
HAL Id: hal-03052155
https://hal.science/hal-03052155

Submitted on 15 Dec 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

The influence of iodide on glass transition temperature
of high-pressure nuclear waste glasses

Valentin Jolivet, Yann Morizet, Jonathan Hamon, Michael Paris, Tomo
Suzuki-Muresan

To cite this version:
Valentin Jolivet, Yann Morizet, Jonathan Hamon, Michael Paris, Tomo Suzuki-Muresan. The influ-
ence of iodide on glass transition temperature of high-pressure nuclear waste glasses. Journal of the
American Ceramic Society, 2021, 104 (3), pp.1360-1369. �10.1111/jace.17571�. �hal-03052155�

https://hal.science/hal-03052155
https://hal.archives-ouvertes.fr


 

The influence of iodide on glass transition temperature of high-pressure 

nuclear waste glasses 

Valentin JOLIVET1,2,3, Yann MORIZET1,2*, Jonathan HAMON2, Michael PARIS2, Tomo 

SUZUKI-MURESAN3 

1Laboratoire de Planétologie et Géodynamique de Nantes (LPGN) UMR 6112 CNRS, Université 

de Nantes, Nantes Atlantique Universités, 2 rue de la Houssinière, 44322 Nantes, France. 
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Abstract 

The glass transition temperature (Tg) is a key parameter to investigate for application in nuclear 

waste immobilization in borosilicate glasses. Tg for several glasses containing iodine (I) has been 

measured in order to determine the I effect on Tg. Two series of glass composition (ISG and NH) 

containing up to 2.5 mol.% I and synthesized under high-pressure (0.5 to 1.5 GPa) have been 

investigated using Differential Scanning Calorimetry. The I local environment in glasses has been 

determined using X-ray Photoelectron Spectroscopy and revealed that I is dissolved under its 

iodide form (I-). 

Results show that Tg is decreased with the I addition in the glass in agreement with previous 

results. We also observed that this Tg decrease is a strong function of glass composition. For NH, 

2.5 mol.% I induces a decrease of 24°C in Tg whereas for ISG 1.2 mol.% decreases the Tg by 

64°C. We interpret this difference as the result of the I dissolution mechanism and its effect on 

the polymerization of the boron network. The I dissolution in ISG is accompanied by a 

depolymerization of the boron network whereas it is the opposite in NH. Although ISG 

corresponds to a standardized glass, for the particular case of I immobilization it appears less 

adequate than NH considering that the decrease in Tg for NH is small in comparison to ISG. 

 

1 Introduction 

There has been a growing interest in the incorporation of Iodine (I) in glasses in the past few 

years, especially in the field of Earth sciences1,2 and in the nuclear waste glasses community.3-8 I 

has an active radioisotope (129I) that is produced from the nuclear fission of actinides.9,10 129I 

represents a major troublesome element due to its high mobility in the environment, low affinity 

for claystone and its long half-life (15.7 My).11-13 Despite its low activity, 129I is considered to be 



 

the main dose contributor in geological disposal.10 Therefore, many research efforts have focused 

on searching for a specific matrix capable to accommodate and to immobilize permanently I 

radioisotope (see Riley et al.5 and references therein). From the numerous possible matrices to 

immobilize 129I, borosilicate glasses represent a highly considered solution. However, recent 

experimental studies4,14,15 showed that I is strongly volatile and under ambient pressure 

conditions (or just above ambient pressure), the I retained in glass does not exceed 0.5 mol.%. 

Recently, a protocol using high-pressure synthesis, greatly improved the amount of I dissolved in 

borosilicate glasses. For instance, Jolivet et al.8 produced glasses with composition relevant to 

nuclear waste immobilization with dissolved I content up to 2.5 mol.%; therefore representing a 

potential solution for the permanent immobilization of I radioisotopes. 

