US 20060144715A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2006/0144715 A1

Becnel, JR. 43) Pub. Date: Jul. 6, 2006
(54) PRODUCTION OF ULTRA PURE SALT (52) US. Cl .o 205/338; 205/527
(76) Inventor: Lawrence F. Becnel JR., Sugar Land,
X (US) 57 ABSTRACT
Correspondence Address:
Peter F. Casella
isezvﬁil;gttl\g;iﬁ 092 (US) This invention relates to the methods and installations for
’ producing ultra pure sodium chloride salt crystals primarily
(21) Appl. No.: 11/367,193 for use in saturating depleted brine resulting from the
(22) Filed: Mar. 3, 2006 electrolytic decomposition of saturated brine in chlor alkali
membrane cells for the production of chlorine, caustic soda
Related U.S. Application Data and hydrogen. More particularly, this invention related to the
(62) Division of application No. 10/237,201, filed on Sep. product.ion Of, ultrapure sodiu@ chloride salt. c.ry s.tals by
9, 2002, now Pat. No. 7,037,481, processing primary treated brine by first acidifying the
primary treated brine, then stripping the carbonic acid pro-
Publication Classification duced by acidification as carbon dioxide, and then returning
(51) Int. CL the brine to a pH of about 6 or higher which is sufficient for
C25C 3/00 (2006.01) processing it in evaporation equipment where the ultra pure
C25B  1/36 (2006.01) salt crystals are produced.

System Before Acidification and Neutralization

Soda Ash [Na,CO,}

Sodium Hydroxide

Treated Brine
Production Plant

Primary Treated Brine

Evaporated Salt
Production Plant

Membrane Chlorine-
Caustic Plant Cells

Depleted, dechlorinated neutrai Brine

& Caustic/Brine
Recovery Systems

Caustic to Neutralize

Demineralized Brine Feed to Membrane Celis

Makeup Demineralized Water

>
Sait Cake

Depleted Brine
1 Saturation System

Resaturated Membrane
Plant Brine

Resaturated Brine

.. R Hydrochloric Acid
Filtration and lon y

HCI

Exchange Purification  ———e
Sodium Hydroxide




US 2006/0144715 A1l

Jul. 6,2006 Sheet 1 of 3

Patent Application Publication

ep|xoipAH wnipog

'Y

PISY 21401Y20ipAH
e

eupg weld

eurRIquoW pejeiniesey w

uonesyling abueyoxy
uoj pue uonesn|i4
aulg pajeinjesay

e jes

waysAg uojjeinjeg
auug pajejdaq

jue|d uononposrq [
}jes pajesoden]

supg fesinau pajeuriojydap ‘payaidag

I HNOIS

X
Q

S}|8D 3UBIQWAK O) Paag auug pezielauiwagQ

ezyennaN o) ansne)

lelepm pezjesauiweq dnexew

swajsAg A1anooay
auugnsne) g
S|190 Jueld ansned
-3UlI0[YD aueIquWIB

|

auug pajeas] Arewndd

UONEoNIPIoY 8i0jog Wd

juejd uoiloNpoad
auug pajeas)

-
opIx0IpAH wnipog
t 4
['0o°eN] ysv epos




US 2006/0144715 A1l

Jul. 6,2006 Sheet 2 of 3

Patent Application Publication

-

epixospAy wnposg (1}

uonesyung
ebBueyoxy
uoj pue uojeJsiji4

P13V duojya0spiy 01

suug

jueld aueiquiely pejesnjesoy [¢

aulg pajeinjesay

1oH [gL

wa)sAg uoyeinjeg
auug pajaidaQg

ayed jeg aund enin s

szjjenneN o} sysne) [g
Joyepy W@ dnexep [2

eupq jennsu pejeunojysep ‘peysideq [9

seo Buidding

epixo4phH wnypog (¢

wajsAg

P13V dpo1y204piH [z

jue|d uonodnpolyd
jjes pajesodeas |,

uonezijennaN

auug

euyq jenneu ‘pejeuoqeseq [v

S|l sueIqISH O} Pea4 eulig pazijeieuiwaq (¢}

¢ AUNOI4

- swayshg Aianooay
auugonsnen

B S1190 Jue|d dnsne)

