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DESCRIPTION
COATING COMPOSITION USED FOR FRICTIONAL RESISTANCE REDUCED SHIP
UTILIZING GAS LUBRICATION FUNCTION IN WATER, COATING FILM FORMED FROM
THE COMPOSITION, SHIP COATEDWITH THE COATING FILM, PRODUCTION PROCESS
FOR THE SHIP, METHOD FOR PREDICTING EFFECT OF THE FRICTIONAL RESISTANCE
REDUCTION, APPARATUS USED FOR PREDICTION OF THE FRICTIONAL RESTSTANCE
REDUCTION EFFECT, AND FRICTIONAL RESISTANCE REDUCTION SYSTEM USED

FOR THE FRICTIONAL RESISTANCE REDUCED SHIP

Technical Field
[0001]

The present invention relates to a coating composition mainly
used for a frictional resistance reduced ship utilizing a gas
lubrication function in water, a coating film formed from the
composition, a ship coatedwith the coating £ilm, a production process
for the ship, a method for predicting an effect of the frictional
resistance reduction, an apparatus used for prediction of the
frictional resistance reduction effect, and a frictional resistance

reduction system used for the frictional resistance reduced ship.

Background Art
[0002]
On a ship navigating, wave-making resistance due to occurrence

of waves, pressure profile resistance attributable to the profile
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of the ship’s bottom and frictional resistance (water flow frictional
resistance) due toviscosityof wateract. Thewave-makingresistance
and the profile resistance have been greatly reduced by the studies
having been made so far, but the frictional resistance occupies 60%
to80%of thetotal resistanceofaship, andforenergysaving, reduction
of the frictional resistance has been eagerly desired. As methods
for reducing the water flow frictional resistance, an air lubrication
method of supplying air to a ship’s bottom and a method of adding
a polymer to a fluid such as sea water (method utilizing Toms effect)
have been proposedand studied, andwith regardtothe former, practical
use for ships has been accelerated.

[0003]

For example, in patent literatures 1 to 4, methods for reducing
frictional resistance, said methods comprising treating a ship’s
bottom surface with a coating agent or the like to impart water
repellency to the ship’s bottom surface and holding air bubbles or
an air layer, are disclosed. These methods are each a method wherein
air is supplied to a ship’s bottom, on which a specific hydrophobic
coating film has been formed, to cover the ship’s bottom surface with
an air layer, whereby frictional resistance is reduced by an air
lubrication effect.

[0004]
The hydrophobic coating film is formed from hydrophobic (finely

divided) particles contained and a hydrophobic binder resin in a
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coating agent, and has a hydrophobic recess-projection rough surface
having a high affinity for air. The hydrophobic coating film having
a hydrophobic recess-projection rough surface (also referred to as
a “hydrophobic recess-projection coating film” hereinafter) exhibits
highwater repellencyattributabletothe factsthatinair, airadheres
to the recess and is held as an air layer and that the surface free
energy of the recess is small. In water, however, such a hydrophobic
recess-projection coating film changes with time to lose its water
repellency, and an affinity for air also disappears. Particularly
on abottomof a ship navigating, this change with time is conspicuous.
That is to say, because of a small intermolecular interaction force
between air (gas molecule) and the hydrophobic recess-projection
coating film (surface constituent molecule), water (molecule)

gradually invades this recess to exclude air. This phenomenon is
described as “immersional wetting”. When there is a water flow on
the hydrophobic recess-projection coating film surface, exclusion
of air is further accelerated. When water invades a recess of the
hydrophobic recess-projection coating film to extrude air (layer),
air cannot invade the recess of the hydrophobic recess-projection
coating film even if air is newly supplied to the surface, because
cohesive energy or mass of water (molecule) is overwhelmingly larger
as compared with that of air. That is to say, air (layer) holding
performance is not restored. In air, accordingly, the hydrophobic

recess-projection coating film exhibits an affinity for air because
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an air layer is formed in the recess. In water, however, since the
coating film surface is covered with water having invaded the recess,
the coating film becomes hydrophilic and loses an affinity for air.
[0005]

Further, the hydrophobic recess-projection coating film has
small cohesive energy (surface free energy) andalso has lowmechanical
strength. Therefore, such a hydrophobic recess-projection coating
film is fragile and has poor adhesion property, and by the action
of awater flow, etc. during navigation, the finely divided particles
or the hydrophobic recess-projection coating film peels and drops
off from the ship’s bottom surface, whereby air holding performance
of the hydrophobic recess-projection coating film is lowered.
[0006]

Moreover, the hydrophobic recess-projection coating film has
no antifouling performance. From the viewpoint that the increase
in frictional resistance attributable to increase in roughness of
a ship’ s bottom surface caused by fouling of the ship’ s bottom surface
due to adhesion of aquatic organisms during anchorage of the ship
is prevented, the coating film formed on the ship’s bottom is desired
tohaveantifoulingproperty. Inapatentliterature5, itisdescribed
that in order to allow a recess-projection surface to have antifouling
property, an oxidizing gas or an oxidizing liquid is supplied into
sea so that suchagasorliquidmay flowon the ship’ sbottom. However,

it is difficult to allow the whole of the ship’s bottom surface to
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be in such an atmosphere at all times, and besides, there is a fear
of marine pollution by the oxidizing gas or the oxidizing liquid,
so that this technique is of little practicability.

[0007]

Thus, these conventional techniques cannot be said to be
effective methods for reducing frictional resistance of ships that
are used for a long period of time.

As described in a patent literature 6, a method for judging
a frictional resistance reduction effect by a contact angle of a film
surface against water is also known, but it is difficult to say that
such amethod accurately reflects the state or the behavior of a bubble

on a coating film surface in water.

Citation List
Patent Literature
[0008]
Patent literature 1: Japanese Patent No. 2890340

Patent literature 2: Japanese Patent Laid-Open Publication No.

1996-268380

Patent literature 3: Japanese Patent Laid-Open Publication No.
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Patent literature 4: Japanese Patent Laid-Open Publication No.

1999-131007

Patent literature 5: Japanese Patent Laid-Open Publication No.
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Patent literature 6: Japanese Patent Laid-Open Publication No.

2003-277691

Summary of Invention
Technical Problem
[0009]

As described above, the conventional technique is that by
injectingairontoahydrophobic recess-projectioncoating filmhaving
an affinity for air, this coating film holds an air layer and exhibits
an frictional resistance reduction effect, but in water, the surface
of the hydrophobic recess-projection coating film changes with time
and becomes hydrophilic, whereby the affinity for air disappears,
and such a frictional resistance reduction effect as above is lowered.
Further, since this hydrophobic recess-projection coating film has
no antifouling performance, the roughness of the coating film is
extremely increased because of fouling by microorganisms, etc., and
the frictional resistance tends to be increased.

[0010]

A method of supplying a large amount of air to a ship’s bottom
to maintain the frictional resistance reduction effect has been
attempted, but the supply of air needs great power, and therefore,
energy saving effect due to the frictional resistance reduction is

compensated, so that this method is of no practical use.
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[0011]

If thereareamethod formoreeasilypredictingafrictional resistance
reduction effect utilizing an air lubrication function of a coating film
in water and an apparatus capable of being used for the prediction, they
are useful in examination of the above.

[0012]

In the light of the above, the present invention addresses a first
problem of providing a coating composition capable of forming a coating
film which maintains an affinity for a gas such as air in water over a long
period of time, exerts a high frictional resistance reduction effect even
by supplying a small amount of gas and has an antifouling function even
during navigation or even under static conditions, a coating film formed
fromthe composition, a frictional resistance reduced shiphaving the coating
film formed thereon and a production process for the frictional resistance
reduced ship.

[0013]

The present invention further addresses a second problemof providing
a coating composition capable of forming a coating film which maintains
an affinity for a gas such as air in water over a long period of time, has
a high fluid frictional resistance reduction effect even if high power is
not introduced for the supply of gas, is economical and has little influence
on the environment, a coating film formed from the composition, a frictional

resistance reduced ship having the coating film formed thereon, a production

process
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for the frictional resistance reduced ship, a method for predicting
a frictional resistance reduction effect utilizing a gas lubrication
function of a coating film in water, and an apparatus used for the
prediction.

[0014]

The present invention furthermore addresses a third problem
of providing a frictional resistance reduction system used for such
a frictional resistance reduced ship as above, and a frictional
resistance reduced shiputilizingagas lubrication function inwater,

said ship having the system.

Solution to Problem
[0015]

In order to solve the above problems, the present inventors
have earnestly studied, and as a result, they have found that the
first problem can be solved by an antifouling coating composition
used for a frictional resistance reduced ship utilizing a gas
lubrication function, said composition comprising a specific
organopolysiloxane (A), a specific hydrophobic material (C), and if
necessary, a specificorganosilane and/or its partial condensate (B).
[0016]

Further, thepresent inventorshave foundthat the secondproblem
can be solved by an antifouling coating composition used for a

frictional resistance reduced ship having a coating film with the
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specific ranges of the later-described static in-water bubble contact angle
and in-waterbubble roll (slip) angleandutilizingagas lubrication function
in water, a method for predicting the aforesaid frictional resistance
reduction effect utilizing the static in-water bubble contact angle and
the in-water bubble roll (slip) angle, and an apparatus having specific
constitution capable of measuring the static in-water bubble contact angle
and the in-water bubble roll (slip) angle.

[0017]

Furthermore, the present inventors have found that the third problem
can be solved by a frictional resistance reduction system having a coating
film formed from the composition capable of solving the first problem or
the second problem and a gas supply device for supplying gas such as air
to the surface of the coating film.

[0018]

The present invention is based on the following findings newly found
by the present inventors.

‘A coating film formed from an antifouling coating composition
comprising a specific organopolysiloxane, a specific hydrophobic material,
and if necessary, a specific organosilane and/or its partial condensate
exhibits an air lubrication effect efficiently, and a water flow fricticnal
resistance can be efficiently reduced.

‘It is presumed that when a compound having a polysiloxane skeleton

structure is contained in the antifouling coating composition,
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leveling property of the compound has influence on the profile of
an antifouling coating film formed from the antifouling coating
composition, and a film of the later-described specific profile is
formed.

*The coating film formed from the above-mentioned antifouling
coating composition has a small roughness and a long peak-valley
average interval (surface roughness: not more than 50 um, peak-valley
average interval: not less than 700 um). The coating film profile
contributestoexhibitionofpropertiesthat thestaticin-waterbubble
contact angle is less than 90 degrees and the bubble roll (slip) angle
is less than 30 degrees. Further, thiscoatingfilmdiffersinprofile
from conventional coating films (e.g., the aforesaid patent
literatures 1 to 4) that need conventional fine recesses and
projections formed thereon, and is a coating film having a gentle
slope as compared with such conventional coating films, and exerts
an excellent frictional resistance reduction effect.

- The hydrophobic component is liquid or greasy at 25°C, and
inashiphavingacoating filmformed fromthe above coatingcomposition
on a submerged surface of a shell plating of the ship, the hydrophobic
component bleeds out during navigation to cover the coating film
surface, and the coating film formed from the coating composition
exhibits antifouling property.

‘When the static in-water bubble contact angle of a coating

film is less than 90 degrees and the bubble roll (slip) angle thereof
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is less than 30 degrees, bubbles and/or a gas layer smoothly flows
while sufficiently contacting the coating film in a ship having the
coating film on a submerged surface of the shell plating, so that
the air lubrication effect is efficiently exhibited, and water flow
frictional resistance is efficiently reduced.

*The coating film can maintain the above characteristics and
properties for a long period of time, and besides, the film exerts
a high frictional resistance reduction effect even in a small amount
of air. On that account, a frictional resistance reduced ship having
the coating film on a submerged surface of its shell plating does
not need high power for the supply of air, and therefore, the energy
saving effect is great.

*In the case of a frictional resistance reduced ship having
a coating film formed from the antifouling coating composition
containing a hydrophobic material and an antifouling agent on a
submerged surface of its shell plating, fouling by aquatic organisms
can be further prevented, and an air lubrication effect can be exerted
over a longer period of time.

[0019]

That is to say, the present invention is as follows.

The antifouling coating composition used for a frictional
resistance reduced shiputilizing a gas lubrication function in water
according to the present invention is characterized by comprising

(A) a reaction-curing type organopolysiloxane having a viscosity at
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25°C of 20 to 400000 mm?/s, (C) a hydrophobic material which is ligquid
or greasy at 25°C (other than the above organopolysiloxane (A) and
the following organosilane and/or its partial condensate (B)), and
if necessary, (B) an organosilane having, in one molecule, at least
two groups each of which is at least one group of a hydroxyl group
and a hydrolyzable group and/or its partial condensate (this
composition being also referred to as a “first coating composition”).
(The “frictional resistance reduced ship utilizing a gas lubrication
function in water” is also referred to as a “special frictional
resistance reduced ship” hereinafter.)

Inthe antifouling coating composition according to the present
invention, the hydrophobic material (C) preferably contains at least
one kind selected from a silicone oil, a fluorine-based oil and
paraffins, from the viewpoint that the antifouling property of the
antifouling coating composition becomes more excellent.

[0020]

The antifouling coating composition according to the present
invention preferably further comprises an antifouling agent (D) in
an amount of 5 to 100 parts by weight based on 100 parts by weight
of the organopolysiloxane (A), fromthe viewpoint that the antifouling
property of the antifouling coating composition becomes more
excellent.

[0021]

The antifouling coating film used for a special frictional
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resistance reduced ship according to the present invention is
characterized by being formed from the above antifouling coating
composition (this film being also referred to as a “first coating
film”).

With regard to the surface profile of the antifouling coating
film according to the present invention, it is preferable that the
maximum height from the bottom of a recess to the peak of a projection,
as measured in accordance with JIS B 0601, is not more than 30 um,
and the peak-valley average interval that is an average of a length
of one cycle constituted of one projection and its neighboring one
recess, as measured in accordance with JIS B 0601, is not less than
700 pm, from the viewpoint that the frictional resistance can be more
effectively reduced.

[0022]

In the antifouling coating film according to the present
invention, it is preferable that the static in-water bubble contact
angle, as measured by the following measuring method for static
in-waterbubble contact angle, is lessthan 90 degrees, andthe in-water
bubble roll (slip) angle, asmeasuredbythe followingmeasuringmethod
for in-water bubble roll (slip) angle, is less than 30 degrees, from
the viewpoint that the frictional resistance can be more effectively
reduced,

<measuring method for static in-water bubble contact angle>

arigidpolyvinylchloridetestpanel (maximumheight asmeasured
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in accordance with JIS B 0601: not more than 1 um), which has been
coated with a coating composition so that a coating film having a
dry film thickness of 150 um may be formed, is immersed in water at
25°C for 30 days, then the rigid polyvinyl chloride test panel after
immersion of 30 days is placed in water in such a manner that the
coating film surface becomes horizontal and is on the lower side of
the test panel, then 0.1 cc of air is injected into water so that
one bubble may be formed on the coating film surface, then a height
a of the bubble from the coating film surface, said bubble having
been formed on the coating film surface, and a diameter b of a contact
portion of the bubble with the coating film surface are measured,
and from the following formula (1), a static in-water bubble contact
angle (08¢, unit: degree) that is a contact angle between the coating

film surface and the bubble is determined;

[0023]
[Math. 1]
08=2X-1%Xtan-1Lba- «== (1)

[0024]
<measuring method for in-water bubble roll (slip) angle>
inthe abovemeasuringmethod for static in-water bubble contact
angle, the coating film surface having the bubble formed thereon is
gradually inclined against the horizontal plane, and when the bubble

begins tomove, an in-water bubble roll (slip) angle (Bn, unit: degree)
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thatisaninclinationangleof thecoating filmsurface against thehorizontal
plane is measured.
[0025]

The special frictional resistance reduced ship according to the
present invention is characterized in that a submerged surface of a shell
plating of the ship has been ccated with the antifouling coating film (this
shipbeingalso referred to as a “first special frictional resistance reduced
ship”) .

