METHOD AND APPARATUS FOR CLEANI NG A COVPONENT USI NG M CROMAVE RADI ATl ON
BACKGROUND OF THE I NVENTION 5 This disclosure relates to a nethod and

equi pnent for assisting in renoval of undesired substances from conponents,
such as gas turbine engine conponents. There are a variety of generally
known net hods for renoval of undesired substances from surfaces of a
conponent. For instance, gas turbine engi ne blades and vanes may corrode
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undesired _substance thereon | ncludes exposing,the compopent fo a cf eaning
15  rebuilding portions of the component, and depositing a coating onto the repaired
component before reinstallation into the engine.

To remove substances on the component, such as prior coatings, corrosion
products, or the like, refurbishers may employ chemical methods, mechanical
methods, or both. At least some known conventional chemical methods may include

20 immersion of the component in one or more solutions for hours or even days to fully
remove the substance. However, these known conventional chemical methods are
often very slow in order to prevent chemically attacking the base substrate material
of the component.

At least some known mechanical methods may include grit blasting or other

25  abrasive techniques. Although the rate of removal for mechanical methods is much

greater than chemical methods, mechanical methods often undesirably remove a

portion of the base substrate of the component.

SUMMARY OF THE INVENTION
30 An exemplary method for cleaning a component having an undesired

substance thereon includes exposing the component to a cleaning solution and



1 irradiating the conponent with m crowave radiation to assist in renoving
the wundesired substance fromthe conponent. An exenplary cl eani ng appar at us
i ncl udes a chanber configured to expose a conponent to a cleaning solution
and a mcrowave source for irradiating the 5 chanber with m crowave
radiation to assist in renoving an undesired substance fromthe conponent.
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30 the presgng&sof sulfides |n t he exhaust stream of a gas turbine engine.

In this regard,
Figure 1 illustrates an example method for cleaning a component having an

undesired substance.
15 Figure 2 illustrates an example cleaning apparatus for cleaning the
component having the undesired substance.
Figure 3 illustrates a portion of the component being cleaned using the

example cleaning method and apparatus illustrated in Figures 1 and 2.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Figure 1 illustrates an example method 10 for cleaning a component having
an undesired substance on a substrate surface of the component. The type of
component is not limited to any particular type and may be, for example, a gas
turbine engine blade or vane. Likewise, the undesired substance that is to be
25 removed from the component is not limited to any particular type and may be, for
example, a corrosion product or prior coating on the component. For instance, the
undesired substance may be bonded (e.g., chemically and/or mechanically) to the
surface of the component. The corrosion product may be sulphidation that results
from exposure of the turbine blade or vane component to elevated temperatures in

30  the presence of sulfides in the exhaust stream of a gas turbine engine. In this regard,



2 the nmethod 10 nmay be enpl oyed as part of a refurbishnment process for
repairing a gas turbine engi ne conponent such as a turbine bl ade or vane.
The nethod 10 includes a step 12 of exposing the conmponent to a cl eaning
solution, and a step 14 of irradiating the conponent with m crowave

radi ation. For 5 instance, the cleaning solution and the m crowave
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the component may be fabricated from a metallic alloy, such as a nickel-based alloy.

In this example, the cleaning solution may be an acidic cleaning solution to assist in
removing undesired corrosion substances from the surfaces of the metallic alloy
component.

20 As an example, the acidic cleaning solution may include hydrochloric acid,
nitric acid, or both, to loosen and/or remove the substance. The acidic cleaning
solution may include a ratio of 2-5 parts of hydrochloric acid to 1 part of nitric acid
in an aqueous solution. In a further example, the acidic cleaning solution may have a
relatively aggressive composition that includes about 39vol% hydrochloric acid,

25 about 13vol% nitric acid, and about 48vol% of water. Alternatively, the acidic
cleaning solution may have a less aggressive composition that includes about
3.9vol% hydrochloric acid, about 1.3vol% nitric acid, and about 94.8vol% of water.
The aggressiveness (i.e., pH) of the acidic cleaning solution may be selected based
on the base material type of the component, substance that is intended to be

