2 4 MAR 2006 02-101 CORROCSI ON RESI STANT SURFACE TREATMENT FOR STRUCTURAL
ADHESI VE BONDI NG TO METAL BACKGROUND OF THE | NVENTION This invention rel ates
to preparing bonded, corrosion resistant coated, netal substrates MhMgihimg e
resistant to delam nation and free of hexaval ent chromumin the corrosion
resistant coating. The structural bonding of netal to netal and conposite
type assenblies widely used in the aircraft industry and el sewhere
frequently require a resultant structure which is reasonably resistant to
the extrenes of atnospheric conditions found in wuse. To avoid daidwres of
the aircraft structures, bonded netal to netal and congosite type

assenbl i es nusiORFESABNeREDL WANTS SHREACE hEREHIENGn feRt aT R ¢orithAL 6R5EEbVhe
encountered. O particular inportapgerks FEHsShance to corrosion and

del ami nation of conposite structures. Heretofore, the adhesively bonded
metal - to-metal and conposite type assenblies (absent a chromated priner)

have perfornmed | ess than satigfact dd@’o‘?"“%gﬁo%ﬁﬁkﬁﬁo‘{\? failure at the

interface between the polymeric adhesive and the al um num surface.

Conver si on coat i fgss hawvertieen wetetes usegrepanetalbseddaceorrpeatment for

i nproved cor[rqsi i nhi ki tion, nversiQn__coatli,ngs. are lLi.ed, t hrough

cgn‘i cal reéggﬁgggn%eﬁﬁgﬁ’tﬁgta rre?ugtisscé:r? “fhé b%}%garseolrlftsi%%ﬁa\?\,ﬁi %?1 congerts

or nodi fi es dellemiedalon s deceei of hexaviilant i thrawidn riequiheedof umetdronal

properties. _ Conversion coatings are particularly useful in surface

t r eat ment orfesﬁﬁg?;\?% Sch"$s steel, zinc, aluminum and magnesium In the
The structural bonding of metal tc metal and composite type -

assemblies widely used in the aircraft industry and elsewhere
frequently reguire a resultant structure which is reasonably
resistant to the extremes of atmospheric conditions found in
use. To aveid failures of the aircraft structures, bhonded metal
tc metal and composite type assemblies must be able to withstand
the envircnmental conditions to be encountered. Of particular
importance is resistance to corrosion and delamination of
composite structures. Heretofore, the adhesively bonded metal-
to-metal and composite type assemblies {absent a chromated
primer) have performed less than satisfactorily due to adhesive
failure at the interface bhetween the pclymeric adhesive and the
aluminum surface.

Conversion coatings have been widely used in metal surface
treatment for improved corrosion inhibition. Conversion
coatings are applied through chemical reacticns 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 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



past, chromate conversion coatings have proven to be the nost successful
conversion coatings for alum numand nagnesium However, chromate
conversion coatings used in the past generally contained highly to
hexaval ent chrom um The use of hexaval ent chromumresults in potéhﬁMBﬂ%ﬁ
hazardous working 1 2 4 MAR 2006 02-101 <conditions for process operators
and very high costs for waste disposal. It is highly desirable to provide
an i nproved process for preparing corrosion resistant, environnentally
friendly, bonded netal substrates which are resistant to del am nati on.
SUMVARY OF THE | NVENTI ON The present invention provides a procegs:dor
preparing netal substrates which are corrosion resistant, free of

hexaval ent @@Wdﬁﬁh9WSaﬁdrs@I¢@ﬁ%ﬁHﬂ@ﬁtB?Ob@nﬂ@@ togetthagh wioshs adhesiates for
functioni ngyj f, agyeous, high tenperature environnents. In accordance with
the process of the present invention, a netal substrate is anodized in a
phosphoric aci d Ianddi ziagly sddaitiadmie Thepanmﬂﬁeeﬂummmabvgdbstoeéﬁsiﬁbr

t hereafter exava l.ent chrom um f tri.val.ent chrom um
cont ai ni ng 8§%§§%E§ago“&%so Lﬂl%ﬁ%stSDEOa?nYEEPQEﬁ) é¥i %éESPdgﬂbéFFﬁFg A
non-chronaimmkqﬁwaubstmstapprBﬁaan@ tbe13ﬂamedt@nnﬁumﬁ®amﬁbal substrate can
be adhesively bonded to another such treated netal substrate to forma
conposite article. The resulting article exhibits excellent bonding and

corrosion properties. DETAlI LEDsDE&GR RIH GNE INVENTION

The present invention provides a process for preparing
metal substrates which are corrosion resistant, free of
hexavalent chromium and satisfactorily bended together with
adhesives for functioning in agquecus, high temperature
environments.

