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Kinetic Property and SS 316/Alloy 617 Corrosion Study in Molten 
Chloride and Fluoride Salts 

 

Qiufeng Yang 

General Audience Abstract 
Molten salt is a promising candidate that can be used as fuel and coolant in the molten salt reactors 
(MSRs). Besides, it can also be used as thermal energy storage, heat transfer fluid in the 
concentrated solar power plants, because it has high heat capacity, low vapor pressure, and high 
thermal conductivity. However, materials corrosion is a key concern of molten salt applications, 
and it is known that the corrosion by molten salts is mainly impurity driven. The impurities, such 
as moisture in the salts, can make the salt more oxidized, thus becoming more corrosive to corrode 
the structural materials. The present work focus on the kinetic property of metal specie corrosion 
products and non-metal impurity in the molten fluoride and chloride salts, which were directly 
related to the mass transfer and charge transfer process during the corrosion. Especially in the 
measurements of fluoride salts, innovative methods were applied which were confirmed to perform 
well in the multicomponent system (Fe and Cr ions coexisted). The static corrosion tests of SS 
316H and Alloy 617 were conducted in molten fluoride salt at high temperatures. The main 
purpose was to study their corrosion behavior and understand the corrosion mechanisms. The 
corrosion rate of SS 316H was also estimated, which could be a crucial criterion in the material 
selection. In addition, the corrosion of Alloy 617 with time was also investigated. The metal specie 
corrosion product concentration change trends were obtained, and the corrosion behavior over the 
different corrosion stages was analyzed. Different corrosion phenomenon was observed in 
different corrosion test. Thus, they shed lights on the study of how the corrosion was developed 
during the corrosion process. Moreover, galvanic corrosion was another major corrosion type 
when two or more dissimilar materials were electrically contacted. The galvanic corrosion of Alloy 
617/graphite was studied in the molten fluoride salts. The galvanic corrosion rate increased with 
the rise of temperature, which verified that temperature was a key factor that affected the galvanic 
corrosion. And the galvanic effect was also turned out to increase with time in the present study. 
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Figure 1-1 Galvanic corrosion coupling 

Stainless steel 316H (SS 316H) is a high carbon modification of stainless steel 316 developed for 
use in elevated temperature services. It is a Fe-C-Ni-Cr alloy, where Cr is added for corrosion 
resistance and Ni is added to counteract the ferritic stabilizing nature of Cr and stabilize the 
austenite phase. It has high strength at elevated temperatures and is used for structural pressure 
vessel applications at temperatures above 500 ºC. This steel has the advantage of ASME Section 
III Division 5 code certifiable for mechanical properties at 700°C. The higher carbon content also 
delivers higher tensile and yields higher strength. It is often used in process streams containing 
halides. It exhibits adequate long-term creep rupture strength at elevated temperatures and displays 
good corrosion resistance in purified molten salts. SS 316H is non-magnetic in the annealed 
condition. It cannot be hardened by heat treatment; however, the material will be hardened due to 
cold working. The common composition specification of SS 316H is given in Table 1-1.  

Besides, nickel-based alloys are among few alloys that can remain stable in molten salts for long 
term. One of them is Alloy 617, which is a solid-solution strengthened nickel-based superalloy 
introduced in the early 1970s. Alloy 617 is well known for its good oxidation and corrosion 
resistance at temperatures up to 1093 ºC and high creep-rupture strength at temperatures from 649 
ºC to 1093 ºC 30. The common limiting chemical composition of Alloy 617 is listed in Table 1-2. 
The alloy has excellent resistance to a wide range of corrosive environments, and it is readily 
formed and welded by conventional techniques. The high nickel and chromium contents make the 
alloy resistant to a variety of both reducing and oxidizing media. The aluminum, in conjunction 
with the chromium, provides oxidation resistance at high temperatures. Solid-solution 
strengthening is imparted by the cobalt and molybdenum. The combination of high strength and 
oxidation resistance at temperatures over 980 ºC makes Alloy 617 an attractive material for 
components applied at high temperatures. It has been identified as one of the candidate materials 
for Gen IV nuclear reactor system components operating in the temperature range of 760 ºC to 
1000 ºC 31. 
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Figure 2-4 Cyclic voltammetry in MgCl2-KCl-NaCl-1.53×10-4 mol cm-3 FeCl2 at 650 ºC, 
working electrode surface area: 0.7843cm2; (b) Chronopotentiometry in MgCl2-KCl-NaCl-

