CHROVATE FREE WATERBORNE EPOXY CORROSI ON RESI STANT PRI MER BACKGROUND COF THE
| NVENTI ON The present invention relates to a corrosion resistant priner
and, nore particularly, a waterborne epoxy corrosion resistant priner
which is free of hexaval ent chrom um conpounds. Structural all oys,

i ncl udi ng al Ig}g&q of alum num steel, etc, are conmonly used in aerospace,

mari ne, autof 5t th TREEg A TECRORY s EPEEK e ARRYS 10 Rle® B TANS BR1MEFR ot ect ed

agai nst corrosion by applying prinmers or organic coatings containing
corrosion inhibitors. Typically, the corrosion resistant prinmers used for
the structural alloys are $GOKSROUDEsOH EPBExYNVERTHR¥ s whi ch enpl oy

hexaval ent chrom um as .an _active corrasigon. inhibi . pJ t_additive.
These pri nergrf?%l%r%%er{thémﬁen%al\?gl é:r?tlag rSanoqun }fg%}(g%}%bg%%gnlsp%a& ection.
Al | forngroher hexayahen pertdbularae neeagarzednbyepdrey Ut etk Sirat es

National Institute of Environnental Health Sciences as a Goup | known
human cafFef hoBRRt BH BRIiMiGH 1&gdirRewltnDEKRVRRERE nEfht OBFU™ f &R " Hind

state |egislagi on. {9 £12d10Q LeXaVal Bl nghRTHYE o ¥ 0k Bl uRf Gad £ cont ent
(VOC) levels in paints and priners, considerable attention has been given
t 0 wat er boenea ahd¢ ORNOMat ersadeducidlsrespesen BRAbRes. aNeR R MY RLT t he use

of corrgsion_ inhibiti d i.C aLp_f exay t
chrom u_mgg‘ge %ugjme% t(r)t%snt ?{%%xt %P\eé%lﬁzl E'{lggggalﬁlgec@%ﬁ%ﬁec{ﬂt V\glu d be very
benefi ci abrtosebn nbynatm hexay dreme rehogncugrascacogbinesi emiaii it i ng

additive to such priners. Accordingly, it i i nCi . obj ect of the
present CPﬁ(‘?Sﬁf?%nl?%ﬁbfto%sde aTq’(?(%%ra}ésliyéntb%sigg 5n%i%(r%i%§lg %lrg is free
of hexavakentrehnesd ufar [thd Sstaupantriaduleal ogbj ect obltéaet presedmtepansent i on

to provide a waterborne epoxy corrosion resistant priner.as set_ forth
above WhPERMEES Y fbch | SAPHHY ;ﬁ/eéaﬁéfﬁt%eﬁ& SEERkOgnas an ACLivS ESTrosion

inhibitor pigment additive. These primers rely on the
hexavalent chromium for corrosion protection. All forms of
hexavalent chromium are recognized by the United States National
Institute of Environmental Health Sciences as a Group I known
human carcinogen. In addition, again with the enactment of
federal and state legislation to reduce hexavalent chromium
volatile organic content (VOC} levels in paints and primers,
considerable attention has been given to waterborne and/or
water-reducible resin binders. Accordingly, the use of
corrosion inhibiting compounds which contain forms of hexavalent
chromium are subject to stringent regulation and control. It
would be very beneficial to eliminate hexavalent chromium as a
corrosion inhibiting additive to such primers.

Accordingly, it is the principle object of the present
invention to provide a corrosion resistant primer which is free
of hexavalent chromium.

It is a particular object of the present invention to
provide a waterborne epoxy corrosion resistant primer as set
forth above which is effective in preventing attack on
structural metal alloys.

