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EPOXY RESI N COVPOSI TI ON The invention relates to new _epoxy

resin conpositions, especially anbient-cure, weatherable

coating conpositions and a new curing agent. It is known that
cycl oal i phatic oXy resins can be 5 cured to a hard coatlng whi ch
exhi bits suf¥Q *%B“ weat herability. The superior weat REVEMSOIME of
the cured . products nakes such epoxy resins potentially useful in
civil engineering applications such as industri al mai nt enance and
mari ne coatings. For such applications, 10 ~ however, properties such as
rapi d anbient cure, rapid devel opnent of hardness, high gl oss and

filmclarity are al so i RbsTNNESApOE PPEG | €S, however, are only
noderate for cycloaliphatic-based epoxy resins. Bi sphenol - based

epoxy resin conpositions exhibit good 15 physi cal properties and
anbi‘ent - cur e capalihe tinvention relatesutednew tepaxse|resdimphati ¢ am nes such

have beon - Soupoatrions,"Sebata Ly HENRE: -l BRI, "2 et 1 on

with a bi spherﬁﬂaMCFWtémﬁo n%oﬁ?‘&r‘éﬂ#-‘tﬁﬁ et . accel erat ors.
The weat herabi | i tYIKfoslWltﬂheﬁybloalipham%&@o&sﬁ% kan be

F o ng CHOeA Yo d htllcoaring whieh SXHEEE ERRPRIRY oot her abi 1y
advant ages of wsathealiidity éb@xsupeahdreu¢ath¢r§hmiit35of thenicuzed cure.
According to tgioduadindies BucHTRPSKY ! Sleifs BWEMShlly useful in
civil engineering applications such as industrial
maintenance and marine coatings. For such applications,
10 however, properties such as rapid ambient cure, rapid
development of hardness, high gloss and film clarity are
also important. These properties, however, are only
moderate for cycloaliphatic-based epoxy resins.
Bisphenol-based epoxy resin compositions exhibit good
15 physical properties and ambient-cure capability when
cured with cycloaliphatic amines such as 1,3-bis(amino-
methyl)cyclohexane and norbornane diamine which have been
modified by dilution in benzyl alcohol, partial adduction
with a bisphencl-based epoxy and/or incorporation of
20 accelerators. The weatherability of cured bisphenol
based epoxy resin compositions, however, is poor.

It would be desirable to have film-forming epoxy
resin compositions which have the weatherability
advantages of cycloaliphatic epoxies and exhibit good

25 ambient cure. '

According to the invention, a composition is provided
comprising (a) a di- or polyglycidyl ether of a cyclo-
aliphatic di- or polyol and (b) an effective amount of a
curing agent comprising a 2:1 adduct of a di- or
polyglycidyl ether of a cycloaliphatic di- or polyol and
a norbornane diamine. The combination of the
cycloaliphatic epoxy resin and the adduct curing agent
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conprising (a) a di- or polyglycidyl ether of a cyclo- al i phatic di-
or polyol and (b) an effective anount of a curing agent conprising a
2:1 adduct of a di- or ~ polyglycidyl ether of a cycloaliphatic di- or
pol yol and a norbornane di am ne. The conbi nation of the

cycl oal i phatic epoxy resin and the adduct curing agent WO

96/ 34032 WO 96/34032 PCT/ EP96/ 017 4®CT/EPI6/01746

- 2- provides a filmform ng conposition which exhibits good

weat herabi | ity and anmbient curing capability.. Preferably t he

| dyl h . h f
Qyoroal | phat | cPAPYEacEca ‘Flidl¥orlng Zobpenk el miden eppintsegeee,” °
cycl oal i phat i cweatherabbbd;oy ansd iambiemitc puring ucapabli litynd Brelfegapdivdy |

et hers thaVyigc Sy 1T Sl 1sh Ca'f %@ptso'(ﬁ‘?r@ﬂ@ PoNdss ik Qﬁqi?fr%riﬁ?i of
at | east about tmo V|§|nal rouBg cycl oal rphatic
epoxy resins cERhBE f p ¥E¢°§iﬁsi£%%ﬁp ol by hydrogenating

pol ygl yai dyl et herthefimirentiorp conippditdion inclu¢¢nwuﬂcyuiodiip@h;dbdating
hydrogenat ed bbﬁBﬂg” 54 :?”%h;ch inc&hﬁ'egahiphﬁﬁacgﬂiyg‘do dmé}zy %lt?ierghe

referred oal 1 phatic OXYy resins are
P p {%géé an average of

gl yci dati ng 2, 2apigseakurabsd <4 FPT FREPER PRI
1, 4-cycl ohexanadl heasengbou tvtvidh \drdina\laebahidefgwnﬂl.el |Such Cheni cal

rospecti vely. (EPCRPATIRTEY GHPo) Fetia Bah bE breparea, ok expmte, or o

conposil®i on opbyohrfrggenating rolyglycidyl eth??%roép%)ﬁ &3t BedyhydriRi ch

long pot life pﬁeﬁels%rtwaﬂy&ﬁaung hpalruﬂeﬁaeéaas:mﬁtﬂxm&sra@m havi ng at
| east three term ryla rylat [O4PS, her ei n

t
referred to as®% T°ahphar(3f“%t%c ngtlém%?ter SRH TS i ncl ude the

~acrylic cycloaliphatic epoxy resins are the products of
glycidating 2,2-bis(4-hydroxycyclohexyl)propane and
15 1,4-cyclohexanedimethanol, which are available from Shell

