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WD 2008/ 125610 PCT/ EP2008/ 054399 1 COATI NG

COVPCSI TI ONS COVPRI SI NG BI SMUTH ALLOYED ZI NC FI ELD OF
WA REShMENTI ON The present invention resides iPCTI/ER2008/054399

field of anti-corrosive coating conposition, in

particul ar coating conpositiong for protecting iron

and steel structures. In 5 particular, the present

invention relates to coating conpositions conprising a
COAENG COMRQ@SFIIONDHAOMPRAGI ¢ el Sl B+ AL QX ZINCng

bi sruth. Further, the invention relates to

particul ate zinc-based alloyed materials conprising

bi smut h and to conposite powders consisting of the
FIEld%qul EUF&WEﬂTHQ'\based all oyed material and

addi tives. 10 BACKGROUND OF THE I NVENTI ON Zi nc rich

prinmers, both organlc and | n- ani c coatin are

The&(@éﬁ%‘i Wle{]‘t'%é& ides ipfBe figld 195 BHaCHUTeLHS atlﬁa@mgpsmon
in pBRSCUTRY cAdthty BEmPRBRIdHsE@r pPbtctitg iR HB8SSteel structures. In

contai ners, refineries, petrochenmcal industry,
parfeier, - tbleamegentstrtyleag@ntr@ €S toaqoaheg COom PREVIPMNS Cam@rising a

t ol t
part?&ﬁgée ?Wcu[%sléﬁ ha&%{:l r%ﬁgFerr?éDI olm rﬁ%ﬁ& b%rﬁﬁt Orgirther the
mvdlﬁtldma&&aitesrtoa:)amnbmte aindbasked allsyesd emierlalscd:oraprlsmg blsmuth,
bi nder ens based on.silicates oxYy,.
and | SHPREH EnBEWIB S FsIoH b BE R BRLGNgHS daFibasedcliogd
materiaf aRHidW®iBvegi NC is used as a pignment to produce an
anodically active coating. Zinc acts as sacrificial

anodi c material and protect the steel substrate 20

whi ch becones the cathode. The resistance to corrosion
BAGKSRIRYNRIOAtTHIN INYENT QNS er of gal vanic current by

the zinc primer but as long as the conductivity in

the systemis preserved and as long there is
Zing tthipcineerts, diotle orgarictanaksinaakgimit heatisgpedrevddtengeely used in

tne BAFRELE0 FRSFRL A T8 5L % RRBPEPEBERS! e hiees
con&ndeﬁsi mefie@oed, q&tm@d}wunak:mldlus;trnyWWeatpﬂdn% storialgevanys,

hi gh | adl %s of (lfoovvder Zi n¢ Loadl ngs of ug_ to
Cra@e@/o"w WigAR ee tHeR PR LM dWhstiverTeqs-9- airports,

sta d?rQO?e( I ﬂ@@iﬁ:ﬂiﬁﬁ? Cérﬂ&P @99@?‘1 be $ab€ ohed ﬁﬁh%éﬂ ofehihaet

zinc-rich prinmer on the durability of protective
sys@n@%rﬁq,ch as binder systems based on silicates, epoxy, polyurethanes, cyclic

rubber, phenoxy resin, etc.

In zinc primers, zinc is used as a pigment to produce an anodically active
coating. Zinc acts as sacrificial anodic material and protect the steel substrate
which becomes the cathode. The resistance to corrosion is dependent on the
transfer of galvanic current by the zinc primer but as long as the conductivity in
the system is preserved and as long there is sufficient zinc to act as anode the
steel will be protected galvanically. Therefore zinc pigment particles in zinc
epoxies are packed closely together and zinc epoxies are typically formulated
with very high loadings of zinc powder. Zinc loadings of up to 95% by weight in

dry film have been used.
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coatings is primarily assunmed to be due to a cathodic

protection nmechanism During the 60's and the 70's
wa@2ev8/1236¢th epoxy primers dom nated the mar ket . PCL/BPI0$/054399

zinc ethyl silicate priners took over this role due to

t hese products 5 superior antiorrosive properties.

However zinc silicate prinmers have sone drawbacks

conpared to zinc epoxies. Zinc silicates are denmandi ng
Thei bert@ici‘ai efffect ofizinmgrictopdintéoos the poxakistywof praweceve organic

er _and they are ot d dent
coaifigh L p APy Bberhee I8 R ARE 2 A baedioglk Biheeltidh MdcRanism.
Durfid tHea6es draytitaves mﬁ@l‘ﬁl@hr@ox@rr&lmﬁes/ dahfnsdethe market
demanding in terns of substrate Paratl on prior

Latgre ZHpeiYASIliGAte PHMSREPOKONEE t*ﬁ'ﬁé? Gafee tedhesq pr %éCtS
supéﬁbﬁéﬁﬂ&orr@ﬁ%tdre él't'iéé HdwWéverSlihd §ﬁ‘|¢:ﬁﬁe Bfitdert YRVeddrve

have a |g er t han €poxi es. For these reasons it
drawbathks bemparsd amm@tecgem& Zific gilicatres epostgmanidineg innegrms of

curiﬁﬁaéon%l O%Q@ev oxges ?II L& r%f(a%?ér &@Eﬁ&?gf’e fidt a%p‘enlléd?éntt &n high

ose O I'nc si uch” zi nc epoxy
hunviditlydl theyvaeydiffidultatt overcoet (e mm&mﬁf sulﬁcetemhéyoca use

new b |nygs 15 where surface ar_at |b n ) )
POPPEW) f@L’ﬂ?ﬁ SACRSE mgaaﬁgfre ©bsybgirate gegparation prior
to a%)bhl:ét‘?@h FAdtRer WHRHS thbY BRE feds0dlirfle €HiEdaRE. Additionally, zinc

’ glf i cat'i on does not favour zinc- silicates (Taekker,
silicgres

wilkpically, ave hialher YOICI than empfiendias these iragsons it
wouTRibat r‘aﬁﬁ/antgﬁéﬁﬁ a%‘ﬂcf eﬁhc%o&?ﬂirﬁﬁef’@va@%éﬂ%lﬁ@ﬂng

Speci atl on It appl i cator
antltntreswatpr@partlespalperarrto tr@sew a(zﬁc&)l)cat@,OSlUcrh zrmteipdxy
tabli S Suffi ﬁJ;;.:Eent.co'g 0sion I?rot ect nd en
p””&%ﬁsu oW e VEOr ARRRS Gt A B LEaT TS l¢ g ﬂ%@&&’s%?'f'”gs
whetre supReefprepbfati@nkdduar@nests @nriotee Medf 86Dl @RoRRaMR less
ystem along with the rel evant | aborat ory performnce

skillggsand/op whads S4nateContal idirar RGN dass iy URginc-
silich BN RRLESN BN PALer, &IV Ad RBA, 1. 26fSh TRARSating

coat i ngs being developed wWith [1ttle or no previous
maintersnceecoost. affedtsby2Ehbias of exewt bedding saacHicatiohaasidsability of

the 3pR e L NG M B ERBr it REP G (3EH™ '
accel erat ed exposure tests wll not wi thin Ithei r
in FHBERY LS TR HRP A BB HRD B ok KoL b
permatainmgmfahewmdtuagt itf i Glekbyaryetdes phaifg e requerenses €sr the
ni fi cant consi deratl ons, and

prof¥cqlaant usPonaoag «tBahg e BB BaraRYY PSTHERanGstests to

assédsSits ﬁk@l‘?ﬂj@ﬂéﬁllf\%ﬂ $h€rds€9)f4$evv\@eéhrﬁﬁ et agheNht f(frrn‘i’umatlons
scores SO 2034 T™ 0104, 0204

alsQOE@ANS GHOHNTS SeHI Q%?'ﬁéﬁﬂ it e & AhMOPreNio U At segprd. This
hasAEYRRES T More e bRSsis e § BEEd on accelerated laboratory testing to

evaluate coating performance. Many of these accelerated exposure tests will not,
within their exposure time show the negative effects visually on intact coated
surfaces. Therefore behaviour of the coatings around artificially made damages
i.e. scores are given significant considerations, and many prequalification tests
are based amongst others on rust creep and blistering as well as detachment
from scores, NORSOK M-501, ISO 20340, NACE TM 0104, 0204, 0304, 0404,
etc. (Weinell, C. E. and S. N. Rasmussen, Advancement in zinc rich epoxy

primers for corrosion protection, NACE International, paper no. 07007 (2007)).
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primers for corrosion protection, NACE International,
paper no. 07007 (2007)). WD 2008/125610
WOEABEPRBOO8/ 054399 3 These accel er at ed weat hePCTgP2008/054399
nmet hods seek to intensify the effects fromthe
envi ronnent so that the fil m bgeakdown occurs nore
rapidly (Mtchell, M J., Progress in offshore
coatings, NACE International, paper no. 04001 (2004)).
The?:enaccelevmedtmeam@smgcmee‘pnddmedjetd atepsify Hhé effects from the
anticorrosiv er.f orman 5 EP 661766
envEBhbT e sPE LS T3k, ot Miore By R B 2.
Prodrest in pefsHere ﬂﬁatlrﬁglbljlNA@B&hféfnbﬁoHél?Cﬂ)a@%ral@ 04001 (2004)). The
anti-corrosive gnent in paints. The zinc powder has

lower theBatt GReP 6'6? P@E‘i%r?veﬁ%'l' BNEiSPITREVEIPSTFRFI 3G al | y
al l oyed therein. The corrosion inhibitor netal is,
e. g. m xture of indiumand bismuth. JP 09- 268265
EP %@E@%gﬁ'%eé@a@ﬂﬁ@oﬁﬂ%@rPﬁ%rﬁ” @é‘ﬁ‘i?rrque g ¥ is mentioned that

powﬁe‘ﬂ%é“{/ Bt BN BeloMsec]rgs'a'FF%M‘i’Jd&Qrd%ﬂ?eﬁfgnﬁ'@ﬁtemgb‘éuh&eﬁhe zinc

elenents in a tot anount o 005- 109
POWZI@D 4123 48 3stpRE ICor®sion inMmliter metalintrinsgadly aliawed therein.

BRI [MoSE pldlol &) BT A ibrg Rt gipkaRo $3Gn A

oses r rosi
conprising lead, 15 indium bisnut h and/ or gallium

o df5egdBE cidathot LORRR AL O LofRRSp L Slgatumium sy
includNVNIH OB Trierefueshentelémeaty iroa tetd] \aesodimteofaD.@0S-10% by
we@% obl ens by neans of a coating conposition which

vides significantly |lower rust creep than
traditional 20 coatings (e.g. zinc epoxy products),

o ST PP SPGB B e

eleddbcitit Bepd.| oyed zinc powder) which is useful for
significantly reducing the rust creep when used in
zi nc-contai ning coatings. Mdrre particular, the present

us 6%&6”‘539%|§E1@é@5d§%0ﬁ'0§%t #é%@stﬁﬁﬂ?ﬁ%'él!o‘}rb&/@cﬂ@*tcﬁhBHsmg lead,
25 a'particul ate zi nc-based | oyed material, where

indiggl, dismueh ead/eoaliiees 0. 05 0.7% by wei ght of
bi sruth (Bi), the D50 of the particulate materi al

being in the WO 2008/ 125610 PCT/ EP2008/ 054399 4
US 3,998,771 discloses water-based epoxy resin zinc-rich coating compositions.

SUMMARY OF THE INVENTION

The present invention solves the above problems by means of a coating
composition which provides significantly lower rust creep than traditional
coatings (e.g. zinc epoxy products), and by means of a particulate bismuth-
containing zinc-based alloyed material (in particular a bismuth-alloyed zinc
powder) which is useful for significantly reducing the rust creep when used in

zinc-containing coatings.

More particular, the present invention provides a coating composition comprising
a particulate zinc-based alloyed material, wherein said material comprises 0.05-

0.7% by weight of bismuth (Bi), the Dsg of the particulate material being in the
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range of 2.5-30 pm in particular 2.5-20 pm A coating
prepared fromthis conposition has a significantly
wO omen23sust creep than conventional zinc- cont BETERZP08/054399
coating. The present invention also provides a coated
structure conprising a netal % structure having a
first coating of the zinc-containing coating
conposition defined herein applied onto at | east a
rangaf 205-3themyen glargculacus-0 |nma Adcqatﬁrhg prepdredknamsthis
nedi at e coat,i
conthgsitiatinahec arsaroy frehidicee iy RaR cPRLeRTORe Ay
confdihimigt ddatiess of 50-200 pm and an outer coating
applied onto said internediate coating in a dry film
t hi ckness of 30-200 10 pm Furthernore the present

Thel preeant @iveptiovi 66 ppoaaes la%da@é@ sZﬂU&@uH@aéﬁﬂpﬁbﬂn@y@ﬂ'\etal
material, wherein the naterial nprises 0,05-0. 7% by

SErURBHIGI\BRY 5 %rfﬁﬁtceazleg)of thamiNGRen e ANGHOMI Ampption
defiRBA HeF e SRS BidcPht fedst B et of MYP&BI SeraciifeRfa UFY film

particul ar 2. 0 pm IS use
thicsnesd of E,amo yn*r,emd:pngonhléy ausntarrrwba%ccwtm appelied anto said
i 0L a ve
ench AR BB A S STEREE 4 8280 A8 Y Sina SRS uter
coaﬂn@$|p$>l|eng>rm6 salteintpantdiatie abetiag me-abasefiinakhiekedss of 30-200
mat erial and up to 30% by wei ght of one or nore
MM-addi ti ves. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20
Coati ng conposition As nentioned above, the aspect of
present invention relates to a coa
Fur{h@:

ﬁ%?tth%rﬁ’r%‘?ﬁfr'f‘gﬁﬂﬁo'a PraYidee @ %@’E'Ct"qu@g%%%@ésed alloyed

mat@kaPYieHerah @ht dhatetidl doprResa.05aPBs byl WEight @8 tisnibeh (Bi),
ght of bismuth (Bi), the D50 of the particulate

b
andrﬁéh@'rﬁ'@ﬁ%é%m@ the PRt euatsematerialsis30 themrange of 2.5-30 pm, in
par@liht 4.3 gmowiHlcPra géfu-lrgtﬁ' aﬂﬁﬁéhﬂy%auggﬁpﬁé%a creep

ereinare pafticul arf' y us as coa oSi t
whetuesddirt hlﬂtfcoebtamllmganoatamg icoognosdginse properties. As
it will be understood for the WO 2008/ 125610
PCT/ EP2008/ 054399 5 present description, the
Morpavern, cbkegiresenticvieased prblioeed omnheosike pjosvctqrpjomalsttiy\g of the

parlilﬂﬁ tes:zW]cch?ﬂs Mh&%@ﬂa%} oanr‘&g%lés 0/ ng,%'r oenr(resor more

addapregenti onal zinc-rich, anti-corrosive coating
syst ens.

