EP.0 240 565 B1 Descri ption The present invention rel ates to. a powder
coat i ng conposi't ion containing a solid, nulti-functional epoxy resin, is
use for-coating a substrate with the povvder coating conposition and to a

- coat edysubsttate. 5 Epoxy rEPi 0240:865bBq4n known for a long tine. For
exanpl e, f% A-4 251 594, epoxy resins prepared by reacting a glycidyl
et her of a ydric phenol with a dihydric phenolic conpound are known. t

These resins The presehEilvention felhtiis 46 a Powdbr S6utihy EdinpoBitich cffaliig ta soY, multruRG vl I ng
substr at esemm reu@es usqnfo peoetingra spbptrefe aith thecpa\tvdelr mﬂlmmosltﬁﬁami@@@m subﬁtreﬂa
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enpl oyed |§|ecmagxymﬁ§§| N CONPoSi 1 ons am na StTUCT
adhesi ves, peé&p+aAngssasciviialisia dltgurﬁﬂltfﬁ@&rldhg Wrclﬁm) EPCBgLitees mﬂtgod for preparing
appl i catd oaglid brprched qvaelslrploﬂyahecfyn@mh which can bﬁemelemd r xvassnmhtpossssms for

mai nt enanc:ée ica ||oq1[sag::|'am§d s| % ro\fzf c%!tn%(ﬁq!) %Fll'las |op§,t nxlger

[err] wher §fa, Cthe RS0 V& devd ”ét H’Vt:'r‘ BE%YPB%W BN E g
froml to 8 carbon atoms - ] --S(O-- or a coval ent
bond; ewch X is i ndepend m,l y ﬁigogen haI ogen o g al @14 group of 1to 4}
carbon at ons d n has aver ge aI u bt 0to 5 pr ably romO to 25
10; the vaIu/e f n bej ndent d\/alnceETBnt

of the restH za%%eo T@ZSC%TCHQOP

di gl ycigyl ether 'of poO ypro gl ycol . Epo novo ac ’ésr ns are :

generally

gty oot e @%ﬁgﬁﬁ%&gﬁa&pﬁr e e,

fun r‘enal Hatoﬁerﬂfr ar?'al 5rap M & Ehdh Iﬂgyméraﬁéla b B t& i hé'gro
Known =250 MO the valgp ol n Beihg ghinitsilyldepantiait botha Hegdée of Bfvarcgment Sf the REIA akd tﬁ@augrqhudyr
curi ng ageathers ofr polvglycaissuch as dh mglv@M ethert ¢f molybropyiénecdivgoli Endxy @pvpiacgesirfs ae
bi sphenol "‘%E(g u nt‘jemban:" gh&F lity tf Ssli @é%ﬁav ’%Psr@Fal"W“é‘l'Vy thsAY ofel
time and so Gw QlsoldSmbih ARGt
Mul i f LH?)CtdpGﬂ&berWsdr@Sdrﬂ§ aé’e'ilt .ﬁéf gl%wﬁﬁ? &ﬁ!@s &Lﬁh&bﬁ l

gel tine addpasdar biya dokvplyad, howswst, Oate aamhvelhmrg gélltime Ao sinietides indutficietind:
much- nore %PR/%!"‘PW&HS'Q!#"M Muitifungtignalcgpoxy resinss#srknowrs lom US—Ay4,6¢6, Wshavf- a
powder coa%’ ﬁio %‘%ﬂ‘?ﬁ?‘aﬁ’ Bhygicel ang chergical properfjescbuyt Being mygh mprefxpensiyethpng
of diffgrent br'i0ating SothpusitidikCareRpabie Sf%'itnﬁlérobﬁﬁﬁedft&r a vty ofitiifeRAP ©
are mai nl yer Mcrr@p@@éhﬂeﬂ'h@ epdxyCreSifd UsEdOfoP Gll’duFHoFH skheamly poly ¥pekides Ldh; then
t he averagﬂprchbwbvdrm/biselmcltha\metww im Thecpo g:meu desp than ntwb S2epexy GSoupsaier e
curing age E ‘?9 F“fﬁﬂeﬂm‘s': mt 'eaqfeargmm%d ana raef;;:;g;
anhydr i ol A mmrﬁ T S A
di cyandi anas stoW%ﬁu tatice Wa resin
t he cured coohe mgmoqme.p@r@ fihg tHe@Renkitut s:erpawypwnme%f ‘stéh coting perhgoeition dohﬁsts
pr oper t i esof addings nalyfunctional iepexy sasin; suchcas ap epoxphavelat resiedo he merotwéfqihlapwoflbr

ot Pect WE‘?%E:?%‘&??&Q%%? R e

€PpOXY T €Sl die refdt aperidive Qﬁ’@dﬂi’tldﬂpﬂi@ ea&livitieSoflihe dpo: Bups of the epoxy novolac resins or

epi chl or ohathkr i polyhinetipha repbxy/resiggare raften Wiffedemmoixom marctitias of dwieapexy grbupshofandae
conmonl er t chevqnw@tthlo w-u@tspggg%w #-tfrerwcesnn reetivigysof theea@tﬂgmvg:

pr oduct fsmace ac r rese useda | or |-sol and?h?e lc ﬁ%{" rlnlbl phzﬁ){Lg
aver age erldidend ané’ A’r‘ﬁsﬁndqm ..rarasm.

