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(57) Abstract: A device may include a chamber wall defining in part a fluid chamber, a fluid inlet, a fluid outlet, and an electrode
opening for receiving an electrode. A device may include a platform, at least a portion of which is positioned within the fluid chamber,
the platform having a first surface for positioning a sample. A device may include a moveable transparent window positioned opposite
the platform, the moveable window configured to move towards or away from the first surface of the platform, the moveable window
defining in part the fluid chamber.
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DEVICE FOR IN SITU OBSERVATION OF SAMPLE UNDER
TEST

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
63/322,125, entitled “Device for in situ electrochemical studies of solid-liquid interface
using microscopy,” filed March 21, 2022, the entirety of which is incorporated by

reference herein.

TECHNICAL FIELD

[0002] This disclosure relates to devices for observation of samples under test.
DESCRIPTION OF THE RELATED TECHNOLOGY

[0003] Some approaches to characterizing physical properties of samples include optical
microscopy, X-ray diffraction (XRD), scanning electron microscopy (SEM),
transmission electron microscopy (TEM), in situ liquid TEM, X-ray computed
tomography, atomic force microscopy (AFM), scanning Kelvin probe force microscopy
(SKPFM), electrochemical atomic force microscopy (EC-AFM), vertical scanning
interferometry (VSI), and digital holography and digital holographic microscopy (DHM).
Some of these approaches can generate high-resolution surface topography of the sample
to aid in monitoring the surface profile of the sample over time. In particular, the surface
topography can aid in characterizing the properties of the sample under various conditions

such as, for example, corrosion.
SUMMARY

[0004] In some aspects, the techniques described herein relate to a fluid cell, including: a
chamber wall defining in part a fluid chamber, a fluid inlet, a fluid outlet, and an electrode
opening for receiving an electrode; a platform, at least a portion of which is positioned
within the fluid chamber, the platform having a first surface for positioning a sample; and
a moveable transparent window positioned opposite the platform, the moveable window
configured to move towards or away from the first surface of the platform, the moveable
window defining in part the fluid chamber.

[0005] In some aspects, the techniques described herein relate to a fluid cell, the chamber

wall further defining a camera opening for accommodating a camera.
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[0006] In some aspects, the techniques described herein relate to a fluid cell, wherein the
fluid inlet is positioned opposite the fluid outlet.

[0007] In some aspects, the techniques described herein relate to a fluid cell, wherein the
platform is positioned between the fluid inlet and the fluid outlet.

[0008] In some aspects, the techniques described herein relate to a fluid cell, further
including: an inlet channel, one end of which terminates at the fluid inlet; and an outlet
channel, one end of which terminates at the fluid outlet.

[0009] In some aspects, the techniques described herein relate to a fluid cell, wherein the
moveable optical window includes a transparent flexible film.

[0010] In some aspects, the techniques described herein relate to a fluid cell, wherein the
transparent flexible film includes a polymer film.

[0011] In some aspects, the techniques described herein relate to a fluid cell, wherein the
transparent flexible film is coupled with a periphery of the chamber wall.

[0012] In some aspects, the techniques described herein relate to a fluid cell, wherein the
moveable optical window includes a rigid portion and a flexible portion coupled with the
rigid portion.

[0013] In some aspects, the techniques described herein relate to a fluid cell, wherein the
flexible portion is coupled with a periphery of the chamber wall.

[0014] In some aspects, the techniques described herein relate to a fluid cell, wherein the
moveable transparent window moves towards or away from the first surface of the
platform responsive to a force imparted by an objective lens housing.

[0015] In some aspects, the techniques described herein relate to a fluid cell, wherein the
objective lens is part of a spectral modulation interferometry setup.

[0016] In some aspects, the techniques described herein relate to a fluid cell, wherein the
moveable transparent window has a refractive index that is within about 1-15% of a
refractive index of a fluid within the fluid chamber.

[0017] In some aspects, the techniques described herein relate to a fluid cell, further
including: an electrode channel, one end of which terminates at the electrode opening.
[0018] In some aspects, the techniques described herein relate to a fluid cell, wherein the
electrode opening is a first electrode opening, the electrode is a first electrode, and the
clectrode channel is first electrode channel, the fluid cell further including: the chamber
wall further defining a second electrode opening for receiving a second electrode; and a

second electrode channel, one end of which terminates at the second electrode opening.
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[0019] In some aspects, the techniques described herein relate to a fluid cell, wherein the
platform includes resin.

[0020] In some aspects, the techniques described herein relate to a fluid cell, further
including: a vibration motor positioned on a second surface of the platform, the second
surface of the platform positioned outside of the fluid chamber.

[0021] In some aspects, the techniques described herein relate to a fluid cell, wherein the
platform includes a conduit that accommodates a sample electrode electrically coupled
with the sample.

[0022] In some aspects, the techniques described herein relate to a fluid cell, including: a
chamber wall defining in part a fluid chamber, a fluid inlet and a fluid outlet; a platform,
at least a portion of which is positioned within the fluid chamber, the platform having a
first surface for positioning a sample; and a moveable transparent window positioned
opposite the platform, the moveable window configured to move towards or away from
the first surface of the platform, the moveable window defining in part the fluid chamber.
[0023] In some aspects, the techniques described herein relate to a fluid cell, the chamber
wall further defining a camera opening for accommodating a camera.

[0024] In some aspects, the techniques described herein relate to a fluid cell, wherein the
fluid inlet is positioned opposite the fluid outlet.

[0025] In some aspects, the techniques described herein relate to a fluid cell, wherein the
platform is positioned between the fluid inlet and the fluid outlet.

[0026] In some aspects, the techniques described herein relate to a fluid cell, further
including: an inlet channel, one end of which terminates at the fluid inlet; and an outlet
channel, one end of which terminates at the fluid outlet.

[0027] In some aspects, the techniques described herein relate to a fluid cell, wherein the
moveable optical window includes a transparent flexible film.

[0028] In some aspects, the techniques described herein relate to a fluid cell, wherein the
transparent flexible film includes a polymer film.

[0029] In some aspects, the techniques described herein relate to a fluid cell, wherein the
transparent flexible film is coupled with a periphery of the chamber wall.

