N

N

Effect of trace elements on carbonate thermodynamic
constants
Mathieu Debure, German Montes-Hernandez, Catherine Lerouge, Benoit

Madé, Christophe Tournassat

» To cite this version:

Mathieu Debure, German Montes-Hernandez, Catherine Lerouge, Benoit Madé, Christophe Tournas-
sat. Effect of trace elements on carbonate thermodynamic constants. Procedia Earth and Planetary
Science, 2017, 17, pp.730-733. 10.1016/j.proeps.2016.12.185 . hal-01333901

HAL Id: hal-01333901
https://brgm.hal.science/hal-01333901

Submitted on 20 Jun 2016

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://brgm.hal.science/hal-01333901
https://hal.archives-ouvertes.fr

Available online at www.sciencedirect.com

Sci enceDi r ect Procedia

Earth and Planetary Science

o PN

s Procedia Earth and Planetary Science 00 (2017)0IID—

www.elsevier.com/locate/
ocedi:

15th Water-Rock Interaction International SymposiivRI-15

Effect of trace elements on carbonate thermodynaomstants

Mathieu Debur®, German Montes-HernandeLatherine LeroudeBenoit Mad&
Christophe Tournas$at

*BRGM — French Geological Survey, Water, Environnaeick Ecotechnologies division, Storage and Deeddgéml Settings Unit, 3, avenue
Claude Guillemin - BP 36009, 45060 Orléans Cedef¥tance.
PISTerre, Maison des Géosciences, Université dedhleri, CNRS, Grenoble, France.
°Andra, 1 — 7 rue Jean Monnet, 92298 Chatenay-MglaBrance

Abstract

This study is a preliminary work on the descriptaomd the modeling of mechanisms potentially causisgrepancies between
experimental data and thermodynamic calculationfopmed on carbonate equilibrium at high temperatute better
understanding of dolomite dissolution/precipitatfmocesses that occur during its equilibrationripartant for investigations of
high-level radioactive waste disposal or Carbon @agture Storage (CCS). The first results demonstidtedast dolomite
equilibration in solution (within 12 days) and theod agreement between experimental and thermodgreaiculations at 25
°C for dolomite and calcite-dolomite systems whemiasrepancies are observed at higher tempera@0réd). As shown from
cathodoluminescence photomicrographs, one of theaed mechanisms causing those differences isi¢tbeporation of trace
elements such as Mg, Mn or Ba found in natural syste
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1. Introduction

The carbonate system is one of the most reactinenaliogical assemblages of clay-rocks. Consequeriktine
clay-rock pore water compositions are expectedetatlequilibrium with carbonate minerals. Howeweis difficult
to fully reconcile the aqueous concentration ddtmioed from seepage water sampled from in sitehmles with
the equilibrium concentrations obtained from poratex modeling [1]. It is especially true for doldaeniwhose
solubility spans a large range of values in therynaghic databases as a function of crystallinitysiderations, and
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for siderite/ankerite or other Fe-bearing carbamatkose compositions influence their solubility eTimderstanding
of the carbonate system in clay-rock is necessara fnumber of predictions including the effectaofincrease of
temperature on the pore-water chemistry.

Current pore-water equilibrium models [1, 2] comsithat divalent cations such as Ca, Mg and Feamg&olled
by equilibrium reaction with pure carbonates: dal¢éor Ca, dolomite for Mg and siderite for Fe. T®a/Mg ratios
measured in pore water compared to the ratios leddzlifrom thermodynamic equilibrium with pure dtfpure
dolomite indicate that this is a reasonable assiomgor Callovian-Oxfordian (COXx) clay rock [3] bubt for the
Opalinus clay [4, 5]. Besides, petrological and mlwal studies of carbonate minerals in these ctaynétions
showed that several generations of calcite and atravolution of calcite and dolomite with diagsi®e[3, 6], a
complexity that is not accounted for in modelingdées.

In this respect, experiments were conducted toysthd kinetics of equilibration in solution of dohite and
carbonate mineral assemblages at 25 and 80°C. Mel@and calcite-dolomite systems were investigated the
results were then compared to thermodynamic cdlonk The incorporation of trace metals in the enah
structures was followed through cathodoluminescé6tg measurements.

2. Materials and methods

A natural dolomite and a synthetic calcite [7] wesdected for this study. Natural blocks colleciedhe field
were crushed to centimeter length; impurities Vésidptically were removed before crushing the sampla lower
size (< 12 microns). Microprobe and X-Ray Diffracti (XRD) analyses of pristine minerals were perfednto
check the phase’s purity and avoid the presenagetectable secondary phases. XRD patterns revéadé¢anly
dolomite and calcite were present in the powd&®-AES and microprobe analyses evidenced the pres#r).2
at% of Mg in the synthetic calcite whereas dolomites Ca enriched (Ca/Mg = 1.06) and contained £ &ble 1)
and also Ba impurities (ICP-AES: 1.4g3gThe presence of such impurities was expectatieagolomite sample
was natural.

Batch equilibration tests were performed with sgtith calcite in contact with dolomite in Nalgéne®
(polycarbonates or polysulfones) reactors at 25A@ 80 °C. The solid over liquid ratio was 10 ¢ [Solutions
were prepared with pure wat@esistivity: 18.2 M2 cm) for dolomite experiments aifibm analytical grade salts
NaCl, MgCh:6H,0, CaC}:2H,0O, NaHCQ for mixed experiments. One reactor was used foh eample time in
order to performed solid characterization as wekalution analyses.

