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(57) Abrege(suite)/Abstract(continued):
high tensile strength steel sheet and has the excellent stability of dispersion In a treatment bath. A surface conditioner, containing
zinc phosphate particles and having a pH of 3 to 12, wherein said zinc phosphate particles have D, of 3 um or less and said

surface conditioner contains at least one species selected from the group consisting of (1) carboxylate group-containing
copolymers obtained by copolymerizing a monomer composition containing at least one species selected from the group
consisting of acrylic acid, maleic acid, maleic anhydride, itaconic acid and itaconic anhydride in an amount less than 50% by weight
and at least one species selected from the group consisting of a sulfonic acid monomer, styrene, olefin monomers, amino group-
containing monomers and polyoxyalkylene derivatives expressed by the following formula (l); (see formula |) wherein Z is a residue
of a compound having two hydroxyl groups, AOs are oxyalkylene groups having 2 to 18 carbon atoms, X Is an unsaturated
hydrocarbon group having 2 to 5 carbon atoms, R' is a hydrocarbon group having 1 to 40 carbon atoms, and a and b are identical
to or different from each other and integers of O to 1000, and satisfy the relationship of a+b = 1 In an amount more than 50% by
weight, (2) polyamino acids having a constituent unit expressed by the following formula (I1); (see formula Il) wherein R? and R* are
iIdentical to or different from each other and are a straight-chain or branched alkyl group having 1 to 22 carbon atoms, a cycloalkyl
group having 6 to 22 carbon atoms or an aryl group having 6 to 22 carbon atoms, and said R? and said R® may have a substituent
including heteroatoms, and (3) phosphate esters expressed by the following formula (ll1); (see formula Ill) wherein R* is an alkyl
group or an alkyl phenol group having 8 to 30 carbon atoms,and 1isOor1, mis1to20andnis 1, 2 or 3, or the following formula
(IV); (see formula V) whereln h is an integerof 2to 24 and iis 1 or 2.
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ABSTRACT

It isanobjectof thepresent invention toprovideasurface
conditioner which can inhibit galvanic corrosion on an aluminum
5 alloy during chemical conversion treatment and can form a
sufficient chemicel conversion coat when applied to an aluminum
alloyandahightensilestrengthsteel sheet andhas theexcellent
stability of dispersion in a treatment bath.
A surface conditioner, containing zinc phosphate
10 particles and having a pH of 3 to 12,
wherein said zinc phosphate particles have Ds; of 3 um
or less and
said surface conditioner contains at least one speciles
selected from the group consisting of
15 (1) carboxylate group-containing copolymers obtained by
copolymerizing a monomer composition containing at least one
species selected from the group consisting of acrylic acid,
maleic acid, maleic anhydride, itaconic acid and 1taconic
anhydride in an amount less than 50% by weight and at least one
20 species selected from the group consisting of a sulfonic acid
monomer, styrene, olefin monomers, amino group-contalning
monomers and polyoxvalkylene derivatives expressed by the

following formula (I);

_O(A0),X

Z (1)

~\T)CA(XHJ11

25 wherein Z is a residue of a compound having two hydroxyl groups,
AOs are oxyalkylene groups having 2 to 18 carbon atoms, X 1s
an unsaturated hydrocarbon group having 2 to 5 carbon atoms,
R! is a hydrocarbon group having 1 to 40 carbon atoms, and a
and b are identical to or different from each other and integers

30 of 0to 1000, and satisfy the relationship of atb2>1 1n an amount
more than 50% by welght,
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(2) polyamino acids having a constituent unit expressed
by the following formula (II);

R2
|
- ' (11)
H [, |l
R O

wherein R? and R’ are identical to or different from each other
5 and are a straight-chain or branched alkyl group having 1 to
22 carbon atoms, a cycloalkyl group having 6 to 22 carbon atoms
or an aryl group having 6 to 22 carbon atoms, and said R® and
said R®> may have a substituent including heterocatoms, and

(3) phosphate esters expressed by the following formula
10 (III);

0
|
[(R*0)—(CH,CH,0) )= P—(OH),.,, (I 1T1)

wherein R* is an alkyl group or an alkyl phenol group having
8 to 30 carbon atoms, and 1 1s 0 or 1, m 1s 1 to 20 and n 1s

1, 2 or 3,
15 or the following formula (IV);
O
(ChHop+)i—P—(OH)3.; (IV)

wherein h is an integer of 2 to 24 and 1 1s 1 or 2.
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DESCRIPTION
SURFACE CONDITIONER AND METHOD OF SURFACE CONDITIONING

TECHNICAL FIELD

The present 1nvention relates to a surface conditioner

and a method of surface conditioning.

BACKGROUND ART
Automobile’s bodies, household electrical appliances or

—he like are commercialized by formingmetal moldings frommetal

materials such as a steel sheet, a galvanized steel sheet, or an alumirum
alloy coating and assenbling. Coating of such metal moldings are conducted
after performing varicus steps such as degreasing, surface conditioning,
chemical conversion treatment, and electrodeposition.

Surface conditioning 1s a treatment applied in such a way
that a coat comprising phosphate crystals is formed uniformly
and quickly with a high density on the whole surface of metal
1n chemical conversion treatment of a phosphate coat of the
subsequent step, and a treatment in which crystal nucleil of
phosphate are generally formed on the metal surface by immersing
a metal in a surface conditioning tank.

For example, 1n Japanese Unexamined Patent Application Publication
H10-245685, there i1s disclosed a pretreatment solution for conditioning a
surface before applying chemical conversion treatment of a metal phosphate
coat, which contains one or more species selected from phosphate

containing at least one species of bivalent or trivalent metals including

fine particles having a particle diameter of 5 um or less, alkali metal
salt or ammonium salt or a mixture thereof and at least one species
selected from the group of oxide particles bearing anicnic charges and
dispersed, an anionic water-soluble organic polymer, a nonionic water-
soluble organic polymer, an anionic surfactant and a nonionic surfactant,

and 1s adjusted to pH 4 to 13.

Further, in Japanese Unexamined Patent Application Publication 2000-
96256, there
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is disclosed a treatment solution for conditioning a surface

before applying chemical conversion treatment of a phosphate

coat, whichcontainsparticlesofoneormore speclesof phosphate
selected from phosphate containlng one or more specles of

bivalent and/or trivalent metals and further contains (1) one

or more specles selected frommonosaccharides, polysaccharides
and derivatives thereof, or (2) one or more specles of
orthophosphoricacid, polyphosphoricacidor organicphosphonic
acid compounds, or (3) one or more speciles of water-soluble high
polymer compounds which consists of polymer of vinyl acetate,
its derivative or copolymer of monomer being copolymerizable
wlith vinyl acetate a.nd'\.finyl acetate, or (4) polymer or copolymer
obtained by polymerizing at least one species selected from
specific monomers or a, P unsaturated carboxylic acid monomers,
and monomer beling copolymerizable with the above monomer in an
amount of 50% by weight or less.

However, the treatment solution forconditioningasurface
disclosed here has a problem that 1n an area where an aluminum
alloy is in contact with a steel sheet or a galvanized steel
sheet, a chemical conversion coat 1s hard to be formed on the
aluminum alloy since a portion of an aluminum alloy becomes an
anode and a portion of a steel sheet or a galvanized steel sheet
becomes a cathode. Therefore, 1t 1sdesiredtodevelop asurface
conditioner which can inhibit galvanic corrosion on an aluminum
alloy 1n chemical conversion treatment.

And, these treatment solutions for conditiconing a surface
have a problem that a sufficient chemical conversion coat 1s
not formed on a metal surface when applied to metals such as
analuminumalloyorahightensilestrengthsteel sheet. Further,
these treatment solutions for conditioning a surface also have
a problem that since these treatment solutions have a large
particle diameter and the stability of particles in a treatment

bath is insufficient, particles are apt to precipiltate.

SUMMARY OF THE INVENTION
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In view of the above-mentioned state of the art, it 1is
an object of the present invention to provide a surface
conditioner which can inhibit galvanic corrosion on an aluminumn
alloy during chemical conversion treatment and can form a

5 sufficient chemical conversion coat when applied to an aluminum
alloyandahightensilestrengthsteel sheet andhas theexcellent
stability of dispersion 1in a treatment bath.

The present invention pertains to a surface conditiloner,
containing zinc phosphate particles and having a pH of 3 to 12,

10 wherein the above-mentioned zinc phosphate particles have Dsg
of 3 um or less and the above-mentioned surface conditioner
further contains at least one specles selected from the group
consisting of (1) carboxylate group-containing copolymers
obtained by copolyrerizing a monomer composition containing at

15 least one species selected from the group consisting of acrylic
acid, maleic acid, maleic anhydride, itaconic acid and itaconic
anhydride in an amount less than 50% by weight and at least one
species selected from the group consisting of a sulfonic acid
monomer, styrene, olefin monomers, amino group-containing

20 monomers and polyoxyalkylene derivatives expressed by the

following formula (I);

O (AO),X

Z (1)

\0 (AO)le

wherein Z is a residue of a compound having two hydroxyl groups,
AOs are oxvalkylene groups having 2 to 18 carbon atoms, X 1s
25 an unsaturated hydrocarbon group having 2 to 5 carbon atoms,
R! is a hydrocarbon group having 1 to 40 carbon atoms, and a
and b are identical to or different from each other and integers
of 0 to 1000, and satisfy the relationship of atb 21 in an amount
more than 50% byweight, (2) polyamino acids having a constituent

30 unit expressed by the following formula (II);
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4
R@
|
N0 (11)
H |, |
R® O

wherein R? and R’ are identical to or different from each other
and are a stralght-chain or branched alkyl group having 1 to
22 carbon atoms, a cycloalkyl group having 6 to 22 carbon atoms
5 or an allyl group having 6 to 22 carbon atoms, and the above
R’ and the above R°may have a substituent including heteroatoms,
and (3) phosphate esters expressed by the following formula

(I1I);

O

|
[(R*0);—(CH3CH,0) pliP—(0OH)4. (I1T1)

10 wherein R* is an alkyl group or an alkyl phenol group having
8 to 30 carbon atoms, and 1 is 0O or 1, m 1s 1 to 20 and n 1s

1, 2 or 3, or the following formula (IV);
I
(CrHops))i—P—(OH)3 (IV)

wherein h 1s an integer of 2 to 24 and 1 1s 1 or 2.
15 The above-mentioned carboxylate group-contalning
copolymer is preferably obtained by polymerizing a monomer

composition containing acrylic acid in an amount less than 50%

by weight, and 2-acrylamido-2-methyl propane sulfonic acid
and/or allyl sulfonic acid in a total amount more than 503 by

20 welght.
The above-mentioned polyamino acid is preferably sodium

polyaspartate.
The above-mentioned phosphate ester 1s preferably

2—-ethylhexyl acid phosphate.
25 Preferably, the above-mentioned surface conditioner

contains a lamlinar clay mineral.
The above-mentioned laminar clay mineral 1s preferably
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a natural hectorite and/or a synthetic hectorite.
The above-mentioned laminar clay minerxal 1s preferably
a bentonite surface treated with alkyltrialkoxysilane

expressed by the following formula (V) ;

OR®

|

R5--—Sli-—-OR6 (V)
OR®

in the formula R’ is a saturated alkyl group having 1 to 22
carbon atoms, and R°s are identical to or different from one
another and a methyl, ethyl, propyl or butyl group.

