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
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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
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coating on anodized aluminum and a coating for improved

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, ziné, 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



hexaval ent chrom um cont ai ni ng conversi on coatings, there has been an
effort to enploy trivalent chrom um conversion coatings which are far nore
acceptabl e froman environnental standpoint. U S. Patents 4,171, 230 AUG 2005
5,304, 257 and 5, 374, 347 disclose trivalent chrom umsolutions for use in
form ng conversion 1 0l AUG 2005 coatings on netal s- The corrosion
protection provided by trivalent chrom um coati ngs devel oped or described in
these patents has been basically due to conversion of trivalent chrom um

t 0 hexavel aseatcmgsnPonnetater Hheaddings oxl dirpitagt agemnprovidedhéycoat i ng bat h

sol ution or by, NAsk EB?%{@Ptco%ftﬂng@:de%"cﬁ!e‘&”%&i SBQXPIJ:?éd”lnC%QsEQ by an

oxi di zing agent or by adding corrosion inhibitive species into the coating
bat h sol utipaternts hesheeemdralsicadag drawbaciorofrisheseof rixiatadmntchr om um

processes L5 4 N3k, EQ%&%&&PA%” RLBLEGHTON S B taééir?if SEId M8 85 agent
hexavel ent chrom um process and whatever corrosion protectionis p?OV|ded
i.s basi cal | in due tc@aoxngdabaion ssflutti pbrabety ghrsamtuartmenthexavdeent chrom um

either in the coating or coating bath solutian. However, in the present
process destf]bedion PRY T STHYRETORY PheT ipreViEd Eo? 794 oif Prof88tidn is
provi ded dueotmmsitdne iadsot pivorspeiciphosptonaie ogaoiups bith ongiuthann - In
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provided is basically due to oxidation of trivalent 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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solution over tinme. The precipitation results in material loss in the
solution and affects coating quality when the concentrations of key
conponents drop bel ow desired and required |levels. Accordingly, it is the
principal object of the present invention to provide a trivalent [chAdiilm
chem cal conversion coating with simlar corrosion resistance properties as
the hexaval ent chrone conversion coating and an effective stable coating
bat h sol ution, since these organic am no-phosphonic acids are known for
their capability to chel ate andufxRm oFompkexwsENwIdN trival ent netal ions
viz. Cr+3, A +3 Ptc. 2 AUG qug SUMVARY CF THE LNVEN&% | n accordance
with the present™ AFEREFBRACT HE ForBGoPRY S Whj edENTtLOP el f%}?ﬁﬂ?épﬁed. I'n
accordance vbiéct hes pleaseny ovveamedon, an aci di ¢ aqueous sol ution
containing -a. water soluble trivalent chrom um-conpound is provided with
an additive whi cl' iBSCOFFRRET vE Tty TRcPERIRt doWrasion: pRot¥ctdien 24HE ¥ @duce

precipitati @p10fidd idtak@Rhing W QlEteM QY elb1d Ma-ivEienddeh by Auk QMRHLSRS. A
chelating agent or a nmultidentate |ligands e.g. conprising of phosphonic
aci d groupstSaPBPedsd id tRofbi dtitdNewrt ietadet is€ £46EdvEr BRipsR FaAS®gands. The

preferred additbyesh fRoteet LI M irdRLbE thtidielkdent Be tdefdafd ves of the
am no- phosphonic acids, e.g. the salts and esters like nitrilotris

(et hyl ene) SPFPRHES SYGF EIRRTMVAIDE aRGdF b%S -ComphliteSapk fhe phibSphawied tagF ds,
ethyl imdo,(peibydEnSe PRGSO G achdsyi i f) b ABPRIR BYicRhesBhgRI C
acid etc., g?one or in combination with acetic acid groups as ligands. The
preferred additives for corrosion inhibi£ion 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 derivétive 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;



be one or the other or a conbination provided the derivative is
substantially soluble in water. BRI EF DESCRI PTI ON OF THE DRAW NGS For the
features of . the present invention will be made <clear fromthe foll ow ng
detail ed description. Fig. 1 is a scanning electron m crograph of trival ent
chrom um phosphat ed coating on Al 2024 at 5,000x nagnification. [)FiAdb )@5i s
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 cpatin on 024; Fig. 5 i S ning_el ectron

Gt oot aph of 4 Fiaalont | ehPBnFOi pREESIE R SEbatThg o TN 861558 000x
magni fication; 3 ,0 1 AUGn28@566¢y. 6 is an EDS 1 spectrum for SEM of
NTMP-15 coating_.on ,70\I 6061, Fgg 27 iS an ED? 2 §$ect um f or _SEM of NTMP-15
coating on Al 6081:' and ‘& " 8PP s® aPEDSUE SBECTFUM F I MEERP of ONTVEE 15
coating on Al 6061. DETAnLED BESCRI&AH ON The present invention relates to a

process for pre%ari ng a corrosion-resistant trivalent chrom um coating on a
ometale.. .. - 1ig. 8 . is an EDS 3 spectrum for SEM of NTMP-15 coating =

on Al 606;.

