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ABSTRACT 

 

Bentonite is accepted as the best clay material for the engineered barrier of Deep 

Geological Repositories (DGRs). The performance of clay as the main component of 

the engineered barrier in the DGR has been intensively studied and the structure of the 

selected clay mineral play a crucial role. In this sense, a new family of synthetic 
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swelling silicates, Na-Mica-n, with tuned layer charge (n) values between 2.0 and 4.0 

per unit cell has recently been synthesized and a general synthetic method has been 

reported. These swelling high-charge micas could be highly valuable for the 

decontamination of harmful cations. The ability of these micas to immobilize Eu3+ 

under subcritical conditions has been probed. The adsorption was in both non-specific 

sites (cation exchange mechanism) and specific sites (chemical reaction or surface 

defects adsorption). Moreover, its adsorption capacity, under the same conditions is 

higher than in saponite and far superior to the bentonites. 
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1. Introduction 

 

The management of radioactive waste containing actinides is currently a key 

environmental problem due to the need for its long-term, safe and efficient storage. The 

deep geological repository (DGR) is based on a passive multi-barrier system approach 

that combines waste packages, engineered seals, and bedrock whereby the major 

responsibility for safety falls on the engineered barrier system (EBS). Nowadays, 

bentonite is accepted as the best clay material for the engineered barrier of DGRs [1,2] 

Under saturation conditions, bentonite, due to its high content of smectite, swells and 

seals the tunnel, restricting almost all flow of water inside the EBS [1]. Moreover, a 

clay barrier is able to delay the diffusion and immobilize, in certain experimental 

conditions, the radioactive wastes through a physical-chemical mechanism, such as 

adsorption, precipitation or even a chemical reaction including the formation of 

secondary stable mineral phases.  

The performance of clay as the main component of the engineered barrier in the 

DGR has been intensively studied, e.g. its response to intense irradiation [3] its sorption 

properties [2,4], colloid formation reactions[5], and the connections between sorption 

chemistry and mechanical compaction [6]. Regarding the clay adsorption properties, 

recent studies highlight the existence of an additional retention mechanism [7,8]. The 

systematic study of the interaction of the Rare Earth Element (REE) cations as actinides 

chemical analogues, with natural and artificial clay minerals, reveal a reaction 

mechanism, based on the chemical interaction between the lanthanide cations and the 

orthosilicate anions of the lamellar structure [9,10]. At subcritical conditions, 

(temperature and pressure), an insoluble and chemically stable phase, REE2Si2O7, is 

generated [11]. 
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Chaín et al. [12] observed that, in the context of engineered barrier safety, the 

structure of the selected clay mineral should fulfil the following conditions: 2:1 sheets 

stacking with complete occupancy of the octahedral sheet, the absence of octahedral 

isomorphic substitution, isomorphic substitution in tetrahedral sheet and sodium as 

interlayer cation.  

Although swelling 2:1 layered silicates have traditionally been considered to be 

those containing a total layer charge between 0.4 and 1.8 per unit cell (smectite and 

vermiculite groups), a new family of synthetic swelling silicates, Na-Mica-n: Nan(Si8-

nAln)(Mg6)O20F4, with tuned layer charge (n) values between 2.0 and 4.0 per unit cell 

has recently been synthesized [13,14,15] and a general synthetic method has been 

reported [16]. These swelling high-charge micas, in which the layer charge can be 

adjusted, could be highly valuable for the decontamination of harmful metal cations via 

ion-exchange reactions [17] and for the selective removal of highly radioactive ions [16] 

and hydrocarbon molecules [18]. 

If uranium (95% of the spent fuel) is disregarded, an average composition of the 

spent-fuel pellets would be approximately 18 mass% of plutonium and 2 mass% of 

equally distributed neptunium and americium, with the remaining actinides as minor 

elements [19]. Thus, it is of great interest to explore the reaction capacity of this new 

family of clay minerals, Na-Mica-n, with the trivalent actinides Am3+, Pu3+ and Cm3+, 

the Eu3+ being the appropriate stable cation to act as their chemical simulator 

[20,21,22,23]. 

In previous studies of interaction of Eu3+ with clay minerals, the ion exchange 

reaction was the primary mechanism of adsorption in the temperature range between 25º 

and 150 ºC [9,24,25,26,27]. However, at higher temperatures, a chemical interaction 

between Eu3+ and clay minerals was also found [9]. Although the expected conditions in 
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the DGRs do not exceed 150 ºC, many studies simulating the storage operations were 

carried out at temperatures up to 350 ºC to increase the reaction kinetic [28]. 