-3UlI0|Y D aueIqUI

suug

pajeasy Aiewnd [

'? uonedyIpIAY

apixospAH wnipog

[‘0o%N] ysy epog

jue|d uonoanpoud
auug pajeas|




-
«
-
= JojesodeA] o} aung pajeuoqsedssq 9< Hd [61L M
2 3
m l o
% HO®N [81 <
—f
®
0
g
= | @
- I seo Buidding [£1 3
5]
m Jeqqniog Jojep I1OH [S1
&
S |
vy 10)oe9Yy
= uonedyIpIoY

seddiyg ‘09

\/

Se9 JUSA pPaqqnidg [12 auug payipioy [91

seBb peaylanp _cwf

Patent Application Publication



US 2006/0144715 Al

PRODUCTION OF ULTRA PURE SALT

[0001] This application is a Division of application Ser.
No. 10/237,201 filed Sep. 9, 2002. The parent application
Ser. No. 10/237,201 filed Sep. 9, 2002, is hereby incorpo-
rated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The use of membrane cells for electrolytic decom-
position of brine to produce sodium hydroxide, chlorine and
hydrogen is now the major process employed in new and
converted plants because it provides many advantages over
the older electrolytic processes, which required the use of
mercury or deposited diaphragms. Among these advantages
are elimination of mercury and asbestos pollution problems,
reduced power consumption, improved cell efficiency, and
better quality of chlorine and caustic.

[0003] The use of membrane cells requires salt of high
purity with minimum impurities such as calcium, magne-
sium, barium, strontium, and other metallic impurities in the
aqueous sodium chloride brine fed to the cells because the
membranes are easily plugged or otherwise fouled. For
example, one part or more of calcium ions per million parts
of brine could be tolerated in the diaphragm type cells. This
amount of calcium in the feed brine to membrane cells will
damage the membranes severely and will reduce the mem-
brane life from 3 to 5 years to less than 6 months. The high
calcium causes a major drop in cell efficiency with a
corresponding increase in power consumption resulting in
shortened membrane life. Also, other metallic impurities,
such as barium, strontium, magnesium, nickel, iron, copper,
titanium, aluminum and other multivalent metals are detri-
mental in the brine being electrolyzed in membrane cells and
must be removed or minimized. Furthermore, most mem-
brane cells require a sodium sulfate level of less than 8
grams per liter in the feed brine to the cells to avoid lower
efficiencies, including higher power costs, damage to the
anode coatings, and damage to the membranes.

[0004] In the operation of diaphragm cells, the major
operating cost factors are power, steam, and brine. Mem-
brane cells offer significantly reduced power and steam costs
but brine (salt) costs are higher than alternative cells because
the membranes require high purity brine to operate effi-
ciently. This necessitates removal of the buildup of certain
impurities in the system, such as those referred to above,
which are harmful to the performance of the membrane
cells.

[0005] The source of sodium chloride used in membrane
cells may be rock salt, solar salt, byproduct salt from an
existing diaphragm cell plant, also known as caustic process
or C.P. salt, purified evaporative salt, or brine delivered in a
pipeline which has been solution mined from underground
salt deposits. Nearly saturated sodium chloride brine from
any source contains roughly three pounds of water per
pound of sodium chloride. This invention relates to the
process involving feeding the chlorine/caustic plant with
purified evaporative salt.

PRIOR ART

[0006] U.S. Pat. No. 6,309,530 issued Oct. 30, 2001
provides a broad overview of the electrolytic processes for
producing caustic soda (sodium hydroxide solution), chlo-
rine and hydrogen that have been employed over the last
several years.
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[0007] U.S. Pat. No. 5,366,514 issued Nov. 22, 1994
provides an overview of salt plant evaporation technology
and discloses an evaporative salt plant installation for pro-
ducing high purity salt employing the combination of a gas
turbine which drives a vapor compressor, whose exhaust
gases are used to produce steam to drive a topping steam
turbine generator, which in turn generates the electrical
energy requirements of the plant.

