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PCT/ US98/ 04121 - ALKYD AND ARALKYD DERIVATIVEE gtﬁNCLIC
POLYMERS  WO9BB0596 T < jnyention is directed to al kyd and Eﬂgﬁ 21
derivatives of phenolic polyol polymers. In particular, the invention is
directed to the products resulting fromthe esterification or simlar
nodi fi cation of reactive hydroxyl noieties on the phenolic pol yners. The
invention also relates to the use of such nodified phenolic polyners in,
e.g., coating systens. Background of the Invention Phenol i c
pol yol s are a conmon conponent of coating systens. Phenolics can be
"cooked" with other conponents, such as drying oils, or can be cold bl ended
W th ot her conponents to produce coating systens. Al kyd
resins are commonly used in coating systens. Al kyd resins are forned
through the incorporation of unsaturated fatty acid esters into pol yester

or pol yur et hane chai n-tended pol yner systens. The sinplest al kyd
pol yesters are those based on reaction products of tri-glycerides of
unsaturated fatty acids. In early resins of this type used in
coating applications, speed of cure (drying speed) was i ncreased
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fatty acid tri-glycerides which have undergone sone degree of coupling of

their unsaturated |inkages to generate higher nol ecul ar weight, cross
| i nked syst ens. Tids invention isslinested tg alleyd; andargkyd derivetives ofphenelimpolyehed

thermal ly at high tenperatures . thr. . i di ti.on r.eact, ons
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transition netgkerffIEHbR o Sirkifie 3RO EfiStioncd forleletivethyld wofetieY ionathe Yhenolic of
the allylic hydrogens associated with the unsaturated fatty acids to

gener at e hydr opolymers. The invention also relates to the use of such modified phenolic polymers in,

e.g., coating systems.
Background of the Invention

Phenolic polyols are a common component of coating systems. Phenolics can
be "cooked" with other components, such as drying oils, or can be cold blended with
other components to produce coating systems.

Alkyd resins are commonly used in coating systems. Alkyd resins are formed
through the incorporation of unsaturated fatty acid esters into polyester or
polyurethane chain-extended polymer systems. The simplest alkyd polyesters are those
based on reaction products of tri-glycerides of unsaturated fatty acids.

In early resins of this type used in coating applications, speed of cure (drying
speed) was increased through thermal advancement (“cooking”) of the resin and
viscosity was reduced by incorporation of a solvent prior to use. Such resins comprise

fatty acid tri-glycerides which have undergone some degree of coupling of their
unsaturated linkages to generate higher molecular weight, cross linked systems.
Generally speaking, this cross linking is accomplished thermally at high temperatures
through free radical addition reactions or oxidatively. The latter process is promoted
by incorporation of transition metal complexes capable of catalyzing the auto-oxidation

of the allylic hydrogens associated with the unsaturated fatty acids to generate hydro-



-2 - peroxides and peroxides which are capable of facilitating cross-1link
formati on between fatty acid double bonds by initiating free radical
addi ti on pr WESRINS6 Later versions of al kyds are basedP@HUS98/04121
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the latter case, rito e reacted with 1, 2, or 3 fatty acid
nmoi eti es and icatabyspsystenesd i nto an al kyd coati ng system Ur al kyds
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thus limting their use in |ow VOC systens, Phenolics tend to darken with
age, thus charipisagrated fasty asidspsuchias shesgfeundyin comyaergial tall oil fatty acidstrepmnge
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incorporated into an alkyd coating system.

Uralkyds are analogous to the polyester alkyds. Uralkyds are derived from
substitution of di- or poly-isocyanate for a portion of the di-acid component to achieve
chain extension or grafting. Uralkyds are produced from base alkyds having excess
hydroxy functionality. The above-described polyols can be reacted at modest
temperatures under catalysis with di-or poly-isocyanates to product urethane-linked
coating systems having improved mechanical, environmental, and hydrolytic
performance. |

Phenolics are used to impart desirable characteristics, such as adhesion and
corrosion resistance, to coating systems. However, phenolics are not without
drawbacks. For example, phenolics typically have high viscosity, thus limiting their use
in low VOC systems. Phenolics tend to darken with age, thus changing the color of

the coating. Indeed, such a color change might "bleed through" subsequently-applied



-3- coating layers, thus reducing the suitability of a prinmer coat
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. phenol i cs are p-phenyl phenol / f or mal dehyde3pol yner

andp-t - butyl phenol / f or mal dehyde pol yner. The forper is expensive and now is
sel dom used. ddatingseyers.cthus rédueingehe spitabily of @ RIFMER g2t COMPHEING Refisnplic
polyner to increased risk of formation of quinone nethides. Because it is

t he formati on™3®%ui none net hi des that causes the pol yner to darken,

p- t - but yl phenol / f ofrgpicde preiliesayémhe ipeodifct tof midyreization stherphienslewith got
conpletely satisfactory. | nprovenents _in color and corrosion

resi stance caforimeldelyde. Ayveswiol commonlygised pranolicssase snphenglphenol/formaldehyde

inkage i n’t heokmes et u st hrpaRBRE Ehuler Int Miplet MEBR ipon

‘nmethide for ”?std;re(;m%q seah el ﬁl&hgﬁhé!ﬁﬁl&%es lidhe tdtten alieot the Eﬁé’t{%ﬁl@'po&mé?%ause

of the two hy yl “groups, has very poor solubility with oils and the
comon sol venfcreased risk of foxmatign fofrquinanei roethidesh &ashuseeit is the, farmation of
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compatibility with oil and alkyd-based polymers, as well as urethanes, epoxies and
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acrylates and a decreased tendency for color body formation and resultant darkening
of coatings in which they are incorporated. The polymers can be made free of
formaldehyde and phenol.

A lower melting polyol of this class is the phenolic aralkylation polymer
reaction product obtained by aralkylating a phenolic monomer with at least one styrene
derivative to obtain an aralkylated phenol, then reacting the aralkylated phenol with a
coupling agent to obtain the phenol aralkylation polymer. Suitable coupling agents
include aryl diolefins, formaldehyde, dialdehydes, and dibenzylic diols. The aralkylated
phenol is joined to the coupling agent. Those skilled in the art will recognize the
primary linkage is at the ortho position.

A higher melting point polyol of this class is a phenolic aralkylation polymer
formed by reacting a phenolic monomer with an aryl diolefin to obtain a phenol/aryl

diolefin polymer and then aralkylating the phenol/aryl diolefin polymer with at least one



styrene derivative to obtain phenol aral kylation polyner, with a portion of
t he phenolic conponent joined to the aryl diolefin with a portion of the
phenolic | i WepEd5%ei ngpara in orientation. The hi ghl yPEF/ORU4E21
character of this class of polynmers broadgns the range of conpatibility
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air-drying. Incorporationof highly reactive fatty acid conponents
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syst em havi ng medifies polmer withydir and polyisgarngtetand;vith diy apd pelyrrbaxyiip acids. g
' Modified polyols having a limited degree of retained hydroxyl functionality are

satisfactorily grafied onto other coating polymer systems without gelation. Such a
coating system is water-dispersible and air-drying. Incorporation of highly reactive
fatty acid components achieves faster drying rates for air-drying coating systems.
il iption of th i

The invention is directed to polyol polymers modified by esterification with
fatty acids, transesterification with glyceride oil, alkoxylation, other modification, or
a combination théreof. The modification of the polyols need not involve each hydroxy!
moiety. Rather, the degree of modification affects the characteristics and properties
of the modified polymer, and of a coating system comprising it, in a predictable matter.
For example, modified polyols having a limited degree of retained carboxyl
functionality provide a water-dispersible, air-drying coating system. Polyol esterified

with highly reactive fatty acid components would be expected to provide an air-drying



gl ycerol acrylate carbonate, yields an acrylic-substituted nol ecul e

sui tabl e for,j ration into acrylate polyners. These and qt her
characteri sﬁégglgéfggpropert ies of nodified polyols, and of prd&J&Y¥s8/04121
conprising them are set forth in additiohal detail bel ow

Thr oughout the remainder of this specification, the invention wll be
described in ghatiaglsystemi having fstes diying hatess| Bslyobadifiedoby peakctiommwatideser i bed
above as "phenol aral kyl ati on pol yners." However, the nventjon also
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can be based. e qgui ce“provi ded herein, skKi practiti S will
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conpositions of matter but also to formnodified products not described in
detai | her ei nbelow. The phenolic aral kyl ation polyners particularly

mononerat Teast - SHEogRn Wirelmaiey drfls BMREbN e Ay BAFEL 4istrived
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di benzylic diol. Conbinations of coupling agents also can be used. An
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Al ternativel ydeﬁ:rﬂ?@ﬂf’betﬂ)ﬂ r is reacted with an aryl diolefin, and then
.the product thereof is reacted with at |east one styrene derivative.
Simlarly, a porti Gtheophenblié araltylutiontpolyaners partivujdrlydisefubin thenprictive off thehel d
‘for later reaction to achieve a predeterm ned pol ynmer conposition
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phenol s which contain at |east tw free reactive positions. For exanple, in

the case of pHEhaiomatis coupling agenbis prefemisds, Othonhmeisties syt ke present fte demm awo
free reactive &8&&&?@8& pRﬁféﬁfar Bpo%e}ﬁeg_ns) . Exanpl es

The phenol aralkylation polymers are produced by reacting these three

components, preferably by a process having at least two reaction steps. In a preferred
embodiment, the order of the reaction of the three reactants is arra:ged t.o provide a
phenol aralkylation polymer product having desired properties. For instance, at least
one styrene derivative is reacted with a phenolic monomer and then the product thereof
is reacted with an aryl diolefin. Alternatively, a phenol monomer is reacted with an aryl
diolefin, and then the product thereof is reacted with at least one styrene derivative.
Similarly, a portion of either the styrene or aryl diolefin may be withheld for later
reaction to achieve a predetermined polymer composition exhibiting a desired
performance characteristic. The phenolic hydroxyl moieties then can be alkoxylated

to provide at least one aliphatic hydroxyl moiety, if desired.



i ncl ude phenol itself, o-, p- and mcresol, misopropyl phenol, 3,5-xylenol,
3,5- diisopropyl phenol and m xtures of these conpounds. Specific classes

i ncl uder WO 98/30596 Phenol i ¢ nononers contai ni ng nononucl epcTRsssA121C
substituents as shown by the fornul a:
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Substitution nmay be at the ortho, neta, orpara positions. R may be nethyl,
et hyl , isopr &sgttants- propyl, t-butyl, isobutyl, n-butyl, and aliphatic

substituents havigg 5—10 carbon atons. R also may be phenyl or a
substituent deriv BByl ation with styrene derivatives, e.g
styrene, p-methyl sfhe fRéholit -hoomhes Mhaiide phbadlél which RuhtkinShty leBftC8yvo free
[err]-methyl styrene, and the vinyltoluenes, including the hal o-substituted

derivatives oeadtivepositionss cForagxamplejeini thedcase ©f nhienok and: sutstituséd ahémmtyy| i ¢
al cohol with henol or. a enolic,. benzyl 3l ceohol, and the alkyl,
al kyl ar omat i (f’,’g’};ﬂxﬁ?fﬁtcf’ﬁ",al %ge gltwgo ﬁifgrrf’%‘é’[vleag'gg?hgﬂt@?fﬁ pp_81§91}8)n§g:ﬁglp}9p

" ph | i ncludj k L g kyl
phenol incl ughfgdd hfefd! iebfg ¥, go_aﬁaom créfbIC At Qgﬁropgépglﬁ?}z%l,o I@,rsi,é%&gdel, s.(up

to about 12 carbonat ons erivatives thereof; anhd Such as
met hyl ol acr Wiiseprogglphenal ahd diixtyresiof thdsk gbmpopndso Spizoific cl@sesdndhade: at ons)
and aral kyl (up taq abo 12 .carbon atons). derivatives thereof R . also may be
derived froma pr ﬁmr yughe@é‘ﬁmwrﬁ)?%‘?t ?‘i‘@‘“fﬁ?'bp&%ﬁ? subgtitgnisag
atons; an Olsﬁf)%tfyqﬁéﬂrinﬁﬂa'ad d or the ester thereof having up to about 14
carbon atons; cycl'opentene, cycl ohexene, and the al kyl aromatic derivatives
of each; nmal eic anhydride and the estergnam de, and im de derivatives
thereof; vinyltriazine; vinylacetate, an vi nyl f or mat e.

-7 - 1. Pol yhydr oxy nononucl nd pol ynucl ear phenolic nononers
&

I ncl ude: (1) Hydr oqui n esorci nol, and catechol
R

Substitution may be at the ortho, meta, or para positions. R may be methyl,
ethyl, isopropyl, n-propyl, t-butyl, isobutyl, n-butyl, and aliphatic substituents having
5-10 carbon atoms. R also may be phenyl or a substituent derived from aralkylation
with styrene derivatives, e.g styrene, p-methylstyrene, t-butylstyrene, mixed t-
butylstyrenes, c-methylstyrene, and the vinyltoluenes, including the halo-substituted
derivatives of each. R also may be derived from the reaction of a benzylic alcohol with
phenol or a phenolic, benzyl alcohol, and the alkyl, ‘alkylaromatic, aromatic, and halo

" derivatives thereof;, i.e., methylol phenol, including the alkyl (up to about 10 carbon
atoms) and aralkyl (up to about 12 carbon atoms) derivatives thereof; and methylol
amide (such as methylo! acryl amide), including the alkyl (up to about 10 carbon
atoms) and aralkyl (up to about 12 carbon atoms) derivatives thereof. R also may be
derived from a primary or secondary olefin having 2 to about 14 carbon atoms; an
olefin (acrylic) acid or the ester thereof having up to about 14 carbon atoms;
cyclopentene, cyclohexene, and the alkylaromatic derivatives of each; maleic anhydride
and the ester, amide, and imide derivatives thereof, vinyltriazine; vinylacetate, and

vinylformate.



OH [err]

Hydr oqui none : Resor ci nol Cat echol (2)(a)
Al Kyl of ar¥PR§B%pno- and di-substituted, hydroqui nones  PCT/US98/04121
oH -7- Jerr] wherein the

_substitutions of Rlerr] and R2 on the ring include 2,3; 2,5, and 2,6

| positions; and Rfferr] pa@ﬂy&wmbmnuaeﬁr&a@eghww%en&i@ ThtesechAkky !
having 1-10 carbon atons, and aral kyl derived fromstyrenes, and benzylic
derivatives, as previo(® y &sdrequinamefesercinabgpndrateshpl Rlerr] and Rl err]
can al so be divinyl aromatics, which can give rise to chain extended
systens, as taught herein, for nonohydroxy phenolic nononers. The latter
. syst em advant ageousl y requi P8s ni ni nal incord‘ﬁ)ration of the di hydroxy

: mononmer into the polyneric product to achievie the desired hi gBHhydr oxy

; functionality. (2)(b) Al kyl ogt_aralkyl tri-subtitue)%cj|
 hydr oqui nones: CH
[err] wherein the s tutions of "& on the ring pendent |y
: can be hydrogen, al kyl having OH
OH
Hydroquinone Resorcinol Catechol

(2)(a) Alkyl or aralkyl, mono- and di-substituted, hydroquinones

OH
Ry

R>
OH

wherein the substitutions of R, and R, on the ring include 2,3; 2,5; and 2,6 positions;
and R, and R,, independently, can be hydrogen, alkyl having 1-10 carbon atoms, and
aralkyl derived from styrenes, and benzylic derivatives, as previously described with
regard toR. R, and R, can also be divinyl aromatics, which can give rise to chain
extended systems, as taught herein, for monohydroxy phenolic monomers. The latter
system advantageously requires minimal incorporation of the- dihydroxy monomer into
the polymeﬁc product to achieve the desired high hydroxy functionality.
(2)(b) Alkyl or aralkyl tri-substituted hydroquinones:

OH OH
Rl Rl Rl
R
Ry RjyRy R,
OH OH

wherein the substitutions of R, on the ring independently can be hydrogen, alkyl having
1-10 carbon atoms, an aralkyl derived from styrenes, and benzylic derivatives, as

previously described with regard to R. R, also can be a divinyl aromatic, which can



1-10 carbon atons, an aral kyl derived from styrenes, and benzylic
derivatives, as previously described with regard to R R err] also can be a

di:vi nyl arwosigi3os96whi ch can PCT/US98/04121
-8- give rise to chain extended systens,.@s taught herein, for nonohydroxy -
phenol i ¢ nonomers. | ncorporation of tri-substituted hydroqui none

yi el ds |ower fnCHORAIchhih SRLNHER Tstemd0ad f GeRHE Tot Hoh%HﬁﬁBJc} ?h@xﬁ)ﬁc

ka
hydr oqui nones,” or one such trisubstituted hydroqui none and a reactive
pol yhydr oxyphemaiamers.onposi ti on, such as resorcinol, also may be joined by

a bridging group se]ected fromthe grqu ngi sting of. formal dehyde,
di vi nyl aromati cs, dﬂ“ﬁgmi‘q%‘alog IRt ?tlw&sﬁ?wﬁﬂqa@oga ¥elde Jewae Jurstinnality
above, and bl f : € | ' f ' ' .

ol ymer o, e T8 op o sigf ShoBhitdd YO iRce o e BB eidpbsritured
resorci nol hydroquinone and a reactive polyhydroxyphenolic composifien, rshich as resoréinel, @lsd

Rlerr] isinthe 2, 4, or 5 paosition on the ripg. R err]. can be hydrogen,
al kyl havi ng 1n@mbwaaﬁéhyabaﬁ@pgwpwslpcta@ﬁpmégeslioeimcgflwme#,fomﬁ!dqsw eylic

derivati ves, ' y ' Lt 6:inkO : e

di vinyl ar Oﬁaf}lﬁ ‘é 5’%‘?@%&%&1ﬁ%gmﬂcgggg%’og%'ﬁgg’ﬁ EX T e%@ﬁ%@ﬁ‘g,%gge’t%g ht
for the rTDnOhylﬂémsmhﬂheﬂOTh@Iaﬁeﬂ?ﬂm'kd‘B-Iﬁgifbrﬁmcﬁgﬁﬂit?fpotyh&rd. atter systems

i ncl ude m nimal incorporations of the subject nononer into an al kyl ation

pol ynmer to achi eve the déd) r edilkylgs apgllylonpnesabstitutadanesarginol

Resorcinol substituted at the 5- position is of particular interest because
the nolecule retains 3 reactive positioneH(viz., the 2-, 4-, and 6-
positions). Therefore, such nolecul es as|5-nethylresorcinol can provide an

additional substituent and still form £
Resorci nol can also be used in the disu ted (al kyl or aral kyl) node to
produce | ower functionality polyners an onbi nation with difunctionally
reactive nonomers such as hydroqui none or non®3ubstituted phenolics, as
descri bed herein.

g ext ended pol ymer system

wherein R; is in the 2, 4, or 5 position on the ring. R, can be hydrogen, alkyl having
1-10 carbon atoms, aralkyl derived from styrenes, and benzylic derivatives, as
previously described with regard to R. R, can be divinyl aromatic, which can give rise
to chain extended systems, as taught for the monohydroxy phenolic monomers.
Advantages of the latter systems include minimal incorporations of the subject
monomer into an alkylation polymer to achieve the desired high hydroxy functionality.

Resorcinol substituted at the 5- position is of particular interest because the
molecule retains 3 reactive positions (viz., the 2-, 4-, and 6~ positions). Therefore,
such molecules as S-methylresorcinol can provide an additional substituent and still
form a chain-extended polymer system.

Resorcinol can also be used in the disubstituted (alkyl or aralkyl) mode to
produce lower functionality polymers and in combination with difunctionally reactive

monomers such as hydroquinone or monosubstituted phenolics, as described herein.



-9- (4)(a) Alkyl or aralkyl, nono- and di-substituted

cat echol : OH

[err] - >  WAHAPBOIE he substitutions of Rlerr] and Rlerr] on CRe/G§9Rge121
include the 3,4 or 3,5 positions and wher&-n Rerr] and Rerr],

I ndependent |y, can be hydrogen, al kyl having 1-10 carbon atons, aral kyl
derived from styrenes, @4)(#endiilior atglkyly atdneesnd dsswsawm@tt}chdbscrl bed
with regard to R above. Rerr] and Rl err] can also be divinyl aromatics,
whi ch can give rise to chai n-exended sygtens, as taught for the- rmnohydroxy
phenolics. The |atter system al so advaptageously requires m ni nal

I ncorporation of the di hydroxy nonone nt oOHhe pol ymeric product to

achi eve the desired high hydroxy fu d{ (b)
Trisubstituted catechol also can be Br oduce | ower functionality
pol ynmers, and in conbination wth di tional reactive nononers, such as

resorci nol or hydroqui none, as descri bedRabove. (5) Al kyI or
aral kcyl substituted pol yhydroxy-pol ycyclic aronmati c phenols. Exanples
i ncl ude (a) Di hydr oxynapht hat enes 1, 2-

1,3-; 1,4-; 1,5-; 1,6-; 1,7-; 1,8-; 2,3-; 2, -
particul arly t\hlmrenﬁ\esabsﬁnmmdfmu@nékwﬂvmﬁa& !!Wlélﬁe tbﬁa 4o, Spkyﬂaﬂseﬂldand

| kyl azed” d t her eof d ‘o R
(b) Dihydr oxéréé%%éenﬁ%a%@?%me 5 0 6 i, AN Ml § 9t
Car boxy! at ed e r}](gn ! ﬁ?xgég ﬁ*&h%ﬁﬁénesc 8F Bwhafdeﬂvitmg Oanypretionst g @egsived With

carboxyl ated p Pol ynucl ear_ phenolic nmononers

i ncl ude: regard(td)R abcﬁm Rigand Ry (mﬁlsquh#mkmmﬂmhwlmemwm e).
chain-extended systems, as taught for the monohydroxy phenolics. The latter system

also advantageously requires minimal incorporation of the dihydroxy monomer into the
polymeric product to achieve the desired high hydroxy functionality.

() - Trisubstituted catechol also can be used to produce ‘lower functionality
polymers, and in combination with difunctional reactive monomers, such as resorcinol
or hydroquinone, as described above.

(5)  Alkyl or aralkyl substituted polyhydroxy-polycyclic aromatic phenols.
Examples include:

(a)  Dihydroxynaphthalenes:

1,2-; 1,3-; 1,4-; 1,5 1,6-; 1,7-; 1,8-; 2,3, 2,4, 2,5-; 2,6-; 2,7-; 2,8-',
particularly the 2,6- and 1,4-dihydroxynaphthalenes, and the alkylated and aralkylated
derivatives thereof, as described above with regard to R.

() Dihydroxy derivatives of anthracene, phenanthrene, etc.

6) Carboxylated hydroxynaphthalenes, carboxylated hydroxyanthracenes,
and carboxylated phenanthrenes.
II.  Polynuclear phenolic monomers include:

(1)  Bisphenol A (p,p’-dihydroxydiphenyldimethylmethane).



10- (2) Bi sphenol F (a m xture of the follow ng three nol ecul es)
l . OH [err]

(3) O hy dwuxss/3sssgheny| - bi sphenol s derived from vari ous nmeangcrusesodizi

i(a) Systens prepared by oxidatively COEgl i ng 2,6-disubstituted phenol s,

+then partially or totally deal kyl ati ng fhe reduced coupl ed nol ecul e.

| Ergarosubusts%)a: Iezju;?ggll blrﬁfé&&ﬂ Lé(bderl%/qe%‘ﬁh%%ﬁ%@“% %T!EPE’G“'E%M ing of

' phenol s (Mead Process). The Mead Process is described in, for exanple, U S.
. Pat ent . 4,900,671 WEh is hereby incorporated U3 reference
c[err] Bi sphenol s_or polynerlc phenol s coupl ed by

(4)
(a) an al dehyde or one. @
f CH

(3) © Dihydroxy biphenyl-bisphenols derived from various means.

(@) Systems prepared by oxidatively coupling 2,6-disubstituted
phenols, then partially or totally dealkylating the reduced coupled molecule.

(b) Disubstituted bisphenols derived from coupling . of
monosubstituted alkyl phenolics by action of the enzymatic coupling of phenols (Mead
Process). The Mead Process is described in, for example, U.S. Patent No. 4,900,671

which is hereby incorporated by reference.

OH OH OH
02
———————
Cat.
R R R



[err] Particul arly suitabl e al dehydes and
ket ones i ncl ude. acetaldehyde benzal dehyde, hydroxybenzal dehyde, and
acet ophénonWwo 98/30596 PCT/US98/04121

-11-

(4)  Bisphenols or polymeric phenols coupled by
(a) an aldehyde or a ketone.

5.8 o

o5
o

OH

Particularly suitable aldehydes and ketones include acetaldehyde, benzaldehyde,
hydroxybenzaldehyde, and acetophenone;



- 12 - (b) Sul fone |inkages generated from Friedel -Craft
reaction of thionyl chloride, or other sulfone-generating systens;

[err] = ° WO 98/30596 - 13 - PCT/US9S/ c)
Oxygen, sul fur, and phosphorus oxide derivatives (phosphate, phosr?ﬁio‘tuez,g
phosphonat e, etc); -12 - H O

CH [err] - 14 -

(d) Ami nes having up @) abBulfor0linkagesrgeatatsi from Friedel-Craft reaction of

thionyl chloride, or other sulfone-generating systems;

OH

OH

aAlcl
2 + 8S0,Cl, =32, o0—8—0 + 2HCI

OH



OH CH OH [err]

(e) Pol yvi nyl .al i phatic conpounds, especially butadi ene, isoprene,

cycl opent adverssj3estiénet hyl but adi ene, pi peryl ene, di cycl opent adPEHESI8/04121

| i nronene, other 5- carbon dienes, otherj36-carbon dienes, and other cyclic
di enes havi ng between about 6 and about 9 carbon atons; (f)

~Aromatic diolefin co;rg undg)xgg%ibp‘gﬁg% %ﬁf@gésgg&%s%moaﬁddggpmghae,

pol ymeri zabl e carbon rbo ties, particularly

di i soprope T ﬁogﬁ),@nﬁtlg,eetdj;vi nyl benzenes;
- 15 - '}}ﬂo'?,ﬁl'ﬁ B (9) Pol ybenzyl i c al cohols derived from xyl enes and

al dehydes, for exanple, formal dehyde; . [err]

OH

OH OH
H -
M

OH X

OH

OH

OH OH
OH" + -
+ ——-I\I[+_> S + HO + M + Cl

SH X

OH

OH

o) o}
I OH" Y
3 + EtO-—T——OEt ——» HO O—1|>—o OH

OEt o

L 5

OH



{ (h) Pol ybenzyl i cal cohol s derived by oxidation of diethyl benzenes and

1 di i sopropyl benzenes; [err]

i and © W0 98/30596( i ) Pol yvi nyl heterocyclic conpounds, supSr@sedidsrzq ny!
ftriazine (acrylonitrile trimer); divinylpmethyltriazine (obtained by

. trimerization of acrylonitrile/ acet onitrile m xt ures).

(d)  Amines having up to about 20 carbon atoms;

OH
OH OH
FeCl3
+ — N—R etc.
NH OH
l

R
OH

(¢)  Polyvinyl aliphatic compounds, especially butadiene, isoprene,
cyclopentadiene, dimethylbutadiene, piperylene, dicyclopentadiene, limonene, other 5-
carbon dienes, other 6-carbon dienes, and other cyclic dienes having between about 6
and about 9 carbon atoms;

- ® Aromatic diolefin compounds having at least one aromatic ring
and 2 polymerizable carbon/carbon double bond moieties, particularly

diisopropenylbenzene and the divinyl benzenes;



(5) Bi sphenolics derived from diacrylic esters, diallylphthalate,

* bi smal ei m des, cycl ohexanone, and isophorone, and their alkyl and aral kyl
. deri vat ' vesWO 98/3059 - RGT/US98/04121

f(6) Aromati c ester bisphenols such as Wriose derived fromthe reaction of

;

!

i
4
1
k|
8]

| Fg?; ]O qui none di acet at e(g\ﬁvi ! thlyge%lz?l%c glggﬁoqg/ gér?v)%t%x?or}rzx ?ciylgne?sczin%; aldehydes, for
example, formaldehyde;
cHz—E)——CngoH
+2(n+1) CHRbO — @/ n
HO{HZC—()}-CHZ
n

lz @OH

CHz‘E}—CHz OH
n
HO H, C—OB'C 2
n

(h)  Polybenzylicalcohols derived by oxidation of diethylbenzenes

and diisopropylbenzenes;

OH
§ Oz
Metal
Catalyst
' OH

and
@ Polyvinyl heterocyclic compounds, such as trivinyl triazine
(acrylonitrile trimer); divinylmethyltriazine (obtained by trimerization of acrylonitrile/
acetonitrile mixtures).
(5)  Bisphenolics derived from diacrylic esters, diallylphthalate,

bismaleimides, cyclohexanone, and isophorone, and their alkyl and aralkyl derivatives;



(7) Bi sphenol s prepared by the thermal or catalytic coupling of resoles.

oH,  ,OH OH
lerr] WO 98/30596 - 17 - and pct/8398/04121
- Bi sphenol from a benzylic conmpound. - 16 -
OH J[err]
 OH Preferred coupl(6ng atmaticalster Gispheriold Shclr 48hb d&Wel Fein 6T JeX G f LOM
reaction of formal dehyde mﬁth_ﬁhenol. The phenolic nmononers be
enpl oyed as &xdioqpinone disnetats with unelae of phydrexyberwoid avid;or may be enpl oyed

as an additional phenolic nononer |later in the reactigon. \Wether the
phenolic nononer is used at an initial stage or as anyadditional conponent
depends on the particul &H reaction schene enpl oyed asj%fscussed | at er.
Preferred initial phenoljic nononers 9«9 phenol , bi sr%enol A, bisphenol F,

hydr oqui none, -
+ 2 o Heat
<\
O

OH
@)

Van

0]

O
\

-
o)
Heat
+ 2 —_—> + 2 CH40,
o OH
;/

O
g o/ OH

(7)  Bisphenols prepared by the thermal or catalytic coupling of resoles.

