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Fly ash and betonite samples were selected and characteristics of them were investigated. Fly ash
was found to be similar to bentonite in particle size distribution but quite different in microstructure.
The most special aspect of fly ash was high alkalinity of its solution. Distribution coefficients of Cs
and Co on the samples were measured to survey the effects of mixing. Fly ash showed higher dis-
tribution coefficient of Co than that of Cs. Through various experiments, fators affecting the distri-
bution coefficients of Co and Cs on mixture of bentonite and fly ash were identified. Comparison
of the distribution coefficients of Cs on fly ash and bentonite mixture with those on sand and ben-
tonite mixture suggests that fly ash would be useful as an efficient additive of backfill material if per-

tinent mixing ratio was chosen.
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1. Introduction

Coal ash, arising from coal combustion power
plants, is generally categorized into fly ash and bot-
tom ash, depending on the locations where it is col-
lected. Coal, depending on its type, contains 15 to
45 percent of its weight as coal ash. Fly ash, forming
75 to 90 percent of coal ash, is collected at electrical
precipitator and of which the particle diameter is
mostly smaller than 0.1mm [1].

At present the amount of coal ash arising annually
from coal combustion power plants in Korea reaches
about 2 million metric tons and, according to
government's Jong-term electricity supply plan, is
expected to be about 5.5 million metric tons by the
middle of the first decade of the 21st century[2].

Utilization of fly ash in Korea is limited to the field
of ready-mixed concrete, cement additives, and brick
manufacturing, which requires only about 15 percent
of annual amount. Rest of it is buried in the ground,
causing the difficulties in securing plant sites. On the
other hand, there are countries that have developed
and used the methods and technical criteria to utilize
fly ash in massive amount mostly in the field of civil
engineering such as runway construction, light weight
structural material manufacturing, and farm field con-
struction [3].
investigating applicability of fly ash to areas such as
additive in fertilizer, high strength and light weight
concrete, and fill material[4, 5].

Radioactive waste repository requires backfill or
buffer (backfill
components contained in waste volume isolated as

A few researchers in Korea are

hereafter) to keep the waste
long as possible to ensure public health. When
backfilling, massive amount of backfill material is
required. In the studies of high-level radioactive
waste repository design, bentonite has been paid
much attention as a candidate backfill material for its
low permeability, high swelling capacity, high cation
exchange capacity, etc. Bentonite, however, has been
found to have poor mechanical properties such as
bearing capacity and thermal diffusivity. Moreover,
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the cost of bentonite was reported to form 30 to 40
percent of the total construction and operation cost
of repository[6]. To improve the mechanical proper-
ties of bentonite as a backfill material, the possibility
of mixing it has been
investigated [6, 7, 8], Thus, the economics of the
backfill material will also be enhanced. The materials
considered to be mixed with bentonite were sand
and crushed rock. Should the repository be defined
to be also a nuclear facility, quality control or quality
assurance over bentonite-sand or bentonite-crushed
rock may become a bottle neck during the construc-
tion and operation of the repository due to the ran-
dom charateristics of sand and crushed rock. As
substitutes for sand and crushed rock, loam and fly
ash have been investigated [9, 10]. Loam may have
the same problem as described above whereas fly
ash, as it is generated through more or less a process

with other materials

under controlled environment, may not.

The purpose of this work was three fold : (a) to ob-
serve the charateristics of fly ash related to backfill
performance; (b} to survey the effects of adding fly
ash to bentonite on the distribution coefficients, K,
of important radionuclides;and (c) to compare the
sorbabilities of bentonite-sand and bentonite-fly ash
mixtures. Several experiments were conducted ac-
cording to the purpose, varying the mixing ratio of
bentonite, sand, and fly ash.

2. Experimental

{Sample Selection)

The fly ash used in this work was obtained from
Bo-Ryung coal combustion plant where imported
bituminous coal is used. The fly ash of bituminous
coal is reported to have rougher surface than that of
anthracite coal[11], which would lead to larger sur-
face area. Pozzolanic effect caused by forming
compounds of silica(SiO2) or alumina(AlLOs) with
lime (CaO) is reported to be more remarkable for the
fly ash of bituminous coal[12]. At Bo-Ryung site,
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ash classsifier and storage silo are equipped so that
high class fly ash can be obtained continuously.

The bentonite used in this work was named as
Dong-Hae A after a local bentonite producing
company that recommended raw samples of good
property. Dong-Hae A is produced at a mine Yun-Il
33. Dong-Hae A was reported to be a calcium ben-
tonite with low permeability, relatively high swelling
capacity, and high sorbability [13].

