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Abstract. The leach test of radionuclide in cement-solidified waste form was
performed. The leaching behavior of *¥Cs, ®°Co and **?Eu radionuclides from mortar
made with natural aggregates and recycled radioactive concrete into surrounding fluid
(demineralized water) was studied. The influence of curing time, type and size
distribution of the aggregates was determined. Mercury porosimetry was applied to
evaluate the pore volume and surface area. Was found that the migrations of
radionuclides in solutions are controlled by a diffusion mechanism through the pores
that determine the long-term leaching behavior for the materials.

Key words: radionuclides migration, leaching, reuse and recycling of radioactive concrete.

1. INTRODUCTION

The radioactive concrete waste resulted from the decommissioning of the
VVR-S nuclear research reactor from Magurele represent about 6.5% from the total
amount of concrete. The final disposal of these type of materials will decrease the
storage capacity. Nowadays, the low level radioactive waste are pre-placed in
blocks form in containers and consolidated with mortar made from fine natural
aggregate. An innovative solution proposed in this study is the recovery of coarse
and fine aggregates from the radioactive concrete waste and their recycling, not as
a simple waste, but as filling mortar to stabilize the radioactive waste in specific
containers. Plecas and Dimovic [1] have observed that during the interim storage or
final disposal of solidified low level radioactive waste, migration/diffusion of
radionuclides can occur, when the waste come in contact with water, and so the
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radionuclides are transported into the soil/surrounding structure, caused by
dissolution or chemical reaction with the chemical components of water. Plecas
[2, 3], Moriyama [4] and Geleel [5] and their colleagues demonstrated that in order
to prevent widespread dispersion of radionuclides in the environment, radioactive
waste must be embedded in an immobilization matrix (cement, asphalt, plastic,
glass or ceramic). Plecas [2, 3] showed that radioactive waste immobilization
matrix must have leaching resistance and must be mechanically, physically and
chemically stable for safe handling, transport and final disposal. If those conditions
are fulfilled, the release of radionuclides will be slow in contact with flowing
water. Sami and the colleagues [6] showed that the cement is the best known
material to solidify and to isolate solid or liquid radioactive waste of low and
intermediate activity. Typically, concrete is a mixture of cement, sand, aggregate
and water in different proportions, and together determine the structural properties
and tightness of the cemented material. Concrete is a porous, continuously
hydrated material whose real surface area exceeds by far the specific geometric
surface area [7]. As a cementing material, it has the disadvantages of low reduction
of volume and a relatively high leachability for a few radionuclides (°*H, **'Cs and
®Co) which, however are quite short-lived. In addition, the concrete has several
practical advantages because has good mechanical properties, is cheaper in cost, is
easy to handle and has thermal and radiation exposure stability. A number of
papers describe the immobilization of radionuclides with cement and cement mixed
with various admixture additives (blast furnace slag, silica fume and ilmenite)
[8, 9, 10, 11]. Highly effective ingredients were found for cement mortar that can
improve the characteristics of the waste matrix towards safety requirements.
Therefore, quantitative evaluation of radionuclides that can be leached from the
waste package is essential in radioactive waste management. Such leaching
behavior must be related to the pore structure and pore solution composition [2, 3,
12, 13, 14]. Some radionuclides are chemically bond to concrete constituents or
even incorporated into crystal structures [13].

The aim of this paper is to study the leaching behavior of **'Cs, ®Co and
?Eu radionuclides in aqueous medium, for the radioactive mortar samples made
from recycled aggregates compared to samples made of natural aggregates (river
sand). This study is part of a large research project that has as main purpose the
minimization of the low level radioactive concrete that should be dispose, in
accordance with all the applied legal requirements. Using the radioactive concrete
as recycled fine aggregate in the mortar for solidifying the radioactive concrete
rubble or blocks inside the disposal containers, can increase the fill ratio of
radioactive concrete waste or the total low level waste disposal volume can be
reduced. For these analysis, the influence of curing time, type and size distribution
of the aggregate on leaching behavior were evaluated.
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2. EXPERIMENTAL AND MEASUREMENTS

