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FIG. 1

ods include submerging a member in a salt solution and establishing a voltage between an
electrode and the member such that the member is at a higher electrical potential (positive
voltage) relative to the electrode, leading to electrochemical etching of the surface. Following
the electrochemical etching, and without removing the member from the salt solution, a sec-
ond voltage of reverse polarity can be established across the salt solution between the surtace
and the electrode, leading to electroplating of the surface.
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ELECTROCHEMICAL SURFACE CLEANING AND PLATING

FIELD
[0001] The present invention relates to a cleaning and plating method for a nickel
(Ni)-based alloy member, and more specifically, to a method for cleaning organics
and metal oxides from the surface and near surface of a Ni-based superalloy and
subsequently forming a plating layer on the surface of the nickel-titanium alloy

member.

BACKGROUND
[0002] Ni-based superalloys (also known as high-performance alloys) exhibit
many desirable characteristics including excellent mechanical strength, resistance to
thermal creep deformation, good surface stability, and resistance to corrosion or
oxidation. As such, high performance components such as turbine blades are often
formed of relatively highly alloyed Ni superalloys, and in particular those that include
relatively large amounts of aluminum (Al) and titanium (T1). While of significant
help and necessary in strengthening Ni superalloys, during manufacture Al and Ti can
form relatively large and tenacious amounts of surface and near surface (e.g.,
subsurface) oxides.
[0003] Typical attachment mechanisms for Ni superalloy members to other
members include welding, diffusion bonding, and brazing. For instance, the design of
certain Ni superalloy gas turbine blades specifies that an end plate or tip plate be
secured at an inner wall of the open blade end. Unfortunately, metal oxides at or near
the joining surface of such Ni superalloy members can interfere with the soundness
and integrity of the joint. For instance, Al and Ti oxides at or near the surface of a
member can not only interfere with the adhesion of a plating layer to the member
surface but can also interfere with the flow of brazing alloys at the surface following
plating.
[0004] In an attempt to improve joints formed at the surface of Ni-based alloys,
methods have been developed to remove surface and near surface oxides. For
instance, in an attempt to achieve good flow of brazing alloy and an acceptable bond

between an end plate and a blade end of a gas turbine blade, it has been a practice to
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remove detrimental surface and subsurface oxides by vapor blasting and/or acid
cleaning of the surface followed by Ni plating of the surface. However, vapor
blasting risks leaving entrapped vapor blasting media within the complex internal
cooling passages of the blade, and can lead to decreased blade life during high
temperature operation, while acid cleaning of Ni superalloys does not provide an ideal
surface for good brazing alloy flow. Unfortunately, it has proven difficult to
effectively remove all surface and near surface oxides through such methods without
exceeding design limits for intergranular attack of the plate substrate. Moreover, as
the piece must be handled between the cleaning and plating operations, re-oxidation
of the surface can take place following cleaning and prior to Ni plating. Due to such
issues, brazed joints have been observed to include as much as 80-90 volume %
oxides.

[0005] What are needed in the art are systems and methods for removal of
contaminants and in particular surface and near surface metal oxides from Ni-based
alloy members that can provide excellent surface cleaning. What are also needed in
the art are systems and methods for plating the cleaned surfaces that avoid re-
oxidation of the surfaces prior to the plating. Such methods can provide for improved

joining of Ni-based alloy members via, e.g., brazing.

SUMMARY
[0006] Aspects and advantages are set forth below in the following description,
may be obvious from the description, or may be learned through practice.
[0007] According to one embodiment, disclosed is a method for plating a surface;
for instance a Ni superalloy surface of a gas turbine blade. A method can include
submerging the surface in a nickel salt solution. An electrode can also be submerged
in the nickel salt solution and a first voltage can be established across the nickel salt
solution between the Ni superalloy surface and the electrode. In particular, the first
voltage is established such that the Ni superalloy surface is at a higher electrical
potential (positive voltage) relative to the electrode. Upon establishment of this first
voltage, the surface can be electrochemically etched, causing depletion of metal
oxides at or near the surface. Following the electrochemical etching, and without