In accordance with the process of the present invention, a
metal substrate is anodized in a phosphoric acid anodizing
sclution. The anodized metal substrate is thereafter contacted
with & hexavalent chromium free, trivalent chromium containing
acid coating solution to coat the anodized metal substrate. A
non-chromated primer is applied and the coated anodized metal
substrate can be adhesively bonded tc another such treated metal
substrate to form a composite article. The resulting article

exhibits excellent bonding and corrosion properties.

DETAILED DESCRIPTIOCN

The present invention provides for a multiple step process
for treating metal substrates (preferably aluminum alloys) which
are to be bonded together, for example by acdhesive, to form a
composite article.

The process comprises (1) anodizing the metal substrate in
a phosphoric acid anodizing solution and (2) contacting the
anodizing substrate with a hexavalent free, trivalent chromium
containing acid coating solution to form a trivalent chromium
containing coating of the anodized metal substrate.

The metal substrate may be subjected to a phosphoric acid

anodize by any manner known in the prior art. Suitable methods
2



M
The present invention provides for a nultiple step process for tréthmggmq
nmetal substrates (preferably alum num alloys) which are to be bonded

toget her, for exanple by adhesive, to forma conposite article. The process
conprises (1) anodizing the netal substrate in a phosphoric acid anodi zi.ng
solution and (2) contacting the anodizing substrate with a hexaval ent free,
trivalent chromum containing acid coating solution to forma trival ent
chromium containing coating of the anodi zed netal substrate. The netal
substrate may be subjected to a phosphoric acid anodize by any manner known

in the prior art. Suitable nethods 2 24 MAR 2005 for phosphoric acid

anod 21 ng e b5l osed S UaSoaPat 80t Sre 40850092 A9y 4 141,450, both of

whi ch are |ncorporate herein erence. In accordance wt e process
of the préséfe., Olﬁv@ﬁﬁ|43d27bHé1neb@ﬁhsmmsﬁmaheﬁr@rEﬂ@ﬁnﬁﬁnﬁtahuhenmn1aIon,
is anodizgd, i SphQi S hos horic acid
in a conceﬁﬂra??gﬁgo bg?hégﬁggég%égﬁgvéhqge 8&%%@8% thehpr at”

t enper at urimveht bet wesre 5@Eaﬂ05855tzat&u1pn@ﬁ@dabkpgaxmmxnwm alllof, be¢ ween 3 to
25 vol ts. Qh%? ggodlzepmospg substra %es ar.e.contacted with.an acidic

trival ent ENrom um eShtAICSPRGTa51 BTt 15 FdPHh 20t T4l &5t *8Hr omi um
cont ai ni ngphosphosiomecichtinrng oantéet redialn sfbsetaten Rheyasedyhit ageous
SOl L On, EAPEL SR AT SELMBLE LAl el ot umcopRung g veter
conpound iahcgieseftpédentiike 8@l betweed B & asousltof between 0.2 g/liter to
5 glliter (pr Sggé aepxlchlt?z%tdwee subgérlait':[eesr atrg c2:o i/:alaét:.[ee wsn:J.tthhgn]c :!acl:JJ?erI_éje
trivalent chromium containing solution to form a trlvalentchummmn
containing corrosion coating on the metal substrate. The
acidic agueous solution comprises a water soluble trivalent
chromium compound, a water soluble fluoride compound and an
alkaline reagent. The trivalent chromium compcound is present in
the solution in an amount of between 0.2 g/liter to 5 g/liter
{preferably between 0.5 g/liter to 2 g/liter), the flucride
compound is present in an amount of between 0.2 g/liter to 5
g/liter (preferably 0.5 g/liter to 2 g/liter), and the alkaline
reagent is present in an amount t¢ maintain the pH of the
solution between 3.0 tc¢ 5.0 (preferably 2.5 to 4.0). A suitable
solution is disclosed in U.S. Patent 5,304,257 which patent is
incorporated herein by reference. The metal substrates may be
immersed in the solution, sprayed with the solution, painted
with the solution etc. A suitable non-chromated primer is
applied to the substrate thereafter.

