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Abstract: Evaluation of the mobility behavior of radionuclides in highly saline and alkaline condi-

tions is a major concern for performance assessment of radioactive waste disposal. The aim of this 

study is to determine the effect of up to 2.8 mol/kgsolution content of NaNO3, onto the solubility and 

the sorption of U(VI) in a hardened cement-paste (HCP) prepared from an ordinary Portland cement 

(CEM I). To avoid the interference of the high salt concentration (and ionic strength) and because of 

expected low solubility of uranium under such alkaline conditions, the time-resolved laser fluores-

cence (TRLFS) was selected to measured accurate U(VI) concentration in solution using the standard 

addition method in 85% H3PO4 to limit dilution and matrix effects and allows determining of result-

ing [U(VI)] in solution with acceptable precision for distribution factor (Rd) both in sorption and 

desorption experiments. The operational solubility limit measured at high ionic strength is lowered 

by a factor 3 compared to the reference cementitious condition, with the Rd values decrease by ca. a 

factor 4. Sorption of U(VI) appears to be reversible under these conditions. 

Keywords: radionuclide, uranyl, retention, cementitious media, saline plume, NaNO3, lumines-
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1. Introduction 

In the framework of radioactive waste disposal, the French national agency for radi-

oactive waste management (Andra) managed the CTEC laboratory group project dedi-

cated to evaluate the behavior of radionuclides (RN) and toxic species in complex envi-

ronments, particularly in highly saline and alkaline conditions. Some intermediate-level 

long-lived (ILW-LL) wastes are supposed to contain high levels of soluble salts, mainly 

composed of sodium nitrate (NaNO3) and sodium sulfate (Na2SO4) in contact with ce-

ment-based materials, such as concrete, mortars, or grouts. Such alkaline and saline plume 

could therefore induce changes in RN speciation and mobility in parallel with significant 

changes in the mineralogical assembly and thermodynamic equilibria. 

In alkaline media and at ionic strength up to 250 mM, solubility limit of U(VI) is ex-

pected to be low and its retention in cement based material can be very high [1]. Calcium 

uranate (CaUO4(cr)) calcium diuranate (CaU2O73H2O(cr)), sodium diuranate (Na2U2O7), 

or uranophane (Ca(UO2)2(SiO3OH)2:5H2O) are U(VI) containing solid phases that are rel-

evant to determine the solubility limit of uranium (e.g. [2-5]). Recent data [6-8] concerning 

U(VI)-solubility limiting phase in high saline media containing NaCl and/or KCl also ev-

idenced UO3:2H2O(cr), K2U6O19:11H2O, K2U2O7:1.5H2O, and Na2U2O7:H2O. These phases 

can be then used to describe and predict the U(VI) solubility in various cementitious me-

dia. 

Concerning the evolution of mineralogical assembly of cement-based materials in 

highly saline conditions, numerous data in literature exists – see e.g. [9-12]. For ionic 

strength higher that 4 mol/kgwater thermodynamic calculations can be performed using a 

database developed in the framework of the Pitzer model for activity coefficient correction 
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[13]. Such data have been recently improved [14, 15] but remain incomplete, especially to 

described all cementitious phases – and particularly uranium phases – under such ex-

treme ionic strength. 

The aim of this study is to determine the effect of high content of NaNO3, up to 2.8 

mol/kgsolution onto the sorption of U(VI) in a hardened cement-paste (HCP). Because of high 

ionic strength and expected low solubility of uranium in such alkaline condition, the se-

lected analytical method to measured accurate U(VI) concentration in solution is the time-

resolved laser fluorescence (TRLFS) technique coupled to the method of standard addi-

tion. This technique has been proved particularly useful for speciation characterization of 

specific luminescent species in solution such as U(VI) [16], Cm(III) [17], or Eu(III) [18]. It 

can be used for quantitative determination as well [19-Error! Reference source not 

found.], using the method of standard addition to limit dilution factor and matrix effects. 

