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TREATMENT FOR STRUCTURAL ADHESI VE BONDI NG TO METAL *GOOOO2* BACKGROUND OF
THE | NVENTI ON Thmmwmmmwmummm rel ates to preparing bonded, corrosion

resi stant coated! rates which are resistant to del am nation and
free of hexaval ent chroemumin the corrosion resistant coating. The

. Structural bonding of netal to nmetal and conposite type assenblies w dely

used in the aircraft industry and el sewhere frequently require a resultant
structure which is reasonably resistant to the extremes of atntspHeric

condi tions fOé’d]ﬂadsriofdsﬁl-:siré)rzﬁ@‘lo's%ngpﬂttUff&sAT‘?JENtrh%oﬁ' éﬁgﬁé’élthR%t ﬁgﬁ%‘%ﬁ%

bonded netal to neta conposite type assenblies nust
B and t he environnmental condi BOBRAENE dfbe!Eg@dount ered. O particul ar
[ rrpo

u"ﬁm,ﬂmm”ﬂﬂ IH i stance to corrosion and del ani nation of conposite

stru of ore, the adhesively bonded netal to-netal and conposite
type asswoddet es (absent a chBHOERERAIND iOrFerl‘)iEhaw‘eEbﬂéIi'dl\brrred | ess than
satisfactorily (RY aj lure at th nt.erf ac vveenthe

pol ymeric adhes?ggs ancfedhe%al g?n{antuen% sty PAce? & vbeor sqlaeéﬁ coatrlo?llg:j%rl have been
wi del y usectelsnsngltlalcmefdaceetabmubattraft@s vhpeclovaed: c@sieskon tcnhl bition.

Conver si on ‘%%E‘ ean%pl% ogme%%%n@nm%%f%@% %ﬁ% 98% 0.t he

metal and t ut| on converts or Ies t surface
into a thi rrefsulsnamttctparteqlm red functional properties. Conversion coatings

are partioul arl KeuselldN.SULLAGed (aLIRD ol MRLA 5 auEhyas, Sleelueri nC,

al um num and magnesi um chromat e conversi on coati ngs
proven to tﬁessehelmtwmm%ssédl1rmdrhﬁeras|r0maé‘oaimmgstrfyotanell ahsewimrand

magnesi um ‘é{ﬁ!ﬁh clypipLe C?Q%’Ehﬁén%” 5%9%!]_”95 M?ieéik i the, jgeneral Iy

cont ai ned highly tokic exaval en romum e use of hexaval en chrom um
resul ts in yeotiehtnal thdrar destsemes kihgthospbericicoguohdiitingn§ofmt ior ocess

operators ad very Mo 6a3ha,Lorouasie Jposal e hicd sl bbadesingdl e to

provide an I mproved process reparing corrosion resist
envi ronnentt® metit| @rrmmpmpb@maedtm a‘*lss§mbétt¢at@$sm%I@béleetf’e‘@r@"tsa?ﬁpdt )

del am nati Qe §HWP@¥neq:taIHth%&/ﬁ\£rAsWoTB@ BRESEMe AW ENbIFOP, PE QY des a

Pprocess for prepari ng net al trates which are corrosi on resi st ant free
of hexaval efPOEhprBA UFE a17¢ 1648N3¢ ot rAHrPShendeRr tIRYHER thP R hofdhesi ves

for functi QRipgsk Pe AHUERYUS.r el IhiL AIRETALUN 8LENYEL QNNRNLS bonded metal-

to-metal and composite type assemblies (absent a chromated
primer) have performed less than satisfactorily due to adhesive
failure at the interface between the polymeric 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 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 steel, zinc, aluminum and magnesium. In the
past, chromate conversion coatings have proven to be the most
successful conversion cecatings 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



“In accordance with the process of the present invention, a netal substrate
is anodi zed in a phosphoric acid anodi zi ng sol ution. The anodi zed net al
substrate is thereafter contacted with a hexaval ent chrom um free,
trivalent chrom um containing acid coating solution to coat the anodi zed
nmetal substrate. A non-chromated priner is applied and the coated anodi zed
.metal substrate can be adhesively bonded to anot her such treated netal
substrate to forma conposite article. The resulting article exhibits

excel | ent bondi ng and corrosion properties. DETAI LED DESCRI PTI Eiﬂ“fhe
present i nvephi O Gy, d §of:8£sao aFeoQJs aﬁBEQeP%OFPPﬁ Jy: o fgil ta'
substrates (preferably a um num al l oys) which are to be bonde toget

