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Adsorption mechanisms and models of **Sr(II), ®’Np(V), **Pu(IV) and ' Am(III)

on the loess were investigated from their adsorption and desorption properties.

distribution coefficient of ®Sr and 2’'Np was 2 - 3 orders of magnitude smaller than that of
2%py and *'Am. The adsorption of **Sr and *’Np was mainly controlled by the jon
exchange reaction. On the other hand, the adsoiption of 8Py and **'Am was independent of
On the basis of the experimental results, several types of
adsorption models of the radionuclides, considering elemental concentrations, adsorption
mechanisms and kinetics, were proposed for setting up the analytical systems of radionuclide

the ion exchange reaction.

migration in the loess media.

Keywords: Loess, Distribution coefficient, 5°Sr, Z'Np, *®Pu, **' Am, Adsorption, Desorption,

Adsorption Mechanism, Adsorption Model.
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1.Introduction

Low-level radioactive wastes containing transuranic radionuclides (TRU nuclides)
such as plutonium and neptunium generated in radioactive waste treatment and in spent fuel
reprocessing.  Since most TRU nuclides in the radioactive wastes are long-lived, they must
be isolated from the biosphere for a long period of time until they are radiologic innocuous.
The safety of disposal of the radioactive wastes in geological formations relies on what is

known as the multi-barrier™®

concept. The geological barrier can and also must make a large
contribution to the overall safety. In the geological barrier, waste components can migrate
into the biosphere with circulating groundwater, accompanied with retardation by adsorption
onto the geological barrier. Thus, understanding the retardation process in radionuclide
migration is important in the assessment of radioactive waste disposal sites. For this purpose,
JAERI and China Institute for Radiation Protection (CIRP) are studying on the migration
behavior of TRU nuclides in natural environment, under the cooperative research project. In
the research project, the migration test of 2’Np(V) and ***Pu(IV) through loess media is been
carrying out in the field test site of CIRP, Shanxi, China.

The retardation process can be conservatively quantified by using simple
thermodynamic equilibrium: distribution coefficient (Ky) that is defined by the ratio of

SUS Therefore, there is a

radionuclide concentrations on geologic media and in groundwater
need to validate whether K3 concepts are adequate to describe the geologic
media/groundwater interaction of TRU nuclides.

The aim of this work is to consider the adsorption models of TRU nuclides and the
validation of the Ky concepts from the viewpoint of adsorption mechanisms of TRU nuclides
in the loess media of the field test site, in order to provide the basic requirements for
determining adsorption characteristics of TRU nuclides onto the loess and for setting up TRU
nuclide migration models in the loess media. We have performed adsorption and desorption
experiments of ’Np(V), **Pu(IV) and **' Am(III), which are known to be the most dominant
valences in shallow geologic formations, to provide relevant adsorption data of the TRU
nuclides ontb the loess, and we also have elucidated adsorption mechanisms of the

radionuclides by a sequential chemical extraction of the radionuclides adsorbed on the loess.
2.Experimental
2.1 Loess sample, radionuclides and solutions

The loess collected from the aerated zone of the field test site of CIRP was used in

this experiment. Physico-chemical properties of the loess are presented in Table 1. The

_..1_
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loess was sieved to remove coarse particles larger than 0.5 mm.

Chlorate of **Sr** and nitrates of Z’"Np(V)0,", **Pu(IV)*" and **' Am(III)** were
used for the experiment. The ®Sr was used as a reference element, since adsorption
properties of it are based on a simple ion-exchange reaction, as found in previous

®) Each stock solution with radionuclide concentration of containing cq. 10*

experiments
Bg/cm® was prepared by diluting with deionized water for **Sr, ®’Np, **Pu and **'Am,
separately. The pH of each stock solution was adjusted to ca. 4 with NaOH solution.

An equilibrated solution using for desorption experiments of the radionuclides
adsorbed on the loess sample was prepared as follows: the loess sample amounting to 5 g had
been contacted with 100 cm® of deionized water for 7 days. The solution was filtered using
Millipore filters of 450 nm pore diameter. The solution phase separated by the filtration was
used as the equilibrated solution. Chemical properties of the equilibrated solution are

presented in Table 2

2.2 Adsorption experiments

The procedure diagram of adsorption experiment is shown in Fig.1. The loess
sample amounting to 0.5 g had been contacted with 10 cm’® of deionized water for 7 days.
Then 0.1 cm® of the stock solution was added. The temperature was controlled at 25 °C by
using an air circulation box. The solution containing the sample was gently agitated on a
shaker at 60 rpm for 168 h. After the adsorption process of 0.5 — 168 h in the contact time,
concentrations of **Sr, 2*’Np and 2!Am in the solution were measured using an ORTEC v
-ray detector, and that of **Pu was measured using a PACKARD liquid scintillation counter,
TRI-CARB 1600TR.