The present i1nvention also pertains to a method of a
surface conditioning, comprising the step of bringing the
above-mentioned surface conditioner into contact with a
metal surface.

Accordingly, 1in one aspect the present invention
provides a surface conditioner, containing zinc phosphate

particles and having a pH of 3 to 12, wherein said zinc

phosphate particles have Ds; of 3 uymor less, said surface

conditioner contains a carboxylate group-containing
copolymer and hectorite, and said carboxylate group-
contalning copolymer 1s obtained by polymerizing a monomer
composition contalning acrylic acid in an amount less than

50% by weight, and a sulfonic acid monomer in a total

amount more than 50% by weight.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a schematic view of alkyltrialkoxysilane

modified bentonite having a patchwork structure;

Fig. 2 1s a schematic view of the galvanically

corroded aluminum test sheets used in Examples;
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Fig. 3 shows an electron micrograph of a cold-rolled
steel sheet (SPC) of Example 1;

Fig. 4 shows an electron micrograph of a galvanized
steel sheet (GA) of Example 1;

Fi1g. 5 shows an electron micrograpn of an aluminum
steel sheet (AL) of Example 1;

Fig. 6 shows an electron micrograph of a galvanic
corrosion area of the aluminum steel sheet of Example 1;
Fig. 7 shows an electron micrograph of SPC of

Comparative Example 1;
Fig. 8 shows an electron micrograph of GA of

Comparative Example 1;

Fig. 9 shows an electron micrograph of AL of

Comparative



10

15

20

25

30

35

CA 02497752 2005-02-18

Example 1; and
Fig. 10 shows an electron micrograph of a galvanic

corrosionareaof thealuminumsteel sheet of Comparative Exanple
1.

EXPLANATION OF THE NUMERICAL SYMBOLS
galvanic corrosion area
galvanized steel sheet
aluminum steel sheet

general area

O & W N -

clip

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present i1nvention will be described in
detail.

The surface conditioner of the present invention allows
fine particles of zinc phosphate to adhere to a metal surface
through thelr uses i1in a surface conditioning which 1is
pretreatment of chemical conversion treatment of a phosphate
coat and promotes formation of a zinc phosphate coat using the
above fine particles as the crystal nucler 1n a step of chemical
conversion treatment of zinc phosphate to form a good zinc
phosphate coat. When chemlcal conversion treatment 1is

performed after conducting a surface conditioning of metal

material using thils function of pretreatment, 1t 1s possible
to precipitate fine phosphate crystals i1n a relatively short
time of chemical conversion treatment and to cover a whole metal
surface with the precipitated crystals.

The surface conditioner of the present invention contains
zinc phosphate particles having Dsg of 3 pm or less and at least
one speclies selected from the group consisting of specific

carboxylate group-containing copolymers, polyamino acids and
phosphate estersandhasapHof 3to 1l2. The surface conditioner
of the present invention, compared with the publicly known

surface conditioner, can inhibilt galvanic corrosion on an
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aluminumalloyduring chemical conversion treatment andcan form
asufficient chemical conversioncoat whenappliedtoanaluminum
alloyandahightensilestrengthsteel sheet andhas theexcellent
stability of dispersion 1n a treatment bath.

There may be cases where an iliron-based or zinc-based
substrate and an aluminum-based substrate are used as a metal
material to which a surface conditioner is applied and these
substrates have an area where the above 1ron-based or zinc-based
substrate is incontact with the above aluminum-based substrate.
When the chemical conversion treatment 1is applied to the
substrates in this case, since the portion of the aluminum-based
substrate becomes an anode and the portion of the i1ron-based
or zinc-based substrate becomes a cathode at this contact area
in applying the chemical conversion treatment, and therefore
there is a problem that a chemical conversion coat becomes hard
to be formed on the portion of the aluminum-based substrate in
the contact area. It is assumed that the surface conditioner
of the present invention accelerates a chemical conversion
treatment rate because of increasing 1n an amount of the surface
conditioner adsorbed on an article to be treated, and that as
aresultofthis, thesurfaceconditionerof thepresent invention
can inhibit galvanic corrosion on the portion of the
aluminum—-based substrate 1in a contact area between an 1ron—-based
or zinc-based substrateandanaluminum-based substrate compared
with the case where a conventional surface conditioner 1s used.
Therefore, when a surface conditioning is applled to a substrate
having an area where the iron-based or zinc-based substrate and
the aluminum-based substrateare incontact witheachotherusing

the surface conditioner of the present invention and then

chemical conversion treatment 1s conducted, a good chemical
conversioncoatcanbe formedontheportionof thealuminum-based

substrate in the contact area.
When a publicly known surface conditlioner, containing

bivalent or trivalent phosphate particles, 1s applied to the
aluminum-basedsubstrateorthehightensilestrengthsteel sheet,



10

15

20

25

30

35

CA 02497752 2005-02-18

a chemical conversion coat of a sufficient coat amount 1s not
formed in chemical conversion treatment and therefore there 1is
a problem that adequate corrosion resistance cannot be provided
for these substrates. On the other hand, when the surface
conditioner of the present invention is used, a chemical
conversion coat of a sufficient coat amount can be formed 1in
chemical conversion treatment even for the aluminum-based
substrate and thehigh tensile strengthsteel sheet and therefore
adequate corroslion resistance can be provided for these
substrates.

And, since the publicly known surface conditioners,
containing bivalent or trivalent phosphate particles, have a
large particle diameter of phosphate particles, the stability
of particles in a treatment bath of a surface conditioning 1is

insufficient. Therefore, there is a problem that phosphate

particles are apt to precipitate. On the contrary, the surface
conditioner of the present invention is superior inthe stability
of particles 1n a treatment bath because of containing zinc

phosphate particles having Dsgo of 3 um or less and can 1nhibit
the precipitationof the zinc phosphate particles 1n a treatment

bath.
The surface conditioner of the present invention contains

at least one species selected from the group consisting of

specific carboxylate group-containing copolymers,. polyamino
acids andphosphateesters. Thesecomponentsactasadispersant
and simultaneously containing these components allows chemical
conversion treatment in applying chemical conversion treatment
to be accelerated. Therefore, 1t 1s possible to form a dense
chemical conversion coat in the chemical conversion treatment
and to improve the corrosion resistance. Though the reason why
by using the surface conditioner containing these components,
the chemical conversion treatment can be accelerated and the
dense chemical conversion coat can be formed 1s not defined,

it is assumed that ends of these components are easy tobe adsorbed

on a substrate.
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As a component contained 1n the surface conditioner of
the present invention, there can be given a carboxylate
group-contalning copolymer obtalnedbycopolymerizing amonomer
composition contalning at least one species selected from the

5 groupconsistingof acrylicacid, maleicacid, maleic anhydride,
itaconic acid and 1taconic anhydride 1n an amount less than 50%
by welght and at least one speciles selected from the group
consistingof asulfonicacidmonomer, styrene, olefinmonomers,
amino group-containling monomers and polyoxyalkylene

10 derivatives expressed by the above formula (I) in an amount more
than 50% by welight. By using the carboxylate group-containing

copolymer obtained by blending the specific monomers like the

above 1n specific amounts, the effects of the present invention
like the above can be attained.

15 The above-mentloned sulfonic acid monomer 1s not
particularlylimitedas longas it is amonomer havinga sulfonate
acid group and includes sulfonic acid-containing
(meth)acrylamido such as 2-{meth)acrylamido-2-methyl propane
sulfonic acid, 3-(meth)acrylamidopropane-l-sulfonic acid,

20 2Z-(meth)acrylamidoethyl-1-sulfonic acid,

3- (meth)acrylamido-2-hydroxypropane sulfonic acid and
p- (meth)acrylamidomethylbenzenesulfonic acid; aromatic
hydrocarbon vinylsulfonic acid such as styrenesulfonic acid,

styrenedisulfonilic acid, .ao-methylstyrenesulfonic acid and
25 vinylphenylmethanesulfonic acid; sulfonate-containing

(meth)acrylate such as 3- (meth)acryloyloxypropane-l-sulfonic

aclid, 4-(meth)acryloyloxybutane-2-sulfonate,

2= (meth)acryloyloxyethyl-1l-sulfonic acid and
3—{meth)acryloyloxy-2-hydroxypropane sulfonicacid; aliphatic
30 hydrocarbon vinylsulfonic acid such as vinylsulfonic acid and

(meth)allylsulfonic acid; and salts thereof.
As the above-mentioned salt, there can be given alkali metal salts

such as sodium, potassium, alkaline earth metal salts such as calcium,

magnesium, ammonium salts, and ammonium salts having an organic

35
substituent
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such as methylamine, ethylamine, dimethylamine, diethylamine, or
triethylamine. These sulfonic acid monomers may be used alone or in
combination of two Or more species.

The apove-mentioned olefin monomer 1s not particularly
l1imited and for example, straight-chain or branched o-olefins
such as ethylene, propylene, l-butene, 2-butene, 1sobutene,
l-pentene, 3-methyl-l-butene, 1-hexene, 4-methyl-l-pentene,
3-methyl-1-pentene, l-octene, l-decene, 1-dodecene,
1-tetradecene, l-hexadecene, 1~-octadecene and l-elcocsene can
be given. These monomers may be used alone or in combination
of two or more species.

The above-mentioned amino group-containingmonomer 15 not
particularly limited as long as it is a polymerizable monomer
having at least one amlno group selected from a primary amino
group, a secondary amino group and a tertiary amino group 1in
2 molecule and publicly known primary amino group—-containing
monomers, secondary amino group-contalning monomers and

tertiary amino group-contalning monomers can be given.

The above-mentioned primary- Amino gréup -containing monomer 1s not
particularly 1imited and for example, p-aminostyrene, aminomethyl
(meth) acrylate, aminoethyl (meth)acrylate, aminopropyl (meth)acrylate,
or aminobutyl (meth)acrylate carl be given.

The above-mentioned secondary amino group-containing

monomer is not particularly limited and for example,

N-monosubstituted (meth)acrylamides such as

N-methyl (meth)acrylamlde, N-ethyl (meth)acrylamide,
N-methylolacrylamide and N- (4-anilinophenyl)methacrylamide
can be glven.

The above-mentioned tertiary amino group-contalning
monomer is not particularly limited and for example,
N,N-disubstituted aminoalkyl (meth)acrylates,
N,N-disubstituted aminoalkyl (meth)acrylamldes,

N, N-disubstituted aminoaromatic vinyl compounds and

polymerizable monomers having a pyridyl group can be given.
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As the above-mentioned N,N-disubstituted aminoalkyl
(meth)acrylate, there can be given, for example,
N, N-dimethylaminomethyl (meth)acrylate,
N,N-dimethylaminoethyl (meth)acrylate,
N,N-dimethylaminopropyl (meth)acrylate,
N,N-dimethylaminobutyl (meth)acrylate, N,N-diethylaminoethyl
(meth)acrylate, N,N-diethylaminopropyl (meth)acrylate,
N,N-diethylaminobutyl (meth)acrylate,
N-methyl-N-ethylamincethyl (meth)acrylate,
N,N-dipropylaminoethyl (meth)acrylate, N,N-dibutylaminoethyl
(meth)acrylate, N,N-dibutylaminopropyl {(meth)acrylate,
N,N-dibutylaminobutyl (meth)acrylate, N,N-dihexylaminoethyl
(meth)acrylate, and N,N-dioctylaminoethyl (meth)acrylate.