0o

OH OH o
o 0
HO OH
2CH,0
Heat or
. H +
OH OH oH OH

JO QA OO 0



resorcinol, 5-net hyI resorcinol, and catechol. Qher preferred phenolic
mononer s |ncludep butylphenol p- cunyl phenol , andp-octyl phenol which may
be used as WRi%8$%phenol i ¢ nononers or a ti onal phenol i ¢ NBEBAISHS/04121
depending on the particul ar reactlon schen€ ‘enpl oyed. Pol yners produced
fromthe above iqmno rs ﬁagh Z gsed as the enol i ¢ nononer.

Styrene DerivaPfy &L rony  BRNEYYiE FPURPYRAES nmy be any of the aryl
substituted al kene hydrocarbons. Exanpl es include styggne,

a- met hyl styrene, p-nethylstyrene, p-t-butylstyrene, [efr]- .

met hyl - p- net h)HHstyrene [err]-methyl styrene, 4 ethyl ne, OH

p- et hyl styren, p- vinyltoluene, mxed vinylitol uene xed
t - but yl sRyrene IRKed et hyl sgyiemesop NRxed R/ AR
di-t-butyls ¥S, 1 30PERe nyl_naph.t.hpal ené <t hy|-AM3ae g .@
| - phenyl -1 - @ e, and thé |ike. M xed st ¢ideri va@Fves nes

m xture of; Ter"exanple, p- and m t-butyls enes. The preferr

gd styrene

derivatives are styrene and honol ogs of styrlene of the formula
- 18 -

R2
Ar-C where Ar may be phenyl, naphthyl, biph€Hyl, or substitute yl,
napht hyl, or biphenyl. In the |ater case, exanples of substitutionS§ Naeglbe:
[err] where R4 and Rl err] are independently nethyl, ethyl, C3 to™~erigH

al kyl, or a hal o% R1, R2
. erred coupling agents are di- or poly-methyl systems derived from reaction of

formaldehyde with phenol. _

The phenolic monomers may be employed as an initial phenolic monomer in the
reaction or may be employed as an additional phenolic monomer later in the reaction.
Whether the phenolic monomer is used at an initial stage or as an additional component
depends on-the particular reaction scheme employed as discussed later. Preferred
initial phenolic monomers are phenol, bisphenol A, bisphenol F, hydroquinone,
resorcinol, 5-methylresorcinol, and catechol. Other preferred phenolic monomers
include p-t-butylphenol, p-cumylphenol, and p-octylphenol which may be used as initial
phenolic monomers or additional phenolic monomers depending on the particular
reaction scheme employed. Polymers produced from the above monomers may also
be used as the phenolic monomer.

ne Derjvati

The styrene derivatives may be any of the aryl substituted alkene hydrocarbons.
Examples include styrene, o-methylstyrene, p-methylstyrene, p-t-butylstyrene, -
methyl-p-methylstyrene, [-methylstyrene, m-ethylstyrene, p-ethylstyrene, p-
vinyltoluene, mixed vinyltoluenes, mixed t-butylstyrenes, mixed ethylstyrenes, mixed
t-butylstyrenes with di-t-butylstyrenes, isopropenylnaphthalene, 2-methyl-1,1-
diphenylpropene, 1-phenyl-1-pentene, and the like. Mixed styrene derivatives means
a mixture of, for example, p- and m- t-butylstyrenes. The preferred styrene derivatives

are styrene and homologs of styrene of the formula



and Rlerr] are independently hydrogen, an al kyl radical containing 1 to 5
carbon atons, an aromatic or an alkyl aromatic. Rl, R2 and R3 can be other
funct i onal wioia8g0s8éch as a carboxyl, as in the case of ci nnanPCTAS9804121

[err] Such systens are particularly .v@ uable as a nmeans of introducing
carboxyl functionality, as follows:
CH [err] Rlerr], Rerr] and Rlerr] can

be al koxy (-O-R ) groups. Esters of styrene derivatives may al so be used.
Preferably, the styrene derivative is styR,ene, [err]-nethylstyrene,

p-t-butyl styrene, methylstyrene, éﬁ eéh;x_l styrene, p-vinyltoluene, m xed

vi nyl t ol uenes, m xed t- butyl styr _Sf mxed et hyl styrenes, m xed

t-butylstyrenes with di-t-butylstYremgs, fr mxtures thereof.

Coupi ng Agents The preferred aryl “diolefin coupling agent can be
represented by the follow ng formul a:
Lerr] where Ar may be phenyl, naphthyl, biphenyl, or substituted phenyl, naphthyl, or

biphenyl. In the later case, examples of substitutions :hay be:

Rg
Ar = or
Ry R4

where R, and R; are independently methyl, ethyl, C, to Cy, alkyl, or a balogen. R, R,
and R, are independently hydrogen, an alkyl radical containing 1 to 5 carbon atoms,
an aromatic or an alkyl aromatic. R,, R, and R, can be other functionalities such as a

carboxyl, as in the case of cinnamic acid.

@/\/
Such systems are particularly valuable as 2 means of introducing carboxyl functionality,
as follows:

COzH

O O0—Oor 0

OH



wherein Ar is benzene, naphthal ene, or biphenyl; Rerr], Rerr] and R err]
i ndependent, r hydr ogen or an al kyl radical containing 1-5 carbon
atonms. The %%ﬁ?ﬁ% on on the benzene ringgi.s meta or para or RETYS9804121
t her eof . Possi bl e substitutions for naphthal ene include 1-3, 1-4,
1-5, 1-6, 1-7p %k 8nd%, %an B¢ Akod (CO- A . rrespqndi ng
i xiures therE Bfk’ 3 0)8'(60 Ig’) érou?:@. %’s&r??gértﬁeﬂgﬁengﬂgleg glay af;(%g,ﬁ bl e
substituti onsu$ed. bi phenyl include 1-3, 1-2', 1-1', 1-3', 2-3', and 3-3
positions, and correestpondi ng m xtures thereof :

6 5 5 @' Preferably, the styrene derivative is styrene, a-mgethylstyrene, p-tdutylgyrene, The

aromatic nucl Sﬁgt[hgrs_\‘yrg&,s ﬂp&ﬁg'lgtwe%g, %-myﬁgl%x?éfs ] O%Rﬁtol\ggr{es,exmm_cligg i

met hyl and t-
Preferably t hbuststyreflbs) nikédeth§lstyreres Pmikied Qi pIRgPeted SATEAIA - KRl IRBYerRS. el 1

m p mxtures or mxed m p divinyl benzene (DVB) of any of the to rcially
avai | abl e consuxturestheresf. m DIPB is commercially available at a 98 percent

concentration. Coupling Agents
The preferred aryl diolefin coupling agent can be represented by the following

formula:
- Ryq
Ar ?———-J:
R1o f!hz ,

wherein Ar is benzene, naphthalene, or biphenyl; R,,, R,; and R, independently are a
hydrogen or- an alkyl radical containing 1-5 carbon atoms. The orientation on the
benzene ring is meta or para or mixtures thereof.

Possible substitutions for naphthalene include 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 2-4,
2-5, 2-6, 2-7, or 2-8 positions, and corresponding mixtures thereof,

8 1
7 2
€ 3
3 4

Possible substitutions for biphenyl include 1-3, 1-2', 1-1', 1-3', 2-3', and 3-3'

positions, and corresponding mixtures thereof.

6 5 " g’
11’
2 3 3’ 2f

The aromatic nucleus may be substituted with various R groups, for example, methyl

and t-butyl.



DVB is avail able at concentrations of, for exanple, 53 percent, 62 percent,

anq 80 percent. Commercial sources of DVB also contain ethylstyrene

(vi'nyl et hWyiossgmesss) For i nstance, 80 percent DVB contai ns appocxaisssivakzy 20

percent ethylstyrene. Diols derived fron2®-PB such as morp diols of

di i sopropyl benzene are acceptable diolefin materials. Diols derived from

hydration of DI PEPrfiriblptheraryidiqlefiti ishs avfp-diisopugpeoplbaydene (REIR) artheir m,

accept abl e precursor terigls, for aryl di fi.ns since they .can be

cons Pder ed E‘P BURHERS Qr yn%xaﬁi m%ﬁfwlbmgne 85% of any of the °°mmg;°‘?’$¥—ﬁvaﬂable

[err] i . e5mhePQhlly S0hilablel i€ 85 Rt I68deUALLYES O
_ concentrations. %Pgi Iks mthel %y \ %)ﬁf'e At hﬁ \e{ﬁ'ﬁﬁ n

aryl diolefin my be produc n situ dehydrati on nzylic
al cohol s at D&R id pnilablepe cohcentatiohoovf foOexdmple] £3 pencenta 62 getdents and 80

sufficient to promte dehydration of the benzylic, al cohols. The resulting
styrene deriBUfeRie W@F’ﬂgd?‘éﬂc@f? Hé%/alﬁ% c?%%'@[’éhy ‘H‘eé"‘ﬁ)ﬁlﬁawmeézmhorrer.
O her neans u r t | b t 4 Ll i1 of
the art are gﬁf’ﬂ%@hg@p é@g%te 0 fdr%lgagér @%@R“ﬁaﬁmggﬁp ﬁ%&ﬁge‘% Etmdgty&‘&ll%sa:‘lﬁp‘Sed
practiti oner gerived G DEPB lgadh BuAE padicle lod diissptopylb@izend sie\acedifai@ idlefin

generate the sanme benzylic carboniumiogn which is the recognized _
i nt er nedi at emateriadsii r Biolsoderipedefram dydestionnal JYEE: suck tasr wnar qul diels of

di vi nyl aryl at,ed phenol.i I ] ef t hat.. of . t DI PB
diols requir ggsqpﬁ%qqny‘bﬁﬁ;mggﬁéegg&lé %’{)en {Sl(%r gﬁ t ptlsefr%)é |aIR§ d&%ﬁ'&@e"éismcﬁgﬁey
reaction m xich Be bikRIer6@Bickéda§] diolefisng the simultaneous renmoval of
the water produced fromrenoval Of the bl ocking group.

-21- OH OH
HaC CH; H3C CH,
CH,
Ko
HaC CH; HaC
OH .

p-diol m-diol

All or a portion of the styrene derivatives or aryl diolefin may be produced in
situ by dehydration of methylbenzylic alcohols at reaction temperatures above 100°C
and acidities sufficient to promote dehydration of the benzylic alcohols. The resulting
styrene derivative or aryl diolefin may be reacted with a phenolic monomer. Other
means to produce the reactants in situ that are within the skill of the art are within the
scope of the present invention.

Skilled practitioners recognize that cumyl alcohol and a-methylstyrene both
generate the same benzylic carbonium ion which is the recognized intermediate
required for generation of the subject styrenated or divinylarylated phenolic polymers.
It will be noted that use of the DIPB diols requires their incremental addition to a
phenolic containing reaction mixture under conditions allowing the simultaneous

removal of the water produced from removal of the blocking group.



OH [err] Resin thus produced has

I ow, nonqner_content (< 1 percent) and excellent yields wthout the use of

anot her col¥Pi%@%¥8ent, such as formal dehyde However, in eit REX/USDS/H4131

‘reaction schenes identified above, another ]coupl i ng agent may be

substituted for all or part of the aryl diolefin. Another.coupling agent
may be added at any stage of the reaction to increase phenolf nononer
| i nki ng. Suitable coupling agents include the follow ng:

For mal dehyde, including formal dehyde derived from e
par af or mal dehyde, hexanet hyl enetetram ne, trioxane, and f Hehyde
trisulfite. (2) Any of the coupling agents i dent N e above wi th
‘regard to formation of bis- and pol y-phenol s. (3)
 y- Hydr oxybut yr al dehyde. (4) Di chl orinated al kyl ene especially
: met hyl ene chloride and ethyl ene dichloride. . (5 (a) HD| benzylic

‘ hal i des, alcohols, and r@fihyl ethers, each de®Hged from the Wyl enes, the -

ethylbenzenes and I soprppyl,benzenes thr h subst,ituti react ns or
derived fron1d|V|nyfh%r ||éﬁ%ﬂ0penylbenggﬁes byégadltlg or| so }g%ly3|s
reactions. (b) Dibenzylic alcohgls derived f phenol i cs,
as illustrated in the w ng formul a:

L o22 - OH + H — +H20

Resin thus produced has low monomer content (<1 percent) and excellent
yields without the use of another coupling agent, such as formaldehyde. However,
in either of the reaction schemes identified above, another coupling agent may be
substituted for all or part of the aryl diolefin. Another coupling agent may be added
at any stage of the reaction to increase phenol monomer linking. Suitable coupling
agents include the following:

(1)  Formaldehyde, including formaldehyde derived from, e.g,
paraformaldehyde, hexamethylenetetramine, trioxane, and formaldehyde trisulfite.

(2)  Any of the coupling agents identified above with regard to formation
of bis- and poly-phenols.

(3)  y-Hydroxybutyraldehyde.

(4)  Dichlorinated alkylenes, especially methylene chloride and ethylene
dichloride.

(5) (a) Dibenzylic halides, alcohols, and methyl ethers, each derived from
the xylenes, the ethylbenzenes, and isopropylbenzenes through substitution reactions
or derived from divinyl or diisopropenylbenzenes by addition or solvolysis reactions.

(b) Dibenzylic alcohols derived from phenolics, as illustrated in the
following formula:



wherein each Ris separately alkyl, aral kyl, and bl ends thereof (6)

d yoxal and gl yoxalic acid. (7) D met hyl ol conpounds derived by

f or mal dehydgopgdfibidson to phenol, "active hydrogen conpounds, " pcemsedyslsogen
noieties next to or in proximty to strong2el ectron-w thdraw ng groups, as
illustrated below in famnmula 1, such as acetone al cohobn nitroal kanes

nmet hyl ol ated with forngal dehyde and the "reduced” am ne{forns of these

met hyl ol at ed nitroal 83, as illustrated in forathg 1Ce &gnone, and
i{the like. Active Hy - 23 -

R R
OH OH
HO OH
2 + —_—
R R
OH OH OH
R R R

wherein each R is separately alkyl, aralkyl, and blends thereof.

(6) Glyoxal and glyoxalic acid.

(7)  Dimethylol compounds derived by formaldehyde addition to phenol,
“active hydrogen compounds,” i.e., hydrogen moieties next to or in proximity to strong
electron-withdrawing groups, as illustrated below in formula 1, such as acetone
alcohol, nitroalkanes methylolated with formaldehyde and the “reduced” amine forms
of these methylolated nitroalkanes, as illustrated in formula 2, acetophenone, and the
like.
Active Hydrogen Compounds

- o 0]
. j&'_’%}l/\ OH )O\rH R J\'_/H\j\
H " H H

{The carbanion is stabilized by the oxygen.}

0 . 0 )
- J\/\o- — /“\/\OH




. [err] - 24 - (8)

© Manni ch bases derived fromdianm nes and al dehydes or ketones, as foll ows:
OH' ' WO098/305% [ @CATUS98/04121

= (9) Pol yhal o or pol ynet hyl ol conpoundssga give hi gher coupl ed anal ogs.

. Skilled practitioners recognize that an acidic or Lewis acid environnment

¢ during reaction is appropriate when fornal dehyde or the dihalide conpounds

» are used as coupling agent. The coupling agent is used at a range

~of nole ratios relative to the phenol¢xc conponent. The nole r@%go of
coupling agent to phenolic conponent y be fromQ é;]. : The nol e

.ratio >1 is used under circunstance whi ch al kyy ‘or yl substituted
. phenol i cs M0e usedHod in WeEch high cul ar yeis Nodlict iss Hagior ed.
i The lower jend of—tire”nol e jati gogange is enployed under Circunstances where
;@ | ow R H R
H
OH
2H»>
OH OH
NH2 2
OH —— » Amine Bisphenol @
R
OH
OH
CH,0

R OH
g Coupled
HN —— products

O



-l evel of chain extension is required. The anmount of coupling agent al so
~depends ,on the anobunt of phenolic hydroxy substitution on the phenolic

"~ reactive positions per no
‘ reactive positions. If two phgnol
- diolefin, two open positions re
ratio for styrenation (noles of st e per

pr e- pol ymerwer9smosssner used. I n the case of bisphenol A (a di Péi‘ﬂ%ﬁé/&ﬁﬂ
phenol i ¢ nonomer), |ess coupling agent ney be required to give a desired

;. degree of phenolic functionality in the resultant polyner, because the

; monomer is higher (8) boManfieh dasdsaderived gfm aliwnihesaid eidahydey o kefdrak! 4 t h.
“Simlarly, a formal dehyde-1inked phenolic polymer can be further coupi1

ed

wi th coupli nfoB@¥sits to build nol ecul ar weight to desired |evels. The
converse is also true that an aral kyl ati on pol yner fﬁhrred from phenol i ¢ and
coupling agent conponents can be further increased‘/«" nol ecul ar wei ght by

reaction with formal dehyde under the
- 25 - conditions used t¥.prepare the aral kyl at i O syst@A preferred
range of nole ratio is {0.4:Q to 0.8:1. @gre styrenation
enpl oyed with this pol yloer dl ass2€HaOal 50 vary. j he Fp‘b‘ses of this
invention, the degree of “Rt'yrenation is defined he r&ilo between the

. mol es of styrene derivafjpves used and the nol ar egui val ent of open reactive
i positions per phenolic nogoneric conponent. The de
determ ned by subtracting

E%iOf styrenation is
e\ nunber of reactive posirtions used to couple

| i nking group fromthe total nunber of
For__exanpl e, phenol is considered to have 3
| egul es are coupled wth an aryl

g n perNptenol ring. The theoretical nole
phenol nolecule) is therefore
2. For the present invention, the effective/ragge for styrenation.is from
20 to 100 percent ofthe theoretical nole r preferably 30 to 99 percent
of theoretical, with the nost effective range—&eing 40 to 95 percent of

t heoreti cal . Al koxyl ati ng Agents he phenolic aral kyl ati on
pol ymers can be further reacted with an al koxyl ating agent sel ected from
the group consisting of _al kyl ene oxides and al kyl ene_carbonates to provide
at | east one aliph&ic Relyhalear palymethylol compounds|te giverhighes cdepled andlags an

oxi d ESTT ' . i des_in_ whi bot h
oF Y he- epont Skl prdbhdbngis fcoRRE S B3R By FRD ol Ronifert Auiig rShcon.
al kyl, aryl, irappropiiste veaubrmaldetydercrdheldiialied eodibeliass 28 Aséd & &dy

q¥ggerr]
epoxi des, including ethylene oxide, propylene oxide, isobutylene oxide,
1, 2-butyl ene 888Me, and 2, 3- butyl ene oxide. Al kyl ene oxides that contain

Propyl ene. ox de.  conyaneiad Reet b Attt bhRol8s Sdiid iR ahsnali

preferred. component. The mole ratio of coupling agent to phenolic component may be from

with the aryl diolefin o

0.2:1to 1.1:1. The mole ratio >1 is used under circumstances in which alkyl or aralkyl
substituted phenolics are used and in which high molecular weight product is desired.
The lower end of the mole ratio range is employed under circumstances where a 10§v
level of chain extension is required. The amount of coupling agent also depends on the
amount of phenolic hydroxy substitution on the phenolic pre-polymer or monomer
used. In the case of bisphenol A (a di-functional phenolic monomer), less coupling
agent may be required to give a desired degree of phenolic functionality in the resultant
polymer, because the monomer is higher in both molecular weight and functionality to
start with. Similarly, a formaldehyde-linked phenolic polymer can be further coupled
with coupling agents to build molecular weight to desired levels. The converse is also
true that an aralkylation polymer formed from phenolic and coupling agent components

can be further increased in molecular weight by reaction with formaldehyde under the



Al kyl ene carbonates are cyclic carbonates that contain -O-CJerr]- in a
ive- .menbered ring. Suitable al kylene carbonates are cyclic carbonates in
ivhi ch one orWOSAS(ASIF the aliphatic ring carbons is substitutedonvsssod1z:
ydrogen or a CJerr]-Cferr] alkyl, aryl, -28r aral kyl group. Preferred
| kyl ene carbonates are ethyl ene carbonate, propylene carbonate, and
but yl ene car begafitishs used to prepaftstht RfalkRatdd syater K%feﬁdd%n%é bEmale! ROt C
hydroxyl nmoiety is forned by opening of the oxirane or carbonate ring of
t he al koxyl at Drigl tag@Btl.by t he phenolic

- 26 - hydroxyl Lety. Other alkoxylatin nts ,can he enpl .edto
provi de ot her fuangﬁg@a&ﬂgt@%ﬁgﬁgﬁg%@lmﬁr %Fssa"rgg_ ofere F or
hydroxyl noi egpe m&ep i rRRRH AN méedegf&vcsﬂaﬁe&tmnsﬂa@ﬁnea%m FdiR Yerldey N9
bot h hydroxyl a I nyl noieties, as tollows:

lC]-l the @idles of styRene derivatives usdgd and the molar equivalent of open reactive 0
!0 .. . . . . R .

R positions per phenolic mapemeric conpanent. The qegregof siyrenatian frdeterminest
this type of s Yo LR oY [ e i Al | | ejies
I ncreases the%? ange%ﬂpgggl?ﬂs?#. yé%gggpg%%é%&t@%ﬁgg) @%%ﬁf%}%g&m;ﬁﬁéﬁﬁ t

pol ymers and athepdimkingcgrowp fromi the total tiwenter lofi xydctive positions petmdhoist. OFbF ee
radi cal polyneriz ile retaining the abjlity to engage in phenolic

tion
aral kyl ati on [€58®pP OPR‘?“\Q,{]‘S considerggd {p #!gv¢9,re%va@p@ﬁen%a¥ Qrhenelanolgeules

4w th > = ) _ ; i
Undesi v abl o cALE OREIbA Al Y bidlBe i deh Il ol Yo RMARTHR PRl e, The,
oxi de, dual olthédrefidsy el ratid UL tstyzBmitiony (meies  of Sstyrefie Pee\Whehtl MBRcule) is

following formula: . ) : )
'R therefore 2. For the present invention, the effective range for styrenation is from 20

to 100 percent of the theoretical mole ratio, preferably 30 to 99 percent of theoretical,
with the most effective range being 40 to 95 percent of theoretical.
ki i en
The phenolic aralkylation polymers can be further reacted with an alkoxylating
agent selected from the group consisting of alkylene oxides and alkylene carbonates
to provide at least one aliphatic hydroxyl moiety.

Alkylene oxides contain an epoxide group. Suitable alkylene oxides are

epoxides in which one or both of the epoxide carbons is substituted with hydrogen or
a C-Cy, alkyl, aryl, or aralkyl group. Preferred alkylene oxides are G, -G epoxides,
including ethylene oxide, propylene oxide, isobutylene oxide, 1,2-butylene oxide, and
2,3-butylene oxide. Alkylene oxides that contain halogenated alkyl groups, such as
epihalohydrins, also can be used. Propylene oxide, ethylene oxide, and isobutylene
oxide are particularly preferred.

Alkylene carbonates are cyclic carbonates that contain -O-CO,- in a five-
membered ring. Suitable alkylene carbonates are cyclic carbonates in which one or
both of the aliphatic ring carbons is substituted with hydrogen or a C,-C,, alkyl, aryl,
or aralkyl group. Preferred alkylene carbonates are ethylene carbonate, propylene
carbonate, and butylene carbonates.

As the result of alkoxylation, the aliphatic hydroxyl moiety is formed by

opening of the oxirane or carbonate ring of the alkoxylating agent by the phenolic




[err] wherein Ris as defined herein for this type of conposition.
Two ,vicinal aliphatic hydroxyl functionalities can be introduced by

al koxyl at i owo 98hBosephenol i ¢ hydroxyl noiety with gl ycerol CargeeaddRioaiA
accordance with the follow ng reaction;

- 27 - OH -26 - [err] V\,hereln Ris as
defined herein for this t eof conposition. The re ant Cglcj S

val uabl e i nhygroxpk Q}S’éﬂ%-tl ebfalkowy P&ra&ﬁ'étﬁe‘i}"‘ & £RP YG toap pther and

par i cul ar | RUHTBLE et Setbfofs fRabic BRED ey T bERienf ) 1o

t rans- est er iokidedpraivides at Mm&ubeﬁtbaﬁaiﬂxﬁg)b@h rfexdadeeyl and vimyd tneoistidys tak t ut ed
aral kyl ati on phenolic

follows:
OH
OH
R R N
° 0
+ ———ree Y
L .
R

wherein R is as defined herein for this type of composition.
The presence of two potentially reactive moieties increases the range of reactivity
possible for thus-formed phenolic polymers and allows incorporation of the alkoxylated
substituent into free radical polymerization while retaining the ability to engage in
phenolic aralkylation reactions.

Similarly, butadiene carbonate can be reacted with a phenolic hydroxy! moiety
without the production of undesirable chain-extending byproduct. As with the reaction
of butadiene oxide, dual olefin/hydroxyl functionality results, as shown in the following

formula;

R
oH -
oy ®
. /\(\o — > R R + CO;
o \ O
. | /\o
R

~

OH
wherein R is as defined herein for this type of composition.
Two vicinal aliphatic hydroxyl functionalities can be introduced by alkoxylation

of a phenolic hydroxyl moiety with glycerol carbonate, in accordance with the

following reaction:



. conpositions suitable for crosslinking with polyam nes at | ow tenperatures.
Acryl ate esters. of glycerol carbonate are useful as internediates by which

cacrylate fwWRes/5% ity can be introduced to polymers of this F¢RfE 1 as

. fol | ows: -27- OH
[err] R wherein

i Ris as defined herein for this type of conposition.

‘- 28 - OoH Gdycidyl (nmeth)acrylate can be reacted wifh a phenol i c
hydr oxyl noietly in the presence of a basic or Lewis acidicatal yst to
provi de ed acryl at useNyl for generation ee radi cal
t her noset p systens, as fagll ows: + CO2

=+
R R
R HO 0
OH

wherein R is as defined herein for this type of composition.

The resultant product is valuable in the preparation of "hyperbranched" esters of fatty

acids and other reactive functionalities to give highly cross-linked systems, and is

particularly useful in uralkyd applications. The vicinal diols can also be trans-esterified

with ethylene carbonate to generate carbonate-substituted aralkylation phenolic

compositions suitable for crosslinking with polyamines at low temperatures.
Acrylate esters of glycerol carbonate are useful as intermediates by which

acrylate functionality can be introduced to polymers of this invention, as follows:

OH
0]
\/lk N :
°‘"<\
0 R

\_<°

¢}
OH

o] + CO»

R

‘wherein R is as defined herein for this type of composition.



err] wherein Ris as defined herein for this type of

onposi tjon Lactones, including but not limted to butyrol actone

nd caprol acwonns/;30s9eéact with the phenolic hydroxyl noiety tq:dqr,@ygﬁ,@ul
nonmeric or chai n-extended aromatic  polgyester, in accordance wth t

ol l owi ng reaction:

@% 1 ted with a V\(ﬁfehsh@h 13oi thf
erein for this typeymd]yl m}hr?'talteo%anbere%_%gsxevlres ting )[')%5 este1 can be
urt her acryl ptesshceof aibedicfordewisiacid chtaliyst toppoiter i koxylated acrylate useful for

generation of free radical thermoset polymer systems, as follows:

AN
oH ° !
R r ?
+ HO
Q
0
C
— R
R

wherein R is as defined herein for this type of composition.
Lactones, including but not limited to butyrolactone and caprolactone, react
with the phenolic hydroxyl moiety to produce monomeric or chain-extended aromatic

polyester, in accordance with the following reaction:

OH
OH
R R o
+ OH i o
O \f
| o
R O

wherein R is as defined herein for this type of composition.
These resulting polyesters can be further acrylated or modified with TOFA to generate

useful coating additives.



useful coating additives.