2. Materials and Methods 

2.1 Cement-based materials preparation and characterization 

Cement-based materials have been prepared using a CEM I cement (CEM I 52.5N CE 

PM-ES-CP2 NF– Val d’Azergues, Lafarge). Cement paste samples were prepared with 

water to cement mass ratio, w/c, of 0.43. Ultrapure water (Merck Millipore Milli-Q, with 

a resistivity at 25°C of 18.2 MΩ.cm) has been used as water in this study. The cement sam-

ples were poured into closed cylindrical polyethylene plastic molds (125 cm3) and initially 

cured at 100% relative humidity chamber for 28 days. After the curing period, hardened 

cement paste (HCP) samples were crushed, sieved (fraction < 250 µm) and kept under N2 

atmosphere in a glove box to avoid excess of carbonation (PCO2 < 1 ppm, CO2 gas analyzer 

410i model, MEGATEC).  

The artificial cement porewater (S1-0-NaNO3) is an alkaline solution, which was used 

to equilibrate all HCP samples during additional cure and retention experiments. The 

S1-0-NaNO3 solution is a portlandite (Ca(OH)2) saturated solution with (65 ± 2) 10-3 

mol/kgsolution of Na+, (140 ± 2) 10-3 mol/kgsolution of K+ resulting to a pH value of (13.3 ± 0.1). 

pH value for the S1-0-NaNO3 solution is determined using a PHM250 pHmeter (Radiom-

eter Analytical) with a temperature probe and a combined pH glas electrode (Ag/AgCl, 

with KCl 3 mol/kgsolution as electrolyte, Metrohm). Calibration was carried out using 3 Cer-

tipur buffer solutions (Merck) with theoretical pH values at 22°C of 7.01 (potassium dihy-

drogen phosphate and di-sodium hydrogen phosphate, KH2PO4/Na2HPO4 c.a. 

0.020/0.0275 mol/kgsolution), 9.21 (borate solution, Na2B4O7 à 0.01 mol/kgsolution), and 12.09 

(di-sodium hydrogen phosphate, Na2HPO4and sodium hydroxide, NaOH in water). An 

alkaline solution (0.1 mol/kgsolution NaOH) whose pH is 13.0 is used to check the linearity 

of the calibration above pH = 12.09. The pH measurements were made with an uncertainty 

calculated at 2σ or 0.1 pH unit. The chemicals used for the preparation of such a solution 

are NaOH (Sigma-Aldrich, CAS-N°: 1310-73-2), KOH (Emsure, Merck, CAS-N°: 1310-58-

3), CaO (Sigma-Aldrich, CAS-N°: 1305-78-8). The S1-0-NaNO3 solution is systematically 

filtered (Nylon, 0.45 µm, Nalgene) to remove the excess of portlandite before NaNO3 ad-

dition and its use in retention experiments. The appropriate amount of NaNO3 salt (AnalR 

Normapur, VWR, CAS-N°: 7631-99-4) was then added to the S1-0-NaNO3 to reach 

1.4 moles of NaNO3 per kilogram of S1-0-NaNO3 solution and 2.8 moles of NaNO3 per 

kilogram of S1-0-NaNO3 solution, the resulting solutions were labelled S1-1.4-NaNO3 and 

S1-2.8-NaNO3, respectively. The density of each resulting solution has been determined 

at 22°C using an electronic pycnometer (Mettler Toledo, densito-30PX) and a value of 

1.0077, 1.0823 and 1.1541 g/cm3 are obtained for S1-0-NaNO3, S1-1.4-NaNO3 and S1-2.8-

NaNO3, respectively. Calcium concentration after filtration has been determined in the 

meantime as the other major cations by ionic chromatography (IC, Metrohm, C3 column, 

HNO3 5 10-3 mol/kgsolution as eluent solution) for the S1-0-NaNO3 solution and a value of (6 

± 1) 10-3 mol/kgsolution is obtained. For the other solutions due to important NaNO3 content, 

calcium concentration was not possible to be measured accurately by IC technique. 
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After this initial period of cure, the crushed HCP samples were maintained in the 

S1-x-NaNO3 (x = 0, 1.4 and 2.8) solutions for 6 months to achieve a better hydration and 

reaction with NaNO3 with a liquid/solid ratio of (27 ± 1) kgsolution/kgsolid. Solid was sepa-

rated from solution by ultracentrifugation (Beckman 50 000 g, 1 hour) and dried overnight 

in a desiccator flushed with Ar. Solid samples were then characterized by X-ray diffrac-

tometry (XRD, INEL XRG 3000) using a Co anode as X-ray source (Co = 1.7903 Å). Dif-

fractogramms were then analyzed using the “Match !” (Phase identification from powder 

diffraction, Crystal impact, version 3) and the Crystallography open database (COD), 

http://www.crystallography.net/cod/.  

