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ABSTRACT OF THE DISCLOSURE

Treatment of saline water with lignin compounds, pro-
teinaceous compounds and tannins to precipitate major
and trace minerals therefrom, the lignin compounds be-
ing such materials as waste pulp digestor liquors, fibrous
vegetation .and decomposition products thereof, and the
proteinaceous compounds being material such as com-
post materials.

This application is a continuation-in-part of my co-
pending application Ser. No. 158,607, now abandoned,
which in turn was a continuation-in-part of my copend-
ing application Ser, No. 836,052, filed August 26, 1959,
now abandoned,

The present invention relates to the separation of
minerals and mineral compounds from natural and syn-
thetic brines, including sea water, bitterns, inland brines
and similar saline aqueous bodies. It has long been known
that vast quantities of valuable minerals, mineral salts
and mineral compounds, leached from soils, are con-
tained in sea water, brines, bitterns and other agueous
bodies both in suspension and in solution, and a consider-
able amount of effort has been directed to the separa-
tion of at least some of these components from such
waters. For centuries, sodium chloride has been obtained
from- sea water by €vaporation, in varying degrees of
purity dependent somewhat upon the methods practiced.
In recent years a few other salts or minerals have been
individually recovered from sea water in commercial
processes and among these salts and minerals are mag-
nesium, bromine, iodine, and compounds thereof.

To the best of my knowledge, however, no one has
heretofore economiically separated from the above men-
tioned aqueous bodies a mixture, substantially sodjum
free, of all or most of the minerals carried. by such
waters. My invention is therefore directed to the separa-
tion of such mixtures by economically feasible processes.

The general object of my invention is to provide a
process for treating brines, either natural or. synthetic,
for separating the minerals and mineral compounds there-
of ‘economically.

A further object of the invention is to provide a
process for precipitating complexed and chelated com-
pounds of the major mineral constituents and the trace
minerals of saline aqueous systems.

Another object of the invention is to provide a method
for providing an economical reagent which can be used
to complex or chelate mineral constituents in brines.

Another object of the invention is to provide a mineral
precipitate which is suitable for use in or with fertilizers
and feeds for animals and poultry,

Other and further objects and features of the inven-
tion will be apparent from the following specific de-
scription.

By the term “trace mineral” in the present invention
is meant those minerals which occur in brines in relatively
small amounts, including, for example, mineral com-
pounds containing the elements iron, aluminum, silicon,
cobalt, titanium, copper, lead, vanadium, manganese,
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chromium, germanium, gold, iodine, bromine, boron,
molybdenum, zinc, nickel and silver, By the term “major
minerals” is meant those minerals that occur in brines in
larger amounts than in the case of the trace minerals but
substantially in lower - amounts than. sodium chloride.
The major minerals include, for example, the mineral
Ccompounds containing the elements magnesium, stron-
tium, nitrogen, sulfur, calcium, phosphorus and potas-
sium.

The above lists of minerals are merely exemplary, as
other minerals are found in varying proportions in many
ocean waters, and whether classified as major or trace it
Is immaterial so far as this invention is concerned.

In accordance with the present invention I employ
reagents confaining materials such as proteins, protein-
aceous compounds such as amino acids, lignins, and/or
tannins to effect precipitation of the minerals. Such re-
agents may be purchased on the market, or may be pro-
duced by a novel synthesis which will be described in a
succeeding portion of this specification. Prior to the use
of the precipitating reagent, the saline solution may or
may not be subjected to partial evaporation by known
evaporating methods. If the solution has a large sodium
chloride concentration, as is true of sea water, the evapo-
ration may be conducted in a manner to obtain one or
more yields of crystallized sodium chloride, to be sepa-
rated from the solution before precipitation of the miner-
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While the process of the present invention is partic-
ularly applicable to the treatment of naturally occurring
saline waters, it is also possible to use the reagent herein
described to precipitate, as complexes or chelates, mineral
constituents from a synthetically prepared brine which
need not contain sodium chloride and in which the com-
ponents are in a sterile condition. Complexed and chelated
minerals of high purity are obtained by this method,
suitable for use in pharmaceuticals.

