CURABLE COWVPCSI TI ONS AND METHODS OF CATALYZI NG CHEM CAL REACTI ONS FI ELD OF
THE | NVENTI ON [0001] The present invention is directed to nethods of

cat al yzi nyochem4sab reactions and to curabl e conpositi oRET/UBAGKGRIUND OF
THE I NVENTI ON [0002] Catalysis is a change in the rate of a chem cal
reaction due to rtJ gl j { | I t .

Cat al ysts that s&ﬂ'@ﬁRgﬁg 5@3@%@5&@@%3@%9&# pidgggfﬁ_y\g%ﬁ Cat al ysts
that slow the reaction are cgHEMIOAYREACTIONS Ysts, or inhibitors. Unlike
reactants, a catalyst is not consuned by the reaction itself. [0003] A
catal yst works by providing an alternative reaction pathway to the reaction
product. The rate of the reaction is increased when this alternative route
has a | ower activation ener 3EL DaDFtTHE INYENTOON out e not nedi ated by the
catal yst. Catalysts can also enable reactions that woul d ot herw se be

bl ocked of0¥I14 Bresgnkiimeantionbigr diregted taametiogisyelt catalyzing eeagical eact i on
rate or s i action at | ower tenperatures. As such,
cat al ysts?%%ﬁlbbéabértgwéﬁa%})?# Oé‘lgl n industrial processes. [0004] There
can be drawbacks to the use of catalysts. For exanple, highly basic am nes
such as 1, 8-Di azabi cycl o- DB Barton's base are anong the

nost effectlve for uretdBg oldVer , they are expensive

andmaycgmﬂ' n rabj ] I h rpduct. In
anot her e an&]?&tﬂy&@c% aoundg]kc"al;f"e Ht\}‘se be@?%n%;e\%él f'ena{c:ﬁﬁg L?é]lcgltﬁgr oduct s
such as cpatticiggionasf & ataibyalt sliedra lcamtwsin@awﬂyctdmatyd;pefemmg @astioBecause

of concerns regardi ng.the aquatic to ICIt% of so anoti n conmpounds,
Al Sl ibe;

t here havé™® ﬂrB U Gallpis: i GAalivsts B RPoBSLAH PEOm al |
coating aHQQéWé bé’tﬁﬁrs dc’[ Q)Q(?éﬂnbitérs"‘@t%l@kebi%a%%ﬂtéaé"cﬁtél Cié”n%Hé ﬁsirﬁé&‘ cal
reactions using nmetfods and catal ysts that overcorre s of the
prior art by SUMEERYOGHSEHE | NVENTI ON [ 0006] In accordance vm th the present

et OB oS8 EAR S BAaRAS0 55 R B RUAT T b
catal yst gOBRbhS&®dact r'l*h@Fh?é'éf%@@eBBﬁ’@rP"% Merbaddd aheh thiagiePRbve

substituent that is an al y gr oup, and the reaction m xture conpri ses:
i) a) an r@ﬂeymsaaéQWehaciwat@ln emergyithbn dhe rbacuaort rwe -nadidediated by

oo anfie fABnTe! Baldvsts can alsoubhaie BatiSRSHRAWEDM Bhdfwidk B!
anhydri deppyete®)or &IdwWat @%%quﬁétnﬁbarﬁ@alTH@bﬁél k mdy%@r@asbﬁeé&ﬂirh@te

enbodi ment of the present invention, a nethod of cCataly légca chem cal

reacti on PB S@'ﬁ@UY'B’e@F e@@h}@rﬁhﬂ rﬁQCMﬁh@V‘é@rdaﬂ@B@UrQS@A&? ¥ tCﬁ_b'vHYS’fS xt ure,

wherein tg @t@rzé%luﬁg@{ooﬁea ﬁdﬁéthaléﬁ% %ée\%ned phosphi ne having at | east
a rou

one subst| nt t i'S an erein the reaction mxture is
essenti al [000‘4r]a¢1e@é chhadwetavasaoretiertheand dheatbfart | Por Bkiple P! i ses

i) an isocyanate-functional materialthat is essentially free of

oxadi azi nbBsic@@Nes Bysh agnly8-Diazabicygle-uadrodrensg (DBUn@ddtritorm@abase al .

[ 0008] An al action
mixture, Rernany e HERE R e TG B8 MRk e B

conpri ses aae er(permu\b@hntjuh&d cohivibpte teeahawidegirablel yetistviranef thebsdactioent t hat
i tlon m xture i s essenti al free of M chael

| k th |
accept or SPERCE] i 2BABBLAGAID EndN IR TRALS 258 URCAReISURNT KBTI an
i socyanat gradu&@é SPRA SRBaL: a8 bR Y RERRab MBI OR kol Rl ol

[ 0009] The present I nvention~also prow S cura e composi'tions anpl es

i ncl ude aPBeasausacofi @onoenisuregarainy |tbengquat)c atpxmtpobﬁumm@/amr@aeoamd b) a

Bg: z: E: 8: c&ﬁ%ﬁﬁd% 58{3{%%%@ begn a?)ro%o%re ?“eg(]) atlgr?sd E) bar|O Oor%]anotln
compounds from all coating applications.

[0005] It would be desirable to catalyze chemical reactions using methods

and catalysts that overcome the drawbacks of the prior art.



O iii) a) an anhydride and b) a polyol; and b) a catal yst
conprising a tri-substituted phosphine having at | east one substituent that
is an al kybD 2gr204g245[ 0010] I n a separate enbodi ment, thePcufzsdig/osanposition
conprises a) a reaction mxture conprising: i) a polyisocyanate; and ii) a
pol yol ; and b) a catal A ||;_i i -I(_) ubsti tuted phosphi ne

havi ng at | east one substi } oup; wherein the

pol yi socy pyffe] 1h SaGs8RhE! ith fihge pPéscitafhBaticet MaARsas | 9% a?l%i he
reaction mxture ?s essentially %r ge S‘of Nﬁchae‘?ﬁaccept ors. [861 nén

anot her enbeniioakmeactidres cue alvioridednpgosoné embatiprandes a)ethod eacludes m xt ure
conprising; ) a polyisocyanate; .and ii) a | yol ; ,and . b) cat al yst,
wherei n ¢ Ak, B PSR S icRrR mivutre: P Re SalhAt LrEPdses ca bt ses a
tri-subst ktpéiRdteBNOTRPHIR: RaVingatdeakedié bSiitiehs thdtustin bkt gicupan al kyl
group, and the reaction mxture is essentially free of Mchael "acceptors
and tin cengdieRACDETAKXILED CORBTRIESTI ON OF THE | NVENTI ON [ 0012] O her than