DETAILED DESCRIPTION OF THE INVENTION

Coating composition

As mentioned above, the aspect of the present invention relates to a coating
composition comprising a particulate zinc-based alloyed material, said material
comprising 0.05-0.7% by weight of bismuth (Bi), the Ds, of the particulate

material being in the range of 2.5-30 pm, in particular 2.5-20 pm.

The compositions defined herein are particularly useful as coating compositions

due to their excellent anti-corrosive properties. As it will be understood for the
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In the nost practical enbodi nents, the coating
conposition conprises a binder 5 system selected from
wepwgi2sased bi nder systens, silicate-based bi PAEEP2008/054399

systens, pol yuret hane-based bi nder systens, cyclic
rubber - based bi nder systens, a&nd phenoxy resin-based
bi nder systens. Preferably, the binder system of the
present invention is selected froman epoxy-based
presgntdsceipSbepttanpga eticsjlaﬁecane-timsdcbllbiyadernae@r@tl gésrtyf@Eally used
Eartl ular %h$|nterest £9 ng ns where the_.
N CRMRRFTQY WITLEIrV el Ohgh &Pdr?ééé(& o d%ra S'%é{é‘ﬂé‘”f’r‘ﬂe%%é'”c
poweldh asliugei s cohléntienaaph@iritad ahti-darFesiveicahtifg fsyktdres.
bel ow. The particul ate bi snmut h-cont ai ni ng zi nc- based
al l oyed material The particul ate bisnuth-containing

In tAé mﬁoéta;s:%@tuaiall eyieddrméets, ahe (8hEAg rc@ﬁﬂ:ﬁdsﬁi@oﬁ @orrﬁ}ﬁnske@ a binder
the clains _as "a parti cul ate zi nc- based

sysieh 6FIated o £PeKVaased BIndepETEmS, oflicohe ooss iireder
syt A hiRihaddasal binddihey RERISE 9 RNt RRFENd kP

intended to mean that at | east by wei ght of
syst}ﬁms,um abenexy ogaia- haa?eérbladerrsy&terrts, e.g. at Ieast

97% such as at |east 98% by weight of the

particul ate alloyed material, the main unavoi dabl e
Preﬁer@luivi thye by'mexreﬂylsyer‘osjfrtgemgermt inventinnfigseteckechfrom an

oo SV Aoy B BEE o sV B poPicr

inteadsdtarestheasorh positions meherb ehe exjuid eresly saoin iscanm epsxw@ased binder
ef fect when baﬁl uded | the coati orrp05|

SystEay T URSaeam BB GRS B SHRIRHIELE moTe REtels fatper below.

results, it appears that 25 naterials conprising
0.05-0. 7% by wei ght of blsrruth nore parti cuI ar 0.1-
) R b

Mor eover , the D50 of the particulate material is

The?ﬁ'{ %I%*Pé %IiFﬁUEW%Oﬁ@anglﬁ %Yind- b%ség allegbld gﬁat@fa‘i '(Sl%qgfec{red to

term’ pa Pt culate. mat
as mcthecdmmi)aﬂ ha pandcdpteerincdlased alkyedwhaterialfeigud ardgal

o Oa g.ﬁ’ggﬁél cl s and ot her shapes such as fl ake, disc,

m &%ﬂ 588 WLkts, fibres and rods. A
preferred parti cuI ate mat er i aI is a powder.

Typically, the expression "zinc-based" is intended to mean that at least 95% by

weight of the particulate alloyed material is zinc, e.g. at least 97%, such as at

least 98%, by weight of the particulate alloyed material, the main unavoidable

impurity typically being oxygen, which forms zinc oxide at the surface of the

material.

Moreover, a minimum amount of bismuth has to be present in the alloy so as to
ensure the required anti-corrosive effect when included in the coating

composition.

In view of the conclusions drawn based on the current results, it appears that
materials comprising 0.05-0.7% by weight of bismuth, more particular 0.1-
0.6%, or 0.05-0.5% by weight of bismuth, are advantageous.
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When used in the present description and clains, the
terns "particle size" and "particle dianeter" are
WO ndodnelsdo t o mean the equi val ent di ameter. Al t POTY§P2008/054399
0. 05% by wei ght of bisnmuth already |eads to a
nmeasurabl e effect, it is 10 pweferred to use nore
than 0.1% and even nore preferred to use nore than
0.15% Although it is thernodynamcally feasible to
Morppeely dbeddd ®f Theipartibiulabenmateciahtseprteseralbdh it eangean 2.5-30
0.7% .this y e technically difficult in practice,
”m'd'ﬂep%%'cfjl?é gg@ H&Vel of oxidation in the snelt.
Alloys with I ess than 0.6% of bismuth are hovvever

ThedBh ot BelipRR R e Ao B S B Sk S il o

sorrtdvﬁmﬂuhre@marlmghamcebeﬁr@@s ahg dtheysm@esey@h g9fiake, dlsc
ily prepared, loy is preferab prepared fr
Sph%rL?rSe neeqles, %ﬁ'eé& @'@S(@quéq %l%ﬁr@eﬁ’@é') Pafi'ch@teéﬂ@te”a' is a
powRigre (99.99%or better) bisnmuth. Aternatively, and
apart from zinc and bisnmuth, the alloy may al so
contain pure 20 (99.99% or better) alumniumup to a

Wh%r?\fg/oé%% tIQe %%ééﬁt"tﬁés%ﬂbtloﬁ% 88irke, tth% &rrlLvBirtiek size” and

ht, preferably up to 0.01% Aluminiumis
“pa rrtiw@d'carnatmﬁ are intengadttoenkancbed equivalent diesieter.
properties to zinc, such as white rust resistance.
During the production of the particulate material (in
Althoaighi @ 06& by weigtiéof bisthuth already dedds Wl 3 oneasuanblet éféect, it is

prer%)lgrle%aﬁ gg %?/lleht%lggﬁll% oéﬁg Ie rﬁgf:%lagfﬁﬁjﬁd angé ¥ore than

0.15mntAthoughoR. |99t%r®rnod>,eiatrﬂrc)allwﬁeasiblenw eroalucedllings twiste ®ismuth

confarith enag Dras tBan U 3ber sty e Sochvedy St in practice,

due&@rtqwlewbﬁnevéapoft&qaaﬁ.&ﬁ G trheev,ﬁ{enofm@ AV Ye 38inaiRt 0.6% of
Such trace elenents are preferably 2008/ 125610

bisrpalty 208y BYTe pragdrakie adndr aien@ RPr@PgiadR i terms anti-
corr%gﬂl%' Eﬁdg'égtlg% ﬂ'ld‘{@ \mtft'm%ﬁ ﬂ%nUH‘SS@aQﬂ‘eoﬁéM”Eh are most preferred
nmanganese, Chro

m’um ttr ium - cer
as thaptararaven miore egaily pceparedl ckel | ead, cadm um
cobalt, iron and cal cium The parti cle size
distribution of the particulate material (in

Thepzﬂlrayi ismraferabkyowmxa)ed 5rams pafre i @rsuichpas SEGcESUper High Grade)

ziny 3rt R Raliept BPRerl B Bati ¢ i npar i1 ol s

S.tl ckl ng through the dry paint film Therefore, it is
Alteglg %%pr el %rpg?tdfr%% %Sh% naJ E)fs(r:rl]ﬂt%t %he aﬁlgglln%laé aYgo cona{aln pure
(99.99% or better) aluminium up to a level of 0.2% by weight, such as up to a
level of 0.1% by weight, preferably up to 0.01%. Aluminium is indeed known to
impart enhanced anti-corrosion properties to zinc, such as white rust resistance.
During the production of the particulate material (in particular a powder),

aluminium could also retard the oxidation of the smelt.

In a further alternative, the alloy may, apart from zinc and bismuth, also contain
(99.99% or better) one or more alloying trace elements up to a total level of
0.3% by weight, preferably up to a total level of 0.1% by weight, in particular
up to a total level of 0.01% by weight. Such trace elements are preferably
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particle size) of less than 30 pm in particular |ess

than 20 pm A D50 of less than 15 pmis often nore
w@e@Baeisedl, and | ess than 12 pmis even nore pPEl/EP20681054399

The 10 lower limt of the D50 is dictated by econom c

considerations. At a D50 of legs than 2.5 pm a too

| arge fraction of the powder has to be sieved out and

recycled for the conplete process to run economnically.
selelctechﬁr@in’n tlo@ group Iaensietiag log azhhlmfe'urrpandiwm,ema(goasmem

han 100h m houh? éP I ded as H%s poss,. bl &, 8

ma?%%ﬁ& SRtk rb%[PnFe‘f'FF}na a3 ity Gt
nickegadati o cé@haahs cobalt higopaindt cditium.and deteriorate the

barrier effect and the anti corrosion properties.

Therefore it is useful to discard, e.g. by sieving,

Theqjaftlcl@aélté cligpibLabaef thh%r&@@laﬁénﬂét@nl@[ giet @mucu@rmﬁowder)
| ess than 100 pmis deened t be adequat e.

s o8 sifa TBeoRaTeR T ﬁatnttrweaquammé P Exaens fbuEPuReof
partidifiafRhRfteALIS W8 ARAESM LM p%frae@g'smktr@ ihBubA\RBI ) baint film.

were neasure usi ng | 0s r)
Theefofe it tis bmrﬁppaef@rwl tdrhee parma@r mawoa larveit D@D ar @nean

parﬁagﬁ\{zge!t)e&tl Eﬁér? t}..ll o%ﬁﬂ%ﬁf@é@'gﬁéghgﬁ tohﬁmv%\ 550 of less than

ive strl val ues" of
15 mmspexftemﬁqreﬁﬂe%iﬂe@%hd ddithame panusue,\m‘qurehﬁeferred The

added t n al l oyed materjal. Prefer
ow s 0F 3 50n 5y GG DY ORI I (0B ar ORI 4 Do B less
thaﬁIzngpmss%@hé@éa«#aé@dr%f Be poﬁ@@khbg% tﬁaogfﬁ(/ééf%uft 0
| om ng agents such as funed silica, | ers such as

recml@l f@n@%@htﬁmowd@cww&%%ﬁt% such as
Ferrophos. The particulate materials (in particular
powders) can be manufactured by classic % S
In a&‘lddﬂﬁfzm tlom remaske abeeepoaTdicles enarssr, thangl10@ pppsppuld be

avo@éﬁ’%ﬂ%&%ﬁﬁgﬁw Clég b‘é}/\{p?ig?é/(%Z%?Eﬁlpgrmtpﬂlm Th| would

leaddtar defdcys o‘otha& pamtffﬂmnasdjdhterlqn’eb@ tiss bandé ueffectcarad sreae anti-
with the, envi sa

corrB3lehn EisprsnéS s erBide b oMbl P Bisthli & B0 pErSie T A Ay
parti€lebarger teamado mer 1exraelies, $DeYbNRsstthad2D0Eshisdeemed to
finer is typically needed to ensure a sieve residue at

be agequateéower 5 than 0.1% Reference is also nade to the
Exarrpl es section herein. This being said, another
ct of the present invention relates to a

It SI@%LI“F'I kanated thatibemastigleadire @isirirgtian johithe iRatesials prrpared
accORiey t&hkh& MR RESWRrOmdhs(¥®Yising a Helos® Sympatec GmbH laser

diffraction apparatus. The parameters Dsg and Dgg are equivalent particle
diameters for which the volume cumulative distribution, Q3, assumes values of

respectively 50 and 99%.

Additives can usefully be added to the zinc-based alloyed material. Preferably up
to 30% by weight of additives are added to the zinc-based alloyed material.
Additives comprise free flowing agents such as fumed silica, fillers such as MIO

and BaS0O,, and conductive pigments such as Ferrophos®.