The lignin compounds may be obtained from various
sources, among which are digestor liquors, which are
a waste product of chemical pulp-making ‘processes com-
mon in the papermaking industries. These liquors may
be utilized in the process either in concentrated or uncon-
centrated form. Also, lignin derived from such liquors
or from various lignin-containing fibrous vegetation or
decomposition products thereof may be used to supple-
ment them or used in lieu of digestor liquors. While the
proportion of digestor liquor and/or lignin relative to the
sea water does not appear to be critical, at least enough of
it in combination with the other reagenis mentioned
hereinafter will be-used to effect precipitation of a com-
bined precipitate whose mineral content on subsequent
analysis will bear a close relationship to the relative pro-
portions and total quantities of all the minerals known
to be present in the sea water before treatment, with
the exception of sodium. More than such proportions of
the reagents is not known to be detrimental except with
respect to a needless increase in the cost of operation.

Tannic acid and tannins for use in this process may be
obtained from various sources and need not have the
high purity which other processes employing tannic acids
and tanmin may require, especially when the product of
the invention is to be used in fertilizers and not for edible
purposes, that is, they may be unrefined. As used herein-
after the term “tannin” will be understood to refer to all
tannin compounds procured from any source,

According to one method of the present invention in-
land brine or sea water is subjected to concentration by
evaporation, for example, by solar evaporation or evapo-
ration with the application of other forms of heat, either
at atmospheric pressure or at reduced pressure, in any
suitable equipment, for example, evaporating pans or
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multiple-stage evaporators, until the concentration ratio
(i.e., the ratio of the volume of the original liquor to the
volume of the concentrated liquor) is approximately
5.5-7:1. The salt (chiefly sodivm chloride) which sep-
arates after the concentration is accomplished is isolated
in any desired manner, for example, by filtration or de-
cantation. The remaining liquor is then subjected to a
second concentration until the second concentration ratio
(i.e., the ratio of the volume of the liquor from the first
concentration to the volume of the liquor after the sec-
ond concentration) is approximately 1.7-8:1. The salt
(chiefly sodium chloride) which separates after this con-
centration is isolated. To the remaining liquor is then
added a precipitating agent in the amount of 0.5-5% by
weight of the solids in the liquor. I have found that pro-
teinaceous materials recovered from the enzymatic treat-
ment of organic waste products of vegetable and animal
origin, lignins, or tannins or mixtures of these materials
possess the property of precipitating the trace minerals
and major minerals in the concentrated liquor. Dry sodi-
um lignin from pine (known in the trade as Indulin C)
is a particularly effective precipitating agent. Dry lignin
from pine (known in the trade as Indulin A) is also very
effective when solubilized by treatment with ammonium
hydroxide or converted to the sodium or potassium salt
by treatment with sodium or potassium hydroxide. As an
alternative to direct solubilization of the lignin, I may
render the concentrated liquor containing the trace min-
erals and major minerals alkaline with the addition of
ammonium hydroxide and then add the dry lignin to the
liquor. When tannins are employed with the lignin, the
preferred ratio of lignin to tannic acid is 1:1, although
substantially smaller or larger quantities of tannins may
be employed.

I have established that proteinaceous materials result-
ing from enzymatic or bacterial degradation of vegeta-
tion composts, humus, animal manure, slaughter house
by-products, sewage, sewage sludge, garbage, fish by-
products, and yeasts are very effective precipitating
agents.

A particularly preferred reagent for use in the process
of the present invention results from the composting of
vegetable waste materials such as waste from grape pres-
sing operations, including seeds and skins, refuse from
sugar beets and spinach, alfalfa, weeds, cotton lint, cot-
ton seed hulls, leaves, and the like. Such materials may
be spread out in the open and mixed to initiate the com-
posting. Periodically, the mass is wet with water. The
composting occurs due to the presence of both aerobic
and anaerobic bacteria as well as naturally occurring
yeasts, principally actinomyces and mycelia which occur
naturally in the vegetable waste materials. During com-
posting, the temperature of the mass rises, driving out
substantial amounts of moisture so that the finished prod-
uct contains only about 15 to 20% moisture. During com-
posting, as the temperature climbs to 145° F., the mate-
rial is turned periodically to expose new surfaces to the
air. Ordinarily, two to four weeks are required for pro-
ducing the product, depending on weather conditions.
The completion of the composting reaction is evidenced
by the presence. of a uniform grayish color in the product.
This material is then ground in a hammermill or the like
and sieved to a uniform particle size, whereupon it can
be used directly in the precipitation of the mineral con-
stituents of brines.