Chemical Company as EPONEX RESIN 1510 and HELOXY MODIFIER

107, respectively.(EPONEX and HELOXY are trade marks).
The invention composition optionally but preferably

(for applications in which long pot life is not critical)

20 includes an acrylate ester having at least three terminal
acrylate or methacrylate groups, herein referred to as a
(meth)acrylate ester. Such esters include the acrylic
and methacrylic acid esters of aliphatic polyhydric
alcohols such as the polyacrylates and polymethacrylates

25 of alkylene polyols, alicyclic polyols and higher polyols
such a trimethylolethane, trimethylolpropane,
pentaerythritol, dipentaerythritol, tripentaerythritol
and mixtures thereof. Such acrylate esters include, for
example, trimethylolpropane triacrylate, trimethyl-

30 olethane triacrylate, trimethylolpropane trimethécrylate,
pentaerythritol tetraacrylaté and dipentaerythritol
pentaacrylate. The preferred acrylate for use in the
invention compositions is trimethylolpropane triacrylate.

The (meth)acrylate esters are generally present in

35 the composition in an amount within the range of 5 to

40 weight percent, preferably 5 to 20 weight percent,



and nethacrylic acid esters.of aliphatic polyhydric al cohol s such
as the polyacrylates and pol ymethacryl ates 25 of _alkylene p

alicyclic polyols and hi gher polyols. such a trinethyl ol et hane,
trimet hyl ol propane, pentaerythritol, dipentaerythritol,
tripentaerythritol and m xtures thereof. Such acrylate esters

i ncl ude, foV096/34032 exanpl e, trinethylol propane triacryl atg‘,:r@qsﬂl‘-ﬁ‘ﬁyl - 30
ol ethane triacrylate, trinethylol propane trimethacrylate,
pentaerythritol tetraacrylate and di pentaer¥ytsritol pent aacryl at e.

The preferred gahyhabs (R WSfght) df"the cycl?ﬁ?éi'%(ﬁn%'%?;hg&ﬁposwﬂéiﬁs s

tri met hyl ol propane trlacrflaye. ] [ ate esters are
general |y presgke gpnerally inernoyates dpbp Fhe foBprRition 38 @ t he range

of 5to - bléhdvwightitheramily reedher aBughSatbleitd i ghiigadsigent ,

WO 96/ 34032 . /

5 baf2Emed Pradding, the acrylace £o F@Ea?éf';@ic S Shnse

are genSral |y Bhébried Ao SaMReISSWesPri 8hightly elevateds end with the

tepO?K resin. S'_dﬁ.‘ﬂparﬂt:iﬁf@ gsp%tataiﬂu 125 °F (ipmmDY:Etaﬁld&ﬂﬂirB@le_ aﬁwl ate
o the epoxy w e ireing at _roomtenperature or slightly
el evatea "ekfedfle o hradnsd o Hoiteteeb 8 b IRR GubA T 0L 2T
ef fective to ppoliymerizingrotmasxylaitend wit hout pol ymeri zi ng the
eyel oal Lphat i c_di - Tae TSN (HheRBIRIsh LATldes ME B S D) M o
The noﬂﬂornanecﬂF%ﬂ?iééﬁ?g;Quéif(ﬂﬁﬂﬁA}HEQYEﬁFX% ethexr and, 2 forxhornanen: o
by the chen caflidmimel a Tles mMoxrbornane diamine includes compounds which

can be represented by the chemical formula

' unzcnz-®-cugun2

such as 2,5-bis(aminomethyl)bicyclocheptane, 2,6-bis-
15 {(aminomethyl) bicycloheptane and mixtures thereof.

The adduct is suitably prepared by reacting an excess
of the diamine with the di- or polyglycidyl ether under
conditions suitable for forming a reaction product in
which, on average, two or more moles of amine have

20 reacted with one mole of diglycidyl ether or polyglycidyl
ether and the product has active amine hydrogens. The
reaction can be carried ocut at a temperature within the
range of 25 to 150 °C, especially 50 to 125 °C. The
reaction is suitably carried out by adding a diluent such

25 - as benzyl alcohol or an alcohol ethoxylate, heating to
about 80 °C, adding the diglycidyl ether, heating to
about 120 °C and holding until the acid value of the
product stabilizes. The reaction product is then
neutralized by addition of an aqueous base such as sodium

30 hydroxide or calcium hydroxide for removal of any
hydrochloric acid by-product (from bound chlorine in the
diglycidyl ether) and distilling out the water at reduced
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such as 2 ,5-bis (am nonet hyl ) bi cycl oheptane, 2, 6-bis- 15

(an1nonethyl)blcycloheptane_and_ﬂLxlures thereof — - The adduct is
suitably prepared by reacting an excess of the diamine with the di-
of pol ygl yci dyl ether under conditions suitable for formng a
reaction proQg é which, on average, two or nore moles of anine
have 20 2 %ﬂ”\m th one mole of diglycidyl ether or polBVEREsBA7RS

et her and the product has active am ne hydrogens. The reaction can
be ‘carried out at a tenperature within the ¢ - range of 25 to 150

