2199335 "Coati ng conposition and net hod" -2- This invention relates to a

photosensitive resin conposition. Mre particularly, |t relates to a photo-
sensitive resin conposition for formhg a 'protective co @y g].-haw ng
excel l ent characteristics which may be 5 used either aI E& WDde a
phot osensitive tacky coat or conbined with a variety of other types of

i ngredi ents such as a crosslinker to increase crosslinking density, a resin
to renove tackiness, or another photosensitive ingredient to increase
sensitivity to light. The uses 10 of the instant photosensitive coating

mat eri al include photoresist applications such, for exanple, as plating
resist, etch resist and sol der nask. Sol dering masks are used to produce
printed wiring boards. The solder mask's function is basically 15 to
prevent sol dering bridges, to keep electric insulation between conductors

t hus preventing conduction between sol der areas and to prevent the
corrosion of a naked copper conductor. It is .also desirable to have photo-
i mgabl e sol der nasks' which are able to retain an inage 20 which nay be
used as a blueprint on which the solder is placed. Because of the
desirability of increasing wiring density, a solder mask having precise
resol ution and extrenely good electrical insulation properties is

"Coatinag composition and method"
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trequired. The instant photosensitive conposition can 25 provide these.
advant ages. Sol der masks are described'tn U S. Patent No. 4,499, 163 which
. di scl oses a photosensitive resin -3- conposition containing urethane
dlacryIaLe or dineth- acrylate, a linear polyneric conpound having a gl ass
transition tenperature between about [err] and 150 C., and a sensitizer
whi ch generates free radicals in actinig 5 |I|ight. The | i near polyneric
conpounds described include the vinyl series |inear polyners or copolyners

Ry et T T RN KA RSB 0 SO,

met hyl met hacryl at e,

Sensitizers ingl rﬁ%ﬁ% fmm&é%”?é?tiégﬁﬁh ‘11 ‘i-’écia‘{ R é‘stlﬁﬁéjto—

pol ynucl ear qui not her ocura ane acry ate re

conposi tion S‘Qéﬁé’iﬁxﬁé’rré’ﬂﬁ%&ﬂg %gﬁighsfbi* %ﬁ\ri'n?e% L&J}etL#‘l wd ent No.

4,587,201. The conposition t escri bed use ane- acrylate

resin based orgatifqpdt £1F W ?J(r)YHSrIe_lxcérﬁiénﬁ:e%hﬁra%t‘ém&l% ‘%Hi’bﬁ rﬁ%‘?tﬂe

polynerlzatlon |n|t|ator to rmthne pernmanent resist material.

ot sy < oo sionsees i S péscoinsiend ey cou
sol vent devel @ Rgbmbined with a variety of other types of ingredients
| ..such as a crosslinker to increase crosslinking density,
a resin to remsve tackiness, or another photosessitive
N\ _ ingrédienﬁ to inc;ease sensitivity to light. The uses
..16 of the instant photosensitive coating material include
| photbresist applications such, for exahple, as plating
resist, etch resist and solde; mask.
Soidering masks are used to produce printed
“wiring boards. The solder mask's function is basically
15 to_prevent soldering bridges, to keep electric insulation
betwesn conductors thus preventiné conduction between
solder areas and to prevent the corrosion of a naked
copper conductor. It.is also desirable to have photo-
imagable solder masks which are able to retain an image
20 which may be used as a blueprlnt on which the solder is
placed. Because of the desirability of increasing wiring
| density, a solder mask having precise resolution and
extremely éood electrical insulation properties is
required. The instant photosensitive composition can
25 provide these advantages.
= Solder masks are described in U.S. Patent No.

4 499 163 which discloses a photosensitive resin



sol utions. The use of such organi ¢ solvents has becone undesirabl e because
of the ‘environnmental regulations for controlling solvent em ssion. 25
- Anot her di sadvantage found with sol der nmasks that use organi c sol vent-
devel oping solutions is the continued sensitivity of the final prodidt to.
organi ¢ sol vents such, - 4- for exanple, as nethylene chloride. In certai
product applications, such susceptibilLitgy-is undesirable. It is therefore
desirabl e to provide photoi nagabl e sol der mask coating conpositions which.
may be devel oped in aqueous sol utions, .and which are resistant to organic
sol vents such esmpssbyienecehitaindag ureithane diaettylefte loar idistett-
invention to provide such a coating conposi- tion. It is also an object of
the instant inyepylate}oaplovede poigheeicmeskhpound hgvimpesidliass which
may be stripped with commercial al kaline strippers. The photosensitive
resin conposittpassilesoni benpbeeatunehbeéwgend abosdl l°omnd NSO it y,
adherance to netal, solvent resistance, high tenperature resistance and
el ectrical |nsamdtaoaepsopézerewhiﬁhegsnegemba frest iradimads des actinic

phot oi magabl e coating conposition conprising: a polyner selected from

car boxyl at e¥ utéghtine BbeyAdngasr pravaerisd

polyacrylates

conpri sing Con%bgeﬁgny&)sgrles llnear po
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sadeparihigthiqclude

sai d pol ynmer being nade b% condenS|ng>a reaction mxture.
ymers or ¢ po ymers such as,

for example, polymers from vinyl monomers includlng,

- for example, methyl methacrylate, butyl methacrylate,

methyl styrene, and v1nyl toluene. Sen51tlzers lnclude,

for -example, substituted and unsubstituted polynuclear

quinones.

Another phot0curable urethane acrylate'resin

composition suitable for permanent resists is described

in U.S. Patent No. 4,587,201. ‘The composition therein

‘described uses a urethane-acrylate resin based on a

“butadiene polymer. This resin isfcombined with a photo-

‘polymerization initiator to form the permanent resist

20

25

material.

. Most:photoimagable solder masks, howeVer, lack

the ability of being developed in an aqueous solution.

This necessitates the use of organic solvent deve10pin§
solutions. The use of such organic solvents has become
undesirable bedause:of_the envirohmeﬁtal regulations for
cohtrollihg'solﬁeat”emiesion. |

Another disadvantage found with'solder masks that

l'use organlc solvent developlng solutlons is the continued

sen51tiv1ty of the final product to organic ‘solvents such,

n

L



L2

di i socyanate having from6 to 18 carbon atons, conponent (b) a carboxylic
aci d polyol having the frormula [err] wherein x represents an integer from 2
to 5, and wherein R6;is a cyclic, linear or branched, saturated or
unsat ur §,ed al i phatic, or aromatic, hydro4 earbon noiety having from2 to
29 carbon atons, and conponent (c) selected from hydroxyal kyl acryl ates and
hydr oxyal ky| fieat hexanp e psaswimetbydeaecchiboirjidehas In aertaintpr@ductr bon
atons; provided that conponent (a) is present in an anount of from30 to
80% by wei ghtappFlications suchnsustephdbidisy ds mndesirabbeponent (b) is
present in an amount of from5 to 45% by weight of the total amount of the
reaction mxture, ¥hei® thergfore| dgsirsblentia prpvids @h%t@imaeahlser
gram of the total anobunt of the reaction m xture, and conponent (c)

present in a@%ﬁﬁmtmﬁkf%ﬂtsnsocems}téoenghwicn may dwd%wa Peef t he
reacti on m xture, there beiygéat | east 5 n1lllegy|valents

(neth)acryhﬂ%?rﬁﬂ“iﬁ%ﬁ1%? °Pﬁ?aPngnEUHthPqﬁ1 Q§%ﬁ§§Qﬁ1?ﬁx?ﬁgéanhe
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atons, COWO’&’B::.( b)re £87Rx¥! bh %Sﬁgcﬂo&olth@‘id&é&? :ix%@?ﬂ:i‘on to

provide a solder mask coating composition which may be
_ stripped with commercial alkaline strippers. The
~ photosensitive resin compoéitions described herein have
good resolution, flexibility, adﬁerance to metal, solvent
resistance, high temperature resistance and electrical
insulatioﬁ propérfies.
The present invention provides a photoimagabie
coating composition comprisihg: a polymer selected from
~ carboxylated urethane polymethacrylates and carboxylated
urethane polyacrylates; said polymer being made by
condensing a reaction mixture comprising component (a) a
o diisocyanate haﬁing from 6 to 18 carbon atoms, component
(b) a c&rbdxylic acid polyol having the formula
[HO)y~Rg-COOH; wherein x represents an intgger from 2 to
5, and wherein Rg is a cyclié,llinear or branched,
saturated or unsaturated éliphatic, or aromatic, hydrd—
carbon moiety having frbm 2 to 29 carbon atoms, and
component (c) selected from hydroxyalkyl acrylates and
"hydroxyalkyl methacrylates, wherein each alkyl has from 2



[err] wherein x represents an integer from2 to 5, and wherein R6 is a
cyclic, linear or branched, saturated-orfgpsaturated aliphatic or aromatic,:
hydro- carbon noiety having from2 to 29>arbon atons, and conponent—(c) a
hydr oxyal kyl acrylate or a hydroxy-. aIkyI nethacrylate wherein each\élkyl
has from 2 t©028 c§¢§bﬁnaﬁ&ﬂmsﬂmnﬁ9Ykﬁﬁ¢ htlkatospopenenta)(a)s is esent in an
amount of from 30 to .80% by wei ght of the total ampunt of the reaction -
m xture; cornPoRERRt AN AR ofy &xePm 3@nben8odf byr weighty afothe
wei ght of the total amount of the reaction m xture, there being at | east

0.8 milli- tRFIL appung; %l"ﬁ‘epéieiﬁ%ﬁ’%fm%ﬁt“?& aFoRpeRentyf (Rhel® cact i on
wer ght of { RECRESE. dod 2 ﬁﬁ%ﬁ?ﬂﬁ?é By ed b (RF he cast
DRI e doﬁ% kel iRl o a%%méa%q% el
one P Eent L8R %8 I AN e % OBERA, bKSGRIRL I BTG
o Y(TEAN), i 808 AP ord B cLobpBhln YL 11
(c) ‘a hyskoxyati RRakinC aﬁ&iﬁﬁ%ﬁf%ﬁéﬁ 5 to 50% by weight of the
total amount of the react1on mixture,_there belng at
| least 0.5 mllliequlvalents of (meth)acrylate per gram of
the total amount of the reactlon mlxture, the compositlon ~
also comprlslnq a blnder.
The present 1nvention further prov1des a method for
the preparatlon of a uv sens1t1ve polymerlc compos1t10n
comprising conducting a condensatlon reactlon with a *
reaction mlxture comprlslng. component (a) a dilsocyanate
having from 6 ‘to 18 carbon atoms, component (b) a o
 carboxylic acid polyol hav1ng the formula
[OH]X-RG-COOH, whereln X represents an integer from 2 to .
5, and wherein R5 is a cyclic, linear or branched, ;)
saturated or unsaturated aliphatic or aromatic, hydro-
carbon.moiety having from.z to 29 carbon atoms, and
component (c) a hyaroxyalkjl acrylate or a hydroxy-.
'alkyl methacrylate wherein each alkyl has from 2 to 28
carbon atoms; provided that component (a) 1s present in

an amount of from 30 to 80% by weight of the total amount

of the reaction mlxture, component (b) is present in an



s the proportion of acid groups being at |east 0.8, and the proportion of
- (nmet;h) acryl ate groups optionally being at least 0.5, mlliequival ents per
. gram of _carboxyl at ed; uret hane pol y(nethLagpyl ate. Specific enbodi ments of
¥ the instgnt conposition provide a hi'ghl y vi scous photosensitive materi al
which is usefahodfitaBradsion 68 P sWBPULige sPatneetstay Bablint of
t hi ckening and the addition of a photosensitlve coating material. In
this way, theth8siaattibn!l aikturid, &g belngfatilbadtdoa m@hai-both as
a thickener and as a photosensitive, photocurable additive. Such enbodi -
ments of the egaivalentspos bcdds pare druts o cthié PEbalsansuhtVef the
phot ocur abl e thi ckening agents for materials such, for exanple, as paints
and inks. | n repctionr mdxtuiredi @ compdreent\vée) i bs, presepkotinacamnabl e
coating conposition conprises a UV sensitive conpound selected from
car boxyl at ed ameuhtnefdifxomyiSatte® 50% dy eedght cof uthehtotalr rnouptated,
car boxyl at ed uret hane di net hacryl ate and car boxyl at ed ur et hane
tri net hacryl atee raastdepupipturecithenerbeingratdleashsOedr mdtyiint ed
urethane di (and/or) tri(nmeth)acrylate. In this 5 specification
" (met h) acry| aBSRIVALENESs ofc (el agrylntepencoyan: ef thgnhiotal
poly(neth)acrgkgagg %%etggfgégé\gégﬂ%ixture, and mixing the condensa-

- . tion product with a binder.
The present invention also provides a photosensitive
N coating composition comprising a binder and a carboxy-
- lated urethane poly(meth)acrylate, said poly(meth)-
acrylate being obtainable by, and preferably obtained by,

the reaction of

. (a) a diisocyanate
(b) a carboxylic acid polyol, and
(c) a hydrokyaliphatic (meth)acrylate

the proportion of acid groups being at least 0.8, and the
proportion of (meth)écrylate groups optionally being at
least 0.5, milliequivalents per gram of carboxylated

- urethane poly(meth)acrylate.

| ISpecific embodiments of the instant composition
provide a highly viscous photosensitive material which is
useful as an additive for compositions that require both

thickening and the addition of a photosensitive coating



These carboxyl ated urethane di and/or tri(nmeth)- acrylates are prepared
fromacidified noieties which provide-the_carboxyl group. These
conpositions are pre- 10 pared by cond-ens./i/ﬁg_ a diisocyanate, a carboexylic
‘acid polyol, and a hydroxyaliphatic (meth)acrylate. The aliphatic radical
in the | ast materiialed dmumentwayy tReainskant( phtdisetisixppehed) or
cyclic, may be saturated or unsaturated, and nmay be interrupted once or
nore by 15 materjgds fmdfiiHewaheal rolepsbothbad rertitidkener aanal k!
radi cal, and the conponent will be referred to for sinplicity as a

hydr oxyal kya photiesensjiitive, photecubakie hddiddive.polSuxdh sémibbdise
present in an ampunt sufficient to provide at least 0.8 milliequival ents of
aci d per graanlg ef the daekhant compeositionsecare: Ahusmmgafwt reactancts,
abbreviated herein as nmegq/g of TR (total reactants usually are the '

di i socyanat BRotesgagitiivescirhotncarabladthigkening agentmifoncryl ate) .
I n order to'o?t ai,n_a suitable |l evel of photos e product, the

