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Abstract—Specifi c features of the porous structure of irradiated and virgin reactor graphite of Russian brands 
have been analyzed. The porosity parameters aff ecting the leaching of radionuclides from graphite radioactive 
waste (RAW) were determined: fraction of open porosity, distribution of pore throat cross-sections, surface of open 
pores. The volume of open pores accessible for leaching aqueous media in the irradiated graphite was estimated. A 
model describing the leaching of radionuclides from irradiated graphite accounting for the porosity contribution is 
proposed. The parameters that numerically characterize the resistance of graphite RAW against leaching and are 
independent of the geometric shapes of separate fragments (samples) were determined.
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INTRODUCTION

At present more than 100 energy-producing and in-
dustrial uranium-graphite reactors (UGRs) exist; mostly 
they are situated on the territory of the Russian Federa-
tion, France, Great Britain, United States. Most of reac-
tors of this type are shut down. In the nearest 20 years 
it is planned to shut down the power units with UGRs 
remaining in service. The total mass of irradiated graph-
ite (blocks, bushings, debris, etc.) accumulated in the 
Russian Federation as a result of operation of industrial 
(IUGRs) and energy-producing UGRs is about 60 thou-
sand tons. At present, the problem of their disposal is 
actively discussed [1]. The problem of handling the irra-
diated graphite remains topical not only in Russia, since 
commonly accepted regulations do not allow dispatch-
ing graphite into the existing disposal sites of the radio-

active waste (RAW) without preliminary deactivation 
to diminish the content of long-lived radionuclides (the 
acceptance criteria are not implemented in all countries) 
[2]. In the international project GRAPA, organized by 
IAEA in cooperation with specialists from the RF, the 
analysis of the properties of graphite and technologies 
of handling this material continues in order to develop 
practical recommendation to solve the problem [3]. A 
considerable number of studies aimed to investigate 
properties of the graphite, especially the analysis of the 
leaching from Western graphite brands, have been car-
ried out under the European project CAST, the main re-
sults of which have been published in a special issue of 
Radiocarbon journal [4].

The potential hazard of the main mass of graphite 
RAW (~95%) is determined by the presence of 
predominantly long-lived radionuclides 14С and 36Сl. 



RADIOCHEMISTRY  Vol.  62  No.  6  2020

760 PAVLYUK  et  al.

A fraction of the graphite contains a signifi cant amount 
of isotopes from fuel (actinides and fi ssion products), 
which determine the potential hazard of this type of the 
graphite RAW. The 14C isotope (half-life 5.37 × 103 yr) is 
a radionuclide dominant in specifi c activity. Its specifi c 
activity in the graphite from Russian UGRs is 104–2.5 × 
106 Bq/g. For 36Cl (half-life 3.1 × 105 yr), the specifi c 
activity varies within the range 101–2×103 Bq/g. 

One of distinctive features of irradiated graphite as 
a type of RAW is its developed porous structure, absent 
in other kinds of RAW (vitrifi ed, ceramic, etc.). The 
porosity of graphite strongly aff ects both the spatial 
distribution of radionuclides during operation of a 
reactor and the release of radionuclides from graphite 
in contact with external media at various handling 
stages Results of investigation of the accumulation 
and distribution of radionuclides in irradiated graphite 
show that a complex pattern of contamination with 
radionuclides is formed in graphite during the reactor 
operation. Its formation is aff ected both by the operation 
routines and by structural features of the graphiteand, 
in particular, by properties of the porous structure 
(volume of open porosity, set of communicating pore 
channels, distribution of pore throatcross-section, etc.). 
It should be noted that the developed porous structure 
of graphite RAW can strongly aff ect the release pattern 
of radionuclides from the irradiated graphite at various 
stages of its handling, including storage [6], disposal, 
and liquid and/or thermal deactivation [7–9].

