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Abstract - The ion-exchange method for the purification of primary coolant has been used
broadly in PWR(pressurized water reactor)-type nuclear power plants due to its high
decontamination efficiency, simple system, and easy operation. However, its non-selective removal
of metal and non-radionuclides shortens its life, resulting in the generation of a large amount of
waste ion-exchange resin. In this study, the feasibility of electrodeionization (EDI) was
investigated for the purification of primary cooling water using synthetic solutions under various
experimental conditions as an alternative method for the ion exchange.

The results shows that as the feed flow-rate increased, the removal efficiency increased and the
power consumption decreased. The removal rate was observed as a 1000 decontamination
factor(DF) at a nearly constant level. For the synthetic solution of 3 ppm TDS (Total Dissolved
Solid), the power consumption was 40.3 mWH/L at 2.0 L/min of feed flow rate. The higher
removal rate of metal species and lower power consumption were obtained with greater resin
volume per diluting compartment. However, the flow rate of the EDI process decreased with the
elapsed time because of the hydrodynamic resistivity of resin itself and resin fouling by suspended
solids. Thus, the ion-exchange resin was replaced by an ion-conducting spacer in order to
overcome the drawback. The system equipped with the ion-conducting spacer resolved the problem
of the decreasing flow rate but showed a lower efficiency in terms of the power consumption, the
removal rate of metal species and current efficiency. In the repeated batch operation, it was found
that the removal efficiency of metal species was stably maintained at DF 1000.
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Fig. 1. Principle of electrodialysis.
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Table 1. Composition of the Synthetic Primary Cooling Water
Element Concentration Reagent
(ppm)

Sh 10 CH,KO;Sh

Co 1 CO(N03)2 . 6H20

Fe 3 Fe(N03)3 * 9H20

Ni 50 Ni(NO3), - 6H,0

Ag 10 Ag(N03)

Ao A

Ao ALgd AVEo)2 FX= AVFENRX
(Tokuyama Corp., TS-2-10)9 ]ﬂjr__-,—x]g]
&8 A3 Y8 095 m silicon blockg §F
ol Agsdey o FALS a9 33 2o A

ol A& NG FauUEA 200 Q)
Neosepta CM-1 7Z2tA ol n@=r AM-1 #
714 Lol 2@ (Tokuyama Soda Co. Ltd)o]
o o]2 WA= Rohm & Haas Co.4) AMBERLITE
IRN 77 9A 23 (Nuclear grade) 7444 <ol
k2] o} AlV[BERLITE IRN 78 LA2F Bd7A
ol 2ngrAE ALY ¥ 29 AMBERLITE

o] &

IRN 773} 789 &&|3}aHA
AAo FAHE EdoludaA

wE}5E NMAEE °§°1%ﬂ§1-’|:x]9jr 3
FAE 2 o 39 "&2 £Fstd AL
R HP-IB DC Power Supplies Serles
6674A % AHEstATH HAH 9 oY HAS
oz AHe® e Nafion[du Pont Co.(USA)],
ASV[Asahi Glass Co.(Japan)], PCA [Altmeier
GmbH Co.(Germany)]l, CM-1, CMX, CMS, CMB,
CMH, AM-1, AMX, AMV, AFX, ACM, ASV
[Tokuyama Soda Co.(Japan)), C31, A20[8t=tA 4
4]l

o
.

Table 2. Physical and Chemical Characteristics of AMBERLITE IRN 77 and IRN78 *

[AMBERLITE IRN 77}

Physical Characteristics

Physical form

uniform particle size spherical beads

Shipping weight 800 g/l
Effective particle size *x* 550 m
Uniformity coefficient <12
Particle size < 0300 mm : 0.2 % max
> 1180 mm 20 % max
Chemical Characteristics
Matrix

Polystyrene DVB gel

Functional groups

Sulphonic acid

fonic form as shipped

H+

Total exchange capacity

> 19egl ( H™ form)

Moisture holding capacity

491055 % ( H form)
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[AMBERLITE IRN 78]

D 2% 25 19995

Physical Characteristics

Physical form uniform particle size spherical beads
Shipping weight 690 g/l
Effective particle size *x 550 wm
Uniformity coefficient <1.2

Particle size

<0300 mm : 0.2 % max
> 1,180 mn : 20 % max

Chemical

Characteristics

Matrix

Polystyrene DVB gel

Functional groups

Trimethylammonium

lonic form as shipped

OH"

Total exchange capacity

> 19 eyl ( OH" form)

Moisture holding capacity

49 t0 55 % ( OH™ form)

*

Reference (Rohm & Haas France S. A. Co., product data sheet, 1998)
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** Measured in this study
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Fig. 3. Schematic draw of electrodeionizer.
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Table 3. Electric Resistances of Membranes in the Synthetic Primary Coolant measured by a

clip celt (100 kHz, 25 °C)

Membrane Electric resistance
{(chm~ai)
CM-1 49,57
CMX 51.15
Cati Nafion 61.79
ation
membr(z)lnes MS 8.2
CMB 84.53
C31 131.08
CMH 137.10
AM-1 40.70
AMX 49.13
PCA(400D) 54.24
Anion AMV -56.10
membranes AFX 59.85
ACM 61.35
ASV 90.74
A29 210.07
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Fig. 6. Removal rates of iron with time under
various flow rates.

