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We describe the development of a millifluidic based scanning droplet cell platform for rapid and automated
corrosion. This system allows for measurement of corrosion properties (e.g., open circuit potential, corrosion
current through Tafel and linear polarization resistance measurements, and cyclic voltammograms) on a local-
ized section of a planar sample. Our system is highly automated and flexible, allowing for scripted changing and
mixing of solutions and point-to-point motion on the sample. We have also created an automated data analysis
pipeline. Here we demonstrate this tool by corroding a plate of electroplated ZngsNi;s alloy over a range of pH

values and correlate our results with XPS measurements and literature.

PACS:
0000
1111

1. Introduction

Recently there has been great interest in application of machine
learning (ML) to materials science research [1]. These types of ap-
proaches are particularly important in areas such as corrosion science,
where the underlying physics is complex and difficult to model using
traditional methods [2]. One difficulty in applying these methods to
corrosion is the lack large data sets that can be used to train such ML
models. To this end, we have worked to develop an automated platform
for rapidly acquiring electrochemical properties of materials, specif-
ically corrosion, along with an automated data analysis pipeline. Spe-
cifically, we are able to measure electrochemical corrosion properties on
planar samples with a variation in composition or structural properties
across the surface.

Muster et al. [3] provides an excellent review of high-throughput
electrochemistry methods and categorizes various approaches. Our
system is an example of a scanning probe system, specifically a scanning
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droplet cell (SDC), that can localize the electrolyte to a single spot on the
sample, with measurements being done in series. A review of early SDCs
is provided by Lohrengel et al. [4]. More modern implementations
include a mechanism for ensuring flow through the droplet to minimize
saturation or depletion of ions near the surface [5,6]. Advantages of an
SDC include minimal sample geometrical constraints or preparation (for
instance, there is no need to pattern electrical contacts onto the sample),
minimal interaction of the electrolyte with the surface away from pro-
bed region, and low electrolyte consumption.

In this work we describe our fully automated SDC based platform
that includes a millifluidic system to supply electrolyte to the cell head.
Because many materials of interest to us are hydrophilic, an o-ring is
used to localize the electrolyte to a specific portion of the sample in
contact with the cell head. Electrolyte flows through the cell head which
contains reference and counter electrodes, and the sample acts as the
working/sensing electrode, creating a complete 3 electrode electro-
chemical cell. The system automation includes sample manipulation,
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fluid handling, and data collection and reduction. Our system includes a
recirculating loop for the electrolyte to allow for relatively high flow
rates while minimizing fluid waste. Further, our set-up allows for
automated mixing and changing of electrolyte solution between points.
Here we discuss the details of the system as well as demonstrate its use in
probing the corrosion properties of a Zn-Ni alloy. Zn alloys are of great
technological interest as they are frequently used in corrosion preven-
tion coatings in a variety of industries including the automotive in-
dustry. Alloying the Zn with other metals, particularly Ni in the 11 at.%—
15 at.% range, is known to greatly decrease the corrosion rate of the
material, by as much as a factor of 5 in neutral salt spray, when
compared to pure Zn through a compositionally as well as a structurally
mediated mechanism [7-10].

2. System design

The SDC platform comprises 4 main components: 1) the cell head, 2)
sample holder and manipulator, 3) fluid handling system, 4) control
computer and electronics. The cell head, illustrated schematically in
Fig. 1(a), is machined out of a PTFE (polytetrafluoroethylene) block (a
machine drawing is included in the SI). Fluid flows into the cell through
an internal channel then out into a volume between the cell head and the
sample, defined by a flouroelastomer o-ring (SAE — 005). This volume,
with a ~ 4.5 mm diameter contact area on the sample, is where the
electrochemistry occurs; the sample acts as the working/sensing elec-
trode (WE). The electrolyte then flows back up into the cell head where
it enters a chamber containing a standard commercial Ag/AgCl refer-
ence electrode (RE, with saturated KCl electrolyte) and several centi-
meters of 0.5 mm Pt wire, acting as the counter electrode (CE), wrapped
around it. The surface area of the wire is at least 8 times the active area
of the working electrode (>120 mm?). After passing by these electrodes
the fluid leaves the cell head to return to the fluid handling system.

