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BACKGROUN NVENTI This inventi on,, el at es 1 he treat ment of

metal syrfaces prior to | RessHpting d?%?‘ht rﬁopwéh Jthe ‘appl i cation of o2
siccatiVe or gam c coat| n a¢19t§1(k)nomaagd 'l@pwm--c---mbatl ng", "organic
finish", or sinply, "pai Drawn&ﬁ@cmabg@nhﬁytopdrgee nvention relates to the
treat rrent of conver si on- cjdat Abstmret al : pagedh... 2N tapagedus...s. )I ution conprised of

a sel ected organosil ane

COMPOSITION AND PfETHOD FOR TREATMENT OF PHOSPHATED METAL SURFACES

BACKGROUND OF THE INVENTION

This invention relates to the treatment of metal surfaces
prior to a finishing operation, such as the -application of a
siccative organic coating (also known as an "organic coating",
“organic finish", or simply, “"paint"). Specifically, this invention
relates to the treatment of conversion-coated metal with an agueous
éolution comprised of a selected organosilane and a zirconium ion.
Treatment of conversion-coated metal with such a solution improves

paint adhesion and corrosion resistance.

The primary purposes of applying siccative coatings to

metal substrates (e.g., steel, aluminum, zinc and their alloys) are

. protection of the metal surface from corrosion and for aesthetic
reasons. It is well-known, however, that many organic coatings
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and a zirconiumion. Treatment of conversion-coated metal with
sol uti on ¥ MO WS496pai nt adhesi on and corrosion resistance. é#?"(?é%&?
purposes of applying siccative coatings to metal substrates (e.g., steel,
al uni ®um zinc and their all oys) are protection of the netal surfac'e from
corrosion and for aesthetic reasons. It is well-known, however, that
many organi c coatings adhere poorly. to nmetals in their nornal state. As a
result, corrosion-resistance characteristics of the
adhere poorly to métals in their normal state. As a result,
corrosion-resistance characteristics of the siccative coating are
substantially diminished. It is therefore a typical procedure in
the metal finishing industry to subject metals to a pretreatment
process whereby a conversion coating is formed on the metal
surface. This conversion coating acts as a protective layer,
slowing the onset of the degradation of the base metal, owing to
the conversion coating being 1less soluble in a corrosive
environment than is the base metal. The conversion coating is also
effective by serving as a recipient for a subsequent siccative
coating. The conversion coating has a greater surface area than
does the base metal and thus provides for a greater number of
adhesion sites for the interaction between the conversion coating
and the organic finish. Typical examples of such conversion
coatings include, but are not limited to, iron phosphate coatings,
zinc phosphate coatings, and chromate conversion coatings. These

conversion coatings and others are well-known in the art and will

not be described in any further detail.

Normally, the application of an organic finish to a
conversion-coated metal surface is not sufficient to pfovide the
highest ievels of paint adhesion and corrosion resistance. Painted
metal surfaces are able to reach maximum performance levels when

the conversion-coated metal surface is treated with a "final
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sfccative_ coatin are substantially dimnished. It i dﬁﬁ# a
typi cal ﬂ'ro"xgaﬁﬂ’ _9§ n the netal finishing industry to subject $met aggio?{)éa
pretr%atnent process whereby a REPLACEMENT SHEET 13 DEC 1997 2

rinse", also referf@ﬁ to in the art as a "post-rinse" or a "seal
rinse", prior to the painting o-peration. Final rinses are typically
agqueous solutions containing organic or inorgénic entities designed
‘ to improve paint adhesion and corrosion resistance. The purpose of
any final rinse, regardless of its composition, is to form a system
with the conversion coating in order to maximize paint adhesion and
c'orrosion resistance. This may be accomplished by altering the
electrochemical state of the conversion-coated substrate by
rendering it more passive or it may be accomplished by forming a
barrier f£ilm which prevénts a corrosive medium from reaching the
metal surface. The most effective final rinses in general use today
are aqueous solutions containing chromic acid, partially reduced to
render a solution comprised of a combination of hexavalent and
trivalent chromium. Final rinses of this type have long been known
to provide the highest levels of paint adhesion and corrosion
resistance. Chromium-containing final rinses, however, have a
serious drawback due to their inherent toxicity and hazardous
nature. These concerns make chromium-containing final rinses less
desirable from a'practical standpoint, when one considers such
issues as safe nandling of chemicals and the environmental problens
associated with the discharge of such solutions into municipal
water streams. Thus, it has been a goal of the industry to find
chromium—ﬁree alternatives which are 1less toxic and more

environmentally benign than chromium-containing final rinses. It
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conversion coati ng is formed on the nmetal surface. Thi s conver,

coating alt¥03¥0¥ rotective layer, slowi ng the onset of thePH¥ ‘H&’c”ﬁ%n of

the base netal, owing to the conversion coating being | ess-soluble in a

corrosl ve environment than is the base metal. The conversion coati ng is

al so effective by serving as a recipient for a subsequent siccative

coati ng. The conversion coating has a greater surface area than does the

base netal and thus provides for a greater nunber of adhesion sites for the

i nt er acthas &dtsodseen desirous to develop chromium-free final rinses which
are as effective as chromium-containing final rinses in terms of

paint adhesion and corrosion resistance properties.

Much work has already been done in the area of chromium-
free final rinses. Some of these have utilized either zirconium
chemistry or organosilanes. U.S. Pat. No. 3,695,942 describes a
method of treating conversion-coated metal with an agueous solution
containing soluble zirconium compounds. U.S. Pat. No. 4,650,526
describes a method of treating phosphated metal surfaces with an
agueous mixture of an aluminum zirconium conplex, an
organofunctional ligand and a zirconium oxyhalide. The treated
metal could be optionally rinsed with deionized water prior to
painting. U.S. Pat. No. 5,053,081 describes a final rinse
composition comprising an agqueous solution containing 3-
aminopropyltriethoxysilane and a titanium chelate. In all of the
above examples, the treatment method described claimed to improve

paint adhesion and corrosion resistance.

The levels of paint adhesion and corrosion resistance
afforded by the treatment solutions in the above examples do not
reach the levels desired by the metal finishing industry, namely

the performance characteristics of chromium-containing final

rinses. The present inventor has found that agueous
solutions containing selected
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t he coﬁveg%&gﬁ,&g ing and the organic finish. Typi cal expeplcavsapizesuch
conver si oA coa gs include, but are not limted to, iron phosphate

coatings, zinc phosphate coatings, and chromate conversion-coatings. These
converSion coatings and others are well-known in the art and will not be
described in any further detail. Normally, the application of an oganic
finish to a conversion-coated netal surface is not sufficient to provide

t he hi ghest |eve]ls of paint adhesi on .and corrqQsi on resistance .
g organos:l.lane cpompoun s and zlrconcium gon provfde pa:c.:nt adhesion and

corrosion resistance characteristics comparable to those attaiqu
with chromium-containing final rinses. In many cases, the
N performance of conversion-coated metal surfaces treated with
organosilane~zirconium solutibns in accelerated corrosion tests
exceeds that of conversion-coated metal treated with chromium-

containing solutions.

SUMMARY OF THE INVENTION

It is an object of this invention to provide a method and
composition of an agueous rinse which will impart an improved level
of paint adhesion and corrosion resistance on painted conversion-
coated metal. The composition is comprised of an aqueous solution
containing a selected organosilane and zirconium ion and provides
levels of paint adhesion and éorrosion resistance comparable to or

exceeding those provided by chromium-containing final rinses.

It is a further object of the invention to provide a

method and rinse composition which contains no chromium.



Pai nted nmetal surfaces are able to reach maxi mum performance |eyel s when
the convér wossnsesst ed netal surface is treated with a "final PET/HBUMOITGY so
referred to in the art as a "post-rinse"” or a "seal rinse", prior to the

paintfng oper ati on. Final rinses are typically aqueous solutions
contai ning organic or .inorganic entities designed to inprove paint adhesion
and corrosion resistance. The purpose of any final rinse,

regardl ess of its conposition, is to forma systemwth the
The presently preferred embodiment of the invention

includes a rinse solution for the treatment of conversion-coated
metal substrates for improving the adhesion and corrosion
resistance of siccative coatings, comprising an aqueous solution of
zirconium ion and an- organosilane selected from the group
consisting of 3-glycidoxypropyltrimethoxysilane,
methyltrimefhoxysilane, y-methacryloxytrimethoxyéilane,
phenyltrimethoxysilane, and mixtures thereof, with the zirconium

ion concentration selected to provide a pH about 2.0 to 9.0.

The invention also includes a method for treating such

materials by applying the rinse solution to the substrate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The rinse solution of the invention is an aqueous
solution containing a selected organosilane compound and zirconium
ion. It is 4intended that the rinse solution be applied to
conversion-coated metal. The formation of conversion coatings on
metal substrates is well-known within the metal finishing industry.

In general, this process is usually described as a process
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3 convérsi g in order to naxim ze paint adhesi on and peqy 8
reS|stancéq»?ﬁ9@§?€y be acconplished by altering the electrocheé?%gngtate

of the conversion-coated substrate by rendering it nore passive or it may
be accbnplished by fornming a barrier filmwhich prevents a corrosive nedi um
fromreaching the meal surface. The nost effective final rinses in general

requiring several pféﬁreatment stages. The actual number of étages
is typically dependent on the final use of the painted metal
~article. The number of pretreatment steps nofmally varies anywhere
from two to nine stages. A representative example of a pretreatment
process involves a five-stage operation where the metal to be
ultimately painted goes through a cleaning stage, a water rinse, a
conversion coating stage, ; water rinse and a final rinse stage.
Modifications to the pretreatment process can be made according to
specific needs. As an example, surfactants can be incorporated into
some conversion coating bafhs so that cleaning and the formation of
the conversion coating can be achieved simultaneously. In othef
cases it may be necessary to increase the number of pretreatment
stages so as to accommodate more pretreatment steps. Examples of
the types of conversion .coatings that can be formed on metal
substrates are iron phosphates and zinc phosphates. Iron
phosphating 1is wusually accomplished in no more than fiye
pretreatment stages, while zinc phosphating usually requires a
minimum of six pretreatment.stages. The number of rinse stages
between the actual pretreatment steps can be adjusted to insure
that rinsing is complete and effective and so that the chemical
pretreatment from one stage is not carried on the metal surface to
subsequent stages, thereby possibly contaminating them. It is
typical to increase the number of rinse stages when the metal parts

to be treated have unusual geometries or areas that are difficult
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use today are aqueous solutions containing chromc acid, partially reduced
to render *aVe85084P6n conprised of a conbinati on of hexaval en?cﬁ’ﬁg‘f’ﬂ"%l ent
chromum Final rinses of this type have |ong been known to provide the

hi ghest levels of paint adhesion and corrosion resistance. _
Chrom um containing final rinses, however, have a serious drawback due to
their inherent toxicity and hazardous nature. These concerns make
chromiumcontaining final rinses |ess desirable froma practi cal

st andpoi ror RN Hirse orsteer soseehthegueThesmethod of application of the

pretreatment operation can be either an imersion or a spray
operation. In immersion operations, the metal articles are
submersed in the various pretreatment baths for defined intervals
before moving on to the next pretreatment stage. A spray operation
is one where the pretreatment solutions and rinses are circulated
'by means of a pump through risers fashioned with spray nozzles. The
metal articles to be treated normally proceed through the
pretreatment operation by means of a continuous conveyor. Virtually
all pretreatment processes can be modified to run in spray mode or
immersion mode, and the choice is usually made based on the final
requirements of the painted metal article. It is to be understood
that the invention described here can be applied to any conversion-
coated metal surface and can be applied either as a spray process

or an immersion process.

The rinse solution of the invention is comprised of an
aqueous solution of a selected organosilane and zirconium ion.
Specifically, the rinse solution is an aqueous solution containing
zirconium ion, whose source can be a zirconium salt, such as
hexafluorozirconic acid, zirconium basic sulfate, zirconium
hydroxychloride, zirconium basic carbonate, zirconium oxychloride,
zirconium acetate, =zirconium fluoride, zirconium hydroxide,

zirconium orthosulfate, zirconium oxide, . zirconium potassium
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saf e handl iv989§}§54§é1em cal's and the environnmental problenms asgegjchogdi7ésth
t he di scharge of Such solutions into municipal water streanms. Thus, it has
been a goal of the industry to find chromumfree alternatives which are

| ess t*oxic and nore environnmental |y benign than chroni um containing final
rinses. It has al so been desirous to develop chromumfree final rinses
which are as effective as chromumcontaining final rinses in terns of

pai nt adhesion_and_cqQrrosjon resjstance praperties, C rk.h .
been donEthopﬁgea?g %+xtﬁrgﬁi§h$reo%, Bha any one g@'fbd%’é&géﬁbgii§§g¥.
3-glycidoxypropyltrimethoxysilane, methyltrimethoxysilane, Y-
methacryloxytrimethoxysilane, phenyltrimethostilane, and mixtures

. thefeof.

The rinse solution is prepared by making an agueous
solution containing zirconium ion such that the pH of the resulting
solution is in the range of about 2.0 to 9.0. When zirconium-
containing salts suéh as zirconium basic sulfate, zirconiunm

hydroxychloride, zirconium basic carbonate, zirconium oxychloride

are used as the zirconium source, the salts may be dissolved in
acidic solution, preferably hydrofluoric acid (preferably 50%
hydrofluoric acid is used) in order to effect dissolution. The
rinse solution of the invention typically contains zirconium ion

in the concentration range of at least about 0.005% w/w, i.e. percent by

weight. There is no significant upper limit to the zirconium ion
concentration. The pH of the zirconium solution, is measured; if
the pH is outside the desired range, water or zirconium salt is
added to change the pH to fall within the desired range. Hence the
amount of zirconium ion present in the finished solution is a
function of the pH. The concentraticn is not likely to exceed 1.0%
w/w. A selected organosilane is added to the zirconium-containing
solution described above in the concantration range of about 0.1 to

6% w/w. The solution is then mixed, preferably for at least 30 minutes to

complete the hydrolysis of the selected organosilane, after which
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free final rinses. Sonme of these have utilized either zirconium

cheni stry” 3YO8¥dosi | anes. U.S. Pat. No. 3,695, 942 4 desRETEBAM/M 6%t hod
of treatlng conversion-coated netal with an agueous sol uti'on containing

sol ubl® zirconi um conmpounds.. U.S. Pat. No. 4,650,526 describes a method of
treati ng phosphated '

time the rinse solution is ready to be applied to conversion-coated
metal. The addition of the silane does not affect the pH of the

solution.

A preferred version of the invention is an aqueous
solution containing 0.005 to 0.1% w/w zirconium ion and 0.1 to 4%
w/w of y-methacryloxytrimethoxysilane. The resulting solution can

be effectively operated at pH 2.0 to 7.0.

Another preferred version of the invention is an agueous
solution containing 0.005 to 0.1% w/w zirconium ion and 0.1 to 4%
w/w 3-glycidoxypropyltrimethoxysilane, with the resulting solution

being effectively operated at pH 2.0 to 7.0.

Another preferred version of the invention is an agueous
solution containing 0.005 to 0.1% w/w zirconium ion and 0.1 to 2%
w/w phenyltrimethoxysilane, with the resulting solution being

effectively operated at pH 2.0 to 6.0.

An especially preferred version of the invention is an
aqueous solution containing 0.005 to 0.1% w/w zirconium ion and
0.25 to 6% w/w methyltrimethoxysilane, with the resulting solution

being effectively operated at pH 2.5 to 8.8.
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metal surface ] an aqueous m xture of an al um num zi rconj , an
or ganof unéw(e)%ﬁgl"ﬁ]gand gnd a zirconium oxyhalide. The treat gﬁwn@?gw@%m d
be optionally rinsed with deionized water prior to painting. U S. Pat. No
5,053,081 describes a final rinse conposition conprising an aqueous

sol ution containing 3-am nopropyltriethoxysilane and a titaniumchelate. In
all of the above exanples, the treatnent nethod described clained to

i nprove pai nt adhesi on and corrosion resistance. In EP-A-0153973 a process
and conposition fofnptbgri g§pecially preferred version of the invention 1is

an agueous solution containing 0.005 to 0.1% w/w zirconium ion and
0.25 to 1% w/w y-methacryloxytrimethoxysilane, with the resulting

. solution being effectively operated at pH 2.5 to 4.0.