removing the Ni superalloy surface from the nickel salt solution, the polarity of the
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electrode and the surface can be reversed, i.e., a second voltage can be established
across the nickel salt solution between the Ni superalloy surface and the electrode
such that the Ni superalloy surface is now at a lower electrical potential (negative
voltage) relative to the electrode. Upon establishment of this second voltage nickel
present in the system (for instance nickel ions of the salt solution and/or nickel of the
electrode) can be plated on the Ni superalloy surface. Thus, the Ni superalloy surface
can be cleaned of oxides and plated in situ, without any contact between an oxygen-
containing atmosphere and the surface following etching and prior to Ni plating,
[0008] A method can include additional optional components as desired. For
instance, a method can include acid surface cleaning prior to the electrochemical
etching step and/or electrochemical cleaning prior to the electrochemical etching step.
In one embodiment, a method can include removal of any dissolved oxygen from the
nickel salt solution prior to the electrochemical etching, for instance by bubbling
nitrogen through the nickel salt solution.

[0009] Following the Ni plating, the surface can be joined to another member via,
e.g., brazing,

[0010] Also disclosed are systems for carrying out the methods. For instance, a
system can include a nickel salt bath, an electrode configured for submersion in the
nickel salt bath, a power source in electrical communication with the electrode, and a
controller configured to sequentially establish voltages of opposite polarity across the
nickel salt solution. A system can include additional components as well, such as a
sodium salt solution bath and/or one or more acid etchant baths upstream of the nickel
salt solution bath, washing stations located between baths, and the like.

[0011] Those of ordinary skill in the art will better appreciate the features and

aspects of such embodiments, and others, upon review of the specification.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] A full and enabling disclosure of various embodiments, including the best
mode thereof to one skilled in the art, is set forth more particularly in the remainder of
the specification, including reference to the accompanying figures, in which:

[0013] FIG. 1 is a flow diagram presenting one embodiment of disclosed methods.
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[0014] FIG. 2 schematically illustrates sequential electrochemical etching and
electroplating operations in a single electrochemical solution.

[0015] FIG. 3 graphically illustrates the electrical characteristics of a system over
the course of an electrochemical etch followed by electrochemical plating in a single
electrochemical solution.

[0016] FIG. 4 provides content information at various locations of a plated surface.

DETAILED DESCRIPTION
[0017] Reference will now be made in detail to present embodiments of the
disclosure, one or more examples of which are illustrated in the accompanying
drawings. The detailed description uses numerical and letter designations to refer to
features in the drawings. Like or similar designations in the drawings and description
have been used to refer to like or similar parts of the disclosure.
[0018] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further understood that the terms
“comprises” and/or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups thereof.
[0019] Each example is provided by way of explanation, not limitation. In fact, it
will be apparent to those skilled in the art that modifications and variations can be
made without departing from the scope or spirit thereof. For instance, features
illustrated or described as part of one embodiment may be used on another
embodiment to yield a still further embodiment. Thus, it is intended that the present
disclosure covers such modifications and variations as come within the scope of the
appended claims and their equivalents.
[0020] In general, the present disclosure is directed to methods and systems for
preparing the surface of Ni-based alloys for joining. More specifically, the methods
include both removal of surface and near surface metal oxides and subsequent nickel

plating of the surface by use of a single immersion solution. The methods and
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systems can provide a route for removal of essentially all metal oxides from the
surface and near surface and can avoid re-oxidation of the surface prior to plating.
[0021] In one particular embodiment, the methods are directed to cleaning and
plating Ni superalloy surfaces. The higher temperatures designed for components in
the hot or turbine sections of current gas turbine engines require use of more highly
alloyed superalloys, mostly based on Ni. In order to attain the high temperature
strengths required for such use, such alloys as the Ni superalloys include relatively
large amounts {e.g., about 5 wt. % or more) of one or more of the gamma prime
strengtheners Al and Ti, | along with a variety of other elements, as widely described
in the hiterature. Typical Ni superalloys such as those used in current gas turbine
engine turbine components include Rene’ 80 alloy, more fully described in U.S. Pat.
No. 3,615,376 to Ross {patented Oct. 26, 1971 and incorporated herein by reference)
and including nominally by weight about: 9.5% Co, 3% Al, 14% Cr, 5% Tt, 4% W,
4% Mo, 0.17% C, 0.015% B, 0.03% Zr, with the balance Ni and incidental impurities.
Tn a directionally ortented grain form, such alloy can 1nclude about 0.75% HE

