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(1) at | eastARE RTINS, P Y mrs'asm, orl o ma %‘i 1Pbo, bR o035 45,
P y T ot r§b 141 of | wei htofc&%o&n% tota wei ght
of cor’?ﬁonentsp; ﬁjug ?ﬁ g
{2 n@rt': nt g a group reactive with an epoxu:le group and a polymerizable
ethylemcally unsaturated group in an amount of from 0.001 to 0.05, preferably from 0.005 to 0.025,
; equivalent per epoxide equivalent contained in component (A-1); and optionally
~- ~ (3) a hydroxyalkyl acrylate or methacrylate or an alkyl acrylate or methacrylate in an amount of
40 from zero to 15, preferably from about 1 to 5, percent by weight based on total weight of
components (B-1) and (B-3); and
p (1) advancing, in the presence of a catalytic quantity of a suitable advancement catalyst, the resultant
polymerized product with
(C) a dihydric phenol in an amount of from 0.125 to 0.80, preferably from 0.375 to 0.50 hydroxyl
45 equivalents per epoxide equivalent contained in component (A-1).
A further aspect of the present invention concerns thermosettable (curable) powder coating formulations
prepared by combining one or more of the advanced epoxy resin compositions with
(A) an effective quantity of at least one suitable curing agent therefor,
(B) optionally, one or more curing agent accelerators or catalysts,
§0 (C) optionally, one or more particulate fillers, . ‘
(D) optionally, one or more pigments, : )
(E) optionally, one or more gloss control additives,
(G) optionally, one or more texture control additives, and,
(H) optionally, one or more air release {defoaming) agents.
55 Another aspect of the present invention concerns products and compositions resulting from curing the
aforementioned advanced epoxy resin compositions and powder coating formulations. :
Suitable diglycidy! ethers of a dihydric phenol which can be employed herein include, for example,

those represented by the formulas
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(2)'a.icn£oﬁnd containing a group reactive with an epoxide group and a

“pol yneri zabl e ethylenically unsaturated group in an anount of fromO0.001 to
005, preferably from0.005 to 0. 02%p ¢y gs2lgant per epoxi de equi val ent
contained in conponent (A-1); and optionally (3) a hydroxyal kyl acrylate or
nmet hacryl ate or an al kyl acrylate or nethacrylate in an anount of 40
fromzero to 15, preferably fromabout 1 to 5, percgent by weight based on
total weight of conponents (B-1) and (B-3); and (I advancing, in the
presence of a catalytic quantity of a suitable advancenent catal yst, the
resul tant polynerized product with (C) a dihydric phenol in an anmount of
from0.125 to 0.80, preferably fromO0.375 to 0.50 hydroxyl 45
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55 Anot her aspect of the present inventionsg ns products and
conpositions resulting fromcuring the ‘af orenmeft advanced epoxy resin
conposi tions and powder coating fornul ations. Sui e diglycidyl ethers of.
a di hydric phenol which can be enployed herein inclgde, for exanple, those"
r epresented by the fornulas 2 EP 0 220 637 Bl 54 err] - EP 0 220 637 Bl
[err] : oy '
\./ o5 S
. N - »x
=
$ ?
. N
2 N8 8
o i 1 X
5 -0 -0
30 ~ I
MN
(3}

(.
\

35

OH

(X)4

{(X)4
_Hac-o@——(z\)n-@

R
]

0~CH,-C~CH,~
L}

C

3
(X)../
\

. &
1
<
N
i
O - 0 -0
oLt ot
50 Q, O,
ks =

wherein A is a divalent hydrocarbon group having from one to 10 carbon atoms, -O-, -S-, -S-8-,
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each %;quﬁndependently hydr ogen, brom ne, chlorrne or a hydrocarbyl or
hydrocar%yloxy group having frontl to 10 carbon atons; each Ris
i'ndependent|y hydrogen or a nethy d%?a g has a val ue from zero 15 to 5,
preferably from about zero to about and n has a value of zero or 1. The
term hydrocar byl as enployed herein nmeans any aliphatic, cycloallphatic,
aromatic, aryl substituted aliphatic, or aliphatic substituted aromatic
groups. Likewi se, the term hydrocarbyl©oxy group nmeans a hydrocarbyl group
havi ng an oxygen |inkage between it anl_the object to which it is attached.
Sui tabl e diglycidyl ethers of a di hydrTc’phenol which can be enpl oyed
herei s i nclude, for exanple, the 20 diglycidyl ethers of resorcinol,
hydrggpinone, catechol, bisphenol A (4,4'-isopropylidenedi]henol), bis(4,4-
dl hydroxyphenyl ) met hane, 2, 2'-Dbi s(4-hydroxyphenyl) pent ane, .

3,3 ,5,5-tetranet hyl -4, 4' -di hydr oxydf phenyl , 4, 4'-di hydr oxydi phenyl

sul fone, 4, 4" - di hydr oxybenzophen<s, =C3; 3',5,5 -tetrabrono-4,4'-

| sopr &yl i denedi phenol , 4, 4' -bi s(p-Hydroxyphenyl)di phenyl ether,

4, 4' - di hydroxydi phenyl sul fide, and ™ x- tures thereof. Nbst preferred as

the di-gl yci gl(y et her of a di hydrr C p enol are the et her
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cat al yst anddite epdxide @rdogr Geénarally, a catalyst is not required and, furthermore, is not desired when said
4 group reactive with an epoxide group is -COOH. It may, however, be beneficial to use a catalyst when said
group reactive with an epoxide group is, for example, -OH. Typical of such catalysts useful for this purpose
are the advancement catalysts described herein.
Suitable vinyl aromatic monomers which can be employed as component (B-1) in the copolymerization
reaction step with the prereaction product of a diglycidyl ether of a dihydric phenol and a compound
50 containing both a group reactive with an epoxide group and a polymerizable ethylenically unsaturated group
include those represented by the formula

56



Sui t apl.e. viknyl aromatic nononers which can be enpl oyed as conponent (B-1)
in the copolynerization reaction step with the prereaction product of a
diglycidyl ether of a dihydric phersH oapglesy gpnpound so containing both a
group reactive with an epoxide group and a pol yneri zabl e ethylenically
unsat urated group include those represented by the fornmula 55 4 EP 0 220
637 Bl [err] wherein R gnd X are as herei nbefore defined. 10
Representative of the vijhyl aromati c nonomers which can be enpl oyed herein
are styrene, chlorostyreteCH, et hyl styrenes, t-butyl styrenes,

[err]-methyl styrene, methoxystyrenes, and m xtures thereof. Mst preferred

as the Ainyl aromatic nmer is styrene. Suitable hydr? | kyl acryl ates
or t acryl ates, alky ry{¥ies or net hacryl ates or iﬁ& rdes t her eof
whi ch caﬂ bﬁ errpl oyed as corrponent (B-3) in the copolynerization reaction
step with the er rodyct. of a diglycidyl ether of a dihydric
phenol d“"?f% afe QQH 4 1
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enploye% h I ncl ude those represented by the forrmula 30 [err] 35
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WA
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wherein R is as hereinbefore defined and Q is a monovalent hydrocarbyl group having from one to 25
carbon atoms or a hydroxyalkyl group having from two to 25 carbon atoms and may be branched, cyclic or
v polycyclic. Representative of the hydroxyalkyl acrylates or methacrylates, alkyl acrylates or methacrylates
40 or mixtures thereof which can optionally be employed herein are 2-hydroxyethyl acrylate, 2-hydroxysethyl

methacrylate, 2-hydroxypropyl acrylate, cyclohexyl acrylate, lauryl methacrylate, stearyl acrylate, mixtures
" thereof and the like.

" Suitable free radical forming catalysts which can be employed In the copolymerization reaction step
with the prereaction product of a diglycidyl ether of a dihydric phenol and a compound contalning both a
45 group reactive with an epoxide group and a polymerizable ethylenically unsaturated group include the azo
and diazo compounds as well as the organic peroxides and hydroperoxides. Suitable free radical forming
catalysts include, for example, 2,2"-azobisisobutyronitrile, 2,2"-azobis(2,4-dimethyl-4-methoxyvaleronitrile), 1-
t-butylazo-1-cyanocyciohexane, t-butylperbenzoats, t-butylperoctoate, t-butylhydroperoxide, di-t-butylperox-
. Ide, dicumylperoxide, cumene hydroperoxide, and mixtures thereof. An amount of from 1.0 fto 5.0,
60 preferably from 2.0 to 3.0 percent by weight, based on total weight of monomer feed used, of at least one

free radical forming catalyst is employed.

The copolymerization reaction of the prereaction product (A) of a diglycidyl ether of a dihydric phenol
and a compound containing both a group reactive with an epoxide group and a polymerizable ethylenically
unsaturated group with a monomer feed consisting of (B-1) a vinyl aromatic monomer, (B-2) a compound

55 containing both a group reactive with an epoxide group, and a polymerizable ethylenically unsaturated
group, and optionally, (B-3) a hydroxyalky! acrylate or methacrylate, an alkyl acrylate or methacrylate, or a
mixture thereof may be completed using a variety of reaction sequences. Generally, the monomer feed (B)
containing a free radical forming polymerization catalyst is added to the prereaction product (A) over a
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gRoup,4 eactive mn an epoxi de group and a polynerizable ethylenically
unsat urated group mnth a nono feed consisting of (B-1) a vinyl aromatic
nmononer, (B-2) a conpound 55 )aining both a group reactive with an
epoxide group, and a polygsri e Bhrylenlcally unsa%gfpted group, and
optionally, (B-3) a hydroXyal acrylate or nethacrylate, an alkyl
acrylaée or nethacrylate, or a mxture thereof may be conpleted using a
variety of reaction sequences. Generally, the monomer feed (B) containing a
free radical formng polynerization catal yst is added to the prereaction

product (A) over a 5 X(i220 637 1(R§r| od of from45 nminutes (2700 s) to
150 mi nutes (9000 s), &bl y f m nutes (4500 s) to 120 mnutes
(720038) whil e mai njzgi r(ge) ature of frEmili25 to 175 C
preferably from 140 - to ri. eaction of from30 m nutes (1800 s)

to 150 m nutes (9000 s), preferably from45 mnutes (2700 s) to 90 m nutes

(5492 ?129 | S c after aofae Son %%‘P&.efﬁ offidheb | B8brcind,
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m xture § [
roxyb eno , %m& nol m%ﬁyﬁéiyﬁﬁehﬂg 'S

r iﬁ,‘;' red e ﬂ&,. h:ﬁ&eeﬁoem ?esrt - 6 prefeleclBs dUsidphanol is

p erre resent invention, the free radical form ng

cat 4l %t % advancement catalysts which can be employed in the process of the present invention include

most any catalyst which will catalyze the reaction between a vicinal epoxy group and a phenolic hydroxyl
_ group. Such catalysts include, for example, those disclosed in U.S. Patent Nos. 3,306,872; 3,341,580;
- 3,379,684; 3,477,090; 3,547,881; 3,637,500; 3,843,605; 3,948,855; 3,956,237; 4.048,141; 4,003 ,850;
4,131,633; 4,132,708; 4,171,420; and 4,177,216.

45 Particularly suiteble catalysts are the quaternary phosphonium and ammonium compounds such as, for
example, ethyltriphenylphosphonium  chloride, sthyltriphenylphosphonium  bromide, ethyliriphenyl-
phosphonium iodide, ethyltriphenylphosphonium acetats, ethyltriphenylphosphonium acotate*acetic acid
complex, ethyltriphenylphosphonium phosphate, tetrabutylphosphonium chloride, tetrabutylphosphonium
bromide, tetrabutylphosphonium iodide, tetrabutylphosphonium acetate, tetrabutylphosphonium ace-

50 tate*acetic acid complex, butyliriphenylphosphonium tetrabromobisphenate, butyltriphenylphosphonium

' bisphenate, butyltriphenylphosphonium bicarbonate, benzyltrimethylammonium chioride, tetramethylam-
monium hydroxide, and mixtures thereof.

After completion of either the copolymerization reaction (1) or the advancement reaction (), it is

generally beneficial, although not required, to subject the reaction product to a vacuum stripping step. “This

56 Is accomplished by pulling a vacuum on the reactor, thus removing and condensing any materials which
volatilize from the reaction product.

In a variation on this vacuum stripping step, various modifying agents or additives, such as, for
example, flow control agents, gloss control agents, plgments. texture control additives, air release agents,
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renowed as*a conponent of the nononer feed and added to the reaction
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less expensive dilusnt. Other properties imparted by fillers can include “one or more of the following:
handling and processing properties, impact modification, dimensional stability, moisture and chemical
45 resistance, flame resistance, modified thermal conductivity, modified electrical properties, modifled rheol-
" ogy, color modification and fexture modification. Suitable such fillers are described in Non-Fibrous Fillers for
Epoxy Resin Formulations presented at the 7th Electrical Insulation Conferencs, Chicago, fffinois, October
15-19, 1967 by D. A. Shimp. Representative of these fillers are barytes (BaSO,), titanium dioxide, carbon
black, silica flour, calcium carbonate, mixtures therseof and the like. The particle size distribution, shape,
s0 chemical composition, surface area and use level, i.e. resin to filler ratio, can be adjusted singularly or
collectively to change the resultant cured powder coating. Simple preliminary experiments within the normal
capability of those skilled in the art are ordinarily performed to aid in filler choice.
The powder coating formulation optionally contains one or more pigments. Said pigments are typically
used to add color to the cured powder coating. Suitable such pigments are described in Pigments for
56 Colouring Epoxy Powder Coatings by Maltman and Dsverell-Smith in Pigment and Resin Technology,
November 1973, pp. 15-19.
The powder coating formulation optionally, although preferably, contains one or more flow control
agents. Flow control agents are used in powder coafings to adjust the rheological properties of the total
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tlhz Lroéﬂﬂfﬂﬂ&gﬁ%m%%% &@'Mggﬂl'_;‘_é.’%ﬂﬁﬂ to 180 [err] (80 meghoto

R e gsz.:“
ok
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met hods 4¢

erJtWe Ha ea te

refer en%?mﬁd% 120@? atef fhe l?gﬁ"@%m \'bﬁré Wik redchéd. (fl,l, eQrQ @(gr?eeéf’sWrene (480 g,

ereet r Ostle3thdids), @Q%Qﬁett%@r&l%)’dcﬂ% 2654, 00k R} &Mk drtiary butyl perbenzoate (12 g, 0.06 mole) was

40 charged to the addition funnel and added dropwise to the stirred solution. The reactor temperature was

maintained between 145  C and 155° C throughout the monomer feed addition. After one hour and twenty

M minutes (4800 s), the monomer feed addition was complete. Post-reaction of the stirred solution was

continued for sixty minutes (3600 s) at 150" C After sixty minutes (3600 s) at 150" C, bisphenol A (162.8 g,

0.71 mole) was charged to the stirred solution. Four minutes (240 s) later the reactor temperature dropped

45 to 137°C with complete dissolution of the bisphenol A in the resin solution. An advancement catalyst

(sthyltriphenylphosphonium acetate* acetic acld complex, 1 g, 70% in methanol) was added to the reactor

which was then reheated to 150" C. Four mrnutes (240 s) later the reactor reached 150° C and heating was

discontinued. A maximum exotherm of 182° C resulted seven minutes (420 s) later. The reactor was aliowed

to cool fo 175" C where it was held for one hour (3600 s) affer the maximum exotherm. The low gloss epoxy

s0 resin product was recovered as an opaque, pale-yellow colored, brittle solid with a final epoxide equivalent
weight of 683.

EXAMPLE 2

65 Low Gloss Epoxy Resin - 0.01 Equivalent per Epoxide Equivalent of Methacrylic Acid in Prereaction, 0.02
Equivalent per Epoxide Equivalent of Methacrylic Acid in Monomer Feed

A commercial grade (D.E.R.® 383, The Dow Chemical Company) of a diglycidyl ether of bisphenol A
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typically involves heating in an ovemofoy sgingfnount of tine sufficient to
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Representative of these fillers are barytes (BaSO4), titanium di oxide,
carbon bl ack A commersial greds(P.E.R8 383, ke Sav Khermicak Company af asdiglysisiylaier aidisphens! A
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pr opert i esdradped ltee 1300 Cawith 7complefaRiiSoR@RA of Ié IBéphenol A in the resin solution. An advancement

catalyst (ethyltriphenyiphosphonium acetate'acetlc acid complex, 1 g, 70 percent in methanol) was added
4 to the reactor which was then reheated to 150° C. Eight mmutes (480 s) later the reactor reached 150°C

and heating was discontinued. A maximum exotherm of 182° C resulted six minutes (360 s) fater. The

reactor was allowed fo cool to 175° C whers it was held for one hour (3600 s) after the maximum exotherm.

The low gloss epoxy resin product was recovered as an opaque, pale-yeliow colored, brittle solid with a final

epoxide equivalent weight of 711.

EXAMPLE 4

Low Gloss Epoxy Resin-0.02 Equivalent per Epoxide Equivalent of Methacrylic Acid in Prereaction, 0.015
Equivalent per Epoxide Equuvalent of Methacrylic Acid i In Monomer Feed

§0
A commercial grade (D.E.R.® 383, The Dow Chemical Company) of a diglycidyl ether of bispheno! A

(600 g, 3.31 epoxide equivalent) having an EEW of 181.3 and glacial methacrylic acid (5.72 g, 0.068 mole)
were charged to a 2-liter, 5-neck round bottom flask fitted with a water-cooled condenser, nitrogen purge,
addition funnel, thermometer and stirrer. Heating to 150" C was initiated on the stirred solution. Forty-three

56 minutes (2580 s) later the 150° C temperature was reached and the nitrogen purge was initiated. The
monomer feed, a mixture of styrene (480 g, 4.6 moles), glacial methacrylic acid (4.3 g, 0.05 mole) and
tertiary butyl perbenzoate (12 g, 0.06 mole) was charged to the addition funnel and added dropwise to the
stirred solution. The reaction temperature was maintained between 145°C and 155° C throughout the
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powdes coak¥ing formulation thus insuring uniformcoating filmthickness,
wet -out and costing of edges. Suitable such flow control agents are
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preferred as the flow control agents are the polyacrylates such as, for
exanpl e,mdabmat recCddHia. AfidNGho ot 4 | e Mdlr nAitagl (8248 spthe Giparhey ITed, adelitich was

pol y( butgghpiaspokabalion of R sBeCKtichGRS boWgnube forsikia tincies (300 ) atalish YC. Atiertsityn's
one or IMikRest (880 @t §5UTL] Bikphasttliat (1628Sg, OTAXMbIs)Ewas ehirgeall to aiskdstitred eclutian.cFours ed

| N powdehinddaaorsy fater the ol embéraiurs rdbpaticto dSE ICandth epmgete dissoiufion: df éhedrispbanol
powdes GOiatteltesin SdakiaT. A bdrandeinerdt camlyst (sthglriphengiphpsphonipr aesitates ageficianid gomplexHe s
ey be, epd parestit in Ghetimsolyivas raddeg e the seactorewhich was thde rebeataddo DR Griive reines 30 s
are E€Xansplaes thefreatioeretghpe $5051 and thatito was diﬁalpﬁwé Aonaxiyii Poterty of AR EaesyiRtder
coat i ng feeimingtes (300 s)datere Knarpastpr frasrpllesred torgps tBéVﬁié’rWhér@éFt"‘laﬁxge"F F PRSIhayri (3]0 )

opt i onaldftgr theymexinum exsiherTs Therigw @loss PPolEIeaia SBIYLS HhR rgcovessq &8 anpEARUe. RYeYelf¥ag jn
powdero coolated britde said with »fnabenexide gapiglent weigb 64 d1- 'such as pinholes in the cured

powder coating, induced by air entrainment. A nost preferred air release
agent ISCQMT Em%ed in Surface Coatings, Vol. 2 - Paints and

