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1 A PROCESS FOR REMOVI NG A PROTECTI VE COATI NG FROM A SURFACE OF AN ¢

Al RFO'L | BACKGROUND OF THE | NVENTI ON The present
invention relatés to a process for renoving a protective coating froma
surface of an airfoil, which procéss includes using an ul traviol et
curable material as a maskant rrateri al . Al turBHne &92floils in

need of overhauling nmust have any-protective.-coatings renoved or stripped
so that a conpl ete inspect24 L i o i%{uh- pekP%r med. Typically,

The present invention rElates3tp a process for removing
a protective coating from a surface of an airfoil, which
process includes using an ultraviolet curable material as a
5 maskant material. |
All turbine airfoils in need of overhauling must have
any protective coatings removed orlgtripped so that a
. complete inspection for cracks can be performed. Typically,
these coatings are stripped using chémicals such as hot acid
10 solutions. There are however certain areas of the airfoil
~ that must be masked during the chemical stripping operations.
so that the chemicals used during the stripping operations
do not contact them and cause damagé to the airfoil. These
areas are said to have a critical masking requirement in
15 that if the maskant applied to theéé;areas’leaks, the
airfoil may be rendered scrap material.
In the-past, waxes, lacquers and other organic coatings
have been applied to these criticalbareas and used as a
maskant material. These types of maékant materials however
20 suffer from the deficiency that they have insufficient
adhesive properties when exposed tq;%he chemical haterials

used to strip the protective coating.from the airfoil. As a

result, the edges of these maskant m -erials have lifted and

leaked.
2
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tﬁese_coatings are stripped using chem cals such as hot acid sol uti ons.
There; are however certain areas of the airfoil t hat nust be masked during
t he chem cal stripping operations so that the chem cals used during the
stripping operations do not contact them and cause danage to the airfoil.
These areas are said to have a critical masking requird&@ient 9921 that if
t he maskant applied to these areas |eaks, the - airfoil nmay be rendered
scrap material. To compgnspéepfer, thexdeakinggproblem dheemagkgat c
coatings have been aggkgﬁg to-these critical areai and used as a maskant
S

material . THASEripls SRR PRALED LPs aFsRs, ¥ells heyond t he

defici ency EQ%%iEgiyaQ%%g.ln&ﬂ&%‘%&%@%sive overmasking is undesirable
since the masked coating beyond the: critical areas must be
5 mechanically removed - a time consuming and error prone

process.

SUMMARY OF THE INVENTION

It is therefore an object of'tpe present invention to

provide a process for removing a protective coating from a

10 surface of an airfoil which utilizes a maskant material
which has excellent adhesive properties which substantially
avoids the problem of chemical leakage.

It is a further object of the present invention to
provide a process as above which utilizes a maskant material

15 that has sufficient viscosity that it stays put where
applied until cured. _

It is still a further object of the present invention
to provide a process as above whiéhlutilizes a maskant
material which reduces the expenseé@and the time associated

20 with coating removal. - |

It is yet a further object ofé%ﬁe present invention to

provide a process as above which ﬁiw;izes a maskant material

which does not require overmasking;“;
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adhesi ve properties when exposed to the chemical materials used to strip

the protective coating fromthe airfoil. As a result, the edges of these
maskant materials have lifted and | eaked.
- 2- To conpensate for the |eaking problen1 the maskant materials

have been applied to areas well beyond the critical are&® -Thioiextensive
overmaski ng i s undesirable
The foregoing objects are achieved by the process of
the present invention. |
In accordance with the present invention, the process
for removing a protective coating from surfaces of an
5 airfoil broadly comprises the steps of providing an airfoil
having a protective coating to be removed and areas which
require protection and applying a maskant material to the
areas which require protection. The maskant applying step
comprises applying an ultraviolet (ﬂV) curable masking
10 material to the areas which require protection. Aafter the
- UV curable masking material has been applied, the material
is cured by exposing the masking material to UV radiation
for a time period sufficient to effect curing, typically
about 60 seconds. After the masking material has been
15 cured, the protective coating is stripped from non-masked
portions of the airfoil using a-cheﬂical stripping
technique.
Preferably, the UV curable masking material used in the
process of the present invention isxapplied to portions of
20 the airfoil which include turbine biéde.air cooling holes, a
trailing edge slot, tip holes, theﬁéiatform portion and/or

the root portion.
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since the masked coating beyond the critical areas nust be mechanically
renoved - a tinme consum ng and error prone process.
SUMVARY OF THE | NVENTI ON It is therefore an object of the present
i nvention to provide a process for renpving a protective coating froma
surface of an airfoil which utilizes a maskant nmateri al EHMH @®921as
excel | ent adhesi ve propertles mhlch substantlally avoi ds.the probl em of
chem cal | eakage. . BRIEE DESCRIPREO HE{DRARINGSsent i nvention to

provi de a process as ahove whi ch utlllzes a maskant mat er | al
Fig. 1 1s a perspective view of a turbine blade

