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Abstract – To examine and demonstrate the feasibility of molten salt reactors (MSR) to reduce long lived 
waste toxicity and to produce efficiently electricity in closed fuel cycle some national and international 
studies were initiated last years. In this paper main focus is placed on experimental evaluation of single 
stream MOlten Salt Actinide Recycler & Transmuter (MOSART) system fuelled with different compositions 
of plutonium plus minor actinide trifluorides (AnF3) from LWR spent nuclear fuel (SNF) without U-Th 
support. This paper summarizes main experimental results of ISTC#1606 related to physical & chemical 
properties of fuel salt, container materials for fuel circuit, and fuel salt clean up of MOSART system. As 
result of ISTC#1606 studies claim is made, that the 7Li,Na,Be/F and 7Li,Be/F solvents selected for primary 
system appear to resolve main reactor physics, thermal hydraulics, materials compatibility, fuel salt clean 
up and safety problems as applied to the MOSART concept development. The created experimental 
facilities and the database on properties of fuel salt mixtures and container materials are used for a choice 
and improvement fuel salts and coolants for new applications of this high temperature technology for 
sustainable nuclear power development.  

 
 

INTRODUCTION 
 
An effective transmutation system needs fully 
closed fuel cycle in which all actinides are 
recovered close to 100% efficiency and multiply 
recycled.  In this case the transmutation 
performance in terms of actinide waste mass and 
radiotoxicity reduction depends primarily on two 
parameters: the fuel burn up and fuel losses in 
the fission product clean up, which have to be 
maximized and minimized, respectively. 
  
A radical way of simplifying the closed fuel 
cycle, which would make itself  possible to 
realize on the base of only one fuel carrier into 
the integrated system “reactor + pyrochemical 
processing system” omitting the stages of 
nuclear fuel fabrication and refabrication in case 
of multiple recycling, is usually connected to the 
development of MSR technology.  MSR concept 
presents a number of significant advantages, 
which allow improve efficiency to reduce 
actinides mass and radiotoxicity [1].   
 
Last years theoretical and experimental studies 
were undertaken by Russian institutes within 
ISTC#1606 task to demonstrate the feasibility of 
MSR to reduce long-lived radwaste toxicity and 
to efficiently produce electricity in closed cycle.  
 

The single-stream 2400MWt MOSART concept 
[1-9] proposed within ISTC#1606 is a fast 
spectrum (no-moderator) MSR fuelled with 
compositions of plutonium plus minor actinide 
trifluorides from LWR spent nuclear fuel—either 
once-through SNF (scenario 1) or mixed-oxide 
SNF (scenario 2). The MOSART salt contains no 
uranium or thorium and thus is a pure actinide 
burner. As a consequence, the reactor destroys 
the maximum quantities of actinides per unit of 
energy output. 
 
The basis for MOSART concept is the use in the 
primary circuit of the binary Li,Be/F or ternary 
Li,Na,Be/F  solvent systems  with decreased of 
BeF2  (down to 27-25% mole) content and its 
high enough solubility for actinides trifluorides 
(from 2 to 3 mole % at 600°C). Xenon, krypton 
and part of tritium are sparged from circulating 
fuel salt by helium (0.5 to 1% by volume) 
introduced in a side stream by a bubble generator 
and subsequently removed by a gas separator. 
Provisions are made for maintaining soluble 
fission products at low required level by fuel salt 
processing. To minimize actinide losses in 
reprocessing removal times about 300 edpf or 
more for soluble fission products (lanthanides 
trifluorides) are considered. 
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The 2400MWt MOSART system has a 
homogeneous core with intermediate-to-fast 
neutron spectrum. The core diameter is 3.4 m 
with a core height of 3.6 m. The core has 0.2-
meter radial and axial graphite reflectors. The 
specific power is ~43 W/cm3, with an effective 
neutron flux of about 1 x 1015 n cm-2 s-1. The salt 
inlet temperature is 600°C with an average outlet 
temperature of 715°C. The core inlet structure is 
designed to assure (1) reasonable lifetimes of the 
solid reflectors and (2) no reverse or stagnate 
flow. The mechanical design of the balance of 
the nuclear system includes four pumps 
operating in parallel with an out-of-core 
circulation time of ~4 s. Heat is transferred from 
the primary salt to the power conversion system 
using a secondary NaF-NaBF4 salt with a 
composition of 8–92 mole %.  
  

