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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, calvicr gas and gas velocity by 
the fly ash lilter were analyzed. The SEM (Scanning electron microscope) on the pore structure of the fly' ~Lsh filter 
showed that pores up m 0.1 mm in diameter were widely interconnected with each other throughout the whole structure 
of  the t]lter. According to the XRD IX-ray ditIi~action) analysis tbr the cesium com~x~und napped on the fly ash filter, 
the thermally stabIe pol|ucite phase was tbrmed. The cesium trapping quantity of  the fly ash tilter was increased with 
increasing reaction temperature, whereas it was decreased with increasing gas velocity. SEM showed that the fly ash 
tilter al:tcr trapping gasc~ms cesium had mullite phase of needIe-like cl),stals and pollucite phase of  bulk}' caw stals with 
rough surface. 
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I N T R O D U C T I O N  

A new fuel cycle, called Direct Use of PWR Spent Fuel in CAN- 
DU reactor (DUP1C), has received 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. ]'he 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 (cesium, ruthenium etc.) might be released. Among 
semi-volatile gaseous radioactive 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 thermal stability as a trapping material 
for cesium, Among well-known cesium alominosilicates such as 
cesium nepheline (CsA1SiO0,pollucite (CsAIS~O,,) and CsAISi,O,~, 
pollucite has been recommended as a preferable phase for fixing 
cesium because of its low leach vale and good thermal stability [tX~is 
et at., 19"79~. According to Muk~fi and Kayal [1975a, bl, TG, DTA 
and XRD analysis techniques showed that clay materials such as 
metakaolin (AI,Oc2SiO,), bentonite (Al~Oc4SiO:.6lf~O) and pyro- 
phyllite (AI20~.4SiO2.H~O) could be used for trapping gaseous ce- 
sium. 

Fly ash consists of  finely divided particles between 1 and f50 
t-un entrained in flue gas, which is produced at a ratio of  15-45% 
of the raw coal as by-product when the fine 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 slutry form in most coal-fired power plants. It is 
known that lly ash is a serious pollutant of  ~ound water and soil 
due to the leaching of potentially toxic substances from 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 cesium, which includes the analysis of  
optimum loading quantity of  gaseous cesium with fly ash and the 
analysis of  thermal stability of cesium trapped on a fly ash. The Si/ 
AI mole ratio of  fly ash corresponding approximately to that ofpol- 
lucite (CsAISi~O.3 indicates the feasibility of  this fly ash in trap- 
ping gaseous cesium generated from DUPIC fuel fabrication pro- 
cess, To apply fly ash for off-gas treatment system of gaseous ce- 
sium, 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 unit 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 coa{ fired power plant was used. The 
chemical compositions are shown in Table l. To manufacture a ce- 
ramic foam filter, fly ash and po{yvinyl alcohol as a binding mate- 
rial were mixed together to make a uniform slip solution. This slip 
solution was irapregnated with a polyurethane sponge and surplus 
slip was lvmoved from the sponge. And then it was dried at 95~'C 
and sintered at 1,200"C. The heating rate was constantly maintained 
at 5"C/rain and sintering time was [20min, The fly ash filter has 
an inner diameter of 44 ram, thickness of f0 mm and a,~vage weight 
of  about 7 g. "lhe number of  pores for the fly ash filter ranged from 
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Fig. 1. DUPIC fuel fabrication process. 

Table 1. Chemical compositions of fly ash 

Constituents wt~.~ 

SiO, 62.04 
A 1_,O_, 25.02 
Fe_~O_, 5.88 
Ca() 1.39 
MgO 0.68 
Na~O 0.36 
K,O 2.10 
TiO, 0.09 
Others 2.44 

Total 100.0 

X-ray used was Cu Ko~ ray, and the scanning rate was ~/min. The 
angle, 20, was within the angle of 15' to 6if'. SEM (Jeol, JSM-5200) 
was also used to 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 cm/sec. The trapping temperature was constantly 
maintained at 1,000"C and trapping time was 18 hours under the 
air condition. Cesium trapping quantity was calculated by measur- 
ing the we i~ t  change of the filter before and after trapping gas- 
eous cesium, 

RESULTS AND DISCUSSION 

C:s 'ge.:at..'~zat,~c~n Gs Ir~=~pi%3 

Fig. 2. Schematic diagram of the experimental apparatus for trap- 
ping gaseous cesium. 

aN~ut 13 to 40 pores per linear centimeter. "Iwo-zone furnace of 5.0 
crn I.D, 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- 
sium, which was scheduled to pass thl,ough the fly ash fillets mount- 
ed in the second hot zone. Filters were tightly packed in an alu- 
mna  tube of furnace by using an alumna mat. The exFeriments were 
conducted under air and hydrogen (At/4% I--L) conditions because 
gaseous cesium was considetvxt to be released during the OREOX 
process in manufacturing DUP1C fuel, 

In order to detcm-nine minimum trapping temperature, trapping 
experiments were conducted by healing the trapping zone from 500 
~C to 1,000 ~ for f 8 hours, and then cooling it down to the room 
temperature. Source temperature of  cesium silicate was constantly 
maintained at 1,000'~C. The air velocity was controlled as 5 end/ 
sec at the trapping zone. XRD (Siemens, D5000) technique was 
applied for analyzing reaction products on the fly ash filters. "the 

When gaseous cesium reacted with the fly ash filter under the 
air 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 photo m'aphs of the fly ash 
filters under the air and hydrogen conditions are shown in Fig, 3. it 
may show that the trapping characteristics of  gaseous cesium by 
the fly ash filter could be changed with the trapping temperature 
and carrier gas, 

