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Th|S|nve i O ates to catalysts and in particular to c r use
w #léégr ation of pol yurethanes. ?E‘?‘%ﬁ@zsﬁg

currently much change in the industrial coatings market place. 5 Coating

applications are becom ng increasingly nore denmanding in terns of

per f or mance, safety and environnmental conpliance. Many traditional

coating chemstries are finding it i npossible to survive in this

rapi dly changi ng climate. Pol yurethangATXaST8gSs has been one

technol ogy that has enjoyed substantial growh in this field and their

success lies in the fact that pol yurethane coatings provide superior

chemi cal resistance, f/TegiibieniianyrelatesQo aiaipsts end Neg@rtictianesataystst foevsenig and

i mpact resi Stcﬁé'fifé arkiiéh A8 Gehbad, af forded by such coatings is of

particul ar signff Peance in'the autonot i ve, construction, marine and

cheni cal sect ors. There is currently much change it indysirigh §0atibas Meget PRFe. s,

seal ants and £QaRg a@ﬁl@at@ﬁﬁ&etﬁécdrﬁiﬁ%hbﬂé&mgly morB Yerthandifg nﬁmabweﬁem&abwer S
and pol yi socyanates accordin the i socyanate addition grte f%érrerl sation
[

process. The ?%%%?P%ﬁ”‘ﬂ@f‘%@% ?H@“ﬁ@ﬁc@%é@@mmE??é‘”%ﬁBeT‘ﬁBe% ding it
throgen at?rrmpeés;m@m bydwmydhnsc:amﬂwmamgmhympoxymemsmhdaﬁn@cgal t?eat ecbl by
the neans o a ompounds have been
used as cat al‘infttgcmg %%ﬁégﬁés erlde Eﬁtg?%an?'?rg qgﬁgga.aaﬂﬁh@p SUEERY figs) In

oct oat e and dthenfattuthpt poiywrethiaherpoalings nmnmveupen@rheﬁepmd)rreastance ﬂex:bmty

cat al yst Safgvs‘brgg, é{%@@%amhmgtm AR RlstcABA YRS prétbltdn bfiordBITDY Gthed b

| ower cat tic activit an netal "based catal ysts, odour
and toxi city.coptirgs 'ﬁ)f’f Eﬁﬁté?”laf aamﬁqaa?ﬁsen the automgie, LongiRictigny apdnegngdghemical
denonstrate agecigd.i vity that is high but difficult to control appropriately
for sone applications. . ccording to the invent there is
brovi ded acat alyst  comSMUEHIAge cRangs Ji SFARnE andJghE afe age by Topghng

(a) the react hyaroxyr cahtetdingpolpmérs taad ipulgisocyanatesnacoonding ad tHelisdayanaié aidittinum

oot er s "ifindrk8id pBbdsS! e rlonb® bldiali ARGl Grigfs g HENEAA
where R[ err], hidregen]atamscf Rledyrkyl seitaibieg paoiess érsuailylegceierhled by thefmeans ohe

group consi st pfg,Qf Temary arﬁﬁgﬂf Qﬂﬁ'ﬂet@lr%nﬁ&dﬂié haval Deen uSCAOR Ve, e?énlﬁ?ééy
aryl oxy, hydroxyalk |, koxy alkéﬁﬁand 30 hydr ox alk0ﬁ¥alk yl graoups

cont ai ni ng upb?‘@ teig Mlpn%g(?rﬂgﬁ tingl toatg @pd di-n-buty! tin difaurate. However, the prior art
catalysts have disadvantages. In the case of amines, this is manifested by lower catalytic

20 activity mol per mol than metal based catalysts, odour and toxicity. Many of the traditional
metal catalysts also demonstrate an activity that is high but difficult to control appropriately
for some applications.

According to the invention, there is provided a catalyst comprising the reaction
product of:

25 (a) the reaction product of a titanium, zirconium, hafnium or aluminium

orthoester and a 3-diketone or 3-ketoester having the general formula

C'I) O
R'/><\ R?
H R?

where R', R? and R® may be independently selected from the group consisting of
hydrogen and alkyl, aryl, cycloalkyl, alkoxy, aryloxy, hydroxyalkyl, alkoxyalkyl and
30 hydroxyalkoxyalkyl groups containing up to eight carbon atoms; and
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(b) a conpl exi ng agent selected froma nercapto conpound or an

oxazol i dM98GE5EY t et r ahydr o- oxazi ne having the general foFPRHCRVRF6Dr (B)
respectively, [err] in which Rlerr] is hydrogen or an al kyl
group and X is a hydroxyal kyl group, 20r m xtures 5 thereof.

Preferably, the orthoester has the formula MOR)4 in which Mis titanium or
zirconiumand R is an al kyl group, a cycloal kyl group or an aryl group.

Mre preferably Ry a%ﬁb@k.ngaaerwe&téaarméln@;@aﬁcaﬂgom othpul arly

suitabl e orthoesters include tetraisop anium tetra-n-butoxy:-
titani um t@EzidRe s 3 kyRYYdS- ?’E?S\’?Fﬁﬁ’f‘%@e EE‘IeF%\fWH‘Gt(M Bireensativaba 10
Preferably the [err]-di ketone or [err]-ketoest is selected from

acetyl acet one, met hyl acet oacet ate, ethypacetsacetate or

tert-butyl acet oacetate gﬁaﬁﬁ\e molar ratio o titanium zirconium

haf ni um or al um ni um orghoestg—Hp the [err]gdi ketygneyor [err]-ketoester is
from1:0.5 to 1:4. React"\og/o’roducts of m'xtuw both types of |igand
and of titanium zi rcgni um  haf ni um or al ni um ort hoesters

contai ning nmore than one aRfoxy group are pi’t hin the scope of the

i nvention. More preferably he [err]-di ketone gé [err]-ketoester is
acetyl acetone or et hyI acet cetate and the nol )ratio of titanium

zi rconium haf al um m orth ter t tyl acet one or

et hyl acet oa@e‘f’gfrégk s PYYReED- & stnom_’lybjﬁpr ahd X 153 hydroxyaiky orouRy, 8¢ WB‘%‘&Fsof

nono- f uncti teedof.or pol y-functional nercaptans can be used to

advant age. Represent ‘EWR | ol
propane 20 trithi oglﬁwe a%{y,erﬁﬁéﬁﬁrg%t@%g?és{\ﬁé%ﬂ-ﬁ?laR@6§$ J'*t'g tamu ry

pr opi onat e) Zircosiumyangrfeis aglaik&icgpr. a cyclqa"@lqrgam@maml grOppoMommefer)ab!y@t hyl ene

gl ycol di B
ooy TTABBRL 06 LB GAPY Bullp B Ao o ARG

t ol uene- 3, 4 JHNIUAY tofra-nfhuiaxy titanium, tetré-gipraPoRy FHeeRiup ABd ISRk ZiergdiwBane
di thiol, g,lododecane b fakly: the rﬂa,ﬁétﬁwermpms&tm@eeaem from UodGb G0

benzot hi & al Iyl mercaptan hi ogl ycol ate enzy rcapt an, 2
5 1 - oct ane methylaspighcetate, ﬁ@)ﬂ@etoni:%setpevsdeﬂ-ewamytﬁte srisk thapmeler, ratio of
di thi oer yt hr ia'iqﬂl'm zirconium "Rar%& &yax\ﬁn Fgﬁ&%ﬁ%&%‘?@&%&%@%&hﬁe o R RBEXANE
di t hi ol I onene g mer ca t he
from 1:0.5 to 1:4. Reac’non products of mixtures of both types of ligand and of titanium,

zirconium, hafnium or aluminium orthoesters containing more than one alkoxy group are

15 within the scope of the invention. More preferably the [-diketone or B-ketoester is
acetylacetone or ethylacetoacetate and the molar ratio of titanium, zirconium, hafnium or
aluminium orthoester to acetylacetone or ethylacetoacetate is from 1:1 to 1:4.