Another especially preferred version of the invention is
an agueous solution containing 0.005 to 0.1% w/w zirconium ion and
0.5 to 2% w/w 3-glycidoxypropyltrimethoxysilane, with the resulting

solution being effectively operated at pH 2.8 to 6.0.

2nother especially preferred version of the inventicn is
an aqueous solution containing 0.005 to 0.1% w/w zirconium ion and
0.1 to 0.5% w/w phenyltrimethoxysilane, with the resulting solution

being effectively operated at pH 2.0 to 6.0.

The rinse solution of the invention can be applied by
various means, so long as contact between the rinse solution and
the conversion-coated substrate is effected. The preferred methods
of application of the rinse solution of the invention are by
immersion or by spray. In an immersion operation, the conversion-
coated metal article is submersed in the rinse solution of the
‘invention for a time interval from about 15 sec to 3 min,
preferably 45 sec to 1 min. In a spray operation, the conversion-

coated metal article comes in contact with the rinse solution of

11
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conversion coated netals is described, which conprises an aqueous sol ution
of zirconi uO%M¥%nd an organosil ane. The organosil ane i s atPCH/GB4/01768
concentration in the range 0.05 to 10% by weight, for instance 0.5 to 3% by
wei ght”. Exanpl es have pH in the range 3-11. The organosil anes used in the
wor ked exanpl es are vinyltriethoxysilane, .
nmet hacryl oxypropyl tri net hoxysilane, N-[err]- (am noethyl)
-[err]-am nopropyltrinethoxysilane and [err]-am nopro- pyltriethoxysilane.
The. seamhedinvantionfibyrmidans nehipumeich th@einsansslatéonsedrough risers
zi rconi um

fashioned with spray nozzles.. The application interval for the

spray operation is about 15 sec to 3 min, preferably 45 sec to 1
min. The rinse solution of the invention can be applied at

temperatures from about 4 to 82°C (40°F to 180°F),
preferably 16 to 32°C (60°F to 90°F). The conversion- |
. coated metal article treated with the rinse solution of the
invention can be dried by various means, preferably oven
drying at about 270°F for about 5 min. The conversion-
coated metal article, now treated with the rinse solution
of the invention, is ready for application of the siccative

coating.

EXAMPLES

The following examples demonstrate the utility of the
rinse solution of the invention. cOmpa;ative examples include
conversion-coated metal substrates treated with a chromium-
containing rinse and conversion-coated metal substrates treated
with an organosilane-organotitanate final rinse solution as
described in U.s. Pat. No. | 5,053,081, '-specifically 3-

glycidoxypropyltrimethoxysilane at 0.35% w/w, TYZOR® CLA at 0.5%
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I n US- A- 52348 bdp8goganosi | anes are applied froman al coholic eivitnaniies

al um ni um*panel s conversion coated by treatment with cerium Two of the
organosi |l anes tested are nethyltrinethoxy-silane and phenyttrinmethoxysil ane
whi ch yave  inadequate results in terns of paint adhesion to the treated
surf ace.

w/Ww. The TYZOR® CLA is used to promote adhesion. Throughout the
examples, specific parameters for the pretreatment process, fpr the
rinse solution of the invention, for the compafative rinses and the
' nature of the substrate and the type of siccative coating are

described.

All treéted and painted metal samples were subjected to
accelerated corrosion testing. In general, the testing was
performed according to the guidelines specified in ASTM B-117-85.
Specifically, three identical specimens were prepared for each
pretreatment system. The painted metal samples received a single,
diagonal scribs which broke through the organic finish and
penetrated to bare metal. All unpainted edges were covered with
electrical tape. The specimens remained in the salt spray cabinet
for an interval that was commensurate with the type of siccative
coating that was being tested. Once removed from the salt spray
cabinet, the metal samples were rinsed with tap water, dried by
blotting with paper towels and evaluated. The evaluation was
performed by scraping away the loose paint and corrosion products
from-tne scribe area with the flat end of a spatula. The scraping
wa§ performed in such a manner so as only to remove loose paint and
leave adhering paint intact. In the case of some organic finishes,
like powder coating, removal of the loose paint and corrosion

products from the scribe was accomplished by means of a tape pull

13
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The | evel s of pai nt adhesi on and corrosion resistance affor |
treat ment WQAUVAS4Ms in t he above exanpl es do not reach the fi’g&éeg“?fgzqsr ed

by the metal finishing industry, nanely the perfornmance characteristics of
chrontum containing final rinses. The present inventor has found that
aqueous sol utions containing sel ected organosil ane conpounds and zirconi um
- ion provide paint adhesion and corrosion resistance characteristics

- conparable to those attained with chrom um containing final rinses. 1In

. many casas, spheipeefoimd&IMfB-117-85. Once the loose paint was removed,
the scribe areas on the specimens were then measured to determine
the amount of paint lost due to corrosion creepage. Each scribe
line was measured at eight intervals, approximately 1 mm apart,
measured across the entire width of the scribe area. The eight
values were averaged for each specimen and the averages of the
three identical specimens were averaged to arrive at the final

result. The creepage values reported in the following tables

reflect these final results.

EXAMPLE 1

Cold-rolled steel test panels from Advanced Coating
Technologies, Hillsdale, Michigan were processed through a five-
stage preﬁreatment operatioh. The panels were cleaned with Ardrox,
Inc. Chem Clean 1303, a commercially available alkaline cleaning
compound. Once rendered water-break-free, the test panels were
rinsed in tap'water and phosphated with Ardrox, Inc. Chem Cote
3011, a commercially available iron phosphate. The phosphating bath
was operated at about 6.2 points, 60°C (140°F), 3 min contact time, pH
4.8. After phosphating, the panels were rinsed in tap water and
treated with various final rinse solutions for 1 min. The

comparative chromium-containing rinse was Ardrox, Inc. Chem Seal

14
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conver si ONwPRlRsheet 2l surfaces treated with organosil ane- géfegeidies
solutions in accelerated corrosion tests exceeds that of conversion-coated
nmetal treated with chrom um containing solutions. SUMVARY ©OF THE | NVENTI ON
It is an object of this invention to provide a method and conposition of an
aqueous rinse which will inpart an inproved |evel of paint adhesion and
corrosion resistance on pai nted conversion-coated netal. The conposition is

Conprisegsgg'ag commercially available product. This bath was run at 0.25%
w/w. In accordance with normal practice in the metal finishing
industry, panels treated with the chromium-cohtaining final rinse

‘ (1) were rinsed with deionized water prior to dry-off. The
comparative chronium-free final rinse (2) contained 0.35% w/w 3~
glycidoxypropyltrimethoxysilane and 0.5% w/w TYZOR® CLA. All panels
were then dried in an oven at 132°C (270°F) fqr 5 min. The panels were |

painted with a high-solids alkyd organic finish, an acrylic

urethane and a melamine-polyester. The various rinses studied are

summarized as follows.

1. Chem Seal 3603, chromium-containing final rinse.

2. Comparative chromium-free final rinse.

3. y-methacryloxytrimethoxysilane, 0.25% w)w, pH 2.94, 2r
concentration, 0.075% w/w.

4. y-methacryloxytrimethoxysilane, 0.5% w/w, pH 2.98, 2r
concentration, 0.33% w/w.

5. y-methacryloxytrimethoxysilane, 0.5% w/w, pH 3.94, 2r
concentratioh, 0.33% w/w.

6. " y-methacryloxytrimethoxysilane, 1% w/w, pH 3.37, Zr
concentration, 0.080% w/w.

7. y-methacryloxytrimethoxysilane, 2% w/w, pH 2.05, 2r

concentration, 0.090% w/w.
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aqueous sol ution containing a selected organosilane and zir Ry
&RYalo
provi des*| BAIOSH6 pai nt adhesi on and corrosion resistance corrpar {3??

exceedi ng those provided by chrom um containing final
further object of the invention to provide a

ri nses. 6 It

8and
to or
is a

' The salt spray results are described in Table I. The

values represent total creepage about the scribe area in mm. The

numbers in parentheses represent the exposure interval for that

particular organic finish.

EXAMPLE 2

Another set of cold-rolled steel test panels was prepared

using the parameters described in Example 1. The conversion-coated

test panels were painted with the three organic finishes that were

used in Example 1. The various final rinses are summarized as

follows.

1. Chem Seal 3603, chromium-containing final rinse.

2. Comparative chromium-free final rinse.

8. 3-glycidoxypropyltrimethoxysilane, 0.25% w/w, PpH 3.10,

concentration, 0.060% w/w.
9. 3-glycidoxypropyltrimethoxysilane, 0.5%
concentration, 0.075% w/w.
10. 3-glycidoxypropyltrimethoxysilane, 1%
concentration, 0.065% Q/w.
11. 3-glycidoxypropyltrimethoxysilane, 1%

concentration, 0.075% w/w.

w/w, PpH 2.81,

w/w, pH 3.68,

w/w, PpH 5.41,

Zr

2r
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et hod andyd siddaseOMPOSI tion whi ch contains no chrom um ThepceBdines
includes a rinse solution for the treatnent of conversion-coated netal
substrates for inproving the adhesion and corrosion resistance of siccative
coatings, conprising an aqueous solution.of zirconiumion and an
organosilane in a concentration in the range 0.1 to 6.0 w w selected from
the group consisting of nethyltrinmethoxysilane, phenyltrinmethoxysilane, and

g‘gh”;ggh%Pgr8931yé&&%x&@%d§ﬂf%¥¥ﬂ£@ﬂé¥}é%¥§§§$ra££°“w§$LeCEﬁP t Pgovide
concentration, 0.060% w/w.
13. 3-glycidoxypropyltrimethoxysilane, 2% w/w, pH 5.56, 2r

s concentration, 0.060% w/w.

The salt spray results are described in Table II. The
values represent total creepage about the scribe area in mm. The
numbers in parentheses represent the exposure interval for that

particular organic finish.

EXAMPLE 3

Another set of cold-rolled steel test panels was prepared
using the parameters described in Example 1. The conversion-coated
test panels were painted with the three organic finishes that were
used in Example 1. The various final rinses are summarized as

follows.

1. Chem Seal 3603, chromium-containing final rinse.
2. Comparative chromium-free final rinse.

14. methyltrimethoxysilane, 0.5% w/w, pH 2.96, Zr concentration,

17
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to 9.0. The invention also includes a nethod for treating suceiﬁg
DESCRI PTI ON O P

appl yi ng+t NWWOPI5A&486 5ol uti on to the substrate.
EMBODI MENTS The rinse solution of the invention is an aqueobus sol ution
contai ning a sel ected organosil ane conpound and zirconiumion. It is

I ntended that the rinse solution be applied to conversion-coated netal. The

formati on of conversion coatings on netal

t he net al

finishing
0.075% w/w.

15. methyltrimethoxysilane,
0.075% w/w.
16. methyltrimethoxysilane,
0.075% w/w.
i7. methyltrimethoxysilane,
0.060% w/w.
18. methyltrimethoxysilane,
0.066% w/w.
19. methyltrimethoxysilane,
0.080% w/w.
20. methyltrimethqusilane,
0.085% w/w.
21. methyltrimethoxysilane,
0.080% w/Ww.
22. methyltrimethoxysilane,

0.068% w/w.

0.5% w/w,

0.5% w/w,

1%

1%

2%

4%

4%

6%

substrates

w/w,

w/w,

w/w,

w/w,

w/w,

w/w,

pH 4.39,

pH 5.37,

pH

pH

PH

pH

pH

pH

Zr

ir

ar

ir

ir

Zr

Zr

Zr

Mg

is well-known within

concentration,

concentration,

concentration,

concentration,

concentration,

concentration,

concentration,

concentration,

The salt spray results are described in Table III. The

values represent total crcepage about the scribe area in mm. The

numbers in parentheses represent the exposure interval for that

particular organic finish.

is
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i ndustry. §2l , this process is usually described as appy$8s61768
requi ri ng several pretreatnent stages. The actual nunber ? stages IS
typi cally dependent on the final use of the 7 painted netal article.
The ndnber of pretreatnent steps normally varies anywhere from two to
ni ne stages. A

EXAMPLE 4

¢ Another set of cold-rolled steel test panels was prepared
using the parameters described in Example 1. The conversion-coated
test panels were painted ﬁith an epoxy organic finish, a_baking
enamel, a high-solid polyester, a melamine-polyester, and a red
oxide primer/polyester topcoat system. The various final rinses are

summarized as follows.

1. Chem Seal 3603, chromium-containing final rinse.

23. y-methacryloxytrimethoxysilane, 0.5% w/w, pH 4.0, Zr
concentration, 0.15% w/w.

24. 3-glycidoxypropyltrimethoxysilane, 0.5% w/w, PH 4.0; 2r
concentration, 0.25% w/w.

25. methyltrimethoxysilane, 0.5% w/w, pH 4.0, 2r concentration,

0.10% w/w.

The salt spray results are described in Table IV. The
values represent total creepage about the scribe area in mm. The
numbers in parentheses represent the exposure interval for that

particular organic finish.

This Sheet Has Been Re‘p
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representative exanple of a pretreatnent prdcess I nvol ves a fiv?-stagp .
oper at i orr VW@P#3R@ netal to be ultimtely painted goes throB§HCBMPEER ng

stage, a water rinse, a conversion coating stage, a water rinse and a final
rinse-stage. Modifications to the pretreatnent process can be nade
according to specific needs. As an exanple, surfactants can be

I ncorporated into sonme conversion coating baths so-that cleaning and the
formati on of the conversion coating can be achi eved simultaneously. In

ot her cases it may be necessary

EXAMPLE 5

Another set of cold-rolled steel test panels was prepared
using the parameters described in Example 1. The conversion-coated
test panels were painted with an epoxy organic finish, an acrylic
urethane, a melamine-polyester, a baking enamel, and a high-solids

polyester. The various final rinses are summarized as follows.

1. Chem Seal 3603, chromium-containing final rinse.

24. 3fglycidoxypropyltrimethoxysilane,. 0.5% w/w, PpPH 4.0, 2r
concentration, 0.090% w/w.

25. methyltrimethoxysilane, 0.5% w/w, pH 4.0, 2r concentration,

0.045% w/w.

The salt spray results are described in Table V. The
values represent total creepage about the scribe area in mm. The
numbers in parentheses represent the exposure interval for that

particular organic finish.

EXAMPLE 6

20
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to i ncreasewgdwgdggber of pretreatnment stages so as to accomMmpefc8dimrés
pretreat mént steps. Exanples of the types of conversion coatings that can

be fornmed on nmetal substrates are iron phosphates and zi nc phosphat es.

| ron phosphating is usually acconplished .in no nore than five pretreatnent
stages, while zinc phosphating usually requires a m ni num of six

pretreat ment stages. The nunber of rinse stages between the actual

pretreat ment steps can_be adjusted insyre that_rinsing is, conplete and
effective and so tﬁgFRFWE'é gapoig—roigeg steel test nels was prepared

using the parameters described in Example 1. The conversion-coated
test panels were painted with a baking eﬁamel, a high-solids
polyester, an alkyd epoxy melamine, an acrylic topcoat, and a rea
oxide primer/polyester topcoat system. The various final rinses are

summarized as follows.

1. Chem Seal 3603, chromium-containing final rinse.

25. methyltrimethoxysilane, 0.5% w/w, pH 410, Zr concentration,
0.040% w/w.

26. methyltrimethoxysilane, 0.25% w/w, pH 4.0, 2r ccncentration,

0.040% w/w.

The salt spray results are described in Table VI. The
values represent total creepage about the scribe area in mm. The
numbers in parentheses represent the exposure interval for that

particular organic finish.

EXAMPLE 7

. A set of cold-rolled steel test panels was prepared in a

five-stage spray operation. The panels were cleaned with Ardrox,

21
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pr et r eat nent from one stage is not carried on the netal surf
subsequent W%B@EPS t her eby possibly contaninating them Pﬁ?ﬁ?"@ywt 0

i ncrease the nunber of rinse stages when-the netal parts to be treated have
unusual geonetries or areas that are difficult for the rinse water to
contact. The method of application of the pretreatment operation can be
either an imersion or a spray operation. In inmersion operations, the

Inc. Chem Clean 1303, a commercially available alkaline cleaning
compound. Once rendered water-break-free, the test panels were
rinsed in taé water and phosphated with Ardrox, Inc. Chem Cote
3026, a commercially available iron phosphate. The phosphating bath
wag oparated at about 9.0 points, 49°C (120°F), 1 min contact time, pH

4.5. After phosphating, the panels were rinsed in tap water and
treated with various final rinse solutions for 1 min. The
comparative chromium-containing rinse was Ardrox, Inc. Chem Seal
3603, a commercially’available product. This bath was run at 0.25%
v/v. The comparative chromium-free rinse (27) was Ardrox, Inc. Chem
Seal 3610, operated at 0.25% v/v, pH 4.5. The conversion-coated
test panels were painted with a urethane powder coating, an epoxy

powder coating, an alkyd polyester urethane coating, and a melamine

polyester coating;

1. Chem Seal 3603, chromium-containing final rinse.

27. Chem Seal 3610, comparative chromium-free final rinse.

28. methyltrimethoxysilane, 0.25% w/w, pH 4.6, Zr concentration,
0.55% w/w.