airfoil;
fig. 2 is a rear view of a portibn of the turbine blade
5 airfoillof Fig. 1 illustrating a trailing edge slot; and
Fig. 3 is a perspective view of the turbine blade
airfoil of Fig. 1 showing areas maskéd by a maskant

material.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)
10 As shown in Figs. 1 and 2, a typical turbine blade

airfoil 10 has a leading edge 11 and a trailing edge 13 and
a number of critical areas which include a set of air
cooling héles 12 along ét least one surface, at least one
slot 14 in the trailing edge, holes.ls in a tip portion of
15 ~ the aiFfoil, a platform portion 16 an& a root portion 18,
all of which have to be masked during the chemical stripping
operation used to remove a protectivé coating 20 from the
remaining portions of the airfoil 10. To protect these
critical areas of the airfoil 10, itéis desirable to cover
20 them with a maskant material 22 as s§3§n in Fig. 3.
It has been found by the lnventor that the maskant
material 22 which is applied to the alrf011 to protect these
critical areas must demonstrate cert§1n properties. For

example, the maskant material 22 musﬁihave sufficient
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that has sufficient viscosity that it stays put where applied until cured.

It is still a further object of the present invention to provide a process
as above which utilizes a maskant rmaterial which reduces the expenses and
the tine associated wth coating renoval. - It is yet a further object .

of the present invention to provide a process as above ®Hi ch982ill i zes a
maskant material which does not require overnasklng
adhesive properties that edges of the material do not 1lift
and leak during the chemical strlpp;ng operatlon. Still
further, the maskant material 22 must have a viscosity such
that it stays put where applied, without sagging or running,
5 until cured. Still further, the masking material 22 must be
such that only a minimum amount of maskant material must be
applied beyond the critical areas that must be protected.
In accordance with the presentiinventibn, it has been
found that a particularly useful maskant material is a UV
10 curable material. This type of material has been found to
be gquite advantageous in that it has the desired adhesive
and viscosity properties. Still fu;thér,'it has been found
that advantageously the amount of time needed to cure this
type of material is far less than tﬁe time needed to cure
15 other masking materials. For example, certain masking
materials previously used in removal processes required
approximately four hours to cure. ﬂhey also generally
required the application of at least two coats. The UV
curable maskant materiallused in the process of the present
20 invention requires approximately 60;§éconds to cure and the
application of a single coat. .  |
An UV curable material which can be used as the maskant
material in the process of the present 1nventlon is an
acrylic adhesive which can be actlvated by actinic radiation

25 such as ultraviolet radiation. One-gpch material is sold
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_Sr ' The foregoing objects are achi eved by the procesé of the present

I nventi on. In accordance with the present invention, the process for
renoving a protective coating fromsurfaces of an airfoil broadly
conprises the steps of providing an airfoil having a protective coating to

be renmpbved and areas which require protection and appl yEmg- a99amskant
material to the areas which require protection. The nmaskant applying step
conpri ses applex rthenrtxade avine RYNAX/)2260%b| Tivks kiaeriml ei$ad to the
areas whict req:lre prOtffgIéﬁhesfﬁéeicéiﬁgted b actlnlc radiation
reactive acry y
which includes, in addition to a phqtolnltlator, at least
about 1.0 wt% of a perester compoundfér cunene
5 'hydroperoxide, and 0.5 wtg% of a tauﬁomeric organic acid. It
is described in U.S. Patent No.'s,d§§,715 to Bachmann et al.
which is incorporated by referencenﬂ;rein.
In accordance with the present invention, the UV
curable material is applied to the c;itical areas of the
10 turbine blade airfoil blade containiﬁg the air cooling holes
12,.the trailing edge slot(s) 14, tiﬁ-holes 15, the platform
portion 16, and the root portion 18; Preferably, the UV
curable masking material 22 is applied by injecting the
maskant material, in ligquid form, tnrpugh a small needle
15 similar to a syringe so that it flows:over the air cooling
holes 12, the trailing edge slot(s)'14, the tip holes 15,
the platform portion 16, and the root portion 18 and. on
areas adjacent tb themn. In most iné%ances, only one coat
of masking material is required to éébtect the critical
20 . areas. Of course, it should be recognlzed that in some

instances two or more coats of the curable masklng

material 22 may be desirable. While it is preferred to

apply the maskant material using a syringe-like needle, it
should be recognized that other application techniques

25 including painting could be used iffaésired.
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UV curabl e masking material has been applied, the material is cured by
exposi ng the masking material to UV radiation for a tine period sufficient
to effect curing, typically about 60 seconds. After the masking nmateri al
has been cured, the protective coating is stripped from non-nmasked
portions of the airfoil using a chem cal stripping techggquegeozy
Preferably, the UV curable masking material used in the process of the