As an example, of this form of the process, as applied
to unconcentrated ocean water or other brines contain-
ing considerable sodium chloride in solution as well as
the sought for major and trace minerals, I prepared an
aqueous solution or suspension containing about 1 gram
of waste sulfite liquor solids, 2 grams of dried lignin and
2 grams of proteinaceous compound solids obtained by
the procedure recited above. This aqueous solution was
mixed with about 200 cc. of ocean wafter at a tempera-
ture preferably above 65° F. and below 140° F. The pre-
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cipitate began to form promptly, after which omne-tenth
to one-fifth of a gram of tannic solids previously dissolved
in water was added to the mixture. Within 20 to 30 min-
utes a commercially adequate yield of precipitate was
formed. This precipitate was then filtered and dehy-
drated.

While this precipitate may be segregated by filtering of
decantation methods, I may also separate it by centrifug-
ing, after which the solids may be further dried by con-
ventional methods.

The precipitate obtained as above described has been
analyzed, and the analysis reveals the various major and
trace minerals, substantially free of sodium chloride, in
about the same proportions they maintained in the origi-
nal ocean water. However, the yield in grams of such
minerals relative to their respective initial quantities in
the unconcentrated ocean water is much greater when the
amino compounds are used as compared to precipitation
without using amino compounds. ‘

The effiuent from the above contained sodium chloride:
and other sodium salts.

The above example was repeated on ocean water pre-
viously concentrated as heretofore described, and a simi-
lar improvement in minerals yield was observed.

The desired precipitation occurs best when the pH of
the brines under treatment is in the range of 6 to 9.5,
which is normal for ocean water. If needed in the proces-
sing of any of the brines, ammonia or other suitable alka-
lis may be employed to adjust the pH of this range.

As a further example, illustrating the use of the min-
erals recovered from the composting procedure, 100 cc.
of ocean water was warmed to the range of 70° F. to 90°
F., and thereafter 6 cc. of the reagent was added. Then,
114 cc. of fixing agent were introduced with mixing. The
fixing agent was made by mixing mono ammonium phos-
phate and di-ammonium phosphate in approximately
equal parts, and adding fresh water to give a saturated
solution. This solution of ammonium phosphate was then
diluted by five parts of water. Alternatively, the fixing
agent may be prepared by adding phosphoric acid to
either anhydrous ammeonia or to agqueous ammonia.

Upon mixing of the ocean water, reagent, and fixing
agent, and then cooling, a precipitate formed rapidly,
leaving a clear colorless supernatant liquid containing so-
dium chloride.

The chemical or physical condition, or both, of the pre-
cipitate obtained in accordance with my invention may be
in the nature of compounds and complexes which include
the organic materials employed as reagents and the min-
erals and mineral compounds derived from the brines.

The addition of the precipitating agents results in the
formation of a voluminous precipitate containing the
trace minerals, major minerals and the precipitating agent.
The time for completion of precipitation is dependent on
the pH of the liquor, In general, precipitation is heavier
when the pH of the liguor is higher but coagulation and
settling of the precipitate is much slower. Coagulation
at the normal pH of the brine (about pH 8.0) is quite
rapid, whereas coagulation at the pH of 7.0 requires from
24 to 36 hours for completion. In general, the quantity
of precipitate at the higher pH is approximately double
that obtained at the lower pH.

After coagulation, the precipitate is removed from the
liquor by any desired means, for example, by filtration,
and may be washed with water and dried. The trace
mineral precipitate containing the precipitating agent is:
difficult to handle when dry, inasmuch as it is quite
hygroscopic. The precipitate may be subjected to pyrolysis:
(ie., ashed) to remove the organic matter. The ashed
minerals are also hygroscopic.

