Transactions of the Korean Nuclear Society Soring Meeting
Jeju, Korea, May 18-19, 2023

The Influence of Vibration on the Measurement in High Temperature Molten Salt
Electrochemical Cell

Seungmin Ohk, Hyeonjune Noh, Galam Seo and JaeyRarigy

Department of Nuclear Engineering, Ulsan National Institute of Science and Technology
okstone@unist.ac.kr

1. Introduction

The molten salt reactor (MSR) is one of the prongsi
next generation reactor types (Gen-IV) that addipts
concept of dissolving nuclear fuel into high tengiare
fluorine or chloride base salt and using it as faetl

varies within the range from 0.1 to 0.001 mm defr@amnd
on the intensity of convection caused by agitatbthe
electrode or electrolyte [3]. For the static flomndition,
assuming that a concentration gradient occurs hed t
movement of ions is dominated by diffusion, the
thickness of the Nernst diffusion layer can be

coolant at the same time. Since the MSR is not approximated by Eqg. (2) based on the FicR'$alv.

pressurized compared to the pressurized waterareact
(PWR), it is possible to secure economic feasibiiy
reducing the size of the reactor system. In additio

higher operating temperature (773-973K) due to high

thermal properties allow the reactor to achievehhig
power density [1-2].

Along with these advantages, there are also follgwi
tasks. Corrosion is one of the most challengingeasgo
ensure structural integrity during long operatinggs. In
order to secure stability and commercialize it, the
development of a technology capable of monitoring
internal physical properties in real time is reqdirIn

Ny = =D,Ve, = 27 + ¢, (1)
— Cp—Ci
8d - Dr Ng . (2)

2.2. The influence of convection on the electrode

In an electrolysis, the current is decided by houcim
reactant transport to the electrode. The more aeact
approaches, the higher current measures. For the
convective flow condition, the bulk convection adon

this regard, electrochemical analysis that measuresdoes not cause a net current due to the electmatigut

instantaneous electrical signals can be a goorhatiee.
However, immediate response means sensitivityhén t
case of actual scale, it may be affected by unalelsir
effects such as operating pumps and motors, thiss it
necessary to identify the undesirable effect thihoaitab-
scale study.

The preliminary experimental study was conducted fo
a vibrating cell and vibrating electrode in order t
confirm the undesirable effect of convection. Dsifan

coefficient and mass transfer rate were measured fo

LiCI-KCI-CoCl; at 773K. The results showed that the
prediction of concentration of reactant can beedéht
due to the influence of vibration.

2. Background
2.1. Nernst diffusion layer

Nernst diffusion layer is a hypothetical layer,
supposed that gradient of ion concentration betwaen
electrode surface and bulk is constant and equtieo
true gradient at the electrode-electrolyte intexfathe
ions travel from the bulk to the electrode by three
principle of mechanism: diffusion, migration and
convection expressed in Eq. (1). The subscript
represents a reactant participating in the reacfiois
diffusivity of the chemical specieg,s valence of ionic
speciesVc is gradient of concentratior; is Faraday
constantRis gas constant,is absolute temperaturégp
is gradient of electric potential,is concentration at bulk
fluid andv is flow velocity. The thickness of the layer

Eq. (3) presents reduction current considering dinéy
effect of diffusion. However, as shown in Eq. (4),
convection can cause mixing of the solution, andenh
alone cannot cause a current, fluid motion cancaffe
concentration profiles and serve as an effectivana¢o
bring reactants to the electrode surface [4]. Thius,
convection can regulate the current as the gradiént
concentration is influenced by the convection.

i, =2,FNy = z,FD,Vc,. 3)

X =v-(DVc) - Ve 4)
Even under stationary flow conditions, if there is
convection that we do not recognize, such as micro-
vibration from device or natural convection due to
density difference, the actual value may diffemirthe

predicted value.

2.3. The model of diffusion layer for vibrating condition

The vibrating electrode inducing the turbulenceehav
been studied on the metal dissolution or depositidinat
they reduce the concentration polarization and echa
mass transfer. Several models have been proposed in
order to understand the improvement of mass transfe
Herein four models are widely adopted [5]. Stretthe
film model (STFLM) assumes that the area where mass
transfer is same as the area where the effectee iar
swept by vibration. This model is valid at high
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frequencies and low amplitudes where the thin fitate potential and measure current. A diameter of 2 mth a
can be maintained. Quasi-steady state (BL, Boundarya 6 mm tungsten rod were used as working elecgode
layer) is intended to predict the boundary layer counter electrode, respectively (Alpha-Aesar, 9%3R9
phenomenon by substituting the flow velocity in the The Ag wire immersed in LiCI-KCIl-1wt% AgCl in a
instantaneous state for the steady state. This I@ade  Pyrex glass tube with had very thin tip was used as
limitation for the condition of high frequencies erk the reference electrode. The quartz cell containingsiie
boundary layer can be distorted. The analogy modeland electrodes was placed in an electric resistance
(BLTH, Boundary layer thinning) is the model to giet furnace installed under the glovebox. The tempegatti