in the operating ex | es,. LW i.ndi , n rs
expressi ng quantiti @rs@)ogﬁi 'ﬁ§fr‘%%§'?%€ét(5§§w%ﬁh§gnﬁﬁ‘ﬁ ieognga}ht%' ggg)r%(grt h used
in the specifi aalin@furisidnal mafgtiagkr e to be understood as being nodified in
all instances by the term "about,"” even if the term does not expressly
appear. Accordi ngl yii) @l asyretd@neacsd b @ heydrextlratyol-t ard/AUnEPINGal
paraneters set ; i fallow ng specification and attached clains are
appr oxi mat i onsfqrﬁgph%@a@grﬁgf Ogependi ng upon the desired properties sought
to be obtained by tlig¢apaassmydrids andi)ra hydrokyidunetiond| estérialand not as an
attenpt to limt the application of the doctrine of equivalents to the

p . . .
scope of tW07d /i AROthEAC RMAGREPERIIOf phidnBiesEnt HpUeRIiQt RedBetheE @bnst rued

in light r@ﬁ{ - L aRhdi i gi LSy i Nng
ordi nary ?%tl?ﬁ}%ﬁ] la\t ec rwgéluéeggﬂf%g?f&ﬁ@%%\n {Cﬁﬂé%ﬁﬁ?r@ {ﬁ;g %ﬁ%@%ﬂ%?l cal
ranges anceguiivanmibxdure, sdidreimgtheocatalyisheommwsassa apaubstitubes phusptiinen ar e
appr oxi mat i ons E)(?e nuner i cal i

, val ues set forth in the specific exanpl es
are repor (BANGAt ieastioce Spbsbiusat Bhatiis an Al GUoRR. A0S WoGels e 16aGE0R, |

nher ent | HiABRE 25 NLExRN1AH (I Of NIRAGES SREEbISS 2l WO GeEER tengg andar d

deviation found in their respective testing neasurenents. [0014] Any
nuneri cal co@pgeecsecited herein is intended to include all sub-ranges

bsumed t herejn. For. . P 0! is_intended to includ
a1 Sube r anges ) be ARbRO TS AP RG ndlerat « Bl rsnioanMA LIt %' anathe

recited mpxhdiHpmealore migst@ndt hat is, having a mnimum value equal to or
greater than 1 and a maxi num val ue of equal to or |less than 10. [0015]

Pl ural enconpabk@shiragdifanctiong naterialersa; e. g., the singular forms "a,"

"an," andgy "o plural.refere l.ess. exp sly. and ivocal ly
i ced 9T AL RGP Rl B E SRR BRD o AT AC R AR

descri bedniistuter Whedin” e RtilySOGY adedcpitiafy Pirée adf tiyi, cbAplouditiBgand m xt ur e
of such conpounds, can be used. [0016] As used herein, the term "pol yner"
is neant £@MPEFEP & ES'_'W@%W@HBQ@SPBMQ;B%HQ afrigaplo®mhe eRBioEPHENE iand

copol Y eoedn LIRS fg[rSE]b,X arRk¥e Fe%f:gr‘édc? %B(tﬁr‘éoisoreéé%ﬁan;l QL7 1of TRECHER hod of
the present rnvemtron conprises adding a catalyst 10 °a reaction mxture,
form ng aacceptbisandtinpesipoandshand tHeeraaeton atnkisrecempakgéuncti onal . The
present inventjion is also drawn to curabl e conpositions. The catal yst

conprises a trl)-3uRacyalaiedupREQIAHIMRICHAVPRE at | east one substituent that
is an al kyl gr ‘N hs&icaPaiditgnt s on the phosphine may be any
conbi nati on of %%yl@ﬁ@?o? %P@ylé] ﬁ{g}%ﬁs For exanple, two substituents on
t he phospf009]ine presahkinlvegtion @tschpravided cunabler compesitianborbxangptes of t en
six or nore Li(;jar bon at ons, and one sybstituent may be an aryl group.

Al t er nat i NAIYEAC @) @ FEAFERN BlHHES ¢QBRES NGy be al kyl groups, such as al kyl
groups having six oy IGi ﬁ%h L Hid| Hig&t s of the
present invention, t)rapgzit??/?lég ospﬁ%eﬁaibg a{‘ug@gf aés tdzércé;Pgrf}gstl. 10018] Under
certain conditions iifanayréeiaesamdb) a paysleagolitthiel and/os abzelyamired
phosphine with an acid, typically an organic acid, prior to adding it to
the reaction nPkture. This "bl ocki ng" of the phosphine renders it nore

stable in air and alii) avanfshydRdE apHaniSEolgONbhal over the catal yzed
reaction. Any acid may



be suitable, but volatile organic acids having 1 to 8 carbon atons, such as
acetic acid and propionic acid, are used nost often. [0019] In the nethods
of the prweent2/ad4sa4énti on, addi ng the catal yst to the re&CTiUsR01¥0Z3406 € Ay

cause the reaction to proceed at a tenperature |ower than would be required

w t hout the usg of th at al yst . so, the reactipn may.occ faster at a
gi ven temper at it & CHAYSHEATHTISNRe? - SeoRigHRTIsBaNEai A ot [52ShAPE cul ar
react ant sg, REAGENIARS! I¥Bh ARyICBdpct ed at anbient tenperature or at el evated
tenperatures, such as greater than 30C, depending on the chem stries

i nvol ved. [Q00®20d arbeparatealeyshodiment eitiei curableacomposi§an fdor@igest 8) eaabl e or
accel erate reacti.on of any. reactive functional groups in the reaction

m xt ur e. $ﬁ5”8H6WﬁR"ﬁ§§”1 M%ased on the chemistry of the reactants

invol ved, but typicgl hypolyisodaRef; st tri-substituted phosphine used in the
met hod of the present invention is 0.1 to 10 percent by weight, based on
the total weight ofiiy@spalyglodnds in the reaction mixture. [0021] The net hod

of the present {nv { es to, catal, vari.et . i

Feact tons. A nihgbeaghef saelSho uf ShEtEBa b RpLRL Mg AERRSHEE of the
present i puigstition. thBRes coNMaKgEisumiwhdrein eas Posddyshateeisaesséntipligal | y
provi ded in separate packages and m xed together imrediately prior to the
react i on, fraRi dfroxaslizgineifong &ings, Ao 1ErreBCEoR dRYbEE tis @ssentilyi ree®al 1y, in
certain e i e reaction mxture may be a powder or |iquid curable
conpositi %%\%%éptggcast, extruded, rolled, or applied to a substrate as
a coati ng[@011/]am aadteer fanhwadireat,r gactcuedblel admpesitay edrapriseela) aa
transparent reactijion product, suitable for use as a free film display
screen, WERFERN(GXBEERGMP & HHshi el d, | ens, and the like. [0022] In certain
enbodi nents of the pr ol J. the reaction m xture may conprise i)
a) an isocyanat e-fuﬂc??@%?d%ﬁgfr%’a dand b) a thiol- and/or

am ne-functional nmatier @dlyolt anduch enbodi ments, the isocyanate-functional
material i) a) be any [socyanate-functional material, for exanple,

