- 1 - Method for electrochemically stripping of gas turbine compo- nents The invention relates to a
method for electrochemically stripping of gas turbine components with the features of the preamble of
claim 1. Components in gas turbines, in particular in aircraft engines, are subject to different
requirements. In the front section of the gas turbine_gnd in the area of the compressor, the occuring
temperatures are relatively low in comparison to the rest of the engine and therefore for components
used in this area the temperature strength is less prioritised, the focus is rather on the resistance of the
used parts, particularly the vanes and the blades, against oxidation, corrosion and erosion. This wear
is, among other things, caused by solid particles, for example sand and dust, which are sucked in by
the gas turbine and moved through the engine with the gas flow. The components can be damaged
through the erosive effect of the particles, which leads to performance loss of the engine and requires
a periodic chaage ohthe.expensie gompnnents, Jo sxteng he e Bme.gf the yanas and glades used
in the compressor, they are coated with wear-resistant co ﬁjngs. But th time even this wear-resistant
coatings are worn out. Before the wear-resistant coatirigican be reapplied during a routine overhaul of
the gas turbine, the remains of the old coat30 ing need to be removed from the blades. Such a
removal of the wear-resistant coating can often not be done without a damage of the base material of
the blades Iinparticiilai pRysical mMethdds ofor exampheisandblastingt aee afweys donnestetiwith a 2

removal ofbese mategal The.altendslatival.ioin wall fhigkness afthe bladss is futheragduced.
a

and to make matter worse such a removal of the wear-resistant coating also changes the thickness
ratios of the bfade’s ariditHeréfore also the gas flow ratios. As an alternative to physical methods, like
sandblasting for example, chemical and electrochemical methods have been established. These

methods are usually specifically developed for each combination of base material and coating
material, bECHRY G&ehdity Sﬁ?héﬁﬁ)%lé‘ﬁﬁateﬁél Bitfeteritpatameterd Hor exampté édmpasitions of

the liquid mediur, teraperatures; voitages: cuentsr pharalues onadditives-have ta-be chesen: Some
coatings can only be removed from the base material with very specific cathode geometries, pulsed

voltage or &ther &S ihH 84tfadtBfy hanh8f area of the compressor, the occur-

ing temperatures are relatively low in comparison to the rest
15 of the engine and therefore for components used in this area
the temperature strength is less pricritised, the focus is
rather on the resistance of the used parts, particularly the
vanes and the blades, against oxidation, corrosion and ero-
sion. This wear is, among other things, caused by solid parti-
20 cles, for example sand and dust, which are sucked in by the
gas turbine and moved through the engine with the gas flow.
The components can be damaged through the erosive effect of
the particles, which leads to performance loss of the engine
and requires a periodic change of the expensive components. To
25 extend the life time of the vanes and blades used in the com-
pressor, they are coated with wear-resistant coatings. But
with time even this wear-resistant coatings are worn out. Be-
fore the wear-resistant coating can be reapplied during a rou-
tine overhaul of the gas turbine, the remains of the old coat-

ing need to be removed from the blades. Such a removal of the
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wear-resistant coating can often not be done without a damage
of the base material of the blades. In particular physical

methods, for example sandblasting, are always connected with a



For example in the printed document DE 10 2004 009 757 Al such a. cathode is described, which is
adapted to the component geometry, and which is supposed to increase the quality of the blade
decoating. In addition to the cathode adapted to the blade, a pulsed voltage is also used. For the
removal of a different coating, the US patent 6 454 87(*B1 describes an electrochemical decoating
method called "stripping” which is particularly preserving to the components and removes the
wear-resistant coating, in this case a chromium oxide coating, with the help of a medium based on
hydrochloriceacid.aNew andscomplex svear-resistant edatings/ makedt-possible to realise lalcontinuously

higher erosign protection for engine dl%%{n onents, One example fordsuch innovative variant of a

wear-resistant coating is a so calle Tt ilayer system, “Whereas the multila ayer system comprises one
or several layepe 3usystemsaarrangedon topeofreach-other, swwhereas assingdarlayer system always

comprises ametal anda, C%Fﬁ@'ﬁ%@@%‘%%‘aﬁ%g g the glement of §aéqx ’&‘e{%'e@oé £xample Cr and Cr,).

Such multilayer Systems are preferably applied via Electron 5 Beam Physical Vapour Deposition
(EB-PVD) 8hgaSaarbineotomponaentis.As an alternative to physical methods,

like sandblasting for example, chemical and electrochemical
methods have been established. These methods are usually spe-
cifically developed for each combination of base material and
coating material, Dbecause depending on the type of material

10 different parameters, for example compositions of the liquid
medium, temperatures, voltages, currents, pH values or addi-
tives have to be chosen. Some coatings can only be removed
from the base material with very specific cathode geometries,
pulsed voltage or other aids in a satisfactory manner.

