
SPECIFICATION Method for Applying Highly Durable
Repair-Coating Technical Field 5The present invention
relates to the maintenance and management of coated
or coating-free steel structures and more
specifically steel bridges, steel buildings, steel
plants, and steel-made cargo machinery and tools and
more particularly, to a processing method, which can
ensure high duration of the repaired parts, while
taking into consideration the achievement of high
efficiency and the prevention of occurrence of any
environmental 10 pollution when practicing the
repair-coating works or constructions for controlling
or suppressing the deterioration of, for instance,
such a structure due to the progress of corrosion
thereof to thus substantially extend the service life
of the same. Background Art 15As steel structures of
coated or coating-free steel plates or sheets, there
have already been established, for instance, steel
bridges, steel buildings, steel plants, and
steel-made cargo machinery and tools and they have
been functioned as social and industrial
infrastructures. To employ these steel structures
over an extended period of time, it would be quite
important to maintain and manage them for the
protection of the same from any corrosion which would
20 proceed with the elapse of time. At present, when
practicing the repair-coating work of such a steel
structure, the engineering method as disclosed in the
non-patent document 1 has served as a guiding
principle even in the fields other than that of the
steel bridges. According to this engineering method,
the coating systems used for the external planes of,
for instance, a bridge over a railroad or roadway
when newly constructing the same are defined 25 while
roughly dividing them into coating systems (a) used
in the general environment; coating systems (b) used
in a slightly severe environment; and coating systems
(c) used in the quite severe environment in which the
bridge is strongly exposed to the sea breezes and
greatly influenced by the salts which come flying,
while taking into consideration the corrosive 



environment of the place on which the bridge is to be
constructed. Moreover, the recoating  systems for the
foregoing coating systems are defined to be recoating
systems (a); recoating systems (b); and recoating
systems (c), respectively. Further, there has
likewise been disclosed, in the document, the
specifications for the conditioning of the ground;
the primary coating (or undercoating), the
intermediate (middle) coating; and the top (finish)
coating 5       It is also disclosed in the document
that, according to the prescription of the
conditioning of the ground, the blasting method
should be carried out so as to attain the surface
condition corresponding to Sa2.5 prescribed in
IS08501-1 and the recoating system should be one
capable of accomplishing the surface condition
corresponding to the secondary 10 to quaternary
keren, but the tertiary keren (techniques using both
the power-driven and manually driven machinery and
tools) has been adopted in most of cases since the
primary keren (blasting technique) is the most
excellent technique even in the recoating process and
it would be quite difficult, in these techniques, to
prevent any contamination of the surroundings and it
costs a great deal. On the other hand, the non-patent
document 2 states that the 15 removal of thick rust
from a corrosion-resistant low-alloy steel using a
combination of power-driven tools is judged to be
insufficient as a surface prearrangement for coating
and that it is common to remove such a thick rust
observed when the corrosion severely proceeds while
using the blasting method. Although it would be
recognized that the blasting method is the most
excellent technique for carrying out the highly
durable repair- coating, but the 20 blasting method
suffers from various problems such that it may have
an influence on the surrounding environment due to
the generation of a tremendous noise and great deal
of dust and that it may greatly pollute the
surrounding environment because of, for instance, the
post-treatment of industrial waste such as used
grits. 25When the plane to be repair-coated contains
much salt adhered thereto, the salt should first be
removed prior to the practical repair-coating
operation. In most of cases, the acceptable amount of
the adhered salt is specified to be not more than
100mg-NaCl/m2. The amount thereof is determined
using, for instance, a chloride ion-detection tube
and accordingly, if the adhered amount of the salt
exceeds the foregoing maximum permissible  limit, the
former should be removed through, for instance,
washing with water. However, the water used for the
washing cannot be discarded to the surrounding
environment and accordingly, this technique suffers
from additional problems such that great expense is
required for carrying out a method for completely
preventing any leakage of the waste liquid 5or to
recover the same and then subject it to a separate
waste-treatment.       In respect of the step
subsequent to the ground-conditioning step and the
adhered salt-removing step, the coating using the
coating system (c) is, at present, considered to be
one having the specification capable of withstanding
the most severe corrosive environment, 10 but there
has been desired for the development of an
engineering method which can ensure the duration
identical to or higher than that achieved by the use
of the coating system (c) in order to extend or
elongate the period of the repair-coating operations
as a means for improving the efficiency of the
maintenance and management of a steel structure. The
details of the coating system (c-1), as a typical
example of the coating system (c), are as 15 follows:
after the ground is conditioned and, if desired,
washed with water, the following 5 coating operations
in all are carried out: an organic zinc-rich primer
is applied (300 mg/m2); a primary coating of a
modified epoxy resin-containing coating is applied
twice (240 mg/m2); an intermediate coating of a
polyurethane resin-containing coating is applied (140
mg/m2); and a top coating of a polyurethane
resin-containing coating is applied (120 mg/m2). This
20 method is thus quite expensive. The patent
document l discloses a paint composition which
permits the formation of a coated layer having a
thickness of 100 # m (as determined after drying) by
a single brushing step to thus save the cost required
for the repair-coating operation and to thereby
reduce the number of coaling operations. However,
there has not yet been proposed any coating method
capable of realizing the durability of the resulting
25 coating identical to or superior to that
accomplished by the coating system (c) as the guiding
principle for the maintenance and management of the
steel structure.       As has been described above in
detail, to solve the problems associated with the
maintenance and management of the steel structure, it
would be insufficient to practice the  conditioning
of the ground, the removal of the adhered salt
through washing with water and 



the coating with the coating system (c) according to
the blasting technique as the existing technique.
Non-Patent Document 1: Edited by Incorporated Body:
Japan Road Association, Handbook of Steel Road
Edge-Coating, published by Maruzen Publishing Co.,
Ltd. Published on 1990. 6. 10   Non-Patent Document
2: edited by MIKI, Chihiro and ICHJKAWA, Atsushi,
"The Current 10 Bridge Engineering: the Forefront of
the Engineering of Coating-Free Bridges and Steels",
Published by RISU KOGAKU Publishing Company, 2004.
12. 25 Patent Document 1: JP-A-2001-131468; 15
Disclosure of the Invention Problems That the
Invention is to Solve Accordingly, it is an object of
the present invention to provide an engineering and
processing method for repairing and coating a coated
or coating-free steel structure to maintain and
manage the same and to thus control the progress of
the corrosion thereof. 20 The method can efficiently
and effectively ensure the high duration of the
repaired parts, while taking into consideration the
foregoing problems associated with the conventional
techniques. Means for Solving the Problems
25Accordingly, the present invention has been
developed to solve the foregoing problems and the
gist thereof is as follows: (1)A method for highly
durable repair-coating of a coated or coating-free
steel structure, comprising the steps of:
A.conditioning the ground of the coated or
coating-free steel structure to such an extent 



that the rate of exposed surface area of the ground
is not less than 60%; and B.applying an aqueous
solution of sodium carbonate having a concentration
of not less than 5 g/L and not more than 500 g/L, as
a prior or preliminary processing solution.  (2) The
method as set forth in the foregoing item (1),
wherein the ground-conditioning 5 operation in the
step A is carried out using a rotary grinding tool
which consists of a metallic rotating panel
comprising a central fixing member for fitting the
same to the rotating shaft of a rotary driving system
and a grinding plane composed of a grinding plane and
a grinding peripheral plane, wherein a part or the
whole surface of the metallic rotating panel is
provided with hard particles having a Mohs hardness
of higher than 9 brazed thereto in a surface 10
density of not less than 20 particles/cm2, wherein
assuming that the height and diameter of each
projected portion formed from the hard particle and
the brazing material are defined as H and D,
respectively, the average H is not less than 300 ji m
and the average ratio: HID is not less than 0.3, and
wherein when calculating the rate of exposed area of
the hard particles projected and exposed through the
surface of the brazing material, while using a
virtual circle 15 circumscribing the hard particles
of the projections, the average rate of exposed area
is not less than 10%.  (3) The method as set forth in
the foregoing item (1) or (2), wherein it further
comprises the step C of applying a highly
corrosion-resistant zinc powder-containing paint
composition which comprises (A) 100 parts by mass of
a binder resin (the solid content by mass); (B) 200
20 to 800 parts by mass of zinc powder; (C) Ito 95
parts by mass of a corrosive ion-fixing agent; and
(D) 200 to 1,000 parts by mass of a solvent, after
the completion of the foregoing step B.  (4) The
method as set forth in any one of the foregoing items
(1) to (3), wherein at least one coated layer is
applied to the surface of the steel structure after
the completion of the foregoing step B or C. 25
(5)The method as set forth in the foregoing item (3),
wherein the component (A) is an inorganic resin or an
organic resin. (6)The method as set forth in the
foregoing item (5), wherein the inorganic resin as
the component (A) is an aqueous dispersion of a
partial hydrolyzate of an alkyl silicate or a
water-soluble silicate represented by the general
formula: R20  nSi02 (in the formula, R  represents an
alkali metal and n is a positive number ranging from
1.0 to 4.5) and colloidal silica. 



(7) The method as set forth in the foregoing item
(5), wherein the organic resin as the component (A)
is a member selected from the group consisting of
epoxy resins, acrylic resins 5and urethane resins.
(8) The method as set forth in the foregoing item
(3), wherein the component (C) is hydrocalumite or
hydrotalcite. (9) The method as set forth in the
foregoing item (3), wherein the highly corrosion-
resistant zinc powder-containing paint composition
further comprises (E) a coupling agent. 10 Effects of
the Invention      In most of cases, the
ground-conditioning step has conventionally been
carried out using a power-driven tool, but most of
the resulting ground-conditioned articles have still
been insufficient in their quality and, in
particular, the blasting technique is the only
effective 15 means for removing firmly adhered rust
on advanced corrosion surfaces and on
corrosion-resistant low alloy steel such as
atmospheric corrosion- resistant steel. However, the
blasting technique suffers from a variety of problems
in that it requires an expensive cost for the
protection and/or the temporary construction of the
scaffold in order to prevent the scattering of any
grits for the purpose of preventing the occurrence of
any pollution of the 20 surrounding environment, that
it may generate a large amount of dust and a
tremendous noise, and that the used grits should be
post-treated and accordingly, it would be very seldom
that the foregoing technique is continuously adopted
from now on. According to the present invention, in
the repair-coating of a steel structure of a coated
25 or coating-free steel plate or sheet, the
conditioning of the ground does not require the use
of any blasting technique and the present invention
can eliminate the use of any step of washing with
water which is required when the amount of the
adhered salt exceeds the maximum permissible limit.
The present invention thus permits the efficient and
high quality ground-conditioning treatment without
using any blasting technique which is insufficient in
the both cost and prevention of any environmental
pollution and the corrosive substances such as
chloride ions remaining on the surface of the ground
after the conditioning treatment are not eliminated
through washing with water, but are converted into
harmless substances whose harmless conditions are
further fixed. The present invention can thus provide
a highly 5 durable repair-coating method which can
significantly reduce the cost required for the
coating and can reduce the occurrence of any
environmental pollution. In addition, the present
invention permits the substantial extension of the
service life of steel structures easily, simply and
certainly, as compared with the conventional
techniques. 10 Best Mode for Carrying Out the
Invention The present invention will be explained in
detail below.        As has been described above in
the foregoing item (1), the highly durable
repair-coating method according to the present
invention comprises a step A of conditioning the
surface of a steel material of a steel structure as a
subject to be treated, for repairing or 15
repair-coating, according to the surface preparation
such as grinding, polishing or shot-blasting
technique to such an extent that the rate of exposed
surface area of the ground is not less than 60%; and
a subsequent step B of applying an aqueous solution
of sodium carbonate having a predetermined
concentration. 



