s;'uve3eH~El (T 6*T~28:7 02-257 CORROSI ON RESI STANT TRI VALENT CHROM UM
PHCBPMTEWIII‘W"MMWHO\NERSI ON COATI NGS BACKGROUND OF THE | NVENTI ON

The prese relates to a process for preparing a

corrosi on-resiggl@nt trival ent chrom um phosphated chem cal conversion
coating for corrosion protection of structural alloys preferably alum num
and aircraft alum numalloys, and other netals viz. iron/steel92-26c or
gal vani zed steel etc. Oher different a ﬂ i cations of this coating al so

include as a sSEARBAONnGESASEHECITZedAAFURT FREAMEHYVY BHEBEATRP fSEMIRPEOVed
durability of adhesively bonded abutmsonstbretuces. Conversion coatings
have be i y used in nmetal surface treatnent for inproved corrosion

i nn\lﬂm@\ﬁ@m‘m&hl nproved adhesi on of a subsequently applied paint |ayer.

Co ings are appl igdxEREGUIHCham erlpfean | ons between the

met al ardisethe bat h sol uti on which converts or nodifies the netal surface
sinto a thin fil A& PRETRHuiinE&nE bRt FDrfdleSpLteper PFeaes sConvePsEpar Buatd ngs
are particylarly;ysefad; dinsurhacs LxeatyRpt WAf pIB A SUCheAS 2 St eel,
zinc, alum num and nagnesium In the past, chromate conversion coatings
have proverfangepélphecisinds deEesSTIescunwersrohlieval msutsrral uadlaws and
magnesi um Howeven; , T iBhe: GRAAVES 8L ATkCaLLREEm Used yd] Lhe P@ﬁérgenera' ly
cont ai ned highly toxic hexaval ent chrom um The use of hexaval ent chrom um
resul ts inEoEAAt VAE - hazdl/d66s lwok kia P e eridivendned foreqdr 66€ss Opesat ors and

very high costes fart X‘ﬁifﬁzaqii%ﬂgs_@k-tfllf‘s YR n} 02 PVET GRITR g s PL 0Dl £TB

associ ated with hexaval ent chrom um contai ni ng conversion coatings, there
has been arfeeffiant ok o2 Rafplasy BAPRaPEhtachrorPam BOMET SiMBAoEedt i ngs whi ch
are_far ”Drd%r%%%%?bé@ 4drUB:3R1 6N¥LE QNMENLAL n§hapdRQidifre Y. S. Patents
9,171,231, 5,309,257 and 5, 374,347 disclose trivalent chrom um sol utions
for use in forniCRgVesM/@T Siastings B2vesraioatifagy witdreramstaTheueirqosi on
protection yWQvhdad byr LidMalveRt c6PEOM JHMiGAALE POS, dawels ?‘%Qv@& descri bed
in these patents has been basically due to conversion of trivalent chrom um
to hexavel @#thechrBnPlinG et HFEIUBYPtaddiRRY ‘6 #R2Phglagent (CRnYRESE@ating bath
sol ution orcdut;p@st aké (f!‘i%@d Qhrbign deyplapedecomVGl SR weQat g by an
oxi di zi ng agent or b% addi ng corrosion inhibitive species into the coating
bat h sol utiatall Anet ket RATISOlehectrdwsdc €osr e heser tAVALERt TRhirtiiaim

processes igudfiak theo COrdaS @R IRr Ot etiQiirsangtnasi afdieehbyereses.
hexavel ent chrom um process and what ever_ corrosion_protection is provided

i s basi cal ISPTdG&E 56D 0%PEHat 1% 26F PR VEF &R lohFeRT i ¥'b HexXaFal BRt=EMiBm um
either in tdee e@AtbNGuOK £Pa isR@ebat Hi SOl WLBAnuFONRY agnieRibLRE PIeSE
process described in this invention, the inproved corrosion protection is
provi ded diRPSto CHECBALRDrIRNVGT SdPPpRORPHIATNE VG BEPLebtd &g tERaPSt

