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SPECIFICATION Method for Applying Highly Durable Repair-Coating
Technical Field 5 The 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 duratiorS#RGEFepafddparts, while taking into
consideration the achievement of high efficiency and the prevention of
occurrence of Yl furhmatving Sisguy By wRks-RaptisSrptne
repair-coating works or constructions for controlling or suppressing the
deterioration of, for instance, such a structure due to the progress of
Tectorrodidielthereof to thus substantially extend the service life of the same.
Background Art 15 As steel istructure of coated or coat%P -free steel
0

platdd DRSNS TR NS AiFaalfy e CRABEIN oA o BB REE T ) coned or
codPrigdaes. $ieal BHIINGS -atealRiaricand isieakoadR LRI04 B8GNHIREY, steel plants,

and tools and they have been functioned as social and industrial .
andirifregdtroadgresZhromenipleyitliede tsndelautore Pavist il exte i @togesso method,

wn§ine, Luould be quic mpartant g, malntain and,mangoe e QG aion the
protection o €’same Irom any corrosion Ich"wou P ceed wi

achiBecpiRpseOTHBIE Al dERSENInWRBE Practicing the wRalrerating werkealironmental
such a steel structure, the engineering method as disclosed in the

polhiifpardiid GEasHENE] hes TeRAEPHEE GURIRY PrFEIPIEEMIN fpre controlling or

fi - r.than -Of t idge corqi i [ | :
S e e e T A R of corrsion
theeebficgdunvertatratidad-etcrobdivayrwhehfaewhheenstructing 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
Ba@ﬁ‘é’i{ﬂﬂm%ﬁand goating systems (c) used in the quite severe

environment in which the bridge is strongly exposed to the sea breezes

and 4sesitlyl mflvencedibsotiedsaitsaghichivenstctipigiovioichakinglmte have already

beeconsti(?gir tion (tl el C?rrOSiveee m{'ir r(!:menet ? H} B}Iasc %t%&wﬂiinctg tebr?d%[cig snade cargo
5L B LB RS QI D HHE b Ry . 681 A, :
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
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
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
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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)
sysEaAding: Mt feralendiselased sthe dorumentthal, RCEAMINELIQMIBMS (a); recoating

prescription of the conditioning of the ground, the blasting method should
sysiangdRrlesnduesertingoateils thp respretedpnbinidiecorese panbiliegviee been disclosed,

. a2.5 prescriped in 1SO8501- d the recoatin stem shouyld be one .
R A R R S B BRSPS cosin (o

undeconilary 4Q terguaiainarnakees), ddutitie iediary tseramiterbeigugs using

both the power-driven and manually driven machinery and tools) has
been adopted in most of cases since the primary keren (blasting

techpique),is.t excellent ique.even i cpatj :
't ol peree AR AN WRIBRAE IR B8RRRion o the
corghnitainiy atforhofdvensirroerdisgsg andtitebsimaldreatdaddd Qnithe ather attain the

hand, the non-patent document 2 states that the 15 removal of thick rust

SUTHAS I SORGHERIGRITESEA AN -y SHesPBRy™a LHbtloppgrthe recoating system
sh&%'@ﬁ%’@%ﬁ%@mﬂ&%ﬁgi@ﬁ%{ﬂél&m‘fﬁ%@tc’%}%@%ﬁfé&%spmding to the secondary

prearrangement for coating and that it is common to remove sucha thick
to mstobserviee suhdnthbaoerosipnkseverehchnopasdssivhileotisitig thewer-driven and
blasting method. Although.it would be recognized that the blasting metho )
RIS ELE DA T o TR ot ST i e primary
kerRAHNGHRLLIRRA BIASHRE Mpthad guiersdramu@eiis RIaRIRMSaBHE Brocess and it
that it may have an influence on the surrounding environment due to the

woykhleg afidls 6FLH wdimaritiond v avd lgreat e evseandithact agurroundings

anPiEH t?%”‘iétr%é{‘ﬁe%g”o ﬁ't eo'l}{l!r"“%‘En%f‘ttﬂgcl%‘ﬁ?gag%{/%dé‘&ta%ﬁ Wtes that the
post-treatment of industrial waste such as used grits. en the plane

rerio ¢ EpdifeRoated tonfainsohiucihsalisathereshihareiosthe salhghowdmbination of
first be removed prior to the practical repair-coatirllé;&gperation. In most of

PowsEEE Ve it dpeaidfr A itobint Bic kiharet SAtAC SRS SR Bt coating and

thalMP%E IBARAANANACI/MEn o HERMRMILREIEWRACIRLPINRAIHRI08, diy proceeds
instance, a chloride ion-detection tube and accordingly, if the adhered

whamasing th¢hdasalieredadb theAbhegging maxidibenguepmissibilet the blasting method

is the most excellent technique for carrying out the highly durable repair- coating, but the

blasting method suffers from various problems such that 1t 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.

When 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/m®,
The amount thereof 1s determined using, for instance, a chloride ton-detection tube and

accordingly, if the adhered amount of the salt exceeds the foregomg maximum permissible
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2 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 5 or to

limfecavebtheisaneland e subieebildp dosapaaieWMasiBricatmenttdd.  However,
respect of the step subsequent to the ground-conditioning step and the

the gyRisredsah foe e virrg i casaobsingsgaigdne chatiwgreyatam @)vgonment and
Nn{,,cONS| t ving: pecification f .
T e
reqbeed flesisedfor te developnientahpizengneesnthmaindebidyelvLar waste liquid
ensure the duration identical to or higher than that achieved by the use of

or i EPRRURTHY STRRSANE F i SHaE o dRte naPAF R foNa e tREMPERod 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
coafing systenv{cli), siepastypizaleaxample gfrthmdaatidgisysterst¢p) aadethe adhered
as 15 follows: after the ground is gonditioned and i@esired, washed wit

saliSIRPVHE RS LBRHI BpErateHEh PR (b dohisiofgiiered to be

onZ ARG RYigpeLiganpled 900 BIobniAdRimasy coatiegLt adnedifiednvironment,
epoxy resin-containing coating is applied twice (240 mg/m2); an

butinkermbalidtecoodeiigbfer pbtydeetenioatsii-soretnng iogatagiislahiiddcan ensure
e FAAMEITRA, 20012 Lon oaia,cl PaMelhone Fesi COMAIDA LR em (0 in

J3h]
iS applie mg/m IS uite expensive.

ordeatentstesumentelogistioses aeprilt SOAMROBHANR-WRIGTE PETERISIE as a means for
_ formation of a_coated layer having a thickness of 100 in (as determined
imppsigryhtg PRGN rashmpierapce ndsearremmesbst redqiprbdiprcture.  The

detg?ﬁ '&pﬂé'%%ﬁlﬂgvsggéaﬁt@[‘l ,ngst% %E)E%Byé?ﬂggﬁa tgp éﬂg@Qﬁ{n%;§9§QQS(c), are as

operations. However, there has not yet been proposed any coa
follmeth adt@apable vk alizng tendd rability deétred esuliing 26thoatiteg the following 5
identical tg or s,u%zllrior to that accomplished by the ¢oating system (c) as

, 1 (C) 2.
CoRRERRATRYCBHITCANE Tor tHEThataRAHER A MRy BIRT D PRRY Etelel "0 me/m); a
prisEHFRESRiAS 185 @8&!&&?@58&2&@@9@&8ﬂﬁ£ﬁ&§'h&%ﬁ%\@ éBFli@@%&@S(MO mg/m?);
associated with the maintenance and management of the steel structure,
an jnweouledbdd rsutficgent to privotisdithe resin-containing coating is applied (140 mg/m’);
and a top coating of a polyurethane resin-containing coating is applied (120 mg/m’). This
method is thus quite expensive.  The patent document 1 discloses a paint composition
which permits the formation of a coated layer having a thickness of 100 u 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 coating operations.  However, there has not
vet been proposed any coating method capable of realizing the durability of the resulting

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, 1t would be insufficient to practice the
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3 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. 5 Non-Patent
Document 1: Edited by Incorporated Body: Japan Road Association,
Handbook of Steel Road Edge-Coating, published by Maruzen Publishing
cord@ioitth Bublisbedian 1290 vA0MNan: Batent Dagumesiol: RNeekbyith water and
MIKI, Chihiro and ICHIKAWA, Atsushi, "The Current 10 Bridge
the ERginaeriid: the Feiaieomrofahéck aginediniagtofticoblisyBréecBrigtressaig existing
tle%Ies", Published by RISU KOGAKU Publishing Company, 2004. 12. 25
atert 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 tog%rovide an engineering and processing method for

NopePrifit et g dicddtednseoraning-Fed sk aafesd 8 s atmtatipndbook of
t f i
S R o B I SRCHIE L I R o o0

10 duration of the repaired parts, while taking into consideration the

foregoing problems associated with the conventional techniques. Means

for Solving the Problems 25 Accordingly, the present invention has been
Nofi@plopgshiaseivetheferaanindrRioiems saddhe gigt ieReoliS AR, “The Current

follows: (1) A method for highly durable repair-coating of a coated or
Bridgattig:neer stget!strliotefmnicofmpr singtvestepsiof oatiogrtitioRindetseand Steels”,

PV B I TR0 ik it ecs than 60%;

and B. applying an aqueous solution of sodium carbonate having a

concentration of not less
Patent Document 1; JP-A-2001-131468;

tec

Disclosure of the Invention
Probiems 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.
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

Accordingly, 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



10

15

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
thath¥iRgeSySER b aitkargitading pfane gonmpbisatholeasghindigplane and a
grinding peripheral plane, wherein a part or the whole surface of the
B. metafi@rotsing phserissohainice! sotiianrarbanttrearagigcanvritation of not less

tha e%rg)ti';ﬁ?d I Digher i) 5%6) ;i ?%.‘L‘EF%P&P%&H%%@JRQ&%E‘&H% ofingbn

an 20 particles/cm2, wherein assuming that the height and diameter
(2)of eddle prejectedspertiontfonmidd fonpdhe: Haroh gajtictacasid the bramidgeonditioning
material are defined as H and D, respectively, the average H is not less

OPYREABHOPS HeAny therEeT R Patis. H/BIAS/ i nHEg tAgh YT hagfpsists of a motallic
rotigTEIRVBsR sAlalipg.hg Al ohrxposer AmRa e Dad BatlicBiting shaft of

projected and exposed through the surface of the brazing material, while
a refsingdavingial gieciead8 eipumdsegiplagaehamqaniclesroiling plane and a grinding

projectigns, the average rate of expqsed area is not less than 10%. (3), . .
perlL G0 SOGHTl oI ThT o PGOR R ERS ChY0s P A Mg provided
witRORRIISRSi e SRl of SRPIYINGraRIGh (AERSIARteSIaiediNGereto in a surface

powder-containing paint composition which comprises (A) 100 parts by

denyitssofonet Bineshaedif (B deNETONERTEY msss)iNB fEoczobrigoaphdipmeter of
y mass qf zinc powder; 1.to 95 parts.by mass of, a corrosive ion-fixi
e R

andCRNRIgieIfhentosegRingIStRmB: 1649 thae BleEthad asdsticfatidpeanyio: H/D is not
one of the foregoing items (1) to (3), wherein at least one coated I?

lesihied b a9d Subriew ovhise seleristingihe merchevsdIctioh of ﬁ/%e hard particles
proffifERING SHREBOFeh (R) IREIESE N 3205 AL S PSR L Rl circe

, Wherein the component (A) is an inorganic resin or an organic résin.
cird@nIhémettediasispirfortés infthiecfprogoingitethe(Byevagersite thieexposed area 1s not
inorganic resin as the component (A) is an aqueous dispersion of a partial
165?1%% ate of an alkyl silicate or a water-soluble silicate represented by

(3)the generakignnulasdRZGnRIGR @408 FRrmuHR( 13 o@ (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
to 800 parts by mass of zinc powder; (C) 1 to 95 parts by mass of a corrosive 1on-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.

(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; RO - nS8iO; (in the formula, R
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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 5 and urethane

resins. (8) The method as set forth in the foregoing item (3), wherein the
repEQBRONANILG] imdIdipe UMt oGty iaBEe A8} ihhariathetiasiShtand colloidal
_forth in the foregoing item (3), wherein the highly corrosion- resistant zinc
S‘“E@JWder-containing paint composition further comprises (E) a coupling
(7)agent—rd&é) E%}Eggﬁa%f ste eflor%f?%?ﬁelrflo%oglt of 2ReTS th\%h%rein the organic resin as the

ground-conditioning step has conventionalfy been carried out using a
corppwend(Ves wolchbtimekicoddim e sidtinggsaunereondiienedyartities acrylic resins

have still been insufficient in their quality and, in particular, the blasting
anddeRlitife fSHHe only effective 15 means for removing firmly adhered rust
(3)2 2HRDGRARATRION FHATRAD F 20 AR IR TP HRBLIAMRIN B N (C) is

such as atmospheric corrosion- resistant steéel. However, the blasting
hydeotubiouicesufterd dralrita. variety of problems in that it requires an

expensive cost ‘Jor the protection and/or the temporary construction of the )
O)scaftolirroHe tasp?a/érﬂ%al RAtBF%G BBl Yy its A& Bulisobighy corrosion-
res%}_{@ﬁﬂeqJm\fdacsw%ﬁ?gqfawca@#&R{bﬁfﬁﬂﬁl&%@u{ﬁ%wm a coupling agent.

environment, that it may generate a l[arge amount of dust and a

tremendous noise, and that the used grits should be post-treated and
Efi%%%orglgﬁgylt W?.UL(I;I be very seldom that the foregoing technique is

&6ntidu Y‘z’;ledlo*pqed from now on. According to the present invention, in

the epaicRostingef aisieabsucivnginbacoatef 28 ebeeatingriigerd@elarried out
plate or sheet, the conditioning of the ground does not require the use of

USIgEVALPRSTRTHEEANIGOE SHE WRShRESEst ipvdHTBnecarntiaNsiionpe aivles have still
bedHh c?g ‘f"ﬁ?ﬁ{&g g‘é{é}‘f&}ﬁﬂﬁr i gﬁul:%{aerq%egﬂgm Er%?&%?u%uﬂtt% t@rﬁy effective
adhered salt exceeds the maximum permissible limit.“The present
metmention temspegmitsitneg effiaignt andshigh qudihngoundrosinditionifiges and on
treatment withqut using any blasting technique which js insufficient in
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
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
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
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6 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

thelyontide s 41 i Ceticalle diepaiivhoatingalgibngHvhishieae signifieantystances such
reduce the cost required for the coating and can reduce the occurrence of

as gpBRiIMIBMER BGIOTGAE IFhEHaaRieh A eTiesdafian en GORdHE NS tFatment are
S ial i fth rvice life of ste ' impl
o 0 SIS 6 e D SO Tances s
haiidbge tom@eaioying Ofifrthe Ifivedtion THe: present inveriian will teis provide a highly
d eﬁgi)éained in detail below. As has been described above in the foregoin
uj

] SN ( g .
[PPaneE PRYAR BERAA S PUpA TR SignG AT IR SElaEE SPRIFRF S A Bl the coating
and WENIORCOMRIISERARIGP & 9hF BRI ERL pSHERGS Of 2188Rkition. the present
material of a steel structure as a subject to be treated, for repairing or 15
invepain-peating tecedredinyitd chesuniacd reparatonfsudhs@sigtindings easily, simply
olishing or shot-blasting technique to such an extent that the rate of
ANGEHOUEGY ST ERBRAES Bt %PS&H&“@% RS AR 60%:; and a
subsequent step B of applying an aqueous solution of sodium carbonate
having a predetermined concentration. 20 In the (ground) surface
Bepr&bodiation ¢Freatnien Ontibkedtepentithe method used for this purpose is
not gglricied to,any spedli ene. bt syfably sad erein include any
conven%ignaﬁy KNOWH Ohé Such a8 the shotblas ing technique and those
whichApake bsenofi@ctilsubbvasia ginaaeegsadisegrindenewhiighy durable repair-
comprises, for instance, a rotary grindstone or a grinding disc fitted to an =
coBE RN D ARSIt ErRiFRS &Yy MERITIPHCAPBRBTRSIRVERROf 95 conditioning the

suljﬂégeozLﬁS(ﬁtQét}:tﬁ’?a‘ctgrmegp%htgté Hslag g SUTRGR Qf @ SUPISELIY bR, repairing or

treated to such an extent that the rate of exposed surface area ([expose

repaiiface ageasat théiisybjecttte beuyftocessaeliftotal surdhcaargamafitize polishing or
h%ul%j;c,t to be processed]) of the ground is not less than 60%, This is
S r

HERS eEha e BrUs ARt SiHtHts Bremi S RASH Soiics fFget the ground is

nopll’é’ggb@ﬁaf?f&?%f)%m'@s‘éﬁ‘é?&#@ﬁt PQIRtSHAY 8RMAIN oM thg fac@RERn of sodium
subject to be treated in a hig
carbonate having a predetermined concentration.

