0013885- US- U( 11- 263) TRI VALENT CHROM UM CONVERSI ON COATI NG

PRE- COATI NG TREATMENT BACKGROUND [ 0001] The disclosure relates to
chrom umpceB¥ergEen (toatsny of copper-containing al um num al | oys.
More particularly, the disclosure relates to pre-coating treatnents
of the alloy substrates. [0002] Hexaval ent chrom um based conversion
coatings have been used on copper containing high strength aircraft
al umi num aNRSYALEVT 7CHAPH DALV ERBION GORIHEr PEP—EBAT SYF GRREATMENT
protection. In recent years, efforts have been ongoing to qualify
trival ent chrom um based conversion coatings to replace hexchrone
conversi on coatings. As an exanpl eBAEBeRUIpat. no. 7,018,486 issued
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aspect aebpbhe-dbachosing ahwolmves = Insishodiofrer paeaticngaaly, the

copper-cqontaining alumnumalloy. The alloy is treated with
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trival ertypehi-gekym coating is applied. [0004] In various

i npl enentations, the ligand may be a hexadentate |igand. The |igand
may be EDTA. The solution nmay have a EDTA concentration of

200- 2000ppm The treating may conprise inmmersion for at |east five

m nut es [0©0@], Hex3aliantt edromIhe baeatli agnveyshen epH Malggnthatve aken
| east ten minutes i Mmersion wth th%¥solution at, 500g£ﬂ1£e.g., for a
dur at i oH5&Rd°Ri FAPRSE oF ot T DI CBhdERT a5 6 9ef BALFYBL o pYBVIYR at

| east azsheikar vebfegt)2xlhesal 1.0 ey haye rdlbr! eastko3¥es OPPSFecBYorl.
0013885- US- U(11- 263) wei ght. The applying of the trival ent chrom um
coat i ng IRayeranbl veatdont aEfP Rl WiaWe Pesatingg 1861 Goi eRatdfy at¥bialent
cont act ke a I | e, =3 ] ). The
al | oy n§§rg§lgﬁeg%3%§a%%n% %%ﬁggégkgﬂ&ﬁ%htghggp%%?saﬁgg%ﬂgﬁﬁgnium
coat i ngcasversipuateatichs ordsimiphosplrdice (SEERFE eohem tal /cdiderdSibon
coating. Priar. to the,tr nt, wi t.h t-he EDTA_solutjon, th y
o cheniEaIFy HBoShardec DRl or I U B SrednaRical 15 s R e Fho
chem calindeaxi dhzingt palyeconprasel £ reeat ifeg whizhamni tengthci d. [ 0005]
The details of one or nore enbodinents are set forth in the
acconpanyi ng drawi ngs and the description below. Oher features,

obj ects, and advantages w || be apparent fromthe description and
drawi ngs, and fromthe clains. BRI EEUBESBEGR PTI ON OF THE DRAW NGS

[ 0006] EI i.s a _SEM EDS ctrumof an Al 2024 test

{omer i GROPPEa T AR o0 ot CEBTRCTOF =t bR Re o e iR oFcrp
coat i ngcok8@a4g] aFt&p@r+Somt HEM EPS IspaciumimlabyanTAE 2024yt esttreated
sanple imersion_treated with 500ppm of EDTA for teE niTutes and then
brush cH#3EdawSPRUTERP Phrat wetdSt AN YeEPowWEd By * 41 b udftd
touch-upiatna.f hver AUt 8t | B E8vAln thereald afs apPQd@8L . Li ke reference
nunbers and designations in the various draw ngs indicate |ike

el ements. 0013885-3S-U(11-263) DETAILED DESCRI PTI ON [ 0009] Copper
additions are nade to aircraft alum numalloys to inprove the

strengt foodlans 1= rnengidud Smuentatbbeoh oy Nakhé oni @dnd aperod iach
internetallic particles. However, these

hexadentate ligand. The ligand may be EDTA. The solution may
have a EDTA concentration of 200-2000ppm. The treating may
comprise immersion for at least five minutes (e.g., 5-30
minutes). The treating may be equivalent to at least ten minutes
immersion with the solution at 500ppm {(e.g., for a duration and

with a solution concentration effective to provide at least a

similar effect). The alloy may have at least 3% copper, by
1



internetallic particles pronote pitting or localized corrosion due to
a galvanic couple that is formed between copper-rich internetallic
and t he doappes-depbeted2aBum num matrix. In addition, literature also
reports that surface conposition and thickness variation has been
noted in conversion coatings over internmetallic regions. [0010]
However, all the historical d?tﬁ%on corrosion_performance,.col |l ected