Therefore, the aim of this work is the study of the ability of immobilizing Eu3+, 

as trivalent actinide simulator, for a family of synthetic high-charged micas, Na-Mica-n, 

at pressure and temperature subcritical conditions (similar to long-term conditions 

of the DGRs). 

 

2. Material and methods 

 

2.1. Synthesis of Na-Mica-n. 

 

A procedure similar to that described by Alba et al. [16] was employed. Near-

stoichiometric powder mixtures with the molar compositions (8 - n) SiO2, (n/2) Al2O3, 6 

MgF2, and (2n) NaCl were used to synthesize Na-Mica-n (n = 2 and 4). The starting 

materials were SiO2 from Sigma (CAS no. 112945-52-5, 99.8% purity), Al(OH)3 from 

Riedel-de Haën (CAS no. 21645-51-2, 99% purity), MgF2 from Aldrich (CAS no. 

20831-0, 98% purity), and NaCl from Panreac (CAS no. 131659, 99.5% purity). All 

reagents were mixed and ground vigorously before heating up to 900 °C in a Pt crucible 

for 15 h. After cooling, the solids were washed with deionized water and dried at room 

temperature. The as-synthesized samples are named Na-Mica-n (n ranging between 2 

and 4) and with a theoretical cation exchanged capacity (CEC) based of 247.5 meq/100g 

(Na-Mica-2) and 469.5 meq/100 g (Na-Mica-4). 

 

2.2. Hydrothermal treatments 
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Three hundred milligrams of the powdered samples were dispersed in the 50 ml of 

5·10-2M Eu(NO3)3 solutions and were heated in a stainless steel reactor [29], at the 

temperatures and times summarized in Table 1. The reaction products were collected by 

filtering using a Millipore filter with 0.45 m pore diameter, washed with distilled 

water, and dried in air at 60ºC. The reaction solution and the washing liquid were kept 

for quantitative analysis of europium by ICP-AES. The solid samples were collected for 

structural analysis by XRD and SEM/EDX. 

 

2.3. Characterization 

 

Europium concentrations in the initial solutions (Ci, meq/L) and in the supernatants 

obtained after the hydrothermal treatments (Ceq, meq/L) were analyzed at the CITIUS 

microanalysis laboratory (University of Seville, Spain) by using Inductively Coupled 

Plasma-Atomic Emission Spectrometry (ICP-AES) (HORIBA JOBIN YVON-ULTIMA 

2). The Kd values (L/Kg) were calculated from the quantification of europium 

concentration in final contact solution (Ceq, meq/L) and the adsorbed concentration 

(Csor=(Ci-Ceq)·V/m, meq/Kg) according to the following equation: 

 

where m is the mass of materials and V is the volume of the supernatants. 

X-ray diffraction (XRD) patterns were obtained at the CITIUS X-ray laboratory 

(University of Seville, Spain) using a Bruker D8 Advance instrument equipped with a 

Cu K radiation source operating at 40 kV and 40 mA. The powder XRD patterns were 

obtained in the 2-range 3–70° with a step size of 0.015° and a time step of 0.1 s. 

Crystalline phase identification was carried out using the DIFFRACplus Evaluation 
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package (©2010 Bruker AXS GmbH, Karlsruhe, Germany) using the diffraction 

database ICDD PDF-4+ 2014. 

When crystalline phases could not be identified by XRD, scanning electron 

microscopy (SEM/EDX) was chosen. Morphologies and chemical compositions were 

analyzed in Microscopy Service of ICMS (CSIC-Universidad de Sevilla) with a SEM-

FEG HITACHI S- 4800; a scanning electron microscope equipped with an Xflash 4010 

(Bruker) for energy dispersive X-ray (EDX) analysis. 

 

3. Result and discussion 

 

3.1. Influence of the reaction time 

 

The adsorption capacity of micas as a function of the reaction time has been 

followed by the comparison of the Eu3+ concentration in the initial solution and in the 

supernatant after the hydrothermal treatment at 300 °C, in a time interval between 0 h 

and 1 month. It is noted that at 0 h (Fig.1a), Eu3+ adsorption occurs in the order of the 

cation exchange capacity of the micas (CEC) for Na-Mica-4 and slighter higher in the 

case of Na-Mica-2. However, after 2 days (Fig. 1a), the adsorption is far higher than its 

exchange capacity denoting that other mechanisms, such as precipitation, adsorption 

sites or specific chemical reaction between Eu3+ and the silicate matrix, are involved. 