The. . | . . ) . 1 . . .
pub: irsﬁpeﬁﬂ' ;:.. ie ._::. p a| M@ éﬂ%ééﬁég&bﬁédu%e ¢ porEpoddld 2
f or muféat TSRS et Meiiacnlic Aclq in Mojomel Feed | ™ : VARL L

avas re—or nore gl oss control additives. 4 oss

control adgi t] ves. are U(B%qa$983r %ﬁgjﬁ& EhSuddl r . -
commerdial grade (D.ER. \ ichl ggn of € ddfycifft felneiCdi Dikphending
[ om  heh 81 soblo Ml haldiP bl W ot 160 & o el na
g _ oSk fitfeli With B watdRdoB ?D detisér! fiffogen purgd, GlicfitioR Gunkbl, Aktendntbtor GAY dtiRter. AGARY
S¥st el QM54 Tl vhdd hitlted dn §R'shiredlliqid &kyresh YiitkdgerPstinébpRdiél Fartysive hintted g700 Ne
as taughdy i fa¥ wed 130° CainfRiatuPOowas Jeadrbé; 1’3%4mn_3ﬂer toad, Slmi@ie ctCtlirdnb (488 gD4.6 adjesly ant s
may . be i il MehahyRe atid (XBetd) 0.080M6l) and Bafatytyl periBtoatei (G 006 molopwisr eharged
i nvent i of yfeQidailidhEinnekdh@ WdeaFbplvas RNAESlinYG soltitre IThé Raction mperstyveads maintaiped s a
slip ai dpetvien 48’ b tbs” G thideyhadt QlicciBrivivien Reed abditichasier Getyi miggesr GAWr Sribe.
The cud eforomedided adaftion Wes @impB@NPosi-lesttiot ofcie stigredisqhdioniess coutintedTor sihemingtes
subst r at @sopL bt 156° GitAtted sixnhinintitesD(3eD0isHat 356 G, bisphghad A<162.810f B:Eemelpltves Rhagedittpact
st r engt htne 2ired solufiine Fifo Minginb (R0 ek ltepihe Jeagtop termipprgiuer dserpad to 130 G avithy perariele
i nvent i odissaltbnant dhenkigphenol Bdn the esin splitionn 4n tadvangerriont; aaiglvet {ethyirehgayirhasphenim |
any mannestateEscsiePidd torgiex|_4\e. P eteert i mptiepnd) yes. addedlp the, ipagia] whigh yay then
Epoxi de @hested & 859 Colinavminiiae (549 Fldatardheyerqtpr paghed J8q [Cd h .ﬂ@ELSasE’Egg?'gﬁ‘fe per
Epoxi de @epimumeerp ol (i Faerdied sevarcmiguien, (RD b eisr The &doil Yfﬁﬁﬂg{({ 810 B de
(D.E. R [EPr § whers it wagcheisolpr enpelipnic #P00cs) pfier b mBrm el Sl gt Pog O i
bi sphenofPoRY -‘BU(?’%’,“?" wes RERYRIPY 8% B RAIeVRTPR Rl R RS ot ]?8%"}.:‘3 RoRae
gl aci al PRYivRISE weipiv of G; ¢ (2.86 g, 0.033 nole) 35 were charged to a 2-liter,
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(126 g) —t1e rr—temperaturewas Teached. The nononer feed, a
m xture of aSdohfRf GrA&D([Md.R.@ 383, The Dow Chemical Company) of a diglycidyl ether of bisphenol A
(600 g, 3.31 epoxide equivalent) having an EEW of 181.3 was charged to a 2-iter, 5-neck round bottom
flask fitted with a water-cooled condenser, nitrogen purge, addition funnel, thermometer and stirrer. Heating
to 150°C was initiated on the stirred liquid epoxy resin. Thirty minutes (1800 s) later the reactor
45 temperature reached 155° C and the nitrogen purge was initiated. Ten minutes (600 s) later the 150°C
temperature was established. The monomer feed, a mixture of styrene (480 g, 46 moles), glacial
methacrylic acid (7.15 g, 0.083 mole) and tertiary butyl perbenzoate (12 g, 0.068 mole) was charged to the
addition funnel and added dropwise to the stimed solution. The reaction temperature was maintained
between 145° C and 155" C throughout the monomer feed addition. After one hour forty-five minutes (6300
50 s) the monomer feed addition was complete. Post-reaction of the stirred solution was continued for forty-
seven minutes (2820 s) at 150" C. After forty-seven minutes (2820 s) a vacuum was drawn to remove
unreacted styrene and other lights. During the vacuum stripping 8.7 grams of unreacted styrene and other
tights were recovered in an overhead cold trap. After twenty-five minutes (1500 s) of vacuum stripping at
150" C, bisphenol A (162.8 g, 0.71 mole) was charged to the solution. Four minutes {240 s} later the reactor
55 temperaturse dropped to 134° C with complete dissolution of the bisphenol A in the resin solution. An
advancement catalyst (ethyltriphenyiphosphonium acetate*acetic acid complex, 1 g, 70 percent in metha-
nol) was added to the reactor which was then reheated. Seven minutes (420 s) later the reactor reached
150° C and heating was discontinued. A maximum exotherm of 177" C resulted seven minutes (420 s) later.
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4.'6 npl es)* glacial -nethacrylic acid (4.29 g, 0.05 nole) and tertiary butyl
per benzoate (12 g, 0.06 nole) was 40 charged to the addition funnel and
added dropwi se to the stirred sol utgpg.godlagy Beact or tenperature was

mai nt ai ned between 145 C and 155 C t hroughout the nonomer feed addition.
After one hour and twenty mnutes (4800 a), the nononer feed addition was
conpl et e. Posteactaraedsi aliowedto tchel to 1175 ICeshegolt wes bald fenonecbawr (3F0RE) #hgr the imexigum
m nut es (3@@fhesy). Tae pplestyrgne Afiadiied eoxt sesiniprduct yay BeEred ps 4Palpwplioy colppd FRAD|
A (162. 8 g britde solid with &fjinalepoxidaagrivaiant weight Bi708+ i rred sol ution. Four minutes
(240 s) later the reactor tenperature dropped 45 to 137 Cwith conplete

di ssol ut § o SOMPARNEVEEXPRAMENT A in the resin sol ution. An advancenent

catalyst (ethyltriphenyl hos honi um acet at.e acetlc aC| d_c 70%
i n et hanoSjandsd Pojygdeerio, %ﬂ%ﬁ E%ﬁ%a ti&-&?&t}ﬁm'd)
Four m nuté{‘sﬂﬂ?ﬁ_“sf’_wﬁ&_ ched [err] and heating was

e et m%ﬁ* lEabyhon (b W ad

hour  ( 3600 t% |te f  HBE WO o P&:’éle&’B&?&¥n O nik
rge,
pr?d”Ct Wa%d .t eﬁn%mgtgr 81% é‘r HE4Rh foy% F@Waé?ﬂ .Qéd?gn B stirddl BN Fhylht h
a final e NE)VI%@QQ reafibrd peﬂaftur ched XAYE IrobdMVhufde WS infiRGH.Yseven
Resin - @. Xzﬁ% fataf thp ed0° Qé??ﬁ:le%rdzﬂéé' rgﬁh&nﬁ’he(}flonm&rh@ﬁf ¥ hnkxGure"Skisrené (480 g,
Prereact ' 0'1;6 nQoI 1ekdR R pdPsthzdald gz §1.08GbIsy dhLiHarged told &Ry fuhril &l addddn
Monomer  Fegghp ﬁs&@&%rsﬁih@d sekitiafl eThb RedetoR rifefalure3 @ds maihtainddD Betidvnm46 ot afednFBicy)
of a digl y(ﬂirﬂMﬁouﬂhBQﬁon&f!erbée‘élFHﬂ@ﬁml Atfsr 8ne houERiH) raidlesB400 BYL the Gitdorger i@d3tidition .
epoxi de equay adniity. Postvéabihn BN tha ¢tirfed Golutick\Was kortiftibd Sor Zonigh-figd abiitas (amt#)at‘rspl'ﬁsc
acid (2.86 ager i6itydBS mindtee 270®s) @ vatuamged drawn 3o Bmbystupreactds shaerie andh othet liphds. tDuving
flask fitt e vabim strippiag 611 -geanis! of dnreanted eshysape andhdthar dighdnwere rageveresidel pnt pugriread cold
funnel, thérmotiet birty amioktest (1800es) of Weaurd stjpring #5560 . higgheneliA (15289, OA! Mmale) was
stiMed solchargedrio thgisplitiop.Folnmintea 249s) faf1 the ragyton tempreratire dronpsd 3B G camplete
was reachedissoition picthe ibisphsga i 'pdi%@s'ms'uwn Ampdvpngeraent catplst (atliRBpNYIP %‘sam"g
mi xt ur e 25f aeatale aertic (asemoglplem Gonth aygent iy methapel) pad ﬁdaq?F‘ ?uﬂz? Qé?*ﬂ en
0. 066 ol eyehaster. Skrmipyps for o 693'8 hed 1?% %“g
the additi gﬁ%%ﬁélﬁﬁamaﬁdes}i'ﬁﬂé@hw :;:}@%O "@% d gsi | E::
t enper at ur It
feed add;t AL BAS AU SR, AR B % ‘M@ Ut P
addi tion ete. Post-reaction of the stl rred soI ut | on was conti nued
for si xty%é(%oo s) at [err]. After sixty 10 m nutes (3600 s) at 150
G, Dbispheng A @2 &dr cltingirolMlidnsas charged to the stirred sol ution.
Five m nut et—tire—reactor tenperature dropped to [err] with
conpl et eydi Sslsyrdéhé enesth dtlies bp P&ﬁ\@'fm/r\ ERmble€ 144€4nd "Comphridfive Cxperifidnts A-C were
advancenentgduid ila\Whring@oB Ylohddr RN@fhé! dolvas ivatilaeon welghtsabepatdabie ¢ obihé epoxy resin,
conpl ex, 1 dgyandidmid & Sikturb Nof Nt foadend 2-memglinddbes] ahd 88 Ipercera syt weightiiayndiaenisie,
then r EheathdaffoQ@) e &rid] filler O Ubed R pled (2atflastic bag, sealed and dry mixed to a homogensous dry
N/ blend. The dry-mixed formulations were then extruded in a Buss-Condux PLK 46 smg!e screw extruder
i 40 (equrpped with-a 46 mm diameter kneader screw opsrated at 120 rpm) with Zone 1 at 50" C and Zone 2 at
100° C. The extrudate was passed through BCI Chill Rolls (165.1 mm [61"] diameter), cooled and crushed.
The crushed extrudate was then fine ground in a Brinkmann Centrifugal Grinding Mill utilizing the 24-tooth
grinding attachment. The finely ground extrudate was sieved through No. 140 106 m {150 mesh) standard
tost sieves (wire cloth). The 106 um (150 mesh) powder coating formulations were applied via electrostatic
45 spray with a Gema Ag Type 710 Laboratory Unit (set at 60-70 kV) on to, 101.6 mm x 304.8 mm x 0.529
mm (4" x 12" x 20 gauge) cold rolled steel, clean treatment Parker test pansls (Parker Division, Hooker
Chemicals and Plastics Corporation). The elecirostatically coated panels were set In a Blue M
Touchmaster® convection-type oven {Model No. POM7) and cured at 180°C (356 F) for twenty minutes
{1200 s). After removal from the oven the panels were cooled and evaluated via the following test methods:
s0 coating thickness was deter-mined per ASTM D1186 by utilizing a Fischer Perma-Scope® ES film thickness
toster. Surface gloss was determined per ASTM D523 (DIN 67530) using a Mallinckrodt Multi Gloss gloss
meter. Gardner forward and reverse impact strengths were determined per ASTM D2794 using a Gardner
"Goverall" Bend and Impact Tester, 1.17m (46 inch) tube length, 0-18.1 J (0-160 in.-Ib.) tester, with a 1.81
kg (four pound), 12.7 mm (one-half inch), diameter cone. Visualization of any surface cracks at the impact
55 sites was facilitated by application of an acidified copper sulfate (CuSO4) solution for a period of 30
seconds. Impact areas were observed for copper deposits or iron-rust stains after exposure to the copper

sulfate solution.
Film thickness, surface gloss and Gardner impact strength values of the cured powder coatings
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s) later the reactor reached [err] and heating was discontinued. A maxi mum
exothermof 185 Cresulted 15 six mnutes (360 s) later. The reactor was
allowed to cool to 175 C where |p %orég;.g for one hour (3600 s) after the
maxi mum exot herm The | ow gl oss epoxy resin product was recovered as an
opaque, pale-yellow colored, brittle solid with a final epoxide equival ent
wei ght  Qlepddd usidgthdvElioky tesidd oi.mamﬂbs)ss ardOCoparen/® | BRperiment§ 2-Cxiél tepérted i Tebir
Epoxi de tEqui val ent of Methacrylic Acid in Prereaction, 0.01 Equival ent per
Epoxi de Equi val ent of Methacrylic Acid in Mnonmer Feed A commercial grade
(D.E.R [err] 383, . The, Dow Chem cal Conpany) of a diglycidyl ether of

bi sphenol A 25 éog » 3.31 epoxide equivalgnt) having an EEWof 181.3 and
gl ac{ gl net hacryl RCEi & (5. 72ng, 0.966 nol ef werescharged to a 2-liter,
5-neck round bott n&fdtask fi tted WitH a watef- cool-ed condenser & -pi trogen :
purge, addition funnel, tﬁernnng,ter ,aqpl sti ng I-,le@gcl ng,.‘tag) 15,0\53 was
initiated on gneggt"rrecggol utgan. B y-t hr@e m ngtkes (S%O thater t he
150 C"’terrperaﬁﬂr Sas.|r €ached ran'u th@."hltro M purgé' wasJ i ti %-t ®8d. The
mononer feed,q & & EXEufe DE sty8éhe (88 g, L& nol¥H, gRaeial wthacrylic
acid (2.86 g, 0.5l & and*30 ter\tﬂ ary tht"yI pé'r’benzé)%‘te (17 g, 0.06

nol e) was char ged tQ t,he addition funnel and added dropvm se to the stirred
sol utjon. After f| ;Etwo"rﬁ'nu'{‘é‘s"(SJ,Z’D"s) - fenpefdl ure “Seursi8fto 160 C
was noted, mononerg Edid .-wﬁ%&st%ﬁagd arfizai r B8l | ng @ nit faged £0SiF i ng

react or terrperatu | gen Sg)g@ ngngag (3@@) Ia@r tgeggeaﬁgrgg

t enperat ure reache,d 1 % and nononer feed was restarted. The reactor
tenperature was g ntql med betsaeen 145 C and—[err]"‘f or t.he , remakni ng

menongr feed additd@n) Afees afl waddi tignal %dmengyogl n& 4 ug;sg4174o s)
the nononer feeoEa-dalal onaxas g@ngl efr‘eq Postnqsgct;nt'mmof ctqa@ sty Rred
solution was cont |5wred foe & XLy gi nu;t%% (360F.8) at=perSAftgi g xty

mi Nt es (3600 s) at [errY, bisphenol™A 2.8 g, 0771 nole) was hairged to
the stirred solutiwn. iFiuxe mnes (3-00«5 Iatcer the reactor te ure
droppsd to 130 C Wi @hdcognl et egdi sso% Fhe lgi sphegpl, A i the& resin
sol ution. An advar;g:gngnt 2ent al gsﬂ: (e g2 pASyY| pBospho dm a@Eal & acefic
acid conplglx, 1 g, 70 percent in methanol) was added 40 to the reactor

whi ch was Zhen rehe’a‘.ie]d to [err]. Eight mnutes (480 s) later the reactor

<

reached [&flr] and @Efti ng was discontinued. A maxi mum exotherm of [err]
resul¥ed six mnuted| €360 s) later. The reactor was allowed to cool to 175
C where it was hel dfityr gne howr (3600 s) aftfer tha maxi R&Im exod herm The

| ow gl 0ss epoxy resi3 Pr‘&duct Was regovered 8s an Opaque,g pal e-yel | ow
colored, brittle soMd w’th a final epOX| de eqw val ent weight of 711. 45
EXAI\/P;BE 4 Low d oss Eppxy Resin-0.02 Equival ent per Epoxide Equival ent of
Met haCrylic Acid izl“§ Ergactl o8 0.08 Equiva ent Eer Epc8<| de @]Ul val ent of
Met hacrylic Acid i % oger Feed 50 A comereial grade (BRE. R [err] 383,

T@ Dow Chem cal @rrpany) of a diglycidyl et her of bi sphenol A
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(600 sy, 3.81 epoxide equival ent) having an EEWof 181.3 and gl aci al

net hacrylic acid (5.72 g, 0.066 nole) were charged to a 2-liter, 5-neck
found bottom flask fitted with a watpes 2s®edegt condenser, nitrogen purge,
addition funnel, thernmoneter and stirrer. Heating to [err] was initiated on
the stirred solution. Forty-three 55 mnutes (2580 s) later the 150 C
tenperature was reached and the nitrogen purge was initiated. The nononer
feed, a mixture of styren® {480 g, 4.6 nol es), glacial nethacrylic acid
(4.3 g, 0.05 nole) and t&td aty butyl perbﬂgnzoate 12 g, 0.06 nole) was
charged to the addition f§|@e and added deopw se [ the stirred solution.
The reaction tenperature was nai nramned bet ween [erre and 155 C throughout
the 9, EP 0 220 63/ femd addid i pn. Af’ge-g one hour and
forty-four mnutes (% % tre mer f@g;addltﬁop was conpl et e.
Post-reaction of the & Brg edmsol u n was Fontinuegh for sixty mnutes (3600
s) at [err] Af ter g&t‘g gncnu {es 00 S) gtt"[err]_b'rsphenol A (162.8 g,
0.71 nol e) was charged to the stl‘r‘red sol Uti on. FOuf minutes<240 s) later
the reactor tenperature droppgd to ferr] with conplete di ssoIaUtlon of the
bi sphenol 5. Ain the resirg €l uti¥og. An advancenent catal yst3

(et hyl tri phenyl phosphoni utnth@pt at® Bcetic RE E com@ @8 1 g, 570 percent In
met hanol,) was added to th® §&ctos Bhi ch V&% Bhen Bedeat ed t(‘f‘[err] Five
mnutes (300 s) later thé?R&ttor “v8ached 150°C and' fidhting Was

di sconti nued. A maxi mum eafot h$rm of 180 Cresulted five m nutes (300 s)

| ater. The reactor was al® t ool to err] vm‘é'?e it was @eld for one

hour (3600 s) after the-nﬁxﬂ x-o?isherm Ko ow 3§ epoxyy resin product
was' recewered as an opaﬂué =p‘ Ie <I"’I%w 10:: ca ore %;ttle lid with a
final epoxide equival ent &WEI gt of— 7]:.1_ AEATI VE ERI IVE A Standard
Polq//s,tyr ene Mdif§ ed Epoxy Resin: ~Ro Met hacr ylic Acid Prereacgion, 0.01
Equival ent per Egoxide 15% Equivalgnt of Msthacrylig Acid in3wnoner Feed A
commercial grade¥D. E R [:rg.]51383° dhe Dovgheni cal Gonpany) of a

di gl yci 81 ether £f bi spl}g@l’;JA (6P] g, 3.3¥ epoxi g2equival ¢ght) having an
EEW of 181.3 was,Sharged to a 2-liter, 5-neck round bottom fl@sk fitted

with a water-cooled conden ni trogen purge, addition funned, thernometer
and stirrer. Heatling 20 efr] was initiated on the sti rred>.l [ qU| d epoxy
resin under nitrggen at e. Forty-five mnutes (2700 s) ‘Tater t he
lerr] terrperatur@was reac The nononer feed,- a m xture ofg st®rene (480
g, 4.6 noles), ci al hgicf’f‘yl i & acid (2\986 g, 033 nol e) &ndmtertl ary
butyl per benzoate (12 g, mol & was charged towd he addltlcon Eunnel and

added dropwi se to the stirred solution. The reaction terrperat r e=was

mai nt ai ged between [err] andidjerr throughgut t he nomer feeql agdi ti on.
After ninety m nutes (540§ s|t he ®6 nonon@r feed a&ddition yas c@nplete,
Post-reaction of the stirgd ®ol Uty on was wonti nued f or Si XBy, M Autes (3600
s) at 150 C. After sixty g,jnutes (3600 s) at [err], bisphengl ;A ©162.8 g,
0\71 nol e) was charged tog |a o 2 8 S8 ol
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the stirretd solution. Five minutes (300 s) later the reactor tenperature
‘dropped to [err] with conplete dissolution of the bisphenol Ain the resin
sol ution. An advancenent catalysg P()‘JZES' .{ i phenyl phosphonl um acetate acetic
acid complex, 1 g, 70 percent in nethano ? was added to the reactor which
was then 30 reheated to [err]. Nine mnutes (540 s) later the reactor

reached [err] and h as d| scontl " m exot herm of 180 C
resul t ed sev%ﬁlm TR = S 'n,—afﬂéilSE to cool to

[err]where il. WaSleEthf @b mdlqumdﬁﬂﬁtﬂjlafﬁﬁtﬁme mum exot her m

ol ored, opeiic, Bt PRPRACER SRR (R ad B S val ont wei ght of

691. 35 COVPARATI NEnEXPPRNLBYEsB St andard Pol ystyrene Mdified Epoxy Resin:

No Met hacryljc Ac Prar c(%ﬁc r Epoxi de Equival ent =
of Met hacryl%c AC|é Pﬂtwrgﬁo%e%?e& e(?e% cormer%&{%gr de (D.E.R [err] 383,
The I?é)w Chenfeal PBapanpreds spoditgingi dyl et her of bi sphenol A (600 g, 3.31
epoxi'fle equigal en n f r-&eﬂe er, 5-neck
round bott omgf I asﬁsglﬂaﬁg gﬁ%ﬁﬂﬁgﬁ%ﬁ ed c%r%enserafﬁlﬁ?goggn pur ge,
addi ti on funnel, thernoneter and stirrer. Heating to e[rr] was initiated on
the stirred quU| d epoxy resin. Thirty mnutes (1800 s) later the reactor

45 tegp%é_{greached 155 C and the nitrogen purge was initiated. Ten

m nut'es | ater the [err] tenperature was established. The nononer
feed, aLmé @po R nyr eﬁqﬁ‘f}g&ltger E%m@ r@btﬁ Qntoﬂ\hél%b "c WIH% 5d
(7.15 9ggika m “poW 2L Hy dras : %\_lg'late n g \\as
charged—t-o—t-l're—a —tC reg—s-o-l—uﬂ on.
The' rgpact Ipp&bntnm @&éJ(EﬁE M@%Bﬁamete%wrtﬁndmﬂaﬁtdeﬁ%hy)lé@ &;ﬁmi &tﬁ‘d?fbi bispRérRghout
t he nongog, 868 qliv&Mht) hAViRgEdn EEVE of BB ahddgiadiat b&Lryit Bl B8 (GOG63 nidib) S)

t he_rmonaee rchérmdo addlitdr] Sibckiaiing BeRmETask fitB Sith & @aBitdodBd 8dnaériser, Rirdger pidge,

sol ut i oaddnias funnelt tharerterbradnd fstridr.yHeatigie N 50TICNWHs Gvitialed Ba QheSgtirrad sdiulib. [ForEfve r

f orty- seinees EM0QISE fatef 2B200ST tempetatwiel Was\Esactabt g tHsOnirogam pargel wase hitibted] The yr ene
and @t hewndmeglfied,. a Dixtureangf dhinene\(¢8DUYI MhBsholes) wiaaigl Bethacylicadtd (2(86 g 0.638Chale) 2-

st yr ene hamtymopybacriatey (34, Et&mole)cod dartiad Hutyl panbepzaastel{t2agl 008 Imdle) waszhargdd ter

t went y fhie\additignnfunnek and1RIge drppwise tpcthe stimed iselitiopi Thg resctof tamppratutsi was reaintdinedh
(162. 8 betwgpn7i45 rﬁ)#@)‘%thtﬂhwgetﬂe monomeefeechrdditipm After Righty-eightynindes (2816) thy

| at er tn'enqrreai% gddiign pvagpram Péﬁﬂ%"@“ﬁ*’ﬁ??@ fithe gtirred golutionjwes caninved for extyimingtes ut i on

of tHe BFY éhﬁ° ‘A Affar e mingtes (36Q4:9) gt 159nC: bﬁﬁheae!\/‘awiz’e‘h% r?tﬂ e}i*l?hwsqhafged to

(et hyIt H%H]'WF?FA%@F&P@’&'&WW&%? 7th sampledae
et ha- ° ° At'ﬂ '8%{'&tsﬂ‘r't'°Wﬁ“c%’" "V' @H“"l‘ﬁ‘n tes

haxl S) ﬁd *e? q% v%?a by et:e

maxi ny max unh] xot erm resu e nme mmutes later ctor was allo g % cool 0175 c

where it was held for one hour (3600 s) after the maximum exotherm The low gloss epoxy resin product
was recovered as a pale-amber colored, brittle solid with a final epoxide equivalent weight of 695.