20In the (ground) surface preparation treatment in
the step A, the method used for this purpose is not
restricted to any specific one, but suitably used
herein include any conventionally known one such as
the shot-blasting technique and those which make use
of a tool such as a grinder or a disc grinder, which
comprises, for instance, a rotary grindstone or a
grinding disc fitted to an electrically powered
rotary driving system. The present invention 25 makes
use of these means to thus grind the surface of a
subject to be treated to such an extent that the rate
of exposed surface area ([exposed surface area of the
subject to be processed]/[total surface area of the
subject to be processed]) of the ground is not less
than 60%. This is because, if the rate of exposed
surface area is less than 60%, a large number of
corrosion-susceptible points may remain on the
surface of a subject to be treated in a high
probability, the rust would again grow in case where
the subject is not subjected to a coating, but simply
subjected to a repairing treatment according to the
engineering method of the present invention, and the
surface of the subject is insufficient in the
adhesion to a layer of a paint even when the surface
is subjected to a paint-coating treatment after the
repairing 5 treatment according to the present
invention. Thus, in any case, the steel structure
should again be repaired within a short period of
time. For this reason, the rate of exposed surface
area of the ground should be set at a level of not
less than 60%. It is suitable in the present
invention that the rate of exposed surface area of
the ground is preferably set at a level of not less
than 70%. The upper limit thereof is ideally 100%. 10
After the completion of this step A, the subject to
be treated is then subjected to a step B of applying
an aqueous solution containing sodium carbonate as a
prior or preliminary processing solution. This prior
processing solution permits the conversion of any
corrosive substance into harmless materials, the
detection of corrosion-susceptible (or active) sites
15 present on the subject to be treated and it can
detect or recognize the dried condition of the
surface. The prior processing solution will now be
described in more detail below. 20The step of
treating the surface of a ground with a prior
processing solution has never been used
conventionally in the repairing or repair-coating
treatment of a steel structure and this step is
carried out for converting, into harmless substances,
corrosive substances adhered to the exposed surface
of the ground typical of corrosive ions such as a and
804- ions originated from the adhered salt and for
ensuring the desired degree of dryness of the
surface, 25 which is required for the subsequent
coating processes including the application of a
primer coating. The exposed surface of a ground is
quite susceptible to corrosion if it is left as it is
without any maintenance and management and the steel
structure would suffer from recurrent rust-generation
if corrosive substances such as CF and 804- ions
coexist with the steel structure. Among the corrosive
substances, cr ions are derived from the salt
components  adhered to the structure and the step for
washing the same with water included in the
conventional technique is to remove such adhered
salt. To confirm the temporary anti-corrosive effect
of an alkaline aqueous solution, the 5 inventors of
this invention sprayed a steel plate with a 5%
aqueous salt solution, four times, at a frequency of
once a week to thus give a specimen of a corroded
steel plate, the specimen was then subjected to a
surface preparation treatment to such an extent
corresponding to St3, the following different kinds
of alkaline aqueous solutions (a) to (c) were applied
onto the surface of the respective specimens and then
the specimens were allowed to stand overnight 10
within a room and each specimen was inspected for the
conditions of rust-generation. Consequently, the
following results were obtained: (a)Application of an
aqueous solution of sodium carbonate (concentration:
100g/L) (pH 11.7): No rust-generation was observed;
15 (b)Application of aqueous ammonia (concentration:
600mg/L) (pH 11.4): There were observed spots of rust
in a density of about 1% (by area); and 



(c)Application of an aqueous solution of sodium
thiosulfate (concentration: 4g/L) (bH 8.6): There
were observed spots of rust in a density of about 3%
(by area). 20The foregoing results clearly indicate
that the alkaline aqueous solution having a pH value
of less than 9 never shows any desired temporary
anti-corrosive effect; that such a temporary
anti-corrosive effect is observed at a pH value of
not more than 12; and that a 100g/L aqueous solution
of sodium carbonate showed the most excellent
temporary anti-corrosive effect among the alkaline
aqueous solutions examined. The inventors of this 25
invention have conducted further investigations of
the concentration of sodium carbonate present in the
prior processing solution, while taking into
consideration the foregoing results. As a result,
spots of rust were observed when a 5g/L aqueous
sodium carbonate solution was applied and then
allowed to stand overnight, while there was not
observed the formation of any spot-like rust when
using an aqueous sodium carbonate solution having a
concentration of  not less than 5g/L. Separately,
when determining the time required for the generation
of such spotted rust, it was found that the higher
the concentration of sodium carbonate solution used,
the longer the term required for the generation of
spot-like rust. More specifically, there was observed
the formation of spot-like rust after 2 days from the
application of the 5 prior processing solution for
the concentration of 5g/L, while the formation of
spot-like rust was observed after 40 days from the
application of the prior processing solution for the
concentration of 100g/L and the period of time
required for the generation of spot-like rust was
found to be almost proportional to the concentration
of the aqueous sodium carbonate solution between
these two cases. There was observed another
proportional relation within the 10 concentration
range of higher than 100g/L and not more than 500g/L,
different from the foregoing proportional relation
observed for the concentration ranging from 5 to
100g/L and the generation of spot-like rust was
observed after 60 days from the application of the
aqueous sodium carbonate solution having a
concentration of 500g/L. The inventors of this
invention have determined the concentration of the
prior processing solution required for the 15
conversion of any corrosive substance into harmless
one, and the termination or inhibition of the
rust-generation, on the basis of the foregoing facts.
Specifically, the prior processing solution used
herein is an aqueous sodium carbonate solution having
a concentration of not less than 5g/L and not more
than 500g/L. The 20 solution is a liquid completely
harmless to the human body and the surrounding
environment and having a high pH value ranging from 9
to 12. Accordingly, the prior processing solution 



certainly penetrates into the remaining adhered rust
to thus passivate the rust/steel interface and to
thereby terminate or control the generation of rust.
The prior processing solution can exchange the
chloride ions taken into the adhered rust through the
surface-chemical action 25 of the corrosive substance
with carbonate ions so that the chloride components
are thus released from the corroded surface of the
steel structure. When the surface of a steel material
whose rate of exposed surface area is not less than
60% is obtained, the corrosive action of chloride
ions as corrosive substances can be made harmless by
the application of a 100g/L aqueous sodium carbonate
solution as a prior processing solution, even when
there  was detected salt adhered to the surface of
the steel material in an amount of not less than
1,500mWm2. If applying the prior processing solution,
the remaining adhered rust undergoes a color 5 change
to a dark brown color and the steel structure never
causes any recurrent rust-generation even when
moisture is adhered to the affected sites. This means
that the corrosion-susceptible points are diminished.
In this respect, however, a steel structure to be
processed which has a surface whose rate of exposed
surface area is not less than 60% or which often
undergoes the formation of deep adhered or fixed rust
may suffer from the 10 problem of the recurrent
rust-generation, even when the surface is treated
with a prior processing solution. This would indicate
that there still remain corrosion-susceptible points
on the surface which has been treated according to
the foregoing steps A and B and therefore, it has
been found that the prior processing solution may
serve as a detector for the confirmation of the
presence of any corrosion-susceptible point. In case
where the 15 recurrent rust- generation is still
observed even after the application of a prior
processing solution, the related portion is again
subjected to the treatment specified in the step A,
then likewise subjected to the treatment specified in
the step B followed by the confirmation of the
complete elimination of such corrosion-susceptible
points. 20Since the prior processing solution is an
aqueous solution, powdery sodium carbonate is
accordingly separated out from the solution as
crystals, if the solvent or water present in the
solution is removed through the evaporation.This
indicates that the surface of the base material has
completely been dried prior to the initiation of the
step C.Thus, the inventors of this invention have
likewise found that this prior processing solution
also serves 25 as an indicator for the degree of the
surface dryness of the steel structure. The
engineering method which makes use of such a prior
processing solution permits the monitoring of the 



conditions of the steel surface to be repair-coated
and the quality confirmation of the surface processed
according to the surface preparation treatment, which
is most important in the repair-coating operation and
such a technique has never been proposed. When
practicing  the coating, the powder separated out is
removed using, for instance, a nylon cup-shaped wire
brush fixed to an electrically powered rotary tool
prior to the subsequent coating step. In this
respect, if simultaneously using an apparatus such as
a vacuum cleaner for the aspiration of powder
separated out from the solution, any scattering of
the powder or the dried sodium 5 carbonate crystals
in the surrounding environment can certainly be
prevented almost completely. Thus, the method of the
present invention can eliminate the use of the step
for washing the steel material with water, which has
conventionally been used for the removal of the salt
component. This in turn permits the elimination of
the facilities required for the supply of water to a
desired actual place where the repair- coating
operation is carried out and 10 the method of the
invention likewise permits the saving of the time
required for the treatment of the waste water.
As has been described above, in the highly durable
repair-coating method according to the present
invention, the means for the surface preparation
treatment used for establishing a 15 desired rate of
exposed surface area on the order of not less than
60% is not restricted to any specific one and the
step can be practiced according to any known method
such as the shot blasting technique or a method which
makes use of currently used grinding tools such as a
rotary grinding tool equipped with grindstone or a
disc grinder equipped with grinding disc. However, it
is preferred that a favorable rotary grinding tool is
used, as already described in 20 the foregoing item
(2) according to the present invention, that the
rotary grinding tool is fitted to the rotary driving
system of, for instance, a disc grinder to thus grind
the surface of the subject to be processed and to
thereby carry out the desired surface preparation of
the same. This rotary grinding tool is one which
consists of a metallic rotating panel comprising 25 a
central fixing member for fitting the same to the
rotating shaft of a rotary driving system and a
grinding plane composed of a grinding plane and a
grinding peripheral plane, wherein a part or the
whole surface of the metallic rotating panel is
provided with hard particles having a Mohs hardness
of higher than 9 brazed thereto in a surface density
of not less than 20/cm2, wherein when the height and
diameter of each projected portion formed from the
hard particle  and the brazing material are assumed
to be H and D, respectively, the average H is not
less than 300 it m and the average ratio: H/D is not
less than 0 3, and wherein the hard particles on the
projected portions have exposed surface area
projected through the surface of the brazing
material, which corresponds to not less than 10% of
the surface area of a virtual circle 5 (sphere)
circumscribing the hard particles of the projected
portions. The rotary grinding tool will be described
below in more detail.       Fig. 4 is a perspective
view of an embodiment of such a rotary grinding tool
used in the surface preparation according to the
present invention. The rotary grinding tool 11 10
comprises a metallic rotating panel, which panel
comprises a grinding plane 12 composed of a grinding
plate surface 13 carrying projected portions formed
on the surface of the metallic rotating panel and a
grinding peripheral plane 13; and a fixing member 16
arranged at the center of the metallic rotating
panel. The fixing member 16 is to be engaged with the
rotary shaft of a rotary driving system (not shown)
of the grinding tool. 