Likewise, a progressive adsorption increasing is observed over the time and an 

equilibrium state is reached after 1 week for Na-Mica-2 and after 2 weeks for Na-Mica-

4. The adsorbed concentration increases as the layer charge of the mica increases, being 

84.8 % and 81.3 % for Na-Mica-4 and Na-Mica-2, respectively. 
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The analysis of the evolution of the adsorption sites with respect to time has 

been analyzed thorough the evolution of Kd values vs % CEC (Fig. 1b). When the 

adsorbed amount is close to the CEC of mica, the Kd value is very small. This is 

because adsorption operates mainly by the cation exchange mechanism (adsorption on 

non-specific sites). However, when the quantities needed to meet the CEC of mica are 

overcome, the Kd values increase sharply due to an increasing adsorption on specific 

sites (i.e. adsorption defects surface, chemical reaction ...) [30]. As the layer charge 

increases, an increasing of specific sites adsorption (higher Kd values) is observed. This 

agrees with an increment of weaken bonds, Al-O-Al and Al-O-Si, in Na-Mica-4 vs Na-

Mica-2, and thus, more surface defects and specific sites are generated [31]. 

The XRD patterns (Fig. 2 and Fig. 3) were analyzed to shed a light on the 

adsorption mechanisms when the adsorption is higher than the CEC of micas. The XRD 

patterns of the initial samples correspond with those described for Na-Mica-n [16], 

showing a small impurity of sodalite (marked with s in the pattern), and the 2θ of the 

001 reflection corresponds to a basal space of 12.2 Å due to the hydrated Na+ cation in 

the interlayer space [32]. After the hydrothermal treatment at 300 °C for 0 hours, the 

Na-Mica-4 shows a XRD pattern similar to the initial sample which indicates that the 

layered structure remains with a hydrated monovalent cation in the interlayer space. In 

contrast, the Na-Mica-2 XRD pattern exhibits two 00l reflections families, one more 

intense reflection corresponding to a basal spacing of 14.5 Å, corresponding to the 

hydrated Eu3+ cations [33] and other minor 001 reflection similar to that of initial mica. 

The Na-Mica-2 structural changes at 0 hours support the supernatant analysis, showing 

Eu3+ adsorption to satisfy its CEC (Fig. 1a) and involving a low Kd adsorption on non-

specific sites (Fig. 1b). In the case of Na-Mica-4, as the adsorbed Eu3+ is below its CEC 
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then both Eu3+ and Na+ are located in the interlayer space and it can explain the lowest 

swelling. 

The XRD patterns of the micas after the hydrothermal treatment at 300 ºC for 2 

days are characterized, firstly,  by a background due to the partial amorphization of the 

mica, as a stage prior to the chemical reaction and as previously observed in other 2:1 

phyllosilicates [7]. In addition, typical reflections of layered aluminosilicates disappear 

and small diffraction peaks appear due to the crystallization of secondary phases 

resulting from the interaction of the Eu3+ with the mica framework. This agrees with the 

increased Eu3+adsorption, above the CEC, and Kd value due to adsorption on specific 

sites. These phases grow up to 1 week reaction time and remain practically constant at 1 

month.  

The comparative analysis of the crystalline phases containing Eu3+ generated 

when micas were submitted to the hydrothermal treatment at 300 ºC for 1 month (Fig. 

3) shows that in both micas, aluminates and silicates of europium are formed but the 

proportion varies depending on the layer charge. So, as the isomorphic substitutions of 

Si by Al increases, Na-Mica-4, more aluminates than silicates are formed  

and among silicates, orthosilicates are more favored than disilicates. 

The samples submitted at hydrothermal treatment for 0 hours and 2 days have 

been analyzed by SEM/EDX. Fig. 4a and 4b show the EDX spectra of the Na-Mica-2, 

initial and after hydrothermal treatment for 0 hours. It is observed that after the 

treatment, the amount of sodium has decreased while the content of europium increases. 

This justifies the increase interlayer space observed by XRD and it is due to an ion 

exchange process between Eu3+ and Na+. The EDX spectrum of the particles after the 

treatment show that the silicon signal increases, which can be explained by the 

formation of amorphous phases containing silicon. No morphological changes are 
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observed in micas after the treatment (Fig. 4b). The micrographs obtained by SEM and 

the EDX analysis of Na-Mica-4 initial and after hydrothermal treatment at 300 °C, 0 

hours are shown in Fig. 5. The EDX spectra of the analyzed particles do not differ 

significantly despite of the treatment and the lamellar morphology remains. In 

particular, no lines associated with Eu appear, this verifies the results obtained by XRD, 

where the Na-Mica-4 does not swell. 

