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EOR PROVI DI NG COR CCRROSI ON PROTECTI ON CROSS- REFERENCE TO RELATED APPTATENF| o
5 This application clainms the benefit of U 'S. Provisional AppIO%WrQ?dJNo
60/ 268, 273, filed February 14, 2001. BACKGROUND OF THE I NVENTION 10 A
variety of coating conpositions having a |iquid nedium generally at |east
substantially resin-free, WARTICULATE METALALLAY ERAZBISt ai ni ng coati ng
conpositions, but that can also include those that don't contain chrom um
and all typically for protRORAROYIDING CORRGSIGNIBROTECT®N are known. O speci al
I nterest are those which contain particulate netal. Representative coating
conpositions of this type that were initially devel oped 15 could be quite
sinplistic, such as conpositions containing essentially chromc acid and

particulate netal in an gROSHREFERENGEIO RELATED SBPOGETONN the U S. Patent No.
3,687,738. A later devel opnent of particular effectiveness for providing a

cgrrosi on-resi stant coati figs appiiatish cRips tiebesefitaF t he nore conpl ex
conposi tion such as shown in US. 20 Patent No. 3,907,608. The conposition

.conpri sed chrom gsasiod; i) %licﬁﬁbﬁﬂbz 66260873, iRl FRRbPUATGYa] 2081 MR Nl y Zi nc
or alum num wetter 3 |'i'qui d nedi um conprising water plus high-boiling

organic liquid. The conp05|t|on had very desirable coating characteristics
when including a viscosity nodifier such as a water-soluble cellulose

ether, as disclosed in U S gRat&tuNdor BHEOMOEREON 25 1 v i PATENT

10 A variety of coating compositions having a liquid medium, generally at least -
substantially resin-free, which can be chromium-containing coating compositions, but
that can atso incluc_ie those that don't contain chromium, and all typically for protecting
ferrous substrates, are known. Of special interest are those which contain particulate
metal. Representative coating compositions of this type that were initially developed

15 could be quite simplistic, such as compositions containing essentially chromic acid and

particutate metal in an alcohol medium, as disclosed in the U.S. Patent No. 3,687,738.

A later development of particular effectiveness for providing a corrosion-resistant
coating on metal substrates was the more complex composition such as shown in U.S.

20 Patent No. 3,907,608. The composition comprised chromic acid, or equivalent, a
particulafe metal of mainly zinc or aluminum, wetter and a liguid medium comprising
water plus high-boiling organic liquid. The composition had very desirable coating
characteristics when including a viscosity modifier such as a water-soluble celiulose ether,
as disclosed in U.S. Patent No. 3,940,280,

25



003744-02 U.S. The coating could be esgecially useful as an under
Thus it has been taught to use such a nore conplex coating cwg&ﬁjﬁgﬂ
an undercoating over ferrous surfaces. The coating is then pr h a
silicate topcoating, as discl osed in US  Patent No. 4,365,003. 5 1t has
been known th t where coatin 05| tions coul d cgnt ain t,h?egsrti ul ?&e
metal as unt "B&CEALIBY GAVIALNA 5|p§R'é USeEY as pRIDAEERPaEBgy ABYSI fen taug

wat er - based coating conpositions. In such water-based coating

conposi ftP 4158 sueh ame&omnm FRANGICARIPGRItIaN asasditdeRFaatingQAvEr fﬁfﬁopfﬁe
conposition to form hydrogen gas. One approach for avoiding 10 this problem
has beesUtfgceso dhetonating iak OrﬁrﬂVIQR@WIMSIB@éﬁt@m&tlﬁg $Ssdla~%0$§§|rl§)lq% coating
forped by reacting nono-ethylenically unsaturated silane with acrylic
monomer PatentiNg 4,366i008. hydr oxyl or epoxy groups, as disclosed in U.S.

Pat ent No. 4, 213,886. However, these products are specialty itens tailored
t® provide a coating of good gl anobur appearance and have not found a w de
acceptance. 15 There has al so been proposed the preparation of coating
conposi t i ons It hestbeeadmosymtiay avhel e ceating aampodi tidrysccoakccdrdainthespdrtingatend a
particul ate netal. These conpositions, such as disclosed in U S. Patent

No. 4, 2hietabat untagetpd alimiaunofiaies suah figkecte Geiunstabde i water-ddsexubedatingt e.  The
silanes utilized are not water-reducible and, thus, It 20 can be expected
that theonppusitionsi tmsuchneatesbbsddaoatingtcerhpasitidns, starcazd aiimihuat fake will
liquid. 2 PATENT 003744-02 U.S. More recently, it has been taught In U S
Pat ent Keactwitib@abérdntthe cospositdnitodormiystodangdss Onkiaphredach fepavyiding
functional silanes, and which are water-reduci ble, can be

10 this problem has been to coat the aluminum flake. One such coating is an acrylic coating

formed by reacting mono-ethylenically unsaturated silane with acrylic monomers having
amine hydroxyl or epoxy groups, as disclosed in U.S. Patent No. 4,213,886. However, these
- -products are specialty items tailored to provide a coating of good glamour appearance

and have not found a wide acceptance.

15
There has also been proposed the preparation of coating compositions that
contain hydrolyzed organotrinydrocarbonoxy silane and a particulate metal. These
compositions, such as disclosed in U.S. Patent No. 4,218,354, can provide corrosion
protection to a coated substrate. The silanes utilized are not water-reducible and, thus, it
20 can be expected that the compositions are best formulated in the presence of organic

liguid.



useful in formng conpositions for coating netal substrates. The
conpositions rely on a variety of ingredients to provide for a chPAENTt ¢ ee
system 5 Qther conpositions containing particul ate netal and OPF{fdiG24--S-
utility by providing corrosion protection for a substrate are well known.
Sone of these will b% rtgre garticul arlg di scussed hereinbel ow. 1t would be
desi rabl e t oMIFRUEEOLY, IEHas PeeN taught B ¥-S. Ratent ¥emAaSi8T19dhat cfnrostian to
provi de _a coating conbinati on of undercoating plus 10 topcoating, each of
whi ch cﬁm%'tH%%ml%amwéHe@.lonaﬂ silgoas. anf whiek arepyatesseduaible, €as ber ovi de
same, which woul d offer outstanding corrosion protection to netal

subst r atgeful igfarmpinasameestiensfossaatindmetalsubstyates.othe eempSibinARENOBN HE

I NVENTI ON 15 The present invention can offer such features. The coating
of f er s valielyofidngrgdiants topramde fegiaghaome-feescdystesn.on coated steel parts. In
addition to corrosion-resistance, deposited filnms can have excell ent
cbating adhesion. Coating conpositions for the conbination nay be

one- package conpositions, and in such case provide ease of 20 preparation,
storage and Othenspomosiionsesbhtaisingparticiiateimetatampiindingutiity batpraviding
typically one-package conpositions may tend thensel ves to extended storage
st abi | i cgrrosion pnateatipp €or, a stiestrate erd welhknewvuli sEneed theseavit datmoe
conposition adapted for application to, and curing on, a substrate, which

conposi panticutaoiytcisonssepidhdreinbleiive Mwtodid b@desirakie to grovider® doatigrdnpalpvi des
corrosion resistance as a cured coating on the substrate, 3 PATENT

003744-azhdofmpositianscamd glsete provipe a'coatdty tdrabinaeion\ W mtierdoatingeius

particul ate netal constituency of such conposition conprising: zinc alloy

1@ f| akeopiooating cagehics iwticly cewitidrave ide Sitepeirgh! thedGIaFurthenbeidesitiife 86! oy
provide same, which would offer outstanding corrosion protection to metal substrates

and be efficiently and economically produced.

SUMMARY OF THE INVENTION
15
The present invention can offer such features. The coating offers outstanding
corrosion-resistance such as on coated steel parts. In addition to corrosion-resistance,
deposited films can have excellent coating adhesion. Coating compositions for the
combination may be one-package compositions, and in such case provide ease of
20 preparation, storage and transport as well as use. Coating compositions that are typically

one-package compositions may lend themselves to extended storage stability.

In one aspect, the invention is directed to a coating composition adapted for
application to, and curing on, a substrate, which composition contains particulate metal

25 in a liquid medium and provides corrosion resistance as a cured coating on the Substrate,



fl ake and a bal ance that is | ess than 50 wei ght percent of non-zi TQ oy
netal In the alloy 5 flake. In another aspect, the invention st] 9_{?&% ed
80P /G608 'ng

to preparing a corrosion-resistant coated substrate in a neth

this coating conposition and curing applied coating conposition on a
substrate. | n another aspect, the invention is directed to coate

subst r avBersinpteredyprigvgechtheimrraverent indse p@fﬁ’%?dﬂ@t}aé‘%‘?@&%n@ ting
froma conposition conprising: (A) liquid medium (B) zinc alloy in flake

f or m cofHshicoMRPsiedNPLisiag: 50 wei ght percent zinc In said alloy flake,
and a bal ance of |ess than 50 wei ght percent of additional alloy netal;
and 15 (C) stinaakoydinfiiikadoegeamprisingareates thasFeweight percent gmciio the akdMides
the nethod of preparing a corrosion- resistant coated substrate protected
wi th a fidkeansd balencethat isdessithar §0 sicight neveantraf nonvineailayvaneiadlinche@ioyes:
20 (1) applying to the substrate a coating conposition conprising: (A

| 5qui d fiadi umanéBjer aspectatiedpvéntidn iakirettadrtoquaparing agoyosiandgesistaah 50

wei ght percent zinc in the alloy flake, and a bal ance of |ess than 50

wei ght ¢oatedsuibstfatediatmethet udiliziog thiseoating eorip2Stioengidusing applied ng agent ;
4 % PATENT 003744-02 U.S. with the coating conposition being applied in an

amount cstihgdopmboditborponaisdpstratgon curing, above about 500 but not
substantially above about 9,000 nglft2 of coating on the coated substrate;

and (2) heat curing applied coating conposition on the substrate at a
tenperature
In another aspect, the invention Is directed to a coated substrate protected with a
10 chrome-free, corrosion-resistant coating from a composition comprising:
(A) fiquid medium;
(B zinc alloy in flake form comprising greater than 50 weight percent
zinc in said alloy flake, and a balance of less than 50 weight percent of additional alloy
metal; and

15 o silane binding agent.

in another aspect, the invention includes the method of preparing a corrosion-
resistant coated substrate protected with a chrdme-free, corrosion-resistant coating,
which method comprises:
20 () . applying to the substrate a coating composition comprising:

(A iguid medium;

(8  zincalloy in flake form comprising greater than 50 weight percent
zinc in the alloy flake, and a balance of less than 50 weight percent of additional alloy
metal; and

- 25 © silane binding agent;



5. up to about 700F for a time of at |east about 10 mnutes. In a‘%{%ﬁr
aspect, the invention is directed to a coated substrate protected a
corrosion-resi stant coating froma coating conposition conpri 5q0ﬁ644'({2,&§-5~
liquid nedium 10 (B) zinc alloy in flake form conprising greater than 50
wei ght percent zinc in said alloy flake and a bal ance of |ess than 50

wei ght g@mm cingraRositien peipoanplied in ampwnt fficient to provide, upon

hexaval ent - chrom um provi di ng substance. An aspect of the_ invention also

i ncl udeSUpngRIGVERELHUE 500 bt BT SUbsiastialit akayeabeut 81980 ME/E” of goating e they
this coating and enpl oying coating anmounts and curing conditions as

descri b&aategssubstrat®; @80 I n yet another aspect, the invention Is directed to
a coated substrate protected wth a corrosion-resistant coating fromthe
coating conpéditi deateuring aiplied cRatig\rompnsitianiopythersubstadte atartenmperpiurgi ng
greater than 50 wei ght percent zinc in said alloy flake and a bal ance of

| &ss t.hap tb@boet Goo°Afer a¢ime ohatieastaboot & hmigutesret al ; (B) a titanate
polymer; and (C) a liquid vehicle conprising organic liquid for such
titanate polynmer. 5 PATENT 003744-02 U S. The nethod of preparing a
corrosion-resistant coated substrate utilizing this coating conposition is
a further i nyemother asgeet ithe paventionliggirgcted to arcontedequpktrete praxtettey with a
tenperature up to about 600F for a tinme of at |east about 10 mnutes. 5 In

a still corrotibaresistant toatinefromvecdating dosnisisiter esmprsiagcoat ed substrate
prot ect _ed W th a corrosion-resistant coating fromthe coating conposition
conprising: (A) |uquidigedimegium;
10 (B) zinc alloy in flake form comprising greater than 50 weight percent

zincin said alloy flake and a balance of less than 50 weight percent on non-zinc alloy

metal; and

(o)) a hexavalent-chromium-providing substance.
An aspect of the invention also includes preparing a corrosion-resistant coated substrate

15 utilizing this coating and employing coating amounts and curing conditions as described

hereinabove.

In yet another aspect, the invention is directed to a coated substrate protected
with a corrosion-resistant coating from the coating composition comprising:

20 (A} zinc alloy in flake form comprising greater than 50 weight percent
zinc in said alloy flake and a balance of less than 50 weight percent on non-zinc alloy
metal;

(B a titanate polymer; and

tol} a liguid vehicle comprising organic liquid for such titanate polymer.



(B) 2| nc alloy in flake formconprising greater than 50 weight percent
zinc in said alloy flake and a bal ance of |ess than 50 wei ght per cRHWEENGn
non-zinc alloy 10 nmetal; and (C) one or nore of a water-sol ubP83Hdd2\bs.er
di spersible silica subst ance. Consi derati ons-for preparing a
corrosion-resi stant coated substrate with the coating conposition also
appl y aBemethodpf peepasiiscreorreen-resistantiopates! substrate utpjringthiceeatingg 15
conposition up to about 700F for a tine of at |east about 10 m nutes.
DESCRI PA®ICROEHOIT HE FRERERREEN tRVBTDEME NS ICDlar] yitaraUiioglappdedreoatingét a he
coating conposition will be a zinc atloy in flake form 20 The particul ate
met al |Eemmratuw@wmtoabcmtGOﬁ°FFforladlmepmg@aaraﬁduy’wmi’puteﬁ ng at | east
greater than 50 weight percent zinc, usually depending on the particular
all oy. The balance of the alloy is thus | ess than 50 wei ght percent of
non-zinc alloy netal. For a zinc/alum num alloy the zinc advantageously
cbnpri ses grieastil funther aboedt, e ineergivn ipdireeted toiatbated i3ttt & protected
conversely, less than about 20 weight percent alum num and preferably 25
gr eat erwitharcorfusion-fisistaritgivating Fagn the toutingdonessitidradmphsHy: 15 wei ght
percent 6 PATENT 003744-02 U.S. aluminum For a zinc/tin alloy, on a
metal s basis, thepe isliqdyaougeous!y at | east about 70 weight percent of
zinc or, conversely, not nore than about 30 wei ght percent tin. For

consi dering corr ogj on m@amiyaneﬂk@fom@aémﬁruw?@tréﬁbﬁthém Wbt gﬁi pefcent
preferably an alloy of zinc and alumnumin tlake form 5 Advantageously

for ecammn fid Aldyolaierpdurbaigite cif’fl&s?ché'r(x?5@l}»‘e@}ht"Me‘réerﬂ‘?)nl ﬁbrf yiRkSIof Ormin a
paste. In the alloy of zinc with alum numin a paste, the alum num nay nost

aplvant agetalsdnd be present in an anount up to about 8 weight percent, basis
wei ght of '

(o] one or more of a water-soluble and water dispersible silica
substance.
Considerations.for preparing a corrosion-resistant toated substrate with the coating -.
composition also apply as an invention aspect, particularly to curing applied coating

15 composition up to about 700°F for a time of at least about 10 minutes.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The particulate metal of the coating composition will be a zinc alloy in flake form.
20 The particulate metat is an alloy of zinc in flake form generally comprising at least greater
than 50 weight percent zinc, usually dc;pending on the particular alloy. The balance of
the alloy is tﬁus less than 50 weight percent of non-zinc alloy metal. For a zinc/aluminum
alloy the zinc advantageously comprises greater than about 80 weight percent zinc,
metais basis, or, conversely, less than about 20 weight percent aluminum, and preferably

25 greater than about 85 welght percent zinc, or less than about 15 weight percent



t he baste. For corrosion resistance of the coating balanced with ﬁ’@%’gﬂ
gdhesion, the 10 alumnumw || preferably not contribute nore tha

wei ght percent, basis weight of the paste. The total of the 903444 Q?Péy
flake will generally contribute from90 to 95 weight percent or nore of
the paste, with a balance of paste liquid. The alloy flake paste can

cont ri balueinioMe FOF gging/timalievnon amta!ﬁﬂoaﬂsa there lﬂﬁ@YW%@#&'VgﬂW%F abputither al
spirits, or some liquid even in trace anmount to the coating conposition.

it has Wweight percemt ofaincks, coreerieh nat moye thakahpiSOaveiaht percgehienaFery
useful, together with other coating conposition ingredients, for those
coat i ngcmuiﬁwkigtdwrcsidmmsismncb of aoatedrsupstratiectiezlioy inereseraply aealloy dform |1t
is,al so contenplated that the special alloy flake can be useful when

pr epar ezint mdlaypniinam in$lakb fomy, f or m paste can thus be 99 wei ght percent or
nore of alloy flake. 20 Zinc alloys in flake formother than the zinc and
abum num alloy, or zinc and tin alloy, can be useful. These include zinc
al l oyed with one or nore of magnesium nickel, cobalt and manganese. A
repr esent at i ygvanfiagsousRifal eednomy bf alkey prodaction, ahe zingwiltoy maigbe i flakeal | oy.
The preferred all oy paste for the undercoating conposition is 25 STAPA

4ZnAl 7 fmﬁﬁnﬁylpﬁ@éalhtth\é@llbﬁof wht Qith Sumimanairea phstz] e Amshiralmmayumosd | oy in
fl ake 7 PATE 003744-02 U.S. formtypically containing fromabout 85 to

about  8fyuaRtsllouB9eafesditna anfahfiintkPutb about 8 valight pdicast, Bhiis welgre o
al um num and a baI ance of fromabout 7 to about 10 weight percent paste

|i qui d, trl paska st cbPRosY 1@8istaPRE ©F Bie Bdatinydiared withiebatihgdd@diesigrpaei ni ng
from about 4 to about 5 wei ght percent of alumnumin the alloy is also of

par ti cugiamirurh %%ﬁéﬁeraw hbt t@:ﬁt@ib@té mdpatharcasoutizageighb ervent yakR dvaaghioy
fl ake-of zinc and al um num wi | general ly have a size such that at |east

about 5§ ¢l gHite, PEHEC&IHAI d?fthé Hﬁhcfaluav Sl gariepalyi dontrib@eerrem gonteass
di mensi on of |ess than about 13 mi crons, and preferably has at | east about
weight percent or more of the paste, with a balance of paste liquid. The alloy flake paste
- can contribute some liquid in minor amount; e.g., dipropylene glycol or mineral spirits,
or some liguid éven in trace amount to the coating composition. It has been found that
15 the zinc alloy flake paste can be generally useful, together with other coating
composition ingredients, for those coating corribositions that will contain particulate
metal in paste form. It is also contemplated that the special alloy flake can be useful

when prepared in dry form. Such dry form paste can thus be 99 weight percent or more

of alioy flake.

