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Abstract

Geopolymer foam hosting a 3D network of interconedcpores was synthetized and
functionalized with a potassium copper hexacyamafer [K;CuFe(CN}] in order to
decontaminate radioactive liquid waste containiagium. The Geopolymer Foam (GF) and
Functionalized Geopolymer Foams (FGF) were chanaegt using a panel of
characterization techniques (SEM, TEM, XRD...) befetedying their capacity to remove
selectively cesium from the solution,@uFe(CN} homogeneously precipitates on the pore
walls of the foam and into the mesoporous netwd@Xkploiting kinetic and adsorption
isotherms in various solutions (deionized wategslir water and fresh water with excess of
sodium), a comparative study between the GF and w@$§ undertaken. In presence of
competitive ions into the solution, the capacitypoth materials decreases with respect to the

deionized water. The mechanism of exchange is NaCs" and K ~ Cs for GF and FGF



respectively. Although the GF material presentseseery high performances in term of ion
exchange, in excess of sodium ions, the GF maimabletely loses its capacity with respect
to the FGF that remains constant up to 1 MoFIGF is therefore very selective with regard to
the cesium if other cations coexist into the solutiThis is also confirmed by experiments
performed in radioactive environment for very loancentration of radioactive cesium where
the distribution coefficient (i for the FGF reaches in average 3.8 mhg* that is ten times

higher than for the GF material.

1. Introduction

The nuclear industry generates volumes of radieacatifluents containing Cs. They
have to be treated to minimize both their volumd anvironmental impact. Nine years after
the Fukushima nuclear reactor disaster in Japhnga quantity of aqueous radioactive waste
containing fission products and actinides still aams and has to be treated and safely stored
in a confinement matrix (Lehto et al., 2019; Thaktral., 2013). Various solutions such as
membrane process, coagulation, electrochemicalprecipitation, ion exchange and
adsorption were proposed to clean and reduce themeoof contaminated effluents (Chen
and Wang, 2008; Park et al., 2010; Sheha and Migtviz€l07; Sun et al., 2012; Vincent et al.,
2015). One of the most common and efficient praee$sr selectively trapping radioelements
is the ion exchange in a fixed-bed column. Variolas/s such as montmorillonite, illite as
well as natural zeolites can also carry out thapping (Johan et al., 2015; Staunton and
Roubaud, 1997). However, the good adsorption capatiCs drastically drops in high saline
water or in presence of NaK*, Mg?" or C&" competitive ions in the solution. The high
selectivity for trapping cesium is the key poinbirter to collect traces of radioactive Cs from
seawater for instance. Specific colloidal adsorbenf cesium like metal potassium
hexacyanoferrates enable selective Cs exchangg.arbe&known as Prussian Blue Analogues

(PBA) and exhibit a great variety of compositiomsl sstructures(Vincent et al., 2014). For



example, fixation of cesium on copper — potassivexabyanoferrate ¥CuFe(CN} has
already been reported (Ayrault et al., 1998; Loeskdvic et al.,, 2004). In this case, ion
exchanges take place between potassium from tieeawd cesium in solution. This material
presents a high ability to trap the cesium ions @avevide range of pH and salinity due to a
selective insertion of Cdnto the crystalline structure (Haas, 1993; Leétt@l., 1987; Loos-
Neskovic et al., 2004; Parajuli et al., 2016). Tise of KkCuFe(CNy at colloidal state in the
column process is, however, limited due to its poorechanical properties that lead to
clogging problems (Delchet et al., 2012) in dynahiprocesses. For this reason, it is
necessary to immobilize these particles in poralisl $natrices of micrometric size in order
to limit the pressure loss during the treatmentfidicet al., 2017, 2015). All powdered
mineral adsorbents that are used in column neeoetstabilized, confined and therefore
conditioned in an inorganic matrix like cement fotample. In order to avoid the use of
mineral exchangers in a powder form, studies fomusthe development of a monolithic
material with high mechanical resistance and tadamacroporosity. Such a material has the
double advantage of continuously decontaminatiqgidi effluents (open macroporosity and
low sensitivity to pH and salt water) and of beicgnsidered as an ultimate waste (good
mechanical and radiation resistance).

