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Description

TECHNICAL FIELD

[0001] The present invention relates to a modifier for hydrophilicity and a hydrophilic modification method to be used
for providing evaporators and heat exchangers with good and hydrophilicity and odor preventing ability even during a
long period of use.

PRIOR ART

[0002] Evaporators and heat exchangers generally have a complicated structure, namely they have aluminum fins
arranged therein at short intervals for heat exchange and further have aluminum tubes intricately arranged for feeding
a cooling medium to these fins. Therefore, the discharge of water condensed upon cooling operation is facilitated by
modifying the surface of aluminum fins hydrophilic. However, the above surface of aluminum fins which are modified
hydrophilic or the like is exposed to severe conditions, namely to repeated heating and cooling and mixed adhesion of
condensed water and dust and microorganisms in the atmosphere. Therefore, it is difficult for that surface to retain
hydrophilicity over a long period of time.
[0003] EP 0 518 699 discloses modifiers for hydrophilicity comprising polyvinyl alcohol (PVA), polyvinylpyrrolidone
(PVP), nylon, phenolic resin, etc. JP 05-2023313, JP 05 214 273, JP 05 311 123 and JP 10 030 069 disclose modifiers
for hydrophilicity comprising water-dispersible organic resins and silica or alumina. Furthermore, US 5 804 611 discloses
compositions for hydrophilic modification comprising minute hydrophilic cross-linked acrylic polymer particles.
[0004] JP 0 676 250, JP 9 014 889 and EP 0 911 427 disclose modifiers for hydrophilicity intended for retaining
hydrophilicity by crosslinking such polar functional groups as sulfonic acid groups and acrylamide for insolubilization.
[0005] JP 2000-262968 discloses a coat for aluminium fins which comprises PVA having a degree of saponification
of not less than 90% and a metal salt and are intended for suppressing odor emanation and deterioration in hydrophilicity.
[0006] EP 0 978 538 describes an aqueous solution of a partially hydrolysed vinyl ester resin, which may contain an
oxyalkylene group. The materials of EP 0 978 538 are described as having high storage stability and being useful
additives for suspension polymerization of vinyl compounds, and as adhesives and plasticizers.

SUMMARY OF THE INVENTION

[0007] The present invention has for its object to provide a hydrophilic modification method of heat exchangers, which
method is capable of suppressing not only the odor of the resulting hydrophilic coat itself but also the unpleasant odor
emanation after exposure to odorants and retaining the hydrophilicity even during a long period of use. A further object
is to provide a heat exchanger treated by said hydrophilic modification method.
[0008] The present inventors found that when heat exchangers, after treatment for rust prevention, are treated with
a modifier for hydrophilicity comprising a modified polyvinyl alcohol having a specific amount, in side chains, of groups
resulting from addition of 1 of 500 moles of ethylene oxide, the heat exchangers thus coated with a hydrophilic coat can
suppress possible odor emanation from the aluminium or like material of the above heat exchangers and from the above
hydrophilic coat itself even during a long period of use and, even after exposure to an odorant, such as tobacco, sweat
or perfume, can suppress emanation of the unpleasant odor of such odorant and, furthermore, can retain a sufficient
hydrophilicity. The present invention has been completed on the basis of such findings.
[0009] The present invention thus provides a hydrophilic modification method comprising
a step of forming a coat having a solid coat amount of 0.02 to 3 g/m2 on a heat exchanger with a modifier for hydrophilicity
after treatment for rust prevention thereof
wherein said modifier for hydrophilicity comprises a modified polyvinyl alcohol (A) having, on a side chain thereof, a
group represented by the formula (I):

in the formula, n represents an integer of 1 to 500, R1 represents a hydrogen atom or an alkyl group containing 1 to 4
carbon atoms, and R2 represents a hydrogen atom or a methyl group,
and at least one member (B) selected from the group consisting of phosphorus compound salts and boron compound
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salts of Ca, Al, Mg, Fe and Zn,
said group represented by the formula (I) accounting for 0.01 to 20 mole percent relative to hydroxyl and acetoxy groups
contained in the above modified polyvinyl alcohol.
[0010] The above modifier for hydrophilicity may further contain 0.1 to 30% by mass, relative to the above modifier
for hydrophilicity, of a polyvinyl alcohol having a degree of saponification of not less than 90%.
[0011] The above-mentioned modified polyvinyl alcohol (A) preferably accounts for 0.1 to 30% by mass relative to the
above modifier for hydrophilicity.
[0012] The above-mentioned at least one member (B) selected from the group consisting of phosphorus compound
salts and boron compound salts of Ca, Al, Mg, Fe and Zn preferably accounts for 0.1 to 200% by mass relative to a resin
solid matter.
[0013] The above heat exchanger is preferably made of an aluminum or aluminum alloy material.
[0014] The present invention is also directed to a heat exchanger treated by the above hydrophilic modification method.