15
For example in the printed document DE 10 2004 009 757 Al such
a cathode 1is described, which is adapted to the component ge-
ometry, and which is supposed to increase the quality of the
blade decoating. In addition to the cathode adapted to the

20 blade, a pulsed voltage is also used.

For the removal of a different cocating, the US patent © 454
870 Bl describes an electrochemical decoating method called
“stripping” which is particularly preserving to the components
25 and removes the wear-resistant coating, in this case a chro-
mium oxide coating, with the help of a medium based on hydro-

chloric acid.

New and complex wear-resistant coatings make it possible to

realise a continuously higher erosion protection for engine

%)
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components. One example for such an innovative variant of a
wear-resistant coating is a so called multilayer system,

whereas the multilayer system comprises one or several layer



The described structure of the described innovative multi layer system shall he shortly explained with
the usage of Figures 2 and 3: In the figure 2 a multi layer system 13 is shown, which is formed by four
singular layer systems 11 arranged on top of each other, which have been applied on a substrate 10
for example by EB-PVD. A layer system 11 always comprises a metal 14 and a ceramic 15 that is
related to the element of said metal 14. Related to said element of the metal 14 means that the
metallic bonding partner of the ceramic 13 (in case of chromium nitrite this would be chromium)
comprises thessame elementas!thenmetal 14{ Thergfore therceraimic 45 3s sompoged om a non
metallic bondipgpariner and. mefalic bending.nartner whereas dhe mefplic bonding painer
comprises - at least predominant é the same metallic elefement as the metal 14 T%e same metal is
therefore presentas the niétal ¥4 irelementassformramdeddditionally-itfapms the ceramic %) with at
least one non metallic.glement. 1o case of alayer system 11, from chromium and.chromjym nitrite
chromium is on the one hand present as the metal 14 and additionally in a bound form together with
nitfite as tHeccatamicy 35 ¢ehrofiBmitriter ThetceramidB5 RVik)thiscasesrelatsd 16 thecelenent of the
metal 14. NexttQ Cr and CrN, Cr and CrAiN, Ti and TiN as well as Ti and TiAIN are further examples
of such a metal 14 and a ceramic 15 related in element. - 4 - The layer system 11 can also comprise
additional layers; this state is illustrated in the figure 3. For example between the layer of metal 14 and

the layer ofreeramic 45 andatermediatg layerfroma metal alloy matgrial L/ and ap,intesmediate layer
from graded metal ceramic material 16 can be provided. By means of EB-?VD applied layers show a

significantly Aigher 20RESIBN 63 ba8e PRABRAY, &HtPa TowiEparbshy fHdh inotREr MEthots; like

plasma spraying methodsFor example. Hoyvever the resultds also that theslayersiaresmore difficult to
remove than those applied with plasma spraying methods. Usually ceramic Ia%/ers can be removed
much moré® pE8Hly frEm-EOmpSneiits By eledtrachiemicalaBtiotis tRaR the imetalic 1ayerSidue to the
usually lowes eteetrical copgductivity oficerainics), wirereas the, stripping isgauticady, peoblematic
when several different types of Ia%/ers are to be Stg? ed_at the same time. Furthermore not all
electrochefical niethdds 8fe FreSeRifig 1 the componénts 248 the’ Bart§ ety aggrédéive Softitions
can also attacksthe baseanateriak okthe companentcThe etectrochemical stripping metkods known
from the prior art can lead to a uniform surface attack on the base material of the gas turbine
C(l)?nponenf[éevI\}i h g%rc]hs ?ﬁﬁuffﬁgfe{r sli;%fer% s %ﬁtteﬁgo tSaf ?ﬁtgr e%lﬁﬂﬁ%? teS tetg}gtig}? 5fthe
microstructuse.nEhe: electrolyte selutions used theregthesso ealledogalvanric baths, far example base on
molten saltc(al}@)oltenfS%I Q/I(%h%d %riqtnriinéderogtﬂl%ic Vglgidlgn% can dgmalqle ma(t:eorrirgls{: Eke titaggjm alloys
or nickel-based al?oys. eSides the direct uniform sum-tace attack of the base material such e?ectrolyte
solutions caaratscdausenintergrarutamcoreosidriin thesbaséanateriadé Or sach anlditack thegrain
boundaries of the microstructure are dissolved faster than the grains themselves, which leads to full
grains bei,r%%esérgacter(f from trﬁ%nmfrclz%ﬁsrlﬁ%ﬁrgg gﬁlcf%ngra%ﬁﬁc(%%olﬁﬁ(g of tﬁeeﬁb%vé lfﬁatléﬁéﬁ Even if
sach a damage pffedtris not vistbie: se =ehcagithiesdrosiondrom samdblasting,rtheanicrastrusture of the
base matedal weakanag e sidping method andthestjuctural intsariy 4 reuiced This effect
occurs on each stripping process again; so the damage effect of the intergranular attacﬁ accumulates
over the tott ifeltimhé of The bitles The habeimatehial microstraoctafeistimere ahe nyore avorh out by
each necessary stripping, of the old wear-resistant layer performed,diuing, the routing reapplication of
the wear-resistant layer, which stands in contradiction to the actual goal of the maintenance, the
prevention ot tie ehgihtadmpoIfems erision | Bécarsechs presebving 3hippifg Metho@ s yet known
for.the desgribed pewimultilayer system,it is sigually removed, by abrasive, blasting pracesses, which,