A variety of mono-functional or poly-functional mercaptans can be used to
advantage. Representative mercaptans include, for example, trimethylol propane

20 trithioglycolate, pentaerythritol tetrakis-(a-mércapto propionate), ethylene glycol

bis-{3-mercapto propionate), ethylene glycol di-mercapto acetate, mercapto propionic acid

and esters thereof, trimethylol propane {ris-(3-mercaptopropionate), toluene-3,4-dithiol, «,
a'-dimercapto-p-xylene, dodecane dithiol, didodecane dithiol, 34-dimercaptotoluens,

dimercapto benzothiazole, allyl mercaptan, methylthioglycolate, benzyl mercaptan,

25 1-octane thiol, para-thiocresol,cyclohexy! mercaptan, dithioerythritol,
6-ethoxy-2-mercaptobenzothiazole, 1,6-hexane dithiol, d-limonene dimercaptan, and the
like and mixtures thereof. In addition to monofunctional or polyfunctional mercaptans,
monomer or oligomer compounds can be synthesised or modified to contain pendant
mercaptan or thiol groups.

30 Preferably, the mercapto compound is selected from trimethylioipropane



| i ke and m xtures thereof. In addition to nonofunctional or polyfunctional
nmer capt ans, nononmer or ol i gomer conpounds can be synthesised or

nodi fi ed to cont ai n pendant mercaptan or thiol gro

Pr ef er abVQ 98$85 ner capt o conpound is selected fromtri net‘ﬁ:f’%? F’&?ﬁne
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tris-(3-nercaptopropionate), pentaerythritol

t et raki s- (3- mer capt opr opi onate), ethyl ene gl ycol

bi s- (3-ner Ctﬁ@f(sl%ﬂﬁh ﬁebxeaat@)ndp&@a&mwt lfertﬂak,slks ﬁu@(&ép?éﬁr&n&%rewﬁrqu%eacet ate)

and m xtures thereof refera the nmercapto co

sel ect ed fr¥ch&ft (aé?%;?ampfwna‘e ang &Pﬁﬁ%@"@bteff@f’%@ﬂ?%ﬁ?%?ﬁ%ﬁ?ﬂ é@nd

et hyl ene gl m&ﬁkeélhére()ﬁMWpEéfahbly [iHeQérCapid &b)mpamb is séledti TonepaHtdbnitirbl

tetrakis-(2 capt oacet at e d ure In
one enbodi nf§ ﬁ?’{“‘@’ae’88ﬁ%‘?’%&%'ﬁg£ag@ﬂﬁ gz?'ﬁ %é%@fme(ﬁ?ﬁ‘?g) orogionate)  and

t et r ahydr 9- pendemrytiritbl datrahiy-(2- herdapuomﬁtaie)(aﬁyi mixturésBhereegfspect i vel y as

her ei nbef ore defi ned e epts. O epbadi ment
are oxazol i di nes haw'?\go eBBFJn‘ﬁ%rk %&%HRL:@%J‘Q;QQQ B &n JXF%hfL"ﬁe ol & (A) or
(B), R[ err]telrahygiipxsgien r@vmsﬁ\eaiomla dMovrpBp Fespegtivaly gs hereinbafoes mfngd .up to 8
carbon at Onﬁrefeﬁléhfc%b@mﬁd ggéhtsg:rf mmnuoaﬂeuﬁ@e BSE&B\MInes Raving! fommr 2Ry .

i sopropyl and butyl is a hydr roup kgre er abl% cont ai ni ng

k
up to [err] and I OfL’I‘Jgn“f?r &Pl PUp'st gyd&" ar%oﬁ‘éf heroupprefe@blvar | v

pr ef erregocemulmwg 0f 6 @ediionadtems.  SuitslsTaIRY REksups hcliaé mlsbtﬁslnéth;a Frysyi,oxyet hyl
or a hydrox) exi n% agent

mist by pr B andbRyEiregs, i aypremon gaun, PRl BRG Paf
zi rconi um Mmafenpreferaily ap tord ncagbonoatorhs e Fadiculanydprafefred completieg egentsObre

ol yi socyanciriborhs BARh XE8hyd B8R SAmERIERIMBD P21 Y ¥ has a pot 1ite
suitable for the part3ufigleat ceppieiinga g% Mush&e pdrespatt kelagiye 4o the reactianct i on

m_ xture ! ﬁ Bw%@n@lolf% tqg'fldnm%ct?fg rh.h%bfrf e r afa Jn’?grtrfoggtell g% X'@&Q?%rtneyo of the

m xture } an open FOWI rnitral viScosi

The cat al ys@- leioetsdaelnwf@s €at thi Y@ Byl ecmtarmm/pdsyaﬁrrtpb@nsad%haté peat:ﬁbnfrﬁitmél at e a
cat al ysed reaction m x ' pot life

re which has ery |long and usef
ot hout -t heouTieg F caralst S Aot e PgD. JE erat Y PP AR PEUTRT = cur i ng
agents, or tduetidni rkigturels horfrialhe defirtid @8 tragine réquired for the aiscddite ofthé alixse th
reaction m é%U e Q)Q%d ARk ¢ r%itlg‘?r?ta?ﬂs oQutyaChi eve cure, although it can be
éees‘? read. @ur her no i i [

heat cured i I’§ often found that utilisation of
t he catahyst of this T%caia'm@ﬁﬁheomrewm fnvention wraviges thecahiliy tocfopaviate @ es or

shorter cur %at%%@re%ﬁﬁ nﬁﬂlﬁm%ﬂﬁéﬂ HeQ 2  very Iongsérgﬂﬁgfupp& Hedhithalt thé REXGHOTY . Yet

anot her advant Is t |ty tO orn1 har der and nore Ccorrosi on
fesistant f farmeingspest Mmé%f'wd oSG eHEi80 @ganky. pithe fike Arfithng pdvantage is

The cat al yskha@fhetoaenybéa/@a&uoarrku*tﬁreu»su@h&txbeadslaﬂtotaeméd%a:ufe?am{wgmn Bandtiir e in

t in e 0.005 r.ce ht with
r e spect t On&é& ed 1% esgB g‘é’g{ei"B?fe rﬁn §toﬁt?ne{c1>unc} tgat Utl? sapon ofc tﬁe catalystW? tr9
Convent i omralinventshheilh @llow &iwen gsrenenpbmtuesoari shederasird times sem &bmpared to

standard catalyst technology. Yet another advantage is the ability to form harder and

more corrosion resistant films than allowed by previous catalyst technology.

The catalyst of the invention is usually added to the reaction mixture in an

amount in the range 0.005 per cent to 0.5 per cent by weight with respect to weight of
30 reaction mixture.

Conventiona! urethane coatings may be provided as two separate
packages (a two-pack system). One component (Part 1), typically, is the hydroxyl
containing polymer while the second component (Part 2) is the polyisocyanate. Solvents
and other conventional paint additives may be added to each component in accordance

35 with conventional teachings. The catalyst is often included in the hydroxyl containing



packages (a two-pack system. One conponent (Part 1), typically, is the
hydr oxyl contai ning polyner while the second conponent (Part 2) is
t he pol yi socyanate. Sol vents and ot her conventional paint additives
may be aduedsmnsss®ach conponent in accordance 35 with conRETIGRIARSES
teachings. The catalyst is often included in the hydroxyl containing

WD 98/ 15585 4

PCT/ GB97/ 02565 4

pol ymer to avoid pr emature gelation of the polyi socyanat e. Cccasi onal I y,

t he catal yst e | t her

just prior tSOQ{B‘p\' %f"?ogﬁrem?m éelag-ggtogﬁhge polyisocy {)ﬁaf)'ﬂ"a“ﬁptb?lcé ?bn of
convent i onal pevikagpdchot eddeditmejtheobs ot Parh2 untyplsualorgoapalﬁcason of the @atree by
Lhe adni x{urgogholii, koﬁB%P%H&&t:fﬁﬁw@&!cﬂrc afhRombalidoAl aRMaRBY D€ DY *