The following additional examples will serve to illus-
trate the methods and products of the present invention:

Example I
Inland (Chio) brine (14 L) was concentrated by evap-~
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orating in heated pans to a volume of 6.1 liters and the
liquor was cooled to approximately room temperature
(25° C.). The salt' (chiefly sodium chloride) which
separated was removed by filtration. The liquor was then
further concentrated by evaporation to a volume of 2.88
liters and cooled to approximately room temperature.
The salt (chiefly sodium chloride) which separated from
the second concentration was also filtered - off,

To the remaining liquor was added a sulfite waste
liquor concentrate (80 g., dry basis) and the concen-
trated liquor was stirred and allowed to stand for twenty-
four hours. The precipitate which formed was filtered off,
washed with a small quantity of cold water and dried.
The dried precipitate weighed 125 g.

The process was repeated (Run No. 2) using 13.88:1
of the same inland brine and dry lignin from pine (known,
to the trade as Indulin A) in place of lignin residue from
sulfite waste liquor and rendering the concentrated liquor
basic with ammonium hydroxide prior to the addition
of the lignin thereto. The addition of ammonium hydrox-
ide had the effect of precipitating the magnesium as
magnesium hydroxide and also of solubilizing the lignin.
The results of both runs are shown in Table I:

TABLE I

Inland (Ohio) Brine No. 3 Run No.1 Run No. 2
Original volume (liters) . _____...___.__..____ 14.00 13.80
Volume after st concentration (liters) ..____ 6.1 5.2
Coneentration ratio____________ 777" 2.29:1 2.65:1
Volume after 2nd coneentration (liters) _____ 2.88 2.80
Concentration ratio. ____.______ 77" 2.14: 1.89:1
Weight of salt-1st conceniration {grams).._. 1,900.0 2,086.0
Weight of salt-2nd concentration (grams) . .. 973.0 425.0
Total salt removed (grams)._________ .. . 2,873.0 2,411.0
Density, final concentration__ . _ . 7777" 1,425 1. 405
Reagent added (grams)_ .. 80.0 80.0
Type reagent__.________ - Lignin Indulin A
Precipitate (grams).___ 125.0 1,409.0
Sodium, original (1%)._.__ 5.35 5. 35
Sodium, after coneentration (1% 14.0 13.5
Sodium, after Precipitation (19,). 9.8 10.0
Solids, original (1%) ... ... ...~ 69.5 64,2
Solids, after precipitation (1%) 69.0 §7.5

Example IT

A series of runs was made according to the procedure
described-in Example 1 for the concentration of the brine
through evaporation in order to ascertain' the effective
concentration ratios relative to the recovery of salt from

6
tating agent. A weighed quantity of agent (equal parts
by weight of lignin and tannic acid) was added to a por-
tion of the liquor. The liquor was agitated and then al-
lowed to stand overnight. The precipitate was filtered off,

5 dried in an oven and weighed. A similar additional quan-
tity of agent was then added to the filtered solution and
the same procedure was followed. This procedure was
repeated three times and the precipitates from the re-
spective runs were ashed and analyzed spectrographically.

10 Table IIT shows the weights of precipitate obtained and
Table IV shows the identity and amount of the respec-
tive trace minerals and major minerals found to be pres-
ent in the ashed precipitate,

15 TABLE III

Precipitate Weight (z) Weight (g.) Weight (g.)
No. of Reagent of Precipitate of Ash
20 44.0 16.0
20 81.1 56.0
20 78.2 49.3
TABLE IV.
Percentage of Elements in Ash Samples
Element
Ash No. 1 Ash No. 2 Ash No. 3
25 Major Major Msjor
Major Major Major
0.1-1.0 0.030.3 0.01-0.1
Magnesinm.. - 0. 1-1. 0.1-1.0 0.1-1.0
Strontium.__ X 0.03-0.3 0.05-0.5
. 0.01-0.1 0. 001-0. 01
3 Trace ... __i_ ...
30 . 0.0001-0.001 - ., 11177
. 0.01-0.1 0.01-0.1
. 0.001-0. 1 0. 005-0. 05
. 0. 001-0. 01 0. 001-0. 0F
. 0.001-0.01 ... . _ .. .
Manganese 0. 001-0. 01 0. 001-0. 01 0. 001~0. 01
Chromium, 0. 001~0. 01 0. 005-0. 05 " 0.001-0. 01
Boron 0. 001-0. 01
35 Nickel -« . 0.005-0.05
Silver_...._._.___ Trace
With reference to the data in Tables IIT and v, it
o is apparent that the initial precipitation yields a larger
4