[0008] Various methods for treating depleted brine for use
in membrane cells are disclosed by T. F. O’Brien (O’Brien,
T. F.; Control of Sulfates in Membrane Systems, pages
326-349), from Modern Chlor Alkali Technology, Volume 3,
1986, Chlorine Institute.

[0009] One method disclosed is to process raw untreated
brine in multiple effect evaporators to produce a slurry of
salt and brine that can be mixed with the depleted brine after
the depleted brine has been de-chlorinated and neutralized.
This brings the depleted brine back to the desired concen-
tration of sodium chloride for use in the electrolytic decom-
position, i.e. to about 24 weight percent or more sodium
chloride. The brine is then treated in a conventional brine
primary treatment system involving the addition of sodium
carbonate and sodium hydroxide solutions to precipitate
calcium as calcium carbonate and magnesium as magnesium
hydroxide. The solids are settled and filtered out of the brine
and the brine is sent to ion exchange resin towers for
removal of additional calcium and magnesium as well as
metal ions that may have been picked up in the raw brine
evaporation step. This method of operation requires large
amounts of treatment and neutralization chemicals and
places a heavier burden on the ion exchange step thereby
increasing costs.

[0010] Another method purifies the incoming brine using
a conventional primary brine treatment system, with the
brine then being fed to a multiple effect evaporator or to a
mechanical vapor recompression system to produce purified
solid salt to supply the salt requirement for the membrane
cell plant. In this method dechlorination, neutralization and
ion exchange secondary treatment are required in the diluted
depleted brine recycle system. To protect the ion exchange
resins and the membrane cells, the acidic, chlorine laden
depleted brine must be de-chlorinated and neutralized before
the solid salt is added, because the ion exchange resin is
destroyed by chlorine exposure and only functions in a near
neutral environment. Following the ion exchange treatment,
the brine must be re-acidified before introduction to the
membrane cells because the cells require acidified brine.

[0011] Still another method of reusing the depleted brine
is to convert a portion of the cells in an existing diaphragm
cell plant to membrane cells, treat all the incoming brine in
the conventional primary brine treatment and secondary ion
exchange systems, acidify and then feed all the brine to the
membrane cells. The depleted brine is then brought up to
proper brine concentration with recovered C.P. salt from the
diaphragm cell plant evaporator system. The re-saturated
brine is then fed to the diaphragm cells and/or the membrane
cells depending on the particular plant material balance.

[0012] Other methods for reusing depleted brine are dis-
closed in U.S. Pat. Nos. 4,586,993, 5,028,302, and 5,126,
019. The methods and systems described in these patents
apply when the brine wells are located close enough to the
plant site so that a dual pipeline may be installed at a
reasonable capital cost.
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[0013] The production of evaporated salt in conjunction
with a membrane cell plant installation supplying treated
brine as evaporator feed using current methods is limited by
the equilibrium content of calcium dissolved in the treated
brine being supplied as evaporator feed. Typically dissolved
calcium concentration is 1 to 5 ppm by weight. As this brine
is boiled for formation of salt crystals within the evaporator,
calcium compounds precipitate from the evaporator mother
liquor by reaction with sodium carbonate, since all dissolved
compounds are concentrated by boiling off water. When the
salt is elutriated and washed for recovery from the unit, a
portion of calcium carbonate crystals travel through the
elutriating system with the salt and contaminate it with an
impurity level of 1 to 5 ppm. In a process now used
commercially to produce these salt crystals with a mechani-
cal vapor recompression (MVR) evaporator, which produces
relatively uniform and large single sodium chloride crystals
with few inclusions, a 150 to 200:1 reduction of impurity
levels relative to those in the feed treated brine is experi-
enced because the wash brine and mother liquor are very
effectively removed from the surfaces of the single salt
crystals by employing a 2 stage ultra pure water wash as the
salt travels through the pusher centrifuges. For example,
levels of sodium sulfate in the 1500 to 2250 ppm range are
reduced to less than 10 ppm by the process. But calcium
carbonate is not removed completely because it traverses as
a crystal within the salt. The salt purity is thereby limited to
calcium concentrations on the order of 1 to 5 ppm in the
cake. This cake serves as salt feed to a large-scale membrane
chlor alkali plant. After the salt cake is utilized to re-saturate
recycle depleted sodium chloride brine within the chlor
alkali plant installation, great pains are taken to remove the
dissolved metal ions, including calcium and magnesium
ions, to produce brine for feed to the membrane electrolysis
cells where chlorine, hydrogen and sodium hydroxide are
produced from salt. An expensive ion exchange system is
employed for reducing calcium plus other metals to less than
a total of 20 parts per billion. This calcium reduction is
accomplished at significant expense requiring multiple
cycles for regenerating the ion exchange resins; regenera-
tions every 7 to 10 days are typical. The resins are rapidly
exhausted because of the substantial load of contaminating
ions to be removed in order to obtain a salt purity acceptable
for maintaining a suitable life for the membranes. Ion
exchange systems needed in the present commercial opera-
tions are expensive because the resin employed is costly and
requires periodic replacement after continuing loading and
regeneration cycles, and demineralized water, hydrochloric
acid, and sodium hydroxide must be utilized for regenerat-
ing resin beds, thereby adding to the costs.

