Brine Preparation for Mercury Cells

ABSTRACT

The subject of preparing brine for mercury cells
is covered beginning with brine saturation and in-
cluding treating sieps, filtration, operaiing para-
meters in mercury cells, and treatment of depleted
brine for resaturation.

Methods of saturation to reduce solubility of im-
purities as well as treatment Lo remove sulfates and
trace meials from brine are covered. Preparaiion
methods allowing saturated sulfate brine are also
outlined.

A section of the paper covers the ¢ffect of im-
purities in brine on cell operation and discusses
methods for detection and reduction of the delute-
rious effects.

A discussion of the different procedures used m
preparing brine for graphite anode cells vs. cells
with dimenstonelly stable anodes is covered. The
markedly reduced brine feed rates for the dimen-
sionally siable gnodes coupled with requirements
for less pure brine and the interdependency of
concentration, thermal effects, and anode-to-
cathode gap are discussed.

INTRODUCTION

Salt production and consumption in the United
States now amounts to some 40 million tons per
year.

More than two-thirds of the Unitcd States salt
goes inte the chemical industry, abour 60% of
which is used in the manufacture of chlorine.

Of the 15 million tons a year of salt used in
chicrine, about 4 1/2 million is used in mercury
cells. Consumption of salt in mercury cells over the
past ten years has just abour quadrupled, and now
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SALT VOLUME IN U.S.
PRESENT ESTIMATED USAGES

Annual Salt Production 38,080,600 Tons
Used in Chiorine Products 15,000,000 Tons
Usad in Mergury Cells 4,500,000 Tans

(About 75% from Bock Salt}

represents over 30 percent of U.S. chlorine capac-
iry, Mexcury cells now account for some H0-60% of
new chlorine plant construction, and with further
improvements in meroury cells such as the new
Type M2 cell recently announced by deNora, this
percentage of new plant capacity should increase -
even further.

New chlonne plants are {arger cach year. Typical -
of these is the new plant of over 600 tons of chlo-
rine per day which PPG recently started in Lake ;
Charles, Louisiana. (Chem. and Engnr. News, *
1969). |

Today, chlorine can be said to be the belle-
weather of industry. Just as steel was many dec-
ades ago, sulfuric acid became in the interim .
period, now chlorine s the harbinger of progress. I ©
one compares the dips and rises in the chlorine -
production curve with the economic health of in-
dustry M the United Siates over the years, one can
find an almost direct relationship with the booms -
and recessions of industry.

Steel is a finished product and goes directly to
the consumer. Sulfuric acid on the other hand, is"
used almost exclusively as a raw material in other
processes. Chlorine has a well-rounded end product
pattern, much of which goes directly into the con-
sumer’s hands for water treatment, pollution con-
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trol, ete., but with a large portion going nto the
production of other chemicals and finished prod-
ucts such as plastic, organic chemicals, and the like.

The cost of steel in the markerplace is primarily
in the conversion costs of a relanvely low priced
ore. The cost of sulluric acid is primarily i sulfur
value. Chlorine has significant portions of its cost
represented by salv value, by power costs, and by
the cost of equipment and labor. It should remain
in the future, a good vardstick for progress.

COST OF PRODUCING CHLORINE
DOLLARS PER CHLORINE UNIT TONM

Cost %
Power $28 Kyl
Capital Charges 21 28%
Salt 14 20%
Othar 12 15%

Typical of today’s chlorine costs, is a composite
showing approximately 37% of the producer’s end
cost in electricity. Another 28% 15 due to capital
related charges including taxes, depreciation, main-
tenance, and other factors directly dependent on
the amount of capital used in plant construction.
Of the producer’s cost, salt makes up about 20% of
the input. Other factors, such as labor, handling,
chemical treating costs, drving acids, etc., amount
to some 15% of the cost of producing chlorine.

