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Abstract: Long-term dipping corrosion experiments on
Incoloy 800H (800H) in molten eutectic MgCl2–KCl salt at
1,073 K with and without connection with Ni-201 alloy were
carried out. While connecting with Ni-201 alloy, the corrosion
rate of 800Hwas 4.47 ± 0.26mg·cm−2·day−1 (10−3.55±0.02 A·cm−2).
However, the corrosion rate for the 800H that was not con-
nected to the Ni-201 alloy was 3.00 ± 0.27mg·cm−2·day−1

(10−3.71±0.04 A·cm−2). Therefore, Ni-201 alloy accelerates the cor-
rosion rate of 800H in the molten MgCl2–KCl salt while con-
necting to each other. In addition, based on the calculation of
Gibbs energy of Ni–Fe–Cr alloy and exchange current density
of 800H in MgCl2–KCl salt, a new Tafel model was developed
to predict the corrosion rate of 800H alloys. The corrosion
rate calculated by the new model is 10−3.74 A·cm−2, which
agrees with the experimental data.

Keywords: Incoloy 800H, MgCl2–KCl, corrosion, Ni–Fe–Cr
alloy, Ni crucible

1 Introduction

Global warming has been recognized as one of the serious
environmental problems in the world, and renewable
energy sources are playing a vital role in our daily lives.
Therefore, solar energy is emphasized as one of the pro-
mising energy sources to satisfy the large requirements in
both industry and daily life [1]. In addition, solar energy
collection systems such as concentrated solar power plants,

parabolic troughs, linear Fresnel, and central receiver towers
have gained popularity in recent years [2]. In these systems,
thermal energy storage plays an essential role in collecting
solar energy and transferring the heat to the steam generator.
Some limitations like relatively low energy conversion effi-
ciency and no solar energy collection in the night can be
overcome by optimizing the energy collection method and
thermal energy storage system and using proper heat
transfer fluid (HTF).

The molten salt may be one of the proper HTFs flowing
through the storage for charging and discharging because
of its better thermal properties and higher energy-transfer-
ring efficiency [3]. The most current one is the molten
mixture of alkali nitrates because of its low melting point
and stability for long-time serving [4–8]. However, the next
generation of solar power conversion systems is serving at
a higher temperature, and the temperature at the solar
energy receiver may reach above 1,473 K [9]. And that
high temperature exceeds the nitrate stability range [10].
The high vapor pressure of carbonate salts as HTF is the
limitation [11]. In addition, fluoride salt has strong corro-
siveness to the alloy structure [12]. It is clearly understood
that renewable energy technologies need to be competitive
with traditional energy sources, and lower cost should be
emphasized as a significant factor. Therefore, chloride salt
seems to be a possible candidate in the solar energy
system, especially for the eutectic MgCl2–KCl salt [12]. In
addition, MgCl2–KCl salt has comparable thermal proper-
ties such as heat capacity, thermal conductivity, and low
melting point [12].

In fact, MgCl2–KCl was the first to serve as the HTF in
the nuclear industry [13]. However, the widespread applic-
ability of MgCl2–KCl is still limited because of its corrosive
properties. The passive oxide films formed by adding Cr,
Al, or Si to shield the alloy material from corrosion in the
environment are unstable in the molten salt [12]. For the
construction material, a prime consideration is its corro-
sion resistance to the molten salts. According to Broo-
khaven National Laboratory, Ni is the most stable element
in chloride salts, followed by Fe, Cr, and Al [14]. Therefore,
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Fe-based alloy like stainless steel is not stable in molten salt
[15]. In addition, because Ni-based alloy has a face-centered
cubic crystal structure, their ductility and toughness can
meet the high-temperature applications [16]. To minimize
the corrosion damage in the air at higher temperatures, a
material designed for holding the molten chloride salt was
alloyed with at least 6 atom% of Cr [17]. Hence, Incoloy
800H, an Ni–Fe–Cr-based alloy, was selected for the long-
term static corrosion studies in MgCl2–KCl in the present
research. Moreover, 800H shows excellent structural prop-
erties at high temperatures [18].