[0022] Angcther Ni superalloy used to make such components is commonly
referred to as Rene' 1235 alloy, including nominally by weight about: 10% Co, 4.8%
Al 9% Cr, 2.5% Ti, 3.8% Ta, 7% W, 2% Mo, 1.5% Hf, 0.11% C, 0.01% B, 0.05% Zr,
with the balance Ni and incidental impurities. Still another Ni base superalloy,
generally made substantially tn single crystal form and referred to as Rene' N4 alloy,
includes nominally by weight about: 7.5% Co, 9% Cr, 3.5% Al, 4 8% Ti, 1.5% Mo,
4% Ta, 6% W, 0.004% C, 0.5% Cb, with the balance Ni and incidental impurities. All
of such alioys include relatively large amounts of the gamma prime strengtheners Al
and Ti.

[0023] Referring to FIG. 1, a first step of a surface preparation process can
include acid etching, also referred to as acid pickling. The acid etching can remove
material from the surface and near surface including metal oxides of the member as
well as organic material present on the surface, while avoiding potentially detrimental
intergranular attach of the substrate.

[0024] Optionally, a process can also include a surtace abrading step (not shown
in FIG. 1) that can generally be carried out prior to the acid etching step. When

included, an abrasion step can be carried out according to known methodology, such
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as by tumbling the member in conjunction with an abrasive medium or slurry, by
vapor blasting, or by a combination of such operations.

[0025] Acid etching can utilize one or multiple acid baths. For instance, acid
etching of a member having an alloy content of greater than about 6% such as a Ni
superalloy member can generally be carried out in a two-step process. For instance,
all or a portion of a member (i.e., at least the Ni-based alloy surface to be plated) can
be immersed in a first etching solution that includes a mixture of nitric acid and
sulfuric acid. For example, an aqueous solution can include sulfuric acid in an
amount of from about 20 wt.% to about 30 wt.%, or about 25 wt.% in one
embodiment, and can include nitric acid in an amount of from about 10 wt.% to about
15 wt.%, for instance about 12.5 wt.% in one embodiment.

[0026] A second acid etching solution can include hydrochloric acid, for instance
an aqueous hydrochloric acid solution including hydrochloric acid in an amount of
from about 20 wt.% to about 25 wt.%, for instance about 23 wt.% in some
embodiments. For example, a hydrochloric acid etching solution can have a chloride
ion concentration of about 0.1 mol/L or more, about 0.3 mol/L or more, or about 0.4
mol/l or more in some embodiments, and can have a pH value of about 2 or less.
[0027] The member can be submerged in the solution(s) for a period of time so as
to remove any organic material. In some embodiments, an acid etching step can also
remove a portion of the metal oxides at or near the surface. By way of example, a
surface can be submerged for a period of from about 1 minute to about 5 minutes in
each acid etching solution, e.g., about 1 minute to about 5 minutes (e.g., about 2
minutes) in a H,SO4/HNOs solution followed by about 1 minute to about 5 minutes
(e.g., about 2 minutes) in a HCI solution.

[0028] One or both of the acid etching solutions can optionally include
components having a high oxidizing power (optionally used in combination with one
another) such as, and without limitation to, permanganates, persulphates, ferric
chloride, ferric sulphate and/or hydrogen peroxide.

[0029] An acid etching solution can generally be heated, for instance with
solution temperatures during etching generally from about 50° C to about 100°, from

about 50° C to about 85° C, or from about 60° C to about 75° C in some embodiments.
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[0030] Between each acid etch and following the final acid etch, the surface can
be washed, for instance by use of a water jet system equipped with rotary brushes as
is known in the art. A washing step between operations of the process can remove
solution that may be carried to the next operation as well as removal of metal and
oxides that have been separated from the bulk structure surface.