Of interest to the salt producer, is the facr that
the 1/5 of chiornine production cost due o saly, can
vary so widely and can affect the chlorine pro-
ducer’s other costs to such a great extent, that the
producer’s selection of his salt source is a vitally
important matter, For instance, the quality of salt
used in the typical owner’s plant, while perhaps
averaging §14 per chlorine unit ton, might affect
overall chlering costs from 50¢ per ton for very
good salt, to §4 or 85 per ton for poorer guality
salis, With so much of today’s production of salt
going into chlorine plants, and particujarly mto
mercury cells, the way the chlorine producer uses
his salt supply is of real importance to the salt
ndustry,

METHODS OF BRINE MAKING
FOR MERCURY CELLS

By tfar, the greater pumber of mercury cell
plants in the United States, produce chiorine from
rock salt. Most of these plants use traditional salt
dissolving systems, where salt is charged mto a
large unit called a saturator and week brine slowly
flows up through the salt bed, over-flowing ro fur
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ther processing eguipment, Some of the newer
rock sall dissolving planis have utilized a rapid sat-
uration system, where depleted brine s fed rapidly
through a small bed of salt, continueusly charged
from a large salt hopper.

METHODS OF BRINE MAKING
FOR MERCURY CELLS

From Rack Salt

Salt Dissolving
Rapid Saturation

From Well Brine

Evaporation of Well Brine
Resaturation Mining

From Evaperated Salt

From Diaphragm Celis
From Purchased Salt

A much smaller number of mercury cell chlorine
plants use brine from wells, The greater number of
these plants incorporate brine evaporation systems.
‘the sall is erystallized [rom well brine in a rela-
tivelv pure crystal. Also emploved in the United
States 1s at least onc plant using resaturation min-
ing, where the weak brine from the cells 35 pumped
mto the ground and salurated brine taken out for
treatment and fresh feed to the cells. (Sanders,
Gerdiner, and Wood)

An increasing number of mercury cell plants are
using evaporated sait., Manv of these plants use salt
which has been recovercd in nickel, or nickel lined
evaporators, producing 50% caustic soda from the
cell liquor effluent from diaphvagm cell plants, A
number of plants alse operate on evaporated salt
purchased on the market.

SELECTIVE SATURATION OF BRINE
IN SALT BEDS

For the balance of this discussion, we will Hmit
our thoughts to the preparation of brine from rock
saft. Important fzciors in making brine from rock
-satt inchide sodium chloride content, the calcium
suffate content, the crysizlline structure, the aver-
age particle siwe and size distribution of the salt
that is reccived in the user's plant.

Onc of the main constituents {and an unwanted
one) in rock salt s calcium and its salts, primarily
cajciwm sullute, If an excess of salt and calcium
suifare are dissolved in 1 water solution, the more
rapidly soluble sodium chloride will go into solu-
rion first, and will rapudly saturate the hquid phase.
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RELATLIVE SCLUTEDE RBATES
OF SOULEM ZELORITE

AND CALOITM SUTFATE IN WATER
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Sohution equilibria, however, dictate that some
3-5 gpl of a resulting equilibriam solution will be «
calcium sulfate. Thus, after saruration with NaCL if
the solution is kept in contact with the undissolved
salts, the calcium sulfate content will rise to be-
lween 3 and 5 gpl. It is the principle of rapid satu-
rating equipment, to get the saturated solution of
sodium chloride out of contact with the solid
phase as soon as possible.

Note, that if the rapid saturator is small enough
to get the brine out of contact with the salt in ten
minutes, the CaSO pickup is only half what it s in
two hours, and is enly 20% if the time can be cut
to one minute. {Gardner and Ward, U.S. Patent
2,787,591)

Installation of rapid saturation equipment can
be quite complicated. It involves not only the usual
elevated hopper and controlled gate, for continu-
ously feeding salt from overhead into the quite
small saturator vessel itself, but also ar efficient
means of removing undissolved salts from the unit
almost continuously to avoid the carry over of
solids into the brine system where they would then
dissolve anyway.

For the plant operator who doees not use rapid
saturation, there are other means of selective solu-

10, Here, sodium hexamciaphosphate will reduce
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tion processes for saturation of brine with sodium
chloride and exclusion of other unwanted salts.