The particulate materials (in particular powders) can be manufactured by classic

gas atomization of a corresponding alloy, e.g. a Zn-Bi alloy. As the particulate
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wei ght of bismuth (Bi), and wherein the D50 of the
particulate material is in the range of 2.5-30 pm in
w@arosilzsh@ar 2.5-20 pm 10 Preferably, the nat ePCHEP2008/054399
conprises nore than 0.1% and preferably nore than
0.15% by weight of bisnuth. Algso interesting are the
materials which conprise Iless than 0.6% and
preferably | ess than 0.55% by weight of bisnmuth. Wth
mateeisfen pastithlar pawtdertpdseetdy obtained frahesucbd phatesslieclude
D50 _of . t he arﬁlcul at e %Ieriﬁl t'bs in.the ranpge f
Coa“z?%E’afé'CLﬁ‘ﬁ' ' Br e SABPS RIS WiRR tPE fQY 5eed. B vgaﬁﬂp,a
sievifg Hdadi ¢laenBliny opbheidPRadto eepdrddrinh€dll Rdreexehpld, dleving at
shoul d preferably be | ess than 100 pm |n one
325paEeh amfmqrys |thﬁ9'é?%\éf‘ﬁﬁ§e@r‘i6@@lsl+éﬁh? %%V% FRSIGHRD B 4PHem lower

thai®t £9d. HefERINESS BISY maAdd G tHiY E%Bieﬁ&t%al’{éyeﬂ@m e

inmpurities. In another particularly interesti ng
enbodi nent of the above, the material 20 consists of

ThISZb g Qi§ ”é‘ﬁ&he?%%p@ét IR Btdsent ﬂﬂ/éﬁtﬁ‘)%ere%t%gecetas particulate

eCted fromthe group consi st ng al um ni um
znnq-hmaﬂwllcpmmtanal et eitethe mateaai mmprlses ard o). 7% by

, ' ri n td n,
et BT GNP 6 r S8 A gy ene
rang@veR. »30usibpangcght 2(20memt.i oned above, such as
up to 0.2% by wei ght, preferably up to 0.1% by wei ght
and in 25 particular up to 0.01% by weight), and
Prefignabie) d@é)h@tbﬁfphgdamipems;mnorsrt]aetthag]n@tlh/er ?1 parrefarbblyl yore than
terestj odi ment, of the above, the mate
0,150 EVCPEIR G RIMUBT NSOHNLRIES 0 Br6 S By aier it Whighegpmprise

lessthari) 894 % P%\Bﬁ@ﬁeg'é'lbli/%ss ahAHToNs $07) bg'W ig]'h@\b‘ﬁ'tﬁi@ﬁh&.
i mpuriti es. 2008/ 125610 PCT/ EPZOO /054399 9 A

further aspect of the present invention relates to a

Witl§ PERRIL 8 tH@VIzSiﬁ’ElcleCé?ﬂé' iBlid FBef@Fretdh&a@Qhé'D%b”o@ttﬁe partlculate
zi nc- based al materi a defi ned above, and

maneélaecwuﬂblghewar@m ofo2 SohB Lo, ADA @ratep blyviadhepaanerail. § 12 pm.

Adda en"‘ﬁ T, %rgthgﬁg'r%mngﬁecﬁ{a‘%eﬁﬁﬂ ﬁ%uﬁ? gré%ﬁ‘iﬁtﬂ% JEbs than

100fpu1nther aspect of the invention reI ates to a conposite
powder consisting of at |east 25% by wei ght of the
particul ate zinc-based alloyed material as defined

In dwerpaa?nulcutdrrb/ inésteshiegregm bo gian ¢éntcefl Hitecalmateetheamaterial consists of

zinc Dth S, h Llin &V A3 BRGNS LTabl e T mpurities.

In another particularly interesting embodiment of the above, the material
consists of zinc, bismuth, one or more alloying trace elements selected from the
group consisting of aluminium, indium, magnesium, manganese, chromium,
titanium, yttrium, cerium, lanthanum, tin, gallium, nickel, lead, cadmium,
cobalt, iron and calcium up to a total level of 0.3% by weight (as mentioned
above, such as up to 0.2% by weight, preferably up to 0.1% by weight and in
particular up to 0.01% by weight), and unavoidable impurities.

In yet another particularly interesting embodiment of the above, the material
consists of zinc, bismuth, up to 0.2% by weight, such as up 0.1% by weight of

aluminium, and unavoidable impurities.
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Wth respect to the particle size, it is preferred
that the D50 of the conposite 10 powder is in the

wo amga23siio 2. 5-30 pm in particular 2.5-20 pm BOTEP2008/054399
preferably below 15 pm even nore preferably bel ow 12
pm Additionally, the D99 of tlge conposite powder
shoul d preferably be |less than 100 pm The materials
and preferences for the particulate zinc-based all oyed

A furtharrasplest oflbise préshtdboemtiar eelatesotqpa ebermrsitespowder

conﬁlgﬁﬁgéﬁ\%sr@o Igﬁ%g?ﬁtééﬁ%dswvs%%\%tépﬁl 15%&%& aBove and
up tion8GYLBY Iwmglembodmér@ntrﬁore hdditivast PriferdbRy ziheCom@sethore
all oyed material is as defined herei nabove, or is a

add@%o@"ﬁt%'%ﬁﬂeﬁorﬁsf lyeingrrgeier Bilersnaod. Coﬁldh'ét']é%\%ﬂﬁ‘e”ts
The coating conposition rmy al so corrprl se a
particulate zinc materia powder) .

A stb st herdasRrsa el tae "E“i‘%”tw f‘?'é%ﬂsattoea EPFTbOOr%Fﬁe?qVé‘FeraWS'SUnQ of

r k
at I%}?e%q@)g tw( wégg?}{tgoft’dh%r%gr'guﬁg%@% %'urLHeBSsgngF%)g@cﬁggatléhb%%eﬂned

hergio) tine rest beieg pabaticulatefrapteiial, cozlstsmm%fwnwahghxnacybldable
mpPPi't:"l gon‘ol ned anount of the particulate zinc materi al
S powder) and the particul ate bi snut h-contai ni ng
zinc-based alloyed 25 material (e.g. powder) is

wich a8 B e Skiecf ook R e o) MERemposice

POWRIEF/IER? 008 HT860 2. 5:30 ing iipadeculsty 8134201 ims laod! pteberably
under st ood thatagresent |nv nt| nin

belgy 51 kiR RYeR dPOLH prereiahl prvg yRldigdlhihe pss of the

cond d3feEWESr @rﬁfhl@%réf‘é‘%&ﬁl&%@é@ th8nd-0RPkd.- corrosive
coating conpositions of the conventional type. The

nmost typical 5 exanples hereof are coating conposition

TheGRERSHAL B8 dFpraFdldptes YS! @18 SSHREIAE zihF-BBEEPANYyO@ Hesterials
bi nder systens, silicate-based binder systens,

desgdpedipbo @ RAEe aﬁﬁg@@fgrm‘d:@s appdicebte, for fiae materlals used in the

coa%Hﬁ%er pgcgszc{?&héobpg‘?%m%% ElBHBHeﬂeg fﬁh&ﬂ'ﬂ y|n e?%kt]nng l%ﬂ?t?cﬁjdlments

ased bi nder sys
the particudatearing- baueelrakiyledgnemmajnmlstdeﬂﬂeel rh)enedwbcwﬁsbens a

compositd ShIAer 2238ne PharShayse o™

Zinc powder

The coating composition may also comprise a particulate zinc material (e.g. a
powder). The combined amount of the particulate zinc material and the
particulate bismuth-containing zinc-based alloyed material (e.g. powder) should
be 10-65% by solids volume of the paint.

Preferably, 25-100% by weight of the combined amount of the particulate zinc
material (e.g. powder) and the particulate bismuth-containing zinc-based alloyed
material (e.g. powder) is particulate bismuth-containing zinc-based alloyed
material, such as 50-100% by weight.
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The term "epoxy-based bi nder systent should be
construed as the conbination of the one or nore epoxy
WO e®@BN2361ONE Or nore curing agents, any react i RET/EPWRY054399
di luents and any reactive acrylic nodifiers. 15 The
epoxy-based bi nder systemis ome of the nost inportant
constituents of the paint conposition, in particular
with respect to the anticorrosive properties. The
oatgr besteth bi nder system conpri ses one or nore epoxy
resins selected fromaromatic or non-aronati c epoxy
resins (e.g. hydrogenated epoxy resins), containing
It sihould tldwandetrseoml)blxqt gresapt perentvineoybrénciphel is appsicable for any
| aced, i nt er nal term nal | ron a cycljc .
tvodpf Bifis v SR dn e el AT Bhadsr Gt Siptaibied.frongnt-
corr@@ﬁﬂétéoeitmga@dméas@lbﬂg?oﬂthél@oﬂQeﬁﬂ@ﬂéI&yp@oﬂhenﬁbi‘a@fﬁ)lcaI
th reactive diluents from the classes nono

exaM%i NBrRAl 3JRyOREYI0 EMeesitign C@Q?%"l‘%n%fa Rindghaystem selected
froﬁ%o??%é’s‘é@t H)lﬁdePEy%ﬁ@téll?ca‘%é’fﬂé%gﬂqﬁn%‘fnsﬁehﬁc IHedrtethane-

in order to reduce’ viscosit an roved
baseg Bindert $yshemsd cmgrsrttbéxerﬁ:rasgérbméer S\Zﬁe&ﬂ, taaldl ghenoxy resin-

|nder systens are believed to include
basgpoxyd‘%ﬁ%%n%@l fied epoxy resins selected from

bi sphenol A, bisphenol F, Novol ac epoxi es, non-
aromati c epoxies, cycloaliphatic epoxies, epoxidised

EpoRQ!Besedfhid@er s@dteai dyl esters WO 2008/ 125610
PCT/ EP2008/ 054399 11 and epoxy functional acrylics or
any conbi nati ons hereof. Exanples of suitable

In &‘@W@U%H ind¥distinl! & BBGYerite $h8 Diddd: syEREMOE& BESoxy-based
Resol utwl/on Perfgr mance Products (The ylI%Et her | and%) v

b'”dﬂrssp’ﬁé?iﬁl A type 5 Araldite GY 250, ex. Huntsman
Advanced Materials (Switzerl and), bisphenol A type
Epi kote 1004, ex. Resol ution Perfornmance Products

The(tgémmﬂwy I@a%l@m@pr,&yﬁﬁa@" simptd dBuconstresd apgie combination
[
of iR BREH Mot RRTREXSsine: SRODRdhos: 5Yfe SEplf, B active epoxy
dilutetshamd anggeactiu® abingdichendifieAst ype Araldite &
7071X75BD, ex. Huntsman Advanced Materials (Gernany),
bi sphenol A type DER 352, ex. Dow Chem cal s (Gernmany),
Thergpoxyr kasrdd binsieheysterd iandemfgphanost mportant constituents of the

paint composition, in particular with respect to the anticorrosive properties.

The epoxy-based binder system comprises one or more epoxy resins selected
from aromatic or non-aromatic epoxy resins (e.g. hydrogenated epoxy resins),
containing more than one epoxy group per molecule, which is placed internally,
terminally, or on a cyclic structure, together with one or more suitable curing
agents to act as cross-linking agents. Combinations with reactive diluents from
the classes mono functional glycidyl ethers or esters of aliphatic, cycloaliphatic
or aromatic compounds can be included in order to reduce viscosity and for

improved application and physical properties.

Suitable epoxy-based binder systems are believed to include epoxy and modified
epoxy resins selected from bisphenol A, bisphenol F, Novolac epoxies, non-

aromatic epoxies, cycloaliphatic epoxies, epoxidised polysulfides, glycidyl esters
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Epi kote 235, ex. Resol ution Performance Products (The

Net her| ands), m xture of 15 bi sphenol A and bi sphenol
WO 20pilkstie 862, ex. Resol ution Perfornmance Pr OPUI/EB2008/054399

(The Net herlands), bisphenol F type DEN 438-X 80, ex.

Dow Chem cal Conpany (USA), epoxy novol ac Epi kote 154,

ex. Resolution Performance Products (The Net herl ands),

epoxy 20 novol ac The epoxy-based bi nder system
andoeprxyi fsestional acrylios er eoyiaognizigetioss setreaft Edanfplesof suitable

como B’ds o[%:@oleiérrers conprising at | east two reactive
Cowar%fa nIW'GHES SPPRX 855 AFt rogen. Suitable curing

agents are believed to include am nes or am no

.funcijponal . 25, pol rs selected fro i phatic 1 nes
Epikgtl So6t vatnisso et P S aas proay S Uife MEEREHEES, Bidbheno
A tvpel yam nes), pol yam doam nes, pol yoxyal kyl ene am nes

e.d. ol yoxyal kyl ene di am nes), am nated )

Aralgie &Y Eheltpmag AdyredMeteriate hawieeaeng), fisphenol A
ty eJeffamnes"), alkylene am nes (e.g. alkylene

di am nes), aral kyl am nes, aromatic ami nes, Mannich
EpiksdedD0de ay. ResobdicvoPerfennanee ProductagGeomany), bisphenol A type

; - Relse . cPerductad
oeR BREAL BL5 el Gl Rl s A Be s ves
EpiltdterBer. X\, 200HeEahfidh PETHERIAGEPEGARLS (TAE Netharibrds),

. of suitable comercially available curing agents are:
b'Sp?@PPEﬁiWBeEDR- 148 ex. Huntsman Corporation (USA),

Aralditeet Ryieneaisuts| di. amimemate Al dah @l Magdfai8XGebwahgyan

~ Corporation (USA), pol yoxypropylene diamne Jeffam ne
bisphengbAdlyPeHunt sman Cor porati on (USA), pol yoxypr opyl ene

DEF{%@% B¢ B \}\/eéﬁé‘mid“a?? gﬁéﬁﬁ?ﬁ@ﬁ AL b @@%ggag@_ bisphenol F

, poPyoxypr opy ne ~Ancam
Epikiite 2250 duxe tResplsin PenfotroahceRadductpdTamatbeddods), mixture of

.__Ancapm ne 280 ex, _Air Products (USA), cycloaliphatic
DiSP AL AL RISRACOBY G ex. Air Products (US|

Epikate! 863, igxh dese | iy Parfoemadek Otod it AMhd &l ethBrlAn @), bisphenol
Air Products (USA), polyam noam de 10 Sunm de CX- 105X,
Ftygg. sSanwa Chenical Ind. Co. Ltd. (Singapore), Mannich

DEN’2S8-x BRI leyr %o%@éﬂe%%él"@grﬁ%ﬁ{/ (USK), BBSLY HbiBfc
Performance Products (USA),
Epikote 154, ex. Resolution Performance Products (The Netherlands), epoxy

novolac

The epoxy-based binder system comprises one or more curing agents selected
from compounds or polymers comprising at least two reactive hydrogen atoms
linked to nitrogen.