DETAILED DESCRIPTION OF THE INVENTION

[0015] In the following, the present invention is described in detail.
[0016] The hydrophilic modification method of the invention comprises a step of forming a coat having a solid coat
amount of 0.02 to 3 g/m2 on a heat exchanger with a modifier for hydrophilicity after treatment for rust prevention thereof.
[0017] The above heat exchanger is not particularly restricted but is preferably made of an aluminum or aluminum
alloy material.
[0018] Generally, the above heat exchanger is subjected in advance to degreasing treatment by cleaning with an
acidic or alkaline cleaning agent.
[0019] The above acidic cleaning agent is not particularly restricted but includes, for example, acidic aqueous solutions
such as those of nitric acid, sulfuric acid and hydrofluoric acid or a combination of these. The acid concentration of the
above acidic cleaning agent is preferably 1 to 10 N, more preferably 3 to 6 N. It is also preferable to supplement the
above acidic cleaning agent with a salt or acid salt of a metal selected from among iron, nickel, cobalt, molybdenum and
cerium.
[0020] The above alkaline cleaning agent is not particularly restricted but includes, for example, alkaline aqueous
solutions containing at least one of sodium hydroxide, sodium silicate and sodium phosphate. A surfactant may be added
to the above alkaline aqueous solutions to thereby increase the detergency thereof.
[0021] The method of cleaning the above heat exchanger is not particularly restricted but may comprise, for example,
spraying the heat exchanger with the above cleaning agent or immersing the heat exchanger in a bath containing the
above cleaning agent. The liquid temperature of the above cleaning agent is preferably 10 to 70°C, and the time of
contact with the above cleaning agent is preferably 1 second to 5 minutes. When the liquid temperature is below 10°C
or the above time of contact is shorter than 1 second, the etching may be insufficient and, a temperature exceeding
70°C or a time exceeding 5 minutes may be unfavorable from the economical viewpoint. The heat exchanger cleaned
in the above manner is washed with water and then subjected to treatment for rust prevention.
[0022] The above treatment for rust prevention is carried out in the manner of chemical conversion treatment using
a chemical conversion agent. Usable as the above chemical conversion agent are the conventional chromatic chromating
agent, phosphoric chromating agent and nonchromic treatment agent.
[0023] The above chromic chromating agent is an aqueous solution containing chromic acid, a fluoride and a strong
acid, and includes a reactive chromate and electrolytic chromate whose main component is trivalent chromium, and a
coating type chromate in which hexavalent and trivalent chromium are admixed. The above phosphoric chromating
agent is a mixed aqueous solution containing chromic acid, orthophosphoric acid and a fluoride. In carrying out chemical
conversion treatment with the above chromating agent, it is necessary to control the amounts of the hexavalent chromium
ion, phosphate ion and fluoride ion, respectively.
[0024] The above nonchromic treatment agent includes a reactive treatment agent and a coating type treatment agent.
The above reactive treatment agent includes zirconium salts, titanium salts, silicon salts, boron salts and permanganate
salts. Also preferred are fluorides of these salts. The above coating type treatment agent includes, for example, coating
type nonchromic treatment agents in which a zirconium salt is admixed with a water-soluble resin. Preferably, at least
one member selected from the group consisting of manganese, vanadium, tungsten, molybdenum, titanium and aluminum
and compounds containing these atoms, such as manganic acid, permanganic acid, vanadic acid, tungstic acid and
molybdic acid, silica, phosphoric acid and phosphate salts is added to the above nonchromic treatment agent where
necessary.
[0025] The method of chemical conversion treatment of the above heat exchanger is not particularly restricted but
includes, for example, the dipping method and spraying method. Since the above heat exchanger generally has a
complicated profile, the dipping method is preferred. In the above chemical conversion treatment, the treatment tem-
perature is preferably at ordinary temperature or a slightly elevated temperature, more preferably at 10 to 70°C, and the