Tono! Socyanar £b] ARARBIS BN STeT) Sy RaiaST it ERSSLIal st S BTPEHA0
triisocya i | b4 hS@CHN-A): <t BhHT i sui tabl e
i Socyanara o g T4 ARe8 e TRCHEAMY B Bl B SEhSOpnehe

hexamet hylse@e dikys gegumaagrd rthg ieactise dnbdunce e eaaentigllyalyee roft Michasi hod of
the present i r{vent i‘i . Al so ai urets of cycloaliphatic diisocyanates such
as i sopho?%%o gisd E}%HBFIPOHH S4, 4" - et hyl ene- bi s- (cycl ohexyl i socyanate)
can be enpl oyed. Exanpl es of suitable aral kyl diisocyanates from which
biurets may be prepared are neta-xylyl ene diisocyanate and a,a,a',a''-
tetramet hyl neta-xyl YEdel HDj BB T KON T Th WS t hensel ves may

fooza) v INOR BREM T bahé shbetiebs BBs ol Hhele GURAERETAMESETE) ™" or
exanpl e, hiumbers eRbrelssPRNQUAMiEed iof gaiRats reldtidrs@sHERIGHLamP B MErth
tri phenyl net hane triisocyanate, 1,3,5-benzene triisocyanate, 2,4, 6-toluene

1 2
triisocyaHse@in Hye sreifiaation and ¢aims/aw toghe padersiond agbemgeagifiedynene

o X ” | oS,
and” DeoveBl REAGRHEY S It RS BRGR CEENE RS bbb nBpeat ! e

di i socyanAteordavgy,| abless findisatday®r tHeotpotraty] oime ndohericed praaabiss afeten used
i n curabl &rco_mosi tions incl cyclic isocyanates, particu

ude | ar |
i socyanur Hbmdhecii)'i'%eg&@&f:@ga% And Stigek Wﬁéﬁ%aﬂpf@%%%g Baing
i sophor on i FQ)Q; ' ales ' | ' used as
react ant maqlla\gaﬁgr%é%gﬁg@gbd on@koqé%ﬁgﬁﬁé?g%ﬁ%s@gﬂg%do%?’b}:ﬂgléﬁbgilbeended
with one present énpeniticaim s trendeor @adty @ingl nei g ani atkdohpet batlienit dhe and
t echni ques _known to those skilled in th rt 0025 itaple
b ol - uneppBaonek b Bpeigr of cabivaleria ¥ dhe segRenpichi E41He: 686N any
materi al RaMieRgaPphfEthotePRACAI SEFAE VY chbibtRleIMOlER- of TH ABHBEF @S may be
nmononeric, oligoneric, or polyneric, and may be nono- or pol yfunctional.
Such a retepdred sigrifioart digits agd sy dpphiing pedindiyeoundingdechrguesii t abl e

am ne-fungtd erials for yse in the reaction mxture include any
monomer 0GR NordhEanBir, 4 e e TRnRcy: Ayt e Saplerar e Be
secondar yf@H Mfe BroHBSscojeeBf tRAGhEshtMr Rird sppreniaigions thdeurnasece of
the tri-substituted phosphine, ureas are fornmed. Conbinations of thiol- and
am ne-functional materials nmay al so be used in the reaction m xture and
wWill result in the catalyzed fornmati om of thioureas in accordance with the
invention. [0026] In alternative enbodi nents of the present invention, the
reaction mxture may conprise ii) a) a uretdione and b) a hydroxyl-, thiol-
and/ or am ne-functional material. The uretdione may be prepared from any
two isocyanate-functional materials (nost often nono-isocyanates, though

oy o o,




2. Synthesis of Resin 2 [0033] An anhydride functional resin was

synt hesi zed by m xing 22.01 g of nal eic anhydride, 15.6 g nethyl

met hacr ylwsioep12488749 g styrene, 15.6 g n-butyl acryl ate PaTAIS2®1H553H6 M ner al
spirits, 35.51 g n-butyl acetate and 54.97 g ethyl 3-ethoxypropanoate

(Eastman Chem ca np , _Kingsport, Tennessee). WO . .

012/ 043248 HE% FRLITTITBE AP RGPS Arb R bR PoeY Ay PASSERbat o was
used as tRgyiRirhéddaval s, tHiwevep! WRBFdgt dainl &edth efyot8reResdrily

formul ati onS was prepared to evaluate thé performance of different

cat al yst sresrdiiiige fiomi shes stasdarsk raaviatioondoundibine their Craspiestive oiestingt i ons
for Exanple 1 Coating Resin 1 Resin 2 n-butyl acetate Ethyltriphenyl -
phosphoni IE A9t at e, Di met hyl - cocoam ne2 Trioctyl- phosphine3 1 5

[0014] Any numerical range recited herein is intended to include all sub-
ranges subsumed therein. For example, a range of “1 to 10” is intended to
include all sub-ranges between and including the recited minimum value of 1
and the recited maximum value of 10, that is, having a minimum value equal
to or greater than 1 and a maximum value of equal to or less than 10.

[0015] Plural encompasses singular and vice versa; e. g., the singular forms

a," "an," and "the" include plural referents unless expressly and unequivocally
limited to one referent. For example, where the invention has been described
in terms of "a" polyisocyanate, a plurality, including a mixture of such
compounds, can be used.

[0016] As used herein, the term “polymer” is meant to refer to prepolymers,
oligomers and both homopolymers and copolymers; the prefix “poly” refers to
two or more.

[0017] The method of the present invention comprises adding a catalyst to a
reaction mixture, forming a curable composition when the reactants are
polyfunctional. The present invention is also drawn to curable compositions.
The catalyst comprises a tri-substituted phosphine having at least one
substituent that is an alkyl group. The other substituents on the phosphine
may be any combination of aryl and/or alkyl groups. For example, two
substituents on the phosphine may be alkyl groups having four or more
carbon atoms, often six or more carbon atoms, and one substituent may be
an aryl group. Alternatively, all three substituents may be alkyl groups, such
as alkyl groups having six or more carbon atoms. In particular embodiments
of the present invention, trioctyl phosphine is used as the catalyst.

[0018] Under certain conditions it may be desirable to react the tri-substituted
phosphine with an acid, typically an organic acid, prior to adding it to the
reaction mixture. This “blocking” of the phosphine renders it more stable in air

and allows for more precise control over the catalyzed reaction. Any acid may
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be suitable, but volatile organic acids having 1 to 8 carbon atoms, such as
acetic acid and propionic acid, are used most often.

[0019] In the methods of the present invention, adding the catalyst to the
reaction mixture may cause the reaction to proceed at a temperature lower
than would be required without the use of the catalyst. Also, the reaction may
occur faster at a given temperature than would otherwise be observed
between the particular reactants. Reactions may be conducted at ambient
temperature or at elevated temperatures, such as greater than 30°C,
depending on the chemistries involved.