The production process for the first special frictional resistance
reducedshipaccordingtothepresent inventionis characterizedbycomprising
forming the above antifouling coating filmon a submergence expected surface
of a shell plating of a ship to be coated.

[0026]

The frictional resistance reduction system according to the present
invention is characterized by having the above coating film (first coating
film) and a gas supply device for supplying a gas such as air to the surface
of the coating film (this systembeingalso referredtoasa “first frictional
resistance reduction system”).

[0027]

The special frictional resistance reduced ship according to the
present invention is characterizedbyhaving the first frictional resistance
reduction system (this ship being also referred to as a “third special

frictional resistance reduced ship”).



10

15

20

16

The coating composition according to the present invention is
used for a frictional resistance reduced ship utilizing a gas
lubrication function in water, and is characterized by being capable
of forming a coating film having a static in-water bubble contact
angle, as measured by the following measuring method for static
in-water bubble contact angle, of less than 90 degrees, and an in-water
bubble roll (slip) angle, asmeasuredby the followingmeasuringmethod
for in-water bubble roll (slip) angle, of less than 30 degrees (this
compositionbeingalso referredtoasa “secondcoating composition”),
[0028]

<measuring method for static in-water bubble contact angle>

arigidpolyvinylchloridetestpanel (maximumheight asmeasured
in accordance with JIS B 0601: not more than 1 um), which has been
coated with a coating composition so that a coating film having a
dry film thickness of 150 um may be formed, is immersed in water at
25°C for 30 days, then the rigid polyvinyl chloride test panel after
immersion of 30 days is placed in water in such a manner that the
coating film surface becomes horizontal and is on the lower side of
the test panel, then 0.1 cc of air is injected into water so that
one bubble may be formed on the coating film surface, then a height
a of the bubble from the coating film surface, said bubble having
been formed on the coating film surface, and a diameter b of a contact
portion of the bubble with the coating film surface are measured,

and from the following formula (1), a static in-water bubble contact
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angle (65, unit: degree) that is a contact angle between the coating
film surface and the bubble is determined;
[0029]

[Math. 2]

08=ZX%Xtan_1-2—ba' == (1)

[0030]

<measuring method for in-water bubble roll (slip) angle>

In the above measuringmethod for static in-waterbubble contact
angle, the coating film surface having the bubble formed thereon is
gradually inclined against the horizontal plane, and when the bubble
begins tomove, an in-water bubble roll (slip) angle (6y, unit: degree)
that is an inclination angle of the coating film surface against the
horizontal plane is measured.

[0031]

In the antifouling coating film according to the present
invention, it is preferable that the maximum height, as measured in
accordance with JIS B 0601, is not more than 30 um, and the peak-valley
average interval, as measured in accordance with JIS B 0601, is not
less than 700 ym, from the viewpoint that the frictional resistance
can be more effectively reduced.

[0032]
The coating film according to the present invention is

characterized by being formed from the coating composition used for
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a special frictional resistance reduced ship (this filmbeing also referred
to as a “second coating film”).

The special frictional resistance reduced ship according to the
present invention is characterized by having the above coating film on a
submerged surface of its shell plating (this ship being also referred to
as a “second special frictional resistance reduced ship”).

[0033]

The frictional resistance reduction system according to the present
invention is characterized by having the above coating film {(second coating
film) and a gas supply device for supplying a gas such as air to the surface
of thecoating film (this systembeingalsoreferredtoasa“second frictional
resistance reduction system”).

[0034]

The special frictional resistance reduced ship according to the
present inventionischaracterizedbyhavingthe second frictional resistance
reduction system (this ship being also referred to as a “fourth special
frictional resistance reduced ship”).

The production process for the second special frictional resistance
reducedshipaccordingtothepresent inventionischaracterizedbycomprising
forming the above coating film on a submergence expected surface of a shell
plating of a ship to be coated.

[(0035]

The method for predicting a frictional resistance reduction
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effect utilizing a gas lubrication function of a coating film in water
according to the present invention is characterized by comprising
measuring a static in-water bubble contact angle by the following
measuring method for static in-water bubble contact angle, measuring
an in-water bubble roll (slip) angle by the followingmeasuring method
for in-water bubble roll (slip) angle, and predicting a frictional
resistance reduction effect utilizing a gas lubrication function of
a coating film in water from the static in-water bubble contact angle
and the in-water bubble roll (slip) angle,

<measuring method for static in-water bubble contact angle>

a test panel, which has been coated with a coating composition
so that a coating film may be formed, is immersed in water, then the
test panel after immersion is placed in water in such a manner that
the coating film surface becomes horizontal and is on the lower side
of the test panel, then air is injected into water so that a bubble
may be formed on the coating film surface, then a height a of the
bubble from the coating film surface, said bubble having been formed
on the coating film surface, and a diameter b of a contact portion
of the bubble with the coating film surface are measured, and from
the following formula (1), a static in-water bubble contact angle
(6s, unit: degree) that is a contact angle between the coating film
surface and the bubble is determined;
[0036]

[Math. 3]
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180 -
08=2XTxtan L 2ba --= (1)

[0037]

<measuring method for in-water bubble roll (slip) angle>

in the above measuringmethod for static in-water bubble contact
angle, the coating film surface having the bubble formed thereon is
gradually inclined against the horizontal plane, and when the bubble
begins tomove, an in-water bubble roll (slip) angle (6y, unit: degree)
that is an inclination angle of the coating film surface against the
horizontal plane is measured.

[0038]

The apparatus used for prediction of a frictional resistance
reduction effect utilizing a gas lubrication function of a coating
filminwater according to the present invention is an apparatus having
a test board, an inclination angle control device, an immersion
container and an observation device, and is characterized in that
to the test board, the inclination angle control device is connected;
on the test board, a test panel having a coating film formed on its
surface is set in such a manner that a back surface of the test panel
comes into contact with the lower surface of the test board, and in
the immersion container containing water, the test board is placed
in such a state that the test panel is immersed in water and that
a bubble has been formed on the coating film surface of the test panel;

the observation device is set so as to be able to observe the state
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of the test panel and the bubble; when the test panel is horizontal,
the state of the bubble formed on the surface of the coating film
of the test panel is observed by the observation device to measure
a static in-water bubble contact angle; and the test panel is inclined
against the horizontal by the inclination angle control device, and
the behavior of the bubble is observed by the observation device to
measure an in-water bubble roll (slip) angle of the bubble formed

on the surface of the coating film of the test panel.

Advantageous Effects of Invention
[0039]

Since the antifouling coating composition used for a special
frictional resistance reduced ship according to the present invention
contains specific components, it can form a coating film capable of
efficiently reducing frictional resistance of a submerged surface
of ashellplatingof a ship (also referredtoas “frictional resistance
of a hull” simply hereinafter) even by supplying a small amount of
a gas, and the energy saving effect is also great. Since a coating
film formed from the antifouling coating composition contains a
specific hydrophobic material, it can exhibit excellent antifouling
property to prevent fouling by aquatic organisms, and an increase
in frictional resistance of a hull attributable to fouling by aquatic
organisms, etc. can be prevented. Moreover, the coating film formed

from the antifouling coating composition can maintain those effects
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over a long period of time.
[0040]

When the hydrophobic material (C) added to the antifouling
coating composition used for a special frictional resistance reduced
ship according to the present invention contains at least one kind
selected from a silicone o0il, a fluorine-based oil and paraffins,
the antifouling coating composition can form a coating film exerting
higher antifouling performance, and besides, the frictional
resistance reduction effect of the coating film is maintained over
a longer period of time. When the antifouling coating composition
contains an antifouling agent (D), the effect is further increased.
[0041]

With regard to the surface profile of the antifouling coating
film according to the present invention, the maximum height from the
bottomof arecesstothepeakof aprojection, asmeasuredinaccordance
with JIS B 0601, is not more than 30 um, and the peak-valley average
interval that is an average of a length of one cycle constituted of
one projection and its neighboring one recess, as measured in
accordance with JIS B 0601, is not less than 700 um, and therefore,
the holding power for bubbles and/or a gas layer is high, and peeling
or drop off from a shell plating of a ship or the like hardly occurs,
so that the frictional resistance of a hull can be stably reduced
over a long period of time.

[0042]
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The first special frictional resistance reduced ship of the
present invention in which a submerged surface of a shell plating
has been coated with an antifouling coating film formed from the
antifoulingcoatingcompositionhasanantifoulingcoatingfilmformed
from the antifouling coating composition, and therefore, even if the
amount of a gas supplied to the shell plating of the ship is small,
a high water flow frictional resistance reduction effect is exerted,
and besides, the effect can be stably exerted over a long period of
time.

[0043]

The production process for the first special frictional
resistance reduced ship according to the present invention can produce
a specific ship exerting the above effect by a simple method of forming
an antifouling coating film from the antifouling coating composition
on a submerged surface of a shell plating of the ship.

[0044]

The coatingcompositionusedforaspecial frictional resistance
reduced ship according to the present invention can form a coating
film having a static in-water bubble contact angle of less than 90
degrees and a bubble roll (slip) angle of less than 30 degrees in
water, and therefore, bubbles and/or a gas layer smoothly flows while
sufficiently contacting the coating film. On that account, in the
(second) special frictional resistance reducedshiphavingthecoating

film formed on a submerged surface of its shell plating, an efficient
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gas lubrication effect is exerted, the frictional resistance of a
hull is efficiently reduced even if the amount of air supplied is
small, and the energy saving effect is also great.

[0045]

In the production process for the second frictional resistance
reduced ship according to the present invention, the above coating
film is formed on a submergence expected surface of a shell plating
of a ship to be coated, and therefore, there can be produced such
a special frictional resistance reduced ship as above in which
frictional resistance of a submerged surface of the shell plating
is efficiently reduced even if the amount of air supplied is small
and which exerts a high energy saving effect.

[0046]

The method for predicting a frictional resistance reduction
effect utilizing a gas lubrication function of a coating film in water
according to the present invention can be carried out by measuring
a static contact angle and a roll (slip) angle of a bubble formed
on a surface of a coating film in water. That is to say, a static
contact angle and a roll (slip) angle of a bubble formed on a surface
of a coating film in water are measured, and when those angle values
are in the specific ranges, it can be predicted that the frictional
resistance reduction effect utilizing a gas lubrication function in
water is excellent.

[0047]
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In themethod for predicting a frictional resistance reduction effect
according to the present invention, not only can ease of forming a bubble
in water be evaluated from the results of the measurement of a static contact
angle and a roll (slip) angle of a bubble on a surface of a coating film
in water but also the actual state or the behavior of a bubble in water
(e.g., fluidity of bubble on coating material) can be observed.

[0048]

The prediction method of the present invention is superior in the
above respects to the prior art methods which can evaluate hydrophobicity
of a coating film from the contact angle but cannot evaluate the behavior
of a bubble in water.

The apparatus used forpredictionofa frictional resistance reduction
effect utilizing a gas lubrication function of a coating film in water
according to the present invention can measure a static in-water bubble
contact angle andabubble roll (slip) angle through simple operations without
needing complicated apparatus constitution, and therefore, it can be
preferably used for such prediction of a frictional resistance reduction
effect as above.

[0049]

The first and the second frictional resistance reduction systems
used for frictional resistance reduced ships utilizing a gas lubrication
function in water according to the present invention each have such a first

or a second cecating film as above and a gas supply
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device for supplying a gas such as air to the surface of the coating film,
and therefore, a frictional resistance reduction systemused for a frictional
resistance reduced ship utilizing a gas lubrication function in water, said
system exerting an excellent frictional resistance reduction effect, can
be provided. On that account, affinity for a gas such as air in water is
maintained over a long period of time, the fluid frictional resistance
reduction effect is great even if high power is not introduced for the supply
of agas, aneconomical advantage isgiven, andthe influenceonthe environment
is small.

[0050]

The third and the fourth special frictional resistance reduced ships
of thepresent inventioneachhave the frictional resistancereductionsystem,
andtherefore, theyexertanexcellent frictional resistance reductioneffect.
On that account, affinity for a gas such as air in water is maintained over
a long period of time, the fluid frictional resistance reduction effect
is great even if high power is not introduced for the supply of a gas,
an economical advantage is given, and the influence on the environment is

small.

Brief Description of Drawings
[0051]
[Fig. 1] Fig. 1 is a schematic view of a contact angle measuring

apparatus used for prediction of a frictional resistance reduction
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effect by measuring a static in-water bubble contact angle and an
in-water bubble roll (slip) angle.

[Fig. 2] Fig. 2 is a schematic explanatory view showing how
to determine a static in-water bubble contact angle in the measuring
method for a static in-water bubble contact angle.

[Fig. 3] Fig. 3 is a schematic explanatory view showing a
measuring method for in-water bubble roll (slip) angle.

[Fig. 4] Fig. 4 is a schematic view of a model ship used in
measurement of water flow frictional resistance.

[Fig. 5] Fig 5 is a view showing a relationship between an
equivalent air thickness and a frictional resistance reduction ratio

(comparison between before immersion and after immersion of 30 days).

Description of Embodiments
[0052]

The present invention is broadly divided into three groups for
convenience as described below, and with regard to each group, best
modes are specifically described in order hereinafter.

First group: an antifouling coating composition used for a
special frictional resistance reduced ship (first coating
composition), anantifouling coating film formed from the composition
(first coating £ilm), a ship coated with the first coating film (first
special frictional resistance reduced ship), and a production process

for the first ship.
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[0053]

Secondgroup: acoatingcompositionused foraspecial frictional
resistance reduced ship (second coating composition), a coating £film
formed from the composition (second coating £film), a ship coated with
the coating film (second special frictional resistance reduced ship),
a production process for the second ship, a method for predicting
a frictional resistance reduction effect utilizing a gas lubrication
function of a coating film in water, and an apparatus used for the
prediction of a frictional resistance reduction effect.

[0054]

Third group: frictional resistance reduction systems each used
for a frictional resistance reduced ship utilizing a gas lubrication
function in water (first and second frictional resistance reduction
systems), and special frictional resistance reduced ships having the
systems (third and fourth special frictional resistance reduced
ships).

[0055]

The later-described various property measurements are carried
out under the pressure conditions of normal pressure (about 0.1013
MPa) and likewise under the temperature conditions of normal
temperature (about 25°C), unless otherwise noted.

The following respect is common to the first, the second, the
third and the fourth special frictional resistance reduced ships

according to the present invention.
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[0056]

In order to reduce water flow frictional resistance by a gas
lubrication function, it is necessary that bubbles and/or a gas layer
sufficiently should come into contact with a surface of a special frictional
resistance reduced ship, said surface being in contact with a water flow
(submerged surface of a shell plating of a ship).

[0057]

In the present specification, “water” includes not only fresh water
but also sea water, river water, lake water, etc.

In the present specification, further, “gas” inclusively indicates
such gasses as do no damage to ships, such as air, nitrogen gas, carbon
dioxide gas, oxygen gas and hydrogen gas. From the viewpoints of influence
on the environment, cost, etc., gas particularly preferably indicates air.
[0058]

1. First group

Inthe first special frictional resistance reduced ship of the present
invention, forexample, anantifoulingcoating filmformed fromanantifouling
coating composition for a special frictional resistance reduced ship, said
composition comprising a specific organopolysiloxane (A), a specific
hydrophobic material (C), and if necessary, a specific organosilane and/or
itspartial condensate (B) in specificamounts, has been formed on a submerged

part of its shell plating.
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[0059]

By the use of such an antifouling coating composition for a special
frictional resistance reduced ship, a coating film having aforesaid various
properties, suchas frictional resistance reduction property, canbe formed.