[0030] In some aspects, the techniques described herein relate to a fluid cell, wherein the
moveable optical window includes a rigid portion and a flexible portion coupled with the
rigid portion.

[0031] In some aspects, the techniques described herein relate to a fluid cell, wherein the

flexible portion is coupled with a periphery of the chamber wall.
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[0032] In some aspects, the techniques described herein relate to a fluid cell, wherein the
moveable transparent window moves towards or away from the first surface of the
platform responsive to a force imparted by an objective lens housing.

[0033] In some aspects, the techniques described herein relate to a fluid cell, wherein the
objective lens is part of a spectral modulation interferometry setup.

[0034] In some aspects, the techniques described herein relate to a fluid cell, wherein the
moveable transparent window has a refractive index that is within about 1-15% of a

refractive index of a fluid within the fluid chamber.

BRIEF DESCRIPTION OF THE DRAWINGS

18633} Figure 1 shows a cross-sectional view of a depiction of a first example device for
in sity examimation of a sample under tost.

{86346} Figure 2 shows an isometric view of a second example device for in situ
examination of a sample under test.

{8037 Figure 3 shows a cross sectional view of the second example device shown
discussed above i relation to Figure 2.

1338} Figure 4 shows a fluid mict and a fluid outlet defined in the chamber wall of the
device.

{8639} Figure S shows a second elecirode channel outlet positioned on an outer surface
of the chamber wall.

{6648} Figure 6 shows an 1sometric view of a third example device for in situ examination
ot a sample under test.

[0041] Figure 7 shows a schematic of a spectral modulation interferometry setup.

[0042] Like reference numbers and designations in the various drawings indicate like

elements.

DETAILED DESCRIPTION

[0043] The various concepts introduced above and discussed in greater detail below may
be implemented in any of numerous ways, as the described concepts are not limited to
any particular manner of implementation. Examples of specific implementations and
applications are provided primarily for illustrative purposes.

[0044] As will be apparent to those of skill in the art upon reading this disclosure, each
of the individual embodiments described and illustrated herein has discrete components

and features which may be readily separated from or combined with the features of any
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of the other several embodiments without departing from the scope or spirit of the present
disclosure.

[0045] Any recited method can be carried out in the order of events recited or in any other
order that is logically possible. That is, unless otherwise expressly stated, it is in no way
intended that any method or aspect set forth herein be construed as requiring that its steps
be performed in a specific order. Accordingly, where a method claim does not specifically
state in the claims or descriptions that the steps are to be limited to a specific order, it is
no way intended that an order be inferred, in any respect. This holds for any possible non-
express basis for interpretation, including matters of logic with respect to arrangement of
steps or operational flow, plain meaning derived from grammatical organization or
punctuation, or the number or type of aspects described in the specification.

[0046] All publications mentioned herein are incorporated herein by reference to disclose
and describe the methods and/or materials in connection with which the publications are
cited. The publications discussed herein are provided solely for their disclosure prior to
the filing date of the present application. Nothing herein is to be construed as an admission
that the present invention is not entitled to antedate such publication by virtue of prior
invention. Further, the dates of publication provided herein can be different from the
actual publication dates, which can require independent confirmation.

[0047] While aspects of the present disclosure can be described and claimed in a
particular statutory class, such as the system statutory class, this is for convenience only
and one of skill in the art will understand that each aspect of the present disclosure can be
described and claimed in any statutory class.

[0048] It is also to be understood that the terminology used herein is for the purpose of
describing particular aspects only and is not intended to be limiting. Unless defined
otherwise, all technical and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to which the disclosed
compositions and methods belong. It will be further understood that terms, such as those
defined in commonly used dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the specification and relevant art and
should not be interpreted in an idealized or overly formal sense unless expressly defined
herein.

[0049] It should be noted that ratios, concentrations, amounts, and other numerical data
can be expressed herein in a range format. It will be further understood that the endpoints

of each of the ranges arc significant both in relation to the other endpoint, and
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independently of the other endpoint. It is also understood that there are a number of values
disclosed herein, and that each value is also herein disclosed as “about” that particular
value in addition to the value itself. For example, if the value “10” is disclosed, then
“about 107 is also disclosed. Ranges can be expressed herein as from “about” one
particular value, and/or to “about” another particular value. Similarly, when values are
expressed as approximations, by use of the antecedent “about,” it will be understood that
the particular value forms a further aspect. For example, if the value “about 107 is
disclosed, then “107 is also disclosed.

[0050] When a range is expressed, a further aspect includes from the one particular value
and/or to the other particular value. For example, where the stated range includes one or
both of the limits, ranges excluding either or both of those included limits are also
included in the disclosure, ¢.g., the phrase “x to y” includes the range from ‘x” to °y’ as
well as the range greater than “x” and less than ‘y’. The range can also be expressed as an
upper limit, e.g., ‘about X, y, z, or less” and should be interpreted to include the specific
ranges of ‘about x°, ‘about y’, and ‘about z” as well as the ranges of ‘less than x’, less
than y’, and ‘less than z’. Likewise, the phrase ‘about x, y, z, or greater’ should be
interpreted to include the specific ranges of “about x”, “about y’, and ‘about z” as well as
the ranges of ‘greater than x’, greater than y’, and ‘greater than z°. In addition, the phrase

[S-LE

“about ‘x’ to ‘y’”, where ‘x” and ‘y’ are numerical values, includes “about ‘x” to about

[SELE

y

[0051] Itis to be understood that such a range format is used for convenience and brevity,
and thus, should be interpreted in a flexible manner to include not only the numerical
values explicitly recited as the limits of the range, but also to include all the individual
numerical values or sub-ranges encompassed within that range as if each numerical value
and sub-range is explicitly recited. To illustrate, a numerical range of “about 0.1% to 5%~
should be interpreted to include not only the explicitly recited values of about 0.1% to
about 5%, but also include individual values (e.g., about 1%, about 2%, about 3%, and
about 4%) and the sub-ranges (¢.g., about 0.5% to about 1.1%; about 5% to about 2.4%;
about 0.5% to about 3.2%, and about 0.5% to about 4.4%, and other possible sub-ranges)
within the indicated range.