 
 

Fig. 1: MOSART Fuel Circuit [2] 
 
The safety assessments show that the parameters 
are favorable for reactor safety, primarily 
because of the large negative density and fuel 
Doppler effects. The temperature reactivity 
coefficients vary from – 4.125 pcm/oC for 
scenario 1 to –6.625 pcm/oC for scenario 2, 
depending upon the feed. This is for a pure 
actinide burner with no uranium or thorium. 
Preliminary calculations of kinetic and dynamic 
characteristics of the MOSART system indicate 
that it would exhibit high levels of controllability 
and safety [10].  
 

Due to the possibility of operation without 
additional neutron sources, MOSART  loaded 
only by transuranium elements from spent 
nuclear fuel has maximum capacity, high enough 
transmutation efficiency and can be loaded by 
the fuel of wide range of compositions. The 
fraction required of MOSART units in the  
nuclear power system may make about 25%. The 
option exists to add a thorium-containing salt 
blanket to produce fissile material [1]. 
 
New experimental data received in our studies 
feed into the conceptual design efforts. Main 
experimental results received within ISTC#1606 
are summarized below.  
 
PHYSICAL PROPERTIES OF FUEL SALT 
 
When substantiating any MSR concept it is 
necessary to have detailed information on 
physical and chemical properties of candidate 
fuel salts and container materials as well as 
fission products behavior for the system nominal 
operating and accidental conditions. MSR 
flowsheet development, first of all, requires  
reliable data on  a phase diagram of the selected 
salt mixtures, on solubility of the fuel 
components in it, as well as fuel salt transport 
properties (thermal conductivity, heat capacity, 
density, viscosity). Due to the solubility limit, 
main concern for MOSART concept is to be 
expected with TRU and lanthanides dissolved as 
trifluorides. 
 
Phase Behavior 
 
Phase diagrams of binary LiF-BeF2 and ternary 
LiF-NaF-BeF2 systems were investigated earlier 
at ORNL [11]. Two compounds (LiBeF3 and 
Li2BeF4) were found in LiF-BeF2. First 
compound has upper temperature limit of 
stability 280°C, second compound has melting 
point of 458 - 459°C. Liquidus temperature for 
composition 73LiF–27BeF2 is equal to 530oC. 
 
ORNL report [11] contains the detailed 
information about Li,Na,Be/F system. It gives 
results of phase diagram triangulation. Following 
cross sections were shown as triangulating: LiF-
Na2BeF4, LiF-NaBeF3, Li2BeF4-NaBeF3, 
Na2LiBe2F7-NaBeF3, NaLiBe3F8-BeF2, 
NaLiBe3F8-Li2BeF4, NaLiBe3F8-NaBeF3. 
 
It was found from analysis of DTA curves at 
constant rate heating and natural cooling of salt 
samples that liquidus temperature for salt 
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compositions 64.1NaF- 7.1LiF-28.8BeF2 and 
56.6NaF-22.0LiF-21.4BeF2 obtained in our study  
[5] exceeds temperature expected from 
Na,Li,Be/F phase diagram [11]  for 30 and 60°C 
relatively. Liquidus temperatures for 59.0NaF-
14.3LiF-26.7BeF2 (483±2°С), 58NaF-17LiF-
25BeF2 (483±2°С) and 58NaF-13LiF-29BeF2 
(482±2°С) are in good agreement with ORNL 
data [11]. Salt composition 15LiF–58NaF–
27BeF2 represent ternary Li,Na,Be/F eutectic 
with melting point (solidification temperature) 
479±2°С. Found displacement of salt 
compositions solidification temperature to lower 
temperatures relatively melting points is 
determined by beryllium difluoride. 
 
In Li2BeF4  system the solubilities of PuF3 and 
several lanthanide trifluorides, have been 
carefully determined at ORNL [12]. ORNL 
studies for Li,Be/F containing mixtures used 
technique of isothermal saturation to determine 
solubility of PuF3 in molten salt by subsequent 
chemical analysis of samples. 
 