1-1. Antifouling coating composition having specific constitution

In the antifouling coating composition of the present invention,
a compound having a polysiloxane skeleton structure is contained, and it
is presumed that leveling property peculiar to such a compound has influence
on the profile of a coating film formed from the antifouling coating
composition. On that account, it is presumed that the antifouling coating
composition of the present invention can form such a coating film having
a roughness height of not more than 30 ym and a peak-valley average interval
of not less than 700 um as described later. Moreover, it is presumed that
the antifouling coating composition of the present invention can form a
coating film having such a profile as above and this profile is extremely
preferable for exhibition of gas holding property and gas lubrication
performance such as gas fluidity on the coating film surface, and therefere,
an antifouling coating film usually having a small static in-water bubble
contact angle of less than 90 degrees and a small bubble roll (slip) angle
of less than 30 degrees can be formed.

[0060]
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The hydrophobic material (C) in the antifouling coating
composition is present in such a form as that of a filler in a cured
coating film, as described later. During navigation of a ship having
the cured coating film formed on a submerged surface of its shell
plating, the hydrophobic material (C) gradually bleeds out to cover
the cured coating film surface. Since this hydrophobic material is
liquid or greasy at 25°C, it improves lubrication property of the
surface, similarly to, for example, a lubrication agent, to enable
prevention of fouling by microorganisms in water, and it imparts
antifouling property to the antifouling coating film.

[0061]

The components in the antifouling coating composition are

described hereinafter.

1-1-1. Reaction-curing type organopolysiloxane (A)

The reaction-curing type organopolysiloxane (A) hasaviscosity
at 25°C of 20 to 400000 mm?/s.

[0062]

Here, the reaction-curing type organopolysiloxane is an
organpolysiloxane having at least two condensing reactive groups in
one molecule, is preferably an organopolysiloxane having at least
two condensing reactive groups at both ends, and is an
organopolysiloxane which can be cured by curing reaction of only the
organopolysiloxane or an organopolysiloxane which does not undergo

curing reaction of only the organopolysiloxane but which can be cured
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by curing reaction of the organopolysiloxane with a compound such
as the later-described organosilane and/or its partial condensate
(B) .

[0063]

The both ends of molecule are two ends of a main chain, and
the condensing reactive group is usually a hydroxyl group or a
hydrolyzable group, and the two end groups may be the same or different.
The organopolysiloxane may have, in addition to hydroxy groups or
hydrolyzable groups present at both ends of molecule, a functional
group that reacts with the later-described organosilane and/or its
partial condensate (B), in the main chain or the side chain. Having
at least two condensing reactive groups at both ends is, in other
words, having at least one condensing reactive group at each end of
the two ends.

[0064]

Specific examples of the hydrolyzable groups are the same as
the later-described specif;c examples of X in
X}bR%SiO(RHQSiO)mRﬂSiX3% that is the organopolysiloxane (A).

From the viewpoint that the hydrolyzable group can be allowed
to react with the later-described organosilane and/or its partial
condensate (B), the hydrolyzable group of the organopolysiloxane (A)
is preferably the same as a hydrolyzable group of the later-described
organosilane and/or its partial condensate (B).

(0065]
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From the viewpoints of curability, rubber strength of a cured
coating film, film thickening property, coating property such as
handling property, prevention of sagging in the case of dilution of
the resulting composition with a solvent, etc., the viscosity is
preferably 25 to 200000 mm?/s, more preferably 500 to 100000 mm?/s.
[0066]

In the present specification, the viscosity is measured by the
“JIS Z 8803 liquid viscosity measuring method” using a capillary
viscometer (Ubbelohde viscometer).

The organopolysiloxane (A) is, for example, an
organopolysiloxane represented by HO(R'R?SiO)H and having silanol
groups at both ends of molecule. R! and R? are each a monovalent
hydrocarbon group of 1 to 10 carbon atoms, such as methyl group, phenyl
group or vinyl group, and m is a positive number corresponding to
the degree of polymerization and is within the range satisfying the
range of the viscosity.

[0067]

In addition, an organopolysiloxane represented by
X3-pR%810 (R'R?S10) xR%,S1X3.p and having a hydrolyzable group at an end
of molecule can be mentioned. R! and R? are the same as those in the
aforesaid structural formula, R® is the same monovalent hydrocarbon
group as R! and R?, X is the following hydrolyzable group, b is 0,
1l or 2, and m is a positive number corresponding to the degree of

polymerization and is within the range satisfying the range of the
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viscosity.
[0068]

Examples of the hydrolyzable groups as X include alkoxy group,
acyloxy group, alkenyloxy group, iminoxy group, amino group, amide
group and aminooxy group, and preferable is alkoxy group.

[0069]

The alkoxy group is desirably that having 1 to 10 carbon atoms
in total, and an oxygen atom may be present at one or more positions
between carbon atoms. Examples of such alkoxy groups include methoxy
group, ethoxy group, propoxy group, butoxy group, methoxyethoxy group
and ethoxyethoxy group.

[0070]

The acyloxy group is desirably an aliphatic or aromatic group
represented by the formula R*CO0- (wherein R*! is an alkyl group of
1 to 10 carbon atoms or an aromatic group or 6 to 12 carbon atoms),
and examples thereof include acetoxy group, propionoxy group, butyloxy
group and benzoyloxy group.

[0071]

The alkenyloxy group is desirably that of about 3 to 10 carbon
atoms, and examples thereof include isopropenyloxy group,
isobutenyloxy group and 1-ethyl-2-methylvinyloxy group. The iminoxy
group (also referred to as “=N-OH”, “oxyimino group” or ketoxime
group”) is desirably that of about 3 to 10 carbon atoms, and examples

thereof include ketoxime group, dimethylketoxime group,
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methylethylketoxime group, diethylketoxime group, cyclopentanoxime
group and cyclohexanoxime group.
[0072]

The amino group is desirably that of 1 to 10 carbon atoms, and
examples thereof include N-methylamino group, N-ethylamino group,
N-propylamino group, N-butylamino group, N,N-dimethylamino group,
N,N-diethylamino group and cyclohexylamino group. The amide group
is desirably that having 2 to 10 carbon atoms in total, and examples
thereof include N-methylacetamide group, N-ethylacetamide group and
N-methylbenzamide group.

[0073]

The aminooxy group is desirably that having 2 to 10 carbon atoms
in total, and examples thereof include N,N-dimethylaminooxy group
and N,N-diethylaminooxy group.

R, R? and R® are each independently an unsubstituted or
substituted monovalent hydrocarbon group of 1 to 12 carbon atoms,
more preferably 1 to 10 carbon atoms, particularly preferably 1 to
8 carbon atoms, and examples of such monovalent hydrocarbon groups
include alkyl group, alkenyl group, aryl group, cycloalkyl group and
aralkyl group.

[0074]

The alkyl group may be any type of straight-chain, branched

and alicyclic alkyl groups, and is preferably a straight-chain or

branched alkyl group of 1 to 10 carbon atoms, preferably about 1 to
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8 carbon atoms, or a cycloalkyl group of 3 to 6 carbon atoms. Examples
of such straight-chain or branched alkyl groups include alkyl groups,
such as methyl group, ethyl group, propyl group, butyl group,
2-ethylbutyl groupandoctyl group. Particularlypreferableismethyl
group. Examples of alicyclic alkyl groups include cyclohexyl group
and cyclopentyl group.

[0075]

The alkenyl group is desirably that of 2 to 10 carbon atoms,
preferably about 2 to 8 carbon atoms, and examples thereof include
vinyl group, hexenyl group and allyl group.

The aryl group is desirably that of 6 to 15 carbon atoms,
preferably about 6 to 12 carbon atoms, and examples thereof include
phenyl group, tolyl group, xylyl group, naphthyl group and diphenyl
group. Particularly preferable is phenyl group.

[0076]

The cycloalkyl group is desirably that of 3 to 8 carbon atoms,
and examples thereof include cyclohexyl group. The aralkyl group
is desirably that having 7 to 10 carbon atoms in total, preferably
about 7 to 8 carbon atoms in total, and examples thereof include benzyl
group and 2-phenylethyl group.

[0077]

A part or all of hydrogen atoms bonded to carbon atoms of these

groups may be replaced with halogen atoms, such as F, Cl, Br and I,

cyano group, etc., and examples of halogenated alkyl groups include
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chloromethyl group, 3,3,3-trifluoropropyl group and 2-cyanocethyl
group.
(00781

AseachofR},RzandR3,anunsubstitutedmonovalenthydrocarbon
group is preferable among them, and methyl group or phenyl group is
particularly preferable. When plural R®, plural R}, and plural R?
are present in the organopolysiloxane represented by the above formula
and having a hydrolyzable group at an end of molecule, these plural
R3, plural R?, plural RZ, or R®, R and R? may be the same as or different
from one another.

[0079]

As previously described, the reaction-curing type
organopolysiloxane (A) may have, in addition to hydroxyl groups or
hydrolyzable silyl groups present at both ends of molecule, a
functional group that reacts with the later-described organosilane
and/or its partial condensate (B), in themain chain or the side chain.
For example, an organopolysiloxane of the aforesaid HO(R'R?SiO).H or
X3-5R%,S10 (R'R?S10) nR%,S1X3.p wherein R?, R? and R® are functional groups
that react with the organosilane and/or its partial condensate (B)
can be also used as the organopolysiloxane (A).

[0080]

As such an organopolysiloxane (A), a dimethylpolysiloxane in

which both ends of molecular chain are capped with silanol groups

(e.g., trade name “XF3905”, manufactured by Momentive Performance
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Materials Inc.), a deoxime type organopolysiloxane (e.g., trade name
“KE-445"”, manufactured by Shin-Etsu Chemical Co., Ltd.) , or the like
can be mentioned.

[0081]

From the viewpoints of cost reduction, handling of the coating
composition, etc., the organopolysiloxane (A) is preferably
self-condensingandismorepreferably self-condensinginthevicinity
of normal temperature (usually about 10°C to 30°C, the same shall
apply hereinafter).

[0082]

Of the organopolysiloxanes (A) previously given as examples,
adimethylpolysiloxane inwhichbothends of molecular chainare capped
with silanol groups (e.g., trade name “XF3905”, manufactured by
Momentive Performance Materials Inc.), a deoxime type
organopolysiloxane (e.g., trade name “KE-445”, manufactured by
Shin-Etsu Chemical Co., Ltd.), etc. are self-condensing
polysiloxanes.

[0083]

To the antifouling coating composition used for a frictional
resistance reduced ship, these organopolysiloxanes (A) may be added
singly or in combination of two or more kinds.

1-1-2. Specific organosilane and/or its partial condensate (B)

The component (B) is an organosilane having, in one molecule,

at least two groups each of which is at least one group of a hydroxy
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group and a hydrolyzable group, and/or its partial condensate.
[0084]

In the organosilane, two or more groups selected from any one
kind of the hydroxy groups and the hydrolyzable groups may be present,
or two or more groups selected fromboth kinds thereof may be present.

From the following viewpoint, the component (B) desirably
functions as a crosslinking agent of the organopolysiloxane (A).
[0085]

The organosilane and/or its partial condensate (B) is an
arbitrary component, and it is enough just to add this component to
the antifouling coating composition, when needed.

When the organopolysiloxane (A) undergoes condensation
reaction with an organopolysiloxane (A) (that is, it undergoes self
condensation) and is cured, a cured film having excellent hardness
is obtained from the antifouling coating composition even if the
oragnosilane and/or itspartial condensate (B) isnot added. However,
if the oragnosilane and/or its partial condensate (B) is added, there
is an advantage that curing rate or hardness of a coating film can
be more accurately controlled.

[0086]

In this case, when the organopolysiloxane (A) is an
organopolysiloxane that undergoes self condensation in the vicinity
of normal temperature by virtue of a catalyst or the like, room

temperature vulcanization is possible.
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Even when the organopolysiloxane (A) is an organopolysiloxane
that does not undergo self condensation in the vicinity of normal
temperature, addition of the oragnosilane and/or its partial
condensate (B) produces an advantage that condensation reaction of
the organopolysiloxane (A) with the oragnosilane and/or its partial
condensate (B) is brought about at normal temperature during coating
withtheantifoulingcoatingmaterialbyutilizinghydrolysisreaction
with water such as moisture in the atmosphere, and a cured coating
film can be obtained even in the vicinity of normal temperature.
[0087]

When the organopolysiloxane (A) is an organopolysiloxane that
does not undergo self condensation, it is desirable to add (B) the
oragnosilane having a functional group undergoing condensation
reaction with a condensing reactive functional group of the
organopolysiloxane that does not undergo self condensation and/or
its partial condensate, from the viewpoints of curing rate, hardness
of the resulting coating film, etc.

[0088]

The hydrolyzable group of the oragnosilane and/or its partial
condensate (B) for use in the present invention is a functional group
capable of undergoing condensation reaction with the condensing
reactive group of the reaction-curing type organopolysiloxane (A).
As this component (B), an organosilane represented by the following

general formula (o) can be used.
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[0089]
[Chem. 1]
R> R’
- I I

R> ——ESI-O+SF—- R>

I , |

R5 R5 sassea (a )
[0090]

In the above general formula (a), plural R® may be the same
as or different from one another and are each a hydroxyl group, a
hydrolyzable group or a monovalent hydrocarbon group of 1 to 8 carbon
atoms. However, with regard to R® at both ends, at least one of them
at each end is a hydroxy group or a hydrolyzable group (at both ends,
two or more hydroxy groups and/or hydrolyzable groups in total). At
least two or more, desirably three or more, of R® including those
hydroxy groups and/orhydrolyzable groups atbothends are condensation
reactive groups. z is an integer of 0 to 10, preferably an integer
of 0 to 8.

[0091]

Examples of the monovalent hydrocarbon groups of 1 to 8 carbon
atoms in the general formula () include substituted or unsubstituted
alkyl, alkenyl, aryl, cycloalkyl and aralkyl groups. Examples of
the hydrolyzable groups in the general formula (a) include the same
groups as described for the hydrolyzable group of X in

X3_bR3bSiO(RlesiO)mRabSiX3_b that is given as one example of the
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reaction-curing type organopolysiloxane (A), andof these, oxime group,
acetyloxy group or alkoxy group is preferable.
[0092]

Further, an organosilane wherein the hydrolyzable groups such
as acetyloxy group and alkoxy group have been partially hydrolyzed
can be used as the component (B) (that is, a partially hydrolyzed
condensate of an organosilane having two or more hydrolyzable groups
can be used as the component (B)).

[0093]

Furthermore, an organosilane wherein partial
dehydrocondensation has been conducted between at least two hydroxyl
groups can be also used as the component (B) (that is, a partial
condensate of an organosilane having two or more hydrolyzable groups
can be used as the component (B)).

[0094]

In the present invention, particularly, the organosilane
containing an alkoxy group, namely, an alkoxysilane (alkyl silicate),
or its partial condensate can be preferably used.