20
zinc alloys in flake form other than the zinc and aluminum alloy, or zinc and tin
alloy, can be useful. These inciude zinc alloyed with one or more of magnesium, nickel,
cobalt and manganese. A representative three-metal alloy flake is zinc-aluminum-
magnesium atloy. The preferred alloy paste for the undercoating composition is
25 STAPA 4ZnAl7 made by Eckart-Werke, which is a paste of zinc and aluminum alloy in f-lake



90 wei ght percent of the particles with a | ongest dinension of |es {Nﬁm

about 15 mcrons. For conveni ence, the non-alloy bal ance of t%?&%r% S
S o]

e

i.e., the about 7 to about 10 10 wei ght percent bal ance, is

herein for convenience as the paste liquid. It wll, however, b
understood that this balance may contain substituents, e.‘%., | ubri cants
used i nforrkitwoicalivecqrdaining firoax abaus 8h &0 abaut §&jueight Benceihanc: g 4 s

utilized in the coating conposition: 15 It is to be understood that the
zi nc al ttopbblbg sveight prrcentateminunnand a batanag of FepmaRguti 70t IRQUt 181wRight

pul verulent netal, which is in non-flake form e.g., zinc, alumnum

al um nupeatdrmypastw liquid talinesistibeweightipergantwoé the paste. Haeh a paste coBEANINThus,
this pulverulent netal in non-flake formmay also be in non-alloy form

such nefgmiaboat hes abbot Sweightipertent@f phmainach nithe atidyeispisstaf, pasticularor e
typically will be blended into the 20 coating conposition generally,

algt houghhtiekestOwith Ryaus 66l phrtidrodive, tiy prefetrieyl alioy flake ofeinaand alusniofimsaidh
ot her pulverulent nmetal, in non-flake form w Il be present in the coating

conposi yeRBraliMAve BSizeRaen Betat icast sSfoutBowearitererventtadf the flake earticied wiiid.
Usual Iy, the non-flake netal m ght be in powder form 8 PATENT 003744-02

U S. A hageghondest siraend@nbt réethahhbut heniitroas,ainderefdrakly has bt ldast apoet ul
in any coating conposition wherein particulate netal is utilized in a

liqui d waRidabRt percent betHeharaeies Withaslongesthiimensioh of ise thdreal®iut)15t o pr epar e
a corrosion-resistant coating, several conpositions are of particular

| F‘tereSGmcE&{s?!FBP%b% IERERS EheCRSH-hINY 1SNt tthe pastef 1. qatHe abwlug? tombeutst 5
will next be di scusse(;! A.  CHROM UM FREE COATI NG COMPCSI Tl ON These coati ng

CRPOSI T’lb%gh}"ﬁ@t‘%eﬁf 8RaR&d id rerérradto herem farrconpenienes atmet paste lidild. It
substrate, wll usually be referred to sinply as the "coating conposition".

These anf KAIRRST 5%9ﬁ§eﬁs&?dd SR tRE BaBN6e iy SoRtHNs bulistienéntsasowilbdricartsnor e
particul arly descri bed
used in making the paste, that are not in liquid form when the paste is utilized in the

coating composition. -

15 It is to be understood that the zinc alloy flake may be present in a coating
composition with other pulverulent metal, which is in non-flake form, e.g., zinc,
aluminum, aluminum alloy, or mixtures thereof in pulverulent, non-flake form. Thus, this
pulverulent metal in non-flake form may also be in non-alloy form. Such metal in other

| form may be incorporated with the paste, but more typically will be blended into the

20 coating composition generally, although it could be used in both. Typically only minor
amounts of such other pulverulent metal, in non-flake form, will be present in the
coating composition, and the incorporation of such other metal is often avoided.

Usuaily, the non-flake metal might be in powder form.



herei'nbel ow. Preferred coating conpositions-of this type have beenP TENT
described in U S. Patent No. 5,868,819. CGenerally, these preh {4% 2 U.S
conpositions. nmay be referred to as a "water-reducible coati §§ V.
conposition”. For supplying the liquid nmediumof the coating 15
conposition, there will usually be used water in conbination wth r8ani C
li qui d, whi cAlthoughaitiis contemmiategihatl the 2inc alloy dlake wilt Be Hegful i aly qoﬁﬁ“
"solvent". Sone of these chromum free coating conpositions wll be nerely
sol vent compeditionhukercimparticolateametalds wilized in géadiduehigle forplayigmmegdive) ¥
dilutable with water. 20 Water is present in the preferred conpositions in
an anousici tepm Bluste Asteiriowrepare a contbstprriesistany coatinga SenarakaeuRosiionkei ght
percent, basis total conposition weight. The organic liquid of these

pref er r geb ofpdreiculze (hterdst eHemininesow; thiese caatingecom pasitiansi ofi pagticgariaterest
l'iquid, such as disclosed in U S. Patent No. 6,270,884, although it also
can be il hexpdaistusegd.organic liquid, and may include m xtures of the
foregoi ng. Hi gh-boiling 25 organic liquids that boil above about 100C have
been disclosed in U S. Patent No. 9 PATENT 003744-02 U.S. 5,868,819. The

| ow-boiling organic |iquids have a boiling point at atnospheric pressure
bel ow about AO00C, cARGMAINMFREECOATING OMROSITIONOl ubl e. Such may be represent ed
by acetone, or |ow nolecul ar weight al cohols such as nethanol, ethanol,

n- propyl al cohol and i sopropyl al cohol, and further include ketones that

bol | bel ow 100C, such as water- 5 soluble ketones, e.g., nethyl ethyl

ket one. Genegpbde/codting @nidiitforls| WHEA préddredén finsisonh fomapisiizationfternr ed
wat er -reduci bl e conpositions in an anount from about | to about 30 wei ght

PRY cent suhagdts, Wil @ualnf BERSRHEHQD sBbIght théreobtingbbmpotitionechimesearel us ease
of conposition preparation, 10 acetone will supply the | ow boiling organic

liquid %ﬁ'\p‘ﬁﬂsitiork%ﬁf E5ritain d MaRS s@EBtENt, SeliNRMak®partiturny descrbed 0
wei ght percent of the total composition. Generally, representative
hi gh- boik}diab@b%aBrerdrrétibshitingdont esitisricthidype heve beshidedetibed in U.S.
Patent No. 5,868,819, Generally, these preferred compositions.may be referred to as a
"water-reducible coating composition". For supplying the liguid medium of the coating
15 composition, there will usually be used water in combination with organic liquid, which
organic liquid may also be referred to herein as the "solvent”. Some of these chromium-

free coating compositions will be merely solvent based. Those that contain water in

general will be infinitely dilutable with water.

20 | Water is present in the preferred compositions in an amount from at least about
20, and generally not above about 70 weight percent, basis total composition weight.
The organic liquid of these preferred, water-reducible compositions can be a low-boiling
organic liquid, such as disclosed in U.S. Patent No. 6,270,884, although it also can be a
high-boiling organic liquid, and may include mixtures of the foregoing. High-boiling

25 organic liquids that boil above about 100°C have been disclosed in U.S. Patent No.



Oone oxygen- containing constituent that may be hydroxyl, or oxo

nol ecul ar wei ght ether 15 group, i.e., a Cl-C4 ether group. si 9B
dispersibility and preferably water solubility is sought, high rml ecul ar
wei ght p meric hz{(tpjrocar bons are not particularly suitable, and

advant ag® %eésﬁ . JeplowdalIng Qf%ﬂ‘éé‘ﬁﬂ@éﬁé\’%éﬁpﬁhnﬁ n%&tsattaﬁmsab@m PRESSEEr bon
atons and have a nol ecul ar wei ght of 400 or less. Particular hydrocarbons,
whi ch neelow abptit $@GTC, ard Areyreferabivivater-spiubie. Su@umay bedeprasentad by and
tetraet hyl ene glycol, di- and 20 tripropylene glycol, the nononethyl,

di met hylgcetone, or low maoleenar weighhalsehal$ ymblag,mttbanolnaﬂ‘@@ol, arprmy@lmhpl qui d
pol ypropyl ene glycols, as well as diacetone alcohol, the I ow nolecular
wei ght etudsepropyhiicahioy laadéughegrincludarketoriestthateizoiblielotwel 008, syoh agwatlrer e
the organic liquid is a mxture of high-boiling organic liquid with

| o boi Isohupleketonies, d.9.qmedhy! etihnd lketonel xt ure can be represented by acetone
pl us di propyl ene glycol. 25 10 PATENT 003744-02 U.S. 1In addition,to the
particulate metal and the |iquid nmedium another necessary ingredient in
t hese conpositions is silane, sonetinmes referred to herein as the "sil ane
bi ndi ng agentGenefaly, tHeconvaaiceigurRiwiliarpeeséntinthe bhefeeretiamatienceauttble

wat er -reduci bl e, organofunctional silane. To be water-reducible, the

si | ane seeydaditiohsieadianyoutitifrsralbeubl vo bboweEsteweiant percent, afgisabtay
conpletely dilutable with water. The useful silane for other than the

pr ef er r ednsUsRS Weihs. PrsTeRdIY REr edtdibeny Hies 8adeasFaomysdsitivay Brepasatian, vent

present when reduced with water, so as to prevent gellation on water

regduct | eetave Wit suppRMPBtoRABRIIrerdrabniemaafd #hdwRiIdabiteséss inf@rarsaand! e,
silanes such as the organotrthydrocarbonoxy silanes of U S. Patent No.

4, 218, 3pktwash apsut €BhE 3BOLETD WEight paRiehY bF thetdiardonspdsiien. eéeramef ul for
ot her than the preferred water-reducible conpositions. These silanes nust

be bl engegrasehtative tGPbYRiAG orGshivRd@ts f&r the préfdrsdceNgter-reducible

corrpoéitions contai n carbon, oxygen and *hydrogen. They may- have at g
w
B

compositions contain carbon, oxygen and hydrogen. They may.have at least one oxygen-
containing constituent that may be hydroxyl, or oxo, or a low molecular weight ether

15 group, i.e., a C+Ca ether group. Since water dispersibility and preferably water solubility
is sought, high molecular weight polymeric hydrocarbons are not particularly suitabie,
and advantageously serviceable hydrocarbons contain less than about 15 carbon atoms
and have a molecular weight of 400 or less. Particular hydrocarbons, which may be
present as high-boiling organic¢ liquid, include tri- and tetraethylene glycol, di- and

20 tripropylene glycol, the monomethyl, dimethyl, and ethy! ethers of these glycols, low
molecular weight liquid polypropylene glycols, as well as diacetone alcohol, the low
molecular weight ethers of diethylene glycol, and mixtures of the foregoing. Where the
organic liquid is a mixture of _high-boiling organic liquid with low-boiling organic liquid,
such a mixture can be represented by acetone plus dipropylene giycol.

25
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gl ycol nonoethyl ether and water. For these*silanes, the silane andr er
react such that w thout the cosolvent, fast gellation would be é%gﬁé%{ I n
this regard, the silanes.which are useful herein in the pref 37 "~
chrom umfree conpositions are non-gelling, water 15 reducible silanes. In
t hese silanes, the organofunctionality can be represented b¥ Vi ns\él e.g.,
as in vinyl t‘Fi%ﬁ’ﬁi%@%ﬁn%'c'&?tqm?%gm@F'@ﬁ(%u'gu Iy, pROther necessary

met hacryl oxypropyl - trimethoxysilane, and amino, as in .

3- ani ndngresignt initheseeryBeSIHARS is Biane sometimes eafesred ép hieyein anEne sHane f or
enhanced coating performance as well as conposition stability. These
gener al bipdiwragent”. tfes theprefer@iTompasitiasisainess caninclusle wate(-tediyetis) 3 or

- St (OCH2CH2CH3) 3 20 functionality. These silanes will general l’Y contribute
f r om abengensfunetighal siane efa be wateryeducibe, the silane paewe e resdibneiiutablal
conposition weight. Preferably, the useful silane in the preferred

Vit er - rwith evateean ispprefaraioy competetyditugalile mith water. $he dsefubkdiiene g other

bet a- (3, 4- epoxycycl ohexyl) ethyltrinethoxy-silane, 4(trinmethoxysilyl)

but ane-tha tap grefberear coyapmsitiond gani boongwbened theishanchoxgshavereecospbret. PATENT
003744-02 U.S. For the purpose of helping the dispersing of the zinc alloy
f | ake ipreséret whemw redurediwitlewatat $0ngs toprpesntigeiation barnveatenyeduetiaddedton

di spersing agent, i.e., surfactant, serving as a "wetting agent" or

"wet t ergrevent thicforimation citagresieitates rrer Bxarbplel silahes suobhaswbet i ng agents or
m xture of wetting agents can include nonlonic agents such as the nonionic
5 al kylgriganotrimeirgedrbonyxyesiidned of, U.5 atentanq 14218 A6 andidseeprasantdacbyused
anionic wetting agents, and these are nost advantageously controlled foam
40 oni ometivitrieghegesibie, arbeksfiut fartdthestiah the prefiegreaigeates-reduaiblet ur e of
wetting agents can include anionic agents such as organic phosphate

est er s,compustibnsasthebesifines hist bo biavdieaaritiat essaiserntepiasster axdg.bythyieod um

bi stridecyl sul fosuccinate. The anpunt of such wetting agent Is typically
pr eslentglxléblimmmethvmtnér dricoWatdro wor thedé stiames bimetsildtl swed phterpreactsoch dhatt he
total coating

- - - without the cosolvent, fast gellation would be typical.. In this regard, the silanes.which

are useful herein in the preferred chromium-free compositions are non-gelling, water-

15 reducible silanes. In these silanes, the organofunctionality can be represented by vinyi,
e.d., as in vinyltrimethoxysilane, or methacryloxy, such as in methacryloxypropyl-
trimethoxysilane, and amino, as in 3-amino-propyltrimethoxysilane, but is preferably
epoxy functional for enhanced coating performance as well as composition stability.
These generally contain the -Si{OCHs)s functionality, or the —Si{OCH2CHz)s or —=Si{OCH2CH2CHs)s

20 functionality. These silanes will generally contribute from about 3 weight percent to
about 20 weight percent of the total composition weight. Preferably, the useful sitane in
the preferred water-reducible composition is an epoxy functional siiane such as beta-(3,4-
epoxycyclohexyl) ethyltrimethoxy-silane, 4(trimethoxysily butane-1,2 epoxide or gamma-
glycidoxypropyltrimethoxysilane.

25

11



conposition. These coating conpositions,” in general, may al so contaj
additional Ingredients. As additional ingredients, the coatin cdi gthion
may al so contain what is usually 15 referred to herein as a " BEHAE-04 &%
conponent™, or "boron-containing conmpound”. It is convenient to use
orthoboric acid, commercially available as "boric acid", although it is

al so possi bl Eorttheusurpose dbheipipgdiia dispersingofide 2y alloxifiakg IRE eMBPHERY i ng
orthoboric acid, such as netaboric acid, tetraboric acid and boron oxide,
as wel | freesabting compositionntherd maythe atidedreedibpérsing Toent d.ei, sSUEfactant SeRHFENt
shoul d be present in an anount of at |east 20 about 0.1 wei ght percent and
may be g¢gSesttingagentaonyrettar) & sucbtermsboe ussdtereinpeuitable stich wateingf t he
preferred conposition. The conpositions nay al so contain a pH nodifier,

whi ch i sgétk or hiixaute s wethirg Bybrits cart reluemarsonic egentSisactpas thedidnienici s
generally selected fromthe oxides and hydroxides 25 of alkali netals,

wsth i éxt&%xgﬁhﬁ@ éﬂﬁéﬁn@i@ agaudte £Br exnpled ARbkidere omt bé asédanionframettiigl 2
PATENT 003744-02 U.S. coating integrity; or, it is selected fromthe

oxi des gaehta\uHcopHede sreisivat davantadebasirebrtrsiied@annaniogictwetting d@eatms |1 A
and 1B 1n the Periodic Table, which conpounds are soluble in aqueous

sol uti Oervicdshledtick wa@eﬁggge@c& of IniiRirk %FWe@@h%bgléﬁts &Y indlde@IOsis agentszi nc
and cadmum The pH nodifier may al so be another compound, e.g., a

car bonagfenQis grgBhicphoSpnat ebtaPs, 26 RY @k Ble HRERIr SulfGUEEInatestd eeSresamMRaAIV | ONS
may al so contain thickener. The thickener, when present, can contribute an

anmount %diﬁﬁiﬂ@%e@?&ﬁko%&éﬁ& ﬂ%o@n@omicmetﬂﬁgﬁgéht Bitypichiyokresait,

basis total conposition wel This thickener can be a water-soluble

‘g@! ul Oﬁﬁarﬁ?mghﬂﬁfmrﬁ %ﬁdﬂe@ﬁi Jout Gehkshizsercét srdpeablal chhtisdgener s.

ui tabl e thickeners i et hers of hydroxyethyl cel | ul ose, nethyl cel
| u los mFgggiF)Shhydroxypropyl cel l ul ose, ethyl- hydroxyethylcellu |ose,
yl'ce

met hyl et 'ul ose or mixtures of these substances. O her
These coating compositions, in general, may also contain additional ingredients.

As additional ingredients, the coating compositioh may aiso contain what is usuatly

15 referred to herein as a "boric acid component”, or "boron-containing compound®. itis
convenient to use orthoboric acid, commercially available as "boric acid”, although it is
also possible to use various products obtained by heating and dehydrating orthoboric
acid, such as metaboric acid, tetraboric acid and boron oxide, as well s salts, e.g., zinc
borate or the like. The boric acid component should be present in an amount of at least

20 about 0.1 weight percent and may be present in an amount up to about 10 weight

percent or more of the preferred composition.

The compositions may also contain a pH modifier, which is able to adjust the pH of
the composition. The pH modifier is generally selected from the oxides and hydroxides

25 of alkali metals, with lithium and sodium as the preferred alkali metals for enhanced

12



thicRening agents include xanthan gum associative thickeners, such as the
uret hane associative thickeners and urethane-free noni oni c associRATENE

t hi ckeners, which are 15 typically opaque, high-boiling |iqui 683748-08.U.S.
boi i ng above 100C. O her suitable thickeners include nodified clays such
as highly beneficiated hectorite clay and organically nodified and

act i vat eeptingeiategritycomyt, is selected grors dibé okislesiand pydrfoxites disuBtyraf the méteise
conpositions may contain ingredients in addition to those.already 20
enuner abeldnpmgdiorthiedireupTiveaed BB nethel Pegioelit Talile whish tormbodedpdresphaies. |t
Is to be wunderstood that phosphorous-containing substituents, even in

sl i ght | ggeedusibrition, suansasl cobdounds OF strontibe, palassnbariemgmagassianpiingent
such as ferrophos. The additional ingredients will frequently be

subst angies cddraiung.athé pRInGiEfienMag akb ®esMotBer dnt Fiunce 8. /&fbdhatelte et al
coati ng art for i rrpartl Nng sone corrosion-resi stance or 25 enhancenent in

CBI' I 0sSi pifrate SsofthaFeregdily Afdtabs i nclude calciumnitrate, dibasic 13 PATENT
003744-02 U.S. ammoni um phosphate, al um numtri pol yphosphate, cal cium

sul fonate, 1-nitropropane, |lithiumcarbonate (also useful as a pH
nodifier), or the like, and, if used, these are nost wusually enployed In

the coating mﬁ@%tﬁé@bdrﬁb@slﬁ&fs%a\%é’@%eremaﬁﬁ%k@hexofThfertNEk@H@t“Wheﬂ 1to

about 2 wei ght percent As ment i oned | nabove, these conpositions are
"chromi Lgféséﬁte%an c@dtrhﬁlt@gn aPHLAR oY 'ESbf\Klé‘éh éﬁodtso d%'htbotulﬂﬁto \R{Q@hﬁﬁgﬂ{éﬁt bkon
preferably contains no chromumion, .., trival ent or hexaval ent

chr om UgRiciehel %@&M%&%&?@hgﬁ@w its t{] k'éh@tsca?\od’é ﬂwa'?&-éb%lé kj@ﬂ}l&% by

chromic acid or dichromate salt exaval ent chromumis present,

aglvant a&%\d%hwuutngsmu'béudsp@ & rki Rk eAERUBLRanIE tﬁck?r#lfrs R

provide |ess than 0.1 I gram of chrom um per square foot coat| ng,

for besgthapybi WH}%ﬁfé’dnylce Ne& Pr?eth{:ikellu?osfeOnQ%hMHV&foiw%yHéﬂ&low Rthyl-

conposition nmay con om umin
hydroxyethylceliulose, methylethylcellulose or mixtures of these substances. Other
thickening agents include xanthan gum, associaiive thickeners, such as the urethane -
associative thickeners and urethane-free nonionic associative thickeners, which are

15 typically opaque, high-boiling liquids, €.9., boiling above 100°C. Other suitable thickeners
include modified clays such as highly beneficiated hectorite clay and organically modified

and activated smectite clay, although such is not preferred.