In current study solubility was determined 
directly in experimental cell using measurement 
of plutonium γ-radiation from local melt volume 
being in equilibrium with solid phase at given 
temperature [5]. The solubility of PuF3 in molten 
66LiF-34BeF2, 17LiF-58NaF-25BeF2 and 15LiF-
58NaF-27BeF2 mixtures (in mole %) was 
determined in temperature range from 525°C up 
to 650°C. Accuracy of measurement is 7- 9 %.  
Our experimental data on solubility of PuF3 for 
molten 66LiF-34BeF2 mixture are in good 
agreement with ORNL data. For molten 17LiF-
58NaF-25BeF2 and 15LiF-58NaF-27BeF2 
mixtures (in mole %), the data appear to follow a 
linear relationship when plotted as ln P (in mole 
% of  PuF3) vs. 1/T(K), respectively [5]: 
 

38,810 4
6334,0ln +⋅−=

T
P                       

49,710 4
5936,0ln +⋅−=

T
P         

Decrease of BeF2 content in molten salt mixtures 
under consideration from 34 mole % down to 25 
mole% provide about 5 times increase of PuF3 
solubility (see Fig. 2). For molten 15LiF-58NaF-
27BeF2 and 17LiF-58NaF-25BeF2 (mole%) 
mixtures the following solubility of PuF3 was 
obtained in our study: 1.33 and 1.94 mole % at 
550oC and 1.94 and 3.00 mole % at 600oC. The 

measured solubility of PuF3 in molten 58NaF-
15LiF-27BeF2 and 58NaF-17LiF-25BeF2 
(mole%) mixtures truly satisfy the requirements 
for Li,Na,Be/F MOSART concept [2]. 
 
The effect of NdF3 in diminishing the solubility 
of PuF3 in molten 17LiF-58NaF-25BeF2 (mole 
%) mixture was determined [5].  Presence of 
EuF2 up to 0.3 mole % in solvent system did not 
affect PuF3 solubility in molten 17LiF-58NaF-
25BeF2 (mole %) mixture. 

 
Transport Properties 
 
Kinematic viscosity of three molten 15LiF-
58NaF-27BeF2; 7.0LiF-64.2NaF-28.8BeF2 and 
22LiF-56.7NaF-21.3BeF2 (in mole%) mixtures 
have been measured by method of attenuation 
torsional oscillations  of the cylinder with melt 
under study in a temperature range from freezing 
up to 8000C [5]. The following correlation 
dependences of kinematic viscosity (m2/s) vs 
temperature for the molten 15LiF-58NaF-27BeF2   
7.0LiF-64.2NaF-28.8BeF2  and 22LiF-56.7NaF-
21.3BeF2 salt mixtures are received, 
respectively: 
 
ν = 0.1360 exp{2914/T(K)}  
ν = 0.1344 exp{2900/T(K)} 
ν = 0.1527 exp{2509/T(K)}  
 
Accuracy of measurement is 4-13 % 
(dispersion). The obtained data are in the 
agreement with ORNL data [13] available for 
close molten 7.5LiF–63.5NaF–29BeF2 and 
24LiF–53NaF–23BeF2 mixtures. Addition to 
molten 15LiF-58NaF-27BeF2 (mol. %) mixture 
of 1 mole % CeF3 leads to some decrease of 
kinematic viscosity. This effect is negligible at 

 
Fig. 2. Solubility of PuF3  vs. BeF2 content in 
molten Li,Na,Be/F and Li,Be/F mixtures [5]. 
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high temperatures, and grows up to 25-30% at 
temperature decreasing down to 5500C. 
Apparently, the given effect demands the further 
studying. 
 
Thermal conductivity of molten 7.0LiF-
64.2NaF-28.8BeF2 (mole%) mixture has been 
measured by monotonous heating technique in 
temperatures range 500-750 0C [5]. The 
following correlation of thermal conductivity in 
W·m-1·K-1 vs  temperature  is obtained by least 
squares method: 
 
λ = 0.838 +0.0009 (t [0C] -610.3) 
 
Full dispersion is ~ 15 %. ORNL data [14] for 
molten 66LiF-34BeF2 (mole%) mixture have 
shown values about 30% higher compared to our 
experimental data for molten 7.0LiF-64.2NaF-
28.8BeF2 (mole%) system. Basing on 
experimental data on thermal conductivity of 
molten individual LiF and NaF, such a 
discrepancy in our and ORNL results would be 
explained by replacement of LiF on NaF in the 
solvent system. 
 