Metal substrates processed in accordance with the present
invention may then be adhesively bonded together, as is.known in
the art, to form a composite article. Suitable adhesives are
well known in the prior art as are the method for applying to
metal substrates and bonding. See again U.S. Patents 4,085,012
and 4,127,451. Composite articles made in accordance with the

present invention exhibit excellent bond strength and correcsion

properties as evidenced by the following example.



conpound is present in an anmount of between 0.2 g/liter to 5 g/liter
(preferably 0.5 g/liter to 2 g/liter), and the alkaline reagent is present
in an anount to maintain the pH of the solution between 3.0 to 5.2, MAR 208
(preferably 3.5 to 4.0). A suitable solution is disclosed in U S. Patent
5,304, 257 which patent is incorporated herein by reference. The netal
substrates may be immersed in the solution, sprayed with the sol ution,
painted wth the solution etc. A suitable non-chronated priner is applied
to the substrate thereafter. Metal substrates processed in accordance with
the present invention may then be adhesively bonded together, sasohs known
inthe art, to forma conposite article. Suitable adhesives are well known
in the prior art as are the nmethod forEXgfHE ng to netal substrates and

bonding.  See agai U5, Patets 4,085,013, And. 4,127,451, Qonposi te articl es

. m
made in accordance wt present T nvention €éx excel1€ht bond

strengt h anlesmivesivohongedpertrices as aivimbenced 1Bpyt hect ol | ow mgxexanpl e. 3
2 4 MAR 200 -1 Fi.ve dge,crack, te speci nens were prepared
.@. %%ngﬁ@maé;e cleﬁngg gnd Jrlq %éaégég#%BQ%wkgmugg

from adhesively b coupons O un1nun1acToy "p. 125"
coupons werwed éamedsaddidrpredphbliéreati@rarichencaupessunaer ecHenmrer sed i n
phosphori c 2} i anog%éed under the follow ng conditions: Anodizing

d_and
sol ution coﬁ%%%???gngo9. o%vivolune phosphoric acid Vol tage: 15V

Anodizing solution composition: 7.5% by volume
rhosphoric acid
Voltage: 15V
Temperature: Room Temperature
Time: 20 minutes
The phospheric acid ancodized coupons were thereafter
received and dried. The coupons were immersed in a trivalent

chromium coating soclution under the following conditions:

Solution composition: 1 Part Chromium Compound:;
1 Part Fluoride Compound:; and
18 Parts Dionized Water
Trivalent Chromium Compound: Chromium Sulfate
Fluoride Compound: Potassium Fluorozirconate
pH: 3.8 |
Temperature: Room Temperature
Time: 10 minutes immersion
Immediately after the trivalent chromium treatment the
coupons were primed with a non-chrome filled version of.BR6757—1
epoxy primer and cured at 350°F for 90 minutes. Thereafter, the
coupons were bonded together with Loctite Aerospace EA%689 nylon
support film adhesive and cured at 350°F under 60 psi of
pressure for 2 hours. The bonded coupon was then cut intec 5
wedge crack specimens, that were used to determine bond quality.
The coupons were then tested according to ASTM D3762. The

results are shown in Table I below.



