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INTRODUCTION

Ion exchange is the most widely used process for purifying the primary coolant in pressurized water
reactor - type nuclear power plants due to its high decontamination efficiency, simplicity, and easy operation.
Since the method is non-selective in removing radionuclides and non-radionuclides, there is a large volume of
waste, and volume-reduction technology has not yet been developed for the management of this radioactive
waste. The waste is usually stored for lengthy time periods in the nuclear power plant itself, or has been
solidified into a radioactive resin waste by cementation. In order to prevent the generation of solid wastes, a
continuous electrodeionization (CEDI) process was studied to allow purification of the primary coolant using
synthetic solutions under various experimental conditions. 1 ]

CEDI is a hybrid separation system of electrodialysis and ion exchange processes. This system does
not require chemicals to regenerate the ion exchange resin and to concentrate the wastewater. In a CEDI
system, the ion exchange resin bed plays a major role in the reduction of the high electrical resistance in the
diluate compartment, while the ion exchange membranes lead to depletion and concentration of the solutions in
the diluate compartment and concentrate compartment, respectively. 2-5]

The production of high purity water in the primary coolant of a nuclear power plant was investigated
using a CEDI process along with various ion-conducting spacers, such as an ion exchange resin (IX),
polyurethane-coated ion exchange beads (IEPU), and an ion exchange textile (IET). The ion exchange resin
was introduced into the ion-depleting compartments of an electrodialysis (ED) stack, and has been used to
reduce the electrical resistance of the stack since ED cannot be applied economically to the treatment of dilute
solutions due to their high electrical resistances and the development of the polarization phenomena. [6-10Y
However, packing the resin beads in the compartment and assembling the stack is laborious work, while
attaining a free flowing solution is difficult because the resin beads are driven downward by gravity in the diluted
compartment. LI<Nevertheless a resin-packed ED stack has recently been developed by Millipore 12]; and is
now commercially available from U.S. Filter as industrial units.

We set out to prepare improved ion-conducting materials suitable for use in CEDI stacks. To this end,
IEPU was prepared using a blending method that produces mixtures of resin beads and powder by
allophanate/biuret cross-linking. IET was prepared by the radiation grafting of styrenefulfonic acid or
trimethylammonium chloride onto polypropylene non-woven fabric.



EXPERIMENTAL

Synthesis of ion exchange polyurethane
Fig. 1 shows the procedure for the synthesis

H of polyurethane foams containing resin beads.
OCN 0 The cation and anion exchange resins IRN77

+ and IRN78 (Nuclear grade resin, Rohm and
UH3 Haas) were used in these studies. A four neck

H PPG 1k flask equipped with a condenser, a
mechanical stirrer, a nitrogen inlet adapter and

H a dropping funnel, was initially charged with
TDI I Wit I hrNCO 10 % toluene diisocyanate under saturated nitrogen

and at a constant temperature, 110 0.
Polypropylene glycol was slowly added by

H H H H dripping and the reaction was allowed to
OCN CO4CH2CH-OjC NCO precede until the theoretical isocyanate

I content, 10 %, was reached as determined by
CH3 0 the di-n-butylamine method. Polyurethane

H H H3 prepolymer (20g) was mixed with deionized
3 water 3 g), ion exchange resin 45 g) and L-

H Prepolyrner H 5614 silicone surfactant (0.5 g) at an agitation
speed of 4000 rpm for 7 seconds. As soon as

Blending IX-IRN77/78, Surfactant, the blowing was finished, the polyurethane
Distilled water, Glycerine prepolymer was poured into a warm mold and

placed into an oven at 50 for 24 hours. The
ratio of prepolymer to resin beads was found
to be most suitable when it is 70:30. The IEPU

Ion Exchange Polyurethane(IEPU) beads were soaked in distilled water to
Fig. 1. Synthesis of the ion exchange polyurethane condition them for 30 minutes at 40 D. IEPU

requires the homogeneous rearrangement of
its polymeric bonds through water conditioning

because the foam does not experience stress-free conditions after manufacturing.