present inventi oRftéer aphéi BV ¢Orabléi naskPhg hétepialohhswbeeh applida
turbine blade air cooling holes, a trailing edge slot, tip holes, the
pIatforn1pot¢itheandibicalhepemstoﬁotheomirfo;;_10 the airfoil is
subjected to ultraviolet radiation for a time period
sufficient to cure the masking materlal. It has been found
5 that placing the alrf011 10 with the masking material 22
dnder an ultraviolet lamp for a_time period of approximately
60 seconds is sufficient to cure the masking material.
After the UV curable masking material has been cured,
the unmasked portions of the-turbiqe:blade airfoil 10 are
10 subjected to a chemical stripping operation to remove the .
protective coating. Any suitable cheﬁical stripping
operation known in the art may be used to remove the
protective coating. Typically, the .chemical stripping
opefation is an acid stripping operation using hot acid
15 materials such as fhose designeted by United Technologies
Corporation as SPOP 301 and SPOP 308;"'
Thereafter;.the chemicals used”@uringzthe stripping
operation are removea by rinsing aﬁd?the UV curable maskant
meterial 22 is removed by burning it off in a properly

20 vented oven preferably at a temperaﬁﬁre in the range of from

about 900°F to about 1300°F. Once thé: maskant material has
been removed, thé coating on the airfoil surfaces formerly
beneath the maskaﬁt material 22 is ;hanically removed by
blendlnq with flne sand paper or dlsks on air or electric

25 grinders. Once the protective coatlng has been completely
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- 4- BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a

perspective view of a turbine blade airfoil; Fig. 2 is a rear view
of a portion of the turbine blade airfoil of Fig. 1 illustrating a
trailing edge slot; and Fig. 3 is a perspective view of the turbine

blade airfoil of Fig. 1 showi ng areas masked by a nmaskagy - 9921
removed from the surfaces of the ai?foil 10, the airfoil may
be inspected for cracks, repaired, ?e-coated, and re-
installed.

As can be seen from the fofegoing discussion, the use
5 of an UV curable material as a masként material is quite
beneficial. The UV curable material has excellent adhesive
properties which allow the edges.of the maskant materigl to
adhere to the surfaces of the airfoil without leaking.
Additionally, only a minimum amountfof UV curable material
10 has to be applied to the areas of the airfoil to be
protected. This is quite desirable.because it substantially
eliminates the problem of overmasking and significantly
reduces the time needed.to remove the masking material.
Still further, the UV curable'maskihg material cures faster
15 than other types of masking material. Thus, one realizes a
substantial time saving by using én UV masking material in
the process of the present invention.
While the process of the preSent invenﬁion has been
described in the context of removing a protective coating
20 from a turbine blade airfoil surfaqéiiit should be
recognized that the process can be:ﬁééd to remove a

protective coating from any-type of éirfoil.
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material . DETAI LED DESCRI PTI ON OF THE PREFERRED ENBCD! gmm“ "Ill " l"l
As shown in Figs. 1 and 2, a typical turbine blade airfoi
| eadi ng edge 11 and a trailing edge 13 and a nunber of critical ‘areas"

which include a set of air cooling holes 12 along at |east one surface, at
| east one slot 14 in the trailing edge, holes 15 in a tipHpertpem of the

“airfoil, a platformportion 16 and a root portion 18, all of which have to

be masked ddﬂﬂﬁ%éﬁieébhiﬂﬁﬂaléstripping operation used to renove a
protective coating 20 fromthe remaining portions of the airfoil 10. To
protect these :

1. A process for removing a protective coating from
surfaces of an airfoil which compfises the steps of:

providing an airfoil having a protective coating to be |
removed and critical areas whiqh requife protection during a
coating removal step; and

masking said.critical areas by applying an ultraviolet
curable mésking material to said critical areas of said

airfoil.

2. A process according to claim 1 wherein said airfoil
has air cooling holes and said applying step comprises
applying said ultraviolet curable masking material over said
air cooling holes and to areas of said airfoil adjacent said

air cooling holes.

3. A process according to any one of claims 1 and 2
wherein said airfoil has a trailing edge slot and said
applying step comprises applying said ultraviolet curable
masking material over said trailing edge slot and to areas

of said airfoil adjacent said trailing edge slot.

4. A process according to any one of claims 1-3

wherein said airfoil has a platform portion and said

10
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critical areas of the airfoil 10, it is desirable to cover Mwmmummlll]"l
maskant material 22 as shown in Fig. 3. It has been fo - 1 ;I"
i nventor that the maskant material 22 which is applied to th& afrfbil®*tcd *
protect these «critical areas nust denonstrate certain properties. For
exanpl e, the maskant material 22 nmust have sufficient EH -~ 9921
-5- adhesi ve properties that edges of the material do not |ift
applying step comprises applying said ultraviolet curable
masking material over said platform portion and to areas of

said airfoil adjacent said platform portion.

5. A process accofding to any one of claims 1-4
wherein said airfoil has a root portion and said applying
step comprises applying said ultraviolet curable masking
material over said root portion and to areas of said airfoil

adjacent said root portion.

6. A process according to any one of claims 1-5
wherein said airfoil has a tip portion and a plurality of
holes in said tip portion and said applying step comprises
applying said ultraviolet curable masking material over said
tip holes and to areas of said airfoil adjacent said tip

holes.