number of trace minerals and major minerals than do the
subsequent precipitations. This technique is useful in ef-
fecting the recovery of trace mineral and major mineral
concentrates of varying composition. As plant nutrients,
trace mineral and major mineral compositions such. as

the concentration operation. The results care shown in 45 that reported in Ash Nos. 1, 2 and 3 may be found par-
Table II: ‘ ticularly desirable for certain soils in which the absence
~ TABLE II
Run No.
Inland (Ohio) Brine No. 2
1 2 3 4 5
Original volume (liters). .____________________ 13.24 12.75 13.50 13.36 13.76
Volume after 1st concentration (iters) . . _.._.__.__ 2.18 2.31 2.10 1.90 2.38
Concentration ratio.___. . 07: 5.60:1 6.42:1 7.08:1 5.78:1
Volume after 2nd concen 1.99 0. 63 0.25 1,60
Concentration ratio..____.____ 1.76:1 3.34:1 7.6:1 2.38:1
Weight of salt recovered from
grams)..._._____ .. T T 192.4 217.5 354.7 305.9
Weight -of salt recovered from 2nd concentration )
(Rrams)___..._ ... _.____... . 395.8 411.1 514.0 412.6
Density, final concentrate. _ - 1.225 1.249 1.254 - __ i ..
Total salt removed._ ... __. -7 7711TTITTT 688. 2 628.6 868.7 718.5
The results of the series of runs indicate that where of selenfum is essential to the welfare of the vegetation
pre-concentration is desirable, the concentration ratio to be grown in thé soil. For the purpose of recovering
on the initial concentration may vary from approximately the maximum number of trace and major elements from
5.5:1 to approximately 7:1, and the second concentration 65 the concentrated liquor, the effectiveness of the initial
ratio from approximately 1.7:1 to approximately 8:1, precipitation- is important. The residual liguor after re-
‘with comparable results in respect to salt recovery. moval of the precipitate was found to contain a substar-
Example 111 tial concentration of anion values, such as bromides,
! R iodides, sulfates, nitrates and phosphates. This liquor rep-
A series of runs was made on the concentrated liquor ? > . .
from the evaporation described in Example II after the 70 refsznts a sour cg f)f d,SHCh amo]rjls f;)m Whm]?ithf retcl-]overy
removal of salt to determine the effectiveness of precipi- ot bromine and iodine may be effected and a §O the rl'f-
tation with lignin-tannin agent relative to the recovery covery of the remaining anions. As an alternative, the
of trace minerals and major minerals. This concentrated liquor may be employed as such for the anion values con-
liguor was adjusted in pH to 7.0 by the addition of tained therein, for example, as a plant nutrient solution
ammonium hydroxide before the addition of the precipi- 75 for the enhancement of soil fertility.
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Example IV

A series of precipitation runs was made on the con-
centrated liquor from the runs described in Example I,
using various amounts of lignin and tannic acid to de-
termine the relative merits of (a) increasing quantity
of reagent and (b) increasing the ratio of lignin to tannic
acid on the quantity of precipitate obtained. The precipi-
tation was undertaken according to the procedure of Ex-
ample I. The results of these runs are shown in Table V.

TABLE V
Concentrated Liquid Ratio Lignin:Tannic Weight (g.) of
From Inland (Ohio) Acid Precipitate
Brine No. 3

Run No. Looocoomooman 2:1 89
Run No. 2.._. 3:1 113
Run No. 3.... 1:0 46
Run No. 4_... 1:0 138
Run No. 8o mce e 6:1 89

The results of this series of runs indicate that lignin
is a satisfactory precipitating agent without the addition
of tannic acid provided that the lignin selected for this
purpose possesses precipitating characteristics of the order
of that exhibited by sodium lignin from pine. Lignin from
sulfite waste liquor is more effective as a precipitating
agent when employed with tannic acid. As further evi-
dence of the effectiveness of sodium lignin from pine as a
precipitating agent for trace minerals and major minerals
in concentrated liquors, Table VI shows a comparison
of the amount of precipitate and weight of ash obtained
when lignin from sulfite waste liquor is employed in com-
parison with that obtained when sodinm lignin from pine
is employed.