EXAMPLE 7

w0 -
Low Gloss Epoxy Resin - 0.01 Equivalent per Epoxide Equivalent of Methacrylic Acid in Prersaction, 0.015
Equivalent per Epoxide Equivalent of Methacrylic Acid, 0.5 pbw 2-Hydroxypropyl Acrylate in Monomer Feed

A commercial grade (D.E.R.® 383, The Dow Chemical Company) of a diglycidyl ether of bisphenol A
45 (600 g, 3.31 epoxide equivalent) having an EEW of 181.3 and glacial methacrylic acid (2.86 g, 0.033 mole}
were charged to a 2-liter, 5-neck round bottom flask fitted with a water-cooled condenser, nitrogen purge,
addition funnel, thermometer and stirrer. Heating to 150" C was initiated on the stirred solution. Forty-two
minutes (2520 s) later the 150° C temperature was reached and the nitrogen purge was Initiated. The
monomer feed, a mixture of styrene (480 g, 4.6 moles), glacial methacrylic acid (4.3 g, 0.05 mols), 2-
s0 hydroxypropyl acrylate (2.4 g, 0.018 mole) and terfiary butyl perbenzoate (12 g, 0.06 mole) was charged to 2
the addition funnel and added dropwise to the stirred solution. The reactor temperature was maintained
between 145 C and 155 G throughaut the monomer feed addition. After ninety minutes (5400 s) the
monomer feed addiﬂon was complete. Post-reaction of the stirred solution was continued for sixty minutes a
(3600 s) at 150° C. After sixty minutes (3600 s) at 150° C, bisphenol A (162.8 g, 0.74 mole) was charged to
55 the stirred solution. After five minutes (300 s) the reactor temperature had dropped to 130° G with complete
dissolution of the bisphenol A In the resin solution. An advancement catalyst {ethyitriphenylphosphonium
acetate* acetic acud complex, 1 g, 70 percent in methanol) was added to the reactor which was then
reheated to 150" C. Ten minutes (600 s) later the reactor reached 150° C and heating was discontinued. A

14



EP 0 220 637 Bl The reactor was allowed to cool to [err] where It was held
for one hour (3600 s) after the nmaxi mum exotherm The pol ystyrene nodified
epoxy resin product was recovered gp goaupgsrg£l | ow col ored, opaque, brittle
solid with a final epoxide equivalent weight of 701. 5 COVPARATI VE

EXPERI MENT C Standard Pol ystyrene Mdified Epoxy Resin: 0.025 Equi val ent
per Epoxi deaffoum eathemt ofaBo Wetelutiod ishimdnufes i(@D0ishlater. Fhemadtorovas alliaedvie tebaldo 15T C
Aci d in Mowhereit whekald Oone hoty (3609ne mitdr dfte madulen GDhBIMIR The low]glo38 8goxyT teein Poduct
Chemi cal Cuspeseyeredts azpaldiagibgreriotdier beittla eelidadth b fingh brswide equivile Breight 08781 epoxi de
equi val ent) havi ng an EEWof 181.3 and gl acial methacrylic acid (7.15 g,
0.083 ndl e E@harged to a 2-liter, 5-neck round bottomflask fitted with
a water-cool ed condenser, nltrogen purge, addition funnel, thernoneter and
st r%r " : B.?_e’fg.lﬁﬂi’ﬁ

algnt;of Mathacaylie &f [gﬁffgl
i nut es (%% Ww&mamzﬁfw&w@% o
nrtrogen‘bpurge mfas j § ﬁﬁ? 5 nut 1%420) S) J 14 6
t { %
enper a ﬁer %3?% l§ Vm and q&)o'a? he

mol es) flx water-coaégl con% I ni en purge,
Al U1 on- Ll e dnd Brsti 615% 34 mﬁ@{auﬁr Fﬁ% i E four

t enper at urﬁ.nm@ss(a i a@r%(re s ﬁrtr :
feed addj thRies naté?me BOUE tohipbratinb vrasmwea 752
addi ti on. msqmaa glalat n%@ﬁ&ryll’c%ﬁt(t 8619, 2038 ARIe terrya@ﬂypﬁ,g,h u&rynate w o:ow o!bz
for forty-&idesm Bl pebénddi(13 ), 616 th&d)fwas Qbrgbii kSthe faeu‘ttoufJnherencrraoraw &Spviisd 460
S) a vacuuhe t@eddblaivn. The re&fm® tenpsfatutarisedaisthiyddciivean d4551Chal 165 Thihfoughdut théld
t he vacuunmaromemipedgiditionl Aferairety@he IS (S460s) Heymenomercisstl Atier wdsicgiplote iREE
recover ed reartiamofcheestiimeossblutian vebs tcoraipued Adrtsixty nbifitest (§600isyattiBs ¢ ABH Gixty nirades \(@OQIUM
strippi ng aet {50r €.]bisphenplreited.8 g\ 071 GidleBwap, chargétilto thel stiyedmatstioanhiitegtodk rbigutdsh(240 s)
solution. feumacki rpestue2doopedl  A8%EIC witte coneniate dissdluliorpefr the Lhisehadiplop fire thet resin

[ er\r‘[ Wi t hsottiienp Areadvangproent cajalysh tethykriphdngiphrsplphiem gicetate 1agetic laeid canuiler, S@ 170 Perognt
An advanceif@stharoliwes pdded (te fhiayrpacior hieyasphessighrster tier! 395 Cabien ainuteq 384 Flclatercthel
conpl ex? 1re or YW nf ad hewing a13e (djscentirped oy arpdmymt gratherangelt 1§ Gusestitpdypight
t hen rehea’f‘ os ¢ s)d‘ft‘?fu?@s'ea%(ﬂ’a% a"°l"’%ﬁ orcoplfR 7% Scwhere if waghaldfor enerhoury(3ePo )
heati ng p‘f‘%lpﬁﬁ‘g' '9 E‘}E’H%?'W’B‘?“c’[ YRS TPCoy Ry §5 B bpiezAmpRE colored,
nm nut es, e§° diwitp a/fin ‘T‘??é'd?g‘ﬁ’é"f’B?tW Powed to cool to [err]C where it

was hel fBEAME hour, 3600 s, after the maxi mum exotherm The pol ystyrene
nodi fie epe*y—r—esr n product was recovered as a pal e-yell ow col ored,

opaque, brjttdes " d &f °n§
opague. b ﬁ&ﬁ%g} bk Ch Eqi% E ol tg ér rﬁ"oPM& 'Amﬁ’i'_i%)% Pr S g_
each of the—e-p'ox

vere greyind aRodm¥GiEl gislio (5 BR & &) GRY nsvpcraenf.&ane ﬁwﬂedr a ng%fa}rle&rer &rbiébﬁ‘éngm s
as per Tabpe d, 3.306pdxid6 eGinaMH) b An EEWCY jal rAsthBcryliddcRi (@ﬁe 4./0.038 nfoRNt
2- et hyl i nkedasmtged &dl 243r, B%aaa&ndtbmmn&hmuw veilhod WkteHEbaled, cossdh,| itibhé ukgel |
and fill eradditidn fusher! theivdmetep britiCetitter] Realingdtoaisd 1 © whapitiatse ot Bd sifod sBtgonThiEdwd o
a~ttonpgenesingesi1g20ls) taelthe Firetotiteypsritire dedkinsdnmas Bt anite Weogen phras wesdhitatete dhrbe a
Buss- Cord unini®dsi(1806s) saten ¢hed 5@ (F ®mpesttme wae reached. The monomer fesd, a mixture of styrene (470.4
g, 4.5 moles), glaclal methacrylic acid {2.86 g, 0.033 mole), 2-hydroxypropy! acrylate (2.6 g, 0.074 mole)
and tertiary butyl perbenzoate (12 g, 0.06 mole) was charged to the addition funnel and added dropwise to
the stirred solution. The reactor temperature was maintained between 145° C and 155° C throughout the
monomer feed addition. After eighty-one minutes (4860 s) the monomer feed addition was complete. Post-
45 reaction of the stirred solution was continued for sixty minutes (3600 s) at 150" C. After sixty minutes (3600
s) at 150° C, bisphenol A (162.8 g, 0.71 mole) was charged to the stirred solution. After five minutes (300 s)
the reacior temperature dropped to 134° G with complete dissolution of the bisphenol A in the resin
solution. An advancement catalyst (ethyltriphenylphosphonium acetate *acetic acid complex, 1 g, 70 percent
in methanol) was added to the reactor which was then reheated to 150° C. Seven minutes (420 s) iater the
50 reactor reached 150°C and heating was discontinued. A maximum exotherm of 181° C resulted five
minutes (300 s) later. The reactor was allowed to cool to 175" C where it was held for one hour (3600 s)
after the maximum exotherm. The low gloss epoxy resin product was recovered as a pale-amber colored,
brittle solid with a final epoxide equivalent weight of 696.

s5 EXAMPLE 19_

I___g!v_ Gloss Epoxy Resin - 0.01 Equivalent per Epoxide Equivaient o_f Methacrylic Acid E Prereaction, 0.015
Equivalent per Epoxide Equivalent 91‘ Methacrylic Acid, 10 pbw Lauryl Methacrylate in Monomer Feed
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40 (equi pped with a.46 nm di aneter kneader screw operated at 120 rpm) with
Zone 1 at [err] and Zone 2 at 100 C. The extrudate was passed through BCl
Chill Rolls (165.1 nm[err] di amgg % b@g 1ed and crushed. The crushed
extrudate was then fine ground in a Brinkmann Centrifugal Ginding MII
utilizing the 24-tooth grinding attachment. The finely ground extrudate was
si eved t hr aughméial glate (3.8MR.¢ 683, Irhd B&HO CRansda) CohraRd 3 8 digySillyl SHBV & BishWnéI A

cl ot h). (0o, 386edorkic bauivhibft) RERBE an BEWLE 1 810D glgiall ridtibdyikt dcid3.86\g, 03 Rpk) ed
vi a el eotereoghiaged © a2t Sagckwolnd battdse Aask AgedTyihen Watd-cbotsanrdensoy, nitdgdn dusel at
60- 70 k\Addition foroel, therinotheterrand e, Beating fo ﬁo’i@ﬁasmw(tdu orxthd Rirredt s@ltiog)aumgfivecol d
rol | ed gvindds, (2190 oh later theareanton tonParakuer reached 1§ Gaing tHeRdirdger pubjievwasi initatedHDiek e
Chenj_calmongmef iida 8 mbtute Clostysened#32an ¥.15 Teles)eflanid metbecaylic ecid (48 g. D6 enble) Bl S

wer e setmsthgengiatg| (G QWT%@h'ﬁhmdeﬁeﬂ'ﬁf&rhU]vl eerheraestd (A- P98 navied rwag lobradgsld thidhe
POM?) arfddifiqafiengel gnd f@ﬁ*ﬁ ropyigsy to thaestired saluiinnt T rqagtontempessture st reaintainedibetrbent r om
the overi%f Héargﬂﬁa% higughout e Menpmer éped gdditiont Altgr jghiy-fivi ainuish (08 plghe meromer

met holfs: °9§’d‘d t"YaﬁﬁmPFH?t?: IERRigeaction of the siirved spikion waponiinged forsixty minutes (3690 9) pizi ng

a Fisc he s[% @T °ésatr15P [ tbﬁP'teRﬂe“sge% toe?ﬂ mosm%ﬁ@erggi dhe sfipad

det er ni § K Wi copple d's@"&‘g%° | 0SS
met er .

i Pgﬁe i %W "@'P"*?"

pcn)ﬁnz:i) Wgin il &ﬂ?‘@es reagtgrsw !:%g@ for on ur
surf ace Zﬁﬁlagjﬁé with a ﬁﬁ’éeﬂo IV tw iy t aC 'VY r (?d Cat ' Oﬁd of

acidified copper sulfate [err] sol utlon for a peri od of 30 seconds | mpact
areaswexamelser ved for copper deposits or iron-rust stains after exposure
to the copper_sulfate solution. Filmthickness, surface gloss and Gardner
| mpagt  rspaiagfintoi PewdeeSoaty Rohfulgiised powder coatings 11 - EP 0 220 637 Bl
prepared using the epoxy resins of Exanples 1-4 and Conparative Experinents
A- C are r efmiiohedf bachTatlthe efoxy [redins] from Ekdthplbs 220 #&d ubsld {oeprédare powder coating

25 formulations using the method of Example 5. Cured powder coated steel panels were prepared and tested

using the methods of Example 5. The results are reported in Table I.
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45 (2600 g, 3.31 epoxide equival ent) having an EEWof 181.3 and gl aci al

met hacrylic acid (2.88 g, 0.033 nole) were charged to a 2-liter, 5-neck
round bottomflask fitted with agpatsh- q_gd condenser, nitrogen purge,
addition funnel, thernmonmeter and stirrer. ating to [err] was initiated on
the stirred solution. Forty-two mnutes (2520 s) later the [err]
tenperature was reached and the nitrogen purge was initiated. The nononer
feed, a mxture of styrepe (480 g, 4.6 noles), glacial nmethacryllc acid
(4.3 g, 0.05 nole), 2- 58 @hydrxypropyl acrylate (2.4 g, 0.018 nole) and
tertiary butyl perbenzoagex@l2<w, 0.06ynole) was charged to the addition
funnef and added dropw sé €'t re<stirre® sol wion. The reactor tenperature
was (mi ntai ned between Jerr] ;and errfs ghroughmut the nononer feed

addi tion. After ningtyTniinites Y00 §¥the GuBoner feed addition was

conpl ete. Post-reackiPpg BT the Jr1 rred ¥ol ut or was continued for sixty

m nutes (3600 s) atg B8 T.cAlt & i xt B ¥ nut &3(3600 s) at [err], bisphenol
A (16%9.8 g, 0.71 ndf BY*fasTchargat tob5 th& Jtirred soBution. After five
m nutes. (300 s) the reactor tenperature had dropped to [grr] with conplete
di ssol ution of the bisphendlsjA+mnthe reskn sol wion. Angadvancement

catal yst (ethyl triphenyl phdsiphoficum atetase &cBtac acid Sonplex, 1 g, 70
percent in nethanol) wasdadded L&t hed 8adt o€ @Rl ch was &hen reheated to
150 C. Ten minutes (600 ®)3lst 6% 3 he eBc8or &8a¢hed [ers] and heating was
di scontinued. A 14 EP-0 220 637 Bl maxi num exot hermoi; [err] resulted
ten mnutes (600 s) |latem._ The gact o~ vias a»{a’r(l)wed to cogl to [err] where
it was held for one hogrg(8640 )k afteruthe i um exot lerm The | ow gl oss
epoXyser €si n product wag Begdlere® g@s @ page- ep coloreg, brittle solid
with a final epoxide equEval ¢nt_:@eLght: of 5708, ©5; EXAMPLE 8 Low G oss Epoxy
Resin - 0.01 Eqq val ent per EpdXide Equi val elt of JvethacBylic Acid in
Prereaction, 0.@L Equivalent ;per Epoxide Equi.v8l gnt of Mgthacrylic Acid, 1
pbw 2- Hydr oxypr @yl AcryRafe|i noMonongl® Feed 1@ 2 % A congerci al grade
(D.E®R [err] 38% The Dow m §al Cord&y) FQagd® gl ycidyl ether of

bi sphenol A (60 g, 3.31%pdRi d&8 equi &rMent) “hawWw M an EfWof 181.3 and

gl aci al mathacrgic aci d (££86 g, 0.033 nole) were charg@&d to a 2-liter,

&

5-neck round bo omflas@ﬁ t{ted with a water-cool ed condenser, nitrogen
purge, additiongflunnel, 13 meter and stirrer. Heating3 o»-a[\err] was
initi*8ted on théstirred sa &t i on. Forty-four mnutes (2e40 <) |ater the
react or tenperatire reache:g {450 C andet he ni:grogen purgg vva:e initiated.
Three 15 minutes (180 s) latqr Ehe 150 C temperature was = eaghed. The
mononer feed, a nixture of styrene (475.2 g, 4.55 nol es) & gl=xci al

nmet haa rylic acid (2.86 g, 0,033 nole), 2-hydroxypropyl agrylate (4.8 g,
0.03.7/ nole) and tertiaryg plalylgperbergoate &2 g, 0.06 gple§ was charged
to the addition funnel alg'pﬂae_gd({a dropyse todhe stirrediesol@tion. The
rreactor tenperature was ffai ntai ned between 145 C and [ throughout the

omer feed addition. AR er,ninety-one mnutes (5460 s§ 3t hef nononer feed
addi tdhon was conpl ete. Pgst}E = a a gxoe
= g —t . c . vuEaoco
[ & adl ~ o (=)} oy N U
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- = 3
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20 regactioh of the stirred solution was continued for sixty mnutes (3600
s) at 150 C. After sixty mnutes (3600 s) at [err] bisphenol A (162.8 g,
0.71 nole) was charged to the stirrggdpogdedzen. After four mnutes (240 s)
the reactor tenperature dropped to [err] with conplete di ssol ution of the
bi sphenol A in the resin solution. An advancement catalyst '
(et hyl t ri phemydopimeesizhgrade (DB © 1383, Tha dev iChemict! Gowpany] oe didlyaidy! gther 9k pisrbatol An
met hanol ) Wes gazitieeposneduivelentiduvoman GIEW o 1§tasandelesial methaseyilei2qich (288(9: B:027AmeQ)
m nut es ( 30& ehprgbcitoca 24itae 5280k reundtkgitony é@ﬁkﬁf@é [é 3 etarrqolpr sy efm,a'EOQS“ purge,
Y

di scont i nuedtition fypsti thermoasten enst siirrerf Heading (o asginirterhen fentl %% i

| at er. Theminsiae (1800 eldatersihe wpeter teraperabse rqa@pe éf“? ¢ Mé?%"'$r?9°M§'9ﬁ¥Fﬁ ‘5
hour , (36007 tea R p) Ielpréheni?R FriRmPeRbPHES e S%‘g‘

was recovef ma'es)aglvsﬁ 6‘9‘3??6@ ‘?)(W@dooﬂr'?“?'? Iaﬁd %{' al ur;f'w
‘equi val ent "#&5g "'° eho i

S val e ma‘eﬁa'" :&:e v T,
gq E&/\éra-l()gc';) Yaﬁ to r (rove unreacted
(D.E. R [er

enQéna fher lights were
rné‘d) MEd 186% s)%f G'dc Y ch A &4BETc, Bibphenol A
bi Sphenol 0 61 &3 IQ: ioR.2¥duP Chirdis RS rdeBibr BmpbiEture
gl aci al ﬁsso tidhSot theP bis hemrAemCtF@FQﬂCEofuﬂonaAR'al:wah@hent

5-neck r ou l Pt eirﬁmpﬁ r@'fé sf:ﬂohﬁ:ﬁqacéﬁﬁté Dcdtic el RbmP& h &1 7 peiekanm Ghiathahdi) was Gedied
purge, addif [YoHBRIbE IThgdveS ininite (2100-6)adté 1@ rbaziot PlAcHEdWaS G and

initiated ﬂ&uﬁdﬂﬁassalécbﬁtiﬁamsnlmakum&n exolifbii lof/ 18210 resultsdttes m{ni®2 0129 )s) latat. The teasor
react or tewpesliowsd 18 cb@as lc [wass jit wasdeld i oné houe afeen the umegieumeexotherint Thet lergloss
TReee 4Qp Mooty @sdin(pldiiict Was kedbveredtabien kaBiuéant, palpgelaw woleredvcbsittie salishwiti . finbleepoxide
nononer f eeglivadntweighiotZ110f styrene (470.4 g, 4.5 noles), glacial
nmet hacrylic acid (2.86 g, 0.033 nole), 2-hydroxypropyl acrylate (9.6 g,
0.074 ol e COMPARABYE EXRERIMENTD per benzoate (12 g, 0.06 nole) was charged to
the addition funnel and added dr opwi W se to the stirred solution. The reactor
tenperataaréwwsmeaﬁﬁb@f'qﬁém i &Eﬁﬁ&[ﬁﬁ'ﬂ'ﬂ%ﬁ%ughout the rmnorrer
feed addition. After ei géfone m_nut es 4860 s the

?

was conpl et e A pRyygarcial gra P8P8 The }cﬂo% E} ! “gdy %l]%
sixty m nuf’@8 @,g’gwo 79 "" '"3%? w'th ?w
LoD ok, Ak gy S T f{ L Aféee

h r
¥ vl €
gﬁ E@a"% bl o mﬁf:e 3 f&a %'ﬁfi‘;ig
catal yst (gl esq:E '(EB%{ECG’ 3’4 rﬁolé}f‘aﬁ hertiaRChultly l%emz%e (14.26 g, G656
percent In  JIp rg itibr0 fUhhEF 2n€ Habidd P 0\ae 8D soREbAA R rdatior
150 C. %V oA e rh aﬁk%a\ea)oetbv 8dnei45 t (1encPfds" € aFéuRRouE macadmdnéfv&dadam heabreng
was di SCO“thb ﬁ‘dil Ay BRhIRGEE (8960 61188 Mbidinerd Bdd Sdditiers Was dfplbiel Roshileattibrest te3tideds)
| ater. THe o5iRdR Wak coliued for GHERbuE @600 lat 190" FeAtel onblietreuf pbstveastioh dlsphehd A (2056
hour (3600 gspasif 6le) Witechamed Bt SltidNeiuton. Foe miousesy{24Xs) leloshp reasior empertitect
was’ rec OV eldRgpeStoat2p ot @it cbisplei€ aissiulich ofbthé thishlend A indthevrasin solutiomain adyrosamest
equi val esmt cuetyg sthytipHeSyiphodpboriEitAhiells * adti¢ @eid Gowplex. BPoxy 7Retgrgent ingneihanol) was
Equi val ent apdsd tithe xéadier Hehi wea lthen rehedtedyBeven oyiytes 4285} lgter the meetpragrehech1P0” © ansh 5
Equi val ent hpsing Egodiscduingeyuh vaximv h sxsiheivis ofH188 r§ tepultesheqen mingiss, (43P ?)éﬁﬁfxThe reactor
Met hacr yl atwss alfpwadbtecaeelrto p:'@e@ whgre it was held for one hour after the maximum exotherm The low gloss
epoxy resin product was recovered as a translucent, pale-yellow colored, brittle solid with a final epoxide
45 equivalent weight of 606.

di ssol uti of"

