ZI NC- DI FFUSED ALLOY COATI NG FOR CORROSI OV HEAT PROTECTI ON BACKGROUND OF THE
| NVENTI ON The present invention relates to a steel substrate having a zinc
di ffused nickel alloy coating thereon and to a nethod for form ng sane.
Steel products are subject to damage from atnospheric corrosion and nust be
protected. This is often acconplished by applying a protective coating
such as an organic film(paint) or a netallic coating (el ectroplate).

Steel is also subject to heat oxidation at high tenperatures and, if it is
to be subjected to this environnent, it nust be protected via an
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the coated substrate may be imersed 1n a phosphated trival ent chrom um
conver sheat agbptosphericeprmheipn petestion are nebdesk: Contingdirésfisasit tgyhigh bpat generally

do not impart effective atmospheric corrosion protection, while typical coatings capable of
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preventing atmospheric corrosion offer little thermal protection beyond 420°C (approximately
790°F).

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a coating which provides

both heat and atmospheric corrosion protection.

It 1s yet another object of the present invention to provide a method for forming the above
coating.

The foregoing objects are attained by the coating and the method of the present invention.

In accordance with a first aspect of the present invention, 2 method for forming a
corrosion and heat protective coating on a substrate is provided. The method broadly comprises
the steps of forming a nickel base coating layer on the substrate, applying a layer of zinc over the
nickel alloy coating layer, and diffusing the zinc into the nickel alloy coating layer. If desired,
the coated substrate may be immersed in a phosphated trivalent chromium conversion solution
either before or after the diffusing step.

In accordance with a second aspect of the present invention, a steel substrate having at

least one surface and a zinc diffused nickel alloy coating on the at least one surface is provided.



In accordance with a second aspect of the present invention, a steel
substrate having at |east one surface and a zinc diffused nickel alloy
coating on the at |east one surface is provided. | Oher details of the

met hod and the coatings of the present invention, as well as other objects
and advant ages attendant thereto, are set forth in the follow ng detailed

" description and the acconpanying draw ngs wherein |ike reference nuneral s
depict like elenments. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a
schematic representation of a zinc-diffused nickel alloy coating process;
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zinc-di ffused nickel alloy coating process; and FIGS. 5A and 5B illustrate
a partially conversion coated sanple before and after 199 hours ASTM Sal t
Fog exposure. DETAI LED RESERIFHIENPPrONHIF TRERFRREONGBODI VENT(S) The
present invention consists of diffusing zinc_into an existing nickel base
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FIGS. 5A and 5B illustrate a partially conversion coated sample before and after 199
hours ASTM Salt Fog exposure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The present invention consists of diffusing zinc into an existing nickel base coating that
has been previously deposited on a substrate. The zinc diffused nickel alloy coatings of the
present invention may be applied to substrates formed from a wide range of matenials, but have
particularly utility with a substrate formed from a steel material such as a deoxidized, low carbon
steel alloy designated C1010.

FIG. 1 illustrates a process for forming a zinc diffused nickel alloy coating 10 in
accordance with the present invention. The process begins with the provision of a clean substrate
12, preferably formed from a steel material. The substrate 12 may be a component to be used ina
gas turbine engine. A plain nickel or nickel alloy layer 14 is deposited on at Jeast one surface 16
of the substrate 12. Any suitable technique known in the art may be used to deposit the nickel or
nickel alloy layer 14. Preferably, the nickel or nickel alloy layer 14 is deposited at a rate of
approximately 12.0um per hour via an electroplating bath operated at a temperature in the range
of room temperature (2pproximately 68°F (approximately 20°C)) to 130°F {approximately 55°C).
The composition of the electroplating bath depends on the nickel material to be plated. A typical
bath composition for depositing a nickel cobalt alloy comprises 48 to 76 g/l Ni, 1.7 - 2.9 g/1 Co,

15 - 40 g/l boric acid, 4.0 - 10 g/] total chloride {(from NiCl,-6H;0) having a pH in the range of
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of the substrate 12. Any suitable technique known in the art may be used to
deposit the nickel or nickel alloy layer 14. Preferably, the nickel or
nickel alloy layer 14 is deposited at a rate of approximtely |2. OQgm per
hour via an electroplating bath operated at a tenperature in the range of
roomtenperature (approximtely 68F (approximtely 20C)) to 130F