the thickness of diffusion boundary layer from the the cell in furnace was set as 773K and the atneysph
hydrodynamic boundary layer based on the analogyof glovebox was maintained with Argon gas{R 2.1
between mass and momentum. The combined modeppm, Rizo < 0.1 ppm). The cylindrical vibration motors
considers the combined effect of oscillating flomda  are attached to the top of cathode and top oftuést in
concentration gradient. This model assumes theorder to impose the vibration. The vibration gated
concentration boundary layer due to the velocigdgnt as the off-centered pendulum rotated. The rateadbm
and diffusion gradient are the similar. Eq (5-fresent output was controlled 30%, 60% and 100% using
the correlations based on each modRg, is vibrating Arduino-Uno. The high-speed camera (Phantom,

Reynolds numbelSc is Schmidt number of the fluid, miro110) was utilized in order to evaluate an atogi
is the empirical constaritjs thelength of active surface  and frequency of vibrating electrode. The shutperes
anda is the amplitude. of the device was set to 1000 fps (frame per sécond

Based on the visualization data, the analysis g@litunde

Shet = )lRe°-5(l/ )0-5 ) and frequency was performed by using image j soéiwa
BL — v a
0.5 0.3 A t I (99.99%)
— . . 4 rgon atmospi here A o
ShBLTH - 0506Rev Sc (6) (Pg, < 2.1 ppm, Py, < 0.1 ppm)
Vibration motor
— 0.5 0.3 l 0.17 aIe WE (® 2 mm, tungsten rod)
Shcomp = 0.809Re,>Sc /a (7 q F———RE (Ag/AZCl 1wt%)
b CE (® 6 mm, tungsten rod)
3 EXper | ments p— & Vibration motor
3.1. Methodology
I Heater
When the Voltage is applied, the concentration 5 | Eutectic molten salt (LiCI-KCI-0.1wt% CoCl,)

decreases as the reactive ions are reduced oorfhees

of the electrode. The generated concentration gnadi
become reduced by diffusion due to the concentratio
difference (Fick's law). Since the diffusion rateda
current are proportional to the concentration i Ibulk
solution, it is possible to calculate the concditra
based on the measured peak current from cyclic
voltammetry through the Eq. (8)eakis cathodic peak
current,F is Faraday constant, n is number of electrons,
D is diffusion coefficientcy is bulk concentrationy is
sweep rateR is gas constant andis bulk temperature.

In other words, based on the formula, if the curwatue
and diffusion coefficient value are known, the
concentration value also can be calculated.

Fig. 1. Schematic diagram of test apparatus.
4, Resultsand discussion
4.1. Satic cell condition

In order to determine the reliability of the cell
condition before the vibration experiment, cyclic
voltammetry was measured according to the sweep rat
for the static cell condition. Fig. 3 shows cyclic
voltammogram with varying the sweep rates. The pwee

3032 05 rate is corresponded to 0.025, 0.050, 0.100, 0&2@D
ipeak = —0.6105 (T") (8) 0.300 V/s. It seems reversible condition as theeslbof
peak current had linearity with increasing the gwvexde.
3.2. Test apparatus Based on the Berzins-Delahay equation (8), the

calculated diffusion coefficient is 2.07x¥0n¥/s for the

Figure 1 shows the schematic diagram of the testSweep rate of 0.100 V/s. The value is within thegeaof
apparatus. The electrochemical experiments based o the results of previous researches
three electrode system using molten salt of LICFKC
with 0.1 wt% of Cod (Sigma-Aldrich, 99.99%) were
conducted under vibration condition. A VersaSTAT3
potentiostat with VersaStudio software was usepty
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100 4.3. Vibrating electrode condition
Scan rate, v (V/s)
0.300

or ——0.200 For the sweep rate of 0.100 V/s, the experimergs ar
p— o conducted with varying the output of motor in tlene
k5 i 0025 way as the vibrating cell condition. However, thexe
£ 40 problem that the value measured current exceed the
z allowable value. It seems that intensified vibratin
5 r resulting from the directly imposed vibration oreth
§ ol electrode causes increase in activity of the reactiore
S Nﬁ enhanced due to the mass transfer more increased.