EXAMPLE 13

Preparation of Powder Coating Formulations

50
Portions of each of the epoxy resins from Example 12 and Comparative Experiment E were used to

prepare powdser coating formulations using the method of Example 5. Cured powder coated steel panels
were prapared and tested using the method of Example 5. The results are reported in Table 1.
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EP 0:220 637 Bl A commercial grade (D.E.R [err] 383, The Dow Cheni cal
‘Company) of a diglycidyl ether of bisphenol A (600 g, 3.31 epoxide

equi val ent) having an EEW of 181&@%@7@{ al nethacrylic acid (2.86 g,
- 0.033 nole) were charged to a 2-1Tter -neck round bottomflask fitted

wi th a water-cool ed condenser, nitrogen purge, addition funnel, thernoneter
and stirrer. Heating to [err] was initiated on the stirred solution.
Thirty-five 6 mninutes (21@sxs)| later the reactor tenperature reached [err]
and the nitrogen purge vvas..»rﬁlail ated., The npnomner feed, a m xture of
styrene (432 g, 4.15.nol esg aC| al rret hac_r_;yl ic acid (4 3 g, 0.05 nole)

| auryls nmet hacryl ate (48 g, 0189 m)+e) and teftiary butyl perbenzoate (12
g, 0,06 nole) was chargedb\to_\tl] gddition f,a.ngel and added dropwi se to the
stirred sol ution. The g gagtzor engeﬁature wgsy mai nt ai ned between- 145 C and
[err] throughout the mo d;agdltl on. ¥MPter eighty-five mnutes (5100
s) the nononer 10 fee%g gr-‘on] w&s= conpl etg\f’Post-reag;tl on of the stirred
sol uti™n was continued for stxty Yinutes (3600 s) at 50 C. After sixty

m nutes (3600 s) at [err], bisphenol A (162.8 g, 0.713mle) was charged to
the stirred solution. Five m:;n‘;llttes (300 s) later the r&actor t enperature

dropped to [err] with conpldfeidi 8BIRiti on & StBe bi sp31enol Ain the resin
sol ution. An advancenent c@&@ & §ist S(Ethyl tri E‘@%I phosphoni um acetate acetic
aci d éorrpl ex, 1 g, 70 percé&hf h RePfanol) Wh¥ Bdded t the reactor which
was then reheated to [err] &s Thirteen mnutes (780 s)—-later t he reactor
reached [err] and heating Viks drseontl nued. @A naxi mum ®xot her m of [err]
resulted five mnutes (30533)- Epterm;l'he rea—c?xom was |d at 175 C for one
hewr (3600 s) after the n:ax-t rmr'q ex~o h@rm Theclcow gl os3 epoxy resin product
was recovered as a pal e- amger” col &€ds britide€ eolid weth a final epoxide
equi val ent wei ght of 702. 20 EXAI\/P E ¥ Preparation og Powder Coati ng

For irdl ati ons Portions of eag g g Xy rgsins frongExanpl es 6-10 were
used to prepare powder coat—r E 5 ti @ s, using tfie met hod of Exanple

5. Cueed powder cowmted steei: elgwgrg preddred and gested using the
met hods of Exanple b. The results are reported in Tabl® 1. 30 35 40 45 50
55 = o g
2| - >
& Dzl 2 4
5|2 . 2
w FE " 5 &
gbﬂ eg 0 Q ]
: - i g
= o 0 & =
e’
. )
@9 e 0 E‘
36 :Ng g = “ -
TRC- 18 .. . U o ]
80 [ - 0 - L]
< - v
§% 3
w -
~ S 121 4 " €% ol
et | @& . - Drm wa O
490 = W N N QEQGC
Q oo -~ ()] omt N O
. D an
g2
; 2 8B
a »ela 23
- % el &) -
2. 2318 8 2 <=2z
45 Z25828a B2 v Suda
R B
. N og G0 1 M
ot <<Ng
L]
- = 2222
el S . i
w0 " g33g B £ tEgd
' Q. % [ ]
3:&%2’?. 5 Cg:d - o m
66 EXAMPLE 14

Low Gloss Epoxy Resin - 0.01 Equivalent per Epoxide Equivalent of Methacrylic Acid in Prereaction, 0.015
Equivalent per Epoxide Equivalent of Methacrylic Acid in Monomer Feed
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EP 0:220 637 Bl [err] 56 17 EP 0 220 637 Bl [err] EXAMPLE 12 Low d oss
Epoxy Resin - 50 Percent by Wight Styrene 18 EP 0 220 637 Bl A
comercial grade (D.E. R [err] 383, gihe2bpeg7deeni cal Conpany) of a

di glyci dyl ether of bisphenol A (495 g, 2.73 epoxy equivalent) having an
EEW of 181.3 and glacial nethacrylic acid (2.36 g, 0.027 nole) was charged
to a 2-1iter A Bwnglesk polysiwdnen oipdifiach ddvanced eroxy easinvvashprepargdt iora- @638 @Y (10 galion)
condenser, swnlpasag@h Plaudieyereaciod dihe jrepgtor wamneduippechwithpeqbanical sfifings pitregea supply and
Heating t t O PrESOreEacHH® ool Wik @dansm of 889 4Ps f #F P8I (ite B PsiginTenpRerature genyol was
(1800 s) | awoured: by a dulchaland eppb bpaltiignsder fuidctyaiam| dieyigting Horouon dhe, |"‘iaFt8'g@ﬁk ELﬁ"ge
was initf afeéEfa"“FHﬂ'P pr’ﬁ“ﬁigf‘@spr D h§ ing 42 Hp "??’ff—f'"l 5 o t(?e'ﬁ?ﬁrhéﬁdﬂ’?\é fited

d THRRe qrgecall ypa reasien h sx0epts |oé monomer
SFac et T Ejm A PR Ml sl
o

per benzoat & #I% % &S{w %f e||d m%(set r:%f%::m &

dr opwi se, tB‘ ‘Wéerged'i’t Pea(‘]d'

on flo a wal at
bet ween "% &%z @#p, Blnsil i 2
hour and t ootV ﬁé hé{ﬁ% drin ‘fhpe gip p"& Siitrogen
conpl et e. 3.1 awr;&e asr.fﬁ %‘ j;rvéur [ @q éJLHe revr@%e B (18 lb@n rdsQirfy the
m nutes (2 sia .th bent dufify Pdudt vab %Hﬂ%’ré?red via a
unr eact &g %ﬁ;)ﬁﬁ\%%@ Ewr'ﬂﬂ&;gﬁ S0 YL%P(H*HFBn? Sdck Rk BieH iR 11 B
of unreact grims titng iR ..qbtgpgpr |ghts were recovered in an overhead cold

trap. After 3fle midWiHgaSactah® @Rl Smoumb wardatiliaéa: st ripping at [err], bisphenol A
(105.2 g, 0.461 nole) was charged to the stirred solution. Four m nut es

| ater the reactor tenperature 15 dropped to 144 C with conplete dissolution
okt he bzosprmermlnﬁ i383 hiiglpcidybl ethen. ofAn advancenent cat al yst
(et hyl t ri phenyispreniuhi Arhacingt #n BEWi ef at8d. Bonpl &R, 8379 grAMSper cent in

t hanol t I ch was then reheake rty-five
m n\fes %2\1\%3' a(%.c% atr&e%g&-%fﬁfcogérﬁgched £err] and Ir,lga?r %ra\%ai v
di scont i nuedrertirmsy mutrk Perbens?ate2(TBPRIul ted t vd”’ rrfgﬁ%f"és (120 s)

later. Fhe nfpagifinel a | 4,309 grams
| advancement catalyst! 26.5 grams
monomer solution 12,796 grams

30

1ethyltr1phenylphosphon1um acetate acetic acid complex -
70 percent in methanol

35

The monomer solution was a mixture of the following reactants in the indicated amounts:

40 styrene 12,682 grams
glacial methacrylic acid 114 grams

The following reaction order and conditions were used:

50

§5

21



was alloweld to cool - to 175 C where it was held for one hour after the

maxi mum exot herm The | ow gl oss 20 epoxy resin product was recovered as an
transl ucent, pal e-yell ow col ored P@E&Eﬁg olid with a final epoxide

equi val ent wei ght of 711. CCNPAQ&% E | MENT D 25 Standard Pol ystyrene
Modi fied Epoxy Resin: 30 Percent by Weight Styrene A conmercial grade
(D.E.R [err] 383, The Dow Chem cal y) of J Ci el

bi sphenol A (100,49, cf.44 epoxide %Rg% %Q- h%%ﬁﬁé E%“og_igilvg and

gl aci al d (2.69 g, =" was-charged™to a Z-11ter,
5-neck rouchlabgetdigiliidsk fitted with a water-cool ed condenser, nitrogen
purges 30 i4i®n n , therno I d stigyrgere ﬁggg'ng domigrr] was
initLgted:QgEf%é s?%?rggasolutiongﬁkﬁf%e?threecﬁféhte%a§é180 s) later the
reactor tecngbhacurdireashdd 145 C and the nitrodéht thir

m nutes (120 s) later the 150 C tenperature was reached. The nononer feed,
a- mxture o£ styrenet§400 .« 3.85 noles), glacial nmethacrylic acid (2.69 g,
0. 031npl §1AR/8 FRAFTRFY B#%| perbenzoate (11.25 g, 0.056 nmole) was
charged towith fddirbigen fwdnel and-added dropwi2®. & psiw) stierminsol ution.

The reactor 35 te rat.ure was mai ntai ned betwe and r
throughoutsFﬁﬁtnﬁggﬁﬁilP@ed addi tion. After oneﬁﬂ%%?hé%d tme%?é-%MD n nut es
(4920,.s) the nononmer feed addition was conplete. Post-reaction of the
stirred solution was continued for one hour (3600 s) at [err]. After one
hour of post-reaction bisphenol A (203.5 g, 0.891 nole) was charged to the
stirred solution. Four mnutes (240 s) later the reactor tenperature
dropped to 127 C with conpl ete dissolution of the-bisphenol Ain the resin
selutjpon. An advancenment 40 catal yst (ethyltriphenyl phosphonium acet at e
acetic acid conplex, 1.25 g, 70 percent in nethanol) was added to the
rea&%or whi ch was then reheated. Seven mnutes (420 s) later the reactor
reached 150 C and heating was di scontinued. A nmaxi num exot herm of [err]
resulted seven mnutes (420 s) later. The reactor was allowed to cool to
175 Gswhere it was held for one hour after the maxi mum exotherm The |ow -
gl oss epoxy resin product was recovered as a translucent, pale-yellow
colored, brittle solid with a final epoxide 46 equival ent wei ght of 606.
EXAMPLE 13 Preparation of Powder Coating Formul ations 50 Portions of each
of the epoxy resins from Exanple 12 and Conparative Experiment E were used
to pr¥pare powder coating formulations using the method of Exanple 5. Cured
powder coated steel panels were prepared and tested using the nethod of
Exanple 5. The results are reported in Table Il1. 55 19

36

50

55

22

was initiated. Two -



EP 0 220 637 Bl [err] EXAMPLE 14 Low d oss Epoxy Resin -0.01 Equival ent per
Epoxi de Equi val ent of Methacrylic Acid in Perreaction 0.015 Equi val ent per
Epoxi de Equival ent of Methacrylite gpigthobisppponer Feed EP 0220 637 Bl A
| ow gl oss pol ystyrene nodifi ed advanced epoxy resin was prepared in a 0.038
[err] (10 gallon) stainless steel Pfaudler reactor. The reactor was

equi pped with nechanical stirring, nitrogen supply and pressure/vacuum
control withHeatangactérewdBhkPa to 345 kPa (1 to 50 psla). Tenperature
control was pEQYERIRdeb}egrdual hot and cool hea(tzg.r,a?gﬁ f 48 daigyst em

5 nts

circul ating thr ou% . the reactor jacket. All react re prewei ghed
prior to®chafgPR§Ies £hBideactor. A 5 cm (2-i nchbhdfPay fi%4%F on the
top section of the reactor was used to charge all reactants to the reactor
with the exception of the npngmer solution and the TBPB (tertiary butyl

per benzoat e) Ea?hgenﬁﬂf}ﬂ@?rsﬁ?gti on and the TBPB were charged to auxiliary
feed vesgel s TRBPBntahkeapentyveere netered into (tZrﬂa-Er @aka)r &S amigontrol | ed
rate during trfhggngRggeigsol ution addition step. Wy 18RB fl owg@te control
was automatically linked to the nmononer 10 solution flow rate in such a way
that the ratio of their addition rates remai ned constant throughout the
mononer sol uDegasagdiattop shege Theld2t@um syst emmaas equi ppesl miid.h a
chilled m/ateqzﬁ.&ggdenser and a knockout pot to recover any unr nononer
and other |ightsS during the vacuumstrip step. A nitrogen vapor phase was
provi ded by repetitively reducing the pressure to 68.9 kPa (10 psia) and

gressu_ri ng :'SQaE'Q_fli_%bﬁmeQ étéﬁukPat (%?@i a) dw' _tgim.iér : dyrﬂmé_hﬁ:%.
egassing s S. u s transferred vi runm ine from
t e’ bot team t ApOBf aPﬁe%ﬁﬁc%ﬁF&?hr ough a 50 [err] %nl%r)‘b?ﬁ soo"ﬁ?q‘d 1% er and

- into the product druns during the drunm ng step. The follow ng reactants
and_gnount s I i bl X D. E &yo 383 i 91y Gl s tsher .

bi sphenol A %#ﬁgkakb@g\’f%‘fg‘gﬁﬁo. 5 ‘50 1%, 857 gr@n%’%ﬁa%%l fret%}ﬁ'acer 3{3?% acid
75.7 grans tcontapyledt gk pEPEBAGoat e ( TBPB) 113.1 kPa 4080 s

317 graf® 25 bisphenol A

3,300 orams ghvogcerent eata YR fdoec  (17.2 psia) 2 hr. 52 min.
12,796 gr ans TBOB| €eefetbppletphenyl phosphoni um X8 2 ekReret i 10820 sonpl ex
- w0 _

Start vacuum strip by

slow reduction in 152°C —— -3 hr. 39 min.
- pressure 13140 s
| Vacuum strip at 150°C (0..2 psia) 4 hr. 9 min.
- minimum pressure 1.4 kpa 14940 s
40 .
Vacuum strip 150°C (0.3 psia) 4 hr. 19 min.
complete 2.1 kpa 15540 s
45 ' '
Bisphenol A charged  153°C (14.7 psia) 4 hr. 28 min.
to reactor ' 101.4 kPa, 16080 s
50
55
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70 percent’in methanol 35 The nononmer solution was a nmixture of the

follow ng reactants in the indicated anobunts: 40 styrene

12,682 granms glacial nmethacrylic 114
grans The foll ow ng reaction ord%eﬁéﬁgsg%ﬁaltlons were used: 45 50 55 21

EP 0 220 637 Bl Reactor React or Cumul ati ve Reactlon Step

Tenper at ure Pressure Lme _Charge liquid 5 err] 383.and
arblent | KATATFeRaRt) CataLiFh. | ARyl | c A0 Beta) ¢ hri 39°min. 101 4

kPa. 10 Calsergerbcicomeapadrwi th nitrogen and 68.9° kPa 16740[ 83. 5 psia)

10 mn. start agitation 162 kPa: 600 s 15 20 26 30
35 40545 50 56 22 . ,
\j Reactor degassed -——— —~—— 4 hr. 45 min.
4 times "17100 s
70 Reactor heated with
190°-200°C hot heat  152°C (17.4 psia) 4 hr. 51 min.
transfer fluid 120.0 kPa 17460 s

16 : .
Maximum temperature

reached and slow - 188°C (}8.1 psia) 5 hr. 32 min.
o cooling started 124.8 kPa 19920 s
\/‘ 20 L]
9 Reactor temperature  175°C (18.5 psia} 6 hr. 2 min.
' controlled at 175%5°C 127.6 kPa 21720 s
25
Product drummed through .
50 pm (micron) sock filter 175°C - 6 hr. 42 min.
into product drums 24120 s
30
EXAMPLE 15

Low Gloss Epoxy Resin - 0.01 Equivalent per Epoxide Equivalent of Methacrylic Acid in Prereaction, 0.015
35 Equivalent per Epoxide Equlvalent of Methacrylic Acid m Monomer Feed, 2 pbw 2-Hydroxypropyl Acrylate
in Monomer r Feed

L A low gloss polystyrene modified advanced epoxy resin was produced using the same equipment,
) procedures and reactants used in Example 14 but with the exceptions described below.
40 The following reactants and amounts were utilized:

D.E.R.® 383 diglycidyl ether of |
bisphenol A having an EEW of 180.5 15,875 grams

% glacial methacrylic acid 75.7 grams
tertiary butyl perbenzoate (TBPE) 317 grams
bisphenol A _ : 4,309 grams

s  advancement catalyst! 26.5 grams
monomer solution 12,796 grams

1ethyltrlphenylphosphonlum acetate-acetic acid complex

% 70 percent in methanol

24



EP 0220 637 Bl Heat -reactor with [err} hot heat (23.5

psia) 15 mn. 5 transfer fluid 162 kPa .900 s
Charge nononer and 10 TBPB to respgshis¥§esz B1 ' (23.5 psia) 15
mn. feed vessels 162 kPa 900 s Degas reactor

t hree [err] --- 46 mn. 15 tinmes

2760 s Start Tiemonaemer salltion was a rhigtme]of the following(rddstaBts rctheaiididatdaramoBntsti n. 20

tion and TBPB f eed 108. 9 kPa 4080 S Reactor
tenperature [err (16.4 psia) 1 hr. 8 m tpalled at [err]
113. 1 kPa 408§t§]rf§Mnorrer sol ution and [err] I2, 428 ?%}kn psia) 2
hr. 52 nin. TBPBZ2~¢ydiroxypmipyl acrylate 11854 gpams 10320 s 30

Starijvacuun1stﬂdaéa&éﬂtﬂ%éﬁgg§§ifglééid [err] 114 gramd hr. 39 min.

35 pressure 13140 s Vacuum

strip at [err] (0.2 psia) 4 hr. 9 mn. mninmmpressure
1.4 kPa 9 40 Vacuum strip [err] (0.3 psia) 4
hr. 19 rH’n. #glﬁgﬁﬂ%vﬁrégreacﬂonor er was-used: 271 kPa 15540 s 45
Bi sphenol A charged 153C (14.7 psia) 4 hr. 28 mn. to reactor
101. 4 kPa, 16080 s 50 55 23 EP Org38t837 Bl Reactor Cummulative
Reaction Step Temperature Pressure Time
6 Charge liquid _
p.E.R.® 383 and ambient (14.7 psia) 0 min.
methacrylic acid 101.4 kPa
.\/' 20 .
Close reactor, pad
- with nitrogen and - (23.5 psia) 10 min.
2 start agitation 162.0 kPa' 600 s
Heat reactor with -
155°C hot heat R (23.5 psia) 15 min.
% transfer fluid ' 162.0 kPa ‘900 s
35
\
40
45

50

55

25



Advancenent catal yst [err] | (10.0 psia) 4 hr. 39 min. charged

to reactor - 68.9: kPa 16740 s 5 Reactor degassed
4 hr qtimes _

17100 s 10 React or heat ed w%ﬁ [zmr)r%?7 ot heat [err] (17.4
psia) 4 hr. 51 mn. transfer fluid 120. 0 kPa

17460 s 15 Maxi num tenperature reached and sl ow ' [err]

(18. 1 psiRrugehmonemey @0t ool j ng start ed 124. 8 kPa

19920 s ABEReaw WedpwPeivd ure --Jferr] (23 5 p6ig)S Bsighin hr. 2 mn.
controlle ﬁ%ﬁﬁ,é{%srﬁrj; 127. kPa 21720 s 25 Product
drumed t ][ rr] (mcron) sock fllter ‘f’ rp]kPa 900° - -

6 hr 42 mn. into product druns

24120 S ng;g d oss Resin - 0.01 Equiv er_.Epoxi de
Equi val e%ygﬁacryl eR(:l d i'n” reaction, 0.015 35 Eqﬁﬁa% "’B
Epoxi de Fjmesal ent of Met hacryl ic ACI d in Mnoner Feed, 2 BbR0 s

2- HydPoxypr opy! Acrylate in Mononer Feed A | ow gl oss poI ystyrene nodi fi ed

advanced epoxy resin was produced using the gane equip procedures and
r eact ant $tadd nong@enEelus butl4@td the exz @t&opsla &r hwed Sodtiaw. 40

The fol | aWidi fRPCHEPY Seaddl amounts were uti | -i?dl bg R [apglh 383
0

di gl y%i dyl ether of bisphenol A having an E 180. 15, 875
grans 45 gl acial nethacrylic acid 75.7 gramns
tertiary Rudotiomet @rd TBPRIS0°C (16.81Fs8a3m2 Birsplaengn A -

4,309 grans 50 vang, catalyst [err]
grans morfIRRE °S.U1?ffl 'E_féf.?g& 113.1 kPa)) 73680 &ms

| sthydet ri phenyl phosphonl um acetate acetic acid conpl ex

Monomer solution and 150°C (17.2 psia) 2 hr. 40 min.
~  TBPB feed complete 118.6 kPa 9600 s’
25
Start wvacuum strip by
slow reduction in 147°C —— | 3 hr. 34 nin.
pressure ' 12840 s°
30
Vacuum strip at 150°C (0.2 psia) 3 hr. 51 min.
minimum pressure 1.4 kPa 13860 ¢
- . .
Vacuum strip 153°C (0.2 psia) 4 hr. 6 min.
s complete 1.4 kPa’ 14760 s
Bisphenol A charged 153°C (14.7 psia) 4 hr. 16 min.
to reactor "101.4 kPa 15360 s
®  Advancement catalyst 147°C (10.0 psia) 4 hr. 28 min.
charged to reactor 68.9 kPa. 16080 s
50 Reactor degassed 146°C . —— 4 hr. 33 min.
4 times _ 16380 s

&5
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55 : 70 percent in methanol 24 EP 0 220 637 B1l-The nononer sol ution
was a mxture of the follow ng reactants in the indicated anounts: styrene

12,428 grans 5 2- hydr oxypr opyep gy b5 81 254 grans gl aci al
met hacrylic acid 114 grans 10 The foll ow ng reaction order was
used: Reactor React or Cunmul ative Reaction Step Tenper ature
Pressure Ti I d DDE R 383 and anbi ent (14.7
psi a) 0O mn. ﬁ?aéﬁggfﬂ %gggé?fﬂﬂ 101. 4 kPa 20 C ose
reactor, pad w-?H°nzof EeEGEH%?at - A46°C (43350pBFaR) 40hFr n36 min.
start agitatiotransfer fluid 162.0 kPa  6@68ssHera reatEpeovst h
[erﬂ hdt heat (23.5 psia) 15 mn. 30 transfer fluid

162.Q kPa 900 s 35 40 45 50 55 25 EP 0 220 637 Bl1 Charge nononer and
TBPB to respecllagimum temperature (23.5 psia) 15 min.

reached and slow 186°C (18.5 psia) 5 hr. 10 min.
10 cooling started - .127.6 kPa 18600 s:

Reactor temperature 175°C (18.5 psia) 5 hr. 20 min.

controlled at 175+5°C 127.6 kpa’ 19200 s

15
Product drummed through

50 pm {micron) sock filter 175°C —— 6 hr. 20 min.
| into product drums_ ~ 22800 s
o/ 20
: EXAMPLE 16
\—/ ———— a———

Low Gloss Epoxy Resin - 0.01 Equivalent per Epoxide Equivalent of Methacrylic Acid in Prereaction, 0.02
25 Equivalent per Epoxide Equivalent of Methacrylic Acid in Monomer Feed, 2 pbw 3-Hydroxypropyl Acrylate
and 2 pbw Lauryl Methacrylate in Monomer Feed

A low gloss polystyrene modified advanced epoxy resin was produced using the same equipment,
procedures and reactants used in Example 14 but with the exceptions described below.
s0 The following reactants and amounts were utilized:

D.E.R.® 383 diglycidyl ether of
bisphenol A having an EEW of 180.5 15,875 grams
35

glacial methacrylic acid 75.7 grams
tertiary butyl perbenzoate (TBPB) 317 grams
N, bisphenol A 4,309 grams
40
advancement catalyst? 26.5 grams
monomer solution 12,834 grams .

