0.1 AUG 2005 CORROSI ON RESI STANT TRI VALENT CHROM UM PHOSPHATED CHEM CAL
CONVERSI ON COATI NGS BACKGROUND OF THE | NVENTI ON The present invention
relates to a process for preparing a corrosion-resistant trival enp1cwom um
phosphat ed chem cal conversion coating for corrosion protection o 62005
structural alloys preferably alum numand aircraft alum num alloys, and
other nmetals viz. iron/steel, zinc or galvanized steel etc. O her

different applications of this coating also include as a seal- coating on
anodi zed al um RGRR@PECY REGAETANT f DRI VARING v e dROMIUINA FHOSPHABE D geHidsiorél y

bonded al um num structures. Q”V%b%bgﬁsf&@tddl&%ﬁéve been wi dely used in
nmetal surface treatnment for inproved corrosion inhibition and inproved
adhesi on of a subsequently applied paint |ayer. Conversion coatings are

applied through chem cal rea 'g{a;%' and the bath solution
whi ch converts or nodifies tﬁéeA met g{ﬂﬁb‘é‘ﬁf?ra%ﬂ;%yr\{gg&g&g hin filmwth required

functional propethd ggese@onvevaitdoncoalatgs tar @ paptess| avd yrepetithgia
surface treatnent. of netals such $,2 st eel ., m_and.magnesi um

zinc | uni n
'n the pasto ERTEWAIE GONTAT o1 oW GEALI RBE HAVE PBPSOER TS TEPhE most
successful conversion coeathggsord aforalodionun et tiagnesi structdowavel loys
chromat e conversi coatings used i.n the past generall cont ai_.ned highly
t oxi c hexavgfg%]?r%?r}'ryorﬁiﬂw Hhe @lSFragEx%JKS}'Hrfl 8?5’8#11#?? ?&Eﬁ&: in
potenti al hazasdousi morikiongsteondidinensrf @il piracess soper adtr s andevery high

costs for S di sposal.. In orde Q overcone the problens associated with
hexaval ent m@ﬁ%g?ﬁ?ﬁﬁ acArhgte élﬁ‘éisoﬁo%ib’aﬁq Rgs© EH% 'ég?'na?ss abé@ﬁ?én

effort to eaphoynd rér alneidt z6Ar HNAMIMGOBMET §1 EFhtGRQt FBESimproved
| durability of adhesively bonded aluminum structures.

Conversion coatings have been widely used in metal surface
treatment for improved corrosion inhibition and improved
adhesion of a subsequently applied paint layer. Conversion
coatings are applied through chemical reactions between the
metal and the bath solution which converts or modifies the metal
surface into a thin film with required functional properties.
Conversion coatings are particularly useful in surface treatment
of metals such as a steel, zinc, aluminum and magnesium. In the
past, chromate conversion coatings have proven to be the most
successful conversion coatings for aluminum and magnesium.
However, chromate conversion coatings used in the past generally
contained highly toxic hexavalent chromium.  The use of
hexavalent chromium results in potential hazardous working
conditions for process operators and very high costs for waste
disposal.

In order to overcome the problems associated with
hexavalent chromium containing conversion coatings, there has
been an effort to employ trivalent chromium conversion coatings
which are far more acceptable from an environmental standpoint.
U.S. Patents 4,171,231, 5,304,257 and 5,374,347 disclose

trivalent chromium solutions for use in forming conversion



whi ch are far nore acceptable froman environnental standpoint. US.
Patents 4,171,231, 5,304,257 and 5,374,347 disclose trivalent chrom um
solutions for use in formng conversion 1 0l AUG 2005 coatings on petAdES005
The corrosion protection provided by trivalent chroni um coatings devel oped
or described in these patents has been basically due to conversion of
trivalent chromumto hexavel ant chrom um ei ther by addi ng oxidi zi ng agent
in the coating bath solution or by post treatnment of the. devel oped
conver si on eodtingg by matakd di Zihegcagentior Hy@tadéiﬂ@ proridssi &n i nhi bitive

speci es i ntp {hg Ceatj,ngn baf mo%c&'l%goaev%ﬁmpe her quords,. Png drawhack of

these trivalent chrom um processes e corrosion protection is not
as effecti veantshéravetentbatirgdiluntpe otegmraed shhat eV evr ictrleosi on

protection vi_de I xi dat trdval.ent _chrom um
to hexavalgﬁ th?b%Euﬁ?é?Y%ﬁﬁl %h mggﬁa:ﬂﬁb or§cé§$ éﬁﬁ?%ﬁgglﬁ9?%%.
However , |nlmh@upmn@emngpbm@essﬂdesenl@edmynxthlsreanmemmiqﬁ1tuehe i npr oved