S

on AA 205498 Funt REnfBPL By hal ™ T e SETOPYVEY EAETEBLt TRYs do
not provingde1¢er £estant PRt fCth 0N st MA erdl fad dhexavakhenbre®atbRgset
in particular when the surface preparation of the alloy is done by
deoxi di ZiiRg P602%] L¥RET pf £5ERRD dNERt BBUrE@ -ihvollves Capphyfag) a The
cheni cala;§0l,UkbgNyAS c Be SHEA LSy Pl IRALIRNG, {khAl Wil b -a0di Eyct he

al um num al Foy Surface and woul d thereby help 1 n inproving corrosion
resi st amteopiopertatsnof asra vat en latr orinmmicompéospbateocdTTRES.
[0012] The cheni cal,, golyglon that, was used as,a pretreatment for,
surface oﬁpiﬁlza ron-was %t%y?ené%ianine etra-acetic "acid, connnn?y
known asDERTAc1EDTANn| stae nenbey mdy the peinianiing cavbaxykea astidor
famly of ligands, and is also called a hexadentate |ligand. O her
candi dafeS 3FE: D) BERDARLCT} HArRIRF 194 ol I EHEANERnEE0gH d171ng may
p0|yethbb%?@@@b”%%éa@ﬂﬂgp@iﬂﬂeﬂi@%ft(Hijﬁxadentate ligands |ike EDTA
and its salts. 0013885-US-U(11-263) [0013] EDTA-4 usually binds to a
metal cation through its two am nes and four carboxyl ates, and
therefore can formnultiple bonds with a single netal ion because of
its rol goassa ched alduig 1agedt odle bismabel etpod Oméseguess eydt Mefralh in
ions such as O (I11), Fe (I!%%, Cu (l1), Ca (Il), and_the like, to
for m st &Bfe 2REPRPARBHPE eFBIV 1 HHE EBTA OIS NTE PSePre 8oL A - nBEART | on
as if “&%Qt@r@%?“bbﬁagtg?egﬁdl5d$é£ﬂﬂ¢§ﬁ@hﬂﬂ9b@ﬁ%b%brbﬁﬂsfr@ﬁtEﬁe
bei ng bound by EDTA, exhibit dimnished reactivity). [0014] It is

t hought delsgtr iBDTAN 8ngyhgwipd eoppet -Tam 4ihe §g 2p8sti cl es owing to
its markedly higher adsorption strength on copper surfaces. [0015] A
study was perforned on Al 2024 test sanples. The trivalent chrom um
coating chosen for this study was a trival ent chrom um phosphate of

US patent 7,018, 486. ThP3lphoShHaREPTIEHY &ind i CFAMSHFESs (et hyel ene)
tri phosphenies acigl as i& hydmei/=08 LpRERLLATor LQO0A6]2dIu expar iTmphs,
Al 2024 test sanples received initial surface preparation by one of