The use of geopolymer foams has a real potentrathi® decontamination of liquid
nuclear waste. Geopolymers are three-dimensionahiabsilicate binder materials that can
be produced at ambient temperature by alkalin@atadin of aluminosilicate sources (Duxson
et al., 2007). This material has an amorphous sreiccontaining tetrahedrally coordinated
aluminum and silicon atoms. The deficit of the dearbalance of tetrahedral Al is
compensated by the presence of alkali such ds Ka(Barbosa and MacKenzie, 2003;
Benavent et al., 2016b; Luukkonen et al., 2016; @r et al., 2010; Skorina, 2014; Steins

et al., 2012). Consequently, geopolymer can beeteas an amorphous analogue of a zeolite



capable of cations exchange (Bortnovsky et al.82@azama et al., 2011). The interest in
geopolymers stems from their high compressive gtrengood chemical and thermal
resistance and good ageing properties and dusgbaiich are beneficial for a number of
industrial applications [27]-[29]. Using geopolymeronolith, granules and powders for
extraction of heavy metal, methylene bleu and cediave already been reported (Al-Zboon
et al., 2011; EI-Naggar and Amin, 2018; Liu et 2D,16; Novais et al., 2018, 2016) but the
use of selective sorbent towards cesium grafted geppolymer monolith has never been
discussed.

The main objective of this study is to use lightytei geopolymer monoliths with a
hierarchical connected pores network as a solidp@tipfor grafting copper -potassium
hexacyanoferrate into the porous network. The tgilnli these hybrid materials to selectively
trap cesium was assessed in both radioactive amgtaaioactive environment and compared
to the trapping capacity of the non-functionalizgspolymer foam. We therefore studied the
effect of functionalization and the presence of petitive ions in the solution on the ability to

selectively decontaminate some radioactive efflsieontaining Cs.

2. Experimental conditions

2.1 Materials

Commercial sodium silicate solution (Woellner, B&@®9T: 27.8 % SIQ, 8. 3 %
NaO and HO 63. 9 %), sodium hydroxide (99 %, Sigma Aldridnd alumino-silicate
source (metakaolin, ARGICAL-M 1000) were used tontbgsize geopolymer foams.
Hydrogen peroxide (density = 1.19 g:&mnd M = 34.015 g.md) with a concentration of 50
% w/w was used as chemical foaming agent and adaddnom Sigma-Aldrich. A commercial

air entraining Sika®AERS5 was used as surfactastabilize air bubbles and the homogeneity



of the synthetized geopolymer foam. Copper Nitrgeu(NGs),) and potassium
hexacyannoferrate @ke(CN}), purchased from Sigma-Aldrich were used as psararto
functionalize geopolymer foams with copper hexaogd@rrate. Inactive cesium nitrate
provided by Sigma-Aldrich was used for the majodfyadsorption tests and radioactiV&Cs
and *Cs were also used and handled in a glove box tesasthe ability of the hybrid

geopolymer to trap radioactive traces of cesium.

2.2 Geopolymer adsorbant preparation

Geopolymer foams were synthetized with the molar mpmaosition
SiO,/Al,03/Na,O/H,0 = 3.6/1/1/12. Hydrogen peroxide was added at extnations R =
1.25% v/v (R being the ratio between the initialwme of HO,, V02 and the initial
volume of geopolymer pasteg)V The main characteristics and the procedure adystion of
the geopolymer foam are detailed elsewhere (Paidcand Poulesquen, 2019).