2.2 Induced coupled plasma - mass spectrometry 

Uranium concentration was determined by induced coupled plasma - mass spec-

trometry (ICP-MS 810-MS, AGILENT). To this aim, the cementitious samples were diluted 

in 2% HNO3 solution (using HNO3 65%, suprapur, Aldrich CAS-7697-37-2) with a dilution 

factor of 3000 in order to decrease the pH value and to minimize sodium content in the 

matrix. External calibration curve was measured using U(VI) diluted solutions in the 

range 10-11 mol/kgsolution and 2.10-9 mol/kgsolution prepared from uranium standard solution 

(1003 ± 4 mg/kgsolution in 4% HNO3 solution, plasmaCal, SCP science).  A spike of a solu-

tion containing 208Tl to reach 10−10 mol/kgsolution was used to check the stability of the signal 

intensity. 

 

2.3 Time-resolved laser fluorescence spectroscopy 

The concentration of U(VI) was determined by time-resolved laser fluorescence 

(TRLFS) technique using the method of standard addition. The principles and TRLFS set-

up used in this study has already been fully described elsewhere [19-28]. Taking ad-

vantage of the time-resolution and the luminescence properties of U(VI) species in phos-

phoric media [19, Error! Reference source not found.] the luminescence spectra were ob-

tained at λexc = 300 nm, at a delay D = 2 µs after the laser flash, during a gate width W = 1 

ms, and accumulating 1000 spectra. The decomposition of the spectra were done using 

the Solver from Microsoft Excel as already explained elsewhere [24], and the fitting un-

certainties and correlation matrices were calculated using the SolverAid macro [29]. For 

this study, and prior to the TRLFS characterization, an aliquot of 2 mL of the U(VI)-content 

cementitious solutions has been acidified with a spike of 120 µL of orthophosphoric acid 

(H3PO4, 85%, Merck CAS-N° 7664-38-2). Thus, the resulting pH value is closed to 2. For 

an initial U(VI) concentration of 5.10-6 mol/L in 0.8 mol/kgw H3PO4 the following speciation 

is expected : 80% of UO2(H2PO4)2, 11% of UO2(H2PO4)(H3PO4)+ and 9% UO2(H2PO4)+. Fig-

ure 1 shows the TRLFS results obtained for such a solution. The luminescence spectrum 

shows typical fingerprint of uranyl species in acidic conditions. The lifetime decay evolu-

tion can be fitted with a mono-exponential curve and a lifetime  = (164 ± 1) µs can be 

calculated from these data. This result suggests that only one species is observed and de-

sexcitation processes of all other theoretical species are faster than what can be observed.  
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(a) (b) 

Figure 1. TRLFS results obtained for a solution with an initial U(VI) concentration of 5.10-6 mol/L in 

0.8 mol/kgw H3PO4: (a) U(VI) luminescence spectrum in H3PO4 solution; (b) lifetime decay of the 

resulting U(VI) species. 

2.4 U(VI) operational solubility determination 

For each investigated cementitious solution and NaNO3 content, the operational sol-

ubility of U(VI) has been investigated. A spike of the U(VI) standard solution is added to 

25 mL of the cementitious solution to reach approximatively 10-4 mol/kgsolution as initial 

concentration. A second spike of U(VI) standard solution is performed right after the first 

sampling to increase the initial concentration to 2 10-4 mol/kgsolution. After 24 h, a yellow-

orange precipitate is observable in each solution. After 4 h, 48 h, and 7 months of contact 

time, the tubes are placed in an ultracentrifuge device (50 000 g, 1 h, Beckman) in order to 

separate the solid-precipitate from the solution. HNO3 5% is added to acidify and dilute 

the two first samplings, then the U(VI) concentration is measured using an induced-cou-

pled-plasma mass-spectrometer (ICP-MS, Agilent). The spike of H3PO4 85% solution is 

added to the last samplings and the U(VI) concentration is determined by the TRLFS tech-

nique coupled to the method of standard addition. 