[0020] The catalyst is used in an amount sufficient to enable or accelerate
reaction of any reactive functional groups in the reaction mixture. The amount
may vary based on the chemistry of the reactants involved, but typically the
amount of tri-substituted phosphine used in the method of the present
invention is 0.1 to 10 percent by weight, based on the total weight of resin
solids in the reaction mixture.

[0021] The method of the present invention serves to catalyze a variety of
chemical reactions. A number of reaction mixtures are suitable in the method
of the present invention. The components of the reaction mixture are typically
provided in separate packages and mixed together immediately prior to the
reaction, which is often useful for curable compositions. Additionally, in
certain embodiments, the reaction mixture may be a powder or liquid curable
composition and may be cast, extruded, rolled, or applied to a substrate as a
coating or laminated film. The reaction mixture may also yield a transparent
reaction product, suitable for use as a free film, display screen, window
(glazing), windshield, lens, and the like.

[0022] In certain embodiments of the present invention, the reaction mixture
may comprise i) a) an isocyanate-functional material and b) a thiol- and/or
amine-functional material. In such embodiments, the isocyanate-functional
material i) a) may be any isocyanate-functional material, for example,
monoisocyanates, and/or polyisocyanates such as diisocyanates and
triisocyanates including biurets and isocyanurates. Biurets of any suitable
diisocyanate including  1,4-tetramethylene  diisocyanate and 1,6-
hexamethylene diisocyanate may be used as reactant i) a) in the method of
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avai |l abl e from Rohm and Haas Conpany, a fully owned subsidiary of the Dow
Chem cal vworrpmyssRavail abl e from Akzo Nobel Surface ChemrCItusgoiIAB55406

St enungsund, Sweden 3avail able from Cytec Industries Inc., Wodl and Par k,

New Jersey [0035]  Coatings }-6 were prepared, dra own onto cold rolled
Steet usi Y BIePRRE MR owAI DD uRte OhEY LRI HsoAadGe sidhies ver o
moni t or ednsoﬁ%FdHé Hhé&y‘aﬁafehﬁném?uﬂheﬂfyléhérﬁlsr @;‘}b‘l‘oh@ﬁylf @bcyarfe?af cas to
achieve a | evel of ness, such that upon the application of a cotton

bal I, thebecﬁm@lﬁ)’@@ll xaaivnwlescuffSUdabbh@ra&wpUIleQny@@atemfyompwhlthmsr@son of
t he appl i ed co equi red for, a coatl ng

tin Gel tinme is the r
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B e

from t hi satspgea usethas rqadiaet ip aCvathieryeibovtairine ipresent invention.
[0023] Trifunctional isocyanates may also be used as reactant i) a), for
example, trimers of isophorone diisocyanate, triisocyanato nonane,
triphenylmethane triisocyanate, 1,3,5-benzene ftriisocyanate, 2,4,6-toluene
triisocyanate, an adduct of trimethylol propane and tetramethyl xylene
diisocyanate sold under the trade name CYTHANE 3160 by CYTEC
Industries, and DESMODUR N 3300, which is the isocyanurate of
hexamethylene  diisocyanate, available from Bayer Corporation.
Polyisocyanates often used in curable compositions include cyclic
isocyanates, particularly, isocyanurates of diisocyanates such as
hexamethylene diisocyanate and isophorone diisocyanate.
[0024] The isocyanate-functional material used as reactant i) a) may also be
one of those disclosed above, chain extended with one or more polyamines
and/or polyols using suitable materials and techniques known to those skilled
in the art.
[0025] Suitable thiol-functional materials for use in the reaction mixture
include any material having primary and/or secondary thiol groups. The
materials may be monomeric, oligomeric, or polymeric, and may be mono- or
polyfunctional. Such a reaction mixture will yield thiourethanes. Likewise,
suitable amine-functional materials for use in the reaction mixture include any
monomeric, oligomeric, or polymeric material having primary and/or
secondary amine groups. When reacted with isocyanates in the presence of
the tri-substituted phosphine, ureas are formed. Combinations of thiol- and
amine-functional materials may also be used in the reaction mixture and will
result in the catalyzed formation of thioureas in accordance with the invention.
[0026] In alternative embodiments of the present invention, the reaction
mixture may comprise ii) a) a uretdione and b) a hydroxyl-, thiol- and/or
amine-functional material. The uretdione may be prepared from any two
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isocyanate-functional materials (most often mono-isocyanates, though multi-
functional isocyanates may be used; free isocyanate groups that remain may
be capped with, for example, an alcohol), that may be the same as or different
from each other. In this embodiment of the present invention, it is believed
that the tri-substituted phosphine first reacts with the uretdione to form an
intermediate, and then the intermediate reacts with active hydrogen groups on
the other reactant in the reaction mixture (hydroxyl, thiol, and/or amine).
Thiols and amines can be any of those disclosed above. Suitable hydroxyl-
functional materials for use in the reaction mixture include any monomeric,
oligomeric, or polymeric material having primary and/or secondary hydroxyl
groups, such as monoalcohols, ethylene glycol, propylene glycol,
trimethylolpropane, and larger molecules such as oligomeric and/or polymeric
monoalcohols and polyols including acrylic polyols, polyether polyols,
polyester polyols, polyurethane polyols, and the like.

[0027] In other embodiments of the present invention, the reaction mixture
may comprise iii) a) an anhydride and b) a hydroxyl-functional material such
as any of those disclosed above. The anhydrides may include, inter alia,
phthalic anhydride, tetrahydrophthalic anhydride, hexahydrophthalic
anhydride, methylhexahydrophthalic anhydride, chlorendic anhydride, and the
like. Polyanhydrides are also suitable for use in the method of the present
invention.

[0028] In additional embodiments of the present invention, the reaction
mixture is essentially free of Michael acceptors and may comprise i) an
isocyanate-functional material, such as a polyisocyanate, that is essentially
free of oxadiazinetrione rings; and ii) a hydroxyl-functional material, such as a
polyol. Suitable isocyanates and alcohols include those disclosed above. In
such embodiments, the catalyst may further comprise a tin compound.
Examples of suitable tin compounds include dibutyltin oxide, stannous
octoate, dibutyl tin dilaurate, dibutyl tin diacetate, dibutyl tin mercaptide,
dibutyl tin dimaleate, dimethyl tin diacetate, and/or dimethyl tin dilaurate.
Alternatively, both the catalyst and reaction mixture may be essentially free of
tin compounds. As used throughout this specification, including the claims, by
“essentially free” is meant that if a compound is present in the composition, it



7 min 207 mn 188 203 205 4 5 mn 42 sec 129 mn 191 203 205 5 5 mn 50 sec
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is present incidentally in an amount less than 0.1 percent by weight, usually
less than trace amounts.
[0029] Other particular embodiments include a method of catalyzing a
chemical reaction comprising adding a catalyst to a reaction mixture, wherein
the catalyst is essentially free of tin compounds and comprises a tri-
substituted phosphine having at least one substituent that is an alkyl group,
and the reaction mixture is essentially free of Michael acceptors and tin
compounds. In such embodiments, the reaction mixture typically comprises i)
any isocyanate-functional material such as those disclosed above; and ii) a
hydroxyl-functional material; again, such as those disclosed above.
[0030] The present invention will further be described by reference to the
following examples. The examples are merely illustrative of the invention and
are not intended to be limiting. Unless otherwise indicated, all parts are by
weight.