In 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 techntque 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
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 1s less than 60%, a large number

of corroston-susceptible points may remain on the surface of a subject to be treated in a high
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7 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
prd@RAINNoRetreatNenuaceMdingsadhaerasent vantipi: Ths 0t ed to a coating,

case, the steel structure should again be repaired within a short period of
butjsispbo s vedsbh atmeprita ot Esabmsat] atadagate dhsf eReippeung method of the
pre%QBt”{dv%%{Scﬁ{g a}ﬁné IBveL a@é’to'Ft‘fe tg‘ui)”e%@%’-ill}shﬁ‘{&%ﬂﬁ {Hgtgﬁrf%'ée%? ?é a layer of a

Invention that the rate of exposed surface area of the ground Is preterably
paiset@lea lenehofirotuless thanuljdeieihe uppaidtnitdiereptisndenllifier the repairing

100%. 10 After the completion of this step A, the subject to be treated is
tregiBR I ASRRIIAS S Ut hEelY SARBE HISRRG an ddueolisausash Entkislngructure should

agAAAUPEARANAIG, ASARHAT ‘}iBEFB?‘{H%YF%rPﬁ%%&Qo%?'H{éO{}EJ DiSiBled surface

processing solution permits the conversion of any corrosive substanc
areinte hizr lessdnbdeiints, tbead eteetibniafaderesion: $G86eptibiés (ariabliva) the present
sites 15 present on the subject to be treated and it can detect or recognize

VSRR SRR SN O RS S&th FABCer s Ab 5T SERLMIHY RISHHRMNIRL G feve! of not

lesOEndRSeibed inpens defdiihelaws2Q fibaistep s, reating 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

structyre and this step is carried oyt for copverting, into haymless :

ebaHabe SSBNE L i 8 R bPISTHe s ol T bt o 2 sep
B eroaihtivRical afjcesiesivauians syehiasELANhSQ4bipne 8iginated or preliminary

from the adhered salt and for ensuring the desired degree of dryness of ‘
PIRReSENEALRI IR whidHE REQURES foT iac alubsE RS S0aE fg oy any corrosive

suég@fgﬁcg%“%Eg&%ﬂgfj%ggﬁ?@éﬁfr%‘e‘*%&@&}lﬂg ﬁ-'%hgo?f&‘%%%‘??u%‘g%‘?ti%iﬁi{o? active) sites

e to'corrosion if itis left as it is with

prév@intendrcaubjedt mabageatedtaddithesteet stactutegnianlchs ufferifamdition of the

recurrent rust-generation if corrosive substances such as Cl- and SO4-
SuRfiG&- coexist with the steel structure. Among the corrosive substances, Cl-

ions are derived from the salt components

The prior processing solution will now be described in more detail below.

The 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 Cl" and SO* ions
originated from the adhered salt and for ensuring the desired degree of dryness of the surface,
which 1s required for the subsequent coating processes including the application of a primer
coating.  The exposed surface of a ground is quite susceptible to corrosion 1if it 1s left as it is
without any maintenance and management and the steel structure would suffer from recurrent
rust-generation if corrosive substances such as CI” and SO* ions coexist with the steel

structure.  Among the corrosive substances, CI” ions are derived from the salt components
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8 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%

agueous salt solution, four times, at a frequency of once a week to thus
adIBMR 3 SPEEINIRRAfR Garatledalpelplata il SRRCIRR WAS 8RR included in the

subjected to a surface preparation treatment to such an extent
copantspandiigip.Sis totherfollowinl aiffenehtXinds 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

withipead@amamskaash shesimrniyasdnepeated iardhetandtiansLiis solution, the
rust-generation. Consequently, the following results were obtained: (a)

inmﬁpﬁté@tféhi&)f@m!am@@élaﬁéﬁﬁﬂqﬁg&mﬁh @ai%oﬁrﬁateoe@cﬂﬁbemﬂmimzfour times, at
» AR BH L DB SRR Ao as RSPt LALMABPIER e specimen

ueous ammonia (concen here

wad bVt speis ©f 1ustica siepsiitioh akath 400 kbyuared) exbeh(@brresponding to St3,
Application of an aqueous solution of sodium thiosulfate (concentration:
thegtpllpppne é!@%fvﬁg\iéndﬁesaé plsabipfoaabsaTs GPRIPRS A2ddndity BrEbhapRlied onto the

surbaoe(BY ﬁl'ée?lgs thesﬁ%E?l%Qﬁﬁga@SHlLﬁ ?L%%%’ew@g@gwgtﬁm%%%and overnight

aqueous solution having a pH value of less than 9 never shows any
witlhesireddem pardryahtispeciosive wifedtisthat sldbathenspad@iyns of rust-generation.
anti-corrosive effect js observed at a_ pH value of not more than 12; and

CogigfideniBodie LIP3618 SShINSE S08ihfdcarbonate showed the most

excellent temporary anti-corrosive effect among the alkaline aqueous
solutions examined. The inventors of this 25 invention have conducted
(a)furtheAimastigativhe i co aoetivratidsolisodian omtisdrateepretient i90g/L) (pH

e prlL?r rocessing. solution, while taking into consideration the foregoing
117 0 E]St- eneria?mn Wwas serged'
results.” As ateésult, spots of rust wWere observed when a 5g/L agueous

(bsodiummaibenate salidenswasmapnliechanshibanallenadde $tand 11.4): There were

overnight, while there was not observed the formation of any spot-like

obsgitos Kbpt iy Ainairssiiy ebanm dapHbRAE@BoRon having a

(c)conceﬂﬁﬁﬁ%@i% & an aqueous solution of sodium thiosulfate (concentration: 4g/L) (pH

8.0): There were observed spots of rust in a density of about 3% (by area).

The 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
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/1. 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
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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
notth& P BERrsRrocessiagsaklionien thacaneaitration ot seduiradifertie generation of
formation of spot-like rust was observed after 40 days from the
suchppttedom st they priupiodesshed et femernttdnacritsaddibeabogie solution
ngd, the period of time required for,the generation.of spet-like rust yyas .
USedugrflla fg%gra n‘?oésetr%rcg% ur]trlgﬁgf)foﬁ%ﬁ co%%ﬁeir? rarlkoS 8??’?%5 gfq&‘i{jia\oug<>i Bre specifically,

theBOEMGIEbaRAtR: Folutinnhelvgrn-thesaibvaitasesialbdrenvas: application of the
_observed another proportional relation within the 10 concentration ranfge ‘
PTigH PREFRSIRACTOOR LI N 6PPRERE AHan SDOF/L, Nidsche foimaHan of spot-like rust

wa%%%gé’ﬂ{?&i%ﬁ@ 59 ré%g(%elﬁg&ntﬂps_ﬁ#@?a{%nthﬁ" GhY fa}tjﬂzpsé AN lution for the

rom 5 to 100g/L an e generatio spot-like rust was observed after
coffi@rdayivfram thégdpplichtienpefitht dqueeusgsodiliforctrbgnateatotutibrpot-like rust
having a concentration of 500g/L. The inventors of this invention hav

wag deaiilin® & il BB HCRIRPARANBY the bR ot EEERgP B Adireg e carbonate

soli®rd BLRRURTHOR o824 EOMaRIMESHDSIRASR ANIRMRIYRTD A PRGNS within the
termination or inhibition of the rust-generation, on the basis of the

corforayeing fautge Spcvigicalyhthel pigt prodessingeriution 186g/ hedffeisnt from the
an agueous sodi arbonate solution having a concentration of not les

oGO BRI 018 R SEURILOTH S0 SR e A g o » 1 10051 and

theCn@iately dranmlassta: the hisban-Ratrand thR gUifeurEng SVRINIEMe aqueous
and having a high pH value ranging from 9 to 12. Accordingly, the prior

sodivotestiRngBlutoHt BN Hencoatesintipthe fehbairiing adhbretntigstors of this
inviZ IS pRRsate the g %ﬁé’ U %Jﬁl?%[fé‘&%f?ﬂg é‘?n‘.@%ﬁ%‘%&‘s‘?ﬁg‘ GR required for the

control the generation of rust. The prior proceSsing solution™ can exchange
coftbergbloddenonstakere inibstascadher darmistihsasgnthéiswfadeachemidahibition of
action 25 of the corrosive substance with carbonate ions so that the
theRigrRfa U3H b et Srsitridhrolesesif &tftthe 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
actidbpetifigiidehionsiaspcorrosive suistances! dencbei madalhernsiesdipyp carbonate

SCdthe apé%ication of a 100%/L a(gueotuf socg'%gl gaﬁEogn%fengglflgg)?Q as a %8r 1 The
BH5e S HY S Al CRURR R efes™ than 52 B
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
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 2

100g/1. aqueous sodium carbonate solution as a prior processing solution, even when there

10
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10 was detected salt adhered to the surface of the steel material in an

amount of not less than 1,500mg/m2. 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
wadnansthatthedleosb siofhs wedrpdibie thoinkschre dimahished .andhig of not less than

respect, however, a steel structure to be processed which has a surface
L3¢keErate 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
treatBappiting gréopriprquessisig s eddiiom, Thisraroaila igdidatesthatstherdestites a color
remain corrgsion-susceptible points, on the surface which has been

chafigedd decttting 8" MHe 161G HepsS kAT B SHEP e Etoré2 i iagny recurrent

rusREERIRHNA L8] NRRPELRIBRESS NG S IONIBANSEINE 888 deBRIOROMs that the
the confirmation of the presence of any corrosion-susceptible point. In

corgasenvshereptiidel poretusrentimisisigeherationtls stitbptrte hoebesen aftel structure to

be QSRR e AT SOHELF IR 1 SRp . AT S St estien 60% or
whighth tieaimenbepasiigerinaiestandBdoipmeddythaxeanfiimation affle from the

complete elimination of such corrosion-susceptible points. 20 Since the _
proplest srocbesingE6IitiorierPEGGao By Poliitsn, PowsieRysodiutipated with a prior
rofBIR015, 5 ccoinal SRPRAIAIGH. QR RNIPAINNIAN % BUSIAE LR points
PIOSSIVert or water present in the so Ution is removed t rough the P
on theapnfatiowhidhisisndicatesthat theosdiface didiierbaseg maperiabhd® and therefore,
_ completely been dried prior to the initiation of the step C. Thus, the
it havebitsts thRfe HiforPHAU cPRRETAMEEI AN 1Tt 1K SRDIEpAScasdifgetor for the
corﬁﬁlﬂgﬁgnalép ﬁ%vﬁr%gél@es gh H?ﬁ'c%ﬁfq@éﬁ%&%mﬁe%mﬁ;suff%e case where the
dryness of the steel structure. The engineering method which makes use
recafrsuichuat prongrocessing Bodbtiongemmits dfentbaitgmhgabthef a prior processing
conditions of the steel surface to be repair-coated and the quality .
SOl 5 6 RO SRR S CE G IE SUBILEE i the sip A, then

likdWeRakatiendeatmenteWAIGH i eoPrld MPOH AN BIRGIdRRAIFEaRIIAfirmation of the
operation and such a technigue has never been proposed. When
comppitiitigiination of such corrosion-susceptible points.

Since 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 intiation of the step C. Thus, the
inventors of this invention have likewise found that this prior processing solution also serves
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 quahty 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

11



10

15

20

25

11 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 thewdfiedisosliwndd carbendteeristalsoivethes s avndingneavirapinesliganaped wire
certainly be prevented almost completely. Thus, the method of the

brugeesst iavisntieriaH I RATtiseFRIATE ! ISt tsr SWhaSHSE e SRgettep. Tn this
resﬁ@@tt,eﬁ%}{;{Hﬁa‘ﬁ’@é%%%%%ﬁ%%&i9&‘&1‘%&3 g%&ﬁﬁg [RLi0e fgmﬁgaalspiration of

of the salt compon s In tdrn permits the elimination of the faclilities
powdquiseshfertheus dpply the veatetido, sade sicedcatty alfplhepurhdre dhehe dried sodium
repair- coating operation is carried out and 10 the method of the invention

car iR BNt thd Sa g B EHRS BV IEJIRIER 67 SITERRMeRE digygnted almost
cotfastayvaternfs hashasndesaiibadRRoNRR e RgRInAHERDIB: use of the step for

repair-coating method according to the present invention, the means for
washmguhfasegdnapsmationitheattrenvbisdchforcestablishialdyabeed desira theeremoval of

of exposed surface area on the order of not.less than 60% is not restricted
ey TR R e I Uha ST 26y AR SA R BTl IR e for the
supotbpd sueoas dhashatiasting rGRiaueeparmethad Whishimakesirried out and

use of currently used grinding tools such as a rotary grinding tool
thegnelippbafithgrieise ik oy i dpsergiihter eyinppddiwithgrisdinedisy, the treatment
oftHOVV\\lngt%rWiEEtieSr preferred that a favorable rotary grinding tool is used, as

a reacf'y 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 piScEsenAasts i gy ealiy s odirble SepritEBiEsaraibRdgccording to
the%?e?&lpﬁw-gm%ﬁ?t@l@( 18@ i@grtg%l éﬁz@%‘f/@ﬁ&&@&?'&@ﬂ&%@éﬂ”fﬁr establishing a

rotating panel comprising 25 a central fixing member for fitting the same
destocthentotatiengpshaftsof facotaey drivingosysterfimndes grimdigoplanet restricted to any

composed qf a grinding plane and a grinding peripheral plane, wherein a
SPEFE 8PS e Sl AGE GRS HHELITE RN el TS BRoVIEIEE i 25 the shot
blab@id pMiclaRNGvVINganMPRSRardnRrRss Alhigharteam 9 REaZakIMRESIGUN such as a
a surface density of not less than 20/cm2, wherein when the heightand
rotefiprgetsitf wadregrajpededifoaion srneeel fohseresinged partivied with grinding disc.
However, it is preferred that a favorable rotary grinding tool is used, as already described in
the foregoing item (2) according to the present invention, that the rotary grinding tool 1s 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
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/cm’,

wherein when the height and diameter of each projected portion formed from the hard particie