corrosi on protgftlon is provid ue to t he adsor tlon of(ghqap ggate
ci

groups of |ong ciaicn COFURE }%%a SBFa89oPY et XN RS! Bho Hhon ¢0fpounds

to aIun1nuomrnnsansuhﬁabEtitefspemnéb EhEbcxh&ﬂdbmt1bgnHaEhuhoknﬂ&©equenm
formati on of, network of h dé bIC over é Ve, Corrosion sites.
A Turther P SadRTEF 1 RS FRAaRE L ERT Ori )P o SREY Ml eGP e Aqueous
sol utions i sstiteatf aheatbonosDdn qirrocmbummom aidid g plfeed:pixteatae in the
processing path solutjon over tine. Thﬁ reC| itation results in.materia

g

| oss in theS¥B{USEn “BRATLFE A ESafl WIE;%%ET 1%y SRAERS TR plbootr?c%ﬁf’Pa%Fons
of I;ey conppresediriepbhel o tesduecd cabdiageivd e thevelént chromium to

hexavalent chromium either in the coating or coating bath
solution. However, in the present process described in this
invention, the improved corrosion protection is provided due to
the adsorption of phosphonate groups of long chain
functionalized organic amino-phosphonic acid compounds to
aluminum oxide surface to form Al-0-P covalent bond and
subsequent formation of network of hydrophobic layer over all
active corrosion sites. A further drawback of these trivalent
chromium processes and acidic agqueous solutions is the formation
of chromium containing precipitate in the processing bath
solution over time. The precipitation results in material loss
in the solution and affects coating quality when the ‘
concentrations of key components drop below desired and required
levels.

Accordingly, it is the principal object of the present
invention to provide a trivalent chromium chemical conversion
coating with similar corrosion resistance properties as the
hexavalent chrome conversion coating and an effective stable
coating bath solution, 'since these organic amino—phosphénic'
acids are known for their capability to chelate and form

complexes with trivalent metal ions viz. Cr*®, Al1*® etc.
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Accordi-ngly, it is the principal object of the present invention to provide
a trivalent chrom um chemnical conversion coating with simlar corrosion
resi stance properties as the hexaval ent chronme conversion coating and an
effective stable coating bath solution, since these organic 01 AUG 2009
am no- phosphonic acids are known for their capability to chelate and form
conplexes with trivalent netal ions viz. C+3, Al+3 etc. 2 1 AJG 2005
SUMVARY OF THE | NVENTI ON I n accordance with the present invention the
foregoing object is readily obtmvmared.orl nHRECTOVENTT®E W th the present

i nvention, an acjdic aqueous sol %ion contai,ning -a. ter soluyble

trival ent chrom Um*EShH8Gnd w'%% E SVPBﬁﬁfWﬁtﬁ?vﬁﬁtéaﬂi¥€% WHEH s

ef fective tebiaer easeca@0l oSt neHot ection and reduce precipitation of
trivalent chromiumover tinme. The additive conprises a chel ating agent or
a mul tidentate |HY&FEETEAHCC coifpt iF8PnET BT PhosPRBAT e actd I Ghss 2aFone or
i.nconbi nat b@Dpﬂ\iérh_c,Qﬁ]QEﬁﬁiﬁ?l,éivgart‘élr}pgoﬁéi_)ié gandS1ehbecn psef of redoadditives
for corrosion inhibition include the derivatives of the ani no- phosphonic

aci ds, e.g. BheTSEI HAGN R 1E HIVR AT ¢ i 4 DIEEE SLAEE NG b= 9ASephosphoni ¢
(NTMP) . hydbexysiorardRedt kyh SMPOTRAABE Cp ALl idst s LERY! ok Nt Aoy {Rithy| ene)
phosphoni ¢ aci ds, diethyl am nonmethyl phosphonic acid etc., may be one or

the ot her oFNECRBIIWAL SATr oviltfedighel tRI¢UMIIFESi 3 CBab3tHMt 3Py 8Bl ubl e
in water. BRlER ORRCRIRTI l@?kdeEdsT HE (DRAVWNGS; 0y otfh%hBE?EHﬁﬁé i d heoppgsent

invention will be made clear fromthe followng detailed description. Fig.
1 i s a scanglAgeebectt GIeTRiBR BERPH tOf afpt¥@lamid groups as ligands. The

preferred additives for corrosion inhibition include the

| derivatives of the amino- phosphonic acids, e.g. the salts and
esters like nitrilotris (methylene) triphosphonic (NTMP}),
hydroxy-, amino-alkyl phosphonic acids, ethyl imido (methylene)
phosphonic acids, diethyl aminomethyl phosphonic acid epc., may
be one or the other or a combination provided the derivative is

substantially soluble in water.

