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Abstract. Radioactive particles usually have a positive charge, while the surface
of activated carbon has a negative charge, the activated carbon has an adsorption
effect on the radioactive particles. The radioactive particles are adsorbed in the
pores and surface of the activated carbon, and will be removed from the environ-
ment. In Materials Studio simulation, the activated carbon and molecules to be
adsorbed are modeled as a series of particles, and the adsorption process is sim-
ulated by simulating the interactions between particles. Using Materials Studio,
an activated carbon adsorption model was established to simulate the process of
dry activated carbon adsorbing water molecules (H20) and methyl iodine (CHsI).
Adsorption isotherms were used to simulate and calculate the adsorption amount
and rate, the influence of activated carbon adsorbing H20 on the adsorption of
CHsl was analyzed. Based on methods such as molecular dynamics simulation
and adsorption isotherms, the adsorption rate, adsorption amount, and adsorption
position of radioactive particles adsorbed on activated carbon can be predicted.
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1 Introduction

Activated carbon is a widely used adsorbent for radioactive waste treatment. Its mech-
anism of action involves adsorption and chemical reaction. The high porosity and sur-
face area of activated carbon endow it with strong adsorption capacity. Radioactive
particles usually have a positive charge, while the surface of activated carbon has a
negative charge, which allows the activated carbon to adsorb the radioactive particles
[1-3]. Radioactive particles are adsorbed in the pores and surface of the activated car-
bon, thus removing the radioactive particles from the environment. The activated car-
bon can also remove radioactive substances through chemical reactions. For example,
activated carbon can undergo chemical reaction with radioactive elements through ox-
idation-reduction reaction, converting them into more stable compounds. This chemical
reaction can completely remove radioactive elements from environment[4-5].
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In the Materials Studio simulation, the activated carbon and the molecules to be ad-
sorbed are modeled as a series of particles, and the adsorption process is simulated by
simulating the interactions between the particles. The advantage of Materials Studio
simulation is that it can consider the interaction between adsorbed molecules as well as
the influence of the pore structure of the activated carbon. The simulation results can
provide information on adsorption rate, adsorbing capacity, and adsorption location.
The adsorption isotherm simulation is based on the adsorption isotherm equation to
model the adsorption process. In this simulation, the adsorption properties of activated
carbon are obtained through experimental measurements and the adsorption process is
modeled using isotherm equations. The advantage of this simulation is that the param-
eters in the adsorption isotherm equation can be determined from the experimental data,
improving the accuracy of the simulation results. The two simulation methods can be
used in combination to predict the adsorption process more accurately 71,

2 Simulation Setup

Calculations were accomplished using Sorption module in MS, mainly using Fixed
Pressure mode, to obtain adsorption energy, adsorbing capacity, and system configura-
tion. The parameter settings of adsorption process model was simplified, and high ac-
curacy has been adopted for calculation to obtain data on the impact of humidity on
adsorption. The “Add Atom” command was used to add radical group atoms to the
upper and lower surfaces. The parameter settings shown in Figure 1.
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Fig. 1. MS Simulation Setup.

The activated carbon is set as a layer with a certain amount of potassium iodide (KI)
and functional groups such as hydroxyl and carboxyl groups (over 100 carbon atoms),
and a certain amount of H>O and CHj are added to evaluate the binding and adsorption
ability of activated carbon elements, KI, functional groups with H,O and CH3l. After
completing the simulation of the binding effect of H>O on activated carbon, a certain
amount of CH;zI molecules are added to evaluate the effect of activated carbon that has
already adsorbed H>O on the adsorption of CH3l.
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3 Simulation Results

3.1  Adsorption of CHsI by Dried Activated Carbon

The CHsl molecules are added to the activated carbon layer, and the number is 0.02,
0.05, 0.1 and 0.2 times of the carbon atom. The Monte Carlo setting for quantitative
adsorption capacity is that the number of simulation steps is 1000000, the temperature
is 300 K; the number of surface C atoms is 288, 20 each of the number of hydroxyl
carboxyl groups is 20, and the number of K1 is 20. The results are shown in Figure 2.

Grey: Carbon; White-Grey-Brown: CHsI; White-Red: H20; Purple-Brown: KI; Grey-Red-
White: C-OH; Grey-White-Red: C-COOH

Fig. 2. Simulation of Adsorption of CH3I on Dried Activated Carbon.