functional i zed<aigani 60,8 NA-PNesRIoRES A% d1GANREH NS i gakBilAUM oxi de
surface to form Al-O P coval ent bond and subsequent formation of network of

hydr ophobi FIRYEF  oFRFOBALE FANVEESEDT roRd o Isptiaed I fifra Rértapaimatk! Yof
these trival&iaiGBEOAL M Prasass aexasl &l dnrorgueousrisoluslel @Bs is the
formati on of chrom um containing precipitate in_the processing, bath
sol uti on oVE*AVieENETRRT PR ﬁiﬁ%lﬁ?ﬁn“?é%‘iﬁ%liaﬁ %T%’Cf%s "OSEPR t he
sol ution ansbrafiftaehs €oatpIirGUabbbyavben drie veepceingn addsans rok keyte
conponents drop bel ow desired and required | evels. Accordingly, it is the
pri nci pal o%“jsé’(&sa&f the present invention to provide a trivalent chrom um
chemi cal conver Sin0Braeat t Hpwdrideme Ghé aprSWRSheBot EStesd aned properties as
t he hexaval ent chronme conversion cgoating and an effectjve stable coating
bat h sol ut i ¥ravdhses CREYRL Y SOt 1 BM A PHESSHGR 80%1%%’22%5'artgelfﬁomsfor
thei r capabibddr art @ rgbet at® anpd SyorFi COTGHEXBT Wit s s2vh BBhalngoONS
viz. O +3, Al+3 etc. 2 02- 257 . .
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



L SUMVARY OF THE, | NVENTI ON I n accordance with the present invention the
foregoing object is readily obtained. In accordance with the present

i nvention, an acidic aqueous ___ solution containing a water-soluble
trivalent chromium conpound is provided with an additive which is
effective to increase corrosion protection and reduce precipitation of
trivalent chromi umover tine. The additive conprises a chel ati%gsEgent or a
nmul ti dentate |igands e. onpri si n% of ' phosphoni ¢ acid groups alone or in

) C .
conbi nat i oW 1S F‘&ga%:?d rBUFSTEE ST PR S CEHe pPEP BT IS 2¥ddi ti ves for
corrosion tphididitornirBRk wdecd e ey Weatl¥yesd ofr (e canbee- 1 pPhasrloni c
acids, e.g. the salts and esters like nitrilotris (nethylene) triphosphonic
(NTMP), hyBRE58~S Nafi RESAI RYT L phosp ki ECati e Sdthy PLi H\bafer?ét hyl ene)

phosphoni ccpeditum doehByhvar moneityi uphesphenirs, aekdngt 6xidiBhPaqene or
the other or a conbination provided the derivative is substantially sol uble

in water. BRIEF DESCRPPTPEN' GF°HHE DRAW RGP For~ 178 treat up es*hst the present
invention Mévdidededavelsasn feomithe of,obh oyt NG delakbbed: desdy RWL9ARe Fi 9.
1 is a scanning electron mcrograph of trivalent chrom um phosphat ed
coating oncHI*ZOFY ANNSLHDOYE nERfifi S AN BNt NFi QAT NPUs PARN EDS U i9Pect Faim f or
SEM of NTMPri&r GatdsNdoal AdadZ®i It Ghedel r AL IERE 2n8BRCHE YRJREsSEM of
NTMP-15 coating on Al 2024; Fig. 4 is an EDS 3 spectrumfor SEM of NTMP-15

coating oniAItHREheFicgrrgsian PrAULTHLRG &F ettt 6iF RiféreEt B8P oOf trival ent

chrom um phesphatad eBabhiam 4P fde £0GhqaLn2t SHOX JBRGBLEbRAb B3 on 924~ 257
Fig. 6 is an EDS 1 spectrum for SEM of NTMP-15 coating on Al 6061; Fig. 7

i s an EDS Prepkiad dm PapisEM biaueTie- o5igahi phe ok rAY266BY ; Clyffpium to

Fig. 8 (_ hexah R 3nsBRCLAUM {10y SEMQE DIMPAlp 50@bEAGnOMH AL 6061.
DETAI LED DESCRI PTi ON

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-O-P covalent bond and
subsequent formation of network of hydrophobic layer over all
zctive corrosion sites. A further drawback of these trivalent
chromium processes and acidic aqueous soluticns 1s 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—phosphdnic
acids are known for their capability to chelate and form

complexes with trivalent metal ions viz. Cr*’, Al*® etc.