OBIECTS OF THE INVENTION

[0014] The principal object of this invention is to produce
substantially pure salt crystals, i.e. ultra pure salt containing
a total of near zero to 500 ppb of calcium and other
multivalent metal ions, while at the same time providing
substantial reduction in operating and material costs.

[0015] A second object is to avoid precipitation of the
metal species during preheating and evaporation thus reduc-
ing fouling in the evaporator piping, brine preheating, and
brine deaeration units.

[0016] A third object is to provide an intermediate salt
quality that allows membrane chlor alkali plants to utilize
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the ultra pure salt thereby reducing their ion exchange
regeneration frequency thus reducing their processing acidi-
fication, neutralization, and resin costs, thereby providing
the best economic selection for operating existing membrane
plants.

[0017] A fourth object is to provide an even purer salt
quality that allows for elimination of the secondary brine
treating system, particularly the ion exchange unit, within
membrane chlor alkali plants of any scale, thereby providing
the best economic selection for new membrane plants.

[0018] A fifth object is to supply sodium hypochlorite cell
operators of any scale with ultra pure salt to virtually
eliminate acid washing of the cells for metal deposits and
thus prolong cell life.

[0019] A sixth object is to employ this ultra pure salt in
mercury cell plants to substantially reduce sludge genera-
tion.

[0020] A seventh object of this invention is to provide
installations capable of accomplishing the first six objects
within a practical operating system.

BRIEF DESCRIPTION OF THE INVENTION

[0021] In accordance with this invention, by adding
hydrochloric acid to acidify primary treated brine from a
normal pH range of 9.5 to 12 down to a pH of 2 to 4, the
dissolved reactive metal species are converted to soluble
chloride species and concomitantly dissolved sodium car-
bonate and hydroxides are converted to carbonic acid [dis-
solved carbon dioxide]. These dissolved excess concentra-
tions of sodium carbonate and sodium hydroxide are
required to drive precipitation of the metal carbonates and
hydroxides during primary brine treating. Acidifying the
carbonates and hydroxides produces soluble salts, water and
dissolved carbon dioxide, which is gas stripped and vented.
Following stripping, the brine is neutralized using sodium
hydroxide before feeding it to the evaporator for the purpose
of avoiding metals corrosion. When this neutralized brine is
fed to the evaporator, multivalent metal species, such as
calcium, magnesium, barium, strontium and other common
contaminants of salt, no longer precipitate with the salt from
the mother liquor as occurs in the present operation. The
reactive metals, which have been converted to soluble
species and/or sodium carbonate in solution, are eliminated,
by employing the teachings of this invention. Although these
metal species concentrate within the evaporator mother
liquor, their concentrations are controlled below solubility
limits and no further concentration of sodium carbonate and
metal hydroxides occurs, since these are now absent thus
unavailable to cause metals precipitation with the unit. The
still dissolved metal species are removed from the system
with the mother liquor purge. The resultant washed salt
product is ultra pure salt containing below 500 ppb calcium
and other multivalent metals. The actual concentration is a
function of tenacity of primary treating and acidification and
the wash ratio in the evaporation system, and there will be
an optimal operating point depending upon each application.