Synthesis of ion exchange textile
A non-woven polypropylene textile (Chonbang Co.,LTD, Model:LP200) was used as a base polymer for

grafting. The initial area of the base film was 1 0x1 0 for the CEDI stack experiments. Technical-grade sodium
styrenesulfonate (SSS, CH2=CHC6H4SO3Na) and vinyl benzyl trimethyl ammonium chloride (VBTAC,
CH2=CHC6H4S03NaCH2N(CH3)3Cl) were used without further purification. The reaction scheme for introduction
of ion exchange groups onto
the polypropylene (PP) textile
by the preirradiation grafting H2C=CHC �__S03Na

technique is shown in Fig. 2 CH S03Na

and the reaction conditions (SSS) I
are summarized in Table 1. H2

The y-rays from Co6o sources Y
were used to irradiate the pre- ra=a ray 4 CH2H_.
weighed PP textiles at an
exposure rate of 451 kGy/h to _�CH2�H�n_

a total dose of 30 kGy under a CH3

nitrogen atmosphere at CH3 RIGP-CIET
ambient temperatures. The
irradiated PP textiles were Polypropylene textge
then immersed in a solution JH CH2N(CH3)3CI

containing monomers of SSS _�D 
or VBTAC. After grafting, the H2CrCH CH2N(CH3)3CI H2
textile was repeatedly
immersed in the respective _(CH2

solvent to remove the residual (VBTAQ
monomer and homopolymer.
The resulting cation- and H3

anion-exchange textiles are RIGP-AIET
referred to as a RIGP-CIET
and RIGP-AIET, respectively. Fig. 2 Synthesis of the ion exchange textile
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Table 1. Reaction conditions of radiation-induced co-grafting for pr Daring ion-exchange textile
Cation-exchange textile Anion-exchange textile

Monomer concentration SSS 1.0 VBTAC 06 M
Solvent Water Methanol/DMF
Temperature (K) 343

Abbreviations: DMF = dimethy1formamide, SSS = sodium styrenesulfonate,
VBTAC: = vinyl benzyl trimethyl ammonium chloride

Characterization of ion conducting media
The cation exchange resins IRN77 (M/s. Rohm and Haas, France S.A), CIEPU and CIET, as ion

conducting media, were characterized in their ability to remove cobalt ions in this study. A stock solution of
500mg dm-3 of Co(II) was prepared by dissolving 2.4705g of Co(NO3)2 in 1000ml distilled water. This solution
was diluted as required to obtain standard solutions containing 1 - 50 mg dM 3 of C(II). One hundred milliliter
of a Co(ll) solution at a desired concentration and adjusted to a desired pH were transferred to reagent bottles,
300ml capacity The pH of the solution was adjusted with 0.1 N hydrochloric acid or dilute sodium hydroxide
solutions. Known amounts of ion conducting media were then added to these solutions. The solutions were
agitated for a predetermined period at 25 ± 10C in a shaking incubator Model- Jeio Tech Si - 900R). The media
was then separated and the filtrate was analyzed to determine its cobalt content with an Inductively Coupled
Plasma Spectrophotometer (Model - Thermo Jarrel ash IRIS/AP). Adsorption isotherm studies were carried out
with different initial concentrations of Co(II) while maintaining the resin dosage at a constant value. To study pH
effects, 10 mg dM3 C(II) and a media dosage of 500mg 100ml-1 were used. In order to correct for any
adsorption of Co(II) to the containers, control experiments were carried out without media addition. It was found
that there was no adsorption by the container walls. In addition, all mixing vessels were kept sealed throughout
the duration of each isotherm test to minimize volume loss due to evaporation.

A flow cell was used for the measurement of the medias electrical conductivity when saturated with a
solution of cobalt nitrate. As shown in Fig. 3 the different media were placed between a pair of perforated
platinum electrodes and flushed with a cobalt nitrate solution at a desired concentration until equilibrium was
reached. The electric conductivity of the ion-exchange polyurethane foam was measured using a LCZ meter
(NF electronics) with the flow cell set at 1.5 cm/sec. The feed solution was circulated through the flow cell until it
reached an equilibrium with the packed resin in the flow cell. The cell constant was calculated using a solution
having a known k value, while the LCZ meter provides the resistance; R. Therefore, k can be determined from
the equation:

R
k A

where, I = distance between the electrodes
A = area of the electrode

If is the known value of the standard solution of a
reference electrolyte, 11A (the cell constant) can be 0 U tf lo W

calculated from the observed resistance. Once the cell
constant is known, the conductivity of any electrolyte can be
calculated from its measured resistance using the equation.
The cell constant of the flow cell was obtained for each le c tro d e
electrode pairs with a frequency of either kHz or 1 00 kHz.
CEDI stack operation Ion-exchonge