TABLE VI
Type of Lignin Weight (g.) of Wel ght (g.) of
Precipitate Ash
Lignin from sulfite waste liquor.....- 135 91
Sodium lignin from pine.. ... 450 293
Example V

A portion of the trace mineral and major mineral pre-
cipitate (100 g.) from Run No. 2 shown in Table I, Ex-
ample 1, was blended with a feed for cattle (1000 g.).
The resulting feed was found to be effective as a mineral-
fortified feed for cattle.

Example VI

A portion of the trace mineral and major mineral pre-
cipitate (100 g.) from Run No. 2 shown in Table I, Ex-
ample I, was blended with vermiculite (1000 g.). The
resulting mixture was employed as a fertilizer in hothouse
beds. The results in terms of increased growth and height
of the plants grown in the bed were an indication of the
effectiveness of the composition for the purpose of en-
hancement and sustainment of soil fertility.

Example VII

One-liter portions of concentrated sea water from
which the salt (chiefly sodium chloride) had been re-
moved were treated respectively with concentrated lignin,
a mixture of lignin and crude tannic acid, and crude tan-
nic acid. The precipitate which formed was filtered off,
washed with water and dried. The results are shown in
Table VIL

TABLE VII
Concentrated Trace and Major

Sea Water Precipitating  Agent (Grams)  Minerals Pre-
(salt removed) Lignin Tannic Acid cipitated Net
(dry) Wt. (g.)

87 U RO 100 95

T Hter ee- 50 50 310

1Hter ... 100 cecemcmmmeenmee 260

Fortunately, there are no critical ranges in the effective
proportions of reagents to the brines or their mineral con-
tenis, for useful operation in accordance with this in-
vention. Proportions between the organic reagents them-
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selves are likewise subject to great variation, there being
no known critical proportion or critical range. Those
indicated are effective for economical operation, but other
proportions will yield useful Tesults.

In the precipitation of minerals from sodium chloride
brines, ocean waters, etc., it was found in pilot plant
tests that unless the decanting of the supernatant was
fairly prompt and weather conditions favorable to stabil-
ity of the precipitate, it proved advisable to add a “fixing
agent” to the batch undergoing precipitation so that the
precipitate would be “hardened” and decanting thereby
improved. Unless this was done, the bacteria of the brines
and other waters being treated—along with the enzymes
present in the organic debris contained in such waters—
caused some reversal of the precipitating process within a
half hour to an hour if the temperature of the environment
or of the solution was above approximately 70° F.

The chemical or physical condition, or both, of the
precipitate obtained in accordance with my invention may
be in the nature of compounds and complexes which in-
clude the organic materials employed as reagents and the
minerals and mineral compounds derived from the brines.

Example VIII

The particulate extract derived from the composting
of vegetable refuse matter, as previcusly discussed, can
be used alone in the selective precipitation of divalent
metals from brines. For example, ordinary sea water can
be treated at temperatures of 60 to 120° F. with the pro-
teinaceous solids recovered from composting in the ratio
of 1 to 4 parts by volume of the powder to every 100
parts by volume of the sea water. The powder is first dis-
persed in from 4 to 7 parts by volume of tap water. After
standing, a precipitate forms containing the bulk of the
divalent metal values present in the sea water thereby
rendering it less scale forming than in its natural state.

The precipitation of the minerals in accordance with
this invention is thought to be in the nature of synergistic
action, in which the desired minerals precipitate in com-
pounds and complexes with the reagents, leaving the so-
dium salts in solution. When the product is employed as
a fertilizer additive it supplies to the soil various minerals
which are presently known to have an important place
in plant metabolism and soil chemistry and biology, and
thereby are important in the use of the plants and plant
products in feeding both animals and humans.

The foregoing specification describes for iltustrative
purposes examples of the process and other details of
procedure. It should be understood, however, that the
invention is susceptible of considerable variation without
departing from the scope of the invention defined in the
appended claims.