Understanding the change in nuclear waste glass physical properties (i.e. viscosity and 

density) is of prime interest for determining the stability and durability through time of the 

radioactive matrices. Tg represents the transformation of a liquid upon cooling into a glass.16 This 

transformation is kinetically activated as crystallization is avoided upon fast cooling.16 Dingwell 

and Webb17 also inferred the fact that Tg represents a proxy to melt viscosity and corresponds to 

the temperature at which log η = 12 Pa.s. Therefore, it has a kinetic and thermodynamic 

definition and is strongly function of the sample thermal history.16-18 At a given cooling rate, Tg is 

dependent on the glass composition. For the particular case of borosilicate glasses, there has been 

extensive work in determining the change in Tg as a function of several key composition 

parameters. It has been shown that borosilicate glass Tg is affected by many compositional 

parameters such as 1) the R and K values defined as the ratio Na2O/B2O3 and SiO2/B2O3, 

respectively;19,20 2) the presence of Al2O3;
21,22 and 3) the nature of the network-modifying 

cation.23-25 



 

Regardless of the major element chemical composition (i.e. silicate or borosilicate glasses), it 

has been demonstrated that the presence of volatile species influences Tg. For instance, H2O 

provokes a dramatic decrease in Tg
26-29 whereas CO2 only weakly decreases Tg.

30,31 Currently, the 

effect of halogens on borosilicate glasses Tg is poorly understood. For a wide range of glass 

compositions, it has been shown that chlorine decreases Tg.
32-35 The effect of iodine on Tg is less 

constrained. Recent work on B-rich glasses showed that I decreases Tg.
7 It appears consistent 

with the fact that I is considered as a melting accelerator and fining agent.3,36 However, up to 

now, investigation of the I effect on Tg for borosilicate glass composition relevant to nuclear 

waste immobilization is not available. 

The change in Tg finds its origin in structural changes at microscopic scale. For silicate 

glasses, it has been demonstrated that increasing the degree of polymerization of the structure 

induces an increase in Tg.
28,37 Often expressed as the NBO/T corresponding to the ratio between 

the Non-Bridging Oxygen and Tetrahedron concentrations,38 the degree of polymerization 

represents a major control on many physical properties such as viscosity, density, diffusion, or 

electrical conductivity.38,39-41 For borosilicate glasses, the relationship between macroscopic 

physical properties and microscopic structural changes is a little more complex considering that 

there are the coexistence and interplay between two forming networks: silicate and borate 

networks.42-48 

Specifically, two coexisting structural units form the borate network: trigonal BO3 and 

tetragonal BO4.
49 The N4 parameter is defined as [BO4]/ [BO4+BO3] and represents the 

distribution of boron structural units. Early models used the N4 for describing the structure of 

borosilicate glasses42 and evolution of the N4 correlates to the stoichiometry of the glass 

composition (i.e. R and K value). The BO4 units being more polymerized than BO3 units,50 the N4 



 

value represents a key parameter for the definition of a nuclear waste glass composition (i.e. a 

high N4 value is sought for better glass stability). Previous investigation showed that Tg is a 

complex function of the N4.
51 Considering that Jolivet et al.8 demonstrated that I is influencing 

the structure of the borosilicate glasses (i.e. N4), therefore we expect I to influence the Tg value. 

In the present work, we investigated several I-bearing glasses of different compositions 

reported in Jolivet et al.8 for determining Tg. The relationship between I content and Tg is 

established. We discussed the change in Tg from the structural viewpoint and the change in N4 

value associated with the I dissolution. An outlook is also proposed for defining a glass matrix 

specific for the I accommodation based on the change in Tg. 

2 Experimental methods 

2.1 Samples 

We investigated I-bearing glass samples reported in Jolivet et al.8. The samples were 

synthesized under high-pressure conditions in piston cylinder apparatus in equilibrium with I2 as 

a fluid phase. Several experimental charges were also prepared without I2 in order to constrain 

the possible effect of pressure on Tg. Synthesis procedure and intensive conditions are fully 

described in Jolivet et al.8. Experimental pressure ranges from 0.5 to 1.5 GPa and temperature 

from 1300 to 1400°C. The samples were quenched from high temperature run condition at a rate 

of ~100°C/s. in the first five hundred degrees. The quench rate is considered to be the same for 

all samples. 