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



preferably alum numand aircraft alum num alloys, and an inproved acidic
aqueous solution for use in the process. The process for preparing a.
corrosion-resistant trivalent chrom umcoating on alum num and al uiinAl 2005
al l oy substrates conprises treating the substrates with an acidi c agueous
solution, which is free of hexaval ent chromum conprising a water soluble
trival ent chrom um conpound, a water soluble fluoride conpound, and a
corrosion inproving additive which may al so reduce precipitation of

trival ent chramilimy kddactor dancetriddtrishampriegeate) nuenthosphohhe addi ti ve
conprises a g ating agent or a bi- or nultidentate |igand. Generally, the
additive i prégent in an anount of between 5 ppm (parts per mllion) to
100 ppm wi th resphectifotéheadiatial agoadungaoltubnooompr efer ablwyptebet ween 15

ppmto 30 p ith respect tqg the total coating ol uti.on. Tg referred
Rdi i ves 1 BPLERNT SETSRLT AR BICTOR™ A UE t RavABPT vaTI e dFuPRESEm no-
phosphoni ¢ aehglsinde agid hheamisal-phoaploesd edcsd chkRpohdd) | otid s rireié&yd ene)
tri phosphoni ¢ ,NTNE?, hydroxy-, am no-al kyl phosphonjc acids, ethyl irqido
(et hyl ene) CBﬁ%’é’Mb Oepaﬁmsl,éy RECRYF a%ﬁﬁenépﬁyr?%olsrprﬂfhgaem_a&i detc. . my
be one or therwidiero.or g2l cosbitAtcRn gy oMidled pireer 8Ty MdtweRnl 8. 5
substantially soluble in water. A particularly suitable additive for use as
a_corrosipng(h¥ﬁ?ﬁ1ﬁ°v§'8nﬂ(%&ﬂqﬁﬁ'oﬁ?ﬁ BRI 2605POURAbt T iRYP S&Ai L7V s
nitrilotrisapsBihydenerwbéh phospfyanicerach . NTM7) iteFhepch fditaed yagi gi c
aqueous sol ution conprises a water soluble trivalent chrom um conpound, a
wat er SOIubHél%W%QHFHéS'O g/liter). The diluted trivalent chromium

coating solution prepared 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



conpound and anam no- phosphoni ¢ acid conpound. The trivalent. chrom um
conmpound is present in the solution in an anount of between 0.2 g/liter to
10.0 g/liter (preferably between 0.5 g/liter to 8.0 g/liter), the fluoride
conpound is present in an anount of between 0.2 g/liter to 20.0 g/HiAtr2005
(preferably 0.5 g/liter to 18.0 g/liter). The diluted trivalent chrom um
coating solution prepared in such a way has a pH between 2.5 to 4.0. It has
been found that by using the coating solution containing trivalent Cr in
the anpunt sbdRirseerid§0ippmiat36) ippm AFdiwydide EDothe Anmiviatketreen 200
ppmto 400 n1and corrosion jnhibitive am no-phosphonic. acid conpound |n'
t he annuntg B REe 2T oPhPIRTSS 39 BpiTo % ﬁéhg 88r?gsF?ﬁF[ﬁ9ﬂﬂﬁﬁPPon

obt ai ned anguiRGieRl Fabhom Ofi dH,i &L eRbu ks OMYMins 11 edteedo £ QVEkyaktbl® vvhen
conpared to coating solution Wit hout am no- phosphoni ¢ acid, as evidenced by
the fol | owi R Sedpier E3VPLRWerh&of 8fF ol iy g litarn2e otleidigefons
-Mer.e. pr.epargglip é%%rck Bo 30t 11 %s 8rQpatLqafy Q1s(s|o|llv)in?abtl'rﬁ]l Qs wat k. . Part.
B solution: 18.0 g/L of fluoride conFalnlng salt in wat er. NTMP