30  removed, or cleaning process parameters, for example. It is to be understood that the

given example acidic cleaning solutions may additionally include other constituents



on the base material type of the conponent, substance that is intended to be
30 renoved, or cleaning process paraneters, for exanple. It is to be
understood that the given exanple acidic cleaning solutions may
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alternatively, may include only the given constituents in the conposition
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particular application. Longer or shorter times may be used, respectively, for a faster
or slower rate of reaction. Likewise, warmer or cooler temperatures may be used,
respectively, for a greater or lesser degree of removal. A warmer temperature
however, may result in a greater rate of evaporation of the cleaning solution.

20 The power of the microwave radiation may also be adjusted in response to a
detected temperature of the cleaning solution in order to maintain the temperature
within the given range. The temperature of about 28-80°C (82.4-176 °F) facilitates
providing favorable reaction kinetics but is not so high as to rapidly evaporate the
cleaning solution, which could otherwise change the composition of the cleaning

25 solution over time.

The premise of the example embodiments is that the inventors discovered
that microwave radiation may facilitate heating the local area of the undesired
substance by preferentially heating the undesired substance more than the clean

portions of the component. The local temperature increase of the cleaning solution

30 increases the reaction Kkinetics at the liquid-solid interface of the solution and the



The prem se of the exanple enbodinents is that the inventors discovered

that mcrowave radiation may facilitate heating the | ocal area of the

undesi red substance by preferentially heating the undesired substance nore
than the clean portions of the conponent. The | ocal tenperature increase of
t he cl eaning solution 30 increases the reaction kinetics at the liquid-solid
interface of the solution and the 4 undesired substance. The renoval
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fromthé cowpongnne oUMoRMOMNPSERiAEe o @ Risamng sl 26.04 Ntero@veragurpe

built-in t | ,of . .the gh h ' | 1..0r .bott 1.
The chanber2535kt 185ted ity RSRERRGer ZooltE%eR o st B VR Bt e
cont ai ni ng fbRtoH GO QAR [Rfbndlviian dieWrddiuBsthh® IN@BYEIgus?3) Am the

illustrated, the chanber 22 is a tank for holding the cleaning solution 26
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conmponent in the chanber 22. eferring also to Figure 3, the undesired

subst ance 33 wshindbaehagnheed?. t he surface of the conponent 24. The undesired

substance 32 may, be, a, conrosi on ropduct., suc sul phidation,. .fr use
under el evated t/é?rgé"rﬁgfﬁﬁﬁ’et%&ﬁﬁ??%o slsianta%.orn?g&% g&%ﬂ%@“@ﬁ SOQB?%?éJ]eS. The
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the cleaning solution 26 toward the conponent 24. At |least a portion of the
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alternatively be sprayed or otherwise applied to the component in the chamber 22.
Referring also to Figure 3, the undesired substance 32 is located near the
surface of the component 24. The undesired substance 32 may be a corrosion
product, such as sulphidation, from use under elevated temperature conditions in the
20  presence of sulphides. The microwave source 28 emits the microwave radiation 30,
which travels through the cleaning solution 26 toward the component 24. At least a
portion of the microwave radiation 30 impinges upon the undesired substance 32
and thereby assists in removal of the substance 32 from the component 24 as
described above.
25 The cleaning apparatus 20 may also include a controller 40. In this case, the
controller 40 is in communication with the microwave source 28 and a thermocouple
42 at least partially within the chamber 22. The thermocouple 42 detects the
temperature of the cleaning solution 26 and transmits a representative signal to the
controller 40. The controller 40 is programmed to control the microwave source 28

30  inresponse to the temperature.