[err]C, especi g deéga‘i&é% o2 8 gl e s0 - 3dPAELT Ml Sorbid

carried out by ‘a Iuent su an alcoho
et hoxyl ate, hedtheRy tere t%E&BPVBObY‘eP:??@CtacRﬁlﬁg tﬁ'é%FQP?Ei@}I it her,

heating to preﬁéﬁﬁlylzﬁz{zaea] GutnWitiol aih nexaeds loft Heandhd g8l ae of the

product stabili Jreactd p n Lk zed by
addition of an ﬁ%%asg gnggﬁs ég U,gé %%Qﬁ cﬁr Eroc%ﬁgg’cﬁéy%al cium
hydr oxi d& for | ryrefexpbly 5 t°h¥@r@Q%ﬂﬁnﬂQ¥amﬁls B¥- giodaxrt (from

bound chl ori ne palydiercidyl ethies, yCAﬁuéreé&qn)eﬁr& dEsthk! kBEcOYSn! he wat er

SET;Eggg?81746 unreacted agngQQBcanzbe removed by, fo:4example, VACUMR | o

(40 - 50 mm Hg)distiddatizeo [Ther pddudtecan derictoriveniently makpbainedered to
renove by-produgia Sﬂﬂima’&l&qyr aaa&aoew&e epoxy ﬂ@s&hebéhbﬁsiéiéheﬂnom with
an excei$ of di ehm nda.iéﬁ%& east about 4<£D SXPQ Ie of d| or
pol ygl ytYdy lﬁ‘ré'?‘éf:ﬁbf‘? was PLPIFS of the.
adduct will make up 20 to 50, preferably 30 to 35, welght
percent of the combined weight of the diluent and adduct
curing agent. The diluent preferably acts as both a
carrier of the adduct and as a mild accelerator for the
15 cure reaction.

The adduct will be present in a curing amount in the
invention composition. The adduct will generally be
present in the composition in an amount within the range
of 10 to 35 wt%, based on the weight of the composition.

20 Curing of the composition is carried out by applying the
composition as a £ilm to the substrate to be coated and,
in applications in which ambient cure is desired,
exposing the coating to ambient conditions for a time
generally within the range of 2 to 24 hours, preferably 4

25 to 12 hours.

The invention also relates to the above described 2:1
adduct of a norbornane diamine and a di- or polyglycidyl
ether of a cycloaliphatic di- or polyol, as well as to
the cured products obtained by curing the compositions

30 according to claims 1 to 8.

The invention compositions are useful as coatings,
particularly in such applications as swimming pool deck
surfaces and industrial flooring.
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pol ygl ycidyl ether. After conpletion of the reaction, unr eact ed

dianine can be removed by, for exanple, vacuum distil] ati on__The
adduct can be conveni ently naintai ned and ultimtely added to the
epoxy resin conposition in 10 the diluent in which it was prepared.
Typically, the adduct will nmake up 20 to 50, preferablv 30 ta 35,
wei ght Wo’m%’ent of the conbi ned wei ght of the dil uen?ggféﬁpﬁgﬁ ct
curing agent. The diluent preferably acts as both a carrier of the
adduct and as-a ml|d accelerator for the-1% - cure reaction.

The adduct w Went in a curing anount in the I nvention
conposi tion. e adduct w || qgenerally, be present in the
8 ] [ Vel allne

conposition i T R S Adidfe-L0C of 10 to 35 wt% based on
the wei ght of the To@@sill,i arnegR flask Gediippedd with aospagireiron is carried

coated and, Eheribconple, ERERASLE Mudbufod sdfded  Hir?bUsh BpErke °°
exposi g the @l ihepting mensde. cBfi gi ofngxhoxnanediamine wageneral |y
\‘II'Mhteh: the'EtGi gﬁiaga?.rglig%e?abkuﬁas ggﬁé&la?é% 41eigl:&{)'gfn and éﬁehggtﬁ; of a
nor bor nane di SATRERRR YETS }‘38%e§0€9 y@c.iq"gyl Chrgr tﬁ'e BERB2 of lir,
cycl oal i phati 426 -8 @& qfolkcycloaliphaticepoxy resin (RPONEXUAS30pRBSINt s
The | nvent | on oRrdiEyIc WiBeE bEIRIdAenated RN Haldug0al BERPOE 01y in
such licat iag?érptaglﬁl/i ﬁ'ﬁirﬁggﬁgognﬁ‘éc@d mfxeé]g{sj{%a:gg &f‘?gtf’ﬂﬁﬂs?gi aIy
fl ooring. the flask wiPhO6bB408At stirring at 80 °C. The flask :
PCT/ EP96/ 0174Qontents were periodically sampled for melt viscosity at
175 °F (79.4 °C). At 65 minutes after completion of the
cycloaliphatic epoxy resin feed, wmelt viscosity at 175 °F
15 {79.4 °C) was 830 cP (0.83 Pa.s). At 125 minutes, melt
viscosity was 1218 ¢P (1.218 Pa.s}. After 190 minutes,
melt viscosity was 1380 cP (1.38 Pa.s). The flask
contents were held an additicnal 90 minutes, cooled and
stoppered overnight. The next day, flask contents were
20 reheated to 80 °C and held with stirring under nitrogen.
After an additional 135 minutes at 80 °C, melt viscosity
was 1953 cP {(1.953 Pa.s). The flask contents were then

heated to
100 °C and held. After attaining 100 °C, a sample was
25 taken and measured for melt viscosity at 100 °C. A value

of 580 cP (0.58 Pa.s) was obtained. After an additional
205 minutes, a sample taken from the flask had melt
viscosity of 635 cP (0.635 Pa.s) at 100 °C. After an
additional 30 minutes, flask contents had a melt

