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APPARATUS AND METHOD FOR IONIC
LIQUID ELECTROPLATING

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C.
§119(e) to U.S. Provisional Patent Application Ser. No.
61/890,639 entitled “APPARATUS AND METHOD FOR
IONIC LIQUID ELECTROPLATING” and filed on Oct. 14,

2013, which 1s hereby incorporated by reference in 1its
entirety.

BACKGROUND

[0002] The described subject matter relates generally to
ionic liquids and more specifically to cleaning and regenera-
tion of 1onic liquids used for electroplating.

[0003] Pure aluminum forms a protective oxide film when
exposed to oxidants such as air or water, resulting 1n a passi-
vated surface that 1s resistant to corrosion. Aluminum alloys,
and 1n particular, and high strength aluminum alloys are prone
to localized corrosion. Similar to aluminum cladding, a pure
aluminum surface layer can be used to protect Al alloys from
corrosion. Electroplating of aluminum works well with com-
plex geometries that would be impossible to be cladded due to
line-of-sight and other process challenges. The corrosion
resistance of pure aluminum surfaces can be further enhanced
by passivation using a conversion coating treatment. In addi-
tion to coating high-strength aluminum alloys, electroplated
aluminum has also been considered as a leading candidate to
replace cadmium coatings on structural steels.

[0004] It 1s extremely difficult to electrolytically deposit
aluminum and certain other metals from acidic aqueous solu-
tions. The electronegativity of water relative to aluminum and
certain other metals can result in unwanted formation of
hydrogen 1n the plating bath. Al electroplating in 10nic liquids
have been demonstrated to address these 1ssues on a wide
range of metallic substrates.

[0005] Substrate pre-treatment has been shown to improve
adhesion of the aluminum coating layer. Pre-treatment gen-
erally includes degreasing, cleaning, and activation. For reac-
tive substrates such as aluminum alloys, a sacrificial displace-
ment layer such as a zinc immersion coating can be deposited
onto cleaned surfaces of the substrate. This can be done to
inhibit surface formation of aluminum oxides and prevent
subsequent unintended electrodeposition of aluminum coat-
ing material on surface oxides versus the alloy substrate. A
Zinc 1mmersion coating can be deposited via an exchange
reaction between zincate 1ons and the reactive metallic sub-
strates. Alternatively, a displacement layer can be fully or
partially etched 1n the same plating bath to further adjust the
bonding strength of the coating.

[0006] Partial dissolution of sacrificial immersion coatings
can occur spontaneously in conventional aqueous acidic plat-
ing baths. However, a number of 1onic liquids suitable for
clectroplating can be extremely water-sensitive. Thus 1t 1s
desirable to electrolytically remove (e.g., etch) the sacrificial
immersion coating in the same or similar 1onic liquid plating
bath to prevent water contamination. At the same time, the
clectrolytic etching can result in rapid accumulation of con-
taminants 1n the 1onic liquid plating solution. These contami-
nants can 1nclude byproducts of the sacrificial displacement
layer. Flevated contaminant levels in the 1onic liquid can
alfect the electroplating process if not controlled.
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SUMMARY

[0007] An electroplating apparatus includes a container
containing plural portions and an 1onic liquid plating solution
that 1s capable of flowing therebetween. The plural portions
include at least a first portion containing a counter electrode
that includes coating donor material and a second portion that
includes a workpiece. A porous scrubber separating the first
and second portions has a plurality of metallic outer surfaces
in contact with the 1onic liquid plating solution.

[0008] A method for coating at least a first surface of a
workpiece with a metallic coating includes pretreating a first
portion of the workpiece that includes the first surface. The
first portion of the workpiece 1s electrolytically etched 1n an
ionic liquid plating solution to expose at least a portion of the
first surface. Etching results 1n 10nic byproducts accumulat-
ing in the 1onic liquid plating solution. The exposed portion of
the first surface 1s activated, and the metallic coating 1s elec-
trodeposited onto the exposed portion of the first surface in
the 1on1c liquid plating solution. A portion of the 1onic liquid
plating solution 1s fluidly communicated through a porous
scrubber having a plurality of metallic outer surfaces 1n con-
tact with the 1onic liquid plating solution, thereby capturing at
least some of the accumulated i1onic byproducts from the
ionic liquid plating solution.

[0009] A method of repairing a metallic component
includes 1dentitying a location to be repaired on the metallic
component. The location 1s pretreated by performing one or
more of: grit blasting, acid etching, desmutting, rinsing, and
drying. A first portion of the metallic component 1s electro-
lytically etched 1n an 1onmic liquid plating solution to expose at
least one coating receiving surface proximate to each loca-
tion. Etching results 1n accumulation of 10nic byproducts in
the 1onic liquid plating solution. The at least one coating
receiving surface 1s activated and a metallic coating 1s elec-
trodeposited 1n the 1onic liquid plating solution. At least a
portion of the 1onic liquid plating solution 1s fluidly commu-
nicated through at least one porous scrubber having a plural-
ity of metallic outer surfaces in contact with the 1onmic liquid
plating solution. The 1onic liqud plating solution 1s regener-
ated by capturing at least some of the accumulated 10nic
byproducts from the 10nic liquid plating solution.