29. methyltrimethoxysilane, 0.5% w/w, pH 4.5, 2Zr concentration,

0.55% w/w.

The salt spray results are described in Table VII. The

22 —_—
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8 et al ?‘r?)ocﬂsﬁ 4ga! € subrrersed I n the various pretreatnent bp&teBd4n1768
defined i*ntervals before noving on to the next pretreatnent stage. A
spray operation is one where the pretreatnent solutions and rinses are
circuFated by neans of a punp through risers fashioned with spray nozzles.
The netal articles to be treated normally proceed through the pretreatnent
operation by neans of a continuous conveyor. Virtually all pretreatnent

values represent total creepage about the scribe area in mm. The
numbers in parentheses represent the exposure interval for that

particﬁlar organic finish.
EXAMPLE 8

Another set of cold-rolled steel test panels was prepared
using the parameters described in Example 1. The conversion-coated
test panels were painted with the three organic finishes that were
used in Example 1. The various final rinses are summarized as

follows.

1. Chem Seal 3603, chromium—containihg final rinse.

20. phenyltrimethoxysilane, 0.1% w/w, pH 4.32, Zr concentration,
0.14% w/w.

31. phenyltrimethoxysilane, 0.25% w/w, pH 4.96, Z2Zr concentration,
0.06% w/w. .

32. phenyltrimethoxysilane, 0.25% w/w, pH 2.36, Zr concentration,
0.26% w/w.

33. phenyltrimethoxysilane, 0.5% w/w, pH 2.87, 2Zr concentration,
0.11% w/w.

34. phenyltrimethoxysilane, 0.5% w/w, pH 5.52, Zr concentration,
0.11% w/w.

35. phenyltrimethoxysilane, 1.0% w/w, pH 3.12, Zr concentration,

23
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processes can be nodified to run in spray node or imrerson
choice i s WOLI0F4P6nade based on the final requirenents of tm%’%{&& met al

article. It is to be understood that the invention described here can be
applied to any conversion-coated netal surface and can be applied either as
a spray process or an imrersion process.” The rinse solution of the
invention is conprised of an aqueous solution of a selected organosilane
and zirconiumion. Specifically, the rinse solution is an aqueous sol ution

0.08% w/w.
36. phenyltrimethoxysilahe, 2.0% w/w, pH 3.56, 2r concentration,

0.075% w/w.

The results from accelerated corrosion testing
demonstrated in Examples 1 -to 8 show that rinse solutions
containing a selected organosilane and zirconium ion provided
substaﬁtially better.performance than either of the comparative
chromium-free rinses, Rinses No. 2 and No. 26. The results
deﬁonstrated in Examples 1 to 8 also show that rinse solutions
containing a seleéféd organosilane and zirconium ion provided, in
many cases, corrosion resistance comparable to that of a chromium-
containing rinse, such as Final Rinse No. 1. In several instances,
rinse solutions containing a selected organosilane and. zirconium
ion provided significantly higher levels of corrosion resistance

than that achieved with a chromium-containing rinse.

The terms and expressions which have been employed are
used as terms of description and not of limitation, and there is no
intention in the use of such terms and expressions of excluding any
equivalents of the features shown and described, or portions
thereof, but it is recognized that various modifications are

possible within the scope of the invention claimed.
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cont ai ni ng J%§w6um i on, whose source can be a zirconium S apETIGBOHI1 7685
hexaf | uoro ré IC acid, zirconium basic sulfate, zirconium

hydroxychlorlde, zi rconi um basi ¢ carbonat e, zirconi um oxychl ori de,

zi rcofium acetate, zirconiumfluoride, zirconium hydroxide, zirconium
orthosul fate, zirconium oxide, zirconium potassium carbonate and m xtures
t hereof; and any one of two organosil anes: nmet hyl t ri net hoxysi | ane

and phenyl tri met hoxysilane, or a mxture thereof. The rinse solution is
prepared by maki ng an aqueous

TABLE I

' Final Alkyd Urethane | Polyester
Rinse (168 hr) | (216 hr) | (240 hr)
No.
1 3.6 mm -1.8 mn 3.3 mm
2 32.3 22.2 40.0
3 2.5 2.0 4.6
4 2.2 8.9 3.2
5 2.3 10.8 3.2
6 1.7 7.4 3.0
7 2.6__ 5.4 3.4
TABLE II
Final Alkyd Urethane | Polyester
Rinse (168 hr) (216 hr) (240 hr)
No.
1 2.3 mm 1.8 mm 2.1 mm
2 36.3 23.2 40.0
8 0.9 1.9 2.2
9 1.2 1.1 1.1
10 1.2 1.8 1.2
11 1.8 2.3 2.3
: 12 1.3 2.6 1.6
) 13 1.6 2.4 2.3
25
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9 solution containing zirconiumion such that the pH of the resultjn%
sol uti onsi SWPR5PM6 r ange of about 2.0 to 9.0. When zirconi unPESGFBIFAIIAS
salts such as zirconium basic sulfate,

zi rcomi unbasi ¢ car bonat e,

source,

the salts may be

zi rconi um hydr oxycht ori de,

zi rconi um oxychl ori de are used as the zirconium

heet Has Been Re‘laoed
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TABLE III
Final Alkyd Urethane | Polyester
Rinse (168 hr) | (216 hr) (240 hr)
No.
1 2.3 mm 1.8 mm 2.1 mm
2 36.3 23.2 40.0
14 1.5 2.0 1.1
15 0.9 1.8 1.2
16 1.5 3.8 1.6
17 0.8 2.0 0.9
18 1.1 5.5 1.3
19 1.0 3.9 1.2
20 0.5 10.9 0.8
21 0.3 11.6 1.0
22 2.6 2.6 1.7
TABLE IV
Final Epoxy Enamel High- Melamine- Primer-
Rinse | (504 hr) (168 hr) Soliad Polyester Topcoat
No. Polyester (216 hr) (262 hr)
(243 hr)
l 1.3 mm 3.8 mm 1.5 mm 2.2 mm 2.6 mm
23 1.1 0.9 1.9 1.7 1.9
24 1.4 0.5 1.1 0.7 5.8
25 1.4 0.3 0.6 0.4 1.6
26
/
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di ssol \;ed i&oebg}ogjggssglsgéi)on, preferably hydrofluoric acid (p&hegahYes©0%

hydr of | uori ¢ "aci

solution of the invention typically contains zirconiumion-in the

in order to effect dissolution.

concerftration range of at |east about

wei ght .
concentrati on.

There is no significant upper

0.005% wWw, i.e.
[imt to the zirconiumion

The pH of the zirconiumsolution, is neasured,

e rinse

percent by

iIf the pHis

outside the desired range, water or zirconiumsalt is added to change the.

pHto fall within the desired range. Hence the
TABLE V
! Final | Epoxy Acrylic “High- Melamine- Baking
Rinse | (502 hr) | Urethane Solid Polyester Enamel
No. (1921 hr) | Polyester (262 hr) {214 hr)
(169 hr)
1l 2.2 mm 2.8 mm 5.4 mm 3.1 mm 3.1 mm
24 2.0 1.8 0.5 0.8 1.3
25 1.6 1.6 1.1 1.1 1.1
TABLE VI
Final Alkyd Enamel High- Acrylic Primer-
Rinse Epoxy . (266 hr) Solid (216 hr) Topcoat
No. Melamine Polyester (266 hr)
(607 hr) (170 hr)
1 2.0 mm 13.4 mm 4.7 mnm 3.4 mm 4.6 mm
25 1.2 0.8 0.6 1.9 1.5
26 l.4 0.7 1.0 3.8 - 2.9
27 - ——
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anount of zirconiumion present in the finished solution is of
the pH Th&"@&M¥¥Pration is not likely to exceed 1.0% w w. g\cy%pg lgga
organosilane is added to the zirconium containing solution described above
in thé concentration range of about 0.1%to 6% w w. The solution is then
m xed, preferably for at least 30 mnutes to conplete the hydrolysis of the
sel ected organosil ane, after which tine the rinse soJjution is ready to be
applied to conversion-coated netal. The addition of the silane does not
affect the pH of the .

TABLE VII
Final | Urethane Epoxy Alkyd Melamine
Rinse Powder ~ Powder Polyester | Polyester
No. .{(502 hr) | (672 hr) Urethane (264 hr)
(168 hr)
1 0.9 mnm 1.7 mm 5.6 mm 5.0 mm
27 4.1 N/A* N/A 24.1
28 0.9 N/Aa N/A N/A
29 0.9 1.6 4.4 4.2
* Data not available.
TABLE VIII-
Final Alkyd Urethane | Polyester
Rinse (168 hr) (240 hr) (240 hr)
No.
1 2.8 mm 1.5 mm 2.4 mn
30 2.7 1.1 1.9
31 2.3 l.0 1.3
32 2.5 2.0 2.6
33 2.3 1.5 1.9
34 2.7 1.0 1.5
35 3.5 0.9 1.5
36 3.2 0.6 2.3

e
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sol uti on.

pl‘m\EI’"S‘I“Oﬁ—{)f- —the invention is an RCERGBS/EDI8ULI ON

.0to

cont ai ni ng 0 005 to OLﬂ lumion and 0.1 to 2% W w
phenyl tri net hoxy5| | an %M&MB ting solution being effectively
6. Oc

operated at pH 2

s an

10

15

20

25

30

35

CLAIMS

1. A rinse soclution for the treatment of conversion
coated metal substrates comprising an aqueous solution of
zirconium ion and an organosilane in a concentration of
about 0.1 to 6.0% w/w and selected from the group
consisting of 3-glycidoxypropyltrimethoxysilane,
methyltrimethoxysilane, vy-methacryloxytrimethoxysilane,
phenyltrimethoxysilane, and mixtures thereof, with the
zirconium ion concentration selected to provide a pH for

~ the entire solution of from 2.0 to 9.0.

2. A rinse solution according to claim 1 in which the
zirconium ion concentration in the rinse solution is at
least 0.005% w/w. .

3. A rinse solution according to claim 1 or claim 2 in
which the organosilane <y-methacryloxytrimethoxysilane
preferably in a concentration of from 0.1 to 4.0% w/w, most
preferably 0.25 to 1.0% w/w.

4. A rinse solution according to claim 3 having a pH from.
2.5 to 4.0.

5. A rinse solution according to claim 1 or claim 2 in
which the organosilane is 3~glycidoxypropyltrimethoxysilane
preferably at a concentration of from 0.1 to 6.0% w/w, most
preferably from 0.5 to 2.0% w/w.

6. A rinse solution according to claim 5 wherein the pH
is from 2.8 to 6.0.

7. A rinse solution according to claim 1 or claim 2 in
which the organosilane is methyltrimethoxysilane,

preferably having a concentration of from 0.25 to 6.0% w/w

and most preferably having a pH from 2.5 to 8.8.
8. A rinse solution as defined in claim 1 or claim 2 in
which the organosilane is phenyltrimethoxysilane,
preferably at a concentration of from 0.1 to 2.0 w/w, most
preferably from 0.7 to 0.5% w/w.
9. A rinse solution as defined in claim 8 in which the pH
is from 2.0 to 6.0.

¢‘_-’__f/--___,_
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aqueous sol ution containing O. 005 to 0. T% wW w zirconiumion and-0.-25 to 6%

w w et hyl tWPE0HE%y si | I'ting sol ution bei n§CEFRIEPITR) v
operated at pH 2.5 to 81mlm\rﬂmnmmmumral |y preferred version of the

i nvenfion is an aqueous <ol Gti &n ®ont ai*ning 0.005 to 0.1% w w zi rconi umion
and 0.1 to 0.5% w w phenyl trimet hoxysilane, with the resultlng sol ution

being effectivel ygopepa t | f .
i nventi on can be)iappl ?\egggsgvg?’i'ig%&%nn\ta%r%o(}dl %2&0 %d){ohe“fv‘\'éfe#q He?
which the zlrconlum ion is from a zlrconium ion source

rinse solution
selected from the group consisting of hexafluorozirconic
acid, zirconium basic sulfate, zirconium hydroxychloride,
5 zirconium basic carbonate, zirconium oxychloride, zirconium
acetate, zirconium fluoride, zirconium hydroxide, zirconium
orthosulfate, zirconium oxide, zirconium potassium
carbonate and mixtures thereof.
11. A method for treating conversion-coated . metal

10 substrates comprising:

providing an agqueous solution of zirconium ion and an
organcsilane in a concentration of from 0.1 to 6.0% w/w and
selected from the group consisting of 3-
glycidoxypropyltrimethoxysilane, methyltrihethoxysilane,

15 y-methacryloxytrimethoxysilane, phenyltrimethoxysilane, and
mixtures thereof;

selecting the zirconium ion concentration to provide
a pH of the solution of about 2.0 to 9.0; and
applying the solution to the substrate.

20 12. A method according to claim 11 wherein the zirconium
ion concentration in the solution is at least about 0.005%
wW/vW.

13. A method for preparing a rinse solution having a pH
2.0 to 9.0 for the treatment of conversion coated metal

25 substrates comprising dissolving a zirconium salt in an
aqueous 1liquid, if necessary adding acid, preferably
hydrofluoric acid to effect dissolution, and measuring the
pH of the aqueous liquid comprising zirconium ion, wherein
if the measured pH is outside the range 2.0 to 9.0, water

30 or zirconium salt is added to produce an aqueous liquid
rinse solution having a pH within the range 2.0 to 9.0.
14. A method according to <claim 13 in which the
concentration of zirconium ions in the rinse solution is
from 0.005 to 1.0% w/w. _

35 15. A method according to claim 13 or claim 14 in which
where hydrofluoric acid is necessary, the zirconium salt is

/
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and the cQy $ﬁ%ﬁ -coareﬁ‘§ﬁﬁétrate |s effected The prefer@anngmMQﬂs of
appllcathon o] e r|n Wﬂh“ﬂe I nvention are by inmersion or by
spray. In an i mersion W ‘“‘mﬂ onversion coated netal article is

submefsed in the rinse solmtibn'of thé inveg{ion for a tine interval from

about 15 sec to 3 min, preferably 45 sec to 1 mn. In a spray operation,
the conversion adssedved alnaahn caguecuss lifuwiaht aompyislinghaydrafiuoric

T e R e BRI 3D ALY ddgife Sof i on ¢ hrouh
16. A method according to any of claims 11 to 15 in which
the =zirconium ion source is selected from the group

5 consisting of hexafluorozirconic acid, zirconium basic

s sulfate, zirconium hydroxychloride, =zirconium basic

carbonate, zirconium oxychloride, =zirconium acetate,

zirconium fluoride, zirconium hydroxide, zirconiunm

orthosulfate, zirconium oxide, zirconium potassium
10 carbonate and mixtures thereof.

17. Use of a composition prepared according to any of

claims 13 to 15 as a rinse solution for the treatment of

conversion coated metal substrates.

" ‘This Sheet Has Been Replaced

(WL

31



P

-appl ] cail OnHEPLRCEMEN‘I%HEE‘ﬁ sngay peration is about 15 sec to Cé?gé&) o

preferablfy Aeschitlion © phedd 885 soI ution of the invention ¢
appl i ed @H’FE at uPe% """ 1} 82QGmpiddms rddekes 180[qEr] F)
preferabp g [ BP% C, B(ﬂag‘?‘ ]__I': to 90[er ). The conver sign- coat ey
metal a eHa Description : paged .57, to paged .
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COMPOSITION AND METHOD FOR TREATMENT OF PHOSPHATED METAL SURFACES

S EPLAGEMENT SHEET

19 DEC 1996

BACKGROUND OF THE INVENTION

This invention relates to the treatment of metal surfaces
prior to a finishing operation, such as the application of a
siccative organic coating (also known as an "organic coating",
"organic finish", or simply, “paint"). Specifically, this invention
reiates' to the treatment of conversion-coated metal with an agueous
solution comprised of a selected organosilane and a zirconium ion.
Treatinent of conversiqn-coated metal with such a solution improves

paint adhesion and corrosion resistance.