30 viscosity at 100 °C of 637 cP (0.637 Pa.s). Flask
contents were discharged after an additional 15 minutes.
The resulting product was a semi-solid at room
temperature and had a Gardner color of less than 1, a
melt viscosity at 100 °C of 655 cP (0.655 Pa.s), and a

35 titratable nitrogen content of 10.38%.



Exanmple 1 Preparati on of Epoxy/D am ne Adduct To a 2-1,

4-neck flask equi pped with_a stirrer, _thernocaqupl e, condenser,
addi tion funnel, nitrogen sparge 5 and heating mantle, 800 g of

nor bor nane di am ne was added. The flask was purged with nitrogen
and the nts were heated to 80 [err]C. Over the pnext 2.5 hr,
496.8 g of cy%?%ﬁatlc epoxy resin (EPONEX 1510 RESI N PCI/EP96/01746
di gl yci dyl ether of hydrogenated BPA having an EEW of 10 about 218)
were fed into and nixed with the contents -ofé - the flask with
constant stirri [err]C. The fl ask contents were

per.iodically sanple

[err]C). At 65 FHHEAEA s CROKQAt | ¢ epoxy

resin feed, nelt wuaxmgtt;heateqiﬁinmbatriﬁséﬁabed il Ekatnpler n],C)4001a§ 880 cP

0.83 Pa.s g.ggmgg tESm P 8

I(Da S). AftZar A% m nu e fr@ tand P“ gcossﬁé}ﬂv#ay a\i%%&l%%?%ﬁ% 3%3%&

The flasR to %o?rtJeriJs’*ﬂﬁereméPB aﬁnaaawm hratach foedd 2@orikh and

gg OI[Oper]ecci: ovgr rngna&o &hwﬂt ngiayzagl asb 5ﬁnsm WH1D Were adaeaeggeg to |
err an irri yn ap. additiona

135 m nutes athgbe ﬁ'? %orﬁﬁt E"BEFF f"'fg m%’f’é‘%’@ @Itg"ef s 953 Pa. s).

The flask cont ehf%emeﬂffe miten a SamPlthQSedltbdrawn and] @@stedr BCoanthael d.

AftS ggsatta;tm Qgséﬁgaéze-rﬁdﬁ vaswsab; ¥es1e> The LBk @&Ezaesuagéef or melt

Vi i

obt ai ne%j. Aft er ea%t?fii :Oét?’ V8! S¥er 3%%‘%%%8&&%82 ig? ﬁ‘fa&?&n fromthe

flask had nelt 305 minyi Fcesirpleoth8fstedtéd. X3Im Rhes Gaxtdne@oHpddt] C. After

V|sc0|ty at 175[err

o 100 fert) ?:'t ﬁ% @%Spgh?aﬂasmfﬂé‘mq’cfg?‘éﬁﬁgg‘m‘e?‘é‘V' scostty
di scharged aft utes atniees. %, cooledThe reQy FEMRETAVHIRt was

a senmi-solid atand)mnoppered iosmraightic ¢ Thel mext dayyr dlaskcebatents! ess

th 1, I b 55 d
0008, P e Yl o ol sBLD Billng) o7 o

5" min), a sample tested at X on the Gardner-Holdt
scale. 20 minutes after reaching 125 °C, the flask
contents tested 1.098% for ionic chloride by potentio-
metric titration. Flask contents were cooled to 100 °C

20 and 28.5 g of 50% agqueous sodium hydroxide were added.
60 min later, a distillation receiver was installed and a
vacuum was applied to 27 inches (68.6 cm) in order to
distill out water. After 20 min, vacuum was released
with nitrogen, and the product was suction filtered to

25 remove formed salts. The resultant product had a
Brookfield viscosity at 25 °C of 740 cP (0.74 Pa.s),
percent titratable nitrogen of 6.22%, weight per gallon
of 8.85 (1.06 kg/l) and a Gardner color of less than one.
Alkalinity, as determined by titration of 0.1 normal