* (approximately 55C). The conposition of the electroplating bath depends on
the nickel material to be plated. A typical bath conposition for
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have a tQOHgkDOSS- 3iH’jO, and 1.0 g/1 NaCl. The bath may have a pH in the range of 4.8 to 6.2 and may
be adjusted with either NaOH or H,SO4. A current density in the range of 3.228 amps/dm’ to

he

8.608 al.mps/dm2 may be used to plate the zinc layer. The zinc layer 18 may have a thickness in
the range of 0.8 to 14pum, preferably 2.0 to 14.0pm, and most preferably 4.0 to 7.0pum.

The zinc in the layer 18 may be diffused in the nickel alloy layer 14 using any suitable
technique known in the art. Preferably, a thermal diffusion technique is utilized. The thermal
diffusion technique may be carried out in either an atmospheric or an inert gas oven at a
temperature in the range of 600° to 800°F (315 to 427°C) for a time period of at least 100
minutes. If desired, the thermal diffusion technique may be carried out in two steps where the
substrate 12 with the nickel alloy and zinc layers 14 and 18 1s subject to a first temperature in the
aforesaid range for a time in the range of 80 to 100 minutes and to a second temperature in the
aforesaid range, preferably higher than the first temperature, for a time in the range of 20 to 60
minutes.

To show the effectiveness of the coatings of the present invention, the following tests
were performed.

Experimental test panels formed from clean and deoxidized, low-carbon steel coupons

were coated with a NiCo layer from a 500 ml test bath operated at room temperature with
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the range of 0.8 to 14m preferably 2.0 to 14.0m and nost preferably 4.0
to 7.0m The zinc in the layer 18 may be diffused in the nickel alloy |ayer
14 using any suitable technique known in the art. Preferably, a thermal
diffusion technique is utilized. The thermal diffusion technique may be
carried out in either an atnospheric or an inert gas oven at a tenperature
-in the range of 600 to NOT (315 to 427C) for a tine period of at |east 100
mnutes. If desired, the thermal diffusion technique may be carried out in
two steps where the substrate 12 with the nickel alloy and zinc |ayers 14
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that 80% of the metal atoms at the coating surface are zinc and the zinc content drops to

practically zero at the NiCo-Fe interface.

FIGS. 3A and 3B illustrate how the added Zn enhances performance of the coatings of
the present invention upon exposure to a corrosive environment. FIG. 3A shows coating as-
grown before (right) and after (left) the thermal diffusion cycle. FIG. 3B depicts the condition
following exposure to an ASTM B117 salt fog for 20 hours. Edges of the samples were masked
with plater’s tape. Severe red rust on the bare steel section indicated the width of the exposed
strip. NiCo in an amount of 63%Ni/37%Co alone offered some resistance to corrosion, but
damaged areas appear highly susceptible to corrosion (a hole punch was used to sample coating).
Only the top section, where a thin layer of zinc was deposited and later thermally diffused,
showed enhanced resistance to corrosive attack.

Referring now to FIG. 4, if desired, the coated substrate may be immersed in a
phosphated trivalent chromium conversion solution. The immersion step may take place either
prior to the final diffusion step or subsequent to the diffusion step. |

The phosphated trivalent chromium conversion solution comprises a water soluble
trivalent chromium compound, a water soluble fluoride compound, and a corrosion improving
additive which may also reduce precipitation of trivalent chromium. The additive may comprise
a chelating agent or a bi- or multi-dentate ligand. Generally, the additive is present in an amount

of between 5 ppm to 100 ppm with respect to the total coating solution, preferably between 15
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had diffused into the zinc |layer. The concentration profile plot of FIG 2
shows the sort of elenental concentration gradient established by the

di ffusion process for a 5.4gin coating which initially had approxi mately
3.0[Lm of Ni Co under approximately 2.0[imof zinc. Indications are that
80% of the nmetal atoms at the coating surface are zinc and the zinc content
- drops to practically zero at the NiCo-Fe interface. FIGS. 3A and 3B
illustrate how t he added Zn enhances performance of the coatings of the
present invention upon exposure to a corrosive environnment. FIG 3A shows
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phos phorpipg:n t%CBi(}g %bm?%ggrlide in the amount between 200 ppm to 400 ppm, and corrosion inhibitive
amino-phosphoric acid compound in the amounts between 10 ppm to 30 ppm, excellent
corrosion protection is obtained and precipitation of trivalent chromium is reduced over time.