bRl

[0052] As used herein, the terms “about,” “approximate,” “at or about,” and
“substantially” mean that the amount or value in question can be the exact value or a value
that provides equivalent results or effects as recited in the claims or taught herein. That

is, it is understood that amounts, sizes, formulations, parameters, and other quantities and
6
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characteristics are not and need not be exact, but may be approximate and/or larger or
smaller, as desired, reflecting tolerances, conversion factors, rounding off, measurement
error and the like, and other factors known to those of skill in the art such that equivalent
results or effects are obtained. In some circumstances, the value that provides equivalent
results or effects cannot be reasonably determined. In such cases, it is generally
understood, as used herein, that “about” and “at or about” mean the nominal value
indicated £10% variation unless otherwise indicated or inferred. In general, an amount,

29 ¢

size, formulation, parameter or other quantity or characteristic is “about,” “approximate,”

or “at or about” whether or not expressly stated to be such. It is understood that where

23 <,

“about,” “approximate,” or “at or about™ is used before a quantitative value, the parameter
also includes the specific quantitative value itself, unless specifically stated otherwise.
[0053] Prior to describing the various aspects of the present disclosure, the following
definitions are provided and should be used unless otherwise indicated. Additional terms
may be defined elsewhere in the present disclosure.

[0054] As used herein, “comprising” is to be interpreted as specifying the presence of the
stated features, integers, steps, or components as referred to, but does not preclude the
presence or addition of one or more features, integers, steps, or components, or groups

3 ¢

thereof. Moreover, each of the terms “by”, “comprising,

2% <¢

comprises”, “‘comprised of,”
“including,” “includes,” “included,” “involving,” “involves,” “involved,” and “such as”
are used in their open, non-limiting sense and may be used interchangeably. Further, the
term “comprising” is intended to include examples and aspects encompassed by the terms
“consisting essentially of” and “consisting of.” Similarly, the term “consisting essentially
of” is intended to include examples encompassed by the term “consisting of.

[0055] As used herein, the term “and/or” includes any and all combinations of one or
more of the associated listed items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do not modify the individual
clements of the list.

[T 1
a.

[0056] As used in the specification and the appended claims, the singular forms an”

and “the” include plural referents unless the context clearly dictates otherwise. Thus, for

2 <,

example, reference to “a proton beam degrader,” “a degrader foil,” or “a conduit,”
includes, but is not limited to, two or more such proton beam degraders, degrader foils,
or conduits, and the like.

[0057] The various concepts introduced above and discussed in greater detail below may

be implemented in any of numerous ways, as the described concepts are not limited to
7
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any particular manner of implementation. Examples of specific implementations and
applications are provided primarily for illustrative purposes.

[0058] As used herein, the terms “optional” or “optionally” means that the subsequently
described event or circumstance can or cannot occur, and that the description includes
instances where said event or circumstance occurs and instances where it does not. Unless
otherwise specified, temperatures referred to herein are based on atmospheric pressure
(i.c., one atmosphere).

[0059] Several physical phenomenon affecting materials can be investigated by
examining changes in the material at the micro or nano scale. Corrosion is one such
physical phenomenon where knowledge of the micro or nano scale changes in the material
can inform the understanding of the macroscopic behavior of the material. Optical probe
quantitative phase microscopy (QPM) methods such as VSI, and DHM, are capable of
generating high-resolution 3D surface topography data and computing rate kinetics based
on changes in the surface profile of the sample over time. These methods also have such
advantages as high axial resolution, full-field view, nondestructive observation, contact-
free high sensitivity, and fast response. In particular, methods such as VSI and DHM are
useful in quantifying dissolution kinetics. While these techniques have been used for
dissolution and corrosion studies, there is still a lack of approaches for high-quality kinetic
data that would derive fundamental mechanisms of metallic corrosion and the micro and
nano scales.

[0060] The apparatus and methods discussed here provide novel application of a QPM
approach, spectral modulation interferometry (SMI), to in situ study of samples. In
addition, the apparatus and methods allow combining electrochemical testing and solution
chemical analysis of the sample simultaneously with the SMI.

[0061] Figure 1 shows a cross-sectional view of a depiction of a first example device 100
for in situ examination of a sample under test. The first example device 100 includes a
fluid chamber 102 defined, in part, by a chamber wall 104 and a platform 106, over which
a sample 108 can be positioned. The first example device 100 further includes a fluid
inlet 110 and a fluid outlet 112 from the fluid chamber 102. In addition, an electrode 120
is coupled with the sample 108. the first example device 100 further includes a moveable
transparent window 114 positioned opposite the platform 106. One side of the moveable
transparent window 114 faces the sample 108 and in part defines the fluid chamber 102.
An opposite side of the moveable transparent window 114 interfaces with an objective

lens 116. The objective lens 116 can move towards or away from the sample 108, as well
8
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as move laterally. The flexibility of the moveable transparent window 114 can allow the
objective lens 116 move in the desired direction. In one approach, as shown in Figure 1,
the moveable transparent window 114 can be coupled with a periphery of the chamber
wall 104 using an O-ring 118. In some other approaches, the moveable transparent
window 114 can be coupled with the periphery of the 104 using, for example, clamps,
adhesive, or other fasteners. A working electrode 120 is electrically coupled with the
sample 108. In the example shown in Figure 1, the platform 106 can include a conduit
through which the electrode 120 passes to couple with the sample 108. In some other
examples, the electrode 120 may pass through any surface of first example device 100 to
make contact with the sample 108. In some instances, where the first example device 100
is not utilized for electrochemical testing of the sample 108, the first example device 100
may be devoid of the electrode 120. On the other hand, the first example device 100 can
accommodate one or more additional electrodes to facilitate electrochemical testing of
the sample 108.

[0062] In some instances, the first example device 100 can further include a camera
opening to accommodate a camera. As an example, the camera opening can be positioned
in the chamber wall 104 to allow the camera to point towards the sample 108 and to
monitor the conditions on and around the sample 108 during testing.