In the present work, we studied two glass compositions with the following nomenclature: 

ISG and NH. The ISG (International Simple Glass) is a standard simulant for nuclear waste glass 

studies.52-56 Its composition is similar to strongly polymerized High-Level Waste glasses:57 60.2 

mol.% SiO2, 3.8 Al2O3, 16.0 B2O3, 5.7 CaO, 12.6 Na2O, 1.7 ZrO2. The NH glass is similar to 



 

depolymerized Low-Activity Waste glasses (LAW).4,5 Its composition is presented in Jolivet et 

al.48, and I-doped high-pressure samples are described in Jolivet et al.8: 43.1 mol.% SiO2, 9.5 

Al2O3, 15.1 B2O3, 8.0 CaO, 24.2 Na2O. In the present work, we used the same sample 

nomenclature as in Jolivet et al.8 

The chemical composition of the I-bearing samples was determined with a JEOL JSM 

5800LV Scanning Electron Microscope, equipped with a SDD SAMx Energy Dispersive 

Spectrometer (SEM EDS). The ISG composition served as a reference for chemical analyses to 

correct instrumental drift. The NH initial composition has also been characterized using 

Inductively Coupled Plasma Optical Emission Spectroscopy (ICP OES). The measured I content 

is up to 1.2 and 2.5 mol.% for ISG and NH glasses, respectively. 

2.2 Differential Scanning Calorimetry (DSC) 

Differential Scanning Calorimetry (DSC) analyses were performed using a SETARAM 

Setsys Evolution 16/18 TGA-DSC (DSC Thermo-Gravimetric Analysis) at the Institut Mines 

Telecom Atlantique (IMT Atlantique). The DSC was calibrated against the melting enthalpy of 

lead. We used an empty crucible in every run, blank or experiment as a reference. We performed 

a blank run for two sample runs, with the sample crucible filled with ~3 mg of alumina powder to 

determine the baseline of the DSC device. All samples were gently crushed and ~16-17 mg of 

glass sample was analyzed each time. We used the same Pt crucible for all experiments, and 

poured with alumina powder prior to glass powder. The heating profile was a heating ramp from 

ambient temperature to 300°C at 20°C/min, then the heating rate was lowered at 10°C/min, from 

300 to 640°C. The furnace was purged with inert gas (N2) with a flow of 20 mL/min during the 

heating cycle. Due to the presence of volatiles in these glasses, we did not repeat each sample 

profile, as iodine might escape during the repeated experiments. 



 

The Tg was determined using the variation of the measured heat flow (mW) and the two 

tangents method using the Calisto© software implemented procedure.31 The method for 

determining Tg is shown in Figure 1. A blank spectrum is subtracted from the sample spectrum 

(Figure 1A) prior to determine the value of Tg (Figure 1B). The corrected DSC curves were 

treated mathematically with a smoothing function. 

 

Figure 1: A) Heat flow curve obtained on NH22 I-free and corresponding blank curve at 10K/min 

as heating rate. The location of Tg is indicated and shown by the heat flow curve inflexion. B) Tg 

determination on the heat flow curve after blank subtraction. The double tangent method has been 

used; the error on the determination of Tg is ±7°C as given by the software. 



 

2.3 X-ray Photoelectron Spectroscopy (XPS) 

X-Ray Photoelectron Spectroscopy (XPS) was conducted on several glass samples at the 

Institut des Matériaux Jean Rouxel (IMN Jean Rouxel). We carried out the XPS measurements 

for obtaining the I speciation in the investigated glasses. Several crystalline compounds (NaI, 

NaIO3 and CaI2O6) were also analyzed, serving as a standard for I speciation in I-bearing 

borosilicate glasses. We could not acquire solid crystalline I2 XPS spectrum due to the strong 

sublimation of I2 under high vacuum conditions. 