The coated substrate may be immersed in the phosphated trivalent chromium conversion
solution for a time period in the range of 5 seconds to 15 minutes, preferably at least 30 seconds.

FIGS. 5A and 5B show a scribed nickel-zinc coated coupon that was conversion coated
in accordance with the present invention on only the left half prior to salt fog exposure. FIG. 5B
1s the same coupon after 199 hours of ASTM B117 salt fog exposure. Comparing FIGS. 5A and
5B reveals how the conversion coated area was more resistant to corrosion, especially within the
scribes. The conversion coated half of the sample also had better overall appearance compared to
the base electroplate side. The area on the far right is uncoated base steel and has experienced
massive red rust corrosion.

The zinc diffused nickel alloy coatings of the present invention provide substrates,
particularly those used in gas turbine engines, an excellent ability to resist corrosion and to
withstand temperatures in excess of 900°F (482°C).

It is apparent that there has been provided in accordance with the present invention a

zinc-diffused nickel alloy coating for corrosion and heat protection which fully satisfies the

objects, means, and advantages set forth hereinbefore. While the present invention has been
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i mdo (nmethylene) phosphoric acids, diethyl am nonethyl phosphoric acid,
etc., may be one or the other or a conbination provided the derivative is
substantially soluble in water. A particularly suitable additive for use
as a corrosion inhibitor and solution stability additive is nitrilotris
(met hyl ene) triphosphoric acid (NTMP). The diluted acidic agqueous solution
~conprises a water soluble trivalent chrom um conpound, a water soluble
fluoride conmpound, and an am no-phosphoric acid conpound. The trivalent
chrom um conmpound is present in the solution in an anmount of between 0.2
g/l to Idesdhibed/idtHepoatcer abycifietmbatiments tigfrdoff aihé. alte@aliyes, hlodifichtists| gl
conmpound i.s.present in an anobunt of between 0.2 g/1 to 20.0 g/l o
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f | uor i dewitin theebrazbisnpe bictheepren@@clgiprm t 0 400 ppm and corrosion inhibitive
am no- phosphoric acid conmpound in the amounts between 10 ppmto 30 ppm
excel l ent corrosion protection is obtained and precipitation of trival ent
chromumis reduced over tinme. The coated substrate nmay be imrersed in the
phosphated trival ent chrom um conversion solution for a time period in the
range of 5 seconds to 15 mnutes, preferably at |east 30 seconds. FIGS. 5A
and 513 show a scribed nickel-zinc coated coupon that was conversi on coated
in accordance with the present invention on only the left half prior to
salt fog exposure. FIG 513 is the sane coupon after 199 hours of ASTM B
117 salt fog exposure. Conparing FIGS. 5A and 5B reveals how the
conversion coated area was nore resistant to corrosion, especially within
the scribes. The conversion coated half of the sanple also had better
overal | appearance conpared to the base electroplate side. The area on the
far right is uncoated base steel and has experienced nassive red rust
corrosion. The zinc diffused nickel alloy coatings of the present invention
provi de substrates, particularly those used in gas turbine engines, an
excellent ability to resist corrosion and to w thstand tenperatures in
excess of 9000F (482T).