As the above-mentioned N,N-disubstituted aminoalkyl

(meth)acrylamide, there can be given, for example,
N, N-dimethylaminomethyl (meth)acrylamide,
N,N-dimethylaminoethyl (meth)acrylamide,

N, N-dimethylaminopropyl (meth)acrylamide,

N, N-dimethylaminobutyl (meth)acrylamide,
N,N-diethylaminoethyl (meth)acrylamide,
N,N-diethylaminopropyl (meth)acrylamide,
N,N-diethylaminobutyl (meth)acrylamide,
N-methyl-N-ethylaminoethyl (meth)acrylamide,
N,N-dipropylaminoethyl (meth)acrylamilde,
N,N-dibutylaminoethyl (meth)acrylamide,

N, N-dibutylaminopropyl (meth)acrylamide,

N, N-dibutylaminocbutyl (meth)acrylamide,

N, N-dihexylaminoethyl (meth)acrylamide,
N,N-dihexylaminopropyl (meth)acrylamide, and
N, N-dioctylaminopropyl (meth)acrylamide.

As the above-mentioned N,N-disubstituted amincaromatilc
vinyl compound, there can be given, for example,
N,N-dimethylaminoethylstyrene, N,N-diethylaminoethylstyrene,
N, N-dipropylaminoethylstyrene, and
N, N-dioctylaminoethylstyrene.
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As thepolymerizablemonomer having apyridyl group, there
can be given, for example, 2-vinylpyridine, 4-vinylpyridine,

5-methyl-2-vinylpvridine and 5-ethyl-2-vinylpyridine. These

amino group-contalning monomers may be used alone or 1in
combination of two or more specles.

In a polyoxyalkylene derivative expressed by the above
formula (I), as the compound having two hydroxyl groups,
containing Z as a residue, there can be glven dihydric phenols
such as catechol, resorcin and hydroquinone, and dihydric
alcohols such as ethylene glycol, propylene glycol, butylene
glycol, dodecylene glycol, octadecylene glycol, neopentyl
glycol and styrene glycol.

In the above formula (I), as the above-mentioned
oxyalkylene group, expressed by AO, having 2 to 18 carbon atoms,
there can be given an oxyethylene group, an oxypropylene group,
an oxybutylene group, an oxytetramethylene group, an oxystyrene
group, an oxydodecylene group, an oxytetradecylene group, an
oxyhexadecylene group and an oxyoctadecylene group. Among

others, oxyalkylene groups having 2 to 4 carbon atoms are

preferred.
In the above formula (I), the above—-mentioned a and the

above-mentioned b are identical to or different from each other
and integers of 0 to 1000. And they satisfy the relationship

of a+tb 2 1 and particularly the value of a+b is preferably 1

to 300.
In the above formula (I), number of carbon atoms of the

above X has a bearing on a polymerizing property and when 1t
is too large, the polymerizing property becomes poor, and
therefore X has 2 to 5 carbon atoms. As the above-mentioned
unsaturated hydrocarbon group, expressed by X, having 2 to 5
carbon atoms, there can be given, for example, a vinyl group,
anallyl group, amethallyl group, a 3-butenyl group, a 4-pentenyl
group and a 3-methyl-3-butenyl group.
In the above formula (I), as the above-mentioned

hydrocarbon group, expressed by R*, having 1 to 40 carbon atoms,
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there can be given, for example, a methyl group, an ethyl group,
a propyl group, an isopropyl group, a butyl group, a isobutyl
group, a tert-butyl group, an amyl group, an 1soamyl group, a
hexyl group, aheptyl group, a 2-ethylhexyl group, anoctyl group,
a nonyl group, a decyl group, an undecyl group, a dodecyl group,
an isotridecyl group, a tetradecyl group, a hexadecyl group,
an isohexadecyl group, anoctadecyl group, anisooctadecyl group,
an oleyl group, ar. octyldodecyl group, a docosyl dgroup, a
decyltetradecyl group, a benzyl group, a cresyl group, a
butylphenyl group, a dibutylphenyl group, an octylphenyl group,
anonylphenyl group, adodecylphenyl group, adioctylphenyl group,
a dinonylphenyl group, a naphthyl group and a styrenated phenyl
group.

A monomer composition for producing the above carboxylate
group-containing copolymer may contain another monomer other
than the monomers described above to the extent of not inhibiting
the effects of the present invention.

As the above-mentioned anothermonomer, therecanbegiven,
for example, methyl acrylate, ethyl acrylate, propyl acrylate,
butyl acrylate, pentyl acrylate, methyl methacrylate, ethyl
methacrylate, propyl methacrylate, butyl methacrylate, pentyl
methacrylate, hydroxymethyl acrylate, hydroxyethyl acrylate,
hydroxypropyl acrylate, hydroxybutyl acrylate, hydroxypentyl
acrylate, hydroxymethyl methacrylate, hydroxyethyl
methacrylate, hydroxypropyl methacrylate, hydroxybutyl
methacrylate, hydroxypentyl methacrylate and vinyl acetate.
These other monomers may be used alone or in combination of two
Or more specles.

The above carboxylate group-containing copolymer 1s
preferably a polymer obtained by copolymerizing a monomer
composition containingacrylic acid, and 2-acrylamido-2-methyl
propane sulfonic acid, allyl sulfonic acld, ethylene,
diisobutylene, tertiary-amino group-containing monomer,
styrene, styrenesulfonic acid or acrylamide. The above
2-acrylamido-2-methyl propane sulfonic acid, allyl sulfonic
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acld, ethylene, diilsobutylene, tertiary-aminogroup-containing
monomer, Styrene, styrenesulfonic acid and acrylamide may be
used aloneor incombinationof twoormore species. Among others,
the carboxylate group-containing copolymer 1is preferably
obtained by polymerizing a monomer composition contalning
acrylic acid in an amount less than 50% by weight, and
2—-acrylamido-2-methyl propane sulfonic acid and/or allyl
sulfonic acid 1in a total amount more than 50% by welight.
And, when the above carboxylate group-containilng
copolymer 1s obtained by copolymerizing a monomer compositlon
containing a polyoxyalkylene derivative expressed by the above
formula (I), a copolymer obtained by copolymerizing a monomer
composition containing maleic anhydride and a polyoxyalkylene
derivative expressed by the above formula (I) 1s preferred.
When the above carboxylate group-containing copolymer 1is

obtained by copolymerizing a monomer composition containiling
maleic anhydride and a polyoxyalkylene derivative expressed by
the above formula (I), aportionof anunsaturatedbond expressed
by X in the above formula {(I) and a portion of malelc anhydride,
malelic acid or maleate preferably have a molar ratio of 3:7 to
7:3, more preferably 4:6 to 6:4, and particularly preferably
5:9.

Further, when the above carboxylate group-containing
copolymer is obtained by copolymerizing the monomer composition
containing a polyoxyvalkylene derivative expressed by the above
formula (I), a copolymer obtained by copolymerizing a monomer
composition containing acrylic acid and maleic acid, and a
compound of the above formula (I) 1n which AOs are oxypropylene
groups, and a copolymer obtained by copolymerizing a monomer
composition containing maleic acid and a compound of the above
formula (I) in which AOs are an oxybutylene group and an
oxypropylene group are more preferred. When the carboxylate
group-containing copolymer, which has been given as a preferred

example, isused, abetter chemical conversion coat can be formed

on the portion of the alumlnum-based substrate 1n the contact
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area between an l1ron-based or zinc-based substrate and an

aluminum-based substrate. And, a chemical conversion coat of

amore sufficient coat amount can be formed for an aluminum-based
substrate and a high tensile strength steel sheet.

The above carboxylate group-containing copolymer can be
readilyobtalnedbyusingaconventional techniquepublicly known
such as copolymerizing a monomer composition containing acrylic
acld, maleic acid, maleic anhydride, itaconic acid and itaconic

anhydride described above, and a sulfonic acidmonomer, styrene,

an olefin monomer, an amino group-containing monomer and a
polyoxyalkylene derivative expressed by the above formula (I)
in the presence of a catalyst such as peroxides.

And, the above carboxylate group~-containing copolymer may

be a hydrolysate of a copolymer obtained thus. Thishydrolysate

refers to a maleic acid unit or an itaconic acid unit, which

1s formed through the hydrolysis of a maleic anhydride unit or
an 1taconic anhydride unit obtained by copolymerization, in the

case where maleilc anhydride or itaconic anhydride i1s used.

Further, the above carboxylate group-containing copolymer may
be salt of a copolymer obtained thus. This salt is one which
an acrylic acid unit, an maleic acid unit or an itaconic acid
unit forms, and it can include alkali metal salts and alkaline

earth metal salts such as lithium salt, sodium salt, potassium
salt, magnesium salt, calcium salt and in addition ammonium salt and

organic amine salt.
As the above-mentioned organic amine salt, there can be

given aliphatic or aromatic monoamine salts such as methylamine
salts, ethylamine salts, propylamine salts, butylamine salts,
amylamine salts, hexylamine salts, octylamine salts,
2-ethylhexylamine salts, decylamine salts, dodecylamine salts,
lsotridecylamine salts, tetradecylamine salts, hexadecylamine
salts, 1lsohexadecylamine salts, octadecylamine salts,

1sooctadecylamine salts, octyldodecylaminesalts, docosylamine

salts, decyltetradecylamine salts, oleylamine salt,

linoleamine salts, dimethylamine salts, trimethylamine salts
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andanlilinesalts, polyaminesaltssuchasethyvlenediaminesalts,
Ctetramethylenediamine salts, dodecyl-propylenediamine salts,
tetradecyl-propylenedliamine salts,
hexadecyl-propylenediamine salts, octadecyl-propylenediamine
5 salts, oleyl-propylenediamline salt, diethvlenetriamine salts,
triethylenetetramine salts, tetraethylenepentamine salts and

pentaethylenehexamine salts, alkanolamine salts such as

monoethanolamine salts, diethanolamine salts, triethanolamine
salts, monolsopropanolamline salts, diisopropanolamine salts,
10 trillsopropanolamine salts, salts of alkyleneoxide adduct
thereof and salts of alkyleneoxide adduct of primary amine or
secondary amine, and amino acid salts such as lysine salts and

arginine salts. Among others, alkali metal salts, ammonium

salts, and alkanolamine salts are preferred.