However, .yrémﬁatabsomﬁk plﬁWiﬁ ossavrpﬁwmbooa;@uﬁ natme\ee ysoﬁcxwhdoeracl n

addi tion, resies arred:tflt:ulmpt\arulte ierefdre itoynyidibe higblv desireble toipeepere@ ppwis eorhpesitior®r ns
or ot heff p&® Ayhich sF'é% F’?F§ ngthave,the abpve mentioned disadyagipgesaact i vi ti es
of the epoxy §$| mﬁf gmﬁgﬁrﬁm"ﬁ'ﬁ'%rohydrr n/ bi sphenol A type
resins. Thes erences |n reac I Vi e epoxy groups 50 can cause
enbrittl ement or othegy: probI ens upon curing a.blend cont armr ng the two
resin teppes. Moreovef \ since the epoxy novol dc resins, prehe tIy used(
liquid or semi- solﬁzd:"a'ﬁﬁ‘ Tﬁp Hgﬁ‘f’q’ QT GH 2C BV ar esins g?é

solid under standard conditi s (r. ., @Rlerrlp and 1 bar air pressure)

these resins nmust be blended as a nolten nassS. Thi's process is costly and
ti me cosuwhengn Bisdndehendsmlyi sastobdcelrenpro Rydreaey ot agrovredfifermuladie di fficult to
handl e. Therefore, it would be highly desirable to prepare a powder
conposition for 55 coating a substrateawhich- -conposition does not have the ‘
above nentioned di sadvantages. This object is attained by a coating

conposition conprising (a) a solid multifuncti onal epoxy resin of the
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EP 0; 240 565 B1 [rerr] R _has the nmeaning of R, each B is independently an
al i phati c_ al kyl ene radi cal, a radical of formula [err] 15 or a polyglycol
radi caf ©f a nunber a\/erage nol ecul arEpe' § § 00 to 4000; provided
that at ﬁveast a part of the radicals are ra of formula VI1; each A
I s i ndgpendently, each occurrence, di val ent hydrspcar bon group Chaw ng from
1 to 8icarbon atons, - e 0% - " ]_rao_t [ _
i ndependent |y, each ocﬁ?e%f:}e ¢ 3y roggg(r)l Cl{i’aﬁzgg%!?ﬁ G0N %32 ‘? l;5120f in)’
4 20 carbonstons; p has eQRavera val ue gOBat er E”'han 0O and up to 20, m
has an average waﬂaue.eqaeaﬂsnyem Qach(® is Mashekdently #h dRpWatit hikfend tHIRA! a fabiiBdotlfolinfuls?
provided that the average epoxide functiopality per nolecul g of the epoxy,
resin is greater than 2 and the epoxy rg 319 is solid, or (A ka m xture of

different epaxy resins of fornmula a solid curj Zyent for the epoxy
resin, {characterized in that the D}ition is a coati ng 25
corrp05|t|on The powder .coat =gt aamall ---a*- L On¢ (VII);
additiyes, for exanple accel erat 2 ow control. W pi gments and/ or
filler The”pomder conpositions a used for coatinbwd substrate,

prefer@bly a nmepal mly@b&?ﬁdnc@bﬁ%ﬁﬂnﬁer‘a&eﬁg’e%fecﬁlﬁwafgﬂffﬁﬁqo@{oaﬁdol Srovidda Hat ﬁ‘e‘asta part
One adyant age ot;f thb @adiaisCie breCradiaBS oft fodite WIf; dable A aﬁeﬁ&wddnﬂweaaéh Od%uﬂréiloé laedivalent

short g¢el ti rre erdgrp@ '80!\9 oo ive oms.mﬁi@—cﬁﬁta 22ty —S(0—
et her s} of bl a oms S sa pepsexpdel ﬁ' to zzq 3:)10“5:
functi ﬂa' ' ty DS‘:{dk &Q&lﬁ&x cﬁ%elfm A '@2{” é‘ﬁ d%aii@ﬁ {3 J’ uleofthe'
proyi ded FRRYVIET i SraRErSthanl 204Ma tfefepb sxySedi i 6t} or| nvention usudl
good~chem caI and (memalofpmerpﬁremeSesinsloEfohnwl i mpact ‘resi stance,