BRIEF DESCRIPTION OF THE DRAWINGS
For the features of the present invention will be made
clear from the following detailed description.
Fig. 1 is a scanning electron micrograph of trivalent

chromium phosphated coating on Al 2024 at 5,000x

magnification.

Fig. 2 is an EDS 1 spectrum for SEM of NTMP-15 coating
on Al 2024;

Fig. 3 is an EDS 2 spectrum for SEM of NTMP-15 coating
on Al 2024;

Fig. 4 is an EDS 3 spectrum for SEM of NTMP-15 coating

on Al 2024;
Fig. 5 is a scanning electron micrograph of trivalent
chromium phosphated coating on Al 6061 at 5,000x

magnification;



chrom um phosphat ed coating on Al 2024 at 5,000x nmagnification. Fig. 2 is
an EDS'1 spectrum for SEM of NTMP-15 coating on Al 2024; Fig. 3 is an EDS 2
spectrum for SEM of NTMP-15 coating on Al 2024; Fig. 4 is an EDS 3 spectrum
for SEM of NTMP-15 coating on Al 2024; Fig. 5 is a scanning el ectron

m crograph of trivalent chrom um phosphated coating on Al 6061 &1 ABEQ@9X
magni fication; 3 ,0 1 AUG 2005 Fig. 6 is an EDS 1 spectrum for SEM of
NTMP-15 coating on Al 6061; Fig. 7 is an EDS 2 spectrum for SEM of NTMP-15

coating on Al 6061;_ and . Fiqg. is. an EDS 3 ec m f qQr... SEM. of MP- 15
coating on Al g6%1.6DETAISL%E) %E%dRISIPﬁC u‘i‘hggﬁr%@gn?g &Wgﬁ%oﬁo? es to a
process for preparing a o@ORLOSO®N-resistant trivalent chrom umcoating on a
nmetal, preferabl um num and_aircraft alum numall oys, and an _|jnproved
aci di ¢ aqueous Eb%ut&} on fdr aBsgD nftSrPeecﬁrr&}E‘eglg? %‘fé ‘iﬁ?o“g’ s‘lgoFo?frjéﬁri ng a
corrosion-resistant trivarnentt 6661 omddgm coati ng on al um num and al um num

all oy substrates, conprises treating the substrates with an _acidi c, aqueous
—.sol-ution, whichfig-1¥ee. dff RBxEVAI 2riPSHrEmi GRT eohp?i JWG 2> Garki %ol ubl e
trival ent chrom um conpowydaiacwat er soluble fluoride conpound, and a
corrosion inproving additive which may

DETAILED DESCRIPTION

The present invention relates to a process for preparing a
corrosion-resistant trivalent chromium coating on a metal,
preferably aluminum and ai;craft aluminum alloys, and an
improved acidic aqueous solution for use ‘in the process.

The process for preparing a corrosion-resistant trivalent
chromium coating on aluminum and aluminum alloy substrates
comprises treating the substrates with an acidic aqueous
solution, which is free of hexavalent chromium, comprising a
water soluble trivalent chromium compound, a water soluble
fluoride compound, and a corrosion improving additive which may
also reduce precipitation of trivalent chromium. In accordance
with the present invention, the additive comprises a chelating
agent or a bi- or multidentate ligand. Generally, the additive
is present in an amount of between 5 ppm (parts per million) to
100 ppm with respect to the total coating solution, preferably
between 15 ppm to 30 ppm with respect to the total coating
solution. The preferred additives for corrosion inhibition
include the derivatives of the amino- phosphonic acids, e.g. the
salts and esters like nitrilotris (methylene) triphosphonic
(NTMP) , hydroxy-, amino-alkyl phosphonic acids, ethyl imido
(methylene) phosphonic acids, diethyl aminomethyl phosphonic
acid etc., may be one or the other or a combination provided the
derivative is substantially soluble in water. A particularly

suitable additive for use as a corrosion inhibitive and solution



al'so reduce precipitation of trivalent chromum In accordance wth the
present invention, the additive conprises a chelating agent or a bi- or

mul tidentate |igand. CGenerally, the additive is present in an anmouft! &G 2005
between 5 ppm (parts per mllion) to 100 ppmw th respect to the total
coating solution, preferably between 15 ppmto 30 ppmwi th respect to the
total coating solution. The preferred additives for corrosion inhibition

i nclude the derivatives of the am no- phosphonic acids, e.g. the salts and
esters |ikesmahiliitgt pddi{ et hyl eneyitoet plogpkohytend NFVR)phosptipoky-gcid

anm no- al kyl mphoni c acids, ethyl irqido (nethylene) phosphonic acids,

di et hyl am orret hyl phosphonic acid etc., nmay be one or the other or a
conbi nati on providedillheed deridiat byeedss sudistranhi abhyrisdulal @akarwat er A
particul arl i tabl.e ddltlve f.or use as corrosion i bitive