15       Fig. 5 is a schematic diagram for showing
the construction of the projected portions of the
rotary grinding tool as depicted in Fig. 4, wherein
Fig. 5(a) is a cross sectional view thereof, while
Fig. 5(b) is a plan view thereof The projected
portions 15 are formed by connecting hard particles
17 having a Mohs hardness of 9 or higher to the
surface of the 20 metallic rotating panel 11' serving
as a substrate with the use of a brazing or soldering
material 19. In respect of these projected portions,
a part 17a of each hard particle 17 is exposed to the
air or projected through the surface of the brazing
material 19 and the balance 17b thereof 25 is
embedded in and connected to the brazing material.
The virtual circle 18 circumscribing the hard
particles of the projected portions is used for
calculating the percentage of the exposed area of the
hard particles 17 (rate of exposed area), as will be
described in detail later and accordingly, it is a
spherical body which is supposed to circumscribe the
hard particles and to be brought into contact with at
least one projected portion (edge portion) of the
hard  particle and preferably at least three
projected portions thereof       The shape of the
projected portion 15 can be determined by observing,
by a microscope, the cut surface thereof in the
direction of the shaft of the rotary grinding tool; 5
non-destructive measurement using a probe-type
surface-shape measuring machine; the electron
beam-measurement using a 3-dimensional SEM; and the
optical measurement using, for instance, a laser
microscope provided with a function of 3-dimensional
measurement. Thus, the diameter D and height H of the
foregoing projected portion 15 can be determined on
the basis of the shape thereof thus determined. 10
More specifically, as shown in Figs. 5(a) and (b),
the diameter D of the specific projected portion is
herein defined as the length of the line segment
extending from the bottoms a and b positioned at the
concave portions observed on a curve representing the
contour of the cross section taken along the line 1
which passes through the vertex of the 15 projected
portion 15 to be measured and likewise passes through
at least two of the neighboring projected portions.
In this respect, it is also possible to define the
diameter of the specific projected portion as an
average of at least two measured values determined on
the basis of at least two different line segments. On
the other hand, the height H of the specific
projected portion is herein defined as the vertical
length of the line segment extending from 20 the
lower points a and b, positioned at the concave
portions observed on the curve representing the
contour of the cross section taken along the line I,
to the vertex c of the projected portion. In this
connection, it is also possible to define the height
of the specific projected portion as an average of at
least two measured valued determined on the basis of
at least two different line segments. 25       The
average height H and the average ratio: HID which can
specify the shape of the projected portion are
preferably determined by measuring diameters D and
heights H of projected portions according to the
foregoing methods, respectively for the projected
portions included in 4 arbitrary regions each having
a size of 5mm X 5mm (0.25cm2) on the grinding  



plane, the average values thereof (average D and
average H) are then determined using these measured
values and further the average ratio: HID is
calculated on the basis of these average values.
Moreover, the rate of exposed area of the specific
hard particle 17 at the projected portion 15 can
likewise be determined by the observation of the
projected portion using a microscope or a magnifying
glass to thus determine the rate of the exposed area
of the hard particle with respect to the diameter of
the hard particle and by the subsequent calculation
of the surface area of the virtual circle
approximately circumscribing the corresponding hard
particle through the numerical integration. 10
Incidentally, when hard particles each having a Mohs
hardness of higher than 9 are present on a part or
the whole surface of the metallic rotating panel
which serves as a grinding plane of the foregoing
rotary grinding tool used in the present invention in
a surface density of less than 20 projections/cm2, a
part or the whole of the hard particles may be
removed from 15 the surface of the metallic rotating
panel during the grinding operations and accordingly,
the rotary grinding tool cannot be used over a
desired long period of time. This would in turn
reduce the working efficiency when processing a steel
material or structure having a large surface area and
therefore, the surface density of the hard particles
is set at a level of not less than 20
projections/cm2. Preferably, the hard particles are
brazed to the surface of the metallic 20 rotating
panel in a surface density of not less than 30
projections/cm2, and in this case, the working
efficiency of a steel material or structure having a
large surface area can considerably be improved. On
the other hand, it would be quite expensive to
increase the surface density of the hard particles up
to a level of not less than 60 projections/cm2 and it
would be difficult or rather impossible to increase
the surface density of the hard particles to a level
of not less 25 than 100 projections/cm2 from the
viewpoint of the spatial limitation. Accordingly, the
surface density of the hard particles most suitably
ranges from about 30 projections/cm2 to about 60 proj
ections/cm2. This surface density of the hard
particles can be obtained by the determination of the
number of projected portions present in an
arbitrarily selected area on the surface of the
metallic rotating panel having a size of 10mm X lOmm
In addition, when the average height H of the
projected portion 15 is less than 300 g m, 5 the
rotary grinding tool causes clogging due to the
powdery iron oxide generated during the operation and
this would in turn reduce the working efficiency.
When the average height H thereof is not less than
300 ,u m, there is a tendency that the grinding tool
is free of any clogging and when it is not less than
400/2 m, any maintenance of a tool as a measure for
preventing such clogging can be eliminated. It is
suitable to set the upper limit thereof at a 10 level
of about 1500 u m.       When the average ratio: H/D
of the projected portion 15 is less than 0.3, the
resulting grinding tool is insufficient in the
digging into the rust and this in turn impairs the
grinding efficiency. Accordingly, the average ratio:
H/D should be set at a level of not less than 0.3. 15
When the grinding tool is so designed that it has a
shape whose average ratio: H/D is not less than 0 5,
the resulting grinding tool can further efficiently
remove the thick rust and fixed rust. When the
average ratio: H/D exceeds 0.8, however, the
structural strength of the tool at the projected
portions is reduced and the projected portions are
liable to come off due to the impact during the
grinding operations. For this reason, the average
ratio: H/D is preferably set 20at a level ranging
from 0.3 to 0.8. With respect to the projected
portion 15 of the rotary grinding tool, if the whole
surface of the brazed hard particles 17 having a Mohs
hardness of higher than 9 is covered with the brazing
material 19, the grinding operation with the
resulting tool results in the 25 simple polishing of
the hard surface of fixed rust with a soft brazing
material and accordingly, this would interfere with
the removal of the fixed rust. For this reason, the
grinding tool is so 



designed that the exposed area of the hard particles
projected through the surface of the brazing material
is not less than 10% of the surface area of a virtual
circle 18 circumscribing the hard particles of the
projections. The use of the virtual circle would
make, quite simple,  the calculation of the rate of
the exposed area of the hard particles. The higher
the rate of the exposed area, the higher the ability
of the grinding tool to scrape away the fixed rust,
but the contact boundary between the hard particles
and the brazing materials is reduced in proportion to
the increase of the rate of the exposed area, this
accordingly leads to the easy 5 removal of the hard
particles and the service life of the resulting
grinding tool would correspondingly be reduced. In
this respect, it is necessary to set the rate of the
exposed area of the hard particles having a Mohs
hardness of higher than 9 at a level of not less than
10%, on the average, of the whole surface thereof
(the surface area of the virtual circle) and further
it is desirable that the rate of the exposed area
thereof is set at a level of not less than 10 30% on
the average. On the other hand, if the rate is set at
a level of not less than 70% on the average, the
joining strength established between them is reduced
and this results in the reduction of the working
efficiency. The optimum average rate of the exposed
area ranges from about 30% to about 50%. 15The
average rate of the exposed area of the hard
particles at the projected portions is herein defined
to be one obtained by determining the rates of the
exposed areas for not less than 20 projected portions
arbitrarily selected and present in a unit area of I
Omm X 10mm (1cm2) on the grinding plane, according to
the method described above and then calculating the
average thereof. 20       The reason why using hard
particles having a Mohs hardness of higher than 9 as
the hard particles for forming the projected portions
is that the Mohs hardness of the fixed rust exceeds
9, the abrasive is ground away by the fixed rust,
when using corundum or alumina having a Mohs hardness
of 9 and this accordingly, makes the removal of the
fixed rust quite 25difficult.        The hard
particles constituting the projected portions are not
restricted to particular ones inasmuch as they have a
Mohs hardness of higher than 9, but it is herein
preferred to use diamond particles and cubic boron
nitride particles whose average particle size is not
less than  200 # m and not more than 1,000 m, while
taking into consideration the effective removal of
the fixed rust. In this respect, if the average
particle size of the hard particles is less than 200
g m, the resulting grinding tool undergoes clogging
and this leads to a considerable reduction of the
grinding ability thereof On the other hand, if the
average particle size of 5 the hard particles exceeds
1,000 i m, the surface density of the projected
portions on the grinding tool is substantially
reduced and this results in the reduction of the
service properties thereof over a long period of
time. The average particle size of the hard particles
further preferably ranges from 300 ,u m to 750/1 m
and accordingly, it would be most efficient to
produce the grinding tool while using industrial
diamond particles and cubic boron nitride 10
particles whose average particle size distribution
falls within the range of from 500 ji m to 600 bt m,
from the viewpoint of the production of the grinding
tool.       The joining material used for forming the
projected portions 15 is selected from those having a
sufficient ability to bind to both the hard particles
and metallic rotary panel as the 15 base material.
Accordingly, the basic component system for the
joining material can be selected from, for instance,
nickel-containing brazing agents, brass- containing
brazing agents, aluminum alloy-containing brazing
agents and solder. For instance, nickel-based brazing
agents (such as BNi-1, BNi-2, BNi-5 and BNi-7) are
often employed as such a joining agent, while taking
into consideration the melting points thereof To
improve the ability to bind to 20  the hard particles
such as diamond particles and cubic boron nitride
particles, it is preferred to use a brazing agent
containing at least one member selected from the
group consisting of titanium, chromium and zirconium
in an amount of not less than 0.5% by mass. Moreover,
when using, as the brazing material, one containing
at least one of titanium, 