1ethyltriphenylphoéphonium acetate-racetic acid complex =
70 percent in methanol _

50
The monomer solution was a mixture of the following reactants in the indicated amounts:

&5
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5 feed vessels : 162. 0 kPa 900 s Degas reactor
three [err] 1 hr. O mn. tines

3600 s 10 Start nonomer sol u- (16.4 psia) 1 hr. 8 min. tion
and TBPB feed 1%6?%%; B1 4080 s 15 Reactor tenperature

150C (16.4 psia) 2 hr. 8 mn. controlled at [err]
113.1 kPa 7680 s 20 Mononer sol ution and [err] (17.2 psia) 2
hr. 40 m n. TBPBtieemeconpl ete - 11B2 plRPagram8600 s 25

Start vacuunlstHJ%§§&5§§B%55§&m§é£§EA£E [err] 254 gramﬁéé4o . 30 3 hri

34 mn. pressurg

Vacuurfi strip at lauryl mesg@crylate (0.2 psia) 3 hr2341gmams mi ni num

pressure : s KPaq 13860 s V, strip
(Og%ac1a mifﬂﬁgﬁ%flé‘ébld P94 VgL e

[err] psi a mn. conpl ete

1.4 kPa 14760 s 40 Bi sphenol A charged [err] (14.7 psia) 4
hi . 16 i n.T“?E?KqW@a&asvm ordef was Used: 101.4 kPa 15360 s
Advancenent cat al yst 147C (10.0 psia) 4 hr. 28 mn. charged to
react or 68.9 kPReactfG080 S g3l 3iact QiuiRPRSERde
[err] : 4 hr. 33 LJIES :
leaah < sRgactio ‘s 2220 637 B1 Teldera thir/®®S pressure Time
15 Chargegllquld
D.E.R.~ 383 and ambient {14.7 psia) O min.
methacrylic acid 101.4 kPa
— 20 .
: Close reactor, pad
L with nitrogen and ——— (23.5 psial 10 min.
start agitation ' : 162.0 kPa 600 s
o _ _ .
Heat reactor with .
155°C hot heat —-—— (23.5 psia} 15 min.
30 transfer fluid 162.0 kPa 900 s
Charge monomer and
o TBPB to respective —— (23.5 psia} 15 min.
feed vessels : 162.0 kPa ‘900 s
o
40
45

&0

55

28



[err] | (23.0 psia)

Reactor heated with [err] hot heat

hr. 36 mn. transfer fluid 158. 6 kPa
16560 s 5 Maxi mum t enperature reachagh @psh §d708Y 186 C
(18.5 psia) 5 hr. 10 mn. 10 cooling started

127. 6 kPa 18600 s Reactor tenperature [err]

(18.5 psia) edds réhdter thpésol | egapecferr]  --- 50 min.

127.6 kPa

[err]

.19200 s 15 Product drummed
times

t hrough 50 pm (micron) ck filte
6 hr. 20 mn. into prom%cﬁurrs

22800 s 20 EXAMPLE 16 Low G oss Epoxy Resin - 0.01 Equival ent per Epoxide

Equi val erft '
Epoxide Equ%?a#@n%g Thacrylic ACI
2- Hydr oxypr djyan /Aand | BBRB afiged pbw Lauryl

£ 48181 1 PLggeacti o 019297850yl valelr; e

rn Mono

Feed,
Vet haclgPabe kP& Mon@30 Feed A

4

r

| ow gl oss pol ystyrene nodifi ed advanced epoxy resin was produced using the

same equip

exceptl ons

utilized: Ddeodtdsridd a#83s58&gbygci dyl

of 180.5

75.7 granms tertiary butyl

ment ,

Rergtare dCoRperatyse

procedures and reactants used in Exanple 14 but wth the

Th30P6I | owi ng react ants ard Mo dh i Rver

15,875 grans glacial nethacrylic acid

bi sphenols AMonomer solution and
advancenent _¢. _Ié/st er rlL let

nononer sol e pilete
[err]ethyltriphenyl phosphoni um acetates acetic acid conplex - 70 percent

R‘?‘ﬁ: 1 s i was a mxture of the follow ng reactants
csa eci! a'rméi"ﬁﬁms: thiboﬂy ' _

nmet hanol

50

i °~the i#di

25

40

50

&6

ed CO

slow reduction in
pressure

Vacuum strip
complete

Bisphenol A charged
to reactor

Advancement catalyst
to reactor

Reactor degassed
4 times

Reactor heated with
190~200°C hot heat
transfer fluid

148°C

l44°C
153°C
.150°C
142°C

l42°cC

142°C

per benzoate (TBPB) 317 grans

(18.54p8d%)gralx 4@2 min.

26.. 1t
127.6 kpa 834%&@% 45
— 3 hr. 25 min.
12300 s

(0.2 psia) 4 hr. 0 min.
1.4 kPa 14400 s

(14.7 psia) 4 hr. 20 min.
101.4 kPa 15600 s

@.0.0 psia) 4 hr. 40 min.
68.9 kPa 16800 s

. ——— 4 hr. 44 min.

17040 s

(23.0 psia) 4 hr. 44 min.
158.6 kPa 17040 s

e

et her of bisphenol® A hagorg san EEW

in



27 . EP 0 220 637 Bl styrene ' 12,174 grans

2- hydr oxypropyl acrylate 254 grans 5 | auryl nmethacryl ate
254 grans gl acial nethacrylic ac%lg 220637 114 grans The fol |l owi.ng
reacti on order was used: 10 Reac ? act or Cunmmul ati ve Reaction SteD

Tenperature Pr essure Time 15 Charge liquid D.E.R [err] 383 and

anbi ent hrat@r8in. nethacrylic acid

101. 4 kPa Close reacto pad wth njjdogen an : (ih B

psia) 10 nixpaches @ngy ##4¥i on 1844 : Gr.9 pi%i) o3 Kpg 14 s 25

Heat react orcwlt;mgiw:imﬁ heat 123.4 kPa3. 5 p8848 S 15 nin. ;

30 ¢ransfer fluid 162. 0 kPa 900 s Charge nononer

and TBPB to respective (23.5 ia)__1 35

vessel s Reactor temperature 16]27@°¢(pa gf(p}% 3 anéghg5 %%%Eﬂ‘
controlled at 175%5°C 117.9 kPa 19320 s

10

Product drummed through

50 pm (micromn) sock filter 175°C —— 6 hr. 14 min.
into product drums ‘22440 s
15

EXAMPLE 17 -

Preparation of Powder Coating Formulations

Portions of each of the epoxy resins from Examples 14-16 were used to prepare powder coating
formulations using the method of Example 5. Cured powder coated steel panels were prepared and tested
using the methods of Example 5. The resulis are reported in Table IV.
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EP 0 220 637 Bl Degas reactor three © 145C 50 m n.

tinmes : - 3000 s 5 Start nononer
sol u- 145C (18.8 psia) 5SEppi2pges7aBn and TBPB feed .
, 129. 6 kPa 3300 s 10 Reactor tenperature 150C 1
hr. 5 mn. controlled at [err] 3900 s 15
Mononmer sol ution and 148C wl8.5 psia) 2 hr. 42 min. TBPB feed
conpl ete 24 127.6 kPa 9720 s 20 Start vacuumstrip by
sl ow reduction in %] 3 hr. 25 mn. pressure
12300 s 25 Vacuum stri p3 S’:Zl - 1§3C ~ (0. pr5| a) 4 hr. 0 mn.
conpl et & sl o 1 4 kPa® - 24400 s 30 Bisphenol A
char ged 150C ~ &;4 BS Q) 4ﬂh§ 20 m‘m toggactor
101. 4 kPa 156008 33 Adgancensdi cat & Fst [\gH’-] S< (10.0 psia) 4 hr.
40 mn. to reactore @ 2 @ 1+ ™| ~ - N s .9 lgpg 16800 s React or
- D> e I Q@ Q< Q
degassed 1@@::@3 | 8- B~ 4 hr.e m g ~40 4 tines,
17040 s Reactor heated Wh 4% 190-390C hot Feat = [err] a (23.0
psia) 4 hr. 44 mn. transgfer, fiuid "158. 6 kKPa 17040
s 50 56 29 EP 0 220 63F <81 lbaxi nugg t enper ghure reached and sipw '
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s5 EXAMPLE 18

A portion of the epoxy resin from Example 14 and a curing agent consisting of a salt of a polycarboxylic
acid and a cyclic amidine (Hardner B68, Chemische Werke Hiils Aktiengeselischaft) were used to prepare a
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5 Reactor tenperature e[rr] : (17.1 psia) 5 hr. 22
mn. controlled at [err] 117.9 kPa 19320
s 10 Product drumved through 50 [gprd dog(ddy@qOn) sock filter [err]

6 hr. 14 mn. into product druns

22440 s 15 EXAMPLE 17 Preparation of Powder Coating Fornmul ations 20

Por t i onspowderedaling ForriuRBonciingYihé @RthBSE of EQMpleX 8.NEUES polvlierl &aldB 'shoel Bénlls Lyidre
prepar e mepaibeiancRestbd fihgtRy Mdihoas bi&Rampis 5. T8 teds FRlrdiefeddh TiRAYP! € 5. Cured
powder coated steel panels were prepared and tested using the nethods of
Exanpl e ComAARATIVEEXPERIMENE EF eported in Table 1V. 25 30 35 40 46 50 55 30
EP 0 320 637 BI [érr] A portion of the epoxy resin from Exanple 14 and a
curi Qg ageAtpodiomsi s thispipnalfl A advasdeti diafiycidyl RftHey SREIEMBAG ACha@fig En Bptticd. eGMFleht
am di ne veight ERW) of5@8 (D.ER@NG63UH Thd\Bovk Bhdnadar $onfilahy) anieamhd syemabis)stingadt @ sais ed
t o prepaf@ pelySarboxylicERidDang 20 cygB:7aniBdine (Hacliesr BO8AChHemipclicOWsiié itk PRtisngasai@ciiaRe
et hod orereisasid rromre Tpowsidr ¢etioddormulativn aisings the elethpd Diciixample 5.6Cured powder coated

10 \s,teel panels were prepared and tested using the methods of Example 5. The results are reported in Table
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prepared and tested-using the nethods

reported in Table V. COVWARATI VE EXPERI MENT E A portion of a bisphenol
et her of bi sphegplg 22otsayi@1g an epoxi de equi val ent
wei ght (EEW of 726 (D.E.R [err] 662UH, The Dow Chemi cal

advanced di gl yci dyl

curing agent consisting of a salt of

of Example 5. The results are
A

Conpany) and a
a polycarboxylic acid and a cyclic

am di ne (Hardner B68, Chem sche Werke [éarr] Akt i engesel | schaft) were used

to prepare a powder coating formggti
Cured powder coated 10 steel pamgefs,
met hods of Exanple 5. The result$g g
40 45 50°55 32 EP 0 220 637 BY Tt
Contyasting States: BE, CH DE, FR GB, I T,
the follow ng Contracting Stat &g,y BE,
1. An advanced epoxy resin @Bpbsii¢
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Claims for the following Contracting States: BE, CH, DE, FR, GB, IT, GR, LI, NL, SE.

1.

An advanced epoxy resin composition which comprises the product resulting from
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EP 0 20637 Bl (1) polymerizing in the presence of a catalytic quantity of a
sui tabl e pol ymerization catalyst (A) the reaction product of U!i] mlmmum"l"l
di gl ycidyl ether of a dihydric pherep olkayssgsan epoxi de equi RN 1l 1
of from11ll to 350 with 5 (2) a conpound containing a group
reactive with an epoxi de group and a pol ynerizabl e ethylehically
unsaturated group in an anmount of from,0.001 to 0.05 equival ent per epoxide
equi val ent contained in conponer§ L A 1% wth (B) a nononmer feed containing
(1) at least one vinyl aromatic Jri@gng in an anmount of from31 to 60
per cent ;by weight of 10 S & 8e fotal weight of conponents (A), (B)
and.(C); (2) a conpound containing a group reactive with an epoxi de group
and a pol yneri zabl e ethylenically unsat ur at ed group In an anount of from
0.001 to 0.05 equival ent pes ega)q;di eguiival eng’ Tont ai ned i n conponent
°l§y=r{bx'y | k¥il-Racryl@te or nethacrylate or an
aar

(A-1); and optionally (3) & _
al kyl amrylate or nethacryligedianza aEng,nt ofS 1S fromzero to 15

percent by wei ght based on % otk weilghf Joli corfpogents (B-1) and (B-3); and
(11) advancing, in the presence of a catal yti¢guantity ‘'of a suitable
advancenent catalyst, the resultant polynerized product with (C a dihydric
phenol in an anmount of fromO. 125§t- 0, 80 hydrNoxgyda equi val ents per epoxide
equi val®nt contai ned in conponerg 3( -]3,;20 2.4 Amadvanced epoxy resin
conposition of Claim1l wherein %ormm},nt @32} is present in an anount
whi ch provides from0.005 to O. qut Yef ent p¥€r® epoxi de equivalent; (ii)
conponent (B-1) is present in an_ anount which provides from35 to 45
ﬁé,[:jcent by wei ght based 25 2 upgn the total weight of conponents (A),
(B) ancf"(C); (iii) conponent (B4 s p®esent ig an amount which provides
from 0.005 to 0.025 equi val ent= @l 8#p@xPde eqti Fal ent contained in
cémponent (A-1); and (ivV) con‘ﬁbéejt'(ﬁ-g-) is pr8sent in an anount which
provides from1l to 5 percent by wei ght” based oh total weight of conponents

(B-1) agpd (B-3); and 30 (v) conponent (C) is present in an anount
whi ch provides from0.375 to 0.%0 hydroxyl equivalent per epoxide
equi val ent contained ing onmponedty B\ &'. 3. Ag advancedZepoxy resin
conposition of Caim?2 erein fi ;ﬁo enent §A— 1) issa compound or
m xture of conpounds regfesented by the foll ow ng formitas
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Claims folf the following Contracting States: BE, CH, DE, FR, GB, IT, GR, LI, NL, SE.

1. An advanced epoxy resin composition which comprises the product resulting from
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35 . " or 11 40-45 50 55 34 EP 0 220 637 B1 5 [err] '

di val ent hydrocarbon group having fromone to 10 carbon at OmﬂlﬁmﬂLn"Hﬂ,ﬂ”lll
-S-S-, 55 35 [err] each X is EpdenRgh ﬁtlly hydr ogen, bronrneg

or a hydrocarbyl or hydrocarbyl oxy gr oup aving from1l to 10 carbon atons;
each R is independently hydrogen or a nmethyl group; mhas a 15 val ue
from zer o t qipoignalizing ethe pressadelte a 0dtaliie qGan@ly ofla suftatile polymaftativirdataliyst- A- 2) 1S
acrylic acid ) treebdutiar yrbduet aici d; (111) conponent (I-B-1) is a conmpound or

m xture of conp@yadiglycieyretieeoffacdhydye gham! havinh @nepgidé equinalest welght @@omd 511 to
~[err] wherein Re§oswihydrogen or nmethyl and each X is independently hydrogen, -
brom fe, chl ori & acsompoingdeantainingyal group tegclive il lay lepoxide qarewapand zay pakgnefieable 1 t o
10 carbon at onsethl('ﬁ’n&‘?ﬂ")tmﬂeﬁﬁbﬁtgf PJ'BaTQ?ImWs’f efciropi 9.8012iei 095 rquivaiant By reppHids

aci d;_so uvglpnt coipiraddmeomppnept (831 With present, is a compound or

m xture of col§ Mﬂﬂ‘ng’é BAfiEdl by the fol |l owin formul a |V [err] wherein

Qis a nmonoval e ? B‘Q?;a‘%'] ‘F’°’Q?"G "(g)&gg% $RQyRL of freR 3340 B0 pascent vt waight o a
wgl O

B¥g;gﬁggl Ckgl | jg??gylg nleg RSTRYP; © active watl'? re]m ae}og( de g\{'\gupcamd Caagohprr?eﬂzable

) » CY em ally unsaturated group in an amount of from 0.001 to 0.05 equivalent per epoxide

equwalent contained in component (A-1); and optionally
(3) a hydroxyalkyl acrylate or methacrylate or an alkyl acrylate or methacrylate in an amount of
15 from zero to 15 percent by weight based on total weight of components (B-1) and (B-3); and
(Il). advancing, in the presence of a catalytic quantity of a suitable advancement catalyst, the
resultant polymerized product with
(C) a dihydric phenol in an amount of from 0.125 to 0.80 hydroxyl equuvalents per ‘epoxide
equivalent contained in component (A-~1).
\_/' 20 .
2. An advanced epoxy resin composition of Claim 1 wherein
(i} component (A-2) is present in an amount which provides from 0.005 to 0.025 equivalent per
epoxide equivalent;
(i) component (B-1) is present in an amount which provides from 35 to 45 percent by weight based
25 upon the total weight of components (A), (B) and (C);
{iii} component (B-2) is present in an amount which provides from 0.005 to 0.025 equivalent per
epoxide equivalent contained in component {A-1); and
{iv) cornponent (B-3) is present in an amount which provides from 1 to 5 percent by weight based on
total weight of components (B-1) and (B-3); and
30 {(v) component (C) is present in an amount which provides from 0.375 to 0.50 hydroxyl equivalent
per epoxide equivalent contained in component (A-1).

3." An advanced epoxy resin composition of Claim 2 wherein
(i} component (I-A-1) is a compouncl or mixture of compounds represented by the following formulas
85 loril

55

34



40 . " a hydrogen atomor a nethyl group; and (vi) COW
a conpound or m xture of conpounds represented by the follow n “\\“\
and VI 55 EP benblesBgrein Ais a d| iﬂ ‘im‘\
hydr ocar bon group having fromone to 10 carbon atons, -0-, , W36°%

EP 0 220 637 Bl 6

[err] each X is independently hydrogen, bromnine, chlorine, or a hydrocarbyl

or hydrocarbyl-oxy group having from1l to 10 car bon atr-oms and n has a val ue
of zero or 1. 15 4. An advanced epoxy resin conposi tidn of daim3 wherein
(i) conponent (l1-A-1) is a diglycidyl ether of bisphenol A5 (ii) conponent
(1-A-B) fs nethacrylic acid; (iii) conponent (1-B-1) is styrene; 20
(iv).comonent (1-B-2) is methacrylic acid; (v) conmponent (I-B-3), if

present, is hydroxypropyl acrylate or lauryl nethacrylate or a mxture
thereof; and (Vi) component (li-C) is bisphenol A 2385. A thernosettable
powder C/ ating fornul ation conprising (A an advan i epoXy resin

corrp03|t|on of any of Cains 1 to 4 and (B) an ef f ect V quantity of a
suitabl e curing agent for said advanced epoxy resin gdnposition. 6. A

t hernosettabl e powder coating forgulation of aimb5 Yherein said curing

agent Is dicyandlam de. 30 7. A thernosettable powderC> coating fornul ation

of Claimg6 wherein an accel erator “for the curi ng enf~Es present. 8. A
t her nosett abl e powder coating fornul ati on of Ciaugn erein the
accelerator is 2-nmethylimdazole. 35 9. The prod eshl ting fromcuring

an advanced epoxy resin conposition of any of C ai 0 4 and a curing

- quantity of at |east one curing agent for the advancetk epoxy resin. 10. The

product pesulting fromcuring the formulation of any @ Cdains 5 to 8. 40
o o
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whersin A is a divalent hydrocarbon group having from one to 10 carbon atoms, -O-, -§-, -8-§-,
55
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Clains for the follow ng Contracting St at es: AT ES 1. A method of

preparing an epoxy resin conposition conprising an advanced I
(I') polynerizing in the presence gpfg Sogt@b @yt i ¢ quantity of lﬂlﬂlﬁumlmm "llll
pol ymeri zati on catal yst 45 (A) the reaction product of (1)ta ™ S

di gl ycidyl ether of a dihydric phenol having an epoxi de equival ent wei ght

of from11ll to 350 with (2) a conpound containing a group reactive with an
epoxi de group and a pol yneri zable ethyle® cally unsaturated group in an
anount of from 0.001 to 0.05 equivalent.@er epoxi de so

equi val ent contained in conponent (A-1); wi't h (B) a nononer feed containing
(1) af | east one vinyl aromatic nononer in an anmount of from31 to 60
percent by weight of the total weight of conponents (A). (B) and (O); (2) a
conmpound containing a group-reactive wsth ap epoxide group and a .
pol ymeri zabl e 55 et hyl eni cakly ugsaturated group in an anount of
fron10 001 to 0.05 equival ent per epodee e@ui;val ent contai ned in conponent
(Avl) and optionally (3) a hydroxyalkgl acrylate or nethacrylate or an

al kyl acrylate or nmethacrylate in an anount of fronlzero to 15 percent by

“wei ght _based il é«gén% RO@P&Reer}:h%nn Byl Bf or) rou
220 ggresgd%%% §.+< mg ,be,,ﬁatf ,ea%easgml bty ﬁm VL "éii’e f’% %sii(c)
di hydric phengg cb@pdag,t@m,rgac@f gdo 80 hydr oxyI eqw vaI ents per

epoxi de equi Vake&impbint g'BnI?Q's h%ﬁ%ﬁ@@ﬁﬂﬁmf lc)ompamgs re-Erbgenigﬁtd}Oth %I?vﬁrllga' m 1

wherein (i) cqsmaaant ( is present in an anount which provides from

0. 005 to 0.025 equival ent per epoxide equivalent; (ii) conmponent (B-1) is
pkesemt in an amount whi h provides from 35 to 45 percent by-wei ght based
10 upon the total | %ht of conponents (A) (B) and (O ; (iii)
conponent (B-2) is prese FC @ an anount which provides fromO0.005-to 0.025
equival ent per epoxide | val ent contained in conponent éﬁilz; and (iv)
conponent (B-3) is pre K)annunt whi ch provides fr I)to 5 percent
by we#sght based on

wherein R is hydrogen or methyl and each X is independently hydrogen, bromine, chlorine or a
hydrocarbyl or hydrocarbyloxy group having from 1 to 10 carbon atoms;
(iv) component (I-B-2) is acrylic acid or methacrylic acid;

30 (v) component (I-B-3), if present, is a compound or mixture of compounds represented by the
following formula IV

O R
L .
3 Q-0-C-C=CH, . (1IV)

wherein Q is a monovalent hydrocarbyl group having from 1 to 25 carbon atoms or a hydroxyal-

kyl group having from 2 to 25 carbon atoms which can bs branched, cyclic or polycyclic and R is
40 a hydrogen atom or a methyl group; and

(vi) component (II-C) is a compound or mixture of compounds represented by the following

formulas V and VI '

45 (X)4
HO OH (V)

50 .
(X)4 (X)4
HO- ()5 OH (VI)

wherein A is a divalent hydrocarbon group having from one to 10 carbon atoms, -O-, -S-, -S-S-,
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t ot al meight of conponents (B-1) and (B-3); and 15 (v) conponent (CO)
is present in an anmount which provides fromO0.375 to 0.50 hy

equi val ent. per epoxide equival ent gpotzzoegzBin conponent (A 1]“1“!1“‘“*'“"“"””“'
met hod of claim2 wherein (i) conponent (I-A-1) is a conpound br “m *tufe ®
conpounds represented by the follow ng formulas 20 loril 25 30 35 40
45 50 55 38 EP 0 220 637 Bl [err] wherein_A is a dival ent hydrocarbon
.group having fromone to 10 carbon atons, -dg, -S- -S S, 55 EP 0 220
637 Bl [err] each X is independently hydrogegw, brom ne, chlorine, or a
hydrocar byl or hydrocarbyl oxy group having from1l to 10 carbon atons; each
R is ind®tpendentiy hydrogen or a nethyl group m has a value from 15"
zero_to 5 and n has a value of zero or (ii) component (1-A-2) is acrylic
acid or nethacrylic acid; (iii) conponento(I-Bcﬂ) is a conpound or m xture
of conpounds represented by the foll ow ngtfor alll 20

a 25 whegpein R is hydrogen or nethyl and'éééh T's i ndependent |y hydrogen,
brom ne, chlorine or a 0o

each X is independently hydrogen, bromine, chlorine, or a hydrocarbyl or hydrocarbyloxy group
having from 1 to 10 carbon atoms; and n has a value of zero or 1.
75
4, ' An advanced epoxy resin composition of Claim 3 wherein

(i) component (I-A-1) is a diglycidyl ether of bisphenol A;

(i) component (I-A-B) is methacrylic acid;

{iii)) component (I-B-1) is styrene;

N 20 {iv) component (I-B-2) is methacrylic acid; .
{v) component (I-B-3), if present, is hydroxypropy! acrylate or lauryl methacrylate or a mixture
. thereof; and
~ (vi) component (li-C) is bisphenol A.