@ 
Fig. 3. Photographs of the lty ash filters after trappinggasenus ce- 

sium under the air and hydrogen conditions. 
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Fig, 5 . . \ R D  paRerns for the t b' ash filters reacted with gaseous 
cesium under the air condition at different tempen-atureg 
C: Crislobalite, O: Quartz. M: Mullite. P: Pollueite 
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Fig. 4. gEM ph~ographs of tim fly ash filler before and after u,eae- 
lion at I,O00'~C under the air condRion. 
tat fiRer. �9 43, fb~ filter, �9 1,000, Ic~ reacted filter, -l.O00 

Fig. 4{a) sht~vs SF;M Fhotogr'aphs of the fly ash filter a 013X mag- 
nificakm. "ltle s~'ucture of  the fly' ash filter indicat~,.'s tha Dyes up 
to 0.1 mm in diameter are widely intcrconneckxt with each other 
throughout the whole structure of  the filter. The micro._~opic obser- 
vation of the fly ash l~lter is completely differemt from that of the 
tly ash particles having spherical shapes [F 'lagan and Fried'lander. 
I988]. M icm,v..x3pic ob.~mltion of the fly. ash filter after trapping 
~seous cesium, as sho,a~ in Fig. 4(c). taken at I.(~)0X magnifica- 
tion. indicates that it I~s p~lluci~e ~a_se of bulky r 'tals with rough 

su~dce and mu]lite phase of needIeqike cus|als, who~ shapes arc 
differ~.,nt from those of  the fly ash filler [Fig. d(b)]. 

Afu:r the rt~,:tk:,n of the tl 5, ash filter with gaseous cesium at over 
600"C of trapping temr~n~ture un@r the air ~xmdi|ion~ the reacted 
surface of the fly ash filler gave XRD pe'~.s that indicates clisto- 
[x~lile. quartz, mullite and pollucite phases as shown in Fig. 5. At 
500 uC of trapping temperaW_re, only crisMvaiile, quartz, and mul- 
lite pMses were fbnned tinder the air condition as shou~n in ["i D 5. 
That is, poilucite ph~LSe was nol lbrmtxt at 5(X)"C. It might indicate 
that file minimum trapping temperature of ga,veous cesium by the 
fly. ash filter is about 600 "C under the air condition. 

(.~ the other hand. Fig, 6 ~}~rs XRD patterns of  the fly ash fil- 
ters reacted under the hydrogen condition at different temperatures. 
ll~e r~ct~xl surfaces of  the fly ash filler fi~m ow~ 600~C of  trapping 
lemperatul~ under hydrogen condition gave XRD p~ks  that indi- 
cate cdstoNflite, quartz, mtdlite and pallucite phases as shown in 
f:ig. 6. At 500"C of trapping temperature, cristobalite, qu~z. and 
mullile phases were fi~rmed under the hydrogen condition as ~own 
in Fig. 6. Th~ is. the polhncite phase was not ~bnned al 500"C. It 
mig.ht indicate Ih',g. the minimum wappJng temperature ofg.ts,x)us 
cesium b.',.' the flv ash filter is also about (r176 under the h vdrt~ 
gen condition. 

"Ille cesium mapping quanti[y of the fly ash filter was increa.~,d 
wi|h increasing trapping k~nwrat~lv tm&,r the air cxmditkm as showa 
in Fig. 7. This m i ~ t  lye thm the reac'titm rate was incr~sed with 
increasing ~action temperature. Fig. 8 shows tha the cesium ~ap-_ 
ping quantity of  the fly ash filter was d~x,%-0sed with increasing gas 
vdociD'. "tlfis might be that the contact lime Ix~veen the fly ash 
filter and gaseous cesium wa~ dt~-reased with increasing ~ s  ~'elocib.. 

According to Park etal. [1997]. c~,~ium trapping experiments 
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Fig. 6. 
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Fig.  7. Effect o f  trapping temperature  on ee~ium trapping quart- 
l i ly  u n d e r  the  air  condi t ion~ 

showed thai c~.~ium ncphdine (CsAISiOa) phase began 1o emerge 
in addi(ion to pdluci*e phase when the cesium ~rapping quantity 
was garatcr than 0.31 g42s_,O/g-fly ash. Cesium nephelir, e pha.~ 
was increased with inc-~va.sing cesium 1mpping quanti~ ~. Anyway. 
from the aim,re experiment results, it may be suggested that the fly 
ash filler can act as a go(~t filler in cesiumqmpping qumltity of  less 
than 0.31 g-ChO/g-fly ash trader the air emd hydmgca conditions 
by trapping and fixing ga.~,ous cesium as a f(rm ofthemmlly stable 
pollucite phase. 

C O N C L U S I O N S  

The ~'st,lLs of  mtpping exDo'rimenls fbr gasetms cesittm gener- 
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Fig. 8. Effect o f  gas  ve loc i |v  on ces ium O~pping qnan|ity u u d e r  
the a i r  eondRion .  

ated from cesium silicate by the tly ash tiller are as fu lbws :  

1. When ga~ous  cesium reacted witl~ the fly ash filter under the 
air and hydrogen conditions, the colors o fdw fly ash filter changed 
faun bmvm u) dark N~m~n and from gray to black wilh increasing 
temperature, respectively. 

2. Po[lucite ~ a s e  w~t~ ftm'ned by trapping g~Ls~,ous cesium gen- 
erated from cesium silicate with the fly a';il f i l~ '  ai over 600"C of  
trapping temperalurc un&'r N)th the air aatd hy&ogen almospher~.% 

3. The cesium trapping quantiLv of  the tly eksll filter was increa.,~,d 
with increasing trapping lcmperature. 
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