[0031] Following any acid etching and washing, the surface can be
electrochemically cleaned to remove any remaining surface contaminants such as
organics (e.g., greases). As referred to in FIG. 1, this can be carried out by
electrochemically cleaning the member in a sodium salt solution. Of course, it may
not be necessary to submerge an entire component or part, especially if the parts are
very large. Instead, the submerged surface can be limited to just the joining surfaces
(e.g., the surface that will be bonded in a brazed joint).

[0032] The sodium salt solution can generally include any sodium salt or mixture
thereof as is known in the art. By way of example, in one embodiment, the sodium
salt solution can include a eutectic mixture of a NaOH-NaNO;3-NaCl ternary system
(sometimes referred to as a Kolene bath). In another embodiment, the sodium salt
solution may be a sodium sulphate (Na,SO,) neutral aqueous solution having a
concentration ranging from 25 g/L to 300 g/L.. The sodium salt solution can generally
be heated to a temperature suitable to melt the salts, for instance to a temperature of
from about 400° C to about 600° C, or about 500° C in some embodiments.

[0033] To carry out the electrochemical cleaning, an electrode can be submerged
in the sodium salt solution and an electrical potential can be established across the
sodium salt solution and between the surface to be cleaned and the electrode. Any
electrode as is known in the art (e.g., a solid nickel electrode or the like) can be
utilized. In one embodiment, the same type of electrode can be used in both the
electrochemical cleaning process and the subsequent electrochemical etching and
plating processes. This is not a requirement of the methods, however.

[0034] An electric potential can be established across the sodium salt solution
such that the surface to be cleaned is at a lower potential relative to the electrode (i.e.,
the surface is set as the cathode). The electrochemical cleaning can be carried out
upon establishment of a suitable current density in the system. For instance, the

electrochemical etching can generally be carried out at a current density having an
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effective amplitude ranging from about 10 amps per square decimeter (A/dm?) to
about 250 A/dm?, for instance from about 3 A/dm? to about 40 A/dm” in some
embodiments.

[0035] Following electrochemical cleaning, the member can be removed from the
sodium salt solution and washed as described above prior to the member (or at least
the surface of interest) being submerged in a nickel salt solution.

[0036] The nickel salt solution can generally include any nickel salt or mixture
thereof capable of increasing the degree of oxidation of the metals constituting the
oxides at or near the submerged surface. For example, a nickel sulfate salt, a nickel
chloride salt, or a combination of nickel salts can be included in the nickel salt
solution. By way of example, the nickel salt solution can be an acid nickel salt
solution, e.g. a boric acid solution including about 60 wt.% or more of one or more
nickel salts, for instance from about 75 wt.% to about 95 wt.% nickel salts, or about
80 wt.% to about 90 wt.% in some embodiments. The sodium salt solution can
generally be heated to a temperature suitable to melt the salts, for instance to a
temperature of from about 50° C to about 100° C, or about 60° C in some
embodiments.

[0037] Beneficially, the nickel salt solution can function as the medium for both
the electrochemical etching of the surface as well as the subsequent electrochemical
plating of the surface. As such, the member need not contact the surrounding
atmosphere again until after the plating process is completed, which can prevent re-
oxidation of the surface and improve subsequent joints formed at the plated surface.
[0038] In conjunction with or prior to the electrochemical etching, dissolved
oxygen can be removed from the nickel salt solution. For instance, following the
placement of the member in the nickel salt solution, nitrogen (N,) can be bubbled
through the solution for a period of time, generally about 30 minutes or less, for
instance from about 10 minutes to about 30 minutes, or for about 20 minutes in some
embodiments.

[0039] As illustrated in FIG. 2, in order to electrochemically etch or “deplete”
material from the member 12 that is submerged in the nickel salt solution 14, an
electrode 16 can also be submerged in the nickel salt solution and placed in electrical

communication with the member 12, which can function as a second electrode during
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the electrochemical etching process. In particular, during the electrochemical etching
step, the member 12 can function as an anode, as shown at the left of FIG. 2.