As the number of adsorbed CHj3l increases, it can be seen that the distribution of
CHjsl is close in the middle, and the number of adsorption locations close to the C sur-
face is limited and quickly filled. When the adsorption number of CH;I exceeds 40, a
part of the CHsl is located far from the C surface, indicating that the number of CH;l
has exceeded the amount of CHslI that can be adsorbed on the C surface. The CH;I that
cannot be adsorbed is in the free states and distributed in the center of the structure.
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Fig. 3. Number of adsorbed CHsI - adsorption energy curve.
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The number of CH3l adsorbed-adsorption energy curve shows in figure 3. CH;I can
be spontaneously adsorbed on the C surface. As the number of adsorbed CHsl increas-
ing, the average adsorption energy increases. This is due to the decrease of adsorption
locations with strong relative adsorbing capacity for CHzI on C surface.

3.2  Binding Effect of H20 on Activated Carbon

Set up a layer of activated carbon lamella (100 carbon atoms) with a certain number of
KI and functional groups such as hydroxyl and carboxyl groups. The number of H,O is
0.02, 0.05, 0.1, 0.2, and 0.3 times that of carbon molecules. The Monte Carlo setting
for quantitative adsorption capacity is that the number of simulation steps is 1000000,
the temperature is 300K, the quantities of carbon, hydroxyl and carboxyl groups, and
KT are 288, 20, and 20, respectively. The results are shown in Figure 4.
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Fig. 5. Number of adsorbed H20 - adsorption energy curve.

Similar to the results for CH;l, as the number of adsorbed H,O increases, the distri-
bution of H>O is close to the middle positions, it indicates that the number of adsorption
sites close to the C surface is limited and quickly filled. The difference is that when the
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number of H,O adsorbed exceeds 20, a part of H>O can be seen in the position far away
from the C surface, it indicates that the adsorption capacity of C surface for H,O is
weaker than that for CHsl. The reason for this difference may be that the polarity of
H,O is weaker than that of CH3l, the CH;l has a stronger charge interaction with surface
radical groups on the C surface. The number of H,O adsorbed-adsorption energy curve
shows in figure 5. Similar to CH3l, the average adsorption energy of H>O on the C
surface is positive, indicating that the adsorption process of H>O on the C surface is an
exothermic reaction, and H>O can spontaneously adsorb on the C surface. It can also
be noted that the value of H,O adsorption energy is greater than that of CHsl, it indicates
that H>O adsorbed on the surface of C is more stable than CH3l.

3.3 Adsorption of CH:I on Activated Carbon with Adsorbed H.0

The effect of activated carbon adsorbed H,O adsorbed the CHsl is evaluated through
adding a single number of CH3l molecules into the dry activated carbon adsorption
model for H,O, the results are shown in Figure 6, and the Curve of the number of added
H,0 and the number of adsorbed CHj5I is shown in figure 7.

Fig. 6. Simulation of Adsorption of CHsI on Activated Carbon with Adsorbed H20.

By simulating the adsorption of 10 CH3I molecules on a C surface that has already
adsorbed different amounts of water, it can be found that when the number of water is
less than 10, CHsI can be adsorbed well on the surface. When the number of water
exceeds 20, some CH;sl begins to move away from the surface, it indicates that when
the number of adsorbed water exceeds a certain value, the HO adsorbed on the surface
cause a decrease in the CH;I adsorption locations on the C surface.

4 Conclusions

As the number of adsorbed CHsl increases, the average adsorption energy of C surface
for CHsl increases. This is due to the decrease of adsorption locations with strong rela-
tive adsorption capacity for CHsI on C surface as the amount of CHsl increases. The
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polarity of H>O is weaker than that of CH3l, and compared to H»O, the charge interac-
tion between CH;I and the surface groups of C is stronger. Therefore, there are many
locations on the surface of C that can adsorb CH3l, indicating that when the amount of
adsorbed water exceeds a certain value, the H,O adsorbed on the surface cause the CH3l
adsorption locations on the surface of C. It indicates that using activated carbon to ad-
sorb radioactive particles requires measures to control the humidity of activated carbon
and ensure that the adsorption capacity does not decrease.
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Fig. 7. Curve of the number of added H20 and the number of adsorbed CHsI.
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