Deionizer Maintenance
The performance of a deionizer, in terms of effluent water quality, is determined by

· the dissolved mineral content of the raw water supply 

· the types of exchange resins used 

· the regenerant dosage 

· to a certain extent, the flow rate through the deionizer. 

The following discussion and calculations are based on the use of strong base anion resin, so the types of exchange resins used will not be a factor.  Before going through a sample design calculation, let us first elaborate on the remaining three parameters.
ANALYZING THE RAW WATER SUPPLY
The first step is to obtain an accurate water analysis. The analysis must include several items of information that are obtainable only from on-site determinations.  Some of these are: Chlorine (Cl2), CO2, iron, pH, and turbidity.
It must be emphasized that only clean, filtered water be introduced into the deionizer. The presence of organics, iron, or filterable material will tend to foul the exchange resin and reduce the capacity of the deionizer.  Chlorine concentration in excess of 0.2 ppm can be detrimental to exchange resins.  Pre-filtration with carbon for chlorine removal and organics reduction must be used with waters containing these contaminants.

After the water analysis has been completed and the customer's water quality requirements determined, you can proceed with selection of the proper system.

Resin Calculations

The recommended flow rate through either the cation or anion resin is 2 gallons per minute per cubic foot of resin.  Slightly higher or lower flow rates may be used, but too high a flow rate will not provide sufficient contact time for the exchange process to take place; too low a flow rate (less than 1/4 gpm per cubic foot) will result in elution of unwanted ions back into the water stream. 

REGENERATE DOSAGE
The quantity of chemical used to regenerate the resin columns will have a direct effect on the exchange capacity of each cubic foot of resin, as well as on the quality of water that can be produced by the system.  In most cases, a chemical dosage of 8 lbs. of 100% hydrochloric acid (HCl) for each cubic foot of cation resin and 8 lbs. of 100% sodium hydroxide (NaOH) for each cubic foot of anion resin will provide good system performance.
In cases where raw water having a high sodium content is preventing the system from providing water of acceptable quality, the acid dosage may be increased.  Where silica leakage from the anion resin is unacceptably high, the caustic dosage may be increased.

CATION RESIN

Cation exchange resins used in deionization are operated in the hydrogen form and are typically regenerated with hydrochloric acid (HCl).  The table below shows the theoretical capacities at several regeneration levels (these capacities are based on a calcium chloride standard having zero percent sodium and alkalinity content).  For example, at 3 lbs. of 100% HCl per cubic foot of resin the theoretical capacity is 17,500 grains as CaCO3 per cubic foot of resin.  At 8 lbs. of 100% HCl per cubic foot of resin, the theoretical capacity is 29,700 grains as CaCO3 per cubic foot of resin.

	Exhausting Solution (ppm as CaCO3)
	Regeneration Level, Lbs. of 100% HCl/ft3 of Resin
	Capacity, grains. as CaCO3
	Grain Capacity per Lb. of HCl

	500 ppm CaCl2
	3
	17,500
	5,800

	500 ppm CaCl2
	4.5
	22,700
	5,000

	500 ppm CaCl2
	6
	26,600
	4,400

	500 ppm CaCl2
	7.5
	28,900
	3,800

	500 ppm CaCl2
	8
	29,700
	3,700

	500 ppm CaCl2
	9
	30,700
	3,400


However, sodium and alkalinity in the raw water will affect the actual capacity of the cation resin as well as the quality of the water produced by the system.
For sequential regeneration systems, in which the anion resin column is regenerated using decationized water from the cation column, the cation resin must be regenerated at a level that will provide a total exchange capacity that is 30% greater than the anion resin column capacity.
Note:  The cation leakage (average leakage) is expressed as a percent of total cations, and must be multiplied by the total cation content (in ppm as CaCO3) of the raw water in order to determine the ultimate water quality that can be expected from the system.

For example, if a water analysis shows:

Total cation = 500 ppm (as CaCO3)
Total anions (less silica and CO2) = 500 ppm

Sodium content = 250 ppm = 50% of total cations

Alkalinity = 250 ppm = 50% of total anions

then the average leakage determined for the two regeneration levels will be:

at 3 lbs. HCl/ft3: Average leakage = 2.6% = 500 ppm x 0.026 = 13 ppm

at 8 lbs. HCl/ft3: Average leakage = 0.5% = 500 ppm x 0.005 = 2.5 ppm

To determine the average water quality that the system can be expected to produce, we see that:

at 13 ppm Sodium leakage:  less than 20,000 ohm/cm (50 micromhos/cm).

at 2.5 ppm Sodium leakage:  less than 75,000 ohm/cm (13.3 mircormhos/cm).

Your requirements would dictate which regeneration level to use.

Important:  The raw water to the inlet (cation side) of a deionizer must not be softened water.  The high sodium content of softened water will cause excessive leakage of sodium into the anion resin column, resulting in the system's inability to rinse to acceptable quality after a regeneration.
ANION RESIN
Anion exchange resins used in deionization are operated in the hydroxide form and are typically regenerated with sodium hydroxide (NaOH).  The regeneration level has to be selected to provide the desired quantity of deionized water between regenerations and to meet your desired minimum amount of silica (SiO2) in the water.

Note:  Deionization does not remove colloidal silica from water; it removes only the silica (SiO2) that is present in solution. If a colloid-free water is desired, the colloids must be removed from the water by proper pre-treatment of the deionizer feed.

Your requirements would indictate which regeneration level to use.
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