Five-cell pairs of the module (5-cell laboratory CEDI Inflow p o ly u re th n e
unit) were used in purifying the synthetic primary coolant foam
water. A silicon block with a 095 mm (thickness) was used
to confine resin beads in the diluted compartments. Fig. 3
shows the single cell configuration of the CEDI stack. The Fig. 3 Schematic representation of the

cell pair of the module (a laboratory CEDI unit), with an flow cell
effective membrane area of 20 CM2, was used to remove

cobalt ions and was configured in a packed, layered bed.
This layered bed had the cation exchange media before the anion exchange media so as to prevent a reaction
between the cobalt ions and hydroxide ions since the metal ions would be removed before coming in contact
with the anion exchange media. A HP-113 DC power supply series 6674A was used for the CEDI module
operation. The anion to cation exchange ratio was adjusted to be an equivalent value. A 034 mN cobalt nitrate
solution was used with the various resin bed ratios in the diluted compartment. Prior to the CEDI operations, the
counter ions in the media were substituted with cobalt (cation exchange) and nitrate ions (anion exchange)
since it was assumed that the ion exchange resin alone could exchange ions without an electrical field. The feed
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solutions were pumped through the diluted compartment at a flow rate of mUmin. The concentrated solution
and electrode solutions were circulated at flow rates of mUmin and 10 mL/min, respectively. The conductivity
and pH of the inlet and outlet solutions of both the diluate and concentrate were measured at predetermined
time intervals.

RESULTS AND DISCUSSION

Characterization of ion conducting media
Effects of pH
Fig. 4 represents the effects of the initial pH on the removal of Co(ll) by IRN77, CIEPU-IRN77 and

CIET. It is clear that all of them are effective at the quantitative removal of Co(II) over a pH range of 2 to 8 In
comparison, a precipitation curve at the different pH values in the absence of resins is also shown in the figure.
Precipitation of Co(II) begins at pH 8.5. Fig. 4 clearly indicates that at any pH, the removal of the metal cation by
adsorption is much greater than that by hydroxide precipitation. Adsorption of the metal cation on the adsorbent
depends on the nature of adsorbent surface and species distribution of the metal cation. For all media tested, an
increase in the pH to a value above results in a decrease in the adsorption, probably because of the formation
of the hydroxy complex of cobalt, Co(OH)2- 13,14] Hence, in all subsequent studies, the experiments were
performed at a solution pH of 53.

IET dosage (mg/1 00mi)

120 - 120 - 10.00 2000 3�00 4�00 5DI00 60!00 7000

100 
100 

> 80 0
E E 8 -

60 - 0 sence of resin
C5 IRN77 60 -

40 - r IEPU-IRN77 80 CIET
20 40 -
EL 20 - o IRN77

a. --n- CIEPU

0 20 - IRN77 IN CIEPU
CIET

0 2 4 lo 12 14 0
0 100 200 3�O 4�O 50o 600 700

pH IX and CIEPU dosage (mg/100MI)

Fig. 4 The effect of pH on the adsorption of Co(I I) Fig. 5. The effect of media dosage on the adsorption
on the IRN77, IEPU-IRN77, CIET of Co(II) on the IRN77, IEPU-IRN77, CIET
(Conditions: initial Co(II) concentration=10 mgl-'; (Conditions: initial Co(II) concentration=100 mgI-1;
equilibrium time=24 h; and media dosage=1000 mg equilibrium time=24 h; and pH=5.3)
1 00 mr)