Because quartz, nickel, or alumina crucibles are parti-
cularly stable in molten chloride salt, they are utilized in
static corrosion tests [12]. However, the crucible may have
an effect on the corrosion of tested samples. Olson et al. [19]
and Qiu et al. [20] found that a Cr-rich film formed not only
on the graphite crucible but also on the Ni crucible during
corrosion studies in LiF–NaF–KF (FLiNaK). In fact, the cru-
cible may hasten the corrosion rate in the MgCl2–KCl salt,
and the quartz crucible resulted in a more significant
weight loss of alloys in the MgCl2–KCl molten salt than
the nickel and alumina crucible [12]. The corrosion of
alloys within the crucible has been suggested to be a
non-electron transferring process [21]. However, as the
alloy was in contact with the Ni crucible, the corrosion
model can also be constructed based on the electron-trans-
ferring process and Cr3+ and Fe3+ ion-diffusion process.

As few results with sufficient credibility on the corro-
sion mechanism of alloy corrosion in molten salt within an
Ni crucible have yet to be obtained, a fundamental approach
needs to be studied. In the present work, long-term dipping
corrosion experiments of 800H in MgCl2–KCl in an Al2O3

crucible were carried out under an argon gas atmosphere
for 100 h. The 800H plate was connected with and without
the Ni plate to investigate the influence of Ni on the corro-
sion mechanism of 800H in MgCl2–KCl. The corrosion rate of
800H in MgCl2–KCl was evaluated with known weight loss
after corrosion. A corrosion simulation model of 800H cor-
rosion in MgCl2–KCl with the Ni crucible was built based on
the calculation of Gibbs energy of the Ni–Cr–Fe alloy and the
exchange current density of the 800H alloy.

2 Experimental

2.1 Materials

The MgCl2 and KCl single salts with high-purity grades
were purchased from VWR International. The salts were
weighed in a proper ratio and then mixed in the jar milling

machine for 12 h in a glove box with dry ultra high purity
(UHP) argon gas. The mixed salts were heated in a vacuum
furnace at 423 K for at least 24 h before conducting a long-
term dipping corrosion experiment. The alloys used in the
present research are Incoloy 800H and Ni-201. Table 1 shows
the composition of 800H in mole percentage, which is calcu-
lated from the composition in mass percentage [22].

2.2 Methods

The 800H alloy was machined into samples with dimen-
sions of about 10 mm × 12 mm × 1.2 mm. The samples were
ground with 600, 800, and 1,200 grit SiC abrasive paper
progressively to remove the oxidized surface. The samples
were cleaned with deionized (DI) water, followed by acetone,
and air dried. The weight of samples was carefully measured
prior to the corrosion experiment to calculate the corrosion
rate in terms of weight change. The dimensions and weights
of 800H and Ni-201 samples before corrosion are listed in
Table 2.

The actual experimental setup is shown in Figure 1.
As seen from Table 2 and Figure 1, in set 1, 800H (C)

alloy and Ni-201 (C) alloy were combined with an Ni wire.
In set 2, the Ni wires in the alumina double bore tube were
not contacted; thus, 800H (N) and Ni-201 (N) were not con-
nected. Both set 1 and set 2 used the alumina tube or the
double bore tube to protect the Ni wire from touching
the Ni cover. Samples with the Ni cover were placed
on the Al2O3 crucible, and salt was loaded into the crucible.
All the processes were carried out inside a glove box under
the UHP argon atmosphere. The crucible was placed inside
a vertical furnace tube, which was tightly sealed in the
glove box. The tube was later transferred to the high-tem-
perature corrosion cell containing high-purity argon.