Tenperature: Room Tenperature Tinme: 20 m nutes The phosphoric acid anodi zed
coupons were thereafter received and dried. The coupons were imrersed in a
trivalent chrom um coating solution under the foll ow ng conditionﬁmMARzmg
Sol ution conposition: 1 Part Chrom um Conpound; 1 Part Fluoride Conpound;
and 18 Parts Dionized Water Trival ent Chrom um Conpound: Chrom um Sul fate
Fl uori de Conpound: Potassium Fl uorozirconate pH 3.8 Tenperature: Room
Tenperature Tine: 10 minutes imersion Inmediately after the trival ent
chromumtreatnment the coupons were prinmed with a non-chrone fad-hed version
of BR6757-1 epoxy prinmer and cured at 350F for 90 m nutes. Thereafter, the
coupons were bonded together with Loctite Aerospace EA9689 nyl on support
filmadhesive and cured at 350F under 6Qppsi ;of pressure for 2 hours. The
bonded coupon was then cut _into 5 wedge crack specinens, that were used to

det ermi ne bond qua1iuyituﬂh LN S rORER TREMLdrRst @3 tagCof Ui N0: 4 MDSEN
|D3|7§|2t i ;Pa agrP e s\t ﬁ&fanéﬁhﬁiﬂego‘ﬁf t &r FaRy ur|e Y‘F‘\}’IBBPfeI :;PléLc?Phﬁff %22511"(:) TeLE
Length
{Inches)
1 1.725] 0.055 0.055| 0.055| 0.080 100
2 1.515 0.05¢0 0.050 0.050 0.075 100
3 1.485 0.043 0.065 0.0865 0.088 100
4 1.515] 0.050 0.070| 0.070| 0.145 100
5 1.610 0.058 0.058 0.058 0.091 100
average 1.570| 0.051 0.060, 0.060] 0.096 100

There are three failure mechanisms as follows.

s C/A is cohesive in the adhesive. This is the preferred
mode of failure. It indicates that the bond strength
exceeded the strength of the adhesive. Failure occurred in
the adhesive and not at the interface c¢f either adhesive to
primer or primer to metal.
¢ A/P is adhesive to the primer. This mode of failure is
indicative of interactions that may be occurring with the
primer that may affect the bond strength of the adhesive to
the primer. This mode is also used as a guality system
check.
e P/M is primer to metal. This is the mechanism that
indicates that the process is not satisfactory.
As can be seen from Table I, all samples exhibited 100% C/A
failure mode which indicates excellent bond strength. 1In
addition, crack growth was comparable to standard crack growth
rates and were acceptable.

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
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Sampl e #Length 1 hour2 hour4 hour 24 hour (% Cohesi ve) (Inches)

11. 7250. 0550. 0550. 0550. 080100 21.5150. 0500. 0500. 0500. 075100

31. 4850. 0430. 0650. 0650. 088100 41.5150. 0500. 0700. 0700. 145100

51.6100. 0580. 0580. 0580. 091100 aver agel. 5700. 0510. 0600. 0600. 096100 TR¢rpARME
three failure nmechanisns as follows. C/ A is cohesive in the adhesive. This
is the preferred node of failure. It indicates that the bond strength
exceeded the strength of the adhesive. Failure occurred in the adhesive and
not at the interface of either adhesive to priner or primer to netal. AP
is adhesive to the priner. This node of failure is indicative & 101
|nteract|ons that nmay be occurring wth the _priner that nay affect the bond

strength of ?h%@%ﬁﬂﬁ%§?9ea?olnt%ﬁ§[ﬁ%SE@FtSTH}éuﬁﬁﬁﬁ§%¥Fzﬂ390”8§ed as a quality

system cheekstr RIidWvieS PREMBEOEO dPetrdle. 1FBESTI6n thei A chanicsietihgy the
indicates that the process is not. satisfactory. As can be seen from Table I,
al | sanpl es2BRATHAG &d 21069 A alflalthi‘P@eﬁnblBl%l CH"E Hth dates DExBRIR M bond

strength. |@ngaddidd 0f, eghagki HoMrNas teqapar ablse tonstardardecLack growt h
rates and were acceptable. This invention nmay be enbodied in other fornms or
carried out in other ways w thout departing fromthe spirit or essential
characteristics thereof. The present enbodinent is therefore to



