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Introduction

Corrosion studies of metals in molten halide salts began at Oak Ridge
National Laboratory in 1950. These early studies were performed in support of
the Aircraft Nuclear Propulsion reactor and its successor, the Molten-Salt
Reactor Experiment.*»2 More recent work^»^ has provided data for the
Molten-Salt Breeder Reactor program and the Magnetic Fusion Energy program.

Since the molten salts were intended for use as heat transfer materials
in these systems, the effect of a temperature gradient on corrosion behavior
was the primary subject of our research. These studies were carried out in an
assembly called a thermal-convection loop, in which convection forces cause
circulation of salt around the loop. The weight changes of specimens exposed
to the salt provided data on corrosion rates as a function of temperature.
The design of these loops has evolved during the years to the present system,
which includes specimens that can be removed periodically as well as special
electrodes to permit electrochemical examination of the salt. The p'-rpose of
this paper is to describe our current design of thermal-convection loops and
the preliminary results of corrosion tests of type 316 stainless steel with
molten LiF-LiCl-LiBr.

Our previous studies with fluoride salt showed that a flowing nonisother-
mal salt can preferentially oxidize and remove the least noble element from
the metal container and then subsequently deposit it in another portion of the
system.1 Studies with a nickel-base molybdenum-chromium-iron alloy
(Hastelloy N) in a circulating, nonisothermal salt composed of LiF-BeF2~
ThF4~UF4 have shown that fluoride salts will oxidize chromium by reaction
first with impurities in the salt such as HF, M.F2, and FeF2 and later by
reaction with constituents of the salt.^ Impurity reactions expected are
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2HF + Cr t CrF2 + H 2 (1)

and

FeF2 + Cr t CrF2 + Fe . (2)

The salt constituent UF4 can give the reaction:

2UF4 + Ci- t CrF2 + 2UF3 . (3)

While the impurity reactions go co completion fairly rapidly so that they
affect only the short-time corrosion results, the temperature dependence of
the equilibrium constant for reaction (3) is such that this reaction leads to
the continuous transfer of chromium from the hotter sections of the system to
the cooler sections. The amount of chromium, AM, removed from a unit area of
surface can be shown to be:

AM = BC0/Dt , (4)

where 5 is a temperature-dependent constant, CQ is the initial concentration
of chromium in the alloy, D is the diffusivity of chromium in the alloy, and t
is the exposure time.^ The limiting step for this mass transfer has been
shown to be the diffusion of chromium in the metal when Hastelloy N is the
alloy considered.1 If other strong fluoride formers — such as Ti, Nb, or
Al — are present in the alloy, mass transfer of these elements would be
expected to occur by the same mechanism as discussed above.

The salt used in the present study is a mixture of composition LiF-LiCl-
LiBr (22-31-47 mol % ) , which has been proposed for use as a processing salt
for a fusion reactor employing liquid lithium as both the breeding material
and reactor coolant.5 Tritium is bred by the reaction of lithium atoms with
neutrons. It is essential that this tritium be recovered from the lithium,
and one of the proposed recovery techniques is by extraction into a molten
salt. In this process a portion of the lithium from the blanket would contact
the molten salt LiF-LiCl-LiBr to permit partitioning of the tritium from the
lithium to the salt. Subsequently, the tritium could be recovered from the
salt for use as fuel in the fusion reactor. During these operations the salt
would be circulated around a system containing temperature gradients. The
possible corrosion between the LiF-LiCl-LiBr and the proposed type 316
stainless steel structural material is tha subject of this research.

Discussion of Experimental Methods and Preliminary Results

Our study of the corrosion behavior of type 316 stainless steel in
LiF-LiCl-LiBr is being carried out in two parts. In the first portion of the
study, specimens of type 316 stainless are being exposed to "as-received"
flowing salt. Once the corrosion rate under that condition is determined, a
small amount (~1 g) of lithium metal will be added to the cold-leg surge tank.
This addition will partially simulate the tritium extraction system, in which
lithium will contact the salt. The lithium addition would also be expected
to serve as a buffer and lower the oxidation potential and consequently the
corrosion rate of the salt in the same manner as has been reported^ for
beryllium and the salt LiF-BeF2.