Table 4. Removal Rates of Metal Species with Time under Various Flow-rates

Removal rate
with time Removal rate of Metal Species (%)
Flow rate
with metal species 10 min 20 min 30 min 40 min
05 ! /min 7219 91.85 95.40 96.66
Ag 10 ! /min 71.32 93.57 87.43 98.84
15 ! /min 88.01 97,58 99.01 99.66
20 ! /min 94.40 99.10 99.89 99.94
05 ! /min 65.86 92.39 94.13 96.32
Co 1.0 ! /min 74.53 94.15 96.62 98.75
15 I /min 90.79 96.60 97.13 99.07
2.0 ! /min 93.32 98.99 99.27 99,94
05 ! /min 85.27 95.70 96.90 97.56
Fe 1.0 1 /min 87.75 96.94 98.32 99.44
1.5 I /min 95.31 98.11 99.36 99.84
2.0 I /min 98.20 99.26 99.71 99.99
05 ! /min 63.59 86.47 91.65 95.79
Ni 10 ! /min 68.76 92.82 95.32 98.10
15 1 /min 73.16 94.41 96.46 98.41
2.0 ! /min 86.01 97.58 98.41 99.92
05 ! /min 84.63 91.22 93.23 9599
S 1.0 ! /min 89.68 94.72 96.55 97.08
15 {/min 91.47 96.01 97.33 99.14
20 ! /min 94.95 98.74 99.28 99.94
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Table 5. Removal Rates of Metal Species with Time under Various Resin Volume in each Diluting

Compartment.
Removal rate
with time Removal rate of Metal Species (%)
Resin volume

with metal species 10 min 20 min 30 min 40 min
20 nl/diluting cell 25,67 67.93 77.54 85.33

Ag 30 ml/diluting cell 46.34 71.19 81.98 88.45
40 wl/diluting cell 59.23 78.85 88.21 91.65

20 nl/diluting cell 36.62 64.04 78.53 87.05

Co 30 nl/diluting cell 51.32 73.45 82.66 88.73
40 ml/diluting cell 61.46 80.69 86.82 92.56

20 ml/diluting cell 60.21 79.88 88.27 93.63

Fe 30 ml/diluting cell 63.52 82.30 89.18 95.48

40 nl/diluting cell 72.55 88.38 92.50 96.20

20 al/diluting cell 32.23 61.20 .67 85.17

Ni 30 ml/diluting cell 4378 65.38 74.60 88.36
40 ml/diluting cell 50.58 71.00 81.65 91.55

20 mt/diluting cell 47.67 74.90 82.02 86.41

) 30 ml/diluting cell 52.86 81.23 85.83 88.46
40 ml/diluting cell 56.88 83.23 86.53 92.40




84 Ta R BB &L

100
-— e
80 X
v .
2 /o
g ]
[ .
g J
g«
¢ [
[ —e— Fe_resin volume 20 mL.
20 1 ..o - Fe_resin volume 30 mL
—v - Fe_resin volume 40 mL
0 . . r .
0 10 20 30 40 50
time (min)

Fig. 7. Removal rate of iron with time under
various resin volume in each diluting compartment.
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Fig. 8. Conductivity variation with time of an EDI
equipped with an ion-exchange resin and EDI
equipped with an ion-conducting spacer

Table 6. Comparison of Removal Efficiency with the Packing Material of EDI

Efficiency Removal Efficiency (%)

EDl equipped with EDI equipped with
metal species lon-Exchange Resin lon~Conducting Spacer
Ag 95.6 82.8
Co 99.5 96.5
Fe 97.6 975
Ni 99.1 97.1
Sh 96.0 95.9




off 2o 10T

ox 2 12 N

SRS
N

x 2 e
3J2~
=)

N lo

>

(o
lot oy tot,
u

L) X2 o o
25
[}
sG]
o S .,
=
X
b
o 0
T 2
(& = o
ﬂjﬁj o B
EHE 3
OmZuH“
4% o jo go 2
r%%.—%kuoﬁi
o

o
o,
=
L
o
o
i
R
(o]
i)
Nk

@

L RAFY FEol e

A9 ngolen A%

ARl 37t oz ARG DA FoaA D
o)

ol
o
rfo
2
vl
o
o
il

>
B

2
=
rd
>

2

w1 10 o o gy
-~
o,
r
o
o
ol

g o

@
S

@
S

Removal efficiency of radionuclides (%}
8

0

»
k=
s

—+— Co
— - Fe
—&-- Ni
—o - Sb

2]

20

40 60 80 100 120 140 160 180

time (min)

Fig. 9. Removal efficiency of metal species with
time in repeated batch EDI operations.
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Fig. 10. Variation of cell resistivity with time in
repeated batch EDI operations.

Table 7. Comparison of EDI with lon-exchange in Metal Removal Efficiency

Feed * Removal efficiency . t?e'l“?]‘ial Ceg;lglency
Metal Species concentration by EDI in this study . ti»;eolite?;ture g[?zﬂ
{ppm) (%) o J

Ag 10 999 100

Co 1 999 100

Fe 3 99.99 93

Ni 50 99.96 100

S 10 %98 332

*  Recirculated batch operation, 40 min
* Continuous operation, before breakthrough, 10 min
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