[0010] A method of regenerating an 1onic liqud plating
solution 1ncludes providing a used 1onic liquid plating solu-
tion. The used 1onic liquid plating solution includes at least an
ionic liquid and 10nic byproducts of at least one electrolytic
ctching process performed on a metallic workpiece using the
ionic liquid. The used 10nic liquid plating solution 1s fluidly
communicated through at least one porous scrubber having a
plurality of metallic outer surfaces 1n contact with the used
ionic liquid plating solution to capture at least some of the
ionic byproducts from the 1onic liqud plating solution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1A depicts an example 1onic liquid plating
apparatus with a workpiece having a metallic substrate and a
sacrificial pretreatment layer.

[0012] FIG. 1B shows the example 1onic liquid plating
apparatus applying a protective metallic coating to the work-
piece.

[0013] FIG. 2 shows a porous scrubber for the example
plating apparatus in FIGS. 1A-1B.
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[0014] FIG. 3 1s a chart showing an example 1onic liquid
plating process with 1n situ regeneration of the plating solu-
tion.

[0015] FIG. 4 1s a chart showing an example 1onic liquid
plating process with periodic regeneration of an 1onic liquid
plating solution used in the plating process.

DETAILED DESCRIPTION

[0016] A number of metals such as aluminum can be elec-
troplated onto metallic substrates using 1onic liquids as the
clectrolyte as opposed to aqueous solutions. Example plating
apparatus and processes utilizing 1onic liquids are summa-
rized below. Additional details of example 10onic liquid plating,
processes and possible variations are described 1n commonly
owned U.S. Provisional Patent Applications 61/787,608 to
LeiChen etal., titled “SACRIFICIAL COATING AND PRO-
CEDURE FOR ELECTROPLATING ALUMINUM ON
ALUMINUM ALLOYS”, and filed on Mar. 15, 2013, and
61/787,640 to Rhonda R. Willigan et al., titled “BIMETAL-
LIC ZINCATING PROCESSING FOR ENHANCED
ADHESION OF ALUMINUM ON ALUMINUM
ALLOYS”, and filed on Mar. 15, 2013, both of which are

incorporated herein by reference.

[0017] In FIG. 1A, electroplating apparatus 10 includes
container 12 which can be any suitable vessel with one or
more portions for retaining and flowing ionic liquid plating
solution 14 therebetween. Workpiece 20, which can be, for
example, a turbine engine component, 1s first placed in a
portion of container 12 and 1s at least partially submerged in
ionic liquid plating solution 14. Workpiece 20 can include a
metallic substrate. In certain embodiments the substrate 1s
reactive 1n the presence of air, and can be, for example, an
aluminum or magnesium alloy. In the example of an alumi-
num alloy substrate, an accepted pretreatment procedure 1s to
clean one or more surfaces of workpiece 20 to remove natu-
rally occurring surface oxides. To summarize, a pretreatment
process can include grit blasting, acid etching, desmutting,
rinsing, drying and combinations thereof.

[0018] To prevent formation of surface oxides after pre-
treating the substrate, and prior to electrodeposition of a
protective metal coating (shown 1n FIG. 1B), workpiece 20
can be provided with optional displacement layer 16. For
workpieces 20 made from more noble metal substrates such
as chromium, nickel, molybdenum, iron, and alloys thereot,
displacement layer 16 can be omitted when unnecessary to
prevent interim formation of surface oxides.

[0019] Adfter masking of certain areas, sacrificial displace-
ment layer 16 can be deposited as a thin uniform layer (for
example, up to 30 microns) onto aluminum alloy or other
reactive metallic substrates by an immersion process. In one
example, aluminum and primarily zincate 1ons react at the
workpiece surface, resulting 1n the reduction of zincate 1ons
to zinc that 1s bonded to the workpiece surface, as well as
liberation of aluminum ions 1nto the solution. To ensure good
coverage ol displacement layer 16, several iterations of
repeated immersion and etching can be conducted. Other
metals, such as one or more of tin, copper, Zircontum, cerrum,
iI present 1n solution, may be co-deposited with the zinc
resulting 1n optional displacement layer 16 including zinc,
tin, copper, zirconium, cerium, or alloys thereof.

[0020] Candidate aluminum alloys for the metallic sub-
strate (workpiece 20 1n FIG. 1A) can be any number of high-
strength aluminum alloys selected from the AA 6xxx series,
the AA 7xxx series, and the AA 2xxx series. Non-limiting,
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examples of candidate aluminum alloys include AA 6061,
AA 7075, and AA 2024, among others known or not yet
established 1n the art. Alternatively, the metallic substrate can
be a more noble (that 1s, less reactive) composition which
includes copper, chromium, nickel, molybdenum, 1ron, and
alloys thereof.