5 convent i onal oat, reverse rollcoat’, or onventl on
means; or carPlase byythe admixturgf Aie e ORIPERANS jusichsfarel PRRYSation whish mayHei byt i on

t echni que, & R8nieMBoraPFol @H& Yeversd RIId6BNbor other conPéiliakaRtzRtid rheeﬁéi%r cdrpdhyevent
pr emature reaction WJ th aftendant i scosi tﬁé i ncrease whi ch revent S

ef fective appPrRdeahgifuesTnisess SFQHtY’E@B‘?'F?ﬁ teghaiags theiwe SRERPNERTS SFed@Pt to
spefad tCI h;a | separetene ofdetl toeﬁTSMEprempthéSieﬁatlmfwnmcﬂtMﬁdﬁ'tt ﬁﬁ@s@aﬁas?s‘er\m&hﬁ he
a | e Ifrm | ONn QVli or the use
SPP e cat al Puvels effssiup applicaton, The'dbpid RoSRIoE 3 SR Balbli orlg o ety &

hydroxyl contcarenandgenpak pxpsisiopof srlventand ga‘sesrfgammgybphed fim. cont ai ni ng
pol yner s g’bd an i socyappl gvaRiBh %!sB'd?&nééQWBPﬁ@ﬂlﬁQ d)f él;'r.L!t &s HerdinthBfo) ?a”at €

cont ai ni n ounds cont al ni ng ynmers

for use in tH’@ﬁ'?ﬁde@éh‘E reagtiasrhetwReni s cydepeyl %tainwgmwmecet mxttpeloyémr@ws
pol yest er am QRftainitQ poRiieRy shd ahi ks6e(BRAE caMaNiRG cSthdduR®BES mBllfe of isocyanate
copol yners of such nateri %I s having hydroxyl functionality within their
structure,  containing compounds Exanpl es of the polyesters are those
predoni nately hydr oxyl Thehydroxgt @dtaining polymbytasnwia thy @ psenevéntioninciude

di car boxylJ ¢ .acl pa, lcu!a o!y'g%t@rgzgﬁglsterpgra S5t Y LELE g%logtgnessggr?{,%agllcgn%fc and

glutaric, =i'D can CI ¢
obt ai ned by tdweoiymérsrm{)‘a\;chmaleslais hewngﬁydmxs!amnmmaw witign thet ktmsoturé.at t y aci ds
obt ai ned from natural l ﬁ?ﬁﬁw ok Eﬁgsp%}ylascters are thog@ﬁrepﬁnﬂactag h¥(M>>§I¥ {'é'}rﬁ”ﬁatgé aci ds

may al so be used. Suit or use in ration
pol yest ers i rRAVMSSEHAEPEES fr|‘iE5‘t d'F%E?’M“‘C?@GF fngugipgy by et gﬁr@éﬁd to, succ"“cv

1, 2- propyl ene@utﬂﬁ@'adlpk ?mme yém lhdf@@&ac;cda@ashxdo@aésug g bbtabd &t ik ene

B Lo o ap Rt o egre i hain By e oM T e B ey oups

nmay al so be useyl beSusetiaMixturdsr ainstidngay also be esgbrivitbide iglycsiside ysel phipdr i c
al cohol s SUChpr@E rgé C &t Ol é?s?e% afkge!’ Jtmare SrQth'rés?rl e@nqo ethylene glycol,
I 3‘ {F15 &4

pol ycar boxyl i’c acids suc S tricarballTylic acid and pyrone ci'd and
conpounds 1.2-peapvteneaiicaly hi-retfleng n@!!qob n diethyleer palycal c'ﬁleﬁﬂe%ﬁ eaisain@ndnmi ne

and di hydr Oxyﬁﬁﬁelﬁleﬁ&'ggcol Mixtures of gl cols may be usJJ‘%rﬂ‘Q:hM §ld&hSs c@ﬁ%lnﬂﬁ any
hydr oxyl containing pol yners or co- ner s %ﬁf. the ynerisation

or co- pol yABr "8 MR B‘f" sgenRte JepRl % QKPS HeY e"b‘PcPﬁ ig y%H“PHe b"aNChan

t et r ahydr of ur edmpamsate Viediab UiohRgdria nalcodibld Suth @k egd/cermwﬁthawﬁtame&bm@nd
1, 2-al kyl ene i

des, Le. eth d 1, 2- |
oxi de. Alter nﬁ?lﬁ?ét?vaigh%cﬁdé ?H&@rasg nearballyfic ag%ém Ppgwgﬁh}gce {;] %,g;hcé,F@gO pgpgd,
for exanpl e, bontguihy mxed Sinclipnaligrapk slabres dmm:—sdeiammetahtbdxhydroxystequiceasience of a
substance having more tHanhduReRGhdyVE: SNAARRN BhBMRy pbPhe TR pEymers

30 made by the polymerisation or co-pelymerisation of cyclic ethers such as epichlorohydrin,

tetrahydrofuran, oxacyclobutane and substituted oxacyclobutanes and 1,2-alkylene
oxides, for example, ethylene oxide and 1,2-propylene oxide. Alternatively there may be
used branched polyethers prepared, for example, by polymerising an alkylene oxide in the

presence of a substance having more than two active hydrogen atoms, for example,
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gl ycerol, pentaerythritol and ethylene diamne. Mxtures gof |inear and

br anched“ﬁg?i/’e"ts?f’ers may be used. PCT/EBPURI6Rs nay
al so be referred to as pol yoxysil anes, and are soneti nes si mply
referred to as polysilanes. Herein, siboxane refers to conpositions having
t he 5 fornul a [err] where nis from1 to 10 when no
solvents are present in the conposition. Wen sol vents are included

i n the conposjlycei) pentderfiitolmd etrglRas diamme. Mturdsrbf lidbab addObrBhthad Flifeitels
Rlerr] and R err I s i ndependently selected fromthe group consisting

of hydrogen a{ﬁ?}'dﬁ"f?ﬁ?', aryl, cycloalkyl, 10 al koxy, aryl oxy,
hydr oxyal kyl , al koxyal Bildxasescméy alsmiy edfécredtalak pbiyopysilanss, oo b svhiRgme t O

K ranpans. sy el RELEShFfhahdd Tt GERHR ERAoSLafiRs fins HANRIST 2"

al kyl and ar st cdses, a east R5 and
Rl err] grouwpdormda hydr ol ysabl e oxy substituents which can form

pol ymers by hydrol ysis. - —~ Silicone refers to

conposi tions having the formula | R* 15 |

[err] where each RO is indqunqentIy sel ect ed fromthe group

consi sting of the hydroxyl groupR Si—a@-pRyl, aryl and al koxy groups
having up to six carbons, each Rl err] li,s i ndependently selected from

t he group consisting of hydrogen ard & kyl and aryl groups having up to
twel ve carbons and nis from1l to 10 when no solvents are present in the

COMposi tion. whefe PisMam 13601 /R8N0 ehts GleUigsEnt iR thd WrPRERES IiheARowerls MY be
hi gher than 1 ate | pi

0., . " sgcya cont ai pi ng conpound
crosslink wi t#eNfoes B usSAmPeFENyS BrY }P?@g%” an 10, elg}h?ﬂs gfm‘gﬁﬁy’%@“ﬁﬁger t he
i nfluence of isindepartiantycealbctbd Som the greupacohsisting ottiyidrogen Anidanad, iady), cycloalkyl,
al i phatic,_or_jgp.xe 0 | |i oy used. . Further,
al cohol - notf f?"gegﬁ ) éjry&y' q’zt}r'féi&é' "ea?ltr%%%l"\gyle%@ﬂ%&Qﬁ"go?fygl@g@g%sa?gg%’ﬁﬁ'&?t I ons
can be used. siPeaponssdX yianeieeted from25e jgraup eqonsistipgvaf Inydriagereand eyl #bowryi2 to 4
i socyanat e 0" oS REMoSMda864) a8 leastbl A MR, R® and FPQrdupls SHE ¥Fa@Blel ! ude,
for exanpl e, hexanet hyl ene dil socyanate, polynethyl

substituents which can form polymers by hydrolysis.

