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Abstract. Managing and disposing of radioactive liquid organic waste is a complex task due to its haz-
ardous nature and long-term environmental impact. Geopolymer materials, produced through the alkali
activation of aluminosilicate precursors, have emerged as promising candidates for immobilising various
types of waste, including radioactive waste, due to their chemical stability, mechanical strength, and resis-
tance to degradation. This study investigates the feasibility and effectiveness of the direct conditioning
of radioactive liquid organic waste surrogate into a blast furnace slag matrix, focusing on key properties
such as mechanical strength, porosity, and durability under various curing conditions. Two experimental
series were conducted, using different waste oils as surrogates for radioactive liquid organic waste and
various surfactants to evaluate their impact on the geopolymers. Samples were cured under sealed and
aerated conditions to assess how these variables influence the resulting material. Several methods, such as
UV /Vis spectroscopy, microscopy, porosimetry and compressive strength testing, were utilised to analyse
the physical, chemical, and mechanical characteristics of the produced geopolymer waste forms. Compres-
sive strength test results indicate potential suitability for long-term storage and disposal of radioactive
liquid organic waste. However, increasing waste oil and surfactant concentrations generally reduced com-
pressive strength and were associated with increased porosity. Additionally, leaching tests were performed
to evaluate the potential release of oil and selected elements from the stabilised waste form. The findings
demonstrated minimal oil leaching, suggesting a high level of immobilisation efficiency. These findings
indicate the potential of geopolymer matrices for encapsulating radioactive liquid organic waste. However,
they also highlight the need for careful optimisation of surfactant and waste concentrations to balance
the volume of incorporated waste oil and mechanical performance. Further research and optimisation are
required to refine these formulations and expand the application to other liquid organic waste types, aiming
to develop practical and scalable solutions for radioactive waste management.

1 Introduction strength, durability [6], and resistance to acids and heat,
making them suitable for immobilising radioactive waste
[7]. The curing time for geopolymers is shorter than for
cements because the setting mechanism of geopolymers
relies on rapid polymerisation rather than hydration [8].
The versatility of geopolymers allows them to be synthe-
sised from a variety of industrial by-products, including
fly ash, metakaolin, and blast furnace slag (BFS) [9-13].
Studies have shown the applicability of geopolymers for
immobilising various types of radioactive waste, includ-
ing oil-based drilling fluids [4,14] or iron and sulphur-rich
sludges [15,16]. Additionally, further works have shown
that geopolymer matrices can incorporate up to 30% of
RLOW by volume, depending on the specific formula-

Radioactive waste generated during the operation and
decommissioning of industrial nuclear facilities consists
of various types of radioactive waste, including radioac-
tive liquid organic waste (RLOW). Managing this waste,
which may contain scintillation cocktails, solvents or oils
[1], is challenging due to the hazardous nature and the
need for long-term stability during disposal in the repos-
itory. Even though there are conventional methods of
treatment, which include solidification into a cementi-
tious matrix after absorption into a porous material or
incineration [2,3], they come with disadvantages such as
technological complexity and secondary waste production
[4,5]. Geopolymers, as inorganic aluminosilicates, have

emerged as promising matrices for the immobilisation of
such wastes. These materials exhibit excellent mechanical
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tion and the properties of the waste [7,17]. Blast fur-
nace slag, a by-product of the iron-making process, is rich
in calcium and silicate minerals, making it an effective
precursor for geopolymer synthesis. The use of BFS in

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0),

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://www.edpsciences.org
https://doi.org/10.1051/epjn/2025058
https://www.epj-n.org
https://orcid.org/0000-0002-5538-5337
mailto:anna.sears@cvrez.cz
https://creativecommons.org/licenses/by/4.0

2 A. Sears et al.: EPJ Nuclear Sci. Technol. 11, 60 (2025)

geopolymer matrices offers several advantages, including
improved mechanical strength, reduced setting time, and
enhanced immobilisation of radionuclides. Blast furnace
slag can be activated by alkaline solutions, such as sodium
hydroxide or sodium silicate, to form a stable geopoly-
mer network [12,18]. Although the direct incorporation of
RLOW into BFS-based geopolymer matrices are promis-
ing, it has not been sufficiently investigated. Therefore, in
this study, we investigate the direct conditioning of Nevas-
tane and Mogul oils, which are used as RLOW surrogates,
within a BFS matrix.