RESULTS

Peculiarites of formation of the bulk content of the 
principal long-lived radionuclides under operation 
conditions in UGRs. The graphite stacks of domestic 
UGRs operate(d) either in the atmosphere of nitrogen 
gas (IUGR, AMB, AM) or in the nitrogen-helium 
atmosphere (RBMK). The gas fi lls all the hollows in the 
graphite stack, including gaps between graphite pieces, 
and also the whole volume of the open porosity. The 
specifi c features of 14C accumulation in graphite were 
considered in [7, 10]. It was noted that a considerable 
amount of 14C (50–80%) is formed according to reaction 
14N(n,p)14C from nitrogen gas and is fi xed in the near-
surface layer of graphite parts, walls of open pores, and 
surface of graphite crystallites accessible to gaseous 
nitrogen.

According to calculations, the depth to which 14C 
recoil nuclei are implanted may be as large as 150–

200 nm with an average value of 90–130 nm [1]. It is 
noteworthy, however, that the displacement energy of 
a carbon atom in graphite decreases from 24 to 5 eV 
as the amount of radiation defects grows [12] and the 
irradiation temperature is raised [13]. Thus, the depth 
of 14C implantation into graphite grains will depend 
both on the total irradiation time of the material 
and on the operational temperature. In any case, the 
penetration depth of implanted nuclei markedly exceeds 
characteristic dimensions of graphite crystallites. 
Note that the values obtained refer to the implantation 
of recoil nuclei from any surface (outer surface of an 
irradiated detail, pore wall surface, etc.). 

This eff ect has been experimentally confi rmed by 
investigation of change in the 14C content of in the 
surface layer of a graphite block from RBMK of power 
unit no. 2 of Leningrad nuclear power plant. The 14C 
content was determined in layers mechanically removed 
from the block surface (Fig. 1). For a thin surface layer 
(with thickness <0.05 mm) the surface area of the 
graphite block itself dominate over the surface of open 
pores in this thin layer, and the eff ect of an increased 
specifi c (per unit mass) content of the isotope on the 
surface of an irradiated block is noticeable. As the 
thickness of the removed layer increases, its specifi c 
content of 14C will be largely determined by the activity 
of the isotope localized at the pore walls, and the eff ect 
of an increased activity on the surface of the graphite 
block will be less noticeable.

There are two main sources of chlorine in virgin 
graphite. First, chlorine is present in the starting 
components used to produce graphite - petroleum coke 
and cake binder, and partly remains in the fi nal product 
after the annealing at 1000–1300 °С. In addition, 
chlorine-containing reagents are used in gas purifi cation 
of graphite at the fi nal stage of the production cycle. 
Neutron activation, mostly by the reaction 35Cl(n,γ)36Cl, 
is the second important source. The residual content of 
chlorine is due to its localization in structural features 
in graphite (closed pores, crystallite boundaries) poorly 
accessible for the environment, including the contact 
fl uid in leaching tests. The experimental and theoretical 
studies of the distribution and content of 36Cl in graphite 
[14] revealed a signifi cant scatter of the 36Cl specifi c 
activity over the volume of the graphite stack (nugget 
eff ect). It can be assumed that the heterogeneity of 
the chlorine spatial distribution is largely due to the 
inhomogeneity of the microstructure of the starting 
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reactor graphite resulting from its high porosity. The 
porosity strongly aff ects the volume diff usion of 36Cl 
(or 35Cl parent atoms) in graphite and their retention in 
structural features of the material in fabrication and/or 
in its operation in UGRs.

Thus, it can be stated that the porous structure of 
graphite largely determines the specifi c features of the 
spatial distribution, mechanisms (strength) of retention 
of the most long-lived radionuclides (and/or of their 
physicochemical forms) in the structure of graphite 
articles in the stacks of UGRs.