The alkoxysilane is, for example, tetraalkyl orthosilicate
(alkyltetraalkoxysilane) such as tetraethyl orthosilicate (TEOS),
or alkyltrialkoxysilane, such as methyltrimethoxysilane,
ethyltrimethoxysilane or methyltriethoxysilane. As the
alkoxysilane, alkyltetraalkoxysilaneoralkyltrialkoxysilaneismore

preferable from the viewpoints of curing property of the resulting
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coating film, etc.
[0095]

Particularly when an organopolysiloxane having hydroxyl groups
at both ends is used as the component (A), it is preferable to use
the alkyl silicate (alkoxysilane) and/or its partial condensate as
the component (B) in combination with the component (A). As the
organosilane and/or its partial condensate (B), a commercially
available one can be used. For example, there can be mentioned, as
tetraethyl orthosilicate, “Ethyl Silicate 28” (manufactured by
Colcoat Co., Ltd.) or “Ethyl Orthosilicate” (manufactured by Tama
Chemicals Co., Ltd.); as partial hydrolyzate of tetraethyl
orthosilicate, “Silicate 40” (manufactured by Tama Chemicals Co.,
ILtd.) or “TES40 WN” (Wacker Asahikasei Silicone Co., Ltd.); and as
alkyltrialkoxysilane, “KBM-13” (Shin-Etsu Chemical Co., Ltd.).
[0096]

The organosilane and/or its partial condensate (B) can be used
in the total amount of 1 to 60 parts by weight based on 100 parts
by weight of the organopolysiloxane (A), but from the viewpoints of
curability and properties of the cured coating film, it is desirably
contained usually in an amount of 1 to 20 parts by weight, preferably
2 to 10 parts by weight, in the antifouling coating compositicn.
[0097]

With regard to the organosilane and/or its partial condensate

(B), any one of the organosilane and its partial condensate may be
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added singly, or both of them may be added to an antifouling coating
composition used for a frictional resistance reduced ship. Further,
the organosilanes or their partial condensates can be added singly
or as a mixture of two or more kinds.

[0098]

1-1-3. Hydrophobic material (C)

The component (C) is a hydrophobic material which is liquid
or greasy at 25°C.

The hydrophcbic material (C) may be any of a silicone oil, a
fluorine-containing silicone 0il, a fluorine-based 0oil, paraffin and
a wax, as long as it is liquid or greasy at ordinary temperature.
For example, the hydrophobic material (C) contains at least one kind
selected from them.

[0099]

However, a hydrophobic material corresponding to the
organopolysiloxane (A) and a hydrophobic material corresponding to
the organosilane and/or its partial condensate (B) are not included
in the hydrophobic materials (C).

[0100]

<Silicone o0il>

The silicone 0il is not specifically restricted provided that
it is an unreactive (non-condensing) silicone ¢il or a silicone oil
that bleeds out from a cured product of an antifouling coating

composition used for a special frictional resistance reduced ship,
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but a silicone oil represented by the following formula [I] or [II]
or a silicone oil having a group represented by the following formula
[IITI] is preferable.

[0101]

Of such silicone oils, the silicone oils [I] and [II] exhibit
no reactivity with the organopolysiloxane (A) and no self-condensing
property, and it is thought that they have a function to form an
antifouling functional layer (film) on a coating film surface (layer)
through bleeding-out accompanied by no special chemical change.
[0102]

On the other hand, the silicone o0il [III] reacts with the
organopolysiloxane (A) that becomes a coating film-forming component
or with another compound to form a cured coating £film. It is thought
that when the coating film is immersed in sea water for a long period
of time, the silicone o0il is hydrolyzed with time, and the end group
becomes a group “=SiR®OH” having an alcoholic hydroxyl group, and
the silicone o0il bleeds out on the coating film surface, whereby an
effect of preventing fouling by marine organisms is exerted.
[0103]

[Chem. 2]

(R®) 3810 (SiR":0)nS1 (R®) 3 [1]

[0104]
In the formula [I], plural R® may be the same as or different

from one another and are each an alkyl group of 1 to 10 carbon atoms,
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an aryl group, an aralkyl group or a fluorocalkyl group, plural R’
may be the same as or different from one another, each R’ is an alkyl
group of 1 to 10 carbon atoms, an aryl group, an aralkyl group or
a fluoroalkyl group, and n is a number of 0 to 150.
5 [0105]
[Chem. 3]
=3iR%°0SiR%Y3p [III]
[0106]
In the formula [III], R® is an unsubstituted or substituted
10 divalent hydrocarbon group or a divalent hydrocarbon group containing
an ether bond, R’ is an unsubstituted or substituted monovalent
hydrocarbon group, Y is a hydrolyzable group, and b is 0, 1 or 2.
[0107]
[Chem. 4]
15 RY%S1 (RM=2) 4O (4-x-y) /2 [IT]
[0108]

In the formula [II], R! is a hydrogen atom or an alkyl, aryl
or aralkyl group of 1 to 10 carbon atoms, R is a divalent aliphatic
hydrocarbon group of 1 to 10 carbon atoms in which an ether group,

20 anester group or -NH-may be interposed, Z is an amino group, a carboxyl
group, an epoxy group, or apolyethylene glycol or polypropyleneglycol
group whose end may be capped with an alkyl group of 1 to 6 carbon
atoms or anacyl group, and x andy are numbers satisfying the conditions

of 0.01 £ x < 3.99, 0.01 £ y < 3.99 and 0.02 £ x+y < 4.
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[01009]

As the silicone oil [I] among the above silicone oils, such
a silicone o0il as described in Japanese Patent Laid-Open Publication
No. 1998-316933 canbe used, and a silicone oil having a number-average
molecular weight, as measured by GPC method, of 180 to 20,000,
preferably 1,000 to 10,000, and a viscosity, as measured by the
aforesaid Ubbelohde viscometer, of 20 to 30,000 mm?/s, preferably
50 to 3,000 mm?/s, is desirable.

[0110]

Examples of such silicone oils [I] include dimethyl silicone
oilswhereinall of R®andR’ aremethyl groups and phenylmethyl silicone
oils wherein a part of methyl groups in these dimethyl silicone oils
are replaced with phenyl groups, and of these, preferable are
methylphenyl silicone oils. Specific examples of such methylphenyl
silicone oils include those on the market under the trade names of
“KF-54, KF-56 and KF-50” (manufactured by Shin-Etsu Chemical Co.,
Ltd.), “SH510 and SH550” (manufacturedby Dow CorningTorayCo., Ltd.),
and “"TSF431 and TSF433” (manufactured by Toshiba Silicone Co., Ltd.).
[0111]

As the silicone oil (silicone oil [III]) having a group
represented by the above formula [III], a silicone oil described in
Japanese Patent No. 2522854 proposed by the present applicants can
be used, and a silicone 0il having a number-average molecular weight,

asmeasured by GPCmethod, of 250 t0 20,000, preferably1l,000to 10,000,
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and a viscosity, as measured by the aforesaid method, of 20 to 30,000
mm?/ s, preferably 50 to 3,000 mmz/s, is desirable.
[0112]

Specific examples of R® include unsubstituted or substituted
divalent hydrocarbon groups, such as methylene group, ethylene group,
propylene group, butylene group and hexamethylene group; and divalent
hydrocarbon groups containing an ether bond, which are represented
by "~ (CHz) p-0- (CHz) o~” (whereinpandgareeachindependentlyaninteger
of 1 to 6) or the like.

[0113]

R? is an unsubstituted or substituted monovalent hydrocarbon
group of 1 to 8 carbon atoms. Y is the same group as the hydrolyzable
group X of X3_bR3bSiO(RIRZSiO)mR3bSiX3_b that is given as one example
of the reaction-curing type organopolysiloxane (A). Specific
examples of such silicone oils [III] having at least one group
representedbythe formula [III] includesiliconeoilswhereinhydroxyl
groups of silicone oils represented by
(CH3) 3S10[ (CH3) 2S10] 5 [R¥R'S1i0]; (CH3) 251C3He—OH,

HO-CsHe- [ (CH3) 25101 [ (CH3) 25101 [R**R*®S10] 31~ (CH3) 2S1-C3He-OH and

(CH3) 3810 (CH3) 28101, [R*™R*S10]; [ (CH3) (C3He—OH) Si0]5[ (CH3) 2SiCHs] are
capped with hydrolyzable groups, such as silicone oils described in
the aforesaid Japanese Patent No. 2522854. R!? and R'® in the above
formulas are each an aryl group such as phenyl group or tolyl group;

an aralkyl group such as benzyl group or pB-phenylethyl group; or an
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unsubstituted or substituted monovalent hydrocarbon group in the case
where at least one of R and R* is selected from groups other than
amethyl group, e.g., ahalogenatedalkyl group suchas trifluoropropyl
group. h, i and j are each a positive number.

[0114]

From the viewpoint of storage stability of the resulting
composition, silicone oils obtained by allowing the above silicone
oilstoreactwithanorganosilane representedby the formula “R°%,SiY3.,”
(Rg,ﬁfand.b are the same as those in the formula [III]) may be used,
and examples of such silicone oils are given below, .

[0115]

For example, there can be mentioned
(CH3) 35101 (CH3) 251011 [R*R'?S10] ; (CH3) 251C3He~0-R*,S1 Y31,

HO-C3Heg— [ (CH3) 2510] [ (CH3) 251011 [R™®R¥S10] ;- (CH3) 2S1-C3He=0-R%S1Ys.p,
and

(CH3) 3810[ (CHj3) 2810)x [R'?R™S10]; [ (CH3) (C3He—0-R%,SiY35) S1011[ (CHs) 281
CHs] .

[0116]

As the silicone o0il [II], such a silicone oil as described in
Japanese Patent Laid-Open Publication No. 1998-316933 can be
specificallyused, andasiliconeoilhavinganumber-averagemolecular
weight, as measured by GPC method, of 250 to 30,000, preferably 1,000
to 20,000, and a viscosity, as measured by the aforesaid method, of

20 to 30,000 mm?/s, preferably 50 to 3,000 mm?/s, is desirable.
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[0117]

As such a silicone 0il [II], a silicone oil of the above formula
[II] whereinR!® is amethyl group or a phenyl group and R* is amethylene
group, an ethylene group or a propylene group is desirable. When
Z is a polyethylene or polypropylene group whose end may be capped
with an alkyl group of 6 or less carbon atoms or an acyl group, the
number of oxyethylene or oxypropylene repeating units is preferably
10 to 60. Example of the alkyl groups for end capping include methyl
group, ethyl group, propyl group and butyl group, and examples of
the acyl groups for end capping include ketoxime group, acetyl group
and propionyl group.
[0118]

Specific examples of the silicone oils wherein the polar group
Z is an amino group include “SF8417” (manufactured by Dow Corning
Toray Co., Ltd.), “ISI4700 and ISI4701” (manufactured by Toshiba
Silicone Co., Ltd.), and “FZ3712 and AFL-40” (manufactured by Nippon
Unicar Co., Ltd.). Examples of the silicone oils wherein the polar
group Z is a carboxyl group include “*X142-411" (manufacturedby Toshiba
Silicone Co., Ltd.), “SF8418” (manufactured by Dow Corning Toray Co.,
Ltd.) and “FXZ4707” (manufactured by Nippon Unicar Co., Ltd.).
Examples of the silicone oils wherein the polar group Z is an epoxy
group include “SF8411” (manufactured by Dow Corning Toray Co., Ltd.),
“"X142-301"” (manufactured by Toshiba Silicone Co., Ltd.), and “L-93

and T-29” (manufactured by Nippon Unicar Co., Ltd.). Examples of
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the silicone oils wherein the polar group Z is an alkyl group or an
acyl group include “ISI4460, ISI4445 and ISI4446” (manufactured by
Toshiba Silicone Co., Ltd.), “SH3746, SH8400, SH3749 and SH3700”
(manufactured by Dow Corning Toray Co., Ltd.), and “KF6009”
5 (manufactured by Shin-Etsu Chemical Co., Ltd.).
[0119]
<Fluorine-containing silicone oil>
Examples of the fluorine-containing silicone oils include
X-22-821 (manufactured by Shin-Etsu Chemical Co., Ltd.) and X-22-822
10 (manufactured by Shin-Etsu Chemical Co., Ltd., side chain type
fluorcalkyl-modified silicone oil).
[0120]
<Fluorine-based o0il>
Examples of the fluorine-based oils include Demnum S-65
15 (manufactured by Daikin Industries, Ltd., perfluoropolyether oil).
[0121]
<Paraffins or wax>
Examples of the paraffins and the waxes include Sumoiru P-350
(manufactured by Matsumura 0Oil Co., Ltd., liquid paraffin).
20 [0122]
The amount of the hydrophobic material (C) in the antifouling
coating composition used for a special frictional resistance reduced
ship according to the present invention is usually 0.1 to 200 parts

by weight, preferably 20 to 100 parts by weight, based on 100 parts
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by weight of the organopolysiloxane component (A).
[0123]

When the amount of the hydrophobic material (C) is in the above
range, an (antifouling) coating filmexcellent in both of antifouling
property and coating film strength is obtained. If the amount of
the hydrophobic material (C) is less than the lower limit of the above
range, antifoulingpropertyis lowered. If theamount thereof exceeds
the upper 1limit of the above range, coating film strength is sometimes
lowered.

[0124]

To the antifouling coating composition used for a special
frictional resistance reduced ship, the hydrophobic materials (C)
may be added singly or may be added in combination of two or more
kinds.

1-2. Production of antifouling coating composition used for

special frictional resistance reduced ship

Such an antifouling coating composition used for a special
frictional resistance reduced ship according to the present invention
can be produced by the following process. First, if necessary, a
part or all of the organopolysiloxane (A) and the later-described
hydrophilic silica or both of the later-described hydrophilic silica
and hydrophobic silica are heat-treated at a temperature of not lower
than 100°C but not higher than the decomposition temperature of the

components, preferably 100 to 300°C, more preferably about 140 to
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200°C, usually for 30 minutes to 3 hours at normal pressure or under
reducedpressure. Inthecasewherehydrophilicsilicaorhydrophobic
silica is used, the residual organopolysiloxane (A), hydrophilic
silica or both of hydrophilic silica and hydrophobic silica, and if
necessary, the organosilane and/or its partial condensate (B) are
subsequentlyadded, and further, thehydrophobicmaterial (C) isadded,
whereby the antifouling coating composition can be produced. In the
case where hydrophilic silica or hydrophobic silica is not used, the
residual organopolysiloxane (A), and if necessary, the organosilane
and/or itspartial condensate (B) are subsequently added, and further,
the hydrophobicmaterial (C) is added, whereby the antifouling coating
composition can be produced. In either case, it is also possible
that hitherto publicly known organosiloxane curing catalyst,
antifoulingagent, thixotropicproperty-impartingagent, plasticizer,
inorganic dehydrating agent (stabilizer),
anti-sagging/anti-settling agent (thickening agent), pigment/dye,
other coating film-forming components, solvent (e.g., xylene),
bactericide, mildew proofing agent, anti-aging agent, antioxidant,
antistaticagent, flame retardant, heat conduction improver, adhesion
impartingagent suchas silane couplingagent havingareactive organic
group such as amino group, epoxy group or mercapto group, etc. can
be added in given ratios at once or in an arbitrary order, then
stirred/mixed and dissolved/dispersed in a solvent.

[0125]
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For stirring/mixing such components as above, hithertopublicly
known mixing/stirring devices, such as Ross mixer, planetary mixer
and universal Shinagawa stirrer, are appropriately used.

<Arbitrary components>

(Catalyst)

As the catalyst, for example, a catalyst described in Japanese
Patent No. 2522854 can be preferably used. Specific examples thereof
include tin carboxylates, such as tin naphthenate and tin oleate;
tin compounds, such as dibutyltin diacetate, dibutyltin dioctoate,
dibutyltin dilaurate, dibutyltin dioleate, dibutyltin oxide,
dibutyltin dimethoxide and dibutylbis (triethoxysiloxy)tin; titanic
acid esters or titanium chelate compounds, such as
tetraisopropoxytitanium, tetra-n-butoxytitanium,
tetrakis (2-ethylhexoxy)titanium,
dipropoxybis (acetylacetonato)titaniumand titanium isopropoxyoctyl
glycol; organometallic compounds, such as zinc naphthenate, zinc
stearate, zinc 2-ethyloctoate, iron 2-ethylhexoate, cobalt
2-ethylhexoate, manganese 2-ethylhexoate, cobalt naphthenate and
alkoxyaluminum compound; aminoalkyl group-substitutedalkoxysilanes,
such as 3-aminopropyltrimethoxysilane and
N-B (aminoethyl) -y-aminopropyltrimethoxysilane; amine compounds and
their salts, such as hexylamine, dodecyldodecylamine phosphate,
dimethylhydroxylamine anddiethylhydroxylamine; quaternary ammonium

salts, such as benzyltriethylammoniumacetate; lower fatty acid salts
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of alkalimetals, suchaspotassiumacetate, sodiumacetateandlithium
Oxalate ; and silanes or siloxanes containing guanidyl group, such
as tetramethylguanidylpropyltrimethoxysilane,
tetramethylguanidylpropylmethyldimethoxysilane and
tetramethylguanidylpropyltris (trimethylsiloxy)silane.