[0021] Asshownin FIG. 1A, apparatus 10 can be operated
to partially or completely remove displacement layer 16 in
ionic liquid plating solution 14 prior to electroplating of a
protective metallic (e.g., aluminum) layer onto workpiece 20
(shown 1n FIG. 1B). Unlike aqueous electroplating solutions,
ionic liquid plating solution 14 does not contain protons or
hydroxide to react with elements forming displacement layer
16, and thus displacement layer 16 cannot be spontaneously
removed.

[0022] Consequently, displacement layer 16 can be par-
tially or fully removed by electrolytic etching in 10nic liquid
plating solution 14. In one example, workpiece 20 and
counter electrodes 24 can be disposed 1n plural portions of
container 12. Workpiece 20 1s subjected to an anodic potential
(for example, via leads 22A, 22B) which can electrochemi-
cally oxidize displacement layer 16 while one or more
counter electrodes 24 serve as the cathode. Direct current,
pulse current, or pulse reverse current can be used during
clectrolytic etching. Though the workpiece can be removed
after the displacement treatment and transferred to an 1onic
liquid plating bath dedicated to electrodeposition, it can be
uselul to conduct the etching and subsequent electrodeposi-
tion 1n the same 1onic liquid bath. This can simplity produc-
tion while minimize undesirable surface changes of coating
receiving surface 26, since it reduces or prevents exposure of
workpiece 20 to air or other sources of contamination.

[0023] Ionic liquid plating solution 14 can include an 10nic
liguid such as a Lewis acidic di-alkylimidazolium-based
chloroaluminate. Examples include but are not limited to:
1 -ethyl-3-methylimidazolium chloride [ EMIM|[CI]—AICI;,
1 -butyl-3-methylimidizolium chloride [BMIM|[CI]—AICl;,
and combinations thereof. In particular, alkyimidazolium
chloroaluminate 1onic liquids used for Al electroplating are
extremely water sensitive, and thus are not compatible with
displacement layer removal by aqueous solutions. Conse-
quently, electrolytic etching in the same 10nic liquid plating
bath 1s attractive as an 1n-situ process to enhance adhesion of
a protective aluminum coating layer.

[0024] In doing so, over time, 10n1¢c byproducts from dis-
placement layer 16 are dissolved and can accumulate 1n 10ni1c
liquid plating solution 14. This results in elevated levels of
those species that deteriorate the Al coating quality, otherwise
necessitating replacement of the plating solution. Besides
reactive substrates, “reverse” etching can be applied to more
noble metals such as steels prior to electroplating aluminum
to improve adhesion. Similar to etching of displacement layer
16, materials which are etched off of these more noble sub-
strates can also result 1n accumulation of 1onic byproducts
which contaminate 1onic liquid plating solution 14.

[0025] While those 1onic byproducts can be reduced using
an active anode such as an aluminum counter electrode, an
active anode 1s often insufficient to remove the amount of
contaminants accumulated in the plating bath, particularly
over the course of multiple plating cycles. Deposition of these
contaminants can also hinder dissolution of the Al coating
from the anode because of the tendency of the process to
equilibrate 1n order to maintain the mass balance of aluminum
in the solution. In addition, the use of relatively expensive
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ionic liquids 1 aluminum electroplating also calls for tech-
niques to recycle and regenerate the plating solution. There-
tore, 1t would be helptul to effectively remove contaminants
from 10nic liquid plating solution 14 to maintain the quality
and repeatability of aluminum electroplating processes.

[0026] FIG. 1B shows apparatus 10 1n a plating configura-
tion for depositing protective metal coating 34 onto work-
piece 20. Apparatus 10 includes one or more porous scrubbers
38 disposed 1n plural portions of container 12 between work-
piece 20 and counter electrode (anode during plating) 36.
Ionic liguid plating solution 14 1s fluidly communicated
through scrubber(s) 38 to remove at least some of the 1onic
byproducts 30. This in-situ regeneration can extend the life of
ionic liquid plating solution 14 and increase process yields.

[0027] Electrolytically removing materials such as sacrifi-
cial displacement layer 16 from workpiece(s) 20 can result in
accumulation of 1onic byproducts 30 (enlarged for 1llustration
only) 1n 1onic liquid plating solution 14. Ionic byproducts 30
which may be present can include but are not limited to 10nic
species ol zinc, tin, copper, 1ron, nickel, chromium, etc. These
impurities can contaminate coating receiving surface 26, as
well as counter electrode (anode) 36. Since aluminum and
magnesium are more active than many ionic byproduct spe-
cies, the contamination reaction 1s oiten spontaneous.
Repeated iterations of this process, such as in a pilot or
production environment, would ordinarily require frequent
changing of expensive 10nic liquid plating solution 14 and/or
reduced electroplating process yields.

[0028] Despite the absence of displacement layer 16 on
more noble metal substrates such as steels, aluminum plating,
can benefit from similar electrolytic etching processing prior
to electroplating. In 1ron alloys, chromium, nickel, vanadium,
molybdenum, etc, can also be etched off the substrate and
ionized 1n the same plating bath. This also causes similar
buildup of 1onic byproducts 30 1n 10nic liquid plating solution
14 and cause contamination of coating receiving surface 26
and/or counter electrode (anode) 36.