Silicone refers to compositions having the formula
7 ]
|
R’+—si—0 —+R’

Rk

n

15
where each R® is independently selected from the group consisting of the hydroxyl group

and alkyl, aryl and alkoxy groups having up to six carbons, each R® is independently

selected from the group consisting of hydrogen and alkyl and aryl groups having up to

twelve carbons and n is from 1 to 10 when no solvents are present in the composition.
20 When solvents are included in the composition , n may be higher than 10.

Isocyanate containing compounds crosslink with the hydroxyl groups of the
resin or polymer under the influence of the metal catalyst to cure the coating. Aromatic,
aliphatic, or mixed aromatic/aliphatic isocyanates may be used. Further, alcohol-modified
and alternatively modified isocyanate compositions can be used. Poly-isocyanates

o5 preferably will have from about 2 to 4 isocyanate groups per molecule. Suitable
poly-isocyanates include, for example, hexamethylene diisocyanate, polymethyl
polyphenyl isocyanate (Polymeric MDI or PAPl), 4 4'-toluene diisocyanate (TDI),

diphenylmethane diisocyanate (MDI), m- and p-phenylene diisocyanates,



pol yphenyl isocyanate (Polyneric MDI or PAPlI), 4,4'-toluene diisocyanate
(TDI), di phenyl net hane dii socyanate (I\/D ), m and p-phenyl ene
di i socyanat es, WO 98/ 15585

PCT/ GBI 7wWaXBa 5585 PCT/GBP7/02565
tris-(4-isocyanat ophenyl) t hi ophosphat e, tri phenyl net hane

tril socyanate, di cycl ohexyl met hgne diisocyanate (Herr]MI),

cycl ohexane diisocyanate (CHDI), bi s-i socyanat onet hyl cycl ohexane
(Hlerr] XDl'), trinethylhexane diisocyanate, dinmer acid dii socyanat e

(Do), Lr1 rebRvl BexatEsiene dbaRenana’ o REXAhARSRY! T™aSae °

di i socyanat e erivatives t sl ne diisocyanate and its.
met hyl est erdlcyclohexylrhe;bﬁmor@mcydmatgod);idﬂalﬂe cypighdxgahe cylcsoomrztsne(CHm) |
di i socyanat eb.s.koaraaael%m o %h@kanéoeiwﬁt tﬂm?lﬁhylhexané rd,.mwmt gﬁﬁaa%d a

triisocyanate ene diisocyanate and
derivatives dusocy[an@tpedle) tnrr‘gg]yg, nBPEeByene  disogyanajeh lohexylmethane

i socyanat eg, disocyanaté Hn@ r@%@mbm& tfer ] ﬁgﬁe/a:&a&yenata@dd mhxﬁé!ﬁﬁ%s&her eof .
Aromati c and, al.i phatj.c R‘amylssoc anat riners

pol yners (i nEPRIGIHG dﬂ?‘ﬁ?’ﬂat B‘?ea‘f §°°ya”a"e' ! aé‘FPr\‘}QT"FQPﬁ'?“gW‘e

i socyanat e fubbénybmﬁthqneetpsbgyma ayleneolilsatyamatalidnd bhethgsamr efdrogendted
packages and ackag e als e for he ratiq _of

| socyanat e dg,k',gn,eg ui val g’% e of t hgoiﬁ%twgcyana (geﬁ%re T -1 nl?oﬁ'ﬁn%%‘@sent s to
t he hydr oxyl cfgwontmyieme-z H—elusocyanatehymdoxthwas ethergbfs pﬁsfm’nabranyd sdiipbatid be

gr eat er tggpréylgoﬂ%tégﬂmeﬁl@%ﬁergr&igbr{]verg pHyntes frichiding plipet Ofy BEGERGSt

i nt ended Ication o e coat ositlo ten dic ateths
rati o derivativesk apth drpayanatet WECtP@ﬁdV%R?Hﬂ@fsl #gcSiten available as Preformed A

sol vent or vghdkehds BRY sbeh lp@@lla‘éd@%rﬁsalslaa&htaﬂé fb@se& OPe RatioC BITRGS}hbian.
Vol atil e organi.c solv ude Fonesrﬁﬁ g‘gters for m nimsing

viscosity, tRS{GENts the °&¥a(5‘ Fress3p1ipe Ae Mé‘ﬁ‘yaﬁ'ﬁuﬁlﬁf gy
such sol vent aydaoe matehatmf:refdmblwxbdoa!tj bk g&ater Bén to andad:anedwgemoaomp @at.

| socyanate _p [ L G,: e

el e o Tod BRicie MERIE SRS, 4P Bt SaBfARB Stk Shde 1 et 1,
anyl ket one, whichis knmg@ aytheusygmpgeunq@m one, ethylene glycol nonoethyl ether

acetate (sold under thgsgvent or Iélﬁ(g@ﬁﬁﬁ ke SrRlub&s sy Né?t SRS Bbfhg 265D Jshi%nl i ke.
Organic solvents comercially utilised in n¥l| socyanat e pol yners

i ncl ude, for QB?QWQ?“'CtsB\VE@ﬁE'aYWl“@ﬁéEta’Pﬁﬁ aPﬁSStP’FIE%' Tﬁ’és"@f‘f'sé(‘?f'ﬁyv*@"”thS

non-vol ati | esamé laftHnatio BbIestHt rrﬁzfy tehged asd lyﬁgansz@mlvtamerar@ﬁm brené neiswesed by
i ncor por at i on roester vol at.i I oEs has a
e

ol ot | ver 0 SRAGBR o SEria KA EsH PonRs: Reesonabv WElie' Gadd, sy o ned
for the nost inghude, fon exdmeple; imegiyi femyhketf&schcmmt by eacptiates methys emyldstape s

i ncl ude, for WL&U a/ﬂtke{o%e ﬂ%llen@x%)@c))l %EMyﬁte%eﬁ%a C?t ANGoid Nk lfrieo% by

used, the lon o ['asticiser ester s ot exceed
wei ght ot her'RFﬁ@é‘ar‘b§§"°§¢‘v¢ra¢e‘aiek3@"dr b8 jlike. o REIBNE BRIveRRE GemmEgsly glilspd in he

proportion Ofpoms@@;fahﬁé%Sl?m&%tlrﬁifudeWGBékaH\ﬁ@dtoluéﬁie kflerfel¥#Ad the hke ThéB@tive t 0 10%
by weight. The coat ‘ﬁ &B S {}bon an_addi |onaII cont é)ﬂpac ]‘él pg

pi gnent's éalfidnl"ﬂéff’l?m%i 95, Gt 8L fpR Cpling omPogl] f‘@e Fiees BB O Zi nc
oxi de, claysa p!astxcxserwmhwash isatdnl-wnlame ot hasysrelativelyl 10w volbidityC(high dolieypahtit)
graphite (e. [ conguctl coat{ Addi tionally,

t he coating gagﬁg@gch ' 61 as"egaf%’e‘B%HPa AH’&CS F&]m ?‘bchge‘ttals&e ﬁasélglser esters
corrosi on-i nhndhidei rigr pragmpEntdi-(2-ethghexyl aphinetate (OR)gantt thet iiiei cdl luyed, dbed i n
coating proportion of plasticiser ester should not exceed 10% by weight; otherwise loss of mar
30 resistance can occur. Typically, the proportion of plasticiser ester, when used, is in the
range 5 to 10% by weight. The coating composition can additionally contain opacifying
pigments and inert extenders such as, for example, titanium dioxide, zinc oxide, clays
such as kaolinite clays, silica, talc, carbon or graphite (e.g. for conductive coatings) and
the like. Additionally, the coating compositions can contain tinctorial pigments,

35 corrosion-inhibiting pigments, and a variety of agents typically found in coating
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conposi ti apg og/fisgk addi tional additives include, for exanply Tﬂﬁﬂ%& %ants,
flow or |evelling agents, pignment dispersants and nnlsture scavengers
based on systens such as oxazolidines and the |iKke.