Suitable curing agents are believed to include amines or amino functional
polymers selected from aliphatic amines and polyamines (e.g. cycloaliphatic
amines and polyamines), polyamidoamines, polyoxyalkylene amines (e.g.
polyoxyalkylene diamines), aminated polyalkoxyethers (e.g. those sold
commercially as “Jeffamines”), alkylene amines (e.g. alkylene diamines),
aralkylamines, aromatic amines, Mannich bases (e.g. those sold commercially as
“phenalkamines”), amino functional silicones or silanes, and including epoxy

adducts and derivatives thereof.
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pol yam doam ne SIQ Am n 2030, ex. SIQ Kunstharze GrbH
(Germany), pol yam doam ne Epi kure 3115X-70 Curi ng
wa\g@ai2seex. Resol ution Performance Products (USE)/EP2008054399
pol yam doami ne SIQ Amin 2015, ex. SIQ Kunstharze GrbH
(Germany), polyam doam ne Pol ypox VH 40309/ 12, ex.
Uf Primrer Polynmer-Chem e GrbH (Germany),
pol yoxyal kyl ene am ne CeTePox 1490 H, ex. CIP
ExaCipdes ohksitable dtevmertielly evaflableRolnngeageritcaneany), 20
pol yoxyal kyl ene am ne Epoxy hardener MXDA, ex.
M t subi shi Gas Chem cal Conpany Inc (USA), aralkyl
Jeffaumime EDReﬂhﬁleaqﬁHwnsmwl Qormpozatien .(UBASFtri€dhy ren@g) ycoldiamine

JeFFERURT B SR A e N BT A AR KA PRIV OX38 ey g iamine
Jeffbirige 20QB0 X . HLﬁf:trsﬂ@rmotor@watu@@l(sS(Al)lsabl,yoNaFmps,lmrhtaa%mme

Aradur 42 BD, ex. Huntsman Advanced

Jeffarsinerdnd§3 e?,‘yHU(B‘5$mﬁﬁé@qré’or%tl'ﬁméU$§prV8h¥PF§my}ﬁnee§nam|ne
Ancgﬁﬂfe (15eB@NYAir P‘be@u&@l(U@W’}t tgcle iplat |bJ§| éﬁ'n?fg%gduct

Cur i ng Agent ex. Resoluti on ert or nmnce roduct s
Ancaueng X2280 @ol@narﬂrdwtsr(ésd’ddamlowmateqa@wno ayami d

ancER e B, By S L AL P BBV SRR B

AncAd\la@@s@_ MeixeniraPHdusts (ESA) apslyamahdarhilee am ne

U B BN bR gt o

Ep||(L§\é" 3*174'1'T candy A4g@ft0€ﬁt REsELIBA FRGBHEdar¥et ﬂ“ro%l@@t@’(USA),
dolite NC-541, ex. Cardanol Chem cals SA) ,

PONVéﬂlﬁllOéﬁ'"BQse Cardolite Lite 2001, ex. Cardanol

SIQ&&"@E}L%%& ERSEL MH&f}e;?r% k?(é’ér‘?ﬁ&rﬁ@‘?i»g?ﬁé’rm’do%ﬁiﬂg

r Systens onprlses one" ofr OXYy resins
Epileﬂrbe'i:n]sﬁ)(—ﬂodﬁmmmg; plgenbl ex, Résdptien Glerfierenad chldrotiadss (USA),
| ane or nore curing agents selected from
po W@é‘ﬂ'ﬁll H'BSses, pol yani doani nes, pol yoxyal kyl ene
SIQaMiNME 2015, ex. SIQ Kunstharze GmbH (Germany), polyamidoamine

Polypox VH 40309/12, ex. Ulf Primmer Polymer-Chemie GmbH (Germany),
polyoxyalkylene amine

CeTePox 1490 H, ex. CTP Chemicals and Technologies for Polymers (Germany),
polyoxyalkylene amine

Epoxy hardener MXDA, ex. Mitsubishi Gas Chemical Company Inc (USA), aralkyl
amine

Diethylaminopropylamine, ex. BASF (Germany), aliphatic amine

Gaskamine 240, ex. Mitsubishi Gas Chemical Company Inc (USA),aralkyl amine
Cardolite Lite 2002, ex. Cardanol Chemicals (USA), Mannich base

Aradur 42 BD, ex. Huntsman Advanced Materials (Germany), cycloaliphatic
amine

Isophorondiamin, ex. BASF (Germany), cycloaliphatic amine

Epikure 3090 Curing Agent, ex. Resolution Performance Products (USA),
polyamidoamine adduct with epoxy

Crayamid E260 E90, ex. Cray Valley (Italy), polyamidoamine adduct with epoxy
Aradur 943 CH, ex. Huntsman Advanced Materials (Switzerland), alkylene amine

adduct with epoxy
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al kyl ene am nes, aral kyl am nes, pol yam nes, and

adducts and derivatives thereof. 10 Preferably the
WE@p@Ri236e6i N has an epoxy equi val ent wei ght of PCT/EP2008/054399

100- 2000, such as 100-1500 e.g. 150-1000 such as

150- 700. Especially preferred epoxy-based bi nder

systens conprises one or nore bisphenol A epoxy

resins having an epoxy equival ent wei ght of 150-700
Aradud86BeXW@E0 &b, expcbiwmﬂhdoaéhdmoed Matahuiat S (awidtzerland),

de glvatjvesdw 15 Preferred epoxy-based bi nder
arogw}g ESARING & |V>é' eEB?‘Yng bi nder systens. In the

Car@@lht@tNGmOSé% lcarrdahblech@hadalg(rugm @bnARMXyadeased
i nder s;stem s in the range of 15-80% such as

Car@@“téd%eo 0941 pesCasiance C@@”%'ﬁ%'sﬁéﬁ%): ManeuPasRi ng
bound to any particular theory, it is believed that
the selection of the ratio between the hydrogen

Prefegiad/aP@nt-§aged P& /Y SERMEEO8RIIFSSRY ‘é@%ﬁf@o@e%w resins
seletct@d %ﬂ%"bl%‘é'nﬁﬂhe%fs%h%fnot P%n@ﬁo@éla@éﬁd%%‘%’%gﬁ%d}% curing

p ays a certain role for the per or mance of )
ageotsaselagteddirpas Manoith Bisas, potyameidgiaminesepelgpxyalkylene amines,

ko) e o R AR A iy arRle 8P RUfifRen et varives

the@of." hydr ogen equi val ents" in relation to the one or
nore curing 25 agents is the sumof the contribution
fromeach of the one or nore curing agents. The

Prefeoat|yi thetdpoxyf regm basbnOépd%‘yEe@meakEht mightcof 100-2000, such as
nts to theqj&%)%ZOOS/ 125 O PCT/ EP2008/ 054399 14

age
10053&Pbg€‘eﬁ-éég| FUshjas /894 as grams of the curing
agent divided by the hydrogen equi val ent wei ght of

t he curi ent th dr ogen equi val ent
ESPRE PN P S THIECE0H - DE SR ARG oL R RORR 36 O Qe e
blsﬁHé%oPHréﬂlﬁ( Hs h&GHE e éﬁéxyf BqdivaRdntafeigt | 'OYQSO 700 and one

drogen. For adducts with oxXy resins the
or n@@rrﬂ PO'M@N'@%@#”Q ﬁéaﬁ'éaéﬂsaﬁﬂ d@@‘ﬁ’@?‘éefaﬂtﬁfépf on i s used
for the determ nation of the nunber of "hydrogen
equi val ents" in the epoxy-based bi nder system The
Prefenreseep @ty -bapes i f@iﬁj‘l sygkems grejamnpignaclondtindeesystems.
or nore epoxy resins is the sumof the contribution
fromeach of the one or nore epoxy resins. The
In tb@rnannvomm@ﬂ&tlpanﬂé%mtabﬁmq#mtmfeewynl@a@cbb@ﬂy:r SESHaNS is in

the ?Qné@%f ‘?LB%(XO/e%&HgA F}gs&?gé P& E@ﬁa‘ﬁft the

y réesin Xy equi va 2Rt

Without being bound to any particular theory, it is believed that the selection of
the ratio between the hydrogen equivalents of the one or more curing agents
and the epoxy equivalents of the one or more epoxy resins plays a certain role
for the performance of the coating composition.

When use herein, the term “hydrogen equivalents” is intended to cover only
reactive hydrogen atoms linked to nitrogen.

The number of “hydrogen equivalents” in relation to the one or more curing
agents is the sum of the contribution from each of the one or more curing

agents. The contribution from each of the one or more curing agents to the
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t he epoxy resin, where the epoxy equival ent wei ght of
the epoxy resin is determ ned as: grans of the epoxy
wo easn2waui val ent to 1 nol of epoxy groups. FRCT/EP2008/054399
adducts with epoxy resins the contribution of the
reactants before adductation 14 used for the
determ nation of the nunber of "epoxy equivalents" 15
in the epoxy-based binder system Preferably the ratio
hydbegereequivhertty ds dgéned qaigrafrenofsthef cmnimag agenodivided by the

curl a nts an poxy e al ents, of 't one or.
nvarBir SR e N oF Fr BrEroFiRgY Wk by g e edlivalent
weidZOofLEHd cfiihg @Qéﬁt Ragedriimee bs S Y siraB10Z @hk reuANQL Agdnt

enbodi nent, the binder systemis a silicate-based
equmar‘\%rétrtosixﬂélnﬁ’f actiye hdeoes; FPE addueigsuidh mpey resins the

con@r}‘ﬁ}t?dﬂ oﬁﬂ%ﬂ@ac‘%n&%@fbfié@edé&lérh% GQé’G’Fd}aﬂHeocﬁ‘etePﬁwlr?J’cﬁ)n of

nore silicate resins, any catalysts and any
the @@@&@T@‘t“dwsd rogere egliviatents” bashel ebprtdiased dui eder system.
conprises one or nore silicate resins selected froma
group of silicate resins. Suitable silicate-based
Thepiuraeer of Serowy eadivabats 2B eglajon §¢ the anesoranohe gghxy resins is

the SHAFRY Rl pn iR Fam 2EL Bt Tud e A e SERHRY ppns. e

conﬂjit?@tum fom agohi)y)lf tisée Iolnieadre&,or@@bxbkylrei;ihgaatttael,edmoyyéd quivalents

. .Sll1cates an t silicates can also be e avyed, .

s ItnEE S HBE o e PSSl B dah ey Sre SRaNs Bhh weight of

I I &f&()@ﬁ’ 1%5‘95&(

the %@gg&%&%ﬁgggé ngmﬁ?fgng}kgéw t abtl e y resin is

deteronied Asalgrymsvel m@oe@ow rﬁi!&t%\teélur\@é‘?fﬁstoal &nol TheREXHM arpups.
ES

For 3RS wERUERT SRR dontfbUbo Br'cheReficidnts Kgford

addScitanmmdlsmedeﬁor tse Idabatdnmtlporca‘tuhemL(r‘dBe:) of eepyAy equivalents”

tS|I|cat a gt TES 28, ex. Wacker Chemn e
in ra%gp%yl%ase tjee ?Ysi €%te Tetra Methyl Orthosilicate,

ex. Fuso Chem cal Co., Ltd (Japan) met hyl silicate
Pr.axai r hnol

Preftrul sDRIAEs, SPRED el iy hBen S IR &7 e pief Bore curing
agefts ah@ﬁh@%o@?@?ﬂﬂ?ﬂeﬂm Rl ook o ore( &t yadesitiisyih the
|

silicate 10 Et ilicate has been the dom nant

rangg Pf@Qﬁ%o%ltﬁd&(%i‘-BQ- nore than 30 years. O her alkyl
types have been used such as isopropyl and butyl from
whi ch the

Silicate-based binder system

In another embodiment, the binder system is a silicate-based binder system.
The term "silicate-based binder system" should be construed as the combination
of one or more silicate resins, any catalysts and any accelerators.