as described before, brings with it a removal of base material and therefore a damage of the

component:7%h eéxgmpleTfor BbfaRie blastind metiddstis the Dastimgwith aRddinimicxide
(corundumywhish £ancatsga-high materiahgrosionitself and-furthermore usually-follaws after the
Molten Salt Method.
nitrite). The ceramic 15 is in this case related to the ele-
ment of the metal 14. Next to Cr and CrN, Cr and CrAlN, Ti and
30 TiN as well as Ti and TiA1N are further examples of such a

metal 14 and a ceramic 15 related in element.



In line with these facts, it is the objective of the invention to provide a preserving method for the
electrochemical stripping of gas turbine components and a corresponding apparatus for carrying out
the method. The invention solves this objective through a method with the features of claim 1 and an
apparatus with the features of claim 10. Other prefefred embodiments of the invention can be found in
the dependent claims and the corresponding description and drawings. 6 According to the Invention a
method for solving the objective is provided, in which the gas turbine component made of from a
Titanium alloyeor stairte ssysteely whiclr eompiises aanultiilayerssigtemomthelsuyface, istpolarized as
an anode ig ap,gleqtolytesalytian. and.fhe slectialyle solufion-eqmptises sadium Garbgnate and a
tartrate source. The method here described offers i portant advantages in comparison to the already
established methods whithedre seefdr tHeestlipping of gasstuebine componehts-cAshas been found

out in expeyiments.pg base,mateyial of the gas tyhine compgnent Js nat,attackgd by the method

according to the invention, wherein in particular material removal or the detrimental change of the
microstruct¥eceuringinotherlchemiealigndipiiysiéal methods does net exkatedrhe reason for this
is that through the combination of sodium carbonate and tartrate a solution is obtained by which the
electrochemically detached metal ions (for example chromium ions) of the multilayer can be very
efficiently complezed afid thereby kepPhlthealvaifie bafi aid thebase fiatardl iy padsiéatad during

the strippi@d%@gg@ﬁe%fqmrlggg@t%g%}agginsgﬁgdagngg)%@;t%mWtetrjp&lan%ceramic
components of the multilayer system can accumulate as sludge during the stripping method.

Preferably $é' 8lecftdlyte €6lution Fasmi pif Dalusrstaid  fodl X betatse tHasHeEPfotind it in

experimentsthat inthe phsvalue range e610+12therhest results capbe gbtained: Preferably sodium
potassium tartrate and/ r. sodium tartrate and/or tartaric acid (which is present as tartrate in the pH

value rang&Tf10512Yi€ Uiséd A8The tartrate! sturce. ThasE'eénemicard afe B5di sailable in large

guantities and take environmental aspects of the galvanic process into account. For example sodium

taﬂﬁueha%gggga¥egggg%§%n%£?grs can be removed much more poorly from
components by electrochemical methods than the metallic layers

15 (due to the usually lower electrical conductivity of ceram-
ics), whereas the stripping is particularly problematic when
several different types of layers are to be stripped at the
same time. Furthermore not all electrochemical methods are
preserving to the components, so the partly very aggressive

20 solutions can also attack the base material of the component.
The electrochemical stripping methods known from the prior art
can lead to a uniform surface attack on the base material of
the gas turbine components with such a multi layer system, but
also to an intergranular desintegration of the microstructure.