. The present invention relates to a process for preparing a
corrosion-resistant trivalent ghrom umcoating on a netal, preferably

al umi num and aircraft alumnumalloys, and an inproved acidi ¢ aqueous
solution for use in the process. The process for preparing a
corrosion-resistant trivalent chromumcoating on alum num and al um num

all oy substrates conprises treating the substrates wth an aci’dra®7’aqueous
solution, which is free of hexaval ent chrom u rising a water sol uble
trival ent chroni um conpound, 3 NRer %&oiltbl ENn‘% r{Ee conpound, and a
corrosion inmpraow Rgcaddhtdiy 6 W eReMBye 840 iMOAHEEORT €64 P d:aldoaR g Of
trivalent chromum |In accordance with the present invention, the additive
conpri ses @I 45 n§eA§ENtOVP1&eBi- or multidentate |igand. Generally, the
addi tive is presentcbPdaficanpunt +at petyaan 15wemh69ar£§ £erqd bhi,eslsto
100 ppmw th respect to the total coating solution, pref erably between 15
- ppmto 30 PpHMITHhCPEERERINE & (R of o @l uitlsnttirigad enut Florem T preperd ed
addi tives for,,caniRal Qneh N Riddien vk ngh ude t&%f@@&ty%lﬂ/@%mrea@% am no-
phosphoni c aC|ds e.g. the salts and esters like nitrilotris (methylene)

tri phosphof?E (NPIPPL Ryt by -Anda kPABCEI REAC iFHESHRBRAI ef aet i&ledthyl im do
(met hyl ene}n pliospheRee aehds, hiehhyh « am ¥k sPROSPEON G PGIdnet 6r, My
be one or the other or a_ conbination provided the derivative 1s
substantlaﬁl@”%ﬁﬂQﬂ@FétPnl%ﬁﬂﬁﬂs %Agpaﬁ?mﬁﬁﬂ%ﬂq%/Q§UPP85P@PQ&Rh%qh¢egﬁéPPﬂse as
a corrosiogy hhidd tinVecahth S0l dH LeRn4ace 0% ?aﬁdsbéghbr Ltys addiddase i $re
nitrilotris (methylene) triphosphonic acid he dil uted acidic
aqueous soPigfrecorpAisé%ea indt €PrseFLpt elit %W&Il@ﬁtl’éﬁiﬂéﬁﬁ UdMeonpound, a
wat er sol UQéﬁlJaltlinre' d%fCQﬁ@%&%angh@Qp%ﬂﬂo aqliggphgngl;c acd s pepgyad. The
trivalent .. . chrom um conpound is present in the solution in an anount of
bet ween 0. 2S®#1S tldrket Slielbo‘gﬂ% té‘ﬁtgb%%‘f@r dviipheriernc 0B )liiter to 8.0
glliter), f{grdil rlaﬁhgneom&w HoSpRbESEM cidy, AR tAYFRUNG: @ 2M§28nA) 2
g/liter to g(? }uo liter (prefegjalg)lgf/J 0. §5 g/Il({ger tolyl@8 0 gél?ﬁ\f?q The

di | ut ed trpky%wmnl@maémiam%Je%ttfiyﬁga@énawwlprpélﬁépéanﬂﬁ 3¢t o way™Ads a pH
between 2. 5.ton&.dd tht Bagepesn f eupdi hhaloDyh 3iiBadt BRe Coati g i8el Wki on
containing trivalent C in the anounts between 100 ppmto 300 ppm fluoride
in the anp&Wes bEtWedn 2001 ppif tie #66°ppm and corrosion inhibitive