Effects of media dosage
Fig. shows the removal of Co(Il) as a function of media dosage by Co(Il) on the IRN77, IEPU-IRN77 at

their solution pH 5.3). Media dosage was varied from 0025 to 70 g and equilibrated for 24 hours. It is evident
that for the quantitative removal of 100 mg dm-3 of Co(II) in 100 ml, a minimum dosage of 150 mg IRN77, 500
mg CIEPU and 6000 mg CIET are required. The data clearly shows that the minimum dosage of IRN77 is 33
times higher than that of CIEPU and 40 times higher than that of CIET. In this study, IRN77 in CIEPU refers to a
blend of IRN77 in CIEPU since it was prepared using a polyurethane binder and the IRN77 ion exchange resin
by allophanate/biuret cross-linking. The ion-exchange capacity of the IRN77 in CIEPU media is similar to the
IRN77 media, based upon the dosage. This may be due to the composition of RN77 in CEPU, with a mixture
of IRN77(70%) and prepolymer(30%). Experimental results have also revealed that Co(1l) removal efficiency
increases upto the optimum dosage, beyond which the dosage no longer has a bearing on the removal
efficiency. [15] It is also apparent that the equilibrium concentration decreases with increases in the adsorbent
dose for a given initial cobalt concentration. This is to be expected since, for a fixed initial solute concentration,
increases in the adsorbent doses provides a greater surface area or number of adsorption sites. 161

Effects of contact time
Fig. 6 shows the effects of the contact time on the removal of Co(II) by IRN77, CIEPU and CIET The

removal rate increases with time and reaches an equilibrium within 4 hrs for IRN77, 5 hrs for CIEPU, and 0.1
hrs for CIET for an initial Co(II) concentration of 1 00 mg dM 3 The time to reach equilibrium was independent of
the initial metal ion concentration. The metal uptake versus time plots are smooth and continuous, leading to
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saturation, suggesting a possible mono layer 120 -

coverage of the metal ions on the surface of the ..... ..... .P!PT ............. IRN77� - - - LEtU- -
adsorbent. 17] 100 

Adsorption isotherm >0
The removal of the cobalt ions can be EJ! 8 -

expressed mathematically in terms of adsorption
isotherms. Adsorption data have commonly been W'a 60 -
fitted to the Langmuir model or the Freundlich M0
model. The Langmuir equation was applied to the 0

40adsorption equilibrium for the three different
2 1 0 IRN77-160 mgmedia: CD
CL 20 CIEPU-500 mg

(C.1% = 11(Q.b) + C.1Q. CIET-6000 mg

where C, is the equilibrium concentration (mg dm-
3) , q, is the amount adsorbed at equilibrium (mg g' 0
1), and Q, and b are the Langmuir constants 0 2 4 6 8 10

related to the adsorption capacity and energy of time (hrs)
adsorption, respectively. The linear plots of CVq, Fig. 6 The effect of contact time on the removal
vs C show that the adsorption obeys the of Co(II) on the IRN77, IEPU-IRN77, CIET
Langmuir model for all three media (Fig. 7 (Conditions: initial Co(II) concentration=100 mgI-
and b were determined from the Langmuir plots 1; IRN77/CIEPU/CIET dosage=150/500/6000
and the values are summarized in Table 2 mg1OOmI-1, and pH=5.3)

Table 2 Adsorption capacity and energy
from Langmuir adsorption isotherm Ce, (CIET)

0 6 8 10 12
Ion exchange Adsorption Adsorption 0.025 0.5

media capacity energy 0 IRN77.
Qo' mg/g b, dm3/mg a C:EPU V

0.020 - v C ET 0.4

- IRN77 regression
(L

IRN77 833.33 12.00 W -- CIEPU regression
0 0.015 ........ CIET regression 0.3 W

Z
CIEPU 250.00 13.33 0.2

CIET 23.15 3.00
0.005 -0.1

I - ..

The essential characteristics of the 0.00 I 0.0
Langmuir isotherm is that it can be expressed as 0 1 2 3 5 6

a dimensionless constant separation -factor or Ce, (IRN77, CEPU)
equilibrium parameter, R, which is defined by

RL= 11(l bC,) Fig. 7. The Langmuir adsorption isotherm for Co(II on
where b is the Langmuir constant and C is the the IRN77, CIEPU and CIET system
initial concentration of Co(II). [18] RL values
indicate a favorable adsorption of Co(II) onto
IRN77, CIEPU and CIET media at the concentrations tested at 30 ± I C.