Features of the porous structure of irradiated 
graphite and its eff ect on the leaching of the main 
long-lived radionuclides. An important peculiarity of 
the irradiated reactor graphite, which distinguishes it 
from many kinds of solid RAW, is its comparatively high 
porosity. Properties of the porous structure of irradiated 
graphite depend on its brand and history of irradiation 
of particular graphite parts in UGR stacks. The graphite 
brands diff er in the starting raw material, types and 
sequence of technological steps during production 
(with or without impregnation with petroleum pitch), 
parameters of individual technological procedures, etc. 
[15]. The data of small-angle X-ray scattering (SAS), 
diff raction, and permeability measurements were used 
to demonstrate that the general tendency of changes 
in the porous structure of graphite under irradiation 
is that the fraction of the open-pore volume decreases 
due to the partial closure of pores and, accordingly, the 
share of the closed porosity increases [5, 15, 16]. It is 
noteworthy, however, that the interpretation of SAS data 
in the above-mentioned studies is not unambiguous. 
Studies of the porous structure of reactor graphite by 
X-ray tomography demonstrate that open pores form 
a developed 3D network connected by channels with 
irregular cross-section [17, 18]. These conclusions 
suggest that a through impregnation (fi lling of the open-
pore volume) of bulk graphite fragments with leaching 
liquid is, in principle, possible.

The following factors related to the developed porous 
structure can aff ect the process of 14C and 36Cl leaching 
from graphite RAW:

– it is necessary to take into account the peculiarities 
of the spatial distribution and retention mechanisms of 
14C and 36Cl and, accordingly, the presence of various 
species in irradiated graphite; 

– the process of 14С and 36Сl leaching may proceed 
largely by volume mechanism, rather than by the 

surface one (as in the case of a monolithic material), 
since the pore area accessible to the leaching agents 
may substantially exceed the geometric surface area of 
fragments of real graphite RAW;

– analysis of the leaching process requires consid-
eration not only of the external surface area of graphite 
samples (parts and fragments), but also of the surface of 
pore channels. Thus, the area of contact with the leach-
ing solution depends on the volume fraction of the open 
porosity of graphite and the pore throat cross-section 
distribution (eff ective radius). 

Stabilisation of the leaching of radionuclides from 
graphite samples may occur much later than in case of 
RAW samples with monolithic structure due to slower 
penetration and propagation of the solution through 
the porous structure of graphite and the limited rate of 
mass exchange with the solution. Sorption/desorption of 
radionuclides from solution in the course of motion via 
the pores to the sample surface are also possible.

In accordance with the standards commonly used in 
the RF to determine the leaching rate [19, 20], the main 
parameter that characterizes the stability of a material 
against leaching and is independent of the geometric 
shape of a sample (fragment) is the leaching rate related 
to the geometric area of a sample or fragment [Eq. (1)]:
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where Ri
n is the rate of leaching of ith radionuclide during 

nth leaching period, related to the geometric surface area 

Fig. 1. Typical distribution of the 14C activity in the surface 
layer of a graphite block from RBMK-1000 reactor at 
Leningrad nuclear power plant.
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of a sample or fragment, g/(cm2∙day); ai
n is the activity 

of ith radionuclide that passed into solution during the 
nth period of leaching, Bq; Ai is the specifi c activity of 
ith radionuclide in graphite, Bq/g; F0 is the geometric 
surface area of a sample or fragment, cm2; and tn is the 
duration of nth period of leaching, days.

When analyzing expression (1), we note that, 
although the parameter Ri

n characterizes the stability of 
irradiated graphite against leaching of radionuclides, it 
depends on the geometric shape of a sample because this 
expression disregards the porosity. However, this GOST 
(State Standard) has been developed for solid RAWs (in 
fact, monolithic samples), and only the external surface 
area is taken into account when calculating the leaching 
rate. In the case of a porous material, to which category 
belongs irradiated graphite, it is also necessary to take 
into account the area of internal surfaces accessible for 
the leaching medium.