[0063] In the example shown in Figure 1, the fluid inlet 110 and the fluid outlet 112 are
positioned opposite each other. In some examples, the fluid inlet 110 and the fluid outlet
112 can be positioned along an axis of the first example device 100, where the axis, for
example, can pass through the center of the first example device 100. In some examples,
the platform 106 and the sample 108 can be positioned between the fluid inlet 110 and
the fluid outlet 112. That is, the platform 106 and the sample 108 can be positioned
downstream of the fluid inlet 110 and upstream of the fluid outlet 112 in a direction of
flow of the fluid.

[0064] The first example device 100 can include an inlet channel 122, one end of which
terminates at the fluid inlet 110, and an outlet channel 124, one end of which terminates
at the fluid outlet 112. A second end (not shown) of the inlet channel 122 can be coupled
with a fluid source such as a fluid pump that supplies fluid at a certain pressure and flow
rate to the inlet channel 122. In some instances, the fluid flow rate through the first
example device 100 can be about 20 ml/min. to about 60 ml/min, however the flow rate
can be a function of the test being carried out as well as the properties of the sample under

test (¢.g., the volume and rate at which the sample produces bubbles or debris). A second
9
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end (not shown) of the outlet channel 124 can be coupled with fluid sink, where, in some
examples, can collect samples of the fluid for solution chemistry analysis.

[0065] The moveable transparent window 114 can include a transparent flexible film. In
some examples, the transparent flexible film can include a polymer film. In some
examples, the transparent flexible film can include polyethylene terephthalate film,
polyvinyl chloride film, polypropylene film, polycarbonate film, ethylene vinyl acetate
film, etc.

[0066] In some examples, the moveable transparent window 114 can include a
combination of a flexible film and a rigid transparent portion. For example, a portion of
the moveable transparent window 114 that is positioned directly under the objective lens
116 can be a rigid transparent material such as glass or polymer. The remainder of the
moveable transparent window 114 can be a flexible film, which may or may not be
transparent. The movement of the objective lens 116 towards the platform 106 can push
the rigid transparent portion of the moveable transparent window 114 towards the
platform 106 as well. The flexible film coupled with the rigid transparent portion can
provide resistance against the force imparted by the objective lens 116 while pushing
down on the rigid portion. When the objective lens 116 moves away from the platform
106, the flexible portion can pull the rigid portion along with the objective lens 116.
[0067] The tension in the moveable transparent window 114, whether made entirely of
the flexible transparent film, or of a combination of the rigid portion and the flexible
portion, can be configured to ensure that the moveable transparent window 114 remains
in contact with the objective lens 116 during operation. In some instances, the objective
lens 116 can be during operation when the SMI process is underway. That is, the
moveable transparent window 114 can be in contact with the objective lens 116 in any
position where the SMI is being carried out.

[0068] The moveable transparent window 114 can be designed such that the portion of
the moveable transparent window 114 that, on one side, is in contact with the objective
lens 116 can also, on the other side, be in contact with the fluid within the fluid chamber
102 during operation. Generally the fluid level in the fluid chamber 102 can be a function
of at least one of the pressure and the flow rate of the fluid flowing through the fluid inlet
110 and the fluid outlet 112. The pressure and/or the flow rate can be selected such that
the fluid level reaches at least the portion of the moveable transparent window 114 that is

in contact with the objective lens 116.
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[0069] In some instances, the moveable transparent window 114 can have a refractive
index that is substantially similar to the refractive index of the fluid that flows through
the fluid chamber 102. Having substantially similar refractive indices can reduce the
degree of refraction that the light emitted from and entering the objective lens 116
undergoes while passing through the interface between the moveable transparent window
114 and the fluid. In some examples, the refractive index of the portion of the moveable
transparent window 114 through which light from the objective lens 116 passes can be
within 1-15% of the refractive index of the fluid. In some instances, a fluid film can be
maintained at the interface between the moveable transparent window 114 and the
objective lens 116 to further reduce the degree of refraction. The fluid film can be, for
example, drop of liquid (with substantially the same refractive index as the moveable
transparent window 114) that is dropped over the moveable transparent window 114 at
the position where the objective lens 116 makes contact.

[0070] In some instances, the first example device 100 can include one or more apertures
to accommodate one or more electrodes. For example, the first example device 100 can
include a first electrode opening to accommodate a first electrode. The first electrode can
be used in electrochemical analysis of the sample. In some instances, the first example
device 100 can accommodate additional electrodes via existing or additional electrode
openings. One or more electrode channels can be formed within the body of the first
example device 100 such as, for example, in the chamber wall 104. The electrode
channels can have one end that terminate into the electrode openings. The electrode
openings can open into the fluid chamber 102 to allow the electrodes to be positioned
near the platform 106 and/or the sample 108.

[0071] In some instances, the platform 106 can be made of a resin such as, for example,
epoxy, polyurethane resin, silicone resin, polypropylene resin, etc. In some instances,
where the corrosion characteristics of the sample 108 are being tested, the platform 106
may be made of a non-metallic substance, such as the resins mentioned above, or other
non-metallic and non-conductive materials.

[0072] In some instances, the first example device 100 can include a vibration motor (not
shown) positioned in contact with the platform 106. The vibration motor can be used to
vibrate the platform 106, and in turn the sample 108, to dislodge any bubbles, debris, or
unwanted material from over the sample 108. Generally, bubbles, debris, or unwanted
material can interfere with the SMI and the electrochemical testing of the sample 108.

The vibration motor can be switched on to vibrate the sample 108 and dislodge the
11



WO 2023/183306 PCT/US2023/015781

bubbles, debris, or unwanted material from the top surface of the sample 108. In some
examples, the vibration motor can be positioned on a second surface of the platform 106,
where the second surface is positioned outside of the fluid chamber 102 and is directly
below a first surface of the platform 106 on which the sample 108 is disposed.

