet 94 and condensed as pure
water within collector 96, where 1t may then be used for the
previously described magnestum hydroxide washing pro-
CESS.

[0037] It should be understood that the term sea water or
salinated water may be sea water, brine, salinated ground
water or other similar water or aqueous solutions which
contain metal 1ons. It should also be understood that the
apparatus may operate with only a cathodic chamber with
the anode positioned adjacent to the membrane to 1nduce 10on
flow.

[0038] It thus is seen that an apparatus for generating
magnesium from sea water 1s now provided. It should of
course be understood that many modifications may be made
to the speciiic preferred embodiment described herein with-
out departure from the spirit and scope of the invention as set
forth 1n the following claims.

1. An apparatus for collecting magnesium hydroxide
(Mg(OH) from seawater comprising:

(a) a cell having compartments separated by at least a pair
of permeable membranes which create anodic and
cathodic compartments, said anodic compartment hav-
ing an anode therein and said cathodic compartment
having a cathode therein;

(b) a space provided between said pair of membranes
through which said seawater 1s allowed to freely flow;

(c) a source of electric current connected to said anode
and cathode to charge said compartments so as to allow
scawater to pass from said space and through said
membranes and 1nto said compartments whereby posi-
five and negative 1ons are separated; and

(d) means for collecting magnesium hydroxide
(Mg(OH),) precipitates formed in said cathodic com-
partment.
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2. The apparatus of claim 1 further comprising means for
collecting hydrogen gas produced 1n said cathodic compart-

ment.

3. The apparatus of claim 2 further comprising means for

discharging said hydrogen gas collected 1n said cathodic
compartment.
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4. The apparatus of claim 1, further comprising means for
collecting chlorine gas produced in said anodic compart-

ment.
5. The apparatus of claim 2 further comprising means for

discharging said chlorine gas collected 1n said anodic com-
partment.
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