Usi ng the catalyst of the invention, a %oating conposition can be 5
formul ated to have a mnimumpot life of at least 2 hours in an open pot
and generally the coating can be fornulated to have a pot |ife which
is in the rangrmipsitiong Syghadditiosr] @Hditives inceweémdmplelsuﬁhdtmté flow esletalige and

means that repdntd, Nfigrhdh® d%%rsé’ﬁts the mbiddle gégvlbnﬁlrss Bé{eﬁe 1 tse‘?tgras n?ﬁ) usual | y

required. After sforage of the coating conpos &ition
can be nP¥2plidings egd ‘QEH?ei cation viscosity with suitable solvent (if

required) and such a 1%5@@%@%5&19&1 sl erfioh, Ta“@oa‘ﬁ?fé:eéolnﬁﬂéntnoﬂefzénorbgance

characteri sti ni ti al ossessed Heat

curing of céaf"f'ﬂ%‘eém%FIW'mW\V@Pvg%“tﬂ 38\P hVES I B PPRILPE aod engrally the
](c:orrpo;:i tion atodiegnoar bé twm@atemttghawgla‘ pAANTSOhiaT &liCtheQardde0d & § L&%rQV héucﬂher ;
or time peri ro t o of the coate
subst r at epcang)géendggﬁg% IF%??PQ%B{‘; af? ’%eSf‘?/e‘ﬁ%)‘ rggiyﬁﬂlt"éq F&?ﬁatlf_gﬁmaf‘ ‘é“" ng shiftnis wel |
as ensuring t neitusydiy réauiren. iAftensiorabe ofdke captigeompagitiah, the storéthdttposigoradant he
coated substrgd gnodlied 1 a”’&phd’é%r? QE@S’&&% Qﬁithngﬁgﬁlg. goWen{ F &gt rg@yStdngfc@E)h' >

invention tend to be rather m| era uréetan ar ed
to cohQefAMROSHPN HeEdPs calk &he mx@qllﬁrange@@gm characteristics which it initiallyA
variety of supskéese@s can be coat ed with the coating conpositions.20
prepared according to t"P’BhQr ese i pvention. Substrates include netal, such

as, for exanpl e, unog I°°a'éﬂgﬁrﬁeﬁF'ﬁFM in¥@yRisehakinga|the Apriied coeting| |

zi nc, and t hecdmgositiorAdt temparatlrés/ ,rangmg frdnhesmmai HS[QCCd?an@r tfbroﬂn&%@n&%
reaction |njection

lied t
o0l ded ur et niund B SRIEAE, HediE B0hE saiey suksraip e dertanpicial o
pol yol ef i nesasrivept hmuispolffymém filmoas \pd!lha ersunrat thatitbe fimps pen-blackthgt tberabidk e.
Si nce the coakirndfihe?t 1O ERAH dubQFste. ﬁbbp@atsﬁ#lgﬁx%ﬁés AR tor TRCLBhAL Gt iher mal

damage to thernmall'y-sensitive strates 1Is not Imtation on use of
the coating cBYEYET t'P¥h& brurtheermidain fergeofatsmpprajure and tiroe (pomparied to

vapor ous anmi nmmattahaséat&prreawrermb@@btexﬁiﬂe flexibility in use of the coating
conpositions is enhanc |t shoul d, be understood, however,

rthe
that heating of V?:B’ t|{1 Q?gﬁ{%s‘iaf‘l B cppd &t b Spmlingceompgsitiqns. g. t o
a tenperatpp eplbmraeelncaadbmmto ﬁn@[;ﬂese]ncmentamd Subsfiftes ltn]cﬁ)jelrﬁet@f §®A as, for

recomended f %[ n&ﬂ:ﬁ FOLsRY), SN ! géﬁ? rﬁ%\vgt%ed steel, zinc, and the like, é}ﬁldié[-grnha‘ﬁy,

coati ngs whic made aval l a IAventi on tah
primers, intethAeefatinge: cempastion 80 o @ppiedt o wertl, tdiass.c oorerate; ShdetmintRidl | y

i ndependent Ofreaction infektidh héliidedNBsthanes), sSMC (sheet moulding compound), vinyl, acrylic,
polyolefine and other polymeric or plastic material, paper and the like. Since the coating
25 compositions can be cured at room temperature, thermal damage to thermally-sensitive
substrates is not a limitation on use of the coating compositions. Further, with the ability
to use the vaporous amine catalyst spray method, the flexibility in use of the coating
compositions is enhanced even further. It should be understood, however, that heating of
the coating composition following application (e.g. to a temperature between about 50°C
30 and 150°C)is often recommended for enhancing solvent expulsion.
The coatings which are made available by this invention can be used as

primers, intermediate coats, and top coats and the cure is substantially independent of
film thickness.
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The invention will be nore readily understood fromthe foll ow ng exanples
i n whi ch waldgngmecent ages and proportions are by weight, wparassy70t888r wi se
expressly i ndi cat ed. WD 98/ 15585

PCT/ GB97/ 02565 8 9

EXAVPLE 1 Preparation of Catalyst A

0.1 nol of tetra-n-propoxy zirconium (Tilconferr] NPZ from Ti oxi de

Speci alties Ltd.) s added.to a 1 litre flask placed in a cold water
both and 0.1 mol of - 3hempnznenbikBrareadi oz o 3 e waRpes one
hour whi | st tirewiiltixt ail pereergages iand gulopoftioes are by weighbtl unlegs pheadisetexprssip pal e

yellom1quuidegggdzirconiun1content of the catal yst was measur ed at y
15. 85% ) 4 mmol of this product was added to a 50 ml flask -
pl aced in a cold water bath and 40 mmol of pentaerythritol

tetraki s- (nercapto- propionate) was added. The 10 resulting product was a
clear nobile liquid. The zirconiumcontent of the catal yst was

measured at 1.54% ) Conpar ati ve Catal yst

Dibutyl tin dilaurate (source Aldrich Chem cals) was used as the
conparative catalyst. 15 Testing of the Catalysts in Film Formation
(at an addition level to give ' nmol ar % Zr equal to nol ar % Sn)

108 g of an acrylic resin (Joncryl 500 fromS.C. Johnson Polymer b.v.),
40.93 g of nethyl n-anyl ketone and the cal cul ated anount of catal yst were
t hor oughl y m xed. To this container 39.42 g of an isocyanate (Desnodur
LS2025 from Bayer) was 20 added. Fromthe m xture, drawdowns (wet film

t hi ckness 60 m cronetre) on glass plates were made. Each plate was
then cured and the hardness of the resulting film neasured. The
viscosity of the remaining mxture was then nmeasured using a Brookfield

Vi sconet er every 0.5 hr.
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Vi scosity xyl Containing Polyner / |Isocyanate M xt i

Time (hr s)V% 9”&%& ative Catal yst A %‘f'/(;ﬁwoz-gsém

Cat al yst (0. 06g9) (0.739) o] 260
138.3 0.5 ¢ CGel l ed 153.3

1 176.7 1.5

181.7 2 185

2.5 185 3

191.7 3.5 191.7

4 EXAMPLE1 191.7 : Film

Har dness by Pendul um Testing of Resulting Filns Cure
Schedul e Conpar at i Eggg:atnon@ﬁb%igﬁ&} A

Cat al yst nbi ent 12Qhr 79 s
EXAMPLE 2 0.1 mol of tetrm’r@awrewgv 9@?“&%%(59%5%@? Seeqialfienl yst as

in Exanpl e 1 meyavassadded toSa 1 litre ﬂasﬁ’qﬁcwgnlm cbidl me.orbamt Bt ooff n{oh%f
Cat al ysts (at an agdltlon

ol ar” 36 S5 enacidectie® s 24f 5 EhelE gone ol (A TREBIR eSS dhe 5. C
Johnson Pol ymesultingvprpduct Wad3 pelefellow liquidnEbé girconivangdntehebbihe aaredyst ves
cal cul ated anpuni, &fat58ksd,yst were thoroughly mxed. To
4 mmol of this product was added to a 50 ml flask placed in a cold water
bath and 40 mmol of pentaerythritol tetrakis-(mercapto- propionate) was added. The
10 resulting product was a clear mobile liquid. The zirconium content of the catalyst was
measured at 1.54%
mparative Cat
Dibutyl tin dilaurate (source Aldrich Chemicals) was used as the
comparative catalyst.
15 ting of the Catalysts in Film Formation (at an _addition level to giv
lar% Zr equa olar?
108 g of an acrylic resin (Joncryl 500 from S.C. Johnson Polymer b.v.),
40.93 g of methyl n-amy! ketone and the calculated amount of catalyst were thoroughly
mixed. To this container 39.42 g of an isocyanate (Desmodur® LS2025 from Bayer) was
20 added. From the mixture, drawdowns (wet film thickness 60 micrometre) on glass plates
were made. Each plate was then cured and the hardness of the resulting film measured.
The viscosity of the remaining mixture was then measured using a Brookfield viscometer
every 0.5 hr.



this container 39.42 g of an isocyanate (Desnodur[err] LS2025 from Bayer)
drawdowns (wet filmthickness 60

was added.