Some of these compositions may contain ingredients in addition to those already
20 enumerated hereinabove. These other ingredients may include phosphé’ces. Itis to be
understood that phosphorous-containing substituents, even in slightly soluble or
insoluble form, may be present, e.g., as a pigment such as ferrophos. The additional
ingredients will frequently be substances that can include inorganic salts, often
employed in the metal coating art for imparting some corrosion-resistance or

25 enhancement in corrosion-resistance. Materials include calcium nitrate, dibasic
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soluble form as for exanple nmetallic chromumcontributed .as.:part of the
zinc alloy. . . flake. \Were conpositions herein have been descrl S
resin-free, such are preferably 15 resin-free excepting for POHA&0AMBuNt s
of resin, but such may include mnor anmounts of resin, such as a few wei ght
percent, e.g., | to 2 weight percent, of resin. By resin it is. neant the
gener al $Wﬁm‘ﬂfﬁé1hoéph@f@l. giNETNEMtEOPlYhosIaES Calciurn guiferate,1-NKERPraRaRg.nder s
in paint systens, but is not nmeant to include either thickening agent,

when pridgdum carhonage (alsocusefld a5 a@Hnpdifienbpnthedikeagramiif useg, these@sepwstti ons
can be fornulated in a variety of procedures. For exanple, as an

al t er navsuadly emplibyesicinlthe asatigo chmpssitianén ditotdi ecambigpedtanmourd afFreraraboat ed
form the silane may be utilized as a nore dilute prem xture of the

si | ane, 0.9tolabast 2 eightipereent. xed with a diluent, e.g., a diluent selected
fromthe substituents providing the coating 25 conposition |iquid nmedium
sbch as water, or water plus boric acid conponent, or water 14 PATENT
003744-02 U.S. plus organic liquid including acetone. As an additional
exanpl e of aacweptiohed AergnsBeatién compositiohs arex chramiuns-areer BY beiegn ght
be prepared fromthe organic liquid, which may be present together with
wet ti ngcrreaibm-fnbeé itds eahbenatitne cosipositiohereriradly chbhdies ndaweagungdion,
concepts, as well as formnulation considerations for how the coating 5

conposi ¢.ggas trvarsreTRXavAent dre ok NincNtmgcseA icH Asratune ih \Wheforiprdsoury
undercoating conposition ingredients together. Even considering storage

st abi | i b contituted ey chieditcicl 6r gieRTPRAteisans 1888y hORWENAE chigreiuat Bbl Y
al ways a one-package formulation of all coating conposition ingredients.

160 B. Ghisbht bbiAvagelsNGt Sh¥uilNet @%@&k%e@m&mﬁs 18 OBk piesepbtabrdvIge
coating. conpositions need not be conplex and yet
less than 0.1 milligram of chromium per square foot of coating, for best environmental
concerns. It is to be understood that the composition may contain chromium in non-
- soluble form, as for example metallic chromium contributed as.part of the zinc alloy.. . -
flake. Where compositions herein have been described as resin-free, such are preferably
15 resin-free excepting for trace amounts of resin, but such may include minor amounts of
resin, such as a few weight percent, e.g., 1 to 2 weight percent, of resin. By resin it is
meant the generally synthetic, polymeric resins, which are typically used as binders in

paint systems, but Is not meant to include either thickening agent, when present, or to

include the silane binding agent.

20
_The compositions can be formulated in a variety of procedures. For example, as
an alternative to directly using the silane binding agent in a concentrated form, the
sitane may be utilized as 2 more dilute premixture of the silane, such as the silane mixed
with a diluent, e.g., a diluent selected from the substituents providing the coating
25 composition liquid medium, such as water, or water plus boric acid cohqponent, or water

14



surface after curing at elevated tenperature. Sone of the ve(reaﬁézzé
chrom um cont ai ni ng 15 undercoating conpositions, such as hav
in US. Patent No. 3,687,738, can nerely contain chromc acid and a

arficulate netal in liquid nedium Thes orrosi on-resi st ant
Pt on ur S AReanT T ieURe PestanBafs SLatd AN IXaRPIS CEe FemBosItiAR

chrom um provi di ng substance or its equival ent in aqueous nedium for 20
exanpl e, PTERAAHOIATOPE @Xied@ PERCUESRT SRkl a ian bt Pranaped fam tﬁ%@f@@awquid
conposi tions, chrom ummay be supplied, in whole or in part, by a salt
such as RigH mna)memtﬂseamg@therdwtgwe&w agensr Whbe Awsheninglading th@rm%%a’
substances such as cal cium barium nagnesium zinc, cadm um and
st ront i ffakéi eackagingconsedts; aowell Bﬂormatmnéi@ﬁﬁimmif@h Bowithe coating
hexaval ent - chr om um provi di ng substance m ght be a m xed chrom um conpound,
i .., 23omuosititn isprepared: carbatakamirdorgeosideration wingiugringingaingengoasingi ons
m ght contain 15 PATENT 003744-02 U.S. only a snall anmount, e.g., 5 grans
per | it eonufositioraingredientsitogethem Evetptansideting stabags stability, theywvatent ai n as
much as about 100 grans per liter of conposition of hexaval ent chrom um
expr ess eddas bl @Bn posiignscayapiosy evernsreferablytapdysal dne-pankagé forpatlatiemotaibut
20 to 60 granms. 5 Substantially all of these coating conpositions are
si npl y watting beswpdsitfooringesciderdsy. But for additional or alternative
substances, to supply the liquid nmediumat |east for sone of these
conpositions, there have been taught, as in U S. Patent No. 3,437,531,
bl ends of chlorinated hydrocarbons and a tertiary al cohol including
trtiary 10 IButyl CHROMNIN-CONTAMING GGATNG cOMPSSITIONer than tertiary butyl
al cohol. In the selection of the |iquid medium econony wll generally be
of major inportance, and thus such nedium w Il nost always contain readily
connerC|aIIy avai l abl e i qui ds.

The chromium-containing coating compositions need not be complex and yet

formhighly desirable, corrosion-resistant coatings on the substra fé{%ﬁl
U

form highly desirable, corrosion-resistant coatings on the substrate metal surface after
curing at elevated temperature. Some of the very simple chromium-containing
15 undercoating compositions, such as have been taught in U.S. Patent No. 3,687,738, can

merely contain chromic acid and a particulate metai in liquid medium.

Thesé corrosion-resistant, chromium-containing compositions can contain chromic
acid as the chromium-providing substance or its equivalent In agueous medium, for
20 example, chromium trioxide or chromic acid anhydride. But for some compositions,
chromium may be supplied, in whole or in part, by a salt such as ammonium dichromate,
or by sodium or potaésium saits, or by substances such as calcium, barium, magnesium,
zinc, cadmium, and strontium dichromate. Additionally, for some combositions, the
hexavalent-chromium-providing substance might be a mixed chromium compound, i.e.,

25 include trivatent chromium compounds. Although some compositions might contain

15



Partlcularly preferred chrom um containing coating conpositions, for
enhanced 15 coating adhesion as well|l as corrosion resistance, VM|HAIENﬁtaIn
thi ckeners, such as water soluble cellulose ethers and will B89%44828%i n
hi gh-boiling organic liquid. For econony, these particular coating
conpositions preferably contain between about 0.01 to 3 weight percent of
wat er seniy Enaliamolds e.gatSrarams HeE liter of inguauaiens chyorsinn,expsessed ae€idyl cel | u

| ose, nethyl hydroxypropyl cel |l ul ose, ethyl hydroxyethyl cel | ul ose,

met hy| eamy hayldontais @s oruch@s mbrutit@dgremspies §teraflcotraposition ¢f héxauglent he

cellul ose ether needs to be water-soluble to augnent thickening for these
parti cutlanontiont, exgressedoasros, omsy dompuosgtbnsavill bgpisalywohtain between about 20

hi gh-boiling organic liquid, which liquid can contribute up to 50 vol une
per cent to60 gtdmes. coat i ng conposition based on the total volunme of liquid in
the coating conmposition. Such organic |iquid, when present, also can
sBpply substantially above about 5 volune 16 PATENT 003744-02 U.S.

percent, and advant ageously above about 15 vol une percent, both on the sane

basis as fosutstentifly upbe tRese@b88NY cobotifions aelsimplyoesmeedhidd)fol i qui d. In
addition to the chrom um providi ng substance, the liquid nmediumand the

zinc  Secdrionyy.f Bitler agarnaf ot IRFARatARY UBstHMCES) B Skl I 8hé RELIDMBediORPAtSi ti ons
that are water- based will neverthel ess contain some organic liquid. The

pr ef er riggstFos atine dfitAedelcdmSositiontOtiere hab®bsén Blught, WM. Patept RBSUr € above
100C, while preferably being water-soluble. These have been di scussed

her ei nagyes3N pEMRSF ChRMNAtdd Yo cABEASTENY fté&ermaéhdsugncrgam@%marvns
Represent ative preferred coating conpositions have been discussed in 10

4hS.  Pabgiyt albenoids Wl LAToniictAer thaheefidry bR aRehat af tﬁé{ séi@ét%r?ﬂf?ﬂwe For

additional substituents that may be contained in sone of these

conposi {diAAFnedulh, ecHRSrhP il gémrramy bE6f Fhafs?TRRBPhce, in P 5@ sedlifin Ot her
i ngredi ents, reference can be nade hereinabove to the di scussions of these

I ngr edi @trhoftodiwbiecditaRreddmf dremerddilyHailabl€ AGIASI t i ons.
Particularly preferred chromium-containing coating compositions, for enhanced

15 coating adhesion as well as corrosion resistance, will contain thickeners, such as water
soluble cellulose ethers and will also contain high-boiling organic liquid. For economy,
these particular coating compositions preferably contain between about 0.01 to 3 weight
percent of water soluble cellulose ether, such as hydroxyethylcellulose, methylicellulose,
methylhydroxypropylcelluiose, ethythydroxyethylcellulose, methylethylceliulose or

20 mixtures of these substances. Although the cellulose ether needs to be water-soluble to
augment thickening for these particular coating compositions, it need not be soluble in
the high-boiling organic liquid, which liquid can contribute up to 50 volume percent of
the coating composition based on the total volume of liquid in the coating composition.

such organic liquid, when present, also can supply substantially above about 5 volume
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15 C. TI TANATE Bl NDER COATI NG COMPOSI TI ON To provi de a dark bl ack
sone of the titanate binder coating conpositions nmay contain é@%
di oxi de. A representative coating of this type has been 20 dlg@g

U S. Patent No. 4,544,581. Both natural nanganese di oxide (I\/h02 B) from

refined ore and synt hetically manufactured manqgnese di oxi de ( N%s are
sat i sf REMGEJL a“%@ﬁVWQ%OW%%V@s?@OHF dxVelEmeRergent, BHQ? 066%%@1”{‘? H?% of M

and M02 and a larger particle size (97%vs. 76% passing through a

325- rresﬁﬁ’rzfrﬁf—’é@ﬁ?'umﬁ/ﬂ@’ﬁ?éf‘t @fﬁﬁﬁémorﬂp%@'%“@@ﬁt ains about 2 to 3
percent water while natural nmanganese di oxi de has no 25 detectable water.
It is usually preferable to use only sufficient nanganese di oxide to 17
PATENT 003744-02 U.S. provide a coating having the desired darkness for a
particul ar dppddigian tnthechrasiumtpreviding substange the dauisk mediunpandthe zinc

resi stance. When nmanganese. di oxide is present, the amount of manganese

d® oxi dedllion flake, sooze ohthesachtemilinvoordbining @ting cabapasitidnsgbatanetwater- wei ght
of the solids in the coating. This anount of nanganese di oxi de can be on

t he 5 draded vdll neverithelbssontainiSoo® cxbanit 1i§0idt ThalpreferddDonganicdiguitiyasei ght
of the zinc alloy flake netal. In this titanate binder coating .
conposihkailmg poimé ap atmesphdricraessgreralh e H0°C,svhitpemreferbly ein@wgtensolubie.anat e
pol ymer, which is polyfunctional. Wen the coating is 10 heated to a

t enper ahese have been dzogseo hepditaiova Tt conetdion, withitise titoamiatrefrpe kyating
produces a purely inorganic titanium dioxide, which bonds the coating to

t he neteampaosithots, HepresEhtativegaefergedtaatingaonmpdsitiors Have beley slissusseddhi on,
whi ch enhances and optim zes the adhesion and abrasion resistance of the

Wi ed ansl raterstNe. 3807608, Bhichabhereby trivoaperate b refgrendec Foabadidionan! kyl
esters of tetraisopropyl titanate, tetrabutyl titanate, 2 15 et hyl hexyl

t iht anatsabstiaieNtotHay Imdy beacsritainealiy seme of tkesersanmbositions, &.a0) abettere)yores i n
e acid component, pH modifiers and other ingredients, reference can be made
hereinabove to the discussions of these ingredients for the chromium-free coating .
compositions.
15

C. TITANATE BINDER COATING COMPOSITION

To provide a dark black color, some of the titanate binder coating compositions
may contain manganese dioxide. A representative coating of this type has been
20 disclosed in U.S. Patent No. 4,544,581. Both natural manganese dioxide (MnO: B) from
refined ore and synthetically manufactured manganese dioxide (MnO2 M) are satisfactory.
Synthetic manganese dioxide has a higher concentration of Mn .and MnO2 and a larger
particle size (97% vs. 76% passing through a 325-mesh screen). Synthetic manganese
dioxide contains about 2 to 3 percent water while naturat manganese dioxide has no

25 detectable Water. it is usually preferable to use only sufficient manganese dioxide to
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coat i‘ng can be fromabout 6 to about 20 percent by weight of the @ I n
the coating. Preferably, to inprove filmintegrity and i nsursqﬁz [ ej

a substrate before the primary bonding material is cured, the

bi nder undercoating also contains a 20 secondary resin. The anount of
secondary resin can be about 0.5 to 10 percent by weight of dry film

sol i ds. PEVideBceating baniag fhe desies daﬁ&mmémea m!caleaalawgnaﬂ@ﬂ 59 |thée'F W ose,
pol yesters, silicones, epoxy resin In the presence of caprolactam

pyrrol i pomddeaceatet wmmasnmpugme@dnmqmege dioxigle ig pEesent. dheamoanboxyl i ¢
am des and aromatic asphalt resins. 25 18 0 PATENT 003744-02 U.S.

Pr ef er abf jnangenésesiioxide irathe ¢oatinotcan dedramnabent 20te abeutddareraent el pri or
to application to a substrate and that it has suitable flow and wetting
char act esigitiofthasoliosin the gesting. THisarsobist ofananganese disxidenegndaoenthes a

t hi xotropic agent. A suitable thixotropic agent is silane treated silica
dsoxi deorddraxfanmivatergftotfiora abbukda toghautage perdent biyaveighit dfitiheXinmealioye about
0.4 to 12 percent by weight of the particulate netal, which may be all zinc
al | oy ffiakemeedlal . The titanate binder undercoating may al so contain a
silane such as the silanes detailed hereinabove in connection wth the

wat er -reduci ble, chromumfree coating conpositions. A suspension agent
may al so be used to ensure that the alloy flake netal does not settle-out
of the titangiidiitaiate bipaer beatRaohIpdsition, the printarp bondMgansteeiatison agent
I's pol yethyl ene. The anount of pol yethyl ene used as a suspension agent may

be abougeferdily 8n organi€ Btinaby poREh! which idwolprunictionaiaienerethal coatingdh et al
can be all zinc alloy flake nmetal. . To ensure that the titanate binder

qpat i NghesteBasid teibalafe NPthdRMGE @0 aBoutlZysydI5oP B this titaratkippiyrhef or e t he
coating is applied to a substrate, the coating

produces a purely inorganic titanium dioxide, which bonds the coating to the metal

substrate. This heating aiso initiates a hydrolysis reaction, which enhances and optimizes
the adhesion and abrasion resistance of the dried and cured coating. Suitable titanate .
bonding materials are alkyl esters of tetraisopropyl titanate, tetrabutyl titanate, 2-

15 ethythexyl titanate and N-bufvl titanate polymer. The amount of titanate polymer in the

coating can be from about 6 to about 20 percent by weight of the solids in the coating.

Preferably, to improve film integrity and insure adhesion to a substrate before the
" primary bonding material is cured, the titanate binder undercoating also contains a |
20 secondary resin. The amount of secondary resin can be about 0.5 to 10 percent by
weight of dry film solids. Suitable secondary resins include ethyl-hydroxyl-ethyl cellulose,
polyesters, silicones, epoxy resin in the presence of caprolactam pyrrolidone and
piperidone, conjugated drying oils, unsaturated carboxylic amides and aromatic asphalt
resins.

25
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advant ageously contains a water scavenger or hygroscopi c agent. |nclusion
of a hygroscopic agent is particularly desirable when a synthetic

manganese di oxide pigment is used since it contains 2 to 3 p&PEEOAMber, -
whi ch, over a period of tine, could at least - partially hydrolize, the
titanate bonding material. Suitable hygroscopic agents are 20 cal ci um

oxi de, sili c&refemBaludo insre lﬁhﬂ&ﬂ@ﬁd@anaiﬁ@"ﬁﬁr&%t”&grﬂ@ﬁﬁ 0ot gl Prihdoanount  of
hygroscopi c agent in the coating conposition may be 0.2 percent to 12

per cent applicatisingioa sifbstriate paa thatill kassuitablaifloweans wetling ghasactaristiss aroundd
nmetal, and preferably about 0.4 percent to 6 percent by weight of such

met al . TOgPNTENE sUbSBZte} tioR chatihig comtainy a tihixbtropic agant.i A suitdble blixotropicat e

bi nder coating conposition nay contain both active and inactive sol vents.
The act agentiolsian® tyeatiedsiica eiddde, t THeanadntmfithisthixotronit agenpah fhveccatimgd t he
i nactive sol vents decrease the.cost of the vehicle, are excellent thinners
off the owatbeghautrpdto 42 perceatBy wetghialfithe pdrticulate desthl, whichpmay el abtitesi on
and salt spray resistance by nodifying and controlling filmflow The

vehi cl ealiooflaleetdiByhe titariaté binefer ahdetcodfing erayeto domtéif astianesuchiys thei ght
of inactive solvents and the bal ance preferably of active solvents.

Sui t abl silanet idetaied ne?Binabbwd intdodnettiGnaitd thelvwater-redic|dwhydmilmeleel

N- but anol 10 (hereinafter N-butanol), 2-ethyihexanol, cellosolve acetate,
hept anecoatidydmpbsivionk eA enspensiod agehtinby aR6 Detuckd keepnde that trdlieyifpret i ve
solvents include aromatic hydrocarbons such as xylol, xylene, and tol uene.

Wher e t hrstsiadoegHotisettfdielt Grtha thbadteltmhddrdating doapasion, msuitiescri bed
her ei nbefore in connection with the chrom um containing, undercoatings,

a0g. , ds&mavbﬁ%@eg’cBé%lvetﬁﬂéhesﬂhé/@rﬂbuhﬁéﬁ;bélvémméh@ LB8H ¥k §eaddensiopr 15
provi ding nost, to al of the conposition vehicle and be conpatible with

the ti tag‘éﬁt&na@%hﬁaﬁt 05*1@ 50REERtOREBASE bt tipAreiBlate metslf Whithanétavedr cl e
solvents to produce the

be all zinc alloy flake metal.

To ensure that the titanate binder coating composition does not undergo a

15 hydrolysis reaction before the coating is applied to a substrate, the coating
advantageously contains a water scavenger or hygroscopic agent. Inclusion of a
hygroscopic agent is particularly desirable when a synthetic manganese dioxide pigment
is used since it contains 2 to 3 percent water, which, over a period of time, could at least
partially hydrolize, the titanate bonding material. Suitable hygroscopic agents are

20 calcium oxide, silica dioxide, barium oxide, and potassium chloride. The amount of
hygroscopic agent in the coating composition may be 0.2 percent to 12 percent by
weight of the particulate metal, e.g., all zinc alloy flake metal, and preferably about 0.4

percent to 6 percent by weight of such metal.
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viscdsity desired for the particular nmethod of applying the liquid Qﬁsﬁtrl ng
to a substrate. 20 For application of the coating to a substrate PR

di pping, rolling or spraying, the viscosity of the conpositi oﬁ%%“?ﬁ%ﬁ%n
No. 2 cup is usually in the range of 20 to 150 seconds. A coating
conposition viscosity in this range can usually be obtai ned when the

vehi cl e sol Veatshible ovsiagtier cfrithe sitanate Girgler coafing compesiting may epttasy al |
the resins in the 20 PATENT 003744-02 U.S. conposition. A process for
maki ng doth bEenas anddivbytier savahts.cThe datiye solwpitsidissolvewhe fitanate ibrEndiVus

i nactive solvents is disclosed In the above-nentioned U S. Patent No.