30 aqueous hydrochloric acid, was found to be 0.0146 meqg/g.
Example 3

Example 2 was repeated except that 13.5 g of 97%

calcium hydroxide and 135 g of deionized water were

35 substituted for 28.5 g of 50% sodium hydroxide, the
cycloaliphatic epoxy resin was fed in over 75 wmin, and
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- 6- Exanpl e 2 Preparation of Epoxy/ di am ne_Adduct in Benzyl
Al cohol Using the equi pnent described in Exanple 1, 400 g of
nor bor nane di am ne and 530 g of benzyl al cohol were added 5 to a 2-1
flask. Flask contents were heated to 80 Cwth ni trogen purgi ng.
248.4 g of DYORESM0IB10 were added to the flask over Mﬂ%

whil e nmaintaining 80-83 [err]C. After 45 mn, a sanple was

wi thdrawn and tested S on the Gar<drfer—- Hol t vi scosity scale. The

fl ask content (o] d_hel.da

[err]C for %W%%g{oldt ‘)} tcgq'f;g {n% {erg%g\fds i%z@ %Ga?'drzfgo- hgﬁ

vi scosity scal?25 mn fafkex mps wepe” cI’rel & én%ssesity scaleqgyalémal 80
m nut eshat %ﬁSof X+ ]ﬁs eYathedo afeen bothelmtiervals. Ac:.diﬁdlﬁb(z)pp[er ed] c
over ni ght e _ne cqQnien err
over “ 70 mi nut €528 % 'ﬁﬁ;ggﬁliﬁgg P“S i’gt&%"fm h% ’Ef‘?%n&%% g%a

tested &t X orsamplecwenecobbigined at thesecintervalar nfhes r@ﬂvéﬁ:ulgachl ng
125 [te_rr] C tfpxédw had a v:.s%@:ﬁt ReptFl ttf§t“tdo¥ tQa&% ger (19{113 pbl%bde by
pot enti o- i 0 as s cool e

[err]C 20 p%%er% Ctgfa&ai’gﬁo gaﬁggﬁg gggmﬁg e Rk, 82 2(88

60 min |ater, @f B89 |(at065n kafddi and a/aearm:amcﬂd:mmf dess than vacuum

was appl i ed 1 augd, Im&wv&q%efiwa@ 1b950£ﬂ£ﬁ 6.01 g e out water.
After m n, vacyum was rel eased %rogen and t he product

was suE ion fiFAMRLR: 1o 25 renove forrred salts The resul tant product
had a Wﬂd VISCOSIty at 25[err]Cof 740 cP (0.74 Pa.s),
percent titratghl L oda.pgr gal |l on of 8.85.

(1.06 kg/1) and & Ga oj Al kalinity, as
deternined by tit r%%%@ Ua?ﬁ ﬁgpﬁapegoexcept a*'d'!?éoﬁ@ﬂ%l"&chl oric acid,
was found to beempédaifure@as reduced from 125 °C to 121 °C, 368.7 g of

15 1,3-bis (aminomethyl) cyclohexane was substituted for 400 g
norbornane diamine, and benzyl alcohol was reduced to
504.7 g to keep the concentration at about 45% in the
final product. Only acid value was measured in-process.

_ Acid value measurements taken at 45 minute, 105 minute

20 and 165 minute intervals after reaching 121 °C gave
values of 13.35, 16.31 and 16.87. The product was a
cloudy liquid having a viscosity of 805 (0.805 Pa.s) at
25 °C, a percent titratable nitrogen of 6.32% and a
weight per gallon of B.74 (1.05 kg/l).

25 Example 5

Preparation of Epoxy/diamine Adduct .
Example 4 was repeated except that 352.7 g of

metaxylylene diamine was substituted for 368.7 g of
1,3-bis(aminomethyl)cyclohexane and benzyl alcohol was

30 reduced to 491.8 g in order to maintain 45% in the final
product. Acid value measurements taken at 65, 105, 165
and 225 minutes gave values of 14.05, 16.29, 17.32 and
17.36. The product was a clear liquid having a viscosity
of 706 cP (0.706 Pa.s) at 25 °C, a percent titratable

35 - nitrogen of 6.48%, a weight per gallon of 9.06
{(1.085 kg/1l) and a Gardner color of less than one.



Exanpl e 3 Prepartion of Epoxy/di am ne Adduct Exanpl e

2 was repeated except that 13-8-g of 97% cal cium_hydroxi de and 135
g of deionized water were 35 substituted for 28.5 g of 50% sodi um
hydr oxi de, the cycl oal i phatic epoxy resin was fed in over 75 mn,
and r34tfh 96/ 34032

PCT/ EP96/ 01746’“,09‘s -7- PCT/EP96/01746
Gar dper - Hol dt vi scosity measurenents were nade at 180 and 225 mn
after reaching 125 [err]C. A viscosity staPe-val ue of X- was

obt ai ned after Exmimlm.ﬁerval s. Acid val ue measurenents of 16.1 ng
pot assi um hydr gxle ! per e obt ai ned at these

intervals. Thé TeeuItT A product Rad éat 259éerr]Cof 1111 cP
(1.111 Pa.s), Exampg.pc ‘t’aﬁl’c'?Eﬂas&ﬁ"e %"FPGgE apf44l o8og @i ght per

gal | 02 : 1(ﬁop&o&3néldﬁﬁﬁlhg/vbéa abet iGutede Eoe0 sz, Pfgl@ss than

one. Acig valu

Pr epar at | on of QE\‘%E?A {igfhgn‘gﬂﬂgjd’le %&%zﬁ?ﬁ ng@éf '3 31’?/\%5@4 &%d
except that re®30 8n Acid Val-'é@rp%#mlﬁﬂst\ﬁé@nrééué@d 120m17% riCto 121