t he t hr éangirsfiepehreabefodsth TheOrpr e diTPerfeont teat RaastRer sithjut
nechani%%k@ycggEggépg usi ng Scotch-BriteTm pads; b) chemically
deoxidizing wth rco Snmut _GOTM non-chromat e deoxi di zer (test
sanpl es were imersed in deoxidizing solution for two to five mnutes
at roomtenperature and then rinsed or power washed using tap water);
and c) qlerhgal i deoxidizZighy Psndpal¥% Bt 6FCafCAT £62 A daaXiding1Rg
agent (test sanples were imersed in 50%nnitric acid solution for two
to fiveimgusésnatreabatt ehperafprn afd BEn fomsed ainpoker andsheen
using t ter 0 ~ LJS- -.283) . 7 I
innersi%%ug?egfég?gdgéfgﬁﬁggiAggg1%mo &iFg?%%f%vgggéﬁggﬁt?gt%§%§95%00
& 1000 ppmchthe ebntativéeimenwié¢ hi B alas Heareatferrand twenty m nutes
at these two concentrations. [0018] The sanples were then thoroughly
cl eaned using tap water, and then coated with trival ent
chrom um phosphate (TCRP) chem cal conversion coating. TCRP coating
was appllio@@8édi tlhidre e fmngsice ouolvegs endbged hawasioms gt hdte VErd. ous
contact {i faor.haoth pligati ods was twenty to thirty
ninutesg&fggfg% ?gggcgggp#%ggm%$£h$%%%'exposed to ASTM B117 salt
spray test for corrosion properties. Test sanples were al so prepared
for SEMEDS testing to understand if there was any deposition and/or
reaction of the Al 2024 surface with the EDTA. [0020] Salt spray test
results showed consi derabl e i nprovenent. Test sanples showed no signs
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Hours in salt spray 500 ppm 1000 ppm 10 m nutes contact time 20
m nutes contact tinme 10 m nutes contact tine 20 m nutes contact tine
168 Gooadoaardbt-UenuGbod26dndi ti on Good condition Good condition 336
Good condition on 3 panels, >5<25 white corrosion spots on 2 panels
Good condition on 3 panels, >5<25 white corrosion spots on 2 panels
Good condition on 3 panels, >5<25 white corrosion spots on 2 panels
Good DETATILED DESCRIPTION
[0009] Copper additions are made to aircraft aluminum alloys to
improve the strength. This strength is due to the formation of
copper-rich intermetallic particles. However, these
intermetallic particles promote pitting cor localized corrosion
due to a galvanic couple that is formed between copper-rich
intermetallic and the copper-depleted aluminum matrix. In
addition, literature also reports that surface composition and

thickness variation has been noted in conversion coatings over

intermetallic regions.

[0010] However, all the historical data on corrosion performance
collected on AA 2024 aluminum alloy has shown that these
trivalent coatings do not provide corrosion protection
equivalent to hexavalent ceoatings, in particular when the

surface preparation of the alloy is done by deoxidizing

[0011] The present disclosure involves applying a chemical
solution as a surface pre-~treatment that will modify the
aluminum alloy surface and would thereby help in improving
corrosion resistance properties of trivalent chromium conversion

coatings.

[0012] The chemical sclution that was used as a pretreatment for
surface optimization was Ethylenediaminetetra-acetic acid,
commonly known as EDTA. EDTA is a member of the polyamino
carboxylic acid family of ligands, and is also called a
hexadentate ligand. Other candidates are: bidentate ligands like
ethylenediamines or polyethyleneamines; and polydentate or

hexadentate ligands like EDTA and its salts.



condition on 3 panels, >5<25 white corrosion spots on 2 panels 500
>25 white corrosion spots on all 5 panels >25 white corrosion spots
on all BopasebsusoodiTangtiti on on 2 panels, >25 white corrosion spots

on 3 panels >25 white corrosion spots on all 5 panels TABLE Il Salt
Spray Test Results - AI 2024 Test Alloy Chemi cally Deoxidized and
Pre- treated wi th 500 m EDTA for 20 M nutes  Contact Tine %Trlpllcate

Sanpl es ﬁpéﬁéré@FAH6UP§u?ﬁl§aP%n§Er59 PG M g Ih FEFEghSHie- &P

Sol uti op,PreXi dhdi AGud e AN s, AGindh %%%Eeeel@%@@ﬁnqmﬁ&i an
Good condition 336 >5<25 white corrosion spots with snal tralls on

all 3 phaefs w5e5a whinele aretosli gens pecauiet REsibb| r@l%u% drchkglaging

panel s agent or its ability to “sequester” metal icns such as Cr (III),

Fe {III), Cu (II), Ca (II), and the like, to form stable metal
complexes. The EDTA mclecule seizes the metal ion as if with a
claw, and keeps it from reacting (metal ions, after being bound

by EDTA, exhibit diminished reactivity).

[0014] It is thought that EDTA is tying up copper-containing
particles owing to its markedly higher adsorption strength on

copper surfaces.

[0015] A study was performed on Al 2024 test samples. The
trivalent chromium coating chosen for this study was a trivalent
chromium-phosphate of US patent 7,018,486. This phosphate
contains nitrilotris (methyelene) triphosphonic acid as a

hydration inhibitor.