[0029] FIG. 1B shows scrubbers 38 which may also have a
plurality of metallic outer surfaces 40 (best seen 1n FIG. 2).
Metallic outer surfaces 40 can include substantially pure alu-
minum, the same material as can be used for counter elec-
trodes 36. Aluminum or other scrubbers 38, taking various
forms, can be added to container 12 so as to at least partially
separate plural portions of container 12 containing one or
more counter electrodes 36 and one or more workpieces 20.
Scrubber(s) 38 can be submerged so that at least some of
metallic outer surfaces 40 are 1n contact with 1onic hiquid
plating solution 14 as 1t 1s fluidly communicated there-
through. As an example, porous scrubber(s) 38 can be placed
between plural portions of container 12 on either side of
workpiece 20 to capture 1onic byproducts 30, as these and
other contaminants are transported in i1onic liquid plating
solution 14. The contaminants generally move by convection
of the fluid and/or migration under electrical field.

[0030] Porous scrubber 38 can be disposed between the
anode (counter electrode 36) and the cathode (workpiece 20)
to remove excess 1onic byproducts 30 as they are shuttled
back and forth. Scrubber 38 can also be periodically replaced
without unduly slowing a production environment, as 1t can
be replaced at the same time as workpiece 20 and/or counter

clectrode(s) 36.

[0031] As an example, metallic outer surfaces 40 of porous
scrubber 38 can be made of aluminum. On contact with
porous scrubber 38, any 1onic species that are more noble than
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aluminum are reduced and collected on outer surfaces 40
when enough active area 1s available, making them unavail-
able to be shuttled around and redeposited on counter elec-
trode 36 or workpiece 20. In the absence of scrubber(s) 38,
1ionic byproducts generated by electrolytic etching of the sub-
strates and/or residual contamination from pretreatment of
workpieces 20 accumulate in plating solution 14. This would
cause rapid buildup of impurities on workpiece 20 and/or
active counter electrode 36.

[0032] In certain embodiments, one or more optional agi-
tators 42 1s adapted to mechanically circulate 1omic liquid
plating solution 14 through container 12, and more particu-
larly, 1n and around porous scrubber 38. Agitator(s) 42 can be,
for example, a mechanically or magnetically actuated agita-
tor, impeller, or other suitable device. Application of plating
current 1s such that 1t causes 1onic species of both coating
donor material (anode) 36 as well as byproducts of the sacri-
ficial coating layer to shuttle toward workpiece (cathode) 20
during the plating process. Thus even without optional agita-
tor(s) 42, a portion of excess zincate byproducts can be picked
up as 1onic liquid plating solution 14 flows past and through

scrubber 38.

[0033] FIG. 2 shows one example of porous scrubber 38.
Ionic liquid plating solution 14 1s fluidly communicated
through pores 46 while contaminant ions and/or other
byproducts are attracted to metallic surfaces 40 of scrubber
38. Alternatively, scrubber 38 can be biased to an even more
active electric potential to accelerate the contaminant remov-
Ing process.

[0034] Scrubber 38 1s shown as a mesh screen with metallic
surfaces 40 and pores 46. However, 1t will be appreciated that
the configuration of scrubber 38 can be selected from many
porous media, including one or more of: a mesh, foam, a
honeycomb, a powder bed, and a fluidized bed. Metallic
surfaces 40 can be made from a material which 1s capable of
reducing the 1onic byproducts. Outer metallic surfaces can
include a metal selected from substantially pure aluminum or
substantially pure magnesium.

[0035] FIG. 3 illustrates method 100 of coating at least one
surface of a workpiece with a metallic coating. The metallic
coating can be applied, for example, using embodiments of
apparatus 10 shown 1n FIGS. 1A and 1B. Step 102 includes
pretreating a first portion of the workpiece, which includes
the surface(s) to be coated. The pretreating process can
include one or more of grit blasting, acid etching, desmutting,
rinsing, and drying.

[0036] Method 100 includes optional step 104 of deposit-
ing a sacrificial displacement layer onto a portion of a work-
piece prior to electrolytic etching (step 106) and/or elec-
trodeposition (step 108) 1n an 1onic liqud plating solution.
Performing of step 104 1s generally determined based on
reactivity of the metallic substrate. Workpieces with more
reactive substrates such as aluminum and magnesium alloys
will generally receive one or more 1terations of step 104 so as
to prevent spontaneous formation of surface oxides prior to
adding the workpiece to the 1onic liquid plating solution to
perform steps 106 and 108.