Following the corrosion test, the salt was removed
from the crucible using DI water in the ultrasonic cleaner
(CODY CD-2800). Samples were removed from the crucible
and rinsed with DI water several times to remove possible
residual salt. Samples were dried with air, and their dimen-
sions and weight were carefully measured to calculate the
corrosion rate. Then, the corroded specimens were analyzed
by scanning electron microscopy (SEM) and energy-disper-
sive X-ray spectroscopy (EDS).

Table 1: Chemical composition of Incoloy 800H in mole%

Alloy Cr Fe Ni Al C Mn Ti Co Si

800H 22.1 45.8 28.9 1.1 0.3 0.5 0.6 0.1 0.6
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2.3 High-temperature corrosion cell

Corrosion tests were carried out in a high-temperature
corrosion cell, as shown in Figure 2.

Figure 2 shows the schematic diagram of the high-tem-
perature corrosion cell used in the present work. Wang et al.
[15] previously illustrated the entire experimental setup design
for the corrosion test. The corrosion cell was in a long, one-
end-closed alumina tube. This alumina tube was placed in a
vertical resistance furnace, and the temperature was moni-
tored via a thermocouple inserted into the chamber. The
entire furnace was well insulated to decrease the thermal
gradient, especially at the bottom of the alumina tube. The
alumina tube (part 7 in Figure 2) was covered by a stainless
steel cap, and three rubber O-rings were placed inside the cap
to seal the whole system. Swagelok tube fitting connectors
were used for the gas purging system on the top of the corro-
sion cell. Two valves connected with Swagelok tubes were
used to adjust the vacuum and enter the argon gas. The needle
valve was designed to eliminate the possible leak due to the
damage of those two valves.

Before the corrosion experiment, the temperature was
calibrated for the corrosion cell. The furnace was evacu-
ated using a vacuum pump and flushed with UHP argon
gas at least two times to eliminate the possible air or
moisture inside the system. The furnace was then heated
and held at 673 K for 1 h to remove the moisture from the
salt or hydrated water with the salt. The furnace was again
evacuated and flushed with argon gas before being main-
tained at a steady pressure slightly higher than atmo-
spheric pressure. Eventually, the furnace was heated to
1,073 K and maintained for 100 h.

3 Results and discussion

3.1 Weight loss and EDS analysis

The results of the weight change of the 800H and Ni-201
samples after corrosion in molten MgCl2–KCl at 1,073 K for

Table 2: Dimensions and weight of 800H and Ni-201 samples

Experiments Sample Length (mm) Width (mm) Thickness(mm) Weight (g)

Set 1 800H (C1) 11.25 9.40 1.40 1.213
Ni-201 (C1) 11.70 7.80 0.25 0.200
800H (C2) 11.66 9.60 1.44 1.247
Ni-201 (C2) 12.36 10.06 0.25 0.235
800H (C3) 11.25 10.56 1.42 1.406
Ni-201 (C3) 11.90 11.10 0.25 0.278

Set 2 800H (N1) 11.35 9.60 1.45 1.264
Ni-201 (N1) 11.90 8.10 0.25 0.211
800H (N2) 11.68 9.86 1.46 1.283
Ni-201 (N2) 11.08 9.60 0.25 0.225
800H (N3) 11.30 9.40 1.44 1.262
Ni-201 (N3) 11.54 9.86 0.25 0.244

C means during corrosion, 800H and Ni-201 were connected with Ni wire, and N means that they were not connected.

Figure 1: Schematic of experimental setup: (a) is set 1 and (b) is set 2 (Table 2), 1 (a) – alumina single bore tube, 1 (b) – double bore tube, 2 – short
alumina tube, 3 – Ni cover, 4 – Ni wire, 5 – Al2O3 crucible, 6 – 800H sample, and 7 – Ni-201 sample.
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100 h are shown in Table 3. Based on the weight loss of the
samples, the corrosion rate can be calculated, as shown in
Table 3.