After consolidation, the geopolymer foam was imradrgto an aqueous solution of
10" mol/L of Cu(NQ), under mild stirring for 24 h. The color of geopolgnfoam changes
into green. The sample was washed three times a@tbnized water. Then the foam was
placed into solution of I®mol/L K, Fe(CN) also for 24 h under mild stirring. After the
second step of functionalization, the material @égrbrown. This functionalized Geopolymer
Foam (FGF) was washed three time with deionize@matid then filtered. The different steps

of preparation are detailed in Figure 1.

2.3 Characterization techniques



X-Ray Diffraction (XRD) measurements were carried asing a device mounted on a
high-gloss rotating copper anode, Rigaku RU-200BHeflective focusing optics, OSMIC,
mainly transmits the Cu d<radiation { = 1.5418A) and a very small part of th@,Khe latter
being completely absorbed by a Ni filter. A 2D ate, flat image type, model Mar345 is
used. XRD patterns were collected from quartz Gapels containing crushed samples and
experimental settings were a working power of 50 & intensity of 50 mA and a beam size

of 0.5 x 0.5 mm

Low and high-resolution micrographs of samples wexeorded with a scanning
electron microscope (SEM) JEOL JSM-6340F at anlacatton voltage of 15keV. Samples
were crushed, glued on a carbon tape and thencceatle a thin carbon layer prior to any

SEM imaging.

Energy Dispersive X-Ray (EDX) microanalyses of skampvere conducted using a X-
Flash Silicon Drift Detector 5030 (Bruker) that gegia JEOL JEM 2011 Transmission
Electron Microscope (TEM). Data collection parametevere set as follows: TEM
magnification of 50 000 x, 4L spot size, anguldr af 20° toward the EDX detector, time
constant of 60 kcp’s energy range of 40 keV, and a corrected couriting of 30 seconds.
The electron beam diameter was set to ~ 20 nmA2@hd EDX spectra were recorded from
suspensions of crushed samples in water that wegpestted on carbon-coated nickel grids

and air dried.

Measurement of specific surface area, pore voland, pore size distributions were
carried out in a Micrometrics ASAP 2020 instrumégt N, adsorption/desorption at 77K.

Geopolymer samples without functionalization weniezén — dried with liquid nitrogen for



96 h before being outgassed under vacuum &€90r 120 min and then heated up to 360
for 600 min. Functionalized geopolymer foams watgassed under vacuum at %D for two
days prior to analysis. The specific surface araa determined from the Brunauer-Emmet-
Teller (BET) method. The isotherm’s desorption losfamvas used to establish the pore size
distribution from the Barret-Joyner-Halenda (BJH)dul, which assumes a cylindrical pore
geometry. Pore volumes were calculated from theusutnof adsorbed nitrogen at the relative

pressure Pfof 0.99.

The concentration of cation in aqueous solutiomfroon+adioactive batch sorption
experiments were analyzed by Atomic Adsorption 8pecetry (AAS) with a PERKIN
ELMER spectrometer and inductively-coupled plasr@améc emission spectroscopy (ICP-
AES Thermo Scientific). Radiochemical analysesesfdual**'Cs in the doped solution were

performed by gamma counting (Eurisys, measured avgbrmanium detector).

2.4 Sorption experiment

Sorption experiments were carried out in batch mosieag a rotating agitator by
immersing the geopolymer foams in solution. The acéty of ion exchange for all

experiments was calculated by the following equnatio
Q=(C— Cp)*— (1)

where Q (mg/g) is the Cs exchange capacity,(r8g/l) is the initial concentration in the
solution, C (mg/l) is the equilibrium concentration (1) is the volume of material and m (g)

its mass.

The following equations were used to assess angammhe materials performance:
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where Ky (ml/g) is the distribution coefficient, (& C) (mol/g) the concentration captured by
the solid, C (mol/l) the equilibrium concentratiam the solution, A— the initial activity
(Bg/l), and A is the activity at equilibrium (Bg/l).

