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1. Introduction 

 
Mitigating the release of dihydrogen (H2) is an important issue for the disposal of certain types of ce-
mented waste packages, containing for instance metallic waste (such as aluminium, magnesium, ura-
nium…) or highly irradiating waste. The dihydrogen production results from corrosion of the metals en-
capsulated in the cement matrix, and/or radiolysis of water. CEA has been working for several years on 

the sequestration of dihydrogen using an oxide getter of the -MnO2/Ag2O type [1]. This getter shows 
several advantages: reasonable cost due to the replacement of noble metals (Pd, Pt…) by Ag2O as a 
promoter, good resistance to irradiation and irreversible trapping of H2. The MnO2/Ag2O getter was first 
described by Kozawa et al. in the 1980s [2, 3, 4]. The allotropic form of MnO2 strongly influences the H2 

trapping rate. The -MnO2 phase (nsutite) made from an inter-growth of ramsdellite and pyrolusite was 
found to be the most efficient getter towards dihydrogen [1].The trapping mechanism was largely de-
bated [5, 6], but recent work by Galliez et al. [7] using Fourier Transform Infra-Red (FTIR) spectroscopy 
and X-ray diffraction (Pair Distribution Function analysis) provided evidence of MnOOH formation in the 
allotropic forms of groutite (H in 2x1 tunnels) at first, and then of manganite (H in 1x1 tunnels). Analysis 
of the silver-based phase of the getter before trapping showed the presence of silver carbonate Ag2CO3 
due to carbonation of Ag2O during preparation of the getter. This presence of Ag2CO3 had a positive 
effect since it increased the sequestration rate of dihydrogen [8]. 

Self-levelling mortars, incorporating the getter, were designed with a view of their practical implementa-
tion as conditioning matrices for wastes leading to problematic dihydrogen release [9, 10]. Several au-
thors showed that the efficiency of the getter decreases under wet environment [4, 9, 11,]. Thus, binders 
with a high chemical water demand, making it possible to obtain significant desaturation of the pore 
network by the sole hydration reactions, were selected to design the mortars. The study was focussed 
on two cements producing water-rich hydrates: a calcium sulfoaluminate (CSA) cement producing high 
contents of ettringite (3CaO.Al2O3.3CaSO4.32H2O), and a magnesium potassium phosphate (MKP) ce-
ment, mainly yielding K-struvite (MgKPO4.6H2O). The purpose was to investigate the chemical interac-
tions occurring between the cement-based materials and the getter, and determine their influence on 
the performance of H2 capture. 

 

2. Materials and methods 

 
2.1 Materials 

The properties of the different raw materials used in this study are summarized in Table 1. Paste and 
mortar samples were prepared with a standardized mixer (EN 196-1) using the following sequence: 

- pre-mixing of the dry products in a Turbula blender for 20 min, 
- addition of the pre-mixed dry powders to the mixing water and mixing for 3 min at low speed. 

Their composition is summarized in Tables 2 and 3.  
The CSA cement comprised 20% anhydrite and 80% clinker with a high content of ye’elimite (54.3 wt.%). 
CSA cement-based materials exhibited a water-to-cement (w/c) ratio of 0.6. The MKP cement com-
prised magnesium oxide and potassium dihydrogen phosphate in equimolar amounts. All MKP-based 
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materials comprised fly ash at a fly ash-to-cement ratio of 0.8. This mineral addition improved both the 
rheological properties in the fresh state and the volume stability in the hardened state. Their water-to-
cement ratio was set to 0.51, which corresponded to the amount of water theoretically required to pre-
cipitate K-struvite following equation (Eq. 1). 

MgO + KH2PO4 + 5 H2O  MgKPO4.6H2O (Eq. 1) 
 

Table 1: Raw materials. 