2 Materials and methods

Two series of experiments with different surrogate waste
oils were conducted. In the first one, a finely ground granu-
lated BFS (Ecocem Benelux, Belgium) provided by SCK-
CEN was used with locally sourced quartz sand as the
added component. The alkali binder combined sodium sil-
icate (Sigma-Aldrich) and sodium hydroxide (Penta). The
waste oil used in the experiments was Mogul TB 32 S,
and we evaluated the performance of three surfactants:
Tween®80, sodium dodecyl sulphate (SDS) and Gluco-
pone 600 CS UP solution (all Sigma-Aldrich). In the sec-
ond set of experiments, a finely ground granulated BFS
sourced from Trtinec Iron and Steel Works, Czech Repub-
lic, was used with locally sourced quartz sand. The alkali
binder was the same as in the first set of experiments.
Nevastane EP 100 oil was used as a surrogate waste and
Tween®80 as a surfactant.

The sample preparation protocol was conducted on
a laboratory scale. The activating solution was prepared
24 hours before the actual preparation by dissolving 10.6 g
of sodium silicate in 32.8 ml of 10 M sodium hydroxide,
followed by the addition of 124 ml of demineralised water.
Before the main sample preparation, a mixture of oil and
a surfactant was mixed for 10 minutes using a laboratory
magnetic stirring bar and a magnetic stirrer IKA®RH
basic 2 at a speed of 1000 rpm. Subsequently, 325.8 g of
ground BFS was mixed with the activating solution for
three minutes using a dual-action laboratory mixer oper-
ating at 130-150rpm for the spinning head and 220-
250 rpm for the stirrer. The oil-surfactant emulsion was
then incorporated into the BFS and activation solution
mixture and mixed for an additional 10 minutes. Finally,
195.9g of quartz sand was added and mixed for three
more minutes. The overall liquid-to-solid ratio of the mix-
ture was approximately 0.32 by weight. The waste load,
expressed in wt.%, was defined as the mass of the oil rel-
ative to the total mass of the base matrix (binder, acti-
vating solution and quartz sand) before adding the waste
components. Similarly, the surfactant dose was calculated
as a wt.% relative to the base matrix. A thoroughly mixed
geopolymer paste was cast into cubic molds, each with
dimensions of 50 x 50 x 50 mm, with a single batch pro-
ducing three such samples. After casting, the samples
were left to harden. The samples were demolded, weighted
and cured in a sealed bag environment for 28days at
laboratory temperature. The sealed bag conditions were
established by placing the samples in a sealed container

Fig. 1. Prepared BFS samples.

positioned above the surface of the demineralised water,
ensuring that the sample remained untouched by the
water.

After the curing period, one of the three samples
of the same composition was used for leaching tests,
and the remaining samples were used for compressive
strength and porosity measurements. Leaching experi-
ments were performed under static conditions by immers-
ing each cubic sample in 400ml of demineralised water,
corresponding to a leachant-to-sample volume ratio 3.2.
The leachant had an initial pH of 6.94 and conductiv-
ity of 0.094 uS/cm. Leaching was conducted at ambient
laboratory temperature (approx. 22+ 1°C) without agi-
tation. The leachant was replaced at set time intervals (2,
7, 14, 28, 56, and 70days), and the collected leachates
were subsequently analysed. The pH and conductivity
of the leachate were measured using a WTW pH/Cond
3320 Multi-Parameter Portable Metre (Xylem Analytics).
A gravimetric method was used to quantify the oil and
surfactant mixture leached from the geopolymer matrix.
The leachate was filtered through a dried and preweighed
qualitative filter paper (KA2 type, unreinforced, 80 g/m?,
pore size >8um). After filtration, the filter paper was
dried at ambient laboratory temperature and reweighed.
The mass difference between the two measurements cor-
responded to the amount of oil and surfactant mixture
leached into the demineralised water. Calcium concen-
tration in the leachates was determined using complex-
ometric titration with EDTA at pH~ 12 with murexide
as an indicator, following standard procedures for Ca2*
quantification in aqueous samples. Silicon and iron con-
centrations were measured using a Jenway 6850 UV /Vis
Spectrophotometer (Cole-Parmer Instrument Company).
Silicon was analysed following CSN EN ISO 16264: water
quality — determination of soluble silicates by flow anal-
ysis and photometric detection, while iron concentrations
were determined using the spectrometric method based on
1,10-phenanthroline, following CSN ISO 6332: water qual-
ity — determination of iron — spectrometric method using
1,10-phenanthroline.