[0073] Figure 2 shows an isometric view of a second example device 200 for in situ
examination of a sample under test. In particular, the second example device 200 can be
an implementation of the first example device 100 discussed above in relation to Figure
1. The second example device 200 can be manufactured using techniques such as, for
example, additive manufacturing, molding, casting, milling, etc. The second example
device 200 includes a chamber wall 204 (similar to the chamber wall 104 discussed above
in relation to Figure 1), which as discussed further below, can define, in part, a fluid
chamber. The second example device 200 can include a flange 226 that can extend
outwardly from an outer surface of the chamber wall 204. The flange 226 can facilitate
securely affixing the second example device 200 to a test bench or other surfaces. An
objective lens 216 (similar to the objective lens 116 discussed above in relation to Figure
1) can be positioned over a moveable transparent window which, in this example, is
coupled with a periphery of the chamber wall 204 using an O-ring 218 (similar to O-ring
118). The periphery of the chamber wall 204 can define an opening to a fluid chamber
where the opening can have a diameter of a few millimeters to about 100 mm. the opening
can be covered with the moveable transparent window (as shown in Figure 3) to form a
leak proof seal with the periphery. The second example device 200 also includes an inlet
channel, one end 228 of which his shown in Figure 2. Similarly, the second example
device 200 can also include an outlet channel, one end 230 of which is shown in Figure
2. The second example device 200 can accommodate a camera 232 and a first electrode
234. As discussed further below, the chamber wall 204 can define a camera opening for
accommodating the camera 232, and can include a first electrode opening to
accommodate the first electrode 234.

[0074] Figure 3 shows a cross sectional view of the second example device 200 discussed
above in relation to Figure 2. In particular, the cross-sectional view of the second example
device 200 is taken in a plane that includes the first axis 236 (shown in Figure 2). The
second example device 200 can include a chamber wall 204 (similar to the chamber wall
104 discussed above in relation to Figure 1) that defines in part a fluid chamber 202
(similar to the fluid chamber 102). The second example device 200 can further include a

first electrode opening 240 and a camera opening 242. The first electrode opening can be
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defined in the chamber wall 204 and can allow at least a portion of the first electrode 234
to be positioned in the fluid chamber 202. The camera opening 242 can allow at least a
portion of the camera 232 to be pointed at the fluid chamber 202. The first electrode 234
and the camera 232 can be positioned such that they form a leak-proof seal with the
chamber wall 204 to prevent leakage of the fluid within the fluid chamber 202 from
leaking out through the first electrode opening 240 and the camera opening 242. In one
example, O-rings can be used to form a leak-proof seal between the body of the camera
232 and the chamber wall 204 and the body of the first electrode 234 and the chamber
wall 204. The camera 232 and the first electrode 234 to be removably attached to the
chamber wall 204 using the O-rings or other fastening means such as clamps, bolts, screw-
threads, etc.

[0075] The second example device 200 can include a platform 206 (similar to the
platform 106) at least a portion of which is positioned in the fluid chamber 202. The
platform 206 can have a first surface within the fluid chamber 202 over which a sample
208 (similar to sample 108) can be positioned. In the example shown in Figure 2, the
platform 206 can be separable from the chamber wall 204 to allow removal and/or
replacement of the sample 208. The platform 206 can be held in place within the second
example device 200 and create a leak proof seal with the chamber wall 204 with the aid
of one or more O-rings 246. Using the one or more O-rings 246 is only one example of
securing the platform 206 to the chamber wall 204, and that the platform 206 may be
alternatively secured to the chamber wall 204 by other fastening means such as clamps,
bolts, screw-threads, etc.

[0076] The second example device 200 can include a moveable transparent window 214
(similar to the moveable transparent window 114 discussed above in relation to Figure
1). In the example shown in Figure 1, the moveable transparent window 214 is attached
to the periphery of the chamber wall 204 using a set of O-rings 218 (similar to the O-ring
118 show in Figure 1), but as discussed above in relation to the moveable transparent
window 114 shown in Figure 1, the moveable transparent window 214 can be attached to
the chamber wall 204 using other fastening means. The moveable transparent window
214 can have properties similar to those discussed above in relation to the moveable
transparent window 114 shown in Figure 1.

[0077] The second example device 200 can also include a vibration motor 244 that can
be used to induce vibrations in the sample 208 to dislodge any bubbles, debris, or

unwanted material from over the sample 208. In the example shown in Figure 3, the
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vibration motor 244 can be positioned on a second surface 246 of the platform 206, where
the second surface 248 is positioned outside of the fluid chamber 202 and is directly below
the first surface 248 of the platform 206 on which the sample 208 is positioned. The
vibration motor 244 can be similar to the vibration motor discussed above in relation to
Figure 1.

[0078] Figure 4 shows a cut-away view of the second example device 200 shown in
Figures 2 and 3. In particular, Figure 4 shows a cut-away view in relation to a plane that
includes the second axis 238. The objective lens 216 and the moveable transparent
window 214 have been removed to merely to allow visibility to other components of the
second example device 200. Figure 4 shows a fluid inlet 210 and a fluid outlet 212
defined in the chamber wall 204. The fluid inlet 210 and the fluid outlet 212 can be
similar to the fluid inlet 110 and the fluid outlet 112 discussed above in relation to Figure
1. Figure 4 shows an inlet channel 222, one end of which terminates at the fluid inlet 210
and an outlet channel 224, one end of which terminates at the fluid outlet 212. The inlet
channel 222 allows fluid communication between an inlet channel opening 228 and the
fluid inlet 210, while the outlet channel 224 allows fluid communication between an outlet
channel opening 230 and the fluid outlet 212. The fluid inlet 210 and the fluid outlet 212
have substantially rectangular shape. However, the shape can be different from being
rectangular such as, for example, circular, oval, or polygonal (regular or irregular). In
some instances, multiple fluid inlets and multiple fluid outlets. In some examples, the
multiple fluid inlets can be in fluidly communication with a single inlet channel 222 and
the multiple fluid outlets can be in fluid communication with a single outlet channel 224.
In some other instances, multiple fluid inlets and multiple fluid outlets can be in fluid
communication with multiple inlet channels and multiple outlet channels, respectively.
in some instances, more than one fluid inlet channels and more than one fluid outlet
channels can be in fluid communication with the fluid inlet 210 and the fluid outlet 212
respectively. In the example shown in Figures 2-4, the fluid inlet 210 and the fluid outlet
212 are positioned diametrically opposite each other. In some instances, this can be
advantageous in ensuring a smooth fluid flow within the fluid chamber 202. However,
the fluid inlet 210 and the fluid outlet 212 can positioned at any radial position with
respect to each other. Similarly, the inlet channel 222 and the outlet channel 224
including the inlet channel opening 228 and the outlet channel opening 230 can be
positioned at anywhere in the second example device 200 and not necessarily

