METHOD AND APPARATUS FOR CLEANI NG A COVPONENT USI NG M CROMAVE

RADI ATI ON BACKGROUND OF THE | NVENTI ON 5Thi s disclosure relates to a
nmet hod and equi pnment for assisting in renoval of undesired substances
from conmponents, such as gas turbine engi ne conponents. There
are a variety of generally known nethods for renoval of undesired
substances from surfaces of a conponent. For instance, gas turbine
engi ne bl ades and vanes may corrode from exposure to el evated

t enper at ur es aNMEBHIPDsAND ADPARATURFQRIGILEANEYG aGOMPONENN Qi ne.
Type | sul phidation corr diSIdiG MICROWAVERRAIMATION 954C (1499- 1749 F)
and Type Il sul phidation corrosion occurs at about 704-954C
(1299-1749 F). Gas turbi I n a y be refurbished
after a period of use inq@ﬁg%gh§§H§ﬁU§?ﬂ@ﬂ§[$gﬁgﬁﬁpgﬁnent process
that may si ncl ude TafsidideRisitg réftés A ERAGS all dquipnehher ERRBANBYemoval of
removi ng corroded portions of the conponent 15r ebui | di ng portions of
the conponendesiipdisubsiponcs fiopgeompenents, ferhea gas tpFRine cagle campersHSonent
befor e rei nstal | ghigyd Qt\an&tpeofgégér B known methBdd R GoRH R (ABGRSa On
t he conmponent, suc rior-coatings, corrosion products, or the

li ke, refur bilbstraces ey serfpdeay)f @hamipoagnt.nteir nod@ice,ngs hanbirmadnghsthiws

or both. At |east sone , H @mp onventupeevipggyi%al T {% %tt

i ncl ude 20 iPANEPEP BRY SPTPT f%%ﬁﬁ%?%ﬁ‘t" R CBIPCRLFES s PP BRSO Bt

hours or OEV%ﬁhziﬂth)lﬁrehﬁi dfuthk )énglﬁém%etﬂ@lp&&thﬁbra6@1@031dﬂ0muﬁrat dbbes® 5-
known conventional nmet hqds 2 e often very slow.in order_to

prevent cher?ﬁwﬁlf}%a%%%cﬁ ﬁ@im@ Ib idaligs EOTERSIO ASE P ?taqbostf70(4h9e’f4°0

component . Af2dbeagd “PPNEKARYRe %H@ DinfeRlandBlR0dRa P BY rEfpidde aﬁEﬂ 4
bl asting or other 25 ‘abrasive techni ques. Al though” the rate of

renoval for preethefrtise &l thawngioelsinga miwhishmeritpegcessihas rodreinrtlvas strppingds,
mechani cal I
substrate o )%Ec?é?ﬁg%ﬁ%'i* t%@g&ﬁﬁorn@llﬁ Yerd SRV @rBd ek QR & thd BSmPaRE:,

15 rebulding 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



SUMVARY COF THE | NVENTI ON 30An exenpl ary nethod for cleaning a
conponent havi ng an undesired substance thereon includes exposing the
conponent to a cleaning solution and irradiating the conponent with
m crowave radiation to assist in renoving the undesired substance
fromthe conponent. An exenpl ary cl eani ng apparatus includes a
chanber configured to expose a conponent to a cleaning solution and a
m crowave source for irradiating the 5chanber with m crowave
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I1lustrates an exanpl e cl eani ng apparatus for cleaning the
from the component.

BRIEF DESCRIPTION OF THE DRAWINGS
The varioué features and advantages of the disclosed examples will become
10 apparent to those skilled in the art from the following detailed description. The
drawings that accompany the detailed description can be briefly described as
follows.
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,



conponent havi ng the undesired substance. Figure 3 illustrates
a portion of the conponent being cl eaned using the exanpl e cl eaning
nmet hod and apparatus illustrated in Figures 1 and 2. 20DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCODI MENT Figure 1 illustrates an
exanpl e nethod 10 for cl eaning a conponent havi ng an undesired
substance on a substrate surface of the conmponent. The type of
conponent is not limted to any particular type and may be, for
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solution to s ?bﬁ%tln renmovi ng undesired corrosion substances from

t he surfaces of the metallic alloy conmponent.
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
3.9v0l% hydrochloric acid, about 1.3vol% nitric acid, and about 94.8vol% of water.
The aggressiveness (i.e., pl) 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. [t is to be understood that the

given example acidic cleaning solutions may additionally include other constituents



20As an exanple, the acidic cleaning solution may include
hydrochloric acid, nitric acid, or both, to | oosen and/or renove the
subst ance. The acidic cleaning solution nmay include a ratio of 2-5
parts of hydrochloric acid to 1 part of nitric acid in an agueous
solution. In a further exanple, the acidic cleaning solution my have
a relatively aggressive conposition that includes about 39vol%
hydrochloric acid, 25 about 13vol % nitric acid, and about 48vol % of
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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 kinetics at the liquid-solid interface of the solution and the



25sol ution over tine. The prem se of the exanple enbodi nents is
that the inventors discovered that m crowave radiation may facilitate
heating the | ocal area of the undesired substance by preferentially
heati ng the undesired substance nore than the clean portions of the
conponent. The | ocal tenperature increase of the cleaning solution
30i ncreases the reaction kinetics at the liquid-solid interface of
the solution and the wundesired substance. The renoval process
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cl eaning solution 26. 15In this regard, the cleaning solution 26 need

not be an i PReridinmiiegbambeadd may alternatively be sprayed or _
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15  In this regard, the cleaning solution 26 need not be an immersion bath and may
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.