The primary purposes of applying siccative coa_t”ings to
metal substrates (e.g., steel, aluminum, zinc and their alf"gks) are
protection of the metal surface from corrosion and for aesthetic
reasons. It is well-known, however, that many organic coatings

-
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sol ution of the invention can be dried by vari gus Feans, pref-eraply oven
drying at about 270[err]F for about 5 nin. The |{cBhVA SHONT HHEEd] net al
article, nowtreated with the rinse solution of gﬁé‘lnveﬁtlﬁﬁ“‘ls ready for
application of the siccative coating. EXAMPLES|T dﬁﬁ% kKahpl es
denonstrate the utility of the rinse solution ()flthe [ onf LConparative
exanpl es include conversion-coated netal gubstfa { h{ a

chrom um

adhere poorly to metals in their normal state. As a result,
corrosion-resistance characteristics of the siccative coating are
substantially diminished. It is therefore a typical procedure in
the metal finishing industry to subject metals to a pretreatment
process whereby a conversion coating is formed on the metal
surface. This conversion coating acts as " a protective layer,
slowing the onset of the degradation of the base metal, owing to
the conversion coating being 1less soluble in a corrosive
environment than is the base metal. The conversion coating is also
effective by serving as a recipient for a subsequent siccative
coating. The conversion coating has a greater surface area than
does the base metal and thus provides for a greater number of
adhesion sites for the interaction between the conversion coating
and the organic finish. Typical examples of such conversion
coatings include, but are not limited to, iron phosphate coatings,
zinc phosphate coatings, and chromate conversion coatings. These
conversion coatings and others are well-known in the art and will

not be described in any further detail.

Normallx, the appligation of an organic finish to a
conversion-coated metal surface is not sufficient to provide the
highest levels of paint adhesion and corrosién resistance. Painted
metal surfacés are abie to reach maximum performance levels when

the conversion-coated metal surface is treated with a "final
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containing rinse and conversion-coated netal substrates treat ed with an

or ganosi | ane-organotitanate final rinse solutiop—as ucab; tP1U'S= Pat .
~No. 5,053,081, specifically 3- glycidoxypropylt mﬁiﬁﬁﬁy Idh - 0. 35%
rww, TYZOR[err] CLA at 0.5% w w. The TYZOR[er[{] [T CLA I's uséd tol pronote

~adhesi on. Throughout the exanples, specific par t oy PEW W9Ee pr et reat nent
process, for the rinse solution of the inuentiof, |for the conpalative
rinses and the nature of the substrate and the {ype—ef—sicrTartve foating
are descri bed. '

D

rinse", also referred to in the art as a "post-rinse" or a "seal
rinse", prior to the painting oﬁeration. Final rinses are typically
aqueous solutions containing organic'or inorganic entities designed
to improve paint adhesion and corrosion resistance. The purpose of
any final rinse, regardless of its composition, is to form a system
with the conversion coating in order to maximize paint adhesion and
corrosion resistance. This may be accbmplished by altering the
electrochemical state of the conversion-coated substrate by
rendering it more passive or it may be accomplished by forming a
barrier film which prevents a corrosive medium from reaching the
metal surface. The most effective final rinses in general use today
are ﬁqueous solutions containing chromic acid, partially reduced to
render a solution comprised of a combination of hexavalent and
trivalent chromium. Final rinses of this type have long been known
to provide the highest levels of paint adhesion and corrosion
resistance. Chromium-containing final rinses,. however, have a
serious drawback due to their inherent toxicity and hazardous
nature. These concerns make chromium-containing final rinses lesé
desirable from a practical standpoint, when one considers such
_issues as safe handling of chemicals and the environmental problems
associated with éhe discharge of such solutions into municipal
water streams. Thus, it has been a goal of the industry to find
chromium-free alternatives which are less toxic and more

environmentally benign than chromium-containing final rinses. It
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All treated and painted metal sanples were subjected to accel.erated

corrosion testing. |In general, the testing was ;ﬁgéﬂ@gﬂagﬁ@fﬂing to the

gui del i nes specified in ASTM B-117- 85. Speci fifally. . thtée’l.dentii cal

speci nens were prepared for each pretreatnent pystem The paijinted netal

sanpl es received a single, diagonal scribe which prdigeDEBr ®9§h jt He organic
- 4 - :

has also been desirous to develop chromium-free final rinses which
are as effective as chromium-containing final rinses in terms of

paint adhesion and corrosion resistance properties.

Much work has already been done in the area of chromium-
free final rinses. Some of these have utilized either zirconium
chemistry or organosilanes. U.S. Pat.'Nb. 3,695,942 describes a
method of treating conversion-coated metal with an agqueous solution
containing soluble zirconium compounds. U.S. Pat. No. 4,650,526
describes_a method of treating phosphated metal surfaces with an
agqueous mixture of an aluminum zirconiup conmplex, an
organofunctional ligand and a zirconium oxyhalide. The treated
metal could be optionally rinsed with deionized water prior to
painting. U.S. Pat. No. 5,053,081 describes a final rinse
composition . comprising an aqueous solution containing 3-
aminopropyltriethoxysilane and a titanium chelate. In all of the
above examples, the treatment method described claimed to improve

-paint adhesion and corrosion resistance.

The levels of paint adhesion and corrosion resistance

afforded by the treatment solutions in the above examples do not
reach the levels desired by the metal finishing industry, namely
the performance characteristics of chromium-containing final

rinses. The present inventor has found that agqueous
solutions containing selected '
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finish and penetrated to bare metal. Al unpainted edges were covered with

el ectrical tape. The specinens remained in the shldepsprdye |
AN esiee,

interval that was conmensurate with the type of fsi

bei ng tested. Once renoved fromthe salt spray] clabi net, the ng

were rinsed with tap water, dried by blotting wthl pdSeDECOHO6S

eval uated. The eval uation was performed_ by scrapj ng away the |od

t g
arn

Sq

and corrosion products fromthe scribe area withl the TTat end of 4

The scraping was perfornmed in such

f
t
I
d

or an
hat was
sanpl es

pai nt
spat ul a.

organosilane compounds and zirconium ion provide paint adhesion and

corrosion resistance characteristics comparable to those attained

with chromium-containing final rinses. In many cases, the

performance of conversion-coated metal surfaces treated with

organosilane-zirconium solutions in accelerated corrosion tests

exceeds that of conversion-coated metal trgated with chromium-

containing solutions.

SUMMARY OF THE INVENTION

It is an object of this invention to provide a method and

composition of an agueous rinse which will impart an improved level

of paint adhesion and corrosion resistance on painted conversion-

coated metal. The composition is comprised of an agueous solution

containing a selected organosilane and zirconium ion and provides

levels of paint adhesion and corrosion resistance comparable to or

exceeding those provided by chromium-containing final rinses.

It is a further object of the invention to provide a

method and rinse composition which contains no chromium.

—

This Sheet Has Bee

i



a manner so as only to renove | oose paint and | eave adherlng pai nt intact.
In the case of sonme organic finishes, like pom4 , | of the
| oose paint and corrosion products fromthe scr “BECH d by
means of a tape pull as specified in ASTM B-117; 85 ’Chce the Iops pai nt

~was renoved, the scribe areas on the specinens \efte {HQECHGEIr edito
determ ne the anount of paint |ost due to gorrogign creepage. Each scri be
| ine was neasured at eight intervals, approxi mtlely—t—rmrapart, asur ed
across the entire width of

The presently preferred embodiment of the' invention
includes a rinse solution for the treatment of conversion-coated
metal substrates for improving the adhesion and cérrosion
resistance of siccative coatings, comprising an aguecus solution of
zirconium ion and an organosilane selected from the group
consisting of 3fglycidoxyprOpyltrimethoxysilane,
methyltrimefhoxysilane, y-methacryloxytrimethoxyéilane,
phenyltrimethoxysilane, and mixtures thereof, with the zirconium

ion concentration selected to provide a pH about 2.0 to 8.0.

The invention also includes a method for treating such

materials by applying the rinse solution to the substrate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The rinse solution of the invention is an agueous
solution containiryg a selected organosilane compound and zirconium
ion. It 1is intended that the rinse solution be applied to
conversion-coated metal. The formation of conversion coatings on
metal substrates is well-Known within the metal finishing industry.

In general, this process is usually described as a process

-_
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the scribe area. The ei ght values were averaged for each_specjinen and the

averages of the three identical specinens were avf @r@meVQY t he
final result. The creepage values reported in the fﬁgi"“ng t abl-es feflect

t hese final results. 13 EXAMPLE 1 - Conparativeé
19 DEC 1996

-7 -

requiring several pretreatment stages. The actual number of stages
is typically dependent on the final use of the painted metal
article. The number of pretreatment steps normally varies anywhere
from two to nine stages. A representative example of a pretreatment
process involves a five-stage operation where the metal to be
ultimately painted goes through a cleaning staéé, a wate: rinse, a
conversion coating stage, ; water rinse and a final rinse stage.
Modifications to the pretreatment process can be made according to
specific needs. As an example, surfactants can be incorporated into
some conversion coating bafhs'so that éleaning.and the formation of
the conversion coating can be achieved simultaneously. In other
cases it may be necessary to increase the number of pretreatment
stages so as to accommodate more pretreatment steps. Examples of
the types of conversion coatings that can be formed on metal
substrates are iroh phosphates and zinc phosphates. 1Iron
phosphating is wusually accomplished in no more than five
pretreatment stages, while zinc phosphating usually reqdires a
minimum of six pretreatment stages. The number of rinse stages
between the actual pretreatment steps can be adjusted to insure
that rinsing is cbmplete and effective and so that the chemical
pretreatment from one stage is not carried on the metal surface to
subseguent stages, thereby possibly contaminating them. It is
typical to increase the number of rinse stages when the metal parts

to be treated have unusual geometries or areas that are difficult

—_—
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Col d-roll ed steel test panels from Advanced Coating Technol ogi es,

Hi | | sdal e,
oper ati on.

M chi gan were processed through a fi[v e rent
The panel s were cl eaned with Ardrox, %ﬁﬁgﬁﬁﬁﬁi %f%in 1303, a

commerci ally avail abl e al kal i ne cl eani ng conpound. Once renderéd
wat er - break-free, the test panels were rinsed ijn tamqwmgghwggd phosphat ed

with Ardrox, Inc. Chem Cote 3011, a commegcial lly javailable iro hosphat e.
The phosphat|ng bat h was operated at about 6.2 |pdi ; Offerr]F),

mn contact tinme, pH 4.8. After phosphating, tHe

for the rinse water to contact. The method of application of the
pretreatmenﬁ operation can be either an immersion or a spray
operation. In immersion operations, the metal articles are
submersed in the various pretreatment baths for defined intervals
before moving on to the next pretreatment stage. A spray operation
is one where the pretreatment solutions and rinses are circulated
by means of a pump through risers fashioned with spray nozzles. The
metal articles to be treated normally proceed through the
pretreatment opération by means of a continuous conveyor. Virtually
all pretreatment processes can be modified to run in spray mode or
immersion mode, and the choige is usually made based on the final
requirements of the painted metal article. It is to be understood
that the invention described here can be applied to any conversion-
coated metal surface and can be applied either as a spray process

or an immersion process.

The rinse sélution of the invention is comprised of an
agqueous solution of a selected organosilane and zirconium ion.
Specifically, the rinse solution is an agueous solution containing
zirconium ion, whose source can be a zirconium salt, such as
hexafluorozirconic acid, zirconium basic sulfate, zirconium
hydroxychloride, zirconium basic carbonate, zirconium oxychloride,
zirconium acetate, zirconium fluoride, =zirconium hydroxide,

zirconium orthosulfate, zirconium oxide, . zirconium potassium

“This Sheet Has Been R laced
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panels were rinsed in tap water and treated with various final_rinse
solutions for 1 mn. The conparative chroniun}Cﬁ e et sgeENap Ardrox,
Inc. Chem Seal 3603, a commercially available pfo ét iLs. batg phas run at
0.25% w W. I n accordance with normal practice i) tthe netal fini h ng

i ndustry, panels treated with the chrom um cont gi i ng9fDEGIW® nsei(1) were
rinsed with deionized water prior to dry-@gff. THe conparatlve rQm um
free final rinse (2) cont ai ned . 351 3-
gl yci doxypropyl tri met hoxysi | ane and 0. 5@6m/m1TYZ [T O I O V.Y B

carbonate and mixtures thereof; and any one of four organosilanes:
3-glycidoxypropyltrimethoxysilane, methyltrimethoxysilane, Y-
methacryloxytrimethoxysilane, phenyltrimethoxysilane, and mixtures

thereof.

The rinse solution is prepared by making an aqueous
solution containing zirconium ion such that the pH of the resulting
solution is in the range of about 2.0 to 9.0. When zirconium-
containing salts such as zirconium basic sulfate, zirconium
hydroxychloride, zirconium basic carbonate, zirconium oxychloride

are used as the zirconium source, the salts may be dissolved in
acidic solution, preferably hydrofluoric acid (preferably 50%
hydrofluoric acid is used) in order to effect dissolution. The

rinse solution of the invention typically contains zirconium ion
in the concentration range of at least about 0.005% w/w, i.e. percent by

weight. There is no significant upper limit to the zirconium ion
concentration. The pH of the zirconium solution, is measured; if
the pH is outside the desired range, water or zirconium salt is
added to change the pH to fall within the desired range. Hence the
amount of zirconium 3ion presenﬁ in the finished solution is a
function of the PH. The concentraticn is not likely to exceed 1.0%
w/w. A selected organosilane is added to the zirconium-containing
solution described above in the concsntration range of about 0.1 to
6% w/w. The solution is then mixed, pr eferably for at least 30 minutes to

complete the hydrolysis of the selected organosilane, after which
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panel s were then dried in an oven at 132[err]C (270[err]F) for 5 mn. The

panels were painted with a high-solids al kyd o

\ . Of ggy) G LI St—af—acryl i c
uret hane and a nel am ne- pol yester. The vari ous.t rﬁg%@'«%ﬁé&t&j ar e
summari zed as follows. 1. Chem St eel 3606, chrpom um contal nrjng fi nal

ri nse.

2.
3-gl yci doxypropyl tri met hoxysil ane, 0.25% V\{(\{v,_ pH 3.10, Zr

Conparative chromiumfree final riinge. 18.DEC 1994

time the rinse solution is ready to be applied to conversion-coated

metal. The addition of the silane does not affect the pH of the

solution.

A preferred version of the invention is an aqueous
solution containing 0.005 to 0.1% w/w zirconium ion and 0.1 to 4%
w/w of y-methacryloxytrimethoxysilane. The resulting solution can

be effectively operated at pH 2.0 to'7.0.

Another preferred version of the invention is an agueous
solution containing 0.005 to 0.1% w/w zirconium ion and 0.1 to 4%
w/w 3-glycidoxypropyltrimethoxysilane, with the resulting solution

being effectively operated at pH 2.0 to 7.0.

Another preferred version of the invention is an aqueous
solution containing 0.005 to 0.1% w/w zirconium ion and 0.1 to 2%
w/w phenyltrimethoxysilane, with the resulting solution being

effectively operated at pH 2.0 to 6.0.

An especially preferred version of the invention is an
aqgueous solution containing 0.005 to 0.1% w/w zirconium ion and
0.25 to 6% w/w methyltrimethoxysilane, with the resulting solution

being effectively operated at pH 2.5 to 8.8.

—_—
This Sheet Has Been R,

e



REPLACENMENT SHEET 13 DEC 1997 14 __concentration, 0.060%

w w. 9.

3-gl yci doxypropyl tri net hoxysil ane, 0. 3%ww—pH-2-81, -2

concentration, 0.075%w w. 10. 3-glycidoxypropytRERBCEGRYSIGHERE, | 1% W w,

pH 3. 68, Zr concentration, 0.065% w w. ™

}
19 DEC 1996 l
- 11 - 5

Another especially preferred version of the invention is
an aqueous solution containing 0.005 to 0.1% w/w zirconium ion and
0.25 to 1% w/w y-methacryloxytrimethoxysilane, with the resulting

solution being effectively operated at pH 2.5 to 4.0.

Another especially preferred version of the invention is
an aqueous solution containing 0.005 to 0.1% w/w zirconium ion and
0.5 to 2% w/w 3-glycidoxypropyltrimethoxysilane, with the resulting

solution being effectively operated at pH 2.8 to 6.0.