The Freundlich adsorption isotherm was also applied to the adsorption of the cobalt ions onto the
different media. The experimental results obtained for the adsorption of cobalt at room temperature 25 ± 1C)
under optimal conditions, in terms of the contact time and adsorbent dose, were found to obey the Freundlich
adsorption isotherm. 19]

Un

k Ce
M

( =

where x amount of cobalt removed (mg)
M amount of resin (gm)
C, equilibrium concentration
and k and n are Freundlich constants.
The logarithmic form of the equation becomes

log =log k + 1logc�
XM n
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The Freundlich adsorption isotherm represents the relationship between the amount of cobalt
adsorbed per unit mass of the adsorbent (x1m) and the concentration of the cobalt at equilibrium (C,). K and n
are constants representing the adsorption capacity and intensity of adsorption, respectively. The data obtained
in this study fits the Freundlich adsorption isotherm (Fig. 8).

Table 3 Adsorption capacity and intensity
from Freundlich adsorption

isotherm Log Ce (CIET)

-2 -1 0 2
Adsorption Adsorption 5.0 1.5

Ion exchange capacity intensity 0 IRN77
media 4.5 13 CIEPU - 14

(k, mg/g) (n) CIET

4.0 - IRN77 regression
1.3

LLI CIEPU regression
3.5 -I ... CIET regression WV 1.2 Q)

Z 3.0 - V Eof

2.5 -
_W__C 0

0 1.0
-J 2.0 - Cr_

1.5 V 0.9

1.0 0.8

-3 -2 -1 0 1

Log Ce (IRN77, CEPU)

Fig. 8. The Freundlich adsorption isotherm for Co(II)
on the IRN77, CIEPU and CIET system

IRN77 756.48 6.70

CIEPU 213.70 6.28

CIET 14.67 4.40

The plot of log(x/m) versus logC, for various initial concentrations was found to be linear, indicating the
applicability of the classical adsorption isotherm to this adsorbate - adsorbent system. The adsorption capacity
(k) and adsorption intensity (n) are summarized in Table 3 Higher k values indicate a higher affinity for cobalt,
while the values of n lie between I and IO, indicating favorable adsorption. [1 8]

Porous plug model
Wyllie suggested an 1 2 3

approach for the ion-exchange beds oe dl
where the distribution of the resin
particles constitutes an irregular and el
discontinuous phase and the liquid is
regarded as a continuous one. 20]
The model estimates the
electrochemical properties from d
empirical and geometrical parameters.
This "porous-plug" model is based on
the principle that the electrical current a 1-17

passes through three different paths
within the media. The first path is Fig. 9 The "porous-plug" model. Left: schematic representation of

alternating layers of foam and the three paths which the current can take. Right: the simplified
interstitial solution, the second is the model consisting of three conductance elements in parallel. The

bridge connecting foam particles or geometrical parameters d and e are given by d+d2+d3=d, and

sections which are in contact with el e2=e. From Spiegler. K. S.,Yoest. R. L., and Wyllie. M. R. J.
each other, and the third is the
channel through the interstitial solution (Fig. 9.
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The conductivity of the media bed is represented by Eq. 11) and 12) in this model:

kb = ki + k2 + k3 ........................................................................................................ O 1)

ak)�
k = � � k2 = bk k3 = ck ........................................................... (12)

A + ek

kb = conductivity of the resin bed, k = conductivity of the resin

k = conductivity of the interstitial solution

ki = conductivity through alternating layers of particles and interstitial solution

k2 = conductivity through the resin, k3 = conductivity through the solution

The geometrical parameters of the media can be determined from the conductivity data obtained with an

electrolyte. The specific conductivity, F, of the foam was calculated from the equiconductance point, viz. the

point where the specific conductivity of the plug and the solution are equal. With determined, the parameters

can be calculated from the foam conductivity at kO and from the slopes of the k curve at kO and k-- F by use
of

kb b (dkb a + C (dkb ae + .............................. (13)
k )(k=O) A (k=O) e A (kJ)

These relations are obtained from Eq. ( 2 and by differentiation of Eq. (1 1), regardless of the concentration

dependence of T, and following relations between the parameters,
a b c= l d e= l ............................................................. (14)

Eq. 13) and 14) provide five
equations for calculating the five

Specific conducUvity of solution, IEPU gS/cm] unknown parameters 14).
0 2?0 4?0 600 800 1000 1200 1400 The parameters of the model

7000 - 1400 400 were estimated in this study to predict
- solution conductivity-IRN77 the electrochemical properties of the

E 6000 0 IRN77 1200 T media. The equation for the porous-
- - - solution conductivity-lEPU
-- a- lEPU

t- 500 - solution conductivity-lET 1000 =S, -300 plug model is based on the
Z IET a. W geometrical configuration of theW

4000 - 800 0 media. From Fig. 10, the constants a,
z�' -200 b, c, d and e were calculated (Fig. 1).> i.