After the hydrothermal treatment of Na-Mica-2 for 2 days, three 

areas of the sample (Fig. 6) were analyzed. The three EDX spectra are characterized by 

the absence of Kα lines of Na and Mg, involving the deterioration of the structure of the 

mica, and the emergence of Lα line of Eu. The particles morphology has changed and 

larger aggregates have been formed. This agrees with the supernatant analysis 

that showed Eu adsorption of 65.1% and the minor development of aluminate crystal 

phases and europium silicates. After 2 days of hydrothermal treatment, Na-Mica-4 (Fig. 

7) the EDX spectra shows the Lα lines of Eu and a decrease of the Kα lines of Na and 

Mg. Differences in morphology are also observed: large elongated particles and large 

amount of europium (Fig. 7b) and irregular particles rich on Al and Si and lower Eu 

content (Fig.7c). A small amount of Mg is also seen after the treatment, thus, 

magnesium has not been fully leached during the formation of amorphous phases.  

 

3.2. Influence of the reaction temperature 

 

To analyze the effect of temperature on the retention of Eu3+ by micas, 

hydrothermal treatments at 150 ºC, 200 ºC and 300 °C for 1 month have been carried 

out. 
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Upon determination of Eu3+ in solution by ICP-AES, the amount of Eu adsorbed 

and Kd values by Na-Mica-n (n = 2 and 4) as function of temperature treatment were 

calculated (Table 2). It is noted that even at the lowest temperature the amount of 

adsorbed Eu3+ is greater than the CEC of mica, denoting that other mechanisms such as 

precipitation, site-specific adsorption or reaction chemistry between Eu3+ and silicate 

framework are involved. At 200 °C, a slight increase in the absorption of Eu3+ is 

observed and it increases sharply at 300 °C. In the temperature range 300 °C - 200 °C, 

more adsorption is observed in the Na-Mica-4 than in the Na-Mica-2. 

The analysis of the evolution of the adsorption sites with respect to temperature 

was carried out by studying the evolution of Kd values (Table 2). It is noted that the 

specific adsorption sites is favored (increases Kd) with increasing temperature, even the 

lowest Kd values are above those observed when only non-specific sites adsorption 

operates (Kd ca. 30 L/Kg, see Fig. 1), confirming that even at 150 °C there was some 

involvement of adsorption on specific sites. When the evolution of the Kd based on % 

CEC is analyzed, it is observed that as they are exceeding the quantities needed to meet 

the CEC of mica, the Kd values abruptly increases due to adsorption on specific sites 

(i.e. adsorption surface defects in chemical reaction ...). In this case, differentiating 

behavior between the micas is observed, as the layer charge increases the participation 

of specific sites also increases. This agrees with increasing of the Al-O-Al and Al-O-Si 

bonds in Na-Mica-4 vs Na-Mica-2, because of these bonds are weaker [31] then surface 

defects and specific sites are generated. The differences between the two micas increase 

with increasing temperature. 

A comparison of the adsorption capacity of Eu3+ for synthetic micas over other 

natural 2:1 phyllosilicates has been carried out (Table 3). It is noted, first, that at both 

extreme temperatures, adsorption capacity of synthetic micas is practically double than 
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in saponite and approximately ten times higher than for the bentonites [34]. This 

confirms that a total occupation of the octahedral sheet (saponite, Na-Mica-n) and 

substitutions of Si by Al in the tetrahedral sheet (Na-Mica-n vs saponite) favor the 

immobilization of Eu3+ by chemical reaction with the 2:1 phyllosilicate framework. The 

minor difference between the two Na-Mica-n can be explained by the destabilizing 

factor of increasing substitutions of Al, as previously observed in other systems [7]. 

A detailed analysis of the structural changes occurring in the mica as result of 

hydrothermal treatment was carried out by XRD (Fig. 8). The XRD patterns of the 

samples after the treatments at 150 °C and 200 °C for 1 month show significant 

deterioration of the long-range order of mica framework, so that hkl reflections 

disappear and crystallize new phases, being more evident in the case of Na-Mica-2.  