Another especially preferred version of the inventicn is
an aqueous solution containing 0.005 to 0.1% w/w zirconium ion and
0.1 to 0.5% w/w phenyltrimethoxysilane, with the resulting solution

being effectively operated at pH 2.0 to 6.0.

The rinse solution of the invention can be applied by
various means, so long as contact between the rinse solution and
the conversion-coated substrafe is effected. The preferred methods
of application of the rinse solution of the invention are by
immersion or by spray. In an immersion operation, the conversion-
coated metal article is submersed in the rinse solution of the
invention for a time interval from about 15 sec to 3 min,
preferably 45 sec to 1 min. In a spray operation, the conversion-

coated metal article comes in contact with the rinse solution of

_—
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11. 3-gl yci doxypropyltrinethoxysilane, 1% ww, pH 5.41, Zr concentration,
0.Q75% w w. 12. 3-gl yci doxypropyltrimethoxysil ane, 2 Zr
concentration, 0.060%w w. 13. 3-glycidoxypropyltrifmBERBOFETTANE{EFZo4 W w,
pH 5.56, Zr concentration, 0.060% w w. The salt spriayTesults are descri bed
in Table I. The val ues represent total creepage aljoye Iyl area in

1A% 19 REEHE,

mm The nunbers in parentheses represent_t{i¢ exposyr

the invention by means of pumping the rinse solution through risers
fashioned with spray nozzles. The application interval for the
spray operation is about 15 sec to 3 min, preferably 45 sec to 1
min. The rinse solution 6f the invention can be applied at

temperatures from about 4 to 82°C (40°F to 180°F),
preferably 16 to 32°C (60°F to 90°F). The conversion-
coated metal article treated with the rinse solution of the
invention can be dried by various means, preferably oven
drying at about 270°F for about 5 min. The conversion-
coated metal article, now treated with the rinse solution
of the invention, is ready for application of the siccative

coating.

EXAMPLES

The following examples demonstrate the utility of the
rinse solution of the invention. Comparative examples include
conversibn-coateq\ metal ;ubstrates treated with a chromium-
containing rinse and conversion-coated metal substrates treated
with an organosilane-organotitanate final rinse solution as
described in U.s. Pat. No. 5,053,081, specifically 3-

glycidoxypropyltrimethoxysilane at 0.35% w/w, TYZOR® CLA at 0.5%

—_—
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that particular organic finish. EXAMPLE 2 Anot he
test panels was. prepared using the paraneters de
conversi on- costed test panels were painted with
that were used in Exanple 1. The various final

foll ows. 1. Chem Seal 3603, chrom um cont ai ned
Conpar ative chromumfree final rinse. _ 13

—iat aal

eot-d—+otd+ed st eel

t he ree o

>0 B

f{ nal

2|

| o

pcﬁﬁcpzbé‘éEMENESﬁEﬁTe 1. The

i cl finishes
rifzed as

w/w. The TYZOR® CLA is used to promote adhesion. Throughoﬁt the
examples, specific pafameters for the pretreatment process, for the
rinse solution of the invention, for the comparative rinses and the
nature of the subsﬁrate and the type of siccative coating are

described.

all treéted and painted metal samples were subjected to
accelerated corrosion testing. In general, the testing was
performed according to the guidelines specified in ASTM B-117-85.
Specifically, three identical specimens were prepared for each
pretreatment system. The painted metal samples received a single,
diagonal scribz which broke through the organic finish and
penetrated to bare metal. All unpainted edges were covered with
electrical tape. The specimens remained in the salt spray cabinet
for an interval that was commensurate with the type of siccative
coating that was being tested. Once rempved from the salt spray
cabinet, the metal samples were rinsed with tap water, dried by
blotting with paper towels and evaluated. The evaluation was
performed by scraping away the loose paint and corrosion products
from the scribe area with the flat end of a spatula. The scraping
waé performed in—;uch a manner so as only to remove loose paint and
leave adhering paint intact. In the case of some organic finishes,

like powder coating, removal of the loose paint and corrosion

- products from the scribe was accomplished by means of a tape pull

‘\
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14. met hyl trinet hoxysilane, 0.5%ww, pH 2.96, Zr concentra- tion, 0.075%
w w. 15. nethyltrinethoxysilane, -0.5%ww, pH 4.39, Zr concentra- tion,
0.075% w w. 16. nethyltrinethoxysilane, 0.5%wW w, pH.5. 37, 7Zr _concentra-
tion, 0.075% w w. REPLACEMENT SHEET

- 14 - 19 DEC 1996

as specified in ASTM B-117-85. Once thL—tuuse~patﬂt'wa§‘removed,

the scribe areas on the specimens were then measured to determine

the amount of paint lost due to corrosion creepage. Each scribe
line was measured at eight intervals, approximately 1 mm apart,
measured across the entire width of the scribe area. The eight
values were averaged for each specimen and the averages of the
three identical specimens were averaged to arrive at the final
result. The creepage values reported in the following tables

reflect these final results.

EXAMPLE 1

Cold-rolled steel test panels from Advanced Coating
Technologies, Hillsdale, Michigan were processed through a five-
stage pretreatment operation. The panels were cleaned with Ardrox,
Inc. Chem Clean 1303, a commercially available alkaline cleaning
compound. Once rendered water-break-free, the test panels were
rinsed in tap water and phosphated with Ardrox, Inc. Chem Cote
3011, a commercia;}y available iron phosphate. The phosphating bath
was operated at about S.i points, 60°C (140°F), 3 min contact time, pH
4.8. After phosphating, the panels were rinsed in tap water and
treated with various final rinse solutions for 1 min. The

comparative chromium~containing rinse was Ardrox, Inc. Chem Seal

I —
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17. met hyl tri met hoxysil ane, 1% ww, pH 2.95, Zr concentra- tion, 0.060%

w w. 18.

met hyl t ri met hoxysi | ane, 1% ww, pH 4.84. ._7Zr concentra-—ti on,

0: 060% W w. 19. nethyltrinethoxysilane, 2% w w, pl-ﬁ(,;@;_ggﬁw_z;ﬂ GHBEENt r a-

tion, 0.080% w w. 20. nmethyltrinethoxysilane, 4p6 pFw—pt-5-25—Zr

concentra-
Zr concent

tion, 0.085% w w. 21. nethyltrinethoxysl!| ane % )
o A /o' 4% pet ™| AH 817

3603, a commercially available product. Tﬂis bath was run at 0.25%
w/w. In accordance with normal practice in the metal finishing
industry, panels treated with the chromium-containing final rinse
(1) were rinsed with deionized water prior to dry-off. The
comparative chromium-free final rinse (2) contained 0.35% w/w 3-

glycidoxypropyltrimethoxysilane and 0.5% w/w TYZOR® CLA. All panels

were then dried in an oven at 132°C (270°F) for 5 min. The panels were
painted with a high-solids alkyd organic finish, an acrylic
urethane and a melamine-polyester. The various rinses studied are

summarized as follows.

1. Chem Seal 3603, chromium-containing final rinse.'

2. Comparative chromium-free final rinse.

3. y-methacryloxytrimethoxysilane, 0.25% w/w, pH 2.94, 2r
concentration, 0.075% w/w.

4. y-methacryloxytrimethoxysilane, 0.5% w/w, PpH 2.98, Ir
concentration, 0.33% w/w.

5. y-methacryloxytrimethoxysilane, 0.5% w/w, PpH 3.94, 2Zr
concentrétion, 0.33% w/w. |

6. y-methacryl?xytrimethoxysilane, 1% w/w, pH 3.37, ZIr
concentration, 0.080% w/w.

7. y—methacryloxytrimethoxysiléne, 2% w/w, PpH 2.05, Zr

concentration, 0.090% w/w.
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‘tion, 0.080%w w. 22. nethyltrinmethoxysilane,
tion, "0.068% w w. The salt spray results._are descrihbed.

REPIApEl m,leaewm

copncentr a-

1. The values represent total creepage about th¢

nunbers in

organic finish. EXAMPLE 3 Anot her set of col d-rolljed

. prepared

6% w w, pH 4.05, Zr

n Tabl e
n  The

-af-or-—t-frat riicul ar -

par ent heses represent the exposure int@r

- 16 -

5*8965(561866 panel s was

The salt spray results are described in Table I.

The

values represent total creepage about the scribe area in mm. The

numbers in parentheses represent the exposure interval for that

particular organic finish.

EXAMPLE 2

Another set of cold-rolled steel test panels was prepared

using the parameters described in Example 1. The conversion-coated

test panels were painted with the three organic finishes that were

used in Example 1. The various final rinses are summarized as

follows.

1. Chem Seal 3603, chromium-containing final rinse.

2. Comparative chromium-free final rinse.

8. 3-glycidoxypropyltrimethoxysilane, 0.25% w/w, PpH 3.10,

concentration, 0.060% w/w.

9. 3-glycidoxypropyltrimethoxysilane, 0.5% w/w, PpPH 2.81,

concentration, 0.075% w/w.

10. 3-glycidoxypropyltrimethoxysilane, 1%

concentration, 0.065% w/w.

11. 3-glycidoxypropyltrimethoxysilane, 1%

concentration, 0.075% w/w.

w/w, pH  3.68,

wiw, pH 5.41,

This Sheg,
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16 using the paranmeters described in Exanple 1. The conversion-—goated test
panel s were painted with an epoxy organic finis ' REb ﬁﬁhhﬂ'%ﬂaﬁﬁd, a
hlgh solid polyester, a melanm ne-polyester, and{a

prinmer/ pol yester topcoat system The various final ri nses are bumari zed
as follows. 19 DEC 196 ‘S

- 17 - | —

12. 3-glycidoxypropyltrimethoxysilane, 2% w/w, PpH 3.55, 2r
concentration, 0.060% w/w.
13. 3-glycidoxypropyltrimethoxysilane, 2% w/w, pH 5.56, 2r

concentration, 0.060% w/w.

The salt spray results are described in Table II. The
values represent total creepage about the scribe area in mm. The
numbers in parentheses represent the exposure interval for that

particular organic finish.

EXAMPLE 3

Another set of cold-rolled steel test panels was prepared
using the parameters described in Example 1. The conversion-coated
test panels were painted with the three organic finishes that were
used in Example 1. The various final rinses are summarized as

follows.

1. Chem Seal 3603, chromium-containing final rinse.
2. Comparative chromium-free final rinse.

14. methyltrimethoxysilane, 0.5% w/w, pH 2.96, 2r concentration,

This Sheet Has Been Re‘p
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1. Chem Seal 3606, chrom um containing final

3-gl yci doxypropyl tri met hoxysi | ane,

ri nse. 24.

0.5%ww, pH 4.0, Zr concentratyon,

0.25% w w (conparative) 25. nmethyltrinmethoxysil agrSR &@%A\E’fﬂ"z%ﬁﬁ”' 0, Zr

concentra-

“1'1'l. The val ues represent total
nunbers in parentheses represent the expoggre- int rvap Bl

tion, 0.10%w w. The salt spray resu
creepage about tHelscribe

organi c finish.

0.075% w/ﬁ.
15. methyltrimethoxysilane,
0.075% w/w.
16. methyltrimethoxysilane,
0.075% w/w.
17. methyltrimethpiysilane,
0.060% w/w.
18. methyltrimethoxysilane,
0.060% w/w.
19. methyltrimethoxysilane,
0.080% w/w.
20. methyltrimethoxysilane,
0.085% w/w.
21. methyltrimethoxysilane,
0.080% w/w.
22. methyltrimethoxysilane,

0.068% w/w.

0.5% w/w,

l

i h Tabl e
area i The
‘ﬂ%t particul ar

pH 4.39,

0.5% w/w, pH 5.37,

13

1%

23

4%

4%

6%

w/w,

w/w,

w/v,

w/w,

pH 2.95,

pH 4.84,

PR 2.83,

pH 5.25,

pH 8.17,

pH 4.05,

Zr

2r

2r

Zr

2r

Zr

Zx

r

The salt spray results are described in

concentration,

concentration,

concentration,

concentration,

concentration,

concentration,

concentration,

concentration,

Table III. The

values represent total crcepage about the scribe area in mm. The

numbers in parentheses represent the exposure interval for that

particular organic finish.

3

/

heet Has Been Reraced

i

)



EXAMPLE 4 Anot her set of cold-rolled steel test panels.was prepared using

the paraneters described in Exanple 1. The conversion- coated test
Were painted with an epoxy organic finish, an acr =
mel am ne- pol yester, a baking enanel, and a high-s
final rinses are summarized as fol I ows.
chrom um contai ning final rinse. - 19

vari ous

anel s

- CourdT
IRﬂﬁampa1yester

Chen1SeaI*3 03,

The

EXAMPLE 4

Another set of cold-rolled steel test panels was prepared
using the parameters described in Example 1. The conversion-coated
test panels were painted with an epoxy organic finish, a baking
enamel, a high-solid polyester; a melamine-polyester, and a red
oxide primer/polfester topcoat system. The various final rinses are

summarized as follows.

1. Chem Seal 3603, chromium-containing final rinse.

23. y-methacryloxytrimethoxysilane, . 0.5% 'w/w, pH 4.0, Zr
concentration, 0.15% w/w.

24. 3-glycidoxypropyltrimethoxysilane, 0.5% w/Q, pH 4.0, 2r
concentration, 0.25% w/w.

25. methyitrimethoxysilane, 0.5% w/w, pH 4.0, 2Zr concentration,

0.10% w/w.

The salt spray results are described in Table IV. The
values represent total creepage about the scribe area in mm. The
numbers in parentheses represent the exposure interval for that

particular organic finish.
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17 24. 3-gl yci doxypropyl tri net hoxysil ane, 0.5%ww, pH 4.0, Zr
concentration, 0.090% w w (conparative) 25. nethyltrinethoxysilane, 0.5%
w w, pH 4.0, Zr concentra- tion, 0.045% w w. The sal (RFrspi@y;opgSHLt re
described in Table.IV. The values represent total |[crieepage i Me
scribe area in mm

e . 19 DEC 1996

EXAMPLE 5

Another set of cold-rolled steel test panels was prepared
using the parameters described in Example 1. The conversion-coated
test panels were painted with an epoxy organic finish, an aérylic
urethane, a melamine-polyester, a baking enamel, and a high-solids

polyester. The various final rinses are summarized as follows.

1. Chem Seal 3603, chromium-containing final rinse.

24. 3-glycidoxypropyltrimethoxysilane, 0.5% w/w, pH 4.0, 2Zr
concentration, 0.090% w/w.

25. methyltrimethoxysilane, 0.5% w/w, pH 4.0, Zr concentration,

0.045% w/w.

The salt spray results are described in Table V. The
values represent total creepage about the scribe area in mm. The
numbers in parentheses represent the exposure interval for that

particular organic finish.

EXAMPLE 6

his Sheet Has Been Rep laced




The nunbers in parentheses represent the exposure inter
particular organic finish. EXAWVPLE 5 Another set of col dREm_Aggp};:ﬁ
panel s was prepared using the parameters described in Exgmpt

solids polyester, an alkyd epoxy nelam ne, an acrylic

oxi de priner/polyester topcoat system Th% various fingl
sunnarlzed as folloms

Another set of cold-rolled steel test panels was prepared

using the parameters described in Example 1. The conversion-coated

test panels were painted with a baking enamel, a high~solids

polyester,'an alkyd epoxy melamine; an acrylic topcoat, and a red

oxide primer/polyester topcoat system. The various final rinses are

summarized as follows.

1. Chem Seal 3603, chromium-containing final rinse.

25. mgthyltrimethoxysilane, 0.5% w/w, pH 4:0, Zr concentration,
0.040% w/w.

26. methyltrimethoxysilane, 0.25% w/w, pH 4.0, 2Zr ccncentration,

0.040% w/w.

The salt spray results are described in Table VI. The
values represent total creepage about the scribe area in mm. The
numbers in parentheses represent the exposure interval for that

particular organic finish.

EXAMPLE 7

A set of cold-rolled steel test panels was prepared in a

. five-stage spray operation. The panels were cleaned with Ardrox,

heet Has Been Re‘lii:ed
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1.

Chem Seal 3603, chroni um cont ai ni ng final rinse. 25.

met hyl tri net hoxysilane, 0.5%ww, pH 4.0, Zr concentgf—iion,0 040% W w.