25 chromium and zirconium in an amount of not less
than 0.5% by mass and a stainless steel material as
the ingredient of the metallic rotary panel, a
metallurgical reaction takes place at each boundary
formed between the hard particles or the metallic
rotary panel and the brazing material to thus form
intermediate layers between them to thereby improve
the binding strength established between the hard
particles and the metallic rotary panel. In this
respect,  such a combination of the foregoing
materials is quite effective to ensure a shear
strength of not less than 20N/hard particle for the
hard particles having a Mohs hardness of 9 or higher
as will be detailed below. 5Fig. 6 is a diagram
showing the shape of the metallic rotary panel sewing
as a base plate of the rotary grinding tool as shown
in Fig. 4, wherein Fig. 6(a) is a plan view thereof
and Fig. 6(b) is a cross sectional view thereof taken
along the line A-A in Fig. 6(a). The rotary grinding
tool 11 used in the present invention comprises
projected portions 15 which are formed on the surface
of the grinding parts 12' serving as the grinding
plane of the 10  metallic rotary panel 11' as the
basic plate and which consists of hard particles each
having a Mohs hardness of higher than 9 and the
brazing material 19. The metallic rotary panel will
hereunder be described in more detail. As shown in
Fig. 6, the metallic rotary panel 11' of the rotary
grinding tool 11 is a disc 15 having grinding plane
12', which comprises a grinding panel plane 13' and
grinding peripheral plane 14' and it is provided
with, at the central portion thereof, a fixing part
16' for fitting the same to the rotating shaft (not
shown) of a driving system capable of putting the
disc, as a part of the rotary grinding tool, into
rotational motions. Thus, Fig. 6 shows the metallic
rotary panel as the basic material for the grinding
tool 11 and it is herein described 20  using the
reference numerals 11' to 15' which correspond to the
reference numerals 11 to 15 attached to the grinding
tool.       In this respect, the grinding plane is
herein simply conveniently divided into the grinding
panel plane 13' and the grinding peripheral plane 14'
and it is sufficient that the 25 region extending 10
to 15mm from the peripheral edge of the rotary
grinding tool is defined to be the grinding
peripheral plane and the remaining grinding plane is
defined to be the grinding panel plane. In respect of
the grinding plane 12' constituted by the grinding
panel plane 13' and the  grinding peripheral plane
14', the grinding panel plane 13' is so designed that
it has a portion at which the line perpendicular to
the grinding panel plane 13' and the central rotating
axis thereof makes an angle U of preferably not less
than 1 degree and not more than 45 degrees as will be
seen from Fig. 6. In other words, if the grinding
panel plane 13' is simply so 5 designed that the line
perpendicular to the grinding panel plane 13' and the
central rotating axis thereof makes an angle 0 of 0
degree, the operator cannot hold the electrically
powered tool while inclining the same with respect to
the plane to be processed and this leads to the
reduction of the working efficiency and an increase
in the dangerousness of the working operation. On the
other hand, when the grinding panel plane 13' is so
designed that it only 10 has planes each having an
angle 6 of higher than 45 degrees, the handling of
the resulting disc grinder becomes very difficult and
this accordingly results in the substantial reduction
of the working efficiency and the safety. Moreover,
the grinding peripheral plane 14' of the metallic
rotary panel is preferably so designed that it
includes a portion at which the radius R of curvature
in the cross section parallel with the central
rotating shaft is not less than lmm 15 and not more
than 10mm This is because when all of the radiuses R
of curvature in the cross section parallel with the
central rotating shaft of the grinding peripheral
plane 14' are less than lmm, a cut or groove is quite
easily be made in deep or thick corroded sites, this
leads to the reduction of the braking efficiency in
the planar direction. On the contrary, when all of
the radiuses R of curvature exceed 1 Omm, the
efficiency of the operation cutting 20 into thick
corroded sites achieved by the use of the peripheral
portion of the grinding tool is considerably reduced.
The radius R of curvature effectively used herein
ranges from R3 to R7mm              The average shear
strength of the hard particles used in the foregoing
rotary grinding 25 tool used in the present invention
is preferably not less than 20N/particle.      This
is because, when particles such as diamond particles
having a Mohs hardness of 10 collide with the surface
of a steel material to be ground, the diamond
particles are broken due to the thermal fatigue
thereof and this results in the complete removal of
the hard particles  



(abrasive grains) from the grinding tool and
accordingly, the service life of the resulting rotary
grinding tool is substantially reduced when using the
same in the grinding operations of the surface of
steel materials. More specifically, if the average
shear strength is set at a level of 20N/particle, the
roots of the hard particles (diamond particles) still
remain in the projected 5 portions at the joined
portions even when the hard particles undergo thermal
fatigue and the grinding operations can thus be
continued. More specifically, the shear strength is
an indication for evaluating the bonding strength
established between the hard particles and the
brazing material present in the projected portions.
The shear strength can be determined by holding, on a
stage, a metallic rotary panel on which hard
particles having a Mohs hardness of 10 higher than 9
are brazed; supporting the exposed part of the hard
particles using a claw-like hard metal tool connected
to a load cell; and then applying a load to the stage
from the lateral direction to thus determine the load
observed when the hard particles are removed from the
rotary panel. In this connection, an example of such
a measuring device usable herein is Bonding Tester
available from RESKA Company, and the use of such a
device would permit 15 the determination of the shear
strength.      The average shear strength is herein
defined to be one obtained by determining the shear
strength values of the hard particles for not less
than 20 projected portions arbitrarily selected and
present in a unit area of 10mm X lOmm (1cm2) on the
grinding plane, according 20 to the method described
above and then calculating the average thereof
To realize such a high shear strength, it is
preferred, as has been discussed above, to use a
brazing material containing at least one member
selected from the group consisting of titanium,
chromium and zirconium in an amount of not less than
0.5% by mass. For 25 instance, examples of such
brazing materials preferably used herein include 70%
by mass Ag128% by mass Cu12% by mass Ti alloy; 74% by
mass Ni114% by mass Cr13% by mass B14% by mass
Si14.3% by mass Fe/0.7% by mass C alloy; 83% by mass
Ni17% by mass Cr13% by mass B14% by mass Si13% by
mass Fe alloy; 71% by mass Ni119% by mass Cr/10% by
mass Si alloy; and 77% by mass Ni/10% by mass P113%
by mass Cr alloy.         In respect of the rotary
grinding tool used in the engineering method
according to the present invention, cuts or grooves
extending towards the center of the metallic rotary
panel may be axially symmetrically formed and
arranged on the periphery of the panel to thus 5
increase the impulsive force applied to the corroded
sites. Alternatively, the diameter of the metallic
rotary panel can be increased up to a level of not
less than 50mm or the mass of the metallic rotary
panel can be set at a level of not less than 160g to
thus improve the working efficiency of the surface
preparation treatment. 10The rotary grinding tool
used in the present invention can be prepared by, for
instance, applying a powdery brazing material blended
with an organic binder onto the grinding plane of the
rotary grinding panel to such a thickness that it
corresponds to 20 to 60% of the average particle size
of the hard particles having a Mohs hardness of
higher than 9; distributing, on the coated powdery
brazing material, hard particles each having a Mohs
hardness of higher than 9 15 in a desired surface
density; and then allowing the resulting assembly to
stand at a temperature of not less than 1,000C and
not more than 1,040C and a reduced pressure of not
more than 104 Ton for a time of not less than 10
minutes and not more than 50 minutes. This rotary
grinding tool would permit the completion of a series
of operations starting 20 from the removal of thick
rust to the exposure of the steel surface at a
stroke, the tool is characterized in that the
resulting surface of the conditioned ground carries
scratch marks on the processed and exposed area
thereof due to the action of the rotating hard
particles having a Mohs hardness of higher than 9
distributed on the grinding surface of the grinding
tool and the resulting surface of the conditioned
ground has excellent characteristic properties which
25 have never been experienced conventionally.
Accordingly, when adopting the plane processed using
the rotary grinding tool as the substrate for
repair-coaling, it is preferred that the degree of
such treatment and the resulting conditions are newly
defined according to IS08501-1 from the viewpoint of
the construction management and that the surface
preparation treatment is preferably carried out on
the basis of the standard for surface  preparation
and management for carrying out the highly durable
repair-coating as shown in Table 1 together with
photographs of the standard. In other words,
according to this standard procedures, the steel
surface whose rate of exposed area of the ground is
less than 60% and which carries the remaining scratch
marks, is defined to be SW-1; the steel surface whose
rate 5 of exposed area of the ground is not less than
60% and less than 97% is defined to be StD-2; the
steel surface whose rate of exposed area of the
ground is not less than 97% is defined to be StD-3,
respectively. The surface- conditioned ground plane
processed according to the currently used blasting
technique is in such a condition that it has
innumerable recesses formed through the collision
with grit particles or the so-called anchor pattern
and such 10 surface-roughness would help the adhesion
of a paint to the ground surface. In the conventional
blasting method, however, the ground surface is
perpendicularly bombarded with hard powdery material
and therefore, the fixed rust at the pitting-like
portions and corrosive ions such as salt components
are injected into the reverse side of the outer
surface of the metallic ground. 