[err]C, 368.7 @50 mitutes aftér iédcHiny TIQttht)ﬁé’féOﬂ@eﬁanlV\@% substituted

504.7 9 o ke A2 canclar B B - 3 Dty g 0 e 10

product. Only 28§ dCvaf RO R @ Te®ai. ) pr pgesgnt titratable cutarbgen
neasur ef@Ent s t Y¢er Ay SwBigHt Sped GaMidi i 8060 (1,68%dFD) W

intervals after achi n 12? av val ues of 13. 35 16 31 and
16.87. The prg&f(éf’ g& of {e;%l'g'tﬁﬂ/q'ﬁeqw d having a viscosity of 805
(0.805 Pa.s) aExample 7

Example 2 was repeated except that 300 g of

15 1,4-bis (aminomethyl)cyclohexane (XTA-400 from Huntsman)
wae used in combination with 411 g of benzyl alcohol,
202.4 g cycloaliphatic epoxy resin, 11.06 g of 97.9%
calcium hydroxide and 103.5 g deionized water.
Incompatibility appeared at 15 minutes after reaching

20 125 °C and remained throughout. The product could not be
suction-filtered due to plugging.

Example 8
Preparation of Epoxy/diamine aAdduct
Example 5 was repeated except that 283.3 g of
25 metaxylylene diamine, 395.4 g of benzyl alcohol, 200 g of
cycloaliphatic epoxy resin, 10 g of calcium hydroxide and
100 g of deionized water were used. The product had a
viscogsity of 595 cP, percent titratable nitrogen of
6.44%, weight per gallon of 9.07 (1.09 kg/l) and Gardner
30 color of less than one.

Example 9
RBreparation of Epoxy/diamine Adduct
Example 8 was repeated except that 354.8 g of
isphorone diamine, 453.9 g of benzyl alcohol, 200 g of
35 cycloaliphatic epoxy resin and 100 g of deionized water
' were used. The product had a viscosity of 1130 cP



25 [err]C, a percent titratable nitrogen of 6.32% and a wei ght per

gallon of 8 74 (1.05.kg/1) 25 ___Exanple § ' - Prepration_of
Epaxy/ di am ne Adduct Exanpl e 4 was repeated except that 352.7 g
of met axyl yl ene di am ne was substituted for 368.7 g of

1, 3- bis(aninqgg Q¥%% ycl ohexane and benzyl al cohol was 30 reduced to
491.8 g in ord&’ intain 45%in the final pr oduc PCTEPPHOIF4S e
measurenments taken at 65, 105, 165 .and 225 m nutes gave val ues of
14. 05, 16.29, 17.32 and 17.36. The Product was a clear liquid

Pﬂ”r angl \é' ggosolt Mo Parg)é E};&@ﬁtgg/’zﬁht?é&e%u@r@bnﬁgg[sreka depgheent
(1.085 kg/ 1) aﬁ?rag&}hﬁ’ﬁ’g 2.8 8? fSl Badaiig r?’t&’ﬁg rdfer°Gofor of legd

96/ 34032 than one. ' PCT/ EP96/ 01746
Preparation offﬁgﬂgﬁéghgpine Adduct Exanple 5 was repeated
except that 44T 0 |soohorone d]an1ne was substituted for 352.7

g of 55% netRReRa) ~ E ol was increased to
530 g. Acid val ue mnipae Bahaa aép@éked&ceb'ﬁmd 321 g o£250 mi nutes

after reaching fﬂ' dwgﬁgnz 8§26;§é£ a%é98§1 1?39 14. 10.

The product ha N aCos] t a.s),
percent titrat @mcgqql{im&ﬁclgpoxy repim, 1 /09 \I\k‘-l gﬁ@-%&]ﬂ BHF‘FQH’-@? ;G0

(1.03 kg/l') andoo g of delbflieedCwatér Grlede ifadd1an Theeproduct ha&xanple 7
Prepar a}_& on of vl':ips%éé/ q;' A n«izégdugt (1.23 Pa.s)}, percent titratable
nitrogen of 6.08%, weight per gallon of 8.92 (1.07 kg/l}
and Gardner color of less than one.

Example 11 .
p £ B rdiami Adduct
15 To a 2-1 flask equipped as in the previous examples
was added 321'g of norbornane diamine, 426.3 g of benzyl
alcohol, 100 g of deionized watexr and 10 g of calcium
hydroxide. The flask contents were heated to 80 °C under
nitrogen purge and 200 g of cycloaliphatic epoxy resin
20 were added over 60 minutes., After an additional reaction
pericd at 80 °C, flask contents were heated to 106 °C
over 10 minutes, during which interval sampling and
monitoring of acid value was conducted. Acid value was
brought to zero by adding additional calcium hydroxide in
25 the amount of 5.19 g. Water was removed by vacuum
stripping and the contents were suction filtered. The
product had a viscosity of 990 cP (0.99 Pa.s), percent
titratable nitrogen of 6.16%, weight per gallon of
8.89 (1.065 kg/l) and a Gardner color of less than one.
30 Infrared plots generated by FTIR revealed no differences
in the products of Example 10 and Example 11.