4, 544, 5%éndidd(]ﬁ>|¢ﬂn%ﬁd SRR inhctivel solvents devceaspdhatest dfeheivahisie, Bef er ence. 5
As will be understood, a titanate binder coating providing a black col or

may be aycdIRRE Bhnersitt thaeesmed compodiionsnadredevevadtoymotiesthainiprgye e. g.
one or nore of a phosphate pretreatnent such as of zinc phosphate, or a

paj nt b%@ﬁgsggﬁ gﬁg%}t ASrad rédistencd BYImoRiFyTHg, aner conttollranfine fibiv) dee vebide ng

wi t hout ol or. Ceneral basecoat and topcoat consideration, which

basecoa ha Lot % ebbBEIIBECERt td 60 pdreent DEweRe of inidctie sdents
her ei nbtg Ig\eﬁﬁég‘é\%u CE{%EUBSTAN CQATI NG pCC]VPOSI TION A typical coating of

this tygRqitRE byBRSe PREreFitlf oRbétik sBRfedts. f | ake and a silica 15 substance

constituent, sonetines referred to herein,as a silica substance "binder"
such as sodiumsilicate. The water-sol uble or water dispersible binder may
also nore broadly be an alkali netal silicate, an organic silicate ester,

e’g., ethyl %Efat%tglgtaﬁg\\gs@%ﬁ@ierair]eStﬁﬂahﬁt% ISENmefs ark bathialcehoFHoultetol or gani ¢

anmoni um si || een di sclosed as binders. The use of ethyl

f'd I cat %né?fe;ﬁa?t’er'é\k&ggaﬁgg, %Q.gvglr%&%l?c%‘ﬁgsdwb ébe%te‘?ﬁéﬁﬁaé?egﬁetﬁiﬁ 4691 Rétorand

e utilization nic anmmonium silicate een disclosed in

U S Pabagt %I RoBi Rene RGital 3BT E 565 Ms ihdIgSEatomatihRITbBardons her eby
i ncor porat erH Dy rererence. For ~conveni ence, the binder can be referred to
herein a§cRasihbC dyisHE SindnofidheN diHeré Bide §dient is such as a high-boiling -
hydrocarbon, as described hereinbefore in connection with the chromium-containing.
undercoatings, e.g., dipropylene glycol, such solvent itself may be serviceable for
15 providing most, to all, of the composition vehicle and be compatible with the titanate

polymer.

The coating composition contains sufficient vehicle solvents to produce the
viscosity desired for the particular method of applying the liquid coating to a substrate.
20 For application of the coating to a substrate by dipping, rolling or spraying, the viscosity
of the compeosition in a Zahn No. 2 cup is usually in the range of 20 to 150 seconds. A
coating composition viscosity in this range can usually be obtained when the vehicle

solvents by wéight are about 0.9 to 1.5 times the weight of all the resins in the
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conposition as a silica substance coating conposition. The |iquid [ um of
these coating conpositions will be a water-based |iquid nedi %ﬁj t
conprise water such 25 as deionized water or tap water. 21 "~

003744-02 U.S. in addition to the zinc alloy netal flake, silica substance
as a binder and liquid nedium these coating conpositions can .contaj.n

addi t i ooamnpositiopd Adrosess Tarmakingaditanategalingr wdergestingcoppesitiea vyl ¢ he
per oxi des of cal cium magnesi um and zi nc has been disclosed in U.S. Patent
No. 2, 9déiilSlus iddiive sotedrity js disaidsed e thengpaugementignashl §sPateaeNe 4, 2dece],
ether or xanthan gum as well as a gelling agent, is generally useful. It
may be bied tieclosure of twhith is incoradrhtedbetein bk eefierencggent directly but rat her,
to prepare an aqueous suspension of the thickener and then to add this
suspension to the rest of the vehicle or binder. Wth hydrated nagnesi um
silicates, for instance, the addition of 0.32 to 0.66 percent based on the
skl i ca presepéwilnbé hRdérststaT, atiandte bfdercoating providingedsiack tadorumde beé@at i ng
10 adhesion. Lead oxide added to the coating conposition nmay increase the

pot |i f godoat tne BLIEROS by be afiof 8 vatietydfaytings e.d. rareuaiemoroogani ¢
extenders, such as zinc oxide, iron oxide, alum num oxide, and the |iKke,

and | Dobﬁééﬂngat@bﬁéf?éﬁtﬁném%bcwgs &1 AREbNBpRAtel or a Pamt Hassedas sacicasa iinerichxi de
and zinc oxide may al so be useful as pignents. Mca, bentonite, and the

|i ke mgﬁ\#a%, S1SPEtnatd Praeresatinewithblt Birck coloh GenesdlinagecoBOATY MER0aBENERAL
CONSI DERATIONS 20 A. APPLI CATION Usual Iy, the silicate coatings are

appl i ed cbyiddrd&Bn ARRIchAAke@ats Moy IRNlidedstetreatinertsnaiyedistussedairendri nder
coating corripositions typically may be applied by dipping, rolling or

qgraying tsebelbgues. Ceneral ly, the coating conpositions may be applied by
25 any o? t hese various techni ques, such as.imersion techniques, |ncluding
dip drain and

D. SILICA SUBSTANCE COATING COMPOSITION

A typical coating of this type includes the zinc alloy metal flake and a silica

15 substance constituent, sometimes referred to herein as a silica substance "binder” such as
sodium silicate. The water-soluble or water dispersible binder may also more broadly be
an alkali metal silicate, an organic silicate ester, e.g., ethyl silicate, a colloidal silica sol or
the like. Further, organic ammonium silicates have been disclosed as binders. The use of
ethyl silicate or the like has been disclosed in U.S. Patent No. 3,469,071 and the utilization

20 of an organic ammeonium silicate has been disclosed in U.S. Patent No. 3,372,038. The
disclosures of these two patents are hereby incorporated by reference. For
convenience, the binder can be referred to herein as a silica substance binder and the
composition as a silica substance coating composition. The liquid medium of these
coating compositions will be a water-based liquid medium and may comprise water such

25 as deionized water or tap'water.
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conpositions are conpatible with sane, the coating conpositi

applied by curtain coating, brush coating or roller coati ng

conbi nations of the foregoing. It is also contenplated to use spray

t echni que as_we as, c nbl nat ons ., .Spra nd spin.and s r_a .and brush
5 techni ques" aélgﬁﬂ q%”‘é%‘ QVHH?taEﬂ%eaE'Fé)ﬂfléﬁé?g?égagéj’f{%‘é é‘ﬂay be
coat ed, often wi t ho ext ensive coolin rocedur e such as di p spin,
dip dr AMEOBIM eSS C wcwp@mﬁmﬁgn%w@m@e IRt Tn e s B Ahed
substrate can be any substrate, e.g., a ceramc or simlar substrate, but
is rmsto’ﬁﬁﬂzfng&ﬂe&?%r%ﬂ wagaartaﬁsgmxedeé%@elﬁwag magnestinyand gigg hagbgen a
steel substrate, an inportant consideration being that any such substrate
Wi t hst aHECIO$RE IRAAS. PatANtND. 2044819.i Additionally; athigkeningiggery sichrasiapetiulose
substrate it is nmeant a substrate of zincor zinc alloy, or a netal such
a3 st ecdthebar xanthan sum, as well as p sellinplregnt, isamsrallyaisetul s iimsay be bettsr not
containing zinc in internmetallic mxture. Likew se, the iron of the

subst r d0etre &0 ade thethigkeniyg agentriractiv bat ratbernita puerare anraquEsyestispensjomher e
such are nmetal substrates, which are nost usually ferrous substrates,

t hese mfithelthiskeyerandidendd adidrtbissuspensiondiortbarestaifshe eebicle priindemt nent by
20 chromate or phosphate treatnment, prior to application of the coating.
Par t i cUV&hihydfated snagnesioum silicptes, forsinstabse, the addiipnbef Gi32ta @66 percent have,

for exanple, an iron phosphate coating in an anpount from about 50 to about
100 ny/kased on the silica ppesenp netthe hinder cag Hereffentivarto imdredsecimeahoiercaadingt o

about 2,000 nglft2. However, a zinc phosphate coating may be avoi ded where

tthe undishesiahi ng wi I | be cured at elevated tenperature. In 25 general, the
substrate may have received any undercoating as is contenplated for use, 23
PATENT

22 P;ATENT 003744-02 U.S. dip spin procedures. Were parts and c ?&é&g’
di ng

Lead oxide added to the coating composition may increase the pot life of the
composition. The coaﬁng may also include inorganic extenders, such as zinc oxide, iron
oxide, aluminum oxide, and the like, and inorganic pigments such as titanium oxide. The

15 substances iron oxide and zinc oxide may aiso be useful as pigments. Mica, bentonite,

and the like may be used to increase flexibility in the coating.
COATINGS: GENERAL CONSIDERATIONS
20 A. APPLICATION

Usually, the silicate coatings are applied by brush application. As mentioned
hereinabove, titanate binder coating conipositions typically may be applied by dipping,
rolling or spraying technigues. Generally, the coating compositions may be applied by

25 any of these various techniques, such as immersion technigues, including dip drain and
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particular interest. For further undercoating considerations, ref can
be made herei nabove, such as in the discussion of the titanat®/f

coatings. 5 C. CURING AND COATI NG VEI GHT After application of the coating
conposition to the substrate, it is preferred for best . . '
cor r osi dip-spispracadurest sWharb patgant cpatina comppatipneargfomealiie withsgme,
excepting for sonme silica substance coatings where air-drying can be

ef f ect i thee cddting\cempasitiarisidas bEGppiied by gusainstaatinesbivsh cestingpt rellery si nply
evaporated fromany of the applied coatings, e.g., by drying before

curi ng. céativd argl iatiuginglcombinatiens dithelforegaing. Tisalsoeqnienplated to ke such
drying, which nay al so be referred to as precuring, can-be within the range
----- f r vy edmmiqUORwelpad comisinatisiss eid.,ablay afsbepin amdeprag BOE.brostyi ng ti nes
can be on the order of fromabout 2 to about 25 mnutes. 15 Any el evated
"t gnper agd¢hAigiiesi 08atel articleotiat age stoarpelevited temperatardsiay deeoatdd, oftet en be
a hot air oven cure, although other curing procedures can be used, e.g.,

i nfrar eghithalit BgteAbie cBBKISS, b9 Srotédre sTBeaseiptsplrg djearahs ot spnay caat.be
heat-cured at elevated tenperature, e.g., on the order of about 450F, but
usual ly greater, oven air 20 tenperature. The cure will typically provide a
substrate tenperature, usually as a peak nmnetal tenperature, of at |east
about 450F. Oven air tenper g WUBSTRAYS ARDUNDERCOARVat ed, such as on the
order of 650F or nore. It has been found highly desirable with the

her ei nbef ore descri bed chrom umfree coating conpositions to utilize a nore
el evated tenperature cure. Such can be on the order of from 330C (626F) to

0C 25 (680f LBt SRSt el Rb#Pe, BYL, AGkePirhicuraimilausstrity,
ﬁﬁese corrpogﬁ%? g}r@st%&a 24 I%ﬂ:&TEI\I'I'ﬂS,OO(:'I(.:;E}::%h 44P02 u. S:g l

but is most particularly a metal substrate such as a.zinc or iron, e.9., a steel substrate, an

003744-02 U.S. especially for use with the above-descri bed corrpo?rﬂgblg s of
REErS-

important consideration being that any such substrate withstand the heat curing
conditions for the coating. By a "zinc*substrate it is meant a substrate of zincor zinc
alloy, or a metal such as steel coated with zinc or zinc alloy, as well as a substrate

15 containing zinc in intermetallic mixture. Likewise, the iron of the substrate can be in

alloy or intermetallic mixture form.

Especially where such are metal substrates, which are most usually ferrous
substrates, these may already be coated, including pretreatments, e.g., pretreatment by
20 chromate or phosphate treatment, prior to application of the coating. Particularly for
some coatings, the substrate may be pretreated to have, for example, an iron phosphate
coating in an amount from about 50 to about 100 mg/ft? or a zinc phosphate coating in
an amount from about 200 to about 2,000 mg/ft2. However, a zinc phosphate coating
may be avoided where the undercoating will be cured at elevated temperature. In

25 general, the substrate may have received any undercoating as is contemplated for use,
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peak'netal cure tenperature range of above 650F up to about 680F or nore
nmay be enployed. On the other hand, a | ess el evated peak netal t IENLt ur e
for curing a substrate coated with a titanate binder conposip9%w4@ Uﬁb to
about 600F can be advantageous. 5 Curing, such as in a hot air convection
oven, can be carried on for several mnutes. Although cure tines nmay be

| ess t h&yPesialy fion ise Withéhe abevedrseribgghremppsitions eheardicaler inderest.r 6% at | east
about 10 to about 45 minutes. It is to be understood that cure tines and

t enper afurther Wiereeatita eansisieratianserefeicsce hambe madediaseingbovd stehngs inghe
applied or when 10 there may be a subsequently applied topcoating that Is a
heat - cudistussionaafthetifanateddndersdoatings. ti ne and | ower tenperature cures nay
be enpl oyed. Al so, where nore than one coating is applied, or with a
heat - curabl e topcoating, the coating may only need be dried, as discussed
her ei nabove. Then, curing .can proceed after. application of the heat-
cBred topcoating. 15 The restl CGRING WRDTATIHG WhHIGHTOat i ng on the neta
substrate may vary to a considerable degree, but, usually excepting for a
silica substance coating, will generally be present in an anount supplying
greater than 500 ng/ft' of coating. A |lesser anmount may generally not |ead

t o desirabl yafehamsirrdtionrofaae evatirescarhpostiton feltredungtratss; ityis pprefébredidari ng of
greater than about 1,000 ng/ft2 of coated substrate will be present for

best  coestesiresiohaesistants go stitsehasnthersaticove thd Aimdlied cvatihgexceptiohforon t he
order of about 1,800 ng/ft2 can be nobst advantageous for a coating from

t he chrsomesiitd Qstatdel ddatingOWRER dil-0nng tdn is@Bfrettiv) Hweepegdigtlet hat
bet ween about 1,500 to 9,000 ng/ft2 of 25 PATENT 003744-02 U.S. coating

\iu'r)]l It hgecdatw@%bsta%demawb@smtgwﬁﬁﬁiw RpTraRuatoraay df kRe BpHidFedaingset al
e.9., by drying before curing. Cooling after drying may be obviated. The temperature
for such drying, which may also be referred to as precuring, can-be within the range

- - from about 100°F up-to not essentially above about 250°F. Drying times can be on the
order of from about 2 to about 25 minutes.

15

Any elevated temperature curing of an coating composition on a substrate will
often be a hot air oven cure, although other curing procedures can be used, e.g.,
infrared baking and induction curing. The coating composition can be heat-cured at
elevated temperature, €.9., on the order of about 450°F, but usually greater, oven air

20 temperature. The cure will typically provide a substrate temperature, usually as a peak
metal temperature, of at least about 450°F. Oven air temperatures may be more
elevated, such as on the order of 650°F or more. [t has been found highly desirable with
the hereinbefore described chromium-free coating compositions to utilize a more

elevated temperature cure. Such can be on the order of from 330°C (626°F) to 360°C

25 (680°F), with temperatures up to 700°F being optional. Thus, for these compositions, a
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coat i'ng will typically be present in an anount from about 500 ng/f %,{'
about 5,000 ng/ft2. 5 TOPCOATING Oten, except where ot herv%q%%gé}gaged

herein, there need not be applied any topcoating, especially
above-descri bed conpositions of particular interest. This can be the case
when the above-described coating conpositions are used for a siw% %)10
coat i ngPeieetal guretemnarature sangRyof abpye B5¢ T URIOFRAW, 68QFk A fpke may be
chromumfree coating conpositions, usually two or three coating |ayers
wi || beemiptdvedi Omtheothenhaud adessielgheted Rrekimelsl ereRRRBYESAL FWIRER ant
coating. However, the follow ng discussion is offered where topcoating
consi desutistrabe coated syith § titanate binder composition of sipdoiabont SUEETCARAE TOPCOATI NG
in the present invention, the coated substrate nay be topcoated, as with
silica acudnéageons. The term "silica substance", as it is used herein for
the topcoating, is intended to have the sane neaning as for the
above-descri bed silica substance coating 20 conposition, e.g., include
silicates, silicate esters and colloidal silicas. The colloidal silicas

i ncl ude bot hcirdvs eutthad inar isotsait corveetiars everg sanvbklcaeriedo éanaeveras réngteswi t h
the water- based colloidal silicas being nost advantageous for econony. As
i s typi aghougielreaihéomaglbe 1sssithams nunutesttleydee abote tymioaly dmthesatidenos,
e.g., thickeners as, for exanple, up to about 5 weight percent of an
above- dfrpaistSiegst\wbioat 18 66 abbdet 4shinutes at sttbdre. unlesstood thathaure 2Bnesaneht |,
e.g., 20 to 40 percent by weight and usually a | esser anount, of the

col | oi dedmpérabAEERNN be@efetteddWhkleSmorstHaname laver dfeoating écamplied oravhen dal
alumna. In general, the use of colloidal silicas will provide for heavier
yOPCOoat thepk nedyl bE A siEregliaRBEamNIRId topdeatinathad isaibedtroated tadopatinbsThid, s
contenpl ated to use colloidal silicas containing up to 50 percent by wei ght

sol i ds, sHutter tiniBiahalibwer fBrEPerature corRaRA batrTbioydd. Guso, witldre heordithan ed, f or
exanpl e, where spray

one coating is applied, or with a heat-curable topcoating, the coating may only need be
dried, as discussed hereinabove. Then, curing can proceed after application of the heat- .

cured topcoating.