12
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12 and the brazing material are assumed to be H and D, respectively, the
average H is not less than 300 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

and’i‘ﬁé‘%‘r%ﬁ%rﬁa&%ﬂ'&?ﬁ% GEQUmRCHbingrihg. had R@;f)%{%ﬁegf e Rieigste is not less
portions. The rotary grinding tool will be described below in more detail.
thafrig0 U igneapé b aotvensiciofBPambidiveditofsBicknd voarsigtiediay! particles on
tool.used in the surface preparation according to t resent invention. .
ey GRS T ID B S & TORARA TUPAT B G broing

maRAAE| GHRrEasAPHadiIng planest 2samppzedofid grrding ftatesufageual circle
13 carrying pr(_)':ected portions formed on the surface of the metallic

(sphstalirng Parser Breatbrinaitghaeipee fll Pramscistahderticiig mdibéptay grinding
too? apge e%&}{g)%dcoe%?(ggg ﬁlf érbe%ena%{g{iic rotating panel. The fixing member
t

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 S ASREHEYSIN! P 05 &) FEPRQHERES QUtRBISH 3 ST ihgraging tool used in
the e £ Do dh RIBDLYIENS t&?&%@%@&ﬁf@iﬁ%ﬁ%ﬁorti%%@;ﬁ %ﬁmﬂg tool 11

f
by connecting hard particles 17 having a Mohs hardness of 9 or higher to
corthpeistsrfacetoll theo20inggtaliid, retatingapehed il sevviggrabng plibstredeomposed of a
th the use o%a brazing or soldering ;,material 19. In res%?{(%t of these

.Wj i
%%48}5& CoDHIBRG 14 AT BrUSERonRRH SR EMes 8% Kk Safags fifethe metallic
rot@ihgrpiiiesiRdtesgh dhespraee mhtae brazindmatedaht S sid 9@ ranged at the

balance 17b thereof 25 is embedded in and connected to the brazing _
censatefigheTetsthoabtittle p8nskcunisiibivnigghe bk pafticte diatrngaged with the

rojected portions is. used for ca uEit'n tge sercentage of the exposed
o LR R R ISP BB L semcroea i
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 E)‘f%jédf’e%i s‘ggmlwgggwrfﬂgrﬁlgwéﬁg hgrgonstruction 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
metallic rotating panel 117 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
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

13
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13 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

partisieg R e R apdasbtcandiba Qppsaldneasyegment 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 the basis,of the shape thereof

e Qo s 10 rS BT me ot & gk BEaF oy o thgine: by @

mighawvgier BeofihespreifibeRidiestad poinis Menringgiingdiastherepdifiling tool;
of the line segment extending from the bottoms a and b positioned at the

NOR-GRAVE Y6 rBFS HEEERe 4 DPRa L UNRD SRS WG A182RD HIWF §i e machine;  the

ele&ﬁ%%sb%%ﬁﬂ%&%‘ﬁ%%}ﬁ Qgi}ré%&] 'gﬁi&n\é@%%@éﬁ En{é’ Woﬁﬁcxp%és% ment using,
the 15 projected portion 1.510 be measured and likewise passes t rougPh

foranieastdwe bkthemieighbpsinpgopidieciedhparfonsidn $lisrdspeaiiohid alsasurement.
possible to define the diameter of the specific projected portion as an

ThasdhslagreieTdasptns isilal feds MreO UsBrfsL SRTH baghh dedletermined on

the!8a8E MQuiRIsOtlineFegmeRts Andfe 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

conggve portions observed on the curve .representing the contour of t .

cros SRR aGh TR 5 et Pt i RBIEEtely OF he specific
propedtéanpbidbis isomnertiaefitds alsonorsible tordefinathechaiont efifiRling from the

specific pro'éected portion as an average of at least two measured valued
botgemsrmingd brifipasks Bf de leertangoldifieenphfr sy atsuPs: Tiepresenting the

corﬁ%ﬁfla&etﬂg Igl%ts(? sae@fijottp?a i rgﬁ%r liice):llﬁla/e:D iwx%(i: Cge?sss se&l%&hﬁ apeaegrtex of the
of the projected portion are preferably determined y measurin
projéaraetexsidanth heigbts ideakupsdjeci¢dportivaspcoardingdoihgt least two of the

foregoing methods, respectively faor the projected portions i
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
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 ¢ 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.

The average height H and the average ratio: H/D 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 Smm X Smm (0.25¢m?) on the grinding

14
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included in 4 arbitrary regions each having a size of 5mm X 5mm
(0.25cm2) on the grinding 14 plane, the average values thereof (average
D and average H) are then determined using these measured values and
further the average ratio: H/D is calculated on the basis of these average
values. Moreover, the rate of exposed area of the specific hard particle 17
plagd the prejectedalbpaitioro] ecarndkewisel hecdgieriined thyrikietermined using these
observation of the projected portion using a microscope or a magnifyin
megiasd tthEs A EHHIRR s YaTRsS I lhBde FalralrtsAg H@rea%aﬁfagese average
valyyth respect to the diameter of the hard particle and by the subsequent
calculation of the surface area of the virtual circle approximately
circhitsevitingthe werrd sppodadganer dfpéirtisiEthio gind panighelicat the projected

integration. 10 Incidentally, wh d particles each havinga.Mobs . .
PO S EHGF (1S TaT b e, PAEV S Mo b UEHE @gfion usin a
midRRdestalliG pialing panekwhiShIRRVeR As Acatieding JHlaneLb8d area of the hard

foregoing rotary grinding tool used in the present invention in a surface ‘
partielesitytiof efpestihathe Giprojetiondie iz d ppaitloraibhytibtesobibeuhairgalculation of
icles may he removed from 15 the surface of the mefallic rotating

the P& v area he. virtual circle “approximately cureumscriving the corresponding hard
panglcgurlng fhe grlnd?ng operatione and accordinghy the rotary Grinding

partdt GaR0gh be:useskaveriateasied 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 iHcleg iR Sahat RAGYSLOLNAL RS AN PRURHHQRUP NS her than 9
Preﬁeﬁ%@?t%@ hard particlgz a(l;e ﬁfazedlﬁtao tﬂ%l surface oAf ﬁ?e metarm% 26(1) an = are

presotatimoipanshinha slikceidensity oknottdis thanido projbotiociskem2s and grinding
in this case, the working efficiency of a steel material or structure havin

Plage) gf JRei e S B A RLBHER EPRbRF B dn ﬁ%*ﬁrsvéa%%ﬁwﬁaraﬁaﬁ‘@,gﬁ density of
lesSMPHIO REAYILB DNEDFVE Inipsraasahe S ace 10ensia ke haM removed from

particles up to a level of not less than 60 projections/cm2 and it would be
thediffituit or thatestithisossiblestpincrdasegibsgriadmgensigtiofshmtangordingly, the
articles to a level of not less, 25 than, 100 projections/ from the, . .
rol L b SELEA T RN AL TRl B Lt Moy BiFgguld i o
rediadRaktisiemmest auiabhyisngesdiam @Rouk30piaiaetionsiemaite having a large

surt%kégl:ltrgf and therefore, the surface density of the hard particles is set at a level of not less
than 20 projections/cm’. Preferably, the hard particles are brazed to the surface of the metallic
rotating panel in a surface density of not less than 30 projections/cm®, 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/cm” and it would be difficult
or rather impossible to increase the surface density of the hard particles to a level of not less
than 100 projections/cm” from the viewpoint of the spatial limitation. Accordingly, the surface

density of the hard particles most suitably ranges from about 30 projections/cm” to about 60

projections/cm’.

This surface density of the hard particles can be obtained by the determination of the
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projections/cm2. This surface density of the hard particles can be obtained
by the determination of the 15 number of projected portions present in an
arbitrarily selected area on the surface of the metallic rotating panel
having a size of 10mm X 10mm. In addition, when the average height H of
the projected portion 15 is less than 300 /4 in, 5 the rotary grinding tool
nurcherses plaggittg duettontherpewténydroarbitide lgeseeatet dasingthie surface of the
o?eration_ and thi% would in turn reduce the working efficiency. When the
metAMEIGE RN HAET 25 RNALEHRENI3HHH m, there is a tendency that
the grinding tool is free of any clogging and when it is not less than 400 u
in, any maintenance of a tool as a measure for preventing such clogging
can yeadiitipmtedicn hesvitaie boigbt theighsartirmitehomtpatla 19 Geksvbin 300 1 m,
b of ?bout 1500 a m, When tr11e average rtati%: H/D %f the ro%ecéed gorti?nd durine th
the FRIRANRITRRS 609" tRESSURFTBAMNGINY BoP TS HIEEN I the g diRg durme the
opdfi@dhad@skiarebthisiindinénRaitadReoaind et @éfisiencywhes endintyage height H
the average ratio: H/D should be set at a level of not less than 0.3. 15
thengfels thet desrdiigncdiis s dbeigriad: thndentss BahApecnpdse dveragdiee of any
ratio: H/D is,not less_than 0.5, the resulting grinding tool can further
clof b, 0 A ot B B R g measue for
prebifliaxceetsDErihewaves, dhimsiiucturalistengthbod thedotlaigper limit thereof at a
projected portions is reduced and the projected portions are liable to come
levekp§abaef thedmact during the grinding operations. For this reason, the
average ratio: H/D is preferably set 20 at a level ranging from 0.3 to 0.8.
With respect to the projected portion 15 of the rotary grinding tool, if the
whoWhsurfacecfrihe tatazdd/Partl harticles: A hating &5Mobshdroness i resulting
.higher than 9 is covered with the brazing material 19, the grinding . .
erindIag R WitAHE Fahith P fobisEagIiL he ‘é‘%‘sﬁﬁ'ﬁ‘%@?ﬂ%&md‘%ﬁﬁé the grinding

effldpsisUrfage Qfrtinad rust Wit 2 SoitBr Ao MARN R aRdaceardinghot 18IS than 0.3,

would interfere with the removal of the fixed rust. For this reason, the ‘
Wheptiridingtinging tw! desigdesieiivs thid sxXposedaperdbisairirgpratieldd/D is not less
) : o 0
thaRQ5 Y éj Earr]sru th tlhlﬁtﬁyl\g il ggttm%r&%?%&gc{&%ﬁrég}nlgvré%lae Slc‘i?%]s 'gn{? fixed rust.
of thé Surface area or a virtual circlé 13 circumscribing
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

at 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
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 ts 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,

16



10

15

20

25

the hard particles of the projections. The use of the virtual circle would
make, quite simple, 16 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
the icalprbpostion tbethedndrdrsexpbibe 1aie of the lexpgsedcieea, thise higher the rate of
accordingly leads to the easy 5 removal of the hard particles and the

the gxpasedAE-Bf thiolVigdsTihg ehieiTRy (b6IsvodidedontSpimanigy pethe fixed rust, but
the "EAMGEA 10, S eERRGe ﬁ@%ﬁ?&igﬂi@e§eaﬁhetﬁ@t%%m§ BRASAY is reduced in

area of the hard particles having a Mohs hardness of higher than 9 at a
profevebofodhiesscthase A0 oethd theeeagesaf theawholesunfdioglthérebf to the easy

(the surface area of the, virtua| cjrcle) and further. it is desitable that the
remaal P kB e BREHE SV RGP b Aot UL iR BBl would

comﬁbﬁa@wgs-@%m other fianehsiidhe rafe i3 qataladeyngl @t natde¥Sihe exposed
than 70% on the average, the joining strength established between them
arejsaethedenthpartisiss deuingin Mehsduodtiens of thiglwotkimgdetfigiéney.of et less than
ptimym average rate of the exppsed,area ranges from about 30%.t )
10O a Tt er B AT o R SYCACET e R g and

furdkiie iproiseietpastons igchaTein defined iecheRpeohiained Dlevel of not less than
determining the rates of the exposed areas for not less than 20 projected .
30% oMo areRasrily Bredegtiadhsndsahtha @ient st aflavthateaidpsmthan 70% on

thegl & Wﬁ@e&lﬁiﬂ%i Q&&!&&%g‘%&&?{ﬁéﬁ%E%Q&”EE&RP% qg@&égaegnﬁqg?ger%esults in the

hd then calculati g the average thereof 20 The reason why using
redpatitioles’ hizy ing & iMo bifiberdne $hofdpghenthar@gsithe diale paptickes area ranges
for forming the projected portions is that the Mohs hardness of the fixed
fropy apoak et &g ipid 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 25 difficult. The hard particles
condiitetivgritge projedide popioad are ndttheshdodeprttghertittharponeged portions is

inasmuch as ?ey have a Mohs hardness of higher thgn 9, but it i5 herei
herﬁ%éner#élgc% 49,88 one ogtamef? %y Qietermmmg {HS tates OF the €Xpose Aress Tor not less
than 20 projected portions arbitrarily selected and present in a unt area of 10mm X 10mm
(lem?) on the grinding plane, according to the method described above and then calculating

the average thereof.

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

difficult.

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
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diamond patrticles and cubic boron nitride particles whose average particle

size is not less than 17 200 u in and not more than 1,000 a in, 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 u

in, the resulting grinding tool undergoes clogging and this leads to a
200consietrablancedtictioh @Ftheng rividieg Al yithecenfi @imthe otheflearde iemoval of

gje verage particle size of 5 the hard particles exceeds 1,000 in, the .
the mﬁe@ﬁensi{y BH S Pt pREIES BATHEC SHitdhGYooRtg particles is less than

20054 Bstanialbiadisced andlhisoresis i dbe1sduatonmal the $8IMCR a considerable

properties thereof over aTong period of time. The average particle size of
redustidaed erticiedifgrabelitptbéecably régdsfroherdead ifi the750rfidn padicle size of
ccardingly, it would. b st efficient to,. produce the grinding. tool while.
the TG, A o HAFIO e Bl A clB{ASE BSPOIPMides 1B Hsslidegortions on the
grind@seaVRIagesRarticle siaecaistiautan-talinwithin thauanaedspihomroRR properties
uin to 600 u in, from the viewpoint of the production of the grinding tool.

therprE qokiirglenagt@aaPdsedioe forming tierpesjeetealpoitions ths rnseiptteees further

om.those hayin fficient ability to bind to boeth the.hard particles an .
e Pt oy s R A SR R o i o

prodacepdrestisysie v iorihdgaising maisiial ciinrhendejeetettdrand, fbic boron nitride
instance, nickel-containing brazing agents, brass- containing brazing

parfiglehikhoskAVTaRS ARBYCLOHESiAIRG Brasmépdg@vtainse angarofpnt 500 1 m to 600
» dDSIRRCENEKE DAY RPZIDGL ARBEE (RHEA AR BN, BNI-2, BNI-5 and

BNi-7) are often employed as such a joining agerit, while taking into
consideration the melting points thereof To improve the ability to bind to