Finally, the decontamination factbf of samples can also be evaluated and is defined

by the ratio:
A
DF = ” 3)

Kinetic experiment

One gram of monolithic adsorbent was immersed ia lder of solution (deionized
water) containing 100 ppm of ££7.52*10* mol/l) and stirred during 24 h. Aliquots were
taken from this solution at different time intersahamely 5, 10, 20, 40, 60, 120, 240 ,360 and
1440 minutes. Each sample was filtered by a 2 unmggy filter and analyzed by Atomic
Adsorption Spectrometry (AAS). This experiment dadhlus to determine the time required
to reach equilibrium. The kinetic experiment wasfqened for both the geopolymer foams

(GF) and functionalized geopolymer foams (FGF).

Isotherm of adsorption

In this work, experiments to assess the FGF patiytito selectively trap Cs were
conducted over a wide range of cesium concentrmtidndeed, a set of adsorption

experiments was performed in deionized water (DWJ & fresh water (FW) for both



materials (GF and FGF). The use of fresh water wloosnposition is given imable 1 allows

to determine the maximum capacity of both materi@strap cesium in presence of
competitive ions. Another set of experiments cdasis assessing the selectivity of both
materials by increasing the sodium concentratiahénfresh water.

For all the sorption experiments presented inphjser, 50 mg of material were placed
in 50 ml of solutions (DW or FW) doped with differieconcentration of Cganging from 30
to 1000 ppm ([2.26 10 - 7.52 10° mol/l]). For the isotherm with a constant cesium
concentration of [C$ = 50 ppm (3.76 10 mol/l in fresh water), the concentration of NajNO
was swept between 0.01 and 1 mol/l. For all expemisy after 24 h of contact time insuring
to reach the maximum capacity, the solid and liquiidises were filtered by using a 2 um
syringe and analyzed by AAS and ICP.

Isotherms in radioactive conditions were perfornmedresh water (FW) containing
137Cs with an initial activity of 54 kBg/l (1.22 18mol/l) and two solutions having respective
133Cs concentrations of 1.5 2Gand 1.5 18 mol/l with an initial activity of 40 kBg/l. For
these experiments in radioactive environment, 50fragisorbent were placed for 24h into 50

ml of solution and traces of radioactive cesiumenmeasured by gamma counting.

3. Resultsand discussion

3.1 Characterization of adsorbents (GF and FGF)

Scanning Electron Microscopy (SEM) images recor@édvarious magnifications
show the microstructure of the functionalized gépmer foam (FGF) irFigure 2. Platelet
shaped particles cover homogeneously the geopolwakts but their size distribution seems
very spread out. It is clearly visible in SEM imagecorded at low (fig. 2-c) and high (fig. 2-
f) magnifications where precipitates have respectiverage sizes of 3 um and less than 1 um

(Loos-Neskovic et al.,, 2004; Vincent et al.,, 2014he multiscale porous network of



geopolymer foams likely plays a role on the preates size through confinement effects.
Figure 2b and 2d exhibit particles that seem closely lint@the solid but the origin of these
strong interactions is not fully understood to d&evertheless, Benavent et al (Benavent et
al., 2016a) have shown that the interstitial soluif the geopolymer is very basic with a pH
value of about 1&nd then copper in contact with the interstitidugon precipitates on the
pore walls to form the Rouaite phase (see XRD paiteFigure 5). K,CuFe(CN} therefore
grow from the latter copper precipitates strongtached to the pore wall (Abousahl et al.,
1994). Liu et al (Liu et al., 2016) also reportttkaFe(CN) has an affinity to coordinate with
aluminum atoms available at the geopolymer surfddat, as already mentioned, the
functionalized materials were washed three timder ahe synthesis and none of these
particles were detected in the leachate. Notewatio not attempt here to optimize the size
of the precipitates with different operating coraht but we are however fully aware that this
is a key parameter for both the uptake kineticssorgtion isotherm as discussed by Vincent
et al in their Mini-Review (Vincent et al., 2015)he geopolymer foam has a multiscale
porous network made of both macropores (createdhbyHO,) and intrinsic mesopores
resulting from the geopolymerisation reaction (iRehia and Poulesquen, 2019). Therefore,
high-resolution TEM imaging was performed to viszmlthe mesoporous network before and
after functionalization.Error! Reference source not found. shows that some particles
precipitates into mesopores and likely prevent s&de the mesoporous network. This is
confirmed by the nitrogen adsorption-desorptiontheom shown inFigure 4, where the
quantity adsorbed and specific surface area dedistidrop from 130 crhg™ to 55 cmi.g*
and from 69 m2.g to 35 m2.g' respectively. The pore size distribution is aféecby the
precipitation of particles since the mesopore msiae increases and the accessible pore
volume decreases (Figure S1 in Supporting Informnafile). Another way to validate the