The pH measurement of batch solutions was carngdvih a Metler Toledo, seven multi pH meter usiigT
4, 7 and 9 buffers. Cations (€aMg?) were analyzed in solutions by ionic chromatogsaphhe element
concentrations in solution were determined withuacertainty of 5%. Alkalinities were calculated lwithe Gran
method described by Neal [8]. Then, the final powdeere characterized by XRD to control potenteadandary
phases formation, but also by Transmission Eledttamoscopy (TEM) and by CL.

Saturation indices calculation were performed WHREEQC v39] using the ThermoChimie [10] database.

Table 1. Microprobe analyses of major elements titoting pristine minerals used in this study (daméénts have to be divided by 5 to obtain
atomic percent as they are calculated using thewilg theoretical formulae: CaG@nd CasMgosCOs).

Mineral Ca Fe Mg
Synthetic calcite 0.990 0.000 0.009
Dolomite 0.512 0.003 0.485

3. Reaults and discussion
3.1.Dolomite dissolution

The solution composition in contact with dolomigached an almost steady state within 12 days ah@®B0 °C.



3 Mathieu Debure et al. / Procedia Earth and Plap&eience 00 (2017) 000—000

At 25 °C, the experimental data were consistenh Wit thermodynamic modeling performed with Phreeging
the Thermochimie database (Fig. 1.a) and the soluwtomposition evolved only slightly after 30 dagsreach the
calculated values. At 80 °C, discrepancies wereeiviasl; Ca and Mg concentrations as well as alkgliwere
underestimated by the calculation while pH was est#mated (cf. Fig. 1.b). Similar results were olgd using the
Thermoddem database [11]. At both temperatures @nbry little incongruence between Ca and Mg wWaseoved:
the Mg concentrations released in solution were 8 % lower than the Ca concentrations. Those salemained
close to the analytical uncertainties (5 %).

Saturation indexes calculated at 25 °C showed tti@atsolution was undersaturated with respect toiteal
dolomite and magnesite. At 80 °C, calcite and ddlememained undersaturated while magnesite wasatteated
since the 12th day of reaction. Thus, magnesitddctwe an expected secondary phase. Unfortunately, t
precipitation could not be identified with X-rayffdaction (XRD) or transmission electron microscofyEM),
possibly because a small amount precipitated. HowBDX analyses performed with TEM showed modifaad
of the Ca/Mg ratio that varied from 0.85 to 1.2@hanan average value of 1. These results highligtitedcomplexity
of the dolomite dissolution process that could muenced among others parameters by the tracesmrén its
structure. To show the potential effect of tracn®nts on the equilibria in the carbonate systetaejte-dolomite
systems were investigated to monitor changes inpoaition of a pure synthetic calcite in the coun$elolomite
dissolution and calcite re-equilibration with thater composition.
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Fig. 1. Ca, Mg, alkalinity (in mmol ) and pH in solutions during dolomite dissolutica) @t 25 °C, (b) at 80 °C and comparison with
thermodynamic calculation performed with the The@himie database [10] (symbols are experimentaltp@ind lines are modelling results for
dolomite equilibrium in pure water; modelled Ca &tg concentrations are equal).

3.2.Calcite-dolomite equilibrium

We examined the incorporation of trace elementssgnthetic calcite having only a slight amouninafgnesium
in its structure. Solutions analyses were consisiéthh thermodynamic calculations performed at £5 XRD and
TEM diffraction pattern did not show any modifiaati of phases. However, EDX measurements showedwvibat
content in calcite varied between 0.48 and 1.7Q ai%s result is in agreement with a Mg enrichmiarthe calcite
structure; nevertheless the presence of dolomitéhenTEM grid could also explain this little Mg @frment
because of the size of the spot for EDX analysis.

The CL photomicrographs of the mixed powder (calciblomite) showed that modifications occurredhe t
calcite structure. Before the experiment, pristaymthetic calcite displayed a dark blue color ahd pristine
dolomite appeared red (cf. Fig. 2a and b). At the ef the experiment, calcite and dolomite could he
discriminated in the mixed powder that displaysoasmnge color indicating incorporation into the d@lqarticles
(Fig. 2.c). As Fe is an inhibitor of the luminescenits incorporation could not explain the calditminescence.
Only Mg and others impurities such as Ba or Mn c¢mmnirom the dolomite can explain such a lumineseenc
Among those elements Mn is the most luminescervatot. Even if Mn could not be detected by miciape or
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ICP measurements in pristine dolomite, it could ehdeen present in very low amount, thus explairtimg
luminescent signal in calcite [12].

Fig. 2. CL photomicrographs of studied mineralsjark blue pristine synthetic calcite pellet (g&jraying time 1s, x40), b: red natural dolomite
pellet (gain 6, laying time 1s, x40), c: final yell-orange powder of mixed calcite-dolomite systeair{ 6, laying time 1s, x50).

4. Conclusion

Dolomite-solution equilibrium was established in d&ys as expected from previous studies [13, 1d]oiDite
displayed an almost congruent dissolution that dgidl solution compositions that were consistent with
thermodynamic calculations at 25 °C. Higher disargjpes were observed at 80 °C where Ca, Mg andiratka
were underestimated. These differences did not ¢eeriginate from secondary phases precipitatiohdould be
linked to trace metal incorporation, with a highiefluence on the solubilities and dissolution/ppétztion
congruency at 80 °C than at 25 °C. This assumptias supported by calcite-dolomite experiments gtatwed
structural modification observed through a modifia of the calcite luminescence.

However, those processes need now to be quantifiask that remains difficult in a mixed carbosatgstem.
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