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 This invention relates to new and useful improvements
in methods of treating sea water and products therefrom.

More particularly, this invention relates to new and
useful improvements in the method of, and the resulting
product from, the recovery and concentration of dissolved
and/or suspended chemical elements and compounds other
than sodium chloride from sea water.

Tn U.S. Patent No. 2,606,839, a method of concentrat-
ing sea water to obfain a mineral sea salt is disclosed.
Such product contains the so-called “trace elements”
along with relatively large quantities of sodium chloride,
the main mineral constituent of sea water. In some
instances, the large quantity of the sodium chloride is
undesirable, as for example when it is desired to add
the trace -elements or other constituents of the sea salt
to the soil in areas where such constituents are lacking
or have been depleted. In such a case, the sodium chilo-
ride is undesirable because it is somewhat toxic to ter-
restrial plants when applied to the soil in relatively high
concentrations.

Therefore, it is one object of this invention to pro-
vide a new and improved method, and product resulting
therefrom, for producing the sea salt of said Patent
2,606,839, but with substantially all of the sodium chloride
removed therefrom and with the quantities of ‘the trace
clements increased in comparison to. the quantities of
the trace elements present in the product of said Patent
No. 2,606,839.

An important object of this invention is to provide
a new and improved method, and product resulting there-
from, wherein a solid product is produced from sea water
which has substantially all of the sodium chloride removed
but which has present therein all of the dissolved and
suspended components of sea water in substantially the
‘same relative quantities as they are found in the sea
water.

Another object of this invenhtion is to provide a new
and improved method, and product resulting therefrom,
wherein a solid product is produced from sea salt by form-
ing a precipitate having a relative large surface area
which adsorbs the other elements present in sea water,
including the trace elements present in relatively minute
quantities, to thereby extract and concentrate substan-
tially all of the elements present in the sea water.

Other objects of this invention will become evident
from a reading of the following specification and by refer-
ence to the accompanying drawings forming a part there-
of, wherein one embodiment of the invention is set forth
and wherein the figure is a schematic flow sheet illustrat-
ing the method of this invention.

As illustrated in the drawings, the sea water 10 of
any salinity is treated in a precipitation tamk or con-
tainer 11 with caustic soda (NaOH), or any other alkali
base or alkaline earth base that yields hydroxy!l ions
on hydrolysis. ‘The caustic soda is indicated in the draw-
ings as being fed through line 12 to the tank 11, The
concentration of the caustic soda is such that the number
of hydroxy!l ions added from the line 12 is chemically
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?quivalent to the total concentration of the magnesium
ions present in the sea water from the source 10.. Soda
ash' (N2a,C0;) or amy other alkali carbonate or alkaline
earth carbonate is also added to the sea water in the
tank 11 in such a concentration that the carbonate ions
added are chemically equivalent to the calcium ioms
present. in the sea water. The soda ash is schematically
indicated on the drawing as being added to the tank 11
through line 14, and such addition may be simultanccusly
with, or at different times from, the addition of the caustic
soda. Preferably, the sea water with the caustic soda
and soda ash added thereto is agitated in the tank 11
todcomplete the dissolving. and reaction of the caustic
soda.

A precipitation occurs within a few minutes after the
foregoing addition of chemicals to the tank 11 from the
lines 12 and 14, and such precipitate is substantially all
magnesium hydroxide and calcium carbonate. The sur-
face arca of such magnesium hydroxide precipitate is
tremendous, largely due to the fact that it precipitates out
in very small particles. The calcium carbonate precipi-
tate also has a large surface area. The magaesium. hy-
droxide and calcium’ carbonate precipitates adsorb. the
trace elements in the sea water on their large surface areas
and thereby the trace elements are also separated as solids
from the sea water. The sodium carbosate is converted
to sodium chloride and substantially all of such sodium
chioride dissolves in the mother liquor along with the
sodium chloride which was naturally present in the sea
water. A slight amount of the sodium chloride is ad-
sorbed by the precipitates along with the trace elements
and therefore appears as solid sodium chioride.

The solids are next separated from the liquor as io-
dicated at 15 in the drawing by filtration, centrifuging,
by allowing the precipitate to settie and siphoning off
the mother liquor, or by any other method of separating
solids from liquids. The removed ‘water is discharged
as indicated at line 16, In order to control the amount
of sodjum chloride in the final solid product, the precipi-
tate is washed with fresh water introduced through line
17 'so as to dissolve the solid sodium chloride and dis-
charge same with the removed water at outlet line 16.
By such washing procedure, the sodium chloride. can be
substantially removed, if desired, or the quantity thereof
can be reduced to the-extent that it is non-toxic to plants

‘when applied to the soil.

Finally, the solids from the separation and washing
step are dried as shown at

20 in the drawings by any
conventional drying means such as a rotary kiln or a
rotary vacuum filter. The residual water is thus removed
by evaporation as schematically shown at 21 while the
solid product. is obtained at 22, which is white in color,
nondeliquescent and very slightly water soluble:

" Although the . quantities of the sea water and added
chemicals may vary within limits, the following example
is illustrative of the quantities in -a typical operation in-
volving the foregoing sequence of steps. Thus, starting
with 1990 gallons of sea water, 71 pounds of sodium
hydroxide (NaOH) and 18 pounds of sodium carbonate
(NayCO;3) are added so that the hydroxyl ions from the
sodinm hydroxide are chemically equivalent to the mag-
nesium ions present in the sea water and so that the
carbonate ions from the sodium carbonate are chemically
equivalent to the calcium jons present in the sea water.
After washing the precipitate at step 15 with approxi-
mately four volumes of fresh water from the fresh water
inlet 17 for each volume of the precipitate, the pre-
cipitate is dried to yield about 60 pounds of the solid
product on a bone dry basis.