am no- phosphoni c acid conpound in the anounts between 10 ppmto 30 ppm
excel l ent corrosion protection i s obtained and Ei)r eci pi tatl on of trivalent

chromiumis reduced over BRHET ITSTREEAPAY € 1T SAAFAYCS ol uti on wit hout

an nophosphoni cr@citthe @8aeVWi&ensednly ptBged©l Irﬁmnmgoaxanpi Epe RSANMPLE The
following three main stock solutions were prepared: Part A solution: 8.0
g/L of O EFPRy % thR EPLIRHIY detalled 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;



Part B solution: 18.0 g/L of fluoride containing salt in DI water. NTM
solution: 1000 ppmof N trilotris (nethylene) triphosphonic acid, i.e. NIM
in DI water. These solutions were prepared according to the follow ng

procedure given below. Part A i.e., Chromum (Ill) sulfate stock solution
was prepared by dissolving 8.0 gm of trivalent chrom um sul fate conpound,
pur chased from Fl uka (M | waukee, in1lliter of deioni zed 061515)7 wat er .
The sol ution ovved to e |I brate 2- bef Part B,
i .e., Potassium fgl ouro zjl“srcaonngtﬂ> Ilt o@‘ﬁc%%ﬁnbtfooorn%\%gs gr@% e arlg%ol Vi ng

18.0 gmof this corrpoundonmjrcﬂmased from Al drich, (leaukee ) inl
liter of DI wate he spl uti owed fully dissolved and
stabilized. NTI\/I5 st:; k sol dt] g:E) SB?%E)%‘%%&%%&SQ%NA%%% R8¢ 50 wt.
-%solution in water of MNNMR qodnchased from Sigma-Al drich (St Louis, M)
in 100 m er. Different diluted coati ions _were

pr epar ed accor?l g %o t he° cad}rp@ £i SRECTT'E %%Iia % Nﬁ%— e “C84ETAg bath
solution was prepared wéhaut edBVP to use it as a control coating for

eval uating the effect of NTMP on corrosion performance. The pH of all bath

solutions were in the range of 3.5 - 9.0. Table I - Conpositions of coating
bath sol utions Solution |DPart BefanDsPanEsBrR{eL)®E water (nbl) NTMP
(m.) Control,

NTMP1001001800 Tkiﬂvﬁr%i%‘iddi‘@‘d&f@mwib%o%@lé’éﬁﬁﬁRﬁrl\/ﬁf’ﬂm@féé’i%omomw
- 2010010018&&4@%%&51@0&0@&&&&5@@1%%@&@%0%&@@6@ & 1a te 2301 Ut i ons

wer e prepared. at i f | s h Al 2029-T3 d Al
6063 7o DTPESEtar Ly g kit B ee e AL S HE o dthge war 6

devel oped pegrdve@ 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



'process descri bed bel ow. 6 02-257 1) Al the test coupons were
mechani cal | y abraded on both sides using scotch brite and then cl eaned by
lightly rubbing with Ki mM pesO under running tap water. The coupons were
finally rinsed with DI water and dried with paper towels before inmersing
i~ bath solution for coating. _ 2) The test coupons were imrersed in
coating bath solutions for 10 mnutes at room tenperature. 3)022&7coat ed
test coupons were later rinsed with DI water and air dried for at |east 24
hours. TheSHRIISiYnRAGE bt iSordf réhend kal (MeGRVEERE bt IWFRaSRST havi T
adm xed oxiw@gasp)of chrom um and phosphorous devel oped on the surface of Al
2029 and Al 6061 alloys. These coatings were evaluated for coating wei ght
and corrosion peé¥f Girahee.2 NFVP- 25Ueeat | 7Y WkdSNaFSwP Bikaaf ﬁeMaﬁ§rSEN1EDAX

for nor phokogiwal trgbaxé% ecmr%%tlhﬂnw;r rrooata' wgtwgéht fe 31lobDge
devel oped coatings was found between 0. 15 ng inch to 0 5 ng/sq. inch.