P29 - . : Di epoxi es and hi gher additives of difunctional
aral kyl at i orWPdBB06s al so are cont enpl at ed i n accor dancePGFURIR/M121
I nvention. Such products are generated fpom di hydr oxyfuncti onal

far al kyl ati on products and difunctional epoxides. Suitable di epoxi des
ncl ude di gl yci dy DigjsiosandHishep haltisaher@furfeiand acdRyIRSbEYHE
derivatives tﬁgebradéof , alli pﬁat?c ldi epoxi desl basaedﬁ%n thé: g@t Iﬂsoarl]soo?re

per acet i ¢ 'actcontemplayed indicobrianceswith this imention| iSokke graducts are gentrafed Bomand

di gl ycidyl ethers of di.ols ang of. other, diols,forned b ., al koxyl ati on
of diols. @ ydfoxyfanctippal, 2@ R PRt 0t (fiEacaopal; eroxidss. pSuahlser od

oluble in a | s s MW Tal gl I | Wi .. Two
Jpes. of pr oduRRATBTRRighcidn MAEVR SRR REndl A MR URIR AR (I Bivey
'star" pol ymeliereat) aliphatin diiepoyides basedam thé atiien of peraegiiddittonvicydodiolRiggo! i
aral kyl ati on pol yner, havi gg a functiyaggl ity of &;[) | east, 2. A, | i near
pol ymer can s&e _Whlcé Qﬁ"&rﬂ_ﬂéfi‘&' Séﬁmﬁ_@f Israng ofjothes diele farmegtbamol i ¢
[2L¥irer. Theaﬁé&%ﬁ%ggf&ﬂspul a is representative of Ehgol f;lt t Elr :nearO_lpoI Jrrer s
f this type in sqthd beer discoveredahatasposiesichm be eaderstosdhible il Sd%oMpatible
One way of form ng a phenol aral kylation polyner is by aral kylating a
phenol i ¢ nondYidy neptnelai: slvents angh Polymersnel we typest pf praductshean he amade in

ar al kyl at ed t ' t he« | kvl at e enol, with a.coupling
ngent " to oot BeORRncs RER shE BshGh . A a8 A Be Suf BF Mg By, pRiciprne
jphenol j oi negpbridietvtH a Pieridle abAkYAGIpSYRRE havifi 8 SuridtiohhlRY o3 fel§ 2T Io.TW' H
irecogni ze the primary |inkage is predom hantly at the ortho position.” The
resul ting pollipgar polymer cambéymade by xgdctivn f the epoxide withacdifimdtionat phedidlict hi s

tenbodi nent, a _phenol.i,c nonmer. an t | east one
polymer. The f(r)TRowirﬂg formila {8 representat?ve of the latter:

OH - OH
: o 0
5 LA\/ \/LX
Ny




tyrene derivative are reacted in the presence of an acid catal yst. The pH
f the reaction mxture is |lowered by neans of acid catalyst addition.
ince the sysiemiosegenerally low in water content, the effectpupnsdch

f the catalyst systemis increased. -30- Acid catalysts whil?cﬁ naJwéiely
sed in preferred practice include but are not limted to:

kyl sul f oni c ﬂﬁ:ﬂp - t t. ' & -Cerr];

ryl sul fonic éfm S?olr&@%eﬁgﬁgm%éﬂggﬁatggﬂ%rgk g?’gér ﬁag% gg&‘ %gf“]é'nég

apht hal ene sPrdepes c and aral kyl at ed t ol uene, benzene, or naphthal ene

ul foni c acids contai ni ng err]- (err]. al kyl substituents; . Phenol
ul foni ¢ and sul foﬂg'teé’éﬂa}'ﬁ}f W@M?W@Wﬂ“d}??%? 15 A% lating4 Rianatied

henol i cs; qh{ﬂr ' id; : [ L6, kyl,
ryl or aral k)ﬁl onpohn(l)es?p a é{ feégfl (earn g s%?/‘llen%engtaﬁ*)ée)g(gtg %%ﬁa‘?%ggqéaéie%%ﬂw’% per
| ecul e; reactingthe apdlialRedytieasisvitisa couphiag apeiitb dbedim the heholl AARRFRASA €.
erived from hydroxyam nes such as triethanol am ne: )

err] polymer, with the aralkylated phenol joined together by tlgcoupling agent. Those

drochl ori ido Lat ent ' t al vst t i ncl udi i
VU o or i deaiift in the ar vl 208er fie SRl SR | PRabaRRy B i o ©
atal ysts der ipsgitioh! Qe #édaltingGolyher thén Sdnbe ik ASAEd. Latent acid

catal ysts derived from ani nes and the above; . Oxalic acid, nmaleic
hei d and ot her st r dipeserdantce with 4bis embodimeng, a phenalic mpetonser<andsat least one

Hal ogenat ed organi c .aci such as .chloroacetic and t.rifl uyoroggeti cid;
nd LR (v A fealied i 4Bt APRER GRS Ao ot e P clCtben .
particul arly tdlg.cdl @ixnsie | el | L nation
M t h ot her catrgl ytgatﬂs desc?? Eg%r%db vgeﬁgﬁp#g(ﬁ&zg?%@éﬁr@'o %éa aelcs?ggéﬂgf

[ hi s cl ass al sgeneally loweih water Thrtentpthp leffactive asidityiof slid eatdlpstisgstomiislingpdagéd/ St

M th an al kyl aromatic conposition, such .tolyene or xylene, is a nore
el ective catal yst ﬁ’gncﬁtﬁgs%&&'fqg‘ép@hgeﬁ mopresecred practics inelyde buk are not
Similarly, |atjgpkedigrsions of the above-described Lewis acids are useful at

el evated tenperature to give selective catal ysis. Fluorohal oborates of
prgani ¢ conpounds aAHglsulfonic acids - methane, ethane, and higher alkyl C,-C,,;

Arylsulfonic acids, toluene, xylene, and mixtures thereof, also, naphthalene
sulfonic and aralkylated toluene, benzene, or naphthalene sulfonic acids containing C,-
C,o alkyl substituents;

Phenol sulfonic and sulfonated phenolic polymers which may include
aralkylated phenolics;

Sulfuric acid;

Phosphoric acid;

Alkyl, aryl or aralkyl phosphate esters having at least one free acidic proton per
molecule;

Phosphate esters, such as triethanolamine triphosphate, derived from

hydroxyamines such as triethanolamine:




are exanpl es of suitable catalyst, with stable carboniumion-containing
conpounds bei ng nost desirable. The following fornmula, in which Xis d,
Br, F, or | WOPBMPeates the preparati on of such a catal yst: PCT/US98/04121
R CH2-X -31- [err]
O her weaker Lewis acids also are useful as catalysts for selective
reactions. The titanium al koxi des, which are useful as transesterification
catal yst, also can_be used at elevated tenperature to catal yze

aral kyl ati on wit h B¥droshlangaeidyat ed ol efins, preferably a styrene
derivative, which | . . | ek

Neutral or basic c% aalg/g%l&c a%gkﬁ%%rgﬁt%hgﬁ%gg%ﬁ% lclé{%?]g%é,?ms%}éor{g i
conpounds. Theggehioaded, wad tis/liltecns are wel | known as ortho al kyl ation

catal ysts. These catalysts are suited to affect, reactiqn between a
phenoi i ¢ nol ecul e hatgnteptalysts derived from alkyl esters of strong acids;

- t t hos Ct : L td act | fin, such
tyrons o 115 dor Fobnt bl Cafplsclelfef BtihAc LXE LGS I FUC0 o0

catal ysts may be amxalid adifiemileiceiciddrid dtherstrdng erghait diazidshtavingrigitial ggh'at i on
of hydroxybenzene in the ortho position. Such materials include netal
phenate deriv&lisyes of Al, My, Fe, Zn, P, As, Sh, Bi, and Sn; the polyneric

or supported al um @iﬁn al cohol at YRE . -} Pat . . No.
3,733,365; and the ?ﬁﬁnﬁ%%%g@ﬁsﬂa‘gé? %ng%aa SCr |r§§%uft"%ﬁﬁl%@£?rg§%{c agx%d 154,
both patents are i De@isdRidPdabilysBVasddonbalilef STHIRNGRO U TRl Eh&RX attdulath) fhyes
of Zr, H, Nb, and Ta al so are suitable catal ysts. "Alum num’i's a preferred

catal yti ¢ conpbloddes and Beorides thieneof) ane asefill decombinationdiith cthencatalystsidesaribetio be
| | [ h [ L1
? Cn,ﬁ gg\g :es to ta c(J)vSe.e o(r)rfpﬁcg:eg tvgg%iolng o?%atg.{ystrseo?%g Icl\égs Bgc? greeSL%%ﬁﬂ. ll'kxﬁlécs)}ngaﬁetxeo as

a suitable Lewis acid catalyst with an alkyl aromatic composition, such as toluene or

- 32

xylene, is a more selective catalyst than the equivalent uncomplexed version thereof.
Similarly, latent versions of the above-described Lewis acids are useful at elevated
temperature to give selective catalysis. Fluorohaloborates of organic compounds also
are exainples of suitable catalyst, with stable carbonium ion-containing compounds
being most desirable. The following formula, in which X is Cl, Br, F, or I, illustrates

the preparation of such a catalyst:

CH>—X CH,"
+ BF3 ——» + XBF,
R R R R

wherein X=C|, Br, F, L
Other weaker Lewis acids also are useful as catalysts for selective reactions.
The titanium alkoxides, which are useful as transesterification catalyst, also can be used
at elevated temperature to catalyze aralkylation with certain activated olefins,
preferably a styrene derivative, which then are hydrated to provide alcohol moieties.
Neutral or basic catalyst can be used to affect aralkylation of phenolic
compounds. These catalyst systems are well known as ortho alkylation catalysts.

These catalysts are suited to affect reaction between a phenolic molecule having at




[err] wherein Ris an aromatic noiety of the phenol ate ion.
Reactions of the type described above are useful in aral kylation of

materi al s swedogisoshs sphenol - A wi t hout the undesirabl e retro-rpepiisosioddss t he
i sopropylidene coupling |inkage that tymzally occurs in the acid catal yzed
al kylation reaction. The amount of acid catal yst required depends on
ithe effecti V €ead€ otk Lok EbabREpSHiticiahid WAl actiohted t slefin, SuchNg Agredls ctlgd as
sul foni c and net hane sulfonic require quantities | ess than 0.20 per cent
based on t hedeovaiives, @admddimmwg@%d@w ding that said react ants do not

contain basic inmpunities Idne al i h aly, lt.will be
noted that dilut eﬁ’(’ff%t"? § Or[na amgc? g g‘ﬁg‘%@ ug%O vcg‘gﬁbﬁ‘ e s ring .
Provi si ons aRARER JfthydfsRBENARS B tHe' SHahd P@sxﬁ@@CtSu@h‘ rﬂatasﬁa;g ﬂxcld%%@{al aci ds
require the usé of a larger quantity; skil Eractltloners are f I ar

wi t h met hods phenate derivatieesi afnAl Mg,cBé,. Zmh, Ast Do, Bt i andt Sn;i the polyradrics os

caral yst per SOt PBm o e ot P eS B Nkt o1

jper ol e of Qh@fandmﬁumimgagaﬁpaescnbed in USpat. RGPS R28Y 454, Q&ht%ﬁ a,f ion
idepends on a number of factors and is preferably between f rr]C. The

't enper at ure smtmrpmmteddmmmay refecente Tbe slkexypderivatives efl Zry Hit NbganddPanalsaind

: i t t t .

£ onper at ur os P AR RIS KRGNED b PGS CHATRG Potipionby TheBumim | cs
'R_rjjccor dance, e iMtermddidtd\hraDeliBdéd! t°Be analogues to those postulatdd il bther

reductive processes, illustrated as follows:




H

pvhereas, in other instances, |ower tenperatures are desirable to mnimze
etro- aralkenyl-ation with the resultant formation of undesired aryl

| ef i n-coupIWr?g%ﬁ G- pol ymeric products.33ln any case, the rcBEEU8B/42He
equired can vary significantly, but the reaction is generally considered
conpl et e i n -t hend @m0 il itbRiatié %iét%gfﬁxeaﬁhehﬁﬁte igiyerage (140[err]eaction
enperature. This conbination of cohditions can be applied to all

combi nati ons of pheRedctionsi b thiet type deguhibad hbovesard upéfahml araliplakiph f nfiferials

broducts w th either, styrene, its derivat, \g?s or couypli n% agents. It iIs
worth noting tfgh as hisphenol-A. without the undesirable retro-reaction of the isopropylidgre -

ar al kyl ation r .| | el | - of ..the acid
cat al yst, and ?‘ﬁ%ﬁ‘hggxs‘%%ﬁéh%%? %‘1 i@ggstdﬂé%eng%%gﬁg&? gddél%gl%{lgﬁf)eeafg?rﬂlres in
 he 200- 250[ er r ] ngeThoimeuhSf adid cathlypatquirkd deptiision the affeah@eitRiMy and type

deal kyl ation, or other simlar deconpositions. The phenol i ¢ nohoner

s sel ected t oohreatalysieslerted. aStangt acidspchas sgnicsansy methaas | splfowit gequide

f rom phenol, bisphe ' ' o C |...0r .
resorgi nol . AdH#Y m“%g{assﬁ\%aéﬁio IQ&E{%&@%@Q&%&%@P&%@@ %ﬁa%&m%ldf’gat@ﬁ?%d t he
ar al kyl at ed phggefanty ddndthdntuiny basit @hgirities SRR vasul® nbatbalizy Iﬂ@él@ﬁak,st. It will

p- cunyl phenol and p-octy&g&enol . It is within the skill of the aft to

det er mi ne what bphetad) that diite selntions ef sajishacigs ¢antbs used peavidedshahprohisicrsyarene
derivative to obtain_an aral kylate hepol _and hengl i ¢ nononers pay
be. added. | at or TBEC BFEO Y RatSE O PRshon ndlitre Henlt a0s réqutie W amopl'e
nmononmer to for | [ ' ' | hol
[RgHR gl MR prabiftionaare/ Srlisr WRGhARBI Yol BpBEDAND fudthst

is an inportant t he phenol i c nononer. res
derivatives ar &henehegrentation tatalysts nequirarad effsctivecumeousit oficatalytt, eypichlyFFdnped

herein. It has pee I scqvered that readi I ] abl ¢ 2, 6-di al kyl enol ic
corrp:)si tions aﬁg"“rt@ég’:lm‘ﬁgrﬁh?}?l&‘té’ceéﬁ‘ 3’%%@@3@4&0 gﬁ’%i”@rféagéu 9«6\211@9 of
al kyl ated arong fa.fys érixX&EioYﬁﬁpﬁﬁilﬁﬁr&mﬁt t he desired hydrocarbon
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solubility to t ol yIers nvention. The followi ng reactions are
illustrative. The temp@rhture of the reaction depends on a number of facfos 'ahd is

preferably between 120-160°C. The temperature selected depends on the nature of
the aralkylating agent and requires optimization for each system. In some instances,
higher temperatures are desired to insure against O-aralkylation of the phenolics in

accordance with the following reaction:

OH < o
R R ,
—_— R
<
R

R

whereas, in other instances, lower temperatures are desirable to minimize retro-
aralkenylation with the resultant formation of undesired ary! olefin-coupling homo-
polymeric products. In any case, the reaction time required can vary significantly, but
the reaction is generally considered complete in the 10-30 minute time frame at the
average (140°C) reaction temperature. This combination of conditions can be applied
to all combinations of phenol, substituted phenols, and phenol aralkylation products

with either styrene, its derivatives, or coupling agents. It is worth noting that the
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wherein each Rand R is as defined herein for these types of conpositions.
The aral kyl ated phenol product is then reacted with a coupling agent to

obt'ai n * t heyghgagesar al kyl ati on polymer, with the aral kyl at egcrhaogb41zi ned
to the coupling _34 - 35 - agent
primarily at the o-position. The pH of tdhe reaction mxture is |owered by

camecat a y et LERRn{EIcBAN Hbbily indl Ry W HEPLABARORI MR Al e 11

sanme cat al ySUS “Can bé consi In reaction w

styrenat ed Iﬁbﬁ@ﬂdtémﬁﬁo yiebitizedS@R Hethepfed TottempératuresinithoPOLSPTE Rlge@or 1 LS
derivatives with aryl -olefins. Indeed, in practice of this invention, the
same cat al ySubsigniabnpetiodsorwisthany gearmngementadgealkylationyj \aryather  similar
aronmati c- phgng%fosgi)l nmerization reaction as was used for the precursor
phenolic re ¢ enati on. Acid catal ysis can be used when an

al dehyde, such asrifeoptigrblie mshonter igbsleotsdtal prosile an aralisded phériRhi g
agent. A preferred enbodi nent of the invention is to conduct the reaction

wi th for mal geeforably selected &om phengl, bisphenolah, bisphenol R, hgdroguisone eatecholioe i s
heated to about 110 t 0 C,w th_about 20-25 t _0-xvyl [
the. 1 eact or TSHEHOF h oAbl phbno, SR’ may o8 afled DidicR, poielite el naer
of the r eacta?ﬂxéfm@a $fenol WithAthe aby droléfpdich lra|§ {/J—ttbtﬁirlﬁﬂédo‘f, p'i@ud’i&lPHg-{)og g@& .

f or mal dehyde sol ution, is added i ncrementa over “a period ©
hour. The almettyiphencbadt is vithirctheyskilk ofithe artdp deteamizieyshat pbersdictmeridnrers used

5 reroved U sbsopainsP oy WM Grbilve 0 Sra el estoied ahsnalond o1 o
col l ected '%@t%ﬁ@%%on ég{g‘\ggbggd&may@&@guime?@t ¥ ved to recover the

solvent. The efficiency o yde usage is great n about 95 wt
per cent. The ebilityoapthet phenolid mdnemer 46 fyina tancaralkglatedi detivatie by i nal

roduct is neutrali,zed nd ma sufficiently basi.c al | ow. t he desired
8 egree of apﬁﬁ@{gpgp pzy&ﬁl@?%qﬁ%nuxgxponam cha; actensstlc o%%xe pheng\{lc monomer.

The resultant derivatives are analogous to the vinyl and isopropenyl aromatics
described herein. It has been discovered that readily available 2,6-dialkyl phenolic

compositions are readily methylolated at the para positions to provide alkylated
aromatic derivatives which impart the desired hydrocarbon solubility to the polymers

of this invention. The following reactions are illustrative,

OH OH
R R _ R R
OH
+ CHO ——
0)

H

OH OH OH
R R R - R R
OH
R’ R’
OH R

wherein each R and R’ is as defined herein for these types of compositions.
The aralkylated phenol product is then reacted with a coupling agent to obtain
the phenol aralkylation polymer, with the aralkylated phenol joined to the coupling



50 wt percent aqueous solution of alkali netal oxide or hydroxide is used
to peutralize the product. Potassium hydroxide is a preferred neutralizing
agent . WO R 3BPher nethod of forming a phenol aral kyl at i oRGTISPRIOAL2L S
to first react a phenolic nononmer wth-35 eoupling agent to obtain a
coupl ed phenol polyner and then to aral kylate the coupl ed phenol polyner
with at | easuagennprimangly enthedepasitiohi The pH aftharsactiommighenic lowerat by nadanen

pol ymer, with_the phenol, joined, as those skilled jn the art wll

recogni ze, t 6fagidest Eﬁﬁlaﬂﬁbw&gég@eﬁwﬂlﬁ}& 3eEnLis 2y e%‘ll tthﬁs%fﬂﬂcﬁ\éfygsﬁéébﬁi ons.
I n accordanc : | f&n@g | : |

reacted to ? (o))r‘\ér#%e%g{ﬁ ed lpﬁéeno E%% y%{rﬁ.rl%l'ﬁ?%llﬁ%q‘:B#ﬂ}dsl{]rg?ag%??tgﬁgém??(ture
i s | owered byromotets reictianiofl pheriohby it dertiativesowith affih elefinselmieed)| iy pragicet ens
and processing conditions_ are required for, these enbqQdi nents as were
descri bed eapf ithis invantigpatheysame; afalyst sysiem lﬁH%{&‘E?E‘b'i 4s5e 48 conedthe disjrylens

usi ng styren u R . .
"Sge0. T " irSHy RS O RS Fesction s g ased fon (e mresupsoy plienli
styrene deri tedctatit styfedafionpr esence of an acid catal yst to obtain the phenol

aral kyl ation polyner. The sane acid catal ysts can be considered for styrene
aral kyl ation of t Hcidenatelysin«an|beansedicyhen jas raldaitydee suchsasyformaldebside orr eact

the aryl diol efi | ol i €. Nt. IR Lce of this
nvent | on, ¢ cRhebabd8 yRRFRCEQBIGE AGhE Th prbBAEE bl Bt i avipsien

di ol ef i n reaq foyendidt tie fhcidalwitifrmaldeifde ay at¢dpping” ToactionRd., eqeattioncan
be neutralized with caustic, potassium hydroxide, or an organic base such
as guani di ne miatibeisheated rngbaut 110 6e £2Q°4: withabeuti 20-25 pdipercent opylenein the t he

al koxyl ati on reacti g as, descri bed. bel ow., Potassi um hydr gxi is a
ot 6 o7 r ed | ndFT B etplciates phetalic astethl AR R seR e otths Feattor
advant ageousdﬂg@@ e | &[g[aﬁ :tlﬁgcam', b 53 £ rme0dEhI 8 EGLEHSN ; e
product . Pglhslgre@dgffo ucg by 1 E?Etgﬁcéﬁrfgacti ngagg%#eln Ilp\%’\ﬁe@ an
aryl di ol ef i rincrementally pverspériod of aboghkhoure | Thierajdghyde reapts| quinkiy at theracidose

Do %Y SR S irasin ot o B L Qo) PSR
phenol i ¢ MONOgRfent @ateﬁ@ffe:ﬁdvew Hg-'r“]htzégu?%i& uRanf{ont Wiy ﬁ&%#&l?ﬂeéagﬁée‘%isﬁiﬂ’ﬂg‘ hen

with the remai ning coupling ag t'er aralkylation o ol W th the
styrene deri vailested inRodgomates, foom dehieidthi watéri can e mereovédtbtoareaaien thagsiserguc h

as mnimzin he..potentjal .fqr gel .fornmation. Al koxyl ati on
general |y regyg“'r %@g‘gﬂc%‘i’ﬁ%??hyg? Pg"rged%@%%f}?an&gf"éﬁ RWtpsieeMe” omitted, but
reaction times arealp@p PHRNB A ISHIDE FAL S Thé i rfé%%"aﬁ?tlf Yy,
t he phenolic aral k?@g.%’%‘plﬁgpgr?er I s heated e\?\n&ﬁft%eﬁgﬁl%ﬁgﬁgl%ar ona de or
al kyl ene and made sufficiently basic to allow the desired degree of alkoxylation. Generally, a

50 wt percent aqueous solution of alkali metal oxide or hydroxide is used to neutralize
the product. Potassium hydroxide is a preferred neutralizing agent.

Another method of forming a phenol aralkylation polymer is to first react a
phenolic monomer with a coupling agent to obtain a coupled phenol polymer and then
to aralkylate the coupled phenol polymer with at least one styrene derivative to obtain
the phenol aralkylation polymer, with the phenol joined, as those skilled in the art will
recognize, to the coupling agent primarily at the ortho and para positions.

In accordance with this embodiment, a phenol and a coupling agent are reacted
to form a coupled phenol polymer. The pH of this reaction mixture is lowered by

" means of acid catalyst additions. The same catalyst systems and processing conditions
are required for these embodiments as were described earlier for aralkylation of the

unsubstituted phenolic systems using styrene or substituted styrenes.
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oxide in the presence of the al koxylation catalyst under conditions
effective to produce the desired reaction. Sui t abl e al koxyl ati on
catal ysts | mobogimsed kal i netals; alkali netal and al kali ne eatihisoBbab:
al koxi des, hydroxi des, hydrides, car bon_a_{,fg_s, bi car bonat es, oxi des,

sul fonat es, am des, acetonyl acetates, carboxyl ates, and phenol at es;

tertiary am nes; mgmm' | ' ;,lfgfgi <.

bi car bonat es, and@g%‘l nat esb&Lgm&%gg?%%%@e&dgg%%?? tr i%ﬁﬁ%tr“fecf&the

al um num chl prdselee of amadid¢ataiyst k® bbrd) theipheng anilkylagordgolyfher. gThe sdale acid

H2SO err]); carboxylic¢ acids; sulfonic acids;, neta Ig or phrins; dialkyl zi nc

conpounds; a ﬁﬂtab’éﬁm bﬁﬁf’&’fid@%fﬁro%wém i.O“Gfﬁ. ?thg?lsa"ﬂkﬂflmn for
al koxyl at | on ARREBh Wirdskd tb bdbt B arfiaicRafPHRR hd PRSP RALAR:. Indecd, in,

Pol ymeri zat i

(El sevi er) 198cticob@mhis invéntioi)ise banEbAtelyst is ubsitict dapatpde WROATR Rfreds fnd OUNd
in US. Pat. Nos. 3,393,243, 4,595,743, and 5,106,874, the teachings of
whi ch ar e i ndlinlefinrreactignswitiephenblanddtsalegimatives. The ﬁnalmpé%@icmbhymmﬁizd@ i's

preferred catal,yst en,standar l.kal j : IS is.prefernred. It is
Dvant ageous Y crnste bt RltioRus bn e Fhenic BAbS wieh oS RS Rl e
then use the ngtcrdiss'catalpsts is CagableddNpEEmbAAE theiikdiglatlRaredttiony, 28 Agsdvede and
the aliphatic hydroxyl noieties. Al though the inventors do not wi sh to be

bound by t hedelpw.iRotassiume hydrowide i preferced ingrganisreatalyst; guahidinesapebunatesis
phenoxi de ani on.forped, by the react.ion of a.phenoli.c hydroxyl. nbiety with
Phe basi o potRACuBCavALaeos vkt Ropreiseien 50 Simice SR CabiArinR AL o

t he al koxyl g}}h@&%_es occurs only after the phenolic hydroxyl noieties and
wat er have reacted with the propyl ene oxide. Thus, when propyl ene oxide is
enpl oyed as the alRelyyiend prajuaed iy, initiailys yedcting (o phenalbwith ian anyliliolefin! vy

anhydr ous. In contradistinction, the al k{vql ene carbonates generate

COerr] as a Ssppralygesultin higher melting,point paly an frose praduced Py Feackignt he

reacti on m xt We) h | | Lchently high to
generate the %flr %M?@%ﬁ@h‘q{r}%&ﬁ a:f"t%”%% |%€aéé&ja{)ﬁ%n%/ﬁs§ne chain
extension. Thus, rRAgidtRe ehbalimentiof hegresnbiventony the pheddliR@bhémeyr oxy!
nmoi ety produces only nonoal koxyl ation products. The inventors have

di scover ed t hegactedywithiagiontiorcof therreupling agent; and then wvithnthgl remaining coupling
catalyst. Skille ractifiopers ecagni ze t.h anidine is th t rongest
neut rgl or gap?g?“gég[g aﬁ']%@@ﬁ?n a edP%oﬁa‘?h‘ ?“b%ﬁf’&ﬁ QBE}S%V& ag?‘liy'{“ﬁrs?hat
of the alkalip/gRh@dd MthiieRafiRe habk Qavses EitSas aﬁaﬁaﬁahg?aa? g@g@@dﬂgbfgaan be

added to a phenolic al kylation polyner formed by acid ca
neutralize t hforplatiomct. At slight excess of guanidine carbonate, a

sufficientl hi gh i achi eveq to r.eadil cat.alyze the reacti on between
al kyl ene oxiydes? a%)@ﬁgon generally requires an Xlkoxylatl n cataglst. at yst canebe

omitted, but reaction times are longer, and higher temperatures are needed. Generally,

1

the phenolic aralkylation polymer is heated with the alkylene carbonate cor alkylene
oxide in the presence of the alkoxylation catalyst under conditions effective to produce
the desired reaction.