THE FIGURES

[0022] FIG. 1, “System Before Acidification and Neutral-
ization”, is a block diagram of the evaporative salt plant
installation, as it presently exists showing the treated brine
production plant, the evaporated salt plant, and the chlor
alkali plant block diagram.
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[0023] FIG. 2, “System With Acidification and Neutral-
ization”, is a block diagram of the system of this invention
showing acidification, stripping, and neutralization incorpo-
rated into the existing process shown in FIG. 1.

[0024] FIG. 3, “Treated Brine Acidification, Stripping, &
Neutralization Block Diagram”, is a block diagram showing

more detail of the acidification, stripping, and neutralization
block of FIG. 2.

DETAILED DESCRIPTION OF FIGURES

[0025] Referring to the drawings briefly described above,
FIG. 1 is a block diagram of a system presently installed and
operated in the southwestern part of the United States and is
presented as a typical embodiment of prior art related to the
invention. This system produces approximately three quar-
ters of a million short tons per year of evaporated salt
containing 1000 to 5000 parts per billion calcium ions for
supplying the requirements of a membrane chlor alkali plant
which has operated for several years. A more detailed
description of the system is given in a paper presented to the
El Tech Seminar in Cleveland, Ohio on Oct. 11, 2000 and a
related paper presented at the Solution Mining Research
Institute meeting in Albuquerque, N. Mex. on Oct. 9, 2001.
These publications are made a part of this specification since
they illustrate a typical installation that may be modified in
accordance with the teachings of this invention and also
because they show the different types of equipment
employed in such plant installations including the primary
brine treating equipment, the concentrators which are the
evaporators in the salt plant system, and the secondary brine
treatment system including the ion exchange system.

[0026] FIG. 2 is a block diagram showing the embodi-
ments of this invention when included in the process of FIG.
1. In the method of this invention, primary treated brine
(stream 1) at pH 9.5 to 12 is first acidified using concentrated
aqueous hydrochloric acid (stream 2) to pH 2 to 4 to convert
metal carbonate and bicarbonate species to carbonic acid
and dissolved metal carbonate and hydroxide species to their
chloride equivalents. The carbonic acid is stripped as carbon
dioxide and the resulting brine is returned to a pH greater
than 6, preferably 7 to 8, by using sodium hydroxide or any
suitable base (stream 3) to avoid metals corrosion in the
evaporator equipment. Operation at above pH 8 is not
necessary to achieve the objects of this invention. The
resulting de-carbonated neutral brine (stream 4) is then fed
to the evaporated salt production plant where ultra pure salt
cake (stream 5) is produced. The salt cake is used to
re-saturate membrane plant depleted, de-chlorinated neutral
brine (stream 6), which contains de-chlorinated cell exit
depleted brine, makeup demineralized water (stream 7) and
caustic (stream 8), to produce near neutral re-saturated
membrane plant brine (stream 9). The stream is fed to
re-saturated brine filtration and ion exchange purification for
final removal of metal species via ion exchange. With each
regeneration of an ion exchanger bed, hydrochloric acid
(stream 10) and sodium hydroxide (stream 11) are consumed
to restore the ion exchange resin for the next cycle. The
resultant brine exit the ion exchanger constitutes deminer-
alized brine feed to the membrane cells (stream 12), which
is re-acidified prior to feeding to the cells utilizing hydro-
chloric acid (stream 13). The membrane caustic-chlorine
plant cells & caustic/brine recovery systems produce stream
6 for recycle in addition to products chlorine, sodium
hydroxide, and hydrogen for further processing.
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[0027] Referring to FIG. 3, primary treated brine (stream
14) is acidified in an Acidification Reactor to pH 2 to 4 with
HCI (stream 15) and the acidified brine (stream 16) is fed to
a stripper where carbon dioxide produced in acidification is
stripped with stripping gas (stream 17). The stripped brine
exiting the stripper is neutralized to pH greater than 6 with
NaOH (stream 18) to produce de-carbonated brine (stream
19 of FIG. 3 and stream 4 of FIG. 2) for feeding the
evaporator. Overhead gas from the CO2 stripper (20) is
water scrubbed to produce the scrubbed vent gas (stream 21)
free of brine droplets.