3000 - 600 [21] These values depend little on the
8 particle size and the nature of the

8 2000 - 400
100 electrolyte. Although they cannot be

(D
. . ......... ......... . ......................... CL com pared directly w ith other ionC� 1000 200

equiconductance point exchange media, we can predict the
0 1 0 portion of electrical current passing

0 1000 2000 3�00 4�00 5�00 60 .00 70.00 through the three different paths in the
Specific conductivity of solution, IRN77 [u.S/cm] ion exchange medium.

0 100 21�10 300 400 As shown in Fig. 10, the
Specific onductivity of solution, ET [LS/cm) specific conductivities, k , of the

media were 80, 550, and 4900 FI/cm
Fig.1 0. Specific conductivity of ion conducting media in C02+ or N03- for CIET. CIEPU, and IRN77,

form at equilibrium with Co(NO3)2 respectively. The results indicate that
IRN77 is electrically more conductive
than the others when under the

influence of an electrical potential. The specific conductivity for CIEPU can be predicted to be in the range of
3000 to 3500 a value that is 70 of IRN77, since it is composed of 70% IRN77 and 30% polyurethane
prepolymer. As well, the polyurethane that is enclosing the RN77 resin bead in CIEPU increases the electrical
resistance by more than 5-fold. Moreover, the value of the equiconductance point allows one to predict the
concentration range where the media would be most efficient in the CEDI process. In a system consisting of a
dilute ionic solution in contact with ion conducting media, ionic transfer driven by an electrical potential will occur
almost exclusively through the ion conducting media, and not through the water. The ease of ion transfer can be
used to determine the electrical resistivity of the system.

Fig. 1 1 shows the rectangular configuration for the media. It illustrates the configuration of the ratios
between the solid and solution portions of the media, both horizontally and vertically. In this figure, current flows
in the vertical direction. Gray filled blocks account for the solid phase while white blocks correspond to the
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solution phase. From the left, they include transfer through both the solution and solid phases, the solid phase
alone and the solution phase alone, respectively.

Most of the current passes through a mixture of the media and solution phases. Thus, these media are
more electrically conductive than the solutions to be treated. As well, these foams significantly reduce device
resistance and increase the available surface area for ion exchange. It is desirable to use such electrically
conductive media during treatment of dilute solutions with a CEDI operation.

p me(O.28) mi 15`� g,-WI e(O.42) e(O.33)

Lnl! RN

d(O.72) d(O.42) d(O.67)

a(0.68) b(O.05) c(O.27) a(0.63) b(O.03) c(O.34) a(0.57) b(O.02) c(O.41)

IRN77 CIEPU CIET

Fig.11. Ratio configuration for conductance through the solid phase and the solution phase;
Gray blocks are solid phases and white blocks are solution phases

CEDI operation with vertically layered bed
Most reports deal with high-purity water production with a CEDI filled with mixed-bed ion exchange

resins. [1-10] However, such a CEDI configuration cannot treat solutions containing metal ions, like the primary
coolant, because of precipitation of metal hydroxides. The metal ions precipitate as a result of a reaction with
hydroxide ions that are present in the CEDI stack. Therefore, to improve the performance of the CEDI device, it

is necessary to avoid precipitation. In this
study, a CEDI system packed with a
layered bed was operated with both the
cation exchange media and the anion

cm t CAIX AMX t CMX exchange media, as shown in Fig.13. The
ion-exchange media bed was divided into

0 two parts: the bottom portion contained the
H+ cation exchange media for cobalt removal,

while the top layer contained the anion
+ exchange media for anion removal. The

volume ratio of the media bed 3:2 cation:
anion media) successfully preventedH-
precipitation between the metal ions and
hydroxide ions. There was 99 removal

C of the cobalt ions and the pH of the diluted
compartment ranged from 5.5 to 65 as
shown in Fig. 14. The pH of the

Na2SO4 concentrated compartment was
maintained at a constant level of 3 - 4.
The power consumption was - 10 Wh/L

