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Brine Decalcification

Hydrochloric acid, caustic, hydrogen gas and chlorine gas are produced from sodium chloride (salt) in the
chlor-alkali process via membrane electrolysis. In addition to sodium chloride, natural salt also contains alkaline
earth elements, such as calcium, magnesium, barium and strontium. These elements must be removed prior
to electrolysis to prevent blockage of the membranes. A two-step process is typically followed, with the bulk of
the impurities removed via precipitation. Further purification is done using special chelating resins to remove
impurities to low ppb levels. The purification process is referred to as Brine Decalcification.
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Process Description

The first step involves the dissolution of salt in water at a temperature of approximately 60°C. This step
produces a brine containing approximately 300 g/L NaCl. The alkali earth elements (calcium, magnesium,
strontium, barium) are also soluble in water and reports to the brine at concentrations of several 100 ppm. The
bulk of these impurities is precipitated via the addition of caustic or sodium carbonate. The solids are removed
during filtration, producing an alkaline brine (pH 9 to 10) that contains the alkali earth elements at single-digit
concentrations (<10 ppm).

The brine is then passed through a bed of chelating resin to produce a treated brine with very low levels of
impurities. Typical specifications are listed below:

Calcium, magnesium < 20 ppb
+ Strontium, barium < 50 ppb

Two types of chelating resins may be used, namely:

Iminodiacetic acid (IDA), including Purolite S9320, Purolite S930PIus;
- Amino phosphonic acid (AMP), including Purolite S940.
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https://www.puroliteresins.com/product/s9320
https://www.puroliteresins.com/product/s930plus
https://www.puroliteresins.com/product/s940

The natural selectivity range of these resins is:
+ Ba<Sr<Mg<Ca

Strontium and barium will thus leak first into the treated brine liquor, followed by calcium and magnesium.

TABLE 1 Typical Operating Conditions

Conditions Units Value/Description

NaCl concentration g/L 290 to 300

Temperature 50t0 70 °C (122 to 158 °F)
pH 9to 11

Flowrate BV/h 10 to 40

Configuration Merry-go-round

There is a risk of magnesium precipitation at pH >11.
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Chelating Resin Configuration

Three columns in series, in a lead-lag-lag or merry-go-round configuration, is recommended. During operation,
at least 2 columns are on-line, while the third column is in regeneration or on standby. The ions leaking from
the first column is taken up by the second column. The second column thus acts as a polisher, to ensure low
leakage. This allows the resin in the first column to be loaded to a very high concentration. The process is

shown step-by-step below.

FIGURE 2
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When the target element(s) reach a certain concentration in the treated brine from Column A, the flow to the
column is stopped briefly. The first column is taken off-line and eluted. The feed is directed to Column B, which
now becomes the Lead column. Flow is resumed. Column C, previously in the third position, now acts as the
second column. Once Column A has been eluted, it goes on standby.

The resin remains in the same column throughout its operating life, i.e., during both adsorption and elution/
regeneration cycles. The design of the piping and valving is such that various liquors (Feed, acid, caustic,
washwaters) can be passed through any of the columns, both upflow and downflow.

Regeneration

Once isolated for regeneration and subsequent changes have been made to put the lag column into the lead
position, etc., the regeneration process is initiated. The complete regeneration process typically takes between 4
and 6 hours.

The chemical regeneration involves a number of important steps during which hydrochloric acid and then
caustic soda are used to elute and condition the resin. The first step is the displacement or “sweetening-off” of
brine present in the column when the unit was taken off-line, using water.

Demineralised water is commonly used for this step, as well as all other steps during the regeneration, to prevent
the introduction of any hardness ions onto the bed.

The brine displacement is carried out slowly to minimize mixing and is usually carried out with a downflow of
water from the top, making use of the lower specific gravity of the water compared to the brine to minimize
mixing. The displaced brine can be returned to the treated brine tank or can be collected in a separate tank for
reuse at the end of the regeneration, to return the bed to brine, sometimes called “sweetening on”.

Once the bed is submerged in a water environment, the resin can be backwashed.

The backwash water enters the unit through the bottom collection or distribution system, loosening the bed and
causing the resin bed to expand as the water passes up through it. The flow rate should be set for the freeboard
available in the unit at the minimum water temperature. The backwash is designed to both decompact the resin
for better regenerant contact later, as well as to remove any suspended solids that have accumulated within

the bed. The backwash water volume required will depend on the extent of solids loading. Where the bed only
requires loosening for better regenerant contact, a relatively quick backwash is sufficient (1 to 2 bed volumes).
However, when solids are present, the volume required can be considerably greater. After the backwash, a “bed
settle” step is required to allow the resin bed to settle back and reform the static bed.

The main regenerant is hydrochloric acid, which is applied in downflow mode. In large systems, a separate

acid regenerant distribution system located 150 to 250 mm above the bed ensures even distribution. In some
very small installations, the top brine distributor has been used, but this is usually less effective. Good plug flow
through the bed is critical to ensure good contact between the resin and acid. Having a separate acid regenerant
distribution system ensures the acid distributor is sized correctly for this one specific duty.
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Hydrochloric acid should be introduced at flow rates of 2 to 4 BV/h (0.25 to 0.5 gpm/ft3) and concentrations of 4
to 7.5%. The hydrochloric acid applied to the bed should equate to between 2 and 2.75 bed volumes, depending
on the concentration of acid available on site. The contact time between the resin and the acid should not be
less than 30 minutes.

The acid is displaced by demineralised water at a similar flow rate to the acid injection, usually referred to as the
Displacement Rinse or Slow Rinse.

The used acid and displacement rinse leave the unit by the same collection system at the bottom of the column
as the treated brine.

Once the resin is fully regenerated and ready to be returned to service, it is placed on standby, and the only step
remaining is to return the bed to the brine form. This can be done by using fresh brine or by reintroducing the
brine collected from the sweetening off process several hours earlier.

TABLE 2 Regeneration Conditions in Brine Decalcification Process

Step Solution Flowrate Time Direction Comments

(minutes) of flow
Brine 20to 40 Upflow Introduce water from the
Displacement top to keep the bed in place
Backwash Deionised Water Set to ensure 50% Upflow

bed expansion

Bed Settle 3to8 To allow the bed to reform
fully classified

Acid 410 7.5% HCI 2t04BV/h (0.25t0  Minimum Downflow 210 2.75BV (1510 20 gal/
Injection 0.5 gpm/ft) 30 minutes ft%), regen level = 140 to 200
g HCl/Litre resin

Acid Deionised Water At approximate 30to 60 Downflow 310 5BV (22 to 37 gal/ft)
Displacement regenerant

Rinse flowrate

Caustic 410 5% NaOH 3t04BV/h (0.37 30to 60 Upflow 1.5t0 3BV (11 to 22 gal/ft®)
Injection to 0.5 gpm/ft®) Regen level =60 to 120 g

NaOH/Litre resin

Caustic Deionised Water At approximate 30 to 60 Upflow or
Displacement regenerant downflow
Rinse flowrate

BV = Bed Volume, BV/h = Bed Volume per Hour
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Ecolab is a global developer, manufacturer, ECQI.AB

and supplier of Purolite™ Resins including
jon exchange, catalyst adsorbent and
advanced polymers that make the world
cleaner and healthier.
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Contact Us Form:

We're ready to solve your process challenges.

For further information on products and services, visit PuroliteResins.com or
complete a Contact Us form via PuroliteResins.com/contact-us or use the QR code.
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