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ABSTRACT

Brine treatment for chlorine/caustic soda plant application gen-
eralty consists of reduction of calcium, mugnesium, oiher heavy
retals und sulfaiv impurities from brine. There are sipnificant
factors i Brine treatment design. Fatlure to consider these fuc-
tars during design can result in high capital cost, chemical tréat-
ment custs, maintenance costs, and will sumeiimes resull in puor
brive qualiiy.

The process design discussed Is for brine saturation, sodu ush
and cangtic reaction systems, studpe settling, brine filtration and
lme treatment. Virious examples are cited.

The fucivrs to be considered in brine sarurator design are salt
charging rate, undissoived sofidy removal. sand carryover, the
putentiad for magnesivm spiking and salt caking.

Five major factors involved in renctor design ure retenvion
time, brine temperature. degree of apitarion, excess reactan!s
and supersaturdrion of precipitates.

Siudpe sertler desipn is based upon rhe guality of precipitates
and their settling rate. Temperarure inversion and slugging of

flow should be avoided. Improvement in settling rates can be ob-

tained by using congulanrs,

The fuctors ro constder in filter design should provide for sei-
tler wpsets und overiouding of the filter. A rest procedure is dis-
cussed. The relavive aoperating cost due io budy feed. precoat
versus inereased settler capital costs to lmprove setrling should
be evaluated.

Suljaee in the recircidating bring system is controlled by lime,
calcium chloride. bartums chloride or bartum carbonaie. Proper
dosage and sizing of equipment is necessary (o avoid scaling of
lines and pipirg.

Lime s also used 1o raise the calcium-to-magnesivm ritio o
improve sertling of the mugnestum hvdroxide precipitate, The
optimum calcivm S mageesivne vatio is discussed.

INTRODUCTION

Chlorine and caustic scda producers are one of the
targest usersof salt produced in the world. The U.S. chlop/
alkalt indusiry used 22 millian tons of sakt, about 35% of
the total U.S. salf market in 1981 {Mineral Industry Sur
veys, 1942).

Chlorine and caustic are produced by feeding sodium
chioride brine (abount 25 wi, % salt) to electrolyiic cells.
Three types of electrolytic cell processes are presently in
commercial use:

1. Mercury cell
2. Diaphragm cell
3. Membrane cell,

Each of these processes requires brine of high purity
with low calcium, magnesium and sulfate. They also have
a very low tolerance for other impurities in brine—par-
ticularly heavy metals.

Brine is produced by injecting water or recirculated,
depleted brine from the cells into the salt dome or by flow-
ing water through the salt bed in properly designed satu-
rators. As nearly all salt contains calctum, magnesium
and sulfate, the brine needs to be treated to reduce the
impurity fevels. If the sall quality changes, it changes
brine chemical treatment requirements. Drastic changes
in salf quality make it nearly impossibie to produce the
desired quality brine with brine treatment equipment
normally found in chlor/alkail plants.

As an example, a mercury celt plant n Greeee was de-
signed to use Italian and Rumanian rock salt, An attempt
was then made to use domestic Messolangi solar salt with-
cut changing the brine treatment system. The filters
could not keep up with the operation because they had to
be stuiced every three to four hours, In another example,
at ome of ithe Olin mercury celt plants, the rock salt brine
treatment system was modified to evaluare the potential
use of Spanish solar sait. Manual chemicat feed and tem-
porary modifications of the system controls were used for
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the test. Although the notmal magnesium level of filtered
brine was below 1 ppm, they expetienced unpredictable
spikes of 1 5 ppm magnesium in filtered brine due to
admixed quantities of mother liguor from the ponds.
Subsequently it was established that with use of anto-
matic, contimuons chemical feed, the rock salt system
could be converted fo use the solar sakt.

The purpose of this paper is to review the factors that
affect the desige of the brine treatment equipment.

BRINE QUALITY

This is the first and most important step in designing
the brine treatment process. The effects of varfarions in
the impurity levels in brine on cel operation (or intended
piant) must be thoroughty understood.

Typical brine quality requirements for an ekctrolytic
chiorine/caustic soda plant are given in Table 1,

BRINE TREATMENT PROCESS

Salt and brine solution rined from a brine well contains
considerable amounts of calcium, magnesium and sul-
fate. The caicium dand magnesium are removed by chemi-
cal reaction with sodium carbonate and sodium hydrox-
ide, Brine can be purged to control the suifate kevel nnless
there is high concentration of sulfate in the salt, or if sait
is expensive, or i environmental restrictions preveat
purging. When necessary the reaction of sulfate with bar-
ium or caicium chloride is normally wsed for sulfate
removal.