The XPS analyses were carried out on a Kratos Nova spectrometer and a Kratos Axis Ultra 

spectrometer using a monochromatic Al Kα radiation operating at 1486.6 eV (15 kV, 20 mA). 

Due to the low electrical conductivity of our samples, we employed a charge neutralizer for each 

analysis. The glass chips (~3x3 mm2) showing an unprepared surface from the bulk of the 

experimental charge were loaded into the sample chamber and at high vacuum (<10-6 Pa). The 

spot size on the sample is 300x700 µm area of analyses. Survey spectra were recorded at a pass 

energy of 160 eV corresponding to an overall instrument resolution measured on silver Fermi 

edge of 1.95 eV and a step of 0.5 eV from -5 to 1200 eV. High-resolution spectra of the I 3d core 

levels were recorded with an instrument resolution measured on silver Fermi of 0.49 eV and a 

step of 0.1 eV at a pass energy of 20 eV. Several I 3d acquisitions were performed and the spectra 

were averaged. We did not find any modification of each individual acquisition suggesting that 

the glass was stable under the X-ray beam. The energy shift calibration was performed on the 

adventitious C 1s in the binding energy at 284.8 eV. All spectra were treated with CasaXPS© 

software. All spectra were fitted with a U2 Tougaard function58 for the background and with a 

pseudo-Voigt function for the various peaks. Only the I 3d5/2 peak on the I 3d region was fitted, 

owing to its higher intensity as compared to the one for the I 3d3/2.
59,60 



 

3 Results 

3.1 Iodine speciation in glasses from XPS 

Figure 2 shows typical I 3d5/2 XPS spectra obtained on several glasses (ISG and NH) and 

several crystalline compounds (iodide and iodate). Investigated iodates (NaIO3 and CaI2O6) in 

which I is present under its cationic form I5+, exhibit a single highly symmetric peak located at 

~624 eV, whereas iodide (NaI) in which I is present under its anionic form I- has a highly 

symmetric peak at ~619 eV. This observation is consistent with previous investigations on 

similar compounds.61 According to the Handbook of XPS,61 crystalline I2 (I under I0 form) 

exhibits a peak located at ~620 eV, hence slightly overlapping with I- peak. 

 

Figure 2: I 3d5/2 XPS spectra collected on several I-bearing glasses (ISG22-2 and NH23-2) and 

crystalline compounds (NaI, NaIO3, CaI2O6) serving as fingerprint for determining the I local 

environment: I- at ~619 eV or I5+ at ~624 eV. The subsequent simulation of the glass XPS spectra 

is also shown. 



 

 

For glasses, regardless of the glass composition, I is dissolved mostly as I- species. We 

observed a slight asymmetry on the glass XPS spectra suggesting that there is a small amount of I 

dissolved as I0. From subsequent simulation of the XPS spectra (Figure 2), we determined that I- 

is present at a proportion >90%. The NH23-2 spectrum shows a very weak peak at ~624 eV (see 

Figure 2) indicating the presence of I5+ under low concentration (3.5%). Speciation results are 

provided in Table 1. Overall, I is dissolved as iodide in the investigated glasses. We conducted 

the high-pressure syntheses without controlling the oxygen fugacity (fO2) conditions and the fO2 

has been estimated around 1 log unit above the Quartz-Fayalite-Magnetite solid buffer.62 

Previous studies4,15 showed that I- is also the main dissolved I species in glasses synthesized 

under atmospheric conditions (more severe oxidizing conditions). Therefore, our results are 

consistent and the observed change in Tg as a function of I content is caused by the presence of I- 

or the structural associated changes. 

 

 

 

 

 

 

 

 



 

Table 1: Experimental conditions, iodine content, boron speciation and glass transition 

temperature results. 