26.

t ot al

met hyl t ri met hoxysil ane, 0.25% ww, pH 4.0, Zr coﬁE@h&@E@ﬁEﬁﬂi on570.1040%
ww. The salt spray results are described in Table V. ["The~vatues repgesent
creepage about the scribe area in nm The nunljers e eses
represent the exposure interval for - 22 ‘55% 18%]

A vty st v s oo . -w’

Inc. Chem Clean 1303, a commefcially available alkaline cleaning
compound. Once rendered water-break-free, the test panels were
rinsed in tap water and pbosphated with Ardrox, Inc. Chem Cote
3026, a commercially available iron phosphate. The phosphating bath
was operated at about 5.0 points, 49°C {120°F), 1 min contact time, pH

4.5. After phosphating, the panels were rinsed in tap water and
treated with various final rinse solutions for 1 min. The
comparative chromium-containing rinse was Ardrox, Inc. Chem Seal
3603, a commercially’available product. This bath was run at 0.25%
v/v. The comparative chromium—-free rinse (27) was Ardrox, Inc. Chenm
Seal 3610, operated at 0.25% v/v, pH 4.5. The conversion-cbated
test panels were painted with a urethane pow&er coating, an epoxy

powder coating, an alkyd polyester urethane coating, and a melamine

polyester coating:

1. Chem Seal 3603, chromium-containing final rinse.

27. Chem Seal 3610, comparative chromium-free final rinse.

28. methyltrimethoxysilane, 0.25% w/w, pH 4.6, 2r concentration,
0.55% w/w. '

29. methyltrimetﬁsxysilane, 0.5% w/w, pH 4.5, Zr concentration,

0.55% w/w.

‘The salt spray results are described in Table VII. The

_
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that particular organic finish. EXAMPLE 6 A set of cold-rolled steel test
panel s was prepared in a five-stage operation. Thg p - WRfFecedganed
wi'th Ardrox, Inc. Chem C ean 1303, a commercially gva gﬁéﬁgﬂkﬂ%ﬁﬁe

cl eani ng conpound. Once rendered water-break-free, {t

e test panel siwgre

rinsed in tap water and phosphated w th Ardrox, | 19 DEC 1996

- 23 - l i< R

values represent total creepage about the scribe area in mm. The
numbers in parentheses represent the exposure interval for that

particular organic finish.
EXAMPLE 8

Another set of cold-rolled steel test panels was prepared
using the parameters described in Example 1. The conversion-coated
test panels were painted with the three organic finishes that were .
used in Example 1. The various final rinses are summarized as

follows.

1. Chem Seal 3603, chromium-containing final rinse.

20. phenyltrimethoxysilane, 0.1% w/w, pH 4.32, 2r concentration, .
0.14% w/w.

31. phenyltrimethoxysilane, 0.25% w/w, pH 4.96, Zr concentration,

0.06% w/w. .

32. phenyltrimethoxysilane, 0.25% w/w, pH 2.36, 2Zr concentration,

0.26% w/w.

33. phenyltrimethoxysilane, 0.5% w/w, pH 2.87, 2r concentration,

0.11% w/w. i

34. phenyltrimethoxysilane, 0.5% w/w, pH 5.52, 2r concentration,

0.11% w/w.

35. phenyltrimethoxysilane, 1.0% w/w, pH 3.12, 2Zr concentration,

This Sheet Has Been Reﬁlaced




I nc. Chem Cote 3026, a commercially available iron
phosphating bath was operated at about 9.0 points,

phosphate. The
490C (120[err]F)

contact tine, pH 4.5. After phosphating, the panels. uwere—rirsed ‘Jt
wat er and treated with various final rinse soluti )Iﬁm_ﬁﬁE'\]!Eﬁ'ﬁ 13‘155'71

commercially avail able product. This bathwas ru

conparative chrom umcontaining rinse was Ardrox, +I
conparative chromumfree rinse (27) was Ardrox,

Tl T

60
N

O

1 mn
ap
3, a
e

operated at 0.25%v/v, pH 4.5. The conversion-coated test

0.08% w/w.
36. phenyltrimethoxysilane, 2.0% w/w, pH 3.56, 2r concentration,

0.075% w/w.

The results from accelerated corrosion testing
demonstrated in Examples 1 -to 8 show that rinse solutions
containing a selected organosilane and zirconium ion provided
substaﬁtially better performance than either of the comparative
chromium-free rinsss, Rinses No. 2 and No. 26. The results
deﬁonstrated in Examples 1 to 8 also show that rinse solutions
containing a selesﬁéd organosilane and zirconium ion provided, in
many cases, corrosion resistance comparable to ‘that of a chromium-
containing rinse, such as Final Rinse No. 1. In several instances,
rinse solutions containing a selected organosilane and zirconiunm
ion provided significantly higher leQels of corrosion resistance

than that achieved with a chromium-containing rinse.

The terms and expressions which have been employed are
used as terms of dsscription and not of limitation, and there is no
intention in the use of such terms and expressions of excluding any
equivalents of the features shown and described, or portions
thefeof, but it is recognized that various modifications are

possible within the scope of the invention claimed.
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panels were painted with a urethane powder coati ng,
an al kyd pol yester

coati ng,
coating. 1.
Sear| 3610,

met hyl t ri nmet hoxysi | ane,

29.
w W

Chem Sea

conparative chromumfree fina
0.25% wWw, pH 4.6, Zr concentr -
nmet hyl t ri met hoxysi | ane,

ur et hane coati ng;
3603,

rinse.

an epoxy powder

chrom um cont ai ni ng fi nal Se

’)7

and a mel am ne pol yester

Chem.

l I ll\.)b

28.

REPLACEMENT SHEET

tron,

0. 55%"

0.5%ww, pHg.5, Zr CO“CG‘””%tdéﬁ‘w&s

W,
5%

TABLE 1
Final Alkyd Urethane | Polyester
Rinse (168 hr) (216 hr) (240 hr)
No.
1l 3.6 mm 1.8 mm 3.3 mm
2 32.3 22.2 40.0
3 2.5 2.0 4.6
4 2.2 8.9 3.2
5 2.3 10.8 3.2
6 1.7 7.4 3.0
7 2.6 5.4 3.4
TABLE II
Final Alkyd Urethane | Polyester
Rinse (168 hr) (216 hr) (240 hr)
No.
1 2.3 mm 1.8 mm 2.1 mm
2 36.3 23.2 40.0
8 0.9 1.9 2.2
9 1.2 1.1 1.1
10 1.2 1.8 1.2
11 1.8 2.3 2.3
12 1.3 2.6 1.6
© 13 1.6 2.4 2.3
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REPLACEVMENT SHEET 13 DEC 1997 19 The salt spray results are described in

Tabl e VI.

The val ues represent total
The nunbers in parentheses represent the exposure interval

REPLACEMENT SHEET

f or

creepage about the scribe area in mm

T2 19 DEC 199
TABLE III
Final Alkyd Urethane | Polyester
Rinse (168 hr) (216 hr) (240 hr)
No.
1l 2.3 mm 1.8 mm 2.1 mm
2 36.3 23.2 40.0
14 1.5 2.0 1.1
15 0.9 1.8 1.2
16 1.5 3.8 1.6
17 0.8 2.0 0.9
18 1.1 5.5 1.3
19 1.0 3.9 1.2
20 0.5 10.9 0.8
21 0.3 11.6 1.0
22 2.6 2.6 1.7
TABLE IV
Final Epoxy Enamel High- Melamine- Primer-
Rinse | (504 hr) (168 hr) Solid Polyester Topcoat
Mo. Polyester (216 hr) (262 hr)
(243 hr)
1 1.3 mm*" 3.8 mm 1.5 mn 2.2 mm 2.6 mm
23 1.1 0.9 1.9 1.7 1.9
24 1.4 0.5 1.1 0.7 5.8
25 1.4 0.3 0.6 0.4 1.6
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Ed

that particular organic finish. EXAMPLE 7 Anot her

set of cold-rolled steel

test panel s was prepared using the parameters described in Exanple 1. The

conversion- coated test panels were painted with t|

finishes
that were used in Exanple 1. The various final ri SBENJWEMENFH#EFIEb as
foll ows. 1. Chem Seal 3603, chrom um containing {ifarTrnse~—36
henyl tri met hoxysilane, 0.1% ww, pH 4.32,,.Zr concengr
pheny y ° PH 4. 32,57 concentrarg pec 1994
TABLE V
—  — ———
Final Epoxy Acrylic High- Melamine- Baking
Rinse | (502 hr) | Urethane Solid Polyester Enamel
No. (191 hr) | Polyester (262 hr) (214 hr)
(169 hr)
1l 2.2 mn 2.8 mm 5.4 mm 3.1 mm 3.1 mnm
24 2.0 1.8 0.5 0.8 1.3
25 1.6 1.6 1.1 1.1 1.1
TABLE VI
Final Alkyd Enamel High~ Acrylic Primer-
Rinse: Epoxy . (266 hr) Solid (216 hr) Topcoat
No. Melamine Polyester (266 hr)
(607 hr) (170 hr)
1 2.0 nmm 13.4 mnm 4.7 mm 3.4 mm 4.6 mm
25 1.2 0.8 0.6 1.9 1.5
26 1.4 0.7 1.0 3.8 2.9 B

" This Sheet Has Been Replaced
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tion,

0. 25% W' w,

0.14% w w. 31. phenyltrinethoxysilane, pH 4.96, Zr
concentra- tion, 0.06%ww. 32. phenyltrinethoxysilane, 0.25%ww, pH
2:36, Zr concentra- tion, 0.26%ww. 33. phenyltrinethoxysi N
pH 2.87, Zr concentra- tion, 0.11% ww. 34. phenyltri h@mt\}lwﬁe&“ :
ww, pH 5.52, Zr concentra- tion, 0.11% w w. R

' - 28 -
TABLE VII
Final | Urethane’ Epoxy Alkyd Melamine
Rinse Powder Powder Polyester | Polyester
No. {502 hr) (672 hr) Urethane (264 hr)
(168 hr)
1 0.9 mm 1.7 mm 5.6 mm 5.0 mm
27 4.1 N/A* N/A 24.1
28 0.9 N/A N/A N/A
29 0.9 1.6 4.4 __4.2
* Data not available.
TABLE VIII
Final Alkyd Urethane | Polyester
Rinse (168 hr) (240 hr) (240 hr) -
No.
1 2.8 mnm 1.5 mm 2.4 mnm
30 2.7 1.1 1.9
31 2.3 1.0 1.3
32 2.5 2.0 2.6
33 2.3 1.5 1.9
34 2.7 1.0 1.5
35 3.5 0.9 1.5
36 3.2 0.6 2.3
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35. phenyltrinethoxysilane, 1.0%ww, pH 3.12, Zr concentra- tion, 0.08%

w w. 36. phenyltrinethoxysilane, 2.0%wWw, pH 3.56, Zr concentra-._iion
0 ,

0.075% w w. The salt spray results are shown in TablE ﬁﬁP‘LAGa‘mQ‘&T sHepulit s

rom aceel erm:mmmmnunnmn et |

- 29 -

‘- 19 DEC 1996

CLAIMS
1. A rinse solution for the treatment of conversion
coated metal substrates comprising an aqueous solution of
zirconium ion and an organosilane in a concentration of
about 0.1 to 6.0% w/w and selected from the group
consisting of 3-glycidoxypropyltrimethoxysilane,
methyltrimethoxysilane, y-methacryloxytrimethoxysilane,
phenyltrimethbxysilane, and mixtures thereof, with the

" zirconium ion concentration selected to provide a pH for '
the entire solution of from 2.0 to 9.0.

2. A rinse solution according to claim 1 in which the
zirconium ion concentration in the rinse solution is at
least 0.005% w/w. -

3. A rinse solution according to claim 1 or claim 2 in
which the orgénosilane y-methacryloxytrimethoxysilane
preferably in a concentration of from 0.1 to 4.0% w/w, most
preferably 0.25 to 1.0% w/w.

4. A rinse solution according to claim 3 having a pH from
2.5 to 4.0. . ' |

5. A rinse solution according to claim 1 or claim 2 in
which the organosilane is 3-glycidoxypropyltrimethoxysilane
preferably at a concentration of from 0.1 to 6.0% w/w, most
preferably from 0.5 to 2.0% w/w.

6. A rinse solution according to claim 5 wherein the pH
is from 2.8 to 6.0.

7. A rinse solution according to claim 1 or claim 2 in
which the organosilane is methyltrimethoxysilane,
preferably having a concentration of from 0.25 to 6.0% w/w
and most preferably having a pH from 2.5 to 8.8.

8. A rinse solution as defined in claim 1 or claim 2 in
which the organosilane is phenyltrimethoxysilane,
preferably at a concentration of from 0.1 to 2.0 w/w, most
preferably from 0.7 to 0.5% w/w.

9. A rinse solution as defined in claim 8 in which the pH
is from 2.0 to 6.0. —_—
- This Sheet Has Been R
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denonstrat ed

sel ected orga

in Exanples 1 to 7 show that rinse solutions contalnldg.a
Trum i on provided suasﬁm@cg{ NT ggg'er
f

per f or mance tha onparative chrom um a&%~#&ﬂ8@8~- skes No.
2 and No. 26. ﬁﬂln “ Bﬂ;strat ed in Exanples|1l}to 8 also show t hat
.rinse solutions n ected organosil ane ang z'i?&ErQ W86 on

“provided, in

‘chromumcontaining rinse, such as Final Rinse No. {. "In severa
~instances, rinse solutions containing a selected ;

o

many cases, corrosion resigtggce conpajable to that of] a

10. A rinse solution according to any preceding claim in
which the zirconium ion is from a zirconium ion source
selected from the group consisting of hexafluorozirconic
acid, zirconium basic sulfate, zirconium hydroxychloride,
zirconium basic carbonate, zirconium oxychloride, zirconium
acetate, zirconium fluoride, zirconium hydroxide, zirconium
orthosulfate, zirconium oxide, zirconium potassium
carbonate and mixtures thereof.
11. A method for treating conversion-coated metal
substrates comprising:

providing an agqueous solution of zirconium ion and an
organosilane in a concentration of from 0.1 to 6.0% w/w and
selected from the group consisting of 3-
glycidoxypropyltrimethoxysilane, methyltrimethoxysilane,
y-methacryloxytrimethoxysilane, phenyltrimethoxysilane, and
mixtures thereof;

selecting the zirconium ion concentration to provide
a pH of the solution of about 2.0 to 9.0; and

applying the solution to the substrate.
12. A method according to claim 11 wherein the zirconium
ion concentr&tion in the solution is at least about 0.005%
w/W. '
13. A method for preparing a rinse solution having a'pH
2.0 to 9.0 for the treatment of conversion coated metal
substrates comprising dissolving a zirconium salt in an
agueous 1liquid, if necessary adding acid, preferably
hydrofluoric acid to effect dissolution, and measuring the
pH of the agueous liquid comprising zirconium ion, wherein
if the measured pH is outside the range 2.0 to 9.0, water
or zirconium salt is added to produce an aqueous liquid
rinse solution having a pH within the range 2.0 to 9.0.
i4. 2 method according to claim 13 in which the
concentration of zirconium ions in the rinse solution is
from 0.005 to 1.0% w/w.
15. A method according to claim 13 or claim 14 in which
where hydrofluoric acid is necessary, the zirconium salt is

This Sheet Has Been Replaced
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organosi | ane and zirconiumion provided significa tRBPLMEMENT GHEET § of

corrosion remwm eved with a chfo
The terns and e essions whi ch have been enpl oye

A=-tHR-C Ot et =1 g ri nse.

PREL X AL N

descri ption and @ ﬂ’l mmm and there is n

such terns and ””ﬂfgl udi ng any equi val
shown and descri bed, dor t5i ons  t her eof ,3; but t
various nodifications are possible within the sco

ent s _of the. fdatiures

i s recogni zed § t hat
n

dissolved in an aqueous liquid comprising hydrofluoric
acid, preferably 50% hydrofluoric acid.

16. A method according to any of claims 11 to 15 in which
the zirconium ion source is selected from the group
consisting of hexafluorozirconic acid, zirconium basic

sulfate, zirconium hydroxychloride
carbonate, zirconium oxychloride,

, Zirconium Dbasic
zirconium acetate,

zirconium fluoride, zirconium hydroxide, zirconium
orthosulfate, zirconium oxide, zirconium potassium

carbonate and mixtures thereof.