[0126]

Such a catalyst is used in an amount of not more than 10 parts
by weight, preferably not more than 5 parts by weight, more preferably
not more than 1 part by weight, based on 100 parts by weight of the
organopolysiloxane (A). When the catalyst is used, apreferred lower
limit is 0.001 part by weight, particularly 0.01 part by weight.
[0127]

(Hydrophobic silica, hydrophilic silica)

Assilica, hydrophilicsilica (surface-untreatedsilica), such
as wet process silica (hydrated silica) or dry process silica (fumed
silica, anhydrous silica), or surface-treated hydrophobic silica,
such as hydrophobic wet process silica or hydrophobic fumed silica,
can be mentioned.

[0128]

These silica components can be used singly or in combination
of two ormore kinds. Useof hydrophobic silicaandhydrophilicsilica
in combination is preferable from the viewpoint that an antifouling
coating composition used for a special frictional resistance reduced

ship, which is excellent in stability during preparation, storage
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and preservation, has sufficient thixotropic property and can form
a thick film by one coating, is obtained. Further, a coating film
obtained from the antifouling coating composition used for a special
frictional resistance reduced ship has a good balance of rubber
properties such as hardness, tensile strength and elongation and is
excellent also in antifouling property, etc.

[0129]

Inthepresent invention, silicahavingthe followingproperties
may be used as it is, as the silica component, but in its preferred
embodiment, it is preferable that at least the hydrophilic silica
of the hydrophobic silica and the hydrophilic silica has been
heat-treated together with a part or all of the organopclysiloxane
(A), and it is more preferable that both of the hydrophilic silica
and the hydrophobic silica have been heat-treated together with a
part or all of the component (A), as described later in detail, from
the viewpoint of improvement in thixotropic property of the coating
material and physical properties, strength, etc. of the resulting
coating film.

[0130]

Of these silica components, the wet process silica usually has
an adsorbed water content (also referred to as a “water content”)
of about 4 to 8%, a bulk density of 200 to 300 g/L, and a primary
particle diameter of 10 to 30 mu. Although the specific surface area

(BET surface area) of the silica has only to be not less than IOnf/g,
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it is preferably 50 to 800 m?/g, more preferably about 100 to 300
m?/g.
[0131]

Thedryprocesssilica (fumedsilica) usuallyhasawater content
of not more than 1.5%. The water content of the dry process silica
in the initial stage, e.g., immediately after production, is as low
as not more than 0.3%, but if this silica is allowed to stand, it
gradually absorbs moisture to increase the water content, and after
the lapse of several months after the production, the water content
becomes, for example, about 0.5 to 1.0%. The bulk density of such
dryprocess silica varies depending upon the type and is not determined
indiscriminately, but it is, for example, 50 to 100 g/L. The primary
particlediameter thereof is8 to20mu. Althoughthe specificsurface
area (BET surface area) thereof has only to be not less than 10 HF/g,
it is preferably 100 to 400 m?/g, more preferably about 180 to 300
m’/g.

[0132]

The hydrophobic fumed silica is silica obtained by
surface-treatingthedryprocesssilicawithanorganosilicon compound,
such as methyltrichlorosilane, dimethyldichlorosilane,
hexamethyldisilazane, hexamethylcyclotrisiloxane or
octamethylcyclotetrasiloxane. The water absorption of this silica
with time is small, and the water content is usually not more than

0.3%, and in many cases, it is 0.1 to 0.2%. Although the specific
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surface areathereof hasonlytobenot lessthan10m?/g, it ispreferably
100 to 300 m?/g, more preferably about 120 to 230 m?*/g. The primary
particle diameter is 5 to 50 mu, and the bulk density is 50 to 100
g/L.

[0133]

Inthe hydrophobic fumed silica (heat-treated hydrophobic fumed
silica) havingbeenheat-treated together with the organopolysiloxane
(A), water adsorbed on the surface of the hydrophobic silica has been
reduced or removed, and the water content is usually not more than
0.2%, preferably not more than 0.1%, particularly 0.05to00.1%. Other
property values, such as bulk density, are the same as those of the
aforesaid hydrophobic silica.

[0134]

It isdesirablethat suchasilica component is containedusually
in an amount of 1 to 100 parts by weight, preferably 2 to 50 parts
by weight, particularly preferably 5 to 30 parts by weight, based
on 100 parts by weight of the component (A), in the antifouling coating
composition used for a frictional resistance reduced ship according
to the present invention. When the silica component is contained
in such an amount in the antifouling coating composition used for
a fricticnal resistance reduced ship, the antifouling coating
composition is excellent in coating film strength and coating film
hardness, has good thixotropic property, has an appropriate viscosity

and can be favorably subjected to spray coating in the coating process,
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and for example, film thickening of a coating film can be achieved
by one coating even on a perpendicularly stand-up base surface, so
that such an amount is preferable.

[0135]

If the amount of the silica component is less than the lower
limit of the above range, sufficient coating film strength and coating
film hardness are not obtained, and desired thixotropic property is
not obtained, so that film thickening cannot be achieved occasionally
by one spray coating in the coating process. If the amount of the
silica component is more than the upper limit of the above range,
viscosity of the coating material is excessively increased, and it
becomes necessary to dilute the antifouling coating composition with
a solvent such as thinner to an appropriate viscosity suitable for
coating, so that f£ilm thickening is not achieved occasionally by one
spray coating.

[0136]

In the present invention, it is desirable to use, as the silica
components, thehydrophobicsilica (a) suchashydrophobic fumedsilica
and the hydrophilic silica (b) such as surface-untreated silica in
a weight ratio ((a)/ (b)) of 1/99 to 99/1, preferably 20/80 to 80/20,
particularly preferably 30/70 to 70/30. When the hydrophobic fumed
silica (a) and the hydrophilic silica (b) are used in combination
insuchaquantityratio, theresultingantifoulingcoatingcomposition

used for a frictional resistance reduced ship is excellent in coating
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material stability during preparation, storage and preservation and
has sufficient thixotropic property, and a coating film obtained by
curing the composition tends to be excellent in coating film strength
and coating film hardness.

[0137]

<Antifouling agent (D)>

Byaddingthehydrophobicmaterial (C) totheantifoulingcoating
composition used for a frictional resistance reduced ship according
to the present invention, the composition exhibits excellent
antifouling property, as described above, but by further adding an
antifouling agent (D), the composition can exhibit more excellent
antifouling property.

[0138]

The antifouling agent (D) may be any of an inorganic antifouling
agent and an organic antifouling agent.

Examples of the inorganic antifouling agents include copper,
cuprous oxide, copper rhodanide and an inorganic copper compound.
Of these, copper and an inorganic copper compound is preferable.
[0139]

Examples of the organic antifouling agents include metal
pyrithiones represented by the following formula (B) (wherein R to
R are each independently hydrogen, an alkyl group, an alkoxy group
or a halogenated alkyl group, M is a metal such as Cu, Zn, Na, Mg,

Ca, Ba, Pb, Fe or Al, and n represents a valence):
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[0140]
[Chem. 5]

R 15

P R 16 R4
R hdrn-k
N =
S

~ A /

o) h

c .- - (8)

[0141]

tetramethylthiuramdisulfide, a carbamate-based compound (e.g., zinc
dimethyldithiocarbamate, manganese 2-ethylenebisdithiocarbamate,
zinc ethylenebisdithiocarbamate),
2,4,5,6-tetrachloroisophthalonitrile,
N,N-dimethyldichlorophenylurea,

4,5-dichloro-2-n-octyl-3(2H) isothiazoline,
2,4,6-trichlorophenylmaleimide,
2-methylthio-4-t-butylamino-6-cyclopropyl-s-triazine,
N-(fluorodichloromethylthio)phthalimide,

N, N’ -dimethyl-N’-phenyl (N-fluorodichloromethylthio) sulfamide,
N-dichlorofluoromethylthio-N’,N’-dimethyl-N-p-tolyl-sulfamide,
2,3,5,6-tetrachloro-4- (methylsulfonyl)pyridine, 3-iodo-2-propynyl
butylcarbamate, diiodomethyl p-tolyl sulfone,

bisdimethyldithiocarbamoyl zinc ethylene-bis-dithiocarbamate,
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pyridine~-triphenylborane (PK) and
4-[1-(2,3-dimethylphenyl)ethyl]-1H-imidazole (medetomidine).
[0142]

Of the above organic antifouling agents, copper pyrithione (M
in the formula (B) is Cu), zinc pyrithione (M in the formula (R) is
Zn), N,N-dimethyl-dichlorophenylurea,
2,4,6-trichlorophenylmaleimide,
2-methylthio-4-t-butylamino-6-cyclopropyl-s-triazine,
4,5-dichloro-2-n-octyl-4-isothiazolin-3-one and
2,4,5,6-tetrachloroisophthalonitrile are preferable.

[0143]

Of these organic antifouling agents, metal pyrithiones are
particularly preferable. The metal pyrithiones and
5-dichloro-2-n-octyl-4-isothiazolin-3-onemaybeusedincombination.
Theseantifoulingagentsmaybeusedsinglyormaybeusedincombination
of two or more kinds. The antifouling agent is desirably contained
in an amount of 1 to 150 parts by weight, preferably 1 to 100 parts
by weight, based on 100 parts by weight of the organopolysiloxane
(A).

[0144]

It is desirable that in the antifouling coating composition
used for a special frictional resistance reduced ship and containing
such an antifouling agent, the inorganic copper compound and/or the

organic antifouling agent is contained usually in an amount of 0.1
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to 50% by weight, preferably 0.5 to 40% by weight, when the amount
obtained by subtracting the amount of the solvent from the whole amount
of the antifouling coating composition is 100% by weight.

[0145]

<Plasticizer (chlorinated paraffin)>

Examples of theplasticizers include TCP (tricresyl phosphate),
chlorinated paraffin and polyvinyl ethyl ether. These plasticizers
can be used singly or in combination of two or more kinds. These
plasticizerscontribute toimprovement incrackresistanceofacoating
film formed from the resulting antifouling coating composition used
for a special frictional resistance reduced ship (this film being
also referred to as an “antifouling coating film” hereinafter).
[0146]

<Anti-sagging/anti-settling agent (thickening agent)>

Examplesof theanti-sagging/anti-settlingagents (thixotropic
agents) include organic clay-based agents, salts, such as stearate
salts, lecithin salts or alkylsulfonic acid salts of Al, Ca or Zn,
polyethylenewax, amidewax, hydrogenatedcastor oil wax-basedagents,
polyamide wax-based agents, mixtures of those wax-based agents,
synthetic finely divided silica and polyethylene oxide-based waxes.
Preferable are polyamide wax, synthetic finely divided silica,
polyethylene oxide-based waxes and organic clay-based agents. As
such anti-sagging/anti-settling agents, those on the market under

the trade names of “Disparlon 305”7, “Disparlon 4200-20”, “Disparlon
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A630-20X"”, etc. manufactured by Kusumoto Chemicals, Ltd. can be
mentioned.
[0147]

To the antifouling coating composition used for a special
frictional resistance reduced ship, such an
anti-sagging/anti-settlingagent isaddedinanamount of, forexample,
0.1 to 10% by weight.

<Pigment/dye>

As the pigments, hitherto publicly known organic or inorganic
variouspigmentscanbeused. Examplesoftheorganicpigmentsinclude
carbon black, phthalocyanine blue and Prussian blue. Examples of
the inorganicpigments includepigmentsthat areneutral andunreactive,
such as titaniumwhite, red iron oxide, barite powder, silica, calcium
carbonate, talc, chalk and iron oxide powder; and pigments (active
pigments) that are basic and reactive with an acidic substance in
a coating material, such as zinc white (ZnO, zinc oxide), white lead,
minium, zinc dust and lead suboxide powder.

[0148]

Therecanbe furthermentionedmetal oxides, suchasdiatomaceous
earth and alumina, pigments obtained by surface-treating surfaces
of these metal oxides with silane compounds; metal carbonates, such
asmagnesiumcarbonate and zinc carbonate; and others, suchas asbestos,
glass fiber, quartz powder, aluminum hydroxide, gold powder, silver

powder, surface-treated calcium carbonate and glass balloon.
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[0149]

Various colorants such as dyes may be also contained.

These pigments/dyes may be used singly or in combination of
two or more kinds.

To the antifouling coating composition used for a special
frictional resistance reduced ship, such various pigments/dyes are
preferably added in the total amount of, for example, about 0.5 to
45% by weight. Such various pigments/dyes are preferably added in
the total amount of 1 to 40 parts by weight based on 100 parts by
weight of the organopolysiloxane (A).

[0150]

<Other coating film-forming components>

As the coating film-forming components, coating film-forming
components other than the aforesaid organopolysiloxane (A), etc. may
be containedwithin limits not detrimental to the object of the present
invention. Examples of such “other coating film-forming components”
include sparingly water-soluble or water-insoluble resins (also
referred to as “sparingly water-soluble/water-insoluble resins”
hereinafter), such as acrylic resin, acrylic silicone resin,
unsaturatedpolyester resin, fluororesin, polybutene resin, silicone
rubber, urethane resin (rubber), polyamide resin, vinyl
chloride-based copolymer resin, chlorinated rubber (resin),
chlorinated olefin resin, styrene/butadiene copolymer resin,

ethylene/vinyl acetate copolymer resin, vinyl chloride resin, alkyd
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resin, coumarone resin, trialkylsilyl acrylate (co)polymer
(silyl-based resin) and petroleum resin.

[0151]

<Other thixotropic property imparting agent, flame retardant,

heat conduction improver, adhesion imparting agent, etc.>

Examples of the thixotropic property imparting agents include
polyethylene glycol, polypropylene glycol and their derivates.
Examples of the flame retardants include antimony oxide and paraffin
oxide. Examples of the heat conduction improvers include boron
nitride and aluminum oxide. Examples of the adhesive components
include substances containing one or more kinds of reactive organic
groups (e.g., amino group, mercapto group, alkoxysilyl group, epoxy
group, hydrosilyl group, acrylic group and hydroxysilyl group), such
as silane coupling agent, and mixtures of these substances.
[0152]

<Solvent>

In the antifouling coating composition used for a special
frictional resistance reducedshipaccording tothepresent invention,
a solvent may be contained or may not be contained. However, such
various components as described above can be used after dissolved
or dispersed in solvents. As the solvents used herein, various
solvents usually added to antifouling coating materials, such as
aliphatic, aromatic, ketone-based, ester-based, ether-based and

alcohol-based solvents can be mentioned. Examples of the aromatic
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solvents include xylene and toluene. Examples of the ketone-based
solvents include MIBK and cyclohexanone. Examples of the ether-based
solvents include propylene glycol monomethyl ether and propylene
glycolmonomethyletheracetate (PMAC). Examplesofthealcochol-based
solvents include isopropyl alcohol.

[0153]

Such a solvent can be used in an arbitrary amount, but it is
usedinanamount of, forexample, 0.1t0 9999 partsbyweight, preferably
1 to 50 parts by weight, based on 100 parts by weight of the component
(A). Intheantifoulingcoatingcompositionof thepresent invention,
the solvent is used in an amount of 1 to 99% by weight, preferably
5 to 50% by weight. The viscosity (25°C, B type viscometer, No. 3
rotor) of the antifouling coating composition used for a special
frictional resistance reduced ship, such as an antifouling coating
composition used for a special frictional resistance reduced ship
and having been diluted with such a solvent as above, is usually 0.001
to 50 Pars, preferablyabout 0.01 to 20 Pa*s, taking into consideration
coatability (saggingproperty), filmthickness obtainedbyone coating,
el
[0154]

<Others>

The antifouling coating composition may be that of ocne-pack
type or multi-pack type such as two-pack type or three-pack type.