As seen from Table 3, the Fe- and Cr-containing 800H
alloy shed more weight than the Ni-201 alloy. In fact, Cr and
Fe have been proven to be more susceptible than Ni in
molten salt [13]. In addition, the average corrosion rate
of 800H (C) was 4.47 ± 0.26mg·cm−2·day−1, while the rate

of 800H (N) was 3.00 ± 0.27mg·cm−2·day−1. The result is
reasonable and lower than the corrosion rates at 1,123 K
(4.84 ± 0.133 mg·cm−2·day−1) and 1,273 K (6.68mg·cm−2·day−1)
[22,23]. As shown in Table 3, there is no significant difference
between the corrosion rates of 800H (C) and 800H (N). How-
ever, the corrosion mechanism was varied while 800H (C)
and Ni-201 (C) were connected. When 800H (N) and Ni-201
(N) were not connected, the corrosion process was only
intrinsic during the corrosion process, and Cr and Fe were
dissolved into the salt, which could not be recovered. When
800H (C) and Ni-201 (C) were connected, galvanic corrosion
occurred between salt and 800H (C) alloy. The dissolved Cr
and Fe ions were reduced and deposited on Ni-201 (C). In
addition, the corrosion rate can be controlled by varying
the surface area of 800H (C) or Ni-201 (C) alloys. Therefore,
the weight of Ni-201 (C) was increased due to the deposition
of Cr and Fe from 800H (C) alloy, which was confirmed
by elemental analysis (EDS). However, for the Ni-201 (N)
sample, the weight was decreased after corrosion.

After the corrosion test, the surface morphology of
corroded samples was examined with SEM, and the SEM
images of 800H (C) and 800H (N) are shown in Figure 3.

As seen from Figure 3, the pitting corrosion was more
severe for 800H (C) alloy, resulting in a more porous micro-
structure on the surface (Figure 3a) than 800H (N) alloy
(Figure 3b). In Figure 3b, grain boundaries were more dis-
tinct in 800H (N), which agrees with the previous literature
[22]. While pitting corrosion was strong on the surface of

Figure 2: Schematic of high-temperature corrosion cell for corrosion test (1 – pressure gauge, 2 – vacuum valve, 3 – argon valve, 4 – needle valve, 5 –
stainless steel cap, 6 – rubber O-rings, 7 – one-end-closed alumina tube, 8 – insulation cover, 9 – furnace with insulation material, 10 – heating
elements, 11 – test samples in the alumina tube, and 12 – thermocouple).

Table 3:Weight change of 800H and Ni-201 after corrosion in MgCl2–KCl
at 1,073 K (negative value is weight gain of the sample, and a positive
value is weight loss)

Sample Weight
before
corrosion
(g)

Weight
after
corrosion
(g)

Weight
loss (g)

Corrosion rate
(mg·cm−2·day−1)

800H (C1) 1.213 1.16 0.053 4.723
Ni-201 (C1) 0.200 0.205 −0.005 N.A.
800H (C2) 1.247 1.197 0.050 4.209
Ni-201 (C2) 0.235 0.245 −0.010 N.A.
800H (C3) 1.406 1.344 0.056 4.487
Ni-201 (C3) 0.278 0.292 −0.014 N.A.
800H (N1) 1.264 1.226 0.038 3.273
Ni-201 (N1) 0.211 0.204 0.007 0.828
800H (N2) 1.283 1.243 0.040 3.274
Ni-201 (N2) 0.225 0.218 0.007 0.753
800H (N3) 1.262 1.231 0.031 2.735
Ni-201 (N3) 0.244 0.236 0.008 0.806
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800H (C) (Figure 3a), grain boundaries were not visible in
the SEM image. The elements on the surface of 800H (C)
and 800H (N) were confirmed using EDS analysis, as shown
in Figures 4 and 5.