descri bed above. 25 The cl eaning apparatus 20 may al so i nclude a controller
40. In this case, the controller 40 is in comunication with the m crowave
source 28 and a thernocouple 42 at |east partially within the chanmber 22.
The thernocouple 42 detects the tenperature of the cleaning solution 26 and
transmts a representative signal to the controller 40. The controller 40
is programmed to control the m crowave source 28 30 in response to the
tenperature. 5 Ass af eexapR| ¢the tdifrotiont0 ehdyeididd theypoaef usthd hgcrp@wry of the
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control | er radiatien,3Q Uy 5§sPanse tayihe tenpgraiuEss i tematigelys the gpnigllar 40measpigise to t he
tenper at ur ap, T onROWEIureObs oG S T QUAYS. T HleALkBalBY 18] Slovled bR
frequency o crowave ra atlon y, to the

wavel engt h thé niibreway € taliaion nnayd refbr tmnthB(frequd{c@roftthe ntlcnmemvd wadddticmn3Ovher e t he
nlcromave source is Eurne on. Mcrowave radiation 30 has a wavel ength

rangi ng f r dth BHRENGHYEDY e s wayelgnggh b the migpwave radiniioncl) #id/er. the timgg
gi gahertz. jhys, &/H?re(iﬁ@tn{lexlok&%(/e %911113@ &g M'ﬂ:‘?oﬂ%ﬁer f[%h\ﬁﬁ\ﬁ%n%uﬁa%ea 28 to

adjust the power o e m crowave ra latron 30 wt e gl ven ranges or
command t havzis&lemgtir mwgmg fso:m rotne mldilmetelatzh ateemetegrorexfraqpleacy 50%30f 3@the ti ne
if it is set to half-p éﬁuhaco inatjon of features is shown in
the il ust r%{gﬁﬁnéxgﬁﬁb COHHP may CQIR thednicgorvecontserddordiwstal i ze

the benef i tig, of.¥Abf ggsmﬁmwe%&ta 050 Vil (AU BELOSHIES of ohEl o ds.

syst em desi gned acco to an enbodi nent I'scl osure w |
necessalli | ymicnolavdesouaick tco)frratdhﬂe ffeadxampse, SHvef thertima yf i meseofo ltdhépdyﬁerFl gures
shown i n t.he Fjgures over

or all of the |on sch matl cal
sel ected feat Er‘é& flé%%‘c‘f&? FethoWid thl %F%E th oh| ect ed
features ofy) of fhem r?ééér’f@'b% c%Eﬂb%Hd%%a?hze-'{H@ bR EREF e ARSI oRith@fs bf

exenplary rather than [imting in nature. Variations and nodifications to
t he di scl ostbth dizxdopiredn rml)erbwdsrea sypean dndigned acROrdinpears kinbbdithenhof he art

NG T TR e SR N S
15 Figures or all of the portions schematically shown in the Figures. Moreover, selected
features of one example embodiment may be combined with selected features of
other example embodiments.
The preceding description is exemplary rather than limiting in nature.
Variations and modifications to the disclosed examples may become apparent to
20  those skilled in the art that do not necessarily depart from the essence of this
disclosure. The scope of legal protection given to this disclosure can only be

determined by studying the following claims.



determ ned by studying the followwng clains. 6 CLAIMS 1 A nethod for

cl eani ng a conponent havi ng an undesired substance thereon, conprising: 5
exposi ng the conponent to a cleaning solution; and irradiating the conponent
with mcrowave radiation to assist in renoving the wundesired substance from
t he conponent. 2. The nethod as recited in claim1, wherein the cleaning
solution is acidic. 10 3. The method as recited in claim1l1, wherein the

cl eaning solution includes hydrochlora¢gvici d. 4. The nethod as recited in
claim1l, wherein the cleaning solution includes 15 nitric acid. 5. The

met hod as recited in claim1l1, wherein the cleaning solution includes a

ratio of 2-5 part s, hydr BSOS ACh L QM RAL LG Al 20ulcoThe et hod
as recited i'n claim1, erel net’he cledning ution rnclddes “about 39vol %