15       For this reason, even if the apparently
clean blast-treated surface is subjected to a coating
treatment, the surface is kept in a wet condition due
to, for instance, dew condensation and the surface
again suffers from the generation of rust. Regarding
the surface-conditioned ground plane which has been
processed using the foregoing rotary 20 grinding tool
of the present invention, the ground (substrate)
surface is ground by the hard particles thinly brazed
to a metallic rotary panel in the horizontal
direction. Accordingly, this technique is completely
free of such a phenomenon that corrosive ions are
injected into the reverse side of the outer surface
of the metallic ground, innumerable scratch marks are
formed on the surface and the effect of anchoring the
coated film can be ensured like the ground 25 surface
processed according to the blasting method.
Therefore, the ground surface realized by the
treatment of the present invention is a freshly
produced surface which is quite effective for
simultaneously improving the adhesion to the
subsequently applied coating film and increasing the
anticorrosive and rust protective effect to the
highest possible level. When using the foregoing
tool, it would be sufficient to obtain the steel
surface of not less than  StD-2 and the rate of
exposed surface area of the ground can certainly be
set at a level of not less than 60% as specified in
the step A of the foregoing item (1). It would
further be effective from the viewpoint of the
achievement of more excellent anticorrosive
properties to obtain a steel surface of StD-3, but
the degree of the surface-conditioning is preferably
5 selected while taking into consideration the
working efficiency and the execution cost. On the
other hand, the ground surface of less than StD-2 has
a large number of corroded sites whose depths are
further quite high and accordingly, it would be quite
difficult to make the corrosion-active points
harmless even when applying, onto the surface, a
prior processing solution such as that disclosed in
the foregoing step B. In this case, the presence of
such 10 corrosion-active points can be detected by
the application of the prior processing solution and
accordingly, the only related parts thus detected are
again subjected to the treatment as specified in the
step A and then the treatment as specified in the
step B to thus completely eliminate the
corrosion-active points. 15In the highly durable
repair-coating method according to the present
invention, the repairing operation may be fmished by
practicing the step B of the foregoing item (1), but
it is preferred in the present invention to apply a
primer coating layer onto the processed surface
obtained after the completion of the step B, as an
additional step C. The paints to be applied may
appropriately be selected while taking into
consideration the desired anticorrosive effect 20 and
usable herein include, for instance, currently used
organic or inorganic type ones such as zinc
powder-containing paint compositions (zinc-rich
primer compositions).       However, it is preferred
in the present invention to use highly anticorrosive
zinc powder-containing paint compositions as will be
detailed below: 25       In other words, the highly
anticorrosive zinc powder-containing paint
composition is preferably a paint composition
comprising (A) 100 parts by mass (mass of the solid
contents) of a binder resin; and, on the basis of the
total mass of the binder resin, (B) 200 to 800 parts
by mass of zinc powder; (C) 1 to 95 parts by mass of
a corrosive ion-fixing agent; and (D)  200 to 1,000
parts by mass of a solvent.         The binder resin
(A) may be an organic or inorganic one and it may
likewise be a water-based or solvent-based one. The
organic binder resin may be any commercially
5available resins and specific examples thereof are
epoxy resins, modified epoxy resins, acrylic resins,
and urethane resins. Particularly preferred are epoxy
resins, acrylic resins, and urethane resins, which
are excellent in the anticorrosive properties and the
adhesion to the ground. Moreover, as the aqueous
organic binder resins preferably used herein, there
may be listed, for instance, those obtained by
introducing hydrophilic functional groups such as 10
-OH, -NH2, and/or -COOH into, for instance, the
resins listed above to thus make the resins
dispersible or soluble in water.       As the
inorganic binder resins usable herein as the
component (A) may be, for instance, partial
hydrolyzed condensates of alkyl silicates or modified
derivatives thereof. 



15       Examples thereof include hydrolyzed initial
condensates of alkyl silicates obtained starting
from, for instance, tetramethyl orthosilicate,
tetraethyl orthosilicate, tetrapropyl orthosilicate,
tetrabutyl orthosilicate, tetrapentyl orthosilicate,
tetrahexyl orthosilicate, methyl trimethoxy-silane,
methyl triethoxy-silane, methyl tripropoxy- silane,
ethyl trimethoxy-silane,  20 ethyl triethoxy-silane,
butyl trimethoxy-silane, butyl triethoxy-silane, amyl
triethoxy-silane, phenyl trimethoxy-silane, and
phenyl triethoxy-silane. In this case, the degree of
the hydrolysis preferably ranges from 50 to 98%. In
addition, these hydrolyzates may likewise be
derivatives thereof obtained by further reacting them
with other organic compounds. These binder resins may
be used alone or in any combination of at least two
of them. 25       More specifically, favorably used
herein include, for instance, Ethyl Silicate 40
(available from COLCOAT Corporation); Ethyl Silicate
40 (available from TAMA Chemical Industries, Ltd.);
Silbond 40 (available from Stauffer Chemical Co.);
and Ethyl Silicate 40 (available from Union Carbide
Co.).       Moreover, examples of aqueous inorganic
binder resins usable herein are binders comprising at
least one member selected from the group consisting
of aqueous dispersions of water-soluble silicates
represented by the following general formula (I): 5
R20  nSi02(1)   (In the formula, R represents an
alkali metal; n is a positive number ranging from 1.0
to 4.5) and colloidal silica. In the foregoing
general formula (I), the alkali metals represented by
R 10 suitably used herein include, for instance,
lithium, sodium and potassium.      As the
water-soluble silicates represented by the general
formula (I), usable herein are wide variety of
conventionally known ones. 15In addition, the
foregoing organic or inorganic binder resins may be
used in the present invention alone or in any
combination of at least two of them. Moreover, it is
also possible to use various combinations of organic
and inorganic binder resins or to use reaction
products of organic binder resins and inorganic ones.
20The zinc powder component (B) may be any
conventionally known ones inasmuch as it can release
zinc to thus ensure the desired sacrificial anodic
effect.      Moreover, the particle size of the
powdery zinc component used herein in general ranges
from 1 to 100/2 m and the preferred particle size
thereof falls within the range of from 3 to 711 m.
The use of the powdery zinc component having a
particle size falling within the 25 range specified
above, in particular, the foregoing preferred range
permits the further improvement of the working
properties of the resulting composition when coating
the same and likewise the formation of a coated film
having considerably uniform appearance. In this
respect, the particle size of the powdery zinc
component is herein determined  using a particle size
distribution-measuring device (Model LA-910 available
from HORIBA Mfg. Co., Ltd.). The amount of the
powdery zinc component to be incorporated into the
paint 



5 according to the present invention preferably
ranges from 250 to 700 parts by mass per 100 parts by
mass of the solid content of the binder resin. When
the content of the zinc powder is less than 200 parts
by mass, the resulting paint composition is
insufficient in the anticorrosive properties, while
when it exceeds 800 parts by mass, the resulting
paint composition is likewise insufficient in the
physical properties and appearance of the coated 10
layer formed therefrom. Furthermore, it would be
difficult, for the binder resin, to ensure the
formation of highly reliable linkage with the surface
of the substrate and the resulting coated film is
inferior in the adhesion. Then the component (C) is a
corrosive ion-fixing agent which can collect and
react 15 with corrosive ionic substances such as Cl
and SO42- present in the boundary between layers of
rust and the iron ground to thus form water-insoluble
double salts and to thereby fix and inactivate the
corrosive ions. The use of such a fixing agent would
permit the prevention of any reduction of the
anticorrosive properties of the coated layer of the
resulting paint composition since it can inactivate
the corrosive ions even if they still remain on the
surface 20 of a steel material to be processed.
Typical examples of such corrosive ion-fixing agents
are hydrocalumite and hydrotalcite. 25The
hydrocalumite is water-containing or hydrated
crystalline powder having a layered structure and
represented by the following formula: 3Ca0  Al203
CaX2h"  nH20  (In the formula, X represents a
monovalent or divalent anion, m represents the
valency of the anion and n is a number of not more
than 20). Typical examples of such anions (X) include
NO3-, NO2-, Off, CH3C00-, and CO32-. These anions can
undergo anion-exchange when they are brought into
contact with chloride ions or sulfate ions, while
releasing X such as 5 NO3- and NO2-, and fixing
(supporting) the corrosive ionic substances within
the hydrocalumite to thus inactivate the same. On the
other hand, the foregoing released anions form a
passive film on the surface of the steel material to
be processed to thus further improve the
anticorrosive properties of the resulting coating.
10The hydrotalcite is typically a hydrated
crystalline powder having a layered structure and
represented by the following formula:
Mg4.5Al2(011)13CO3  111120 15 (In the formula, n is a
numerical value of not more than 4 and preferably
3.5) and it has, like the hydrocalumite, such an
ability that it can undergo anion-exchange when it
comes in close contact with corrosive ions to thus
fix the corrosive ions within the structure thereof
and that the fixed corrosive ions are never released
from the crystalline structure. 20The amount of the
corrosive ion-fixing agent to be incorporated into
the highly anticorrosive zinc powder-containing paint
composition preferably ranges from 5 to 50 parts by
mass per 100 parts by mass of the solid content of
the binder resin. When the content thereof is less
than 1 part by mass, the resulting paint composition
cannot collect all of the corrosive ionic substances
such as Cl- and SO42- present in the boundary between
layers of 25 rust and the iron ground and the
composition is thus liable to be insufficient in the
anticorrosive properties, while when it exceeds 95
parts by mass, the resulting coating layer suffers
from the formation of blisters and the occurrence of
exfoliation and the layer is insufficient in the
anticorrosive properties.         The solvents (D)
used in the highly durable zinc powder-containing
paint composition may be any organic solvent or water
insofar as it can dissolve or disperse the foregoing
components (A) to (C). 



5Examples of such organic solvents usable herein
include aromatic solvents such as toluene and xylene;
alcoholic solvents such as ethanol, methanol and
butanol; ketone type solvents such as methyl ethyl
ketone, and methyl isobutyl ketone; ether type
solvents such as propylene glycol monomethyl ether,
and ethylene glycol monomethyl ether; and ester type
solvents such as butyl acetate and ethyl acetate. 10
When a paint composition is an aqueous type one, the
solvent used in the paint is water. In this case, a
water-soluble organic solvent may likewise
additionally be incorporated into the paint
composition. Specific examples of the foregoing
water-soluble organic solvents are methanol, ethanol,
1-propanol, 2-propanol, t-butyl alcohol, ethylene
glycol, 15  propylene glycol, 1,2-propane-diol,
1,3-propane-diol, glycerin, acetone, methyl
cellosolve, ethyl cellosolve, butyl cellosolve,
methyl carbitol, ethyl carbitol, propyl carbitol,
butyl carbitol, and diacetone alcohol. The amount of
the solvent (D) to be incorporated into the paint
composition preferably 20 ranges from 200 to 600
parts by mass per 100 parts by mass of the binder
resin (solid content). When the amount of the solvent
to be incorporated is less than 100 parts by mass,
the viscosity of the resulting paint becomes too high
to ensure desired stability thereof and the easy
handling ability thereof in the coating operations.
On the other hand, when it exceeds 1,000 parts by
mass, the viscosity of the resulting paint becomes
too low to form a coating 25 layer having a desired
or prescribed thickness (not less than 50 g m).
A coupling agent (E) may, if necessary, be
incorporated into the highly anticorrosive zinc
powder-containing paint composition. The coupling
agent (E) can serve to improve the ability of the
paint to wet or impregnate layers of rust present on
steel materials and to  likewise improve the adhesion
of the resulting coating layer to the surface of the
steel materials.Typical examples of such coupling
agents usable herein include silane-containing
coupling agents such as y -glycidoxy-propyl
trimethoxy-silane, -glycidoxy-propyl
methyldiethoxy-silane, 13 -(3,4-epoxy-cyclohexyl)
ethyl-trimethoxy- 5 silane, vinyl triethoxy-silane,
-methacryloxy trimethoxy-silane, and y -mercapto-
propyl trimethoxy-silane; titanium-containing
coupling agents such as isopropyl tri-isostearoyl
titanate, tetra-octyl-bis(di-dodecyl) phosphite
titanate, isopropyl tri-octanoyl titanate, isopropyl
tri-dodecyl benzene-sulfonyl titanate; and other
coupling agents such as aluminum-containing coupling
agents and zirconium- containing coupling agents. 10
The component (E) is incorporated into the paint
composition for the improvement of the ability of the
paint to wet layers of rust and penetrate into the
same and for the improvement of the adhesion of the
resulting coating layer to the surface of the steel
materials and the component is incorporated into the
composition in an amount ranging from 0 to 10 15
parts by mass and preferably 0.5 to 5 parts by mass.
The use of the component (E) in an amount beyond the
upper limit thereof specified above provides no
further improvement of the foregoing effect and it
would economically be unfavorable. The zinc
powder-containing paint according to the present
invention comprises the 20 foregoing components in
the following relative amounts: 200 to 800 parts by
mass of zinc powder (B); 1 to 95 parts by mass and
preferably 5 to 50 parts by mass of a corrosive
ion-fixing agent (C); 200 to 1,000 parts by mass of a
solvent (D); and 0 to 10 parts by mass and preferably
0.5 to 5 parts by mass of a coupling agent (E), on
the basis of 100 parts by mass (mass of the solid
contents) of a binder resin (A). 25       A
dispersant may be incorporated into the highly
anticorrosive zinc powder-containing paint
composition for the purpose of uniformly dispersing
the zinc powder and the corrosive ion-fixing agent in
the composition. Examples of such dispersants usable
herein include cationic type ones such as quaternary
ammonium salts; anionic type ones such as  