{Sample Charaterization)

Experiments were conducted to charaterize and
compare the characteristics of fly ash and bentonite.
Items of experiments are as follows:

1. Chemical composition was investigated for their
oxide forms.

2. pH of sample suspension was measured following
Electrometric Method [14] of which the procedure
is to mix 30g of crushed and sieved sample with
75ml of distilled water and allow to stand over-
night and measure with electric pH meter. And
another set of experiments was performed to ob-
serve the time when pH of sample suspension
with different sample-to-solution ratio reaches
equilibrium. In this work, instead of using distilled
water, synthetic ground water of which the pH was
controlled to about 6 was employed to give the
same condition as in the distribution coefficient
measurement.

3. Water content was measured by weighing samples
before and after drying at 105+ 5°C for 24 hours.

4. Particle size distribution was determined by Coul-
ter Counter with 0.5g of sample dispersed in low
concentration NaCl solution.

5. Microstructures of samples were studied by scan-
ning electron microscopy (SEM).

6. Permeability of fly ash was measured by Falling
Head Method [14].

{Distribution Coefficient Measurement)
Radionuclides of Cs-137 and Co-60 dissolved in

0.IN HC! were diluted and used in this study. Cs-
137 has been reported to be one of the major fission
products that pose great potential hazard to man for
several hundred years after disposal of high-level
waste [15]) and Co-60, although having relatively a
short half-life, is
contained in intermediate-level waste from nuclear

a major corrosion product
power plants.

A well known batch method[16] was slightly
modified and employed to determine the distribution
coefficients of Cs-137 and Co-60 on the fly ash and
bentonite samples. Radionuclide-spiked solution was
prepared by adding appropriate amount of radio-
nuclide in 0.IN HCl to synthetic ground water(see
Table 1) which was made following the method
introduced in a published report[17].

Concentrations of the spiked solutions were made
to be very low for the experimental conditions to
meet the concept of the distribution coefficient. This
experiment was carried out at room conditions and
the time given to contact the sample with the sol-
ution was 7 days which had been found to be
enough to reach equilibrium {13].

Table 1. Chemical Composition of Synthetic G/W

Chemical Concenfration Reagent
component {mol/¢)
Na 36x10™* NaHCOs
K 9.0x10% KOH, KNQO3s, KF
Mg 16x107* MgS0Os, MgClz
Ca 32x107* CalOH):
Cl 14x1074 MgClz
SO4 90x107% MgSOa
NOs 1.0x10°5 KNO;3
F 1.0x1075 KF
pH 70£05

3. Results and Discussion

{Sample Charaterization)
Chemical compositions of the fly ash and Dong-
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Hae A bentonite are listed in Table 2. Both the fly
ash and the bentonite are composed chiefly of silica,
alumina, ferric oxide, and lime, and also contain
small quantities of magnesia, potassium oxide, and
sodium oxide. The amount of lime, being considered
as a major component for pozzolanic effect of fly ash
[12], existing in both the samples did show little dif-
ference.

Table 2. Chemical Composition of Fly Ash and Dong

Hae- A Bentonite
Oxide unit Fly Ash Dong Hae-A
Analysis Bentonite

SiO2 % 620 645
ALO3 % 215 146
Fex0s % 6.56 567
Ca0 % 243 235
MgO % 071 257
K0 % 1.09 076
NaO % 094 173

Measured pH wvalues of sample suspensions were
9.80 to 9.90 and 9.04 to 9.14 for fly ash and ben-
tonite, respectively. This difference of pH can be
explained in part by the results of other studies[10]
that some components of fly ash dissolve in water,
leading to increase of pH, as follows :

Ca0 + H:0 — C&* + OH~
NaxO + H:O —~ Na* + OH~

In order to answer the question of pH difference
between fly ash and bentonite, it is necessary to as-
sume that the lime and the sodium oxide contained
in bentonite are not as reactive as those in fly ash.

The time required to reach pH equilibrium was
found to be about three days, regardless of the
amount of fly ash-to-solution ratio, as shown in Fig.
1. Hong et al.[5] performed similar experiments on
fly ash with distilled water and sea water and
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reported that pH rapidly increased within three hours
and then decreased to reach equilibrium in a day in
the case of distilled water and that in sea water pH
increased rapidly within two hours and slowly
reached equilibrium. And they also reported that the
decrease of pH in the case of distilled water was due
to precipitates formed by contact of COz in the air
and sample suspension and that slow change of pH
in the case of sea water was due to the existence of
buffer materials in sea water. In our experiment, the
first measurement was made 24 hours after fixing the
sample suspensions and the solution was synthetic
ground water which contained many types of buffer
materials like in sea water.