5 2 4 MAR 2006 02-101 be considered as in all respects illustratiMeMgngpnot
restrictive, the scope of the invention being indicated by the appended
claims, and all changes which cone within the nmeaning and range of
equivalency are intended to be enbraced therein. 6 Z 4 MAR-2006 02- 101 WHAT
IS CLAIMED | S: 1. A process for preparing a trivalent chrom umcoating an a
nmetal substrate conprising the steps of: (a) providing a phosphoric acid
anodi zing solution; (b) anodizing a netal substrate in the phosphoric acid
anodi zing solution; (c) providing a trivalent chrom um containing acidic
coating solution; and (d) contacting the anodi zed netal substrape,yth the
acidic coating solution to forma trivalent chrom umcontaining coating on
t he anodi zedviret gls substgmtEs: 2. A process according to one of clains 1,40,
11 and 12, wherein the phosphoric acid anodizing solution has a phosphoric
acid concentration of between 3% by weight to 20% by wei ght. A process

according to claiim 2, pphes £ rfotrhere?apm%w&ra%@eata&hf&nm{ WGR i Rgth 25
volts.."' 4- A process accordlng to claim wherein the anodizing is

carried out atmed atle AP s B dire OFPBAEWRB Nt BOFS eps of :

{a) providing a ghosphoric acid anodizing solution;

{b)- anodizing a metal substrate Lin the phosphoric aciad
anodizing solution:

{c} providing a trivalent chromium containing acidic
coating solution:; and |

{d) contacting the anodized metal substrate with the
acidic coating ‘solution to form a trivalent chromium centaining

coating on the ancdized metal substrate.

2. A process according to one

of claims 1, To, 11 and 12, wherein the phosphoric acid
anodizing solution has a phosphoric acid concentration of

between 3% by weight to 20% by weight."

3-5 A process accordlng to clalm 2, whereinﬁthe

anodlzlng potential is between 3 to 25 volts.

- 4. A process according to clalm 3, wherein the
anodlZlng lS carrled out at a temperature of between 50°F to

. 85°F.

5. A Drocess according to claim 2,

wherein the pH of the acidic coating solution is between 3 0 and

5.0.



85'F. 5. A process according to claim2, wherein the pH of the acidic
coating solution is between 3,.0 and 5.0. 7 2 4 MAR 2006 A process
according to claim?2, wherein the pH of the acidic coating soluti

. _ 20 MR 7005
between 3.8 to 4.5. 71 A process,a . of . ¢l 1, ,10, f@ and
12, mhereiﬁ'the metal substrate ig”gﬁgqg%ﬁ%%éﬁn61}%ﬁ.tﬁbékggpocegé
accoréngihotheopE off tekaiamd dic lomatihoand i iovhet €i betheeanadszed net al
substrate is imersed in the acidic coating solution. 9. A process
accotdtng to one of claims 1, 10, 11 and 11, wherein the anodi zed netal
substrate is sprayed with the acidic coating solution. 10. A process for
preparing a trivalent chromum coating on a netal. substrate conprising the
steps of: (/&) providing.a phosphod pracatanoiatdigngotati on; (b) oarodi zi ng
a netgl¢substrate in the phosphoric acid _anodizing solution; (c) providing
a

a trPvafeAtM™EhtontBm éénalnildy, "AETEIE LEariHi soPuPFbRa kel si ANt ri val ent

chrog}&ﬂlﬁgatgigbg? acidic coating solution conprises a water sol uble
trivalent chromu conmpound, a water soluble fluoride conmpound and an
al kal i ne reagent; and (d) contacting the anodi zed netal substrate with the

g. A process according to - one
of claims 1, 16, 11 and 12, wherein the anodized metal substrate

is immexrsed in the acidic coating solution.

9. " A process according to one
of claims 1, 10, 11 and 1z, wherein the anodized metal substrate

is sprayed with the acidic coating solution.