diametrically opposite each other as shown in Figures 2-4.
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[0079] The second example device 200 can further include a second electrode opening
256 for receiving a second electrode (not shown). While not shown in Figure 4, the
second example device 200 can include a second electrode channel, one end of which
terminates at the second electrode opening 256. The second example device 200 also
can include a conduit that accommodates a sample electrode that can electrically couple
with the sample 208. The conduit, for example, can be formed in the platform 206 or in
the chamber wall 204. While the first electrode opening 240 and the second ¢lectrode
opening 256 are shown as being adjacent to each other, it should be noted that in some
other examples, the first electrode opening 240 and the second electrode opening 256 may
be positioned at different locations.

[0080] Figure 5 shows a top view of the second example device 200 discussed above in
relation to Figures 2-4. In particular, the objective lens 216 and the moveable transparent
window 214 have been removed for the sake of clarity. Figure 5 shows a second electrode
channel outlet 258 positioned on an outer surface of the chamber wall 204. The second
clectrode channel outlet 258 can be in fluid communication with the second electrode
opening 256 via a second electrode channel (not shown) formed in the chamber wall 204.
A second electrode can pass through the second electrode channel outlet 258, the second
electrode channel, and the second electrode opening 256. In some instances, the second
electrode can be positioned around the sample 208 on the second surface 248 of the
platform 206.

[0081] Figure 6 shows an isometric view of a third example device 300 for in situ
examination of a sample under test. The third example device 300 is similar to the first
example device 100 and the second example device 200 discussed above in relation to
Figures 1-5, however, the third example device 300 does not include any openings or
channels for electrodes and does not include any openings or channels for a camera. The
third example device 300 can be utilized in testing of samples where electrochemical
testing based on electrodes is not needed and where close inspection of the sample using
a camera is not needed. To that end, the third example device 300 is devoid of the first
clectrode opening 240, the first electrode 234, the second electrode opening 256, the
camera opening 242, and the camera 232. As mentioned above in relation to the second
example device 200, the inlet channel opening 228 and the outlet channel opening 230
need not be positioned diametrically opposite each other as shown in Figure 6. Similarly,
the fluid inlet 210 (not visible in Figure 6) and the fluid outlet 212 need not be positioned

diametrically opposite each other as shown in Figure 6. The positions of these elements
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can be anywhere based on the implementation. All the features discussed above in
relation to Figures 1-5, other than those related to electrodes, are included in the third
example device 300 shown in Figure 6.

[0082] Figure 7 shows a schematic of an example spectral modulation interferometry
setup. SMI is based on spectral-domain interferometry and has high optical pathlength
(OPL) sensitivity and high acquisition speed (up to, for example, 120 Hz) with sub-
nanometer vertical and sub-micrometer lateral resolution. Figure 7 illustrates the
schematic SMI setup and the principle behind the technique for phase imaging. The signal
model and processing procedure in SMI, is very similar to off-axis DHM techniques.
However, its dispersive and confocal imaging scheme eliminates laser speckle, producing
speckle-free coherent images with high phase sensitivity and imaging rate.

[0083] As shown in Figure 7, SMI uses broadband, spatially-coherent light from a
superluminescent diode (e.g., SLD, Superlum; % = 837 nm, Ak = 54 nm) coupled into
singlemode fiber. A 50/50 fiber coupler directs light into the system, where it is launched
into the free-space optical path via a collimating lens. A 1D galvo-scanner (x-direction)
scans the collimated beam in one dimension, while a transmission grating (e.g., Wasatch
Photonics; 600 mm-1) disperses the beam into propagation angles varying by wavelength
(y-direction). The dispersed beam is then focused by the microscope objectives in the
form of a wavelength dispersed line, similar to other forms of spectrally-encoded imaging,
and the galvo scanner scans the line over the sample to buildup two-dimensional images.
[0084] The reflected beams from the sample and reference mirrors are back-propagated
through the system and directed to the spectrometer by the fiber coupler. The interference
spectrums are then recorded by the custom spectrometer with a line scan camera (e.g.,
¢2v; EM1, 1024-pixel, maximum line rate 78 kHz). Afterward, the recorded interference
patterns are subjected to numerical processing by a Fourier transform. After
reconstruction, each interferogram produces an amplitude-contrast image (similar to a
typical optical microscope image in reflection mode) and a phase-contrast image that
contains surface height information. Eq. (4) shows SMI’s signal model for estimating
sample surface heights. The interference intensity I(x, y) recorded by the spectrometer is
modulated by the sample phase ¢s (x, y) obtained from the optical interference of complex
sample amplitude Es (x, y) and reference amplitude Er (x, y). LO is the initial OPL offset
of the Linnik interferometer (LO = Ls - Lr), kO is the starting wavenumber, and a (in rad
m-2) is the dispersion coefficient of grating-diffracted beams. Sample surface height

information is contained in the phase term ¢s (x, y). In this configuration, variations in
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phase information on the sample due to the corrosion process as a function of time can be
obtained. That is, different optical paths originate from the different depths of pits (arising
from corrosion), producing delays in optical phase which, according to Eq. (4), produce
distinct changes in the detected optical interference pattern.

L(x,y) =/E:/* + [Es(x,y)/* + 2 Er Es (x,y)cos (2koLo + 20 Lo(y) + 2¢ps
(x.¥)) Eq. (4)

SOL (the objective lens 216) can be utilized as the objective lens in the devices
discussed above in relation to Figures 1-5.

