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Abstract—Mixed-bed ion exchange performance was studied at ultra-low sodium chloride solution concen-
trations of less than 1.0X10 * M. The performance was tested using the effluent concentration histories
as a function of bed position and time for a laboratory-scale continuous flow column until both the cation
and anion-exchange resins were exhausted. The breakthrough curves obtained by the shallow-bed technique
gave some detailed results: the shape of the breakthrough curves at different positions as a function of
time; effects of cation resin on the chloride breakthrough curve and anion resin on the sodium breakthrough
curve; the movement of crossover points of sodium and chloride breakthrough curves as a function of resin
ratio; and the effects of an unmixed bed.
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Fig. 1. Flow diagram for mixed-bed experimental system.
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Table 1. Physicochemical properties of the wet resin and
bed characteristics

Bed diameter 254 cm
Bed height up to 10 cm
Internal porosity 0.25-0.30
Void fraction 0.34-0.38(0.35)

Resin bead radius(Harmonic Mean Particle Size)

Ambersep 200 H 0.80-0.85 mm

Ambersep 900 OH 0.58-0.62 mm
Bulk density

Ambersep 200 H 46-50 Ib/ft®

Ambersep 900 OH 39-44 Ib/ft?

Exchange capacity
Ambersep 200 H
Ambersep 900 OH

Specific gravity
Ambersep 200 H 1.18
Ambersep 900 OH 1.06

Selectivity coefficient
Ambersep 200 H
Ambersep 900 OH

1.6-1.7 eq/liter
0.8-0.9 eq/liter

Na/H 2.0-25
CI/OH 15-18
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Table 2. Experimental conditions for general trends of
breakthrough curves

Resin amount

Cation/Anion . .
(dry weight) (g cation/g anion)
Ty oweis 30 g 60 g 90 g
1/2 1.0/2.0 2.0/4.0 3.0/6.0
1/15 1.2/1.8 2.4/3.6 3.6/54
11 1.5/1.5 3.0/3.0 4.5/4.5
1.5/1 1.8/1.2 36/24 5.4/3.6
2/1 2.0/1.0 4.0/2.0 6.0/3.0
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Fig. 2. Sodium breakthrough curves for cation/anion resin
ratio of 1/2.
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Fig. 3. Sodium breakthrough curves for cation/anion resin
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Fig. 4. Sodium breakthrough curves for cation/anion resin
ratio of 1/1.
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Table 3. Experimental conditions for the effects of oppo-
sitely-charged resin on breakthrough curves

Effect Cation/Anion resin(g/g)
Cation resin 1.0/3.0 3.0/3.0 5.0/3.0
Anion resin 3.0/1.0 3.0/3.0 3.0/5.0
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curve.
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Table 4. Crossover points of sodium and chloride break-
through curves

Cation/Anion Volume treated (L), C/Co
(dry weight) 30 g 6.0 g 90 g
1/2 74, 0.95 - -
1/15 40, 042 120, 082 185, 098
1/1 24, 0.22 70, 0.15 110, 0.15
1.5/1 11, 0.12 30, 0.03 70, 0.02
2/1 - 10, 0.02 40, 001
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