15
The resulting weight of the coating on the metal substrate may varyto a
considerable degree, but, usually excepting for a silica substance coating, will generally
be present in an amount supplying greater than 500 mg/ft? of coating.. A lesser amount
may generally not lead to desirably enhanced corrosion-resistance. Advantageously, a
20 coating of greater than about 1,000 mg/ft? of coated substrate will be present for best

corrosion-resistance. It has been found that a coating weight on the order of about 1,800
mg/ft? can be most advantageous for a coating from the chromium-free coating

compositions. It can often be expected that between about 1,500 to 9,000 mg/ft? of
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5 app1ication of the topcoat will be used. Wien the topcoating silica
substance is silicate, it may be organic or inorganic. The usefulpﬁTﬁﬂhic
silicates include the alkyl silicates, e.g., ethyl, propyl, bo§¥4 S.

pol yethyl silicates, as well as al koxyl silicates such as ethylene glycol
monoet hyl silicate. 10 Most generally for econony, the organic silicate is
ethyl siCoREag will hewaeseagebuderthesmaengrarogaierationsi therastiawlate et o heest
econony and corrosion-resistance performance. These are typically enpl oyed
as aquec0stisp il Lyniglly et presentdnan benost fiospabeitcrd mest” talaboubB,00@ed. Wen
used herein in reference to silicates, the term"solution" is neant to

i ncl ude m@Aits. sol uti ons and hydrosols. The preferred Inorganic silicates are
t he agqueous 15 silicates that are the water-soluble silicates, including
sodi um potassium lithiumand sodiumlithiumconbinations, as well as
other related conbi nations. Referring to sodium silicate as
representative, the nole ratios of FEOEEDATINONa20 generally range between 1:1
and 4:1. For best efficiency and econony, an aqueous-based sodiumsilicate
is preferred as the silica substance. The use of silica substance as a

t opcoati ng has been described In U S. 20 Patent No. 4, 365,003, the

di scl osur e ofpridn, eRcdpt viere lopReRiisiddtansd Rerein, ftﬂélférmot@d'mdplieﬂwmdl ents
may be present in the silica substance topcoatl ng conposition, e.g.,

wet t i ng tegesHtiho28she&xlQWatH the RitileldrecraserPesihbbtiomeyt mﬁt@aﬁmére@trerms
substituents if desired, but can be chrone-free as defi ned herei nabove to

provi de can B2 thelcadd Whem tiIeBodVectesenéd Beating iihposiesnd dretuse@Yo£sipgres ent
can further Include 27 PATENT 003744-02 U.S. thickening and di spersing

agent s @6athey layes drld rAditicdating IAGENES: exMipla] With BsdchideigRi-g ek toating |
typically not aggregate nore than about 5 weight percent, and usually |ess,

of the cbﬁﬂfb@@idn@fhs@ﬁﬂ@@ﬁb or @rﬁl‘eé(toéﬁné RayBFaNl R sUPf CI&W%\:@@N

conposi tion stabi coupl ed with augnented coating integrity. ?’he silica

- subst ang@sit4e @ahbgﬁanrfeéis@ﬁt SoA Y. IHSlvéler aNK fEflowing cidterdorl Rssrréreadvivérel ous
techni ques for use with the coating

- tepcoating considerations may apply.. .
15 ' SILICA SUBSTANCE TOPCOATING

In the present invention, the coated substrate may be topcoated, as with silica
substance. The term "silica substance", as it is used herein for the topcoating, is intended
to have the same meaning as for the above-described silica substance coating

20 composition, e.g., include silicates, silicate esters and colloidal silicas. The colloidal silicas
include both those thaf are solvent-based as well as aqueous systems, with the water-
based colloidal silicas being most advantageous for economy. As is typical, such colloidal
silicas can include additional ingredients, e.g., thickeners as, for example, up to about 5
weight percent of an above-discussed water-soluble cellulose ether. Also, a minor

25 amount, e.g., 20 to 40 percent by weight and usually a lesser amount, of the colloidal
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conposi tion, such as |Imersion techniques including dip drain and dIE spin
procedures. The preferred topcoats are provided fromthe topcoatl

conposi tions PLUS(r), PLUS(r) L, PLUS(r) M. and PLUS(r) XL na@@7840
Coatings International Inc. These may 10 contain inorganic silicate
together with one or nore additional ingredients ., lubricants

i ncl udi Filican&Rn e rpplages by coligiddalumiva. yugenesal, ﬁtﬁl}@t‘%ﬁoéﬁlg,al giigewiher s

i ncor porating polyethyl ene, or polytetrafluoroethylene. O her constituents,
whi ch nasovideforieaviss topeoateafylicasubstance overiungiercates suhstrate oiteniais| lde
graphite and nol ybdenum disul fide. The topcoats may be pignented, e.g., to
provi deisgobteroRriaterbtmusd eujioidal dificas epntaiing apite SOlgescant fypreight qulds but
conposition has been disclosed in U S. Patent No. 5,006,597. By any

coat i ngtywicatheduueh ndre conpentedted kitiodsdviti depdtikeiet) tfor examplanwhete sgivaye about
50 nglft2 of coated substrate. For econony, topcoat weights for cured

t Bpcoat apyicaflon \off ithe tapcoag ediee aseaut 2, 000 ng/ ft 2 of coated substrate. This
range is for the cured silica substance topcoating. Preferably, for best
coating efficiency and silica substance topcoat econony, the topcoat is an
i norganic silicate providing fromabout 200 to about 1,200 ng/ft2 of cured

silicate topshahithe toRthabATNE QRS- O2IILS it Fray beherganiciorancrgaalcance
topcoat curing, it is typical to select the curing conditions in

accor darmeeusafliliorbBricBRiCAtes i dRlidestnel ahéy] SillktbaRRE, atAgrlprdi, dutel a4l | oi dal
silicas, air-drying may be sufficient; but, for efficiency, elevated

t enper apaiyethgysiiiciiies, 3s Ief a8 bikegyl klitatat budm® etBylehs aivegbababeeR sifitite.
el evated tenperature curing can be preceded by drying, such as 5

a0 r - dr Yo geies@iycHoe 28oMdmPp! thelorginit Bidcatd id AT silfdate AQPIPRIGEOUSK, tife ¥. . On
the order of about 150F to about 300F, will be useful for the coI | oi dal

Cypl CarTSIIEgRaLS: SarORDLEROn AT N RO EAS RO, 1
500F. iThegeafs Bpicahy et iioVeressiduedts Solutitis, BUESSIvEt-Tdseinaapersions may
also be used. When used herein in reference to silicates, the term "solution” is meant to
include true solutions and hydrosols. The preferred inorganic silicates are the agueous
15 silicates that are the water-soluble silicates, including sodium, potassium, lithium and
sodium/lithium combinations, as well as other related combinations. Referring to sodium
silicate as representative, the mole ratios of Si02 to Na:0 generally range between 1:1 and
4:1. For best efficiency and economy, an agueous-based sodium silicate is preferred as

the silica substance. The use of silica substance as a topcoating has been described in U.S.

20 Patent No. 4,365,003, the disclosure of which is incorporated herein by reference.

Other ingredients may be present in the silica substance topcoating composition,
€.9., wetting agents and colorants, and the composition may contain chrome .
substituents if desired, but can be chrome-free as defined hereinabove to provide a

25 totally chrome-free coating. Substances that may be present can further include
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150F to about 700 - 800F or nore, as peak metal tenperatures, may be
useful. At the 10 nore el evated tenperatures, cure tinmes may be adATEYl as
about 10 ninutes, although |onger cure times, up to about 200%87A408YS. are
nore usual. Also, articles can be topcoated with the silica substance
topcoat while the articles are at elevated tenperature, as fromthe curing
of a- chthickeningsan coiapensingcagentsaswelhas Shadiusiong apands, kudal sueh ingrediedts coat
or dip drain, i.e., a dipping of the elevated tenperature article into 15

t he t opwilbtypiatipnst aggnegatetnote then apout b aeightopereenti and vsualivdesarafitbee. Upon
renoval fromthe topcoating conposition, the article can be drained. Sone
to al | tdpdohting cpmpmisitionsoi asgo gaovitie farcén hewedd byatirtgecapposition stability
ELECTRODEPCSI TED TOPCOATI NG 20 OF special Interest, the coated substrate
can f or geuple@nithcalgmiénteswobtihh inteuist makailich eubstavioet togepating may biey

el ectrocoating. The el ectrodeposition of filmformng materials is well
kpown aghirarnoy a1 ot el eseriseangriols séonpliques for s wish thegoatingerial In a
bath or such a bath which nay contain one or nore pignments, netallic

par ti cl @mp8éitbA%suehlas imAferdyR secrandiRiRASEGding b tiRen bhé ip sid prbeechaed may
be a dispersion or ostensible solution and 29 PATENT 003744-02 U. S. the

like. Some of the well known resinous materials useful as filmformng
materials include the polyester resins, alkyd resins, acrylate resins,

hydrocarbon fi@spfserraddoSEshtyard BOviIRd FR6YA thl ¢bpdBatRG cahipssforkeLuseCt ed
wi th other organic nononers and/or polyners including hydrocarbons such as

et hyl eng gy colluse TRNAYSLUSE xBhiple ByMetdl teithas #tdrriationaPREs Thé¥eTRapf

i nterest are polycarboxylic acid resins which can be solubilized wth

RE! ¥f U”&dﬂt@ﬂﬁhg?gjﬂﬁ?@siﬁ@df@%’ﬁ&ﬁeﬁﬂﬁ%h!d?@ StdfokdRIdiieaAIngredmints, g fied

pol y-basic acids, esters or anhydrides which can be further reacted with

di vi nyl BeiRz9R8ndi0Rine @b Nmeric materials, such as polyethylene, copolymers
incorporating polyethyleng, or polytetrafluoroethylene. Other constituents, which may
also be used at least in part for their iubricity, can include graphite and molybdenum .
disulfide. The topcoats may be pigmented, e.g., to provide a black topcoating. A

15 representative black topcoating composition has been disclosed in U.S. Patent No.

5,006,597.

By any coating procedure, the topcoat should be present in an amount above
about 50 mg/ft? of coated substrate. For economy, topcoat weights for cured topcoating
20 will not exceed about 2,000 mg/ft? of coated substrate. This range is for the cured silica
substance topcoating. Preferably, for best coating efficiency and silica substance
topcoat economy, the topcoat is an inorganic silicate providing from about 200 to about

1,200 mg/ft? of cured silicate topcoating.
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10 acryllc acid and esters as well as polynerizable vinyl nononers,

Furt her, substances of interest are the anodically deposited fil mPle:'W ng
material s. However, the broad scope to which the el ectrodeposqqy%o%ps
filmformng materials relates, includes the deposition of such materials.
on anodi ¢ or cathodic substrates and byneans. of various techrkig.ues for
passage of cUforé&he siiige sibstancenapeoataLiiag, it Isd¥PICHIIBSEISCE HRfCIHY ﬁ@?ﬁiﬁ%’l‘s of
the 15 coated substrate fromthe bath, curing of the filmform ng materials
can be puvrteonsisnce withetheinasticuiar sﬂmp@bstameeusen €ar theycalioidal BHcasepEAnEng
upon the filmformng materials present, but is typically .an air cure at
room t enpay be su&ficentabin f&reefficmnev,aajemtecét'qmmmture auping ds B@derred dorf alkthei nes
up to 60 mnutes, at nore reduced tenperatures. 20 QUENCH COAT TOPCQOATI NG
An addi tsilicaalbstapcssatThefelapted tdmperature stiring can be arécegiedipl drythdhguaiuasnch
coating. Thus the coated substrate nmay proceed to a quench coating, e.g.,
f g | ow regr-divgdrig. CReEgan@lessodf privredrging; al &sweri doeel terhpenatunsy €.0 ®ndhatarder of
conposition, or even followi ng cure of a 25 topcoating such as a topcoating
of sili caonthsteweaboutG00TR WIEDbe assFL foy té colididalIskisassdn dBorgBMELSNICates.
003744-02 U.S. elevated tenperature by bringing theminto contact with an

aqueous Fog$hé irforbUkiceNiches, curretygicaneresipibte daptareperatinteant thdmrderet | on
No. 53-14746. Suitable resin solutions jnclude al kyd, epoxy, mnelam ne and

urea resibdst 3809Fto 48Ut 5004F. NAYeALRN chretenargtiires bRthespdarloF framidbbut
Pat ent No. 4,555,445, that suitable topcoating conpositions nmay be

pi gment egpek ﬁmswéwm°oeo@m5rshw§as pEAaBetR femp OISt Es, oPDE YIBBA). Atthe
di spersions in liquid medium as wel 1 as aqueous enul sions and di spersions

ofp Sui t 3hbR: MBwRBd tARipePatefes; BlireltembORRY Bled Fish at BBSEL TOMIMAES, AABUgAI ch
articles are at elevated tenperature such as after curing of t he applied

wat er - r eghgertuge Hne0ap it @boby 20hMAREs S midre luseHiNAIse, shtieted can Peor a spray
coating operation. By such quench coat i ng operation, all of the topcoating
curing repbsatas ity ek Wit ipstands tHsdoat while the articles are at elevated
- temperature, as from the curing of a-chrome-free coating composition. Such could be
done as by spray coat or dip drain, i.e., a dipping of the elevated temperature article into
15 the topcoat composition, which can provide a guenching of the article. Upon removal
from the topcoating compaosition, the article can be drained. Some to all of the topcoat

curing can be achieved by the operation.

ELECTRODEPOSITED TOPCOATING

20
Of special interest, the coated substrate can form a particularly suitable substrate
for paint deposition by electrocoating. The electrodeposition of film-forming materials
is well known and can include electrocoating of simply a film-forming material in a bath
or such a bath which may contain one or more pigments, metallic particles, drying oils,
25 dyes, extenders, and the like, and the bath may be a dispersion or ostensible solution and
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heati ng. Quench coating with polyneric solutions, enul sions and ENT
di spersions, and with heated baths, has al so been di scussed. dﬁg

Patent No. 5,283,280.. . . 15 AUTODEPCSI TED TOPCQOATI NG Anot hePOXBHEEYS: of
particular interest is the autodeposited coating. The aut odep03| t | on of
coatings provides a | atex-based coating filmon netal articles no

ext er nathajike: Sgenegfithieavell nowrerasiness giatenials wsesulas SIMprang mterﬁal%% 699,

it is taught to 20 apply a coating froma bath of suitable polyner Iatex

oxi di zi inglugigehe pofyestariraging, aikyemesing acnyiate eefinsaBydroceraes "l@ﬁléﬁarﬁ"@ RPXYf from
about 2.5 to 3.5. Fornul ated as such an acidic conposition, the bath can
use met edsindj arxbsuchi mateaiaisacad bieveacfed witheother ocannic MENEBIES ARGI/ER POIVIIRTS
recently, U S. Patent No. 5,300,323 has taught a zinc surface pretreatnent
wi t h aninchgivepnadriogaiibons sudt asethylens glyaoi, oronoowddt aicnolarethdth, ene such as
boric acid. This can 25 help negate the formati on of pinhol es during

apt odepiatohegn coating. 31 PATENT 003744-02 U.S. FURTHER TOPCOATI NG The
coated substrate may al so have a topcoat with any other suitable
topcoating, i.e., a paint or primer, including weldable priners, such as
the zinc-rich priners that my 5 be typically applied before

el ectri cal - r 86 6f gitefesyareibdlgearboxyliesemiresins Wwhidhaande saglyllizeeewitthown i n
U.S. Patent No. 3,671,331 that a prinmer topcoating containing a

parti cupdtyrunctishgrarhineadonypdiaied datiiveude gresidcatise ohnasdified oly-isasid apidsy
serviceable for a netal substrate that is first coated wi th anot her

coat i ngesterrEnhiyaNdevirh caApRGarihes rexeted witheyivingidrerizene porgexantple or a
bi nder or can be unpignented, e.g., generally cellul ose |acquers, 10 resin

YOI Ni shagylicdtid ShE @54 A0WEl sgﬁcﬁlvmbﬁiabl@&nfvpmoﬁbmi .EFUrtmer, substaraesiogh. The
paints can be solvent-reduced or they may be water-reduced, e.g., latex or

vat er - Sxﬂtéﬂékﬁaﬁe%b%ﬂodlcbWbéﬁb%d@ﬁ#ﬂ%@maﬁﬁm|k@v@éd@f%e tsroat beoi Nt s
can have reactive solvents such as in the polyesters or polyurethanes.
Addi t i ot feHitha i tia eplositioni gFiFneFerPen g imaterianalelzdes, didiudes the deposition
---of such materials on anodic or cathodic substrates, and by means.of various techniques ..
for passage of current through a bath. After electrodeposition and removal of the
15 coated substrate from the bath, curing of the film-forming materials can be performed.
The time and temperature of curing will be dependent upon the film-forming materials

present, but is typically an air cure at room temperature or a forced cure at a

temperature up to 500°F and for times up to 60 minutes, at more reduced temperatures.
20 ' QUENCH COAT TOPCOATING

An additional topcoat of special interest is a coating applied by quench coating.
Thus the coated substrate may proceed to a guench coating, e.g., following heat curing
of an above-described chromium-free coating composition, or even following cure of a

25 * topcoating such as a topcoating of silica substance. Such quench coating of articles at

30



pai nts, including phenolic resin paints, solvent-reduced al kyds, epoxi es,
acrylics, vinyl, 15 including polyvinyl butyral, and oil -wax- t&f ENTn S
such as linseed oil-paraffin wax paints. Before any coati ng, 0¢3744-82 Us. nDst
cases advisable to renove foreign matter from the substrate surface, as by
t horoughly cl eaning and degreasi ng. Degreasing may be 20 acconplished with
known agjevated temperatsire b dringingrthageinte cotiacbwvith Al 2008punvTasist Wiitionhase,
caustic soda, carbon tetrachloride, trichiorethylene, and the |ike.

Conmer chesn giskussetin Japeaesmtemﬂmmicaﬁimmsp. 51 4746 cSuitabie regirs sotugonind il d
abrasive treatnents, can be enployed for cleaning, e.g., an agueous

t r i sodi inciugleadipitiaepewo dielaminsyamdoxesa eesinseani ng solution. In addition to

cl eaning, the substrate may undergo cleaning 25 plus etching, or cleaning
pl us shot blasting. 32 PATENT 003744-02 U.S. The foll ow ng exanpl es show
ways in which the .invention has been practiced but should not be construed

a5 |imting kdrechisnitaras o bekn thlghterorenample ihhes. Patdmiwong,55p 48 dtiat es have
been enpl oyed: 5 PREPARATI ON OF TEST PANELS Unl ess ot herw se specifically

descri begtableettipcpatind sompesitiohs na9ldeqsigmlenvedarpanions be emusiomnd, SThebé et
panel s can be prepared for coating by first imersing in a cleaning

sol ut i gRclufetBbalyntérafshdrdor®iniiquad meaiurs a8 alias BggedLeasnulsiehs gagh gal | on
of water, of a 10 m xture of 25 wei ght percent tripotassi um phosphate and

75 viei GiEpaSIons BF sDeAIRE Sie. ArYidieosaniBe tdhedatéd trtnese chmbbsitidnsBimithi ned at
a tenperature of about 150F to 180F. Follow ng solution cleaning, the

panel s #&Blehars &t 1bPsddWeiipePatOt€AINRE aftRf cuMh 6P tHeSagpliedhPdterPedudilieous
pad of synthetic fiber inpregnated with an abrasive. Thereafter, the.

§G 1 ubb%aﬁﬁgebﬁ p%@dﬁ@éﬁhnfuhﬁ@eéjd@fdi‘aﬁgﬁ*d%ﬂrma%ﬁ“@ dﬂer%@@nweu@pl ution.

Foll owi ng 15 renoval fromthe solution, the panels are rinsed with tap

wat er  aditbrizhefostinglopefdticil all of the topcoating curing may.be achieved without further
heating. Quench coating with polymeric solutions, emulsions and dispersions, and with

--heated baths, has-also been discussed in-U.S. Patent No. 5,283,280..
15 AUTODEPOSITED TOPCOATING

Another topcoat of particular interest is the autodeposited coating. The
autodeposition of coatings provides a latex-based coating film on metal articles, with no
external voltage applied in the process. In the U.S. Patent No. 3,592,699, it is taught to

20 apply a coating from a bath of suitable polymer latex, oxidizing agent, fluoride ion and
sufficient acid to maintain a pH of from about 2.5 to 3.5. Formulated as such an acidic
composition, the bath can use metal dissolution as a driving force for coating deposition.
More recently, U.S. Patent No. 5,300,323 has taught a zinc surface pretreatment with an
agueous hydrogen fluoride solution containing an additive such as boric acid. This can

25 help negate the formation of pinholes during autodeposition coating.
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APPLI'CATI ON OF COATI NG TO TEST PARTS AND COATI NG WEI GHT 20 Unl ess ot herwi se
described in the exanple, clean parts are typically coated by di ptATEYTi nto
coating conposition, renoving and draining conposition therefPeid-03dl.5ani ng
of f the excess, and then i medi ately baking or air drying at room
tenperature or precuring at nodest tenperature until the coating is dry to
t he touch and then baki ng. BakiRW§THERITGRCOATINGNg proceeds in a hot air
convection oven at tenperatures and 25 with tines as specified in the
exanpl es. 33 PATENT 003744-02 U.S. Coating weights for panels, generally
expressed as a weight per unit of surface area, is typically determ ned by
sel ecting a panedatet! sabstratemayalscica e tod caatwitke iagiiotigen suitableftopeoatireg,i ng.
After the panel has been coated, it is reweighed and the coating weight 5
per sel gel g@dammnior ppimenMcARingweRiabORImertsysuch athe einterthasimersithgt mag per
square foot (ng/ft2), is arrived at by straightforward cal cul ati on.

CBATI NChAByi&d I pbESd bbPorBiilectiiesredistasc iy Foy exampl, ithaneestiypeen

strip of tape coated with a pressure- sensitive adhesive agai nst the coated

sur f acesdwn (U eP4teRERSG! 3,6 MR RNEEPBrifier tOSCO MG TohtainihgyAticuidte coating

I's evaluated qualitatively according to the anmount of coating renoved by

t he- ad hé@wﬁawcéﬁ&dt%q)r%ﬂneﬁ@w AR, is rwg\hq skAfceaPtHioriadie@i substiat@dard .
test panel. 15 CORROSI ON- RESI STANCE TEST (ASTM B117) AND RATI NG

Corr osi gHhtlEGrst baMe with SAGHRY cBAIMScIRpERASHT SEheYto ﬁa_?oéaiﬁﬂé‘?né\ﬁ andar d
salt spray (fog) test for paints and varni shes ASTM B-117. In this test,

the par écﬁ‘ltﬁfnepi@mqiré b'bjrﬂ:ie?%r‘éﬁﬁ%ﬂnpg@g%ntgb, £9NgkABkaIy SEMAGRLIHESUSMIEr €

t hey are expose fine spray (fog
10  resin varnishes, and oleoresinous varnishes, as for example tung oil varnish. The paints

can be solvent-reduced or they may be water-reduced, e.g., latex or water-soluble resins,
including modified or soluble alkyds, or the paints can have reactive solvents such as in
- the polyesters or polyurethanes. Additional suitable paints which can be used include oil.. .
paints, including phenolic resin paints, solvent-reduced alkyds, epoxies, acrylics, vinyl,
15 including polyvinyl butyral, and oilnwax-type coatings such as linseed oil-paraffin wax

paints.