I claim as my invention:

1. A method for the recovery of trace minerals and
major minerals from concentrated brines from which a
substantial proportion of sodium chloride has been re-
moved, comprising adding a chemical precipitating agent
selected from the group consisting of proteinaceous mate-
rials resulting from the enzymatic degradation of organic
matter, lignin, and tannins to the resulting solution, allow-
ing the solution to stand until precipitation of said min-
erals is substantially complete and separating the precipi-
tate from said liquor.

2. A method of recovering sodium chloride, trace min-
erals and major minerals from brines comprising con-
centrating said brines to a volume concentration ratio in
the range of 5.5-7:1, removing crystallized sodium chlo-
ride from said brines, concentrating the remaining liquor
to a volume concentration ratio in the range of 1.7-8:1,
separating crystallized sodium chloride from said remain-
ing liquor, adding a mixture of lignin and tannins to said
residual liquor, allowing said liquor to stand until chemical
precipitation of said minerals is substantially complete,
and separating the precipitate from said liquor.

3. A method of obtaining major and trace minerals
from ocean water comprising mixing waste sulfite liquor,
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proteinaceous compounds extracted from a compost of de-
cayed vegetable matter, and tannin with said water form-
ing a precipitate containing the major and trace minerals
combined with the added reagents, and separating the pre-
cipitate from the water.

4. As anew composition of matter, an intimate mixture
of major and trace minerals found in ocean water com-
bined with Jignin compounds, proteinaceous compounds
resulting from enzymatic degradation of organic matter,
and tannin.

5. A method of obtaining major and trace minerals
from brines comprising mixing lignin compounds, protein-
aceous comipounds and tannin with said brines; forming
a precipiiate containing the major and trace minerals com-
bined with the added reagents, and separating the precipi-
tate from the water, the lignin compounds utilized being
those contained in. any of the group consisting of waste
pulp digestor liquors, fibrous vegetation and decomposi-
tien products thereof, the proteinaceous compounds uti-
lized being those resulting from the enzymatic degrada-
tion of a member of the group consisting of animal
manure, sewage, garbage, compost, humus, and fish by-
products,

6. A method of obtaining major and trace minerals
from brines comprising mixing lignin compounds and
proteinaceous compounds with said brines, formming there-
by a flocculent precipitate, adding tannin to thereby modi-
fy the precipitate into a more granular state, and sepa-
rating from the water the precipitate containing the major
and trace minerals combined with the added reagents, the
lignin compounds utilized being those contained in any
of the group consisting of waste pulp digestor liquors,
fibrous vegetation and decomposition products thereof,
the proteinaceous compounds utilized being those result-
ing from the enzymatic degradation of a member of the
group consisting of animal manure, sewage, garbage, com-
post, humus, and fish by-products.

7. A method of obtaining major and trace minerals
from brines comprising mixing at least one member of
the group consisting of lignin compounds, proteinaceous
compounds and tannin with said brine at a temperature
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between 60° F. and 140° F., forming a precipitate con-
taining the major and trace minerals combined with the
added reagents, and separating the precipitate from the
water, the lignin compounds utilized being selected from
the group consisting of waste pulp digestor liquors, fibrous
vegetation and decomposition products thereof, and the
proteinacecus compounds being those resulting from the
composting of vegetable refuse matter. ‘

.. A method of obtaining major and trace minerals from
brines comprising mixing at least one member of the
group consisting of lignin compounds, proteinaceous com-
pounds and tanain with said brines at a temperature be-
tween 60° F. and 140° F. and at a pH between 6 and
9.5, forming a precipitate containing the major and trace
minerals combined with the added reagents, and sepa-
rating the precipitate from the water, the lignin com-
pounds utilized being those contained in any of the group
consisting of waste pulp digestor liquors, fibrous vegeta-
tion and decomposition products thereof, and the protein-
aceous compounds utilized being those resulting from the
composting of vegetable refuse matter.

9. A method of obtaining major and trace minerals
from brines, comprising mixing lignin compounds and pro-
teinaceous compounds resulting from the degradation of
organic matter with said brines, forming thereby a floc-
culent precipitate, adding tannin to thereby modify the
precipitate info a more granular state, adding monoam-
monium phosphate and diammonium phosphate .to the
mixture to stabilize the precipitate, and separating from
the water the precipitate containing the major and trace
minerals combined with the added reagents.
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