Suitable alkoxylation catalysts include alkali metals; alkali metal and alkaline
earth metal alkoxides, hydroxides, hydrides, carbonates, bicarbonates, oxides,
sulfonates, amides, acetonylacetates, carboxylates, and phenolates; tertiary amines;
alkylammonium halides, hydroxides, alkoxides, bicarbonates, and carbonates; Lewis
acids (e.g., boron trifluoride, aluminum chloride, tin tetrachloride); inorganic acids
(e.g., HC1, H,S0,); carboxylic acids; sulfonic acids; metalloporphrins; dialkylzinc
compounds; and double metal cyanide compounds. Other catalysts useful for

alkoxylation appear in K.J. Ivin and T. Saegusa, Ring-Opening Polymerization, Vol.



car bonat es, di ene oxi des, diene carbonates, glycerol carbonate, glycerol
carbonate . (neth)acrylate, glydicyl (meth)acrylate, and | actones;

pref er abl y wolgl3esss oxi de, et hyl ene carbonate, propyl ene oxiBf&/USB®dAlene
carbonate; and the hydroxyl noieties of;-a phenolic aralkylation polymer.
Such catalysis has at |east three significant advantages, as foll ows:

i( g : the B iﬁgg‘lﬂ% lléi{% 6%\8@?19 %, n‘%tyicl?cpEﬁlfersQX | rticioral YedniflecAe fGldah (P Qdi es

- 38 - pat(Rlos. AT 495,095,026 SI1068T4, dfe geamhings v avhci tse

products remain solu ) I n nost al coxyl ation products, thus
el i m nating frverporectdhereimkyteference. salt renoval; and

(31,4 QUantdine byoroduch S RRRRL )t LA SUGQIRRUI fut LMATEER

used in many appli echn

catalyst neeqepelolNlt i &AAnAERAD IS usRId loRvingase withariiet pothssitamon foms
particul ar catalyst chosen, the reaction conditions used, the nature of the

phenol i ¢ ar alaiyoxitlej then psel thepotassimuion theatalyzateaetion mtweempropylene exidegndt of
t al yst ded will, i thin t.h f t

Sor cent basedhealphtc e Brehf At e BYRbreAS BE bRt Biboladby, || o

n the art wifloynfghsiend Pt rcASH ifatih® GgaiR PHienskide ahidh oimaiFeygased

on these factors’to permt an e clent synthesis of the phenolic-..
aral kyl ati on geattierebfa phenolic hydidwyl meiay iwith thethasicpasdssimnksdltenB is futbherat e

| kyl ' ' . f . ,
When an ol kyllevish s exsniiar o e AR GUELFS REritg SRCRcr (e pARRMEn of

an sl kyledeveLiigt) 4 | o
an excose. anoitosy! BFiEPERl b IR ERd S BlolagaRl. Y Thiy AT o

pol ymer cont ajiipbiignd6ikille RRIepipldyed agtiit dkdnitaingagentr thesystem prefecatitpispmadiuced,

ithen the al kyl ene carbonate can be added in anount sufficient to cap only

some of the pheaslylanbydrpus.oxyl groups. The reactivity of phenolic
aral kyl ati on polyners thai have ' ' ' | oups
can be adj usted bﬁ%&?m’ﬁl %?%Qgérr%lﬁﬂpg %?4‘1"&'5‘2% e?llkieat??g?’%s wa%%gi;\ an
al kyl ene oxi dend SikesatichSrebfiibnd i préventing tiegrattiormixtore fvam attaididgx pEene
units can be added t'o_the phenolic hydroxyl groups of the p _enolah‘g_
aral kyl ati on mdichissufficlentiyihigh ta graerait thealkopide anion reguiked torpchisye alkoxylgne pe
added in amoupt, sufficienf, to_c on 0] i £
groups. Unli k&gﬁlf‘l&ﬁt@%’“ cril?‘l?oﬁ'ﬁ?@ : oél%/'km%gg%hgg“gggﬁ ﬂ‘oévbg%f&\{'?ih&ﬁwﬁ l
mul t1pl e al koxydian BraiobsortPnbRANRARRI frodiers! The/invanorstfave Tisbovdrehttat e
permts the preparation of "a wde variety of products .
guanidine carbonate is suitable as an “alkoxylation catalyst. Skilled practitioners
recognize that guanidine is the strongest neutral organic base. Indeed, guanidine has
a basicity comparable to that of the alkali metal oxides and alkoxides. Thus, guanidine
carbonate can be added to a phenolic alkylation polymer formed by acid catalysis to
neutralize the product. At slight excess of guanidine carbonate, a sufficiently high pH
is achieved to readily catalyze the reaction between alkylene oxides, alkylene
carbonates, diene oxides, diene carbonates, glycerol carbonate, glycerol carbonate
(meth)acrylate, glydicyl (meth)acrylate, and lactones; preferably ethylene oxide,
ethylene carbonate, propylene oxide, propylene carbonate; and the hydroxyl moieties
of a phenolic aralkylation polymer. Such catalysis has at least three significant
advantages, as follows:

(1) the susceptibility to formation of oxidatively induced color bodies is

reduced;



that differ in the degree of al koxylation. A |arge nunber of al koxyl ene
units may be desirable for many purposes, including introducing

f1 exi bi l'i t wwbkBegegat i ngs, nodifying solubility characteri sticgsysboife
pol yol s, or reducing viscosity. The al koxyl ati on may be perforned
at any desired tenperature. Cenerall y,‘%é al koxyl ati on occurs at a

tenperature within the range qof .about 20Lerr]C to . about, 250[err] C
- gg - but the l(iqui F%h@gﬁﬂgq%ﬁisﬂéﬁéﬂﬁg@}eﬁpﬁsféﬁqc?ﬁ JSH‘%’{@W‘%e of
catal yst used. For exaiRlog al@lxgR¥¥h %Hd?i&til%id%%liﬁﬁ%?%’@n&ﬁrtﬁp@f#eg%i@@d

pot assi um hydroxi de as a catal yst 1S nost convenientl'y performnmec
tenperatures in the 158fteemp@ltand200[err]C range. |In contrast,

propoxyl ation wi th propyl.ene, oxi de using so Lew,s acid cat al can be
perforned at roor@ki en&wﬁwéwm ucts apgsg{ @H‘?ﬁé’r ?%%}‘P’HR’Q@?‘F Wégﬁ?% i's
conpl ete, insoluble s : 1 SnsCGal ' esired, by any
conveni ent net hod. | nq{os%gupn‘é‘taﬁ?@%i‘,%ﬁ%éﬁié&bheno@?cdoggggg%h%?lit)% polynmer is
sinply diluted wiThe afionat of catabyst ndededimchny saseidepends on tise type of datdlyse used, d
(e.g., CELITE filter aids, .or the like). V@guum S%tﬁi ﬁgi ntg of . { he, m ner al
spirits gi vahe pagtilaricatalyst chosen the reaction gonditions used. e pature piihe phenoliges
cat al yst cheq kil ' 5S
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effect. be withiartht edrpedelabolis] ppmi focabpue fawta pereentobasedhioy tios arhb@ff

conpositions are found i n copendi ng appljcation serjal nunber 08/501, 516,
filed July iphenoliggsalkylation pol¥mer.ng wwfqlbdtmﬁw%wlhmmmhmxmwsn,
filed Novenmber 27, 1995, .each of which, s rLROI d.h i p by, reference.
The'fol | ow e 8ReupERl Btalfl S basky ofifndsd OISR B Vefthit o WBicRsh spbdsRate o
can be prodgyegfenolic aralkylation poli@ers]

The relative amounts of alkylene carbonate or alkylene oxide used depend on

the desired product. As set forth above, when an alkylene carbonate is used as the
alkoxylating: agent, a maximum of one alkoxylene unit is added to the phenolic
aralkylation polymer, even if an excess amount of alkylene carbonate is used. Ifa
phenolic aralkylation polymer containing both phenolic and aliphatic hydroxyls is to be
produced, then the alkylene carbonate can be added in amount sufficient to cap only
some of the phenolic hydroxyl groups. The reactivity of phenolic aralkylation polymers
that have both phenolic and aliphatic hydroxyl groups can be adjusted by adjusting the
amount of these moieties.

When 2n alkylene oxide is used as the alkoxylating agent, one or more
alkoxylene units can be added to the phenolic hydroxyl groups of the phenolic
aralkylation polymer. As with alkylene carbonates, alkylene oxides can be added in
amount sufficient to cap only some of the phenolic hydroxyl groups. Unlike alkylene
carbonates, alkylene oxides allow addition of multiple alkoxylene units to the phenolic
hydroxyl groups. This feature permits the preparation of a wide variety of products
that differ in the degree of alkoxylation. A large number of alkoxylene units may be
desirable for many purposes, including introducing flexibility into coatings, modifying
solubility characteristics of the polyols, or reducing viscosity.

The alkoxylation may be performed at any desired temperature. Generally, the

alkoxylation occurs at a temperature within the range of about 20°C to about 250°C,



[err] wherein n =0, 1, 2, 3, 4, ..,up to about 5.

140 - : [err] OH wherein n is as for
\ ‘above and WQ8%34¥6§ s i ndividually selected fromthe group coreraisesgsni

styrene, vinyltoluene, [err]- nethylstyrepe, t-butylstyrene, hydrogen, and
bl ends t her eof . [err]

but the required temperature depends significantly on the type of catalyst used. For
example, alkoxylaﬁon using propylene carbonate and potassium hydroxide as a catalyst

is most conveniently performed at temperatures in the 150°C to 200°C range. In
contrast, propoxylation with propylene oxide using some Lewis acid catalysts can be
performed at room temperature.

After the alkoxylation reaction is complete, insoluble salts or catalysts can be
removed, if desired, by any convenient method. In one method, the phenolic
aralkylation polymer is simply diluted with mineral spirits and is filtered using a filter
aid (e.g., CELITE filter aids, or the like). Vacuum stripping of the mineral spirits gives
a purified phenolic aralkylation polymer. In other cases, catalyst chemistry can be

modified to cause formation of soluble salts which can remain in the reaction product

essentially without deleterious effect.

Complete details on the preparation of many of these compositions are found
in copending application serial number 08/501,516, filed July 12, 1995, and copending
application serial number 08/562,977, filed November 27, 1995, each of which is
incorporated herein by reference.

The following are representative of the phenolic aralkylation polymers that can
be produced:

whereinn=0, 1, 2, 3, 4, ..., up to about 5.




wherein nis as in A above; Ris as in B above; and each R is
I ndividually sel ected fromthe group consisting of hydrogen and al kyl
nmoi eti es hgyy sgsobgt Wween 1 and about 10 carbon atons, and bl erciBUSIsadEf .

[err] 40 -41 - and [err]

D2 oH ™~ OH OH wherein n

Is as in A above and Ris . as in B abov%H The catechol - and. hydroqui none-
OH :

ol OH OH

wherein n is as for A above and
each R is individually selected from the group consisting of styrene, vinyltoluene, c.-

methylstyrene, t-butylstyrene, hydrogen, and blends thereof.

wherein n is as in A above; R is as in B above; and
each R’ is individually selected from the group consisting of hydrogen and alkyl

moieties having between 1 and about 10 carbon atoms, and blends thereof.

D-1

OH




based anal ogues of these polyners also are preferred phenolic polyner
conpounds. HO HO HO

[err'] C wub@sébsgsR is as in B above and n = O, 1, 2, 3, 4, pCT/USIS®4ix
about - 10. HO - 4D [err]
[err] wherein Ris as in B above and n is as in E above.
and _
Ho——g Ho—g Ho——g
O 0 0
R | ( R
n
: 0 : o : 0 D-2
R R R
OH OH OH

wherein n is as in A above and R is as in B above. The catechol- and hydroquinone-

based analogues of these polymers also are preferred phenolic polymer compounds.

wherein Risas in B above andn=0, 1, 2, 3, 4, ..., up to about 10.

=

wherein R is as in B above and n is as in E above.
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[err] Conmposition A represents the coupling of
- bi sphenol - A with diisopropyl benzene to produce a polyner havin

' funtti onal w@98/80526 + 2 n. Unl i nked bi sphenol-A (functionali t?‘%("ﬁ%’)‘% |1
be present in the reaction product. Cbnpos1f on Bis a styrenated form of
Conmposition A. Conposition C represents phenolic aral kyl ati on pol yners
represented by Conpositions A and Bwith at |east part of the bisphenol-A
coupl ed by fornal dehyde, acetal dehyde,, and ot her al dehydes. Wth the

gui dance provi ge skill ed pract igoi rs recogni ze, Hd the structures
provi ded herein, hoWw to fornul ate each, of the structuresydescri bed.

As set forth above,/this type of phendlic aral kylation polyner has a | ow
pol ydi spersity, as gonpared to we| |l -kmown phenol / f orppal dehyde novol ac
systens of si Iar nDIe ular meioht Thus,| these pclyne S c n be descri bed
and I||U QL0 "\ .-‘

functio = Y ca ascrlto ['D ch K.) ure. funcllty IS
def i nad . he no qu Sarti ve es o "- str Thus
Conposittion A can.he Sald to have a ctlonallty of 6 \hen n = 1 Sk|I

practi |o--rs FECO'IIZE 3 his fumsgionali S es S an g aye
finctivo m)lv 1|nt" ] oduc dth epr‘ Ji
reality n4xtu‘ I , r-s P funu ---ve and

bel ow t he~avergge.

U UvUou |

0 ©
[e

and



- 45 - However, because such products have |ow polydispersity, they
exhibit a greater tendency to behave as expected in view of the structures
expressed WO 98/30596he present invention is particularly direceegussiasiier
derivatives and al koxyl ated deri vati ves4af- phenolic polyols and to
derivatives having both ester nodifications and al koxyl ation nodifications.

As set forth above, the invention wll be described in detail as it relates
to phenolic aral kyl ati on pgl ymers. I n agcordance with the invention,
t he degree of nodifi cHOI is determ ned $® to inpart to the resultant

product the desired characteristics. For exanply, ester-nodified product
having | o esi dual free hydroxyl functionality is especially suited for
grafting ?rto ot her pol yn®r cogting systepns wiy hout}inducing g etqtion.

Est er - nodilli ed -rodu:ts also c n be trans ster freo mnt reactrve oils to

i ncor por atje -u 2 } . . etr- g fastier drying
coati ng syste‘. ese C s anr other .ntages descri bed
el sewher e Egr: i ed ph- araI |on W tihe

i nventi as s usef ul as a orrponent of a coating system Hor
conveni ence, a summary notiation will be used-tp-describe the pheddic
aral kyl ation polyners to be nodified in accordnce with the inventiod This

summary notation will ipdigate only the presence of reactive hydroxyl

moi eti es and noi eties »: t he hydr oxyl .ﬁ y and a phenolic
conponent. These sunmmar ations for pheng aral kyl ati on polynmers w ||
be identified by the prefid"S. " This nethod particularly usefil for
identifying the nunber of functionalities per u- ecular unit. The summary
notations for phenolic ardfkyl ation polymers A®J above, and the
functionality of each, are)as follows: Su ry Notation

Functionality HO ldentifier HO r] [err]
S1 [err]

Composition A represents the coupling of bisphenol-A with diisopropylbenzene
to produce a polymer having a functionality of 2 + 2 n. Unlinked bisphenol-A
(functionality of two) will be present in the reaction product. Composition B is a
styrenated form of Composition A. Composition C represents phenolic aralkylation
polymers represented by Compositions A and B with at least part of the bisphenol-A
coupled by formaldehyde, acetaldehyde, and other aldehydes. With the guidance
provided, skillec practitioners recognize, from the structures provided herein, how to
formulate each of the structures described.

As set forth above, this type of phenolic aralkylation polymer has a low
polydispersity as compared to well-known phenol/formaldehyde novolac systems of
similar molecular weight. Thus, these polymers can be described and illustrated as
discrete molecular structures, and a particular functionality can be ascribed to each
such structure. The functionality is defined as the number of reactive hydroxyl
moieties on the structure. Thus, Composition A can be said to have a functionality of
6 when n = 1. Skilled practitioners recognize that this functionality represents an
average functionality of all molecules in the product, and that the product is, in reality,

a mixture of molecular structures having functionality above and below the average.



- 46 - [err] [err] - 47 -
I n accordance wi.th one aspect of the invention, hydroxyl noieties are
esterifi'ed. wot9si3e896been di scovered that the products resulti n§CTASA§Q42L
esterification of at |east one aliphatie4hydroxyl noiety of a phenolic
aral kyl ation polynmer with an unsaturated fatty acid is %arti cularly

sui t abl e f or Homeeendreatusensich mblyets daseiloy polydispersity, t than $xhiitt 4 greatezen
di scovered that these ester produ&ts of tﬁno i c aral k%(I ation polyner and
unsat ur at ed tendencydeibghevgassxpeete I‘fb?"eﬁb‘gfji P SHUCHIFS KR CSR
transesterificati eoprégééntaﬂ%ﬂﬁén R ohdrtic@biP dirdcPee 1D aEk6 (dBAVAtives and
suitability for selected coating systens. The degree of
esterificati ikoxlatdie derivarivas iof phedolicx pblyols end ¢s,derivetivest hayingbithr estér

al i phatic hydroxyl noieties esterifiﬁ%&in Co aristo t thei functionality
of the phenomasiseasions fed Alserylaiom BodiispteRR. oo pet 10 fBpks, The IYERgRHc ¢
W th the gui dange. {QURdoBaNSL B i blleRicihlAloR B8RAle ar al kvl ati on
pol ymers havi ﬁé‘%a" |eﬁed characterl stlgs.ﬁ(%t east on |pﬁatic hydr oxyl
noi ety is esterifimdccoriince vith i iinvenyion cthy ldegree of inexlifivativh és getérynised so

mol ecul e can be esterified. As described aboye, &)Eﬁml | C hg/drlgxyl noi eti es
can be est er iasi todimpart dacthe gswifanh pspdugh e degised charggigHstics. For example,

transesterification,. | i lea Gt : 3 :
phanol 1 ¢ ar al RUATARPEoR B isF Bpvih Tovk rbatadhy S5 ARGy Rnctionalfy APUBESI®
hydroxyl noi efypedifor gpafti oﬂﬁﬁ@ﬁﬁﬁ?bly&ﬂbﬂ’ﬁ_bdﬁﬁg syiemp eishioat indGoial gelation.
nmodi fication i s acconplished by al koxyl ation._ As descri bed above, use of a
plurality ofEssermiodifisdprodudts slsp san bk sransesterified with Fgaghv 9ils tednearporats o

U S S e e Yl B e L

above. Suit abfe {k&QBEEABLS ahd'for Wier 4AVRARMALE EesEribeicelsWiitré BERINO e Bodified
i sobut yl ene of?éﬁe, a%% gut adi éne oxi de. not ed, the nunbern’ of al kyl oxi de

units added tphenalitatajiiation palyrer of the invehtion édusefuliagpmomponent afasioating
characteristics. Typically, between 1 and about 10 units, preferably
bet ween abouf¥$®Mnd 3 units, are added per hydroxyl noiety. Thus, the

following is an exggplfnv&iiedcdCa Shitfiaty abiafibn WAl Tel ¥¥Rd to describe the phenolic

aralkylation polymers to be modified in accordance with the invention. This summary

and

notation will indicate only the presence of reactive hydroxyl moieties and moieties
between the hydroxyl moiety and a phenolic component. These summary notations for
phenolic aralkylation polymers will be identified by the prefix "S." This method is
particularly useful for identifying the number of functionalities per molecular unit. The
summary notations for phenolic aralkylation polymers A-J above, and the functionality

of each, are as follows:

Summary Notation Functionality Identifier

S 3
n+2
2(n+2) S1

R




[err] - 48 - The resultant
chai p-ext ended phenolic aral kylation polyner then can be esterified or

ot herw se nwi dsisgoeas set forth bel ow. The foll ow ng ceaRasesofns,
al though not phenolic aral kylation polyngers, are al koxyl ated phenolic
conpounds whi ch, when esterified or othe se nodified in accordance with

ot o

the i nventi ¢fs .Grﬁ:e%“alLﬂnt coatHe—Systenrs— err
1 AV

HO </ ] n+2 S2
HO~§

(‘) 2

(L 4 s3
.

L :
Ho—g

7 s 6 S4

.
4 ss




each R err] is separately selected from hydrogen and TOFA ester, with at
| east one R being the ester; and each R2 is separately selected from
t - but yl *anv@ 9836 xycunyl . Skilled practitioners recgﬁ'ﬁwgsl?ﬂ%&
fatty acids nmay be saturated (C[err]H[e’rﬂ'Jr[err]COO—l) or unsaturated

CH err] COOH, CnH err] COOH, and err]Herr], . I.n accordance. W th
'E he[ i nv!ant i on, angllndpquﬁ@cémm*gi[aéﬂ’ og‘g‘ﬁi"l"z%'l‘%“’ méwléﬁ‘?‘ﬁ?sé%e%@‘%s ed
to esterify t | i phat i Letlen: '
product. 1 nt o B berRUR ot i profBbiEesiling Fbomp MPLARIRafloh BEadBleEre
. pol ymer nol eciblichgdiviyl moieryest aphenohic ataticylationtpalyrsert with as dnsauratedfatyls .

The unsaturation in the carbon chain proyides cross-linkin si' thgs dyring
formation of acibisqastiqulasly suitableder incerpogasiqninalkyd cqating systemis r 1t hag Tis
to be reacted intq a coafin t her ' P dl'lEi’fé' ' a
saturated f a&%‘f’“a@‘?ﬁpvcﬂeq[ lﬂéaq e'glf%er e?tép gg‘(’:@&t %E& F ih%a&s atalfiddh pEiPhlet A

- 49 - unsSkiratedCkally Agtd danteefusthal ARdifaly whietteer thyatansedtetifivation ar byr e,
or single, fatty acid utilized to esterify. Rather, a commercially
avai | abl e bl embthér rhadifigation, tis enhance their sortabilitycior selested icoating systgpis. f at ty

acid (TOFA). TOFA s the fajt cid fracti r

sul fate digestion dfedesse Bt?%e Ne{o ?%@é}’a%% i@%ﬁ“&fy&%&sﬁéﬁ’z#"a@%ﬁ ‘L{éﬁpy
acids. The fopf aﬁﬁmﬁrug r8iVmaieliels eftarifeli imcdiabavisoantd thecfuaetiuianity of iiens
at which they are found, are palmtic (C(Jerr]Herr]COOH, 5 percent),

steari ;:) (g e(r]I p]lxﬂoﬁrm}ﬂﬁ(ihg[ﬁompdﬁmemokculﬂ, &45 j(lalpféhtgoepd%p:inhh,thelguid?nce ]
] ercen , an I nNolL el ¢ er er, , & e . IS a pr.elerjre

= E ource of f at fQungk hgeein to Y‘e{d] eg‘ﬁgﬁéméf‘%% agﬁg@aﬂﬁ%ep(&"g@ﬁv@vﬁgppﬁﬂfed

| eoterificat: . o . ! . Tt
coat  ng syst efpilatibrifiEl, NCtalas, e EhdhaBARAREBY HEiEenRl SR> B1 Wiphdti

radi cal pol ymagizcdyl ebiétiesual thegolymernmoleoule can be esterifiedi tAs desciibenif atiolve,
derivatizations of the invention, the degr eg of esterifj %Syf'ﬁn . of the

al i phati ¢ hydpbggelicidsersd ojetiesranhesstarfied iy fergHon YR 2panbyside. tiougle
adj usted to Wﬁggﬁ%%ﬁgﬁcrﬁﬁ%&%ﬁﬁﬁg'@%ﬁ@ characteristics. One or all

of the aliphatic moret es can be esterified.

Esterification prefBécaky the phendlicesratkylationdgolymer ito det estenifiedpinestchaveuah as
ni trogen, and t_ygi cally in the presence of a solvent. S%Ibvent Iaci li tates
renoval of byakipbatie thydreml tmeigtyarit ymaya e necgssary dormadify:. the polymess | SHCh put

esterification_c e .ade ] ' :
practitioners ’P‘é@gl&?bﬁoi‘elstaﬁ%qgé)l%b ¥|d ?ﬁé{k 856%@8%4 Agggé%rﬁgh‘réggi% g%(gfwm
sufficiently soft éwbfafkalifie uikts 36 "vieiin extoudt aldiydroxyl weoiéty alsonaantidpart-degirabie,
m xed xyl enes, ethyl benzenes, cunene, mnperal spirits, and m xtures
t her eof . characteristies,tsuch as Sexibility, selybity fnd Jow RSP8Il . out under
conditions sufficiegf,t chi.. i £ s hayeh urelNr) of
the reaction can begﬁﬁ %ﬁgﬁ?snwﬁaérﬁ{d\}\%g%hg& ate bieh SEEEL
propylene oxide, ethylene oxide, isobutylene oxide, and butadiene oxide. As noted, the

number of alkyloxide units added to each hydroxyl moiety is selected to impart the
desired characteristics. Typically, between 1 and about 10 units, preferably between
about 1 and 3 units, are added per hydroxyl moiety. Thus, the following is an example

%Q LA ;T“r°“L°“r°“]3
—° "OV[\O'/\( O\/toril

of the alkoxylation reaction:

Y




It is particularly convenient to neasure the carboxyl nunber of the

. m xture. The acid nunber is equal to the mlligrams of KOH required to
:neutralize w0 #8B30§d6 Noi eti es per gram of sanple solids. Skil lperknsesndizl
ipractitioners recognize that the carboxylgnumber decreases as the
.concentration of carboxylic noieties (i.e., free, unreacted fatty acid)

L2010 per conteLifal Baihnded RIS RYRIGR bblyd TnEEAB iR | "
| ess t han abetHerwis¥ mottifkd d8eefgrfiebadswbl vy | ess than about 3. Then, the
product is recovered, typically by renoving the solvent by distillation.

- 50 - Th&hedellowing eompesitionsaalthoyugh nppplenolip aralkdation polymiersyare

. basi h tal . h i de. |jthiumh i de i .
preterrod relcRpisied Waifc RofRoina bl aihgn, citebed i able fipeBieddya
;to 200[err] C,acwreéxﬁka{ﬁ&wﬂé%maan,aﬁ%texaaﬁnf»&%mgrsb_&emazor e preferably

i bet ween about 225-275[err]C. Under preferred cqnditions, color body
concentration in esterified\phenolic aral kyl atign yner is mnimzed, and
t he degree of phenolic hydr ORal kyl at+OR1i s yncreased. In
jcontradistinction, acid catdl ysis at | ower t erature, i.e., about
T

100-150[err] C, preferably about 110-123[err]C,

g preferred for
esterification with (neth)acyli aci

prification _
at i PR r wwth glyceride olls is
' " such as tung oil and
"Reactive oils" are
o-tatty acid chains provide
additional potential cross-ljinking sitgs during fiormati on of a coating.
d yceride oils have the geneRal structBee R2

Rl
OO0

Rz Ry R>

a preferred nethod of incg
linseed oil, with the phe

OR;

wherein n = 1-10;
each R, is separately selected from hydrogen and TOFA ester, with at least one R
being the ester; and each R, is separately selected from t-butyl and p-hydroxycumyl.
Skilled practitioners recognize that fatty acids may be saturated
(C.H,,,;COOH) or unsaturated (C,H,,,COOH, C H,, ;COOH, and C H,, {COOH).
In accordance with the invention, any of the commercially available fatty acids can be
used to esterify the aliphatic hydroxyl moieties. To incorporate the ester product into
an alkyd coating, it is necessary for some of the esterified polymer molecules to be
formed by reaction with unsaturated fatty acids. The unsaturation in the carbon chain
provides cross-linking sites during formation of the coating. However, if the fatty acid
or ester thereof'is to be reacted into a coating other than by this cross-linking reaction,

a saturated fatty acid or its ester is acceptable.



where at |east one of Rerr], Rerr], and Rerr] is a fatty acid residue.
The variations in properties between different oils are a function of the
variati on iWOf9880596aci d structure. Because nore than one typé’CJ{U§9§’PfVl
acid can be present per oil nolecule, tha&9properties of a particular oil
can be directly related to the fatty acid conposition. Sonme of the nore

i mportant gl yceri @giiled psactifidnéiReilso rfeabgmmimadsdmmos alpurrnsr singlec fanyayckid i n

Table 1 below. This table is taken fromP. O drjng, ? aftl}Iqr Sur f ace
Coati ngs, Voltiired 19 est@ifanéﬂler,la qomlytcealwéfa@hl%b&endﬁf atly.asfls iTHede Qng s

Dl U0E 0 AR i R, TR Bk SRR

-51- from sulfate d%é:e@iléﬂ of\Giodd ol aad omplissatprimarily GesatfateSdhtty over
Sunf | ower Soy%am Tung
oi | oi |  acids. Dhe four prinury fatty acjils foundjin TOFA, and the concentrations at which

cotor 11 cat | SiFtorfug: Ao BRI RErEbrC RORY ok peli R pleptS aliGPPRL 2

expressed as percent), oleic (C“H”COOI-H 83 lpeyéent), and linoleic (C,,HMCOOH 45 percent).

[err] Therefore, reaction of 4 fatty aci d noi et’i es
with a phenolTQFAis4 psdfaredsoyrct pfifatty acids. represented by the
abbreviated for rml'ﬁxesxhéerlltgrs aﬁ)or have ¢ 1scovere(c)l tllat Esterification with (meth)acryhc acid

also provides a product useful in coating systems. The product enables rapid crosslink
formation by free radical polymerization in polymer formation.