Together the RE, CE, and WE as described above constitute a con-
ventional three-electrode electrochemical cell. We note that this cell
design has a relatively high resistance caused by the distance and small
flow channel between the working electrode and the reference and
counter electrodes. We have endeavored to minimize this source of
resistance to the extent possible given geometrical and machining lim-
itations. For many measurement types and samples, the current will be
low enough that the voltage drop between the sets of electrodes will be
minimal and can be accounted for in post-processing.

The fluid handling system, shown schematically in Fig. 1(b), is built
around a recirculating loop constructed of ultra-chemical resistant
Tygon tubing2 with a 1/16 in (1.6 mm) inner diameter (ID). The loop is
driven by a peristaltic pump (Ismatec Reglo ICC). Prior to entering the
cell head the fluid passes through a commercially made bubble trap
(Diba Industries Omnifit) to prevent entrapped air from entering the cell
head and affecting the measurement. Downstream of the cell head, the
fluid passes through a custom inline pH sensor (Microelectrodes inc.).
The cell head and the rest of the system components were constructed
with an aim of minimizing fluid volume, with the volume being 4 mL.

The system is filled from a bank of syringe pumps acting as source
reservoirs for a set of stock solutions. The flows from each syringe pumps
is merged and directed into the main fluid loop, with the fluid flow di-
rection ensured by a set of check valves. The syringes can be simulta-
neously pumped at different pump rates to alter the composition of the
electrolyte in the loop. Used electrolyte is pumped out of the loop via a
second peristaltic pump channel into a fluid. Refilling of the loop is
typically done by pushing fluid from the syringes at approximately (with

2 Certain trade names and company products are mentioned in the text or
identified. In no case does such identification imply recommendation or
endorsement by the National Institute of Standards and Technology (NIST), nor
does it imply that the products are necessarily the best available for the
purpose.
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a small positive bias) the same rate as fluid is pulled from the loop into
the dump. The peristaltic pump in the loop is reversed such that fluid
must first pass through the cell head and the majority of the loop before
being dumped. At the end of each fill cycle the pump driving the loop is
stopped so that the remainder of the loop can be purged of used
electrolyte.

The cell head is mounted on a vertical stage to lower it so such that it
is in contact with the sample and to raise it to allow the cell head to move
laterally relative to the sample. The head is attached to this stage via a
vertically spring-loaded plate to prevent excess stress on the sample and
to accommodate misalignment between the sample surface and the cell
head o-ring. There is a set of two blunted hypodermic (spinal) needles
that are mounted such that their tips are immediately adjacent but
outside of the cell head o-ring. One sprays DI water to clean the sample
prior to electrochemical measurements and the second provides suction
to remove excess electrolyte and rinse water.

The sample is mounted on a 3 point kinematic mount. The sample
holder itself consists of a silicone heating pad pressed between two metal
plates along with insulation underneath to direct the heat upward to-
wards the sample. Between the upper plate and the sample is a thin PTFE
sheet to protect the sample holder from excess electrolyte and to elec-
tronically isolate the sample. The sample is held to the plate with plastic
screws which push copper clips onto the sample surface for electrical
and mechanical contact. There is a stack of two perpendicular, hori-
zontal, linear motion stages under the kinematic mount to precisely
locate specific portions of the sample under the cell head.

The SDC system is designed to collect data in an automated fashion.
A control program executes experimental protocols that specify sample
coordinates, associated electrolyte chemistry and a series of electro-
chemical measurements and their parameters. Experimental protocols
can be executed from a pre-planned script or dynamically generated at
runtime based on the results of online data analysis. Each measurement
sequence proceeds as follows: (1) The cell head is lifted off the sample.
(2) The sample is then translated to place the cell head over the correct
position on the sample. (3) An external needle then sprays deionized
(DI) water on the local area to clean the surface. (4) Fresh electrolyte is
then pushed into the cell head creating a droplet, wetting the sample
surface. (5) The cell head is then brought down into contact with the
sample, with excess fluid being pulled through the cell head and the
external suction needle. (6) Once the cell head is in place, fresh elec-
trolyte solution is purged through the system turning over the solution
volume in the loop 3-5 times. (7) The control program then executes the
sequence of electrochemistry measurements and performs streaming
diagnostic analyses for data quality monitoring and adaptive control
capability. (8) Following the measurements the cell head lifts up slightly
and solution is pumped out of the cell head and recirculating loop before
it is moved. Lifting the cell head before this operation ensures that the
system does not experience negative pressure.