2.1. MATERIALS

For this study, three types of mortar samples were used and were marked as
N, DR and DP for unique identification. For the preparation of N type mortar,
natural aggregates of river sand sort of 0/2.5 mm (Lafarge) were used. For
obtaining the fine aggregates necessary for preparing the DR and DP type reference
mortar, C25/30 reference concrete [15] was crushed in two steps: (1) cubes with
dimensions of 15 x 15 x 15 cm were crushed in the B 1624J Buffalo Shuttle Jaw
crusher, resulting the granulometric fractions <50 mm; (2) grain size fraction
> 50 mm were crushed in the WA-12-H Buffalo Shuttle Hammer crusher using a
sieve with 9 mm mesh size, resulting the granulometric fractions < 2.5 mm with
particle size distribution presented in Table 1.

Table 1

Particle size distribution for recycled aggregate

Particle size [mm] wt. [%]
2.000-2.500 8
1.000-2.000 9
0.500-1.000 28
0.250-0.500 21
0.125-0.250 18
0.063-0.125 11
0.000-0.063 5

For preparing the DR type mortar, the recycled aggregates were used with a
proportion of particle size sorts as resulted from the second stage of C25/30
reference concrete crushing. For DP type mortar preparation, the 0/0.15 mm sort
was separated from the fraction < 2.5 mm from the recycled aggregates with a
particle size proportion as resulted from the second stage of C25/30 reference
concrete crushing. The 0/0.15 mm sort was grounded in a laboratory ball mill with
horizontal rotary drum. The specific surface area for 0/0.15 mm particle size
fraction, determined with Blaine Permeability meter, has been modified after
grinding from 3000 cm?g to 5080 cm?g. Ground fraction was reincorporated into
the base material. All the mortars prepared in the experiments were made with
cement type CEM V A(S-V)42.5N (produced by Lafarge, Romania). The
compositional data and p-cone time for N, DR and DP type mortar are presented in
Table 2.
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Table 2
Compositional data and p-cone time through conical funnel for mortar
Compositional data p-cone time
Si?dpe'e Ll ] 30/ I[Dkegr}fr:?]l Remarks
Water | Cement | Sand | 0 | 15 60
N 0.45 1 0.8 | 31| 48 | 50/ - - Plastic, fluid
DR 0.60 1 13 31 | 35 40/ 1926 Homog_enous, fluid, slight
52 separation
DP 065 1 17 21 | 25 28/ 1933 Homog_enous, fluid, slight
37 separation

The super-plasticizer additive/ highly efficient water reduce quantity —
Glenium 27 — was 0.8% for N type mortar and 1.5% for DR and DP type mortars
(based on the amount of cement). The Rheomatrix 150 agent was 0.5% for DR and
DP type mortar.

2.2. SAMPLES MATRIX PREPARATION AND MEASUREMENT

For achieving the leaching experiments, samples were artificially
contaminated with ©’Cs, ®°Co and *?Eu radionuclides. **'Cs radionuclide was
chosen because occurs as a main component of waste streams having a significant
radiological risk and it chemical behavior is comparatively simple, being
monovalent and soluble, even under the strongly alkaline conditions obtaining in
the cement environment. Because of these characteristics, **'Cs is difficult to
immobilize in a cement matrix because of its solubility. Several authors [10, 16,
17] have shown that the cement matrix provide only physical encapsulation for
¥Cs, although the matrix components, especially the amorphous sodium silicate
hydrogel have a very high specific surface area (10*-10° cm?/g) (N, sorption) and
do not display a sorption potential for monovalent ions. °Co and ***Eu were chosen
because they are the main activation radionuclides presented in the concrete
biological protection of the VVR-S nuclear research reactor from Magurele-
Bucharest.