9.2 ™ T r——— T

9.0 4 -

- ~ o—o//'—__*—_.
8.8 / 4

8.6 4 ]
z ]
8.4 {
; —a—:03g/10mi ]
1 { ——a—:0.9g/10mi ]
8.0 4 -
.
78 DA S T -

—TTT
0 2% 50 75 100 125 1 175 200 225

Time ( hour )

Fig. 1. pH of Fly Ash v.s. Time

Water content of fly ash, as had been expected,
was negligibly low due to its shape to be explained
below. Dong-Hae A bentonite was reported to have
water content of 12.56+0.01% [13].

Figures 2 and 3 show particle size distributions of
fly ash and Dong-Hae A bentonite, repectively. Big
particles like silt were removed from Dong-Hae A
sample during the measurement. The portion of the
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particles of Dong-Hae A bentonite smaller than 22. Dong-Hae A bentonite, as has been reported, has a
84 um was 503% and that of fly ash was 50.7%. layered shape while fly ash shows spherical one. One
From the fiqures it can be said that Dong-Hae A thing special to fly ash is that the inside of the par-

bentonite is composed of more numbers of finer ticle is hollow, which results in smaller particle den-
particles than fly ash. sity than those materials consisting of the same
components.
Permeability of fly ash measured by Falling Head
100 T T method was determined to be 3.6 X10°% cmjsec
S I : which agrees with other values reported [18).
80
]
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Fig. 2. Particle Size Distribution of Fly Ash
¢ ¢ Size on oty Fig. 4. Shape of Fly Ash by Scanning Electron

Microscopy

100

%

Zeku X3.,500

Fig. 5. Shape of Dohg-Hae A Bentonite by Scanning
Particle Size (um) Electron Microscopy

Fig. 3. Particle Size Distribution of Dong-Hae A
Bentonite {Distribution Coefficient Measurement)
Before running experiments on distribution coef-
Pictures taken by SEM(Fig 4 and 5) show ficient measurement of mixed samples, single sample
distintive difference between bentonite and fly ash. measurements were carried out for sand and fly ash.
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Fig. 6. Distribution Coerficient of Cs on Sand

Figure 6 shows the distribution coefficient of Cs-137
on sand. Amount of spiked solution was kept con-
stant to be 10ml while the mass of sand was
changed. Distribution coefficients in this figure agrees
well with other ones reported[19], and sample-to-
solution ratio does not seem to affect distribution co-
efficient. The specific surface area is so small that
distribution coefficients of other cations like Co may
be expected to be very low.

Distribution coefficients of Co-60 and Cs-137 on
fly ash are shown in Figure 7. In this experiment, the
amount of fly ash was changed as was done in the
sand case while the amount of solution was fixed.
Comparing Figure 6 with this result, it is shown that
fly ash has almost an order of magnitude larger dis-
tribution coefficient of Cs-137. Specific surface areas
of fly ash and sand are reported to be smaller than
1m?/g and about 4m?/g, respectively[9, 20]. Con-
sidering that specific surface area is one of the major
factors affecting distribution coefficient, the compari-
son as above may imply that the surface morphology
of fly ash was changed to increase the surface area
during the measurement due to the dissolution of
some constituent or formation of calcium silicate hy-
drate or calcium aluminate hydrate [5], or that the
change of solution chemistry following the dissolution
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of soluble compounds of fly ash affected the distri-
bution coefficients. Co-60 showed a lot larger distri-
bution coefficient than Cs-137 on fly ash. Co-60 at
high pH values of fly ash suspension solution was
reported to show high distribution coefficient due to
likely formation of cobait hydroxide as precipitate
[10]. There were dependences of distribution coef-
ficient on sample-to-solution ratio. As the sample-to-
solution ratio increases, the distribution coefficient of
Co increases while that of Cs decreases. This can be
explained as follows:(a) as the fly ash-to-solution
ratio increases, pH of the solution increases due to
the dissolution of some constituents as explained
abowve, and cobalt ions have more chances to form
hydroxides to precipitate; (b) dissolution of fly ash
increases concentrations of cations like Ca and Na,
competing with Cs in sorption sites.