Sample Temperature (°C) Pressure (GPa) I content (mol.%) I speciation N4
* Tg (°C) 

ISG 1400 0.0001 0  0.5 

577±7 

587 

ISG 21-1 1400 0.5 0.9 (0.1) n.d. 0.47 540 

ISG 21-2 1400 0.5 0.7 (0.2) n.d. 0.48 550 

ISG 22 I-free 1400 1 0  0.51 578 

ISG 12 1300 1 1.0 (0.3) n.d. 0.48 548 

ISG 22-1 1400 1 1.0 (0.2) n.d. 0.47 557 

ISG 22-2 1400 1 1.2 (0.2) 1.00 0.46 518 

ISG 13 1300 1.5 0.9 (0.2) n.d. 0.47 558 

NH 1400 0.0001 0  0.37 504 

NH 22 I-free 1400 1 0  0.41 494 

NH 22-1 1400 1 1.0 (0.1) 0.91 0.42 493 

NH 22-2 1400 1 2.0 (0.3) n.d. 0.44 471 

NH 23 I-free 1400 1.5 0  0.41 491 

NH 21-2 1400 0.5 1.7 (0.1) n.d. 0.44 470 

NH 23-1 1400 1.5 1.9 (0.3) 0.96 0.45 493 

NH 23-2 1400 1.5 2.5 (0.2) 0.97 0.45 480 

* The N4 values have been taken from Jolivet et al. 8. The italic values are estimated N4 values from linear regression. 

 



 

3.2 DSC curves as a function of iodine content and glass composition 

Figure 3 shows several DSC curves obtained on the investigated glasses. The Tg is 

represented on each curve and I content is also given. The obtained Tg values are reported in 

Table 1. The error associated with the Tg determination after smoothing of the DSC curve and 

given by the software is ±7°C. 

 

Figure 3: Heat flow DSC curves acquired on I-bearing glasses after blank subtraction. We applied 

a slight smoothing function to the obtained curve. Curves for ISG are shown at the top and NH at 

the bottom. The I content is also indicated. The determined Tg is shown on each curve and shows 

that Tg is a function of both glass composition and I content. 

 

The first striking observation is that there is a clear difference in Tg values in between the 

compositions. The ISG glasses with and without I have a higher Tg values (>550°C) than the 

equivalent NH (<500°C). As a standardized glass composition, ISG has been widely studied. 



 

Previous works determined Tg value for ISG in the range 570-577°C.63-65 In the present work, we 

have determined two Tg values for ISG from replicate measurements at 577 and 587°C that are in 

very good agreement with previously reported values, therefore suggesting that our approach is 

adequate for determining Tg. 

In Figure 3, it appears that adding I to the ISG glasses induces a decrease in the Tg. For 

instance, ISG22 I-free has a Tg = 578°C and ISG22-2 with 1.2 mol.% I has a Tg = 518°C (see 

Table 1). Considering that both glasses were synthesized at 1.0 GPa, the change of 60°C in Tg is 

ascribed to the presence of I- in the glass structure and its effect on the ISG glass structure. For 

NH glasses, the same behavior is observed with a decrease in Tg with increasing I content. 

However, the Tg decrease for NH appears less important than for ISG composition. For instance, 

for 1.0 GPa pressure, NH22 I-free has a Tg = 494°C and NH22-2 with 2.0 mol.% I has a Tg = 

471°C. For almost twice the I amount, Tg decreases by a third in NH as compared to ISG glass. 

The change in Tg values as a function of I content is shown in Figure 4. There is a clear 

decrease in Tg value as a function of I content for both compositions. As mentioned, the slope in 

the Tg decrease is more important for ISG glass composition as compared to NH glass 

composition. We linearly fitted the data to obtain the change in Tg as a function of I content. The 

obtained equations reported in Figure 4 suggest that 1 mol.% I decreases Tg by 38.5 and 8.2°C for 

ISG and NH glasses, respectively. Considering that I has the same dissolution behavior in both 

compositions (i.e. I-), it implies that the impact of I dissolution on the glass structure is not 

identical between the compositions. 