Following corrosion, the corroded 800H sample pre-
sents considerable Cr depletion, resulting in a significant
increase in the Ni element (atom%) compared to the pre-

corrosion sample (Table 1). This phenomenon was observed
in both sets of the experiments. A minor quantity of Fe was
also dissolved in the MgCl2–KCl salt as the molar ratio of Fe
to Ni fell after the corrosion test. Similar to our previous
result [22], Al and Ti were found on the surface of 800H (C)
and in the EDS analysis of 800H (N). The EDS analysis of Ni-
201 (C) and Ni-201 (N) was also carried out to investigate the

Figure 3: Scanning electron microscopy images of 800H after corrosion testing in MgCl2–KCl at 1,073 K for 100 h. (a) 800H (C) connected with Ni-201
and (b) 800H (N) not connected with Ni-201.

Figure 4: EDS results of the surface of 800H (C) after the corrosion test in MgCl2–KCl at 1,023 K.

Figure 5: EDS results of the surface of 800H (N) after the corrosion test in MgCl2–KCl at 1,023 K.
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deposition of Fe and Cr on the Ni-201 plate, and results are
shown in Figures 6 and 7.

As mentioned in Table 3, Ni-201 (C) gained weight,
while Ni-201 (N) lost weight after the corrosion test. As
illustrated in Figure 6, some depositions were detected
on the surface of Ni-201 (C). In Figure 7, grain boundaries
of Ni-201 (N) were attacked due to intergranular corrosion,
which is comparable with the observation found by Olson
et al. [24]. From the EDS analysis, the weight gain of Ni-201
(C) is due to Fe and Cr deposition. For Ni-201 (N), traces of
Fe and Cr were detected on the surface. According to Ozer-
yanaya [21], Fe and Cr from 800H (N) underwent the non-
electrochemical transfer process and deposited on Ni-201
(N) despite the fact that 800H (N) and Ni-201 (N) were not
contacted. The details of transferring process are listed in
the following equations:

( ) − →− +800H N : Fe 2e Fe ,
1,073K

2 (1)

( ) − →− +800H N : Cr 2e Cr ,
1,073K

2 (2)

( )

( )

− + +
= + +

+ +

+ +

Ni 201 N : 3Cr 3Fe Ni

2Cr 2Fe FeCr Ni .

2 2

3 3
alloy

(3)

As a result of Cr3+ and Fe3+ entering the molten salt, Fe
and Cr in 800H (N) were further corroded. However, this
minor amount of Cr and Fe deposition had no effect on the
weight gain of the Ni-201 (N) alloy. The surface composition
of 800H and Ni-201 alloys after the corrosion test is sum-
marized in Table 4.

3.2 Thermodynamic calculation of Ni–Fe–Cr
alloy

As seen from Table 3, Ni-201 (C) enhanced the corrosion
rate of 800H (C) alloy when they are not connected. In
addition, Fe and Cr were deposited on the Ni-201 (C) plate
to generate the Ni–Fe–Cr alloy. It is a safe assumption that
the driving force of the elements depositing on Ni-201 (C) is
the Gibbs energy of Cr and Fe alloying with Ni. According

Figure 6: EDS results of the surface of Ni-201 (C) after the corrosion test in MgCl2–KCl at 1,073 K.

Figure 7: EDS results of the surface of Ni-201 (N) after the corrosion test in MgCl2–KCl at 1,073 K.
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to the phase diagram of Ni–Fe–Cr, Ni0.511Fe0.250Cr0.239 is an
fcc structure at 1,073 K [25]. The calculation of the Gibbs
energy of Ni–Fe–Cr (fcc structure) solution is shown in the
following equations [26,27]:

(

)

= + + + +

+ + ∆

G x G G x G RT x x x x

x x G

x ln ln

ln ,

m

s
Fe Fe

s
Ni Ni

s
Cr Cr

s
Fe Fe Ni Ni

Cr Cr
ex

m

s
(4)

∆ = + +

+

G x x L x x L x x L

x x x L ,

ex
m

s
Cr Ni Cr,Ni

fcc
Cr Fei Cr,Fe

fcc

Fe Ni Fe,Ni

fcc

Fe Cr Ni Cr,Fe,Ni

fcc

(5)