Constituent Supplier Properties 

Magnesium oxide, 
MgO Magchem 10CR 

M.A.F. Magne-
site 

Calcined at high temperature (1300-1400°C) 
d10=4.8 µm, d50=18.9 µm, d90=45.6 µm 

Specific surface area = 0.9 m²/g 

Potassium dihydrogen 
phosphate, KH2PO4 

Yara 
Purity > 98% 

d10=139 µm, d50=303 µm, d90=566 µm 

Calcium sulfoalumi-
nate clinker 

Vicat  
Alpenat UP 

d10=3.3 µm, d50=12.0 µm, d90=42.4 µm 
Blaine surface area = 4650 cm²/g  

SiO2 (10.55%), Al2O3 (23.46%), Fe2O3 (9.70%), CaO (45.07%), 
MgO (1.00%), TiO2 (1.29%), Mn2O3 (0.01%), P2O5 (0.11%), SrO 
(0.06%), Na2O 0.17%, K2O 0.27%, SO3 8.07%, Cl (0.01%), LOI 

0.23% 

Anhydrite Vicat 
d10=4.8 µm, d50=18.9 µm, d90=70.6 µm 

CaSO4 (85.0%), CaSO4.2H2O (6.2%), MgCO3 (4.7%), 
CaMg(CO3)2 (4.1 %) 

Fly ash 
Carling power 
station, France 

d10=3.0 µm, d50=24.2 µm, d90=136.1 µm 
Specific surface area = 2.2 m²/g  

MgO (2.15%), Al2O3 (25.75%), SiO2 (50.30%), CaO (6.58%), 
Fe2O3 (5.92%), TiO2 (1.36%), MnO (0.08%), P2O5 (0.67%), SrO 

(0.27%), Na2O (0.78%), K2O (1.53%), SO3 (0.80%) 

Boric acid B(OH)3 VWR Analytical grade (purity >99.5%) 

Siliceous sand  

Sibelco – Mios 
quarry 

Grain size = 0.1-1.2 mm 

Leucate  Grain Size = 0-2 mm 

Filler 
Calcitec  
2002 M 

d10 = 2.6 µm, d50 = 13.6 µm, d90 = 40.5 µm 
CaCO3 (98.86 wt%), MgO (0.21 wt.%), SiO2 (0.16 wt.%), Al2O3 

(0.05 wt%), Fe2O3 (0.03 wt.%), S (0.03 wt%) 

Superplasticizer 
BASF Mas-

terEase 3000 
- 

-MnO2 

Merck 
(Mn(IV)O2 pre-
cipitated active 
for synthesis) 

d10 = 8.6 µm, d50 = 20.9 µm, d90 = 46.3 µm 
Specific surface area = 77 m2/g 

-MnO2/Ag2O getter A3i 
d10=6.3 µm, d50=20.4 µm, d90=43.7 µm 

Specific surface area = 64.2 m²/g 
 

Table 2: Calcium sulfoaluminate cement-based paste and mortar compositions (masses in g) (for 1 L). 

Ref. Clinker 
Anhy-
drite 

Water Getter -MnO2 
Leucate 

sand 

Super-
plasti-
cizer 

Boric 
acid 

Filler 

CSA-P-
G0 

857.3 214.3 643.0 0 0 0 0 0 0 

CSA-P-
G5 

842.2 210.5 631.6 88.7 0 0 0 0 0 

CSA-P-
G10 

826.0 206.5 619.5 183.6 0 0 0 0 0 

CSA-P-
G15 

808.6 202.2 606.5 285.4 0 0 0 0 0 

CSA-P-
NS10 

826.0 206.5 619.5 0 183.6 0 0 0 0 

CSA-M-
G9.6 

396.1 98.8 298.4 223.5 0 1156.5 2.5 7.4 130.7 

CSA-M-
NS9.6 

396.1 98.8 298.4 0 223.5 1156.5 2.5 7.4 130.7 

CSA = calcium sulfoaluminate cement; P = paste; M = mortar; Gx = getter at a mass content of x%, NSx = nsutite (-MnO2) at a 
mass content of x% 
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Table 3: Magnesium phosphate cement-based paste and mortar compositions (masses in g) (for 1 L). 