The composition of the samples was realized by 3 minutes manually
mixing the dry components of the mortar (fine aggregates sort 0/2.5 mm and
cement), then water was added (part of which has been substituted by the
radionuclide solutions) and finally the Rheomatrix 150 agent was added. The
sample preparation recipe was as follows: 106 ml liquid (44.5 ml distilled water
and 61.5 ml solution of **’CsCl, ®*CoCl, and **EuCls) for the N samples, 109.5 ml
liquid (48 ml distilled water and 61.5 ml solution of *CsCI, ®°CoCl, and *?EuCls)
for the DR samples and 107.8 ml liquid (45.8 ml distilled water and 62 ml solution
B'CsCl, *°CoCl, and *?EuCls) for the DP samples. The mixing process continued
for 4 minutes, then, the mortar obtained was molded into PVC cylinders with
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80 mm diameter and 15 mm height, positioned on a window glass, and finally, the
upper surface of each sample was smoothed with a spatula. After 24 hours, the
samples were removed from the form, the mass, diameter and height were
measured and density was analytically evaluated. N, DR and DP samples were
cured at 25 °C for 28 days (Table 3) and respectively at 25 °C for 56 days.

Table 3

Compression resistance of the cured mortar samples, after 28 days

Sample (\:Aé?r:gzt Ci?ggét Glenium 27 | MV agent p-cone (s) at min fe
0, 0,
cod ratio ratio [%] [%] 0 15 | 30 | 60 | [MPa]
N 0.45 0.8 0.8 - 31 | 48 | 50 | 50 | 48.1
DR 0.60 13 15 0.5 31 | 35 | 40 | 52 32.7
DP 0.65 1.7 15 05 21 | 25 | 28 | 37 30.2

The initial activity, A;, presented in Table 4, of the cured mortar samples

was evaluated through gamma-ray spectrometry using a laboratory system with
lead castle (from Ortec) consisting of a high purity germanium detector (model
GEM®60P4-95) and a DSPEC jr. 2.0 Digital Gamma-Ray Spectrometer. The main
performance specifications of the detector warranted by the producer are: relative
efficiency 60%, resolution (FWHM) 1.95 keV, peak-to-Compton ratio 70:1, peak
shape (FWFM/FWHM) 3.0, all evaluated at 1.33 MeV peak of ®Co. Monte Carlo
simulation using GESPECOR code [18] was used for the efficiency evaluation
based on a detector characterization process with point sources. To minimize the
uncertainties due to matrix inhomogeneity, the initial activities of the cured mortar
samples were considered to be the average of the activities evaluated for samples
measured on both base sides.

Table 4

Initial activity in the N, DR and DP mortar samples

A; [Bq] A; per sample
137Cs GOCO 152Eu [Bq]
(5.25+5.68)E+03 (1.25+1.35)E+04 (8.45+9.24)E+03 (2.62+2.84)E+04

Further, each cured mortar sample was introduced into a glass jar with lid of
600 ml volume, placed on a PVC pad, to expose the entire surface of the sample to
the leaching agent. In each jar there were poured 400 ml of distilled water. After a
period of time previously established (1, 2, 3, 4, 5, 6, 7, 15, 22, 30, 37, 45, 52, 60,
90 days), the water jar was transfused in cylindrical PE containers with sealing lids
and then replaced with the same volume of fresh distilled water. Every time was
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checked if the water contain concrete residue. For the collected water samples, the
pH was determined using a pH meter type WTW Inolab 720, the conductivity
using a conductivity meter type WTW Inolab 720 and the activity using a gamma-
ray spectrometry system.

3. RESULTS AND DISCUSSIONS

3.1. CURING TIME

The leaching fraction value ZAn /A; for concrete samples cured for 28

days was studied for DR and DP samples in comparison with N samples. In Fig. 1
are presented the leach rates of **¥’Cs and *°Co determined for N, DR and DP
mortar samples versus square root of time.
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Fig. 1 — Value of ZAn/Ai for N, DR and DP concrete samples.

Was observed that after 90 days, in comparison with N samples, the leaching
fraction values are higher by up to 34% for DR and 40% for DP in the case of **'Cs
and up to 21% for DR and 29 % for DP in the case of ®°Co. The dissolved "*Eu
radionuclide was not detected in the cementation systems (the Minimum
Detectable Activity was aprox. 3.5 Bq for water sample geometry).