2.5 Batch sorption determination 

In order to evaluate the effect of NaNO3 onto U(VI) affinity for HCP, batch sorption 

experiments were performed on dispersed materials. All batch sorption experiments were 

carried out in polysulfone polymer (PSF) centrifuge tubes (Nalgene) with polypropylene 

screw closure. Batch sorption experiments were carried out using a diluted U(VI) stand-

ard solution. The solution-to-solid ratio is for each HCP suspensions and U(VI) initial con-

centration are given in Table 1.  

Table 1. Initial conditions for U(VI) batch sorption as a function of NaNO3 content. 

 
V/m 

[kgsolution/kgsolid) 

[U(VI)]ini 

[mol/kgsolution) 

S1-0-NaNO3 325 ± 19 (9.2 ± 1.5).10-7 

S1-1.4-NaNO3 346 ± 20 (8.5 ± 0.6).10-7 

S1-2.8-NaNO3 364 ± 12 (7.3 ± 1.1).10-7 

 

Figure 2a corresponds to luminescence spectra obtained for the U(VI) blank solution 

in the S1-0-NaNO3 solution in 0.8 mol/kgw H3PO4 as a function of U(VI) standard addition. 

Figure 2b corresponds to the evolution of the intensity obtained for the fluorescence peak 

à 495 nm as a function of the U(VI) standard addition Data treatment leads to obtain a 

U(VI) concentration of (8.1 ± 1.3) 10-7 mol/kgsolution which is consistent with the theoretical 

initial concentration of 9.2 10-7 mol/kgsolution for this sample (see Table 1). For each initial 
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U(VI) concentration, the similar experimental determination by TRLFS has been per-

formed (spectra not shown). 

 
 

(a) (b) 

Figure 2. Luminescence spectra of U(VI) in 0.8 mol/kgw H3PO4 as a function of U(VI) standard addi-

tion: (a) raw U(VI) luminescence spectra; (b) evolution of the intensity obtained for the peak à 

495 nm as a function of the U(VI) standard addition. 

 

Experimental results are expressed as distribution ratio (Rd) in kgsolution/kgsolid, which 

correspond to the distribution of U(VI) between its concentration in the solid ([U(VI)]solid) 

and the one in solution ([U(VI)]solution) as defined by Eq.1. 

Rd=
[U(VI)]

solid

[U(VI)]
solution

=
([U](VI)

ini-
[U(VI)]

solution
)

[U(VI)]
solution

×
V

m
 (1) 

[U(VI)]ini (mol/kgsolution) is the introduced concentration; V (kgsolution) is the volume of 

solution and m (kgsolid) is the calculated dry mass of solid. [U(VI)]ini (mol/kgsolution) is deter-

mined either by ICP-MS and TRLFS measurements from a “blank sample”, which was 

similarly prepared without cementitious materials. [U(VI)]solution (mol/kgsolution) is the con-

centration of U(VI) in the supernatant measured after 1, 8, and 15 days by ICP-MS and 

after 1 month of contact time by TRLFS using the method described in this paper. 

After 1 month of contact time with U(VI), the suspensions were ultracentrifuged (at 

50 000 g for 1 hour, Beckmann) before removing completely the supernatant. The residual 

amount of U(VI) in the supernatant after sorption was determined by TRLFS using the 

method described in this paper. 

To quantify desorption, the supernatant is replaced by the equivalent volume of ce-

mentitious solution containing the same amount of NaNO3. The value of the Rd after de-

sorption is then calculated as in Eq.1, where [U(VI)]ini (mol/kgsolution) is calculated from the 

sorption result and correspond to the U(VI) species present in the solid by sorption and 

in the residual solution after separation; and [U(VI)]solution (mol/kgsolution) is the concentra-

tion of U(VI) in the supernatant measured by TRLFS after 1 month of contact time of de-

sorption.  

The batch sorption/ desorption experiments were carried out in a glove box with 

P(CO2) < 1 ppm to avoid sample alteration by atmospheric carbonation. 