Ref. MgO KH2PO4 
Sibleco 

sand 
Fly ash B(OH)3 Water Getter -MnO2 

MKP-P-
G0 

177.6 599.5 0 621.7 31.1 396.3 0 0 

MKP-P-
G5 

174.2 588.3 0 610.0 30.5 388.9 94.3 0 

MKP-P-
G10 

170.7 576.2 0 597.5 29.9 380.9 195.0 0 

MKP-M-
G10 

131.5 443.8 575.3 460.2 23.0 293.4 214.1 0 

MKP-M-
NS10 

131.5 443.8 575.3 460.2 23.0 293.4 0 214.1 

MKP = magnesium phosphate cement; P = paste; M = mortar; Gx = getter at a mass content of x%, NSx = nsutite (-MnO2) at a 
mass content of x% 
 
Boric acid was used as a retarder in CSA mortars and MPC materials at dosages of 1.5 % and 4 % (with 
respect to the weight of cement) respectively. It was dissolved in the mixing water at room temperature 
prior to mixing. 
The getter content varied from 0 wt.% to 15 wt.% depending on the materials. Some reference pastes 

or mortars were also prepared by replacing the getter by pure nsutite (-MnO2), which had almost the 
same particle size distribution as the getter but no sequestration properties of dihydrogen in the absence 
of the silver promoter.  
 
2.2 Characterizations 

Hydration of CSA and MPC cements was investigated using a TAM AIR conduction microcalorimeter 
under isothermal conditions at 25°C. About 2 g of paste were cast in a glass ampoule and introduced in 
the calorimeter. The heat flow was recorded versus time and compared to that of a sample maintained 
at 25°C and consisting of water, the volume of which being adjusted to get the same calorific capacity 
as the paste sample. 

Cement hydration was stopped after fixed periods of time. The paste samples were ground in isopropa-
nol and the suspensions were filtrated under vacuum at 0.45 µm. The solid fractions were gently dried 
for a minimum of 7 days in a controlled humidity chamber (with a 23% relative humidity at 22 ± 2°C 
controlled by a saturated solution of potassium acetate) and ground by hand to a particle size less than 
100 μm before their characterization. Their mineralogy was investigated by powder X-ray diffraction with 
the Bragg Brentano geometry (PanAlytical X’pert Pro, copper anode, λKα1=1.5418 Ǻ, scanning from 2θ 
=5° to 120° in 0.017° steps, for a total counting time of 3h). 

Thermogravimetric analyses were also carried out using a TGA/DSC Netzsch STA 409 PC instrument. 
The samples were heated under nitrogen (gas flow set at 50 mL/min) at 10°C/min up to 1000°C. The 
curves were corrected from buoyancy effects by performing a blank subtraction.  

 

2.3 Titration of -MnO2 

Titration experiments were carried out to investigate the surface reactivity of -MnO2 as a function of 
pH. Nsutite was suspended into demineralized water at a liquid-to-solid ratio varying from 50 mL/g to 
400 mL/g depending on the trials. The titration reactor was tightly sealed and thermostated at 
25° ± 0.5 °C by circulation of water in its double jacket. Suspensions were maintained under magnetic 
stirring and titrated with a 10 mmol/L NaOH solution using an automatic titrator (809 Titrando from 
Metrohm) controlled by Tiamo 2.1 software and equipped with a pH sensor calibrated using IUPAC pH 
buffers at 6.86, 9.18 and 12.45 (25°C). The equilibration time between two NaOH additions varied be-
tween 120 s and 3600 s. The volume increment of NaOH solution remained comprised between 10 µL 
and 50 µL. 
 

2.4 Hydrogen sequestration 

To assess the H2-capture performance of the getter in cementitious environment, H2 was produced in 
situ by encapsulating aluminum metal within MKP and CSA cement-based mortars containing either the 