The analysis of such product is set forth in the follow-
ing Table A, wherein such product is identified as “Trace
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element concentrate.” For comparison purposes, Table -

A also includes a typical analysis of sea water and a
typical analysis of the mineral sea salt obtained by the
method of said Evans Patent No. 2,606,839.

Table A

Trace
Element Sea Mineral | Element
‘Water | Sea Salt | Concen-

trate
Sodium._ ... . ____ ... percent. . 1. 056 21. 50 . 50
Magnesium. - _.ooon oiu e do-... 127 3. 40 33-00
Calcium .. ___.___________ - " do.._. . 040 .86 8-00
" Phosphorous _.p.p.m.. 001. 10 50 80
Aluminum . p.p.Im.__ 0L 07 55 600
Strontium.__ P.p.Im.. 13 220 5,000
Silicon.._... p.p.m._ 202,04 [coeonaalt 2,000
Boron.._._.._..__._ --p.pm._ 4.6 97 -500
Iron. . .. p.p.m_.| .002 02 100 400
Manganese. ... ... rm——— ppam..| .00L 01 .08.3 40
Nicksl.... e--D.D.._ . 0001 .003 30
Copper___ -—--D.p.m._| .001.01 20 20
§ 1 SRS n.p.m..| Present |.______.__ 70

A semi-quantitative spectrographic analysis of the
product or trace element concentrate of this invention
shows the following chemical elements to be present in
addition to those listed in Table A: Zn, Ti, V, Ba, X, Li,
As, U, Bi, Mo, Pb, Ag, Co, and Sb. :

From the foregoing Table A, it is evident that greater
quaniities of the dissolved and suspended trace elements
or constituents are obtained in the trace element concen-
trate formed by the method of this invention than in the
mineral sea salt obtained by the method of said Evans
patent. It should also be noted that the elements are
present in the trace element concentrate in substantially
the same ratio as they are found in the sea water, which is
indicative of the fact that very little of the trace elements
in sea water is lost in this method. :

In the following Table B, the yields of magnesium and
calcium in the precipitate formed from sea water by this
method (Sample 3) as compared to precipitates formed

from sea water by other methods (Samples 1- and 2),

are set forth wherein:

Sample 1 represents a precipitate from sea water treated
with caustic soda wherein the added hydroxyl ions are
chemically equivalent to the total magnesium and cal-
cium ions; Sample 2 represents a precipitate from sea
water treated with soda ash, the carbonate ion being
added chemically equivalent to the total magnesium and
calcium ions; and Sample 3 represents a precipitate pre-
pared by treating sea water with caustic soda, the hy-
droxyl jons being equivalent to the magnesium ions and
then treated with soda ash, the carbonate ions added
chemically equivalent to the calcium ions.

All three of the above precipitates had the mother
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liquor siphoned from atop them. Each was dried for -

twenty-four hours at 110° C.

Table B
Samplel | Sample2 | Sample3
Element {percent (percent (pergent
- by weight) | by weight) | by weight)
Magrielsum_ ... ..______._____. 24 8 23
Caletlim oo 2 7 7
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The foregoing Table B illustrates that even though less
hydroxide is used in Sample 3 than in Sample 1 and less
carbonate is used in Sample 3 than in Sample 2, never-
theless the amount of the magnesium and calcium in the
precipitate of Sample 3 is about the maximum obtainable.
It is very important to have the maximum amount of the
magnesium and calcium ions in the precipitate to provide
the maximum surface area for the adsorption of the trace
elements in the sea water and therefore the combination
of the caustic soda and the soda ash, or their equivalents,
in treating the sea water is extremely important in ob-
taining the best results from this method.

The foregoing disclosure and description of the inven-
tion is illustrative and explanatory thereof and various
changes may be made within the scope of the appended
claims without departing from the spirit of the invention.

What is claimed is:

1. A method for the recovery and concentration of
chemical elements from a sample of sea water comprising
a substantial amount of sodium chloride and magnesium
and calcium ions and having dissolved and suspended
therein as trace elements phosphorous, aluminum, stron-
tium, silicon, boron, iron, manganese, nickel, copper and
tin; comprising the steps of adding to the sample of sea
water a quantity of a material selected from the group
consisting of sodium hydroxide and potassium hydroxide;
said material hydrolyzing in sea water and yielding hy-
droxyl ions which combine with said magnesiom to form
a magnesium hydroxide precipitate; and a material se-
lected from the group conmsisting of sodium carbonate
and potassium carbonate; said last mentioned material
hydrolyzing in said sea water and yielding carbonate ions
which combine with the calcium in the sea water to form
a calcium carbonate precipitate; said magnesium hy-
droxide and calcium carbonate precipitates adsorbing a
substantial amount of dissolved and suspended trace ele-
ments in the sea water and adsorbing and absorbing so-
dium chloride; thereafter separating said precipitates from
sald sea water; then washing the precipitates with fresh
water to remove said sodium chloride; and then drying
the precipitates containing said trace elements.

2. The method of claim 1 wherein the amounts of said
hydroxyl ion yielding material and said carbonate ion
yielding material added are stoichiometrically equivalent
to the magnesium and calcium ions, respectively, in the
sea water.
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