PLATI NUM MODI FI ED CATHODI C ARC COATI NG BACKGROUND [ 0001] The present

di sclosure relates to a process and an apparatus for formng a platinum
nodi fied cathodic arc coating on a part, such as a turbine engine
conponent. [0002] The hi gh tenperature exposure of nickel-based
superal l oys in turbine engines continues to increase. Thus, alloys nust
continually be adapted to this high tenperature conbustion environnent.
Advanced thermal Dbarrier coating systens (TBCs) provide a neans to shelter

the structural elene i t i I I e highest
tenperatures in the g%é?%%ﬁMﬁgégégf?Bd@?ﬁgﬁ#%%qggj(%ﬁgqh%$al surface bel ow

still takes place as the thermal barrier coating is oxygen transparent.
Metallic bond coats are added to the netallic surface of the substrate to
form a reaction product of ther mePPEERYMP oxi de (TGO of al unmi na between

the bond 13nd t heTBELRRE0aL s ASsuSUPSI Bl Y dPGhlReyadyances, creep

resistant higher refractory-containing superalloys become of interest;
however, tadresepalrbbys fpe promeng oa belatglnyre omptitiiilgde agithieodicunrent |y

avai | abl e hond Or%%sa ES%g”dQLthgécéié’mﬁ‘r]%"”eesen is%zsr%or&gopie%%' ly format the
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anmount s of[0002gni unTaedhaghr uehpe st ad dex@sailtess dih A dkess bafsedmechani cal
integrit),éﬁﬁégg 1g$%eghakhr§%¥2%£g§ines continues to increase.

Thus, alloys must continually be adapted to this high

temperature combustion environment. Advanced thermal

barrier coating systems (TBCs} provide a means to shelter

the structural element, i.e turbine blade or vane, from the

highest temperatures in the engine; however, oxidation of

the metal surface below still takes place as the thermal

barrier coating is oxygen transparent. Metallic bond coats

are added to the metallic surface of the substrate to form

a reaction product of thermally grown oxide (TGO) of

alumina between the bond coat and the TBC topcoat. As

superalloy technology advances, creep resistant higher

refractory-containing superalloys beccome of interest;

however, these alloys are prone to being incompatible with

currently available bond coats. Secondary reaction zones

{SRZs) typically form at the bond coat-superalloy

interfaces in superalloy systems containing high amcunts of

rhenium and/or ruthenium and results in a loss of

mechanical integrity of the material.

SUMMARY
[0003] The present disclosure is directed to a process
for coating a part. The process broadly comprises the
steps of: providing a chamber which is electrically

connected as an anode; placing the part to be coated in the



[ 0003] The present disclosure is directed to a process for coating a part.
The process broadly conprises the steps of: providing a chanber which is
el ectrically connected as an anode; placing the part to be coated in the 1

chanber; providing a cathode forned froma coating nmateri al

to be deposited

and platinum and applying a current to the anode and the cathode to

deposit the coating material and the platinumon the part.

[0004] The

pr esent disclosure is also directed to an apparatus for depositing a

Pl at §num RLied 608U RGAgN.2caPALk, hen aPRALALUS readly omprzes 2

chanber mhl ric connecte an anode

he part

to be coalxedhd sepbadedd and alaaihade im reash fyriolg & mairetdral tot @hdeposi t ed
onto the part_ and platlnggEQEOOOS Q her details of the platlnun1nDd|f|ed

cat hodi ¢ amslec%ﬁ r§epf

59 dePPsils b erdad iy Meheaitdg

88d at t endant

thereto, gﬂhtﬁﬁhhhoh”thEEEBQ Ll ow ng detailed description and the

acconpanylng rawi ng. BRI EF

SCRI PTI ON OF THE DRAW NGS [ 0006] The FIGURE is

a schemat i [P00dIr eseffhat porsentadisal hodie %ﬂ(ﬁlﬂﬂﬂdﬂﬁﬁﬂﬂﬂ@aﬁat@@. DETAI LED
DESCRIPTI%&%%E&EE% @ggFggﬁnggwg INE és1ﬂn (Present di_scl osure

relates t process an appar a

ot nln atlnun1ﬁb8|f|ed bond

coat, suchpams a'I;blleatab@Ellﬂ‘BlﬂiDdl breddtat dﬂ@m‘bmﬁs: ade:ﬂﬁﬁrlﬁe&d wNiGOCiAl Y

electrically connected as an ancde and in which the part to

be coated is placed, and a cathode formed from a material

to deposited onto the part and platinum.

[0005] Other details of the platinum modified cathodic

arc coating process, as well as objects and advantages

attendant thereto, are set forth in the following detailed

description and the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The FIGURE is a schematic representation of a

cathodic arc coating apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

10007] The present disclosure relates to a process and

apparatus for forming a platinum modified bond coat,

such

as a platinum-modified cathodic arc-deposited NiCoCrAlY

bond coating. The total coating composition of Pt-

NiCoCrAlY i1s deposited by cathodic arc technology.

