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SUMMARY

I. Project Title
Demonstration of Fly-ash Filter for Trapping Volatile Radioactive

Cesium in Off-gas Stream

II. Objectives and Importance of the Project

The object of this study is to design and operate the fly ash filter
unit for trapping cesium in the vitrification pilot process of radioactive
waste in the low and medium level.

It is necessary to reuse fly ash, which is a kind of waste from coal
fired power plant, in trapping cesium generated from vitrification process

and improving safety and removal efficiency of off gas treatment system.

III. Scope and Contents of the Project

a. Cesium trapping characteristics with changing gas composition, flow
rate, reaction temperature in lab-scale experimental apparatus

b. Manufacture of fly ash filter media, and design and manufacture of
fly ash filter unit to be used in pilot process

c. Performance test of fly ash filter unit

d. Establishment of commercialization basis by applying this
technology for the vitrification pilot process of KEPRI and proving its
usefulness.

e. Transfer of manufacturing technology of fly ash filter media and

unit to the Namsung Ceramic Co. in order to commercialize it.



f. KAERI totally manages the study on commercializing this
technology.

IV. Results

a. According to the XRD analysis on the trapping cesium compounds
by the fly ash filter, the thermally stable pollucite phase was formed
when the SOx or NOx was used as the carrier gas.

b. The trapping efficiency of volatile cesium by the fly ash filter was
decreased with the increase of face velocity, whereas the efficiency was
increased with the increase of the reaction temperature. And also, by
increasing the reaction time, the efficiency was decreased.

c. The trapping efficiency of volatile cesium by the fly ash filter was
higher than 99.5% under the air or NOx/air as a carrier gas, however, the
efficiency was decreased to 99.0% under the NOx/N:2 as a carrier gas. By
the way, the effect of NOx in the vitrification pilot process might be
negligible due to the supply of the significant amount of oxygen.
However, because using the SOx as the carrier gas the efficiency was
slightly decreased to 93.5%, the influence of the SOx on the trapping
cesium by the fly ash filter seems to be concerned in that pilot process.

d. The fly ash filter unit was performed in the vitrification pilot
process, but the trapping efficiency of cesium by that filter could not
measured because analytical instruments can not detect the cesium.
However, it is confirmed that the stainless steel 310 can be used for the
material of filter frame and housing and shows the corrosion resistance at

high temperature(1000C).

V. Proposal for Application

-iv..



The results can be applied for commercial process of vitrification of
low and medium level radioactive waste and DUPIC nuclear fuel
manufacturing plant of high capacity.

The fly ash filter can be exported to France, Japan and England etc.,
which have vitrification facility in commercial operation, as well as some

countries developing dry reprocessing technology.
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Fig. 2-5. Specific weight of cesium trapped on each filter
unit with its depth.
Reaction conditions; flow rate = 233 cm/sec (air),
operation time = 6 hrs,
temperature = 900 C.
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Fig. 2-6. Accumulations of cesium trapped on each filter
unit with its depth.

Reaction conditions; flow rate = 233 cm/sec (air),
operation time = 6 hrs,
temperature = 900 TC.
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Fig. 2-7. X-ray diffraction curves of the front and

back
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~-side of filter units.

front-side of the first filter unit

. back-side of the first filter unit

front-side of the eighth filter unit

! back-side of the eighth filter unit.
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Fig. 2-8. Specific weight of cesium trapped on each filter
unit with its depth.

Reaction conditions; flow rate = 233 cm/sec (air),
temperature = 900 TC.
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Fig. 2-9. Accumulations of cesium trapped on each filter
unit with its depth.
Reaction conditions; flow rate = 233 cm/sec (air),
temperature = 900 C.
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Fig. 2-11. Specific weight of cesium trapped on each

filter unit with its depth.

Reaction conditions; operation time = 2 hrs.
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Fig. 2-12. Accumulations of cesium trapped on each

filter unit with its depth.
Reaction conditions; operation time = 2 hrs.

...19..



100

99

98

Removal efficiency (%)

97

96 1 1 1 1 1
80 120 160 200 240 280

Face velocity (cm/sec)

Fig. 2-13. Removal efficiency with respect to the face
velocity (reaction time: 2hrs).
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Fig. 2-15. Accumulations of cesium trapped on each filter
unit with its depth.
Reaction time = 6 hrs.
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Table 2-2. Trapping efficiency of cesium on fly ash filter with
respect to the reaction temperature,

Temperature | Reaction Time | Face Velocity Efficiency
(C) {hrs) {cm/sec) (%)
740 6 203.8 33.9
860 6 258.0 95.7
890 6 245.7 96.3
940 6 245.7 97.1
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Specific Weight

0.05

0.04 L —m— 0.49 g-Cs/hr
—e@— 0.16 g-Cs/hr
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0.02 |-
0.01 L
0.00 -
0 1 2 3 4 5 6 7 8 9

The number of stacked filter

Fig. 2-16. Accumulations of cesium trapped on each filter
unit with its depth.
Reaction conditions; flow rate = 157 cm/sec(air),
operation time = 2 hrs.
temperature = 950 TC.
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Fig. 2-17. Accumulations of cesium trapped on each filter

unit with its depth.
Reaction conditions; flow rate = 157 cm/sec(air),
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operation time = 2 hrs,
temperature = 950 C.