[0037] Depositing step 104 can include, for example, an
immersion process as described above with respect to FIG.
1A. The displacement layer can be formed from a metal
selected from: zinc, tin, copper, Zircontum, cerium, and alloys
thereof. The workpiece can include a metallic substrate
selected from: aluminum, chromium, nickel, 1ron, and alloys
thereof. Candidate aluminum alloys, which can be a high-
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strength aluminum alloy selected from the 6xxx, 7xxx, and
2xxx series, include but are not limited to AA 6061, AA 7075,
AA 2024, as well as others known or not yet established 1n the
art. For more noble substrates such as steels, the displacement
layer treatment of step 104 can be shortened or omaitted.
[0038] Step 106 can theninclude electrolytic etching one or
more portions of the workpiece 1n an 1onic liquid plating
solution. The 1onic liquid plating solution can include an 1ionic
liquid solvent such as a Lewis acidic di-alkylimidazolium-
based chloroaluminate. Examples include but are not limited
to: 1-ethyl-3-methylimidazolium chloride [EMIM][CI]—
AlCl;, 1-butyl-3-methylimidizolium chloride [BMIM]
|C1]—AICI1,, and combinations thereof.

[0039] At least a portion of the workpiece, with or without
the optional displacement layer, 1s electrolytically removed to
expose a more active surface for subsequent electrodeposi-
tion 1n the 1onic liquid plating solution (see step 108). In the
case of highly reactive aluminum or magnesium alloys, elec-
trolytic etching may be suificient to activate exposed sub-
strate surface(s) upon application of a suitable electroplating
current. Even without the optional displacement layer, in-situ
“reverse” etching and subsequent activation of the exposed
portions of the substrate surface (as part of step 106) can
enhance adhesion of electrodepoited coatings to more noble
substrates.

[0040] Next as part of step 108, a protective metallic coat-
ing (for example, substantially pure aluminum) can be elec-
trodeposited onto the coating receiving surface of the work-
piece. To enhance efficiency and prevent infiltration of water
or certain other contaminants, the electrodepositing step can
be performed with the exposed portions of the substrate sur-
face submerged 1n the same 10n1ic liquid plating solution as 1s
referenced 1n step 106. Various processes for electrodeposi-
tion using 1onic liquid plating solutions are described 1n the
incorporated applications referenced above.

[0041] During or after step 108, step 110 1s performed 1n
which at least a portion of the 1onic liquid plating solution can
be fluidly communicated through a porous scrubber to cap-
ture or remove at least some of the accumulated 1onic byprod-
ucts from the plating solution. The scrubber can be, for
example, similar to porous scrubber 38 shown in FIG. 2. Anin
situ scrubbing configuration can be incorporated such as 1s
retferenced i FIG. 1. Outer scrubber surfaces can include a
substantially pure metal such as aluminum and/or magne-
s1um.

[0042] FIG. 4 shows method 200 of repairing one or more
metallic components. In certain embodiments, the metallic
component(s) can include a turbine engine component which
may be restored on one or more surfaces by a metal coating
such as substantially pure aluminum. The turbine engine
component(s) can be, for example, arotor blade, a stator vane,
a rotor disk, and/or a stator case for turbine engines.

[0043] In FIG. 4, step 202 lists 1dentifying a location to be
repaired on the metallic component(s). As 1 FIG. 3, the
metallic component has a metallic substrate selected from
aluminum, nickel, magnesium, chromium, molybdenum,
iron, and alloys thereof. Candidate aluminum alloys can be
selected from high-strength alloys in the 6xxX series, the 7xxx
series, and the 2xxx series, and include but are not limited to
AA 6061, AA 7075, AA 2024, as well as others known or not
yet established 1n the art.

[0044] Step 204 involves masking areas of each component
other than those surfaces or locations which will be repaired
or coated. Masked areas can include one or more undamaged
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or previously repaired areas of the component. Masking step
204 1s optional where the entirety of the component 1s to be
repaired, restored, and/or coated. Step 206 includes pretreat-
ing the workpiece(s), including at least the portions of the
workpiece to be coated or repaired. Like step 102 in FIG. 3,
the pretreatment process can include one or more of grit
blasting, acid etching, desmutting, rinsing, and drying.
[0045] At step 208, similar to step 104 1n FIG. 3, a sacrifi-
cial displacement layer can be optionally deposited onto a
portion of each metallic component substrate proximate to
cach location to be repaired. As noted above, reactive sub-
strates such as aluminum and magnesium alloys can receive
this treatment.

[0046] Next, step 210 includes electrolytically etching at
least a portion of the component(s) to be repaired 1n an 10nic
liquid plating solution. Etching step 210 1s generally similar
to step 106, shown and described with respectto FIG. 3. In the
case of more noble substrates, the pretreatment process of
step 202 generally exposes the majority of relevant coating
receiving surfaces while “reverse” etching of the surfaces to
be coated as part of step 210 can result in improved adhesion
of protective coatings electrodeposited 1n step 212.

[0047] And in the case of more reactive aluminum- and
magnesium-based substrates, step 210 may include electro-
lytically etching at least a portion of the optional sacrificial
pretreatment layer previously deposited as part of step 208. In
the case of highly reactive aluminum or magnesium alloy
substrates, electrolytic etching may be sufficient to activate
exposed surface(s) upon application of a suitable electroplat-
ing current. Regardless of the reactivity of the substrate,
exposing coating recerving surface(s) via etching step 208
can generate 10nic byproducts from the workpiece, as well as
ionic byproducts of any optional displacement layers. These
byproducts and other contaminants can accumulate 1n the
ionic liquid plating solution.

