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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 is yet another object of the present invention to provide a method for forming the above

coating.

N

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, a2 method for forming a
cotrosion 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.



~Inaccordance with a second aspect of the present invention, a steed2-411
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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 materials, but have

particularly utility with a substrate formed from a steel material such as a deoxidized, low carbon

o

s 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 in a
gas turbine engine. A plain nickel or nickel alloy layer 14 is deposited on at least 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 (approximately 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/l Co,

15 - 40 g/l boric acid, 4.0 - 10 g/l total chloride (from NiCl;-6H;0) having a pH in the range of
2



of tthe substrate 12. Any suitable technique known in the art may beé2us®d to
. deposit the nickel or nickel alloy |layer 14. Preferably, the nickel or
nickel alloy layer 14 is deposited at a rate of approximtely 12.0m per
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the range of 0.8 to 14pum, preferably 2.0 to 14.0um, and most preferably 4.0 to 7.0pm.

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 is 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
3
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the N Co (,Iﬁyer right up to.the Ni Co-Fe interface and that, to a | esser
degr ee, PBHR ﬁ?‘éfﬁé‘it%?fr;ﬂl oI 6ns  had diffused into the zinc layer. The
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the present invention upon exposure o 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
4



- elenental concentration gradi ent established by the diffusion proce@k-4r a
., b.4m coating which initially had approxi mtely 3.0m of N Co under
approximately 2.0m of zinc. Indications are that 80% of the netal atons at

h ' f ' he..zi . i call
R e

enhancemhitif0ingRide eheferivhgy R @A tha@sinephoiftRripaeiRied. o ithy &isia@d estBRNIKEX posur e
to a corrosive environment. FIG 3A shows coating as- grown before (right)

and af t Bitrilofressmethypgnc) HavhaesphogictNd Minhydrex wammalkyphgsphasicacidseetiphdi t i on
fol | owi pg STM B113: . f f

sanpl s a0 (el Be) theRhdt Al i Pachirofiul Tpn bRt icta EORRYRE obPy .,
sect i onthendiiet at e domhmatibdplovafed tiedeeivposent substantinllyNolubld in vaneragount  of

63%Ni / 37%C0 al one fered sone resistance.tqQ corrqQsion, buf.. damaged, areas
appear RUGATHIY a@&?@{ﬁﬂ}dﬂwetfar R538 GSPBRSIPR 1%?@&&3@1%1%% sﬁaﬁ@éw e®1§w| e
coat i NQYiirilofiY (nckiBere RiphO S HPR aci&F8VR L hi n layer of zinc was deposited

and later thernally di ffusgﬁ(}{, showed enhanced resistance to corrosive
attack. Refeilh¢ ddutadecidio agh@us4pluiibn despried,a witer sobdtiettiveldns thratrdunmay be

i d i hosphat ed tri.val ent ' i on. sol ution.
o o1 OBe DG SRubls okt r b L AL B PR R i teudrAd ey o
@u bsequ@pfaldn® cirbgith thMsb @M i8 pRRent T hadaIAGH 8 affobMEd 1bw CRIPIENRS 10.0

onversion solution conprises a water soluble trivalent chrom um conpound,
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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
is 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 1s uncoated base steel and has experienéed
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).
1t 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
5



‘the other or a combination provided the derivative is substantiallyd&o#lbl e
. in water. A particularly suitable additive for use as a corrosion inhibitor
and solution stability additive is nitrilotris (nethylene) triphosphoric
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using a coating solution containing trivalent chromumin the anmounts
between 100 ppmto 300 ppm fluoride in the anbunt between 200 ppmto 400
ppm and corrosion inhibitive amno-phosphoric acid conpound in the amounts
between 10 ppmto 30 ppm excellent corrosion protection is obtained and
precipitation of trivalent chromumis reduced over tinme. The coated
substrate may be imersed in the phosphated trival ent chrom um conversion
solution for a tinme period in the range of 5 seconds to 15 m nutes,
preferably at |east 30 seconds. FIGS. 5A and 513 show a scribed nickel -zinc

oat ed coupon that was conversion coated in accordance with the present
invention on only the left half prior to salt fog exposure. FIG 5B 1is the
same coupon after 199 hours of ASTM B117 salt fog exposure. Conparing FIGS
5A and 513 reveal s how the conversion coated area was nore resistant to
corrosion, especially within the scribes. The conversion coated half of the
sanpl e al so had better overall appearance conpared to the base el ectropl ate
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
turbi ne engines, an excellent ability to resist corrosion and to wthstand
tenperatures in excess of 900F (482C). It is apparent that there has been
provided in accordance with the present invention a zinc-diffused nickel
all oy coating for corrosion and heat protection which fully satisfies the



obj ects, means, and advantages set forth herei nbefore. Wiile the present

i nvention has been 5 02-411 described in the context of specific

enbodi ments thereof, other alternatives, nodifications, and variations wll
becone apparent to those skilled in the art having read the foregoing
descriwhhol claifdeERFdingly, it is intended to enbrace those alternatives,
nodi fi cations, and variations as fall wthin the broad scope of the
appended clains. ¢ 6 What is claimed is: 1. A nmethod for formng a corrosion
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alloy onto g surface of said substrate. 3. A nethod according to claiml1,
mherei%l?ﬁfﬁxﬂpww S base coating layer forming step conprises forning a

| ayer of nickel or nickel alloy having a thickness in the range of 2.0 to 20

pm 4. A nethod according to claim1, wherein said nickel base coating |ayer
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formng a | ayer of nickel or nickel alloy having a thickness in the range of

from8.0 to 11 m ) . . )
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 20

pm.