[0155]
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For example, in the case of blending capable of utilizing
hydrolysis reaction of a hydrolyzable group with moisture in air,
curing reaction does not occur if a moisture source is removed, so
that the composition can be prepared as a one-pack type composition.
[0156]

For example, when a component that undergoes curing reaction
at normal temperature by the addition of a catalyst is blended, the
composition can be prepared as a multi-pack type composition having
the catalyst and the component that undergoes reaction by the addition
of a catalyst as separate liquids.

A specific example of the one-pack type antifouling coating
composition is an antifouling coating composition in which an
oragnopolysiloxane having hydrolyzable groups such as deoxime groups
as the condensing reactive groups at both ends of molecule is blended
as the organopolysiloxane (A) and an organosilane such as oximesilane
is blended as the organosilane and/or its partial condensate (B).
[0157]

As the three-pack type antifouling coating composition, there
can be mentioned an antifouling coating composition constituted of
three liquids of a main agent containing, as the organopolysiloxane
(A), an organopolysiloxane having hydroxyl groups as the condensing
reactive groups at both ends of molecule, a curing agent containing,
as the organosilane and/or its partial condensate (B), a

polyalkoxysilane such as ethyl silicate, and a curing accelerator
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containing a catalyst.
[0158]

1-3. Antifouling coating film (first coating film), special

frictional resistance reduced ship (first special frictional

resistance reduced ship)

A coating film formed from the antifouling coating composition
used for a special frictional resistance reduced ship according to
the present invention has a profile such that the static in-water
bubble contact angle in water, as measured by the later-described
method, is usually as small as less than 90 degrees, the in-water
bubble roll (slip) angle is as small as less than 30 degrees, the
height of roughness is not more than 30 uym, and the peak-valley average
interval is not less than 700 um.

[0159]

From the viewpoint that the frictional resistance of a hull
is efficiently reduced and the reduction of frictional resistance
over a long period of time is realized, the static in-water bubble
contact angle in water is preferably not more than 80 degrees, the
in-waterbubbleroll (slip) angle ispreferablynotmore than 20 degrees,
the height of roughness is preferably not more than 25 um, and the
peak-valley average interval is preferably not less than 800 um.
[0160]

Asmall staticin-waterbabblecontactangleindicatesaproperty

that air is wetted by the coating film (that is, air and the coating
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film have affinity for each other), and a small bubble roll (slip)
angle or a small roughness and a long peak-valley average interval
indicateapropertythataireasilyflows. Thatistosay, theyindicate
that the coating film surface has excellent gas lubrication property.
These properties can be examined by the use of an in-water bubble
contact angle meter, and the gas lubrication effect (water flow
frictional resistance reduction effect) can be confirmed by coating
a bottom of a model ship with the coating composition and measuring
awater flow resistance when air is supplied to the coating £ilm formed
on the ship’s bottom (circulating water channel test).
[0161]

The coating film having such a profile is obtained by coating
a coating object with the antifouling coating composition used for
a special frictional resistance reduced ship. Since the antifouling
coating composition used for a special frictional resistance reduced
ship has specific constitution capable of forming a coating film of
the above profile, there is no need to carry out special operations
other than general operations of coating the coating object with the
antifouling coating composition and drying, and merely by carrying
out such simple operations, a coating film having the above profile
can be obtained.
[0162]

A special frictional resistance reduced ship in which such an

antifouling coating film has been formed on a submerged surface of
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the shell plating exerts an excellent frictional resistance reduction
effect even by supplying a small amount of a gas, also exhibits an
excellent antifouling effect, and can stably exhibit those effects
over a long period of time.

[0163]

The static in-water bubble contact angle and the in-water bubble
roll (slip) angle can be measured by the use of the later-described
contact angle measuring apparatus.

<Measuring method for static in-water bubble contact angle>

The measuring method for static in-water bubble contact angle
is specifically as follows.

[0164]

Arigidpolyvinylchloridetestpanel (maximumheight asmeasured
in accordance with JIS B 0601: not more than 1 um), which has been
coated with a coating composition so that a coating film having a
dry film thickness of 150 um may be formed, is immersed in water at
25°C for 30 days. Specifically, the test panel is fixed to an inner
wall of a cylindrical rotary immersion tank, then the center of the
panel is rotated (peripheral velocity: 15 knots) in water to produce
a water flow, and the panel is immersed in this state for 30 days.
After the immersion, the rigid polyvinyl chloride test panel is placed
in water in such a manner that the coating film surface becomes
horizontal and is on the lower side of the test panel, then 0.1 cc

of air is injected into water so that one bubble may be formed on
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the coating film surface, then a height a of the bubble from the coating
filmsurface, saidbubblehavingbeen formedonthe coating filmsurface,
and a diameter b of a contact portion of the bubble with the coating
filmsurface aremeasured, and fromthe following formula (1), a static
in-water bubble contact angle (65, unit: degree) that is a contact
angle between the coating film surface and the bubble is determined.
[0165]

[Math. 4]

Os=2x%xtan_ Lo (1)

[0166]

<Measuring method for in-water bubble roll (slip) angle>

The measuring method for in-water bubble roll (slip) angle is
specifically as follows.

In the abovemeasuringmethod for static in-water bubble contact
angle, the coating film surface having the bubble formed thereon is
gradually inclined against the horizontal plane, and when the bubble
begins to move, an inclination angle (in-water bubble roll (slip)
angle) (©p, unit: degree) of the coating film surface against the
horizontal plane is measured.

[0167]

1-4. Production process for special frictional resistance

reduced ship

In the production process for a special frictional resistance
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reduced ship according to the present invention, the aforesaid
antifouling coating film is formed on a submergence expected surface
of a shell plating of a ship to be coated. The antifouling coating
filmcanbe formed fromthe aforesaidantifouling coating composition.
[0168]

By coating a surface of a submergence portion of a shell plating
of a ship with the antifouling coating composition used for a special
frictional resistance reduced ship according to the present invention
once or plural times in a conventional manner and curing the coated
layer, a coating film capable of imparting frictional resistance
reduction performance and antifouling performance to the surface can
be formed, and besides, those performances can be maintained over
alongperiodof time. For suchacoatingoperation, hithertopublicly
known coating means, such as brush, roll, spray and dip ccater, are
widely used.

[0169]

Such an antifouling coating film obtained by curing the
antifouling coating composition used for a special frictional
resistance reduced ship according to the present invention has
excellent antifoulingpropertysuchthat foulingbyaquaticorganisms,
such as sea lettuce, acorn barnacle, green laver, serpula, oyster

and Bugula neritina, can be continuously prevented over a long period
of time.

(0170]
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It is desirable that the antifouling coating composition used
for a special frictional resistance reduced ship according to the
present invention is appliedontoananticorrosive coating filmhaving
been formed in advance on a shell plating of a ship, fromthe viewpoints
of adhesion property and anticorrosion property.

The surface of a ship having been coated with the antifouling
coating composition used for a special frictional resistance reduced
ship according to the present invention may be top-coated with the
antifouling coating composition used for a special frictional
resistance reduced ship according to the present invention for
repairing. The thickness of the antifouling coating film formed on
a submerged surface of a shell plating of a ship is not specifically
restricted, but it is, for example, about 30 to 150 um/one time.
(0171]

The antifouling coating composition used for a special
frictional resistance reduced ship according to the present invention
is desirably applied to the whole of a submergence surface of a shell
plating of a ship, from the viewpoint of frictional resistance
reduction performance.

2. Second group

2-1. Second coating composition, coating film, special

frictional resistance reduced ship

The second coating composition is a coating composition capable

of formingacoatingfilmsatisfyingthestaticin-waterbubble contact
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angle and in-water-bubble roll (slip) angle conditions described
below.
[0172]

As the coating composition capable of forming a coating film
satisfying such conditions, the aforesaid antifouling coating
composition (first coating composition) can be mentioned. Details
of the first coating composition are as previously described.

<Static in-water bubble contact angle and in-water bubble roll

(slip) angle>

The static in-water bubble contact angle, as measured by the
following measuring method for static in-water bubble contact angle,
is less than 90 degrees, and the in-water bubble roll (slip) angle,
as measured by the following measuring method for in-water bubble
roll (slip) angle, is less than 30 degrees.

[0173]

The static in-water bubble contact angle and the in-water bubble
roll (slip) angle can be measured by the use of the later-described
contact angle measuring apparatus.

The measuring method for static in-water bubble contact angle
is specifically as follows.

[0174]

Arigidpolyvinylchloridetestpanel (maximumheight asmeasured
in accordance with JIS B 0601: not more than 1 um), which has been

coated with a coating composition so that a coating film having a
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dry film thickness of 150 ym may be formed, is immersed in water at
25°C for 30 days. Specifically, the test panel is fixed to an inner
wall of a cylindrical rotary immersion tank, then the center of the
panel is rotated (peripheral velocity: 15 knots) in water to produce
a water flow, and the panel is immersed in this state for 30 days.
After the immersion, the rigid polyvinyl chloride test panel is placed
in water in such a manner that the coating film surface becomes
horizontal and is on the lower side of the test panel, then 0.1 cc
of air is injected into water so that one bubble may be formed on
the coating film surface, then a height a of the bubble from the coating
filmsurface, saidbubble havingbeen formedonthe coating filmsurface,
and a diameter b of a contact portion of the bubble with the coating
filmsurface aremeasured, and fromthe following formula (1), a static
in-water bubble contact angle (65, unit: degree) that is a contact

angle between the coating film surface and the bubble is determined.

[0175]
[Math. 5]
Gs=2X%Xtan-12—l: === (1)

[0176]

The measuring method for in-water bubble roll (slip) angle is
specifically as follows.

In the abovemeasuringmethod for static in-water bubble contact

angle, the coating film surface having the bubble formed thereon is
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gradually inclined against the horizontal plane, and when the bubble
begins to move, an inclination angle (in-water bubble roll (slip)
angle) (65, unit: degree) of the coating film surface against the
horizontal plane is measured.

[0177]

The static in-water bubble contact angle indicates an extent
of wetting of a gas by the coating £film (extent of affinity). A small
static in-water babble contact angle indicates that the extent of
wetting of a gas by the coating film (extent of affinity of a gas
for the coating film) is large, and a large static in-water bubble
contact angle indicates that the extent of wetting of a gas by the
coating film (extent of affinity of a gas for the coating film) is
small.

[0178]

The bubble roll (slip) angle indicates ease of flowing of air
onthecoatingfilmsurface. Asmallbubbleroll (slip) angleindicates
that air easily flows on the coating film surface, and a large bubble
roll (slip) angle indicates that air hardly flows on the coating film
surface.

[0179]

That istosay, thesepropertiesbecome an indication for judging
whether the submerged surface of a shell plating of a ship, on which
the above coating £ilm has been formed, has excellent gas lubrication

property or not, and a smaller static in-water bubble contact angle
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and a smaller bubble roll (slip) angle indicate more excellent gas
lubrication property.
[0180]

From the viewpoint that the frictional resistance is reduced
and the property of the coating film formed on a shell plating surface
of a ship is maintained for a long period of time, the static in-water
bubble contact angle is preferably not more than 80 degrees, and from
the same viewpoint, the inwater bubble roll (slip) angle is preferably
not more than 20 degrees.

(0181]

In a special frictional resistance reduced ship in which a
coating £ilm having an in-water bubble contact angle and an in-water
bubble roll (slip) angle in the above ranges has been formed on a
submerged surface of a shell plating, the gas lubrication property
of the submerged surface of the shellplatingisexcellent, asdescribed
above, and therefore, the frictional resistance of the ship can be
reduced even by supplying a small amount of air, and excellent energy
saving property is obtained. In the special frictional resistance
reduced ship, further, the frictional resistance of the submerged
surface of the shell plating is reduced by virtue of the above coating
film, and therefore, abrasion of the submerged surface of the shell
plating caused by the frictional resistance is greatly suppressed,
and an effect that the properties of the coating film are maintained

over a long period of time is exerted.
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[0182]

<Frictional resistance reductionratioafter immersioninwater,

difference in frictional resistance reduction ratio between before

and after immersion in water>

The gas lubrication effect (water flow frictional resistance
reductioneffect) canbe confirmedbymeasuringawater flow frictional
resistance given when air is supplied to a surface of a coating film
that is formed on a ship’s bottom of a model ship by coating the ship’s
bottom with a coating composition (circulating water channel test).
In the present specification, a case where a test panel havinga coating
film formed from the coating composition is allowed to stand still
in water (preferably sea water) (usually at a temperature of about
25°C) or fixed to an inner wall of a rotary immersion tank to rotate
water (preferably sea water) (usually at a temperature of about 25°C)
and thereby produce a water flow of a peripheral velocity of 15 knots
and then a given period of time is allowed to elapse is expressed
by “after immersion of X” (X is an elapsed time, and for example,
a case of immersion for 30 days is referred to as “after immersion
of 30 days”). A case where such operations are not carried out is
expressed by “before immersion”.

[0183]

Forexample, atestpanelisfixedtoaninnerwallofacylindrical

rotary immersion tank, then the center of the panel is rotated

(peripheral velocity: 15 knots) in water to produce a water flow,
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then 30 days are allowed to elapse, and thereafter a frictional
resistance reduction ratio is measured. 1In this case, a difference
in frictional resistance reduction ratio between before and after
immersion is referred to as a “difference in frictional resistance
reduction ratio between before immersion and after immersion of 30
days”.

[0184]

A specific example of a method for measuring a difference in
frictional resistance reduction ratio between before and after
immersion is as follows.

As shown in Fig. 4, to a ship’s bottom of a model ship having
a total length of 2.8 m, a molded breath of 0.24 m and a molded depth
of 0.14 m, a test panel having a length of 2.05 m, a width of 0.24
m and an area of 0.492 m? and having been immersed for 30 days is
fixed in such amanner that the coating filmsurface becomes an external
surface (in such a manner that the coating film surface comes into
contact with water). The coating film portion of the test panel is
referred to as a “test coating film portion 9”. Subsequently, in
a vertical circulation type circulating water channel having a
measuring part size of a length of 8 m, a width of 1.5 m and a water
depth of 1.2 m, the model ship is placed, and in the case where air
is jetted out (e.g., equivalent air thickness (ta) = 1.0 mm) to the
ship’s bottom on which the test panel has been fixed from an air outlet

8 provided in the ship’s bottom of the model ship, and in the case
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where air is not jetted out, a frictional resistance of a hull is
measured under the conditions of a water (12°C) flow velocity of 1.4
m/s. Subsequently, fromthe following formula (2), atotal resistance
reduction ratio (nT) is determined, and from the following formula
(3), a frictional resistance reduction ratio (nF) of the test panel
portion is determined. A difference in frictional resistance
reduction ratio between before and after immersion can be determined
by subtracting the frictional resistance reduction ratio after
immersion of 30 days from the frictional resistance reduction ratio
before immersion (values of water flow velocity and equivalent air

thickness can be appropriately preset).