presence of nanoparticles into the mesoporous metwonsists in probing the interface



between the solid framework of geopolymer and tbeep by using Small Angle X-Ray
Scattering (SAXS). A modification of the interfae¢ the nanoscale is observed after the
materials functionalization (Figure S2 in Sl). Al these results from various experimental
techniques enable us to assume that nanopartidesrdbedded in the mesoporous network.
The geopolymer foam is classically made of Quand @aces of Anatase and lllite
(impurities of the metakaolin). GF and FGF samplesre analysed by X-ray powder
diffraction and spectra iRigure 5 show the well-known amorphous bump of geopolymers
centered on @ = 28-29° . Additional peaks corresponding to theudlte phase
(Cu(NO3)(OH)3) and the potassium copper hexacyanoferrat€(KFe(CNy) crystallized in
cubic and tetragonal phases (cf. the raw X-rayatition pattern without subtraction given in
Figure S3 in Sl) appear on the XRD pattern aftecfionalization. The Rouaite phase, which
is responsible for the green color after the fatp of impregnation as shown Higure 1,
turns to brown when the JXu(Fe(CN} grow from the Rouaite precipitates. This
characterization confirms the presence of K, Cu Be in the geopolymer after the two

cycles of impregnation, as also evidenced from Ebeéasurements (cf. figure 3b).

3.2 Sorption of cesium on adsorbents
3.2.1 Uptake kinetics

Cesium sorption kinetics of over 24 hours are reggbinFigure 6. Kinetics are similar
for both materials (GF and FGF) and the equilibrismeached after 4-5 hours. The maximal
exchange capacity is about 80 myfgr GF and 65 mg-§for FGF and the difference in their
adsorption capacity is explained by the excess atfoc Nd in the GF structure that
participate to the ion exchange. Indeed, as prelyauentioned, the synthesis of FGF sample

implies two steps of impregnation and several stdpsashing by pure water. These steps



entail a deficit of sodium in the FGF with resptxthe GF that has neither undergone these
steps. The total concentration of alkali cations @6d N4 released in solution and Ts
sorbed on the foams) was measured in order to stahel the ion exchange mechanism and
compare for the two samples. Regarding the GF sgngglsium is exclusively exchanged
with sodium that acts as a charge compensator whialbm in the geopolymer matrix
whereas for the FGF the cesium is exchanged witaspum (see Figure S4 in Sl), which
fills in the center of small cubes in the CuFe(gNit cell. The concentration of cations at
the equilibrium are given imable 2, which shows that sodium concentrations releasedthe
solution are two order of magnitude higher for @ than the FGF whereas cesium uptake
by both materials is approximately the sarfeble 2 also gives ratio values between
exchangeable cations and a value close to 1 isnetdoetween potassium and cesium for

FGF.