A brine treatwent process for utilizatien of solid sait is
shown in Figure 1. Water or recycling brine passes through
a salt bed in the saturator. Salt is added continuously or
in batches to the saturator from sait storage. The concern-
trated brine overflows to the reaction tanks where re-
agents such as soda ash, sodium hydroxide and, if needed,

TARBLE I
Typical Bring Quality for Chior-Alicali Cells
Mercury Meusheane™
Trype of Cell Parrial tal Primary
Compenents Treatment Trestrment Disphragm  Treatwoent
NaCt gpl 310 310 35 05
Ca PEM 400600 H} 3 ;
Mg PPM 2z i 0.3 0.1
50,epit 19 19 i 10
Fe PPM 1 i 0.1 0.1
Heavy Metals 0.5 0.3 None .1

*“I'he primary treatment brine is further processed to reduce Cu - Mp
concentration in the fon exchange sysiem.
"Metal anode Chior/ Alkali cells

Sixth Inteenstionsal Symposium on Sait, 1983 Vol,

barium/calcium salt are added. The reaction tanks over-
Flow into a brine seftler. Sludge is drained from the bot-
tom. The brine settler overflow is filtered, Then the fil-
tered brine is sent to the electrelytic cell.

SALT

Before precessing the salt quality should be evaluated
first. The following analyses are necessary:

A. Chemical analysis

B. Caking characteristics
C. Angle of repose

D. Screen analysis,

The salt quality varies with the source of salf, Examples
of the typical chemical analyses for two types of salts (rock
and solar) are shown in Table 2.

Highly purified salt is available in the U,5.A. Typical
analysis of the highly purified salt produced by two dil-
ferent suppfiers is given in Table 3. The salt is excellent
guality for chlor/atkali plants. The advantages are

* [liminating chemical treatment and capital equip-
menf costs

¢ Reduces sludge disposal costs

* Improvement in powet consumption in chior/atkali
plants

At present, the price of high purity salt is unateractive;
however, it is hoped in the future the price will be reduced
1o & level to make it economical.

The major factors in the salt handling area 1o be con-
sideved are:

* Sait unloading
* Salt storage
» Salt transfer to the saturalor

Salt Unloading. Sait is usually received by barge, rail
car or trzck. Salt crystal size can he important in caking
during shipment, Coarse salt larger than % inch seldom
cakes, and even § to 10 mesh sait does noi give trouble for
short term storage. Salt that cakes, even in transit, can be
univaded from a railroad car by forming a salt sfurry and
discharging it to a sump. It is then pumped to salt storage
as shown in Figure 2.

Salt Storage. Salt can be stored cutdoors on a pad or in
covered storage bins. Often it is stored in the extra large
saturators, In wet storage, caking is rarely 2 problem.

BRINE SATURATOR

Sodium chloride dissolves quickly in water. With good
contect, water is saturated in about ten minutgs, as shown
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TABLE?2 TARBILE 3
Salt Analyses—Commercial Grade Salt Analyses——Highly Purified Saht
Typicat Typhcal Purified Sslt

Eouisinng Spanish {C.5. Salt Suppliers}

Riwk Salt Solar Sait _ Campeonents Type 1 Type 2
NaClwt, % 9550 98.5 NaCl wib 99,970 97.72
Water wi. % 0.06 1.0 Water wi%s 0.013 1.40
Water Insolubles wt. % 0.60 0.1 Water Insolubles wta 0.015 < (.002
Sulfate wi (.35 0.22 Sulfate wr%o 0.004 0.0135
Cafcium wt. % Q.16 0.03 Caleium wit% 4.010 f.00tH
Magresinm FPM 25, 500, Magnesium ppm 3. 0.1

in Figure 3 (Mitchell, 1969, p. 1}. However, impurities
such as CaSQ, take longer to dissolve. These differential
~solubility rates are important in designing the saturator.
As more contact {ime for brine is provided in the satu-
rator, more CaSQy, dissolves. A test conducted on New
York rock salt indicated an increase in CaS0, concentra-
tion from 1 to 3 gp! when the contact time was increased
from 10 to 60 minutes. Higher temperature and lower pH

also increase the calcium sulfate sotubility as shown in
Figures 4A, B, and C {(Mitchell, 1964, p. 2).