As with each of the derivatizations of the invention, the degree of esterification
of the aliphatic hydroxyl moieties of the phenolic aralkylation polymers can be adjusted
to yield a product having preselected characteristics. One or all of the aliphatic
hydroxyl moieties can be esterified.

Esterification preferably is carried out under an inert atmosphere, such as
nitrogen, and typically in the presence of a solvent. Solvent facilitates removal of
byproducts, particularly water, by azeotropic distillation, but esterification can be
adequately performed without solvent. Skilled practitioners recognize that both the
product and the reactants must be sufficiently soluble in the solvent. Suitable solvents
include o-xylene, mixed xylenes, ethylbenzenes, cumene, mineral spirits, and mixtures
thereof.

The esterification reaction is carried out under conditions sufficient to achieve
esterification. Although completeness of the reaction can be determined in many ways,
it is-particularly convenient to measure the carboxyl number of the mixture. The acid
number is equal to the milligrams of KOH required to neutralize carboxyl moieties per
gram of sample solids. Skilled practitioners recognize that the carboxyl number
decreases as the concentration of carboxylic moieties (i.e., free, unreacted fatty acid)
decreases. Reé.ction typically is carried out until the carboxyl number, on a 100
percent solids equivalent basis, is less than about 8, preferably less than about six, and
more preferably less than about 3. Then, the product is recovered, typically by

removing the solvent by distillation.
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LI 3 [err] | . 1 Simlarly, the sanme
degree of esterification, i.e., 4 of the 6 aliphatic hydroxyl noieties

of the ¢hai gpodsgsied phenolic aral kyl ation pol ymer of abbr evipatrassogodm S- 5
is expressed as fol |l aws:

- 52 - [err] i Thus, it can be seen
that th bb [ d.f | d t . . t . . f th
roduct of the est LhT FEHGRRR Fesklr Bipi A ke EShs B pugh "°

t her eof . as a fetdt hydiokitfel AMtHRmAErddadd isPrefehedalRqAbAb & EHEP VYL at 2

noi eties of a 4-functional phenolic aral kyl atiaon gol ymer with TOFA is
expressed i n temperaurengregten thaatdrcaqualsto 200°C, preferably between about 200-300°C,

more preferably between about 225-275°C. Under preferred conditions, color body
concentration in esterified phenolic aralkylation polymer is minimized, and the degree
of phenolic hydroxyl alkylation is increased. In contradistinction, acid catalysis at a
lower temperature, i.e., about 100-150°C, preferably about 110-125°C, is preferred
for esterification with (meth)acrylic acid.
Transesterification

Transesterification of phenolic aralkylation polymer with glyceride oils is a
preferred method of incorporating “reactive oils,” such as tung oil and linseed oil, with
the phenolic aralkylation polymer. “Reactive oils” are so-called because the plural
unsaturations in the fatty acid chains provide additional potential cross-linking sites
during formation of a coating.

Glyceride oils have the general structure

0
CHz——O—I(E——R'
0
CH ——O—&—R"
0
CHz-——O——g}—-R"'

where at least one of R', R", and R" is a fitty acid residue. The variations in properties
between different oils are a function of the variation in fatty acid structure. Because
more than one type of fatty acid can be present per oil molecule, the properties of a
particular oil can be directly related to the fatty acid composition. Some of the more
important glyceride oils and their fatty acid compositions are compared in Table 1
below. This table is taken from P. Oldring, Resins for Surface Coatings, Volume 1,
Chapter II ("Glyceride Oils"), p. 49-50. These oils include tung oil, linseed oil, and

a range of other oils commonly used in the manufacture of paints and air-drying resins.
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[err]

It also has. been. di scovered that chain extension can be carried out after
est WO 98/¥8%6 on. In this way, the characteristics and prepesss@s2of
the resultant product can be adjusted. Afser esterification, chain

extension is effective only on aliphatic hydroxyl noieties. Thus, the 2

al i phatic hydroxyl noieties remaining on the product resulting from
lesterificati f '

‘pol ynmer can

—of—4—pogrtions =fonciTormat—phenot T —_arat kKyt=tiyot

[err] I n actor dadde wi{ kit he i|®ientijooy dtdaer
S KA POTs | o] w] ul| 4]
Stearic C,i1, 0, 4 .3 6 4 1 2
Oleic CpiL,,0, 2H 2 13 29 25 8 48
Richinoleic Ci 05 2H

Linoleic C,iH1,0, 4H 16 75 52 51 4 45
Linolenic C, ;5005 6H 52 1 2 9 3
Elacostearic Ci H 30, 6H 80

Licanic Cy Oy 6H

For convenience, throughout the remainder of this specification, the

esterification of phenolic aralkylation polymer with fatty acid will be expressed as
follows:

Therefore, reaction of 4 fatty acid moieties with a phenolic aralkylation polymer

represented by the abbreviated formula S-4 is expressed as follows:

+ 4H0 S-7

.

3 4

Simi]arly,_the same degree of esterification, i.e., 4 of the 6 aliphatic hydroxyl moieties

of the chain-extended phenolic aralkylation polymer of abbreviated form S-5 is
expressed as follows:

Ul d
Farfsidn ek Femted | Upsstic ¢ &intrsth ¢ &80 h | £HE°Y°h @an, Tugg | T8 | lows:



are contenpl ated. These nodifications are not limted to reaction with the
allphatlc hydr oxyl noieties; rather, any hydroxylnoiety is suitably used
for thesé maglhbisebs ons. For exanple, in accordance with the iAok /A1 @
phenol hydroxyl nviety can be reacted mﬁéh al kyl ene oxi de or al kyl ene
carbonate to yield an aliphatic hydroxyl iety suitable for
esterification. Preferred oxides inpclude ethylene oxide, propylene oxide,
i sobutyl ene oxi de, and butadiBne oXi de. Pref d carbonat es include
‘et hyl ene carbonate,[ir % Capbohqé ' | ene carbonate, and

descri

but adi ene carbonate ed herein,/3oxi des and carbonates
‘havi ng saturated ca chains will al koxylate a phenol hydroxyl noiety to
yi el d a hydroxyl noietly pendant from an aliphatic chai r FAOxdes»and

car bonat es havi ng u{ga urated carbon chain mﬁl:!yield an unsat ur at ed
chain. As set forth I eng~car bopat so ¢an react wth the phenolic
aral kyl ati on polynmer to pfovi & a Jénda ca fe noiety. I n
accordance with the invention, butgdiene oxide is reacted with phenolic -
aral kyl ati on polyner in the follomnng ways to prOV|de pendant carbonate

noi eti es: (1) Dlrect aIkyIatlon of tive sites on the ring

noi eti es of phenol i | 1 ows: CH

H err] (2)
Free rad| cal grafti oI on efins nodilfiedwtth acryl ated phenolic
aral kyl ation "star" 4 Hz0 - 54 -
[err]

SN

Thus, it can be seen that these abbreviated formulae do not express the exact structure
of the product of the esterification reaction, but rather the functionalities thereof.

~ Esterification of one half of the aliphatic hydroxyl moieties of a 4-functional
phenolic aralkylation polymer with TOFA is expressed in this summary notation as

follows:

o - S-9

wherein T = TOFA.

It also has been discovered that chain extension can be carried out after partial
esterification. In this way, the characteristics and properties of the resultant product
can be adjusted. After esterification, chain extension is effective only on aliphatic
hydroxyl moieties. Thus, the 2 aliphatic hydroxyl moieties remaining on the product
resulting from esterification of 4 positions of a 6-functional phenolic aralkylation

polymer can be chain extended in accordance with the invention, as follows:




wherein T is as defined above and R = TOFA aci d.
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In accordance with the invention, other modified phenolic aralkylation polymers
are contemplated. These modifications are not limited to reaction with the aliphatic
hydroxyl moieties; rather, any hydroxyl moiety is suitably used for these modifications.
For example, in accordance with the invention, a phenol hydroxyl moiety can be
reacted with alkylene oxide or alkylene carbonate to yield an aliphatic hydroxyl moiety
suitable for esterification. Preferred oxides include ethylene oxide, propylene oxide,
isobutylene oxide, and butadiene oxide. Preferred carbonates include ethylene
carbonate, propylene carbonate, isobutylene carbonate, and butadiene carbonate.

As described herein, oxides and carbonates having saturated carbon chains will
alkoxylate a phenol hydroxyl moiety to yield a hydroxyl moiety pendant from an
aliphatic chain. Oxides and carbonates having unsaturated carbon chains will yield an
unsaturated chain. As set forth above, diene carbonate also can react with the phenolic
aralkylation polymer to provide a pendant carbonate moiety.

In accordance with the invention, butadiene oxide is reacted with phenolic
aralkylation polymer in the following ways to provide peadant carbonate moieties:

(1)  Direct alkylation of reactive sites on the ring moieties of phenolic
aralkylation polymer, as follows:

. OH OH
R R
+ 0]
H
+ /\(\ 0O — >_zo
OK o
R © R '

(2)  Freeradical grafting into polyolefins modified with acrylated phenolic
aralkylation “star” polymers.
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1 60-90[err] C, preferably bet Low concentrations of
tiron or cobalt salts or co ex ca prormte tlhe
/( _T

. Skilled practitioners know how to co-react ol efinic nonomers of different

reactivity (3) ‘Gafting onto an ether [err]-nethyl ene group, as

fol Fows’  wo 98/30596 - 55 - PCT/US98/0412 1 |
In accordance with the invention, this seaction is conducted on' conpletely
al koxyl at ed phenolic aral kyl ati on pol ymer usi ng potassi um persul fate-type

pronoters. The reaction is carried out at a terrpe ture between about

7 o

-

wherein T is as defined above and R = TOFA acid.

Skilled practitioners know how to co-react olefinic monomers of different reactivity.

?3) Grafling onto an ether c-methylene group, as follows:



rneaction at |ower tenperature. A carbonate noiety is incorporated
onto¢phenplisqag&%é%gation pol ymer in accordance with the invention to take
advant age of . ctivity of the carbonate noiety wth pri maegTasds/nsiz1
secondary di- and poly-anmines at |low tem®@ratures to yield highly
¢rosslinked systens. The carbonate/am ne |inkages are hydroxy urethane

i nkages which offer both, a hydroxyl noiety, which inproves

coat i ng-to- substratﬁgfdh sion, and a urethane |inkage, which inproves
coat i ng toughness c acteristics, .as known in the art. Additionally,
skill ed practitioners rec gﬁT?E"fﬁéPhﬁu@%ﬁﬁ%bﬂ&?e noi ety has |ow toxicity,
Mich is a distinct advapt age over isocyanates, acrylate, and oxirane
reactive noieties, all of which are known to exhibit toxicity.

- 56 - I n aBegreance-Rith the invention, phenolic aral kyl ati on
pol ymer can be derivat ith other functionalities. Typically, such

functionalities provid particularly convenleninﬁggger of incorporating
phenol i ¢ aral kyl ati on po ymer into ot Rargvlfake systenRO -si nul t aneousl y
achi eving or realizing the advantages thereof. For exanpl e,
derivati zati on by glycerol carbonate introduces a diol ether. Such a noiety
conveni ently introdyces high hydroxyl functionaJity into the resultant
system Fﬁ mAarly, derivatization ?%%?I cerol acrylate carbonate
yields an acrylic- stitut ekgpol yrer—sys onent pificularly
suitable for |ncorpo atlon into acryl ate pol yne systens Acryl ate
functionality can b& introduced by reacting glytidyl (meth)acrylate or
glycidyl (neth)acryliate carbonate. Both types %% reacti on systens are

t

reactive with the phenolic hydroxyl noiety in e presence of known oxirane
or carbonate catalysis systens and conditions, as set forth in& he
followi ng reaction fornulas /lk

@)

HO A ~#° gy HO
- + /\<j ————- . + R.
o 0 ‘ o)

In accordance with the invention, this reaction is conducted on completely alkoxylated
phenolic aralkylation polymer using potassium persulfate-type promoters. The reaction
is carried out at a temperature between about 60-90°C, preferably between about 75-
85°C. Low concentrations of iron or cobalt salts or complexes can promote the
reaction at lower temperature.

A carbonate nioiety is incorporated onto phenolic aralkylation polymer in
accordance with the invention to take advantage of the reactivity of the carbonate
moiety with primary and secondary di- and poly-amines at low temperatures to yield
highly crosslinked systems. The carbonate/amine linkages are hydroxy urethane
linkages which offer both a hydroxyl moiety, which improves coating-to-substrate
adhesion, and a urethane linkage, which improves coating toughness characteristics,
as known in the art. Additionally, skilled practitioners recognize that the carbonate
moiety has Jow toxicity, which is a distinct advantage over isocyanates, acrylate, and

oxirane reactive moieties, all of which are known to exhibit toxicity.
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[err] Acryl am de functionality is obtai ned by

deri vati zat ivomos@ashe gl yci dyl acryl ami de or glycidyl acryl ani deceaisbgoate.
as follows: -56- [err]

G ycidyl Acryl am de [err]

~ In accordance with the invention, phenolic aralkylation polymer can be
derivatized with other functionalities. Typically, such functionalities provide a
particularly convenient manner of incorporating phenolic aralkylation polymer into
other polymer systems, simultaneously achieving or realizing the advantages thereof.
For example, derivatization by glycerol carbonate introduces a diol ether. Such

a moiety conveniently introduces high hydroxyl functionality into the resultant system.
| Similarly, derivatization by glycerol acrylate carbonate vyields an
acrylic-substituted polymer system component particularly suitable for incorporation
into acrylate polymer systems. Acrylate functionality can be introduced by reacting
glycidyl (meth)acrylate or glycidyl (meth)acrylate carbonate. Both types of reaction
systems are reactive with the phenolic hydroxyl moiety in the presence of known

oxirane or carbonate catalysis systems and conditions, as set forth in the following

reaction formulas:
OH
R R 0}
(1) 0 Cat.
+ l>\/ YK ——
o)

R
@)
I

OH
R R



0 G ycidyl Acryl am de Carbonate A preferred

car bonat e- cont ai ni ng phenolic aral kyl ati on polyner of the invention is

madé by *r eaWDi9%830%6i chl or ohydrin carbonate with phenolic ar aIW’HF?WnI

pol ymer. Low tenperature reaction in tB3@-presence of a carbonate buffer is
preferred to facilitate the SN-2 nucleophilic displacenent of the chloride
noi ety while |leaving the carbonate npiety intact. Those skilled in the art
recogni ze that the path rgﬁui red for guch substitution is as set forth

bel ow N0 -, 58 -
OH R R [erdat .
R It has @@en di ed that cBati sye? ri si ng—thes

S 0V
nodi fi ed phenolic aral kiin p'bl ynmers of the invgntion can be provided
wi th desirabl e character cs and properties by s@ecting the type and
degree of nodification. Nt only the functionality, but also the degree of
nodi fication, or proportidhality thereof, and the identity of the

functionalities conbi ned on one nolecale affect the use to which the
nodi fied nol ecul e i s advant ageously plit. For every type of coating system

i n which o/\|/\o
R OH - + CO,
R

R

Acrylamide functionality is obtained by derivatization with glycidyl acrylamide or

glycidyl acrylamide carbonate, as follows:
0]
I
I>/\ N/l\/
O I
H

Glycidyl Acrylamide

0 Nj\/
ol

O
Glycidyl Acrylamide Carbonate

A preferred carbonate-containing phenolic aralkylation polymer of the invention is
made by reacting epichlorohydrin carbonate with phenolic aralkylation polymer. Low
temperature reaction in the presence of a carbonate buffer is preferred to facilitate the
SN-2 nucleophilic displacement of the chloride moiety while leaving the carbonate
moiety intact. Those skilled in the art recognize that the path required for such

substitution is as set forth below:



nodi fied phenolic aral kyl ation polyner is incorporated or to which it is
added, the relatively large aromatic "hard bl ock" segnents yield inproved
har dness andWOa8(3@8596bar ri er properti es. It has been di s¢avesRsizat
ester-nodified phenolic aral kyl ati on poLggers of the invention form
ownelting, |owviscosity coaH ng systens in conjunction wth other
ol ymer systens. Viscosity can be | owered even furtjiier by al kyl ene oxi de

chai n extensi on. Propyl ene~oxig preferred to ovigdghi.ghest solubility
i n non-pol ar solvents. Such i ed ol ?ﬁul es {are orrga—%—;i;—p&e wi th organic
solvents and, in particular, ode” (1.er, mc@hcé/epjorrj endl y)

sol vents, such as mneral spirjits. These lownelting, |owviscosity

nol ecul es also are ideally intgoduced into water-borne coating systens.

Such systens are capabl e of coalescing with only m ninal addition of

icoal esci ng sol vents. The "hard bl ock" racker of the nodified polyners of
é bl'ock" characteristics of the

coating systeminto which it isg ncor ora}{ (L__A}%ads to excellent coating

per f or mance. The excellen i of esterified phenolic
ar al kyl ati on polynmers of the inven (M th ot hér coating systens results
In a new class of coating systens W have excel | ent water resistance
whi | e mai ntai ni ng excellent barrier groperties, adhesion,

- 59 - and other desirable charactemg stics. The presence of fatty acid

esters greatly inc t ARV g eTe I Y I 0.
organi ¢ sol vents. gﬁ@%8§nrﬁgp§g8&%#gb¥%@]§y%%@ wcoat I n quﬁoﬁﬁdébz)ﬁﬂé)m
hydr ophobi c. #htkyldtiongiolymer® of thednvegtion chty be prvided vwitle dbsivable®@haracteristics
characteristics_and the adhesiveness to both substrates and prior |ayers of

the coating syad drpperties by seleting ﬂ&dmoﬁﬁ’@x%gff% o€ tmestification. alNpb oaly thee
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coating syst eidentitly df theyfundtivnalities Rohibiried Dnadrieanéleculd affetale ase 1d WRSE tho! 2
chai n-extending reaction with di- and pol y-i socyanates and di- and

pol y- car boxy| imodifisdimolequieisadusntagesusly dbti Rorryennipg of ceatingrsystemi in awtiich f or

pi it and witditfey bhehoR HAORFER oty P aftolirkRl ) 8 EhhE e85 me |
particul ar, aréevelyfge armidtierhad tloek" sgmeitsyidd 8ploRed Riddfiesd’al Hktat | on

polymer, first with a mnor quantity of di- or poly-carboxylic acid, then
with a di- or beoleyprepetiiesnat e, produces an extended-chain resin suitable

f i nt ducti [ ti . f ti f ti
Csel . The quant i obfasegbfiosydhed i) 6t hodiBl pndR: sl Bt peighens hbe, o ;
aral kyl ati on pfentish fétn BoSmeREg WG RIty ‘Gﬁitﬁia%t slystHﬁ']n c@kﬂxxggioh%ay 8t es

to incorporate alcyd resin conponents to parti esteri
polymer systems. Viscosity can be lowered even er by alkylene oxide chain

extension. Propylene oxide is preferred to provide highest solubility in non-polar
solvents. Such modified molecules are compatible with organic solvents and, in
particular, "safe" (i.e., environmentally friendly) solvents, such as mineral spirits.
These low-melting, low-viscosity molecules also are ideally introduced into
water-borne coating systems. Such systems are capable of coalescing with only
minimal addition of coalescing solvents. The "hard block" character of the modified
polymers of the invention, when combined with the "soft block" characteristics of the
coating system into which it is incorporated, leads to excellent coating performance.
The excellent compatibility of esterified phenolic aralkylation polymers of the
invention with other coating systems results in a new class of coating systems which

have excellent water resistance while maintaining excellent barrier properties, adhesion,




phenol i c aral kyl ation polynmer results in a coating systemthat vyields
coat i ngs having rapi d hardness devel opnent, excellent scratch resistance,

and hi gh’ i npWet98F8%%%0r mance. Modi fi ed phenolic aral kyl BET/HR8/04121
polyners having relatively limted aver ag’e59 secondary aliphatic hydroxyl
functionality, i.e., up to about 2.5, preferably_ between about 0,8 and
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vol atil e organ‘i"lf%e YRR (i.e., solvent) than known phenolic-nodified

al kyd coatings. ThuRetsHRa! hytitsxyl FiRétionaliy dfRité kiedo ﬁﬁiﬁ?,t@fin&ﬁ?orate the
nvention can have higher solids concentration and 1ower Viscosity.
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acid noieties. These, reactive fatty_acid npietieg afford, a hi ghtar dryi nag
fate in an ai r combationsxith snyirepmentally safe solventssuch-as rainesal, spintsag et
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aralkylationp|XF§ ' : ically is grit-free, i.e., i

devoi d of sal tg 0 %ﬁgé%%{a}%ﬁg%ﬂ%%ﬁ{en §, and has a light color. Although
{ he inventors do notinwasficilar, Actwasstep reactionestt partly-estefifitd phawlid araliplasiont s
apparently sol ubjlize the salt_ conponents. Therefore, such polyners are

S Ui ltﬁb: y incor plekm igst, inior, quantity of di- oppelyoerebaslie peif; then pridvi-or
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systenms. The r epatidgiRstett’ ot/ fisy foriatibh 60a systingielfaThe goaditg bAtirbyxylid! Rfbis
har dness, and toughness. The hi ahly aromatic nature of the nodified
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suitable as a b r £ e r : c0al1,04s, ...

Furt her, , becau ?Xx e?‘h@%%ﬂﬁ‘fﬂ%teﬁﬁg&%fpc&fi’rtgiahé‘&dergwg%égmﬁ érgeg#setg HO aﬁégi}%ﬁgenﬁed
resul tant pol yiRho tatioh polyendr Tedudts iPh @6stinpUiystel/ihat FekE 3datiglhadingt he
coating as is comonly found in aromatic.phenolic-containing systens. The
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by water. Further, eﬁo%ﬁéédl Sl(xjen%g r]a.(r)a!ﬂcy('iaﬁon polymers having relatively limited average

secondary aliphatic hydroxyl functionality, i.e., up to about 2.5, preferably between

about 0.8 and 2.0, free secondary aliphatic hydroxy! moieties per molecule, or free
primary aliphatic hydroxyl moieties per molecule if modified with ethylene oxide or
ethylene carbonate, are particularly suited for grafting on to other polymer systems
without causing gelation. Such polymer systems are useful in forming coating systems
that are air-drying and are water dispersible.

Coating systems comprising esterified phenolic aralkylation polymers of the
invention require significantly lower volatile organic content (i.e., solvent) than known
phenolic-modified alkyd coatings. Thus, coatings comprising modified polymer of the

invention can have higher solids concentration and lower viscosity. Importantly, such



ar al kyl ation pol yner provides excel |l ent adhesion not only with substrates
but al so between coats. O her applications for suitable esterified
phenol i ¢ -ar aMAA8E0$%N pol ymer include tacldfier for acryl ate wy9tsERaer €d
by exposure to UV radiation; epoxy al kyd 60pr ecursor conponents (al kyds) for
noi sture-resistant abrasives and for water-borne alkyd coatings.
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A, bi sphenol F, or Hherestersoadifiadnhenalicsarpiyiation golymes of ghe invention typieally is
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system I'n“particular, oxyl at si ons

aral kyl ati on painveniest adiitive¢o syghecoating systems. e ThdyesGhiantaxaliyd osatibg siistefis
D-1, and D2, and phenplic aralkylation,polyner H are particularly useful
for ester exch%?r‘l’@e;gp"ﬂgl"ﬁ'“%ggisﬁr é@sq,,apd $¥de such as tung oil and

i nseed oil. X : hXE j -,
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resul tant product,s exhi bit., excel] ent hydrocarbon, (mneral spirjts
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products of t heamMbnig found ica@pmbtiepleholiv-contiinihg gystems; UTkethighly aromatic nature
also provides increased resistance to degradation by water. Further, esterified phenolic
aralkylation polymer provides excellent adhesion not only with substrates but also
between coats.

Other applications for suitable esterified phenolic aralkylation polymer include

tackifier for acrylate systems cured by exposure to UV radiation; epoxy alkyd
precursor components (alkyds) for moisture-resistant abrasives and for water-borne
alkyd coatings.

Multiply-functional modified phenolic aratkylation polymers of the invention
are particularly useful as compatiblizer between two systems that are or would
otherwise be incompatible. For example, such multiply-functional modified phenolic
aralkylation polymer of the invention could be grafted into coating systems comprising

polymethylol melamine systems, such as Cymel 303, or phenolic methylol systems.
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of the phenolic aral kylation_ yner serves to provide durability”in the
resul ting systewehas mingweil and linseedoili ty found in phenolic-nodified al kyds

and ural kyds. The cl.ear agwant of the phenolic _aral kylation pol rs of
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such as t-butyl styrene, which tend to increase the solubility of the resultant

pre-polymer systems in non-polar solvent.

Ester exchange products of this kind are capable of air-drying to cured
coatings, showing reasonably good hardness. Further modification of these
pre-polymers involves their further chain extension through reaction of the ester
exchange reaction mixture with diisocyanates. These products show excellent hardness
and durability and result in materials which can be blended into normal alkyd systems
to increase toughness and hardness as well as inter-coat adhesion and improved
adhesion to metal substrates.

Alkoxylated phenolic aralkylation polymers of the types derived from polymers
represented by Compositions B and C suitably are added to the glycerol/tri-glyceride




al koxyl at ed phenolic aral kyl ati on pol yner of the invention, as conpared to
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aral kylation polymer into other polyol systens to generate Star pol yner
precursors, i rresilting highly aromatie sliadfintreasesshardasss tafntheachating swhite aliowking

taini t ted, fatt t t I d _ t |
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rapid reacti Or'e)itﬁﬁcfggﬁlﬁrﬁge ?ﬁﬁ&% 'thuﬁﬁﬁﬂt better Toalglmégg%a(}{a}%@%r 316

exanpl es further e I nvent shou not be considere

limting in anessitant codfirgybteml Preparati on of a 6-Functi onal
| sopr opoxyl at ed Phe

Hydr oxyl Functi onal ﬁg‘:’llb gfgé?al?g‘%q%tﬁif(}% lgtipn, polymers in ‘W@P’gh%g&;%ﬁk?glygfgxﬁ
6-functional pRGRALS fre BoMlektéd & AlRGkyD RinbBBhalities are suitably used as "direct drop-ins"
to either uralkyd or alkyd coating systems. The hardness of the phenolic aralkylation
polymer serves to provide durability in the resulting system similar to durability found
in phenolic-modified alkyds and uralkyds. The clear advantage of the phenolic
aralkylation polymers of the invention lies in the fact that the phenolic hydrokyl

moieties are "blocked" by the alkoxylate moieties. These blocked materials show much
better UV durability without discoloring the coating. Systems of this type mairitain the
advantage of good weatherability seen in phenolic-modified alkyds and uralkyds.

An additional advantage is the much faster auto-oxidative cure rate of the
alkoxylated phenolic aralkylation polymer of the invention, as compared to the cure
rate of known systems containing underivatized phenolic hydroxyl moieties. The
increase in rate is due to the lack of phenolic inhibition of the curing process.