The silicate based binder system comprises one or more silicate resins selected
from a group of silicate resins. Suitable silicate-based binder systems include
ethyl silicates although other alkyl silicates, wherein the alkyl groups contained
from 1 to 8 carbon atoms, such as methyl silicates, propyl silicates, butyl
silicates, hexyl silicates and octyl silicates can also be employed, either alone or

in admixture. The silicate used can be partly hydrolysed if needed.
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correspondi ng al cohol is evolved on hydrol ysis, but
ethyl, despite of the low flash point of 10C of
werdvanedelo i s the principle type used. Ethanol PGI/EP2008/054399
conpletely mscible with water, ideal for hydrolysis
and has low toxicity. Curing spged is 15 faster than
wi th hi gher al cohols. The silicate-based binder system
conprises one or nore catalysts. Suitable catalysts
Exaermed of seiablet @mmmerdddy laydrlaklel silicate aesithsaard:
sul phuric acid. A common way to reduce the curing tine
is to add an accel erator such as zinc chloride or
Dynaayglaess Qnex.hDegu shea. (G’dfrmaw)i chbvd-dlicatd  bi nder system

siliGRnes. APy Riex. fiamkec et ity BuRasdieaEs pec "
Silbbhl&id, fdx”@l%)bhb@@ﬁp@ra@ﬁﬂ(@sa% ethys dilicatd e

commercially availabl e accel erators are; Zinc

Silikat| TS de; eéxwa@g%@l SAHE { GREMBNYduEt ) SPicatRict o

n hl, ok i
Tet%Mﬁ&e@ffﬁ)ﬁlﬁﬁgﬁt ei1 PM%?H%%E%ICC% 3I_;9cﬁ (%a%ﬁ methyl silicate

Tetr(aGéiermawropa/hﬁylma@e»sex nirgere i Laaheiol agy H‘e:ospomadjadi Myl silicate

Tetc5o B Ut Cee ERRBRT b R bl TR et

siliceatender system of the coating corrpositl on is selected
from pol yurethane-based bi nder systens, cyclic
rubber - based bi nder systens, and phenoxy resin-based

Ethyli silderte st teran tHex dopliesntodilisatetbindemesranate coat B0gyears.
of th uy%e where z
& Cc

(040 itions ar I NC owd
OthER AR BEeh Usd U e esRBror A DU o peich the

corr@@baﬁdmgrmeéhéu.9@v6médcmws&y§@ BUﬂéEﬁyﬂ d8sfite of the low
flasg| asticizers). Exanples of co-binders

Pedt f ¥R pf str@awdtsofé@rmrmcml@stm uqﬁﬂ L ikihanels's sampletely
musBBReZWuth \ﬁéﬁeqh?deal'fé‘ré @V%o‘l’y@%%h %jabsel%JWE’d)HBW ENEnP2pBLd is

npost t on re
fasteotlh)armd\em hfgr‘@r atasis.ci zers). 10 The pai nt
conposition may conprise other paint constituents as
will be apparent for the person skilled in the art.
TheBilamgiedzaset] sodar ppstet comprrises @mesoramere gatatestiss Suitable

catalysqiraped Exr 46 gkl Qi Rt BEE S 2ad Ryt 9.
stabilizers, corrosion inhibitors, coal escing agents,

A common way to reduce the curing time is to add an accelerator such as zinc

chloride or magnesium chloride. The silicate-based binder system comprises one

or more accelerators selected from zinc chloride, magnesium chloride or borate

types like trimethylborate.
Examples of suitable commercially available accelerators are:

Zinc Chloride, ex. Barcelonesa de Droguas y Producto Quimicos (Spain),
anhydrous zinc chloride

Magnesium chloride (CAS no. 7786-30-3), ex Merck (Germany), anhydrous
magnesium chloride

Silbond TMB 70, ex. Silbond Corporation (USA), trimethylborate
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t hi xotropi c agents (such as bentonites), anti-settling
agents and dyes). 15 In the paint conposition, the
wao edoali2snount of the particul ate zi nc materi al PCBEB2008/054399

powder), the particul ate bi smuth-containi ng zi nc-based
all oyed material (e.g. powder)g any pignments and any
fillers may be in the range of 1-70% by solids vol une
of the paint, such as 5-65% by solids volune of the

AIteplaatrh\terpthﬁ bh‘alelr;syﬂ}}m & %h bycostihgdonvpditien és selkeeted from

al 2 VIS dtht tain eI ctricall
pon R eRtne’ Ratds bingel SyRBARS, e R ArP R HRde P idrdms, and
pheAbsy rré§|hnl§a§e®vl§|naeb<sv§tfeln¢s ExshplestofBuchh®mmercial coating
anticorrosive properties. Exanples of such active

compagiantssarsy of the type vem@reazlnmﬂwﬁﬁrdﬂw\sen%nﬁev been used.
phosphate, black iron oxide, antinony-doped tin oxide,
m ca, carbon black, carbon black nano tubes, carbon

Othm'g%stfﬂu@ﬁ?f graphlte and cenent. In one 25 preferred
he paint conposition conprises 0-15% by
solids volune of the paint of active pignents or
fid: r i ds, vol 0 h
Thepdellhf&?rglﬁ)%‘? o @%%0%9 %ﬁs@ 3@9@%%U%8.0$I%$H8fzerst). anBIes of
co- tﬁﬂdBv‘leeS@lﬁldBﬁﬁzEF@O@&/ I@M&@Srboh?rdmns h:Ehthala'ﬂES and benzyl
the to dditives ma

{
alcofL e PSSO L A APPSR CO T 548 2
hydfdcdrBen Pasintas E5-&ivdable/gt pRshaizBfs)composi ti on
conprises one or nore additives selected from the

group of wetting agents and di spersants. Wtting

Theaggaﬁﬁ’@ SompesklichPREGHYNsp Psd 8tHRS pdInBebh&tUBHtRas will be apparent
honbgeneous di spersion of the particul ate bi snuth-

for mpgrsennﬁllﬁchm fesad. ExpBiRies Rasach BRINtCogstipermierare
OB L4606 YEHELOR SRR Bl B) Sipctoncs, e

foamlr]cgaageuntso@amtystaegtaebslazefe,xcmamn $ybﬂbﬁ:mss (@=alemmimyg agonts,
perse 657 e nt | S I es The

thixREBRET P i Cuitias BB A el thvR S ARSI B D shaiss):

Di sperbyk 164 ex. BYK Chemi e (Germany) Anti Terra 204

x. BYK Chem [ I n cas f e ased bi der
In ¢ elieco RES Bhn E e Ergbay Gt s e SREFIREE 2k RpBih (e.o.
pow%@ﬁﬁgm@qim@ulﬁémaaﬁ-@bﬁteﬁub@z'ihtﬂb%@eﬁfwllm(\)bd rﬁatd?ruaaxe g.
t

powder}, anyr pigments and any fillers may be in the range of 1-70% by solids
volume of the paint, such as 5-65% by solids volume of the paint, preferably 10-

65% by solids volume of the paint.

It is envisaged that certain electrically conducting or corrosion inhibiting
pigments, fillers and resins have a beneficial effect on the anticorrosive
properties. Examples of such active pigments or fillers are aluminium pigments,
zinc phosphate, black iron oxide, antimony-doped tin oxide, mica, carbon black,
carbon black nano tubes, carbon black fibres, graphite and cement. In one
preferred embodiment the paint composition comprises 0-15% by solids volume
of the paint of active pigments or fillers, preferably 1-15% by solids volume of
the paint, such as 1-10% by solids volume of the paint.
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(di met hyl am no nmet hyl) phenol, p-tert. Butyl phenol,

nonyl phenol etc. The paint conposition typically
waeompne®es a sol vent or sol vents. Exanpl es of PGDER®NS$/@54399

are al cohols such as water, nethanol, ethanol,

propanol , isopropanol, butanol7 isobutanol and benzyl

al cohol ; al cohol /water m xtures such as 20

et hanol /water mi xtures; aliphatic, cycloaliphatic and
In the et corhpdsibioay bomsotas aotouag oftddditiegd may, be in the range of 0-

ycl ghexane, | uene, xyl ene d napht ha sol vent;
109§e§%ﬂb§5%g§gﬁ%j§’ﬂQFHVYégpﬁapﬁﬂg?Bﬂ@F'acetone, nmet hyl

i sobutyl ketone, nethyl isoamnmyl ketone, diacetone

| cagh and cycl ohexanone; ether al cohols_such as 2-
Pre N R EAE SO BPOS B TPy e ORE Ao BrHy POEeR Sefrted from
the by ofivgltyinglagemss ahd diSperdantsasveRIrpay@ite¥d dispersants

acet at e, acetate and 2-et hoxyeth acet at e;

n- but yl I
helpghig a?ﬁi%iﬂﬂé‘sh%ﬁ@&@ﬁﬁpuwmﬁiﬁ@ Qfﬁhét'@rgiﬁbiait%é’ﬁrﬁ\%th'
cont AP ﬂH@ba‘sEd'a?loQ@@rﬁé@r%_l:g@?bt. ddWed Rl Bkard @Rbfﬁﬁtable

solvent(s) so that the solids volune ratio
wettingiagengs andrdisperseotsuate:of WO 2008/ 125610

PCT/ EP2008/ 054399 18 solid constituents to the total

volunme) is in the range of 30-100% preferably
Cargitl-leadostei 2D exr Cacgill frogs{(Bo@iwm)g. 60-100% SVR is

: t ' ' I TM D 2697 with
oL ERe SRR TR TR IR ETY 0,20 Soc
Nuodpdrdz0667 exattiarmehtisnSpetiplities (ThddNetherishgsdd 5 of
[ at hi %hcer t_err&aer atures. The coating conposition
t

dryin
Ant'ngrtrﬁ EXeBERtCHEIVIENFYMPRY) be wat er-based. In one

DispdrBQi e t BeK ZiHn RO Ay)an exi sting commercially
avai |l abl e zi nc epoxy coating conposition is replaced

Antinf eria 26 ear BY € @heneien(Gafinanyoont ai ni ng zi nc- based
all oyed material. 10 Preferred enbodi nents One
particularly interesting enbodinent is the one which
In casapf iepexy-baspddynglay skaenss thelnaiet e@mpRsitigarMpy oatRrrise

' - il i ne- - I Lie® 1 a_tei
epog LT E s ik, 1 R il SR e ot
(dinsgthtyéamirenichetiy ) @hed®d, py-teml Bdsylpbenoie nohybphenol etc.

non-vol atil e conmponents; and solvents in an anmount of

30-100% rel ative to the total volune of the solids.
The paint composition typically comprises a solvent or solvents. Examples of

solvents are alcohols such as water, methanol, ethanol, propanol, isopropanol,
butanol, isobutanol and benzyl alcohol; alcohol/water mixtures such as
ethanol/water mixtures; aliphatic, cycloaliphatic and aromatic hydrocarbons
such as white spirit, cyclohexane, toluene, xylene and naphtha solvent; ketones
such as methyl ethyl ketone, acetone, methyl isobutyl ketone, methyl isoamyl
ketone, diacetone alcohol and cyclohexanone; ether alcohols such as 2-
butoxyethanol, propylene glycol monomethyl ether and butyl diglycol; esters
such as methoxypropyl acetate, n-butyl acetate and 2-ethoxyethyl acetate; and

mixtures thereof.

Depending on the application technique, it is desirable that the paint comprises
solvent(s) so that the solids volume ratio (SVR - ratio between the volume of
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Anot her particularly interesting enbodiment is the one
whi ch conprises: 10-80% by solids volune of the
w@asosiizsh@t e bi smut h- cont ai ni ng zi nc- based al POYER2008/054399

material; 20 15-60% by solids volunme of a

silicate-based binder system &md 0-40% by solids

vol unme of other non-volatile conponents; and solvents

in an anount of 30-100%relative to the total vol une
solidfconbEtusnits ts th&\Eo 20 08Il é )k 10inPOE EPREe0d BGAINYo, peeferably

L e DR

conmposition is applied. The subst rate typically

svi & el n B8 Ruirthle 1832 o TN P ap AR Mlainication

that @ﬁWﬁQ ig carietholst at’ 2010 MhﬂQBO%S'emWéUﬁum%|b¢/fdl°€?lld%y§f"nstead
conventional means, e.g. by brush, by roller, by

of dﬁY'PQI%ts@QQE‘E Eﬁimsratyye%. r-spray, by dipping, etc. The
commercially nost interesting way of "applying” the
coating conposition is by spraying. Spraying is
Theé@@é@ﬂe@rﬁQO%ﬁﬂsOf&f‘e&fﬁ%?ﬁ inygAF08 W%ylbﬁgwé'%ﬁm bagegk In one
em%H??‘N%nttQhé%qOSB\ﬁBBr 6|‘bh|é3@st’|rgg g:&?m@éhall-{;hé‘vé?%%ﬁé Qignc'eg)oxy
ypi cal 'y appli In a dr I'mthickness of 5-1
coapm; Composition lScltﬂmaCMddj\l tihenparsicutate bisrmeth-contaiaimg zinc-
I onposition is subsequently applied
bas%ﬁ%@ogéﬁ?%ﬁé g'@?cont aining coat. The outer coating is
typically of a coating conposition selected from
epoxy- based coating conpositions, polyurethane-based
Prefepdd 8fhpoaimesid i ons, acrylic-based coating 15
conposi tions, polyurea based coating conposition,
pol ysi | oxane-based coating conpositions and fluoro
OnePPanRIarBARRErPRg &8 beaIMest fsi thiaSondVhe@Y esmptiBes:
outer coating is typically applied in a dry film
t hi ckness of 30-200 pm In a particular variant
10-85%£BY soffls MBILEHERMAItAE Ha¢A8lIREE bEPATPS LS t@Mih§ Zihd-Bhsed
subsequently applied onto said zinc-containing coat,
a”OV\%F'é%ﬁUéf the outer 20 coating is applied onto the
k) nn%% alyly of a
20- 85'/ BK(‘SB%S Vggﬁﬂegﬁ sel'ect egagg(gtrﬂr{e&gxfy Easé goatl ng
0- 4a%r’p¢$|ot|dswsluraerojlqtber baeecblatnlathmp«zmmﬁeslandons and

h [ .
solEPLY I B Al & 2o tt "R RRRE Y (e MR B Bl apyes.
filmthickness of
Another particularly interesting embodiment is the one which comprises:

10-80% by solids volume of the particulate bismuth-containing zinc-based
alloyed material;

15-60% by solids volume of a silicate-based binder system; and

0-40% by solids volume of other non-volatile components; and

solvents in an amount of 30-100% relative to the total volume of the solids.
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50-200 pm 25 Hence, the present invention also

provi des a coated structure conprising a netal
w@reoaaeisn@e having a first coating of the PCT/EP2008/054399

zi nc-containing coating conmposition defined herein

applied onto at |east a part ofothe netal structure in

a dry film thickness of 5-100 pm and an outer

coating applied onto said zinc-containing coating in
Coaéindrsystermn t hi ckness of 30-200 pm Preferably, the

outer coating is of a WO 2008/ 125610 PCT/ EP2008/ 054399

20 coating conposition selected from epoxy-based
Thedeati tey bstrapeSistintersled pomaanes salie nbateeid| cotd wigch the coating

confiivLis s dbtn s SR a e b Ao  BlEAES el as stee
coati ng corrp05| tions and fluoro pol ymsr- based coati ng
ans, .5 In,an. intere tln%varl ereo

The 2R Amang” iupd i s dleg PaqviEnFheggt industry.