The corr osFO s spdnge %W@ﬁéﬁ@Pé@hQ@#QaﬁﬂkﬁlGQ@E@U®® expesitagvehenpanel s

to salt fog,spramn LeRbonRs ASlg'Megeh@?mWe %%H'ciéna{r? AHTRLhzeds i n the
follow ng Table 11. Table I'l - Salt Fog Spray Test Results

Coating | DrBEWasm 2. Qbé%#%%ﬂxbﬁ§A@ QOQQ#Z‘G@@QGEﬁ@b%M Jbajiwelepuf 200Cor r osi on
spots, CDerﬁifHErSQgt§ b“@fﬂ%ié%@ Stgé ffﬁdﬁl%@ %émpgﬁnd is presen?eln an

t ot al ar eaar eaNTMP- 5900No” cor r osi onNo corr osi ons ots, stains at
pl acesNTMPIQITO KRG é@Fw%%m dhio 9¢éiEesiohsifotls 9/ iBehs(prefarably 0.5

pl acesNT l\%ﬂﬁg&(}’\'%(?@érm;ﬁpﬂt'@‘} COr ¢RS1 ANSHALNS r 8ha I &P AGSRNTNP- 20900No

corrosion corrosi onNT 25336 andon1corr03|onhb corrosionpits at few

t oexcept 2cprtisoelpt dersiranad edr duneuehec vavehe s a2 edbdipdsgesudds to
edges, bl ack_ gt ai ni ngt ype of corrosi onNTMP- 30336Random cor r osi onNo
corrosionpits found at fewpl acesconcentratedaround the edges, bl ack

st ai ni ngt ype ofltcdesobeen Toad ffahobphotiogy thRTMPeUBG rgalaltért chrom um

coating deygloped ,gnt Al v2024 @nd; ﬁ%ﬁ@%d@&seé@%@@ﬁ U5 NGSEM EBRX.

Scanni ng el ectron m crograph (SEN@ for coatln% 2029 'i's shown in Fig.
1 and EDS Bpectilacréfet he Yeneregati hgtwiena0 ogzzmaﬁ'c@ SHowrmi Anfi gs. 2-9.

Sinlarly %M@Mnoghﬁml{p&e Mﬁwﬁoléh@%dm quel 9&@&0191?1 Al 6Q61 is
representated in Fig. 5 and EDS spectra in -8." Both, the m crographs

and t he EE%WP%ﬁﬁiﬂﬁe ween 10 ppm to 30 ppm, exce lent corr051on 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 soclution 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



- ~-

.8 '02-257 reveal the presence of phosphorous along with chromumin the
conversion coating. It is believed that the phosphonic groups of

am no- phosphoni c acid get adsorbed on to the surface of al um um oxi de and
form Al-0- P chem cal bonds. This invention nmay be enbodied in other forns
or carried out in other ways w thout departing fromthe spirit or essential
characteristics thereof. The present enbodinent is therefore tn2be
considered as in all respects illustrative and not restrictive, the scope
of the inbeheforidaiongti-ndPeat ¥ by &-he Pappentlet flwines ziandnald leathges
uhi ch comeoyhi Iu e pFeagiog BNt {Ands al eaul val eicy asebabanded to be
enbr aced tﬁereln p'02?1257 v§¥ﬁbﬁ§§%%4& D 1. (%ﬁ aC|d|c ggu%ous 'sol ution
which is Pﬂé@h@ﬁ64uﬁaymaﬂédrlehrcﬁﬂiﬁnauﬁﬁpvl@és %P\MaﬂeﬂegobﬂbDé watieral ent
chrom um epOPOING. ; & WALEL1 $QLUPI & | eLEOVfUi;yC Wgad and @'@a@dﬂzlt 'd;’e for

i nproved corrosion resistance properties n aci di ¢ aqueous sol ution
accordi ngNFYP cé =i dn Bodérennweheperitintsidvyi gimservirat 0.9 - (et Ay Ene). - -
tri phosphgn ). [ a | pg i ordi laim1
whereim tRe ST AT e e e e B BB TR R DL S e
mllion) Loul®) Nfpmiw t1IR0r st pect DI)Mdnertotahfé@ith:dyiueQGSCS@ﬁlng on. 9.
An acidic e t I t tive is

pr esent |n§gﬁ %ﬁﬁﬁfﬁéﬁéfV%gsmégéﬁ%?égﬂ%%%§%fgbabg%¥€b% g%EE?g?% t he total
acidic aq&e@usdsn1uﬂahia I. One coating bath sclution was prepared