20 the hard particles such as diamond particles and cuhic boron nitride
oSO BT 15! ABPAI G S ERCHARIE S oAb BRied from those

havidgrabenselastediiamdhearayB tanNaISHALIOf - HiBRW IR ICHQENEMRNY panel as the
zirconium in an amount of not less than 0.5% by mass. Moreover, when

basgsiprjcraslthe Brectringlatctial basie contponivy ayseust londhsf iitamanmansgial can be

sel LRI ana zi %85"“5?4% 0. amaunt of.not less than 0.2% by mass ]f?rﬁ%ng agents
4 Stainfess Steél material as the ingredient ortite metalic rotary parel, ’

alunmelatuigisplcreaciiontakespageat eathdigundaydoimeshetwenn-thted brazing
hard particles or the metallic rotaryé{%anel and the brazing material to thus

agefifrhsiit A ddiatd: IR)ErS. B i thB i 1O thisr 8B irApiIOBcthastivielirfgioining agent,
while taking into consideration the melting points thereof.  To improve the ability to bind to
the hard particles such as diamond particles and cubic boron mitride particles, it is preferred to
use a brazing agent containing at least one member selected from the group consisting of

titantum, 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,
chronium and zirconium in an amount of not less than 0.5% by mass and a stamnless 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,
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strength established between the hard particles and the metallic rotary
panel. In this respect, 18 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. 5 Fig. 6 is a diagram showing the shape of the

sucgl@dligiatainnangksprdnd s RRases plajeief daRJRN6 ARG tRhAStrength of

shown in Fig. 4, wherein Fig. 6(a) is a plan view thereof and Fig. 6(b) isa
notdessthea HOWARWERITIG relor thkdiardl oatiehes e nga M elg hegdpeThet 9 or higher as
. Jotary grinding tool 11 used in the present invention comprises projected
Wﬂ{)%?t%ﬁ%if’[@t\)/v%?gﬁ 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

hardiigsé &F higiseramarhovang the Brpsef ihsiarpiplis, rof rivwglicsotisg as a base
pla%weta:ﬂc lygg%e%ggﬁ fqéjl?'oof 3% fr?é?t‘glrr{yr/] Ig%ﬁl%}l ﬁg ge%gij(lﬁl%% ﬁlgvédé%] IE EISQ ﬁ%/]}tr?g ew thereof

andgHiediad planectdss whichred migrisdsa@off inling pamne Hipddie: 18- And Fig. 6(a).  The
grinding. peripheral plane 14' and it is_provided with, at the central portion

rotgRp ,lggifiﬂ’?é E)}ill‘llsfé ’F&Fhﬁtﬂ?ﬁﬁg‘%ﬁ%igﬁ?ﬁe% ﬁ@g&gfé@ﬁqargﬁgﬁ:%%qmons IS which
areSRRWEY QanatﬁEiVmH*a%)ésmﬂéaQﬁH@n%fﬁ%ngjhgerq'iﬁ%’ 8 ﬁﬁ@%‘iﬁﬁiﬂgemane of the

rotary grinding tool, into rotational motions. Thus, Fig. 6 shows the
metniditaliitantanpgaielasthdisasigateated o orhtvegring irfghtod Ipkital itach having a

herein descrihed 20 ysing the reference numerals 11’ tQ. 15" which i
Mof FERRSRD B e TS G A S L Rhdead T HE Bl panel vl
hert@@lidndbisctespegtnthe g imdig 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

per!B{%eJ@!\?f %ﬁf t(fj}oet {ﬁéwtg{fﬁqj&gr#?ﬁiﬂ%ldﬁﬂQ)?thg %é% gtﬁ%g#:é%ol 11 15 a disc

peripheral plane and the remaining grinding plane is defi
haviiigndinigdpangliphaneé 2in respactomihésgrindipgriage daidopkiiittés’bynd grinding
the grinding ﬁnanel lane 13' and the 19 _ .
peripheral plane 14" and 1t 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

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 piéne is herein simply conveniently divided into the
grinding panel plane 13’ and the grinding peripheral plane 14’ and it is sufficient that the
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
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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 0 of
preferably not less than | 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
grirgbny gesigred thlat¢hetlindgenpdndiquiee! tplahne ¢¥inding dramledldme d3ias a portion
nd th central rotatjng. axis thereqf makes an angle 0 of 0 d gree the
ot WRiEpates FRRRSTAIIA FelEctPE M et "3rrite T R SAK Jfating wis

theM#PF8RPESH ‘&1&1‘@ Pang ﬁ?e‘?&a@ﬂ%@%@ﬂ%ﬁ"ﬁé@%@%&% FRHMGURNS degrees
of the working efficiency and an increase in the dangerousness of the

as wdrlbmge@pérmnoﬁgoﬁ thelothémha’rmdwhémhhgrgmmdmgapahelmﬁé 118'simply so

d E qgeﬁi that it onI hats lanes gfach hav gleg

es{%ne Af eg?eés e n%i of th et r%palsc érln et 'b&LSmEs

ax1ﬁ!ﬁé%'@f@ﬂﬁ<3§|§1ﬁé&€glédiﬂg|}éﬂ@%§$e@ the @@ﬁi@ﬂ&)@ld@ﬂh&ﬂ@ﬁe@ie&imwy powered
working efficiency and the safety. Moreover, the grinding peripheral plane
tOOhW}él‘eth@lm%m@r&%ﬁﬁhéﬁ@%ﬁeﬁ@@l?lwﬁ&%%)m&ieﬁ itiduidiislgads to the
red POEBRT RGN AR AR O GINAMIE I 0105 ReHRN BURIRHAD working
e cen rota Ing IS no less t 15 an ore

opel&livn. Tmlﬁbmwevhaﬂ ﬂfe@ﬁrt@ﬁi@%&dﬁ;ﬂﬁwmﬁsrﬁalﬁdhgned that it only
cross section parallel with the central rotating shaft of the grinding

ﬁé?f&ﬁﬁeﬁfaﬁpﬂéﬁv@&%@@gﬂ@ss@th%mﬁ?ﬁr Herbr (resee idightadbagigigde resulting
1n pleem:ek gk aafradedsitas s, ﬁﬁ@ Rdhes rﬁ%etg%s@i&na reductlon of
braklng efficiency in"the planar direction. On thé contrary, when all of the
the redilises Rinfcuyatulelexsdeq. 1 0nvivr theceffibie goymhhgmge@méea&)pﬂane 14’ of the
ttln 20 into thick carroged sites .achieyed by the use of the peri

e PR LT RS BT A AP oT AP PARTUR B the radius R

of QHRvAlYES eHectivaly éé%ﬁ@d“ﬁé@iﬂéﬁ&%stﬂ@ﬂéﬁ%ﬁ@oﬁﬂﬁg@he{@i% F¥RNBECthan 1mm
shear strength of the hard particles used in the foregoing rotary grinding

and2gotomione ébiin lﬁﬁlmeseﬁﬁiﬁ\?érﬁ’ﬁw@ préfarablyphoideadivsanR of curvature in the
20N/ article. SIS ause artl e as digmond particles ;
s A R R L S TR

lesstqﬁa@ gmmndn, the diamoend pagidles il okanddue doche thigiohabiatigetesites, this

thereof and this results in the comg_lete removal of the hard particles 20
leads to the reduction of the braling efficiency in the planar direction.  On the contrary,

c%ntral rotating

when all of the radiuses R of curvature exceed 10mm, the efficiency of the operation cutting
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

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
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(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
(abprojected B poototis:apthéijoined poitionsrévartywihesdhedcedit pariclesulting rotary

.undergo thermal fatigue and the grinding operations.can thus be :
gﬂ%&gﬂﬁﬁaah%smﬁ%ét%é%fﬁc%ﬂ%%ﬁ%%w@ﬂ%r?aﬁq%faﬁnlfmﬁ?caﬂs ifg; operations of the
surB)eluating: the:banding sirsrath-estadlished,baluerR thehartRaHIRRS: at a level of

and the brazing material present in the projected portions. The shear _
20Ntperiggtle.cée beotietdrthinkd byatisitiin (liomenstageidanetallicaweanyipaheprojected

an which hard particles having a.Mo srﬁlr ness.af 10 hjgher than 9 ar
PO ch RN IS B GE0d B F S A A LR il A and the

grifdig ptakdeat cannaaiedhto ailgatcell; angibepanpbing aleathiartRgength is an

stage from the lateral direction to thus determine the load observed when

indiﬁ@iﬁar@bav%#é@wéh@hﬂmé@gfﬁéw&ﬁb Wh?%%bﬁtwmiéf@&%émﬂﬁﬁ?les and the
brﬁ&glﬁa?;&f% %%@@A%a%‘@&%adf&%e&ésab'% heg ‘%]Qéét @%ﬁ'@%ﬁ%%@!mined by

av ro mpany, nd the use of suc evice wou

holgegnibn kosthee detesmitiatonsf fhectbaaridtie hgth. phhecRyerageeshdaishs hardness of
strength is herein defined to be one obtained by determinjng the shear

hightioHigth U AIG S BrthSHRRATPARIEIE $TBP 6 NEES thiiF 267 BEEAE pistig Asclaw-like
harB BRIl IYoPElRGIRE:ANY PIBSERED M'%Ee%fsﬁg?églgy%z?& LOMPAEMDm the lateral

on the grinding plane, according 20 to the m described above and
dir¢heorcaichlatide theiswehadeath etsofvib walizths behdapaitihlshesr removed from the
strength, it is{g)r ferred, as.has been discussed above, to use a brazin
i

t S aSULl 1ce usgole herein is
roliny con NS0 A h R HBRIE B 4B HE R Sls

BoRENSISHREPEHIBINLMGHIRINWA ARhHEEY AN diaR25TaUBE Af RREdESSould permit
than 0.5% by mass. For 25 instance, examples of such brazing materials
theptetfaraiitiosed Hisrehsaheltrdet?0% by mass Ag/28% by mass Cu/2% by
mass Ti alloy; 74% by mass Ni/14% by mass Cr/3% by mass B/4% by
mass Si/4.3% by mass Fe/0.7% by mass C alloy; 83% by mass Ni/7% by

masThE3aby shaas Bidibysmass Sid¥day ttmassdne aliaynadl Yy ietermining the
mass Ni/19% by mass Cr/10% by mass Si alloy; and 77% by mass L
shqqq/ﬂy%ggg Hdiags oA duy W%ﬁggc@saﬁ%wqﬂesg than 20 projected portions arbitrarily

selected and present in a unit area of 10mm > 10mm (1em®) on the grinding plane, according

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
instance, examples of such brazing materials preferably used herein include 70% by mass
Ag/28% by mass Cu/2% by mass Ti alloy; 74% by mass Ni/14% by mass Ci/3% by mass
B/4% by mass Si/4.3% by mass Fe/0.7% by mass C alloy; 83% by mass Ni/7% by mass
Cr/3% by mass B/4% by mass Si/3% by mass Fe alloy; 71% by mass Ni/19% by mass
C1/10% by mass Si alloy; and 77% by mass Ni/10% by mass P/13% by mass Cr alloy.
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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 leve] of not

less ThEFTAEH G iR Sravdi g b HaTry T e sRei e the Wihadeaccording to the
preREGPAALIAN Heatmentotd Jhe- 1R G RIROAUSERN JheR eRefic rotary panel

invention can be prepared by, for instance, applying a powdery brazing
maphatedalabhe rmyetneiticalhy oforamid bindeweniethergtindimgiplene of ke panel to thus

: t inding. | t h a thick tit ds 1o 20 to 60%
il B PR e BT A A BETALE mavi TSR AT Bere o the
me@fIRORREANAME istibulinga o the t€aatedinerydensRrazingonaiesiadhe mass of the

hard particles each having a Mohs hardness of higher than 9 15 in a _
metidiireatantansldenshy sahat thésvellohving et thauliplrdesénibipnpsostaner working

tIa ten%cgﬁratu of not Ilests th%?a%ﬁ%ogc and not more than 1,040C and a

C ¢ surtace preparation : .
reduce pressure o ROt FoTe -4 Torr 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 )
remdVs1 GtiRiK P e RbusgP dB ke BratselstEinncd Be RspaKs Rpefor instance,
; r . : t ondi -
P OB SE  gining plane
of duedthemofiog piibetoatating tharidnpsirticle $t kaviegpendslah3thardddsstohe average
hj%her than 9 distributed on the grindin%surf ce of the grinding tool and

P SEITA S EBRHHE EOH G T BT bREo R e e e, on the
coREARRIHGEYDIGH 2 ARG N EHE RSN FXPEIENCRGGONNESHIONAHNess of higher than 9

Accordingly, when adopting the plane processed using the rotary grinding

in tooflesirtide subswatitortyeprid-cdatingllivisngeferredstianghe segrbe of stand at a
tenaSAUPHRSN AU DG IPRHRO SOP QRIS QTGRS MASING ACCINN Ressure of

from the viewpoint of the construction managemen

nothgseitfagel (preparatiantireatnent lispreieradhncardednduirmiie Basis ®hinutes.
the standard for surface 22 preparation and management for carrying out

the highly durable repair-coating as shown in

This rotary grinding tool would permit the completion of a series of operations starting
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
have never been experienced conventionally. Accordingly, when adopting the plane
processed using the rotary grinding tool as the substrate for repair-coating, it is preferred that
the degree of such treatment and the resulting conditions are newly defined according to
ISO8501-1 from the viewpomt of the construction management and that the surface

preparation treatment is preferably carried out on the basis of the standard for surface
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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 StD-1; the steel surface whose
rate 5 of exposed area of the ground is not less than 60% and less than

prePéfarisndgiineshiadiendibig; dheeiRebatifRCR MIpSRFAIR AbpNPRSaMAI8 shown in

of the ground is not less than 97% is defined to be StD-3, respectively.

Tabipd soeribec w&hd?h@ﬁ@@a@%mfdlmméa&e@s@%rcw@rém@q‘épﬂé@g to this standard
ra%%é@@gytﬁf%geglasa}@ e %%0%'89?[&8 A3y C?Qadgfo rﬂhthar;[)gn AR Jess than 60% and
Innumetable recesses formed t ough e coI Ision wit él‘lt partlc es or

whibke cortalléd snchainadtesrciane guchs M fustheebosighnetds: wesldurélpe whose rate
the adhesion of a paint to the ground surface. In the conventional blasting

of BYRRTEE AFERAVEE BHeugrolinPSinTaceans %%/m%?&aéhﬁﬁb%%a%d@ﬁneﬁtw be StD-2;
the 56 ROWEIRY, MRSrAl srdlstafare, H?‘%}I&%%ﬁﬂéﬁ@h&tﬂ?ewm 8K€, is defined to be

portions and corrosive ions such as salt cormponents are injected into the
Stireversepsiderdfy the 6heesmﬁnfaeecohdiu@métghtngdophde Iy deerdbdsaccording to the
if the apparently clean blast-treated surface. is subjected to

on, eve
CUfeeﬁMiFé‘a HPGHESHIRE"Ss We SETh 4 GEPEBIRudA S, fppumerable recesses

foriieipRERuIaWIORERRAI R ANgithe.suface AgRInssUiisls TR e pattern and such
generation of rust. Regarding the surface-conditioned ground plane which

SUIfmﬁ@%hp%@e@@@ﬂiubﬁig tHe fadigsing rofary 2oigrineinbetagiovhtheurface. In the
entl on, the grou substr te) surface i round by th
€0 Ve? pl\rér?“l ttB%aze oga Ene aYllc ro ar% Blallﬁel %Hr? Ae hOr2¢ r#tﬁ%?ﬁ%ﬂ t?om.barded

wwﬁcﬁ@zf&il@@ltydélﬂjﬁ nieehniguedsiearpleielrdresaf sugha phepamentRdh@itions and

corrosive ions are injected into the reverse side of the outer surface of the
CORRSTEItOBT SRR 2 erIBcHsT ICHTRSIRG HFO fofiRETdhstHe QlLifgcwter surface of
thqugtyﬂ%%flfgﬁﬁ@f anchoring the coated film can be ensured like the ground
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 simultanequsly

imprbVint th&<asR s Rd ke ERRAEGEh ) Sk doei AR s subjected t0 a
codReASINGINE ARUCRIESNE NG LUShRI QISLHYS BHECtdothenighaStdew condensation

possible level. When using the foregoing tool, it would be sufficient to
angbtidit tlverSiee| sudacesofioot Idfserthathe generation of rust. Regarding the

surface-conditioned ground plane which has been processed using the foregoing rotary
grinding tool of the present invention, the ground (substrate) surface is ground by the hard
particles firmly 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
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