25 The electrolyte solutions used there, the so called galvanic
baths, for example base on molten salt (Molten Salt Method) or
on hydrochloric acid and can damage materials like titanium
alloys or nickel-based alloys. Besides the direct uniform sur-
face attack of the base material such electrolyte solutions

30 can also cause intergranular corrosion in the base material.
On such an attack the grain boundaries of the microstructure
are dissolved faster than the grains themselves, which leads

to full grains being extracted from the microstructure and a



vance to the environment and is an approved food additive with the number E 335. Also, sodium
potassium tartrate is approved as a food additive with the number E 337, as is tartaric acid with. the
number E 334. While an approval as a food additive does not mean that the substances are entirely
harmless, but compared to many other galvanic baths that are industrially used for stripping, the food
additive approval of the inventive electrolyte solution constituents is a. clear indicator for its
environmental compatibility. Ideally the temperature of the electrolyte solution is in the range of
50-80C, prefexalnly 5020C ot istknpwt that¢h® teraperatyreilzas. a Significaft impactoondhesgte of
chemical reactions. In the area of 40580C, Cprg@géqblgs60-zl%c,etrhgsbleOst results can %ggtajcn_ed, the
galvanic process runs’in a controlled manner an very sthort process times (rﬂp?o% ours) can be
achieved. lnragditigretorthe hath temperaturethefereigrs metalconcentrators irpthiefsohutionlis

monitored gand w it exceeds a defined limit value, the salufion is disposed of in.accordance with the
usual standagr%s%r%#e% ly the vo?tag%%alpp |edé?(J)CLitiﬁbé5 g%s %urél%ee csogmponélrﬁgl)s int C%ergﬁé% of 3-8 V,
preferably 4% VeThevdltage icsbe applied depands on tikecompbnenttose stripped swherein the

25specified ange is ideal far the,plyality:qf.gas tgbing com:panents, made of fitaniym_alioy or

stainless steel. Too high voltages can cause unwanted base material removal, therefore the applied

voltage is tBbeakept constant by a-péwer supiply. tFanensudretd:gehtlex Sieippitier: the 96itagetis preferably
slowly 30regulated up.t9the desired level .z 8s and more worn out by each neces-

sary stripping of the old wear-resistant layer performed dur-
10 ing the routine reapplication of the wear-resistant layer,
which stands in contradiction to the actual goal of the main-
tenance, the prevention of the engine components’ erosion. Be-
cause no preserving stripping method is yet known for the de-
scribed new multilayer system, it is usually removed by abra-
15 sive blasting processes, which, as described before, brings
with it a removal of base material and therefore a damage of
the component. An example for abrasive blasting methods is the
blasting with aluminum oxide (corundum), which can cause a
high material erosion itself and furthermore usually follows

20 after the Molten Salt Method.

In line with these facts, 1t 1s the objective of the invention
to provide a preserving method for the electrochemical strip-
ping of gas turbine components and a corresponding apparatus

25 for carrying out the method.

The invention solves this objective through a method with the

features of claim 1 and an apparatus with the features of

claim 10. Other preferred embodiments of the invention can be
30 found in the dependent claims and the corresponding descrip-

tion and drawings.



ity of the stripping process, a cathode material has to be chosen that has the hest possible impact on
the quality of the stripping process. Steel as cathode material leads to the best results for the method
according to the invention. The described method is well suited for stripping multilayer systems that
comprise the ceramic components CrN, CrAIN, TiN, orfTiA1N. In the following the invention shall he
illustrated on the basis of a preferred embodiment with reference to the accompanying drawings. In the
figures can be seen in detail: Fig. 1:A schematic view of an apparatus for the electro- chemical
stripping off& gas tuirbineccorhpenentv.< Represemtation of Aomaitilayer systehe. 3iRepresentation of
a singular Ia)o(erp%és‘;elrg . d,thg £ig%£ei%: a ct%netainer 4 can he seen Whichecocnt%igg eanOeIJe]%trol}{\teasolution

| S rol 1 .
2. Furthermore' a lowering apparatus 6 is prov%ééd, byl/lw ich a%%rggar%ﬁe component isTowered into

the electrolytec solution 21 The gas tatbine componentl wasprevioustyrclearsed fromudil; grease, dirt or
other contaminapts, SUch, contaminants,¢an, pegatively affect,the stripping method apd should
therefore be thouroughly removed with known means.

5 electrolyte solution, and the electrolyte solution comprises
sodium carbonate and a tartrate source. The method here de-
scribed offers important advantages in comparison to the al-
ready established methods which are used for the stripping of
gas turbine components. As has been found out in experiments,

10 the base material of the gas turbine component is not attacked
by the method according to the invention, wherein in particu-
lar material removal or the detrimental change of the micro-
structure occurring in other chemical and physical methods
does not occur. The reason for this is that through the combi-

15 nation of sodium carbonate and tartrate a solution is obtained
by which the electrochemically detached metal ions (for exam-
ple chromium ions) of the multilayer can be very efficiently
complexed and thereby kept in the galvanic bath and the base
material 1is passivated during the stripping und thereby fur-

20 ther counteracts against a damage of the base material. The

ceramic components of the multilayer system can accumulate as

sludge during the stripping method.