Thugj NeplgirigaiificogdGeati Pnidand dirany témddtlcﬁiamm@ar@‘ e.g. by
50-200 pm before application of the outer coati ngh
Fs

brugth Ry E91aroRY i é?sér%&?ﬁy'ngu Ry FIFEFMedP R aPPIRGattCh
con‘ﬁﬁeﬁtlﬁRﬁHd%Q iRPERHd Way oﬁ‘e‘la%%ﬁﬁﬁg’f EMEM cBRRAition is by

coati ng onposi tions, acrylic- baSed coati
Spra:son@osptaymm is affecwdl lsysurreemw mwe@tmoabsmalyngg equipment

0 ryct LI r.
nof RSSO MBSk Bt HE" ThB: iBRE T 1Y R8I PSP IR T ary
filmaihlickaveds @S- Ilﬁdljﬂ’hry such as oil rigs, bridges,

containers, refineries, petrochem cal industry,
power - pl ants, storage tanks, cranes, windmlls, steel

In aspartticularesmpadimeft of tsh'd m&bhtlohuaBS)LEelgcoaﬂilrlig)ODtrﬁJ,o&tlon is
st adi a, and Efrcll buiI Ig 15 The stru%hure IS
subgequgntly APRILEY PRA %’1" %lCO”t%ﬂP'é‘ﬁa?%?ttn eé’flit%éoi‘)té{“-hts

typ&é’l’l‘iﬁ@ﬁbtdo%'ﬂln-ér@)rﬁébﬂﬁloﬁ@élé&ecﬂ’ﬁ%?ﬁre%@x?ybﬁ@d &ytip! e
echnique that is comonly used wthin the fieldof

compgisitions: Golidirethanerhased chetingcoarositions, iachwit-based coating

nﬁagsfﬂdr?rﬁqlpo A pegﬁseldlsﬁbq@ %l?{gggg'l?g pglyléﬂgg%? ba@ecf. coating

corrm-:ds'rttcmsa&mxd)ﬂdorrg pbly nhére ba sedk nbatdmg Imamdmeswfonst Mdredver, the
usi nqg. ba tron fi W re ters
outiSeing ROpideitapp B3 by it ihickfeSS 3B 200

turnoclean filters (ex. Cuno), DELTA strain fllters
St r ai ner ilters (ex.

In aoparl;&;o\ﬂﬂrb\fdﬂqr‘gﬂwe}r@pfgaﬂ |r‘6ﬁrmed|ate coatlng C mp05|t|on (T:Q first

subsequently applied onto said zinc-containing coat, whereafter the outer
coating is applied onto the outer coat. The intermediate coating is typically of a
coating composition selected from epoxy-based coating compositions, acrylic-
based coating compositions, and polyurethane-based coating compositions.
Moreover, the intermediate coating is typically applied in a dry film thickness of
50-200 pm.

Hence, the present invention also provides a coated structure comprising a
metal structure having a first coating of the zinc-containing coating composition
defined herein applied onto at least a part of the metal structure in a dry film
thickness of 5-100 um; and an outer coating applied onto said zinc-containing

coating in a dry film thickness of 30-200 um. Preferably, the outer coating is of a
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The paint conposition to be used in the nethod of the

invention is prepared by 25 mxing two or nore
w@ompozesm s e. g. two pre-m xtures, one pre-n XPCF/EBP2008/054399

conprising the one or nore epoxy resins and one

pre-m xture conprising the ongoor nore curing agents.

It should be understood that when reference is made

to the paint conposition, it is the m xed paint
coatngmosipdsition ealegtadfrom appk?éxﬁsetl\i@oﬂﬁﬁ@/dbm;ﬁdﬂtions

PCT EP2008/ 054399 21 Furthernmore unt.s stated
pO'vzﬁe}a 88?‘? 50%”%ﬁBmcHOS{tfPé‘spéFﬁ\f"Csh%%ﬁr%c%aet'”9 cBmEositions,

polmdaxtfets@aotmm%wnp@tuuda polysnexaie-basedicsgtingaofipositions
nposition ready to be applied. EXAMPLES 5

andFﬂ%ﬁr%'Y@ﬁr@asﬁés@aﬁ'ﬁﬁe@g"‘WﬁéF'@nﬁot specifically
stated el sewhere, the test panels used are applied
according to the procedure stated bel ow. Steel panels

In agy igteieatiag \(ﬁrﬁﬁ‘ti}@féo prAnointeHBeHiale corln basdneaaPatigs onto

salosilﬁﬁlco%é‘lﬁﬁr?g coSEsh & 8§ cﬁ’kllﬂlﬁ'P{I'QCIErﬁ’éése& ﬁOJZ@OSﬁr%eéefore
abrasive blasted to Sa 3°(1SO 8 1),

appicaticcef preduter @mir\gawnp%lbosNPgef(eFaJSgW tam Irmermssdlate

I | s
coafliht pf dedtib Ghodfy e e ket 67 td chARy B o v e
confpwsitibrisy alceylicabpssd ochtiig 2amp@giidris, aad mdlherashsee-based
stated. Testing according to | SO 20340 The panels are
CO&‘BQ%&Q@?PO&&EW% ng to | SO 20340 Procedure A: Standard
15 procedure wth | owtenperature exposure (thernal

Thegstr (Rt re ok AL G0s SieSibd Toib heRekor Hatpl caegorLaqLiTant, e.0.
for fHUBS aﬂszggaaj |hd§§fr§ysdcﬁsés 6iPRbs, BRdgad, bonamers, FéTFHe'ﬁ%a's

shock QUV exposure is according to
petrpfb@mlcaidaéu&tm B@Nﬂé@daTEﬁl plpragg tanks, e@(p@@%r‘@lﬁ%m”s steel

struchﬁ%rs Cr?rdf’ cH)lltgthYétgh %g"\gw drgahtsta?'tﬁ‘ig M%ﬁg@& dlﬂas.' n

oration cause
sunllght and water as rain or dew. QUV cycle: 4 hours

ThecL:%F] éﬁgéa 3 ETc’fngat &gysérb%@%g%fé@ggioag&f Egg(l;(r)g/ 054399

Preparation of the paint composition

The paint may be prepared by any suitable technique that is commonly used
within the field of paint production. Thus, the various constituents may be mixed
together using a high speed disperser, a ball mill, a pearl mill, a three-roll mill
etc. The paints according to the invention may be filtrated using bag filters,
patron filters, wire gap filters, wedge wire filters, metal edge filters, EGLM
turnoclean filters (ex. Cuno), DELTA strain filters (ex. Cuno), and Jenag Strainer

filters (ex. Jenag), or by vibration filtration.

The paint composition to be used in the method of the invention is prepared by
mixing two or more components e.g. two pre-mixtures, one pre-mixture
comprising the one or more epoxy resins and one pre-mixture comprising the
one or more curing agents. It should be understood that when reference is made

to the paint composition, it is the mixed paint composition ready to be applied.



10

15

20

22 The SST exposure is according to | SO 7253,

exposure to constant spray wth 5% NaC solution at
w@2@@3/125bl@ t her mal shock exposure consists of PCHEP2UG8/054399

the panels in a freezer, at -202C. 5 Total period of

exposure: 25 cycles equal to 4200 hours. Before the

panels are started in the climatic cycle, they are

given a 2 mmw de score placed horizontally, 20 nm
Furh‘l”teomon'heallbamountsasnatecﬂ de<h Mheolidsheoltiest of me;pam@dn\ould be

int,fi ved omthe score

undfoRBaR sy Phlids KETPSE 26 shETadd s RLFomBRSRgeply to be
appheating by a suitable 10 nethod, the width of the

corrosion is nmeasured at nine poi nts (the m dpoint of

the scribe line and four other points, 5 nmapart, on

each side of the mdpoint). The rust creep Mis
EXAMHILEH ated fromthe equation M= (C - W/2, where Cis

the average of the nine width neasurenents and Wis

the original wwdth of the scribe. 15 Preparation of

bi snut h ed zinc powder 400 kg of SHG ( Super Hi gh
Pre;@rgggy qﬁtﬁépié@nﬁéat ed together with 1.5 kg of bisnuth

in a msltlng furnace to a tenperature of 500 C. The

nel ted al zed in ver ical, cl ose-coupl ed
Whedgsn %qﬁc{oc%llgtstg?ng?léew ei%ot%?g test Rapge Ia?tusg are applied
acchrRife tathe @rofehrt statadsh@gwai r at a pressure of 4.5

bar. About 0.1% of funed 20 silica, which is a

free-flowng additive, is added in the collecting

Stedli éér&ﬂs a%@ogﬂado\fwthaiﬂmﬁﬂw PPYREEpaing t6Meatarest. ‘Wﬂé §’d’ée| panels

is then sieved at 325 nesh. This results in

use jahg %'o%i‘érroﬁ%ﬁ?'m ﬁ'@?eﬂ:oat?ﬂ@é'ven@'éﬁieidow Sérl$e(1§ﬁ)859% 1), with a
surfabl $rpe uN/ Ie t t@@l*@r(t@ul?‘b%e@@o | $) A Bhel §amp|es have been

cont al ns I snmut i nto account some
coatsd mesp@meisuaﬁetd@edﬁmm alg3 temptehettsfﬁwlft23ﬂ25°(] and 50i5%

reiafDB TR Yor b Be oA BRH  hohBRiyiBR el vat 1 on

process, the liquid particle is "cool ed and a very WD
2008/ 125610 PCT/ EP2008/ 054399 23 thin zinc oxide

Tesbﬁy%rccbl%uf)gwﬂéoaiojm surface and covers the
particle his can happen as the production process

takes place in air.
The panels are exposed according to ISO 20340 Procedure A: Standard

procedure with low-temperature exposure (thermal shock)

The exposure cycle used in this procedure lasts a full week (168 h) and includes
72 hours of QUV, 72 hours of Salt Spray test (SST) and 24 hours of thermal
shock (-20°C)

e The QUV exposure is according to ISO 11507, accelerated weathering, by
exposure to fluorescent ultraviolet (UV) light and condensation in order to
simulate the deterioration caused by sunlight and water as rain or dew.
QUV cycle: 4 hours UV-light at 60+3°C with UVA-340 lamps and 4 hours

condensation at 50+3°C.
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O her alloys with a bisnuth-content of in the range of

0. 25-0.50% by weight were also prepared follow ng the
w@e@saehsne descri bed above. 5 Preparation of PCT/EP2008/054399

epoxy-based test paint 6878 gram of epoxy base was

prepared in the foll owi ng way:22ahe epoxy resin

solution, the reactive epoxy diluent, wetting agent,

t hi xotropic agent and 75% of the solvent was prem xed

on Tael Yh egxpesudenis amcostjog gpd8O W53, expisureltbeondtad spray

(90 . ' Lameter) in .5 litre can for 15 m nutes
atMﬁgp§%€6%F3ﬁ9h§§%bab§§F " of zinc powder was then
added and m xed for about 15 m nutes at 2000 rpn1 The
regmi ni ng_ 2 of, sol vent was Just

naRedbRoal ARk ERaS SRRt SEaHAE tad e heBanduegzer, at
and2peocpai nt conposition was m xed to a honobgenous

m xture. Preparation of silicate-based test paint 15

1695 gram of the conmercial silicate-based base

TotFQEHYIEDE eXBGsUrEE 251 Ketks dquidllte £200 wotks.a hi gh speed
m xer equi pped with an inpeller disc (90 mMmmin
di aneter) for 2 mnutes at 1000 rpm Zi nc powder (2644

BeféHeatie paticldReelstdtaedin dhe 3RMALEr @ik, ftﬁéyMPdewéPa'tarE mfn-wide
and 3773 grans for conparative Exanple 3) was added

scofeoPlpRed 6‘&§%08Eﬁ+%r?@nm”&r§@miberﬁ%gﬁnfacﬂd %98&{ 15
m nut es at 2000 rpm WD 2008/ 125610 PCT/ EP2008/ 054399

nposition of test paints Mdel paint A Md
Wh%i”i‘ﬁ t@ﬁ\l’éé&‘l’%ﬁ%ﬂ rhe@aipdeim ;b%lr@mol?)e@&?ﬁiﬁrtﬁﬁlsﬁére and the

o ARSI AR, SN S o
methegi the alidth ofhthg IGyesianiis m@a%med atgpox posttswthe ndppint of
the ﬁglaég l'%%%%ﬂj—l o%ﬁ;?p%mltszg n?m a[Zar%goR an'l 52§e %f%hé‘ midpoint).
The rust creep M is calculated from the equation M = (C — W)/2, where C is the
average of the nine width measurements and W is the original width of the

scribe.