It is apparent that there has been provided in accordance with the present
invention a zinc-diffused nickel alloy coating for corrosion and heat
protection which fully satisfies the objects, neans, and advantages set
forth hercinbefore. While the present invention has been 5 described in the
context of specific enbodinments thereof, other alternatives, nodifications,

-and. variations will 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 wthin the broad

scope ofwmhg ispuesEeEDesai ns. 6 WHAT |S CLAWED IS: 1. A nethod for formng
a corrosion and heat protective coating on a substrate conprising the
steps of form ng a nickel base coating |layer on said substrate; applying a
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wher ei nsieps of: ni ckel base coating |layer form ng step conprises
el ectrodepositing a | ayer of nickel or nickel alloy onto a surface of said
substrate. 3. A nethod according to claim1, wherein said nickel base

coating | ayef,ffdn AEkQHER: GRAARE [a56Son faR bt | ayer of nickel or nickel
all oy having a thickness in the range of 2.0 to 20gm 4. A nethod according

to claim1, wherein said nickel base coating |ayer form ng step conprises

formng a |ayer.of nickel .or nickel .al havi thi.ckness in the range
of from2.0 ?@P‘Tﬁsé‘@iﬁ gglgio‘r'reét ﬁ@d’ lcg(ce!:g"}réaicn%tmggac ’aainrdn 1, wherein said
ni ckel base coating |layer formng step conprises formng a | ayer of nickel

or nickel alloy havjng a.thickness in the range of from8 0tol I pm 6. A
met hod accorGﬁﬁﬁuﬁdh%%a?ﬁ¥ﬂ§m$ﬁ§ @ﬁﬁ*%%ﬁ&“%ﬁ@%%l base coating layer formng
step conprises formng a |layer of nickel alloy on a conmponent used in a

gas turbi ne engine. )
2. A method according to claim 1, wherein said nickel base coating layer forming step comprises

electrodepositing a layer of nickel or nickel alloy onto a surface of said substrate.

3. A method according to claim 1, wherein said nickel base coating layer forming step comprises

forming a layer of nickel or nickel alloy having a thickness in the range of 2.0 to 20pm.

4, A method according to claim 1, wherein said nickel base coating layer forming step comprises

forming a layer of nickel or nickel alloy having a thickness in the range of from 2.0 to 14.0pm.

5. A method according to claim 1, wherein said nickel base coating layer forming step comprises

forming a layer of nickel or nickel alloy having a thickness in the range of from 8.0 to 11pm.

6. A method according to claim 1, wherein said nickel base coating layer forming step comprises

forming a layer of nickel alloy on a component used in a gas turbine engine.

7. A method according to claim 1, wherein said nickel base coating layer step comprises forming
a layer of a nickel alloy selected from the group consisting of a nickel cobalt alloy, a nickel iron
alloy, a nickel manganese alloy, a nickel molybdenum alloy, and a nickel tin alloy on a steel

substrate.



7. A nethod according to claim1, wherein said nickel base coating |ayer
step conprises formng a layer of a nickel alloy selected fromthe group
consisting of a nickel cobalt alloy, a nickel iron alloy, a nickel
manganese al |l oy, a ni ckel nolybdenumalloy, and a nickel tin alloy on a
steel substrate. 7 8. A nethod according to claim1l, wherein said zinc
* layer applying step conprises formng an electroplating solution
containing a zinc nmetal concentration of between 8.0 and 45.0 g/l and
el ectroplating said | ayer of zinc onto said nickel alloy layer. 9. A nethod
accor di g Atoetbbdperotdingwverigiml, seiectiz said zina yayer amiying stgp someprises figrmiisesm
form ng I r of zinc having a thickness in t an of 0.8t 4m 10.
A ot hod SR o e oAl B 2 pie ik cSaeano ey R Bsbriad &b
conpr i segectopatindsaid lahaystziffondd 85d ArNEINUoR 14yl ckness in the range of 2.0
to 14m 11. A nethod according to claim1l1, wherein said zinc |ayer applying
step conprises formng a |ayer of zinc having a thickness in the range of
4.0to & cor.di ] ai iLh.sajd di-ffusing step
compr i sos Aoeh achoREABYAECE heRgh LSBT anplIRE S0 < Sl i 19,
at nosphdayee ondc anving etiickpass i0vieraage of Lerpenai.ure in the range of 600 to
800F for a tinme of at least 100 m nutes. 13. A nethod according to claim
12, wherein said thermal diffusion cycle conprises heating said nickel
base cogled msthsd sRbRIINY dolt1SRl 1d Wheds! st zidd [h%nta%pﬁrirfé%it% cdRpRes iz d N the
aforesaid range for a tinme period in the range of to 100 m nutes and
t hen t o layes eEaine havunpettagkness initlygrange ofak0 to Hetd.j rst tenperature for a tinme
period in the range of 20 to 60 m nutes. 14. A nethod according to claiml1,
further conprising i mersing said substrate in a phosphate trivalent
chr om urhlcAnuethsd srosivdgioichtim 1] whedimeidnde Byeoapg yig $tep cdmprived rmwizer ei n
said i r si step is rformed after i inc |ayer applying step and
bef oreng%fe&og%fl? h%\ﬁ%agﬁéﬁ’.ﬁsﬁ%.m%aﬁ%‘i‘Ffo‘ﬁgﬁ?g%éhnﬂi ng to claim14, wherein
said imrersing step is perfornmed after said