&y resi st anc el aispligeufingagpisiforitheyeperydesin chamemeﬂ intthas thesampoFitien p@\ndeﬁer coatmg
conpos ti ons*of cqnmgsubo e?rét lngventos A 90 Ot n eo a?a dRI%C ? eQam esselQr rs ﬂow
appl i CRti 0N eqULAHET dgehts! pigiaemeHaroY ligle. TRE g % o] acl §.Q IL for Whsting 3 ostat,
The colposi ti onprefetablyatmeddl Gffdes) iplaktit\of fibdr Adtnféroda iqyus@atecd by bl endi ng t €

abave gentioned scnnedsivamabeofihsmowmmmmos fmesre sepShventidnds tbeéhpd ge time pgmpared to
agent ($) and®p Moergaep osrtgrq epBtaining e obvialy %ﬁgmbwmmwi hmgno 0% :'3':22
extruder and grg eﬁgo Jﬂgl 'ggfofm%'ﬁ -] im?o all d&:[;ue |@;!t\r 30 ;%g@f perties like
i nventjon is reRisiaReL! Righ GOYark Féh kDo ﬂesas 1161 anbUGE 1w Britidhess) The powder
i nventfon for ceaﬁpoagora cﬁuh&irisaﬁtenveﬁlidafdar kequire kpecnﬂ pibssing @r aygplication eqligyent for

el ectrpstati & spw ositians torthe substrage. d| zed bed V\:hl ch can aI so be

el ectrgstatic. P?—!% 'E'°'P-°'r?v gpoyementigned solid,
coating on at ‘P‘ % ertﬁ?;ﬁi? m "ggaaf'?r?ﬁmé'ﬁ 's"i!eé e Ray g the
of t hefpowder cowmﬁ.hﬁérasbeasof Sirdsblt beritiBh Rithe uss lof & povRidh B o flomtl ouﬁ.edmem
herei n} "mul 4d f eetibofoatoatingaculystrae Frefarabie trersutisoate Bsbned twletehrtmatleqpaxhder by using a
functi¢nality péwd_ur?egzt::%g;%eﬂnelsgﬁe ?%ggstggg#t%gn »}.WO g‘eanl n tha%) th g&?d which
averag¢ number of ol '{ ,gﬁﬂ

The "epoxy equi VA RN eoRe T R hcnoal Spiy SUaing Iofer 4. rds w& HOK Yopbof fncuonainy

cor-ai fhi ng oRe aﬁuhma&fewmeoﬁnam@weagwuﬁahe dvbragenumsan giowss peElhﬂﬁldal'e lois
titratifon nethogdeateffthan ul tifunctional epoxy resins, i. e. , the-

mul t | f §nct | onal . O.W:% ﬁbfquyplﬁ ight (EB\[V!; ﬁ@ﬁmelg lfﬁﬂfy regip coaﬁmmgwee equwalent of
multif nct| onal %ﬁr %r r£§ sing, | oﬁvg &J‘?gthérpo F'npounds

: 1
wei ght fwi th B SRREME mult mﬁn&%ﬂa %lvgl Pdidy! et niolediil g t |t ﬁﬁphenol
air prgssure. Thanpiondscaresolité £ idth t’é?dbérhtfnldl&ﬁd1 ma.lr prpshgegfmebdzglmeeﬁdned Huldiunctional

bi spherjol conpoeeldycidethefs 96 bisghgha cahrpuedsand ofpolygivqoisart renresented byshe foligwing formula:
formulg: 55 [err] 60 whegyein Ris independently, each occurrénce, hydrogen

or aradlcai f the for rr] 3 EP 0 220 565 Bt / \ 1)
2 N T 53 o TS 1 3% Bt ~chi—cu (1)
2 2 2, 2 2 2
' OR . P

wherein R is independently, each occurrence, hydrogen or a radical of the formula Il
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s the neaning of R each B has independently an aliphatic alkyl

al or a polyglycol radical of a nunber of average nol ecul ar wei ght ]
100 to 4000, preferably from 300 6020&1'%§a radical of the formula 5 -
prowded that at |east a part of*®=th B15 are radicals of A/

X7 s i ndependeihisithe Madnthg@ERUT rence, a di val ent hydrocar bon grouE

g from 1 to 8 each®Hbss indepergipntly @0-aliphati alkyl Bdical Qr 8 polyglgroyjadical .of er §f average

ent bond: Xmblscylaseksisht R 100 o 4099 prefeseliy o 3R0de 2990 g HHEF! °ﬁtﬁfg? Weor an
group ots 1 to 4 carbon atons; p has an average value of greater than

A

from1l to 4; provided tha :verage epoxie
|l e of thg epoxy resin is g
Preferably, the average v@ arger than 0. 25,
pbreferably, |arger than 0.5.7% Ris, in each

ence, independently hydrogen or a rad|cal of the formul a 11, provided

he averggep,:gggggt fnel i bé?ﬂﬁ dné%fésare i%e ﬁ%t he epoxy resin is

pr -t han 25 eddhed B r%@endéﬁtl ,,@%E aEi’
jen. | n f or #tohe —CD—, R-0-¢, V (ogan—e(o egfo ﬁ% ﬁ'ﬁgqg‘n to 8 carbon
is neans tha¥Xis héemmw% ehsabccbme;m(m endialmheorep@kyl gremioh? 6f4 tfathbn‘aioms

h val ref y tojl h
t hemsel \éoesavlejrggevaueo ptom'efe ymuptﬁ[gﬁoﬁd FTHE! %% Wﬂ}?ﬁét‘ o|9,m atst;:

oup 30 average epoxide functuonall rmolecule f the E§ r? o solid.

nci pl e al so bﬁbf&égﬂﬁ Mes%f E&ﬂp'p(i )% mo ferably, | Elsﬁer than 0.5.