3. Experimental

For this study we characterized a steel plate electroplated with a Zn-
Ni alloy. Using X-ray fluorescence we determined that the coating had a
stoichiometry of ZngsNi;s and was about 85 pym thick. We also charac-
terized the phase of the alloy using x-ray diffraction, finding the film was
predominately in the y phase, Zn;;Niy, with a trace amount of the §
phase, Zny;Nis, as expected from the phase diagram [11].

We performed the electrochemical corrosion measurements using a
mixture of electrolytes to vary the pH from acidic to basic. On the acidic
side we combined 0.5 M H,SO4 with 0.5 M K,SO4 in varying ratios.
Similarly, for basic electrolytes, we combined 1 M KOH with 0.5 M
K5S0,4. These concentrations were chosen to keep the ion concentration
roughly constant.

Every set of measurements is performed on a fresh portion of the
plate surface. At each point we performed a set of four types of elec-
trochemical corrosion measurements, ordered from least to most
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Fig. 1. Representative schematics of the SDC system (not to scale). (a) is a closeup of the cell-head showing the flow of the fluid through the cell. The fluid enters the
cell on the left, passing through the cell block to the o-ring defined volume between the cell and the sample. The electrolyte then travels back up through the cell
passing by the reference electrode and the counter electrode. (b) shows the fluid handling system including the syringe pumps (simplified here to three sources).

Arrowheads are physical check-valves in the system.

destructive. After the cell was purged we began monitoring the open
circuit potential (OCP), recording it at 1 Hz. We waited to proceed until
the OCP was stable, specifically until a 10 s running average was stable
to within +£2 mV for 90 s. We began checking for stabilization 300 s after
beginning to record the OCP and did not allow stabilization to occur for
more than 1800 s. We report the average of the OCP over the final 20 s as
the OCP of the stable surface. An example trace is plotted in Fig. 2(a).

We then performed a series of three linear polarization resistance
measurements. These measurements swept the voltage at a rate of 0.125
mV/s over a range of £12 mV, relative to the measured OCP prior to the
scan, while recording the reaction current, I. Since this is a relatively
small deviation in potential from the OCP, these measurements are ex-
pected to have minimal effect on the surface and therefore all three
duplicate measurements should be nominally identical. Following each
measurement the polarization resistance (PR) was extracted, as illus-
trated in Fig. 2(b) using an automated routine, as follows: The corrosion
potential is identified as the data-point closest to zero current. A line is
then fit to data within +5 mV of that datum to determine the PR. In some
cases an oscillation in the current was present that we attribute to the
action of the peristaltic pump in the loop. If the initial goodness of fit was
insufficient (R% < 0.95), we first interpolate the data with a sine wave
combined with a 5th order polynomial. We then remove the oscillatory
component and fit the previously described linear PR model to the
polynomial component of the interpolation model. Only PR from linear
fits with an R2 > 0.95 were kept. Finally, we take the average of the
polarization resistances (as well as the corrosion potential) over the
three iterations.

Third, we perform a Tafel measurement. These measurements are
similar to the LPR scans above but we scan +£250 mV from the corrosion
potential, at a rate of 5 mV/s. Tafel fits can provide a measure of the
corrosion current, i, through the application of the Butler-Volmer
model [12]. In practice extraction of i, often requires expert selection
of the linear region of the Tafel branches, a methodology that is
incompatible with our fully automated approach. Here we rely on a
modified version of the method developed and validated by Agbo and
Danilovic [13]. This method essentially performs a sensitivity analysis
for a series of linear fits to a portion of both I and the log(I) as a function
of applied potential; the anodic branch and the cathodic branch are
analyzed separately. The fitting series systematically varies both the
position and width of the fitting window. Windows with fits to either the
log or linear current below a critical R? goodness-of-fit are discarded.
The remaining fits were placed in bins based on their slope in log space.
The bin with the greatest range of window widths is selected as the Tafel
slope; we select the fit with the highest R? value within that bucket to be

the Tafel fit for that branch. A corrosion potential is also determined as
the minimum voltage corresponding to the minimum in current. An ico.,
for each branch is determined as the current of the Tafel fit at the
corrosion potential. As both branches are analyzed independently, we
use the difference between the anodic and cathodic determined i.,s as a
test of goodness-of-fit, allowing no more than 0.25 decades between
them. The i, for the measurement is taken as the average of those
derived from each branch as demonstrated in Fig. 2(c).