23
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23 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

siselegtedhwhile BRI eppsideration thedrarkinensfficianay 8Rddhg a level of not

execution cost. On the other hand, the ground surface of less than StD-2

lespakan 1604e uAmseifiof doribaetesitdsolvissEomkgsting alauther quitedulghfurther be

ffaqd a cord@ gl\;}(., it Wougd P&lqui difficult to.make the f:orrosion-active .
eftec IV? %hom {1] fewpoInt of the' ac Levemer{ ﬁmore xcellent anticorrosive rﬁ)ropemes to
points harmless even when applying, onto the surface, a prior processing

obtaglutionslicitaadhalf disbloseshintthe degegoing siepBrdcetbisdasaitheis preferably
presence of such 10 corrosion-active points can be detected by the

selgspicaioh kine it FRraEesing Sutnianc THecoangl inesstion cost. On
ther%@é?%%ﬂlﬁnfstﬁglgrgjﬂﬁ gﬁgat%éeo?qgig m%‘%&s@tﬁa@g %‘g%rﬂgﬁntogﬁ of corroded sites

specifie en the treatment as speci in the step B to
whitvesdepthplate inrélemipate kineh cordasionsdiaiple nombtald bdrythte Hiffidylt to make the

durable repair-coating method according to the present invention, the . .
CONQBIRRG BePARIR MRATISEHERCHY FRRIEISy B stRp BId#dfed Prior processing

sol[RIS9RUNG, IteMLEL i UL ikif ipiaterreckndbe@peaent inyenticndo apPi¥@ence of such
primer coating layer onto the processed surface obtained after the

corrosmpletivivop i step B; deateddditibnapstapt@niahsainie torbeesppliedution and

may appropriately be selected while taking into consideration the desired
2c BRI BBt SO TR T RIS Mo SIAH e ey rearment
sp 4 SREH O AU Cs QI NOEGANIRRY PR ARES HEIN8 Ss ekl 6 AP YOG Gas aintB g Raitbmpletely
compositions (zinc-rich primer compositions). However, it is preferred in

cligpagsedBe RPmOEATRSHEUREHghly 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
paintcehephigihion&omiyiséngitApd0; padhdy masai(nrass tbthe:salidinvention, the
contents) of a binder resin; and, on the basis of the tota] mass of the

RS R IR B P fl RSP PEAF TS (OF 58 Bovfides facseping gism (1), but it is
pre@@xrlréd% %Sﬁrgeﬂtqg’l%?ﬁiﬁﬁ Qnaiﬂf)(wgi ?)9&1@&' %gtﬂ%) 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
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:

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)
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24 200 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 5

available resins and specific examples thereof are epoxy resins, modified

epoxy resins, acrylic resins, and urethane resins. Particularly preferred are
200epook P Gre simss hgnylicyeSinsylamat. 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

listegingop instancen lRserabtaings byinodvcing yakantilisfunctiagalikewise be a

groups such as 10 -OH, -NH2, and/or -COOH into, for instance, the resins
walpstbabedbave Yo thuishargleatie resihe digpeisibiadsy seRiblapy watanyasommercially
avaghin QLganIc | iEdgraﬁ%SiQSn%‘ﬁ%bk%e@eé?Qé‘g he com soﬁ%r{ﬁﬁ’éé A D ins, acrylic

oit instance. pallflaﬁ ygroaly?ec? condensate &yal?(y &ilicates or modired ™S+

resfielivalverthaieaidinExamppiesithareptdngide dydsplyzedeiiialacrylic resins, and
condensates of alkyl silicates obtained starting from, for instance, _
uretBerenietHY orthisBieate ceeubtiy TRt tRBLANE SRS VR RERROHGE anthdagliadhesion to the
_tetrabutyl orthosili tetrapent thasili e rthosik ;
B A e e A 1 i, thore may
be Hilese fethykstaneethbxye silaamed betimtdethnxyrgdanglbtitiinctional groups such as
trimethoxy-silane, butyl triethoxy-silane, amyl triethoxy-silane, phenyl

O risbhro i€ QA pHen{RHrRtS-iaries s il 80 h dBytdaabp the resins
distREhvdrplysis, relerakly ranges from 50 to 98%. In addition, these

ydrolyzates may likewise be derivatives thereof obtained by further
reacting them with other organic compounds. These binder resins may be
useg}gl_ ne or in any combination qf at least two of them. 25

OO PP b NER R DTS AP SRSy | S b or nstance,

partBY 3NN 6L ToEAROERIONY: BHMbSilicalgAQAavajlalieffom
TAMA Chemical Industries, Ltd.); Silbond 40 (available from Stauffer

Chemical Co.); and Ethyl Silicate 40 (available from Union Carbide Co.).

Examples thereof include hydrolyzed initial condensaies of alkyl silicates obtained
starting from, for instance, tetramethyl orthosilicate, tetraethyl orthosilicate, tetrapropyl
orthosilicate, tetrabutyl orthosilicate, tetrapentyl orthosilicate, tetrahexyl orthosilicate, methyl
trimethoxy-silane, methy! triethoxy-silane, methyl tripropoxy- silane, ethyl trimethoxy-silane,
ethyl triethoxy-silane, butyl trimethoxy-silane, butyl triethoxy-silane, amyl triethoxy-silane,
phenyl frimethoxy-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.

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.).

25
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25 Moreover, examples of agqueous 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 nSiO2 (I) (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 (1), the alkali metals
represented by R 10 suitably used herein include, for instance, lithium,
sodifATsAEhotzasinles AE aeEsorteioaabie dindrosveprasefledpiethere binders

[ f , I rel wi ariety. of conventionall . .
co L SN s ctsersions of
watesindublayibieatsed prettetqdreseind tbilentiog gdaaaldbimalyDombination

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 bindgrz(r)esiﬁ@iégd inorganic ones. a(? The zinc powder

component (B) may be any conventionally known ones inasmuch as it

can release zinc to thus ensure the desired sacrificial anodic effect.

oreover, the particle size of the powdery zinc component used hergin in
(I g S B b T s P CH G BTSSR er o 1.0 f0 4.5
an(fa&lﬁl\éﬁim'!nsmgar%%@&f@?ir?g Reheft hEUREDf 1he PRWHSR4ZICepresented by R
component having a particle size falling within the 25 range specified

suitibbyeséd pengiourmute foranvingeptahevradseatioe pedmitsiskiorfurther
improvement of the working properties of the resulting composition when
coating the same and likewise the formation of a coated film having

considefablyatarifirbRppearanceplisthisd espeet sthernpriala: 5iZe) O d4ide herein are
_powdery zinc component is herein determined 26 using a particle size
WidR StRBRTON- RABHEDFPRAERRRIVIRRES| LA-910 available from HORIBA
Mfg. Co., Ltd.). The amount of the powdery zinc component to be
incorporated into the paint
In 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.

The 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 u m and the preferred particle size thereof falls within the range of from
3to7um. The use of the powdery zinc component having a particle size falling within the
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

26
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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
usicgrapasitidn ss-dkbwigaiinsuffieisntiing thevpley shdatiprdpedies @antable from HORIBA
appearance of the coated 10 layer formed therefrom. Furthermore, it
Mfﬁ/o%‘?d bid ifficult, 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-fidingasgemt wiichearoeokert zind @acpolSnwitte coerosdeepionied into the paint

t h as CY and SO42- tin the bound t
e R T TaCD e N LT € T ARt o1 B g s per 100

paisalis aRskterthrrebydioans: BRGIVRIRIENeERITOSIVeHaNteThR e AT tBHGhe powder
a fixing agent would permit the prevention of any reduction of the

is dsctrresrOprapertias ofatte conterubiyeg dfedné esufisgipaing insufficient in the

comreosition since it ca .'nactf'lvate the cor&os’v ions even if they %till . .
anticorrusive ﬁ%pem S, W é)e el% it excfe s %309% eparl:s gr mcfls‘?’ the Iresultmg paint
remain on surfate of a steel material to be"proceéssed. Typica

coepasiples ofisuehsedrasivadon:ixng pgehis ae pydeacaldnaipeantice of the coated
hydrotalcite. 25 The hydrocalumite is water-containing or hydrated

laygryormpde aRiERM haviRg et dt strirdd e dHEirbrdbeifsPhidleraesin, to ensure
thel QUANANG:{ %M@il?c;@i%bél% g%a{lﬁﬁe nﬂ%@cez&(met%%g%glgzﬁ(f the resulting

represents a mondvalent or divalent anion, in represents the valency o
codied famom afidinrisnaruadbesiaf. not more than 20). Typical examples of

such anions (X) include NO3, -N02 , OH-, CH3000', and CO32-. These

anions can undergo anion-exchange when they are brought into contact

with phlgride tenspnskiiats ions yhilgveisasmdng Suehtasmchl Q' 8ftkct and react

'NO2, and fixing (supporting) the corrosive |on2ic substances within the
withyehrsesiveriei tosthgtainastiuateathelsandeS On thiestiianibmbotindary between layers

of [RLEYaIN éel'r%%sr%rdo&r’? Ogastﬁosr TomPes Lve M O 19, BT3GR AL MR hby fix and
material 10" be processed to thus further improve

inactivate the corrosive tons,  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 1ons even if they still remain on the surface

of a steel material to be processed.

Typical examples of such corrosive ion-fixing agents are hydrocalumite and

hydrotalcite.

The hydrocalumite is water-containing or hydrated crystalline powder having a

layered structure and represented by the following formula:

3C3.0 - A1203 * CaX2fm " anO

27



10

20

25

the anticorrosive properties of the resulting coating. 10 The hydrotalcite is
typically a hydrated crystalline powder having a layered structure and
represented by the following formula: Mg4.5A12(0OH)13C03 ' 1117120 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

(In 3OS ARARGR PMIRALE £ANDRSVAIGHOBE dGRNEACWIR, Garresiveitnshtovalency of the
thus fix the corrosive ions within the structure thereof and that the fixed

ani@@#@éiv@i@r@wk@rﬁ/@w@&s_@@m@% theTE@%lﬁﬁ@@}%kﬁfr@CMﬂiﬁés (X) include
NEMRHI ohihe priogiye 'Q&rfw;g;agemebgnﬁeﬁgf&%%ggso lperhggéewmge when
anticofrbsive’ zinc powder-containing paint composition pre rab y ranges

thefrone Hiougbrparts coytmassithechlOfdeaiiasopiaiatefiths, seliil cosikentef X such as
the binder resin. When _the content  thereof is less than 1 part by mass,

NGe #duliitly patfit cSmpissitSHPRARIEY cohe cLalfBtitie ieBifoskRsiapies within  the
hy FRSIARGES S YR A8 ClaRA RO 40P 163 GPL 1B HAP ROKNIRLYFDRUYEE released anions

layers of 25 rust and the iron ground and the composition is thus liable to
forbesipssificiditmintlbe antfoosroSive properiesalibile wherdtekvetos 86ther improve

parts by mass, the r.esuléiér?é% coa irg}g layer suffers from the formation of
the 6L AN HEREC B R OASEC SP U SIRLBH BR the layer is insufficient in

the anticorrosive properties. 28 The solvents (D) used in the highly

durable zinc powder-containing paint composition may be any organic
solvathe drywatetdite df iy pis it o ldidsohvecey didives swovihderdregomg layered structure

anSomponen gb?h%o %ﬁgw%nEx%mrgllﬁg of such organic solvents usable herein

incfude aromatic scf) vents 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 mononMﬂﬂylAétﬁéﬁ,-)amth%Hh@ glycol monomethyl

ether; and ester type solvents such as butyl acetate and ethyl acetate. 10

When a paint composition is an agueous type one, the solvent used in the
(Inphinfosmula, 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.

The 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 CI" and SO, present in the boundary between layers of
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.

28



16

15

20

25

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
cellodialvwe]vetiny{Delnsd hretheutidideltbsable, zine thyivdarkitolagtngd paritalmposition
propyl carbitol, butyl carbitol, and diacetone alcohqgl. The amouynt of t

h .
may e\ DY 8B eGPt Rt IR Halitt eo?ﬁﬁo@ﬁ%ahvsrafeﬁéﬁéﬂwdie foregoing

corfRREER£rom Q@-jo 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

becames tpo high to ensure desired stabijljty thereof and.the eas

e T BT BT EAG SONS SRS R O B SIS Tl Solvags such as
tolie8¥CeRdgyikA00 RAHS RYsMassstREcHSEosIBA RS tha desulinghpaltanol; ketone type

becomes too low to form a coating 25 layer having a desired or

solpeatscriisbarshiertheb sthybkriesahan soethhisoesl shimpagaher( Bpmag)vimts such as
necessa e incarparated.into the hjghly anticorrosive zin e
P e A Rt CetABo ke BoHeD BB il ethor g e woe

soliraprose hthe lapilitycoftaauninhio swefaqs. impregnate layers of rust present
on steel materials and to 29 likewise improve the adhesion of the
resulting coating layer to the surface of the steel materials. Typical

exarqples 9f SHED é‘ﬁ?ﬁ’gﬁﬂ %“%L‘&fi‘;@lﬁl?‘%ﬁ@ Heluge IR0 SROIIANE paint is

coupling agents such as y -glycidoxy-propyl trimethoxy-silane, y
watglybidbie/ epsopy methyddiblh @xgasiane]vr{ 3rdie ooty ey atbhesyliily be incorporated
. ethyl-trimethoxy 5 silane, vinyl triethox -si;ane, -methacryloxy :
IR SRRESSHEPY -mERESIHS. BHBPISHife oy iEpiee water-soluble organic

solVRIUMLCANUANRY CHBING 2g8DERSHIC a5 SARKIPYIHHNSOTIRAAY ethylene glycol,
titanate, tetra-octyl-bis(di-dodecyl) phosphite titanate, isopropyl

prapybotarglytotan 2erdpopreiyl td.dedepsrbdinlendvseifongreienrateeiid cellosolve,

other,coupling,agents uct]las aluminum-containing coupling agents and.
e R o Mg Iy SUAD. TOUHRL cRENboRERL ) FEohyT ol bury

carfiESr pRKatRE: batadhe-primt composition for the improvement of

The amount of the solvent (D) to be incorporated into the paint composition preferably
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

layer having a desired or prescribed thickness (not less than 50 ¢ 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

29
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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
likearifsuinpessnthehedippen lipfitthse resf Speciffed b dveeprovides wotiaptr the steel

improvement Qf the foregoing effect and it would economicall L
mat S orabie. THE SHic FOUHAE o taiing pat Ao ARG (e besefein include

silaiyeBHAIMERMRHSEEHE € 2 2éhforageindagompogietigon therfallowigeebativalane, v
amounts: 200 to 800 parts by mass of zinc powder (B); 1 to 95 parts b

-glypules amaapid fe FABIY BB B 8y miss Gh b RSPVl BT in@@ggﬁémethoxy-
. ); 200.1Q_ . . 0 o
Sﬂa{rﬁ%éséggég rpre e%fkﬁyf/%%yt?%%p%%ﬁ%\ggé((])Ef)e}g} ?:gﬂﬁ%%%gagﬁ&sé , 5ﬁapt0— propy!

trintbehbegisiahd 0@ paitsrhyormass fmesspiifitheagetid cantents) wharbpydetri-isostearoy!
. resin (A). 25 A dispersant may be incorporated into the highl , )
(it 51ve BB HOITORASEOR oD Blint EBRTSDSIGERPIGP the SuRsEusY) tranate
isopfURIMISISRELSINa B ANG pVICT ARRLIDE. GAITOSING 100K AABBD such s

the Composition. Examples of such dispersants usable herein include
alugatiomctypaong ssythasgustiembry @anmonicmtsaiisg amiphicetygentnes

such as 30 carboxylic acid salts, sulfonic acid salts, sulfuric acid ester

salts, and phosphoric acid ester salts; and nonionic type ones such as

ether ¥R@IbREe $IO iV RRoBRIBIHIMPIRBNH PRI B nAIOMIEO MRIMBImprovement of
nonionic dispersants. 5 The zinc powder- containing paint composition

the gyl irtnéribonnpitsclotiet daufiveal sush aancantiasagyifgtbgetimmand for the

im;%lgvng:%r%tﬁt-lz) haenz;[gﬂic’e?s g ﬁ%e%tsﬁ o %ga Etxljvelgo%r ‘[3)1 .ﬂ?ertl?%lgfa%g’ UHG ?(lael materials
VISCOSIty tO the paint composition w mcof%o ated INto the same an

andahensaaueatlysitnpaningtthixattopie prapertiasitharsto.andexamglas from 0 to 10
thereof include amorphous silica, colloidal calcium carbonate, organic

ParbeRio RS i ogeRERdd Cadttt SilPAGSdNpIARRE alitiesergBs rafyrecer; (F) in an
am Bk ’Hé?&i@%@%ﬁ@?ﬁﬁbﬁ%&%ﬁk &99E&a%%@@tﬁrm%’e?ﬁouﬁﬁ%@ﬂQ%ﬁ;&fvement of

In any combination of at least two of them. Particularly preferably use

the foregoing effect and it would economically be unfavorable.