 

 

Figure 4: Change in Tg value as a function of I content in mol.% in both ISG and NH glasses. 

Increasing I content decreases Tg and the slope for Tg decrease is much more important in the 

case of ISG than NH as shown by the fitted linear trends. 

 

The studied glasses were synthesized under high-pressure conditions. Hence, the effect of 

pressure conditions on Tg needs to be addressed. From the structural point of view, pressure 

effect on Tg is often associated to changes in the distribution of structural units within the glass 

structure;40,50,66 however, Smedskjaer et al.67 invoked medium order change and packing of the 

structure to explain the change in macroscopic physical properties for borosilicate glasses. The 

effect of pressure on Tg for borosilicate glasses is only poorly investigated. Ding et al.68 showed 

that viscosity (hence Tg) is slightly increasing with increasing pressure in industrial borosilicate 

glass. In the present work for ISG glasses, we observe a slight effect of pressure on Tg. For 

instance, for I-free ISG glasses, Tg values are 577 and 578°C at ambient and 1.0 GPa, 



 

respectively. The same applies for I-bearing ISG glasses. At 0.9 mol.% I, the change in Tg is from 

540 to 558°C between 0.5 and 1.5 GPa. These results point towards a slight increase in Tg as a 

function of pressure for ISG samples that is consistent with the slight increase in viscosity 

reported by Ding et al.68 on a comparable glass composition (i.e. 70% SiO2 and 11.5% B2O3). 

This slight increase in Tg does not counterbalance the strong I effect as observed in Figure 4 for 

ISG glasses. For NH, it is less clear. For I-free NH glasses, we observe a decrease in Tg with 

increasing pressure: Tg is changing from 504 to 491°C between ambient and 1.5 GPa. However, 

at ~2 mol.% I we observe an increase in Tg from 471 to 480 and 493°C between 1.0 and 1.5 GPa. 

In the light of the results obtained on both glass compositions, the pressure effect is probably 

dependent on bulk composition; hence, further work is needed to determine the systematic 

evolution of Tg as a function of borosilicate glass composition. Nonetheless, the pressure effect 

appears limited in the range of pressure investigated and compared to the I effect shown in Figure 

4. 

 

4 Discussion 

4.1 The impact of iodine on the local environment of the borosilicate glass and the relationship 

to Tg 

We have shown from Figure 4 that Tg is influenced by the presence of I and that increasing 

I decreases the Tg. Comparable behavior has been observed in previous work for B-rich 

borosilicate glass compositions.7 We also show that the influence of I on Tg is not the same in 

between the compositions with a decreasing slope that is more important for ISG than for NH. 

Jolivet et al.8 demonstrated that the local environments of Na+ (or Ca2+) are involved in the I 

dissolution. The XPS results shown in Figure 2 indicates that the I dissolution mechanism is the 



 

same regardless of the glass composition. Riley et al.15 suggested that I dissolution in borosilicate 

glasses could be explained by the following reaction: 

3𝐼2
𝑓𝑙𝑢𝑖𝑑

+ 3𝑁𝑎2𝑂
𝑚𝑒𝑙𝑡 ↔ 5𝑁𝑎𝐼𝑚𝑒𝑙𝑡 + 𝑁𝑎𝐼𝑂3

𝑚𝑒𝑙𝑡 

In this reaction, I is dissolved in the glass structure as NaI (a similar reaction could be written 

with Ca2+) but also as NaIO3. Except for NH23-2, we did not identify the presence of iodate 

molecular groups and certainly not with a ratio of 1:5 with iodide. Although it is out of the scope 

of this work, it implies that another mechanism has to be invoked to explain the I dissolution as I- 

species. One hypothesis is that in the dissolution process, I atoms interact with the charges 

available on the borate and/or silicate networks. Actually, Jolivet et al.8 also showed that the 

borate network is affected by the I dissolution and variably as a function of composition. For 

instance, they showed that N4 value increases with increasing I content for NH whereas N4 

decreases with increasing I content for ISG. Meanwhile, based on Raman spectroscopic results 

they mentioned that silicate network does not seem to be affected by the I dissolution. This latter 

aspect requires further investigations to be confirmed. 