Preferably the electrolyte solution has a pH value of 10 to

S
w

12, because it has been found out in experiments that in the

pH value range of 10-12 the best results can be obtained.

Preferably sodium potassium tartrate and/or sodium tartrate

and/or tartaric acid (which is present as tartrate in the pH

[o%}
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value range of 10-12) is used as the tartrate source. These
chemicals are easily available in large guantities and take
environmental aspects of the galvanic process into account.

For example sodium tartrate has only a very little to no rele-



The gas turbine component I in this embodiment is made from a titanium alloy or stainless steel and
comprises a Trultilayer system 13 on the surface. The lowering apparatus 6 also forms the anode and
is connected to a power supply 5, which is fur- ther connected to a cathode 8. The lowering apparatus
6 is preferably designed in such a way that it can mount and lower a plurality of gas turbine
components 1 at the same time. Advantageously individual voltages can be set for different gas
turbine components 1, in case this is favourable or necessary because of size and/or geometry
differencesv IhegowersSupphny isgenenally aised 1 applysppasitieel cliarge enithetgas=turdine
components 1, to switch the anaqde, and to.apply a negative charge on the cathode 8. The
cathode 8 t(%r? bgﬁn\é\%?g%e% a@s%ise%%rsa?é C(S)Pn(%blrfl)ngn 8§i%§ﬁév%r§relg in or%%eelégtrg@%rsooﬁt?on 20r
firmly instaled in theceleetdolyteisaiution 2 orfas mithissembodimentabe realisedtthroughahé ¢ontainer
4 itself an WE%}?“&%‘”QW@? eée%tg)&te%ﬁ?ﬂtigﬁcma%wgé]in r‘%l rge area. The 8ath8 e @i%ned/or the
container 4 respectively Is preferably made from steel a 8 Insu ate% to the outside, for example by a
plastic coafing.sHeretemergestdrie- of-thre igladvantages of the nethiod sicterdingetothe invention,
because the cathode,gegmetry can he. telatively, simple Aspecial gegmetry exactly adapted to the
geometry of the gas turbine component 1 is not necessary. The method can therefore be performed
with much Es3prééssing effort tan AshylcoriparaBlietmethcdakiovm incthe tprior afty Another
advantage of the methed aecording o the inventionwithout ageametrically, adapted cathode is that by
simple means a high quantity can be stripped at the same time. To further minimize the processing
effort, the cathode 8 canvalss hegitefetably desighiettd he-easily exchangable. In case the cathode 8
wears down in some term, it can be easi y replaced by this exchange option and the process does not

have to be interrupted for a long time. The composition of the electrolyte solution 2 is based on the
base mateﬁgi%dfé’orﬁbﬁsé&e%‘&%ﬁwtéﬁ?%oﬁéte%ﬁd 5 t5trate saieeTor gas firbine doinpdifents | that

are made fromqgetitar nigmsajiay, ordram staipless steet.ointhisiembeadimentelestielyte-solution
comprises sodium carbonate (150-250 g/1), and either sodium tartrate (60-90 g/1), sodium-potassium
tartrate (60-66G7iy B trtaricatid (25-40 Gy fifd torfpotitionRavidg a phvalGe irtHeTaRge of 10 to
12. The cheical components: used incthednethodgiescribed hese offerimportant advantages in
comparison to the established procedures. The used base materials are not attacked, the material
rémoval orthié chafige of the Microstractare 865ervEd in Sftef Themicdi A¥54rd phSicalbrécesses do
not occur. The tempetaturesof-ibe eleciroltesolion:2 jsrsetdysa temperature contrdl 8 &t 66370C.
The voltage applied to the gas turbine companent 1 via the power supply 5 is slowly raised from 0 V to
4-6 V and hétd f6Fs6 foénlgegr?tﬁ the utiiSyer system is }slféripp%ak?ro%ﬁ%%eg 5as Y&r%iné“@onﬁﬁgﬁent 1.
Depending=dnytherage: df thenelectralytei solution 2htheddealthaldingdime isi different aBasedhem
experience. and optical inspection the exact.time is determjned at which the multilayer system 13 is
fully strippelg fr%%gt%%dgsas tu%%é %%Crinp)%ln%h I gﬁ%’%ﬁé grgé ?urﬁ%leugolrﬁaoﬁesnt ls?éﬁ d%)ge ﬁ!]:%ed out of
the electrolyte solution 2rimetheiloweting apparatus 6a Reésidires of the multilayer system 13 can be
removed with a soft brush if necessary. Through a bath monitoring means 7 the composition of the
electrolyte solution. 2 can be periodically controlled. Thereby the concentration of metal impurities in
the electrolte selution 2 ¢drebe mchitoredidbrecassary alpreparation o arfrestoslectraiyte safution 2