EP 1 245 622 B1

4

5

10

15

20

25

30

35

40

45

50

55

treatment time is preferably 1 second to 5 minutes.
[0026] As the above-mentioned treatment for rust prevention, a resin primer of the epoxy, urethane or acrylic type
may be applied on the substrate.
[0027] The chemical conversion coat obtained by the above chemical conversion treatment preferably has a solid
coat amount of 10 to 300 mg/m2, based on such elements as Cr, Zr or Ti adhered. When the amount is less than 10
mg/m2, the rust prevention property may be insufficient. When the amount exceeds 300 mg/m2, it is economically
disadvantageous and, in addition, may lead to a decrease in hydrophilicity as a result of reaction with the hydrophilic
coat. After the above chemical conversion treatment, the substrate is washed with water, if necessary, and then subjected
to hydrophilic modification using the modifier for hydrophilicity.
[0028] The above modifier for hydrophilicity comprises a modified polyvinyl alcohol (A) having a group represented
by the above formula (I) on a side chain(s) thereof. The above modified polyvinyl alcohol (A) has good hydrophilicity
and water resistance, has itself no odor and hardly allows adsorption of odorants thereon, so that the above modifier
for hydrophilicity which comprises the above-defined modified polyvinyl alcohol (A) is excellent in hydrophilicity and odor
preventing ability. The hydrophilic coat obtained therefrom will hardly deteriorate even upon exposure to water drops or
to running water and, therefore, the inorganic substances, such as silica, or other residual monomer components which
are optionally contained and emanate their own dusty odor and/or the unpleasant odors of substances adsorbed thereon
are hardly exposed and, further, the treated materials, such as aluminum, are hardly exposed, so that the treated materials
themselves can be prevented from being scattered to emanate dusty odors or being corroded.
[0029] In the above formula (I), n is an integer of 1 to 500. When it exceeds 500, the hydrophilicity becomes excessive,
making the film-forming ability poor and facilitating the adsorption of odorants. Preferably, n is an integer of 1 to 100,
more preferably an integer of 1 to 30. R1 in the above formula (I) represents a hydrogen atom or an alkyl group containing
1 to 4 carbon atoms. The above alkyl group containing 1 to 4 carbon atoms is not particularly restricted but may be
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl or tert-butyl group. R2 in the above formula (I) represents a hydrogen
atom or a methyl group. The above R1 and R2 may be the same or different. Thus, for example, each may be a hydrogen
atom to give an oxyethylene chain, or the above R1 may be a hydrogen atom and the above R2 may be a methyl group
to form an oxy-1-methylethylene chain.
[0030] The above-mentioned modified polyvinyl alcohol (A) has hydroxyl groups and ester bonds as side chains in
addition to the group represented by the above formula (I). The above ester bonds are not particularly restricted but may
be alkyl ester bonds, for instance. The above ester bonds are generally of the acetate type, namely acetoxy groups are
bound, as side chains, to the main chain. The above hydroxyl groups are generally free ones and may form a salt with
a metal such as sodium.
[0031] In the above-mentioned modified polyvinyl alcohol (A), the group represented by the above formula (I) accounts
for 0.01 to 20 mole percent relative to the above-mentioned hydroxyl and acetoxy groups. When it is less than 0.01 mole
percent, the improvement in hydrophilicity and odor preventing ability as resulting from the introduction of the group
represented by the above formula (I) is not expressed. When it exceeds 20 mole percent, an excessively high level of
hydrophilicity results, deteriorating the film-forming ability and facilitating the adsorption of odorants. Preferably, it is 0.1
to 10 mole percent.
[0032] The group represented by the above formula (I) may be bound directly to the main chain or via another group,
for example an alkylene group such as a methylene or ethylene group, a carbonyl group, an ester group or an amide group.
[0033] On the above-mentioned modified polyvinyl alcohol (A), the above hydroxyl group preferably accounts for 50
to 99.9 mole percent relative to the above hydroxyl and acetoxy groups. When it is less than 50 mole percent, an
insufficient level of hydrophilicity and/or a poor odor preventing ability may result. When it exceeds 99.9 mole percent,
it may become difficult, from the production process viewpoint, to obtain the above polymer. As regards the mole
percentage relative to hydroxyl and acetoxy groups in the above modified polyvinyl alcohol (A), it is to be noted that the
hydroxyl groups and acetoxy groups do not include those groups contained in the side chains containing the group
represented by the above formula (I).
[0034] Generally, the above-mentioned modified polyvinyl alcohol (A) can be obtained by saponification of a copolymer
produced from monomer components comprising a monomer containing the group represented by the above formula
(I) and a vinyl ester-containing monomer.
[0035] The degree of saponification of the above-mentioned modified polyvinyl alcohol (A) is preferably not less than
90%, more preferably not less than 95%. When it is less than 90%, poor hydrophilicity may result.
[0036] The above monomer containing the group represented by the formula (I) is not particularly restricted but may
be any of those having both an unsaturated double bond and a group represented by the above formula (I), for example
a product obtained by adding an ethylene oxide to a vinyl group-containing compound such as vinyl alcohol, allyl alcohol,
2-buten-1-ol, 2-buten-2-ol or acrolein. They may be used alone or in combination. The above method of addition is not
particularly restricted but, for example, any conventional method can be used. In cases where ethylene oxide is added
to a vinyl group-containing aldehyde or ketone, such as acrolein, the corresponding acetal having two groups represented
by the above formula (I) bound to one carbon atom is obtained. Saponification product derived from copolymers obtained
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from monomer components comprising such an acetal also fall within the scope of the modified polyvinyl alcohol (A) to
be used in accordance with the present invention.
[0037] The above vinyl ester-containing monomer is not particularly restricted. Generally, however, vinyl acetate is
suitably used and it may be used in combination with another vinyl ester-containing monomer.
[0038] The methods of copolymerization and saponification for obtaining the above-mentioned modified polyvinyl
alcohol (A) are not particularly restricted but any conventional method can be used.
[0039] The group represented by the above formula (I) may also be introduced after polymer formation.
[0040] The above-mentioned modified polyvinyl alcohol (A) may have the other polyoxyalkylene group in addition to
the group represented by the above formula (I). In the above-mentioned modified polyvinyl alcohol (A), the other poly-
oxyalkylene group as mentioned above preferably accounts for not more than 30 mole percent relative to the group
represented by the above formula (I). When it exceeds 30 mole percent, the odor preventing ability and hydrophilicity
may become inferior. The above-mentioned other polyoxyalkylene group can be introduced, for example by using a
monomer having the above-mentioned other polyoxyalkylene group and a vinyl group as a part of the above monomer
components followed by copolymerization. The above other polyoxyalkylene group is not particularly restricted but may
be a polyoxypropylene group, for instance.
[0041] The above-mentioned modified polyvinyl alcohol may have another functional group on a side chain thereof,
in addition to the group represented by the above formula (I), hydroxyl groups, ester bonds and the other polyoxyalkylene
group which is contained where necessary. The functional group includes, for example, hydrophilic functional groups,
for example anionic groups such as carboxyl, sulfonic and phosphonic groups; cationic groups such as amino group
and imidazole ring; and nonionic groups such as epoxy group and ether bond. These other functional groups may be
introduced directly as side chains by polymerization of a functional group-containing monomer or may be introduced by
modification after polymer formation. The above modification is not particularly restricted but includes, for example,
epoxy modification, silyl modification, thiol modification, carbonyl modification and, further, anionic modifications such
as carboxylic acid modification, and cationic modifications such as amine modification. The above other functional groups
may comprise one single species or two or more species.
[0042] Preferably, the total amount of the above hydroxyl groups and ester bonds as side chains in the above-mentioned
modified polyvinyl alcohol accounts for 80 to 100 mole percent of the total side chain-functional groups in the above-
mentioned modified polyvinyl alcohol other than hydrocarbon groups such as methyl and ethyl groups.
[0043] The above-mentioned modified polyvinyl alcohol (A) has a number average molecular weight of 1,000 to
1,000,000, preferably 10,000 to 200,000. When it is less than 1,000, the film-forming ability is poor and the hydrophilicity
and other physical properties of the coat are also poor. When it exceeds 1,000,000, the resulting modifier for hydrophilicity
gives a highly viscous solution, leading to poor workability and poor physical properties of the coat.
[0044] The above-mentioned modified polyvinyl alcohol (A) preferably accounts for 0.1 to 30% by mass, more preferably
0.1 to 20% by mass, relative to the above modifier for hydrophilicity. When this is less than 0.1% by mass, a sufficient
level of film-forming ability cannot be obtained and the hydrophilicity and odor preventing ability may possibly to be poor.
When it exceeds 30% by mass, aggregation tends to occur in the resulting modifier for hydrophilicity, in some cases
leading to inferior workability and poor physical properties of the coat.
[0045] The above modifier for hydrophilicity may contain, in combination with the above-mentioned modified polyvinyl
alcohol (A), a polyvinyl alcohol not containing any group represented by the formula (I). Preferably, the above polyvinyl
alcohol not containing any group represented by the formula (I) accounts for 0.1 to 30% by mass relative to the above
modifier for hydrophilicity. When the content is less than 0.1% by mass, the occurrence of the above polyvinyl alcohol
not containing any group represented by the formula (I) may fail to produce an improvement in odor preventing ability
in some cases. When it exceeds 30% by mass, aggregation tends to occur in the resulting modifier for hydrophilicity, in
some cases leading to inferior workability and poor physical properties of the coat.
[0046] Preferably, the above modifier for hydrophilicity further contains a hydrophilic organic compound other than
the above-mentioned modified polyvinyl alcohol (A) or the above-mentioned polyvinyl alcohol not containing any group
represented by the formula (I) unless the odor preventing ability is sacrificed. When it contains the above-mentioend
other hydrophilic organic compound, the above modifier for hydrophilicity can show further improved hydrophilicity.
[0047] The above-mentioned other hydrophilic organic compound has a hydrophilic functional group, and the above
hydrophilic functional group includes, for example, hydroxyl, carboxyl, sulfonic, amide, amino and phosphonic groups,
an ether bond, an imidazole ring, and a nitrile group. The above ether bond includes an acetal bond.
These hydrophilic functional groups may be used singly or in combination. As the above hydrophilic organic compound,
there may be mentioned, for example, polyamides such as water-soluble nylon species; polyacrylic acid, polyvinyl sulfonic
acid, polystyrenesulfonic acid, polyvinylimidazole, polyvinylpyrrolidone, polyvinylacetamide, polyamines, polyacryla-
mide, isoprenoid sulfonic acid polymer, polyvinylformamide, polyallylamine, polyethyleneimine, polyamidines, poly-
glutamic acid, hydoxyethylcellulose, hydroxypropylmethylcellulose, carboxymethylcellulose, polycarbodiimides, water-
soluble polyurethanes, water-soluble polyesters, water-soluble phenolic resins, water-soluble epoxy resins and modifi-
cations thereof; chitosan, alginic acid and like hydrophilic low-molecular compounds.