The compressive strength of the cured samples was
tested using an MTS 300 Exceed® device according to
the Czech National Standard CSN EN 12390-3 Testing
hardened concrete — Part 3: compressive strength of test
specimens. The porosity of selected samples containing
Nevastane oil was measured using an AutoPore IV 9500
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mercury intrusion porosimeter (Micromeritics). Before
analysis, the samples were dried at 35°C in the labo-
ratory oven dryer until a constant weight was reached.
Two to three fragments were selected per sample from
partially crushed specimens, each weighing between 1.0
and 1.2g. During pre-analysis preparation, the samples
were evacuated until a pressure of 50 mmHg was achieved,
after which the evacuation continued for an additional
30 minutes to ensure pressure stabilisation. Mercury intru-
sion was then performed in the pressure range of 0.005-
400 MPa. The samples were also analysed for the spe-
cific surface area using the 3Flex Adsorption Analyser
(Micromeritics). Before the analysis, the samples were
degassed under vacuum at 30°C for 48hours using a
VacPrep™061 (Micromeritics) system to ensure clean
surface conditions for gas adsorption measurements.

Before XRD analysis, the samples were manually
crushed and ground into a fine powder using an agate mor-
tar and pestle, then back loaded into the standard sample
holder for measurement. Diffraction patterns of raw BFS,
a standard sample and a sample with oil were collected
with a Malvern PANalytical Empyrean series 3 diffrac-
tometer, equipped with a conventional X-ray tube (Co
Ka radiation, 40kV, 30 mA, line focus), multicore optics
and a linear position sensitive detector PIXCel3D detec-
tor. In this case, a conventional Bragg Brentano geometry
was used with the iCore optical module set with a 0.03 rad
Soller slit, a 0.25° divergence slit, and a 14 mm mask in
the incident beam. The dCore optical module set with a
0.25° anti scatter slit and 0.04rad Soller slit was used in
the diffracted beam. X-ray patterns were collected in the
range of 585 deg 2theta with the step of 0.013deg and
600 s/step, producing a scan of about 4 hours 11 minutes.
XRD patterns were not pre-treated before interpreta-
tion, as no background correction was needed. Qualitative
analysis was performed with the HighScorePlus software
package (Malvern PANalytical, The Netherlands, version
5.2.0) [19] and the PDF-4 + database [20]. All the samples
were also analysed using a stereoscopic microscope model
Motic SMZ 171 T-LED equipped with a MOTICAM S12
camera (Fig. 1).

3 Results and discussion

In the initial experimental phase, we used a waste load of
5wt.% while investigating the performance of three dif-
ferent surfactants — SDS, Glucopone, and Tween®80 — at
varying concentrations of 0.15, 0.3, 0.45 and 0.75 wt.%.
The surfactant concentrations 0.15 and 0.3wt.% pro-
duced unsatisfactory results, and although the samples
demonstrated sufficient hardening, a significant oil release
occurred. In response, we increased the surfactant lev-
els to 0.45 and 0.75wt.%, increasing homogeneity and
decreasing oil release from the sample during the hard-
ening period. During these experiments, challenges arose
while using Glucopone and SDS. As the performance of
these two surfactants was not satisfactory, we proceeded
with Tween®380 only. During the initial experiments, we
also observed that we had to increase the percentage of
surfactant with increasing waste load. After the initial

phase, we prepared samples with the gradual increase of
Mogul in one set of samples and Nevastane in the sec-
ond set, as shown in Table 1. All samples showed good
homogeneity with negligible to no oil release after cast-
ing. From each composition, we prepared three samples;
all were cured in a sealed bag environment for 28 days.
To evaluate the efficiency of waste incorporation, we cal-
culated the volumetric loading factor, which is defined as
the ratio of the waste volume (o0il and surfactant) to the
volume of the final solidified form.

XRD analysis

The XRD patterns of both types of BFS are shown in
Figure 2. The BFS obtained from Ecocem Benelux, Bel-
gium, primarily contained amorphous SiO9 with traces of
CaCOg. In the BFS supplied by Tfinec Iron and Steel
Works, the Czech Republic also contained amorphous
SiO4, traces of CaCOg, and minerals containing calcium,
magnesium, and silicon.

Subsequently, a cured standard sample, prepared with-
out any added oil or surfactant and a sample with Mogul
oil 5 wt.% were analysed (Fig. 3).