7. A process according to any one of claims 1-6
wherein said applying step comprises applying said
ultraviolet curable masking material in liquid form to said

_critical areas of said airfoil.

8. A process according to any one of claims 1-7

wherein said applying step comprises applying a reactive

11
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‘and | éak during the chenical stripping operation. Still fur Iﬁmmlmmll""””“l
maskant material 22 nust have a viscosity such that it stay

applied, w thout sagging or running, until cured. Still further,

masking material 22 nust be such that only a m ni rum anmount of naskant
material nust be applied beyond the critical areas that EHust 99@1pr ot ect ed.
In accordance with the present invention, it has been found that a
particul ar |l gcngticl adhekive materiall astivhtedcbyablléramtiededl . Thi's type

of material has been found to be quite advantageous in that it has the
desired adheafddatiend viscosity properties. Still further, it has been

found that advantageously the amount of tinme needed to cure this

9. A process according to any one of claims 1-8
further comprising the steps of:

curing said UV curable masking material; and

stripping said protective coating from unmasked

portions of said airfoil.

10. The process of claim 9 wherein said curing step
comprises exposing said UV curable masking material to
ultraviolet radiation for a time sufficient to cure the
masking material; and said stripping operation comprises
acid stripping said protéctive coating from said unmasked

portions of said airfoil.

11. fhe process of claim 9 further comprising:
rinsing said airfoil after said stripping operation;
removing said cured masking material; and
mechanically removing the protective coating formerly

beneath said masking material.

12. An airfoil which has a protective coating on its
surfaces to be removed by contact with a chemical solution

and which has an ultraviolet curable masking material over

12
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type of material is far less than the tine needed to cure m“mmmumullll
materials. For exanple, certain masking materials previous -
renoval processes required approximtely four hours to cure’ They'al'%
generally required the application of at |east two coats. The W _curable
maskant material used in the process of the present invegii-Omdgeguires
approxi mately 60 seconds to cure and the application of a single coat.

An WV cur ablsekestted glonthicts oxfh szedisark facdd\e smiskanitraeiclenl curabie

process of the present invention is an acrylic adhesive which can be
activat ed bpagking matenial deing @dhesivelpbyided realisaidmigeil ath

s sqld
material | éid selected portions such that said chemical solution does

not leak between said masking material and said selected

portions covered by said masking material.

13. The airfoil of claim 12 wherein said airfoil has
air cooling holes and said masking material covers said air
cooling holes and areas of said airfoil adjacent said air

cooling holes.

14. An airfoil according to any one of claims 12 and
13 wherein said airfoil has at least one traiiing edge slot
and said masking material covers said at least one trailing
edge slot and areas of said airfoil adjacent said at least

‘one trailing edge slot.

15. An airfoil according to any one of claims 12-14
wherein said airfoil has a platform portion and said masking
material covers said plaﬁform portion and areas of said

airfoil adjacent said platform portion.

16. An airfoil according to any-one of claims 12-15

wherein said airfoil has a root portion and said masking

13
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“6- "under the 'trade name DYMAX 29605. This material is a mnmmlnfnm"l'”“"l
acrylic adhesive activated by actinic radiation which inclu

addition to a photoinitiator, at least about 1.0 wt% of a peresfer*

conpound or cunene hydroperoxide, and 0.5 w% of a tautoneric organic

acid. It is described in U S Patent No. 5,039,715 to g@chnggs et al

which is incorporated by reference herein.
material covers said root portion and areas of said airfoil

adjacent said root portion.

17.. An airfoil according to ahy one of claims 12-16
whe;eiﬁ s§;d airfoil has a plurality of holes adjacent a tip
portipn_aﬁd said masking material covers said holes and

areaé*of;ﬁaid airfoil adjacent said holes.

14
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I'n ‘acdordance with the present invention, the UV curable material is
applied to the critical areas of the turbine blade airfoil bl ade
containing the air cooling holes 12, the trailing edge slot(s) 14, tip
hol es 15, the platform portion 16, and the root ‘portion 18. Preferably,
the W curable masking material 22 is applied by inject EHg-t B@21maskant

material, in liquid form. through a small needle simlar to a syringe so
that it flows over the air cABSTRACThOFcTHE?DISOBOSVREI i ng edge slot(s) 14,

the tip holes 15, the platformportion 16, and the root portion 18 and on
areas adj acent tBhehpresentnpinventiontnalatesohbyacprocess for HeprVipg

material is required,to protect the critical ) . )
a protective coating from a surface of an airfoil which

process comprises the steps of providing an airfoil having a
5 protective coating to be removed and critical areas which
require protection during a coating removal step and masking
these critical areas by applying an ultraviolet curable
masking material to the critical areas of the airfoil. The
process of the present invention further comprises the steps
10 of curing the UV curable masking material using ultraviolet
radiation and stripping the protective coating from unmasked

portions of the airfoil.