20 - Therefore, the linear sweep voltammetry (LSV) mdtho

- is adopted and measurement are performed for the lo
M0 05 06 04 02 00 0z 04 0 sweep rate.

Figure 4 shows the results of LSV for the vibrating
electrode condition. The output of the motor is
Fig. 2. Cyclic voltammogram of LiCI-KCI-0.1wt% Cogl  corresponded to O, 30, 60 and 100%. For all cdkes,

E/V (vs. Ag/AgCl 1wt%)

according to the scan rate for the static cell diord sweep rate is 0.010 V/s. The frequencies deterniiyed
utilizing high-speed camera are corresponded t600,
4.2. Vibrating cell condition 125 and 200 Hz, respectively. As the sweep potentia

increases, limiting current region is observed. The

Figure 3 shows the cyclic voltammogram of vibrating limiting current density increases as the frequency
cell conditions. The output of the motor which is increases. In the case of 125 Hz, the measureérnturr
installed on the outer wall of the cell was change0, continuously increases. This is because of therele
30, 60, and 100%. The sweep rate is 0.100 V/s. Thesurface due to the reduction resulting from enhdnce
frequencies are the value that proportionally coleee =~ mass transfer. For the same region, the case éo200
from the number of revolutions of the motor. Thase Hz should not be performed.
corresponded to 0, 94, 187 and 312 Hz. The measured The mass transfer rate presents as Sherwood number
current density increases as the degree of vibratio is calculated with averaged limiting current. The
increases. In the case of the highest vibratiorditiom averaging current is used and the range is froB\do
of 312 Hz, the cathodic peak current increasestal®¥ -0.7 V.
compared to the value of static cell condition. sTh

because the reactant supply to the electrode becmre A
active than in the static cell due to the influerafe -18 1 125 Hz
convection. For 187 Hz and 94 Hz, the increase of ] — 50Hz
current is 5% and 2%, respectively. When the fraque < = OHz
is relatively small, the experimental results shewsll 3 ]
different that could be regarded as an experimentat. 5 -124
It seems that the vibration is attenuated as isgms 2 .jgd
through the bulk due to the indirect applying vira as é &
the motor installed on the outer wall of the cell. g
S -6
100 | Frequency 4 .
80 27H1—L1z 2
0 T f T T T T T T
g oOr 00 -01 -02 03 -04 -05 -06 -07 -08 -09
g wl E/V (vs. Ag/AgCl 1wt%)
g 20k Fig. 4. Linear sweep voltammogram of vibrating &lede
pe condition according to the frequency for the sae of 0.010
£ 0} Vis.
© [
20 Figure 5 shows comparison of experimental results
7% PO N P PO B P and theoretical correlations to the result of pneseudy.
20 08 06 04 -02 00 02 04 06 Each blue, black and red lines represent massférans
E/V (vs. Ag/AgCl 1wt%) correlations based on the boundary layer model(&q.
(6) and (7), respectively. The dashed line andddoie
Fig. 3. Cyclic voltammogram of vibrating cell coridit are the case where the characteristic length isaset
according to the frequency for the scan rate d@\Us. surface length and diameter, respectively. Magenta

triangle symbol and black square symbol are the
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experimental results, conducted for the verticaltel
They are similar to the presented correlations. Alne

circle symbol is the results of the present stldye mass
transfer rate increases as the frequency increabissis

because the agitated flow due to the vibration thas
effect of improving mass transfer. It shows siniilar
when the characteristic length of the correlat®sét to
the diameter. It seems that the active surfageasshape
of a cylinder rather that flat plate.
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Fig. 5. Comparison of experimental results and rttézal
correlations to the results of present study.

5. Conclusion

The influence of vibration on electrolysis investied
experimentally for the molten salt of LiCI-KCI-

0.1wt%CoC} at 773K when the vibration was varied.

The both diffusion coefficient and mass transfée axre
calculated based on the results of cyclic voltanyrextd
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linear sweep voltammetry. They showed that mass

transfer enhanced as vibration intensified. Indhse of
the vibrating cell, as a result of calculating gredicted
concentration based on the diffusion coefficientoied
from the static cell, it was found that the concatidn
can vary up to 13% as the degree of vibration mmed.
In the case of the vibrating electrode, it was shdhat

the mass transfer rat&h increased as the frequency

increased, which showed a similar trend to thetiexjs
correlations.

This research is as a preliminary study, the mamkw
is required to complement the limitation of exigtin

studies and mass transport mechanisms and to better

understanding the different transport mechanisnaeun
vibrating conditions.
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