The

process by which the platinum is incorporated into the bond

coat may be done in either of two ways: (1) the coating

cathode material from which the coating is produced and

deposited on the parts may be cast with the required amount

of platinum in the ingot alloy; or (2} a c¢oating cathode

may be modified by platinum-plating the outside of an ingot

and diffusing the platinum intc the ingot alloy wvia heat



bond coating. The total coating conposition of Pt- NiCoCrAlY is deposited by
cathodic arc technol ogy. The process by which the platinumis incorporated
into the bond coat nay be done in either of two ways: (1) the coating
cathode material fromwhich the coating is produced and deposited on the
parts may be cast with the required anount of platinumin the ingot alloy;
or (2) a coating cathode nmay be nodified by platinumplating the outside of
an ingot and diffusing the platinuminto the ingot alloy via heat 2
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i ntroduction of platlnun1|nto t he superal |l oy-, bond coat interface may act to

sIOMIlnteFﬂﬂWFﬁ§FbﬁOHFce the rate of depletion of aluminum from
the bond coat is reduced, thus, increasing the life of the
bond coat in the engine environment. Additionally, the
platinum at the bond coat-superalloy interface lowers the
activity of the aluminum in the bkond coat and likely helps
prevent the formation of SRZ. Because platinum is known to
be a relatively slow diffuser among superalloy-containing
elements, the introduction of platinum into the superalloy-
bond coat interface may act to slow interdiffusion of
elements from the superalloy into the bond coat. This
helps in two primary ways by preventing elements which are
detrimental to the formation of a continuocus oxidation
barrier in the bond coat from reaching the bond coat-TGO
interface. Additicnally, it slows the diffusion of nickel
from the bond coat-superalloy interface which may in turn
leave behind refractory-rich cellular by products often
cbserved during SRZ formation.
[0009] The Figure illustrates a coating apparatus for
performing cathodic arc coating. The coating apparatus 10
has a chamber 12 which forms the anode. Within the chamber
12, there is a platter 14 on which one or more parts 16 to
be coated, such as turbine engine components, are
positioned. A stinger 18 extends into the chamber 12. The
stinger 18 has attached to it a plurality of magnets 20 and
a cathode 22.



el ements fromthe superalloy into the bond coat. This helps in two primary
ways by preventing elenments which are detrinental to the formation of a
continuous oxidation barrier in the bond coat fromreaching the bond
coat-TGO interface. Additionally, it slows the diffusion of nickel from

t he bond coat-superalloy interface which may in turn | eave behind
refractory-rich cellular by products often observed during SRZ formation.

[ 0009] The Figure illustrates a coating apparatus for perform ng cathodic

arc coating. e coating apparatus 10 h a chanber 12 ich far t he
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the parts 16 may reach a .
10 - 100 microns (0.1 to 1.0 Pa) of a carrier gas such as
argon. During deposition, the parts 16 may reach a
temperature in the range of 400 to 600 degrees Fahrenheit.
Coating time is variable and depends on the thickness of
the desired coating.
[0012] The cathode 22 may be formed from an ingot of the
coating material to be deposited which either has platinum
plated on it or platinum incorporated into it. The
platinum may comprise from 1 to 100% of the material to be
deposited onto the part(s) 16. A useful range for the
platinum is from 4.0 to 60% by weight.
[0013] The coating ingot forming the cathede 22 may be
cast containing platinum in the aforesaid amount. For
example, the cast coating ingot forming the cathode 22 may
be a platinum modified NiCoCrAlY material. The ingot may
be cast so as to uniformly contain the platinum. Of
course, the coating ingot may be cast without the platinum
if desired.
{o014] The coating ingots may be cast by vacuum
induction melting (VIM). The ingots may be cast at
approximately 2750 to 3250 degrees Fahrenheit ({superheated
above alloy melting temperature) in a partial pressure of
argon gas. The ingots may then be hot-isostatic pressed at

approximately 2100 to 2300 degrees Fahrenheit.