Y Uity eteh
25  hydr oxy™aFRYAadge r ik L¥ampe; [ as)| 9232':3# :/alﬁ‘t% il;i’S%ﬁt)or tion of at

| t 0.5 mlli i val ent f th i t of th :
die;a:'ocyana{ne, Icg ﬁlo\éyaP%%f}éprg?)gé%glmeﬂﬁdgg;%g"gﬁm ri‘('?retmgcr yl ate.
The o . . . ( ! JlArel et
A DR e S T
Such i ngr edegRbundCeitttdd’ AFdlF LLrBoRY ded WM diacrylate,



‘a specific quality or characteristic, include: a crosslinking agent, dyes,
pi gnents, thernopol ynerization inhibitors, and additives designed to

< nprove coating properties. 10 .The instant photocurabl e coating
“conposityen contains the carboxyl noiety, which alters the organo- philic
nature of the urethane (neth)acrylate polyner.  As a result, the instant
coating-conpositions becone nore organofliobic, and thus are resistant to
organi ¢ solvents 15 such as nethylene chloride. Further, these

car boxyl at ed phot osensitive polyners nay be m xed in large anounts with

ot her hydrOphiééﬁé’iggﬁggﬁlgeﬁﬁﬂﬁé' it? l'a'%ead@atz‘ a‘fhééﬁ Surdffane

I ntroduction of noi ety ma he i nstant c at1 ng conpositions

sol ubl'e or 20 dﬁﬂ@iﬁé‘éi-?léﬂeaQHE°H§rBBK§‘1'at§Q' Wirle@harld’ R d finPteeSSy Phtd . O)
until exposure to UV light. AdvantageouSly, when the instant conpositions

are used to prmvweg@o@pomcuéaahﬁafeakl &afe%eaolt%eramcﬂssba sevel oprent

step may be done in aqueous alkali solutions. It will be noted that 25
al though the infotpaiataon (ahaybe) cachqmekhyRicai atangesd henigt ure of the
urethane (nmeth)acrylate, making it soluble in aqueous alkali, the

sensi tivit)s ofspéei fhepbion " (meéehl¥ckiydhtei"s inetlaidesd ackhel ave baxxd ot i on,
nor eover, inproves adherance to netals. Thus, an inproved solder mask is
provi ded by t mettadiynbaten &figheli paddry (meth bsstyhkkes and alser boxwilkdeded
urethane di (and/or) tri-
_ These carboxylated urethane di and/or tri(meth)-
acrylates are prepared from acidified moieties which
S provide the carboxyl group. These compositions are pre-
10 pared by condensing a diisocyanate, a carboxylic acid
.polyol, and a hydroxyéliphatig'(meth)acrylate. The
aliphatic radical in the last-mentioned component may be
- acyclic (linear or branched) or cyclic, may be saturated
- or unsaturated, and may be interrupted once or more by
_15 an oxygen atom. However, in most embodiments it is an
alkyl radical, and the component will be referred to for
simplicity as a hydroxyalkyl (meth)acrylate{ Thé carboxy-
W/ = lic acid polyol should be present in an amount sufficient
to provide at least 0.8 milliequivalents of acid per gram
20 of the combined amount of the total amount of reactancts,
abbreviated herein as meq/g of TR (total reactants
- usually are the diisocyanate, carboxylic acid polyol, and
- hydroxy alkyl (meth)acrylate). In order to obtain a
suitable level of photosénsitivity in the product, the
| ¥ 25 hydroxy alkyl (meth)acrylate is desirably used in a propor-
tion of at least 0.5 milliequivalents per gram of the

combined amount of the diisocyanate, carboxylic acid polyol



5 (nmeth)acrylate. A preferred conbination uses a copol ynmer of _
styrene/ mal ei ¢ anhydri de as the binder (also providing carboxyl groups).
Preferred crosslinkers are the (neth)- acrylate, and pol yfunctional -~
(neth)acrylate, nmononers. Preferred carboxyl ated urethane di,tri, ang

hi gher poly- 10 (neth)acrylates of the instant invention may be repres-
‘ented by Formula 1 : [err] 15 : Formula 1 In Fornula 1,n
is an-integer from1l to 4; k may be 0 or' 1; and [err] derived fromthe
(meth)acrylate reaction conmponent represents a hydrogen atomor a nethyl -

group; [err]aﬁasayaebkyealk@qn1&mgtxnaéﬁgggfylate reaction conponent 20
represents a |linear or branched saturated aliphatic noiety having from2 to

28 carbon atons opti ghel ijventdionpesvijeore wiri@te 6fygen atons and
[err] derived fromthe dllsocyanate portion of the reaction m xture,

represents aehbaddhedtsl,i ackviedred iy | combih imgt EHe Oabovealcwatiiafy 25
aliphatic or. an aromatic hydrocarbon noiety. [err] may advantageously have
from4 to 20compbeitivonwikid other espeabf ycabbyf selebted ifgradiemis ons.
For preferred enbodiments [err] is derived fromthe diisocyanate reactant -
sel ect ed $rofuchi apghgdiendsat I8 lentedeimnetdet ctie, provider one erttandene,

4, 4- et hyl bi s(cycl ohexyl) nmet hyl ene- 5 di phenyl, and tetranethyl xyl ene

di i socyanat e8. SPFGﬁfFCrGHﬁéyﬁﬁs?ﬁi¢h¢%§ﬁte% gtic,oinpludehed, saturated or

a,c:pssllnklng agent, dyes, pigments, thermopolymerization
inhibitors, and.additives designed to improve:éoatihg .
prope:ties.s}: kﬁ
10 - - The instant photocurable coating composition
contains,the_carboxyl moiety, which alters the organo-
philic nature_qf”the_urethane'(meth)acrylate,polyﬁer. As
a result, the instant coating compositions become more
_'organophobiq, and thus are rssistant to . organic solvents
]5 Eshch as_methyLene chlo:ide. Further, these carboxyiated
photosensitive polymers may be mixed in large amounts
with other hydrophilic blnders and crossllnkers.'-In _
-addition to this, the introduction of the carboxyl moiety A
- makes the instant coating compositions soluble or
20 swellable insaquedus alkali solutions (pH in excess of
7.5) until exposure to UV light. Advantageously, when the
instant compositions are used to provide a photocurable
_coating, or solder mask, the development step may be done
in aqueous alkali solutions. It_will be noted that
25 although the incorporation of the carboxyl moiety changes
~the nature of the urethane (meth)acrylate, making it

soluble in aqueous alkali, the sensitivity of the compound



‘unsaturated aliphatic or an aromatic hydrocarbon advant- ageously having
from2 to 28 carbon atons. [err] may optionally also contain a hydroxyl
Joiety (remaining from10 the polyol used in the preparation of the
conmpositwen). [err] is derived froma reaction nixture including (a) the
carboxylic acid polyol of Fornmula 2 below or (b) the carboxylic acid polyol
of Fornula 2 and fromthe hydroxy- ditc#dboxylic acid of Fornula 3 bel ow.
Thus, [err] will 15 always have at | east one COOH noi ety and a m ni mum of
3 carbon atons. I s derived from m Faornul a 2 conpounds

Wien_ R 1 f (fr }

only) it will hb9eU¥ntyIBhelBOBRtGAHES -wi (IS IRTRCHER TGO § MAFEXR T at ed
or unsaturated aliphatic an aromatic radi cal . advant ageousl|y. havj 20
a total of frorﬁ‘@??B"gﬁ Eaﬁﬁﬁﬁngﬁoﬁg F‘ﬁ&ﬂ&l'ng%(ezﬁ’bdg%ﬂr%‘%%q)ﬁg%n
When [err] is derived fraom ( t he eral | .conpasiti wi,l |l have [err]
noi eti es deriveﬂaf¥oﬁFtR§°3;B%8gii%%ﬁcﬁﬁﬂ&ﬁ%g%IQH 4£;qn5¥9 Ind al so R
noi eti es derive X hydraxyl dicar ligc acids of 25  _F la_ 3. _
The R noieti esgﬁé%gghe'hnglr"émgbﬁegFggﬁ&og}Q%fgf&fﬁ#? eb(%%ylﬁ?ézﬁn}(? e
conmpounds wi kl royp : t
o 125 ndfGh) BBrERFed QPR RML-YeR YA Whed of b FREY
the Formula 2 aggd EeRuha/RatesBounfivaside ROUHEE Wl ValldBd Ay iding
regarding the preferfed concentrations and structures of these noi et 1 €s.
It will be undegarboxyl groups). Preferred crosslinkers are the (meth)-

acrylate, and polyfunctional (meth)acrylate, monomers.

\—/ C : - Preferred carboxylated urethane di,tri, and higher poly-

10 (meth)acrylates of the instant invention may be repres-

ented by Formula 1 :

- . . . N " - H H
) ]
CH2=C-%OR20%NR3N%(O[R4O%NR3
o o) e}

i 5
0 ]kRSO‘c‘NR3N&:) nORzoclzc:cn2

o) 0

?
NC
i
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15 - - Pormula 1

In Formula 1,n is an integer from 1 to 4; k may be O or 1;
U/ o and R,, derived from the (meth)acrylate reaction comenent

'represents a hydrogen atom or a‘methyi group; R2, also -
derived from the (meth)acrylate reaction component

20 represents a linear or branched saturated aliphatic moiety
having from 2 to 28 carbon atoms optionally interrupted
by one or more oxygen atoms and R3, derived from the
diisocyanate portion of thé reaction mixture, represents
a branched, linear or cyclic, saturated or unsaturated

25 aliphatic or an aromatic hydrocarbon moiéty; R3 may

advantageously have from 4 to 20 carbon atoms and



5 stood that a mixture of conponents of any particular category nmay be
enpl oyed. For exanple, both acrylate-and nmethacrylate may be used, in

whi ch case sone of the [err] will represent hydrogen and.others methy. It
shoul d be realized that the exact |ocation of 10 each R5 npiety w thw the
pol ymer nol ecule wi |l depend upon the nunber of reactive hydroxyl groups of
the Formula 2 or Fornula 3 conpound, ang\upon t he somewhat random
condensation reaction.. For exanple, when R is derived from(b) and when y
of Formula 3 is one, R5 will 15 be a term nal group having two COOH

noi eti es; si mpXefrrably| hast REPW] &y £P 18I £AFOOTY AdPMshe FA% REef@nrad

m xture (derived fromthe Fornulg 2 carbgxylic acid polyol) will be. -
random y Iocat%‘EP%-%’H‘?ﬁt’?h§3'b:§§k§8‘ﬁé"8fi 2H€“b(1}lh?rrérli1(§9%'laé’_@tﬂ%rreﬁq§ﬁﬁ%re |
as indicated aboyve in . Fornula 1. .20 _ . n,Formula 1, rr] preferably
has from2 to ﬁ%#%%?%%ngﬁ?BnEFlﬁﬁﬁgﬁabsxaﬂsﬁgﬁ&ﬁﬁﬁ'ih?%%ﬂ%ﬁiﬁ%f lected
fromthe group, consisting pf:.ethyl, propyl.,, butyl, and: [err where ne
L or 2 o) HESRRe TR’ PRy ERB o e R e sty | meh AR o
the reactign m [ ] . heref qr e, | to 28 carbon
atons and - n§?§§#%§¥1bx§%§ntg%%%%?kh§%§§§%§§e?i%%%%?%ﬁ%%ﬁiﬁsi y be in an

unreacted hydroxyle opietVa 1Y483:R ch81RECSeNbr drichad A NABRUYY or

unsaturated aliphatic or an aromatic hydrocarbon advant-

ageously having from 2 to '28 carbon atoms. . R, may
optionally also contain a'hydroxyl moiety (remaining from W/
10 the poiyol used 'in the preparaticn'df-the-composition).
R is dérived.frbm a reaction mixture including (a) the
carboxylic acid polyol of Formula.z below or (b) the
~carboxylic acid polyol of Formula 2 and-from the hydroxy-
'._dicarboxyiic acid of Formula 3 below. Thus, R5 will |
15 'always have'at least one COOH moiety and a minimum of
_3-¢arbon atoms. When RS is derived from fa) (from
_Formula 2 compoundé bnly):it will have only one COOH
~group with a branched or linear saturated or unsaturated \;)
aliphatic or an aromatic.radical,_advantégeously having
20 a tdta; of from 3 to 30 carboﬁ atoms_including_the
.carboxyl carbbn atbm,- When R5_is derived from (b) the.
overall composition will have Rg moieties derived from
the carboxylic acid polyol of Formula 2 and also Rg
‘moieties derived from the hyd:oxyi dicaxboxyli§ acids of
25 Formula 3_' The Ry moieties derived from the Formula 3
hydroxydicarboxylic acid compounds will have two COOH

groups. and also may have from 3 to 30 carbon atoms,



'5 has from2 to 28 carbon atons or preferably from2 to 16 carbon atons
optionally also having a-hydroxyl noiety. Qher preferred enbodi nents all ow
R to be a saturated or unsaturated hydrocarbon noiety having from2 to 10
carbon abens and from2 to 5 oxygen atons possibly as an 10 unreacted

hydr oxyl group. In specific exanples of such preferred enbodi nents, [err]
is a noiety selected from ethyl, propy@.- butyl, pentyl, hexyl, heptyl, and
octyl and having from2 to 5 oxygen atons fromthe previous hydroxyl
noieties. [err] may also be derived fromglyceryl 15 or

2- et hyl - 2- ( hydr dRgAEApg) thes tyico parhexy IMnarkatifoxy | The d iseussirn dbelow
(and/or) tri(meth)- acrylates of the instant invention nmay be obtained by
condensi ng a di PfoéPandeamyleh 2a ang Fermula pbispppqunds oI REYided a
hydr oxyal kyl (neth)acryl ate in a one step 20_ reaction, _The . . .

car boxyl - cont ai RPK§ FIEPEMatdPy & egar dindh Bhe iRF G TF & RRGR M 3t HPnFor e
hydr oxyl noieties., Suitably, there _are from2 to 5 hydroxyl. groups.
Preferably, the2B8nB5aNGt eé'ﬁ'ﬁerthzfst?ar%m%e(?’aﬁﬁ'd (ﬁtol‘y’tjlrlgtl?‘? opnder-

pavant ageousky, ohABRERARE o SO0 alSb il 5L P AR LT SO

oo o 2 e ReBR, iy e A e Sl o BT g

29 carbon "methacrylate may be used, in which case some of the R1's
will represent hydrogen and others methyl.