carboxylic acid salts, sulfonic acid salts, sulfuric
acid ester salts, and phosphoric acid ester salts;
and nonionic type ones such as ether type,
ether-ester type, ester type and nitrogen
atom-containing nonionic dispersants. 5The zinc
powder- containing paint composition may further
comprise other additives such as an anti-sagging
agent and a pigment. The anti-sagging agent is an
additive for imparting a structural viscosity to the
paint composition when incorporated into the same and
for consequently imparting thixotropic properties
thereto and examples thereof include amorphous
silica, colloidal calcium carbonate, organic
bentonite, hydrogenated castor oil,  10 aliphatic
amides, higher fatty acids, and micro-gel particles.
These anti-sagging agents may be used alone or in any
combination of at least two of them. Particularly
preferably used herein are organic bentonite type
ones since they can show an ability to establish a
higher structural viscosity by the addition of only a
small amount thereof to the composition. 15Moreover,
the pigments usable herein may be, for instance, body
pigments, anticorrosive pigments, and colored
pigments. Specific examples thereof include talc,
mica, barium sulfate, clay, calcium carbonate, zinc
oxide, titanium dioxide, red iron oxide, zinc
phosphate, aluminum phosphate, barium metaborate,
aluminum molybdate, and iron phosphate and these
pigments may be used alone or in any combination of
at least two of 20 them.       The paint can be
prepared according to the usual method. In this case,
it is general that liquid components and powder
components are blended immediately before the
practical use of the same The liquid components can
be blended with the powdery components 25 together to
thus obtain a uniform dispersion through the use of
any dispersion means commonly used in the preparation
of a paint, for instance, mills using mediums such as
a roll mill, a sand grind mill and a ball mill; and
Disper Dispersing Device. The zinc powder-containing
paint is applied onto, for instance, a steel
structure using a  means such as an air spray, an
airless spray, a roll coater or a brush, but it is in
general applied by the use of a spray. The paint
applied onto a subject is dried at ordinary
temperature over a time ranging 5 from 18 to 48 hours
or it is compulsorily dried at a temperature on the
order of about 80C for a time of not less than 30
minutes to thus evaporate off the solvent and to
thereby give a desired coated film The hydrocalumite
or hydrotalcite serving as a corrosive ion-fixing
agent in the highly 10 anticorrosive zinc
powder-containing paint composition shows the effect
of permanently fixing the remaining corrosive ions
according to the following mechanism. The
hydrocalumite or hydrotalcite is typically
represented by the following formulas:
Hydrocalumite3Ca0  Al203  CaX2/",  nH20 15 (In the
formula, X represents a monovalent or divalent anion,
m represents the valency of the anion and n is a
number of not more than 20);  Hydrotalcite -> Mg4
sAl2(OH)33CO3  nH20 (In the formula, n is a numerical
value of not more than 4 and preferably 3.5). 20 



The corrosive ion-fixing agent can undergo
anion-exchange when they are brought into contact
with corrosive ionic substances such as Cl- and SO42-
ions, while releasing X such as NO3- and NO2-, or
CO32- and fixing the corrosive ionic substances
within the structure of hydrocalumite or hydrotalcite
through the formation of water- insoluble double
salts. 25 Moreover, the paint composition of the
present invention also contains zinc powder and
accordingly, it would show the anticorrosive
properties as a zinc powder-containing paint. In
addition, the paint is one showing anticorrosive
properties superior to those observed for the
conventional organic zinc-rich primer because of the
combination of the anticorrosive effect of the zinc
component and the foregoing corrosive ion-fixing
function. Accordingly,  the use of the highly
anticorrosive zinc powder-containing paint
composition would permit the formation of the
repaired and coated plane or surface which has
anticorrosive properties superior to those observed
for the conventional organic zinc-rich primer while
permanently fixing the corrosive ions possibly
present in the corroded sites which cannot completely
be 5 removed from the ground surface during the
surface-conditioning step. In this connection, when
applying the highly anticorrosive zinc
powder-containing paint composition to the processed
plane obtained after the completion of the foregoing
step B as a primer layer, the primer is simply
applied to or put on the sodium carbonate powder
precipitated from a very small amount of the prior
processing solution remaining on the plane through
the drying of 10 the same. However, the inventors of
this invention have found that the ion-fixing agent
included in the primer layer likewise shows an effect
of fixing sodium carbonate. Accordingly, when
applying the paint composition, it is thus desirable
to apply the composition while mixing, with the paint
composition, the sodium carbonate powder precipitated
from the prior processing solution through drying
using a brush or a roller in 15order to secure the
sufficient adhesiveness.      In the highly durable
repair-coating method according to the present
invention, it is preferred to further apply at least
one layer to the subject to be processed after the
completion of the step B as set forth in the
foregoing item (1) as has been described in the item
(4) of the 20 present invention or after the
application of a primer coating as set forth in the
foregoing item (3) of the present invention.
This coating layer is applied for the elimination of
any influence of the surrounding environment on the
surface of a steel material and/or for preventing the
occurrence of any 25 deterioration of the coating
layers applied onto the surface of the steel material
due to, for instance, the irradiation with
ultraviolet light rays. The additional coated layers
may be, for instance, those formed using polyurethane
resin- containing paints and/or epoxy type
resin-containing paints, which are appropriately
selected while taking into consideration the various
requests of the surrounding environment.        Fig.
1 is a schematic diagram showing the cross sectional
structure relating to an embodiment of the steel
structure obtained according to the foregoing highly
durable repair-coating method of the present
invention, observed after the repair-coating
operation. 5 



The thick rust layer formed on the surface of a steel
material 1 is removed by the surface preparation or
conditioning treatment (the step A) and a prior
processing solution is applied onto the
surface-conditioned plane of the steel material (the
step B) to thus form a mixed layer 2 comprising a
passive film formed through the treatment with the
prior 10 processing solution and the layer of the
remaining fixed rust in which the corrosive
substances are inactivated or made harmless. Formed
on the mixed layer 2 is preferably a coated layer 3
(the step C) of a primer or a zinc powder-containing
paint composition such as the highly anticorrosive
zinc powder-containing paint composition. More
preferably, a coated film 4 of a paint for undercoat
and a coated film 5 of a paint for top coating are
formed on the primer 15layer. Example       The
present invention will be described in more detail
with reference to the following Examples. 20 Example
1        In respect of the surface preparation
treatment in the highly durable repair- coaling
method of the present invention, the surface
preparation treatment carried out using a preferred
rotary grinding tool specified in the foregoing item
2 was compared with the 25 conventional surface
preparation treatment (secondary keren) carried out
using the conventional grinding tool. A weather
resistant steel plate having a size of 300rrun
(height) X 600mm (width) carrying a thick rust layer
uniformly generated thereon was herein used as a
sample material. A half (corresponding to the width
of 300mm) of the sample material was treated using
the rotary grinding tool according to the present
invention fitted to a  commercially available disc
grinder to an extent of StD-3, while the remaining
half of the sample material was processed to an
extent of St-2.0 using a conventional grinding tool
comprising a resinoid grinding wheel secured to a
commercially available disc sander and the time
required for finishing the foregoing treatment was
determined in each case. 5        In this respect,
the rotary grinding tool of the present invention is
one comprising a metallic rotary panel SUS304 having
a diameter of 100mm, provided with projected portions
comprising industrial diamond particles having an
average particle size of 500 ji m as the hard
particles, which were adhered to the metallic rotary
panel through the use of a paste, as the 10 brazing
agent (the paste comprised powder of 83% by mass
Ni-7% by mass B-4% by mass Si-3% by mass Fe alloy and
a polyvinyl alcohol-based organic binder). In this
connection, the projected portions were joined,
through the vacuum brazing, to the metallic rotary
panel by maintaining the assembly at a temperature of
1020C and under a pressure of 10-5 Ton for 30
minutes. The surface density of the hard particles on
the rotary grinding tool was found 15 to be 100
particles/cm2, the average H thereof was found to be
1100 Lt m, the average ratio HID was found to be 0.6,
and the average rate of exposed area thereof was
found to be about 60%. The results thus obtained are
summarized in Fig. 2. The processing method using 20
the rotary grinding tool of the present invention
could provide a processed plane corresponding to the
processing degree of not less than StD-3 within 15
minutes, while the processing method using the
conventional grinding tool could not provide any
processed plane of St-2 corresponding to the rate of
exposed area of the steel material of not less than
60% even after 45 minute from the initiation of the
treatment. This clearly indicates that 25 the
engineering (processing) method as set forth in the
foregoing item (2) is a quite effective
repair-coating treatment. In this respect, however,
when using the conventional grinding tool, a desired
rate of exposed area of the steel material could be
obtained by replacing the grindstone and further
continuing the grinding operation.  Example 2
The plane processed according to the repair-coating
method of the present invention which included the
steps starting from the surface preparation treatment
(step A) to the primer-application (the step C) and
that processed by the conventional method comprising
the 