Preparation of bismuth-alloyed zinc powder

400 kg of SHG (Super High Grade) zinc is heated together with 1.5 kg of
bismuth in a melting furnace to a temperature of 500 °C. The melted alloy is
atomized in a vertical close-coupled gas atomizer at a rate of 200 kg/h and at a
temperature of 525 °C, using air at a pressure of 4.5 bar. About 0.1% of fumed
silica, which is a free-flowing additive, is added in the collecting filter. 380 kg of
alloyed powder is obtained, which is then sieved at 325 mesh. This results in
300 kg of fine powder according to the invention. The Dsq of this powder is 9
Mm, and its Dgg is 50 pm. It contains 0.35% bismuth, taking into account some
loss of bismuth in the skimmings of the smelt.

It appears that the zinc powder is stabilised during the production process as

follows: during the atomization process, the liquid particle is “cooled” and a very
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Hunt sman Advanced Materials - Switzerland Reactive

epoxy diluent Araldite DY-E/BD, ex. 0.7 3.7 0.7 3.7
wW@20083281©. 7 3.7 0.7 3.7 Huntsman Advanced NaPET/ER1088/054399

Germany Additives Dispersing agent Stablec UB, ex.

Archer 0.2 1.0 0.2 1.00.2 1.029.2 1.0 0.2 1.0

Daniels Mdland Co USA Rheol ogi cal agent Bentone 34,

ex. 1.0 2.8 1.02.81.13.01.02.81.0 2.8 Elenentis
thinSpecioaide iagsr iJSAMR gt suidace Bndl@vers therpadidleyThis can

5% E}c 9= 14 78.3 55.1 Pm Zinc

0, i, D50= 3.8 D9
napgeR s s, BRGVRS N FRLess REmPIEHD IF 78,3 55 1 prm

Zinc alloy, 0.25%Bi, D50= 6.3 pm D99= 27 76.7 52.8
ongpabifd s, TBFh U BBYLEE o h e SRR B0 5% beron
wer8Qll¥&epESpared following the procedure described above.

Preparation of epoxy-based test paint
6878 gram of epoxy base was prepared in the following way:

The epoxy resin solution, the reactive epoxy diluent, wetting agent, thixotropic
agent and 75% of the solvent was premixed on a high speed mixer equipped
with an impeller disc (90 mm in diameter) in a 2.5 litre can for 15 minutes at
1000 rpm. 5800 grams of zinc powder was then added and mixed for about 15
minutes at 2000 rpm. The remaining 25% of solvent was then added.

Just before the application, the commercial curing agent was added and the

paint composition was mixed to a homogenous mixture.

Preparation of silicate-based test paint

1695 gram of the commercial silicate-based base component was pre-mixed in
the can with a high speed mixer equipped with an impeller disc (90 mm in
diameter) for 2 minutes at 1000 rpm.

Zinc powder (2644 grams for Model Paint J, 3207 grams for Model Paint K, and
3773 grams for comparative Example 3) was added to the base component and
mixed for about 15 minutes at 2000 rpm.



Xylene 2.8 0 2.8 0 3.0 0 2.8 0 2.8 0 Butanol
1.001.101.101.00 Total

1.1 0
conponent 1: 93.2 91.1

wWO008/1&b1d 92.5 90.6 93.1 91.0 93.0 91.1 ConpRCERP2088/054399

Henpe

curing agent 98382-00000,
7.5 9.46.9 9.0 7.0 8.9 Henpeds -

ex.
Denmar k Tot al

6.8 8.9 6.9 8.9

conmponent 2: 6.8 8.9 6.9 8.9 7.59.46.99.07.08.9

Total c and

2:

onponent 1 100 100 100 100 100 100 100
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St apl

Hom
XY

Additi e

BD
S
ec

SITarn

X.
9e.1 28.5

UB,

Reactive epoxy diluent
Araldite DY-E/BD, ex.
Huntsman Advanced
Materials - Germany

0.7

0.7

0.7 3.9 0.7

3.7

0.7 3.7

Additives

Dispersing agent
Stablec UB, ex. Archer
Daniels Midland Co -
USA

0.2

1.0

0.2

1.0

0.2 1.0 0.2

1.0

0.2 1.0

Rheological agent
Bentone 34, ex.
Elementis Specialities -
USA

1.0

2.8

1.0

2.8

1.1 3.0 1.0

2.8

1.0 2.8

Pigments and fillers

Zinc alloy, 0.5% Bi,
D50= 3.8 Kum, D99= 14
um

78.3

55.1

Zinc alloy, 0.25% Bi,
Dso= 3.7 Kum, Dgo= 14
pm

78.3

55.1

Zinc alloy, 0.25% Bi,
D50= 6.3 Kum, D99= 27
um

76.7 52.8 39.1

27.5

Zinc powder, Zinc
Powder Super Extra,
Umicore

Dso= 3.8 Kum, Dgo= 10
pm

39.1

27.5

78.2 55.1

Solvents

Xylene

2.8

2.8

3.0 2.8

2.8

Butanol

1.1

1.0

1.1 1.1

1.0

Total component 1:

93.2

91.1

93.1

91.1

92.5 90.6 93.1

91.0

93.0 91.1

Component 2:

Hempel curing agent
98382-00000, ex.
Hempel - Denmark

6.8

8.9

6.9

8.9

7.5 9.4 6.9

9.0

7.0 8.9

Total component 2:

6.8

8.9

6.9

8.9

7.5 9.4 6.9

9.0

7.0 8.9

Total component 1
and 2:

100

100

100

100

100 100 100

100

100 100

PVC%

58

58

56 58

58

SVR%

60

60

59 60

60

% by volume solids of
zinc powder, Bismuth-
alloyed zinc powder,

pigments and fillers.

55

55

53 55

55




USA Rheol ogical agent 1.0 3.0 1.0 3.0 1.0 3.0
Bentone 34, ex. Elenentis Specialities - USA Pignents

wa@p@sfizichers Zinc alloy, 0.05%Bi, 78.3 54.7 BPSDEPRNF054399

pm D99= 15 pmZinc alloy, 0.10%Bi, 78.3 54.7 D50=
3.7 pm D99= 14 pm Zinc alloy,29.25%Bi, 78.3 54.7
D50= 3.8 pm D99= 15 pm Zinc alloy, 0.40%Bi, D50=
4.0 pm D99= 16 pm Zinc alloy, 0.50%Bi, D50= 3.9
pm D99= 16 pm Zi nc powder, Zinc Powder Super Extra,
Um core D50= 4.4 pm D99= 27 pm Solvents Xylene 2.2 0
2.2 02.20 Butanol 1.1 01.1 01.10 Total

conponent 1: 92.6 90.6 92./6Model@aioE q Yoded paitigip st paint G

Copipoiamtpel curing agent 98382«0Q0000ys ex%pw/k. |4 sl | Powdw

%vs

EpOxyfuictiondl.c8mpdi@a@pPel - Denrjar K Total clomponent Z7] Toft al

ann-ltlann 4 4N P\-4

EpS TR TG on £7590W0w fxy a0 1003500 TIOR8 21065500 —RYCi 58 98
epb& eq.BVRY%H1 61 61 % by val unme |sol i ds| of zi nc powder,
Ag@i‘ri]@r‘ﬁéﬂW-lX%HB%- Bptsman | oyed zi nd owder|, i pignments and

28.2

. ) |
A d erialg powiizerand -~ 1 " AT Fodnnas ndanoo
Rebdti dilgd 2000 1z o010 T U 200905 UO5Oe 3.7 0.7

alloyed zinc powder, pigments and fillers.

3.7
Araldite DY-E/BD, ex. Huntsman Advanced
Materials — Germany
Additives
Dispersing agent 0.2 1.0 0.2 1.0 0.2 1.0
Stablec UB, ex. Archer Daniels Midland Co -
USA
Rheological agent 1.0 3.0 1.0 3.0 1.0 3.0
Bentone 34, ex. Elementis Specialities - USA
Pigments and fillers
Zinc alloy, 0.05% Bi, 78.3 54.7
Dso= 3.7 um, Dgo= 15 um
Zinc alloy, 0.10% Bi, 78.3 54.7
Dso= 3.7 hm, Dgo= 14 Hm
Zinc alloy, 0.25% Bi, 78.3 54.7
Dso= 3.8 hm, Dgo= 15 Hm
Zinc alloy, 0.40% Bi,
Dso= 4.0 hm, Dgo= 16 Hm
Zinc alloy, 0.50% Bi,
Dso= 3.9 hm, Dgo= 16 Hm
Zinc powder, Zinc Powder Super Extra,
Umicore
Dgo= 4.4 um, Dgo= 27 um
Solvents
Xylene 2.2 0 2.2 0 2.2 0
Butanol 1.1 0 1.1 0 1.1 0
Total component 1: 92.6 90.6 92.6 90.6 92.6 90.6
Component 2:
Hempel curing agent 98382-00000, ex. 7.4 9.4 7.4 9.4 7.4 9.4
Hempel — Denmark
Total component 2:
Total component 1 and 2: 100 100 100 100 100 100
PVC% 58 58 58
SVR% 61 61 61
% by volume solids of zinc powder, Bismuth- 55 55 55




26 Model paint H Mddel paint | Conparative Examle 2

Conponent 1. W W %s W W %s WV W %s Epoxy

wo evvstizssmal conpound Epoxy resin sol ution (75%¢WEP2908/054399
= 475)

xylene, 9.1 28.2 9.1 28.2 9.1 28.2 epoxy eq.w.
Araldite GZ 7071X75CH, ex. Huntsnman Advanced

Materials - Switzerland Reactive epoxy diluent 0.7 3.7

0.7 3.7 0.7 3.7 Araldite DY-E/ BD, ex. Huntsman

Advanced Materials - Germany Additives Dispersing
Ar cher
Daniels Mdland Co USA Rheological agent 1.0 3.0 1.0

agent 0.2 1.0 0.2 1.0 0.2 1.0 Stablec UB, ex.

3.0 1. 0 3.0 Bentone 34, exMO‘EF Eim,*rﬂ i| MogsbRaing [T

LICA w-ni-n ana £ 1] Ay o N

t | eComparative

0 NEO0sL P
) renrS—ant— T+ T1€efrS 4, a9y I7Q )
Cogﬂs éﬁlt& POO= 15 nm Zinc gl \b‘;l ﬂ/thgﬂ /ﬁ\l/\ﬁ |/°\:%n—

- Example 2

Le)

%vs

/
al-Foy 5B D50
Q

E"B’r‘ﬁf“ giignal LampondZ: ne alloy, 0. 45%Ri | D50= 3. 8

'3 40

EopygesnERuiam(ZPHE" SIV'BYF, 0. 40%'Bi, 278.3 B4. 7 2Tho=
e 9B Hpm Zinamaal 1 0y,| 0.50% Bi, |78.3|54.7
Adsaneednymenmgwfk&lamn Zinc pawder.| Zi nc |Powder Sup

9(3

D50=

er

28.2

Reglyq@oxyﬁguest 54.7 Um core 0.7 3.7 0.7 3.7
Araldite DY-E/BD, ex. Huntsman Advanced

Materials — Germany

0.7

3.7

Additives

Dispersing agent 0.2 1.0 0.2 1.0
Stablec UB, ex. Archer Daniels Midland Co -
USA

0.2

1.0

Rheological agent 1.0 3.0 1.0 3.0
Bentone 34, ex. Elementis Specialities - USA

1.0

3.0

Pigments and fillers

Zinc alloy, 0.05% Bi,
D50= 3.7 hm, D99= 15 Hm

Zinc alloy, 0.10% Bi,
D50= 3.7 hm, D99= 14 Hm

Zinc alloy, 0.25% Bi,
Dso= 3.8 um, Dgo= 15 um

Zinc alloy, 0.40% Bi, 78.3 54.7
Dso= 4.0 um, Dgo= 16 um

Zinc alloy, 0.50% Bi, 78.3 54.7
Dso= 3.9 um, Dgo= 16 um

Zinc powder, Zinc Powder Super Extra,
Umicore
D50= 4.4 hm, D99= 27 Hm

78.3

54.7

Solvents

Xylene 2.2 0 2.2 0

2.2

Butanol 1.1 0 1.1 0

1.1

Total component 1: 92.6 90.6 92.6 90.6

92.6

90.6

Component 2:

Hempel curing agent 98382-00000, ex. 7.4 9.4 7.4 9.4
Hempel — Denmark

7.4

9.4

Total component 2:

Total component 1 and 2: 100 100 100 100

100

100

PVC% 58 58

58

SVR% 61 61

61

% by volume solids of zinc powder, Bismuth- 55 55

alloyed zinc powder, pigments and fillers.