' prompted., The used ypeelectralvie soufan.2 st fhen be disposed of acearling (o grrent dy

regulations. Since the composition of the électrolyte s relatively environmentally
compared ol othér gakanitsbaths Hive disposal isiiottonlp eorrespomdingly wimpleiand-therefore

CE@ap’_bUtsa%%%%‘%‘@HaQ%%%y from ga envirggnmental point of view and therefore completss the
gentle inventive method for
ponents made of titanium alloy or stainless steel. Too high
voltages can cause unwanted base material removal, therefore
the applied voltage is to be kept constant by a power supply.
To ensure a gentle stripping, the voltage is preferably slowly

30 regulated up to the desired level.

Preferably steel is used as the cathode material. Since the

cathode material can have a significant influence on the qual-



electrochemically stripping of multi layer systems 13 from gas turbine components 1. In the figure 2 an
exemplary multilayer system 13 is shown, which can be gently stripped from a substrate 10 by the
stripping method according to the invention. Thus, the substrate 10 is a gas turbine component 1 for
instance. The multilayer system 13 was preferably appfied by means of a PVD (Physical. Vapor
Deposition) method on the substrate 10 and/or the gas turbine component 1 respectively. In this
example, the multilayer system 13 comprises four layer systems 11. The inventive method is
preferably used for the strippimg of multitayersystems 43 tthattcomprise-thrée ta sixdayarsystems 11,
further prefegred for multi | systems 13 that comprise four or. five layer systems,11. The single
layer syste%;solgi5 .gcognhé%sgygglaﬁlrg cr)be r%]é?tal %ésa%%féyﬁ%?%gra%c%%ereé;tgg] jt“c? thee er%le%% of
said metal 44r AgsrefesrediagessystémeEL isscompodertef aidayericf métak 44 20madesoftichsdmium
and a layer, af.ceratnic: LG made Lchomium.iirige.or djomyum aypinum piride. Another preferred
layer system 11 comprises titanium and titanium nitride or titanium aluminum nitride. In addition to
metal 14 and ceramic 15, the layer system 11 can comprise further layers. This is shown in the figure
3]; The I?%efﬁ‘?‘é(s@é% 11 omprisestwe fudhgrlayers, Preferably the layer system, 11 comprises a layer
m mate-
oa ea'z;?geggathat comprise the ceramic components CrN, CrAlN, TiN,

or TiAIN.

10 In the following the invention shall be illustrated on the ba-
sis of a preferred embodiment with reference to the accompany-

ing drawings. In the figures can be seen in detail:

Fig. 1: A schematic view of an apparatus for the electro-
15 chemical stripping of a gas turbine component

Fig. 2: Representation of a multilayer system

Fig. 3: Representation of a singular layer system

20
In the figure 1 a container 4 can be seen which contains an
electrolyte solution 2. Furthermore a lowering apparatus 6 is
provided, by which a gas turbine component 1 is lowered into
the electrolyte solution 2. The gas turbine component 1 was

25 previously cleaned from oil, grease, dirt or other contami-
nants. Such contaminants can negatively affect the stripping
method and should therefore be thouroughly removed with known

means.

30 The gas turbine component 1 in this embodiment is made from a
titanium alloy or stainless steel and comprises a multilayer
system 13 on the surface. The lowering apparatus 6 also forms

the anode and is connected to a power supply 5, which is fur-



rial 17 and a layer of graded metal ceramic material 16. These intermediate layers can further increase
the strength and adhesion of the multilayer system 13. Preferably the in- termediate layers are also
made from materials related in ele- - 12 - ment and homogenize the transition from metal 14 to
ceramic 15. Also for these more complex multilayer systems 13, in which the layer system 11
comprises more than the two layers of metal 14 and ceramic 15, the stripping method according to the
invention is well suited. - 13 -

20

ther connected to a cathcode 8. The lowering apparatus 6 is
preferably designed in such a way that it can mount and lower
a plurality of gas turbine components 1 at the same time. Ad-
vantageously individual voltages can be set for different gas
turbine components 1, in case this is favourable or necessary
because of size and/or geometry differences. The power supply
5 is generally used to apply a positive charge on the gas tur-
bine components 1, to switch them as anode, and to apply a
negative charge on the cathode 8. The cathode 8 can be de-
signed as a separate component being lowered into the electro-
lyte solution 2 or firmly installed in the electrolyte solu-
tion 2 or, as in this embodiment, be realised through the con-
tainer 4 itself an thus surrounding the electrolyte solution 2
within a large area. The cathode 8 and/or the container 4 re-
spectively is preferably made from steel and insulated to the
outside, for example by a plastic coating. Here emerges one of
the big advantages of the method according to the invention,
because the cathode geometry can be relatively simple. A spe-
cial geometry exactly adapted to the geometry of the gas tur-
bine component 1 1is not necessary. The method can therefore be
performed with much less processing effort than many compara-
ble methods known in the prior art. Another advantage of the
method according to the invention without a geometrically
adapted cathode is that by simple means a high quantity can be
stripped at the same time. To further minimize the processing
effort, the cathode 8 can also be preferably designed to be
easily exchangable. In case the cathode 8 wears down in some
form, it can be easily replaced by this exchange option and