R ERAAR b P G e W R e T e

t ri phosphontemp@ird GNEVE) . amiHe pibk phehli @ didC cagpeans. SolHd ItQﬁvaDémfl ses a
wat er sol ubI e trival ent chrom um conpound, &O\Q/at gr sol ubl e fluoride

conpound an8"ENEHh&OPRBYBhOH @rﬁéﬁatcbrhprdl?n RECR r 1Y ATACUNERP b um
conpound i ShpERSaNtD.i2nglhecsoluy iienoi @/aﬂc@mqwaeiabbﬁtmea g.g/liter to
10.0 g/liter ipreferablé bet ween 0.5 g/llter to 8.0 glllter the fluoride
conpound i sIHFEEENET A - And/ Lt GhebbtvRidifieo compPrng efs {RFSFENG gr13% er
(preferabl yafodnt @i ibeehetR A Q;/glllcletefa, 2oThue gdnwé@d(gsféﬁ@ajamty ghg omi um
coating solution prepared in such H between 2.5 to 4.0. It has
been found Bhattdy tesitfglt Bel Kt ngTESI‘&H‘btr?d EoAval FRhEFAmidlent O in

the anount scBet WaensolQ@iBRMEHa3¥A in such a way has a pH between 2.5 to

4.0.
It has been found that by using the coating sclution

containing trivalent Cr in the amounts between 100 ppm to 300
ppm, fluoride in the amount between 200 ppm to 400 ppm and
corrosion inhibitive amino-phosphonic 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 when compared to coating solution without amino-

phosphonic acid, as evidenced by the following example.

EXAMPLE

The following three main stock solutions were prepared:
Part A solution: 8.0 g/L of Cr (III) salt in DI water.
Part B solution: 18.0 g/L of fluoride containing salt in DI
water. NTMP solution: 1000 ppm of Nitrilotris (methylene)
triphosphonic acid, i.e. NTMP in DI water.

These solutions were prepared according to the following
procedure given below:

Part A, i.e., Chromium (III) sulfate stock solution was
prepared by dissolving 8.0 gm of trivalent chromium sulfate
compound, purchased from Fluka (Milwaukee, WI), in 1 liter of

deionized (DI) water. The solution was allowed to equilibrate



ppm fluoride in the anount between 200 ppmto 400 ppm and corrosion

i-nhi bitive am no- phosphoni ¢ acid conpound in the ampunts between 10 ppmto
30 ppm exceéllent corrosion protection is obtained and precipitation of
trivalent chromiumis reduced over time when conpared to coating §dlAlGi 26
wi t hout am no- phosphonic acid, as evidenced by the foll ow ng exanpl e.
EXAMPLE The followng three main stock solutions were prepared: Part A
solution: 8.0 g/L of C (Il1l1) salt in DI water. Part B solution: 18.0 g/L of
fl uor:de Coméﬁﬂﬂﬁ1ﬂ?15§;1tjrlﬂart Wﬁtere Pﬂﬁf}aﬁﬂiuhi@MOuﬁﬁﬂﬁhﬁﬁﬁﬂaQ% sto%k
Nitrilotris t hyl ene ri phaoni ¢ _acj . €. In DI water. These
sol utions wﬁé ﬁ&P@pﬁF%dpEﬁﬁﬁﬁf %d Fbs?ﬂ%V¥Qﬁl%ﬂd%n8m BF obRHUrTHVEA" bel ow:
Part A, i.epurdd¥seal gibhlAldrisaH,f ake1shorke SAHIUt iAN1WASte PrEPATCGaRY Y .
dISSO|VIng 8.0 gmof trivalent chrom um sul fate conpound, purchased from

Fl uka (M| mBLﬁ(e°é>l“\’AF)>“ Pas 2iiawed 6P Jeki b Ledieer) vaat @Y TP iddrad on was

~all.owed to efwd |dyat §o§u9ﬂorAUﬁ32%Qé abelOsE USRAvihg PaltnBod 5@ we. -
Pot assi um fl ouro zirconate stock Futlon was prepared by dlssoIV|ng 18.0

gm of this toifiolid®r ipurethrisef NTB!ﬁvAPamwect MroRaGkeea - grigh 1Stiter of

DI water. The,so! wid)oR,Wago ahl owsd Dtxowg@érfulrblyfﬂdsr%%@ M@gu@@&i éaaacqlnlgl zed.
NTMP stock sol ution was prepared by dissolving O . % solution

in water of PAMEOlYGAORASER ¢ rRITARSIFG a2 AFAFEEH (tSt theLéemBOSNs)oriSn 100 ni .

of DI watery; DidfarentpdL! ot ed()rﬁ:p%'a@gn bﬁé@h SQl14ftii QRS W 51§ SRAS ed
according to the conpositions |I|isted |n Table I. One coating bath sol ution

was prepar edithguthdTMENFVPUs® ses & gonhrebneqasiingodrrngvabvateid d&ei ng t he
effect of NTMP on corrosion performance. The pH of all bath

solutions were in the range of 3.5 ~ 4.0.