It is a still further object of the present invention to

provide a corrosion inhibiting waterborne epoxy primer as set

1



structural metal alloys. It is a still further object of the present

i nvention to provide a corrosion inhibiting waterborne epoxy prinmer as set
1 forth above which is effective against both general corrosion and
pitting corrosion. Further objects and advantages of the present invention
Wil appeatHhereivebehovh SUMARC R I Hgd IMEENDICEN benacadr daneeswbhh t he
present invention the fore%oing obj ects and advantages are readily

obt ai ne®NArid tHi8ge APTFAYEAR on is drawn to a waterborne epoxy corrosion

resistant prigfighne@MBblskng Sndal@rHor iR LRAXhed predehgiagentioand a
non-chromate corrosion inhibiting pignent. In accordance with the present

i nventi o1l Repeen- bhrebmbelogorrosi on i nhibiting pigment conprises a
non-chromate corrosion inhibiting pignent additive in conbination with
ot her pigment extenders and the |ike. The non-chromate corrosion
inhibiting pignment additivelvagel oct BHEf IBWERHEOYr oup consi sting of
cerous nolybdate with bisnmuth vanadate, cerous nnlygg%t%omﬁth.strontium

tungstate, cerbdSPHEEpRG: 81w t Ot RS Um YURGEal e GEA° Vdnadat e

. . : , Dbismu
W t h_ bi sypidrowlrbdatioaandgstront i teadingsdtadaneand mxtures thereof. The
particularly preferred non-chromate corrosion inhibiting priner additive
i s cerous noIYWdRIESKAENINEERBAPT ubs tUFRYE dt%.2 DEFAFPRBBESERIPTI ON The

present 1nvention .5 ;drane bPife fheomt £sfdfe WRlebbenBe «BRRYY &Orr0sion
resistant primer conprising a waterborne epoxy, a curing agent, and a

non- chr omatie ¢ ergeogi-oandi AhnbIt ¢ goBele: t¢ e oI iPradediSdnd@ IWPLETERE - pr esent

InventlQﬂﬂ QJEEHHQHE%hQQQHtQhe present invention, the non-chromate
corrosion inhibiting pigment comprises a non-chromate corrosion
inhibiting pigment additive in combination with other pigment
extenders and the like. The non-chromate corrosion inhibiting
pigment additive is selected from the group consisting of cerous
molybdate with bismuth vanadate, cerous molybdate with strontium
tungstate, cerous phosphate with strontium tungstate, bismuth
vanadate with bismuth molybdate and strontium tungstate, and
mixtures thereof. The particularly preferred non-chromate

corrosion inhibiting primer additive is cerous molybdate with

strontium tungstate.

DETAILED DESCRIPTION

The present invention is drawn to a chromate free
waterborne epoxy corrosion resistant primer comprising a
waterborne epoxy, a curing agent, and a non-chromate corrosion
inhibiting additive.

In accordance with the present invention, the non-chromate
corrosion inhibiting pigment comprises (1) a non-chromate
corrosion inhibiting additive selected from the group consisting
of cerous molybdate with bismuth vanadate, cerous molybdate with
strontium tungstate, cerous phosphate with strontium tungstate,
bismuth vanadate with bismuth molybdate and strontium tungstate,

and mixtures thereof, and (2) extender pigments selected from
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corrosion inhibiting pignent conprises (1) a non-chromate corrosion
inhibiting additive selected fromthe group consisting of cerous nol ybdate
wi th bismuth vanadate, cerous nolybdate with strontium tungstate, cerous
‘phosphate with strontiumtungstate, bisnuth vanadate with bisnuth

mol ybdat ghangk ig ydsimingsifaie tanane alixkiuoes theyeof ,anmilid) extender
pigments selected from2 the group consisting of titaniumdi oxide, clay or
al um nun§t ki Fatent €alGENE GRraBsRat 2 1CaPE BRIABIRELE| Bt 574 eatE "% ne

oxi de, ang; bar yies i RV WP gUlfi A€ su 178 80N~ @hEORBA Ech £GREOST ON
inhibiting pignment (that is, the total pigment which includes the