sol ution: 1@GﬂﬂpﬁﬁpéflNlV?F?%HQﬁ:¥Tvﬁetﬁy¥%%ﬁsedtﬁroﬂh§§§ﬁ6ﬁ$%d%&ﬁﬁj (St.e. NTMWP
in Dl “ﬁterLth§5@Kﬁ0thh@@$mMEQ% preRated, aQQQH@&@QttQllﬂﬁéicﬂdé%Mn@
procedure given ‘bel'ow. Part A i.e., Chromum (I111) sulfate stock solution
was prepar ety divgdenyi vers. Rraparet aEFoRiEm tehitdRi GATBES RIS conpound,

purchased f§om £l %arr(—,lmwuk%e \é'o)auhe Bath L& R ondGhonb 260k L ) water.
The solution was allowed to equilibrate

without NTMP to use it as a control coating for evaluating the
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:



5 01 AUG 2005 before using it. Part B, i.e., Potassiumflouro zirconate
stock solution was prepared by dissolving 18.0 gm of this conpound,
purchased from Al drich, (MIlwaukee, W) in 1 liter of DI water. The qsgl H@\g@?
was allowed to get fully dissolved and stabilized. NIMP stock solutt A
prepared by dissolving 0.1 ml of 50 wt. % solution in water of NTM,
purchased from Sigma-Aldrich (St. Louis, M) in 100 m. of D water.
Different diluted coating bath solutions were prepared according to the
conpositions |iktedAld Thbl eest aow@onsayerry msethiRndeRUly omb wadedhoephpel
wi t hout NTM2; - C |, ~Goat,] val uat | et fect of
NTMP on co?/'rg(l)lishlgtcsj;l&&'f)ler{r(%E Sr%%ggegﬂf{]eg aﬁﬁ g%égﬁfﬁeﬁj %goﬁg??glr]%%brbé%ign t he
range of 3. 5ith4Kwwipgisi®eunder Qonpasiot tenswaferxoaflihegcbapdnsoiand ons

700" 1800 - i ROLL NTHES RTHR B 165700  1e00: 10~ NTVEZRE" 160*500 “£565°20

NTMP- 15 100 ith0er4809 i30 baNfEMPoROC kG0 £260c480h a0 NTMP- 25..100..100-1800-.50 ... ...

20,100 00 1B 8 b D8, 00 LB LSRR B B T o
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.



coated in duplicate. The coatings were devel oped per the process described
below. 6 01 AUG 2005 1) All the test coupons were nechanically abraded on
both sides using scotch brite and then cleaned by lightly rubbing k%

Ki mui pes(r) under running tap water. The coupons were finally rindedAUg 06
DI water and dried with paper towels before immersing-in bath solution for
coating. 2) The test coupons were imersed in coating bath solutions for 10
mnutes at roomtenperature. 3) The coated test coupons were |ater rinsed

with DI water and air draerk fior -asaleasdy 2rhoursst THsdaltwe- pi nk-vi ol et
col or chem eai—eeme-w-en—
phosphorou§ deV&PoP8d on | he "Surfat& of N 2024 and °AFT806£ %l | oys. These

coatings were evaluated fpr coating wei ght andlc®?dosi on perfer riFasice.

A s

NTMP- 15  coathigoWas: eHos0 EXamm Netdo by SEM ERAX0F 1P phol Gk Eation spots,

characteri zati on. he coating wei ght of aII the devel qpe atJ
found betvween.O. liglng/sq inch to 0.5 ny sq Jlb 4 q orros}“‘or?grteoéf’stcmce
properties |were eval uated py exposing thér panel%felao salt fog sprey test |per
ASTM B 117.] The ntesul ts afe summol zed 1 the falkkbownng [Tabke blrosioD1 AUG
2005 Tablg Il - Salt Fog Spray Test Resultg Coatdng,J R No. of Hrs.
Qobservati ons :

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) for coating on Al 2024 is
shown in Fig. 1 and EDS spectra for the same coating on Al 2024
are shown in Figs. 2-4. Similarly SEM micrograph for NTMP-15
coating developed on Al 6061 is representated in Fig. 5 and EDS
spectra in Figs. 6-8. Both, the micrographs and the EDAX spectra

8



Al 2024 Al 6061 Control, w thout 240 Corrosion spots, Corrosion spots,

NTMP 15-20% of ‘total 10-15% of total area area NIMP-5 400 No corrosion No

corrosion spots, stains at few places NTMP-10 400 No corrosi on No corrosion

spots, stains at few places NTMP-15 400 No corrosion, No corrosi @ Al Aisns

at few places NTMP-20 400 No corrosion No corrosion NIMP-25 336 Random

corrosion No corrosion pits at fewto except 2 pits sonme places found

around the concentrated edges around edges, black staining type of

corrosion NIVB- 30, 336, Randam gor £osl o MaCQLL0S! O, RSl gintl, Alnd ew

pl aces concentrated “‘around the edges, back”’s alning type of corrosion
conversion coating. It is believed that the phosphonic groups

of amino-phosphonic acid get adsorbed on to the surface of
alumium oxide and form Al-0-P chemical bonds.