[0016] In experiments, Al 2024 test samples received initial
surface preparation by one of the three different methods. The
three different methods were: a) mechanically abrading using
Scotch-Brite™ pads; b) chemically deoxidizing with Turco
Smut-Go™ non-chromate deoxidizer (test samples were immersed in
deoxidizing sclution for two to five minutes at room temperature
and then rinsed or power washed using tap water); and c)
chemically deoxidizing using 50% nitric acid as a deoxidizing
agent (test samples were immersed in 50% nitric acid solution
for two to five minutes at room temperature and then rinsed or

power washed using tap water).



500 >5<40 tiny pits with small trails and white corrosion deposit on
the pit >5<30 tiny pits with small trails and white corrosi on deposit
on the pbt3806188851185248) 11-263) [0022] Mdre broadly, other Al
al l oys may be used. For exanple, Table Il shows candi dates: TABLE
1l Element Alloy and wei ght percentages 2024 2014 6061 Range 1
Range 2 Al 90.7-94.7 90.7-94.7 95.8-97.16 85+ _
[0017] The samples were immersion pretreated with EDTA at two
alternative concentrations: 500 & 1000 ppm. The contact time
with EDTA was for ten and twenty minutes at these two

concentrations.

[0018] The samples were then thoroughly cleaned using tap water,
and then coated with trivalent chromium-phosphate {TCRP)
chemical conversion coating. TCRP coating was applied either by
brush touch-up or by immersion method. The contact time for both

application methods was twenty to thirty minutes.

[0019] Test samples were then exposed to ASTM Bll7 salt spray
test for corrosion properties. Test samples were also prepared
for SEM/EDS testing to understand if there was any deposition
and/or reaction of the Al 2024 surface with the EDTA.

[0020] Salt spray test results showed considerable improvement.
Test samples showed no signs of corrosion in the 500-hcur salt
spray test. The SEM/EDS spectrum of FIG. 1 showed the presence
of carbon and oxygen, indicating some kind of reaction or

deposition of EDTA molecules on the Al 2024 substrate.

[0021] Table I shows test results for 500 hours ASTM B1l1l7 salt
spray test. Tests were performed on five test specimens per
batch or test parameter. In contrast, a baseline ({(the same
process without EDTA) shows corrosion resistance of about 200 to

250 hours in the salt fcg spray test.



90+ O Max 0.1 0.10 0.04-0.35 -
0.15-6.0 0.35- 5.5 Fe Max 0.5 0.7 0.7

0013885-US-U(11-263)

Max 0.5 Cu 3.8-4
Max 1.0 My
TARLE I

.9 3.9-5.0 0.15-0.40

Salt Spray Test Results - Al 2024 Test Alloy - EDTA Pre-treated

and TCRP Conversion Coated

Hours 500 ppm 1000 ppm
in 10 minutes 20 minutes 10 minutes 20 minutes
salt contact time | contact time | contact time | contact time
spray
168 Good Good Good Good
condition condition condition condition
336 Good Good Good Good
condition on | condition on | condition on | condition on
3 panels, 3 panels, 3 panels, 3 panels,
>5<25 white >5<25 white >5<25 white >5<25 white
corrosion corrosion corrosion corrosion
spots on 2 spots on 2 spots on 2 spots on 2
panels panels panels panels
500 >25 white >25 white Good >25 white
corrosion corrosion condition on | corrosion
spots on all | spots ¢on all |2 panels, spots on all
5 panels 5 panels >25 white 5 panels
corrosion
spots on 3
panels
TABLE IT

Salt Spray Test Results - Al 2024 Test Alloy Chemically

Deoxidized and Pre-treated with 500 ppm EDTA for 20 Minutes

Contact Time

(Triplicate Samples Prepared)

