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Apatite-type La9.33Ge6O26 powders have been successfully synthesized by facile molten-salt synthesis 

method, using NaCl as eutectic salt. The morphology, structure and phase composition of the powders 

were examined. The results demonstrated that the apatite-type La9.33Ge6O26 powders are homogeneous, 

nano-size, non agglomerated and well crystallized particles, which are favorable to obtain the highly 10 

dense pellets. Compared with the conventional methods, the dense pellets have been successfully sintered 

at a relatively lower temperature of 1100 °C, which availably inhibit the vaporization of GeO2. The 

pellets exhibit a higher conductivity with a value of 2.4×10-2 S cm-1 at 850 °C, due to the high density and 

the avoidance of impurity La2GeO5. The main problems such as Ge volatility, agglomeration and 

crystallinity encountered in the conventional methods have been effectively solved via the molten-salt 15 

synthesis method. In addition, the related mechanism is also discussed in present paper. 

Introduction 

The investigations of apatite-type lanthanum silicates/germanates 
(ATLS/ATLG) as novel electrolyte materials for intermediate 
temperature solid oxide fuel cells (IT-SOFCs) have gained 20 

considerable interest owing to their clean energy conversion, high 
energy efficiency and potential use for developing fuel cell 
devices [1-14]. In contrast to a vacancy mechanism commonly 
observed for the fluorite- and perovskite-type oxide-ion 
conductors, such as doped ZrO2 (e.g. YSZ) [15, 16] and doped 25 

LaGaO3 (e.g. LSGM) [17], ATLS/ATLG has a unique interstitial 
conduction mechanism leading to a higher ionic conductivity at 
intermediate temperature. Moreover, ATLG is even more 
superior to ATLS, in terms of higher conductivities at similarly 
intermediate temperatures (500-800 °C), lower synthesis/sintering 30 

temperatures and higher oxygen interstitial contents achievable 
[18]. Up to now, researches have been extensively focused on 
ATLS [19-22], while, ATLG has not attracted much attention as 
it deserved because of the difficulty of its preparation due to the 
Ge loss.  35 

    Previous investigations indicated that Ge will have an obvious 
loss due to the high mobility of Ge4+

 under high 
synthesis/sintering temperatures (> 1150 °C), that is difficult to 
be overcome in the conventional solid-state synthesis (SSS) 
method [23-25]. Generally in SSS process, the high temperature 40 

and long dwelling time are indispensable to obtain highly dense 
product with well crystallinity for conductivity measurements. On 
the other hand, such high temperature inevitably causes the loss 
of Ge related to the volatility of GeO2, unfortunately resulting in 
the formation of impurity (La2GeO5) with the increase of La:Ge 45 

ratio. It has been reported that the introduction of La2GeO5 will 

reduce the conductivity of the as-prepared product [26]. Thus, it 
is not ideal to involve high temperature during the synthesis 
process, despite it profits to obtain well-crystallize and dense 
product. Consequently, a reduced sintering temperature is 50 

urgently needed for maintaining the La:Ge ratio meanwhile other 
structural characteristics are optimized. 

Recently, great efforts have been devoted to lowering the 
sintering temperature by the usage of alternative synthesis routes 
to fabricate ATLG, such as ball-mill method, sol-gel auto-55 

combustion method and so on, yet little improvement has been 
achieved. Ball-mill method successfully lowered the synthesis 
temperature, but the poor crystallinity of the samples hindered 
their conductive measurements [27]. Although successful in the 
preparation of high quality samples, sol-gel auto-combustion 60 

route requires high temperature treatments to achieve the dense 
pellets for conductive measurements [28]. Taking both points into 
account, searching alternative methods consequently becomes 
essential for the purpose of fundamental point of view as well as 
the potential applications of ATLG.  65 

Therefore, it is the aim of the present paper to demonstrate a 
novel route for preparing ATLG as electrolyte materials for IT-
SOFCs by using molten-salt synthesis (MSS) method. This 
method has been adopted by Li and his co-workers to fabricate 
ATLS [29, 30], by which the use of NaCl as eutectic salt has been 70 

typically involved at the synthesis temperatures as low as 900 °C. 
This synthesis temperature is significantly lower than the 
generally reported temperatures for preparing ATLG, hence it is 
expected to effectively solve the Ge volatility problem when 
employing MSS method. In addition, as compared to the 75 

traditional SSS method, MSS method exhibits advantages of 
simple process, clean, repeatability of the salt and also better 
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crystal morphology and homogeneity of the obtained powder 
product, which is more applicable from the industrial point of 
view. 