cal val ues ofas ptaaﬂdbdve,aza mb,en mmmcmgemé uﬁe;ﬁaﬂ iRy hy’ﬂll"d@e@h(h&@dlcaﬁéft d¥admula I,

L Ferage epoxpravided thettthe mraqe{& oidle mmwnepqrsn tcérthet bromy fesiariel grdater than 2.
rf

E Pf g™ east wag
JnZS aaflg t hﬁmgﬁq H:%%; & x9 gv beffi; %gltgat the individual
ty ﬁﬁﬁ@&d |

ed in nol ecu mghym,@h towaf e., the conpounds
b fornula 1, have preferably an aver age epoxi de functional ity per

le of afoleast 2. 1, nore preferably aCH#tCHedbt- 2. 3 and have

ably an average epoxide functionality per| nol ecul e of at nost 5.0,

)ref erably, at nost 3.5. The epoxy resin can have any epoxy equi val ent
provi ded infgnulaiieca® MG¥iciple fbdbd stbsiifitddCbyfalrhdidal éfdorfmulaiing. Pref er ably,

OXy equissal elThe nuphegibil vadies biycand @bahd itheankaip@¥fR dnf Ri 416 choSenb that 1hé aviehag@lepoxide
300. nore fynctipeslityigey m P@é@tlegfeathahanaﬂmdttheﬁw lsamlld referabl ess than
2000, nore TB? @F'& nal 2avgyrich! %’%B'q:;"‘%% el Y dg"ﬁ;gﬁg glpolyplyeidy!

tlonallty per _
resinis a (VII);

|
uncti onal 3 falitd am lock! ast20V, thoie
lar wei gt iexsk i3’ J?TES{W@ :é e epdxitel Qie?'n(ble%uala%f fat Rost! n!n‘t'):;

|ls B are aprgedayla,ld(yioames gI ycol radi cal, e.g. a pol ypropyl ene gl ycol

ra | repr esen;Lj $Jh womgmfh?mlyyaaw@p xmez m&g\pgmp%p@ tflqt@j'me]gs;ggaeég?s sollgO;:‘rtugot‘;)
pr ably from®® ep g
thfile of thg, p:;m'get&'a mb"(/%m?te' ttF\""ar & (f)ge‘!J PEBrRY mf ea b °“? mﬁﬂm’ prefera b tess than

at |least a paoFdfer@ﬁ ekdnipidsa lnﬁﬁif@cﬁnmg&c.maﬂbﬂgof @Bly&l@bfs]of Eim0ia I4dvanced in
40 565 Bl mblecuisr weightivwéth bislencisompaiiegseard thosd whereireachan ot the radsals B area polyalkyiene
nt hydr oc ag'vretragipal e APEIVPRGPYIeng glyol radicel repsesaried it erformute st preferably
pyhdegi radical, i.e., the ra_%,qal HRI2SeNGEd e deRy 5

IS |ndependently each ocqurrence hM rogen, brom ne or
e; and k is as defined hereinbeforeH, " CH,4

wherein n is from 1 to 35, preferably from 1 to 20.
55 The epoxy resins which are preferred for the use of the present invention are those represented by
formula | in which at least a part of the radicals B have a meaning of
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t he powder coating conpositions of the present invention

~the pul tifunctional polyglycidyl ethers of bisphenol conpounds
e nul tifunctional polyglycidyl ethers of polyglycols advanced in
nol ec r wei ght with bisphenol unts of from 10 percent,
nore freferably from 20 percent t%t‘#%ﬁcﬁh aéEPmre preferably to 70
percelt, by WRérdihA repfesdnbsaindupénaadtlyf dactnocedrfence, a diRGlerft PpdfocafbBR gidus RAVHQITRR 1 ©fe
t he pfwder cesttion agme fmdshrrefprably e Aiprapylidemd radical, athé exdipsl preaentsl tyy  br anchi ng
the cprresponding |inear diglycidyl ethers ﬂf bi sphenol conpounds or the
correppondi ng |inear polyglycidyl ethers oft pol ygl ycol s, e.g., as described
in UStA-42%352,918 and 4, 251,594. The branclging reacti on, however, occurs
preferably in the presence of an al kali conpound, nost preferably in the
presence of a I|th|unror cesruntconpound 28, Preferably, the nethod of
prepari ng the

q'rg)onent of the owder Qatrn
(he' iy csct | SR égggir e e sl

di gl yci dyl Qm ether®b oom@ unds h@rmuﬁ n@trdﬂg etﬂfrs fPBlyglycols
nmol edqul ar weddgdntedih inbleculap akigittlwith bisphead corhgiundinaduats oWI' Re@rhéra pleferably
the gr esencefrqyf 20&'19'“'?1&!/%&1@%@”8@&!@@# 7@ nﬁrme wegla omh m;mposrmrecul ar .
wei g t eptfxybram:hm‘ﬁ:l‘:eﬁz;I Erf:elg t: neard mngg oA Hﬂreasqy ng
a | ighi um of g Reretigarethiats -t gj‘ F_% ‘3"87”33 /ey,