Finally, we measure a cyclic voltammogram (CV). In this case the
voltage is driven from — 1.3 V to 0.5V, cycling 2 times at a rate of 75
mV/s. Unfortunately, this was a case where, due to the high dissolution
rate, the current traveling between the surface and the counter/refer-
ence electrode became too high. This suppressed the effective voltage at
the surface of the sample, causing the CV scans to be uninterpretable, as
seen in examples plotted in the SI. This happened for all cases other than
the highest pH measurements. To that end, we do not make use of these
CV measurements in this work. Examples of these measurements can be
found in our earlier work using an earlier iteration of this SDC system
[14].

X-ray Photoelectron Spectroscopy (XPS) data was collected on an
Axis Ultra DLD from Kratos Analytical (Chestnut Ridge, NY) using
monochromatic Al Ka X-ray source operating at 150 W. The base pres-
sure of the sample chamber below 10~7 Pa. The surface was neutralized
with low energy electrons and disconnected from electrical ground to
minimize differential charging. Emitted electrons were collected along
the surface normal and analyzed at a 40 eV pass energy. XPS spectra
were collected from a single spot for each experimental condition from a
large area defined by a hybrid lens and slot aperture. Spectra were ac-
quired for the Zn 2p3, Ni 2p3, Cu 2p3, O 1s, C 1s, and S 2p regions and fit
with a Shirley background (U2 Tougaard for O 1s and Cls) using
CasaXPS (Teignmouth, UK). Qualitative estimates for elemental
composition were calculated from peak areas corrected using elemental
relative sensitivity factors provided by the manufacturer. Charge
correction was made by shifting the Zn 2p3 feature to 1022 eV. A portion
of the data is shown in supplemental information (SI).

4. Results and discussion

Fig. 3 shows the results of the various electrochemical scans plotted
as a function of pH over many measurements, each point representing a
single point on the sample with the measurements performed as
described above. Fig. 3(a) shows the open circuit potential at the end of
the OCP hold as a function of pH. We can see that at low pH (less than ~
3.5) the OCP is quite high, near -0.3 V vs. Ag/AgCl. As we increase the



H. Joress et al.

(a) —0.54 -
= f e Measured data
©] 4 Smoothed data
(@)} |
< -0.561 ¢
(@)} d
< «
- [/
[%)]
> —0.5819 ¢
> &
< |
© {
€ —-0.60-4 {
g !
(©] ]
a |
—0.62 A ; . |
0 200 400
Elapsed time (s)
(b) .
—~ —1.2254 * Measured data ’,j:’
-=- LPR fit 5
Residual current 5
—1.230 A -

—1.235 - ’5
«f

—1.240 A

—1.245 1 o

ey

-0.01

Potential (V vs. Ag/AgCl

'{\'

0.00 0.01

Current (mA)

(c) »
—4.0 A
g ] (1S ,’o
Z -4.5 s ——
o R KRN
o /7 e S
S —5.0 A Pid -l® \\\
o e Measured Data S
2 OoCP
= —3.51 — i¢or (cathodic)
Fit bounds
_6.0+ — lcorr (anodlcz

-1.3 -1.2
Potential (V vs. Ag/AgCl)

-1.4

Fig. 2. Representative data for each of the three measurements performed: (a)
OCP hold showing the potential as a function of time. The raw data is shown
with a time averaged value and the scan stopped after the OCP was stable. (b)
shows an LPR measurement. In this case a sine background was removed as
shown. (c) shows a Tafel measurement and the accompanying data reduction
including the two fits to the Tafel slopes and the resulting corrosion current. In
this case the extracted I, from the anodic and cathodic side overlap).
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Fig. 3. Results from each measurement type plotted as a function of pH. Each
point represents a scan within a measurement routine on a fresh portion of the
sample. (a) shows the final open circuit potential. (b) shows the average po-
larization potential over three sweeps. (c) shows the i, extracted from the
Tafel measurements. Vertical lines are included as a guide to the eye at 3.5
and 10.5.

pH towards neutral there is an abrupt shift downward to approximately
— 0.8 V. This OCP is maintained with a slight drift upward until a pH of
about 10 is reached, where again the OCP increases until reaching a
peak around 0.5 V before abruptly dropping down to — 1.2 V at pH 11.