Example 12
Evaluation of Fpoxy/diamine Adducts

The adducts prepared in Examples 3, 8 and 9 were
35 mixed with either the same cycloaliphatic epoxy resin or
a 90/10 mixture of this resin and trimethylolpropane



-

Exanpl e 2 was repeated except that 300 g of 15

1, 4- bi s(am nonet hyl ) cycl ohexane (XTA-400 from Hunt sman). -was used in
conbination with 411 g of benzyl al cohol, 202.4 g cycloaliphatic
epoxy resin, 11.06 g of 97.9% caIC|un1hydrOX|de and 103.5 g

dei oni zed wat er. | nconpatibility appeared at 15 m nutes after
reaching 20 WO9R482  or 1] C and remnined t hroughout. The pr SEHEPISBYIASH not
be suction-filtered due to plugging. Exanple 8

Preparati on of Epoxy/di m ne Adduct ~ 10 -Exanple 5 was repeated

except that 283t§19c9{f12§e. ’fl 3 Iaﬁ%ﬁ.asy%% ghi‘ghf&ed”g% Zhﬂgf)%{:aPlanyl

al cohol , 200 tiC epoxy resin I um
hydr oxi de and amine h![@@%e%fpﬁfel%’f“ﬁ‘éé& aadepcrelateseFl PYOPeFEdeshad a

vi SCOS: lty of f 585e98(m@&é@ﬁ&1 By tdxiviinige dewhr ggﬁauﬁés onto gla&ﬂﬁ%ﬁbﬁl ght
per galion o I or t han one.
Preparati on of EEoﬁy%ﬁfgﬁW%%} &3399 qgskeg (0. t§7 &ﬁ’ qﬁé@‘r Sggted
except tBat 3540bsgrved for appqmeonéteraquﬁengm hpursfath aoeom

al cohol , 200 g gémpérature LYB&titil Mardhe8BONEastbbnerill we¥e Eaklendei oni zed

MaLer sy EEEeHSESridf R NS, NaIn8uthogRs Hadls OGN
-9- (1. temparagureer ckntondexy &mmeesurgr%g@re@ l&msswei ght
per gallon of 8364 iﬁcﬂ?’(d‘%a@ )] deiedBgs GQi'QrpQﬁréC?S.ﬁzt:o 2-inchi han one.
Exanpl e 10 5 Pre t1 on of ‘Fpox [ di am ne ‘Adduct
(5.08 c ) a uminum zame er cups. Measurements were

taken after curing 24 hr, 48 hr and 7 days at room
temperature. Light fastness characteristics were
determined on £ilms drawn down on aluminum "Q-panels®" and
cured at schedules of (a) 7 days at room temperature and
15 (b) 24 hr at room temperature plus 2 hours at 100 °C.
Panels were exposed to QUV and tested after 7 days.
Based on the results, it was concluded that film
properties are improved by incorporation of
trimethylolpropane triacrylate, although a reduction in
20 hardness was generally evident. Compbsitiona cured with
adduct based on metaxylylene diamine (Example 8) were .
observed to yellow substantially more than adducts based
on either isophorone diamine or norbornane diamine.
Rates of hardness development indicate norbornane
25 diamine-based adduct (Example 3) develops hardness
substantially faster than isophorone diamine-based adduct
{Example 9}.



Exanpl e 9 was repeated except that 321 g of nor bor nane di am ne,

426.3 g of benzyl alcohol, 200 g of cycl oal i phatic epoxy resin_ 10 g
of cal ci um hydroxi de and 100 g of deionized water were used. The
product had a 10 viscosity of 1230 cP (1.23 Pa.s), percent titratable
nitrogen of 6.08% weight per gallon of 8.92 (1.07 kg/l) and Gar dner
col or of | eNOPHMPHne. Exanpl e 11 Preparation of EpB%Y/EEPMTAGe
Adduct 15 To a 2-1 flask equipped . as in the previous exanpl es
was® added 321 g of nor bor nane di ani ne, etk 7 g of benzyl - al cohol ,
100 g of dei pnfjzey arprgm " yaroxrae}The fl ask
contents werp Heafe < lalld [ 2468 ﬁugge qnd 290 g of
cycl oal i phat | c lepp cohBd & 846 g nujes. |After an
addi tional rpaqti 0 [edr]E {fRaSH tontl&ht s Jwere heat ed
to 106 [err] C che= irrreir—tervat——set ||ng and
nonitoring of geci ¢l . Pcild aljue wds, ~ RQrought to
zero by addi Prg as | e gng:% < he jamount "of 5.19 g.
Water was re ed I ppi ng Snc B he |leontém s Gere suction
filtered. ThL cobi tly bf 1990 4P (0J99 P4d.s), percent
titratabl e nftrjog er gellaan‘ - 18.89](1.065 kg/l)
and a Gardne o‘I’ ¥ g gf rar ed gdl of & gerjer at ed by
FTIR reveal efl rfo <h pﬁ) JSss 9fe Exagpl e 10 and
Exanpl e 11. Exdnp on| off EpoXy di 4m ne [Addudt s
The adducts prgpa angd 94 Werg 3o miXed Wi th either
t he sane cycjodli a%)/&ﬂgﬁxtwecf this resin
and trimet hy| ol ~ :
Y1 0MIRA T RIETEE- S -
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WD 96/ 34032 PCT/ EP96/ 01746

- 10 - triacryl ‘Fre cal cul ated assum ng_one__ .