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 14.0 ym.

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 11 um.

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

comprises forming a layer of nickel or nickel alloy on a steel substrate.

7. 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.

8. 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.



6. A nethod according to claim1, wherein said nickel base coating |ayer
formng step conprises formng a |layer of nickel or nickel alloy on a steel
substrate. 7. A nethod according to claim 1, wherein said nickel base
coating layer formng step conprises formng a |layer of nickel alloy on a
conponent used in a gas turbine engine. 8. A nethod according to claima1,
wherein said nickel base coating |ayer step conprises formng a layer of a
ni ckel9. & method etwediad id cloim i heheeimspidunsiazern apglydig stemcekptises ddratiog a | oy, a
ni ckel .iron all .a nickel manpgane al | . a nickel d al l oy, and
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| ayer eigppboplatifg sdie My oP#ins 8atolseidmicl@] alloy lak&ct ropl ati ng sol uti on cont ai ni ng
a zinc nmetal concentration of between 8.0 and 45.0 g/| and electroplating
said | ayer of zinc onto said nickel alloy layer. 10. A method according to
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according to claim1l1, wherein said zinc | ayer applying step conprises
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to claim 14, wherein said imersing step is perforned after said zinc |ayer
appl ying step and before said diffusion step. 16. A nethod according to

cl ai mb4A MABE&hdtosdheltd CTHR 5 WlerSinSRIAGRIMAI 8 fsioNBERIdothppiBéscheailipst r at e

into a solution conprising a water soluble trivalent chrom um conpound, a
wat er 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 comprises immersing said
substrate into a solution comprising a water soluble trivalent chromium compound, a water

soluble fluoride compound and a corrosion resistance improving additive.

17. A method for forming a corrosion and heat protective coating on a substrate comprising the
steps of: forming a nickel base coating layer on said substrate; applying a layer of zinc over
said nickel base coating layer; diffusing the zinc into said nickel base coating layer; immersing

said substrate in a phosphate trivalent chromium conversion solution; and said immersing step



sol ubl e fluoride conpound and a corrosion resistance inproving additive. 17.
A nethod for formng a corrosion and heat protective coating on a substrate
conprising the steps of: formng a nickel base coating |ayer on said
substrate; applying a |layer of zinc over said nickel base coating |ayer;

di ff usjed fePBrRédSrtdrRhiA AR HyétaphBin Al B Gald AW Fhsiod HEErsing said
substrate’in a phosphate trival ent chrom um conversion sol ution; and said

i mrersing step 8 being perforned after said zinc | ayer applying step and

bef Or §gSa! sﬂb&}aft fl’i'a%)i% +3¢ %P Onels%'rfapé itlﬂpa? %15@%1&81@99{ hﬂgel%tlltogr%%gﬁn Ollfsaid! arltf ace and
a zincdifrused nickel &l oy coaflng on'said a east-one rrace, said
coat i nghshéne suefae, Rhidkehtigy havirgkehickdllod yidkalyAloyilied imb mHiclzZifi€ aiavdave

di ffused and a zinc layer into which nickel atons Hame di ffused, .and said

ni ckeldifiysed pndaizig layes mp vhictomcke! glomediave diffiisedsand sgidrackehalloy bedng ¢

conte ' I 7 . idig to claim
18, wgépg@ﬁhggﬁéﬁgggg?%gfggyEgvég%&%b%?%%@g¥ﬁ%?@q%%%qﬁeéggﬁgﬁgy%i formng a
corrosion and heat protective coating on a substrate conprising the steps
of : faqrm ng, a nickel base coatjng on said _substrate; plying a | ayer of
Jinc doeh SUBER FHepdine M«é@%i&ﬁ&ﬁ&w i ﬁ?bsaﬂfﬁfla%%d?ﬁgl ¥FRC i nto sai d

ni ckel base coating layer; and said diffusing step conprising carrying out
a thermal diffusion in at |east one of an atnospheric and an inert gas oven
at a t2énpencthert for forozing h eagosiGdndhieat protextive neatmigiohi acjubsirate condprifing thesai d

zinc into id nickel base coating..21. A nethod according to cl.ai m 20,
Fur ¢ neleDe Bl aPipRg Heehig ot wUmit Al rRRDE s ieL S B S &R mat ot al
9 nickel base coating layer; diffusing the zine into said nickel base coating layer; and said

diffusing step comprising carrying out a thermal diffusion in at least one of an atmospheric and

an inert gas oven at a temperature of at least 600° F. for a time sufficient to diffuse said zinc

into said nickel base coating.

21. A method according to claim 20, further comprising forming said substrate from a low

carbon steel material.