One method of selective dissolving consists of
using an agent to inhibit the solubility rate of cal-
cium sulfate inte the hrine solution. One such
method uses one or more of the polyphosphazes,
One of the better known pelyphosphates {or such
use is sodium hexametaphosphate, This process has
received wide-spread publicity and its reported ad-
vantages over simple solution of rock salt ean be
shown by a simple curve. (Roland and Ralston,
U.S. Patent 2,906,600)
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In the example shown here, the data represent
solution phenomena in brine with a pH of about

the calcium sulfate dissolved by about 1/2 lor any
time period up to two hours. Other tests, for exam-
ple, at pH=7, the CaS80, sclubility is about double,
but the HMP curve remains constant, thus effecting
about 75% suppression of Ca8Q, pickup.
In most mercury cell plant brine systems requit-
ing higher pil levels for metals removal, some of
the [IMP advantages are thereforc probably lost.
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Another process used tn many mercury cell
plants in the United States, is that developed by
Monsanto. Monsanto’s own agents are used for in-
hibiting the rate of solntion of calcinm sulfare
from salt beds in ftowing brine solutions. While the
solubility advantages of this process ae not so
good with long sojourn titnes in the salt bed, the
cffects are extremely good with retention periods

less thar one hour. The process has good advantage

when used in dissolving rock salt for mercury cells
with no deleterious effecis on cell operation.

A final method of selective solution allows eal-
cium sulfate to go to saturation in the brine thus
avoiding further pickup. (Gardner and Ward, U8,
Patent 2,787,501}

Due to the common ion effect, calcium and sul-
fate ons will exist in a solution in a ratio of about
1 to 1.5 gpl of calcium and 2.5 to 4 gpl of the 80,
ion. While calcium content of brine is acceptable
only up to about 30 ppm in most mercury cells, if
it is allowed to increase abuve 700 ppm (0.6 gpl) it
offers a buffering effect to hydrogen formation
and again {with some disadvantages} becomes toler-
able. By allowing the caleium content to nise 1o
and stay pearly at saturation, the method, while
causing the plant operator some headaches with its
cffect on cell operation, does limit the sulfate con-
tent of the brine to an acceptable level of 34 gpl as
80;.

Another method using this principle involves re-
moval of calcium only, allowing the reaction prod-
uct, sodium sulfate to increase markedly. This is
undesirable in mercury cells since rapid oxidation
attack on graphite anodes is progressively cvident
as the 80, ion increases above about 7 or 8 gpl,
but it is used by some operators. '

BRINE TREATMENT

To remove calcium and sulfate ions.

Calemim s nermally removed from hrine to a
residual level of about 50 gpl or less by precipita-
tion with sodium carhonate in an alkaline solution.
If the reaction product, sodium sulfate, is to be
removed, it is precipitated with finely divided bar-
ium carbonate via surface reaction at the imterface
of the barium carhonate crystals. It was once
thought necessary to prolong the barium carbonate
reaction for periods of two hours or more, but in
recent years, the process has been shoriened con-
siderably by the availability of finely divided bar-
ium carbonate. Even now, if large amounts of
suifate are to be removed, reaction times as long as

thirty minntes are desirable. The precipitates of
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calcium carbonate and bartum sulfate are removed
primarily by sertling in clarficrs whose rise rates
range from 0.5 gpm per square foot, down io a5
low as 0.2 gpm per square foot.

To remove metal oxides.

In brine containing appreciable amounts of mag-
nesium iron and other light metals, it is desirable to
carry the metal oxides out of solution at a pH
above nine.

To remaove trace metals.

Removal of heavy metal such as vanadium, iits-
nium, chromium, molybdenum and the like, is im-
portant. It has heen found that these metals form
fine particulate insoluble oxides which are settled
only if enough flocculate material is available in
the sertling step, With Louisiana rock salt, the val-
nme of calcium and barium salts has normally been
large enough 10 act as a flocculant for the trace
metals. However, in a number of cases, additional
floccolant such as ferrous sulfate and some of the
synthetic flocs have been used.