getter (MKP-M-G10 and CSA-M-G9.6) or pure -MnO2 (MKP-M-NS10 and CSA-M-NS9.6). In contact 
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with the pore solution, aluminum is corroded with production of dihydrogen [12]. The MKP and CSA 
mortars investigated in this work had a pore solution pH close to 8 and 12 respectively [9]. The corrosion 
rate of Al metal, which strongly depends on pH, was expected to be much smaller in the MKP matrix 
(where precipitation of alumina could passivate the metal) than in the CSA matrix (where aluminum was 
oxidized into soluble aluminate ions). The surface area of Al metal encapsulated in MKP and CSA mor-
tars was thus adjusted in order to get significant production of H2 in both cases. A high-purity (99.99%) 
aluminum rod (9.5 mm in diameter, 25 mm in length, surface area of 8.8 cm2) was embedded into 
100 mL of fresh CSA mortar while metallic powder (surface area of 8680 cm2) was dispersed into 
100 mL of MKP mortar during mixing. The fresh samples, poured in polyethylene cells, were then placed 
in metal reactors with a cover tap that could be connected to a vacuum pump, to a nitrogen supply, or 
to a gas chromatograph (Figure 1). The reactors were hermetically sealed. They were placed under 
vacuum at a pressure of 150 mbar before filling with nitrogen up to a pressure of 750 mbar. The reactors 
were stored at room temperature (22 ± 2°C) and gas samples were taken at regular intervals for hydro-
gen analysis by gas chromatography (Varian 3400, argon carrier gas, capillary column, thermal conduc-
tivity detector, detection limit corresponding to 0.01% hydrogen in the reactor headspace). 
 

 
 

Figure 1: Device for measuring the hydrogen released from mortar samples encapsulating Al metal. 

 
2.5 Thermodynamic modelling 

ProtoFit software [13] was used to analyze acid/base titration data and optimize surface protonation 
models : the protonation constants of the different surface sites were estimated by calculating an adsor-
bent proton buffering function from raw titration data, and by minimizing the weighted sum of squares 
between this function and the model prediction.  
Chess software [14] and the Minteq thermodynamic database [15] which contained relevant silver min-
erals and aqueous species were used to investigate the thermodynamic stability of silver carbonate as 
a function of pH and CaSO4 or KH2PO4 concentrations. 
 
 

3. Results and discussion 
 
3.1 Influence of the getter on MKP and CSA cement hydration 

The fraction of bound water in MKP and CSA cement pastes comprising 0 wt% or 10 wt% getter was 
assessed as a function of time using the weight loss recorded by TGA from 25°C to 400°C (Figure 2).  
 

  

Figure 2: Influence of the getter content on the evolution of the fraction of bound water as a function of time. Left: 
paste samples MKP-P-G0 and MKP-P-G10, right: paste samples CSA-P-G0 and CSA-P-G10. 
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The fraction of bound water reached a higher plateau value in MKP cement pastes (90 %) than in CSA 

cement pastes (70 %) and did not depend on the getter content. Note that the initial bound water 
content in the MKP pastes had a non-zero value because some water was bound in the reactants 
KH2PO4 and B(OH)3.  
Similarly, comparing the X-ray diffraction patterns of hardened cement pastes having reached significant 
hydration degree showed that the getter content had no influence on the mineralogical assemblages 
(Figure 3). MKP cement pastes mainly comprised K-struvite, with small amounts of residual magnesium 
oxide, and quartz originating from fly ash. The getter, which was poorly crystallized, was not evidenced 
by X-ray diffraction. CSA cement pastes contained hydrated phases (ettringite, monosulfate and strätlin-
gite), as well as residual minerals from cement (dicalcium silicate, traces of anhydrite, and non-reactive 
perovskite and merwinite).  
 

 

Figure 3: Influence of the getter content on the phase assemblage of hardened cement pastes cured at 20°C un-
der endogenous conditions. Top: MKP-P-G0 and MKP-P-G10 paste samples cured for 28 d, right: CSA-P-G0 and 

CSA-P-G10 paste samples cured for 180 d. Silicon is used as an internal standard. 