EXAMPLES

Example 1

[0031] This example demonstrates catalysis of hydroxyl/anhydride coating
with trioctylphosphine.
1. Synthesis of Resin 1

[0032] A hydroxyl functional resin was synthesized by mixing 45.9 g of methyl
methacrylate, 15.19 g of lauryl methacrylate, 14.1 g styrene, 10 g of 2-hydroxy
ethylacrylate, 14.81 g hydroxyl polyester acrylate (Tone® M-100 monomer,
Dow Chemical Company, Midland, Michigan) in 100 g of n-butyl acetate.
3.64g of VAZO 67 (DuPont Chemical Company) was used as the initiator for

this polymerization.

2. Synthesis of Resin 2

[0033] An anhydride functional resin was synthesized by mixing 22.01 g of
maleic anhydride, 15.6 g methyl methacrylate, 46.79 g styrene, 15.6 g n-butyl
acrylate in 9.52 g of mineral spirits, 35.51 g n-butyl acetate and 54.97 g ethyl
3-ethoxypropanoate (Eastman Chemical Company, Kingsport, Tennessee).
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when the coating container is rotated 90° from normal.

measurements were conducted 24,

Konig

application. Table 2 lists the data obtained from this experiment.

hardness

144 and 312 hours after coating

Table 2
Konig Konig Konig
Coating | Cotton time | Gel time hardness | hardness | hardness
(24 hr) (144 hr) (312 hr)
1 5 min 1320 min 168 200 200
2 4 min 42 sec 450 min 187 197 199
3 7 min 207 min 188 203 205
4 5 min 42 sec 129 min 191 203 205
5 5 min 50 sec | 3092 min 178 188 198
6 | 4min50sec | >380and 177 186 196
<960 min
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[0036] The data presented in Table 2 indicate that trioctylphosphine is a
suitable catalyst for hydroxyl/anhydride reactions. The cotton times and
hardness values are comparable to the other catalysts evaluated, while the
gel times are longer on average. A longer gel time is actually beneficial in
coatings, as it gives the operator more time to work with the coating before it

gels.

Example 2

[0037] This example demonstrates blocking of ftrioctylphosphine in a
thiol/isocyanate reaction.

[0038] Three coatings were prepared by mixing 6 g of SIKKENS
AUTOCLEAR UV (available from Akzo Nobel Car Refinishes, Amsterdam,
The Netherlands), which contains pentaerythritol tetrakis(3-
mercaptopropionate), with 5 g of a 66% DESMODUR N 3600 (from Bayer
Materials Science, Pittsburgh, Pennsylvania) solution in n-butyl acetate. To
the first coating was added 0.6 g of a solution containing 20% of a 1:1 molar
ratio of propionic acid to trioctylphosphine in xylene. To the second coating
was added 1.2 g of a solution containing 20% of a 5:1 molar ratio of propionic
acid to trioctylphosphine in xylene. To the third coating was added 1.8 g of a
solution containing 20% of a 10:1 molar ratio of propionic acid to
trioctylphosphine in xylene. The gel time for the coating containing the 1:1
molar ratio of propionic acid to trioctylphosphine was 15 seconds. The gel
time for the coating containing the 5:1 molar ratio of propionic acid to
trioctylphosphine was 60 seconds. The gel time for the coating containing the
10:1 molar ratio of propionic acid to trioctylphosphine was 120 seconds.
These data indicate that the addition of acid to trioctylphosphine retards the

catalytic ability of trioctylphosphine.

Example 3

[0039] This example demonstrates catalyzing the reaction between an amine
and an isocyanate using trioctylphosphine.
[0040] A grind paste containing 334.8 g JEFFAMINE T-5000 (Huntsman

Corporation, The Woodlands, Texas), 248.3 g of an acrylic/aspartate amine
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CAT1331 255 255 255 255 Filmthickness (1-1m 52 50 52 51 Tack tine
(seconds) 25 22 20 29 1CAT133 is an isocyanate based catal yst for DURABED
and i s awiDl2atl@sfasom PPG | ndustries, Inc., Pittsburgh, pPessylinsssna [ 0041]
Films were drawn down using a draw down bar. Tack free tinmes for filns

prepared from faornul ati ons A cQ I nj.n ri ocly 0 i are 25,
Do bnd 200 WRINRAES? e3pERls Bai) TS MO0 TATSOBLAL B ¢ SLBARTERK PEa”D
contal ni F‘?I)G'Hf tetdl EhBnfibdI8WILY, eStaffor? T8ERNIFt sEx BRI $077 [BHdEhefik S
exanple illustrates catal yzing the reacti on between a hydroxyl group and an
i socyanat &mbH, Wesel, Germany), 26.1 g TINUVIN 292 (Ciba Specialty Chemicals,

28.8 g VULCAN XC72 (Cabot Corporation, Billerica, Michigan), 16.3 g CAB-

O-SIL M-5 (Cabot Corporation, Billerica, Michigan), 16.3 g CLAYTONE 546

(Southern Clay Products, Inc., Gonzales, Texas) was mixed using a Cowles

blade and then introduced into an Eiger mill charged with TZP plus 1.0 mm

grind media. The grind paste was ground until a 7.5 Hegman was achieved

and then the mixture was removed from the mill. Table 3 contains 4

formulations prepared using the aforementioned grind paste.

Table 3: formulations and data for catalysis of an amine/isocyanate reaction
using trioctylphosphine

Component Coating A | Coating B | Coating C | Coating D
Grind Paste 76.52 76.52 76.52 76.52
JEFFAMINE
T-5000 2.3 2.0 1.8 2.0
Acrylic/aspartate- 20.7 20.7 20.7 20.7
amine curative
Trioctylphosphine 0.5 0.75 1.0 N/A
Dibutyltin dilaurate N/A N/A N/A 0.75
CAT133’ 255 255 255 255
Film thickness 52 50 50 51
(m)
Tack time o5 50 50 59
(seconds)

'CAT133 is an isocyanate based catalyst for DURABED and is available from
PPG Industries, Inc., Pittsburgh, Pennsylvania

[0041] Films were drawn down using a draw down bar. Tack free times for
films prepared from formulations A, B and C containing trioctylphosphine are
25, 22 and 20 seconds respectively, while the tack time for formulation D

containing dibutyltin dilaurate is 29 seconds.

Example 4

[0042] This example illustrates catalyzing the reaction between a hydroxyl

group and an isocyanate.