non- chr okt eoTiorT ogitorp-iitilnigbiptigng naddithirte 1and thext ehelbrp pigmeht ¢)iah
present |0 AlLATIUN o, BELMGER 22 L08R o WM Hh HRE £ 8T ARL Ve 20 [0S WL . %
wi th respec 0 the final™ prinmer corrp05|f1|on. € non-chromate corrosion
i nhi bi t i &gt actdl f | pieymesarriiss exebehween Snt amdQnwt o % bpreden abd yr@5%t o 35
Ww-% wth respect to the total pignent conposition. Inh a preferred
ermbodi Mot - b R FARNT 0 fFventl O, 't h WalEFBoF he' Spols to77 beoe:
resi st antombddBr i GPNPrnEehioh - abaaker Re repeX¥nsehreh edihd omid hei s oup
consi sting of waterborne non-volatile dispersion of di g%/éci dyl et her

bi sphenotomp Fodh § i 2t wasoxide s hdWi me -kei §FCIBERPEFo%P dBC (WPEYC vEl Ut Bkt ween

450- 700 ?ﬁ%él&éc@éiéfﬁeeqﬁtw%i%%% 1:%9@)@;39_'%%0n|.n one enbodi nent of the

pr esent ntion, t spersion is based on a nedi um nol ecul ar wei ght
wherei n the dispersideiredasbedimeat wdditinn PEREEOFatnVRNghen., the

pol yfunctional resin djspersian, i Cur.i f Lgh crosslink
density ‘ﬁ%ﬁ/?ar%?Uh%vefpnog}!)\ﬁ/ecroyﬁo%ggngﬁgggﬁé%s%ta élllr?lggi gégﬁggsg% nQa further
enbodi newni te tiherndi gpensicl dc dohagedmonhan gagueousndi spengi oh of a

Cesi n. THEE GRS AR S e SHERBRE I &1 AHIKE Lol seEhe gop! SN £POY

A modified epoxies having weight per epoxide (WPE) value between
. 450-700 and viscosity between 12000-19000 cps. In one

embodiment of the present invention, the dispersion is based on
a medium molecular weight wherein the dispersion is based on a
medium molecular weight, polyfunctional resin dispersion, which
on curing forms a high crosslink density polymer having very
good hardness and resistance. In a further embodiment, the
dispersion is based on an aqueous dispersion of a semi-solid
standard bisphencl A epoxy resin of high molecular weight epoxy
resin. The waterborne epoxy is present in an amount of 5 to 50
wt.%, preferably between 15 to 30 wt.% with respect to the final
primer composition.

In accordance with the present invention, the curing agent
is selected from the group consisting of waterborne or water-
reducible modified amine or polyamidoamine adducts having amine
value between 300-450. In a preferred embodiment of the present
invention, the curing agent further includes a hydrophobic
curing agent to impact water in corrosion resistance. The
curing agent is present in an amount of between 2 to 20 wt.¥%,
preferably 5 to 15 wt.%, with respect to the final primer

composition.



w.% preferably between 15 to 30 wt.% wW th respect to the final priner
conposition. In accordance with the present invention, the curing agent is
selected fromthe group consisting of waterborne or water- reducible

‘nodi fied am ne or pol yam doam ne adducts having am ne val ue between

300-450. In gpprefeLhsdeerbodi i (i rd s giy85 el rdsiv@nte@lstbhe curing
agent further i1includes a hydrophobic curing agent to inpact water in

corrosi e imesi ofanbe. PTheeNEUFN YR biehtls Pyrtdsernily #FSaRbult of bet ween
2 1o 20 W%v%%§i$hg58h395¥ éo#fb§§5ﬂwa§%)ﬂ!ggiﬂfﬁﬂﬁﬁgsﬁgnFBﬁ hikpah primer

conposi tion. chronat e free wat erborne ‘epoxy corrosion resistant
primer clubsheapeaseptrinvehsiby, islpays icllardninuwef @lliogs pfegeaelng

general corrqsion and pitting corrosion on netal substrates, partjcularly,
al | oys Gf-3di ﬁFﬁuﬁFeSFEOy 1%& SHERTIN sY At esy §F§§BS?IEP§R’SFP%nEE%

st ai nl ess et eelrhal Lhe¥sScrandet Bgrothd ke . £ dde wise: oforinhe cpbrgnatetheee
wat er borne epoxy of the. present_ invention is useful in all industries