However, rational number of 00l reflections are evident, in the case of Na-Mica-2 it 

corresponds to a single 00l family with a value of basal space of 14.5 Å, corresponding 

to hydrated Eu3+ in the interlayer space [33] while in the Na-Mica-4 coexist different 

hydration states of the layers.  

In the case of Na-Mica-2, new reflections are observed and correspond to the 

crystallization of secondary phases resulting from the micas disruption and from the 

interaction of Eu3+ with the mica framework. This is consistent with the adsorption of 

Eu3+ over its CEC and Kd value above that observed in the case of ion exchange 

adsorption. These crystalline phases increase with temperature. In the case of Na-Mica-

4, the degree of crystallinity of the samples decreases significantly. 

Electron micrographs and EDX analysis of the Na-Mica-n and obtained after the 

hydrothermal treatments at different temperatures show differences in the morphology 

respect to the mica. After the hydrothermal treatment at 150 °C for one month of Na-

Mica-2 (Fig. 9), the majority of the particles kept the lamellar morphology but with 
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different compositions. Thus, the composition of the particle of Fig. 9b would be 

consistent with ion exchange as Lα lines of Eu are observed on the EDX spectrum and 

Kα line of Na is absent. Other particles has an elongated morphology (Fig. 4c) and 

contains europium and less amount of magnesium than in the mica, which would be 

compatible with the formation of europium silicates (observed by XRD) and with the 

Eu adsorption above its CEC. Treatment at 200 °C produces a similar effect on the 

particles but showing a higher number of particles with higher content of Eu.  

After the hydrothermal treatment at 150 ºC for a month of Na-Mica-4 (Fig. 10), 

the most of the particles show a laminar morphology supported by EDX spectrum, 

which inferred an ion exchange of Na+ by Eu3+ and an apparent deterioration of the 

structure with F and Mg leaching. Alongside these particles, other plank-like particles 

appear with a high Eu content and Si, which may be compatible with europium silicates 

phases but they were not observed by XRD. Similar results are observed after treatment 

at 200 °C. 

 

4. Conclusions 

 

Synthetic high-charged micas are able to immobilize Eu3+ cations 

at temperatures close to those expected in the DGRs thorough the adsorption on non-

specific sites (cation exchange mechanism) and on specific sites (chemical reaction or 

surface defects adsorption). Moreover, its adsorption capacity, under the same 

conditions is higher than in saponite and far superior to the bentonites. 

The adsorption on specific and non-specific sites depends on the mica nature, 

temperature and time reaction. The availability of specific sites depends on the layer 

charge; it is higher for the Na-Mica-4 than for Na-Mica-2. At a given time reaction, the 
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availability of specific sites decreases as the temperature decreases, and, at a 

temperature, the availability of specific sites increases when the reaction time increases.  

In addition, a chemical reaction has been observed, and, in general, adsorption is 

favored with higher aluminum content (higher layer charge) where aluminates are 

preferably forming instead of silicates phases.  
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Table 1.  
Temperatures and time of the hydrothermal treatment 
with Eu3+ of Na-Mica-n (n=2 and 4).  
Temperatures 

(ºC) 
Time 

0 h 2 d 4 d 1 w 2 w 1 m 
100       
200       
300       

Table 2.  
Amount of adsorbed Eu3+, Kd value and % CEC 
satisfied of Na-Mica-n (n=2 and 4) after 
hydrothermal treatment with Eu3+ during 4 weeks as 
a function of the reaction temperature.  

samples 
T  

(ºC) 
Csor 

(meq/100g) 
Kd 

(L/Kg) 
%CEC 

Na-
Mica-2 

150 972.1 73.5 392.7 
200 906.5 74.3 366.2 
300 2254.6 539.1 910.8 

Na-
Mica-4 

150 828.7 65.2 176.5 
200 1116.5 108.0 237.8 
300 2339.4 669.3 498.3 

 

Table 3.  
Amount of adsorbed Eu3+ (meq Eu3+/100 g clay mineral) and in parenthesis 
the percentage of retention.  