10 From the m xture,

m crometre) on glass plates were

t he har dnweesnasssshe resulting fil mnmeasured. The

made.

Each plate was then cured and
Vi s reqi¢B9708s65 he

remai ning m xture was then neasured using a Brookfield visconeter every

0.5 hr.
PCT/ GB97/ 02565
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Viscosity of Hydroxyl Containing Polymer / Isocyanate Mxture vs. Tine

Time (hrs) Eggggx |#§i cSbiRlng é X te Mixt Ti
Catal yst (0. 0069CQ i . oxyl cﬁﬂ%nﬁi % | socyan ixture v e
138. 3 135 0.5 156. 7
146. 7 ! T - 3 156. 7
15 226. 7 Time (hrs) j_56<..‘,0fnparat|ve Cafa"‘fystA 2 )
256. 7 156.}7 Catalyst (0.06g) (0.73¢). 5 306. 7
156. 7 3 390 156. 7
3.5 425 0 156. 260 138.3 Fi | m Har dness by
Pendul um Testing of Rgsulti FITns re Schedul e
Conparative Cat allyst A':ﬂgJ Gelled 153.3
Cat al yst 4+ anbilent 264hrs 176lB7 S 144 s
anbi ent 336hrs 146 s 1605

1.5 181.7

2 185

25 185

3 191.7

3.5 191.7

4 1917

ilm Hardness by Pendulum Testi f Resulting Films
Cure Schedule Comparative Catalyst A
Catalyst
ambient 120hrs 64 s 79s
EXAMPLE 2
The same catalyst and comparative catalyst as in Example 1 were used.
5 sting in Film Formation of the Cata] at_an_addition level iv
olar % Zre o molar % Sn

108 g of an acrylic resin (Joncryl 500 from S.C. Johnson Polymer b.v.), 40.93 g of
methyl n-amyl ketone and the calculated amount of catalyst were thoroughly mixed. To
this container 39.42 g of an isocyanate (Desmodur® 1.S2025 from Bayer) was added.

10 From the mixture, drawdowns (wet film thickness 60 micrometre) on glass plates were

made. Each plate was then cured and the hardness of the resuiting film measured. The

viscosity of the remaining mixture was then measured using a Brookfield viscometer every

0.5 bhr.



EXAMPLE 3 The sane catal yst and conparative catalyst as in
Exanpl e 1 were used. Testing in FilmFormati on of the

Cat al yst ( ddition level to give nolar % Zr equal to %
Sn) %9%5%9.49 of an acrylic resin (Joncryl 907 frdiQRGBR02965hnson
Pol ymer b.v.), 46.1g butyl acetate and the cal cul ated anmount of

catal yst were thoroughly m xed. To thi g1 container, 24.4g of an

i socyanate (Tolonate[err] HDT from Rhone Poul enc) was added. From 10 the
m xture, drawdowns (wet filmthickness 60 m cronetre) on glass plates were

made. Each pl sisod@porHi@pgleests pesshide L G5kt i ng film
nmeasured. The viscosity of the remalning mxture was sured
using a Brookfield visconeter every 0.5hr. WO 98/ 15585
PCT/ (B97/ 02565 Time (hrs) Comparative Catalyst A
Vi scosity of Hydroxyl Containing PolGatatyst (0.008g)dyangtayadj xt ure vs. Time
Time (hrs) Conparati ve Catal ysft A
Cat al yst (0.061 @) 0 138.3 135 (0. 0059)
0 163 165 0.5
178 165 0.5 156.7 - 1 1487 197
165 4.5 212 165
2 237 %65 233 156.7 2.5
300 173 : 3 383
173 15 3O 257 405, ¢ - 173
2 256.7 156.7
25 7 308.7 166.7
3 3580 156.7
3.5 425 156.7
Ei ardn e Testi f Resulting Fil
Cure Schedule Comparative Catalyst A
Catalyst
ambient 264hrs 137 s 144 s
ambient 336hrs 146 s 160 s

EXAMPLE 3
The same catalyst and comparative catalyst as in Example 1 were used.

5 Testing in Film Formation of the Catal a ition level to give mola

% Zr equal to % Sn)

109.4g of an acrylic resin (Joncryl 907 from S. C. Johnson Polymer b.v.), 46.1g

butyl acetate and the calculated amount of catalyst were thoroughly mixed. To this
container, 24.4g of an isocyanate (Tolonate® HDT from Rhone Poulenc) was added. From

10 the mixture, drawdowns (wet film thickness 60 micrometre) on glass plates were made.
Each plate was then cured and the hardness of the resulting film measured. The viscosity

of the remaining mixture was then measured using a Brookfield viscometer every 0.5hr.



Fi | m Har dness by Pendul um Testing of Resulting Filns

Cure Schedul e
Cat al yst

EXAMPLE WO 98/15588r epar ati on of Catal yst B
zirconium (Tilconferr] NPZ from Ti oxi de Specialties Ltd.)
added to a litre flask placgg in cold water bath and 1 nol

tetra-n-propyl
was
acetyl acet one was added

was stirred. The resulting product was a pale

0.01 nol of the,p,
bath and 10 0. I~ m
added. The resulting pro
content of the catal yst
PCT/ GB97/ 02565
Preparation of Catalyst
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Conparative

Catal y

Anbi ent 192h

st A
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171 s 180 s
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over a period of one hour whi
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bd. The resulting

was rrr
18 nol of the product

0.0
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pentaerythritol tetrakis
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ht er 4@t h

hnd 0.2 mol of

M c....addao
T WUCA
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E= A " Av ) v

rcomé&uum c

l. The resulting
bnt ent of the

catal yst was estimted a
the Catal yst (at an addi

U. 1170
i on?Pevel

to §lde e

qual16

' Fil m Fornati on of
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TestTIg™T

104.4g of an acrylic res
48. 19 butyl acetate
t horoughly m xed. To thi
HDT from Rhone Poul enc)

9 romn

cul ed a

munt " of ¢

S~ a5 JOhhson Polyner b.v.),
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5 2.5cont i neggg 30.
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ARLS,
ey

349 @f3 an
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3

383

173

3.5

EXAMPLE 4

Preparatio

405

173

P

dut

of Resulting Films

Cure Schedule

Comparative
Catalyst

Catalyst A

Ambient 192h

171s

180 s

f Cata

1 mol of tetra-n-propy! zirconium (Tilcom® NPZ from Tioxide Speciaities Ltd.) was

added to a 1litre flask placed in cold water bath and 1 mol of acetylacetone was added

over a period of one hour whilst the mixture was stirred. The resulting product was a pale

yellow liquid.

0.01 mol of the product was added to a 50ml flask placed in a cold water bath and

10

0.1 mol of pentaerythrital tefrakis-(mercaptopropionate) was added. The resulting product

was a clear mobile liquid. The zirconium content of the catalyst was measured at 1.63%.