[0185]

[Math. 6]

nT = 100X (Reo—Re) /Reo [%] (2)
[0186]

[Math. 7]

nF = 100X (Reo-Re) /Reo [%] (3)
[0187]

Rto: total resistance of ship in the case where air is not jetted
out [Kgf]

Rt: total resistance of ship in the case where air is jetted
out [Kgf]

Rfo: frictional resistance of test panel represented by the

following formula (4) in the case where air is not jetted out [Kgf]
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[0188]
[Math. 8]
Reo: CroX (1/2) XpXSXU? (4)
[0189]
5 o: density of water [kgf-s?/m‘] (12°C)
S: area of test panel (n@)
U: flow velocity of water [m/s]
Cgo: coefficient of frictional resistance of test panel

represented by the following formula (5) in the case where air is

10 not jetted out

[0190]
[Math. 9]
Cso = 0.46310g" (Ry) exp2-® (5)
[0191]
15 Rn: Reynolds number of test panel represented by the following

formula (6)

[0192]
[Math. 10]
Rp = UXL/v (6)

20 [0193]

U: flow velocity of water [m/s]
L: length of test panel [m]
N: coefficient of kinematic viscosity of water [m?/s] (12°C)

[0194]
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The aforesaidequivalent air thickness (ta) [mm] shows an amount
of air jetted out, and is represented by the following formula (7).
[0195]

[Math. 11]

ta = 1000Qa/ (U-Ba) (7)

[0196]

Qa: amount of air jetted out [m/s]

U: flow velocity of water [m/s]

Ba: width of air outlet [m]

[0197]

Here, the “total resistance” means a total value of all
resistancesparticipatinginthe abovemeasurement, suchaswavemaking
resistance, profile resistance and frictional resistance.

The test panel is an aluminum plate (material: A5052P).
[0198]

A difference in frictional resistance reduction ratio between
before and after immersion indicates how long the reduction of
frictional resistance due to the coating film is maintained.

That is to say, a smaller difference in frictional resistance
reductionratiobetweenbefore and after immersion indicates a smaller
change in properties of the coating film with time after a lapse of
a given period of time.

[0199]

The special frictional resistancereducedshipinwhichacoating
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film satisfying the above requirements has been formed on a submerged
surface of a shell plating has a small difference in frictional
resistance reduction ratio between before and after immersion (small
change of coating film with time), and therefore, properties of the
coating film formed on the shell plating surface of the ship can be
maintained for a long period of time. Moreover, even if the amount
of air is small (e.g., ta=1.0 mm), a sufficient resistance reduction
effect canbeexerted, andtheenergy for supplyingairthat isnecessary
for the frictional resistance reduction has only to be low, so that
the energy saving effect is also high.

[0200]

2-2. Production process for second special frictional

resistance reduced ship

The production process for such a second special frictional
resistance reducedshipasabovehasonlytobecarriedout inaccordance
with the aforesaid production process for the special frictional
resistance reduced ship (first special frictional resistance reduced
ship) havingbeencoatedwithacoating filmformed fromtheantifouling
coating composition.

[0201]

2-3. Method for predicting frictional resistance reduction

effect utilizing gas lubrication function of coating film in water

The method for predicting a frictional resistance reduction

effect utilizing a gas lubrication function of a coating film in water
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according to the present invention is characterized by comprising
measuring a static in-water bubble contact angle by ameasuring method
for static in-water bubble contact angle, measuring an in-water bubble
roll (slip) angle by ameasuringmethod for in-water bubble roll (slip)
angle, and predicting a frictional resistance reduction effect
utilizing a gas lubrication function of a coating film formed from
a coating composition in water from the static in-water bubble contact
angle and the in-water bubble roll (slip) angle.

[0202]

The measuring methods for the static in-water bubble contact
angle and the in-water bubble roll (slip) angle are each as follows.
The static in-waterbubble contact angle indicates anextent of wetting
of a gas by the coating film (extent of affinity), and the bubble
roll (slip) angle indicates ease of flowing of air on the coating
film surface.

<Measuring method for static in-water bubble contact angle>

A test panel, which has been coated with a coating composition
so that a coating film may be formed, is immersed in water, then the
test panel after immersion is placed in water in such a manner that
the coating film surface becomes horizontal and is on the lower side
of the test panel, then air is injected into water so that a bubble
may be formed on the coating film surface, then a height a of the
bubble from the coating film surface, said bubble having been formed

on the coating film surface, and a diameter b of a contact portion
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of the bubble with the coating film surface are measured, and from
the following formula (1), a static in-water bubble contact angle
(Bs, unit: degree) that is a contact angle between the coating film

surface and the bubble is determined.

[0203]
[Math. 12]
—2x 180 -12a |
Gs=2x% x <tan =5 (1)

[0204]

<Measuring method for in-water bubble roll (slip) angle>

Inthe abovemeasuringmethod for static in-water bubble contact
angle, the coating film surface having the bubble formed thereon is
gradually inclined against the horizontal plane, and when the bubble
begins tomove, an in-water bubble roll (slip) angle (6, unit: degree)
that is an inclination angle of the coating film surface against the
horizontal plane is measured.

[0205]

That istosay, these propertiesbecome an indication for judging
whether the submerged surface of a shell plating of a ship, on which
the above coating £ilm has been formed, has excellent gas lubrication
property or not, and a smaller static in-water bubble contact angle
and a smaller bubble roll (slip) angle indicate more excellent gas
lubrication property.

[0206]
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In the method for evaluating a frictional resistance reduction
effect according to the present invention, a coating film having a
static in-water bubble contact angle of less than 90 degrees
(preferably not more than 80 degrees) and an in-water bubble roll
(slip) angle of less than 30 degrees (preferably not more than 20
degrees) as results of the above two kinds of the measuring methods
isevaluatedasexcellent ingas lubricationpropertyandinfrictional
resistance reduction effect utilizing a gas lubrication function in

water.
[0207]

As shown by the results of the later-described examples, the
coating material highly evaluated in the method for evaluating a
frictional resistance reduction effect according to the present
invention is highly evaluated also in the evaluation results of water
flow frictional resistance using a model ship, and the reverse is
also true.

[0208]

The method for predicting a frictional resistance reduction
effect utilizing a gas lubrication function of a coating film in water
according to the present invention is simple and appropriate, and
therefore, it is effective for selecting a coating film.

2-4. Bpparatus used for prediction of frictional resistance

reduction effect utilizing gas lubrication function of coating film

in water
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The apparatus (contact angle measuring apparatus) used for
prediction of a frictional resistance reduction effect utilizing a
gas lubrication function of a coating film in water according to the
present inventionhasatestboard, aninclinationangle control device,
an immersion container and an observation device.

[0209]

To the test board, the inclination angle control device is
connected.

On the test board, a test panel having a coating film formed
on its surface is set in such a manner that a back surface of the
test panel comes into contact with the lower surface of the test beoard,
and in the immersion container containing water, the test board is
placed in such a state that the test panel is immersed in water and
that a bubble has been formed on the coating film surface of the test
panel.

[0210]

The observation device is set so as to be able to observe the
state of the test panel and the bubble.

With regard to the static in-water bubble contact angle of the
bubble, when the test panel is horizontal, the state of the bubble
formed on the surface of the coating film of the test panel is observed
by the observation device to measure a static in-water bubble contact
angle.

[0211]
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With regard to the in-water bubble roll (slip) angle of the
bubble, the test panel is inclined against the horizontal by the
inclination angle control device, and the behavior of the bubble is
observed by the observation device to measure an in-water bubble roll
(slip) angle of the bubble formed on the surface of the coating film
of the test panel.

[0212]

The contact anglemeasuring apparatus is specificallydescribed
below referring to an apparatus shown in Fig. 1 that is an example
of the contact angle measuring apparatus.

In the apparatus shown in Fig. 1, a test board 5 for setting
thereon a test panel 6 having a coating film formed on its surface
is connected to an inclination angle control mechanism including a
rotation drive handle 4, and by rotating the rotation drive handle
4, the inclination angle of the test board 5 against the horizontal
is controlled. The angle is measured by an angle meter 3. Owing to
an immersion container 7 having been designed so that the test board
5 can be placed in water, the test board 5 is placed in water. 1In
the apparatus shown in Fig. 1, at least a part or all of the immersion
container 7 is constituted of a member having transmission property
(e.g., acrylic or glass member), and from the outside of the immersion
container 7, the test board 5 and a bubble formed on the test panel
6 can be observed. The test panel 6 is set on the lower side of the

test board 5 so that the surface on which the coating film has been
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formed may face the lower side of the test board 5.
[0213]

Formation of a bubble on the coating film surface of the test
panel 6 has only to be carried out using, for example, a syringe 2.

Observation of the bubble is carried out by the use of a camera
1. Observation of the bubble can be carried out with the naked eye,
but by the use of the camera 1, the behavior of the bubble can be
more accurately observed.

[0214]

Measurement of the static in-water bubble contact angle and
the in-water bubble roll (slip) angle has only to be carried out as
previously described, but the type of the test panel, the dry film
thickness of the coating film, the immersion time, the volume of the
bubble, etc. can be appropriately determined according the purpose.
[0215]

In that case, a vinyl chloride plate can be mentioned as one
type of the test panel, the dry film thickness of the coating film
is usually in the range of 50 to 500 um, the immersion time is usually
in the range of 1 to 180 days, and the volume of the bubble is usually
in the range of 0.1 to 3 cc, though they depend upon the purpose.
As the test panel, a test panel having a maximum height, as measured
in accordance with JIS B 0601, of not more than 1 um is used.
[0216]

3. Third group
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3-1. Frictional resistance reduction systems used for special

frictional resistance reduced ships (First and second frictional resistance

reduction systems) and special frictional resistance reduced ships having

the systems (third and fourth frictional resistance reduced ships)

The first and the second frictional resistance reduction systems
used for special frictional resistance reduced ships according to the present
invention have the first coating film (antifouling coating film) and the
second coating film, respectively, and each have a gas supply device for
supplying a gas to a surface of the first coating film or the second coating
film.

[0217]

In such a frictional resistance reduction system, a gas such as air
is supplied from the gas supply device to the surface of the coating film
or the antifouling coating film having excellent frictional resistance
reduction performance and having specific properties as described above,
and therefore, frictional resistance of the special frictional resistance
reduced ship can be greatly reduced.

[0218]

The gas supply device and the gas used are as previously described.

In the third and the fourth special frictional resistance reduced
ships havingsucha first andasecond frictional resistance reductionsystems,

respectively, frictional resistance of the ships in water
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is greatly reduced by the systems, and therefore, even if high power is
not introduced for the supply of a gas such as air, the fluid frictional
resistance reduction effect is great, an economical advantage is obtained,

and the influence on the environment is small.

Examples
[0219]

The present invention is described in more detail with reference
to the following examples, but it should be construed that the present
invention is in no way limited to those examples. Unless otherwise noted,
the pressure condition is normal pressure (about 0.1013 MPa), and the
temperature condition is normal temperature (about 25°C).

[0220]

Details of various tests carried out in the following examples and

comparative examples are as follows.

<Measurement of coating film surface roughness>

Surface profile of each coating film was measured using a contact
probe profilometer (Handysurf E-35A, manufactured by Tokyo Seimitsu Co.,
Ltd.) in accordance with JIS B 0601.

[0221]

<Measurement of change in contact angle and roll (slip) angle with

time>
A coating composition produced in the later-described each example

was applied to a rigid polyvinyl chloride plate of 50X50
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X2 mm (maximum height as measured in accordance with JIS B 0601:
not more than 1 um) so that the dry film thickness might become 150
um, and the composition was dried at room temperature for 5 days to
prepare a test panel. The test panel was fixed to an inner wall of
acylindrical rotary immersion tank to immerse the coating film formed
onthe test panel. Thecenter of the test panel was rotated (peripheral
velocity: 15 knots) inwater toproduce awater flow. Astaticin-water
bubble contact angle and an in-water bubble roll (slip) angle of the
coating film formed on the test panel were measured in the following
manner before immersion ,after immersionof 14 days andafter immersion
of 30 days by the use of a “contact angle measuring apparatus” (see
also Fig. 1 to Fig. 4).

[0222]

(Measurement of static in-water bubble contact angle)

The test panel before immersion or after immersion of a specific
period of time was fixed to a test board 5 in such a manner that the
coating film surface became horizontal and was on the lower side of
the test board, and then placed in water. Using a syringe 2, 0.1
cc of air was injected into water so that one bubble might be formed
on the coating film surface. Using a camera 1 (video microscope),
the bubble was observed from the side, and a height a of the bubble
from the coating film surface, said bubble having been formed on the
coating film surface, and a diameter b of a contact portion of the

bubble with the coating film surface were measured, and from the



10

15

20

94

following formula (1), acontact angle between the coating filmsurface
and the bubble was determined (see Fig. 1 and Fig. 2). This angle
is a static in-water bubble contact angle (6s), and affinity of the
coating film surface for the air bubble can be evaluated. As this
Os 1s decreased, the affinity of the coating film surface for air
becomes higher.

[0223]

[Math. 13]

180 -1.2
3!5==22<—;E—><tan I-I?- === (1)

[0224]

(Measurement of in-water bubble roll (slip) angle)

Under the same conditions as in the measurement of a static
in-water bubble contact angle, 0.1 cc of air was injected into water
so that a bubble might be formed on the coating film surface.
Subsequently, a rotation drive handle 4 was rotated to gradually
incline the coating film surface against the horizontal plane, and
when the bubble began to move, an angle was measured (see Fig. 1 and
Fig. 3). This angle is an in-water bubble roll (slip) angle (6n),
and fluidity of the air bubble on the coating film surface can be
evaluated. As this 0, is decreased, the fluidity becomes better.
[0225]

<Static antifouling property test method>

To a sandblasted steel plate of 100 mm X 300 mm X2.3 mm, an
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epoxy-based zinc rich primer (“Epicon Zinc Rich Primer B-2"
manufactured by Chugoku Marine Paints, Ltd.), an epoxy-based
anticorrosive coatingmaterial (“Bannoh 500” manufactured by Chugoku
Marine Paints, Ltd.) and a urethane resin-based anticorrosive coating
material (“CMP Bio-Clean SG” manufactured by Chugoku Marine Paints,
Ltd.) were applied one after another in this order by the use of an
air spray so that the dry film thicknesses might become 20 um, 150
pm and 100 um, respectively. The surface of a urethane-based binder
coat formed from the urethane resin-based anticorrosive coating
material was coated with an antifouling coating composition produced
in the later-described example so that the dry film thickness might
become 100 um to 200 um, whereby a test panel was prepared. The
resulting test panel was dried indoors (room temperature: 20°C,
relative humidity: 60%) for one week, and thereafter, the test panel
was immersed in the water from a raft placed in Hiroshima Bay so that
it might be positioned 1 mbelow the surface of the water, and fouling
of the coating film surface of the test panel by organisms for 1,
3, 6 or 12 months was visually observed.
[0226]

Evaluation was carried out by visual observation of an area
fouled by marine organisms (%).

Evaluation criteria are as described in Table 3.

<Dynamic antifouling property test method>

A sandblasted steel plate having a size of 170 mm (length) X
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70mm (width) X 2.3 mm (thickness) and havingbeen subjected tobending
so that it could be fixed to a side surface of a rotary drum placed
in sea water in Kure city, Hiroshima Prefecture was prepared. To
this sandblasted steel plate, an epoxy-based zinc richprimer (“Epicon
Zinc Rich Primer B-2” manufactured by Chugoku Marine Paints, Ltd.),
an epoxy-based anticorrosive coating material (“Bannoh 500”
manufacturedbyChugokuMarine Paints, Ltd.) andaurethane resin-based
anticorrosive coating material (“CMP Bio-Clean SG” manufactured by
Chugoku Marine Paints, Ltd.) were applied one after another in this
order by the use of an air spray so that the dry film thicknesses
might become 20 um, 150 pm and 100 um, respectively. The surface
of a urethane-based binder coat formed from the urethane resin-based
anticorrosive coatingmaterial was coatedwith an antifouling coating
composition produced in the later-described example so that the dry
film thickness might become 100 um to 200 um, whereby a test panel
was prepared. The resulting test panel was dried indoors (room
temperature: 20°C, relativehumidity: 60%) foroneweek, andthereafter,
the test panel was fixed to the rotary drum and subjected to rotation
immersion at a peripheral velocity of 15 knots, and fouling of the
coating film surface of the test panel by organisms in the dynamic
environment for 1, 3, 6 or 12 months was visually observed.
[0227]

<Measurement of water flow frictional resistance>

A test panel (length: 2.05 m, width: 0.24 m, area: 0.492 m?,
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base material: aluminum plate (A5052P)) coated with an antifouling
coating composition produced in the later-described example was fixed
to a ship’s bottom of a model ship (total length: 2.8 m, molded breath:
0.24 m, molded depth: 0.14 m) shown in Fig. 4 so that the coating
film surface might be positioned outside. The coating f£ilm portion
of the test panel was taken as a test coating film portion 9.