 
Isothermal conduction calorimetry was used to investigate hydration of cement pastes at early age. The 
heat flow curves are shown in Figure 4. The first minutes were characterized by heat production which 
resulted from several factors: start of dissolution of cement anhydrous phases (MgO or ye’elimite), but 
also introduction of the externally prepared sample in the calorimetric chamber, which biased the signal. 
The heat flow produced by the different cement pastes was thus recorded from 30 minutes onwards. Two 
heat flow peaks were evidenced, indicating that hydration occurred in several steps. In the case of MKP 
cement pastes, the peaks were attributed to dissolution of MgO (the main exothermic process) leading to 
the precipitation of an amorphous transient product (first peak), and then to K-struvite (second peak) [9]. 
Regarding CSA cement pastes, Winnefeld et al. [16] reported that the first peak was due to massive con-
sumption of ye’elimite to form ettringite and aluminum hydroxide, and the second one was caused by the 
depletion of sulfate and calcium ions from the solution, leading to additional precipitation of monosulfate. 
The getter seemed to influence the early stages of hydration of both cements. Increasing its content ac-
celerated MKP cement hydration, the two heat flow peaks being recorded after shorter periods of time. 
Reversely, the first heat flow peak of CSA cement pastes was slightly delayed and its intensity decreased. 
A broadening of the second heat flow peak was also observed, indicating that the getter weakly retarded 
CSA cement hydration at early age. Given the high specific surface area of the getter, acceleration of MKP 
cement hydration could result from a filler effect. Explaining the retardation of CSA cement would deserve 
complementary characterization to analyze the evolution of the pore solution composition with and without 
any getter. For both cements however, the heat flow recorded initially, from 30 minutes to 1 h, seemed to 
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increase with the getter content, suggesting the occurrence of an exothermic process involving the getter 
shortly after mixing. Additional experiments were thus carried out to investigate the getter reactivity in 
synthetic solutions mimicking the pore solution of the materials. 
 

  

Figure 4: Heat flow produced by MKP (left –MKP-P-G0, MKP-P-G5 and MKP-P-G10 samples) and CSA cement 
pastes (right – CSA-P-G0, CSA-P-G5, CSA-P-G10 and CSA-P-G15 samples). 

 
3.2 Getter reactivity in simplified synthetic pore solutions 

The getter comprised 85% -MnO2 and 15% Ag2CO3. The reactivity of these two components was in-
vestigated in simplified cementitious environments. 
 

3.2.1 Ag2CO3 

Stability of Ag2CO3 was studied using thermodynamic modelling. The temperature and the initial Ag2CO3 
concentration were set to 25°C and 10 mmol/L respectively. The solution pH was adjusted by adding 
HNO3 or NaOH to the system. Figure 5 shows the evolution of silver minerals as a function of pH in the 
presence of potassium phosphate or calcium sulfate. In MKP cement pastes, the pore solution pH 
evolves from 4 to 8 with ongoing hydration [17]. Figure 5 (left) indicates that silver carbonate is not stable 
in the initial acidic mixing solution and should thus dissolve. Besides, in the presence of phosphates, 
silver phosphate should predominate over silver carbonate in the pH range relevant to the hardened 
material. In CSA cement pastes, the pore solution pH, initially neutral, is rapidly raised to a value which 
remains close to 11 as long as anhydrite is present [18]. According to Figure 5 (right), silver carbonate 
is destabilized at the expense of silver oxide at high pH. Moreover, the stability domain of silver car-
bonate is reduced in the presence of calcium sulfate since carbonate ions tend to precipitate as calcite. 
These calculations thus show that in both kinds of cement pastes, silver carbonate, the promoter of the 
getter, should evolve from a thermodynamic point of view. 
 

  
Figure 5: Thermodynamic investigation of Ag2CO3 stability as a function of pH in the presence or absence of 

KH2PO4 (left) or CaSO4 (right). 

 

3.2.2 -MnO2 

A suspensionof -MnO2 (the main component of the getter) in demineralized water was titrated with 
sodium hydroxide. The titration curve, shown in Figure 6, strongly deviated from the theoretical curve 

0

2

4

6

8

10

12

14

0 10 20 30 40 50 60 70 80

H
e
a

t 
fl

o
w

 (
m

W
/g

 o
f 

c
e
m

e
n

t)

Time (h)

Getter : 0%
Getter : 5%
Getter : 10%

0

5

10

15

20

25

0 2 4 6 8 10 12 14

H
e
a
t 

fl
o

w
 (

m
W

/g
 o

f 
c
e
m

e
n

t)

Time (h)

Getter : 0%

Getter : 5%

Getter : 10%

Getter : 15%

C
o

n
c
e

n
tr

a
ti

o
n

 (
m

m
o

l/
L

)

C
o

n
c

e
n

tr
a

ti
o

n
 (

m
m

o
l/

L
)



NUWCEM 2022 – International Symposium on Cement-Based Materials for Nuclear Wastes 
 

France, Avignon – 2022, May 4│6 

calculated assuming inert -MnO2. Since -MnO2 is highly insoluble over the investigated pH range [19] 
and no secondary phase was evidenced by X-ray diffraction, the deviation likely resulted from surface 

hydroxylation of -MnO2, a process already reported for other polymorphs such as -MnO2 [20].  
 