[0048] Step 212 involves electrodepositing a protective
coating, such as substantially pure aluminum, onto the coat-
ing recerving surface(s). The protective coating 1s electrode-
posited by applying a current through the 10nic liquid plating
solution as described above. Finally, step 214 includes peri-
odically regenerating the 1onic liquid plating solution by flu-
1dly commumnicating the 1onic liquid plating solution through
at least one porous scrubber. The porous scrubber(s) have a
metallic outer surface adapted to capture at least some of the
1ionic byproducts dissolved 1n the plating solution. The porous
scrubber(s) may be periodically introduced into the plating
vessel during etching step 208 and/or electrodepositing step
210. Alternatively, the porous scrubber(s) can be used 1n a
separate vessel to periodically regenerate bulk volumes of
ionic liquid plating solution after one or more iterations of

steps 202-212.

[0049] As described with respect to apparatus 10 1n FIGS.
1A-1B, repeated electrolytic etching can cause a buildup of
ionic byproducts in the 1onic liquid plating solution. Thus step
214 can be performed simultaneously with step 212 1n which
a protective coating 1s electrodeposited onto each metallic
component.

[0050] Alternatively, a used 1onic liquid plating solution
containing 1onic byproducts of at least one electrolytic etch-
ing process can be regenerated according to a method similar
to step 214. The method can use, for example, a separate fluid
regeneration circuit (not shown) with at least one porous
scrubber disposed in the circuit. The used 1on1c liquid plating
solution can be fluidly commumnicated through the porous
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scrubber(s) having a plurality of metallic outer surfaces 1n
contact with the used 10n1c liquid plating solution. This cap-
tures at least some of the 1onic byproducts from the 1onic
liquid plating solution, extending 1ts useful life and/or reduc-
ing disposal costs.

DISCUSSION OF POSSIBLE EMBODIMENTS

[0051] The following are non-exclusive descriptions of
possible embodiments of the present invention.

[0052] An electroplating apparatus includes a container
containing plural portions and an 10nic¢ liquid plating solution
that 1s capable of flowing therebetween. The plural portions
include at least a first portion containing a counter electrode
that includes coating donor material and a second portion that
includes a workpiece.

[0053] The apparatus of the preceding paragraph can
optionally include, additionally and/or alternatively, any one
or more of the following features, configurations and/or addi-
tional components:

[0054] The electroplating apparatus, according to an exem-
plary embodiment of this disclosure, among other possible
things includes a porous scrubber separating the first and
second portions has a plurality of metallic outer surfaces 1n
contact with the 1onic liquid plating solution.

[0055] A further embodiment of the foregoing apparatus,
wherein the workpiece comprises a metallic component sub-
strate selected from the group consisting of: aluminum, mag-
nesium, chromium, nickel, molybdenum, iron, and alloys
thereof.

[0056] A further embodiment of any of the foregoing appa-
ratus, wherein the metallic component substrate 1s an alumi-
num alloy selected from the group consisting of: AA 6xxx
series alloys, AA 7xxx series alloys, and AA 2xxx alloys.

[0057] A further embodiment of any of the foregoing appa-
ratus, wherein the workpiece comprises a turbine engine
component.

[0058] A further embodiment of any of the foregoing appa-
ratus, wherein the metallic component substrate 1s selected
from the group consisting of: an AA 6061 alloy, an AA 7075
alloy, and an AA 2024 alloy.

[0059] A further embodiment of any of the foregoing appa-
ratus, wherein the workpiece comprises an outer displace-
ment layer.

[0060] A further embodiment of any of the foregoing appa-
ratus, wherein the outer displacement layer comprises a metal
selected from: zinc, tin, copper, Zircontum, cerium, and alloys
thereof.

[0061] A further embodiment of any of the foregoing appa-
ratus, wherein the 1onic liquid plating solution contains 10nic
byproducts of the outer displacement layer.

[0062] A further embodiment of any of the foregoing appa-
ratus, wherein the 1onic liquid plating solution comprises an
ionic liquid selected from: 1-ethyl-3-methylimidazolium
chloride [EMIM] [Cl]—AICl,, 1-butyl-3-methylimidizo-
lium chlonde [BMIM] [CI]—AICl;,, and combinations
thereof.

[0063] A further embodiment of any of the foregoing appa-
ratus, wherein the coating donor material comprises substan-
tially pure aluminum.

[0064] A further embodiment of any of the foregoing appa-
ratus, wherein the porous scrubber comprises a metallic outer
surface selected from: substantially pure aluminum or sub-
stantially pure magnesium.
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[0065] A further embodiment of any of the foregoing appa-
ratus, further comprising an agitator adapted to circulate the
ionic liquid plating solution through the porous scrubber.
[0066] A method for coating at least a first surface of a
workpiece with a metallic coating includes pretreating a first
portion of the workpiece that includes the first surface. The
first portion of the workpiece 1s electrolytically etched 1n an
ionic liquid plating solution to expose at least a portion of the
first surface. Etching results 1n 1onic byproducts accumulat-
ing in the 1onic liquid plating solution. The exposed portion of
the first surface 1s activated, and the metallic coating 1s elec-
trodeposited onto the exposed portion of the first surface in
the 1on1c liquid plating solution. A portion of the 1onic liquid
plating solution 1s fluidly communicated through a porous
scrubber having a plurality of metallic outer surfaces in con-
tact with the 1onic liquid plating solution, thereby capturing at
least some of the accumulated ionic byproducts from the
ionic liquid plating solution.