The zinc powder-containing paint according to the present invention comprises the
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).

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
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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. 15 Moreover, the pigments usable
herein may be, for instance, body pigments, anticorrosive pigments, and
colored pigments. Specific examples thereof include talc, mica, barium
carboifglie, slal seicisrfoachandate; wnsubiide, ditainesrar didiidendeghivgrhoric acid ester
oxide, zinc. phosphate, aluminum phosphate, harium metaborate,

saltsi ARt APHABIG AR OBFHER SHIUSRATR Sant tHESHShigHREN S Rial B and nitrogen

atoHSEGRIANRLORNiBRY apmbiaation 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

befal:?l the practical use of the same. The liquid compon nts can be her additi

blent®dl With tRE PO CER SEHENTS BB IS Eh &0 tHUS BRAIR™A™e other addittves
sucuNiOrR digpessiondhieughideusaplany diSRErsiRNMSANS agOMMORY additive for

used in the preparation of a paint, for instance, mills using mediums such
ImpEtEEol SHIFEdaneretidtenilicapiing bampaiitianvbispas pppatedngto the same and
for YIS, TR ROWHCTIERNIAIN AN B, ARG, Oy RLINSIANCH oot include

steel structure using a~31 mearns such as an air spray, an airless spray, a
ambtepleaateiltha rlisidabuhitisnin gebefalcappbeicoydhendise bidrsgrayed castor oil,

The paint applied onto a subject is dried at ordinary temperature over a

alighpfdcramifies BePshiatl frids RBE RIS Grs!dTiitSorily dietast ipsagging agents may
be RIPLIAHL QO ﬂltaﬁyoﬁgﬁ{b%%%%?%lé&rt aigeehant I@%ﬁi@ﬁﬁﬁoprefmably used

minutes to thus evaporate off the solvent and to thereby give a desired
hereoated figaiihédnydngealymiteer hydrothisiteasesting ais ebddrrdsiwestablish a higher

ion-fixing agent in the highly 10 anticorrosive zinc powder-cgntaining . .
Sy RE EARGOLNBN SROUGUAE RECor FEANATEA) G ooy ion
corrosive ions according to the following mechanism. The hydrocalumite

or hydrotalcite is typically represented by the following formulas: _
HydPdeataniite the3QEDIeAE20RbEaXRIeimHREY 1H¢In e fostwide, doody pigments,

antgﬁerrr%ss?v%tspfagrrl?f?n VRIS 20 VRSN ANOR, N IRPISSENR B YRIE R Rhe tale, mica,
barium sulfate, clay, calcium carbonate, zinc oxide, titanium dioxide, red iron oxide, zinc
phosphate, aluminum phosphate, bartum metaborate, aluminum molybdate, and iron
phosphate and these pigments may be used alone or in any combination of at least two of

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
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 rol!

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
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anion and n is a number of not more than 20); Hydrotalcite ->
Mg4,5A12(OH)i3CO3 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 CI' and 5042, ions, while releasing X
mesuchichisaN OBt asp dN0O, 0rl GOJ2annd filtingathecariosihe bohit is in general applied
ubstanges within the structure of hydrocalumite or hydrotalcite through
by 215 atioh B 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
powdes-partatmipie At arreietion dived padintdenenetemoiyre over a time ranging

anticorrgsive propetrties superjor to those opserved for the canvention
from Pg(%n %% \f\o T r.1{ 18 %) ufsor%)ag rz% a %,tel Beratyfz{ﬁ On 9Pe or e?.o about 80°C
organic zinc-rich primer because of the combination of the antiCorrosive

for effieekaiftietzing eamponantandithederegoe eSO IEHXE to thereby give a
function. Accordingly, 32 the use of the highly anticorrosive zinc

desgsdvattedfitaining 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
whil&@lpehgianesitiynifixgitlieccdrios eeviogsap assiblyspre sanfinidhewgent in the highly
corroded sites which cannot completely be 5 removed from the ground

BntGTREE BUARG MY SSHERRABINGIRAH M g BB OR s RORRe Bifors TGihetf permanently
(ixiABRRARE RS G Y AIROISAS S 1B P MR 6 ABEANLNAL AI AMBRIYBM calumite

to'the processed plane obtained after the completion of the foregoing

or kydprBlagea ptipisniyyeprtsentodrmetlis Bipkiapliiedites 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

- thesrmexidiewevesthe inveiors o4 ihig inMention have found that the
ion-fixing agent included in the primer é\%er likewise shows an effect of
(nfikintp sodlaniceibesrite 2 Asasraigly OWMER B HNIAG the PuRsents the valency of the

,comp gi}ionhit isogh% qe[sirglbl(%hté) ly the composition while mixing,

amwgltﬁ t‘}ge Sa%ntu(%mﬁosft%r?th% SO%%W’ carbonate powder precipitated
from the prior processing solution through drying using a brush or a roller
in

. Hydrotalcite — ngbsAIQ(OH)13CO3 « nH0O

(In the formula, n is a numerical value of not more than 4 and preferably 3.5).

The corrosive ion-fixing agent can undergo anion-exchange when they are brought
into contact with corrosive jonic substances such as CI” and SO, ions, while releasing X such
as NOs” and NO,", or COs* and fixing the corrosive ionic substances within the structure of
hydrocalumite or hydrotalcite through the formation of water- insoluble double salts.
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,
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15 order 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

theapplichtion Iah Al primerocaaing Ascspd farth to iherdare geingdtanposdjoaf #henld permit
present invention. This coating layer is applied for the elimination of any

theiﬁ?ﬁﬁ%&éld%ftﬁées@%[ﬁ%ﬁﬂé ERAFD RIS DD AYHaCs UMIER BF%%%??YOS‘V‘? properties
suﬂé}%?@é"pﬁgéje/ UGN &B&Q&&Hﬁﬁ?’b%gé?ﬁ@%&ﬁc‘i’xeé?{&?éﬁ@&ﬁzé’f ermanently

the coating layers applied onto the surface of the steel material due to, for
fiximstérceytheiirsadiatiposwiiily yiteasolet Hyghtraysicihétedditichatoomtecbmpletely be
layers may be, for instance, those fgrme using polyurethane resin-

e 0 -
TemENFELIRRTY P Rl @by Wige PreMHASHERRIH P PRt SHyhichas connection,
wheRRigRyRlelyRelasiagd whilstaking iniRcapsideratianiigevasialSomposition to the
4

reques the surrounding environment. 33 Fig. 1 is a schematic diagram
preshewingithe chtwsskefiondistunpirtivelafinhadarsengosdinidas of phigner layer, the

.steel structure obtained according to the foregoing highly durable .
PR BRI PRBAD G R TR O BS BN A pitated from a very
smhgPai{ovRatTaIRPpRIGI o Sedditothigktibs triaygifasmedian ghesuifecetofid drying of
steel material 1 is removed by the surface preparation or conditioning
thetsaatmentiigisesiep hy andeaipraipioedssrtisalbbvn feuappliedtbatyehaxing agent

inc #Jégceiﬁ(:(%ﬂg it?r?ﬁgrpl%ngroﬁﬂ@e%isgg e.lkrlgatse ri%|1 (t% e%%e%fB )ﬁtﬁﬁgu%c}c & carbonate.
mixed layer 2 comprising a passive film formed through the treatment with

Acthedpiioy, 1ovheacespithgolionAnd thenlayerof the remainindelixebleuss impply the
which the corrosive substances are inactivated or made harmless.

CORPRRHARN oM RS itk fay Bith ihs et KPR s MNalls PHNEsshesys powder
pre@iPRRS AomARe PANCS CORRINING PRI EAMPRIIARS S 2S tBRIBIIY, roller in

anticorrosive zinc powder-containing paint composition.”More preferably, a
ordeoavedtdilm thechiffpaint édhesnderewat and a coated film 5 of a paint for top
coating are formed on the primer 15 layer.

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
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
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 approprately selected while taking into consideration the

various requests of the surrounding environment,
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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- coating 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 _rinding[ tool. A .

wealiter reSitaitt st pIdtesHaDin %%fbﬁsfé@?ﬁn%e@%@mtf K@Bnfating to an
emBWiIEALRYING ADIPkHRtRYCELDIfRIM I O6RTARE YARTGRRWASSHy durable

used as a sample material. A half (corresponding to the width of 300mm
repaf-themsagmplehodtdiibe presttcatedtisinghtvevatafjey tindiegpivobating operation.

according to the present invention fitted to a 34 commercially available

disc grinder to an extent of StD-3, while the remaining half of the sample

matgralieR PHICRRRP TPl xiamt ofusitdeOsingRICRRMINIONA removed by the

grinding tool comprising a resinoid grinding wheel secured to a
sursmprepeiatipmvailamidiigivinsaiemant (he diate’rbaudradprentiipispeagiiisolution is
i3SI reaiment was determied ineach case, 541 s respech e s form a

rotary grinding tool of the present invention is one comprising a ‘metallic
midetanyeare! SupdSdhayvipgsaeliametefoinbdOmraughovidedaaithent with the prior

projected portions  comprising industrial diamond particles having an
proa%wagé%%rrlﬂ@{é@iéedﬁswﬁﬁhsgqﬁ@ﬁ%flﬁﬁﬁ@&lﬁﬂm&#w&éoamﬁ%aibﬂams

are Q4 g&%&‘%@&@@aﬂﬁﬂ%gthroﬁ@ﬁn%o%%%&ﬂx%ﬁ% <f15 10 IJeerJlﬂ?Qg:oated layer

agent (the paste comprised powder of 83% by mass Ni-7% by massB-4%
3 (thy mes<)SiEphiyenassaFenallpyvatd-eopolniny baloohoetsbaseorgahies the highly
binder). In this connection,. the projected portions were joined, thr

ugh the
DRSPS 8 TREHGLNG Sty BENER B it loF) i Lbehfiggred film 4
of AbALEMPEFAME A1hE206 AR RASLR Ppassus fiplanhgi@fodfed on the primer

minutes. The surface density of the hard particles on the rotary grinding
layeool was found

Example
The present invention will be described in more detail with reference to the following

Examples.

Example 1

In respect of the surface preparation treatment in the highly durable repair- coating
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
conventional surface preparation treatment (secondary keren) carried out using the
conventional grinding tool. A weather resistant steel plate having a size of 300mm (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
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15 to be 100 particles/cm2, the average H thereof was found to be 1100 li
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
conpiaarel atlgrregpahttintisto ghaderote asirgtdegedeSdbiotudtle thenGtldudng half of the
within 15 minutes, while the processing method using the conventional

SanyRA IRGEAD) RESIATREEFOVIGe Bn Bt &dseti2lariigs siconventional grinding tool
con?é’!i Qndingie e dple Rhexpreearkarea A steslipaianabef QL 858er and the

than 60% even after 45 minute from the initiation of the treatment. This
timeleapyr dddicafessthag 25 theagngigdornyaproce skirgnmedodash sesdorth

in the foregoing item (2) is a quite effective repair-coating treatment. In

this respect, however, when using the conventional grinding tool, a

desi@@ﬂ@tﬁegfe%ﬁwé%@f?%ﬁhmg%@ﬁl srateriplaenidhr aiaineddeYcomprising a

replacing the grindstone and further continuing the grinding operation. 35

me@lgmiplare mavelplais pidvedas @ diupetingltd (e purededingt henpigetet portions

the present invention which_included. the steps starting from th ace
o A R A P R AR L S 2 ot e

parthiéprabrssediayatheredrnemidonataMiethadgopapeising tizh theame @tapsaste, as the
were inspected for the anticorrosive pro ergies and the r,esnults thus .
bragpegissainare Pasih SareR With sl eftl” Rbistpateliplatcyudass B-five by mass

S i-%wm pe Q‘ﬁ% %%@%&%&vﬁ%@%&&&%’é&%%@aﬁ@ﬁ%ﬁ?“ h ﬂylf!rl;'lgs Ronnection,

concentration of 5% four times at a frequency of 6ne time/week. In this
thegxajpplel pudibasspecimencdasisuigkctedteaisuliecengrepaiatiortallic rotary panel

treatment using the same rotary grinding tool of the present invention B
by A TS OO The L GUET A IS LHSD-2n 10056 Bigaubas! 10° Torr for

30 8RR carhoralg geluianwasrarRplisdionieing flane Readalys tool was found

anticorrosive zinc Powder-contaming paint composition was then applied _
to therefop@ncing wihetheandrigCOntiieativeal ampldd beudh Guspediimerverage ratio

nn 5 uisgiedio Asuringe Rieparation tealment aceording 0 he g so be about
lasting methiod as a conventionaf method t0* thus give a plane of Sa-Z.
coY%eorresponding to the rate of exposed area of the steel material of