Distribution coefficient of the radionuclide in the adsorption process, K% (cm’/g),
was calculated by

Co-C V
Kdads - 0 a (1)
Ca W ’

where C, is the initial concentration of the radionuclide in solution (Bq/cm3), Ca the

concentration of the radionuclide in solution after the adsorption process (Bg/cm’), ¥ the

volume of solution (cm?), W the weight of loess sample (g).

A portion of the solution was sampled after the adsorption experiments for 168 h,
and it was filtrated using Millipore filters of 2, 6, 20, 50, 100 and 450 nm in pore diameter.
Concentrations of *°Sr, 237Np, 238py or **! Am in each filtrate were measured, in order to obtain
particulate size distribution of the radionuclide species in the solution.

After above procedure, solution remaining in sample tube was separated from the



JAERI-Research 2002-034

loess by centrifugation and was removed. The loess adsorbed the radionuclide was used for

desorption experiment.

2.3 Desorption experiment

The procedure of desorption experiment is shown in Fig.2. Each loess sample
with the radionuclide had been contacted with 10 cm’ of the equilibrated solution for
desorbing the radionuclides. After the desorption process was equilibrated under the same
procedure and conditions as in the adsorption experiment. Concentrations of the

radionuclide in solution were measured.

Distribution coefficient of the radionuclide in the desorption process, K4™* (cm’/g),
was calculated by
K = Co-Ca-Cqg  V @
Ca w o,

where Cy is the final concentration of the radionuclide in solution after the desorption process
(Bg/cm®). '

Then a sequential chemical extraction of the adsorbed radionuclide was carried out
to elucidate their dominant adsorption mechanisms. The first step of the extraction is the
desorption of adsorbed radionuclide by using the equilibrated solution. Extracting reagents
and procedures for selective extraction of the radionuclide from the samples were described

as follows®19:

Step 1:  Equilibrated solution: 25 °C, 168 h (1 time).

Step 2: 0.5 mol/dm’ CaCl,: 25 °C, 24 h (2 times), to remove a fraction
exchanged by Ca®".

Step 3: 0.5 mol/dm® KC1: 25 °C, 24 h (1 time), to remove a fraction
exchanged by K.

Step 4: 0.1 mol/dm® NH,OH-HCl + 0.1 mol/dm’ K-oxalate: 25 °C, 24 h
(2 times), to remove a fraction adsorbed on amorphous Fe and
Mn oxyhydroxide/oxide.

Step 5: 30 w% Hy;0,: 60 °C, 3 h (1 time), to digest a fraction interacted

with organic substances.

The solution extracted the radionuclide was separated from the residue by
centrifugation.  Radioactivities of 83r, ®'Np, *®Pu and *'Am in each extract and

" o e, ~ 2 . . . .
radioactivities of 3°Sr, 237Np and **'Am in final residue were measured. The concentration
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of **Pu remaining in the residue was estimated from the concentration of 2*8Pu in the extract.

3.Results and discussion

3.1 Influence of contact time in the adsorption experiments

The ratio (Cy/Cp) of the radionuclide concentration at contact time ¢, to the initial
concentration was plotted against contact time, in Fig.3(a). Apparent Ky corresponding to
the concentration at each contact time ¢, was calculated by Eq.(1) and is shown in Fig.3(b).

The C./Co of ®3Sr decreased with the contact time. There were two stages in the
curve of the C,/Cy vs. the contact time of ®Sr. The Cy/Co of ¥3Sr decreased rapidly in the
first stage during initial 0.5 h, and apparent K4 was 32 cm’/g. In the second stage after r, =
0.5 h, the Co/C, of *Sr was gradually decreased with contact time, and K value reached to 82
cm’/g at 168 h.  Most of ***Pu and **' Am loaded into the batch system adsorbed rapidly on
the loess. More than 99 % of the 2**Pu and **' Am were removed from the solution within 24
h, and their adsorption onto the loess was controlled by fast reactions. As to the *’Np, the
Cy/Cyp decreased with the contact time, about 80 % of 237Np were removed from the solution
after 168 h.

These results show that bulk adsorption of all four radionuclides onto the loess was
controlled by fast reactions. However, considerable portion of the *Sr and *’Np was
controlled by slow reactions. This indicates it may be necessary to take account of kinetics
into adsorption process, for the quantitative understanding in adsorption process of 3°Sr and
BINp.