Hours in | Deoxidizing in Turco Smut-GO |[Deoxidizing in 50%
salt Solution Nitric Acid
spray Solution
168 Geood condition Good condition
336 >5<25 white corrcesion spots >5<25 white
with small trails on all 3 corrosion spots
panels with small trails
on all 3 panels
500 >5<40 tiny pits with small >5<30 tiny pits
trails and white corrosion with small trails
deposit on the pit and white
corrosion deposit
on the pit
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. 2- 8 0.20-0.8 0.8-1.2 0.2-2.5 0.2-2.0 Mh 0.3-0.9 0.40-1.2 0.15
.1-1.5 0.2-1.2 Si Max 0.5 0.50-1.2 0.40-0.8 - Max 1.0 Ti Max 0. 15
.15 0 $9513885-US~-U(11-263)

[0022] More broadly, other Al alloys may be used. For example,

Table IIT shows candidates:

TABLE IIT
Element Alloy and welght percentages
2024 2014 6061 Range 1 | Range 2
Al 90.7-94.7 90.7-94.7 | 95.8-97.16 85+ 90+
Cr Max 0.1 0.10 0.04-0.35 - Max 0.5
Cu 3.8-4.9 3.9-5.0 0.15-0.40 | 0.15-6.0 0.35-
5.5
Fe Max 0.5 0.7 0.7 - Max 1.0
Mg 1.2-1.8 0.20-0.8 0.8-1.2 0.2-2.5 | 0.2-2.0
Mn 0.3-0.¢9 0.40-1.2 0.15 0.1-1.5 | 0.2-1.2
5i Max 0.5 0.50-1.2 0.40~-0.8 - Max 1.0
Ti Max 0.15 0.15 0.15 - Max
0.25
Zn Max 0.25 0.25 0.25 - Max 0.5
Cther, Max 0.05 0.05 0.05 - Max 0.1
each
Other, Max 0.15 0.15 0.15 - Max 0.2
total
[0023] An alternative characterization of the applicable alloys

may involve an aluminum-~based alloy

(e.g.,

50+%

by weight,

more

narrowly, 85+% by weight or 90+% by weight) with at least 3.0%
by weight copper (more narrowly, 3.5-5.5%) and no other element
having a greater content, by weight, than the copper ceontent.

This range includes the 2024 and 2014 series noted above but

excludes the 6061 series. Additionally, an exemplary range of
EDTA concentration is 200-2000ppm. An exemplary exposure is for
ten to twenty minutes in duraticn. Exemplary exposure is at
least equivalent to exposure at 500 to 1000ppm for ten to twenty

minutes in duration.

[0024] Conversion coating was applied by brush touching-up for

total of twenty minutes contact time so that the surface remains
wet through out the coating time. The solutlion was applied over
again and again at the interval of four to five minutes. Among
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- Max 0.25 Zn Max 0.25 0.25 0.25 - Max 0.5 Ot her, each Max 0.05 0.05
0.05 - Max 0.1 G her, total Max 0.15 0.15 0.15 - WMax 0.2
0013885-0U5-0U(11-2863)

possible variations in the coating process are immersion
(dipping), spraying, and non-brush touch-up (e.g., swabbing).
The resulting chemistry is difficult or impractical to
determine. We cannot tell for certain whether the EDTA became an
integral part of the trivalent chrome coating. It is difficult
to detect this effect because the EDTA pretreatment creates,
perhaps, a monolayer thickness, and such thin layers are
difficult to detect in SEM/EDS. In addition, carbon and oxygen,
being lighter elements, do not give a strong signal (this
difficulty is evident in SEM/EDS where carbon, which is seen in

FIG. 1, is not seen in FIG. 2).

[0025] One or more embodiments have been described.
Nevertheless, it will be understood that various modifications
may be made. Accordingly, other embodiments are within the scope

of the following claims.



[0023] An alternative characterization of the applicable alloys may

i nvol ve an al um num based alloy (e.g., 50+% by wei ght, nore narrowy,
85+% by 0ok 3gh6-06-90%% by3wei ght) with at | east 3.0% by wei ght copper
(more narrowy, 3.5-5.5% and no other el enent having a greater
content, by weight, than the copper content. This range includes the
2024 and 2014 series noted above but excludes the 6061 series.