the process does not have to be interrupted for a long time.

The composition of the electrolyte scolution 2 is based on the
base material and comprises sodium carbonate and a tartrate

source for gas turbine components 1 that are made from a tita-



Reference libt: 1gas turbine component 2electrolyte solution temperature control 4container power
supply IClowering apparatus bath monitoring means 8cathode
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nium alloy or from stainless steel. In this embodiment, the
electrolyte solution comprises sodium carbonate (150-250 g/1),
and either sodium tartrate (60-90 g/l), sodium-potassium tar-
trate (60-90 g/l) or tartaric acid (25-40 g/l) in a composi-

5 tion having a pH value in the range of 10 to 12. The chemical
components used in the method described here offer important
advantages in comparison to the established procedures. The
used base materials are not attacked, the material removal or
the change of the microstructure observed in other chemical

10 and physical processes do not occur. The temperature of the
electrolyte solution 2 is set by a temperature control 3 at
60-70°C. The voltage applied to the gas turbine component 1
via the power supply 5 is slowly raised from 0O V to 4-6 V and
held for so long until the multilayer system is stripped from

15 the gas turbine component 1. Depending on the age of the elec-
trolyte solution 2, the ideal holding time is different. Based
on experience and optical inspection the exact time is deter-
mined at which the multilayer system 13 is fully stripped from
the gas turbine component 1 and the gas turbine component 1

20 should be lifted ocut of the electrolyte sclution 2 by the low-
ering apparatus 6. Residues of the multilayer system 13 can be
removed with a soft brush if necessary. Through a bath moni-
toring means 7 the composition of the electrolyte solution 2
can be periodically controlled. Thereby the concentration of

25 metal impurities in the electrolyte solution 2 can be moni-
tored. If necessary a preparation of a fresh electrolyte solu-
tion 2 is prompted. The used up electrolyte solution 2 must
then be disposed of according to current regulations. Since
the composition of the electrolyte solution 2 is relatively

20 environmentally friendly compared to other galvanic baths, the
disposal 1s not only correspondingly simple and therefore
cheap, but also advantageously from an environmental point of

view and therefore completes the gentle inventive method for



10substrate layer system 13multilayer system metal 15ceramic 16metal ceramic material 17metal
alloy material

_11_

electrochemically stripping of multi layer systems 13 from gas

turbine components 1.

In the figure 2 an exemplary multilayer system 13 is shown,

which can be gently stripped from a substrate 10 by the strip-

o

ping method according to the invention. Thus, the substrate 10
is a gas turbine component 1 for instance. The multilayer sys-
tem 13 was preferably applied by means of a PVD (Physical Va-

por Deposition) method on the substrate 10 and/or the gas tur-

ot
<

bine component 1 respectively. In this example, the multilayer
system 13 comprises four layer systems 11. The inventive
method is preferably used for the stripping of multilayer sys-
tems 13 that comprise three to six layer systems 11, further
preferred for multi layer systems 13 that comprise four or

15 five layer systems 11.

The single layer systems 11 comprise a layer of metal 14 and a
layer of ceramic 15 related to the element of said metal 14. A
preferred layer system 11 is composed of a layer of metal 14
20 made of chromium and a layer of ceramic 15 made of chromium
nitride or chromium aluminum nitride. Another preferred layer
system 11 comprises titanium and titanium nitride or titanium

aluminum nitride.

25 In addition to metal 14 and ceramic 15, the layer system 11
can comprise further layers. This is shown in the figure 3.
The layer system 11 comprises two further layers. Preferably
the layer system 11 comprises a layer of a metal alloy mate-
rial 17 and a layer of graded metal ceramic material 16.