I §



Fromthe m xture, drawdowns (wet filmthickness 60 mcronetre) on gl ass
pl ates were 15 nmade. Each plate was then cured and the hardness of the
resul tingf] sured. The viscosity of the remsu ni Xt ure was
t hen masﬂ%‘z%ﬂg a Brookfield viscometer every EETE B97/02565

Vi scosity of Hydroxyl Containing Polymer / |socyanate M xture vs. Tinme
Time (hrs) Catal yst B Cat al yst @G3

(0.629) (1.31 g) 0 185
177 0.5 185 177

1 Prelpapation of Catalyst c177 1.5

ié% 192 1 mol of tetra-n-propyi zirconign g-.’TilcomQ NPZ fron% T%i@e Specialties L%d:.g)lm

3 ad@Ro a 1litre flask placéliliB cold water batN\&hdDBimdlwh Bthylacetoacetate was added
PCT/ GB97/ 02565

Fi | m Har dnes$ 87 RR2IRA ST AR PPESYIRL NG MiYe WP FiltgdFlMefgsulting procict was a pale
Cure Schedwl gellov»([}ﬂual yst B Cat alyst C 100[err]C
/0. 5hr 191 s 180 s Anbi ent 168hr
171 s 180 s EXAMPLE 5 Preparation of
Catal yst D 0.01 mol of the progdugt was pddagdo a §Bmidiask Rlpae inja ooldwatef bath adopy |

zirconate (Tlolzcmi @f&fe]wtaé@%ntf)ft@ﬁ%kis-@neﬂaﬁ%bﬁiﬁoﬁ?é%aﬁ|aBd&§Thé FEsIfY pradhic8%0 2
content) andM%lg i n cet gacet ate J130g) was

added over ’B‘Pb' H’&“’ﬁcd)?}f* ZW’H“I”EI"“N?B‘ qﬁr;acapgg\,yaag estimated @t -7 €4. The

resul ting product ine Fyhdtiow df itispiCakalyst (at a vel to give e
10 lar % of

104.4g of an acrylic resin (Joncryl 902 from S. C. Johnson Polymer b.v.), 48.1g

butyl acetate and the calculated amount of catalyst were thoroughly mixed. To this

container, 30.34g of an isocyanate (Tolonate® HDT from Rhone Poulenc) was added.

From the mixture, drawdowns (wet film thickness 60 micrometre) on glass plates were

15 made. Each plate was then cured and the hardness of the resuiting film measured. The

viscosity of the remaining mixture was then measured using a Brookfield viscometer évery
0.5hr.

Viscosity of Hydro Containing Po r | Isocyapate Mixture vs. Ti

Time (hrs) CatalystB Catalyst C
(0.629) (1.319)
0 185 177
0.5 185 177
1 185 177
1.5 211 192
2 231 192
25 280 213
3 315 213




A separate flask was then charged with 289.8g of this m xture and
2-1isopropyl - hydroxyet hyl -1, 3-oxazol idi ne (I ncozol[err]3 fromIndustri al
Copol ynmers Ltd.) 10 (159g) was added to the m xture whilst the m xture was
stirred. WRSBI88Eased sol vent (n-propanol ) was then PEHEAIAOESr ot ary
evapor ati on under reduced pressure to | eave a pal e yellow oil. The
zirconiumcontent of the product was ggasured at 13.4%

Preparation of Catalyst E A flask was charged with 449. 6g
nol e of n-propyl zirconate (TilcomNPZ 15 from Ti oxide Specialties

Limted; 20.3% Zr cont@pt da ggssq; f B

Et hyl acet oacetate (130g) was a over a pertrod of one hour whilst the
m xture was stirred. The resultlng product was a pale yellow |liquid.
A separate flask was th¢g It g2d O mxture and

2-1 sopropyl - N-hydr oxyet Qf&éé&? ﬂ&\e nlglsla(i Aég (l ng??ttra) ftg';r] 3 from | ndustrial

Copol ynmers Ltd.) 2 0 ( m)gm/\mfthemgmdgjed to tygesm xtjure whil st the

m xture was stirred. Tha—+eleased—gelvent A—p+roparol ) was then
removed by rotary evapor|dntient Ua8her| r etilicced fressi®e to | eave a pal e
yellow oil. The zirconi unrtontent—of theproduct—was Teasur ed at 9. 34%
Conpar ative Catal yst Dibutyl tin dilaurate (source

Al drich ChenggaMp)lEWAS used as the, 25 conparative catal yst.

Testing in filmfor |on clat ysts at an addition levels to give
equi val ent 9 r) 104. 49 of a acrylic

resin (Joncryl 902 frAmask was dtakgudmithﬂ@”grmf nipropyl) zircdréatel (Tilodm® NPZ frorfaut yl

acet ate ang gt b eulaLed RN Y. 9 2 UAEHF anlHifee T BUGHH Yuell Sih. TO

this
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445 161. 7 ration of Ca 1 1000
180 196. 7 A flask was charged with 449.6g mole of n-propy! zirconate (Tilcom® NPZ

15 from Tioxide Specialties Limited; 20.3% Zr content) and placed in a cold water bath.
Ethylacetoacetate (130g) was added over a period of one hour whilst the mixture was
stirred. The resulting product was a pale yeltow liquid.

A separate flask was then charged with 145.2g of this mixture and
2-isopropyl-N-hydroxyethyl-1,3-oxazolidine (incozol® 3 from Industrial Copolymers Lid.)

20 (159g) was then added to the mixture whilst the mixture was stirred. The released solvent

) {n-propanol) was then removed by rotary evaporation under reduced pressure to leave a
pale yellow oil. The zirconium content of the product was measured at 9.34%.

Comparative Catalyst
Dibutyt tin dilaurate (source Aldrich Chemicals) was used as the

25 comparative catalyst.

Testing in film formation of the catalysts at an addition levels to give equivalent

% 2Zrto % Sn {molar)
104.4g of a acrylic resin (Joncryl 802 from S.C. Johnson Polymer b.v.), 48.1g of

butyl acetate and the calculated amount of catalyst were thoroughly mixed. To this
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Catal ysts at an pddition | eviel tooa?ve egui val®nt 196.7
1.5 186.7 213.3
2 2117 248.3
25 238.3 280
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4 331.7 406.6
Film Hardness by Pendulu ing of Resulting Eil
Cure schedule: 168 hrs, ambient.
Dibutyl tin dilaurate 189 s
Catalyst D 182s
CatalystE 197 s
E LE6
10 Preparation of Catalyst F

A flask was charged with 449.6g of n-propy! zirconate (Tilcom® NPZ from Tioxide

Specialties Limited; 20.3% Zr content) and placed in a cold water bath. Ethylacetoacetate

(130g) was added over a period of one hour whilst the mixture was stirred. The resulting
product was a pale yellow liquid.

15 A separate flask was then charged with 289.8g of this mixture and

2-isopropyl-N-hydroxyethyl-1,3-oxazolidine (Incozol® 3 from Industrial Copolymers Ltd.)
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96g of a acrylic resin (Joncryl 922 from S.C. Johnson Polymédr.v.), 0.53g of

10 BYK 320 (BYK-Chemie GmbH), 47.47g of butyl acetate and the calculated amount of
catalyst were thoroughly mixed. To this container, 38.19g of an isocyanate (Tolonate®

HDT LV from Rhone Poulenc) was added. From the mixture, drawdowns (wet film

thickness 60 micrometre) on glass plates were made. Each plate was then cured and the

hardness of the resulting film measured. The viscosity of the remaining mixture was then

15 measured using a Brookfield viscometer at time periods of 0.5 hrs.