20 presence of sul phides. The m crowave source 28 emts the m crowave
radi ati on 30, which travels through the cleaning solution 26 toward
the conponent 24. At |least a portion of the m crowave radi ation 30

i mpi nges upon the undesired substance 32 and thereby assists in
removal of the substance 32 fromthe conponent 24 as descri bed above.
25The cl eani ng apparatus 20 may al so include a controller 40. In this
case, the controller 40 is in comunication with the m crowave source
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CLAIM5S 1. A nmethod for cleaning a conponent having an undesired

subst ance thereon conpri sing: establishing a tenperature of an
acidic cleaning solution that is about 28-80 C (82.4-176 F), the

cl eani ng sol ution including hydrochloric acid, nitric acid, and

wat er; exposi ng the conponent to the cleaning solution; and
irradiating the conponent with m crowave radiation to assist in
removing the undesired substance fromgl nponent, wherein the
undesi red substance on the conponent is sulfidation corrosion product
of a substrate of the conmpound. 2. The method as recited in claiml,

wherein the clgani | Wi on 1 ncl i f 2-
hydr ochl ori c agi d {]Lgm%ﬁlﬁg& d &n‘?a%1 @%@u‘%ﬁ’a&ﬂ %Mr%nagl ur?é%sr?rggg%éssﬁp %%Ehfrgcc’fl in
claim1l, wheretomprisiagcl eani ng sol ution includes about 39vol%

hydrochl oric acid, abgut.13vol % nitri.c_acid, ,and ahout vol.% .
e ot hod b sSRRthing 3 Bhatribie de i B4 c1eRREe E1RM i YO sah B
i ncl udes about°C3(89vol7%°RY, dieaddrhingiseluden tcludihgtydrdchbrizl fbdnhittid idandd,
and about 94.8vol % of water. 5. The nethod as recited in claima1l,

i ncluding irrad®ting the conponent for about 1-15 minutes. 6. The

met hod as recited ieRpdsin@ithe compbhirt bethe Eledid ssivfign;zaat rol I ing the
irradiating of the copponent in respo&ie_to a tepperature of the,
cl eani ng sol uti on. !rragiatng dhe, compapent with, pyGrasave fadiption o AssIFHR Femeying, e

cl eani ng sol uth® Bndeinsl fubfaRs TN tRl doypeiient) WilleREHC funBest6d Gubsfhdd diC
acid, and water. 8. The nmethod as recited in ¢claim1, wherein the
exposi ng of t HBE exsRIBFR it Sulfistatipnocqmiogian product of 1isubsirats pfthe eRsapoupdrer si ng
t he conponent in a bath of the cleaning solution.

2. The method as recited in claim I, wherein the cleaning solution includes a

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

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

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

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

water.

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

about 1-15 minutes.

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

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

7. The method as recited in claim 1, wherein the cleaning solution consists

essentially of hydrochloric acid, nitric acid, and water.



9. A cleaning apparatus for cleaning a conponent having an undesired
subst ance thereon, conprising: a chanber contacting and hol di ng
a cleaning solution, the chanber configured to expose a conponent to
t he cl eaning solution such that the conponent is inmersed in the

cl eani ng sol uti on; a mcrowave source for irradiating the
chanber with mcrowave radiation to assist in reaning an undesired

substance fr og} t heTl(fonPtg ncF 1iec1¥elaem n]alm QRN Gein er gx\%o%lﬁg git tfl% Onerr& t he

chanber; and Eormunt cat i cou
and the mcr OWbE\/CéeaSmlgrSDhl,tloil hehclosn imatbikiag thn)crfmlgmemdn tacbattonf thalcletahmg
m cr owave sour in response to a signal fromthe thernocoupl e that
represents a Wb@rature of the cleaning solution. 10. The cl eaning
apparatus as recited in claim9, wherein the chanber is a tank for
hol di ng the cleaning solution.

The.cl eanin paratus as recited
B el L PR LR L M AR L I B B
w thin the Ch&fﬂ@ﬁflce thereon, comprising:

a chamber contacting and holding a cleaning sclution, the chamber
configured to expose a component to the cleaning solution such that the component
is immersed in the cleaning solution;

a microwave source for irradiating the chamber with microwave radiation to
assist in removing an undesired substance from the component, the microwave
source located within the chamber; and

a controller in communication with a thermocouple and the microwave
source, the controller configured to control the microwave source in response to a

signal from the thermocouple that represents a temperature of the cleaning solution.

10.  The cleaning apparatus as recited in claim 9, wherein the chamber is a tank for

holding the cleaning solution.

11.  The cleaning apparatus as recited in claim 9, further comprising a

thermocouple at least partially within the chamber.