Experimental section 

Starting reactant powders of lanthanum oxide (La2O3, 99.99%, 5 

Sinopharm Chemical Reagent Co.Ltd) and germanium dioxide 
(GeO2, 99.99%, Sinopharm Chemical Reagent Co.Ltd) were 
weighed in the proper composition of La9.33Ge6O26. Hygroscopic 
lanthanum oxide was precalcined at 1000 °C for 2 h in order to 
remove lanthanum hydroxide and/or oxycarbonate phases to 10 

obtain the appropriate amount of La2O3. Sodium chloride (NaCl, 
99%, Sinopharm Chemical Reagent Co.Ltd) was taken as the 
eutectic salt, and the mass ratio of reactants ((La2O3 and GeO2) to 
NaCl were fixed to be 1:3. This mass ratio is determined through 
a large number of experiments, and the same mass ratio has been 15 

adopted by Li and his co-workers in the fabrication of apatite-
type lanthanum silicates [29, 30]. The intimately mixed powders 
(La2O3, GeO2 and NaCl) were first ball milled in ethanol medium 
at a speed of 400 rpm for 8 h, dried, ground and sifted to avoid 
agglomerated powders. The sifted powders were calcined at 750 20 

°C, 800 °C and 900 °C for 4 h, respectively. The as-synthesized 
powders were washed and filtered repeatedly with de-ionized 
water to remove free NaCl until there was no appearance of white 
precipitate in the filtrate by adding AgNO3 solution. Then the as-
synthesized powders still were washed and filtered for several 25 

times with de-ionized water to keep the powders pure. Finally 
La9.33Ge6O26 powders were obtained by drying the samples at 110 
°C for 12 h. The final powders were sieved and isostatic cool 
pressed under 100 MPa into pellets, and then sintered at 1100 °C 
for 2 h with a heating rate of 10 °C min-1. For comparison, a 30 

powder was synthesized by the SSS method at 1100 °C for 4 h 
and the final pellets were sintered at 1300 °C for 2 h. 

In order to study the synthesis process for optimizing the 
synthesis temperature, thermo gravimetry/differential thermal 
analysis (TG/DTA; LINSEIS STA PT 1600) were performed on 35 

the sifted powders of mixtures from the room temperature to 
1200 °C with a heating rate of 10 °C min-1. Moreover, TG/DTA 
experiments of GeO2 powders were also performed with the 
similar experimental parameters to investigate the Ge volatility 
condition for optimizing the sintering temperature. Phase 40 

identification, crystallinity and crystal structure of the powders 
were checked using X-ray diffraction (XRD; Shimadu XRD-
6000). The measurements were done using Cu-Kα radiation (λ= 
1.5418 Å) in the 2θ range of 20-60°, with a step size of 0.02° and 
counting time of 2 s. The morphology observation and the 45 

structural characterization were conducted with field emission 
scanning electron microscope (FESEM; JEOL JSM-6700F) and 
high-resolution transmission electron microscopy (HRTEM; 
JEOL JEM-2200FS). Energy dispersive X-ray analysis (EDX) of 
the of La9.33Ge6O26 powders was performed with an EDAX 50 

Genesis 2000 system (FEI Inc) installed on the XL 30 ESEM 
imaging instrument. The electrochemical impedance 
spectroscopy (ESI) measurements were conducted in air using ac 
impedance spectroscopy (Solartron 1260 frequency response 
analyzer). Electrodes were prepared by coating both plate faces 55 

with a platinum paste, which were then heated at 1000 °C for 30 
min to decompose the paste and harden the Pt residue. Impedance 

measurement were performed at a 50 °C interval in air between 
350 °C and 850 °C over frequency range of 1 Hz to 10 MHz, and 
followed by analyzing these results using Z-View software. 60 