for exanpl &ibyosrthesi ve, to forma conposite article. The process corrprl ses
(1) anodizing t t I b r ' I.Zi.ng.s tion
and (2) cont act?ﬁglrgfr?g QE d?%%%%l%strg}g%\%atghég xrgov‘gﬁ%g%tr%ﬁgse,%y
trival ent elWepatium corraisipngrasi skagvat iengisohuenoal 1y Frgremda vt rbwadesht
chrom um C%@EQ%% S23LIsng S?I:ht!ﬂﬁ %Q's%%qtméé%e agpsﬁar%to% The et al
substrate nmay be su ect ed o oric acrd ano y any nmanner known
in the prior art. Swtabl e met hods 2 02-io0i for phosphoric acid anodi zi ng
are disclosed in U S PatentsS%MQﬁ? v0d2 And fh\ﬁ&%}zrl%ﬁl both of which are

i ncorporated herein by reference n accordance with the process of the
present inventidre Adesemst ahvenbser gt vigeef er abbgesd ummupmeakkoyg i s
anodi zed i g.a,ph t%sa%lé\gcﬁngpé.zcl o%%gt kQE Q@é’r&é‘g Ahgsphoric acid in
a concentration of between 3% by wei ght to 200 by wei ght, at a tenperature
of bet ween h88FvebergsRhgomgnmaandi 4 i fecttont il A bordedtirestgrt 8125 vol ts.
Once anodi 28lesl At WSIELALESOAL S, CONtAGLEdW hhgAn: ldli il val ent

chrom um contai ning solution fo forma trival ent”contal ning corrosion
coati ng onenkérpgteritssubstrate. The aci di ¢ aqueous sol ution conprises a
water sol ubl e tfhvﬁcealtda%reomym@@ﬂm%ss o¥ALRL Soluble ﬁk@g%% a
conpound and an al kal i ne reagent. The trival ent rom um conpoun

present inTekelsHRatmte Asaanadbied iof ab@m/ééhoelQ 14 taéXOdtl@lBGQII iter
(preferabl y.hgt ween Qph'% Q/nlolﬁgédtIF?etza]glsjdbts%ELtetb@ Mé&%éﬂ%rcggﬁ%’@@ed 5
present in an amount of between O. to 5 g/liter (preferably O.
g/liter t o w2t/ #iheravalend FhéOTNWIﬁgﬁ?@'r aGEALERS PREYEMT CRnAALBRRAINt to
mai ntai n the;af foofidheciakubhon heteane3 a8ot020d nddefLliAk 3.5 40
4.0). A suitable solution is disclosed in U S, Patent 5,304,257 which
patent is IRECFPEIRRTGH RELBFR by FRIErhéed The fedatd Anestizecesehay be

i mrersed i Rubbersed WdrOhe SRHAYEG W bR $6l HhbORer PRAIIH @G cWktl hdken1
solution etc, A suitable non-chromated priner is applied to the substrate

t her eaf t er SURBFRRCS U tiPaTes FPBRITSER 35T 14¢E0r dART e S 14 e pFESENt

invention meyibhesn Headkesi yehyibherged degekhen, pﬁ@pdzlstnl@')sﬂvm in the art,
to forma conposite article. Suitable adhesives are well known in the prior
art as are the nethod for applying to netal substrates and bondi ng. See
again U S. Patents 4,085,012 an®E4'A12ED45ﬁscmmmj te articles made in

d th_th t t | | d st t h and
cor oSt on pr opoFET (RPSRE iy BRRNEUC P AN Ol 6l gLt 6. 60 PRRCTTE

EXAMPLE Fi e rwedget riqcde ta@ssubpeta fens( pm@rferabepaahdnim@madbqsn VE}h:ych
bonded coupons of, al um%um al | %%606 Two 6" x6 ns were

cl eaned andT8r FBd°C THEIGESF P SEHRT FEARLE Pm&g@eal\'% %ﬁpgﬁﬁgrf‘c aci d

and anodi zexd)mpnletetahe:ﬂallel owi ng conditions: Anodi zing solution

conposition: vol une hos hor acid.Volta 15V Tenper at Room
Tenper at ur e TlnE zﬁ%?ﬁ%ﬁﬁ prl %f anod121ng gge metal substra e 1n

a phosphoric acid anodlzlng solution and (2) contacting the
anodizing substrate with a hexavalent free, trivalent chromium
containing acid coating solution to form a trivalent chromium
containing ccating 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