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. An aci dic aqueous solution according to claim1l wherein the additive is
present in an anmount of between 5 ppmto 30 ppmw th respect to the total
aci di c aqueous solution. 6. An acidic aqueous solution according to claim 2
wherein the additive is present in an anmount of between 5 ppmto 30 ppm
with respect to the total acidic agqueous solution. 7. An acidic aqueous

sol ution according to claim3 wherein the trivalent chrom um @arpound i S
present in the solution in an anount of between 0.2 ?/Iiter to.8.0 g/liter
and the fluoride codgduifiei sepl exrawrnsnwane artanick lbet weerded @ngloitber to
18-0 o/l it et auerai LiechHhofcd NS ehuhi Oftd DBy eeRn s § dibil

02-257 8. An %m dIlC ggéueoﬁs sol ution accord i|‘leng to Clai !%1 4 g/her el n%t he
trival ent ghtbrkiumicesfoundet srypmagentabnwatrr solThei eaubPnarwermunt of
between 0.%,0L11¢ & HsRa8u - 0/ b1 Lefe ANdnbing; faiaricde,compoung s igsent i
an anount 01} é)et}\t/veelr?s ! } liter to 18n0 gﬁ%terl, wﬁe?g})n t he pH of

sol uti on i $mbetween i3 @altb gobutipn Aerachditnaqueous sol ution accor d| ng to
claim5 wherein,{he i ng Qm _um.c .”.ﬂ%i Lese i he sol ution
in an anount of et V\T/teen\é%%g '?&{er ;ég]el 8&9@ |tl§r Ban?i ?%135%%0“ de
conmpound |§O;bue’s@m ﬁOrr an amms @ft b@pmewme@tgllrlel ter to 20.0 g/liter,
wherein the pH of t %Hkég”tvé] ﬁQ #ere llgat%r rinQeq A @FIfH € aqueous
sol ution accordi ng to “clar m erel n the trivalent cﬁrom um compound i s
present i nwehersaotditdion drpednfanmmtleebtbet ieerr=0.5 g/liter to 8.0 g/liter
and the fluoridg,cqompeund is,pse a nt. of; gggvgeg S/ liter to
18.0 g/liter, eéﬁel n%t %gmpHV%? étﬁ%ég ut ?% t\/\CéDeneg cé)lé)tol g%jl An

aci di ¢ aqueeusngotdntixga astcdedi g ahgomliannaid vﬂmsahnrphé é@mitcmﬁei iR a

chel ating %ﬂ@”EquaéE“o%iQ§”E@£$eLkQ%Hdeoel 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/sg. 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.



:12. A'process for preparing a corrosion-resistan~t~ trivalent chrom um

coating on_[al um num and al um num al | oy] net

treating the substrates with an acidi c agueous sol uti on,
hexaval ent chrom um conprising a water soluble trivalent chrom um

conpound,

corrosion resistance properties.

a wat er,

a~ substrates conprises

which is free

wherein the additive is a chelating agent or a nmultidentate |igand. 1t
02-257 19. A process acdedrigi Ag toSzltaitingl2pwhertdst tResuddditive is NTMP.

of

sol ubl e fluoride conpound, and an additive for inproved
13. A process according to claiagy12