5 same steps were inspected for the anticorrosive
properties and the results thus obtained were
compared with one another. Rusty steel plates used as
the specimens were prepared by spraying them with a
salt solution having a concentration of 5% four times
at a frequency of one time/week. In this example,
such a specimen was subjected to a surface
preparation treatment using the same rotary grinding
tool of the present invention used in Example 1 to 10
thus give a plane of StD-2, a 100g/L aqueous sodium
carbonate solution was applied onto the plane and a
highly anticorrosive zinc powder-containing paint
composition was then applied thereto. On the other
hand, in Comparative Example 1, such a specimen was
subjected to a surface preparation treatment
according to the blasting method as a conventional
method to thus give a plane of Sa-2.5 (corresponding
to the rate of exposed area of the steel material of
15 not less than 60%), washed with water to remove
the remaining salt component and an organic zinc-rich
primer was then applied onto the plane, while in
Comparative Example 2, a steel plate specimen was
treated by repeating the same procedures used in
Comparative Example 1 except for omitting the
water-washing step. Then, these specimens were
subjected to the following accelerated corrosion test
which comprised the steps of making 20 crosscuts on
the coated planes of the specimens, and spraying them
with a 0.5% aqueous NaCl solution at a frequency of
once a week (1 time/week) in a room in the shade over
42 days from the initiation of the test. The results
thus obtained are summarized in Table 1. As will be
seen from the data listed in Table 1, there were
observed the generation of rust along the crosscut
line on the specimens at a narrow width for the
sample treated according to 25 the present invention
up to the step of the application of the highly
anticorrosive zinc powder-containing paint
composition and the sample (Comparative Example 1)
treated according to the conventional method up to
the application of the organic zinc-rich primer of
the c-coating system, while the sample of Comparative
Example 2, which was treated according to Comparative
Example 1 except for omitting the water-washing step
underwent  the generation of linear rust along the
crosscut portion and the generation of spot-like
corroded sites on areas other than the crosscut
portions. These results clearly demonstrate that the
method of the present invention, which permits the
elimination of the blasting and water-washing steps,
is a repair-coating method excellent in the
anticorrosive properties, 5 equal to or rather
superior to those accomplished by the optimum
conventional method (Comparative Example 1) which
comprises the blasting and water-washing steps. Table
1: Comparison of Qualities of Repair-Coating Methods
of the Invention and of Conventional methods Grouping
Ex of the Invention Comp. Ex.1 (Opt. Cony. Meth.)
Comp.Ex.2(Corn. Used Cony.)     Surface Preparation
StD-2 



Sa-2.5 Sa-2.5 Prior Processing Appin.Of 100g/L aq.
Soln. of Na2CO3 Reducing the amount of the remaining
adhered salt to a level of 60mg/m2 with water-washing
Freeofanywater- washing step; Amt. of Adhered salt:
150 mg/m2.     Interval One day One day One day
Primer Highly anticorrosive Znpowder- containingpaint
composition: 75 ,ri m 



Commercially availableorganic zinc-rich primer: 75 g
m Commercially available organic zinc-rich primer:
75,u m Spraying with 0.5% NaCl Soln. (freq. of once a
week), allowing to stand in the shade After 2 days
Generation of slight spot-like rust at the crosscut
portion of the specimen Generationof spot-like rust
at the crosscut portions of the specimen Generationof
continuous rust at the crosscut portions of the
specimen After 7 days Ditto Generationof Generationof
continuous rust at the crosscut portions of the
specimen continuousrustand liquid rust at the
crosscut portions of the specimen After14 



days Ditto Ditto Ditto After42 days Ditto Ditto
Generation of a lot of spot-like rust even at the
portions other than the crosscut  Example 3
Anticorrosive low alloy steel materials such as
weather resistant steel materials, each carrying a
thick rust layer were processed according to the
conventional optimum and usual 5 repair-coating
methods and to the highly durable repair-coating
method of the present invention and the
repair-coating effects observed for these methods
were compared with one another. As the rotary
grinding tool whose grinding plane was at least
partially provided with hard particles having a Mohs'
hardness of higher than 9 connected thereto, there
were herein used the aforementioned
electrically-powered rotary tool provided with
diamond 10 particles and an electrically-powered
rotary tool provided with cubic boron nitride
particles. To compare the surface preparation
treatments, there were also used the blasting method
which made use of a commercially available
electrically-powered rotary tool provided with
resinoid grindstone and silica sand No. 4. In this
respect, the rotary grinding tool carrying connected
hard particles having a Mohs' hardness of higher than
9 according to the present 15 invention comprised a
metallic rotary panel S11S304 having a diameter of
100mm, provided with projected portions comprising
industrial diamond particles having an average
particle size of 500 to 600 ,u m (the treatments g to
k, and n of the invention (Inv. g to k, and n)) or
cubic boron nitride particles (the treatment p of the
invention (Inv. p)) as the hard particles, which were
adhered to the metallic rotary panel through the use
of a paste, as the brazing 20 agent (the paste
comprising powder of 83% by mass Ni-7% by mass B-4%
by mass Si-3% by  mass Fe alloy and a polyvinyl
alcohol-based organic binder).In this connection, the
projected portions were joined, through the vacuum
brazing, to the metallic rotary panel by maintaining
the assembly at a temperature of 1020C and under a
reduced pressure of 10-5 Ton. for 30 minutes. The
projected portions on the grinding plane of the
resulting rotary 



5 grinding tool have an average H ranging from 900 to
1200/1 m, an average ratio: HID ranging from 0.3 to
0.7, and an average rate of exposed surface area
ranging from 20 to 70% for the treatment of the
present invention (Inv. g to k, and n); and an
average H of 900 g m, an average ratio: HID of 0.3,
and an average rate of exposed surface area of the
hard particles of 30% for the treatment of the
present invention (Inv. p). The primers used herein
were a 10 highly anticorrosive zinc powder-containing
paint and a commercially available organic zinc-rich
primer as a comparative primer. In either of these
cases, the film thickness of each primer layer was
set at 75 p, m. In this connection, the highly
anticorrosive zinc powder-containing paint of the
present invention used in these experiments was
prepared by blending 400 parts by mass of an ethyl
silicate solution in xylene as a solvent (Ethyl
Silicate 15 40 having a solid content of 25%,
available from CORCOAT Company) as a binder resin,
500 parts by mass of zinc powder (average particle
size: 5 kt m, available from HONJO Chemical Co.,
Ltd.), 40 parts by mass of hydrocalumite (available
from TOHO Pigment Co., Ltd.; a sulfite type
hydrocalumite), and 20 parts by mass of xylene as a
solvent and then stirring these component to thus
give a desired paint. A variety of commercially
available paint 20 compositions were used for primary
coats, intermediate coats and top coats and the
thicknesses of these layers are specified in the
following Tables 2 and 3 (continued from Table 2).
The details of the processing methods are summarized
in Tables 2 and 3. The repair-coating was evaluated
according to the following methods 25  Table 2 Div.
Construction of the processing method  Sur. prep.
prior processing (Conc.of Na2CO3sol. Applied) Int.
Primer(highly anticorrosiveZn powder-containing paint
composition), Thickness Int. Inv. a 



Blasting, Sa2.5 5 g/L 1 day 75 g m 1 day Inv. b
Blasting, Sa2.5 30 g/L 1 day 75 g m 1 day Inv. c
Blasting, Sa2.5 50 g/L 1 day 75 A m 1 day Inv. d
Blasting, Sa2.5 100 g/L 1 day 



75 g m 1 day Inv. e Blasting, Sa2.5 300 g/L 1 day 75
u m 1 day Inv. f Blasting, Sa2.5 500 g/L 1 day 75 g m
1 day Inv. g Rotary grinding tool A*, StD-2 30 g/L 1
day 75 14 m 1 day Inv. h 



Rotary grinding tool A*, StD-2 50 g/L 1 day 75 u m 1
day Inv. i Rotary grinding tool A*, StD-2 100 g/L 1
day 75 g m 1 day Iv.] Rotary grinding tool A*, StD-2
300 g/L 1 day 75 g m 1 day Inv. k Rotary grinding
tool A*, StD-2 500 g/L 1 day 



75 g m 1 day  *: Rotary grinding tool A: Electrically
powered rotary grinding tool provided with diamond
particles;  Table 2 (continued) Div. Construction of
the processing method Effect  Primarycoat (humidity-
curable poly-urethaneS resinpaint), Thickness Int.
Top coat (thick typepoly- urethaneresin paint),
Thickness 



Cost for Sur. Prep. Cost for Coating Anti- corr.
Prop.** Inv. a 50 tu m 1 day 50 # m A 0 0 Inv. b 50
p. m 1 day 50 u m A 0 0 Inv. c 50 it m 



1 day 50 ,u m A 0 (c) Inv. d 50 g m 1 day 50 g m A 0
0 Inv. e 50g m 1 day 50 ju m A 0 0 Inv. f 50 A m 



1 day 50 g m A 0  Inv. g 50 Lt m 1 day 501t m 0 0 0
Inv. h 50 ii, m 1 day 50 u m 0 0 0 Inv. i 50 g m 



1 day 50 # m  0 0 Inv.] 50 kt M 1 day 50 it m (c) 0
(c) Inv. k 50 li m 1 day 50 kt m   0  Note: Cost for
Stir. Prep. (cost required for the surface
preparation treatment): (c): Considerably cheaper
than the conventional method; 0: Cheaper than the
conventional method; A: Comparable to the
conventional method; X: Expensive. 



5 Cost for Paint: 0: Considerably cheaper than the
conventional method; 0: Cheaper than the conventional
method; A: Comparable to the conventional method; X:
Expensive. Anti-con. Prop.** (anticorrosive
properties) : 0: More effective than the optimum
result observed for the conventional method; 0:
Almost identical to the optimum result obtained in
the conventional method; A: Comparable to the usual
result obtained in the conventional 10 method; X:
Inferior to the usual result obtained in the
conventional method.  Table 3 (Continued from Table
2) Div. Construction of the processing method  Sur.
Prep. PriorProcessing (App!. Of Na2CO3 aq. Sol.)
(conc.) hit. Primer (thick- ness) Int. Primary Coat
(thick- ness) Iv.! Sur.Prep. A3); St-2 100g/L 1 day
Primer A7) (50 ,u m) 



1 day Paint A9) (50 kt m) Inv. m Blasting; Sa2.5
100g/L 1 day Primer B8) (75 g m) I day Paint B19) (60
g m) Inv. n Sur.Prep. B4); StD-2 100g/L 1 day PrimerB
(751u m) 1 day Paint B (60 ,u m) Inv. o Sur. Prep. A;
St-2 100g/L 



1 day PrimerB (75 g m) 1 day Paint B (60 urn) Inv. p
Sur.Prep. C3); StD-2 100g/L 1 day PrimerA (75 g m) 1
day Paint A (50 g m) Comp. Ex. a Sur. Prep. B; StD-1
100g/L 1 day PrimerA (75 g m) I day 



Paint B (60 g m) Comp. Ex. b Sur. Prep. A; St-2
100g/L 1 day PrimerA (75 g m) 1 day Paint B (60 g m)
Comp. Ex. cl) Blasting; Sa2.5 None 1 day PrimerA (75
)u m) I day Paint B (60 kt m) Comp. Ex. 612) 



Blasting; Sa2.5 (Water Washing) Note 6) PrimerA (75
kt m) 1 day Paint B (60 ,rim) Comp. Ex. 1 Sur. Prep.
B; StD-1 (Water Washing) 1 day PrimerA (75 g m) 1 day
Paint B (60 g m)  1): Comparative Example c:
Generally used conventional example 2): Comparative
Example d: Optimum conventional example; 3): Sur.
Prep. A: a surface preparation treatment using an
electrically powered rotary grinding tool equipped
with a resinoid grindstone; 4): Sur. Prep. 