EP 1 245 622 B1

6

5

10

15

20

25

30

35

40

45

50

55

[0048] In the above-mentioned other hydrophilic organic compound, the above-mentioned ether bond may be a poly-
oxyalkylene chain. When the modifier contains a polyoxyalkylene chain-containing other hydrophilic organic compound,
the resulting hydrophilic coat can exhibit more improved hydrophilicity while retaining substantially the same level of
odor preventing ability as attainable without addition thereof. The polyoxyalkylene chain-containing other hydrophilic
organic compound is not particularly restricted but includes, among others, polyethylene oxide, polypropylene oxide,
nonionic surfactants, reactive alkylene oxide-based surfactants, ethylene oxide-polypropylene oxide block polymers,
ethylene oxide-methylene oxide block polymers, ethylene oxide-derived moiety-containing acrylic resins, ethylene oxide-
derived moiety-containing polyester resins, and ethylene oxide-derived moiety-containing polyurethane resins.
[0049] When contained in the modifier, the above-mentioned other hydrophilic organic compound preferably accounts
for less than 50% by mass relative to the resin solid matter in the above modifier for hydrophilicity. When the content
exceeds 50% by mass, an odorant adhering to the above other hydrophilic organic compound may emanate an unpleasant
odor and, at the same time, the incorporated proportion of the above-mentioned modified polyvinyl alcohol (A) becomes
too low and the modifier as a whole may become inferior in odor preventing ability. A content less than 30% by mass is
preferred.
[0050] The above modifier for hydrophilicity preferably contains, in combination with the above-mentioned modified
polyvinyl alcohol (A), at least one member (B) selected from the group consisting of phosphorus compound salts and
boron compound salts of Ca, Al, Mg, Fe and Zn. When it contains the above phosphorus compound salt and/or boron
compound salt (B), which is itself does not emanate any odor, the above modifier for hydrophilicity shows an improved
odor preventing ability, retains the hydrophilicity, and shows an improved film-forming ability.
[0051] The phosphorus compound salt mentioned above is not particularly restricted but preferably is a salt of an acid
constituted of a phosphorus atom(s) and oxygen atoms, such as an oxo acid of phosphorus, including, for example,
phosphoric acid salts, phosphorous (phosphonic) acid salts, hypophosphorous (phosphinic) acid salts, phytic acid salts,
and condensed phosphoric acid salts. The above condensed phosphoric acid salts are not particularly restricted but
include, for example, metaphosphoric acid salts; and salts of polyphosphoric acids such as pyrophosphoric acid and
tripolyphosphoric acid. The above-mentioned phosphorus compound salt is preferably one hardly soluble in water, more
preferably one having solubility in water (20°C) of not more than 1.0 g/100 cm3.
[0052] The above-mentioned boron compound salt is not particularly restricted but includes, for example, boric acid
salts and borofluorate salts.
[0053] The above phosphorus compound salt and boron compound salt preferably have a mean particle diameter of
0.01 to 5 Pm.
[0054] The above phosphorus compound salt and/or boron compound salt (B) preferably accounts for 0.1 to 200%
by mass, preferably 5% to 50% by mass, relative to the resin solid matter in the above modifier for hydrophilicity. When
it is less than 0.1% by mass, the odor preventing ability and film-forming ability may not be enhanced by the addition of
the above phosphorus compound salt and/or boron compound salt (B). When it exceeds 200% by mass, the phosphorus
compound salt and/or boron compound salt (B) itself may emanate an odor or physical properties of the coat may possibly
deteriorate.
[0055] Preferably, the above modifier for hydrophilicity further contains at least one member selected from the group
consisting of inorganic crosslinking agents, organic crosslinking agents and coupling agents. When it contains the above
crosslinking agent and/or coupling agent, the above modifier for hydrophilicity can give hydrophilic coats resistant to
deterioration, for example erosion, even when they are exposed to water drops or running water; thus, the hydrophilicity
and/or film-forming ability can be further improved.
[0056] The above inorganic crosslinking agent is not particularly restricted. Preferred are, however, metal compounds
capable of forming complexes with the above-mentioned modified polyvinyl alcohol (A), for example metal compounds
containing zirconium, titanium, chromium, aluminum or zinc. Silica may also be used as the above inorganic crosslinking
agent. The above silica is not particularly restricted but includes, for example, ammonium silicate, colloidal silica, silica
anhydride. The mean particle diameter of the above silica is preferably not more than 50 nm. When the above silica is
contained, odor preventing ability can also be improved.
[0057] The organic crosslinking agent or coupling agent mentioned above is not particularly restricted but includes
those having a functional group capable of reacting with the hydroxyl group or with the modified functional group, for
example blocked isocyanates, phenolic resins, melamine, silane coupling agents, titanium coupling agents, epoxy com-
pounds, carbodiimides, thiol compounds, silane compounds, amino resins, carboxylic acids and anhydrides thereof,
amines, aziridine compounds.
[0058] The above inorganic crosslinking agent, organic crosslinking agent and/or coupling agent preferably accounts
for 0.01 to 100% by mass relative to the resin solid matter in the above modifier for hydrophilicity. When it is less than
0.01% by mass, the hydrophilicity or film-forming ability may not be enhanced by the addition of such crosslinking agent
and/or coupling agent. When it exceeds 100% by mass, the odor of such crosslinking agent and/or coupling agent itself
may become significant, or may adsorb odorants to emanate an unpleasant odor, or may impair the hydrophilicity.
[0059] In cases where the silica is contained as the above inorganic crosslinking agent, the above silica is preferably
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0.1 to 100% by mass, more preferably 5 to 30% by mass relative to the resin solids in the above modifier for hydrophilicity.
If it is less than 0.1% by mass, odor preventing ability or film forming ability due to the above silica may not be obtained,
while it exceeding 100% by mass, silica itself may have odor and physical properties of the coat may be deteriorated.
[0060] The modifier for hydrophilicity of the invention may further contain particles having a mean particle diameter
of 0.01 to 5 Pm. In the present specification, the above-mentioned particles having a mean particle diameter of 0.01 to
5 Pm are other than the above-mentioned other hydrophilic organic compound, phosphorus compound salts and/or
boron compound salts (B), crosslinking agents and coupling agents. When it contains the above particles, the above