0 These intermediate layers can further increase the strength

(V5]
C

and adhesion of the multilayer system 13. Preferably the in-

termediate layers are alsco made from materials related in ele-



- 14 - Claims: 1. Methodthe electrochemicat.y stripping of gas turbine components (1) made of
Titanium alloys or stainless steels in a electrolyte solution (2), wherein the gas turbine component (1)
comprises a multilayer system (13) on the surface and is polarized as anode, characterized in that the
electrolyte solution (2) comprises sodium carbonate ard atartrate source. 2. The Method of claim 1,
ci. aractri.ze.d in that the lectrolyte solution (2) has a pH of 10 to 12. The Method of claim 1 or 2,
characterized in that sodium potassium tartrate and/or sodium tartrate and/or tartaric acid is used as
tartrate souree 4 aflie Methodtas claimed in aay of the pretedingrelaims, Icharacterdzedrincthat the
temperaturfg)o.f the electrolyte solution (2) is in the range of 40-80C, preferably 60-70c. 5. The Method
as claimed in any of the preceding claims, char-

Also for these more complex multilayer systems 13, in which
5 the layer system 11 comprises more than the two layers of
metal 14 and ceramic 15, the stripping method according to the

invention is well suited.



acterized in that the voltage applied to the gas turbine component is in the range of 3-8 V, preferably
4-6 V. 6. The Method as claimed in any of the preceding claims, characterized in that the multilayer
system (13) comprises at least one Myer system (11) of Cr and GrN. 7. The Method as claimed in any
of the preceding claims, characterized in that the miltilayer-system (13) comprises at least one layer
system (11) of Ti and TiN. - 8. The Method as claimed in any of the preceding claims, characterized in
that the multilayer system (13) comprises at least one layer system (11) of Cr and CrAIN. 9. The
Method as claimed in any of the preceding claims, characterized in that the multilayer system (13)
comprises at least one layer system (11) of Ti and TiAL1N. 10. Apparatus for carrying out a method as
claimed in any of the preceding claims, characterized in that a cathode (8) is provided which is
assigned t&tecalectrelyte sélution (2).

5 1 gas turbine component
Z electrolyte solution
3 temperature control
4 container
5 power supply

10 6 lowering apparatus
7 bath monitoring means
8 cathode
10 substrate

11 layer system
5 13 multilayer system
14 metal
15 ceramic
16 metal ceramic material

17 metal alloy material

[
[



11. The Apparatus as claimed in claim 10, characterized in that the cathode (8) is exchangable. 12.
The Apparatus as claimed in claim 10 or 11, characterized. in that the cathode (8) is made of steel. 13.
The Apparatus as claimed in any of the claims 10 to 12, characterized in that a plurality of gas turbine
components (1) are simultaneously mountable. 14. The®Apparatus as claimed in claim 13,
characterized in that a different voltage can be set for each gas turbine component (1).

Claims:

1. Method for the electrochemically stripping of gas turbine
components (1) made of Titanium alloys or stainless steels
5 in a electrolyte solution (2), wherein the gas turbine com-
ponent (1) comprises a multilayer system (13) on the sur-
face and is polarized as anode, characterized in that the
electrolyte solution (2) comprises sodium carbonate and a

tartrate source.

2. The Method of claim 1, characterized in that the electro-

lyte solution (2) has a pH of 10 to 12.

3. The Method of claim 1 or 2, characterized in that sodium
15 potassium tartrate and/or sodium tartrate and/or tartaric

acld is used as tartrate source.

4. The Method as claimed in any of the preceding claims, char-
acterized in that the temperature of the electrolyte solu-

20 tion (2) is in the range of 40-80°C, preferably 60-70°c.

5. The Method as claimed in any of the preceding claims, char-
acterized in that the voltage applied to the gas turbine

component is in the range of 3-8 V, preferably 4-6 V.

6. The Method as claimed in any of the preceding claims, char-
acterized in that the multilayer system (13) comprises at

least one layer system (11) of Cr and CrN.

30 7. The Method as claimed in any of the preceding claims, char-
acterized in that the multilayer system (13) comprises at

least one layer system (11) of Ti and TiN.
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10.

11.

12.

13.

14.

The Method as claimed in any of the preceding claims, char-
acterized in that the multilayer system (13) comprises at

least one layer system (11) of Cr and CrAlN.

The Method as claimed in any of the preceding claims, char-
acterized in that the multilayer system (13) comprises at

least one layer system (11) of Ti and TiAIN.

Apparatus for carrying out a method as claimed in any of
the preceding claims, characterized in that a cathode (8)
is provided which is assigned to the electrolyte solution

(2).

The Apparatus as claimed in claim 10, characterized in that

the cathode (8) is exchangable.

The Apparatus as claimed in claim 10 or 11, characterized

in that the cathode (8) is made of steel.

The Apparatus as claimed in any of the claims 10 to 12,
characterized in that a plurality of gas turbine components

(1) are simultaneously mountable.

The Apparatus as claimed in claim 13, characterized in that
a different voltage can be set for each gas turbine compo-

nent (1).