3.2 Distribution coefficients on adsorption and desorption processes
Values of distribution coefficient of the radionuclides in both adsorption and

s of 2"Np in the adsorption process was

desorption processes are shown in Table 3. The Kj4
rather small about 71 cm?/g for the loess. The K3 of #"Np in desorption process was little
larger than the K;**. The K4 and the K,%° of *Sr tended to be similar manner with those
of Z"Np.

The K4** of *Pu and **'Am was two orders of magnitude larger than those of St
and 237Np. The K;** value of *®Pu was 1,200 cm’/g, and was the same value as the K.
The K4 and the K™ of **'Am were largest among the four radionuclides, and were over
10,000 cm’/g.

Differences between the K*** and the K% may reflect the adsorption mechanisms

of the radionuclides.
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3.3 Size distribution of the radionuclides in the solution

There are various sizes of particulate species of radionuclides in the equilibrated
solution and the solutions after the adsorption experiments. Large sizes of the particulate
species through geologic media might be mechanically trapped in the interstitial network, as
well as adsorption. In the evaluation of the radionuclide migration, the trapped species is not
regarded as a dissolved species but a species adsorbed on geologic media. Such a
mechanical trap was controlled by both size of radionuclide species and interstitial diameter
in geologic media.

On the assumption that the pore size of ultrafilter is the interstitial diameter in loess
media, effective distribution coefficient considering the trap of the particulate species was
estimated. In the present experiments, the radionuclide concentration of each filtrate could
be regarded as that of dissolved species.

The effective distribution coefficient, K (cm’/g), of radionuclide between the

solution and loess was calculated by the following equation:

CO - Ccﬁltcr 14

filter
Ce w o,
where C.™*" is concentration of the radionuclide in filtrate (Bg/cm?).

Kdeff -

3

The particulate size distribution of the radionuclide species in the equilibrated
solution is shown in Table 4. No particulate **Sr and *"Np was formed in the equilibrated
solution. The *®Pu in the equilibrated solution formed a small amount of particulate species,
of which sizes were in the ranges of 2 - 6 nm and >100 nm. About 45 % of *'Am in the-
equilibrated solution were trapped by filter of 450 nm pore diameter. The K& of the
radionuclides is shown in Fig.4. The K™ of *’Sr and *'Np was little affected by the size
filtered. The K™ of **Pu was little affected by the size filtered, in spite of particulate
species formed in the equilibrated solution.

The mobility of particulate species through the geologic media depends on the
interstitial diameter of the geologic media, so that understanding of the relationships between
the particulate size and the interstitial diameter are important. The relationships might be

clarified by a migration experiment of the particulate form of radionuclide.

3.4 Adsorption mechanisms of the radionuclides on the loess
Figure 5 and Table 5 show results of the sequential chemical extraction for 83, 237Np,
28py and **' Am adsorbed on the loess. The adsorption mechanisms of the radionuclides are

discussed on the basis of the results of sequential chemical extraction.
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(a) Adsorption mechanisms of > Sr

The CaCl, and KCl solutions extracted all of 3Sr adsorbed on the loess. This
shows almost all of the **Sr was exchanged by Ca®". Strontium and Ca belong to the same
alkaline earth metal, so that the ®Sr can be easily replaced with Ca’" by an ion exchange
reaction. Thus the adsorption of **Sr on the loess was dominated by reversible ion exchange
reaction.

As shown in Table 1, calcite, which includes calcium, is major component in the
loess. Furthermore high concentration of Ca>* was detected in the equilibrated solution, as
shown in Table 2. Small Ky of ®*Sr in Table 3 was probably caused by Ca containing in the
loess media.

The fact that the Ky of 3°Sr on both the adsorption and desorption process were
closed and the %°Sr was adsorbed on the loess by reversible ion-exchange reaction, is expected
that the migration of ®*Sr through the loess media must be well expressed by the conventional

equilibrium adsorption model using the distribution coefficient.

(b) Adsorption mechanisms of 237Np

About 53 % of *'Np adsorbed on the loess were extracted with the equilibrated
solution and CaCl, solution, and about 25 % of it was extracted with NH,OH-HC! +
K-oxalate or H,O, solutions. This revealed that the adsorption of *’Np was mainly
controlled by reversible ion exchange reaction but significant portion of the "Np was tightly
adsorbed as selective chemical association with Fe and/or Mn oxyhydroxide/oxide and
organic substances®!?. }
The »'NpO,” is the stable cationic form of neptunium in aerobic environment of

generic shallow geological formations'?.