3.2.2 Sorption isotherms

Sorption isotherms in absence and in presenceropettive ions are reported in Figure 7-a
and -b respectively. They allow us to determinggon capacities of GF and FGF that are
repectively equal to 250 mg'gand 175 mg.§ in pure water. Equilibrium plateaus were
reached for a minimal aqueous Cs concentration81@® mol.I* for the both adsorbents and
a decrease of the sorption capacity that appeamigefCs]eq = 3.92 106° mol.I* for the GF
adsorbent can be explain by the saturation of @a@kchange sites of the material (cf. Figure
7-a). The exchange capacity of the GF sample isenithan the onef FGF sample for the
same reasons, namely the initial concentratiorodiusn is 100 times higher (see Figure S5 in
SI). The concentration of cesium trapped onto el s approximately the same for both
foams but N& . Cs” exchanges occur in GF whereas K Cs™ exchanges occur in FGF, as

shown in Figure S5. Cation ratio and concentratetrexqquilibrium are given in Table 3.



In fresh water, the exchange capacity at equilibridecreases due to presence of
competitive cations (K Na', Mg®*, Ca? which prevent or limit the access of cesium te th
exchange sitesigure 7-b. The sorption capacity is about 150 migand 100 mg.§ for GF
and FGF respectively. lons exchange process isstimee than already discussed and
concentration of ions are reported in Figure $&le 4 gathers the concentration at

equilibrium and the ratio between the main exchablgecations.

In order to check the selectivity of both foamshwiégard to the cesium, two sets of
experiments were conducted. The first one consisissequential addition of sodium in fresh
water. As shown irfigure 8, the geopolymer foam quickly loses his selectiwitlgen the
concentration of sodium increases. At a concepmatf 0.5 molf (concentration of
seawater), the GF exchange capacity is seven tomes than those of FGF and reaches zero
at 1 mol.I'. FGF is therefore very selective for cesium remale to the presence of the
K>Cu(Fe(CN} while GF is not.

The second experiment consists in using some reilied®*'Cs and***Cs at very low
concentrations to determine the distribution ceoedfit (Kj). As shown inFigure 9, Ky iS
constant at trace concentration of Cs for both $esnpip to approximately Tomol.I*, and
then linearly decreases (in logarithmic scale) wittreasing Cs concentrationg I ten times
higher for the FGF sample than for the GF one wépective mean values of 3.5°10l.g*
and 3.8 16 ml.g". Note that these values are in the same orderagnitude than those
recently reported in (Grandjean et al., 2020). daeontamination factor (DF) is ranged from
245 to 667 for the FGF and from 25 to 56 for the GF

For performance point of view, it means that theFR@n treat in average 350t.gf
contaminated liquid waste with a very high selattieven in presence of competitive ions

and for some traces of Cs.



4. Conclusion

This paper investigated the potentiality of a gépmer foam (GF) or a functionalized
geopolymer foam (FGF) to selectively remove cesftom radioactive liquid effluent. The
geopolymer foam was formulated to have a 3D netvadrinterconnected pores in order to
facilitate the mass transfer of fluid through thetemials. Potassium copper hexacyanoferrate
(KoCuFe(CNy), chosen for its capacity to selectively trap eesby an ion exchange process,
was synthetized in-situ by two successive steps impregnation. KCuFe(CNy
homogeneously precipitates on the pore walls offdaen and into the mesoporous network.
A comparative study between the GF and FGF wasrtaida in term of exchange capacity
and distribution coefficient from kinetic and adstion point of view. Both materials reach
the equilibrium in 4-5 hours and show a very higipacity to uptake cesium from the
solution. The capacity at equilibrium of the GRalevays higher than that of FGF due to the
initial excess of sodium. In presence of compaetdiions (fresh water), the exchange capacity
decreases for both foams. Whatever the compositighe solution, a Na~ Cs" exchange
mechanism takes place for the GF sample whereasamange K - Cs is observed for the
FGF. The GF sample completely loses its cesiumkeptapacity in presence of sodium
excess (seawater for example). Distribution coeffit measurements in radioactive

environment with cesium traces confirm the betefggmance of FGF.