t he Branchi ng mafrsncmng vaswoapwevar i thed rébeh ebfa mpmatndotnotthe

epoxy resi n.prefetalinio ehemméesencatohis tbiue oamuuwedoh\pkmdm in the art. Illustrative
advgncenest caPraferpdlyshemetaed of preparing Poxmseeemmnewef IEOWdewngeM“wﬂ of

g r tm.v y 0,
r esiys i ncl 533 JM&‘G %@Eﬁr@ "%@&gs’% fisu af’ﬁ# g m'&r?"b.sp’mﬁ Aiis:
Exanp¥es ar ré$bieb 3 g@ﬁ lgh ;bﬁ‘\ Yy resin and, thereafter,
US §A4 ahdhing the Gepoxyt e&mammhy&.agmmm ydrtﬁxb uﬁwat e MR nghig TBaEN st M
sal t andzsq mrmtwalwhqdhwpvhmreaum m@ay o®yr sgmudtaneddsly \ath the advancement ofthe epoxv resm
ethyftriphe ﬁ%&;ﬁ?% A stERIe el knewin thearty "ét"l’?“a? p %ﬁﬁ momum
e g} benzyl E eéaée‘tfg;rﬁ‘tgm mlﬂﬁ,ﬂfyﬁm.ag exes 85 .ﬁ‘%"é‘ w1 00,
catg ysts, tthenemwmmaamv&r

it Yaite Bld fadterRBry pg%E%nﬁJ Shird Ohcs

adv _tagemusalsythramphnyloﬁhsp mmbdl@em heytertibry @miney/4hid PREEPKIbes yegldBnettlylahiriae
enplfoyed at aaﬁtmhenzlsn)osvmnezgme prcement catatysts, the pnig rppw)pou trds apgbihg tertiaryimmines aven
t he

ot a Hy vanta bp emplo
e L ?ﬂf‘éﬁgff% m ﬁﬁ?"wmﬁﬁ?mrﬁe o SO e sy e

1t higgm habreRdpéd IRRIGH cokfp oAl e BrhriRhihg Qtdsts aielithiurRalitida BicH 8s lithilirh BhibHEe
ate, i tohiltulnmrbrdrmda, mhrubwcgthte.lhtmdm mjtme,lbuttylhmum [ihivetdeahiatae, lithiui haphthenate,

t henat e lithiym- s‘ﬂfe'l'% lithiumy gherpipte, @‘h“‘m Q‘Wm BHW@!%‘°"¢'?@'WFW amide,
henol at ‘%ﬁ: fﬁ’ém ﬁ?‘*gﬂ.':ﬂﬁdg}n wg fm”% "?Ef teis e dad
h,\sdrpr htsem..an. tr;@aurw.gt Gt ne Bl bromtie bR oY afeas

c |ng C et rgeat.snu ofrpourids rehitHiuntlehidridb brid 1Rfiurh PRéndlatepwith litikibr hmmdehbua gthar e
forned by remtprsnrrﬁlttmumhﬂt aI| hatrc haI [ de 40 present |n the reactron

m Xyure duri | n The 'aﬁ‘é‘aEtcP agqlqd P t9 P%?ﬁ

The}] pr ef eJS fb’ﬂgm %‘ %T e,

with lithiu nQﬁlkldPe oﬂﬂlefc &immt r@lél’g dﬁﬁlﬁa’a bd tojﬂ%ee ildtUiRe OF

ces| um br anq:horng ad\ahceivgat of ﬂﬂl’ip Tk lifHiun0 br desiur corSptdBE 1§ eMployddan & betalytically

advpncenent efféctivermauptoAdvanteasiously, mne tltanphr nneferahly mersg thand and|iess than 100, praféreniipdsy

added onl % 'P“t"e"}° BRIY éﬁcﬂ%‘ﬁ’?d ippse 1o the, preuyat, by, eight of dby gpoxy; resip| compenepts in H’é
po

ranchin rsa
advjanced

XY profasably; th Iaahh&memdﬁﬁsrawm Fhdetion WRbrialcét & thd Skbreb lofa rdactidie
advianced r eamiien®in GonetallltRe Brdhchmg|reetich is RdvahRgdoRsiE tedlictdd atitemratfesDabovd 2dot],
ar g sui t abl yprefetahiylatiove 140°€, arelbelow@B0°C;i preferatdy bmlawo200°CO advancerrent of the
epoxy resin. THeon qb!#ﬂ"!!lrfh‘tﬂ“@ﬂ’t?m‘te er F‘? Veb' ?'&!'VFF’E 'Fhley
ef f eCt I Vessar?ﬂﬂﬂ?:ﬂ:f om %mm sm us 8 |l } S a gﬂ?{%

less than 1 ﬁrpa ﬁ"}e &T\yth ﬁéﬁcﬁtﬂ?ﬁo (le an
amunt by wekighbvikf pKaldelessiRan)2.5 & 26°0), eemae:aam a:.ab auuhta phobe wsu;hnm@us acid or
redction. Prselﬁeucam,yqorgahe acidiestans baltestersand potial bstems;hh lmmmnandsnonomethvl