Before any coating, it is in most cases advisable to remove foreign matter from
the substrate surface, as by thoroughly cleaning and degreasing. Degreasing may be
20 accomplished with known agents, for instance, with agents containing sodium
metasilicate, caustic soda, carbon tetracﬁloride, trichlorethylene, and the like.
Commercial alkaline cieaning compositions, which combine washing and mild abrasive
treatments, can be employed for cleaning, €.9., an aqueous trisodium phosphate-sodium
hydroxide cleaning solution. In addition to cleaning, the substrate may undergo cleaning

25 bius etching, or cleaning plus shot blasting.
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5 percent salt solution for specified periods of tinme, rinsed in gﬁié\r” and
dried. The extent of corrosion of the test parts can be expresse

percent of red rust. 34 PATENT 003744-02 U.S. EXAWPLE | To YB/é-0elght
parts of deionized water, there is blended with noderate agitation, 0.6
Wei ght part of ortho boric acid and 3 weight parts of (a:;arrma 5

gl yci doxypr of$ip foHPWiEchesamplpashovayay léﬂmigfgt%'m’?mﬁmh speet) practicerybut
continues for 3 hours, there is added to this mxture an additional 31

wei ght sheuidnet beieprsiruestesiinising the inventien: By thelexampiesnths fllaying 8 wei ght
part of a nonionic, ethoxylated nonyl phenot wetter ("nenw') having a

nol ecul Rioceaurpsthave bees emmiovedspeci fic gravity of 1.0298 at 20/ 20C and 0.8
wei ght part of a "nenw' having a nol ecul ar wei ght of 616 and a specific 10
gravity of 1.057 at 20/20C. To this mxture there is then added an
additional 2 weight parts of the above-nentioned silane, 2.2 weight parts
d# di propyl ene glycol and 0. PRERBRAJHON QRTESTHTANEL® it ropropane. -To this

m xture there is added 35.2 weight parts of STAPA 4ZnAl 7 zinc and al um num
all oy flake. paste. The paste contains. about.85 weight. percent zinc,

about 5 weight percent alum num and a bal ance of paste liquid. The all oy
15 fl ake hasuraésswithéQvipesmanificaty dedveibbtatest pandls areesidvdiiedpiomocaybsh

di mension of discrete particles of |ess than about 13 mcrons. The sum of
al | of stésiganelsgstabi patels sarebé pegparen formmbating batFirst indinbinesinusdiegnirg Cowl es
di ssol ver operating at approximtely 800 revolutions per mnute (rpm. 20
To t he sohgidr. i Amegalaloahimg sdiutien cdrheontaing éuries,qubitedch vbildreoswaterj ot | S
continued for 1 hour, 0.4 weight part of sodium bistridecyl sulfosuccinate
i oni anixtnfeasrt Bnkeight perdent bgodtassire phbsprdte and g8 tweigiedpercentpatatsiurhher e
is then added 2.9 weight parts of additional, above-described silane plus
a sl ur mydebxite 2Tie agBalin®Bath 9 manydinegiatetteiperstelé of SissutsisorrF tedggop. 1. 3

wei ght parts of deionized water. This bath is aged for 6 days. This

) Following solution cleaning, the panels can be scrubbed with a cleaning pad, which is a

-+ -porous, fibrous pad of synthetic fiber impregnated with an abrasive. Thereafter, the. ..
scrubbed panels are water-rinsed and again immersed in cleaning solution. Following

15 removal from the sofution, the panels are rinsed with tap water and preferably dried.

APPLICATION OF COATING

TO TEST PARTS AND COATING WEIGHT

20 Unless otherwise described in the example, clean parts are typically coated by
dipping into coating composition, removing and draining composition therefrom,
spinning off the excess, and then immediately baking or air drying at room temperature
or precuring at modest temperature until the coating is dry to the touch and then
baking. Baking and prec‘uring proceeds in a hot air convection oven at temperatures and

25 with times as specified in the examples.
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al koxy groups of 30.5:1. 35 PATENT 003744-02 U.S. A clean 3 2-
panel as described herei nabove was then coated by draw ng. tWéW v
conposition down over the panel with a draw bar. The panel is precured for
10 mnutes at an oven air tenperature of 150F and cured for 30 m nutes at
an oven air tenperature of 600F, all in the manner as descri bed

her ei nabove. The resulting panel 5 had a snooth, grey coating of attractive
appear ance. Ooatingweiohts fegipghelsygenelBiFEXprassed o aWeIghé et HOKQS spEaee of
coated panel surface and the coating had acceptable coating adhesion.

Coat i nganssj ighypieaity detetmingddnisetscting aenanetief akntivwesurfacedses engaeighing it

her ei nabove. 10 Bolts were prepared for coating as descri bed herei nabove,
except berose costimmoasiter thesexhel has mepncdoabed, ritis aewieighed Bod the aeating weighd by

bl asting with gl ass beads (dry honed) after oven drying. The bolts are
cgat ed psr fiatedanitiorauaceatzasinest swdysipresemtgdtab enilligearheper square feotcoat i ng
conposition, renoving the basket and. draining. excess conposition

t her ef r @may/FBUFsi apEived Bt BPEtRAghtForvand daltaildtionst coat, 't he basket is spun at
275 15 rpmfor 10 seconds forward and 10 seconds reverse and, for the
second coat, at 300 rpm and again at 10 seconds forward and 10 seconds
reverse. Draining is then followed by baking. The bolts are usually placed
on a sheet for baking. Baking goaaesASHEIIOSTESTt an air tenperature of
about 150F for a tine up to 10 20 mnutes and then at 600F for 30 m nutes.
The bolts are coated twce with the coating conposition using this
procedure and providing a coating weight of 3,138 ng/ft2, determ ned as

dgscri bed hetigs bt ®/EnddRtREHE thabohityspraesing b etrip obpatcedted Witha pressure-
comercially available sodiumsilicate 25 topcoat conposition disclosed in

the U SerRaihtdndeive4gdinst §RToaldtesupraeed the test @anélpwhih tape is then quickly

removed. The coating is evaluated qualitatively according to the amount of coating

25 reésulting coating conposition had a nolar ratio of water to sil T
AR
Qe

removed by the-adhesive on the tape, in comparison.with the.condition of a.standard .

test panel.
15
CORROSION-RESISTANCE TEST (ASTM B117) AND RATING
Corrosion-resistance of coated parts is measured by means of the standard sait
spray (fog) test for paints and varnishes ASTM B-117. In this test, the parts are placed ina
20 chamber kept at constant temperature where they are exposed to a fine spray (fog) of a

5 percent salt solution for specified periods of time, rinsed In water and dried. The

extent of corrosion of the test parts can be expressed as percent of red rust.
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PATENT 003744-02 U.S. coating and baking was as for the undercoasﬂ but
t.he basket spin was at 400 rpmfor 10 seconds forward, 10 secQ ﬂ @rse
and the cure was at 350F for 20 m nutes. Coating wei ght det ePHR/A407
conducted in the manner as described above in connection with the

exanpl es, showed a topcoating weight for a representative bath of 5 520
my/ ft 2. The hex-head bolts used in EXeMPIEt are a specific grade of 9.8
bolts, which nore particularly are 1-1/2 inches |ong by about 5/16 inch in
di anmeter at the threaded end and have 1-3/16 inches of threading on the
shaft that termnates in the bolt head. 10 The resulting coated bolts were
t hen subj ect Bwl18.6 wdighthearés ofddionizedioatari thede isduendsd withrmaederatice t est.
The test bolts with the silicate topcoat have gone over 2,000 hours in

t est i ngaditatiom) 0.6 eeighp pectrafroctholborfic acid ane d weight, partngfagandmao red rust,
appear ance at 600 hours for bolts coated with the sanme procedure but

usi ng* agliyeisiegpaiopyRriotsthosystiareasdriending icogtiaues Mfter mixigusontinfues Forc3 f | ake
and alum numflake in a 90/10 weight ratio. EXAMPLE 2 20 For test

pur poseRourtsete issadtieeirteis raixtwatanreglottonzd 31 hetghtofarsiofdeiinized watexl | oy
flake. This preparation is initiated as follows: To 18.9 weight parts of

dei oni zgsy ¥aetter biME tentaming 0)8ARsiont it tedebalchiggtihatyviated nengipivenght part
of ortho boric acid and 3 weight parts the Exanple | silane as bl endi ng

cont i Nug@tte "PEARAY Ifavriy 4 RidlédularWdigintcoftBoBratid a siietRic gravityngf t.ozdg atues for 3
hours, there is added to this m xture an additional 34 weight 25 parts of

dei oni zggl2avt fid @B Iveight Bire of @MiativiM iry Bmsreidr veagtit of 676Mn dixspuelfic 1

wetter 37 PATENT 003744-02 U. S.

10 gravity of 1.057 at 20/20°C. To this mixture there is then added an additional 2 weight
parts of the above-mentioned silane, 2.2 weight parts of dipropylene glycol and 0.7
weight part of 1-nitropropane. To this mixture there is added 35.2 weight parts of - -
STAPA 4ZnAl7 zinc and aluminum alloy flake-paste. The paste contains.about 85 weight. .
percent zing, about 5 weight percent aluminum, and a balance of paste liquid. The alloy

15 flake has about 50 percent of the flake particles with a longest dimension of discrete
particles of less than about 13 microns. The sum of all of these ingredients are then

ground for about 3 hours using a Cowles dissolver operating at approximately 800

revolutions per minute (rom).

20 To the resulting ground mixture, there is then added, while stirring is continued
for 1 hour, 0.4 weight part of sodium bistridecyl sulfosuccinate anionic surfactant and
mixing is then further continued overnight. There is then added 2.9 weight parts of
additional, above-described silane plus a slurry of 0.2 weight part of hydroxy ethyl
cellulose slurried in 1.3 weight parts of deionized water. This bath is aged for 6 days. This

25 resulting coating composition had a molar ratio of water to silane alkoxy groups of 30.5:1.
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havi ng a nol ecul ar wei ght of 396, 1.6 weight parts of the Exanple | t.];er
Ravi ng a nol ecul ar wei ght of 616, an additional 2 weight parts_of PATEN
above-nentioned silane, and 0.7 weight part of 1-nitropropan%q37% %

m xture there is added 32.6 weight parts of STAPA 4ZnSn30 zinc and tin

all oy flake paste. The Raste cont ai ns_about 70 wei %gt ercent 5 zinc, and
about 30 wei tyRIEREXTEINCH LSt Nanet asciesenikRp werginaboye Was Hasmfeatgd Sy Arawing a
bal ance of paste liquid. The sumof all of these ingredients are then
ground thercaatibgicomnasition dewn @ve@tmn@bwahsﬂsmw&arogee Ranelds afecured for
approximately 800 revolutions per mnute (rpm. To the resulting ground

m xt ur 10 oilites aEan heen aid terperatinecofiSPTF andcuredFondd mirvites aban even aiour ,
0.4 weight part of sodium bistridecyl sulfosuccinate anionic surfactant and
m xi ng ftegmpératurewnfteleF, abin theusdnnaras tiegtribedMeremabeve.here reddisimoadelei ght
parts of additional, above-described silane plus a slurry of 0.3 weight
part ofhdd/asmpeptietangy coatirid of attractvaappeadanae. Zhesdagting peight weds 1968 oni zed
wat er: 15 For conparative purposes, there is prepared a standard

conpar anilligransgisrsguaecioetd 6f toated paneigurface pnd Clee coatirgdsact adveptdide ei nabove.
For this conposition there is blended with the initial silane blend an
addi t i asuating®dhegiohgCbatiag wWeight andtceatinnddheshbrewdre oétetminegcasddscribed s of
each wetter, 2 weight parts of the silane, 0.7 weight part of the 1-

ni t r opanereinkbdviei ght parts of di propyl ene glycol, and 4.3 parts of

al um num f | ake paste. 20 To this there is added 31.2 parts of zinc flake
paste. Consistent with the above-described procedures and anounts, there
is then added the anionic surfactant, additional silane, cellulose/water
sburry, and pdIsOnEredreph fopabating asddscrabed hbtetmabove, @aehohogorubdiny Bt | ves
having a specific gravity of 0.9 used as a defoaner. 38 PATENT 003744-02

U. S. | rusebidurtrgsdleariing ah@ she DoIts sreveiiamelihy Mgdting, withiglss Besdsaryehoned)
particularly described in Exanple 3. The bolts were prepared for coating,

and coagfesh ovin dryod eperidneciré bodbeamyl Baciy ircxwirptoabitet andrdippimigiteat ure was .
232C. The resulting parts have a coating wei ght of
... basket into the coating composition, removing the basket and.draining.excess -
composition therefrom. During dip spinning, for the first coat, the basket is spun at 275
15 rpm for 10 seconds forward and 10 seconds reverse and, for the second coat, at 300 rpm

and again at 10 seconds forward and 10 seconds reverse.

Draining is then followed by baking. The bolts are usually placed on a sheet for
baking. Baking proceeds first at an air temperature of about 150°F for a time up to 10
20 minutes and then at 600°F for 30 minutes. The bolts are coated twice with the coating
composition using this procedure and providing a coating weight of 3,138 mg/ft?,

determined as described hereinabove.

Selected bolts are then topcoated with a commaercially available sodium silicate

25 topcoat composition disclosed in the U.S. Patent No. 4,365,003. The procedure used for
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2,463 ny/ft2. Coating weight was determ ned by the wei gh-coat - wei g{\ﬁ
procedure as 5 descri bed herei nabove. The parts were then topcoat TENTh a
commercially available sodiumsilicate topcoat conposition dP@¥¥E9RY§ n
the U S. Patent No. 4, 365,003. The procedure used for coating and baking
was as for the undercoating, but the cure was at '176C for 20 10 m nutes.
Coat i ngCo@ingANeLASIMAEBS %m,th@@lndamoaang.rbtttﬁae Pasiees SP Wt A00BEM fove,
showed a topcoating weight of 433 ng/ft2. The resulting coated parts were

t hen sut} sanosds ferwared, Hisesbngerayeesedanttheneue was at 350°Eder 88 ninutessi st ance
test. The test parts wth the silicate topcoat and zinc plus tin alloy 15
under c o@oatingnweight deo@nihations, condussed ngthe manreraadeseyibsd abhddedn a scal e of
5.0 (best) in regard to appearance of red rust. Conparatively the test
parts wearmechionsvith tlae exanopies)ahoweadd toheoatingovéibhkeor@ nepredentativerbdth aif e
undercoat at 1,080 hours of testing had a rating of 4.2. 20 EXAMPLE 3 An

i Bvent | 520 mg#t2. conposition is prepared with the follow ng ingredients.
There is mxed together 7.37 weight parts of the Exanple 1 silane, a
wetter blend containing 1.21 weight parts of the Exanple | wetter having a
mol ecul ar wei ght of 396, and 1.39 weight 25 parts of the Exanple | wetter
havi ng a nolHhéthew 9hits weddd thelfelt wed DtdecFrydradebf 83 HAEENRichGAdret4. 02
U.S. dipropylene glycol, 0.62 weight part of 1-nitropropane and 0.45 wei ght
part of partidianly abé strd inenss lofg bly@puatsmeirhaniosmetes dt tisctrbided ond bhe

m xture there |Is added 29.83 weight parts of zinc and alum num alloy fl ake
paste. Hdwe P56 thchebbRtmeaangwn the shaftahit feerdfites izt @nleshout 6 wei ght
percent alumnumin the alloy flake and an about 9 wei ght 5 percent bal ance
paste liquid. The alloy flake has about 98 percent of the flake particles
with a | ongest dinension of discrete particles of |ess than about 15

m crons. ThertaBsaking coated bolts were then subjected to the hereinbefore described
corrosion-resistarnice test. The test bolts with the silicate topcoat have gone over 2,000
hours in testing without the.appearance of first red rust, compared tored rust, ... - . .. ...

appearance at 600 hours for bolts coated with the same procedure but using'a basecoat

15 composition containing a simple mixture of zinc flake and aluminum flake in a 90/10
weight ratio.
EXAMPLE 2
20 For test purposes, there is prepared a coating composition of zinc plus tin alloy

flake. This preparation is initiated as follows: To 18.9 weight parts of deionized water,
there is blended with moderate agitation, 0.6 weight part of ortho boric acid and 3
weight parts the Example 1 silane as blending continues to prepare an initial silane blend.
After mixing continues for 3 hours, there is added to this mixture an additional 34 weight

25 parts of deionized water and a blend containing 0.8 weight part of the Example 1 wetter
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all of these ingredients |Is then vigorously m xed together. To the.

resul ting ground mixture, there is then added, while stirring is d#iENhued,
a 10 blend of 0.53 weight part boric acid in 54.27 wei ght pa®@334&82 & zed
water. There is then added 0.4 weight part of hydroxy ethyl cellul ose and
stirring is continued overnight. For conparative purposes, there is

t hen- usBavinga melecuar weightrpfse8, M\baveioht pargs otthegaempleh wesstariaping a n
Exanple 2. 15 in this test, bolts, as nore specifically described

her ei nbelotagulaivesigisalf GTBhaen b@diitisnale?rweighepantedf theraboyatmeintieredisigoe,i aned

her ei nabove, except no scrubbing is used during cleaning and the bolts are
cl eaned0.Bywdigltspart gf winittogtopane beatys frixtyrdtiverd )s afdeer32c8eightd pertsgf The
bolts are coated by placing in a wire basket and di pping the basket into

the 20 STH®AI4ZOSOIMTING Bhd tin,alloe Aoke pgsté.hehdpaste tortathsdbaut 70 weiittemscent
conposition therefrom After draining, the basket is spun at 300 rpmfor

18 secozidsah®abentizcweigh® perenbda in tiey gifaEflakey on Bintetals Dabi eand Pbalgngecofby
baki ng. The bolts are usually placed on a screen for 25 baking. Baking

pr oceedgaste glidatrhaBuai ¢f ITRAES MG Red¥nts BRdithePtdroling fér AR 3MPoure udig 40
PATENT 9 ' 003744-02 U. S. m nutes and then at 329C for 30 m nutes. The

bol s af eowRauRdoh el 6Persting at BEpEXAhately 8000EDOIEtIbhOPer@imielifyra). Procedur e
and providing a coating weight of about 1,900 ng/ft2, determ ned as

descri bed herei nabove. 5 The bolts used in the test are M8 bolts, which
nore particularly are 1.4 inches long by about 5/16 inch in dianeter at

t he threadedreetid r‘é@ﬁﬁtihg\g?oén@hﬂ)@curé“%ﬁ@@ |§>fhérhéd%%€|j %lle@ﬂrr‘iﬁ@ls%ﬂflhué@at
term nates at the bolt head. The resulting coated bolts are then subjected
10 the f2PairRiuy, ® WAl WIrt Bfsodium bistridecy! sulfosuccinate anionic surfactant and
mixing is then further continued overnight. There is then added 2.9 weight parts of
additional, above-described silane plus a slurry of 0.3 weight part of hydroxy ethyl

cellulose slurried in 2 weight parts of deionized water. -

15 For comparative purposes, there is prepared a standard comparative coating
composition using the procedure described hereinabdve. For this composition there is
blended with the initial silane blend an additional 29.4 welght parts of water and a blend
of 1.5 weight parts of each wetter, 2 weight parts of the silane, 0.7 weight part of the 1-
nitropane, 1.2 weight parts of dipropylene glycol, and 4.3 parts of aluminum flake paste.