modifier for hydrophilicity can make uneven the surface of the coat obtained upon treatment with the above modifier for
hydrophilicity and can improve the hydrophilicity through this unevenness.
[0061] The above particles may be of an organic compound or an inorganic compound. As the organic compound,
there may be mentioned, for example, acrylic, silicone, melamine and cellulosic polymers in minute particle form; titanium
oxide, aluminum oxide, zirconium oxide, glass beads and silica may be mentioned as example of the inorganic compound.
[0062] When a mean particle diameter of the above particle is smaller than 0.01 Pm, it is difficult to obtain an uneven
surface profile sufficient to improve the hydrophilicity of the hydrophilic coat surface. When it exceeds 5 Pm, the une-
venness of the above coat surface becomes excessive, so that retention of condensate water may occur on the coat
surface or the coat may become poor in appearance in some cases. A mean particle diameter of 0.1 to 2 Pm is preferred.
[0063] The above particles preferably account for less than 50% by mass relative to the resin solid matter in the above
modifier for hydrophilicity. When it is not less than 50% by mass, the above particles themselves may emanate an odor
and/or an odorant(s) adsorbed thereon may emanate an unpleasant odor. Preferably, it is lower than 30% by mass.
[0064] The above modifier for hydrophilicity may further contain a dispersant so that the above-mentioned modified
polyvinyl alcohol (A) may be dispersed uniformly. The above dispersant is not particularly restricted but includes, for
example, high-molecular polycarboxylic acid alkylolamine salts, acrylic copolymers, polycarboxylic acid amide solutions,
aliphatic polybasic carboxylic acids, and high-molecular acid polyester salts. Various surfactants may also be added for
attaining dispersion.
[0065] Any of various antimicrobial agents may be added to the above modifier for hydrophilicity.
[0066] Usable as the above antimicrobial agents are, for example, zinc pyrithione, 2-(4-thiazolyl)-benzimidazole, 1,2-
benzisothiazoline, 2-n-octyl-4-isothiazolin-3-one, N-(fluorodichloromethylthio)phthalimide, N,N-dimethyl-N’-phenyl-
N’-(fluorodichloromethylthio)sulfamide, methyl 2-benzimidazolecarbamate, bis(dimethylthiocarbamoyl) disulfide,
N-(trichloromethylthio)-4-cyclohexane-1,2-dicarboximide, barium metaborate, allyl isothiocyanate; polyoxyalkylenetri-
alkylammonium salts, organosilicon quaternary ammonium salts, hexamethylenebiguanide hydrochloride, and like qua-
ternary ammonium salts; tri-n-butylteradecylphosphonium chloride and like quaternary phosphonium salts; polyphenolic
antimicrobial agents, phenylamide antimicrobial agents, and biguanide antimicrobial agents.
[0067] Various additives other than those mentioned above may be incorporated in the above modifier for hydrophilicity
according to need. As the above additives, there may be mentioned lubricants, antimicrobial agents, antifungal agents,
preservatives, antibacterial agents, surfactants, pigments, dyes, and inhibitors for providing corrosion resistance, etc.
[0068] The above modifier for hydrophilicity can be prepared in the conventional manner. For example, there can be
used the method which comprises effecting dissolution or dispersion of the above-mentioned modified polyvinyl alcohol
(A), if desired together with the polyvinyl alcohol not containing the group represented by the above formula (I), and/or
the other hydrophilic organic compound, in the whole modifier, adding the optional component(s), such as the phosphorus
compound salt and/or boron compound salt (B), particles having a mean particle diameter of 0.01 to 5 Pm, crosslinking
agent, coupling agent, and other additives, and, if necessary, performing forced dispersion using an ultrasonic dispersion
mixer, a dispersion mixer using a micro medium.
[0069] The hydrophilic modification method using the above modifier for hydrophilicity is not particularly restricted but
includes, for example, the dipping method and coating method. Since the above heat exchanger generally has a com-
plicated profile, the dipping method is preferred. When the dipping method is employed in the above hydrophilic modi-
fication, the treatment liquid temperature is preferably about 10 to 60°C, and the treatment time is preferably about 3
seconds to about 5 minutes. A coat having a solid coat amount of 0.02 to 3 g/m2 is formed by the above hydrophilic
modification. When it is less than 0.02 g/m2, the hydrophilic properties will not be produced. When it exceeds 3 g/m2,
the productivity will decrease. It is preferably 0.05 to 3 g/m2, more preferably 0.1 to 1 g/m2.
[0070] After the above hydrophilic modification, baking is carried out at 100 to 220°C for 10 to 60 minutes, whereby
a hydrophilic coat can be obtained. At a baking temperature below 100°C, unsatisfactory film-forming ability may result
and, at above 220°C, the durability of hydrophilicity will decrease. The baking temperature is preferably 120 to 200°C.
[0071] As mentioned above, the hydrophilic modification method of the present invention uses a modifier for hy-
drophilicity which comprises a modified polyvinyl alcohol (A) containing 0.01 to 20 mole percent of a group represented
by the above formula (I), relative to the hydroxyl and acetoxy groups in the molecule, and as a consequence, the
hydrophilic coat obtained from the above modifier for hydrophilicity shows very good hydrophilicity and, in addition, as
the intrinsic properties of the coat, not only emanation of a dusty or like unpleasant odor but also emanation of the
unpleasant odor of the odorant after exposure thereto, are attenuated. The mechanisms by which the hydrophilic mod-
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ification method of the present invention produces such advantageous effects are not fully clear but may be as follows.
[0072] Thus, the above-mentioned modified polyvinyl alcohol (A) shows a high level of hydrophilicity owing to the
hydroxyl groups and groups represented by the above formula (I) contained therein, whereas it is low in affinity for
odorants, high in crystallinity and high in density, so that even if an odorant is adhered to the oxygen atoms of the hydroxyl
groups or of the groups represented by the above formula (I), it is presumably not accumulated but is released, hence
the unpleasant odor of the above odorant will not be emanated. Therefore, the hydrophilic modification method of the
present invention is suitably applied to heat exchangers.
[0073] The hydrophilic modification method of the present invention and the heat exchanger as treated by the above
hydrophilic modification method, which have the respective constitutions mentioned above, will not emanate the dusty
odor which is intrinsic in some component(s) in the modifier for hydrophilicity or the unpleasant odor of an odorant(s)
adsorbed thereon. Thus, even during a long period of use, the odor of the hydrophilic coat itself as obtained can be
suppressed and unpleasant odor emanation after exposure to odorants can be suppressed, while the hydrophilicity can
be retained.