17. Use of a composition prepared according to any of
claims 13 to 15 as a rinse solution for the treatment of

conversion céated metal substrates.
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cl ai ned. 21 TABLE | Final Al kyd Ur et hane - P
hr) (216 hr) (240 hr) - 1 2.3 M’ 4,8 mm

COMPOSITION AND METHOD FOR TREATMENT OF
PHOSPHATED METAL SURFACES

ABSTRACT

A rinse solution for the treatment of conversion-
coated metal substrates for improving the adhesion and
corrosion resistance of siccative coatings, comprising an
agqueous solution of zirconium ion and an organoéilane
selected from the group consisting of 3-
gylcidoxypropyloxytrimethoxysi1ance,
methyltrimethoxysilance, 7-methacryloxytrimethoxysilane,
phenyltrimethoxysilane, and mixtures thereof, with the
zirconium ion concentration s=slected to provide a pH about
2.0 to 9.0. A method for treating such materials by
applying the rinse solution to the substrate.

//.’
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~ COMPOSITION AND METHOF FOR TREATMENT OF

PHOSPHATED METAL SURFACES

BACKGROUND OF THE INVENTION

This invenfion relates to the treatment of metal sﬁrfaces
prior to a finishing operation, such as' the application of a
siccative organic coating (also known as an "organic coating",
"organic finish", or simply, '"paint"). Specifically, this
invention relates to the treatment of conversion-coated metal
with an aqueous solution comprised of a selected organosilane
and a zirconium ibn. Treatment of conversion-coated metal with
such a solution imi)roves pai'nt adhesion and corrosion

resistance.

The primary purposes of applying siccati_ve coatings to
metal substrates (e.g., steel, aluminum, zinc and their alloys)
are protection of the metal surface from corrosion and for
aesthetic reasons. It is well-known, however, that many
~organic coatings adhere poorly to metals in their normal state.
As a result, corrosion-resistance characteristics of the
gsiccative coating are substantially diminished. It is
therefore a typical procedure in the metal finishing industry

to subject metals to a pretreatment process whereby a



TABLE || Fi nal Al kyd Uret hane Pol yest gepLiRcegent SHEEB hr) (216 hr)
(240 hr) No. 1 2.3 mMm 1.8 mm 2.1 mm 2 363 23.2
40.0 14 1.5 2.0 1.1 15 0.9 1.8 1.2
. 13 DEC 1997
2
conversion coating is formed on the metal surface. This

conversion cc;ating acts as a protective layer, slowing the
onset of the degradation of the base metal, owing to the
conversion coating being less soluble in a corrosive
environment than is the base metal. The conversion coating is
also effective by serving as a recipient for a subsequent
siccative coating. The conversion coating has a greater
‘surface area than does the base metal and thus provides for a
greater number of adhesion sites for the interaction between
the conversion coating and the organic £finish. Typical
examples of such conversion coatings include, but are not
limited to, iron phosphate coatings, zinc phosphate coatings,
and chromate conversion coatings. These conversion coatings
and others are well-known in the art and will not be described

in any further detail.

Normally, the application of an oganic finish to a
conversion-coated metal surface is not sufficient to provide
the highest levels of paint adhesion and corrosion resistance.
Painted metal surfaces are able to reach maximum performance
levels when the conversion-coated metal surface is treated with
a "final rinse", also referred to in the art as a "post-rinse"
or a "seal rinse", prior to the painting operation. Final
rinses are typically aqueous soiutions containing organic or
inorganic entities designed to improve paint adhesion and
corrosion resistance. The purpose of any final rinse,

regardless of its composition, is to form a system with the
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conversion coating in order to maximize paint adhesion and
corrosion resistance. This maY'be accomplished by altering the
electrochemical state of the conversion-coated substrate by
rendering it more passive or it may be accomplished by forming
a barrier film which prevents a corrosive medium from reaching
- the meal surface. The most effective final rinses in general
use today are aqueous solutions containing chromic acid,
partially reduced to render a solution comprised of a
combipation.ofIhexavalent and trivalent chromium. Final rinses
of this type have long been known to provide the highest levels
of paint adhesion and corrosion resistance. - Chromium-
containing final rinses, however, have a serious drawback due
td their inherent toxicity and hazardous nature. These
concerns make chromium-containing final rinses less desirable
from a practical standpoint, when one considers such issues as
safe handling of chemicals and the environmental problems
associated with the diséharge of such solutions into municipal
water streams. Thus, it has been a goal of the industry to
find chromium-£free alternatives which are less toxic aﬁd more
environmentally benign than chromium-containing fiﬁal rinses.
It has also been desirous to develop chromium-free final rinses
which are as effective as chfomium-containing final rinses in

terms of paint adhesion and corrosion resistance properties.

Much work has already been done in the area of chromium-
free final rinses. Some of these have utilized either

zirconium chemistry or organosilanes. U.S. Pat. No. 3,695,942
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~describes a method of treating conversion-coated metal with an

aqueous solution containing solublg zirconium compounds. U.S.
Pat. No. 4,650,526 describes a meﬁhod of treating phosphated
metal surfaces with an aqueous mixture of an aluminum zirconium
complex, an organofunctional ligand and a zirconium oxyhalide.
The treated metal could be optionally rinsed with deionized
water prior to painting. U.S. .Pat. No 5,053,081 describes a
final rinse composition comprising an agqueous solution
containing 3-aminopropyltriethoxysilane and a titanium chelate.
In all of the above examples, the treatment method described

claimed to improve paint adhesion and corrosion resistance.

In EP-A-0153973 a process and composition for treating
conversion coated metals is described, which comprises an
aqueous solution of zirconium ions and an organ0811ane The
organosilane is at a concentration in the range 0.05 to 10% by
weight, for instance 0.5 to 3% by weight. Examples have pH in
the range 3-11. The organosilanes used in the worked examples
are vinyltriethoxysilane, methacryléxypropyltrimethoxysilane,
N-£- (aminoethyl) -‘y—aminobropyltrimethoxysilane and y-aminopro-

pyltriethoxysilane. The second and fourth mentioned

organosilanes are used with zirconium.

In US-A-5221371 organosilanes are applied from an
alcoholic solution to aluminium panels conversion coated by
treatment with cerium. Two of the organosilanes tested are

methyltrimethoxy-silane and phenyltrimethoxysilane which gave
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inadequate results in terms of paint adhesion to the treated

surface.

The levels of paint adhesion and corrosion resistance
afforded by the treatment solutions in the above examples do
not reach the levels desired by.the metal finishing industry,
namely the performance characteristics of chromium-containing
final rinses. The present inventor has found that aqueous
solutions containing selected organosilane compounds and
zirconium ion provide paint adhesion and corrosion resistance
characteristics comparable to those attained with chromium-
containing final rinses. In many cases, the performance of

conversion-coated metal surfaces treated with organosilane-
zirconium solutions in accelerated corrosion tests exceeds that
of conversion-coated metal treated with chromium-containing

solutions.
SUMMARY OF THE INVENTION

It is an object of this invention to provide a method and
composition of an aqueous rinse which will impart an improved
level of paint adhesion and corrosion resistance on painted
conversion-coated metal. The composition is comprised of an
aqueous solution containing a selected organosilane and_
zirconium ion and provides 1levels of paint adhesion and
corrosion resistance comparable to or exceeding those provided

by chromium-containing final rinses.
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It is a further object of the invention to'provide a

method and rinse composition which contains no chromium.

The invention includes a rinse solution for the treatment
of conversion-coated metal substrates for improving the
adhesion and corrosion resistance of siécative coatings,
comprising an agqueous solutiqn of zirconium ion and an
organosilane in a concentration in the range 0.1 to 6.0% w/w
selected from the group consisting of methyltrimethoxysilane,
phenyltrimethoxysilane, and mixtures thereof, with the
zirconium ion condentration selected to provide a pH about 2.0

to 9.0.

The invention also includes a method for treating such

materials by applying the rinse solution to the substrate.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The rinse solution of the invention is an aqueous solution
containing a selected organosilane compound and zirconium ion.
It is intended that the rinse solution be applied to
conversion-coated metal. The formation of conversion coatings
on metal substrates is well-kﬁown within the metal finishing
industry. In general, this process is usually described as a
process requiring several pretreatment stages. The actual

number of stages is typically dependent on the final use of the
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painted metal article. The number of pretreatment steps
normally varies anywhere from two to nine stages. A

representative example of a pretreatment process involves a
five-stage operation where the metal to be ultimately painted
goes through a cleaning stége, a water rinse, a conversion
coating stage, a water rinse and a final rinse stage.
Modifications to the pretreatment process can be made according
to specific needs. As an example, surfactants can be
incorporated into some conversion coating baths so that
cleaning and the formation of the conversion coating can be
achieved simultaneously. In other cases it may be necessary
to increase the number of pretreatment stages so as to
accommodate more pretreatment steps. .Examples of the types of
converéion coatings that can be formed on metal substrates are
iron phosphates and 2zinc phosphates. = Iron phosphating is
uéually accomplished in no more than five pretreatment stages,
while =zinc phosphating usually requires a minimum of six
pretreatment stages. The number of rinse stages between the
actual pretreatment steps can be adjusted to insure that
rinsing is complete and effective and so that thé chemical
pretreatment ffom one stage is not carried on the metal surface
to subsequent stages, thereby possibly contaminating them. It
is typical to increase the number of rinse stages when the
metal parts to be treated have unusual geometries or areas that
are difficult for the rinse water to contact. The method of
application of the pretreatment operation can be either an

immersion or a spray operation. In immersion operations, the
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metal articles are submersed in the various pretreatment baths
for defined intervals before moving on to the next pretreatment
stage. A spray operation is one where the pretreatment
solutions and rinses are circulated by means of a pump through
risers fashioned with spray nozzles. The metal artidles to be
treated normally proceed through the pretreatment operation by
means of a continuous conveyor. Virtually all pretreatment
processes can be modified to run in spray mode or immerson
mode, and the choice is usually made based on the final
requirements of the painted metal article. It is to be
understood that the invention described here can be applied to
any conversion-coated metal surface and can be applied either

as a spray process or an immersion process.

The rinse sblution-of the invention is comprised of an
aqueous solution of a selected organosilane and zirconium ion.
Specificélly, the rinse solution is an aqﬁeous solution
containing zirconium ion, whose source can be a zirconium salt,
such as hexafluorozirconic aéid, zirconium basic sulfate,
zirconium hydroxychloride, zirconium basic carbonate, zirconium
oxychloride, zirconium acetate, zirconium flﬁoride, zirconium
hydroxide, zirconium orthosulfate, zirconium oxide, zirconium
potassium carbonate and mixtures thereof; and any one of two
organosilanes: methyltrimethoxysilane and

phenyltrimethoxysilane, or a mixture thereof.

The rinse solution is preparéd by making an aqueous

4.4

4
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solution containing zirconium ion such that the pH of the
resulting solution is in the range of about 2.0 to 9.0. When
zirconium containing salts such as zirconium basic sulfate,
zirconium hydroxychloride, zirconium basic carbonate, zirconium
oxychloride are used as the zirconium source, the salts may be
dissolved in acidic solution, preferably hydrofluoric acid
(preferably 50% hydrofluoric acid is used) in order to effect
dissolution. The rinse solutioﬁ of the invention typically
contains zirconium ion in the concentration range of at least
about 0.005% w/w, i.e. percent by weight. There is no
significant upper limit to the zirconium ion concentration.
The pH of the zirconium solu;ion, is measured; if the pH is
outside the desired range, water or zirconium salt is added to
change the pH to fall within the desired range. Hence the
amount of zirconium ion present in the finished solution is a
function of the pH. The concentration is not likely to exceed
1.0% w/w. A selected organosilane is added to the zirconium-
containing solution described above in the concentration range
of about 0.1% to 6% w/w. The solution is then mixed,
preferably for at least 30 minutes to complete the hydrolysis
of the selected organosilane, after which time the rinse
solution is ready to be applied to conversion-coated metal.
The addition of the silane does not affect the pH of the

solution.

Another preferred version of the invention is an aqueous

solution containing 0.005 to 0.1% w/w zirconium ion and 0.1 to
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2% w/w phenyltrimethoxysilane, with the resulting solution

being effectively operated at pH 2.0 to 6.0.

An especially preferred version of the invention is an
aqueous solution containing 0.005 to 0.1% w/w zirconium ion and
0.25 to 6% w/w methyltrimethoxysilane, with the resulting

solution being effectively operated at pH 2.5 to 8.8.

Another especially preferred version of the invention is
an aqueous solution containing 0.005 to 0.1% w/w zirconium ion
and 0.1 to 0.5% w/w phenyltrimethoxysilane, with the resulting

solution being effectively operated at pH 2.0 to 6.0.

The rinse solution of the invention can be applied by
various means, so long as contact between the rinse solution
and the conversion-coated substrate is effected. The preferred
methods of application of the rinse solution of the invention
are by immersion or by spray. In an immersion operation, the
conversion coated metal article is submersed in the rinse
solution of the invention for a time interval from about 15 sec
to 3 min, preferably 45'séc to 1 min. In a spray operation,
the conversion coated metal article comes in contact with the
rinse solution of the invention by means of pumping the rinse
solution through risers . fashioned with spray nozzles. The
application interval for the spray operation is about 15 sec
to 3 min, preferably 45 sec to 1 min. The rinse solution of

the invention can be applied at temperatures from about 4 to
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82°C (40°F to 180°F), preferably 16 to 32°C (60°F to 90°F).
The conversion-coated metal article treated with the rinse
solution of the invention can be dried by various means,
preferably oven drying at about 270°F for about 5 min. The’
conversion-coated metal article, lnow treated with the rinse
solution of the invention, is ready for application of the

siccative coating.
EXAMPLES

The following examples demonstrate the utility of the
rinse solution of the invention. Comparative examples include
' conversion-coated metal substrates treated with a chromium-
containing rinse and conversion-coated metal substrates treated
with an organosilane-organotitanate final rinse solution as
described in U.S. Pat. No. 5,053,081, specifically 3-
glycidoxypéropfltrimethoxysilane at 0.35% w/w, ']_:'YZOR® CLA at
0.5% w/w. The TYZOR? CILA is used to promote adhesion.
Throughout the examples, specific parameters for the
pretreatment process, for the rinse solution of the invention,
for the comparativé rinses and the nature of the substrate and

the type of siccative coating are described.

All treated and painted metal samples were subjected to
accelerated corrosion testing. 1In general, the testing was
performed according to the guidelines specified in ASTM B-117-

85. Specifically, three identical specimens were prepared for
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each pretreatment system. The painted metal samples received
a single, diagonal scribe which broke through the organic
finish and penetrated to bare metal. All unpainted edges were
covered with electrical tape. The specimens remained in the
salt spray cabinet for an interval that was commensurate with
the type of siccative coating that was being tested. Once
removed from the salt spray cabinet, the metal samples were
rinsed with tap water, dried by blotting with paper towels and
evaluated. The evaluation was performed by scraping away the
loose paint and corrosion producté from the scribe area with
the flat end of a spatula. The scraping was performed in such
a manner so as only to remove loose paint and leave adhering
paint intact. In the case of some organic finishes, like
powder coating, removal of the loose paint and corrosion
products from the scribe was accomplished by means of a tape
pull as specified in ASTM B-117-85. Once the loose paint was
removed, the scribe areas on the specimens were then measured
to determine the amount of paint lost due to corrosion
creepage. Each scribe line was measured at eight intervals,
approximately 1 mm apart, measured across the entire width of
the scribe area. The eight values were averaged for each
specimen and the averages of the three identical specimens were
averaged to arrive at the final result. The creepage values

reported in the following tables reflect these final results.
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EXAMPLE 1 - Comparative

Cold-rolled steel ﬁest panels from Advanced Coating
Technologies, Hillsdale, Michigan were processed through a five
stage pretreatment operation. The panels were cleaned with
Ardrox, Inc. Chem Clean 1303, a commercially available alkaline
cleaning compound. Once rendered water-break-free, the test
panels were rinsed in tap water and phosphated with Ardrox,
Inc. Chem Cote 3011, a commercially available iron phosphate.
The phosphating bath was operated at about 6.2 points, 60°C
(140°F)~, 3 min contact time, pH 4.8. After phosphating, the
panels were rinsed in tap water and treated with various final
rinse solutions for 1 min. The comparative chromium-containing'
rinse was Ardrox, Inc. Chem Seal 3603, a commercially available
product. This bath was run at 0.25% w/w. In accordance with
normal practice in the metal finishing industry, panels treated
with the chromium-containing final rinse (1) were rinsed with
deionized water prior to dry-off. .The comparative chromium-
free final rinse (2) contained 0.35% w/w 3-
glycidoxypropyltrimethoxysilane and 0.5% w/w TYZOR® CLA. All
panels were then dried in an oven at 132°C (270°F) for 5 min.
The panels were painted with a high-solids alkyd organic
finish, an acrylic urethane and a melamine-polyester. The
various rinses studied are summarized as follows.