20 To this there is added 31.2 parts of zinc flake paste. Consistent with the above-described
procedures and amounts, there is then added the anionic surfactant, additional silane,
cellulose/water slurry, and also 0.2 weight part of a liguid blend of petroleum derivatives

having a specific gravity of 0.9 used as a defoamer.
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10 Ehgi neers corrosion test SAE J2334. The test cycle was a 24-hour _test
gycle. In each test cycle there was used a hum d stage, a salt _a TEREt i on
stage and a dry stage. The hunid stage was 100% humi dityy, feR3784HUSs at
50C. The salt application stage was for 15 mnutes at anbient conditions.
The-.dry stage was 50% humidity at 60C for 17 hours and 45 minutes. 15 in
the test, th thisltest, tivatest paits wereb-Sheltal whichcayepaergnarticeaey dagrdeevR d
first red rust at 56 cycles. However, the bolts coated with the invention
t est CoOpEPsPIEiZ0 The makts avbrs Preyarke somédatingpantecbated;tall ag TepyxiadTin EyaEple) - 02
US CLAIMS 1. In a coating conposition adapted for application to, and

curing ®rexcept Headire abmperdtice weDIE206. Theresulbimpeiants haxe aicoating svaightadf in a
| i quid nmedium and provides 5 corrosion resistance as a cured coating on

sai d supabs A2, t tBatingRuelgRT®ES déteriniredisy tieowbigheopeivalghqmosedureascy of
said conposition conprising: zinc alloy in flake form conprising greater

t Ban 50g¥ekpRY Hepsipghdvezi NC in said alloy flake and a bal ance of |ess than
50 wei ght percent of non-zinc alloy netal in said alloy flake. 10 2. The
coating conposition of Claiml wherein said zinc alloy in flake formis
zinc alloyed with one or nore of alum num tin, magnesium nickel, cobalt

and manganeggs pdgs drerd terPRPcbAGAGARRE Sbinterciafty akdidbie sodiakRicatesai d zinc
is alloyed wth one or nore of tin and alum num wth said zinc alloyed

with al g4g ffb&%bﬁitiﬁh dRed it BRu sapeht 6, 4,368i008! THE besttduRé Uset frm
while said zinc alloyed wth tin contains.not: nore

coating and baking was as for the undercoating, but the cure was at 176°C for 20
10 minutes. Coating weight determination, conducted in the manner as described above,

showed a topcoating weight of 433 mg/ft2.

The resulting coated parts were then subjected to the hereinbefore described . . .
corrosion-resistance test. The test parts with the silicate topcoat and zinc plus tin ailoy
15 undercoat went for 1080 hours in testing with a rating of 4.8 on a scale of 5.0 (best) in
regard to appearance of red rust. Comparatively the test parts with the silicate topcoat
and the zinc flake plus aluminum flake undercoat at 1,080 hours of testing had a rating of

4.2.
20 EXAMPLE 3

An invention test composition is prepared with the following ingredients. There is
mixed together 7.37 weight parts of the Example 1 silane, a wetter blend containing 1.21
weight parts of the Example 1 wetter having a molecular weight of 396, and 1.39 weight

25 parts of the Example 1 wetter having a molecular weight of 616, 4.33 weight parts of
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't han about 30 weight percent tin. 20 4. The coating conposition of q jrml
wherein said zinc alloy in flake formis a zinc-alum num rragagzya?r@%ﬁ oy
flake. 5. The coating conposition of Caiml wherein said zin roy S
flake form conprises a paste containing | ess than about 15 wei ght percent
alumnumin said allo 25 flake, on a netals basis, and u &o about 10
wei ght @wreeyienggiicel, ﬂﬁamwhwgt of fitgeRrogane ang 8-45&%*%!?“53. 9F Somy ; ng
conmposition of Claim5 wherein said paste contains fromabout 85 to about
86 wei ghistnidewybsitifosueanate agianic surfasiantadothismixBathereis agaed29.83 Weigitt 30
percent of alumnumin said alloy, both basis 100 wei ght percent of said
past e. harts of gnpATERIUMDOBYaloYFiake pgstey Thawestesantaigs %@ﬁwiwelaht Bercenkim 5
wherein said paste contains fromabout 7 to about 10 wei ght percent of
past e | tigaiaddabaut 6 meightpdrcent allyolinundin thezbovflake ard ghabowe? weightof sai d
al um num both basis 100 wei ght percent of said paste. 5 8. The coating
cénposi pementbalBhee padie ligeide i ThesHoy fipkeshas abouSIAPArceRih Af the Bakemparticleat i ng
conposition of Claiml wherein said zinc alloy in flake formis an alloy
havi ng withl Elasbestidinension s idsenéteqfartities 6f lassethpaabout €smidrohs.aThesuye of

di rension of |ess than about 15 mcrons and has at | east about 50 percent
of the #il ekthggaingrebents &lthen dorauspenixeditogetdieon of | ess than about 13

m crons, and said conposition-further contains non-alloyed particulate
nmetal. 10. The nethod of preparing a corrosion-resistant coated substrate
protected wth a corrosion-resistant coating, which nethod conprises: 15

(1) appl yi ngTt ehepasditigogrount eniature athiengis themagdiéd, avhileatipring isapntinuiay, a
| i quid medium and
10 blend of 0.53 weight part boric acid in 54.27 weight parts deionized water. There is then

added 0.4 weight part of hydroxy ethyl cellulose and stirring is continued overnight.

-+ For comparative purposes, there is then-used the standard comparative coating
composition described in Example 2.
15
In this test, bolts, as more specifically described hereinbelow, are used. The bolts
are prepared for coating as described hereinabove, except no scrubbing is used during
cleaning and the bolts are cleaned by blasting with glass beads (dry honed) after oven
drying. The bolts are coated by placing in a wire basket and dipping the basket into the
20 coating composition, removing the basket and draining excess composition therefrom.
After draining, the basket is spun at 300 rpm for 10 seconds forward and 10 seconds

reverse.

Draining is then followed by baking. The bolts are usually placed on a screen for

25 baking. Baking proceeds first at an air temperature of about 66°C for a time up to 10
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(B)"zinc alloy in flake -form conprising greater than 50 wei ght Rt
2zinc in said alloy flake and-a bal ance of |ess than 50 wei ght Qﬁ%& %f
non-zinc alloy nmetal; and 20 (2) curing applied coating conp8 tll o)
said substrate. 11. The nethod of C aim 10 wherein there is applied a
coating co 05| ion ¢ [LSI tion of us a

zi nc almﬂf‘ ‘ig ?Q)&?\gctﬁiﬂi%mé’g% H&t%ogﬁ af&cog ﬁgg \%ﬁﬁgh 91%%%9( | east
about 70 wei percent zinc in said alloy flake, 25 on a nmetals ba and
up to a%npogaowwﬁtthﬁemee@ﬁursagﬂ@rpv'am gating W@%’ﬁ?” OULH PO rpaé e.

A coated substrate protected with a chrome-free, corrosion-resistant

coat i ngdPteSRINEAHNRISIIPPOACEIMNAVEi ng: 30 (A) |iquid medium 43 PATENT
003744-02 U.S. (B) zinc alloy in flake form conprising greater than 50

wei ght percent zinc in said alloy flake and a bal ance of less than 50
wei ght percent of non-zinc alloy netal; and (C) silane binding agent. 5

18. The coat Bit Boltstusestia the testarw&@mewiqm rearepartiguladly @een 4rmenes derg or
nore of water and organic liquid and said water, when present, is present
In an abppaboutdliith chdbciametsr apthghihreageckend ayfd saved!- mamchgs Of)ﬁp’@@dmlon 10
14. The coated substrate of Claim12 wherein said zinc alloy in flake form
i s zi ncon ¢he shaftithdtiterroinatesratitbe doddthealum num -magnesi um tin, nickel,
cobalt and nanganese. 15. The coated substrate of Claim 12 wherein said
zinc alloy in flake formis a zinc-alum num magnesium all oy fl ake.
The resulting coated boits are then subjected to the Society of Automotive
10 Engineers corrosion test SAE J2334. The test cycle was a 24-hour test cycle. In each test
cycle there was used a humid stage, a salt application stage and a dry stage. The humid
stage was 100% humidity. for 6 hours at 50°C. The salt application stage was for 15
- minutes at ambient conditions. The.dry stage was 50% humidity at.60°C for 17 hours and
45 minutes.
15
in the test, the bolts coated with the standard comparative coating showed first
red rust at 56 cycles. However, the bolts coated with the invention test composition

passed 89 cycles with no red rust,
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15 16. The coated substrate of Claim 12 wherein said zinc all oy irbfﬁsﬁ e
fformis an alloy having at | east about 90 percent of the flag@?ﬁﬁ’%k‘{es
with a longest dinension of :. . less than about 15 m crons a

| east about 50 percent of the flake particle with a |ongest dinension of
| ess than about 13 m crons, and said conposition further contains 20
non-al | oyed particulate netal. 17. TIA ting conposition of Claim12
wherein said zinc is alloyed with one orr nore of tin and alum num wth
said zinc alloyed with alum num containing |l ess than about 20 wei ght

e th alum nut ! . out 25
per cent al urmynum .nvgﬂéaa%maado%ads%@égqawrﬁ@fw doplikatiorb &) kA REriRglonNar €

t han about wei ght percent tin. The coated substrate of Claim12
wher ei nsiRstiate, whaich composition copsainoparticdletmesa dn a ligaisiraedigm anthPrRYVIfess s

t han ab Is ] b | I met al s
pdai s Sottodin Y dhed e ERMT LTl sBfrfar®, riimprofiiene el 01 50
sai d paparticulbte nestal cohstitiiency of $did tempbsitionicODIAiSING: C L PATENT  003744- 02
U.S. 19. The coat r | . ' ' | from
about 85 o aboutnGATAEIgRE A ERiilshE o RS et AcRETpRrEaR AR, 1O,
about 8saie bl figlar arehd balehcebdtiesstinan 50 vesgitt drcent, ofowrizibaglicy metal iwesaitht
percent%}fﬁ‘vﬁ I d paste. 5 20. The coated substrate of Caim 18 wherein said
i

paste c *fromabout 7 to about 10 wei ght percent of paste liquid and
agontains fromabout 4 to about-5 weight percent of said alum num both

basis 100 wej ght percent of sai a - t I aim
zinc alloyed with one or more of aluminum, tin, magnesium, nickel, cobalt and

manganese,

15 3. The coating composition of Claim 1 wherein said zinc is alloyed with one or
more of tin and aluminum, with said zinc alloyed with aluminum containing less than
about 20 weight péFcént alliminuim, whilé said zinc alloyéd with tin contains not'more .
than about 30 weight percent tin.

20 4. The coating composition of Claim 1 wherein said zinc atloy in flake formis a
zinc-aluminum-magnesium alloy flake.

5. The coating composition of Claim 1 wherein said zinc alloy in flake form
comprises a paste containing less than about 15 weight percent aluminum in said alloy
25 flaké, on a metals basis, and up to about 10 weight percent paste liquid, basis weight of
said paste.

6. The coating composition of Claim 5 wherein said paste contains from about
85 to about 86 weight percent zinc in said alloy and from about 4 to about 8 weight
30 percent of aluminum in said alloy, both basis 100 weight percent of said paste.
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10 STAPA 4ZnAl 7. 22. The coated substrate of Claim 12 wherein said silane
binding agent is a water-reducible, organofunctional binding agenfATENT
containing al koxy groups, which silane binding agent contri bG0&&4028h5.
about 3 to about 20 weight percent of said coating 15 composition. - ! 23.
The coated substrate of Claim 12 wherein said. coating. conmposition has a
pH.  within f-he r%@oaﬁnqm@&l@m ef Cleiiap vehereinsaisinaste eontainstfeomsabaat er

in an a t ter
Lo oi | anc appae sl feight el celt of g RIS R CLantah i aBoliEh Mot i vlantss

Cl ai m 1PeKgest ef &aigawm@um, oath baks ta0omeibhy persantofsid pasteor nore of

t hi ckener and wetting agent, said coating is topcoated with a conposition
containing silica substance and said topcoating provides silica substance
25 from one &r nofhe edating domplesition of Qaim emgenein saidl pastd is SHARA hzverrgani ¢
silicate. 25. The nethod of preparing a corrosion-resistant coated _
substrate protected wth a chrone-free, corrosion-resistant coating, which

met hod corrprSB.ses:Tﬂacoamdwmmdmmaﬁ@alﬁbmﬁéll 11ﬁ salld(zgmiltallﬁ}llq?ﬁ@%ﬁﬂBZS c
i Si . R 1 11

TN Sy nd ke 16 BB bbfFent bt fie e Bk d0ies Weh RS imenrienion:

t han 50lemrghtabopensmﬁtmnslaadlms stledstalboay 56 bakenabe tire AaleEicRiwikgss than

181 < ehoREiRYoBh AhdGsHhotandi 8 mFpTetnd e hohsiondurinec ot

pr ovi denompiioyedpartiogiateaiper. about 500 but not substantially above about
9,000 ng/ft2 of coating on said

10.  The method of preparing a corrosion-resistant coated substrate protected
with a corrosion-resistant coating, which method comprises: :
15 ) applying to said substrate a coating composition comprising:
(&) liquid medium; and |
. B zincalloy in flake form comprising greater than 50 weight
percent zinc in said alloy f!ake and a balance of less than 50 weight percent of non-zinc
alloy metal; and '
20 (2) curing applied coating composition on said substrate.

11. The method of Claim 10 wherein there is applied a coating composition
comprising a combination of a liquid medium plus a zinc alloy in flake form, which
combination Is a paste containing at least about 70 weight percent zinc in said alloy flake,

25 on a metais basis, and up to about 10 weight percent paste liquid basis weight of said
paste. '

12. A coated substrate protected with a chrome-free, corrosion-resistant
coating from a composition comprising:
30 {A) liquid medium;

I
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metal substrate; and (2) heat curing applied coating conposition on _sajd
substrate at a tenperature up to about 700F for a time of at | eatATEN Ut
10 minutes. 10 26. The method of C ai m 25 wherein said coati n§0%4A984-%i on
has a zinc alloy paste conprising at |east about 70 weight percent zinc in
said alloy flake, up to about 10 weight percent paste liquid, and a

bal ance of additional &I oyZiR@alkayin4lake eind COMBREIBG I eafer ERamYpweiedti n an

coat | ngP arcent 2HE i S B Hafe arthe Byahéd Ses g So SRR derodpeihhding 2.0
appl i edaldmametal awhposition is cured.. at an elevated tenperature within
the range from about 3@£C (&%ﬁg}mﬁ(ﬁng&g@éﬁt 360C (680 F). 20 28. A coated

substrate protected w a corrosion=resistant coating froma coating
cénposition conprising: (A liquid nmedium (B) zinc alloy in flake form

conprising gggater, tha I.ght reent. zinc.in | | f and
a 'bal ance oﬁae‘l es ?ﬁ%&eégu&g{%ﬁp’cSéﬁggﬁt\'ﬁbe%wgsﬁ{a?f%d ?riéq%@ '%ng{%f’l- ﬁﬁ& (O
?:1 h_exa\zlgf watercntcomy _agi\crnﬂ_qmd adhmgaé@wase_trawuen pZ@senf,hepmggn'e?\ mwm?m _
aim erein sai i gqui.d . LUumis one.or nore of water and organic
l'i quid. a@\éﬁ iﬁ’?@e'gggpgﬁeé'gﬁgwggga%g 9aPATYE wher ei n sai d zinc al | oy in
flake formis zinc alloyed with one or nore of alumnum tin, magnesium
%Ckel ’ COba'lltE. an%engga%gggﬁgs'traig of %f%?r%jl%%m 1elrgi}1lsai~d~z]|'ﬁcl é?o%?%%&%?&rmc istinc

alioyed with one or more of aluminum, magnesium, tin, nickel, cobalt and manganese.

15.  The coated substrate of Claim 12 wherein said zinc alloy in flake form is a
zinc-aluminum-magnesium alloy flake.
15
16.  The coated substrate of Claim 12 wherein said zinc alloy in flake form is an
- alloy having at least about 90 percent of the flake particles with a longest dimension of ... .
less than about 15 microns and has at least about 50 percent of the flake particle with a
longest dimension of less than about 13 microns, and said composition further contains
20 non-alloyed particulate metal.

17. The coating composition of Claim 12 wherein said zinc is alloyed with one or
more of tin and aluminum, with said zinc alloyed with aluminum containing less than
about 20 weight percent aluminum, while said zinc alloyed with tin contains not more

25 than about 30 weight percent tin.

18. The coated substrate of Claim 12 wherein said zinc alloy in flake form
comprises a paste containing less than about 15 weight percent aluminum in said alloy
flake, on a metais basis, and up to about 10 weight percent paste liquid, basis weight of

30 said paste.
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PATENT 003744-02 U.S. 31. The coated substrate of O aim 28 wherein said
alloy flake is a zinc-alum num magnesiumalloy flake. 32. The codtAd&
substrate of claim 28 wherein said zinc alloy in flake form i 80%44-03 Us}.| oy
having at | east about 90 percent of the flake particles with a | ongest

di mension of |ess than about 15 microns, and has at |east about 50 percent
of the flakelpar t Tle¢ 0atpd sulstrate gf &im 4B wereseinsaist Pastesontails fedyv @bouBss

m crons ' I

et ar 13208 AR R PR e ikl Bl R0 Pandt @ LS WSt EHePle

al | oyedofiaiuminu inrsaidnaﬂov, m:rthtnaansaammlgumxemantwfsmdmm zinc alloyed with
al um num contai ning | ess than about 20 wei ght percent alum num while said
zinc alloyed with tin contains not nore than about 30 wei ght percent tin.
15 34. The c2at edTisubsatedsebstfat€of Clzird 38 wiereinsasiapaite contamisifogmiabolit 2ake

2 un noflt PRO 5P BREbErERE bE bR giEihel DMBY B0 Apo i PedlB st e g
per cent ppacght of sajd allimibasi, ot basd 100fweiglstapercpatsdsai®Pas3e. The coat ed

substrate of Claim 28 wherein said paste contains fromabout 85 to about
86 weight percent zinc in said alloy and from about 4 to about 8 wei ght

per cent of 24,uni Theedated siisktait of Clamtb vrsed saRGzinGalghinpamenbaste isai d
ste. %I?ﬁ '7I'Jﬁe pated substrate of Caim 35 wherein said paste contains
om abodtPAAZ ‘t o about 10 wei ght percent of paste liquid and contains

from about 4 to about 5 wei ght percent of said alum nurn both basi s 100

51 0 zi ho. ol Zhn nuTHESIRH0 ST of CTRALRIRRal FaoaRs pOITS fgengisa -

water-reducible, organofunctionat binding agent containing alkoxy groups, which silane
binding agent contributes from about 3 to about 20 weight percent of said coating
15 composition.

- 23.  The coated substrate of Claim 12 wherein said coating.composition hasapH . .
within the range of from greater than 6 to about 7.5, contains water in an amount above
about 30 weight percent, and has a molar ratio of water to silane alkoxy groups above

20 about 4.5:1.

24.  The coated substrate of Claim 12 wherein said coating additionally contains
one or more of thickener and wetting agent, said coating is topcoated with a
composition containing silica substance and said topcoating provides silica substance
25 from one or more of colloidal silica, organic silicate and inorganic silicate.