Specific Weight

0.10 —m— Air
—@— SO, (3800 ppm)
0.08 |- —A— NO, (4000 ppm)
0.06 |-
0.04 |
0.02 | )
0.00 ' 1—a—2— %
0 1 2 3 4 5 6 7 8 8

The number of stacked filter

Fig. 2-18. Specific weight of cesium trapped on each filter
unit with its depth.

Reaction conditions; flow rate = 157 cm/sec,
operation time = 2 hrs,
temperature = 950 T.
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Fig. 2-19. Accumulations of cesium trapped on each filter

—@— SO, (3800 ppm)
—A— NO, (4000 ppm)
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L 1 [l 1 L

1 2 3 4 5 <] 7 8 g

The number of stacked filter

unit with its depth.

Reaction conditions; flow rate = 157 cm/sec
operation time = 2 hrs,
temperature = 950 C.
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Table 2-3. Trapping efficiency of cesium on fly ash filter

according to the different carrier gas.

: Concentration | Face velecity Efficiency
Carrier Gas (ppm) (Cm/seC) (%)
Air — 131.6 99.5
SO« 3800 183.9 93.5
NOx 4000 185.5 99.0
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Q:Quartz, M:Mullite, P:Pollucite, C:Cristoballite

Counts

2 D Q0 D &

20

Fig. 2-20. X-ray diffraction curves for the cesium trapped filters
under the SOx atmosphere.
1F : front-side of the first filter unit
4F : front-side of the fourth filter unit
8F ! front-side of the eighth filter unit.
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Q:Quartz, P:Pollucite, C:Cristoballite

Counts

Fig. 2-21. X-ray diffraction curves for the cesium trapped filters
under the NOyx atmosphere.
1F : front-side of the first filter unit
8F : front-side of the eighth filter unit.
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(b) Filter housing

Fig. 3-1 Photographs of Fly-ash filter units{a) and Filter housing(b)
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Fig. 3-2 The design of filter unit equipment




ipments for experiment

Fig. 3-3 Photographs of the manufactured equ
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Fig, 3-4 Sampling pot of vaporized Cesium
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Table 3-1. pH of absorbing solution,

No, Up-stream Down-stream
1 2.06 2.24
2 1.78 1.92
3 1.42 1.46
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Table 3-2, Compositions of the front and back-side of
the fly ash filter unit after trapping cesium

by XRF,

Components Front Back
Si02 41.1 48.7
Al503 40.1 34.2
Fes03 1.21 4.23
Ca0 6.13 3.85
Mg0 5.67 2.94
K20 1.37 1.57
Ti0g 1.45 0.88

Others 2.97 3.63
Total 100 100
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Abstract (15-20 Lines)

The object of this study is to design and operate the fly ash filter unit for trapping cesium
in the vitrification pilot process of radioactive waste in the low and medium level. It is
necessary to reuse fly ash, which is a kind of waste from coal fired power plant, in trapping
cesium generated from vitrification process and improving safety and removal efficiency of off
gas treatment system. According to the XRD analysis on the trapping cesium compounds by |
the fly ash filter, the thermally stable pollucite phase was formed when the SOx or NOx was !
used as the carrier gas. ‘
The trapping efficiency of volatile cesium by the fly ash filter was decreased with the
increase of face velocity, whereas the efficiency was increased with the increase of the
reaction temperature. And also, by increasing the reaction time, the efficiency was decreased.
The trapping efficiency of volatile cesium by the fly ash filter was higher than 99.5% under
the air or NOw/air as a carrier gas, however, the efficiency was decreased to 99.026 under the
NOy/N: as a carrier gas. By the way, the effect of NOx in the vitrification pilot process .
might be negligible due to the supply of the significant amount of oxygen. However, because
using the SO« as the carrier gas the efficiency was slightly decreased to 93.5%, the influence
of the SOx on the trapping cesium by the fly ash filter seems to be concerned in that pilot
process. The fly ash filter unit was performed in the vitrification pilot process, but the ;
trapping efficiency of cesium by that filter could not measured because analytical instruments .
can not detect the cesium. However, it is confirmed that the stainless steel 310 can be used |
for the material of filter frame and housing and shows the corrosion resistance at high
temperature(1000°C).

(SXII;Joeuctt lI%)ey‘:\(l)(;fgg ! fly ash filter, trapping cesium, off-gas, vitrification, !




9

Lol HINE FAG7IERA AT AAHAFALAAY A+
BINYgU o

Lol BN §e EuE gl wE=A ATl R AHT
AAHATN S S ArAAdS THoF FUTh

cE7E #Arle VIERAC 22 WES dodeE 48 Ev
FMFAME ot

<