The calciam sulfaie dissolution is also affected by the
presence of calcium and/or sulfate ion due 1o the com-
mon ion effect. Figure 4D shows this effect on the New
York salt sample,

In the Olin mercury cell process, as much as 73 per cent
of calcium suifate present in the feed salt van be rerained

H
5
H
¥
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Figure 2.  Salt Unlpading from R. R. Car in Shurry Form

in the saturator. This is due to short contact time and
presence of calcium and sulfate jons in the recycled brie.

The magnesium impurity in the rock salt is usualiy less
than that in solar salt, With solar salt, dried mether §i-
¢uor high in magnesium is useally present on the surface,
The surface magnesinm dissolves rapidly in byine result-
ing in magnresium spikes in the saturated brine. As soom
as the surface magnestum lias been removed, the magne-
sium conceniration in the brine begins to fall, When salt
is added to the saturator in batches, magnesium spikes
are often obsexrved. Makhteshim Chemical Works, Israel,
conducted the following test using Dead Sea salt. Seven
tons of solar salt was charged to a saturator in 1§ minutes.
The weak brine flow was 24 M3/ hour requititg one ton of
salt per hour to resaturate. The magnesinm concentra-
tion in the overflow brine versus time is shown in Figure 5.
As is seen, the magnesium level returned to normal in
about two houars. Salt charging must be properly designed
to avoid magnesium spiking in arder to prevent upset in
the chemical treatment step.

Often the saturators are designed for salf siorage also.
An economic evaluation should be made of the increase in
the treatment costs, due to the longer brine contact vs. the
additional cost of dry storage,

In the saturator design the following parameters
should be considered:

1. Salt bed depth—Salt dissoives rapidly in a saturator,
as we do net require 2 thick salt bed. About { to 1.5
meter height provides saturated brine, even at faitly
high flow rates. Room for the insolubles, which re-
main in the saturator, should be provided.

2. Superticial velocity—Two opposite factors should be
considered in deciding the superficial velocity: (1)
need for high velocity to reduce the contact time with -
salt impurity, and (2) need for low velocity so that un-
dissolved impurities stay in the saturator. A 20- -
25 MI/hy/M? velocity batances between these two
opposite requirements for rock sakt.

3. Sludge removal-—Undissolved solids build up in the
hottom of the saturator. Continuous removal of the
sludge can be used, but sait is lost with the residues,
and maintenance cost is high. The sludge can be
physically cleaned by pericdically cleaning the satu-

rator.
4. Skimmer—If the salt carries fight oily impurities, a2 -
skimmer should be provided.

REACTION TANKS

Caleizm and magresiom are major impuritles in salt
that should be removed almost completely. Caleium is re-
moved by reaction with soda ash, and magnesium is re-
moved by reaction with caustic soda or Hme. Both re-
actions are straightforward. However, the CaCOy and -
Mg{OH), suspension is very sensitive o the concentration
of calctum and magnesium in the brine and also to the
conditions of the precipitation,

This and other significant factors for the brine treat-
ment design are discussed below,

Reaction Rates. In calcium treatment, the stoichiomet-
ric addition of soda ash takes several hours of agitation to
complete the precipitation to the CaCO; solubility end
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point. If, however, an cxcess of (.8 gpl soda ash is used,
better than 8 per cent reaction occurs in 15 minutes and
practically all is compieted in one hour with less than 1
PPM Ca remaining i sokztion.

The magnesiom and caustic soda or lime reaction is in-
stantanecus, However, the magnesium hydroxide floc is
very delicate. The use of lime instead of caustic soda gives
better settling floc but requires subsequent removal of
calcium, which requires vigorous agitation during reac-
tion with soda ash (Hine, 1959, pp. 769~773). This results
in breaking of the delicate floc, requiring longer settling
time, Complete magnesium hydroxide precipitation iy ac-
complished at 10.5-11 pH.

Supersaturation of CaCO, and Mg{OH};. On addition
of soda ash and casstic soda to the calcium-magnesium-

f
4

Time In Minutes

Figure 3. Rock Salt Saturation in Water

fro
-

G =
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containing brine, microscopic particles of amorphous
Cal0; coated with a layer of Mg{OH), are formed. The
mixture is 2 homogeneous milky fluid. With time the par-
ticles grow to 10~* mm diameter forming a colloidal sus-
pension. o the nexi phase amarphous, mclei crystaliize
out and form the elementary particles of the slurry.