Presumably, as the solution fi lls all the accessible 
hollows in graphite (pores, intercrystallite spaces, etc.), 
the eff ective leaching surface area and the rate of the 
mass exchange with the leaching solution are stabilized. 
Also, the rates of sorption/desorption of radionuclides in 
the course of pore-mediated fl ow to the sample surface 
attain equilibrium. Further, the leaching dynamics 
becomes monotonic and gradually decreases.

After the stable leaching mode is attained, the 
eff ective leaching surface area is given by the expression

eff 0 S ,F F F                              (2)

where Feff  is the eff ective leaching surface area of a 
sample, cm2; F0 is the geometric surface area of the 
sample, cm2; and FS is the surface area accessible to the 
solution (open pores, intercrystallite spaces, etc.), cm2.

In this case, the parameter characterizing the 
stability of graphite RAW will be the leaching rate of 
a radionuclide, related to the eff ective leaching surface 
area (eff ective leaching rate Reff ). The value of Reff  is 
given by
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where Ri

eff  n is the leaching rate of ith radionuclide during 
nth period of leaching, related to the eff ective leaching 
surface area, g/(cm2 day). 

If the total volume of open pores is accessible for 
fi lling by the contact solution, FS is taken to be equal 

to the total geometric surface of open pores in a 
sample. The parameter Reff  will be independent of the 
geometric characteristics of the sample, and determines 
the stability of a material being tested against leaching 
of radionuclides in relation to specifi c features of their 
spatial distribution in the structure of graphite, strength 
of retention of radionuclides (and related compounds) in 
graphite, and their ability to form water-soluble forms.

Thus, it follows from Eqs. (2) and (3) that an analysis 
of the structural features of the porous structure of 
irradiated and virgin reactor graphite of Russian brands 
is necessary. This analysis will allow to determine a set 
of parameters that aff ect the leaching of radionuclides 
from graphite RAW: share of the open porosity, pore 
throat distribution function, surface of open pores, 
and also to estimate the accessibility of open pores in 
irradiated graphite to leaching solutions. The present 
study is reports results of investigation of porosity of 
samples of a real irradiated graphite from UGRs.

Results of studies of the porous structure of 
irradiated and virgin reactor graphite of domestic 
brands and determination of parameters of this 
structure that aff ect the leaching of radionuclides 
from graphite RAWs. In the present study the porous 
structure of virgin and irradiated graphite of Russian 
brands was studied: block graphite of GR-220 brand 
(used in IUGRs), bushing graphite GR-26 (used in 
IUGRs), and hard contact ring (KTK) graphite GR-93 
(used in RBMKs). The total volume fraction of pores 
(ν) was determined from analysis and processing of 
tomographic images of the samples, obtained with a 
SkyScan 1172 instrument. To obtain a representative 
pattern, samples with dimensions of up to 4 × 8 mm 
were examined with a spatial resolution of 7.4 μm/pixel. 
The porosity was evaluated by the general algorithm 
comprising several main stages: determination of sample 
boundaries, calculation of the total sample volume from 
tomographic cross-sections, segmentation of individual 
pores, and subsequent calculation of the ratio of the 
obtained volumes for each cross-section. This approach 
was described in detail in [21]. Representative examples 
of analysis and processing of the reconstructed 
tomographic images are shown in Figs. 2 and 3. The 
results of determination of the volume fraction of pores 
in the studied samples are combined in Table 1. For 
several samples the volume of open pores accessible 
for saturation in aqueous medium. Experiments were 
performed by impregnation with water following 
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procedure described in [22]. The samples were kept 
in an aqueous medium under normal conditions for 
30 days. The results are combined in Table 2. 

Figure 4 presents the evolution of the fraction of 
open porosity under irradiation in bushing graphite 
GR-76 in IUGR and in experimental graphite produced 
by the similar technology, but with impregnation with 
petroleum pitch. The results of experiments and data on 
the history of irradiation of bushings are used.