[0040] As shown on the left side of FIG. 2, the member 12 and the electrode 16
can both be connected to a power supply 15. The power supply, for instance a battery,
a pulsed power supply, or a pulse reverse, can provide an external supply of direct
current (DC). Alternatively, the power supply 15 can be an alternate current (AC)
power supply having a frequency ranging from 1 Hz to 1000 Hz employed in
combination with a rectifier.

[0041] A system can also include a control system (not shown in FIG. 2) that can
bias the electrode 16 and the member 12 and establish an electrical potential (or
voltage) across the two. In particular, during the electrochemical etching step, a
positive voltage can be established such that the surface of the member 12 is at a
higher electrical potential as compared to the electrode 16. Thus, during the
electrochemical etching, the member 12 will function as an anode and the electrode
16 will function as a cathode with the positive terminal of the power supply 15
electrically connected to the member 12 and the negative terminal of the power
supply 15 electrically connected to the electrode 16. In one embodiment, a measuring
system, such as a voltmeter, can be included, which can provide a measurement of the
potential of the electrode 16. The value for the potential of the electrode that is
measured by the measuring system can then be read by the control system, which then
adjusts the power supply 15 to provide the proper bias to the electrode 16 and the
member 12. In one embodiment, the control system can be a proportional-integral-
derivative controller (PID controller).

[0042] The control system can thus control the voltage and the current density that
is applied to the electrode 16 and the member 12. For instance, the electrochemical
etching can generally be carried out at a current density having an effective amplitude
ranging from about 10 amps per square decimeter (A/dm?) to about 250 A/dm?, for
instance from about 3 A/dm” to about 40 A/dm” in some embodiments.

[0043] The surface of the member 12 can be etched or “deplated” over the course
of the electrochemical etching, generally about 5 minutes or less, such as over about

1 minute in some embodiments.
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[0044] Following the electrochemical etching of the surface of the member 12, the
surface can be electrochemically plated, or electroplated. Electroplating is the process
of producing a coating, usually metallic, on a surface by the action of electric current.
In the present case, the deposition of a nickel coating onto the submerged surface of
the member 12 is achieved by reversing the polarity of the electrical system from that
established during the electrochemical etching operation and instead putting a
negative voltage between the member 12 and the electrode 16 all the while
maintaining the member 12 immersed in the nickel salt solution 14 so as to avoid re-
oxidation of the surface of the member 12.

[0045] The metallic ions for plating the surface of the member 12 can be provided
by the electrode 16 in those embodiments in which a solid nickel electrode is utilized
and/or can be provided by the nickel salt solution 14. For instance, the electrode 16
can be a solid nickel electrode, as is known in the art, and during the electroplating
operation can degrade at the submerged surface to provide nickel ions to be plated on
the member 12.

[0046] Upon establishment of a negative voltage between the electrode 16 and the
member 12 such that the surface of the member 12 is at a lower electrical potential as
compared to the electrode 16, the member 12 can function as the cathode and the
electrode 16 can function as the anode, leading to flow of nickel ions within the
solution 14 toward the member 12. When the nickel cations reach the negatively
charged member 12, the positively charged ions are reduced and form solid nickel at
the surface of the member 12.

[0047] By way of example, when the power supply 15 is switched on for the
electroplating operation, nickel of a solid nickel electrode 16 (the anode) can be
oxidized from the zero valence state to form cations with a positive charge. These
cations associate with anions in the nickel salt solution and migrate across the solution
to the member 12 (the cathode). The nickel cations are then reduced at the cathode to
deposit in the metallic, zero valence state to plate the surface of the member 12.
[0048] The time period for the electroplating operation can vary, depending upon
the desired thickness of the nickel coating to be formed. For example, in some
embodiments, the electroplating operation can be carried out in about 30 minutes or