EXAMPLES

[0074] The following Examples and Comparative Examples further illustrate the present invention. In each table, each
concentration data indicates the concentration (in % by mass) in the modifier for hydrophilicity.

Examples 1 to 21

(Preparation of modifiers for hydrophilicity)

[0075] According to the formulations shown in Table 1, modifiers for hydrophilicity having the respective concentrations
(% by mass) given in Table 1 were prepared by blending a modified polyvinyl alcohol powder, a phosphorous compound
salt, boron compound salt, hydrophilic organic compound, a crosslinking agent and so forth. Used as the polyvinyl alcohol
not having any group relative to the above formula (I) was PVA-1 [degree of saponification 99%; number average
molecular weight 50,000]. Used as the modified polyvinyl alcohol were PVA-2, PVA-3 and PVA-4 [n in the above formula
(I) being 10, 10 and 20, respectively; the group represented by the above formula (I) accounting for 5 mole percent, 1
mole percent and 1 mole percent, respectively, relative to the hydroxyl and acetoxy groups in the molecule; the degree
of saponification being 99% and the number average molecular weight being 50,000 in each case]. Used as a carboxylic
acid-modified polyvinyl alcohol was PVA-5 [with 5 moles relative to 100 moles of the sum of the hydroxyl and acetoxy
groups in the molecule being modified with acrylic acid; n in the above formula (I) being 10; the group represented by
the above formula (I) accounting for 5 mole percent relative to the hydroxyl and acetoxy groups in the molecule; the
degree of saponification being 99%; the number average molecular weight being 50,000]. Furthermore, a dispersant
[polycarboxylic acid amide solution], a crosslinking phenol [novolak phenol resin, number average molecular weight
about 1,000], a polyisocyanate [self-emulsifiable aqueous blocked isocyanate], an acrylic resin [copolymer of methox-
ypolyoxyethylene methacrylate and acrylic acid (8:2)], polyethylene oxide [PEO, number average molecular weight
100,000], polyacrylamide [homopolymer, number average molecular weight 20,000], resin particles [methyl methacrylate
resin particles, mean particle diameter 1 Pm], an antimicrobial agent [2-(4-thiazolyl)benzimidazole], silica anhydrous
[particle diameter 10 nm] and so forth were used.