Comparison of values of the total and open 
porosities obtained by two independent methods (X-ray 
tomography and impregnation with water, Tables 1 and 
2) show that for irradiated and virgin GR-220 and GR-
76 graphites these characteristics are rather similar, 
indicating insignifi cant fraction of closed pores. Certain 
diff erences between the values obtained by these 
analytical methods are probably due both to the scatter 
of properties of individual samples and to the fact that 

information about pores with diameter smaller than 
4–5 μm is lost in the current tomographic experiment. 
Consequently, nearly the total pore volume in the whole 
volume of graphite samples, including deep regions, is 
accessible for saturation with aqueous solutions. Thus, 
the experimental results of the present study confi rm 
the conclusion formulated in [17], according to which 

Fig. 2. Result of segmentation of a tomographic cross-sectional image of irradiated GR-220 graphite. (a) Example of a restored 
tomographic slice, (b) result of segmentation: (1) main volume and (2) volume containing pores/inclusions.

(a) (b)

(b)(a)

Fig. 3. Result of processing of the tomographic slices of a sample of irradiated GR-220 graphite and determination of the open porosity 
volume. (a) Dependence of the volume of material (1) and pores (2) on the number of a tomographic cross-section and (b) porosity in 
various tomographic cuts.
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Table 1. Volume fraction of pores in graphite of various 
brands obtained using X-ray tomography

Characteristics of samples 
(brand irradiation)

Volume fraction of pores 
ν, %

GR-220 (irradiated) 15.338
GR-220 (virgin) 18.367

GR-76 (irradiated) 16.746
GR-93 (virgin) 16.102
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the open pores in the bulk of graphite form a common 
volume in the form of a developed 3D network of 
interconnected channels. The impregnation with water 
of the porous structure of graphite samples is, in fact, 
the process of air displacement and fi lling with water of 
a system of communicating vessels.

The irradiation in a reactor (for the example of samples 
of block and bushing graphite of GR-220 and GR-76 
brands) during the whole operation period leads to an 
insignifi cant decrease in the porosity volume (Tables 1 
and 2, Fig. 4). With allowance for the initial scatter of the 
fraction of open porosity between individual samples, it 
was shown that for GR-220 block graphite the volume 
of the open porosity decreases by 15–25 rel % during 
the whole service period of a reactor, and, for GR-76 
bushing graphite (irradiation duration ~9 years), the 
decrease is 5–15 rel %.

A calculation of the pore throat radii distribution for 
open pores from tomographic data is more complicated 
and can be performed by various methods. In our study 
the algorithm comprising the following main steps 
was used: (1) binarization of the volume of pores/
inclusions; (2) search for separate pores/inclusions 
(average number of pores in a single cross-section was 
5 × 103); (3) determination of the coordinate of position 
for each pore/inclusion and maximum radius of an 
inscribed circle. Results obtained in a search for pores 
and determination of their maximum throat radius in a 
single cross-section of a sample are presented in Fig. 5. 
The results of a processing of this kind for all the cross-
sections were used to plot histograms of maximum radii 
of pores and to calculate average values for all four 
samples (Fig. 6).

After the tomographic analysis the samples were 
studied by the small-angle X-ray scattering (SAXS) 
using a dedicated diff ractometer SAXSess. The 
measurements were performed in vacuum in a quasi-
point confi guration with monochromatic CuKα radiation 
at scattering vectors q of 0.25 to 27 nm–1. Several 
studies are known in which Russian reactor graphites 
were examined by the SAXS method [23,24]. In these 
works the SAXS signal was attributed to the scattering 
on pores. However, other nanoscale heterogeneities, 
e.g., dislocation loops and clusters of point defects, may 
also contribute to the scattering. Figure 7 presents SAXS 
curves for the samples under study. For the bushing 
graphite the scattering intensity decays rather uniformly 
[11]. There is no obvious straight region in Guinier plot 
(log I–q2), which is indicative of the polydispersity of 
scatterers. A calculation of the size distribution of the 
heterogeneities gives a rather wide range of values: 