less. However, the thickness of nickel plating applied and thus the electroplating
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timing, can be an important consideration in a process, with a preferred thickness
varying depending upon, e.g., the particular member, the type of joining that will be
formed at the surface, the material forming the surface to which the member will be
joined, the end use of the member, and so forth. For instance, the desired thickness of
the plating can vary according to length of time of the brazing cycle and the
temperature that will be used in the furnace during brazing. The higher the
temperature, or the longer the brazing cycle, the thicker the nickel plating should be
because the base-metal constituents underneath the nickel plating can diffuse into the
plating toward the surface during brazing, where they can react with the furnace
atmosphere to form oxides of titanium and/or aluminum and weaken the joint. This
action can be further compounded by the fact that the nickel plating can also diffuse
into the base alloy. As such, the plating should be thick enough so that diffusing
titanium or aluminum will not get through the plating layer before the brazing cycle is
completed. In general, plating thickness requirements vary from about 0.0002 inch
(0.005 mm) to about 0.0015 inch (0.04mm). However, the actual amount of nickel
plating for any particular application is often determined by experimentation.
[0049] Following plating, the surface of the member 12 can be removed from the
solution 14, cleaned, for instance as described above, and a joint can be formed at the
plated surface. In one embodiment, a plated surface formed according to the process
can be particularly well suited for formation of a braze joint. For example, a brazing
alloy powder such as a Ni base brazing alloy powder such as that described in U.S.
Pat. No. 3,700,427 to Hoppin 111, et al. (incorporated herein by reference), and
consisting nominally, by weight, about: 10% Co, 3% Al, 14% Cr, 5% Ti, 4% W, 4%
Mo, 4.5% Si1, 0.16% C, 0.7% B, 0.03% Zr, with the balance Ni and incidental
impurities can be applied to the surface in formation of a braze joint with a second
member. The brazing temperature for this alloy is generally within about 2100°F to
about 2250° F, for instance within the range of about 1900°F to about 2300° F.
[0050] The present disclosure may be better understood by reference to the
Example set forth below.

EXAMPLE
[0051] A Ni-based superalloy (R108) square coupon with size of 1x1 cm was

used as the test sample. The coupon surface was first acid etched by submerging in
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25% sulfuric acid/12.5% nitric acid solution for 2 minutes and subsequently in 23%
hydrochloric acid solution for another 2 minutes. After removal from the second acid
solution, the coupon was connected to an electrochemical station and set as the
cathode electrode for surface electrochemical cleaning. The cleaning was carried out
in a sodium salt solution as shown in Table 1, below, and a pure nickel metal plate
was used as the counter electrode. Upon application of a current density of 4 mA/cm?,
bubbles were generated on the coupon surface. The electrochemical cleaning process
was completed after 1 minute bubbling. Then, the two electrodes were transferred into
a nickel salt solution (Table 1) for electrochemical etching and in-situ electrochemical

nickel deposition.

Table 1
Solution Sodium salt Nickel salt
30 g/L Na,CO; 240 g/L NiSO,
Formulation 4 g/L Na,SiO; 20 g/L NiCl,
30 g/LNazPO, 12H,0 35 g/L Boric acid

[0052] Before the electrochemical etching treatment, the nickel salt solution was
stirred and bubbled with nitrogen gas for 20 min to remove the dissolved oxygen. The
electrochemical treatment was carried out in two steps as shown in Fig. 2. The nickel
salt solution was stirred during the process with a speed of 600r/min, and the solution
temperature was kept at 60 °C during the experiment. In the first step, the alloy
coupon was set as cathode electrode, on which a current density of 31 mA/cm” was
applied for 100 seconds (FIG. 3) to strip metal oxides from the alloy surface. After
holding at open circuit for 60 seconds, the alloy coupon was in situ set as anode for
nickel deposition in the second step. The deposition was carried out with a current
density of 10 mA/cm” for 600 seconds (FIG. 3). The finished sample was then
characterized via scanning electron microscope (SEM) and energy dispersive X-ray
spectroscopy (EDX). The SEM and EDX results of the cross section of treated alloy
sample were shown in FIG. 4. The EDX result of spectrum 6 indicated that a nickel
cover layer was deposited successfully on the top of the alloy substrate. Furthermore,
the concentration of aluminum and titanium could be observed as decreasing from
substrate surface, indicating active metal content was removed by the electrochemical