Fig. 3 (b) and (c) show two metrics for corrosion rate: (b) shows the
PR and (c) shows the corrosion current. PRx1 /icor and both measure-
ments correlate well with R? = 0.78 (See supplemental figure). This data
suggests that, starting with our most acidic measurements, the corrosion
rate is high and relatively flat through a pH of ~3.5, then begins to
decrease until it reaches a minimum at a pH of ~9.5. Moving to more
basic electrolytes the corrosion rate precipitously decreases through our
highest pH measurements.

As a complementary metric, we used XPS (x-ray photoelectron
spectroscopy) to better understand the stable surface at OCP as a func-
tion of pH. XPS measurements were taken at nine points, each following
OCP holds, each carried out at a different pH value. A tenth point was
measured on the as-received surface for comparison. The results are
shown in Fig. 4. The samples exposed to the lowest pH acid had the
highest Ni content at 20 at.% on a metals basis (at.% Ni/(at.% Ni +at.%
Zn)). The Ni content then dropped until it was negligible at around a pH
of 3.5. On the basic side, the point closest to neutral still had negligible
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Fig. 4. Compositional and chemical analysis for 9 points by ex situ XPS. Each
point represents a measurement on a unique part of the sample following OCP
holds in an electrolyte whose pH varies by point. An additional point was taken
on the as-received metal surface and is shown on the left as unconnected points.
Vertical lines are included as a guide to the eye at pH of 3.5 and 10.5. The
Horizontal line represents the bulk Ni content for XRF. (a) shows variation of
OCP and metal fraction of Zn and Ni and (b) shows change in O and C content in
absolute atomic percent.

detectable Ni. The content then rose to 8 at.% metals basis before falling
back down for the last two points to 3 at.% and 4 at.% respectively.
Oxygen accounts for 48 at.%-62 at.% for all points. C content varied
across the pH series with it starting at 21 at.% at the low pH end, before
dipping down to 15 at.% in the middle of the range, then rising to 35 at.
%where the Ni content increased before falling again. XPS can also
provide some chemical information: Zn was particularly hard to identify
from photoelectron spectra alone (see SI Figure). Modified Auger pa-
rameters were extracted from survey spectra to be roughly at 2009.6 eV
(data not shown), which could be consistent with ZnCOs; or ZnO
[15-17]. Similarly the Ni was predominantly in a hydroxide-like elec-
tronic configuration for all but the highest pH point, which was more
consistent with zero valent Ni. When present, Ni 2p could be identified
as Ni(OH); due to the characteristic photoelectron line (at 856.1 eV)
coupled with a satellite shakeup broadly centered between 861 eV and
862 eV [15,18] while missing the multiplet splitting commonly
observed with NiO. The control spot had 4 at.% Ni on a metals basis with
10 at.% of O. The C was strongest at 88 at.% for the unexposed spot,
though presumably some of this C is from atmospheric hydrocarbons
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adhering to the surface. In this case the Ni signal was consistent with
metallic and the Zn configuration was indeterminate due to the strong C
content.

Based on the XPS data we can begin to understand the reactions that
are occurring during the OCP hold. Zn alloys in general [19], and Zn-Ni
alloys specifically [20], are known to form a native carbonate scale that
is Zn rich. As this scale grows the Ni is segregated from the near surface
region, reducing its detection by XPS from its bulk composition of 15 at.
%. We can further gain insight into corrosion in this system by consid-
ering the Pourbaix diagram of this alloy generated from The Materials
Project [21-24], (assuming the composition and an ion concentration in
the solution of 10~ ions of each metal species): Fig. 5.

Given the proclivity of Zn to form carbonates, we also consider the
Pourbaix diagram in the presence of carbonic acid by Delahay et al.
[25]. While both diagrams should be taken as approximations due to
violation of underlying assumptions (e.g., for the Materials Project di-
agram: systematic error in the density functional theory calculations
underpinning the chemical potentials of solid phases, potential missing
phases in Pourbaix diagram including hydroxides, deaerated electrolyte
for predicted Pourbaix vs air exposed electrolyte experimentally), these
diagrams can provide further information, including possible phase re-
gions and their stability, to understand the reactions at the surface. The
materials project diagram suggests that the Zn will dissolve or react at all
pHs at a lower potential than the Ni. In both cases we also see that at low
pH the metals will dissolve and at high pH they will form oxides or
hydroxides that will similarly dissolve. In moderate pHs near neutral the
metals will form oxides or hydroxides that are stable, providing a
reduction in the corrosion rate. It is interesting to note that the Materials
Project Pourbaix diagram for ZngsNi;s has approximately the same
passive region as pure Zn due to the thermodynamic stability region of
ZnO.