1C. A process for preparing a trivalent chromipm
coating on a metal substrate comprising the steps of:

(a) providing,auphosphoric acid'anodizing solution;

(p) anodizing a metal substrate in the phosphoric écid
anodizing solution;

(¢) providing a trivalent chromium containing acidic
coating'solution wherein trivalent chromium containing acidic
coat;ng solution-comprises a water soluble trivalent chromiﬁm ‘
compound, a water ,soluble fluoride compound and an alhgline
reagent; and ﬁ

(d) cqntaqténg the anodized metal substrate with the
acidic coating solution to form a trivalent chromium contaiﬁing

coating on the anodized metal substrate.



acidic coating solution to forma trivalent chrom um containing coating on
t he anodi zed netal substrate. 8 2 4 MAR 2006 11, A process for preparing a
trivalent chrom umcoating. on a netal substrate conprising the SﬂéﬂﬂRq@%
(a) providing a phosphoric acid anodi zi ng solution; (b) anodizing a neta

substratge,in the phosphoric acid anodizing solution;. (c)- providing a
trivalenflthroniug9CBEP§FﬁanC§b@ﬁ%?aﬁﬁﬁﬂ%%mf%&ﬁ%f?%ﬁ;ébé?mEBWtactigg t he

anodizach et al substr ahigswirki of RempAGi Hirgy coat | Higes9l YEion to forma
trival ent chrom um containing coating on the anodized netal substrate; and
(e,) apfdyi ngraniddhegshvehpsphivricoaed amotli zeth nechlitisubstrate and

bondi ng, sane to_another coated, anqdized netal substrate to fqQrma
conposi&%)ar??%@é?lpﬁ.aAmﬁggiefgaé%r %ﬂkﬂiéhfepw??gg?EhF 2At6ni um coating

(Nhﬁb&@%fggsg@§&£§gg;conprising the steps of: (a) providing a phosphoric
acid anodizi-ng solution; (b) anodizing a netal substrate in the phosphoric
aci d anbdi zipgoyidohgt rotiriye)leprovibdion wn tedved Bming haohilum cont ai ni ng

aci di c. coating sol ution wherein trivalent chrom um containing acidic
cFHT YL 0P Ut Foh®Bénpri ses a water soluble trivalent chromum conmpound, a

vater sphubl gohluoridg easpowad iand akalkadime: r4€a0e0th €d: contacting the
anodi zed netal substrate with the
acidic coating solution to form a trivalent chromium containing
coating on the anodized metal substrate; and
(e) applying an adhesive to the coated, anodized metal
substrate and bonding same to another coated, anodized metal

substrate to form a composite article.

12. A process for preparing a trivalent chromium

coating on a metal substrate comprising the steps of:

{a) providing a phosphoric acid anodizing solutioh;

{b) anoaiZing a metal substrate in the phosphoric acid
anodiziﬁgiSQIQticn;

(éjﬂ;proyiding a trivalent chromium containing acidic
coatingiﬁélutiqn_wherein trivalent chromium containing acidic
coating solution comprises a water soluble trivalent chromium
compound, a water soluble fluoride compound and an alkaline
reagent;

'(d) contacting the anodized metal substrate with the
acidic coating solution to form a trivalent chromium containing
¢oating on the anodized metal substrate; and | '

(e) applying an adhesive to the coated, arodized:metal
substrate and bonding same to another coated, anodized metal

substrate to form a composite article.



acidic coating solution to forma trivalent chrom um contai ning boating on

t he anodi zed netal substrate; and (e) applying an adhesive to the g@ﬁged,
anodi zed. ., metal substrate and bondi ng sanme to anot her coated, an &Ry2006

nmetal substrate to forma conposite article. 9 CORRCSI ON RESI STANT
SURFACE TREATMENT FOR STRUCTURAL ADHESI VE BONDI NG TO METAL °<ABSTRACT A

anod zed Wt o SBPIPEATE el RARRREE J AMREROE R SRR chr omi um
free, trivalent chrom um contsgntmmg aoid=s®l ution to coat the anodi zed

metal substrate. The coated anodi zed nmetal substrate can be adhesively
bonded to another such treated netalzaBibstaTate to forma conposite

article. The resul ti article exhibits excellent bonding and, corrosion
: %&n@taqgsugskrate f% anodlzeé En a phosp orf% acid
properties. _
anodizing solution. The anodized metal substrate is thereafter
contacted with a hexavalent chromium free, trivalent chromium
containing acid solution to coat the ancdized metal substrate.
The coated anodized metal substrate can be adhesively bonded to
ancther such treated metal substrate to form a composite
article. The resulting article exhibits excellent bonding and

corrosion properties.