|
i ncl udi BFeSIKES A6V68HABE LAduSEFY! Hutdhbt IV THdGst ryclafdRPt EREur al

i ndust r%,enog%g@g!mgugew?t LYt ofbeLtd ol &ss i NAUSEHIhi tHBAGrand s raLE ey, The
corrosion inhibiting properties of the chronate free waterborne epoxy

corrosi erakegiisiganndpstner ofetheopiesehtduspmentiBdt W MBé& 1fkde cl ear
fromthe follQw mle. t e i
W N9, ¢xaml, 1n§i%%@trggip§9%%%’@1é¥ bor 1§ LRPHrREEMR e

conpositions were prepared as sho e 1. Alum num surfaces were used
t 0 eval uaitedthe neceppagi onrpespent resi ofanthgseinad wer $heTlpgegkoi num

3PPl | CatIBEBRPhE it BT So0Tnsl e Eet FEODpONe. WS o ed Ea  sal t spray
tests as per ASTM B117. The coupons were then
EXAMPLE
Four waterborne epoxy primer compositions were prepared as
. shown in Table 1. Aluminum surfaces were used to evaluate the
corrosion properties of these primers. The aluminum surfaces
were either phosphoric acid anodized or blasted prior to
application of the primers. The test coupons were exposed to
salt spray tests as per ASTM B11l7. The coupons were then
evaluated for signs of corrosion and pitting and compared to
benchmark strontium chromate based epoxy primers in accordance
with MIL-H-85582. The corrosion resistant properties of the
waterborne epoxy primers in accordance with the present
inven£ion were evaluated with respect to the chromate containing
primers. While the corrosion inhibitive properties of the four
primers did not exhibit corrosion inhibitive properties
comparable with the chromate containing primers, the primers did
exhibit corrosion inhibitive properties without constituting a

health risk.



eval uated for signs of corrosion and pitting and conpared to benchmark
strontium chromate based epoxy priners in accordance wth ML-H 85582. The
corrosion resistant properties of the waterborne epoxy prinmers in
accordance with the present invent ion were evaluated with respect to the
chromate containing priners. Wiile the corrosion inhibitive properties of
the four primers did n&ab&khl bt (WteeIPEnEPRRY BREIRAE Spr operti es

conpar algre—omi: T tye uh%u#ﬁé contar M SEL S dFS,  The P meys i Xtrii t
corrosidn inAibitive propertfies wthout I£(;c;onsti tuting al heal tgﬁ r'iglE. 4
Tabl e | |- \tAtiewlboine |EpaWy Hripeer sespy idrrer #% PVCConponént s\\i -?g, gns
Primer |- 20Epoxy resiln80. 00 (&L Hdioniiyiidat e48. 30 Strontium t{ingst at e6]. 90
Ceriumnitratel. 00 Propyl ene| gkymalicphenyl et her8. 00 1.00
4- Hydr oXy- 4- net hyl - 2{pent anon&i10¢ Dlycstarer3506 Prinmgr || 25%@?@
resin75.[00 Cerium nollybdat e6(0}; 37 :3PF bAE "M T YRGSt 4t €77.(36 Cer bl
nitratel. 00 Propyl ene gl ycol| phenyl ether7.50
4- Hydr oxy—4-tret hyl=—2-pentanonely DO P water40-60—Primer 300Xy
resin70.|0 t1 G ol ybdat'e72. 45 &t dcotakdem t ungst at €92. 85 Ceri emenitratel. 00
Strontium tungstate 77.36
Cerium nitrate 1.00
Propylene glycol phenyl ether . 7.50
4-Hydroxy-4-methyl-2-pentancne 15.00
DI water - 40.00
Primer III 30 Epoxy resin 70.0
Cerium molybdate 72.45
Strontium tungstate 92.85
Cerium nitrate 1.00
Fropylene glycol phenyl ether 7.00
4-Hydroxy-4-methyl-2-pentanone 20.00
DI water 60.00
Primer IV 35 Epoxy resin 65.00
- Cerium molybdate 84.52
$trontium tungstate 108.32
Cerium nitrate 1.060
Propylene glycol phenyl ether 6.50
4-Hydroxy-4-methyl-2-pentanone 25.0
DI water 70.0

It is to be understood that the invention is not limited to
the illustrations described and shown herein, which are deemed
to be merely illustrative of the best modes of carrying out the
inventioﬁ, and which are susceptible of modification of form,
size, arrangement of parts and details of operation. The
invention rather is intended to encompass all such modifications

which are within its spirit and scope as defined by the claims.