The leaching fraction value, ZAH/Ai , was analyzed also for the N (river
sand in composition), DR and DP (recycled aggregates in composition) mortar

samples cured for 56 days in comparison with samples cured for 28 days. In Fig. 2
are represented these values for **'Cs and *°Co versus square root of time.
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Fig. 2 — Value of ZAH/Ai for N, DR and DP concrete samples.

Was observed that the > A, /A, values for the 56 days cured samples for N,

DR and DP cement matrix compared with the 28 days cured samples were lower
for *'Cs and comparable for ®Co. The leaching curves obtained displays two
distinct parts: the initial part of 1+7 days presents a high leaching rate; the final
part of the graph, from 15 to 90 days study period, indicates a low leaching rate.
From the analysis of the experimental data’s, was observed that the high initial
release of **’Cs radionuclide which, however is quite short-lived, can be attributed
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to surface activities that are easily washed when the sample comes in contact with
the leaching agent. The size of the cumulative leaching fraction is an index for the
release of nuclides from the cement matrix. **’Cs radionuclide is difficult to be
immobilized in a cement matrix due to its solubility. McCulloch, Anderson,
Glasser, Friedman and Kelmers and their colleagues [16, 17, 19, 20] have showed
that although the matrix components, especially, the hydrogel in amorphous phase
of calcium silicate (or close to), have a high specific surface of 10*-10° cm?/g
(N sorption), do not produce any virtual potential for the sorption of monovalent
ions. Thus, the cement matrix produce only physical encapsulation for **'Cs.
However, between the hydroxides of Cs, Co and Eu that have potential of
crystallization in mortars, during the curing period, the solubility of Cs hydroxide
(Scson=3.0E+03 g/l at approx. 25°C) in water is much higher than that of
Co hydroxide (Scoony2=3.2E-03 g/l at approx. 25°C). Eu(OH); is the most
insoluble between the mentioned hydroxides (Seyomsz = 1.37E-07 g/l at aprox.
25°C), fact revealed by the very small value of the solubility product,
Ksp = 9.38E-27.

3.2. LEACHATE pH AND CONDUCTIVITY

The pH and the conductivity have been measured for fresh demineralized
water and for the leaching agent at the end of each leaching period. The initial
values for pH and conductivity for fresh demineralized water were 7.70 and 8.38
respectively. From the leaching experiments carried out was observed a variation
of pH and conductivity on time (Table 5).

Table 5
pH and conductivity variation for the leaching agent vs. time
t pH Conductivity [uS/cm]
[day] 28 days 56 days 28 days 56 days
N DR DP N DR DP N DR DP N DR DP

1 1093 949 997 1090 1089 9.62 917.0 616.0 650.0 541.0 624.0 433.0
2 954 817 890 1116 829 10.07 4240 2920 337.0 4440 1983 261.0
3 808 820 834 1020 7.89 818 2750 2220 246.0 3050 1647 1874
4 9.01 804 893 1029 843 980 202.0 1954 1928 303.0 1373 1736
6 897 795 822 1037 793 807 1582 176.1 1699 286.0 1250 1417
5 802 802 796 1008 8.06 860 1543 1633 1622 1674 1284 107.3
7 7.89 7.96 7.96 8.75 8.17 8.12 1495 1517 1471 1257 1145 1184
15 990 955 1053 841 840 838 3220 3520 407.0 317.0 331.0 3020
22 89 810 802 808 816 831 1411 1718 1522 1694 2030 211.0
30 856 812 805 818 822 803 892 1344 1175 1575 1773 1315
37 812 802 817 826 806 817 891 1200 109.1 1299 1433 1257
45 78 797 798 814 800 7.88 1333 136.6 1295 129.0 1412 1364
52 797 802 794 790 7.94 780 1299 1278 1149 1330 1285 136.0
60 810 809 761 782 806 803 1351 1357 131.6 1349 160.0 179.0
90 796 797 761 802 800 9.62 1604 1624 139.0 1765 1855 433.0
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It can be observed that the pH values are higher in the first 30 days of study,
then are slightly decreasing to the initial value of 7.70. There were no notable
differences in the radionuclides release which can be attributed to the differences
between the initial and final values of leaching agent pH. The data showed that the
pH and the conductivity have a small effect on the final value of the leaching agent.
Mclsaac and his colleagues [21] have showed that this is due to the large amount of
calcium hydroxide existent in the waste. Initially, the pH and the conductivity of
the leaching solution were higher due to the high solubility of the portlandite from
the cement matrix, correlated with the radionuclides chlorides solubility. The
decreasing of the pH and conductivity in time, can be explained by the formation
of hydroxy calcium salts with retention of radionuclides.