Phenolic aralkylation polymers represented by Composition B and alkoxylated

versions of Compositions A-C desirability are reacted with diacids to produce diacid




A standard resin kettle was charged wi th bi sphenol-A (565 grans) and heat ed
to 120[err]}C. At this point, t-butylstyrene (330 grans) was added. Mt hane
suffonit acW@983036 percent, 0.7 granms) was added sl owy overPET/USISM4t2L es.
- The reactor charge was al l owed to exot-ldrmto 150-160[err] C and

di vi nyl benzene (80 percent, 268 grans) was
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Bnd’ 1700 er ] Cliasids, GsoryHARs. ArReRdes and rorbiaops Disren: | Sfied Praguideners
renove all so . . . ' d.
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until the carboxyl nunber equaled 2. The o-xyl ene was renoved .
Of particular interest is the grafting of partially esterified phenolic aralkylation

polymer into other polyol systems to generate star polymer precursors, in which the

nucleus of the resin system radiates to arms containing unsaturated fatty esters. Such
a system would have extremely low viscosity, excellent mineral spirits solubility, and
‘a potential for rapid reaction into cured systems.
Examples
The following examples further describe the invention, but should not be
considered limiting in any way.
Example1 Preparation of a 6-Functional Isopropoxylated Phenolic Aralkylation
Polymer Having 4 Hydroxyl Functionalities Esterified by TOFA
A Preparation of a 6-functional phenolic aralkylation polymer
A standard resin kettle was charged with bisphenol-A (565 grams) and heated
to 120°C. At this point, t-butylstyrene (330 grams) was added. Methane sulfonic acid
(70 percent, 0.7 grams) was added slowly over five minutes. The reactor charge was

allowed to exotherm to 150-160°C and divinylbenzene (80 percent, 268 grams) was



i by distillation. The resul tant product was a clear, light yellow

(Gardner, 1.5), highly viscous liquid infinitely soluble in m neral

spifits. WO 98/30596 - 65 - pEwUSE/E1IA
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1.0 aliphatic hg/ggoxyll_l noieties with fatty acid from0.5 nolar equivalents

of tung oil g dng YSteM ni xture and reacted at 230[err]C. The quantity

j of tung oil s 64 rﬁﬁ&qﬁ&i 7 mol es). This anount of tung oil is assuned
{to have one-hal f o?&ét S \A/eloght of organic acid noieties transferred. After
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Pol ymer Transesterified by 2. unctionalities of Tung O
Pr epar ati on @hdghe mibdutecheatedshdddf Cc Thedok piixtureowapbitgrad through a 30 micrdn

standard one-d..tar ,esin kettl rged w th bi enol - A.(212 grgmns)
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met hane sul fonic acid (70 percent, 0.25 grams) was added, divinyl benzene
(99.7 grans, ($@eparseeen inches Heddeorempwe allf solvesbn Fhenmidurenwas easteoirto ainni ng

the reaction rrlilxxure ata“% . JAfter divinyl benzene addition, the reactor
t enper at ur e VESREIPAR fv] Cfor 15 minutes. Then, 298 grams of 95

percent p-t - but yl st Yhemgles@sr welgiabrthetesukant BHeHbIRSartikylafion | Q@f& e
reactor tenperature at 150[ erg]ﬁc. After ptfﬁ[ - but yl st yraeﬁg%g It P%a%,@l?ﬁ’e
reactor was iyi¢ldingan equiyalent nolecular weight (molecular weight per hydroxyl functionality)
of 364. '
C. Esterification by TOFA

Into a stirred 1-liter reactor blanketed with nitrogen were placed 300 grams

(0.14 moles) of 6-funciional isopropoxylated phenolic aralkylation polymer of part B,
156 grams (0.56 (= 4 x 0.14) moles) of TOFA (molecular weight 284), and 100 grams
of o-xylene. The mixture was heated to 250°C and 0.04 grams of lithium hydroxide
monohydrate catalyst were added. A Dean-Stark trap on the reactor was filled with
o-xylene and reflux was maintained at 245°C.

The starting mixture had a carboxyl number of 59 (TOFA having a carboxyl
number of 180 comprises 32.6 weight percent of the mixture). Reaction was allowed
to continue at 245°C until the carboxyl number equaled 2. The o-xylene was removed
by distillation.

The resultant product was a clear, light yellow (Gardner 1.5), highly viscous

liquid infinitely soluble in mineral spirits.
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{f or one hour. Next, aqueous potassium hydroxide (50 percent solution, 1.0
igrams) _was-added. - 66 - B

I sopr opdxy| A¥PEE30596 Propyl ene car bonaé (190 grans) was adBEHUSI¥ML2Y he
‘tenperature of the reaction mxture was a ?Dsted to 170[err]C. The m xture
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the reaction m xture wad HydrogyldtinctonalienEsterified byBusg Qily di still ation, and
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equi val ents) -of the iIsopropoxylated product of "Part” B of this exanple, two
hundr ed gr anspélnizSfifikample 0. Boverguihargedritosy 1tliterystirired (saotos hldnketedewight
875), and 50 grans o, wer e ed to. St Kre -liter
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1.5 hours. The resultant m xtyre of glycerjdes and esterifie henol i ¢
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Exanpl e 4 P&&%%igﬁuﬁg' knip Q@E’éﬂ #i8 h x%%:zﬂﬁ' ies with f: %m d
tung oil-esteritled p enohi%gétg?éky at c?n pa’y rsogxe%lr}p%g’sea& - w@'rge
used to prepamgoluf acidivzlen‘t%f'tm? ol s/aenddedGoahe ngstur@ard tdactedfat QB0YE! The
tested for color, hardness, and other characteristics. Th

fol I owi ng proguantitef turg ail was $0(gmams (97 malesds This agaouns pf tung oil is assumed
-67 - S I .0y . .. . . C D
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127-0547) hours reaction, the viscosity reached a pre-determined value, as determined by using

a spatula to draw resin “strings” from a room-temperature sample, and the o-xylene
was distilled from the reaction mixture.

The resultant product was a highly viscous liquid having Gardner 2 color and
infinite solubility in mineral spirits.
Example3  Preparation of 6-Functional Isopropoxylated Phenolic Aralkylation

Polymer Transesterified by 2.3 Functionalities of Tung Oil

A Preparation of 6-functional phenolic aralkylation polymer.

A standard one-liter resin kettle was charged with bisphenol-A (212 grams) and
50 grams of o-xylene. Heating the mixture to 140°C produced a clear solution of
completely dissolved bisphenol-A in o-xylene. After methane sulfonic acid (70 percent,
0.25 grams) was added, divinylbenzene (99.7 grams, 80 percent) was added over
ﬁﬁeen minutes while maintaining the reaction mixture at 150°C. After divinylbenzene
addition, the reactor temperature was held at 150°C for 15 minutes. Then, 298 grams
of 95 percent p-t-butylstyrene was added over 30 minutes while maintaining the reactor
temperature at 150°C. After p-t-butylstyrene addition, the reactor was held at 140°C
for one hour. Next, aqueous potassium hydroxide (50 percent solution, 1.0 grams)

was added.
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preparation, tfourteekjicduidds an open gysiérane diehtscarpowm dioxideageieritatebtheseadtionS
jare m xed and heated with 1 drop of dibutyl tin dilaurate, The esterified

.phenol i ¢ ar al k¥PareasHop syasfeemed complets yehea nofwthen CQy suolntionwag ebserved.

-78[err] C and h tiere f J1 [ut . . tit m ner al
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iis added. A coating is forpged by drawi ng down on steel panels to a
tml dry coatin§-thi dkansesterifigpiionlat a il lustrate that coati ngs conpri si ng

fICE-eoter 1) 20 and gl e 4 (ORHRIEL' 68" Sl o e
1-68 - isopropoxylated product of Part B of this example, two hundred grams (0.228 moles,
| 0.68 equivalents) tung oil (molecular weight 875), and 50 grams o-xylene were
charged to a stirred 1-liter nitrogen-blanketed reactor. The mixture was heated to
145°C, at which temperature 0.5 grams potassium hydroxide aqueous solution (50
weight percent) was added. Heating was continued until the temperature reached
230°C, at which temperature reaction was allowed to continue for about 1.5 hours.
The resultant mixture of glycerides and esterified phenolic aralkylation polymer is a
light-color, high-viscosity o-xylene solution.
Example 4  Preparation of Uralkyd Coating Systems

The TOFA- and tung oil-esterified phenolic aralkylation polymers of Examples
1-3 were used to prepare uralkyd coating systems. Coatings made therefrom were
tested for color, hardness, and other characteristics.

The following propertions were used (all quantities in grams):
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al kyd Coating System Based on 4-Functional Phenolic
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69 -
In each preparation, the alkyd base, isophoronediisocyanate, and mineral spirits

are mixed and heated with 1 drop of dibutyl tin dilaurate. The esterified phenolic
aralkylation polymer then is added, and the mixture heated to 78°C and held there for
about 90 minutes.

A quantity of nineral spirits sufficient to reduce the solids concentration to 50
weight percent is added. Then a cobalt/manganese dryer package such as is known in
the art is added. A coating is formed by drawing down on steel Q panels to a 1.0 mil
dry coating thickness. The data illustrate that coatings comprising TOFA-esterified
and tung-oil trans-esterified phenolic aralkylation polymers of the invention produce

excellent coatings.



i 50 percent solids by addition of mneral spirits, and a cobal t/ manganese

c dryer system was added. Characteristics of the resulting coating systemare
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devi ce. The r%{%%‘l“fi‘]’di"f’(ﬁf ?:szeg&g ﬁgqgéﬁﬁp{eg'r fk tgﬁg%g%l?, g;dll i%cgllsﬂ‘?fen@gaggﬁon s

conpri si ng MoglyfihLadlifiRhédfor 18 nkishies ab bSERC.yNexs aqhedusokassiant hiydtoxide
solution (50 percent, 1.5 grams) was added.

d.

B..  Isopropoxylation

Propylene carbonate (408 grams) was added after the temperature of the
reaction mixture was adjusted to 170°C. The mixture was heated at this temperature
for fourteen hours in an open system under a nitrogen blanket to vent carbon dioxide
generated by the reaction. The reaction was completed when the normalized IR peak
for the carbonate carbonyl indicated greater than 95 percent conversion. After dilution
with mineral spirits, the reaction mixture was filtered, the solvent was distilled out, and
the product was flaked in the manner described above.
C. Preparation of 8 Coating System

A first solution was prepared by dissolving 50 grams of the product of Part B
of this example in 50 grams mineral spirits and heating to 150°C. Fifty grams of a
commercial alkyd base (McWhorter Technologies 127-0547) were dissolved in 50
grams of mineral spirits to form a second solution. Seventeen gx:ams of isophorone-
diisocyanate were added to the second solution. Then, the second solution and four
drops of dibutyl tin dilaurate were added to the first solution. The resuitant mixture
was heated to 78°C for 90 minutes. Then, three grams of butanol were added and

heating was continued for an additional 30 minutes. The solution then was diluted to
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70 - SWARD ROCKER ( DOUBLE ROCKS) HARDNESS (10 DAY)
As A FUNCTI ON OF COATI NG THI CKNESS Coating Thickness, nils 04

0.8 ' 1.0 98/30596 3.0 Exanple 5 PCT/US98/04121 27
23 - 20 Exanple 6A - 69 - 33 27 22 17
Exanpl e 6B 23 18 16 14 Exanpl e
g[C) 50 percent solids by addmon of mmeral spirits, and aZbbalt/map@anese drm systaanpl e

Prepar ati on whs adiaﬁm@wacmnstm@f ﬂtﬁf&ﬁum% RRAting SXF‘&MFéPWr‘I’EB‘%%W
Esterified with 2 TOFA &
ar al kyl at i onExample Coatmg Qﬁf?ﬂpmd‘%r%ﬁ?“ g‘%t’f‘ﬁ?s% H(lyélt; ctional, |,

supporting hardware, biPé'ﬁﬁ elig, 5‘:‘?{;) was charged al ong with 1255

grans [err]-nethyl styrene. The starting raw materjals vvere m xed and
heated to 120[err ]Eﬁterlﬁdhanp‘omxil@ﬁﬁﬂ&-ﬁmcémmlm@ob‘ﬁ aralkylaien palymes wamd

the reaction m xture was exo r rol.
The reacti on PYRRATES 'B\AERC '3‘8 h?ﬁ g{ F&er?rhpéfg ?lefs H@%‘im Eﬁ‘%
The kettle W%ﬁ BEitioM %ﬁbh%&l@&ﬂ&c@ﬂ%fﬂbd ﬁwdongng@derﬁspaslﬂﬂlbst ]C.
For mal dehyde a ItIOI’l a total of 318 grans of a 50 wt per ﬂent agueous
sol ution) wa rammed so as to allow the ketthe tjo rBEfI @nd ntain a
rolling boil. ?par‘finn was allowed to continve-flor—30-tHi-rut-eb—afted all
f or mal dehyde WW gqa]]é;lgﬁoﬂgpbtyhgrt hen was set to vacuum
distillation Hhee—aH vou.,uuuu\ =30~y Hg) et Fre—keHt | e
t enper at ur e rleachedydedfi x]aﬁple})'he kettl e was sez: t of anosphere fefll ux jand
50 percent p ' ' ' gTanms) WeS—changed—agrd—attdwed
to mx for 5 i nut eQuatity (gtamms)r opoxyl ation 50 Py &9yl eneOcar hoht e
(1299 grans) pas—added—to tHhe _Rettre and the gateri a xed and e tedito
180- 190[ er r | @ MingralSpiri tﬁdgl'@nq)ropoxyl ation redct¥on | tWe cgr¥on di-vki de
gener at ed was vent ed, ketile was held at 1805190} er,r] untll he |PC
nunber by FTI ROMY d\!&é“a émipé)ss thus mdma%u:m 2 pol rgr hnnmi
conversion of HopRbfonediisocyanate (grams) 4 10 7 5

Alkyd Base 20

Material of Example 5, Part C 30

n-butanol (grams) 2 2 2 2

All components except n-butanol were charged to a stirred reactor and heated
to about 78°C. This temperature was held for about 100 minutes. Then, the butanol
was added.

Coatings were formed from the compositions identified as 5 and 6 A-D in
accordance with the techniques described in Example 4. The table below summarizes
the results of these tests. The test panels were prepared by drawing down the coating
with the described dryer packages on steel Q panels. Three wet coating thicknesses
were applied to allow determination of coating hardness as a function of thickness.
The dry coating thickness was confirmed by an Elcometer® eddy current coating
thickness measurement device. The results indicate the exemplary characteristics of

coatings comprising modified phenolic aralkylation polymers of the invention.




t han 90 percent. - 71 -
‘The yresuktant conposition was the structure represented by formula 1,
repeat ed hemen 98/30596 HO HO  pcrrusesinsi2t

iferr]- TOFA (1796 grags) was charged to the kettle and
;t he kettle heated to 225-235[err] C. The TOFA was allowed to react until
§

t he aci d nunber was bﬁ‘w%ﬁ%ﬁﬁk&@m&émb&yUCtUfe S
SA

{epr]ese“t ed by the fo ON OF COATING THICKNESS
err

Coating Thickness, mils 0.4 0.8 1.2 1.6 3.0
Example 5 35 27 23 20
Example 6A 33 27 22 17
Example 6B 23 18 16 14
Example 6C 24 20 16
Example 6D 30 23 18 14

Example 7  Preparation of a Low-Cost 4-Functional Phenolic Aralkylation Polymer
Esterified with 2 TOFA

A. Preparation of 4-functional phenolic aralkylation polymer

Using a standard 5000 gram glass kettle with supporting hardware, bisphenol-A
(2425 grams) was charged along with 1255 grams «-methyl styrene. The starting raw
materials were mixed and heated to 120°C. Methane sulfonic acid (three grams) was
charged and the reaction mixture was allowed to exotherm to 160°C under control.
The reaction was allowed to continue at this temperature for 30 minutes. The kettle
was set to atmospheric reflux and aliowed to cool to 120°C. Formaldehyde addition
(atotal of 318 grams of a SO wt percent aqueous solution) was programmed so as to
allow the kettle to reflux and maintain a rolling boil. The reaction was allowed to
continue for 30 minutes after all formaldehyde had been charged. The kettle then was
set to vacuum distillation and distilled under full vacuum (27-30 in Hg) until the kettle

temperature reached 140°C. The kettle was set to atmosphere reflux and 50 percent

potassium hydroxide solution (15 grams) was charged and allowed to mix for 5

minutes.
B. Isopropoxylation

Propylene carbonate (1299 grams) was added to the kettle and the material
mixed and heated to 180-190°C. During the isopropoxylation reaction, the carbon
dioxide generated was vented. The kettle was held at 180-190°C until the PC number

by FTIR method was 1 or less, thus indicating a polycarbonate conversion of greater
than 90 percent.




To di stinguish tis nolecule fromother nol ecules of the invention

. described in this exanple, this structure will be sho a5 I o9s:
T WO 483053 Chai n ext ensi ons _wiit-h anot her phenolic aral kyl ation
polymer, with al kyd resin, and with al kyd base Each chain

ext ensi on was carried.out | . d@rilcrire teposstnted by farmayp 4t rgpeated

t enperature ovenTF"eifﬁ‘flt&Pé‘aM&o&L}éﬁglrarg}hC. Al l coegti ng systens were adjusted
to 50 wei gh}t“_ percent solids and had a dryer package added prior to coating
eval uati on, T8 accordance with the techni gues described in the exanpl es.

1. Coating System 7D1 Esterified conposition of invention from
Part C of this exanple (10.6 gH@ was B¢ to the beaker together with
5.6 grans of Conposition of the Invgntion J, the structure of which is
repeat ed bel ow HO HO

CRCROR® |
0 ©
S

as charged to the kettle and the kettle heated to

C. Esterification

TOFA. (1796 grams) W
225-235°C. Tﬁe TOFA was allowed to react until the acid number was between about

1 and 4. The resultant structure is represented by the following formula:

igdl

o
l
|
0

=]

molecules of the invention described in this

To distinguish this molecule from other

example, this structure will be shown as follows:



t

[err] HO HO M ner al
spirits (18.7 grans) were added and the m xture was heated to 90[err] C and
stirred to gyoussuse®@npl ete dissolution. The contents then wer @E9Gdoddei
80[err]C and 2 -72 - -73 - drops
of dibutyl tin dilaurate were added. Isophoronedl | socyanate (1.6 grans) was
m xed in. The beaker was allowed to sit in the 78[err]C oven for two hours.
The beaker then was renmoved fromthe oven and 5.5 granms of a conmercially
.avai |l abl e al kyd resin (McWorter 057-H368) anQH4.5 grans mneral spirits

‘wer e added. The conponents were heated t err]C and m xed. Additional

di butyl tin dilaurate (2 drops) and isopl®fpnediisocyanate (1.6 grans) were
m xed in. The contents of the beaker we owed to react for an
additional two hours in the 78[err]C &¥en. T The structure of the
resul ting coating of the invention may be iIIustrated by the foll ow ng

formul a, wherg] r present, a yret hagn e resultlngfromthe
joining of two hydr ?‘PSQE‘ °a§’58%‘¥'g’ﬁ‘ {lﬁﬁg W‘éﬁ"&f}bﬂl

represents the al kyan¢ withglkyd b
T
Each chain extension was carried out in a 400 ml beaker located in a constant

temperature oven regulated to 78°C. All coating systems were adjusted to 50 weight
percent solids and had a dryer package added prior to coating evaluation, in
accordance with the techniques described in the examples.

1. Coating System 7D1

Esterified composition of invention from Part C of this example (10.6 grams)
was added to the beaker together with 5.6 grams of Composition of the Invention J,
the structure of which is repeated below:

HO HO

HO HO

et R

Mineral spirits (18.7 grams) were added and the mixture was heated to 90°C and

stirred to ensure complete dissolution. The contents then were cooled to 80°C and 2



[err] 2. Coati ng System 7D2 Esterified
conpositjon-of the invention fromPart C of this exanple (15.5 grans) was
charged to tYW@9%/8%8¢i on beaker together with Conposition J (8. BCHUSHI412I9nd
26.8 grans mineral spirits. After ensuring/Xonplete dissolution of the
reactants by heating to 90[err]C, the beaker was cooled to 80[err]C and 2
drops di butyl drops df dihutyhtie dilaurdteowsregadded. ilsephiosensdiigdsyanaty (£ gramsy evas

i din. The b | din th 78 o f t h )
e Denrer t memtan. LS boeer Fanslbmett st bt 786 Gt e o Sodlormer i al 1 y
avai | abl e al kyd basm{ Lewasiefioded Bbnfihe dved a8l 315 ﬁg&gﬁf%@%&ﬂc{aﬁ

were m xed in. The al kyd base described differs fromt resin used
in Part D1 of ahilable sikydwesie (McWhorter 057-4268)and e gratns amideral/ shixits wrere added.

Gibutyl T n' i Thesomeonests g Byeise &b BUsCiaaH G| SoByionth dbiyblndiuwe 2
were ad gegé[ gpgﬁ‘%@? K is8BfiorBheiodaflaR! (1 ¥ Bihdsf weFe e, 111 coRtiSld bAR'

The resul tant béakieciverecalloweidde sédct for dancadditidnabtwo houatshinitie 28CQpten. 7-D- 1

above, wherein the synbol WNVrepresents the al kyd base rather than the
al kyd resin. e structyrs of the e%ﬁ@'@é‘?ﬁ%”fthe inventigh ey bej ilpstrated byethe

i nvention J (3 . ) : ' rom McVWhort er
(127-0547) " anfPURHE Momde @b rebrebtf Nibliihe S BRS Fedi HERL e
heated to 90[ efdidifg ofti@ M 1heies3 by reactioiviti edifSosFatiatt drfdn WANMAP jgn
dilaurate (2 d% ops) was lg?gic%gi, t he ?gaker was cool ed toth%ﬂ[aerr]C, %%fe&%
grans i sophoro 1KY imnat e was added. The beaker was placed into a
constant tenperature oven for 120 mnutes at 78[err]C. After the initial
reaction in which the al kyd-Iinked phenolic arafkylati®n pol ynmer was
formed, 13.2 grans of the conpositian /

D72 D72

HO v’ o

Ho RERVAVAVAVN

2. Coating System 7D2

Esterified composition of the invention from Part C of this example (15.5
grams) was charged to the reaction beaker together with Composition J (8.0 grams)
and 26.8 grams mineral spirits. After ensuring complete dissolution of the reactants
by heating to 90°C, the beaker was cooled to 80°C and 2 drops dibutyl tin dilaurate
and 2.3 grams isophoronediisocyanate were mixed in. The beaker was placed in the
78°C oven for two hours.

The beaker then was removed from the oven and 11.3 grams of a commercially
available alkyd base (McWhorter 127-0547) and 8.9 grams mineral spirits were mixed
in. The alkyd base described differs from the alkyd resin used in Part D1 of this
example in both molecular weight and hydroxyl equivalent weight, with the base lower
in both respects. Additional dibutyl tin dilaurate (2 drops) and isophoronediisocyanate
(2.2 grams) were added. The beaker was mixed and allowed to react for two

additional hours at 78°C.




iof the invention of Part C of this exanple, 8.6. grans of mneral spirits,
and 2 drops of dibutyl tin dilaurate were added to the reaction mxture

it oget her wi wWo 48/8sgs ans of i sophoronediisocyanate. The reacti paTREBEBs12Y2S
heated for an additional 120 mnutes at ¥Berr]C

-75 - The structure of this coating systemof the invention can be

represented as folfhewssultant structure is identical to that set forth in example 7-Dl Ebbdve
- 76 - The properties of this conposition are identified as "3A" in

the tabl e bel wherein thesymbiok YW geprosanss theiadlydase patherthan the alkyderedinf f er ent
dryi ng package contai ni ddigt i on qranganese conponent to increase
through-dry. The cRar act BB S¥EER /DYt ng fromthis conposition are
identified as "3B" QomgdiRion@TtRe invention J .5 granis),al9. 6 GrawséeBnii¥rcial alkgd To
the beaker were added 3.9 grans J, 22.1 grans al kyd base, and 21.6 grans

m neral spiri base fsomdvicWhertior (12505479, ansa2 B8 grams olineral spinits wers @dded to a

di ssol ut | f , odiburyl tin dil re added.. Th
beaker thon wiEEOBPRIThasRapop:L: Sttt henshithRofut o pbun, o
charged, and {edibRrite f(2\@§%d§'}6&‘ié}dw, HRbedéranas Sooled 88 8bC, WI'BWE

To a second beaker 7.8 gra .9 grans conposition of inventio
and 25. 0 gr amssophomoneliisaoyanate wasr eddddar g€hle chedkére avasdplaced Ghter @] Cofistant

ensure di ssol ution, then cqol tp 80 rL.1.C. Two drops of dibutyl tin
di | aurate and ‘emperagire gyen g?fp%r‘aﬁ’é‘ﬁﬁsl é?&kna@@eﬁ\i@ mtsagaeqcﬁpnvhyh%@au@r is

P e L 1 g Rt s, 1 g B oot

of the invention of Part C of this example, 8.6. grams of mineral spirits, and 2 drops

of dibutyl tin dilaurate were added to the reaction mixture together with 1.9 grams of

isophoronediisocyanate. The reaction beaker was heated for an additional 120 minutes
at 78°C.
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- of the product in the second beaker. The conbi nation was heated to 80[err]C

and 2 drop tin dilaurate and 1.1 grans isopropyldii anat e _were
: added. Theswgyﬁébg#he was placed in th?578[err] C oven for t&g{%&%’g‘“zl

=TT - The resultant conposition of “fhe invention can be represented
1 by the follomnng structure . X . . er
- 78 -  The'sematicn gf 4 camingrystem of thedvertiqn &41 B FRpseseriegisor

'the inventio ]ﬂ§$?art C of this exanple (22.3 grans), 11.8 grans of

Conposi tion 5 grans mneral spirits, and 2 drops dibutyl tin
dilaurate were added to a beaker. The contents were heated to 90[err]Cto
ensure dissolution, then cooled to 80[prr]C. After mxing in 3.3 grans
i 1 sophoronedi i socyanate, the beaker was|left in the 78[err]C oven for two
| hours. Then, 39.4 grams of thi onposition were nmxed with 8.7
| grans al kyd base, 24.9 grans m §, and 2 drops dibutyl tin
tdilaurate. After heating to 90[err]C t¥ ensure dissolution, the beaker was
icooled to 80[err]C and 1.8 grans isopforonediisocyanate were added. The
| beaker was left in the 78[err]C oven fdr two hours.
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79 - The resulting conposition of the invention can be represented
n the followng fornula: T CH HO

r WO 98/30596] €r I ] PCT/US98/04150 -
The follow ng table summarizes the Sward Réeéker hardness of plural tests of
he conpositions of the invention as set forth in this exanple at various

i me interval s afteTheqabpargesof hiscmpospamedrs identifigd aetIWts thesable beldw.

hbove. ] .. COATI NG IZ@CPE}RTI Hour s 1

3A A second coating composition pvas prepared with a different drying packagecontaining 1g
79 additional mapganese comg’o?hent to mcreasét%hroughzfﬁ‘%. The cha}gcéenstxcs of

120 coating from this compddition are identiffed as “3B” irl the table. 6

4. Coating System 7D4

OT TR R
oo

To the beaker were added 3.9 grams J, 22.1 grams alkyd base, and 21.6 grams
mineral spirits. After the beaker was heated to 90°C to ensure dissolution of reactants,
2 drops dibutyl tin dilaurate were added. The beaker then was cooled to 80°C, 2.2
grams isophoronediisocyanate were charged, and the beaker was placed in the 78°C
oven for two hours.

To a second beaker 7.8 grams J, 14.9 grams composition of invention 7-1, and
25.0 grams mineral spirits were charged and heated to 90°C to ensure dissolution, then
cooled to 80°C. Two drops of dibutyl tin dilaurate and 2.2 grams
isophoronediisocyanate are mixed in. The beaker is placed in the oven at 78°C for two
hours.

A 26.6 grams portion from the first beaker was mixed with a 47.2 gram portion
of the product in the second beaker. The combination was heated to 80°C and 2 drops

dibutyl tin dilaurate and 1.1 grams isopropyldiisocyanate were added. The beaker then
was placed in the 78°C oven for two hours.




jdevel opnment as wel

144 24 22 _ 5 23 8 168 27
22 7 , 21 8 192 28 20

216 ‘31 WOrB/3086 filns were drawn as_ 2 nil wet filns. PCT/US8/§4)21
dat a provi ded herein denonstrates that'f7rhaldehyde | i nked bi sphenol - A
systens styrenated with Iom1cos;,s;¥rene derivatjves and g%kﬁﬁégqﬁgd Wt h
propyl ene ~ car bonTheresaltanbeorapasitipa of thednvgten © LERECSSPIGE OY g AR iPMapR ¢
fatty acids to produce additives capable of enhancing hardness and ot her
performance 845t es of al kyd- based coatings. These | ow cost systens
are made possible through the esterification of the phenolic aral kylation
polynmers with TOFA and other fatty acids, m?ﬂph pro%hpes an unexpected
solubility performance and rel ated Kcosit per f or mance i n non-pol ar
environmental ly friendly solvent sy as, m al_ spirits.

The hardness data presented heref

the af orenentioned | ow cost TOFA-estérified phenolicfaral kyl ati on pol yners
typically produce coatings having
Failure of the 7D3 systemto show such high{levels of hardness strongly
suggests that the phenolic aralkylation p mers nmust be fornmed into

hi gher nol ecul ar wei ght "star"” polymer aggfggates prior to grafting onto
| ower nol ecul ar wei ght al kyd systens. It al has been denonstrated that
the grafting of alkyd resin conponents to these systens with T

- 81 - diisocyanales results in systens show ng very rapid hardness
as excellent scratch regi stance and i npact perf gance.
On a cost/ per fuar basis, the | ow cost systens of the inventibn
a substantial advgntage over even TOFA sys
W th nore expensive conponents. Exanple 8
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A Preparati on of Linseed-Pentaerythritol Phthalic Anhydride Oxidizing

Al kyd (Prior Art) Conponent
React or ChawQ®s/30396ans) Linseed O (First G ade) . PCT/US98/04121
49.9  Pentaerythritol -78 - .