Table I - Compositions of coating bath solutions

Solution ID | Part A (mL) Part B {(mL) DI water NTMP (mL)
(mL)
Control, 100 100 1800 -
without
NTMP

NTMP-5 100 100 1800 10
NTMP-10 100 100 1800 20
NTMP-15 100 100 1800 30
NTMP-20 100 100 1800 ‘ 40
NTMP-25 100 100 1800 50
NTMP-30 100 100 1800 60

All the solutions were prepared at the time of processing
panels. Both Al 2024-T3 and Al 6061-T6 alloys of 3”"x3" were
coated in duplicate. The coatings were developed per the

process described below:



effect 'of NTMP on corrosion performance. The pH of all bath solutions were
in the range of 3.5 - 4.0. Table | - Conpositions of coating bath sol utions
Solution ID Part A (nL) Part B (nL) DI water NTMP (ni) (nL) Control §g82m5
100 1800 - without NTMP NTMP-5 100 100 1800 10 NTMP-10 100 100 18

NTMP- 15 100 100 1800 30 NTMP-20 100 100 1800 40 NTMP-25 100 100 1800 50
NTMP-30 100 100 1800 60 All the solutions were prepared at the tine of
processing panels. Both Al 2024-T3 and Al 6061-T6 all oys of 3"x3" were
coated in duplichte. Filetboat¢FigsTonerasdeses opadiapacalhg alprastass ondesthi bed

bel ow 6 01 A 20085 LhoALh Lhad 63l ERURODS: \’I\%rdef) E{ﬂ?g’ciﬁab JhrAbgaded on

bot h si des using scotch brite and then cleane I ng i th
Ki my pes(r) wihdefimwimeisfgunaer wetraringThep coalpomns ﬁ@ﬁeCOﬁpQ@$lwena nsed with

DI wat er a”‘i" %if? WA PAREL HOWRS DELAT & s d MR %gp% ﬁé\g Sl gn for

coat i ng. est coupons were imersed 1n coatl 1Utions for 10
m nut es at nmmﬁr$empéwat@mé.SGJUﬂmmmd@atedatima coupons were-later rinsed ..

with D water agd aifdiied [Or Al |83t iR 0N S TBERhyCsRlk-Viol et
col or chem cal conversion coa |ﬁ§s
solutions for 10 minutes at room temperature.
3) The coated test coupons were later rinsed with DI
water and air dried for at least 24 hours.
The blue-pink-~violet color chemical conversion coatings
- having admixed oxides of chromium and phosphorous developed on
~ the surface of Al 2024 and Al 6061 alloys. These coatings were
evaluated for coating weight and corrosion performance. NTMP-15
coating was also examined by SEM/EDAX for morphological -
characterization. |
The coating weight of all the developed coatings was found
between 0.15 mg/sqg. inch to 0.5 mg/sqg. inch. (
The corrosion resistance properties were evaluated by

exposing the panels to salt fog spray test per ASTM B 117. The

results are summarized in the following Table II.



havi ng adm xed oxi des of chrom um and phosphorous devel oped on
of Al 2024 and Al 6061 all oys. These coatings were
wei ght and corrosion perfornance.
SEM EDAX f or
devel oped coatings was found between 0.15 ng/sgq.
The corrosion resistance properties were eval uated by

nor phol ogi cal *

NTMP- 15
characteri zati

to salt fog spray test per ASTM B 117. The

followi ng Table I1I.

coating was al
on.