Viscosity of Hydroxyl Containing Polym Isocyanate Mixture vs. Time
Time (hrs) Comparative Catalyst F

Catalyst (0.073g) (0.079g)

0 73.3 83.3

0.5 160.0 113.3

1 1093 295

Film Hardnes endulum Testing of Re i Ims
Cure Schedule Comparative | Catalyst F
Catalyst
100°C /0.5 hr 166 s 175s
100°C /0.5 hr 189 s 206 s
then 168 hrs ambient

168 hrs ambient 208 s 210s




CLAI M5 1. A catal yst conprising the reaction product of

(a) the reaction product of a titanium zirconium hafniumor alumnium
ort hoest e and a [err]-di ketone or [err]-ketoester ener al
formul a {vo98/15fsesrr] where Rierr], Rerr] and R[err]hﬁé‘haggﬁdigsg

I ndependently selected fromthe group consisting of hydr ogen and

al kyl, aryl, cycloal kyl, al koxy, aryl &y, hydroxyal kyl, al koxyal kyl and
hydroxyal kox ps containing up to eight carbaon_atons; and

(b) a 8“‘\“\ ﬁTm gﬂf ﬂ el ected froma nercapto conpoy r'ﬂl“?rsﬁgwgggm ne
or 1 etsr ahydr o- oxazi ne having the genenal Toggpilsgerp®) or ((B)
respectlvely [err] in which R err] is hydogen—etah—adtiy
group and X is a hydroxyal kyl group, or mxtures thereof. 2. A
catal yst according to claim1l1 characterised in that the orthoester has the
formul a M ORdigumk i n which Mis titaniumor zirconiumand Ris an alkyl
group, a cycl oal kyl an ar 3. A cat al yst
according to ol ai nf‘fa@%’s”zg‘@?& ‘5%{“8#?3{: Wfﬂl"h%{t the [err]-diketone or

[err]-ketoester i) thacﬁcydrm@duomf a titanmﬂ))tirwnﬁhp asmiumte? alumfrlilhy baRt@Acet at e
or tert-buty] acet oac tate. A catal yst according to any one
of the prececﬁ”ﬁ@ pikptage @ ‘F%R?F'@F'i‘%’é‘@"?er\get"ﬁféff°{% 2 0 orthoester of

titanium zirconium hafniumor alumpiumand the [err]-diketone or

[err]-ketoester are present in e regction product in a nolar ratio
in the range 1: 0.5 to 1: 4, .0 to [err]-di ketone or
[err]-ketoester. VO 98/ 168 >R

PCT/ GB97/ 02565 H R

5
where R', R? and R® may be independently selected from the group consisting of

hydrogen and alkyl, aryl, cycloalkyl, alkoxy, aryloxy, hydroxyalkyl, alkoxyalky! and
hydroxyatkoxyalkyl groups containing up to eight carbon atoms; and

(b) a complexing agent selected from a mercapto compound or an oxazolidine or

10 a tetrahydro-oxazine having the general formula (A) or (B) respectively
O\/ N—X O N—X
Rw \R‘{
(A) (B)

or mixtures thereof.

2. A catalyst according to claim 1 characterised in that the orthoester has the

formula M(OR), in which M is titanium or zirconium and R is an alkyl group, a cycloalky!
15 group or an aryl group.

3. A catalyst according to claim 1 or 2 characterised in that the R-diketone or

R-ketoester is  acetylacetone, methylacetoacetate, ethylacetoacetate or

tert-butylacetoacetate.

4, A catalyst according to any one of the preceding claims characterised in that the
20 orthoester of titanium, zirconium, hafnium or aluminium and the B-diketone or R-ketoester

are present in the reaction product in a molar ratio in the range 1 : 0.5 to

1 : 4, orthoester to R-diketone or R-ketoester.
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18 5. A cata “:‘“E nﬂmﬁ any one of the preceding clains
characterised in that “ﬁ“ m‘ corrpound I's trinmethyl ol propane
tris-(3-mercaptopropionatef, pent aeryt hrit ol

t et r aki s- (W30 smrsseOt opr opi onate), ethylene glycol PCT/GB97/02565

bi s- ( 3- ner capt opr opi onate) or pent aerythritol
tetrakis-(2-nmercaptoacetate). 56. 1gA catal yst according to any one of
the preceding clains characterised in that the conpl exi ng agent is an

oxazolidine of fornmula (A) in which R err] is hydrogen or an al kyl
roup contairnn r
gontjgl ni ng Lg&' tg ?cétgyﬁ as&éﬁrﬁﬂ %}\fmgﬁe t?f'we B%ée%mg %)ﬁ% c‘?ﬁyag{e&%(e 8 qaﬁgm
conposi ti on guereaptsicagpeusdcisi Wgetiyiniptpaney trisddmesdantoprgpibGatelo| penteerythritohi xt ur e
of hydroxyl GophalBinfigchthiRhstelM { bnfthe S%&X&}“abﬁ -(&8 %t@brﬂ@onate) 8P”p°“”d_ '

or a m xture of |soc anate conta| ni ng conpounds characterised 1 n’that the
reaction is CEMERPYYER! Isfakis-Caparapieecaietebr di ng to any one of the preceding

claims . ¢ 68 A cé\axyatabaﬁd;ﬁ@@wnghoﬁg ome E.leaédm?cmrhgea&wéﬂsa@ﬁm thét thrat t he
catal yst is pr esent i n npunt

ran ,Q05 per cent to 0.5
per cent by VE@MGIF ’"ﬁnapﬁ" r'ség'b%?z dﬂ’e\/\ﬂlfﬂﬁ’ﬂ" )f'h‘gﬁgﬁgg '%gﬁ‘%%"t‘?’&'?.a'ky' 9.
A net hod accaraipngpntainingl wpl tmB7cadion Gitantsaar@cX isra igelbxyatkyt bratip téraaifiygipioye
cont ai ni ng carboR ko\é@s is a polyester, a polyesteram de, a polyether, a
sil oxane as herein defined or a * silicone as herein defined having
hydroxyl functi onahinethagr ofacusiopal geneposttibre coroprising reacting.a hydtoxyk térdaining
accordi ng f(goﬁ%'!%}ep% I‘fotu?é 3F rﬁgdrgx}l %o%taﬁ%r?ﬂﬂré SAfl & l§dag$nateh§or§£ning

i socyanat e nin npound i s an aroma phat i

al i phat i c/ ar diegPPEnd o s "?"g'éj'&)P&r'P&Fﬁéa"ate contaiping °°”)R°H%tﬁ5‘é]’aﬁ@ﬂﬁﬁddlﬂ fgtitee any
one of clai W&ethlb@;sk.@taﬁjb@d@Cé ﬁtély%@dcdofhmﬁgh@&nytdhﬁ of the pre@&diRPS ik ON cont ai ns
i socyanat e groups [ 0X r in ran

i socyanate gribups ra89€°y'¥m%g’ ‘%‘}YE% Chfraﬁteisfd n g‘ﬂt %’Stcﬁﬁg's%féefﬁsmtﬂba'f o any
one of cl ai nsambunbin 1he]:an¢ae0 205 e care ¢b 0.5 péritaht by veeight @ith respect to weight of the

pl asticis [ I n the conposition. 13. A nmet hod according to
any one of{%l&rﬁéQWO 12 characterised in that a plasticiser ester is

present in the conpasthad@scardingite daimner 8 eharagierisesip thab thedw oyl isyntaieing ht .
14. A net ho&.ﬁfe@wgba?es&@ @BMyé&'fE:r‘arﬁiEeCé ednymeV moia%ecaga{e?&rt 8&finegdr 5N that

the 30 conposjtion contains opaci f or an extender.
15. A met hoﬂ‘ca%?ﬁQﬁ'ﬂ'@d?fﬁe%lhi)’"l?ﬁ@drﬂfy' a"atmg' °"t90°°EQ£V'B?féP%{E?fer| sed in that
t he conmosi t Aaheth&d atdosdingdio b@abh@@f &taxms Tewpe chérdtterised ihhRatr dBge
S0ferr]C to llgc? grqartcl c6‘rJnt9mm51 cgrenEJoun% is an aromatxc au%a?o an mrllxed a%:phatlclaromatlc
isocyanate.
11. A method according to any one of claims 7 to 10 characterised in that the

composition contains isocyanate groups and hydroxy! groups inthe range 1 : 2t0 2 : 1,
isocyanate groups to hydroxyl groups.
25 12. A method according to any one of claims 7 to 11 characterised in that a solvent or
a plasticiser is present in the composition.
13. A method according to any one of claims 7 to 12 characterised in that a plasticiser
ester is present in the composition in an amount in the range 5 to 10% by weight.
14, A method according to any one of claims 7 to 13 characterised in that the
3¢ composition contains an opacifying pigment or an extender.
15. A method according to any one of claims 7 to 14 characterised in that the
composition is cured by heating at a temperature in the range 50°C to 150°C for a period

of 1 to 30 minutes.