15 As a commercially available product of the above
carboxylate group-containing copolymer, there can be given, for
example, ARON“ Aoc020 (produced by TOAGOSEI CO., LTD.), A—ZZID?
(produceid by JAPAN POLYETHYLENE CORPORATION) 2 POLYSTAI: OM,
POLYSTAR OMA (produced by NOF CORPORATION), EFKA-4550 (produced

20 DbyEFKAAdditivesB.V.), PXlELI:—lOO (produced by NIPPON SHOKUBAT
CO., LTD.), MALIALIM*AIQ\{OSBI (produced by NOF CORPORATION), SMP:
1440H (producedby Sartomer Company, Inc.), JONCRYL*6O (produced
by JOHNSON POLYMER CORPORATION)

In the above carboxylate group-containing copolymer, the

25 content (total content of these compounds) of at least one species
selected from the group consistingof acrvlic acid, maleic acid,

maleic anhydride, itaconic acid and itaconic anhydride is less

Chan 50% by welght with respect to 100% by weight of the monomer
composltion. When the content is 50% by welght or more, a good
30 chemical conversion coat may not be formed on the portion of
Che aluminum-based substrate in the contact area between the
lron-based or zinc-based substrate and the aluminum-based
substrate. And, asufficient amount of chemical conversioncoat
may not be formed on the aluminum-based substrate or the high

35 tensilestrengthsteel sheet. Alower limit of the above content
*Trade-mark
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1s more preferably 20% by weight, furthermore preferably 25%
byweight. Anupper limitof the above content ismorepreferably
45% by welght, furthermore preferably 40% by weight.

In the above carboxylate group-containing copolymer, the
content (total contentof these compounds) of at least one species
selected from the group consisting of a sulfonic acid monomer,
styrene, olefin monomers, amino group-containing monomers and
polyoxyalkylene derivatives expressed by the above formula (I)
1s more than 50% by weight with respect to 100% by weight of
the monomer composition. When the content is 50% by weight or
less, a good chemical conversion coat may not be formed on the
portion of the aluminum-based substrate in the contact area
between the i1ron-kased or zinc-based substrate and the
aluminum-based substrate. And, asufficient amount of chemical
conversioncoatmaynotbe formedon the aluminum-based substrate
or the high tensile strength steel sheet. A lower limit of the
above content 1s more preferably 55% by weight, furthermore
preferably 60% by weight. An upper limit of the above content
1s more preferably 80% by weight, furthermore preferably 75%
by welght.

An acid value of the above carboxylate group-containing
copolymer 1s preferably within a range of 10 (lower limit) to
1000 (upper limit). When 1t is less than 10 or more than 1000,
the dispersibllity of zinc phosphate particles may be
deteriorated. More preferably, the above lower limit is 30 and
the above upper limit 1is 800.

A number averagemolecular weight of the above carboxylate
group-contalining ccpolymer is preferably within a range of 100
(lower limit) to 30000 (upper limit). When it is less than 100,
a sufficient effect of dispersion may not be attained. When
it 1s more than 30000, a sufficient effect of dispersion may
not be attained and in addition flocculation of particles may
occur. More preferably, the above lower limit is 1000 and the

above upper limit 1s 20000.
As a component contailined 1n the surface conditioner of
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the present invention, there can be given polyamino acid having

aconstituent unit expressedby the above formula (II). Byusing

the above-mentioned polyvamino acid, the effects of the present
invention like the above can be attained.

In the above formula (II), R® and R’ are identical to or
different from each other and are a straight-chain or branched
alkyl group having 1 (lower limit) to 22 (upper limit) carbon
atoms, a cycloalkyl group having 6 (lower limit) to 22 (upper
limit) carbon atoms or an aryl group having 6 (lower limit) to

22 (upper limit) carbon atoms. The above R° and the above R’

may have a substituent including heteroatoms. As the above
substituent including hetercatoms, there canbe given a hydroxyl

group, a mercapto group, a dithioether group, an amino group,

a guanidine group, an ester group, an ether group and an amido

group.
The above-mentioned polyamino acid is not particularly

limited as long as it satisfies R® and R’ in the above formula
(II), but the above R® and the above R are preferably a
straight-chain or branched alkyl groups having 1 (lower limif)

to 8 (upper limit) carbon atoms.

As the above polyamino acid, there can be given
polymers of neutral amino acid such as polyglycine,
polyalanine, poly(N-methylglycine), polyproline; polymers of
acidic amino acid such as polyglutamic acid, polyaspartic
acid; polymers of acidic amino acid ester such as poly (v-
methylglutamic acid), poly(f-methylaspartic acid); polymers
of basic amino acid such as poly(e-lysine), poly (5-
ornithine); polymers of acylated basic amino acid such as
poly(e-N-acetyllysine), poly(6-N- carbobenzoxyornithine) ;
polymers of amino acid having a hydroxyl group or a mexrcapto
group such as polyserine, polycysteine, polyarginine,
polyhistidine and acetyl or isopropylidene derivatives
thereof; salts thereof.

As the above salt of polyamino acid, there can be given

salts of alkali metals such as sodium, potassium, organic
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amines such as diethanolamine, triethanolamine, and basic amino acid
such as arginine, or lysine. And, a side chain of the above polyamino

aclid may be modified by amidation or esterification.
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Among the above polyamino acid, sodium polyaspartate is

more preferably. Thereby, a better chemical conversion coat

can be formed on the portion of the aluminum-based substrate
in the contact area between the iron-based or zinc-based

substrate and the aluminum-based substrate. And, a chemical

conversion coat of a more sufficient coat amount can be formed
for the aluminum-based substrate and the high tensile strength
steel sheet.

As a commerclallyavailable product of the above polyamino

‘ . ~ *
acid, there can be given, for example, AQUADEW SPA~30 (produced

by Ajinomoto-Fine-Techno Co., Inc.). The above polyamino acids may be

used alone or in combination of two or more species.

A number average molecular weight of the above polyamino

acld 1s preferably within a range of 500 (lower limit) to 30000
(upper limit). When it is less than 500 or more than 30000,
there 1s a possibility that zinc phosphate particles are not

adequately dispersed. More preferably, the above lower limit

1s 800 and the above upper limit is 20000.

As a component contained in the surface conditioner of
Che present invention, there can be given phosphate ester

eXpressed by the above formula (III) or the above formula (IV).

By using the above-mentioned phosphate ester, the effects of

the present invention like the above can be attained.
Inthephosphate ester expressedby the above formula (III),
the above R* is an alkyl group or an alkyl phenol group having
8 (lower limit) to 30 (upper limit) carbon atoms. The above
l1s Oor1l. The abovemis 1l (lower limit) to 20 (upper limit).
The above n 1s 1, 2 or 3. The alkyl group or the alkyl phenol
group of the above R® may be straight-chain or branched.

Among the phosphate esters expressed by the above formula

*Trade-mark
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(III), phosphate monocester and phosphate diester, in which the
above R’ is an isotridecyl group, the above 1 is 1, the above
milis 3 to 15 and the aboven is 1 or 2 in the above formula (III),
are preferred. When these phosphate esters are used, a better
chemical conversion coat can be formed on the portion of the
aluminum-based substrate in the contact area between the

iron-based or zinc-based substrate and the aluminum-based

substrate. And, a chemical conversioncoat of amore sufficient

coat amount can be formed for the aluminum-based substrate and
the high tensile strength steel sheet.

In thephosphate ester expressedby the above formula (IV),
Che above h 1s an integer of 2 (lower limit) to 24 (upper limit).

The above 1 1is 1 or 2. A saturated alkyl group expressed by

CrhHzn+1 1nthe above formula (IV) maybe straight-chainorbranched.

Among the phosphate esters expressed by the above formula
(IV), Z-ethylhexyl acid phosphate, in which the above h is 8
andtheaboveilislor?2, ispreferred. Thereby, abetter chemical
conversloncoat canbe formedon theportionof the aluminum-based

substrate in the contact area between the iron-based or

zlnc-based substrate and the aluminum-based substrate. And,
a chemical conversion coat of a more sufficient coat amount can
pe formed for the aluminum-based substrate and the high tensile
strength steel sheet.

' As a commercliallyavailable product of the.above phosphate
esters expressedby the formula (III) and the formula (IV), there
can be given, for example, PHOSPHANOfRS—éllO, PHOSPHANOL RS-610
(producedby TOHO Chemical IndustryCo., LTD), EXQ*-23OO (produced

: »
by Kusumoto Chemicals, Ltd.) and JP-508 (produced by Johoku
Chemlcal Co., Ltd.).

In the above-mentioned surface conditioner, the content
(total content of these compounds) of at least one speciles
selected from the group consisting of the above carboxylate
group-containing copolymer, polyamino acid and phosphate ester
1s preferably within a range of 1 ppm (lower limit) to 1000 ppm

(Upper limit). When the content is less than 1 pprm, a disperse

*Trade-mark
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power is i1nsufficient and a particle diameter of zinc phosphate
particles may become large and simultaneously the stability of
a solution may be deteriorated and particles may be apt to
preclipltate. When 1t is more than 1000 prpm, the adsorption on
a metal surface cccurs, and therefore thilis may have the effect
on a subsequential chemical conversion step. A lower limit of
the above content is more preferably 10 ppm and an upper limit
of the above content 1s more preferably 500 ppm.

Further, in the above surface conditioner, a dispersant
may be further blended 1n addition to the components described
above to the extent of not 1nhibiting the effects of the present
invention. The above-mentioned dispersant 1s not particularly
limited and a polymer dispersant, a surfactant and a coupling
agent, publicly krnown, can be gilven.

The surface conditioner of the present 1nvention contains
zinc phosphate particles having D5y (diameter at 50% cumulative

volume) of 3umor less. Sincemorecrystalnuclel canbeprovided
before applying chemical conversion treatment of phosphate by

using the zinc phosghate having Dsgof 3 umor less, fine phosphate
crystals can be precipitated in a short time of chemical
conversion treatment. In addition, the above Dsop 18 an average
dispersion diameter and an average particle diameter herein.
Dsg of the above-mentioned zinc phosphate particles 1s

preferablywithin a range of 0.01 um (lower limit) to 3 um (upper
limit). When the Dsg 1s less than 0.01 um, particles may Dbe
flocculated due to a phenomenon of excessive dispersion. When

it is more than 3 um, the ratio of fine zinc phosphate particles
may become small and it is 1lmproper. More preferably, the above

lower limit is 0.05 pum and the above upper limit is 1 pm.
The above-mentioned surface conditioner preferably

contains zinc phosphate particles having Dyy (diameter at 903

cumulative volume) of 4 um or less. In this case, since the
above zinc phosphate particles have Dsp 0of 3 um or less and 1n

addition have Dyy of 4 umor less, a portion of the zinc phosphate

particleswhichcoarseparticlesconstituteisrelativelysmall.
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As described above, fine phosphate crystals can be precipitated
in a short time of chemical conversion treatment by using the

zinc phosphate having an average particle diameter (Dsg) of 3

um or less, but when means of a mill i1s employed 1in order to

disperse the particles so as to have Dsg 0of 3 um or less, 1if
the particles are excesslively milled, an i1ncreased specific

surface area causes shortages of the components to act as a
dispersant and overdlispersed particles are flocculated to form
coarse particles by contrarlies, resulting 1n the occurrence of
a phenomenon of excessive dispersion lmpalring the stability
of dispersion. Further, the formulation and the dispersion
conditions of the surface conditioner generate the varilation
of dispersibility and coarse and fine particles, and cause the
flocculation of particles, the i1ncrease in viscosity of a

solution due to a close—-packed structure resulting from coarse

and fineparticles, and themutual flocculationof fineparticles.

But, when the above Dgy {(diameter at 90% cumulative volume) of

zinc phosphate 1s 4 pum or less, the occurrence of such
disadvantages can be further protected.

Dgo 0f the above zinc phosphate particles is preferably

withln a range of 0.01 um (lower limit) to 4 um (upper limit).