N - - It should be realized that the exact location of

10  each RS moiety within thé-polymer molecule will depend
upon the number of reactive hydroxyl groﬁps'of the
Formula 2 or Formula 3 compound, and upon the somewhat

- . random condensation reaction. For example, wheh'R5 is
derived from (b) and when y of Formula 3 is one,'R5 will

15 be a terminal group having two COOH moieties; simultane-
ously other Rs-moieties_from the séme reaction mixture

- (derived from the formula 2 carboxylic acid polfol) will
U -~ be randomly located within the backbone of thg polymeric
molecular structure as indicated above in Formula 1.

20 In Formula 1, R, preferably has from 2 to 16
carbon atoms, and more preferably, is a moiety selected
from the group consisting of: ethyl, propyl, butyl,
and:

(CH,) g-CO [o (CH,) s CO- Im

25 where m = 1 6r 2.

R, is derived from the optional polyol which may



atons. \here

X repreéents 3 or nore, R5 in Fornmula 1 may be linked to a

further (meth)acryl ated isocyanate group or further sSuch groups to give tri
or higher poly(meth)- acrylates. Preferably, [err] has from2 to 24 -tcarbon
is 2 or 3. Mst preferably, x is 2 and [err] is a brehched
or linear, saturated or unsaturated aliphatic or an aromatic hydrocarbon

atons while x

structure wt
a, a-di nethyl o

h from2 to 20 carbon atoy. A preferred enbodi nent uses an
| al kanoic acid as the catbbxylated diol, nost preferably

havi ng an al kyl qr avi froml1,t0 8 carbon atons, Preferred diol
carbogylic ac%ﬁ%qﬁﬁggggFéégg% FERT A" ST UET FﬁyrogacgﬁF&'aE grefore,

a, a-di net hyl o

aa- di et hyl ol ot "Fegoﬂgrl&ﬁ‘glf [t?rfa a‘%ag%{’/‘i‘ 3'?%5%%?'8%?5 #ethgd %ii § °;‘Ygen
2 5 ai hyar oy itior cndofragf i dteds R p8Jrbt belihcaptUnrenstad | .

a, a-di propyl o

the reaction
product. The
Fornmula 1 whe

- preferably be

\ i H | \
prﬂrgegsfegn el ﬁgﬁ’%&-bol“@%%ﬁ ?%Zg %sﬁf%mﬁg?zr ?gl _%ﬁggﬁggg:;g{uteggyunder
i) feom 2 Q2 0obIRMtOhs t B8 beéhéesb!tl?%%iuoa LRy

taken advant age of when -a hi gher concen- atron of hydroxyl

groups is provielethrsie atsmdYophfonal lp aU66thavinh 4 ROEY¥Ekyd mbYekhe use

of a carboxyl

10

ic acid
Other preferred embodiments allow R, to be a saturated

or unsaturated hydrocarbon moiety having from 2 to 10

carbon atoms and from 2 to 5 oxygen atoms possibly as an

_unreacted hydroxyl group. In specific examples of such

preferred embodiments, R, is a moiety selected ‘from:

ethyl, propyl, butyl, pentyl, hexyl, heptyl, and octyl

~and having from 2 to 5 oxygen atoms from the previous

‘hydroxyl moieties. R4 may also be derived from glyceryl

15

pr_Z-ethylfzf(hydrbxymethyl)-1,3-pfopy1éne.

The carboxylated urethane di (and/or) tri(meth)-

acrylates of the instant invention may be obtained by

20

con¢ensing a diisocYanate with a carboxylic polyol (see
Formula 2) and a hydroxyalkyl(meth)acrylate in a one step

reaction. The carboxyl-containing polyol may be any

.qarboxylic_aéid containing 2. or more hydroxyl moieties.

25

Suitably, there are from 2 to-5 hyd:oxyl groups..
Preferably, the compound is either a carboxylic acid diol .
or triol.

.Advaﬁtageously, therefore, the carboxylic acid

polyol has the formula shown in Formula 2 as follows:

>

v



"as shown in Formula 2 where x is 3, 4, or 5). In this enbodinent, a
‘hydroxy dicarboxylic acid is added to the reaction m xture. Fornula 3 bel ow
¢Shows a fornula for 5 some suitable hydroxyl carboxylic acids: [err]
Formul a @ where y represents an integer fromi1 to 5 (preferably from1 to
3) and R is a linear, cyclic, or br anched, Nq/ saturated, or unsaturated
aliphatic or an aronatic hydr o- carbon noiety having from1l to 28 carbon

atons, preferably having from1l to 18[{grog nngpcmxnierably fromedrih@1d 22
carbon atoms. If yis from2 to 5, [err]Xpré&ferably ranges from2 to 18

carbon atons. Risfmeiably,ishaneidtagedsfibm 2had ¢ mdised dderbidweched,

hydr oxyl concentration of the total reaction mxture is at” | east about 0.3
mlliequi- valemysldfc @t peingarnm sdtuhatednbirnadsarmrated, tadiei pleaciantds

(the diisocyanate, the carboxylic acid polyol, the hydroxyl

al kyl (et h) acr ylad @rqmmtmdhmcheabbombnetxo hayding findm e ol %lcarbon
present). These diacids may suitably be used in an amount of fromO0.3 to
0.7 nilli- equi AhoWts JIheEedXpEePEREANEF BhercaidineR arigufformulael may
reactants. SU|3>bIe hydroxy dicarboxylic acids may be selected fromthe

group consi sti n@SREInkRA | aélEurﬁgertéWFﬁbﬂécéyhﬁtQﬂ HRRNKANA LS t FFPRP
R R R A SR e R L S
acrylates. Preferably,_R6 has from 2 to 24 carbon atoms
while x is 2 or 3.‘ Most preferably, x is 2 and R6 is a
N branched or linear, saturated or unsaturated aliphatic or
an aromatic hydrocarbon structure with from 2 to 20
carbon atoms. .A preferred embodiment uses an
a,a-dimetbylolaﬂkmkﬁc acid as tbe carboxylated diol, most
preferably having an alkyl group having from 1 to 8
carbon étoms. Preferred diol carboxylic acids are
selected from: d,a-dimethylolacetic acid; a,a-dimethylol-
propionic acid,.a;a-dimethylélbutyric acid,
a;a-diethylolacetic acid; o,o-diethylolpropionic acid;
W, | a,a—dipropylolpropionic acid, a,a~-dipropylolbutyric acid,
and 2;3—dihydroxypropanoi¢.acid. '

Optionally, a polyol may also be included in the
réaétion mixture. This will increase the molecular
weight of the producﬁ. The presence of the polyol
results in materials as depiéted under Formula 1 wherein
k = 1. |

| One embodiment of the instant invention may
preferably be taken advantage of when a higber concen-

tration of hydroxyl groups is provided (such as by the



thermal |y curabl e pendant or term nal end-groups. Advan- tageously, these
ends al so provide reactive sites for future reaction’with other materials.
Mel ami ne and epoxy 5 for exanple are two conpounds or noieties that -may be
reacted with the term nal carboxyl groups. By such reactions the.
characteristics of the material nmay be further nodified or enhanced. The.
specific characteris- tics or qualtties debSred wil depend on the intended
use 10.of the material. To prepare the instant carboxyl ated urethane di
(and/or) tri(meth)acrylate coating conposition, the reaction is

advant ageous| yadditied oﬁtal90éy9ﬂy0§obve¢bayuaﬁ|Qﬁ1aMﬂaanxx%i¢ a@ld
non-reactive to the isocyanate. 15 Suitable exanples of such solvents are
esters, for ex@ﬁp$b0wéthylFQE@P&?ezaHBeﬁﬁoﬁyPéhéblWoopﬁnﬁﬁﬂnﬂlﬂﬂthﬂﬁer
acetate; ketones, for exanple, nmethyl eth et one, nethyl |sobutyl ket one,
and N-net hyl pﬁW‘ﬂH’BﬂétraFoHﬁ(#F@xﬁyéﬁGé‘éX’@(ﬁ@lq @rc-"é&a‘rﬁplﬁéi qd|kRerdh@nd
xyl ene; and m xtures of the 20 above. The _reaction _preparing the instant
coati ng conpos?ea?Fbﬂn E‘l?iﬂb‘ﬁﬁt‘aggeﬁg‘lu}ac&ng’l?c]@éﬂ ﬁkloc“?f’pﬁﬂef%‘!"rltﬁ £t ent

of the solution in th e, of fro 0.1 QW refer- ably in the range
of from35 o0 §@@§aﬁﬂ§tﬁggg'ﬁygfgﬁ far%@ %45 385% by wei ght. The

reaction tenperature is generally fron150 to [err] and preferably from 65
to [err]. Preferably, honDpoIynerﬂﬂ@ﬂbcmﬁkﬁdoﬂﬂngted by

Formula 3 -
'where y represents an integer from 1 to 5 (preferably L2
.from 1_to 3) and R7 is a llnear,'cycllc, or branched, |
10 saturated, or'ﬁnsaturated aliphatic or an aromatlc hydro;
carbon'moiety having from i to 28 carboh atoms, preferably
| having fréh 1 to 18 ahd mest preferabiy from:1 to 12
" carbon atems. If y is from 2 to 5, R7 preferably ranges
- from 2 to 18 carbon atoms. Preferably, these dlac1ds
15 should be used when the'hydroxyl eoncentretlen of the
total reaetioh mixture i§'5£ least.abeut.0,3 milliequi-
valents of OH per gram of the combined amouht of the
'reactants (the diisocyanate, the carboxylic aeid polyol, ~
the hydroxyl alkyl(meth)acrylste,.the hydroxydicarboxylic
20 acid and the polyol 1f present). These diacids may
sultably be used in an amount of from 0.3 to 0.7 m1111-
equlvalents of ac1d per gram of the comblned amount of
the'reeetants. Suitable hYdroxy aicerboxylic acids may
be selected from the group con51st1ng of: ﬁalie acid,

25 tartaric a01d dlhydroxy tartarlc ac1d, hydroxy adlplc

“acid, dlhydroxy adipic ac1d, and trlhydroxy adipic acid.



‘the addition of a free radical polynrization inhibitor such, for exanple,
as hydroqui none, mdinitrobenzene or phenothi azine. Mst preferably, these
.are used=i n an anount, of from about 0.005%to about 1% by wei ght based 5 on

“‘the weigly of the solids. It is also'preferred to use a condensation
catal yst such as a tin or am ne catal yst. Such catal ysts may be sel ected
fromdi-butyl tin dilaurate, dimethyle tj\g di neodecanoate, dibutyltin

bi soctyl thioglycolate, tri- 10 ethylamhe, and triethyl enedi am ne. For
best results, the reaction is carried out under a dry air blanket. The
dii socyanate may be a Diédsecdibambolk¥l iics aridiac ey, He ned ¥ prwtide
saturated or unsaturated aliphatic or aromatic. Advantageously, it has from
4 to 15 20 car bohemnhabity puetblabpgndanhthayr fteamimatlo ehd-cardups at qudran-
Di i socyanates may be selected from xylyl ene diisocyanate;

1-i socyanat.o- 3-tageguadyonthbge- @ndssatlsio- prevtidec yeaatdvenassites for

3, 3' -di net hyl di phenyl net hane-4, 4'-di- isocyanate;

2, 4-tol yl enedi i fotyu@areact2os- wathl otberi saterdalsyanMedamine and epoxy
2,2,4-trinethyl hexanet hyl ene diisocyanate, 2,4, 4-trimethyl hexanmethyl ene
di i socyanat e? néPRyPEABPRRsArR- V6l SREBROMNSSc PANModeties that may be
hexanet hyl enedi i socyanat e; net a-t etranet hyl xyl enedi i socyanat e;

par a-t et r amet hy¥&§¢ ﬁ@-wa#bsﬁb?aﬁ&F@énﬁétﬁﬁr & '§U§%§ﬁyldﬁXuﬁ5ﬂhmue; 25
the above. The FEREELPERerPedCHAFSGLoE RiIrs O Ehe) TRteRiALoRAY Be -
di i socyanate; 2féi£ﬁ£¥lﬁggified or enhanced. The specific characteris-
(2 _ ticé or qualities desired will depend on the intended use

- 10 - of the material.

To prepare the instant carboxylated urethane di

(and/or) tri{meth)acrylate coating composition, the
- _ reaction is advantageously carried out in a dry solveﬁt
solution which itself is non-reactive to the isocyanate.
15 Suitable examples of such. solvents aré esters, for example,
ethyl acetate and propyleneglycol monomethyl ether acetate;
~ ketones, fbr example, methyl ethyl ketone, methyi isobutyl
U | ketone, and N-methylpyrrolidone; ~aromatic hydrocarbons,
for example, toluene and xylene; "and mixtures of the
20 above;

The reaction preparing the instant coating composi-
tion is advantageously conduéted with the solids-content
of the solution in the range of from 20 to 100%, prefer-
ably in the range of from 35 to 95% and, most preferably,

25 . from 65 to 85% by weight. The reaction temperature is

generally from 50 to 95°C., and preferably from 65 to

85°C. Preferably, homopolymerization is inhibited by



di i socyanat e;

2,2, 4-trinmet hyl hexanet hyl ene dii socyanate,
diiso- cyanate. 5

1-i socyanat o- 3-i socyanatonet hyl -3,5,5 -tri net hyl cycl ohexane;
and 2, 4, 4-tri met hyl hexanet hyl ene
When a polyol- is included, the-nolecul ar weight,

cure speed, and crosslinking density will be increased. The pol yol ey have
from2 - 28 carbon atons. The hydrocarbon portion may be cyclic, branched
or linear, saturated or unsaturated | phatic or aromatic, and have 10

from2 - 5 hydroxyl moieties. Preferably, the polyol is a diol or triol
having from2 to 16 carbon atons. Preferred diols may be selected from
et hyl ene gl ycghe REGRYLBACOF WCFreeh Wa@iedilol polpnetiaedon| | itlexaiest ol
oct anedi ol , neopentyl glycol, 2-nethyl propane-1, 3-diol, 15 :

cycl ohexanedi

sathangbr ardmpilet,hwsehydomuinone} erd it mobexzqane yor s -

i nclude gl ycerol, trimethyl ol propane, and hexanetriol. The hydroxyaliphatic

(met h) acryl at phenpthadeiae.al Molsat ipreflemgbly + tHesendrd ca83 ckm bam at ons.
The 20 aliphatic noiety may be |inear, cyclic, or. branched, saturated or

unsat ur at ed, bmbuns advirbagebosity Oa®0d¥k o gt T dierweight thesed kyl

group of the

hydroxy al kyl (meth)acrylate has from2 to 12 carbon atons

Sone pref ebr ednhgbeowgabky ofndhe) sediida« can be sel ected 25 from

hydr oxyet hyl (et h) acryl ate, hydroxy_ propyl (neth) acrylate, hydroxz but
(neth)acryl ate. Al soIprdeeple® Arefernad thasperedndensation cata

10

1lys
such as a tin or amine catalyst. - Such catalysts may be
seleéted from di-butyl ﬁin dilaurate, dimethyl tin
dineodecanocate, dibutyltin bisoctylthioglycolate, tri-

ethylamine, and triethylenediamine. For best results,

' the reaction is carried out under a dry air blanket.