3.3. LEACHING CONTROL MECHANISM

The main leaching control mechanism of the samples was determined from
the return slope (n) of the linear regression line through data points in log(CLF)
and log(t). CLF is the cumulative leache fraction and was evaluated with the
following formula:

cm:%, 1)

where: A, is the initial sample activity at zero time [Bq]; A, is the activity

leached out of sample after the leaching time [Bq]; V is the sample volume [cm?]
and S is the sample surface [cm?]; t is the renewal period of leaching agent (1, 2,
3,4,5,6,7,15, 22, 30, 37, 45, 52, 60, 90 days).

The objective of measuring the cumulative leach fraction (CLF) is to
predict the leaching rate of *¥'Cs, ®°Co and ***Eu radionuclides of potential concern
from immobilized waste matrix under continuously saturated condition that
represent the worst case.

The slope n was calculated as a vertical distance divided by the horizontal
distance between any two points on the line, which is the rate of change along the
regression line, using the next equation:

{3
s

where x and y are the sample means of all the log(t) values average and
log(CLF) values average.

n=

, (2)
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If the slope (n) takes values < 0.35, then, the leaching control mechanism of
leaching is the surface washing; in the range of 0.35 + 0.65, the leaching control
mechanism is the diffusion; and when the slope takes values > 0.65, then, the
leaching control mechanism is the dissolution. The data obtained for the range of
1+ 7 days were removed from the analysis because this area is characterized by the
surface washing and can provide errors. In Table 6 are presented the results for the
period from 15 to 90 days.

Table 6

The return slope (n) of the linear regression line through data points in LOG(CLF) and log(t)

n
sample Curijng time T7Cs | WCo
[days] t = 15, 22, 30, 37, 45, 52, 60, 90 days
N 28 9.03E-02 3.70E-01
56 1.06E-01 4.91E-01
DR 28 1.18E-0L 4.49E-01
56 1.38E-0L 3.73E-01
DP 28 9.92E-02 4.41E-01
56 1.84E-01 4.70E-01

Was observed that the leachate activity increased over 50%, for cement
matrix made with recycled fine aggregates than cement matrix made with natural
aggregates. The facility of an easier transfer of radionuclides in solution is due to:
(a) cracks appeared in the aggregate during the crushing [22]; b) old mortar (with a
porous structure) attached to the natural aggregate particles in the recycled
aggregate. The surface area and the smoother porosity of cement matrix facilitates
the leaching of **'Cs and *Co radionuclides. To study the effect of natural and
recycled aggregates concrete properties, mercury porosimetry was investigated.
The open and total porosimetry was realized for samples of approximately 1g
collected from N, DR and DP mortar type. The mercury intrusion porosimetry
(MIP) using Quantachrome PoreMaster was realized to evaluate the pore volume
and surface area. In Table 7 are presented the results obtained for pore volume and
surface area for N, DR and DP samples.