Density of two molten 15LiF-58NaF-27BeF2 and 
17LiF-58NaF-25BeF2 (mole %) mixtures have 
been measured by hydrostatic weighing method 
from melting temperature up to 800 0C [5]. The 
following correlations of density (g/cm3) vs. 
temperature are obtained, respectively: 
 
ρ = 2.163±0.0023-(4.06±0.29)10-4(t[0C] - 601.4)  
ρ =2.150±0.0029-(3.34±0.44)10

-4
(t[0C] – 678.5) 

  
The mistake of our measurement is estimated as 
0.9 %. ORNL data [13] for close Li,Na,Be/F 
system on density temperature coefficient 
obtained with accuracy of measurement ±5 % are 
in agreement with our data.  
 
THERMODYNAMICS AND CHEMISTRY 
OF MOLTEN SALT MIXTURES 
 
Thermodynamics 
 
The thermodynamic properties of solid 
plutonium and lanthanides trifluorides were 
determined by EMF method in fluorine ion 
conducting solid electrolyte cells. The standard 
free energy changes for reactions of formation of 
lanthanum, cerium, neodymium and plutonium 
trifluorides were calculated using measured EMF 
values and available tabulated data for standard 

free energy of formation of lead difluoride and 
lanthanum trifluoride.  
 
The results of calculation are given in Table 1. 
Standard free energy of formation ΔGo

f(T) of 
solid plutonium trifluoride was determined in 
temperature range 800-920К with sufficient for 
technological calculations accuracy.  
 
TABLE 1. The standard free energy changes vs. 
temperature for reactions of fluorides formation 
Reaction ΔGo

f(T), kJ⋅mol-1 
La+1.5F2=LaF3 -(1735±6)+(242.5±12) ×10-3T 
Ce+1.5F2=CeF3 -(1727±6)+(246.7±12) ×10-3T 
Nd+1.5F2=NdF3 -(1715±6)+(246.7±12) ×10-3T 
Pu+1.5F2=PuF3 -(1558±3)+(210±6) ×10-3T 
 
Nickel Reference Electrode 
 
Nickel RE placed in a graphite container with an 
insulating PBN coating was tested under 
laboratory conditions. A molten salt bridge in a 
0.1 mm ID capillary provided the ion 
conduction. 
  
Main factors influencing the potential stability 
and lifetime of this RE were analyzed. It was 
concluded that the nickel RE usually became 
inoperative due to capillary metal plating. 
Therefore it is necessary before the experiment 
to remove impurities from the test melt and 
covering gas. The presence of reducing agents in 
the test melt and the use of thermal resistant 
steels as structural materials of the cell adversely 
affected the RE operation. 
 
Conditional standard emf's of the 
electrochemical cells were estimated at 
temperatures of 800 to 1000 K. The 
thermodynamic functions ΔG*, ΔH* and ΔS* of 
the reactions of sodium, beryllium and Ni-Be 
alloy oxidation by NiF2 solutions in the 14.3LiF-
59.0NaF-26.7BeF2 (mole %) melt were 
calculated.  
 
Thermodynamic modeling of the reactions in the 
systems under study showed that at the 
experimental temperatures PBN interacted with 
NiF2 solutions by an endothermic reaction to 
form nickel, NaBF4 and nitrogen. For this 
reason, the lifetime of the PBN insulator on the 
surface of RE graphite container was limited and 
quickly decreased with growing temperature.  
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It was concluded that the main reason for the 
instability of the nickel RE potential in the melts 
under study was a gradual decrease in the NiF2 
concentration of the standard melt resulting from 
side chemical reactions. 
 
Dynamic Beryllium Reference Electrode 
 
Our experiments allowed establishing conditions 
for formation of a dynamic beryllium reference 
electrode on the molybdenum cathode of 3-
electrode electrochemical cell. These conditions 
provide reproducible values of the melt redox 
potential at 600°C (H = 3 mm, I = 10-100 mA, τ 
= 1-50 s). New diaphragm-free device with a 
nonstationary (dynamic) beryllium reference 
electrode for measurements of the redox 
potential (DRPM) of the melt in the thermal-
convection loop was designed and tested. Long 
exposure corrosion experiments confirmed high 
reliability of DRPM. It is sensitive to variations 
of the melt redox potential within ±5 mV.  
 