The effective charge density of this large ion is
lower than that of *’Np** produced in reduction conditions, **Pu** and **'Am*".
Furthermore the adsorption of **’Np is controlled by an ion exchange reaction, so that it must
be strongly affected by coexistent cations in solution, such as H", Na* and Ca®', due to
competition in adsorption between *'Np and coexistent cations. Thus the distribution
coefficient values of **’Np were smaller than those of *®Pu and **'Am, as shown in Table 3.
Figure 5 shows that significant portion of »*’Np adsorbed on the loess reacts tightly.
Kozai et al. reported that ®’NpO,” is specifically fixed in interlayer of a clay mineral like
smectite"”. The *'NpO," forms *’NpO,OH in alkaline solution. The "NpO,OH s
formed even in the equilibrated solution of pH 8.2 (Table 2). Resulting *’NpO,OH is able
to complex with OH groups on the loess surface’¥'>  The ’NpO,” adsorbed onto some
minerals containing Fe(II) and Mn(Il), which are contained in the loess, can be reduced into

(16)

*’Np** on solution/mineral interface, by a surface-mediated redox process Resulting

*Np*" might interact with the samples stronger than **’NpO,". The non-extractable

— 6 —
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adsorption of **"Np may be caused from the specific fixation, the surface complex formation
and the reduction process of 237NpO{L.

The results obtained in this study show that the adsorption mechanism of *’Np is
mainly controlled by an ion exchange reaction of Z"NpO,". Thus the migration of *’Np in

shallow geological formations may be roughly estimated by using the distribution coefficient.

(c) Adsorption mechanisms of “8py

The adsorbed **®Pu was little extracted with the equilibrated, CaCl, and KCl
solutions. On the other hand, 15 % of the ***Pu were extracted with NH,OH-HCl +
K-oxalate, and 70 % of it were not removed by all the extraction procedures. These results
show that the adsorbed **Pu were not controlled by reversible ion exchange reaction, but by a
selective chemical adsorption onto Fe and Mn oxyhydroxide/oxide and fixation. Thus 28py
can be fixed on the loess in natural environment, because also Fe and Mn oxyhydroxide/oxide
does not easily dissolve in groundwater.

The authors have found that the fixation fraction, which was not removed by all the
extraction procedures in Fig.5, is considered to be caused from interactions with the crystal
Fe/Mn oxides and with the stable humic substance binding to the crystal Fe/Mn oxides".
On the other hand, valence of ***Pu might vary by the surface-mediated redox process, in the
same manner as the case of 2’Np. The changes of valence possibly affect on chemical
forms and adsorption affinity of 2*Pu to Fe/Mn oxides"”.

Since the *®Pu is combined with the loess on the basis of various reactions with Fe
and Mn oxyhydroxide/oxide and humic substances, the adsorption of 28py on the loess may

be necessary to express on the basis of irreversible reactions.

(d) Adsorption mechanisms of 1 dm

The **' Am adsorbed on the loess was little extracted with the equilibrated, CaCl,,
KCl and NH,OH-HC] + K-oxalate solutions, while 12 % of it were extracted with H,0O,
solutions. More than 80 % of the adsorbed **'Am remained after all the extraction
procedures. These findings indicate that the adsorption mechanisms of 2! Am were based on
non-extractable tight reactions.

The authors have investigated relationships between the content of Fe + Mn oxides
in several kinds of sedimentary samples and the irreversibly adsorbed 21Am fraction, which
is defined as the sum of percentage of the radionuclides extracted with NH,OH-HCI +
K-oxalate and H,O, solutions, and in the final residues. And they have found that the
irreversibly adsorbed **'Am fraction increases with increasing Fe + Mn oxides content in the
samples ' ",

The distribution coefficient of **'Am is largest among the four radionuclides.
g g

_7_
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Americium, present in a shallow geological environment as stable trivalent element'?, forms
various complexes even in extremely low concentration region of OH", HCO; ¥ humic

(20)21)

substance, so on Such high reactabilities of **'Am(Ill) may be caused large

distribution coefficient.

3.5 Influence of concentration on adsorption properties of >*’Np

Specific activity of *’Np is very low, due to a long half life. Hence the
concentration of 2’Np applying in the present experiments is in about 10® - 10" mol/dm®,
much higher than the other nuclides. In higher concentration range, the adsorption isotherm
of ®'Np may be not based on Henry’s type. If so, the adsorption properties of >*’Np on the
loess are affected by its concentration.

