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Absorption of Neptunium to Muscovite With Different Particle Sizes
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Abstract: Neptunium is one of long-life radioelements, whose speciation in different condition of
underground water and soil type, including the adsorption characteristics and adsorption mechanism on
some soils, is a critical field. The adsorption behavior of Np('V) on muscovite minerals was studied by
combining theoretical calculations and static adsorption experiments, providing a reference for evaluating
the safety of nuclear waste disposal sites in this work. The adsorption behavior of 2’Np('V) by different
particle sizes of muscovite was studied using characterization methods such as X-ray diffraction(XRD),
scanning electron microscopy(SEM), material specific surface area(BET), and Nal(Tl) gamma
spectroscopy. Explored the effects of factors such as time, pH value, and the presence or absence of CO3”
on the adsorption of Np( V') by muscovite with different particle sizes. Combining density functional based
on first principles, B3LYP was selected as the functional and 6-31G* as the basis group, and quantum
chemical calculations were carried out to obtain the dissociation constant(pK,) values of the sites, in order

to describe the electronic behavior of the skeleton structure. The experimental results show that different
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particle sizes of muscovite have an impact on the adsorption of Np(V), and the presence or absence of

CO;” in the environment also affect the adsorption distribution coefficient. However, as the particle size of

muscovite decreases, more active sites are exposed, and the trend of adsorption distribution coefficient

varies. Based on the SEM image and adsorption distribution coefficient curve, it can be seen that as the

grinding mesh size of the sample increases, the end face increases, and even layered muscovite is peeled

off. In the alkaline region, the adsorption distribution coefficient slightly increases, but the adsorption

distribution coefficient is all less than 100. A small amount of Np(V) is enriched in fine-grained to

extremely fine-grained minerals, related to finer sediment. The adsorption of Np('V) by muscovite is weak

and not dominant. Np('V') mainly migrates with groundwater in muscovite minerals.

Key words: muscovite; Np(V); absorption; groundwater; migrates
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Table 1 Effect of pH on muscovite

pl(mg-L™)
ot K Al Si
F 2 B W 2.53 <0.1 0.60
2.99 6.52 0.80 3.06
3.49 5.50 0.51 2.24
3.86 4.48 0.29 1.67
434 429 <0.1 1.34
4.88 3.41 <0.1 0.71
5.24 4.66 <0.1 0.96
5.74 3.86 <0.1 1.36
6.38 439 <0.1 0.99
6.75 4.17 <0.1 1.30
7.22 6.68 0.53 2.66
7.33 6.04 0.64 3.01
7.65 5.32 0.34 1.96
8.01 5.75 0.73 3.25
9.20 4.40 0.73 3.00
10.55 3.75 0.31 1.44
10.60 3.65 0.27 1.28
10.88 3.97 0.41 1.71
10.97 4.01 0.34 1.50
11.34 4.68 0.36 1.75
11.70 5.20 0.39 1.93
11.86 7.11 0.36 1.86

#: 0.1 mol/L NaClO,, HCIO, & NaOH#¥5pH, [ kb5 /L

# 2 TERIH] pH W PR L 20 h 5 B9 1 2 BE PR RE
Table 2 Performance of muscovite after 20 h soaking

in different pH solution

pH + -1 pH + -1
Witk 20 hjE P me LD Wk 20 hjE PN me L
437  6.44 11.40 830  7.46 9.88
6.19  6.79 11.60 8.65  1.57 10.20
657  6.88 10.10 917  1.77 10.10
7.00  6.98 10.20 1007 824 9.39
736 7.22 10.10 1056  8.54 9.54
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Fig. 5 pH change with agitation time for different size

muscovites isolated from air
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Table 3 Main compositions of muscovite
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(6] 58.84 71.99 62.13 74.67 63.46 75.74
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Al 18.91 13.18 14.68 10.46 17.18 11.68
K 5.84 2.92 5.25 2.58 5.10 2.49
58 100.00 100.00 100.00 100.00 100.00 100.00
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Fig. 6 Particle distribution of different size muscovite
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Fig. 8 Muscovite structure and pK, values of different sites at zero charge potential
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