5 B: a surface preparation treatment using an
electrically powered rotary grinding tool equipped
with diamond particles; 5): Sur. Prep. C: a surface
preparation treatment using an electrically powered
rotary grinding tool equipped with cubic boron
nitride particles; 6): Immediately after the drying;
7): Primer A: Highly anticorrosive zinc-containing
paint composition; 8): Primer B: An organic zinc-rich
primer; 9): Paint A. A humidity-curable polyurethane
resin 5 paint; and 10): Paint B: A modified epoxy
resin paint. Table 3 (continued) Div. Construction of
the processing method Effect  Int. Int. Coat (poly-
urethane resin paint), Thickness Int. TopCoat(poly-
urethaneresin paint), Thickness Cost for Sur. Prep.
Cost for Coat- ing Anti- con. Prop.** 



Inv. 1   1 day (Thick polyurethane resin paint), 50/2
m )< 0 0 Inv. m 1 day 30 I/ m 1 day 20 kt m A A (c)
Inv. n 1 day 30 g m 1 day 20 ,tt m 



(c) A @  Inv. o 1 day 30 it m 1 day 20 # na x A (c)
Inv. p   1 day (Thick polyurethane resin paint), 5012
m (c) 0 (c) Comp. Ex. a 1 day 



30 g m 1 day 20 ,u m (c) A A Comp. Ex. b 1 day 30 p.
m 1 day 2ffu m x A X Comp. Ex. cl) 1 day 30 # m 1 day
20 u m A 



A A Comp. 1 30 # m 1 20 u m x A 0  Ex. d2) day  day
Comp. Ex. 1 1 day 



30 li m 1 day 20 kt m A A 0  1): Comparative Example
c: Generally used conventional example; 2):
Comparative Example d: Optimum conventional example;
Note: Cost for Sur. Prep. (cost required for the
surface preparation treatment): C) : Considerably
cheaper than the conventional method; 0: Cheaper than
the conventional 5 method; A: Comparable to the
conventional method; X: Expensive. Cost for Paint
(cost required for painting): C): Considerably
cheaper than the conventional method; 0: Cheaper than
the conventional method; A: Comparable to the
conventional method; X: Expensive. Anti-corr. Prop.**
(anticorrosive properties) : Anticorrosive
properties: C): More effective 10 than the optimum
result observed for the conventional method; 0:
Almost identical to the optimum result obtained in
the conventional method; A: Comparable to the usual
result obtained in the conventional method; X:
Inferior to the usual result obtained in the
conventional method. 15In the foregoing Tables, the
symbols "St-2", "Sa2.5", "StD-1" and "StD-2"
appearing in the column entitled "Sur. Prep."
(surface preparation or surface- conditioning
treatment) are as follows: "St-2": This means that
the rate of exposed area of the ground is equal to
50%; 20 "Sa2.5": This means that the rate of exposed
area of the ground is equal to 60%; "StD-1": This
means that the rate of exposed area of the ground is
less than 60%; "StD-2": This means that the rate of
exposed area of the ground is not less than 60% and
less than 97%. 25The cost required for the surface
preparation treatment was evaluated according to the
following criteria, while collectively taking, into
account, the cost required for the tools and  devices
needed for carrying out the surface preparation
treatment as well as the labor cost 



accompanied by the operation time: C): Considerably
cheaper than the conventional method; 0: Cheaper than
the conventional method; A: Comparable to the
conventional method; X: Expensive. Moreover, the cost
required for paint means the cost required for
coating per unit 5 area and it was evaluated
according to the following criteria, while
collectively taking, into account, the kind,
construction and amount of each specific paint as
well as the cost required for the coating operations:
C): Considerably cheaper than the conventional
method; 0: Cheaper than the conventional method; A:
Comparable to the conventional method; X: Expensive.
In addition, the same tests as shown in Table 3 were
carried out for the 10 determination of the
anticorrosive effect and the results obtained were
evaluated according to the following criteria: C) :
More effective than the optimum result observed for
the conventional method; 0. Almost identical to the
optimum result obtained in the conventional method;
A. Comparable to the usual result obtained in the
conventional method; X: Inferior to the usual result
obtained in the conventional method. The results thus
obtained are 15 summarized in the foregoing Tables 2
and 3. As will be clear from the data listed in
Tables 2 and 3, the method of the present invention
is excellent in the cost required for the surface
preparation treatment as compared with the results
obtained in Comparative Examples. The cost for
coating may greatly be dependent upon whether the
intermediate coat can be omitted or not. For
instance, it should be noted that the use of the
highly anticorrosive zinc 20 powder-containing paint
composition alone may be unfavorable with respect to
the cost as compared with the use of the conventional
zinc-rich primer, but the disadvantage concerning the
cost can be eliminated from the collective standpoint
by appropriately devising or 



selecting the coating system to be additionally
applied onto the primer. Regarding the anticorrosive
effect, the use of the method according to the
present invention can ensure the 25 achievement of an
overall effect equal to or superior to that achieved
by the conventional method which has presently been
considered to be optimum. The results obtained in a
series of Examples discussed above clearly indicate
that the highly durable repair-coating method of the
present invention is more economical and reduced
environmental load (or the reduced risk of causing
environmental pollution) as compared with the
conventional method  and that it likewise permits the
achievement of the anticorrosive effect equal to or
superior to that achieved by the conventional method
which has been considered to be an optimum
repair-coating method. 5 Brief Description of the
Invention      Fig. 1 is a schematic diagram showing
the cross sectional structure relating to an
embodiment of the steel structure obtained according
to the method of the present invention, observed
after the repair-coating operation.        Fig. 2 is
a diagram showing the standard for the evaluation of
the rate of the exposed 10 area of the ground on the
steel material surface obtained after the
surface-conditioning using a rotary grinding tool
preferably used in the present invention.      Fig. 3
is a diagram showing the surface conditioned planes
obtained using a rotary grinding tool preferably used
in the present invention and a conventional grinding
tool (provided with a resinoid grindstone) for the
sake of comparison. 15Fig. 4 is a perspective view
showing an example of the rotary grinding tool
preferably used in the present invention.      Fig. 5
is a schematic diagram showing the construction of
the projected portions of the rotary grinding tool
shown in Fig. 4, wherein (a) is a cross sectional
view thereof and (b) is a plan view thereof 20Fig. 6
is a diagram showing the shape of the metallic rotary
panel of the substrate as a member of the rotary
grinding tool shown in Fig. 4, wherein (a) is a plan
view thereof and (b) is a cross sectional view taken
along the line A-A in Fig. 6(a). Brief Description of
Symbols 251    steel material; 2    layer containing,
in a mixed in condition, a passive film formed from a
prior processing solution and the remaining fixed
rust whose corrosive substances are inactivated or
made harmless; 3    coated layer of highly
anticorrosive zinc powder-containing paint
composition; 4    primer coat layer; 5    top coat
layer; 11    rotary tool; 11'    metallic rotary
panel (substrate or base material of rotary grinding
tool); 



12,12'    plane to be ground; 13, 13'    plane of
grinding panel; 14, 14'    grinding peripheral plane;
15    projected portion; 16, 16'    fitting portion;
17    hard particle; 17a    hard particle (exposed
portion); 17b    hard particle (embedded portion); 18
approximate virtual circle circumscribing the hard
particles; 19    brazing agent; a, b    5 bottom of
concave portion; c    tip of projected portion; 1
line segment passing through the tip of projected
portion.  Claims: 1. A method for highly durable
repair-coating of a coated or coating-free steel
structure comprising the steps of:  A. conditioning
the steel surface of the coated or coating-free steel
structure to such an extent that the rate of exposed
surface area of the steel surface is not less than
60%; and  B. applying an aqueous solution of sodium
carbonate having a concentration of not less than 5
g/L and not more than 500 g/L, as a prior or
preliminary processing solution. 2. The method as set
forth in claim 1, wherein the steel
surface-conditioning operation in the step A is
carried out using a rotary grinding tool which
consists of a metallic rotating panel comprising a
central fixing portion for fitting the same to the
rotating shaft of a rotary driving system and a
grinding plane composed of a grinding plane and a
grinding peripheral plane, wherein a part or the
whole surface of the metallic rotating panel is
provided with hard particles having a Mohs hardness
of higher than 9 brazed thereto in a surface density
of not less than 20 particles/cm2, wherein assuming
that the height and diameter of each projected
portion formed from the hard particle and the brazing
material are defmed as H and D, respectively, the
average H is not less than 300 m and the average
ratio: HID is not less than 0.3, and wherein when
calculating the rate of exposed area of the hard
particles projected and exposed through the surface
of the brazing material, while using a virtual circle
circumscribing the hard particles of the projections,
the average rate of exposed area is not less than
10%. 3. The method as set forth in claim 1 or 2,
further comprising the step C of applying a highly
anticorrosive zinc powder-containing paint
composition which comprises (A) 100 parts by mass of
a binder resin (the solid content by mass); (B) 200
to 800 parts by mass of zinc powder; (C) 1 to 95
parts by mass of a corrosive ion-fixing agent; and
(D) 200 to 1,000 parts by mass of a solvent, after
the completion of the foregoing step B. 4. The method
as set forth in any one of claims 1 to 3, wherein at
least one coated layer is applied to the surface of
the steel structure after the completion of the
foregoing step B or C. 5. The method as set forth in
claim 3, wherein the component (A) is an inorganic
resin or an organic resin.  6.The method as set forth
in claim 5, wherein the inorganic resin as the
component (A) is an aqueous dispersion of a partial
hydrolyzate of an alkyl silicate or a water-soluble
silicate represented by the general formula: R20
nSi02 (in the formula, R represents an alkali metal
and n is a positive number ranging from 1.0 to 4.5)
and colloidal silica. 5 7.The method as set forth in
claim 5, wherein the organic resin as the component
(A) is a member selected from the group consisting of
epoxy resins, acrylic resins and urethane resins.
8. The method as set forth in claim 3, wherein the
component (C) is hydrocalumite or hydrotalcite.
9. The method as set forth in claim 3, wherein the
highly anticorrosive zinc 



10 powder-containing paint composition further
comprises (E) a coupling agent. 