3. Results  
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3.1 Evolution of the cementitious-phases assembly as a function of NaNO3 content 

Figure 3 represents the evolution of the cementitious-phases assembly as a function 

of NaNO3 content and after 6 months of contact time. The experimental pattern of the 

sample containing no NaNO3 (series labelled “NaNO3 0M BIS” in Figure 3) corresponds 

to a classic-CEM I-hydrated-cement-paste assembly containing ettringite 

(Ca6Al2(SO4)3(OH)12(H2O)26, COD ref [00-041-1451]), portlandite (Ca(OH)2, COD ref 

[00-044-1481]) and some amorphous phases supposed to correspond to calcium silicate 

hydrate phases (CSH) in the 2 regions between 5°-10° and between 30°-45°. Peaks corre-

sponding to the calcite (CaCO3, COD ref [00-083-1762]) have been added to the pattern 

because its presence in the assembly is suspected but not fully proved because of the lack 

of the main peak at 2 ca. 34.3°. The XRD result obtained for the sample cured in contact 

with 1.4 mol/kgsolution NaNO3 (series labelled “NaNO3 1,4M BIS” in Figure 3) and 2.8 

mol/kgsolution NaNO3 (series labelled “NaNO3 2,8M BIS” in Figure 3) show a similar dif-

fractogram. In addition, nitratine corresponding to a crystallized sodium nitrate phase 

(NaNO3, COD ref [00-036-1474]) and darapskite, which corresponds to a nitrate sulfate 

hydrate phase (Na3(NO3)(SO4)(H2O), COD ref [00-074-1238]) are also observed. The pres-

ence of nitratine could be explained by sample preparation before XRD acquisition. As the 

HCP sample dried in desiccator without any rinsing procedure, some residual curing so-

lution containing a significant amount of NaNO3 may precipitate and crystallize during 

the drying time. Without sulfate ions in solution, the precipitation of NaNO3 is expected 

for concentrations higher than 10 mol/kgw (Cf. [30]). 

As far as no internal XRD standard was mixed with the HCP powder, the diffracto-

gram can only be interpreted qualitatively. Nevertheless, the decrease of the main port-

landite peak is observed when NaNO3 content is increasing. This observation could be 

linked to an increase of portlandite solubility with increasing NaNO3 content [9,31]. More-

over, for the samples cured in contact with NaNO3, the 2 region between 8° and 12° 

shows the occurrence of darapskite, which is correlated with the decreasing of the main 

peak of ettringite. This darapskite crystalline phase has already been observed in cement 

based materials in literature [10], and its formation could be explained by the presence of 

sulfate in solution after ettringite dissolution. In this study, no particular effort has been 

made to simulate by thermodynamic calculations the observed concentrations in solution 

compared to the cementitious assembly in the solid. This is due to (i) a lack of thermody-

namic data on cementitious phases within the framework of the Pitzer model [13, 32]; and 

(ii) the too high solubility of both nitratine and darapskite to be accurately modelled in 

the framework of the specific ion interaction theory (SIT) – see Annex B in Guillaumont et 

al. [2]. 
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Figure 3. XRD patterns of CEM I HCP samples powder after 6 months of equilibration in NaNO3 

cementitious solutions. 

3.2 Evolution of the U(VI) solubility limit as a function of NaNO3 content 

Table 2 corresponds to the measured U(VI) concentration after 4 h, 48 h, and 

7 months of contact time.  

After 4 h of contact time, the remaining concentration is comparable to the initial one 

(i.e. 10-4 mol/kgsolution) with respect of experimental uncertainties. The second spike of U(VI) 

(i.e. [U(VI)]initial = 2.10-4 mol/kgsolution) leads to the formation 24 h later of a yellow-orange 

precipitate in each system. After 48 h of contact time, the U(VI) concentration in solution 

decreased to a minimum of (1.67 ± 0.03) 10-5 mol/kgsolution for the system with the higher 

amount of NaNO3. After 48 h of contact time and for the S1-0-NaNO3 system, the U(VI) 

concentration is higher with a factor of ca. 5, compared to the systems with NaNO3. This 

gap decreases to a factor ca. 3 after 7 months of contact time.  

