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Trapping Characteristics of Cesium in Off-Gas Stream Using Fly Ash Filter
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Abstract—The cesium trapping characteristics with changing reaction temperature, carricr gas and gas velocity by
the fly ash filter were analyzed. The SEM (Scanning clectron microscope) on the pore structure of the fly ash {ilter
showed that pores up to 0.1 mm in diameter were widely interconnected with cach other throughout the whole structure
of the filter. According to the XRD {X-ray diftfraction) analysis for the cesium compound trapped on the fly ash {ilter,
the thermally stabie poliucite phase was formed. The cesium trapping quantity of the fly ash filter was increased with
increasing reaction temperature. whereas it was decreased with increasing gas velocity, SEM showed that the fly ash
filter afier trapping gascous cesium had mullite phase of needie-like crystals and polluciic phase of bulky cryvsials with

rough suriace,
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INTRODUCTION

A new fuel cycle, called Direct Use of PWR Spent Fuel in CAN-
DU reactor (DUPICY, has reccived renewed interest recently as PWR
to CANDU synergistic fuel recycling option [Yang et al., 1998},
The DUPIC fuel fabrication process consists of rod-cut, declad-
ding, repeated OREOX (Oxidation and REduction of OXide fuel),
pelletizing and sintering processes. The schematic diagram of the
DUPIC fuel fabrication process is shown in Fig. 1. During the rod-
cut process, tritium can be generated. In addition to the rod-cut pro-
cess, during the OREOX and sintering processes, volatile fission
gases (tritium, carbon-14, krypton, iodine etc.) and semi-volatile
fission gases (cesiam. ruthenium etc.) might be released. Among
semi-volatile gaseous radicactive wastes, cesium is one of the most
hazardous and leachable radioactive fission products.

Aluminosilicates have been studied from various aspects of pre-
paration, leachability and thenmal stability as a trapping material
for cesivm. Among well-known cesium aluminositicates such as
cesium nepheline (CsAISIO,). pollucite (CsAISLO,) and CsAISLO,.,
pollucite has been recommended as a preferable phase for fixing
cesium because of its low leach rate and good thermal stability {Denis
et al., 1979}, According to Mukeri and Kayal [1973a, bl TG, DTA
and XRD analysis technigues showed that clay materials such as
metakaolin (ALO.-25i0.}, bentonite (ALO,-4S10.-61,0) and pyro-
phyllite (ALO: 4810, H;0) could be used for trapping gaseous ce-
Sitam.

Fly ash consists of finely divided particles between | and 150
tm enirained in flue gas, which is produced at a ratio of 15-45%4
of the raw coal as by-product when the fing coal powder is burned.
The remaining amount of fly ash is stored in an ash pond after being
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changed into a shwrry form in most coal-fired power plants, It is
known that fly ash is a serious pollutant of ground water and soil
due to the leaching of potentially toxic substances fiom an ecologi-
cal and an economical point of view. Currently, small amounts of
fly ash are utilized, mainly as a raw material in the cement industry
and composite material of concrete [Lin, 1992].

Recent papers have reported [Park et al., 1996, 1997} on the use
of fly ash to trap gaseous cesitm, which includes the analysis of
optimum loading quantity of gaseous cesium with fly ash and the
analysis of thermal stability of cesivm trapped on a fly ash. The S
Al mole ratio of fly ash corresponding approximately to that of pol-
lacite (CsAISLO,) indicates the feasibility of this fly ash in trap-
ping gaseous cesium generated from DUPIC fuel {abrication pro-
cess. To apply fly ash for off-gas treatment system of gaseous ce-
stum, it should be manufactured as a disk form. Also, it is neces-
sary to obtain the information on the operating conditions of cesi-
um trapping anit using the fly ash filters.