DETAILED DESCRIPTION OF THE
INVENTION

[0028] From the foregoing description of those figures
depicting this invention and the following discussion, it is
shown below that there are many advantages over the prior
art disclosed or technology employed commercially in addi-
tion to the major advantage of producing ultra pure salt
containing near zero to 500 parts per billion calcium ions
rather than 1000 to 5000 ppb as is currently produced.
Among the other advantages are as follows:

[0029] 1In the feed system of the evaporator, the treated
brine is pre-heated in a series of liquid-liquid heat exchang-
ers and deaerated in packed stripping columns. With rising
temperature, further reaction causing calcium carbonate to
precipitate from the brine fouls the heaters and stripping
columns with solids. These heating units must be acid
washed as often as every other day, sometimes every day.
Cleaning is effected by temporarily bypassing the fouled
heater or deaerator and acid washing it to dissolve the
carbonate. This is costly requiring acid, manpower, and
reducing the energy efficiency and capacity of the evapora-
tor. By neutralizing the brine, the fouling effect is eliminated
because there is no sodium carbonate to drive the precipi-
tation reaction and produce the fouling solids.

[0030] The ultra pure salt, when utilized to feed the chlor
alkali plant, results in a substantial (at least 14:1) secondary
treatment metals load reduction resulting in reduced ion
exchange bed resin regeneration frequency. This increases
ion exchange resin life proportionately and saves substantial
quantities of hydrochloric acid, caustic, and demineralized
water employed in resin regeneration. Also improved is
chlor alkali cell current efficiency and membrane life. Cell
maintenance costs are reduced with increased membrane life
and chlor alkali plant operating utility is enhanced by the
longer membrane life.

[0031] This invention improves the source of pure water
for a demineralized water supply for the chlor alkali facility
and adjoining plants by eliminating carbonic acid from the
evaporator condensate resulting in reduced frequency of
regeneration of the water demineralizer resin.

[0032] This invention also facilitates reduction of the
quantities of sodium carbonate excess in primary treatment
and hence the quantities of hydrochloric acid required for
acidification, because higher concentrations of calcium, up
to about 500 ppb, may be tolerated in the system when
serving membrane plants utilizing secondary brine treatment
ion exchange. An economic optimization of the operating
system must be made to exactly define target concentrations
of sodium carbonate excess and calcium in ultra pure salt.
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[0033] With the teachings of this invention in place, it is
possible, although not necessary, to eliminate from the
membrane plant essentially all of the secondary brine treat-
ing equipment including:

[0034] 1. depleted brine de-chlorination and pH adjust-
ment to prepare for ion exchange,

[0035] 2. re-saturated brine filtration [called secondary
filtration],

[0036] 3. saturated brine ion exchange treatment,

[0037] 4. and re-acidification of the saturated brine
following ion exchange.

[0038] Although the invention and its advantages have
been described with respect to membrane chlor alkali plants,
it is also applicable to mercury cell chlor alkali plants as salt
supply. Here the brine treating section of the mercury cell
plant is reduced or eliminated and generation of sludge
contaminated with mercury is substantially reduced provid-
ing a very desirable environmental effect.

[0039] In addition, use of ultra pure salt in any scale
sodium hypochlorite generator will virtually eliminate cell
acid washing to remove metal deposits thus improving the
life of the cell and reducing maintenance and reducing
average electric power consumption.

[0040] In any process utilizing only salt as raw material,
substitution of ultra pure salt will eliminate generation of
solids waste. An example is the sodium chlorate electrolysis
plant.

[0041] Among the stripping gasses, which may be
employed in accordance with this invention, are air, steam,
nitrogen or other inert gasses, and hydrocarbon gasses such
as methane as long as the gas does not interact with the
process.

[0042] Among the available strippers, I prefer the employ-
ment of the packed column type rather than trayed, venturi,
or other type strippers, although these may be used. The
packed column offers good efficiency and may be con-
structed of corrosion resistant materials economically. The
same comments apply to the water scrubber column. For
example, among the scrubbers that may be employed, I
prefer the packed column type, although trayed, venturi, or
other types may be used. Accordingly, my invention allows
for choosing the most efficient and economic combination of
such equipment.