When the Dgy 1s less than 0.01 um, particles may be flocculated
due to a phenomenon of excessive dispersion. -When it is more

than 4 um, the ratio of fine zinc phosphate particles may become
small and 1t is thus improper. Morepreferably, the above lower

limit is 0.05 pm and the above upper limit i1s 2 um.

The above Dy (diameter at 50% cumulative volume) and Dgg
(diameter at 90% cumulative volume) are particle diameters at
polnts, respectively, which a cumulative curve reaches 50% and
90% when a cumulative curve is determined assuming that the total

volume of all particles is 100% based on a particle size

distribution in a dispersion. The above Dsy and Dgy can be
automatilically measured by using a particle size measuring
apparatus such as a laser Doppler type particle size analyzer

| %*
(Microtrac UPA 150 manufactured by NIKKISO CO., LTD.).
*Trade-mark
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The above zinc phosphate particles are not particularly

limited as long as its Dsp 1s 3 um or less. And, they may be
a mixture of particles satisfying the condition that Dsp is 3

um or less.

The above surface conditioner preferably has a zinc
phosphate particles content of 50 ppm (lower limlit) to 20000
ppm (upper limit). When the content i1s less than 350 ppm,

phosphate to become crystal nuclel may be insufficient and a
sufficient effect of a surface conditioningmay not be attained.
Since even when the content is more than 20000 ppm, an effect
exceeding thedesiredeffect isnotattained, it isuneconomical.
More preferably, the above lower limit 1s 150 ppm and the above
upper limit 1s 10000 ppm.

The above surfaceconditioner ispreferablyone containing
laminarclayminerals inadditiontoat least one species selected
from the group consisting of the above carboxylate
group-containing copolymer, polyamino acld and phosphate ester
and zinc phosphate particles. In this case, this conditilicner
prevents not only the precipitation of zinc phosphate particles
in the surface conditioner solution but also the precipitation
of zinc phosphate varticles in the concentrated surface
conditioner solution (that is, the concentrated solution which
is not yet subjected to adjustment to a surface conditloner
solutionbydilution), and therefore it canretain the long-range
stabilityvofdispersionof the concentratedsolution. Byadding
the laminar clay mineral, an excellent thickening effect can
be exerted and repulsionof chargedparticles can alsobe exerted
by this addition. Accordingly, although the reason why the
precipitation of the concentrated surface conditioner solution
can be prevented is not clear, it is estimated that an extremely
excellenteffectofanti-settlingofthezincphosphateparticles
is exerted in virtue of this thickening effect in synergy with
the repulsion of charged particles, and as a result of this,
even in the concentrated solution, the precipitation of zinc

phosphate particles can be more prevented and the long-range
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stablility of dispersion can be retalned.
And, theabove-mentioned laminarclaymineral haselectric

repulsion per se. Thus, when the above laminar clay mineral

adheres to circumferences of zinc phosphate particles, zinc

5 phosphate particles 1n the concentrated surface conditioner
solution can be stabllized by electric repulsion. Therefore,
in preparationof the concentrated surface conditioner solution
(lLigqulid concentrate), 1t 1s possible to attailn finer zinc
phosphate particles 1n dlspersing the ingredients such as zinc

10 phosphate particles i1n the solution and also to improve
dispersion efficiency more.

The above laminar clay mineral 1s a silicate mineral or
thelikehavinga laminar structure anda substance formed through
the lamination of many sheets (tetrahedral sheet constituted

15 of silicic acid, octahedral sheet constructed by further

containing Al, or Mg). By containing the above laminar clay mineral, 1t

is possible to provide excellent stability of dispersion for the

concentrated surface conditioner solution and also to improve

50 dispersion efficiency.

The above laminar clay mineral is not particularly limited and can
include a smectite group such as montmorillonite, beiderite, saponite,
hectorite, a kaolinite group such as kaolinite, hallosite, a
vermiculite group such as dioctahedral vermiculite, trioctahedral

23 vermiculite, micas such as taeniolite, tetrasilicicmica, muscovite,
illite, sericite, phlogopite, biotite, hydrotalcite; pyrophyllolite;
and laminar polysilicates such as kanemite, makatite, 1llerite,

magadiite, kenyaite. These laminar clay minerals may be natural

minerals or may be synthetic minerals by hydrothermal synthesis, a

30
fusion method or a solid phase method.
And, intercalation compounds of the above laminar clay mineral
(pillared crystal), a substance obtained by ion-exchanging the above
laminar clay mineral and a substance cbtained by applying surtace
35

treatment (treatment with a silane
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coupling agent, treatment by forming a composite with an organic
binder) to the above laminar claymineral canalsobeused. These
laminar clay minerals may be used alone or 1n combination of
two or more specles.

5 Each of the above laminar clay mineral preferably has an

average diameter (an average of maximum lengths) of 5 um or less
and more preferably an average diameter of 1 um or less. When

theaveragediameterismorethanbum, thestabilityofdispersion
may be deteriorated. And, an average aspect ratio (= an average

10 of maximum length / minimum length) of the above laminar clay
mineral 1s preferably 10 or more, more preferably 20 or more
and furthermore preferably 40 or more. When it 1s less than
10, the stability of dispersion may be deteriorated.

The above laminar clay minerals are preferably natural

15 hectorite and/or synthetic hectorite. These hectorites can

provide the more excellent stability of dispersion for the

concentrated surface conditioner solution and can improve the
dispersion efficiency more.
The above-mentioned natural hectorite is a trioctahedral
20 type claymineral included in a montmorillonite group expressed
by the following formula (VI):;

[SigMgs 34Lig 66)020(OH)4M ™ ¢ g6 * nH50] (V1)

As a commerclally avallable product of the above natural

nectorite, there can be given, for example, BENTON*EW, BENTON*
25 AD (produced by ELEMENTIS PLC).

The above-mentioned synthetic hectorite is a substance
which 1s analogous to hectorite belonging to a trioctahedral
mineral of an infinite layer expansion type having a crystal
trilaminar structure and an expansive lattice and expressed by

30 the following formula (VII);

[Sig(Mg,, Lip) O9o(OH) Fy. ]2 MA* (VIT)

*Trade-mark
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whereln a, b and ¢ satisfy the relationship of 0 < a £ 6, 0 <

b<o6, 4<atbh <8, 0£c< 4 and x = 12-2a-b, and M is almost
sodium. The synthetlic hectorite comprises magnesium, silicon,

sodium, as the maln ingredients, and a trace of lithium and

fluorine.

The above synthetic hectorite has a trilaminar structure
and each layer of a crystal structure in the laminar structure
conslistsof two-dimensional plateletsof aboutl nminthickness.
A lithium atom having a low valence isomorphically substitutes
for a part of magnesium atoms existing in a middle layer of this
platelet unit and therefore the platelet unit is negatively
charged. Inadrycondition, thisnegative charge balances with
a displaceable cation present at the outside of a lattice
structure 1n a plate plane and these particles are combined with
one another by a Van der Waals force in a solid phase to form
a bundle of plates.

When such synthetichectorite isdispersed inawater phase,
a displaceable cation is hydrated and particles cause swelling,
and stable sol can be attained by dispersing the resulting
particles using a usual dispersing machine such as a high-speed
dissolver. In such a state of being dispersed 1n a water phase,
the platelets bear negative charges on 1ts surface, repel one
another by virtue of thelr electrostatlic and become stable sol
which has been fractionizedup toaprimaryparticleofaplatelet
form. But, when a concentrationof particles or a concentration
of ions 1s increased, repulsion by virtue of negative charge
on the surface is decreased and this allows an end portion of
the platelet positively charged to be electrically oriented to
a plate of another platelet negatively charged and forms the
so-called card house structure, resulting in an 1ncrease 1n
viscosity.

It is estimated that when the above synthetic hectorite
is used, an excellent thickening property can be thus exerted

and therefore it is possible to prevent zinc phosphate particles

more from precipitating not only in the surface conditioner but
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also 1n the concentrated solution and as a result of this, it
1s possible to retain the long-range stability of dispersion

of the concentrated solutlion more. And, 1f 1s estimated that

since the zinc phosphate particles in the concentrated scolution
of the surface conditioner can bemore stabilized, it is possible
to attain finer zinc phosphate particles i1n dispersing the
ingredients such as zinc phosphate particles and also to improve
the dilspersion efficiency more.

As a commerciallyavallable product of the above synthetic

hectorite, there can be given, for example, B, S, RD, RDS, XLG
and XLS types of LAPONITE* (trade name) series producedby Laporte
Industries Ltd. These are white powder and readily form sol
(S, RDS and XLS types of LAPONITE series) or gel (B, RD and XLG
types of LAPONITE serles) whendissolved inwater. In addition,
there can also be given LUCENTITE*SWN produced by CO-OP CHEMICAL

Co., Ltd. These natural hectorite and synthetic hectorite may

o

be used alone or in comblnation of two or more species.

The above laminar clay mineral contains is preferably
obtalned by surface treating bentonite (montmorillonite) with

alkyltrialkoxysillane expressed by the following formula (V);
OR®

|

R°—Si—OR® (V)

OR®

wherein R’ is a saturated alkyl group having 1 to 22 carbon atoms,

and R°s are identical to or different from one another, and a

methyl, ethyl, propyl or butyl group. In the above formula (V),

the above R° may be either straight-chain or branched.

Surface treatment of the above-mentioned bentonite
(montmorillonite) with alkyltrialkoxysilane is a treatment in
whilich in purified bentonite, alkyltrialkoxysilane is added to

a hydrophilichydroxyl group existingin the surface of bentonite

and makes the surface hydrophobic in part. Thereby, dispersed
*Trade-mark
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particles of modified bentonite which has been surface treated
1n an aqueous dispersion system are associated in virtue of a
hydrophobic group to form a plastic structure, resulting in
remarkable 1ncrease 1n apparent viscosity of the system.

5 That 1s, 1t 1s estimated that when bentonite
(montmorillonite) surface treated with alkyltrialkoxysilane
expressed by the above formula (V) 1is used in the above surface
conditloner, an excellent thickening property can be exerted
through the effect as described above. It is also estimated

10 that as a result of those mentioned above, it is possible to

prevent zinc phosphate particles more from precipitating not

only in the surface conditioner but also in the concentrated
solutionof the surface conditioner, and therefore it ispossible
Lo retain the long-range stability of dispersion of the
15 concentrated solution more. And, 1t is estimated that since
the zinc phosphate particles in the concentrated solution of
the surface conditioner can be more stabilized, it is possible
to attain finer zlnc phosphate particles in dispersing the
ingredients such as zinc phosphate particles and to improve the
20 dispersion efficiency more.
As a commerciallyavallable product of the above bentonite

(montmorillonite) surface treated with alkyltrialkoxysilane

expressedbytheabove formula (V), therecanbegiven, forexample,
- *
BEN-GEL~SH (produced by HOJUN Co., Ltd.).

25 The above-mentioned BEN-GEL-SH forms a patchwork

structureasshowninFig. lasdistinct fromacardhouse structure

which conventional montmorillonite forms in water. Since this
patchwork structure is formed by associating laminar crystal
particles of montmorillonite with a plane, it can exert

30 outstanding high viscosity and thixotropy in the surface
conditioner of the present invention. That is, among the above
bentonite (montmorillonite) surface treated with
alkyltrialkoxysilane expressed by the above formula (V), a
substance having such a patchwork structure is particularly

35 preferred because it exerts the effect described above more.