With brine systems which use an efficient in-
hibiting agent or a vapid dissolving system good
cnough to preclude the dissolving of anv large
amount of calcium sulfate, the need for subsequent
chemical treatment with sodium and barium car-
bonates is greatly redaced. Cost of producing brine
in this way can, therefore, be reduced consider-
ably. However, one must realize that when
efficient inhibitors are used, very little flocculant
in the settling step is available and in many cases,
additional flocculants are required for heavy metals
removal.

Feeding salt.

An important factor with respect to brine treat-
ment by the classical process is the upset condition
in treating equipmient which can be caused at the
instance of sait charging into a large saturator filled
with brine solution. The addition of solid salt ata
high rate causes an incidence of heavy flow of
brine from the saturator into treating equipment.
The resulting disproportionality between feed of
brine treating chemicals und the salt rate creates on
out of halance situation where sufficient treating
chemicale are not available to a significant portion
of the brine, The use of inhibiting agents in the
feed to the saturator obviates this problem, since
such agents are already present in the solution fill-
my the saturator and the small amount of calcium
sulfate carried over with the overflow is normally

not great encugh to upsel any subsequent addition
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of treating chemicals, With the classical process and
with rapid saturation dissolvers, it is necessary for
the plant owner to provide elaborate tankage and
pumping equipment to compensate for excess flow
when charging salt 1o the saturator,

Crystal size.

Another problem of this type which cannot
easily he compensated by the cell aperator is ithe
high incidence of impurities at short pertods when
salt of varying crystal size is introduced. With con-
stant feed of brine treating chemicals, the plant is
upset if a bateh of fine salt is introduced, this,
because fine salt may contain more CaS0, than
the average of a shipment.

For hours, or even days, after feeding a charge
of fine salt, the plant operation will experience
problems.

Even the use of a selective solution process will

saturation depend for thewr performance on the
rate of solution, and ratc depends on surface area,
which ig larger with fine crystals. So, with fine salt,
both the high CaSO,4 content, and the high surface
area of CaS0. present dissolving problems.

Filtration.

After chemical treatment and settling, finished
brine s normally filtered in anv one of several con-
ventional filtration steps. Many smaller plants use
pressure {eed gravity bed filters of the sand or
anthva-filt type. Many larger plants use some form
of pressure leaf fifter for removal of the fine parti-
cles not removed in the settling step.

EFFECT OF IMPURITIES ON
CELL OPERATION

The effect of sodium sulfate on anode wear in
mereury cells has already been discussed.

The effect of metals on mercury cell operation
depends primarily on their solubility in mercury.
Calcium for instance, can be tolerated inn eells up to
30 ppm without real problem. However, as calcium
increases, it is precipitated on the surface of the
mercury in the cell, forming an emulsion which
tends to huild up as cell operations continue, and
must he cleaned out at intervals to prevent inter-
ruption of mercury flow and possible cell shorting.
Other metals such as zinc, copper, magnesium, and
the ke, have esgsentially the same elfect but at
different levels.

The msohuble metals such as the heavy metals
named ahove, ron and some others, iend to cause
an ion exchange condition with the flowing mer-
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cury amalgam. As a metal ion is precipitated at the
cathode swiface, iv loses its charge to the cathode
and forming the oxide, is immediately redissolved
in the hrine solution. When thiz oceurs, another ton
is discharged, an atom of hydrogen is formed, dis
sociating an equivalent amount of sodium from the
mercury amalgam. The result is the creation of
hydrogen gas which dilutes the chlorine and of
caustic soda which immediately reacts with chlo-
rinie in the brine to form sodinm chlorate, ancther
injurious agent, causing anode oxidation and also
cenrosive attach on brine handling equipment.
(DeNora, Vittorio, and Gallone, 1964)

An extensive amount of work illustrating the
above has been done by Gosta Angel and Tage
Lunden, of Sweden. Gallone has followed this
work with an extensive smdy using the Soltest
method, to determine the qualitative effects of
metal constituents in the feed to mercury cells. It
is important for the cell owner to be aware of the
existence ol dangerous metal impuritics and to
practice the proper means for their removal. {Angel
and Lurden)

In the non-metals category, the chlorine plant
operator should beware of the presence of fixed
nitrogen compounds i the brine system.