Shortly after crystallization, the measured solubility of
CaCO5 and Mg(OH}, is several times the equilibrinm con-
centration forming a supersaturated solution, The eate of
desataration depends upon {a} calcium-to-magnesium
ratio, {b} agitation and {c} temperature.

Test results have indicated that the size of these par-
ticles depends on the condition of precipitation (Pribicevic
and Stancie, 1970, pp. 363-368). Normally 2 CaCQ; par-
ticle reaches 1 micron in diameter, but in the presence of
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Figare 4A. Rate of Calcium Suifate Dissolation in Heine

Mg it can varv by a factor of 300 to 400. Microscopie par-
ticles adhere to each other and form stable floceules which
settle to the bottom.

As shown in Figure 6, the maximum precipitation rate
is achieved at 80-90 per cent Ca in the Ca + Mg mixture,
At Mg below 10-15 per cent, the precipitation rate de-
creased sharply. Apparently the low concentration of
Mg{OH}, does not provide adequate binding for CaCO,
precipitate.

Solubility Produci. In a saturated solution of a salt,
there is an equilibrium between the ions in the solution
and the excess salt. For saturated solution of barium sui-
fate the eguilibrium is represented as follows:

BaSO,(s) = Ba?* + 50;™

for which
{Ba?*|[SO; "} = LI X 107" = Ksp.

Such an equiiibrivm constant is called a solubility product
and is designated Ksp. In the operaling plant often there
is no equilibrium of ions with excess salt, hut a constant
conceniration lonic product is formed. We will call this
the Pseudo Solubility Product {Ksp’). This is obtained by
megstring the tonic concentration when i has reached
equilibrivm. and multiplying the ionic concentrations.
This principle can be used to

1. Determine excess reagent reqairements to achieve
permissible impurity levels in the finished brine
2. Detenmine which impurity will precipitate first.

AL,
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Figure 48, Effcct of pH on Rate of Calcium Sulfate Dissolution in Brine

1. Excess reagent requiremnent. For brine system de-
signt, i 10 PPM calcium is desired, the excess carbonate
requirement will be 0.21 g/iiter as shown below,

For a brine system in a chlor/atkali plant operating at
60°C, the pscudo solubility product found for CaCQ, is as
follows:

H

Ksp’ {Cal [CO,) = 1.06 x 100
{295 X 10 11[CO4] = 1.06 X 1076

[CG5) = 3.53 X 1077 grm moles/liter.

|

2. The precipiiates with the lowest solubility producis
Jor commuondy encountered impurities are given in Table
4. It is apparent that between BaSQO,4 and CaSO, co-pre-
cipitation Ba%Q, should precipitate first.

The Psendo Solubility Product actually achieved in the
plant depends upon temperature, flowrates and equip-
ment design. It is possible to maintain the same fevel of

one ion impurity of a compound by changing the coneen-
tration of the other ion in the circulating brine system.

Agitation. Agitation is desirable for caleitm carbonate

precipitarion. It helps to increase crystal size, as well as to
keep them in suspension. Larger size crystals will sink
faster in the settler,

Data obizined in a faboratory bench stale test reactor
using 300 gpl brine (rock salt) was treated with excess 0.6
gpl soda ash {Ofin test data 1), After settling, the top (00
ml of solution was withdrawn for analysis. Figure 7 shows
the refative effects of S minutes and 60 minutes agitation
on the sludge settling rate.

The optimum agitator speed was found to be less than
4 fi/sec. tip velocity, Sixty minutes reaction fime was
selected in the design.

Magnesiim precipitates are delicate and shauld not be
vigorously agitated to avoid precipitate breakup resulting
in slow setthing of pracipitates. Magnesium, therefore, is

B = U AL TP et £ 1 8 e €
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Figure 4C. Effect of Temperature en Rate of Caleium Sulfate Dissolution in Brine

precipitated by slow stirting to provide mixing of the
reagent and it is precipitated at the last moment before the
brine is sent to the settler (Vijayaraghavan, 1961, p. 468}

Setthing CaC0; and MgiOH),. Most rock salt contains
low magnesium and fittle effect on seftling can be ex-
pected. The magnedum effect on setiling during the
design phase can be disregarded for all practical pur-
poses,

In solar salt, where high magnesiom is present, the
Ca:Mg ratio is eritical. The presence of Mg(OH); precipi-
tate assists the binding of CaCO; precipitate. At the same
time, the presence of CaCO; heips the fluffy sodium
hydroxide precipitate to be dragged down. The preferred
Ca:Mg ratio is 3-5 calcium to I magnesium.