[0067] The method of the preceding paragraph can option-
ally include, additionally and/or alternatively, any one or
more of the following features, configurations and/or addi-
tional components:

[0068] The method, according to an exemplary embodi-
ment of this disclosure, among other possible things includes
pretreating a first portion of the workpiece that includes the
first surface; electrolytically etching the first portion of the
workpiece 1n an 1onic liquid plating solution to expose at least
a portion of the first surface, the etching step resulting 1n 1onic
byproducts accumulating 1n the ionic liquid plating solution;
activating the exposed portion of the first surface; electrode-
positing the metallic coating onto the exposed portion of the
first surface in the 1onic liquid plating solution; and fluidly
communicating a portion of the ionic liquid plating solution
through a porous scrubber, the scrubber having a plurality of
metallic outer surfaces 1n contact with the 1onic liquid plating
solution to capture at least some of the accumulated 10nic
byproducts from the 1onic liquid plating solution.

[0069] A further embodiment of the foregoing method,
wherein the pretreating step comprises one or more of grit
blasting, acid etching, desmutting, rinsing, and drying.
[0070] A further embodiment of any of the foregoing meth-
ods, wherein the workpiece comprises a metallic component
substrate selected from the group consisting of: aluminum,
magnesium, chromium, nickel, molybdenum, 1ron, and
alloys thereof.

[0071] A further embodiment of any of the foregoing meth-
ods, wherein the electrolytically etching step 1s performed
using the same 1onic liquid plating solution as 1s used 1n the
clectrodepositing step.

[0072] A further embodiment of any of the foregoing meth-
ods, further comprising depositing a displacement layer onto
a portion of a workpiece prior to the electrolytically etching
step.

[0073] A further embodiment of any of the foregoing meth-
ods, wherein the electrolytically etching step comprises elec-
trolytically removing at least a portion of the displacement
layer to expose the portion of the first surface.

[0074] A further embodiment of any ofthe foregoing meth-
ods, wherein the displacement layer comprises a metal
selected from the group consisting of: zinc, tin, copper, Zir-
conium, cerium, and alloys thereof.

[0075] A further embodiment of any of the foregoing meth-
ods, wherein the depositing step comprises an immersion
process including a zincating process.
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[0076] A further embodiment of any of the foregoing meth-
ods, wherein the protective metallic coating comprises a sub-
stantially pure metal selected from the group consisting of:
aluminum and magnesium.

[0077] A further embodiment of any of the foregoing meth-
ods, wherein a configuration of the porous scrubber is
selected from one or more of: a mesh, a foam, a honeycomb,
a powder bed, and a fluidized bed.

[0078] A method of repairing a metallic component
includes 1dentifying a location to be repaired on the metallic
component. The location 1s pretreated by performing one or
more of: grit blasting, acid etching, desmutting, rinsing, and
drying. A first portion of the metallic component 1s electro-
lytically etched 1n an 1onic liquid plating solution to expose at
least one coating recerving surface proximate to each loca-
tion. Etching results 1n accumulation of 10nic byproducts in
the 1onic liquid plating solution. The at least one coating
receiving surface 1s activated and a metallic coating 1s elec-
trodeposited 1n the 1onic liquid plating solution. At least a
portion of the 1onic liquid plating solution 1s fluidly commu-
nicated through at least one porous scrubber having a plural-
ity ol metallic outer surfaces in contact with the 1onic liqud
plating solution. The 1onic liquid plating solution 1s regener-
ated by capturing at least some of the accumulated 1onic
byproducts from the 1onic liquid plating solution.

[0079] The method of the preceding paragraph can option-
ally include, additionally and/or alternatively, any one or
more of the following features, configurations and/or addi-
tional components:

[0080] The method, according to an exemplary embodi-
ment of this disclosure, among other possible things includes
identifying a location to be repaired on the metallic compo-
nent; pretreating the location by performing one or more of:
orit blasting, acid etching, desmutting, rinsing, and drying;
clectrolytically etching a first portion of the metallic compo-
nent 1n an 1onic liquid plating solution to expose at least one
coating receiving surface proximate to each location, the
etching step resulting 1n accumulation of 1onic byproducts 1n
the 1onic liqud plating solution; activating the at least one
coating receiving suriace; electrodepositing a metallic coat-
ing on the at least one coating receiving surface in the 1onic
liquid plating solution; and fluidly communicating at least a
portion of the 1onic liquid plating solution through at least one
porous scrubber, the scrubber having a plurality of metallic
outer surfaces in contact with the 1onic liquid plating solution
to regenerate the 1onic liquid plating solution by capturing at
least some of the accumulated i1onic byproducts from the
ionic liquid plating solution.