Electrochemistry 
 
Electrochemical behavior of PuF3 solutions in 
15LiF-58NaF-27BeF2 and 60LiF-40NaF (in 
mole %) melts were studied by cyclic 
voltammetry with linear potential sweep (CV) 
and potentiometry methods (see Fig’s. 3-4).  
As a result of the studies equilibrium potentials 
of the Pu3+/Pu couple were defined. It was 
shown, that plutonium is deposited on 
molybdenum cathode earlier than beryllium and 
sodium. Difference of plutonium and beryllium 
deposition potentials is equal ~ 0.15 V, 
plutonium and sodium deposition potentials – ~ 
0.30 V. Assumption is made concerning the 
alloying of plutonium with Be and Ni in the 
process of plutonium ions electrochemical 
reduction in fluoride melts under investigation. 
 

 
 

Fig.3. CV’s of PuF3 (0.1 mole %) in LiF-
NaF-BeF2 melt for various potential scan 

rates. WE - Mo, RE – Mo. Т=853К. 

 
Fig. 4. CV’s of PuF3 (0.05 mole %) in LiF-
NaF melt for various potential scan rates. 
WE - Mo, RE – Mo. Т=1023К. 

 
The electrowinning on solid cathodes could be 
used for Li,Na,Be/F fuel salt clean up from 
corrosion products and for An/Ln separation. 
Further studies are necessary in order to 
determine the nature of Pu-Ni alloying and its 
utilization for more effective An/Ln separation. 
 
Oxides Behavior 
 
Main results of experiments on Zr, U and Ln 
oxides behavior in Li,Na/F and Li,Na,Be/F 
systems can be summarized as follows: 
 
• Solubility of zirconium dioxide does not 
exceed 0.01% wt. for molten 7LiF-64NaF-
29BeF2 and 15LiF-58NaF-27BeF2 (in mole %) 
systems at 650oC. It provides opportunity to 
remove zirconium from the chosen solvent by a 
method of oxides precipitation. 
 
• Solubility of cerium and uranium dioxides 
does not exceed 0.05 % wt. for molten 7LiF-
64NaF-29BeF2 and 15LiF-58NaF-27BeF2 (in 
mole %) systems. 
 
• Oxides solubility of trivalent lanthanides in 
molten 15LiF-58NaF-27BeF2 (in mole %) 
system was found high enough because of 
chemical reaction of lanthanides oxides with 
beryllium difluoride. It is practically avoid use 
the oxides precipitation method for lanthanides 
removal from molten Li,Na,Be/F system. 
 
Reductive Extraction 
 
Main results of experiments on Pu and Ln 
extraction in molten Li,Na,Be/F-liquid Bi system 
can be summarized as follows: 
 
• Plutonium distribution coefficient in molten 
15LiF-58NaF-27BeF2 / liquid Bi system is much 
less than in molten LiF-BeF2 / liquid Bi system. 
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• In order to have full extraction of plutonium 
from 15LiF-58NaF-27BeF2 melt into liquid 
bismuth, it is necessary to use bismuth with 
significant sodium content. 
 
• Neodymium is extracted to sufficiently less 
degree than plutonium from fluoride melts, 
containing sodium fluoride. The plutonium and 
neodymium separation factor in a system 15LiF-
58NaF-27BeF2/Bi is equal about 100 at 873K. 
 
Fuel Salt Clean-up 
 
Fig. 5 shows preliminary conceptual flow sheet 
for MOSART fission products clean up unit. 
Most important processing operations consist in 
recycling of actinides for transmutation and 
removal of lanthanides in order to hold actinides 
plus lanthanides concentration in the fuel salt 
below the solubility limit and neutron absorption 
in lanthanides to acceptable level.  
 

 

Fig. 5. Fuel salt clean up flowsheet for 
Li,Na,Be/F MOSART concept. 