( )∑= − ×
=

L x x L ,a b

i

a b
i

a b

i

,

fcc

0

,

fcc

(6)

( )= −L T8,030 12.8801 J ,
Cr,Ni

fcc0 (7)

( )= −L T33,080 16.0362 J ,
Cr,Ni

fcc1 (8)

( )= −L T10,833 7.477 J ,
Cr,Fe

fcc0 (9)

( )=L 1,410 J ,
Cr,Fe

fcc1 (10)

( )= − +L T12054.355 3.27413 J ,
Fe,Ni

fcc0 (11)

( )= −L T11082.13 4.45077 J ,
Fe,Ni

fcc1 (12)

( )= −L 725.8051 J ,
Fe,Ni

fcc2 (13)

( )= −L T16,580 9.783 J ,
Cr,Ni,Fe

fcc0 (14)

where x is the mole fraction of the element (Cr, Fe, or Ni), R
is the universal gas constant, and T is the absolute tem-
perature in K. The quantity ∆Gi

s is the molar Gibbs energies
of solution or element “i” with the ( )s fcc structure in the
nonmagnetic state. ∆ Gex

m

s is the excess Gibbs energy and
L

i j k

n

, ,

fcc is the binary or ternary interaction parameter for the
fcc structure. The calculation of the interaction parameter
is shown in the following equation [28]:

( )∑= − ×
=

L x x L ,i j

n

i j
n

i j

n

,

fcc

0

,

fcc

(15)

xi and xj are the composition in the sub-lattice, and they
can be used directly as the mole fraction of elements in the
Ni–Cr–Fe alloy [27]. As the polynomial of L L, , and

i j i j,

fcc0

,

fcc1

L
i j,

fcc2 are defined, Li j,

fcc can be written as follows:

( )

( )

= − + −

× −

T x x

T

L 8,030 12.8801

33,080 16.0362 ,

Ni,Cr

fcc
Ni in fcc Cr in fcc (16)

( )

( ) ( )

( )

= − + + −

× − + −
× −

L T x x

T x x

12054.355 3.27413

11082.13 4.45077

725.8051 ,

Ni,Fe

fcc
Ni in fcc Fe in fcc

Ni in fcc Fe in fcc
2 (17)

( )

( )

= − + −

×

L T x x10,833 7.477

1,410 .

Fe,Cr

fcc
Fe in fcc Cr in fcc (18)

The Gibbs energy of Ni, Fe, and Cr at 1,073 K was cal-
culated using HSC 5.1 software [29], and the values were
−50,074, −47,321, and −40,862 J, respectively. Therefore, the
Gibbs energy of the formation of Ni0.511Fe0.25Cr0.239 alloy
was calculated, as shown in the following equation:

( )

+ + →
∆ = −G

0.511Ni 0.25Fe 0.239Cr Ni Fe Cr

9916.49 J .

1,073K

0.511 0.25 0.239 (19)

The negative Gibbs energy of the reaction indicates that
Cr, Fe, and Ni were spontaneously formed as Ni0.511Fe0.25Cr0.239
alloys at 1,073 K.

3.3 Galvanic corrosion with Cr(III) and Fe(III)
ion diffusion

As the 800H (C) alloy and Ni-201 (C) alloy were connected
with Ni wire in the molten MgCl2–KCl electrolyte in the
corrosion test, the galvanic corrosion model was con-
structed. It was assumed that Cr3+ and Fe3+ ions diffused
in the electrolyte from 800H (C) alloy to Ni-201 (C) alloy. The
theoretical potential of the selective dissolution of the ele-
ment (Cr and Fe) from the 800H (C) alloy was calculated
using the Nernst equation given by the following equa-
tion [30]:

= − ⎛
⎝

⎞
⎠E E

RT

nF
Jln ,o (20)

where Eo is the standard potential calculated from the
standard Gibbs energy data (ΔGo = −nFEo), n is the number
of transferred electrons, F is the Faraday constant, R is the
universal gas constant, T is the temperature in K, J is the
ratio of the activity of the oxidized state to the activity of
the reduced state. J is calculated considering a(Cl−) = 1 and
a(Malloy,s) is the activity of Cr or Fe in the initial 800H (C)
alloy before the corrosion test. The initial 800H (C) alloy
was assumed as a ternary alloy to calculate the activity of
Cr and Fe, ignoring the minor elements. The assumed
alloys with maximum and minimum activity values of Cr
and Fe are listed in Table 5.