Minerals like quartz, feldspar, and mica can be asso-
ciated with incorporated sand in geopolymer samples.
Additionally, tobermorite and hydrotalcite are commonly
associated with the reaction products of the geopolymeri-
sation process, forming as a result of alkali activation of
the BFS. The presence of these phases indicates the devel-
opment of a stable geopolymer matrix, consistent with
findings in other alkali-activated systems [21] and sup-
ported by thermodynamic modelling of slag-rich formula-
tions [22]. Identifying wollastonite in the sample suggests a
localised high-temperature event during synthesis or cur-
ing. Although it should be noted that wollastonite typ-
ically forms at elevated temperatures, which are usually
not achieved during the geopolymerisation process [23],
its presence in this context is consistent with findings that
reported wollastonite as a product in alkali-activated BFS
systems subjected to extended steam curing conditions at
moderate temperatures [24].

Stereoscopic microscopy analysis

A stereoscopic microscopy analysis was performed on
all samples. Figure 4 shows two samples with BFS from
Ecocem Benelux, and Figure 5 shows samples with BFS
from Ttinec Iron and Steel Works. A magnified view of
the grains of quartz sand incorporated into the samples
was visible in all images. We detected the presence of
fractures within the samples, particularly concentrated
towards their edges. A contrast in colour was evident
between the surface and near-surface regions of the sam-
ples, probably due to the influence of air during drying
before the analysis. The standard sample displayed sig-
nificantly smaller and less frequent pores than those with
added waste oil, while samples with added waste oil exhib-
ited larger and more pronounced pores.

Nitrogen physisorption and porosity analysis

The nitrogen physisorption analysis was conducted
to evaluate the pore structure of the prepared samples.
The standard sample had the highest BET specific sur-
face area, indicating a standard geopolymer mesoporous
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Table 1. Sample composition and corresponding volumetric loading factors.

Sample type Oil type Surfactant Surfactant (wt.%) Waste load (wt.%) Volumetric loading factor
Standard - - -
M1 0.75 5 0.125
M2 Mogul TB 32 S 1.5 10 0.25
M3 3 20 0.499
N1 Tween® 80 0.75 5 0.125
N2 1.5 10 0.25
N3 Nevastane EP 100 3 20 0.499
N4 4.5 30 0.749
35-592 (*) - Akermanite, syn - Ca;MgSi.O+
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Fig. 2. XRD analysis of BFS raw material from Ecocem Benelux, Belgium (left) and BFS from Trinec Iron and Steel Works,

Czech Republic (right).
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Fig. 3. XRD analysis of a standard sample prepared without oil and surfactant addition (left) and a sample with 5 wt.% Mogul

and 0.75 wt.% Tween® 80 (right).

to macroporous structure [25]. In contrast, samples with
oil additions (N1-N4) showed significantly reduced sur-
face areas and pore volumes, suggesting a collapse or
blockage of the porous network due to oil incorporation
and a reduction in accessible pore structures. The cumu-
lative pore volume, analysed using the Dollimore-Heal
(D-H) method, corresponded with the Barrett-Joyner-
Halenda (BJH) method and further confirmed the preva-
lence of mesopores. Even though two samples (N1, N4)
displayed average pore diameters near the micropore—
mesopore boundary (72 nm), their low surface areas and
pore volumes suggest limited accessible porosity. Micro-
porosity appears minimal across all samples, which was
supported by the results of the t-plot method. The corre-
sponding results are shown in Table 2.

The porosity of the samples before and after leach-
ing was measured using the AutoPore IV 9500 mercury
porosimeter (see Fig. 6) and confirmed the findings of

nitrogen physisorption regarding the mesoporous struc-
ture. However, mercury porosimetry is less suitable for
these samples, as it may not fully capture the complete
pore network. The porosity of the samples was charac-
terised using MIP, which is commonly used to evaluate
meso- and macro-porous structures [26]. However, the
technique can be less suitable for materials with lower
mechanical strength, such as geopolymers, because the
high pressures (up to 400 MPa) may lead to pore collapse
or compression, particularly micropores [27,28]. This can
result in underestimating total porosity and a skewed pore
size distribution [29].

Leaching

A gravimetric method was used to evaluate oil and
surfactant mixture leaching. This approach was chosen
due to the clear phase separation observed in unfiltered
leachates, which made direct analysis using total organic
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1000 pm

Fig. 4. Stereomicroscope images of samples with BFS from Ecocem Benelux, with no oil (left) and the sample with Mogul and

surfactant mixture (right).

Fig. 5. Stereomicroscope images of samples with BFS from Tfinec Iron and Steel Works, the sample with no oil (left) and the

sample with Nevastane and surfactant mixture (right).