" The phosphoric acid anodi zed coupons were thereafter received and dri ed.
The coupons were imrersed in a trivalent chrom um coating sol ution under
the follow ng conditions: Solution conposition: 1 Part Chrom um Conpound; 1
Part Fl uoride Conpound; and 18 Parts Dionized Water Trival ent Chrom um
Compound: Chrom um Sul fate Fluoride Conpound: Potassium Fl uorozirconate pH
. 3.8 Tenperature: Room Tenperature Tine: 10 m nutes i mrersion Innediately
after the trivalent chrom umtreatnent the coupons were prinmed
non-chrome filled version of BR6757-1 epoxy prinmer and cured é{w% F for

m nut es. T@@Eeﬁiés‘?;mort be,£o4PONs WeLe RopdedsLngethen w.kh boctide _
Aer ospace EA9689 nyl on support film adhesive and cured at 350F under 60 psi

of pressuré:$%y Pheadsd, The bohddéptboaponn s aifen nEErPREBES Weege crack
speci nens, bE/h@efé’\Fern%eusegntchﬁ.lcﬁ;rf@en%llgﬂnghé]%dée)/ss Thegou Pé‘éer‘k’it’ere then

tested accordlng to ASTM D3762. The results are shown in Table I below 9
02-i 0i TABLEVéntifin,i gher aeka G vwdt nagel nehese pdh lor RdidmdnamvadeSanpise #Cr ack

Length (In ) r 0
Cohesi ve) 1?H%B%e.%g%o%oggggéhg%b%%fgo%gg 20" 9500, 0460, 688837510031 . 9850.

0430. 0650. 965@@@®8$O@41d515060500*01@@t®¢0001¢@¥00%¥1@fOQYQBQOﬁGBSGEOSSO.Og
1100aver aggds 5400, %40, 0600, 0600, 096100 Thepe. s, tdy-ge cLashuke, maghani sms
Al e adhesi ve

as foll ows [Als cohesive int isis the preferred node of
failure. |enpaiiom estehatat hef deivestr éngehZ2exteidded the strength of the

adhesive. Fail ue-oecurtedal notbeahesite and aotc Al dheiEnt ex fage of

ei ther adhesive to prinmer or priner to netal I's adhesive to the
primer. Thtglﬁ®3eﬂoﬁhﬁ9mhumec¢%ti#ﬂﬁD@aﬁP&ete@nrﬁ%e?HEt@oﬁ§lvhéQDMBy be

occurring @bkbaf&%ﬁd”aoqgﬁsggﬁtc&gﬁﬁﬂﬁff%CEhEhﬁeggﬁugdgéﬂ%@gEh of rfdie adhesive
to the prinmer. This node is also used as a quality system check.
acidic aqueous solution comprises a water "soluble trivalent

chromium compound, a water soluble fluoride compound and an
alkaline reagent. The trivalent chromium compound 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 fluoride
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 to maintain the pH of the
solution between 3.0 to 5.0 (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 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 corrosion

properties as evidenced by the following example.



*PIMis prinmer to netal. This is the nechanismthat indicates that the
process is not satisfactory. As can be seen from T Table I, all sanples

exhi bited 100% C/ A failure node which indi

cates excellent bond strength. In

addition, crack growth was conparable to standard crack gromh rates and
were acceptable. This invention may be enbodied in other forns or carried

out in other ways w thout departing fromt

he spirit or essenti al

characteristics thereof. The present enbodinent is therefore to 02-i Oi

be considered as in all respects illustrat
scope of the invention being indicateghy
changes which conme within the nmeaning andP

ive and not restrlct?ﬁé t he
ife appended clains, and all
range of eqU|vaIency are intended

to be enbraced Biver eeAgeberag-tiesic YBRILING CIWAINNEDrESardd #rqor ocess for

preparlng 2ahdd MAhSNLoRBES M HBSHRALENG: QY

st eps
0.125” coupons were cleaned and dr

were immersed in phosphoric acid a

following conditions:

Anodizing solution compo
phosphoric acid
Voltage: 15V
Temperature: Room Temper
Time: 20 minutes
The phosphoric acid anodized
received and dried. The coupons w

chromium coating solution under th

Solution composition: 1

1
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Trivalent Chromium Compo

Fluoride Compound: Potas

pH: 3.8

Temperature: Room Temper

Time: 10 minutes immersi
Immediately after the trivale
coupons were primed with a non-chr
epoxy primer and cured at 350°F fo
coupons were bonded together with
support film adhesive and cured at
pressure for 2 hours. The bonded
wedge crack specimens, that were u

The coupons were then tested accor

Al SUBSS T atg, SOPREL S| ng. the

ied. Thereafter the coupons

nd anodized under the

sition: 7.5% by volume

ature

coupons were thereafter
ere immersed in a trivalent

e following conditions:

Part Chromium Compound;

Part Fluoride Compound; and
Parts Dionized Water

und: Chromium Sulfate

sium Fluorozirconate

ature

on

nt chromium treatment the

ome filled version of.BR6757—1

r 90 minutes. Thereafter, the

Loctite Aerospace EA%689 nylon
350°F under 60 psi of

coupon was then cut into 5

sed to determine bond quality.

ding to ASTM D3762. The

results are shown in Table I below.