. Li t hi um Hydr oxi de (al cohol ysis catal yst) 0.01 Pht hal i c

- Anhydri de 5 Coating System 7D5 17 1 Wite Spirit

Di | uent A two- st age
process was used \M&tenﬁéd:mmpoympsofthblmmnblmfm 9(&5@&9&%!19166223a&n@ t he
fusion pr oces t echni Al cohaol

oi |, pentaeryt I]1r8i g@'msqoﬁgoqnp?wlw,hﬂjﬁ BIPR %?ré? FF&S’E%&“? g’g%rgﬁgldl “@ﬁcefgij an
i nert gas at Mygpliaieuste Zcfd'ed?téoa[ B&g&? UHel dorflerits Wi hedted 16 90CECTd Bdbyr

m xture had a mninumtolerance of 25[err]C when 1 part sanple is a(!]lded to
3 parts anhyddssslutiorpthearobled taBOECt eﬁlﬁaramag ie38 gramsisophorohediisotyanate,

t | tested th / d I duct, d t
form & second e et 46 in Bt HE Copyesn Peo hodiare, © 1 P 0T 51 4% ™
Pol ycondensat i on ixture

y sat | ref’ 39 Pgr S hﬁﬂg c%g@&tx@h%?&hﬁ%d&mtﬂ B9 g&ﬁ&%ﬂ@%gﬂmﬁsu

was cool ed to 180[ er ydri de added. The "anhydr

al owed to rezat9 gmmhnﬁﬂwallspiﬂtspmdzdm;:sdﬁhutyifmdﬁauraemAﬁenhmmgm 807010 30
"mnutes at 180[err] C._ The, react ani)s t hen were at ed bp 240[,ery] C and hel d
;i at this terrpereéﬁléﬁee digypdtiona, the, e Peakes s V%%ee‘if’d? Fen80 eC o-andy 1.8 Bramy

ivvater of cond st

esterificati o wg%&gﬁ%ﬁeg%ﬂen%ﬂrﬂ (%*( aC|sde§éﬁ?E}g§8ﬁ§9§/Yésn?§§|
The reaction Ws,quenched by cooling to below 180[err]C and dil uting WI th
mneral spirits, when the - 82
: - acid value was less than 10 ng KOH g and the viscosity (neasured at a
tenperature of 25C on a sanple diluted to 75 percent in white spirit)
reached between about 40- 50 poi se. A series of Q panels was
prepared fromthis prior art coating systemat 70 percent solids and a
dry-coat thickness of 0.5 mls after addition of appropriate dryer




system (Co/ Mh/ Zr dryers are added). An average of Sward Rocker Hardness
data for the panels are presented in the table at the end of this exanple.

FI NAL PRI ORVORB/3#836| N CHARACTERI STI CS  Col or PCT/US98/04121
9 Gardner (maxinmum Viscosity at 25[ef79€ 40- 60 p0|se
(Gardner tubes Z[err]-2z4) Acid val ue 10

KOH g (maximum  feRssRing thinfositil ¢fithe invention can be rme?@tp@ m:témfolloxmg
alength* 68 percent Note * - "QOl length" is the
“percent of fgbimulacci d constituent in the coating solids. B. Al kyd
:Coating System Conprising Linseed Ol, Pentaerythritol, Phthalic
'Anhydrlde and Conposition of the Inventlon G Conposition of the

Invention G the fornula fok_ whiciPis set forth abovdi@pd reproduced
bel ow, was made in accordan\é - h the nmethods set forth‘%ﬁ Exampl e 7
HO HO- D72 D7 -

[err] A
t wo- st age process for naklhb t he d@ker’ tlng 9§TBn1Qas used, with

al cohol ysis foll owed by pol ycondensati on, +AQ the fusion process
t echni que. The J
0 OH
5;
b
6 OH
J
T 0—U— 0—U—0 ’/T
72 D72
AN

OH HO T




foll owi ng proportions of materials were used:

Reagt or Charge,

348. 9

gr ans
Pernwasssosssi t ol

Li t hi um Hydr oxi de Monohydr at e

. 207. 2
i1,

Pht hal i ¢ Anhydri de
Al cohol ysi s The followhizQtable R6Rafri@es the Sovipd Riotkerrhafdness6f plutabiedts of

Li nseed O |

-80-

(First Gade)

0.02

Conponent

PCT/G$d8h4121

Conpos

ition G
119.5

hydroxi de were heated together under an inert gas atnosphere at 245-250 C.
Al cohol ysi s vihe campogitinns pbthsriavestidn ppsetforik in s GrmPlaAtiveteds time intkivals ti ne

t he pentaerytigitol .was ad to,the r ti 1. e....The m xture was
heated for ant AR 3‘8%39%‘&#8‘6%%‘%‘? Od? ﬁeesrypéé%%l?ogﬁ. m xture had a
m ni mum tol erance at 25C of 1 parphsSpNGPROPERTESS net hanol . 2.
*Pol ycondensatjon_ On conpletion of alcoholysis, the reaction nixture
‘was cool ed tof 1gQlerr]C apd phthabic anhygfide added. |Thesgnhyidr i %efi vals
“allowed to re Lt he hydl ' YAPSRASEVald ataWlra. VA 1T 30
.mnutes at 18P[err]4a | Thgg eagt antgs t hen ver e {heated tjo 240[ erjr] C3gnd hel d
at this tenpeFattre—phder—arttRert—ggs—sweep;torengre—o—xyfere—ah
wat er of condgnsati4®) by 2zeofropi& dijstill atijon. The {course of tRe
esterificatiofrwas oW tOTEd Py MEASUNement ofy acl d e and WiscosTty.
The reaction pas quéh¢hed by ¢ooling tlo 180[erfr]C and {dil utingl with mi peral
spirits, when|the a§$ val ue fell bel qw 1% ngy KO—ié and a yiscpsity
(measured at p tenp ture of |125[err] @ on ‘a sdnpl €°di ljuted®to 70 perceht
m neral spirits) ot,40-50 poi ge ofqt ai ned. A series| of Q pahpels
was prepared from Elﬁ?‘ coat iﬁ§ qﬁfm of Rfua ilnvedBi onl at é’7() per cent
solids after fdditi of proprigge dryerg sysite Co/ \Wn/ dryers are
added). Datau-am-tl-gg- 2 énfhgbié—av . 4
- 84 - C Al kyqsgjdatizrg S)stemCOrﬁ:)ri sing lLingged K| ,g8Penjaerythrijtol,
Pht hal i c

192 28 20

216 31

AL B gy s ¢

NOTE: All films were drawn as 2 mil wet films.

The data provided herein demonstrates that formaldehyde linked bisphenol-A

systems styrenated with low cost styrene derivatives and alkoxylated with propylene

carbonate can be derivatized with TOFA and other unsaturated fatty acids to produce

additives capable of enhancing hardness and other performance attributes of alkyd-

based coatings. These low cost systems are made possible through the esterification

of the phenolic aralkylation polymers with TOFA and other fatty acids, which provides

an unexpected solubility performance and related viscosity performance in non-polar

environmentally friendly solvent systems such as mineral spirits.

The hardness data presented herein shown that uralkyd-modified versions of

the aforementioned low cost TOFA-esterified phenolic aralkylation polymers typically

produce coatings having Sward Rocker hardness greater than 20. Failure of the 7D3

system to show such high levels of hardness strongly suggests that the phenolic

aralkylation polymers must be formed into higher molecular weight “star” polymer

aggregates prior to grafting onto lower molecular weight alkyd systems. It also has

been demonstrated that the grafting of alkyd resin components to these systems with



Anhydride, and Conposition of the Invention G The met hod of
preparation.was simlar to that of Section B above, except the al cohol yses
were carri edVQB83U5% separate reactors. Conpon@gE/US9I8/04121
Total Reactor Charge (gramns) Li nseed O-IBl(-First G ade)

348.9 (split) Pent aeryt hrit ol )

30.1 Lithium mg%%g@@rdygmmmmm showing very rapid hardness dgvelopmertmsyyveadli asi on
of the Invention . . 2(%7. ?f Pht hal i ¢ Anhydri de

119. 5 extellent soxpich resispanse and impact PSIGHRANCE: | o one-hal f of the

linseed oil (174.5 grans femsGfith®lny S cted
in the presence of gﬁéqo%vﬁél}gon%%er%?g?egg?m%@undﬁ an iﬁgﬁl}gtg%dgp ere
at 245-250[ er r | it hadntaenpiver efent TRF Asystems of thednventioh pioducei withumore

tolerance (i.e. produces a clear solution) at 25[err]C of 1 part sanple to
3 parts net hanetpensive comppwentdt e reactor, one-half of the linseed oil (174.5

grans) is reacted with 207..2 g WAl the invention G for
two hours at abxampledt u%"f?’f’sq%f&&err ?r%ag%,l&{she contents of the .
pent aer yt hri t ol conpalaffifhn’ SFihSYed Fentderythritob Phttmilic dhiydride Opidtiing ditkyd

G cont ai ni ng react inﬂ 2. Pol ycondensat i on The reaction

m xture was cool ed to Tﬁ)err] C and phthalic anhydri de added. The
react or t enper ajpiH-e-Vas—hel-d—at—t86CTor—30 T nutes beforeeatTg—to 24 C.
The reactants ere reactedCampdi@ftr r] C under 3dn i Reactoy&hasgsmdgrams)t h
0- xyl ene sol vept—ant—the—water 0f condensatl on [renoved Dy azeotroprc
distillation. RehsesdOil @issttGrade)nat ed when the |final acid Pfrber was bel ow
15 ng. KOH per fgramm—Tte—Temal nder of the procdss was as descri bed for
Section A AftgPeMaﬁptheimlon of the coating systlem the appPopriate dryel

gagk%g?eswas ad i? _andH§ rmd%s(al\égﬁ(ﬁygggmy& a fli ni shed coaj hg wei ght of
Phthalic Anhydride 17.1
White Spirit Diluent 24.5

"

A two-stage process was used with alcoholysis followed by polycondensation,
using the fusion process technique.

1. Alcoholysis

The linseed oil, pentaerythritol, and lithium hydroxide were heated together
under an inert gas atmosphere at 245-250°C until a sample of the reaction mixture had
a minimum tolerance of 25°C when 1 part sample is added to 3 parts anhydrous
methanol. This tolerance test requires that the material tested, i.e., the
pentaerythritol/linseed oil product, does not form a second phase in the
methanol/sample mixture.

2. Polycondensation

On completion of alcoholysis, the reaction mixture was cooled to 180°C and
phthalic anhydride added. The anhydride was allowed to react with the hydroxyl
moiety of the reaction mixture for 30 minutes at 180°C. The reactants then were
heated to 240°C and held at this temperature, under an inert gas sweep, to remove 0-
xylene and water of condensation by azeotropic distillation. The course of the
esterification was monitored by measurement of acid value and viscosity. The reaction

was quenched by cooling to below 180°C and diluting with mineral spirits, when the



) Al kyd Coating System Conprising Linseed G|, Pentaerythritol, Phthalic
nhydri de, and Conposition of the Invention G The net hod of
reparati on Wo 983089 xanple allows the linseed oil and ConpopdiruSes/dai 5
eact with all the phthalic anhydride prieoB2to addition of the |inseed
i1 /pentaerythritol reaction m xture. 1. Al cohol ysi s
n one react or acif7ahfe wisless thin 10 rpROHg bnditie VA@6sity Qnmssredfat eoemperaturon G
re reacted in the presence ofthe Lithium hydroxide catalyst at 250[err]C
or three hour #£25°Genasemplsdilutedte73 pseEseptig WWF@W‘E&&‘E‘%"B‘FX?H‘X’F&‘F gbay 40-
ool ed to 160[ & l;%and 119.5 grans of phthalic anhydride were added to
he reaction mxture and allowed to react at 160[err]C for 1 hour. In a
econd reactor, 174. 4 sgriesvsf Qf pdnelssesyiprepareddone this prict ad coafidy systih it 90 ans
f pentaeryt hritol in thwresence of lithiumh dI‘OXI de .catal yst for 30-45

inutes until desvent salidsiard ¢ div-epab thicknesnold). > mylsaften addidon of spnsopriate dryen

I Xture prod 0, r#{slq;

eaction m xt utgg&?ﬁ\gﬁgwas d B@“&@S@%%@&% ion g con&ﬁ%{dﬁégsg%égbﬁofon
| xture. the pagbels are pPéHeu&eErdﬂi%&asleaﬂthe end of this exdngplé.cact ants were
eacted at 240[err]C and held at this tenperature under an inert Qas

weep, with reroval of tWQE'&WWM w"mﬂc‘iﬁﬁs‘ﬁé g emoved b

hzeot r opi ¢ di stpdtati-or—Hre—Feact+or—rasrerr-hated e—-al—aci-g
hunber was Qelsior 15 ng. KOH per gram '“yaGmﬂﬁm@mmmﬁ)the process wgs
s described f Sectiom7A t—tire-ctomptetromof—tire—reactton,
he coating sydqt¥iscasitytab857@venti on was 4D-6Qpaice (Garﬁﬂerﬂabes@;t—Zéol i ds
Isi ng m neral pT IS, ATTer agartron ol (ne standarad. daryer package, ja
Leries of panellsAtid¥aldeepared at a dry codtiomeKOBie{maximym) 5 nils. svar d

Rocker Hardnesq dat a t hese panels are nted in the table below.
| ncor por BH'VBEQE e v Pol voer of pi"h‘zg &Mt i on into a Linseed O

W kyd I 1. F@?@ on of the "Star" Pol yner
The fol | ow ng i1 @J’nlt - 86 -
Conponent Note * - “O 131%”0&&6 WcﬂlbpﬁfaﬁY@c&ln@mp{!fdu the cagting sefids. on of

he Invention ‘]B. Alkyd Coating %ygtem Comprising Lmseed 011 Pentaerythritol, Phthalic
Anhydride, and Composition of the Invention G

Composition of the Invention G, the formula for which is set forth above and

reproduced below, was made in accordance with the methods set forth in Example 7.

_§

-
.
> ©
a



Conposition of the Invention JEsterified 66.5 33.2 wth 2.5
TOFA, | sophor onedi i socyanat e 10. 4 5.2
M neral Spi r m®98/30596 PED/US98/04121
DABCO T-12 (pol yurethane catal yst) -83 - 0. 05

The reaction contents of the beaker were thoroughly m xed and was heat ed at
l;78[ err]C for a peri ddtwb-stdgenpnoaesssfor Tiekingl 8@ zgkwdrsoaﬁngasyi&npwasméd Swith ds
i nseed resin of Par s ad edtothe reactij,on. m xture. ction was
allowed to prodke 013’6‘? f‘élﬁ‘;’,\éada B‘?{QF“%‘% Pigthe fusion proceps @C ﬂ‘ée The
reaction then yag %ﬁi‘{%@rﬁ&m%fmerﬁa%w%ﬁ&&ws at roont enper at ur e.

Sanpl es oft he reactl ture were drawn into coating filns and it was

bserved t hat sl ow dryi coatl ng was profduced. tional 2 grans
f isophor oned{_ima_umﬁ}! meftied 1o thppr eact N§ thﬁ{d e SXAS: he
xture was

tﬁﬁ&&f’oﬁgfr&@m@} 78[err]C for an additijgal 90 ninutes.
The resulting ¢ t-ed—t-0—60—percent—solids and an

ppropriate dr r%n@gﬁ,lggggl added. The resujti ng coat i ng3§yst em was coatled
t 3 mls wet ( ot Rocket frat-crress—rest-ts—aHe
resented in tflixmaMxHybﬂimﬂeMonohydrate Thi p coating sys0@m exhibits high
ardness and alfrasT o TESTStANCE: L PrTor At Reduced—Tsopihttat+
ci d/ Li nseed Q |Compos1tlonG COVPEHTA ON

i n Charge VDI qui valrent Conponent (gra )
w { Phth %"&éﬁi E Pentaervihritol 119.5 g5 1

36 34 .53 Li nseed O | 498. 5
72 290 1.71 . Phthalic Anhydride 153
148 74 1. Alqgholysis Toalliter rector fitted with a

ref | ux decanter and 4 L{ i 6.
‘a;ams of pentaeryt hrﬁt‘ﬂ'ﬁsre&ggﬂ éqﬂ‘égﬁm gﬁ?a?%ﬁbmnqrﬁ?}&?%% h%gﬁ&e%ﬁ%ﬁ%ﬁme
re charged. TifdeCAIAAS gis Aospherd ¥ 2482500C 2 Alfoholysisvasuliowed 16 pidceed for
a period of two hours, at which time the pentaerythritol was added to the reaction

mixture. The mixture was heated for an additional one hour or until the reaction
mixture had a minimum tolerance at 25°C of 1 part sample to 3 parts methanol.

2. Polycondensation

On completion of alcoholysis, the reaction mixture was cooled to 180°C and
phthalic anhydride added. The anhydride was allowed to react with the hydroxyl
moiety of the reaction mixture for 30 minutes at 180°C. The reactants then were
heated to 240°C and held at this temperature, under an inert gas sweep, to remove o-
xylene and water of condensation by azeotropic distillation. The course of the
esterification was monitored by measurement of acid value and viscosity. The reaction

was quenched by cooling to 180°C and diluting with mineral spirits, when the acid

value fell below 15 mg KOH/g and a viscosity (measured at a temperature of 25°C on
a sample diluted to 70 percent mineral spirits) of 40-50 poise was obtained.

A series of Q panels was prepared from this coating system of the invention at
70 percent solids after addition of appropriate dryer system (Co/Mn/Zr dryers are
added). Data from the panels are presented in the table.



-87 - at nosphere. After heating for 1 hour at 250[err]C, a
sanple was taken and system was shown to forma clear -
sol ution whewomasossart of the reaction mxture was m xed W thperrysesioarzt
three parts nethanol . - 84Then, 153 grans of phthalic
anhydride was charged to a reaction m xture, with t he
reaction tenpeCat ur dlkysl €oating Systefro CopprisingulisseedTREN Pentrerysiyritol nPivhstic
heat ed Anhydide) pred CbRiposition ofithel laméreiond® i nert gas with
azeotropic distillation of o-xylene and the wat er of
condensati on. The method of preparatithiveds sERiPitH Ihdt OF SEAHE Sbode %%é&g A
nunmber of 2.9 was observed and the reaction was stopped.

M neral spirit slcohalPsegmeare Farviad ontlihesdparatetieactorsact i on mi xt ure

together with 25.5 gns of isophoronediisocyanate and 0.2 gns of dibutyl tin
di l aurate (pol yuret hane catal yst). The reaction was all owed
to proceed fory90o—mmnures_at /7g[err]C Sanptes—of—the
reaction m xtufe were tr&ampongth an appr dpri ZotaldRepstonGharge {grams)

drawn into a cpafin 1 1s t on steel|l plates. ROGKEr nar dnegs
idata are inseed Bhéﬁggélﬂﬁééem the taflle. %-8(39%86 Al kyd

‘Coati ng System gg LS Pentaerythritol, jLinseed G I, osition
of the | nventit %ﬂy@ &;:1 Defici ency. of Plthalic Anh\r/drﬁﬂp

The objective pfhihSHeSRMeMYRShydater odude a hydr oxy-tﬂziri nat ed phenolic
v e Ll H . -
J LBLI 2 B SuE N RN M } r

aral kyl ation pg —hsee ydl
Conponent Composition of the InventisaaGt or Chlar ge (grans) 207.2

Li nseed O | - 3496
Conposi ti on of | Phthalieshydride G 207.2 1195
Pentaerythrito 301

Pht hal i ¢ Anhydri de 101.0

Li t hi um Hydr oxi de MinohydAlebkolyses 0.2 [err]

Pr ocedure: A one-liter reactor was charged with 49.0
grams of |inseed oi InAne lgq;ﬂp,zoqu-hﬂgofthe linseed oil (174.§eranniand 10. bigrans of so,

0.2 grans of |i E&“B | Ragatal) . S a
catal yst. The rprgg% ' on¥6rin' X ug)gr was E%tg% gigg?ﬁgg%gﬁ%&?ﬂé{wdf%de 8"?‘83‘5{}’}‘@9\/
the ester an inert atmosgherd ath @45+2508Ci il hesangste dfftfie IrbAtfio dnRidre 32d a
conposition G Then, 30.1 grans o entaerythritol was added

f
and the reacti W@q%&-%,@rM%%elwwlwﬁr}m&p ° Confzll part sample to 3 parts 90
mnutes at 250Lgnbliy T8 shHRfbad B BntRie 6PRleAhsb SPHATY Lndl'E 04:d

grans of

with 207.2 grams of composition of the invention G for two hours at a temperature of
245-250°C. Then, the contents of the pentaerythritol-containing reactor are
transferred to the composition G-containing reactor.

2. Polycondensation

The reaction mixture was cooled to 180°C and phthalic anhydride added. The
reactor temperature was held at 180°C for 30 minutes before heating to 240°C. The
reactants were reacted at 240°C under an inert gas sweep, with o-xylene solvent and
the water of condensation removed by azeotropic distillation. Reaction was terminated

when the final acid number was below 15 mg. KOH per gram. The remainder of the

process was as described for Section A. After completion of the coating system, the

appropriate dryer package was added and samples were drawn at a finished coating

weight of 0.5 mils.



-88 - phthalic anhydride were added to the reaction m xture along with 100
granms of o- xylene. The reaction was allowed to proceed at 150[err]C for 30
m ndtes foll 3099 eheating to 250[err£§ for eight hours to BCTEISHS/O4121
condensati on of the polyester. At the en (S)f' that tinme, the final acid
nunber was 7. The regaction m xjure S Str.ipped of e,remainin - Xyl ene
and 150 gr ams Dbf m‘ﬂg)"i\l Q3ung; %%‘t%_ _%B%ﬂ'.‘g %H@?F‘é (é{f’i gﬁmﬁ?r%{]’ﬁ\’& h‘é‘?ﬂllﬁ/as
heated and filter edAnlydedeand @Unnﬁsﬁmpﬁthﬂ‘!‘@ﬂ“%‘&s porous pl ugged funnel

and a sanple was treated with appropriate dryer and drawn down on a steel
test panel for physTieaimethod Wit preparationraf s lesampler alimgs thtatiaseed eoil and

presented in the tap] e bel ow. H. Coat.i stem Conpri si.n nposi tion
of the | nvent iGmRgsition Gstosgagiwith gl the Pﬁthaﬂg a%%ipﬁogg%ﬁ%?g# the lingeed

Anhydri de . &dck is exanple was to produce a
hydr oxy-term noél(%%'t%gﬁg‘gtsql?l onM%m#tr"\‘g%ed oi | -based al kyd suitable for
inishing with a m hi mal Algoholysisy of a diisocyanate, such as

sophor onedi i socyanat e. : . . REACTOR . CHARGE
Conponent In one reactor, 174.5 ggams of linsged @léarecb?%’(rg)gramq_%? Geipposition G
198. 5 Conposi tion of:. I t . : . I C
Anhydri de wire Phchd i th% pr&\éﬁ& Jf Ok lifhium hydromdegg?a&(st atl_zlst%)ﬁ I%Uf‘néqr Hk}—%]%é}ﬁge

Monohydrate At the end of this period, the reaction éhistture wafcosied ts £60°C and 119. H\gfants t er
reactor was charged with 198.5 grans of |inseed oil and 242 grans of

Conposi ti on G ofnphthaliz. anhydride were pdded tmiheyreactionumixureoandiallowedaiodredctat a
tal yst. orT, h d 250] ers] C hel d f er i od

o1 5 hour s undlfO°G15F ) PR sFRRE PR A B kel MR o-teacted B

to 160[err] C aﬁﬂlﬁgﬁ%sggéma&hm%lmﬁ{e ﬁe@aeyafnmmy&oﬁﬂé%&a}yﬁ %r?BQS

t enper at ure bei ng 30°m nutes before heating to 250[e or five
fhours under o- mjtutescuntdfd 3. vallme gatit @f yhetbanol tolacsamplel of ¢herfeactioromixtase 18.

JAn aliquot was treated with an angunt of isqophorones diisocyanate
equi val ent to PYRSUREH HelearsolypR, %ﬁ&%ﬁ@‘%ﬁ?ﬂtﬁw‘& Wé&tf‘gﬂ%‘élt‘frﬁﬁmn Vien

was di luted t 0,dRdi8heCompabitidi GlbdrtaiingeadtionRhixhirs, and filtered while
hot. A sanple - 89 -

2. Polycondensation

The reactants were reacted at 240°C and held at this temperature under an inert
gas sweep, with removal of the water of condensation and o-xylene removed by
azeotropic distillation. The reaction was terminated when the final acid number was
below 15 mg. KOH per gram. The remainder of the process was as described for
Section A.

At the completion of the reaction, the coating system of the invention was
diluted to 70 percent solids using mineral spirits. After addition of the standard dryer
package, a series of panels was prepared at a dry coating thickness of 0.5 mils. Sward
Rocker Hardness data for these panels are presented in the table below.

E. Incorporation of a “Star” Polymer of the Invention into a Linseed Oil Alkyd

Polymer

1. Preparation of the “Star” Polymer
The following were charged into a 400 ml beaker:
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Dei;i’s,art A was added to the reaction mixture. Reaction was allowed to proceed for an

additional 90 mmutes at 78°C. The reactxon then was allowed to stand for 24 hours

at room temperature. Samples of the reaction mixture were drawn into coating films

and it was observed that a slow-drying coating was produced. An additional 2 grams

of isophoronediisocyanate were added to the reaction mixture, and the mixture was

allowed to react at 78°C for an additional 90 minutes. The resulting coating system

was then diluted to 60 percent solids and an appropriate dryer package added. The

resulting coating system was coated at 3 mils wet onto steel test panels. Sward Rocker

hardness results are presented in the table below.

This coating system exhibits high hardness and abrasion resistance.

F. Prior Art Reduced Isophthalic Acid/Linseed Oil
COMPOSITION
Wt. in Charge | Molecular | Equivalent
Component (grams) Wt. Wt Equivalence
Pentaerythritol 86.1 136 34 2.53
Linseed Oil 498.5 872 290 1.71
Phthalic Anhydride 153 148 74 2.06

To a 1 liter rector fitted with a reflux decanter and a nitrogen sparge, 498 gms

of linseed oil, 86.1 grams of pentaerythritol, and 0.1 gms of lithium hydroxide

monohydrate were charged. The composition was heated to 250°C under a nitrogen
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After cooking for 4 hours, a carboxyl number of 2.9 was observed and the
reaction was stopped. Mineral spirits (150 grams) was added to the reaction mixture
together with 25.5 gms of isophoronediisocyanate and 0.2 gms of dibutyl tin dilaurate
(polyurethane catalyst). The reaction was allowed to proceed for 90 minutes at 78°C.
Samples of the reaction mixture were treated with an appropriate dryer package and
drawn into a coating at 3 mils wet on steel plates. Sward Rocker hardness data are
presented in the table.

G. Alkyd Coating System Comprising Pentaerythritol, Linseed Oil, Composition
of the Invention G, and a Deficiency of Phthalic Anhydride

The objective of this example was to produce a hydroxy-terminated phenolic
aralkylation polymer/linseed oil-based/pentaerythritol alkyd.

Component Reactor Charge (grams)
Linseed Oil 349.0
Composition of the Invention G 207.2
Pentaerythrito! _ | 30.1
Phthalic Anhydride 101.0
Lithium Hydroxide Monohydrate 0.2

Procedure:

A one-liter reactor was chafged with 49.0 grams of linseed oil and 207.2 grams
of Composition G. Also, 0.2 grams of lithium hydroxide monohydrate was charged
as a catalyst. The reaction mixture was heated for 3 hours at 250°C to allow the ester
exchange reaction between the linseed oil and composition G. Then, 30.1 grams of
pentaerythritol was added and the reaction was allowed to proceed for an additional

90 minutes at 250°C. The reactor then was cooled to 160°C and 104.0 grams of
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and Oontr ol ¢ ptehiitSto 588 eight hours ROl GorERt TR &nﬂpmggi&éﬁg@&%ﬁed

5- Functi onal ymer A co

{avai | abl e phewnfithat timéthe finalf ackhmwnberongsds i Thereavtion mibktoreywas stppéd 6F the

et hyl ene carbonate in the presence of pQtassiym %drgxi de catalyst to form
lal koxyl at ed pFeBRIBING Pricviee and) hiterams of minrzalrspirity ek gddeda chhegigaction mixture

1A - :

{phenol i c hydr &eﬁ war’r%llléeaf é%“dmﬁ/ekreéeda?ﬁ% %1%% ,crgfgﬂx(flg{ﬂeél %&ﬂ)eoééusgélu% 115.mne1
janal ysi s. and 2lsemple o Yieated tvithappoipriateximy@aaidtdravin idoen onassted ivast iphheatd
fwith TOFA in guantity sufficient_to esterify about 3 of the 4 aliphatic
Thydroxyl noi etferrhysigaleyplnations Sevard Rogkes hariness datisare presspied in the table below.

H. Coating System Comprising Composition of the Invention G, Linseed Oil, and
a Deficiency of Phthalic Anhydride

The objective of this example was to produce a hydroxy-terminated
' Composition G linseed oil-based alkyd suitable for finishing with a minimal quantity

of a diisocyanate, such as isophoronediisocyanate.