Addi tionally, an exenplary range of EBfrRMEoncentration is

200- 2000ppm An exenplary exposure is for ten to twenty mnutes in
duration. Exenplary exposure is at |east equivalent to exposure at
500 to %0@@ppe torikhed 1®:twenty mnutes in duration. [0024]
Conversion coating was applied by brush touching-up for total of
twenty mnutes contact tinme so that the surface renmains wet through
out the coating tinme. The solution was applied over again and again
at the ilnt er #alhmeohofiofior t vodiirey M mapger-Anntgin@043886miisat)( 41t 26.3)
possi bl hvari%ﬁiﬁns in the coating process are inmmersion (dipping),
spraying,eaﬁa Bh- BPURH T 0U€h-up (e.g., swabbing). The resulting
chem stry iscdebtigyl thorainpy agtdcal daudeter wirna: Yeasansps tell
for certain whether the EDTA becane an integral part of the trival ent
chrone B8AYARENCI EAFROWY 1T cAftd t HatEcchi s ef fect because the
EDTA pretreagggggiﬁﬁegt@§iv£§gggughrd%ﬂgmuyo%xqggthickness, and such
thin layers are difficult to detect in SEMEDS. "I n addition, carbon
and oxygen, being lighter elenents, do not give a strong signal (this
difficulty is evident in SEM EDS where carbon, which is seen in FIG

1, is not seeRei Reth& 2F.c14AP20lwHreier; nore enbodi nents have been
descri bed. Nevertheless, it will be understood that various

nodi fi cat i onshAa§Obet HaleCOPREOTIRN A FOrGHTer EF56atABAtE aFe®w thin
the scopg,QfichhgtEoh} OXA0:s &1 & 48, . 0013885- US-U(11-263) CLAI M5 Wat
A h

is clained is: 1. nmet hod for coating a copper-containing alum num
all oy, the nethod conpri sing: treating the alloy with a solution
of at |east one polyam no carboxylic acid |ligand; and applying a
trival ent chrggl gerEOAtHNOz1aBn IThenawmiihnod of claim 1 wherein:

the solution conprises or consjists essentially of a hexadentate

| i gand sol ut FBR. SOBULTPR PR ST W AWML sksercsichntiallyt b 3| B THn
conprisegQkicanNsi sts essentially of an EDTA solution. 4. The method
of claiml wherein: the alloy is cleaned prior to the treating; and
the treated alloy coated with said trivalent chrom umcoating as a
trival ent chrom um phosphate (TCRP) chem cal conversion coati ng.

4. The method of claim 1 wherein:

the alloy is cleaned prior to the treating; and

the treated alloy coated with said trivalent chromium
ccating as a trivalent chromium-phosphate (TCRP) chemical

conversion coating.

5. The method of claim 1 wherein:

the solution has an EDTA concentration of 200-2000ppm.

6. The method of claim 1 wherein:

the treating comprises immersion for at least five minutes.
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5. The nmethod of claim| wherein: the solution has an EDTA
concentration of 200-2000ppm 6. The nethod of claim| wherein: the
treati ngocoppei-gasUiimersdon for at |east five mnutes. 9
0013885-US-U (11-263) 7. The method of claim®6 wherein: the imrersion
is 5-30 minutes. 8. The nethod of claim1 wherein: the treating

is equivalent to at least ten mnutes imersion with the solution at
500ppm /9. THESBERBET 0P~ cF 3 1 1° KSR the al umi num al l oy has at

| east 3. 0% cepRek mmBYsWeh oht . 518y kheggt hod of claim 1l further
conpri si ng: prior to the treating, cleaning the alloy via

mechani cal abrading. 11. The nethod of claim1 wherein: t he
appl yi ng i nvol ves contacting with a coating solution for total

cont act gti nerak fhefthe@notocidimty wAdndies. 12. The method of claiml
further conprising: a chem cal deoxidizing prior to the treating.
13. An articFBecbatabiny %%eeﬁﬁ%ﬁﬁkﬁﬁQﬁtQﬂﬁﬁ|%ef?t ten minutes

immersion with the solution at 500ppm.

9. The method of claim 1 wherein:

the aluminum alloy has at least 3.0% copper, by weight.

10. The method of claim 1 further comprising:
prior to the treating, cleaning the allcy via mechanical

abrading.

11. The method of claim 1 wherein:
the applying involves contacting with a coating solution

for total contact time of fifteen to thirty minutes.

12. The method of c¢laim 1 further comprising:

a chemical deoxidizing prior to the treating.

13. An article coated by the process of claim 1.

10