1. Chem Steel 3606, chromium-containing final rinse.
2. Comparative chromium-free final rinse.

8. 3-glycidoxypropyltrimethoxysilane, 0.25% w/w, pH 3.10, 2Zr

n
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concentration, 0.060% w/w.

9. 3-glycidoxypropyltrimethoxysilane, 0.5% w/w, pH 2.81, Zr
concentration, 0.075% w/w. '

10. 3—glycidoxypropyltrimethoxysilané, 1% w/w, pH 3.68, 2r
concentration, 0.065% w/w.

11. 3-glycidoxypropyltrimethoxysilane, 1% w/w, pH 5.41, 3%r
concentration, 0.075% w/w.

12. 3-glycidoxypropyltrimethoxysilane, 2% w/w, pH 3.55, 2Zr
concentration, 0.060% w/w.

13. 3-glycidoxypropyltrimethoxysilane, 2% w/w, pH 5.56, 2Zr

concentration, 0.060% w/w.

The salt spray results are described in Table I. The
values represent total creepage above the scribe area in mm.
The numbers in parentheses represent the exposure interval for

that particular organic finish.
EXAMPLE 2

Another set of cold-rolled steel test panels was prepared
using the parameters described in Example 1. The conversion-
costed test panels were painted with the three organic finishes
that were used in Example 1. - The various final rinses are

summarized as follows.

1. Chem Seal 3603, chromium-contained final rinse.

2. Comparative chromium-free final rinse.
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14. wmethyltrimethoxysilane, 0.5% w/w, pH 2.96, Zr concentra-

tion, 0.075% w/w.

15. methyltrimethoxysilane, 0.5% w/w, pH 4.39, Zr concentra-
tion, 0.075% w/w.

16. methyltrimethoxysilane, 0.5% w/w, pH 5.37, Zr concentra-
tion, 0.075% w/w.

17. methyltrimethoxysilane, 1% w/w, pH 2.95, Zr concentra-
tion, 0.060% w/w.

18. methyltrimethoxysilane, 1% w/w, pH 4.84, Zr concentra-
tion, 0.060% w/w.

19. methyltrimethoxysilane, 2% w/w, pH 2.83, 2r concentra-
tion, 0.080% w/w.

20. methyltrimethoxysilane, 4% w/w, pH 5.25, Zr concentra-
tion, 0.085% w/w.

21. methyltrimethoxysilane, 4% w/w, pH 8.17, Zr concentra-
tion, 0.080% w/w.

22. methyltrimethoxysilane, 6% w/w, pH 4.05, Zr concentra-
tion, 0.068% w/w.
The salt spray results are described in Table II. The

values represent total creepage about the scribe area in mm.

The numbers in parentheses represent the exposure interval for -

that particular organic finish.

EXAMPLE ‘3

Another set of cold-rolled steel test panels was prepared
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using the parameters described in Example 1. The conversion-
coated test panels were painted with an epoxy organic finish,
a baking enamel, a high-solid polyester, a melamine-polyester,
and a red oxide primer/polyester topcoat system. The various

final rinses are summarized as follows.

1. Chem Seal 3606, chromium-containing final rinse.

24. 3-glycidoxypropyltrimethoxysilane, 0.5% w/w, pH 4.0, Zr
concentration, 0.25% w/w {(comparative)

25. methyltrimethoxysilane, 0.5% w/w, pH 4.0, Zr concentra-

tion, 0.10% w/w.

The salt spray results are described in Table III. The
values represent total creepage about the scribe area in mm.
The numbers in parentheses represent the exposure- interval for

that particular organic finish.
EXAMPLE. 4

Another set of cold-rolled steel test panels was prepared
using the parameters described in Example 1. The conversion-
coated test panels were painted with an epoxy organic finish,
an acrylic urethane, a melamine-polyester, a baking enamel, and
a high-solids polyester. The various final rinses are
summarized as follows.

1. Chem Seal 3603, chromium-containing final rinse.
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24. 3-glycidoxypropyltrimethoxysilane, 0.5% w/w, pH 4.0, 2Zr
concentration, 0.090% w/w (comparative)
25. methyltrimethoxysilane, 0.5% w/w, pH 4.0, 2Zr concentra-

tion, 0.045% w/w.

The salt spray results are described in Table IV. The

values represent total creepage about the scribe area in mm.

The numbers in parentheses represent the exposure interval for

that particular organic finish.
EXAMPLE 5

Anoﬁher set of cold-rolled steel test panels was prepared
using the parameters described in Example 1. The conversion-
coated test panels were painted with a baking enamel, a high-
solids polyester, an alkyd epoxy melamine, an acrylic topcoat,
and a red oxide primer/polyester topcoat system. The various
final rinses are summarized as follows.

1. Chem Seal 3603, chromium-containing final rinse.
25. methyltrimethoxysilane, 0.5% w/w, pH 4.0, Zr concentra-

tion, 0.040% w/w.

26. methyltrimethoxysilane, 0.25% w/w, pH 4.0, Zr concentra-

tion, 0.040% w/w.

The salt spray results are described in Table V. The
values represent total creepage about the scribe area in mm.

The numbers in parentheses represent the exposure interval for
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that particular organic finish.
EXAMPLE 6

A set of cold-rolled steel test panels was prepared in a
five-stage operation. The panels were cleaned with Ardrox,
Inc. Chem Clean 1303, a commercially available alkaline
cleaning compound. Once rendered water-break-free, the test
panels were rinsed in tap water and phosphated with Ardrox,
Inc. Chem Cote 3026, a commercially available iron phosphate.
The phosphating bath was operated at about 9.0 points, 49°C
(120°F), 1 min-contact time, pH 4.5. After phosphating, the
panels were rinsed in tap water and treated with various final
rinse solutions for 1 min. The comparative chromium-containing

" rinse was Ardrox, Inc. Chem Seal 3603, a commercially available
product. This bath was run at 6.25% v/v. The comparative
chromium-free rinse (27) was Ardrox, Inc. Chem Seal 3610,
operated at 0.25% v/v, pH 4.5. The conversion-coated test
panels were painted with a urethane powder coating, an epoxy
powder coating, an alkyd polyester urethane coating, and a
melamine polyester coating.

1. Chem Seal 3603, chromium-containing final rinse.
27. Chem Searl 3610, comparative chromium-free final rinse.
28. methyltrimethoxysilane, 0.25% w/w, pH 4.6, Zr concentra-

tion, 0.55% w/w.

29. methyltrimethoxysilane, 0.5% w/w, pH 4.5, Zr concentra-

tion, 0.55% w/w.
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The salt spray results are described in Table VI. The

values represent total creepage about the scribe area in mm.

The numbers in parentheses represent the exposure interval for

that particular organic finish.

EXAMPLE 7

Another set of cold-rolled steel test panels was prepared

using the parameters described in Example 1. The conveérsion-

coated test panels were painted with the three organic finishes

that were used in Example 1. The various final rinses are

summarized as follows.

1.

30.

31.

32.

33.

34.

35.

Chem Seal 3603, chromium-containing final rinse.
phenyltrimethoxysilane, 0.1% w/w, pH 4.32, Zr concentra-
tion, 0.14% w/w. '

phenyltrimethoxysilane, 0.25% w/w, pH 4.96, Zr concentra-
tion, 0.06% w/w.

phenyltrimethoxysilane, 0.25% w/w, pH 2.36, Zr concentra-
tion, 0.26% w/w.

phenyltrimethoxysilane, 0.5% w/w, pH 2.87, Zr concentra-
tion, 0.11% w/w.

phenyltrimethoxysilane, 0.5% w/w, pH 5.52, Zr concentra-
tion, 0.11% w/w.

phenyltrimethoxysilane, 1.0% w/w, pH 3.12, Zr concentra-

tion, 0.08% w/w.
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36. phenyltrimethoxysilane, 2.0% w/w, pH 3.56, Zr concentra-

tion, 0.075% w/w.

The salt spray results are shown in Table VII.

The results from accelerated corrosion testing
demonstrated in Examples 1 to 7 show that rinse solutions
containing a selected organosilane and zirconium ion provided
substantially better performance than either of the comparative
chromium-free rinses, Rinses No. 2 and No. 26. The‘results
demonstrated in Examples 1 to 8 also show that rinse solutions
containing a selected organosilane and zirconium ion provided,
in many cases, corrosion resistance comparable to that of a
chromium-containing rinse, such as Final Rinse No. 1. In
several instances, rinse solutions containing a selected
organosilane and zirconium ion provided significantly higher
‘levels of corrosion resistance than that achieved with a

chromium-containing rinse.

The terms and expressions which have been employed are
used as terms of description and not of limitation, and there
is no intention in the use of such terms and expressions of
excluding any equivalents of the features shown and described,
or portions thereof, but it is recognized that wvarious
modifications are possible within the scope of the invention

claimed.
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TABLE I

Urethane | Polyester
(216 hr) (240 hr)

1.8 mm 2.1 mm
23.2 - 40.0
1.9 2.2

1.1 1.1

1.8 1.2

2.3 2.3

2.6 1.6
2.4 2.3
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TABLE II
Final Alkyd Urethane | Polyester
Rinse (168 hr) | (216 hr) (240 hr)
No.
1 2.3 mm 1.8 mm 2.1 mm
2 36.3 23.2 40.0
14 1.5 2.0 1.1
i 1s 0.9 1.8 1.2
16 1.5 3.8 1.6
17 0.8 2.0 0.9 )
18 1.1 5.5 1.3
.19 1.0 3.9 1.2
20 0.5 10.9 0.8
21 0.3 11.6 1.0
22 2.6 2.6 1.7
TABLE III
Final Epoxy Enamel High- Melamine- Primer-
Rinse | (504 hr) | (168 hr) Solid Polyester Topcoat
No. Polyester (216 hr) {262 hr)
(243 hr)
1 1.3 mm 3.8 mm 1.5 mm 2.2 mm 2.6 mm
23 1.1 0.9 1.9 1.7 1.9 .
H 24 1.4 0.5 1.1 0.7 5.8
25 1.4 . 0.3 - 0.6 0.4 1.6
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TABLE 1V
Final Epoxy Acrylic High- Melamine- Baking
Rinse | (502 hr) | Urethane | - Solid Polyester Enanmel
No. (191 hr) | Polyester (262 hr) (214 hr)
: ) (169 hr)
1 2.2 mm 2.8 mm 5.4 mm 3.1 mm 3.1 mm
24 2.0 1.8 0.5 0.8 1.3 ||
25 1.6 1.6 1.1 1.1 1.1 u
— =
TABLE V

Alkyd
Epoxy
Melamine
(607 hr)

High-
Solid
Polyester
(170 hr)

Primer-
Topcoat
(266 hr)

2.0 mm

4.7 mm

4.6 mm

1.2

0.6

1.5

1.4

1.0

2.9



REPLACEMENT SHEET \
1

13 DEC 1997
24 _
TABLE VI
Final | Urethane Epoxy Alkyd Melamine
Rinse Powder Powder Polyester | Polyester
No. .(502 hr) (672 hr) Urethane (264 hr)
(168 hr)
1 0.9 mm 1.7 mm 5.6 mm $.0 mm
27 4.1 N/A* N/A 24.1
28 0.9 N/A N/A N/A
n 29 0.9 1.6 4.4 4.2

* Data not available.

TABLE VII
Alkyd Polyester
(168 hr) (240 hr)
.1 2.8 mm 1.5 mm 2.4 mm
T 2.7 1.1 1.9
31 | 2.3 1.0 1.3
32 2.5 2.0 2.6
33 2.3 1.5 1.9
I a4 2.7 1.0 1.5
35 3.5 0.9 1.5 |
3.2 0.6 2.3 "
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CLAIMS

A rinse solution for the treatment of conversion coated
metal substrates comprising an aqueous solution of
zirconium ion and an organosilane in a concentration of
about 0.1 to 6.0% w/w characterised in that the
organosilane is selected from the group consisting of
methyltrimethoxysilane, = phenyltrimethoxysilane, and
mixtures thereof, and in that the =zirconium ion
concentration is selected to provide a pH for the entire
solution of from 2.0 to 9.0.

A rinse solution according to claim 1 in which the
zirconium ion concentration in the rinse solution is at

least 0.005% w/w.

A rinse solution according to claim 1 or claim 2 in which
the organosilane is methyltrimethoxysilane.

A rinse solution according to claim 3 in which the

'organosilane has a concentration of from 0.25 to 6.0%

w/w.

A rinse solution according to claim 3 or claim 4 which
has a pH from 2.5 to 8.8.

A rinse solution as defined in claim 1 or claim 2 in
which the organosilane is phenyltrimethoxysilane.

A rinse solution according to claim 6 in which the
organosilane is present at a concentration of from 0.1 to
2.0 w/w.

A rinse solution according to claim 7 in which the
organosilane is present at a concentration of from 0.1 to
0.5% w/w.
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A rinse solution as defined in any of claims 6 to 8 in
which the pH is from 2.0 to 6.0.

A rinse solution according to any preceding claim in
which the zirconium ion is from a zirconium ion source
selected from the group consisting of hexafluorozirconic
acid, zirconium basic sulfate, zirconium hydroxychloride,
zirconium basic carbonate, zirconium oxychloride,
zirconium acetate, zirconium fluoride, zirconium
hydroxide, =zirconium orthosulfate, =zirconium oxide,
zirconium potassium carbonate and mixtures thereof.

A method for treating conversion-coated metal substrates
comprising:

providing an aqueous solution of zirconium ion and
an organosilane in a concentration of from 0.1 to 6.0%
w/w; and

applying the solution to the substrate characterised
in that the organosilane is selected from the group
consisting of methyltrimethoxysilane,
phenyltrimethoxysilane, and mixtures thereof and the
zirconium ion concentration is selected to provide a pH
of.the solution of about 2.0 to 9.0.

A method according to claim 11 wherein the zirconium ion
concentration in the solution is at least about 0.005%
w/w.

A method of preparing a rinse solution having a pH 2.0 to
9.0 for the treatment of conversion coated metal
substrates comprising dissolving a zirconium salt in an
aqueous liquid, if necessary adding acid, preferably
hydrofluoric acid to effect dissolution, and measuring
the pH of the aqueous liquid comprising zirconium ion,
wherein if the measured pH is outside the range 2.0 to
9.0, water or zirconium salt is added to produce an



14.

15.

ls.

17.
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Iaqueous liquid rinse solution having a pH within the
range 2.0 to 9.0 and then an drganosilane selected from
the group consisting of methyltrimethoxysilane,
phenyltrmiethoxysilane, and mixtures thereof is added to
the aqueous liquid containing zirconium ion in an amount
to give a concentration in the range 0.1% to 6.0% w/w.

A method according to claim 13 in which the concentration
of zirconium ions in the rinse solution is from 0.005 to
1.0% w/w.

A method according to claim 13 or claim 14 in which where
hydrofluoric acid is necessary, the zirconium salt is
dissolved in an aqueous 1liquid comprising hydrofluoric
acid, preferably 50% hydrofluoric acid.

A method according to any of claims 11 to 15 in which the
zirconium ion source 1is selected from the group
consisting of hexafluorozirconic acid, zirconium basic
sulfate, zirconium hydroxychloride, =zirconium basic
carbonate, zirconium oxychloride, zirconium acetate,
zirconium fluoride, zirconium hydroxide, zirconium
orthosulfate, =zirconium oxide, =zirconium potassium
carbonate and mixtures thereof.

Use of a composition prepared according to any of claims
13 to 15 as a rinse solution for the treatment of
conversion coated metal substrates.
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ABSTRACT

COMPOSITION AND METHOD FOR TREATMENT OF.
PHOSPHATED METAL SURFACES

A rinse solution for the treatment of conversion-coated
metal substrates for improving the adhesion and corrosion
resistance of siccative coatings, éomprising an aqueous
solution of zirconium ion and an organosilane selected from
t he group consisting o £ 3 -
glycidoxypropyloxytrimethoxysilane, methyltrimethoxysilane,
4-methacryloxytrimethoxysilane, phenyltrimethoxysilane, and
mixtures thereof, with the zirconium ion concentration
selected to provide a pH about 2.0 to 9.0. A method for
treating such materials by applying the rinse solution to
the substrate. |