15
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dreas. Of course, it should be recognized that in some instances two or
nore coats of the UV curable masking material 22 may be desirable. VWhile
it is preferred to apply the maskant material using a syringe-like needle,
it should be recogni zed that other appllcatlon techni ques including.

pai nting could be used if desired. -7-
After the UV curable masking material has been applied
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mat eri al .

tical areas of the airfoil 10, the airfoil is subjected pore+

”UltraV|oIet radiation for a tine period sufficient to cure the masking

It has been found that placing the airfoil 10 with the masking

material 22 under an ultraviolet lamp for a time period of approximately

60 seconds Jee SHld | el AUl S STESINAO LA lepon p_stflehs W
curabl e Y frcured, —the: UHasSKe e
turbine bFade—=arrtorl 10 are subjected to a chemical stripping operation

to renove
operation
Typi cal l vy,

the protective coating. Any suitable chenmical stripping
known in the artEE5¥Eﬂ!ﬂﬂﬂhﬂ&tﬂ&ﬂhﬂﬂﬂﬂﬂﬂﬁﬁﬂ&protect|ve coating.

t he chenlcal stri.p g
e present 1nven ion relates to a process for removing

a protective coating from a surface of an airfoil, which
process includes using an ultraviolet curable material as a
maskant material.

All turbine airfoils in need of overhauling must hﬁve'
any protective coatings removed or sﬁripped so that a
complete inspection for cracks can be performed. Typically,
these coatings are stripped using chemicals such as hot acid
solutions. There are however certain areas of the airfoil
that must be masked during the chemical stripping operations
so that the chemicals used during the stripping operations
do not contact them and cause damage to the airfoil. These
areas are said to have a critical masking requirement in
that if the maskant applied to these areas leaks, the
airfoil may be rendered scrap material.

In the pasf, waxes, lacquers and other organic coatings
have been applied to these critical areas and used as a
maskant material. These types of maskant materials however
suffer from the deficiency that they nave insufficient
adhesive properties when exposed to tﬂe chemical materials
used to strip the protective coating from the airfoilre As:a

result, the edges of these maskant méterials have lifted and

leaked. - -
5G
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. operation is an acid stri ppi ng operation using hot acid naterlals such as
’ ’those desi gnated by United Technol ogi es Corporation as SPOP 301 and SPOP
308. Thereafter, the chemi cals used during the stripping operation
-are renoved by rinsing and the W curaple maskant material 22 is renoved
by burning it off in a properly vented-oven preferably at a tenperature in
the range of from about 900[err]F to about 1300[err]F. Once the naskant
materi al has . beencompersdtet borcthei Dgaringhprablénj | thar haskantor nerly
beneath the maskant material 22 is nmechanically renoved by blending with
fine sand paperialsdhake beeni appliedietorareagrwedidr beyGndethbe protective
. coatlng has been conpletely
critical areas. This extensive overmasking is undesirable
since the masked coating beyond the critical areas must be
mechanically removed ~ a time consuming and error prone

process.

S OF THE JINVENTION

It is therefore an object of the present invention to
provide a process for removing a protective coating from a
surface of an éirfoil which utilizes a maskant material
which has excellent adhesive properties which substantially
avoids the problem of chemical leakage.

It is a further object of the present invention to
provide a process as above which utilizes a maskant material
that has sufficient viscosity that it stays put where
applied until cured.

It is still a further object of the present invention
to provide a process as above which utilizes a maskant
material which reduces the expenses and the time associated
with coating removal.

It is yet a further object of the present invention to
provide a process as above which utilizes a maskant material

which does not require overmasking.
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i'nspected for cracks, repaired, re-coated, and re- installed. As can

5

-85  renoved fromthe surfaces of the airfoil 10, the airfoil may be
be 'seen fromthe foregoing.discussion, the use of an WV curable nateri al
as a maskant material is quite benefigial. The UV curable material has
excel l ent adhesive properties which atHow the edges of the nmaskant
material to adhere to the surfaces of the airfoil w thout [|eaking.
: The foregoing objects are achigved by the process of
the present inveﬁtion. ”

In accordan¢e with the present'invention, the process
for removing a pfotective coating from surfaces of an
airfoil broadly comprises the steps'pf providing an airfoil
having a protective coating to be removed and areas. which
require protection and applying a maékant material to the
areas vwhich require protection. Th§ maskant applying step
comprises applyiﬁg‘an ultraviolet (UV) curable masking
material to the_ateas which require protection. After the
UV curable masking material has been applied, the material
is cured by exposing the masking material to UV radiation
for a time periodasufficient'to effect curing, typically
about 60 seconds. After the masking material has been
cured, the protective coating is stfiﬁpeé from non-masked
portions of the airfoil using a chemical stripping
technique.

Preferably, the UV curable maskiﬁg material used in the
process of the present invention is aéplied to portions of
the airfoil which include turbine biéée air cooling holes, a
trailing edge slot, tip holes, the piétform portion and/or

the root portion..