results are s

The coating wei ght dff
inch to 0.5 ng/sq.
exposi ng the panel s

so examn ned
i nch

ummari zed in the

7 OlTAG 2005 sdeblmd IspraParésFogsopray Test Results

t he surface
eval uated for coating

% 2005,

Coating 1D - : - tions Al 2024 Al 6061  _Control —without 240
Corrosi on dpot °2C8Prdsi on| spdfs,°t WFVP 15- 20% of t o BI°TI8-'PB%% of total area
area NTMP-|5 400 No corrosion No corrosion spofs?024tains| at fawepélaces
NTMP- 10 400 Non GOl I Osi@: N0 COTT GSLH 0 SPOU S, 5L @hNsooat, [ EWPIAEES shvP-15
400 No corrjosi on, corrogsion stains at |f l,ac NTMP- 20 . 400 _No
.corrosion Nb corrosi.on. NTMP-25 336 Random1§§%$63?§§°KB %)15°°f i°rg

few to excs

corrosron pits at

pt 2 pit s area area
NTMP-5 400 No corrosion No corrosion
spots, stains at
few places
NTMP-10 400 No corrosion No corrosion
spots, stains at
few places
NTMP-15 400 ‘No corrosion, No corrosion
stains at few
places
NTMP-20 400 No corrosion' No corrosion
NTMP-?S 336 Random corrosion No corrosion
pits at few to except 2 pits
some places féund aroundithe
concentrated edges
around edges,
black staining
type of corrosion
NTMP-30 336 Random corrosion No corrosion

pits found at few
places
concentrated
around the edges,

black staining

type of corrosion

Coating morphology: NTMP-15 trivalent chromium coating

developed on Al 2024 and Al 6061 was examined using SEM/EDAX.

Scanning electron micrograph (SEM)

shown in Fig.

are shown in Figs.

2-4.

for coating on Al 2024 is
1 and EDS spectra for the same coating on Al 2024
Similarly SEM micrograph for NTMP-15

coating developed on Al 6061 is representated in Fig. 5 and EDS

spectra in Figs.

6-8. Both,

8

the micrographs and the EDAX spectra



sone pl aces found around the concentrated edges around edges, bl ack
staining type of corrosion NTMP-30 336 Random corrosion No corrosion pits
found at few places concentrated around the edges, black staining type of
corrosi on Coating norphol ogy: NTMP-15 trival ent chromi um coati ng () |dgifeligped
on Al 2024 and Al 6061 was exam ned using SEM EDAX. Scanni ng el ectron

m crograph (SEM for coating on Al 2024 is shown in Fig. 1 and EDS spectra
for the sane coating on Al 2024 are shown in Figs. 2-4. Simlarly SEM

Fi g, 9 ana ERe  shie e TR BE AR R ke O RV AT Tk

spectra 8 OslonAH@s.?@lﬁ)Bsoatavxgal 11hei$)rmﬁen@edoth@hoﬁmmmshahbnggNGum

chromumin ft helggnv&r Si Nelalp %oatl Sy el.i eved tr}ﬁt th(% hosphonl c
groups of Anihe. PHOSPHEIN ¢ Cadld a S6FBEd 3h 1D Yite SEGFF ce of al um um

oxi de and fadrumiAh- & Rie hewi (falrmbanets~9 THhiesiicaVendndsn. may be enbodied in
o ‘essent al . cRAr Act BHTERES e RePBaToHiE ot serhe EnBBdI et T8 1Hor efore -
to be consiwtern@doaset waald wiespettdepddtusigr dtbmMet lendspiati tr est eseéntvianl t he
scope of th%ﬁh%%%ggiggugF%h%r glcaﬁid Q%sent embodiment is therefore to

be considered as in all respects illustrative and not

restrictive, the scope of the invention being indicated by the

appended claims, and all changes which come within the meaning

and range of - equivalency are intended to be embraced therein.



appended cl ai ns, and all changes which cone wthin the nmeaning and range of
equi val ency are intended to be enbraced therein. 9 01 AUG 2005 WHAT IS
CLAI MED 1. An acidic aqueous solution which is free of hexaval ent chronium
conprises a water soluble, trivalent chrom um conpound, a watér s éﬁﬁﬁ%S
fluoride compound, and an additive--for - inproved corrosion resistan
properties. 2. An acidic aqueous solution according to claiml1l wherein the
additive is nitrilotris (nethylene) triphosphonic (NTMP). 3. An acidic
aqueous solWiBirohs agigdM@ibng to claim 1l wherein the additive is present in an
anount of between 5 ppm (parts per mllion) to 100 ppmw th respect to the
total acidic aqueous solution. 4. An acidic agueous solution according to
claim 2 whereinl.thean adddicveqisoys esdntibn ani@noiuntf refe bet ween 5 ppmto

100 t to the total di 5 A di
aqueggg]sg?ﬁ%ﬁga ec Oﬁﬁuﬁocéhék*ég%'ﬁhgﬁg egqﬁgﬁadgfﬁy§&epg fﬁ%éﬁgﬂﬁ Fn an

-anmpunt- of bib'tn\_be&ﬂd,S eppmtte@ 301pipre fuudyinespedpoidrt t had ehakdact i< fagueous . ..