T Saponitea FEBEXa MX-80a Na-Mica-2 Na-Mica-4 

300 ºC 
1167.8 

(37.7%) 
398.1 

(12.9%) 
191.1 

(6.2%) 
2254.6 

(82.4%) 
2339.4 

(84.1%) 

150 ºC 
400.0 

(12.9%) 
83.34 
(2.7%) 

98.0 
(3.2%) 

972.1 
(35.5%) 

828.7 
(30.3%) 

a ref. 34 
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FIGURE CAPTIONS 1 
 2 
Fig. 1. a) Amount of adsorbed Eu3+ on Na‐Mica‐n (n=2 and 4) after hydrothermal treatment at 3 
300  ºC as a  function of  the  reaction  time. b) Variation of Kd vs percentage of CEC  satisfied. 4 
Dash  line corresponds  to  the CEC of Na‐Mica‐2 and solid  line corresponds  to  the CEC of Na‐5 
Mica‐4. 6 

Fig. 2. XRD of Na‐Mica‐n  (n=2 and 4) after hydrothermal treatment at 300 ºC during variable 7 
reaction  time. s=sodalite  (Al6Na8(SiO4)6Cl2), PDF 04‐09‐5289; V=vermiculite, PDF   01‐76‐6603; 8 
B=bayerite (Al(OH)3), PDF 01‐77‐0250; d=dikite (Al2Si2O5(OH)4), PDF 00‐10‐430; a=anthophyllite 9 
(Mg7(Si8O22(OH)2), PDF 01‐75‐0909; b=boehmite (AlO(OH)), PDF 00‐21‐1307; h=NaH3SiO4, PDF 10 
00‐16‐553; +=EuAlO3, PDF 04‐06‐5193; ^= A‐Eu2SiO4, PDF 01‐73‐1156; *=F‐Eu2Si2O7, PDF 00‐23‐11 
984; and; #= E‐Eu2Si2O7, PDF 00‐76‐726.   12 

Fig. 3. XRD of Na‐Mica‐n (n=2 and 4) after hydrothermal treatment at 300 ºC during 1 month. 13 
A=EuAlO3, PDF 04‐06‐5193; S1= A‐Eu2SiO4, PDF 01‐73‐1156; S2=F‐Eu2Si2O7, PDF 00‐23‐984 or E‐14 
Eu2Si2O7, PDF 00‐76‐726.   15 

Fig.  4.  SEM  imagine  and  EDX  spectra  of  Na‐Mica‐2:  a)  initial;  and;  b)  after  hydrothermal 16 
treatment at 300 ºC for 0 hours. 17 

Fig.  5.  SEM  imagine  and  EDX  spectra  of Na‐Mica‐4:  a)  initial;  and;  b,c)  after  hydrothermal 18 
treatment at 300 ºC for 0 hours. 19 

Fig.  6.  SEM  imagine  and  EDX  spectra  of Na‐Mica‐2:  a)  initial;  and;  b‐d)  after  hydrothermal 20 
treatment at 300 ºC for 2 days. 21 

Fig.  7.  SEM  imagine  and  EDX  spectra  of Na‐Mica‐4:  a)  initial;  and;  b‐d)  after  hydrothermal 22 
treatment at 300 ºC for 2 days. 23 

Fig. 8. XRD of Na‐Mica‐n (n=2 and 4) after hydrothermal treatment during 1 month at variable 24 
reaction  temperature.  s=sodalite  (Al6Na8(SiO4)6Cl2), PDF 04‐09‐5289; d=dikite  (Al2Si2O5(OH)4), 25 
PDF  00‐10‐430;  A=Al2.67O4,  PDF  04‐7‐2478;  m=  Na1.74Mg0.79Al0.15Si1.06O9,  PDF  00‐47‐1498; 26 
H=H3.64Mg1.48Si2.75O9,  PDF  04‐11‐1215;  a=  anthophyllite  (Mg7(Si8O22(OH)2),  PDF  01‐75‐0909; 27 
b=boehmite  (AlO(OH)),  PDF  00‐21‐1307;  h=NaH3SiO4,  PDF  00‐16‐553;  +=EuAlO3,  PDF  04‐06‐28 
5193; E=EuAlO3, PDF 00‐09‐084; ^=A‐Eu2SiO4, PDF 01‐73‐1156; *=F‐Eu2Si2O7, PDF 00‐23‐984; 29 
and; #= E‐Eu2Si2O7, PDF 00‐76‐726.   30 

Fig.  9.  SEM  imagine  and  EDX  spectra  of Na‐Mica‐2:  a)  initial;  and;  b‐d)  after  hydrothermal 31 
treatment at 150 ºC for 1 month. 32 

Fig. 10.  SEM  imagine and EDX  spectra of Na‐Mica‐4: a)  initial; and; b‐d) after hydrothermal 33 
treatment at 150 ºC for 1 month. 34 

  35 
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Figure 2 1 
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Figure 3 1 
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Figure 81 
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