These results demonstrate for the first time thpabaity to graft KkCuFe(CN} onto a
monolithic geopolymer foam and thus withdraw selety the cesium at trace state in
presence of coexisting ions from radioactive liquidste. Finally our study shows that one
gram of this hybrid material is able to efficientiyeat 350 liters of cesium contaminated

liquid waste.
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Table 1 : Chemical composition of the fresh water used for the adsorption tests

Table captions:

lon Concentration
mol/I

Na* 2.8%10™
K* 2.6%¥10°
Mg*? 1.1*10°
Ca" 2.0*¥10°
cr 1.9*10™
S0,” 1.3*10™
HCO; 5.9¥10°
NO; 6.0¥10°
Si0, (aq) 2.5%10"

Table 2 : Sodium and potassium concentration released into the solution at equilibrium and cesium

sorbed onto the solid (kinetic experiment in deionized water with [Cs'], = 7.52*10™ mol/|

) Na'] released, K'] released, Cs'] sorbed, R R . R
Material [ ]mol/l [ ]mol/l [ gnol/l [Na']/[Cs™] [K*/[Cs™]
Geopolymer 2.0010° 3.0010° 5.6 10" 3.5 ;
foams
Functionalized
geopolymer 1.00 10” 7.00 10" 5,1¥10™ - 1.37
foams

Table 3 : Concentration at equilibrium of sodium and potassium released into the solution and cesium
sorbed onto the solid (sorption isotherm in deionized water)

. [Na'] released, | [K'] released, [Cs*] sorbed, R R . R
Material mol/I mol/I mol/I [Na']/[Cs™] [K*/[Cs™]
Ge‘;g;’z:qer 2.9010° 2.510° 2.0010° 1.45 -
Functionalized
geopolymer 7.410° 1.310° 1.3*10° - 1.00
foams




Table 4 : Concentration at equilibrium of sodium and potassium released into the solution and cesium
sorbed onto the solid (sorption isotherm in fresh water)

[Na*] released,

[K'] released,

[Cs*] sorbed,

Material mol/| mol/| mol/| [Na*1/[Cs"] [K'1/[Cs™]
Geopolymer 4.0010° 2.0010° 1.10 10° 3.6 -
foams
Functionalized
geopolymer 4.00 10° 1.3510° 8.5%10™ - 1.6

foams




Figure captions:

Figure 1: Protocol of synthesis and steps of functionalization of geopolymer foams
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Figure 2: SEM images of the functionalized geopolymer foams at various magnifications




Figure 3 : TEM images and EDX spectra of geopolymer foam before functionalization (a) and after
functionalization (b)
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Figure 4 : N2 adsorption-desorption isotherm for the geopolymer foam and functionalized
geopolymer foam
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Figure 5: Mineralogical characterization of the geopolymer foam and functionalized geopolymer
foam by X-ray diffraction. The FGF pattern was artificially shifted for clarity. The color of atoms
for the Rouaite and K,Cu(Fe(CN); is: Blue for Cu, red for O, light pink for H, grey for N, purple for
K, light brown for Fe and dark brown for C. * and *correspond to 9008310 and 1010372 cif files
respectively available in http://www.crystallography.net/cod/ web site
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Figure 6: Kinetic of cesium sorption in deionized water on a geopolymer foam and a functionalized
geopolymer foam. The initial concentration of cesium is 100 ppm = 7.5 10 mol.l 1
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Figure 7: Sorption capacity Q vs Cs concentration in solution for geopolymer foams and
functionalized geopolymer foams in deionized water (a) and in fresh water (b)
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Figure 8: Sorption capacity Q vs Na concentration in solution for geopolymer foams and
functionalized geopolymer foams (Fresh water). [Cs], was fixed at 50 ppm (3.76*10* mol/L)
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Figure 9: Variation of Kg,c as a function of [Cs"]eq for fresh water
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Highlights :

* Geopolymer foam with an interconnected pore network functionalized by [K,CuFe(CN)¢]

* FGF decontaminates selectively traces of Cs even in presence of coexisting ions
¢ GF completely loses its Cs uptake capacity in presence of sodium excess (seawater)

e One gram of FGF is able to efficiently treat 350 liters of Cs contaminated effluent
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