10* T T 13 T T T
—
2 Co: 10E-10M
; 10° 4 4
%
]
=
3
5 10°4 Cs: 10E-9M i
2 —
] =
3
[=]

10! +— 7 T T i T .
0.008 0.010 0.015 0.020 0.025 0.030 0.035 0.040

Fly Ash - to - Solution Ratio ( gmi )
Fig. 7. Distribution Coerficient of Co and Cs on Fly Ash

Distribution coefficients of Cs and Co on fly ash
and Dong-Hae A bentonite mixture were determined
while varying the mix ratio to survey effects of mixing
and the results are shown in Figure 8. The distri-
bution coefficient of Co increased slightly as fly ash
content increased and that of Cs decreased drasti-
cally. Comparing the results with those in Figure 7,
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the distribution coefficients of Co behaved in a simi- 1ot - T T

lar fashion. Addition of bentonite in the case of Fig-
ure 8 gave rise to higher distribution coefficient of
Co by the factor of two to three than in the case of
fly ash only. This effect shows that bentonite itself
has a large distribution coefficient of Co, which was
reported by Choi{13]. However, increasing the
portion of bentonite decreased the distribution coef-
ficient of Co, which means that the distribution coef-
ficient of Co is also afftected by the amount of reac-
tive material to form precipitates, i.e., fly ash. The
distribution coefficient of Cs decreased as fly ash
portion increased. Factors affecting the distribution
coefficient of Cs on fly ash and bentonite mixture
may be summarized as follows:

1. Effect of pH increase ; Addition of fly ash increases
the pH of solution and leads to a decrease of H*
ion concentration relative to OH~ ion. Decrease of
H* ion in the solution means the decrease of
strong competing ion of Cs for sorption sites.

" Thus, the sorption of Cs increases.

2. Specific surface area;As fly ash has very small
specific surface area, smaller than 1m?/g,
compared with that of Dong-Hae A bentonite,
613.34m?/g[13], the increase of fly ash portion in
the mixture leads to the decrease of specific sur-
face area, which results in the decrease of distri-
bution coefficient of Cs.

3. pH dependent charge; It was reported that the in-
crease of pH of montmorillonite suspension
changes positively charged oxide surfaces of mont-
morillonite to negatively charged ones[21], In-
crease of negatively charged surfaces gives rise to
more sorption sites for cations.

4. Concentration of competing ions;Dissolution of
fly ash constituents, such as lime and sodium ox-
ide, increases the concentration of cations compet-
ing with Cs for sorption sites, which results in the
decrease of distribution coefficient of Cs.

The four factors as described above may affect dis-
tribution of Cs on fly ash and bentonite mixture in a

Co: IOE-10M

Cs: {0E-9M

Distribution Coefficient, Kd ( ml/g)
]
1
asad

10 S S a S e s pn s S
00 05 10 1.5 20 25 30 35 40 45

Fly Ash - to - Bentonite Ratio ( g/g)

Fig. 8. Distribution Coerficient of Co and Cs on Fly Ash

and Bentonite Mixtures
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0.0 05 1.0 1.5 20 2.5 3.0 3.5 40 45 50 &5
Bentonite - ta - Additivite ( Fly Ash or Sand ) Rato ( g/g)

Fig. 9. Comparison of Cs-Distribution Coefficient on
Two Different Mixtures

combined manner so that the result as shown in Fig-
ure 8 indicates that as fly ash portion increases the
second and fourth factors «nd override the first and
third factors.

In figure 9, two different cases were compared: fly
ash-bentonite mixture with sand-bentonite mixture.
In both the cases, increase of bentonite portion
increases the distribution coefficient of Cs. But the
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slopes of the curves are different. Recalling that the
distribution coefficient of Cs on sand is negligibly
small, the increase of Cs distribution is thought to be
due only to the increase of bentonite sorption sites.
This figure shows a possibility that mixing appropriate
fly ash with bentonite may be better than sand-ben-
tonite mixture in retarding the movement of some

radionuclides.
4. Conclusions

Although the fly ash employed in this work was
found to be composed of similar constituents to
those of Dong-Hae A bentonite, it showed quite dif-
ferent physical and chemical characteristics from
those of bentonite. Things peculiar to fly ash are that
its shape is spherical and inside of the particle is hol-
low and that it shows high alkalinity when dissolved.

Relation between distribution coefficients of Cs
and Co and fly ash-to-solution ratio- comes out with
rather reversed tendencies, which tells that fly ash is
very effective in sorbing Co. Distribution coefficient
measurement of Cs and Co on fly ash and bentonite
mixture showed the reversed tendency in a more
outstanding way, implying that addition of fly ash
may be effective in sorbing Co but, in the case of Cs,
the amount of fly ash to be added should be con-
trolled to level off the effect.

Comparison of the distribution coefficients of Cs
and Co between fly ash-bentonite mixture and sand-
bentonite mixture showed that fly ash, if mixed with
bentonite to meet performance criteria, may play a
better role in retarding the movement of some
radionuclides.

The work presented in this paper was done on
short-term basis. To be applicable as a bagkfill addi-
tive, long-term based experiments on fly ash are

required.
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