11



[0043] An acrylic polyol (acrylic polyol 1) was nmade by reacting 90.6 g
acrylic nononer (made by reacting 395.3 g CARDURA E- 10P (Hexion Specialty
Chem cal swoColumkaas, Chio) with 115.6 g gl acial acrylicpragius2¢uiobisdéted) in
the presence of 1.21 g zi nc 2- et hyl hexanoate solution (8% solution in

i | bl Ch | . iLle, [if
ThaC 0 0ou B st sliaBoRol SVIE BOWOnLr YRS MAdeBy JPatEo S hh CRedls. a5t o
met hyl mephagiyd rﬁadéaﬁf @?aﬁm@yé@@% 56,2\2 2@@hyérmpfh3ﬁemhl %é@iﬁﬁgy' ate,

18 g gl aci al acry I C acl bite .4 g net any etone and 767
g xyl ene G@engc@s,nglunatwsﬂOhie) witht1dd.Gg glachhacrytic ansf érnhibi@ml)tinahel 108 g

di-tert a per oxd and_.9 tri phenyl phosphite Initiators,

for ml at | BlFseRcbed 1215 BoriEe s-eyHiEoal Sobitohr 6% motuldrin caef

hydr oxyl / ssigiey anala®ld Rt DARSChdmdgs fic. Basen/ Nt Atdram) A n@OCbTng%ﬂt Base
fornmul ation A Acrylic polyol 1 34.09 BYK 3001 0.49 EVERS 742 1.27 SANOL

LS- 2923 1medhowoignol)s chid §1 g kethuiyg mthracw@ttﬁqufaw«ed ked@meg 1metty!

1Byk- Chemj - N 2 rI'g I cal I, al
Cor por at | BTGV G- S840 SRy ot v TR ORETOR AU RS 38:8n [o04a
For mul at i grgidliagheid dod linkibied) We222 prepeti|d ansy netdasand gemy Rylees A from
Table 4. Table 5: Coatings fornulati ons and properties Conponent Coating A
Coat i ng BuUsing 9.1 g lauryl mercaptan as a chain transfer agent and 108 g di-tert amyl

peroxide and 9 g triphenyl phosphite as initiators. A base formulation listed in

Table 4 was used to evaluate the catalysis of hydroxyl/isocyanate reactions.

Table 4: Base formulation A

Component Base formulation A
Acrylic polyol 1 34.09
BYK 300’ 0.49
EVERSORB 74° 1.27
SANOL LS-292° 1.74
Methyl isobutyl ketone 13.76
Methyl amyl ketone 11.75

'Byk-Chemie GmbH, Wesel, Germany
®Everlight Chemical Industrial Corporation, Taipei, Taiwan
3Sankyo Lifetech Co., Ltd., Tokyo, Japan

[0044] Formulations listed in Table 5 were prepared using Base formulation A
from Table 4.

Table 5: Coatings formulations and properties

Component Coating A Coating B Coating C Coating D
Base forAm”'at'O” 25.34 24.4 24.82 25.27
10% dibutyltin
dilaurate solution 0 0 0.26 0.53
Trioctylphosphine’ 0 0.51 0.26 0
DCX61° 6.98 6.72 6.84 6.96
Cotton time
minutes) 51 48 21 20
Gel time (minutes) > 6000 317 160 189
Konig hardness
(24 hr)3 19 39 31 28

Tavailable from Cytec Industries Inc., Woodland Park, New Jersey

12



Coating C Coating D Base formulation A 25.34 24.4 24.82 25.27 10%
dibutyltin dilaurate solution O 0 0.26 0.53 Trioctyl phosphinel 0 0.51 0.26
0 DCX61 2w6.29B/88742 6. 84 PCT/US2011/055406

2isc_;cyanate hardener available from PPG Refinish Products, Strongsville,
%hSIEI)'M D 4366

[0045] Coatings were prepared and sprayed using a conventional feed spray
gun. Coating C containing trioctylphosphine and dibutyltin dilaurate and
Coating D containing dibutyltin dilaurate had cotton times of 21 and 20
minutes respectively, while Coating B containing trioctylphosphine and
Coating A containing no catalyst had cotton times of 48 and 51 minutes
respectively. Coatings B, C and D had gel times of 317, 160 and 189
minutes, while Coating A (with no catalyst) had a gel time which was greater
than 6000 minutes. 24 hours after application, Kénig hardness values for
Coatings A, B, C and D were 19, 39, 31 and 28. The data presented in Table
5 indicate that trioctylphosphine can act as a catalyst either by itself or as a
co-catalyst with dibutyltin dilaurate and tack times, gel times and Konig
hardness values being better than the uncatalyzed control Coating A.

Example 5

[0046] This example demonstrates the efficacy of trioctyl phosphine as a
catalyst for the reaction of uretdiones with polyols. Three samples of a
uretdione/polyol formulation were prepared. Each contained a mixture of:

1. Acrylic polyol (55.1 grams) prepared as follows:

A reaction vessel equipped with stirrer, thermocouple, condenser and
addition funnels equipped with pumps was charged with 269.2 grams (g) of
ethyl-3-ethoxy propionate (EktaPro EEP from Eastman Chemical Products),
15.2 g n-butyl acetate and 5.5 g triphenyl phosphite and heated to reflux,
about 160°C. Two feeds, identified herein as A and B, were next gradually
added to the vessel over a period of three and four hours, respectively, while
the contents of the vessel were maintained at reflux conditions. Feed A
consisted of a mixture of 548.6 g Tone M-201 (caprolactone methacrylate,
available from Dow Chemical Co.), 274.4 g methyl methacrylate and 274.4 g
styrene. Feed B consisted of a mixture of 65.8 g Luperox DTA (free radical
initiator from Atochem) and 24.3 g n-butyl acetate. After the addition of the
two feeds A and B was complete, the addition funnels were rinsed with 30.0 g

13



6.96 Cotton time (mnutes) 51 48 21 20 Cel tinme (mnutes) >6000 317 160 189
Koni g hardness (24 hr)3 19 39 31 28 |available from Cytec Industries Inc.,

Woodl and wearki2/Me45)er sey  2i socyanat e hardener avai | ablPeTfuseom PFX30Ref i ni sh
Products, Strongsville, Chio 3ASTM D 4366 [0045] Coati ngs wer e prepared and

d t I d Coat t
CF1 oot yl pROSBIAT AEOAKCEEHB 974 F7E DN Al b tin e ash G AIoBsA & RHS
di butyl ti fyrdf Ihaur. afrﬁeF@éite?OHéQtﬂwét Wﬁ%sd@éor%ﬂau@adtr?é)cﬂhﬂéms%f frRspesddivel v,
whil e Coating B containing trioctyl phosphi ne and Coating A containing no

cat al yst wete aiowed te caelsanst 15@06916-%11)'%0&@@&5 addemdbct i vely. Coatings B, C

and D had | times.of 317, .1 9 m,nute whi | e tin A (with no
catalyst) haaredEn Bendd o RaA gl el ERERne B sFr e fed o dHour <
after apphigegtiopss. canhigy derss; Nad Hepakenolcediar MasgHh.of 8606, and D were
19, 39, 31 and 28. The data presented in Table 5 indicate that

trioctyl peigitiaveragemmalacular “eiohit 13 20Q 2nd& Nwybek aeeragermelecylar

co- cat al vl iy o1 BUAL A b 41 Sl KntdeiBBor A8l g &nd Koni g

har dness va elng b uncatal yzed co ng A
polystyrene standard; had a Gardner-Holt viscosity of Z; had an acid value of

1.1; has a APHA color of 20; had a weight/gallon of 8.80; and had a hydroxyl|

value of 83.3.