Results and Discussion 

The obtained TG/DTA curves for mixture of La2O3, GeO2 and 
NaCl are shown in Figure 1. The curves can be divided into two 
regions. From 200 °C to 800 °C, the slight weight loss is 
approximately 2 wt.% in TG curve, in the meanwhile, two wide 65 

endothermic peaks in the DTA curve can be found because of the 
dehydration and evaporation of the surviving water and carbon 
dioxide in mixture [31]. Above 800 °C, there is a significant 
weight loss (~ 45 wt.%) revealed by TG curve. Noticeably, two 
endothermic peaks occur at nearly 805 °C and 860 °C, 70 

respectively. The first endothermic peak (at nearly 805 °C) 
should be attributed to the fusion of eutectic NaCl. The other 
endothermic peak (at nearly 860 °C) is considered to be related to 
the complete formation of apatite phase, which will be clarified in 
more detail on the basis of the corresponding XRD patterns in 75 

following part. In addition, the TG/DTA curves of the GeO2 
powders in the temperature range of 900-1200 °C are shown in 
the inset of Figure 1, in order to more distinctly display the GeO2 
volatility condition for optimizing the sintering temperature. 
There is a significant endothermic peak at ~ 1120 °C in DTA 80 

curve, accompanied with an abrupt reduction of TG curve, which 
should be attributed to melting of GeO2. Because of the 
volatilization of GeO2 at higher temperature, the TG curve shows 
an obvious Ge loss between 1120 °C and 1200 °C. Therefore, the 
optimal sintering temperature should be below 1120 °C to avoid 85 

the significant Ge loss. 

Fig. 1 The TG/DTA curves of the sifted powders of mixtures 
(La2O3, GeO2 and NaCl) among 200-1200 °C at 10 °C min-1 in 
air. The inset is the TG/DTA curves of GeO2 among 900-1200 °C. 
 90 

To determine the endothermic peak at nearly 860 °C and 
optimize the synthesis temperature, the simultaneous XRD 
measurements of the mixed powders at different sintering 
temperature (750 °C, 800 °C and 900 °C for 4 h) were carried, 
and the results are given in Figure 2. At 750 °C, the pattern 95 

displays an apatite phase trend with obvious precursors and 
impurities. Then the pattern of 800 °C displays an apatite phase, 
but some precursors and impurities also can be observed. When 
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the temperature increases to 900 °C, the pattern can be indexed to 
a pure apatite phase with no impurity according to JCPDS-0043. 
The strong and sharp diffraction peaks suggest that the as-
prepared powders are well crystallized. The XRD patterns 
distinctly confirm the above consideration that the endothermic 5 

peak occurred at nearly 860 °C is related with the complete 
formation of apatite phase. Furthermore, the XRD patterns also 
demonstrate that the melting-salt environment can promote the 
formation of apatite phase. Noticeably, the apatite phase begins to 
form with the melt of NaCl, and finally achieving the complete 10 

apatite phase when NaCl is completely melting. Under the effect 
of melting-salt environment, we have successfully synthesized 
apatite-type La9.33Ge6O26 powders at 900 °C for 4h, which is 
lower at least 200 °C than that of SSS method. Moreover, the 
La9.33Ge6O26 powders synthesized by molten-salt method display 15 

a better crystallinity than that synthesized by solid-state method 
(see Figure 2), despite of the lower synthesis temperature. 
Simultaneously the lower synthesis temperature effectively 
inhibits Ge volatility and provides a favorable basis for the 
further sintering of pellets.  20 

 

Fig. 2 XRD patterns of the powders synthesized by molten-salt 
method at 750 °C, 800 °C, and 900 °C for 4 h, respectively. And 
the XRD pattern of the powders synthesized by solid-state 
method at 1100 °C for 4 h. 25 

 
Here, for comparing the cell values of La9.33Ge6O26 powders 

synthesized by MSS method at 900 °C for 4 h (P-MS) and that 
synthesized by SSS method at 1100 °C for 4 h (P-SS), we refined 
the corresponding XRD patterns by the Rietveld refinements. A 30 

structural model with the P63/m space group was adopted for the 
refinement, and the structural parameters were taken from the 
model by L. Leon-Reina et al [32].  This refined structural model 
gives good refinements to the XRD patterns, as shown in Figure 
S1. The relevant Rietveld refinement parameters are Rwp= 8.1%, 35 

Rp= 7.4% for P-MS; Rwp= 8.4%, Rp= 7.7% for P-SS, which 
further confirm that the results from Rietveld refinements are 
reasonable [33, 34]. The crystal parameters are a= 9.9189(2) Å, 
c= 7.2815(2) Å, V= 620.41(2) Å3 for P-MS; a= 9.919(21) Å, c= 

7.282(1) Å, V= 620.6(2) Å3 for P-SS. The crystal parameters of 40 

P-MS are almost same with that of P-SS, which indirectly 
indicates the inexistence of Na in the samples prepared by MSS 
method [30]. 
 