(Hydrophilic modification)

[0076] An aluminum alloy-made heat exchanger was immersed in a bath containing an acidic cleaning solution con-
taining 10% by mass (1.6 N) of nitric acid and 5% by mass (1.0 N) of sulfuric acid [indicated as � in the column
"Pretreatment", of Tables 1 and 3] and warmed to 65°C for 4 minutes, then drawn up, and thoroughly washed with tap
water. Further, this heat exchanger was immersed in a bath containing a zirconium-containing rust preventing agent
(Alsurf 440N, 2%, product of Nippon Paint, indicated as � in the column "Chemical conversion", of Tables 1 and 3)
warmed to 50°C for 90 seconds for chemical conversion treatment, and then thoroughly washed with tap water. Then,
this heat exchanger was immersed in a bath containing one of the modifiers for hydrophilicity obtained in the above
manner at 20°C for 1 minute, then drawn up, and heated to 140°C (temperature arrived at) for 30 minutes to give a
hydrophilic modification product with a solid coat amount of 0.3 g/m2.
[0077] In Example 19, an acidic cleaning agent [Surfcleaner 322N8, product of Nippon Paint; indicated as � in the
column "Pretreatment", of Table 1] was used in lieu of 10% by mass of nitric acid and 5% by mass of sulfuric acid and,
in Example 20, a chromate-phosphate rust preventing agent [Alsurf 407/47, 3%/0.5%, product of Nippon Paint; indicated
as � in the column "Chemical conversion", of Table 1] was used in lieu of Alsurf 440N.
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(Evaluation)

[0078] The hydrophilic modification products obtained in the above manner were evaluated for hydrophilicity and odor
by the following methods. The results are shown in Table 2.

1. Hydrophilicity evaluation

[0079] Hydrophilic modification products were brought into contact with running tap water for 72 hours and then
measured for contact angle with water drops. A smaller contact angle can be said to be indicative of a higher level of
hydrophilicity.

2. Dusty odor evaluation

[0080] Hydrophilic modification products were brought into contact with running tap water for 72 hours and then smelled
for evaluation on the following scoring scale:

3. Adhering odor (1)

[0081] The hydrophilic modification product was brought into contact with running tap water for 72 hours and then
placed in a meeting room (50 m3) where the product was exposed to the smoke from 20 cigarettes for 3 hours. Then,
it was allowed to stand in another smoke-free meeting room (50 m3) for 1 hour and, thereafter, subjected to sensory
evaluation on the scale of 0 to 5 as mentioned above under 3.

4. Adhering odor (2)

[0082] The hydrophilic modification product was brought into contact with running tap water for 72 hours and then
placed in a meeting room (50 m3) where the product was exposed to the odor from 100 ml each of four commercially
available perfumes, namely CKone (Calvin Klein), Ptisenbon (Givenchy), True Love (Elizabeth Arden) and Tendre Poison
(Christian Dior). Then, it was allowed to stand in another odor-free meeting room (50 m3) for 1 hour, and subjected to
sensory evaluation on the scale of 0 to 5 as mentioned above under 3.

0 point No odor;
1 point An odor is smelled just faintly;
2 points An odor is smelled rather readily;
3 points An odor is smelled clearly;
4 points A strong odor is smelled;
5 points A very strong odor is smelled.
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Comparative Examples 1 to 6

[0083] Using modifiers for hydrophilicity respectively having the compositions shown in Table 3, hydrophilic modification
products were obtained and evaluated in the same manner as in Example 1 except that the acid cleaning as pretreatment
was omitted in Comparative Example 1 and that no chemical conversion treatment was carried out in Comparative
Example 2. Used in the modifiers for hydrophilicity were polyacrylic acid (homopolymer, number average molecular
weight 100,000), colloidal silica [aqueous dispersion of SiO2, mean particle diameter 0.3 Pm], carboxymethylcellulose
[number average molecular weight 20,000], polyvinylsulfonic acid [homopolymer, number average molecular weight
20,000], polyacrylamide [homopolymer, number average molecular weight 20,000], polyvinylpyrrolidone [homopolymer,
number average molecular weight 20,000], polyethylene oxide [PEO, number average molecular weight 100,000], and
the above-mentioned PVA-2. The evaluation results are shown in Table 3.
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[0084] From Tables 1 to 3, it was clear that while the hydrophilic modification products obtained in Comparative
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Examples which were outside the scope of the present invention were poor in hydrophilicity and/or odor preventing
ability, the hydrophilic modification products obtained in Examples within the scope of the present invention were superior
in hydrophilicity and odor preventing ability.

Claims

1. A hydrophilic modification method comprising
a step of forming a coat having a solid coat amount of 0.02 to 3 g/m2 on a heat exchanger with a modifier for
hydrophilicity after treatment for rust prevention thereof
wherein said modifier for hydrophilicity comprises a modified polyvinyl alcohol (A) having, on a side chain thereof,
a group represented by the formula (I):

in the formula, n represents an integer of 1 to 500, R1 represents a hydrogen atom or an alkyl group containing 1
to 4 carbon atoms, and R2 represents a hydrogen atom or a methyl group,
and at least one member (B) selected from the group consisting of phosphorus compound salts and boron compound
salts of Ca, Al, Mg, Fe and Zn,
said group represented by the formula (I) accounting for 0.01 to 20 mole percent relative to hydroxyl and acetoxy
groups contained in said modified polyvinyl alcohol.

2. The hydrophilic modification method according to Claim 1,
wherein the modifier for hydrophilicity contains 0.1 to 30% by mass, relative to said modifier for hydrophilicity, of a
polyvinyl alcohol having a degree of saponification of not less than 90%.