In this work, therefore, experiments were performed to evaluate
the trapping characteristics with changing trapping temperature,
carrier gas and gas velocity by the fly ash filter in a two-zone fur-
nace, Reaction products formed by the reaction of gaseous cesium
compounds with the fly ash filters were investigated by using SEM
and XRD analyses.,

EXPERIMENTAL

Fly ash from a Boryung coal fired power plant was used. The
chemical compositions are shown in Table |, To manufacture a ce-
ramic foam filter, fly ash and polyvinyl alcohol as a binding mate-
rial were mixed together to make a uniform slip solution. This slip
solution was impregnated with a polyurethane sponge and surplus
stip was removed from the sponge. And then it was dried at 95°C
and sintered at 1,200°C. The heating rate was constantly maintained
at 3°C/min and sintering time was 120 min. The fly ash filter has
an inner diameter of 44 mm, thickness of 10 mum and average weight
of about 7 g. The number of pores for the fly ash filter ranged from
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Fig. 1. DUPIC fuel fabrication process.

Table 1. Chemical compesitions of fly ash

Constituents wi%o
S0, 62.04
ALO, 25.02
Fe, O, 5.88
CaQ 1.39
MgO 0.68
Na, O 0.36
K.O 280
Ti0, 0.09
Others 244
Total 1000
Caoling waber
Filters
e Cs source ﬂ]]]]][':l
| O
Gas in !

Cs Volathization Cs frapping
zone zane
Fig. 2. Schematic diagram of the experimental apparatus for trap-
ping gaseous cesium.

about 13 to 40 pores per linear centimeter, Two-zone flanace of 5.0
¢m LD, alumina tube is shown in Fig, 2. In the first hot zone, cesi~
um silicate was used to generate a controlled source of gaseous ce-
siam, which was scheduled to pass through the fly ash filters mount-
ed in the second hot zone. Filters were tightly packed in an alu-
mina tube of firnace by using an alumina mat. The experiments were
conducted under air and hydrogen {(Ar/4% H,) conditions because
gaseous cesitm was considered to be released during the OREOX
process in manufacturing DUPIC fuel,

In order to determine minimum frapping temperature, frapping
experiments were conducted by heating the trapping zone flom 500
°C to 1,000°C for 18 howrs, and then cooling it down to the room
temperanire. Source temperature of cesium silicate was constantly
maintained at 1,000°C. The air velocity was controlled as 5 e/
sec at the trapping zone. XRD (Siemens, D5000) technique was
applied for analyzing reaction products on the fly ash filters. The
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X-ray used was Cu Kot ray, and the scanning rate was 2/min, The
angle, 20, was within the angle of 15 to 605, SEM (Jeol, JSM-5200)
was also used 1o observe reaction products of the fly ash filter with
cesium silicate.

In order to understand the effect of gas velocity on the cesium-
trapping quantity of the fly ash filter, the air velocity was varied be-
tween 2 and 20 am/sec, The trapping temperature was constantly
maintained at 1,000°C and trapping time was 18 hours under the
air condition. Cesium frapping quantity was calculated by measur-
ing the weight change of the filter before and afier trapping gas-
eous cesium.

RESULTS AND DISCUSSION

When gaseous cesim reacted with the fly ash filter under the
alr and hydrogen conditions, the colors of the fly ash filter changed
from brown to dark brown and from gray to black with increasing
temperature, respectively. The typical photographs of the fly ash
filters under the air and hydrogen conditions are shown in Fig. 3. It
may show that the trapping characteristics of gascous cesium by
the fly ash filter could be changed with the trapping temperature

and carrier gas.

(under the air conditson )

(umder the bydrogen comdition)

Fig. 3. Photographs of the fly ash filters after trapping gaseous ce-
sium under the air and hydrogen conditions.
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Fig. 4. SEM photographs of the fly ash filter hefore and after reac-
tion at {,006"C under the zir condition.
fa) filter. - 43, (b} filter, - 1,000, () reacted filter, -1.0060