12. A method according to claim 1, wherein said diffusing step comprises carrying out a thermal
diffusion cycle in at least one of an atmospheric and an inert gas oven at a temperature in the

range of 600 to 800°F for a time of at least 100 minutes.

13. A method according to claim 12, wherein said thermal diffusion cycle comprises heating said
nickel base coated substrate with said layer of zinc to a first temperature in the aforesaid range
for a time period in the range of 80 to 100 minutes and then to a second temperature higher than

the first temperature for a time period in the range of 20 to 60 minutes.

14. A method according to claim 1, further comprising immersing said substrate in a phosphate

trivalent chromium conversion solution.

15. A method according to claim 14, wherein said immersing step is performed after said zinc

layer applying step and before said diffusion step.

16. A method according to claim 14, wherein said immersing step is performed after said

diffusing step.




di ffusing step. 8 17. A nethod according to claim 14, wherein said

i mrersing step conprises imrersing said substrate into a solution
conprising a water soluble trival ent chrom um conpound, a water sol uble
fluoride conmpound and a corrosion resistance inproving additive. 18. A
substrate having at |east one surface and a zinc diffused nickel alloy
coating on said at |east one surface. 19. A substrate according to claim
18, wherein said substrate is forned fromsteel. 20. A substrate according
to claim 18, wherein said substrate conprises a conponent used in a gas
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di ffused nickel alloy coating provides corrosion resistance and heat
resi st afestrate iploprelHioncempnping 2 fees splublrooralent shigvaipe; sempaiad, agesier ng has

a ni ckel,961eMHokak I .40l ' j -have diffused and a
zi nc Iaj%r 'Rto mﬁ@% &%Pg&éﬁcg?@%%hﬁ%@%ﬂg% ugﬁhgggﬂﬁ%% Substrate
according to claim?2l, wherein said nickel alloy layer is fornmed by an

al | oy | ected fromthe group cansisting of.a nickel cobalt alloy, a
ARSI A R AR P R R R Rl o R e MR e
and a niGkednetsira@l | oy. 23. A substrate according to claim 21, wherein said

nickel alloy is formed froma nickel cobalt alloy having a cobalt content
in the range of 7.0 to 40wt % 9

19. A substrate according to claim 18, wherein said substrate is formed from steel.

20. A substrate according to claim 18, wherein said substrate comprises a component used in a

gas turbine engine.

21. A substrate according to claim 18, wherein said zinc diffused nickel alloy coating provides
corrosion resistance and heat resistance at temperatures in excess of 900°F and wherein said
coating has a nickel or nickel alloy layer into which zinc atoms have diffused and a zinc layer

into which nickel atoms have diffused.

22. A substrate according to claim 21, wherein said nickel alloy layer is formed by an alloy
selected from the group consisting of a nickel cobalt alloy, a nickel iron alloy, a nickel

manganese alloy, a nickel molybdenum alloy, and a nickel tin alloy.

23. A substrate according to claim 21, wherein said nickel alloy is formed from a nickel cobalt

alloy having a cobalt content in the range of 7.0 to 40wt%.