(a) providing a phosphoric acid anodi zi ng solution; (b) anodi zing a netal
substrate in the phosphoric acid anodizing solution; (c) providing a

trival ent chrom um containing acidic coating solution; and (d) contacting

t he anodi zed netal substrate with the acidic coating solution to forma
trival ent chrom um containing coating on the anodi zed netal substrate. 2. A
process according to claim1l, wherein the phosphoric acid anodizing

sol ution has a phosphoric acid concentration of between 3@6by ht to 20%
by weight. 3. A process according to claiml1, wherein trivaleﬁ% chrom um
containing acidic coating solution conprises a water soluble trival ent
chrom um conpound, a water sol uble quorlde conpound and an al kal i ne
reagent. 4. A process according to cldPftE, Ifurther including applying an

adhesive to the cxaggqf—gn e

anot her coated, afo |ze§ et a subs ra%e o0 forma cgnpo i%%‘%&#|MF§? 5 A
process ageaipdieng |t oOCXAE n| 2, nawfielf el modhe [anaehzi N4 paent (akohss et wgen 3
to 25 vol{s. 6. Ajpreegses fccording to claim5, wherein the anodizinglis
carried opt at a enge&gtu e of between 50F to 85F. 7 02-101 7. A prjocess
according{to clai “WhEr fin the pH of the solut{on is between 3.0 and

5.0. 8. A]procgess accm[dzyg ooog$alnm305gker@|@531e(nﬁs@f the sobputiorf is
bet ween 3l5-t0-4.5 ocess accordind to.-cla 1 wherein the netlal

Toooo

9 r- = VT
substratelis an alunlﬁuﬁTg 18y9590. R-BrBdes®- WEbrdifgStlo clatf?l, wlerein
t he anodi fed netall subsigaieol 543 MeERSEdsi|n o hesxaCl & . @sgoat 1 ng1s0l ut 1 dn

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.
¢ 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 occcurred in
the adhesive and not at the interface of either adhesive to
primer or primer to metal.
e 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 quality 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

5



11. A process according to claim1, wherein the anodi zed netal substrate is
sprayed with the acidic coating solution. 8 . AA A Al .AF. A . A

A ALUN)*2 " +=-(c "

| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca!
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&UE&& "e(z((I)NU))*]**H+I+} xsnid b\ W ] ca] ca] ca] ca ca] cal ca] ca] cal ca]
ca] ca] ca] cafeaf a4 cafeareepe Qicd a]lélé[FB 1ea] kel ed) gd)ea ¢t
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10%08' () -5$109%08& ()- 10 10 10&
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"109%08& () - F09EY t(S)tr@@% EOURRE TINYSREL 6HERS (9L 0% 10908 () - 5W

=#"r S4~_E! 9% 1090 ( ro‘l@%l;la%z/@?%ﬁax%@l%o%@&d(An&wzmg solution;

=#" 9% 10%08' () - 99 10%0& 1 995 10%08' () - 5W

=#" 9% 10%0& () - 9% 1@%391(2)1%% TR (9APISF 2OSORN (HRePRoEPH9F 10RDH 10908 ()
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(d) contacting the anodized metal substrate with the

02-101

acidic coating solution to form a trivalent chromium containing

coating on the anodized metal substrate.

2. A process according to claim 1, wherein the phosphoric
acid anodizing solution has a phosphoric acid concentration of

between 3% by weight to 20% by weight.

3. A process according to claim 1, wherein trivalent
chromium containing acidic coating solution comprises a water
soluble trivalent chromium compound, a water soluble fluoride

compound and an alkaline reagent.

4. A process according to claim 1, further including
applying an adhesive to the coated, anodized metal substrate and
bonding same to another coated, anodized metal substrate to form

a composite article.

5. A process according to claim 2, wherein the anodizing

potential is between 3 to 25 volts.

6. A process according to claim 5, wherein the anodizing

is carried out at a temperature of between 50°F to 85°F.
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PUHEOR () *+, - /912350 6855<F3cording to claim 1, wherein the metal

substrate is an aluminum alloy.

10. A process according to claim 1, wherein the anodized

metal substrate is immersed in the acidic coating solution.

11. A process according to claim 1, wherein the anodized

metal substrate is sprayed with the acidic coating solution.