am ne hydrogen per epo&ihﬁ,ﬁ%“‘“m‘l‘m“ Fil m properties wer e
neasured by draw ng down St xt uces®tont o *gl ass pl ates at a thickness
of 0.005 inches (0.127 mm. Filnms were 5 observed for appearance
after curi ngWoP6R#IRs at room temperature. Pencil h& 1746
measur enents were taken after curing 24 hours, 48 hours and 7 days
at <room tenperature. In order to neasure Shore D har dness,

1/4 inch (0.635 cnm sections were poured +%to 2-inch 10 (5. 08 cm

al um num di aneter cups. Measurenents were taken after curing 24

hr,” 48 hr and 7 days at room dgme&ahuge. Li ght fastness
characteristics were determ néd on T1Tns drawn down on al un num

"Q panel s" and cured at schedules of (a) 7 days at room tenperature
and 15 (bx. 24Ahcomposbmhnienmguabdng plus 2 hours at 100 [err]C

Panel s were erQ§e é§¥§§f§3ﬂ391aEEﬁér ogags ¥cloal(?h§@i % .0n the

results, it was conc ude roperties ar Foved by
i ncorporati on 8F polyol; amdnethyl ol propane trlacrylate although a

reduction in 2Qp) a cheisyeftowits cfeackalll gaauttiedt .a reyHGidneons cured

observed 0 yﬁ%@éfgﬁﬁéﬁgﬂ? BT A el vEREe T AR ER © ° "0 e

i sophor one di agyatoalipbabin ridie an pelyel. Rat es of hardness
devel oprment i ngdi catRe n@érbé&é%r?%ccordiﬁgaﬁbnéli)ﬁﬁeﬁ a0 Wi chExmer! e 3)
devel ops hardneg 1 ethst subst a tlal%é fas%e é§°Q¥Dﬁ9ned 1

di ani ne- based FUYGEEYL © er %Sé%ﬁﬂ € diglycidy

ether of a cycloaliphatic diol.

10 3. The composition of claim 1 which further comprises a
diluent for said adduct.

4. The composition of claim 1 in which the glycidyl
ether of step (a) is a diglycidyl ether of hydrogenated
bisphenol-A or is a diglycidyl ether of cyclohexane

15 dimethanol. '

5. The composition of claim 1 in which the glycidyl
ether of step (b) is a diglycidyl ether of hydrogenated
bisphenol-A or a diglycidyl ether of cyclohexane
dimethanol.

20 6. The composition of c¢laim 1 in which the norbornane
diamine is selected from the group consisting of
2,5-bis (amino-methyl)bicycloheptane, 2,6-bis{amino-
methyl) bicycloheptane and mixtures thereof.

7. The composition of claim 1 which further comprises a

25 (meth) acrylate ester present in an amount within the
range of 5 to 40 weight percent, based on the weight of
the diglycidyl ether of step (a).

8. The composition of claim 7 in which the (meth)-
acrylate comprises trimethylolpropane triacrylate.

30 9. A 2:1 adduct of a norbornane diamine and a di- or
polyglycidyl ether of a cycloaliphatic di- or polyol.
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CLAI 1. Acorrp05|t|on conpri si ng: (a) a di- or
pol ygl yci dybv of a cycl oal i phatic di- or poI yo and

(b) a curin %%ﬁﬁz of a 2:1 adduct of a norbornane mﬁ’ﬂg 6d a
di - or polyglycidyl ether of a cycl oal i phatic d| or polyol.

2. ‘The conposition according to claimd,123n which the gl yci dyl

ether of stepgg(a I i gyl . ther .qQf. a _

cycl oaliphatic dl%| éﬁ'ﬁ%& @réé.g}é‘%?ﬂ:ﬂh&ﬁ Qé Ao ae c(fe"zilltbrﬁsiL ch further
corrprl ses a accordipg|trAny st ﬁaémadauﬁp 8. 4. The conposition of
claiml in which the glycidyl ether of step (a) is a diglycidyl

et her of hydrogenated bi sphenol -A or is a diglycidyl ether of

cycl ohexane 15 di net hanol . 5. The conposition of claim1l in

whi ch the gl yci dyl ether of step (b) is a diglycidyl ether of

hydr ogenat ed bi sphenol-A or a diglycidyl ether of cycl ohexane

di met hanol . 20 6. The conposition of claim11 in which the norbornane
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diamine is selected fromthe group consisting of

*2,.5- bi_s(ani no- et hyl ) bi cycl ohept ane._2, 6- bi s(an no-

met hyl ) bi cycl ohept ane and m xtures thereof. 7. The corrp'osi ti onRIFIP
claim 1l which further conprises a 25 (meth)acryl ate ester Pl esentoPiy

an anmount within the range of 5 to 40 wei ght percent, 288Ad on the
wei ght of e diglycy, [N%_t%;.u ﬁ&qp 8 LN

conposi tion of P(;I 7 in V\hl% he m‘%% oﬁkm%ogryl ate cOMpri ses
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(54) Title: EPOXY RESIN COMPOSITION
(57) Abstract
A composition is provided comprising (a) a cycloaliphatic epoxy resin and (b) an effective amount of a curing agent comprising an

adduct of a cycloaliphatic di- or polyglycidyl ether and a norbomane diamine. The combination of the cycloaliphatic epoxy resin and the
adduct curing agent provides a film-forming composition which exhibits good UV resistance and ambient cure.