This invention may be embodied in other forms or carried-. -
out in other ways without departing from the spirit or essential
characteristics thereof. The present 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.



Coati.ng norphol ogy: NTMP-15 trivalent chrom um coating developed 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 m cr()graﬁg E@QOOS
NTMP-15 coating devel oped on Al 6061 is representated in Fig. 5 a

spectra in Figs. 6-8. Both, the m crographs and the EDAX spectra 8 01 AUG
2005 reveal the presence of phosphorous along with chromumin the

conver si on Wtiddt i Aig-LAMMEDs bel i eved that the phosphonic groups of

am no- phosphoni c acid get adsorbed on to the surface of al um um oxide and
formA -O P chem cal bonds. This invention nmay be enbodied in other forns or
carried out inlother asagsicwegheuls dejarttbngwhiidmiherepi pift or essenti al
characteri %ti CS iher e%f. The Rr esent errbodicrrent Josbth%{lef ore éo be .

consi der ed "§&4 AT FESPEETsCPTRUSIT afi VB aha® Wot° Yedtrietfik, Chifd i ¥¥ope of
-the invent icompbendlg d Rdikeat edl byt ¢ B ucappendedosdad, Mandand abbichanges which. ..
come within the ani ng .and range of e(iui val ency are intended to be
enbraced t HEPEPHSY PHFOELRDGEOBDOE 2 WEAPIPBSELAFVED 1. An aci di ¢ aqueous
solution which is free of hexaval ent chrom um conprises a water sol uble,
trivalent chromum_conpound, a water soluble fluoride conpound, and an

additive--for -2 npto\sd9e6r PEREOTS rlESHRRCR PP EYENY itk S131Maf wR§IHiC
aqueous soldiel eadacces disngiteitbatr i 1(ni@kekAe) triphosphonic (NTMP).

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



the additive is nitrilotris (nethylene) triphosphonic (NTMP). 3. An acidic
aqueous solution according to claim1 wherein the additive is present in an
amount of between 5 ppm (parts per mllion) to 100 ppmwi th respect to the
total acidic aqueous solution. 4. An acidic aqueous sol ution accogdi g H®
claim2 wherein the additive is present in an anmount of between 5 ppmto
100 ppm wth respect to the total acidic aqueous solution. 5. An acidic
aqueous solution according to claim1l wherein the additive is present in an
amount of betwveenm ppadio 3uqpm sl bhidsrespeeirdiagt be ¢ndahl achdireiaqueous
solution. An acidic 2 wherein 6. aqueous solution accordi ngc,to claimr the
addi tive FB8epresEitenitn CBRCBHTUMCTEPIBRt WedtF B SHEmPotB® PPHHtIAY ANy 88pect to
the total sacht GraWLeQUsHSO! sitd Ontef. tég asighiiG raguapy st 8ol titdnqaccor di ng
to claim3 wherein the trivalent chrom um conpound is present in the

sol uti on FANRAMNGAGURE 6PN bet hedn 200N/ ¢f thatwesng005gaf | vt divd 18he
fluoride poLN i e t t 2-ofdldtersto 18.0
glliter, \?\ﬁé)r ein Sﬁeésaﬁo?ﬁ?h%ﬁ ;bo]fagpi@gﬁg%t QJcent \%%e\r?%%p%g? o3 '43[.) Oﬂ.Ot %O O01 AUG

2005 8. An acidic aqueous solution according to claim4 wherein the

trival ent chrogumc apd. i e inot l.ut.i i . of
between 0.5 g/ itgirn %gqggg ag#lfelc'g{asr %g%t%ﬁ% %%uozfﬁlg‘ ng!r:rg%%pﬁdB i%g%g%gent in
an anount tbé betwelemt0 chrghliun erortpoun8. Os gyfdderdr inwhbeesnlthiorphlinoknt he
solution LioRet WeeMBeho%s O/ Prece8O1 616 HAUGYS 278! HRL OBy AGSQLAI Ng o
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 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



