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Performance Evaluation of Chloride and Sulfate Removal using Anion Exchange

Resin in Saturated Ca(OH), Solutions

Yun-Su Lee', Zheng-Xin Chen’, Han-Seung Lee’™

Abstract: Recently, self-healing concrete has been researched as maintenance and repair of concrete structures are important challenges we face. This
paper focused on possibility of ion exchange resin as a novelty material directly and actively controlling harmful ions of concrete, whereas most self-healing
concrete researches have been focused on methods to automatically filling and repairing internal crack of concrete. Because equilibrium properties
between ion exchange resin and harmful ion is important before design of cement mixing proportion, it was conducted to remove chloride or sulfate
in saturated Ca(OH); solutions containing NaCl or Na,SOy. The removal performance was analyzed using kinetic equation and isothermal equation.
Consequently, the removal properties of anion exchange resin were relatively more dependent on pseudo second reaction equation and Langmuir
equation than pseudo first reaction equation and Freundlich equation. And it was concluded that each chloride and sulfate can be removed to the

maximum 1068 ppm and 1314 ppm.
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Table 1 Physicochemical properties of TRILITE SAR20 OH" form

Appearance Spherical bead
Matrix Polystyrene Divinylbenzene copolymer
Functional group R-N'(CH3),C,H,OH
Ionic form OH"
Operating pH range 1-14
Specific gravity 1.13
Particle size range(um) 300-1000
Total Capacity(eq/L) 1.3
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Fig. 1 SEM image of anion exchange resin bead
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Fig. 2 Structure of anion exchange resin bead
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Table 2 Experimental conditions for kinetic test in solutions containing
anion exchange resin

Ion exchange Distilled Anion
resin weight Anion water concentration

(g (mL) (ppm)
40 2000
o 0
120
1 or
1
SO&
40 2000 0.1
,,,,,,,,,,,,, o
120

Table 3 Experimental conditions for equilibrium test in solutions
containing anion exchange resin

Ion exchange Distilled Anion Reaction
. . . . Ca(OH), .
resin weight Anion  water concentration (@ time
(® (mL) (ppm) (min)

40 120
Cr
or
1
SO~
40 120
Cl and
SO* 40 120
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Fig. 3 Kinetic model of chloride removal
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2 FAF o3 BES-9] L5 K H A, B4l T8
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2000

< Distilled Water

@
1600 < Saturated Ca(OH), Solution 3
——— Pseudo First Order Reaction Model E
+ Pseudo Second Order Reaction Model F
1200
T G
B ¢ ey

Exchanged Sulfate Concentration (ppm)

Kinetic test
in 2000 ppm SO, solution

0 10 0 30 40 50 60
Time (min)

Fig. 4 Kinetic model of sulfate removal

Table 4 Experimental parameters of pseudo first reaction equation and pseudo second reaction equation

Pseudo first order kinetic parameters

Pseudo second order kinetic parameters

Anion Conc.

Anion (ppm) Type of Solution l-<1.| Q. R? §2 N Q. R?
(min™) (ppm) (ppm’'min’)  (ppm)
or 2000 Distilled water 0.473 683 0.987 0.0010 723.357 0.984
Saturated Ca(OH), 0.188 494 0.927 0.0005 540.469 0.966
SO~ 2000 Distilled water 0.535 1090 0.971 0.0007 1161.594 0.998
Saturated Ca(OH), 0.135 895 0.978 0.0002 1018.948 0.985
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Fig. 5 Equilibrium model of chloride removal
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Fig. 6 Equilibrium model of sulfate removal

Table 5 Experimental parameters of Langmuir and Freundlich isotherm

Temperature

Langmuir isotherm parameters

Freundlich isotherm parameters

Anion ) Type of Solution KL x 12'3 Quox R K, N R
Lmg")  (mgl)
or 203 Distilled water 0.626 1225 0.997 5.171 1.549 0.987
Saturated Ca(OH), 0.393 1068 0.982 1.615 1.335 0.973
SO~ 203 Distilled water 0.616 2075 0.990 7.386 1.500 0.969
Saturated Ca(OH), 0.933 1314 0.996 10.356 1.710 0.970
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