We have plotted in Figure 5 the change in Tg as a function of N4 value as reported in 

Jolivet et al.8. For several samples (i.e. ISG21-2, 22-1, 13 and NH21-2) we have calculated an 

approximate value for N4 with a linear regression using the data from Jolivet et al.8. We observe 

two trends, one for each composition. To our opinion, there are competing effects: I content and 

change in the N4; that explain the difference on the slope for Tg as a function of glass 

composition. Smedskjaer et al.51 showed that Tg is a complex function of the glass composition 

and the structural arrangement in borosilicate glasses; however, globally an increasing N4 value is 

correlated to an increase in Tg value (see figure 17 in Smedskjaer et al.51). It appears consistent 

with the fact that BO4 units represent the most polymerized unit in the boron network, namely 



 

tetrahedral boron is mostly surrounded by bridging oxygens.44 With analogy to the pure silicate 

glasses, there is a positive correlation between Tg and the degree of polymerization. 

Consequently, for ISG glass, I dissolution is accompanied by a decrease in N4, hence the slope of 

Tg decrease will be steeper than for NH glass showing an increase in N4. The increase in the 

degree of polymerization for I-bearing NH glasses opposes to the I effect on Tg. 

 

Figure 5: Change in Tg as a function of N4 as provided by Jolivet et al. 8 and determined from 11B 

NMR. The contrasting behavior between ISG and NH can be explained by the effect of I on the 

boron network: polymerizing for NH and depolymerizing for ISG. 

 

 



 

By analogy, the I dissolution is comparable to the dissolution of CO3
2- molecular groups in 

silicate melts. It has been shown69 that CO3
2- forms free ionic carbonates such as Mn+ CO3

2- 

where Mn+ is a charge compensating cation (e.g. Na+ or Ca2+). The proposed mechanism for I 

dissolution is similar in the sense that an alkaline (or alkaline-earth) cation is scavenged to 

compensate the negative charge of I-.14,15 For CO2, such dissolution mechanism induces an 

increase in the degree of polymerization of the silicate network; however, a slight decrease in Tg 

is observed.31 It was interpreted as resulting from the competing effect of the lower viscosity of 

carbonate melt70 and the higher viscosity of the silicate melt counterpart. For the I case, we 

suspect that similar reasoning can be adopted. In the case of NH, the presence of Na-I will 

provoke a strong decrease in Tg that is counterbalanced by the increase in the degree of 

polymerization of the borate network units (i.e. increasing N4) resulting in the lower slope 

observed in Figure 4 and Figure 5. On the contrary, for ISG, the I dissolution as Na-I is 

accompanied by a decrease in the degree of polymerization of the borate network units (i.e. 

decreasing N4) resulting in the steepest slope observed in Figure 4 and Figure 5. The nature of the 

chemical reactions involved in the polymerization changes for the borate network units is still 

debated; however, we suspect that the anionic species play a major role. 

4.2 Implication and perspectives for the immobilization of the 129I radioisotope in nuclear 

waste glasses 

Several waste forms have been considered for the immobilization of I radioisotopes with 

different levels of I concentrations; each having benefits and disadvantages. Riley et al.5 provided 

a review of the different waste forms that can be used to store a large quantity of I radioisotopes. 

Interesting candidates are Hot Isostatic Pressing of Ag-I crystalline compounds (~5-10 mol.% I), 

Ag-functionalized silica aerogel (~15 mol.% I), Ag-based phosphate glass (>10 mol.% I). The 



 

current high-pressure borosilicate glasses do not represent the highest possible I concentrated 

waste form, however, the intrinsic high stability of the borosilicate glasses make them a good 

candidate for the immobilization of iodine. 