Propyl ene gl ycol phenyl ether7.00 4-Hydroxy-4-nethyl-2-pentanone20.00 Dl
wat er 60. 00 Primer |V35Epoxy resin65.00 Cerium nol ybdate84.52 Strontium
tungstatel08.32 Ceriumnitratel. 00 Propyl ene glycol phenyl ether6.50

" 4- Hydr oxy- 4- met hyl - 2- pent anone25.0 DI water70.0 It is to be understood that
the i nwadT org IS, AmMed irgted to the illustrations described and shown
herein, which are deened to be nerely illustrative of the best nobdes of
carrying out the invention, and which are susceptible of nodification of

form size,; arr aNgerEit,theP@pbsyaBd rd8tabh Srdi apafalpraferThe invention
rather is intended to enconpass ayl such nodi fications which are within

its spi¢dnpriginrope as defined by the clains. 5 WHAT IS CLAIMED IS: 1_ A
waterporne qgggg%é¥gg(ﬁg(%h§% 'istant prinmer conprising: a waterborne
epoxy; a curing agent; a non- chromat e contai ni ng corrosion inhibiting
pi gnent. 2. A ¢utivey apoordiamg to claim| wherein said waterborne epoxy is
sel ected fromthe grou consistiﬁg of materbornetp nE.voIatiIe gispersion
of diglycidy? Eher™ i AOIR ARG FBEECRpoRi €Y Havitng weilGht “per epoxi de
(WPE) val ue between 450-700 and viscosity between 12000- 19000 cps. 3. A
primer according to claim2 wherein the dispersion js based on a nmedium
mol ecul ar me?ght,ApRﬂﬁWQHKﬁQQ9%%l“Be§PnClalm 1 wherein salid waterborne

epoxy is selected from the group consisting of waterborne non-
volatile dispersion of diglycidyl ether bisphenol A modified
epoxies having weight per epoxide (WPE) value between 450-700
and viscosity between 12000-19000 cps.

3. A primer according to claim 2 wherein the dispersion is
based on a medium molecular weight, polyfunctional resin
dispersion, which on curing forms a high crosslink density

polymer having very good hardness and resistance.

4. A primer according to claim 2 wherein the dispersion 1is
based on an aqueous dispersion of a semi-solid standard

bisphencl A epoxy resin of high molecular weight epoxy resin.

5. A primer according to claim 2 wherein said waterborne
epoxy is present in an amount of between 5 to 50 wt.% with

respect to the final primer composition.

6. A primer according to claim 2 wherein said waterborne
epoxy is present in an amount of between 15 to 30 wt.% with

respect to the final primer composition.

7. A primer according to claim 1 wherein the curing agent

is selected from the group consisting of waterborne or water-



di spersion, which on curing fornms a high crosslink density polyner having
very good hardness and resistance. 4. A prinmer according to claim2 wherein
the dispersion is based on an aqueous dispersion of a sem -solid standard
* bi sphenol A epoxy resin of high nol ecular wei ght epoxy resin. 5. A priner

accor di e HleAnBiua FHRAT §|ln5?n§abﬁ| MEL PLRIAMN i rRPAXuicE sPhATERl hRidd anount
of between 5 to 50 wt.%w th respect to the final primer conposition. 6. A

pri mer vadcesr éaertglet% 3PAFABR- wherei n sai d wat er bor ne epoxy is present in an
anount of between 15 to 30 wt.%with respect to the final priner
conposition. 7. A priner according to claim1l wherein the curing agent 1is
sel ected fra@m thepgrioep eonsrdinggtofchwmirerborgedmn wakercugingdagent e

nodi fied am ne .or | yam m ne adducts. havin ne va e

300- 450&‘r§rﬂeﬁ ﬁﬂ%?eécéogﬁgﬁﬁp?%bt‘? a?‘ﬁ?’?n%\haegr%} nrﬁ Te e@ura:aﬁﬁgagen?r further
i ncl udes A JrdrephebireseyrhAgeagent for enhanced water and corrosion