Table 2. U(VI) concentration measured in solution as a function of contact time and NaNO3 content. 

 
S1-0-NaNO3 

[mol/kgsolution] 

S1-1.4-NaNO3 

[mol/kgsolution] 

S1-2.8-NaNO3 

[mol/kgsolution] 

4 h, ICP-MS (1.1 ± 0.1) 10-4 (9.6 ± 0.5) 10-5 (1.0 ± 0.1) 10-4 

48 h, ICP-MS (8.68 ± 0.08) 10-5 (1.38 ± 0.03) 10-5 (1.67 ± 0.03) 10-5 

7 m, ICP-MS <LOD <LOD <LOD 

7 m, TRLFS (7.2 ± 2.1) 10-6 (2.7 ± 0.3) 10-6 (2.2 ± 0.4) 10-6 

 

Based onto a PHREEQC calculation [32] using the Thermochimie database [34] and 

the specific interaction theory as model for activity coefficient correction, a theoretical spe-

ciation for U(VI) in the S1-0-NaNO3 system shows UO2(OH)3- and UO2(OH)42- as main 

aqueous species.  

The operational solubility measured elsewhere [4, 35, 36] is close to 10-7-10-5 

mol/kgsolution for solution with an ionic strength up to < 0.5 mol/kgsolution. In these studies, 

the amount of precipitate was not sufficient to perform a solid characterization. The or-

ange-yellow precipitate is typical to U(VI)-content solid in such conditions is currently 

reported by literature – see e.g. ref. [3]. The CaUO4.xH2O phase appears as the best candi-

date to explain the solubility limit in S1-0-NaNO3-type solution, in reference to spectro-

scopic evidences [3]. Solubility constant of the hydrated calcium uranate is not available 
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in literature. One can estimate it using solubility constant of CaUO4(cr) from Grenthe et al. 

[37] .Best option could be the use of the solubility constant of CaU2O7:3H2O(cr) from Alt-

maier et al. [5]. Taking into consideration the CaU2O7:3H2O as only U(VI)-solubility-limit-

ing phase, adding 10-4 mol/kgsolution of uranyl in the S1-0-NaNO3 solution lead to reach a 

residual uranyl concentration of 6.10-6 mol/kgsolution, which is consistent with what was ob-

tained after 7 months of equilibration. Other PHREEQC calculations were performed us-

ing CaU2O7:3H2O, K2U2O7:1.5H2O,and Na2U2O7:H2O as U(VI)-solubility-limiting-phase 

candidates : with an initial U(VI) concentration of 10-4 mol/kgsolution, the increase of NaNO3 

up to 2.8 mol/kgsolution leads to decrease the U(VI) concentration to 9.10-7 mol/kgsolution, when 

Na2U2O7:H2O is the major phase responsible to limit the solubility of U(VI). 

 

Figure 4a corresponds to luminescence spectra of U(VI) species present in the super-

natant after 7 months of contact time in contact with NaNO3 with a spike of H3PO4, 85%. 

The spectra have been normalized with respect to the U(VI) concentration determined 

after U(VI) standard addition. It seems that the addition of NaNO3 until 1.4 mol/kgsolution 

increase the intensity of U(VI) in phosphoric media, then the opposite trend is observed. 

The inflection point of this trend cannot be determined only with these result. Figure 4b 

corresponds to the same spectra normalized by the total area of each spectrum. This rep-

resentation allows to conclude that the same speciation is observed in all investigated me-

dia after the addition of the spike of H3PO4, 85%. 

  

(a) (b) 

Figure 4. Luminescence spectra of U(VI) in 0.8 mol/kgw H3PO4 and as a function of NaNO3 content: 

(a) luminescence spectra normalized considering the U(VI) concentration; (b) U(VI) luminescence 

spectra normalized to the area of the spectra. 

The initial U(VI) concentration in batch sorption experiments given in Table 1 has 

been chosen taking into consideration the operational solubility limit. This allows avoid-

ing the U(VI) precipitation. Then, the decrease of U(VI) concentration in solution after 

contact with the HCP can be attributed only to sorption phenomena. 