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 is present 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
claim6 wherein the trivalent chrom um conpound is present in th61£@gbuﬁion
in an anount of between 0.5 g/liter to 8.0 g/liter and the fluc

conmpound is present in an anount 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 claim1 wherein the additive is a chelating agent or
mul tidentate |ighhd. AlRProgeps coesdfiiog pe eplarimg 2avbereiositde rddistiemt '
trival ent chrogiys coating on [alum num and al um num a-110YI net al

substrates conprises treating the substrates with an acidic aqueous
solution, which is free of hexaval ent chrom um conprising a water sol uble
Arivalent chrom um comound, . 20666t ., S01UPLG hhugrlde; cqmmound, andyan
additive for inproved “Corrosion resi st ance properyles.ll . ATprocess

accordi ng t egehai or Iiilwhdepiatd Neigaddi i sveeldeal chehathaigyagent or a
nultidentateoli?and. 11 01.AUG ZQPS 14. A\£&9 ess ac Qrding}to | aim 12
wher ei n t he “REAFTFVY i RFVPY 15954 BPoRRSY é’éﬁfdiﬁg YU &MRSEERAEr ei n
t he chel ati rgid, agenil dmiaul (mekentlaine)| paasnshdrs sekedt edi 4o e ngr oup

consisting of &M NG, AGha%: AILIQ, TRILRK, 08 Al KNS RNPSROONC acia, ,

N’ - di(Z2hydroxybenzyl) ethylenediamine-N, N’ diacetic acid 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.

12



acid, ethyl imdo (nethylene) phosphonic acid, diet%yl am no et hyl
phosphoni ¢ acid, diethylenetriam ne pentaacetic acid, N, N -
di (2hydr oxybenzyl) ethyl enediam ne-N, N diacetic acid and m xtures
t hereof.” 16. A process according to claim12 wherein the chelating additive
is present in an ampbunt of between 5 ppmto 100 ppm w th respect taq{Rg§ 2005
total acidic aqueous solution. 17. A process according to claim 12 wherein
the chelating additive is present in an anount of between 5 ppmto 30 ppm
with respect to the total acidic aqueous solution. 18. A process according
to claim12 mherﬁgn éhe tniialent chrom um conpound is present in the
solution in an &Mount® gt EH5eBwERRPBL LY i feFat oSURStragel pRdraand t he
fluoride copeundntScodd8%8RL £bn j j yes Ikt 4 20.0
g/liter, wherein the pH of %he sg?ﬁfggﬁQ%SQ%g?a%en pkﬁggggt%héggfdg%é. A
process accordithgvebert fiomtadninerednveadsdonr coat Brg beicly preparednpound. i s
present in the soluLion Q.h%np%@é‘ég Oog Cllg(ﬁnw?;n 0.5 g/liter to B.O g/liter
and the flJoride conpound is “present in an anount of between 0.5 g/liter to
18.0-g/liter, -wherein the pH of the solution is between 3.5 to 4.0. 12 .01
AUG 2005 20. Ap.arjficle.conprising a netal substrate and a trival ent
cont ai ni ng conv rlSiZRorrl] a&:rgtaltcﬁﬁgacéﬁof(%]engrré-‘[oaldgﬁlﬂs?(ﬁ AT Ehey peEr brtS
cont ai ni ng Kamiangi on coating bei-ng prepared in accordance with the process
of claim12. 21. An article according to claim?20 wherein the nmetal is

al um num
? 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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22. An article according to claim 20, wherein the netal substrate is

anodi zed al um num 23. An article conprises an alum num substrate, an

anodi zed coating on the alum num substrate and a seal -coating on the

anodi zed coating, wherein the seal coating conprises trivalent chrphilfpEghd
phosphorous. 13 CORROSI ON RESI STANT TRI VALENT CHROM UM PHOSPHATED CHEM CAL

e 2 LSRR ST T AN TRVALBR T OHONEERE, 17 5

pr oving cor ANBHRBEORS COMTINGS, Lo Gt

i mproving corr &'SHQ’SEHAFEE%

chromi umover tine. A suitable additipggracrnitrilotris (rret hyl ene)
tri phosphonic acid (I\FI'I\/P) Figure 1

An acidic aqueous solution containing a water soluble

trivalent chromium compound is provided with a additive for
improving corrosion resistance and reducing precipitation of
trivalent chromium over time. A suitable additive 1is

nitrilotris (methylene) triphosphonic acid (NTMP).

Figure 1
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