15

20

25

The diisocyanate may be a hydrocarbon that is

branchéd,-linear, or cyclic, saturated or unsaturated

aliphatic or aromatic. Advantageously, it has from 4 to
.20 carbon atoms, preferably, it has from 6 to 18 carbon

atoms. Diisocyanates may be selected from xylylene

diisocyanate; 1eisocyanatp—B-isdcyanatomethy1—3}5,S-tri-
methflcyclohexane; -3,3'-dimethyldiphenylmethane-4,4'-di-
isocyanate; 2,4 -to-lylenediisocyénate ; 2,6-tolylenediiso-
cyanate; 2,2,4-trimethylhexamethylene diiéocyanate,'~ |
2,4,4-trimethylhexamethylene diisocyanate; methylene-bis
(4-cyclohexalisocyanate); hexamethylenediisocyanate;

meta~-tetramethylxylenediisocyanate; para-tetramethylxylene-

‘diisocyanate; methylenebbis—phenyldiisocyanate}-

1,5-naphthylene diisocyanate;  metaphenylene diisocyanate

and mixtures of the above. The most preferred diiso-

‘cyanates are: ' 2,6-tolylene diisocyanate; 2,4-tolylene

Xl

o

¥



‘19 [err] where mis one or two. When the coating conposition of the
invention is prepared, the concentrations of the reactants should 5

;advant ageously be such that the total concentration of .the hydroxyl groups
is at | est approximately equal to the anount of diisocyanate present.
Broadly, this means that the total conceniration of the polyol, the diol of
the di al kyl ol carboxylic acid, and the hj roxyal kyl (meth)- 10 acrylate is
sufficient to bring the ratio of hydroxyl to diisocyanate advantageously to
at | east about 0.95:1,and,preferably, to at_least 1:1. Most _preferably,
the hydroxyl noikisosgenpriegent 1TEs@Ryeaato- 3TEF@FXBP§t°Fﬁ§hH}03@§y5 shoul d
be present relative to the djisocyanate_ in the molar range of from
1.05:1 to .95 I thegt %YH%?%‘B‘P?XW?' i 27 ﬁﬁ‘érilaﬂehyéhe?fﬁBﬁFMéznf to 1:1.
The carboxyllc cj d pol Is an ortant ingred- ient of the _instant
coating conposﬁf & ?%'p?%ﬁe?ggr§ EF%@%FRY;heﬁﬁmﬁﬁﬁﬁﬁFn§uﬁFPéPent to
all ow the uncured 20 copolyner to be soluble or swellable in aqueous

al kal i sol uti of¥Y@R&*%ave found that enhanced pol ar solubility results

Then, Sccord o o ¢ MmN EA 8ty l s EBMLAS BRLRATRIRL Lo kTR e
per gram of the, (0l B Und®' c108s] PRARIAY! §ehPEL %211 TR increased.
The pblyol may have from 2 - 28 carbon atoms. The
hydfocarbon portion may be cyclic, branched or linear,
N _.. saturated 6r unsaturated aliphatic or aromatic, and have
10 from 2.? 5 hydroxyl mgieties. Preferably, the polyol is
a.diol or triol having from 2 to 16 carbon atoms.
'Préfgrred diols may be selected from: ethylene glycol,
.- propylene glycol, butanediol, pentanediol, hexanediol,
octanediol, neopentyl glycol, 2-methylpropane-1,3-diol,
.15 cyqlohexanedimethanol, and diethylene glycol. Other
preferred polyols include glycerol, trimethylolpropane,
and hexanetriol. . _
U o _The hydroxyaﬁphatic(méth)acrylate may have an
| aliphatic group with from 2 to 28 carbon atoms. The
.20 aliphatic moiety may be linear, cyclic, or branched,
saturated or unsaturated, but is advantageously an alkyl
érouﬁ. Preferably, the alkyl group of the hydroxy alkyl
(meth)acrylate has from 2 to 12 carbon atoms. Some
preferred hydroxyalkyl (meth)acrylate can be selected
25 from: hydroxyethyl (meth)acrylate, hydroxy propyl (meth)
| acrylate, hydroxy butyl (meth)acrylate. Also preferred are

having the general formula:



A preferred range of acid meq/g of TRis from0.8 to 1.6 acid neq/g of TR
If a highly viscous product, extrenely suitable for Conbination wth other
materials, is desired it is nost preferred that the reaction m xture=.
contains a proportion of at least 1 acid neg/g of TR, a qpst_preferﬁsh ,
range. is from1l to 1.6 acid nmeg/g of TR Th? se of the diacid of Fornula 3
may al so be used to add to the amount of acildfmi |liequivalents. Another"
advant age provi ded by the carboxylation of the urethane di and _
tri(meth)acrylates is that the W sensitive conmpound nmay be conbined with
‘hydrophilic resins. Furthernge, &Qy varyingqst he concentration of the
carboxy- lation in the urethahe and tri (geth)acrylates, the hydrophilic
nature of this W sen&ifysEHrGrdbaheHghyOl gCARHILO , be controlled. This
allows the hydrophilic character to be set for a specific resin. Thus, when

one desires 't @heye @ ¥ SAWHEOPRADI ¢ or | ess hydrophilic resi n, a low
concentration of carboxylation can be used in the urethane di and

tri (meth)acryl ate, t@Whelcnarse | Bbhpb¥ ivibR biEe the) AGhth £ Nis
Conversely, if one desired to use a hydrophilic resin, the carboxyl concen-
tration woul dpbeparedgattt swrdwitideionsi bfaktiet Peactadts should
‘5 .advantégedusly'bé Sﬁch that'the.total cohéenﬁration of.
‘the hydroxyl groups is at least épproximaiely éqﬁal to
‘the amount of diiébc?anatélpresent. 'Broadiy,tthis means gj-
that the total coﬁcéhtration'Of'Ehé:polybl,.thé diol of |
the dialkylol éarboxylic aéid, and £he hydroxyalkyi (meth)- :
10 acrylate is sufficient to bring the:ratiézof:hydfoxyl to |
: diisocyanate'advantageousiy to at least about 0.95:1,and,preferab1y,
to at least 1:1. Most preféfably,'tﬁe hydroxyl moiety is
present in excess. Preferably, the hydroiyl éhould_be.
present relative to thé diisééyénéﬁe in the moiér rénge
15 of from 1.05:1 to .95:1, most preferably; it ié'in the
range of from 1.02:1 to 1:1. S |
‘The carboxylic acid poiyol'ié_an.important ingfed- o/
'ient'of the'inStaﬁt cbatihg composifioh} and fs préferably
present in an amount sufficient to allow théTunCﬁred
20 copolymer to be soluble or swellable in.aqueéus alkali
| solutions. | - |
| We have found that'eﬁhénééd polar soiuﬁiiity .
results when, accérdiﬁgstb the'ihVEntibn; the cérﬁoxylic
acid polyol is used in the reacfion mi#ﬁﬁré in aﬁ-amount
25 greater than 0.8 acid milliequivaleﬁtsﬁper gram 6f the

total amount of the reactants (meq/g of TR) .



"urethane di and tri(neth) acrylate could be m xed in |arger concentrations.
Advant ageously the carboxylic acid polyol is used in the reaction m xture
.in concentra- tions having the carboxylated polyol in an amunt of from5 5

"to 45% By wei ght of the total anpunt of reactants (by wei ght of TR),
preferably, from5 to 25% by weight of TR, nost preferably, from12 to 25%
by wei ght of TR Wen a polyol is also‘2wetuded, it is advant ageous- |y
used in the reaction mxture in an anount of from2 to 10 18% by wei ght . of
TR, 'and preferably, from2 to 15% by wei ght of TR For the diisocyanate, an
advant ageous concentration range is from30 to 80% by wei ght of the TR
Preferably, it is in the range of from50 to 75% by wei ght of TR 15
The hydroxyal kyl (meth)acryl ate shoul'd be present in the reaction mxture .
in a proportion of at |least 0.50 meg of acrylate/g of TR to assure suitable
UV sensitivity if the conposition contains no other photosensitive com
ponent. " A suitable range is from0.5 to 1.6 nmeq of 20 acrylate/g of TR
An advant ageous wei ght percent range is in an anmount of from5 to 50% by
wei ght of TR and, preferably, it is used in an anount of from 10 to 30% by
wei ght of TR The instant carboxyl ated urethane di (and/or) 25
tri(nmeth)acrylate cop

wei ght aver.age nol ecul | ?/p%%ﬁ?é%ggqﬁ%%p%ogb;{%gG%gv ?Jt %;fe& Og‘tsﬂl &rg'?cﬂ?'i Bo0o
to 3,000, andtoﬁq%% acid meq/g of TR. If a highly viscous product,
extremely suitable for combination with other materials,
s | is desired if is most preferred that the reaction mixture
- . contains a proportion of at least 1lacid meq/g of TR;
a most preferréd'range is from 1 to 1.6 acid meq/g of TR. .
The use of the diacid of Formula 3 may also be used to add
to the amount of acid milliequivalents.
Another advantage provided by the carboxylation of
__the urethane di.and-tri{meth)acrylatés is that the UV
. sensitive compound may be combined with hydrophilic resins.
Furthermore, by varying the concentration of the carboxy-
\_ ~ lation in the urethane di and tri(meth)acrylates, the
hydrophilic nature of this UV sensitive compound may, to
an extent, be controlled. This allows the hydrophilic
_ character to be set f;r a specific resin.. Thus, when one
desires to use a more hydrophobic or less hydrophilic
resin, a low concentration of carboxylation can be.used in
the urethane di and tri(meth)acrylate, to increase
:_compatibility with the selected resin. ConverSely, if one
__desired to use a hydrophilic resin, the carboxyl concen-

tration would be increased so that the resin and the



preferably, from1,000 to 2,500 (determ ned by Gel Perneation

Chr omat ogr aphy and based on a standard pol ystyr- ene’'calibration curve). As
i ndi cat ed above, the coating conposition of the invention conprises-a

bi nder. The resin which is used for thi's preferably should have aMd ass
transition tenperature (Tg) of about [err]. or greater, and nost preferably
i s hydrophilic. The high Tg will inpLdv@\tenperature resistance. Several
commercially available 10 resins are available for this purpose.

Conpati ble m xtures can be achieved with the instant carboxyl ated urethane.

di (and/or) turetbaneadiylatdsesmetin) | ycbylaper epalat Beymiaeni Ag t he
~ carboxyl concentration. Resins that may be used for this purpose are

styrene/ mal ei datr§eramioprarte atoim yTeradvant dgeoh sl 'yt hBosarpbikeh ikave been
partially esterified with |ow nol ecul ar wei ght al cohols. Copol yners of
styrene/ nal ei ecadhpddiyed dirse wearheini the yreactiohl minbiued haveoheentra-
esterified with mxtures of alcohols frommnethyl -to butyl. Such copolyners
are 20 commetdpalsl hanixd diilee carhowylietedrpelydl mbheanl amountgbfs frome
nmol ecul ar meight of this resin binder should preferably be in the range of
from 25,008 t8 %004860byameight 9f cthe dtotak ramewnt 000 reagf8n660.(by
Preferably, the copoly- ner used has a ratio of styrene to maleic anhydride.
in the 25 raW§dabt PfoHR):/1 Rrgermablyy fxdmn ? o TY5% ahyewedghthefbTRder
is fromJ[err err]. The .bin may. be used in an, amunt of from85 to
'S ° [e: ]mégt[%réker£%1§5(¥¥bm ?& to Zfi by weight of TR.
When a polyol is also included, it is.advantageous? -
1ly used in the reaction mixture in an amount of from 2 to .
10 18% by weight of TR; and preferably, from 2 to 15% by
~weight of TR. -
For thendiisocyanate,'an advantageous"conceﬁtration
range is from 30 to 80% by weight of the TR. Preferably,
it is in the range of from 50 to 75% by Wéight of TR.
15 The. hydroxyalkyl {(meth)acrylate should "be bresent'
in the reaction mixFure in a proportion of at least 0.50
meq of ‘acrylate/g of TR to assure suitable UV senéitivity
if ;he composition!contains-nO'other.photosensitive com- o/
_pbnent; A suitable range is from 0.5 to 1.6 meq of
20 . acrylate/g of TR. An advantageous weight percent range
is in.an amount of from 5 to 50% by wéight of TR and,
preferably, it is used in an amount of from 10 to 30% by
weight of TR.
The instant carboxylated urethane di (and/or)
25 tri(meth)acrylate copolymer coating COmpositidn'adVanta-

geously has a weight average molecular weight of ffém'