[0085] As mentioned above in relation to the Figures 1-5, the devices include
at least one fluid inlet and at least one fluid outlet to allow fluid flow over the sample.
The flowing fluid or solution can provide nominally undersaturated conditions, thereby
allowing for the study of only the corrosion rate without precipitation of corrosion
products at the surface. Of course, in instances where physical properties other than
corrosion are being tested, the fluid flow can help improve the accuracy of the test. The
flowing conditions also remove any gas bubbles in the solution produced during the
reaction. In some examples, the devices discussed above in relation to Figures 1-6 can
be formed using chemically inert and electrically insulative methacrylated polymer.
However, other materials that are inert and provide electric insulation can also by used.
In the examples discussed above, the devices accommodated the SMI objective lens and
the three electrodes: the working electrode (WE) (e.g., the electrode 120, Figure 1), the
reference electrode (RE) (e.g., the first electrode 234), and the counter electrode (CE)
(e.g., the second electrode associated with the second electrode opening 256 shown in
Figure 4). In some examples, where the sample is undergoing a corrosion test, the CE can
be made of stainless steel and the RE can be made of silver-silver chloride. The CE and
the WE can ecach have an area, for example, of about 1.6 cm squared. The devices can
also include inlet and outlet ports for the flowing solution, which can include a 0.5 wt.%
sodium chloride solution acidified to a pH of about 2.9 by acetic acid, in particular for
corrosion testing of the sample.

[0086] The discussion herein describes several aspects of the apparatus that can be
implemented separately or in combination with other aspects of the disclosure without
departing from the disclosure. The following lists a non-limiting set of aspects of the

display device should not be confused with the claims.
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[0087] Aspect 1: In some aspects, the techniques described herein relate to a fluid cell,
including: a chamber wall defining in part a fluid chamber, a fluid inlet, a fluid outlet, and
an ¢lectrode opening for receiving an electrode; a platform, at least a portion of which is
positioned within the fluid chamber, the platform having a first surface for positioning a
sample; and a moveable transparent window positioned opposite the platform, the
moveable window configured to move towards or away from the first surface of the
platform, the moveable window defining in part the fluid chamber.

[0088] Aspect 2: The fluid cell with respect to any one of the aspects 1, 3-18, the chamber
wall further defining a camera opening for accommodating a camera.

[0089] Aspect 3: The fluid cell with respect to any one of the aspects 1-2, 4-18, wherein
the fluid inlet is positioned opposite the fluid outlet.

[0090] Aspect 4: The fluid cell with respect to any one of the aspects 1-3, 5-18, wherein
the platform is positioned between the fluid inlet and the fluid outlet.

[0091] Aspect 5: The fluid cell with respect to any one of the aspects 1-4, 6-18, further
including: an inlet channel, one end of which terminates at the fluid inlet; and an outlet
channel, one end of which terminates at the fluid outlet.

[0092] Aspect 6: The fluid cell with respect to any one of the aspects 1-5, 7-18, wherein
the moveable optical window includes a transparent flexible film.

[0093] Aspect 7: The fluid cell with respect to any one of the aspects 1-6, 8-18, wherein
the transparent flexible film includes a polymer film.

[0094] Aspect 8: The fluid cell with respect to any one of the aspects 1-7, 9-18, wherein
the transparent flexible film is coupled with a periphery of the chamber wall.

[0095] Aspect 9: The fluid cell with respect to any one of the aspects 1-8, 10-18, wherein
the moveable optical window includes a rigid portion and a flexible portion coupled with
the rigid portion.

[0096] Aspect 10: The fluid cell with respect to any one of the aspects 1-9, 11-18, wherein
the flexible portion is coupled with a periphery of the chamber wall.

[0097] Aspect 11: The fluid cell with respect to any one of the aspects 1-10, 12-18,
wherein the moveable transparent window moves towards or away from the first surface
of the platform responsive to a force imparted by an objective lens housing.

[0098] Aspect 12: The fluid cell with respect to any one of the aspects 1-11, 13-18,

wherein the objective lens is part of a spectral modulation interferometry setup.
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[0099] Aspect 13: The fluid cell with respect to any one of the aspects 1-12, 14-18,
wherein the moveable transparent window has a refractive index that is within about 1-
15% of a refractive index of a fluid within the fluid chamber.

[0100] Aspect 14: The fluid cell with respect to any one of the aspects 1-13, 15-18, further
including: an ¢lectrode channel, one end of which terminates at the electrode opening.
[0101] Aspect 15: The fluid cell with respect to any one of the aspects 1-14, 16-18,
wherein the electrode opening is a first electrode opening, the electrode is a first electrode,
and the electrode channel is first electrode channel, the fluid cell further including: the
chamber wall further defining a second electrode opening for receiving a second
clectrode; and a second electrode channel, one end of which terminates at the second
clectrode opening.

[0102] Aspect 16: The fluid cell with respect to any one of the aspects 1-15, 17-18,
wherein the platform includes resin.

[0103] Aspect 17: The fluid cell with respect to any one of the aspects 1-16, 18, further
including: a vibration motor positioned on a second surface of the platform, the second
surface of the platform positioned outside of the fluid chamber.

[0104] Aspect 18: The fluid cell with respect to any one of the aspects 1-17, wherein the
platform includes a conduit that accommodates a sample electrode electrically coupled
with the sample.

[0105] Aspect 19: In some aspects, the techniques described herein relate to a fluid cell,
including: a chamber wall defining in part a fluid chamber, a fluid inlet and a fluid outlet;
a platform, at least a portion of which is positioned within the fluid chamber, the platform
having a first surface for positioning a sample; and a moveable transparent window
positioned opposite the platform, the moveable window configured to move towards or
away from the first surface of the platform, the moveable window defining in part the
fluid chamber.

[0106] Aspect 20: The fluid cell with respect to any one of the aspects 19, 21-31, the
chamber wall further defining a camera opening for accommodating a camera.

[0107] Aspect 21: The fluid cell with respect to any one of the aspects 19-20, 22-31,
wherein the fluid inlet is positioned opposite the fluid outlet.

[0108] Aspect 22: The fluid cell with respect to any one of the aspects 19-21, 23-31,

wherein the platform is positioned between the fluid inlet and the fluid outlet.
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[0109] Aspect 23: The fluid cell with respect to any one of the aspects 19-22, 24-31,
further including: an inlet channel, one end of which terminates at the fluid inlet; and an
outlet channel, one end of which terminates at the fluid outlet.

[0110] Aspect 24: The fluid cell with respect to any one of the aspects 19-23, 25-31,
wherein the moveable optical window includes a transparent flexible film.