The results thus obtained are summarized in Fig, 2. The processing method using
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
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.
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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
Exassufpietted to the following accelerated corrosion test which comprised the
steps of making 20 crosscuts on the coated planes of the Sé)l%imens, and

sprayiRc tRPURRSEES. 5% AH08I0s TR AN RTRSG I e RIHEY B Bk vention
Whﬁﬁv%@eai%\,\é@&@ é{hﬁi{%oﬁloiﬂlt%sgﬁl%g\ﬁg%ag&y sdsomdhe step A) to the

initiation of the test. The results thus obtained are summarized in Table 1. .
privderwilbbeasioerithrorteth€ )datd fisteprincFadl @1 thheenvwateoobsenkadthemprising the

sl P 1 SATREI R AECCRO b DS R rent el i were

cortpereteR #h the-anpliaation hthe bighly RaicarIsheBNGpecimens were prepared by
powder-containing paint composition and the sample (Comparative

sprassagniblen yitbatedlt sobsidinbpidthe convettdinen Afcthotbupioeiat a frequency of

onBplition of e raanic, e ich brierof.Ine & Comting YIS, WIS, epartion
he sample of Comparativ ample 27 which was treated according to
p g

tre40PNP ALY €he Xamp ierlaex ge pideip aailtingiHacpveate-washiing sield in Example 1 to
underwent 36 the generation of linear rust along the crosscut portion and
thughg ehelamoRloT Bhdt AiRE0a0retise sitsaibHhraRo atferalaiqingas applied onto the

plaﬁoﬁ%& 'ﬂﬁﬁ%ﬁ?'ﬁt{&?& V& SHits é&%ﬁfﬁ‘-gﬁﬁh‘?ﬂﬁﬁaﬁ%n@“@&%‘é RN Othen applied

e present irivention, Wﬁuch permits the elimination of the blasting and
theweader-washhegsiepsaid, drépaipecatingtivetipd Excelenspadinen was subjected to a
anticorrosive properties, 5 equal to or rather superior to those

sur e R AL S B RS G ABRVR B AR THEE B ieh A Faivgntional method to
thuE $A0 %l%I%MM@S”@@%%{%&N@W@MW@&MM@Q&%@El%a dieblenaterial of
e

1:"Comparison of Qualities o pair-Coating Methods of the Invention
notafrdsofh@oA0tntionehmbtvolsv@teupingemevef the ravention sdorprEent and an

org%%%étﬁggigﬁ}%:n%oagqt'hc%oa%\fﬂ%lg tcg}izol%ﬁg %I%r?erj\(x)hﬁg ri%a&%%g%r_a i.§g szgmple 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
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
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
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Prior Appin. Of 100g/L Reducing the amount Free of any water-

Processing aq. Soln. of Na2CO3 of the remaining washing step; Amt. of

adhered salt to a level Adhered salt: 150 of 60mg/m2 with mg/m2.

water-washing. Interval One day One day One day Primer Highly

anticorrosive Commercially Commercially available Zn powder- available
theopgasiatangastidinicwm-niakt priongy tleortaksng paintaingsdcthprivesstaty of spot-like

in composition: 75 in 12 in Spraying with 0.5% NaCl Soln. (freq. of once a
COFOSER) SEHONIY 1 SHHISE PrthEYE TSRS ARG S Yy s e@ﬁé?arﬁawqféfféﬁw demonstrate

tha%@%ﬁ@d%ﬁﬁ@?@ggﬁ %véﬁ@&ﬂlkﬁrﬁ% @E}tgf?‘t?@ﬁ’é’gﬁﬁlfh‘ﬁcﬁ{ Mehe blasting and
continuous rust at the crosscut portion of crosscut portions of crosscut
wapsortiaskied thlepshesspecipagrcthegpecathed speelnen ibAfier dhgeaysddivo properties,

Generation pf Generation of 37 continugus rust at the continuous rust an
codScoh BT S BP G % G CPBLSRER o UieiBH BofbaEsPne method

(chpshecinshniiien 14 Rk Ritlei Rifte daysthiend Ritiofaile o steﬁs.
an

Generation of a lot of days spot-like rust even at the portions other t
the crosscut Example 3 Anticorrosive low alloy steel materials such as

Tabte afhe&g%%g}%g%s%%eb’gg&%gsa l%’feﬁce:gair-Coating Methods of the Invention and of

Conventional methods

Grouping Ex. of the Invention | Comp. Ex. 1 (Opt. | Comp. Ex. 2 (Com.

Conv. Meth.) Used Conv.)
Surface StD-2 Sa-2.5 Sa-2.5
Preparation
Prior Appin. Of 100g/L | Reducing the amount | Free of any water-
Processing ag. Soln. of NapCO3 | of the remaining | washing step; Amt. of
adhered salt to a level | Adhered  salt: 150
of 60mg/m’ with | mg/m?,
water-washing,
Interval One day One day One day
Primer Highly anticorrosive | Commercially Commercially available
Zn powder- | available organic | organic zinc-rich primer:
containing paint | zinc-rich primer: 75| 75 um

composition: 75 pm | g m

Spraying with 0.5% NaCl Soln. (freq. of once a week), allowing to stand in the shade

After 2 days | Generation of slight | Generation of | Generation of
spot-like rust at the | spot-like rust at the | continuous rust at the
crosscut portion of | crosscut portions of | crosscut portions of the

the specimen the specimen specimen

After 7 days | Ditto Generation of | Generation of
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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

At laac

thao o g
arc rutdaly

provided

aeindina-tanlabace
’_JI Ty twurwiiusc

connectedthereto, there were
electrically-powered rotary tool
electrically-powered rotary tool

nraknak

rmdina-nlanaaiaac
mmamnTy Jraric-vwas ati

vith hard particles havitgianMoiisusardribss

herein used the aforer

proviced Wit A She
PiRYigRdiMith cubic ba

- artialls
castpartairy

s ofthighesthanust

ti d
I b the gt
rperhithider PastisiRsmen

and

T mra +h. otirfa
ro-currripanrctic sulratcprepal

Aftgrastingl th

ofPise® which made u

eslectrically-powered rotary tool

Silica sand

ation-treatments;-there
s&1faa commercially d
provided with resinoic

Na. 4. In this respect, the rotary grinding ic

were-alsoused-the
Vaitable

grindstone and

ol carrying

Afiepnnected

hamesparticles having piebs' hardness of

higherdhan 91 a lot of

according fo the present 15 invention comprised a metallic rotary panel
daysUS304 having a diameter of 100mm, provided with prefédtel] oo sag at the

comprising industrial diamond particles having an aver ge:p ti size Ofth

500 to 600 It m (the treatments g to k, and n of the inv ntllqoln 8{ 3 %ﬁan ©

nv. g to k,
and n)) or icubic boron nitride particles (the treatment; p:eistbetinvention

(inv.p))as the hard partictes, whichrwere adhered to the metattic totary
panel through the use of a paste, as the brazing 20 agent (the paste
Exgﬁﬂ\ggsing powder of 83% by mass Ni-7% by mass B-4% by mass Si-3%
y mass Fe alloy and a polyvinyl alcohol-based organic binder). In this
connfedtionydheredmjeetied perdionswete jouieds theathgh thestac st materials, each

brazing, to the metallic rotary panel by majntaining the assembly at a
carfgie AR BELODGE 4 Hﬁ%“é?sf‘i‘e%ﬁBQi‘b%égéﬁFeCBf‘iﬁ%o RREPyE: and usual
repB0eEESnd NERRAIECIRM PRITIRS RRHRE QHAFIRgBlaNE-0hiRe rBRMBAg0f the present
rotary 5 grinding tool have an average H ranging from 900 to 1200 m, an

invgpipagrndatis: laBirangiing simer0dserted fandhaseavetkasls ragecafompared with one

osed,surface area ranging from 20 to 70% for the treatment of the. ,
oG ent IR (P GO, o0 HJhc AR VBRSO p i ey provided

witAVEIaD pdiatios HHB BicCadViane daravesa o habdaf @xposednsutiagalaietothere were
the hard particles of 30% for the treatment of the present invention (Inv.

hergjn THEbriftfe i RUSEHEIRTH WG YNGR aRiIESARS RO zipovided with diamond
par‘ﬁ%‘l’gg%ﬁ&%t%'@@gcgﬁ@tpg%r@cppmfg@lE(rgx\/i%'tl:%bxlfﬁtﬂrgﬂkcboron 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
invention comprised 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 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

agent (the paste comprising powder of 83% by mass Ni-7% by mass B-4% by mass Si-3% by
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zinc-rich primer as a comparative primer. In either of these cases, the film
thickness of each primer layer was set at 75 It 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
maﬁa%gﬂépsfoﬁ@%m@HvWZS%l,cab%hmdfr@rﬁ@@Fim'tdvm ComipHny)w@srection, the
binder resin, 500 part ass of zinc powder (average particle size: 5
P e B R B B TR Bty panl by

mainydroeatiritesanbilableftom @@ RigrozoiCand tdda sufitetipsressure of 107
hydrocalumite), and 20 parts by mass of xylene as a solvent and then
TorgtRingArBER BTSN t6 $AURCGHRAS 1 e dhe BPaHRZAPARTeRf dhe resulting rotary

'r&ﬁﬂg RSSEIRIbE Avallakle PRI FROFHERS VRIS HEE LA BURANSORD rang;

8t inte me(fiate%oats ang top ccl)%?trs%gnd the thicknessdejs ‘of these ayerls are rangme

frospesified ih, thel follewingd akike s 2apok&d(sorflinuectfromgiableo®) 2T he 70% for the
details of the processing methods are summarized in Tables 2 and 3. The

treqigieat-ebARM P IEREYAGAHET E8brding © MY dlofifg?hatifbire 23 9§ 9U0 » m, an
ave %@'?ﬁ@%%@ﬁ@!c‘{maﬁf%@@ Pﬁé%pgm%%dEtﬁrﬁ%Q'o‘?@% hard particles of

processing Int. Primer (highly Int.” (Conc. of anticorrosive Zn Na2CO3 sol.
30%dwdl Brecomasiming @aiht prppiivd)coripodition)pIThickivess imeraBlastingin were a

i @a2.5t5 gf/L I.day#.75 uin CJggda tInv.b Blasti{\g, a2.5 30n9/L 1I ay 75} i& .
iR IRY TR BisHIRG, RASSTEPYA g BT T dhy HR A EiAS A 1e0te orsanic

zinSALIPpHIRB/As b i pRRILApymaY 18 81Rstng 1AL 8300 @A 18R kkss of each
in 1 day Inv. f Blasting, Sa2.5 500 g/L | day 75 in 1 day Inv. ? Rotary
priggen it BOVGE. Blapl7y Sniliayin 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 stlicate solution in xylene as a solvent (Ethyl Silicate
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 u 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
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
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tool A*- StD-2 Inv. h Rotary grinding 50 g/L 1 day 75 in | day tool A*,
StD-2 Inv, i Rotary grinding 100 g/L 1 day 75 Liin 1 day tool A*, StD-2
Inv. j Rotary grinding 300 g/L 1 day 75 m 1 day tool A*, StD-2 Inv. k
Rotary grinding 500 g/L 1 day 75 um 1 day tool A*, StD-2 *: Rotary

Ta

rinding tool A: Electrically powered rotary grinding tool provided with

ond particles; 5 40 Table 2 (continued) Div. Construction of the

D proSeSSINAEaY EISEL U Ry in Top coa (ek Cost o Cos
uretr&nem@@i_n Prep. |Ruiop:*praesinipain. paintpshhickness Thigkpess| .
a50 inlday 50m O[0 0 Inv. b 50m i day 50m O 0 0 Inv. ¢ 50m | day
50m 0 0 0 Inv. d 5Qr{Usy 50m ¥0[O " Inv. ABHCHIPHEF 50 in 078 O
:jn&:/yf5500rir;]|(cj)a(3)/ gOm Q Q@OC&V. g 9Q; in | day ‘%B%ﬂquﬁ%alﬂ%fprﬁ%? I

Applied) composition), Thickness

Inv.a | Blasting, Sa2.5 | 5 g/l lday {75um 1 day

Inv. b | Blasting, Sa2.5 |30 g/l Tday | 75pum 1 day

Inv. ¢ | Blasting, Sa2.5 | 50 g/L Tday | 75um 1 day

Inv. d | Blasting, Sa2.5 | 100 g/LL Tday | 75um 1 day

Inv. e | Blasting, Sa2.5 | 300 g/l lday | 75 m I day

Inv. £ | Blasting, Sa2.5 | 500 g/L lday | 75um I day

Inv. g | Rotary grinding ; 30 g/LL lday | 75um I day

tool A*, StD-2

Inv. h | Rotary grinding | 50 g/ Tday | 75um 1 day

tool A*, StD-2

Inv.1 | Rotary grinding i 100 g/l lday | 75um I day

tool A*, StD-2

Inv.j | Rotary grinding | 300 g/L lday | 75um 1 day

tool A*, StD-2

Inv. k | Rotary grinding | 500 g/ Iday | 75um 1 day

tool A%, StD-2

*: Rotary grinding tool A:

particles;
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Inv. i 50m | day 50m O O Inv. j 50m | day 50m O 0 O Inv. k 50m | day 50m
(c) O Note: Cost for Sur. Prep. (cost required for the surface preparation
treatment): 00 Considerably cheaper than the conventional method; O:
Cheaper than the conventional method; O: Comparable to the
conventional method; X : Expensive. 5 Cost for Paint: O: Considerably
Tablpe{sertrustihe conventional method; 0: Cheaper than the conventional

. methad; O: Comparable to the.conventignal methpd:.X : Expensive.
D S B N oM SHlore b the

optim@miigsult obgeavediior the Cavyenfiorelioretiik: GoAlmost fsentical-
to the optimum result obtained in | the conventional method; O:
CompdraBidity-thaadaal result obta®ied in thelkonvehtional GEMEHGETX
. Inferjog to the sult obtained i c ntignal method. 41 T sk
3 (Colk%gr%ed frglr%@é{gle 2) Div. C:i%é?r%%%or? %\ﬁk e#?Jer@cessing meth OgPAS
Sur. Prggm Prior Reaagssing 1 Int. Reamsr Int. Primary Coat |(Appl. Of
Na2CO3 (thick- (thick- ness) ag.;Sol.) (conc.) ness) Inv. 1 Sur. Prep
100/ A ARTEr A7 1 Paint A9) (50 TABPESE-2 day (50 m) day m) Inv,

%3

Ian;asﬂgg;I}_glOS L1 Primerll%gg,l Pa&@t}ﬁ.}pl (60 Sag.5 day (¢5m) day

D1

Iv—1-Sur-Prep00g/L 1 Primen B-1 Paint B-{60.-B4)- StD-2 day- (7

Invnt) dagOminv. o Sur. Prépiak; 100g/lu Primer B|1/Paint B| (60 St-2

g

@

(75U m)day m)Inv. p our. Prep. 100g/C T Primer A T Pain (50 C
( 531.5 my ) P 1 P SOugm AN 6(

Inv. ¢ day b@I
Inv.d | 50um 1 day 50 pm AN O ©
Inv.e |50um 1 day 50 4 m A O ©
Inv.f | 350um 1 day 50 1 m A O ©
Inv.g | SOum 1 day 50 um © O O
Inv.h | 50um 1 day 50 um © O O
Inv.i |SOpum Iday |50um © O ©
Inv. j 50 4 m 1 day 50 pm © O ©
Inv.k | 50um lday |S50um © O ©

Note: Cost for Sur. Prep. (cost required for the surface preparation treatment); ©:
Considerably cheaper than the conventional method; (O: Cheaper than the conventional
method; A\: Comparable to the conventional method; X: Expensive.

Cost for Paint: ©: Considerably cheaper than the conventional method; O: Cheaper than the
conventional method; /\: Comparable to the conventional method; X Expensive.