2. TP30 polyol (10.0 grams, ethoxylated trifunctional trimethylolpropane

from Perstorp AB, Sweden)

3. BYK 300 (0.20 grams, polyether-modified dimethylpolysiloxane

copolymer from BYK Chemie, Wesel Germany)

4. CRELAN XP2459 (46.8 grams, a cycloaliphatic polyuretdione from

Bayer MaterialScience Inc., Pittsburgh Pennsylvania)

5. 471 grams of an experimental polyuretdione from Bayer
MaterialScience, Inc. (prepared from DESMODUR N3400, 2-ethylhexanol and
2-ethyl-1, 3-hexanediol; the solids content was 50% in n-butyl acetate; the

uretdione equivalent weight as supplied was 1341)

6. Butyl acetate (14.0 grams)

[0047] To one sample was added 1.28 grams of trioctyl phosphine (Cytec
Industries Inc., Woodland Park New Jersey), to another was added 1.28
grams of proton sponge (N,N,N’,N’-tetramethyl-1,8-naphthalenediamine,
Sigma-Aldrich Co., St. Louis Missouri). The third was a control with no
catalyst. After 5 hours, the formulation catalyzed by trioctyl phosphine had
gelled. After 24 hours, both the control and the formulation with proton

sponge had not gelled.

14



Exanple 5 [0046] This exanple denonstrates the efficacy of trioctyl
phosphine as a catalyst for the reaction of uretdiones with polyols. Three
sanpl es ovoaowm@sdsone/ pol yol formul ati on were prepar ed PCEASRO1c0MI486 ned a
m xture of: 1. Acrylic polyol (55.1 grams) prepared as foll ows: A

reaction | equipped with stirrer, thernocouple, condepser and addition
funnel s eg(fﬂs@gé/&h%etaﬁ RArpeulan s ePRRAEReN R tH 1B, JNYFHIRD (Bﬁv%f een

et hyl - 3-e } ; : ; ! ts),
153 o - Doty PR A R by B el P T R b el o AAs TSR0 o i
about 160 thewart fleadsymémbeistvdriatidns ef diendatila cdiribe Bresent énvantiongnaylual |y
added to the vessel, over a peri.od of three.and f hour respectively,

whi e t heDEgHRaR Ethgut desayliag ffomehe MUFHICT AsOdingtLm de GBRBMGPdns.  Feed
A consi st ggiRE. a m xture of 548.6 g Tone M 201 (caprol actone nethacryl ate,
avai | abl e from Dow Chem cal Co.), 274.4 g nmethyl nethacrylate and 274.4 ¢
styrene. Feed B consisted of a mxture of 65.8 g Luperox DTA (free radi cal
initiator from Atochem and 24.3 g n-butyl acetate. After the addition of
the two feeds A and B was conplete, the addition funnels were rinsed with
30.0 g each of n-butyl acetate and the contents of the vessel were all owed
to reflux for 1 hour. Thereafter, heating was discontinued, the contents of
the vessel were allowed to cool and 150.0 g n-butyl acetate is added. The
resultant acrylic polyol had a total solids content neasured for 1 hour at
110C of 65.8 percent by weight; had a peak nol ecul ar wei ght of 6600, a

wei ght average nol ecul ar wei ght of 10,200 and a nunber average nol ecul ar

wei ght of 2016 as determ ned by gel perneation chromatography utilizing a
pol ystyrene standard; had a Gardner-Holt viscosity of Z; had an acid val ue
of 1.1; has a APHA color of 20; had a weight/gallon of 8.80; and had a

hydr oxyl val ue of 83. 3. 2. TP30 pol yol (10.0 grams, ethoxyl ated
trifunctional trinethylol propane from Perstorp AB, Sweden) 3. BYK
300 (0.20 grans, polyether-nodified dinethyl polysil oxane copol yner from BYK
Chem e, Wesel Gernmany) 4. CRELAN XP2459 (46.8 grans, a
cycl oal i phatic pol yuretdi one from Bayer Material Sci ence Inc., Pittsburgh
Pennsyl vani a) 5. 47.1 granms of an experinental polyuretdione from
Bayer Material Sci ence, Inc. (prepared from DESMODUR N3400, 2-ethyl hexanol
and 2-ethyl -1, 3-hexanediol; the solids content was 50%in n-butyl acetate;
the uretdi one equival ent weight as supplied was 1341) 6. Butyl
acetate (14.0 grans) [0047] To one sanple was added 1.28 grans of trioctyl
phosphi ne (Cytec Industries Inc., Wodland Park New Jersey), to another was
added 1.28 grans of proton sponge

(N,N, N ,N -tetranethyl-1, 8-napht hal enedi am ne, Sigma-Aldrich Co., St. Louis
M ssouri). The third was a control with no catalyst. After 5 hours, the
formul ation catal yzed by trioctyl phosphine had gelled. After 24 hours,
both the control and the formulation with proton sponge had not gell ed.

[ 0048] Whereas particul ar enbodi nents of this invention have been descri bed
above for purposes of illustration, it will be evident to those skilled in
the art that nunerous variations of the details of the present invention
may be made w thout departing fromthe invention as defined in the appended
claims. WHAT IS CLAIMED IS: 1. A nethod of catal yzing a chem cal reaction
conprising adding a catalyst to a reaction m xture, wherein the catalyst
conprises a tri-substituted phosphine having at | east one substituent that

is an al kyl group; and wherein the reaction m xture conpri ses: i) a)
an i socyanate-functional material and b) a thiol- and/or am ne-functional
mat eri al ; ii) a) a uretdione and b) a hydroxyl-, thiol- and/or

am ne-functional material ; or iii) a) an anhydride and b) a

hydroxyl -functional material. 2. The nmethod of claim1, wherein the
tri-substituted phosphine is
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trioctyl phosphine. 3. The nethod of claim1, wherein the chem cal reaction
is conducted at anbient tenperature. 4.The nethod of claim1, wherein the
chem cal weaeotZmse4ss conducted at a tenperature greater PCHAS280055486 The