[0111] Aspect 25: The fluid cell with respect to any one of the aspects 19-24, 26-31,
wherein the transparent flexible film includes a polymer film.

[0112] Aspect 26: The fluid cell with respect to any one of the aspects 19-25, 27-31,
wherein the transparent flexible film is coupled with a periphery of the chamber wall.
[0113] Aspect 27: The fluid cell with respect to any one of the aspects 19-26, 28-31,
wherein the moveable optical window includes a rigid portion and a flexible portion
coupled with the rigid portion.

[0114] Aspect 28: The fluid cell with respect to any one of the aspects 19-27, 29-31,
wherein the flexible portion is coupled with a periphery of the chamber wall.

[0115] Aspect 29: The fluid cell with respect to any one of the aspects 19-28, 30-31,
wherein the moveable transparent window moves towards or away from the first surface
of the platform responsive to a force imparted by an objective lens housing.

[0116] Aspect 30: The fluid cell with respect to any one of the aspects 19-29, 31, wherein
the objective lens is part of a spectral modulation interferometry setup.

[0117] Aspect 31: The fluid cell with respect to any one of the aspects 19-30, wherein the
moveable transparent window has a refractive index that is within about 1-15% of a
refractive index of a fluid within the fluid chamber.

[0118] References: All cited references, patent or literature, are incorporated by
reference in their entirety. The examples disclosed herein are illustrative and not limiting
in nature. Details disclosed with respect to the methods described herein included in one
example or embodiment may be applied to other examples and embodiments. Any aspect
of the present disclosure that has been described herein may be disclaimed, i.¢., exclude
from the claimed subject matter whether by proviso or otherwise.
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CLAIMS

What is claimed is:

1. A fluid cell, comprising:

a chamber wall defining in part a fluid chamber,

a fluid inlet, a fluid outlet, and an electrode opening for receiving an electrode;

a platform, at least a portion of which is positioned within the fluid chamber, the
platform having a first surface for positioning a sample; and

a moveable transparent window positioned opposite the platform, the moveable
window configured to move towards or away from the first surface of the platform, the

moveable window defining in part the fluid chamber.

2. The fluid cell of claim 1, the chamber wall further defining a camera opening for

accommodating a camera.

3. The fluid cell of claim 1, wherein the fluid inlet is positioned opposite the fluid
outlet.
4, The fluid cell of claim 3, wherein the platform is positioned between the fluid

inlet and the fluid outlet.

5. The fluid cell of claim 1, further comprising:
an inlet channel, one end of which terminates at the fluid inlet; and

an outlet channel, one end of which terminates at the fluid outlet.

6. The fluid cell of claim 1, wherein the moveable optical window includes a

transparent flexible film.

7. The fluid cell of claim 6, wherein the transparent flexible film includes a
polymer film.
8. The fluid cell of claim 6, wherein the transparent flexible film is coupled with a

periphery of the chamber wall.
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9. The fluid cell of claim 1, wherein the moveable optical window includes a rigid

portion and a flexible portion coupled with the rigid portion.

10. The fluid cell of claim 9, wherein the flexible portion is coupled with a periphery

of the chamber wall.

11. The fluid cell of claim 1, wherein the moveable transparent window moves
towards or away from the first surface of the platform responsive to a force imparted by

an objective lens housing.

12. The fluid cell of claim 11, wherein the objective lens is part of a spectral

modulation interferometry setup.

13. The fluid cell of claim 1, wherein the moveable transparent window has a
refractive index that is within about 1-15% of a refractive index of a fluid within the

fluid chamber.

14. The fluid cell of claim 1, further comprising:

an electrode channel, one end of which terminates at the electrode opening.

15. The fluid cell of claim 14, wherein the electrode opening is a first electrode
opening, the electrode is a first electrode, and the electrode channel is first electrode
channel, the fluid cell further comprising:

the chamber wall further defining a second electrode opening for receiving a
second electrode; and

a second electrode channel, one end of which terminates at the second electrode

opening.

16. The fluid cell of claim 1, wherein the platform comprises resin.

17. The fluid cell of claim 1, further comprising:
a vibration motor positioned on a second surface of the platform, the second

surface of the platform positioned outside of the fluid chamber.
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18. The fluid cell of claim 1, wherein the platform includes a conduit that

accommodates a sample electrode electrically coupled with the sample.

19. A fluid cell, comprising:

a chamber wall defining in part a fluid chamber,

a fluid inlet and a fluid outlet;

a platform, at least a portion of which is positioned within the fluid chamber, the
platform having a first surface for positioning a sample; and

a moveable transparent window positioned opposite the platform, the moveable
window configured to move towards or away from the first surface of the platform, the

moveable window defining in part the fluid chamber.

20.  The fluid cell of claim 19, the chamber wall further defining a camera opening

for accommodating a camera.

21. The fluid cell of claim 19, wherein the fluid inlet is positioned opposite the fluid

outlet.

22. The fluid cell of claim 21, wherein the platform is positioned between the fluid
inlet and the fluid outlet.

23. The fluid cell of claim 19, further comprising;:
an inlet channel, one end of which terminates at the fluid inlet; and

an outlet channel, one end of which terminates at the fluid outlet.

24, The fluid cell of claim 19, wherein the moveable optical window includes a

transparent flexible film.

25. The fluid cell of claim 24, wherein the transparent flexible film includes a

polymer film.

26. The fluid cell of claim 24, wherein the transparent flexible film is coupled with a
periphery of the chamber wall.
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27. The fluid cell of claim 19, wherein the moveable optical window includes a rigid

portion and a flexible portion coupled with the rigid portion.

28. The fluid cell of claim 27, wherein the flexible portion is coupled with a
periphery of the chamber wall.

29. The fluid cell of claim 19, wherein the moveable transparent window moves
towards or away from the first surface of the platform responsive to a force imparted by

an objective lens housing.

30. The fluid cell of claim 29, wherein the objective lens is part of a spectral

modulation interferometry setup.
31. The fluid cell of claim 19, wherein the moveable transparent window has a

refractive index that is within about 1-15% of a refractive index of a fluid within the

fluid chamber.
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