Fig. 4.. Dynamics of changes of the open porosity fraction 
for (1) bushing graphite GR-76 and (2) experimental bushing 
graphite (produced by technology close to that for GR-76 
graphite, but with impregnation with petroleum pitch) under 
irradiation in IUGR.
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Table 2. Volume fraction of pores in graphite of various brands obtained by impregnation with water

Characteristics of samples (brand, irradiation, amount) Fraction of open pores accessible for 
saturation with water, %

GR-220 (virgin), 10 samples 18–22
GR-220 (irradiated), 1 sample 17.1a

GR-76 (virgin), 25 samples 17–23
GR-76( irradiated), 5 samples 15–20
Experimental bushing graphite impregnated with petroleum pitch (virgin), 
25 samples

12–18

Experimental bushing graphite impregnated with petroleum pitch (irradiated), 
7 samples

11–14

a The volume content of water in a graphite core (diameter ~8 mm, length ~57 mm) measured by keeping in water at room temperature for 
1.5 years.
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from ~10 to 40–60 nm, which is close to the conclusions 
made in [23]. It is noteworthy, however, that the same 
size range is characteristic of vacancy aggregations 
in various kinds of irradiated graphite [24], and it is 
quite probable that these defects make a signifi cant 
contribution to the intensity of SAXS.

With reservation the block graphite may be described 
as a so-called hierarchical system of scatterers, i.e., two 
independent types of heterogeneities are present. This 

is indicated by weak infl ections at about q = 0.4 and 
0.75 nm–1. If one of these subsystems is attributed to the 
nanopores (typical case in carbon adsorbents), then the 
gyration (inertia) radius of these pores is ~1.3 nm for 
the block graphite and 1.4 nm for the virgin and 1.5 nm 
for irradiated bushing graphite. However, a calculation 
of the volume fraction of pores from the small-angle 
scattering data is rather ambiguous [25]. Comparison of 
the data of X-ray tomography and small-angle scattering 

Fig. 5. Image of a cross-section of a sample of irradiated GR-220 graphite and maximum pore throat cross-sections (a) full cross-section 
of a sample and (b) magnifi ed fragment of the sample cross section.

(a) (b)

Fig. 6. Radii of the maximum pore throat cross-section and results of a calculation of the average radius of the throat cross-section: 
(a) GR-220 (block) virgin, Rav = 8.90 μm, (b) GR-220 irradiated, Rav = 8.78 μm, (c) GR-76 (bushing) virgin, Rav = 9.10 μm, (d) GR-76 
irradiated, Rav = 8.91 μm.

(a) (b)

(d)(c)
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shows that changes in the porous structure in the course 
of irradiation of the samples under study are rather small.

DISCUSSION

The results of this work demonstrate properties of 
the porous structure such as the size distribution of pore 
throats and the average radius do not diff er signifi cantly 
between the studied graphite brands. Reactor irradiation 
(even during the whole service life for GR-220) do 
not lead to statistically signifi cant changes in these 
parameters.

If we consider the porous structure of graphite as a 
network of interconnected channels with round cross-
section, then their surface are can be estimated by the 
formula

           
S

2 ,VF
r



                                

 (4)

where ν is the volume fraction of open pores in graphite, 
V is the sample volume, cm3; r is the average radius of 
the cross-section of open pores, cm.