hydr ochl or i @nagisthg: about 13vol % nitric acid, and about 48vol%water. 7. The
method as recited in claiml1, wherein the cleantgg solution includes about
3. 9vol %Shydr ochl ¥PpEngdietompaeit tq a glegniog splutpe id, and about 94. 8vol % of
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further conpidesitedgubaixidedtdnh i dofgontitr adi ating of the conponent in response
to a tenperature of the cleaning solution. 7 10. The nethod as recited in
claiml1, further conprising establishing a tenperature of the cleaning

solution that i - - 17 : ol as.pecited in
claim1, vmh%r ei ?}%hqg&%f)égsnll%ggeé%l%&%nolﬁQ%l{c:?%leslrll él-fe sdearll'ﬁlg%% M}Rﬁ% i§ 8eilie
10
3. The method as recited in claim 1, wherein the cleaning solution includes

hydrochloric acid.

4. The method as recited in claim 1, wherein the cleaning solution includes

15  nitric acid.

5. The method as recited in claim 1, wherein the cleaning solution includes a

ratio of 2-5 parts hydrochloric acid to 1 part nitric acid.

20 6. The method as recited in claim 1, wherein the cleaning solution includes

about 39vol% hydrochloric acid, about 13vol% nitric acid, and about 48vol% water.

7. The method as recited in claim 1, wherein the cleaning solution includes
about 3.9vol% hydrochloric acid, about 1.3vol% nitric acid, and about 94.8vol% of

25  water.

8. The method as recited in claim 1, including irradiating the component for

about 1-15 minutes.

30 9. The method as recited in claim 1, further comprising controlling the

irradiating of the component in response to a temperature of the cleaning solution.



5 essentially of hydrochloric acid, nitric acid, and water. 12. The net hod
as recited in claiml, wherein the exposing of the conponent to the

cl eaning solution includes i mersing the conponent in a bath of the cl eaning
solution. 10 13. The nmethod as recited in claim1l, wherein the undesired
substance on the conponent is a sul phidation corrosion product of a
substrate of the conponent. 14. A cleaning apparatus for cleaning a

conponent  h@yvi ngripn mewdRs ias efbcitdP AUBRIRNEE fARE WmpidnP dstibliShin@ £ hamber
configured to expose a conponent to a cleaning solution; and a m crowave
source for temperdivag phthe cleeniob solvdon iat Is abputr BAB’E BAd B ‘G to assist in
renmovi ng an undesired substance fromthe conponent. 20 15. The cl eaning
apparatus as recited in claim14, wherein the chanber is a tank for hol ding

the cl eani ng. solTie @Bthodbas rElReL irL@MRIMT, APRAEIALHE ASanRCEIIEGor Bossisdd M 14,
further conprising a thernocouple at |east partially wthin the chanber. 25

17. The 3cl essaintigllapblaydieeorisadiddiitrie@cidnangd whter. 16, further conprising a
controller in comrunication with the thernocouple and the m crowave source,
and the controller is configured to control the m crowave source in

response tojz Sinﬁﬁheﬂlb@ﬁk rdchted hh@lﬁﬁ@Q,OWBé@intth@Exﬁ@B{ge@ﬁﬁé LoRpbRIHPEs at ure of
t he cleaning solution. 8
the cleaning solution includes immersing the component in a bath of the cleaning
solution.
10
13. The method as recited in claim 1, wherein the undesired substance on the

component is a sulphidation corrosion product of a substrate of the component.

14. A cleaning apparatus for cleaning a component having an undesired
15  substance thereon, comprising:
a chamber configured to expose a component to a cleaning solution; and
a microwave source for irradiating the chamber with microwave radiation to

assist in removing an undesired substance from the component.

20 15,  The cleaning apparatus as recited in claim 14, wherein the chamber is a tank

for holding the cleaning solution.

16.  The cleaning apparatus as recited in claim 14, further comprising a
thermocouple at least partially within the chamber.

25
17. The cleaning apparatus as recited in claim 16, further comprising a controller
in communication with the thermocouple and the microwave source, and the
controller is configured to control the microwave source in response to a signal from

the thermocouple that represents a temperature of the cleaning solution.