Fig. 3 Schematic illustration of reaction process in MSS method. 45 

 
To more distinctly clarify the effect of melting environment, a 

schematic illustration of reaction process is shown in Figure 3. 
Similar to SSS method, the reactants and salt initially mix 
together with some partial inhomogeneous distributions, such as 50 

excessive La2O3 and excessive GeO2, as shown in Figure 3a. In 
general, these partial inhomogeneous distributions will result in 
the formation of impurities in SSS method owing to the weak 
diffusivity during reaction process, the chemical reactions are 
shown as equation (1) and (2). In contrast to SSS, a melting-salt 55 

environment can be brought via the melt of molten-salt in MSS 
method, which is advantageous to promote the diffusivity of 
reactants. The reactants dispersing in the melting-salt 
environment can rapidly rearrange and diffuse, finally reaching a 
homogeneous distribution, as shown in Figure 3b and 3c. As a 60 

result, the formations of impurities are avoided, and the pure 
apatite-type La9.33Ge6O26 powders are synthesized by the 
chemical reaction equation (3). Furthermore, owing to the 
homogeneous mixing of La2O3, GeO2 and NaCl, the reaction can 
reach the atomic/molecule-scale in MSS method compared with 65 

the contact reaction in SSS method, which can effectively 
decrease the reaction temperature, shorten reaction time and 
improve reaction quality. Therefore, the well crystallized 
powders can be obtained at a lower synthesis temperature of 
900 °C. In addition, different to coarse particle size with wide 70 

distribution and obvious particles agglomeration, the particles 
obtained by MSS method will be homogeneous and non 
agglomerated, because the growing particles are surrounded by 
the molten salts in reaction process (Figure 3d), which can be 
confirmed by the FESEM and TEM images. 75 

La2O3 + GeO2 = La2GeO5                                                 (1) 
La2O3 + 2GeO2 = La2Ge2O7                                              (2) 
(9.33/2)La2O3 + 6GeO2 = La9.33Ge6O26                            (3) 
The FESEM image of La9.33Ge6O26 powders is shown in 

Figure 4(a), which illustrates the powders are homogeneous and 80 

nano-size particles. The detailed structure of the powders has 
been further investigated by TEM (Figure 4(b)) and HRTEM 
(Figure 4(c)). It can be seen clearly that the powders are 
homogeneous, nano-size and non agglomerated particles, and 
they occupy a narrow size range with the average particle size of 85 

around 200 nm, which are consistent with the FESEM 
observation. The HRTEM image demonstrates that the as-
prepared powders possess high crystallinity and have no visible 
defects and dislocations. The observed 3.66 Å spacing fringe is 
consistent with the (002) lattice plane of hexagonal apatite-type 90 
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La9.33Ge6O26. Furthermore, the corresponding SAED pattern 
which is shown in the top-left inset of Figure 4(c) reveals that the 
powders are single crystals in nature. The homogeneous, non 
agglomerated and well crystallized powders are favorable for the 
preparation of dense and well crystallized pellets. In addition, the 5 

EDX spectrum of La9.33Ge6O26 powders obtained by MSS 
method is shown in Figure 5. It can seen clearly that there are 
only La, Ge and O three elements in the samples except C 
element induced by the conductive adhesive, which gives direct 
evidence for the inexistence of Na in the samples prepared.  10 

 

Fig. 4 SEM (a), TEM (b) and HRTEM (c) images of La9.33Ge6O26 
powders obtained by MSS method at 900 °C for 4 h. And the 
inset in (c) shows the corresponding SAED pattern. 

 15 

Fig. 5 EDX spectrum of La9.33Ge6O26 powders obtained by MSS 
method at 900 °C for 4 h. 
 