*Trade-mark
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In the above surface conditioner, a content of the above
lamlinar clayminerals ispreferablywithinarangeof 3ppm (lower
limit) to 600 ppm (upper limit). When the content is less than
3ppm, asufficient effectof anti-settlingof the zinc phosphate

S5 particles in the surface conditioner may not be attained. When
1t 1s more than 600 ppm, adsorption of the clay minerals to a
metal surface may occur and thilis adsorption may have an effect
on a subsequent chemlcal conversion treatment step. More
preferably, the above lower limit is 10 ppm and the above upper

10 limit is 300 ppm. '

The above surface conditioner preferably contains a
blvalentor trivalentmetal nitrite compound. Since the surface
conditioning 1s usually applied to a clean metal surface after
degreasing and rinsing, problems such as oxidation or corrosion

15 of the metal surface may occur during a surface conditioning
step, but when the surface conditioner contains a bivalent or

g—

trivalent metal nitrite compound, the formation of rust on the

metal surface after the surface conditioning can be adequately
suppressed. As a result of suppression of rust, a chemical

20 conversion property in a chemical conversion treatment can be
greatly i1mproved.

The above-mentioned bivalent or trivalent metal nitrite
compound 1s not particularly limited as long as it is nitrite
cont_aining bivalent or trivalent metal, and for example, zinc

25 nitrite, coppernitrite, nickelnitrite, andalkalineearthmetal

nitrite such as magnesium nitrite, calcium nitrite, strontium
nitrite, or barium nitrite can be given. Among others, zinc nitrite is

preferred. When zinc nitrite is used in a surface conditioning, a bath

control of a chemical conversion treatment solution become easy since
30

zlnc nitrite prevents a heterogeneous metal from accumulating in a

chemical conversion treatment bath during forming a chemical conversion

coat of zinc phosphate in a chemical conversion treatment step. And,

the formation of rust on the metal surface after the surface

35 conditioning can be more suppressed. These may be used alone or in

combination
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of twWwo or more speciles.

The above surface conditioner preferably has a bivalent
or trivalent metal nitrite compound content of 20 ppm (lower
limit) to 1000 ppm (upper limit). When the content is less than
20 ppm, the rust-preventive property and the metal substitution
of the surface conditioner may not be well found. When the

content 1s more than 1000 ppm, it is necessary to add a large

amount of alkalline components such as caustic soda to the surface
conditioner and it is uneconomical. More preferably, the above
lower limit 1s 40 ppm and the above upper limit is 300 ppm.
The above surface conditioner may contain a dispersing
medium to disperse zlnc phosphate particles. As the
above-mentioned dispersingmedium, there is given a water-borne
medlium which contains water in an amount 80% by weight or more,
and 1n addition various organic solvents can be used as a medium
other than water. However, the content of the organic solvents
1s preferably reduced, it is preferably 10% by weight or less,
more preferably 5% by weight or less with respect of the
water-porne medium. In accordance with the present invention,
there can be used a dispersion not containing any dispersing

medium other than water.

A water-soluble organic solvent is not particularly limited and
alcoholic solvents such as methanol, isopropanol, ethylene glycol,
ethylene glycol monopropyl ether, hydrocarbon solvents such as hexane,

heptane, xylene, toluene, cyclohexane, naphtha, ketonic solvents such

as methyl isobutyl ketone, methyl ethyl ketone, isophorone,
acetophenone, amide solvents such as dimethylacetamide, methyl
pyrrolidone, and ester solvents such as ethyl acetate, 1sobutyl
acetate, octyl acetate, ethylene glycol acetate monomethyl ether,
diethylene glycol acetate monomethyl ether can be given. These may be
used alone or in combination of two or more species.

A thickener may be added to the above surface conditioner as

required in order to further improve the stability.
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The above-mentioned thickener isnotparticularlylimited
and inorganic thickeners such as kaolin, diatomaceous earth,

calciumcarbonate, bariumsulfate, titaniumoxide, aluminawhite,

silica, or aluminum hydroxide, organic thickeners such as polyacrylate,
- polyurethane, polyester, polyethylene, polypropylene, polyvinyl

chloride, polyvinylidene chloride, polystyrene, polysiloxane, thickened

polysaccharides, phenol resin, epoxy resin, benzoguanamine resin or

thickeners consisting of polymer thereof can be given. These may be

10 used alone or in combination of two or more species.

With respect to use of the above thickener, the species
and the amount of the thickener to be added may be appropriately
selected. A content of the above thickener is generally within
a range of 0.01% by welight (lower 1limit) to 10% by weight (upper

15 limit) with respect to 100% by welght of the surface conditioner.
The above lower limit 1s preferably 0.1% by weight and the above
upper 1limit is preferably 53 by weight. Further, an antifoaming
agent may be used for the purposes of 1nhibiting foams in works
and an antiseptics or a fungicide may be used for the purposes

20 of antisepticising or mold-protecting of a dispersion. With
respect to use of them, the species and the amount of the agents
to be added may be approprlately selected.

An alkaline salt such as soda ash may be added to the above
surface conditioner for the purpose of further stabilizing the

25 zinc phosphate particles and forming a fine chemical conversion
coat 1n a subsequent chemical conversion treatment step of a
phosphate coat.

The above surface conditioner has a pH of 3 (lower limit)
to 12 (upper limit), respectively. When the pH is less than

30 3, zinc phosphate particles become apt to dissolve and unstable
and this may have an effect on a subsequent step. When it is
more than 12, thls results in the reduction of pH in a chemical

conversion bath of the subsequent step and therefore an effect

of a chemical conversion defect may be found. Preferably, the
35 above lower limit is 6 and the above upper limit is 11.
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The surface conditioner of the present invention can be
produced, for example, by the following method.
The above zinc phosphate particles can be obtained using,
for example, zinc phosphate to be used as a raw material. Zinc
5 phosphate of a raw material 1s one expressed by Zns(PO4)2*4H,0
and generally a colorless crystalline solid matter, but a white
powdery commercial product 1s avallable.
As a method of producing the above zinc phosphate of a
raw material, there 1s given, for example, a method in which
10 a tetrahydrate of zinc phosphate 1s produced as a crystalline
precipiltation by mixing zinc sulfate and a diluent of disodium
hydrogenphosphateinamolarratioof 3:2andheatingthemixture.
And, a tetrahydrate of zinc phosphate can also be produced by
reacting a dilute aqueous solution of phosphoric acid with zinc
15 oxlde or zinc carbonate. Acrystal of tetrahydrate is a rhombic
systemandhas three transformations. Whenthecrystal isheated,

1t becomesdihydrateat 100°C, monohydrate at 190°C, and anhydride

at 250°C. As the zinc phosphate in the present invention, any
of these tetrahydrate, dihydrate, monohydrate or anhydride is

20 applicable, but 1t 1is adequate to use tetrahydrate, which 1is
generally available, as-is.
And, as the above zinc phosphate of a raw material,
substances to which various surface treatments are applied may
be used. For example, zinc phosphate surface treated with a
25 sllane coupling agent, rosin, a silicone compound, or metal

alkoxide such as silicon alkoxide and aluminum alkoxide may be
used.

Tt is known that zinc phosphate brought into fine particles can be

obtained by adding silica and polyphosphoric acid in reacting a zinc

3 compound with phosphoric acid from Japanese Unexamined Patent Application
publication S49-2005, and that metals such as magnesium, calcium, Or
aluminum, can be substituted for part of zinc 1in zinc phosphate by wet-
kneading zinc phosphate and various metal compounds with a mechanical

35 means and completing a reaction mechnochemically from Japanese Unexamined

Patent Application Publication H4-310511,
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and zinc phosphate in which any of components such as silica,
calcium and alumlnum other than phosphorus, oxygen and zinc is
introduced by such a means or a substance which is commercially
available as silicic acid modified zinc phosphate may be used.

In this case, 1t 1s preferred that these substance contain zinc
phosphate 1n an amount 25% by welght or more on a base of ZnO

and 15% by welght or more on a base of P,0s.

A configuration of the above zinc phosphate of a raw material 1s
not particularly limited and any form of zinc phosphate can be used. A
commercial product is generally white and powdery, but the powder in
any form, such as a fine particle, a plate, or a scale, may be used. A
particle diameter of the above zinc phosphate of a raw material 1s also
not particularly limited, but an average particle diameter is generally
on the order of several um. Particularly, substances commercilally
available as rust-preventive pigment such as products of which
buffering actions are enhanced by applying a treatment for providing a
basic property are suitably employed. Since a stable dispersion, in
which zinc phosphate particles are dispersed finely, can be prepared in
the present invention as described later, a stable effect of surrace
treatment can be attained without being affected by a primary particle

diameter and a form as zinc phosphate of a raw material.

It is preferred to use the zinc phosphate of a rawmaterial
which has been fractionated finely by previously bringing the
zlnc phosphate of a raw material into a dispersion. A method
of preparing a water-borne dispersion, formed by dispersing the
zinc phosphate particles in a water-borne medium, is not
particularly limited, but preparation of the water-borne
dispersion can be attained preferably by blending the zinc
phosphate of a raw material in the above-mentioned dispersing
medium such as water or an organic solvent and wet milling in
the presence of the carboxylate group-containing copolymer, the
polyamino acid and the phosphate ester, as described above.

Further, on the occasion of obtaining the above water-borne
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dispersion of zinc phosphate particles, 1t is favorable for a
process to blend the zinc phosphate of a raw materlal 1n the
water-borne medium 1n preparing a dispersion and to conduct

wet-milling, but the water-borne dispersion of zinc phosphate

particles may be prepared by conducting solvent substitution
after conducting wet-milling in a dispersing medium other than
the water-borne medium.

In the above-mentioned preparation of the water-borne
dispersion, it is preferred that an amount of the above zinc
phosphate of .a raw material to be blended is generally within
a range of 0.5% by weight (lower limit) to 50% by weight (upper
limit) with respect to 100% by weight of a dispersion. When
this amount is less than 0.5% by welght, a sufficient effect
of the surface conditioner obtained using the dispersion may
not be attained since the content of zinc phosphate 1s too small.
When it is more than 50% by weight, it may become difficult to
vield a uniform and fine particle size distribution and to form
a state of fine dispersion by wet-milling. More preferably,
the above lower limit is 1% by weight and the above upper limit
is 40% by weight.

Further, in the above preparation of the water-borne
dispersion, it is preferred that an amount of the above
carboxylate group-containing copolymer, the above polyamino
acid and the above phosphate ester to be added is within a range
of 0.1% by weight (l.ower limit) to 50% by weight (upper limit)
with respect to 100% by weight of the dispersion. When this
amount is less than 0.1% by weight, dispersibility may be
insufficient. Whenitismorethan50%bywelght, dispersibillity
may become poor due to an interaction between excessive
carboxylate group-containing copolymers, and even when the
dispersibility is sufficient, it 1s economically
disadvantageous. Morepreferably, theabovelower limit 1s0.5%
by weight and the above upper limit 1s 20% by weight.