co duct eded ¥ %'Weﬁ@@d@f'h rides gughi 45 ph PF‘ da °’ 4 (ﬂ‘ﬁ
shfie ol S CAOTRY T i

ve 140[ erfh W1 i Sy P e o tﬁrnru esm g e
degi red anourndtisyl-ploilah@sits atugandt:haudneamfohieamd Prefapsbly, hé iieeﬁ\raweisyddedlrmnri&toeﬁi
by it he 55gaddatieash? wflesa thamB equivalentstior@bchaeguivaland ofthebranchieg batalysthi ng reacti on.
A particularly preferred nethod of preparation conprises branching an epoxy
regin using a lithiumconpound as a branching catalyst and there after

g natl ng the branchl ng reaction by adding a deactivating agent such as a

|norgan|c acrd esters half ‘esters and partral esters Suuraa” —— =
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65 of at least 1.to less than 3 equivalents for each equival ent of the

br anchi ng catalyst. 5 "EP 0 240 565 Bl For ‘the curing of the epoxy resins
descri bed. above, curisng or cross-1linking agents ("hardeners") well known in
the art Hre useful. The conpoesitions of the present invention contain solid
curing agents, for exanple, am nes 530034%5@51 Yes, boron trifluoride
conpl exes, di Cy pérdheitinof t rbdite UdscrbddYaBOVR] curi 4

and phenol i C Knowitlinrtee mﬁhgoﬂé t:?elﬁxals'f'y'hﬁrtomh&moﬁé ofIe ﬂése%?ﬁﬂ&?&gﬁ@#&mﬁ?@ﬁxﬂh
the art corrprqxsfe e, meea%qced'hwuia%tbsrooftrl%puwommxm disyankiamite n@bstituted dlcyandl
anhydr i des or®"if artlﬁ?ul ar cl ass

phenol i c har | gl eEsr'f[cui r‘ﬂicygfm "& Vﬁn mrg'uﬁiagsrwrréﬁ G%af;t? %ﬂqu%ﬁoffwé(yresmswuth
invention is t hené ,mrcmamaspa sHolic rs G4RFURIOF B8 Poviler ébamtaeceabésﬁ.oﬁermmmtm
havi ng on t hes tireec mnuet df Al an excessh e pbéniolic cofipoidafing) 6 thB@alesyd|nfora\thiah o)

an epoxy conRy PGPF maigsulg with abee enweommm baving bn the avddage pwxsﬂhgrqna b2-
per mol ecuPe.®P gfm:(" mcom ound 35 eous g‘ ari e
O, Lo Tl R Gl e
conpounds represented b | ow ng genera or rruI as and

[err] 20 wherein A, and k are s defyi ned in the descrlptxon f forrrula I
and t _has '8n average value of kt op 5k preferab fromo,th kand CH

OH ' 0 as a ac
resin) wherein each [%rr @gl@dh% S}Lﬁgdro en o@ radi cmﬂ’
having from1 to 4 carHon atons, each Yows an #hdependently hydrogen

chl ori ne, Zlgrom ne or a | oner al kyI group of 1 to 6 carbon atons and has an
avekage val u referg g 1?“ 58duin & deperighicnf of fesmulad jsach bhascen3eregsnysivarefi 9 t@be
al so \gui t abl 0y 84" et 8h. Preferably, the phenolic compound A)

enpl oyed for preparing them.phenol i c hardgper is a pol yhydriog phenolic
conpound aofs the general stjuctural ffornuja [11 wher a dival ent

hydr ocar bon radi cal havi om1l tijo 8 on atons, X in h occurr f¢S§ .
| s.hydrogen; and t is O. olic congoun
I's 2,2-bis(4-hydroxyphen progane co nly refgrreddto as sphenol A. 40

I n general3 the epoxy c ound B) usedffor prepar}ng t he phenofic hardener
is saturated or unsaturat ed aliphatic, cycloaliphatic, aromatic or

unsat ur at ed fe"?f%%laéal"Pgﬁic v('f‘) WhErSiepa¢hCR: '“H'é‘f’\%l 'ﬁﬁ’ eg °an'ua'l9f&rﬁd E'
R 1 e e it el
atlons, gr osPZorm roxy groups, Ky

al koxy r adi cal sPrefIdaaly,epomnammﬁmdd B))enﬁmmd)tbr pepeding the @haroliitirden®is £ polykydric
I ustrative Péqm @90@*’ otthpapngratatrgsuralforguB)il wiaedin A lSIqelrvelern hmf@ad'est?#memngn

Handbook FP‘ Eg P?ib' efrhosw,:%yl isaﬂ*{g"’Re"' N’é%g' °E A]ﬁ

MeGr P

e e e
Cl ude the polese)clicdndan Kis .ﬁueeﬁmtb ofid st erived nomrmw ﬁlbﬁtﬁtﬁi\ﬁ%ﬁmtae dén bloss,

/al str u@tqupecohtammlpaospﬁé)o@saton}a wmxﬂlgmubs aﬂ(vlandiaikoxaradlcds TUeénme@mbWe

formul g, ?ﬁ*ﬁfm&gmﬁw%vz i val ue‘do) 0.5 ‘10 Th ._&& ¢ Eoo
yglyci dyI ﬁ%’éﬁﬁ?ﬁg ﬁfﬁlﬁgﬂd in 19 it @éjiggdgmtﬁ G oalf
> fornul a: 35 thr