500 to 6,500, preferably, from 800 to 3,000,'and,'most



+ 25% by wei ght of the total conposition, and, preferably, from17 to 60% by
wei ght of the total conposition. Preferably, the carboxyl ated urethane di
_(and/or)..tri- (meth)acrylate coating conposition is mxed with the binder
“so that {the Tg of the end product is"from70 to [err]. Preferably, the

bi nder acid nunmber is from 120 to 280 .ag~yof KOH g. Other pol yners having

t he above described nol ecul ar wei ght ™ nd dcid nunber nmay al so be used
as a binder with the carboxyl ated urethane di (and/or) tri(neth)acrylate

coati ng conpositjon. i t abl e pol yner o] e .as binders .include: neth
neth;c?ylagglgl ?Eﬁki?;c EE?d?ahéonﬁgh Pgﬁéfﬁgé%ﬁéﬁ¥¥ tﬁxdcéfrylate-y
nmet hacrylic id. n the instant carboxyl ated urethane di d/ o

(Tl (not by er raatie Rt ioh cer oREE0 aBRYoAtH Beved mitid Khanaddd Bldsrye-
exanpl e, as c¢r.0 | pker e olvents, pignents, photoinitiators and
t)r(le?prral [ n?\.i- bél?%fés%f{{}ﬁ’égﬁ%%%eﬁyfi?%n ofS tﬁiaguv sZnsPt [ vel-c:';tr Iboxyl Zt ed

conti 9,151 < T AEAHA OEOUR Nob B e cLRRAE P CcHEARAT I SR

wei ght of the total "‘conposiiron. range

to 75% and, moSf ﬁ%féﬁ”égﬁ_riéésié %ﬂnégﬁ,ra”&ﬁeOEekﬂﬂmﬁgééﬂ)i % by wei ght
Combl ned co n. Pre

of the total ositrol erred crosslln_ers are the
(meth) acryl atgsd@NEIE Snis PLEBLEAKEYS s%ﬁlﬁ_s%%x)@‘ed“ di‘aésf/ HdeshEppint o

obtain a conposition having a greatef crosslinking density,
.temperature (Tg) of about 155°C. or greater, and most
preferably is hydrophilic. The high Tg will improve
W - temperature resistance. Several commercially available
10 resins are available for this purpose. Compatible
mixtures can be achieved with the instant Carboxylated
.. urethane di (and/or} tri(meth)acrylates especially by
appropriately varying the carboxyl concentration. Resins
that may be used for this purpose are styrene/maleic
15 anhydride copolymers, particularly those which have been -

) ?artially esterified with low molecﬁlar weight alcohols.
Copolymers of styrené/maléic anhydride are commeréially
available which have been esterified with mixtures of
alcohols frém methyl to butyl. Such copolymers are

20 commercially available in: a wide range of molecular weights;
The molecular weight of this resin binder should preferably
be in the range of from 25,000 to 300,000; and most
preferably from 60,000 to 250,000. Preferably, the copoly-

‘mer used has a ratio of styrene to maleic anhydride in the

25 range of from 1:1 to 2:1. A preferred Tg range for the
bindé: is from 155°C. to 200°C.

The binder may be used in an amount of from 85 to



which in turn inproves resistance to solvents such as nethyl ene chlori de.
‘More preferred are pol yfunctional (neth)acrylate nononers. Suqh
pol yfunctional nonomers can be sel ected from @Rmet hyl ol propane -

tri(meth)acrylate, 5 trimethyl propane ethoxylated tri(meth)acryl atéw

di pent aer yt i#5% by hyeighgperft &her tatted eompdsition} hahd), - predearably,
tetraacrylate. Other crosslinkers which may be used include divinyl ethers,
acryl at ed eptsemsl? cpoxpOkedbynveight ot thecbotal cempoasitilom.acryl ated
_epoxies are preferred since they inprove overall heat resistance, solvent
.resistance,é%ﬁF%N%P&Yb thre srzhoiated arethane @&rbéhﬂV@t@dﬁﬁiﬂinng
conposition js used as_a_sol der nmask, the copposition is advantageous-

I yngoat ed onz%&ébﬁ?ﬁﬁ;'?&?e-cé’&ﬁéﬂgal‘@%h#i% is mixedkwith g¢heondition.

e comed SiraggelGol SpbeRATIY ey SOt il om0
L 2o Ao bR b B Sl ARl O B LA
oL, B s B, SESKay oDy MR Al NP
SeLale! g e 56 1SRG AR i 7 B ORE hlnblE Y WY
‘be used as a binder with the carboxylated urethane di
(and/or) tri(meth)acrylate coatihg’éomPéSition." Suitable
polyﬁers for use as binders include: methyl methaCrYIaté- \/
methacrylic acid and methyl methacfylate-méthyl’écrylaté-
"_methacrylic acid.
When the instant carboxylated urethané di’ (and/or)
- tri(meth)acrylate composition is used wifh other addi- - -
tives suéh, for example, as cfosslinkers, dyés; solvents,
pigments, photoinitiators:and thermal inhibitors, the.
concentration of the UV sensitive carboxylated coating
-inéredient advantageéusly is in the range of*fr@leo to
85% by weight of the total composition. Preferably, it gj
is in the range of from 15'#0 75% and, most*pfeferably,
it is in the range of from 17 to.sb% by weight of the
total éombined-composition.
. Preferred crosslinkers:arefthe=(meth)acrylaﬁe
‘monomers. - Crosslinkers are used when it is desirable to
obgainag composition.havihg-a;gréater crosslinking |

density,



‘conprises 1% by wei ght of base nmay be used. When the desired quality of
I mge i s obtained, the coating may be given a post WV cure of 3 - 5 J/sq.
.cm This.is followed .by a heat cure, preferably at [err]. for a sufficient

“curing tigpe. The instant conpositions have 5 excellent resolution,

flexibility, and adherance to netals. Jhe follow ng exanples illustrate the
i nvention. Al parts and percentages ar wei ght unl ess ot herw se
i ndi cated. 10 Exanple 1 This exanple illustrates the

ot edi ent's wer ARG G TREDTDLF8E CRPRONBACP SOLVeRPE( SHCR 2 o
neating mant | o o Enf SREERES oo Bt FoEren: &5 90ro sSherdReato
(about . 5" cqut VIERHSEFTAES, Bondherds) "Yadt PhORVPBhELTohE) Hapofets

Dy rol i done a5 & RRerts s b AT oo bhe e rToRade) o tnd s 1ace,

catal yst. Umnleryyasglion 'ﬁr&é&%%t%i{ﬂéﬂéaa&fﬁ?(‘meéh%@rglgﬁe(abo“.t-16
equi val ents) of tri- nethyl hexamet hyl ene dii socyanate were charged into the
25 mxture in tQherppdr PHE i 8FF BEIrbRYSEstaRSFY1até) 8%Q-ditrimethylol-
propane tetraacrylate.
Other crosslinkers which may be used include
\_ divinyl ethérs, acrylated epoxies, epoxy resins, and
10 aminoplast resins. The acrylated epoxies are preferred
since they imprové 6verall heat resistance, solvent
resistance, and overall adhesion,
When the instant carboxylated coating composition
is used as a solder mask,'the_composition'is advantageous-
15 1y coatéd on an apprppriate substrate and dried to a tack-
~free gonditién.. The coated substrate is then advanta-
geously photoimageé with from 75 to 105 mJ/sq. cm. of UV
radiation, and may then be developed with an agqueous
alkali solution. Preferably, the aqueous alkali solution
20 1is potassium or sodium carbonate. |
Generally, the phofoimaged coated substrate is
inspected at this point. -The instant coating composition
has the advantage in ﬁhat,_if desired, a coating can be
- éasily stripped with an agqueous alkaline stripper, and
25 redone. The amount of alkali needed in the stripping or
- developing solution is very low. A solution which

comprises 1% by weight of base may be used.



thermtook place for each addition. The reaction tenperature was kept
under [err]. by cooling with an i ce-water bath, and after the second
addi tion of trinmethyl hexanethyl ene diisocyanate the reaction tenpera= ture
was maintained at a constant [err]. for 10-12 hours until the isocyawate
infra-red absorption peak had 5 di sappeared, which indicated that the
reaction had gone to conpletion. Exanﬁfg»z The phot osensitive coating
conposition which was prepared in Exanple 1 was used to prepare a
phot oi magabl e 10 .sol der mask. The sol der nask was prepared by charging the

fol | owi ng ingredi ent whed ahe0Aesirgdyudicitwmf | Btkge elsi pPedinedh a
stirrer, a gas inlet, a thermonmeter, and a condenser: 6.5 g. of a | ow

mol ecul ar wei ghe eoaallyugemiaq dxef(gim'errg agodt OL.Arg obf3 - 5 J/sqg. cnm.
N-net hyl - 2-pyrrol i done as a 15 solvent; 82.0 g. of an esterified :
st yrene/ nal ei Thashyar fdd lowed byera dedl dare, (Pieferabhly used befe. wisr
Scripset 550 by Monsanto). The m xture was agitated - and heated to [err].
for 30 m nutes soffirdentacmaiyng diige.on TheAfingtant sconpes ieipesabhave was
| owered to [err]., and then the 20 follow ng ingredients were added to the
m xt ure: OSOOQXgeléﬁntthé’eSPé@tri&m:caﬂlepfd-lhgﬂdelr’qsz:ata!!ﬁl adhepance to
‘phenot hi azine; 77.5 g. of the UV sensitive coating conposition prepared in
Exanpl e 1, an@® aésg of a green pignent Wil e the n1xture was bl anket ed

with a flow of dry ai
y Be %o&lowing examples 1llustrate the 1nvention.

* - All parts and percentages are by welght unless otherwise

<

1nd1cated. _
10 - o Exaing’ le 1
| This example 111ustrates the preparatlon of the
photoimagable coatlng compositlon. |
The following ingredients were added to a 5 liter
round-bottomed flask, fitted with,e'mechanieal stirrer,
15 a thermometer( a condenser, ‘a gas inlet}'end a heating
mantle: 236.0 grams (g) (about 4 equivalents) of
1,6-hexanediol; 268.0 g. (about 4 equivalents) of ai-
_ methylolpropiohic eeid; 951.2'g..(about éfz equivalents) o/
of 2-hydroxyethyl acrylate; 0.23514 g. of phenothiazine
20 as a free radical inhibitor; 783'8'g.'of N-methyl-z-'
pyrrdlidone'as a solvent; and 31.35 g. of dlbutyltln
dilaurate (T 12) as a catalyst. Under a dry-air blanket _
Jwith agitation, 1,680.0 ¢. (about 16 equlvalents) of tri-
methylhexamethylene diieocyanate were charged lnto the
25 mixture in two equal portions 30 minutes apartlr An.eXO-
‘therm took place for each addition. The reaction

temperature was kept under g5°C. by cooling with



*25 solution containing the foll owi ng was added: 47.8 g of
trimethyl ol propane triacrylate (SR351) as a crosslinker, 6.5 g. of
_i'sopropyl t hi oxant hone, (1 TX) as a photoinitiator and 8.4 g. of ethyl

‘p- di met hylanmi nobenzoate (EPD) as a sénsitizer. The above ingredients were
allowed to m x under a dry air blanket for 30 mnutes at [err] after which
time 5 they were discharged into an ahbg[ ar. The sol der masking this
conposition prepared was used as described in Exanple 3. Exanple 3 The
conposition prepared in Exanple 2 was applied 10 as a coating to two 6" X

8" (153 x 203 ngy Pé‘éewﬁﬁ’QPeBa’EhadaﬂEOéYtQS}aEﬂ§ 3bcRntPladdlitgigr T of about

two mls (0.05 mn, using a 75 nmésh monofi | anent pol yester screen, and a

rubber squeegeerhowé PRy TRe A8MEERYEENBARYRESSyahllites e Ci%%fdt%ﬂ’vac%ﬂféx%i to
ald4ml (0.035 mm tack-free filmin a 15 “forced-air oven at [err] in a

period of 12 mgei€swadfh@inthesedqdated tohdtaner 85ceQl #drt G 0-0@Mhours
tenperature, they were exposed at 75 mi/sq. cm through an IPC (Institute

for | nterconnecinbyl Per&agsogyahaeer efifeasre@uiabspriytiol peakegaid ve
artwork wi-th a 400 watt nercury 20 vapor |anp. The exposed filnms were then
devel oped. mehuadigappearéds swhichodndficheed] that 4heseeantiomhd Rpme
rinsed with fresh water. An excellent resolution of the |IPC B-25 was

to completion. '

Example 2
The photosensitive coating composition which was
prepared in Example 1 was used to prepare a photoimagable
10 solder mask. The solder mask was prepared by charging
the following ingredients to a 500 ml. roundbottom flask,
equipped with a stirrer, aﬁgas inlet, a thermometer, and
a condenser: 6.5 g. of a low molecular weight copolymeric
defeoaming agent; 91.25 g. of N-methyl-2-pyrrolidone as a
15 solvent; 82.0 g. of an esterified styrene/maleic anhydride
copolymer as binder. (The resin used here was Sgripset
550 by Monsanto). The mixture was agitated and heated to
W 95°C. for 30 minutes to obtain a hazy solution. After
this, the temperature was lowered to 70°C., and then the
20 following ingredients were added to the mixture: 0.004 g.
of the free radical polymerization inhibitor phenothiazine;
77.5 g. of the UV sensitive coating composition prepared
in Example 1, and 9.0 g. of a green pigment. While the
mixture was blanketed with a flow of dry air, a premixed.
25 solution containing the following was added: 47.8 g of
trimethylolpropane triacrylate (SR351) as a crdsslinker,

6.5 g. of isopropylthioxanthone (ITX) as a photoinitiator



Sa
car boxyl at i ond&¥dasgnplanketofor A ainHehi el *Gnount

produced. 25 After this devel opnent, the boards were cured at 3
J/sq. cm, and thermally baked at [err]. for one houf as a post-cure
process. One of the boards was then soaked in methyl ene chloride-ferr]
for 15 mnutes, and no degradati on was found on the nmask (solvent
resi stance test). The other board was gjven a cross-hatch adhesion 5 test
according to ASTM D3359-78 net hod B;-h%ﬁ%has found to have no adhesi on

| oss. The board was then painted with a resin flux, and floated with the
face having the sol der nmask down on a nolten solder pot at [err] for 10

seconds. Aft eantih@.dolgdepfpett hydstp-dime thogkain ivasbdzoatere (ERD EI sr ansed

with 1,1,1-trichloroethane while the board was still warm One hour |ater,
t he board wassghedtizkg.same cross-hatch adhesion test and found to have no
adhesion | oss. Exanple 4 15 Usi ng the apparatus and general

procedure as descri be@henabexeplingrediantmmere aklowed o0ipbrensdesrs
prepared which varied in the anmount of carboxyl ation. UEIe 4 .contai ned no
ex vaiebx{yimei on.
Al'l of the_20 sanples re prepared at 80% solids, The formul ation used for
each i ndi vPdukhe¥algre Adsg &d) PR &N FURKy I3 he WERYhSQLARE BASKANEN

rans. : .
9 this composition prepared was used as described in

Example 3.

| Example 3. N
The“composition prepared in Example 2 was applied -
:10 as a coaﬁing_to two 6" x 8" (153 x 203 mmi bare copper clad

| epoxy boards at a wet_thickness of about two mils (0.05 mm),
~using a 75 mesh monofilament polyester screen,. and a rubber
_squeegée having 70 durometer hardness. This wet coating

ﬁas dried to a 1.4 mil (0.035 mm) tack-free film in a
.15_ forcedfair oven at_1009c, in a period of 12 minutes.
-After“these dried films were cooled to room
tempe:ature,_they.were exposed at 75 mJ/sq. cm. éhrough
~an IPC (Institute for Interconneéting Packaging electronic FQ}
'circuits) No. B-25 négative aftwork-with a 400 watt mercury
20 vépor lamp. The exposed films were then developed
manually in a 1% solution of K,CO, for 45 seconds, and
“then rinsed with fresh water.
.An excellent resolution of:the IPC_E#ZS was
pfoduced.
25_ _ After this dgvelopment, the boards were cured at
3 J/sq. cm., and thermally baked At_150°c. for one hour as

a post-cure process.