A method of obtaining a dispersion, in which the above

zinc phosphate particles are dispersed finely in such a way that
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Dsg of the zinc phosphate particles 1s 3 um or less, is not
particularly limited, but 1t 1s preferred that zinc phosphate

of a raw material 1s added to a dispersing medium so as to exist
at the content of 0.5 to 50% by weight, and the above carboxylate
group-containing copolymer, the above polyamino acid and the
above phosphate ester are added to the dispersing medium so as
to exist at the content ¢f 0.1 to 50% by weight and the resulting
mixture 1s wet-milled. A method of the above-mentioned wet
millingisnotparticularlylimitedandusualmeansofwetmilling
may be employed, and for example, a beads mi1ll represented by,
for example, a disc type and a pin type and a medialess disperser

represented by a high pressure homogenizer and an ultra sonic

disperser may be used.
In the above wet milling, by monitoring Dgg of the zinc

prhosphate particles, the phenomenon of excessive dispersion and
the phenomena of the flocculation of particles, the lncrease
in viscosity of a solution and the mutual flocculation of fine
particles can be prevented. 1In the present invention, it 1is
preferred to adjust Dgo to 4 um or less. And 1t 1s preferred
to select the formulation and the dispersion conditions of the
level of not producing excessive dispersion.

By the method of preparing a dispersion described above,
the Dsgof zincphosphate inthewater-bornemediumcanbe adjusted
to3umor lessandthewater-bornedispersionhaving theexcellent
stability and having the excellent performance as the surface

conditioner can be obtained. Dsg can be generally adjusted to

a desired extent within a range of 0.01 to 3 um.
It is possible to disperse zinc phosphate 1n a state that

Dsg is 3 um or less in a solution even though a particle diameter

of zinc phosphate is 3 um or more by preparing the water-borne
dispersion according to the method of preparing a dispersion

described above. The same holds true with regard to zinc
phosphate having a primary particle diameter of several tens

um. This alsomeans that aprimaryparticle diameter of pigment
can be reduced by wet milling according to the method described
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above even though zinc phosphate originally having a small
primary particle diameter 1s not used. In accordance with the

above method, the Dy 0f zinc phosphate particles in the

water-borne dispersion can also be adjusted to 3 um or less,

further 1 um or less, and furthermore 0.2 um or less.
The dispersion thus obtained 1s a water-borne dispersion

which can adjust the Dsg 0f zinc phosphate particles in a solution

to 3 um or less in conformity with use and has the excellent
stability of dispersion and the excellent performance as the

surface conditlioner.

Since aportionof coarse particles, which are represented
as a particle having a particle diameter exceeding Dgg, can be
reducedbytheabovewetmilling process, it ispossible toprepare
a dispersion particularly having a narrow distribution of a

dispersion diameter in which large dispersion diameters are

restricted such as Dyg of 4 um or less, further 2.6 um or less,

furthermore 0.3 um or less as a distribution of dispersion
diameters. Thus, it is estimated that the zinc phosphate 1is

dispersed with fine dispersion diameters and has an extremely
stable dispersion condition. Further, it 1s estimated from a
small portion of coarse particles that the zinc phosphate 1n
a solution efficiently contributes to produce crystal nuclei,
estimated from a narrow distribution of a dispersion diameter
and uniform particle diameters that in a surface conditioning
step, more uniform crystal nuclei are formed to provide the
formation of uniform zinc phosphate crystals by a subsequent
chemical conversion treatment and therefore surface properties
of the resulting steel sheet subjected to chemical conversion
treatment become homogeneous and excellent, and estimated that
this improves treating properties for pockets of members having
acomplicated structure or a steel sheet suchasblackcoat steel,
which is difficult to be chemical conversion treated.

In addition, the Dsg and D¢y of zinc phosphate 1n the
dispersion can be determined by measuring a particle size

distribution using a laser Doppler type particle size analyzer.



10

15

20

25

30

35

CA 02497752 2010-10-20

37

With respect to the above water-borne dispersion, 1t is
also possible to attain a high concentration of water-borne

dispersion in which particularly, zinc phosphate 1s blended 1n

‘an amount 10% by welght or more, further 20% by welight or more,

and furthermore 30% by weight or more. Therefore, the surface
conditionerexhibitinghighperformance canbereadlilyprepared.
The surface conditioner of the present invention can be
prepared, for example, by mixing the water-borne dispersion
obtained in a manner described above and other components
(carboxylate group-contalnling copolymer, polyamino acid,
phosphate ester, lamlnar clay milnerals, bivalent or trivalent

metal nitrite compounds, a dilispersing medium and a thickener,

A method of mixing the above water-borne dispersion and the above other

components 1is not particularly limited and for exanple, a method of

adding the other components to the water-borne dispersion and then

mixing the mixture may be employed, or a method of blending the other

components 1n the water-borne dispersion under being prepared may be

employed.

A method of a surface conditioning of the present invention

comprising the step of bringing the above surface conditioner into

contact with a metal surface. This allows fine particles of zinc

phosphate to adhere well to the surface of a metal such as 1ron-based,
zinc-based and aluminum-based metal and a good chemical conversion coat

can be formed in a chemical conversion treatment step. Particularly, a

better chemical conversion can be formed on the portion of the
aluminum-based substrate in the contact area between an iron-based or

zinc-based substrate and an aluminum-based substrate. And, a chemical

conversion coat of a more sufficient coat amount can be formed for an
aluminum-based substrate and a nigh tensile strength steel sheet.

A method of bringing the surface conditioner into contact with a
metal surface in the above-mentioned method of a surface conditioning
1s not particularly limited and conventional methods publicly known,

such as lmmersion, spraying, can be appropriately employed.
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Metal materials, to which the above-mentioned surface
conditioning 1s applied, are not particularly limited and the
surfaceconditioningcanbeapplied tovariousmaterials towhich
the chemical conversion treatment of phosphate is generally

5 applied, for example, steel, galvanized steel sheet, aluminum
or aluminum alloy and magnhesium alloy. This method can also
be sultably applied to the contact area between a steel sheet
or a galvanized steel sheet and aluminum or aluminum alloy.

And, 1t is possible to use the surface conditioner of the

10 present 1nvention for a step of degreasing-cum-surface

conditioning. Thereby, a rinsing step after degreasing can be
omitted. In order to enhance detergency, publicly known

inorganic alkali builders, organic builders and surfactants may

be added 1n the above degreasing—-cum-surface conditioning. And,

15 publiclyknownchelate agent and condensedphosphatemaybe added.

In the above surface conditioning, a contact time between the
surface conditioner and the metal surface and a temperature of
thesurfaceconditionerarenotparticularlylimitedandpublicly

known conditions can be employed.

20 It 1s possible to manufacture a steel sheet subjected to
the chemical conversion treatment of phosphate by conducting
the above surface conditioning and then conducting chemical

conversion treatment of phosphate.
A method of the above chemical conversion treatment of phosphate

25 ig not particularly limited and various publicly known methods such as

dipping, spraying, or electroplating, can be applied. These methods may

be used in combination. With respect to a phosphate coat to be

precipitated, it is not particularly limited as long as it 1s

20 phosphate, and zinc phosphate, iron phosphate, manganese phosphate, and
zinc calcium phosphate are not restricted at all. In the above chemical
conversion treatment of phosphate, a contact time between the chemical
conversion treatment agent and the metal surface and a temperature of a

chemical conversion treatment agent are not particularly limited and

35 publicly known conditions can be
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employed.
It 1s possible to manufacture a coated steel sheet by further coétjlg
after corductirg the above surface conditioning and the above chemical

corversion treatment. As a method of the above coating, an electrodeposition

is popular. A coating composition to be used in coating is not particularly
limited and various coating compositions generally used in coating a steel

sheet subjected to chemical conversion treatment of phosphate, for example

epaxy melamine coating composition, cationic electrocoating composition,

polyester intermediate coating composition, or polyester top coating

corposition can be given. In addition, a publicly known method that a cleaning

step 1s performed prior to coating is employed after chemical corversion

Creatment.

The surface conditioner of the present invention contains

zlnc phosphate particles having Dso of 3 um or less and at least
one specles selected from the group consisting of the specific

carboxylate group-containing copolymers, the polyamino acids

and the phosphate esters and has a pH of 3 to 12. Thereby, when

Che surface conditioning 1s applied to a substrate having an
area where the 1ron-based or zinc-based substrate and the
aluminum-based substrate are in contact with each other using
the above surface conditioner and then chemical conversion
treatment is conducted, a good chemical conversion coat can be

formed on the portion of the aluminum-based substrate in the

contact area. And, when 1t 1s applied to an aluminum alloy and

a high tensile strength steel sheet, a sufficient chemical
conversion coat can be formed. Further, since the surface
conditioner of the present invention contains specific
components, 1t can promote significantly the formation of a

chemical conversion coat and form a dense chemical conversion

coat, and since 1t contains zinc phosphate particles having Dsg

of 3 pum or less, 1t has the excellent stability of dispersion
1in a bath. Accordingly, the above surface conditioner can be

sultably used for the surface conditioning of various metal
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materlials.

Since the surface conditioner of the present invention
is constructed as described above, it can form a sufficient
chemical conversion when applied to an aluminumalloy and a high
tensile strength steel sheet and has the excellent stability

of dispersion in a treatment bath and can inhibilt galvanic

corrosion on an aluminum alloy during chemical conversion
treatment. Accordingly, the above surface conditioner can be
suitably used for various metal materials, particularly
substrates having a contact area between an 1ron-pased or

zinc~-based substrate and an aluminum-based substrate.

BEST MODES FOR CARRYING OUT THE INVENTION
Hereinafter, the present invention will be described 1in
more detail by way of examples, but the present invention 1is
not limited to these examples. In addition, “part(s)” and “3”
refer to “part(s) by weight” and “ % by weight " 1n Examples,

unless otherwise specified.

Example 1
Preparation of surface conditioner
Natural hectcrite “BENTON EW” (produced by ELEMENTIS PLC)

0.3 parts by weight was added to 87.7 parts by weight of water
and this mixture was stirred for 30 minutes at a rotational speed
of 3000 rpm using a disper to obtain pre-gel. To the resulting
pre-gel, 2partsbyweight of commerciallyavailable YARONA6020”
(carboxylate group-containing copolymer of acrylic acid of 40%
by weight - sulfonic acid of 60% by weight, produced by TOAGOSEI
CO., LTD.) and 10 parts by weight of zinc phosphate particles
were added, and zinc phosphate particles in this mixture were
dispersed with zirconia beads until a predetermined viscosity
was reached. Further, theresultingdispersionwasdilutedwith
water and thedilutedsolutionwas adjustedtopH 9.5with caustic
soda to obtain a surface conditioner (concentration of zinc
phosphate particles 1500 ppm, concentration of carboxylate
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group~-containing copolymer 60 ppm, concentration of natural

hectorite 45 ppm).

Example 2
Preparation of surface conditioner

A surface conditioner was obtalned by followling the same
procedure as 1in Example 1 except for using 2.7 parts by weight
of “AQUADEW SPA-30"” (sodium polyaspartate produced by
Ajinomoto-Fine-Techno Co., Inc.) 1n place of 2 parts by weight
of “ARON A6020” (concentration of zinc phosphate particles 1500

ppm, concentrationof sodiumpolyaspartate 60 ppm, concentration

of natural hectorite 45 ppm).