-~
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/’Addltlonally, only a m ni num anount of UV curable material has to be
applled to the areas of the airfoil to be protected. This is quite
desirabl e because it substantially elimnates the probl emof overnasking
and significantly reduces the tinme pegded to renove the masking material .
Sti1l further, the UV curable maski ng—mat eri al cures faster than other
types of nasklng material. Thus, one reallzes a substantlal ti me saving
by ‘usi ng an UV nmaski ng BREE ] I i ialelss® 2 i nventi on.
Whi1e the process of the resent i nvent i on has been descrlbed in the
context of reno¥ifg & ﬁﬁo?eEFFﬁBeEG&FPngleWr8§19 turbine blade airf oi

surface it shou[d be
_ airfoil;

Fig. 2 is a rear view of a pofﬁien of the turbine blade
airfoil of Fig. 1 illustrating a tré}iinq'edge slot; and

Fig. 3 is a perspective view oﬂithe turbine blade
airfoil of Fig. 1 showing areas maskea by a maskant

material.

.DEﬁAILED DESCRIPTION OF THE PREgﬁﬁRED EMBODIMENT(S)

Aé shown in Figs._l and 2, a tiéical turbine blade
airfoil 10 has a leading edge 11 andié trailing edge 13 and
a number of critical areas which inqiude a set of air
cooling heles 12 along at least one éprface, at least one
slot 14 in the trailing edge, holes iﬁ in a tip portion of

the ainfoil, a platform portion 16 and a root portion 18,

all of which have to be masked durlnggthe chemical stripping
operation used to remove a protectlve ‘coating 20 from the

remaining portions of the airfoil 10,] To protect these

critical areas of the airfeil 10, i s desirable to cover
them with a maskant material 22 as shown in Fig. 3.

It has been found by the in&en - that the maskant
material 22 which is applied to the g;ﬁfoil to protect these
critica; areas must demonstrate cerﬁéin properﬁies. For

example, the maskant material 22 musﬁ;have sufficient
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. Yecogni zed that the process can be used to renpve a protective coating

7fromany type of airfoil. -9- WHAT | S

~ CLAIMED | S: 1. A process for renmoving a protective coating from
surfaces of an airfoil which conpriseg the steps of: provi di ng an
airfoil having a protective coating to be

adhesive properties that edges of the material do not lift
and leak during the chemical stfipping operation. Still
further, the maskant material 22 must have a viscosity such
that it stays put where applied, without sagging or running,
until cured. Still further, the masking material 22 must be
such that only a minimum amount of maskant material must be
applied beyond the critical areas that must be protected.

In accordénce with the present inventibn, it has been
found that a particularly useful maskant material is a UV
curable material. This type of material has been found to
be quite advantageous in that it has the desired adhesive
and viscosity prbperties. Still further, it has been found
that advantageously the amount of time needed to cure this
type of material is far less than the time needed to cure
other. masking ﬁaﬁerials. For ekample, cértain masking
materials previously used in removal processes required
approximately four hours to cure. They also generally:
required the application of at least two coats. The UV
curable maskant material used in the process of the present
invention requires approximately 60 seconds to cure and the
application of a single coat.

An UV curable material which canépe used as the maskant
material in the érocess of the presenﬁ invention is an |
acrylic adhesive which can be activated by actinic radiation

such as ultraviolet radiation. One such material is sold
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: renoved and critical areas which require protection during a coating

Tenoval step; and masking said critical areas by applying an
~ultraviolet curable masking material to said critical areas of said
airfoil. 2. A process according 1o claim1l wherein said airfoi

has air cooling holes and said applying-step conprises applying said
ultraviolet curable masking material over said air cooling holes and to
areas of sandenitheitradeansné SYMAX 2960500l Thishmaterial is a
" reactive acrylic adhesive activéted by actinic radiation
which includes, in addition to a photoinitiator, at least
about 1.0 wt% of a perester compound’ or cumene
hydroperoxide, and 0.5 wt% of a tautomeric organic acida. It
is described in U.S. Patent No. 5,039,715 to Bachmann et al,
which is incorporated by reference hérein.

In accordance with the present invention, the UV
curable material is applied to the critical areas of the
turbine blade airfoil blade containiné the air cooling holes
12, the trailing edge slot(s) 14, tip holes 15, the platform
portion 16, and the root portion 18. Preferably, the UV
curable masking material 22 is applied by injecting the
maskant material, in liquid form, through a small needle
similar to a syringe so that it flows over the air cooling
holes 12, the trailing edge.slot(s) 14, the tip holes 15,
the platform portion 16, and the root.portion 18 and on
areas adjacent to then. In most instances, only one coat
of masking material is required to protect the critical
areas. of course; it should be recog@ized that in some
instances two or more coats of the UV;Turable masking
material 22 may be desirable. While Ft is preferred to
apply the maskant material using a SY;Enge—like needle, it
should be recognized that other application techniques

including painting could be used if-désired.
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3. .A process according to any one of clains 1 and 2 wherein said airfoi
has a trailing edge slot and said applying step conprises applying said
ultraviolet curable masking naterial over said trailing edge slot and to
areas of said airfoil adjacent said tyailing edge slot. 4. A
process according to any one of claing1-3 wherein said airfoil has a
pl atform portion and said _

After the UV curable masking material has been applied

to the critical areas of the airfoil 10, the airfoil is
subjected to ultraviolet radiation for a time period
sufficient to cure the masking material. It has been found
that placing the airfoil 10 with the masking material 22
under an ultraviolet lamp for a time period of approximately
60 seconds is sufficient to cure the masking material.