Table 7

Pore volume and surface area evaluated for N, DR and DP mortar type samples through mercury
intrusion porosimetry

Sample Pore volume [cm®/g] Surface area [m?/g]
N 0.1001 3.0331
DR 0.1327 6.1873
DP 0.1134 5.3216
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Analyzing the obtained through mercury porosimetry data, was observed that
the porosity appreciated through the specific pores volume [cm®/g] present a higher
value for the DR mortar samples with recycled aggregates in composition,
followed by DP samples with recycled aggregated and powder obtained by
grinding. The mortar samples with natural aggregates present the lowest porosities.
The result are confirmed by the open porosity values evaluated by absorption of
water in vacuum. The higher porosity for the samples with recycled aggregates in
composition are explained by the increased content of the calcium hydrosilicate.
The supplementary quantity of hydrosilicates from the mortar with recycled
aggregates compared with mortar with natural aggregates is due to old cement
paste attached to granules of natural aggregate from recycled aggregate. The gelic
pores proportion in the three types of mortar is revealed by the results obtained
through mercury porosimetry for pore diameter content in the range of 0.01-
0.10 um as can be seen in Fig. 3.
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Fig. 3 (continued) — Normalized volume as a function of diameter for N, DR, DP samples obtained
from mercury porosimetry technique.

The higher percentage of gelic pores, for samples with recycled aggregate, is
highlighted by the total surface area of pores that is significantly higher in mortars
with recycled aggregates compared with mortars made with natural aggregates.
The presence of a higher content of fine particles in the DP mortar with recycled
aggregates makes the contribution of the gelic pores to be lower than in DR
mortars with recycled aggregates, due to the fine grinding of 0.10-0.15 pm
fraction.

For ®Co radionuclide, the leaching rate is lower, compared with **’Cs, and
almost constant during the entire time period deemed. As Ochs and his colleagues
observed [23], **?Eu radionuclide displays a limited (decreased) solubility in the
cementation systems. The results of the experiments using “’Eu show that the
europium ions are retained almost 100% by the calcium hydrosillicates in the
cement matrix; this fact explain the lack of the ?Eu activity in the solution. The
slope values (n) indicate that the predominant leaching mechanism is surface
washing for **’Cs and diffusion for ®Co.

3.4. APPARENT DIFFUSION COEFFICIENT

Long-term behavior of the radionuclides in the leaching process from the
waste matrix can be evaluated by determining the apparent diffusion coefficient,
calculated based on the Fick's second law applied for half-infinite environment.
The apparent diffusion coefficient for **’Cs and ®*Co radionuclides is calculated
using the return slope, m, of the linear regression line through data points in
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ZAH/Ai and sqgrt(t) (Fig. 2). The formula used for the diffusion coefficient (leach
coefficient), D, is defined as:

7 _,V?
Dzzmzs—z, (3)

where: D is the diffusion coefficient [cm%/day]; m is the slope (ZAH/Ai,

sqrt(t)) [d™?]; V is the sample volume [cm®] and S is the sample surface [cm?]. In
Table 8 are presented the return slope, m, of the linear regression line through data

points in > A, /A; and sqrt(t) for **’Cs and *Co.

Table 8

The return slope (M) of the linear regression line through data points in 21\n/Ai and sqrt(t)

m

Sample Curijng time T37Cs | WCo

[days] t =1,2 3 45,67 days
N 28 5.41E-02 9.37E-04
56 2.16E-02 4.75E-04
DR 28 7.38E-02 1.06E-03
56 4.81E-02 9.91E-04
DP 28 8.83E-02 1.20E-03
56 5.41E-02 9.35E-04

t =15, 22, 30, 37, 45, 52, 60, 90 days

N 28 4.83E-03 3.52E-04
56 4.27E-03 4.68E-04
DR 28 9.08E-03 5.03E-04
56 7.11E-03 4.02E-04
DP 28 8.49E-03 5.14E-04
56 1.04E-02 5.41E-04

Abdel-Rahman and his colleagues [24] showed that the average apparent
diffusion coefficient has values generally in the range of 10° cm?/s for mobile
species, up to 10™ cm?s for non-mobile species. Based on the average apparent
diffusion coefficient, there can be determined the leachability index for the
diffusing species. This is a material parameter used to categorize the effectiveness
of a matrix material for waste cementation. The formula used for the leachability
index, L, is defined as:

L=Ilog(D). (@)