25 5. A thermosettable powder coafing formulation comprising (A) an advanced epoxy resin composition of
any of Claims 1 to 4 and (B) an effective quantlty of a suitable curing agent for sald advanced epoxy
resin composition.

6. A thermosettable powder coating formulation of Claim 5 whersin sald curing agent is dicyandiamide.
30 , '
7. A thermosettable powder coating formulation of Claim 6 wherein an accelerator for the curing agent is
present.

8. A thermosetiable powdér coating formuiation of Claim 7 wherein the accelerator is 2-methylimidazole.

9. The product resulting from curing an advanced epoxy resin composition of any of Claims 1to 4 and a
curing quantity of at least one curing agent for the advanced epoxy resin.

— 10. The product resulting from curing the formulation of any of Claims 5 to 8.
Claims for the following Contracting States : AT, ES

- 1. A method of preparing an epoxy resin composition comprising an advanced epoxy resin by
() polymerizing in the presence of a catalytic quantity of a suitable polymerization catalyst
45 (A) the reaction product of
(1) a diglycidyl ether of a dihydric phenol having an epoxide equwalent weight of from 111 to
350 with _ ]
(2) a compound containing a group reactive with an epoxide group and a polymerizable
ethylenically unsaturated group in an amount of from 0.001 to 0.05 equivalent per epoxide
50 equivalent contained in component (A-1); with :
(B) a2 monomer feed containing
(1) at least one vinyl aromatic monomer in an amount of from 31 to 60 percent by weight of
the total weight of components (A), (B) and (C);
{2) a compound containing a group reactive with an spoxide group and a polymerizable
56 ethylenically unsaturated group in an amount of from 0.001 to 0.05 equivalent per epoxide
equivalent contained in component (A-1); and optionally
(3} a hydroxyalkyl acrylate or methacrylate or an alkyl acrylate or methacryiate in an amount of
from zero to 15 percent by weight based on total weight of compenents (B-1) and (B-3); and
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hydr ecar byl or hydrocar byl oxy group having from 1 to 10 carbon atons; (ivV)
conponent (I-B-2) is acrylic acid or nethacrylic acid; 30

component (1-B-3), if present, igpy yd or mxture of c mmmm”mn”m
represented by the follow ng fornmula HB ierr] wherein Qis a nmonovdi s
hydr ocar byl group having from1-to 25 carbon atons or a hydroxyal kyl gr oup
havi ng from @ advadtingcar the présbaasor v cadlyticaquakiey b 2RGHRABIE ad@yi6dneht Sdtalyi@® eCy! 1 C
and R i s a 4@sultant polyrheridedogeductaditam or a net hyl group; and (VI) conponent
(11-C is a cd@ypawingdrier phenot tinu ae ambunt ofrpran rdes e PBE sgdibxgideddivalbhie pérodpbads NQ
formul as V ancadyalgnesontainébinebrapopent (AA1)i s a di val ent hydr ocarbon group havi ng
froméne to 10 carbon atons, -0-, -S-, -SS-, 40 EP 0 220 637B1 [err] 10
4. The et Restmeshodc oliim Twhateisy ei n (i) conponent (I-A-1) is a diglycidyl,

et her of bi s@remeerent g\'ﬁ i9) Presmﬁoer?@mmouetl whichByovides frem 069 yd P.625cexiuidlalent ippi )

conponent (IQPB’S'%"CPE“' rene; (iv) conponent (1-B-2) is methacriyic
aci d; (V) conﬁ? nt (B-1pis ese'l" fn E‘r@?@ﬁt‘“’hpﬁﬁmlﬂ%rﬂ@%)ﬁﬁrtQ)ﬁ/IPGW&CfrWIV@lgét kgped
| aury!® met hat ‘{?g 'HP'Q t('ﬂeﬁB #yd- Ok é@a onent (11-C) is
bi sphenol A ® 25 %aed’i”' 7 n‘f F"E Ak %T°‘t'q?§lf'ﬁ@ @%@%@?m ®Fat i ng
formul ati on " ' osition pre ared
‘accor di nlg t%l?fgpm pres W 3‘; (g]s;i Hé’g'lp%ﬁéeﬁ%'f’a%(%? 'c‘;é‘hll’ye“l'ﬁ' E‘?qg

t t , of .
dompoti {1 on. Vg C“q“iée q ?93'% f 'C'@'f’ﬁdegi'?‘ﬁ YR QR Mo fvelon
di cyandi am oFe 30 7 T V\/ner ein an accel erator for the

curing ageffe m%ogroeagmtz‘,vh'ggﬁ, rret hod of claim7 wherein the accelerator Is

2\_”/9'[ hyl i m d@zsh®nent (1-A-1) is a2 compound or mixture of compounds represented by the followlng formulas
20 lorll .
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35 9.. The et hod of ‘preparing a cured resin by curing an advanced epoxy
resin conposition as prepared according to the nethod of anyelmmum ﬂ

4 with a curing quantity of at | easgp@meperr Bng agent for the m" I““I“I
epoxy resin. 10. The nethod of preparing a cured coating produtt bytculfing *
the formul ati on as prepared according to 40 t he nethod of any of clains
5 to 8. Revendications Revendl oati ons pour les Etats contractants sul vants:
BE, CH DE, FR, GB, IT, GR U N, SE 45 1. Conposidion de resine poxy
devel oppee, qui conprend le produit resultant de: (I |a pol ynrrisation, en
presence d' une quantit6 catal ytique d' un catal yseur de polynrrisation
appropri®, de (A le produit de la r6action de (1) un ether diglycidylique
d' un_phenol di hydroxyld ayant une nmasse par Equival ent dpoxyde 50

de 111 a 350, avec (2) un conpose contenant un groupg rdagi ssant avec un
groupe 6poxyde et un groupe 6t hyl eni quenent insatur@pol ynbri sabl e, en une
proportigon de 0,001 a 0,05 Equival ent par equival oxyde cont enu dans
le conpogant (A-1), avec (B) une charge de mononer e; tenant 55

(1) au noins un nononere aromatique vinylique, en u@e proportl on de 31 d 60
% en poids du poids total des cogposants (A), (B) et (C, (2) un compose
cont enant un groupe reagi ssant agec un groupe dpoxyde et un groupe

6t hyl bni guenment insature pol ynerisable, en une p«(oXpWon de 0,001 a 0,05
.equi val ent par 41 EP 0 220 637 BI = = [ I I I I A
.M I | 6quival ent 6poxyde contenu dans |e cm@ (A-1), et

eventuel l enent (3) un acrylate ou nethacrylate d'h xyal kyl e ou un
acrylate ou nethacrylate d'alkyle, en une proportion:s 'zle” zero a 15 % en
poids, par rapport au polds total des composants #B-4) et (B-3), et 5

(11) le devel opperment, en presence @ une quantite cafalytique d'un

cat al al yseur de d6vel oppenent appr opr:r-e du produif p nerl se obtenu, avec
(O ~Un ph6nol di hydroxyII an Uﬂ@\ﬂﬁQ&Ol’tl on de B; 0, 80 equi val ent
hydr oxyl e par equi val ent epoxyde coffenu dans |le c'\q ant (A-1). 10 2.
Conposi t¥on de resi ne dpoxy dével op@es selon la rev ication 1, dans

| aquel | e & S
-~
< I g _
30 f_@ - ®=0-=3
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- é 6
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_ ) ’
a ]
35 - = _ -
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wherein A is a divalent hydrocarbon group having from one to 10 carbon atoms, -O-, -S-, -S-S-,
85

39



- \
(1) le conposant (A-2) est present en une proportion qul four de 0,005 a
0,025 equival ent par dquival ent epoxyde; (ii) |e conposant (BJMW"'"JM””"’
present en une proportion qul fOLEBl;anzzﬁl %§§1& 45 % en poids p

poi ds total des conposants (A) ? (rii) le corrposant

(B-2) est present en une proportlon qui fournit de 0,005 A 0,025 equival ent

par equi val ent epoxyde contenu dans | e cgnposant (A-1); et (iv) le

conposant (B-3) est present en une propo?tlon qui fournit de 1 a 5 %an

pol ds par rapport au poids total des co-ngesants (B-1) et (B-3); et (v) le
conposant (C) est pr6sent en une proportion qui fournit de 0,375 a 0,50

equi val ent hydroxyle 20 - par equi val ent 6poxyde contenu dans |e

conpgsant (A-1). 3. Conposition de r6sine epoxy devel oppee selon |a

revendi cation 2, dans laquelle (i) |legronpgsant (1-A-1) est un conpose ou

un nel ange de conposes, represent6(s) wpar les fornules | ou 11 suivantes 25

30 36 40 45 50 55 42 EP 0 220 637§ =C=i | 1111111
111117%11111 | % 10~~~~~~~~mm a—~~ CC 15 20

cZ - | ~~~ 15 20 -~ ~ ~ ~ _CC 15

n - ~

“each X is independently- hydrogen, bromine, chiorine, or a hydrocarbyl or hydrocarbyloxy group having
from 1 10 10 carbon atoms; each R is independently hydrogen or a methy! group; m has a value from
15 zero to 5 and n has a value of zero or 1;
(ii) component (I-A-2) is acrylic acid or methacrylic acid;
(il component (I-B-1) is a compound or mixiure of compounds represented by the following formula
1]

T=C= -

s = :
- C (X)s (
25 .
wherein R is hydrogen or methyl and each X is independently hydrogen, bromine, chiorine or a
hydrocarbyl or hydrocarbyloxy group having from 1 to 10 carbon atoms;
(iv) component (I-B-2) is acrylic acid or methacrylic acid;

80 (v) component (I-B-3), if present, is a compound or mixture of compounds represented by the
followmg formula IV

-
g

QR
Tt !
85 Qo d=eC=C3CH 2 (IV)
L wherein Q is a monovalent hydrocarbyl group having from 1 to 25 carbon atoms or a hydroxyalkyl
~ group having from 2 to 25 carbon atoms which can be branched, cyclic or polycylic and R is a
40 hydrogen atom or a methyl group; and

(V1) component (1I-C) is a compound or mixture of compounds represented by the following formulas
. V and Vi

- (X4
50 \\j_._.«g (V)
. 50
(X)4 (x)4
B0 v’;\,, A <-“*’n@ E (V1) :
85

wherein A is a divalent hydrocarbon group having from one to 10 carbon atoms, -O-, -S-, -S-S-,
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G 4588 80, ““mmwmw-

| esquefl es A est un groupe hydrocarbon4 dival ent conportant de
atonmes de carbone, 55 -0o0-, -1S, -S-S., 43 o]
0 -s- ~-S -? -c- 06 chaque X reggdsente I ndependanment
| " hydrogene, | e brome, le chlore, .ou un greupe hydrocarbyle ou
hydrocar byl oxy, ayant de 1 a 10 atomes de*%arbone, chaque R represente
I ndependament 1' hydrogbne ou un groupe nethyle, ma une valeur de zero A5
et n vaul zero ou 1; 10 (ii) le conposant (l-A-2) est |'acide
acryli,que ou |'acide nbthacrylique; Qi) |le conposant (I-B-1) est un
conpos4 ou un nBl ange de conposes, repr4sentdfs) par la forrmule [if
suivante 16 t *1) " o e (rrr) K>20
c - dans | aquelle R est I'ﬁjﬁ?bdﬁﬁé'ou un groupe nethyle et
chaque X represente i nddpendamment |' hyd¥ogene, le brome, |e chlore ou un
groups hydrocarbyl e ou hydrocarbyl oxy ayant 1 a .10 atones de carbone; 25
(iv) le conpogaik idihdeBanddnti hfdréger brdkfined Bidiné, BHE hitifochro Gk ARiIrdBBHNSG oYdub HaMing
*from 1 to 10 carbon atoms; and n has a value of zero or 1.
15
4. The method of claim 3 wherein

(i) component (I-A-1) is a diglycidyl ether of bisphenol A;

(ii) component'(l-A-B) is methacrylic acid;

(iii) component {I-B-1) is styrens;

s 20 {iv) component (I-B-2) is methacrlyic acid;
(v) component (I-B-3), if present, is hydroxypropyl acrylate or lauryl methacrylate or a mixture
o thereof; and
~ (vi) component (lI-C) is bisphenol A.

25 B. The method of preparing a thermosettable powder coating formulation by adding (A), an advanced
epoxy resin composition prepared according to the method of any of claims 1 to 4, to (B), an effective
quantity of a suitable curing agent for said advanced epoxy resin composition.

6. The method of claim 5 wherein said curing agent is dicyandiamide.
30 _ '
7. The method of claim 6 whersin an accelerator for the curing agent is presént.

8. The method of claim 7 wherein the accelerator is 2-methylimidazols.

35 9. The method of preparing a cured resin by curing an advanced epoxy resin COmpositlon as prepared'
according to the method of any of claims 1 to 4 with a curing quantity of at least one curing agent for
the advanced epoxy resin.

—/ 10. The method of preparing a cured coating product by curing the formulation as prepared according to
40 the method of any of claims 5 to 8.

Revendications
- Revendications pour les Etats contractants suivants: BE, CH, DE FR, GB, IT, GR, L, NL, SE

45 1. Composition de résine époxy développée, qui comprend le produit résultant de :
() la polymérisation, en présence d'une quantité catalythue d'un catalyseur de polymérisation
approprié, de
. {A) le produit de la réaction de.
(1) un éther diglycidylique d'un phénol dihydroxylé ayant une masse par équivalent poxyde
50 de 111 & 350, avec
{2) un composé contenant un groupe réagissant avec un groupe époxyde et un groupe
éthyléniquement insaturé polymérisable, en une proportion de 0,001 & 0,05 équivalent par
. 8quivalent époxyde contenu dans le composant (A-1), avec .
{B) une charge de monomére contenant
55 (1) au moins un monomére aromatique vinylique, en une proportlon de 31 &4 60 % en poids du
poids total des composants (A), (B) et (C),
{2} un composé contenant un groupe réagissant avec un groupe époxyde et un groupe
éthyléniquement insaturé polymérisable, en une proportion de 0,001 & 0,05 équivalent par

a1



(v) le conposant (I-B-3), s'il est present, est un cofrpose' ou un ndl ange de

conposes, représent6- (s) par la fornmuls IV sulvante 30 S; -
(1rv) 35 dans | aquelle Q esdp §BoPpp hydrocarbyl e rm““l“]mlu I"uul‘l " IIII
de 1 a 25 atones de carbons ou un groupe hydroxyal kyl e ayant de 2 at25" s *
atones de carbons, qui peut etre ramfie, cyclique ou polycyclique, et R

est un atone d' mgqatvmemxﬁu cotiteng idanspconpbday (851), et éventiglierhedt conposant (1 1- C)
est un conpose qg) mmm:aﬁtgmeﬂammphmyalwmpmﬁmem;ws du méthacrydate @'alkylilers V

et VI suivant es u@ pfopation*de zéro 2 § % en poids, par rapport au poids total des composants (B-1) et( V)

45 50 -- |~~~ (Bg), et GC - WA gu cel

d (VI)s 65 derf§ ¢ dolopdevest, gn edsenom digneoaysetith paipivtisue om cataliseu dendévelorpamentio 1

a 10 af onps dpprersié.isirpeoduit glymerigs. obteny; gueg, * C"L'" *s S11 o

o* 0 -C- %C) un phénol dihydroxylé, en une proportion de 0125.&.&80.équwa|ar@hy@mﬁw@' éguivalent
reprdsent e i feeperrgaianidses B cpREBYENY. | e brome, |e chlore, ou un groups

hydr ocar byI e ou hydrocar byl oxy ayant de 1 a 10 atones de carbons, et n vaut
zero do % %‘Pﬂs'ﬁ"ﬂﬂ @??F?

icgfion &y Epplamels, o
revendi cati o tI &h@?"l %gf"t e"I“@e 85’ %g' 7 CQA?) 8 3,00 %tod}ﬁ e@'f'ﬁ?lm par
di gl dyl t
n”la?hgglry%ll :qﬂ F’P;'%F EEEB ro%’) OéSU? gnétde 'rg!(iag)é"5 %én\f%ocﬁ l?Fb)osant
| -B-2 | |
(est pr ésent aleﬁ gge%é gfgmgl &W&iﬁé ;orité%' f+@1 ?r%t c%y %zt%eg %’aa%gﬂa?y: e

ou un mel an ?i t (BQ.SI) est présent en une proportion qui fournit de 1 2 5 % en polds par rapport au
ponds total des composants (B-1) et (B-3); et
~ {v) le composant (C) est présent en une proportion qui fournit de 0, 375 a 0,50 équnvalent hydroxyle

~ 20 par equwaient époxyde contenu dans le composant (A-1).
" 8. Composition cle résine époxy développée selon la revendication 2, dans laquelle
(i) le composant (I-A-1) est un composé ou un mélange de composés, representé(s) par les formules
I ou H suivantes
- 25
30
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(vi) le cofrposant (I.1-C) est |le bisphenol A 5. Fornulation de revdtenent a
base de poudre thernodurcissable conprenant (A) une conpositi “m ﬁﬂwm‘““'“‘
resi ne epoxy devel opp6e sel on |' une ggupdpafgyy des revendi catﬂ ﬁ“

(B)-une quantite efficace d' un agent durcisseur appropri6 pour*latlite " 5 *
conposition de resine 6poxy ddvel oppde. 6. Fornul ation de revetenent a base
de poudre thernodurcissable selon |a revendication 5, dans |laquelle ledit
agent durcisseur est |e dicyandiamide. 25 7. Fornul aticon de revQtenent A
base de poudre thernodurci ssable solon |a revendicati @ 6, dans |aquelle
est present un accel 6rateur pour |'agent durcisseur. 8. Formulation de
revetenerft a base de poudre thernodurcissable selon |a revendication 7,
dans | aquelle 30  |'accelerateur est le 2-nbthylim dazole. 9. Produit
obtenu par durcissement d'une conposition de resine 6poxy d~vel oppde sel on
| " une- quel con- quo des revendlcations 1 a 4 et d une guantite durcissante
d*au noins un agent durcisseur pour la r4sine 6poxyegdvel opp~e. 35 10.
Produit &btenu par durcissenent de la fornulation sol gn¥' une quel conque
des revendications 5 A 8. Revendicatlons pour |es Etatd contractants .

sul vants: AT, ES 40 1. Procede dewpreparation d' une &onposition de r6sine
epoxy contenant une resine 6poxy dgvel opp6e, qui conpgend: (1) la _

pol ynerl gation, on presence d' uns quantite catalé}gqﬁg\d§un cat al yseur de
pol yneri sation appropri 6, de (A) le produit de | ;FG,a:c:' on de 45

(1) un ether diglycidylique d un ph6nol dihydroxyke¢ une nmasse par

equi val ent epoxyde de 111 a 350, avec (2) un conmposé_CoAt enant un groupe
reagi ssant avec un groups epoxyde et un groupe ethyl enizquenment insature
polym-ri sabl e, en une proportion de 0,001 a 0,05 eqﬁizalent par equi val ent
epoxyde contenu dans ie conposant (A-.J), avec so >~ (B) une charge de
nmononere contenant (1) au fnoins un Eonomnere aronggiqég_vinylique, en une
proﬁb?tion de 31 a 60 % en poids dmjx&éb total des~gLoqposants (A), (B) et