The relationship between *’Np concentration and apparent distribution coefficient
Kq corresponding to the 2*’Np concentration is shown in Fig.6. The Ky’ values decreased
with increasing >*’Np concentration. Figure 7 shows the adsorption isotherm of **’Np on
the loess. Plot of /nQ, versus /nC, was in a linear relation; (Q, is the concentration of the
radionuclide adsorbed on the loess. This result indicates that the adsorption isotherm of
>Np is based on Freundlich’s type:

0,=23G'"™  (1<n<10) 4)
Hence,

Kd, = aCa(l —n)/n, (5)
where a and n are constant.

Thus relationship between ZNp concentration and K’ is given by Ko’ = 4X 10
0% go=3x%10° 0.7,

In the migration test of 237Np, such as column experiments and field test, the 237Np
concentration is expected to vary in wide ranges during the test period. In such cases, it is
necessary to take account of the influence of *’Np concentration into the evaluation of *"Np

migration.

4.Proposal of Adsorption Models |

Radionuclide migration process is controlled by both flow characteristics in soil and

interaction of radionuclide with geologic media®. The conservation of mass accompanying

with water flow in geologic media can be described by
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8C+ p

Xe; 3°C acC

— — =D 5 - U (6)
at g Jdt¢ oX X,

where (C is radionuclide concentration in water (Bq/cm3), Q concentration of radionuclide

adsorbed on geologic media (Bg/g), p density of geologic media (g/cm®), @ water content, D
dispersion coefficient (cm’/min), u velocity of water (cm/min), ¢ time (min), and X length
(cm).

On the assumption that an adsorption of radionuclide onto geologic media is based
on Henry's type adsorption isotherm and equilibrium of the adsorption is attained
instantaneously, the interaction is described by using the distribution coefficient Ky:

0= K4C. %)

The equilibrium adsorption model using K4 has been applied in some migration
analysis for a long time, taking advantage of its mathematical simplicity. The adsorption
models except Ky model for ¥Sr, 2’Np, ***Pu and **' Am were discussed, on the basis of the

experimental results.

(a) Adsorption models of *Sr _
The adsorption of *Sr tended to be dependent on reaction time, since the C,/Co
reduced with contact time, as shown in Fig.3(a). In the consideration of reaction rates in the

adsorption and desorption processes, the adsorption model can be expressed by@?

0
—-——Q =kiC-kQ, @)
dt

where k; is rate constant of adsorption (cm3/g/11) and k; is rate constant of desorption (1/h).

The relationship between C,/C, and contact time, as shown in Fig.3(a), indicated
that the adsorption of **Sr was consisted of two processes; one was finished immediately and
another was proceeded gradually. The fact that there are both the immediate and gradual
processes induces to apply a reversible non-equilibrium adsorption model, considering both

equilibrium and kinetic in the adsorption process®:

Q1 = KaoC 9)

0
a[QZ =k C- kO (10)
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Q=+ 0 (11)
where (; is concentration of radionuclide adsorbed in the instantaneous equilibrium process
(Ba/g), QO concentration of radionuclide adsorbed in the kinetic process (Bg/g), and Kgo
distribution coefficient corresponding to the instantaneous equilibrium (cm3/g).

Hence,

00 oC
— =Kio — +kiC-koAQ - KaoO). (12)
ot dt

(b) Adsorption models of 237Np

Since the adsorption of **’Np is not based on Henry's type adsorption isotherm, the
adsorption model cannot be expressed by a constant K4 value, even on the assumption that the
adsorption equilibrium is attained instantaneously. The adsorption is described as a function

of the radionuclide concentration in solution:
0=ac™ (13)

On the other hand, a portion of specific 2’Np species may irreversibly adsorb on

the loess, as shown in Fig.5. Provided the *'Np species irreversibly adsorbs onto the loess

with reaction rate ky, the adsorption of *’Np can be explained by introducing®®

Os=ac;" (14)
d Qs

a ; =k1C4 (15)
C=C+Cs, Q=3+ Os, (16)

where C; is concentration of **’Np species relating to reversible adsorption in the solution and
(5 is concentration of that adsorbed on the loess, and Cj, is concentration of 23"’Np species
relating to irreversible adsorption in the solution and Q4 is concentration of that adsorbed on

the loess.
The adsorption of *’Np is dependent on the reaction time, in the similar manner as

that of **Sr adsorption, as shown in Fig.3(a). In such a case, the adsorption model of >Np is
given by Eq.(8).
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(c) Adsorption models of 3Bpy
The adsorption mechanism of 28py on the loess is apparently dominated with the

irreversible reaction. Thus the adsorption model can be described by

0
_Q_ =k,C. (17
ot :