 

Figure 6: Titration of a suspension of nsutite in demineralized water by sodium hydroxide (0.01 mol/L)  
(Liquid/solid ratio = 50 mL/g, volume of water = 20 mL, mass of nsutite = 400 mg). 

 

Two models were tested to describe the surface chemistry of -MnO2 as a function of pH (Figure 7). The 
first one assumed a homogeneous surface consisting of equivalent amphoteric binding sites, whereas 
the second one considered a heterogeneous surface with two non-equivalent classes of binding sites 
(one class of amphoteric sites, and one class of acidic sites which could deprotonate). In both cases, 
the electrostatic contribution was described using the diffuse layer model [21], which was selected for 
its simplicity. The model parameters were determined experimentally (specific surface area of nsutite) 
or adjusted (intrinsic formation constants, site density) using ProtoFit software in order to fit a set of 

titration curves of -MnO2 suspensions with different liquid/solid ratios.  
 

 
Figure 7: Models tested to describe the surface reactivity of -MnO2: single-site model (left) and two-site model (right) 

– Comparison of calculated and experimental titration curves of -MnO2 by NaOH 0.01 mol/L (T = 25°C, P = 1 atm) 

 
The single-site model failed to reproduce the experimental data. Significant improvement was provided 
by the two-site model. A deviation between calculated and experimental data persisted however in some 
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Log KI.1 = -4.19   0.08

Log KI.2 = +2.49   0.05

Log KII.1 = +0.92   0.05
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cases at high pH (> 9), possibly because sorption of sodium ions was neglected in this first modelling 
approach. The densities of the two site classes differed by a factor 2. Two assumptions were postulated 
to explain the surface heterogeneity. (i) From a structural point of view, nsutite is made from an inter-
growth of ramsdellite and pyrolusite and comprises 1x1 and 2x1 channels. Galliez [22] quantified the 
fractions of 1x1 channels (from pyrolusite) and 2x1 channels (from ramsdellite) in a sample of nsutite 
provided by the same supplier as in this study and obtained a ratio of 1.94 close to that of the site 
densities, suggesting that the two site classes might be associated with the two types of channels. 
(ii) The occurrence of manganese at two oxidation states (+IV, and +III) was the second hypothesis. It 
could account for the significantly different pKa values of the two site classes. 
Using the two-site model, it was possible to plot the evolution of the different surface site fractions as a 
function of pH (Figure 8). Extrapolating to zero the curve showing the net surface charge (Q) led to a 
point of zero charge (pzc) close to pH 2.6. In the range of pH values relevant to MKP (4-8) and CSA (7-

12) cement pastes, the net surface charge of -MnO2 was thus negative, despite the occurrence of 
positively charged MnI-OH2

+ sites up to pH 9. The higher the pH, the stronger the negative charge. 

Sorption of ions, and especially of cations, onto -MnO2 surface of was thus likely. 
 

 
Figure 8: Speciation of -MnO2 surface sites as a function of pH calculated using the two-site model (Q stands for 

the net charge of the surface). 

 
Based on these results, an explanation to the heat flow increase of cement pastes containing the getter 
during their early stage of hydration (up to 1 h – see Figure 4) could be proposed. Initial dissolution of 
the anhydrous cement phases would tend to be accelerated due to consumption of some ions released 

in solution which sorbed onto -MnO2 (especially Ca2+, K+ and Mg2+), pH variation and/or precipitated 
with silver (phosphate and hydroxide ions) or carbonate (Ca2+). 
 