(O, (2) un conpose contenant un groﬁpe reagi ssant n groups epoxyde
et un gré&ups ethyl eni quenent insatur& pol ym-risabl e, s une proportion de
0,001 a 0,05 equival ent par 55 S equi val ent egpoxyde contenu dans

| e conposant (A-1), et eventuellenenf (3) un acrylate 'Qu nbt hacryl ate

d"hydroxyal kyl e ou un acryl ate ouznetiNa€ryl ate d' al kyl#, en une proportion

de zero a 15 % en poids, par ra df)'poids total=g§§-§onposants (B-1) et
1

e
.
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dans lesquelles A est un groupe hydrocarboné divalent comportant de 1 &2 10 atomes de carbons,
55 -0-, -8-, -8-5-,
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(B-3):, et 45 EP 0 220 637 BL 111111211 11111111111
1111 (I'1) le dével oppenent, en pré6sence d'une quantité cat aIeM

cat al yseur de devel oppenent apprgppisSg g&h'gp’ 0dui t pol ymeris u”m””"l
(© un ph~nol dihydroxyl 6, en une proportlon de 0,125 A 0, 80 Lﬁvétl ent s

hydr oxyl e par equi val ent 6poxyde contenu dans |le corrposant (A— 1) 5 2
Proc6d6 sael on | a revendi catiog 1, dang | equel dl | e conposant (A- 2) est
prdsent en une proportion qui Fournit de 0, 005 0, 025 equi val ent par

equi val ent 6poxyde; (ii) le ceSposant-3B-1) esC -presgnt en _une proportion
qui foumit de 35 a 45 % en poids par gapport 10 au poids total des
composants (A), (B) et (C; (iii) le conposant (B-2) est present en une
proportion qui foumt de 0,005 a 0,025 equival ent par 6quival ent epoxyde
cont enu danshigye %deméﬁsetﬂindémn@)nmen@tthwgﬁye,Il%bfemrrh)@féﬂfﬂ og B grpunedyd yent en -
une propor t i urhyeracarifyisuy. ravant de 112 A0 Stopeede sarbans. ¢he ﬂuer%mﬂ(ﬁs?"t%llﬁdﬁmﬁ‘ megt al
des conposarihyirgganelqu ustorqupn methyle, état"ﬁva'e“"dez?"?/ﬁsleé"dﬂ‘rf%%ﬂhl (O est
preseit en ufide amepert (-4 |a°'f'?)%H'Wﬂ‘te Ydagidepathagvlipuep equi val ent droxyl e
par equi val it 'eégmﬂ’é“@b‘hﬁﬁrﬁ'ﬂ COMPASS P U HRIANGE SR COTRRSSE) rep'gse"% B’tfx Bon 1 a
revendi cat f dhsWaBans | equel (i) | e conposant (1-A-1) est un conpose ou un
nel ange de conposes, represente(s) par |les formules 20 1 ou 1l '
Sui va1r51t es 25 30 S5 40_ 45 50 55 46

—-F
To—2
(111)
" 2 . y
U dans laquelle R est I'hydrogéne ou un groupe méthyle et chaque X représents mdépendamment
I'hydrog@ne, le broms, te chlore ou un groupe hydrocarbyle ou hydrocarbyloxy ayant 1 4 10 atomes
de carbone ;
25 {iv) le composant (I-B-2) est l'acide acrylique ou I'acide méthacrylique ;
(v) le composant (I-B-3), s'il est présent, est un composé ou un mélange de composés, représenté-
(s) par la formule IV suivante
30 2=
1 -
Qs ~I2CE, (IV)
85 dans laquelle Q est un groupe hydrocarbyle monovalent ayant de 1 & 25 atomes de carbone ou un

groupe hydroxyalkyle ayant de 2 & 25 atomes de carbone, qui peut 8tre ramifié, cyclique ou
polycyclique, et R est un atome d'hydrogéne ou un groupe méthyle; et
\_ (vi) le composant (Il-C) est un compos$ ou un mélange de composés, représenté(s) par les formules
- V et VI suivantes

40
2.
. .
T —z (V)
=/
45
50 P .
(Lds {(Iis
‘-“."ﬁ sy ﬁl U, .
T T (VD)

&5

dans lesquelles A est un groupe hydrocarboné divalent ayant de 1 4 10 atomes de carbone, ~O-, -S-
] -s.s-l



EP 0:220 63761 -Bi : ' s.mwumm

¥ 1

o oomomere (Mg

| X30 X QO 0mmmm _~mmmm

30~~~ c 35 40 45~~ 0 -cc~ 60
A~~~ -N = dans

| esquel | es A est un groupe hydro ar bons (S)val ent corrportant de 1 a 10
atones de carbone, 47 EP 0 220637 BrS -C-. | I!1lcl
11 2112121211 11 111 o ' 0 (} 0 -C 0 chaque X represente

independ%nnent | ' hydr ogbne, | e brone, Ie chlore ou un groupe hydrocarbyle

ou hydrocar byl 0 at rbon sente
i ndependanment %ﬁ@y§¥%%§"qe '"&épend%mm ne ':"Pffautz mrgd ‘i"e?“(‘}'p& "é"?’bﬁ"’
vaut zero ou 1; e conposant A Q) ide acrylique ou

|.' aci de e k.h WLé!tﬂH e résine Spoxy développée selon la revendication 3, dans laquelle
() le composant (I-A-1) est un éther diglycidylique de bisphénol A ;
(i} le composant (I-A-B) est I'acide méthacrylique ;
(ili) le composant {I-B-1) est le styréne ;
{iv) le composant (I-B-2) est I'acide méthacrylique ;
15 (v) le composant (I-B-3), s'il est présent, est I'acrylate d'hydroxypropyle ou le méthacrylate de
lauryle ou un mélange des deux; ot
{vi) le composant (II-C) est le bisphénol A.

5. Formulation de revétement & base de poudre thermodurcissable comprenant (A) une composition de

Ny 20 résine époxy développée selon ['une quelconque des revendications 1 & 4 et (B)-une quantité efficace
d'un agent durcissour approprié pour ladite composition de résine époxy développée
g 6. Formulation de revétement & base de poudre thermodurcissable selon la revendication 5, dans laquelle
ledit agent durcisseur est le dicyandiamide.
25

7. Formulation de revBtement & base de poudre thermodurcissable selon la revendication 6, dans laquelle
est présent un accélérateur pour I'agent durcisseur.

8. Formulation de revétement & base de poudre thermodurcissable selon Ia revendication 7, dans laquelle

30 I'accélérateur est le 2-méthylimidazole.

9. Produit obtenu par durcissement d'une composition de résine époxy développée selon I'une quelcon-
que des revendications 1 2 4 et d'une quantité durcissante d'au moins un agent durcisseur pour fa
résine époxy développés.

35

10. Produit obtenu par durcissement de la formulation selon I'une quelconque des revendications 5 2 8.

¢ Revendications pour les Etats contractants suivants: AT, ES

40 1. Procédé de préparation d'une composition de résine époxy contenant une résine époxy développée,
qui comprend :
{l) la polymérisation, en présence d'une quantlté catalytique d'un catalyseur de polymérisation
. approprié, de
{A) lo produit de la réaction de
45 (1) un éther dlglycrdyllque d‘un phénol chhydroxyle ayant une masse par équivalent époxyde
de 111 & 350, avec
(2) un composé contenant un groupe réagissant avec un groupe époxyde et un groupe
éthyléniquement insaturé polymérisable, en une proportion de 0,001 & 0,05 équivalent par
équivalent époxyde contenu dans le composant (A-1), avec
50 (B) une charge de monomére contenant
(1) au moins un monomére aromatique vinylique, en une proportion de 31 & 60 % en poids du
poids total des composants (A), (B) et (C),
(2) un composé contenant un groupe réagissant avec un groupe epoxyde et un groupe
éthyléniquement insaturé polymérisable, en une proportion de 0,001 & 0,05 équivalent par
5§65 équivalent époxyde contenu dans le composant (A-1), et éventuellement
(3) un acrylate ou méthacrylate d'hydroxyalkyle ou un acrylate ou méthacrylate d'alkyle, en
une proportion de zéro & 15 % en poids, par rapport au poids total des composants (B-1) et
(B-3), et



(iii) le composant (k-B-1) est un corrposG ou un rrel ange de conposes,

reprnsente(s) par la fornule Il suivante 15 Lulmlm m
cdans laquelle R est I’ hydrogeneéwé%#g%pe met hyI e et ch l"l l
represente i ndependanment 1|' hydrogene,

Ilﬂill

rome, le chlore od uh g'|=ou"|oes *

hydr ocar byl e ou hydrocar byl oxy ayant 1 a 10 atones de carbone; 25 _

(1v) |e conpusandévéibppBmant, @SprédenddCd'she qaeitigl tafili@qualdn edlyd6ur iRt d3adidppérdatie;

- (v) e conposgmpruprid, bdu Prodiit, polyménsé @btbnupsvesent , est un conpose ou un nel ange de
conposes, I e @s@hdnel difySjoxylen luse propantioh ele [0M 25 &ioearsqavabnt hydigxids Par@glitrdient | V)

35

danépokysg gedieny da)sde comppsagr(dipe hydr ocar byl e nonoval ent ayant de 1

25 at8mes de carbone ou un groupe hydroxyal kyl e ayant de 2 a 25 atomes de
car bape, 2 qfrocréselop larevendiggliani 1gdang fpgiel que ou pol ycyclique, et R est un atone
d' hydr ogbne Bue GH’" # 2’rﬁ§! RippaBt o ting( HrPROrios auicAYTIL 8 P.095 b OORS Equivalgnt par

conpose ou upuiR e oses represent e(s) par les formules V et VI
sul vant es 40(" ’Soé gLLB'U o oportion qui fournit de 35)ndp Yy9p-paids W)EFPW“
nts “\’r (2

(V1) B5 dans(" %’édab

10 at omes de

G 5

%p%sg n un gropélrhonoq%g tt.ljr(r)ﬁ?ge gogsaL 08'55 g valent par

Eé"r? san ) es
équnval gdxyde contenu dans le composant (A-1) ; et res e

.| ndependamregfﬂ(;: ;ﬁgg}miﬂ;ﬁ rése e"_une prf"%t’ oﬁlqg'rf%um't% c%:g %’Lﬁ?edr ﬁ% ?p88 ?‘byl e

15

30.
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(v) e composant {C) est présent en une proportion qui fournit de 0,375 & 0,50 équivalent hydroxyle
par équivalent époxyde contenu dans le composant (A-1).

3. Procédé selon la revendication 2, dans lequet

(i) le composant (I-A-1} est un composé ou un mélange de composés, represente(s) par les formules
| ou Il suivantes

R}



ou hydrocarbyl oxy ayant de 1 a 10 atones de carbone, et n vaut.zro ou 1. 1
4. Proced6 selon |a revendication 3, dans lequel (i) le co ‘ W“En“ﬁ)
est un 6ther diglycidylique de bismrepetods7gii) le conposmm“\ i
| *aci de nmethacrylique; (iii) le conposant (I-B-1) est le styrefe;*(iv) le
conposant (1-B-2) est |'acide nethacrylique; 75 (V) le conposant
(I-B-3), s'"il est present, est |'acrylate d' hydroxypropyle ou le
met hacryl ate de lauryle ou un nel ange des deux ; et €£vi) |e conposant
(11-C) est le bisphenol A 5. Proced6 de preparationcd une formulation de
revetenent a base de poudre thernodurcissable, /-' 20 conpr enant
| ' addi tin de (A) une conposition de resine epoxy d6ével oppee prepai 6e sel on
| e proc6de de |'une quel conque des revendicatlons 1 a 4 a (B) une quantite
efficace d' un agent durcisseur approprie pour |adite,conposition de r6sine
epoxy devel opp6e. 6. Proc~dd selon |la revendicariCNIEL dans | equel ledit
agent dq{cisseur est |e dicyandiam de. 25 7. Procedgi selon | a revendication
6, dans lequel est present un accel erateur pour |'agéﬁr durci sseur. &
Procede selon |la revendication 7, dans | equel Iacce@@rareur est le
2-nmethylimidazole. so 9. Procede~de preparation d' upe resine durcie par
durci ssenent d' une conposition d& resi ne 6poxy devel@ppee telle que
preparegs selon | e procede de |'une quel conque deg reyagdi cations 1 a 4,
avec une quantite durcissante d' au noins un age é%::s sseur pour la r6sine
9

epoxy devel oppee. 10. Procedd de preparation d' ur{ptodhit de rev~tenent
durci par durcissenent de |la fornulation pr6paree § selon | e procede
de |'une quel conque des revendications 5 a 8. PatentansprUche _
Pat-ént aespr Uche fM fol gende Vertragsstaaten: BE, C& DE, FR; GB, IT,-GR

U NL, SE 40 1. Weiterentw ckelte EpoxyharzzusamengSetzung, enthaltend das
Prodykt, erhalten aus (1) Polynertﬁieren in Geg ei ner katal ytischen
Menge ei nes geel gneten Pol yner| s&bogkat al y- saf n (A) das
Reakt i onsprodukt von (1) einem Diglycidyl ether eln iwertigen Phenols
mt ei n&m Epoxi dti qui val ent gewl cht don 45 7111-350 mt (2) einer
Ver bi ndung, die eine mt einer Epo&gdgruppe unsetzba?e G uppe und ei ne

pol ymeri - sierbare ethylenisch u RgLtigto Guppe enthalt, in einer Menge
von 0,001 bis 0,05 Aquiva- |eny& ;QQEpoxidaquivaléth das in
Bestandfeilen (A-1) enthalten i \\ (B) el ner MponbuBr zufuhr, enthaltend
50 (1) mindestens el n Nbnaw-nyl i denaromati sches Mononer in einer
Menge von 31-60 Gew. - % des 5

35

® ?
_."v
S ez »
C/'l - o/\-l“ b
50 =Y, o,
dans lesquelles A est un groupe hydrocarboné divalent comportant de 1 2 10 atomes de carbone,
65 ~Q-~, 8-, -8-8-,

47



Cesant gewi cht es der Bestandtelle (A), (B) und (CO, (2) elne Verbindung, die
eine mt elner Epoxidgruppe unsetzbare G uppe und sine pol ymf"m,mﬂ
et hyl eni sch ungesattigte G uppe %ptd@otasg%ei ner Menge von 0} “ mm'"

Aqul val ent pro Epoxi daquival ent, das 1n
und gegebenenfalls 55

estandteil (A-1) entfal fentist, s
(3) ein Hydroxyal kyl acryl at oder -Methacryl at

oder ein Alkylacrylat oder -Mthacryl in el n§ Menge von 0-15 Gew. - %

bezogen auf Gesantgew cht der Bestandt®&l le (B-

und (B-3), und (I1)

Vel t er ent wi ckel n des erhal t eneb-pol ymfiH,si ert e@-Prodykt es in Gegenwart

ei ner katal yti schen Menge ei nes geei gngten Wi terentw ckl ungskatal ysators -
mt 4%
Hydr Qxyl qui val ent en pro Epoxi daqui val ente, die in Bestandteil (A-1)
ent hal t en si ¢hdqueX rep@santsrindépenderirednt EhyEiogios He bromesie hieraetun gregpetydiocalimdpr uch  «

1,

.5

(C einem zweiwertigen Phenol in einer Menge von 0,125 bis 0, 80

| dagiubvsrecyarepinsyentcdentd 10 fipmeg idp cabansanlpaed R reptéspite iindépendammeltbnge

vor handen i sthydregéee gup groupe méfhyle, ry vaybedp 2 A & el nevattezéigron 1Epoxi ddqui val ent
ergi bf? (ii)@Heserapeeankiiy+-2) est Hacidp gerdiaproqu Nepidpyaétireriadeden ist, die 35 bis 45

CGew. - %
(C) ergibt,

bez o%réh? comrposentd'=Hi) pat uniggmposs ou upmEiRRge fecompnsts, FRRMEETSES) par)la fomle g
P¥'Y4M"®Best andtei| (B-2) in elner Menge vorhanden ist, die von

0, 005 bis. 0,025 Aqui val ente pro Epoxidaquivalent, das In Bestandteil (A-1)
enthalten let, ergibt ugd (v) Bestandteil (B-3) in einer Menge vorhanden

i st, e von 1-5 Gew. - %
und (B-3), ergibt und 1
vor handen ist, die vo
Epoxddaqui val ent, das

_Bﬁzogen auf Cesantge- wicht der Bestandteile (B-1)
Teet2 (v) Bestandteile (C) in einer Menge

75 bi.§s 0,50 Hydroxyl qui val ent
est ggéfei | (A-1) enthalten i sﬁ,:ﬁerr))gi bt. 3

Weitegent wi ckel t e EpoxyWar zzusanmenset zung nach Anspruch 2, - dadurch
gekennzel chnet, 20 daB (i) Bestandteil (1-A-1) elne Verbindung oder

M schung Vvondave lielél \Ngse MhydEand a5k inQraiBe dithylb Ot @Rqle K!rdprde@s iddpbhddniten?S> 30

96

25

a5

50

55

I'hydrogéne, le brome, le chlore ou un groupe hydrocarbyle ou hydrocarbyloxy ayant 1 & 10 atomes
de carbone ;

{iv) ls composant (I-B-2) est I'acide acrylique ou I'acide méthacrylique ;

(v) le composant (I-B-3), s'il est présent, est un composé ou un mélange de composés, représenté-
{s) par la formule 1V suivante

OR
Q-O—E "C=C32
(IV)

dans laqueile Q est un groupe hydrocarbyle monovalent ayant de 1 & 25 atomes de carbone ou un
groupe hydroxyalkyle ayant de 2 & 25 atomes de carbone, qui peut &re ramifié, cycliquse ou
polycyciique, et R est un atome d'hydrogéne ou un groupe méthyle ; et

(v) le composant (II-C) est un composé ou un mélange de compossés, représenté(s) par les formules
V et VI suivantes '

(X)4 o
EO OH V)

(X).; a (X)q
HO- \/ (A)n \/ QH (VI)

dans lesquelles A est un groupe hydrocarboné divalent ayant de 1 & 10 atomes de carbone, -O-, -S-
, -S-8-, :

I



40 45 50° 55 50 L 1111111 111111 11111. lllél 11111! EPO220 63781
e, comare VIR A