If apparent irreversible adsorption of 238py is attributable to extremely small k; as

compared to k,, the adsorption of 8Py can be explained by introducing

30 -
22 sk k> | (18)

On the other hand, a portion of 2**Pu may reversibly adsorb on the loess. Provided
the 2*8Pu species adsorbs reversibly and instantaneously onto the loess, the adsorption of ***Pu

can be expressed by

O = KaCy (19)

0 .
% ne (20)

ot

C=C1+C, Q=1+ . (C1<<Cop, 1 << ) (21)

(d) Adsorption models of “ gm

The **' Am formed particulate species in the equilibrated solution and the adsorption
mechanisms of >*'!Am on the loess were apparently dominated by the irreversible reaction.
Thus the migration of 2*' Am through the loess media may not be explained by the Ky concept
based on instantaneous equilibrium. In the case that the adsorption is based on the
irreversible reaction, the adsorption of **' Am can be described by Eq.(17).

Provided the particulate *Am species can pass through interstitial matrix, the
adsorption of such particulate species may be expressed by the Ky concept Eq.(7)*7?®.  On
the other hand, in the case that the particulate is trapped by interstitial matrix, an equation’
based on filtration theory was proposed to evaluate the migration of particulate 1Am. The

filtration formula®” is generally expressed by
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=G, , 22)
X P (

where 4 is filtration factor (1/cm) and C, is concentration of particulate in solution passed
through soil layer of X cm.

Solving Eq.(22) for C;, = Cyo (X = 0) and constant Cpo, We obtain

& exp(-AX), (23)

p0

Hence, the particulate concentration at any position in geologic media is given by the
equation

& = expiy), (24)
p0
where @, is particulate concentration detained at X; of soil layer (Bq/g) and Qy is particulate

concentration detained at influent edge of geologic media (Bq/g).

Values of C;, and O, can be obtained as a function of / and X.

5.Conclusions

The distribution coefficient of **Sr and 2*’Np was 2 - 3 orders of magnitude smaller
than that of ***Pu and **'Am, and the reaction rate of them was partially controlled by slow
reactions. The adsorption of **Sr and *’Np, which are cationic form in the solution, was
mainly controlled by the ion exchange reaction. On the other hand, the adsorption of **Pu
and **'Am, a portion of which forms particulate species in the solution, was independent of
the ion exchange reaction.

The adsorption mechanisms of **Sr(II), ®"Np(V), 2**Pu(IV) and 2*' Am(III) for the
loess were full of various. Several types of adsorption models of the radionuclides,
considering elemental concentrations, adsorption mechanisms and kinetics, were proposed for
setting up the analytical systems of radionuclide migration in the loess media, as follows.
The migration of *Sr through the loess media must be well expressed by the hybrid
adsorption model, considering both equilibrium and kinetic in the adsorption process. The
migration of ®’Np and **®Pu was possibly described by both the reversible and the
irreversible adsorption models, corresponding to individual radionuclide species. To

evaluate the migration of **'Am, the adsorption model based on filtration theory of particulate
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21 Am species was proposed.

Applicability of proposed adsorption models into the evaluation of radionuclide
migration will be confirmed by analyses of the result obtained from the radionuclide
migration test, performing in the CIRP’s field test site.
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Table 1 Physico-chemical properties of the loess; The loess collected from the
aerated zone of the field test site of China Institute for Radiation Protection,

Shanxi, China.

Density (g/cm’) 2.64-2.74 Permeability (107 cm/s)  1.2-2.1

Porosity (%) 45.3-53.0 Chemical composition (%)

CEC (meq/100g) 11.7-21.3 Si0O, 58.2-66.0

Mineral composition (%) Al,O; 10.9-11.5
Quartz 20-30 TiO, 0.63-0.70
Plagioclase 15-30 Fe,03 3.0-3.6
K-feldspar 10-20 CaO 7.5-9.1
Calcite 5-13 MgO 1.6-2.1
Hornblende 1-2 Na,O 2.0-2.3
Biotite 1-4 K>,O 1.6-2.2
Chlorite 5-10 FeO 1.0-1.4

Table 2 Chemical properties of equilibrated solutions.

pH 8.1-8.4 Eh (mV) 200-400
K" (mg/dm®) 0.4-5.0 CO;*+HCO;™ (CaCO, mg/dm”)

Na" (mg/dm?) 65-110 110-140
Mg?* (mg/dm?) 1-5 Cl' (mg/dm?) 24-52
Ca?* (mg/dm?) 18-25 Sr (mg/dm?) 0.58-6.6

Concentrations of K, Na", C032'+HC03‘, Cl” and Sr were determined by
those of the groundwater taken from the field test site.
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Table 3 Distribution coefficients of the radionuclides in both adsorption (K4***) and

desorption (K4%*) processes.
Distribution coefficient (cm®/g)
SSSr 237Np 238Pu 241Am
K" 130 71 1200 >10000
K4 (after 450 nm filtration) 130 78 1400 >10000
Ky 160 110 1200 >10000

Table 4 Size distribution of particulate radionuclide species in the equilibrated
solution; The equilibrated solution was prepared by contacting the loess sample
of 5 g with 100 cm’ of deionized water for 7 days.