met hod of claim11, wherein the reaction m xture conponents are provided in

separate Kk S.a m xed together inmedi ately prior to the reaction.
6. A net ho f‘?ggt%’&%%‘?ﬁ chem cal reaction conprising adding a catal yst

to a reaction m xture, wherein the catal yst conprises a tri-substituted
phosphi ne having at |east one substituent that is an al kyl group, and
wherein the redctiof meltagref ¢atakyzivngra chemical reactioh edraprasing addng ars and

mter ol t RGO T8 B @RERER PYRERe vierein i oRHST PEURERM plrilisifien
a hydr oxyphbsiitiihé eR@ingat leasBbne sUWESR08AY Bra8 AR GIKWGEIM: &HebdBErein The

met hod of claim6, wherein the tri-substituted phosphine is trioctyl
phosphi nethegrepsionshiniyde 60 MPrigeH 6, wherein the catal yst further conprises

a tin conpound. 9.T e@rsnéhhiggcﬁrb& 3l mBnahenehn t §8q g@t%w@{egﬂg/otrhe

reaction mxture ar entr a ree o in conpound net’hod of
cl ai m 6 wher ei anfitefyrivtisphi materialbl ocked with an acid. 11. The net hod of
claim6, wherein the reaction m xture |s aﬁ)owder , ,
) a) a uretdione and b) a hydroxyl-, thiol- and/or amine-
functional material ; or

iii) a) an anhydride and b) a hydroxyl-functional material.

2. The method of claim 1, wherein the tri-substituted phosphine is
trioctyl phosphine.

3. The method of claim 1, wherein the chemical reaction is

conducted at ambient temperature.

4. The method of claim 1, wherein the chemical reaction is

conducted at a temperature greater than 30°C.

5. The method of claim 1, wherein the reaction mixture
components are provided in separate packages and are mixed together

immediately prior to the reaction.

6. A method of catalyzing a chemical reaction comprising adding a
catalyst to a reaction mixture, wherein the catalyst comprises a tri-substituted
phosphine having at least one substituent that is an alkyl group, and wherein
the reaction mixture is essentially free of Michael acceptors and the reaction
mixture comprises:

i) an isocyanate-functional material that is essentially free of
oxadiazinetrione rings; and

ii) a hydroxyl-functional material.
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or liquid curable conmposition that may be cast, extruded, rolled, or
applied to a substrate as a coating or lamnated film 12. The net hod of

cl aim 11, wotrerdisse4she reacti on m xture yi el ds a transpaPEmuUSE@EAO5I406
product. 13. A nethod of catalyzing a chem cal reaction conprising adding a
catalyst to a reactipn mxture, wherein the catalyst .| ssentially free of
tin conpounds &nd cﬁﬁﬁrmé@gaﬁﬁ'?'f%@bﬂh%ﬂéﬁ%ﬁbﬁ&ﬁ'@eﬁ&’?)Pﬁ@h'a{e 'geast one
substi t ueffodil@hosphide. al kyl group, and the reaction mxture is essentially
free of Mchael acceptors and tin conmpounds, and the reaction m xture
conprises: i) an isocyanate-functional material; and ii) a

hydr oxyl - f unct onal terjal,. 14..Th thod,of claim.1 wherei.n the

(71 oubst i tut B phol PRiTEPY ol gt §1 WERGLS A Bt Ener B e &1 i m 13,
wherein thg coagpiungn mxture is a powder or |iquid curable conposition that

may be cast, extruded, rolled, or applied to a substrate as a coating or
| am nated film WO 2012/ 048245PCT/ US2011/ 055406 16. The net hod of clai m 15,

wherei n the regoti oyl Kb Ui 11D 6 bERRARANENAEER HhANR AdYibn 17 A
nprising: ‘a a reaction mx%uecorrprlsmg. i

curabl e conposition conprisi [ )
a) a pol yhsxtoysaasd essondially frae@dliptdongdoumaid, or a pol yam ne; ii) a) a
uretdione and b) a polyol, a polythiol and/or a polyam ne; or i)
a) an anhydride and b) a polyol; and b) a catalyst conprising a

tri-substitutedophogpBin&nBadfhifte l/\ﬁ'\%?éinQHE)pﬁggéﬁiinbLi'@'Bioék@atwiirﬁaﬁ” al ky|

group. 18. A curable conposition conprising: a eaction mxture
conpri si ngeid.

11.  The method of claim 6, wherein the reaction mixture is a powder
or liquid curable composition that may be cast, extruded, rolled, or applied to
a substrate as a coating or laminated film.

12.  The method of claim 11, wherein the reaction mixture yields a
transparent reaction product.

13. A method of catalyzing a chemical reaction comprising adding a
catalyst to a reaction mixture, wherein the catalyst is essentially free of tin
compounds and comprises a tri-substituted phosphine having at least one
substituent that is an alkyl group, and the reaction mixture is essentially free
of Michael acceptors and tin compounds, and the reaction mixture comprises:

i) an isocyanate-functional material; and

ii) a hydroxyl-functional material.

14.  The method of claim 13, wherein the tri-substituted phosphine is
trioctyl phosphine.

15. The method of claim 13, wherein the reaction mixture is a

powder or liquid curable composition that may be cast, extruded, rolled, or
applied to a substrate as a coating or laminated film.
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1) a polyisocyanate; and ii) a polyol; and b) a catalyst conprising a
tri-substituted phosphi ne having at |east one substituent that is an al kyl
group; wwoenre/mBmspol yi socyanate is essentially free ofPCoAsdéiansidesri one
rings, and the reaction mxture is essentially free of Mchael acceptors.

15, A Cur bl COUROS SR RRBRYL A1) Ao Al MRS S, ) °

catal yst {an§ssent eldi¥niprégu@f tin conmpounds and conprises a
tri-substituted phosphine having at | east one substituent that is an al kyl

group, and the reaction mxture is essentially free of Mchael acceptors
and tin corrpoqu_s. A curable composition comprising:
a) areaction mixture comprising:

i) a) a polyisocyanate and b) a polythiol and/or a polyamine;

i) @) a uretdione and b) a polyol, a polythiol and/or a polyamine;
or

iii) @) an anhydride and b) a polyol; and
b) a catalyst comprising a tri-substituted phosphine having at least one

substituent that is an alkyl group.

18. A curable composition comprising:
a) areaction mixture comprising:
i) a polyisocyanate; and
i) a polyol; and
b) a catalyst comprising a tri-substituted phosphine having at least one
substituent that is an alkyl group; wherein the polyisocyanate is essentially
free of oxadiazinetrione rings, and the reaction mixture is essentially free of

Michael acceptors.

19. A curable composition comprising:
a) areaction mixture comprising:
i) a polyisocyanate; and
i) a polyol; and
b) a catalyst, wherein the catalyst is essentially free of tin compounds
and comprises a tri-substituted phosphine having at least one substituent that
is an alkyl group, and the reaction mixture is essentially free of Michael

acceptors and tin compounds.
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