resi stance. 9. A prinmer accordi ng to claim7 wherein said curing agent is
present in an amount of between to 20 wt.%with respect to the final

primer compasiti QN Qe A aggbgggn%cggrgiggntp £l ldnn/ eher eurisai d curing
agent is present in an anount of between 5 to 15 wt.%wth respect to the

final prdendr icomposieritoan 2. apopRinef BREMM ng & M aitm*1¥Whérein the
non- ChrP«a@ﬁe (.98l @n i, Ah| ik ch:E’ﬂn%Q?{‘t}l&r?.”p“ ses a non-chromat e

corrosion nthctbltlng pi grent a d|t|v ected fromthe group consisting
of cerous rml ybdate wi th bi snuth vanadate, cerous nol ybdate with strontium

tungstate, cerous phaosphate wth st ont um t st at i anadat e
wi th bi snut it ol ébé’aﬁlg‘eénﬁchFSﬁP?u %gs[fl a}tjggn A sl PBnY
agent is present in an amount of between 5 to 15 wt.% with

respect to the final primer composition.

. 11. A primer according to claim 1 wherein the non-chromate
corrosion inhibiting pigment comprises a non-chromate corrosion
inhibiting pigment additive selected from the group consisting
of cerous molybdate with bismuth vanadate, cerous molybdate with
strontium tungstate, cerous phosphate with strontium tungstate,
bismuth vanadate with bismuth molybdate and strontium tungstate,

and mixtures thereof and extender pigments.

12. A primer according to claim 11 wherein the non-
chromate corrosion inhibiting additive is cerous molybdate with

strontium tungstate.

13. A primer according to claim 11 wherein the non-
chromate corrosion inhibiting additive is present in an amount
of between 15 to 40 wt.$% with respect to the total pigment

composition.

14. A primer according to claim 11 wherein the non-

chromate corrosion inhibiting additive is present in an amount



and m xtures thereof and extender pignments. 12. A priner according to claim
11 wherein the non- chromate corrosion inhibiting additive is cerous

nol ybdate with strontiumtungstate. 13. A priner according to claim1l
"wherein the non- chromate corrosion inhibiting additive is present in an
amount o pfpdelaeendid BQ WM. %ivht BesgsPECto tithd N tlaat @li ghgrent
conposition. 14. A primer according to claim 11l wherein the non- chromate
corrosi ePPaRl b2t ng additive is present in an anount 7 of between 25 to 30
w.%w th respect to the total pignment conposition. 15. A prinmer according
to claim 11l wherein the non- chromate corrosion inhibiting pignment is
present in ahbanuniriofer ketosednn@sbtoocbdimt 1 Dowhidde inespecnone t he fi nal
prinmer _conposition. 16. A priner_according to claim1l wherein the pon-

Chr ormt 6 EOTT 8 1 ST A G o GREn PE B kbt S in L ingogrt Cbafween
40 to Sbhewed i3 hed eEpeat. 3t @ithertbpatt ptd nete fiomglodirimen. 17. A primer
according to claim 13 wherein the non- chromate corrosion inhibiting

pi gment “PEPPTESEMt- in an ampbunt of between 25 to 60 wt.%with respect to
the final primer conposition. 18. A prinmer according to claim14 wherein
the non- chromate corrosion inhibiting pignent is present in an anount of
bet ween 40 tb655 WPDinGR Rocespéns £6 Ehellihalvhhiassr theoRrpdsition. 8

chromate corrosion inhibiting pigment i1s present in an amount of
between 40 to 55 wt.% with respect to the final primer

composition.

17. A primer according to claim 13 wherein the non-
chromate corrosion inhibiting pigment is present in an amount of
. between 25 to 60 wt.% with respect to the final primer

composition.

18. A4 primer according to claim 14 wherein the non-
chromate corrosion inhibiting pigment is present in an amount of
between 40 to 55 wt.3% with respect to the final primer

compositicon.