[0081] A further embodiment of the foregoing method, fur-
ther comprising masking at least one undamaged area of the
component prior to the electrolytically etching step.

[0082] A further embodiment of any of the foregoing meth-
ods, further comprising depositing a displacement layer onto
a portion of the metallic component proximate to the location
to be repaired.

[0083] A further embodiment of any of the foregoing meth-
ods, wherein the electrolytically etching step comprises elec-
trolytically etching at least a portion of the displacement layer
from the metallic component.

[0084] A further embodiment of any of the foregoing meth-
ods, wherein the metallic component 1s a turbine engine com-
ponent.
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[0085] A further embodiment of any of the foregoing meth-
ods, wherein the turbine engine component 1s a rotor blade, a
stator vane, a rotor disk, or a stator case.

[0086] A further embodiment of any of the foregoing meth-
ods, wherein repairing the plurality of metallic components
includes restoring at least one surface of the turbine engine
component.

[0087] Although the present invention has been described
with reference to preferred embodiments, workers skilled in
the art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
invention.

1. An electroplating apparatus comprising:

a container containing plural portions and an 1onic liquid

plating solution that 1s capable of flowing therebetween;

the plural portions including;

a lirst portion containing a counter electrode that
includes coating donor material; a second portion that
includes a workpiece; and

a porous scrubber separating the first and second portions

and having a plurality of metallic outer surfaces 1n con-

tact with the 1onic liquid plating solution.

2. The apparatus of claim 1, wherein the workpiece com-
prises a metallic component substrate selected from the group
consisting of: aluminum, magnesium, chromium, nickel,
molybdenum, 1ron, and alloys thereof.

3. The apparatus of claim 2, wherein the metallic compo-

nent substrate comprises an aluminum alloy selected from the
group consisting of: AA 6061 alloy, AA 7075 alloy, and AA
2024 alloy

4. The apparatus of claim 1, wherein the workpiece com-
prises a turbine engine component.

5. The apparatus of claim 1, wherein the workpiece com-
prises an outer displacement layer.

6. The apparatus of claim 5, wherein the outer displace-
ment layer comprises a metal selected from: zinc, tin, copper,
Zirconium, cerium, and alloys thereof.

7. The apparatus of claim 5, wherein the 10n1c liquid plating,

solution contains 10onic byproducts of the outer displacement
layer.

8. The apparatus of claim 5, wherein the 1onic liquid plating,
solution comprises an 10nic liquid selected from: 1-ethyl-3-
methylimidazolium chloride [EMIM|[CI]—AICI;, 1-butyl-
3-methylimidizolium chloride [BMIM][CI]—AICI,, and
combinations thereof.

9. The apparatus of claim 1, wherein the coating donor
material comprises substantially pure aluminum.

10. The apparatus of claim 1, wherein the porous scrubber
comprises a metallic outer surface selected from: substan-
tially pure aluminum or substantially pure magnesium.

11. The electroplating apparatus of claim 1, further com-
prising:
an agitator adapted to circulate the 1onic liquid plating
solution through the porous scrubber.

12. A method for coating at least a first surface of a work-
piece with a metallic coating, the method comprising:

pretreating a first portion of the workpiece that includes the
first surface;

clectrolytically etching the first portion of the workpiece 1n
an 1onic liquid plating solution to expose at least a por-
tion of the first surface, thereby (1) accumulating 10nic
byproducts 1n the 1onic liquid plating solution and (11)
activating the exposed portion of the first surface;
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clectrodepositing the metallic coating onto the exposed
portion of the first surface 1n the 1onic liquid plating
solution; and

fluidly communicating a portion of the ionic liquid plating

solution through a porous scrubber, the scrubber having
a plurality of metallic outer surfaces 1n contact with the
ionic liquid plating solution to capture at least some of
the accumulated 1onic byproducts from the 10nic liquid
plating solution.

13. The method of claim 12, wherein the pretreating step
COmMprises:

one or more of grit blasting, acid etching, desmutting,

rinsing, and drying.

14. The method of claim 12, wherein the workpiece com-
prises a metallic component substrate selected from the group
consisting of: aluminum, magnesium, chromium, nickel,
molybdenum, 1ron, and alloys thereof.

15. The method of claim 12, wherein the electrolytically
etching step 1s performed using the same 1onic liquid plating
solution as 1s used in the electrodepositing step.
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16. The method of claim 12, further comprising:

prior to the electrolytically etching step, depositing a dis-
placement layer onto a portion of a workpiece.

17. The method of claim 16, wherein the electrolytically
etching step comprises:

clectrolytically removing at least a portion of the displace-
ment layer to expose the portion of the first surface.

18. The method of claim 16, wherein the displacement
layer comprises a metal selected from a group consisting of:
zinc, tin, copper, zircontum, cerium, and alloys thereof.

19. The method of claim 18, wherein the depositing step
COmprises:

an 1mmersion process including a zincating process.

20. The method of claim 12, wherein the protective metal-
lic coating comprises a substantially pure metal selected from
the group consisting of: aluminum and magnesium.
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