Epoxy compounds B) of particular interest in the practice of this embodiment include the polyglycidyl

ethers of bisphenol compounds represented by the general structure formuia:

0

CH 2——CH-CH 2

-5 —Q —0 o+

50

L1

(2]

(v);

60

wherein A, X and k are as defined above in formula | and r has an average vaiue of 0 to 0.5; or
65 the polyglycidy! ethers of a novolac resin, i.e. phenol aldehyde condensates of the formula:




[err] (VI
formul a |

Wher ei.n [err] Y and q are defined as above with reference to
8+ pol ygl yci dyI et hers of gﬂé%&iﬂ’esuch as diglycidyl ether
ene gl ycol or the 15 pol @ rs of tris(phenol)

of pol ypr;
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herein. Pgéferred_e unds 8) .ar (ﬁg Eg ygl yci dyl her

bi s- phenof’ conpou H&Z#H ﬁbl each2Ais ind péﬁz{' "I""C%z
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- above nenti oﬁed of : étes h"é‘t&"#m Hother
am ne orrponentw Wh%re@(@ ktﬁ)éﬁ vdl t@f'h).m 0! 68 X dquivaiehts 3f C)F%Fﬁfs&f a Iy
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equi vallent of wihen wmnpt!attq the jagx waouc'bﬁlt%t M‘th boyewemmet aﬁfﬁﬁtﬂbﬁ‘@dw“’ 15

herein'is defe "f?}%}ﬂ“ ﬂtjr,g'e %’P"%‘: ou ebl°fcﬁ

the nitrogen afy e%f' gf‘ m KAPAE b stﬁ‘c.r&?ét; nf’ggm. i
the epoxy conmpeys tth‘tﬁh érox‘ﬁﬁr the e r1:9m uh& BI 8 Qedﬂ%d apoRiab fun mBéluy Taking the
generalily 0. 03 equidatentd oBC))ﬁt@qnsldﬁiitﬁutthB eqhiveldntsaaf the syl conviioand §) natdhendng repctel with C)

d ph esn 0 Iaredx-hem:ii tor{¥r-0.8k Acsordingly thereguivalantseok Akasaerajly etnnlevadhelﬁé tq 18)-1(x—0.03) to

d A dtot MRoYN B Sl fortlh

ner injng termingl ali roups and
0.l g oo PR faf A i s e
d A) ar SGEIBQE:&E nYof Ivieidi ethellUf Wig- ﬁHﬂBI FOind@ﬁéﬁ{ 1 ARG derbnt of the aliphatic
, in demwrmymongmtnbemmrufahwwuetha{olapimnoI i ¢ conpound A) and epoxy
d B) to be enployed, it is necessary to take into consideration the
at the aliphatic -OH containing aming C) will react with the epoxy
of the epoxy conpound B) to reduce the epoxide functionality. Taking
val ents of C) into consideration, the equivalents of the epoxy

aaaot -havi-ng. teacted with C) 60 are (X-0.03) to (X-0.8).

~A)-genreral ly enployed is (1.2 to 15)
d nodi fi ed phenolic hardener

-(X-0.03) to (X-0.8). '
cont a| n| ng. term naI aI | phatic -O—l groups an
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65 .hydroxyl containing anine, preferably diethanol anine. 7 EP 0240 5653
B1 -The nodified phenolic hardeners which are useful in the coating k3
conposi tion.of the present invention are solids. The phenolic hardeners an

nodi f i & phenol i c har deners can be prepared by mxing the desired amoynts
of . the phenol i ¢’ conpound A), the epoxy conpound B) and optionally the ¢

al i phatic hydroxyl 5 contai ni nER 56(5 69 B1 heat i ng the m xture, gener al |
to a tenperwielidaified pheRblichsrdenervehich lare Wi tRE Badfd oG $ﬂ%ngm9%§eﬁtlmruqﬁners
a catal ystesolids. be used for pronoting the reaction 01P t he epoxy groups with
g&bg hardenets @am '91 phenplic harrdeners ican behrrepared. by Thising she dwhirea
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se\IeraI adj uncts, e.g., flow control agents, addi tives for inproving. the
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art.-5§- . For exanple, if-desired, flow control agents can be added to

t he pofder coating conposition of this invention, preferably in amunts of ;
0.01 t9:1:0 weight percent, based upon the total weight of the powder :
coati n§ €onposi ti,on. Typical flow coBPr0/240;885sB4re pol yacryl ates, such as,
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" Cathodic disbondment