15. A progessc ACEPRET My Tt T Y s Clog s 13 wherermthe ghel atbng——agent—o
multidentate ligand is sglected fromthelgroup consisting of amno acids,
anmi no met hyl ene, al kyene |phosphoni ¢ acid} et h{t 3%f do (net hyl &néje!
phosphoni; @okthl. diehdyel jam no et hyl phpsphosdicr acktk, di ebinpsemetydtam pe
pent aacet| c aci qrvN, N - [di (2hydr oxybenzyl )sebpbhydrenadh am ne-Ns B diacetic
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present in the solution ijn an anobunt of petween 0%5 %/Iiter to 8.0. g/liter
and the fluoride compound is present in an AfSUNHt of"betjween 0.5 g/liter to
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NTMP-20 400 No corrosion No corrosion
NTMP-25 336 Random corrosion No corrosion
pits at few to except 2 pits
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concentrated edges
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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.
coating developed on Al 6061 is representated in Fig.

spectra in Figs.

2-4.

6-8. Both,

8

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

5 and EDS

the micrographs and the EDAX spectra



02-257 20. An article conprising a nmetal substrate and a trival ent
cont ai ni ng conversion coating on the netal substrate, the trival ent
cont ai ni ng conversion coating being prepared in accordance with the process
of claim12. 21. An article according to claim?20 wherein the netal is

al um num 22. ~n article according to claim 20, wherein the netal substrate
is anodi zed al umi num 23. An. article conprises an al um num substsrate, an
anodi zed coating on the al um num substrate and a seal -coating on the

anodi zed coav¢adg,theheresantheofsgdiospbarowgy clomer wées ehivmlwntinchhem um

P AL R R A PR Rl AR U e i p e
HI { vgl gb] Xp€ajrca]caheoabbal ta]ad]t gktapdad et alncapcaheayeaxal od] ca] ca] calc
a] ca] ca] cal)] ¢l Glsakeakaal £ e UL EMical ponds.

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.
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2. An acidic aqueous solution according to claim 1 wherein

the additive is nitrilotris (methylene) triphosphonic (NTMP).

3. An acidic aqueous soclution according to claim 1 wherein
the additive is present in an amount of between 5 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 agueous solution.

5. An acidic aqueous solution according tc 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 agueous 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. An 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



10 109" 10%& ()-! YVLO% { & ()-. 7YWX9~ @ Vvd09a& ()- "PLOY& ()-;! "PLOY%& ()-
| VZ( 1096 T& ()-1Z(109%] & ()-! kZ(10% & () - 5xt viwUe+@
10TSOMLOYA&’ ()-!1 &M 10%JU& ()-!1 &M 109Z: Z: & ()-! | &M 109%2U?& ()-! | &M 10%°PHP
H&: ()-11&M 10%=& ()-wxy Yj H@ 10TsOMLO% s s' 1090N& ()--!s
s’ 109N& () - - &9109%&' () - 10%& ()-L$10%& ()- 10T 10TYnV: aBH@ 10TsY' ! 109%& ()-!F
109 ()-F 109 ()- YMLOY%& ()-10% ()- & 10%& ()-:yn#%& (dYNOOFa 39 10
10s9° 109& () -1, ! 10% ()-Y)10%& ()- Sl & 10%& ()- @Y% ! 10%& ()-(/ym
"a°YNC0TIYI10%& (An -26:&HQ%equeocus solution accordlng to claim 4 wherein

& ()- Y- &LOY& (%L- | Y- &109%&' ().- Y- &10%& (O? &SEL0%& () - """ ##$$$) [ <100
10L9" 109&NE) LFEVal ek (hEMtum) GORPQYLY 151 pogRe é in Ysy@o ;J tpprin an
109%= WAV afbuh $$SFe8s =G0 0 . 5 g/liter to 8.0 g/liter and the fluoride
10s10%t| & ()-@ () 10%,\,& ()-!,)10% | |&'(£ ')lO%RR&'() $Ly109&|&6(8-

compound’ is present in ah amount of between 0. liter to

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

9. An acidic aqueous solution according to claim 5 wherein
the trivalent chromium compound 1is 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 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 agueous 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 alloy] metal
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
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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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