After the UV curable masking material has been cured,
the unmasked portions of the turbine blade airfoil 10 are
subjected to a chemical stripping operation to remove the .
protective coating. Any suitable chemical stripping
operation known in the art may be used to remove the
protective coating. Typically, the chemical stripping
operation is an acid stripping operation using hot acid
materials such as those designated by United Technologies
Corporation as SPOP 301 and SPOP 308.

Thereafter, the chemicals used during the stripping
operation are removed by rinsing and the UV curable maskant
material 22 is removed by burning it off in a properly
vented oven preferably at a temperatufe in the range of from
about 900°F to about 1300°F. Once the maskant material has
been removed, the coating on the airfdil surfaces formerly
beneath the maskant material 22 is meéhanically removed by
blending with fine sand paper or disks on air or electric

grinders. Once the protective coating has been completely
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- 10 - appl ying step conprises applying said ultraviolet curable masking
‘material over said platformportion and to areas of said airfoil adjacent
said platform portion. 5. A process according to any one of clains
1-4 wherein said airfoil has a root. pprtion and said applying step
conprises applying said ultraviol et cirable masking material over said
root portion and to areas of said airfoil adjacent said root portion.

6. A procﬁemoweaofﬁbmgthe smwfseesoéfctnensiﬁf5il 10, the airfoil may

be inspected for”cracks, repaired, re—coated, and re-
installed.

As can be eeen from the foregoiﬁg discussion, the use
of an UV curable material as a maskant material is quite
beneficial. The”ﬁv curable material has excellent adhesive
properties which allow the edges of the maskant materiel to
adhere to the surfeces of the airfoil without leaking.
Additionally, only a minimum amount ef UV curable material
has to be applied to the areas of the airfoil to be
protected. This is quite desirable because it substantially
eliminates the problem of overmasking and significantly
reduces the timeineeded to'remove thelmasking material.
Still further, the UV curable masking material cures faster
than other types of masking material. Thus, one realizes a
substantial time seving by using an UV masking material in
the process of the present invention.

While the process of the present invention has been
described in the context of removing'e protective coating
from a turbine blade airfoil surface, 1t 'should be
recognized that the process can be used to remove a

protective coatlng_from any type of a}rf01l.
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» Wherein said airfoil has a tip portion and a plurality of

tip portion and said applying step conprises applying sai drlllmmllﬂﬂﬂm" I"I
curabl e masking material over said tip holes and to areas of shid ai £ il
adj acent said tip holes. 7..Agprocess according to any one of

clains 1-6 wherein said appl yi ng step—conprises applying said ultraviolet
curabl e masking material in liquid formto said critical areas of said

airfoil. WHAT IS SCLAXINEDCESS according to any one of clainms 1-7

1. A process for removing a protective coating from
surfaces of an airfoil which comprises the steps of:

providing an airfoil having a protective coating to be
removed and critical areas which require protection during a.
coating removal step; and

masking said critical areas by applying an ultraviolet
curable masking material to said critical areas of said

airfoil.

2. A process according to claim 1 wherein said airfoil
has air cooling holes and said applying step comprises
applying said ultraviolet curable masking material over said
air cooling holes and to areas of said airfoil adjacent said

air cooling holes.

3. A process according to any one of claims 1 and 2
wherein said airfoil has a trailing edge slot and said
applying step comprises applying said ultraviolet curable
masking material over said trailing edge slot and to areas

of said airfoil adjacent said trailing edge slot.

4. A process according to any one of claims 1-3

wherein said airfoil has a platform portion and said
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9. A process according to any one of clains 1-8 further conpri’s
steps of: curing said UV curabl-ejgaski ng material; and

e S v e et ot *see ot e rersurorer ANMHINMNNNI I
fg ther s
applying step comprises applyiqg said ultraviolet curable

masking material over said platform portion and to areas of

said airfoil adjacent said platform portion.

5. A process accofding to any one of claims 1-4
wherein said airfoil has a root portion and said applying
step comprises applying said ultraviolet curabie masking
material over said root portion and to areas of said airfoil

adjacent said root portion.

6. A process according to any one of claims 1-5
wherein said airfoil has a tip portion and a plurality of -
holes in said.tip portion and said applying step comprises
applying said ultraviolet curable masking material over said
tip holes and to areas of said airfoil adjacent said tib

holes.

7. A process according to any one of claims 1-6
wherein said applying step comprises applying said
ultraviolet curable masking material in liquid form to said

critical areas of said airfoil.

8. A process according to any one of claims 1-7

wherein said applying step comprises applying a reactive
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stri pping said protective coating fromunmsked portions: oU!ﬂlLlﬁ!{ﬂmug'lI" I“l
10. The process of claim9 wherein said curing step conpri '
said UV curable masking material to ultraviolet radiation for a tine
sufficient to cure the masking materisl ;. and said stripping operation

conprises acid stripping said protective coating fromsaid unnasked
portions of said airfoil. " 11. The process of claim9 further

conpri si ngacrylic aamsmesmﬂemaioad:tin‘r&eédsaydunstfwﬂbnetoper ati on;

radiation.