28 days at room temp. (mm) 35 -

3.5

8.3 6.2

5.8 45 6.7

7 days at 50°C {mm)}

60 3.3

The ge! time and the impact resistance were measured as in Examples 1 to 3. _ ) ]
_ The flexibility was measured by bending the steel plate over a mandrel of 30 mm. The angles listed in
g5 Table Il are the maximal angles of bend at which the coating is still intact.
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tter than of the

rbon group havmg to -—C0~—, —0—, —§—, —§—5—, —$(0),—, —S(0}—
./ 45 or a covalent bond; X is independently, each occurrence, hydrogen, halogen or an alkyl group of 1 to 4
carbon atoms; p has an average value greater than 0 and up to 20, m has an average value of 0 up to 20,
and k is a positive number from 1 to 4; provided that the average epoxide functionality per molecule of the
epoxy resin is greater than 2 and the epoxy resin is solid, or
{b) a mixture of different epoxy resins of formula J;
50 {c) a solid curing agent for the epoxy resin, characterized in that the composition is a powder coating
composition.
2. The composition of Claim 1 wherein the epoxy resin is a solid multifunctional resin of formula i
wherein at least a part of the radicals B are represented by formula

55 xk Xk
o A (s
- TS

.wherein A is independently, each occurrence, a dlvalent hydrocarbon group havmg from 1 to 6 carbon

atoms; Xis mdependently, each occurrence, hydrogen, bromine or chlorine, k is a positive number from 1
65 to 4 and the epoxy resin has an average epoxide functionality per molecule of 2.1 to 5.0.
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- 45 or a covalent bond; X is independently, each occurrence, hydrogen, halogen or an alkyl group of 1to 4
carbon atoms; p has an average value greater than 0 and up to 20, m has an average value of 0 up to 20,
and k is a positive number from 1 to 4; provided that the average epoxide functionality per molecule of the
epoxy resin is greater than 2 and the epoxy resin is solid, or
{b) a mixture of different epoxy resins of formula |;
50 {c} a solid curing agent for the epoxy resin, characterized in that the composition is a powder coating
composition.
2. The composition of Claim 1 wherein the epoxy resin is a solid multifunctional resin of formula |
wherein at least a part of the radicals B are represented by formula
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.wherein A is independently, each occurrence, a divalent hydrocarbon group having from 1 to 6 carbon

atoms; Xis mdependently, each occurrence, hydrogen, bromine or chiorine, k is a positive number from 1
65 to 4 and the epoxy resin has an average epoxide functionality per molecuie of 2.1 to 5.0.
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bon Bedingung, daR die mittlere Epoxyfunktionalitat pro Molekiil des Epoxyharzes groBer als 2 und d;
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55 7 La composition de la revendication 6, dans laquelle I'agent de durclssement solide est prépare par
réaction avec chaque équivalent du composé époxy de 0,03 & 0,8 équivalent d'un composé C) contenant au
moins un groupe amino primaire ou secondaire et au moins une groupe hydroxyle aliphatique, et en
utilisant au moins 1,2 équivalent d’'un composé phénolique A}, pour chaque équivalent du composé époxy
B) en excés de la quantité stoechiométrique requise pour fa réaction avec les hydrogénes d’amino du

60 composé C).

8. La compoasition de la revendication 6 ou 7, dans laquelle I'agent de durcissement solide ets le produit
de réaction de A) de 90 3 35 pour cent en poids de bisphéno! A, B) de 10 & 55 pour cent en poids du
dlglyc|dyléther de bisphénal A, et C) de 1 & 10 pour cent en poids du composé contenant au moins un
groupe amino primaire ou secondaire et au moins un groupe hydroxyle aliphatique, de préférence de la

g5 disthanolamine.
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50 solide ‘pour |s resine bpoxy est le produit de la r6 m E m

compose ph6noligque ayant, en noyenne, plus d' un groupsﬂl u“ m ,ijIIIIB)
un conpose epoxy ayant, on noyenne Sgl ys d' un roups 1, 2-epoxy €t G dan
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7. La conppsi Q{h uipstrat ayantsue Al meins Lemsuffacedisesiuich g semnpasitioh de eavétenjent durcle de
dur ci ssegent " SBPFURELLE rYPEYsaTES bAR reacti on avec chaque equival ent du
conpose epoxy de 0,03 a 0,8 equival ent d' un conpose C) contenant au noins
un groups amno prinmaire ou secondaire et au noins une groups hydroxyl e

al i phatique, et en utilisant au noins 1,2 6quival ent d' un conpose

phé6nol i gye A), pour chaque equival ent du conpose epoxy B) on exces de |a
guantite stoechionetrique requi se pour |la reaction avec |es hydrogenes
d'ami no du 60 conpose C). 8. La conposition de |la revendication 6 ou 7,
dans laquelle |I'agent de durcissenment solids sts |e produit de r6action de
A) de 90,a 35 pour cent en poids de bisphenol A B) de 10 a 55 pour cent en
poi ds du di gl ycidyl ether de bisphinol A et C de 1 A 10 pour cent en poids
du conpose contenant au moins un groups am no prineire ou secondaire et au
noi NS un groups "hydroxyl e al i phati‘que, de pr6ference de |a 65 )

di bt han%am ne. EP 0 240 565 B1 9. U lisation de |a conposition de

revAt emént par poudre de lune quel conque des revendications 1 3 8 pour le
revbtement d'un substrat. 10. Un substrat avant sur au noins une surface de
celui-ci la conposition de revitenent durcie de |'une quel conque des
revesidications 1 3 8. 10 15 Xx.:
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