Table 2. Pore properties of the samples with Nevastane.

Sample Specific surface area BET (m?/g) Cumulative pore volume D-H (cm®/g) Average pore diameter (nm)*
Standard 2.8317 0.018331 11.8380
N1 (5wt.%) 0.1008 0.000018 1.9349
N2 (10 wt.%) 0.5274 0.000774 5.3077
N3 (20 wt.%) 0.1696 0.00006 2.5689
N4 (30 wt.%) 0.1429 0.000019 1.9984

*From D-H desorption, 4V /A, 1.7-300 nm.

carbon measurement (TOC) challenging. Although lim-
ited TOC measurements were performed, the results were
inconsistent, likely due to sample heterogeneity and the
limitations of our TOC analyser, which is optimised for
clean aqueous samples. Therefore, we opted not to rely on
these measurements. Though less commonly reported in
the literature, the filtration-based gravimetric method was
adopted based on internal protocols shared with other lab-
oratories working with similar liquids. Moreover, accord-
ing to safety data sheets [30,31], both Nevastane and
Mogul are water-insoluble and immiscible with water, sup-
porting the suitability of a filtration-based separation and
quantification technique for their detection in leachates.
The demineralised water, where the samples were
immersed, was replaced and analysed at intervals of 2, 7,
14, 28, 56, and 70 days. The results indicated that most oil
was leached during the initial 14 days, after which the rate

of oil release significantly decreased. This trend was par-
ticularly noticeable in samples with a higher waste load,
where the leaching rate and the total amount of leached
oil were more pronounced. The cumulative oil leaching
over the tested period remained below 3% for all analysed
samples, indicating effective immobilisation of oil within
the aluminosilicate matrix. These results are within the
waste acceptance criteria (WAC) set by the national regu-
latory authority of the Czech Republic. For products with
a volume activity above 2.107 Bq/m3, no more than 4%
of the total gamma-emitting radionuclides represented by
the sum of %°Co and '¥7Cs may pass into the leachate.
No specific leaching limit is set for products with lower
activity [32]. The leaching trend is illustrated in Figure 7
and corresponds with the findings that geopolymers have
been shown to exhibit low leachability, indicating their
potential for immobilising radioactive waste [5,7]. While
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Fig. 6. The porosity of the sample without oil and samples with Nevastane before leaching (left) and after leaching (right).

all leaching data points include an individual uncertainty
assessed from replicate measurements, error bars are not
displayed to maintain figure clarity.

Following the analysis of oil leaching, we assessed the
leaching of calcium and silica, as these elements are fun-
damental parts of the geopolymer structure, and tracking
their leaching provides insights into potential impacts on
structural integrity and mechanical properties over time.
Although iron leaching was also included in the analyt-
ical scope, the measured concentrations in the leachate
remained consistently below the limit of the quantifica-
tion method (0.05mg/l) and are therefore not reported
further.

Calcium leaching exhibited a consistent upward trend
throughout the experiment across all samples. However,
the increasing rate was less steep in samples with Nevas-
tane oil, and during the latter half of the leaching period,
there was a noticeable slowing down in the leaching pro-
cess. The impact of the waste load on calcium leaching was
only minor in Nevastane samples (N1-N4), while higher
levels of waste load correlated with a slight decrease in cal-
cium leaching rate in samples with Mogul (M1-M3). The
leached silica concentrations were higher in the samples
with Nevastane. However, there was no apparent influ-
ence of waste load. The leaching slowed down after the
initial increased release of silica between days 7 and 14.
The cumulative leaching of calcium and silica is shown in
Figure 8.

The electrical conductivity and pH were measured
in all leachates (see Fig. 9). Conductivity values were
consistently higher in leachates from the samples with
Mogul (M1-M3) compared to those from Nevastane sam-
ples (N1-N4). There was no significant difference in con-
ductivity across samples with different waste loads. This
trend can be attributed to the differences in BFS compo-
sition. The BFS used in the M series contained higher
levels of K, which could contribute to ionic strength
in solution, particularly in the early stages of leaching.
This is supported by the rapid decrease in conductiv-
ity observed between days 2 and 14, likely reflecting the
early release of soluble ions from weakly bound phases
or unreacted alkali components [33,34]. After this phase,
the conductivity values stabilised. As expected, the pH
values of leachate remained in the alkaline range and dif-
fered only slightly between samples. However, a gradual

3.
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Fig. 7. Cumulative oil leaching from samples with Mogul (M1
5wt.%, M2 10 wt.%, M3 20 wt.%) and Nevastane (N1 5wt.%,
N2 10 wt.%, N3 20 wt.%, N4 30 wt.%). The uncertainties range
from £0.02 to +0.82 % across all samples and time points.

decrease in pH was observed toward the end of the leaching
period.