Example 3
Preparation of surface conditioner

A surface conditioner was obtained by following the same
procedure as in Example 1 except for using 1.6 parts by weight
of “EFKA-4550” (carboxylate group-containing copolymer of
acrylic acid of 35% by weight - tertiary-amine of 65% by weight,
produced by EFKA Acditives B.V.) in place of 2 parts by weight
of "ARON A6020” (concentration of zinc phosphate particles 900
ppm, concentration of carboxylate group-containing copolymer
60 ppm, concentration of natural hectorite 45 ppm).

Example 4
Preparation of surface conditioner

A surface conditioner was obtained by following the same
procedure as in Example 1 except for using 2.1 parts by weight
of “POLYSTAR OM” (carboxylate group-containing copolymer of
maleic acid of 40% by weight - diisobutylene of 60% by welght,
produced by NOF CORPORATICN) in place of 2 parts by weight of
“ARON A6020” (concentration of zinc phosphate particles 1500
ppm, concentration of carboxylate group-containing copolymer

60 ppm, concentraticon of natural hectorite 45 ppm).
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Example 5
Preparation of surface conditioner

A surface conditioner was obtained by following the same
procedure as in Example 1 except for using 3.2 parts by weight

of “PHOSPHANOL RS-610"” (polyoxvyvethylene alkyl phosphate,
produced by TOHO Cremilcal Industry Co., LTD) in place of 2 parts
by weight of “ARON A6020” (concentration of zinc phosphate
particles 1500 ppmn, concentratlon of polyoxyethylene alkyl
phosphate 120 ppm, concentration of natural hectorite 45 ppm).

Example 6
Preparation of surface conditioner
A surface conditioner was obtained by following the same

procedure as in Example 1 except for using 1.4 parts by welght
of "SMA 1440H” (carboxylategroup-containingcopolymerofmaleicC
acid less than 50% by weilight-styrene more than 50% by weight,
produced by Sartomer Company, Inc.) inplace of 2 parts by weight
of “ARON A6020” (concentration of zinc phosphate particles 1500
ppm, concentration of carboxylate group-contalning copolymer

60 ppm, concentration of natural hectorite 45 ppm).

Example 7
Preparation of surface conditioner
A surface conditioner was obtalined by following the same

procedure as in Example 1 except for using 2.1 parts by weight
of "MALIALIM AKMO0531” (carboxylate group-containing copoliymer
of maleic acid plus acrylic acid less than 50% by
welght-polyethylene more than 50% by weight, produced by NOF
CORPORATION) in place of 2 parts by weight of “ARON Ab6020”
(concentration of zinc phosphate particles 1500 ppm,
concentrationof carboxylate group—-containing copolymer 60 ppm,

concentration of natural hectorite 45 ppm).

Example 8
Preparation of surface conditioner
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A surface conditioner was obtained by following the same
procedure as in Example 1 except for using 1.3 parts by weight
of “JONCRYf 60" (carboxylate group-containing copolymer of
acrylicacidof 30% byweight - styrene of 70% by weight, produced

5 by JOHNSON POLYMER CORPORATION) 1in place of 2 parts by weight
of "ARON A6020” (concentration of zinc phosphate particles 1500
ppm, concentration of carboxylate group-contalining copolymer

60 ppm, concentration of natural hectorite 45 ppm).

10 Comparative Example 1
Preparation of surface conditioner .
Using a surface conditioner “SURFFINE 5N-8”"” (Ti base)
(produced by NIPPON PAINT Co., Ltd.), water was added to this
surfaceconditloner toadjust tothepredeterminedconcentration

15 (diluent of 0.1% by weight).

Comparative Example 2
Preparatlion of surface conditioner
A surface conditioner was obtained by following the same
20 procedure as 1n Example 1 except for using 0.8 parts by weight
of a nonionic surfactant “EMULGEI\? 103” (produced by Kao
Corporation) 1in place of 2 parts by weight of “ARON A6020”
(concentration of zinc phosphate particles 1500 ppm,

concentration of a nonionic surfactant 120 ppm, concentration
25 of natural hectorite 45 ppm).

Comparative Example 3
Preparation of surface conditioner
A surface conditioner was obtained by following the same

30 procedure as in Example 1 except for using 4 parts by weight

of ammonium salt of polyacrylic acid homopolymer “SN-Dispersant

2027” (produced by SAN NOPCO LTD.) in place of 2 parts by weight

of "ARON A6020” (concentration of zinc phosphate particles 1500

ppm, concentration of ammonium salt of polvacrylic acid

35 homopolymer 120 ppm, concentration of natural hectorite 45 ppm) .

*Trade-mark
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Comparative Example 4
Preparation of surface condltloner

A surface conditioner was obtained by following the same
procedure as in Example 1 except for using 2 parts by welght
of sodium salt of polvacrylic acid homopolymer “SN-Dlspersant
5034” (produced by SAN NOPCO LTD.) i1n place of 2 parts by weight
of "ARON A6020” (concentration of zinc phosphate particles 1500

ppm, concentrationofsodiumsaltofpolyacrylicacidhomopolymer

120 ppm, concentration of natural hectorite 45 ppm).

Comparative Example 5

Preparation of surface condltioner

A surface conditioner was obtalned by following the same
procedure as 1n Example 1 except for using 2 parts by weight
of polymer of methacrylicacidof 50% bywelight - styrenesulfonic

= g

aclid of 50% by welght 1n place of 2 parts by weight of “ARON

A6020” (concentration of zinc phosphate particles 1500 ppm,
concentration of polymer of methacrylic acid of 50% by weight
- styrenesulfonic acid of 50% by weight 120 ppm, concentration
of natural hectorite 45 ppm) .

[Preparation 1 of test sheet]

Each of cold-rolled steel sheet (SPC) (70 mm x 150 mm X
0.8 mm), aluminum steel sheet (#6000 series) (70 mm x 150 mm
x 0.8 mm), galvanlized steel sheet (GA) (70 mm x 150 mm x 0.8
mm) and high tensile strength steel sheet (70 mm x 150 mm x 1.0

*
mm) was degreased at 40°C for 2 minutes with “"SURFCLEANER EC92”
(degreasing agent produced by NIPPON PAINT Co., Ltd.) and then

subjectedtoasurfaceconditioningtreatment at roomtemperature
for 30 seconds using the surface conditioners obtained in

Examples and Comparative Examples.

Subsequently, each sheet was subjected to the chemical

conversion treatment at 35°C for 2 minutes through an immersion
technlque using a zinc phesphate treatment solution (""SURT:“D’){NE‘r

SD-6350" produced by NIPPON PAINT Co., Ltd.), and rinsed with
rTrade-mark
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water, rinsed with pure water and dried to obtain a test sheet.
[Preparation 2 of test sheet]

Aluminum steel sheets and galvanized steel sheets, which
had been subjected to a surface conditioning treatment in the
same manner as in Preparation 1 of test sheet described above,
were prepared and the aluminum steel sheet and the galvanized
steel sheet after the surface conditioning treatment were
connected to each other with a clip. Then, chemical conversion
treatment, rinsingwithwater, rinsingwithpurewater anddrying
were applied to the connected steel sheet in the same manner
as 1n Preparation 1 of test sheet to obtaln a test sheet.
[Evaluation test)

Evaluation testswereperformedaccording tothe following
methods. The test results are shown 1in Table 1.

Chemical conversion property of zinc phosphate coat (weight of

chemical conversion coat (C/W))
(1) Measurement of weight of chemical conversion coat of SPC

test sheet
FEach test sheet was immersed for 5 minutes in a 50 g/l

solution of chromium trioxide heated to 75°C and its chemical
conversion coat was peeled off. A weight of the test sheet

obtained in which the coat was not yet peeled off was assumed
as A (g) and a weight of the test sheet after peeling off the
coat from test sheet by the above procedure was assumed as B
(g). The difference between these weights, (A-B) (g), was
divided by the surface area of the test sheet to determine the
weight of a chemical conversion coat (C/W).

(2) Measurement of weights of chemical conversion coats of

aluminum steel test sheet and GA test sheet
The weights of chemical conversion coats were measured

using a X-ray fluorescence spectrometer “XREF-1700"

(manufactured by Shimadzu Corporation).
(3) Measurement of weight of chemical conversion coat of

galvanically corroded aluminum steel test sheet
An area of the aluminum steel sheet connected to the
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galvanized steel sheet was assumed as a galvanic corrosion area
and an area of the aluminum steel sheet not connected to the
galvanized steel sheet was assumed as a general area, and the
amounts of the chemical conversion coats were measured with a
X-ray flucrescencs spectrometer “"XRF-1700" (manufactured by
Shimadzu Corporatlion). Incidentally, a schematic view of the
galvanically corroded aluminum steel test sheets i1is shown in
Fig. 2. |
(4) Coat appearance of high tensile strength steel sheet
The appearances of coats formed were evaluated based on

evaluation criteria of “uniform”, “partially rusted” and

“*rusted”.

Measurement of particle diameter of zinc phosphate particles

Particle size distribution was measured using laser

scattering particle size distribution analyzer (“LA-500"

manufactured by HORIBA, Ltd.), and Dsp (an average diameter of

dispersed matter) and Dy; were monltored and measured.

Electron micrograghof chemical conversionccatofzinc phosphate

Electron micrographs of test sheets prepared using the

surface conditioners of Example 1 and Comparative Example 1 are

shown in Figures 3 to 10.
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When the surface conditioners of Examples were used,
sufficient chemical converslon coats were formed for all
cold-rolled steel sheets, aluminum steel sheets and galvanlized
steel sheets, and further in each Example, a sufficient chemical
conversion coat was also formed on the portion of the alumlinum

steel sheet in the contact area between the aluminum steel sheet

and the galvanized steel sheet.

The surface conditioner of the present invention can be
suitably used for various metal materials which are used 1n
automobile’s bodies, household electrical appliances and the

like.
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We claim:

1. A gurface conditioner, contalning zinc phosphate
particles and having a pH of 3 to 12, wherein

said zinc phosphate particles have Dsy of 3 um or less,

said surface conditioner contains a carboxylate group-
containing copolymer and heCtorite, and

sald carboxylate group-containing copolymer is
obtained by polymerizing a monomer composition containing
acrylic acid in an amount less than 50% by weight, and a

sulfonic acid monomer in a total amount more than 50% by

welght.

2. The surface conditioner of claim 1, containing zinc
phosphate particles and having a pH of 3 to 12, wherein
sald zinc phosphate particles have Dgy of 3 um or less,
said surface conditioner contains a carboxylate group-
containing copolymer and hectorite, and
said carboxylate group-containing copolymer 1is
obtained by polymerizing a monomer composition containing

acrylic acid in an amount less than 50% by weight, and at

least one of 2-acrylamido-2-methyl propane sulfonic acid orx

allyl sulfonic acid in a total amount more than 50% by

weight.

3. The surface conditioner according to claim 2, whereln

the hectorite is a natural hectorite and/or a synthetic

hectorite.

4 . A method of a surface conditioning, comprising the
step of bringing the surface conditioner according to claim

2 or 3 into contact with a metal surface.
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5. The surface conditioner of claim 1, wherein the
carboxyl group-containing copolymer i1s obtained by
copolymerizing a monomer composition containing acrylic
acid in an amount no more than 45% by weight, and sulfonic

acid monomer in an amount of at least 55% by weight.
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