According to Eq. (4), for the studied graphite brands 
at average pore radius r ≈ 9 μm (Fig. 6), average volume 
of open porosity ν ≈ 0.17 and density of ~1.7 g/cm3

, the 
specifi c (per unit mass) surface area of open pores, FS, 
is ~225 cm2/ton. It should also be noted that the pores 
are irregularly shaped, and the r is the radius of the 
maximum round throat inscribed in a real cross-section 
(Fig. 5). Therefore, the real value will be somewhat larg-
er. Fine pores with size smaller than the resolution of the 
tomographic experiment also contribute to underestima-

tion of the calculated value. For samples with volume of 
~1 cm3 (such sample of irradiated graphite are the most 
frequently used in leaching tests equation (4) shows that 
the open pore volume FS is ~380 cm2. In this case, the 
surface area of the sample is (depending on its shape) 
F0 ≈ 4.5–6 cm2. Thus, the surface area of open pores, FS, 
strongly (by nearly two orders of magnitude) exceeds 
the outer surface area of the samples, F0. With increas-
ing volume of a sample (fragment of graphite RAW) the 
FS/F0 ratio will only grow.

On the assumption that the whole open-pore volume 
(or its signifi cant part) in a sample is fi lled by the leaching 
solution and FS >> F0, Eq. (3) can be written as
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Thus, the eff ective leaching rate Ri

eff  n will be 
determined by the porous-structure characteristics 
(surface of open pores, FS, specifi c activity of graphite, 
Ai, and activity ai  of radionuclides that passed into 
solution during nth period tn of leaching.

CONCLUSIONS

It was shown that nearly the whole volume of 
pores (including internal domains) in both virgin and 
irradiated graphite of the studied brands is open and 
accessible for saturation with water when kept in an 
aqueous medium. A tendency is observed towards an 
insignifi cant decrease in the fraction of open porosity 
during reactor operation. With consideration for the 
initial variation of this quantity, a decrease of not more 
than 25% is observed for block graphite GR-220 and 
by 15% for the bushing graphite GR-76. A probable 
explanation is that the graphite lattice swells because 
of the accumulation of radiation defects. The open-pore 
surface area for graphite of the studied brands strongly 
(by more than two orders of magnitude) exceeds, even 
in the case of small (~1 cm3) volumes of graphite, the 
surface area of graphite fragments. This fact indicates 
that the leaching process of the main long-lived 
radionuclides in the graphite bulk is close to the volume 
one. The contribution of the open pore surface to the rate 
of the leaching process will dominate over that of the 
outer surface of the fragments. 

At evaluation of factors characterizing the resistance 
against leaching of radionuclides it is necessary to 
take into account developed structural porosity of 

Fig. 7. Small-angle scattering curves for the studied samples. 
(a) GR-220 and (b) GR-76. Virgin (1) and irradiated (2).



RADIOCHEMISTRY  Vol.  62  No.  6  2020

767DETERMINATION  OF  PARAMETERS  OF  POROUS  STRUCTURE

graphite and the volume character of the distribution 
of radionuclides. For this purpose, two parameters: 
the eff ective leaching surface area Feff  and eff ective 
leaching rate Reff , were introduced. In the framework 
of the proposed model of the leaching process, the 
parameter Reff  determines the stability of the material 
(irradiated graphite) against leaching and is independent 
of the geometric characteristics of the sample/fragment.

It should be noted, that the suggested model of 
radionuclide leaching from irradiated graphite is valid 
when the following conditions are fulfi lled:

– the process of fi lling of all the accessible cavities in 
the graphite structure (pores, intercrystallite spaces, etc.) 
by the contact solution is complete and, accordingly, the 
eff ective leaching surface area stabilizes;

– intensity of mass exchange between the leaching 
solution in the volume of pores with the volume over the 
outer surface of the graphite fragment stabilizes;

– rate of sorption/desorption of radionuclides in the 
course of their propagation along pore channels to the 
fragment surface attained equilibrium.

To verify the adequacy of the suggested model, 
the authors are performing a series of experiments on 
prolonged leaching of radionuclides on real samples 
of graphite RAW of various brands and confi gurations. 
The results of this work will be used in calculations for 
estimating the long-term dynamics of rate of release of 
radionuclides in the course of leaching from graphite 
RAW of various types in the possible variants of the 
disposal.
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