25.  The method of preparing a corrosion-resistant coated substrate protected
with a chrome-free, corrosion-resistant coating, which method comprises:
) applying to said substrate a coating composition comprising:
30 (A) liquid medium;
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Ct Ms PATENT 003744-02 U.S. 38. The coated substrate of C aim 28 wherei n
said coating additionally contains one or nore of thickener and

agent, said coating is topcoated with a conposition containi Ag §i“10?é’e§
substance, and said topcoating provides silica substance fromone or nore
of colloidal silica, organic silicate and inorganic silicate. 5 39. The

met hod of preparing a 8brr cdnedlloydsfiekefarnteamprsisagseatar Ehapr M weigbll with

a chro ”Berfcéﬁf’znpe ﬁ{ sa1d Loy fl@@oaz{oi%salgt%dﬂgss (t%i'r‘. r%' W&?&Jﬂ%ﬁ&&ﬁmf {@‘?ﬁgﬁé 1| e

appl yi ng a coa nposi nprising
al | oy |aHGVImR@lfamdm corrprl sing greater than 50 weight percent zinc in said

alloy flake and a-bal a J” h&gmmeﬁ wei ght percent of non-zinc alloy
netal; and (C) a hexav ent e f di ng substance; with said coating
c5rrposi withrsaitiesoaginggoin abition aelnglappned St amowmit sufficipniota pkevidey apof5

curin oV out 50 ut n tjal l 0, 00 /£t

coat | noe Bt BpAVE dRadtcrbodtil iR suBHaS0a paye HeBity ShfRe g ealinBmee
conposi tietal supstrstet angubstrate at a terrperature up to about 700F for a
time of at |east @Eout 1 m_nu hod of m,39 ,wherein

0.
said coating conp$sitiRFR WH?nﬁa?Ph%‘?%‘Pq% C%@?%“%%F?‘Q SHgﬁﬁﬁtelaéést about

70 wei gttﬁm;ﬁ@'aﬂ.ﬁ’@tuplwkﬁbdu%w@?ﬂfoﬁl'a't?ﬁefo?ék%asﬂébob@’l@hﬂhtjtel‘o wei ght percent
ggste liquid, and a bal ance of additional alloy netals and said

nposition is applied in an anount sufficient to provide, upon curing,
above about 2gl, 80fhemetiicd 6f ClaPRbs Mhefdin SAUE0aDAY eImpabitiohaias a 2/t alloy

paste comprising at least about 70 weight percent zinc in said alloy flake, up to about 10
weight percent paste liquid, and a balance of additional alioy metals and said
composition is applied in an amount sufficient to provide, upon curing, above about

15 - 1,500 mg/ft? of coating on said coated substrate.

e 27, The method of Claim 25 wherein said applied coating composition is cured. ..
at an elevated temperature within the range from about 330°C (626°F) to about 360°C

(680°F).
20
28. A coated substrate protected with a corrosion-resistant coating froma
coating composition comprising:
(A) liguid medium;
B) zinc alloy in flake form comprising greater than 50 weight
25 percent zinc in said alloy flake and a balance of less than 50 welght percent of non-zinc

alloy metal; and
(€ a hexavalent-chromium-providing substance.

29. The coated substrate of Claim 28 wherein said liqguid medium is one or more
30 of water and organic liquid.

30. The coated substrate pf Claim 28 wherein said zinc alloy in flake form Is zinc
alloyed with one or more of aluminum, tin, magnesium, nickel, cobalt and manganese.

] O ) O



41. *The method of Claim 39 wherein said applied coating corrp05|t|on |s
cured at an elevated tenperature within the range from about 330fPA 6F)
to about 360C (680F). IITIffILI1flll1flhflJdjJliJa8 M PATENTO03@#RG2U.S502
US. 42. A coated substrate protected with a chrone-free,

corrosion-resistant coating froma coating conposition conprising: (A) zinc
alloy in fldle fdhmcoatastsubistigteplGaiat 28 wanrebnsaidativw flaiels 6ZMC-aAUmNUNT sai d

all oy f ce of less than 50 wei ght percent of non-zinc 5
%?%fesﬂ?@;aﬁo\?ﬁ l{’eg et . C

al | oy nate polyner; and (C) a liquid vehicle conprising
organic liquid for said titanate polynmer. 10 43. The coated substrate of

Cl aim42 V\/n e|n 0 ) anese

i oxi de. andZsal 4 EARBEtLelrRRAiEPRAA o el sy A ity BE oL AR BR800

%ﬂ) wei giﬂbvpavmgmltleast almmwd sﬁnwcm ajfthemlekeearttlocm%s veiéh d langagt elinhension ofhf I ?ke
orm c su at aim 4 ere sai ehicle
o & il dhap 3Gt BiGToRe SR bR & s bRl BiBertiEt & Redfhe mathieButis ¢l & m

4f2 vvlherlemgeswgnﬂemmn oaldsomamab_‘dfhls nﬁionfclr)ns{ ?&Saatccombbwed fwgtgbﬁ ?‘ﬁ%‘-ﬁ’s nor e

of al uni nu i.n siu ni ckel, cobalt and nanganese. : e

coat ed @Eb%‘/s?é’ apic lg?n(ﬁ @2 wherein said zinc alloy in flake formis a

zi nc-al um num nmagnesi um al [ oy flake. 47. The coated substrate of Claim42

vvherel n sald 2| nc alloy in flake formi
3. The coating composition of Cla:m 28 Wherein sald zinc is alloyed with one or

more of tin and aluminum, with said zinc alloyed with aluminum containing less than
about 20 weight percent aluminum, while said zinc alioyed with tin contains not more
than about 30 weight percent tin.

D, 3

15 34. The coated substrate of Claim 28 wherein said zinc alloy in flake form
comprises a paste containing less than about 15 weight percent aluminum in said alloy
fiake, on a metais basis, and up to about 10 weight percent paste liquid, basis weight of .
said paste.

20 35. The coated substrate of Claim 28 wherein said paste contains from about 85
to about 86 weight percent zinc in said alloy and from ébOUt 4 to about 8 weight percent
of aluminum in said alloy, both basis 100 weight percent of said paste.

36. The coated substrate of Claim 35 wherein said paste contains from about 7
25 to about 10 weight percent of paste liguid and contains from about 4 to about 5 weight
percent of said aluminum, both basis 100 weight percent of said paste.

37. Thé coated substrate of Claim 35 wherein said zinc-aluminum alloy paste is
STAPA 4ZnAl7.
30
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25 afloy havi ng at | east about 90 percent of the flake particles with a
l'ongest di mension of. [|ess than about 15 m crons and has at | east PAKRDIt 50
percent of the flake particle with a |ongest dinmension of |e885444dR? Hout
13 microns, and said conposition further contains non-alloyed particulate

nmetal . 30 48 The coating conposition of claim42 wherein said zinc is
al | oyed wit h3%ne ®he C‘hﬁfﬁg sgipstrate of GlaimI28nwhearain salca eoatmocdaditienally icoptainswi t h

al um NuBhe o i ditnickefer iR we i dnent siftt Abind Y G aﬁe}'g‘@gﬁ%m while said

zinc alloyed wth tin conta than a percent tin.
49 PATESAMPQsiSipasopaining. silica substamces amd sald $opetatiaperofides silica stdstdmeeei n

ai d ZI N | a contai ni.ng | ess than about
iS wei ght ngébgéﬁt a%uoﬁh%ﬁu{%(a?{?n&g@ggﬁ%3{)'%3‘1‘%aj‘lf@,no‘(ﬁ?nécﬁtﬁag?'s basi s, and up
t& about 10 wei ght percent paste liquid, basis weight of sai]g pastg t5 gg
The coated sybstr 9 wherein sa coO s from abou

T aboat o6 s e 8t Pebar B e BnbsiiitesBBRt Eodmhisnbirate woteten: o

wei ght  withaeehrome-fraé Louirrusion-resistand ceating, wHieh febiesd BorkPAsawei ght percent  of
said paste. 10 51 The coated suhstrate of C aim50 wherein said past e

contains from abollt 7 2RRIVIREGFO3YHY GRMPREItIOR ORI ISHIY paste |iquid and
contains from about 4 fap ahmmdﬁ}e(m]ght percent of saird al um num both

100 i ght percent of  sai d 52. The coated substrate of Caim
ggsxlfvﬁer ei nwgalgd zlonc aPlini rﬁf?ﬁ%ﬂq d?f’ﬁ‘é%f‘@“n? SOMpEsing Areatay Han30 weldghthe

coat ed isergeht zihe irpfaidhroymaké aMoed Ba1ah e rdedsithamad We@iﬂﬁé‘?éedﬁoﬁ@rﬁﬁﬁ@d

fromth roup.consi sting of tetral sobutyl titanate, tetra-isopropyl
titanat tr@?&é dbutyI titanate and m xtures thereof, and said titanate

i's present in an amounty eq UahexaQal@Reerrothium-providing substance;
with said coating composition being applied in an amount sufficient to provide, upon
15 curing, above about 500 but not substantially above about 9,000 mg/ft? of coating on said
coated substrate; and,
(2 heatcuring applied coating composition. on said substrate at a ..
temperature up to about 700°F for a time of at least.about 10 minutes.

20 40.  The method of Claim 39 wherein said coating composition has a zinc alloy
paste comprising at least about 70 weight percent zinc in said alloy flake, up to about 10
weight percent paste liquid, and a balance of additional alloy metals and said
composition is applied in an amount sufficient to provide, upon curing, above about
1,800 mg/ft? of coating on said coated substrate.

25

41. The method of Claim 39 wherein said applied coating composition is cured
at an elevated temperature within the range from about 330°C (626°F) to about 360°C
(680°F).
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20 wei ght percent to about 47 weight percent of said netal alloy in Hﬁlke
form 54. The coated substrate of C aim42 wherein said coatin | PAT
topcoated. 55. The nethod of preparing a corrosion-resistant Q&Jt“@‘@z u.s.
substrate protected 25 with a chronme-free, corrosion-resistant coating,

whi ch nmet hod conprises: (1) applying a coating conposition conprising: (A)
zinc al | oy i4e.f| akeoadtedreubstrate protested wither chrame-firee, werghion-iseis@dht zinc in

a1 oy nitaind 46 a e AARB AL rORBRThERG Q"5 T qula vehi cle compri sing
Iolr 93”‘1(1: : : EyLdCf Er Nsai WAEI'i tmn@%lab?\f;pgl?mm cordpBging greaterthan 50~Welt1tf ~~~|
coat i ngPEERpbENE i"bf’?igﬁ '%F@Er%mq l?é?%‘:%gqft{géttg?égé X‘{éﬁﬁet p&##ﬂ(}%&’ﬁ%ﬂlr@gOF f or

astime gio@hetsfast about 10 minutes. 56. The nethod of claim55 wherein

sai d coating conposition has _a zinc alloy 5 paste conprising at |east
about 70 wei ght percen® zi n%tlgar?at%lpﬂ'v%er'cﬂpdflake, up to about 10 wei ght

percent paste liquid, gnd a hqhiaverickfconsistisingoalant llquyd et salcstitandtesai d
conposition is applied in an anmount sufficient to provide, upon curing,
above aBBWMery 800 ny/ft2 of coating on said coated substrate. 10 57. A
coated substrate protected with a corrosion-resistant coating froma
coating conposition conprising: (A) |liquid nmediu ) zinc alloy in flake
fiBr m anpr {724319 gfl@t:@ar{ggﬁglpﬁtg@ye\%@)p@ﬁp%z wherein sai co(ag%g composmor}/

additionally contains manganese dioxide, and said manganese dioxide is present in an
amount equal to about 30 weight percent to about 100 weight percent of said zinc alloy
in flake form.

15 44.  The coated substrate of Claim 42 wherein said liquid vehicle is a blend of
water with organic liquid.
45, The coated substrate of Claim 42 wheréin said zinc alloy in flake form is zinc
alloyed with one or more of aluminum, tin, magnesium, nickel, cobalt and manganese.
20 _
46. The coated substrate of Claim 42 wherein said zinc alloy in flake formisa
zinc-aluminum-magnesium alloy flake.

47. The coated substrate of Claim 42 wherein said zinc alloy in flake form is an

25 alloy having at least about 90 percent of the flake particles with a longest dimension of.

less than about 15 microns and has at least about 50 percent of the flake particle with a

longest dimension of less than about 13 microns, and said composition further contains
non-alloyed particulate metal.

30 48.  The coating composition of Claim 42 wherein said zinc is alloyed with one or
more of tin and aluminum, with said zinc alloyed with aluminum containing less than
about 20 weight percent aluminum, while said zinc alloyed with tin contains not more
than about 30 weight percent tin.

49
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percént zinc in said alloy flake and a bal ance of |less than 50 meight
percent of non-zinc 15 alloy netal; and (C) one or nore of a wat ePAENTup| e
and water dispersible silica -substance. 58. The coated subsOP3{A4-QGU.8 ai m
57 wherein said silica substance is selected 20 fromthe group consisting
of alkali netal silicate, organic silicate ester, colloidal silica sol,

or gani ¢ ammoA®%.um $he¢ ceated sabstratieaf Clayy 4gfwhereinfsaickzjnt alpy BFlakgrermoat ed
substra f ' I s uid
e um SoaPnse € pRis ol AR b TR dhah ARG a6 Ao MR WAL 0P’ 7
met al | i €lakeicshea megamabasxs @0d uptte aboat ¢l weighttpeatentgiastel laguid, Bﬁsmmmmfsai d
t hi cken#%g age! ent is one or. nore of cellul ose ether and xant han gum and
said ne FeCoxi de pignent is one or nore of zinc oxide, iron oxide and
ti5st ani um oxi de. 30 61. The coated substrate of Caim57 wherein said zinc

Thonasi um | abGicor T E8ater Sinerere s Rautlds Widt R seipate ConTioidoc By
C L M Stdaidédtiss \Q@@;M‘ﬂaeﬂ?enﬂzﬁc iR gaid Bhey mfmeh shhrta © shoaft stéignt pércsher ei n

said zinc alloy in f]lake formis. a nc-al um num nagnesi um al | oy fl ake.
5. ricOf BROUE B SpICH DY O BRI 89 MRt HOHOR G STICRESHR 1 oy 1 -Vl ke for m

is an 5 alloy having at |east about 90 percent of the flake particles with
a |l ongest dinension of |ess than about 15 m crons and has _ at | east about

8 percent o1t heTh GRAICPAHPSLEItE QfiCtAM PO WRATGHLRIIPARER S0 BRI oAb AU

ag??f . ﬁlﬁ% El%@tgrgﬁwe@ﬁ@ peftdht 6 BRStEIGLRNMaHdEdrMt8ins ¢M 8bBGt 4 BOBo&kt DWR/Nt
P percent of said aluminum, both basis 100 weight percent of said paste.

52, The coated substrate of Claim 50 wherein said zinc-aluminum alloy paste is
15 STAPA 4ZnAl7.

53.  The coated substrate of Claim 42 wherein said titanate polymer Is selected
from the group consisting of tetraisobutyl titanate, tetra-isopropyl titanate, tetra N-butyl
. titanate and mixtures thereof, and said titanate is present in an amount equal to about 9
20 weight percent to about 47 weight percent of said metal alloy in flake form.

54, The coated substrate of Claim 42 whereih said coating is topcoated.

55.  The method of preparing a corrosion-resistant coated substrate protected
25 with a chrome-free, corrosion-resistant coating, which method comprises:
‘1 applying a coating composition comprising:

(A}  zincalloy in flake form comprising greater than 50 weight
percent zinc in said alloy flake and a balance of less than 50 weight percent of non-zinc
alioy metal;

30 {B) a titanate polymer; and
© a liquid vehicle comprising organic liquid for said titanate
polymer; and
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10 6%4. The coating conposition of Caim57 wherein said zinc is alloyed
with one or nore of tin and aluminum wth said zinc alloyed w t hPRIEN num
containing | ess than about 20 wei ght percent alum num whil e083/44-02ih% -
alloyed with tin contains not nore than about 30 weight percent tin. 15
65. The coated substrate of Claim57 wherein said zinc alloy in flake form
conpri ses a past el2ont heati ugingeplieth apatingbeampssitign ghisaipsubsttateAtiay num i n

astor Frmer s B oDt hanhe o e AR AORnttesnt 0" BSt Tate of

Cl ai m 65 \/\herel n said paste contains from about 85 to about 86 wei ght

per cent zinc'ns' I .fr m.abaut 4 to..about 8 [ C

P F s mum i 861 o e pfEthd of Bt 58 W esnid doByBe B sty LA ERY,

Tee coagastes:ogﬁdrrsﬁtgaaméas@aaout ﬁt};ﬁwefgnlt@ei‘cwaz?cmséue an@mfla(ew?pftbcanﬂgab:mz t7
25 to about, .10 we erc nt o aste |igui con ns from abou o]
about 5WEEERerc ?m%@é]:é)' Bﬁ%erﬂfrﬂd B'g(%\f @egq%a v%?ad t percent of
said pae@mpoﬁ&onw@pmmtm@n%mxft%m@ént@oqdrama@ W Qiring abevé bpsutal um num
alloy p STAPA. 4ZnAl 7. . The coated substrate of claim 65

eis
wher ei nﬁé P PUfSaPf fepting %E?d%&?%@dspb&tﬁtﬂll 111111 lou iiiti c’'L 52 PATENT
003744-02 U.S. 70. The nethod of preparing a coated substrate protected
with a corrosion- resjistant coating, which nmethod conpri ses: lﬁélf) applying a
@Bat i ng compshi t 1 BROFERISUOSHTARS Profagter Vi &ICORRT oY eS5tos COAtI BTG | n

flake f@ééﬁmbgg,ﬂgn%@gﬁgr@ han 50 wei ght percent zinc in said alloy
fl ake and a bal ance of |ess than 50 wei ght percent of non-zinc
(A} liquid medium;

(B zinc alloy in flake form comprising greater than 50 weight
percent zinc in said alloy flake and a balance of less than 50 weight percent of non-zinc
15 alloy metal; and
© one or more of a water-soluble and water dispersible silica
- -substance,

58. The coated substrate of Claim 57 wherein said silica substance is selected
20 from the group consisting of alkali metal silicate, organic silicate ester, colloidal sitica sol,
organic ammonium silicate and mixtures of the foregoing.

59. The coated substrate of Claim 57 wherein said composition has a water-
based liquid medium and additionally contains one or more of a thickening agent and
25 metallic oxide pigment.

60. The coated substrate of Claim 59 wherein said thickening agent is one or
more of cellulose ether and xanthan gum and said metallic oxide pigment is one or more
of zinc oxide, iron oxide and titanium oxide.

30

61. The coated substrate of Claim 57 wherein said zinc alloy in flake form is zinc

alloyed with one or more of aluminum, tin, magnesium, nickel, cobalt and manganese.
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aIIo;’7 nmetal; and (C) one or nore of a water-soluble and water dispersible
silica substance; and 10 (2) heat curing applied coating conpositP8&FENN

said substrate at a tenperature up to about 700F for a tine &03#4-02248t

about 10 m nutes. 71. The nethod of C aim 70 wherein said coating

conposition has a zinc allo paste conprising at |east about 70 weight
percent zi nc88n sdha caatesysubsate of Girimdb7apereinsaid ziac akdyintfiakefoemts past e

appl 1 ca R R Aoy BRE 2 te, Upon our i ng. - above about 1. 800
ng/ft2 of coating on said coated substrate. | 11111111 11111 1111111 I'Il L
MS 53 63.  The coated substrate of Claim 57 wherein said zinc alloy in flake form is an
5 alloy having at least about 90 percent of the flake particles with a longest dimension of
less than about 15 microns and has at least about 50 percent of the flake particie with a
longest dimension of less than about 13 microns, and said composition further contains

non-alloyed particulate metal.

10 64.  The coating composition of Claim 57 wherein said zinc is alloyed with one or
more of tin and aluminum, with said zinc alloyed with aluminum containing less than
about 20 weight percent aluminum, while said zinc alloyed with tin contains not more
than about 30 weight percent tin.

15 65.  The coated substrate of Claim 57 wherein said zinc alloy in flake form
comprises a paste containing less than about 15 weight percent aluminum in said alloy
flake, on a metals basis, and up to about 10 weight percent paste liquid, basis weight of -
said paste.

20 66. The coated substrate of Claim 65 wherein said paste contains from about 85
to about 86 weight percent zinc in said alloy and from about 4 to about 8 weight percent
of aluminum in said alioy, both basis 100 weight percent of said paste.

67. The coated substrate of Claim 66 wherein said paste contains from about 7
25 to about 10 weight percent of paste liquid and contains from about 4 to about 5 weight
percent of said aluminum, both basis 100 weight percent of said paste.

68. The coated substrate of Claim 66 wherein said zinc-aluminum alloy paste is
STAPA 4ZnAl7.
30

69. The coated substrate of Claim 65 wherein said coating is topcoated.
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70.  The method of preparing a coated substrate protected with a corrosion-
resistant coating, which method comprises:
n applying a coating composition comprising:
(A} liquid medium; |
(B} zinc alloy in flake form comprising greater than 50 weight
“percent zinc in said alloy flake and a balance of less than 50 weight percent of non-zinc
alloy metal; and
© one or more of a water-soluble and water dispersible silica
substance; and _
2 heat curing applied coating composition on said substrate at a
temperature up to about 700°F for a time of at least about 10 minutes,

71.  The method of Claim 70 wherein said coating composition has a zinc alloy
paste comprising at least about 70 weight percent zinc in said alloy flake, up to about 10
weight percent paste liquid, and a balance of additional alloy metals and said
composition is applied in an amount sufficient to provide, upon curing, above about

- 1,800 ing/ftz of coating on said coated substrate.
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