* Table 1 The followi ng abbreviati ons have been enpl oyed. 25 DWPA =
di net hyl ol propi oni ¢ aci d 2HEA = 2- hydroxyethyl acrylate TMD =

. trinethyl hexamet hyl ene diisocyanate DTN = dimethyl tin di neodecanoate

y NLPer|E# N—nethylpyrrolldone eq. ‘equi val ent Sanple 4 Sanpl e
5 eq Vélght eq. Wei ght 1,6 Hexanedio
8 472 - 7.0 413.0 DWPA . 2g§ - -
1.0 67.0 2HEA 8.1 d39 8.2 951.2 T™MDI
16 1680.0 16.0 1680.0 10 DTN 15. 46
- 15.56 M Pyrol One of the -boards Maps othen soaked in mqt'zl'yygene
Phenot hi azi ne 309 0.311 Sanple 6
Sample 7 eq Whilgmide (MeC1za‘q fOW\éﬁgmlflt!}"—e%.: Ad emtpgradation was
177.0 2.0 118. 0 DWVPA 5.0 335.0 6.0

402.0 2HEA found on theg mask gigpkvent resistgance tgsthb. T\D|
16.0 1680.0 0 ,1680.0 DT
- 15. 76 20 MPFS’& other boaré\lwas given & cross-hatch ac?hes/@nég

.Phenot hi azi ge test accord:.ng to LE\STM D3359-78 methcbg]é, and was found
fo have no adhesion loss. The board was then painted with
a resin flux, and floated with the face having the solder
mask down on a molten solder pot at 260-275°C. for 10
N/ seconds. _Aftér the solder pot test, the board was
10 nimﬁediately rinsed with 1,1,1~trichloroethane while the
'board was still warm. One hour later, the board was
given the same cross-hatch adhesion test and found to
. have no adhesion loss.
Example 4
15 . Using the apparatus and general précédure as
described in Example 1, urethane diacrylate oligomers
were prepared which‘varied in the amount of carbéxylation.
‘Sample 4 contained no carboxylation and Sample 9 con-
tained the highest amount of carboxylation. All of the
20 samples were prepared at 80% solids. The formulation
used for each individual sample is shown in Table 1 below;
fhe weights are given in grams.
Table 1

The following abbreviations have been employed.

25 DMPA = dimethylolpropionic acid
2HEA = 2-hydroxyethyl acrylate
TMDI = trimethylhexamethylene diisocyanate



Sanpl e 8 Sanple 9 eq. Vi ght
1, 6- Hexanedi ol 1.0 59.0 . 0
7.0 469.0 8.0 536.0 -5 2HEA

8.2 951.8 TMDI 16.0 1680.0

- 15.8 - 31.67 M Pyrol

- 791. 8 Phenot hi azi ne - - 2®316

The viscosities of Sanples 4 -

a Brookfield RVT Visco- neter;# 6 spindle at 10 RPM Sanple 4
6 7 DTN 8= dimethy?® hiﬁCEShédeQéQBate22400 41600 44800 -
68800 86400 15 : Exanple 5 Sanples 5-9 of the

car boxyl at-ed umeﬂywmh aCNymethyEpyvreodideed t o prepare sol der masks,
the proper- ties of the sol der
w th exanpl es &gand €quwbvabehdl | ow, may be used to 20

eq. Vi ght
0 "DVPA

8.2

951. 2 .~

16.0 1680.0 DTN

- 789. 8

- 0.317 10

9 were neasured (in cP) at [err] [err] usi ng

masks were conpared.

properties of the carboxyl ated urethane acry-

cont ai ni ng. noncar boxyl at ed ur et hane$S
herein as Sanples D -

wpleatdes.

Thi s exanpl e,
conpare the

general prdcedure described in Exﬁﬂnle PWeigh#pl e D en@doys Weight

10

1,6 Hexanediol
DMPA
2HEA

TMDI

DTN

‘M=-Pyrol

15

Phehothiazine

1,6—Hexanedibl

~ DMPA

2HEA

TMDI

. DTN

20

-M-Pyrol

Phenothiazine

8 472

- 8.1 939.6

16 = 1680.0

- 15.46
- 772.9
- ~0.309
SamgleHG
eq. - Weight
3.0 177.0
. 5.0 335.0
8.2 951.2
16.0 1680.0
- 15.72
- 785.8 . -
- 0.314 .

7.0 413.0
1.0 67.0
8.2 951.2
16.0 1680.0
- 15.56
- 777.8
- 0.311
Sample 7
_ eq. Weight *
2.0 118.0
6.0 402.0
. 8.2 - 951.2
16.0 1680.0

- - 15.76
- 762.8

- . 0.315

and

al ong

| ates with those of nasks

The sol déampdsks desi gnat ed’
H were prepared using .the apparatus and by the 25

5 '



“the acrylate of Sanple 5, Sanple E that of Sanple 6, etc. The proportion of

each ingredient is given'in the followng table: Table 2 5 Comon
;Sol der Mask Fornmul ati.on for Sanples D-H Mdafl ow (a | ow nol ecul ar wei ght
copol ynmesy 6.5 N-nethyl pyrrolidone 91. 25
Styrene/ mal ei ¢ anhydride (Scripset*550) 82. 0 Phenot hi azi ne
0.004 10 Carboxyl ated Uret hane Acryl_é:'tgD ’ 77.5 Green
Pi gment (9GbH) 9.0 Isopropyl Thi oxant hone
6.5 Ethyl p-dinmethylam no benzoate 8.4 - _
Trimet hyl ol propzyl triacrylate (SR351sample 8 47.8 15 sample 9 Summary
of Properties of Sol der Masks Cont.ai ni ng ICﬁr boxyl ati on Usi'ng the sol der
masks of Sanples D-H, -bare, copper egl.ad thoar ds wae. codeibhtsi ng t he

general nethod as described in Exanple 3. The boards were then 20 tested
and eval uated. 2,Phdexapeddol was dx@el |l ed9.8& 75 m)/cm Oor -all Banpl es
D-H Devel opnent: For Sanples D-Hin a 1% aqueous K2C03 sol ution

devel opment wasDMR8ellent. In 1,1, 7-0Ori cHI6S-fet hane deBellopndié fbr Sanpl es
D-H was 25 p%or.ZH;ATr ade Marks - '

8.2 951.2 = 8.2 951.8
‘TMDI 16.0 1680.0 16.0 1680.0
DTN - 15.8 - - 131.67
M-Pyrol - 789.8 o - 791.8
- Phenothiazine - 0.316 - 0.317
10 The viscosities of Samples 4 - 9 were meﬁsured
(in cP) at 75°F. (24°C.) using a Brookfield RVT Visco-
- meter,# 6 spindle at 10 RPM.
Sample 4 5 6 7 8 | 9
Viscosity 20400 22400 41600 44800 68800 86400
15 .Examgle 5
W Samples 5-9 of the carboxylated uretpane acry-

lates were used to prepare solder masks, and the proper-

ties of the solder masks were coméared. This example,

along with examples 6 and 7 which follow, may Se used to
20 compare the properties of the carbbxylated urethane acry-

lates with those of masks containing noncarboxylated

urethane acrylates. -

The solder masks designéted'herein as Samples
D - H were prepared using the apparatus and by the

25 general procedure described in Example 2, Sample D employs



Adhesi on Test Met hod: ASTM D3359-78 Method B (Scale 5 = No adhesion | oss)

(Scale 0 = Conpl ete adhesion | oss) Sanple Nunber D E

F G H 5 Adhesion before nolten solder 5 4-5. 4-5 5~ 4-5
Adhesi on after nolten sol der was applied ° 5 5 W 5

5 5 Exanpl e 6 Sanpl es of a solder mask conposition, using the 10 Sanpl e

4 noncar boxyl ated material, were preparEﬁ‘as foll ows and as described in
Exanpl e 2. The ingredients and anmounts of the ingredients are given in the
followi ng table: Table 3 15 - Sol der Mask

Sol der Mask AdEmAskylate of SampigpSe Rample E that of Sapphpecbp BEFoaner

ol seripser  The SpSaltTESPUIR NS ME o iven 1n
ghinothiazin%he f°ll°£3€g2€§PléSanple 4 acrylateofoggugieen Pigjent_(QGB)
e
4.0 5 Common Solder Mask Formulation for Samples D-H
| Modaflow*(a low molecular weight copolymer) . 6.5
N-methyl pyrrolidone o 91.25
Styrene/maleic anhydride (Scripset *550) ) 82.0
Phenothiazine . o o _ - 0.004 '\2
10 Carboxylated Urethane Acrylate | 77.5
Green Pigment (9G5) . _ 9.0
Isopropyl Thioxanthdne ' B - 6.5
Ethyl p-dimethylamino benzoate o 8.4
Trimethylolprdpzyl triacrylate (SR351) 47.8
.15 Summary of Eropérties of Solder Masks

Coﬂtaining CarboxYlation
Using the solder masks of Samples D-H, bare, >
copper clad epoxy boards were coated using the general
method as_described in Example 3. The boards were then
20 tested ahd'évaluated.

2

Photospeed - was excellent at 75 mJ/cm for'all'SamPies-D-H..

Development: For Samples D-H in a 1% aqueous K2C03

solution development was excellent.
In 1,1,1-trichloroethane development for Samples D-H was
25 poor.

* Trade Marks



' To provi de a conparison using the procedures as described in Exanple 3 each
of t;hese fornulations (A&B) were tested -and used to coat a bare copper clad
. epoxy boaxd. The results are given below 5

Sol der Nask Sol der Mask Sanple A . Sanmple B Stability at
[err]; Limted Conpatibility Total Phase (1 nonth) Separ ati on

Devel opnent 10 1 %aq [err] - o -, excellent :

1,1, 1-trichl oroet hane poor operty Met hyl ene Chl ori de

Resi st ance. was poor showi ng the solvent's effect after only a 2 mn.
exposure. 15 Aghesion peker Retnblen ASTHeD3359-F8aMe@horIBt en sol der* 5
SR351 = Trinetnyrolpropane trracrylate * crosshatch adhesion -

ASTM D3359- 78 Me{bedlB Scal RoS5aghagisdhessen | oss 20

Scale 0 = conpl ete adhesion | oss Exanple.7 Also for the purpose of
_conparison, Sanpiscdlenbesi gbmpaetosadhbeiphepase)a photosensitive el ement
whi ch was then eval uated for developnent in different 25 types of solvents.
The phot osensi ti veSamphenNufbaspl e C) D E F G H

5 Adhésion before'moitéh solder 5 4-5 4-5 5  4-5

‘Adhesion after molten solder

was . applied . 5 5 5 5 5
~ Example 6
Samples of a solder mask composition, using the
10 Sample 4 noncarbbxylated material, weré prépared as follows
‘and as described in Example 2.
i The ingredients and amounts of the ingredients
are given in the following table:
Table 3
15 ' Sglder Mask ' Solder Mask
Formulation Sample A Sampie B
.\y/ Defoamer 1.10 | 1.30
N-methYlpyfrblidoﬁe 41.8 ' 50.35
'Scripset ~ 30.68  36.50
20 Phenothiazine ~ 0.0024 - 0.003
Green Pigment (9G5) 3.1 3.1
Sample 4 acrylate 29.0 75.0
'SR351 . 16.2 -—
I 2.25 - | | 3.0

25 EPD 3.1 ' 4.0



was prepared by mxing the ingredients in Table 3, at [err] in a 500-ni
rouhd-bottom fl ask equi pped with a sti-rrer, a gas inlet, a thernoneter, and
a condenser. The table bel ow indicates the anount of each 5 ingrediepnt-.
Tabl e 3 A Sol der Mask Conposition (Sanple”C) Containing hbn-CarboxyIéHed__
Ur et hane Di acryl ate (Sanple 4) Fornu'%ééon :
(g) 10 Sanple 4 acrylate - - 122.5 El vaci te*2008
94.0 PMA ' .131. 0 Phenot hi azi ne

0. 0044 |rgacure*651 . ' . 6.2 15 Leuco Crystal
Vi ol et (dye) - .To providp A gmpIphEeR wsing 1thetpresegrsefhane

excel l ent in 1% aqueous . eVeIoSggggﬂggterials
e ryl ate

lerr] ' ' no d
and Abbrevi ati 8fs 561»!&?_6{/&" Franple o (frP 0t therynEP Y
MW = 79, 000), PVA = propyl ene, gl yeol onet hyl ether acetate | cure
651 = 2, 2 di ol AGE)- PO ASHAR AL RARE THE TRE o bBRG? JPOHBRT oEhato
di acrylate (Sanple 4) had a ry limdied tibiljt ith th t /[ 25
naleiz,anhygriggoﬁgé'ﬁ %%rié§5¥ %éé%£é%{§§%E§E$Eé %fi?&ﬁes ofetﬁeyrene
noncarboxylgted ureﬁhane diacrylate;mgbfd;}qggsﬁhrks__ . Solder Mask :

. SampleA = Sample B
 stability at 24°C: Limited Compatibility Total Phase
(1 month) Separation
Development | o _ W/
10 1 %_aq.lKéCQ3 . | ”.'.“h _exc§l1ent -
__1,1,1ftrichloxoe£hane_ . poor ! : Lo

Progertx'
: Methylene-chlo:ide Resistance. was poor showing the

- solvent's effect after_only a 2 min. exposure.