1.50×10-4 mol cm-3 NiCl2 at 800 ºC, working electrode surface area: 0.5608 cm2; (c) log D-1/ T 
plots of Fe2+, Ni2+, Cr2+ and Cr3+ at the concentration of 1.53×10-4 mol cm-3 FeCl2, 1.50×10-4 mol 

cm-3 NiCl2 and 1.58×10-4 mol cm-3 CrCl2. 
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Figure 2-14 Potentiodynamic scans of OH- in MgCl2-NaCl-KCl at different temperatures, scan 
rate: 5mV/s. WE: tungsten, CE: graphite, RE: Ni/NiCl2. 
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Figure 2-21 PD scans in molten NaF-KF-UF4-UF3 salts at 700 ºC, (a) lg i vs. V (b) i vs. V 
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Figure 2-22 PD scan within different potential range in molten NaF-KF-UF4-UF3 salts at 700 ºC 

 

Figure 2-23 Deterination of actural PD curve of Cr3+/Cr2+ in molten NaF-KF-UF4-UF3 salts at 
700 ºC 
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Figure 2-24 Deterination of actural PD curve of Cr2+/Cr in molten NaF-KF-UF4-UF3 salts at 700 
ºC 

 
Figure 2-25 Measured and fitted PD curves of Fe2+/Fe in NaF-KF-UF4-UF3 salts at 700 ºC with a 

scan rate of 5mV/s. WE: tungsten, CE: graphite, RE: Pt 
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Figure 3-2 (a) Mapping scan on the surface of SS 316H; (b) Mapping scan on the surface of SS 
Alloy 617. 
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to measure the concentration of corrosion products such as Fe, Cr, Ni species, which was used to 
determine the weight change of specimens; thus, corrosion rate can be estimated accordingly. 
Scanning electron microscope (SEM) analysis was performed to study the corrosion behavior and 
attack depth. X-ray photoelectron spectroscopy (XPS) analysis was performed to check the 
UF4/UF3 ratio change before and after the tests. 

 

  

Figure 3-5 Static corrosion test Setup. 1: Boron nitride tube, 2: Nickel lid, 3. Nickel wire, 4: 
Molten salt liquid level, 5: Glassy carbon crucible, 6: Specimen.  

 

 

Figure 3-6 Alloy 617 corroison test setup: 1. Ni wire 2. Clip 3. Quartz tube 4. Furnace 5. Glassy 
carbon crucible 6. Liquid salt level 7. Nickel safety crucible 8. Alloy 617 
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Table 3-6 Salt samples collection schedule of test S001 and test S002 

Test S001 Test S002 

0 min 0 min 

25 min 25 min 

50 min 50 min 

75 min 75 min 

100 min 100 min 

3 hours 140 min 

7 hours 3 hours 

10 hours 5 hours 

14 hours 7 hours 

24 hours 8.5 hours 

32 hours 10 hours 

44 hours 12 hours 

56 hours 14 hours 

72 hours 19 hours 

/ 24 hours 

/ 30 hours 

/ 32 hours 

 

3.2 Results and Discussions 
3.2.1 SS 316H Corrosion Study (120 hours) 
3.2.1.1 Post-Test Salt Analysis 
The post-test salts were broken into small pieces after cooling down in the glovebox, and their 
cross-section images are shown in Figure 3-7. This figure shows that more black uranium oxide 
precipitates (indicated by red arrow) were produced on the bottom of the salt in test 1001 and 1002 
than in test 1003. There was no significant precipitate accumulation in test 1003.  In test 1003, UF4 
was filtered using 80-mesh sieve to remove the majority of UO2. However, the filtering procedure 
using an 80-mesh sieve was not applied in test 1001 and 1002, since we had not realized that the 
clumps in the salt could be a major issue in the early stage of salt fabrication as mentioned before. 
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Figure 3-17 SEM image of 2001-post-test specimen cross-section 

 

Figure 3-18 SEM mapping scan of 1st part on the 2001-post-test specimen cross-section 
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Figure 3-19 SEM line scan of 1st part on the 2001-post-test specimen cross-section 
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Figure 3-20 SEM mapping scan of 2nd part on the 2001-post-test specimen cross-section 
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Figure 3-21 SEM line scan across GBs in the 2nd part on the 2001-post-test specimen cross-
section 
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