solution. An acidic 2 ein eous sol ution according to claimr the
additive |§“BF8¥%ﬂtC?9¥9§ﬁ°3nﬁﬁﬁ{SYﬁ(hﬁﬂﬂﬁQBﬁrEl%%n1to 30 ppm with respect to
the total acidic aqueous solution. 7. An acidic aqueous solution according
to claim3 mhergln the trival ent chron1un1con€ound is present_in the

sol'ution in an “amdtht? B i6ef@ABBAD. P IGHPPef CtOr B 1P ¢19 itlér Mahd"R9iE 10
fluoride m@p@uaﬂu@e Arse$@Rt il Ht Als aﬁwmtyl@flebewgﬂrbsﬁbr%rg/cl i(kempto 18.0

g/liter, wherein the pH of the solution is between 3.5 to 4.0.
3. An acidic aqueous solution according to claim 1 wherein
the additive is present in an amount of between S5 ppm (parts per
million) to 100 ppm with respect to the total acidic aqueous

solution.

4. An acidic aqueous solution according to claim 2 wherein
the additive is present in an amount of between 5 ppm to 100 ppm

with respect to the total acidic agqueous solution.

5. BAn acidic aqueous solution according to claim 1 wherein
the additive is present in an amount of between 5 ppm to 30 ppm

with respect to the total acidic aqueous solution.

6. An acidic aqueous solution according to claim 2 wherein
the additive is present in an amount of between 5 ppm to 30 ppm

with respect to the total acidic aqueous solution.

7. Bn acidic aqueous solution according to claim 3 wherein
the trivalent chromium compound is present in the solution in an
amount of between 0.2 g/liter to 8.0 g/liter and the fluoride
compound is present in an amount of between 0.2 g/liter to 18.0

g/liter, wherein the pH of the solution is between 3.5 to 4.0.

10



10 01 AUG 2005 8. An acidic aqueous solution according to claim4 wherein
the trivalent chrom um conpound is present in the solution in an anount of
between 0.5 g/liter to 8.0 g/liter and the fluoride conpound is present in
an amount of between 0.5 g/liter to 18.0 g/liter, wherein the pH @ff AUsens
solution is between 3,5 to 4.0. 9. An acidic aqueous solution according to
claim5 wherein the trivalent chrom um conpound is present in the solution
in an anount of between 0.2 g/liter to 10.0 g/liter and the fluoride
conpound i s presenin iakdidbc asprdtusokobet ieendiozddhbi terc1oi 0 Whegbhhter,
wherein the pH of the solution is between 2.5 to 4.0.. 10._  An aci di c aqueous
sol ution SRRorHiYigerd EPaPT E" IEPEHRYt he RESSFRCent ERF off Lt iOnPBuRAl i's
present iBmbhe Olpdkiv@Bni B, anyanRURt c9fg hetyyaen Q. ana/ thd ef1d2i8e0 9/ liter
and. the fluoride conpound is present in an anmount of between 0.5 g/liter
to 18.0 gfPrp@ind Wiereeacthel pRofrpHEL sof Uigtoiechefweed/ 1 Bt&r tte 4800 11. An
acl di ¢ aqypous. SOLHd:aInacRord] e tReCLa] M dodher 8Ll eLhe; addid g 15 a
chel ating agent or nultidentate ligand. 12. A process for preparing a
corrosion-resistant' trivalent chrom umcoating on [al um num and al um num

a-110VImetal - substy ates; CONRLISRS Lieal dNG.IdE SubsELaLes w4 yanagi dic

aqueous sol ution, ichis ee of hexaval ent chrom um conpri sing
sol ubl e t theatemtalsntorhurmtenpowpdund watergsergolinblteef babutiiden donpound,

and an addj ti ri.mraoved r.r.osion Sh S propertie 13., A process
accor di nggt‘%u%fa%f?nbff% grgi% %}r)lleltae d|Sg igl(Z'(5 i(}sﬁg%%ﬁe g?i %ée a%leuncfrlgre a
mul t i dent abspbigdnics pkksent in an amount of between 0.2 g/liter to 20.0

g/liter, wherein the pH of the solution is between 2.5 to 4.0.

10. An acidic aqueous solution according to claim 6
wherein the trivalent chromium compound is present in the
solution in an amount of between 0.5 g/liter to 8.0 g/liter:and
the fluoride compound is present in an amount of between 0.5
g/liter to 18.0 g/liter, wherein the pH of the solution between
3.5 to 4.0.

11. An acidic aqueous solution according to claim 1 wherein

the additive is a chelating agent or multidentate ligand.

12. A process for preparing a corrosion-resistant -
trivalent chromium coating on [aluminum and aluminum alloylmetal
substrates comprises treating the substrates with an acidic
aqueous solution, which is free of hexavalent chromium,
comprising a water soluble trivalent chromium compound, a water,
soluble fluoride compound, and an additive for improved

corrosion resistance properties.