Particulate size (nm) 85Sr Np 38py 241Am
>450 00% 10.1 % 204 % 44.8 %

100 -450 0.0 % 1.6 % 99 % 27.4 %
50-100 00% 00% 0.6 % 0.0 %

20- 50 00% 00% 0.2 % 0.2 %
6-20 00% 0.0% 0.2 % 0.0 %

2-6 00% 78% 9.1 % 255 %

<2 1000 % 80.5% 59.6 % 2.1 %

Table 5 Fraction percent of radionuclides extracted by the sequential chemical
extraction technique; The extracting reagents were the equilibrated solution,
0.5 mol/dm’ CaCl, 0. 5 mol/dm® KCl, 0.1 mol/dm®> NH,OH-HCI + 0.1 mol/dm’
K-oxalate, and 30 w% H,0,.

Percent (%)

Extracting reagent 85Sr ZNp 238py #lAm
Equilibrated solution 11.2 20.5 1.7 3.1
CaCl, 87.8 32.7 8.8 1.6
KC1 1.0 2.8 1.0 0.4
NH,OH-HCl K-oxalate 0.0 23.7 14.9 0.8
H,0, 0.0 1.8 5.0 11.7
Residue 0.0 18.5 68.6 82.4
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Filtration

& after 3, 24, 48, 96, 168 h

[ Radioactivity j

3

2 nm, 6 nm, 20 nm, 50 nm, 100 nm, 450 nm [Radioactivity J

Equilibrated solution: 10 cm
+

Radionuclide T~ o '

Sedimentary samples we
0.5g

Fig.1 Procedure diagram of adsorption experiment.

Filtration
450 nm [ Extraction reagents
10 cm3
N : (Equilibrated solutiorD
( Radioactivity)
CaCl,
KCI
R NHoOH + K-oxalate
Hy05

Loess adsorbing
radionuclide: 0.5 g

Fig.2 Procedure diagram of desorption experiment.
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Fig.3(a) Plot of the ratio (Ca/Co) of the radionuclide concentration at contact time f, to the
initial concentration vs. contact time.

C,: the radionuclide concentration in solution (Bq/cm3)

Co: the initial concentration of the radionuclide (Bq/cm3)‘
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Fig.3(b) Apparent Ky corresponding to the radionuclide concentration C, at each contact time
t, in Fig.3(a).
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Fig.4 The effective distribution coefficient K%, considering the trap of the particulate species

by the loess matrix, was calculated from the radionuclide concentration in each filtrate.
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Fig.5 Percentage of 85Sr, *'Np, 238py; and **'Am desorbed from the loess by the sequential

chemical extraction technique.
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Fig.6 The relationship between *’Np concentration in the solution C, and apparent

distribution coefficient Ky’ corresponding to the *’Np concentration; Relationship

between 237Np concentration and K’ is given by Ky’ =4 X 107 Cao'“.
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Fig.7 Adsorption isotherm of 2Np on the loess; Plot of InQ, versus [nC, was in a linear
. relation, where C, is 2"Np concentration in the solution and QOa is 2 Np concentration
adsorbed on the loess. This result indicates that the adsorption isotherm of 237Np 1s

based on Freundlich’s type.