REACTOR CHARGE '
Component Reactor Charge (grams)
Linseed Oil 198.5
Composition of the Invention G | 242.6
Phthalic Anhydride 59.0
Lithium Hydroxide Monohydrate 0.1

Procedure:

A 1-liter reactor was charged with 198.5 grams of linseed oil and 242 grams
of Composition G, with 0.1 grams of lithium hydroxide monohydrate added as a
catalyst.

The reactor was heated to 250°C and held for a period of 5 hours under o-
xylene reflux. At that point, the reactor was cooled to 160°C and 59.0 grams of
phthalic anhydride were added with the temperature being held for 30 minﬁtes before
heating to 250°C for five hours under o-xylene reflux. The carboxyl equivalent
determination was 18. An aliquot was treated with an amount of isophorone-
diisocyanate equivalent to the phthalic anhydride deficiency. The treated aliquot then

was diluted to 75 percent solids with mineral spirits and filtered while hot. A sample



HO HO HO [err] - 93-

-93 Two coating systens were nmade. |In one, the
esterlfled pY’S’o"&@PSS‘Sf t he exanpl e gg. Was used as an aBGTSIRI043L o
oi | al kyd fornul ati on. In t he second system an anmount of the
commerci al phenolic o e Q r uct was
added to an o3& %xgtfar%ﬂtye%éz}ggﬁgg aﬁﬁgse@tefe é{gequa Mro¥tofof a
gsl tzr/ Ca steel panels. @vyﬁﬂ Klfbkbﬁﬁﬁrd&ﬁ& dfedrd ﬁl’e@@ﬁ&i in the table below.

stem
Esterified Prdduct,CaptingsSystem Compnsmg Composition of the Invention J and Broduct of
Commer ci al Phenol i @arpDyofithis Example 21. 4 Ol Akyd *
134. 2 134. 2 M neral Spirit
40 40l‘héc Product of Part D'%fttﬁi@c&xample (72 grams) and Composxtxon of the
5 Properties Br ookf i

Vi scosity, CpsInventlon J (25 grams) were atkigd to a 400 ml beak@0@nd heated to ensure

ﬁg![ g;. Nurmber dissolution. Mineral spirits (25 grams) then ig%’d%ied together with 33 'gl:‘Lams of

isophoronediisocyanate and 2 drops of dibutyl tin dilaurate. The reaction mixture then

is heated for 120 minutes at 78°C in a constant temperature oven. At the end of the
period, & quantity of mineral spirits sufficient to reduce the solids concentration of the
resultant coating resin to 50 wt percent. A dryer package is added.
Coatings were prepared on steel Q panels in accordance with standard
preparation procedures.
_ The following mixtures of Compositions and products exemplified in this
example also were prepared, with coatings prepared on steel Q panels in accordance

with standard preparation procedures:

Identifier | Composition, wt percent

8) Star Polymer of Example 8E _

8K 33 Product of Example 87, 67 Product of Example 8A

8L 50 Product of Example 8J, 50 Product of Example 8D

sM 70 Product of Example 8A, 30 Composition of the Invention G

Hardness data for the compositions of this Example are set forth in the
following table:
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Base The Prior Art Product of Part 8A

Invention Coating systems with selected portions of Composition of the

Invention G replacing pentaerythritol of the Base system
System | 3Day | 7Day | 20 Gloss | 60 Gloss | 85 Gloss Back side
Sward { Sward Impact (in-1b)

Control 6 6 7.6 312 59.5 72
Base 2 3 88.2 89.5 76 132
25% 9 13 110.5 107.7 95.2 128
S0% 7 11 106.4 108.2 91.6 <4
75 % 10 16 103.5 105 94.7 <4
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which is delimted only by the scope of the clains. CLAI M5

1. + An ester conprising the reaction product of a fatty acid with an

al i phati c hway xspboenoi ety of an al koxyl ated phenolic aral kyl apc@RisBRbMIE"
conprising the al koxylation reaction pr@tuct of (1) an al koxyl ating agent
selected fromthe group consisting of al kyl ene oxi des, al kyl ene

car bonat es, @i eqbesebr] dof thi Eptencliv Hydnaty moietigls yeere alkoxgilatedn as detegphipedr ol
carbonate (neth)acrylate, glycidyl (neth)acrylate, |actones, and bl ends

t her eof wit hby apl¥8il i ¢ aral kyl ation pol yner conprising the reaction
product of a phengli c_pRN Lng Sast 688 Wit TeRSA G4 ons;
a styrene deri vaﬁ@e?ngﬁgﬁaﬂg%‘}@n(é&g%%nt. tﬁévaJaE%“s‘tze'hﬁé(f ‘Mﬁe es‘,%téllrl of
clai m 1 wher gightith@uffitfeny t@eiterifysabdat 8odfatie 4 aliphatie hydmxyl moisties 36 iftrgn of
TOFA, (meth)acrylic acid, and blends thereof; the phenolic nmononer having
at |east twoestenfied praductyas folawsi ons is sel ected fromthe group consisting
of phenolic nononers containi ng nononucl ear phenolic substituents,

. pol yhydroxy nononucl ear and pol ynucl ear phenolic nmononers, polynucl ear

i phenolic nmononers, and blends thereof; the styrene derivative is selected

{ fromthe group consisting of sH@rene, [BPr]-nethy rene,
p-t-butyl styrene, methylstyrene, Y-ethyl styyene, p-viyyltoluene, m xed
o)

vi nyl t ol uenes, m xed t-butyl styrenes, m xed fethyl styrepes, m xed
{ t-butylstyrenes with og o 0

[egegoaels



di -t-butyl styrenes, or m xtures thereof; and the coupling agent is selected

fromthe group .consisting of aryl diolefins, formaldehyde, and bl ends

theteof.! WO 98/305963 A chai n-ext enged pol yol conpri si ngPGTES98/04121

al koxyl ati on product of (1) a non-esterified hydroxyl noiety of the ester

of claiml1l with (2) a quantity of an alkylene . oxide sufficient to provide

a plurality of a : e | ty.
lurality of al k%&'wg?%?yﬁ%ﬁ“éﬂeé“smﬁ‘é‘? 8 g Shteified produs 67 1 pamiple

- 97 - adfitivB 3% An BN ARAE RS f6n C e seborll dysRnd, A%k

product of (1"3”'gm?daatwta)}l acid wwth (2) a chain-extended ali pyﬁfaétic hy r(%(yl

nmoi ety of thefythe womnedrcial phemolic polymer equalto the amoush of pstesifieshpradupiotvgol

i si th koxyl ati on .pradyct, of . hyd | i et f i
aral ky! at  on agdr et csbrmpmresdragen e s oot b8 St St b oG omer
having at le e%ﬁééiz af §&atih WacHOsSi tions; a styrene derivative; and a

coupl i ng agent;

a quantity of an alkylene oxide sufficient to
provide a pllurality of al koxylation noietieq per ngn-estelified,hydrojyl
noi ety. 6. § er conprising the reactionl produft of
fatty acid wiit I Q- ded pol yol of}] cl aim5.

The ester of W—L&t—t—y—aci g—Hs—seleet-ed—+ Jmth%gg-r_ou.p_
consi sting of| d&kMerdidEihnelid PolymeR Gréims and bl ends2tlaer eof | the phenol ifc
nononer  havi free—reactTvepoysttTons—Ts—sefected—frorrHhe
group consi st} Ot Adkyd * 134.2 134.2
Mineral Spirit 40 40
Butanol 5 S
Properties
Brookfield Viscosity, cps 4800 2200
Color Number** 28.1 3.1
Notes:

* McWorther Medium Oil Alkyd 5811
*x From the L*a*b color coordinate measurements, converted to a percentage
scale using non-coated panels as a standard
An increase in color number indicates increasing color, with 100 being fully
saturated yellow color and O being colorless. The color measurements were made
using a Milton Roy ColorMate®/45 Color Analyzer. Measurements were made after
300 hours exposure of a coated steel Q panel in a Q-U-V® Accelerated Weathering
Tester. Both the color number and the viscosity of the coating made from the coating

system comprising a product of the invention are superior to those of the prior art.

It has been discovered that coating compositions of the invention exhibit
properties superior to those of the prior art. For example, the prior art alkyd system
of Example 8A, which was prepared from conventional alkyd starting materials using
standard alkyd procedures, produced a coating system which has a high degree of
scratch-resistance and toughness, but does not demonstrate a high Sward hardness.

This failure to develop Sward hardness performance is somewhat due to the low initial
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phenol i c
nmononers, aryg ofd@egls t hereof, the styrene derivative is sel epicgeudog@iaai he
group consisting of styrene, [err]-netiBdstyrene, p-t-butylstyrene,

m et hyl styrene, p-ethylstyrene, p-vinyltoluene, mxed vinyltoluenes, m xed
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nononucl ear and pol ynucl ear phenol i c nonomers, polynucl ear
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styrene, [er
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selected fro
bl ends there

r]-methyl styrene, p-t-butylstyrene, methyl styrene .
ne, Itfhasialspibeen diseavered thati pmdqipmgcm@mgwthiamd deficiency

plimed vvishrog b APl s by i AR M gree
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diisocyanate. It is clear that isocyanate finishing of alkyds is an excellent way to
achieve better coating performance. In addition, systems which are produced at an
excess of hydroxy component exhibit lower final carboxyl numbers. A lower carboxyl
number in the coating sample appears to be beneficial.

The inventors have discovered that 4-functional phenolic aralkylation polymers
are readily ester-exchangeable with an oil, such as linseed oil, to produce fatty acid
sub'séimted, i.e., esterified, phenolic aralkylation polymers suitable for incorporation
into alkyd and uralkyd coating systems. The secondary hydroxyls on the phenolic
aralkylation polymers do require a longer period for transesterification. Incorporation
of esterified phenolic aralkylation polymers into alkyd resins in addition to or in lieu of
the conventional polyols such as pentaerythritol provide a high degree of aromaticity
and hydrophobicity of these systems.

In particular, the inventors have discovered that 4-functional phenolic
aralkylation polymers require no changes to methods of incorporation of known
polyols. Thus, following the normal alkyd resin synthesis procedures leads to polymers
having improved barrier performance and capable of achieving low carboxyl numbers,
thus suggesting that the polymers of the invention have higher molecular weights.

It also has been discovered that ester exchange with isopropoxylated phenolic
aralkylation polymer is slower than that observed with normal primary alcohols such
as glycerol or pentaerythritol. However, when sufficient time is allowed for the ester

exchange reaction, good results are obtained. In reactions where both pentaerythritol

and a phenolic aratkylation polymer having 4 hydroxy functionalities are being reacted



10. An ester conprising the transesterification product of a glyceride
oi | with an aliphatic hydroxyl noiety of an al koxyl ated phenolic
arakkyl at i orVPIBI06 conprising the aldgoxyl ation reaction pPEAH98/B412{1)
‘an al koxyl ati ng agent selected from t he group consisting of al kyl ene

:oxi des, al kyl ene carb i - oxides, gy : M) cer.ol
.carbonate, g |t5’8§-\8g‘| an, gg%%) %Z%}éaq‘gget ﬂ?)é(&:lr §? as'EJ gh 933 Iqil%slegc)?/ IEHII’ # ?h@%ﬁ giéér{y? alg e,
Tactones, and,gibafagsods @ frefrexdtidll dfthe dingdednsil withahaloiyprivri torreROIONEH the
‘conprising the reaction product of a phenolic nmpnoner having at |east two
free r eactprinearp peliyol Giis pracesiuge premotrsianequal distribiiipncbetwesn thagrugqolyol

11, The ester of claim 10 wherein the glyceride oil is reactive oil; the
‘phenol i ¢ nondiAMPMEMEng at | east two free reactive positions is sel ected

fromthe group qpa;ﬁieaﬁsitﬂa 1RE 142565 Vehhit TR RERI of SWAIR GUkeE haRReRUBh R
iphenol i c substituents, pol yhydroxy nononucl ear and pol ynucl ear phenolic

‘mononer s, pol gbtaiedby introduntion of uralkydrdsep-ins sugh@s theshesduchef Bxsmple B8 Thisr ene
derivati [ | d f th I.Sti f sty .
e e e S SO B eor SROELEN PR e s o

p-vinyl tol uen&e%a}),(e Ve ?ﬂ 15 ?{rlrrkﬁﬁﬁ%e SWar@dRlocket! HhfdnesSneR. a;b‘ﬁeagdg?at the

et hyl styrenes, styrenes with di-t-butyl styrenes,

m xt ures t her paformance dfthiscsysteln, inteams of toughnesssasidahurahilify; srgredtly igcreaged
consi sting of aryl, diolefjins, for de e, d,hl ends .t her eof 99 -
Lo A ehal b cAmbinaRH ) DAICTSGHER £ thecbah AR AdcSe MR O A RAmIBA )
ggnégsgffk'ylf | CRNRER 0w o b Fhe “Bofth2fype of LamBLBtish dbpes? 16 phdahld 1Y
significant Sward Rocker hardness increases in the base linseed alkyd. It appears that

the level of hardness development for the drop-in type systems, which are grafted with

a small quantity of an isocyanate, is better than the systems which are produced by
incorporation of the phenolic aralkylation polymer into the alkyd and uralkyd
backbones.. Tt appears that both grafling in as well as reaction in as a polyol
component appear to be good ways to incorporate compositions of the invention to
achieve increased hardness and other performance benefits.

The specification and the Examples describe, but do not limit, the invention,
which is delimited only by the scope of the claims.




oxi de sufficient to I Ilpgt y of al koxyl ati on noi eties per
non- esteri fi ed hydrglﬂmmlﬂlmuﬂlmm 13. A chai n-ext ended ester
conpri si ng tWe98/8e886i on product of (1) a fatty acid with (2) mTUS98/04121
‘chai n- ext ended al i phatic hydroxyl noiety98f the polyol of claim 12.

i14. A diol ether polyol conprising the reaction product of glycerol

jcar bonate w tﬂ«mmh;nol I ¢ hydroxyl noiety of a phenolic aral kyl ati on
‘pol yner, the ~phenolic aral kyl ati on pol ymer conprising the reaction product

of a phenolic nononer hayi r Y ifi -
styrene derivati ve;ri"sand %%%Sf%%éﬁgééﬁﬁw rbdcfibn &a%‘lft & Q%ﬁ*"a@%f‘%’tﬂg an
conprising the, reaction product .of an acyvl ate .sel ect fromthe group
consi sting of aliphatchydrogl maistx of ap ﬁ@?ﬁ;ﬁ%ﬁ%ﬁ?‘é‘m @?@?ﬁgﬂl Peﬁ%%%fa Bee,
(meth)acrylic acid, and blends thereof; with a phenolic hydroxyl noiety of
a phenolic atheldkoxslatiomrepetioppeoduct hE(Praaradkaxylaging|agpntselested foom tee group
conprising the reaction product of a phenolic nononmer having at |east two

free reactivecpagitidgosBalklesd ¥xides aligldneadarbitatesadibng oxides) diege aardohates,
16. An ester conprising the reaction product of a |lactone with a phenolc

hyr dr oxyl noi nai,l ' ?hcﬁﬂ ; |.C
a?/a! kyrgt i onI M%ﬁbdg‘%%pg ge?%lg ogiX éfgg%?l 0 %?5,%0&1);1 g’?‘ eg‘ p %{& }agtorﬂr?ﬁorrer
Coupl ng. agenind Wends Hefeof mit (1) a-p ol =R R RRcCTRERATE fetedinan of

a difunctional epoxide selected fromthe group consisting of diglycidyl
derivatives ofprodusplofaphenvliemionomasrhavingat alfree veactive posithense a styrene
al i phati c di epoxi des based on the action of peracetic acid '

derivative; and a coupling agent.

2. The ester of claim 1 wherein the fatty acid is selected from the group
consisting of TOFA, (meth)acrylic acid, and blends thereof; the phenolic monomer
having at least two free reactive positions is selected from the group consisting of
p};t;nolic monomers containing mononuclear phenolic substituents, polyhydroxy
mononuclear and polynuclear phenolic monomers, polynuclear phenolic monomers, and
blends thereof, the styrene derivative is selected from the group consisting of styrene,

o-methylstyrene, p-t-butylstyrene, m-ethylstyrene, p-ethylstyrene, p-vinyltoluene, mixed

vinyltoluenes, mixed t-butylstyrenes, mixed ethylstyrenes, mixed t-butylstyrenes with
di—t-butylstyfenes; or mixtures thereof, and the coupling agent is selected from the
group consisting of aryl diolefins, formaldehyde, and blends thereof.

3. A chain-extended polyol comprising the alkoxylation product of (1) a
non-esterified hydroxyl moiety of the ester of claim 1 with (2) a quantity of an alkylene
oxide sufficient to provide a plurality of alkoxylation moieties per non-esterified

hydroxyl moiety.



on cycl odi ol efins, esjt Hmm I di ol efins, diglycidyl ethers of

di ol s and of §t g,g#sgﬁ Hm“ ‘ H“mulﬁl s formed by al koxyl ation of diols,
and bl ends tHePESP®with @ HydrMoxyl foi ety of a pol yner sel ReV/EE98/04424
he group consisting of a phenolic aral kylati on pol yner having

a
hydroxyl functionalyity OfAM-ﬁﬁﬁd%’“&pﬁmm the r@iﬁbk%h’@ddc@ﬂfggla?’fggt t

conprising the reaction pro f a phenolic nononer "havi ng

two free reactiye.posi{tions, tyren erivativye nd oppling agent;
a phenolic poF‘ﬁ}i\‘ré"FR‘f@bP‘ﬁ mﬁ'eﬁ%&p?ﬂ(%‘}ﬁa&sﬁ% %WS*#X 9ft§Fpgﬁ’q?8g@?’I‘?,g' t he
phenol i c pol ymer conprising the reaction product of a henol i ¢ nononer
having at |east twd.free A@MW@Q@X%WM%&§WWR%P¥WM of(1) a

and bl ends t hereof. 18. An acryl am de conprising the reaction

product of anhpdroxyl aibiety of a phisablicaralitylationpolymeg comprisiag shesteaatioroproguytcordy |
(et h)acryl am de, gl ycidyl (et h)acryl am de carbonate, and bl ends

thereof, with @hgwcqm?,ﬁai t?a%g% 1&sPRES ﬁlﬁé Qeacﬁvébﬁéiﬁé‘ﬁﬁ;gisgy?eﬂé)é%ﬂ(ﬁgive;t he

phenol i ¢ aral I on polymer conprising the reaction produ

phencl € ool S e, S M SRS R Bn VRS, 1
wherein the phenolic aral kf;tl;igrun%?etx%s?l é/rrern.gsz%g_ a hy(ilr o>§yl functionality
of bet ween abglurality of alkogy pepmp rified hygleekyl s10idtyai m 1, wherein
the ester has a hydroxyl functionality of

6. An ester comprising the reaction product of a fatty acid with the
chain-extended polyol of claim 5.

7. The ester of claim 6 wherein the fatty acid is selected from the group
consisting of TOFA, (meth)acrylic acid, and blends theréof; the phenolic monomer
having at least two free reactive positions is selected from the group consisting of
phenolic monomers containing mononuclear phenolic substituents, polyhydroxy
mononuclear and polynuclear phenolic monomers, polynuclear phenolic monomers, and
blends thereof; the styrene derivative is selected from the group consisting of styrene,
a-methylstyrene, p-t-butylstyrene, m-ethylstyrene, p-ethylstyrene, p-vinyltoluene, mixed
vinyltoluenes, mixed t-butylstyrenes, mixed ethylstyrenes, mixed t-butylstyrenes with
di-t-butylstyrenes, or mixtures thereof, and the coupling agent is selected from the
group consisting of aryl diolefins, formaldehyde, and blends thereof.

8. An ester comprising the trans-esterification product of a glyceride oil
with the chain-extended polyol of claim 5.

9. The ester of claim 8 wherein the glyceride oil is reactive oil; the

phenolic monomer having at least two free reactive positions is selected from the group

consisting of phenolic monomers containing mononuclear phenolic substituents,
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position a to a phenolic ether on an al koxyl ated phenolic aral kyl ation
pol yner . 10. An ester comprising the transesterification product of a glyceride oil

with an aliphatic hydroxyl moiety of an alkoxylated phenolic aralkylation polymer
comprising the alkoxylation reaction product of (1) an alkoxylating agent selected from
the group consisting of alkylene oxides, alkylene carbonates, diene oxides, diene
carbonates, glycerol carbonate, glycerol carbonate (meth)acrylate, glycidyl
(meth)acrylate, lactones, and blends thereof with (2) a phenolic aralkylation polymer
cofﬁprising the reaction product of a phenolic monomer having at least two free
reactive positions; a styrene derivative; and a coupling agent.

11. The ester of claim 10 wherein the glyceride oil is reactive oil; the
phenolic monomer having at least two free reactive positions is selected from the group

consisting of phenolic monomers containing mononuclear phenclic substituents,

polyhydroxy mononuclear and polynuclear phenolic monomers, polynuclear phenolic
monomers, and blends thereof, the styrene derivative is selected from the group
consisting of styrene, a-methylstyrene, p-t-butylstyrene, m-ethylstyrene, p-ethylstyrene,
p-vinyltoluene, mixed vinyltoluenes, mixed t-butylstyrenes, mixed ethylstyrenes, mixed
t-butylstyrenes with di-t-butylstyrenes, or mixtures thereof; and the coupling agent is

selected from the group consisting of aryl diolefins, formaldehyde, and biends thereof.
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t he group consi sting of

acid with (2) a chain-extended aliphatic hydroxyl moiety of the polyol of claim 12.

14, A diol ether polyol comprising the reaction product of glycerol
carbonate with a phenolic hydroxyl moiety of a phenolic aralkylation polymer, the
phenolic aralkylation polymer comprising the reaction product of a phenolic monomer
having at least two free reactive positions; a styrene derivative; and a coupling agent.

15. An acrylate comprising the reaction product of an acrylate selected
from the group consisting of glycerol carbonate (meth)acrylate, glycidyl (meth)acrylate,
(meth)acrylic acid, and blends thereof, with a phenolic hydroxyl moiety of a phenolic
aralkylation polymer, the phenolic aralkylation polymer comprising the reaction product
of a phenolic monomer having at least two free reactive positions; a styrene derivative;
and a coupling agent.

16. An ester comprising the reaction product of a lactone with a phenoclic
hydroxyl moiety of a phenolic aralkylation polymer, the phenolic aralkylation polymer
comprising the reaction product of a phenolic monomer having at least two free
reactive positions; a styrene derivative; and a coupling agent.

17. An epoxy comprising the reaction product of a difunctional epoxic'ie
selected from the group consisting of diglycidyl derivatives of bisphenol A and chain-
extended derivatives thereof] aliphatic diepoxides based on the action of peracetic acid

on cyclodiolefins, ester-linked cyclic diolefins, diglycidyl ethers of diols and of other .




ﬁd bl ends theereof \Mlml!‘clrmlﬁi“,u"mu I!!lach Rlerr] is separatel ge;;} ected from

hydr ogen anWO9/3p8J6A ester, with at | eaih one R err] being t hecewsessiznd
each R err[ is separately selected il Pn‘t-butyl and p-hydroxycunyl; and

bl ends thereof. 28. . N ext ed- chai n. phenol i ¢ aral kyl ati on
-pol ymer conprdicls fagmed by alk‘”FyS%ﬂﬂ"i ﬁﬂﬁ,&dﬁgﬁﬂﬂf ggerﬁ%i&ﬂ&‘e%(lﬂyéjﬁ‘a’fyﬁg’(’é ¥Qfa

sel ected fromthe group consisting of ~_ dicarboxylic acids, polycarboxylic
aci ds, di car pokyyier selestaddfromtheigroyp sonsistingniia pi&@péc arall@%mamogme,r having

di i socyanates, polyisocyanates, and blends thereof, with a non-esterified

hydr oxyl noi & hydfixylfindtivhslity 6fdt deast2l the phendiie agalkyiptioropslymer cgmprisingdheest er
of claim1, the ester of claim4, the ester of claim6, the ester of

‘claim8, the gsi ' ; B lofds BBlstd ifibnd
cI aim 16, the es?éﬁ%@%%ﬁ@gyé ?ﬁgoggfgéﬁg% cleaitm Yﬁ,]e%arﬁ£ e‘f:%%lgé%‘g a
‘thereof styrene derivative, and a coupling agent; a phenolic polymer having a hydroxyl
functionality of at least 2, the phenolic polymer comprising the reaction product of a
phenolic monomer having at least two free reactive positions and a styrene derivative,

and blends thereof.

18. An acrylamide comprising the reaction product of an acrylamide
selected from the group consisting of glycidyl (meth)acrylamide, glycidyl
(meth)acrylamide carbonate, and blends thereof, with a hydroxyl moiety of a phenolic
aralkylation polymer, tﬁe phenolic aralkylation polymer comprising the reaction product
ofa phenolic rhonomer having at least two free reactive positions; a styrene derivative;
and a coupling agent.

19. “The ester of claim 1 wherein the phenolic aralkylation polymer has a
hydroxyl functionality of between about 4 and 10.

20. The ester of claim 1, wherein the ester has a hydroxyl functionality of
less than about 2.

21. An alkoxylated phenolic aralkylation polymer polyol having a
substituent having both hydroxyl and vinyl moieties pendant therefrom, said alkoxylated
phenolic aralkylation polymer comprising the alkosylation product of (1) an oxirane-
or carbonate ring-containing diene selected from the group consisting of diene oxide,

diene carbonate, and blends thereof with (2) a phenolic hydroxyl moiety of a phenolic
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sel ected fromthe group consisting of the polyol of claim3, the polyol

of claim5, thg polyol of claim12, the pol yol of claim 14, the polyol of
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the acrylate of clajm 15. at em conpr.i Si the
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; diene carbonate to a methylene group in a position & to a phenolic ether on the

alkoxylated phenolic aralkylation polymer.

24. An alkylene carbonate comprising the product of free radical

polymerization of a diene carbonate to a methylene group in a position « to a phenolic
ether on an alkoxylated phenolic aralkylation polymer.

25, A method for catalytically alkoxylating a composition having at least
one hydroxyl moiety with an alkoxylating agent to form a product comprising an
alkoxylation chain having at least one hydroxyl moiety pendant therefrom, said method
comprising reacting an alkoxylating agent selected from the group consisting of
alkylene oxides, alkylene carbonates, diene oxides, diene carbonates, glycercl
carbonate, glycerol carbonate acrylate, glycidyl methacrylate, glycidyl acrylate,
lactones, and blends thereof, with a hydroxyl moiety in the presence of a catalytically
effective amount of guanidine carbonate.

26. The method of claim 25 wherein the alkoxylating agent is alkylene
oxide and is present in an amount sufficient to provide a plurality of alkoxylating agents
per hydroxyl moiety of the composition, thereby forming at least one extended chain

by alkoxylation of hydroxyl moieties pendant from the alkoxylation chain.
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and blends thereof, wherein n = 1-10; each R, is separately selected from hydrogen and
TOFA ester, with at least one R, being the ester; and each R, is separately selected
from t-butyl and p-hydroxycumyl; and blends thereof.

28, | An extended-chain phenolic aralkylation polymer comprising the
reaction product of a chain-extending agent selected from the group consisting of
dicarboxylic acids, polycarboxylic acids, dicarboxylic acid anhydrides, carboxyl acid
anhydrides, diisocyanates, polyisocyanates, and blends thereof, with a non-esterified
hydroxyl moiety of an ester selected from the group consisting of the ester of claim 1,
the ester of claim 4, the ester of claim 6, the ester of claim 8, the ester of claim 10, the
ester of claim 13, the ester of claim 16, the ester of claim 22, the ester of claim 27, and

blends thereof.
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29. The extended-chain phenolic aralkylation polymer of claim 28 wherein
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the non-esterified hydroxyl moiety of the ester is sequentially reacted first with a first
chain-extending agent selected from the group comsisting of dicarboxylic acids,
polycarboxylic acids, dicarboxylic acid anhydrides, carboxylic acid anhydrides, and
blends thereof, then with a second chain-extending agent se;lected from the group
consisting of diisocyanates, polyisocyanates, and blends thereof.

30. A coating system comprising an ester selected from the. group
consisting of the ester of claim 1, the ester of claim 4, the ester of claim 6, the ester of
claim 8, the ester of claim 10, the ester of claim 13, the ester of claim 16, the ester of
claim 22, the ester of claim 27, and blends thereof.

31. A coating system comprising a polyol selected from the group
consisting of the polyol of claim 3, the polyol of claim 5, the polyol of claim 12, the

polyol of claim 14, the polyol of claim 21, and blends thereof.

32, A coating system comprising the acrylate of claim 15,
33. A coating system comprising the epoxy of claim 17.

34, A coating system comprising the acryamide of claim 18.
35. A coating system comprising the carbonate of claim 24.

36. A coating system comprising the polymer of claim 28.