[0043] Various type of concentrators may be used, the
preferred embodiment uses MVR evaporators such as illus-
trated in the El Tech and Solution Mining publications
referred to in the Detailed Description Of Figures, which are
typical of current industrial practice.

[0044] Operation below pH 2 offers no benefit because too
much acid is used and too much caustic is then required to
neutralize the acid following stripping. Furthermore, con-
version of the required carbonate species occurs in the pH
range of 2 to 4. Operation above pH 4 does not result in
sufficient carbonate conversion to strippable carbon dioxide.

[0045] Although the installation I have described employs
a pipeline type acidification reactor and neutralization reac-
tor, which is the most economic choice, other types, such as
stirred tank reactors or packed column reactors may be
employed.
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[0046] Further, although I have employed concentrated
aqueous hydrochloric acid as the acidifying agent in the
forgoing description, it is of course the preferred acidifying
agent when a chlor alkali membrane installation is involved
and it is preferred to use concentrated acid although weaker
concentrations may be employed. Also, concentrated liquid
sodium hydroxide is the preferred neutralization agent to be
employed in the chlor alkali membrane installations.

[0047] Washing operations described herein primarily
involve washing of crystalline salt produced within the
evaporator by conventional means for the purpose of mini-
mizing surface contamination on the salt prior to delivering
it to the membrane plant. Wash fluids are feed brine and
evaporator condensate, but could be other available pure
brine streams when compatible with the process. The cal-
cium, magnesium, and other metal ions concentration in the
product ultra pure salt are all within the surface contamina-
tion that pure water washing fails to remove. Generally the
normal washing procedure will suffice, but, if that proves
insufficient, the surface contaminations may be removed by
a feed aqueous hydrochloric acid wash of the salt prior to
employing the acid in the acidification reactor. This is
accomplished with no increase in ingredient or energy costs.

[0048] Washing of fouled brine preheaters and the brine
deaerators involves water, acid, and brine flushing for the
purpose of removing deposited multivalent metal com-
pounds, particularly calcium carbonate, thus restoring effi-
ciency of the equipment. The water scrubber employed is
used to reduce emissions of acidified brine droplets to a
negligible amount. In a preferred embodiment of this inven-
tion, a separate scrubber is employed, however, multiple
demisters or demisters and a scrubber incorporated within
the top of the stripping column may also be used depending
upon the local environmental regulations and conditions.

[0049] 1t should be noted that by first employing the
concentrated muriatic acid to wash the salt produced by this
invention any surface contamination by undesirable metal
ions that may traverse or slip through the system onto the
product because of potentially inefficient wash ratios of
below about 40 to 1 within the concentrator or evaporator
system, will result in producing an ultra pure salt so free of
metal contaminants that adversely affect the cell mem-
branes, that the ion exchange system and processing may be
eliminated.

[0050] Contamination of the salt crystals may be a surface
effect, i.e. calcium carbonate crystals formed within the
concentrator or evaporator may be loosely attached to the
salt surface. Acid washing experiments indicate that the
majority of the calcium carbonate contaminant is included
within the salt crystals. This invention avoids these “inclu-
sions” by eliminating precipitation of calcium carbonate
because it no longer exists as carbonate and also eliminates
other metal carbonates during the crystallization. Further-
more, any surface effect contamination of the crystals is
removed in accordance with this invention by the washings
referred to above.

[0051] Inthe foregoing description of this invention and in
the appended claims the term near zero means about 2 to 5
percent of the range involved, thus near zero to 500 ppb
means about 2% to 5% of the 500 ppb. It is to be understood
that the analytical instruments and techniques employed are
a factor in measurement of such small quantities of mate-
rials.
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[0052] By my use of “plant” and “installation” in the
specification and claims, I intend that either usage cover
large scale industrial plants as illustrated in the El Tech
Seminar and Solution Mining presentations, or such small
scale installations as may be employed in any scale sodium
hypochlorite generators whether for use in purifying swim-
ming pool water or for commercial manufacture of house-
hold bleaching solution.