Vijayaraghavan has shown that there is a reduction in
the settling rate with an increase in magnesium concentra-
tion {Vijayaraghavan, 1961, p. 409}, This is apparent in
Figure 8. The study of Pribicevic and Stancic has shown
that the optimum Ca:Mg ratio is 0.8:0.2, Addition of lime
to imcrease the calcium concentration will increase the
seitling rate. This is further discussed in the settler design,

Temperature. Hine has pointed out that the solution
temperature affects the reaction rate (Hine, 1958). At low
temperatures initial precipitation requires a loag time.
Once the process of setiling begins, however, rapid pre-
cipitation at a fixed rate occurs, showing little effect of
terperature.,

During the equipment deslgn stage additional reaction

L T e e e



523

Optimurn Brine Treatmernt Pracass Dasign
‘ —
3-3- NEW YORK SALT
BoF
OF
§at

g ¥
Q
]
5 NO COMMON ION

2.5
- |
a.
2
7y .
a 2
Z
[
2
T
o 10 6PL 504 =
%
m 14

0.5

0 1 I I ¥ 1 1
0 10 20 30 40 50 &0

CONTACT TIME (MINUTES)
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time should be provided in case the treatmest is carvied
out at low temperatures. In the 40°C-70°C temperature
rangs, however, there is no significant difference in reac-
tion time observed.

SETTLER

The precipitated impurities are separated in a settler
and then followed by filtration to get the purified brine.
When the salt has relatively [ittle impurity or high mag-
nesium, which is difficult to settle (magnesivm hydroxide
precipitates), the settler can be replaced by {otal filtration
of solids,

In a setrier, the particle seftles by free and hindered
setting. Initially, individual particles are far apart in a

dilute suspension. The particles with the density higher
than that of fluid wili settie. Free settling occurs when in-
dividual particles start seitling indepemdently. The free
setrling rate is directly dependent upon size and density of
the particies and decreases with increasing upward liquid
velocity.

When 2 particle moves downward in a suspension an
equal volume of fhiid is displaced upward. As settling pro-
gresses, the distance between individual particles will
decrease in the lower part of the suspension. This means
that the displaced flnid will have a decreased cross-
sectional area available for upward flow that results in a
higher upward fluid velocity. The higher upward fluid ve-
locity will decrease the settling vate of the particles as the
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Figare 3. Magnesium Dissolution with Single Charge of Solar Salt

concentration of particles in the lower part of the suspen-
sion Increases. A loose structure resuits in which particles
are trapped, and this eventually forces all particles to set-
tle with the same velocity irrespective of size and shape.
This type of settling is calied Hindered Sefiling. As all par-

ticles during hindered settling have the same velocity, a
sharp interface between clear Equid and sharry will form.
Sometimes there is no sharp distinction between clear lig-
uid and shurry. This is particularly true in solar sal
precipitates.



COptimumn Brina Treaiment Process Design

154

2.5+

»
k

Settling Time m./hr
=
th

14

0.5

525

I ]

1
0 0.1 0.2 0.3

£
0.4

1B I I 1

06 07 08 09 i '

Calcium In GM/L —— Mg= 1-Ca in GM/L

Figure b, Dependence of the Precipitation of the Suspension un the Ca/Mg Ratio

TABLE 4
Solubility Products

Compounds Ko
AHOH), 1.1 % 1078
BaCQ; 7.0 < 1077
BaS(y 1.1 % 1o~
CaCl 1.2 x 10°%
CuSOy4 6.4 x 107°
Fe{OH); 1.5 % 1p=3%
Fe(OH); 1.6 x 10—
MgCO; 4.0 % 1078
Mg(OH)» 1.2 X 1070

Solubility preduct data ja water: (fon concentrations are in grm
modessliter,

In order to design a settler, the rate of settling should be
established based upon iaboratory tests. If the precipi-
tates do not settle but stay in suspension, flocculating
agents are used. This improves the settling rate and can
substantially reduce the size of the seitler required. The
selection of the floccuiating agents should be made care-
fully. Some chemicals are detrimental o the process, e.g.,
amino compounds, and they shorid be avoided.