In Table 9 are presented the values of diffusion coefficients and leaching
index.
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Table 9

Values for diffusion coefficients ( D ) and leaching index (L)

Sample Curing time D [cm?/day] L
(days) B'cs [ ®co B7Cs | *®Co
t =1,23,4,5,6,7days

N 28 8.71E-09 2.61E-12 8.06E+00 1.16E+01
56 1.42E-09 6.88E-13 8.85E+00 1.22E+01

DR 28 1.52E-08 3.12E-12 7.82E+00 1.15E+01
56 6.57E-09 2.79E-12 8.18E+00 1.16E+01

DP 28 2.20E-08 4.07E-12 7.66E+00 1.14E+01
56 8.43E-09 2.52E-12 8.07E+00 1.16E+01

t =15, 22, 30, 37, 45, 52, 60, 90 days

N 28 6.93E-11 3.69E-13 1.02E+01 1.24E+01
56 5.57E-11 6.68E-13 1.03E+01 1.22E+01

DR 28 2.31E-10 7.06E-13 9.64E+00 1.22E+01
56 1.44E-10 4.58E-13 9.84E+00 1.23E+01

DP 28 2.04E-10 7.48E-13 9.69E+00 1.21E+01
56 3.10E-10 8.45E-13 9.51E+00 1.21E+01

The leaching index must have a minimum value of 6 for the material to be
considered suitable for waste immobilization to prevent the radionuclides
migration from concrete matrix. From the values obtained for the leaching index
(L) for all samples was noted that the cement matrix used for mortar preparation
present hydraulic and chemical properties (leachability index > 6); this make it to
be suitable as a matrix material for wastes immobilization, for containers and for
engineering barriers. The mortars prepared with natural aggregates and those
obtained from recycled concrete (used in the present study) could be considered
suitable for radionuclides immobilization in radioactive waste.

4. CONCLUSIONS

The fixation of **’Cs, ®°Co and *”Eu radionuclides for the mortars matrix
obtained with natural fine aggregates and recycled fine aggregates was
investigated. For the mortar samples cured for 28 days, the highest value of the
leaching fraction was for the samples prepared with natural aggregates. Increasing
the specific surface area of fine aggregates determine the increase of the leaching
fraction value. From the experimental analysis was observed that for the mortar
samples, the value of the radionuclides leaching rate varies inversely with the
curing time. An increased curing time of mortars decreases the amount of
chemically unbound water from the mortar and determine a higher degree of gelic
calcium hydrosilicate crystallization. This explain the higher activity of
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radionuclides in solutions in which the mortar has 28 days curing time, against
those in which the mortar has 56 days of curing. In other words, increasing the time
of mortar curing, the leachate activity for **'Cs radionuclide was decreased.
Instead, for ®°Co radionuclide, increasing of the curing time lead to a significant
decrease in the amount of leaching function.

The pH and the conductivity have been measured for fresh demineralized
water and for the leaching agent at the end of each leaching period. The data
showed that the pH and the conductivity have a small effect on the final value of
the leaching solution. Analyzing the leaching control mechanism, was established a
balance between the ionic species presented in the pores of the mortar samples
surfaces and the leached ions in solution. The results obtained for the mercury
porosimetry study revealed an increase from N to DP and to DR type of mortar. As
expected, the values porosity for mortar made with natural aggregates are low than
those made with recycled aggregates. Besides the normal binding of pores in the
mortar made with recycled aggregates, the increased porosity for this type of
mortar is due to the mechanical cracks. The mercury porosity clearly indicates an
increase contribution of gelic pores in mortar with recycled aggregates, but the
gelic pores are water-repellent. Further migrations of radionuclides in solutions are
controlled by a diffusion mechanism through the pores that determine the long-
term leaching behavior for the materials. Long-term behavior of the radionuclides
in the leaching process from the waste matrix was evaluated by determining the
apparent diffusion coefficient.

Can be concluded that the recycle of radioactive concrete can be an effective
solution to reduce the volume of waste, contributing in saving the natural resources
and protect the environment.
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