Table 4: EDS results of the surface of 800H and Ni-201 alloys after the
corrosion test in MgCl2–KCl at 1,023 K

Sample (at.%) Ni Fe Cr Al Ti

800H (C) 39.2 50.0 3.0 5.8 2.0
800H (N) 42.8 54.0 3.2 — —

Ni-201 (C) 51.1 25.0 23.9
Ni-201 (N) 94.4 5.1 0.5
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Therefore, the galvanic reactions are listed in equa-
tions (21)–(23), and an equilibrium quotient, the J value
of anode, is shown in the following equation:

+ +
= + +

−

−
Anode : 0.25Fe 0.239Cr 1.467Cl

0.25FeCl 0.239CrCl 1.467e ,3 3

(21)

+ + +
= +

−

−

Cathode : 0.25FeCl 0.239CrCl 0.511Ni 1.467e

Ni Fe Cr 1.467Cl ,

3 3

0.511 0.25 0.239

(22)

( ) ( )

( )

+

+ − =

Total : 0.25Fe in 800H 0.239Cr in 800H

0.511Ni Ni 201
1

0.057
Ni Cr ,0.943 0.057

(23)

[ ] [ ]

[ ] [ ]
= =J

a a

CrCl FeCl

Cr Fe

1
.

3
0.239

3
0.25

0.239 0.25
Cr

0.239

Fe

0.25
(24)

Activities of CrCl3 and FeCl3 were assumed to be 1 for
simplification. Therefore, the potential of the anode and
cathode was calculated based on the known standard
potentials [29] and activities [31] of Fe and Cr in 800H (C).
The upper limit and the lower limit of the potentials are
listed in Table 6.

The different assumed activities of Cr and Fe lead to
the different anode potentials. However, the potential dif-
ference between 800H (L) and 800H (U) is insignificant
(Table 6). Therefore, the upper limit of the variation was
ignored in the following calculation. To better compare

with experimental data, potentials vs SHE were converted
to potentials vs Li/LiCl, and the results are listed in Table 7.

3.4 Calculation of corrosion potential and
corrosion rate

Corrosion potential and corrosion rate were investigated
using the Tafel curve model. The Tafel slope is calculated
by the following equation:

( )

= −

=
−

β
RT

anF

β
RT

a nF

2.303 and

2.303
1

,

cathode

anode

(25)

where R is the universal gas constant, T is the temperature
in K, n is the transferred electron number, F is the Faraday

Table 5: Assumed ternary alloys based on the initial composition and
the activities of Cr and Fe at 1,073 K

Alloys Assumed ternary alloy Activity
of Cr

Activity
of Fe

800H (C) 0.253Cr–0.289Ni–0.458Fe 0.32 0.47
0.221Cr–0.321Ni–0.458Fe 0.28 0.47
0.221Cr–0.289Ni–0.490Fe 0.28 0.51

Table 7: Anode and cathode potentials vs Pt of 800H alloy in MgCl2–KCl at 1,073 K

Samples Activity of Fe Activity of Cr Anode potential vs Li/LiCl (V) Cathode potential vs Li/LiCl(V) Total potential (V)

800H 0.47 0.28 −2.437 2.500 0.063

Table 6: Anode and cathode potentials of 800H alloy in MgCl2–KCl at 1,073 K

Samples Activity of Fe Activity of Cr Anode potential (V) Cathode potential (V) Total potential (V)

800H (L) 0.47 0.28 4.348 −4.285 0.063
800H (U) 0.51 0.32 4.349 −4.285 0.064

L means the lower limit and U means the upper limit of the variation of total potential.