etching process.
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[0053] This written description uses examples to disclose the invention, including
the best mode, and also to enable any person skilled in the art to practice the invention,
including making and using any devices or systems and performing any incorporated
methods. The patentable scope of the invention is defined by the claims, and may
include other examples that occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they include structural elements that

do not differ from the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the literal language of the

claims.
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285638-1/GEC-1396 Parts/Components List
Reference Character Component
12 Member to be etched
14 Nickel salt solution
15 Power supply
16 electrode




WO 2018/170843 PCT/CN2017/077893
15

WHAT IS CLAIMED IS:

1. A method for plating a surface of a member comprising:

submerging the surface of the member in a nickel salt solution, the surface
comprising a nickel-based alloy;

submerging a first electrode in the nickel salt solution;

establishing a first voltage across the nickel salt solution between the surface
of the member and the first electrode, the surface of the member being at a higher
electrical potential relative to the first electrode upon establishment of the first voltage,
the surface of the member being electrochemically etched at the first voltage;

without removing the surface of the member from the nickel salt solution,
establishing a second voltage across the nickel salt solution between the surface of the
member and the first electrode, the surface of the member being at a lower electrical
potential relative to the first electrode upon the establishment of the second voltage,

the surface of the member being electrochemically plated at the second voltage.

2. The method of claim 1, the surface of the member comprising a nickel
superalloy.
3. The method of claim 1, further comprising prior to submerging the surface of

the member in the nickel salt solution, submerging the surface of the member in a
sodium salt solution and establishing a third voltage across the sodium salt solution
between the surface of the member and a second electrode, the surface of the member
being at a lower electrical potential relative to the second electrode upon the
establishment of the third voltage, the surface of the member being electrochemically

cleaned at the third voltage.

4. The method of claim 1, further comprising prior to submerging the surface of
the member in the nickel salt solution, submerging the surface of the member in at

least one acid solution.
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5. The method of claim 4, wherein the surface of the member is submerged in at

least a first acid solution and a second acid solution.

6. The method of claim 4, wherein the first acid solution comprises sulfuric acid

and nitric acid.

7. The method of claim 4, wherein the second acid solution comprises
hydrochloric acid.
8. The method of claim 1, the method further comprising heating the nickel salt

solution to a temperature of from about 50°C to about 100°C.

9. The method of claim 1, the first voltage being established at a current density

of from about 10 amps per square decimeter to about 250 amps per square decimeter.

10. The method of claim 1, further comprising bubbling nitrogen gas through the

nickel salt solution.

11. The method of claim 1, further comprising forming a joint at the surface.
12. The method of claim 11, wherein the joint is a braze joint.
13. A system for plating a surface of a member comprising:

a bath comprising a nickel salt solution;

a first electrode configured for submersion in the nickel salt solution;

a power supply in electrical communication with the first electrode;

a controller configured to establish a first voltage and a subsequent second
voltage across the bath comprising the nickel salt solution and between the first
electrode and a member submerged in the nickel salt solution, the first and second

voltages being of opposite polarity.

14.  The system of claim 13, wherein the first electrode is a solid nickel electrode.
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15. The system of claim 13, further comprising at least one acid etchant bath

upstream of the bath comprising the nickel salt solution.

16. The system of claim 15, comprising at least two acid etchant baths upstream of

the sodium salt bath.

17.  The system of claim 15, the at least one acid etchant bath comprising one or

more of sulfuric acid, nitric acid, and hydrochloric acid.

18. The system of claim 13, wherein the controller comprises a proportional-

integral-derivative controller.

19. The system of claim 13, further comprising a bath comprising a sodium salt

solution upstream of the bath comprising the nickel salt solution.

20.  The system of claim 13, the nickel salt solution comprising one or more of

nickel chloride, and nickel sulfate.
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