The choice of a specific glass matrix for the immobilization of 129I radioisotopes requires a 

high stability of the network through time, with regards to the thermal activity of radioisotopes 

and their decays, and high chemical and physical stability under environmental repository 

conditions (i.e. aqueous fluid circulation and composition, redox, pH, pressure, temperature). 

Although 129I is not a strong thermo-active radioisotope (- emitter), the recent advances 

in the development of specific incorporation matrix such as Ag-based phosphate71 and tellurite72 

does not an entirely suitable solution considering the low Tg of these materials (<200°C). 

At the observed level of I incorporation in the borosilicate glass matrix (up to 2.5 mol.%); it 

is unlikely that the Tg will be low enough to reach a temperature at which the network structure is 

damaged. In first approximation, on a linear evolution of Tg as a function of I content as shown in 

Figure 4; ~8 mol.% are required for decreasing Tg down to ~200°C for ISG glass. Considering 

that iodine has less important impact on Tg for NH than for ISG; we believe that NH glass that 

has a typical LAW glass composition is better suited for the specific immobilization of 129I. 

However, alteration experiments on such glass need to be assessed to evaluate the chemical 

durability. 

Furthermore, Jolivet et al.8 showed that the proportion of BO4 units increases with 

increasing I content in NH glass; which could explain the lower slope for Tg in Figure 4. The BO4 

structural unit in the boron network represents the most stable (because more polymerized) 

structural motif in comparison to BO3 (less polymerized). As a result, despite the decrease in Tg, 



 

the I-bearing NH glasses will tend to become more stable with the I dissolution considering the 

increase in N4 shown in Figure 5. Finally, recent work73 has shown that the glass dissolution is 

affected by the N4 of the glass and that minimum dissolution rate is observed when the N4 is high. 

Again, in the present work I-bearing NH glass represents a potential adequate solution for the 

immobilization of 129I as the I dissolution increases the N4. 

Further work is currently requested to determine the I effect on Tg for nuclear waste glasses. 

I dissolved as I- does not represent the most stable or immobile form for I. Iodate (I5+) present as 

IO3
- is the other I species, formed in oxidizing conditions due to the radiolysis effect74. In the 

context of a nuclear waste repository site in clay formation, it has been shown that the iodate 

form has a high affinity for clays.75 Thus, it would be of interest to determine the change in Tg for 

IO3
--bearing borosilicate glasses. 

 

5 Summary 

In the present work, we have investigated the in glass transition temperature (Tg) for a series 

of borosilicate glasses with composition relevant to nuclear waste immobilization and doped with 

iodine (I). The objective of this work was to determine the I effect on Tg with the potential 

application of 129I radioisotope immobilization in borosilicate glasses. We studied glasses (ISG 

and NH) reported in Jolivet et al.8 and having I content ranging up to 2.5 mol.%. 

We have shown from XPS results that I is mostly dissolved as iodide species (I-) in 

consistency with previous investigations. DSC results show that increasing I content induces a 

decrease in Tg. However, this decrease is different as a function of glass composition. For 

instance, a more important decrease in Tg is seen for ISG than for NH. We ascribed this 



 

difference to the structural modifications of the boron network upon I dissolution as I- species. 

For NH, I dissolution polymerizes the boron network whereas it depolymerizes the boron 

network for ISG. Hence, in the latter case, there is combining effect on decreasing the Tg value: 

presence of Na-I and depolymerization. 

Although ISG glass composition is considered as a standard simulant glass for nuclear waste 

radioisotopes; the strong decrease in Tg upon I dissolution questions the use of this glass 

composition for the particular case of 129I. A more specific glass matrix composition having 1) 

high Tg value, 2) lower Tg decrease and 3) accompanied by a polymerization effect with I 

dissolution would be more suitable. The LAW NH composition represents a good compromise as 

it dissolves large I amount, it has a high Tg in comparison to the existing specific matrix for I 

conditioning (e.g. Ag-bearing phosphate glass) and I only decreases slightly Tg. 
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