The free settling characteristic usually determines the
overflow quakity while the hindered settling determines
the quality of the underflow,

There are various settling test procedures available,
The Parkson Company uses the following test procedure
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which was used at Ofin in one of our designs (Olin test
data 2).

As shown in Figure 9, five graduated cylinders were
maintained at 70°C. Brine, after reaction with scda ash
and caustic soda, was poured into the five graduated
cylinders, The pH of brine had been adjusted te 11.2,

Prior to sertling, a sample of brine was analyzed for Ca
and Mp—giving 276 and 41.8 mg/liter respectively,

The brine poured into the graduate cylinder was ap-
proximately 20 em high (1.D. of each cylinders—1¥").
Then the fop 100 ml of sample was siphoned after 2, 6, 10,
14, and 18 minutes settling and was analyzed for Ca and
Mg. The results obtained are presented in Table 5.

The settling rate for each time period was caiculated
from Table 5. A plot of ppm Ca and Mg concentration asa
{unction of settling tithe was drawn {see Figure 10). From
the plot it indicates that after approximately 6 minutes of
settling the concentration of Ca and Mg drops to 30 and 10
ppm, respectively. For a 1000-gpra settler, the rise rate of
2.84 ft/hr would mean that we would select a &0-foot-
diameter settler. The height of the brine sludge settler is
about 10 feet straight side, The bottom can be curved or a
45° cone can be used.

Temperature changes, fluctuating loading rates and
fiow changes affect the seitling process substantially. A
chiange in ternperature produces thermal currents, result-
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ing int short circuiting the precipitates. Surges of flow will
resulf in excessive turbulence and disturbanee in the set-
ter feed well. This also causes short cireniting of feed to
the settler proper.

The settied sludge is moved toward the center of the set-
tler by 4 rotating vake. Care must be taken so that all pre-
cipitates can be pushed gently toward the center without
causing undue turbulence.

Occasionally, considerable solid build-up on the rake
arms is observed. Eventually these sofids fall off. The
solids will cause a considerable unbalanced strain on the
arm and alse impair sludge movement. Proper design of
the support arm well, clear of the cake biades, minimizes
this problem. Also monitoring the rake motor amps givas
an indication of sludge buildup.

BRINE FILTER

The filtration step is necessary to remove final traces of
both calcium and magnesiuta precipitate from the brine.

The equifibrium solubility of CaCQ; and magnesium
hydroxide is on the order of 0.5-0.8 mg/liter and 0.1-0.2
mg/liter, respectively. Fhe settler overflow, under ideal
operation, is about 13 mg/liter Ca plus Mg. This indieates
that most of the CaCO; and Mg{OH}; impurity is undis-
solved solids.

There are various types of filters in operation: sand fil-
ters, precoat fikiers, cartridge fitters, ete. The filter type is
selected, based upon cake characteristics, potential filter
media contamination in the filirate and desired brine
quality.
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TABLE S

Saolar Salt Sestiing Fests
{0Oiin test data—2}

Seuling Brine
Test Time, T Height

Analysis

Shudge PFM Setiling
Settled Rate

New, “rarins.” “org”  Height “em™ Ca Mg Ft/Hr
I 2 20 1.0 179 453 i0.3
2 & 20 2.5 246 50 343
3 28 s 2.5 175 29 2.1
4 14 20 2.5 34 21 1.47
] 18 20 2.5 a4 14 1.14

Fl-CaMgat T = W°C

Treated Brine
Ca = 276 mpdliker £234 ppm)
My = 418 myg liter {35 ppm) N

Diameter of cach Graduate Cylinders = 198" = 3,49 cms,

Selection of filtration rates can be based upon labora-
tory tests. A hamb tesr filter is often used to conduct these
laboratory scale tests. A bomb test filter, as developed by
CGreat Lake Carbon Corporation, is shown in Figure 11. It
has a filter leaf covered with filter cloth. Air 5 supplied 1o
maintain desired filtration pressure. The slurmmy o be
fittered is charged to the filters, the filrration pressure set,
and the volume of filtration measured vs. time, as seen in
Figure 12.

A typical filtration test for an unsettled solar salt biine
condueted at Olin (Mota, 1981) feflows: The brine was
stowly agitaied to obtain 2 homogencous solution. Ap-
proximately 2.5 lirers of this brine was poured info the
“Bomibx Filter” and three filtration tests using fiteraid
“Dicalite 476" as body feed were conducted at 10 psig
pressure. The results of the threee tests conducted at 5, 10,
and 20 lbs filteraid per 100 gal brine were ploted in
Figure 12 {filtrate volume vs, time).