 
3.3 Sequestration of dihydrogen produced by corrosion of Al metal encapsulated in MKP and 
CSA cement-based mortars 
 
In the previous section, it was shown that the getter could react in a cementitious environment: the 

negatively charged surface of -MnO2 likely sorbed cations while silver carbonate was, at least partly, 
destabilized into silver phosphate (MKP material) or silver oxide (CSA material). This raised the following 
question: did the getter keep its efficiency to capture dihydrogen despite its chemical evolution? 
Some metallic aluminium (powder or rod) was encapsulated in MKP- and CSA-cement based mortars 

containing either the getter (MKP-M-G10 and CSA-M-G9.6) or pure -MnO2 (MKP-M-NS10 and CSA-
M-NS9.6) which, in the absence of any promoter, lost its ability to capture dihydrogen. The hydrogen 
released from the different materials was analysed by gas chromatography and plotted versus the time 
of curing (Figure 9). 
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Figure 9: Cumulated mol number of dihydrogen released by CSA (top) or MKP cement-based mortars (bottom) 

containing 10 wt.% getter or -MnO2. 

 
Regardless of the type of cement used, the amount of dihydrogen released by the mortars was much 
smaller in the presence of getter. After one year of curing, it was divided by a factor 73 and 1266 in CSA 
and MKP mortars respectively. The getter also led to non-monotonous release of dihydrogen. A first 
concentration peak was observed after 1 d in the headspace of the reactor containing the CSA cement-
based mortar. The H2 content then decreased up to 41 d, before increasing again afterwards, but more 
slowly. Cau Dit Coumes et al. [12] have already shown that the H2 production resulting from Al corrosion 
in a CSA cement paste is rapid during the first day after mixing, then slows down due to consumption 
of water by ongoing hydration, and accelerates again after 50 d. This acceleration is linked to the de-
pletion of calcium sulfate from the system, which leads to a pore solution pH rise by about one unit, and 
thus promotes corrosion of Al metal. In CSA-M-G9.6 mortar, the H2 trapping rate by the getter was not 
high enough to avoid the initial release. The subsequent decrease in the H2 gaseous concentration 
could be explained by delayed capture of the initial gas pulse. Finally, the corrosion rate of aluminium 
accelerated due to pH increase and a slow H2 release occurred again. Regarding MKP-M-G10 mortar, 
H2 was released in small amounts in the headspace of the reactor up to 64 d. Its content then decreased 
and remained constant after 173 d, meaning that a stationary state was reached.  
The fraction of H2 captured by the getter was estimated by comparing, for a given binder, the H2 release with 

the getter and with -MnO2 (reference). It increased with time and reached 99.0% and 99.9 % in CSA and 
MKP mortars respectively (Figure 10).  
 

 
Figure 10: Comparison of the fractions of dihydrogen trapped by CSA-M-G9.6 and MKP-M-G10 mortars. 
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This increase could result from progressive auto-desiccation of the mortars. The H2 production rate de-
creased since hydration consumed water. Meanwhile, the getter trapping efficiency increased in dryer envi-

ronment. Finally, it was checked that the amount of H2 captured after 18 months of curing (2.510-5 mol/g of 

getter in MKP-M-G10 mortar, 2.110-5 mol/g of getter in CSA-M-G9.6 mortar) remained much smaller than 
the trapping capacity of the as-supplied getter (5.7 mmol H2/g). 
 

4. Conclusion  
 
The main conclusions of this work can be summarized as follows. 
1. The getter slightly influenced cement hydration at early age (acceleration of MKP cement, retarda-

tion of CSA cement), but had no effect at later age. In particular, the bound water content and 
phase assemblage of hardened cement pastes remained unchanged. 

2. The getter was not inert in cementitious environment. Based on thermodynamic calculations, silver 
carbonate should destabilize at the expense of silver phosphate in the MPC matrix, while precipi-

tations of silver oxide and calcite were expected in the CSA matrix. Surface reactivity of -MnO2 
was also evidenced, making it possible to sorb ions released by the dissolution of cement phases. 

A two-site model was built to describe the ionization of the -MnO2 surface. In the pH range relevant 
for cementitious materials, the net surface charge remained negative. 

3. Despite its evolution in the cement-based materials, the getter still enabled to capture significant 
amounts of dihydrogen. The H2 release of mortars encapsulating aluminium metal was strongly 
mitigated, especially when MKP cement was used. This result offers new prospects to optimize the 
conditioning of reactive metals in cement matrices. 
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