55




D50= 4.4 pm D99= 27 pm Solvents Xylene 2.2 0 2.2 0
2.2 0 Butanol 1.1 0 1.2 0 1.1 0 Total conponent 1:
w©®2008/12816 92.6 90.6 92.6 90.6 Component 2: He@PEP2008/054399
curing agent 98382-00000, ex. 7.4 9.4 7.4 9.4 7.4 9.4
Henpel - Denmark Total conponemt 2: Total conponent 1
and 2: 100 100 100 100 100 100 PVC% 58 58 58 SVR% 61
61 61 % by vol une solids of zinc powder, Bisnuth- 55
55 55 all oyed zinc powder, pignents and fillers. WO
2008/ 125610 PCT/ EP2008/ 054399 27 Mbdel paint J Mdel
pai nt K Conparative Exanple 3 Conponent 1: %WV W %s

%NW%/S WV W %/s Henpel |@edgiapging I bhiiodel PEIRDK) 1O@ap@rative Example
Co?n’bbn Y1 "' 4643463583 '°)"ro\w’)'j 10VSIQW§I °ovn:nn@gwl'7‘w 2 %Vs
gf’ opponent 1 39.1 444 L ;% 258 31 0730 1
{.’;@e' %Yn_@i'gﬁ SRR Yoy, 0. 4D% BT 60°0° 50°%° 65, 464, 2| 321
Totbuomlhméntmn DI99="29 pm Zi[Ngo. PO\GET | Z4.61C| FEWier Juper 32.1
Co'ﬁ‘fbbhé?‘ltzou 0679 UmcoreD5SO=R8 pm D9O=10—pm
Ogog/.wgonenl 2—60-9-5%6; 654 6+ 59% B, 519
D;‘ﬁ@ ImGoREpeRaNt 1 and 2: 108°10p™ 100 T60 1Ob° 100 PVOY
Z|r88ov31e89m6PdMaerBuper Extra, 69.0 67.9
Umicore
Dso= 3.8 hm, Dgo= 10 Hm
Total component 2: 60.9 59.6 65.4 64.2 69.0 67.9
Total component 1 and 2: 100 100 100 100 100 100
PVC% 88.3 89.6 90.7
SVR% 33.3 36.0 38.5
% by volume solids of zinc powder, Bismuth- 59.6 64.2 67.9
alloyed zinc powder, pigments and fillers.

In the above tables, "%w/w" means % weight of the wet weight, and "%yvs"

means % volume of the volume solids.

Results

Results of rust creep M

Paint Composition Relative rust creep*
Model paint A 45
Model paint B 63
Model paint C 56
Model paint D 75
Comparative Example 1 100

* Rust creep relative to Comparative Example 1. The lower the relative rust

creep the better the performance.
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SVR% 33.3 36.0 38.5
powder ,
wpr@senicso and fillers.

means % wei ght of the wet weight,

vol ume of the vol une

creep M Paint Conposition Relative rust creep*

pai nt A 45 Mbdel pain

% by vol unme solids of zinc

and
sol i ds.

t B 63 Mdel paint

Bi snuth- 59.6 64.2 67.9 alloyed zinc owder, i
In the above tabl es,

II%/SII
52kesults Results of

" O TVEP2008/054399
neans %

rust

Model

C 56 Model

Pai|(|-)l.a(i.’on'l:p_o;a:i(?lr':_> Conpar at I

Modeldamt E V€ rust creep

ve BXAUM Bntknd @0 *
ve Exanple 1. The |d

RUST (I RRP rust creep*
wer t he

rmance. 186 WO

faYaVYaVa Wl Wal ol oVl o Vo x ol Bl ml = Ve Vo Va
ZUUON 120010 FCUIT EFZU\U

Modgi it h content [9% F

t he bett erost he perfd
8105439928 Paint—¢
Rel ati ve P8t creep*

L .
LOTTPUST U T UTI

Model paitht

E 0. 05 86 Nbdel pai nt
MOdI%Dci@fépai nt H 0.40 23

F 0. 10 62_ Vbdel pz
Mbdel J&°nt | 0. 5(

ht G 0. 25_38
na 3

modefIRas at i ve Exanpl e 3
Moder@epr t he better the

0 100 * jRyst creep

A

performance. Paint (

relative 9
tive rust

lonposi tions

Bstutth—content—T94—FRetattverust—creep* 1 Modet——paint
Compa@tivg E¥@nAydel paint |[K 0.4 30 OConparati ye Exanpl el® 0
100

* Rust creep relative to Comparative Example 2. The lower the relative rust

creep the better the performance.

Paint Composition

Bismuth content [%]

Relative rust creep*

Model paint ] 0.4 73
Model paint K 0.4 30
Comparative Example 3 0 100

* Rust creep relative to Comparative Example 3. The lower the relative rust

creep the better the performance.

We can conclude from the above table that Model Paints A to I show a significant

improvement in rust creep compared to Comparative Examples 1 and 2,

respectively.

It can also be concluded, that it is possible to obtain better rust creep results in

silicate-based binder systems with reduced zinc amount, using the bismuth

containing zinc alloy, compared to the Comparative Example 3 as shown with

Model Paints J and K and Comparative Example 3.




10

15

20

25

5 * Rust creep relative to Conparative Exanple 3. The
lower the relative rust creep the better the
w@esoBoeisamce. We can concl ude fromthe above tROI/EP100&054399
Model Paints Ato | show a significant inprovenent in
rust creep conpared to Conpara9ve Exanples 1 and 2,
respectively. 10 It can al so be concluded, that it is
possible to obtain better rust creep results in
si i cate-based bi nder systens with reduced zinc
CLAIMBuUNt usi ng the bisnuth contalnlng zinc all oy,
conpared to the Conparative Exanple 3 as shown with
Model Paints J and K and Conparative Exanple %i )
1. PogRasinG 5810 OPEPNERSDBEFING 4389 tiddatecipr g sed alloygdtMAatprial,

saucFﬁ’iE@é’ﬁélt ¢S RSB d 9500, ﬁ/oﬂﬁf%quHt%feo@mGGh *@Bge@he Dsq of the
| oyed material, sald material conprising 7%

Paf'%§U'W@ gratedal mlﬁﬁunﬁheﬂsaygetqﬁe? P50 gM.the parti cul at e
material being in the range of 2.5-30 pm 5 2. The
coating conposition according to claim1, which

2. Thempatigscamppsitien acsprdismtedll@on éd V\fm@mﬁ@mysea@sl@l@der

systjé'nﬁ‘ggre %@Fr%ﬁ’?egﬁ%{/ %8 tﬁﬁﬁ&ds t@fjneslr S|I§c3é§é ed nder

yuret hane- base er syste cycli ed

systteannsquolysr;eth&m—baaed mn@emxgsteml rayblasad)tmrrimbsed blnder

systens The coati osition according to claim
Sy AP R B S BRT SYSt80 el oot edf r om an

epoxy-based binder systemand a silicate-based binder

ystem 4. The, coating,.co i.tion according

3. T galing: S RESHER Recoty S8 R Gam Inviee- tikclgdef siieiem is
selez¥&d &idm an Jﬁ&(ycﬁéf,éd@lrfél@m()&ém QAmdas SRIcHt Babed diYder system.

one of the preceding clains, wherein the particulate

zi nc-based all oyed material is as defined in any one

4. TBle cob®ing @mPpodtidh acebrdifigaoCPaTRP] WhdpPeit@ie Bidider system is
defined in any one of clainms 16-17. 6. The coating

an ermMYobasedAi GVEeRY- to any one of the preceding
clainms, which conprises: 10-65% by solids vol unme of
t he particul ate bisnuth-containing zinc-based alloyed
5. Thgt @aitilg; cCaroPeetignRaserdBaita P NvoPieref she Rreeqsing Clrded

whetb e SYEMte¥M¥c-based alloyed material is as defined in any one of
claims 9-15, or is a composite powder as defined in any one of claims 16-17.

6. The coating composition according to any one of the preceding claims, which

comprises:

10-65% by solids volume of the particulate bismuth-containing zinc-based
alloyed material;

20-65% by solids volume of an epoxy-based binder system; and

0-40% by solids volume of other non-volatile components; and

solvents in an amount of 30-100% relative to the total volume of the solids.

7. A coated structure comprising a metal structure having a first coating of the
zinc-containing coating composition defined in any one of the claims 1-6 applied

onto at least a part of the metal structure in a dry film thickness of 5-100 um;
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0-40% by solids volunme of other non-volatile
conponents; and solvents in an anount of 30-100%

WO edoatizdseo t 0 the total volume of the solids. 7PCEEP2008/054399
coated structure conprising a netal structure having a
first coating of the zinc-cons@i ning coating
conposition defined in any one of the clains 1-6
applied 25 onto at least a part of the netal

andsn aoterr@aitimgaa pivlieds ohte sdid cimesentainibg ldd@tipgy in\&0dry film

thi EOOS 1'_2§§_:1&§DCT/ EP2008/ 054399 30 and an outer coating

I Bﬁﬁg ¥9)'d zi nc- cont ai ni ng coating in a dry
film thi ckness of 30-200 pm 8. The coated structure

ccor to,C in i nt ermedi.at e coat.in .
8. el S e oy ngSl o P B s BT B Ry e afitiebating
hasaae@rnyapﬁpllem élﬁﬂocégwi‘zﬁﬁc@&oﬁt%mlﬁg?&@tllﬁ@ iR&f @Fyefilm thickness of 50-
plication of the outer coating conposition. 9. A

Zoodaﬁtb%fer%ﬁép&(ﬁ&fba%@lf QPW%Mt'thaPS't'%er ein the
rraterl al conprises 0.05-0.7% by weight of bisnuth
and wherein the D50 of the ﬁart_i culate nmaterial
9. Ai gartwu{q{g Zr”é\%@és%¢ aﬂose@on%ﬂaiow §RdN Yae epatgrial comprises

O'OW?'{‘%W@Y& h@bf“b@n‘c’n’ut V‘{:‘B §har.‘Fd)_?_§méréﬁstH€DI5]r,o SEvR @arjcléulate

t of he material accordi ng
matepiah igyinotrine rza‘ngterw %ISaBﬁEJrB 10, which conprises |ess
than 0.6% by wei ght of bisnuth. 12. The materi al
according to any one of the clains 9-11, wherein the
10. Dhe ofateriad agearding dbalamBt ehich compirises meoreathge 0f1% by

. - 20 15 13. The material according to any one of
We@htSO'zg'ngsth& 12, wherein the D99 of the particulate

material is I ess than 100 pm 14. The nmateri al

1. FRETRLel oo 8 el a8 of G R M2 O i) Bolbses ress
thaalol. &Y by vigigiheoebrmeuths sel ected fromthe group
consi sting of alum nium indium magnesi um manganese,
chromum 20 titanium yttrium cerium [|anthanum

12. tThe, ml@éﬁléltaﬁcol“dlngﬁb,arlye@@é of alekriclamns -ahawihereinotheaDsh of the
calciumup to a total |ev of _ 0. 3% by wei ght, and
parh%ggﬁ Pﬁ%g@a' 'ISHBJBFtriaBEe o‘f@ SHLHAkt erial according to
any one of the clains 9-13, wherein the materi al

13. én g%%%%m?faé%ép Hg\?:lglsa(gn‘g(};,qr)]rée oPthe cIa|n2'1()sA)9b%2W(\a7\}hgerrle|nothe Dgg Of the

particulate material is less than 100 pm.

14. The material according to any one of the claims 9-13, wherein the material
consists of zinc, bismuth, one or more alloying trace elements selected from the
group consisting of aluminium, indium, magnesium, manganese, chromium,
titanium, yttrium, cerium, lanthanum, tin, gallium, nickel, lead, cadmium,
cobalt, iron and calcium up to a total level of 0.3% by weight, and unavoidable

impurities.

15. The material according to any one of the claims 9-13, wherein the material
consists of zinc, bismuth, up to 0.2% by weight of aluminium, and unavoidable

impurities.
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16. The material according to any one of the clains
w@28/123¢m@erein the material consists of zinc, POT/BRW0$1054399

and unavoi dable inpurities. 17. A conposite powder

consi sting of a particul ate zipc-based al |l oyed

material according to any one of the clains 9-16 and

up to 30% by wei ght of one or 5 nore additives. 18. A
16. Jbepostertal pomededing dosingt omeg obthatldimasd-135%Heyreineihghimaterial

of ., a particul at zi,nc-bhas al.l oyed. mat eri al
conssofifhty BN, oht iR IR ERe fhe 1 est

being a particulate material consisting of zinc and
17. lAngc\Jln%)g% (le%olw el#rclo%lsfes%hg of a particulate zinc-based alloyed material
according to any one of the claims 9-16 and up to 30% by weight of one or

more additives.

18. A composite powder consisting of at least 25% by weight of a particulate
zinc-based alloyed material according to any one of the claims 9-16, the rest

being a particulate material consisting of zinc and unavoidable impurities.