The filtration rate is caleulated as follows:

From Figure 12,
For & hreyele, fikirate collected = 770 mlat P1 = 10 psig

Filtrate collected for Bhr, mi

% leat b i1
SH. leat factor

GPH/fi* =

=. T mil
] hr.

X 0.0485 = 4.67 gph/f? = F1

'To obtain a flow (F2) at P2 = 30 psig

F, = F1. X P2/PL=4.67gph/f? X 0/10 = .09 gph /t”
= {),13% gpm/ft2,

Y eaf factor is conversion factor w gpheicd,

The filtration rates for the three tests were 4.67, 5,82 and
8.79 gph/ft?, respectively. The concentration of Ca and
Mg in the filtrate for each test was 3 and .05 ppm. respec-
tively.

Brine with high magnesium forms colleidal precipitates
which are difficull to {ilter. A precoat filter is often used
fur this type of filiration.

Selection of precoat is important because it sometimes
allows leaching of undesirable impurities (Hine, 1979, p.
3373 The 10-micron cartridge filter can produce about
0.9 ppm calcium brine, while it can be reduced to about
0.5 ppm by -micron cartridge filters. These filters have
high pressure drop und require frequent backwashing.
Because of this problem, in a full-scale plant automated
backwashing or a sluicing system is recormmended,

The backwash from the filter is normally setiled. If dey
cake is desired, the supernatant Hguid is decanted and the
botiom pertion is filtered in a vacuum or a plate and frame
type filter. A high magnesium salt backwash takes a fairly
long time to settle. Special attention should be given in the
design so that adeguate time is provided for the seltling.
The thin slurry is difficult to fiker. Sometimes filteraid is
added to improve its filterability.

SULFATE TREATMENT

Various methods are available for the sulfate treat-
meni. The criteria of selecting the approptiate methods
include {a) desired level of control, (b) sludge disposal re-
striction, (c) freatment cost. The most commonly used
methods are:

A, Caleclum weatment

B. Barium treatment

C. Purge.

A. Calelum weatment, This process uses the solubilky
product principle for control of sulfate:

{Cal X {80,] = Ksp.

e e bt
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Figure 10. Bench Scale Setthing Test for Settler Design

In order to atiain the desired SO, level, calcium
chloride or lime is added. Gypsum is formed, but anhydrite
is preferred. The optimum conditions for anhydrite for-

mation are:

High concentration of Na(l
High pH

High temperature

High concentration of anhydrite slumry as solid
phase (Olin has used this principle successfuily).

e b M -

B. Barium treatment. Barinm carbonate or barium
chivride is reacted with sulfate to produce barjum sulfate
precipitaies:

Ba?t 4 Na,80, —> BaS0O,+ 2Na™t.

Barium carbonate shudge requires secured landfill dis-
puosal. If there is no secured landfill available with the
barium treafment, the calcium treatment should be used.
With the barium {reatment the process shauid be designed
so that there is no excess barium left in brine during the
soda ash treatment.

C. Purge. In the diaphragm cell chlor-alkali process,
about 12 per cent caustic is produced mixed with 13 per
cent salt solution. During evaporation of caustic, sali con-
taining sodiur seifate crystafiizes and separates. The salt
is washed and 3-7 per cent concentration sodium sulfate
solution is produced and can be purged.
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CLOSING COMMENTS

The optimum brite treatment process selection is de-
pendent upon the ivpe of salt and the economics of the
plant. Salt analysis and bench scale laboratory tests can
provide significant information for design. The factors
outlined in this paper are critical in designing a reliable
brine {reaiment process.

Caleium-magnesium concentration plays 2 major Tole
i selecting reaction tank and settler design. The conven-
tional treatment involves soda ash and caustic soda reac-
tion. Use of lime in magnesium treatment is practieal
where the cost of soda ash is low.

The caleium and magnesiom concentration can be re-

Brine Fiiter Test

duged ceonomically, below 1 ppm and G.1 PPM leved, re-
spectively, by proper selection of reaction system settling
and fileration.

Sulfate is controlled by (1) crystallization as sodium sul-
fate, (2} purge, or {3) chemical treatment with calciom or
barium.
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