IR AR (S & BER

1 SUEANR S L O H) A F2 SILPEH S DR #5 SHEHEH
fry ER i EZ [V E5 FRIHGH O
12 2lx = b+ m %, W, U | min, h, d 10| = 7+ E
B s B A A kg B, . B L 10" |~ 4 P
53 i 8 s g kv L L 10| 7 Vi T
CH wl|r oy o7 A I vt w | ¥ 7 G
MR [y Vo oo K WEL R | eV 10: AN M
W B OR|x L mol BFEEER | o 10° * g k
b Eln v 7T T cd 100 | ~ 7 b h
_________________ , _ ]
Ym ol v T rad 1 eV=16218X10 "F 10 Fh da
— Rz —s -
ot mlarsvry st 1 u=166054X10 “kg w'| ¥ v d
10° & » F c
o 10} 3 1) m
3 A OHHE L DS HL ‘ 0l w140 B
. B I3 T 10° + J
N | L oSt R4 SILRIWL n
e % Fr o TEaEE s D HA e ¥ z P
A R 4t G L '
il —a— b+ N m~kg/sl * LA NO— L A 10" T b a
WooJr o, s M |8 A A | pa | Nm? 5 — > b
TALE-pEBE| Y 2 — v 7 | Nm so— | b (i)
T, WHwE|T v M| oW | s - " Gal Lo ®R1—5 (3 [EBENARD 55 R,
BB By — v v C A's e Ci R 198SHEFITICE B 2221 1eV
v, B, £EH|K v M|V W/A | NI R $L0°1 u DIEIZCODATAD 19864 3 3%
w o ow % ®|7 v 7 F|F | v 5 K rad 2k~ 7,
E=2d = g A —
& ::7 a‘;}\ ?;‘\L 7r ) f; f; ZQ |2 A rem 2. RKAIZIFHET, 7o b, TN, ~N2¥
o v = A S
. — VL EFNTVANHEOBA DT
e d |l o= o— 5| Wb | Vs 1 A=0.lnm=10""m _ (’/""ii T AHFEORNLOT
MoK % E|7 A 7T Wh/m? 1 b=100fm’=10 *m? ST
: P — . 3. barid, JIS T HEDIEH 2 T ¢
PV A0 2R 2V Sl IRV | H Wb/A 1 bar=0.1MPa=10°Pa ar ] _muffi\ ijjj * 7
vy ZERE (v ARl T | Gal=lem/s'=10 “m/s’ BIZRYEZDH T T) —25H ST
al=1cm/s™= 1]
% L R cdsr 1 Ci=3.7 X 10"B e
s 2 1=3. q ) . ”
i v o7 A k| lm/m . 4. ECHUHPH A TIL bar, bam &
" it I N o 1 R=2.58X10 “C/kg . o o o
; AE q s | rade1eGrm10 G O [MEDHAL | mmHgx K2 D H 7 T
WO o® R 7 L | Gy | ke racsley=1 —IZARTV G,
wmoB % B|Yy-XMLbM| sy | Jke 1 rem=1cSv=10 ’Sv
71| N(=10°dyn) kgf 1bf K| MPa(=10bar) kgf/em? atm mmHg(Torr) Ibf/in’(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062X 10° 145.038
9.80665 1 220462 Pl 00980665 1 0.967841 735.559 14.2233
4.44822 0453592 1 0.101325 1.03323 ! 760 14.6959
¥ K 1Pars(N-s/mH=10P (K 7 X)(g/(em-s)) 1.33322X10 * | 1.35951%107° 1.31579% 107} 1 193368 X 10 *
A 1mY/s=10°St(A b — 7 Z)(cm/s) 6.89476X 10 * | 7.03070X10 * | 6.80460X10 ? 517149 1
;— J(=107 erg) kgf-m kW-h cal(FT &%) Btu ft-1bf eV 1 cal= 4.18605) (FF &%)
;1/_‘ 1 0.101972 277778X10 7 0.238889 9.47813X10 * 0.737562 6.24150 X 10" = 4.184] (BAL3)
! 9.80665 1 2.72407X10 ¢ 234270 9.29487X10 7.23301 6.12082X 10" = 4.1855] (15C)
g 36X10° 3.67098 X 10° 1 8.59999X10° 341213 265522 10" 2.24694 X 10 = 4.1868] (IFEBHRE)
. 4.18605 0.426858 1.16279X10 1 3.96759% 10 * 3.08747 261272%10" g | PSULIE )
b} 1055.06 107.586 2.93072X10 * 252.042 1 778.172 6.58515X10% .
=75 kgt m/s
1.35582 0.138255 3.76616X10 0.323890 1.28506X 10 * 1 8.46233 X 10™
= 735.499W
1.60218 X 107" 1.63377X10 7 | 445050X10 * | 3.82743X10 * | 1.51857X10 * | 1L.18171X10 " 1
4 Bq Ci ill% Gy rad lff Clkg R %},‘{ Sy rem
L\ y HY
?} 1 270270 X 10" ol | 100 % 1 3876 1 1 100
EE 10 % E %
3.7X10 1 0.01 1 258X10 1 0.01 1

(864F 12 H 26 H B 4¢)




Adsorption Mechanisms and Models of *Sr, *’Np, #**Pu and *'Am in Loess Media (Joint Research)

L

BRE70%BERNEBL TVWET

R AFE100%