[0053] Although I have described my invention using
primary treated brine as the preferred embodiment, other
brines may be employed. For example brine that has not
necessarily been treated by currently known processing
known to produce “primary treated brine” including pro-
cesses that become available in the future by new or modi-
fied technologies that may be used to produce an equivalent
composition. Also brines that result from partial or ineffi-
cient use of the present commercial primary treatments of
brine which result in a different composition and yet can be
employed in my invention with equivalent results.

[0054] Although this invention has been described using
specific drawings and examples and certain specific embodi-
ments thereof have been emphasized, 1 do not intend that
this invention be limited in scope except as expressly
defined in the appended claims.

1. The method for producing ultra pure salt, containing
below 500 parts per billion (ppb) of calcium and other
multivalent metal ions, which comprises:

acidifying primary treated brine from pH 9.5 to 12 to ph
2 to 4, thereby converting the calcium, barium, stron-
tium, and other reactive multivalent metal compounds
to soluble chlorides, such acidification also converting
excess sodium carbonate and hydroxides to salt, water,
and dissolved carbon dioxide,

removing the carbon dioxide by stripping,

neutralizing the stripped material to a pH of at least 6 but
not exceeding 8, thereby preventing metals corrosion,
at pH less than 6, and carbon dioxide uptake from the
surroundings, at pH above 8§,

concentrating the neutralized stripped brine, and washing
the crystals so produced, to produce ultra pure salt
crystals in a conventional brine evaporation plant,

feeding the ultra pure salt to a membrane chlor alkali
electrolytic cell plant to re-saturate depleted recycle
brine, said plant including a secondary brine treating
system, thereby substantially decreasing the ion
exchange regeneration frequency requrements of said
secondary brine treating system, whereby acidification,
neutralization and resin costs are reduced.
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2. The method of claim 1 wherein the ultra pure salt is fed
to the membrane chlor alkali electrolytic cell plant to
re-saturate acidified, chlorinated, depleted recycle brine
thereby permitting the elimination of the membrane plant
secondary brine treating system.

3. The method of claim 1 wherein the ultra pure salt is fed
to the membrane chlor alkali electrolytic cell plant to
re-saturate acidified, chlorinated, depleted recycle brine, and
wherein the acidification acid is first employed to acid wash
product salt, when the washing systems within the plant do
not operate at sufficiently high wash ratios, thereby permit-
ting the elimination of the membrane plant secondary brine
treating system.

4. The method of claim 1 wherein the ultra pure salt fed
to the membrane chlor alkali electrolytic cell plant contains
5 to 200 ppb calcium and other multivalent metal ions.

5. The method of claim 1 wherein the ultra pure salt fed
to the membrane chlor alkali electrolytic cell plant is pro-
duced by evaporation of the stripped brine.

6. The method of claim 1 wherein the acidified brine is
stripped by an inert gas prior to evaporation.

7. The method of claim 1 wherein the acidified brine is
stripped by air stripping prior to evaporation.

8. The method of claim 1 wherein the acidified brine is
stripped by vacuum stripping with nitrogen prior to evapo-
ration.

9. The method of claim 1 wherein the acidified brine is
stripped by vacuum steam stripping prior to evaporation.

10. The method of claim 1 wherein dilute or concentrated
aqueous hydrochloric acid is employed in acidifying the
primary treated brine.

11. The method of claim 1 wherein anhydrous hydrochlo-
ric acid is employed in acidifying the primary treated brine.

12. The method of claim 10 wherein the hydrochloric acid
is introduced into the primary treated brine through a
pipeline reactor.

13. The method of claim 11 wherein the hydrochloric acid
is introduced into the primary treated brine through a
pipeline reactor.

14. The method of claim 1 wherein dilute or concentrated
liquid sodium hydroxide is employed to neutralize the
stripped material.

15. The method of claim 1 wherein the stripped material
is introduced into a water scrubber to reduce emissions of
brine droplets.

16. The method of claim 1 wherein evaporator condensate
is employed in washing the crystals.

17. The method of claim 1 wherein the primary treated
brine has a pH of about 10 and is acidified to a pH of about
3.