3.3 U(VI) retention onto hardened cement paste under high saline and alkaline conditions 

No accurate U(VI) species fluorescence spectra were obtained in supernatant after 

investigated contact times in HCP suspensions . Because of the amount of NaNO3  in the 

alkaline supernatant, the spectra acquired at ambient temperature presents no clear ura-

nyl-fingerprint-shape for all samples. Note that the UO2(OH)42- species was observed only 

at 153 K by Tits et al. [37]. The addition of high amount of NaNO3 decreases the intensity 

of the signal, suggesting a high matrix effect onto the fluorescence in such media.  

Figure 5 represents the sorption kinetics obtained as a function of NaNO3 content. 

Results are expressed in Rd values. Contact times are ranging from 1 days to 30 days before 

U(VI) concentration measurement and Rd determination. Due to analytical issues, in the 

S1-0-NaNO3 system, only the sample after 30 days of contact time was determined. For 
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the other systems, U(VI) concentration in the supernatant was determined for each contact 

time. There is almost a factor 4 between Rd values at high NaNO3 content and the one 

obtained in the reference system. The Rd value obtained after 30 days of contact time in 

the reference system is similar to those reported in literature for comparable cementitious-

system [1]. There is not a clear trend of the evolution of Rd value with time, taking into 

consideration the experimental uncertainties. This result suggest that equilibrium is 

reached at the latest after 30 days of contact time. A fast sorption mechanism can be con-

sidered in these media, as previously observed [35, 36], where a steady-state was attained 

within ca. 15 days. 

 

Figure 5. U(VI) sorption kinetics as a function of NaNO3 content. 

The decrease of Rd values with increasing ionic strength are consistent with Rd values 

recommended by Ochs et al. [39] in presence of high ionic strength, in NaCl media up to 

6 M. 

 

Table 3 and Figure 6 represent data obtained for sorption and desorption after 30 

days of contact time. Considering experimental uncertainties, the U(VI) concentration in 

supernatant after desorption is comparable to the one obtained after sorption for each 

system. In Figure 7, the Rd values for sorption and desorption are comparable. A higher 

value is observed for the reference system for sorption and desorption. From these results, 

one can conclude that a reversible U(VI) sorption mechanism occurs in all investigated 

systems, despite of the NaNO3 content. 

Table 3. U(VI) concentration measured by TRLFS in supernatant after 1 month of sorption or de-

sorption as a function of NaNO3 content. 

 
S1-0-NaNO3 

[mol/kgsolution] 

S1-1.4-NaNO3 

[mol/kgsolution] 

S1-2.8-NaNO3 

[mol/kgsolution] 

sorption (1.3 ± 0.1) 10-8 (7.4 ± 1.2) 10-8 (6.8 ± 0.8) 10-8 

desorption (1.6 ± 0.3) 10-8 (5.9 ± 1.6) 10-8 (4.6 ± 0.9) 10-8 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 September 2022                   doi:10.20944/preprints202209.0138.v1

https://doi.org/10.20944/preprints202209.0138.v1


 

 

 

Figure 6. U(VI) sorption and desorption after 30 days of contact time as a function of NaNO3 content. 

4. Conclusions 

Our aim was to study the influence of a saline plume on the U(VI) retention onto 

cementitious phases. The use of standard addition method – in H3PO4 85% – in TRLFS 

allowed us to (i) circumvent the high matrix effects of up to 2.8 mol/kgsolution NaNO3 media; 

(ii) drastically limit dilution factor; and (iii) determine the resulting [U(VI)] in solution 

with acceptable precision for distribution factor (Rd) determination in sorption and de-

sorption experiments. The Rd values decrease by a factor ca. 4 with the decrease by a factor 

3 of operational solubility limit measured at high ionic strength compared to the reference 

cementitious condition. The sorption of U(VI) appears to be reversible. Mineralogical 

phase assembly observed for the HCP after curing in NaNO3 solutions cannot directly be 

linked to the decrease of Rd values. There is still a need to verify the affinity of uranium 

for each observed cementitious individual phases to obtain a comprehensive overview of 

the system, with a particular attention to calcium silicate hydrates and AFm/AFt phases. 
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