tenperature in the range of 400 to 600 degrees Fahrenheit. Coating tine is
vari abl e and depends on the thickness of the desired coating. [0012] The
cathode 22 may be forned froman ingot of the coating material to be
deposited which either has platinum plated on it or platinumincorporated
into it. The platinummay conprise from1l to 100% of the material to be
deposited onto the part(s) 16. A useful range for the platinumis from4.0
to 60% by weight. [0013] The coati ng ingot formng the cat hode 22 may be

cast cont aini pl a num| af esal For exa t he cast
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of the coating. In this way, platinum concentration would
be greatest closes to the alloy and leanest at the coating
surface with the environment or optionally deposited
thermal barrier ccating. Having platinum concentrated at
the substrate-bond coat interface is beneficial in that it
is a slowly diffusing species compared to other superalloy
containing elements. Thus, the formation of deleterious
phases such as secondary reaction zones (SRZ) may be slowed
by the presence of platinum at this location.
[0016] The coating material ingot to be plated may be
prepared via grit blasting, such as 240 grit at 20-60 psi
for three to five minutes, and rinsed clean using acetone.
The ingot may be electrically cleaned using an alkali
solution for 3 minutes at 125 degrees Fahrenheit at about
0.25 amps in a stainless steel beaker. Platinum may be
plated to a desired thickness via a suitable electroclytic
plating process. The thickness may be calculated based on
the surface area to be coated. To plate platinum on an
ingot, the ingot may be immersed in a platinum plating
solution containing from 17 to 40 grams/liter platinum
concentration {(nominal concentration being approximately 30
grams/liter). Amperage is variable depending on ingot
size, but may be in the range of from 0.2 to 0.6 amps. The
platinum containing solution may be maintained at a

temperature of about 190 to 200 degrees Fahrenheit. A low



surfaces of the ingot, it may be diffused inwardly. A wunique functionality
of the coating is that the platinum concentration may be graded from "hi gh"
to "low' or "zero" as the coating builds up fromthe substrate to the
surface of the coating. In this way, platinumconcentration would be
greatest closes to the alloy and | eanest at the coating surface with the
envi ronnent or optionally deposited thermal barrier coating. Having
platinun1concentrated at the substrate-bond coat interface is beneficial in
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[0017] Cathodic arc coatings generally form dense,

adherent coatings with uniform compositions from
homogeneous composition cathode materials. For example, if
the platinum is uniformly distributed in the cathode
materials, the coating will contain a uniform compositional
distribution of platinum.

[0018] The process described herein may be used to
fabricate bond coatings for thermal barrier ccating
gsystems. These bond coats may be used to provide oxidation
protection for the underlying substrate material.

[0019] While the ingot has been described as being
formed from a NiCoCrAlY material, it should be recognized
that the ingot may be formed from other materials, such as
a MCrAlY material where M is selected from the group
consisting typically of nickel, iron, or cobalt.

[0020] While the process and apparatus have been
described as being used to form a bond coat, it should be
recognized that they could be used to form other types of
coatings.

[0021] It is apparent that there has been provided a
description of a platinum modified cathodic arc coating

process and apparatus. While the process has been



size, but may be in the range of fromO0.2 to 0.6 anps. The platinum
containing solution may be maintained at a tenperature of about 190 to 200
degrees Fahrenheit. A low 5 tenperature heat treatnent, such as
approximately 350 to 400 degrees Fahrenheit for 2.5 to 4.0 hours,
imrediately follows the plating to out-gas any byproduct gasses from the
pl ati ng process. An additional heat treatnment nmay be perfornmed at a high
tenperature, such as approxinmately 1900 to 2000 degrees Fahrenheit for 3.5
to 5.0 ho - itfu t Ljpum i nt rial cin order to
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that the ingot may be formed fromother materials, such as a MCrAlY
material where Mis selected fromthe group consisting typically of nickel,
iron, or cobalt. [0020] Wile the process and apparatus have been
described as being used to forma bond coat, it should be recognized that
they could be used to formother types of coatings. [0021] It is apparent
that there has been provided a description of a platinumnodified cathodic
arc coating process and apparatus. Wile the process has been 6 descri bed
in the coghﬁﬁlIgfcigﬁﬁ%Bigsenbodinents t hereof, other unforeseeable
alternatives,” nodificatrons, and variations nmay becone apparent to those
skilled in the art having read the foregoing description. Accordingly, it
is intended to enbrace _those alternatives, nodifications, and variations
as fall wilthi & PRE°EP8ad EcoPREbRIt HePHPpRIRY 15ng e #LRRATOES CLAI MED
IS: 1. A process for coating a part conprising the steps of: providing a
chanber which is electrically connected as an anode; placing said part to
be coated in sardvéHangen; chamber dvhich tathlodd fisatdy facpmestedating

mat eri al tQ ag%dggposited and platinum and

placing said part to be coated in said chamber;

providing a cathode formed from a coating material to

be deposited and platinum; and

applying a current to said anode and said cathode to
deposit sald coating material and said platinum on said

part.

2. 'The process according to claim 1, wherein said cathode
providing step comprises casting an ingot of said coating

material and said platinum.

3. The process according to claim 2, wherein said casting
step comprises using vacuum induction melting to cast said
ingot and said process further comprises hot isostatic

pressing said cast ingot.