N U - 0 N \ &~~~ 1= -U -0

(. - U eS 49 45 -
Ov O 48 0 ri N

~~~~N -c1 50 in denen A el ne zwetdmrti geIohl enwe€ser st of f grupPe nit 1-10

Kohl enstsoffatorren, -0-, -s-, -s-s-, 55 5]p

chaque X représents indépendamment I'hydrogéne, le broms, le chiore, ou un groupe hydrocarbyle
ou hydrocarbyloxy ayant de 1 & 10 afomnes de carbone, et n vaut zéro ou 1.

v 10 4. Procédé selon la revendication 3, dans lequel
(i) 1o composant {I-A-1) est un éther diglycidylique de bisphénol A
(i} le composant {I-A-B) est I'acide méthacrylique ;

v (iii) le composant (I-B-1) est le styréne ;
{iv) le composant {I-B-2) est I'acide méthacrylique ; .
15 (v) le composant (I-B-3), s'il est présent, est 'acrylate d'hydroxypropyle ou le méthacrylate de

lauryle ou un mélange des deux ; et
{vi) le composant (lI-C) est le bisphénol A.

8. Procédé de préparation d'une formulation de revétement 3 base de poudre thermodurcissable,
A 20 comprenant ['addition de (A) une composition de résine époxy développée prépasée selon le procédé
de I'une quelconque des revendications 1 & 4 & (B) une quantité efficace d'un agent durcisseur.

approprié pour ladite composition de résine époxy développée.
6. Procédé selon la revendication 5, dans quﬁel ledit agent durcisssur est le dicyandiamide.
7. Procédé selon la revendication 6, dans lequel esi- présent un accélérateur pour I'agent durcisseur.
8. Procédé selon la revendication 7, dans lequsl I'accélérateur est le 2-méthylimidazole.

30 9. Procédé de préparation d'une résine durcie par durcissement d'une composition de résine époxy
développée telle que préparée selon le procédé de Pune quelconque des revendications 1 & 4, avec
une quantiié durcissante d'au moins un agent durcisseur pour la résine époxy développée.

10. Procédé de préparation d'un prodult de revétement durci par durcissement de la formulation préparée
36 selon le procédé de 'une quelconque des revendications 5 & 8.

Patentanspriiche
] Patentansprliche fiir folgende Vertragsstaaten : BE CH, DE, FR, GB, IT, GR, LI, NL, SE

40 1. Woeiterentwickelte Epoxyharzzusammensstzung, enthaltend das Produkt, erhalten aus
() Polymerisieren in Gegenwart einer katalytischen Menge eines geeigneten Polymerisationskataly-
sators von
(A) das Reaktionsprodukt von
(1) einem Diglycidylether eines zweiwertigen Phenols mit sinem Epoxiddquivalentgewicht von
45 111-350 mit
(2} siner Verbindung, die eine mit einer Epoxidgruppe umsetzbare Gruppe und eine polymeri-
sierbare ethylenisch ungesittigte Gruppe enthilt, in einer Menge von 0,001 bis 0,05 Aquiva-
lenten pro Epoxidiquivalent, das in Bestandteilen (A-1) enthalten ist, mit
{B) einer Monomerzufuhr, enthaltend
50 (1) mindestens ein Monovinylidenaromatisches Monomer in einer Menge von 31-60 Gew.-% des
Gesamtgewichtes der Bestandteile (A) , (B) und (C),
{2) eine Verbindung, die eine mit einer Epoxidgruppe umsetzbare Gruppe und eine polymerisier-
bare ethylenisch ungeséttigte Gruppe enthilt in einer Menge von 0,001 bis 0,05 Aquivalent pro
Epoxidéquivalent, das in Bestandteil (A-1) enthalten ist, und gegebenenfalls
56 {3) ein Hydroxyalkylacrylat oder -Methacrylat oder ein Alkylacrylat oder -Methacrylat in einer
Menge von 0-15 Gew.-%, bezogen auf Giesamigewicht der Bestandteile (B-1) und (B-3), und
(1) Welterentwickeln des erhaltenen pdlym'erisierte.n Produktes in Gegenwart einer katalytischen
Menge eines gesigneten Weiterentwickiungskatalysators mit

49



EP 0 220 637 B . o i iip

jpe;j:-s’ X angbhaggl S Wasser st of f, 20 %gligrl oder eine Koh'l Umwuu"mlwﬂ” ,m

~oder Kohl enwasser - st of foxygr uppe m Kohl enst of f at onen i st jedeés R*
i st unabhangi g Wasserstoff odor el ne Methylgruppe, m hat einen Wsrt von 0-5
und n hat ei nendéfdomVANBinarigétePhodol inléiner Menge Yohi0)12Beit0:0CHyeiokyzGlivalenih pro
Acryl saure oder Eb&&daéWatéhtsaw.aBbaandtei((mo)smraaetmdt eil (1-B-1) eine

Ver bi ndung oder ei ne M schung von Verbi ndungen i st der nachfol genden For nel
[111 t5 20 weiterentwickelte Epoxyharzelsaminsissgnash abspruoiler Met hyl i st und jades X
unabhangi g dédwestegadendzeich@tom Chl or oder el ne Kohl enwasser st of f- odor

Kohl enwasseasst of f oxygruppe mt 1-10 Kohl enst of f at onen |st%€é Best andt ei |
(1-B~2) Acr ylisBestapdigitl ¢%-2)Mot ¢inar rjenge prbanden ist, xiip von 0,00 bis t Aqviyglgntp pro
(1-B-3), wenRpoyidgiduivaled awibt/er bi ndung oder M schung von yer bi ndun i}t der
nachf ol gendeﬁ) wﬁll By g){neig%lengzgv}?mamlst die 35 bis 45 Gew.-%, ez@ %9%

(1V) #in depic Brstapgteiiaéit (B) anddGhere sserstoff

Kohl enst of f afi ﬁ‘a%Pér(B@ °’h " ‘St’ die vo f%gﬁ’ﬁn@%% f‘q"%alfgte pro
Kohl enstoffaFEﬂ’f\Q?F‘?" lent, das

8‘%96’?‘” k

und R ein V\a Pg‘ial%;{i ‘%“86%5 ?% ° F"ﬁﬁ'ﬁ’é‘ e\é'ﬁ}r%l"dL Z%%?' %ggtgszfn ei |
11-Q),. u

For e ¥ ﬂﬁ’ i B Wl ke
SO gﬁen P T ge Kohl enwasser st of f gr uppe

mt 1-10 K%Altg}g&&'gﬂ:e @E%ﬁrzzusgmmensétzung n&h%spnﬁﬁ 252

dadurch gekennzeichnet,
\/ 29 daB -
(i) Bestandteil (I-A-1) eine Verbindung oder Mischung von Verbindungen der nachfolgenden Formein
(1) oder (11} ist

25
30
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EP 0 220 -637 Bi | |||||||||||||||ﬂ"

|(5 ith, jseges X |gt Qnabﬁa:llgl g V\aistsgp%tzzgfem Biom Chlor oders lmwlm.m'u""'lsml!ll

Kohl enwasser st of f gruppe oder Kohl enwasser st of f oxygruppe mt 1-10

Kohl enst of f at onen und n oenen Wert von O oder 1 hat. 10 4.

Vi terentw ckel to Epoxyharzzusammenset zung nach Anspruch 3, dadurch
gekennzel chnet, daO (i) Bestandteil (l1-A-1) ein Diglyci dyl ether von

Bi sphenol A i st, (ii) Bestandteil (I-A-B) Methacryl saure ist, 7S

(iii) Bestandteil (1-B-1) Styrol ist, (iv) Bestandteil (I-B—2)

Met hacrygl eiure ist,  (v) Bestandteil (1-B-3) , wenn vorhanden,

Hydr oxypr opyl acryl at oder Lauryl nethacryl at oder eine M schung dersel ben

i st ~dnd (vi) Bestandteil (I1-C) Bisphenol Aist. ,20 5. Wrnehdrtbare _
Pul ver beschi cht ungszusamenset zung, enthaltend (A) ezne weiterentw ckelte
Epox- yharzzusanmenset zung nach j edem der Anspr Uch;(‘i bis 4 und (B) eine
Wi rksane® Menge ei nes geeigneten Hartemttels fU di eTVfi terentwi ckel te
Epoxyhar zzusammenset zung. 25 6. Warnehartbare =

. Pul verbeschi cht ungszusamenset zung nach Anspruch 5, ‘q]adurch gekennzel chnet ,
“daB das H-rtemittel Dicyandiam daet. 7. WArneh-~rtbaPe

Pul ver beschi chtungszusam'rensetzung nach Anspruiyjﬁﬂ\i dadurch
gekennzéf chnet, daB ein Beschl euniger fU das HAe ttel vorhanden ist.
& \Warnehar t bare Pul ver beschi cht ungszusammenset zu Anspruch 7. dadurch
gekennzel chnet, 36 daB der Beschl euni ger 2- Met i dazol ist. 9.

Pr odukt, erhal ten durch Harten einer weiterentw ckel ttan
EQ())(yharzgzusam‘rensetzung nach jedemder Ansprtche 1 s 4 und einer

hart enden Menge m ndestens el nes Hartungsm ttels freras wei terentw k-

: -
: : o —
N4 /l <
o - '<E® )
]
26 = i
1 ?
e K
I o .
> -0 -0
30 = : ]
/ —N
3]
1
. o
35 ‘? - Phy
m-{')-a 5
-
]
~ &
40

45

_ (X)a
ac-o@——m)

o
t
v
- =
0 & -z
et 0(5.
50 =~ N
N ——

in denen A eine zweiwertige Kohlenwasserstofigruppe mit 1-10 Kohlenstoffatomen, -o-, -8-, -§-8-,
s5

51



keite- Epox§/harz. 40 10. Produkt, erhalten durch Harter der m

nach j edem der Anspriche 5 bis 8. Patentansprache fU folge '
Vertragsstaaten : ET, ES 45 1. Yerd sargdp ggum Herstel len ei qmm””,g‘u”ﬂ”””m
Epoxyhar zzusammenset zung, enthaltend ein welterentw ckel tes BEpox- s NI
durch (1) Polynerisieren in Gegenwart einer katalytischen Menge el nes
geei gneten Pol yneri sati onskatal y- sators gyon (OA) das Reakti onsprodukt von
SO (1) einem Digl yci dyl etjner gy nes gwei wertigen Phenols mt
ei nem Epoxi daqui val ent gewi cht von 148I=35(+d t=g-2) ei ner Verbinclung, die
eine mt einer Epoxidgruppe unsetzbare Gr('ijpe und ei ne polyneri- slerbare
et hyl &ni sch ungesfttigte G uppe enthilt, I1n elner Menge von 0,001 bis 0.05
Aqul va- | enten pro Epoxi daqui val ent, das in Bestandteilen (A-1) enthalten
ist, mit 55 ISk iedes X unabldingigWassorstatinBromr Shigriersr sine fohiervwessautofi-19denkahigewassats ein -
WHFEPPS Eled Igpiorstofitomag) iffe jodie fiyist yrskeagio 6\fassermioll piiefeaine
Ll
a'(}u te

Monovi nyl i de 18650 ¢
Gesant gewi ch}.esy g ogt Wﬁ" P ¥on Gz und nevat singh Wertyvon Q eder &) ne Ver bi ndung, die
ine Mt eing s iR 8 & d.ei | i -
el ne L ein 33 i ine erbmjun oder ein I%Eﬁrljw% o Ver -”E Dty it tlorn o EP 0
220 637 Bl g o 9 o {Pgpnervoq Yerbipdunpery i leenaghfeigandem sch
wungesattlgte &'uppe enthilt in einer Menge von 0,001 bis 0,05 Aquival ent
pro Epoxi daqui valent, das in Bestandteil (A-1) enthalten !st, und
gegebgnenfal I s (3) eim Hydroxyal kyl acryl at oder -Methacrylat oder ein
Al kyl acryl at oder -Methacrylat In einer Menge von 0-15 Gew. -% bezogen auf
Gesar nt gewi cht der Begtamiteile (B-1) und (B-3), und 6 (11)
Wei-t erentwi ckel n de hal t&gfn pol ynerisierten Produktes in Gegenwart
el ner katalyti- sch nge ‘e hes geei gneten Wit erentw ck{ifigskat al ysators
nit"(@) ei nem zwei werfi gen Phenol In einer Menge von 0, 125 bi.s 0, 80
Hydr oxydqui val enten pro Epoxi ddqui val ente, die i.n Bestancdteil (A-1)
enthal t en siimder B WaBsersydirddamiethyl ishoddl jédes I wnabhidgiy Waskerskl, BokEOHGLaTENRL |
daB (i) Bestkphignwassorstoli- der Kehleewasearstdflerigaippeomnih &l Kohlshabitatothes isyon 0, 005 bi s
0, 025 Aqui vavbRastangeilll-B-2) Acrylsiure oder Methacrylsdure ist,

25 (v) Bestandteil (I-B-3), wenn vorhandene Verbindung oder Mischung von Verbindungen ist der

nachfolgenden Formel IV . '

0 R
30 _ T
c-C

Q-0-C-CCH_ - (1v)

in der Q eine einwertige Kohlenwasserstoffgruppe mit 1-25 Kohienstoffatomen oder eine Hydroxyal-
35 kylgruppe mit 2-25 Kohlenstoffatomen ist, die zweigt, zyklisch oder polyzyklisch sein kann, und R
' ein Wasserstoffatom oder eine Methylgruppe ist und
: (vi) Bestandtsil (H-C), eine Verbindung oder Mischung von Verbindungen der nachfolgenden Formeln
\_/ V und VI ist

40

(X)s |
HO OH (V)
) _
(X)4 (X)4
50 HO-& ¥ —(8) = H—om (VI) 5

in denen A eine zwelwertige Kohlenwasserstoffgruppe mit 1-10 Kohlenstoffatomen, -o-, -s-, -8~§-,

‘56
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Epoxidaqulbalent ergl.bt, 76 (ii) Bestandteil (B-1) in eimer Venge

vor handen ist, die 35 bis 45 Gew. -% bezogen auf Gesantge- w ct

Bestandteile (A), (B) und (C) ergi bteEp 4220 §37Best andteil (B-2) i I iHHi" “I" “III " ||I‘
Menge vor handen |st, die von 0,005 bis 0,025 AQU|vaIente pro WL M s ow
Epoxi daqui val ent, das in Bestandteil (A-1) enthalten ist, ergibt und (iv)
Bestandtei|l (B-3) in einer Menge vorhangden igst, die von 1-5 Gew.-% bezogen

auf Cesant ge- 20 wi cht der Bestanﬁteil (B-%) und (B-3), ergibt und

(v) Bestandteile (C) in einer Menge vorsapdes~|s&¢¢c~-die von 0,375 bis 0,50

Hydroxyagui val ente pro Epoxi daquivai ent, daspin Bestandteil (A-i) ent hal t en
Ist, ergibt. 3. Verfahren nach Anspruch 2, 2% dadur oh gekennzei chnet,

daO (1) Bestandfgei. I A ne rbi nglt noder. M schu von Verbirndungep
Gor bt ool L R e i Mt S Mg 5

920 637 B ,orr‘en und n sinen ertlvon
- N _ 10 4. Weiterentwickelie EpoxyharzzusammenlsetZuﬁg nach Anspruch 3, . 0 188
20 dadurch gekennzeichnet,
c dag S~ 25
J 35V 40 (i) Bestanditeil (I-A-1) ein Diglycidylether von Bisphenol A ist!_
{ii) Bestandtsil (-A-B) Methacrylsiure ist,
B {iii) Bestandteil (I-B-1) Styrol ist,

(iv) Bestandteil (I-B-2) Msthacrylsfure ist, :

(v) Bestandteil (I-B-3) , wenn vorhanden, Hydroxypropylacrylat oder Laurylmethacrylat oder eine
Mischung dersslben ist und :

{vi) Bestandtsil (lI-C) Bispheno! A ist.

5. - Warmehdrtbare Pulverbeschichtungszusammensetzung, enthaltend (A) eine weiterentwickelte Epox-
yharzzusammensetzung nach jedem der Anspriiche 1 bis 4 und (B) eine wirksame Menge eines
geeigneten Hirtemittels flir die weiterentwickeite Epoxyharzzusammensetzung.

25 6. Wirmehdribare Pulverbeschichtungszusammensetzung nach Anspruch 5,
dadurch gekennzeichnet,
daB das Hértemittel Dicyandiamid ist.

7. Wérmehértbare Pulverbeschichtungszusammensetzung nach Anspruch 6,
30 dadurch gekennzeichnet,
das ein Beschleuniger flr das Hartungsmittel vorhanden ist.

8. Wiarmehirtbare Pulverbeschichtungszusémmensetzung nach Anspruch 7,
dadurch gekennzeichnet,
35 daB der Beschleuniger 2-Methylimidazol ist.

9. Produkt, erhalten durch Hérten einer weiterentwickelten Epoxyharzzusammensetzung nach jedem der
L Anspriiche 1 bis 4 und einer hirtenden Menge mindestens eines Hirtungsmittels fir das weiterentwik-
N~ kelte Epoxyharz.

10. Produkt, erhalten durch Hérter der Zusammensetzung nach jedem der Anspriiche 5 bis 8.
- Patentanspriiche fiir folgende Vertragsstaaten : ET, ES

45 1. Verfahren zum Herstellen einer Epoxyharzzusammensetzung, enthaltend ein weiterentwickeltes Epox-
' yharz durch
(1) Polymerisieren in Gegenwart einer katalytischen Menge eines gesigneten Polymerisationskataly-
sators von
(A) das Reaktionsprodukt von
50 (1) einem Diglycidylether eines zweiwertigen Phenols mit einem Epoxiddquivalentgewicht von
11-350 mit
(2) einer Verbindung, die eine mit einer Epoxidgruppe umsetzbare Gruppe und eine polymeri-
sierbare ethylenisch ungeséttigte Gruppe enthilt, in einer Menge von 0,001 bis 0,05 Aquiva-
lenten pro Epoxidéquivalent, das in Bestandteilen (A-1) enthalten ist, mit
55 {B) einer Monomerzufuhr, enthaltend
(1) mindestens ein Monovinylidenaromatisches Monomer in einer Menge von 31-60 Gew.-%
des Gesamtgewichtes der Bestanditeile (A) , (B) und (C), '
(2) eine Verbindung, die eine mit einer Epoxidgruppe umsetzbare Gruppe und eine polymeri-

53



0 . 0 _4N in denen A eine zweiwertige
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Kohl enwasserstaffgruppe mt 1 -1 0 Kohl onst of fat onen, -00-- )
* - EP 0 220 637 1*11lill 11111311 D554 par g 0 -5-, S“","mmﬁwm'””m '
j edes X unabhangi g Wasserstoff, Brom C?n or oder eine KohlenfvasSeristofis =«
oder Kohl enwasser- stoffoxygruppe mt 1-10 Kohl enstoffatonen ist, jedes R

i st unabhangi g \depRRretyfhibchQf§dsitidts Grubbd Shiral I LRRBEMengb NG 0,601 BR®,08XGlivaian 0- 5
und n hat ei nen piEdoxivafiviler® &8s in Bestevdteil (A-1) enthditbn istDaatgagubbntans( | - A- 2) -
Acryl saure oder (dyilhBgiakysiylatrelat dibr -MethadrylatRaed s ligdctylal bdeB-MdthatlyBEin einer

Ver bi ndung oder Meingevdvlosislasneps iBogsie s Gashmigaiontidet Bedandteila (Eif)ahg Bsjamd For nel
|1l Rs*C=CHP _( X)SWsiterentwicksln des erhaltenen polymerisierten Produkies in--Gegenwart (elnkd Batalyti2O i n
der R Wasser st ofsthepdésnge\ditieh gbeidneton Waitbrgnindnkiungdkaistibramili g Wasserstof f, Brom
Chll or oder ei ne K3iinemwrasiwatigon Bhenol ineciegr Méngd wn @i 2skis .60 Ydmxydnuiipientenrpra :
1- 10 Kohl enst of f aEpgrisAayivalents, dje\i) B@tandisih@tie prthalignsdD) Acryl saure odor

Mot hacryl saure !st, (v) Bestandteil (1-B-3), wenn vorhandene Verbi ndung

oder K s&hli@ masphBriingen i st der 25 nachf ol genden Forrmel [V 0

R QO0-C Cccidadurch gekennzeichnet, _ " (1V) 2 30 in der

Q eine ei nf& t i ge Kohl enwass,erstoff%r Kohl enst of £ at omen oder

uppe mt 1-25 { L
“6i ne. bydr oxyFl L {?qﬁgﬁn’?’?eﬁ esge RORTORR (%1 96, 8H 8103 5, 000cASEree Pro
O o ochn B e e ok S 5L Bkl SRR O
M schung vong SR RTENGES i6'ahor WeisCIoHGR et 86 VB 0% o Ms kihvlerts pro
' ' . Epoxiddquivalent, das in Bestandteil (A-1) enthalten ist, ergibt und
o (iv) Bestandteil (B-3) in einer Menge vorhanden ist, die von 1-5 Gew.-%, bezogen auf Gesamige-
" 20 wicht der Bestandteile (B-1) und (B-3), ergibt und .

(v) Bestandtsile (C) in siner Menge vorhanden ist, die von 0,375 bis 0,50 Hydroxyﬁquivalente pro
Epoxiddquivalent, das in Bestandteil {A-1) enthalten ist, ergibt.

W,
_ 3. Verfahren nach Anspruch 2,
25 dadurch gekennzeichnet,
' " daB. '
{i) Bestandtsil (I-A-1) eine Verbindung oder Mischung von Verbindungen der nachfolgenden Formeln
{1) oder (Il ist .
30
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Kohl enwasser st of f oxygruppe mt 1-10 Kohl enst of f at oneil;und n eonen Wert von
O odor 1 hat. 4. Verfahren nach Anspruch 3, s dgluroh gskennzei chnet,
daB (1) Bestancdteil (I1-A-1) ein Diglycidylether von Bisphenol Aist, (iU
Bestandteil (lI-A-B) Methacrylsdure bt, (il) Bestandteil (I-B-1) Styrol | et,
70 . (iv) Bestandteil (I-B-2) Met hacryl saure ist, (v) Bestandteil
(I-B-3), wenn vorhanden, Hydroxypropylacrylat oder Lauryl met hacryl at oder
sine M schung dersel ben ist und (vi) Bestandtell (Il :ﬁ) Bi sphenol Aist. i5
% Verfalgren zur Herstellung el ner w-rnehirtbaren g

Pul ver beschi cht ungszusammenset zung durch Hi nzuf U- gel? 1B einer

wei t erentw ckel ten Epoxyharzzusamenset zung, hergesteflt 'nach dem Verfahren
hach jedem der AnsprUche 1 bis 4 zu (B) elner w rksa&bn Menge ei nes

geel gneten H-rtemttels far die weiterentw ckelte Epm(yhar Zzusanmmenset zung.
20 6. Vesfahren nach Anspruch 5, dadur ch gekennzel daB das
Hsrtemittel Dicyandiamd ist. 7. Verfahren nach Afs 6, 25 dadur ch
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in denen A eine zweiwertige Kohlenwasserstofigruppe mit 1-10 Kohlenstoffatomen, -o0-, -s-, -s-s-,
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daB.ei n Beschl euniger far das Hgrtungsmittel vorhanden ist. 8 Verfahren

nach Anspruch 7, dadurch gekennzel chnet, 30 daR der Bes,ﬂ"ﬂm
2-Met hyl i m dazol ist. 9. Vsrfahregtphghsg sysfell en eines geh "mﬂﬂl
em

el ner weiterentw ckelten Epoxyharzzusanmenset- zung, hergestéll € nbache
Verfahren nach jedem der Ansprache 1 bis 4 mt einer hArtenden Menge

m ndestens el nes Hdrtungsmttels f O, das I terentw ckel te Epoxyharz. 35
10. Verfahren zum Herstellen eines hart%? (“ij

H~rten ei ner
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eschi cht ungspr odukt es durch

Zusanmenset - zung, horgesf ets4, nach dem Verfahren nach jedem
der AnsprUche 5 bis 8. 40 45 .s0 S6 57 8
5

ist, jedes X unabhingig Wasserstoff, Brom, Chlor oder eine Kohlenwasserstoff- oder Kohlenwasser-
stoffoxygruppe mit 1-10 Kohlenstoffatomen ist, jedes R ist unabhéingig Wasserstoff oder eine
Methylgruppe, m hat einen Wert von 0-5 und n hat einen Wert von 0 oder 1,

{if) Bestandteil (I-A-2) Acrylstiure oder Methacrylsure ist.

(i) Bestandteil (I-B-1) sine Verbindung oder eine Mischung von Verbindungen ist der nachfoigenden
Formel il

R
1
C=CHZ

(X)s : | (111)

in der R Wasserstoff oder Methy! ist und jedes X unabhéingig Wasserstoff, Brom, Chior oder eine
Kohlenwasserstoff- oder Kohlenwasserstoffoxygruppe mit 1-10 Kohlenstoffatornen ist,

{(iv) Bestandteil (I-B-2) Acrylsdure oder Methacrylsdure ist,

{v) Bestandteil (I-B-3), wenn vorhandene Verbindung oder Mischung von Verbindungen ist der
nachfolgenden Formel IV

0 R
1

Q-o-g-ccn2 | (1v)

in der Q eine einwertige Kohlenwasserstoifgruppe mit 1-25 Kohlenstoffatomen oder eine Hydroxyal-
kylgruppe mit 2-25 Kohlenstoffatomen ist, die zweigt, zyklisch oder polyzyklisch sein kann, und R
ein Wasserstoffatom oder eine Methylgruppe ist und

{vi) Bestandteil (lI-C), eine Verbindung oder Mischung von Verbindungen der nachfolgenden Formein
V und V1 ist

(X)4
HO OH (V)

(X} {X)q

HO- (A)z OH | (V1)

in denen A eine zweiwertige Kohlenwasserstoffgruppe mit 1-10 Kohlenstoffatomen, -o-, -s-, ~s-s-,

-s-, -s-’ - o-
0
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EP 0 220 637 B1

ist, jedes X ist unabh#ngig Wasserstoff, Brom, Chior oder eine Kohlenwasserstoffgruppe oder
Kohlenwasserstoffoxygruppe mit 1-10 Kohlenstoffatomen und n einen Wert von 0 oder 1 hat.

- Verfahren nach Anspruch 3,

dadurch gekennzeichnet,
daB _
{i) Bestandtell (I-A-1) ein Diglycidylether von Bisphenol A ist,
(if) Bostandteil (I-A-B) Methacrylsure ist,
(ili) Bestandtsil (I-B-1) Styrof ist,
{iv) Bestandteil (I-B-2) Methacrylséure ist,
(v) Bestandteil (I-B-3), wenn vorhanden, Hydroxypropylacrylat oder Laurylmethacrylat oder eine
Mischung derselben ist und
- (vi) Bestandtell (Il-C) Bisphenol A ist.

Verfahren zur Herstellung einer wéirmehértbaren Pulverbeschichtungszusammensetzung durch Hinzufl-
gen (A) einer weiterentwickelten Epoxyharzzusammensetzung, hergestellt nach dem Verfahren nach
jedem der Anspriiche 1 bis 4 zu (B) einer wirksamen Menge sines geeigneten Hirtemittels flir die
weiterentwickelte Epoxyharzzusammensetzung.

Verfahren nach Anspruch 5,
dadurch gekennzeichnet,
daf das Hirtemittel Dicyandiamid ist.

Verfahren nach Anspruch 6,
dadurch gekennzeichnet,
daB ein Beschleuniger fiir das Hartungsmittel vorhanden ist.

Verfahren nach Anspruch 7,
dadurch gekennzeichnet,
daB der Beschieuniger 2-Methylimidazol ist.

Vertahren zum Herstellen eines gehérteten Harten einer weiterentwickelten Epoxyharzzusammenset-
zung, hergestellt nach dem Verfahren nach jedem der Anspriiche 1 bis 4 mit einer hirtenden Menge
mindestens eines Hartungsmittels flir das weiterentwickelts Epoxyharz.

Verfahren zum Herstellen eines gehérteten Beschichtungsproduktes durch Hérten einer Zusammenset-
zung, hergestellt nach dem Vetfahren nach jedem der Ansprliche 5 bis 8.
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