Anti-corr. Prop.** (anticorrosive properties) : ©: More effective than the optimum result
observed for the conventional method;, O: Almost identical to the optimum result obtained in
the conventional method; /\: Comparable to the usual result obtained in the conventional

method; X Inferior to the usual result obtained in the conventional method.
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day (75 m) day m) Comp. Sur. Prep. B; I00g/L 1 Primer A 1 Paint B (60
Ex. a StD-1 day (75m) day um) Comp. Sur. Prep. A; 100g/L 1 Primer A |
Paint B (60 EX, b St-2 day (75 m) day It m) Comp. Blasting; None 1
Primer A 1 Paint B (60 EX, cl) Sa2.5 day (75 m) day m) Comp. Blasting;
(Water Washing) Note Primer A 1 Paint B (60 Ex. d2) Sa2.51 6) (75 m)
Tabigy thywowst Som Fells B; (Water Washing) 1 Primer A 1 Paint B (60

Dl\I{Ex 1 S&nlst(lj&xlg%r}a da 0 S)k’fg Calm{faratlve Example c: Generally
used ¢onventiona anm Marat xample d: Optimum

convensgmﬂr%ampl@rﬁar S%&é@ﬁné\ ms.urfapeixﬂ@paraﬂiqm.tremleﬁ@ Coat
using an electrically powered rotar &&/ grinding tool equipped withja resinoid
grindstone; 4): Sur. Préprb Bf &Naurdee preparhisitreatment ustiicdn ness)

eIectriEally powered rg&g{gl wdlngj tool eqmppedSS 2 with diamand
a°'g

pnrfir‘l S; '3)' Sur..Pr p wac nrpnnr;m N 'rr atment.using.an

Imﬁﬂectrikgﬂy pomesed namgd grinding tooI eqUIpdelﬁwlthgr;DhQ boraruhitride (50
particles;, 6) Immediately after the drying; 7): |Primer A: Highly
anticoprdsivelAinc-cd ntaining paint comp8&ition{ & MHmer BN &r§Anic

Invz'&c ric (?Sl r9): P A humidity; (iurablepp[;%ylij hane res "Pax%t Bm) (60

paint; a ~’Paint A mOdIerd epoxy resin paint. Table 3 (continued)
Div. Cosistriction of the processing methdxs Eff¢Tt lintnint. Coaf (p@lyn)int.

Top Coat(poly-"Cost Cost Anti- urethane resin urethane rgsin for forcorr.—
I gint)| paint), THRkNe<Y8lr. Coat- Propk* ThiBKHEEs Peep! ing|IReint1B (60

(Thick @byglggtj’zane X00 day | (752 m) day | pum)
Inv. o Sur. Prep. A; | 100g/L. 1 Primer B |1 Paint B (60
St-2 day | (751 m) day | um)
Inv. p Sur.  Prep. | 100g/L 1 Primer A1 Paint A (50 1
C”; $th-2 day | (752 m) day | m)
Comp. | Sur. Prep. B; | 100g/L 1 Primer A1 Paint B (60
Ex. a StD-1 day | {75 m) day | um)
Comp. | Sur. Prep. A; | 100g/L. i Primer A1 Paint B (60
Ex. b St-2 day | (75 u m) day | pm)
Comp. | Blasting; None 1 Primer A1 Paint B (60
Ex. ¢’ | Sa25 day | (75um) |day | pm)
Comp. | Blasting; (Water Washing) | Note | Primer A1 Paint B (60
Ex. d® | Sa25s 6) (75pm) |day | zm)

Comp. | Sur. Prep. B; | (Water Washing) |1 Primer Al Paint B (60

Ex 1 StD-1 day | (75 1 m) day | zm)

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.

B: a surface preparation treatment using an electrically powered rotary grinding tool equipped
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day resin paint), 50 mInv. m 130m (1 20m A0 O day day Inv.n 1 30m |
20m 0O O daydayInv.0o130m120m X OJ dayday Inv. p 1 (Thick
polyurethane 0 0 day resin paint), 50 m Comp. 11 30m 120m O O 0 Ex.
a day day Comp. 1 30m 1 20m X O X Ex. b day day Comp. 1 30m 1 20m
.OOA Ex.c'ldayday Comp.130m120m X O O 43 Ex. d2 day day _
witl GHABONGEATIcEeNT 0 BHo Bep Hay Seifery prepdpiam e Emsipisieg an electrically
ner S ventional . . 2)G rative. le d: . -
P S e SRS T W FRe0 o Jomediaely
aftéortheedsuifiace preparatian tegiment)icorroSionsitierably dheapesitharvtingosition; 8):
.conventional method; O.: Cheaper than the conventional 5 method; O: .
PrigsginBarable e e dBiERIOIEIMeth der IR AExPeHIRA T G8ile maghurethane resin
paiffOshiCAyr PP HPARINGYQ o GPRSidesaRly cheaper than the
conventional method; 0: Cheaper than the conventional method; A:
Comparable to the conventional method; X : Expensive.

Table 3 (continued)

Div. Construction of the processing method Effect

Int. | Int. Coat (poly- | Int. | Top Coat (poly- | Cost | Cost | Anti-

urethane resin urethane resin | for for COfT.
paint), paint), Thickness Sur. | Coat- | Prop **
Thickness Prep. | ing

Inv. | 1 (Thick polyurethane | X O O

day | resin paint), 50 u m

Invm 1 |30pm 1 20 um AN JAN ©
day day

Inv.n |1 30 m 1 20 4 m © JAN ©
day day

Inv.o |1 30 um 1 20 pm X AN ©
day day

Inv. p 1 (Thick polyurethane | © O ©

day | resin paint), 50 um

Comp. |1 30um 1 20y m © JAN AN
Ex. a | day day
Comp. |1 304 m 1 200 m X AN Pad
Ex. b |day day
Comp. |1 30 m I 20um FAN VAN JAN
Ex. ¢ | day day
Comp. | 1 30um 1 20 m X AN O
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Anti-corr. Prop.** (anticorrosive properties) : Anticorrosive properties: O:
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

copventional method; X —tnferior tu theusuatresult obtained-imthe

Ex cénvefional method. 15 In 8 foregoing Tables, the symbols|"St-2",

COE}E?Z.EI , St?@gr{:}nd "StD-Z'i appeagng _in the column eﬁtltled "%ur. Fr@)."
Eﬂ rface preparation or surface- conditioning treatment) are as follows:
Ex"$t-2'ddhis means that the aig of exposed area of the ground is equal to

5096,-20"Saz2:5"This means that the rate of exposed area of the-ground
1) s egnaradvedosampie1Seneialln osed ¢RAYSREGRREGRBMIOsBY Grezperatiye Example
4 @eund.is @]s\;éﬁ% 6% -2 This means that the rate of exposed

a?ela of tﬁe groun(iqilis not less than 60% and less than 97%. 25 The cost
Notequited fésrthdusurPace preparatiprirtéaforenhevaaréualuptephantordingitment). ©

the_ following criteria, while collectively takin%, into_account, the cost

Copsiflsialtltof TPt olBeanthes 4G DAl SfGEr CarryiHgPBER Hhats hagonventional
meBiGRAIL HRAIMEN AR WEhasemlaRes st accemppaigd by the

operation time: O: Considerably cheaper than the conventional method;

Cot: Ohdaper (han theugedvientensbrpgtiod: orGidmpaiabledpahthan the conventional
onventional methad; X . Expensive. Moreover, the cost required for paint .

el ind PERR T oo SO THITS b dn ap QAT i Htegonentionsl
meBeRrdingg thri{ellowing criteria, while collectively taking, into account,

the kind, construction and amount of each specific paint as well as the
AntioepriedUined *fératecsmati Rperations: {e)ticuritieraphpetieapép thdere effective

the conventional method: 0: . Cheaper than the convention thod; A. ..
e T P LR AT SN, et o e
opthame testdiastshoed in Tlabledveeienadrriedhodt for tiipdetdsminaiiomsual result

of the anticorrosive effect and the results obtained were evaluated ) )
obiziRsstdifghs GROTSHERIRY BIfidAd: @ MBEEHeltvE tha e Rt @iained in the
cotesutansgvgdfor the conventional method; 0: Almost identical to the

optimum result obtained in the conventional

In the foregoing Tables, the symbols “St-27, “Sa2.57, “StD-1" and “StD-2" appearing
in the column entitled “Sur. Prep ” (surface preparation or surface- conditioning treatment) are

as follows:

“St-27: This means that the rate of exposed area of the ground is equal to 50%;

“Sa2.5”: This means that the rate of exposed area of the ground is equal to 60%;

“StD-17: This means that the rate of exposed area of the ground 1s less than 60%;

“StD-2": This means that the rate of exposed area of the ground is not less than 60% and
fess than 97%.

The 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
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method; 0: 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

devdeftaecdsrb b 67 8 A he A4TER PIRBATRHON NS YERNts2oDtathag he labor cost
! ot : |
accgrggé%v?/iﬁe%ﬁtﬁigﬂé%ﬁﬁn %R%.C@. @Jn%?cﬁeﬁég%g‘%g@ﬁ%mg%Bﬁ{?éll{%[btnﬁi method;

e intermediate coat can Itted or not. For instance,
O :dHbedpebehaotdd tatvtheiose ofcthedyighlyGmtiparsbiive ginc@d/entional method; X
owder-containing paint composijtion alone may be unfavorable with

Expauye: Mare edst s ot migaey WRfhPRHE" jagass dhs cofvEANGRAIS Aol per unit
areRAMET RHLTRE AiSAd aSUEARCHINRY . DR £A5HEAR ReLAUNNAGH B9 aking into

the collective standpoint by appropriately devising or selecting the coating
accoyste thadiivd aduisionzl iy app | edocsntoothea g nperci Repainding wel as the cost required
anticorrosive effect, the use of the method according to the present

o BT, PR e CRHITERRONCOF oD L cE BT omethod: O
ChéMRerigko dhataphigredpnibasonyeniionapmetiod whichhaspbaseitihod; X:

been considered to be optimum. The results obtained in a series of
Expopsiviplel distligebd Blsosendetidip indiciethatthéabighRy sigrablerried out for the

det ERAEESRIgLM a%ttqgcgrlr?)git\b < gﬁ%@ltdltvee Pél%Ttlso ATed oS @Jgﬁ!a?g&j Cﬁording to
reduced environmental load (or the reduced risk of causing environmenta

thepaliidiamasccomiparel: Wiivtbesfuventicnal rethoptidbanttthat dbserved for the
likewise permits trﬁachievement of the anticorrosive effect equal to or

congighnBR e sthedackiedbaasy taiehvaitie ARIMBIASer Rl Br e conventional
mefRREIdEred 0 he A0 ORIRIU, H6RalCRRING MEd R RHSLRERRIIRISN X - nferior

of the Invention Fig. 1 is a schematic diagram showing the cross sectional
to shructsirel retatitgdotancembodiment efithe Steatdtodctiiie obtaledhus obtained are

according to,the method of the present invention, observed after the .
SR T IPLRRI, IO A gt LS o opiiein Tabes 2

anevaltigR@biherate pfdlsexRengdn 19 areaiehthg arewadi QB e:-8t¢8! the surface
material surface obtained after the surface-conditioning using a rotary

pregfiridiing toetipreteraplyarisddd melprésemmsnlemigained 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
powder-containing pamt 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
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
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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. 15 Fig. 4 is a perspective view showing an example

of the rotary. grinding tool preferably used in the present invention. Fig. 5 _
angdhatSbAE aRIgHIHT 6?%1%@&}1@1&&@%eﬂ8ﬁ°6f<m§ep?€receféwofﬁi8ﬁ§weﬂ°f to

thapfagﬁ?eJéHaﬁny 9HEAIRGQRIROWRIRE Gy HNBEILER) B ARSE SRR optimum

view thereof and (b) is a plan view thereof 20 Fig. 6 is a diagram showing

reptiecshtipg wethedmetallic 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

Bridesetinipnod shmbelsémibn Steel material; 2 layer containing, in a
mixed in condition, a passive film formed from a prior processing solution

andiie reMainifgdiRadcrdstanpstevinssiie substatrsionlestivabifzateldting to an
emBod]] agrﬁ g?%ﬁg%%gélsst_mgt&%acgg%f AN Efgo?fﬁggt%q%oﬁec{ﬁgff %Ztl ?k% resent invention,
po . pri oB coat

wdeér-containing paint composition; er coat layer;

obsaye, dflerrafarygoplcddide opatallia rotary panel (substrate or base
material of rotary grinding tool); 46 12, 12' plane to be ground; 13, 13'
plard b GHitiggamethawmethe sk for phrepappianien o6 therefeafode exposed

arel) %Ftﬂ@ ;g}(giriltﬁ_lcm {Hg Q&B%@?&ia}sz}g&r %ﬁé{ﬂgéeaﬁy fhe ?ﬂfgcg—%gjﬁ:{ﬁioning using a

(exposéd portion); 17b  hard particle (embedded portion); 18
rotapoxdnatevirtualcitle wirdumdaripiegthenhandgarticles; 19 brazing

agent; a, b.5 bottom of concave portion; ¢ tip of projected portion; | line
segént psbiA HBLSH MRS b BFEEERMFBIRR BAUhAPI8 BEHEgE o rotary

gritdlide AcBlefres fo51DigRbadyrakle senaiircrRURIR akPated Mlentional grinding tool
coating-free steel structure comprising the steps of

(provided with a resinoid grindstone) for the sake of comparison.

Fig. 4 is a perspective view showing an example of the rotary grinding tool preferably
used in the present invention.

Fig. 5 1s 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.

Fig. 6 15 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

1+ » -+ 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 harmiess; 3 + + - coated layer of highly anticorrosive zinc
powder-containing paint composition; 4 + + - primer coat layer; 5+ + * top coat layer; 11+ + -

rotary tool; 117+ - * metallic rotary panel (substrate or base material of rotary grinding tool);
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A. conditioning the ground of the coated or coating-free steel structure to

such an extent 5 that the rate of exposed surface area of the ground is

not less than 60%; and B. applying an agueous 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
12,34 set fortHancdiars $Launrdh e grourdeessdigeniipeopaetidh iHitHe - grinding

' rried Qut Usi t rinding. toql which consists pfa . . s

per g%ﬁ@rac%t%duj?g pangféf%t%c%%]%éﬁig{j% clzgntral fi)tfl:tr% %é)é}%ﬁafoﬁitting }t)ﬁred particle;
17same tarthparataingpbadt eoatiatary ariving isystemtane (amgbindiedmlane); 18- - -

composed, of a grinding plane and a grinding peripheral plane, wherein a
BP RGBS RO I Sl L BIEHE G AR RARE S s providedsagent & b - -
borflRifb ARKEIGS Rty @ Mobsardngssl pighien(han 9 peaed iR SR g though

a surface density of not less than 20 particles/cm2, wherein assuming
thethpiothe dedgirt podichiameter of each projected 15 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 /1 in 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 20 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 25 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. 48 6. The method as set forth in

claim 5, wherein the inorganic resin as the component (A) is
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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
Whag s @aétedrif the group consisting of epoxy resins, acrylic resins and

RIS RIS oS L SO W s s
corfpitliing claimeps wherein the highly anticorrosive zinc 10

. Powder containing paint compasiton furthe comprices (€ & eOuPinY. ch anexter
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/1. and not more than 500 g/1., as a prior or preliminary processing solution.

2. The method as set forth in claim 1, wherein the ground-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/cm’®, 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 1 m and the average ratio: H/D 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 wvirtual circle
circumscribing the hard particles of the projections, the average rate of exposed area i1s 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 ton-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.
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6. The method as set forth in claim 5, wherein the inorganic resin as the component (A) 1s
an aqueous dispersion of a partial hydrolyzate of an alkyl silicate or a water-soluble silicate
represented by the general formula: R;0 - nS10; (in the formula, R represents an alkali metal
and n 1s a positive number ranging from 1.0 to 4.5) and colloidal silica.

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

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