In order to measure the conductivity, the dense and well 
crystallized pellets are necessary to be obtained. Generally, the 20 

high temperature (≥1300 °C) and long dwelling time are needed 
to obtain the ideal pellets, because of the weak dispersity and bad 
crystallinity [35, 36]. However, the high sintering temperature 
will cause the obvious Ge loss owing to the volatility of GeO2, 
which can be clearly seen in the TG/DTA curves of the GeO2 25 

powders (see the inset of Figure 1). In our work, on the basis of 
the homogeneous and well crystallized powders, the ideal pellets 
can be obtained at the relatively lower temperature. The dense 
pellets sintered at 1100 °C have showed high density, and the 
relative density of that has reached to ~ 90% measuring by 30 

Archimedean method. Consistent with the density, SEM image of 
the cross-section of pellets shown in Figure 6 displayed that the 
pellets are very dense, which could satisfy the application in 
SOFCs. Moreover, the cross-section is partially uneven, which 
leads to the "waves" observed in the microstructure picture. 35 

Noticeably, the temperature of 1100 °C is lower than the melting 
temperature of GeO2 (about 1120 °C shown in the inset of Figure 

1), which can availably inhibit the volatility of GeO2 to keep the 
pure sample, as shown in Figure 7. The strong and sharp 
diffraction peaks suggest that the pellets are well crystallized. 40 

However, the compared pellets sintered by SSS method at 
1300 °C for 2 h displayed an impurity phase of La2GeO5, which 
should be attributed to the high sintering temperature that causes 
the obvious Ge loss. As described in the introduction, the Ge loss  
 45 

Fig. 6 SEM of the cross-section of pellets prepared by the 
powders obtained by MSS method at 1100 °C for 2 h. 
 

Fig. 7 XRD patterns of La9.33Ge6O26 powders calcined at 
900 °C for 4 h and the corresponding pellets sintered at 1100 °C 50 

for 2 h, and the compared pellets sintered by SSS method at 
1300 °C for 2 h. 
 
will lead to the increase of La:Ge ratio, resulting in the 
appearance of impurity La2GeO5 that is very disadvantageous to 55 

the conductivity [26]. Herein, we suppose the pellets prepared by 
the homogeneous and well crystallized powders obtained by 
melt-salt method will exhibit a better conductivity. 

Page 5 of 8 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  5 

The conductivity is measured by ac impedance in the 
temperature range of 350-850 °C with an increment of 50 °C in 
air, and the obtained complex impedance spectrum measured at 
350°C, 550 °C and 750 °C are shown in Figure 8. In a typical ac 
impedance measurement, the complex impedance of a sample as 5 

a function of frequency is measured. Generally, in polycrystalline 
specimens, two independent semicircular arcs from high 
frequency to low frequency correspond to the conduction across 
the bulk (Rbulk) and grain boundaries (Rgb), and an impedance 
response corresponding to electrode (Relec) that appears as a 10 

straight line in the lower frequency range. In order to distinguish 
the contributions of bulk, grain boundary and electrode, the 
corresponding contributions have been managed using the Z-
View software by modeling the impedance spectrum with the 
equivalent circuit including four serial Ri and (CPE)i parallels (i 15 

is bulk for bulk, gb for grain boundary, total for bulk and grain 
boundary and elec for electrode). The corresponding equivalent 
circuit is displayed as the insets. At the low measuring 
temperature of 350 °C, the the ac impedance plots exhibit two 
semicircles and a straight line. The fitting leads to CPEbulk≈ 20 

8.0×10-12 Fcm-1, CPEgb≈ 2.3×10-10 Fcm-1 and CPEelec≈ 2.1×10-6 
Fcm-1, thus both semicircles are ascribed to the contributions of 
bulk and grain boundary, respectively, and the strait line is 
ascribed to the contribution of electrode. Since the grain 
semicircle and grain-boundary semicircle represent the blocking 25 

effects of the grain and grain/grain interfacial contact boundary 
for oxide ions, respectively. As the temperature increased, the 
grain and grain-boundary blocking effects progressively became 
smaller and eventually negligible. As a result the semicircles 
corresponding to the grain and grain boundary contribution 30 

progressively became smaller and eventually disappeared in ac 
impedance spectra. As shown the ac impedance plots measured at 
550 °C, the contribution from the bulk process has not been 
observed, so which displayed two semicircles corresponding to 
the contribution of grain boundary and electrode (CPEgb≈ 6.8×10-

35 

10 Fcm-1, CPEelec≈ 7.3×10-6 Fcm-1), respectively. At the higher 
temperature of 750 °C, the contribution of the grain boundary 
process also has not been observed, and the only semicircle is 
ascribed to the contribution of electrode (CPEelec≈ 1.9×10-5 Fcm-

1). Disappearance of the semicircle corresponding to grain 40 

boundary contribution implies that each polycrystalline region 
separated by the grain/grain interfacial contact boundary behaves 
like a single crystal with T ≥ 750 °C.  [37, 38]. 