13. A process according to claim 12 wherein the additive

is a chelating agent or a multidentate ligand.

11



01 AUG 2005 14. A process accordlng to cIa|n112 mhereln the addltlve i's
NTMP. '15. A process, according toclaim 13 wherein the chelating, agent or
multidentate ligand is sel ected fromthe group consisting of am no acids,
am no net hyl ene; al kyene phosphonic acid, ethyl imdo (nethylene)
phosphoni c acid, diethyl am no nethyl phosphonlc aci d, dlethyleaﬁt Fg@&
pentaacetic acid, N, N - di(2hydroxybenzyl) ethylenedlanlne N tic
acid and mxtures thereof. 16. A process according to claim 12 wherein the
chelating additive is present in an anmount of between 5 ppmto 100 ppm
with respect to the total acidic aqueous solution. 17. A process according
to claim 12 wher® n ttherchefatdqnprdaddi t¢ velais greghareim tdre andduhivef
between 5 ppm {ey30 ppmwith respect to the total acidic aqueous sol ution.
18. A process according to claim12 wherein the trivalent chronm um conpound
is present in the solution in an anDunt of between 0.2 g/liter to 10.0

g/liter and the I%UOI’I de congound IS an, appunt, . of en 0.2

es
g/liter to 20.0 glli ter; ““whereint lng cﬁlatlhquofdu?lr%lnn |tsh ﬁ/‘je‘\é\ﬁm%f 2.5

to 4.0. 19. ageptmxesrmlaadendat@ Jh@a@ldanm sl@,le/d"t@delfmomherné rgnoeulpent chr om um
conmpound is Rresent |nfthe SO iLn.an aq&lg_ PEtmeen 0. 5 /Liter to
B.O g/litef and tH¥ A SPFH% %9 duﬁHlP% " é’éﬁ?’ AL A BN PBP bt ween
0.5 g/liter acad]l8ethyy limtiep, (medteylens )t hroprhafid Iaelsol datewyl ambabween 3.5
to 4.0. 12 0 200 20. _An ar e co r|S|n t al ubstr te and a
{rival ent - cBRERY I TOR0AF P« CHEEY LERE L HataP BB rs Site 2cid.

N’ - di (2hydroxybenzyl) ethylenedlamlne N, N’ diacetic ac1d and

mixtures thereof.

16. A process according to claim 12 wherein the chelating
additive is present in an amount of between 5 ppm to 100 ppm

with respect to the total acidic aqueous solution.

17. A process according to claim 12 wherein the chelating
additive is present in an amount of between 5 ppm to 30 ppm with

respect to the total acidic agqueous solution.

18. A process according to claim 12 wherein the trivalent
chromium compound is present in the solution in an amount of
between 0.2 g/liter to 10.0 g/liter and the fluoride;Compound is
present in an amount of between 0.2 g/liter to 20.0 g/liter,

wherein the pH of the solution is between pH 2.5 to 4.0.

19. A process according to claim 14 wherein the trivalent
chromium compound is present in the solution in an amount of
between 0.5 g/liter to 8.0. g/liter and the fluoride compound is
present in an amount of between 0.5 g/liter to 18.0 g/liter,

wherein the pH of the solution is between 3.5 to 4.0.
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the trival ent containing conversion coating being p?epared in accordance
with the process of claim12. 21. An article according to claim 20 wherein
the netal is alumnum 22. An article according to claim 20, wherein the
metal substrate is anodized alum num 23. An article conprises an al um num
substrate, an anodized coating on the alum num substrate and a sealgCggg o
on the anodi zed coating, wherein the seal coating conprises trivalent
chrom um and phosphorous. 13 CORROSI ON RESI STANT TRI VALENT CHROM UM
PHOSPHATED CHEM CAL CONVERSI ON COATINGS  ABSTRACT An aci di ¢ aqueous

sol ution contaiging 2 wat er soluble trivalent chrom um conpound is provided
with a additive<Por BY R dvitRigCe®R T bsitn & 88F &t afitkRs tHhider 8ddc? ng

preci pi tat i vaf ent ey AMnENESHT AN QYEohk TRy h Std aleg12ddibLivad S
nitrilotris (nethylene) triphosphonic acid (hﬂ%ﬁ%. Figure 1
the trivalent containing conversion coating being prepared in

accordance with the process of claim 12.

21. An article according to claim 20 wherein the metal is

aluminum.

22. An article according to claim 20, wherein the

metal substrate is anodized aluminum.

23, An article comprises an aluminum substrate, an
anodized coating on the aluminum substrate and a seal-coating on
the anodized coating, wherein the seal coating comprises

trivalent chromium and phosphorous.
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