3. The hydrophilic modification method according to Claim 1 or 2,
wherein the modified polyvinyl alcohol (A) accounts for 0.1 to 30% by mass relative to the modifier for hydrophilicity.

4. The hydrophilic modification method according to any of Claims 1 to 3,
wherein at least one member (B) selected from the group consisting of phosphorus compound salts and boron
compound salts of Ca, Al, Mg, Fe and Zn accounts for 0.1 to 200% by mass relative to a resin solid matter.

5. The hydrophilic modification method according to any of Claims 1 to 4,
wherein the heat exchanger is made of an aluminum or aluminum alloy material.

6. A heat exchanger treated by the hydrophilic modification method according to any of Claims 1 to 5.

Patentansprüche

1. Verfahren zur hydrophilen Modifizierung, umfassend einen Schritt der Ausbildung einer Beschichtung mit einer
Feststoffbeschichtungsmenge von 0,02 bis 3 g/m2 auf einem Wärmetauscher mit einem Hydrophilizitätsmodifikator
nach Behandlung zur Rostvorbeugung davon,
wobei der Hydrophilizitätsmodifikator einen modifizierten Polyvinylalkohol (A) umfaßt, welcher an einer Seitenkette
davon eine Gruppe hat, die dargestellt ist durch die Formel (I):
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wobei in der Formel n eine ganze Zahl von 1 bis 500 darstellt, R1 ein Wasserstoffatom oder eine Alkylgruppe mit 1
bis 4 Kohlenstoffatomen und R2 ein Wasserstoffatom oder eine Methylgruppe darstellt,
und wenigstens einen Teil (B) umfaßt, der aus der aus Phosphorverbindungssalzen und Borverbindungssalzen von
Ca, Al, Mg, Fe und Zn bestehenden Gruppe gewählt ist,
wobei die durch die Formel (I) dargestellte Gruppe 0,01 bis 20 Molprozent bezüglich der Hydroxyl- und Acetoxy-
Gruppen ausmacht, die in dem modifizierten Polyvinylalkohol enthalten sind.

2. Verfahren zur hydrophilen Modifizierung nach Anspruch 1, wobei der Hydrophilizitätsmodifikator 0,1 bis 30 Masse-
prozent bezüglich des Hydrophilizitätsmodifikators eines Polyvinylalkohols mit einem Verseifungsgrad von nicht
weniger als 90% enthält.

3. Verfahren zur hydrophilen Modifizierung nach Anspruch 1 oder 2, wobei der modifizierte Polyvinylalkohol (A) 0,1
bis 30 Masseprozent bezüglich des Hydrophilizitätsmodifikators ausmacht.

4. Verfahren zur hydrophilen Modifizierung nach einem der Ansprüche 1 bis 3, wobei wenigstens ein aus der aus
Phosphorverbindungssalzen und Borverbindungssalzen von Ca, Al, Mg, Fe und Zn bestehenden Gruppe gewählter
Teil (B) 0,1 bis 200 Masseprozent bezüglich einer Harzfeststoffsubstanz ausmacht.

5. Verfahren zur hydrophilen Modifizierung nach einem der Ansprüche 1 bis 4, wobei der Wärmetauscher aus Alumi-
nium- oder Aluminiumlegierungsmaterial gefertigt ist.

6. Wärmetauscher, der mit dem Verfahren zur hydrophilen Modifizierung nach einem der Ansprüche 1 bis 5 behandelt
ist.

Revendications

1. Procédé de modification hydrophile comprenant
une étape de formation d’un revêtement présentant une quantité de revêtement solide de 0,02 à 3 g/m2 sur un
échangeur de chaleur avec un agent de modification pour l’hydrophilie après un traitement de prévention de la
rouille de celui-ci,
dans lequel ledit agent de modification pour l’hydrophilie comprend un poly(alcool vinylique) (A) modifié présentant,
sur une chaîne latérale de celui-ci, un groupe représenté par la formule (I) :

dans la formule, n représente un nombre entier de 1 à 500, R1 représente un atome d’hydrogène ou un groupe
alkyle contenant de 1 à 4 atomes de carbone, et R2 représente un atome d’hydrogène ou un groupe méthyle,
et au moins un élément (B) choisi dans le groupe constitué de sels composés du phosphore et de sels composés
du bore de Ca, Al, Mg, Fe et Zn,
ledit groupe représenté par la formule (I) comptant pour de 0,01 à 20 % en mole par rapport aux groupes hydroxyle
et acétoxy contenus dans ledit poly(alcool vinylique) modifié.

2. Procédé de modification hydrophile selon la revendication 1, dans lequel l’agent de modification pour l’hydrophilie



EP 1 245 622 B1

15

5

10

15

20

25

30

35

40

45

50

55

contient de 0,1 à 30 % en masse, par rapport audit agent de modification pour l’hydrophilie, d’un poly(alcool vinylique)
présentant un degré de saponification d’au moins 90 %.

3. Procédé de modification hydrophile selon la revendication 1 ou 2, dans lequel le poly(alcool vinylique) (A) modifié
compte pour de 0,1 à 30 % en masse par rapport à l’agent de modification pour l’hydrophilie.

4. Procédé de modification hydrophile selon l’une quelconque des revendications 1 à 3, dans lequel au moins un
élément (B) choisi dans le groupe constitué de sels composés du phosphore et de sels composés du bore de Ca,
Al, Mg, Fe et Zn compte pour de 0,1 à 200 % en masse par rapport à une matière solide de résine.

5. Procédé de modification hydrophile selon l’une quelconque des revendications 1 à 4, dans lequel l’échangeur de
chaleur est constitué d’un aluminium ou d’un matériau d’alliage d’aluminium.

6. Echangeur de chaleur traité par le procédé de modification hydrophile selon l’une quelconque des revendications
1 à 5.
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