4. The process according to claim 1, wherein said cathode
providing step comprises casting an ingot of said coating
material with said platinum being uniformly dispersed

within said coating material.



applying a current to said anode and said cathode to deposit said coating
material and said platinumon said part. 2. The process according to claim
1, wherein said cathode providing step conprises casting an ingot of said
coating material and said platinum 3. The process according to claim 2,
wherein said casting step conprises using vacuuminduction nelting to cast
said ingot and said process further conprises hot isostatic pressing said
cast ingot. 4. The process according to claim1l1, wherein said cathode
providing ste rises castl t. of. sai,d cqatin ri.al with
sai d pl at |5?1umq1l})1§| Rg G For i g rse W thi IS c&gtqldngca gFial. 8 5.
The proceggoaddandi QgebOcGh@rﬁ]’Eés wﬂ@tmg\ &al ithgeat hfderi qaewldi ng step
conprises casting an ingot of NiCoCrAlY material containing said platinum
6. The pr 38&€T1gdcEPALAGNEIBICFALh BLI2%HEI®I n sai d cathode providing step
conprises casting an ingot of said coating material and electrolytically
plating at | east one surface of said ingot with platinum 7. The process
accordi ng &-0 @hei précewlenerardand t@lfebairmlly.t ivd1galeatn s ist e tbodpri ses

innersing i N0 n Latin atin solutl tai_ni.ng from1l7 to
40 grans %Fgr 6% n%goﬁggn - #%%Pa I%gbg§|ng cu%?eﬁ ting
material and electrolytlcally plating at least one surface

of said ingot with platinum.

7. The process according to claim &, wherein said

electrolytic plating step comprises immersing said ingot
into a platinum plating solution containing from 17 to 40
grams/liter platinum concentration and applying a current

in the range of from 0.2 to 0.6 amps.

8. The process according to claim 7, further comprising
maintaining said platinum plating solution at a temperature

in the range of from 190 to 200 degrees Fahrenheit.

9, The process according to claim 6, further comprising

outgassing any byproduct gases.

10. The process according to claim 9, wherein said
outgassing step comprises applying heat at a temperature in
the range of from 350 to 400 degrees Fahrenheit for a time

in the range of from 2.5 to 4.0 hours.

11. The process according to claim 9, further comprising
diffusing said platinum intc the coating material on said

part.



in the range of from0.2 to 0.6 anps.
further conprising nmaintaining said platinumplating solution at a

8. The process according to claim7,

tenperature in the range of from 190 to 200 degrees Fahrenheit. 9. The

process according to claim6, further conprising outgassing any byproduct
gases. 10. The process according to claim9, wherein said

conpri ses

degrees Fahrenheit for a tine

at a terrperature in

conpri ses

cas sard na
coatlng on a part comprising:

a chamber which is electrically connected as an anode

and in which the part to be coated is placed; and

a cathode formed from a material to deposited onto

said part and platinum.

14. An apparatus according to claim 13, wherein said
cathode comprises a cast ingot of said material to be

deposited and platinum.

15. An apparatus according to claim 14, wherein said
platinum is uniformly dispersed within sald material to be

deposited.

16. An apparatus according to claim 13, wherein said
cathode comprises a cast ingot of said material to be
deposited having a electroplated platinum on at least one

surface,.

17. An apparatus according to claim 13, further comprising

a carrier gas at a presgssure in the range of 10 - 100

microns within the chamber.

10

out gassi ng step
applying heat at a tenperature in the range of from 350 to 400
in the range of from2.5 to 4.0 hours.
The process, acgQrding to claim further .co r|S|n di ffusing said
platlnun1§%to %ﬁg 85§F PR ﬁﬁ?%?%%?go%o§%ﬁﬁungﬂ' 27 PRé%r ocess
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el ectrically connected as an anode

11.

and in which the part to be coated is
pl aced; and a cathode forned froma material to deposited onto said part

and plathgnl %ﬁ 9ﬁgg?ggﬁrakg§ ggﬁgégén to§&é% mu%?maﬁq%fe'“ said cathode
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deposited and platinum 15. An apparatus according to claim 14, wherein said
platinumis uniformy dispersed within said material to be deposited. 16.
An apparatus according to claim 13, wherein said cathode conprises a cast
ingot of said material to be deposited having a electroplated platinumon
at |east one surface. 17. An apparatus according to claim 13, further
conprising a carrier gas at a pressure in the range of 10 - 100 mcrons

wi thin the chanber. 10 18. An apparatus according to claim 17, wherein said
carrier g is,argon. 19. An_apparatus._accor di to claim3,. further
conprising%'ne%ﬁsggg?rgpﬁfy?ﬁagggﬁﬁést?rF %@#Qﬁgé%ﬁfeﬁﬁbﬁﬁffov to - 100V to
said part caktier gas is argon.

13, An apparatus according to claim 3, further comprising

means for applying a bias in the range of from -10V to -

100V to said part.
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