 
Analysis of different methods for MOSART fuel 
salt clean up and our experimental results 
permits to make the following conclusions: 
 
• Fuel salt clean up steps of Li,Be/F 
MOSART system could be based on the method 
of reductive extraction in liquid bismuth. 
 
• Reductive extraction of actinides from 
molten Li,Na,Be/F salt into liquid bismuth with 
their subsequent re-extraction into purified salt 
flow is the most acceptable technological method 
of actinide recycling. In order to determine 
technological parameters of this stage, it will be 

necessary to conduct additional experimental 
studies with selected salt composition on 
enlarged facilities. 
• Electrodeposition on solid indifferent 
electrodes (Mo, W) is not effective for separation 
of actinides and lanthanides in Li,Na,Be/F melt. 
However, preliminary experiments on 
electrodeposition on solid non indifferent 
electrodes (nickel) give foundation to suppose 
that An/Ln separation on these electrodes could 
be more effective. In order to determine 
characteristics of An/Ln electrochemical 
separation, it is necessary to conduct additional 
studies in Li,Na,Be/F melt on solid non 
indifferent electrodes. 
 
• In order to purify molten Li,Na,Be/F salt 
from lanthanides, it will be necessary to study 
experimentally distillation and cocrystallization 
processes. Application of lanthanides 
cocrystallization with cerium trifluoride can 
sufficiently decrease salt solvent amount, which 
is to be processed by high-temperature 
distillation. 
 
• Studies on MOSART fuel salt clean up 
system development should be continued. 
 
CONTAINER ALLOYS AND CORROSION 
STUDIES 
  
Project container alloys and corrosion studies 
included the following [8,9]:  
 
• Compatibility test between Ni-Mo alloys 
and molten 15LiF-58NaF-27BeF2 salt in natural 
convection loop with measurement of redox 
potential. 
 
• Study on PuF3 addition effect in molten 
15LiF-58NaF-27BeF2 salt on compatibility with 
Ni - Mo alloys. 
 
• Te corrosion study for molten 15LiF-
58NaF-27BeF2 salt and Ni-Mo alloys in stressed 
and unloaded conditions with measurement of 
redox potential.  
 
Three Hastelloy N type modified alloys, 
particularly: HN80M-VI with 1.5% of Nb, 
HN80MTY with 1% of Al and MONICR with 
about 5% of Fe we chosen for our study in 
corrosion facilities. The experimental results 
allow making the conclusions as follows [8,9]: 
 

Core 
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• The designed DRPM  is highly sensitive to 
variation of redox potential in molten 15LiF-
58NaF-27BeF2 (mole %) mixture and ensures 
good reproducibility of measured values.  
 
• Serviceability and sensitivity of DRPM are 
not impaired in the modified "two-electrode" 
mode, where the nickel container vessel was 
used as anode. Experiments, performed within 
corrosion facilities operation during about 2000 
hrs, confirmed serviceability and reliability of 
this design.  
 
• For 15LiF-58NaF-27BeF2 salt analysis of 
chemical processes responsible for metallic 
materials corrosion and impurities removal from 
the system was made. Basing on it, the optimum 
procedure for purification from impurities of 
salts containing lithium, sodium and beryllium 
fluorides as major constituents was developed.  
 
• The salt purification procedure consists of 
three stages: hydrofluorination, electrolysis and 
treatment by metallic beryllium. As result of 
purification done, the melt for corrosion 
experiments practically has no oxide ions; the 
content of main oxidants - difluorides of nickel, 
iron and chromium was decreased, respectively, 
down to 0.0030, 0.0165, and 0.0026 (in mass. 
%). The effectiveness of the developed salt 
purification procedure was confirmed by 
decrease of system redox potential measured 
relative to dynamic Be reference electrode from 
1.78 V down to 1.1 V. 
 
• Results of 1200 hrs loop corrosion 
experiment with on-line redox potential 
measurement demonstrated that high temperature 
operations with molten 15LiF-58NaF-27BeF2  
salt  are feasible using carefully purified molten 
salts and loop internals.  In established interval 
of salt redox potential 1.25-1.33 V relative to Be 
reference electrode, corrosion is characterized by 
uniform loss of weight from a surface of samples 
with low rate. Under such exposure salt 
contained respectively less than (in mass %): Ni 
- 0.004; Fe - 0.002; Cr - 0.002. Specimens of 
HN80M-VI and HN80MTY alloys from hot leg 
of  loop exposed at temperatures from 6200C till 
to 6950C showed uniform corrosion rate  from 2 
μm/yr to 5 μm/yr. For MONICR alloy this value 
was in the range of  9 - 19 μm/ yr.  
 