Fixed nitrogen such as that ansing from unex-
ploded dynamite charges mn the salt {ace will re-
main in the sali and contaminate the brine from
the saturator. Passing into the cell, the nitrogen
ions will form a complex with chlorine resulting i
a buildup of nirrogen trichloride. This substance’
will leave the cells with the chlorine gas, and will,
concenlrate somewhere around the chlerine ligue
faction system, particularly in any liquid chloring
scrubbers utlized to clean the gas heing fed t§
compressors. Nitrogen trichloride is highly expleo
sive and i allowed to build up above 300 or 40
ppm, is a serious safety hazard. :

Fixed nitrogen should be kept out of brim
systems. If It is present, however, it may be re
moved by operating the brine system with a hi
free chlorine which will cause the nitrogen co
pounds to break down before electrolysis, followes
by air stripping to remove the NCiy. It should
noted that a nitrogen content of 1 ppm in bring
can result in an NCl; content of 30 ppm in chi
rine gas from the cells. '

DEPLETED BRINE HANDLING

The mercury cell operator using rock salt wil
find it desirable 1o dechlorinate brine from i
cells to a level of 100 ppm free chlorine or le
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The dechlorination step may incluode vacuum strip-
ping, steam distillation, air strippling, or a combi-
nation of any two or more of these methods.

The necessity for dechlorination is evideni in
that subsequent addition of sodium hydroxiude for
removal of impunties, will react with any free chlo-
rine present to form first sodium hypochlorite, and
finallv sodium chlorate, As has been noted above,
sodinm chlorate is quite corrosive to most equip-
ment and is particularly dangerous when used ina
plant where equipment linings are in poor condi-
tion or where increases in capacity have caused
bigh localizced velocity, situations in equipment and
piping.

It would, ol course, be desirable to avoid if pos-
sible, the caustic addition step in the brine system.
This practice s possible in plants using evaporated
salt or salt from diaphragm cells, as long as a biced
stream is provided for removal of sufficlent by-pass
quantity of brine for disposal or for realment and
return to the system

CONCLUSIONS

As has been pointed out earlier in this discus-
ston, the cost of handhing brine is to a major ex-
tent, dependent on the guality of salt provided to
the mercury cell plant. Relatively pure salt such as
diaphragm cell saly, evaporated salt, and even solar
salt beds, can be handled in the owner’s plant
muach more economically than can the rock salts,
which contain progressively higher amounts of cal-
ciumn sulfate and other impurities as one moves in a
northerly dircetion in the U.8. Means for compen-
sating for impurities in salt have been devised and
are being used in the form ol rapid sawuration
methods, inhibitors for seleciive dissolving of
sodiura chloride, and in unproved methods for
treating. However, it should be evident that salts of
better quality should be much more economical 1o
the user than poorer gquality salt when the owner
looks at the overall cconomices of its use. Even the
question of saly yield is imporiant when one con-
siders the fact that with every ton of shudge he
must discard from the salt weatment system, a
lurge quantity of both solid salt and brine is also
lost. In Monsanto, we normally assume that yield
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on a salt containing 1% impurities must also allow
for another 1% loss in the form of salt crystals and
brine discharged with the shudges.

In summary, we might make the following state-

ments:

1. Almost 40% of 1.5, salt goes to chlonne.

2. During the past two decades the portion of
production going to mercury ¢ells has in-
creased from 1/25 o 1/3 of the chlorine
bound salt,

L

. Although the mercury cell plant can treat to
use most any salt, Its extra costs in using an
inferior salt can go as high as 10 to 20% of 11s
total chlorine production cost.

4. There are methods operators can use to re-

duce these costs—all based on some process of

seleclive solution.

[ 9]

. The prnime help the salt producer can give
{after assuring good quality}, is in maintaining
uniform shipments and uniform salt size dis-
tribution,
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