Subsequently, using a vertical circulation type circulating water
channel (measuring part size: length: 8 m, width: 1.5 m, water depth:
1.2m), africtional resistance of a hull was measured before immersion
and after immersion of a specific period of time under the conditions
of a specific water (12°C) flow velocity in the case where air of
a specific equivalent air thickness (ta: mm) was jetted out from an
air outlet 8 provided in the ship’s bottom of the model ship to the
ship’s bottom on which the test panel had been fixed (test coating
film portion 9) and in the case where air was not jetted out. Air
was jetted out from an array porous plate (2 mm (diameter) X 46 holes)
provided at the front edge of the test panel while controlling a flow
rate of the compressed air from an compressor. Subsequently, a total
resistance reduction ratio (nT) at each water flow velocity and each
air flow rate and a frictional resistance reduction ratio (nF) of
the test panel portionwere determined in accordance with the following
formulas (2) and (3). Adifferenceinfrictional resistance reduction
ratiobetweenbefore and after immersion was determined by subtracting

the frictional resistance reduction ratio after immersion of 30 days
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from the frictional resistance reduction ratio before immersion.

[0228]

[Math. 14]

nT = 100X (Reg~Re) /Reo [%] (2)
[0229]

[Math. 15]

nF = 100X (Reo-Re) /Reo [%] (3)
[0230]

<Production of antifouling coating composition>

[Production Example 1]

90 Parts by weight of dimethylpolysiloxane (manufactured by
Momentive Performance Materials Inc., XF3905), both ends of molecular
chain of which had been capped with silanol groups and which had a
viscosity at 25°C of 700 mm?/s, and 100 parts by weight of fumed silica
(manufactured by Nippon Aerosil Co., Ltd.,R-972), a surface of which
had been subjected to hydrophobic treatment and which had a specific
surface area of 200 m?/g, were homogeneously mixed at 150°C for 2
hours by the use of a stirring mixer (manufactured by Dalton Co.,
S5NDMV) to obtain a base compoundl. The viscosity of the base compound
1 was 1530 mm®/s.

[0231]
[Production Examples 2 to 4]
Base compounds 2, 3 and 4 were obtained in the same manner as

in Production Example 1, except that YF3057 (viscosity: 3000 mm?/s,
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manufactured by Momentive Performance Materials Inc.), YF3807
(viscosity: 20000 mm?/s, manufactured by Momentive Performance
Materials Inc.) and YF3802 (viscosity: 80000 mnF/s, manufactured by
Momentive Performance Materials Inc.) were used, respectively, as
the dimethylpolysiloxane both ends of molecular chain of which had
been cappedwith silanol groups. Theviscositiesof thebasecompounds
2 and 3 were 8670 mm?/s and 46000 mm?/s, respectively. Since the base
compound 4 was highly viscous, viscosity measurement could not be
carried out.

[0232]

[Example 1]

In a paint shaker using glass beads asmedia, 100 parts by weight
of the base compound 1 obtained in Production Example 1, 10 parts
by weight of a silicone oil KF-50-3000 (trade name: “KF-50-3000",
manufactured by Shin-Etsu Chemical Co., Ltd., methylphenyl silicone
oil), 12 parts by weight of titanium oxide (trade name: “R-5N”,
manufactured by Sakai Chemical Industry Co., Ltd.) as a pigment and
1.5 parts by weight of black iron oxide (trade name: “KN3207,
manufactured by Toda Kogyo Corp.) as a pigment were placed, then they
were shaken for 1 hour, and thereafter, the resulting mixture was
filteredthrougha l20-mesh filter toprepare a composition (I liquid).
[0233]

Immediatelybefore coating, 123.5partsbyweight of theIliquid

and 5 parts by weight of ethyl silicate (trade name: “TES40WN”,
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manufactured by Wacker Asahikasei Silicone Co., Ltd., ethyl silicate
oligomer) as II liquid were sufficiently mixed, and thereafter, 10
partsbyweight of atincatalyst (trade name: “GLECK TL”, manufactured
by DIC Corporation, dibutyltin dilaurate, 10% xylene solution) as
IIT liquid was added and stirred to obtain an antifouling coating
composition.

[0234]

The resulting antifouling coating composition was subjected
to the aforesaid various tests under the conditions shown in the
following Tables 1 and 3 to 6.

The results are set forth in Tables 1 and 4 to 6.

[0235]

[Examples 2 to 10]

Antifouling coating compositions were prepared in the same
manner as in Example 1, except that the type and the amount of each
component were changed as shown in Table 1.

[0236]

The resulting antifouling coating compositions were each
subjected to the aforesaid various tests under the conditions shown
in the following Tables 1 and 3 to 6.

The results are set forth in Tables 1 and 4 to 6.

[0237]
[Example 11]

In a paint shaker using glass beads asmedia, 100 parts by weight
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of a reaction type organopolysiloxane KE-445 (trade name: “KE-445",
manufactured by Shin-Etsu Chemical Co., Ltd, deoxime type
organopolysiloxane, viscosity: 4500 mm?/s), 40 parts by weight of
a silicone oil KF-50-100 (trade name: “KF-50-100”, manufactured by
Shin-Etsu Chemical Co., Ltd., methylphenyl silicone o0il), 22 parts
by weight of KF-50-3000 (trade name: “KF-50-3000”, manufactured by
Shin-Etsu Chemical Co., Ltd., methylphenyl silicone 0il) and 20 parts
by weight of xylene were placed, then they were shaken for 1 hour,
and thereafter, the resulting mixture was filtered through a 120-mesh
filter to prepare an antifouling coating composition.

[0238]

The resulting antifouling coating composition was subjected
to the aforesaid various tests under the conditions shown in the
following Tables 1 and 3 to 6.

The results are set forth in Tables 1 and 4 to 6.

[0239]

[Comparative Example 1]

<Super water-repellent coating film 1>

In a paint shaker using glass beads as media, 12.6 parts by
weight of a fluorcresin LF-200 (trade name: “Lumiflon LF-2007,
manufactured by Asahi Glass Co., Ltd., fluorine-based polyol), 24.2
parts by weight of fluorine powder L-2 (trade name: “Lublon L-2,
manufactured by Daikin Industries, Ltd., low-molecular weight

ethylene tetrafluoride-based ultrafine powder), 1.8 parts by weight
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of anadditive SF-1265-1000 (trade name: “SF-1265-1000", manufactured
by Dow Corning Toray Co., Ltd., fluorinated silicone 0il), 60.6 parts
by weight of butyl acetate and 0.8 part by weight of a tin catalyst
(trade name: “GLECK TL”, manufactured by DIC Corporation, dibutyltin
dilaurate, 0.1% xylene solution) as a curing accelerator were placed,
then theywere shaken for 1 hour, and thereafter, the resultingmixture
was filtered through a 60-mesh filter to prepare a super
water-repellent coating composition for a super water-repellent
coating film 1.

[0240]

Immediately before coating, 100 parts by weight of the super
water-repellent coating composition and 1.7 parts by weight of DN-980
(trade name: “Burnock DN-980, manufactured by DIC Corporation,
isocyanurate type polyisocyanate) as a curing agent were mixed to
prepare a super water-repellent coating composition.

[0241]

The resulting antifouling coating composition was subjected
to the aforesaid various tests under the conditions shown in the
following Tables 1 and 3 to 6.

The results are set forth in Tables 1 and 4 to 6.

[0242]
[Comparative Example 2]
<Super water-repellent coating film 2>

In a paint shaker using glass beads as media, 34.7 parts by
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weight of an acrylic resin TZ-343 (trade name: “Acrydic TZ-343",
manufactured by DIC Corporation), 19.6 parts by weight of hydrophobic
finely divided silica (trade name: “Nipsil SS-70”, manufactured by
Tosoh Silica Corporation) and 44.3 parts by weight of xylene were
placed, then they were shaken for 1 hour, subsequently 1.4 parts by
weight of anadditive (trade name: “Disparlon A630-20X"”, manufactured
by Kusumoto Chemicals, Ltd.) were added and shaken for 15 minutes,
and thereafter, the resulting mixture was filtered through a 60-mesh
filter to prepare a super water-repellent coating composition for
a super water-repellent coating film 2.

[0243]

The resulting antifouling coating composition was subjected
to the aforesaid various tests under the conditions shown in the
following Tables 1 and 3 to 6.

The results are set forth in Tables 1 and 4 to 6.

[0244]

[Comparative Example 3]

<Aluminum plate>

As a non-coated plate, an anticorrosive aluminum plate
(material: A5052P) was used, and the anticorrosive aluminum plate
was subjected to the aforesaid various tests under the conditions
shown in the following Tables 1 and 3 to 6.

[0245]

The results are set forth in Tables 1 and 4 to 6.
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Inthe following Table 1, the amount used is expressed inpart (s)
by weight.

In the following Tables 4 to 6, Ry (total resistance of ship
in the case where air is not jetted out) and R: (total resistance
of ship in the case where air is jetted out) are each expressed in
[Kgf], and nT (total resistance reduction ratio) and nF (frictional
resistance reduction ratio) are each expressed in [%].

[0246]

In Fig. 5, a relationship between an equivalent air thickness
ta and a frictional resistance reduction ratio (comparison between
before immersion and after immersion of 30 days) is shown.

[0247]

[Table 1]
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[0248]
Abbreviations of the raw materials described in Table 1 are
as shown in Table 2, and evaluation criteria of the antifouling test

are as described in Table 3.
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[0256]

As shown in Tables 1 and 4 to 6, the coating films obtained
from the compositions of Examples 1 to 11 containing an
organopolysiloxane as a main component each had a smaller in-water
bubble contact angle (less than 90 degrees), a smaller roll or slip
angle and smaller changes in these angles with time in immersion in
water, as compared with the non-coated aluminum plate (Comparative
Example 3). In both of Comparative Examples 1 and 2, the change with
time in immersion in water was large, and these coating films were
hydrophilized and lost affinity for air. In Examples 1 to 11, the
water flow resistance reduction ratio was higher than that in
Comparative Examples 1 and 2.

[0257]

As shown in Table 6 and Fig. 5, the coating £ilms obtained from
the compositions of the examples each exhibited higher frictional
reduction effect even by a small amount of air (ta=1.0 mm) as compared
with the non-coated aluminum plate (Comparative Example 3), and
therefore, it is possible to reduce energy for generating air, and
the coating films are effective for reduction of net energy of a ship.
[0258]

As shown in Table 6 and Fig. 5, the coating films obtained from
the compositions of the examples each apparently exhibited a smaller
change in frictional resistance reduction ratioc after immersion, as

compared with the super water-repellent coating films 1 and 2
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(Comparative Examples 1 and 2).
[0259]

Also in the antifouling property test, as shown in Tables 1
and 3, fouling was not observed after an immersion time of 12 months
in the case of the compositions of Examples 1 to 11, but in the case
of the compositions of Comparative Examples 1 and 2, fouling was
conspicuously observed in spite of the super water-repellent coating
films, andthosecompositionshadnosufficient functionasantifouling

coating materials.

Industrial Applicability
[0260]

In the special frictional resistance reduced ship according
to the present invention, an efficient gas lubrication effect is
exhibited, frictional resistance of a hull is efficiently reduced
even 1f the amount of air supplied is small, and the energy saving
effect is also great.

The antifouling coating composition used for a special
frictional resistance reduced ship according to the present invention
can form a coating film capable of efficiently reducing frictional
resistance of a hull even by supplying a small amount of a gas, and
the energy saving effect is also great. Further, the cocating film
formed from the antifouling coating composition exhibits excellent

antifoulingpropertyandcanprevent increaseof frictional resistance
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of a hull attributable to fouling by aquatic organisms and the like.
Furthermore, the antifouling coating composition can maintain those
effects over a long period of time.

[0261]

In the production process for a special frictional resistance
reduced ship according to the present invention, a specific ship
exerting the above effects canbe producedby a simple method of forming
an antifouling coating film from the antifouling coating composition
on a submerged surface of a shell plating of a ship.

[0262]

In the method for predicting the above frictional resistance
reduction effect according to the present invention, the frictional
resistance reduction effect can be predicted by simple and low-cost
equipment and means.

Accordingly, the special frictional resistance reduced ship,
the antifouling coating composition used for a special frictional
resistance reduce ship, and the production process for a special
frictional resistance reduced ship according to the present invention
canbe eachutilized for various ships requiring frictional resistance
reduction, and can be utilized in fields of marine transportation

and the like.

Reference Signs List

[0263]
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camera
syringe
angle meter

rotation drive handle

: test board

: test panel

immersion container

air outlet

: test coating film portion
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1. Amethod for predictinga fricticnal resistance reduction
effectutilizingagas lubrication functionof acoating filminwater,
comprising measuring a static in-water bubble contact angle by the
following measuring method for static in-water bubble contact angle,
measuring an in-water bubble roll (slip) angle by the following
measuring method for in-water bubble roll (slip) angle, and
predicting a frictional resistance reduction effect utilizing

a gas lubrication function of a coating film in water, from the static

in-water bubble contact angle and the in-water bubble roll (slip)

angle,

<measuring method for static in-water bubble contact angle>

a test panel, which has been coated with a coating composition
so that a coating film may be formed, is immersed in water, then the
test panel after immersion is placed in water in such a manner that
the coating film surface becomes horizontal and is on the lower side
of the test panel, then air is injected into water so that a bubble
may be formed on the coating film surface, then a height a of the
bubble from the coating film surface, said bubble having been formed
on the coating film surface, and a diameter b of a contact portion
of the bubble with the coating film surface are measured, and from
the following formula (1), a static in-water bubble contact angle
(6s, unit: degree) that is a contact angle between the coating film
surface and the bubble is determined;

[Math. 3]
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68:2><1;§—0-><tan—1 2b8

ce e (1)

<measuring method for in-water bubble roll (slip) angle>

in the above measuringmethod for static in-water bubble contact
angle, the coating film surface having the bubble formed thereon is
gradually inclined against the horizontal plane, and when the bubble
begins tomove, an in-water bubble roll (slip) angle (6, unit: degree)

that is an inclination angle of the coating film surface against the

horizontal plane is measured.

2. An apparatus used for prediction of a frictional
resistance reduction effect utilizing a gas lubrication function of
a coating film in water, said apparatus having a test board, an
inclination angle control device, an immersion container and an
observation device, wherein:

to the test board, the inclination angle control device is
connected,

on the test board, a éest panel having a coating film formed
on its surface is set in such a manner that a back surface of the
test panel comes into contact with the lower surface of the test board,
and in the immersion container containing water, the test board is
placed in such a state that the test panel is immersed in water and
that a bubble has been formed on the coating film surface of the test

panel,
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the observation device is set so as to be able to observe the

state of the test panel and the bubble,

when the test panel is horizontal, the state of the bubble formed
on the surface of the coating film of the test panel is observed by
the observation device to measure a static in-water bubble contact
angle, and

the test panel is inclined against the horizontal by the
inclination angle control device, and the behavior of the bubble is
observed by the observation device to measure an in-water bubble roll
(slip) angle of the bubble formed on the surface of the coating film

of the test panel.
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