A schematic drawing of the thermal convection loop is shown in Fig. 1.
The loop portion of the assembly is constructed of type 316 stainless steel



tubing and is heated on the bottom and one vertical side. Cooling the other
two sides causes the molten salt in the tubing to flow because the density
of the salt varies with temperature. The velocity of the salt is about
1 m/min (17 mm/s). Other important features of the loop are the removable
corrosion specimens tn the two vertical legs and the accesses for insertion
of electrodes for voltammetry. Standpipes are mounted above the vertical legs
to give access to the corrosion specimens as well as the salt. Sixteen corro-
sion specimens are used, with eight inserted -.n the hot leg (heated vertical
section) and eight in the cold leg (cooled vertical section). These specimens
are generally removed at intervals of 500 h for weighing and examination.
When the investigations to be made with a particular set of specimens are
completed, several of the specimens are examined metallographically and, if
warranted, with the electron microprobe. In this way the effect of tem-
perature on specimen weight change and microstructure is revealed and the mass
transfer of selected components is examined.

In nearly all cases, the salt must be handled in a moisture- and oxygen-
free environment. All operations with the LiF-LiCl-LiBr salt are performed
under argon, which is also used as the cover gas for the loop.

The limited results that we presently have available for the type 316
stainless steel LiF-LiCl-LiBr loop are sufficient only to indicate that, when
operated with a maximum temperature of 530°C and a minimum of 475°C, the
maximum corrosion rate is about 20 pm/year (1 mil/year). The general pattern
of weight change results that we have observed-^ in other salt-metal systems
and we expect to see in this system are shown in Fig. 2. The t^'2 depend-
ence predicted in Eq. (4) for the rate of material removal is confirmed by the
older data (Fig. 3).

One of the most significant improvements for studying corrosion processes
in thermal-convection loops has been the application of voltammetry.
Controlled-potential voltammetry is increasingly used as a technique to
examine the nature of an electrochemical reaction in different media, such as
aqueous and nonaqueous solutions and high-temperature salt systems.^>6 For
our measurements in molten salts, the electrodes consisted of the loop itself,
which served as the counter electrode, and two iridium electrodes, which were
the quasi-reference and working electrodes. These electrodes were typically
25-mm (1-in.) lengths of 1-mm-diam iridium wires welded to 3-mm-OD (1/8-in.)
nickel risers. The electrode area exposed to the melt was 10 to 20 mm"-. The
voltammograms were recorded versus the iridium quasi-reference electrode
(Ir QRE), which is poised at the equilibrium potential (£"eq) of the melt.
In this manner relative changes in the oxidation potential of the salt and in
the concentration of certain impurities and corrosion products can be measured
on-line. The equilibirum potential of the salt is a measure of the tendency
of the melt to react with oxidizable materials that it contacts. For melts
that are not poised by a redox buffer, relative changes in the equilibrium
potential are conveniently observed by determining voltammetrically the
potential difference (M1) between the melt equilibrium potential and the
cathodic limit of the melt, which for LiF-LiCl-LiBr is the reduction of Li+.
We define the cathodic limit for these measurements as the potential at 16 mA
cell current. Other reference markers may also be used as long as the same
conditions are maintained. A decrease in A27, resulting in a cathodic shift in
Ee(, for example, indicates that the melt has become less oxidizing; and an
increase in AE indicates the opposite. A voltammetric scan that shows the
cathodic limit relative to Eeq is illustrated in Fig. 4.

The cathodic limit is generally observed to change as a function of time
because salt impurities react with the container and because impurities



(02, H2O) are unavoidably added when the specimens are reinserted after
examination. The change of the cathodic limit for the type 316 stainless
steel LiF-LiCl-LiBr system is shown in Fig. 5. Vhe. cath.odic limit clearly
shows a temporary increase after specimen reinsertion.

Summary and Conclusions

We are using our most sophisticated design of a thermal-convection loop
to study the corrosion behavior of type 316 stainless ste.il and the salt
mixture LiF-LiCl-LiBr. The corrosion rate is being determined as a function
of time and temperature through weight change measurements.

The maximum corrosion rate measured is about 20 pm/year on removable
corrosion specimens. Controlled potential voltammetry has been found to be
satisfactory and is being used to monitor the oxidation potential of the
salt. Our measurements demonstrate the effect on the ov.idation potential
of impurities introduced during specimen insertion, and our techniques
should show the effect of a lithium addition on the oxidation potential.
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Figure Captions

Fig. 1. Schematic of thermal convection loop showing important features.
Fig. 2. Weight change versus exposure time for Hastelloy N specimens

exposed to MSBR fuel salt.
Fig. 3. Weight change versus square root of exposure time for Hastelloy N

specimen exposed to MSBR fuel salt at 690°C.
Fig. 4. Voltammetric scan to cathodic limit of LiF-Li-Cl-LiBr in

loop TCL 32.
Fig. 5. Variation of the cathodic limit potential for LiF-LiCl-LiBr in

loop TCL 32.
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