The corresponding conductivity is converted by the resistance 
Rtotal (Rbulk+ Rgb) using the equation (4), and the activation energy 45 

is calculated by the Arrhenius equation (5): 
σ= l/(Rtotal*S)                                                                  (4) 
σ = σ0*exp [-Ea/(k*T)]/T                                                (5) 

where l , S, σ, σ0, Ea and T are, respectively, the sample thickness, 
the electrode area of the sample surface, the conductivity, pre-50 

exponential factor, activation energy, Boltzmann constant, and 
absolute temperature. 

Both the total conductivities of pellets prepared by MSS and 
SSS method at different temperatures are plotted in Arrhenius 
plots (Figure 8). As shown, the pellets obtained by MSS method  55 

display an evidently higher conductivity than that obtained by 
SSS method. La9.33Ge6O26 pellets obtained by MSS method 
exhibits an excellent conductivity with the value reaching to 

2.4×10-2 S cm-1 at 850 °C (σ850 °C =2.4×10-2 S cm-1), which is 
higher than the same composition reported by other investigators 60 

[26-28, 35, 36]. It should be attributed to the high density and the 
avoidance of impurity La2GeO5. In previous investigations, the 
pellets prepared by SSS method is difficult to reach a high 
density despite of the relatively high sintering temperature, for 
example, La9.33Ge6O26 pellets obtained at 1150 °C for 14 h can  65 

 

Fig. 8 The ac impedance spectra measured at 350 °C (a), 550 °C 
(b) and 750 °C (c) for the La9.33Ge6O26 pellets sintered at 1100 
°C for 2 h, and the corresponding schematic equivalent circuits  
 70 

only reach a low density with a value of 61.3% , resulting in a 
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low conductivity (σ800 °C =3.1×10-3 S cm-1) [26]. The further 
extended sintering study indicated La9.33 Ge6O26 pellets obtained 
at 1350 °C for 44 h can reach a high density with a value of ~ 
90%, but the high sintering temperature and long dwelling time 
leaded to the formation of impurity La2GeO5 that is 5 

disadvantageous to conductivity, also resulting in a relatively low 
conductivity (σ800 °C =1.0×10-2 S cm-1) [35]. In our work, on the 
basis of the homogeneous and well crystallized powders, the 
density of pellets sintered at 1100 °C for 2 h has reached to ~ 
90%, which could satisfy the application in SOFCs. 10 

Simultaneously, the disadvantageous effect of impurity La2GeO5 
on conductivity has been overcome, because the low sintering 
temperature availably inhibits the vaporization of GeO2. 
Therefore, the pellets obtained by MSS method can exhibit a 
higher total conduction value, due to the high density and the 15 

absence of the low conductive phase La2GeO5. In addition, the 
corresponding activation energy calculated by the Arrhenius 
equation is ~ 0.94 eV for MSS method, which is lower than that 
of the same composition reported by other investigators. The 
decrease in activation energy should be attributed to the 20 

avoidance of La2GeO5 according to the previous studies [26, 35, 
36]. Generally, the decrease in activation energy can lead an 
increase in conductivity [39]. 

Fig. 9 The Arrhenius plots for the conductivity of La9.33Ge6O26 
pellets sintered by MSS at 1100 °C and the compared pellets 25 

sintered by SSS method at 1300 °C. 

Conclusions 

In summary, we have successfully synthesized apatite-type 
La9.33Ge6O26 powders at 900 °C via molten-salt synthesis method, 
using NaCl as eutectic salt. The synthesized powders display the 30 

homogeneous, nano-size, non agglomerated and well crystallized 
characters, which is attributed to the effect of melting-salt 
environment that can promote the diffusivity of reactants. On the 
basis of good powders, the high dense pellets have been obtained 
at lower temperature of 1100 °C. The lower 35 

synthesizing/sintering temperature effectively inhibit the Ge loss, 
thus the impurity La2GeO5 has been successfully avoided. 
Without the disadvantageous effect of impurity La2GeO5 on 
conductivity, the dense La9.33Ge6O26 pellets exhibit an ideal 
conductivity with a value of 2.4×10-2 S cm-1 at 850 °C. 40 

Furthermore, lower activation energy of ~ 0.94 eV is displayed 
due to the avoidance of La2GeO5. 
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