15 adhesion before molten solder* 5
after molten solder* 5
SR351 = Trimethylolpropane triacrylate o . K;J

*.crosshatch adhesion - ASTM-D3359-78 Mgtho@_B
Scale 5 = no adheSiQn léss

20 | Scale 0 = complete adhesion loss

Example 7

Also for the purpose of comparison, Sample 4
material was uséd to prepare a photosensitive elemehf
which was then evaluated for development in different

25 types of solvents. The photosensitive element (Sample C)



“the styrene/ mal ei ¢ anhydride resin could be obtained only for a relatively

"

short period of time (less than one nont-h) but only when the ratio of the
urethane\dlacrylate to the resin was | ess than one. Wen the ratio is 5
i ncreasag; phase separation occurred (Sanple B). The carboxyl at ed uret hane

~di or tri (meth)acry- late, however, can have varying concentrations of

carboxy- lation, allowing themto be -m bl e and conpatible in al
proportions with the styrene/mal eic anhydride resin and 10 ot her bi nder
resins. The results are excellent shelf life, uniformty, and high

perf or mance prggF gkmgaQEdtﬁﬁ'Hh%Wﬁg {%ﬁg@?&ﬁf&&@ﬁbfﬁy%ébig 4r etjane

triacrylate sa re prepare ppar at us and” gener al’ procedure

15  as descrlbggebn Elﬁ”&'%ob-m ﬁﬁ%?qgﬁéhlfiﬁgﬁlﬁﬁﬁ§g£% n%?gﬂla

trlacrylate sanpl e s given in t e ta

Sanple 11 (eq. %ti%&er'”agbas in1e’Y Ja ﬂﬂgrméﬁbﬁﬁr, §n&béaESHBther2 0

118.0 5 Tone *0301 --- .0 dycero
DVPA 2.0 61.4 The table H@ﬂﬂ% indicates thé 9mount26§ @ach
4.0 268. 0 2HEA 8. 939. 6 ---

5 ingredient.
Table 3
A Solder Mask Composition (Sample C) Containing

Non-Carboxylated Urethane Diacrylate {Sample 4)

Formulation ' : ' ' g)
10 Sample 4 acrylate ’ 122.5
Elvacite*2008 : 94.0
PMA 131.0
: Phenothiazine | - | 0.0044
Irgacure*651 ' 6.2
‘15 Leuco Crystal Violet (dye) 0.2
| .'Development -
in 1,1,1 trichloroethane | excellént
Y/ 'in 1% aqueous K,CO4 no development

Materials and Abbreviations Used Above:
20 Elvacite 2008 = polymethyl methacrylate (M.W. = 79,000)
| PMA = propylene glycol monomethyl ether acetate
. Irgacure 651 = 2,2-dimethoxy~2-phenylacetophenone
The noncarboxylated urethane diacrylate (Sample
4) had a very limited compatibility with the styrene/
25 maleic anhydride resin (Scripset 550). Homogeneous

mixtures of the noncarboxylated urethane diacrylate and

* Trade Marks



Tone M 100

8.2 2820.8 10 TMDI

16.6 1680. 0 | PDI . "16.0 1777.6 DTN
--- --- --- 52.66 T-12 Cm - 30,67

M Pyr ol - 766. 8 ‘ 1316.6 15 Phenot hi a?#he
0.23 --- 0.395 Materials and Abbrevi ati ons Used Above: Tone

. 0301 = polycaprolactone triol with noJ-e®bar weight of 300 Tone M100 = a

reactive caprol act one acrylate 20 |PD = isophorone diisocyanate =
1- I socyanat e- 3-i socyanat o- net hyl - 3, 5, 5- trinethyl cycl ohexane The sol der

mask conposi ttﬁgss%@&ener/&aa@q@ Wb iR AR PD b COISE 24 ndd 0GR EYT €
described in Exanplé 2, the products of Sanples 10 and 11 being used to

prepare the sphgeg ﬁaihal%_ﬁargﬂo&a: ge’tll‘de JEIEE | YRdss thah aghge Mark

Tabl e 6 Sol der Mask Conposition Base

For mul ati on
1.10

1.10 N-met hyl pyrrolidone 41.8

Scripset .550 to the resin3Wa83less than one30.Wien the ratio is

5

10

15

increased, phase separation occurred (Sample B).

_ The carboxylatéd urethane di or tri (meth)acry-
late, however, can have varying concentrations of carboxy-
lation, ailOwing_them to be miscible and compatible in all
proportions with the styrene/maleic'anhydride resin and
othef binder resins. The results are excellent shelf life,
uniformity, and high performance properties of the products.

Example 8
Carboxylated urethane triacrylate samples
were prepared using the apparatus and general procedure
as described in Example 1. The specific-ingredieﬁﬁs'for

each triacrylate sample is given in the table below:

On Car boxyl ated Uret hane Triacrylates
~month) but SAIP! «hlen the ratidSandlthel &keﬁﬂ&h&|decrylzﬁe8

-



* Phenot hi azi ne 0. 0024 0. 0024 (Sanple 10)

29.0 --- 10 (Sanple 11) . ---

. 29.0 Geen Pignent 9(¢b 3.1 . 3.1 ITX

12,25 o - 2.25 EPD 3.10 3.10
SR351 16. 2 16.2 15 The
conpositions of Sanmple | and J were té%*’used to make boards by the

procedure described in Exanple 3, and tested. Devel opnent properties: in 1%
by wei ght aqueous [err] Excellent Excellent 20 "[err] resistance

6 min. (good) 8 min. (good) (Teste@aple Brersing in the solvent for stated
period of time and evaluating the results as good if no effect is seen,
poor if a solvent effect is seen FaMKﬂﬁgﬁleh'adheQinn Sampier H1359. 78
~Method B 25 Scal e = no adheS|on |l oss Scale 0 =
conpl ete adhesi on | oss Adhesi d§%df cfr’@ ntﬁi't &R sol defeg.) (wt. in g) 4
after nolten d CLAI M5 1. A phot oi nagabl e
coating conpoi % gﬁXEBﬁﬂﬁpélngz -9 polyﬁéssﬂﬂected fron1carboiyrated

ur et hane pgly, hag tes and _carboxyl at ed urethane pol yacr tes; said
pol ymer be?nggﬁéae B¥bgonden5|ng a reaction 4 XOO 3

Glycerol DMPA 2.0 61.4 —— -
DMPA 4.0 268.0 4.0 . 268.0
. 2HEA 8.1 939.6 - -—-
— . Tone M-100  --- - 8.2  2820.8
| 10 TMDI . 16.0  1680.0 —— L me-
IPDI O © 16.0  1777.s
DIN e -— 52.66
X . T-12 | - 30.67 ——- -
M-Pyrol -— 766.8 —— 1316.6
15 Phenothiazine - 0.23 ~——— 0.395

Materials and Abbreviations Used Above:
Tone 0301 = polycaprolactone triol with molecular weight
of 300

Tone M-100 = a reactive caprolactone acrylate

20 IPDI isophorone diisocyanate

1-Isocyanate-3-isocyanato-methyl-3,5,5~trimethyl-
cyclohexane

The solder mask compositions were prepared using
‘the apparatus and general procedure described in Example 2,
the products of Samples 10 and 11 being used to prepare the

solder masks of Samples I and J respectively.

* Trade Mark



m xture conprising conponent (a) a diisocyanate having from6 to 18 carbon
at ors, conponent (b) a carboxylic acid polyol having'the formula [err]

wher ei n X represents an integer from2 to 5 and wherein:-R6 is a cyck}c

| i near or branched, saturated or unsaturated aliphatic, or aromatic,

hydr ocar bon noi ety having from2 to Zggd rbon atonms, and conponent (c)

sel ected from hydroxyal kyl acryl ates Gjhydroxyalkyl met hacryl at es,
wherein each al kyl has from2 to 28 carbon atons; provided that. conponent
(a) is present in an amount of from 30 to 80% by wei ght of the total anount
of the reaction mxture; conpoRekde(l) is present in an anount of from5 to
45% by wei ght of the total anmount of the reaction m xture, there belng at
|l east 0.8 nilli- equivBPrddes &ﬁsﬁcﬂ@ﬂmgs¥ﬁ#9ﬂ(ﬂaﬁﬁﬁbckbtal amount of the

reaction mxture, and conponent (c) resent. in an anount of from5 to
50% by wei ght ‘of the t&RX Qﬁﬂﬁﬁﬁﬁdnﬁrﬁ ane; Bniacnylates there being at

least 0.5 mllj- eqU|vaIents of (neth%acrélate per gram of the total anount

of the reacti oBCERYLAEION he conposi t conprisin 2.

A conmpositipon as imed in claiml1, wherein -39- the cyanate is
selected_frgn1§9? 6€9¥nat - i socyanat ngékyl-S,S,S-trine ﬁ@fcyclohexane
xyl ene dllsocyﬁg eghyi Yrg qghg%g dpoqQ%lnethane-4f 4’11;8

Scripset 550 © 30.68 | 30.68
Phenothiazine 0.0024 | 0.0024"
(Sample 10). 29.0 - I
10 (sample 11) . —-— :  29.0°
. Green Pigment 9G5 3.1 3.1
. ITX : . 2.25 2.25
EPD ©3.100 3.10
 SR351 | . 16.2 16.2
15 The compositions of Sample I and J were then

used to make.boardSVBy the procedure described in
Example 3, and tested..

Development properties: ' ' ' ' _ \/

in 1% by weight aqueous K,CO; Excellent Excellent
20 'MeClz resistance ©+ 6. min. (gdod).s min. (good)
(Tesied by immersing in the solvent for stated period of
time and evaluating the results.as_gocd if no effect is
seen, poor if a solvent effect is seen.): |

- Crosshatch adhesion - ASTM-D3359-78 Method B

25 -._ : . -Scale 5 = no adhesion loss

Scaie 0

~complete adhesion loss
Adhesion before molten solder 4

5
. after molten solder 5 . 3



‘ diisocyanate; 2,4-tolylenediisocyanate; 2, 6-tolylene- diisoCyanate
2,2,4-trimethyl hexanet hyl ene dii socyanat.e; 2,4, 4- trlneth

X di | socyanat e; net hyl enebi s (4-cycl ohexyl dii socyanate); he '@”@”ﬂ"’

" diisocyamate; 1,5-naphthylene diisocyanate; n®Ra-phenyl enediisocya ki
nmet a-t et r amet hyi xyl ene di i socyanate; para-tetra- nethyl xyl ene dii socyanat e;

-and net hyl enebi sphenwraIMgocyanate. 3. A conposition as clained in
claim1l or claim2, wherein.conponent (b) is selected from al pha-

al pha-di net hyl ol dacetic acAdphatpbmnaghpile doatting adompezitdovm acid,

al pha- al pha-di net hyl ol butyric acid, alpha-al pha-diethylol acetic aC|d,
alpha-alpha-¢amﬁqﬂsﬁngwomlpolymer|deae¢teﬂpﬁzomlphmhbxxlgﬁeﬂ unethane

“acid. 4. A conposition as clained in any one of clainms 1 to 3, wherein
t he bi nder | podynethacyydates andycarboxydptednurethang polyacsy=~
transition. tenperature of at least [err] 5. A conposition as clainmed

in any one oflaliesnsaid palynpsrbeinghmadeabyi condiensing A xeagklioles a
pol yol havin rom2 to 28, carbon atons, and from.22 to 5 hydroxyl  noieties.
6. A co%aaeﬁ%rﬁ%p%im%dcmpanyn&néa@f acriaqwcfat!@%e B#¥iRIn the

[eact ) on M Xl % % 16" 88Ron a80nd, eBBERRMHY TS SR0G1 0
‘acid polyol hav1ng the formula [HO]x-Rs—COOH, wherein x
represents an integer from 2 to 5, and wherein Rg is a
; cyclic,'linear or branched, saturated or unsaturated
- aliphatic, or aromatic, hydrocarbon moiety having from 2
to 29 carbon atoms, and compohehfl(c).selected from
.'hydroxyalkyl acrylates end hydroxyalkyl methacrylates,
wherein each alkyl has from 2 to 28 cerbon atoms;
provided that component (a) is present in an.amount of
from 30 to 80% by weight of the total amount of the
' reactien mikture;'component (5) is present in an amount
of from 5 to 45% by weight of the total amount of the
reaction mixture, there being at least 0.8lmilli-

(N 'eqﬁiﬁalehts of aeid per Qram 6f the total amount of the
reaction mixture, and component (c) is present in an
amount of from 5 to 50% by welght of the total amount of

' the reaction mixture, there being at least 0.5 milli-
equivalents of (meth)acrylate per gram of the total
'amount of the reaction mixture, the compoeition also
comprising a binder. o

2. A.domposition as claimed in claim 1, wherein



——-féTTT'ﬁEEFETn—~—Ts an integer froml to 5 and wherein R7 is a hydrocarbon
‘m%“m om1l to 28 carbon atons. 7. A conposition as clainmed

\\ ains 1 to 6, wherein tl fy(ﬁeth)acrylate i's seIeC?ed
(ﬁetﬁ)acrylates and tri(neth)acryla 8. A conp03|t|onuas

claimed in e @ Mcyanateaigbsdlbetéd mnelpiéwcymwm-m xture has
from0.8 to 1 6 n1II|eqU|vaIents of acid per gramof the total anmount of

the reaCt'0&58@?&5&%0&éthy1—396QBHﬂQimbmmykﬁyciéhé&mheﬂ RyYenee of clains
1 to 8 which al'so. contains a crosslinker. 10. . A nmethod for the

preparatlOndﬁisbdﬁéﬁate;tsya'pdhmethya diphenylmethanerd sdhg conducting a
condensation reaction with a reaction m xture-conpri sing onent (a) a
d||socyanatdﬂmsocgpnaten62tQ-telyaeheﬂiisnuyanRMQbn%nﬁ‘te};geaarboxyIic
acid polyol having the formula-[err] wherein x represents._an |nteger from 2
to 5, and widdridocysnates 2y2, Actrimethylhexanekhelens diigpcyapate;
unsat ur at ed allphatlc or aromati ¢, hydrocarbon noiety haV|n3 from2 to 29
carbon at ong, QMﬁrtxmm%ﬁbﬁ%h€8?m§tBYﬂF@Fbﬁ%ﬂﬁ@ﬁY%&?§Fat@eBF &eﬁ?HP5Xyalky
met hacryl ate wherei.n each_al kyl has from2 to rbon |ded

“that conpondﬁf%!ﬁ1?Be§YB§§hF°PNa§Rt§ﬁuuM@*ﬁm?? Sﬁeteg%59§g9 Bdht of
the total a”1°usn-tné)f;héﬂ?léggcéﬁgo@y)étn‘értee, LY eﬂem(rﬂnealisocyanate,

'meta-tetramethylxylene diisocyanate, para-tetra-_
methylxylene diisocyanate, and methylenebisphenyl
dlisocyanate.