Figure 8: Predicted Tafel curve of 800H (C) connected with Ni-201 (C)
corrosion in KCl-MgCl2 at 1,073 K.

8  Yuxiang Peng et al.



constant, and the parameter alpha is assumed to be 0.5.
Thus, the calculated Tafel slope is ±0.142 at 1,073 K. The
exchange current density (i0) of 800H in MgCl2–KCl was
investigated using the linear polarization method, which
is 10−3.97 A·cm−2 at 1,073 K. Therefore, the Tafel curves were
constructed based on the known i0 and potentials as well as
Tafel slopes, and the results are shown in Figure 8.

As seen in Figure 8, the corrosion potential (Ecorr) was
2.47 V vs Li/LiCl, and the corrosion rate (icorr) was 10−3.74

A·cm−2. The corrosion potential seems to be reasonable
compared to the potential in MgCl2–KCl at 1,123 K, which
is 2.32 V vs Li/LiCl [23]. Weight loss of 800H (C) was due to the
depletion of Cr and Fe and finally deposited on the Ni-201 (C).
Therefore, weight loss can be converted to the corrosion rate
in current density by using the following equation:

· · ·=− − −n M1 g cm day 1.12 / A cm ,2 1 2 (26)

where n is the transferred electrons, and M is the average
atomic weight of Cr and Fe (54 g·mol−1). Therefore, the cor-
rosion rate calculated from the experiment and simulation
model is shown in Table 8.

The intrinsic corrosion (elements dissolved without
galvanic influence) is ignored in the Tafel model to calcu-
late the corrosion rate, which results in a lower corrosion
rate than the experimental corrosion rate. However, corro-
sion of alloys in molten salt was contributed by galvanic
and intrinsic corrosion. All the elements depleted from
800H alloy should be considered in the corrosion rate cal-
culations, but the dissolving rate was hard to estimate tech-
nically. However, this Tafel model still explains the driving
force of the deposition and predicts corrosion rate, and a
very good agreement between themwas observed. This new
model might contribute to predicting the corrosion rate and
ranking the corrosion resistance of different alloys.

4 Conclusions

The 800H alloys connected with and without Ni-201 alloys
were evaluated for corrosion in molten MgCl2–KCl salt at
1,073 K for 100 h. After the corrosion test, there was no sig-
nificant difference between the weight loss of the 800H alloy
connected with the Ni-201 alloy and that was not connected.

However, the corrosion mechanism was changed when the
Ni-201 or Ni crucible was connected with 800H alloy in
MgCl2–KCl salt. During the analysis of SEM-EDS, the deple-
tion of Cr and Fe was observed on the surface of the 800H
alloy. In addition, Cr and Fe deposition was detected on the
surface of the Ni-201 sample that was connected with the
800H alloy. However, only a trace amount of Fe and Cr were
observed on the surface of the other Ni-201 sample, which
was not connected with 800H alloy. The driving force of the
deposition of Cr and Fe is the Gibbs energy of the formation
of Ni–Fe–Cr alloy when the 800H alloy was connected with
the Ni-201 alloy. Moreover, the negative Gibbs energy of
reaction confirms that Fe and Cr were spontaneously trans-
ferring to the Ni and depositing on it. Thus, deposition of
Cr and Fe on Ni can be explained as galvanic corrosion
according to the negative Gibbs energy of formation. The
anode and cathode potentials were calculated using the
known standard potentials and activities of Fe and Cr in
the 800H alloy. Therefore, a new Tafel model of 800H alloy
corrosion in MgCl2–KCl with Ni-201 was developed. The cor-
rosion rate and corrosion potential predicted by the new
model were comparable with the experimental data. The
small variation in the corrosion rate is due to the intrinsic
corrosion, which was ignored during the model calculation.
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