Fig. K a) shows SEM photographs of the fy ash Nler at 43X mag-
nification. The structure of the fly ash {iter indicades that pores up
to 9.1 mm m dlameter are widely nterconnected with each olher
thronghowt the whole strocture of the filter. The miaoscopic obser-
vation of the iy ash filier s completely different from thal of the
fly ash parlicles having spherical shapes [Flagan and Friediander.
FOEEL. Microscopic observation of the By ash filker afler trapping
gaseous cesium. as shown I Fig. 4oy, taken at LODOX magnifica-
tion. indicales that # has pollucite phose of bulky ervstals with rough
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Fig, 5, XRD patterns for the fiy ash filters reacted with gaseous
cesitm under the air condition at different femperatures.
C: Cristobatite, (: Quartz. M: Mullite. #: Pollucite

sirface and mullite phase of needie-like crystals, whose shapes arc
difTerent {rom those of the fly ash filter [Fig, (b}

Afer the reawtion of the fly ash filtler with gaseous cosim at over
&00°C of trapping femperature under the alr conditions, the reacted
surface of the fiv ash filter gave XRD peaks that indicates cristo-
balite. quartz, mullite and poliucite phases as shown in Fig. 5. At
500+C of gupping temperature, only oristobalite. quartz and mul-
Hite phases were formed under the air condition as shown in Fig. 5,
That s, pollucite phase was not formed at 500°C. It might indicate
that the mininum trapping temperature of gaseous cesium by the
fty ash filter 1 about 600 "C under the air condition.

On the other hand. Fig, 6 shows XRD patterns of the fly ash i
ters reacted under the hydrogen condition at different tempertures.
The reacted surfiaces of the Hy ash Hlter fom over 600°C of tapping
ternpersture under hvdrogen condition gave XRD peaks that indi-
cate eristobalite, quartz, mullile and pollucite phases as shown in
Fiz. 6. Af 3007C of trapping temperature, crisiobalite, quartz and
rrtlite phases were formed under the hydrogen condition as shown
i Fig. 6. That is. the pollucite phase was not formed af 5007C. 1
rright indicate thet the minimum trapping temperature of gaseous
cesirn by the fiv ash Glter 15 abso about 600°C under the hydro-
gen condition.

The cesium frapping quantity of the (v ash flter was incressed
with increasing tapping kemperatue ander the air condition as shown
in Fig. 7. This might be that the reaction rule was increased with
moroasing reaction temperature. Fig, 8 shows that the cosium trap-
ping quantity of the fly ash filter was decreased with increasing gas
velocity. This might be that the contact time Detween the fy ash
filter and gaseons cestum was decreased with increasing gas velocity.

According to Park et al. [1997]. coshumn fupping experiiments
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Fig, 6. XRE) patterns for the fly ash fillers reacted with gaseous
cesium under the hydrogen condition at different lempera-
lures.
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Fig. 7. Effect of trapping temperature on cesitim trapping quan-
tity under the air condition.

showed that cosium nepheline (CsAISIO)) phase began to emeryge
it addstion o pollucite phase when the cesim frapping gquantity
was greater than 031 g-Cs Odg-tly ash. Cestumn nepheline phase
was mereased with increasing cesium frupping quantity. Anyway.
from the above experiment results, # may besuggested that the fiy
asly filler can act as g good ilter m ceshum-trapping quantity of less
thom .31 g-Cs Ofg-fly ash under the air and hydrogen conditions
by trapping and fixing gaseous cesium as a form of thermalby stable
pollucite phase.

CONCLUSIONS

The results of frapping exporiments for gaseots cesium gener
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Fig. 8. Effect of gas velocily on cesinm trapping quantity under
the air condition.

ated from cesium silicate by the iy ash filler are as follows:

1. When gaseous cesium meacted with the Ay ash fiter under the
air and hydvogen conditions. the colors of the fly ash filter changed
fromy brown to dark brown and from gray to bluck with inereasing
temnporature, respectively.

2. Pollucite phase was formed by trapping gaseous cesium gen-
erated [rom cosium siticate with the Ny ash filler af over 6007C of
trapping temperature undor both the air and hydrogen atrnospheres.

3. The cesiven frapping quantity of the fly ash filter was increased
with increasing trapping temperature.
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