Taking this information together we can surmise that in low pH so-
lution, the Zinc carbonate scale, followed by the underlying Zn metal, is
rapidly dissolved, leaving behind a Ni enriched surface with a high OCP.
As the pH increases the driving force for dissolution is reduced so the
surface remains more Zn rich, lowering its OCP. The XPS results also
suggest that the C is preferentially dissolving from the surface. At a pH
around 3.5 we begin to see the corrosion rate decrease and the Ni con-
tent near the surface fall below that of the untreated surface. This im-
plies that we are, in fact, growing a passivating surface oxide or
carbonate at a lower pH than thermodynamically predicted, an obser-
vation common to a great many metallic systems. This surface layer
increases the OCP of the surface, particularly as pH increases. Finally at
around pH 11, the Zn oxide/carbonate layer becomes soluble, and the
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Fig. 5. Pourbaix diagram generated from Materials Project data. Specific re-
gions attributed to stable intermetallic phases removed for simplicity. The
pourbaix diagram predicts a region of stability between ~ 8.5 and 11.5 in pH.
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surface shifts towards the underlying metal, which has a much lower
OCP. We assume that in the time interval between when the surface was
chemically treated and when the sample was placed in the UHV (ulta-
high vacuum) of the chamber (around 18 h), the Zn at the surface was
again able to react with the atmosphere to form a fresh native scale and
enrich the surface. Taken together, the corrosion data from the SDC is
consistent with what is known about this system from literature and our
XPS data.

There are several aspects of our SDC system we hope to improve in
the future. The biggest hurdle is the high resistance between the working
electrode and the reference electrode. Using the linear portion of a CV
(see SI) we can calculate a cell resistance of 690 Q, an order of magni-
tude above what is typically found in an electrochemical cell. This drop
makes measurements of high current processes such as cyclic voltam-
mograms of the Zn-Ni plate difficult. There are two solutions to this
issue. The first would be an alternate design of the cell head that allows
for placing the reference electrode (and perhaps the counter electrode)
closer to the sample surface and expanding the flow channels between
the electrodes. In reality the geometry of the cell head makes this
difficult but we are investigating smaller reference electrodes for this
purpose. Alternatively a patterned coating could be used to reduce the
area of the film being sampled by the electrochemical cell. This would
reduce the reaction area and consequently the current that needs to flow
through the cell head. There is also some issue with uniformity of the
corrosion due to nonuniformities in the flow rate of the electrolyte over
the surface. Again this could be improved through further optimization
of the cell head. Another point of note is the possibility of future inte-
gration of the system with inductively coupled plasma elemental anal-
ysis. This type of integration has been demonstrated before for other
SDC systems. The recirculating loop has some interesting trade-offs with
respect to integration with this type of system [26-28]. The natural
place to sample would be just prior to the fluid dump. The advantage of
the recirculating loop is that there is a higher accumulation of corroded
species, reducing the demand of the measurement precision. However,
in this setup, the measurement would be limited to the end of any given
measurement, removing temporal resolution [29].

5. Conclusion

We have developed a highly automated system for rapid corrosion
measurements on planar samples. Here we have demonstrated its use on
a Zn-Ni alloy at a range of pHs. We show through two measurement
types that this alloy has a high corrosion rate at both low (< 3.5) and
high (> 12) pH, but due to formation of a passivating layer the corrosion
rate is much lower near neutral pH. Beyond the application of the SDC
demonstrated here, we think the cell can be used to probe a variety of
sample types including combinatorial thin-films with compositional or
structural variation [14] and additively manufactured samples with
variation in composition [30,31] or processing parameters [32].
Further, the automated nature of the system (including the
data-processing capabilities) can allow for more efficient mapping of
electrolyte and/or sample space through addition of a machine learning
agent [33,34]. Beyond use of this system as a corrosion mapping tool, we
are developing it to also be used to deposit alloys through electroplating.
In this way we can create a fully closed loop platform capable of
on-demand synthesis and corrosion to accelerate materials discovery
[34,35].
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