9. A'pfocess according to any one of claims 1-8
further comprising the steps of:

curing said UV curable masking material; and

- stripping said protective coating from unmasked

portions of said aiifoil.'

10. The process of claim 9 wherein said curing step
comprises exposing said UV curable masking material to
ultraviolet radiation for a time sufficient to cure the
masking material; and said stripping operation comprises
acid stripping said protéctive coating from said unmasked

portions of said airfoil.

11. fhe process of claim 9 further comprising:
rinsing said airfoil after said étripping operation;
removing said cured masking material; and
mechanically.removing the protec;ive coating formerly

beneath said masking material.

12. An airfoil which has a protéctive coating on its
surfaces to be removed by contact with a chemical solution

and which has an ultraviolet curable masking material over
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renovi ng said cured masking material; and mechani cal | y”lmlﬁmur“m"lﬂ,urull
protective coating fornmerly beneath said masking material . n
airfoil which has a protective coating on its surfaces to be"remved"by®

contact with a chemcal solution and Qplch has an ultraviol et curable
maski ng nmaterial over 12

selected portioﬁé of said surfaces, said ultraviolet curable
masking material being adhesivély bonded to said airfoil at
said selected portions such that said chemical solution does
not leak between said masking material and said selected

portions covered by said masking material.

- 13. The airfoil of claim 12 wherein said airfoil has
air cooling holes and said masking material covers said air
cooling holes and areas of said airfoil adjacent said air

cooling holes.

~ 14. An airfoil according to any one of claims 12 and
13 wherein said airfoil has at least one trailing edge slot
and said masking material covers said at least one trailing
edge slot and areas of said airfoil adjacent said at least

one trailing edge slot.

15. An airfoil according to any one of claims 12-14
wherein said airfoil has a platform portion and said masking
material covers said platform portion and areas of said

airfoil adjacent said platform portion.

16. An airfoil according to anY one of claims 12-15

wherein said airfoil has a root portion and said masking
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. sel-ected portions of said surfaces, said ultraviolet curabl ﬂmmﬂlﬂmuullumll
materi al bei ng adhesively bonded to said airfoil at said:s IHDING
such that said chenical solution does not |eak between said*maskih s
material and said selected portions gavered by said masking naterlal

13. The airfoil of claim12 wherein sard airfoil has air cooling holes

and sai d masking materi al covers said a|r coollng holes and areas of said

to any one of clains 12 and
adjacent said root portion.

17.. An airfoil according to aﬁy one of claims 12-16
wherein said airfoil has a plurality of holes adjacent a tip
portion and said masking material covers said holes and

areas of said airfoil adjacent said holes.
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13 ‘wherein said airfoil has at | east one trailiﬁg ed e— QL gﬁg§§ &ﬂﬂh

maski ng material covers said at |east one trailing }6 of
said airfoil adjacent said at |least one trailing ed :PLAGED 15. An
airfoil according to any one of clainoggl2-14 wherein said airfoi a

pl at f or m RopRdEBSENFOR AREMARENE 'Y pﬁ@%‘ fr% %ﬁffx«é%ﬂbﬁ'ﬁtétﬂ{ﬁé@%’é on
and ar eaSpRTASRFOILAI T Ol - An
airfoil according to any one of clalnB 12-15 wherein said airfoil has a

root portion and said masking
ABSTRACT OF THE DISCLOSURE

The present invention relates to a process for removing

a protective coating from a surface of an airfoil which
process comprises the steps of providing an airfoil having a
protective coating to be removed and critical areas which
require protection during a coating removal step and masking
these critical areas by applying an ultraviolet curable
masking material to the critical areas of the airfoil. The
process of the present invention further comprises the stepé
of curing tpé UV curable masking material using ultraviolet
radiation énd stripping the protective coating from unmasked

portions of the airfoil.

Fig 1
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-13- material covers said root portion and areas of said airfoi

*adj acent said root portion. ©17. An airfoil according to any one of
clains 12-16 wherein said airfoil has a plurality of holes adjacent a tip
portion and sai d masking material covers said holes and areas of said
airfoil adjacent said holes. -1 - -
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XT OF THE ABSTRACT

PROCESS FOR REMOVING A PROTECTIVE COATING FROM A
SURFACE OF AN AIRF OIL

an airfoil (10) which process.comprises the steps of providing an airfoil having a protective
coating (20) to be removed and critical areas which require . protection during a coating
removal step and masking these critical areas by applylng an' ultraviolet curable masking
material (22) to the critical areas of the airfoil. The process of. the present invention further
comprises the steps of curmg the UV curable masking material usmg ultraviolet radiation and
stripping the protective coatmg from unmasked portions ¢ of the axrfoﬂ

@ 11

The present invention relates to a process for removing a protectlve coating from a surface of =~ T [7 "
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