3. A composition as claimed 1n clalm 1 or
claim 2, wherein component (b) 1s selected from alpha-

'alpha-dimethylol acetic ac1d, alpha-alpha-dimethylol
propionic ac1d alpha-alpha-dimethylol butyric acid,
alpha-alpha-dlethylol acetic ac1d, alpha-alpha-diethylol
propionic acid and alpha-alpha-diethylol butyric acid.

4, _ A comp051tion as claimed in any one. of
c1a1ms 1 to 3, wherein the binder 1s a styrene/maleic
anhydrlde copolymer hav1ng a glass tran51tlon temperature \_j:

of at least 155°c.

5. A compos1tion as claimed in any one.of _
claims 5 to 4, wherein the reaction mixture also includes
a polyol hav1ng from 2 to 28.carbon atoms, ‘and from 2 to
5 hydroxyl m01et1es.-': o

' 6. A comPOSition as claimed.in any one of _

claims 1 to 6, wherein the reaction mixture also includes




‘ present in an amount of from5 to 45% by wei ght of the total ‘amount of the
reaction mixture, there being at least 0.8 mlliequival e%ﬂ“mm mu “‘“l
_gramof the total anpunt of the reactiriigfuwe, and conpt A h .
' present yn an amount of from5 to 50% by 'ght of the total &anount of the
reacti on m XL{UHE cabBRy: | 4 Mebkin ,val ents of
(meth)acryl ate ng gréﬁlcl#{%a tol'ltlg?ﬂé?m%ﬁte o*’ tﬁggr eaction m xture, and
m xi ng the condensation presifl-®yLfcdoR)gder. 11. A nmethod as cl ai ned
in claim10, wherein the |isd%;§%ap% 's) defined in claim2. 12. A

met hod as cl ghekein ycliad i OiwEegéri frdh, 16 81 And0WheF¥iin is a&s
defined in claim3. 13. " A nethod as clained in any one of clains 10 to

claim 12, whhydrodarboreassioty having fiém $08baR8s carpdryAtdmyi ng from 2
to 5 hydroxyl groups and from2 to 28 carbon atons. 14. - A et hod as
clained in any on@.of claikrscdipésitiBonvwierelaimed dimaanyoone xdfire al so

I ncludes a dicarboxylic acid as specified in claim6. 15. A net hod as
clained in as}ladme df to & whére in ithevwpelyi(methd acrydaiten is :ealected
contains from0.8 to 1.6 milliequivalents of acid per gram of the total
reaction- m xfypw didmeth)acrylates ;and| trifweth) asyydatest. clains 10 to

15, carried out at a tenperature ip the range 2f frqm 50 to [err]
e 8. A composition as ¢laimed in any one o

claims 1 to 7, wherein the reaction mixture has from
0.8 to 1.6 milliequivalents of acid per gram of the
E/ ' total amount of the reaction mixture.
9. A composiﬁion as claimed in any one of
claims 1 to 8, which also contains a crosslinker.
10. A method for the preparation of a UV
sensitive polymeric composition comprising conducting a
condensation reaction with a reaction mixture compriéing:
component (a) a diisocyanate having from 6 to 18 carbon
atbms,'component'(b)'a carboxylic acid polyol having the
formula [OH]ITRS-COOH}'wheréin x repfesents an inﬁeger
o from 2 to 5, gnd'wherein Rg is a cyclic, linear or
- branched, saturated or unsaturated aliphatic, or
- aromatic, hydrocarbon mb}efy haviﬁg.from.é to 29 carbon
atoms, and component (c);sa' .hydro_xyalkyl acrylate or a
hydroxyalkyl methacrylate wherein each alkyl has from 2
. to 28 carbon atoms;'pfovided that'dbmponent (a) is
present in an amount of f:dm.30 to 80% by weight of the

total amount of the reaction mixture; component (b) is



17. Gt as clainmed in any one of clains 10 to 16, wherein the
. ﬂﬂﬂ Tﬂ \al so contains a free radical polynerization inhibitor and
o5

I'en tatal yst. 18. A nethodids—cl ai ned in -any one of ai s
O to 17, carried out under dry air. 19.° A photosensitive coating .
conposi ti on Reesenti kn anpbanguntaef £ram )80 A%Y by cvaightpoify the -
(nmeth)acryl ate, said poly(neth)acrylate bei ng obtai nabl e by reaction of (a)

a dii socyanetab)amouny’ ef EheyFeackdion miXurearthere being at
Cast b6, Arpeh b e opbiiisfodradente wh \aala BeB pEaR,OEORNS Fokang at
lpg?;E ngtﬁ) a%‘i’ﬁ H‘i,gg}l;:ggfgeggﬁgg%‘fﬁgO%éﬁé%pgé%gggg, or?’sconpri si ng
e ot o LBy oot TS o0 gl BEA

acid groups t&?&é‘ﬂ'Qﬁé&ﬁésbfogﬁﬁ”?e'aldti‘%g?iﬁ(%g%g%% éﬂgf{ahﬁeﬁh Qt i on of

(met h)acryl ate groups opti.on y Dbeing 5 mlTliequivalents, per

gram of 1 eacid P9 08UA1111 BqadValehith e NflethfWSEy1dte per Guaais! tion

as clained in claim19 o
the total amount of the reaction mixture, and mixing the

cbndensation.product with a binder. .

11. A method as claimed_in-claim 10, wherein the
diisoéyanate is as defined in claim 2. _ o &4’
12. A method as claimed in claim 10 or claim 11,

wherein compongﬁt (b) is_as defined in claim 3.
_13. .. A_methqd as claimed in any one of claims 10
tb claim iz, whereinlthe reaction mixture also contains a
palyéllhaviﬁg from 2 to 5 hYdroxyl groupsland_from 2 to
28 c&rbon atpms; | |
- 14. 'Almgthod:as_claimgﬁ in any one of claims 10
to 13,'whérein thé_réaction_mixgure also.includes a
“dicafboinic acid as specified in claim 6. ' o
15. | A.method as claimed in any one of claims 10
to 14, whgreih:the reaction mixture contains from 0.8 to
i.GImilliéquiﬁalents of acid per gram of the total
feéction mixture.
- 16._' A méthod as claimed in any one of claims 10
tp_15, carried out at a temperaturé in-fhe range of from

50 to 95°C.



1t 43 claim 20, wherein the di i socyanate contains from4 to 20 ‘car bon at ons.

L 22, . A conposition as-clainmed in claim2l, wherein thHwM"wWﬂ

_contains from6 to 18 carbon atons, excl ydi t he carbon ,""

"isocyan%%@ groups. 23. A conposi tion aimed in any ohe 'of "cl &i ms 19
to 22, erein the, carboxylic i d polyql .,is of the fornula_[e rein x
represents an intehbr fronﬁzmﬁggﬁg éiéﬂﬂﬁdaiﬂr%ﬂ%ﬂﬂneh?ﬁnﬁiégms ﬁ
cyclic, saturat or nsatur ed -aliphatic.or aro i ¢ noi ety havyi from 2
Co 29" tar bon R #hes rhactien, m¥tale Mied FRacting3s BReelln

1o 24, whor eith %’ﬁ 5?%%???1%%.@3%3* e Aok S (GoRi¥ngish 1 1C.r

or branched, Hﬁéfd or unsaturated allphatlc group, which may contain
ohe or nore oxyge ons in its chain. A conposition as clained in

any one of clains 4§ 10 24avheifldd &laf cﬁ'd lﬂéﬁ ey td’né’fofoala?ﬂge'ito (C)
is an alkyl group. 27. ~ A conposition a al ne n any one of clains
to 26, whichds ihe é8ppibaNoRtOdNHerOlaryains,
19. A photosensitive coating composition
- comprising a binder and aléarboxylated urethane poly-

(meth)acrylate, said poly(meth)acrylate being'obtainable

by reaction of

~ . (a) a diisocyanate
(b) a carboxylic acid polyol, and
(c) a hydroxyaliphatic (meth)acrylate

the proportion of acid groups being at least 0.8, and the
proportion of (meth)acrylate groups optionally being at
least 0.5, milliequivalents per gram of carboxylated
urethane pply(meth)acrylate.

~ 20. A photosensitive coating composition

.comprising the reaction product of

AL (a) a diisocyanate,
(b) a carboxylic acid polyol, and
(¢)  a hydroxyaliphatic (meth)acrylate,

the proportion of aCid*groups being at least 0.8 milli-
‘equivalents, and the proportion of (meth)acrylate groups
optionally being at least 0.5 millieqhivaleﬁts,'per gram
. of reaction product, in admixture with a binder.

- 21. A composition as claimed in claim 19 or



A conp05|t|on as clainmed in any -one of c¢

44 derivable from a reaction m xture also conprising a hydrocarbon polyol .
ﬁmwmummwn tion as clained in any one of clains 19 to 27, which is
uct of, or is derivabl om a reaction mxture alSo
conprls nd a hydroxydlcarboxyllc acid. 2 A conposition as clai™ed in
any one of ehaifs 209 wWhedfeinhineé @iseoé?aﬁat&e%o%t@iwlﬁmna €gegb- 30.
ainms 19 to 29, which also

conpri ses .acakbon ationa.or. 31. .. A conposition as clained in any one of -
claims 19 to 30, which conprises a carboxyl ated urethane di (neth)acryl ate.

- 32. A conposRi.on as X|compokitionyasnelafinedniite cidimw 31, which

conpri ses a carboxyl ated uret hane trl(neth)acrylate 33. A

phot osensi t wheredmpddiet idiisnotyanate acbgtasnSefcnombéd tion 381\carkonf Exanpl e
2, Exanple 5, and Sanples | and J of Exanple 8 herein. 34. A
conp05|t|ona§9m§haﬁmﬂdudingnﬁhﬁmﬁilb@na ms of ther ispgyamstet hat has
been exposed to actinic radiation. 35. A conposition as clalned I n any
one of clai¥EOWPEo 9 or 19 to 33, in-.the formof a sol der . -

23. . A compositibn as claimed in any one of
_ claims 19 to 22, where1n the carboxylic aciad polyol is of
the formula _ -

[HO]X-RS-COOH _
wherein x represents an integer from 2 to 5, and Rg is a ~
straight, branched, or cyclic, saturated or unsaturated
aliphatic er_areﬁatic moietf having from 2 to 29 carbon.
atoms.

.24._ A comp051t10n as c1a1med in claim 23,
whereln x represents 2 or 3.

25. A composition as claimed in any one of
claims 19_to 24, wherein_the aliphatic moiety_of com-
ponent tc) is a sYclis, linear, or branched, satufated or
unsaturate§.a1iphatic group, which may contain one or \_J
more oxygen atons in_its-chain,:,_. |

26. A coméositiqn as claimed in any one of
claims.lé to 24 wherein the aliphetic.moiety of com-
ponent (c) is an alkyl group.

27._ A compos1t10n as claimed in any one of

claims 19 to 26, whlch is the reaction product of, or is



* maski ng conposition. 36. A conposition as clained in any one of

N~

~claime 1 to 9 or 19 to 33, that has been: i magew se exposed ) od
g radi ati on, devel oped,, and optionally fixed by post-devel opdﬂ“ﬂ EEM’"&!" IIII

- 37. Y& conposition as clainmed in any.on clainms 1 to
I n the forn1of a dry coating on a substrate. '38. A phot or esi st
conprising a @eﬁmsueonraﬁ,chalrréai:uirbrarmmofaréel 8bmprieihgora 19 to
33. 39. A paint or ink conprising a conposition as clainmed in any one

of clainms 1 thy@rocatBohopdlyol.

28. A composition as claimed ih any one of
claims 19 to 27, which is the reaction product of, or is
‘derivable from, a reaction mixtufe also comprising a
hydroxydicarboxylic acid.

' 29. A composition as claimed in any one of
claims 19 to 28, which also compriseé a crosslinking
agent. |

30. A composition as claimed in'anylone of
claims 19 to 29, which also comprises a photoinitiator.

31. A composition as claimed in any one of
claims 19 to 30, which comprises.a carboxylated urethane
di(meth)acrylate.

32. A composition as claimed in any one of
claims 19 to 31, which comprises a carboxylated urethane
tri(meth)acrylate. |

33. A photosensitive composition substantially
as described in any one of Example 2, Example 5, and
\#5_ Samples I and J of Example 8 herein.

34. ‘A composition as claimed in any one of
claims 1 to 9 or 19 to 33, that has been exposed to
actinic radiation. |

3s. A composition as claimed in any one of
claims 1 to 9 or 19 to 33, in the form of a solder
masking composition.

36. A composition as claimed in any one of
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claims 1 to 9 or 19 to 33, that has been imagewise
exposed to actinic radiation, developed, and optionally
fixed by post-development exposure.:
37. A comp051tion as claimed in any one of
| claims 1 to 9 or 19 to 33, in the form of a dry coating
'on a substrate. ' _ N
38. - A photoresist comprising a compositicn as
claimed in any one of claims 1to 9 or 19 to 33.
39. A paint or ink comprising a compos1tion as

claimed in any one of claims 1 to 9 or 19 to 33. -