Compressive strength

The compressive strength of the geopolymer waste
form is a critical parameter for ensuring the integrity of
the matrix during transportation, storage, and final dis-
posal, and is one of the parameters of WAC. Radioac-
tive waste solidified with an aluminosilicate matrix must
achieve a minimum compressive strength of 10 MPa if
its activity exceeds 2.107 Bq/m? [32]. Studies have shown
that BFS geopolymers have high compressive strength,
typically ranging from 10 MPa to over 60 MPa, depend-
ing on the formulation and curing conditions [7,12,18].
After the leaching period concluded, the samples were
dried at laboratory temperature, followed by weighing and
measuring compressive strength. Table 3 presents a com-
parison of compressive strength values before and after
leaching. Introducing even a small quantity of oil into the
geopolymer matrix reduced compressive strength, with
further increases in oil content leading to progressively
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Table 3. The comparison of compressive strength in samples before and after leaching.

Sample type

Compressive strength (MPa) before leaching Compressive strength (MPa) after leaching

Standard 34.30

M1 (5wt.%) 20.71+0.2
M2 (10 wt.%) 18.73 +£0.88
M3 (20 wt.%) 12.144+0.25
N1 (5wt.%) 19.29+1.35
N2 (10 wt.%) 8.63

N3 (20 wt.%) 2.154+0.35
N4 (30 wt.%) 1.27+0.22

30.56
24.96 £1.63
17.48 +1.68
12.50+0.45
23.43+£0.55

10.20
2.83+0.21
1.25£0.15

lower values. This decrease depended on the waste load-
ing and the type of oil used. Nevastane samples exhibited
significantly lower compressive strength at higher concen-
trations than those prepared with Mogul. This difference
can be partially attributed to the impact of oil viscosity
on the geopolymer matrix. Higher viscosity oils, such as
Nevastane (kinematic viscosity ~100 mm? /s at 40°C), can
negatively impact homogeneous dispersion, which could
lead to weakening of the hardened matrix. In contrast,
Mogul, with a lower viscosity range of 28.5-35.2mm? /s,

is less likely to disrupt the matrix formation to the same
extent. Similar effects have been reported in geotechnical
studies, where oils with higher viscosities led to greater
reductions in mechanical parameters of contaminated soils
[35]. However, the curing duration influences the com-
pressive strength values and extending the curing time
may increase compressive strength [36,37]. Compressive
strength was determined for most formulations as the
average of duplicate samples and is reported with standard
deviation. In cases where only a single undamaged sample
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was available (standard and N2), the results are reported
as a single value without statistical dispersion. These data
points are retained to represent all tested compositions in
the final analysis.

The 70-day leaching period affected the compres-
sive strength of the samples in various ways. For the
Mogul samples, M1 exhibited an increase in strength
post-leaching, which could suggest a potential structural
rearrangement or selective leaching of weaker compo-
nents. However, the other two samples displayed minimal
changes. In contrast, three out of four samples with incor-
porated Nevastane showed increased compressive strength
after leaching. Notably, only the N1 sample with a 5 wt.%
waste load was within the WAC value limit. Despite the
observed variability in compressive strength values before
and after leaching, all samples containing Mogul met the
WAC for the disposal of radioactive waste in terms of
compressive strength characteristics. Additional research
is needed to increase the overall compressive strength of
these samples, as the hydration of BFS can be further
improved by the presence of secondary activators, such
as calcium hydroxide or calcium sulphate. The incorpo-
ration of these activators has been shown to enhance the
mechanical properties of similar matrices [18].

4 Conclusion

e BFS-based geopolymers demonstrated potential for
direct immobilisation of RLOW.

e Introducing even a low oil concentration into the BFS
matrix reduces compressive strength and significantly
decreases surface area and pore volume. Therefore, the
balance between waste load and acceptable properties
must be found.

e Surfactants minimise oil release during the curing pro-
cess, but the concentration and type of surfactant must
be optimised.

e Leaching tests indicate minimal oil release over
time.

e Despite some variability in compressive strength, the
results show that the samples containing Mogul meet
WAC for radioactive waste disposal. However, further
research is needed to improve the mechanical proper-
ties and scalability of the formulations.
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