• It was not found any significant change in 
corrosion behavior of materials samples in melt 

due to the presence of 0.5 mole % PuF3 addition 
in 15LiF-58NaF-27BeF2 melt. Specimens of 
HN80M-VI  from the loop  exposed during 400 
hrs at temperature 6500C showed uniform 
corrosion rate  of about  6 μm/ year. Under such 
exposure salt contained respectively about (in 
mass %): Ni - 0.008; Fe -0.002; Cr– 0.002. It 
was not found any traces of intergranular 
cracking (IGC) for  all specimens after loop tests 
even in the melt with PuF3 addition. Data of 
chemical analysis of specimen’s surface layer 
showed decrease of the chromium contents by 
the 10-20 μm. 
 
• The tellurium IGC testing of the Ni-Mo 
alloys without and under mechanical load (80 
MPa) in the 15LiF-58NaF-27BeF2 melt under 
dynamic and ampoule static conditions were 
carried out. Tests were done at 700ºC melt 
temperature, with exposure time 100, 250 and 
400 hrs at 1.2 V system redox potential. It has 
been shown that the intensity of Ni-Mo alloys 
tellurium IGC in the 15LiF-58NaF-27BeF2 melt, 
when using chromium telluride (Cr3Te4) as a 
source of tellurium will increase with oxidative-
reductive state of the salt, stress, arising in the 
alloy as a result of mechanical or thermal 
mechanical loads and the exposure time.  
 
• MONICR alloy has no necessary resistance 
to tellurium IGC. Under stress exposure to 
tellurium in the 15LiF-58NaF-27BeF2 melt the 
depth of cracks reached 220 μm (K >10000 
pc×μm/cm).  
 
• For HN80M-VI specimens tested without 
stress rather low IGC intensity was observed (K 
= 690 pc×μm/cm). However, under stress the 
intensity of the HN80M-VI alloy cracking was 
increased more than twice and cracks depth 
reached 125μm. 
 
• HN80MTY alloy is the most resistant to 
tellurium IGC of Ni-Mo alloys under study.  The 
intensity of its cracking under stress is K = 880 
pc × μm /cm (twice lower as that of HN80M-VI 
alloy). According our evaluation its corrosion 
and mechanical properties completely meet the 
MOSART concept requirements. 
 
• The resistance to tellurium corrosion of the 
HN80M type alloy with different (Nb, Al, Ti, 
Re, Mn)  doping agents addition was also studied 
at the developed facility. It was shown that both 
Re and Y additions only slightly increase the 
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alloys’ resistance to tellurium cracking. The 
alloy doped with Nb alone exceeds them 
significantly in IGC resistance. Addition of Mn 
gives significant increase in the alloy resistance 
to tellurium IGC. Therefore testing of alloys with 
various compositions of doping elements to 
enhance the alloys resistance to tellurium IGC 
should be continued in thermal convection loop 
with long exposure time.  
 
CONCLUSIONS 
 
European theoretical and experimental studies to 
examine and demonstrate the feasibility of the 
MOSART system to reduce long-lived waste 
toxicity and to efficiently produce electricity in a 
closed fuel cycle are part of the ISTC project 
1606 [3], the IAEA CRP program “Studies of 
Innovative Reactor Technology Options for 
Effective Incineration of Radwaste” [12] and the 
Euratom 6th FP ALISIA project [1].  
 
As result of ISTC#1606 studies claim is made, 
that the 7Li,Na,Be/F and 7Li,Be/F solvents 
selected for primary system appear to resolve 
main reactor physics, thermal hydraulics, 
materials compatibility, fuel salt clean up and 
safety problems as applied to the MOSART 
concept development. 
 
While a substantial R&D effort would be 
required to commercialize MOSART, there are 
no killing unresolved issues in the needed 
technology. The major technical uncertainties in 
the conceptual design are in the area of tritium 
confinement, fuel salt processing and behavior of 
some fission products. 
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