Co2+, N03 and the current efficiency ranged from 17
to 24 with a current density of 1.5

Fig. 13. Method of packing with the layered bed in a diluted mA/cM2.
compartment (CMX: cation exchange resin, AMX: anion There was no significant
exchan e resin, IX: media bed, Volume ratio: CIX:AIX=3:2) difference between the three different

OX AIX media in terms of Co(II) removal becauseLW the removal rate of the media was 97 - 99
During the characterization of the media, the ion-exchange capacity of CIET was 45 - 50 times lower than

other IRN77 and CIEPU but the rate constant was about 100 times higher. Therefore, CEDI is a process
wherein the primary sizing parameter is the transport through the media, not the ionic capacity of the media.
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re The performance of the CEDI with the
remove MEPU layered bed was proven with over 99 

--7-- removal /W ET

110 --W- power consumpton-IRN77 20 50 ion removal and a 20 current
power consumpbon-IEPU

--w- power onsumption-IET efficiency. The results show that for an
--*- current efridency-IRN77 45 inlet conductivity of 40 It&cm, a linear

10 - --*- current effidency-1EPU 16
__T� current effidenc-lET velocity of 417 cm/sec, and an applied

40 M2,
14 current density of 1.5 mAlc an outlet

0 100 17 q
E 35 conductivity of 1.0 gS/cm was obtained

12 c'

whilst preventing precipitation. In all
95 to E 30 ' cases, the resistivity of the treated water

8 as greater than I MQ.cm in the
W 8 26 w

go I l!
6 laboratory CEDI unit.

0 20
CL

85

2 15

80 L �n CONCLUSIONS
0 200 400 600 800 1000 1200 1400 1600

time (min) CEDI is a process that removes
ionizable species from liquids using

Fig.14. Variation of Co(II) percent removal, power consumption, electrically active media and an
and current efficiency with time in the ion conducting media electrical potential to influence ion

transport. The electrically active media
in CEDI devices may function to alternately collect and discharge ionizable species, or to facilitate the transport
of ions continuously by ionic or electronic substitution mechanisms. Since CEDI process have been introduced
for the first time by Walters, Weiser, and Marek in 1955 2], the ion-conducting media used most widely has
been ion exchange resin due to its high ion-exchange capacity, high chemical stability, and low electrical
resistance. However, packing the resin beads in the compartment is laborious work while assembling the stack
and a free flow of the solution is difficult to achieve because the resin beads are driven downward in the diluted
compartment due to gravity. In this study, the EPIJ and IET media developed coped with these problems but
had a little effect on the ion exchange resins performance.

During the characterization of the ion-conducting media, the solution pH was found to be the single
most important parameter affecting adsorption, the optimum solution pH giving maximum adsorption of cobalt
being 53. The solution pH is also related to the loss of hydration sheaths, hydrolysis and precipitation of the
metal ions. As the solution pH increased from a low value, the outset of adsorption precedes metal hydrolysis
and precipitation and appeared to coincide with the loss of the outer hydration sheaths of the metal ion. The
contact time required for equilibration of the metal ion concentrations between the ion exchange media and
solution appeared to be dependent on the ratio of the number of adsorption or ion exchange sites to the number
of metal ions that can be adsorbed. While the adsorption process obeys Langmuir and Freundlich adsorption
isotherm when at equilibrium, the kinetics of adsorption of cobalt to IRN77, IEPIJ and IET follow first order
reversible kinetics. The kinetic data is useful for the fabrication and design of wastewater treatment plants. The
results also demonstrate that an intraparticle diffusion mechanism plays a significant role in the adsorption and it
is apparent that the film diffusion process controls the adsorption rate.

IEPU can be predicted to be in the range of approximately 70 of RN77 due to its composition, ie. a
mixture of IRN77 70%) and polyurethane prepolymer 30%). The performance of IEPU was proven to be 30 
less than IRN77, which is because of the polyurethane that is enclosing the IRN77 resin beads. The
polyurethane interferes with transport of the ion between the resin beads. Although IET has low ion-exchange
capacity, its rate constant is very high because of the faster exchange kinetics due to the absence of
crosslinking. There was no big different between the three different media in terms of Co(Il) removal. Therefore,
CEDI is a process in which the primary sizing parameter is the transport through the media, not the ionic
capacity of the media.
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